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STATE OF NEW MEXICO 
DEPARTMENT OF ENERGY, MINERALS AND NATURAL RESOURCES 

OIL CONSERVATION COMMISSION 
 
 

IN THE MATTER OF PROPOSED 
AMENDMENT TO THE COMMISSION’S 
RULES TO ADDRESS CHEMICAL DISCLOSURE AND 
THE USE OF PERFLUOROALKYL AND 
POLYFLUOROALKYL SUBSTANCES AND 
IN OIL AND GAS EXTRACTION, 
19.15.2, 19.15.7, 19.15.14, 19.15.16 AND 19.15.25 NMAC   CASE NO. 23580 
 
 
 

WILDEARTH GUARDIANS’ PREHEARING STATEMENT 
 

I. Introduction  

WildEarth Guardians’ Amended Application for Rulemaking asks the Oil Conservation 

Commission (“OCC”)  to protect public health and the environment from produced water and 

nondomestic waste contaminated by PFAS and undisclosed chemicals by simply prohibiting 

their use in downhole operations in New Mexico. The ban on PFAS would break a pathway of 

contamination, while the ban on undisclosed chemicals would help the Oil Conservation 

Division (“OCD”) enforce the PFAS ban, while also providing regulators and the public with 

information necessary to limit toxic exposures from chemicals produced by the oil and gas 

industry. 

The Commission and the Oil Conservation Division have the statutory authority to adopt 

the proposed rule pursuant to NMSA 1978 §70-2-12(B)(15), (21), and (22) which provide OCC 

rulemaking authority to regulate produced water and nondomestic waste for the protection of the 

environment and public health.   
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Guardians’ initial May 25, 2023 petition proposed rules that are very similar to a 

Colorado statute passed in 2022. This legislation banned PFAS in downhole operations and 

required comprehensive chemical disclosure and reporting requirements for the oil and gas 

industry. A copy of the signed bill is in Guardians’ exhibits as WG Ex. 20 and the bill is codified 

at C.R.S.A. § 34-60-132 which is enclosed as WG Ex. 4. In addition, California requires 

disclosure of oilfield chemicals without trade secret exceptions. The California law is enclosed as 

WG. Ex. 5. 

Guardians’ original Application for Rulemaking was modeled on the Colorado statute. 

However, in response to feedback from the Oil Conservation Division, Guardians has dropped 

the provision in its first application that required disclosure of all chemicals used downhole, 

including trade secret chemicals in recognition of the Division’s lack of authority to regulate the 

chemical manufacturers that hold trade secrets. Instead, in its First Amended Proposed Rule 

(WG Exhibit 1), Guardians includes a provision that prohibits the use of undisclosed chemicals 

in downhole operations. This provision does not pose a jurisdictional problem for the Division, 

and it accomplishes the goal of disclosure of all chemicals used downhole. Manufacturers and 

operators would not have to disclose any trade secrets under this provision; those undisclosed 

chemicals simply could not be used in New Mexico. 

Guardians’ First Amended Proposed Rule also requires less of regulators in terms of staff 

time and resources, and pivots away from the collection of chemical data that Colorado requires 

to a much simpler prohibition on undisclosed chemicals for New Mexico. This ensures 

transparency and accountability for the PFAS ban in oil and gas operations without burdening 

the Oil Conservation Division with additional data collection and tensions about the release of 

chemical data for public records.   
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Taken together, the proposed rules would ensure the oil and gas industry does not 

generate PFAS-contaminated produced water and nondomestic waste and ensure an adequate 

system of reporting and disclosure to assure compliance. 

II. Technical Witnesses 

A. Dusty Horwitt 

Mr. Horwitt is an attorney and a journalist who has spent nearly 20 years conducting 

research on the health and environmental impacts of oil and gas drilling and fracking and 

working to protect communities from these impacts. Working as a consultant for Physicians for 

Social Responsibility, Mr. Horwitt was the lead author of reports about the use of PFAS in oil 

and gas extraction in Colorado, Ohio, Pennsylvania, Texas, West Virginia, and New Mexico. He 

also wrote a chapter on fracking chemical disclosure for a textbook published by Elsevier in 

2017. Mr. Horwitt testified to the Colorado Legislature regarding the bill outlined above that 

banned PFAS in downhole oil and gas operations and requires comprehensive chemical 

disclosure. Mr. Horwitt’s C.V. is attached as WG Ex. 9.    

Mr. Horwitt’s testimony shows that we know from operator-reported data that PFAS 

compounds have been used in downhole operations in New Mexico. His testimony also 

demonstrates that New Mexico’s current disclosure requirements do not require full chemical 

disclosure, identifies what gaps are present in chemical disclosure requirements, and highlights 

the gaps that allow PFAS compounds to be potentially used but not disclosed in downhole 

operations. Mr. Horwitt’s direct testimony is attached as WG Ex. 10. 

B. Dr. David Brown 

Dr. David Brown is a public health toxicologist with extensive experience documenting 

and addressing public health issues in areas affected by hydraulic fracturing. He is a founding 
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member of the Southwest Pennsylvania Health Project (“Health Project”) which worked to 

protect people living in the Marcellus Shale region from environmental exposure arising from 

natural gas extraction. Dr. Brown is the former chair of the Toxicology Programs at the 

University of Maryland School of Pharmacy and at Northeastern University. He also formerly 

worked at the CDC Agency for Toxic Substances and Disease Registry. Dr. Brown’s C.V. is 

attached as WG Ex. 56.   

Dr. Brown’s testimony will outline the work of the Health Project, lessons learned 

through that work, and the need for chemical disclosure of chemicals used in oil and gas 

operations from a public health perspective. Dr. Brown’s testimony further addresses the toxicity 

of perfluoralkyl and polyfluoralkyl substances (“PFAS”). Dr. Brown’s direct testimony is 

attached as WG Ex. 57. 

C. Professor John Spear 

Dr. John Spear is a professor of civil and environmental engineering at the Colorado 

School of Mines with a specialty in subsurface environmental microbiology. Professor Spear is 

the editor of Applied and Environmental Microbiology and previously served as the Associate 

Vice President for Research at the Colorado School of Mines. His research on the subsurface 

environment has been published widely, and his C.V. is attached as WG Ex. 78. 

Professor Spear’s direct testimony explains how deep oil and gas reservoirs can impact 

groundwater strata, fate and transport, how microbial influenced corrosion (“MIC”) will affect 

oil and gas wells, and the importance of multigenerational knowledge and science to ameliorate 

impacts from the deterioration of wells and plugs over time. Dr. Spear’s testimony also addresses 

the need for chemical disclosure of chemicals used in oil and gas operations to protect the 

subsurface environment. Professor Spear’s direct testimony is attached as WG Ex. 79.   
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D. Melissa Troutman 

 Melissa Troutman is a writer, an educator, and an environmental justice advocate who 

spent 12 years as an investigative journalist. Ms. Troutman has authored seven reports on the 

management of oil and gas waste, and her journalistic work has been featured in NPR 

Marketplace, Rolling Stone, The Washington Post, The New York Times, and Forbes. Ms. 

Troutman has produced three award-winning documentary films on fracking – Triple Divide (c. 

2013), Triple Divide [Redacted] (c. 2017), and INVISIBLE HAND (c. 2019) – as well as the 

Emmy-nominated series  Lake Erie, Our Kin (2023) for PBS. After leaving journalism, Ms. 

Troutman became a research and policy analyst and now serves as Climate and Energy Advocate 

at WildEarth Guardians. Her C.V. is attached as WG Ex. 90.  

 Ms. Troutman’s direct testimony offers her analysis of spill data reported to the New 

Mexico Oil Conservation Division (OCD) by oil and gas companies, which she aggregated using 

OCD’s online Incident and Spill Databases. Her direct testimony is attached as WG Ex. 91.   

E. Presentation of Direct Testimony 

Because each technical witness has pre-filed their direct testimony, each witness will 

adopt their testimony under oath at the hearing and then be made available for cross-

examination. While Guardians does not anticipate needing additional time for the presentation of 

direct testimony, Guardians reserves the right to call additional witnesses to testify and offer 

exhibits regarding modifications proposed by other parties; to present rebuttal testimony and 

surrebuttal testimony and exhibits; and to present exhibits for cross-examination. 

WildEarth Guardians requests the opportunity to make an opening (20 min.) and closing 

(20 min.) statement pursuant to 19.15.3.12(A)(2)(b) and (e). 
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III. The Proposed Rule 

Guardians’ Amended Application for Rulemaking requests the Commission adopt 

amendments to the following Parts of 19.15 NMAC:  

● Part 2 to provide definitions to carry out the proposed amendments; 

● Parts 7 and 14 to ensure PFAS and undisclosed chemicals are not used downhole in New 

Mexico; 

● Part 16 to prescribe measures for chemical testing when downhole operations have the 

potential to negatively impact the producing formation, injection interval, communicate 

with other strata, casing or casing seat, or may create underground waste or contaminate 

fresh water, and to provide notice to the public of chemicals used downhole; and  

● Part 25 relating to the demonstration of mechanical integrity.   

Together the proposed amendments would do the following to protect public health and 

the environment:  

1) Prohibit the use of PFAS in oil and gas drilling, development, and production in order 

to prevent the generation of PFAS-contaminated produced water and nondomestic waste;  

2) Prohibiting the use of undisclosed chemicals in downhole operations to ensure 

reasonable transparency around substances used by the oil and gas industry and ensure industry 

compliance with the prohibition on the use of PFAS;  

3) Provide for chemical testing when downhole operations have the potential to 

negatively affect fresh water; and  

4) Provide for community notification of chemicals used downhole.  
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IV. Conclusion 

On the basis of the testimony of these witnesses and the exhibits offered at the hearing, 

WildEarth Guardians requests that the OCC adopt the proposed rule in WildEarth Guardians’ 

Amended Application for Rulemaking, which is attached as WG Ex. 1. 

Respectfully submitted October 21, 2024 by: 
  
/s/ Tim Davis 
Tim Davis 
WildEarth Guardians 
301 N. Guadalupe St., Ste. 201 
Santa Fe, NM 87501 
(205) 913-6425 
tdavis@wildearthguardians.org  
 
Counsel for WildEarth Guardians 
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CERTIFICATE OF SERVICE 
 
I certify that a true and correct copy of the foregoing Prehearing Statement was e-mailed to the 
following on October 21, 2024:    
 
NM Oil Conservation Commission Hearings: 
occ.hearings@state.nm.us  
 
Oil Conservation Commission Clerk Sheila 
Apodaca:  
sheila.apodaca@emnrd.nm.gov 
 
Jesse Tremaine 
Chris Moander 
Assistant General Counsel 
New Mexico Energy Minerals and 
Natural Resources Department 
1220 S. St. Francis Drive 
Santa Fe, NM 87505 
jessek.tremaine@emnrd.nm.gov  
chris.moander@emnrd.nm.gov  
Attorneys for New Mexico Oil Conservation 
Division 
 
Daniel Rubin 
Assistant Attorney General 
NM Dept. of Justice 
408 Galisteo St. 
Santa Fe, NM 87501 
505-537-4477 
drubin@nmag.gov  
Attorney for New Mexico Oil Conservation 
Commission 
 
 
 
 
 
 
 

Michael H. Feldewert 
Adam G. ankin 
Julia Brogi 
Paula M. Vance 
Cristina Mulcahy 
Holland & Hart, LLP 
Post Office Box 2208 
Santa Fe, New Mexico 87504 
TEL: (505) 988-4421 
FAX: (505) 983-6043 
mfeldewert@hollandhart.com  
agrankin@hollandhart.com  
jbroggi@hollandhart.com  
pmvance@hollandhart.com 
camulcahy@hollandhart.com   
Attorneys for NMOGA 
 
Deana M. Bennett 
Modrall, Sperling, Roehl, Harris, & Sisk P.A. 
Post Office Box 2168 
500 Fourth Street NW, Suite 1000 
Albuquerque, New Mexico 87103-2168 
Telephone: 505.848.1800 
deana.bennett@modrall.com  
 
Jordan L. Kessler 
125 Lincoln Avenue, Suite 213 
Santa Fe, New Mexico 87501 
(432) 488-6108 
jordan_kessler@eogresources.com  
Attorneys for EOG Resources, Inc. 
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Mariel Nanasi 
New Energy Economy 
300 East Marcy Street 
Santa Fe, NM 87501 
(505) 469-4060 
mariel@seedsbeneaththesnow.com 
Attorney for New Energy Economy 

 
Mr. Nicholas R.  Maxwell  
P.O. Box 1064 
Hobbs, New Mexico 88241 
Telephone: (575) 441-3560 
Email: inspector@sunshineaudit.com 
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     WG EXHIBIT 1 

FIRST AMENDED PROPOSED RULE 

PROPOSED AMENDMENTS TO PART 2 

TITLE 19  NATURAL RESOURCES AND WILDLIFE 
CHAPTER 15 OIL AND GAS 
PART 2 GENERAL PROVISIONS FOR OIL AND GAS 
OPERATIONS 

**** 

19.15.2.7 DEFINITIONS:  These definitions apply to 19.15.2 NMAC through 19.15.39 
NMAC. 

C. Definitions beginning with the letter “C”.

(4) “Chemical” means any element, chemical compound, or mixture of
elements or chemical compounds that has a specific name or identity, 
including a Chemical Abstracts Service number. 
(5) “Chemical disclosure list” means a list of all chemicals used in downhole
operations at a well site. 
(4)(6) “Cm/sec” means centimeters per second. 
(5)(7) “CPD” means central point delivery. 
(6)(8) “Combination multiple completion” means a multiple completion in 
which two or more common sources of supply are produced through a 
combination of two or more conventional diameter casing strings cemented in 
a common well bore, or a combination of small diameter and conventional 
diameter casing strings cemented in a common well bore, the conventional 
diameter strings of which might or might not be a conventional multiple 
completion. 
(7)(9) “Commission” means the oil conservation commission. 
(8)(10) “Commission clerk” means the division employee the director 
designates to provide staff support to the commission and accept filings in 
rulemaking or adjudicatory cases before the commission. 
(9)(11) “Common purchaser for gas” means a person now or hereafter 
engaged in purchasing from one or more producers gas produced from gas 
wells within each common source of supply from which it purchases. 
(10)(12) “Common purchaser for oil” means every person now engaged or 
hereafter engaging in the business of purchasing oil to be transported through 
pipelines. 
(11)(13) “Common source of supply”.  See pool. 

WG Ex. 1
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(12)(14) “Condensate” means the liquid recovered at the surface that results 
from condensation due to reduced pressure or temperature of petroleum 
hydrocarbons existing in a gaseous phase in the reservoir. 
(13)(15) “Contiguous” means acreage joined by more than one common 
point, that is, the common boundary is at least one side of a governmental 
quarter-quarter section. 
(14)(16) “Conventional completion” means a well completion in which the 
production string of casing has an outside diameter exceeding 2.875 inches. 
(15)(17) “Conventional multiple completion” means a completion in which 
two or more common sources of supply are produced through one or more 
strings of tubing installed within a single casing string, with the production 
from each common source of supply completely segregated by means of 
packers. 
(16)(18) “Correlative rights” means the opportunity afforded, as far as it is 
practicable to do so, to the owner of each property in a pool to produce 
without waste the owner’s just and equitable share of the oil or gas in the pool, 
being an amount, so far as can be practically determined, and so far as can be 
practicably obtained without waste, substantially in the proportion that the 
quantity of recoverable oil or gas under the property bears to the total 
recoverable oil or gas in the pool, and for the purpose to use the owner’s just 
and equitable share of the reservoir energy. 
(17)(19) “Cubic feet of gas or cubic foot of gas” means that volume of gas 
contained in one cubic foot of space and computed at a base pressure of 10 
ounces per square inch above the average barometric pressure of 14.4 psi 
(15.025 psi absolute), at a standard base temperature of 60 degrees fahrenheit. 
 

D. Definitions beginning with the letter “D”. 
 
(6) “Downhole operations” means oil and gas production operations that are 
conducted underground. 
(6)(7) “Downstream facility” means a facility associated with the 
transportation (including gathering) or processing of gas or oil (including a 
refinery, gas plant, compressor station or crude oil pump station); brine 
production; or the oil field service industry. 
(7)(8) “DRO” means diesel range organics. 

 
**** 

H. Definitions beginning with the letter “H”. 
 

(6) “Hydraulic fracturing treatment” means all stages of the treatment of a 
well by the application of hydraulic fracturing fluid under pressure, which 
treatment is expressly designed to initiate or propagate fractures in an 
underground geologic formation to enhance the production of oil and gas. 
(6)(7) “H2S” means hydrogen sulfide. 

 
**** 

WG Ex. 1
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P. Definitions beginning with the letter “P”. 

 
(3) “PFAS chemicals” means a perfluoroalkyl or polyfluoroalkyl substance 
with at least one fully fluorinated carbon atom. 
(3)(4) “Pit” means a surface or sub-surface impoundment, man-made or 
natural depression or diked area on the surface.  Excluded from this definition 
are berms constructed around tanks or other facilities solely for safety, 
secondary containment and storm water or run-on control. 
(4)(5) “Playa lake” means a level or nearly level area that occupies the lowest 
part of a completely closed basin and that is covered with water at irregular 
intervals, forming a temporary lake. 
(5)(6) “Pool” means an underground reservoir containing a common 
accumulation of oil or gas.  Each zone of a general structure, which zone is 
completely separated from other zones in the structure, is covered by the word 
pool as used in 19.15.2 NMAC through 19.15.39 NMAC.  “Pool” is 
synonymous with “common source of supply” and with “common reservoir”. 
(6)(7) “Potential” means a well’s properly determined capacity to produce oil 
or gas under division-prescribed conditions. 
(7)(8) “Ppm” means parts per million by volume. 
(8)(9) “PQL” means practical quantitation limit. 
(9)(10) “Pressure maintenance” means the injection of gas or other fluid 
into a reservoir, either to maintain the reservoir’s existing pressure or to retard 
the reservoir pressure’s natural decline. 
(10)(11) “Produced water” means a fluid that is an incidental byproduct 
from drilling for or the production of oil and gas. 
(11)(12) “Producer” means the owner of a well or wells capable of producing 
oil or gas or both in paying quantities. 
(12)(13) “Product” means a commodity or thing made or manufactured from 
oil or gas, and derivatives of oil or gas, including refined crude oil, crude tops, 
topped crude, processed crude petroleum, residue from crude petroleum, 
cracking stock, uncracked fuel oil, treated crude oil, fuel oil, residuum, gas oil, 
naphtha, distillate, gasoline, kerosene, benzene, wash oil, lubricating oil and 
blends or mixtures of oil or gas or a derivative thereof. 
(13)(14) “Proration day” consists of 24 consecutive hours that begin at 7:00 
a.m. and end at 7:00 a.m. on the following day. 
(14)(15) “Proration month” means the calendar month that begins at 7:00 
a.m. on the first day of the month and ends at 7:00 a.m. on the first day of the 
next succeeding month. 
(15)(16) “Proration period” means for oil the proration month and for gas 
the 12-month period that begins at 7:00 a.m. on January 1 of each year and 
ends at 7:00 a.m. on January 1 of the succeeding year or other period 
designated by general or special order of the division. 
(16)(17) “Proration schedule” means the division orders authorizing the 
production, purchase and transportation of oil, casinghead gas and gas from 
the various units of oil or of gas in allocated pools. 

WG Ex. 1
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(17)(18) “Proration unit” means the area in a pool that can be effectively and 
efficiently drained by one well as determined by the division or commission 
(see Subsection B of Section 70-2-17 NMSA 1978) as well as the area 
assigned to an individual well for the purposes of allocating allowable 
production pursuant to a prorationing order for the pool. 
(18)(19) “Prospective spacing unit” means a hypothetical spacing unit that 
does not yet have a producing well. 
(19)(20) “PVC” means poly vinyl chloride. 
(20)(21) “Psi” means pounds per square inch. 

 
**** 
 

T. Definitions beginning with the letter “T”. 
 
(7) “Trade secret” means information, including a formula, pattern, 
compilation, program, device, method, technique or process, that: 

(1) derives independent economic value, actual or potential, from not 
being generally known to and not being readily ascertainable by proper 
means by other persons who can obtain economic value from its 
disclosure or use; and 
(2) is the subject of efforts that are reasonable under the circumstances 
to maintain its secrecy. 

(7)(8) “Treating plant” means a plant constructed for wholly or partially or 
being used wholly or partially for reclaiming, treating, processing or in any 
manner making tank bottoms or other waste oil marketable. 
(8)(9) “Tribal lands” means those lands for which the United States 
government has a trust responsibility to a native American tribe or a member 
of a native American tribe.  This includes reservations, pueblo land grants, 
tribal trust lands and individual trust allotments. 
(9)(10) “Tribal leases” means those leases of minerals or interests in or rights 
to minerals for which the United States government has a trust responsibility 
to a native American tribe or a member of a native American tribe. 
(10)(11) “Tribal minerals” means those minerals for which the United States 
government has a trust responsibility to a native American tribe or a member 
of a native American tribe. 
(11)(12) “True vertical depth” means the difference in elevation between the 
ground level at the surface location of the well and the deepest point in the 
well bore. 
(12)(13) “Tubingless completion” means a well completion in which the 
production string of casing has an outside diameter of 2.875 inches or less. 
(13)(14) “Tubingless multiple completion” means completion in which two 
or more common sources of supply are produced through an equal number of 
casing strings cemented in a common well bore, each such string of casing 
having an outside diameter of 2.875 inches or less, with the production from 
each common source of supply completely segregated by cement. 

 

WG Ex. 1
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**** 
 

U.  Definitions beginning with the letter "U". 
 

(3) “Undisclosed chemicals” means either chemicals that are listed without a 
Chemical Abstracts Service number in the FracFocus database pursuant to 
19.15.16.19(B) NMAC, or if a safety data sheet lists ingredients that comprise 
less than one-hundred percent of the whole chemical product, those chemicals 
that make up any unlisted portion of a chemical product on a safety data sheet. 
 
(3)(4) “Unit of proration for gas” consists of such multiples of 40 acres as 
may be prescribed by division-issued special pool orders. 
 
(4)(5) “Unit of proration for oil” consists of one 40-acre tract or such 
multiples of 40-acre tracts as may be prescribed by division-issued special 
pool orders. 
 
(5)(6) “Unorthodox well location” means a location that does not conform to 
the spacing requirements division rules establish. 
 
(6)(7) “Unstable area” means a location that is susceptible to natural or 
human-induced events or forces capable of impairing the integrity of some or 
all a division-approved facility's structural components.  Examples of unstable 
areas are areas of poor foundation conditions, areas susceptible to mass earth 
movements and karst terrain areas where karst topography is developed 
because of dissolution of limestone, dolomite or other soluble rock.  
Characteristic physiographic features of karst terrain include sinkholes, 
sinking streams, caves, large springs and blind valleys. 
 
(7)(8) “Upstream facility” means a facility or operation associated with the 
exploration, development, production or storage of oil or gas that is not a 
downstream facility. 

 
W. Definitions beginning with the letter “W”. 

 
(8) “Well site” means the area that is disturbed by oil and gas operations 
within the boundaries of the lease. 
(8)(9) “Wellhead protection area” means the area within 200 horizontal feet 
of a private, domestic fresh water well or spring used by less than five 
households for domestic or stock watering purposes or within 1000 horizontal 
feet of any other fresh water well or spring.  Wellhead protection areas does 
not include areas around water wells drilled after an existing oil or gas waste 
storage, treatment or disposal site was established. 
(9)(10) “Wetlands” means those areas that are inundated or saturated by 
surface or ground water at a frequency and duration sufficient to support, and 
under normal circumstances do support, a prevalence of vegetation typically 
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adapted for life in saturated soil conditions in New Mexico.  This definition 
does not include constructed wetlands used for wastewater treatment 
purposes. 
(10)(11) “Working interest owner” means the owner of an operating interest 
under an oil and gas lease who has the exclusive right to exploit the oil and 
gas minerals.  Working interests are cost bearing. 
(11)(12) “WQCC” means the New Mexico water quality control commission. 
 

**** 
 
PROPOSED AMENDMENTS TO PART 7 
 
19.15.7.16             WELL COMPLETION OR RECOMPLETION REPORT AND 
LOG (Form C-105): 
                A.            Within 45 days following the completion or recompletion of a well, the 
operator shall file form C-105 with the division accompanied by a summary of special tests 
conducted on the well, including drill stem tests, and the chemical disclosure list.  In addition, 
the operator shall file a certification that no undisclosed chemicals or PFAS were used in the 
completion or recompletion of the well, a copy of electrical and radio-activity logs run on the 
well with form C-105.  If the division does not receive form C-105 with attached certification, 
chemical disclosure list, logs and summaries within the specified 45-day period, the division 
shall withhold the allowable authorizations for the well or suspend injection authority, as 
appropriate, until the operator has complied with 19.15.7.16 NMAC. 
                B.            In the case of a dry hole, a complete record of the well on form C-105, or if 
applicable form C-103, with the attachments listed in Subsection A of 19.15.7.16 NMAC shall 
accompany the notice of intention to plug the well, unless previously filed.  The division shall 
not approve the plugging report or release the bond the operator has complied with 19.15.7.16 
NMAC. 
                C.            The division shall not keep form C-105, or if applicable form C-103,  and 
accompanying attachments confidential unless the well’s owner requests in writing that the 
division keep it confidential.  Upon such request, the division shall keep these data confidential 
for 60 90 days from the date of the well’s completion, provided, however, that the 
report, logs and other attached data shall may, when pertinent, be introduced in a public hearing 
before division examiners, the commission or in a court of law, regardless of the request that 
they be kept confidential.  
 D.  If there is a change in the information provided under this part, the operator must 
submit the change to the division within 30 days after the date the operator first knew of the 
change. 
 E. The division shall retain each form C-105 and form C-103 indefinitely.  
[19.15.7.16 NMAC - Rp, 19.15.13.1105 NMAC, 12/1/2008; A, 9/26/2017; A, 8/23/2022] 
 
**** 
PROPOSED AMENDMENTS TO PART 14 
  
19.15.14.9             APPLICATIONS:  An operator shall file a complete form C-101 and 
complete form C-102 with the division and meet the following requirements, if applicable: 

WG Ex. 1

0015



                A.            an applicant for a permit to drill a well within the corporate limits of a city, 
town or village shall give notice to the duly constituted governing body of the city, town or 
village or its duly authorized agent and certify on form C-101 that it gave such notice; 
                B.            an applicant for a permit to drill in a quarter-quarter section containing an 
existing well or wells operated by another operator shall concurrently file a plat or other 
acceptable document locating and identifying the well or wells, furnish a copy of the application 
to the other operator or operators in the quarter-quarter section and certify on form C-101 that it 
furnished the copies;  

 C.  an applicant for a permit to drill, deepen, or plug back shall certify that they will 
not introduce any undisclosed chemicals or PFAS in downhole operations of the well; and 
                C D.        an applicant for a permit to operate a well in a spacing or proration unit 
containing an existing well or wells operated by another operator shall also comply with 
Subsection B of 19.15.15.12 NMAC. 
[19.15.14.9 NMAC – Rp, 19.15.3.102 NMAC and 19.15.13.1101 NMAC, 12/1/2008] 
 
19.15.14.10   APPROVAL OR DENIAL OF A PERMIT TO DRILL, DEEPEN OR PLUG 
BACK: 
A.  The director or the director’s designee may deny a permit to drill, deepen or plug back if the 
applicant is not in compliance with Subsection A of 19.15.5.9 NMAC and shall deny a permit to 
drill, deepen, or plug back, or any permit authorizing the transport of nondomestic waste, 
including produced water, if the applicant does not provide the certification required by 
Subsection C of 19.15.14.9 or provides a false certification. In determining whether to grant or 
deny the permit, the director or the director’s designee shall consider such factors as whether the 
non-compliance with Subsection A of 19.15.5.9 NMAC is caused by the operator not meeting 
the financial assurance requirements of 19.15.8 NMAC, being subject to a division or 
commission order finding the operator to be in violation of an order requiring corrective action, 
having a penalty assessment that has been unpaid for more than 70 days since the issuance of the 
order assessing the penalty or having more than the allowed number of wells out of compliance 
with 19.15.25.8 NMAC. If the non-compliance is caused by the operator having more than the 
allowed number of wells not in compliance with 19.15.25.8 NMAC, the director or director’s 
designee shall consider the number of wells not in compliance, the length of time the wells have 
been out of compliance and the operator’s efforts to bring the wells into compliance. 
 
**** 

 
PROPOSED AMENDMENTS TO PART 16 
 
TITLE 19   NATURAL RESOURCES AND WILDLIFE 
CHAPTER 15  OIL AND GAS 
PART 16   DRILLING AND PRODUCTION 
 
19.15.16.17          COMPLETION OPERATIONS, SHOOTING AND CHEMICAL 
TREATMENT OF WELLS:   

A.  If Completing, shooting, fracturing or treating a well has the potential to 
negatively impact the producing formation, injection interval, communicates with other strata, 
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casing or casing seat or may create underground waste or contaminate fresh water, the operator 
shall within five working days notify in writing the division and proceed with diligence to use 
the appropriate method and means for rectifying the damage.   

 (1) diligence shall include but is not limited to verifying casing integrity and 
isolation of strata. This can include pressure testing in accordance with 19.15.25 NMAC, 
performing casing integrity logs, cement bond logs and any other means determined necessary 
by the operator or required by the division.   

 (2) If damage from the shooting, fracturing or treating of a well has the 
potential to impact surface or groundwater, the operator will test for all chemicals disclosed in 
previous downhole operations and will use a third party, verified laboratory to conduct any in 
appropriate testing necessary to verify any potential impact. The testing shall include all 
chemicals used in the well and may also include but is not limited to PFAS, chemicals listed in 
20.6.2. NMAC and chemicals listed in 19.15.29.11.A.(5)(e) NMAC. The division can elect to 
request more robust sampling than what is proposed by the operator if deemed necessary due to 
the nature of the potential chemicals.  

 (3)  If it is deemed there is an impact to surface or groundwater the operator 
shall report the impact as a major release in accordance with 19.15.29 NMAC and respond 
accordingly. 

 (4) If testing reveals the presence of PFAS or undisclosed chemicals, the 
Division may revoke authorization to operate upon consideration of whether the current operator 
or a previous well owners’ operations contributed to the presence of PFAS or undisclosed 
chemicals.  

D. If completing, shooting, fracturing or chemical treating results in the well’s 
irreparable injury the division may require the operator to properly plug and abandon the well 
and take any necessary actions to mitigate any resulting impacts. 
[19.15.16.17 NMAC - Rp, 19.15.3.115 NMAC, 12/1/2008; 19.15.16.17 NMAC - Rn, 
19.15.16.16 NMAC, 2/15/2012] 
 
19.15.16.19 LOG, COMPLETION AND WORKOVER REPORTS 
 

A. Completion report.  Within 45 days after the completion of a well drilled for oil or 
gas, or the recompletion of a well into a different common source or supply, the 
operator shall file a completion report with the division on form C-105.  For the 
purpose of 19.15.16.19, a hole drilled or cored below fresh water that penetrates oil- 
or gas-bearing formations or that an owner drills is presumed to be a well drilled for 
oil or gas.  The operator shall signify on form C-105, or alternatively on form C-103, 
whether the well has been hydraulically fractured.   

B. Hydraulic fracture disclosure.  For a hydraulically fractured well, the operator shall 
also complete and file with the FracFocus chemical disclosure registry a completed 
hydraulic fracturing disclosure within 45 days after completion, recompletion, or 
other hydraulic fracturing treatment of the well.  The hydraulic fracturing disclosure 
shall be completed on a then current edition of the hydraulic fluid product component 
information form published by FracFocus and shall include complete and correct 
responses disclosing all information called for by the FracFocus form, provided that: 

(1) the division does not require the reporting of information beyond the 
material safety data sheet data as described in 29 C.F.R. 1910.1200; 
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(2) (1) the division does not require the reporting or disclosure of proprietary, 
trade secret or confidential business information; and 

(3) (2) the division shall download and archive New Mexico FracFocus 
submissions on a quarterly basis. 

C. If the FracFocus chemical disclosure registry is temporarily inoperable, the operator 
of a well on which hydraulic fracturing treatment(s) were performed shall file the 
information required by the then most recent FracFocus form with the division along 
with Well Completion Report (form C-105) or Sundry Notice (form C-103) reporting 
the hydraulic fracture treatment and file the information on the FracFocus internet 
website when the website is again operable.  If the FracFocus chemical disclosure 
registry is discontinued or becomes permanently inoperable, the operator shall 
continue filing the information with the division until otherwise provided by rule or 
order. 

D. On or before [DATE], an operator shall provide the chemical disclosure list to: 
(1) All owners of minerals that are being developed at the well site; 
(2) All surface owners, building unit owners, and residents, including tenants 

of both residential and commercial properties, that are within five 
thousand two hundred and eighty feet of the well site; 

(3) The State Land Office if the state owns minerals that are being developed 
at the well site; 

(4) The federal bureau of land management if the United States owns the 
minerals that are being developed at the well site; 

(5) To any tribe if the minerals being developed at the well site are within the 
exterior boundary of that tribe’s reservation and are subject to the 
jurisdiction of the division; 

(6) All schools, child care centers, and school governing bodies within five 
thousand two hundred and eighty feet of the well site; 

(7) Police departments, fire departments, emergency service agencies, and 
first responder agencies that have a jurisdiction that includes the well site; 

(8) Local governments that have a jurisdiction within five thousand two 
hundred and eighty feet of the well site; 

(9) The administrator of any public water system that operates: 
(a) A surface water public water system intake that is located fifteen 

stream miles or less downstream from the well site; 
(b) A groundwater source under the direct influence of a surface water 

public water system supply well within five thousand two hundred and 
eighty feet of the well site; and 

(c) A public water system supply well completed within five thousand two 
hundred and eighty feet of the well site; and 

A. The chemical disclosure list must be disclosed to the above parties within thirty days 
after the operator’s chemical disclosure to the division. 

 
**** 
PROPOSED AMENDMENTS TO PART 25 
 
19.15.25.14          DEMONSTRATING MECHANICAL INTEGRITY: 
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                A.            An operator may use the following methods of demonstrating internal casing 
integrity for casing investigations, casing repairs and wells to be placed in approved temporary 
abandonment: 
                                (1)           the operator may set a cast iron bridge plug within 100 feet of 
uppermost perforations or production casing shoe, load the casing with inert fluid and pressure 
test to 500 psi surface pressure with a pressure drop of not more than 10 percent over a 30 
minute period; 
                                (2)           the operator may run a retrievable bridge plug or packer to within 
100 feet of uppermost perforations or production casing shoe, and test the well to 500 psi surface 
pressure for 30 minutes with a pressure drop of not greater than 10 percent over a 30 minute 
period; or 
                                (3)           the operator may demonstrate that the well has been completed for 
less than five years and has not been connected to a pipeline. 
                B.            During the testing described in Paragraphs (1) and (2) of Subsection A of 
19.15.25.14 NMAC the operator shall: 
                                (1)           open all casing valves during the internal pressure tests and report a 
flow or pressure change occurring immediately before, during or immediately after the 30 minute 
pressure test; 
                                (2)           top off the casing with inert fluid prior to leaving the location; 
                                (3)           report flow during the test in Paragraph (2) of Subsection A of 
19.15.25.14 NMAC to the appropriate division district office prior to completion of the 
temporary abandonment operations; the division may require remediation of the flow prior to 
approving the well’s temporary abandonment. 
                C.            An operator may use any method approved by the EPA in 40 C.F.R. section 
146.8(c) to demonstrate external casing and cement integrity for wells to be placed in approved 
temporary abandonment. 
                D.            The division shall not accept mechanical integrity tests or logs conducted 
more than 12 months prior to submittal. 
                E.            The operator shall record mechanical integrity tests on a chart recorder with a 
maximum two hour clock and maximum 1000 pound spring, which has been calibrated within 
the six months prior to conducting the test.  Witnesses to the test shall sign the chart.  The 
operator shall submit the chart with form C-103 requesting approved temporary abandonment. 
                F.            The division may approve other testing methods the operator proposes if the 
operator demonstrates that the test satisfies the requirements of Subsection B of 19.15.25.13 
NMAC. 
[19.15.25.14 NMAC - Rp, 19.15.4.203 NMAC, 12/1/2008] 
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WG EXHIBIT 2 
NOTICE OF PUBLIC MEETING AND PUBLIC HEARING 

The New Mexico Oil Conservation Commission (Commission) hereby gives notice that the 
Commission will hold the following public meeting and public hearing commencing at 9:00 am 
on November 12-15 in person, online, and via telephone. Oral comments may be made in person, 
on-line or by telephone. The Commission shall make available to the public a preliminary 
agenda for the meeting no later than two weeks prior to the meeting, and a final agenda for the 
meeting no later than 72 hours before the meeting. The agenda shall specify the order of the 
proceedings and, to the extent feasible, identify the specific time(s) that public comments are to 
be heard. The agenda shall be posted online on the Commission’s Hearings page under “OCC 
Dockets,” accessible from the following web page:  
http://www.emnrd.state.nm.us/OCD/hearings.html.  

Case No. 23580: APPLICATION OF WILDEARTH GUARDIANS TO AMEND THE 
COMMISSION’S RULES TO ADDRESS PFAS, AMENDMENTS TO 19.15.2, 19.15.7, 
19.15.14, 19.15.16, AND 19.15.25 NMAC; STATEWIDE. 

WildEarth Guardians proposes that the Commission amend its rules to prohibit the use of toxic 
perfluoroalkyl and polyfluoroalkyl substances (“PFAS”) and undisclosed chemicals in downhole 
operations.   

Purpose of Proposed Rule.  The proposed rule is intended to prohibit the use of PFAS in order 
to prevent the generation of PFAS-contaminated produced water and nondomestic waste.  The 
proposed rule is also intended to update disclosure and reporting rules to ensure compliance with 
this prohibition so that the division can protect public health and the environment from produced 
water and nondomestic waste generated by the oil and gas industry. 

Legal Authority.  The proposed rule is authorized by the Oil and Gas Act, NMSA 1978, 
Sections 70-2-1 through 70-2-38, and specifically, Section 70-2-6 (authorizing the Commission 
to exercise jurisdiction, authority, and control of and over all persons, matters, and things 
necessary or proper to enforce the statute), Sections 70-2-11 (authorizing the Commission to 
make rules to prevent waste, protect correlative rights, and to do whatever may be reasonably 
necessary to implement the statute), and Section 70-2-12 (enumerating the powers of the 
Commission and OCD). The public hearing is governed by the Commission’s rule on rulemaking 
proceedings, 19.15.3 NMAC.  

Availability of Proposed Rule.  The full text of the proposed rule may be obtained from the 
Commission Clerk Sheila Apodaca at sheila.apodaca@emnrd.nm.gov or (505) 476-3458, or can 
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be viewed on the Rules page of the OCD’s website at 
http://www.emnrd.state.nm.us/OCD/rules.html.   
 
Public Hearing.  The Commission will hold a public hearing on the proposed rule at the 
Commission meeting commencing at 9:00 am on November 12-15 in person, online, and via 
telephone. For information on how to participate in the hearing, please contact the Commission 
Clerk at occ.hearings@emnrd.nm.gov or (505) 476-3458, or visit the Hearings page on the 
OCD’s website at http://www.emnrd.state.nm.us/OCD/hearings.html. The hearing may be 
continued to the following day(s) if not completed.  
 
Proposed Modifications, Technical Testimony, and Cross Examination.  Any person 
intending to propose a modification to the proposed rule, to present technical testimony at the 
hearing, or to cross-examine witnesses must file a Pre-Hearing Statement conforming to the 
requirements of Subsection B of 19.15.3.11 NMAC, no later than 5:00 pm on November 2, 2024. 
Filing may be accomplished by first class mail to the Commission Clerk, 3rd Floor, Wendell 
Chino Building, 1220 South St. Francis Drive, Santa Fe, New Mexico 87505, or by electronic 
mail to occ.hearings@emnrd.nm.gov. Any person who intends to present direct technical 
testimony must file their prehearing statement, with direct written testimony, no later than 5:00 
pm on October 21, 2024. Persons presenting technical testimony will be subject to cross-
examination on the subject matter of the person’s direct testimony by the members of the 
Commission, the Commission’s counsel, or another person who has filed a Pre-Hearing 
Statement.  
 
Oral Comments.  Any person who has not submitted a Pre-Hearing statement may present non-
technical testimony or make an unsworn statement at the hearing, and may offer exhibits at the 
hearing so long as the exhibits are relevant to the proposed rule and do not unduly repeat 
testimony. Any person who presents sworn, non-technical testimony will be subject to cross-
examination by the Commission, the Commission’s counsel, or another person who has filed a 
Pre-Hearing Statement on the subject matter of the person’s direct testimony; however, any 
person who presents an unsworn position statement or general public comment shall not be 
subject to cross examination. To help facilitate this hearing, persons wishing to present non-
technical testimony or make an unsworn statement or public comment at the hearing are strongly 
encouraged to contact the Commission Clerk Sheila Apodaca at sheila.apodaca@emnrd.nm.gov 
or (505) 476-3458, prior to the hearing so that a list of commenters may be prepared in advance; 
however, at the close of oral public comment, the Commission shall open the virtual floor to any 
person who wishes to offer non-technical testimony or make an unsworn oral statement relevant 
to the proceedings.  
 
Written or Electronic Comments.  Any person may submit written or electronic comments on 
the proposed rule no later than 5:00 pm on November 15, 2024, unless extended by the 
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Commission or the Chair of the Commission, by first class or electronic mail to the Commission 
Clerk, 3rd Floor, Wendell Chino Building, 1220 South St. Francis Drive, Santa Fe, New Mexico 
87505, or occ.hearing@emnrd.nm.gov. 
 
Persons with Disabilities.  If you are an individual with a disability who needs a reader, 
amplifier, qualified sign language interpreter, or any other form of auxiliary aid or service to 
attend or participate in the hearing, including a summary or other accessible form of document, 
please contact the Commission Clerk Sheila Apodaca at sheila.apodaca@emnrd.nm.gov or (505) 
476-3458, or through the New Mexico Relay Network at 1-800-659-1779, no later than [DATE].  
 
Technical Information.  Technical information that may be provided through Pre-Hearing 
Statements and written technical testimony will be made publicly available on the OCD Imaging, 
Case File Search portal on the division’s website at 
http://ocdimage.emnrd.state.nm.us/imaging/CaseFileCriteria.aspx, and may be accessed by 
searching for Case File No. 23580.   
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NMED Home

As all New Mexicans know, water in our state is a very precious – and at times elusive – resource. Even
with New Mexico’s wonderful diversity of ecosystems , the mostly desert landscape receives an
average of 10 inches of precipitation annually…

Surface water (rivers, lakes and streams) in New Mexico originates as rain or melting snow, but over 95%
of that water evaporates or is transpired by plants.Most of New Mexico’s fresh water is stored as
groundwater in aquifers or confining layers below the land surface, where it occupies small open spaces
between sand or gravel and small fractures in rock.

Water Topics Spotlight:

NMED is responsible for overseeing water infrastructure systems and water quality issues throughout
the state.

NOTE: The state’s water resources in regards to ,  appropriation, and distribution of
surface and ground waters are administered by the .

water quantity
Office of the State Engineer

NMED has many programs that focus on protecting the quality of our waters and assuring safe and
effective infrastructure for delivering clean water to our communities. We coordinate much of our work
with federal agencies, other state agencies, local governments, and citizen groups.

Quick Links to BUREAUS:    
  

   $$ Water Project Funding $$ 

(watershed improvement and planning project RFPs)
(wastewater or storm water drainage projects)

 (water system repairs and replacement projects) 

Construction Programs Drinking Water Ground Water Quality Surface
Water Quality Water Permits INFO Drinking Water
Advisories & Alerts REPORT A SPILL Free Well Water Testing Clean
Water Act Section 319(h)

Clean Water State Revolving Loan Fund 
Drinking Water State Revolving Loan Fund Water
Infrastructure Portal

Water Resources &

Management
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(water, wastewater, infrastructure)  
  

Water Quality Control Commission (WQCC) Environmental
Improvement Board (EIB)

Water Quality Programs and Regulatory Information:

Drinking Water

Drinking water in our state comes from a variety of sources including groundwater wells and surface
waters. NMED oversees activities surrounding the treatment and deliverance of safe, clean drinking
water and ensures compliance of federal and state drinking water regulations.

Laws & Regulations:

The primary law governing public water systems is the federal  (SDWA).
This law was first passed in 1974 and amended in 1986 and 1996.

SAFE DRINKING WATER ACT

NMED has primacy for SDWA which means it has the authority to implement and enforce the primary
SDWA regulations.

The basic authority for water quality management in New Mexico is provided through the State Water
Quality Act which establishes the Water Quality Control Commission (WQCC). The WQCC is the state
water pollution control agency for purposes of the Federal Clean Water and portions of the Safe Drinking
Water Acts. The Environmental Improvement Board (EIB) is responsible for rules relating to water supply
and capacity development.

Drinking Water Systems:

 – A Public Water System (PWS) is any water system having at least 15 service
connections or regularly serves an average of at least 25 individuals daily for at least 60 days out of the
year. All PWS must meet the requirements of the federal Safe Drinking Water Act (SDWA) and state
drinking water regulations.

Public Water Systems

 – All Public Water Systems (PWS) must be operated by a certified operator
in accordance with the New Mexico Utility Operator Certification Act .  NMED and other organizations
offer many opportunities for board and operator training.

System Owners & Operators

 – Capacity is a water system’s ability to operate effectively and maintain
compliance with the Safe Drinking Water Act and other regulatory requirements over the long term.
NMED assists and trains water systems to enhance their capacity.

Capacity Development

 – New Mexico’s dry climate and persistent drought conditions create the need to
use water and wisely and efficiently as possible. Reuse of highly treated wastewater is one way to
maximize water use in water-vulnerable communities. NMED is working with New Mexico communities to
develop such reuse systems based on technology proven in other parts of the country and around the
world.

Water Reuse Systems

Source Water Protection:

NMED protects drinking water systems and customers’ health by identifying and managing actual or
potential sources of contamination to the drinking water supply. Preventing contamination is much less
expensive and easier than cleaning up a contaminated source or finding a new source.

NMED provides technical and planning assistance to community water systems to develop and
strengthen Source Water Protection Plans.

Contaminants:

The Safe Drinking Water Act (SDWA) regulates over 90 separate contaminants and sets the 
 (MCL) for each. A MCL is the maximum concentration of a contaminant that is

allowable in a public water supply without the system being in violation of SDWA. The MCL

MAXIMUM
CONTAMINANT LEVEL
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concentration is selected by the EPA as a level below which is considered safe for consumption over a
long period of time.

SDWA Contaminants are often divided into 2 categories: Microbiological and Chemical.Chemical
contaminants are often broken down into several categories: VOLATILE ORGANIC COMPOUNDS (VOC),
SYNTHETIC ORGANIC CHEMICALS (SOC), RADIONUCLIDES and Inorganic Chemicals (IOC). Some of the
most problematic chemical contaminants in New Mexico are ARSENIC, URANIUM, NITRATE and
FLUORIDE.MICROBIOLOGICAL CONTAMINANTS consist of various bacteria, viruses and protozoa. The
most common microbiological contaminant is bacteria which can be introduced into a water system at
almost any point.

LEAD & COPPER are two contaminants that generally are not found in source water, but may be
introduced into a water system due to the piping in a home or in distribution and due to the corrosively
of the water.

For more information go to: NMED Drinking Water Bureau

Ground Water

New Mexico’s ground water resources are of vital importance in sustaining life and must be preserved
and protected for both present and future generations.

Approximately 78% of New Mexicans depend on ground water for drinking water. 81% of New Mexicans
are served by public systems with water derived from ground water sources and over 170,000 New
Mexicans depend on private wells for drinking water.

Ground water makes up nearly half of the total water annually withdrawn for all uses in New Mexico,
including agriculture and industry, and is the only practicable source of water in many areas of the state.

Learn more @  or 

Adequate supplies of uncontaminated groundwater are crucial not only to the health of our families
but also for the continued growth of agricultural production and cutting-edge industries in New
Mexico. NM BGMR USGS

Laws & Regulations:

NMED is mandated by the NM Water Quality Act and Water Quality Control Commission (WQCC)
regulations to prevent or abate water pollution in the State at sites which pose a significant risk to
human health and the environment. In addition, NMED cooperates with local and federal governments on
various programs relevant to ground water pollution control.

Activities and Responsibilities Include:

Issuing ground water discharge permits to prevent ground water contamination from discharges that
have the potential to impact ground water quality

Implementing requirements for reporting and addressing spills and releases

Developing ground water quality standards for ground water contaminants

Developing ground water pollution assessment and abatement regulations and underground injection
control requirements

Conducting all permit, spill  response, abatement, and public participation activities for 
in New Mexico

mining facilities

Identifying, investigating, and remediating inactive hazardous waste sites through implementation of the
federal  programSuperfund

Overseeing ground water investigation and  activitiesremediation

Implementing the Voluntary Remediation Program

Conducting free testing of domestic wells at  throughout the state and educating well
owners about water quality issues and preserving / improving water quality in their communities.

“water fairs”

Discharges to Ground Water
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NMED monitors and issues Ground Water Discharge Permits to address a wide variety of discharges
including:

Commercial land farms (contaminated soil treatment) Industrial discharges

Commercial laundries (not served by sanitary sewers) Large capacity septic tank leach fields

Dairies Mines

Domestic wastewater facilities (with flows over 2,000 gal/day) Power generating plants

Food processing operations Reclaimed wastewater reuse

Ground water remediation systems  

For more information go to: NMED Ground Water Quality BureauSurface WaterWastewaterWater &
Wastewater InfrastructureCleanups & Monitoring for Water Resource Protection

Surface Water

New Mexico’s surface waters consist of rivers, streams, lakes and reservoirs, and wetlands. These
waters not only provide great natural beauty, they supply the water necessary for drinking, recreation,
industry, agriculture, and aquatic life as well.  Our major watershed, the , encompasses much
of New Mexico and connects us to the headwaters in Colorado and passing through Texas to its mouth
in Mexico.

 Rio Grande

The basic authority for water quality management in New Mexico is provided through the State Water
Quality Act which establishes the Water Quality Control Commission (WQCC). The WQCC is the state
water pollution control agency for purposes of the Federal Clean Water Act.

NMED is responsible for implementing the Federal Clean Water Act in New Mexico and ensuring surface
waters meet their designated beneficial uses and New Mexico state water quality standards.

Our programs and activities include:

Monitoring and Assessment of all Surface Waters

NEMD is responsible for the continual collection, integration, and assessment of water quality data for
all lakes and streams in the State of New Mexico. Data analysis is used to determine if state water quality
standards are being met. Our programs involve:

Conducting stream and lake surveys & analyzing data

Listing impaired streams not meeting water quality standards

Developing water quality improvement plans through Total Maximum Daily Loads (TMDLs)

Supporting, reviewing, and suggesting amendments to the New Mexico Water Quality Standards

Overseeing Discharges to Surface Water

NMED monitors and inspects all point source discharges in the state to assure compliance and
compatibility with applicable state and federal laws. Our activities include:

Assisting the EPA in implementing its National Pollutant Discharge Elimination System ( )
permitting program

NPDES

Conducting and maintaining a comprehensive monitoring program for the regulated community of
industrial and municipal effluent dischargers

Reviewing federal NPDES permits for municipal wastewater treatment plants, electrical generating
stations, fish hatcheries, mines, etc
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Managing Water and Wastewater Operators at all public water and wastewater utilities in New Mexico
through the Operator Certification Program

Managing stormwater from urban areas which is considered a regulated point discharge under the
federal Clean Water Act

Protecting New Mexico Watersheds

NMED is responsible for organizing all federal  (CWA)  related activities in
watersheds with TMDLs or with assessed data. Organized efforts include outreach, facilitation,
administration and oversight of CWA §319(h) projects. Our programs involve:

Clean Water Act §319(h)

Working cooperatively to implement best management practices (BMPs) for reducing nonpoint source
(NPS) pollutants.

Developing work plans to include watershed association development, riparian area restoration, spill
response, and treatment of abandoned mines.

Coordinating the state’s CWA  of  issued by the 
 and implementing portions of the New Mexico Mining Act pertaining to water quality.

§401 certification  404 dredge-and-fill  permits US Army
Corps of Engineers

Waste Water

Wastewater management encompasses a broad range of efforts that promote effective and responsible
water use, treatment, and disposal and encourage the protection and restoration of our nation’s
watersheds.

Within NMED there are multiple programs working with businesses, communities, individuals, and the
EPA to manage different types of wastewater. NMED regulates municipal and industrial operations
discharging water to surface or groundwater.

Discharges to Ground Water

NMED monitors and issues Ground Water Discharge Permits to address a wide variety of discharges
including:

Commercial land farms (contaminated soil treatment) Ground water remediation systems

Commercial laundries (not served by sanitary sewers) Industrial discharges

Dairies Large capacity septic tank leach fields

Domestic wastewater facilities Power generating plants

Food processing plants Reclaimed wastewater reuse

See the Ground Water Quality Bureau’s  for more information.Pollution Prevention Section

Discharges to Surface Water

NMED monitors and inspects all point source discharges in the state to assure compliance and
compatibility with applicable state and federal laws. Our activities include:

Assisting the EPA in implementing its National Pollutant Discharge Elimination System ( )
permitting program

NPDES

Conducting and maintaining a comprehensive monitoring program for the regulated community of
industrial and municipal effluent dischargers

Reviewing federal NPDES permits for municipal wastewater treatment plants, electrical generating
stations, fish hatcheries, mines, etc
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Managing stormwater from urban areas which is considered a regulated point discharge under the
federal Clean Water Act
See the Surface Water Quality Bureau for more information on  and

.
Point Source Discharges

Stormwater

Liquid Waste (Septic Systems)

NMED issues permits or registrations for septic systems through the .  We
also provide technical assistance, education, information, free domestic well testing.

NMED Liquid Waste Program

Public Water & Wastewater Infrastructure

NMED works with communities to develop, track, and inspect the infrastructure needed to manage water
and wastewater. We:

Oversee activities surrounding the treatment and deliverance of safe, clean drinking water and ensure
compliance of federal and state drinking water regulations through the Drinking Water Bureau

Administer Water and Wastewater Operators at all public water and wastewater utilities in New Mexico
through the Operator Certification Program

Assist communities to plan, fund, implement, and maintain wastewater system projects through the
Construction Programs Bureau.

Cleanups & Monitoring for Water Resource Protection

NMED has developed vigorous monitoring and assessment programs to protect the quality of our
surface and ground water sources from existing or potential contaminants. Inspection programs work
with regulated facilities to further this goal.

The Department of Energy (DOE) Oversight Bureau

Ensures that activities at DOE facilities (LANL , SNL , WIPP) in New Mexico are managed and controlled in
a manner that is protective of public health, safety, and the environment.

Monitors all media (soil,  vegetation, storm water, precipitation, groundwater, surface water, air, etc.) for
known, suspected, or emerging contaminants of concern. Focus: etc

The Ground Water Quality Bureau

Inspects facilities with regulated discharges

Monitors ground water wells at contaminated sites.

Surface Water Quality Bureau

Inspects facilities with regulated discharges

Monitors and assesses data from streams, rivers, and lakes

& Hazardous Waste Bureau Petroleum Storage Tank Bureau

Tracks and inspects the use, storage, and transportation of hazardous materials to help insure proper
containment.

We also are involved with multiple cleanup activities around the state.© 2024 New Mexico Environment Department
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West's Colorado Revised Statutes Annotated
Title 34. Mineral Resources

Energy and Carbon Management Regulation
Conservation and Regulation

Article 60. Oil and Gas Conservation (Refs & Annos)

C.R.S.A. § 34-60-132

§ 34-60-132. Disclosure of chemicals used in downhole oil and gas operations--

chemical disclosure lists--community notification--reports--definitions--rules--repeal

Effective: August 7, 2023
Currentness

(1) As used in this section, unless the context otherwise requires:

(a)(I) “Additive” means a chemical or combination of chemicals added to a base fluid for use in a hydraulic fracturing treatment.

(II) “Additive” includes proppants.

(b) “Base fluid” means the continuous phase fluid type, such as water, used in a hydraulic fracturing treatment.

(c) “Chemical” means any element, chemical compound, or mixture of elements or chemical compounds that has a specific
name or identity, including a Chemical Abstracts Service number.

(d) “Chemical Abstracts Service number” means the unique numerical identifier assigned by the Chemical Abstracts Service
to a chemical.

(e) “Chemical disclosure information” means the information disclosed to the commission under subsections (2)(a)(I) and (3)
(a)(I) of this section.

(f) “Chemical disclosure list” means a list of chemicals used in downhole operations at a well site.

(g) “Chemical disclosure website” means a website that is capable of displaying chemical disclosure lists and can be accessed
by the public.

(h)(I) “Chemical product” means any product that consists of one or more chemicals and is sold or distributed for use in
downhole operations in the state.
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(II) “Chemical product” includes additives, base fluids, and hydraulic fracturing fluids.

(III) “Chemical product” does not include the structural and mechanical components of a well site where downhole operations
are being conducted.

(i)(I) “Direct vendor” means any distributor, supplier, or other entity that sells or supplies one or more chemical products directly
to an operator or service provider for use at a well site.

(II) “Direct vendor” does not include entities that manufacture, produce, or formulate chemical products for further manufacture,
formulation, sale, or distribution by third parties prior to being supplied directly to operators or service providers.

(j) “Discloser” means an operator, any service provider using one or more chemical products in the course of downhole
operations, and any direct vendor that provides one or more chemical products directly to the operator or service provider for
use at a well site.

(k) “Division” means the division of parks and wildlife in the department of natural resources.

(l) “Downhole operations” means oil and gas production operations that are conducted underground.

(m) “Health-care professional” means a physician, physician assistant, nurse practitioner, registered nurse, or emergency
medical service provider licensed or certified by the state.

(n) “High-priority habitat” means habitat areas identified by the division where measures to avoid, minimize, and mitigate
adverse impacts to wildlife have been identified to protect breeding, nesting, foraging, migrating, or other uses by wildlife.

(o) “Hydraulic fracturing fluid” means the fluid, including any base fluid and additives, used to perform a hydraulic fracturing
treatment.

(p) “Hydraulic fracturing treatment” means all stages of the treatment of a well by the application of hydraulic fracturing fluid
under pressure, which treatment is expressly designed to initiate or propagate fractures in an underground geologic formation
to enhance the production of oil and gas.

(q) “Manufacturer” means a person or entity that makes, assembles, or otherwise generates a chemical product or whose trade
name is affixed to a chemical product.

(r) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS chemicals” has the meaning set forth in section 25-5-1302(7).

(s) “Proppants” means materials inserted or injected into an underground geologic formation during a hydraulic fracturing
treatment that are intended to prevent fractures from closing.
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(t) “Public water systems” has the meaning set forth in section 25-1.5-201(1).

(u) “Trade secret” has the meaning set forth in section 7-74-102(4).

(v) “Type III aquifer” means an aquifer that consists of unconsolidated geologic material, including alluvial, colluvial, or other
consolidated materials.

(w) “Well site” means the area that is directly disturbed during oil and gas operations.

(2) Discloser chemical disclosure information and declaration. (a) On and after July 31, 2023, and subject to subsection (2)
(b) of this section, a discloser that sells or distributes a chemical product for use in downhole operations in the state or that uses
a chemical product in downhole operations in the state must:

(I) Disclose to the commission:

(A) The trade name of the chemical product; and

(B) A list of the names and Chemical Abstracts Service numbers of each chemical used in the chemical product; and

(C) If a discloser believes that a chemical constituent of a chemical product is a trade secret or is proprietary information,
nevertheless disclose the chemical constituent; and

(II) Provide a written declaration to the commission that the chemical product contains no intentionally added PFAS chemicals.

(b)(I)(A) For disclosers that were already selling or distributing a chemical product for use in downhole operations in the state
before July 31, 2023, or that were using the chemical product before July 31, 2023, the information and declaration required
to be provided pursuant to subsection (2)(a) of this section must be provided to the commission at least thirty days before July
31, 2023.

(B) This subsection (2)(b)(I) is repealed, effective July 1, 2024.

(II) For disclosers that begin to sell, distribute, or use a chemical product for use in downhole operations in the state on or after
July 31, 2023, the information and declaration required to be provided pursuant to subsection (2)(a) of this section must be
provided to the commission at least thirty days before the discloser begins selling, distributing, or using the chemical product.

(c) The commission shall ensure that the information and declaration required to be provided under subsection (2)(a) of this
section is provided to the commission.
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(d) If a manufacturer does not provide the information described in subsection (2)(a)(I) of this section for a chemical product that
it sells or distributes for use in downhole operations in the state to a discloser upon the request of the discloser or the commission,
the manufacturer must provide the commission with a trade secret form of entitlement, as determined by the commission by
rule, for the chemical product. At a minimum, the manufacturer must include in the trade secret form of entitlement for the
chemical product:

(I) The name of each chemical used in the chemical product; and

(II) The Chemical Abstracts Service number of each chemical used in the chemical product.

(e) If, after making a request to the manufacturer of the chemical product pursuant to subsection (2)(d) of this section, a
discloser is unable to disclose the information described in subsection (2)(a)(I) of this section, the discloser shall disclose to
the commission:

(I) The name of the chemical product's manufacturer;

(II) The chemical product's trade name;

(III) The amount or weight of the chemical product; and

(IV) A safety data sheet for the chemical product, if it is available for disclosure by the discloser and provides the information
described in subsection (2)(a)(I) of this section.

(f) In the event that the discloser is unable to disclose the information described in subsection (2)(a)(I) of this section, the
commission shall obtain the information described in subsection (2)(a)(I) of this section from the manufacturer.

(3) Operator chemical disclosure information--declaration. (a) On and after July 31, 2023, and subject to subsection (3)(b)
of this section, an operator of downhole operations using a chemical product must:

(I) Disclose to the commission:

(A) The date of commencement of downhole operations;

(B) The county of the well site where downhole operations are being or will be conducted;

(C) The unique numerical identifier assigned by the American Petroleum Institute to the well where downhole operations are
being or will be conducted and the US well number assigned to the well where downhole operations are being or will be
conducted; and
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(D) The trade names and quantities of any chemical products the operator used in downhole operations; and

(II) Provide a written declaration to the commission that the chemical product contains no intentionally added PFAS chemicals.

(b)(I)(A) For a downhole operation that commenced before July 31, 2023, and that will be ongoing on July 31, 2023, the
information and declaration required to be provided pursuant to subsection (3)(a) of this section must be provided to the
commission within one hundred twenty days after July 31, 2023.

(B) This subsection (3)(b)(I) is repealed, effective July 1, 2024.

(II) For a downhole operation that commences on or after July 31, 2023, the information and declaration required to be provided
pursuant to subsection (3)(a) of this section must be provided to the commission within one hundred twenty days after the
commencement of the downhole operation.

(c) The commission shall ensure that the information and declaration required to be provided under subsection (3)(a) of this
section is provided to the commission.

(4) Change in chemical disclosure information. If there is a change in the information provided under subsection (2)(a)(I)
or (3)(a)(I) of this section, the discloser or operator, or in the case of disclosure under subsection (2)(d) of this section, the
manufacturer, must submit the change to the commission within thirty days after the date the discloser, manufacturer, or operator
first knew of the change.

(5) Chemical disclosure lists. (a) The commission shall use the chemical disclosure information to create a chemical disclosure
list for each applicable well site.

(b)(I) The commission shall include in the chemical disclosure list an alphabetical list of the names and Chemical Abstracts
Service numbers of each chemical used in downhole operations at the well site.

(II) Notwithstanding any law to the contrary, the commission shall include the names and Chemical Abstracts Service numbers
of all chemicals used in downhole operations in the chemical disclosure list and shall not protect the names or Chemical Abstracts
Service numbers of any chemical as a trade secret or proprietary information. Any formulas and processes continue to have
trade secret protections.

(c) The commission shall not include in the chemical disclosure list:

(I) The trade name of a chemical product used in downhole operations at the well site; or

(II) The total amount of a chemical in a chemical product.
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(d) No later than thirty days after an operator makes the disclosures required under subsection (3) of this section, the commission
shall:

(I) Post the chemical disclosure list on the chemical disclosure website and include the date of the submission of the chemical
disclosure list to the commission in the post; and

(II) Provide the chemical disclosure list to the operator of the applicable well.

(e) The commission shall:

(I) Post an updated chemical disclosure list if there are any notifications received from a discloser, manufacturer, or operator
under subsection (4) of this section and include the date of the notification by the discloser, manufacturer, or operator in the
post; and

(II) Ensure that:

(A) All chemical disclosure lists and updated chemical disclosure lists remain viewable by the public;

(B) The chemical disclosure website is searchable by chemical, date of submission or update of a chemical disclosure list, name
and address of the operator, and county of the well site; and

(C) The chemical disclosure website allows members of the public to download chemical disclosure lists in an electronic,
delimited format.

(6) Community notification. (a) On or before July 31, 2023, and subject to subsection (6)(b) of this section, an operator shall
provide the chemical disclosure list to:

(I) All owners of minerals that are being developed at the well site;

(II) All surface owners, building unit owners, and residents, including tenants of both residential and commercial properties,
that are within two thousand six hundred forty feet of the well site;

(III) The state land board if the state owns minerals that are being developed at the well site;

(IV) The federal bureau of land management if the United States owns the minerals that are being developed at the well site;

(V) The Southern Ute Indian tribe if the minerals being developed at the well site are within the exterior boundary of the tribe's
reservation and are subject to the jurisdiction of the commission;

WG. Ex. 4

0034



§ 34-60-132. Disclosure of chemicals used in downhole oil and..., CO ST § 34-60-132

 © 2024 Thomson Reuters. No claim to original U.S. Government Works. 7

(VI) All schools, child care centers, and school governing bodies within two thousand six hundred forty feet of the well site;

(VII) Police departments, fire departments, emergency service agencies, and first responder agencies that have a jurisdiction
that includes the well site;

(VIII) Local governments that have a jurisdiction within two thousand six hundred forty feet of the well site;

(IX) The administrator of any public water system that operates:

(A) A surface water public water system intake that is located fifteen stream miles or less downstream from the well site;

(B) A groundwater under the direct influence of a surface water public water system supply well within two thousand six
hundred forty feet of the well site; and

(C) A public water system supply well completed in a type III aquifer within two thousand six hundred forty feet of the well
site; and

(X) The division if:

(A) There is a high-priority habitat area within one mile of the well site; or

(B) There is a state wildlife area, as defined in section 33-1-102(42), or a state park or recreation area within two thousand six
hundred forty feet of the well site.

(b) The chemical disclosure list must be disclosed in accordance with subsection (6)(a) of this section within thirty days after
the operator's receipt of the chemical disclosure list from the commission.

(7) Reporting to the general assembly. (a)(I) The commission shall prepare an annual report that includes a list of the chemicals
used in downhole operations in the state in the prior calendar year.

(II) The commission shall present the annual report to the transportation and energy committee of the senate and the energy
and environment committee of the house of representatives, or their successor committees, during the committees' hearings
held prior to the 2026 regular session, and each session thereafter, of the general assembly under the “State Measurement for
Accountable, Responsive, and Transparent (SMART) Government Act”, part 2 of article 7 of title 2. The commission shall also
post the report on the commission's website.

(b) Notwithstanding section 24-1-136(11)(a)(I), the requirement to report to the legislative committees continues indefinitely.
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(8) Rules. The commission may promulgate rules that are necessary for the implementation and administration of this section.

(9) Local governments. Nothing in this section or the rules promulgated by the commission pursuant to this section limits a local
government from enacting or enforcing any ordinance, regulation, or other law related to the disclosure of any chemical product.

(10) Collection of chemical disclosure information under other provisions of law. Notwithstanding any law to the contrary,
nothing in this section or the rules promulgated by the commission pursuant to this section prevents the commission, the state,
or a local government from collecting chemical disclosure information from disclosers, manufacturers, or operators under any
other provision of law.

Credits
Added by Laws 2022, Ch. 478 (H.B. 22-1348), § 2, eff. June 8, 2022. Amended by Laws 2023, Ch. 303 (H.B. 23-1301), §
82, eff. Aug. 7, 2023.

C. R. S. A. § 34-60-132, CO ST § 34-60-132
Current through legislation effective August 7, 2024 of the Second Regular Session, 74th General Assembly (2024). Some
statute sections may be more current. See credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated California Codes
Public Resources Code (Refs & Annos)

Division 3. Oil and Gas (Refs & Annos)
Chapter 1. Oil and Gas Conservation

Article 3. Well Stimulation (Refs & Annos)

West's Ann.Cal.Pub.Res.Code § 3160

§ 3160. Independent scientific study on well stimulation treatments; regulations, authority,

and responsibility; treatment permits; disclosures; geologic features; trade secrets; inspections

Effective: January 1, 2023
Currentness

(a) On or before January 1, 2015, the Secretary of the Natural Resources Agency shall cause to be conducted, and completed,
an independent scientific study on well stimulation treatments, including, but not limited to, hydraulic fracturing and acid
well stimulation treatments. The scientific study shall evaluate the hazards and risks and potential hazards and risks that well
stimulation treatments pose to natural resources and public, occupational, and environmental health and safety. The scientific
study shall do all of the following:

(1) Follow the well-established standard protocols of the scientific profession, including, but not limited to, the use of recognized
experts, peer review, and publication.

(2) Identify areas with existing and potential conventional and unconventional oil and gas reserves where well stimulation
treatments are likely to spur or enable oil and gas exploration and production.

(3)(A) Evaluate all aspects and effects of well stimulation treatments, including, but not limited to, the well stimulation treatment,
additive and water transportation to and from the well site, mixing and handling of the well stimulation treatment fluids
and additives onsite, the use and potential for use of nontoxic additives and the use or reuse of treated or produced water
in well stimulation treatment fluids, and flowback fluids and the handling, treatment, and disposal of flowback fluids and
other materials, if any, generated by the treatment. Specifically, the potential for the use of recycled water in well stimulation
treatments, including appropriate water quality requirements and available treatment technologies, shall be evaluated. Well
stimulation treatments include, but are not limited to, hydraulic fracturing and acid well stimulation treatments.

(B) Review and evaluate acid matrix stimulation treatments, including the range of acid volumes applied per treated foot and
total acid volumes used in treatments, types of acids, acid concentration, and other chemicals used in the treatments.

(4) Consider, at a minimum, atmospheric emissions, including potential greenhouse gas emissions, the potential degradation
of air quality, potential impacts on wildlife, native plants, and habitat, including habitat fragmentation, potential water and
surface contamination, potential noise pollution, induced seismicity, and the ultimate disposition, transport, transformation, and
toxicology of well stimulation treatments, including acid well stimulation fluids, hydraulic fracturing fluids, and waste hydraulic
fracturing fluids and acid well stimulation in the environment.
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(5) Identify and evaluate the geologic features present in the vicinity of a well, including the wellbore, that should be taken into
consideration in the design of a proposed well stimulation treatment.

(6) Include a hazard assessment and risk analysis addressing occupational and environmental exposures to well stimulation
treatments, including hydraulic fracturing treatments, hydraulic fracturing treatment-related processes, acid well stimulation
treatments, acid well stimulation treatment-related processes, and the corresponding impacts on public health and safety with
the participation of the Office of Environmental Health Hazard Assessment.

(7) Clearly identify where additional information is necessary to inform and improve the analyses.

(b)(1)(A) On or before January 1, 2015, the division, in consultation with the Department of Toxic Substances Control, the
State Air Resources Board, the State Water Resources Control Board, the Department of Resources Recycling and Recovery,
and any local air districts and regional water quality control boards in areas where well stimulation treatments, including acid
well stimulation treatments and hydraulic fracturing treatments, may occur, shall adopt rules and regulations specific to well
stimulation treatments. The rules and regulations shall include, but are not limited to, revisions, as needed, to the rules and
regulations governing construction of wells and well casings to ensure integrity of wells, well casings, and the geologic and
hydrologic isolation of the oil and gas formation during and following well stimulation treatments, and full disclosure of the
composition and disposition of well stimulation fluids, including, but not limited to, hydraulic fracturing fluids, acid well
stimulation fluids, and flowback fluids.

(B) The rules and regulations shall additionally include provisions for an independent entity or person to perform the notification
requirements pursuant to paragraph (6) of subdivision (d), for the operator to provide for baseline and followup water testing
upon request as specified in paragraph (7) of subdivision (d).

(C)(i) In order to identify the acid matrix stimulation treatments that are subject to this section, the rules and regulations shall
establish threshold values for acid volume applied per treated foot of any individual stage of the well or for total acid volume
of the treatment, or both, based upon a quantitative assessment of the risks posed by acid matrix stimulation treatments that
exceed the specified threshold value or values in order to prevent, as far as possible, damage to life, health, property, and natural
resources pursuant to Section 3106.

(ii) On or before January 1, 2020, the division shall review and evaluate the threshold values for acid volume applied per treated
foot and total acid volume of the treatment, based upon data collected in the state, for acid matrix stimulation treatments. The
division shall revise the values through the regulatory process, if necessary, based upon the best available scientific information,
including the results of the independent scientific study pursuant to subparagraph (B) of paragraph (3) of subdivision (a).

(2) Full disclosure of the composition and disposition of well stimulation fluids, including, but not limited to, hydraulic fracturing
fluids and acid stimulation treatment fluids, shall, at a minimum, include:

(A) The date of the well stimulation treatment.
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(B) A complete list of the names, Chemical Abstract Service (CAS) numbers, and maximum concentration, in percent by mass,
of each and every chemical constituent of the well stimulation treatment fluids used. If a CAS number does not exist for a
chemical constituent, the well owner or operator may provide another unique identifier, if available.

(C) The trade name, the supplier, concentration, and a brief description of the intended purpose of each additive contained in
the well stimulation treatment fluid.

(D) The total volume of base fluid used during the well stimulation treatment, and the identification of whether the base fluid
is water suitable for irrigation or domestic purposes, water not suitable for irrigation or domestic purposes, or a fluid other
than water.

(E) The source, volume, and specific composition and disposition of all water, including, but not limited to, all water used as
base fluid during the well stimulation treatment and recovered from the well following the well stimulation treatment that is
not otherwise reported as produced water pursuant to Section 3227. Any repeated reuse of treated or untreated water for well
stimulation treatments and well stimulation treatment-related activities shall be identified.

(F) The specific composition and disposition of all well stimulation treatment fluids, including waste fluids, other than water.

(G) Any radiological components or tracers injected into the well as part of, or in order to evaluate, the well stimulation treatment,
a description of the recovery method, if any, for those components or tracers, the recovery rate, and specific disposal information
for recovered components or tracers.

(H) The radioactivity of the recovered well stimulation fluids.

(I) The location of the portion of the well subject to the well stimulation treatment and the extent of the fracturing or other
modification, if any, surrounding the well induced by the treatment.

(c)(1) Through the consultation process described in paragraph (1) of subdivision (b), the division shall collaboratively identify
and delineate the existing statutory authority and regulatory responsibility relating to well stimulation treatments and well
stimulation treatment-related activities of the Department of Toxic Substances Control, the State Air Resources Board, any local
air districts, the State Water Resources Control Board, the Department of Resources Recycling and Recovery, any regional water
quality control board, and other public entities, as applicable. This shall specify how the respective authority, responsibility,
and notification and reporting requirements associated with well stimulation treatments and well stimulation treatment-related
activities are divided among each public entity.

(2) On or before January 1, 2015, the division shall enter into formal agreements with the Department of Toxic Substances
Control, the State Air Resources Board, any local air districts where well stimulation treatments may occur, the State Water
Resources Control Board, the Department of Resources Recycling and Recovery, and any regional water quality control board
where well stimulation treatments may occur, clearly delineating respective authority, responsibility, and notification and
reporting requirements associated with well stimulation treatments and well stimulation treatment-related activities, including
air and water quality monitoring, in order to promote regulatory transparency and accountability.
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(3) The agreements under paragraph (2) shall specify the appropriate public entity responsible for air and water quality
monitoring and the safe and lawful disposal of materials in landfills, include trade secret handling protocols, if necessary, and
provide for ready public access to information related to well stimulation treatments and related activities.

(4) Regulations, if necessary, shall be revised appropriately to incorporate the agreements under paragraph (2).

(d)(1) Notwithstanding any other law or regulation, before performing a well stimulation treatment on a well, the operator shall
apply for a permit to perform a well stimulation treatment with the supervisor or district deputy. The well stimulation treatment
permit application shall contain the pertinent data the supervisor requires on printed forms supplied by the division or on other
forms acceptable to the supervisor. The information provided in the well stimulation treatment permit application shall include,
but is not limited to, the following:

(A) The well identification number and location.

(B) The time period during which the well stimulation treatment is planned to occur.

(C) A water management plan that shall include all of the following:

(i) An estimate of the amount of water to be used in the treatment. Estimates of water to be recycled following the well stimulation
treatment may be included.

(ii) The anticipated source of the water to be used in the treatment.

(iii) The disposal method identified for the recovered water in the flowback fluid from the treatment that is not produced water
included in the statement pursuant to Section 3227.

(D) A complete list of the names, Chemical Abstract Service (CAS) numbers, and estimated concentrations, in percent by mass,
of each and every chemical constituent of the well stimulation fluids anticipated to be used in the treatment. If a CAS number
does not exist for a chemical constituent, the well owner or operator may provide another unique identifier, if available.

(E) The planned location of the well stimulation treatment on the wellbore, the estimated length, height, and direction of the
induced fractures or other planned modification, if any, and the location of existing wells, including plugged and abandoned
wells, that may be impacted by these fractures and modifications.

(F) A groundwater monitoring plan. Required groundwater monitoring in the vicinity of the well subject to the well stimulation
treatment shall be satisfied by one of the following:

(i) The well is located within the boundaries of an existing oil or gas field-specific or regional monitoring program developed
pursuant to Section 10783 of the Water Code.
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(ii) The well is located within the boundaries of an existing oil or gas field-specific or regional monitoring program developed
and implemented by the well owner or operator meeting the model criteria established pursuant to Section 10783 of the Water
Code.

(iii) Through a well-specific monitoring plan implemented by the owner or operator meeting the model criteria established
pursuant to Section 10783 of the Water Code, and submitted to the appropriate regional water board for review.

(G) The estimated amount of treatment-generated waste materials that are not reported in subparagraph (C) and an identified
disposal method for the waste materials.

(2)(A) At the supervisor's discretion, and if applied for concurrently, the well stimulation treatment permit described in this
section may be combined with the well drilling and related operation notice of intent required pursuant to Section 3203 into a
single combined authorization. The portion of the combined authorization applicable to well stimulation shall meet all of the
requirements of a well stimulation treatment permit pursuant to this section.

(B) The time period available for approval of the combined authorization applicable to well stimulation is subject to the terms
of this section, and not Section 3203.

(3)(A) The supervisor or district deputy shall review the well stimulation treatment permit application and may approve the
permit if the application is complete. An incomplete application shall not be approved.

(B) A well stimulation treatment or repeat well stimulation treatment shall not be performed on any well without a valid permit
that the supervisor or district deputy has approved.

(C) In considering the permit application, the supervisor shall evaluate the quantifiable risk of the well stimulation treatment.

(D) In the absence of state implementation of a regional groundwater monitoring program pursuant to paragraph (1) of
subdivision (h) of Section 10783 of the Water Code, the supervisor or district deputy may approve a permit application for
well stimulation treatment pursuant to subparagraph (A) before the approval by the State Water Resources Control Board or a
regional water quality control board of an area-specific groundwater monitoring program developed by an owner or operator
pursuant to paragraph (2) of subdivision (h) of Section 10783 of the Water Code, but the well stimulation treatment shall not
commence until the state board or the regional water board approves the area-specific groundwater monitoring program.

(4) The well stimulation treatment permit shall expire one year from the date that the permit is issued.

(5) Within five business days of issuing a permit to perform a well stimulation treatment, the division shall provide a copy of
the permit to the appropriate regional water quality control board or boards and to the local planning entity where the well,
including its subsurface portion, is located. The division shall also post the permit on the publicly accessible portion of its
internet website within five business days of issuing a permit.
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(6)(A) It is the policy of the state that a copy of the approved well stimulation treatment permit and information on the available
water sampling and testing be provided to every tenant of the surface property and every surface property owner or authorized
agent of that owner whose property line location is one of the following:

(i) Within a 1,500 foot radius of the wellhead.

(ii) Within 500 feet from the horizontal projection of all subsurface portions of the designated well to the surface.

(B)(i) The well owner or operator shall identify the area requiring notification and shall contract with an independent entity or
person who is responsible for, and shall perform, the notification required pursuant to subparagraph (A).

(ii) The independent entity or person shall identify the individuals notified, the method of notification, the date of the notification,
a list of those notified, and shall provide a list of this information to the division.

(iii) The performance of the independent entity or persons shall be subject to review and audit by the division.

(C) A well stimulation treatment shall not commence before 30 calendar days after the permit copies pursuant to subparagraph
(A) are provided.

(7)(A) A property owner notified pursuant to paragraph (6) may request water quality sampling and testing from a designated
qualified contractor on any water well suitable for drinking or irrigation purposes and on any surface water suitable for drinking
or irrigation purposes as follows:

(i) Baseline measurements before the commencement of the well stimulation treatment.

(ii) Followup measurements after the well stimulation treatment on the same schedule as the pressure testing of the well casing
of the treated well.

(B) The State Water Resources Control Board shall designate one or more qualified independent third-party contractor or
contractors that adhere to board-specified standards and protocols to perform the water sampling and testing. The well owner
or operator shall pay for the sampling and testing. The sampling and testing performed shall be subject to audit and review by
the State Water Resources Control Board or applicable regional water quality control board, as appropriate.

(C) The results of the water testing shall be provided to the division, appropriate regional water board, and the property owner
or authorized agent. A tenant notified pursuant to paragraph (6) shall receive information on the results of the water testing
to the extent authorized by the tenant's lease and, where the tenant has lawful use of the ground or surface water identified in
subparagraph (A), the tenant may independently contract for similar groundwater or surface water testing.

(8) The division shall retain a list of the entities and property owners notified pursuant to paragraphs (5) and (6).
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(9) The operator shall provide notice to the division at least 72 hours before the actual start of the well stimulation treatment
in order for the division to witness the treatment.

(e) The Secretary of the Natural Resources Agency shall notify the Joint Legislative Budget Committee and the Chairs of
the Assembly Natural Resources, Senate Environmental Quality, and Senate Natural Resources and Water Committees on
the progress of the independent scientific study on well stimulation and related activities. The first progress report shall be
provided to the committees on or before April 1, 2014, and progress reports shall continue every four months thereafter until
the independent study is completed, including a peer review of the study by independent scientific experts.

(f) If a well stimulation treatment is performed on a well, a supplier that performs any part of the stimulation or provides
additives directly to the operator for a well stimulation treatment shall furnish the operator with information suitable for public
disclosure needed for the operator to comply with subdivision (g). This information shall be provided as soon as possible but
no later than 30 days following the conclusion of the well stimulation treatment.

(g) Within 60 days following cessation of a well stimulation treatment on a well, the operator shall post or cause to have posted
to an internet website designated or maintained by the division and accessible to the public all of the well stimulation fluid
composition and disposition information required to be collected pursuant to rules and regulations adopted under subdivision
(b), including well identification number and location. This shall include the collected water quality data, which the operator
shall report electronically to the State Water Resources Control Board.

(h) The operator is responsible for compliance with this section.

(i)(1) All geologic features within a distance reflecting an appropriate safety factor of the fracture zone for well stimulation
treatments that fracture the formation and that have the potential to either limit or facilitate the migration of fluids outside of
the fracture zone shall be identified and added to the well history. Geologic features include seismic faults identified by the
California Geologic Survey.

(2) For purposes of this section, the “fracture zone” is defined as the volume surrounding the wellbore where fractures were
created or enhanced by the well stimulation treatment. The safety factor shall be at least five and may vary depending upon
geologic knowledge.

(3) The division shall review the geologic features important to assessing well stimulation treatments identified in the
independent study pursuant to paragraph (5) of subdivision (a). Upon completion of the review, the division shall revise the
regulations governing the reporting of geologic features pursuant to this subdivision accordingly.

(j)(1) Public disclosure of well stimulation treatment fluid information claimed to contain trade secrets is governed by Section
1060 of the Evidence Code, or the Uniform Trade Secrets Act (Title 5 (commencing with Section 3426) of Part 1 of Division
4 of the Civil Code), and the California Public Records Act (Division 10 (commencing with Section 7920.000) of Title 1 of
the Government Code).

(2) Notwithstanding any other law or regulation, none of the following information shall be protected as a trade secret:

WG Ex. 5

0043



§ 3160. Independent scientific study on well stimulation..., CA PUB RES § 3160

 © 2024 Thomson Reuters. No claim to original U.S. Government Works. 8

(A) The identities of the chemical constituents of additives, including CAS identification numbers.

(B) The concentrations of the additives in the well stimulation treatment fluids.

(C) Any air or other pollution monitoring data.

(D) Health and safety data associated with well stimulation treatment fluids.

(E) The chemical composition of the flowback fluid.

(3) If a trade secret claim is invalid or invalidated, the division shall release the information to the public by revising the
information released pursuant to subdivision (g). The supplier shall notify the division of any change in status within 30 days.

(4)(A) If a supplier believes that information regarding a chemical constituent of a well stimulation fluid is a trade secret,
the supplier shall nevertheless disclose the information to the division in conjunction with a well stimulation treatment permit
application, if not previously disclosed, within 30 days following cessation of a well stimulation on a well, and shall notify
the division in writing of that belief.

(B) A trade secret claim shall not be made after initial disclosure of the information to the division.

(C) To comply with the public disclosure requirements of this section, the supplier shall indicate where trade secret information
has been withheld and provide substitute information for public disclosure. The substitute information shall be a list, in any
order, of the chemical constituents of the additive, including CAS identification numbers. The division shall review and approve
the supplied substitute information.

(D) This subdivision does not permit a supplier to refuse to disclose the information required pursuant to this section to the
division.

(5) In order to substantiate the trade secret claim, the supplier shall provide information to the division that shows all of the
following:

(A) The extent to which the trade secret information is known by the supplier's employees and others involved in the supplier's
business and outside the supplier's business.

(B) The measures taken by the supplier to guard the secrecy of the trade secret information.

(C) The value of the trade secret information to the supplier and its competitors.
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(D) The amount of effort or money the supplier expended developing the trade secret information and the ease or difficulty with
which the trade secret information could be acquired or duplicated by others.

(6) If the division determines that the information provided in support of a request for trade secret protection pursuant to
paragraph (5) is incomplete, the division shall notify the supplier and the supplier shall have 30 days to complete the submission.
An incomplete submission does not meet the substantive criteria for trade secret designation.

(7) If the division determines that the information provided in support of a request for trade secret protection does not meet the
substantive criteria for trade secret designation, the department shall notify the supplier by certified mail of its determination.
The division shall release the information to the public, but not earlier than 60 days after the date of mailing the determination,
unless, before the expiration of the 60-day period, the supplier obtains an action in an appropriate court for a declaratory
judgment that the information is subject to protection or for a preliminary injunction prohibiting disclosure of the information
to the public and provides notice to the division of the court order.

(8) The supplier is not required to disclose trade secret information to the operator.

(9) Upon receipt of a request for the release of trade secret information to the public, the following procedure applies:

(A) The division shall notify the supplier of the request in writing by certified mail, return receipt requested.

(B) The division shall release the information to the public, but not earlier than 60 days after the date of mailing the notice of the
request for information, unless, before the expiration of the 60-day period, the supplier obtains an action in an appropriate court
for a declaratory judgment that the information is subject to protection or for a preliminary injunction prohibiting disclosure of
the information to the public and provides notice to the division of that action.

(10) The division shall develop a timely procedure to provide trade secret information in the following circumstances:

(A) To an officer or employee of the division, the state, local governments, including, but not limited to, local air districts, or
the United States, in connection with the official duties of that officer or employee, to a health professional under any law for
the protection of health, or to contractors with the division or other government entities and their employees if, in the opinion
of the division, disclosure is necessary and required for the satisfactory performance of a contract, for performance of work,
or to protect health and safety.

(B) To a health professional in the event of an emergency or to diagnose or treat a patient.

(C) In order to protect public health, to any health professional, toxicologist, or epidemiologist who is employed in the field
of public health and who provides a written statement of need. The written statement of need shall include the public health
purposes of the disclosure and shall explain the reason the disclosure of the specific chemical and its concentration is required.

(D) A health professional may share trade secret information with other persons as may be professionally necessary, in order to
diagnose or treat a patient, including, but not limited to, the patient and other health professionals, subject to state and federal
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laws restricting disclosure of medical records including, but not limited to, Chapter 2 (commencing with Section 56.10) of Part
2.6 of Division 1 of the Civil Code.

(E) For purposes of this paragraph, “health professional” means any person licensed or certified pursuant to Division 2
(commencing with Section 500) of the Business and Professions Code, the Osteopathic Initiative Act, the Chiropractic Initiative
Act, or the Emergency Medical Services System and the Prehospital Emergency Medical Care Personnel Act (Division 2.5
(commencing with Section 1797) of the Health and Safety Code).

(F) A person in possession of, or having access to, confidential trade secret information pursuant to this subdivision may disclose
this information to any person who is authorized to receive it. A written confidentiality agreement shall not be required.

(k) A well granted confidential status pursuant to Section 3234 shall not be required to disclose well stimulation treatment fluid
information pursuant to subdivision (g) until the confidential status of the well ceases. Notwithstanding the confidential status
of a well, it is public information that a well will be or has been subject to a well stimulation treatment.

(l) The division shall perform random periodic spot check inspections to ensure that the information provided on well stimulation
treatments is accurately reported, including that the estimates provided before the commencement of the well stimulation
treatment are reasonably consistent with the well history.

(m) Where the division shares jurisdiction over a well or the well stimulation treatment on a well with a federal entity, the
division's rules and regulations shall apply in addition to all applicable federal laws and regulations.

(n) This article does not relieve the division or any other agency from complying with any other provision of existing laws,
regulations, and orders.

Credits
(Added by Stats.2013, c. 313 (S.B.4), § 2. Amended by Stats.2014, c. 35 (S.B.861), § 130, eff. June 20, 2014; Stats.2017, c.
521 (S.B.809), § 55, eff. Jan. 1, 2018; Stats.2019, c. 773 (S.B.463), § 2, eff. Jan. 1, 2020; Stats.2021, c. 615 (A.B.474), § 367,
eff. Jan. 1, 2022, operative Jan. 1, 2023.)

Editors' Notes

LAW REVISION COMMISSION COMMENTS

2021 Amendment

Section 3160 is amended to reflect nonsubstantive recodification of the California Public Records Act. See California Public
Records Act Clean-Up, 46 Cal. L. Revision Comm’n Reports 207 (2019). [46 Cal.L.Rev.Comm. Reports 563 (2019)].

Notes of Decisions (1)

West's Ann. Cal. Pub. Res. Code § 3160, CA PUB RES § 3160
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Current with urgency legislation through Ch. 1002 of 2024 Reg.Sess. Some statute sections may be more current, see credits
for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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Hydraulic Fracturing Fluid Product Component Information Disclosure

Job Start Date: 11/01/2023

Job End Date: 11/19/2023

State: New Mexico

County: Eddy

API Number: 30-015-53733-00-00

Operator Name: Chevron USA Inc.

Well Name and Number: JAVELINA UNIT - 603H

Latitude: 32.235198

Longitude: -103.787936

Datum: NAD27

Federal Well: NO

Indian Well: NO

True Vertical Depth: 11642

Total Base Water Volume (gal)*: 27218436

Total Base Non Water Volume: 0

Water Source Percent

Hydraulic Fracturing Fluid Composition:

Trade Name Supplier Purpose Ingredients

Chemical
Abstract
Service
Number
(CAS #)

Maximum
Ingredient

Concentration in
Additive (% by

mass)**

Maximum
Ingredient

Concentration in
HF Fluid (% by

mass)**

Comments

Hydrochloric
acid (15%)

NexTier
Completion
Solutions

Bulk Acid

NCI-24
NexTier
Completion
Solutions

Acid
Corrosion
Inhibitors

NHV-83
NexTier
Completion
Solutions

Friction
Reducer

TX Local 100
mesh Sand

NexTier
Completion
Solutions

Sand -
Bulk -
Texas

TX Specific
100 mesh
Sand

NexTier
Completion
Solutions

Sand -
Bulk -
Texas

Water CHEVRON Carrier
Fluid

Items above are Trade Names. Items below are the individual ingredients.

Water 7732-18-5 100.00000 89.16369

003464
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Crystalline Silica,
quartz

14808-60-7 99.90000 5.93914

Crystalline Silica,
quartz

14808-60-7 99.90000 4.67065

Salt Proprietary 100.00000 0.10540

Water 7732-18-5 86.00000 0.09459

Aluminum Oxide 1344-28-1 1.10000 0.06540

Distillates
(Petroleum),
Hydrotreated Light

64742-47-8 50.00000 0.05270

Aluminum Oxide 1344-28-1 1.10000 0.05143

Water Proprietary 100.00000 0.04216

Polymer Proprietary 100.00000 0.03162

Hydrochloric Acid 7647-01-0 16.00000 0.01760

Ammonium Chloride 12125-02-9 15.00000 0.01581

Ethoxylated castor oil 61791-12-6 10.00000 0.01054

Iron Oxide 1309-37-1 0.10000 0.00594

Titanium Oxide 13463-67-7 0.10000 0.00594

Ammonium acrylate Proprietary 100.00000 0.00527

Iron Oxide 1309-37-1 0.10000 0.00468

Titanium Oxide 13463-67-7 0.10000 0.00468

Poly alkyl ethers Proprietary 100.00000 0.00211

Sorbitan oleate Proprietary 100.00000 0.00211

Alcohols, C12-14-
Secondary,
Ethoxylated

Proprietary 100.00000 0.00053

Oleic acid, ethoxylated Proprietary 100.00000 0.00053

Ammonium sulfate Proprietary 100.00000 0.00032

Methanol 67-56-1 30.00000 0.00015

Isopropanol 67-63-0 30.00000 0.00015

alkyl pyridine benzyl
quaternary ammonium
chloride

68909-18-2 30.00000 0.00015

Diethylene
triaminepentaacetic
acid, pentasodium salt

Proprietary 100.00000 0.00011

Sorbitol diethoxylated
tetraoleate

Proprietary 100.00000 0.00011

Alcohols, C16-18 and
C18-usatd.,
ethoxylated

Proprietary 100.00000 0.00011

Isopropanol Proprietary 100.00000 0.00011

003465
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Nonylphenol
Polyethylene Glycol
Ether

127087-87-0 20.00000 0.00010

Acetic Acid 64-19-7 10.00000 0.00005

2-Ethylhexanol 104-76-7 5.00000 0.00003

* Total Water Volume sources may include various types of water including fresh water, produced water, and recycled water
** Information is based on the maximum potential for concentration and thus the total may be over 100%

Note: For Field Development Products (products that begin with FDP), MSDS level only information has been provided.
Ingredient information for chemicals subject to 29 CFR 1910.1200(i) and Appendix D are obtained from suppliers Material Safety Data Sheets
(MSDS)
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Hydraulic Fracturing Fluid Product Component Information Disclosure

Job Start Date: 12/25/2023

Job End Date: 01/06/2024

State: New Mexico

County: Lea

API Number: 30-025-51104-00-00

Operator Name: Cimarex Energy Co.

Well Name and Number: CORIANDER 1 12 FEDERAL
COM #025H

Latitude: 32.339992

Longitude: -103.63405

Datum: NAD83

Federal Well: YES

Indian Well: NO

True Vertical Depth: 12219

Total Base Water Volume (gal)*: 18594691

Total Base Non Water Volume: 0

Water Source Percent

Produced Water 100.00%

Hydraulic Fracturing Fluid Composition:

Trade Name Supplier Purpose Ingredients

Chemical
Abstract
Service
Number
(CAS #)

Maximum
Ingredient

Concentration in
Additive (% by

mass)**

Maximum
Ingredient

Concentration in
HF Fluid (% by

mass)**

Comments

FDP-S1432-21 Halliburton Friction
Reducer

FE-1A ACIDIZING
COMPOSITION

Halliburton Additive

FE-2A Halliburton Additive

Fresh Water Operator Base Fluid

HAI -501 Halliburton
Acid
Corrosion
Inhibitor

HYDROCHLORIC
ACID,15%

Halliburton Solvent

OPTIFLO-III
DELAYED
RELEASE
BREAKER

Halliburton Breaker

OptiKleen-WF(TM) Halliburton Concentrate

Sand Halliburton Proppant

003467
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WG-36 GELLING
AGENT

Halliburton Gelling
Agent

Items above are Trade Names. Items below are the individual ingredients.

Water 7732-18-5 100.00000 88.93800

Crystalline silica,
quartz

14808-60-7 100.00000 10.97580

Polymer Proprietary 60.00000 0.04655

Hydrotreated
distillate

Proprietary 60.00000 0.04655

Water 7732-18-5 85.00000 0.02590

Sodium perborate
tetrahydrate

10486-00-7 100.00000 0.00438

Polyoxyalkylene Proprietary 5.00000 0.00388

Guar gum 9000-30-0 100.00000 0.00106

Hydrochloric
acid

7647-01-0 15.00000 0.00046

Ammonium
persulfate

7727-54-0 100.00000 0.00006

Acetic anhydride 108-24-7 100.00000 0.00003

Acetic acid 64-19-7 60.00000 0.00002

Citric acid 77-92-9 60.00000 0.00002

Oxylated
phenolic resin

Proprietary 30.00000 0.00002

Methanol 67-56-1 100.00000 0.00000

Fatty acid, tall-oil 61790-12-3 30.00000 0.00000

Modified
thiourea polymer

Proprietary 30.00000 0.00000

Propargyl alcohol 107-19-7 5.00000 0.00000

Hexadecene 629-73-2 5.00000 0.00000

Ethoxylated
alcohols

Proprietary 5.00000 0.00000

* Total Water Volume sources may include various types of water including fresh water, produced water, and recycled water
** Information is based on the maximum potential for concentration and thus the total may be over 100%

Note: For Field Development Products (products that begin with FDP), MSDS level only information has been provided.
Ingredient information for chemicals subject to 29 CFR 1910.1200(i) and Appendix D are obtained from suppliers Material Safety Data Sheets
(MSDS)
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Hydraulic Fracturing Fluid Product Component Information Disclosure

Job Start Date: 01/24/2024

Job End Date: 02/19/2024

State: New Mexico

County: Eddy

API Number: 30-015-49536-00-00

Operator Name: Cimarex Energy Co.

Well Name and Number: RIVERBEND 12 13 FEDERAL
COM #020H

Latitude: 32.15531

Longitude: -104.04163

Datum: NAD83

Federal Well: YES

Indian Well: NO

True Vertical Depth: 9967.65

Total Base Water Volume (gal)*: 23997928

Total Base Non Water Volume: 0

Water Source Percent

Produced Water 100.00%

Hydraulic Fracturing Fluid Composition:

Trade Name Supplier Purpose Ingredients

Chemical
Abstract
Service
Number
(CAS #)

Maximum
Ingredient

Concentration in
Additive (% by

mass)**

Maximum
Ingredient

Concentration in
HF Fluid (% by

mass)**

Comments

FDP-S1432-21 Halliburton Friction
Reducer

FE-1A ACIDIZING
COMPOSITION

Halliburton Additive

FE-2A Halliburton Additive

HAI-501 Halliburton
Acid
Corrosion
Inhibitor

HYDROCHLORIC
ACID,15%

Halliburton Solvent

OPTIFLO-III
DELAYED
RELEASE
BREAKER

Halliburton Breaker

OptiKleen-WF(TM) Halliburton Concentrate

Produced Water Operator Base Fluid

Sand Halliburton Proppant

Items above are Trade Names. Items below are the individual ingredients.

003469
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Water 7732-18-5 100.00000 88.15396

Crystalline silica,
quartz

14808-60-7 100.00000 11.75115

Hydrotreated
distillate

Proprietary 60.00000 0.04759

Polymer Proprietary 60.00000 0.04759

Water 7732-18-5 85.00000 0.03308

Sodium perborate
tetrahydrate

10486-00-7 100.00000 0.00436

Polyoxyalkylene Proprietary 5.00000 0.00397

Hydrochloric
acid

7647-01-0 15.00000 0.00163

Ammonium
persulfate

7727-54-0 100.00000 0.00035

Oxylated
phenolic resin

Proprietary 30.00000 0.00011

Acetic anhydride 108-24-7 100.00000 0.00003

Acetic acid 64-19-7 60.00000 0.00002

Citric acid 77-92-9 60.00000 0.00002

Methyl Alchol 67-56-1 100.00000 0.00001

Fatty acid, tall-oil 61790-12-3 30.00000 0.00000

Modified
thiourea polymer

Proprietary 30.00000 0.00000

Ethoxylated
alcohols

Proprietary 5.00000 0.00000

Propargyl alcohol 107-19-7 5.00000 0.00000

Hexadecene 629-73-2 5.00000 0.00000

* Total Water Volume sources may include various types of water including fresh water, produced water, and recycled water
** Information is based on the maximum potential for concentration and thus the total may be over 100%

Note: For Field Development Products (products that begin with FDP), MSDS level only information has been provided.
Ingredient information for chemicals subject to 29 CFR 1910.1200(i) and Appendix D are obtained from suppliers Material Safety Data Sheets
(MSDS)
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Hydraulic Fracturing Fluid Product Component Information Disclosure

Hydraulic Fracturing Fluid Composition:

Job Start Date: 10/16/2023
Job End Date: 10/22/2023

State: New Mexico
County: Lea

API Number: 30-025-50423-00-00
Operator Name: Earthstone Operating, LLC

Well Name and Number: Thunderball Fed Com 113H

Longitude: -103.52780600
Latitude: 32.63685800

Datum: NAD27
Federal Well: NO

True Vertical Depth: 9,618
Total Base Water Volume (gal): 9,538,074

Trade Name Supplier Purpose Ingredients

Chemical
Abstract Service

Number
(CAS #)

Maximum 
Ingredient 

Concentration in 
Additive 

(% by mass)**

Maximum 
Ingredient 

Concentration in 
HF Fluid 

(% by mass)**

Comments

Water Earthstone Carrier/Base Fluid

Water 7732-18-5 100.00000 85.93827None

100 Mesh White Python Proppant (70/140 Size)

Silica Substrate Proprietary 100.00000 8.84565None

40/70 White Python Proppant (40/70 Size)

Silica Substrate Proprietary 100.00000 4.77230None

Hydrochloric Acid 
(15%)

Python Acidizing

Hydrochloric Acid 7647-01-0 15.00000 0.27210None

Plexbreak 150 Python Fracturing Non 
Emulsifyer

Salt of Phophono-Methylated 
Diamine

67-56-1 45.00000 0.07751None

Plexslick 957 Python Anionic Polymer in 
Emulsion Form

Petroleum Hydro Light Distillate Proprietary 20.00000 0.04551None

SI-15 Python Fracturing Scale 
Inhibitor

Salt of Phophono-Methylated 
Diamine

67-56-1 25.00000 0.02499None

Plexcide 15-G Python Fracturing Bacteria Aid

Total Base Non Water Volume: 0

Indian Well: NO

003471
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* Total Water Volume sources may include fresh water, produced water, and/or recycled water
** Information is based on the maximum potential for concentration and thus the total may be over 100%

Note: For Field Development Products (products that begin with FDP), MSDS level only information has been provided.
Ingredient information for chemicals subject to 29 CFR 1910.1200(i) and Appendix D are obtained from suppliers Material Safety Data Sheets (MSDS)

Glutaraldehyde 111-30-8 14.00000 0.02278None

The Reducer Python Iron Control for HCL 
Acid

Methyl Alcohol 67-56-1 40.00000 0.00045None

Plexhib 256 Python Corrosion Inhibitor for 
HCL Acid

Methyl Alcohol 67-56-1 40.00000 0.00043None

Ingredients shown above are subject to 29 CFR 1910.1200(i) and appear on Material Safety Data Sheets (MSDS). Ingredients shown below are Non-MSDS.
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Hydraulic Fracturing Fluid Product Component Information Disclosure

Job Start Date: 11/17/2023

Job End Date: 12/01/2023

State: New Mexico

County: Lea

API Number: 30-025-48915-00-00

Operator Name: Franklin Mountain Energy

Well Name and Number: Prevail Fed Com 703H

Latitude: 32.224065

Longitude: -103.338853

Datum: NAD83

Federal Well: YES

Indian Well: NO

True Vertical Depth: 12216.7779282873

Total Base Water Volume (gal)*: 20934055

Total Base Non Water Volume: 0

Water Source Percent

Hydraulic Fracturing Fluid Composition:

Trade Name Supplier Purpose Ingredients

Chemical
Abstract
Service

Number (CAS
#)

Maximum
Ingredient

Concentration in
Additive (% by

mass)**

Maximum
Ingredient

Concentration in HF
Fluid (% by mass)**

Comments

Water Operator Carrier

Water 7732-18-5 100.00000 87.37568 None

Crystalline
Silica Quartz /
US Silica

Liberty
Oilfield
Services

Sand

Crystalline Silica
(quartz)

14808-60-7 99.90000 12.34239 None

Aluminum Oxide 1344-28-1 1.00000 0.12355 None

Iron Oxide 1309-37-1 0.10000 0.01235 None

Titanium Oxide 13463-67-7 0.10000 0.01235 None

SpearPoint-
WL

Liberty
Oilfield
Services

Solvent

Synthetic
Organic Salts

Proprietary 100.00000 0.06915 None

FRP-8H
Liberty
Oilfield
Services

Friction
Reducer
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Mineral Oil Proprietary 30.00000 0.03343 None

Surfactant 68551-12-2 5.00000 0.00557 None

SCI-28H
Liberty
Oilfield
Services

Scale
Inhibitor

No Hazardous
Ingredients

Proprietary 100.00000 0.02650 Scale
Inhibitor

J580
Liberty
Oilfield
Services

Gellant

Carbohydrate
polymer

Proprietary 100.00000 0.02458 None

XLB-J610
Liberty
Oilfield
Services

Crosslinker

Potassium
Hydroxide

1310-58-3 40.00000 0.00453 None

Aliphatic Polyol Proprietary 40.00000 0.00453 None

BioRCK-1038
Rockwater
Energy
Solutions

Biocide

Glutaraldehyde 111-30-8 10.00000 0.00259 None

Quaternary
Ammonium
Chloride

68424-85-1 10.00000 0.00259 None

Ethanol 64-17-5 3.00000 0.00078 None

BLR-18
Liberty
Oilfield
Services

Powder
Breaker

Ammonium
Persulfate

7727-54-0 100.00000 0.00068 None

Ingredients shown above are subject to 29 CFR 1910.1200(i) and appear on Material Safety Data Sheets (MSDS). Ingredients shown below are
Non-MSDS

* Total Water Volume sources may include various types of water including fresh water, produced water, and recycled water
** Information is based on the maximum potential for concentration and thus the total may be over 100%

Note: For Field Development Products (products that begin with FDP), MSDS level only information has been provided.
Ingredient information for chemicals subject to 29 CFR 1910.1200(i) and Appendix D are obtained from suppliers Material Safety Data Sheets
(MSDS)
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Hydraulic Fracturing Fluid Product Component Information Disclosure

Job Start Date: 02/19/2024

Job End Date: 02/22/2024

State: New Mexico

County: Lea

API Number: 30-025-45355-00-00

Operator Name: Marathon Oil

Well Name and Number: Battle 34 SB Fee 15H

Latitude: 32.441113

Longitude: -103.556334

Datum: NAD83

Federal Well: NO

Indian Well: NO

True Vertical Depth: 10522

Total Base Water Volume (gal)*: 8642046

Total Base Non Water Volume: 0

Water Source Percent

Hydraulic Fracturing Fluid Composition:

Trade Name Supplier Purpose Ingredients

Chemical
Abstract
Service

Number (CAS
#)

Maximum Ingredient
Concentration in
Additive (% by

mass)**

Maximum Ingredient
Concentration in HF
Fluid (% by mass)**

Comments

Water Operator Carrier/Base
Fluid

Water 7732-18-5 100.00000 86.37273 None

Sand (100
Mesh
Proppant)

ProFrac Proppant

Crystalline Silica
(quartz)

14808-60-7 100.00000 13.47229 None

Other
Chemical(s)

Listed
Above

See Trade
Name(s) List

water 7732-18-5 85.00000 0.03319 None

Water 7732-18-5 64.00000 0.02924 None

Ammonium
chloride ((NH4)Cl)

12125-02-9 9.00000 0.00626 None

Alcohols, C12-16,
ethoxylated

68551-12-2 5.00000 0.00348 None

Ethanol 64-17-5 3.00000 0.00117 None

Hydrochloric ProFrac Acidizing

003475
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Acid (36%)

Water 7732-18-5 64.00000 0.02924 None

Hydrochloric Acid 7647-01-0 36.00000 0.01645 None

Fincide 44-10 Finoric Biocide

water 7732-18-5 85.00000 0.03319 None

Didecyldimethyl
Ammonium
Chloride

7173-51-5 12.00000 0.00469 None

Ethanol 64-17-5 3.00000 0.00117 None

HAHP-12M2 Novatek
Friction
Reducer

Petroleum
distillates,
hydrotreated light

64742-47-8 28.00000 0.01949 None

Ammonium
chloride ((NH4)Cl) 12125-02-9 9.00000 0.00626 None

Alcohols, C12-16,
ethoxylated 68551-12-2 5.00000 0.00348 None

Ingredients shown above are subject to 29 CFR 1910.1200(i) and appear on Material Safety Data Sheets (MSDS). Ingredients shown below are
Non-MSDS

* Total Water Volume sources may include various types of water including fresh water, produced water, and recycled water
** Information is based on the maximum potential for concentration and thus the total may be over 100%

Note: For Field Development Products (products that begin with FDP), MSDS level only information has been provided.
Ingredient information for chemicals subject to 29 CFR 1910.1200(i) and Appendix D are obtained from suppliers Material Safety Data Sheets
(MSDS)
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Hydraulic Fracturing Fluid Product Component Information Disclosure

Job Start Date: 10/23/2023

Job End Date: 11/09/2023

State: New Mexico

County: Lea

API Number: 30-025-51606-00-00

Operator Name: Matador Production Company

Well Name and Number: MARLAN DOWNEY STATE
COM #123H

Latitude: 32.333025

Longitude: -103.367495

Datum: NAD27

Federal Well: NO

Indian Well: NO

True Vertical Depth: 10371

Total Base Water Volume (gal)*: 22636992

Total Base Non Water Volume: 0

Water Source Percent

Hydraulic Fracturing Fluid Composition:

Trade Name Supplier Purpose Ingredients

Chemical
Abstract
Service
Number
(CAS #)

Maximum
Ingredient

Concentration in
Additive (% by

mass)**

Maximum
Ingredient

Concentration in
HF Fluid (% by

mass)**

Comments

Water UPP Carrier/Base
Fluid

Water 7732-18-5 100.00000 86.20441 None

UPP100-P UPP Proppant

Crystalline Silica
(Quartz)

14808-60-7 100.00000 9.46787 None

UPP4070-P UPP Proppant

Crystalline Silica
(Quartz)

14808-60-7 100.00000 4.12978 None

FR-0500AE Crude
Chem

Friction
Reducer

Distillates (Petroleum),
Hydrotreated Light

64742-47-8 45.00000 0.05148 None

Poly(oxy-1,2-
ethanediyl), a-tridecyl-
w-hydroxy-,branched

69011-36-5 3.00000 0.00343 None

UPPMP115 UPP 15% HCL

003477
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Water 7732-18-5 90.00000 0.01200 None

Hydrochloric acid 7647-01-0 20.00000 0.00267 None

WGA-1A
SLR

PfP
Industries

Guar Gel

Petroleum Distillates,
Hydrotreated Light

64742-47-8 60.00000 0.01131 None

Nanoclay, hydrophilic
Bentonite

1302-78-9 5.00000 0.00094 None

S-602 Chemplex Surfactant

Methanol 67-56-1 10.00000 0.00500 None

Alcohols, C6-12,
ethoxylated

68439-45-2 5.00000 0.00250 None

1-Dodecyl-2-
pyrrolidine

2687-96-9 1.00000 0.00050 None

Universal
Polybreak
APB

Rockwater Breaker

Sodium Perborate
Tetrahydrate

10486-00-7 100.00000 0.00122 None

B-4 UPP Breaker

Ammonium
Persulphate

7727-54-0 100.00000 0.00017 None

Ingredients shown above are subject to 29 CFR 1910.1200(i) and appear on Material Safety Data Sheets (MSDS). Ingredients shown below are
Non-MSDS

* Total Water Volume sources may include various types of water including fresh water, produced water, and recycled water
** Information is based on the maximum potential for concentration and thus the total may be over 100%

Note: For Field Development Products (products that begin with FDP), MSDS level only information has been provided.
Ingredient information for chemicals subject to 29 CFR 1910.1200(i) and Appendix D are obtained from suppliers Material Safety Data Sheets
(MSDS)
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O V E R V I E W
CLIMATE CHANGE IN NEW MEXICO

Earth is warming in response to increasing atmospheric carbon dioxide, and this warming 
will result in greater aridity in many parts of the world, including New Mexico. The 
primary observed and projected impacts include warmer temperatures, decreased water 
supply (partly driven by thinner snowpacks and earlier spring melting), lower soil 
moisture levels, increased frequency and intensity of wildfires, and increased competition 
and demand for scarce water resources. These effects may be accentuated by positive 
feedback cycles, tipping points, or compounding events. This bulletin compiles, assesses, 
and integrates existing peer-reviewed published research, technical reports, and datasets 
relevant to the broad topic of changes to New Mexico’s climate over the next 50 years and 
resultant impacts on water resources, and it represents the scientific foundation upon which 
New Mexico’s 50-Year Water Plan will be developed. New Mexico is a geographically, 
geologically, and climatically diverse state. Projected climate changes and related impacts 
on water resources in different geographic areas of New Mexico over the next 50 years 
will vary not only by region but also as a function of local elevation and even by hillslope 
orientation. The currently observed trends of increasing temperature and constant but more 
variable precipitation will continue over the next 50 years.

OUR CLIMATE FUTURE

Global climate models driven by increasing greenhouse gases project an average 
temperature increase across the state of New Mexico of between 5° and 7°F over the 
next 50 years. This regional temperature increase follows the trend observed over the 
past half century, at a somewhat amplified rate, with the northwest corner of the state 
projected to experience a slightly higher rise during the same period. Although all models 
indicate significant increases in temperature, these models do not consistently project a 
significant change in average annual precipitation across the state, mirroring the absence 
of a clear trend in recent historical observations. However, some consistent differences 
in seasonality of precipitation emerge. During the winter, the northern mountains may 
receive somewhat more precipitation, whereas the southern parts of the state may be drier. 
Spring precipitation, critical for snowmelt runoff and ecosystems, may decline. Also in 
the southern part of the state, a trend toward somewhat stronger monsoonal activity may 
result in more summer precipitation, perhaps shifting toward somewhat later in the year. 

The coupled trends of increasing temperature with no clear increasing trend in precipitation 
lead to a confident projection of increasingly arid conditions, including decreased soil 
moisture, stressed vegetation, and more severe droughts. Snowpack and associated runoff 
are projected to decline substantially by 2070, generating diminished headwater streamflow. 
Warmer temperatures will also cause lower river flows due to increased evaporation as 
rivers flow downstream. The impacts of climate change on New Mexico’s resources are, 
unfortunately, overwhelmingly negative.
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LAND-SURFACE WATER BUDGET

All water that we use in New Mexico originates as rain or snow falling onto the landscape, 
which either goes to groundwater or surface water or returns to the atmosphere. Of the 
precipitation that falls on the state, 1.6% runs off into streams and rivers, and 1.8% 
infiltrates into the ground, recharging subsurface aquifers. Much larger proportions are 
transpired by plants (78.9%) or evaporated (17.7%). The impact of climate change on 
all of these pathways will affect our state’s water budget. Notably, because of the larger 
percentages of water lost to evaporation or transpiration, even very small changes in these 
factors will result in large changes to runoff and recharge. As mentioned in Chapter 2, 
the climate will continue to warm over the next 50 years, likely without an increase in 
precipitation, leading to greater statewide aridity. Hydrological modeling indicates declines 
in both runoff and recharge going forward, amounting to 3% to 5% per decade for both 
quantities. Historical trends in runoff indicate significant year-to-year variability, as do 
trends in soil moisture and recharge. But all are generally decreasing, consistent with the 
results of climate models that project a drying climate. Combining the historical trends with 
modeling of future changes, significant decreases in runoff and recharge seem very likely.

TERRESTRIAL ECOSYSTEMS

Climate is a fundamental driver of ongoing and future vegetation changes in New Mexico. 
Future changes in vegetation will affect the distribution and abundance of water resources 
in New Mexico. Major shifts in climate and vegetation across New Mexico’s landscapes 
have occurred in the past, but the scale and rate of recent and projected climate change 
is probably unprecedented during the past 11,000 years. Recent warming, along with 
frequent and persistent droughts, have amplified the severity of vegetation disturbance 
processes like fire, physiological drought stress, and insect outbreaks, driving substantial 
changes in New Mexico vegetation since the year 2000. Ongoing and projected vegetation 
changes include growth declines, reduced canopy and ground cover, massive tree mortality 
episodes, and species changes in dominant vegetation—foreshadowing more severe 
changes to come if current warming trends continue as projected. Such major alterations 
of New Mexico vegetation likely will also have substantial ecohydrological feedbacks with 
New Mexico water resources. Since water-related environmental stresses occur in parallel 
with water supply shortages for people, such climate-change-driven water stress could lead 
to increasing conflict between managing declining water available for human use (e.g., 
irrigation) and retaining “wild” water for the maintenance of historical ecosystems.
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SOILS

Soils play a strong role in determining how New Mexico’s diverse landscapes will respond 
to climate change. Soil cover acts like a sponge, holding in water that falls as rain or snow. 
The presence of soil supports vegetation and substantially reduces runoff and erosion. 
Soil enhances other processes such as infiltration of water and aquifer recharge. Soils can 
be damaged by a warming climate. Loss of vegetation in the Northwestern High Desert 
and Eastern Plains, where soils are not well developed and are easily damaged, will lead 
to dustier conditions in much of the state. On mountain hillslopes, the loss of vegetation 
cover in response to ongoing climate change will increase soil erosion, which then increases 
hillslope runoff. This, in turn, causes additional increases in soil erosion and bedrock 
exposure, which can largely prevent widespread recolonization by most plants, including 
trees. Soils on mountain hillslopes that face south, which are typically hotter and drier, will 
be damaged sooner by a warming climate than those on generally north-facing hillslopes 
that are slightly cooler and moister. Soils take many thousands of years to form, so these 
hillslopes will increasingly support sparse forests or, in some circumstances, be entirely 
deforested. These changes are already well underway in some mountains in New Mexico.

LANDSCAPE, FIRE, AND EROSION

New Mexico has a dynamic landscape; climate change and increasing fire frequency over 
the next 50 years will amplify recently observed instability. As the climate changes to 
warmer conditions, less rainfall will infiltrate into aquifers, leading to increased overland 
runoff. Landform processes can be complex, but in general the predicted changes in climate 
and precipitation will lead to increased upland erosion caused by runoff and increased 
downstream sediment deposition. Canyons, mesas, and small basins or valleys filled with 
sediment will be particularly affected. Rapid rearrangement of sediments by water is 
disruptive and potentially hazardous to ecosystems and societies. Dramatic examples of 
accelerated erosion following the Whitewater–Baldy, Las Conchas, and other wildfires 
here in New Mexico illustrate the types of hazards created when forested landscapes are 
severely burned. Post-wildfire erosion is typically initiated by intense rainfall events. Given 
that both the number of wildfires and rainfall intensities are likely to increase as the climate 
warms, New Mexico can expect to see increases in widespread erosion and sedimentation 
across and downstream from upland forested areas in the state. The large volume of 
sediment predicted to be on the move will be of concern for many reasons, including filling 
reservoirs, choking channels, and blocking or destroying infrastructure. Positive feedback 
loops lead to further reductions in slope stability.   
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SURFACE WATER AND GROUNDWATER

Surface-water supply shortages induced by climate change will drive both agricultural 
and municipal/industrial water users to rely more heavily on groundwater. Less surface 
water will lead to lower recharge to some groundwater aquifers. The Lower Rio Grande 
is an in-progress example of this effect, with prolonged surface-water shortage leading 
to plunging groundwater levels. All water users in the state will experience decreased 
water availability as the climate warms and aridification occurs. This decrease in water 
availability will likely trigger changes in use from lower-value uses to higher-value uses, 
and this generally means a migration from agricultural water use to municipal/industrial 
uses. New Mexico has a rich and diverse history of water use that is central to its collective 
identity. This permanent shift toward a more arid climate will upset the hydrologic balance 
that has weathered cyclical drought. The declining mean and increasing variability in the 
surface-water supply is not cyclical, and recovery periods will be fewer and farther between. 
This will require difficult and divisive policy and management decisions, undoubtedly 
accompanied by an increase in disputes and litigation. New Mexico is by no means alone in 
facing these daunting challenges.

RIVERS

New Mexico’s major rivers transport both water and sediment through channels, 
riparian ecosystems, and hydraulic control structures such as dams and reservoirs. As the 
climate changes, the amount of sediment being delivered to rivers from their watersheds 
is increasing, impacting the amount of sediment transported by the rivers themselves. 
This increased sediment load is changing the river channels, and the pace of change will 
accelerate as the climate continues to warm. Over the next 50 years, flow volume in the 
major rivers (San Juan, Chama, Rio Grande, Pecos, and Gila) is projected to decline by 
16% to 28%, and the frequency of extreme precipitation events, coupled with fire-driven 
disruption of vegetation in watersheds, is projected to at least double the amount of 
sediment delivered to and transported by rivers. The beds of undammed rivers will be 
built up by the extra sediment, which will reduce efficiency of downstream water delivery 
and make it difficult to divert water into existing acequia systems. In river channels below 
dams and reservoirs, the impact of reduced flow and increased sediment load can be 
addressed by flow releases that better balance sediment supply and transport. However, 
additional channel and vegetation maintenance and management will likely be required, 
and the capacity of reservoirs will be progressively reduced due to increasing sediment. 
Finally, the combination of lower water flow and higher sediment input downstream 
of dams will intensify the narrowing of river channels that has resulted from historical 
management of river flows.
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PRECIPITATION AND STORMWATER

A warming climate could increase the magnitude of future storms, leading to extreme 
precipitation events and increased flooding in New Mexico. Warmer air can hold 
more water vapor, approximately 7% more moisture for each 1°C (1.8°F) increase in 
temperature. Global climate models used to predict future conditions are not detailed 
enough to simulate individual storms. Three major types of storms occur in New Mexico: 
short-duration, high-intensity local storms in summer (usually monsoonal); long-duration 
general storms (caused by winter weather fronts); and occasionally the remnants of 
tropical storms. The principal risk from extreme precipitation events will be flooding in 
small watersheds from high-intensity local storms, precisely the storms that are hardest to 
simulate in climate models. Large-scale regional studies have corroborated the hypothesized 
increase in extreme precipitation with warming temperature, but few such studies exist 
on the impact on local storms in the Four Corners states. A study of extreme precipitation 
events in Colorado and New Mexico was recently completed and has updated estimates 
of the magnitude of severe storms possible in our state. Data and modeling studies suggest 
that while the risk of the most severe storms might not increase beyond current estimated 
values, less severe (but still high-intensity) storms may occur more frequently than at 
present, which could impact existing stormwater management infrastructure.

WATER QUALITY

A warming climate may affect the quality of both surface and groundwater resources in 
New Mexico. The most likely effects may include increased temperature along with higher 
concentrations of nutrients, dissolved oxygen, and pathogenic organisms. Although the 
quality of groundwater may be affected, it is likely to be limited to locations with shallow 
groundwater depth and where surface water recharges an aquifer. The New Mexico 
Environment Department publishes an assessment of the quality of the state’s surface 
waters every 2 years. This recent assessment finds the major causes of impairment of 
streams and rivers are temperature, nutrients (nitrogen and phosphorous compounds), 
E. coli bacteria, turbidity, and dissolved aluminum. The parameters most likely to be 
affected by a warming climate are temperature, nutrients, and E. coli concentrations. 
Studies suggest that loss of riparian vegetation is the biggest factor affecting water 
temperature. Modeling studies of the effects of climate warming on nutrient concentrations 
are somewhat inconclusive. Recent investigations suggest E. coli concentrations may 
increase as a result of microbial regrowth in warming stream sediments in slow-moving 
stream reaches. A future threat to water quality is runoff following wildfire events. Postfire 
runoff can cause depletion of dissolved oxygen far downstream from the burned watershed.
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STATEWIDE AND REGIONAL IMPACTS

All regions of New Mexico will be affected by climate change, but the topographic 
complexity of the state will generate distinct impacts by location. The average temperature 
will warm across the state, probably between 5° and 7°F, whereas average precipitation 
is likely to remain constant, even if more variable from year to year, with the possibility 
of more extreme precipitation events. Snowpack, runoff, and recharge will decline, 
stressing both surface and groundwater resources. Surface-water quality will decline. Plant 
communities will be stressed by higher temperatures and greater aridity, leading to more 
extreme wildfires and increased erosion. Damage to soils related to a number of factors will 
create greater atmospheric dustiness and lower water infiltration to aquifers. 

Although latitude plays a role in the effects of climate change, the bigger impact in 
New Mexico is related to local topography and elevation. For the purposes of this 
bulletin, we are dividing New Mexico into four physiographic regions based on projected 
climate change impacts and associated effects on hydrology. These four regions, which are 
defined by a combination of latitude and topography, are: the High Mountains (northern 
mountains, Gila/Mogollon–Datil, and Sacramento Mountains); the Northwestern High 
Desert (Colorado Plateau, San Juan Basin, and Zuni Mountains region); the Rio Grande 
Valley and Southwestern Basins; and the Eastern Plains.

RECOMMENDATIONS: DATA GAPS AND CHALLENGES

The process of evaluating and projecting climate change in New Mexico over the next 
50 years and examining the impacts on water resources illuminated a number of research 
topics that should receive attention from the state’s science community. A high-priority 
research target is to better understand a number of facets of precipitation that New Mexico 
might experience over the next half century. These include seasonality of precipitation, 
snowpack dynamics, and extreme precipitation. Better understanding of the latter would 
allow New Mexico planners to consider how to put localized, heavy precipitation to good 
use and to mitigate damage associated with flooding. Climate, hydrology, and ecology 
numerical models that allow projection of conditions and behaviors of these natural 
systems in New Mexico over the next half century are also needed. Finally, a number of 
observational data gaps have been identified, most notably a thorough and geographically 
distributed assessment of the water levels in New Mexico aquifers. Other topics include 
impacts of climate change on soil moisture and groundwater quality, as well as landscape 
and ecological responses to climate change, in terms of both magnitude and timescales of 
response. This can be carried out in part by long-term ecological monitoring.
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Cerro Pedernal, south of Abiquiu Lake; photo by Matthew Zimmerer
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Earth is warming in response to increasing atmospheric carbon dioxide, and this warming will result in greater aridity 
in many parts of the world, including New Mexico. The primary observed and projected impacts include warmer 

temperatures, decreased water supply (partly driven by thinner snowpacks and earlier spring melting), lower soil 

moisture levels, increased frequency and intensity of wildfires, and increased competition and demand for scarce 

water resources. These effects may be accentuated by positive feedback cycles, tipping points, or compounding 

events. This bulletin compiles, assesses, and integrates existing peer-reviewed published research, technical 

reports, and datasets relevant to the broad topic of changes to New Mexico’s climate over the next 50 years 

and resultant impacts on water resources, and it represents the scientific foundation upon which New Mexico’s 

50-Year Water Plan will be developed. New Mexico is a geographically, geologically, and climatically diverse state. 

Projected climate changes and related impacts on water resources in different geographic areas of New Mexico 

over the next 50 years will vary not only by region but also as a function of local elevation and even by 

hillslope orientation. The currently observed trends of increasing temperature and constant but more variable 

precipitation will continue over the next 50 years.
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  C H A P T E R  1 .  C L I M A T E  C H A N G E  I N  N E W  M E X I C O 

I .  C L I M A T E  C H A N G E  I N  N E W  M E X I C O
Nelia W. Dunbar and David S. Gutzler

increasing ocean and atmospheric temperatures are 
promoting rapid melting of Arctic and Antarctic 
land-based ice, leading to sea-level rise. Global 
climate is expected to continue to change in response 
to ever-increasing levels of atmospheric greenhouse 
gases, primarily CO2.

The most significant negative impacts of climate 
change are distinct in different parts of the world, 
depending on the sensitivity of local systems to 
various climate perturbations (USGCRP, 2018). In 
the southwestern United States, the primary observed 
and projected impacts include warmer temperatures, 
decreased water supply (partly driven by thinner 
snowpacks and earlier spring melting), lower soil 
moisture levels, increased frequency and intensity 
of wildfires, and increased competition and demand 
for scarce water resources (Gonzales et al., 2018). 

A bundant scientific research demonstrates that 
Earth’s atmosphere, oceans, and surface are 

warming and that this warming is largely driven 
by human-induced activity, principally through 
a sustained increase in carbon dioxide (CO2) 
accumulating in the atmosphere since the beginning 
of the Industrial Revolution. Carbon dioxide and 
certain other gases, such as methane, trap heat in 
the troposphere, causing the planet’s surface to 
warm (as discussed in Intergovernmental Panel on 
Climate Change [IPCC], 2014b and U.S. Global 
Change Research Program [USGCRP], 2017). This 
natural warming process, which is being enhanced 
by human activity, is called the greenhouse effect. 
Other extreme weather events, including droughts, 
prolonged heat waves, and intense precipitation 
events with associated flooding, are occurring with 
greater frequency as the troposphere warms. And 
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Water quality may also suffer and will affect people 
worldwide; it will be particularly detrimental to 
indigenous communities (Jantarasami et al., 2018).

In addition to those reasonably well-understood 
climate-related hazards, there is a real possibility 
for three types of less obvious changes in the 
climate and hydrological systems due to climate 
disruption (USGCRP, 2017):

1. Positive feedback (or self-reinforcing) cycles— 
A small change in one or several systems leads 
to accelerated change. For example, during times 
of higher temperatures and associated greater 
demand for surface water, water users will pump 
additional groundwater. Additionally, as water 
levels in aquifers drop, the rate of water loss 
from rivers to underlying aquifers may increase, 
reducing availability of surface water. The higher 
temperature will lead to more evaporation and 
therefore less recharge of aquifers. Associated 
longer growing seasons and higher temperatures 
increase stress on the aquifers by further 
increasing the water demand of vegetation. 
All of these interrelated factors will lead to 
lower water availability.

2. Critical threshold (or tipping point) events— 
A threshold is crossed in a natural system that 
triggers an irreversible reaction. Reversing the 
trigger does not restore the natural system 
to its original condition. For example, when 
water is pumped from certain aquifers, the pore 
space in the aquifer will collapse, resulting in a 
permanently reduced capacity of the aquifer. This 
change is irreversible.

3. Compounding events—Perturbation in one 
element of a natural system triggers a change in 
another system. For example, loss of vegetation 
and modification of the land surface by intense 
wildfires can increase the speed at which 
precipitation flows off the land and in turn lead 
to increased flood intensity.

Examples of the three effects listed above have 
already happened in New Mexico, as will be noted 
in the following chapters of this bulletin. As climate 
disruption accelerates, we should be prepared 
for other examples of positive feedback, critical 
threshold, and compounding events to occur.

In 2006, the New Mexico Office of the State 
Engineer convened a group of scientists who 
produced a report entitled The Impact of Climate 
Change on New Mexico’s Water Supply and Ability 
to Manage Water Resources (Watkins et al., 2006). 
The report was generated in response to Governor 
Bill Richardson’s recognition that the most significant 
impact of climate change on New Mexico was 
going to be the negative impact on the state’s water 
resources. Watkins et al. (2006) focused on the 
following set of challenges:

• Increasing temperature

• Changes in snowpack elevations 
and water equivalency

• Changes in available water volumes and timing 
of water availability

• Increasing precipitation in the form 
of rain rather than snow due to 
increasing temperatures

• Smaller spring runoff volumes and/or earlier 
runoff that will impact water availability for 
irrigation and for ecological and species needs

• Milder winters and hotter summers, resulting 
in longer growing seasons and increased 
plant and human water use

• Increased evaporative losses from 
reservoirs, streams, and soils due to 
hotter, drier conditions

• Increased evapotranspiration by 
agricultural and riparian plants

• An increase in extreme events, including 
both droughts and floods

New Mexico still faces all of these challenges 
today, but in the elapsed 15 years, additional research 
has led to a greater depth of knowledge about both 
climate change in general and consequences specific 
to New Mexico. Two IPCC reports (AR4 in 2007–08 
and AR5 in 2013–14) have been published since 
2006, and AR6 was released in late 2021. Two 
volumes of the 4th National Climate Assessment 
for the United States were published in 2017 and 
2018, containing a wealth of regionally specific 
information. And new scientific research on broad 
impacts of climate change in the desert Southwest 
region, including New Mexico, has continued to 
move forward. With the proposed development 
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of a 50-Year Water Plan for New Mexico by the 
Interstate Stream Commission, a renewed assessment 
of climate change and its impact on water resources 
is timely to providing a foundational assessment for 
the 50-Year Water Plan.

The primary goal of this bulletin, informally 
referred to as the Leap Ahead analysis, is to compile, 
assess, and integrate existing peer-reviewed, published 
research, technical reports, and datasets relevant to 
the broad topic of changes to New Mexico’s climate 
over the next 50 years and resultant impacts on 
water resources. The motivation for preparing this 
bulletin was to have a solid, science-based foundation 
in support of New Mexico’s 50-Year Water Plan 
published in 2022. The authors of this bulletin are 
expert New Mexican scientists whose research 
specialties span a broad and complementary range of 
research areas. The chapters of the bulletin following 
this introduction are:

2. Our Climate Future

3. Land-Surface Water Budget

4. Terrestrial Ecosystems

5. Soils

6. Landscape, Fire, and Erosion

7. Surface Water and Groundwater

8. Rivers

9. Precipitation and Stormwater

10. Water Quality

11. Statewide and Regional Impacts

12. Recommendations: Data Gaps and Challenges

In many of the chapters in this bulletin, authors 
refer to “uncertainty” associated with a given natural 
process that may occur as a result of climate change. 
Uncertainty is inherent to scientific investigations, or 
any field that relies upon experiments and models, 
and results from the difficulty of obtaining complete 
information about a natural process or from a 
lack of agreement about how to interpret results. 
In many cases, including examples in this bulletin, 
uncertainty can be expressed in terms of a numerical 
range in results. In other cases, uncertainty can be 
expressed as a degree of confidence, as has been 
done in past IPCC reports, with likelihoods such as 
“very likely” or “very unlikely” being used. This level 

of uncertainty analysis is beyond the scope of this 
bulletin, but readers who want to learn more about 
how this process was handled by the IPCC may refer 
to Mastrandrea et al. (2010).

New Mexico is a geographically, geologically, 
and climatically diverse state. Projected climate 
changes and resultant impacts on water resources in 
different geographic areas of New Mexico over the 
next 50 years will vary not only by region but also 
as a function of local elevation and even by hillslope 
orientation. Chapter 11 of the bulletin summarizes 
climate change impacts on water resources that will 
affect the entire state; it then focuses on particularly 
important impacts on different regions of the state. 
For each region, the key climate-related factors 
that may impact diminishing (or increasing) water 
resources are highlighted.

Finally, in addition to synthesizing the state of 
knowledge on climate change and impacts on water 
resources in New Mexico over the next 50 years, an 
important aspect of this bulletin has been to identify 
significant data and modeling gaps and uncertainties 
and to suggest research directions to strengthen our 
understanding of these important topics. This is 
addressed in the final chapter of the bulletin, serving 
as a blueprint for valuable research directions that 
will help us better understand and adapt to the 
impacts of the looming challenges ahead.

The historical climate baseline for New Mexico is 
key to understanding the changes that are described 
in this bulletin. A concise, illustrated introduction to 
the climate of New Mexico and its past and future 
variability is presented below.

New Mexico has a temperate, semiarid climate, 
as described by Gutzler (2004). It is located in the 
subtropical latitude belt where descending air from 
the Hadley Circulation maintains a generally dry 
climate (compared to latitudes near the equator 
or farther north) with a very pronounced seasonal 
cycle. Its interior position within the North American 
continent means that moisture evaporating off 
the ocean must propagate a long distance to 
reach New Mexico, enhancing the tendency for 
rain-out before water vapor reaches the state. 
Its high elevation, with the Continental Divide 
and Rio Grande rift mountains defining high and 
complicated topography, keep average annual 
temperatures cooler than surrounding states to the 
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west and east (Figure 1.1A). The mountains promote 
cloud formation and precipitation when moist 
airflows are forced upslope, so the map of averaged 
annual precipitation (Figure 1.1B) mimics a map of 
topography. These moist airflows are associated with 
frontal systems propagating off the Pacific Ocean in 
winter and monsoonal moisture from the south in 
summer. Hydrologic variability from year to year or 
on longer time scales can arise when these moist air 
flows follow different paths (such as winter storm 
tracks shifting north or south due to Pacific Ocean 
variability) or when temperature change affects the 
water balance at the surface (such as by changing 
how much snow accumulates or by changing 
surface evaporation rates).

Specific information, with supporting illustrations, 
on selected aspects of New Mexico’s past and future 
climate is summarized here:

• The average temperature across New Mexico 
has risen by more than 2°F from 1970 
to 2020 (Figure 1.2), in parallel with 
global temperatures.

• Annual precipitation shows no obvious 
long-term trend in the instrumental record, but 
interannual and decadal-scale swings are large 
(Figure 1.2). Decadal averages of precipitation 
values peaked in the 1980s and have since 
declined for the 3 subsequent decades. The 
decadal average of statewide precipitation 
for 2011–2020 was very close to the average 
for the drought decade of the 1950s. Four of 
the five lowest annual statewide precipitation 
values since 1931 have occurred since the turn 
of the twenty-first century.

• Based on projections of the climatic response 
to global emissions of greenhouse gases, 
New Mexico temperatures are likely to 
increase significantly in coming decades 
(Figure 1.3). The projected increase 
in temperature is described in more 
detail in Chapter 2. 

• The record of past drought in New Mexico 
reflects the pronounced natural variability 
of precipitation, a considerable fraction of 

which can be explained by natural fluctuations 
of Pacific Ocean temperatures (such as the 
El Niño cycle). New Mexico has experienced 
extended periods of wetter or drier conditions 
for many centuries (Figure 1.4), and these 
fluctuations are expected to continue in future 
decades. Intermittent profound drought 
periods—the dry half of natural variability 
such as we are experiencing today—are 
endemic to the Southwest. The first few years 
of the ongoing drought epoch are shown as 
declining values at the end of the time series 
in Figure 1.4. The approximate frequency of 
swings between drought and pluvial (wetter) 
conditions in this figure (approximately twice 
per century) suggests that New Mexico’s 
climate might transition back toward an epoch 
of wetter conditions sometime in the next few 
years, but we currently have no reliable way to 
predict when such a swing might take place. 

• Snowpack has been declining over the past 
several decades in association with warming 
temperatures and increases in dust blowing 
onto snow (Livneh et al., 2015), promoting 
earlier snowmelt. When snowpack becomes 
dust-covered, the snow’s ability to reflect 
solar radiation decreases, causing more solar 
radiation to be absorbed and therefore more 
rapid melting. Observed snowpack in the 
headwaters of the Rio Grande has declined 
>20% over an epoch of both drought and 
pluvial conditions (Figure 1.5, top curve). 
Snowmelt runoff (not shown in this graph) 
has been occurring earlier as average spring 
temperatures rise. Streamflow in major rivers 
(for example, the Rio Grande headwaters, 
shown in the bottom curve of Figure 1.5) 
so far has not exhibited long-term trends 
as clearly as the trends in snowpack or 
temperature. However, flow deficits during 
recent drought years have been lower than 
flows in earlier severe drought episodes, 
suggesting that the effects of declining snow 
and rising temperature are starting to become 
evident as a worsening of low-flow conditions 
during severe droughts. 
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  C H A P T E R  1 .  C L I M A T E  C H A N G E  I N  N E W  M E X I C O 

Figure 1.2. Observed annual temperature (red) and precipitation (blue) averaged over the state 
of New Mexico, 1931–2020. Horizontal lines depict 10-year decadal averages for each calendar 
decade. Updated from Chermak et al. (2015) and Gutzler (2020).

Figure 1.1. 30-year average “normal” values of observed mean annual temperature (A) and observed mean annual precipitation (B) from 
1981 to 2010. From PRISM group at Oregon State University in 2021.

A. Mean Annual Temperature 1981–2010 B. Mean Annual Precipitation 1981–2010
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Figure 1.3. Observed and projected changes (compared to the 1901–1960 average) in near-surface air temperature for New Mexico (USGCRP, 
2017). Observed data are for 1900–2018. Projected changes for 2006–2100 are from global climate model simulations of possible futures, one in 
which greenhouse gas emissions increase at an accelerated rate (higher emissions) and another in which greenhouse gas emissions increase at a 
rate similar to that observed today (lower emissions). Shading indicates the range of annual temperatures from a large set of CMIP5 global climate 
models. Observed temperatures are generally within the envelope of model simulations of the historical period (gray shading), serving to validate the 
model simulations. Historically unprecedented warming is projected during the twenty-first century, as discussed in more detail in Chapter 2.
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  C H A P T E R  1 .  C L I M A T E  C H A N G E  I N  N E W  M E X I C O 

Figure 1.5. Observed April 1 snowpack (green) and annual streamflow (blue) in the Rio Grande headwaters. 
Kaf = thousand acre-feet. From Gutzler (2020).

Figure 1.4. Time series of the Palmer Drought Severity Index (PDSI) from the year 1000 to 2018 (USGCRP, 2017). This index uses 
temperature and precipitation data to estimate relative dryness. Values for 1895–2018 (red) are based on measured temperature and 
precipitation. Values prior to 1895 (blue) are estimated from indirect measures such as tree rings. The thick black line is a running 20-year 
average. In the modern era, the wet (pluvial) periods of the early 1900s and the 1980s–1990s and the drought period of the 1950s are 
evident. The extended historical record (red) indicates episodic occurrences of similar extended pluvial and drought periods. 
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Sandia Mountains; photo by Matthew Zimmerer
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Global climate models driven by increasing greenhouse gases project an average temperature increase across the state 
of New Mexico of between 5° and 7°F over the next 50 years. This regional temperature increase follows the trend 

observed over the past half century, at a somewhat amplified rate, with the northwest corner of the state projected 

to experience a slightly higher rise during the same period. Although all models indicate significant increases in 

temperature, these models do not consistently project a significant change in average annual precipitation across the 

state, mirroring the absence of a clear trend in recent historical observations. However, some consistent differences 

in seasonality of precipitation emerge. During the winter, the northern mountains may receive somewhat more 

precipitation, whereas the southern parts of the state may be drier. Spring precipitation, critical for snowmelt 

runoff and ecosystems, may decline. Also in the southern part of the state, a trend toward somewhat stronger 

monsoonal activity may result in more summer precipitation, perhaps shifting toward somewhat later in the year. 

The coupled trends of increasing temperature with no clear increasing trend in precipitation lead to a confident 

projection of increasingly arid conditions, including decreased soil moisture, stressed vegetation, and more severe 

droughts. Snowpack and associated runoff are projected to decline substantially by 2070, generating diminished 

headwater streamflow. Warmer temperatures will also cause lower river flows due to increased evaporation 

as rivers flow downstream. The impacts of climate change on New Mexico’s resources are, unfortunately, 

overwhelmingly negative.

9

  C H A P T E R  1 I .  O U R  C L I M A T E  F U T U R E

I I .  O U R  C L I M A T E  F U T U R E
David S. Gutzler and David DuBois

pronounced precipitation variability. Projections 
of precipitation change are made with much lower 
confidence, with diminished precipitation in spring 
representing the most likely seasonal trend. Large 
interannual and decadal variability of precipitation 
should continue, and extremes in precipitation are 
projected to intensify regardless of any trend in 
the total annual precipitation. Effects of projected 
temperature and precipitation changes on surface-water 
supplies are most pronounced for temperature-related 
variables, including diminished snowpack and snow-fed 
streamflow (with continuing high interannual and 

INTRODUCTION

A s discussed in the previous chapter, New Mexico is 
characterized by a semiarid climate with enormous 

natural variability of precipitation and streamflow. 
Observations from the past half century show a 
clear and pronounced warming trend, together with 
exceptionally wet conditions in the late twentieth 
century, followed by decades of historic drought 
continuing to the present day. In this chapter we 
summarize projections of future climate for the 
next half century, out to 2070. Evidence derived 
from model projections suggests a high likelihood 
of continuing temperature increases coupled with 
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decadal variability), increased evaporation rates 
from open-water surfaces, diminished groundwater 
recharge, drier soils, increased frequency of 
wildfire-conducive weather, and a general trend 
toward more arid conditions. Episodic droughts, 
when they occur, will become much more severe as 
temperatures increase. 

PREVIOUS ASSESSMENTS OF 
TWENTY-FIRST CENTURY CLIMATE 
PROJECTIONS FOR NEW MEXICO

New Mexico is projected to become hotter and more 
arid over the next 50 years as the result of human-
caused climate change. This expectation results 
from multiple generations of global climate model 
projections made over the past 15 years (Watkins et 
al., 2006; Seager et al., 2007; Gutzler and Robbins, 
2011; Llewellyn and Vaddey, 2013; U.S. Bureau 
of Reclamation, 2011, 2016, 2021b; USGCRP, 
2014, 2018; IPCC 2014a, 2021). The validity of 
these projections has been reinforced by continuing 
observations of persistent hot, dry environmental 
conditions in the first 2 decades of the twenty-first 
century (Chapter 1). A strong, long-standing 
scientific consensus from these reports indicates that 
New Mexico should plan for a hotter, more arid 
climate, with a rate of change dependent on global 
policy to mitigate greenhouse gas emissions. 

This section reviews the evidence derived from 
global climate model projections to support the 
more specific projections outlined in the sections that 
follow. As discussed in Chapter 1, New Mexico has a 
semiarid climate with diverse spatial variability and 
sharp gradients in temperature, precipitation, and 
vegetation in mountainous regions. 

Several previous water resource assessments 
carried out for the state of New Mexico have 
highlighted the likelihood of more arid conditions 
in future decades as climate changes. Watkins et al. 
(2006) used tree-ring analyses and high-resolution 
climate models to highlight both past severe droughts 
and likely future trends toward warmer, drier 
conditions across the state. A decade later, a team 

of researchers from three New Mexico universities 
assessed risks to water security in the southern 
Rio Grande Valley in New Mexico, a region of 
intensive irrigated agriculture (Chermak et al., 2015). 
Each of these studies warned that projected decreases 
in water supply associated with a warmer, more arid 
regional climate pose substantial risks to the public 
welfare and the economy of the state. 

The climate change findings in these statewide 
studies relied on and reached conclusions consistent 
with national climate assessments that also examined 
historical and projected future climate change across 
the Southwest (USGCRP, 2014, 2017, 2018). A 
consistent theme derived from all of these studies is 
the near-certainty of warmer temperatures and the 
high likelihood of drier overall conditions and deeper 
droughts for the state of New Mexico and all of the 
southwestern United States over the next 50 years. 

In this chapter, we update the assessments cited 
above to provide climate projection information in 
support of the topical sections to follow. In the years 
since the Chermak et al. (2015) and 4th National 
Climate Assessment (USGCRP, 2017, 2018) reports, 
new products have been derived from global climate 
model projections by coupling projected climate 
change to surface hydrologic models to simulate 
regional changes in streamflow and soil moisture 
(variables that will also be discussed in following 
sections). In addition, new analyses of historical 
observations have confirmed that many of the 
hydrologic changes expected to accompany warming 
temperatures, such as declining snowpack, are already 
apparent in recent observations (Figure 1.5). 

We first present global-climate-model-based 
projections for temperature and precipitation. For this 
bulletin we use output from the widely-used CMIP5 
(Coupled Model Intercomparison Project, Phase 
5) archive1 used for international (IPCC, 2014a) 
and national (USGCRP, 2017) assessments. CMIP5 
models simulate historical climate using observed, 
time-varying greenhouse gas concentrations and 
continue into the future using several future scenarios 
that differ by the assumed increase in greenhouse gas 
concentrations used to drive the model. The RCP 4.5 

1. Output from the next generation of global climate simulations, CMIP6, is newly available for analysis and is the centerpiece of the recently 
released IPCC (AR6) assessment (IPCC, 2021). However, this chapter employs CMIP5-based results that have been thoroughly vetted, down-
scaled, and used for hydrologic modeling over the past 8 years. Preliminary results from CMIP6 suggest that the newest generation of global 
climate models projects warming that may occur at a somewhat faster rate compared to CMIP5. 
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scenario is considered to be a mid-range assumption, 
and RCP 8.5 is a higher-emissions scenario that 
generally leads to higher temperatures and greater 
overall large-scale climate change. Each global 
climate model also simulates natural variability that 
influences regional climate associated with oceanic 
phenomena such as El Niño, fluctuations of the 
monsoon circulation, and other climatic processes. 

Global climate models are run at a horizontal 
resolution of 50–100 miles (depending on the 
model), which is appropriate for large-scale climate 
but much too coarse to properly resolve individual 
thunderstorms, narrow mountain ranges, and other 
important features of local climate and topography. 
Here we use results from an ensemble of 20 CMIP5 
simulations that have been downscaled and bias-
corrected by the MACA (Multivariate Adaptive 
Constructed Analogs) project (Abatzoglou and 
Brown, 2012). In the MACA dataset, the global 
model output is downscaled to 1/24 degree (roughly 
2.5 miles) using a statistical procedure based on 
historical observations and actual topographic 
features to introduce realistic high-resolution spatial 
variability to the coarse-resolution model output. We 
emphasize that these are “off-the-shelf” modeling 
results, not developed specifically for this bulletin. 
Detailed regional climate modeling customized to the 
needs of New Mexico water resources assessment is 
beyond the remit of our working group. 

DOWNSCALED CMIP5 
TEMPERATURE PROJECTIONS

The MACA-downscaled simulations, spatially 
averaged statewide, consistently simulate significant 
increases in temperature in decades to come. 
Figure 2.1A shows annual temperature, averaged 
over 20 simulations driven by the high-emissions 
(RCP 8.5) scenario, from 1950 to 2070. The red 
portion of the time series indicates that the average 
increase in annual statewide temperature projected 
by these models is approximately 5°F by mid-
century and 7°F from 2000 to 2070, with relatively 
modest model uncertainty represented by the dark 
pink shading about the average. These projections 
represent with high likelihood a staggering increase in 
temperature that would have profound consequences 
for life (and water resources) in New Mexico. This 
projected trend continues the observed warming trend 
from the past half century at a somewhat amplified 

rate. The corresponding set of projections generated 
by the lower emissions scenario (RCP 4.5) continues 
warming at about the same rate that has been 
observed over the past half century. 

Temperatures are projected to rise all across 
New Mexico as shown in Figure 2.1B, with the 
largest increases in the northwestern part of the 
state. All of southwestern North America is expected 
to experience a significant increase in temperature 
during the twenty-first century, extending the 
observed warming trend at a rate depending on future 
atmospheric greenhouse gas concentration increases 
(USGCRP, 2017; IPCC, 2021). 

DOWNSCALED CMIP5 
PRECIPITATION PROJECTIONS

Unlike temperature, there is no clear trend in 
projected statewide total annual precipitation toward 
either wetter or drier conditions. The multi-model 
ensemble precipitation change for the high-emissions 
scenario (Figure 2.2) exhibits an insignificant (nearly 
flat) average trend, with an envelope of variability 
among the different models of nearly 50%. The map 
of ensemble-average precipitation change associated 
with Figure 2.3 (not shown) is nearly featureless 
across New Mexico. Furthermore, inspection of the 
20 individual simulations included in the ensemble 
average (not shown) reveals that some simulations 
project increases in precipitation across the state, 
whereas other simulations project decreases. We 
conclude that, at least on an annual statewide 
basis, the suite of CMIP5 models included in the 
MACA archive do not exhibit a clear and significant 
trend in future precipitation—a continuation of 
the absence of a clear trend in recent historical 
observations (Figure 1.2).

Projected trends in precipitation stand out 
somewhat more clearly when separated by seasons. 
In winter (Figure 2.3A), frontal systems propagating 
eastward off the Pacific Ocean tend to track farther 
north on average, so the southern part of the state 
exhibits a tendency toward less precipitation while 
the northern mountains tend to receive somewhat 
more, averaged over all 20 simulations in the MACA 
model archive. The spring season (Figure 2.3B) 
exhibits a general statewide drying trend. For much 
of the state, spring is already the driest season of the 
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Figure 2.1. (A) Annual average temperature 
simulated by 20 CMIP5 climate simulations 
by different models, spatially averaged over 
the state of New Mexico. The black portion 
of the time series represents model output 
that has been bias-corrected so that the 
statistics of temperature match observations 
over the historical period, when models 
were forced by observed atmospheric 
greenhouse gas concentrations. The red 
portion of the curve represents future 
conditions, with the models all forced 
by the same high-emissions (RCP 8.5) 
greenhouse gas scenario. The thick central 
line is the 20-model average; the envelope 
of annual model variability is denoted 
by the gray and pink shading. The inner, 
darker gray and pink shading includes 
half of the simulations (the interquartile 
range). (B) Annual average temperature 
change simulated by the same ensemble 
of simulations used for Figure 2.1A. 
Temperature change is defined as the 
difference between two 30-year averages: 
2040–2069 minus 1971–2000. The central 
years of these averaging periods are 70 
years apart, so this plot represents 70-year 
temperature changes across the state. 
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year, so the trend toward less spring precipitation 
(combined with hotter temperatures) represents a 
clear trend toward aridity. 

Summer precipitation (Figure 2.3C) includes a 
modest trend toward stronger monsoon precipitation 
in the southwestern corner of the state, combined 
with a trend toward less precipitation in the 
northeast. The latter feature is part of a more general 
geographical trend toward drier summers in central 
North America. The trend in autumn precipitation 
averaged over 20 simulations is generally small, 
with some tendency for increasing precipitation in 
southwestern New Mexico, where the trend toward 
spring dryness and autumn wetness is associated with 
a projected tendency for the monsoon season to shift 
toward later dates, both in terms of its onset and its 
end (Cook and Seager, 2013). 

However, the 70-year changes shown in 
Figure 2.2, averaged over 20 simulations, typically 
represent rather small average trends among different 
individual simulations, each of which includes large 
natural variability. With this in mind, we emphasize 
that the maps shown in Figures 2.1 and 2.3 suggest 

broad guidance regarding future climate change 
and should not be interpreted as providing specific 
local guidance (as would be indicated by a daily 
weather forecast map). 

To illustrate how modest the projected trends 
are compared to interannual variability, Figure 2.4 
shows precipitation time series derived from four 
different simulations, which were selected to show a 
wide range of projected changes. Figure 2.4A shows 
results for winter and summer precipitation for a 
single 1/24-degree grid cell in the Sangre de Cristo 
Mountains northeast of Taos at a surface elevation 
of approximately 10,000 ft (location denoted by the 
blue x in Figure 2.3A). Figure 2.4B depicts the same 
information for a grid cell southwest of Deming 
in the southwestern part of the state (denoted by a 
red x in Figure 2.3A). 

For the Sangre de Cristo Mountains, the 
20-model average in Figure 2.3 shows a modest 
upward change in winter and a downward change 
in summer. But these trends can be difficult to pick 
out in individual simulations (Figure 2.4B) within the 
“noise” associated with simulated natural variability. 

Figure 2.2. Annual average precipitation simulated by 20 CMIP5 global climate models, spatially 
averaged over the state of New Mexico, corresponding to the temperature time series in Figure 2.1A. 
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Figure 2.3. Seasonal average precipitation changes simulated by the same ensemble of climate simulations used for Figure 2.1 for (A) winter, 
(B) spring, (C) summer, and (D) autumn. As in Figure 2.1A, each map shows differences between two 30-year averaging periods 70 years 
apart: 2040–2069 minus 1971–2000. The color scheme is the same for each plot, with green colors indicating increasing precipitation and 
brown colors indicating decreasing precipitation. In panel (A), the blue and red x symbols denote the locations associated with time series 
shown in Figure 2.4. 
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Careful statistical analysis picks out these trends, 
however, leading to the smooth, large-scale features 
on the maps in Figure 2.3. 

The same general character is true of the 
individual time series for the grid cell near Deming. 
In particular, the relatively weak overall increase in 
summer monsoon precipitation shown in Figure 2.3C, 
which represents a possible welcome respite from 
the general story of increasing aridity across most of 
the state, is seen to be a small average trend among 
disparate, highly variable projected time series (upper 
set of curves in Figure 2.4B). 

Extreme precipitation values derived from CMIP5 
model projections show a significant tendency for 
heavier extreme daily precipitation (Figure 2.5, 
adapted from the most recent National Climate 
Assessment [USGCRP, 2017]). As discussed in more 
detail in Chapter 9, trends in extreme precipitation 
are difficult to estimate from observations and 
challenging to simulate in global climate models. 

Nevertheless, there are strong physics-based reasons 
to expect that the risk of extreme precipitation 
should increase in a warming climate. The assessment 
of projected trends in 1-day extreme precipitation 
amounts shown in Figure 2.5, averaged over large 
regions of the United States to improve statistical 
significance, indicates that CMIP5 simulations project 
such an increase nationwide. 

PROJECTIONS OF OTHER 
HYDROLOGIC VARIABLES

The chapters that follow in this bulletin consider 
many climate-related variables that affect water 
resources in the state. In this subsection, we present 
a brief introductory overview of several of these 
variables, focusing on those that can be simulated 
directly from the same global climate model 
simulations that have been used in this chapter to 
assess temperature and precipitation changes. 

Year
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Four Individual Projections of Local Summer and Winter Precipitation (Two Locations)

Figure 2.4. Time series of seasonal average precipitation changes from four global climate model simulations for two individual model grid-
cell locations. (A) Grid cell located at 36.6N, 105.4W, in the Sangre de Cristo Mountains in north-central New Mexico (marked by a blue x 
in Figure 2.3A). (B) Grid cell located at 32N, 108W, near Deming in southwestern New Mexico (marked by a red x in Figure 2.3A). Each 
panel contains two sets of four curves. The upper set of curves in each panel shows annual values of summer (Jun–Aug) precipitation, and 
the lower set of curves shows annual values of winter (Dec–Feb) precipitation. Individual simulation results are color coded:  
red = HadGEM2-es/RCP8.5, orange = MIROC-ESM-CHEM/RCP8.5, blue = CCSM4/ RCP4.5, green = GFDL/RCP4.5.
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Simulated Changes in the Magnitude of Extreme Precipitation Events 
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Figure 2.5. Projected change from a historical baseline period (1901–2005) in the magnitude of extreme precipitation events, here defined as the 
1-day precipitation maximum expected once every 20 years, derived from statistically downscaled CMIP5 global climate model simulations (using an 
average of CMIP5 models but a different statistical downscaling technique than the MACA post-processing used for Figures 2.1–2.4; USGCRP, 2017, 
Figure 7.7). Results from a lower emissions scenario (RCP 4.5) are on the top; higher scenario results (RCP 8.5) are on the bottom. The left-side 
maps show changes as a percentage of present-day 20-year return values expected by mid-century; late-twenty-first-century changes are shown on 
the right. All changes projected nationwide are positive, indicative of higher 20-year return values of maximum daily precipitation. 
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Evapotranspiration and Soil Moisture—As 
temperature rises, the capacity of the near-surface 
atmosphere to accommodate water vapor increases 
strongly. Hence moist surfaces and open water tend 
to generate higher evaporative surface-water losses 
in a warmer climate. This tendency can be quantified 
by the potential evapotranspiration (PET), which is 
a measure of how much water would evaporate over 
a large area covered with uniform vegetation if there 
were unlimited water available at the surface. PET 
can be interpreted as the demand for water by surface 
vegetation. It is also a function of the humidity 
and air pressure of the overlying atmosphere so it 
is not just a measure of temperature. The estimate 
of changes in PET driven by the temperature and 
precipitation changes already discussed suggests that 
the average annual value of PET will be 3 to 9 in. 
higher by mid-century, relative to its late-twentieth-
century value (Figure 2.6A). 

The projected increases in PET are associated 
with projected declines in soil moisture. The increase 
in PET depletes the moisture available to withdraw 
from the surface, leading to drier soils. Based on 
nearly the same set of high-emissions simulations 
used for the temperature and precipitation 
projections shown here, the U.S. National Climate 
Assessment (USGCRP, 2017) projected significant 
declines in soil moisture centered on New Mexico 
(Figure 2.6B), especially in the winter and spring 
seasons. The pattern of spring soil moisture decline 
is very similar to the spatial pattern of temperature 
increase in Figure 2.1B, with greatest changes in the 
northwestern quadrant of the state. Chapter 3 of this 
bulletin assesses soil moisture changes in New Mexico 
in more detail, and subsequent chapters on ecosystem 
changes highlight the importance of the projected 
decrease in soil moisture across the state. 

Evaporation of surface water from reservoirs is 
increasing as temperatures rise, similar to PET but 
without any limiting factors associated with dry 
soils and sparse vegetation. Open-water evaporation 
increases with temperature more strongly than 
evaporation from surrounding land surfaces. The 
U.S. Bureau of Reclamation (henceforth Reclamation; 
2015) projected that evaporation from Elephant 
Butte Reservoir will increase at a rate of about 
8 in. per year for every degree (Celsius) increase in 
annual average daily maximum temperature (Tmax). 

Therefore, if Tmax increases by 5°F (approximately 
3°C), this estimate would imply an additional 2 ft 
of annual evaporative loss. This would constitute 
a 30% increase in evaporative water loss over the 
present-day rate, and the lake would then evaporate 
more than one-third of its average annual inflow. 
Such an increase in evaporation would provide 
a strong incentive to minimize storage (hence 
reservoir surface area) at Elephant Butte to prevent 
additional evaporative loss. 

The trend toward aridity illustrated in Figure 2.6 
has crucially important implications for assessing 
episodic droughts in the warmer climate of the 
twenty-first century. Drought, by definition, is 
an anomalously dry period. Droughts are often 
associated with lack of precipitation or streamflow 
(less water reaching the surface) but are also 
affected by evapotranspiration (more water leaving 
the surface). Tree-ring studies across southwestern 
North America have shown that profound droughts 
lasting multiple decades have occurred once or twice 
per century for at least 1,000 years (as discussed 
by Gutzler, 2004; Watkins et al., 2006; and many 
others; see Figure 1.4). In terms of precipitation, the 
current multi-year drought in New Mexico fits into 
this picture of recurring precipitation deficits, but 
increases in temperature have increased the severity of 
this drought (Weiss et al., 2009). 

In the nearer-term past, observations by Navajo 
elders also provide a picture of increasing aridity in 
the twentieth century (Redsteer et al., 2018). Small 
increases in temperature and changes in precipitation 
type (rain versus snow) can have large impacts on the 
arid to semiarid environments of the Navajo Nation 
(Redsteer et al., 2018). These authors suggest that 
climate change and resulting water scarcity may result 
in younger generations of Navajo people moving 
away from reservation lands. 

Water shortages associated with past severe 
droughts have caused large-scale landscape change, 
vegetation mortality, and social disruption, as 
discussed in more detail in subsequent chapters 
of this bulletin. The trend toward aridity will 
tremendously amplify the impacts of future droughts 
by changing the underlying longer-term climatic 
conditions upon which temporary drought conditions 
are superimposed. Various measures of drought, 
such as the Palmer Drought Severity Index shown 
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in Figure 1.4, are projected within the next few 
decades to reach, and then surpass, levels of dryness 
associated with the worst Southwestern droughts in 
the historical record (Gutzler and Robbins, 2011; 
Williams et al., 2013). 

Snow and Snowmelt Runoff—Snowpack at high 
elevations is projected to decline very substantially 
by 2070 across the southwestern United States 
(USGCRP, 2017; Mote et al., 2018), continuing 
a long-term decrease in snowpack that has been 
observed (including in the Rio Grande headwaters 
by Chavarria and Gutzler [2018]) over the past 
half century. The projected decrease in snowpack 
occurs as the result of warmer temperature, despite 
possible increases in total winter precipitation 
(Figure 2.2), as shown in Figure 2.7 for the 
Rio Grande headwaters, as an example. 

Surface-water supplies from major rivers are 
projected to decrease over the next half century, 
based on global climate model projections coupled 
to surface hydrologic models. Reclamation (2011, 
2014a, 2021b) has generated streamflow simulations 
from downscaled global climate model projections 
using successive generations of CMIP simulations. 
Gutzler (2013) used an early generation of these 
simulations (CMIP3) to estimate future near-term 
trends in flow in the upper Gila River. Snowmelt 
runoff in the Gila headwaters was projected to decline 
by about 8% averaged over the 30-year period 
centered in 2035, a trend that would be expected to 
continue farther into the future. 

More recently, Bjarke (2019) assessed 
newer CMIP5-based snowmelt runoff in the 
Rio Grande headwaters in southern Colorado, using 
Reclamation’s (2014a) projections which, in turn, 
used many of the same simulations assessed in the 
MACA archive and shown earlier in this section 
(the Reclamation projections were downscaled 
and bias-corrected using a different statistical 
method). A sample of these projections (Figure 2.7) 
illustrates how snowpack and snowmelt runoff 
are projected to evolve. The four colored lines 
represent downscaled projections derived from the 
same four global climate model simulations used 
to illustrate precipitation change near Deming and 
in the Sangre de Cristo Mountains in Figure 2.4. In 
Figure 2.7, temperature and precipitation (panel A) 
and April 1 snowpack (panel B) are averaged 

over downscaled grid cells corresponding to the 
headwaters of the Rio Grande. Streamflow during 
the snowmelt runoff season is shown (panel B) for a 
simulated point on the mainstem of the Rio Grande 
corresponding to the Del Norte gage in southern 
Colorado. Eleven-year running averages have been 
implemented to emphasize variability on the scale 
of a decade or more. 

As before, temperature projections for all four 
simulations (the lower set of curves in Figure 2.7A) 
indicate warming, with simulations driven by the 
higher-emissions scenario (red and orange lines) 
warming the most. Precipitation projections (upper 
set of curves in Figure 2.7A) generally show slight 
decreases, especially in the higher-emissions scenarios, 
but not all projections show such a decrease, as 
would be expected given the average increase in 
winter precipitation seen in southern Colorado in 
Figure 2.3A. Snowpack on April 1 (lower set of 
curves in Figure 2.7B), near the historical average 
peak snow date in the Rio Grande headwaters, shows 
a clear decrease in three of the four simulations. 
Snowpack declines more than precipitation in general 
due to the increase in temperature that is consistent 
across the simulations. 

Finally, streamflow in the snowmelt runoff 
season (upper set of curves in Figure 2.7B), which 
results from both melting snowpack and late spring 
precipitation, exhibits substantial decadal variability 
(as do observed flows in the historical record) and 
a wide range of projected long-term trends. The 
red and green curves show substantial long-term 
declines consistent with both decreasing snowpack 
and diminished precipitation. Streamflow projected 
by the blue and orange curves, in which snowpack 
declines but total precipitation does not, exhibits 
smaller long-term change. 

Reclamation (2014a) and Bjarke (2019) showed 
that the overall average of nearly 100 simulations 
is a very slight decrease in Rio Grande headwaters 
streamflow volume but with a huge range in the 
twenty-first century projections. Peak snowmelt 
runoff occurs earlier in nearly all simulations. 

Can we narrow the range of uncertainty in 
projected runoff by selecting the simulations in which 
we should have the most confidence? Assessing 
similar projections for the Upper Colorado River 
basin, Udall and Overpeck (2017) estimated that 
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the temperature effect on diminished snowpack 
was likely to be so large, and projected with so 
much more confidence than precipitation change, 
that policymakers should place more weight on 
projections of declining snowmelt runoff regardless 
of precipitation uncertainties. Bjarke (2019) also 
argued that sharply diminished streamflow was 
more likely, because the Reclamation simulations 
that project increasing runoff uniformly failed to 
simulate the decline in snowpack and the changes in 
snowpack–runoff relationships observed during the 
half century of the simulations that reproduced the 
late twentieth-century historical period. Chavarria 
and Gutzler (2018) and Bjarke (2019) highlighted 
spring precipitation as an increasingly important 
component of headwaters flow as snowpack 
diminishes, so the relatively confident projection of 
decreasing spring precipitation (Figure 2.3B) portends 
diminished river flow as temperature increases and 
snowpack declines. Musselman et al. (2021) made 

a similar point, showing that earlier snowmelt 
(driven by warming temperature) correlates with 
diminished snowmelt runoff. 

In summary, recent research suggests that the 
projection of just a small decrease in headwaters 
streamflow, derived from averaging together a large 
ensemble of widely varying CMIP5 simulations with 
different precipitation projections, may represent an 
overly optimistic vision of future Rio Grande flow. 
And notwithstanding the uncertainty in headwaters 
flow, increased PET in a warmer climate makes 
projections of lower river flows downstream much 
more likely because flows will diminish as the river 
flows south (Townsend and Gutzler, 2020).

KEY GAPS AND RESEARCH NEEDS

The projections assessed in this chapter are mostly 
derived from global climate models run globally, 
so the well-documented general limitations of 
current models apply to the region-specific results 

Figure 2.7. (A) Projected January–June temperature (bottom set of curves) and precipitation (top set of curves) in the Rio Grande headwaters 
basin in southern Colorado, derived from the same four downscaled projections used for Figure 2.4 with the same color coding. (B) Projected 
April 1 snowpack (bottom set of curves) and April–June streamflow in thousand-acre-feet (KAF) at a point on the river corresponding to the Del 
Norte stream gage (top set of curves) and corresponding to the precipitation and temperature projections shown in (A). An 11-year running average 
centered on each year has been applied to all time series to emphasize variability on decadal and longer time scales. 
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emphasized here. The simulation of clouds and 
cloud-related processes represent the single biggest 
uncertainty in global climate modeling. Uncertainties 
in cloud simulation lead directly to the precipitation 
uncertainties discussed below. But, in addition, the 
effect of clouds in modulating temperature (so-called 
cloud feedbacks) is also a key uncertainty in model 
projections. Although surface temperature changes are 
simulated and projected with much more confidence 
than precipitation changes, uncertainties associated 
with clouds have been shown to represent the 
primary reason that models differ with regard to how 
much global warming to expect in future decades as 
greenhouse gas concentrations continue to increase. 

Projecting precipitation across the Southwest 
remains a key uncertainty in model projections. 
New Mexico is located on the southern periphery 
of the winter storm track—the average band of 
latitude where winter frontal systems move eastward 
from the Pacific Ocean across the North American 
continent. The winter storm track is projected to 
shift northward as global temperatures rise, leading 
to the pattern of projected winter precipitation 
change shown in Figure 2.3 (decreasing precipitation 
to the south, increasing precipitation to the north). 
However, the average shift of the winter storm 
track varies from one model simulation to another, 
leading to uncertainty in how much (or even 
whether) we can expect winter precipitation to 
decline across New Mexico. 

With regard to winter precipitation, we note 
that the results assessed in this chapter are derived 
from CMIP5 global models, which were generated 
about a decade ago. During the time that this bulletin 
was generated in early 2021, the next generation of 
global models (CMIP6) was assessed by the IPCC as 
part of its 6th Assessment report. CMIP6 models are 
somewhat more consistent than CMIP5 models were 
in projecting diminished winter precipitation across 
southwest North America, including New Mexico 
(Gutiérrez et al., 2021). More detailed assessment of 
CMIP6 results will be helpful to address the question 
of reduced winter precipitation in New Mexico and 
the headwaters of the San Juan River and Rio Grande 
in southern Colorado. 

In summer, precipitation across central and 
western New Mexico is supplied by the North 
American monsoon circulation. Global climate 
models, with their coarse spatial resolution (using 

model grid cells typically about 50 miles on a side) 
have difficulty resolving the mountainous topography 
and small-scale thunderstorm clouds that are integral 
to the monsoon. Hence model projections of the 
future monsoon circulation have been variable and 
uncertain across generations of models, with different 
models projecting quite different future conditions 
and little consensus over even the sign of projected 
precipitation change. Uncertainties regarding summer 
monsoon projections remain in the current (CMIP6) 
generation of global climate models. 

The uncertainties in projecting summer 
precipitation extend to understanding extreme 
precipitation values (which typically occur in 
summer) as well as projecting average or total 
precipitation. Chapter 9 of this bulletin assesses 
extreme precipitation in more detail, including key 
research needs and gaps. 

Additional snowpack and snowmelt runoff 
research will be critical for improving estimates 
of future flows in major snow-fed rivers across 
New Mexico. Our state features several of the 
southernmost snow-dominated rivers in North 
America. Rivers such as the Gila, Pecos, and 
Rio Grande are among the most sensitive rivers in 
the world to the effects of diminishing snowpack as 
winter and spring temperatures increase. Current 
research efforts are aimed at quantifying the total 
water content of snowpack in high-elevation 
mountains and improving our understanding of the 
processes that determine how much snow water on 
hillslopes reaches valley bottoms to become river 
flow, as well as how these processes will change as 
temperatures increase and the overall quantity and 
seasonal duration of snow diminishes. 

Each of the uncertainties described above could 
to some extent be addressed in projects that refine the 
results of global models by customized application of 
higher-resolution regional models. Such New Mexico-
specific modeling efforts were not possible for this 
bulletin given our time and budget constraints. 
However, it is certainly possible to formulate projects 
that address specific New Mexico hydrologic 
projections using existing modeling and expertise. 
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All water that we use in New Mexico originates as rain or snow falling onto the landscape, which either goes to 
groundwater or surface water or returns to the atmosphere. Of the precipitation that falls on the state, 1.6% runs 

off into streams and rivers, and 1.8% infiltrates into the ground, recharging subsurface aquifers. Much larger 

proportions are transpired by plants (78.9%) or evaporated (17.7%). The impact of climate change on all of 

these pathways will affect our state’s water budget. Notably, because of the larger percentages of water lost to 

evaporation or transpiration, even very small changes in these factors will result in large changes to runoff and 

recharge. As mentioned in Chapter 2, the climate will continue to warm over the next 50 years without a likely 

increase in precipitation, leading to greater statewide aridity. Hydrological modeling indicates declines in both 

runoff and recharge going forward, amounting to 3% to 5% per decade for both quantities. Historical trends in 

runoff indicate significant year-to-year variability, as do trends in soil moisture and recharge. But all are generally 

decreasing, consistent with the results of climate models that project a drying climate. Combining the historical 

trends with modeling of future changes, significant decreases in runoff and recharge seem very likely.
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I I I .  L A N D - S U R F A C E  W A T E R  B U D G E T
Fred M. Phillips and Bruce M. Thomson

THE LAND-SURFACE WATER 
BUDGET IN A SEMIARID CLIMATE

The hydrological budget consists of flows of water 
(in all phases: gas, liquid, solid) through different 
parts of the environment, such as through streams 
or within aquifers. It is the division of the water 
into these different flows that determines how 
much is available for human or ecosystem use. At 
the center of this division is the land surface, which 
is principally the surface of the soil but is actually 
best thought of as extending down from the tops of 
the highest vegetation to the base of the root zone 
(Figure 3.1). The input of water comes from the 
atmosphere as either rain or snow. This water may 
wet the leaves of a plant, never reaching the ground, 
or may reach the ground and either soak into the 
soil or else run off from the surface into a stream 
or arroyo. The water that wets the leaves returns to 
the atmosphere by evaporation and does not enter 

INTRODUCTION

O ver the coming 50 years, the climate of 
New Mexico will almost certainly become 

warmer and likely drier than at any previous time in 
human history (see Chapter 2). How will this change 
affect the availability of water for human needs? 
To answer this question, we must recognize that 
ultimately all water that we use originates as rain or 
snow falling over the landscape. This precipitation 
on the landscape is divided (partitioned) to end up 
in different flows: some as streams or rivers that 
are easily accessed by people for various uses, some 
as groundwater that supports flow in streams and 
springs and can be pumped directly, and some that 
returns to the atmosphere as water vapor. In order to 
understand how human-caused climate change will 
affect the availability of water, we have to understand 
how this partitioning works, which is a way of stating 
that we have to understand the water budget.
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the local hydrological system. The water that soaks 
in becomes part of the soil-moisture reservoir. Over 
time, the soil moisture may do one of three things: 
(1) be evaporated from the soil surface; (2) be 
absorbed by roots, move upward as plant sap, and be 
vaporized back into the atmosphere through stomata 
on the plant leaves (transpiration); or (3) trickle 
downward through the soil until it escapes past the 
base of the root zone and becomes groundwater 
recharge. It is usually difficult to distinguish between 
water lost to the atmosphere through evaporation 
and that lost by transpiration; hence the combination 
of evaporation and transpiration is often referred to 
as evapotranspiration.

The division of the hydrological flows depends 
more than anything else on the aridity of the locality, 
which is commonly quantified by the aridity index. 
The aridity index is defined as the ratio of average 
potential evapotranspiration to average precipitation, 
over an entire year. Potential evapotranspiration is 
the amount of water, per unit area, that could be lost 

to the atmosphere over a large area covered with 
dense, uniform vegetation if there is unlimited water 
available at the surface. As Figure 3.2 illustrates, 
over the large majority of New Mexico, the aridity 
index varies from a high of about 8 to a low of about 
0.5, meaning that the atmosphere could potentially 
evaporate up to eight times as much water as the 
soil actually has to offer (Seager et al., 2018). 
The relatively cool and moist tops of the highest 
mountains in the state may have aridity indexes as 
low as 0.5 (i.e., two times as much precipitation 
falls as can be evapotranspired). These areas of low 
aridity index are a very small fraction of the area of 
the state, but they generate a large majority of the 
runoff and recharge.

Under a climate as arid as New Mexico’s, 
two flows strongly dominate the water budget: 
precipitation and evapotranspiration (in other 
words, actual evapotranspiration, not the amount 
that could potentially evapotranspire given an 
unlimited water supply). Precipitation onto the land 

Figure 3.1. Average water budget of New Mexico, based on analysis of Peterson et al. (2019). Values are 
in millions of acre-feet per year. Evapotranspiration has been separated into evaporation and transpiration 
based on the analysis of Jasechko et al. (2013).
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Figure 3.2. Aridity index over New Mexico. (A) Average aridity index from 1970–2000 data. (B) Average aridity index from 
2040–2069 projections, generated from 20-model ensemble RCP 8.5. (C) Percent increase between 2040–2069 and 1970–2000 
aridity indexes. Aridity index is defined as the ratio of average potential evapotranspiration to average precipitation.
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surface of New Mexico amounts to about 95 million 
acre-ft/yr (Figure 3.1). Of this, about 91.8 million 
acre-ft/yr, or 96.6%, returns to the atmosphere 
as evapotranspiration (Peterson et al., 2019). The 
remaining 3.4% (3.2 million acre-ft) is about 
equally divided between runoff and recharge. When 
considering the effects of climate change on the water 
budget, this carries two implications. The first is 
that evapotranspiration is highly predictable. Even if 
precipitation changes, evapotranspiration will nearly 
always equal, but be slightly less than, precipitation 
over most of the state. This is because water 
evaporates and transpires readily when the climate 
is so arid. The second is that the terms in which 
we are most interested for water resources—runoff 
(supplying streamflow) and recharge (supplying 
groundwater)—will be very sensitive to even small 
changes in the relative magnitudes of precipitation 
and evapotranspiration. For example, if a climate 
change such as lower temperature and increased 
precipitation caused 1.7% less precipitation to be 
evapotranspired and become runoff instead, the 
total state runoff would double! Small changes in 
the land-surface water budget can thus have a major 
impact on human society.

The utility to humans of the different divisions 
of the hydrological cycle differ greatly. Water that 
evaporates from leaves and soil, comprising about 
20% of the precipitation that falls on the land surface 
in the Southwest (Jasechko et al., 2013), provides 
few direct benefits to humans. The main one is a 
cooling effect—a significant part of the reason that 
the monsoon season in New Mexico is cooler than 
the earlier part of the summer. The water that is 
transpired through plant leaves (currently about 79% 
of precipitation) is essential for plant growth because 
it carries nutrients to the leaves and is necessary for 
photosynthesis. Rain falling on agricultural fields, 
along with irrigation water, is necessary for crop 
production. On natural lands, the transpiration 
component of the water budget supports all plant 
life and, based on the plants, animal life. Benefits 
to humanity are obvious, ranging from grass for 
livestock grazing to the aesthetic appreciation of 
a beautiful vegetated landscape. The tiny fraction 
that runs off from the soil (1.6%) or recharges 
groundwater (1.8%) yields the largest relative 
benefit to society. Essentially all water that we use 
for human consumption, industry, and irrigation 
comes from these two components. The main purpose 

of this chapter is to explore how future climate 
change will affect the partitioning of precipitation 
into these two flows.

EFFECTS OF CLIMATE CHANGE 
ON THE LAND-SURFACE 
WATER BUDGET

Global climate change, as projected in previous 
chapters, will reduce both runoff and groundwater 
recharge in New Mexico. Change in precipitation 
cannot be projected with confidence, but most 
models project that it will decrease rather than 
increase across most of New Mexico (see Chapter 2), 
while variation from year to year will remain high. 
Temperature, however, will certainly continue to rise. 
As temperature increases, the ability of the air to 
hold water vapor also increases (in other words, for 
a constant mass of water vapor in the air, the relative 
humidity goes down as the temperature goes up). This 
will cause liquid water to be lost more rapidly from 
leaves and soil and thus dry out the landscape, even 
if precipitation does not decline. Dry soil “sucks in” 
precipitation faster than wet soil, causing less runoff. 
Recharge cannot occur until the whole thickness 
of the upper soil layer is quite wet, and if the soil 
becomes drier, recharge will happen less frequently.

Phenomena related to the timing and frequency 
of precipitation events complicate the simple 
scenario presented above. First, seasonality of 
precipitation plays a strong role. In warm, semiarid 
climates, recharge is much more likely if most of the 
precipitation falls in the winter when temperature is 
cold and plants are not active so evapotranspirative 
demand is low (Small, 2005). But in lowland settings 
where winter snow does not persist, runoff may be 
favored by a shift toward intense summer convective 
storms that dump precipitation so rapidly that the 
water flows away before it has a chance to sink into 
the soil. Second, groundwater recharge and runoff 
are favored by relatively large precipitation events 
that are clumped together in time, and they are 
reduced when precipitation falls in a large number 
of small events that are evenly spaced in time (Small, 
2005). We refer to this as the clumping effect. When 
precipitation events are small and evenly spaced, 
they tend to be absorbed by the soil and largely 
evapotranspired back to the atmosphere. The soil 
dries out. It rarely becomes wet enough to produce 
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recharge. When rain does fall, it tends to be absorbed 
by the dry soil rather than run off. In contrast, 
when precipitation falls in fewer events and they are 
clumped together, by the end of those stormy periods 
the soil becomes wet and later storms are likely to 
produce both runoff and recharge.

The implication of these findings is that more 
information beyond projections of evapotranspirative 
demand and precipitation is needed to estimate 
future trends in runoff and recharge. Changes in 
the seasonality of precipitation, the frequency and 
clumpiness of precipitation events, and the size of 
storms are also important. The forcing exerted by 
all of these factors on the land-surface water budget 
must then be used to drive hydrological models that 
realistically incorporate snowmelt, runoff, infiltration, 
soil-water storage, and interaction with plant 
roots that draw out the soil water to be transpired. 
The uncertainties associated with quantifying 
and modeling all these processes make the task of 
projecting runoff and recharge a difficult one.

Dynamical models of the atmosphere and 
ocean that are used to assess future climate (such 
as the projections of temperature and precipitation 
described in Chapter 2) do not simulate in any detail 
the surface-water processes described above. Global 
climate models are designed to simulate atmospheric 
weather on very large spatial scales, for which the fine 
details of recharge and runoff at the surface—which 
are so important for local water resources—are just 
a secondary influence. In order to assess changes 
in local and regional water resources that result 
from large-scale climate change, a different class of 
surface hydrologic models must be developed and 
implemented. Such models include more detailed 
hydrologic processes (as conceptualized in Figure 3.1) 
at much finer horizontal resolution, using downscaled 
output from a global climate model as the driver for 
hydrologic simulations (see the first part of Chapter 2 
for a more complete discussion of this topic). These 
are the types of models that are required for state 
water-resource planning at the 50-year time scale.

We divide the models that are commonly used 
for detailed, local water-budget projections into 
three categories, in order of increasing complexity: 
mass-balance accounting models, one-dimensional 
surface-process models, and three-dimensional 
hydrologic systems models. Detailed information 

on the characteristics of these types of models is 
unnecessary for the typical reader of this bulletin, 
but we have included an appendix (Appendix A) 
containing such a description for the use of state 
water-planning specialists, who will ultimately have 
to choose the most suitable type of model for their 
planning objectives.

INFORMATION AVAILABLE FOR 
PROJECTING CHANGES IN RUNOFF 
AND RECHARGE

We have two principal methods for projecting 
changes in the land-surface water balance over 
the next 50 years. The first is implementing the 
various numerical models discussed in Appendix A, 
which require input (principally temperature and 
precipitation) from downscaled global climate model 
simulations. The advantage of these is that many 
of them can give detailed projections of changes 
over the varied landscapes of New Mexico. One 
disadvantage is that they depend on global climate 
model simulations of future conditions, which can 
vary widely due to different scenarios of change in 
greenhouse gases and different model structures. 
The alternative is attempting to discern trends from 
recent records of hydrological responses (for example, 
runoff from stream gages or water levels in wells) 
over the past 50 years. These cannot supply detailed 
spatial projections, but, if reliable trends can be 
detected, they have the advantage of being grounded 
in actual observed climate-hydrology variations. If 
a certain amount of global warming has produced 
some specific change in the water balance (for 
example, less runoff), then it does not seem likely 
that additional warming will reverse that trend. More 
speculatively, the rate of change can be extrapolated 
into the future to estimate future hydrological flows 
and water resources.

Figure 3.2 shows the projected change in the 
aridity index over New Mexico for the RCP 8.5 
scenario. The aridity index increases everywhere, 
which means that precipitation will increasingly 
partition into more evaporation and transpiration and 
less into runoff and recharge. The percent increase 
in aridity index is largest in the most humid areas of 
the state, particularly the mountain ranges, some of 
which will experience a 40% increase in aridity. The 
northeast plains also show a large increase. Since the 
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humid areas are the ones that produce most of the 
state’s runoff and recharge, this pattern implies a large 
reduction in water supply. 

Modeled Changes in Runoff—Numerous studies 
have attempted to simulate changes in streamflow 
in the southwestern United States. Of these, the 
most important for our purposes is the Reclamation 
report “West-Wide Climate Risk Assessment: Upper 
Rio Grande Impact Assessment” (Llewellyn and 
Vaddey, 2013). This study employed the VIC model 
(described in Appendix A), driven by downscaled 
and bias-corrected global climate model scenarios 
as discussed in Chapter 2, to simulate water supply 
and demand on the Rio Grande through 2100. The 
median precipitation projection from the global 
climate models decreased by about 10% between 
the mid-twentieth century and 2100, but projected 
Rio Grande discharge at the Colorado border 
decreased by 30% over the same period (Figure 3.3 
[Llewellyn and Vaddey, 2013, Figure 31C]). This 

difference is largely due to an increasing proportion 
of precipitation and snowpack being partitioned into 
evapotranspiration as the watershed warms. Results 
for tributaries to the Rio Grande in New Mexico 
were virtually the same as for the Colorado portion. 
The study did not attempt to simulate changes in 
groundwater recharge throughout the drainage basin, 
but did indicate that groundwater levels along the 
Rio Grande Valley would decrease due to reduced 
input from the river and associated flood irrigation. 

Other studies have arrived at similar conclusions. 
Udall and Overpeck (2017) also used VIC combined 
with the Reclamation global climate model projection 
datasets to estimate median reductions in Colorado 
River discharge of 25% to 35% by century’s end 
(Figure 3.4, indicated by the green probability density 
curves). Although the Upper Colorado River impinges 
on only a small portion of New Mexico (the San Juan 
River drainage), it directly adjoins the headwaters 
of the Rio Grande in Colorado, and projections 

Year

1950

A2
carbon emission scenarios

5-year average
A1B
B1

1,600

1,400

1,200

1,000

800

600
2000 2050 2100

En
se

mb
le 

me
dia

n f
low

 (c
ub

ic 
fee

t p
er

 se
co

nd
)

Modeled Average Annual Discharge of Rio Grande at Otowi Gage

Figure 3.3. Modeled 5-year average discharge of the Rio Grande at the Otowi gage in cubic feet 
per second from 1950 to 2100 (Llewellyn and Vaddey, 2013). A2 represents high, A1B represents 
moderate, and B1 represents low carbon-emission scenarios.
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Figure 3.4. Probability density function (unitless) for flow in the Upper Colorado River as a function of greenhouse gas emissions and the 
sensitivity of runoff to temperature, from Udall and Overpeck (2017). The percentages in the legend are percent reduction in runoff per degree 
Celsius of warming and range from a reasonable lower limit to a reasonable upper limit, with the most likely value (-6.5% per degree) in the 
middle. The moderate emissions scenario corresponds to SRES A1B/RCP4.5 and the high emissions scenario to SRES A2/RCP8.5.
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for it thus provide useful information for assessing 
changes in the Rio Grande. Garfin et al. (2013) used 
a similar methodology to arrive at similar reductions 
of discharge but over a much wider area of the 
Southwest. Jiménez-Cisneros et al. (2014) presented 
a global synthesis of the projections from 16 global 
models (5 General Circulation Models and 11 Global 
Hydrological Models) that indicates widespread 
reductions in streamflow (10% to 30%) over the 
Southwest. Elias et al. (2015), on the other hand, 
used a highly specialized snowmelt model (Snowmelt 
Runoff Model) to project changes in the discharge of 
the Rio Grande. They attempted to bracket the entire 
range of possible future climates, in some cases using 
projections of future precipitation as high as 40% 
above that of the twentieth century. These yielded 
limiting maximum estimates of runoff as much as 
25% greater than historical, but for more reasonable 
precipitation changes (12% to 23% reductions in 
precipitation), runoff decreased by 0% to 24% in 
most of the basins comprising the Upper Rio Grande. 
Projected reductions of flow in the Upper Colorado 
River basin are attributed to increased evaporation of 
snowpack (Milly and Dunne, 2020). 

Modeled Changes in Recharge—Fewer studies have 
attempted to project changes in recharge than changes 
in runoff. Most studies that do so calibrate their 
models against historical records of base flow (flow 
during periods when there is little or no precipitation) 
in rivers and streams. This is not appropriate for 
much of New Mexico because there are no perennial 
streams over much of the state. Models must then be 
calibrated against long-term, water-level records from 
wells, which is much more difficult. 

The difficulties of projecting recharge in arid and 
semiarid environments are illustrated by the global 
study of Döll (2009), which used the WaterGap 
Global Hydrology Model to project recharge 
increases in the Southwest of approximately 100% 
by the 2050s for most of the global climate model 
climate projections. As discussed in Appendix A, 
this model was not constructed with arid climates 
in mind. The authors had to perform arbitrary 
modifications of the input data to achieve even 
remotely reasonable recharge values; thus the 
confidence in this projection is low.

Meixner et al. (2016) compiled the results of four 
previous studies for Southwestern aquifers that used 
the WAVES model. They also heuristically estimated 

recharge changes for four other aquifers. Their 
best estimate of the future changes was a decrease 
of 10% to 20% in recharge, but with a quite wide 
range of uncertainty. One of the studies included, 
by Crosbie et al. (2013), was in the High Plains of 
eastern New Mexico. Crosbie et al. (2013) projected 
a median decrease in recharge on the High Plains of 
12% by 2050, but the changes ranged from -50% 
to +24% depending on the amount of precipitation 
predicted by the global climate model climate models. 

The Meixner et al. (2016) study was extended 
by Niraula et al. (2017), who performed quantitative 
recharge projections over the entire U.S. West using 
standard global climate model climate projections 
linked to the VIC model. For the Southwest, the 
average recharge change from 10 global climate 
model scenarios through 2050 was a decrease 
of 4.0% ± 6.7%. For New Mexico, the model 
averages showed small decreases in recharge over 
most of the state but small increases in some of the 
northern mountains. This large uncertainty in the 
projected recharge change results from the underlying 
variability in the global climate model simulations. 
The magnitude of the recharge change is also 
surprisingly small and may reflect inherent limitations 
in the VIC hydrological model used (see below).

Condon et al. (2020) employed a relatively 
detailed and realistic hydrological systems model, 
ParFlow-CLM, to examine the effect of increased 
atmospheric demand on groundwater resources 
over a substantial portion of the United States. They 
did not consider the effects of withdrawals from 
wells. Although they did not explicitly present their 
simulations in terms of changes in the recharge rate, 
they did present modeled changes in the water-
table elevation by the end of the present century. 
In New Mexico, water-table depth under natural 
conditions is most closely tied to recharge. The 
eastern parts of the state showed negligible changes 
in water-table depth, but most of the state showed 
declines ranging from 0.5 m to 2 m, depending 
on location and the severity of the warming 
scenario. These changes in the water table are of 
similar magnitude to other climate-sensitive areas 
of the United States. Most importantly, they are 
consistent with a significant reduction of recharge 
in all scenarios, rather than the increase in recharge 
indicated by a minority of studies. 
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Modeled Changes in Runoff and Recharge—Very few 
New Mexico-specific studies have investigated future 
changes in both runoff and recharge from the same 
model. One of these is Bennett et al. (2020), which 
applied the INFIL model to the Pajarito Plateau (the 
location of Los Alamos National Laboratory) in 
north-central New Mexico to project climate-driven 
changes between 2040 and 2069 and the historical 
data. The INFIL model is similar to the PyRANA 
model described in Appendix A. As with other studies 
described above, this study used a range of global 
climate model simulations, from small temperature 
increase to large and from drier to wetter conditions 
(precipitation), to drive the hydrological model. 
The change in runoff varied from −11 to +21 mm/
yr and recharge from −9 to +6 mm/yr. In general, 
both modeled runoff and recharge had a tendency 
to increase at higher elevation and to decrease at 
lower elevation. The researchers concluded, “Our 
major findings indicate that the amount of available 
water for processes such as infiltration and runoff is 
sensitive to changes in the seasonal distribution of 
precipitation that may not be reflected in the aridity 
index. We also find that the delivery in terms of 
the form and rate of precipitation is as important, 
if not more important, than the overall amount of 
precipitation…” As discussed in the introduction 
to this chapter, although a significant increase in 
the aridity index over the next 50 years is strongly 
indicated, secondary changes such as small increases 
in precipitation amount, seasonality, and clumpiness 
can strongly influence runoff and infiltration in ways 
different than the aridity index changes alone would 
suggest. This study confirms that inference.

Analyses of Historical Runoff Trends—Most of 
the modeling studies cited above have attempted to 
bracket possible changes in hydrological flows by 
using the full range from the global climate model 
outputs in terms of temperature and precipitation. 
Others have used medians of many outputs bracketed 
by standard deviations or other statistical measures 
of variability. As noted, either method tends to 
produce projections of runoff or recharge with very 
large uncertainties (often larger than the projected 
change). One approach to additionally constraining 
projections is to examine historical data.

The influence of anthropogenic global warming 
caused global temperatures to begin to rise above 
natural background fluctuations in the 1970s 

(Chapter 2). However, it is only in the past 20 years 
that the signal has become unequivocal. Nearly 
all hydrologists now accept the principle that the 
hydrological system no longer fluctuates around a 
stable mean value and that many parts of the system 
are now varying around a mean that is veering in one 
direction or the other (Milly et al., 2008). If the effects 
of warming on processes such as runoff and recharge 
are large, they might produce observable anomalies 
over this period. By analyzing data collected over 
the past 50 or 20 years, we can hope to find trends 
that might support better selection of global climate 
model outputs to drive hydrological models. This 
is important because unnecessarily wide bounds on 
hydrological projections render the projections less 
valuable for planning purposes.

As discussed in Chapter 2, the mean annual 
temperature of New Mexico is very clearly increasing 
at a relatively linear rate of about 0.7°F per decade. 
This has resulted in an increase of about 2.7°F since 
the 1980s. Any changes in precipitation are much 
more difficult to detect (Figure 1.1). According 
to the USGCRP (2017) and Garfin et al. (2013), 
annual precipitation has increased slightly (0% to 
5%) over most of New Mexico when comparing 
averages from 1986 to 2015 with those from 1901 to 
1960. However, it has decreased by about the same 
amount in the area of the Rio Grande headwaters 
in Colorado; recall that precipitation across 
New Mexico was particularly high in the 1980s 
and 1990s. Most of the increase has been in the fall, 
but spring precipitation, important for snowpack 
and runoff, has decreased markedly statewide. In 
contrast, Slater and Villarini (2016) detected a signal 
of decreasing precipitation over New Mexico. Udall 
and Overpeck (2017) found a slight decrease in 
annual precipitation over the Upper Colorado River 
basin since the 1980s, although the trend was small 
in comparison to the year-to-year fluctuations. In 
general, any long-term changes in precipitation are 
small enough that over the interval of detectable 
global warming they are difficult to separate from 
normal fluctuations.

Reanalysis of weather data from 1979 to 2014 
has indicated a fairly strong trend of decreasing 
atmospheric relative humidity of about 1.5% per 
decade over New Mexico (Douville and Plazzotta, 
2017). This can plausibly be posited to drive increased 
evapotranspiration, shifting the land-surface water 
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balance away from runoff and recharge. However, 
Yang et al. (2018) have cautioned that runoff is 
much more sensitive to changes in precipitation 
than to changes in atmospheric water demand and 
that many localities with apparent increases in the 
aridity index are in fact experiencing increases in 
runoff. Given this warning, it is prudent to examine 
the scanty evaluations of trends of runoff that are 
available for our area.

At the large scale of the entire western United 
States, Gudmundsson et al. (2021) indicated that 
runoff has decreased between 1971 and 2010 at 
about 4% per decade. They compared this finding 
with runoff simulated by models that include global 
warming forcing and by ones that exclude its effects. 
Those including the observed global warming forcing 
predict a decrease in runoff, albeit smaller than the 
actual, whereas those that exclude it indicate an 
increase in runoff. This allows the runoff decline 
to be clearly attributed to global warming. At the 
scale of the Upper Colorado River basin, Xiao et 
al. (2018) found that the discharge of the Colorado 
River at Lees Ferry decreased by 17% between 1920 
and 2014, or about 1.4% per decade, which they 
principally attributed to warming. At the headwaters 
of the Rio Grande, Chavarria and Gutzler (2018) 
did not find a significant decline in annual discharge, 
which they attributed to recent small increases in 
precipitation during the snowmelt season, but they 
did detect a significant decline in spring snowpack 
that they project will drive reductions in Rio Grande 
flow in the near future as temperature continues 
to increase. In contrast, annual discharge of the 
Rio Grande at Otowi, south of the Colorado border, 
has decreased by almost 20% per decade since 1985. 
However, this dramatic reduction is clearly strongly 
influenced by variations in snowfall that are driven 
by sea-surface temperature patterns that fluctuate 
over decades (Pascolini-Campbell et al., 2017). Since 
1997, within a relatively stable ocean-temperature 
regime, the flow at Otowi has decreased by 4% per 
decade, about the same as was inferred for the entire 
U.S. West by Gudmundsson et al. (2021). However, 
this decline is small in comparison to the standard 
deviation of annual flows, which is about 30%. In 
summary, changes in runoff over the watersheds that 

include New Mexico are difficult to separate from 
natural year-to-year variability, but to the extent 
that they can be separated, they consist of declines in 
runoff, not increases. 

Trends in soil moisture, which are a measure 
of the partitioning of precipitation into subsurface 
infiltration, have been relatively little studied. 
Unlike streamflow, soil moisture is not routinely 
monitored, and the monitoring that has been done 
mostly covers only a few decades or less, so there 
are much less data on which to base evaluation of 
trends with time. Instead of actual observations, 
global reanalyses of meteorological and remote-
sensing data using land-surface and atmospheric 
models are often used to reconstruct environmental 
conditions. Deng et al. (2020) used the output of 
the ERA-Interim/Land reanalysis by the European 
Centre for Medium-Range Weather Forecasts to 
evaluate trends in soil moisture over the period 1979 
to 2017. In the area of New Mexico, they inferred 
a reduction of water content of the soil (top 5 cm) 
of 3% to 5% volumetrically per decade. Soil drying 
was the predominant trend worldwide. Deng et al. 
(2020) felt that the main driver of this drying was 
increasing temperature. For the Upper Colorado 
River basin, Scanlon et al. (2015) used standard 
land-surface model outputs to evaluate changes in 
soil moisture storage from 1980 to 2015. Focusing 
on their results from the 1997 to 2015 interval for 
the reasons described above reveals a steady decline 
in soil moisture storage amounting to about 22 mm 
water depth. This is roughly equivalent to 5% to 
10% of the typical water storage capacity of the soil 
and thus appears similar to the result from Deng et 
al. (2020). Total basin water storage includes both 
soil moisture and groundwater and can be monitored 
using satellites. Scanlon et al. (2018) estimated that 
between 2002 and 2014, the Rio Grande basin lost 
between 2.2 and 3.5 km3 (1.8 to 2.8 million acre-ft) 
of water storage, equivalent to 4.5 mm over the basin. 
However, the VIC simulation for the same period only 
registered 0.5 km3 loss. Similar underestimates by the 
VIC model were found for other basins worldwide.

Two conclusions can be drawn from this 
summary of observational evidence. The first is that 
over the area of interest to the state of New Mexico, 
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any recent trends in precipitation, runoff, and soil 
moisture/recharge are small enough that, with only 
about 20 years of clear temperature signal, they 
are difficult to separate from natural year-to-year 
and decadal fluctuations. The second is that insofar 
as they can be separated from natural variability, 
the simulations almost universally indicate soil 
drying and reduction in runoff primarily as the 
result of water lost to the atmosphere through 
increased evapotranspiration caused by warmer 
air temperatures. There is very little evidence to 
support an upward trend in these parameters. Thus, 
responding to the concern of Yang et al. (2018) 
that the projected strong increase in aridity index 
might not necessarily correspond to reductions in 
runoff and recharge, the available observational 
evidence does indeed support the modeled projections 
of quite significant downward trends in surface 
water, groundwater, and soil moisture over the 
next 50 years. The observed evidence indicates that 
New Mexico is at high risk of significant increases in 
surface aridity in a warming climate. 

SUMMARY OF FUTURE WATER-
BALANCE CHANGES

Published studies on climate-driven changes in the 
water balance in New Mexico watersheds have 
yielded projections with wide uncertainty bounds. 
In general, the median hydrological model output 
generated by using as input multiple runs by 
multiple global climate models indicates declines 
in both runoff and recharge over the next 50 years, 
typically amounting to 3% to 5% per decade for 
both quantities. However, the published uncertainties 
around these median projections are generally 
quite large, often two to three times the projected 
median change, with the uncertainty encompassing 
both large increases in runoff and recharge and 
large decreases. Such large uncertainties render 
the projections of limited value for water-resource 
planning and management. In most cases, this wide 
uncertainty does not arise from the variability 
inherent within the hydrological models used to make 
the projections, but rather from the variability in 
projected precipitation in the global climate model 
simulations used to drive the hydrological models. 

Although there is generally a fairly strong clustering 
of global climate model precipitation outputs within 
the bounds of no precipitation change to a decline 
of about 5% per decade, some individual runs from 
some models fall well outside these bounds, indicating 
either a large increase in precipitation or a fairly 
drastic decrease. Inclusion of these extreme runs 
widens the uncertainty bounds of the runoff/recharge 
output a great deal.

We have attempted to evaluate the value of 
these wide uncertainty bounds by comparing model 
projections (both global climate model outputs in 
terms of precipitation and hydrological model outputs 
in terms of runoff and recharge) with actual data 
from the period of detectable global warming—the 
past 50 years. These data show that any inferred 
changes in precipitation since about 1970 are 
quite small and can be either negative or positive, 
depending on the geographical area and the time 
intervals compared. The available data thus do not 
support the validity of global climate model outputs 
showing either substantial increases or decreases 
in precipitation over the New Mexico area. One 
cannot a priori rule out such shifts over the coming 
50 years, but we suggest that for planning purposes 
we should not place much confidence in these outlier 
simulations. Instead, the lack of precipitation trends 
over the past 50 years of pronounced warming argues 
that models in the median cluster are most likely to 
provide reliable projections for the next 50 years. 

Evaluation of the data for changes in runoff 
or recharge yields somewhat stronger evidence for 
trends. Although once again the trends depend on 
location and time interval, there is significant support 
for declines of 3% to 5% per decade for both runoff 
and recharge. These decreases are on the order of the 
projections from the hydrological models driven by 
the median global climate model outputs. Declines in 
runoff and recharge with increasing temperature can 
be expected so long as precipitation is not actually 
increasing (Yang et al., 2018). Given the likely 
existence of these declines during the first 50 years 
of global warming, their continuation into the next 
50 years also seems likely.
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KNOWLEDGE GAPS

The summary in this chapter of water-balance 
research under global climate change pertaining to 
New Mexico shows both strengths and weaknesses 
in our state of knowledge. Strengths include an 
ever-increasing capability in global climate modeling, 
data to drive such models that enable a highly 
sophisticated approach to the problem, and the 
accumulation of about 50 years of hydroclimatic data 
against which to compare the outcomes of global 
climate model simulations. Weaknesses are:

1. Lack of adequate soil-moisture and groundwater-
level data—The availability of long-term data 
for temperature, precipitation, and surface-water 
runoff is at least adequate, along with other 
basic hydrometeorological data. However, these 
present only part of the information needed to 
understand changes in the surface-water balance 
over time. Two critical components, soil moisture 
and groundwater level, are largely missing. We 
note that although groundwater is monitored 
at numerous localities in New Mexico, these 
are nearly all selected in response to heavy 
pumping. For assessing changes in groundwater 
recharge, water levels in remote areas with 
minimal human extraction are needed, but 
repeat water-level measurements are rarely 
performed in such settings. 
 
Using traditional methods, collection of soil-
moisture data has been labor intensive and 
typically yields only a point measurement of a 
parameter that can vary a lot over short distances. 
However, newer technologies such as the Cosmic-
ray Soil Moisture Observing System (COSMOS; 
Zreda et al., 2012) can sense soil moisture at 
a large spatial scale and a time scale of a few 
minutes and telemeter the data to a central 
location. Another relatively simple but very 
powerful technology is the use of fixed Global 
Positioning System receivers to monitor vertical 
changes in the land-surface elevation, from which 
changes in soil-water and groundwater storage 
can be evaluated (Larson et al., 2008; Borsa et 
al., 2014). As hydrological changes due to global 
warming increase, the state of New Mexico is 
increasingly going to need regional hydrology 
and climate data against which to calibrate and 
compare the results of models. Ensuring that 

adequate datasets of all relevant parameters 
are available in order to make use of these 
model results for management purposes would 
be a wise investment.

2. Criteria for evaluation of global climate model 
output—Traditionally, atmospheric modelers 
have tended to use strongly inclusive measures 
to quantify the possible spread of model outputs 
(e.g., global climate model outputs used as 
input to hydrological models, wettest and driest 
global climate model runs; see Elias et al., 2015). 
Although such wide bounds are conservative 
in the sense of bracketing the entire range of 
possibilities, they render the model output of 
limited practical value for management purposes 
because they do not adequately distinguish 
between possible outcomes and likely outcomes. 
With a current database of about 50 years of 
observable warming of global temperature, it is 
quite likely (though not provable) that model 
runs which have succeeded in predicting the 
regional hydroclimatic history over that time 
period will also be more successful at predicting 
the following 50 years. We suggest that effort 
be invested in developing a set of quantitative 
criteria for evaluating the output of global climate 
model runs and, on that basis, selecting the ones 
most likely to predict future climate (a procedure 
commonly known as post-processing).

3. Lack of New Mexico-focused hydrological 
models—A large number of the studies reviewed 
above are global in scope. Others cover the 
entire United States or the western United States. 
Such models inevitably make compromises in 
attempting to reproduce the hydrological effects 
of global warming under climate regimes ranging 
from cold and humid to hot and hyperarid. They 
typically do not have adequate spatial resolution 
to simulate processes on the highly varied 
topography of New Mexico. When regional-scale 
modeling has been performed, it has often by 
default used the VIC model even though there are 
indications that VIC systematically underestimates 
the magnitude of the hydrological response to 
climate change (Scanlon et al., 2015; Niraula et 
al., 2017). Given that New Mexico is one of the 
most water-short states in the union and that the 
water supply is shrinking under climate change, 
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development of a state-scale model should be a 
priority. As discussed above, a wide variety of 
models are potentially available, ranging from 
simple, straightforward, and capable of being run 
on a laptop to highly comprehensive, complex, 
and requiring supercomputers. We suggest a 
thorough evaluation process in light of in-state 
capabilities, model suitability for management 
objectives, and availability of data to parameterize 
models, followed by a comprehensive projection 
of changes in the hydrological system of 
New Mexico over the next 50 years using the 
selected model or models.
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Bland Canyon, Jemez Mountains; photo by Craig D. Allen
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Climate is a fundamental driver of ongoing and future vegetation changes in New Mexico. Future changes in vegetation 

will affect the distribution and abundance of water resources in New Mexico. Major shifts in climate and 

vegetation across New Mexico’s landscapes have occurred in the past, but the scale and rate of recent and 

projected climate change is probably unprecedented during the past 11,000 years. Recent warming, along with 

frequent and persistent droughts, have amplified the severity of vegetation disturbance processes (fire, physiological 

drought stress, and insect outbreaks), driving substantial changes in New Mexico vegetation since the year 2000. 

Ongoing and projected vegetation changes include growth declines, reduced canopy and ground cover, massive 

tree mortality episodes, and species changes in dominant vegetation—foreshadowing more severe changes to come 

if current warming trends continue as projected. Such major alterations of New Mexico vegetation likely will also 

have substantial ecohydrological feedbacks with New Mexico water resources. Since water-related environmental 

stresses occur in parallel with water supply shortages for people, such climate-change-driven water stress could 

lead to increasing conflict between managing declining water availability for human use (e.g., irrigation) and 

retaining “wild” water for the maintenance of historical ecosystems.
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I V .  T E R R E S T R I A L  E C O S Y S T E M S
Craig D. Allen

context for statewide assessment of water-resource 
issues. Although important, aquatic ecosystems 
and biodiversity considerations are outside the 
scope of this chapter.

Globally, the main limiting environmental factors 
that determine the distribution and productivity 
of dominant vegetation types are combinations of 
water, temperature, and sunlight (Boisvenue and 
Running, 2006). In warm tropical rainforests, sunlight 
limitation (from intense inter-plant competition 
for canopy space and clouds) is usually the main 
constraint on vegetation productivity, while in cold 
Arctic and high alpine settings, temperature is most 
limiting. However, in semiarid, warm-temperate 
regions like New Mexico, water is generally the most 
limiting factor, with seasonally varying temperature 

INTRODUCTION

O ngoing climate change—a mix of both natural 
climate variability and directional anthropogenic 

climate change—is a major driver of recently 
changing vegetation patterns in New Mexico, ranging 
from drought-induced forest die-offs and extreme 
wildfires to desertification of grasslands. Vegetation 
changes, in turn, affect various ecosystem processes 
that interact with and modify the geomorphology and 
hydrology of our landscapes. In this way, climate-
induced vegetation changes have consequences for 
the water resources of New Mexico that affect all 
state citizens. Ecohydrology is the interdisciplinary 
scientific field that addresses interactions between 
ecosystems and hydrology. This chapter reviews the 
effects of climate change on terrestrial ecosystems in 
New Mexico, focusing on vegetation and associated 
linkages to ecohydrology to provide important 
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constraints (e.g., frost and extreme heat) being 
important secondary drivers. Ongoing regional 
climate change toward warmer temperatures and 
more severe droughts therefore threatens vegetation 
types that are sensitive to hotter, drier conditions. 

The modern spatial distributions of New Mexico’s 
diverse plant species and vegetation communities 
(Dick-Peddie et al., 1993) are generally structured by 
these same broad climate factors of precipitation and 
temperature, although at local sites the patterning of 
vegetation is substantially modified by other abiotic 
and biotic environmental factors and human land use 
practices. Major human land use practices include 
agriculture, livestock grazing, forestry activities, 
fire suppression, watershed modifications, water 
management actions, and urbanization. Important 
abiotic factors include topographic characteristics 
that affect local microclimate (e.g., elevation, slope, 
aspect, landform, and slope position), soil and 
bedrock physical properties, nutrient availability, 
and various ecosystem disturbance processes (e.g., 
fire, floods, and wind). Subsurface water storage in 
soils and fractured bedrock is increasingly recognized 
to be critically important for deep-rooted plants 
(Klos et al., 2018; Rempe and Dietrich, 2018; Bales 
and Dietrich, 2020). Key biotic factors also interact 
to influence local vegetation patterns, including soil 
microbiota, competition between plants, herbivory by 
animals, insect and disease pests, and parasites. As a 
result, there are sharp differences in microclimate 

and vegetation between cooler-moister, north-facing 
slopes and directly adjoining hotter-drier, south-facing 
slopes (Figure 4.1). At even finer spatial scales, similar 
microclimate and understory vegetation contrasts 
also occur between the cooler ground-surface 
conditions underneath tree or shrub canopies and 
plants adapted to exposed, hotter conditions in 
open intercanopy sites. 

PALEO-ENVIRONMENTAL AND 
HISTORICAL PERSPECTIVES 
ON CLIMATE–VEGETATION 
RELATIONSHIPS IN NEW MEXICO 

Climate is a fundamental driver of vegetation patterns 
and processes. But how do we rigorously determine 
how ongoing and projected climate changes are 
likely to alter future vegetation? One approach is 
to reconstruct the linkages between past climate 
variability and vegetation, providing evidence to infer 
likely future changes.

Past climate–vegetation relationships are 
particularly well documented for many thousands 
of years in New Mexico because the southwestern 
United States contains an unusual abundance and 
diversity of paleo-environmental data sources that 
allow reconstruction of detailed information on 
linkages between climate and vegetation through 
time (Swetnam and Betancourt, 1998; Swetnam et al., 

Figure 4.1. The strong effects of south versus north topographic aspect on vegetation pattern. Modified from Figure 3.1 in Dick-Peddie et al. (1993).
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1999). For example, ancient lake sediments from the 
Valles Caldera (Jemez Mountains) provide multiple 
lines of evidence for major oscillations in climate and 
water balance (between colder-wetter and warmer-
drier) across multiple glacial–interglacial cycles 
over hundreds of thousands of years in northern 
New Mexico, with close linkages between climate 
and vegetation patterns (Fawcett et al., 2011). For 
the last 40,000 years, plant macrofossils preserved 
in packrat middens provide powerful species-specific 
information on major changes in the biogeographic 
distribution of vegetation and climate across the 
Southwest (Swetnam et al., 1999; Betancourt 
et al., 2016). Similarly, the pollen, macrofossils, 
charcoal, chemical isotopes, and numerous other 
paleo-environmental indicators found in the 
sediments of multiple New Mexico mountain lakes 
and bogs reveal greater detail on linked changes in 
climate and vegetation over the past 20,000 years, 
particularly as the world transitioned from the last 
ice age (the Pleistocene epoch) to the Holocene 
epoch about 12,000 years ago (e.g., Anderson et al., 
2008b). These paleo-sediment studies also provide 
long-term perspectives on the environmental effects 
of relatively recent historical land-use changes like 
Euro-American livestock grazing and fire suppression 
in New Mexico (Allen et al., 2008; Brunelle et al., 
2014). Overall, these deep-time paleo-environmental 
studies consistently document that warmer periods 
in southwestern North America tend to be more arid, 
resulting in the drying of lake and bog environments, 
transitions to vegetation communities dominated by 
species better adapted to warm and dry conditions, 
and more fire activity.

Tree-ring research in the Southwest and 
New Mexico provides well-replicated and diverse 
paleo-environmental evidence that is spatially 
widespread, precisely located, and dated at annual 
to seasonal resolution. Tree-ring widths, wood 
density, and isotope measurements are used 
to produce calibrated reconstructions of past 
precipitation (Touchan et al., 2011), temperature 
(Salzer and Kipfmueller, 2005), tree drought stress 
(McDowell et al., 2010; Williams et al., 2013), annual 
streamflow (Routson et al., 2011; Margolis et al., 
2011), and floods (McCord, 1996). Additionally, 
tree-ring-dated fire scars and other dendroecological 
observations document the environmental histories 
of New Mexico’s forest fires (Falk et al., 2011; 
Swetnam et al., 2016; Margolis et al., 2017); insect 

outbreaks (Swetnam and Lynch, 1993); and forest 
establishment, growth, and mortality (Guiterman 
et al., 2018). The southwestern United States is the 
most intensively sampled region of the world in 
terms of tree-ring reconstructions of climate and fire 
history, with numerous chronologies extending back 
more than 1,000 years before present (Grissino-
Mayer, 1995; Cook et al., 2007; Woodhouse et 
al., 2010; Williams et al., 2013). Southwestern 
climate reconstructions based on tree-ring analyses 
universally document high natural variability in 
precipitation at all timescales—annual, decadal, and 
even centennial (Grissino-Mayer, 1995; Williams 
et al., 2020a, 2020b). There also has been recent 
success in separating cool-season precipitation 
from warm-season monsoonal precipitation in 
tree-ring reconstructions for New Mexico (Griffin 
et al., 2013), comparing reconstructed seasonal 
precipitation and Rio Grande streamflows back to 
1659 (Woodhouse et al., 2013), and in assessing cool- 
versus warm-season precipitation effects on past fire 
occurrence (Margolis et al., 2017). Similarly, tree-ring 
temperature reconstructions for the Southwest also 
show significant variability through time (Salzer 
and Kipfmueller, 2005). These often well-replicated 
tree-ring studies quantitatively demonstrate the effects 
of both climate variability and human land uses 
on diverse forest ecosystem patterns and processes 
(Swetnam and Betancourt, 1998; Swetnam et al., 
2016; O’Connor et al., 2017; Guiterman et al., 
2019; Roos et al., 2021).

In addition, substantial historical ecology research 
(Allen, 1989; Swetnam et al., 1999) and numerous 
environmental history studies (Rothman, 1992; 
deBuys, 2015) have documented relatively recent 
(Anglo-American era, since ca. 1850) vegetation 
changes in New Mexico using historical observations 
and multiple other lines of evidence (Allen and 
Breshears, 1998). These include General Land Office 
Survey field notes (Yanoff and Muldavin, 2008), 
repeat photography of century-old ground-based 
landscape photographs (Fuchs, 2002; deBuys 
and Allen, 2015), photo-interpretive mapping of 
vegetation from stereographic aerial photographs 
as far back as 1935 (Allen, 1989; Miller, 1999), and 
compilation and interpretation of diverse historical 
maps and text documents (e.g., Hillerman, 1957; 
Scurlock, 1998). These historical ecology studies are 
particularly useful in documenting and illustrating the 
major effects of extended droughts versus extended 
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wet periods upon New Mexico’s forest and rangeland 
vegetation (Swetnam and Betancourt, 1998; Allen 
and Breshears, 1998).

Finally—and most powerfully—direct 
measurements of climate and vegetation changes 
from a variety of long-term monitoring and research 
efforts over roughly the past century provide a solid 
foundation of quantitative observational data to 
assess recent and ongoing linkages between climate 
and vegetation in New Mexico. The effects of climate 
on vegetation change and ecosystem dynamics in 
New Mexico have been particularly well-studied 
through long-term ecological research at three large 
and environmentally varied fieldwork localities that 
collectively represent a big portion of New Mexico’s 
diverse landscapes: 

1. the USDA Jornada Experimental Range 
(established 1912) and associated Jornada 
Long-Term Ecological Research site (run by 
New Mexico State University since 1982) in 
southern New Mexico’s Chihuahuan Desert, 
focusing on subtropical desert grasslands 
and shrublands and rangeland issues in 
general (https://jornada.nmsu.edu/ltar; https://
lter.jornada.nmsu.edu/)

2. the USDI Sevilleta National Wildlife Refuge 
(established 1983) and associated Sevilleta 
Long-Term Ecological Research site (run by the 
University of New Mexico since 1988) extending 
from the Rio Grande to adjoining low mountains 
in central New Mexico at the intersection of four 
biomes: Colorado Plateau Shrub Steppe, Great 
Plains Short Grass Prairie, Chihuahuan Desert, 
and Piñon–Juniper Woodland (https://www.fws.
gov/refuge/Sevilleta/; https://sevlter.unm.edu/)

3. the Jemez Mountains, a volcanic “sky island” 
in northern New Mexico at the southern end 
of the Rocky Mountains, where the Valles 
Caldera National Preserve (est. 2000), Bandelier 
National Monument (est. 1916), and the 
USGS New Mexico Landscapes Field Station 
have collectively fostered long-term ecological 
monitoring and research since the 1980s on 
diverse montane forests, woodlands, grasslands, 
and streams along a 6,000-ft elevational 
gradient from the Rio Grande to Redondo Peak. 

These groups are partners in a new National 
Park Service Research Learning Center (the 
in-development website is: https://www.nps.gov/
rlc/jemezmountains/index.htm)

All three of these large research landscapes are 
characterized by diverse, intensive, long-term studies 
and datasets; multidisciplinary research teams; and 
abundant published scientific research documenting 
ongoing vegetation and ecosystem responses to 
climate variability and change. 

These recent observations of linked climate–
vegetation variability include documentation of 
multiple wet and dry periods since 1900, ranging 
from a particularly wet window in the 1910s to 
1920s that favored a huge pulse of successful tree 
regeneration across the Southwest (Pearson, 1950; 
Swetnam and Betancourt, 1998) to the regionally 
severe 1950s drought that caused great stress to 
vegetation and water resources in New Mexico 
(Hillerman, 1957; Thomas, 1963; Allen and 
Breshears, 1998). More recently, another wet period 
from the late 1970s to mid-1990s was a time of 
abundant water resources and extremely productive 
tree growth (Figure 4.2). Since ca. 2000, New Mexico 
and the Southwest have been in the midst of an 
increasingly severe regional drought (Williams 
et al., 2013, 2020a, 2020b; Cook et al., 2021). 
Although this current multi-decadal period of lower 
precipitation is not unusual relative to past patterns 
of natural precipitation variability, the drought stress 
effects on both vegetation and water resources are 
increasingly amplified by substantial recent climate 
warming (Figure 1.1; McKinnon et al., 2021). This is 
one of the two most severe regional megadroughts in 
the past 1,200 years (Williams et al., 2020a, 2020b; 
Cook et al., 2021). The ongoing “hotter drought” 
in New Mexico is consistent with projected climate 
changes for the Southwest (Chapter 2; Williams et 
al., 2013; Cook et al., 2015, 2021). As New Mexico’s 
environment has undergone this period of substantial 
warming and aridification, long-term ecological 
monitoring and research programs here have been 
able to precisely document and interpret the direct 
and indirect impacts of warmer “global-change-
type drought” on both vegetation and water 
resources in New Mexico. 
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DIRECT AND INDIRECT CLIMATE 
EFFECTS ON VEGETATION AND 
ECOHYDROLOGY

As described in Chapters 1–3, climate change 
in New Mexico is projected to continue recent 
trends toward warmer and thus generally 
more arid conditions as well as to amplify wet, 
dry, and hot extremes. 

Climate variability and directional climate 
changes in precipitation and temperature modulate 
New Mexico’s vegetation cover in two general ways:

1. Directly through moisture and temperature 
effects on plant reproduction, growth and 
productivity, and mortality; and

2. Indirectly by altering ecological disturbance 
processes such as fires, insect and disease 
outbreaks, and floods. 

Direct Climate Effects on Vegetation—
Climate changes directly alter New Mexico’s 
vegetation through effects on the demography of 
plant populations, including:

1. Reproduction—Plant populations in warm, 
semiarid regions like New Mexico are 
characterized by episodic reproductive success 
linked to relatively infrequent, often multiyear 
periods of favorable climate to sufficiently 
support abundant flowering, seed development 
(e.g., Parmenter et al., 2018), germination, 
and seedling establishment. As a result, many 
dominant plant species establish primarily in 
pulses during favorable climate periods, resulting 
in episodic, even-aged cohorts of the dominant 
vegetation, whether southwest U.S. trees (e.g., 
Swetnam and Betancourt, 1998) or grasses 
(e.g., Neilson, 1986; Collins et al., 2014). 
Note that the range of climate conditions that 
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Figure 4.2. A 1,000-year reconstruction of a regional forest drought stress index (FDSI) from tree rings in the southwestern United States. Annual 
FDSI values are in gray and 10-year moving averages are in red for 1000–2007. Arrows mark megadroughts in the late 1200s and late 1500s, as 
well as the well-documented 1950s historical drought. The -1.5 FDSI dashed line indicates an approximate historical threshold for tree mortality. The 
green circle highlights the unprecedentedly extreme FDSI in 2002, reflecting amplified drought stress from recent warming, which triggered extreme 
regional tree die-offs and wildfires. Modified from Williams et al. (2013) and Allen (2014).
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support successful vegetation regeneration (the 
regeneration niche) is generally narrower than the 
broader climatic range in which adult plants can 
grow and persist. Due to warming-induced aridity, 
the regeneration niche is likely now shrinking for 
many plant species (e.g., Bailey et al., 2021).

2. Growth—The moisture and temperature 
conditions of both the atmosphere and soils 
directly control plant growth and productivity 
(Figure 4.1); globally, soil moisture stress 
dominates vegetation productivity, particularly 
in semiarid ecosystems (Liu et al., 2020). In 
mostly semiarid New Mexico, the high natural 
variability in precipitation (and soil moisture; 
Figure 4.2) drives the similarly high variability in 
growth of both woody and herbaceous vegetation 
(Rudgers et al., 2018; Koehn et al., 2021). When 
water is not a limiting factor, slightly warmer 
temperatures can be beneficial for plant growth 
(e.g., longer growing seasons); in addition, the 
substantially elevated atmospheric concentrations 
of CO2 can support increased water-use efficiency 
of photosynthesis (and thus good plant growth) 
when water stress is not extreme (De Kauwe et 
al., 2021). Also, atmospheric CO2 enrichment 
tends to favor C3 plants like woody conifers and 
shrub species over C4 plants like many warm-
season grasses (Archer et al., 2017; although 
see Reich et al., 2018). However, warming 
over the last several decades has been enough 
to increase the frequency and severity of more 
arid atmospheric and soil conditions, thereby 
decreasing the supply of plant-available water 
(Breshears et al., 2013) and even beginning 
to approach thermal limits of photosynthesis 
(Duffy et al., 2021). These climate warming 
effects apparently are increasingly overcoming 
CO2 enrichment benefits (Peñuelas et al., 2017; 
Jiao et al., 2021; although see Lian et al., 
2021)—particularly in spring—and thereby 
reducing southwestern U.S. plant growth (Koehn 
et al., 2021; Munson et al., 2021). For example, 
warming has amplified conifer forest drought 
stress in the Southwest, generally squeezing tree 
growth in New Mexico since ca. 2000 (Figure 4.2; 
Williams et al., 2013), particularly in the warmer 
and drier low-elevation portions of the elevation 
distribution of individual tree species (McDowell 
et al., 2010). Similarly, warming-amplified 
drought stress and increases in precipitation 

variability also are linked to observed declines 
in the growth and productivity of perennial 
grasses in arid desert grasslands of New Mexico 
(Gherardi and Sala, 2015; Bestelmeyer et al., 
2018; Rudgers et al., 2018; Munson et al., 2021).

3. Mortality—Extremes of drought and/or heat can 
lead to pulses of amplified vegetation mortality, 
which can rapidly change the sizes, ages, and 
species composition of the dominant vegetation 
(Allen et al., 2010; McDowell et al., 2020). While 
drought- and heat-induced vegetation mortality is 
a natural response to historical climate variability 
(e.g., Allen and Breshears, 1998), the emergence 
of hotter global-change-type droughts in recent 
decades (Breshears et al., 2005) is linked to 
increasing observations of more extensive and 
severe episodes of tree mortality in diverse 
ecosystems regionally and globally (Allen et al., 
2015 [especially Appendix A of that paper for 
New Mexico observations]). While forest die-offs 
have received the most attention scientifically, 
hotter drought events also are causing mortality 
pulses in Southwestern shrublands and grasslands 
(Jacobsen and Pratt, 2018; Winkler et al., 2019). 
Climate variability, particularly oscillation 
between increasingly wet and dry climate 
extremes, leads to “structural overshoot” of 
woody plants during growth-favorable (wet) 
climate windows at both individual and stand 
scales, which can increase vulnerability to forest 
dieback during the inevitable subsequent swing to 
an unfavorable climate window (hotter drought; 
Allen, 2014; Jump et al., 2017; Zavala, 2021).

Because each plant species has its own particular 
set of climate requirements, changes in climate cause 
demographic changes in plant populations that drive 
wide-ranging incremental shifts (both contractions 
and expansions) in the biogeographic distribution, 
abundance, and community dominance of 
essentially all plant species (e.g., Collins et al., 2014; 
Rudgers et al., 2018). 

Expected direct effects of future climate warming 
on New Mexico’s vegetation include: 

1. The vegetation communities historically found 
on warmer, drier south-facing slopes will tend 
to “shift” (through colonization) onto adjoining 
north-facing slopes; 
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2. More warm/dry- (xeric-) adapted plants 
from lower-elevation sites will shift their 
distributions upslope (Kelly and Goulden, 2008; 
Brusca et al., 2013); and 

3. Less cold-tolerant plants from southerly portions 
of New Mexico will shift their distributions 
northward and perhaps upslope (although 
note the recent documentation of warming 
temperature and dryness constraints on alpine 
tree establishment in northern New Mexico by 
Bailey et al., 2021).

While plant individuals, populations, vegetation 
communities, and ecosystems have substantial 
capabilities to adapt to some degree of climate 
change (Allen et al., 2015), these adaptive capacities 
are limited and may be overwhelmed by the speed 
and magnitude of projected climate change—
warming in particular.

Thresholds—(see also Chapter 1 “critical threshold” 
or “tipping point” events) Climate variability and 
change is one important driver of nonlinear threshold 
dynamics in ecosystem patterns and processes (Turner 
et al., 2020). Prominent New Mexico examples 

include drought-induced tree mortality, wildfire 
behavior, and water and wind erosion processes 
(Allen, 2007; Field et al., 2010; Bestelmeyer et al., 
2018). Abrupt vegetation transitions can result from 
both incremental climate changes and unprecedented 
climate extremes (Figure 4.3; Allen et al., 2015); 
such vegetation changes from aridification may be 
reversible or not (Berdugo et al., 2020; Munson 
et al., 2021). Note that even modest incremental 
shifts in the average value of a climate variable 
(e.g., daily maximum temperature) can result in 
substantial increases in the probability of the most 
extreme events at the far tail-end of the distribution 
(Figure 4.4)—e.g., the extreme heat records set in 
June 2021 in the Pacific Northwest and Canada. 
Similarly, a shift in the sensitivity of a climate-related 
threshold (e.g., a warming-caused decrease in the 
duration of drought needed to trigger tree mortality 
[Figure 4.5]), can greatly increase the probability that 
threshold-level extreme events occur. Increasingly 
extreme, unprecedented climate events—particularly 
droughts and heat waves—are emerging as ever more 
important drivers of severe ecosystem disturbances 
and abrupt vegetation changes in the southwest 
United States (Allen, 2014; Breshears et al., 2021).
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Figure 4.3. Ecosystem stress results from both general incremental trends and particular extreme events in climate (Jentsch et al., 2007). The red 
line indicates a shifting baseline level of forest stress through time due to an increasing trend in temperature; the gray line represents stress changes 
due to substantial multiyear oscillations in precipitation and temperature that are inherent in the climate system, producing stress events like extreme 
droughts and heat waves. Atmospheric warming increases both baseline and extreme drought stresses through time, thereby driving elevated tree 
mortality vulnerability. Increasing temperature alone drives greater forest drought stress (Adams et al., 2009; Williams et al., 2013), and because 
temperature is increasing chronically, so is forest stress. Swings in forest drought stress push forests closer (or further) from the historical mortality 
threshold (dashed black line), but given the chronic increase in forest stress associated with ongoing anthropogenic warming, the frequency, 
magnitude, and duration of these swings above the mortality threshold increase through time. If unabated, chronic warming eventually will cause 
even relatively wet periods to exceed the mortality stress threshold for present-day forests. From Allen et al. (2015).
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Figure 4.4. Warming greatly increases the frequency of extreme temperature days and heat waves. Daily maximum temperature (A), number of 
days over 40°C (B), and number of heat wave events (C) for Perth, Western Australia, for historical (1910–1939; gray) and current (1989–2018; 
red) 29-year periods. A small change in the overall distribution has led to more than a doubling of days over 40°C and a 59% increase in heat wave 
events. From Breshears et al. (2021).

Figure 4.5. Warming greatly increases frequency of tree-killing drought events. Drought frequency (black line) increases nonlinearly as drought 
duration decreases, as there are many more short-duration droughts than long ones (Lauenroth and Bradford, 2009), and during cooler historical 
times only a few extremely long-duration drought events were long enough to exceed the historical tree mortality threshold (blue dashed vertical line). 
Under warmer recent and future drought conditions, trees die faster (red dashed vertical line, warmer mortality duration threshold) than with cooler 
droughts (blue dashed vertical line, cooler mortality duration threshold), resulting in more tree-killing drought events at the minimum-duration mortality 
threshold for hotter drought (horizontal red arrow line) than for cooler drought (horizontal blue arrow line). This cumulatively translates into more total 
tree-killing droughts under hotter drought conditions (filled red + blue areas) than under cooler drought conditions (filled blue area only) because 
many additional shorter duration droughts become lethal with warming (Adams et al., 2009). From Allen et al. (2015).
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Indirect Climate Effects on Vegetation through 
Altered Ecosystem Disturbance Processes—Recent, 
ongoing climate change is indirectly but profoundly 
altering vegetation patterns by amplifying a variety 
of ecosystem disturbance processes that also affect 
water and watersheds. Documented effects of these 
climate-amplified disturbances on vegetation in 
New Mexico include: 

1. More extreme pulses of tree mortality and forest 
die-offs (Figure 4.6) from physiological stress due 
to hotter drought (Breshears et al., 2005; Williams 
et al., 2013; Allen et al., 2015 [Appendix A of 
that paper]), often with associated bark beetle 
and other insect outbreaks (Raffa et al., 2008; 
Anderegg et al., 2015)—also including novel 
insect outbreak dynamics linked to recent 
warming (Figures 4.7a, 4.7b; Elliott et al., 2021).

2. Warming has substantially altered recent wildfire 
activity in the Southwest and New Mexico 
(Figure 4.8), with changes in frequency, severity, 
area burned, and seasonality and longer fire 
seasons (Westerling et al., 2006; Abatzoglou and 
Williams, 2016). Wildfire activity has recently 
increased upslope into cooler-wetter forest types 
(Higuera et al., 2021) as well as downslope 
into semiarid woodlands (Floyd et al., 2000, 
2021; Romme et al., 2009). Recent increases 
in the extent and frequency of high-severity 
fire (Parks and Abatzoglou, 2020) are strongly 
filtering which species are able to regenerate 
postfire (Johnstone et al., 2016; Coop et al., 
2020). One result is an increase in vegetation 
“type conversion” from gymnosperm conifer 

forests that require nearby fire-surviving 
trees for seed regeneration to shrublands and 
grasslands (Figure 4.9; Allen, 2014) dominated 
by resprouting angiosperm species that can 
regenerate after severe fire from surviving below-
ground roots, tubers, etc. (Guiterman et al., 2018; 
Coop et al., 2020). 

3. High-severity wildfires also cause extreme 
alterations of watershed vegetation cover and 
surface soil properties that can trigger postfire 
floods and debris flows (Figure 4.10); these 
disturbances are addressed in Chapters 6 and 11.

4. Ongoing warming-induced aridification and 
disturbances drive widespread reductions in 
vegetation cover below critical thresholds in many 
New Mexico landscapes (Davenport et al., 1998; 
Breshears et al., 2009; Field et al., 2010), resulting 
in generalized upland soil erosion by water 
(Wilcox et al., 2003) and wind (Munson et al., 
2011; Duniway et al., 2019); these disturbances 
are addressed in Chapter 5.

5. Warming-induced desertification of desert 
grasslands (Figure 4.11) is contributing 
to declines in perennial grass cover and 
increases in subtropical woody shrubs 
(Bestelmeyer et al., 2018).

Note the importance of synergistic interactions 
among ecosystem disturbances, both within and 
across spatial scales (Allen, 2007; Turner et al., 
2020). For example, warming drives the increased 
atmospheric vapor pressure deficit (Williams et al., 
2013), leading to greater drying of vegetation and 

Figure 4.6. Repeat photos of landscape-scale mortality of piñon (Pinus edulis) from hotter drought and an associated bark beetle outbreak. (A) Rust-
colored dying piñon, eastern Jemez Mountains, October 2002. (B) The same scene 18 months later, with gray piñon skeletons and remaining live 
junipers, May 2004. Photos by Craig D. Allen
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Figure 4.7a. Novel insect outbreak dynamics. Aerial photo of Janet’s Looper outbreak during 2017–2019 in the Sangre de Cristo Mountains near 
Santa Fe, with red-rusty-gray tree canopies from winter herbivory of Douglas fir and Engelmann spruce tree needles by caterpillars (inset photo) 
of this inconspicuous moth. Recent warmer winters allowed the first recorded outbreak of this native insect in northern New Mexico. Photos 
by U.S. Forest Service

Figure 4.7b. Novel insect outbreak dynamics. Photos of extensive and unusually high-elevation Engelmann spruce (Picea engelmannii) mortality at 
and near upper treeline, caused by a combination of warming-amplified drought stress and an associated outbreak of the native spruce bark beetle 
(Dendroctonus rufipennis) killing over 80% of mature spruce trees across thousands of acres in the headwaters of the Pecos River in the Sangre de 
Cristo Mountains. Photos by William deBuys (October 2020)
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Figure 4.8a. Start of the Las Conchas fire, June 26, 2011. Photo by Craig D. Allen

Figure 4.8b. Upper Cochiti Canyon in the Jemez Mountains seven weeks after being burned in the 2011 
Las Conchas fire. High-severity fire affected almost the entire Cochiti Canyon watershed, from upper-
elevation mixed-conifer forests along the rim of the Valles Caldera down to near the confluence with the 
Rio Grande. This extensive loss of vegetative cover across the watershed led to substantial flooding from 
2011 to 2013. Photo by Craig D. Allen

Figure 4.8c. High-severity fire effects in desertified piñon–juniper woodland in the southeast Jemez 
Mountains in August 2011, 2 months after being burned in the Las Conchas fire. Note complete exposure 
of soil surface from fire consumption of all live and dead plant cover. Photo by Craig D. Allen
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Figure 4.9a. Fire-caused type conversion from conifer forest to oak shrubland in the Dalton Fire footprint near Pecos, 
New Mexico. There is evidence that the increasingly large extent of post fire conversions of forests into potentially quite 
persistent shrublands is a novel recent development in New Mexico conifer ecosystems. Photo by Craig D. Allen
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Figure 4.9b. Conceptual model of alternative post-disturbance stable states in dry conifer forest and shrub ecosystems of New Mexico, depending 
upon histories and combinations of disturbances. From Guiterman et al. (2018).
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soils that can amplify multiple individual disturbance 
processes (e.g., dieback, fire, erosion), which in turn 
also can interact with each other through diverse 
feedbacks (Allen, 2007) such as postfire debris 
flows (Figure 4.10).

ANTICIPATED EFFECTS OF 
ONGOING AND FUTURE CLIMATE 
CHANGE ON NEW MEXICO’S 
ECOSYSTEMS

Aquatic Ecosystems—Although aquatic ecosystems 
are outside the scope of this chapter, several broad 
assessments of climate change effects on the aquatic 
ecosystems of New Mexico are listed here. The 
New Mexico State Wildlife Action Plan (New Mexico 
Department of Game and Fish [NMDGF], 2016) 
reviews the characteristics and climate change 
vulnerabilities of New Mexico’s diverse aquatic 
ecosystems, including a broad range of perennial 
systems (cold- and warm-water streams, lakes, 
cirques, ponds, marshes, cienegas, springs, seeps, 
cold- and warm-water reservoirs) and ephemeral 
systems (marshes, cienegas, springs, playas, pools, 
tinajas, kettles). In a separate effort, the U.S. Forest 

Service recently conducted an Aquatic-Riparian 
Climate Change Vulnerability Assessment (ARCCVA) 
of ongoing and potential effects of climate and 
drought at subwatershed scale (HUC12) for perennial 
and intermittent/ephemeral waters on all lands of 
Arizona and New Mexico (Wahlberg et al., 2021), 
built upon existing data for over two dozen intrinsic 
and climate-related indicators associated with 
watershed condition, riparian and aquatic habitat, 
and the presence of warm- and cold-water fish that 
represent both impact risk and adaptive capacity. 
The ARCCVA geodataset can be downloaded at: 
https://www.fs.usda.gov/detailfull/r3/landmanagement/
gis/?cid=stelprdb5201889&width=full.

Biodiversity Considerations—New Mexico harbors 
an exceptional diversity of plants and animals, 
ranking fourth in the United States in the number 
of species (https://nhnm.unm.edu/). Climate change 
will have a broad range of effects on the plant and 
animal biodiversity of New Mexico that are beyond 
the scope of this chapter; however, several key sources 
of information relative to climate change effects on 
biodiversity in New Mexico are noted here. Natural 
Heritage New Mexico (https://nhnm.unm.edu/), a 
division of the Museum of Southwestern Biology at 

Figure 4.10. Gullies eroded by debris flows in upper Santa Clara Canyon, triggered by the 2011 Las Conchas fire. 
Photo by Craig D. Allen (2015)
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the University of New Mexico, does climate-change-
related research on the conservation and sustainable 
management of New Mexico’s biodiversity and 
serves as a portal for acquiring and disseminating 
biodiversity conservation information for 
New Mexico. The New Mexico State Wildlife Action 
Plan (NMDGF, 2016) reviews the climate change 
vulnerabilities of New Mexico’s terrestrial and aquatic 
ecosystems, with a focus on habitats for wildlife 
and fish. This State Wildlife Action Plan (SWAP) 
also addresses the climate change vulnerabilities 
of animal “species of greatest conservation need.” 
Much additional detailed information on climate 
change implications for New Mexico’s biodiversity is 
contained in a SWAP-associated online background 

document (Friggens, 2015). The New Mexico Rare 
Plant Conservation Strategy (New Mexico Energy, 
Minerals and Natural Resources Department, 2017) 
is focused on 235 rare and endangered plant species 
in New Mexico, including 109 endemic species 
that only occur in New Mexico and nowhere else 
in the world. The overall goal of the New Mexico 
Rare Plant Conservation Strategy is to protect and 
conserve New Mexico’s rare and endangered plant 
species and their habitats, which are distributed 
among 135 Important Plant Areas (IPAs) across 
the state. The associated New Mexico Rare Plant 
Conservation Scorecard provides an analysis of the 
current conservation status of the 235 rare plants and 
addresses threats such as climate change. 
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Figure 4.11. Evidence for a major historical grassland-to-shrubland transition in the Jornada Basin of southern New Mexico. (A) The initial collapse of 
black grama (Bouteloua eriopoda) production during the 1950s drought. (B) A 1936 photograph illustrating the effects of overgrazing during the 1930s 
drought. (C) The appearance of small honey mesquite (Prosopis glandulosa) shrubs in 1956. (D) The site in 2009, dominated by mesquite shrubs and 
with evidence of significant soil erosion exposing an indurated petrocalcic soil horizon (caliche). From Bestelmeyer et al. (2018).

A B

C D

WG Ex. 7

0128



51

  C H A P T E R  I V .  T E R R E S T R I A L  E C O S Y S T E M S

Forests and Woodlands—Future climate warming 
and increased precipitation variability are anticipated 
to directly depress regional woody-vegetation 
productivity (Williams et al., 2013; Munson et al., 
2021) and promote Southwest forest die-offs from 
hotter droughts (McDowell et al., 2015; Goulden 
and Bales, 2019). In concert with the associated 
intensification of ecosystem disturbances, particularly 
high-severity wildfire (Bowman et al., 2020; Pausas 
and Keeley, 2021), ongoing warming in New Mexico 
montane forests and upland woodlands is expected 
to increasingly constrain tree regeneration (Davis et 
al., 2019; Rodman et al., 2020; Bailey et al., 2021; 
Nolan et al., 2021) and further amplify widespread 
vegetation type conversion from tree-dominated 
forests and woodlands to non-forest ecosystems 
(Allen, 2014; Guiterman et al., 2018; Coop et al., 
2020; Davis et al., 2020). Drier, low-elevation 
distributions and ecotone margins of individual tree 
species and particular vegetation communities will 
tend to respond to growing drought and heat stress 
with early, rapid, and pronounced mortality-induced 
upslope range retraction (Allen and Breshears, 1998; 
Davis et al., 2019; Parks et al., 2019).

Grasslands and Shrublands—Long-term research 
in southern New Mexico’s desert grasslands 
finds that projected future climate warming and 
increased variability of wet/dry years will affect grass 
production and grass–shrub relationships (Peters et 
al., 2010; Gherardi and Sala, 2015; Gremer et al., 
2015; Petrie et al., 2018). Multiple lines of evidence 
(from climate/vegetation monitoring, experiments, 
and models) indicate that these warm, semiarid/arid 
grasslands will see additional declines in perennial 
grasses and increases in shrubs (Figure 4.11; Archer 
et al., 2017; Bestelmeyer et al., 2018), reflecting a 
documented ongoing conversion of New Mexico’s 
temperate drylands (e.g., desert and plains grasslands) 
to subtropical drylands (Schlaepfer et al., 2017; 
Bestelmeyer et al., 2018). However, in some grassland 
settings there may be drying of deep soils that could 
reduce shrub cover (Schlaepfer et al., 2017).

Riparian Forests—As perennial streamflows decline 
and become more intermittent and ephemeral, 
riparian gallery forests of cottonwoods in areas 
like the Middle Rio Grande probably will become 
increasingly vulnerable to growth reductions and 
dieback from more variable and generally lower 
water-table depths (Rood et al., 2013; Thibault et 

al., 2017; Condon et al., 2020; Varney et al., 2020; 
Kibler et al., 2021). Meanwhile, opportunities for 
post-flood pulses of native riparian tree regeneration 
will diminish (Molles et al., 1998; Perry et al., 2012). 
Reductions in riparian vegetation canopy cover 
will have substantial warming effects on stream 
temperatures (Wondzell et al., 2019).

Overall, globally as well as regionally in 
New Mexico, currently there are substantial 
uncertainties regarding the specifics of how rapidly 
and profoundly New Mexico ecosystems will 
reorganize in response to these direct and indirect 
climate change effects as well as the particular 
outcomes of potentially novel post-disturbance 
vegetation trajectories (e.g., Figures 4.7a, 4.7b, 
4.8b, 4.8c, and 4.9a). In addition, we should expect 
that many of the newly transformed vegetation 
communities that are emerging today will be 
ephemeral and subject to further reorganization as 
ongoing climate change drives continued direct and 
indirect ecosystem responses for the foreseeable 
future (Jackson, 2021). 

Ecohydrological Impacts of These Climate-Induced 
Vegetation Changes Include—

1. Effects on the hydrological cycle of decreased 
vegetation cover such as increased evaporation, 
drier soils, and decreased transpiration that 
lead to positive feedbacks on regional warming 
and aridification in the southwest United States 
(McKinnon et al., 2021).

2. Variable effects of forest canopy change to 
snowpack and spring snowmelt runoff (e.g., 
Moeser et al., 2020; Bart et al., 2021; Belmonte 
et al., 2021). Twentieth-century declines in 
snowpack and water yield occurred as regional 
forest densification drove greater canopy snow 
interception, sublimation, and transpiration 
(McDonald and Stednick, 2003; Broxton et al., 
2020);  meanwhile, twenty-first-century declines 
in snowpack and water yield are observed from 
large forest cover losses due to more severe 
wildfire and forest dieback processes (Harpold et 
al., 2013; Biederman et al., 2015; Stevens, 2017 
[although see Bales et al., 2018, for increased 
streamflow with reduced forest cover]), combined 
with direct effects of climate warming on 
snowpack dynamics (Milly and Dunne, 2020).

WG Ex. 7

0129



B U L L E T I N  1 6 4 :  C L I M A T E  C H A N G E  I N  N E W  M E X I C O  O V E R  T H E  N E X T  5 0   Y E A R S :  I M P A C T S  O N  W A T E R  R E S O U R C E S   

52

3. Direct or indirect reductions in forest biomass 
(e.g., through drought-induced dieback, fire, or 
mechanical thinning treatments) can substantially 
alter evaporation and transpiration, with potential 
to increase soil moisture (Belmonte et al., 2022) 
and streamflow (Bales et al., 2018; Bart et al., 
2021) in some water-limited forest ecosystems.

4. Fire-driven changes in watershed runoff and 
erosion processes. These are addressed in 
Chapter 6 and Chapter 9.

5. Changing connectivity of upland bare soil 
surfaces that will affect runoff, infiltration, and 
geomorphic wind/water erosion processes (both 
directly through changes in vegetation cover 
and indirectly through disturbances). These are 
addressed in Chapter 5.

6. Recent warming-related land cover changes 
(woodland tree dieback and shrub encroachment) 
in New Mexico that alter site-level biophysical 
conditions (including aerodynamic conductance, 
albedo, and canopy conductance) in ways 
that can further increase surface temperatures 
(Duman et al., 2021), with potential for further 
intensification of surface warming with expected 
future reductions in soil water availability.

SUMMARY OF ECOSYSTEM IMPACTS 
AND RESPONSES

Climate is a fundamental driver of ongoing and future 
vegetation and ecosystem changes, with resulting 
effects on ecohydrological patterns and processes that 
will affect the distribution and abundance of water 
resources in New Mexico (Wilcox, 2010). While 
paleoecological evidence clearly demonstrates major 
past shifts in climate-vegetation across New Mexico’s 
landscapes, the large magnitude and rapidity of 
recent and projected climate change is thought to 
be unprecedented during the past 11,000 years at 
least and probably much longer. Recent chronic 
warming, along with increasingly unprecedented 
episodes of extreme, hotter drought stress, have 
already driven substantial changes in New Mexico’s 
vegetation over the past 20 years, foreshadowing 
massive reorganization of vegetation distributions 
and reductions in vegetative ground cover if current 
warming trends continue as projected (e.g., Jennings 
and Harris, 2017; Triepke et al., 2019). Such major 
alterations of New Mexico’s vegetation would also 

have substantial ecohydrological feedbacks with 
New Mexico water resources. Since water-related 
environmental stresses occur in parallel with water-
supply shortages for people, such climate-change-
driven water stress could lead to increasing conflict 
between management of declining water availability 
for human use (e.g., irrigation) versus “wild” water 
retained for the maintenance of historical ecosystem 
values and services (e.g., Grant et al., 2013; NMDGF, 
2016; Wahlberg et al., 2021). However, through 
collaborative translational approaches (Jackson, 
2021), thoughtful anticipatory planning (Bradford 
et al., 2018), and forward-looking ecosystem 
management actions (e.g., Schuurman et al., 2020), 
there is also the potential for creative, adaptive 
conservation strategies that increase resilience to 
water shortages for both New Mexico ecosystems 
and our intimately linked human societies.

KNOWLEDGE GAPS, 
UNCERTAINTIES, AND STRATEGIC 
AREAS WHERE NEW MEXICO 
MIGHT WANT TO INVEST IN 
FURTHER RESEARCH

1. Further research is needed on the hydrological 
responses (e.g., changes in watershed 
evapotranspiration and in timing and magnitude 
of surface-water runoff) to observed and 
anticipated watershed vegetation changes and 
ecosystem disturbances. For example, watershed 
research in California’s Sierra Nevada shows that 
direct or indirect reductions in forest biomass 
(e.g., through drought-induced dieback, fire, or 
mechanical thinning treatments) can substantially 
alter evaporation and transpiration in overgrown 
forests, with potential to increase both forest 
resilience and streamflow in some water-limited 
systems (Bart et al., 2021). Are these findings 
potentially relevant to our somewhat similar 
but also substantially different higher-elevation 
montane forest watersheds in New Mexico 
and southern Colorado?

2. The usefulness of today’s complex, process-based 
models used to project vegetation dynamics 
in response to changes in climate drivers is 
currently limited by large uncertainties from 
several sources, including the lack of realistic 
ecosystem disturbance processes. Thus one 
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essential research need is to develop and 
incorporate more realistic, well-parameterized, 
and better-validated representations of ecosystem 
disturbance processes (e.g., climate-induced 
vegetation mortality, insect pest outbreaks, 
and wildfire) into process-based vegetation 
models, including synergistic interactions among 
disturbance processes.

3. A general complementary approach to constrain 
the large uncertainties associated with projections 
of future vegetation dynamics from current 
process-based models is the development of 
empirical models that are directly based upon 
observational data. One southwest U.S. example 
is the “forest drought stress index” of Williams et 
al. (2013), which is an empirical model of climate 
relationships to forest growth that also turns out 
to be strongly predictive of the regional extent of 
climate-related, tree-killing bark beetle outbreaks 
and high-severity fires.

4. Further research is needed to sort out variability 
in findings regarding the effects of shrub 
dominance on deep soil moisture and potential 
shrub-related aquifer recharge in some desert 
landscapes (Sandvig and Phillips, 2006; Schlaepfer 
et al., 2017; Schreiner-McGraw et al., 2020).

5. Long-term ecological monitoring and research 
that is field-based in and representative of the 
diverse range of New Mexico landscapes is 
needed to adequately document, sufficiently 
understand, and effectively address: (1) current 
uncertainties and the expectation of many further 
tipping-point surprises over the rate, magnitude, 
patterns, and drivers of ecosystem reorganization 
in New Mexico relative to projected climate 
changes over the next 50 years; (2) associated 
ecohydrological responses; (3) modeling needs for 
better parameterization and validation of climate-
ecosystem process models; and (4) effective 
societal adaptations to anticipated climate 
change impacts to land and water resources 
(Bradford et al., 2018).
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Mesa Portales, Sandoval County; photo by Kevin Hobbs
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Soils play a strong role in determining how New Mexico’s diverse landscapes will respond to climate change. Soil cover acts 

like a sponge, holding in water that falls as rain or snow. The presence of soil supports vegetation and substantially 

reduces runoff and erosion. Soil enhances other processes such as infiltration of water and aquifer recharge. Soils 

can be damaged by a warming climate. Loss of vegetation in the Northwestern High Desert and Eastern Plains, 

where soils are not well developed and are easily damaged, will lead to dustier conditions in much of the state. On 

mountain hillslopes, the loss of vegetation cover in response to ongoing climate change will increase soil erosion, 

which then increases hillslope runoff. This in turn causes additional increases in soil erosion and bedrock exposure, 

which can largely prevent widespread recolonization by most plants, including trees. Soils on mountain hillslopes 

that face south, which are typically hotter and drier, will be damaged sooner by a warming climate than those on 

generally north-facing hillslopes that are slightly cooler and moister. Soils take many thousands of years to form, 

so these hillslopes will increasingly support sparse forests or, in some circumstances, be entirely deforested. These 

changes are already well underway in some mountains in New Mexico.
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supports recruitment by vascular plants. Moreover, 
the root networks of plant communities established 
in soils increase surface cohesion and enhance the 
infiltration/runoff ratio, thereby reducing erosion.

Two major questions concerning soils in 
New Mexico should be addressed: 

1. Will climate-driven loss of soils, trees, and other 
vegetation in diverse landscapes of New Mexico 
(e.g., stable landforms of the Eastern Plains, 
hillslopes of mountain ranges) result in permanent 
changes to our landscapes, including increased 
runoff, irreversible soil erosion, and large-scale 
exposure of bedrock?

2. If soils over extensive areas of different landscapes 
are removed by erosion, how long will it take 
to form a new soil? 

INTRODUCTION

T his chapter considers how climate change will 
impact soils, landscapes, and water resources in 

New Mexico. In this chapter, studies of soils and their 
relationships in diverse landscapes, climatic regimes, 
and geologic settings are described to illustrate how 
such studies provide the basis for evaluating the 
impacts of ongoing climate changes on New Mexico’s 
diverse landscapes over the next 5 decades. For 
general information on soil types across the state of 
New Mexico and landmark soil studies on rates and 
processes in soil formation across New Mexico, see 
Appendix B. Many recent studies have concluded that 
sustained periods of drought and extensive wildfires 
are causing significant erosion of hillslopes and soils 
in areas of New Mexico (see Chapters 4 and 5). The 
absence of soils on hillslopes is important because 
soils store water over large and continuous areas 
of hillslopes, and this fundamental aspect of soils 
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The loss of soils from landscapes impacts water 
resources because soils play an important role in 
the hydrologic cycle. The surfaces of most of Earth’s 
landscapes are associated with a soil, or loose, 
unconsolidated sediment formed through weathering 
processes that break down bedrock. When it rains 
or snows, water can either move into the soil or 
sediment (infiltration) and sink through the soil or 
sediment (percolation) or it may accumulate at the 
surface and move downslope across the surface 
(runoff). Some of the water that moves below the soil 
may ultimately join deeper groundwater, a process 
referred to as recharge (see Chapter 3). Surface 
runoff may also cause erosion of soil, sediment, or 
even bedrock. In some circumstances, the saturation 
of the soil or weathered rock can trigger different 
kinds of mass movements, such as debris flows, 
slumps, or slow downhill soil “creep” (see Chapters 
4 and 5). Eroded material is eventually transported 
to streams or rivers that ultimately deposit the 
sediment onto river floodplains and into lakes, 
reservoirs, and oceans.

The magnitude of runoff, infiltration, and 
recharge following precipitation on hillslopes is 
dependent on several variables including the steepness 
of the slope, the types and amounts of vegetation, the 
types and thicknesses of the soil and/or weathered 
surface materials, the amount of water in the soils 
prior to a precipitation event, and the overall surface 
area that is capable of producing runoff (Bierman and 
Montgomery, 2019). Thus, the distribution of various 
soil and sediment characteristics on hillslopes (such as 
soil thickness) plays an important role in the processes 
that directly or indirectly impact water resources in 
New Mexico. For example, future changes in climate 
that affect the spatial extent of soils in New Mexican 
landscapes (e.g., through increases in soil erosion; 
see Chapter 6) will have immediate impacts on 
water resources, as the removal of soil will strongly 
impact surface hydrological processes as well as 
substantially increase hillslope erosion (see Chapter 6) 
by increasing the proportion of runoff relative to 
infiltration. Climate changes that result in increases in 
soil temperature, evapotranspiration, and the depth 
of soil moisture movement will also have a significant 
impact on water resources, although these impacts 
will likely play out over longer time scales. 

In considering these important questions, it is 
useful to understand the nature of the soils that exist 
in the diverse landscapes of New Mexico. A few key 
factors most strongly influence the rates, processes, 
and magnitude of soil development in our landscapes. 
Two important factors are relief (or topography) and 
parent material (the materials in which a soil forms; 
Jenny, 1941; Birkeland, 1999). Also, the length of 
time a soil has been forming is important, as many 
soil properties change with time. Finally, an especially 
important factor is climate. A conceptual approach 
that has been used for several decades to demonstrate 
how these soil-forming factors affect the development 
and evolution of soils on different kinds of landforms 
or in different climate regimes is called the Factors of 
Soil Formation or the CLORPT (climate, organisms, 
relief, parent material, and time; Birkeland, 1999) 
approach. Appendix B provides helpful background 
materials concerning the scientific study of soils and 
landscapes, including (1) overviews of the CLORPT 
approach, (2) studies that show the lengths of time 
over which many types of soils form, and (3) different 
hillslope types and how surface processes associated 
with hillslope affect soil development. In this chapter, 
studies of soils and their relationships in diverse 
landscapes, climatic regimes, and geologic settings 
are described to show how they provide the basis for 
considering the impacts of ongoing climate changes 
on New Mexico’s diverse landscapes over the next 
5 decades. Studies of how soil landscapes responded 
to changes in climate during the past few centuries 
extending to about 15,000 years ago (i.e., including 
global changes in climate following the last great 
ice age and those that have occurred since then) 
are also essential for increasing the reliability of 
predictions largely made on the basis of numerical 
modeling. Such studies are essential in predicting the 
consequences of ongoing climate changes that are 
already impacting the landscapes of New Mexico and 
which may well ultimately cause irreversible changes 
over the next several decades and beyond. 

IMPACTS OF CLIMATE CHANGE ON 
SOIL LANDSCAPES IN NEW MEXICO

An increasing number of studies address the direct 
impacts of climate change on soil properties and 
soil formation, especially considering the potential 
contributions of carbon from the uppermost, organic-
rich soil horizons to the atmosphere (e.g., Varney 
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et al., 2020). In New Mexico, where global climate 
models indicate a high probability of significant 
warming (see Chapter 2), some likely impacts on soil 
development and water resources can be predicted. 
Although changes in average annual precipitation 
over the next several decades will likely be relatively 
minor (see Chapters 1 and 2), increases in annual 
temperature and therefore soil temperatures in 
dryland environments, coupled with diminished 
vegetation cover, favor decreases in soil organic 
matter. This decrease is related to processes such as 
increased carbon mineralization caused by increased 
microbial activity and elevated carbon dioxide in the 
uppermost soil horizons (e.g., Pritchard, 2011), slight 
decreases in the average depth to which soil moisture 
will descend, and diminished soil-water availability 
(see also Birkeland, 1999; McFadden, 2013). 
Coupled with predicted increases in the frequency, 
intensity, and length of droughts (see Chapters 2 and 
9), studies indicate that these changes will in turn 
change the rate at which carbonate (sometimes called 
caliche) forms in soils (McFadden and Tinsley, 1985; 
McFadden et al., 1991; Breecker et al., 2009).

Impacts on Eolian Landscapes and Eolian 
Processes—Climatic changes over the next 50 years 
are likely to substantially influence the distribution 
and thickness of many soils in New Mexico. For 
example, windblown (eolian) sediments cover many 
areas of New Mexico, especially in northwestern 
New Mexico and in large areas of the Eastern 
Plains. At present, these particular eolian landscapes 
have been stabilized by vegetation (Lancaster and 
Marticorena, 2008), which has enabled formation 
of relatively weakly developed soils. A future loss of 
the plant community, mainly in response to warmer, 
sustained periods of drought, will likely lead to 
widespread destabilization of eolian landforms (Muhs 
and Maat, 1993; Madole, 1994; Forman et al., 
2008; Ellwein et al., 2018). Although the presence of 
more well-developed soils will slow destabilization 
(Ellwein et al., 2018), research shows that 
destabilization—essentially a form of desertification 
(the transformation of a vegetated landscape to 
a largely barren desert)—is already underway in 
parts of northeastern Arizona (Bogle et al., 2015). 
Desertification of the vast eolian landscapes on the 
Colorado Plateau, a large part of which occurs in 
northwestern New Mexico (Figure 5.1) will allow 
large quantities of dust to be transported long 
distances by wind. The deposition of such dust 

on top of the snowpack on downwind mountain 
ranges has already led to early melting of snowpack 
(Painter et al., 2012).

Once these eolian landforms are destabilized, 
stabilization at some future time will require, 
at minimum, changes to an effectively less arid 
climate that enables colonization of active eolian 
landforms. Formation of soils that provide increased 
resistance to destabilization will require at least a 
few thousand years, as shown by results of studies 
of soil development in eolian landscapes in different 
parts of the American Southwest (Wells et al., 1990; 
Ellwein et al., 2018)

The extensive drylands of eastern New Mexico 
are dominated by soils that have either fine-grained/
thin-surface horizons or thicker and more organic-
matter-rich horizons, as in short-grass prairie soils. 
Such soils are especially vulnerable to deflation 
(erosion by wind of loose sediment) when subjected 
to extended drought-caused losses in vegetation and/
or certain types of ground disturbance and/or heavy 
tilling. Lambert et al. (2020) reported that given the 
expansion of agriculture in many parts of the U.S. 
Great Plains, increases in drought and associated 
crop losses are already causing increases in erosion 
and dust emission. Farmers in Curry County and 
other parts of eastern New Mexico, observing 
drought-stricken fields, are concerned that future 
increased windiness could result in significant erosion 
and dust emission, essentially establishing a “new 
Dust Bowl’’ (Albuquerque Journal, Jan. 2, 2021). 
The rapid decline of the Ogallala Aquifer may force 
the abandonment of agriculture in parts of eastern 
New Mexico (Rawling, 2018), which will further 
increase deflation and dust emission, especially 
if warm season grasses are unable to effectively 
recolonize such landscapes in the increasingly warmer 
and more arid climate (e.g., Winkler et al., 2019). 

Some researchers attribute the development 
of large areas characterized by small sand dunes 
formed around clumps of vegetation in arid regions 
of south-central New Mexico to increases in grazing 
pressure coupled with drought on formerly grassland-
dominated landscapes (Gile et al., 1981). Even if 
grazing pressure on these landscapes is reduced over 
the next several years, given the inexorable increase 
in temperature and drought length and severity, 
reestablishment of native grasslands is unlikely, as 
noted above. Whether the substantial diminishment of 
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plant cover occurs on sandy or finer-textured surfaces 
of landscapes in the drylands of New Mexico, a 
significant increase in deflation of unconsolidated 
surficial materials by seasonally strong winds is 
virtually assured. Accordingly, the response of large 
regions of eastern and south-central New Mexico 
to the next 50 years of climate and environmental 
change is almost certainly increasing desertification, 
accompanied by increasing dust emission and 
increased erosion on hillslopes, as described in 
the following section.

Increased Erosion on Hillslopes—Over the next 
5 decades, climate change will alter the soils that 
currently exist on the hillslopes of New Mexico. 
Climate change substantially affects many hillslope 
processes in hot, arid landscapes that have basin-wide 
impacts on soil and landscape evolution (Bull, 1991; 
Figure 5.1). Bull (1991) proposed that significant 
increases in temperature and aridity would cause 
increases in hillslope runoff and erosion by reducing 
vegetation cover. Such a climate change occurred 
during the transition between the cooler climate 
of the late Pleistocene (the last glacial period of 
the 2.6-million-year Pleistocene Epoch) and the 
much warmer Holocene (approximately the last 
12,000 years, referred to as an interglacial period). 
The soil and weathered rock eroded from hillslopes 
ultimately caused ephemeral streams to deposit the 
sediment on alluvial fans. 

Substantial increases in average annual global 
temperature have occurred during all previous 
glacial-to-interglacial sequences, and changes in 
climate of a smaller magnitude have occurred 
during the Holocene. Paleoclimatic research in the 
southwestern United States also demonstrates that 
during previous interglacial periods there have been 
shorter intervals of increased warm temperatures 
(Fawcett et al., 2011), a pattern somewhat analogous 
to present circumstances. Geomorphological and 
paleoclimatological studies, in addition to providing 
insight into the behavior of eolian landscapes, provide 
insight into how an increasingly warmer climate in 
New Mexico over the next several decades might 
affect hillslopes and soils.

An important aspect of the Bull (1991) model 
is that diminished hillslope vegetation substantially 
increases the erosion of soils, thus increasing bedrock 
exposure. Ongoing research in the eastern Mojave 
Desert provides important new insights concerning 

- Precipitation 
+ Grazing by domestic animals 

+ Temperature

- Sediment concentration
+ Water runoff/infiltration

+ Sediment concentration 
+ Water runoff/infiltration

- Soil thickness
+ Area of exposed rock

Threshold of critical power 
exceeded or not exceeded

- Sediment yield

- Vegetation density

+ Sediment yield

Figure 5.1. A flow diagram showing increases (+) and decreases 
(-) in variables involved in processes associated with sediment 
transport on hillslopes and deposition on alluvial fans in deserts 
(after Bull, 1991). “Critical power” signifies the power associated 
with water flowing in a stream channel needed to transport the 
sediment load. Feedbacks are indicated by dashed lines. 
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the impacts of climate change on hillslopes associated 
with rocks resistant to chemical weathering in a 
high desert setting (Persico et al., 2016; McAuliffe 
et al., 2019; Persico et al., 2019; Persico et al., 
2022). This body of research generally confirmed 
the Bull (1991) model, showing that climate changes 
after the end of the last ice age caused substantial 
increases in erosion, substantial loss of soil mantle, 
and substantial increases in bedrock exposure on 
hillslopes. However, these responses to climate 
change are most strongly expressed on south-facing 
hillslopes, and they occurred several thousand years 
following the end of the Pleistocene Epoch. The 
contrast between north-facing and south-facing 
hillslopes in the same geographic area are illustrated 
in Figures 5.2A and B. The south-facing hillslopes 
have large areas of bedrock and/or a thin layer of 

unconsolidated, weathered material that can move 
downslope under the influence of gravity (colluvium) 
over the bedrock (Figure 5.2B). Isolated remnants 
of much thicker but stabilized colluvium on which 
a soil has developed that supports warm-season 
grass occur on these hillslopes. Field studies show 
that these hillslopes once had a continuous cover of 
colluvium and soil. Because soil horizons in many 
dryland soils contain a large amount of accumulated 
eolian dust (McFadden, 2013; Persico et al., 2022), 
the timing of the accumulation of the dust can be 
dated. This enables determination of the timing of 
the formation of the soil and the age of the formerly 
continuous hillslope cover of colluvium. The dates 
show that the soils started forming over 20,000 years 
ago, at a time when paleobotanical studies show that 
a piñon–juniper woodland with intercanopy grass 

Figure 5.2. (A) Smooth vegetation and soil-mantled, north-facing 
hillslopes in a semiarid region of the eastern Mojave Desert, 
California. Such hillslopes are regarded as transport-limited 
slopes. See text for details. (B) Close-up of a sparsely vegetated 
and locally bedrock-dominated detachment-limited or weathering-
limited hillslope located on south-facing hillslopes only a few 
hundred meters from north-facing hillslopes shown in Figure 5.2A. 
Photo by Les McFadden

A

B
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was present. The warming and increasingly more arid 
climate after the end of the ice age caused the loss of 
the woodland. However, the only extensive alluvial 
deposit and associated river terrace present in this 
area is about 3,000 years old. This indicates that 
the presence of a grass community in the semiarid 
climate of the Holocene acted to resist erosion until 
well into the Holocene. 

On smooth, curvilinear, north-facing slopes 
(Figure 5.2A), the soil is nearly continuous and 
supports a grass-dominated vegetation community. 
This type of hillslope develops when the rate of 
weathering and soil formation exceeds the rate of 
hillslope erosion. Why did the north-facing hillslopes 
respond so differently than the south-facing hillslopes, 
despite the fact that they have identical rock types 
and are subject to the same regional climate? The 
answer is that in the northern hemisphere, south-
facing hillslopes receive a greater amount of sunlight 
than north-facing hillslopes. Burnett et al. (2008) 
showed that this topographically driven difference in 
climate (referred to as topoclimate) is large enough 
to cause differences in soil temperature and moisture 
content. Thus, although the north-facing hillslopes 
lost the piñon–juniper woodland at the beginning 
of the Holocene, the slightly cooler and moister 
conditions (mesic conditions) enabled the retention of 
a grass community. Accordingly, in marked contrast 
to the warmer and drier south-facing hillslopes 
(xeric conditions), the continuous grass cover 
greatly minimized erosion. 

This research demonstrates how considering 
hillslope aspect allows assessment of the varied 
impacts of climate change on the magnitude of 
erosion and sediment production from hillslopes 
that have different kinds and thicknesses of soils and 
contrasting plant communities. Research in dryland 
regions shows that the development of moderately 
developed soils that support plant communities and 
resist erosion requires many thousands of years 
(Appendix B). Once stripped from hillslopes, their 
reestablishment will require substantial lengths 
of time—as long as many thousands to tens of 
thousands of years. 

Changes in climate during the last 12,000 years 
(since the end of the last glaciation) have resulted in 
episodes of increased wildfire frequency and severity 
on the higher-elevation, forested hillslopes of the 
Southern Rocky Mountains, Jemez Mountains, and 

Sacramento Mountains (Anderson et al., 2008a; 
Fitch and Meyer, 2016; Frechette and Meyer, 2009; 
see Chapters 4 and 5). Both tree-ring (dendrological) 
studies and assessment of fire-related alluvial deposits 
show these episodes are correlated with periods of 
climate warming and/or drought severity over the 
past 5,000 years. Observed increases in sediment 
deposition during the Holocene in these areas are 
interpreted to reflect increased erosion of hillslope 
soils (see Chapter 6 for extended discussion of 
impacts of wildfires on hillslopes and river channel 
responses). The strongly correlated radiocarbon-dated 
fire-related deposits and paleoclimatic evidence for 
periods of warming and/or extended droughts show 
that the erosional response of hillslopes to periods of 
wildfire is extensive and occurs over a short period 
of time. Numerous studies in the Bandelier National 
Monument area located on the Pajarito Plateau 
(see Chapters 4 and 6) also provide evidence of the 
impacts of recent warmer temperatures, drought, land 
use, and wildfire on hillslopes and soils (see Chapters 
4 and 6 and associated citations). 

Fitch and Meyer (2016) demonstrated that 
climatic differences related to hillslope aspect strongly 
influenced the postfire erosion response to the 2002 
Lakes fire in the Jemez Mountains of New Mexico. 
Whereas fire-related alluvial deposits constituted 
over three-quarters of the fan sediments derived from 
north-facing basin hillslopes, fire-related deposits 
made up only about 40% of fan sediments from the 
south-facing and more xeric basin hillslopes. The 
researchers concluded that south aspects produce 
more runoff and sediment given their sparser 
vegetation and increased bedrock exposure; the 
north-facing and more mesic hillslopes mantled by 
soil produce much less runoff and sediment unless 
they are severely burned. The researchers also 
concluded that the magnitude of the erosion and 
deposition produced by this fire was larger than 
any other postfire response in the Jemez Mountains 
in the last several thousand years. They attributed 
this to extreme drought and fuel loading associated 
with fire suppression.

Effects of Bedrock Type on Hillslope Erosion—
Research in semiarid, piñon–juniper-dominated 
hillslopes in different areas of the southwestern 
United States demonstrates that the type of bedrock 
in drainage basins strongly influences rates of 
weathering, soil development, vegetation, and erosion 

WG Ex. 7

0138



61

  C H A P T E R  V .  S O I L S

(McFadden and McAuliffe, 1997; Persico et al., 
2011). Accordingly, climate changes affect drainage 
basins associated with different rock types in different 
ways. For example, studies show that the sandstone 
of the Jurassic Morrison Formation and the Bluff 
Sandstone are especially sensitive to changes in 
climate, as they are rapidly weathered by wetting–
drying cycles (McAuliffe et al., 2006; McAuliffe et 
al., 2014). When rainwater soaks into this kind of 
bedrock, the water interacts with some of the clay 
minerals that bind the sand grains together. The 
clay absorbs the water and expands, but when soil 
temperatures increase, this causes loss of the water 
from clay (a process called dehydration) and the clay 
shrinks. Over time, many expansion–contraction 
cycles cause weakening of the clay cement and 
disintegration of the sandstone bedrock (Tillery et 
al., 2003). This process favors the rapid weathering 
of the clay-cemented sandstone and the formation 
of weakly developed soils in only a few decades 
on north-facing hillslopes (McAuliffe et al., 2006; 
McAuliffe et al., 2014) because, as noted above, 

north-facing hillslopes favor cooler temperatures and 
a moister, mesic environment than do south-facing, 
xeric hillslopes. The mantle of soils on the former 
hillslopes is continuous and able to support a piñon-
pine community on a smooth, curvilinear hillslope. 
Geoscientists who focus on studies of the origin and 
evolution of landscapes refer to this type of hillslope 
as transport-limited (Figure 5.3; Appendix B). The 
south-facing hillslopes in these areas that formed 
on the same sedimentary rocks are very different; 
they are generally much steeper and have a much 
greater area of exposed bedrock and much less 
vegetation cover. This kind of hillslope is referred to 
as weathering-limited (Figure 5.4; Appendix B). As in 
the eastern Mojave Desert study area, the contrasts in 
hillslope form and soils in the northeastern Arizona 
site and their responses to climate change also can be 
attributed to differences in aspect-related temperature 
and soil moisture—conditions that in turn 
influence soil development and hillslope character 
(Burnett et al., 2008). 

Figure 5.3. Smooth, soil- and vegetation-mantled, north-facing, transport-limited hillslopes with a piñon forest formed on Jurassic sandstone in a 
semiarid climate in northeastern Arizona. After Figure 9 in McFadden (2013).
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Evaluation of soils and vegetation, studies of 
tree-ring growth (Scuderi et al., 2008; McAuliffe 
et al., 2006; McAuliffe et al., 2014), and studies 
of erosion associated with large monsoon storms 
(Wawrzyniec et al., 2007) show that smooth, soil- 
and vegetation-mantled hillslopes are very quickly 
changing into steeper and sparsely vegetated hillslopes 
(Figure 5.5). On the basis of detailed dendrological, 
soil, and other studies, McAuliffe et al. (2006; 2014) 
attributed this change to sustained periods of drought 
during the last few centuries that were abruptly 
followed by monsoonal storms and/or tropical 
cyclones. Their studies documented substantial 
losses of perennial grasses and perennial herbaceous 
plants caused by the 1999–2002 drought in this 
area and over much of the Southwest. Substantial 
reduction, or even complete loss, of these plants 
and their root networks allowed significant soil 
erosion and bedrock exposure that was caused by an 
unusually large monsoonal storm (Wawryzniec et al., 
2007). Longer droughts and warmer temperatures 
over the next 50 years will likely accelerate similar 
changes to hillslopes in southwestern drylands on 
similar rock types. In New Mexico, the smooth, 
soil- and vegetation-mantled hillslopes shown in 
Figure B.5 in Appendix B are northwest-facing, 
whereas the southwest-facing hillslopes formed on 
identical sedimentary rocks in the same field area are 
essentially bare of soil and vegetation and have many 
steep cliffs (Figure B.6 in Appendix B). Geologic maps 
of New Mexico (New Mexico Bureau of Geology 
and Mineral Resources, 2003) show that rocks like 
the sedimentary rocks of northeastern Arizona—rock 
types that are very sensitive to climate warming 
and droughts—are also present in New Mexico. 
Over time, as climate change reduces vegetation 
and soil erosion accelerates, the northwest-facing 
hillslopes will assume the form of the southwest-
facing hillslopes. Given the results of the studies 
in northeastern Arizona, these changes will occur 
rapidly, likely over decades to centuries.

 The study by Persico et al. (2011) in the foothills 
of the Sandia Mountains provides another example 
of the important role rock type plays in soil- and 
hillslope-forming processes as they are affected by 
climate changes (see Appendix B, Figure B.8). The 
Sandias are composed mainly of Sandia Granite and 
are characterized by bedrock-dominated (weathering-
limited) core-stone hillslopes, which consist of bare, 
fractured, ellipsoidal blocks of granite, as illustrated 

in the lower left corner of Figure 5.6. Core-stone 
hillslopes have small patches of thin, weakly 
developed soils between the large core-stones. Where 
small, tabular bodies (geologists call these features 
dikes) of a rock type called aplite (a fine-grained, 
granite-like igneous rock) occur in the granite, the 
aplite breaks down to large blocks that accumulate 
on hillslopes below the dikes. The blocks efficiently 
entrap windblown dust, a process that eventually 
causes the formation of a thick, well-developed soil 
(as described in Appendix B, Figure B.8; McFadden, 
2013). These smooth, soil-mantled hillslopes 
(Figure 5.6) have been stable for tens of thousands of 
years. Ongoing shifts in climate that reduce vegetation 
cover will accelerate erosion of these soils, although 
far more slowly than the very rapid soil erosion 
rates of soils formed on the sedimentary rocks in 
the northeast Arizona study area. The results of the 
Persico et al. (2011) study indicate the soils could 
potentially persist for several thousand years, unless 
the hillslope vegetation and soils are subjected to 
wildfire, as discussed in the following section and 
in Chapters 4 and 5. 

Changes to High-Elevation Soils and Hillslopes: 
The Next 50 Years—What insights do soil studies 
at lower-elevation, piñon–juniper forests in a 
semiarid climate provide about the possible impacts 
of the next 50 years of climate change on forested, 
higher-elevation settings in New Mexico? There is 
little doubt that there will be continued changes 
in vegetation in response to future increases in 
temperature, drought, and wildfires (see Chapter 4). 
As many studies have already demonstrated, this 
will both substantially reduce soil infiltration and 
canopy cover and increase soil erosion. This and 
other research suggests that at higher-elevation 
settings, many hillslopes with continuous soil mantles 
and vegetation will begin to shift to hillslopes with 
discontinuous soils, generally thinner soils, and larger 
areas of exposed bedrock. In some areas, virtually 
complete loss of soils and most vegetation is possible. 
As noted in the introduction to this chapter, such 
changes will have large impacts on surface hydrology, 
shallow-subsurface water flow, groundwater recharge, 
and the behavior of streams and rivers. Hillslopes 
in many areas of the state will become bedrock-
dominated hillslopes that are largely incapable of 
enabling widespread recruitment of plants better 
adapted to future, higher-average temperatures. More 
xeric conditions are a virtual certainty.
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Figure 5.4. Steep, bedrock-dominated, south-facing, weathering-limited hillslopes formed on Jurassic sandstone in a semiarid climate 
in northeastern Arizona. These south-facing hillslopes are located less than 50 m from the north-facing hillslopes shown in Figure 5.3. 
Photo by Les McFadden

Figure 5.5. Recent erosion and exposure of Jurassic sandstone on east-facing hillslopes located between hillslopes shown in Figures 
5.3 and 5.4. Erosion is rapidly removing a once-continuous soil associated with formerly transport-limited hillslopes and transforming 
them into steep, bedrock-dominated, detachment-limited hillslopes. The seated geologist is examining recently exposed roots 
associated with cliffrose plants that are established on remnants of the soil visible on the right side of the photograph. The geologist at 
right is standing on a calcite-cemented concretion that is more resistant to weathering and erosion than the clay-cemented bedrock. 
This observed very rapid change in hillslope form is most likely caused by the impacts of recent decade- to centennial-scale climate 
changes. After Figure 11 in McFadden (2013). Photo by Les McFadden
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Local bedrock types are, as described above, 
an important factor. Rocks that are less resistant 
to weathering and erosion are abundant in the 
landscapes of New Mexico, and they will likely 
respond to climate changes rapidly, leading to major 
losses of associated soil mantle after the stabilizing 
vegetation canopy has withered. Recolonization 
may take considerable time (see Chapter 4). As 
soils are eroded on hillslopes, exposed bedrock will 
generate more runoff than soil- and vegetation-
covered hillslopes do. Increased runoff will erode the 
remaining soils, further increasing bedrock exposure 
and constituting self-reinforcing positive feedback. 
Trees may eventually be able to colonize certain areas 
of these future hillslopes, but the forests will likely be 
sparse (see Chapter 4). Formation of new soil takes 
a minimum of several centuries—more likely, many 

thousands of years. Even those plant species adapted 
to future warmer conditions will be unable to quickly 
recolonize cooler, higher-elevation environments that 
lack substantial soil cover.

What conditions would potentially prevent or 
perhaps minimize soil erosion in higher-elevation 
hillslopes subject to drought and wildfire? Such 
conditions would be present on those hillslopes with 
thick deposits of coarse colluvium, talus, and glacial 
till. These parent materials (1) favor accumulation 
of fine, windblown sediment and development of 
soils over a generally greater thickness; (2) have 
generally higher infiltration rates and permeability 
relative to bedrock; and (3) have relatively lower 
erosion potential. To some extent, the abundance of 
colluvium and talus on these hillslopes reflects the 
presence of steep, bedrock-dominated topography 

Soil-mantled 
aplite hillslopes

Figure 5.6. Core-stone-dominated hillslopes (in left foreground) are the dominant kind of hillslope in the Sandia Mountains foothills formed on 
granitic rocks. Two smooth, soil-mantled, transport-limited hillslopes are labeled. Understanding how such soils and hillslopes form provides 
the basis for predicting how they have responded to past climate changes and how they may respond to the next 50 years of climate change. 
Photo by Les McFadden
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in much of the highest elevations of these mountain 
ranges (Figure 5.7). Such mountain ranges, including 
the Sangre de Cristo and San Juan Mountains, have 
been subject to alpine glaciation during at least the 
last few million years. The legacy of long durations 
of glacial climate on the surface processes during the 
Pleistocene greatly complicate study and evaluation of 
the soils and landforms of high-elevation mountains 
as well as the impacts of ongoing climate changes in 
these areas (Aldred, 2020). For example, shattering 
of bedrock in high-elevation alpine zones is an 
efficient mechanism for producing large volumes 
of colluvium, talus, and scree—angular rock debris 
that accumulates along and at the base of hillslopes 
(Bierman and Montgomery, 2019). Frost shattering 
undoubtedly was an important weathering process 
at elevations that in the currently warmer climate 

of the Holocene are no longer subject to this kind 
of weathering. The combination of high relief and 
strong rock types such as granite is also conducive 
to the generation of steep, bedrock-dominated 
hillslopes, especially in high-elevation mountains 
that supported large glaciers during the Pleistocene. 
Many hillslopes in formerly glaciated mountains in 
New Mexico formed as a result of the deposition 
of glacial till and resultant development of ridges 
and hummocky landforms called moraines in the 
Pleistocene (see Appendix B). The presence of soils 
that have formed in the last 12,000 years on hillslopes 
composed of bouldery, morainal sediment or talus 
that resist erosion and stripping following wildfires 
may enable recolonization by some plants, including 
trees (see Chapters 4 and 5 for an in-depth overview 
of ecological succession and wildfire impacts).

Figure 5.7. Alpine hillslopes, Sangre de Cristo Mountains. The steepest, largely unvegetated hillslopes in the midground are an excellent example 
of rock-dominated, detachment-limited hillslopes (see Appendix B for explanation). The dominance of such hillslopes at the highest elevations of 
this mountain range is largely attributable to previous periods of glaciation. Frost shattering is a key physical weathering process operating on such 
hillslopes, and the products of this process (talus and colluvium) are accumulating on the hillslopes. The lower-elevation, smooth and vegetated 
hillslopes in the background are examples of transport-limited (or weathering-limited) hillslopes (see Appendix B). Photograph taken from the summit 
of Wheeler Peak at an elevation of 13,160 ft. Photo by Les McFadden
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These changes in the soils and geomorphology of 
higher-elevation hillslopes may result eventually in 
the development of increasingly sparse vegetation on 
hillslopes that are characterized by a discontinuous, 
patchy pattern of soil cover and a more extensive 
exposure of bedrock. These conditions will be 
irreversible over time scales of thousands or more 
years. The climate of New Mexico has been subject 
to major glacial-to-interglacial changes during the 
last 2.6 million years. Throughout the western United 
States, major mountain plant communities responded 
by migrating to higher altitudes during changes to 
warmer conditions and to lower altitudes during 
changes to cooler temperatures (Betancourt et al., 
2016). The average elevation change of these shifting 
communities was as much as 2,500 ft (Spaulding, 
1990). We should expect New Mexican plant 
communities to shift upward in elevation in response 
to future warming. Of course, migration to higher-
elevation hillslopes will not be a practical option 
for those plant communities that already occupy 
the highest elevations of any mountain range or 
where yet-higher-elevation hillslopes are completely 
dominated by bedrock. In the state’s highest 
mountains, soils and sediments that can support 
plants may survive the aftereffects of wildfire (see 
Chapter 4 for an extended discussion of ecological 
dynamics and related topics). 

It is highly likely, however, that in 50 years 
hillslopes will exhibit the initial, if not a more 
advanced, stage in a transformational shift from soil-
mantled to more bedrock-dominated slopes. Cooler 
and effectively moister conditions exist at increasingly 
higher elevations in mountain ranges or, in the 
northern hemisphere, at increasingly more northerly 
latitudes. Thus, species of trees that now exist at 
lower elevations and are subject to a warming climate 
(see Chapter 2) could potentially thrive in higher-
elevation settings (or at more northerly latitudes). 
However, the changing nature of the hillslopes, 
as specifically reflected in the diminished cover of 
soil, will likely favor the development of a sparser, 
patchy forest. The results of soil geomorphological 
research strongly suggest that the changes in hillslope 
character described in this chapter will be irreversible 
on human time scales.

SUMMARY

1. Soils influence how New Mexico’s diverse 
landscapes have responded and are 
responding to climate change.

2. Soil cover acts like a sponge, holding water during 
times of rain and snow. Because many soils retain 
much of this infiltrated water, they also support 
vegetation. The presence of vegetation intercepts 
rain, reducing runoff, and the presence of soils 
increases evapotranspiration and favors shallow-
subsurface flow. Lack of soils substantially 
increases surface runoff and reduces recharge.

3. In the drylands of New Mexico, loss of vegetation 
due to climate change increases erosion, in many 
cases caused by wind. In the Eastern Plains, large 
amounts of dust will be produced. The landscapes 
of northwest New Mexico contain many 
windblown deposits of sand (e.g., sand dunes). 
Those dunes not stabilized by well-developed soils 
are undergoing reactivation. Desertification will 
only increase as temperatures rise in New Mexico 
over the next 50 years, resulting in many negative 
agricultural and health impacts.

4. At the end of and following the last ice age, 
climate changes characterized by increases in 
global temperature occurred; for New Mexico 
this resulted in increased frequency and intensity 
of drought and wildfires as well as overall aridity. 
Studies that show how New Mexico’s landscapes 
responded to those climate changes provide deep 
insights into how ongoing climate changes and 
future changes will affect New Mexico water 
resources over the next 50 years and beyond. 

5. On mountain hillslopes, the loss of substantial 
vegetation cover in response to ongoing climate 
change is increasing soil erosion. On some 
hillslopes, soil erosion is increasing the area of 
exposed bedrock, which then increases hillslope 
runoff. This in turn causes additional increases in 
soil erosion and bedrock exposure.

6. Hillslopes that have effectively hotter and drier 
topoclimate (e.g., generally south-facing) will 
respond sooner to a warming climate than 
hillslopes with slightly cooler and effectively 
moister topoclimates (e.g., generally north-facing).
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7. Bedrock-dominated hillslopes largely prevent 
widespread recolonization by most plants, 
including trees. (Other impediments to 
recolonization are presented in Chapter 4.) 

8. Soils can take many thousands of years to 
form, so loss of soil on hillslopes will lead 
to fewer or more sparse forests or, in some 
circumstances, total lack of tree colonization. 
These changes are already well underway in some 
mountains in New Mexico. This is the future 
for most of our mountain landscapes over the 
next several millennia.

KNOWLEDGE GAPS

1. New Mexico’s high-elevation mountain ranges 
provide much of the surface flow to our rivers and 
groundwater recharge to our aquifers. Therefore, 
more soils and geomorphic research in high-
elevation mountains is essential. Unfortunately, 
outside of the Jemez Mountains, a survey of 
the relevant literature in peer-reviewed journals 
and other publications reveals that relatively 
little soils and geomorphological research on the 
mountains of New Mexico has been conducted. 
Accordingly, future research efforts in these 
mountains should include characterization and 
evaluation of hillslope-aspect-related contrasts 
in soils, plant communities, and geomorphology. 
Data provided by these studies can be input 
into numerical models to calculate the net soil 
loss from hillslopes as functions of topography, 
vegetation, and other variables. Models which 
determine potential soil loss and sediment delivery 
have been successfully used to calculate potential 
soil erosion and sediment production from 
drainage basins in the upper Santa Fe Municipal 
Watershed (Lewis, 2018). 

2. New Mexico’s upland forests are a precious 
state resource. Ongoing paleoclimatic and 
paleobotanical research (Fawcett et al. 2011; 
Staley et al., 2022) is shedding new light on 
the impacts of episodic intervals of increased 
warming during past interglacial periods on forest 
communities—a pattern of climate change that 
serves as a potential analogue for present and 
future warming. More such research is needed.
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New Mexico has a dynamic landscape; climate change and increasing fire frequency over the next 50 years will amplify 
recently observed instability. As the climate changes to warmer conditions, less rainfall will infiltrate into aquifers, 

leading to increased overland runoff. Landform processes can be complex, but in general the predicted changes 

in climate and precipitation will lead to increased upland erosion caused by runoff and increased downstream 

sediment deposition. Canyons, mesas, and small basins or valleys filled with sediment will be particularly affected. 

Rapid rearrangement of sediments by water is disruptive and potentially hazardous to ecosystems and societies. 

Dramatic examples of accelerated erosion following the Whitewater–Baldy, Las Conchas, and other wildfires 

here in New Mexico illustrate the types of hazards created when forested landscapes are severely burned. Post-

wildfire erosion is typically initiated by intense rainfall events. Given that both the number of wildfires and rainfall 

intensities are likely to increase as the climate warms, New Mexico can expect to see increases in widespread erosion 

and sedimentation across and downstream from upland forested areas in the state. The large volume of sediment 

predicted to be on the move will be of concern for many reasons, including filling reservoirs, choking channels, and 

blocking or destroying infrastructure. Positive feedback loops lead to further reductions in slope stability.  

69

  C H A P T E R  V I .  L A N D S C A P E ,  F I R E ,  A N D  E R O S I O N

V I .  L A N D S C A P E ,  F I R E ,  A N D  E R O S I O N
Anne C. Tillery, Leslie D. McFadden and Craig D. Allen

Records of past landform responses to changes 
in climate provide clues to possible landform 
response adjustments to future changes in climate. 
The geomorphic, or landform, record indicates that 
changes in the current climate of New Mexico will 
likely bring about modifications to New Mexican 
landforms as they respond to new climatic conditions 
(Bull, 1991). The timing and manifestation of 
these landscape modifications will vary based on 
a variety of factors, including the morphology of 
the initial landscape and the landform’s position on 
it (McFadden and McAuliffe, 1997; Tillery et al., 
2003; Chapter 5 of this bulletin). Also important 
are the strength of the underlying bedrock material; 
changes in temperature, moisture, and precipitation; 
and feedbacks with changes in vegetation cover, 

INTRODUCTION

P ast changes in climate have left behind records 
of dramatic landscape changes. This is because 

landforms, which landscapes are composed of, are in 
part a function of the specific climates in which they 
form. Large dune fields, for example, are common 
in arid and semiarid regions, as in New Mexico. 
When a stable climate undergoes a transition to a 
new and different climate setting, landforms respond 
to the changed climate (Bull, 1991). The time during 
which the landscape is adjusting to a climatic shift is 
typically characterized by a period of change until the 
landscape reaches a new equilibrium with the new 
climate. As discussed in Chapter 5, hillslopes covered 
with soils that took centuries to form in stable 
conditions can be stripped in years to decades due to 
changes in precipitation patterns or amounts. 
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which includes the geomorphic state of the fluvial 
system (Gellis et al., 2017). Using the record of past 
geomorphic responses as a key, we can infer that 
landscape responses will likely include wide-scale 
erosion in some locations and deposition of large 
volumes of sediment in others. The speed at which 
these landscape modifications might occur is difficult 
to estimate, but during the period of landscape 
adjustments, large scale movement of sediment and 
debris will continually disrupt local communities and 
ecosystems until landscape equilibrium is achieved.

This chapter looks at examples of past 
manifestations of climate change on fluvial or riverine 
landscapes in New Mexico and other western states 
to estimate the response of our current landscapes 
to anticipated warming, drying, and changing 

precipitation regimes documented in other chapters 
of this bulletin (Chapters 1, 2, 3, and 10). We also 
detail recent, large-scale, and devastating erosion 
events in New Mexico as an illustration of what 
can be expected moving forward. The insights 
provided on landscape response to climate change 
in New Mexico can help in addressing future water 
resource concerns such as flood risks, reservoir 
sedimentation, and water supply. 

New Mexico is the fifth-largest state and 
encompasses a large range of physiographic and 
climatic settings (Figure 6.1). Because it is not 
practical to look at every possible geomorphic 
process in New Mexico, we will look specifically at 
three processes where landscape responses to climate 
change have been well documented: cycles of erosion 
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Figure 6.1. Color shaded-relief image of New Mexico showing physiographic provinces. 
SRM = Southern Rocky Mountains. 
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and deposition, ephemeral (intermittently wet and 
dry) stream channels or arroyos, and post-wildfire 
erosion. Finally, we will discuss the role that 
precipitation type plays in erosion.

CYCLES OF EROSION AND 
DEPOSITION

The Pajarito Plateau in north-central New Mexico 
is formed primarily of volcanic ash that was 
lithified into a solid rock called tuff (Griggs and 
Hem, 1964; Smith et al., 1970). Tuff is a relatively 
soft rock that is easily erodible. Erodible rock types 
are sensitive to changes in erosive agents such 
as rainfall, freeze-thaw processes, groundwater 
sapping, bioturbation, and wind removal. The 
transition from the Pleistocene epoch to the 
Holocene epoch 12,000 years ago is defined by a 
change in climate that is reflected in the geomorphic 
record of the Pajarito Plateau. Before 12,000 years 
ago, temperatures were cooler and wetter in the 
southwestern United States, glaciers spread in the 
Sangre de Cristo Mountains, large precipitation-fed 
lakes dotted the state, and precipitation occurred 
mostly as snowfall (Thompson et al., 1993). 
Approximately 12,000 years ago, the Holocene 
brought warming temperatures, accompanied 
by melting glaciers, disappearing pluvial lakes, 
and precipitation that transitioned from snow 
dominated to rainfall dominated. In the Pajarito 
Plateau of north-central New Mexico and other 
locations in the Southwest, the transition from 
the cooler and moister Pleistocene epoch (before 
about 12,000 years ago) to the warmer and drier 
Holocene epoch (between 12,000 years ago and 
now) is associated with a decrease in vegetative 
cover and a major increase in sediment supply 
within some drainage basins (Reneau et al., 1996; 
McAuliffe et al., 2006). Reneau et al. (1996) 
documented increased filling (aggradation) of 
alluvium in canyon bottoms and rapid losses of 
soils on the mesa surfaces of the Pajarito Plateau 
soon after the cool Pleistocene ended and as the 
warm Holocene began. This indicates a major 
change in fluvial systems driven by climate change. 
Canyons dissecting the Pajarito Plateau aggraded 
(filled) with sediment derived from the adjacent 
mesa tops during the Holocene (Figure 6.2). Mesa-
top soil loss was mostly due to overland (surface) 
flow that is generated more quickly in intercanopy 

Figure 6.2. Graphs showing geomorphic processes active in the 
Pajarito Plateau with time (in years before present from carbon-14 
dating) and precipitation, adapted from Reneau (1996). Panel A shows 
the precipitation regime changing from a winter precipitation (snow) 
regime to a summer precipitation regime at the Pleistocene/Holocene 
boundary approximately 11,700 years before present. Panel B shows 
the increases in geomorphic processes, including sediment being 
supplied to the canyon stream channels, that coincides with the change 
in precipitation regime at the Pleistocene/Holocene boundary.

areas, or open areas between trees where raindrops 
are not intercepted or slowed by interference from 
tree canopies. Local abundance of natural charcoal 
in some deposits suggests that erosion following 
fires may also have contributed to some of the 
mesa-top erosion. Similarly in recent times, up to 10 
ft of sediment was deposited in canyon bottoms in 
the decades between the 1940s (when Los Alamos 
National Laboratory was established) and the 
mid-1990s, giving an indication of how rapidly 
these changes can happen.

In the northeastern corner of New Mexico along 
the Dry Cimarron River west of Folsom, Mann and 
Meltzer (2007) used radiocarbon dating to study 
the alluvial histories in small (<15 mi2) watersheds 
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and found multiple periods of valley aggradation 
separated by incision episodes, some of which 
correlated with climatic fluctuations and intrinsic 
processes. In contrast to the Pajarito Plateau example, 
Mann and Meltzer (2007) found aggradation 
occurred during past cooler and moister periods such 
as the Younger Dryas (11,000–10,000 14C yr B.P.) and 
the Little Ice Age (A.D. 1300–1880). 

The Pajarito Plateau and Dry Cimarron River 
examples highlight landscape response to major 
climatic transitions, but less extreme and more 
frequently occurring climate shifts have also led to 
geomorphic responses in highly erodible settings. 
McAuliffe et al. (2006) used tree-ring analyses to 
document hillslope and basin-floor dynamics in a 
small, semiarid alluvial drainage basin formed in 
the highly erodible Morrison Formation on the 
Colorado Plateau and in Arizona. They found erosion 
episodes during the last 300 years that were triggered 
by decadal changes in precipitation regimes, most 
notably following periods of drought. 

These examples illustrate how canyon, mesa, 
and small valley landscapes have responded to past 
climate changes in New Mexico and the Southwest. 
The differences documented in the responses of 
landscapes along the Pajarito Plateau and the Dry 
Cimarron River illustrate the variability in landscape 
response to changing climate. The variability in 
landscape responses to similar historical climate 
changes indicates it is difficult to generalize how 
New Mexico landscapes might respond to future 
climate change. Even so, we do know that with 
climate change, landscapes will go through some 
period of adjustment that has the potential to be 
disruptive to sediment flux (erosion and deposition).

EPHEMERAL CHANNELS (ARROYOS)

Interest in arroyos in New Mexico is related to the 
various and destructive societal impacts caused by 
widespread incision of arroyos across previously 
stable valleys in areas of the state beginning in the 
late nineteenth century in some portions of the 
watershed and continuing through the twentieth and 
into the twenty-first centuries. The appearance of 
arroyos has led to the loss of land for grazing and 
farming, resulting in the loss of a way of life for some 
communities. Arroyos can undercut and otherwise 
damage or destroy roads, dams, railroads, bridges, 

culverts, fences, and irrigation works. Arroyo incision 
leads to increases in downstream delivery of sediment, 
which can clog culverts and reservoirs and reduce 
floodplain capacity. Sediment from upstream arroyo 
erosion aggrades downstream floodplains, reducing 
floodwater storage capacity and leading to increased 
flood severity (Cooperrider and Hendricks, 1937). 
Arroyos provide a pathway to drain marshes and 
wetlands, detaching those areas from the groundwater 
table and leading to vegetation desiccation (Bryan, 
1925). Arroyo cutting can remove as much as 25% of 
valley floor area (Cook and Reeves, 1976), decreasing 
agricultural productivity. Additionally, flood 
flowpaths are shortened by arroyo incision, increasing 
stream velocity and erosive potential, creating a 
positive feedback loop that leads to further increases 
in erosion. The combined effects of these issues can 
have devastating impacts on local communities. 

Arroyos and ephemeral channels are complex 
systems. Sediment pulses move episodically along 
the basins with timing and magnitude that vary not 
only with climate signals but also with land use, 
vegetation changes, and factors such as basin size, 
sediment grain size, base-level lowering (Schumm and 
Parker, 1973), channel straightening (Simon, 1989), 
artificial channelization, and decreases of sediment 
supply from upstream (Schumm and Hadley, 1957; 
Patton and Schumm, 1981; Bull, 1997; Friedman 
et al., 2015). The temporal and spatial variability 
in arroyo incision and filling is termed the “arroyo 
evolution” (Elliott et al., 1999; Gellis et al., 2012), 
where the rate of arroyo changes is dictated by both 
intrinsic and extrinsic factors (Gellis et al., 2017). As 
a wave of erosion happens in the upstream part of 
an arroyo, downstream areas that have incised and 
widened from bank erosion transition hydraulically 
from erosion to aggradation. Upstream areas, which 
are undergoing head-cut erosion, transport sediment 
to those downstream aggradational areas. This wave 
of aggradation may subsequently progress upstream. 
The channels change as they alternate between 
aggradation or incision, with periods of equilibrium 
lasting only briefly or as long as a millennium 
(Friedman et al., 2015). Numerous studies have 
shown that changes in geomorphic processes such as 
hillslope erosion and valley-fill aggradation are linked 
to changes in climate (Bull, 1991; Kochel et al., 1997; 
Eppes, 2002), while others cite non-synchroneity with 
climate in the stratigraphic record that may be due to 
intrinsic factors (Elliott et al., 1999).
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Because of the complex history of arroyos, 
researchers have been investigating episodes of arroyo 
incision in the lower and drier elevations of western 
and central New Mexico for over a century (Bryan, 
1925; Schumm and Hadley, 1957; Schumm, 1973; 
Cook and Reeves, 1976; Karlstrom and Karlstrom, 
1987; Graf, 1988b; Balling and Wells, 1990). Many 
of the studies of these inherently unstable streams 
were focused on dating the cycles of arroyo incision 
and aggradation, which are sensitive to short-term 
climatic changes and to human impacts. Other studies 
documented twentieth-century arroyo changes using 
benchmarked channel cross sections. 

In the late nineteenth century, a combination of 
drought and agricultural activity (i.e., grazing) led 
to declines in vegetation density in the Rio Puerco 
Basin (Gellis et al., 2017). Periods of high flows 
also occurred. The geomorphic state of the arroyo 
systems at this time was described as discontinuous 
or filled (Aby, 2017; Gellis et al., 2017). Runoff 
eroded valley-fill sediment and soils and carried them 
downstream to the Rio Grande. Starting in the early 
twentieth century, transported material reached and 
began to enter Elephant Butte and other reservoirs on 
the Rio Grande (Cooperrider and Hendricks, 1937). 
As a consequence of arroyo incision, groundwater 
levels declined throughout the Rio Puerco Basin. 
Channels became deeply incised and floodwaters 
did not inundate adjacent agricultural fields on the 
floodplain. Incision of the Rio Puerco in the late 
1880s forced the desertion of three towns and earlier 
episodes of incision may have been a factor leading 
to abandonment of some areas by Ancestral Puebloan 
peoples (Bryan, 1925).

In the Zuni River drainage of western 
New Mexico, Balling and Wells (1990) found 
downcutting of intermediate and small arroyos for 
a 20- to 30-year period near 1905 coincided with a 
long and severe drought from 1898 through 1904 
that ended with 3 years of unusually frequent, high-
intensity, summer rainfall events. 

These results support the connection between 
periods of arroyo incision and short-term climatic 
perturbations. Initiation of arroyo incision, however, 
may be too complex to attribute to a single cause 
such as a change in precipitation or grazing, but 
it is likely associated with a decrease in vegetation 
density. Future climate change is anticipated to lead 
to declines in vegetation density throughout valleys 

and low-elevation areas of New Mexico beginning 
in the next few decades—changes that, depending on 
the state of the fluvial system, could lead to renewed 
arroyo incision with accompanying reductions in 
water supplies for floodplain irrigation. 

POST-WILDFIRE EROSION

Wildfires can dramatically increase the probability 
and magnitude of flooding and debris flows. The 
reduction of infiltration rates on severely burned 
slopes results in post-wildfire floods that can be 
orders of magnitude beyond the normal variation 
seen in unburned systems. Additionally, consumption 
of vegetation by wildfire enhances the erosive power 
of overland flow, resulting in accelerated erosion 
of hillslope material (Cannon and Gartner, 2005; 
Meyer and Wells, 1997) and frequently resulting in 
debris flows. A debris flow is a type of landslide that 
is composed of a slurry of water, rock fragments, 
soil, and mud that can travel rapidly down hillslopes. 
Debris flows in particular can be one of the most 
dangerous post-wildfire hazards because of their 
unique destructive power (Cannon, 2001) to 
structures due to their momentum and considerable 
impact forces. Not only is watershed response to 
rainfall greatly amplified following a wildfire, the 
timing between onset of rainfall in the headwaters 
and resulting floods or debris flows downstream can 
be substantially reduced, giving people downstream 
of the burned area less time to react. 

To discuss post-wildfire erosion, we look to 
the forested high-elevation areas of New Mexico. 
In September 2013, a near-record storm produced 
widespread, historic rainfall amounts throughout 
the Southwest (Moody, 2016). The heavy rainfall 
led to extensive and damaging flooding and erosion 
throughout New Mexico and surrounding states, 
most severely in areas that had been recently burned, 
such as the 298,000-acre Whitewater–Baldy fire area 
that burned the previous summer in Gila National 
Forest in southern New Mexico. Thirty-minute 
rainfall intensities on the night of September 14 in 
the area near Whitewater Creek were equivalent 
to a 1,000-year recurrence-interval storm—that is, 
a storm that has a 0.1% chance of being exceeded 
in a single year and is exceptionally rare (Tillery 
et al., 2019). The heavy rainfall led to extensive 
and damaging flooding and debris flows within 
and around the Whitewater–Baldy burn scar. 
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Tillery and Rengers (2020) documented 688 debris 
flows initiated by a series of storms in the area 
near Whitewater Creek, 352 of which were in the 
Whitewater Creek watershed (Figure 6.3). Field 
reconnaissance confirmed that debris flows were 
ubiquitous at virtually every culvert and road crossing 
in the area and ranged from smaller than 1 ft wide 
to over 15 ft wide. The sediment mobilized during 
this single event was estimated to be over 5,000,000 
ft3, or 0.04-in. basin-average erosion depth in the 
54-mi2 Whitewater Creek watershed alone (Tillery 
et al., 2019). For context, this is enough sediment to 
fill 295 railroad box cars or a train 3.4 miles long. 
The sediment load produced by the debris-flow 
response was deposited in downstream channels, 
clogging or damaging local roadways, bridges, and 
culverts. Constant remobilization of sediment by 
subsequent rainfall events impacted local residents; 
the U.S. Forest Service, which manages the land; and 
the New Mexico Department of Transportation, 
which maintains the roadways in the area, for years 
following these events. Beyond the downstream 
impact from extensive sediment mobilization, the 
number of new channels and scarps cut into the 
freshly burned Gila Mountains altered the landscape 
in other long-lasting ways, such as destabilizing 
hillslope soils, decreasing length of overland 
flowpaths, and increasing runoff and sediment supply 
to downstream channels. This effect could last for 
years or even decades, demonstrating the importance 
of rare events in shaping sensitive landscapes.

On July 25, 2013, a monsoon rainstorm with 
a maximum 10-minute rainfall intensity of 3.75 
in./hr (USGS station 354711106251330, Cochiti 
Canyon Headwaters near White Rock, NM; USGS, 
2016) crossed over Frijoles Canyon in Bandelier 
National Monument at 11:30 p.m. The majority 
of Frijoles Canyon had been burned 2 years earlier 
by the 153,000-acre Las Conchas fire. The flood 
wave generated in Frijoles Canyon on the night 
of July 25 instantly initiated a gage-height of 18 
ft at an early-warning stream gage 6 mi upstream 
from the monument’s Visitor Center. In the upper 
portions of the canyon, trees left standing after the 
fire 2 years earlier were knocked over and carried 
downstream to be deposited in log jams 20 ft high 
and 50 ft long (Figure 6.4). Shortly after alerting 
monument employees of the impending flood, 
the stream gage infrastructure was irretrievably 
buried by approximately 7 ft of sediment (USGS 
station 08313300, Rito de Los Frijoles near Los 
Alamos, NM; USGS, 2016). 

As these two examples show, wildfires can 
influence the evolution of the physical landscape by 
dramatically increasing the probability and magnitude 
of post-wildfire, rainfall-induced debris flows and 
flooding. These events can result in catastrophic 
damage and loss of life (Neary et al., 2003; Moody et 
al., 2013) as well as changes in channel morphology 
(Moody and Martin, 2001; Benda et al., 2003). 
Numerous studies have examined the magnitude and 
causes of post-wildfire mass wasting by way of debris 

Figure 6.3. Photos taken in Whitewater Creek Canyon following rains of September 2013. (A) Debris flow scarp in a tributary to Whitewater Creek 
Canyon; see person for scale. (B) Debris backed up behind ranch gate in a tributary to Whitewater Creek Canyon. Photos by Anne C. Tillery
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flows in New Mexico, including studies following the 
Dome and Cerro Grande fires in the Jemez Mountains 
(Cannon and Reneau, 2000; Cannon, 2001) and 
studies following the Whitewater–Baldy and Buzzard 
fires in the Gila National Forest (McGuire and 
Youberg, 2020; Tillery and Rengers, 2020). Rain 
falling on areas burned by wildfires can produce 
stream peak discharges orders of magnitude beyond 
the typical values seen in systems with fully vegetated 
conditions (Anderson et al., 1976; Veenhuis and 
Bowman, 2002). Previous studies have shown a large 
range (5- to 870-fold) of increases in peak discharges 
following wildfire, depending upon fire severity (Rich, 
1962; Anderson et al., 1976; Campbell et al., 1977; 
Moody and Martin, 2001; Veenhuis and Bowman, 
2002; Wine and Cadol, 2016). The factors that best 
distinguish between drainages prone to post-wildfire 
flooding and those prone to post-wildfire debris flows 
are lithology and basin characteristics such as channel 
gradient, hillslope angles, and availability of loose 
sediment (Cannon and Reneau, 2000).

Post-wildfire increases in runoff, associated 
flooding, and debris flows are attributed to a 
variety of factors that work together to enhance 
the propensity for and magnitude of surface-runoff 
generation and to elevate surface-water velocities 
(Swanson, 1981). Many of these factors are 
strengthened with higher-severity fire. According 
to studies by Robichaud et al. (2000) and Mishra 
and Singh (2003), surface runoff can increase by a 
factor of 1,000 when vegetation cover is reduced 
from 75% to 10% in some settings. The cumulative 
effects of these changes can increase runoff, flooding, 

erosion, and mass movements (such as debris flows) 
and, depending on bed steepness, can lead to channel 
incision or channel aggradation (Seibert et al., 2010). 
Additionally, decreased response time (time between 
rainfall and flood peak) of streams to rainstorms 
combined with increased runoff potential can 
contribute to an increased number of floods for a 
given period after a wildfire. In other words, flooding 
hazards are substantially increased, and the time for 
people to respond or evacuate is decreased. 

Debris flows in particular can accomplish a 
tremendous amount of work to transport sediment 
and reshape hillslopes very quickly by cutting new 
channels into hillslopes and dumping large volumes 
of eroded material into low-lying areas (Wohl 
and Pearthree, 1991). Videos of debris flows from 
runoff following large fires in the Jemez Mountains 
of New Mexico can be found on the internet at 
(https://www.youtube.com/watch?v=_OWwrln4oeo 
and https://www.youtube.com/watch?v=sstvu_aRfqA). 

WILDFIRE FREQUENCY 
AND CLIMATE

The link between climate and wildfire frequency, size, 
and severity, particularly in the western United States, 
has been demonstrated repeatedly over the last several 
decades (Meyer et al., 1992; Meyer et al., 1995; 
Westerling et al., 2003; Littell et al., 2009; Luo et al., 
2013; Westerling et al., 2014; Mueller et al., 2020). 
In the western United States, wildfire in federally 
managed forests has increased since the 1970s and 

Figure 6.4. A log jam in Frijoles Canyon, 2013. Photo by Anne C. Tillery
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early 1980s, with large fires (greater than 1,000 
acres) in the decade through 2012 over five times as 
frequent and burned areas over ten times as large. 
These increases in wildfire numbers and acreages are 
closely linked to increased temperatures and greater 
frequency and intensity of drought (Westerling et 
al., 2014). Climate projection modeling through 
the middle of the twenty-first century suggests a 
longer wildfire season in the western U.S. deserts as 
temperatures rise (Abatzoglou and Kolden, 2011). 
A 2020 study in Arizona and New Mexico (Mueller 
et al., 2020) found that increasing temperature and 
vapor pressure deficit (a function of humidity and 
temperature) and decreasing precipitation were 
associated with increasing area burned regionally 
and particularly area burned at high severity since 
1984. Additionally, they found the relationship 
between climate and fire activity in the Southwest has 
appeared to strengthen since 2000.

As could be expected, the accelerated landscape 
change that follows wildfires has also been linked 
directly to changes to warmer and drier climates when 
wildfires are more common. Postfire sedimentation 
is projected to increase for nearly nine-tenths of 
burned watersheds by more than 10% and for more 
than one-third of burned watersheds by more than 
100% by the middle of the twenty-first century in the 
western United States (Sankey et al., 2017). 

One of the longer records of wildfire and 
post-wildfire erosion with climate comes out of 
Yellowstone National Park (Figure 6.5). Studies 
conducted in the park were able to link a 3,500-
year record of wildfires with climate signals. 

Meyer et al. (1992) examined a record of sediment 
deposited by flowing water and debris flows and 
found aggradation and erosion were both strongly 
modulated by climate, with fire acting as a catalyst 
for sediment transport. Alluvial fans aggraded during 
periods of frequent fire-related sedimentation were 
interpreted to be related to drought or small-scale 
climatic fluctuations. In a subsequent study, Meyer et 
al. (1995) estimated that 30% of late Holocene fan 
alluvium is from fire-related sedimentation. Small-
scale climatic fluctuations during the Holocene had a 
substantial impact on landscapes in the Yellowstone 
National Park study area. Additionally, summer 
precipitation intensity and interannual variability 
were likely greater during warmer periods, which 
increases the potential for severe short-term drought 
and associated major forest fires and storm-generated 
alluvial fan deposition. 

Similar examples have been documented in 
New Mexico. Frechette and Meyer (2009) found 
a record of episodic sedimentation throughout the 
Holocene following severe wildfires in the mixed 
conifer forests of the Sacramento Mountains. 
Generally, they found that not only did fire-related 
sedimentation correspond to generally warmer 
conditions, post-wildfire erosion contributed 
significantly to Holocene valley fill. They concluded 
that given the efficiency of fire-related geomorphic 
processes, even rare, severe fires were likely to 
significantly impact the Holocene evolution of 
the Sacramento Mountains. The latest period of 
sedimentation, about A.D. 1300, corresponded 
to documented widespread severe drought in the 
southwestern United States. 
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Figure 6.5. Graph demonstrating the connection between wildfire activity and temperature in Yellowstone National Park. A radiocarbon-based 
wildfire sedimentation probability curve (red line) is plotted with time in calendar years before present. The present is on the right end of the axis. 
North Atlantic minimum temperatures (Bond et al., 1997) are shown as vertical blue lines. The plot demonstrates how wildfire sedimentation drops to 
a minimum when sea-surface temperatures are at a minimum. Modified from Meyer and Pierce (2003).
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More recently, the debris flows in the northern 
Valles Caldera following the 2011 Las Conchas 
fire were of unprecedented magnitude in the last 
few thousand years, despite the well-documented 
occurrence of past megadroughts (see Chapter 2). 
The extreme extent and abundant large boulders 
of the postfire debris-flow deposits below Cerro 
del Medio in the Valles Caldera were unlike 
other sediments accumulated in the valley during 
several millennia prior to the Las Conchas fire 
(G. Meyer, personal communication, October 
22, 2021). While fire suppression and change in 
forest composition associated with heavy logging 
probably increased the severity of the Las Conchas 
fire on Cerro de Medio, extreme drought with 
high temperatures was clearly a major factor in 
the high severity of this burn (G. Meyer, personal 
communication, October 22, 2021).

As discussed in this section, wildfire frequency 
and intensity are expected to increase across the 
United States as the climate warms, potentially 
meaning that the types of geomorphic responses 
following recent fires are likely to also become more 
frequent and larger. The United States has experienced 
marked upward trends in duration of the wildfire 
season, wildfire frequency, and wildfire extent since 
the mid-1980s, attributed in part to earlier snowmelt 
(Stewart et al., 2005; Liu et al., 2010; Westerling, 
2016). Changes in wildfire severity in the desert 
Southwest have also been linked to increasing 
variability in spring precipitation as well as increases 
in the vapor pressure deficit (Holden et al., 2007; 
Williams et al., 2013; Jolly et al., 2015).

Post-wildfire geomorphic responses may be 
similar to geomorphic responses to climate change 
but happen on much shorter time scales. Based 
on 80 years of data from the literature, Moody 
and Martin (2009) determined that wildfires in 
the western United States have been an important 
geomorphic agent of landscape change when 
linked with sufficient rainfall. Because of their large 
magnitude and short time scales, post-wildfire erosion 
events have been and continue to be important agents 
of landscape change (Wohl and Pearthree, 1991). 

Losses or reductions in vegetation for reasons 
other than wildfires can lead to similar accelerated 
landscape change. Tillery and Rengers (2020) 
found that rather than burn severity from the 2012 
Whitewater–Baldy wildfire, it was the coverage of 

vegetation at the time of the rainfall that had the 
greatest correlation with location and density of 
post-wildfire debris flows 1 year after the fire. This 
indicates that loss of vegetation due to drought leaves 
landscapes more susceptible to erosion by debris 
flows. Additionally, given sufficient rainfall intensity 
and slope angles, debris flows can be initiated in 
most settings, including burned and unburned areas, 
and in both drier south-facing slopes and moister 
north-facing slopes. 

PRECIPITATION TYPE AND EROSION

Precipitation type directly influences the magnitude 
of erosion. Rainfall is a stronger driver of erosion 
than snowfall due to the potential for high-intensity 
rainfall, flashy overland flow, and channel discharge 
(Leopold, 1951; Hereford and Webb, 1992; 
Hereford, 1993; Reneau et al., 1996; Etheredge 
et al., 2004). A transition of precipitation from 
snow to rain as is predicted (Knowles et al., 2006; 
Earman and Dettinger, 2011) is therefore likely to 
lead to an increase in rates of erosion and associated 
downslope aggradation. 

Rainfall intensity is a measure of how fast rain 
is falling and is reported in depth per time. Common 
rainfall intensities for summer monsoons are reported 
in inches for time periods such as 15 or 30 minutes. It 
is unclear how precipitation intensity will vary with 
climate change in New Mexico, but in general terms, 
the total amount of precipitation as a long-term 
average is not expected to change significantly from 
historical averages (see summaries in this bulletin, 
Chapters 2 and 11). However, interannual variability, 
including the intensity of individual precipitation 
events, may increase. Significant vegetation declines 
on hillslopes during extreme drought make hillslope 
soils more prone to erosion if heavy precipitation 
follows soon after drought (McFadden and 
McAuliffe, 1997; Davenport et al., 1998; Wilcox et 
al., 2003). Erosion of sediment from hillslopes can 
be part of a positive feedback loop. As discussed 
in Chapter 5, erosion of sediment and soils from 
hillslopes can expose bare bedrock and increase 
drainage density and local relief, which further 
increases runoff and erosion (Etheredge et al., 2004). 

Post-wildfire debris flows have been shown to 
be triggered from relatively short-duration rainfall 
events (as brief as 6 minutes), with intensities ranging 
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from 0.04 to 1.3 in./hr in Colorado and California 
(Cannon et al., 2008). Rainfall intensities in this 
range are common for New Mexico monsoonal 
storms. Following the 2018 Buzzard fire in the 
Gila National Forest, McGuire and Youberg (2020) 
found that 15-minute rainfall intensities of as little 
as 0.6 in./hr were sufficient to initiate debris flows 
in some watersheds. Rainfall intensities in this range 
would not be considered rare or extreme. Figure 6.6 
shows an example relationship of flood and debris-
flow responses to a series of rainstorms of varying 
intensities and durations following the 2018 Buzzard 
fire (McGuire and Youberg, 2020). Understanding 
and constraining the threshold specific to debris-flow 
hazards as distinct from flood hazards can help in 
establishing early-warning systems for debris-flow 
hazards that have the potential to be much more 
destructive than floods. The diagram illustrates that 
it takes more time to initiate debris flows at lower 
rainfall intensity levels. Predicted increases in rainfall 
intensities due to climate change in New Mexico 
will lead to decreases in the time to initiate and 
respond to debris flows.

SUMMARY

Each of the three geomorphic processes detailed 
in this chapter—cycles of erosion and deposition, 
ephemeral channels, and post-wildfire erosion— occur 
in many places throughout the state. Looking forward 
50 years, we envision a New Mexican landscape 
with potentially disruptive geomorphic changes 
occurring. When canyons, mesas, small basins, or 
valleys filled with alluvium experience a change in 
climatic variables such as temperature, moisture, or 
precipitation regime, they will respond by rearranging 
sediment rapidly relative to rates of change during 
stable climatic conditions. Sediment mobilization 
within channels depends on the hydraulic state of 
the channel (e.g., incised, over-widened, or filled in). 
Channels that are not filled in may continue to erode, 
and those that are completely filled in may re-incise 
or continue to aggrade. Rapid rearrangement of 
sediment through fluvial processes is potentially 
hazardous to ecosystems and societies. Geomorphic 
processes linked to climates changing to warmer 
conditions include reduced infiltration of rainfall, 
increased overland runoff during high-intensity 
rainfall leading to increased flooding, increased 
upland erosion by overland flow, and, depending 
on the hydraulic state of channels, increased 

Figure 6.6. Rainfall intensity–duration thresholds to produce water-dominated flow and debris flows 
in small watersheds following the Buzzard Fire in southwestern New Mexico. The black and red lines 
represent threshold intensity–duration values for a calibrated model (McGuire and Youberg, 2020).
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downstream sediment deposition and aggradation 
where downstream channels are filled in and erosion 
where downstream channels are incised. We should 
expect these geomorphic changes to occur across 
New Mexico in association with the climate changes 
described in Chapter 2.

The dramatic examples of accelerated erosion 
following the Whitewater–Baldy, Las Conchas, and 
other wildfires in New Mexico illustrate the types of 
hazards created by wildfires that have severely burned 
across forested landscapes in the state. Post-wildfire 
erosion is typically initiated by short-duration, high-
intensity rainfall events. The geologic records showing 
increases in post-wildfire-related sedimentation during 
past periods of warming illustrate the long-term 
connection between wildfire and past changes in 
climates. Linking these specifics with predicted future 
increases in temperature in New Mexico and possible 
increases in rainfall intensities, it becomes clear that 
New Mexico is likely to see increases in widespread 
erosion and sedimentation across and downstream 
from upland, forested areas in the state. The large 
volume of sediment predicted to be on the move will 
be of concern for many reasons, including filling 
reservoirs, choking channels, blocking or destroying 
infrastructure, and creating positive feedback loops 
that lead to further reductions in slope stability.

The most dramatic geomorphic responses to a 
warming climate in New Mexico will likely initiate 
in steep, upstream hillslopes and mountain settings 
and progress downstream in pulses and waves. 
The downstream distance affected and duration of 
landscape response are not currently possible to 
predict. Climate-response geomorphic processes could 
be active for years or decades, as landscapes will 
continue to adjust unless or until they have reached 
a new steady state. 

In light of the proposed impacts of future climate 
change on New Mexican landscapes, some steps 
could be taken to alleviate those impacts. Design 
of future culverts, bridges, and reservoirs could be 
modified to account for increases in sediment delivery 
and options for removing that sediment. Existing 
rainfall intensity–duration thresholds (Staley et al., 
2017) can be applied for locations of concern in 
New Mexico in the prediction of high-hazard areas 
and for establishing early flood and debris-flow 
warning systems. Pre-fire assessments of post-wildfire 
hazards, such as those by Tillery et al. (2014) 

and Tillery and Haas (2016), can be used to help 
managers identify basins with the greatest potential 
hazards for implementation of mitigation measures 
such as forest thinning. Slope (25°–40°), vegetation 
greenness index (Rengers et al., 2016), and upstream 
drainage areas (<1,000 m2) most commonly linked 
with runoff-generated debris flows are well defined 
(Tillery and Rengers, 2020). This information could 
be used to create a map of New Mexico highlighting 
those areas with the corresponding slope, upstream 
drainage areas, and vegetation index indicative of 
debris-flow initiation locations. The New Mexico 
Multi-Hazard Risk Portfolio (New Mexico 
Department of Homeland Security and Emergency 
Management, 2021) gives examples of similar hazard 
maps produced for New Mexico.

KNOWLEDGE GAPS

Substantial gaps exist in understanding the length 
of time it takes for different landscapes to adjust 
after a major disruption such as climate change. 
Depending on scale, runoff, and conditions prior 
to a disruption, some fluvial systems may reach 
a new equilibrium in as little as a few years to a 
decade after the disturbance comes to an end. Other 
fluvial systems may continue undergoing a complex 
response as channels continue to evacuate or 
aggrade large volumes of sediment with each major 
rainstorm for multiple decades or longer following 
the end of a disturbance before the system reaches 
equilibrium. Studies designed to document recovery 
time frames for different fluvial systems across the 
state of New Mexico would help in constraining 
and planning for periods of geomorphic instability 
following disturbances such as drought or wildfires 
in the various geomorphic settings around the state. 
However, recovery time is only meaningful in relation 
to a punctuated disturbance, such as a wildfire, that 
has a distinct conclusion. If a disturbance continues 
indefinitely or over long periods of time relative to 
human time scales, fluvial systems may not achieve 
true equilibrium at all. Additionally, field studies 
are needed that investigate sediment transport 
between debris-flow-producing headwaters and 
downstream rivers to quantify location and amounts 
of downstream sediment delivery.

This article has been peer reviewed and approved 
for publication consistent with USGS Fundamental 
Science Practices (https://pubs.usgs.gov/circ/1367/).
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Middle Rio Grande irrigation system, Socorro; photo by Matthew Zimmerer
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Surface-water supply shortages induced by climate change will drive both agricultural and municipal/industrial water 
users to rely more heavily on groundwater. Less surface water will lead to lower recharge to some groundwater 

aquifers. The Lower Rio Grande is an in-progress example of this effect, with prolonged surface-water shortage 

leading to plunging groundwater levels. All water users in the state will experience decreased water availability 

as the climate warms and aridification occurs. This decrease in water availability will likely trigger changes in 

use from lower-value uses to higher-value uses, and this generally means a migration from agricultural water 

use to municipal/industrial uses. New Mexico has a rich and diverse history of water use that is central to its 

collective identity. This permanent shift toward a more arid climate will upset the hydrologic balance that has 

weathered cyclical drought. The declining mean and increasing variability in the surface-water supply is not 

cyclical, and recovery periods will be fewer and farther between. This will require difficult and divisive policy and 

management decisions, undoubtedly accompanied by an increase in disputes and litigation. New Mexico is by no 

means alone in facing these daunting challenges.
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environmental, and social consequences of water-use 
patterns and climate change respond to the highly 
likely reductions in runoff and recharge described in 
Chapter 3 will develop positive feedback cycles within 
positive feedback cycles, creating chaotic systems in 
both the scientific and colloquial senses of the word. 

New Mexico has a long and rich history of 
water management, particularly for irrigation, going 
back centuries. Periods of severe and sustained 
drought have happened before, as have relatively 
wet conditions. Water managers have managed to 
weather the drought periods and recover in the wet 
periods. The focus of this bulletin certainly includes 
drought considerations, but more importantly it 
considers something fundamentally different—a 
permanent shift to a more arid climate, as opposed to 
the past cyclical pattern of drought and wet periods. 

INTRODUCTION

T his chapter examines the likely effects of climate 
change on water availability for agricultural water 

users, primarily for irrigation and for domestic, 
commercial, municipal, and industrial (DCMI) 
water providers. Previous chapters highlighted the 
uncertainty inherent in predicting how the climate 
will change in coming decades (Chapter 2), resulting 
effects on the land-surface water budget (Chapter 3), 
and the effects on ecological systems (Chapter 4), soils 
(Chapter 5) and landscapes (Chapter 6). Adding to 
the complexity of water-user response are the highly 
diverse climate, landscape, and water-use cultures in 
New Mexico. Prediction of climate change effects on 
surface-water and groundwater supplies for human 
use inherits all the uncertainty in those areas, then 
overlays perhaps the greatest source of uncertainty 
of all—human behavior. Specifically, the way in 
which water users concerned with health, economic, 
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The recovery periods will be fewer and farther 
between, and the drought periods will be more severe. 
This is not the climate in which New Mexico water 
use and management developed, and status quo 
management is not an option.

HYDROLOGY OF WATER-
SUPPLY SYSTEMS

From the climate perspective, an increase in 
temperature is clearly underway and highly likely 
to continue, resulting in, among other things, an 
increase in potential evapotranspiration (PET) and an 
increasingly arid climate throughout the southwestern 
United States (see Chapters 2 and 3). While the 
trend in precipitation is less predictable, in terms 
of both annual quantity and spatial and temporal 
distribution, it is highly unlikely that any increases 
in precipitation will be sufficient to overcome 
the deleterious effects of temperature rise on the 
quantities of runoff and recharge available to water 
users. Rumsey et al. (2020) described the decline in 
baseflow and total streamflow in the Rio Grande 
upstream of Albuquerque for the period 1980–2015, 
a clear indication that the hydrologic balance in 
the state is shifting. 

One of the most basic concepts in hydrology is 
the conservation of mass (or volume) of water, which 
can be stated for a given control volume as: 

Inflow – Outflow = Change in Storage

The control volume can be a water tank, a reservoir, 
an aquifer, a watershed basin, or even an entire state. 
The common analogy for this statement is a bank 
account, where deposits minus withdrawals must 
equal the change in balance. In terms of the state’s 
hydrologic balance, discussed in Chapter 3, inflow 
consists of precipitation and interstate stream and 
aquifer inflows, including imported water. Outflows 
consist of evapotranspiration and interstate stream 
and aquifer outflows. Change in storage consists of 
aquifer and surface reservoir gains and losses, as well 
as changes in instream storage.

In broad terms, this notion of hydrologic 
balance provides a structure for conceptualizing and 
quantifying the likely effects of climate change, in 
spite of the inherent uncertainty. Rising temperatures 
will have a dramatic effect on both the inflow 
and outflow terms. The highly likely reduction of 

snowmelt runoff and groundwater recharge means 
that the deposits in the hydrologic bank accounts of 
both irrigation and DCMI systems will be reduced, 
in terms of surface-water reservoir inflows as well 
as aquifer recharge. Outflows, the withdrawals from 
the hydrologic bank accounts, consist of diversions 
of surface water and groundwater and deliveries to 
downstream users, which may be subject to legal 
obligations. Rising temperatures lead to higher 
PET, which will increase hydrologic depletions 
from existing uses. Unless water uses are modified 
to reduce outflow in a like amount through human 
intervention (management), simple math suggests that 
either storage in reservoirs and aquifers will decline, 
which is unsustainable, or downstream deliveries 
will be reduced, shorting other water-supply systems. 
In fact, both of these negative outcomes are already 
happening in the state. Described in terms of our 
metaphor, failure to act to rebalance the inevitable 
reduction in inflows by reducing outflows will 
inevitably result in hydrologic bankruptcy. Reducing 
the outflows is a difficult and painful process and one 
that will likely change the character of the state.

Discussion of these effects has been ongoing for 
decades and is reflected in the forecasts for increasing 
water stress, represented in Figure 7.1 for the period 
2040–2061, as compared to the water stress for the 
historical period of 1900–1970 (Lindsey, 2013). While 
increased stress is a safe bet for the southwestern 
United States, New Mexico is at or near the epicenter.

WATER-SUPPLY SECTORS 
AND TYPOLOGY

New Mexico has perhaps the most diverse water 
culture in the United States and a broad range of 
water-supply systems (Table 7.1). For the purposes 
of this discussion, we will greatly simplify the 
characterization of water-use sectors and water-
supply types. Distilling the sectors down to DCMI 
and irrigated agriculture misses much detail, and in 
fact industrial water use and irrigation are highly 
interrelated through such activities as post-harvest 
processing and dairy production. While we frame 
the sectors as binary for discussion purposes, we 
recognize that water-use sectors are a continuum. 
Water use for agricultural activities other than 
irrigation is not discussed at length here. Stock 
wells for ranching are a common use of water in the 
state in a very important industry, but their water 
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consumption is small relative to irrigation or DCMI. 
Effects of climate change on rain-fed pasture are also 
not discussed at length here.

Aside from effects on irrigation water-supply 
sources—rivers, streams, and aquifers—climate 
change will produce effects on crop behavior. Higher 
temperatures may make some crops unsuitable 
for areas in which they were historically grown, 
due to heat sensitivity or dependence on a winter 
freeze. Other more heat-tolerant crops will likely 
deplete more water, as increases in PET and longer 
growing seasons make it possible to produce more 
evapotranspiration and increase crop yields (Steduto 
et al., 2012). Ironically, some water conservation 
measures intended to reduce applied water actually 
increase the depletion by evapotranspiration, since the 

crop’s water needs can be more fully and efficiently 
met with drip or sprinkler irrigation. The reduction in 
applied water with precision irrigation systems is due 
to reduction in evaporation, which is a depletion, but 
also in deep percolation or release of tail water, which 
are non-consumptive losses and contribute to aquifer 
recharge and streamflow.

In terms of water-supply sources, most of the 
state’s water systems can be described as some 
combination of surface-water and groundwater 
dependent. As with the water-use sectors, for the 
sake of clarity we define the state’s water-supply 
systems in terms of their relative dependence 
on surface and underground sources while 
recognizing that conjunctive use of water can be 
quite complex and varied.

Water stress index (% change)

0 20-20

Figure 7.1. Projected change in water stress by mid-century (2040–2061) compared to historical (1900–1970) average (Lindsey, 2013). 
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It should be noted that water conservation will 
certainly be a response to reduced water supply 
in all sectors. Several DCMI users have formal 
drought response plans in place that specify water 
conservation measures to be implemented at various 
levels of drought. Agricultural users routinely scale 
their cropped acreage to meet available supply and 
implement more aggressive water conservation 
measures, at both the farm level and the system 
level. In the discussion below, it is assumed that 
conservation measures will be part of the response 
to climate change. The specific means of conserving 
water are highly dependent on site-specific hydrology 
and water uses and users.

In selecting appropriate water conservation 
measures, water managers and policy makers should 
consider the concept of “wet” water conservation 
versus “dry” water conservation, characterized 
by Seckler (1996). Seckler pointed out that water 
conservation measures may not have the intended 
effect due to hydrologic complications. For example, 
lining irrigation canals with concrete reduces seepage, 
and pressurized irrigation systems can reduce 
deep percolation losses relative to flood irrigation. 
However, the seepage and deep percolation losses 
are in many cases major sources of groundwater 
recharge, and reducing them does not reduce the net 
hydrologic depletion to the basin. This is the concept 
of dry water conservation. Wet water conservation 
reduces net hydrologic depletion. Examples would be 
planting lower-water-use crops, eliminating incidental 
evaporation, and fallowing crop land, which reduce 
atmospheric losses to the local hydrologic system. 
While Seckler’s (1996) focus was on agricultural 
water conservation, the same hydrologic principles 
apply to DCMI water conservation.

The focus in this chapter is availability of water 
supply. It should be kept in mind that availability 
can be constrained by more than just physical access 
to water. Environmental impacts of both increasing 
aridity and agricultural and DCMI withdrawals of 

water will further constrain the functional availability 
of water supply. Johnson et al. (2016) examined 
the impacts of climate variability and groundwater 
withdrawals on the La Cienega wetlands southwest 
of Santa Fe and suggested that timing and location 
of groundwater withdrawals would have to be 
modified to maintain the hydrologic balance of the 
wetlands. Similar constraints apply to a broad range 
of ecosystems and water supplies around the state, 
including surface water and groundwater, impacting 
agricultural and DCMI water sources. 

GROUNDWATER-DOMINANT 
AGRICULTURAL SYSTEMS

Agricultural water-supply systems that are dependent 
primarily on groundwater include groundwater-only 
irrigation systems such as the Pecos Valley Artesian 
Conservancy District (PVACD), irrigators in the 
High Plains aquifer in eastern New Mexico, and 
several smaller systems in the southwestern part 
of the state. There are fundamental differences 
among these systems. 

For example, PVACD draws water from an 
aquifer that is recharged by regional groundwater 
flow, which is recharged by precipitation in the 
Sacramento Mountains and flows toward the 
Pecos River (Rawling and Newton, 2016). While 
it is beneficial to have a recharge source (which 
will be reduced by climate change, as discussed in 
Chapter 3), there are drawbacks in this case. The 
extraction and depletion of groundwater in PVACD 
captures water that would otherwise discharge 
to the Pecos River and contribute to the water 
supply of downstream senior rights in the Carlsbad 
Irrigation District. This decrease in available 
surface water raises the possibility of a priority 
call on the river by the New Mexico Office of the 
State Engineer, which could require curtailment or 
offsets of groundwater withdrawals in PVACD. The 
Pecos River Compact also requires water delivery 

Water-Supply Typology Agriculture Examples DCMI Examples
Groundwater Dominant Pecos Valley Artesian Conservation District, High Plains Las Cruces, Carlsbad
Surface-Water Dominant Acequias, Middle Rio Grande Conservancy District Las Vegas, Farmington
Conjunctive Surface Water/Groundwater Carlsbad Irrigation District, Elephant Butte Irrigation District Albuquerque, Santa Fe

Table 7.1. Sources of New Mexico’s water-supply systems.
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to Texas in the Pecos. Failure to make adequate 
deliveries triggered U.S. Supreme Court litigation, 
the outcome of which now compels full compliance 
with the Compact on an annual basis (Texas v. 
New Mexico, 1988). This illustrates the complexity 
not only of climate change effects on a given water 
system, but also the propagation of climate change 
impacts through the hydrologic and institutional 
connections between systems. 

In contrast, groundwater-dominant irrigation in 
the High Plains region of New Mexico does not have 
stream connection issues and so avoids impairment 
of surface water. However, it has been depleted far 
faster than it is being recharged for many years. The 
extraction of groundwater for irrigation is essentially 
a mining operation, with little recharge reaching the 
source aquifer over the societal time scale (Rawling 
and Rinehart, 2018). As aquifer levels decline, well 
production and possibly water quality will decline 
(Lane et al., 2019), and pumping with higher lifts gets 
more expensive. At some point, the cost of pumping 
or of deepening wells to reach the dwindling aquifer 
may make continued irrigation economically unviable 
for some irrigators. The inevitable decline in water use 
for irrigation in the High Plains Aquifer region was 
described by Mrad et al. (2020), and while climate 
change may accelerate the process, it is likely in any 
case. Eventually, as with mining operations, when the 
resource plays out, the miners (farmers) move on.

GROUNDWATER-DOMINANT 
DCMI SYSTEMS

Groundwater-dominant DCMI water suppliers 
face many of the same dilemmas that irrigators 
do. Water-supply systems that pump from aquifers 
that are hydrologically connected to surface-water 
systems often benefit from recharge from those 
rivers and streams into aquifers that serve their 
systems (Terracon et al., 2003). However, much of 
the surface-water use in New Mexico was developed 
initially for irrigation; hence irrigators typically 
have water rights that are senior to those of DCMI 
systems. As surface water dwindles with a changing 
climate, priority calls requiring offsets or curtailment 
by junior groundwater users affecting surface flows 
may become necessary. Through administrative 
schemes like New Mexico’s Active Water Resource 
Management initiative, shortage-sharing schemes 
may be developed for basin-specific conditions, 

including market-driven temporary or permanent 
transfers between water-use sectors. These schemes 
provide management alternatives to the “blunt 
instrument” of strict priority administration. If DCMI 
groundwater users are required to offset their impact 
on senior surface-water users (some already are), 
water will become more expensive, which will be an 
inevitable consequence of climate change. Acquiring 
offsets from senior irrigators will require retirement 
or rotational fallowing of agricultural land, which 
may affect the viability of agricultural economies in 
heavily impacted areas. 

In the case of mined aquifer supplies, DCMI 
users are more constrained. They could acquire 
through market mechanisms rights currently used for 
irrigation in their shared aquifer. Taking agriculture 
out of production is not without downsides. It will 
presumably be expensive and may have negative 
impacts on local economies, increasing the economic 
disparity between urban and rural parts of the state. 
It would, however, increase the lifetime of the aquifer 
if withdrawals and depletion are reduced. 

Importing water is also an adaptation strategy 
that many municipalities, including those on the 
High Plains Aquifer, are using. On the Rio Grande 
north of Elephant Butte Reservoir, 16 project 
contractors have been using imported water from 
the San Juan watershed in the Colorado River 
system through Reclamation’s San Juan–Chama 
Project since the 1970s. An additional contractor, 
the Pojoaque Regional Water System, is now being 
added. Additional water importation projects are 
now being proposed or constructed. The Ute Pipeline 
Project aims to bring water from Ute Reservoir 
on the Canadian River into eastern New Mexico 
communities, especially Clovis (Montoya Bryan, 
2017). The Navajo Gallup Water Supply project will 
divert a portion of New Mexico’s water allocation 
under the Colorado River Compact from the San Juan 
River and deliver it to communities on the Navajo 
and Jicarilla Apache Nations and to the City of 
Gallup. While importation can bring in new water to 
water-short locations, it takes it from the location or 
basin where it originated, which can lead to shortages 
or lack of economic opportunities there. In addition, 
water importation projects are very expensive. The 
climate changes discussed in Chapters 1 and 2 are 
large in scale (affecting all of southwestern North 
America), so the sources of imported water are facing 
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the same negative climate change effects that the 
end user is facing. Hence ongoing climate change is 
likely to compromise availability of imported water. 
Developing new importation projects will become 
increasingly difficult as users looking to import water 
find source options increasingly stressed. It may be 
the case that the interbasin transfers that can be 
done have been done and future importation projects 
are simply infeasible. 

SURFACE-WATER-DOMINANT 
AGRICULTURAL SYSTEMS

The practice of irrigating with surface water in 
New Mexico is far older than the state itself and 
is a key pillar in New Mexican culture. From pre-
Columbian indigenous farmers to acequia parciantes 
(users of community-operated irrigation systems) 
under Spain to Mexican and American farmers, 
irrigation from New Mexico’s rivers and streams 
led to the development of the state. Surface water is 
of course the hydrologic resource most immediately 
vulnerable to climate change impacts, but in most 
cases, surface-water rights are quite senior due to 
their early development. New Mexico’s acequias 
are nearly completely dependent on surface water, 
and many have little potential for supplemental 
groundwater due to farm economics and 
hydrogeologic limitations. Furthermore, spring runoff 
is occurring earlier in the season, so those irrigation 
systems that lack large storage reservoirs must 
operate “run of the river;” the early spring runoff 
begins before crops are ready and finishes while crops 
still need water. The Middle Rio Grande Conservancy 
District is primarily dependent on the water rights to 
surface water of the Rio Grande, but some farmers 
have invested in groundwater wells, many of which 
were drilled during the drought of the 1950s. 

Because surface-water flow is so vulnerable 
to drought and climate change, as described in 
Chapter 3, surface-water-dependent farmers have 
few choices when shortage strikes. Storage reservoirs 
built over the previous century (e.g., Elephant Butte, 
Brantley, and Santa Rosa) provided a buffer, storing 
water in wet years and carrying it over in storage 
for use in dry years. In the current drought, most 
reservoirs have very low storage due to the prolonged 
nature of the shortage. The “bathtub rings,” or high-
water marks more than 100 ft above current reservoir 
water surfaces, are evident in reservoirs throughout 

the southwestern United States and indicate vast 
volumes of unused storage. If no other source is 
available, surface-water irrigators have to reduce 
cropped acreage to fit the available supply at a given 
time. In earlier times, this could lead to famine; now 
it tends to lead to economic hardship for commercial 
farms, some of which could go permanently out of 
production, and potential collapse of local or regional 
agricultural economies.

SURFACE-WATER-DOMINANT 
DCMI SYSTEMS

Due to the long-understood inherent vulnerability of 
surface-water supplies to drought (and now climate 
change), most DCMI providers that were previously 
solely reliant on surface water have diversified 
their water portfolios to include a groundwater 
component, although some still remain heavily 
dependent on surface water. Some examples of such 
systems are described in this section.  

The City of Farmington draws its water supply 
from Lake Farmington, which is fed by the Animas 
and San Juan rivers. Recognizing the current drought 
conditions and resulting drop in reservoir inflows, the 
City of Farmington is asking residents to voluntarily 
reduce their water use (KRQE, 2021). On June 1, 
2021, the City of Farmington enacted Drought Stage 
1, which calls for voluntary conservation measures.

The cities of Farmington, Aztec, and Bloomfield, 
along with the County of San Juan and the San Juan 
Rural Water Users Association, formed the San Juan 
Water Commission in 1986 (Joint Powers Agreement, 
1986) to facilitate the implementation of the Animas–
La Plata Project. In dealing with climate-driven 
persistence of water shortage, such organizational 
infrastructure will certainly help in implementing 
coordinated, cooperative water management among 
water users rather than the default competitive, 
zero-sum-game approach.

One of the most surface-water-intensive cities in 
the state is Las Vegas, deriving about 90% of its water 
from the Gallinas River, which has been dramatically 
affected by drought and presumably a permanent 
shift to a more arid climate. While farmers using only 
surface water can fallow fields to match their cropped 
acreage to the available supply in a shortage, as the 
old saying goes, “It’s a lot easier to fallow a field than 
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to fallow a neighborhood.” Las Vegas is implementing 
a tiered response that is the DCMI equivalent of 
staged fallowing. It uses a 10-step scale based on 
water in reservoir storage, going from routine water 
conservation measures and voluntary use reductions 
at level 1 (when 1,000 acre-ft or more are in reservoir 
storage) to emergency shutoff for non-essential 
services at level 10 (when storage drops below 
100 acre-ft; City of Las Vegas, 2021). The city has 
also taken measures to develop groundwater capacity, 
with mixed results (Martino, 2012).

The dire outlook of spending more time at 
higher response levels (lower storage) due to climate 
change suggests that Farmington, Las Vegas, and 
other surface-water-reliant DCMI providers will 
have to make significant investments to diversify 
their water portfolios. 

CONJUNCTIVE SURFACE-
WATER/GROUNDWATER 
AGRICULTURAL SYSTEMS

Where the hydrogeology and legal institutions 
allow, farmers, particularly those for whom farming 
is a primary or major source of income, invest in 
groundwater wells as a backup supply in times of 
surface-water shortage. Most surface-irrigation 
systems are established in the fertile soils deposited 
by river systems, which also provide access to divert 
water from a river or stream. Drawing groundwater 
from the alluvial aquifer underlying a river for 
irrigation may get a farmer or an irrigation district 
through a drought, but ultimately the aquifer must 
be recharged by the flow of the river. Instead of the 
aquifer producing a new source of water, it functions 
akin to a reservoir in that it stores water that can 
be withdrawn but must be recharged by future 
surface-water flows.

Farmers in the Elephant Butte Irrigation District 
(EBID), with 90,640 assessed acres, relied nearly 
completely on surface water from the Rio Grande 
Project until the severe drought of the 1950s, which 
motivated them to invest in wells to provide a backup 
supply during times of surface-water shortage. 
These farmers have been getting more water from 
groundwater than surface water in most years during 
the current drought of 2002–2021 (Chermak et al., 
2015). During the current drought, aquifer storage 
was depleted significantly, particularly in the critically 

short years of 2011–2015, when the surface-water 
allotment dipped to 3.5 acre-in. per acre in 2013, 
the lowest allotment and release from reservoir 
storage in the 105-year history of the Rio Grande 
Project and about one-tenth of the full surface-water 
allocation of 3 acre-ft per acre. While farmers pump 
groundwater to get through the drought, groundwater 
levels decline, causing increased loss of surface water 
from the river and the irrigation network into the 
groundwater system to make up for the loss. The 
lowered groundwater levels also cause a drastic 
reduction in drain flow, which once recycled surface-
water supply so it could be used again downstream 
because groundwater levels have dropped below the 
inverts of the drains. It is a positive feedback system, 
where the more groundwater the farmers pump, the 
less surface water there is, and the less surface water 
there is, the more groundwater the farmers pump. 

Aside from loss of aquifer storage and surface 
water availability, periods of heavy reliance on 
groundwater in EBID produce water quality 
problems. Groundwater salinity increases 
dramatically in certain areas of the district under 
heavy groundwater pumping, particularly in the 
Rincon Valley. Declining groundwater levels also 
reduce drain function (specifically the flow of water 
into the drain that removes the salts that enter the 
aquifer with irrigation water)—a critical aspect 
of irrigated agriculture. Source water from the 
Rio Grande contains salt that, if it is not removed 
by drain flow, will accumulate in the crop root 
zone and aquifer. If drain function is not restored, 
salt accumulation will have disastrous effects on 
agriculture and potentially DCMI groundwater users.

Like EBID, the Carlsbad Irrigation District 
(CID) is a Reclamation project with 25,055 acres of 
assessed land that started as a surface-water system. 
In response to the regional drought of the 1950s 
to the 1970s, many farmers installed supplemental 
groundwater wells (Polly, 2019). Groundwater 
salinity is a limiting factor in how much groundwater 
farmers can use, and many CID farmers have been 
leasing their supplemental groundwater rights to oil 
and gas producers (Davis, 2013). A significant portion 
of CID is fallowed each year, with about 4,600 
acres of water rights purchased by the New Mexico 
Interstate Stream Commission to fallow land and help 
ensure the delivery of water to Texas as required by 
the Pecos River Compact. Dale Ballard, the former 
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manager of CID, estimated that 16,000 to 17,000 
acres of the district are farmed in a given year, 
leaving 8,000 to 9,000 acres—or roughly a third of 
the district—out of production (Polly, 2019). This 
is an example of how progressive aridification can 
transform a formerly highly productive agricultural 
area into a marginal one.

With the comparative water-supply reliability 
provided by the development of conjunctive surface-
water and groundwater sources for irrigation, many 
farmers have invested in high-economic-return 
permanent crops such as pecans. Pecans require an 
initial investment of both capital to establish the 
trees and time, because the trees take a few years of 
growth after transplanting before they produce a 
commercially viable crop. While annual crops can 
be fallowed in response to water-supply shortages, 
permanent crops cannot. This hardens the water 
demand for those crops and could drive the farmers 
raising them into competition with DCMI users 
to acquire—on a temporary or permanent basis 
through lease or purchase—water from land growing 
more flexible crops. The worst-case scenario is that 
a combination of prolonged, severe drought that 
curtails surface-water supply with legal restrictions 
on groundwater pumping has the potential to 
reduce irrigation deliveries below the survival limit 
of pecan trees. Loss of the pecan orchards would be 
a catastrophe for the agricultural economy and the 
communities that depend on it.

CONJUNCTIVE SURFACE-WATER/
GROUNDWATER DCMI SYSTEMS

As discussed earlier, the inherent variability in surface-
water availability has motivated surface-water-
dominant DCMI suppliers to diversify and develop 
groundwater-supply sources. In addition, the effects 
of extended groundwater pumping on aquifers and 
surface-water supplies have motivated groundwater-
dominant DCMI providers to develop a surface-water 
component. However a DCMI provider arrived at 
conjunctive surface-water/groundwater use, the very 
likely reaction to a climate-induced surface-water 
shortage will be heavier reliance on groundwater.

The City of Santa Fe is a conjunctive system, 
deriving about 78% of its water supply from 
surface water (the Santa Fe River and imported 

San Juan–Chama water) and 22% from groundwater 
sources. Effects of the current drought illustrate 
the vulnerability of the Santa Fe River to shortage. 
In January 2021, the Rio Grande Compact 
commissioner for Texas requested that New Mexico 
release all water it could into the Rio Grande 
(Wylander, 2021)—a provision provided in the 
compact when New Mexico is in deficit status on its 
downstream delivery to Texas. While the immediate 
concern was flooding caused by the rapid release, 
this illustrates how downstream demand and 
delivery obligations exacerbated by aridification can 
drastically reduce available surface-water supply. 
For a given level of demand, even one reduced by 
aggressive conservation measures, any reduction in 
surface-water availability and use must be made up 
for with groundwater.

The Albuquerque Bernalillo County Water Utility 
Authority added surface-water treatment to its water 
portfolio in 2008 to treat imported San Juan–Chama 
water for DCMI use within the agency’s service 
area. The short surface-water supply conditions of 
2020 and 2021 are reducing the duration for which 
the surface-water treatment plant can be operated, 
shifting demand back to the groundwater supply.

In the late 1990s and early 2000s, the City of Las 
Cruces planned to develop a surface-water treatment 
plant. Water users in the Lower Rio Grande developed 
the statutory basis for the Special Water Users 
Association, an organizational structure that allowed 
DCMI users to acquire EBID surface-water rights to 
provide Rio Grande Project water for surface-water 
treatment plants to be built in the future, providing 
DCMI users an alternative to groundwater. Under 
the Special Water Users Association, farmers would 
receive the same allotment per water-righted acre 
as the farmers in EBID and take delivery during the 
surface-water irrigation season. Planning and policy 
development were underway (Terracon, 2003) when 
the drought of the 2000s hit. The plant was never 
built due to the drought, the shortened season of 
surface-water availability, and reduced allocations 
to EBID. A treatment plant that looked like a logical 
diversification of water supply in the very wet 1980s 
and 1990s was no longer attractive in the arid 2000s.
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SUMMARY OF 
OVERARCHING THEMES

Surface-water supply shortages induced by climate 
change will drive both agricultural and DCMI 
water users to rely more heavily on groundwater. 
In those areas where groundwater is recharged by 
surface-water sources, recharge will be reduced by the 
reduction in surface water. This increased reliance on 
groundwater and reduction in recharge (colloquially 
termed a “double whammy”) on the groundwater 
system is a classic case of a positive feedback system, 
discussed in Chapter 1. The Lower Rio Grande 
is an in-progress example of this effect, with 
prolonged surface-water shortage leading to plunging 
groundwater levels (Chermak et al., 2015). 

One very likely outcome of this feedback loop 
is an overall decrease in water availability for both 
irrigation and DCMI uses. This decrease in water 
availability will likely trigger changes of use from 
lower-value uses to higher-value uses, and this 
generally means a migration from agricultural water 
use to DCMI use. This too is already underway. 
The Albuquerque Bernalillo County Water Utility 
Authority acquired agricultural water rights 
to offset the impact of groundwater pumping 
on the Rio Grande, and the City of Las Cruces 
acquired surface-water irrigation water rights from 
Reclamation’s Rio Grande Project for a surface-water 
treatment plant that was never built. Any large-scale 
movement of water from agriculture to DCMI use 
would certainly change the character of the state.

While policy development and implementation 
move rather slowly, the positive feedback effects 
created by climate change are happening very 
quickly. The Lower Rio Grande has been in shortage 
conditions since 2002. That shortage is now 
spreading upstream into the Middle Rio Grande, 
with shortened seasons for river diversion for both 
agricultural and DCMI users.

New Mexico has a rich and diverse history of 
water use that is central to its collective identity. The 
notion of prior appropriation, included in the state 
constitution, suggests that those who first put water 
to beneficial use can continue to do so for all time, 
protecting the status quo. The unpleasant reality of 
climate change is that the status quo is no longer an 
option. The simple, inviolable mass balance concept 
suggests that a permanent shift toward a more arid 

climate will upset the hydrologic balance that has 
weathered cyclical drought. The declining mean and 
increasing variability in the surface-water supply is 
not cyclical, and recovery periods will be fewer and 
farther between. This will necessarily require difficult 
and divisive policy and management decisions, 
undoubtedly accompanied by an increase in disputes 
and litigation. New Mexico is by no means alone in 
facing these daunting challenges.
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Turbid Rio Grande, Ohkay Owingeh Tribal Lakes; photo by Matthew Zimmerer 
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New Mexico’s major rivers transport both water and sediment through channels, riparian ecosystems, and hydraulic 
control structures such as dams and reservoirs. As the climate changes, the amount of sediment being delivered to 

rivers from their watersheds is increasing, impacting the amount of sediment transported by the rivers themselves. 

This increased sediment load is changing the river channels, and the pace of change will accelerate as the climate 

continues to warm. Over the next 50 years, flow volume in the major rivers (San Juan, Chama, Rio Grande, 

Pecos,  and Gila) is projected to decline by 16% to 28%, and the frequency of extreme precipitation events, 

coupled with fire-driven disruption of vegetation in watersheds, is projected to at least double the amount of 

sediment delivered to and transported by rivers. The beds of undammed rivers will be built up by the extra 

sediment, which will reduce efficiency of downstream water delivery and make it difficult to divert water into 

existing acequia systems. In river channels below dams and reservoirs, the impact of reduced flow and increased 

sediment load can be addressed by flow releases that better balance sediment supply and transport. However, 

additional channel and vegetation maintenance and management will likely be required, and the capacity of 

reservoirs will be progressively reduced due to increasing sediment. Finally, the combination of lower water flow 

and higher sediment input downstream of dams will intensify the narrowing of river channels that has resulted 

from historical management of river flows.
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V I I I .  R I V E R S
Michael D. Harvey

INTRODUCTION

precipitation events (Chapter 9); reduction in the 
average annual streamflow by 16% to 28% in the 
next 50 years; loss of vegetation (Chapter 4) and 
increased runoff and flooding; and increased sediment 
mobilization due to reductions in vegetation and 
increases in fires and resulting debris flows (Chapter 
6). The purpose of this chapter is to assess the likely 
impacts of the hydrologic and sedimentologic changes 
driven by climate change on the rivers of New Mexico 
and the ability of rivers to deliver flows in the future. 

In this chapter, I describe the past and current 
hydrology and watershed sediment yields for each 
of the major rivers that provide water supplies in 
New Mexico—the San Juan River, Rio Chama, 

T he major rivers of New Mexico are the water 
conveyance and delivery systems to irrigation 

districts, tribes, and acequias (community-operated 
irrigation systems) as well as cities and rural 
communities throughout the state (Figure 8.1). 
However, these rivers are not simply vehicles for 
water conveyance; they are complex systems, affected 
by the interactions between the water and sediment 
they convey, hydraulic control structures, and the 
riverine and riparian ecosystems they support. 
Previous chapters have identified and summarized 
the likely statewide and regional impacts of climate 
change on water resources, including: earlier and 
often shorter snowmelt runoffs (Chapters 2 and 
3); increased frequency and intensity of extreme 
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Figure 8.1. New Mexico acequias, irrigation districts, and major rivers. Modified from Buynak et al. (2013).
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Rio Grande, Pecos River, and Gila River. The 
Canadian River in the northeast part of the state 
is not considered in this chapter because I am not 
familiar with its hydrology and geomorphology, 
and there is a paucity of relevant literature. I then 
describe the effects of channel modifications on these 
rivers and their morphologies. Finally, I consider 
the likely effects of projected changes in climate on 
hydrology and sediment supply on these rivers. This 
chapter does not address the ecological implications 
of these changes, although these implications 
may be considerable.

A significant amount of valuable information 
on the hydrology, sediment loads, morphology, 
and human-made changes to the New Mexico 
rivers discussed in this chapter has been compiled 
and analyzed in a number of unpublished agency-
commissioned investigations (Table 8.1). 

CURRENT HYDROLOGY

This section describes the past and current hydrologic 
conditions in the major rivers in New Mexico. 
These hydrologic conditions generally provide 
the drivers for current geomorphic conditions in 
the rivers. On average, the rivers of New Mexico, 
including the Canadian River, convey over 2 million 
acre-ft of flow annually.

The mean, minimum, and maximum annual 
flow volumes conveyed for the period from 2006 to 
2020 at key locations on the major rivers (except 

the Canadian River) are summarized in Table 8.2. 
The highest annual flows are seen on the mainstem 
of the Rio Grande (Rio Grande at Otowi, mean 
discharge 847,441 acre-ft/yr) and its main tributary 
in New Mexico, the Rio Chama (Rio Chama at 
Chamita, mean discharge 348,844, acre-ft/yr). 
Flows on the Rio Grande below Elephant Butte 
Dam (490,102 acre-ft/yr) show the impact of losses 
and diversions in central New Mexico. Smaller but 
still significant annual flow volumes are seen on 
the Gila River just upstream of Cliff–Gila Valley 
(mean discharge 115,429 acre-ft/yr) and on the 
Pecos River below Sumner Dam (mean discharge 
104,590 acre-ft/yr). Prior to construction of Navajo 
Dam on the San Juan River in 1962, the average 
annual flow volume for the San Juan River at 
Farmington, New Mexico (USGS station 09365000) 
was in excess of 1,000,000 acre-ft (Thompson and 
Mundorff, 1982). The mean flow volume at the 
Archuleta gage located downstream of the dam in 
the Water Year 2006 to Water Year 2020 period is 
539,025 acre-ft, but 508,000 acre-ft/yr are stored 
upstream in Navajo Reservoir for direct diversion 
to the Navajo Indian Irrigation Project. Currently, 
200,000 acre-ft are diverted annually from the 
reservoir to this project to irrigate about 70,000 acres, 
and 96,200 acre-ft are diverted from the San Juan 
River headwaters upstream of Navajo Dam to the 
San Juan–Chama Project.

The timing and volume of flows in of each 
of these rivers have been impacted by human 
development, including dams, diversions, and 

Table 8.1. Sources and summaries of information for New Mexico rivers.

River Commissioning Agency Report Author
San Juan San Juan River Basin Recovery Implementation Program

U.S. Bureau of Reclamation
U.S. Army Corps of Engineers

U.S. Fish and Wildlife Service, 2006
U.S. Bureau of Reclamation, 2021a
U.S. Army Corps of Engineers, 2010

Gila U.S. Bureau of Reclamation 
New Mexico Interstate Stream Commission

U.S. Bureau of Reclamation, 2002, 2004
Mussetter Engineering, Inc. (MEI), 2006b

Chama Middle Rio Grande Endangered Species Collaborative Program
U.S. Bureau of Reclamation

Parametrix and MEI, 2011
Harvey, 2022

Middle Rio Grande U.S. Fish and Wildlife Service
New Mexico Interstate Stream Commission

Middle Rio Grande Endangered Species Collaborative Program
U.S. Bureau of Reclamation

Crawford et al., 1993
MEI, 2002

Tetra Tech et al., 2010
Makar and AuBuchon, 2012

Lower Rio Grande U.S. International Boundary and Water Commission 
U.S. Army Corps of Engineers

MEI and Riada Engineering, 2007
Tetra Tech, 2013b

Pecos U.S. Bureau of Reclamation
New Mexico Interstate Stream Commission

U.S. Fish and Wildlife Service

Tetra Tech, 2000
MEI, 2004a

Tetra Tech, 2019, 2020b
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Table 8.2. Annual flow volumes at USGS gages between Water Year 2006 and Water Year 2020.

River Basin
USGS Gage 

Number

Mean Annual 
Total Volume

(acre-ft)

Minimum Annual 
Total Volume

(acre-ft)

Maximum Annual 
Total Volume

(acre-ft)
San Juan
San Juan River near Archuleta, NM 09355500 539,025 255,510 1,185,000
Gila
Gila River near Gila, NM 09430500 115,429 47,100 213,337
Chama
Rio Chama near La Puente, NM 08284100 208,909 90,540 400,473
*Rio Chama above Abiquiu, NM 08286500 309,247 171,215 433,000
Rio Chama near Chamita, NM 08290000 348,844 227,827 524,000
Rio Grande
Rio Grande below Taos Junction Bridge, NM 08276500 440,102 229,600 744,240
Rio Grande at Otowi Bridge, NM 08313000 847,441 513,100 1,304,280
Rio Grande below Cochiti Dam, NM 08317400 758,862 400,800 1,257,000
Rio Grande at Albuquerque, NM 08330000 647,241 320,600 1,114,000
Rio Grande Floodway at San Acacia, NM 08354900 526,898 259,200 968,400
Rio Grande Floodway at San Marcial, NM 08358400 137,423 63,140 219,137
Rio Grande at Narrows in Elephant Butte Reservoir 08359500 492,348 188,800 776,970
Rio Grande below Elephant Butte Dam, NM** 08361000 490,102 168,900 789,800
Pecos
Pecos River near Anton Chico, NM 09430500 64,005 11,090 124,800
Pecos River above Santa Rosa Lake, NM 08382650 49,214 8,890 100,500
Pecos River below Sumner Dam, NM 08384500 104,590 62,010 141,700
Pecos River near Acme, NM 08395500 83,016 20,150 132,000

* 96,200 acre-ft added by San Juan–Chama Project trans-basin diversion
** Water Year 2013–Water Year 2020

inter-basin transfers, as well as legal requirements 
that determine timing and volumes of required 
flows within and between states and compliance 
with the Endangered Species Act. For example, the 
San Juan River Basin Recovery Implementation 
Program requires spring peak-flow releases from 
Navajo Reservoir of 5,000 cfs, dependent on water 
availability, and a reduction of the summer base flows 
from 500 cfs to 250 cfs to mimic historical dry season 
conditions. The peak release from Navajo Dam is 
timed to match the peak of the snowmelt runoff on 
the uncontrolled Animas River.

With the exception of the Gila River, dams 
and reservoirs have been constructed on all the 
major rivers of New Mexico and on some of their 
tributaries (Rio Jemez, Rio Galisteo, Willow Creek, 
and Santa Fe River) for the purposes of water 
storage and management, recreation, hydropower, 
and flood control and sediment management. With 
the exception of the San Juan River (Thompson 

and Mundorff, 1982), the existence of these dams 
and reservoirs has significantly altered the sediment 
regimes in the rivers downstream of these locations. 
In addition, the operations of these dams and 
reservoirs alter the timing and volumes of flows 
downstream, generally by storing peak flows in the 
spring snowmelt runoff period and distributing these 
flows during the drier summer months. The dams 
have also significantly reduced the flood peaks in all 
the rivers except the Gila and have thus reduced the 
threat of flooding to communities and infrastructure. 
However, the dams have also reduced the timing, 
magnitude, and frequency of the disturbance 
regimes that much of the native riparian ecosystem 
depends on (Stromberg, 1993; Mahoney and Rood, 
1998). The magnitude of the 10-year and 100-year 
recurrence interval peak flows pre- and post-dams 
for the San Juan River, Rio Chama, Rio Grande, and 
Pecos River are summarized in Table 8.3. Reductions 
in the magnitude of the 10-year recurrence interval 
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peak flows range from 87% for the Pecos River 
downstream of Santa Rosa Dam and Sumner Dam 
to about 33% for the Rio Grande at Albuquerque. 
For the 100-year recurrence peak flows, the reduction 
in magnitude ranges from 89% for the Pecos River 
downstream of Santa Rosa Dam and Sumner Dam to 
37% for the Rio Chama below El Vado Dam.

However, more complex hydrologic alterations 
(operational hydrology) have also been made. For 
example, the bulk of the flow volume released from 
Sumner Dam for downstream delivery to Brantley 
Reservoir on the Pecos River occurs as a number 
of block releases (1 to 4 per year) of about 1,400 
cfs for a duration of 5 to 7 days (14,000 to 20,000 
acre-ft/release; Tetra Tech, 2020). The U.S. Bureau of 
Reclamation’s (henceforth Reclamation) San Juan–
Chama Project delivers a firm yield of 96,200 acre-ft 
annually of trans-basin water from the Colorado 
River Basin (upper San Juan Basin) to the Upper 
Rio Chama. This imported water increases the annual 
flow volume of the Rio Chama by about 30%. These 
flows are released into the Rio Chama according 
to a complex schedule determined by downstream 

water demands as well as episodic releases such as for 
weekend rafting in the Wild and Scenic reach.

Eight interstate compacts dictate the 
apportionment of flows between states and thus 
ensure that a minimum volume of water above the 
diversion entitlements is conveyed within various 
reaches of the rivers (Table 8.4). 

For example, when the Rio Grande inflow at 
Otowi gage exceeds about 1 million acre-ft in a 
year, New Mexico must deliver all flows in excess 
of 405,000 acre-ft via the Middle Rio Grande to 
Elephant Butte Reservoir for subsequent downstream 
delivery via the Lower Rio Grande to Texas. At 
inflows less than 1 million acre-ft, the flows are 
apportioned between New Mexico and Texas 
according to the curve shown in Figure 8.2. 

WATERSHED SEDIMENT YIELDS

In this section, we explore the past and current 
sediment yields of New Mexico’s watersheds. These 
yields provide a basis for projecting future sediment 
yields from these watersheds. We provide some 

Table 8.3. 10-year and 100-year return period peak flows for pre- and post-dam conditions. RI = recurrence interval.

River Basin

Pre-Dam
10-yr RI

(cfs)

Post-Dam
10-yr RI

(cfs)

Pre-Dam
100-yr RI

(cfs)

Post-Dam
100-yr RI

(cfs) Data Source
San Juan
San Juan River near Archuleta, NM - 6,200 - 9,000 USACE, 2010
San Juan River at Farmington, NM 30,628 12,916 71,687 17,281 Tetra Tech, 2022
San Juan River at Shiprock, NM 35,725 12,992 83,730 15,816 Tetra Tech, 2022
Gila
Gila River near Gila, NM 10,000 - 40,000 - MEI, 2006b
Rio Chama
Rio Chama below El Vado Dam, NM 7,727 4,710 13,941 8,790 Harvey, 2022
Rio Chama near Chamita, NM 10,300 5,300 17,700 9,400 USACE, 2006
Rio Grande
Rio Grande Below Cochiti Dam, NM 14,900 8,350 28,700 12,800 MEI, 2002
Rio Grande at Albuquerque, NM 13,400 8,940 22,200 12,600 MEI, 2002
Rio Grande at San Marcial, NM 17,300 7,610 41,500 11,300 MEI, 2002
Rio Grande at El Paso, TX N/A 7,000 N/A 10,000 MEI and Riada 

Engineering, 2007
Pecos
Pecos River below Santa Rosa Dam 22,600 14,300 46,500 38,600 Tetra Tech, 2000
Pecos River below Sumner Dam, NM 21,400 1,390** 43,100 1,620** Tetra Tech, 2000
Pecos River near Artesia, NM 30,000 3,830** 73,700 8,060** Tetra Tech, 2000

** Post-Santa Rosa Dam and post-Sumner Dam
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Water for Middle Rio Grande

Delivery to Lower Rio Grande
and Texas

Figure 8.2. Rio Grande interstate compact flow apportionment curve (provided by Bruce Thomson, 
University of New Mexico). KAF = thousands of acre-feet.
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Table 8.4. Interstate compacts for New Mexico river basins. 
(https://www.ose.state.nm.us/ISC/isc_compacts.php)

River Basin States Year Signed
Canadian NM, OK, TX 1950
Colorado CA, NV, AZ, NM, UT, CO, WY 1922
Pecos NM, TX 1948
Rio Grande NM, TX 1928
Animas–La Plata CO, NM 1968
Upper Colorado AZ, NM, UT, CO, WY 1948
Costilla Creek CO, NM 1944
La Plata River CO, NM 1922

summary information and general relationships and 
then explore the sediment yields in the San Juan 
River, Rio Chama, Rio Grande, and Pecos River 
individually. We do not have sufficient data on the 
Gila River watershed sediment yields to include 
them in this analysis.

Periodic reservoir sedimentation resurveys 
provide valuable information on both the resulting 
loss of reservoir storage capacity and upstream 
watershed sediment yields. Table 8.5 summarizes 
the available sedimentation data from reservoir 
resurveys and other sources. 

From these unit sediment yield values, we can see 
that generally sediment yields are higher in the lower-
elevation, more arid regions and that historical land 
use practices resulted in significantly higher sediment 
yields than occur at the present time. In addition, 
the data clearly show the effects of the reservoirs 
on downstream sediment delivery and the loss of 
reservoir storage capacity. 
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San Juan River Sedimentation

Sedimentation in Navajo Reservoir between 1962 
and 2019 resulted in the loss of 56,470 acre-ft of 
reservoir storage, which represents about 3.3% of the 
total storage capacity of the reservoir and an annual 
unit watershed sediment yield of 0.3 acre-ft/mi2/yr 
(Table 8.5). In the post-reservoir period (1963–1983), 
the annual unit watershed sediment yield downstream 
of the dam at Farmington was estimated by the 
U.S. Army Corps of Engineers (USACE; 1983) to be 
between 0.14 and 0.44 acre-ft/mi2/yr, and the USGS 
estimated that the annual unit watershed sediment 
yield at Bluff, Utah, between 1963 and 1980 was 
0.45 acre-ft/mi2/yr. The USACE and USGS data 
indicate that the contributing drainage area below 
the dam provides sufficient sediment to the San Juan 
River to compensate for the reservoir trapping of 
sediment from the upper watershed. The relatively 
high values are consistent with the generally lower 
elevation of the contributing watershed and present-
day land use and vegetation types (Figure 8.3) and 

indicate that the San Juan River below Navajo Dam 
probably has a similar sediment regime currently as it 
had in the pre-dam era.

Rio Chama Sedimentation

Sedimentation in El Vado reservoir on the Rio Chama 
between 1935 and 1984 resulted in the loss of 
approximately 11,300 acre-ft of reservoir storage 
(Table 8.5). A resurvey of the reservoir in 2007 
indicated that there had been a net loss of sediment 
from the reservoir, as the reservoir pool had filled to 
the elevation of the low-level outlets through which 
most of the flow is discharged (Reclamation, 2008). A 
subsequent resurvey in 2018 indicated that there had 
been no change in storage since 2007 (Reclamation, 
2020) and that the annual sediment inflow was being 
passed through the dam (Huang and Greimann, 
2019). The annual unit watershed sediment yield in 
the 1935 to 1984 period was on the order of 0.43 
acre-ft/mi2/yr. That value reflected the erosional effects 
of extensive logging and grazing in the contributing 

Table 8.5. Sedimentation data from New Mexico reservoirs and other sources.

River Basin

Contributing 
Drainage Area

(mi2) Period of Record

Sediment 
Volume
(acre-ft)

Annual Unit 
Sediment Yield
(acre-ft/mi2/yr) Source of Data

San Juan River
Navajo Dam to Farmington 4,030 1963–1983 - 0.14–0.44 USACE, 1995b
At Bluff, UT 23,000 1963–1980 - 0.45 Thompson and Mundorff, 1982
Navajo Reservoir 2,919 1962–2019 56,470 0.31 Reclamation, 2021a
Rio Chama
El Vado Reservoir 602 1935–1984 11,281 0.43 Reclamation, 2008
Abiquiu Reservoir 1544 1963–2012 20,493 0.27 USACE, unpublished
Rio Grande
Cochiti Reservoir 11,695 1973–2017 41,166 0.1 USACE, 2022
Jemez Reservoir 1,034 1953–1998 19,800 0.43 MEI, 2002
McClure Reservoir  
(Santa Fe River)

17.4 1946–2011 44 0.03 Lewis, 2012

Calabacillas Arroyo 77 estimated annual 40.9 0.53 MEI, 1996
North Diversion Channel 50 estimated annual 11.5–35 0.23–0.7 USACE, 1995a
East-side tributaries 
below San Acacia

2.6–47.3 estimated annual 0.5–2.8 0.06–0.22 MEI, 2004b
MEI, 2004c

Elephant Butte Reservoir 26,551
25,923

1915–1947
1947–2017

437,200
186,700

0.51
0.1

Happ, 1948
Reclamation, 2019

Lower Rio Grande tributaries 600 estimated annual 264 0.44 MEI and Riada Engineering, 2007
Pecos River
Santa Rosa Reservoir 2,434 1979–2015 14,985 0.17 USACE, 2015
Lake Sumner Reservoir 3,749 1936–1989

1989–2013
62,003
1,296

0.31
0.01

Reclamation, 2014b

Brantley Reservoir 12,223 2001–2013 751 0.01 Reclamation, 2013
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Figure 8.3. Annual sediment yield as a function of effective mean annual precipitation and associated vegetation types (replotted from original by 
Langbein and Schumm, 1958). 

watershed in the 1930s and 1940s (Swanson, 2012; 
Swanson et al., 2012). Based on the present sediment 
outflow from the dam, the annual unit watershed 
sediment yield is about 0.1 acre-ft/mi2/yr, which is 
consistent with present-day watershed elevation, land 
use, and vegetation type (Figure 8.3). 

Unpublished USACE data indicate that between 
construction in 1963 and 2012, Abiquiu Reservoir 
has lost about 20,500 acre-ft of storage capacity as a 
result of sedimentation. This translates to an annual 
unit watershed sediment yield of approximately 
0.27 acre-ft/mi2/yr (Table 8.5), which is also 
consistent with the generally lower elevation of the 
contributing watershed and present-day land use and 
vegetation types (Figure 8.3).

Rio Grande Sedimentation

On the Rio Grande, Cochiti Reservoir lost about 
41,146 acre-ft of storage capacity between 
construction in 1973 and 2017 (USACE, 2022), 
which translates into an annual unit watershed 
sediment yield of approximately 0.1 acre-ft/mi2/yr 
(Table 8.5) and a loss of designated reservoir sediment 
storage capacity of about 21%. The unit sediment 
yield upstream of Abiquiu Dam is relatively low, as 
is that of the Rio Grande upstream of the confluence. 
Over 40 arroyos that are tributary to the Rio Chama 
downstream of Abiquiu Dam provide the bulk of the 
sediment in the vicinity of Otowi gage (Graf, 1994). 

Jemez Canyon Dam in the lower reaches of the 
Jemez River, a major tributary to the Rio Grande 
downstream of Cochiti Dam, trapped about 19,800 
acre-ft of sediment between 1953 and 1998 (MEI, 
2002), which translates into an annual unit watershed 

WG Ex. 7

0176



99

  C H A P T E R  V I I I .  R I V E R S

sediment yield of 0.43 acre-ft/mi2/yr (Table 8.5). The 
sediment yield is high but consistent with a relatively 
lower-elevation watershed that has experienced a 
significant number of fires (Touchan and Swetnam, 
1995) and overgrazing (Crawford et al., 1993). 
Rittenhouse (1944) and Happ (1948) estimated 
that the Jemez River contributed about 12% of the 
sediment to the Middle Rio Grande historically. 

McClure Reservoir, located on the flanks of the 
Sangre de Cristo Mountains in the upper Santa Fe 
River watershed, has trapped 44 acre-ft of sediment 
between 1946 and 2011 (Table 8.5), with an annual 
unit watershed sediment yield from the high-elevation 
forested catchment of 0.03 acre-ft/mi2/yr (Lewis, 
2012). Historically, before construction of Cochiti 
Dam, the Santa Fe River produced about 1% of the 
annual sediment load of the Middle Rio Grande 
(Rittenhouse, 1944; Happ, 1948).

Urbanization in the Albuquerque–Rio Rancho 
area that significantly increases the runoff to the steep 
(~4%), sand-bed, tributary arroyos to the Rio Grande 
historically has produced high sediment yields to the 
Rio Grande. Prior to the construction of flood control 
dams and stabilization of the receiving channels by 
the USACE, Albuquerque Metropolitan Arroyo Flood 
Control Authority, and Southern Sandoval County 
Arroyo Flood Control Authority, estimated annual 
unit watershed sediment yields ranged from 0.23 to 
0.7 acre-ft/mi2/yr (Table 8.5). 

Numerical modelling of 10 east-side tributaries 
to the Rio Grande downstream of San Acacia with 
contributing drainage areas ranging from 2.6 to 47.3 
mi2 resulted in annual unit watershed sediment yields 
ranging from 0.06 to 0.22 acre-ft/mi2/yr, depending 
on the degree of connection to the Rio Grande 
(Table 8.5). Historically, Rittenhouse (1944) and 
Happ (1948) considered that the east-side tributaries 
produced about 17% of the annual sediment 
load of the Rio Grande.

Between 1915 and 1947, Elephant Butte 
Reservoir trapped 437,200 acre-ft of sediment, which 
translates to an annual unit watershed sediment yield 
of 0.51 acre-ft/mi2/yr (Table 8.5). However, within 
that period, the incision and erosion of the Rio 
Puerco provided about 35% of the sediment and the 
Rio Salado provided about 13% (Rittenhouse, 1944; 
Happ, 1948). More recent analysis indicates that the 
Rio Puerco contributed about 60% of the sediment 

deposited in Elephant Butte Reservoir (Gorbach 
et al., 1996). Upstream dams and the geomorphic 
evolution of the Rio Puerco (Elliott, 1979; Gellis et 
al., 1991) significantly reduced the sediment delivery 
to the reservoir between 1947 and 2017 (186,700 
acre-ft) and lowered the annual unit watershed 
sediment yield to 0.1 acre-ft/mi2/yr (Table 8.5). 
Sedimentation between 1915 and 2017 (623,900 
acre-ft) has eliminated about 24% of the 2.6 million 
acre-ft reservoir capacity.

The Rio Grande Canalization Project, which 
includes the 105-mile-long reach of the Lower 
Rio Grande from Percha Dam to American Dam, 
required excavation from the channel of about 
120 acre-ft of sediment between 1994 and 2006 
to maintain its design conveyance capacity (MEI 
and Riada Engineering, 2007). Construction by 
the Natural Resources Conservation Service in the 
1970s of four flood/sediment detention dams on the 
larger tributaries that control about 300 mi2 of the 
contributing drainage area of 900 mi2 reduced the 
frequency of sediment removal (U.S. International 
Boundary and Water Commission, 2004). Thirty-three 
small-scale flood control reservoirs on tributary 
arroyos have filled with sediment (Weiser, 2011). 
Estimation of annual sediment yield from 40 
uncontrolled tributary arroyos varying in size from 
1 to 126 mi2 indicated that the annual watershed 
sediment yields ranged from 0.28 to 0.88 acre-ft/mi2/
yr (Tetra Tech, 2004; MEI and Riada Engineering, 
2007). Assuming an average yield of 0.44 acre-ft/
mi2/yr (Table 8.5), the annual yield of the 600 mi2 
uncontrolled watershed downstream of Percha Dam 
is approximately 264 acre-ft, the bulk of which 
will be deposited on the alluvial fans in the lower 
reaches of the tributaries within the Rio Grande 
channel and floodway, especially upstream of the 
Rincon Siphon and within the pools of the Leasburg, 
Mesilla, and American dams.

Pecos River Sedimentation

Between 1979 and 2015, Santa Rosa Reservoir on 
the Pecos River trapped 14,985 acre-ft of sediment, 
which translates into an annual unit watershed 
sediment yield of 0.17 acre-ft/mi2/yr (Table 8.5). 
Sediment accumulation in the reservoir over the 
36-year period has reduced the reservoir storage 
allocated for sediment management (80,000 acre-ft; 
Risser, 1987) by nearly 20%. Construction of Santa 
Rosa Dam significantly reduced the delivery of 
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sediment to Sumner Reservoir. Between 1936 and 
1989, 62,000 acre-ft of sediment was deposited in 
Sumner Reservoir, which translates to an annual 
unit watershed sediment yield of 0.31 acre-ft/mi2/yr. 
Between 1936 and 1974, prior to the construction 
of Santa Rosa Dam, USACE (2018) estimated that 
the reservoir capacity had been reduced by 35% 
due to sediment accumulation. Between 1989 and 
2013, only 1,296 acre-ft of sediment was deposited 
in the reservoir, which translates to an annual 
unit watershed sediment yield of 0.01 acre-ft/mi2/
yr (Table 8.5). Brantley Reservoir was constructed 
between 1984 and 1989 to replace the McMillan 
Dam and Reservoir on the Pecos River, which 
had filled with sediment. Sedimentation data from 
Brantley Reservoir are unreliable because of survey 
datum issues and poor-resolution photogrammetry 
in the original reservoir survey (Reclamation, 2013). 
However, between surveys in 2001 and 2013, there 
had been an apparent reduction in reservoir storage 
capacity of about 751 acre-ft, but not all of this could 
be definitely attributed to sedimentation. Assuming 
that all the loss of capacity was due to sedimentation 
suggests that the annual unit watershed yield from the 
12,223 mi2 contributing watershed is on the order of 
0.01 acre-ft/mi2/yr.

EFFECTS OF CHANNEL 
MODIFICATIONS

Reaches of all the rivers have been channelized, 
leveed, and stabilized for the purposes of flood and 
erosion control, as well as for improved efficiency 
of water delivery. These channel modifications have 
altered the morphology and dynamics of the rivers. 
For example, levees, channelization, and bank 
stabilization associated with the Middle Rio Grande 
Project implemented by the USACE, Reclamation, 
and Middle Rio Grande Conservancy District 
reduced the width of the Middle Rio Grande by a 
factor of 2 to 3 between 1917 and 1992 (Woodson 
and Martin, 1963; MEI, 2002). Irrigation diversion 
structures of varying levels of sophistication (e.g., 
earthen berms in the Gila River, rock structures in 
the Rio Chama, concrete weirs on the San Juan River, 
gated low-head concrete dams in the Rio Grande, 
and inflatable diversion in the Rio Grande at 
Albuquerque) have been constructed on all the rivers, 
thereby modifying channel gradients, downstream 
hydrology, and sediment transport dynamics. 

Additional major human-made changes to river 
morphology are unlikely to be made in the future 
given the extensive changes that have already been 
made. Currently, modifications to enable fish passage 
are being incorporated into the Isleta and San Acacia 
diversion dams on the Middle Rio Grande and to 
diversions in the San Juan River, and levee upgrades 
are being evaluated in the Bernalillo to Belen reach of 
the Middle Rio Grande.

Overall, human modifications to the San Juan 
River, Rio Chama, Rio Grande, and Pecos River 
have increased the efficiency of downstream 
water delivery by straightening, channelizing, 
and reducing the widths of the rivers. Increased 
baseflows and elimination of flood disturbance due 
to upstream reservoir storage has tended to favor 
the establishment of non-native vegetation species 
along the riparian corridors that in turn is causing 
further channel narrowing (MEI, 2006a; Makar and 
AuBuchon, 2012), increased hydraulic roughness, 
and potentially reduced flood and sediment 
conveyance within the levees. 

CLIMATE CHANGE IMPACTS ON 
THE RIVERS

The current morphology and dynamics of the 
alluvial reaches of the New Mexico rivers discussed 
in this chapter are to a great extent the result of 
human interventions over time and not the result 
of the spatially and temporarily varied interactions 
among hydrology and sediment loads that define 
natural rivers (Leopold et al., 1964; Schumm, 1977). 
Consequently, predictions of the impacts of climate 
change on the rivers of New Mexico have to take 
into account human interventions as well as climate-
change-driven alterations to hydrology and sediment 
supply. Because of the degree of human intervention, 
the river responses to changes in hydrology and 
sediment supply are likely to be reach-specific and are 
unlikely to be predicted by general geomorphic theory 
(e.g. Lane, 1957; Schumm, 1977).

Climate change projections suggest that runoff 
volumes will be reduced by 16% to 28% in the next 
50 years, and therefore there will be a commensurate 
reduction in the volume of flow being conveyed 
within the rivers. However, with the exception of the 
Gila River, reservoir releases and diversions currently 
tend to dominate the in-river flows and will likely 
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do so in the future. Relatively short-duration but 
large-magnitude peak flows could be generated in 
uncontrolled tributaries downstream of the reservoirs, 
and these are likely to be sources of both flows and 
sediment to the mainstem rivers.

Increases in annual temperatures with no 
change in precipitation (Chapter 2), reduced runoff, 
and changes in vegetation resulting from climate 
change are likely to increase sediment yields from 
the watersheds (Chapters 4 and 5), with the highest 
increases projected in the semiarid regions (Eekhout 
and de Vente, 2022). The Langbein and Schumm 
(1958) relationship between sediment yield and 
effective mean annual precipitation (normalized to 
50°F; Figure 8.3) can be used to estimate the likely 
magnitude of increases in sediment yield resulting 
from a climate-change-induced reduction in effective 
precipitation and its effect on watershed vegetation 
cover; it can also be used to provide a check on 
reservoir-sedimentation-based data. Conversion 
of existing forests to grassland could significantly 
increase the unit watershed sediment yield, and 
conversion of existing grasslands to desert shrub 
could lead to a maximization of sediment yield. 
Conversely, in the currently arid regions of the Lower 
Rio Grande, it is conceivable that the unit watershed 
sediment yields could decline with a decline in 
effective precipitation. The sedimentation data for 
Navajo, Abiquiu, El Vado (present day), and Santa 
Rosa reservoirs fit the Langbein-Schumm relationship 
reasonably well. Earlier data for the Jemez Canyon 
and El Vado reservoirs reflect poor land use in 
the watersheds. Unaccounted for in the Langbein-
Schumm relationship are the effects of fire and 
resulting debris flows on watershed sediment yields. 
Given the projection of increased fire frequency and 
debris flows from the currently forested watersheds 
resulting from climate change (Chapter 6), it is 
highly likely that sediment yields could be very high 
(Gallaher and Koch, 2004; Cannon et al., 2010; 
Tillery et al., 2011). New Mexico postfire debris 
flow data all indicate very high yields. The 2012 
Whitewater–Baldy fire in the Gila basin resulted in 
debris flow yields of up to 2.13 acre-ft/mi2 (Tillery 
et al., 2019), and debris flow yields from individual 
basins in the 2011 Las Conchas fire in the Santa 
Clara Creek drainage basin ranged from 6.4 to 
17.3 acre-ft/mi2 in the first 2 years following the fire 
(Tetra Tech, 2013a). 

San Juan River

Between Navajo Dam and Shiprock, New Mexico, 
the San Juan River occupies a relatively wide valley 
with an extensive floodplain. The channel planform 
varies from single- to multi-channel in that reach, 
and the non-damaging channel capacity between 
the dam and Farmington is about 5,000 cfs; from 
Farmington to Shiprock, downstream of the Animas 
River confluence, it is about 12,000 cfs (Gronewold 
and McFadden, 2017). Downstream of Navajo Dam 
and within the state of New Mexico, there are seven 
major diversion structures that divert about 855,000 
acre-ft/yr of water for industrial, agricultural, and 
municipal purposes. The river is intermittently 
confined by local levees and berms, but there is no 
formal federally funded or maintained levee system. 
The flow regime in the river since 1991 has been 
dictated by the federal Endangered Species Recovery 
Implementation Program and includes annual peak-
flow releases in the spring from Navajo Dam of 5,000 
cfs for 1 to 3 weeks per year and minimum releases 
for the remainder of the year of 250 cfs. Both peak 
flows and baseflows increase below the confluence 
with the Animas River. However, even though a peak 
flow regime still exists, the high sediment supply to 
the river downstream of the dam, coupled with the 
effects of primarily non-native vegetation species 
becoming established, has required mechanical 
intervention to maintain the habitat complexity 
required by the native fish species. Reductions in 
flow volume of 16% to 28% resulting from climate 
change are unlikely on their own to have any 
significant impact on channel morphology. However, 
the combined effects of reduced flows and potentially 
increased sediment loads are likely to result in 
channel aggradation (Webb et al., 2001) that could 
adversely affect both the ability to divert flows at the 
diversions and the ability to maintain the channel 
complexity required by the native fishes.

Gila River

Under existing conditions, in common with other 
undammed dryland rivers, the primary determinant 
of the channel morphology in the alluvial reaches of 
the Gila River downstream of the Gila Wilderness 
Area is the occurrence of infrequent, large-magnitude, 
monsoon season floods that cause lateral erosion 
and widening of the braided channel that is followed 
by channel narrowing in the period between floods 
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(Graf, 1983, 1988a, 1988b; Soles, 2003; Reclamation, 
2004; MEI, 2006b). Within the Cliff–Gila Valley, 
three of the four diversion structures (Upper 
Gila, Fort West, and Gila Farms) are formed and 
maintained by berming local alluvial materials in 
the riverbed following floods. Levees that were 
constructed on the floodplain in the 1950s have on 
the whole been damaged by floods and have not been 
repaired following the floods of 1983 and 1984. From 
the perspective of river morphology and dynamics, 
climate-change-driven increase in the frequency and 
magnitude of extreme, primarily monsoon-driven 
precipitation events and increased sediment loads 
from vegetation changes and fire are likely to increase 
the frequency of disturbance events and reduce the 
between-event recovery periods, thereby making it 
more difficult to divert flows from the river. However, 
the basic dynamics of the flood-driven river are 
unlikely to be fundamentally changed. Based on the 
2006 to 2020 period of record, the average annual 
runoff volume is 115,249 acre-ft (Table 8.2). A 
reduction of 16% to 28% in annual average runoff 
resulting from climate change would mean that the 
average annual runoff could be reduced to between 
96,000 and 83,000 acre-ft. Currently, a total of 
about 50 cfs is diverted from the river at the three 
diversions, and this results in drying of the river for 
about a mile below the diversions during the lowest 
flow periods (Soles, 2003). Because there are no 
upstream reservoirs to buffer the effects of reduced 
annual flows, there is likely to be more river drying 
and reduced diversion capacity. 

Rio Chama

For the purposes of assessing the likely impacts of 
climate change, the Rio Chama from its headwaters 
upstream of the town of Chama to the confluence 
with the Rio Grande on Ohkay Owingeh Pueblo can 
be broadly subdivided into three subreaches, one of 
which (Upper Rio Chama) is above any reservoir 
and two of which (Wild and Scenic reach and Lower 
Rio Chama) are below reservoirs.

Upper Rio Chama—The Upper Rio Chama flows 
approximately 21 miles through the Chama Valley 
between the town of Chama and the USGS gaging 
station at La Puente. The river in this reach is 
currently a mainly single-thread river, and there 
are approximately 18 simple diversion structures 
primarily composed of rock (Bauer et al., 2021) that 
in 2020 diverted about 21,451 acre-ft of water to 

irrigate about 9,000 acres (New Mexico Office of the 
State Engineer, 2020). Significantly increased sediment 
delivery to the river as occurred in the 1930s and 
1940s due to extensive logging and grazing (0.43 
acre-ft/mi2/yr, Table 8.5) also resulted in the formation 
of a braided channel in much of the reach at that time 
(Swanson, 2012; Swanson et al., 2012). Increased 
sediment yields resulting from vegetation changes and 
increased frequency of fires associated with climate 
change are likely to cause channel aggradation 
and a reversion to a braided channel and therefore 
greater channel instability and increased difficulty 
in maintaining diversions. Reduction in the runoff 
volume is also likely to adversely affect the volume of 
flow available for diversion. In addition, changes in 
runoff timing may affect the amount of water diverted 
at individual acequias since the water rights in the 
Upper Rio Chama are junior to those downstream 
of Abiquiu Reservoir and are cut off when flow at 
La Puente gage is below 50 cfs. Increased watershed 
sediment yields in this reach above the current levels 
(0.1 acre-ft/mi2/yr; Table 8.5) are also likely to result 
in reservoir sedimentation and associated loss of 
capacity at El Vado Reservoir. If watershed sediment 
yields increase to the magnitude of the 1930s and 
1940s (0.43 acre-ft/mi2/yr), El Vado reservoir could 
lose between 10% and 15% of its total capacity 
of 196,500 acre-ft in the next 50 years, thereby 
impacting Middle Rio Grande Conservancy District’s 
and Reclamation’s ability to store irrigation water 
and Native American Prior and Paramount water.

Wild and Scenic Reach—Flow releases from El 
Vado Dam into the 32-mile-long Wild and Scenic 
reach of the Rio Chama between El Vado and 
Abiquiu reservoirs, within which there is virtually 
no consumption or diversion of flows, have 
primarily been determined by downstream flow 
requirements since El Vado Dam was constructed in 
1935. The addition of 96,200 acre-ft of water from 
Reclamation’s San Juan–Chama project since 1978 
has increased the average annual flow volume in the 
river by about 30% (309,247 acre-ft; Table 8.2). 
El Vado Dam has been very effective at trapping 
coarser sediments and therefore has eliminated 100% 
of the upper basin contribution of geomorphically 
significant sediment load to the reach below the dam. 
The river channel has adjusted physically, primarily 
by narrowing by between 20% and 30% (Swanson, 
2012; Swanson et al., 2012). This altered river system 
has become a novel ecosystem (Morse et al., 2014), 
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different from the system that existed in this reach 
before El Vado Dam was constructed but functioning 
both geomorphically and ecologically nonetheless 
(Harvey, 2022). The river channel in this novel 
system is heavily dependent on below-dam tributary 
sediment supply dominated by monsoon-season 
debris flows, which currently have a recurrence 
interval of about 3 years. 

Climate-change-induced changes to runoff 
volumes are unlikely to significantly change the 
seasonal distribution of flows since these are 
primarily determined by dam releases to meet 
downstream water needs. However, the historical 
suppression of fire in the watershed downstream of 
El Vado Dam (U.S. Forest Service, 2016) has altered 
vegetation density and age structure, causing a very 
high probability of high-intensity wildfires in the 
watershed. These fires are likely to produce larger 
and more frequent debris flows from contributing 
drainages and significantly increase the intensity of 
local runoff (Cannon and Reneau, 2000), which in 
turn will adversely affect water quality in the river 
and in Abiquiu Reservoir downstream (Dahm et al., 
2015). An increased frequency of debris flows is likely 
to cause channel aggradation and to accelerate lateral 
channel migration and erosion of Holocene-age 
terraces, especially in the most downstream 9 miles of 
the reach, in which the river is less confined than in 
the canyon. Conceivably, segments of the reach most 
affected by aggradation could return to a braided 
planform. This erosion of terraces is likely to increase 
sediment delivery to Abiquiu Reservoir.

Currently, up to 200,000 acre-ft of San Juan–
Chama water can be stored in Abiquiu Reservoir 
below an elevation of 6,220 ft. Between 1963 and 
2012 (49 years), about 20,493 acre-ft of storage 
were lost to sedimentation (Table 8.5). Doubling 
the annual sediment yield to match the historical 
sediment delivery to El Vado Reservoir (0.43 acre-ft/
mi2/yr) over the next 50 years would potentially 
reduce the reservoir storage volume by about 75,000 
acre-ft. Since Abiquiu’s total reservoir storage 
volume is approximately 1,369,000 acre-ft, this 
reduction should not significantly affect the flood 
control operation of the reservoir. However, the 
additional loss of storage over the next 50 years 
would reduce the amount of San Juan–Chama water 
that could be stored in Abiquiu Reservoir below the 
elevation of 6,220 ft.

Lower Rio Chama—Downstream of Abiquiu Dam, 
the approximately 24-mile-long Lower Rio Chama 
meanders through a relatively wide alluvial valley and 
is flanked by approximately 10,000 acres of irrigable 
lands. About 87,300 acre-ft/yr are diverted from the 
river at 12 diversion structures to service 18 member 
acequias of the Rio Chama Acequia Association. 
These acequias have very senior water rights but no 
upstream storage rights, so they can exercise their 
rights only when the water is available as flow in the 
river. Approximately 63,100 acre-ft are returned from 
the Rio Chama Acequia Association to the river for a 
net diversion of about 24,200 acre-ft/yr (New Mexico 
Office of the State Engineer, 2006). Most of the 
diversions are rock structures, but some of the 
historical rock structure diversions have been replaced 
by or combined into engineered structures (e.g., the 
Salazar, Chamita, and Hernandez diversions). 

Abiquiu Dam has a 98% sediment trap efficiency, 
which means that very little sediment is released to 
the downstream river. However, 47 uncontrolled 
arroyo tributaries to the reach deliver large volumes 
of primarily sand-sized sediment to the river 
between Abiquiu Dam and the confluence with the 
Rio Grande. The estimated annual sediment yield that 
reaches the Rio Grande confluence is about 1,300 
acre-ft (1.3 acre-ft/mi2/yr; MEI, 2008). 

After construction of Abiquiu Dam in 1963, the 
channel capacity downstream of the dam was 3,500 
cfs (Parametrix and MEI, 2011). Flow releases from 
Abiquiu Dam to the Rio Chama were subsequently 
limited to prevent damage to rock diversion structures 
and limit streamside flooding between the dam 
and the Chamita diversion. These limits on flow 
releases to the river below the dam have resulted in 
a progressive reduction due to aggradation in the 
channel capacity, which is now about 1,800 cfs. 
Downstream of the Chamita diversion, the channel 
capacity remains about 3,500 cfs because of historical 
downstream incision in the Rio Grande. 

Because of the relatively large volume of flow 
that passes through this reach on an annual basis 
(348,844 acre-ft; Table 8.2) and the way that it is 
released as fairly continuous lower flows, even a 16% 
to 28% reduction in annual average flow volume 
would not significantly affect the channel conditions 
in the reach if the sediment supply remained the same. 
However, significant increases in watershed sediment 
yield can be expected as a result of climate change, 
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and therefore further loss of channel capacity and 
more local flooding, including flooding of homes 
and acequia infrastructure, can be expected in the 
reach above the village of Chamita. This loss of 
channel capacity will negatively affect the efficiency 
of downstream delivery unless the peak flows are 
increased so the volume of sediment transported 
downstream is also increased.

Middle Rio Grande

For the purposes of assessing the likely impacts of 
climate change, the Middle Rio Grande extending 
from Velarde to Elephant Butte Reservoir can be 
subdivided into four subreaches: Velarde to Otowi 
Bridge, Cochiti Dam to Isleta Diversion Dam, Isleta 
Diversion Dam to San Acacia Diversion Dam, 
and San Acacia Diversion Dam to Elephant Butte 
Reservoir. The potential impacts of climate change on 
the river channel in these four reaches is explored in 
the following subsections.

Velarde to Otowi Bridge—The reach between 
Velarde and Otowi Bridge was straightened, 
channelized, and leveed in the 1950s. It includes 
the confluence with the Rio Chama, so the lower 
15.5 miles of this reach convey the flows from the 
mainstem of the Rio Grande, the Rio Chama, and the 
San Juan–Chama Project. 

From Velarde to the north boundary of 
Ohkay Owingeh Pueblo, eight diversions (six rock 
structures and two concrete structures constructed by 
Reclamation following the channelization of the river) 
are maintained by the Velarde Community Ditch 
Association and divert flows to acequias within the 
reach. The diversion structures maintain the vertical 
stability of the straightened and therefore steeper 
reach. On an average annual basis, about 440,000 
acre-ft of water is conveyed through this portion of 
the reach (Table 8.2), and the annual sediment load 
is about 380 acre-ft (Graf, 1994). Under existing 
conditions, sediment transport modeling has indicated 
the subreach would be slightly degradational (MEI, 
2008; Tetra Tech, 2015). Projected reductions in 
flow volume of 16% to 28% over the next 50 years 
are unlikely to have a significant impact on the 
forced morphology of the channel. Any increases in 
sediment loads are likely to be transported through 
the subreach because of the relatively high transport 
capacity of the straightened and leveed channel. 

Downstream of the Rio Chama confluence, the 
Rio Grande within the Española urban reach has 
experienced some degradation due to in-channel 
sand and gravel mining. Sediment transport 
modeling indicated that in 2008 the subreach was in 
equilibrium to slightly aggradational (MEI, 2008). 
On an average annual basis, about 847,000 acre-ft 
of water from the mainstem of the Rio Grande, the 
Rio Chama, and Reclamation’s San Juan–Chama 
Project is conveyed through the subreach. The 
combined annual sediment load is about 1,600 
acre-ft, the bulk of which (1,300 acre-ft) is derived 
from the Rio Chama downstream of Abiquiu Dam. 
Climate-change-caused reductions in annual flow 
volume are unlikely to have a significant impact on 
the forced morphology of the river in this subreach. 
However, as has been observed since the 2011 
Las Conchas fire, increased peak flows and debris 
flows have significantly increased the sediment 
delivery from Santa Clara Creek to the Rio Grande 
(Tetra Tech, 2013a), and this is reflected in local 
aggradation of the Rio Grande downstream of the 
confluence. Postfire debris flows in Peralta Canyon 
in 2011 downstream of Cochiti Dam resulted in 
blockage of the Rio Grande and severely interrupted 
downstream flow delivery until the plug could be 
excavated (USACE, 2014). Consequently, increased 
sediment delivery to this subreach resulting from 
climate change could result in aggradation of the 
river and probably lead to increased overbank 
flows and reduced downstream flow conveyance. 
The annual sediment delivery to Cochiti Reservoir 
downstream of Otowi Bridge is about 1,100 acre-ft 
(Table 8.5). Since Cochiti Dam was constructed in 
1973, approximately 41,166 acre-ft of sediment 
have been deposited in the reservoir pool (mostly in 
the bottom end of White Rock Canyon, upstream 
of the recreation pool), which represents about 
7.5% of the flood/sediment control capacity of the 
reservoir (545,000 acre-ft). If climate-change-driven 
watershed sediment yields increased from the current 
0.1 acre-ft/mi2/yr to 0.3 acre-ft/mi2/yr, sediment 
delivery to the reservoir over the next 50 years would 
reduce the flood/sediment control capacity of the 
reservoir by about 40%. Due to the presence of the 
permanent recreation pool (50,000 acre-ft) that is 
maintained by about 5,000 acre-ft annually from 
the San Juan–Chama project, much of this sediment 
is likely to deposit in the channel leading into the 
reservoir, and therefore it may not significantly affect 
the reservoir storage capacity.
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Cochiti Dam to Isleta Diversion Dam—From the 
early 1930s and during the 1950s to the 1970s, the 
approximately 63-mile-long reach of the Rio Grande 
downstream of Cochiti Dam was channelized, leveed, 
and laterally stabilized as part of early flood control 
efforts by the Middle Rio Grande Conservancy 
District and subsequent Federal Middle Rio Grande 
Project. As a result, the channel planform has changed 
from braided to single channel, the river has narrowed 
and incised, and the bed material has coarsened 
(Crawford et al., 1993; MEI, 2002; Makar and 
AuBuchon, 2012). The Angostura and Isleta diversion 
structures provide grade control within the reach, as 
does the more recent Albuquerque Bernalillo County 
Water Utility Authority inflatable diversion located 
downstream of the Alameda Boulevard bridge. 

Currently, the average annual flow volume 
released at Cochiti Dam is 758,862 acre-ft 
(Table 8.2). A total of approximately 111,621 
acre-ft/yr is diverted by the Middle Rio Grande 
Conservancy District at Cochiti Dam and at the 
Angostura Diversion (350 cfs diversion capacity 
to the Albuquerque Main Canal) as well as by 
the Albuquerque Bernalillo County Water Utility 
Authority for the Albuquerque drinking water project 
(48,200 acre-ft). The average annual flow volume 
that reaches the Albuquerque (Central Avenue) gage 
is 647,241 acre-ft. Approximately 62,000 acre-ft of 
treated wastewater is returned to the Rio Grande 
downstream of the Albuquerque gage, and therefore 
the average annual flow volume at the downstream 
end of the reach is about 709,241 acre-ft. 

Peak flows through the reach have been 
significantly reduced (2-year flow reduced by 25% 
and 100-year flow reduced by 43%) by the upstream 
reservoirs, and the suspended sediment and bed 
material loads in the river at the Albuquerque gage 
have been reduced by at least an order of magnitude 
in the post-Cochiti Dam period. As a result, the mean 
bed elevation of the river has been reduced by 2 to 4 
ft between Cochiti Dam and the Isleta Diversion Dam 
(MEI, 2002). Channel incision had adversely affected 
infrastructure in the river environment, including the 
piles of the U.S. Highway 550 bridge and the Corrales 
Siphon. Virtually no sediment is released from Cochiti 
Dam into the head of the reach, so all the sediment 
is recruited from major tributaries upstream of 
Albuquerque (Galisteo Creek, Jemez River, San Felipe 
Arroyo, and Tonque Arroyo) as well as from the 

urban arroyos in the Albuquerque–Bernalillo reach 
(Calabacillas Arroyo, Montoyas Arroyo, and the 
North and South diversion channels). Downstream 
coarsening of the bed material has been observed 
since closure of Cochiti Dam (MEI, 2002; Makar 
and AuBuchon, 2012).

Because of the extensive human modifications 
to the reach, reductions in flow volume of 16% to 
28% resulting from climate change are unlikely on 
their own to have any significant impact on channel 
morphology. However, significant increase in sediment 
delivery to the river over the next 50 years, if it is 
similar in magnitude to those of the late nineteenth 
and early twentieth centuries (Scurlock, 1998), could 
result in extensive channel aggradation, especially 
in the sand-bed portion of the reach downstream 
of Bernalillo, that in turn could threaten the project 
levees and reduce the efficiency of downstream water 
delivery. More recent data from 2002 to 2012 (Tetra 
Tech, 2020a) indicate that the bed of the river has 
aggraded by about 1 ft between the Albuquerque gage 
and the Isleta Diversion, which could partially be the 
result of the delivery of sediment that was previously 
stored in Jemez Canyon Reservoir and is now being 
eroded and released as the structure has reverted 
to run-of-the-river status since 2003. Regardless of 
future changes in flows and sediment supply to the 
river, remaining sections of the spoil-bank levees in 
the Los Lunas area (Albuquerque to Belen reach) 
were severely damaged by long-duration saturation 
in 2019 but did not fail. However, the vulnerability of 
portions of the levees along the river were highlighted 
by the 2019 event. Reevaluation of the level of flood 
protection afforded by the levees between Bernalillo 
and Belen is currently underway (USACE, 2017).

Isleta Diversion Dam to San Acacia Diversion 
Dam—The majority of the 53-mile-long reach 
between the Isleta and San Acacia diversions was 
channelized and leveed as part of the Middle 
Rio Grande Project between 1953 and 1974. While 
upstream reaches experienced reduction of mean bed 
elevation of between 2 and 4 ft after Cochiti Dam was 
built, degradation between the Isleta Diversion and 
Abo Arroyo was less than 2 ft (MEI, 2002). However, 
downstream of there, channelization through the 
Rio Puerco sediment plug caused degradation of up 
to 5 ft. More recent data and sediment transport 
modeling (Huang, 2016) indicates that the reach from 
Isleta Diversion Dam to San Acacia Diversion Dam 
is now aggradational. 
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The Isleta Diversion Dam has a diversion capacity 
of 1,070 cfs. It diverts water to the Peralta and 
Belen canals, which supply irrigation on the east and 
west sides of the river. On an average annual basis, 
about 709,241 acre-ft of flow is delivered to the 
Isleta Diversion Dam. In wet years, about 58% of 
the upstream water supply is diverted there (about 
680,000 acre-ft), and in dry years, about 91% of the 
upstream supply (about 346,000 acre-ft) is diverted. 
As a result of this diversion, the Rio Grande is net 
aggradational downstream, and the river dries for 
portions of most summers. Planned improvements 
to the Isleta diversion will pass more sediment 
downstream (Tetra Tech, 2020a). 

Because of the extensive human modifications 
to this reach, reductions in flow volume of 16% to 
28% resulting from climate change are unlikely to 
have any significant impact on channel morphology. 
However, increased sediment delivery to the reach 
from upstream and potentially from the Rio Puerco 
and Rio Salado could result in additional channel 
aggradation, increased overbank flooding, and 
reduced efficiency of downstream delivery of flows as 
well as threats to the spoil-bank levees in the reach.

San Acacia Diversion Dam to Elephant Butte 
Reservoir—The majority of the approximately 
50-mile-long reach between San Acacia Diversion and 
the delta of Elephant Butte Reservoir downstream 
of San Marcial was channelized and leveed as part 
of the Middle Rio Grande Project between 1953 
and 1974. The San Acacia Diversion has a 283-cfs 
diversion capacity to the Socorro Main Canal. In 
addition, between 1958 and 1985, because of the 
extensive sediment deposition in the delta that 
formed downstream of San Marcial, non-flood flows 
were diverted at San Acacia and conveyed in the 
constructed Low Flow Conveyance Channel to the 
Elephant Butte Narrows. Since 1985, all surface flows 
that are not diverted into the Middle Rio Grande 
Conservancy District canal at San Acacia have been 
conveyed into the river channel. 

Channelization and reduced supply of sediment 
from upstream since Cochiti Dam was built 
has resulted in over 6 ft of channel degradation 
immediately downstream of the diversion, although 
the amount of degradation decreases in a downstream 
direction and is about 0.5 ft at the U.S. Highway 380 
crossing in San Antonio (MEI, 2002). Downstream 
of San Antonio there has been persistent channel 

aggradation, especially within the boundaries of the 
Bosque del Apache National Wildlife Refuge (Tetra 
Tech, 2010), where channel plugs formed in 1991, 
1995, 2005, 2008, 2017, and 2019. This aggradation 
has increased losses of surface flow to groundwater 
and reduced the efficiency of flow delivery to 
Elephant Butte (Tetra Tech et al., 2010). Channel 
aggradation downstream of San Antonio leads to an 
average seepage loss of 5.5 cfs/mi, but approximately 
3 cfs/mi of that is gained by the Low Flow 
Conveyance Channel (Tetra Tech et al., 2010). The 
average annual flow volume at San Acacia is 526,898 
acre-ft, but between San Acacia and San Marcial, on 
an average annual basis there is a loss of 389,476 
acre-ft of surface flow, much of which resurfaces at 
the Narrows (492,348 acre-ft; Table 8.2). 

Because of extensive human modifications to 
this reach, reductions in flow volume of 16% to 
28% resulting from climate change are unlikely to 
have any significant impact on channel morphology. 
However, increased sediment delivery from the Rio 
Puerco and Rio Salado to the reach upstream of 
San Acacia Diversion along with increases from the 
east-side tributaries (Table 8.5) are likely to result in 
further aggradation of this reach, increased sediment 
plug formation potential, and further self-reinforcing 
loss of surface flows to seepage, all of which will 
further impair flow conveyance to Elephant Butte. In 
addition, to date (1915 to 2017) about 24% of the 
reservoir capacity has been lost to sedimentation. The 
current rate of sediment delivery (1947 to 2017) is 
about 2,700 acre-ft/yr, so even if the watershed yield 
is unchanged as a result of climate change, there is 
likely to be a cumulative loss of reservoir capacity 
of about 30% in the next 50 years. More likely, the 
watershed sediment yield will increase. If the annual 
sediment yield were to double to 0.2 acre-ft/mi2/yr, 
the cumulative loss of reservoir capacity in the next 
50 years could be closer to 35%.

Lower Rio Grande

Between 1938 and 1943, the Lower Rio Grande 
between Percha Diversion Dam and American 
Dam at El Paso was channelized as part of the 
105-mile-long Rio Grande Canalization Project. The 
primary objectives of the canalization project were 
downstream water delivery and flood control. The 
constructed channel has a bankfull capacity in the 
upstream Rincon Valley section of about 3,000 cfs 
and in the lower Mesilla Valley on the order of 2,000 
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cfs. Levees along about 66% of the reach that are not 
canyon-confined are designed to provide 100-year 
flood protection (MEI and Riada Engineering, 2007). 
Typical irrigation season flows (March to September) 
range from about 1,200 cfs in the upstream reaches to 
650 cfs in the downstream reaches (U.S. International 
Boundary and Water Commission, 2004), although in 
recent years these flows have only been released from 
Caballo Reservoir for 1 to 2 months a year. The rest 
of the year, the river channel is dry. On an average 
annual basis, 490,102 acre-ft of flow is released 
from Caballo Reservoir into the Lower Rio Grande 
(Table 8.2). Of this, 94,800 acre-ft is diverted at 
Percha Diversion, 153,000 acre-ft is diverted at 
Leasburg Diversion, and 72,000 acre-ft is diverted 
at Mesilla Diversion (MEI and Riada Engineering, 
2007). Annual delivery of 60,000 acre-ft to Mexico 
is required by international treaty. In addition to the 
surface-water supplies to this reach, a large amount 
of groundwater is pumped to support irrigated 
agriculture. This groundwater pumping has increased 
infiltration from the river to the shallow alluvial 
aquifer and decreased the ability of the river channel 
to convey surface flows. 

Historically, 70% of the sediment that has been 
removed in the reach has been trapped behind the 
three diversion dams. Even though about a third of 
the contributing watershed is controlled by Natural 
Resources Conservation Service flood/sediment 
control structures, there is still a possibility of about 
264 acre-ft of sediment being delivered annually 
to the lower reaches of the tributary arroyos and 
the Rio Grande channel and floodway (Table 8.5). 
Conceivably, the effects of climate change could 
lead to a reduction in unit watershed sediment yield 
(Figure 8.3), but this could be offset by the increased 
likelihood of extreme precipitation events.

Because of the extensive human modifications 
to the reach, reductions in flow volume of 16% to 
28% resulting from climate change are unlikely to 
have any significant impact on channel morphology. 
However, more extreme precipitation events during 
the monsoon season when sediment is delivered 
to the river could increase the annual contributing 
watershed sediment yield that is currently on the 
order of 264 acre-ft (Table 8.5). Increased sediment 
delivery to the channel coupled with reduced 
irrigation season flows is likely to result in the need 
for more channel maintenance and increased dredging 
upstream of the diversions. 

Pecos River

For the purposes of this chapter, the Pecos River 
can be subdivided into two subreaches: above Santa 
Rosa Reservoir and below Sumner Reservoir. The 
above Santa Rosa Reservoir subreach includes the 
headwaters of the Pecos River within the Sangre 
de Cristo Mountains and the Rio Gallinas. Within 
this subreach, there are approximately 50 acequias 
(Figure 8.1). The below Sumner Reservoir reach 
includes the diversion to the Fort Sumner Irrigation 
District. Undiverted flows in this reach are delivered 
to Brantley Reservoir for diversion by the Carlsbad 
Irrigation District. 

Above Santa Rosa Reservoir—Upstream of Santa 
Rosa Reservoir, the majority of the 130 miles of the 
Pecos River located between the town of Pecos and 
Santa Rosa Reservoir is confined within narrow 
valleys and canyons. Most of the acequia diversion 
structures are small-scale, and in general there 
have been minor local modifications to the river 
within the intermittent wider valley reaches where 
irrigation is practiced. On average, the annual flow 
volume at Anton Chico is 64,005 acre-ft, and this 
reduces to 49,124 acre-ft upstream of Santa Rosa 
Reservoir (Table 8.2), at least partially due to flow 
loss into the underlying karst aquifers formed by 
solution of the Permian-age limestone and gypsum 
beds of the San Andres Limestone and Artesia 
Group (Sweeting, 1972). 

Reductions in flow volume of 16% to 28% 
are unlikely to significantly affect the channel 
morphology. However, the potential for increased 
watershed sediment yields resulting from climate 
change is high. Annual unit watershed sediment yield 
from the primarily non-forested catchment area 
downstream of Pecos is about 0.17 acre-ft/mi2/yr, but 
unit sediment yields from the forested headwaters 
are likely to be much lower (0.03 acre-ft/mi2/yr; 
Table 8.5). Fires and subsequent debris flows in the 
forested headwaters as well as reduced vegetation 
cover in the lower elevations of the watershed 
could lead to a significant increase in sediment 
yields. Annual unit watershed sediment yields could 
reasonably increase to 0.4 acre-ft/mi2/yr, which would 
adversely affect local diversions and increase the 
annual sediment delivery to Santa Rosa Reservoir. 
Within the next 50 years, this could result in the 
loss of over 80% of the reservoir storage volume 
(80,000 acre-ft) allocated to sedimentation. However, 
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sediment storage in Santa Rosa Reservoir significantly 
reduces sediment delivery to Sumner Reservoir, 
thereby preserving storage capacity at Sumner 
Reservoir. (Note: Storage in Sumner Reservoir had 
already been reduced by 35% prior to construction of 
Santa Rosa Reservoir).

Below Sumner Reservoir—While most of the 
approximately 220-mile-long reach between Sumner 
Reservoir and Brantley Reservoir has not been 
formally channelized, meander cutoffs and local levee 
construction occurred in the Bitter Lakes National 
Wildlife Refuge between 1941 and 1957, with 
some of the cutoffs subsequently being successfully 
reconnected to the river. However, the predominantly 
sand-bed river has adjusted its morphology in 
response to reservoir block releases from Sumner 
Reservoir. Between 2005 and 2018, on average 53% 
(range = 25% to 88%) of the average annual flow 
volume (104,590 acre-ft) released from Sumner 
Dam for downstream delivery to Brantley Reservoir 
occurred as a number of block releases (one to 
four per year) of about 1,400 cfs for a duration of 
5 to 7 days (14,000–20,000 acre-ft/release). While 
downstream tributaries do contribute relatively high-
magnitude, short-duration flows during the monsoon 
season, the river channel downstream of the Fort 
Sumner Irrigation District diversion has narrowed in 
response to the reservoir-caused peak flow reductions 
(a 2-year reduction from 9,150 cfs to 1,580 cfs). The 
narrowed channel has further adjusted to convey 
the block flow releases of about 1,400 cfs, which 
are now the geomorphically effective discharges 
(Tetra Tech, 2019). Stage-discharge relations at the 
five USGS gages within this reach show stable rating 
curves that indicate neither systematic aggradation 
nor aggradation occurred in the reach between 1997 
and 2019. Virtually no sediment is discharged into 
the head of the reach from Sumner Reservoir, and 
therefore all the sediment conveyed through the 
reach into Brantley Reservoir must be derived from 
the 50 identified tributaries within the reach. Most 
of the tributaries are ephemeral and only discharge 
water and sediment to the river during short-duration 
monsoon events. Limited sedimentation data at 
Brantley Reservoir indicate that the unit watershed 
sediment yield is about 0.01 acre-ft/mi2/yr (Table 8.5). 

Climate change reductions of average annual flow 
volumes of 16% to 28% are unlikely to significantly 
change the morphology of the channel since it has 

adjusted to the block flow releases, and it is more 
than likely that flows will continue to be conveyed 
in this manner in the future, even if there are fewer 
block releases. Increased magnitude and frequency of 
extreme events when coupled with reduced watershed 
vegetation cover are likely to increase sediment 
delivery to the Pecos River. The morphological effects 
of increased sediment supply will depend on whether 
the block releases are able to transport the increased 
sediment load. If the sediment inflow exceeds the 
transport capacity of the flows, channel aggradation 
and overbank flows are likely to occur in the vicinity 
of the tributary confluences, thereby reducing the 
conveyance efficiency of the block releases. Regardless 
of whether there are channel adjustments, there is 
likely to be increased sediment delivery to Brantley 
Reservoir and therefore loss of reservoir capacity. It 
is conceivable that climate-change-driven reductions 
in vegetation cover and increased soil erosion could 
increase the unit watershed sediment yield to around 
0.3 acre-ft/mi2/yr—the pre-Santa Rosa Reservoir 
value for Sumner Reservoir (Table 8.5)—which would 
translate into annual sediment delivery to Brantley 
Reservoir on the order of 1,800 acre-ft/yr, as opposed 
to the current value of 65 acre-ft/yr.

CONCLUSIONS

In broad terms, climate change in the next 50 years 
is projected to reduce the volume of flow conveyed 
in the rivers of New Mexico by 16% to 28% and 
increase the frequency of extreme hydrologic events. 
It could realistically at least double the amount of 
sediment delivered from the watersheds to the river 
systems as a result of reductions in vegetation cover 
and increased frequency of fires and debris flows. 

The most likely responses of the undammed 
Gila River and the upper reaches of the Rio Chama 
(upstream of El Vado Reservoir) and Pecos River 
(upstream of Santa Rosa Reservoir), where there 
are no upstream reservoirs to moderate the effects 
of climate change (flows and sediment loads), are 
channel aggradation and the development of multi-
channel braided planforms in the locally wider valley 
reaches where flows are diverted and irrigation is 
practiced. These changes in turn will reduce the 
efficiency of downstream water delivery and increase 
the difficulty of diverting flows to the acequias; 
this will likely result in reduced volumes of flow 
available for diversion. 
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Downstream of the reservoirs, while the total 
volume of flow is likely to be reduced by climate 
change, the ability to control the flow releases will 
tend to mitigate the effects of reduced volume on 
river morphology. It is unlikely that the current 
morphology of most river reaches on the Middle 
and Lower Rio Grande, all of which have been 
highly modified for flood and erosion control and 
water delivery, will be affected by the reduced flows. 
Similarly, on the Pecos River downstream of Sumner 
Reservoir where the channel morphology has adjusted 
to the block flow releases, it is likely that flows will 
continue to be released in a similar fashion, even if 
the number of block releases is reduced. Aggradation 
resulting from increased sediment delivery to the 
rivers downstream of the reservoirs could adversely 
affect channel capacity and the ability to convey 
flows efficiently. Additionally, aggradation could 
eliminate multi-channel habitat for listed fish species 
in the San Juan River and increase seepage losses, as 
have been seen in the Bosque del Apache National 
Wildlife Refuge reach of the Rio Grande. The reduced 
conveyance capacity of the Rio Chama downstream 
of Abiquiu Reservoir (3,000 cfs to 1,800 cfs) resulting 
from a combination of limited non-damaging flow 
releases (1,800 cfs) and high tributary sediment 
delivery provides a template for what could happen 
to other reaches below reservoirs. Conversely, the 
adjustment of the Pecos River to the block flow 
releases that balance sediment supply and transport 
capacity provides a potential solution for dealing with 
below-reservoir sedimentation issues resulting from 
climate change. Increased sediment delivery to the 
channels downstream of the reservoirs may therefore 
require changes to the reservoir flow releases such 
that sediment transport capacity and sediment 
supply from below the reservoirs are better balanced. 
Alternatively, maintenance of channel capacity and 
conveyance may require vegetation management 
and channel dredging, as have been practiced in 
the Lower Rio Grande.

Increased sediment delivery from upstream 
watersheds as a result of climate change also has the 
ability to adversely affect reservoir storage capacity. 
Some of the reservoirs have already lost 20% to 30% 
of either their allocated sediment storage volume 
(Santa Rosa Reservoir) or their total storage volume 
(Elephant Butte Reservoir). Reasonable estimated 
increases in watershed sediment yield over the next 
50 years could result in many of the reservoirs losing 

authorized storage capacity (e.g., San Juan–Chama 
Project storage in Abiquiu Reservoir) as well as 
total storage capacity that could limit operational 
flexibility. Comparison of the current operations of 
El Vado and Cochiti reservoirs provides a potential 
solution to prevent future loss of reservoir capacity. 
On an annual basis, El Vado Reservoir is essentially 
emptied, and since 2007 the inflowing fine sediment 
load is passed through the dam, resulting in a loss of 
reservoir capacity over the last 85 years of only about 
7%. In contrast, Cochiti Reservoir that has a 50,000 
acre-ft permanent recreation pool has lost about 37% 
of its allocated sediment storage volume (110,000 
acre-ft) since 1973. The bulk of the sediment has 
been deposited on the delta which extends upstream 
into White Rock Canyon, where downstream flow 
conveyance to the reservoir has been adversely 
affected. Occasional lowering of the permanent 
pool would allow sediment to be distributed 
further into the reservoir and would not adversely 
affect the total reservoir storage capacity that is in 
excess of 600,000 acre-ft.

Finally, historical management of the flow releases 
on the regulated river reaches has increased baseflows 
and effectively eliminated flood flows in many of the 
river reaches. The net result has been encroachment 
of riparian vegetation, dominated by non-native 
species such as tamarisk and Russian olive, into the 
channels, which has led to further narrowing of the 
channels in the last 20 years (Chaulagain, 2022); 
increased bank, bar, and island accretion by trapping 
sediments (MEI, 2006a); increased evapotranspiration 
losses; and reduced efficiency of downstream 
transport of flows. Projected climate change effects 
on water volume and sediment delivery will tend to 
exacerbate this trend and further reduce the ability to 
convey flows downstream.
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A warming climate could increase the magnitude of future storms, leading to extreme precipitation events and increased 
flooding in New Mexico. Warmer air can hold more water vapor, approximately 7% more moisture for each 1°C 

(1.8°F) increase in temperature. Global climate models used to predict future conditions are not detailed enough 

to simulate individual storms. Three major types of storms occur in New Mexico: short-duration, high-intensity 

local storms in summer (usually monsoonal); long-duration general storms (caused by winter weather fronts); and 

occasionally the remnants of tropical storms. The principal risk from extreme precipitation events will be flooding 

in small watersheds from high-intensity local storms, precisely the storms that are hardest to simulate in climate 

models. Large-scale regional studies have corroborated the hypothesized increase in extreme precipitation with 

warming temperature, but few such studies exist on the impact on local storms in the Four Corners states. A study 

of extreme precipitation events in Colorado and New Mexico was recently completed and has updated estimates 

of the magnitude of severe storms possible in our state. Data and modeling studies suggest that while the risk of the 

most severe storms might not increase beyond current estimated values, less severe (but still high-intensity) storms 

may occur more frequently than at present, which could impact existing stormwater management infrastructure.
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Bruce M. Thomson and David S. Gutzler

storms: a warmer atmosphere can hold more water 
vapor (see Appendix C), a warmer atmosphere 
may produce stronger storms, and the type of 
storm events may change as a result of changing 
weather circulation patterns. The objective of this 
chapter is to review the current state of knowledge 
of extreme precipitation events in New Mexico in 
order to determine how such events may change, 
discuss possible impacts on the state’s stormwater 
management infrastructure, and identify areas where 
new information is needed to improve stormwater 
management. Understanding how future extreme 
precipitation may change is critical to planning for 
future storm events. This section focuses on the 
frequency, occurrence, and characteristics of extreme 
precipitation events and stormwater management. 
Note that whether a particular storm results in 

INTRODUCTION

K nowledge of the characteristics and magnitude 
of future extreme precipitation events and their 

frequency of occurrence is vitally important to 
stormwater management agencies. The major risk 
posed by runoff from extreme precipitation events 
is the threat to human safety and infrastructure, 
particularly in urban locations. Furthermore, about 
16% of the dams in New Mexico store hazardous 
mine tailings or wastewater, and their failure would 
pose a serious environmental risk to downstream 
watersheds. However, extreme precipitation events 
also present a threat to undeveloped watersheds, 
especially those damaged by catastrophic 
wildfires (see Chapter 6).

Several phenomena associated with a warming 
climate may affect the intensity and magnitude of 
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flooding depends on the hydrologic conditions of the 
watershed (especially its topography, land cover, and 
antecedent conditions), as well as the characteristics, 
duration, and track of the storm. Because these 
characteristics and conditions are location and storm 
specific, it is not possible to predict the magnitude and 
consequences of individual future storms.

EXTREME PRECIPITATION IN 
NEW MEXICO

Extreme precipitation events in New Mexico 
that pose the greatest risk of flood damage to 
infrastructure and the environment are often very 
intense, short-duration, local storm events that are 
difficult for dynamical models to simulate. Coarse-
resolution climate models do, however, attempt to 
simulate atmospheric conditions that will enable the 
understanding of potential changes in precipitation 
events. Those changes are discussed in this section.

Due to New Mexico’s location in the Southwest 
and its varied topography, weather patterns in the 
state are highly variable and influenced at times 
by regional weather patterns from the Pacific 
Northwest; Arctic synoptic events from northern 
Canada and Alaska; and tropical weather from the 
Gulf of Mexico, the eastern Pacific Ocean, and the 
Gulf of California. Three types of storms that may 
cause extreme precipitation events in New Mexico 
were considered in the Colorado-New Mexico 
Regional Extreme Precipitation Study (CO-NM 
REPS; Colorado Department of Natural Resources 
[CDNR], 2018): local storms, general storms, and 
remnant tropical storms. The general characteristics 
of each are (CDNR, 2018):

Local storms:

• Main rainfall accumulation 
within 6 hours or less

• Not associated with overall synoptic patterns 
leading to regional rainfall

• Generally limited in extent to 100 square miles 
or less

• High-intensity rainfall

• Occur during the appropriate season, 
April through October

General storms:

• Rainfall that lasts 24 hours or longer

• Occur with synoptic environments associated 
with frontal events or atmospheric rivers

• Extent ranges from hundreds to 
thousands of square miles

• Lower rainfall intensity 
compared to local storms

• Generally strongest from fall through spring

Tropical storms:

• Rainfall that is a direct result of a 
landfalling tropical system

• Occur during the appropriate seasons, 
June through October

Storms may exhibit characteristics of more than 
one storm type; these are classified as hybrid storms. 
In New Mexico, the storms that pose the greatest 
threat to both urban and natural watersheds are 
very-high-intensity local storms, typically associated 
with convective activity (i.e., thunderstorms). 

Extreme precipitation events are usually 
measured by three characteristics (termed IDF): 
their intensity (I), which is the depth per hour of 
precipitation produced by the storm; the duration 
(D) of the storm event measured in minutes, hours, 
or days; and the frequency (F) at which they occur, 
the inverse of the probability of occurrence over 
a specified time interval (often expressed as the 
probability of an event occurring in a single year). 
For example, the intensity from a 100-year, 6-hour 
storm is the amount of rain, reported as depth of 
rain in inches or centimeters per hour, that falls over 
a 6-hour period from a storm with a 1% probability 
of occurring in a given year (i.e., a storm that occurs 
on average once every 100 years). The total amount 
of precipitation produced by a storm, the storm’s 
magnitude, is obtained by multiplying the intensity 
by the storm’s duration. One other factor that affects 
the impact of storm events is their areal extent. This 
is particularly important for summer thunderstorms 
in New Mexico, which are frequently very intense but 
of such limited extent that they do not produce major 
flooding. Information on IDF characteristics of storms 
throughout the country is available from a variety 
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of sources but is most commonly obtained from 
NOAA Atlas 14, published by the National Weather 
Service (NWS; 2005a). 

The complexities associated with multiple storm 
types occurring in New Mexico and the state’s widely 
varying topography contribute to a high degree 
of uncertainty in identifying extreme precipitation 
events. The complicated weather patterns in 
New Mexico are illustrated in the rainfall map for the 
100-year, 6-hour storms (Figure 9.1), which shows 
large variations in rainfall depths over a distance of a 
few tens of kilometers. This variation is particularly 
notable in the Upper Rio Grande watershed where 
the influence of topography is especially important. 
For example, the rainfall magnitude from a 100-year, 
6-hour storm at the crest of the Sandia Mountains is 
2.8 in. (71 mm), which is 25% greater than that at 
the Albuquerque airport (2.23 in. or 57 mm) though 
these sites are only 15 miles apart. The difference is 
even greater for longer duration storms, for example, 
a 53% difference for a 24-hour storm.

There are two basic ways to attempt to 
estimate how climate change might affect extreme 
precipitation events. One approach is to analyze 
historical records to test for changes that may have 
occurred in the recent past. Two recent studies 
examined observational records of extreme storm 
events to test for the existence of a long-term trend 
and used very different approaches. Kappel et al. 
(2020) assessed trends in large storm events across 
the United States controlling the most extreme 
precipitation amounts, so-called probable maximum 
precipitation (PMP) events (discussed further below). 
Roughly 10 such events occur nationally each 
year. The researchers found no significant trend in 
decadal averages of these extreme storms through 
the twentieth century.

Towler et al. (2020) assessed daily summer 
precipitation amounts, spatially averaged over 
the entire Rio Grande corridor north of Elephant 
Butte Reservoir, using a modest threshold to define 
“extreme events” of just 0.2 in./day (5 mm/day), 
which includes ~10 events each summer. They found 
no significant trend over a short (40-year) record 
(Figure 9.2), although one wonders if there would 
be a trend in extreme events if the threshold were 
changed to just the top 1% of precipitation days, 
those which are more likely to cause flooding (above 

the red line in Figure 9.2). The large variation in 
precipitation for these storms illustrates the difficulty 
in assessing historical trends of extreme events 
based on the available data and considering the 
variable results obtainable using different criteria for 
unusually large storm events.

The second approach is to conduct dynamical 
modeling experiments. Computer models based 
on equations describing atmospheric physics 
can be employed to simulate changes in extreme 
precipitation, or at least changes in the large-scale 
mechanisms that promote extreme precipitation 
(Figure 9.3). The effect that is best understood is 
moisture availability, often referred to as precipitable 
water. This is the depth of liquid water in a column 
of the atmosphere, if all the water in that column 
precipitated as rain. Increasing temperature even 
modestly leads to a large increase in the capacity 
of the atmosphere to hold water vapor and hence 
moisture availability (see Appendix C). Each of 
the mechanisms listed in Figure 9.3 is discussed in 
Volume VI of the CO-NM REPS (CDNR, 2018). 
This study is discussed in more detail below. As 
shown in Figure 9.3, the mechanisms that are best 
understood should promote future increases in 
extreme precipitation through increases in moisture 
availability and convective intensity. However, 
although increased energy is associated with warmer 
air, it is actually temperature differentials (i.e., 
temperature gradients) that result in atmospheric 
instability and increased convective intensity. There 
is some evidence that climate warming may cause 
increased atmospheric stability, which may reduce 
monsoonal rainstorms (Pascale et al., 2017).

The uncertainties inherent in simulating future 
storm events described in Chapter 2 all apply to the 
assessment of extreme precipitation, although the 
future trends are much less certain. However, as a 
group, multiple global climate models suggest that 
extreme precipitation events (such as those with 
less than 1% probability of occurring each year) 
will become more frequent and more intense in 
New Mexico (Janssen et al., 2014; CDNR, 2018; 
Figure 2.5). Further, Donat et al. (2016) conclude 
that the effects of a warming climate on extreme 
precipitation events will be felt more in arid regions 
compared to wet regions. However, this conclusion 
is not quantified, nor is it supported by all storm 
research in the Rocky Mountain states.
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Figure 9.1. Map of rainfall depth produced by 100-year, 6-hour storms in New Mexico (NWS, 2005). 
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Figure 9.2. Monsoon season 
(July–September) daily precipitation 
averaged spatially across the Upper 
Rio Grande watershed in northern 
New Mexico from 1981 to 2018 
(from Towler et al., 2020). Horizontal 
lines are selected percentiles: Q91 
= 5.0 mm/day (0.20 in., blue), Q95 
= 7.0 mm/day (0.28 in., orange), 
and Q99 = 11.9 mm/day (0.47 
in., red). The most extreme daily 
precipitation amounts, in the 99th 
percentile, occur above the red line, 
with amounts greater than 11.9 mm/
day (0.47 in.). Towler et al. (2020) 
used a daily precipitation threshold 
of 5.0 mm/day (0.20 in., above the 
blue line) to define extreme events.

Emori and Brown (2005) suggested that climate 
change will affect extreme precipitation in two 
ways, simplified in Figure 9.3. Dynamical changes 
may result from a change in atmospheric circulation 
patterns, whereas thermodynamic change is due to 
increased moisture content in warmer air. Storm 
events in New Mexico will be subject to both effects, 
and both are expected to change the environment 
in such a way as to generate storms that will be 
more frequent and more intense. The topography of 
New Mexico is an important factor that influences 
the characteristics of precipitation events in 
New Mexico. The prominent mountain ranges in 
New Mexico generate orographic effects that can 
either enhance or decrease precipitation depending 
on whether they force air to rise (upslope effect) 
or descend (downslope effect). In addition, these 
mountain ranges affect the storm track and velocity 
of local, general, and tropical storms.

Nevertheless, significant uncertainties remain. 
The historical correlation between convective 
storm intensity and rainfall amount is not strong 
(Mahoney et al., 2013; CDNR, 2018). The discussion 
by Mahoney et al. (2013) of the difficulties in 
downscaling from regional climate models to those 
depicting mesoscale (i.e., local) convective storm 
events is especially relevant to storms in New Mexico. 
Thus, though New Mexico may experience more 
thunderstorms in the future, it is not clear they will 
increase the risk of flooding.

Instead of trying to predict the effects of 
the physical mechanisms shown in Figure 9.3, 
Towler et al. (2020) assessed model-simulated 

twenty-first-century changes to large-scale summer 
weather patterns in order to identify trends in 
extreme precipitation events in New Mexico. Their 
analysis suggests little change in the frequency of 
extreme events over the next few decades but predicts 
an increase in summer storm events after 2050, 
using 0.24 in./day (6 mm/day) as the threshold for 
large precipitation events. Furthermore, there were 
no increases in the probability of daily precipitation 
exceeding 1 in./day (25 mm/day), which was 
interpreted as evidence that the frequency of extreme 
daily precipitation was more likely to change in 
coming decades rather than increase the amount of 
rain produced. Towler et al. (2020) cautioned that 
their technique does not directly consider trends 
in physical mechanisms such as precipitable water, 
which might limit the scope of their conclusions 
regarding the absence of trends in extreme events. 

• Moisture availability
Very likely to increase, high confidence

Future trends less certain

• Convective intensity

• Storm efficiency     
  (horizontal convergence 
  + ascent)

• Storm duration

• Storm tracks

• Precipitation type

Figure 9.3. The principal mechanisms that may increase precipitation 
from PMP events, with summary of current confidence in future 
changes to these mechanisms (McCormick et al., 2020).
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Lu et al. (2018) investigated the effect of increased 
water vapor in the atmosphere (moisture availability) 
and changes in the jet stream affecting storm tracks 
to determine the impact of atmospheric rivers on 
future extreme precipitation events in the western 
United States, such as those that occurred in the wet 
winter of 2016–2017. Atmospheric rivers are winter 
storms often associated with El Niño events that 
generally produce heavy snowfall in the mountains 
of New Mexico and southern Colorado. Runoff from 
these storm events is not typically associated with 
regional flooding due to the presence of conservatively 
designed large federal dams on all large rivers 
and streams in northern New Mexico that protect 
downstream agricultural land and urban areas. The 
only large perennial river in New Mexico without a 
dam to protect downstream areas from flooding is 
the Gila River in southwestern New Mexico. Lu et 
al. (2018) noted that while wet winters may become 
more frequent in a warmer world, diminished winter 
snowpack will reduce the volume of spring runoff, a 
phenomenon that is already occurring in New Mexico 
(see Figure 1.5 and Chapter 2).

CRITERIA FOR FLOOD-SENSITIVE 
INFRASTRUCTURE

Most stormwater infrastructure in New Mexico 
is designed to manage runoff from 100-year 
storms for durations of 24 hours. However, critical 
infrastructure, defined as that which would cause a 

Table 9.1. Comparison of rainfall depths at selected New Mexico locations for 100-year, 6-hour storms (NWS, 2005), PMP storms predicted by 
hydrometeorological reports (Hansen et al., 1984; Hansen et al., 1988), PMP storms predicted in CO-NM REPS (CDNR, 2018), and storms occurring 
once every 10 million years (CDNR, 2018).

a – NOAA Atlas 14 (NWS, 2005), most commonly used for storm precipitation estimates in New Mexico
b – HMR 55a (Hansen et al., 1988) 
c – Calculated using HMR 55a & HMR 49 data
d – HMR 49 (Hansen et al., 1984)
e – CO-NM REPS web utility (CDNR, 2018)

major loss of life in the event of failure, is designed to 
withstand flooding from much greater storms, usually 
those that produce the PMP. PMP is the maximum 
depth of precipitation that may fall over a defined 
time for a given storm area at a particular location 
based on the most extreme atmospheric conditions 
possible at that location. These are extremely rare 
events, with probabilities of occurrence ranging 
from 0.01% (a 10,000-year storm) to 0.000001% (a 
10,000,000-year storm).

NOAA Atlas 14 (NWS, 2005a) only has IDF 
data for storms with expected return periods up to 
1,000 years, which is considered to be insufficient 
for designing critical infrastructure. In the 1970s 
and 1980s, the NWS prepared information on PMP 
storms for the entire country and published them as 
hydrometeorological reports (HMRs; Figure 9.4A). 
PMP rainfall depths for New Mexico are described in 
HMR 49 and HMR 55a (Figure 9.5). Rainfall depths 
for PMP storms predicted by HMR 55a are much 
greater than depths of 100-year storms, in many 
cases three or four times greater (see Table 9.1), so 
facilities designed to accommodate PMP storms are 
large and expensive.

Estimation of PMP storms has traditionally used 
a variety of historical information including behavior 
of nearby extreme storms, atmospheric conditions, 
and weather patterns. In recent years, numerical 
modeling of storm events is included as well. Storm 
and meteorological information and modeling 
technology used to determine PMPs have all greatly 

 Rainfall Depth for 6-Hour, 10-Square-Mile Storm (inches)

Location 100-yeara
PMP  

(HMR 55a)b
PMP  

(CO-NM REPS) Ratio PMP/100-yearc 10-Myr stormd

Albuquerque 2.60 12 11 4.6 7.14
Hobbs 7.06 25 23 3.5 21.4
Las Cruces 3.74 14.5 15 3.9 9.5
Roswell 5.22 24.5 21 4.7 22.4
Santa Fe 3.21 14 19 4.4 7.3
Taos 2.88 11.5 15 4.0 5.9
Farmingtone 2.43 10.6 8 4.4 10.7

WG Ex. 7

0194



117

  C H A P T E R  I X . P R E C I P I T A T I O N  A N D  S T O R M W A T E R

Figure 9.4. (A) National map showing the coverage of hydrometeorological reports describing the characteristics of extreme precipitation 
events in the United States (Hydrometeorological Design Studies Center, [https://www.weather.gov/owp/hdsc_pmp]). (B) Percent change 
between 6-hour, 10-square-mile PMP storms predicted by HMR 55a (Hansen et al., 1988) and CO-NM REPS (CDNR, 2018).

A

B
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ALBUQUERQUE

LAS CRUCES

DENVER

Figure 9.5. Probable maximum precipitation for a local storm (10 square miles) of 6-hour duration (CDNR 2018).
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improved in the last 40 years and have increasingly 
called into question the accuracy of the HMRs. 
Accordingly, the states of Colorado and New Mexico 
contracted to develop the CO-NM REPS. This study 
examined historical storms, considered meteorological 
conditions including the effects of topography, 
and evaluated the current state of the art in storm 
modeling. Both a web-based tool and a GIS-based 
tool are publicly available for predicting extreme 
precipitation events with frequencies ranging from 
100-year events to PMP events. 

The CO-NM REPS study found substantial 
differences compared to extreme storms predicted 
by the HMRs, in some cases a nearly 50% reduction 
in total precipitation (Figure 9.4B and Table 9.1). 
At some high-elevation locations, the local PMP 
storm precipitation depth increased. The analysis of 
extreme precipitation events in the CO-NM REPS 
did not consider the effects of a warming climate 
because “...no methodologies for estimating PMP 
or precipitation-frequency-analysis (PFA) under 
climate change have as yet been elevated to an 
official or preferred status” (Mahoney et al., 2018). 
However, the study did provide a separate chapter 
containing a descriptive analysis of these effects 
(Mahoney et al., 2018). 

Salas et al. (2020) recently provided a state-of-
the-art review of the impacts of climate change on 
extreme precipitation events, specifically PMP storms. 
Though this review was for worldwide PMP storms, 
its conclusion that the effects of climate change on 
extreme precipitation events may be significant is 
relevant to New Mexico, where so much of our 
flood protection infrastructure is aging, built to older 
design criteria, and in poor condition. In particular, 
Salas et al. noted that traditional methods of 
determining PMP storms should be re-evaluated, as 
recent experience has shown that changing climate 
conditions may influence the type and nature of 
storms in different ways than in the past.

In New Mexico, storms that pose the greatest risk 
of causing flooding are short-duration, high-intensity 
local storms (usually monsoonal thunderstorms) 
and, less frequently, long-duration general storms, 
especially those associated with synoptic events 
that produce atmospheric rivers and are modulated 
by Madden-Julian oscillation changes (Maloney et 
al., 2019). In some cases, notably in urban areas, 
the greatest challenge is posed by storms of high 

intensity but very short duration, often 2 hours or 
less. The infrastructure to control short-duration, 
high-intensity storms comprises the greatest number 
of stormwater management systems in New Mexico. 
Because most are designed only for 100-year storms, 
they constitute the infrastructure most vulnerable 
to storms of increasing magnitude that may result 
from a warming climate. 

Lynker Technologies (2019) discussed methods 
of modifying IDF curves for the Colorado Water 
Conservation Board to aid in developing design 
criteria for future flood-protection infrastructure. 
Three methods were discussed:

• Physically based scaling methods, in which 
the IDF curves were adjusted for the increased 
maximum moisture capacity of warmer air

• Delta method, wherein the historical climate 
record is modified by a change factor 
calculated from raw or downscaled global 
climate model results

• Nonstationary globalized extreme value 
distribution method, in which the probability 
density function of annual maximum 
precipitation events is adjusted based on 
projected changes in temperature, mean 
precipitation, or other physical parameters

Lynker Technologies (2019) used these three 
methods along with physical data and modeling 
results near Denver, Colorado, to investigate the 
impact of climate change on IDF precipitation events 
through 2050. They found that the 100-year, 24-hour 
precipitation intensity is likely to increase by 10% to 
20% across the state of Colorado by 2050. However, 
uncertainty in historical IDF curves could result 
in an up-to-30% increase at some locations. This 
uncertainty is much larger than is often recognized, 
and the study concluded that the true precipitation 
from a 100-year storm may actually be closer to that 
which is currently projected for a 500-year storm.

A conundrum occurs when considering design 
requirements for stormwater infrastructure. Flood 
insurance programs and building restrictions are 
required (or at least provide strong incentives) to 
minimize flood risks within the 100-year floodplain, 
but they ignore adjacent areas. However, adjacent 
areas are vulnerable to flooding from less frequent but 
larger events. The question that must be considered in 
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developing long-range flood-management strategies 
is whether protection should be designed for storms 
of greater intensity, longer duration, or increased 
frequency of occurrence, all of which may result 
from a warming climate.

Requiring stormwater management systems to 
provide protection from 100-year storms creates a 
level of protection rather than a measurable reduction 
in risk. For example, a dam built to limit flooding 
from a 100-year storm in a watershed provides the 
same level of protection regardless of whether the 
downstream watershed consists of agricultural fields 
or high-density urban development with elementary 
schools and hospitals. There is increasing agreement 
within the stormwater management profession that 
infrastructure should be designed to reduce the risk 
posed to life and property rather than simply provide 
a specified level of protection. Thus, a greater amount 
of protection would be required for a developed 
urban watershed than for an undeveloped area.

REGIONAL FLOODING

The discussion in this chapter has primarily focused 
on flood protection from localized storm events 
impacting watersheds of a few hundred square 
miles or smaller. Historically, however, much 
greater floods, often resulting from spring snowmelt 
runoff that affects large areas of the state, have 
occurred. Historical records show flooding from the 
Rio Grande during the following years: 1828, 1851, 
1865, 1874, 1886, 1903, 1905, 1911, 1920, 1928, 
1929, 1935, 1941 and 1942 (U.S. Army Corps of 
Engineers, 2017). The 1941 flood was particularly 
severe, with peak flows estimated at 24,600 cubic 
feet per second (cfs). Construction of large dams 
on the Rio Chama (Heron, El Vado, and Abiquiu 
dams), Rio Grande (Cochiti Dam), and Pecos River 
(Sumner Dam) have nearly eliminated the chance of 
regional flooding from large rivers in the future. For 
example, the capacity of the channel downstream 
from Cochiti Dam is 7,000 cfs and limits controlled 
releases to that amount, which is less than one-third 
of the flow during the 1941 flood. Reduced spring 
runoff resulting from decreasing snowpack in the 
future (discussed in Chapter 2) will further limit 
the occurrence of extremely high flows from spring 
runoff. While flooding from snowmelt runoff poses a 
small risk for a few communities in New Mexico, it 
is largely unquantified, and most urban stormwater 

management facilities are designed for high-intensity 
local storms. However, there is still risk of flooding 
from unregulated tributaries. The 1929 flood that 
obliterated San Marcial in southern Socorro County 
resulted from a monsoon outburst that came 
down the unregulated Rio Salado and Rio Puerco 
(Phillips et al., 2011).

Though the risk of extremely high flows in the 
Rio Grande is reduced, many of the levees along the 
river between Cochiti Reservoir and the southern 
state line are at risk of failure from moderately high 
flows that may occur once every decade or two. 
Most of these levees are simply spoil-bank levees 
constructed by piling sand and soil excavated from 
the riverside drains next to the bosque (the gallery 
forest habitat along the Rio Grande floodplain). They 
have none of the features included in engineered 
levees such as an impervious core, erosion protection 
along the toe, or careful selection of soils and their 
proper emplacement to assure stability. As a result of 
levee failures associated with Hurricane Katrina in 
2005, the Federal Emergency Management Agency 
and the U.S. Army Corps of Engineers re-evaluated 
levees around the country and decertified most of 
the levees in New Mexico in 2009. Recent evidence 
of the vulnerability of these levees was provided in 
the summer of 2019, when 2 months of flows above 
5,000 cfs caused severe damage and near failure of a 
spoil-bank levee on the west side of the river near Los 
Lunas, New Mexico. The damage was not caused by 
erosion or scour but simply by sloughing of weak soil 
material in the levee due to the presence of standing 
water at its toe for a period of several weeks. Levee 
stability along the Lower Rio Grande has been a 
long-time concern of the U.S. International Boundary 
and Water Commission (2021).

IMPACTS OF PRECIPITATION ON 
BURNED WATERSHEDS

There is a large and growing body of literature on the 
post-wildfire impacts of large precipitation events. 
The overarching effects of storm events in a burned 
watershed are increased volume and water velocity 
of stormwater runoff. These lead to debris flows 
(high density slurries of rocks, mud, sediment, and 
burned and unburned vegetation that are transported 
by runoff at high velocities), landslides, hillside soil 
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loss and rill formation, erosion of stream channels, 
reduced infiltration, and degraded water quality. More 
details on these processes are discussed in Chapter 6. 

Wildfires increase runoff volumes and velocity 
by destroying vegetation and ground cover, which in 
turn increases the flow of water, decreases infiltration, 
and increases erosion. Increased flow and velocity 
coupled with the lack of vegetative cover to hold soils 
in place may result in debris flows from even modest 
storm events. Due to the high velocities and large 
amounts of material entrained in debris flows, which 
range from mud and silt to boulders and large trees, 
these flows can be extremely damaging to stream 
channels and any infrastructure in the channels such 
as culverts, roads, bridges, and reservoirs.

Two notable examples of the infrastructure 
damage caused by debris flows are cited here. 
Monsoon rains following the 2011 Las Conchas fire 
produced heavy debris flows that filled small ponds 
and stock tanks; damaged roads, stream crossings, 
and agricultural fields; plugged the Rio Grande 
downstream from Cochiti Reservoir; and forced 
the Albuquerque Bernalillo County Water Utility 
Authority to stop drawing water from the river for 
40 days (Tillery and Haas, 2016; USACE, 2017). 

Farther south, late summer monsoon rains 
following the June 2012 Little Bear fire in the Lincoln 
National Forest of south-central New Mexico 
resulted in large debris flows from the watershed 
(Tillery and Matherne, 2013). These completely filled 
Bonito Lake, the principal source of drinking water 
for Alamogordo, causing it to be taken out of service. 
Restoring the water supply requires removing all the 
sediment and debris as well as making repairs and 
improvements to the dam, which are not expected to 
be completed until summer 2022, 9 years after the 
fire (Maxwell, 2021). 

Concerns about the impact of postfire debris 
flows on water supplies and urban stormwater 
management systems led local agencies in Bernalillo, 
Sandoval, and Santa Fe counties to support studies 
by the USGS of potential threats posed by fires and 
subsequent debris flows on watersheds in the Jemez, 
Sandia, and Manzano mountains (Tillery et al., 2014; 
Tillery and Haas, 2016).

SUMMARY OF EXISTING 
STORMWATER MANAGEMENT 
PROGRAMS IN NEW MEXICO

There are about 400 large dams in New Mexico, 
most of which were built for stormwater management 
and flood protection. In this discussion, large dams 
are those at least 25 ft (7.6 m) tall and retaining at 
least 15 acre-ft (18,500 m3) of water or dams 6 ft 
(1.8 m) tall and retaining at least 50 acre-ft (62,000 
m3) of water. About 215 of the dams in New Mexico 
are classified as high hazard dams, which means that 
failure or improper operation will probably cause loss 
of human life. The location and ownership of large 
dams in New Mexico is presented in Figure 9.6.

The average age of large dams in New Mexico 
is about 60 years, which means they were designed 
when hydrologic conditions were not nearly as well 
defined as they are now. Furthermore, it is likely that 
these conditions have changed in the intervening 
decades and may change even more with a warming 
climate in future decades. A further complicating 
factor is that many of the dams that were built to 
protect undeveloped watersheds have experienced 
downstream suburban and urban development that 
has increased the risk to the public presented by 
possible dam failure. This is a form of “hazard creep” 
that stormwater management agencies do not have 
the resources to address. 

Stormwater management in New Mexico is 
provided by a diverse set of federal, state, and local 
organizations. At the federal level, the Bureau of 
Indian Affairs owns 27 large dams, the Army Corps 
of Engineers 7, the Bureau of Land Management 
34, the Bureau of Reclamation 15, and the Forest 
Service 5. The State of New Mexico owns 15 dams. 
Local governments, including cities, counties, 
irrigation districts, and flood control districts, own 
174 dams, and 105 state-regulated dams are privately 
owned. Thus, responsibility for managing flood 
control infrastructure falls upon a large number 
of federal, state, and local organizations as well as 
private companies and individuals.

Federal dams are not subject to state regulations. 
Instead, separate design and operations requirements 
are established for each of the agencies that 
own them. New Mexico regulations for design, 
construction, and operation of dams are contained in 
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section 19.25.12 of the New Mexico Administrative 
Code (NMAC) and are administered by the Dam 
Safety Bureau of the Office of the State Engineer. 
The State of New Mexico does not identify the 
level of protection that must be provided for a 
watershed vulnerable to flooding. The level of 
protection is generally determined by the requirement 
that mortgages from federally approved lending 
programs obtain flood insurance. Flood insurance 
is available under the National Flood Insurance 
Program in Special Flood Hazard Areas, which are 
most commonly defined as areas with a 1% annual 
chance of flooding, or in other words, a flood 
resulting from a 100-year storm (also known as the 
100-year floodplain). Most stormwater infrastructure 

is designed to minimize the 100-year floodplain. 
Thus, knowledge of how climate warming will affect 
the 100-year storm is important to stormwater 
management agencies and local governments.

New Mexico dam safety regulations require that 
all high-hazard dams, regardless of size, must have 
spillways designed to pass a flood from a PMP storm 
(NMAC 19.25.12.11.C.3.d). The extremely large 
nature of PMP storms in comparison to 100-year 
storms often creates a difficult design challenge for 
dam owners. For example, the John Robert Dam 
owned by the Albuquerque Metropolitan Arroyo 
Flood Control Authority provides protection from 
the 100-year storm in northeast Albuquerque 
(Figure 9.7). This dry dam is 65 ft (20 m) tall and 

Figure 9.6. Location and ownership of all large dams in New Mexico (data from U.S. Army Corps of Engineers, 2021).
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Figure 9.7. The emergency spillway for John Robert Dam, owned by the Albuquerque Metropolitan Arroyo Flood Control Authority. The spillway was 
designed to convey a flow of 23,600 cfs from a PMP storm. Photo by Bruce M. Thomson 

Stormwater cannot be captured for subsequent use without a water right (Thomson, 2021). Stormwater 
capture is addressed in state law, which states “the water shall not be detained in the impoundment 
in excess of 96 hours unless the state engineer has issued a waiver to the owner of the impoundment 
(NMAC 19.26.2.15.B).” This allows an entity to detain stormwater for the purposes of attenuating a 
flood wave, but all of the water must be released within 96 hours unless it is associated with a water 
right. This is known as the 96-hour rule.

The 96-hour rule brings to light a subtle but important distinction between two terms used in arid region 
stormwater management: retention and detention. Retention refers to capturing and retaining runoff 
indefinitely, whereas detention refers to capturing then releasing all stormwater within a short period. In New 
Mexico, retaining water for later use requires a water right. Detention requires releasing it within 96 hours.

An important consequence of the 96-hour rule is that nearly all flood control dams in New Mexico are 
“dry dams,” meaning they are not designed to hold water for more than a few days. Dry dams are much 
simpler and less costly than wet dams because they do not have an impervious core, they are usually not 
keyed into an underlying impervious geologic structure to prevent underflow, they do not have operable 
flood gates that can be closed to retain water, and they have little or no erosion protection on their 
upstream and downstream faces (Thomson, 2021). 

retains a 659 acre-ft (813,000 m3) reservoir on the 
Bear Canyon Arroyo that drains the western slope 
of the Sandia Mountains. Flow in the arroyo from 
a 100-year, 6-hour storm (2.3 in.) is estimated to be 
7,840 cfs (813,000 m3/s), but the spillway is designed 
for the flow from a 6-hour PMP event (17.5 in. at 
the dam and assumed to be 10.2 in. over the entire 
watershed), which produces a flow of 23,600 cfs (668 
m3/s); hence the dam must have a very large spillway. 
The dam was designed so that water from a 100-year 

storm event would not pass over the spillway. If a 
6-hour PMP storm ever occurs, the flow would be 
so large that only a small portion would be retained 
by the dam. The rest would flow over the spillway 
such that a reservoir-filling volume of water would 
pass over the dam every 20 minutes. Under these 
extreme conditions, the dam would provide virtually 
no downstream protection from flooding, illustrating 
the challenges of urban stormwater management 
considering the range of flows that could occur from 
extreme precipitation events.
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The impact of a warming climate on dam design 
criteria for the state of Colorado has recently been 
discussed by McCormick et al. (2020) based on the 
CO-NM REPS and other published research papers, 
as well as expertise from climate scientists at the 
University of Colorado and NOAA’s Physical Sciences 
Laboratory, both located in Boulder, Colorado. Based 
on this study, Rule 7.2.4 of the Colorado Rules and 
Regulations for Dam Safety and Dam Construction 
was adopted to require that future stormwater 
management projects be designed to accommodate 
a 7% increase in rainfall to account for a warming 
atmosphere and associated increase in atmospheric 
moisture over the period from 2020 to 2070 
(McCormick et al., 2020).

KNOWLEDGE GAPS

While there is an intensive, international research 
effort to model climate change and detect signals 
confirming its occurrence, there is considerably 
less research into predicting the frequency of 
occurrence and magnitude of individual storm events. 
Furthermore, little of the research on this topic is 
focused on storms in New Mexico and its neighboring 
Rocky Mountain states. As discussed in this chapter, 
New Mexico storms result from distinctly different 
types of weather, and the characteristics of these 
storms are influenced by factors that are somewhat 
unique to this state. The storms that present the 
greatest challenge to stormwater managers are 
short-duration, high-intensity local storms, which 
are especially difficult to predict and model. 
Accordingly, we suggest the following to address 
current knowledge gaps:

• Data analysis and/or modeling results are 
needed to determine if the intensity of low-
probability (i.e., 100-year) storms is changing 
or will change in the future, as these are the 
storms that most stormwater infrastructure 
is designed to manage.

• Improvements in storm models are needed 
to better predict the intensity, duration, 
and track of local storms (i.e., monsoonal 
thunderstorms) to assist the development of 
infrastructure design criteria and provide real-
time data to assist in storm warning systems.

• Improved downscaling from global climate 
models to regional climate models to 
mesoscale weather models is needed to develop 
better estimates of the frequency of occurrence 
and intensity of extreme storm events resulting 
from a warmer climate.

• There is an inconsistent understanding of 
the risk to the public posed by current flood 
protection systems. While infrastructure in 
large urban areas is generally well designed 
and maintained, public knowledge of the 
status of stormwater management systems 
elsewhere is less complete.

• The stormwater management community and 
regulators should establish a dialogue with 
elected officials and the public to determine 
what level of risk might be acceptable for 
different watersheds that are subject to 
flooding from storm events.

CONCLUSIONS

As the climate warms, the atmosphere can contain 
more moisture, and warmer air has more energy if the 
thermal contrast also increases. Together these factors 
lead to the concern that future rainfall events may 
be more intense and drop more water, thus leading 
to more frequent and larger flood events. Storm 
events are characterized by their rainfall intensity, the 
duration of the storm, and the frequency at which 
they occur (IDF). The magnitude of a given storm 
is the factor that affects flooding and is the product 
of precipitation intensity and duration. Quantitative 
metrics of extreme precipitation vary depending on 
choices made regarding IDF. Assessments of historical 
trends in extreme precipitation are limited by the 
length and quality of observed data, particularly for 
defining trends in the most extreme and therefore 
rarest event. Furthermore, simulation of extreme 
events in dynamical models presents a very difficult 
challenge for climate models that have insufficient 
spatial resolution and time increments that are too 
long to capture the physics of individual local storms. 
This is further complicated by incomplete physical 
representation of key atmospheric processes and 
topographic influences in current models.

These analysis challenges mean that assessments 
of past or future trends in extreme precipitation are 
inherently subject to large quantitative uncertainties. 
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The most recent National Climate Assessment used 
climate models to project that extreme storms with 
a 20-year return period would become significantly 
more intense across the United States as climate 
warms this century. Other studies discussed in this 
chapter used different techniques for defining and 
projecting trends in extreme storms or extreme 
precipitation. Recent studies reach inconsistent 
conclusions, with some projecting an increase and 
others projecting no detectable change in extreme 
precipitation, based on huge variations in the 
definition of “extreme” from study to study. 

The characteristics of future large-precipitation 
events have recently been the subject of a 
collaborative study funded by the states of Colorado 
and New Mexico (CDNR, 2018). This study 
identified three storm types that affect New Mexico: 
short duration (<6 hours) local storms, long 
duration (>24 hours) general storms, and tropical 
storms. Hybrid storms involve more than one 
of these characteristics. Storms that present the 
greatest threat of flooding are intense local storms, 
sometimes combined with tropical weather patterns, 
and most stormwater management infrastructure is 
built to provide protection from these events. Most 
infrastructure is designed to manage the 100-year 
storm, which has a probability of occurring once 
every 100 years. Critical infrastructure is designed 
to withstand more rare events up to the probable 
maximum precipitation (PMP) event, defined as 
an event that produces the maximum amount of 
precipitation that is meteorologically possible; such 
events by definition are expected to occur much less 
frequently than the 100-year storm. 

By updating the methodology and data used to 
define PMP storms, the CO-NM REPS found that for 
current climatic conditions the maximum possible 
rainfall from PMP storms in most of the state is 
similar to but slightly less than that predicted by older 
studies (see Table 9.1). Perhaps more importantly, 
this study allows estimation of the magnitude of 
storms with average recurrence intervals of between 
100 and 10,000,000 years, a feature that will 
facilitate development of risk-based stormwater 
management strategies.

As the climate warms and wildfires increase in 
burn area and severity, the frequency of debris flows 
will increase. These are high-density slurries of rocks, 

mud, and vegetation resulting from destruction of 
vegetation and soil litter that retain runoff, and 
decreased infiltration from a burned watershed, which 
increases the runoff volume and velocity of surface 
flow. Debris flows are extremely destructive due to 
their high velocities, the abrasive nature of the bed 
and sediment loads, and the amount of debris they 
transport. Following a wildfire, debris flows result 
from short-duration intense storms that are common 
during the monsoon season; they do not require 
extreme precipitation events. Thus, they are likely 
to follow most large fires in New Mexico. Given 
that wildfires are projected to increase with global 
warming (Chapter 6), increased numbers of debris 
flows can be expected.

Most large dams in New Mexico are designed for 
flood control and therefore do not retain a permanent 
pool of water. The average age of these dams is 
about 60 years; hence they were designed to different 
standards and for different hydrologic conditions 
than are likely in the future. It will be important 
to review the design, performance, operation, and 
maintenance of these dams and other stormwater 
management infrastructure to ensure they will serve 
their intended purpose of protecting the safety and 
welfare of the state as the structures age under 
conditions of potentially enhanced flood risk. In 
particular, state regulators may consider establishing 
dam safety regulations that are based on risks posed 
to downstream communities, infrastructure, and the 
environment rather than simply requiring protection 
against a 100-year storm.

The high level of scientific uncertainty about 
future extreme precipitation events leaves policy 
makers and water managers without clear, 
quantitative guidance regarding future trends in 
extreme precipitation, or even what the current risk 
of these events might be. From a risk-management 
perspective, a conservative policy approach would 
accommodate the possibility of increased extreme 
precipitation events in a warmer climate. This is the 
approach taken recently by the State of Colorado 
(McCormick et al., 2020). A similar approach should 
be considered by the State of New Mexico. Progress 
in narrowing the uncertainties in quantifying likely 
extreme precipitation and estimating future trends in 
extreme precipitation and flooding events represents a 
first-order need for continuing future research. 
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A warming climate may affect the quality of both surface and groundwater resources in New Mexico. The most likely 

effects may include increased temperature along with concentrations of nutrients, dissolved oxygen, and pathogenic 

organisms. Although the quality of groundwater may be affected, it is likely to be limited to locations with shallow 

groundwater depth and where surface water recharges an aquifer. The New Mexico Environment Department 

publishes an assessment of the quality of the state’s surface waters every 2 years. This recent assessment finds 

the major causes of impairment of streams and rivers are temperature, nutrients (nitrogen and phosphorous 

compounds), E. coli bacteria, turbidity, and dissolved aluminum. The parameters most likely to be affected by 

a warming climate are temperature, nutrients, and E. coli concentrations. Studies suggest that loss of riparian 

vegetation is the biggest factor affecting water temperature. Modeling studies of the effects of climate warming 

on nutrient concentrations are somewhat inconclusive. Recent investigations suggest E. coli concentrations may 

increase as a result of microbial regrowth in warming stream sediments in slow-moving stream reaches. A future 

threat to water quality is runoff following wildfire events. Postfire runoff can cause depletion of dissolved oxygen 

far downstream from the burned watershed.
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environments. However, these impacts have not 
been studied nearly as much as the impacts on the 
magnitude of the resource. 

Surface water in New Mexico occurs in streams 
and rivers; ponds, reservoirs, and lakes; and 
wetlands. Table 10.1 gives the length of perennial 
and non-perennial streams and the surface area 
of lakes, reservoirs, and freshwater wetlands. This 
information is from a biannual report prepared by 
the New Mexico Environment Department (NMED) 
and submitted to the U.S. Environmental Protection 
Agency (EPA) to satisfy the requirements of sections 
303(d) and 305(b) of regulations under the federal 
Clean Water Act; hence this report is known as the 
Clean Water Act 303(d)/305(b) Integrated Report 
(NMED, 2021a). This comprehensive report forms 

INTRODUCTION

T otal water withdrawals in New Mexico in 2015, 
the latest year for which data are available, 

constituted 3.1 million acre-ft (Magnuson et al., 
2019). Surface-water sources made up 52% of this 
amount, while 48% was groundwater. Surface-water 
resources are especially vulnerable to the effects of 
a warming climate, as both the quantity and quality 
of the resource may be negatively impacted by a 
warming climate. The quantity of surface-water 
resources is likely to be diminished principally by 
increasing amounts lost to the atmosphere through 
evapotranspiration and diverted for agricultural, 
municipal and industrial uses, as discussed in 
Chapters 3 and 7 of this bulletin. The impacts 
of a warming climate on water quality are likely 
to be important to water supply in the state and 
especially to the quality of aquatic and riparian 
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the underpinnings of this chapter, the purpose of 
which is to discuss how surface-water quality may be 
affected by a warming climate.

While the magnitude of groundwater resources 
will be impacted by reduced recharge and increased 
diversions in a warming climate scenario (Chapters 3 
and 7), it is not clear how the quality of these 
resources will change, as there have been no studies 
of possible impacts in the Southwest. One possible 
impact may be increased concentration of total 
dissolved solids (TDS) in aquifer-recharge water 
due to salinity increases caused by evaporation and 
evapotranspiration, but this effect is expected to 
be localized to shallow groundwater in a limited 
number of recharge zones. A second impact may 
result from enhanced microbial activity in warmer 
soil that could increase the concentration of CO2 

in groundwater, resulting in a decrease in pH and 
release of metals such as manganese (Riedel, 2019). 
Currently, however, it is not known if this might 
affect groundwater quality in New Mexico. Finally, 
although there is a formal process for periodic review 
of the state’s surface waters, there is no comparable 
monitoring program for its groundwater resources. 
Thus, the focus of this chapter is the quality of 
surface-water resources.

SUMMARY OF SURFACE-WATER 
QUALITY IN NEW MEXICO

Water-quality requirements for surface waters are 
based on their designated use as identified in 20.6.4 
of the New Mexico Administrative Code (NMAC), 
Standards for Interstate and Intrastate Surface Waters. 
The designated uses include supporting: aquatic life, 
fish culture, primary and secondary contact recreation 
(including cultural, religious, or ceremonial purposes), 
public water supply, industrial water supply, domestic 
water supply, irrigation, livestock watering, and 
wildlife habitat. In addition to state standards, 10 

New Mexico tribes and pueblos have developed their 
own EPA-approved stream standards to protect the 
quality of their surface-water resources (EPA, 2021a). 
Other water-quality standards that may be applicable 
include groundwater standards in 20.6.2 NMAC, 
Ground and Surface Water Protection, and federal 
Safe Drinking Water Act standards (EPA, 2021d). 
State drinking water standards adopt the federal 
standards by reference as established in 20.7.10 
NMAC, Drinking Water. As noted, this section focuses 
on whether surface-water quality complies with state 
stream standards. The stream standards constitute a 
convenient and accepted set of criteria by which to 
measure surface-water quality.

New Mexico surface-water quality standards 
consist of both descriptive criteria and numeric values 
that have been developed to support the designated 
use for each lake or reach of stream in the state. The 
Surface Water Quality Bureau of the NMED conducts 
an assessment of a fraction of the state’s streams each 
year with the objective of evaluating all lakes and 
streams every 7 years. This assessment is published 
every 2 years and identifies whether each lake or 
stream reach has sufficient water quality to support 
its designated use (NMED, 2021a). The assessment 
results are characterized by assigning each reach a 
numerical category, as summarized in Table 10.2.

Possible recent trends in stream and lake water 
quality can be determined by plotting the percent of 
each assessed unit in the five assessment categories 
from data in the biannual 303(d)/305(b) reports 
(NMED, 2021a). The plots (Figure 10.1) suggest little 
change in the number of impaired streams or lakes, 
which are those in assessment category 5. The number 
of stream reaches that have incomplete assessments 
has declined (category 2), while those reaches that 
support their designated use (category 1) and those 
that do not support their designated uses (categories 
3 and 4) have increased commensurately. Sixty-five 

Resource Value (U.S. units) Value (SI units)
Total length of perennial non-tribal rivers & streams 6,677 mi 10,750 km
Total length of non-perennial non-tribal rivers & streams 190,225 mi 306,100 km
Number of significant public lakes & reservoirs 170 170
Area of significant public lakes & reservoirs 85,455 acres 34,580 ha
Area of freshwater wetlands 845,213 acres 342,500 ha

Table 10.1. Summary of New Mexico surface-water resources (NMED, 2021a).
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percent of the lakes in New Mexico are impaired, 
meaning their water quality does not support the 
lakes’ designated use. Figure 10.1 shows there has 
been virtually no change in the fraction of lakes that 
are impaired since 2008.

The principal causes of impairment of streams 
and rivers are shown in Figure 10.2, and the 
causes of impairments of lakes and reservoirs are 
shown in Figure 10.3 (NMED, 2021a). The three 
primary causes of stream impairment are excessive 
temperatures, high concentrations of nutrients 
and eutrophication, and high concentrations of 
E. coli bacteria. All are likely to be affected by a 
warming climate, especially temperature. Excessive 
temperature has caused impairment of over one-
third of the state’s streams. Temperature limits are 
primarily established to protect fish and related 
aquatic life. The maximum temperature limits to 
support each type of aquatic life are summarized 
in Table 10.3 (20.6.4.900 NMAC). Temperature 
is an especially important parameter because it 

affects the type of organisms that can survive in the 
stream. In addition, the solubility of oxygen in water 
is inversely dependent on temperature; as temperature 
rises, the maximum dissolved oxygen (DO) content of 
water decreases. Elevated water temperatures therefore 
contribute to impairment caused by low DO.

The principal causes of impairment of New Mexico 
lakes and reservoirs are mercury and polychlorinated 
byphenyls (PCBs) in fish tissue and temperature. 
Sources of mercury in New Mexico waters may 
include atmospheric deposition from coal-fired electric 
power plants, legacy impacts of gold and mercury 
mining, and natural leaching of mercury-containing 
minerals (Wentz et al., 2014). Deposition of mercury 
in Caballo Reservoir from a distant forest fire was 
documented by Caldwell et al. (2000). PCBs can occur 
in aquatic systems from releases of hazardous wastes 
or atmospheric deposition (EPA, 2021b). Except for 
increasing forest fires, it is not clear that the occurrence 
of either mercury or PCBs will change in response 
to a warming climate. 

Category Description
1 All designated uses are supported.
2 Available data and/or information indicates that some designated uses are supported.
3 There is insufficient data and/or information to determine if the designated uses are supported (3 subcategories).
4 Available data and/or information indicate that at least one designated use is not supported and a TMDL* is either in place or may not 

be needed (3 subcategories).
5 Available data and/or information indicate that at least one designated use is not supported and a TMDL* may be needed 

(4 subcategories).

Table 10.2. Summary of New Mexico’s 303(d)/305(b) Integrated Report Categories for streams and rivers (NMED, 2021a).

* TMDL is the total maximum daily load of a constituent, which is “the maximum amount of a pollutant allowed to enter a water body so that the water body will meet 
and continue to meet water-quality standards for that particular pollutant” (NMED, 2021a).

(1) The average temperature limits for cold-water and marginal cold-water aquatic life are based on temperature for 4 (4T3) or 6 (6T3) consecutive hours in a 24-hour 
period on more than 3 consecutive days. 

Designated Use
Maximum  

Temperature
Average 

Temperature Criteria for Average1
Minimum Dissolved 

Oxygen Conc. (mg/L)
Cold-water aquatic life 23°C (73°F) 20°C (68°F) 4T3 6.0
Marginal cold-water aquatic life 29°C (84°F) 25°C (76°F) 6T3 6.0
Cool-water aquatic life 29°C (84°F) - - 5.0
Marginal warm-water aquatic life 32.2°C (90°F) - - 5.0
Warm-water aquatic life 32.2°C (90°F) - - 5.0

Table 10.3. Maximum temperature limits and minimum dissolved oxygen concentrations to support aquatic life in New Mexico streams, rivers, lakes, 
and reservoirs (20.6.4.900 NMAC).
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Figure 10.1. Summary of the impairment categories of assessed streams and lakes in New Mexico 
(NMED, 2021a). A description of the assessment categories is provided in Table 10.2.
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Figure 10.2. Principal causes of surface-water impairment of streams and 
rivers (NMED, 2021a).

Figure 10.3. Principal causes of surface-water impairment of lakes and reservoirs in 
New Mexico (NMED, 2021a). **Based on current fish consumption advisories and 
0.3 mg/kg methylmercury in fish tissue criterion.
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The sources of impairment for surface waters 
include point-source discharges, non-point-source 
discharges, stormwater runoff, impacts caused 
by poor management of the watershed and/or 
the riparian environment, and runoff following 
catastrophic fire events. The sources of impairment of 
streams and rivers in New Mexico identified in total 
maximum daily load (TMDL) reports by NMED 
(2021a) are summarized in Figure 10.4. Most of 
these sources are not directly affected by a warming 
climate, and only 8% of the probable sources of 
impairment are due to drought-related impacts. 
However, degradation of watersheds as a result 
of increasing aridity, overgrazing, and increasing 
frequency of range and forest fires is likely.

IMPACTS OF CLIMATE WARMING 
ON WATER QUALITY PARAMETERS

The 303(d)/305(b) list (NMED, 2021a, p. 52) has a 
brief section on the impacts of drought and climate 
warming on water quality. These impacts may 
include increased pollutant concentrations due to 
reduced flows caused by evaporation, warmer water 
temperatures, enhanced algal production, and lower 
DO levels; however, the degree to which these impacts 
may increase was not discussed. 

Nearly all the causes of impairment of streams, 
rivers, and lakes identified in Figure 10.2 and 
Figure 10.3 are due to non-point-source pollution. 
The one exception is nutrients from wastewater 
discharges, although most wastewater treatment 
plants have discharge permits requiring them to 
control nutrient releases, and most reliably comply 
with these requirements. Non-point-source pollution 
is the primary cause of impairment for streams, 
rivers, and lakes in the United States (EPA, 2021c). 
Constituents that affect stream water quality include: 
dissolved solids, which increase salinity; inorganic 
contaminants including metals and non-metals; 
nutrients, principally compounds containing 
nitrogen and phosphorous; and organic constituents, 
both natural organic matter and anthropogenic 
compounds. Based on the assessments in the 
303(d)/305(b) Integrated Report (NMED, 2021a), 
the principal contaminants of concern that may be 
affected by a warming climate are nutrients, metals 
(principally aluminum), and salinity (Figures 10.2 
and 10.3). Impairments caused by mercury, PCBs, 
and DDT in fish tissue are not directly influenced by a 
warming climate and are not discussed here.

The EPA (2017) published the results of a 
national assessment of the impacts of climate change 
on a variety of economic and social issues including 
health, infrastructure, electricity generation, water 
resources (both water supply and water quality), 
agriculture, and ecosystems. The study used the 
results of a suite of global climate models as input 
into models that predict the effects of climate 
warming on each system. Two water-quality models 
were used: Hydrologic and Water Quality System 
(HAWQS) and US Basins (Fant et al., 2017). The 
largest impacts predicted in the Southwest are loss of 
habitat for cold-water fish and damage to watersheds 
by wildfire (EPA, 2017; Fant et al., 2017).

Figure 10.4. Probable sources of surface-water impairment 
in streams and rivers of New Mexico, as reported in approved 
TMDLs (NMED, 2021a).
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The modeling effort by EPA (2017) shows a large 
increase in water temperature and moderate decrease 
in DO in New Mexico (Figure 10.5). Modeling details 
were discussed by Fant et al. (2017). The source of 
nitrogen and phosphorus in the models was primarily 
runoff from non-point sources. The total load of 
each nutrient was not projected to increase much 
in the Southwest through 2090. However, nutrient 
concentrations were projected to increase because 
their load was transported by a smaller volume of 
water. The HAWQS model predicts a large increase 
in nitrogen concentrations by 2090, whereas the 
US Basins model predicts a decrease in nitrogen 
concentration. The difference between the two models 
is explained by the differences in flow predicted by 
the two water models. The HAWQS model predicts 
a greater reduction in river flow by 2090 than the 
US Basins model; thus, similar nitrogen loading will 
result in a higher concentration (Fant et al., 2017). 
Both models predict an increase in the concentration 
of phosphorus in New Mexico streams primarily 
as a result of reduced flow. Note that the scale of 
this modeling effort was limited to watersheds with 
8-digit hydrologic unit codes (HUC), which was quite 
coarse. Thus, the conclusions of this study should 
be considered possible consequences rather than 
definitive predictions.

A recent paper by Coffey et al. (2019) consists of 
a review of studies of impacts of a warming climate 
on water quality in watersheds throughout the United 
States. The parameters considered were nutrients, 
sediments, pathogens, and algal blooms. This paper 
confirmed that nutrient loads are primarily from 
non-point sources and cited mechanisms that might 
increase these loads (more agricultural activity due 
to a longer growing season and greater runoff from 
more intense storms) or decrease these loads (more 
nutrient uptake by plants and increased denitrification 
as a result of warmer temperatures). Coffey et al. 
reported that the effects of future changes in land use 
and climate on nutrient loads are uncertain.

Aqueous nutrient concentrations (nitrogen [N] 
and phosphorous [P]) and sediment concentrations 
were generally predicted to increase east of the 100th 
meridian and decrease in Western states. Only a few 
studies were identified in the summary paper by 
Coffey et al. (2019) in the Four Corners states, and 
only one was done in New Mexico. All four studies 
predicted decreases in N and P sediment loads. The 

N and P loadings published by Fant et al. (2017) 
varied depending on the global climate model used. 
Water-quality modeling using one set of models 
predicted an increased loading for both constituents 
while another set predicted a decrease. The difference 
was primarily attributable to non-point-source runoff, 
the quality of which is difficult to reliably predict. The 
overall conclusion from these studies is that the future 
effects of climate warming on nutrient loads and 
concentrations are uncertain. 

The likely effect of a warming climate on 
temperature and E. coli is briefly discussed below, as 
are the water quality impacts of forest fires.

Temperature and Dissolved Oxygen—Figure 10.2 
and Figure 10.3 show that temperature is the 
principal cause of impairments to New Mexico 
streams and the third most frequent cause of 
impairments of lakes. Although there is wide 
agreement that the climate of New Mexico is 
warming (see Chapter 2), the influence of air 
temperature on water temperature is difficult to 
predict. The nationwide studies by EPA (2017) and 
Fant et al. (2017) regarding the impacts of climate 
warming on water quality predict 2° to 5°C (3.6° 
to 9°F) increases in the temperature of New Mexico 
streams; however, the coarse nature of this study 
introduces uncertainty regarding how well the 
projections may apply to any particular locality.

Increased water temperature affects DO, as 
the saturated solubility of DO in water is inversely 
dependent on water temperature. In addition, 
saturated DO concentration decreases with elevation, 
a factor that is often overlooked but is especially 
important in high-altitude New Mexico streams. The 
relationship among maximum DO concentration, 
temperature, and elevation is summarized in 
Figure 10.6. Thus, although temperature is a frequent 
cause of impairment of streams, rivers, and lakes, high 
water temperatures are also an important contributor 
to low DO concentrations.

The temperature of a stream is influenced by three 
principal factors: air temperature, flow, and riparian 
vegetation. Two different approaches have been used 
to characterize the relationship between climate and 
stream-water temperature. The first uses historical 
data to correlate water temperatures to changes in air 
temperature. This method compiles historical records 
of water and air temperature, streamflow, watershed 
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US BasinsHAWQS

2050 2090 2050 2090

Temperature change in ºF

<      1        2        3       4       5        6      7        8       9       >

% change Dissolved Oxygen

  <    -16    -12     -8       -4       0        4       8       12      16     >

% change Nitrogen

  <    -16    -12     -8       -4       0        4       8       12      16     >

% change Phosphorus

  <    -64    -48      -32     -16     0        16     32      48      64    >

Figure 10.5. The effects of climate change in water-quality parameters under RCP 8.5 in 2050 (2040–2059) and 2090 (2080–2099) relative to 
the reference period (1986–2005). Results for each 8-digit HUC represent the average values across the five global climate models and are 
aggregated to the Level-III Ecoregions (EPA, 2017).
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characteristics, and other relevant information, then 
uses statistical methods such as multiple regression 
to determine the effect that each parameter has on 
temperature. Isaak et al. (2012) used this method 
to analyze data from 1980 to 2009 to estimate the 
effects that a warming climate will have on cold-water 
streams in the Pacific Northwest. The limitations of 
this approach are mainly due to the large natural 
variations in water temperature that make detecting 
a long-term trend difficult. The limitations have been 
discussed by Arismendi et al. (2014). The second 
method is a mechanistic approach in which all the 
heat fluxes into and out of the water are calculated 
and used to predict water temperature changes 
(Sinokrot et al., 1995). The challenge with this 
approach is determining values for the large numbers 
of site-specific input parameters needed to accurately 
model the temperature in a particular stream.

Paul et al. (2019) published a recent review of 
the impacts of a warming climate on flow, water 
temperature, and salt-water intrusion. Nearly all 
studies of watersheds throughout the United States 
were expecting to experience increased water 
temperature. No studies were found for New Mexico 

streams. Wondzell et al. (2019) provided a recent 
review of studies of the effects of climate warming 
on northwestern U.S. cold-water streams, then used 
a mechanistic heat budget model to determine the 
effects of each factor under varying conditions of 
climate warming. The study area was the Middle 
Fork of the John Day River in northeastern Oregon, 
a region of the country and a stream with many 
characteristics similar to perennial streams in 
northern New Mexico. Air temperature increases 
of 2°C (3.6°F) and 4°C (7.2°F) were modeled, and 
flow changes of ±30% were considered (as described 
in the paper and Chapter 3). The effects on water 
temperature of riparian shade, a 4°C (7.2°F) increase 
in air temperature, and ±30% change in flow for 
7 days, all compared to a 2002 baseline, are shown 
in Figure 10.7. The effect of shade was modeled 
by considering the loss of riparian vegetation due 
to a catastrophic wildfire, followed by regrowth of 
a young open forest.

Wondzell et al. (2019) found that “shade was 
by far the biggest single factor influencing future 
stream temperatures,” as has been found in previous 
studies. It affects temperature in two ways. First, 
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Figure 10.7. Hourly stream temperature time series at RKM 14.05 for the 7-day period over which 
the heat budget is summarized (from Wondzell et al., 2019, Figure 3). (A) Four riparian vegetation 
scenarios with 2002 base-case conditions for air temperature (Tair) and discharge (Q). (B) Two air 
temperature scenarios with 2002 base-case conditions for riparian vegetation and Q. (C) Three 
discharge scenarios with 2002 base-case conditions for riparian vegetation and Tair.
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loss of vegetation allows direct exposure to sunlight, 
which increases water temperature and reduces heat 
loss by long-wave radiation. Secondly, heat loss due 
to increased evaporation results in large diurnal 
swings, as is shown in Figure 10.7A. These large daily 
variations resulting from loss of riparian vegetation 
may have an effect on aquatic cold-water organisms 
both as a result of afternoon high temperatures and 
because increasing the water temperature by roughly 
10°C (18°F), for example from 20° to 30°C (from 
68° to 86°F), would result in the saturated DO 
concentration dropping from 7.6 mg/L to 6.3 mg/L 
at 5,000-ft elevation.

The study by Wondzell et al. (2019) considered 
loss of riparian vegetation as a result of wildfire. 
However, in New Mexico a much more frequent 
cause is destruction by grazing animals, including 
cattle, sheep, and wildlife (Thibault et al., 1999; Clary 

and Kruse, 2003; Lucas et al., 2004; Lucas et al., 
2009). The NMED non-point-source management 
program supervises an extensive watershed 
improvement program using federal funds under 
Section 319 of the Clean Water Act (NMED, 2021b). 
Much of the effort is devoted to restoring a healthy 
riparian environment through construction of grazing 
animal exclusion zones (i.e., fencing; Nusslé et al., 
2015; Swanson et al., 2015). The benefit of these 
programs is illustrated in Figure 10.8, which shows 
the effect of different range management strategies 
on riparian vegetation on the Sapello River north of 
Las Vegas, New Mexico. The ranch in the right side 
of the photo allows animals to graze and wander into 
the stream, whereas that on the left side limits access 
of cattle and other ungulates to the river. Limiting 
grazing access to the river on this ranch has resulted 
in growth of a rich and diverse riparian forest that 

Figure 10.8. The boundary between two ranches on the Sapello River, showing the effects of different management strategies on riparian 
vegetation. Photo by Bruce M. Thomson (2021)
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helps control water temperature and improves the 
habitat for fish, birds, and aquatic mammals (i.e., 
beaver and muskrat; Thomson and Ali, 2008). 

E. coli Concentrations—High concentration of 
E. coli bacteria is the third leading cause of stream 
impairments in New Mexico, especially in lower-
elevation, slower-flowing warm streams (Figure 10.2). 
E. coli is an enteric bacteria that lives in the gut 
of warm-blooded animals and is regulated as an 
indicator of fecal contamination. This organism and 
other enteric bacteria are often referred to as fecal 
indicator bacteria (FIB). Since human waste may 
contain pathogenic microorganisms, the presence 
of FIB in water is a suggestion that the water may 
be a threat to human health. Sources of E. coli may 
include discharges from improperly functioning 
wastewater treatment plants, stormwater discharges, 
runoff from agricultural activities, leakage from 
on-site wastewater treatment systems (i.e., septic 
tank systems), and illicit discharges (EPA, 2010). 
Wastewater treatment plants have very stringent 
discharge limits for E. coli as well as frequent 
monitoring requirements and are therefore not 
considered a major source of this constituent. 
High concentrations of E. coli and other FIB 
organisms in natural waters is assumed to be due 
to the presence of fecal contamination from warm-
blooded animals. Besides humans, this may include 
domesticated animals (cats and dogs), livestock, 
terrestrial and aquatic mammalian wildlife, and birds, 
especially waterfowl.

The Middle Rio Grande flowing through 
Albuquerque is a reach of stream that persistently 
is impaired as a result of high concentrations of E. 
coli that have been attributed to stormwater and 
non-point-source runoff. An EPA-approved TMDL 
determination was completed for this reach of the 
river in 2010 (EPA, 2010); however, water-quality 
data continue to document exceedances of stream 
standards in spite of aggressive implementation of 
control strategies (Albuquerque Metropolitan Arroyo 
Flood Control Authority, 2018). This experience 
illustrates the difficulty of meeting stream standards 
for this constituent.

However, there is a growing body of literature 
that shows that E. coli can grow in warm, organic-
rich sediments in streams, rivers, and lakes. A 
comprehensive review of growth of E. coli in natural 

environments has been provided by Fluke et al. 
(2019) to support their recent study that found strong 
evidence of natural regrowth of E. coli occurring 
in sediments of the Middle Rio Grande. This study 
sampled river water and bottom sediments at six 
locations along the river from north of the town of 
Bernalillo to south of the discharge of the Southside 
Water Reclamation Plant, a 3.33 m3/s (76 Mgal/
day) advanced wastewater treatment plant near the 
southern boundary of the city. 

The results are summarized in Figure 10.9 
and show a strong correlation between E. coli in 
suspension and E. coli in stream-bed sediments. The 
highest concentrations of both were in the summer 
and fall when water temperatures were highest. 
Furthermore, the concentrations increased at the 
southern sampling sites that corresponded to the 
flattest slope, slowest river velocities, and deepest and 
finest sediment accumulations.

High concentrations of FIB such as E. coli are 
often present in urban stormwater runoff (Thomson, 
2021), and watershed management measures need 
to be implemented to control this type of pollution. 
However, the contribution of urban runoff to most 
New Mexico streams and rivers is small. The results 
of Fluke et al. (2019) and studies cited by them 
suggest that E. coli concentrations will increase as 
future water temperatures increase, especially in 
low-energy streams with fine-grained, organic-rich 
bottom deposits. Exceedances of stream standards for 
this parameter will therefore cause increased surface-
water impairments in New Mexico.

Impacts of Forest Fires—As the climate warms, the 
number and size of forest and range fires is expected 
to increase, as discussed in Chapter 6 of this bulletin. 
This has three major effects on watersheds, primarily 
resulting from the increased volume and velocity 
of runoff from burned land. These effects are: 
catastrophic erosion of land, stream channels, and 
conveyance structures by debris flows; accumulation 
of rock, mud, and burned vegetation in reservoirs 
and stream channels; and water-quality degradation 
by suspended sediment and dissolved constituents 
leached from the burned watershed. A discussion 
of the mechanisms and controls affecting debris 
flows on burned and unburned hillslopes for two 
forests in New Mexico has been provided by Tillery 
and Rengers (2020) and Tillery and Haas (2016). 
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Figure 10.9. (A) Correlation between E. coli water and sediment concentrations and (B) E. coli water loads and mean E. coli sediment concentrations 
in stream bottom sediments in the Middle Rio Grande. Sites are numbered from the upstream extent of the watershed (site S1) to the downstream 
extent (site S6; Fluke et al., 2019).
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Figure 10.10. Summary of impacts of Las Conchas fire on dissolved oxygen concentrations in the Rio Grande (Ball et al., 2021).
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The discussion in this section focuses on the effects of 
post-wildfire runoff on surface-water quality. Other 
impacts are discussed in Chapters 4 and 6.

The impacts of post-wildfire runoff on water 
quality may include high concentrations of 
sediments, nutrients, organic compounds, and 
metals. High concentrations of these constituents 
contribute to impairment of receiving waters. For 
example, nutrients and/or metals may leach from 
sediments transported to the stream by runoff, while 
biodegradation of organics in sediments and in 
solution can cause sufficiently low DO concentrations 
to result in widespread fish kills. Postfire impacts on 
water quality contribute to at least 10 of the top 20 
causes of impairments listed by the EPA (2017).

While there is a growing body of literature on 
postfire impacts on water quality, perhaps the most 
relevant is a recent paper by Ball et al. (2021), which 
looked at spatial and temporal increases in stream 
impacts between 1984 and 2014 on Western streams 
and rivers. They found that wildfires directly impact 
~6% of total stream and river miles in the western 
United States and that the length of impacted streams 
is growing at a rate of 342 km/yr. 

The effects of the 2011 Las Conchas fire in the 
Jemez Mountains on Rio Grande water quality 
received special attention (Ball et al., 2021) and 
built upon previous work by Reale et al. (2015). The 
analysis showed that monsoonal rainstorms after 
the fire resulted in DO concentrations dropping 
below the New Mexico stream standard. Data 
from water-quality monitoring instruments were 
used to calibrate a numerical model to estimate 
that DO sags of >0.5 mg/L extended at least 388 
km downstream from the headwaters of one of the 
streams in the burned area (Figure 10.10). Transient 
extreme DO depletions could jeopardize aquatic life, 
especially cold-water game fish that require high DO 
concentrations to survive. The researchers noted that 
effects of other parameters, including ash, nutrients, 
and metals, likely extended farther downstream 
than those affecting DO.

A broader analysis of the water-quality impacts of 
post-wildfire runoff was conducted by Gallaher and 
Koch (2004) following the 2000 Cerro Grande fire in 
the Jemez Mountains. This fire burned approximately 
3,000 ha (7,400 acres) of property owned by Los 
Alamos National Laboratory and about 4,000 ha 

(10,000 acres) of watershed above the lab that drains 
through lab property. The report describes 4 years of 
extensive monitoring of the hydrologic and water-
quality impacts of the fire. Knowledge gained about 
the impacts of a large fire on a forested watershed 
in New Mexico is especially valuable because the 
watershed was well instrumented and intensively 
studied both before and after the fire, which allowed 
a thorough understanding of the nature and extent 
of degradation of the watershed and streams and 
the impacts on water quality. Continued reported 
monitoring also provided information about the 
recovery of the watershed in the 4 years after the fire.

Wildfire impacts on this watershed were unusual 
because of the presence of the national laboratory 
and the nature of the contaminants. Portions of the 
property owned by Los Alamos National Laboratory 
have high concentrations of radionuclides from legacy 
laboratory activities; therefore, special attention was 
paid to their concentration in runoff.

The concentrations of major constituents 
(total suspended solids, major cations and anions, 
nutrients, and cyanide) increased immediately after 
the fire but dropped to near-background levels, 
generally within 2 to 3 years. The one exception 
was suspended solids, which remained high over the 
4-year duration of the study due to soil loss from the 
watershed. Concentrations of radionuclides in runoff 
immediately following the fire increased from 10 to 
50 times those in pre-fire samples, depending on the 
constituent. These radionuclides included radioactive 
isotopes of americium (Am), cesium (Cs), strontium 
(Sr), plutonium (Pu), and uranium (U). Ninety-
five percent or more of these contaminants were 
associated with suspended solids mobilized by the fire. 
Dissolved concentrations of radionuclides and minor 
constituents generally met federal drinking water 
standards. Twenty-five metals were analyzed in runoff 
from the watershed. All the constituents detected at 
concentrations greater than surface or groundwater 
standards were attributed to natural sources, not 
laboratory activities. Most metals were associated 
with suspended solids; consequently, their soluble 
(i.e., filtered) concentrations generally met applicable 
water-quality standards. A broad suite of organic 
compounds including explosive compounds and 
PCBs were analyzed in runoff. Ninety percent of the 
samples had concentrations of organic compounds 
that were below applicable standards.
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In addition to the effects of postfire runoff on 
the aquatic environment, poor water quality may 
affect utilities that rely on surface water as their 
source of supply. In addition to mobilizing suspended 
solids, ash, and metals, as was reported by Gallaher 
and Koch (2004), runoff from burned watersheds 
may include pyrogenic-dissolved organic matter 
(i.e., dissolved combustion products) that cause 
color, taste, and odor problems that are difficult to 
remove by conventional water treatment (Chow et 
al., 2021). Furthermore, if the fire burns a developed 
rural community, subsequent runoff may contain 
hazardous and/or toxic compounds from combustion 
of cars, houses, and commercial buildings. Fire in 
such a community also destroys water infrastructure 
such as pump houses, water tanks, and above-ground 
components in water distribution systems.

Concern about poor water quality following 
the Las Conchas fire and its impact on the water 
treatment system caused the Albuquerque Bernalillo 
County Water Utility to discontinue withdrawing 
surface water from the river for 2 months. This utility 
was able to take this action because it has sufficient 
capacity of groundwater to meet its needs in the event 
its surface-water supply is disrupted. Utilities that 
rely on surface water without an alternate source of 
water may face drinking-water-quality challenges that 
cannot be met by their water treatment systems.

SUMMARY AND RESEARCH GAPS

New Mexico and many of the pueblos and tribal 
nations in the state have developed scientifically-based 
water-quality standards for the streams, rivers, and 
lakes that have been approved by the EPA (2021a). 
These standards have been developed to protect 
the designated uses of these streams, including 
anthropogenic uses such as drinking-water supply 
and agricultural use, as well as to protect the quality 
of the aquatic environment. The NMED publishes 
an assessment of the quality of surface waters in 
the state every 2 years which identifies whether the 
quality is sufficient to support the designated use 

for each identified stream segment (NMED, 2021a). 
The four major causes of impairment of streams and 
rivers include (in descending order) temperature, 
nutrients and/or eutrophication, the presence of 
E. coli bacteria, and turbidity (Figure 10.2). High 
water temperatures are especially problematic 
and result in impairments of roughly one-third of 
the total length of perennial streams in the state. 
The four major causes of impairment of lakes are 
mercury and PCBs in fish tissue, temperature, and 
nutrients and/or eutrophication (Figure 10.3). The 
water-quality issues that are likely to be of increasing 
concern due to climate warming are temperature and 
E. coli concentrations. Future changes in nutrient 
concentrations and eutrophication are uncertain but 
not predicted to be problematic; however, they have 
not been the subject of much investigation.

The impact of wildfires on water quality is also 
of concern and may result in high concentrations 
of sediments, nutrients, organic compounds, and 
metals. A recent study by Ball et al. (2021) found 
that the length of streams impaired by post-wildfire 
runoff is increasing in the western United States. 
Further, this study found that DO sags extended up 
to 388 km downstream from the burn area of the 
2011 Las Conchas fire during summer monsoon 
rains. Because of water quality concerns from this 
watershed following the fire, the Albuquerque 
Bernalillo County Water Utility Authority curtailed 
withdrawals of Rio Grande water for its public water 
supply for 2 months. This experience demonstrates 
that post-wildfire runoff may have effects on public 
water supplies as well as impacts on the aquatic 
environment. Intensive monitoring of a watershed 
on and above Los Alamos National Laboratory 
following the 2000 Cerro Grande fire found elevated 
concentrations of major constituents (total suspended 
solids, major cations and anions, and nutrients), 
metals, and radionuclides (Gallaher and Koch, 2004); 
however, these constituents were primarily associated 
with high suspended sediment concentrations. The 
dissolved concentrations of these constituents nearly 
all met applicable water-quality standards.
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KNOWLEDGE GAPS

The NMED has an effective surface-water quality 
monitoring and assessment program that provides a 
considerable amount of quantitative and descriptive 
information on the status of lakes and perennial 
streams in New Mexico. However, as this chapter 
has shown, there has been little research to describe 
and quantify possible impacts of a warming climate 
on these bodies of water. Information and/or studies 
that might be implemented to address this deficiency 
are summarized below.

• The wealth of existing NMED surface-water 
quality data has not been comprehensively 
examined to determine if climate warming, 
change in watershed characteristics (e.g., 
urbanization or changing agricultural 
practices), or other factors have impacted 
watershed characteristics.

• Long term water-quality monitoring stations at 
key locations might be correlated to a warming 
climate or other factors.

• Modeling studies that could identify impacts 
of a warming climate have not been done on 
New Mexico water bodies.

• It is not clear if there is an agency or 
organization that has responsibility for 
compiling, analyzing, and reporting changes 
in water quality with time. Such an agency or 
organization might also serve to coordinate 
cooperative investigations into future impacts.
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All regions of New Mexico will be affected by climate change, but the topographic complexity of the state will 
generate distinct impacts by location. The average temperature will warm across the state, probably between 5° 

and 7°F, whereas average precipitation is likely to remain constant, even if more variable from year to year, with 

the possibility of more extreme precipitation events. Snowpack, runoff, and recharge will decline, stressing both 

surface and groundwater resources. Surface-water quality will decline. Plant communities will be stressed by 

higher temperatures and greater aridity, leading to more extreme wildfires and increased erosion. Damage to soils 

related to a number of factors will create greater atmospheric dustiness and lower water infiltration to aquifers. 

Although latitude plays a role in the effects of climate change, the bigger impact in New Mexico is related to local 

topography and elevation. For the purposes of this bulletin, we are dividing New Mexico into four physiographic 

regions based on projected climate change impacts and associated effects on hydrology. These four regions, which 

are defined by a combination of latitude and topography, are: the High Mountains (northern mountains, Gila/

Mogollon–Datil, and Sacramento Mountains); the Northwestern High Desert (Colorado Plateau, San Juan Basin, 

and Zuni Mountains region); the Rio Grande Valley and Southwestern Basins; and the Eastern Plains.
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This is especially true during extreme rainfall events, 
which may become more common and more intense 
as temperature increases. At an even more granular 
level, in areas of moderate to steep topography, north- 
or south-facing hillslopes will respond differently, 
largely because of the relatively higher temperatures 
and lower soil moisture of south-facing hillslopes and 
consequent higher stress on vegetation. 

The previous chapters of this bulletin examine 
the anticipated impacts of climate change on water 
resources in New Mexico. These chapters rely on 
examination of effects of past climate variations on 
natural systems in New Mexico to provide valuable 
clues for understanding future climate variations and 
their likely consequences for our state. Although not 
addressed in great detail in this bulletin, we need 
to recognize that a range of potential changes may 

C hanges in New Mexico’s climate and consequent 
impacts on water resources over the next 50 years 

will affect all parts of our state. Many effects will 
be felt statewide and also across all of southwestern 
North America. However, as outlined in Chapters 
2–10 of this bulletin, numerous factors influence 
how the impacts will be felt in different parts of 
New Mexico. Furthermore, simply dividing the state 
into regions based on a map view does not capture 
the variability in impact that will be experienced. The 
elevation and presence of mountainous topography 
strongly influences the types of impacts that will 
result from climate change. Local climate varies as 
a function of elevation and influences the types of 
vegetation present in any given place. Changes in 
vegetation through wildfire or climatic warming and 
drying strongly influence how rainfall infiltrates into 
aquifers or causes sediments to mobilize on hillslopes. 
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result from different projections of greenhouse gas 
increases. There may also be tipping points, feedback 
mechanisms, and compounding events that would be 
difficult to anticipate or predict.

This chapter provides a summary of climate 
variations and associated hydrological impacts that 
will affect the entire state. Following this general 
summary, we highlight what may be the dominant 
impacts in different physiographic regions of the 
state (Figure 6.1), recognizing that even within a 
given physiographic region, there may be elevation- 
and topography-related variations. This summary 
directly incorporates the detailed information 
presented in earlier parts of the bulletin so readers 
seeking more detail and references can consult 
the relevant chapters. 

In some parts of the world, particularly in higher 
latitudes, aspects of climate change may result in 
effects that could be considered positive. For instance, 
atmospheric warming can result in longer growing 
seasons or more precipitation as storm tracks shift 
poleward. Increased CO2 in the atmosphere is 
generally beneficial for plant growth. However, in the 
semiarid climate of New Mexico, where availability 
of water is critical for the health of the environment, 
analysis of the literature suggests the impacts of 
climate change are overwhelmingly negative. A reader 
may have the impression that only negative effects 
were considered in this analysis. This is not the case. 
Unfortunately, the instances of positive impact of 
projected warming and aridification on New Mexico’s 
water resources appear to be vanishingly few. 

OVERALL SUMMARY OF IMPACTS 
OF CLIMATE CHANGE AND 
HYDROLOGICAL IMPACTS IN 
NEW MEXICO

All evidence suggests the average temperature for 
all parts of New Mexico will increase over the next 
50 years. Models indicate the amount of temperature 
increase will depend on the amount of greenhouse 
gases added to the atmosphere in the future. In a 
higher-side greenhouse gas emission scenario, the 
average projected temperature increase across the 
state is a staggeringly high 7°F over the 70-year 
period between 2000 and 2070. In lower-emission 
scenarios, temperature will continue to climb at a 

rate closer to what has been observed during the 
past 30 years, leading to a more modest average 
temperature increase of about 5°F. But, in all 
currently envisioned cases, temperatures statewide 
and around all of the southwestern United States will 
rise significantly. 

There is little consensus among model projections 
on how total annual precipitation might change 
over the next 50 years, although the seasonality 
of precipitation may be slightly different than it is 
today. Also, over the next 50 years we are likely to 
experience more variability in precipitation from year 
to year, including anomalously wet years interspersed 
with periods of more extreme drought. Because the 
temperature will be rising, episodic droughts will 
be hotter than in the past and will therefore have a 
more detrimental effect on vegetation. The impacts 
of a warming climate on frequency and intensity of 
extreme precipitation events in the Southwest is an 
area of current research and considerable uncertainty. 
Our knowledge of atmospheric processes, as well 
as some models, suggest that extreme precipitation 
events will happen more frequently and be more 
intense in New Mexico going forward. However, this 
projection is difficult to quantify and is supported by 
limited and inconsistent evidence. 

Another robustly projected impact of warming 
temperatures over the next 50 years is that the 
average snowpack in the mountains on April 1, 
typically the time of maximum snowpack, will 
steadily decrease. This effect will likely be exacerbated 
by increased dustiness in parts of the state, which 
also promotes early melting of snow. This decreased 
snowpack will in turn impact the timing and quantity 
of runoff, reducing flow in the Rio Grande and 
other major snow-fed rivers. Furthermore, increased 
evaporation and sublimation of snowpack and 
subsequent runoff in a warmer climate further reduce 
the amount of snowmelt water that reaches rivers. 

Although average annual precipitation across 
New Mexico is unlikely to change significantly over 
the next 50 years, and the incidence of extreme 
precipitation events may go up, we have more 
confidence in projecting that the aridity of the state 
will increase because of rising temperatures. This 
is because a warmer atmosphere can absorb more 
moisture than cooler air, so at warmer temperatures, 
evaporation of available water from soil and plants 
increases, leading to more loss of surface moisture 
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into the atmosphere. Despite inherent uncertainties 
in modeled trends and trends projected from 
past observations, most studies suggest that soil 
drying and reduction in runoff and recharge will 
result from future temperature increases. Most 
hydrological model outputs suggest declines in runoff 
and recharge of around 3–5% per decade for the 
next 50 years, leading to total 50-year declines of 
between 16% and 28%. 

Aridification over the next 50 years will impact 
vegetation throughout New Mexico. The specific 
impacts on vegetation vary by region of the state, 
but in the longer term vegetation communities will 
tend to migrate northward to higher elevations or 
from south- to north-facing slopes. Plants that cannot 
tolerate hotter and drier conditions, including species 
that now grow at high elevation or in northerly parts 
of the state, may disappear altogether. Although 
vegetation and therefore soils will be most affected 
on south-facing slopes, those on other aspects will 
be impacted as well. 

This transformation of vegetation communities 
is already occurring. In the short term, generalized 
warming and aridification have stressed vegetation 
communities. Within a given region, growth and 
productivity of plants will decline. Although higher 
atmospheric CO2 has been shown to promote plant 
growth, in our region this effect is offset by rising 
temperature and aridity. Furthermore, hotter periods 
of droughts are likely to lead to forest die-offs, which 
have already been occurring in some parts of the 
state. Forest die-offs have been exacerbated by high-
intensity fires and disease, and similar die-off events 
have also been observed in grasslands and shrublands. 
The warmer temperatures and increased aridity lead 
to more wildfires of higher intensity, impacting a wide 
range of plant communities, some of which may not 
be able to regenerate once burned. In terms of impact 
on water resources, loss of plant communities leads 
to destabilization of the landscape, including loss of 
soil cover, which reduces infiltration and recharge of 
surface water into aquifers. And, as outlined below, 
loss of vegetation also may promote increased runoff 
and flooding with associated destructive effects. 

Landscapes and soils are impacted by and change 
in response to changes in climate. As New Mexico’s 
climate warms, landscapes, soils, and water resources 
will be impacted. These effects will vary throughout 
the state, as discussed in more detail below. In 

general, these impacts include reduced infiltration of 
rainfall, increased overland runoff, increased flooding, 
increased upland erosion by overland flow, increased 
downstream sediment deposition and aggradation, 
and increased atmospheric dustiness. Many of 
these changes will be exacerbated by more frequent 
intense wildfire events. 

All the factors outlined above result in reduced 
and less reliable water resources for New Mexico, 
both in terms of quality and quantity, leading to 
statewide water stress. With more intense and hotter 
droughts and associated aridity, surface-water 
supplies are most at risk. But, when surface-water 
supplies are inadequate, groundwater from aquifers 
may be tapped instead, depleting aquifers that 
generally recharge very slowly or not at all. Extreme 
precipitation events may increase, providing abundant 
surface water to geographically small regions of the 
state for brief periods of time. Putting this water 
to beneficial use will be a priority after changing 
the rules (Thomson, 2021). The associated risk of 
flooding and debris flows causing damage to natural 
systems and infrastructure is real. The flooding risk 
and associated damage will be intensified in areas that 
have experienced or are downstream of wildfires. 

The likely impacts of warming climate and 
associated environmental effects on water quality 
are less well understood than the impacts on water 
quantity. Declines in water quality will impact water 
supply for human uses as well as the water in riparian 
settings. The largest impact on water quality will 
arise from increased surface-water temperature, 
which will occur statewide and to the detriment 
of aquatic ecosystems. Surface-water temperatures 
generally rise in response to higher atmospheric 
temperature. However, the areas that will be impacted 
most dramatically are bodies of surface water not 
shaded by vegetation. In a warming climate, losses 
of streamside vegetation in response to increasing 
temperatures, degradation of soil, and increased 
incidence of wildfire can create a detrimental feedback 
loop. Other negative impacts on water quality 
associated with generalized warming include lower 
dissolved oxygen content and high concentrations of 
E. coli in surface water. Other effects on water quality 
may occur as well but have not yet been studied. 
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SYSTEMATICS OF WATER-
BALANCE CHANGE WITH 
INCREASING ARIDITY

Over the next half century, global warming is 
expected to force New Mexico’s climate to become 
more arid. Most of this increase will likely be driven 
by an increase in the potential evapotranspiration 
rate, forced in turn by increasing temperature. 
Precipitation seems more likely to decrease than 
increase, but this inference is far from certain. 
Chapter 3 addressed how this increase in aridity is 
likely to affect runoff and groundwater recharge over 
the entire state, but here we seek to specify these 
changes by region. How will increasing aridity (as 
quantified by the aridity index, which is potential 
evapotranspiration divided by precipitation) affect 
runoff and recharge in low desert areas of the state as 
compared to that in the cooler mountain tops?

This question has been addressed from a 
theoretical standpoint by Yang et al. (2018), who used 
a very simple and generalized approach known as 
the Budyko framework to evaluate the sensitivity of 
runoff and recharge to changes in the aridity index. 
Their findings are summarized in Figure 11.1. 

For high values of the aridity index, the sensitivity 
is very asymmetric, with a high sensitivity of runoff 
+ recharge (Q) to changes in precipitation (P) 
and almost no sensitivity to changes in potential 
evapotranspiration (E0). In contrast, for values of 

the aridity index less than 1, the sensitivity of Q to 
the two parameters is roughly equal. Therefore, if 
temperature (and subsequently E0) increase (which is 
almost certain), and P decreases (which is likely), then 
areas of low aridity index will show a significantly 
greater decrease in Q than areas of high aridity index. 

This graph enables us to make some region-
specific predictions for runoff and recharge in 
New Mexico over the next 50 years. Most of the 
state consists of hot, high-aridity-index desert. The 
analysis predicts that as long as the amount of 
precipitation does not change markedly, these regions 
will experience little change in runoff and recharge 
even if the aridity index increases significantly due 
to increasing temperature. However, if precipitation 
does increase or decrease, then runoff + recharge will 
change in the corresponding direction. 

At the state level, however, such changes would 
be insignificant because only a small proportion of 
the state’s runoff and recharge is generated in the 
low-elevation deserts. The areas of greatest interest 
are the relatively small areas at high elevation in the 
northern part of the state and in southern Colorado, 
where the large majority of runoff is generated. This 
analysis indicates that these areas are quite sensitive 
to both temperature and precipitation. Because we 
can have confidence that temperature will continue 
to increase but changes in precipitation are equivocal, 
it seems more likely that runoff and recharge from 
these critical areas will decline rather than increase. 

Figure 11.1. Graphical representation of how runoff + recharge respond 
to change in aridity index, showing that runoff and recharge in the 
less arid, high mountain areas of the state is very sensitive to, and will 
decline in the face of, increases in temperature, even if precipitation 
remains constant. High values of the aridity index correspond to arid 
climate and low values to humid climate. P is precipitation and E0 is 
potential evapotranspiration (both with units of mm/yr). ‘n’ is a factor 
that accounts for the effects of processes other than P and E0 on 
runoff + recharge, such as seasonality or intensity of precipitation. 
The red and blue dots are empirical data for change in Q as a function 
of change in P and E0, from 1981 to 2010, from 710 drainage basins 
worldwide. They indicate the number of mm/yr that Q changed in 
response to a 1-mm/yr change in P or E0. The distribution of the data 
points indicates that ‘n’ typically varies between 1 and 3 and averages 
about 2. From Yang et al. (2018).
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Certainly, large increases in precipitation will be 
required to offset reductions resulting from the 
temperature increases predicted by even optimistically 
modest emissions scenarios.

REGIONAL IMPACTS OF 
CLIMATE VARIABILITY AND 
HYDROLOGICAL IMPACTS

For the purposes of this bulletin, we divide 
New Mexico into four physiographic regions based 
on projected climate change and associated effects 
on hydrology (Figure 11.2). These four regions, 
which are defined by a combination of latitude 
and topography, are: 

1. the High Mountains (northern mountains, Gila/
Mogollon–Datil, and Sacramento Mountains); 

2. the Northwestern High Desert (Colorado Plateau, 
San Juan Basin, and Zuni Mountains region); 

3. the Rio Grande Valley and 
Southwestern Basins; and 

4. the Eastern Plains. 

These represent a simplification of the eight 
climate divisions defined by the National Oceanic and 
Atmospheric Administration (NOAA). Within these 
four regions, the New Mexico Office of the State 
Engineer defines 16 water planning regions.

High Mountains—The High Mountains region, 
as defined in this bulletin, combines three of 
New Mexico’s most mountainous areas. The northern 
mountains include the Sangre de Cristo Mountains, 
the Tusas Mountains, and the Sierra Nacimiento, 
which together constitute the southern end of the 
Rocky Mountains. For the purposes of this bulletin, 
we also include the Jemez Mountains. Farther south, 
the Gila/Mogollon–Datil Mountains are a rugged 
area of relatively high elevation. Finally, even farther 
south and east are the Sacramento Mountains, a 
high-standing mountain block within the Eastern 
Plains region of New Mexico. Snowpack accumulates 
over the winter in each of these mountainous areas, 
generating snowmelt runoff in the spring. The 
impact of climate change on hydrology in these 
mountains will be distinct from the surrounding 
lower-elevation areas, and these high mountain 
areas will experience the highest relative change in 
aridity as climate warms.

Mountainous regions of New Mexico will be 
particularly impacted by a warming climate, and 
these impacts will cause downstream effects in other 
regions of the state. The atmospheric temperature in 
mountainous regions will rise over the next 50 years 
at a rate similar to that in the rest of the state. The 
highest elevations are very likely to experience sharp 
declines in snowpack, which will melt earlier and 
generate less snowmelt runoff. As discussed above, 
higher temperatures will lead to higher levels of 
evapotranspiration across the state, but the relative 
increase in evapotranspiration rates over the next 
50 years will be higher in New Mexico’s mountainous 
regions. Less snowmelt and higher evapotranspiration 
lead to proportionally less water available to 
recharge aquifers and support plant growth. The 
decreased recharge in high, mountainous parts of 
the state will lead to decreased replenishment of 
downstream aquifers. This decrease in recharge will 
occur in a time when these groundwater resources 
will be stressed by increased pumping in response 
to the effects of hotter droughts. The loss of plant 
communities in mountainous terranes as a result of 
higher temperatures will also impact the stability 
of local soils, which may be completely lost from 
south-facing slopes. South-facing and even west- or 
northwest-facing mountain slopes may evolve toward 
becoming bare bedrock, which can reduce infiltration 
of rainwater into local aquifers. 

As in other parts of the state, average 
precipitation is unlikely to change substantially in 
mountain regions over the next 50 years. However, 
the seasonality of precipitation may be different 
than it is today. The northern mountains region of 
New Mexico, including the Jemez Mountains, is 
projected to receive more winter precipitation, offset 
by less precipitation in the spring, with precipitation 
amounts remaining similar in summer and autumn, 
all subject to pronounced year-to-year and decade-
scale natural variability. In contrast, the Datil–
Mogollon and Sacramento mountains are projected 
to receive less winter precipitation but relatively 
more in the summer and autumn. The location of 
precipitation in mountainous areas may also change 
because variations in atmospheric circulation patterns 
resulting from climate change may influence where 
orographically controlled precipitation falls. Changes 
in the geographical distribution of precipitation 
will impact local vegetation patterns and may also 
influence how local aquifers are recharged. 
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Figure 11.2. Regions of the state expected to experience similar impacts to water resources from a changing climate 
over the next 50 years. 
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Even with amounts of precipitation remaining 
relatively constant, rainfall on landscapes and 
soils in mountainous regions is likely to cause 
increased erosion. This is because increased wildfire, 
as observed in New Mexico in the last decade, 
dramatically increases the probability and magnitude 
of post-wildfire, rainfall-induced flooding and debris 
flows. Long-term loss of vegetation associated with 
climate change can exacerbate this effect. Wildfire-
enhanced floods tend to initiate in steep, upstream 
hillslopes and progress downstream in pulses and 
waves, carrying large amounts of sediment in the 
process. Soils, already negatively impacted by 
increasing temperatures, can be stripped off hillslopes 
in this process, leading to even more dramatic flood 
events due to unimpeded overland flow and also 
reducing infiltration of water and curtailing recharge 
to local aquifers. Sediments mobilized in these floods 
move downstream and impact lower-elevation areas, 
filling in depressions that could otherwise sequester 
floodwater and promote infiltration. These climate-
related landscape changes tend to remain active for 
years or decades, as the landscapes continue to adjust 
until they have reached their new steady state. 

Additional downstream consequences of increased 
flooding due to wildfires and warming include erosion 
of land, stream channels, and conveyance structures; 
accumulation of rock, mud, and burned vegetation 
in reservoirs and stream channels; and water-quality 
degradation due to suspended sediment and dissolved 
constituents leached from the burned watershed. 
Lastly, the loss of vegetative canopy in mountainous 
regions will cause the temperature of surface waters 
to rise and dissolved oxygen levels to decrease, 
negatively impacting local biota. 

Northwestern High Desert—The Northwestern High 
Desert includes the Colorado Plateau, the San Juan 
Basin, and the adjacent Zuni Mountains, and it also 
stretches south to the midpoint of the state. These 
areas combine relatively modest topographic relief 
with high elevation, averaging almost 7,000 ft above 
sea level. This region is projected to experience the 
highest temperature increases over the next 50 years, 
about 1°F higher than the average state increase. 

Increasing temperature in the absence of 
increased precipitation over the next 50 years will 
likely substantially influence the spatial extent 
and thickness of soils in the state’s landscapes, 

particularly in northwestern New Mexico. Much 
of this part of the state is covered with windblown 
deposits that are presently stabilized by vegetation 
and thin soil. Loss of plant communities through 
higher temperatures and drought will destabilize 
local, weakly developed soils in this region, causing 
emission of considerable quantities of windblown 
dust. The deposition of dust on snowy, downwind 
high-elevation hillslopes will increase early melting of 
mountain snowpack. Additionally, loss of stabilizing 
soil will allow reactivation of dunes, which will 
impact local communities. 

The high, generally flat topography of the 
Colorado Plateau and San Juan Basin may also be 
impacted by increased arroyo formation resulting 
from climate change. Arroyo incision leads to 
increases in delivery of sediment downstream, which 
reduce the efficiency of floodplains and also fill 
downstream floodplains that could have stored flood 
water, leading to increased flood severity. Arroyos 
can also cause draining of marshes and cienegas by 
lowering the local groundwater table and leading 
to vegetation desiccation. Increased arroyo incision 
is also likely to impact the Rio Grande Valley/
Southwestern Basins and Eastern Plains parts of 
New Mexico. Vegetation in the Northwestern High 
Desert will be impacted by increasing temperature. 
Grasslands will become less productive and will be 
gradually replaced by shrubs. Conifer forest drought 
stress will increase, particularly in the warmer and 
drier lower-elevation areas. Finally, trees in bosque 
areas associated with rivers may experience dieback 
because of shallow aquifers lowered by reduced 
water in formerly perennial streams and rivers. The 
dieback of trees along river banks will then allow 
water temperatures to become elevated and dissolved 
oxygen levels to decrease. E. coli concentrations may 
also increase, especially in low-energy streams with 
fine-grained, organic-rich bottom deposits. 

Rio Grande Valley and Southwestern Basins— 
The Rio Grande Valley is a north-south trending 
rift zone that bisects the state of New Mexico. 
The northern part of the rift is relatively narrow 
and is flanked by rugged mountains (the northern 
mountains). The valley broadens to the south. 
As many as 15,000 ft of rift sediment have 
accumulated in basins along the Rio Grande rift, 
forming important aquifers for some of the largest 
cities in our state.
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The southwestern corner of New Mexico has 
overall low elevation, is a notably arid region of the 
state, and is one of the areas that experiences the 
highest temperatures. Northerly- to northwesterly-
trending narrow, rugged, relatively low-elevation 
mountain ranges are separated by broad basins. 
Many of the streams have no outlet to the ocean, 
so water collects in the basins, forming large lakes 
and playas during wet years that dry up when 
conditions are drier. 

Major warming-related impacts on the 
Rio Grande Valley and Southwestern Basins 
region will have less effect on other parts of the 
state and include lower river flows (due to higher 
evapotranspiration) and changes in timing of 
runoff (because of earlier snowmelt). Flows in the 
Rio Grande are projected to be 25% less on average 
in the next 50 years above Elephant Butte Reservoir.

Warming temperatures will also cause 
dramatically increased evaporation of surface water 
from reservoirs and increased water demands for 
riparian vegetation, watered landscapes, and irrigated 
croplands. Open-water evaporation increases 
with temperature more strongly than on-land 
evapotranspiration. With an increase in average 
daily maximum temperature of 5°F, as is likely over 
the next 50 years, Elephant Butte Reservoir could 
experience an additional 2 ft of annual evaporative 
loss. This would constitute a stunning 30% increase 
in evaporative water loss over the present-day rate, 
reducing the available water that could be used below 
Elephant Butte Reservoir. 

This region of New Mexico will also experience 
a number of effects that have been described for the 
High Mountains and Northwestern High Desert 
portions of the state. These are listed here, and 
more details can be found by consulting earlier 
sections of this chapter. 

• Vegetation stress and transition 
from grasses to shrubs

• Bosque forest die-off due to dropping 
shallow aquifer levels

• Arroyo incision

• Sedimentation

• Loss of soils and increased dustiness

• Compromised surface-water quality (high 
temperature, low dissolved oxygen, E. coli)

Eastern Plains—The Eastern Plains province covers 
the eastern quarter of the state of New Mexico, 
stretching from the northern to southern border 
of the state. The whole area is relatively flat and is 
characterized by grasslands in the northern part, 
transitioning to Chihuahuan Desert in the south. The 
Eastern Plains include two climate divisions as defined 
by NOAA (Northeastern and Southeastern), which we 
have combined for this bulletin. 

The average temperature increase over much of 
the Eastern Plains is projected to be roughly a degree 
lower than the state average, but evapotranspiration 
is likely to experience among the greatest change 
in the state, leading to higher aridity. This is a 
consequence of projected decreases in precipitation 
during spring and summer, when evapotranspiration 
is highest (Figure 2.3). Given that the major aquifer 
in this region has already undergone serious depletion 
(Rawling and Rinehart, 2018), the lower availability 
of surface water related to aridity will present a 
major challenge. Summer precipitation is projected to 
decrease slightly over the next 50 years, but autumn 
and winter precipitation may increase slightly—with 
much uncertainty inherent in these projections. If an 
increase in extreme precipitation events does occur 
(regardless of changes to total precipitation), the 
Eastern Plains will be the most strongly impacted 
part of New Mexico by far, even more so than the 
mountainous regions. 

Given the relatively flat topography of the Eastern 
Plains, some of the most dramatic climate-related 
impacts will be related to vegetation and soils. The 
drylands of eastern New Mexico are dominated by 
soils that are especially vulnerable to wind deflation 
when subjected to extended drought-caused losses 
in vegetation and/or agricultural modification. The 
response of spatially extensive regions of eastern 
and south-central New Mexico to the next 50 years 
of climate and environmental change is most 
likely desertification, accompanied by significant 
increases in dust emission, as well as increased 
erosion on hillslopes. 
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The Eastern Plains are also likely to experience 
a number of effects that have been described in 
other parts of the state. These are listed here and 
more details can be found by consulting earlier 
sections of this chapter. 

• Vegetation stress and transition 
from grasses to shrubs

• Bosque forest die-off due to dropping 
shallow aquifer levels

• Arroyo incision

• Sedimentation

• Lower flow in rivers and increased 
evaporation from reservoirs

• Compromised surface-water quality (high 
temperature, low dissolved oxygen, E. coli)

WG Ex. 7

0231



Northwest of the Rio Grande Gorge Bridge; photo by Sara Chudnoff

B U L L E T I N  1 6 4 :  C L I M A T E  C H A N G E  I N  N E W  M E X I C O  O V E R  T H E  N E X T  5 0   Y E A R S :  I M P A C T S  O N  W A T E R  R E S O U R C E S   

154

WG Ex. 7

0232



The process of evaluating and projecting climate change in New Mexico over the next 50 years and examining the 
impacts on water resources illuminated a number of research topics that should receive attention from the state’s 
science community. A high-priority research target is to better understand a number of facets of precipitation that 

New Mexico might experience over the next half century. These include seasonality of precipitation, snowpack 

dynamics, and extreme precipitation. Better understanding of the latter would allow New Mexico planners to be 

able to consider how to put localized, heavy precipitation to good use and to mitigate damage associated with 

flooding. Climate, hydrology, and ecology numerical models that allow projection of conditions and behaviors of 

these natural systems in New Mexico over the next half century are also needed. Finally, a number of observational 

data gaps have been identified, most notably a thorough and geographically distributed assessment of the water 

levels in New Mexico aquifers. Other topics include impacts of climate change on soil moisture and groundwater 

quality, as well as landscape and ecological responses to climate change, in terms of both magnitude and timescales 

of response. This can be carried out in part by long-term ecological monitoring. 
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X I I .  R E C O M M E N D A T I O N S :  D A T A  G A P S  A N D 
C H A L L E N G E S

PRECIPITATION

The temperature changes that New Mexico 
can expect over the next 50 years are well 
understood. However, a number of aspects of 
how baseline and extreme precipitation patterns 
will change require additional research. These are 
summarized together below.

• Better understanding of a number of facets 
of the occurrence of extreme precipitation is 
needed. Theoretical studies suggest that more 
extreme precipitation events should occur, 
given that the atmosphere will be warmer 
and wetter. But published observations of 
precipitation over the past 20 years, during 
which warming has occurred, do not yet 

M uch remains to be learned about the interplay 
of climate change and water resources in 

New Mexico. Chapters 2–10 of this bulletin outline 
the state of knowledge, based on current literature, 
on a range of topics that will need to be considered 
when developing New Mexico’s 50-year water 
plan. Based on their career experience or as part of 
the process of developing the chapters, the authors 
have identified fruitful research areas that could be 
pursued to build a more complete understanding of 
New Mexico’s changing climate and the implications 
for water resources in our state. These research areas 
and data gaps are presented in more detail as parts 
of most chapters in this bulletin; they are presented 
here in abridged form for ease of reading. For more 
information, chapter numbers are noted.
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offer a clear signal with regard to extreme 
precipitation. With regard to New Mexico’s 
50-year water plan, capture and use of water 
from extreme precipitation events may offer 
some hope in an otherwise challenging 
situation (Chapters 2 and 9).

• Along with changes in extreme precipitation 
events, changes in seasonality and recurrence 
intervals of baseline precipitation must be 
better understood in order to robustly model 
future surface runoff and aquifer recharge. In 
general, trends in projected total precipitation 
amounts are uncertain in most seasons, with 
different global climate models generating 
significantly different projected trends. 
The newest generation of climate model 
simulations (CMIP6) needs to be examined 
closely to see if large-scale uncertainties in 
projections of total precipitation can be 
reduced (Chapters 2 and 3).

• On a related note, the risk associated with 
stormwater-associated flooding should be 
examined on a watershed-level basis, and 
information should be communicated to the 
public and to public officials (Chapter 9).

• Improved understanding of the processes that 
determine what fraction of snowpack at high 
elevations becomes river discharge would 
decrease uncertainties in projecting flows in 
major snow-fed rivers in a warming climate. 
There is general consensus that increasing 
temperature will reduce snowmelt runoff, 
but quantifying the reduction is difficult at 
present (Chapters 2 and 7).

MODELING

Numerical modeling is a critical element of projecting 
future conditions in a warming climate scenario. 
Deficits exist in several aspects of models and 
modeling techniques. Addressing the deficits outlined 
below will improve projection abilities. 

• A need exists for fine-tuning global 
climate model methodologies to have finer 
geographical resolution and also to focus on 
the most likely future climate states.

• The role of clouds and cloud-related 
processes in global climate models is not 
well understood, and improvement of this 
aspect of models would benefit not only 
New Mexico but other parts of the world 
as well (Chapter 2). 

• A calibrated hydrological model focusing 
specifically on New Mexico would 
improve our understanding of recharge 
and runoff (Chapter 3).

• A need exists to incorporate ecosystem 
disturbance processes into process-based 
vegetation models (Chapter 4).

• In a related suggestion, there is a need 
for less-complex empirical models of 
vegetation dynamics, directly based on 
observational data (Chapter 4).

OBSERVATIONAL DATA GAPS

Authors of several chapters noted the need for 
additional data on a number of water-resource-related 
topics. These are enumerated below.

• Water levels in New Mexico’s aquifers must 
be more thoroughly studied, and in particular 
water-level records from lightly pumped 
aquifers are needed to assess pumping-
independent changes in recharge. The data 
developed for water levels must be made 
publicly available using findable, accessible, 
interoperable, and reusable management 
principles; this could be done through 
the New Mexico Water Data Act (NMSA 
1978§72-4B; Chapter 3).

• As a parallel to better understanding 
water levels in aquifers, historical trends 
and future projections of abundance and 
discharge from springs as well as changes in 
lengths of perennially wet reaches of surface 
waterways are needed.

• Few data exist on soil moisture around 
New Mexico, and these data are needed 
to assess the response of soil moisture to 
increasing aridity in our state (Chapter 3). 
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• Few comprehensive studies on the impact 
of a warming climate on surface-water or 
groundwater quality in New Mexico exist. 
Although water quality may be a less pressing 
need than water quantity, both parameters are 
important for understanding New Mexico’s 
water resources (Chapter 10).

• Few comprehensive studies on the hydrological 
response to watershed vegetation changes 
exist. These studies will be particularly 
important for New Mexico’s upland forests 
(Chapters 4 and 6).

• The length of time required for landscapes to 
adjust following a major climate disruption 
can be widely variable, and understanding 
the reasons for this variability requires 
further research, as does the process of 
sediment transport from headwaters to 
downstream rivers (Chapter 6).

• Information on sediment infill rates to 
New Mexican reservoirs and connections 
between those rates and climate is needed 
for accessing impacts of increased sediment 
infill rates on water supplies and reservoir 
designs (Chapter 8).

• Additional studies are needed on soils, 
plant communities, and geomorphology 
in high-elevation mountain ranges where 
aquifer recharge and channel discharge 
occur. Data provided by these studies would 
inform numerical models to calculate the 
net soil loss from hillslopes as functions of 
topography, vegetation, and other variables 
(Chapters 4, 5, and 6).

• Further research is needed on the possibility 
of increased aquifer recharge as a side effect 
of increasing shrub dominance in desert 
landscapes (Chapter 4).

• Long-term ecological monitoring and 
research are needed to document, 
understand, and effectively address the 
response of New Mexico’s ecosystem to 
projected climate changes over the next 
50 years and the associated ecohydrological 
responses (Chapter 4).
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A P P E N D I X  A :  Modeling Changes in Land-Surface Water Budget
Fred M. Phillips

I n order to generate projections that have real 
predictive value at sufficient resolution to be 

useful, surface hydrologic models must have several 
characteristics. One is based on the observation that 
New Mexico is large and contains greatly varied 
topography and local climate. This means that global 
climate generalized models are of little value until 
their output is downscaled to finer resolution. Useful 
models must be capable of simulating the effects of 
climate change at the local scale (described below). 
A second characteristic is that models based on 
historical empirical observations are not likely to 
correctly predict future behavior when the system 
behaves differently than it does now. Rather, these 
models should be based on physical principles that 
are generally valid. A third characteristic is the degree 
of difficulty in constructing and running the model. 
Very highly resolved and complex models may be 
difficult to employ because of the computational 
demands (e.g., they run on only a supercomputer) 
and because it is very difficult to accurately supply all 
parameters needed to construct the model. 

The basis for obtaining future projections of the 
hydrologic budget under changing climate usually 
starts with the output of global climate models that 
are driven by standardized greenhouse-gas emission 
scenarios developed by the Intergovernmental Panel 
on Climate Change. The coarse-resolution global 
climate model outputs are converted to finer scales 
in a process called downscaling. The outputs for the 
historical period are statistically adjusted to match 
the statistics of the observations for the same period, 
and this adjustment is then used on the climate-model 
outputs for the future. The downscaled sequence of 
climate parameters is then used to drive the state-scale 
water balance models. Below we review several water-
balance models that have been used for estimating 
recharge and runoff in New Mexico.

Mass-Balance Accounting Models—To date, the only 
model that has been employed to empirically estimate 
the water balance for the entire state of New Mexico 
is a systems-dynamics mass-balance accounting model 
called the New Mexico Dynamic Statewide Water 
Budget Model (Peterson et al., 2019). Such models 
use relatively simple equations that conserve mass 
or volume as hydrological flows that are routed or 
transferred, for example from the soil-water reservoir 
to the atmosphere via evapotranspiration. This type 
of model is commonly termed a lumped-parameter 
or buckets model because it does not attempt to 
spatially resolve the hydrological processes but 
rather divides an area into subunits such as counties 
or water-planning regions, which are then treated 
like homogeneous “buckets” or districts. The 
hydrological transfers are often quantified using 
empirical constants that are derived from historical 
studies, for example, the fraction of snowpack 
that becomes runoff, estimated from past snow 
surveys and stream gaging. 

Although mass-balance accounting models are 
a valuable tool for understanding current water 
balance, their utility is limited for future projections 
under changing climate. This is partly because the 
models’ lack of spatial resolution does not account 
for variations of hydrological response across a varied 
landscape, but more fundamentally it is because 
the empirical formulations they often employ were 
derived by observations under constant climate and 
are likely to be inaccurate under different climate 
conditions in the future.

One-Dimensional Surface Process Models—There 
is a large family of models that use physical 
formulations (as opposed to empirical ones) to 
simulate the division of hydrological flows at the land 
surface but only as a purely vertical process. This is 
reasonable for a first approximation, noting that the 
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vertical flows in Figure 3.1 are much larger than the 
horizontal flows. For the most part, these models 
employ physics-based formulations to calculate 
flows and transformations and should thus have 
predictive power under a changing climate. They are 
computationally straightforward and can be used at 
high spatial and temporal resolution to capture effects 
of topography and vegetation variation and other 
heterogeneities. The main limitation of these models is 
that they cannot include lateral flows of water except 
on the land surface. Lateral flows are important to 
generating runoff and focusing shallow subsurface 
flow to become recharge. 

The most important of these models is the 
Variable Infiltration Capacity (VIC) model (Liang et 
al., 1994). It is commonly used in conjunction with 
global climate models to make coarse-resolution 
hydrological projections. It is also the most common 
hydrological model to be coupled with downscaled 
global climate model output for finer-resolution local 
projections. A significant limitation of VIC is that, 
at least in the original version, it does not explicitly 
quantify groundwater recharge. Rather, any excess 
water at the base of the root zone is directly routed 
to surface flow. This is a reflection of common 
hydrological conditions in humid regions. 

A code that has been explicitly employed to 
compute groundwater recharge is the WaterGAP 
Global Hydrology Model (WGHM; Döll et al., 2003; 
Döll and Fiedler, 2008). This model was incapable 
of realistically simulating groundwater recharge in 
arid and semiarid environments without arbitrary 
adjustments (Döll, 2009). 

Only one such model has been developed 
and applied specifically to calculate recharge in 
the New Mexico environment: Python Recharge 
Assessment for New Mexico Aquifers (PyRANA; 
Ketchum, 2016; Xu, 2018; Parrish, 2020). This 
model employs the dual crop coefficient method 
of calculating evapotranspiration (Allen and 
Breshears, 1998) to obtain accurate water-balance 
in New Mexico’s semiarid climate and is efficient to 
run at very high spatial and temporal resolution in 
order to meet the challenge of the state’s irregular 
topography. However, in its current configuration, it 
does not incorporate interception of precipitation by 
plant leaves, which can significantly affect the land-
surface water balance, especially in forested areas.

Three-Dimensional Hydrological System Models— 
A more complex family of models attempts to 
mimic the entire hydrological system, including 
hydrometeorological, land-surface, surface-water, and 
groundwater components, in three dimensions. This 
allows such models to account for some phenomena 
that cannot be represented in more simplified 
models but only at much greater computational 
expense, as these models generally can only be run 
on supercomputers. The most relevant of these to 
our purpose is ParFlow-CLM, developed for high-
resolution global simulations of the hydrological 
cycle under current and future conditions 
(Maxwell and Miller, 2005). 
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Figure B.1. Soil orders distribution map of the United States and territories  
(https://www.nrcs.usda.gov/sites/default/files/2022-08/Soil_Orders_Map_of_the_United_States.pdf).

A P P E N D I X  B :  Soil Diversity and CLORPT
Leslie D. McFadden

T he map of soils of the United States at the level 
of soil orders (the highest taxonomic level 

of soil classification in the U.S. Department of 
Agriculture publication Soil Taxonomy [Soil Survey 
Staff, 1999]; Figure B.1) illustrates the large range 
of very different soil types that are present in the 
landscapes of the United States. These are shown in 
detail for New Mexico in Figure B.2. At least six of 
the twelve soil orders are evident at this map scale 
(Entisols, Inceptisols, Aridisols, Mollisols, Alfisols, 
Vertisols); at least one other soil classified in another 

order (Andisols, soils with properties that reflect 
weathering of volcanic parent materials [Soil Survey 
Staff, 1999]) can be found locally in some landscapes 
in favorable circumstances. The large spatial extent 
of Aridisols (well-developed soils that form in an 
aridic soil moisture regime and an order that has six 
suborders in New Mexico; Figure B.3) reflects the 
arid climate of many areas of the state. The large 
area with Mollisols (soils typical of grassland and 
prairies with a thick, darkened surface A horizon—a 
mollic epipedon; Figure B.2) reflects the semiarid 
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Figure B.2. Detail of figure B.1 showing soil orders in New Mexico  
(https://www.nrcs.usda.gov/sites/default/files/2022-08/Soil_Orders_Map_of_the_United_States.pdf). 

WG Ex. 7

0266



189

  A P P E N D I X  B

Figure B.3. Map of the suborders of Aridisols in the United States (https://www.nrcs.usda.gov/conservation-basics/natural-resource-concerns/soils/
aridisols). The large spatial extent of these suborders in New Mexico as well as other regions of the western United States reflects an arid climate 
and associated soil-forming processes favored by an aridic soil moisture regime. 
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areas of New Mexico that support shortgrass 
communities. Alfisols (high base-status soils with 
fine textured subsurface B horizons) can be found 
in areas of greater annual precipitation at typically 
higher elevations. Of course, at other levels in Soil 
Taxonomy or in Natural Resources Conservation 
Service (https://www.nrcs.usda.gov/) soil maps of 
much smaller regions, many dozens of suborders and 
much larger numbers of great groups, subgroups, 
series, and types are present. 

Substantial soil diversity in New Mexico reflects 
the highly variable topography, climate, vegetation, 
and rock types that characterize the state. To a large 
extent, this variability reflects the consequences of 
Cenozoic tectonic processes that ultimately caused, 
for example, uplift of the lofty Southern Rocky 
Mountains or the development of the lower-elevation 
dryland basin landscapes of the Rio Grande rift. 
Topography, climate, vegetation, and rock types 
constitute the most important factors that influence 
the many soil-forming processes and overall soil 
profile development. 

A soil sequence is a group of similar soils ordered 
by the effects of a single environmental factor such 
as climate (Cl); organisms, or biotic factors (O); 
local and regional relief (R; also characterized as 
topography); parent material characteristics (P); and 
age (T; Jenny, 1941). Although other factors certainly 
influence soil-forming processes, these five factors 
are generally regarded as the most critical ones to 
the extent that collectively they define the “state” 
of the soil (or a particular soil property; Birkeland, 
1999), and they have come to be generally known 
as CLORPT. This conceptual framework used in soil 
geomorphic research is often referred to as the state 
factor approach (or the CLORPT approach). Through 
careful selection of groups of soils in circumstances 
such that the influences of one factor can be isolated 
or selectively varied while the influences of the 
others are essentially held constant, different soil 
functions associated with the CLORPT factors 
can be determined (Jenny, 1941; Birkeland, 1999; 
McFadden, 2013). To identify differences among a 
group of soils that primarily reflect soil age, a soil 
chronosequence is established; a time-dependent 
change in soil morphology (or a given property) 
is called a chronofunction. Soil chronosequence 
studies usually involve selecting geomorphic surfaces 
with relatively low gradients and generally low 

relief, features that engender geomorphically stable 
conditions, which in turn favor continuous soil 
formation and morphological property development 
on time scales ranging from a few hundred to several 
hundred thousand years (Birkeland, 1999).

Other soil sequences can be established in a given 
region to emphasize topography (soil toposequences, 
sometimes referred to as a catena; Figure B.4). 
Studies of toposequences prove invaluable in the 
study of hillslope form and processes, as they are 
geomorphically unstable when compared to, for 
example, the surfaces of fluvial terraces (Birkeland, 
1999; McFadden, 2013). Similarly, studies of soil 
lithosequences can be used to assess the role played 
by different soil parent materials substrate in soil 
development (Birkeland, 1999).

DRAINAGE BASIN 
HILLSLOPES AND SOILS 

The hillslopes of drainage basins (watersheds) are 
the major areas of aquifer recharge and the primary 
source of water and sediment discharge to fluvial 
channels in most landscapes. In New Mexico and 
adjacent states, substantial runoff and recharge is 
generated from mountainous areas. These include 
the San Juan, Sangre de Cristo, Jemez, Black Range, 
Sacramento, Sandia, Zuni, and Mogollon mountains, 
all of which have relatively extensive high-elevation 
areas (greater than 10,000 ft), with elevations in a 
few cases exceeding 12,000 ft. In many drainage 
basin hillslopes of these mountains, weathering of 
exposed bedrock or bedrock beneath a cover of 
hillslope sediments produces regolith. In some studies, 
formation of regolith, either in situ or mobile, by this 
process is referred to as soil production (Heimsath 
et al., 1997; Bierman and Montgomery, 2019). 
The formation of regolith occurs mainly through 
biogeochemical weathering of bedrock. The initial 
alteration of bedrock that is essential in influencing 
subsequent chemical weathering rates and the 
eventual development of soil that enables colonization 
by vascular plants involves the development of 
secondary porosity and resultant increased water-
holding capacity (Graham et al., 2010). Some studies 
in New Mexico mountains and other high-elevation 
study areas that document chemical weathering of 
bedrock parent material include Egli et al. (2014) 
and Rea et al. (2020). On many drainage basin 
hillslopes, however, soils form in materials produced 
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Figure B.4. A cross section (no vertical or horizontal exaggeration) showing a soil toposequence on a transport-limited hillslope from a study site on 
the Colorado Plateau in northeast Arizona. Soil horizons with depths and textural data for soils located at various hillslope positions are shown in the 
different plots. See text discussion of soil toposequences. After McFadden (2013). 

mainly by physical weathering of bedrock, such as 
talus and colluvium. In higher-elevation areas subject 
to frequent freeze–thaw cycles, frost weathering is 
a key physical weathering process (Bierman and 
Montgomery, 2019). At lower, generally warmer 
elevations where frost weathering is not effective, 
other physical weathering processes are important. 
Recent studies suggest that solar insolation may 
actually play a key role in the development and 
extension of initial fractures (McFadden et al., 
2005; Eppes et al., 2010), accelerated via subcritical 
formation and extension of cracks (Eppes and 
Keanini, 2017). Increases in the spatial extent and 
thickness of talus and colluvium are commonly 
observed in the hillslopes of mountain ranges with 
high relief, given the associated higher annual 
precipitation and lower temperatures—conditions 
that tend to favor an increase in the magnitude of 
physical weathering. 

The character and spatial extent of soils on 
hillslopes are affected by several factors, such as 
relief, rock type, vegetation, climate, and local base 
level. Given variability among these factors in diverse 
geomorphological settings, hillslopes exhibit different 
forms. For example, some hillslopes are dominated 
by relatively frequent occurrences of debris flows, 
rotational slumps, and other mass movements. In 
many drainage basins where mass movements are 
rare, a very common hillslope form observed is 
characterized by a smooth, curvilinear profile and 
is associated with a continuous mantle of soil and 
vegetation (Figure B.5). Gilbert (1880) recognized the 
latter hillslope form as one that develops in effectively 
wetter and colder climate regimes. These conditions 
are conducive to weathering and slope material 
production sufficient to exceed the rate of transport 
of weathered material on the hillslope. In the nearly 
150 years since this publication, a large body of 
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Figure B.6. Steep, bedrock-dominated, detachment-limited hillslopes that developed on southwest-facing hillslopes formed on the same bedrock 
and in the same area as the hillslopes in Figure B.5. Photo by Leslie D. McFadden 

Figure B.5. Smooth, soil- and vegetation-mantled, transport-limited hillslopes formed on weakly cemented sandstones of the Dixon Member, 
Tesuque Formation, Santa Fe Group. The hillslopes face to the northeast (hillslope aspect), and the area is 35 km southwest of Taos, New Mexico, 
at an elevation of approximately 6,790 ft. Photo by Leslie D. McFadden 

published research has both confirmed and extended 
Gilbert’s research (e.g., Heimsath et al., 1997), and 
these smooth hillslopes are now commonly referred to 
as transport-limited hillslopes dominated by diffusive 
transport of slope materials. In contrast, typically 
steeper hillslopes dominated by exposure of bedrock 
and discontinuous weathering mantles (including 
soils) are now often referred to as detachment- or 
weathering-limited hillslopes (Figure B.6; Bierman 
and Montgomery, 2019). Gilbert noted that such 
hillslopes are common in generally arid climates, 
and he recognized that in these circumstances, 
the magnitude of weathering and production of 

colluvium and/or soils were not sufficient to exceed 
the rate of hillslope erosion by runoff or mass 
movements (e.g., creep). 

In geomorphically favorable circumstances, 
where colluvium has accumulated in zero-order 
drainage basins or where colluvium, sheetwash-
derived sediment, or debris-flow sediment has 
accumulated at the base of hillslopes, the soil profiles 
are often thicker than those forming in bedrock. 
For example, published detailed NRCS soil maps 
of the higher elevations (8,400 to 10,500 ft) of 
the Sandia Mountains (Hacker, 1977) identified 
the “shallow to deep soils” of the Kolob-Rock 
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Outcrop Association. This association includes large 
areas of exposed bedrock or very thin soils (Rock 
Outcrop, including extragrade Lithic subgroups 
with typically thin, weakly developed A-C profiles 
with bedrock at shallow depths) and the thicker 
Kolob soils, many of which occur in thick hillslope 
materials and commonly exhibit B horizons. In the 
Sandia Mountains, these well-developed, thicker 
soils occur in the Alfisol, Mollisol, and Inceptisol 
orders. Soils classified in these orders are also 
common in higher elevation settings in the Jemez 
Mountains (Nyhan et al., 1978) and in the Front 
Range in Colorado (Birkeland et al., 2003). Recent 
extensive geomorphological research in glaciated 
and unglaciated basins in the southern San Juan 
Mountains also shows that relatively thick soils (some 
exceeding 100 cm) with weakly developed B horizons 
have formed in latest Pleistocene unconsolidated 
morainal till and younger Holocene alluvial deposits 
at elevations between 10,000 and 11,000 ft. Soils 
formed directly on steep hillslopes, however, exhibit 
thin soils with A-C-Cr profiles (Aldred, 2020). 

Steep hillslopes commonly favor rates of erosion 
that enable only thin soils to form or entirely preclude 
the development of soils. Additionally, relatively 
slow permeability of bedrock (as compared to, for 
example, gravelly alluvium) favors a low infiltration-
to-runoff ratio, which also limits weathering and soil 
development. This is especially the case in dryland 
climates. Many other hillslopes are not so steep, 
and thick soils can form on these hillslopes. Their 
development can be attributed to the following: (1) 
the moister climate at higher elevations characterized 
by higher annual precipitation and cooler 
temperatures that favor deeper average depths of soil-
water movement and soil development in relatively 
permeable parent materials; (2) increasing vegetation 
density at higher elevations, which provides canopy 
cover and a root network that increases soil strength 
and cohesion, resulting in increased resistance to 
erosion (see Chapter 4); (3) the entrapment and 
incorporation of eolian dust in soils that produces 
net soil accretion; (4) incision of gullies into colluvial 
deposits and debris fan-aprons that temporarily 
isolates soils from subsequent runoff and erosion; (5) 
colluvial materials, commonly far more permeable 
than bedrock, that favor deeper soil water movement 
and ultimately development of thicker soils; and 
(6) thicker forest soils with thick O, A, Bw, and C 
horizons, which often have relatively high infiltration 

rates and generally low runoff (Martin and Moody, 
2001). In addition, the presence of thick soils that 
retain soil water provides insulation that increases 
soil-water retention in deeper subsurface horizons. At 
the soil–bedrock contact, these circumstances have 
been proposed to favor increased chemical weathering 
of bedrock. As is described in Chapter 4, the presence 
of a continuous soil mantle is also conducive to 
the colonization of soil-stabilizing herbaceous 
plants, such as grass.

The body of soil geomorphological research 
conducted on drainage basin hillslopes in 
New Mexico is relatively limited; however, over two 
dozen papers in this area have been published in 
only the last 25 years (e.g., Davenport et al., 1998; 
Phillips et al., 1998), presumably reflecting the 
presence of Los Alamos National Laboratory and the 
establishment of the Santa Catalina–Jemez Mountains 
Critical Zone Observatory in the Jemez Mountains 
(Olyphant et al., 2016). As is the case in other critical 
zone observatories throughout the United States and 
also many other studies of hillslope geomorphology, 
one conceptual approach that has been adopted in 
the study of the soil component of the critical zone is 
referred to as steady-state soil production (McFadden, 
2013; Richter et al., 2020). The recent development 
and refinement of the concept of soil production 
represents an important extension of the definition 
of soil geomorphology proposed by McFadden 
and Knuepfer (1990). The derivation of the soil 
production function (spf) that combines the hillslope 
sediment flux equation with the conservation of mass 
for a column of soil requires that the spf is applicable 
only on soil-mantled hillslopes with convex-up form 
and characterized by exclusively diffusive slope 
transport (i.e., abiotic and biotic creep; Heimsath 
et al., 1997). In addition to the application of the 
steady-state spf in soil geomorphological research of 
hillslopes in the Jemez Mountains, this approach has 
been utilized in a few studies in other New Mexico 
mountains, including a study focusing on biochemical 
weathering processes in bedrock (Rea et al., 2020), 
and in studies of drainage basin patterns on hillslopes 
formed on uplifted basin-fill sediments in the semiarid 
region west of Socorro (Gutiérrez-Jurado and Vivoni, 
2013). As described below, however, recent studies 
of soils and hillslopes in some semiarid settings in 
New Mexico and elsewhere in the southwestern 
United States (Persico et al., 2011; McFadden, 
2013; McAuliffe et al., 2014) show that steady state 
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has been disrupted and/or that gullying and rilling 
(advective sediment transport processes) have played 
important roles with respect to erosion and sediment 
transport. In addition, soil-forming processes other 
than production of soil via bedrock weathering affect 
hillslope soils, including variable eolian sediment 
flux and the development of mechanically strong 
petrocalcic horizons not subject to creep. These 
geomorphic processes somewhat limit the usefulness 
of the conceptual framework provided by the spf in 
the study of many landscapes subject to climate and 
other environmental changes.  

SOIL CHRONOSEQUENCE AND 
OTHER GEOMORPHIC STUDIES

Over longer time spans, hillslopes must inevitably 
retreat, ultimately limiting periods of geomorphic 
stability that enable sustained soil development and 
the overall magnitude of soil development. Processes 
of runoff, erosion, interflow, locally intensive 
bioturbation, and the difficulty of determining the 
ages of soil parent materials on hillslopes greatly 
complicate interpretation of strongly topographically 
dependent trends in soil-forming processes. 
However, studies of soil formation on the basis 
of soil chronosequence studies can in appropriate 
circumstances be used to evaluate some important 
aspects of soil development on hillslopes. 

Some of the most well-regarded soil 
chronosequence studies have been conducted in 
the landscapes surrounding Las Cruces in southern 
New Mexico and are known as the Desert Project 
(Holliday et al., 2001). Desert Project research 
shows that many soil-forming processes are strongly 
time dependent (e.g., the development of pedogenic 
carbonate morphology; Gile et al., 1981). The 
availability of numerical age dates for different 
soil parent materials or soil materials provided the 
basis for determining rates of soil development 
in this dryland region. Since these studies, new 
geochronological methods have been developed and 
provide numerical age information to help determine 
rates of soil development (Phillips et al., 1998). One 
of the most significant contributions of Desert Project 

research, however, was the recognition of the role 
of dust as a principal source of pedogenic calcium 
carbonate, rather than the production of dissolved 
calcium via chemical weathering of aluminosilicate 
minerals in the initial soil parent materials. 

Other soil chronosequence studies in New Mexico 
also revealed key time-dependent soil properties, 
including the important role the incorporation 
and pedogenic alteration of dust plays in the 
development of soil properties in addition to soil 
carbonate accumulation. Many other studies of soil 
chronosequences elsewhere in the Southwest show 
similar results (Birkeland, 1999). Other studies that 
demonstrate the significant impact of dust entrapment 
and accumulation on soil formation in New Mexico 
and adjacent regions include studies of soils formed 
on volcanic flow surfaces (Eppes and Harrison, 1999; 
Van der Hoven and Quade, 2002; McFadden, 2013) 
and on eolian landforms (Wells et al., 1990; Reheis et 
al., 2005; Ellwein et al., 2018).

The entrapment and accumulation of dust 
in dryland soils not only plays a primary role in 
pedogenic carbonate accumulation; it also plays 
a fundamental role in the mode of soil profile 
development in sparsely vegetated landscapes 
(McFadden, 2013). In contrast to soil profile 
development in more humid climates (dominated 
by chemical weathering and net mass loss below the 
soil–atmosphere interface; Figure B.7A), dryland soil 
development is commonly characterized by the net 
addition of eolian sediment via cyclic soil inflation 
and accretion (Figure B.7B). The formation and 
evolution of soils of desert pavements that dominate 
the landscapes of many very hot and arid regions 
is attributable to this mode of profile development; 
however, this mode of soil development can also be 
recognized in the soils of the semiarid foothills of 
the Sandia Mountains, as described below (Persico 
et al., 2011). A recently published study of lacustrine 
sediments from a site in central Arizona (Staley et 
al., 2021) shows that eolian dust accumulation has 
been occurring during much of the last 1.3 Ma, 
demonstrating that this process likely has strongly 
influenced soil development in the drylands of the 
Southwest throughout much of the Quaternary.
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Figure B.7.  (A) Time-dependent development of the classical A/B/C soil profile developed in the nineteenth century by Russian 
soil scientists and ultimately adopted as a profile model by scientists worldwide in the twentieth century. The lower case letters t 
and k indicate the presence of soil clay and calcium carbonate in the associated soil horizons. After Figure 1a in McFadden (2013). 
(B) Time-dependent development of a cumulative soil profile dominated by net accretion of slowly accumulating and pedogenically 
modified sediment. The light brown, irregularly shaped objects represent coarse fragments or gravel that are maintained as the 
surface during development of the soil. This example of a cumulative soil represents development of a dryland soil below a desert 
pavement; R (depicted in gold with dotted pattern) represents fresh and/or slightly weathered bedrock, A (depicted with chartreuse) 
represents surface soil horizon, A/B (depicted with olive green) represents a zone of transition between surface and subsoil 
horizons, B (depicted with brown) represents a subsoil horizon usually below an A horizon, C represents unconsolidated parent 
material, k (depicted as white nodules) represents accumulation of carbonate, and t represents presence of accumulated clay. After 
Figure 1b in McFadden (2013).
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B

Stable Surface

Initial Surface
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CONTRIBUTIONS OF SOIL 
GEOMORPHOLOGICAL RESEARCH 
TO THE EVALUATION OF RATES 
AND PROCESSES OF PEDOGENESIS 
ON HILLSLOPES IN NEW MEXICO

As noted above, the geomorphic and hydrological 
processes that characterize hillslope environments 
(e.g., interflow and soil creep), as compared to 
those on stable geomorphic surfaces appropriate 
for soil chronosequence studies, complicate the 
interpretation of soil formed on hillslopes (Birkeland, 
1999; McFadden, 2013). Certain hillslopes, however, 
provide more favorable circumstances. Glacial 
moraines found in mountainous regions subject to 
alpine glaciation are a good example. Unlike most 
hillslopes formed on bedrock, the hillslopes of a 
moraine initially have the same age, eliminating 
T as a soil-state factor. Moreover, in some cases, 
morainal sediments can be dated using radiocarbon 
or cosmogenic surface-age methodologies. The 
relatively limited relief, common parent material, 
and vegetation of moraines enable development 
of soil toposequences. On some hillslopes formed 
on bedrock, dendrochronological methods and 
cosmogenic surface-age dating also can be used in 
the study of hillslope soils and geomorphic processes 
(McAuliffe et al., 2006; Scuderi et al., 2008; 
McAuliffe et al., 2014).

Studies of soils of glacial moraine toposequences 
(Muhs and Maat, 1993; Birkeland, 1999; 
Birkeland et al., 2003) in the Rocky Mountains 
of central Colorado show that the entrapment 
and incorporation of dust plays a key role in soil 
development, despite the moist conditions and 
development of organic-matter-rich O and A 
horizons. Soils in the southern San Juan Mountains 
formed in latest Pleistocene moraines and post-glacial 
colluvium and alluvium with B horizons are also 
strongly influenced by eolian dust (Aldred, 2020). 
Late Pleistocene soils formed in tundra-covered 
soils on bedrock at elevations up to 12,000 ft in the 
Uinta Mountains with A-Bw-C profile development 
are also dominated by dust accumulation. These 
studies also demonstrate that soils on latest 
Pleistocene moraines with A-B-C profile development 
require at least several thousand years to form—a 

conclusion consistent with that of numerous soil 
chronosequence studies conducted in New Mexico 
and adjacent regions. 

With the exception of the Jemez Mountains 
region, to date there have been relatively few soil 
geomorphic studies in high-elevation mountains 
in New Mexico. For example, Google Scholar 
for publications in this area of research turned 
up between 0 and a maximum of 3 papers (for a 
given mountain range) over the last few decades 
based on studies in the Sangre de Cristo, Sandia, 
Sacramento, Black Range, and Mogollon mountains. 
Although their focus is not on the development of 
soil properties, at least some of the published studies, 
such as those of Gierke et al. (2016) and Rea et al. 
(2020) in the Sacramento Mountains and Persico 
et al. (2011) in the Sandia Mountains foothills, 
acknowledge the significance of dust accumulation in 
the development of soils in the study sites.

The study by Persico et al. (2011) in the 
foothills of the Sandia Mountains provides another 
example of the important role rock type plays in 
soil- and hillslope-forming processes. The Sandias 
are composed mainly of Sandia Granite and are 
characterized by bedrock-dominated (weathering-
limited) core-stone hillslopes, which consist of bare, 
fractured, ellipsoidal blocks of granite, as illustrated 
in the lower left corner of Figure 5.6. Core-stone 
hillslopes have small patches of thin, weakly 
developed soils between the large core-stones. Where 
small tabular bodies (geologists call these features 
dikes) of a rock type called aplite (a fine-grained, 
granite-like igneous rock) occur in the granite, the 
aplite breaks down to large blocks that accumulate 
on hillslopes below the dikes. The blocks efficiently 
entrap windblown dust—a process that eventually 
causes the formation of a thick, well-developed 
soil (Figure B.8; McFadden, 2013). These smooth, 
soil-mantled hillslopes (Figure 5.6) have been stable 
for tens of thousands of years, but ongoing shifts in 
climate will likely strip away the soil. 

As noted above, numerous studies in the Jemez 
Mountains provide important contributions to 
understanding the role played by soils in the critical 
zone. Several of these studies also focus on soil 
hydrology and in particular the impacts of wildfire on 
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Figure B.8. Changes in particle size and soil carbonate concentrations 
in a thick soil on an aplite hillslope located in the foothills of the Sandia 
Mountains, New Mexico. The graph shows that soil-forming processes 
over tens of thousands of years have caused the accumulation of a 
great deal of clay and silt in the soil B horizon, most of which is derived 
from windblown dust. Only small patches of much thinner and weakly 
developed soils are found on the core-stone hills. Development of 
such soils is responsible for the emergence of smooth, curvilinear 
hillslopes (see text). Roman numerals signify depths at which samples 
for optical luminescence studies were taken. Modified after Figure 8 in 
Persico et al. (2011). See the Figure B.7B caption for a description of 
soil horizon symbols.

surface soil horizon alteration and erosion potential 
(e.g., Martin and Moody, 2001; see Chapters 4 and 
6). Employing constitutive mass balance analysis of 
a strongly developed soil atop the Pajarito Plateau, 
Eberly et al. (1996) strongly suggested that dust 
accumulation has influenced the development of soils 
on the hillslopes of the Jemez Mountains and other 
mountain ranges in the southwest United States. 
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Figure C.1. Relationship between saturation water vapor pressure 
(over a flat surface of liquid water) and air temperature.

A P P E N D I X  C :  The Clausius-Clapeyron Relationship
Bruce M. Thomson

M ost discussions of the effects of a warming climate 
on extreme precipitation start with a presentation 

of the Clausius-Clapeyron equation, which describes 
the saturation vapor pressure of water as a function 
of temperature (Donat et al., 2016; Lu et al., 2018; 
Lynker Technologies, 2019; Meredith et al., 2019; 
Kappel et al., 2020; Kunkel et al., 2020; Tabari, 2020; 
Fowler et al., 2021). The saturation vapor pressure of 
water is proportional to the maximum water content 
that the atmosphere can hold:

Of course, most of the time the actual vapor 
content of the atmosphere is much less than the 
saturation vapor pressure (the holding capacity of 
the air). This statement is equivalent to noting that 
most of the time the relative humidity (which is 
the actual vapor content expressed as a percentage 
of the saturation value plotted in Figure C.1) is 
considerably less than 100%. On dry summer 
days in New Mexico, the relative humidity can 
be as low as 5%; on these days, the temperature 
is typically very hot, but there is not much water 
vapor in the air. For purposes of assessing future rare 
occurrences of extremely high precipitation, however, 
the huge increase in saturation vapor pressure at 
temperatures near 40°C (104°F) in Figure C.1 
provides a compelling reason to expect that the most 
extreme precipitation events will be more intense 
in a warmer climate.

where

P1 and P2 are the vapor pressure of water at 
temperatures T1 and T2

ΔHvap is the enthalpy (heat) of vaporization 
of water (40.7 kJ/mol)

R is the universal gas 
constant (8.314 J/(mol °K))

This relationship, plotted in Figure C.1, shows 
that a slight increase in temperature results in 
a large increase in atmospheric water content 
at warm temperatures. For example, increasing 
air temperature by only 1°C (1.8°F) allows 
the atmosphere to retain approximately 7% 
more water vapor. Consequently, increased 
temperature allows for the potential for much-
increased water content in the atmosphere. This 
relationship directly implies the potential for 
increased precipitation from rainfall events as 
temperature increases.
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C O L L A B O R A T I N G  A G E N C I E S

Established by legislation in 1927, the New Mexico Bureau of Geology and Mineral Resources is a 
research and service division of the New Mexico Institute of Mining and Technology (New Mexico 
Tech). The Bureau of Geology is a non-regulatory agency that serves as the geological survey for 
the State of New Mexico. Through our offices, website, and publications, our staff serves the 
diverse population of our state by conducting research; distributing accurate information; creating 
accurate, up-to-date maps; providing timely information on potential geologic hazards; acting as a 
repository for cores, well cuttings, and a wide variety of geologic data; providing public education 
and outreach through teaching and advising, our world-class Mineral Museum, and teacher/
student training programs; and serving on geoscience-focused boards and commissions within the 
state. There is something at the Bureau for everyone who has ever wondered about the exceptional 
geology of New Mexico.

The New Mexico Interstate Stream Commission (NMISC) is a sister agency and administratively 
attached to the New Mexico Office of the State Engineer. NMISC activities are overseen by eight 
appointed commissioners in addition to the state engineer, who serves as the commission’s secretary. 
The NMISC oversees New Mexico’s obligations and entitlements under eight interstate stream 
compacts to which New Mexico is a party. To ensure compact compliance, NMISC staff analyze, 
review, and implement projects in New Mexico and analyze streamflow, reservoir, and other data on 
stream systems. The NMISC is authorized by statute to investigate, develop, conserve, and protect 
the water supplies of the state. In addition, the NMISC supports and conducts regional and state 
water planning efforts, implements Indian water rights settlements, manages the state’s Strategic 
Water Reserve, and supports compliance with federal environmental regulations such as the 
Endangered Species Act. Further, Governor Michelle Lujan Grisham directed the NMISC to develop 
the New Mexico 50-Year Water Plan.    

This bulletin represents a collaboration between two state agencies: the New Mexico Bureau of 
Geology and Mineral Resources and the NMISC. The work was carried out by the Bureau at the 
request of the NMISC in support of developing New Mexico’s 50-Year Water Plan. The purpose 
of the bulletin was to provide a solid and scientifically based foundation about climate change in 
New Mexico over the next 5 decades upon which to build the 50-Year Water Plan.

The Bureau appreciates the NMISC’s vision in supporting the development of this project. The 
Bureau also deeply appreciates the expertise and commitment of the 10 experienced scientists who 
developed the core chapters of this consensus study. We hope this bulletin will be used by many in 
and around New Mexico for years to come.
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Nonexhaustive List of PFAS Definitions in State Laws Using “At Least One Fully 
Fluorinated Carbon Atom” 

At least 23 states define PFAS in their statutes to mean compounds with at least one fully 
fluorinated carbon atom:  

Oil and Gas Disclosure Laws 
1. Colorado - C.R.S.A. § 25-5-1302(7) is incorporated by reference into Colorado’s oil and

gas chemical disclosure law, codified at C.R.S.A. § 34-60-132(1)(r) “‘Perfluoroalkyl and
polyfluoroalkyl substances’ or ‘PFAS chemicals’ means a class of fluorinated organic
chemicals containing at least one fully fluorinated carbon atom.”

General PFAS Bans 
2. California - West's Ann.Cal.Health & Safety Code § 109000(a)(2) (food packaging)

“‘Perfluoroalkyl and polyfluoroalkyl substances’ or ‘PFAS’ means a class of fluorinated
organic chemicals containing at least one fully fluorinated carbon atom.”

a. West's Ann.Cal.Health & Safety Code § 108970(e) (apparel) “‘Perfluoroalkyl and
polyfluoroalkyl substances’ or ‘PFAS’ means a class of fluorinated organic
chemicals containing at least one fully fluorinated carbon atom.”

b. West's Ann.Cal.Health & Safety Code § 108945(e) (juvenile products)
“‘Perfluoroalkyl and polyfluoroalkyl substances’ or ‘PFAS’ means a class of
fluorinated organic chemicals containing at least one fully fluorinated carbon
atom.”

c. West's Ann.Cal.Health & Safety Code § 108982(b) (cosmetic products)
“‘Perfluoroalkyl and polyfluoroalkyl substances’ or ‘PFAS’ means a class of
fluorinated organic chemicals containing at least one fully fluorinated carbon
atom.”

3. Colorado - C.R.S.A. § 25-15-603(19) (various consumer products) C.R.S.A. § 25-5-
1302(7) is incorporated by reference into Colorado’s Perfluoroalkyl and Polyfluoroalkyl
Chemicals Protection Act, codified at C.R.S.A. § 25-15-603(19) “‘Perfluoroalkyl and
polyfluoroalkyl substances’ or ‘PFAS chemicals’ means a class of fluorinated organic
chemicals containing at least one fully fluorinated carbon atom.”

4. Connecticut - C.G.S.A. P.A. 24-59, § 1(A)(20) (various consumer products)
“‘Perfluoroalkyl and polyfluoroalkyl substances’ or ‘PFAS’ means all members of the
class of fluorinated organic chemicals containing at least one fully fluorinated carbon
atom.”

5. Hawaii - HRS § 321-601 (food packaging and firefighting foam)  “‘Perfluoroalkyl and
polyfluoroalkyl substances’ or ‘PFAS’ means all members of the class of fluorinated
organic chemicals containing at least one fully fluorinated carbon atom.”
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6. Maine - 38 M.R.S.A. § 1614(F) (nonessential PFAS ban) “‘Perfluoroalkyl and 
polyfluoroalkyl substance’ or ‘PFAS’ means substances that include any member of the 
class of fluorinated organic chemicals containing at least one fully fluorinated carbon 
atom.” 

7. Maryland - MD Code, Environment, § 9-1901(h); MD Code, Environment, § 6-1601(e) 
(various products)  “‘PFAS chemicals’ means, when used in fire-fighting agents, fire-
fighting equipment, food packaging, and rugs and carpets, a class of fluorinated organic 
chemicals that contain at least one fully fluorinated carbon atom, including perfluoroalkyl 
and polyfluoroalkyl substances.” 

a. § 6-16A-01(b) (playground materials) “’PFAS chemicals’ means a class of 
fluorinated organic chemicals that contain at least one fully fluorinated carbon 
atom, including per- and polyfluoroalkyl substances.” 

8. Minnesota - M.S.A. § 116.943(p) (nonessential PFAS ban) “‘Perfluoroalkyl and 
polyfluoroalkyl substances” or “PFAS” means a class of fluorinated organic chemicals 
containing at least one fully fluorinated carbon atom.” 

9. New York -  McKinney's ECL § 37-0203 (food packaging) “‘Perfluoroalkyl and 
polyfluoroalkyl substances’ or ‘PFAS substances’ shall mean, for the purposes of food 
packaging, a class of fluorinated organic chemicals containing at least one fully 
fluorinated carbon atom.” 

a. McKinney's ECL § 27-3301(8) (carpets) “‘Perfluoroalkyl and polyfluoroalkyl 
substances’ or ‘PFAS substances’ means a class of fluorinated organic chemicals 
containing at least one fully fluorinated carbon atom.” 

b. McKinney's ECL § 37-0101(7) (apparel) “‘Perfluoroalkyl and polyfluoroalkyl 
substances’ or ‘PFAS’ shall mean a class of fluorinated organic chemicals 
containing at least one fully fluorinated carbon atom.” 

10. Oregon - O.R.S. § 431A.330(10) (cosmetic products) “‘Perfluoroalkyl and 
polyfluoroalkyl substances’ means a class of fluorinated organic chemicals containing at 
least one fully fluorinated carbon atom.” 

a. O.R.S. § 459.465(3) (food packaging) “‘Perfluoroalkyl or polyfluoroalkyl 
substance’ means a substance included in a class of fluorinated organic chemicals 
containing at least one fully fluorinated carbon atom.” 

11. Rhode Island - Gen.Laws 1956, § 23-18.13-3(12) (food packaging) “‘Perfluoroalkyl and 
polyfluoroalkyl substances’ or ‘PFAS’ means all members of the class of fluorinated 
organic chemicals containing at least one fully fluorinated carbon atom.” 

12. Vermont - 9 V.S.A. § 2494e(13) (various consumer products) “‘Perfluoroalkyl and 
polyfluoroalkyl substances’ or ‘PFAS’ means a class of fluorinated organic chemicals 
containing at least one fully fluorinated carbon atom.” 

13. Washington West's RCWA 70A.350.010(10) (consumer products) “‘Perfluoroalkyl and 
polyfluoroalkyl substances’ or ‘PFAS chemicals’ means a class of fluorinated organic 
chemicals containing at least one fully fluorinated carbon atom.” 
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a. West's RCWA 70A.222.010(5) (food packaging) “‘Perfluoroalkyl and 
polyfluoroalkyl substances’ or ‘PFAS chemicals’ means, for the purposes of food 
packaging, a class of fluorinated organic chemicals containing at least one fully 
fluorinated carbon atom.” 

Firefighting Foam Laws 
14. Arizona - A.R.S. § 36-1696 “‘PFAS chemicals’ means perfluoroalkyl and 

polyfluoroalkyl substances that are a class of fluorinated organic chemicals containing at 
least one fully fluorinated carbon atom, that are designed to be fully functional in class B 
firefighting foam formulations and that are used as a firefighting agent.” 

15. Arkansas - A.C.A. § 20-22-101(a)(4) “‘PFAS chemical’ means: 
(A) Perfluoroalkyl and polyfluoroalkyl substances; and 
(B) For the purpose of firefighting agents, a class of fluorinated organic chemicals 
containing at least one (1) fully fluorinated carbon atom and designed to be fully 
functional in class B firefighting foam” 

16. California - West's Ann.Cal.Health & Safety Code § 1306(5) “‘Perfluoroalkyl and 
polyfluoroalkyl substances’ or ‘PFAS’ means a class of fluorinated organic chemicals 
containing at least one fully fluorinated carbon atom.” 

17. Georgia - Ga. Code Ann., § 25-2-41(a)(2) “‘PFAS chemicals’ means a class of 
fluorinated organic chemicals containing at least one fully fluorinated carbon atom, 
including perfluoroalkyl and polyfluoroalkyl substances, and designed to be fully 
functional in class B fire-fighting foam formulations.” 

18. Colorado - CO ST § 25-5-1302(7) “‘Perfluoroalkyl and polyfluoroalkyl substances’ or 
‘PFAS chemicals’ means a class of fluorinated organic chemicals containing at least one 
fully fluorinated carbon atom.” 

19. Illinois - 415 ILCS 170/5 “‘Perfluoroalkyl substance or polyfluoroalkyl substance’ or 
‘PFAS’ means a class of fluorinated organic chemicals containing at least one fully 
fluorinated carbon atom.” 

20. Indiana - IC 36-8-10.7-3 “As used in this chapter, ‘PFAS chemical’ means any chemical 
of a class of fluorinated organic chemicals, including: (1) perfluoroalkyl substances; and 
(2) polyfluoroalkyl substances; that contains at least one (1) fully fluorinated carbon atom 
and is used in firefighting agents.” 

21. Kentucky - KRS § 227.395(1)(b) - “‘PFAS chemicals’ means perfluoroalkyl and 
polyfluoroalkyl substances which, for the purpose of firefighting agents, is a class of 
fluorinated organic chemicals containing at least one (1) fully fluorinated carbon atom” 

22. Louisiana - LSA-R.S. 40:1615 “‘PFAS chemicals’ means a class of fluorinated organic 
chemicals containing at least one fully fluorinated carbon atom, including perfluoroalkyl 
and polyfluoroalkyl substances, and designed to be fully functional in Class B fire 
fighting foam formulations.” 

23. Nevada - N.R.S. 459.678 “‘Perfluoroalkyl and polyfluoroalkyl substances’ means a class 
of fluorinated organic chemicals that contain at least one fully fluorinated carbon atom.” 
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24. New Hampshire - N.H. Rev. Stat. § 154:8-b(I)(g) “‘Perfluoroalkyl and polyfluoroalkyl 
substances’ or ‘PFAS chemicals’ means, for the purposes of firefighting agents and 
firefighting equipment, a class of fluorinated organic chemicals containing at least one 
fully fluorinated carbon atom.” 

25. Ohio - R.C. § 3737.52(A)(2) “‘PFAS chemicals’ means a class of fluorinated organic 
chemicals containing at least one fully fluorinated carbon atom, including perfluoroalkyl 
and polyfluoroalkyl substances, that are designed to be fully functional in class B 
firefighting foam formulations.” 

26. Vermont - 18 V.S.A. § 1661(5) “‘Perfluoroalkyl and polyfluoroalkyl substances’ or 
‘PFAS’ means a class of fluorinated organic chemicals containing at least one fully 
fluorinated carbon atom.” 

27. Virginia - VA Code Ann. § 9.1-207.1(A) “’PFAS chemicals’ means, for the purposes of 
firefighting agents, a class of fluorinated organic chemicals containing at least one fully 
fluorinated carbon atom and designed to be fully functional in class B firefighting foam 
formulations, including perfluoroalkyl and polyfluoroalkyl substances.” 

 
 
These state statutes are provided in the appendix below and are alphabetized by state: 
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§ 36-1696. Firefighting foam; prohibited uses; exception; definitions, AZ ST § 36-1696

 © 2024 Thomson Reuters. No claim to original U.S. Government Works. 1

Arizona Revised Statutes Annotated
Title 36. Public Health and Safety (Refs & Annos)

Chapter 13. Safety
Article 9. Firefighting Foam (Refs & Annos)

A.R.S. § 36-1696

§ 36-1696. Firefighting foam; prohibited uses; exception; definitions

Effective: August 27, 2019
Currentness

A. Beginning January 1, 2020, a person, local government or state agency may not discharge or otherwise use for training
purposes class B firefighting foam that contains intentionally added PFAS chemicals unless otherwise required by law or federal
regulation.

B. Beginning January 1, 2020, a person, local government or state agency may not discharge or otherwise use for testing
purposes class B firefighting foam that contains intentionally added PFAS chemicals unless otherwise required by law or
federal regulation or the testing facility has implemented appropriate containment, treatment and disposal measures to prevent
uncontrolled releases of firefighting foam into the environment.

C. This section does not restrict the manufacture, sale or distribution of class B firefighting foam that contains intentionally
added PFAS chemicals or the discharge or other use of class B firefighting foam in emergency firefighting or fire prevention
operations.

D. For the purposes of this section:

1. “Class B firefighting foam” means foam designed to extinguish a fire that involves a flammable liquid.

2. “Local government” includes any county, city, town, fire district or other special district that provides firefighting services.

3. “PFAS chemicals” means perfluoroalkyl and polyfluoroalkyl substances that are a class of fluorinated organic chemicals
containing at least one fully fluorinated carbon atom, that are designed to be fully functional in class B firefighting foam
formulations and that are used as a firefighting agent.

4. “Testing” includes calibration testing, conformance testing and fixed system testing.

Credits
Added by Laws 2019, Ch. 222, § 1.
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§ 36-1696. Firefighting foam; prohibited uses; exception; definitions, AZ ST § 36-1696

 © 2024 Thomson Reuters. No claim to original U.S. Government Works. 2

A. R. S. § 36-1696, AZ ST § 36-1696
Current through legislation of the Second Regular Session of the Fifty-Sixth Legislature (2024).

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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§ 20-22-101. Firefighting foam--Definitions, AR ST § 20-22-101

 © 2024 Thomson Reuters. No claim to original U.S. Government Works. 1

West's Arkansas Code Annotated
Title 20. Public Health and Welfare (Refs & Annos)

Subtitle 2. Health and Safety (Chapters 6 to 44)
Chapter 22. Fire Prevention, Protection, and Safety (Refs & Annos)

Subchapter 1. General Provisions

A.C.A. § 20-22-101

§ 20-22-101. Firefighting foam--Definitions

Effective: July 28, 2021
Currentness

(a) As used in this section:

(1) “Class B firefighting foam” means foam designed for flammable liquid fires;

(2) “Foam training facility” means a facility:

(A) In which the discharge of foam is permitted in a nonemergency situation for the training of firefighters and the readiness
of equipment; and

(B) That may have the capability to provide evaluation and calibration of equipment and foam;

(3) “Local government” means a municipality, county, fire district, regional fire protection authority, or other public entity
that provides firefighting service;

(4) “PFAS chemical” means:

(A) Perfluoroalkyl and polyfluoroalkyl substances; and

(B) For the purpose of firefighting agents, a class of fluorinated organic chemicals containing at least one (1) fully
fluorinated carbon atom and designed to be fully functional in class B firefighting foam;

(5) “Testing” means calibration testing, conformance testing, and fixed system testing; and

(6) “Testing facility” means a facility:
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(A) In which the discharge of foam is permitted in a nonemergency situation for evaluation and calibration of firefighting
equipment and foam; and

(B) That may have the capability to provide training of firefighters.

(b) Beginning January 1, 2022, a person, local government, or state agency shall not discharge class B firefighting foam that
contains intentionally added PFAS chemicals for training purposes in a foam training facility.

(c) Beginning January 1, 2022, a person, local government, or state agency shall not discharge class B firefighting foam that
contains intentionally added PFAS chemicals for testing purposes in a testing facility, unless otherwise required by law or
ordinance and the testing facility has implemented appropriate containment, treatment, and disposal measures to prevent release
into the environment.

(d) This section does not affect:

(1) The manufacture, sale, or distribution of class B firefighting foam that contains intentionally added PFAS chemicals; or

(2) The discharge or other use of class B firefighting foam that contains intentionally added PFAS chemicals in emergency
firefighting or fire prevention operations.

(e) For the purposes of firefighting training:

(1) Nonfluorinated training foams or other nonfluorinated surrogates shall be used; and

(2) Training shall be conducted under conditions conducive to the collection of spent foam.

Credits
Acts of 2021, Act 315, § 1, eff. July 28, 2021.

A.C.A. § 20-22-101, AR ST § 20-22-101
The constitution and statutes are current through the 2024 Fiscal Session and 2024 Second Extraordinary Session of the 94th
Arkansas General Assembly. Some statute sections may be more current; see credits for details. Also included are changes made
by the Arkansas Code Revision Commission received through June 30, 2024.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated California Codes
Health and Safety Code (Refs & Annos)

Division 104. Environmental Health (Refs & Annos)
Part 3. Product Safety (Refs & Annos)

Chapter 15. Chemicals of Concern in Food Packaging and Cookware (Refs & Annos)
Article 1. Plant-Based Food Packaging Containing Pfas (Refs & Annos)

West's Ann.Cal.Health & Safety Code § 109000

§ 109000. Definitions; sale of food packaging containing PFAS prohibited; least toxic alternative

Effective: January 1, 2022
Currentness

(a) For purposes of this article, the following terms have the following definitions:

(1) “Food packaging” means a nondurable package, packaging component, or food service ware that is intended to contain,
serve, store, handle, protect, or market food, foodstuffs, or beverages, and is comprised, in substantial part, of paper, paperboard,
or other materials originally derived from plant fibers. “Food packaging” includes food or beverage containers, take-out food
containers, unit product boxes, liners, wrappers, serving vessels, eating utensils, straws, food boxes, and disposable plates,
bowls, or trays.

(2) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means a class of fluorinated organic chemicals containing at
least one fully fluorinated carbon atom.

(3) “Regulated perfluoroalkyl and polyfluoroalkyl substances or PFAS” means either of the following:

(A) PFAS that a manufacturer has intentionally added to a product and that have a functional or technical effect in the product,
including the PFAS components of intentionally added chemicals and PFAS that are intentional breakdown products of an added
chemical that also have a functional or technical effect in the product.

(B) The presence of PFAS in a product or product component at or above 100 parts per million, as measured in total organic
fluorine.

(b) Commencing on January 1, 2023, no person shall distribute, sell, or offer for sale in the state any food packaging that
contains regulated perfluoroalkyl and polyfluoroalkyl substances or PFAS.

(c) A manufacturer shall use the least toxic alternative when replacing regulated perfluoroalkyl and polyfluoroalkyl substances
or PFAS in food packaging to comply with this article.
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Credits
(Added by Stats.2021, c. 503 (A.B.1200), § 1, eff. Jan. 1, 2022.)

West's Ann. Cal. Health & Safety Code § 109000, CA HLTH & S § 109000
Current with urgency legislation through Ch. 1002 of 2024 Reg.Sess. Some statute sections may be more current, see credits
for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated California Codes
Health and Safety Code (Refs & Annos)

Division 104. Environmental Health (Refs & Annos)
Part 3. Product Safety (Refs & Annos)

Chapter 13.5. Textile Articles (Refs & Annos)

West's Ann.Cal.Health & Safety Code § 108970

§ 108970. Definitions

Effective: January 1, 2023
Currentness

For purposes of this article, the following terms have the following definitions:

(a) “Apparel” means any of the following:

(1) Clothing items intended for regular wear or formal occasions, including, but not limited to, undergarments, shirts, pants,
skirts, dresses, overalls, bodysuits, costumes, vests, dancewear, suits, saris, scarves, tops, leggings, school uniforms, leisurewear,
athletic wear, sports uniforms, everyday swimwear, formal wear, onesies, bibs, diapers, footwear, and everyday uniforms for
workwear. Clothing items intended for regular wear or formal occasions does not include personal protective equipment or
clothing items for exclusive use by the United States military.

(2) Outdoor apparel.

(3) Outdoor apparel for severe wet conditions.

(b) “Manufacturer” has the same meaning as that term is defined in Section 108952.

(c) “Outdoor apparel” means clothing items intended primarily for outdoor activities, including, but not limited to, hiking,
camping, skiing, climbing, bicycling, and fishing.

(d) “Outdoor apparel for severe wet conditions” means outdoor apparel that are extreme and extended use products designed for
outdoor sports experts for applications that provide protection against extended exposure to extreme rain conditions or against
extended immersion in water or wet conditions, such as from snow, in order to protect the health and safety of the user and
that are not marketed for general consumer use. Examples of extreme and extended use products include outerwear for offshore
fishing, offshore sailing, whitewater kayaking, and mountaineering.

(e) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means a class of fluorinated organic chemicals containing at
least one fully fluorinated carbon atom.
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(f) “Personal protective equipment” means equipment worn to minimize exposure to hazards that cause serious workplace
injuries and illnesses that may result from contact with chemical, radiological, physical, biological, electrical, mechanical, or
other workplace or professional hazards.

(g) “Regulated perfluoroalkyl and polyfluoroalkyl substances or PFAS” means either of the following:

(1) PFAS that a manufacturer has intentionally added to a product and that have a functional or technical effect in the product,
including the PFAS components of intentionally added chemicals and PFAS that are intentional breakdown products of an added
chemical that also have a functional or technical effect in the product.

(2) The presence of PFAS in a product or product component at or above the following thresholds, as measured in total organic
fluorine:

(A) Commencing January 1, 2025, 100 parts per million.

(B) Commencing January 1, 2027, 50 parts per million.

(h) “Textile” means any item made in whole or part from a natural, manmade, or synthetic fiber, yarn, or fabric, and includes, but
is not limited to, leather, cotton, silk, jute, hemp, wool, viscose, nylon, or polyester. “Textile” does not include single-use paper
hygiene products, including, but not limited to, toilet paper, paper towels or tissues, or single-use absorbent hygiene products.
For purposes of this subdivision, “single use” has the same meaning as in Section 42041 of the Public Resources Code.

(i)(1) “Textile articles” means textile goods of a type customarily and ordinarily used in households and businesses, and include,
but are not limited to, apparel, accessories, handbags, backpacks, draperies, shower curtains, furnishings, upholstery, beddings,
towels, napkins, and tablecloths.

(2) “Textile articles” does not include any of the following:

(A) Any of the following items regulated under the Safer Consumer Products Program (Chapter 55 (commencing with Section
69501) of Division 4.5 of Title 22 of the California Code of Regulations):

(i) Carpets and rugs.

(ii) Treatments containing PFAS for use on converted textiles or leathers.

(B) A vehicle, as defined in Section 670 of the Vehicle Code, including, but not limited to, an off-highway motor vehicle, as
defined in Section 38012 of the Vehicle Code, or its component parts.

(C) A vessel, as defined in Section 21 of the Harbors and Navigation Code, or its component parts, such as boat covers.
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(D) Filtration media and filter products used in industrial applications, including, but not limited to, chemical or pharmaceutical
manufacturing, and environmental control technologies.

(E) Textile articles used in or for laboratory analysis and testing.

(F) An aircraft, as defined in Section 21012 of the Public Utilities Code, or its component parts.

(G) Stadium shades or other architectural fabric structures. For purposes of this subparagraph, “architectural fabric structure”
means a permanent fabric structure that is intrinsic to a building's design or construction.

Credits
(Added by Stats.2022, c. 762 (A.B.1817), § 2, eff. Jan. 1, 2023.)

West's Ann. Cal. Health & Safety Code § 108970, CA HLTH & S § 108970
Current with urgency legislation through Ch. 1002 of 2024 Reg.Sess. Some statute sections may be more current, see credits
for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated California Codes
Health and Safety Code (Refs & Annos)

Division 104. Environmental Health (Refs & Annos)
Part 3. Product Safety (Refs & Annos)

Chapter 12.5. Juvenile Products (Refs & Annos)

West's Ann.Cal.Health & Safety Code § 108945

§ 108945. Definitions

Effective: January 1, 2022
Currentness

For purposes of this chapter, the following definitions apply:

(a) “Adult mattress” means a mattress other than a crib mattress or toddler mattress.

(b) “Regulated perfluoroalkyl and polyfluoroalkyl substances” or “regulated PFAS” means either of the following:

(1) PFAS that a manufacturer has intentionally added to a product and that have a functional or technical effect in the product,
including, but not limited to, the PFAS components of intentionally added chemicals and PFAS that are intentional breakdown
products of an added chemical that also have a functional or technical effect in the product.

(2) The presence of PFAS in a product or product component at or above 100 parts per million, as measured in total organic
fluorine.

(c)(1) “Juvenile product” means a product designed for use by infants and children under 12 years of age, including, but not
limited to, a baby or toddler foam pillow, bassinet, bedside sleeper, booster seat, changing pad, child restraint system for use
in motor vehicles and aircraft, co-sleeper, crib mattress, floor playmat, highchair, highchair pad, infant bouncer, infant carrier,
infant seat, infant sleep positioner, infant swing, infant travel bed, infant walker, nap cot, nursing pad, nursing pillow, playmat,
playpen, play yard, polyurethane foam mat, pad, or pillow, portable foam nap mat, portable infant sleeper, portable hook-on
chair, soft-sided portable crib, stroller, and toddler mattress.

(2) “Juvenile product” does not include any of the following:

(A) A children's electronic product, including, but not limited to, a personal computer, audio and video equipment, calculator,
wireless phone, game console, handheld device incorporating a video screen, or any associated peripheral such as a mouse,
keyboard, power supply unit, or power cord.

(B) A medical device.
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(C) An internal component of a juvenile product that would not come into direct contact with a child's skin or mouth during
reasonably foreseeable use and abuse of the product.

(D) An adult mattress.

(d) “Medical device” means “device” as defined in subsection (h) of Section 321 of Title 21 of the United States Code.

(e) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means a class of fluorinated organic chemicals containing at
least one fully fluorinated carbon atom.

Credits
(Added by Stats.2021, c. 500 (A.B.652), § 1, eff. Jan. 1, 2022.)

West's Ann. Cal. Health & Safety Code § 108945, CA HLTH & S § 108945
Current with urgency legislation through Ch. 1002 of 2024 Reg.Sess. Some statute sections may be more current, see credits
for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated California Codes
Health and Safety Code (Refs & Annos)

Division 104. Environmental Health (Refs & Annos)
Part 3. Product Safety (Refs & Annos)

Chapter 14. Cosmetic Safety (Refs & Annos)

West's Ann.Cal.Health & Safety Code § 108982

§ 108982. Definitions

Effective: January 1, 2023
Currentness

For purposes of this chapter, the following terms have the following definitions:

(a) “Cosmetic product” means an article for retail sale or professional use intended to be rubbed, poured, sprinkled, or sprayed
on, introduced into, or otherwise applied to the human body for cleansing, beautifying, promoting attractiveness, or altering
the appearance.

(b) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means a class of fluorinated organic chemicals containing at
least one fully fluorinated carbon atom.

(c) “Intentionally added PFAS” means either of the following:

(1) PFAS chemicals that a manufacturer has intentionally added to a product and that have a functional or technical effect on
the product.

(2) PFAS chemicals that are intentional breakdown products of an added chemical.

Credits
(Added by Stats.2022, c. 804 (A.B.2771), § 3, eff. Jan. 1, 2023.)

West's Ann. Cal. Health & Safety Code § 108982, CA HLTH & S § 108982
Current with urgency legislation through Ch. 1002 of 2024 Reg.Sess. Some statute sections may be more current, see credits
for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated California Codes
Health and Safety Code (Refs & Annos)

Division 12. Fires and Fire Protection (Refs & Annos)
Part 1. General Provisions (Refs & Annos)

Chapter 2. Fire Equipment
Article 2. Use of Fire Equipment (Refs & Annos)

West's Ann.Cal.Health & Safety Code § 13061

§ 13061. Definitions; class B firefighting foam; PFAS chemicals; exemptions; violation

Effective: January 1, 2021
Currentness

(a) For purposes of this section, the following definitions apply:

(1) “Class B firefighting foam” means foam designed to prevent or extinguish a fire in flammable liquids, combustible liquids,
petroleum greases, tars, oils, oil-based paints, solvents, lacquers, alcohols, and flammable gases.

(2) “Fixed foam fire suppression system” means an engineered or preengineered total flooding or local application system
consisting of a fixed supply of extinguishing agent permanently connected for fixed agent distribution to fixed nozzles that are
arranged to discharge an extinguishing agent into an enclosure (total flooding), directly onto a hazard (local application), or a
combination of both; or an automatic sprinkler system.

(3) “Fuel-in-depth pool” means fuel pooling in an area bounded by contours of land or physical barriers that are at least six
inches in height, surround a surface area greater than 500 square meters, and are designed to retain fuel.

(4) “Manufacturer” means a person that manufactures, imports, or distributes class B firefighting foam.

(5) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means a class of fluorinated organic chemicals containing at
least one fully fluorinated carbon atom.

(6) “Person” has the same meaning as defined in Section 19 and includes a public entity.

(7) “Public entity” has the same meaning specified in Section 13050.1.

(8) “Terminal” means a bulk liquid storage facility exclusively engaged in the merchant wholesale distribution of petroleum
products, including liquefied petroleum gas, that contains at least one storage tank containing petroleum products with a surface
area of 120 square meters or greater or a facility engaged in the distribution of crude petroleum from extraction or processing
facilities, that includes at least one storage tank containing crude petroleum with a surface area of 120 square meters or greater.
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(b)(1) Except as provided in paragraphs (2) to (6), inclusive, commencing January 1, 2022, a manufacturer of class B firefighting
foam shall not manufacture, or knowingly sell, offer for sale, distribute for sale, or distribute for use in this state, and no person
shall use in this state, class B firefighting foam containing intentionally added PFAS chemicals.

(2) This subdivision does not apply to any manufacture, sale, distribution, or use of class B firefighting foam for which the
inclusion of PFAS chemicals is required by federal law, including, but not limited to, Section 139.317 of Title 14 of the Code of
Federal Regulations. If a federal requirement to include PFAS chemicals in class B firefighting foam is revoked after January
1, 2021, this subdivision shall not apply for one year after the requirement is revoked.

(3) Paragraph (1) does not apply until January 1, 2024, to any part of a facility that does both of the following:

(A) Uses a fixed foam fire suppression system for class B fires.

(B) Has in place a system designed for 110 percent containment of any expected discharge volume.

(4) Paragraph (1) does not apply until January 1, 2028, to any manufacture, sale, or distribution of class B firefighting foam
to, or to use by, a person at a terminal or an oil refinery, which may include the use of a fixed foam fire suppression system,
for either of the following uses:

(A) For use on a storage tank for combustible or flammable liquids with a surface area of 120 square meters or greater.

(B) For use for fire suppression on a fuel-in-depth pool.

(5) The operator of a terminal or an oil refinery that meets the criteria specified in paragraph (4) shall disclose this information
to the State Fire Marshal on or before January 1, 2022. If, after providing this information to the State Fire Marshal, the operator
of a terminal or an oil refinery described in paragraph (4) intends to transition a facility to PFAS-free firefighting foam, the
operator shall inform the State Fire Marshal no later than 90 days prior to the proposed transition date.

(6)(A) A person who operates a terminal or oil refinery may apply to the State Fire Marshal for a waiver to extend the exemption
in paragraph (4) beyond January 1, 2028.

(B)(i) The State Fire Marshal may grant a waiver under subparagraph (A) for a specific use if the applicant provides all of
the following:

(I) Clear and convincing evidence that there is no commercially available replacement that does not contain intentionally added
PFAS chemicals and that is capable of suppressing fire for that specific use.

(II) Information on the amount of firefighting foam containing intentionally added PFAS chemicals stored, used, or released
onsite on an annual basis.
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(III) A detailed plan, with timelines, for the operator of the terminal or oil refinery to transition to firefighting foam that does
not contain intentionally added PFAS chemicals for that specific use.

(IV) A plan for meeting the requirements of paragraph (8).

(ii) The State Fire Marshal shall provide an applicant an opportunity to correct deficiencies in the initial submission in relation
to subclauses (II) to (IV), inclusive, of clause (i).

(C) The State Fire Marshal shall not grant a waiver under this paragraph for a specific use if any other oil refinery or terminal is
known to have transitioned to commercially available class B firefighting foam that does not contain intentionally added PFAS
chemicals for that specific use. The applicant may provide evidence as to why this subparagraph is inapplicable, including
evidence that the specific use is different. In making a decision on a waiver, the State Fire Marshal shall consider both information
provided by the applicant and information provided through public comment.

(D) The term of a waiver under this paragraph shall not exceed two years. A waiver may be extended for one additional
consecutive term. All waivers shall expire by January 1, 2032.

(E) The State Fire Marshal shall ensure there is an opportunity for public comment during the waiver process.

(F) An oil refinery or terminal that has received a waiver may provide and use class B firefighting foam containing intentionally
added PFAS chemicals in the form of mutual aid to another oil refinery or terminal at the request of authorities only if the other
oil refinery or terminal also has a waiver.

(G) A person that anticipates applying for a waiver for an oil refinery or terminal shall submit a notice of intent to the State Fire
Marshal by July 1, 2025, in order to be considered for a waiver beyond January 1, 2028.

(H) The State Fire Marshal shall notify the waiver applicant of a decision within one year of the waiver submission date.

(7) A person that uses class B firefighting foam containing intentionally added PFAS chemicals pursuant to paragraph (4) or
(6) shall report the use of the foam to the State Fire Marshal within five business days of the use, including the identity of the
foam, the quantity used, the total PFAS concentration, the application for which the foam was used, and the duration of the fire.

(8)(A) A person that uses class B firefighting foam containing intentionally added PFAS chemicals pursuant to paragraph (4)
or (6) shall do all of the following:

(i) Allow no release directly to the environment, such as to unsealed ground, soakage pits, waterways, or uncontrolled drains.

(ii) Fully contain all releases onsite.
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(iii) Implement containment measures such as bunds and ponds that are controlled, impervious to PFAS chemicals, and do
not allow firewater, wastewater, runoff, and other wastes to be released to the environment, such as to soils, groundwater,
waterways, or stormwater.

(iv) Dispose of all firewater, wastewater, runoff, and other wastes in a way that prevents releases to the environment.

(v) If there is a release to the environment, report the identity of the foam, the quantity used, the total PFAS concentration,
and the form of any waste that contains PFAS chemicals that is released into the environment to the State Fire Marshal within
five business days of the release.

(vi) Document the measures undertaken pursuant to this subparagraph. In investigating compliance with this subparagraph, the
Attorney General, a city attorney, a county counsel, or a district attorney may request the documentation. A person that operates
an oil refinery or terminal shall provide the documents upon this request.

(B) A failure to meet the requirements of subparagraph (A) shall not preclude the use of class B firefighting foam containing
intentionally added PFAS chemicals if the failure was a result of factors beyond the control of the person. Such a violation shall
be subject to civil penalties pursuant to subdivision (i).

(9) The State Fire Marshal shall impose a fee on a person who requests a waiver or waiver extension pursuant to paragraph
(6), not to exceed the reasonable costs of administering the waiver or waiver extension provisions. The State Fire Marshal shall
impose a fee on a person who submits a report required pursuant to paragraph (7), or clause (v) of subparagraph (A) of paragraph
(8), not to exceed the reasonable costs of administering the reporting requirement.

(c) On or before July 1, 2021, a manufacturer of class B firefighting foam containing intentionally added PFAS chemicals shall
notify, in writing, persons that sell the manufacturer's products in the state about the provisions of this section. For products
sold after July 1, 2021, a manufacturer shall provide that notification on or before December 31, 2021, if the manufacturer has
not already provided the notification.

(d) A manufacturer that manufactures, sells, or distributes class B firefighting foam containing intentionally added PFAS
chemicals subject to paragraph (1) of subdivision (b) after January 1, 2021, shall recall the product by March 1, 2022, and shall
reimburse the retailer or any other purchaser for the product. A recall of the product shall include safe transport and storage and
documentation of the amount and storage location of the PFAS-containing firefighting foam, until the California Environmental
Protection Agency formally identifies a safe disposal technology. The manufacturer shall provide this documentation to the
Attorney General, a city attorney, a county counsel, or a district attorney upon request.

(e) A manufacturer that manufactures, sells, or distributes class B firefighting foam containing intentionally added PFAS
chemicals pursuant to paragraph (3) of subdivision (b) shall recall the product by March 1, 2024. A recall of the product shall
include safe transport and storage and documentation of the amount and storage location of the PFAS-containing firefighting
foam, until the California Environmental Protection Agency formally identifies a safe disposal technology. The manufacturer
shall provide this documentation to the Attorney General, a city attorney, a county counsel, or a district attorney upon request.
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(f) After the expiration of any applicable exemption or waiver pursuant to paragraph (4) or (6) of subdivision (b), a person
that operates a terminal or oil refinery shall safely store any remaining class B firefighting foam containing intentionally added
PFAS chemicals until the California Environmental Protection Agency formally identifies a safe disposal technology. Safe
storage includes safe transport and documentation of the amount and storage location of the class B firefighting foam containing
intentionally added PFAS chemicals. The person shall provide this documentation to the Attorney General, a city attorney, a
county counsel, or a district attorney upon request.

(g) The Attorney General, a city attorney, a county counsel, or a district attorney may request from a manufacturer, and a
manufacturer shall provide, a certificate of compliance that certifies that the manufacturer is in compliance with this section for
that manufacturer's class B firefighting foam containing intentionally added PFAS chemicals.

(h)(1) Except as provided in paragraph (2), and upon an action brought by the Attorney General, a city attorney, a county
counsel, or a district attorney, a person that violates subdivision (b), (c), (d), (e), (f), or (g) shall be liable for a civil penalty
not to exceed five thousand dollars ($5,000) for a first violation, and not to exceed ten thousand dollars ($10,000) for each
subsequent violation.

(2) An individual firefighter shall not be personally liable for payment of the civil penalty imposed pursuant to paragraph (1).

(3) This section does not impair or impede any other rights, causes of action, claims, or defenses available under any other law.
The remedies provided in this section are cumulative with any other remedies available under any other law.

(i) The California Environmental Protection Agency's formal identification of a safe disposal technology for PFAS-containing
firefighting foam, pursuant to subdivisions (d), (e), and (f), is contingent upon an appropriation by the Legislature in the annual
Budget Act or another statute for this purpose.

Credits
(Added by Stats.2020, c. 308 (S.B.1044), § 2, eff. Jan. 1, 2021.)

West's Ann. Cal. Health & Safety Code § 13061, CA HLTH & S § 13061
Current with urgency legislation through Ch. 1002 of 2024 Reg.Sess. Some statute sections may be more current, see credits
for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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Connecticut General Statutes Annotated
Undesignated Sections

P.a. 24-59. An Act Concerning the Use of Pfas in Certain Products

C.G.S.A. P.A. 24-59, § 1

§ 1. Products containing intentionally added PFAS [Tentative name line supplied by publisher]

Effective: October 1, 2024
Currentness

(a) For purposes of this section:

(1) “Adult mattress” means a mattress other than a crib mattress or toddler mattress.

(2) “Air care product” means a chemically formulated consumer product labeled to indicate that the purpose of the product is
to enhance or condition the indoor environment by eliminating odors or freshening the air. “Air care product” does not include
hydrofluorocarbon or hydrofluoroolefins used as propellants in cosmetics.

(3) “Apparel” means any of the following: Clothing items intended for daily regular wear or formal occasions, including, but
not limited to, undergarments, shirts, pants, skirts, dresses, overalls, bodysuits, costumes, vests, dancewear, suits, saris, scarves,
tops, leggings, school uniforms, leisurewear, athletic wear, sports uniforms, outdoor apparel, everyday swimwear, formal wear,
onesies, bibs, diapers, footwear, accessories, handbags, backpacks and uniforms for workwear. “Apparel” does not include
personal protective equipment or clothing items for exclusive use by the United States military or in aerospace or defense
applications; or outdoor apparel intended for severe wet conditions.

(4) “Automotive maintenance product” means a chemically formulated consumer product labeled to indicate that the purpose
of the product is to maintain the appearance of a motor vehicle, including, but not limited to, products for washing, waxing,
polishing, cleaning or treating the exterior or interior surfaces of motor vehicles. “Automotive maintenance product” does not
include automotive paint or paint repair products.

(5) “Biosolid” means solid, semisolid or liquid residue generated during the treatment of domestic sewage in a treatment works
and includes without restriction and is not limited to: (A) Domestic septage; (B) scum or solids removed in a primary, secondary
or advanced wastewater treatment process; and (C) material derived from a biosolid.

(6) “Carpet or rug” means a fabric product marketed or intended for use as a floor covering. “Carpet or rug” does not include a
covering intended solely for use inside aircraft, automobiles, light duty trucks, vans, buses or any other vehicle.

(7) “Children's product” means a product designed or marketed for use by infants and children under twelve years of age,
including, but not limited to, a baby or toddler foam pillow, bassinet, bedside sleeper, booster seat, changing pad, child restraint
system for use in motor vehicles and aircraft, co-sleeper, crib mattress, highchair, highchair pad, infant bouncer, infant carrier,
infant seat, infant sleep positioner, infant swing, infant travel bed, infant walker, nap cot, nursing pad, nursing pillow, play mat,
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playpen, play yard, polyurethane foam mat, pad or pillow, portable foam nap mat, portable infant sleeper, portable hook-on chair,
soft-sided portable crib, stroller or toddler mattress. “Children's product” does not include any children's electronic product such
as a personal computer, audio and video equipment, calculator, wireless phone, game console, handheld device incorporating a
video screen or any associated peripheral such as a mouse, keyboard, power supply unit or power cord or an adult mattress.

(8) “Cleaning product” means a finished product used primarily for domestic, commercial or institutional cleaning purposes,
including, but not limited to, an air care product, an automotive maintenance product, a general cleaning product or a polish
or floor maintenance product.

(9) “Commissioner” means the Commissioner of Energy and Environmental Protection.

(10) “Cookware” means durable houseware items used to prepare, dispense or store food, foodstuffs or beverages, including,
but not limited to, pots, pans, skillets, grills, baking sheets, baking molds, trays, plates, bowls, cutlery and cooking utensils.

(11) “Cosmetic product” means articles, excluding soap, that are intended to be rubbed, poured, sprinkled or sprayed on,
introduced into or otherwise applied to the human body or any part thereof for the purpose of cleansing, beautifying, promoting
attractiveness or altering the appearance of, and any item intended for use as a component of any such article. “Cosmetic
product” does not include a product that requires a prescription for distribution or dispensation, or hydrofluorocarbon or
hydrofluoroolefins used as propellants in cosmetics.

(12) “Department” means the Department of Energy and Environmental Protection.

(13) “Fabric treatment” means a substance applied to fabric to give the fabric one or more characteristics, including, but not
limited to, stain or water resistance.

(14) “Intentionally added PFAS” means PFAS deliberately added during the manufacture of a product where the continued
presence of PFAS is desired in the final product or one of the product's components to perform a specific function.

(15) “Manufacturer” means the person that creates or produces a product or whose brand name is affixed to the product.
“Manufacturer” includes, for any product imported into the United States, the importer or first domestic distributor of the
product if the person that manufactured or assembled the product or whose brand name is affixed to the product does not have
a presence in the United States.

(16) “Medical device” has the same meaning as “device” in 21 USC 321(h).

(17) “Menstruation products” means a product used to collect menstruation and vaginal discharge, including, but not limited
to, tampons, pads, sponges, menstruation underwear, disks, applicators and menstrual cups, whether disposable or reusable.

(18) “Outdoor apparel” means clothing items intended primarily for outdoor activities, including, but not limited to, hiking,
camping, skiing, climbing, bicycling and fishing.
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(19) “Outdoor apparel for severe wet conditions” means outdoor apparel that are extreme and extended-use products designed
for outdoor sports experts for applications that provide protection against extended exposure to extreme rain conditions or
against extended immersion in water or wet conditions, such as from snow, in order to protect the health and safety of the
user and that are not marketed for general consumer use, including, but not limited to, outerwear for offshore fishing, offshore
sailing, whitewater kayaking and mountaineering.

(20) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means all members of the class of fluorinated organic chemicals
containing at least one fully fluorinated carbon atom.

(21) “Personal protective equipment” means equipment worn to minimize exposure to hazards that cause serious workplace
injuries and illnesses that may result from contact with chemical, radiological, physical, biological, electrical, mechanical or
other workplace or professional hazards.

(22) “Product” means any item manufactured, assembled, packaged or otherwise prepared for sale to consumers, including,
but not limited to, its product components, sold or distributed for personal, residential, commercial or industrial use, including
for use in making other products.

(23) “Product component” means any identifiable component of a product, regardless of whether the manufacturer of the product
is the manufacturer of the component.

(24) “Ski wax” means any lubricant applied to the bottom of snow runners, including, but not limited to, skis and snowboards,
to improve grip or glide properties. “Ski wax” includes, but is not limited to, any related tuning products.

(25) “Textile” means any item made, in whole or in part, from a natural or synthetic fiber, yarn or fabric, including, but not
limited to, leather, cotton, silk, jute, hemp, wool, viscose, nylon or polyester.

(26) “Textile furnishings” means textile goods of a type customarily used in households and businesses, including, but not
limited to, draperies, floor coverings, furnishings, bedding, shower curtains, towels and tablecloths. “Textile furnishings” does
not include: any textile good intended solely for use inside automobiles, light duty trucks, vans, buses or any other vehicle,
carpets and rugs, treatments containing PFAS for use on converted textiles or leathers, any vessel, or its component parts,
including boat covers, filtration media and filter products used in industrial applications, including, but not limited to, chemical
or pharmaceutical manufacturing and environmental control applications, textile articles used in or for laboratory analysis and
testing, any aircraft, or its component parts, stadium shades or other architectural fabric structures, articles intended to provide a
barrier against biological fluids and other infectious agents, such as medical gowns and caps, surgical drapes and covers, hospital
linens, wound care pads and dressings, surgical hosiery and personal protective equipment. For purposes of this subdivision,
“architectural fabric structure” means a permanent fabric structure that is intrinsic to a building's design or construction.

(27) “Turnout gear” means protective clothing worn as a main source of protection for firefighters and emergency medical
services personnel during firefighting and post-fire operations to minimize exposure to hazards that cause serious injuries
and illnesses that may result from contact with thermal, physical, chemical, biological or other workplace hazards. “Turnout
gear” includes (A) protective clothing designed to protect firefighters performing structural firefighting, proximity firefighting,
wildland firefighting and urban interface firefighting; and (B) other personal protective equipment referred to in section 33(c)
(3)(I)(i) of the Federal Fire Prevention and Control Act of 1974 (15 U.S.C. 2229(c)(3)(I)(i)).
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(28) “Upholstered furniture” means an article of furniture that is designed to be used for sitting, resting or reclining and that is
wholly or partly stuffed or filled with any filling material. “Upholstered furniture” does not include furniture solely intended
for use inside aircraft.

(29) “Wastewater sludge” means the solid residue and associated liquid resulting from physical, chemical or biological treatment
of domestic or industrial wastewater.

(b) (1) On and after July 1, 2026, no person shall manufacture, sell, offer for sale or distribute for sale in this state any (A) apparel;
(B) carpet or rug; (C) cleaning product; (D) cookware; (E) cosmetic product; (F) dental floss; (G) fabric treatment; (H) children's
product; (I) menstruation product; (J) textile furnishing; (K) ski wax; or (L) upholstered furniture if such product contains
intentionally added PFAS, unless the manufacturer of the product provides prior notification in writing to the department in
accordance with the requirements of this subsection. Such notification shall at a minimum include: (i) A brief description of the
product to be offered for sale, used or distributed, including the product category and the function of PFAS in the product; (ii)
all relevant chemical abstract service registry numbers or, if no such number is applicable, the molecular formulas and weights
for all PFAS intentionally added to the product; (iii) for each product category: (I) The amount of each PFAS or subgroups in
each category; (II) the range of PFAS in the product category by per cent weight; (III) if no analytical method exists, the amount
of total fluorine present in the product category; (IV) the purpose for which the PFAS is used in the product; and (V) the name
and address of the manufacturer, and the name, address and phone number of a contact person for the manufacturer.

(2) A manufacturer may supply the information required in this subsection for a category or type of product that contains
intentionally added PFAS rather than for each individual product.

(3) The manufacturer shall update and revise information in such notification whenever there is a change in the information
or when requested to do so by the department.

(4) No person shall sell, offer for sale or distribute for sale in this state any of the products listed in subdivision (1) of this
subsection if the product contains intentionally added PFAS, and the manufacturer has failed to submit notification pursuant
to this subsection.

(c) (1) On and after January 1, 2026, no person shall distribute, sell or offer for sale in this state any new or not-previously-
used outdoor apparel for severe wet conditions that contains PFAS unless such product is accompanied by a legible and easily
discernable disclosure with the statement “Made with PFAS chemicals”, including for any online listing of such products for
sale. On and after January 1, 2026, if a manufacturer or other person sells turnout gear that contains intentionally added PFAS,
the manufacturer or person shall provide written notice to the purchaser at the time of sale that indicates that the turnout gear
includes intentionally added PFAS and the reason PFAS is added to the turnout gear. On and after July 1, 2026, no person
shall manufacture, sell, offer for sale or distribute for sale in this state any (A) apparel; (B) carpet or rug; (C) cleaning product;
(D) cookware; (E) cosmetic product; (F) dental floss; (G) fabric treatment; (H) children's product; (I) menstruation product;
(J) textile furnishing; (K) ski wax; or (L) upholstered furniture if such product contains intentionally added PFAS, unless such
product is labeled in accordance with this subsection. Nothing in this subsection shall be construed to require or replace such
disclosure, notice or labeling that is otherwise prohibited or prescribed by federal law.
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(2) Whenever a product listed in subdivision (1) of this subsection contains intentionally added PFAS and is a component of
another product, the product that contains the component shall be labeled.

(3) All labels shall be clearly visible prior to sale and shall inform the purchaser, using words or symbols approved by the
department, that PFAS is present in the product.

(4) Labels affixed to any such product shall be constructed of materials that are sufficiently durable to remain legible for the
useful life of the product.

(5) The manufacturer shall apply any product and package labels required under this subsection unless the wholesaler or retailer
agrees with the manufacturer to accept responsibility for such application.

(d) On and after January 1, 2028, no person shall manufacture, sell, offer for sale or distribute for sale in this state any of the
following products if the product contains intentionally added PFAS: (1) Apparel; (2) turnout gear; (3) carpets or rugs; (4)
cleaning products; (5) cookware; (6) cosmetic products; (7) dental floss; (8) fabric treatments; (9) children's products; (10)
menstruation products; (11) textile furnishings; (12) ski wax; (13) upholstered furniture; or (14) outdoor apparel for severe wet
conditions.

(e) Notwithstanding any provision of this section, if a cosmetic product made through manufacturing processes intended to
comply with this section contains an unavoidable trace quantity of PFAS that is attributable to impurities of natural or synthetic
ingredients, the manufacturing process, storage or migration from packaging, such unavoidable trace quantity shall not cause
the cosmetic product to be in violation of this section. For purposes of this subsection, “ingredient” has the same meaning as
provided in 21 CFR 700.3 and does not include any incidental ingredient as defined in 21 CFR 700.3.

(f) No person shall use, sell or offer for sale in this state as a soil amendment any biosolids or wastewater sludge that contain
PFAS.

(g) (1) The Commissioner of Energy and Environmental Protection may enforce the provisions of this section pursuant to
section 22a-6 of the general statutes. The Commissioner of Energy and Environmental Protection may coordinate with the
Commissioners of Agriculture, Consumer Protection and Public Health in enforcing this section.

(2) Upon written request by the department, a certificate of compliance, or copies thereof, stating that a product is in compliance
with the requirements of this section shall be furnished by the product's manufacturer or supplier to the department. When
requested by the Commissioner of Energy and Environmental Protection, any person shall furnish to the commissioner any
information that the person may have or may reasonably obtain that is relevant to show compliance with the provisions of
this section.

(3) Any such certificate of compliance shall be signed by an authorized official of the manufacturer or supplier. A certificate
of compliance shall be kept on file by the manufacturer or supplier of the product. A manufacturer or supplier may make the
certificate of compliance available on the manufacturer's or supplier's Internet web site or through an authorized representative
of the manufacturer or supplier, including a multijurisdictional clearinghouse.
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(h) (1) The department may participate in the establishment and implementation of a multijurisdictional clearinghouse to assist in
carrying out the requirements of this section and to assist in coordinating the review of manufacturer applications and obligations
under this section. Such multijurisdictional clearinghouse may also maintain a database of all products containing intentionally
added PFAS and a file on all exemptions granted by the participating jurisdictions.

(2) Notwithstanding the provisions of chapter 141 of the general statutes, the commissioner may provide the regional multistate
clearinghouse described in section 22a-902 of the general statutes with copies of information relating to the administration of
this section and the commissioner, in consultation with said clearinghouse, may compile or publish analyses or summaries of
such information, provided such analyses or summaries do not identify any manufacturer or reveal any confidential information.

(i) The commissioner may impose fees sufficient to cover the costs of administering the provisions of this section, including,
but not limited to, participation in a multijurisdictional clearinghouse described in subsection (h) of this section. Such fees shall
be established annually, based on an actual accounting of program costs, and the amounts shall be posted on the department's
Internet web site. Any such fee shall be utilized by the commissioner to cover any costs of the department associated with the
provisions of this section. Any fee collected pursuant to this subsection shall be deposited by the commissioner in the PFAS
testing account established pursuant to section 22a-903b of the general statutes, as amended by this act.

(j) The provisions of this section shall not be construed to apply to: (1) Any product for which federal law governs or requires
the presence of PFAS in the product in a manner that preempts state authority; (2) any product regulated under section 22a-903a
or 22a-255i of the general statutes; (3) the sale or resale of a used product; (4) any prosthetic, orthotic device or product that
is a medical device or drug or that is otherwise used in a medical setting or in medical applications regulated by the United
States Food and Drug Administration; (5) any product made with not less than eighty-five per cent recycled content; (6) any
product manufactured prior to any prohibition imposed by the provisions of this section; or (7) replacement parts for any product
manufactured prior to any prohibition imposed by the provisions of this section.

Credits
(2024, P.A. 24-59, § 1, eff. Oct. 1, 2024.)

<New sections of the Connecticut General Statutes are published under their Public Act section numbers pending
assignment of statutory codification numbers by the Legislative Commissioners’ Office of the Connecticut General
Assembly.>

Footnotes
1 C.G.S.A. § 1-200 et seq.

C. G. S. A. P.A. 24-59, § 1, CT ST P.A. 24-59, § 1
The statutes and Constitution are current with all enactments of the 2024 Regular Session enrolled and approved by the Governor
on or before July 1, 2024 and effective on or before July 1, 2024. Some sections may be more current than others, see credits
for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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As used in this part 13, unless the context otherwise requires:

(1) “Chemical plant” means a large integrated plant or that portion of such a plant, other
than either a plant in which flammable liquids are produced on a commercial scale from
crude petroleum, natural gasoline, or other hydrocarbon sources or a plant or that portion of
a plant where flammable liquids produced by fermentation are concentrated and where the
concentrated products may also be mixed, stored, or packaged, where flammable liquids
are produced by chemical reactions or used in chemical reactions.

(1.5) “Class B fire” means a fire involving flammable liquids or gases, including petroleum,
paint, alcohol, solvent, oil, and tar.

(2) “Class B firefighting foam” means foam designed for flammable liquid fires.

(3) “Department” means the department of public health and environment.

(3.3) “Eligible entity” means an entity identified by the department as an entity that may
qualify for the grant program.

(3.5) “Eligible material” means a material containing perfluoroalkyl and polyfluoroalkyl
substances that is identified by the department as eligible for purchase under the take-back
program.

(3.6) “Executive director” means the executive director of the department or the executive
director's designee.

(3.7) “Fees” means the fees imposed by section 8-20-206.5(6).

(4) “Fire department” means the duly authorized fire protection organization of a town, city,
county, or city and county, a fire protection district, a metropolitan district or county
improvement district that provides fire protection, or a volunteer fire department organized
under section 24-33.5-1208.5.

(5) “Firefighting personal protective equipment” means any clothing, including jackets,
pants, shoes, gloves, helmets, and respiratory equipment, designed, intended, or marketed
to be worn by firefighting personnel in the performance of their duties.

(5.5) “Fund” means the perfluoroalkyl and polyfluoroalkyl substances cash fund created in
section 8-20-206.5(7).

(5.7) “Grant program” means the perfluoroalkyl and polyfluoroalkyl substances grant
program created in section 25-5-1310.
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(5.8) “Intentionally added PFAS chemicals” has the meaning set forth in section 25-15-
603(12).

(6) “Manufacturer” means a person or entity that manufactures firefighting agents or
firefighting equipment and any agents of that person or entity, including an importer, a
distributor, an authorized servicer, a factory branch, and a distributor branch.

(7) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS chemicals” means a class of
fluorinated organic chemicals containing at least one fully fluorinated carbon atom.

(7.5) “Release” means any spilling, leaking, pumping, pouring, emptying, discharging,
injecting, escaping, leaching, dumping, or disposing of a chemical into the environment.

(8) “Take-back program” means the program created in section 25-5-1311 that allows the
department to purchase and dispose of materials that contain perfluoroalkyl and
polyfluoroalkyl substances.

(9) “Terminal” means a facility that engages in the wholesale distribution of crude petroleum
and petroleum products, including liquified petroleum gas from bulk liquid storage facilities.

(10) “Water quality spills hotline” means the phone system created and maintained by the
department for the reporting of spills or discharges into state waters to the department.

Credits
Added by Laws 2019, Ch. 427 (H.B. 19-1279), § 3, eff. Aug. 2, 2019. Amended by Laws
2020, Ch. 141 (S.B. 20-218), § 2, eff. June 29, 2020; Laws 2022, Ch. 338 (H.B. 22-1345), §
3, eff. June 3, 2022.
C. R. S. A. § 25-5-1302, CO ST § 25-5-1302
Current through legislation effective August 7, 2024 of the Second Regular Session, 74th
General Assembly (2024). Some statute sections may be more current. See credits for
details.
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West's Code of Georgia Annotated
Title 25. Fire Protection and Safety (Refs & Annos)

Chapter 2. Regulation of Fire and Other Hazards to Persons and Property Generally (Refs & Annos)

Ga. Code Ann., § 25-2-41

§ 25-2-41. Use of class B fire-fighting foam containing

intentionally added PFAS chemicals prohibited; exceptions

Effective: July 1, 2019
Currentness

(a) As used in this Code section, the term:

(1) “Class B fire-fighting foam” means any foam designed to extinguish flammable liquid fires.

(2) “PFAS chemicals” means a class of fluorinated organic chemicals containing at least one fully fluorinated carbon atom,
including perfluoroalkyl and polyfluoroalkyl substances, and designed to be fully functional in class B fire-fighting foam
formulations.

(3) “Testing” means calibration testing, conformance testing, or fixed system testing.

(b) On and after January 1, 2020, no person; fire department provided for under Chapter 3 of this title; state department, agency,
board, bureau, office, commission, public corporation, or authority; county, municipal corporation, school district, or other
political subdivision of this state shall discharge or otherwise use class B fire-fighting foam that contains intentionally added
PFAS chemicals unless:

(1) Such discharge or other use occurs in fire prevention or in response to an emergency fire-fighting operation; or

(2) Such discharge or other use is for training or testing purposes which occurs at a facility that has implemented containment,
treatment, and disposal measures to prevent uncontrolled releases of such class B fire-fighting foam into the environment.

(c) Nothing in this Code section shall be construed to:

(1) Restrict the manufacture, sale, or distribution of class B fire-fighting foam that contains intentionally added PFAS
chemicals or restrict the discharge or other use of class B fire-fighting foam in response to an emergency fire-fighting
operation; or

(2) Prevent the use of nonfluorinated foams, including other class B fire-fighting foams, for purposes of training for fire-
fighting operations.
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Credits
Laws 2019, Act 235, § 1, eff. July 1, 2019.

Ga. Code Ann., § 25-2-41, GA ST § 25-2-41
The statutes and Constitution are current through legislation passed at the 2024 Regular Session of the Georgia General
Assembly. Some sections may be more current, see credits for details. The statutes are subject to changes by the Georgia Code
Commission.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.

WG Ex. 8

0313



[§ 321-601]. Definitions, HI ST § 321-601

 © 2024 Thomson Reuters. No claim to original U.S. Government Works. 1

West's Hawai'i Revised Statutes Annotated
Division 1. Government

Title 19. Health
Chapter 321. Department of Health

[Part XLVII]. Perfluoroalkyl and Polyfluoroalkyl Substances Prohibited

HRS § 321-601

[§ 321-601]. Definitions

Effective: July 1, 2022
Currentness

For the purposes of this part:

“Class B firefighting foam” means foams designed to suppress flammable liquid fires.

“Food packaging” means a package or packaging component that is applied to or in direct contact with any food or beverage
and is comprised, in substantial part, of paper, paperboard, or other materials originally derived from plant fibers.

“Intentionally introduced” means deliberately utilized PFAS in the formulation of a package or packaging component where
the continued presence of the PFAS is desired in the final package or packaging component to provide a specific characteristic,
appearance, or quality.

“Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means all members of the class of fluorinated organic chemicals
containing at least one fully fluorinated carbon atom.

Credits
Laws 2022, ch. 152, § 2, eff. July 1, 2022.

H R S § 321-601, HI ST § 321-601
Current through the end of the 2024 Regular and First Special Session, pending text revision by the revisor of statutes.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Smith-Hurd Illinois Compiled Statutes Annotated
Chapter 415. Environmental Safety

Act 170. Pfas Reduction Act

415 ILCS 170/5

170/5. Definitions

Effective: August 6, 2021
Currentness

§ 5. Definitions. In this Act:

“Agency” means the Illinois Environmental Protection Agency.

“Class B firefighting foam” means foam designed to extinguish flammable liquid fires or prevent the ignition of flammable
liquids.

“Fire department” means the duly authorized fire protection organization of a unit of local government, a Regional Fire
Protection Agency, a fire protection district, or a volunteer fire department.

“Local government” means a unit of local government or other special purpose district that provides firefighting services.

“Manufacturer” means a person that manufactures Class B firefighting foam and any agents of that person, including an importer,
distributor, authorized servicer, factory branch, or distributor branch.

“Perfluoroalkyl substance or polyfluoroalkyl substance” or “PFAS” means a class of fluorinated organic chemicals containing
at least one fully fluorinated carbon atom.

“Person” means any individual, partnership, association, public or private corporation, limited liability company, or any other
type of legal or commercial entity, including, but not limited to, members, managers, partners, directors, or officers.

“Testing” means calibration testing, conformance testing, and fixed system testing.

Credits
P.A. 102-290, § 5, eff. Aug. 6, 2021.

415 I.L.C.S. 170/5, IL ST CH 415 § 170/5
Current through P.A. 103-831 of the 2024 Reg. Sess. Some statute sections may be more current, see credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated Indiana Code
Title 36. Local Government (Refs & Annos)

Article 8. Public Safety
Chapter 10.7. Use of Firefighting Foam Containing Pfas Chemicals

IC 36-8-10.7-3

36-8-10.7-3 “PFAS chemical”

Effective: July 1, 2020
Currentness

Sec. 3. As used in this chapter, “PFAS chemical” means any chemical of a class of fluorinated organic chemicals, including:

(1) perfluoroalkyl substances; and

(2) polyfluoroalkyl substances;

that contains at least one (1) fully fluorinated carbon atom and is used in firefighting agents.

Credits
As added by P.L.22-2020, SEC.1, eff. July 1, 2020.

I.C. 36-8-10.7-3, IN ST 36-8-10.7-3
The statutes and Constitution are current with all legislation of the 2024 Second Regular Session of the 123rd General Assembly
effective through July 1, 2024. Some statute sections may be more current, see credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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Baldwin's Kentucky Revised Statutes Annotated
Title XIX. Public Safety and Morals

Chapter 227. Fire Prevention and Protection; Electricians
Fire Prevention and Protection

KRS § 227.395

227.395 Class B firefighting foam; restricted use during training or testing

Effective: June 27, 2019
Currentness

(1) As used in this section:

(a) “Class B firefighting foam” means foams designed for flammable liquid fires;

(b) “PFAS chemicals” means perfluoroalkyl and polyfluoroalkyl substances which, for the purpose of firefighting agents, is
a class of fluorinated organic chemicals containing at least one (1) fully fluorinated carbon atom; and

(c) “Testing” means calibration testing, conformance testing, and fixed system testing.

(2) Beginning on July 15, 2020, class B firefighting foam that contains intentionally added PFAS chemicals shall not be used
for firefighting training purposes or testing purposes unless otherwise required by law, regulation, or ordinance, and the
testing facility has implemented best industry practices to prevent uncontrolled releases of class B firefighting foam in the
environment. Violation of this subsection shall be subject to KRS 227.336.

(3) The restrictions in subsection (2) of this section shall not apply to:

(a) The manufacture, sale, or distribution of class B firefighting foam that contains intentionally added PFAS chemicals; or

(b) The discharge or other use of class B firefighting foam that contains intentionally added PFAS chemicals in emergency
firefighting operations.

Credits
HISTORY: 2019 c 47, § 1, eff. 6-27-19

KRS § 227.395, KY ST § 227.395
Current through the 2024 Regular Session and the Nov. 7, 2023 election. Some sections may be more current, see credits for
details.
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End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Louisiana Statutes Annotated
Louisiana Revised Statutes

Title 40. Public Health and Safety (Refs & Annos)
Chapter 7. Fire Prevention or Protection

Part III. State Fire Marshal (Refs & Annos)
Subpart B. Special Hazards

LSA-R.S. 40:1615

§ 1615. Class B fire fighting foam containing fluorinated organic chemicals

Effective: June 11, 2021
Currentness

A. As used in this Part, the following terms have the meaning ascribed to them in this Section, unless the context clearly indicates
otherwise:

(1) “Class B fire fighting foam” means any foam designed to extinguish flammable liquid fires.

(2) “Person” means an individual, association, joint venture, partnership, corporation, limited liability company, political
subdivision, municipality, or public or private organization of any character, including any agency, department, board, bureau,
office, commission, district, corporation, and quasi-public corporation of the federal, state, municipal, or local government.

(3) “PFAS chemicals” means a class of fluorinated organic chemicals containing at least one fully fluorinated carbon atom,
including perfluoroalkyl and polyfluoroalkyl substances, and designed to be fully functional in Class B fire fighting foam
formulations.

(4) “Testing” means calibration testing, conformance testing, or fixed system testing.

B. On and after January 1, 2022, no person shall discharge or otherwise use Class B fire fighting foam that contains intentionally
added PFAS chemicals unless such discharge or other use occurs in fire prevention or in response to an emergency fire fighting
operation.

C. Nothing in this Section shall be construed to do any of the following:

(1) Restrict the manufacture, sale, or distribution of Class B fire fighting foam that contains intentionally added PFAS chemicals
or restrict the discharge or other use of Class B fire fighting foam in response to an emergency fire fighting operation.

(2) Prevent the use of nonfluorinated foams, including other Class B fire fighting foams, for the purposes of training or testing
for fire fighting operations at a facility that has implemented containment, treatment, and disposal measures to prevent the
uncontrolled releases of such fire fighting foam into the environment.
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Credits
Added by Acts 2021, No. 232, § 1, eff. June 11, 2021.

LSA-R.S. 40:1615, LA R.S. 40:1615
The Constitution, Revised Statutes Titles 2 to 4, 6, 8, 9, 11 to 17, 19, 23 to 32, 34, 39, 40, and 47, and the Codes are current
through the 2024 First Extraordinary, Second Extraordinary and Regular Sessions. All other statutes and codes are current
through the 2024 First Extraordinary and Second Extraordinary Sessions.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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Maine Revised Statutes Annotated
Title 38. Waters and Navigation

Chapter 16. Sale of Consumer Products Affecting the Environment (Refs & Annos)

38 M.R.S.A. § 1614

§ 1614. Products containing PFAS

Effective: August 9, 2024
Currentness

1. Definitions. As used in this section, unless the context otherwise indicates, the following terms have the following meanings.

A. “Carpet or rug” means a consumer product made from natural or synthetic fabric intended to be used as a floor covering
inside commercial or residential buildings. “Carpet or rug” includes, but is not limited to, a carpeted doormat, but does
not include:

(1) A carpet or rug intended solely for outdoor use;

(2) A carpet or rug intended solely for use inside an aircraft, train, watercraft, automobile, light duty truck, van, bus
or any other vehicle and any aftermarket or replacement part marketed solely for use in a vehicle;

(3) A resilient floor covering;

(4) Artificial turf;

(5) A wall hanging or covering;

(6) A table mat; or

(7) A camping sleeping mat.

A-1. “Adult mattress” means a mattress that is not a crib mattress or a toddler mattress.

A-2. “Aerosol propellant” has the same meaning as in section 1613, subsection 1, paragraph A.

A-3. “Air care product” means a chemically formulated consumer product labeled to indicate that the purpose of the product
is to enhance or condition an indoor environment by eliminating odors or freshening the air.
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A-4. “Aircraft” means a contrivance operated by direct physical contact from a human that is used or designed for
navigation of or flight in the air that requires certification and registration as prescribed by federal law or regulation.
“Aircraft” does not include:

(1) A lighter-than-air balloon operated by direct physical contact from a human; or

(2) An ultralight vehicle, as defined in 14 Code of Federal Regulations, Part 103, regardless of whether the ultralight
vehicle is certified by the United States Department of Transportation, Federal Aviation Administration.

A-5. “Alternative” means a substance or chemical that, if used in place of a PFAS in a product, would result in a functionally
equivalent product and would reduce the potential for harm to human health or the environment or that has not been shown
to pose the same or greater potential harm to human health or the environment as the PFAS. “Alternative” includes:

(1) A reformulated version of a product in which the intentionally added PFAS in the product has been removed; and

(2) Changes to a product's manufacturing process that result in the removal of the PFAS from the product.

A-6. “Architectural fabric structure” means a permanent fabric structure that is intrinsic to the design or construction of
a building.

A-7. “Artificial turf” means an artificial product made from synthetic material that simulates the appearance of natural
turf, grass, sod or lawn.

A-8. “Automotive maintenance product” means a chemically formulated consumer product labeled to indicate that the
purpose of the product is to maintain the appearance of a motor vehicle. “Automotive maintenance product” includes
products for washing, waxing, polishing, cleaning or treating the exterior or interior surface of a motor vehicle, but does
not include automotive paint or automotive paint repair products.

A-9. “Cleaning product” means a finished product used primarily for domestic, commercial or institutional cleaning
purposes, including, but not limited to, an air care product, an automotive maintenance product, a general cleaning product
and a polish or floor maintenance product.

A-10. “Cookware product” means a durable houseware product intended to be used to prepare, dispense or store food,
foodstuffs or beverages, including, but not limited to, a pot, pan, skillet, grill, baking sheet, baking mold, tray, bowl and
cooking utensil.

A-11. “Cosmetic product” means a product intended to be rubbed, poured, sprinkled or sprayed on, introduced into or
otherwise applied to the human body for cleansing, beautifying, promoting attractiveness or altering the appearance.
“Cosmetic product” includes any product intended for use as a component of another cosmetic product, but does not include
soap or a product that requires a prescription for distribution or dispensing.
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B. “Currently unavoidable use” means a use of PFAS that the department has determined by rule under this section to be
essential for health, safety or the functioning of society and for which alternatives are not reasonably available.

B-1. “Essential for health, safety or the functioning of society” means a use of a PFAS in a product when the function
provided by the PFAS is necessary for the product to perform as intended, such that the unavailability of the PFAS for use
in the product would cause the product to be unavailable, which would result in:

(1) A significant increase in negative health outcomes;

(2) An inability to mitigate significant risks to human health or the environment; or

(3) A significant disruption of the daily functions on which society relies.

C. “Fabric treatment” means a substance applied to fabric to give the fabric one or more characteristics, including but not
limited to stain resistance or water resistance.

C-1. “Foam” has the same meaning as in section 1613, subsection 1, paragraph K. “Foam” does not include a firefighting
or fire-suppressing foam or related product regulated under section 424-C.

D. “Intentionally added PFAS” means PFAS added to a product or one of its product components to provide a specific
characteristic, appearance or quality or to perform a specific function. “Intentionally added PFAS” also includes any
degradation by-products of PFAS.

D-1. “Juvenile product” means a product designed or marketed for use by infants and children under 12 years of age
including, but not limited to: a baby or toddler foam pillow; bassinet; bedside sleeper; booster seat; changing pad; child
restraint system for use in motor vehicles and aircraft; co-sleeper; crib mattress; highchair; highchair pad; infant bouncer;
infant carrier; infant seat; infant sleep positioner; infant swing; infant travel bed; infant walker; nap cot; nursing pad;
nursing pillow; play mat; playpen; play yard; polyurethane foam mat, pad or pillow; portable foam nap mat; portable
infant sleeper; portable hook-on chair; soft-sided portable crib; stroller; and toddler mattress. “Juvenile product” does not
include an adult mattress or an electronic product marketed for use by children under 12 years of age, including a personal
computer, audio and video equipment, calculator, wireless telephone, game console, handheld device incorporating a video
screen and any associated peripheral, such as a mouse, keyboard, power supply unit or power cord.

D-2. “Known to or reasonably ascertainable by” means, with respect to a person, all information in the person's possession
or control as well as all information that a reasonable person similarly situated might be expected to possess, control or
know.

E. “Manufacturer” means the person that manufactures a product or whose brand name is affixed to the product. In the
case of a product imported into the United States, “manufacturer” includes the importer or first domestic distributor of
the product if the person that manufactured or assembled the product or whose brand name is affixed to the product does
not have a presence in the United States.
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E-1. “Medical device” has the same meaning as the term “device” as defined in 21 United States Code, Section 321(h).

E-2. “Off-highway vehicle” means a vehicle designed to be or marketed as capable of off-highway operation, including,
but not limited to:

(1) A motorcycle or motor-driven cycle;

(2) A snowmobile or other vehicle designed to travel over snow or ice;

(3) A sand buggy, dune buggy or similar all-terrain vehicle;

(4) A motor vehicle commonly referred to as a jeep; and

(5) A recreational off-highway vehicle.

E-3. “Outdoor apparel for severe wet conditions” means a clothing item that is an extreme and extended use product
designed for outdoor sports experts for applications that provide protection against extended exposure to extreme rain
conditions or against extended immersion in water or wet conditions to protect the health and safety of the user and that
are not marketed for general consumer use, including, but not limited to, such extreme and extended use products designed
for offshore fishing, offshore sailing, whitewater kayaking and mountaineering.

F. “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means substances that include any member of the class of
fluorinated organic chemicals containing at least one fully fluorinated carbon atom.

G. “Product” means an item manufactured, assembled, packaged or otherwise prepared for sale to consumers, including
its product components, sold or distributed for personal, residential, commercial or industrial use, including for use in
making other products.

H. “Product component” means an identifiable component of a product, regardless of whether the manufacturer of the
product is the manufacturer of the component.

H-1. “Proprietary information” means information that is a trade secret or production, commercial or financial information
the disclosure of which would impair the competitive position of the submittor and would make available information not
otherwise publicly available.

I. “Publicly owned treatment works” has the same meaning as in section 361-A.

J. “Refrigerant” has the same meaning as in section 1613, subsection 1, paragraph Y.
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K. “Single-use” means, with respect to a product, conventionally disposed of after one use or not sufficiently durable or
washable to be, or not intended to be, reusable or refillable.

L. “Ski wax” means a lubricant applied to the bottom of snow runners, including, but not limited to, skis and snowboards,
to improve grip or glide properties. “Ski wax” includes related tuning products.

M. “Textile” means an item made in whole or in part from natural or synthetic fiber, yarn or fabric, including, but not limited
to, leather, cotton, silk, jute, hemp, wool, viscose, nylon and polyester. “Textile” does not include a single-use absorbent
hygiene product or a single-use paper hygiene product, including, but not limited to, toilet paper, paper towels or tissues.

N. “Textile article” means a textile good of a type customarily and ordinarily used in households and businesses. “Textile
article” includes, but is not limited to, apparel, accessories, handbags, backpacks, draperies, shower curtains, furnishings,
upholstery, beddings, towels, napkins and tablecloths, but does not include:

(1) A carpet or rug;

(2) A treatment for use on converted textiles or leathers;

(3) A textile used in or designed for laboratory analysis and testing;

(4) A stadium shade or other architectural fabric structure; or

(5) Filtration media or a filter product used in industrial applications, including, but not limited to, chemical or
pharmaceutical manufacturing and environmental control technologies.

O. “Upholstered furniture” means an article of furniture that is designed to be used for sitting, resting or reclining and that
is wholly or partly stuffed or filled with any filling material.

P. “Vehicle” means a device by which any person or property may be propelled, moved or drawn upon a way but does not
include such a device that is moved exclusively by human power or that is used exclusively upon stationary rails or tracks.

2. Notification. Except as provided pursuant to paragraph D or subsection 3, a manufacturer of a product for sale in the State
that contains intentionally added PFAS and for which the department has determined that the use of PFAS in the product is a
currently unavoidable use in accordance with subsection 5, paragraph F shall comply with the requirements of this subsection.

A. The manufacturer shall submit to the department a written notification that includes, to the extent known to or reasonably
ascertainable by the manufacturer:
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(1) A brief description of the product, including an estimate of the total number of units of the product sold annually
in the State or nationally;

(2) The purpose for which PFAS are used in the product, including in any product components;

(3) The amount of each of the PFAS, identified by its chemical abstracts service registry number or in the absence of
this number a description approved by the department, in the product, reported as an exact quantity, or as the amount
of total organic fluorine if the amount of each of the PFAS is not known, determined using commercially available
analytical methods or based on information provided by a supplier as falling within a range approved for reporting
purposes by the department or, if the manufacturer is unable to provide information regarding the amount of each of
the PFAS in the product, the total weight of the product;

(4) The name and address of the manufacturer, and the name, address and phone number of a contact person for the
manufacturer;

(4-A) The identification of the applicable determination adopted by the department by rule pursuant to subsection 5,
paragraph F that the use of PFAS in the product is a currently unavoidable use; and

(5) Any additional information required by the department by rule.

A-1. At the time the manufacturer submits to the department the written notice required in paragraph A, the manufacturer
shall also pay to the department the applicable fee established by the department by rule pursuant to subsection 6.

B. With the approval of the department, the manufacturer may supply the information required in paragraph A for a category
or type of product rather than for each individual product.

C. In accordance with rules adopted by the department, the manufacturer shall update and revise the information in the
written notification whenever there is significant change in the information or when requested to do so by the department.

D. The requirements of this subsection do not apply to a manufacturer that employs 100 or fewer people.

3. Waiver of notification; coordination with other states. The department may waive all or part of the notification requirement
under subsection 2 if the department determines that substantially equivalent information is already publicly available. The
department may enter into an agreement with one or more other states or political subdivisions of a state to collect notifications
and may accept notifications to a shared system as meeting the notification requirement under subsection 2.

4. Exemptions. The following are exempt from this section:

A. A product for which federal law governs the presence of PFAS in the product in a manner that preempts state authority;

WG Ex. 8

0326



§ 1614. Products containing PFAS, ME ST T. 38 § 1614

 © 2024 Thomson Reuters. No claim to original U.S. Government Works. 7

B. A package, as defined in Title 32, section 1732, subsection 4, for a product, except when the package is the product of
the manufacturer. The exemption under this paragraph does not apply to the package of a product prohibited from sale,
offer for sale or distribution for sale pursuant to subsection 5, paragraph B, B-1, D or E if that package is a fluorinated
container or a container that otherwise contains intentionally added PFAS;

C. A used product or used product component;

D. A firefighting or fire-suppressing foam or related product regulated under section 424-C;

E. A prosthetic or orthotic device or any product that is a medical device, drug or biologic or that is otherwise used in
a medical setting or in medical applications that are regulated by or under the jurisdiction of the United States Food and
Drug Administration;

F. A veterinary product intended for use in or on animals, including diagnostic equipment or test kits and their components
and any product that is a veterinary medical device, drug, biologic or parasiticide or that is otherwise used in a veterinary
medical setting or in veterinary medical applications that are regulated by or under the jurisdiction of:

(1) The United States Food and Drug Administration;

(2) The United States Department of Agriculture pursuant to the federal Virus-Serum-Toxin Act; or

(3) The United States Environmental Protection Agency pursuant to the Federal Insecticide, Fungicide, and
Rodenticide Act, except that any such products approved by the United States Environmental Protection Agency
pursuant to that law for aerial or land application are not exempt from this section;

G. A product developed or manufactured for the purposes of public health, environmental or water quality testing;

H. A product required to meet standards or requirements of the United States Department of Transportation, Federal
Aviation Administration, the National Aeronautics and Space Administration, the United States Department of Defense or
the United States Department of Homeland Security, except that the exemption under this paragraph does not apply to any
textile article or refrigerant that is included in or as a component part of such products;

I. A motor vehicle or motor vehicle equipment regulated under a federal motor vehicle safety standard, as defined in 49
United States Code, Section 30102(a)(10), and any other motor vehicle, including an off-highway vehicle or specialty
motor vehicle, such as an all-terrain vehicle, side-by-side vehicle, farm equipment or personal assistive mobility device,
except that the exemption under this paragraph does not apply to any textile article or refrigerant that is included in or as
a component part of such products;

J. A watercraft, as defined in Title 12, section 13001, subsection 28, or a seaplane, except that the exemption under this
paragraph does not apply to any textile article or refrigerant that is included in or as a component part of such products;

WG Ex. 8

0327



§ 1614. Products containing PFAS, ME ST T. 38 § 1614

 © 2024 Thomson Reuters. No claim to original U.S. Government Works. 8

K. A semiconductor, including semiconductors incorporated in electronic equipment, and equipment and materials used
in the manufacture of semiconductors;

L. Nonconsumer electronics and nonconsumer laboratory equipment not ordinarily used for personal, family or household
purposes; and

M. Equipment directly used in the manufacture or development of the products described in paragraphs E to L.

5. Prohibition on sale of products containing intentionally added PFAS. This subsection governs sales of products containing
intentionally added PFAS.

A. Except as provided pursuant to paragraph F or G, effective January 1, 2023, a person may not sell, offer for sale or
distribute for sale in this State a carpet or rug that contains intentionally added PFAS. The prohibition under this paragraph
does not apply to the sale, offer for sale or distribution for sale of any carpet or rug in used condition.

B. Except as provided pursuant to paragraph F or G, effective January 1, 2023, a person may not sell, offer for sale or
distribute for sale in this State a fabric treatment that contains intentionally added PFAS.

The prohibition under this paragraph applies to a fabric treatment that does not contain intentionally added PFAS but that is
sold, offered for sale or distributed for sale in a fluorinated container or in a container that otherwise contains intentionally
added PFAS. The prohibition under this paragraph does not apply to the sale, offer for sale or distribution for sale of any
fabric treatment in used condition.

B-1. Except as provided pursuant to paragraph F or G, effective January 1, 2026, a person may not sell, offer for sale or
distribute for sale in this State:

(1) A cleaning product containing intentionally added PFAS;

(2) A cookware product containing intentionally added PFAS;

(3) A cosmetic product containing intentionally added PFAS;

(4) Dental floss containing intentionally added PFAS;

(5) A juvenile product containing intentionally added PFAS;

(6) A menstruation product containing intentionally added PFAS;

(7) A textile article containing intentionally added PFAS. The prohibition under this subparagraph does not include:
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(a) Outdoor apparel for severe wet conditions; or

(b) A textile article that is included in or a component part of a watercraft, aircraft or motor vehicle, including
an off-highway vehicle;

(8) Ski wax containing intentionally added PFAS; or

(9) Upholstered furniture containing intentionally added PFAS.

The prohibition under this paragraph applies to any of the products listed in subparagraphs (1) to (9) that do not contain
intentionally added PFAS but that are sold, offered for sale or distributed for sale in a fluorinated container or in a container
that otherwise contains intentionally added PFAS. The prohibition under this paragraph does not apply to any of the
products listed in subparagraphs (1) to (9) that are sold, offered for sale or distributed for sale in used condition.

B-2. Except as provided pursuant to paragraph F or G, effective January 1, 2029, a person may not sell, offer for sale or
distribute for sale in this State:

(1) Artificial turf containing intentionally added PFAS; or

(2) Outdoor apparel for severe wet conditions containing intentionally added PFAS, unless the apparel is accompanied
by a legible, easily discernable disclosure that includes the following statement: “Made with PFAS chemicals.” The
disclosure requirement under this subparagraph applies to all sales, offers for sale or distributions for sale in this State
of outdoor apparel for severe wet conditions containing intentionally added PFAS, including those conducted using
the Internet. The prohibition under this paragraph does not apply to any of the products listed in subparagraphs (1)
and (2) that are sold, offered for sale or distributed for sale in used condition.

C. The department may by rule identify products by category or use that may not be sold, offered for sale or distributed
for sale in this State if they contain intentionally added PFAS. The department shall prioritize the prohibition of the sale of
product categories that, in the department's judgment, are most likely to cause contamination of the State's land or water
resources if they contain intentionally added PFAS. The department may not prohibit by rule pursuant to this paragraph
the sale, offer for sale or distribution for sale of products in used condition.

Rules adopted pursuant to this paragraph are major substantive rules as defined in Title 5, chapter 375, subchapter 2-A.

D. Except as otherwise provided in this paragraph or pursuant to paragraph F or G, effective January 1, 2032, a person
may not sell, offer for sale or distribute for sale in this State any product that contains intentionally added PFAS that is
not already prohibited from sale, offer for sale or distribution for sale pursuant to paragraph A, B, B-1, B-2 or C, unless
the department has determined by rule in accordance with paragraph F that the use of PFAS in the product is a currently
unavoidable use.
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The prohibition under this paragraph applies to any such products that do not contain intentionally added PFAS but that are
sold, offered for sale or distributed for sale in a fluorinated container or in a container that otherwise contains intentionally
added PFAS. The prohibition under this paragraph does not apply to:

(1) Any such products sold, offered for sale or distributed for sale in used condition;

(2) Cooling, heating, ventilation, air conditioning and refrigeration equipment, including parts and other servicing
needs for such equipment; or

(3) Refrigerants, foams and aerosol propellants that are listed as acceptable, acceptable subject to use conditions or
acceptable subject to narrowed use limits by the United States Environmental Protection Agency pursuant to the
Significant New Alternatives Policy program, 40 Code of Federal Regulations, Part 82, Subpart G, as long as the
refrigerant, foam or aerosol propellant is sold, offered for sale or distributed for sale for the use for which it is listed
pursuant to that program.

E. Except as provided pursuant to paragraph F or G, effective January 1, 2040, a person may not sell, offer for sale or
distribute for sale in this State:

(1) Cooling, heating, ventilation, air conditioning or refrigeration equipment that contains intentionally added PFAS;
or

(2) Refrigerants, foams or aerosol propellants that contain intentionally added PFAS.

The prohibition under this paragraph applies to any of the products listed in subparagraphs (1) and (2) that do not contain
intentionally added PFAS but that are sold, offered for sale or distributed for sale in a fluorinated container or in a container
that otherwise contains intentionally added PFAS. The prohibition under this paragraph does not apply to any such products
sold, offered for sale or distributed for sale in used condition or to parts and other servicing needs for cooling, heating,
ventilation, air conditioning or refrigeration equipment, including refrigerants used in the servicing of such equipment as
long as the refrigerant is listed as acceptable, acceptable subject to use conditions or acceptable subject to narrowed use
limits by the United States Environmental Protection Agency pursuant to the Significant New Alternatives Policy program,
40 Code of Federal Regulations, Part 82, Subpart G and sold, offered for sale or distributed for sale for the use for which
the refrigerant is listed pursuant to that program.

F. The department may by rule identify specific products or product categories containing intentionally added PFAS for
which it has determined the use of PFAS in the product is a currently unavoidable use. If the department determines by
rule that the use of PFAS in a product or product category is a currently unavoidable use:

(1) The product is exempt from the otherwise applicable prohibition in this subsection, or in the rules adopted pursuant
to paragraph C, on the sale, offer for sale or distribution for sale of the product for one of the following periods of
time, whichever provides a longer period of exemption:

(a) Five years from the effective date of the rule determining that the use of PFAS in the product or product
category is a currently unavoidable use; or
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(b) Five years from the effective date of the otherwise applicable prohibition in this subsection or in the rules
adopted pursuant to paragraph C; and

(2) A manufacturer of the product that sells, offers for sale or distributes for sale the product in this State shall comply
with the notification requirement of subsection 2.

G. The prohibitions in this subsection do not apply to a retailer in the State unless the retailer sells, offers for sale
or distributes for sale a product containing intentionally added PFAS in the State for which the retailer has received a
notification pursuant to subsection 8, paragraph B that the sale of the product is prohibited.

6. Fees. The department may establish by rule and assess a fee payable by a manufacturer that is required to comply with the
notification requirement of subsection 2 to cover the department's reasonable costs in administering the requirements of this
section. Notwithstanding Title 5, section 8071, rules adopted pursuant to this subsection are routine technical rules as defined
in Title 5, chapter 375, subchapter 2-A.

7. Failure to provide notice. Beginning January 1, 2032, a person may not sell, offer for sale or distribute for sale in the State
a product containing intentionally added PFAS for which the department has determined that the use of PFAS in the product is
a currently unavoidable use pursuant to subsection 5, paragraph F if the manufacturer of the product has failed to provide the
information required under subsection 2. This prohibition does not apply to a retailer in the State unless the retailer sells, offers
for sale or distributes for sale a product containing intentionally added PFAS in the State for which the retailer has received a
notification pursuant to subsection 8, paragraph B that the sale of the product is prohibited.

A. to E. Deleted. Laws 2023, c. 630, § 1, eff. Aug. 9, 2024.

8. Certificate of compliance. If the department has reason to believe that a product contains intentionally added PFAS and is
being sold, offered for sale or distributed for sale in violation of subsection 5 or 7, the department may direct the manufacturer
of the product to, within 30 days:

A. Provide the department with a certificate attesting that the product does not contain intentionally added PFAS; or

B. Notify persons that sell, offer for sale or distribute for sale the product in this State that the sale of the product is
prohibited in this State and provide the department with a list of the names and addresses of those persons notified.

9. PFAS source reduction program. To the extent funds are available and in consultation with relevant stakeholders, the
department shall develop and implement a program to reduce the presence of PFAS in discharges to air, water and land by
encouraging the use of alternatives to and the proper management of materials containing PFAS. The program may include:

A. Information resources targeted to industrial or commercial users of PFAS;

B. Education of the general public;
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C. To the extent funds are available, grants to operators of publicly owned treatment works for the purposes of developing,
expanding or implementing pretreatment standards for PFAS and education of users on sources of PFAS and proper
management;

D. To the extent funds are available, grants to municipalities for the purposes of educating solid waste disposal users on
sources of PFAS and proper management; and

E. Other efforts determined by the department to be prudent to achieve the program's purpose.

10. Rules. The department shall adopt rules to implement this section. Except as provided in subsection 5, paragraph C, rules
adopted to implement this section are routine technical rules as defined in Title 5, chapter 375, subchapter 2-A.

11. Report. By January 1, 2026, and biennially thereafter, the department shall submit to the joint standing committee of
the Legislature having jurisdiction over environment and natural resources matters a report regarding the implementation of
this section and other state and federal laws governing the presence of PFAS in products, including any recommendations for
necessary legislative changes to this section. After reviewing the report, the committee may report out legislation relating to
the report.

12. Proprietary information. Proprietary information submitted to the department by a manufacturer pursuant to the
requirements of this section that is identified by the manufacturer as proprietary information is confidential and must be handled
by the department in the same manner as confidential information is handled under section 1310-B.

Credits
2021, c. 477, § 1, eff. July 15, 2021; R.R.2021, c. 1, § A-54, eff. Oct. 1, 2021; 2023, c. 138, §§ 1 to 4, eff. Oct. 25, 2023; 2023,
c. 630, § 1, eff. Aug. 9, 2024.

38 M. R. S. A. § 1614, ME ST T. 38 § 1614
Current with legislation through the 2023 Second Regular Session of the 131st Legislature. The Second Regular Session
convened January 3, 2024 and adjourned sine die May 10, 2024. The general effective date for nonemergency laws passed in
the Second Regular Session of the 131st Legislature is August 9, 2024.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated Code of Maryland
Environment

Title 6. Toxic, Carcinogenic, and Flammable Substances (Refs & Annos)
Subtitle 16. Pfas Chemicals (Refs & Annos)

MD Code, Environment, § 6-1601

§ 6-1601. Definitions

Effective: July 1, 2022
Currentness

In general

(a) In this subtitle the following words have the meanings indicated.

Class B fire-fighting foam or foam

(b) “Class B fire-fighting foam” or “foam” means a foam designed for flammable liquid fire.

Intentionally added

(c) “Intentionally added” means the act of deliberately using a chemical in the formation of a product where the chemical's
continued presence is desired in the product to provide a specific characteristic.

Personal protective equipment

(d) “Personal protective equipment” means items designed, intended, or marketed to be worn by fire-fighting personnel in the
performance of their fire and rescue activities, including jackets, pants, shoes, gloves, helmets, and respiratory equipment.

PFAS chemicals

(e) “PFAS chemicals” means, when used in fire-fighting agents, fire-fighting equipment, food packaging, and rugs and carpets,
a class of fluorinated organic chemicals that contain at least one fully fluorinated carbon atom, including perfluoroalkyl and
polyfluoroalkyl substances.

Rug or carpet

(f) “Rug or carpet” means a thick fabric used to cover a floor, including:

(1) Commercial or residential broadloom carpet; and

(2) A pad or an underlayment used in conjunction with a carpet.
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Terminal

(g) “Terminal” means:

(1) A bulk liquid storage facility exclusively engaged in the merchant wholesale distribution of petroleum products, including
liquefied petroleum gas, that contains at least one storage tank containing petroleum products with a surface area of 120
square meters or greater; or

(2) A facility engaged in the distribution of crude petroleum from extraction or processing facilities that includes at least one
storage tank containing crude petroleum with a surface area of 120 square meters or greater.

Credits
Added by Acts 2020, c. 276, § 1, eff. Oct. 1, 2020; Acts 2020, c. 277, § 1, eff. Oct. 1, 2020. Amended by Acts 2022, c. 138,
§ 1, eff. July 1, 2022; Acts 2022, c. 139, § 1, eff. July 1, 2022.

MD Code, Environment, § 6-1601, MD ENVIR § 6-1601
Current with legislation effective through October 1, 2024, from the 2024 Regular Session of the General Assembly. Some
statute sections may be more current, see credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated Code of Maryland
Environment

Title 9. Water, Ice, & Sanitary Facilities (Refs & Annos)
Subtitle 19. Toxics in Packaging

MD Code, Environment, § 9-1901

§ 9-1901. Definitions

Effective: July 1, 2022
Currentness

In general

(a) In this subtitle the following words have the meanings indicated.

Distributor

(b) “Distributor” means any person that:

(1) Sells a packaged product to a retailer; or

(2) Receives a shipment or consignment of, or in any other manner acquires, packaged products for distribution to a retailer
for:

(i) Sale to a consumer; or

(ii) Promotional purposes.

Food package

(c) “Food package” means a package that is designed and intended for direct food contact and is composed, in substantial part,
of paper, paperboard, or other materials originally derived from plant fibers, including:

(1) A food or beverage product that is contained in a food package or to which a food package is applied;

(2) A packaging component of a food package; and

(3) Plastic disposable gloves used in commercial or institutional food service.
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Intentionally added

(d) “Intentionally added” means the act of deliberately using a chemical in the formation of a package or packaging component
when the chemical's continued presence is desired in the final package or packaging component to provide a specific
characteristic.

Manufacturer

(e)(1) “Manufacturer” means any person that manufactures a package or packaging component.

(2) “Manufacturer” includes any person that sells a package or packaging component to a distributor.

Package

(f)(1) “Package” means a container used to market, protect, or handle a product.

(2) “Package” includes:

(i) A unit package, an intermediate package, and a shipping container as defined by the American Society for Testing and
Materials; and

(ii) An unsealed receptacle such as a carrying case, crate, cup, pail, rigid foil or other tray, wrap, wrapping film, bag, and tub.

Packaging component

(g)(1) “Packaging component” means any individual assembled part of a package.

(2) “Packaging component” includes any interior or exterior blocking, bracing, cushioning, weatherproofing, coating, closure,
label, ink, dye, pigment, adhesive, or any other additive.

(3) “Packaging component” does not include any package or packaging component that contains cadmium and is intended
for reuse more than 5 times.

PFAS chemicals

(h) “PFAS chemicals” means, when used in fire-fighting agents, fire-fighting equipment, food packaging, and rugs and carpets,
a class of fluorinated organic chemicals that contain at least one fully fluorinated carbon atom, including perfluoroalkyl and
polyfluoroalkyl substances.

Credits
Added by Acts 1992, c. 491, § 1, eff. Oct. 1, 1992. Amended by Acts 2022, c. 138, § 1, eff. July 1, 2022; Acts 2022, c. 139,
§ 1, eff. July 1, 2022.
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MD Code, Environment, § 9-1901, MD ENVIR § 9-1901
Current with legislation effective through October 1, 2024, from the 2024 Regular Session of the General Assembly. Some
statute sections may be more current, see credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated Code of Maryland
Environment

Title 6. Toxic, Carcinogenic, and Flammable Substances (Refs & Annos)
Subtitle 16a. Playground Surfacing Materials (Refs & Annos)

MD Code, Environment, § 6-16A-01

§ 6-16A-01. Definitions

Effective: October 1, 2024
Currentness

In general

(a) In this subtitle the following words have the meanings indicated.

PFAS chemicals

(b) “PFAS chemicals” means a class of fluorinated organic chemicals that contain at least one fully fluorinated carbon atom,
including per- and polyfluoroalkyl substances.

Playground

(c) “Playground” means a public outdoor recreation area for children equipped with one or more play structures.

Playground surfacing materials

(d) “Playground surfacing materials” means products, materials, or substances used or installed on the ground surface of a
playground in the State that come into direct contact with a person.

Credits
Added by Acts 2024, c. 488, § 1, eff. Oct. 1, 2024.

MD Code, Environment, § 6-16A-01, MD ENVIR § 6-16A-01
Current with legislation effective through October 1, 2024, from the 2024 Regular Session of the General Assembly. Some
statute sections may be more current, see credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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Minnesota Statutes Annotated
Environmental Protection (Ch. 114C-116i)

Chapter 116. Pollution Control Agency
Chemicals of High Concern

M.S.A. § 116.943

116.943. Products containing pfas

Effective: July 1, 2023
Currentness

Subdivision 1. Definitions. (a) For purposes of this section, the following terms have the meanings given.

(b) “Adult mattress” means a mattress other than a crib mattress or toddler mattress.

(c) “Air care product” means a chemically formulated consumer product labeled to indicate that the purpose of the product is
to enhance or condition the indoor environment by eliminating odors or freshening the air.

(d) “Automotive maintenance product” means a chemically formulated consumer product labeled to indicate that the purpose
of the product is to maintain the appearance of a motor vehicle, including products for washing, waxing, polishing, cleaning,
or treating the exterior or interior surfaces of motor vehicles. Automotive maintenance product does not include automotive
paint or paint repair products.

(e) “Carpet or rug” means a fabric marketed or intended for use as a floor covering.

(f) “Cleaning product” means a finished product used primarily for domestic, commercial, or institutional cleaning purposes,
including but not limited to an air care product, an automotive maintenance product, a general cleaning product, or a polish
or floor maintenance product.

(g) “Commissioner” means the commissioner of the Pollution Control Agency.

(h) “Cookware” means durable houseware items used to prepare, dispense, or store food, foodstuffs, or beverages. Cookware
includes but is not limited to pots, pans, skillets, grills, baking sheets, baking molds, trays, bowls, and cooking utensils.

(i) “Cosmetic” means articles, excluding soap:

(1) intended to be rubbed, poured, sprinkled, or sprayed on, introduced into, or otherwise applied to the human body or any part
thereof for the purpose of cleansing, beautifying, promoting attractiveness, or altering the appearance; and
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(2) intended for use as a component of any such article.

(j) “Currently unavoidable use” means a use of PFAS that the commissioner has determined by rule under this section to be
essential for health, safety, or the functioning of society and for which alternatives are not reasonably available.

(k) “Fabric treatment” means a substance applied to fabric to give the fabric one or more characteristics, including but not
limited to stain resistance or water resistance.

(l) “Intentionally added” means PFAS deliberately added during the manufacture of a product where the continued presence of
PFAS is desired in the final product or one of the product's components to perform a specific function.

(m) “Juvenile product” means a product designed or marketed for use by infants and children under 12 years of age:

(1) including but not limited to a baby or toddler foam pillow; bassinet; bedside sleeper; booster seat; changing pad; child
restraint system for use in motor vehicles and aircraft; co-sleeper; crib mattress; highchair; highchair pad; infant bouncer; infant
carrier; infant seat; infant sleep positioner; infant swing; infant travel bed; infant walker; nap cot; nursing pad; nursing pillow;
play mat; playpen; play yard; polyurethane foam mat, pad, or pillow; portable foam nap mat; portable infant sleeper; portable
hook-on chair; soft-sided portable crib; stroller; and toddler mattress; and

(2) not including a children's electronic product such as a personal computer, audio and video equipment, calculator, wireless
phone, game console, handheld device incorporating a video screen, or any associated peripheral such as a mouse, keyboard,
power supply unit, or power cord; or an adult mattress.

(n) “Manufacturer” means the person that creates or produces a product or whose brand name is affixed to the product. In
the case of a product imported into the United States, manufacturer includes the importer or first domestic distributor of the
product if the person that manufactured or assembled the product or whose brand name is affixed to the product does not have
a presence in the United States.

(o) “Medical device” has the meaning given “device” under United States Code, title 21, section 321, subsection (h).

(p) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means a class of fluorinated organic chemicals containing at
least one fully fluorinated carbon atom.

(q) “Product” means an item manufactured, assembled, packaged, or otherwise prepared for sale to consumers, including but
not limited to its product components, sold or distributed for personal, residential, commercial, or industrial use, including for
use in making other products.

(r) “Product component” means an identifiable component of a product, regardless of whether the manufacturer of the product
is the manufacturer of the component.
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(s) “Ski wax” means a lubricant applied to the bottom of snow runners, including but not limited to skis and snowboards, to
improve their grip or glide properties. Ski wax includes related tuning products.

(t) “Textile” means an item made in whole or part from a natural or synthetic fiber, yarn, or fabric. Textile includes but is not
limited to leather, cotton, silk, jute, hemp, wool, viscose, nylon, and polyester.

(u) “Textile furnishings” means textile goods of a type customarily used in households and businesses, including but not limited
to draperies, floor coverings, furnishings, bedding, towels, and tablecloths.

(v) “Upholstered furniture” means an article of furniture that is designed to be used for sitting, resting, or reclining and that is
wholly or partly stuffed or filled with any filling material.

Subd. 2. Information required. (a) On or before January 1, 2026, a manufacturer of a product sold, offered for sale, or
distributed in the state that contains intentionally added PFAS must submit to the commissioner information that includes:

(1) a brief description of the product, including a universal product code (UPC), stock keeping unit (SKU), or other numeric
code assigned to the product;

(2) the purpose for which PFAS are used in the product, including in any product components;

(3) the amount of each PFAS, identified by its chemical abstracts service registry number, in the product, reported as an
exact quantity determined using commercially available analytical methods or as falling within a range approved for reporting
purposes by the commissioner;

(4) the name and address of the manufacturer and the name, address, and phone number of a contact person for the manufacturer;
and

(5) any additional information requested by the commissioner as necessary to implement the requirements of this section.

(b) With the approval of the commissioner, a manufacturer may supply the information required in paragraph (a) for a category
or type of product rather than for each individual product.

(c) A manufacturer must submit the information required under this subdivision whenever a new product that contains
intentionally added PFAS is sold, offered for sale, or distributed in the state and update and revise the information whenever
there is significant change in the information or when requested to do so by the commissioner.

(d) A person may not sell, offer for sale, or distribute for sale in the state a product containing intentionally added PFAS if
the manufacturer has failed to provide the information required under this subdivision and the person has received notification
under subdivision 4.
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Subd. 3. Information requirement waivers; extensions. (a) The commissioner may waive all or part of the information
requirement under subdivision 2 if the commissioner determines that substantially equivalent information is already publicly
available. The commissioner may grant a waiver under this paragraph to a manufacturer or a group of manufacturers for multiple
products or a product category.

(b) For a pesticide regulated under chapter 18B, a fertilizer, an agricultural liming material, a plant amendment, or a soil
amendment regulated under chapter 18C, a manufacturer may satisfy the requirements of subdivision 2 by submitting the
information required by that subdivision as part of its annual registration or approval process under chapter 18B or 18C. For
information that is regulated under chapters 18B and 18C, the commissioner and the commissioner of agriculture must jointly
determine whether to make the information publicly available based on applicable statutes.

(c) The commissioner may enter into an agreement with one or more other states or political subdivisions of a state to collect
information and may accept information to a shared system as meeting the information requirement under subdivision 2.

(d) The commissioner may extend the deadline for submission by a manufacturer of the information required under subdivision
2 if the commissioner determines that more time is needed by the manufacturer to comply with the submission requirement.

Subd. 4. Testing required and certificate of compliance. (a) If the commissioner has reason to believe that a product contains
intentionally added PFAS and the product is being offered for sale in the state, the commissioner may direct the manufacturer
of the product to, within 30 days, provide the commissioner with testing results that demonstrate the amount of each of the
PFAS, identified by its chemical abstracts service registry number, in the product, reported as an exact quantity determined using
commercially available analytical methods or as falling within a range approved for reporting purposes by the commissioner.

(b) If testing demonstrates that the product does not contain intentionally added PFAS, the manufacturer must provide the
commissioner a certificate attesting that the product does not contain intentionally added PFAS, including testing results and
any other relevant information.

(c) If testing demonstrates that the product contains intentionally added PFAS, the manufacturer must provide the commissioner
with the testing results and the information required under subdivision 2.

(d) A manufacturer must notify persons who sell or offer for sale a product prohibited under subdivision 2 or 5 that the sale of
that product is prohibited in this state and provide the commissioner with a list of the names and addresses of those notified.

(e) The commissioner may notify persons who sell or offer for sale a product prohibited under subdivision 2 or 5 that the sale
of that product is prohibited in this state.

Subd. 5. Prohibitions. (a) Beginning January 1, 2025, a person may not sell, offer for sale, or distribute for sale in this state
the following products if the product contains intentionally added PFAS:

(1) carpets or rugs;
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(2) cleaning products;

(3) cookware;

(4) cosmetics;

(5) dental floss;

(6) fabric treatments;

(7) juvenile products;

(8) menstruation products;

(9) textile furnishings;

(10) ski wax; or

(11) upholstered furniture.

(b) The commissioner may by rule identify additional products by category or use that may not be sold, offered for sale, or
distributed for sale in this state if they contain intentionally added PFAS and designate effective dates. A prohibition adopted
under this paragraph must be effective no earlier than January 1, 2025, and no later than January 1, 2032. The commissioner must
prioritize the prohibition of the sale of product categories that, in the commissioner's judgment, are most likely to contaminate
or harm the state's environment and natural resources if they contain intentionally added PFAS.

(c) Beginning January 1, 2032, a person may not sell, offer for sale, or distribute for sale in this state any product that contains
intentionally added PFAS, unless the commissioner has determined by rule that the use of PFAS in the product is a currently
unavoidable use. The commissioner may specify specific products or product categories for which the commissioner has
determined the use of PFAS is a currently unavoidable use. The commissioner may not determine that the use of PFAS in a
product is a currently unavoidable use if the product is listed in paragraph (a).

(d) The commissioner may not take action under paragraph (b) or (c) with respect to a pesticide, as defined under chapter 18B,
a fertilizer, an agricultural liming material, a plant amendment, or a soil amendment as defined under chapter 18C, unless the
commissioner of agriculture approves the action.

Subd. 6. Fees. The commissioner may establish by rule a fee payable by a manufacturer to the commissioner upon submission
of the information required under subdivision 2 to cover the agency's reasonable costs to implement this section. Fees collected
under this subdivision must be deposited in an account in the environmental fund.
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Subd. 7. Enforcement. (a) The commissioner may enforce this section under sections 115.071 and 116.072. The commissioner
may coordinate with the commissioners of agriculture, commerce, and health in enforcing this section.

(b) When requested by the commissioner, a person must furnish to the commissioner any information that the person may have
or may reasonably obtain that is relevant to show compliance with this section.

Subd. 8. Exemptions. (a) This section does not apply to:

(1) a product for which federal law governs the presence of PFAS in the product in a manner that preempts state authority;

(2) a product regulated under section 325F.072 or 325F.075; or

(3) the sale or resale of a used product.

(b) Subdivisions 4 and 5 do not apply to a prosthetic or orthotic device or to any product that is a medical device or drug or that
is otherwise used in a medical setting or in medical applications regulated by the United States Food and Drug Administration.

Subd. 9. Rules. The commissioner may adopt rules necessary to implement this section. Section 14.125 does not apply to the
commissioner's rulemaking authority under this section.

Subd. 10. Short title. This section is “Amara's Law.”

Credits
Laws 2023, c. 60, art. 3, § 21, eff. July 1, 2023.

M. S. A. § 116.943, MN ST § 116.943
Current with all legislation from the 2024 Regular Session. The statutes are subject to change as determined by the Minnesota
Revisor of Statutes. (These changes will be incorporated later this year.)

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Nevada Revised Statutes Annotated
Title 40. Public Health and Safety (Chapters 439-461a)

Chapter 459. Hazardous Materials (Refs & Annos)
Class B Firefighting Foam that Contains Intentionally Added Perfluoroalkyl and Polyfluoroalkyl Substances

N.R.S. 459.678

459.678. “Perfluoroalkyl and polyfluoroalkyl substances” defined

Effective: January 1, 2022
Currentness

“Perfluoroalkyl and polyfluoroalkyl substances” means a class of fluorinated organic chemicals that contain at least one fully
fluorinated carbon atom.

Credits
Added by Laws 2021, c. 112, § 9, eff. Jan. 1, 2022.

N. R. S. 459.678, NV ST 459.678
Current through legislation of the 82nd Regular Session (2023) Chapters 1 to 535 (End) and the 35th Special Session (2023)
Chapter 1 (End). Text subject to revision and classification by the Legislative Counsel Bureau.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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Revised Statutes Annotated of the State of New Hampshire
Title XII. Public Safety and Welfare (Ch. 153 to 174) (Refs & Annos)

Chapter 154. Firewards, Firefighters, and Fire Hazards (Refs & Annos)
Firewards, Fire Chiefs and Fire Departments; Organization, Powers and Duties (Refs & Annos)

N.H. Rev. Stat. § 154:8-b

154:8-b Certain Chemicals Prohibited in Firefighting Foam.

Effective: August 10, 2021
Currentness

I. In this section:

(a) “Chemical plant” means chemical plants, refineries, and re-refineries.

(b) “Class B firefighting foam” means foam designed for flammable liquid fires.

(c) “Department” means the department of environmental services.

(d) “Legacy foams” mean firefighting foams manufactured prior to January 1, 2004, containing perfluorooctanesulfonic acid
and/or perfluorooctanoic acid-related long chain PFAS chemicals.

(e) “Manufacturer” includes any person, firm, association, partnership, corporation, organization, joint venture, importer,
or domestic manufacturer or distributor of firefighting agents or firefighting equipment. For the purposes of this section,
“importer” means the owner of the product.

(f) “Municipalities” means any county, city, town, fire district, regional fire district, or other special purpose district that
provides firefighting services.

(g) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS chemicals” means, for the purposes of firefighting agents and
firefighting equipment, a class of fluorinated organic chemicals containing at least one fully fluorinated carbon atom.

(h) “Testing” includes calibration testing, conformance testing, and fixed system testing.

II. Beginning on January 1, 2020, no person, local government, or state agency shall discharge or otherwise use for training
or testing purposes class B firefighting foam to which PFAS chemicals have been intentionally added. However, the testing of
class B firefighting foam to which PFAS chemicals have been intentionally added may occur if the department has evaluated the
testing facility for containment, treatment, and disposal measures to prevent uncontrolled release of foam to the environment.
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III. Beginning January 1, 2020, a manufacturer of class B firefighting foam shall not knowingly sell, offer for sale, distribute
for sale, or distribute for use in this state class B firefighting foam to which PFAS chemicals have been intentionally added.
However:

(a) The restrictions in this paragraph shall not apply to any sale or use of class B firefighting foam where the inclusion of
PFAS chemicals are required by federal law, including but not limited to the requirements of 14 C.F.R. section 139.317, as
that section existed as of January 1, 2018. In the event that applicable federal regulations change after January 1, 2018, to
allow the use of alternative firefighting agents that do not contain PFAS chemicals, the department may adopt rules for the
sale and uses of firefighting foam that are addressed by the federal regulation that restrict the use of firefighting foam that
contains PFAS chemicals.

(b) The restrictions under this paragraph shall not apply to any sale or distribution of class B firefighting foam to which PFAS
chemicals have been intentionally added for use at a chemical plant.

(c) The restrictions under this paragraph shall not apply to any sale or distribution of class B firefighting foam to which PFAS
chemicals have been intentionally added for use at a storage or distribution facility, tank farm, or terminal for flammable
liquids.

IV. The manufacturer that produces, sells, or distributes a class B firefighting foam to which PFAS chemicals have been
intentionally added following the effective date of this section shall recall the product and reimburse the retailer or any other
purchaser for the product.

V. A manufacturer of class B firefighting foam in violation of paragraph III shall be subject to an administrative fine not to
exceed $5,000 for each violation in the case of a first offense. Manufacturers or persons that are repeat violators shall be subject
to an administrative fine not to exceed $10,000 for each repeat offense.

VI. A manufacturer of class B firefighting foam restricted under paragraph III shall notify, in writing, persons that sell the
manufacturer's products in this state about the provisions of this chapter no less than one year after the effective date of the
restrictions.

VII. The department shall assist other state agencies, fire protection districts, and other municipalities in avoiding purchasing
or using firefighting agents containing PFAS chemicals, as required under paragraph III.

VIII. The department shall survey municipalities throughout the state on the quantitative stock of legacy foams and determine
the cost of instituting a take-back program for the purpose of safe and contained disposal. The development and processing
of the survey shall be subject to rules adopted by the commissioner of the department of environmental services pursuant to
RSA 541-A. On or before December 1, 2020, the department shall submit a report of its findings and any recommendations for
proposed legislation to the president of the senate, the speaker of the house of representatives, the senate clerk, the house clerk,
the governor, and the state library. Beginning on July 1, 2023, the department shall institute a take-back program of legacy
foams for the purpose of safe and contained disposal.
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IX. Fire departments which use remaining class B firefighting foam to which PFAS chemicals have been intentionally added
shall be immune from civil or criminal damages only if such foam is discharged in an emergency situation.

X. Nothing in this section shall be construed to create a new civil or criminal right of action against a fire department if class
B firefighting foam to which PFAS chemicals have been added has been discharged either unintentionally or in an emergency
situation.

XI. Any time a class B firefighting foam to which PFAS chemicals have been intentionally added is discharged, the municipality
making such discharge shall notify the department of environmental services within 48 hours of such discharge.

Credits
Source. 2019, 337:1, eff. Sept. 3, 2019. 2021, 208:2, Pt. II, Sec. 1, eff. Aug. 10, 2021.

Copyright © 2024 by the State of New Hampshire Office of the Director of Legislative Services and Thomson Reuters/West 2024.
N.H. Rev. Stat. § 154:8-b, NH ST § 154:8-b
Current through Chapter 378 of the 2024 Reg. Sess. Some statute sections may be more current, see credit for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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McKinney's Consolidated Laws of New York Annotated
Environmental Conservation Law (Refs & Annos)

Chapter 43-B. Of the Consolidated Laws (Refs & Annos)
Article 37. Substances Hazardous or Acutely Hazardous to Public Health, Safety or the Environment (Refs &
Annos)

Title II. Hazardous Packaging (Refs & Annos)

McKinney's ECL § 37-0203

§ 37-0203. Definitions

Effective: December 31, 2022
Currentness

For the purposes of this title, the term:

1. “Distributor” shall mean any person, firm, association, partnership or corporation, who or which imports or causes to be
imported into the state, any container, whether filled or unfilled, used to package products.

2. “Manufacturer” shall mean a person, firm, association, partnership or corporation, who or which makes containers to be used
to package products.

3. “Package” means a container providing a means of marketing, protecting or handling a product and shall include a unit
package, an intermediate package and a shipping container. “Package” shall also mean and include, but not be limited to, such
unsealed receptacles as carrying cases, crates, cups, pails, rigid foil and other trays, wrappers and wrapping films, bags and tubs.

4. “Packaging component” means any individual assembled part of a package such as, but not limited to, any interior or exterior
blocking, bracing, cushioning, weatherproofing, exterior strapping, coatings, closures, inks and labels.

5. “Food packaging” means a package or packaging component that is intended for direct food contact and is comprised, in
substantial part, of paper, paperboard, or other materials originally derived from plant fibers.

6. “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS substances” shall mean, for the purposes of food packaging, a
class of fluorinated organic chemicals containing at least one fully fluorinated carbon atom.

Credits
(Added L.1990, c. 286, § 2. Amended L.2020, c. 307, § 1, eff. Dec. 31, 2022.)

McKinney's E. C. L. § 37-0203, NY ENVIR CONSER § 37-0203
Current through L.2024, chapters 1 to 427. Some statute sections may be more current, see credits for details.
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End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.

WG Ex. 8

0350



§ 27-3301. Definitions, NY ENVIR CONSER § 27-3301

 © 2024 Thomson Reuters. No claim to original U.S. Government Works. 1

McKinney's Consolidated Laws of New York Annotated
Environmental Conservation Law (Refs & Annos)

Chapter 43-B. Of the Consolidated Laws (Refs & Annos)
Article 27. Collection, Treatment and Disposal of Refuse and Other Solid Waste (Refs & Annos)

Title 33. Carpet Collection Program

McKinney's ECL § 27-3301

§ 27-3301. Definitions

Effective: December 28, 2024
Currentness

For the purposes of this title, the following terms shall have the following meanings:

1. “Brand” means a name, symbol, word, or mark that attributes the product to the owner or licensee of the brand as the producer.

2. “Carpet” means a manufactured article that is (a) used by a consumer, (b) affixed or placed on the floor or building walking
surface as a decorative or functional building interior or exterior feature, and (c) primarily constructed of a top surface of
synthetic or natural face fibers or yarns or tufts attached to a backing system made of synthetic or natural materials. “Carpet”
includes, but is not limited to, a commercial or residential broadloom carpet, modular carpet tiles, artificial turf, a pad or
underlayment used in conjunction with a carpet. “Carpet” does not include handmade rugs, area rugs, or mats.

3. “Closed loop recycling” means recycling in which materials that are reclaimed are returned to the original process or processes
in which they were generated and they are reused in the production process.

3-a. “Carpet collection program” or “program” means a program financed and implemented by producers, either individually,
or through a representative organization, that provides for, but is not limited to, the collection, transportation, reuse, recycling,
proper end-of-life management, or an appropriate combination thereof, of discarded carpet.

4. “Collection site” means a permanent location in the state at which discarded carpet may be returned by a consumer. Collection
sites shall accept all types of carpet as defined by this title regardless of brand.

5. “Consumer” means a person located in the state who purchases, owns, leases, or uses carpet, including but not limited to an
individual, a business, corporation, limited partnership, not-for-profit corporation, the state, a public corporation, public school,
school district, private or parochial school, or board of cooperative educational services or governmental entity.

6. “Discarded carpet” means carpet that a consumer has used and disposed of in the state and is no longer used for its
manufactured purpose.
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7. “Energy recovery” means the process by which all or a portion of solid waste materials are processed or combusted in order
to utilize the heat content or other forms of energy derived from such solid waste materials.

8. “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS substances” means a class of fluorinated organic chemicals
containing at least one fully fluorinated carbon atom.

9. “Producer” means any person who manufactures carpet that is sold, offered for sale, or distributed in the state under the
manufacturer's own name or brand. “Producer” includes:

(a) the owner of a trademark or brand under which carpet is sold, offered for sale, or distributed in this state, whether or not
such trademark or brand is registered in the state; and

(b) any person who imports a carpet into the United States that is sold or offered for sale in the state and that is manufactured
by a person who does not have a presence in the United States.

10. “Recycling” means to separate, dismantle or process the materials, components or commodities contained in discarded
carpet for the purpose of preparing the materials, components, or commodities for use or reuse in new products or components.
“Recycling” does not include: (a) energy recovery or energy generation by any means, including but not limited to, combustion,
incineration, pyrolysis, gasification, solvolysis, waste to fuel or any chemical conversion process; or (b) landfill disposal of
discarded carpet or discarded product component materials.

11. “Recycling rate” means the percentage of discarded carpet that is managed through recycling or reuse, as defined by this
title, and is computed by dividing the amount of recycled output derived from collected carpet, plus any pounds sent for reuse
by the estimated total amount of discarded carpet generated during a program year.

12. “Representative organization” means a not-for-profit organization established by a producer or group of producers to
implement the carpet collection program.

13. “Retailer” means any person who sells or offers for sale carpet to a consumer in the state.

14. “Reuse” means the return of a product into the economic stream for use in the same kind of application as the product was
originally intended to be used, without a change in the product's identity.

15. “Sell” or “sale” means any transfer for consideration of title or the right to use, from a manufacturer or retailer to a person,
including, but not limited to, transactions conducted through retail sales outlets, catalogs, mail, the telephone, the internet, or
any electronic means; this does not include samples, donations, and reuse.

Credits
(Added L.2022, c. 795, § 1, eff. Dec. 28, 2024. Amended L.2023, c. 82, § 1, eff. Dec. 28, 2024.)
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McKinney's E. C. L. § 27-3301, NY ENVIR CONSER § 27-3301
Current through L.2024, chapters 1 to 427. Some statute sections may be more current, see credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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McKinney's Consolidated Laws of New York Annotated
Environmental Conservation Law (Refs & Annos)

Chapter 43-B. Of the Consolidated Laws (Refs & Annos)
Article 37. Substances Hazardous or Acutely Hazardous to Public Health, Safety or the Environment (Refs &
Annos)

Title 1. Substances Hazardous to the Environment (Refs & Annos)

McKinney's ECL § 37-0101

§ 37-0101. Definitions

Effective: December 31, 2023
Currentness

As used in this article, unless the context requires otherwise:

1. “Oral LD (rat) toxicity” means a calculated dose of a substance which is expected to cause the death of fifty percent of an
experimental rat population when administered orally.

2. “Inhalation LC (rat) toxicity” means a calculated concentration of substance in air, exposure to which is expected to cause
death of fifty percent of an experimental rat population when inhaled.

3. “Dermal LD (rabbit) toxicity” means a calculated dose of a substance which is expected to cause the death of fifty percent
of an experimental rabbit population when applied to the skin.

4. “Brominated flame retardants” refers generally to any product containing a mixture of chemicals known as brominated
diphenyl ether to prevent, reduce or retard the risk of fire in electronic devices, furniture, and textiles.

5. “Polybrominated diphenyl ether” (PBDE) is a mixture of brominated diphenyl ethers, usually marketed as
pentabromodiphenyl ether or octabromodiphenyl ether, according to how many hydrogen atoms in the diphenyloxide structure
are replaced with bromine atoms.

6. “Process”, as used in section 37-0111 of this title, shall not include the processing of metallic recyclables containing
pentabrominated diphenyl ether or octabrominated diphenyl ether that is conducted in compliance with all applicable federal,
state, and local laws.

7. “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” shall mean a class of fluorinated organic chemicals containing
at least one fully fluorinated carbon atom.
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Credits
(Added L.1973, c. 400, § 57. Amended L.1986, c. 671, § 9; L.2004, c. 387, § 1, eff. Jan. 1, 2006; L.2022, c. 820, § 1, eff.
Dec. 31, 2023.)

McKinney's E. C. L. § 37-0101, NY ENVIR CONSER § 37-0101
Current through L.2024, chapters 1 to 427. Some statute sections may be more current, see credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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Baldwin's Ohio Revised Code Annotated
Title XXXVII. Health--Safety--Morals

Chapter 3737. Fire Marshal; Fire Safety; Petroleum Underground Storage (Refs & Annos)
Prohibitions

R.C. § 3737.52

3737.52 Use of PFAS chemicals

Effective: June 13, 2022
Currentness

(A) As used in this section:

(1) “Class B firefighting foam” means a foam that is designed to extinguish a fire caused by flammable liquid.

(2) “PFAS chemicals” means a class of fluorinated organic chemicals containing at least one fully fluorinated carbon atom,
including perfluoroalkyl and polyfluoroalkyl substances, that are designed to be fully functional in class B firefighting foam
formulations.

(3) “Testing” includes calibration testing, conformance testing, and fixed system testing.

(B) No person shall use a class B firefighting foam containing intentionally added PFAS chemicals for training purposes.

(C)(1) Except as provided in division (C)(2) of this section, no person shall use a class B firefighting foam containing
intentionally added PFAS chemicals for testing purposes.

(2) A person may use a class B firefighting foam containing intentionally added PFAS chemicals for testing purposes if required
by law, regulation, or ordinance and the testing facility has implemented appropriate containment, treatment, and disposal
measures to prevent releases of the class B firefighting foam into the environment.

(D) Nothing in this section restricts either of the following:

(1) The manufacture, sale, or distribution of class B firefighting foam containing intentionally added PFAS chemicals.

(2) The use of class B firefighting foam containing intentionally added PFAS chemicals in emergency firefighting or fire
prevention operations.

(E) For purposes of using foam during firefighting operations training, a person may use a training foam that does not contain
intentionally added PFAS chemicals.
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CREDIT(S)

(2022 H 158, eff. 6-13-22)

R.C. § 3737.52, OH ST § 3737.52
Current through Files 1 to 56 of the 135th General Assembly (2023-2024) and 2023 Statewide Issues 1 and 2 (November
Election).

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.

WG Ex. 8

0357



431A.330. Definitions, OR ST § 431A.330

 © 2024 Thomson Reuters. No claim to original U.S. Government Works. 1

West's Oregon Revised Statutes Annotated
Title 36. Public Health and Safety (Refs & Annos)

Chapter 431A. Public Health Programs and Activities
Toxic Cosmetic Products

O.R.S. § 431A.330

431A.330. Definitions

Effective: January 1, 2024
Currentness

As used in ORS 431A.330 to 431A.349:

(1) “Chemical” means:

(a) A substance with a distinct molecular composition and the breakdown products of the substance that form through
decomposition, degradation or metabolism; or

(b) A group of structurally related substances and the breakdown products of the substances that form through decomposition,
degradation or metabolism.

(2) “Class of chemicals” means a group of chemicals that are related or similar based on their structure, use, physical property,
radiological property or other factors.

(3) “Contaminant” means trace amounts of chemicals that are incidental to manufacturing and that serve no intended function
in the product component, including but not limited to:

(a) Unintended by-products of chemical reactions during the manufacture of the product component;

(b) Trace impurities in feedstock;

(c) Incompletely reacted chemical mixtures; and

(d) Degradation products.

(4)(a) “Cosmetic product” means an article intended to be rubbed, poured, sprinkled or sprayed on, introduced into or otherwise
applied to the human body or any part thereof for cleansing, beautifying, promoting attractiveness or altering the appearance,
and any article intended for use as a component of such an article.
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(b) “Cosmetic product” includes cosmetics marketed to professionals.

(c) “Cosmetic product” does not include:

(A) Soap;

(B) Dietary supplements; or

(C) Food and drugs regulated by the United States Food and Drug Administration.

(5) “De minimis level” means:

(a) For a chemical that is an intentionally added chemical, the practical quantification limit; or

(b) For a chemical that is a contaminant, a concentration of 100 parts per million.

(6) “Formaldehyde releasing agent” means a chemical that releases formaldehyde.

(7) “Intentionally added chemical” means a chemical in a product that serves an intended function in the product component.

(8)(a) “Manufacturer” means any person that produces a cosmetic product or an importer or domestic distributor of a cosmetic
product.

(b) “Manufacturer” does not mean:

(A) A retailer that sells to consumers cosmetic products produced by a third party.

(B) A grocery wholesaler or grocery retailer that contracts with a third party to produce cosmetic products on behalf of
and under the brand of the grocery wholesaler or grocery retailer.

(c) For the purposes of this subsection, “importer” means the owner of the product.

(9) “Ortho-phthalates” means esters of ortho-phthalic acid.

(10) “Perfluoroalkyl and polyfluoroalkyl substances” means a class of fluorinated organic chemicals containing at least one
fully fluorinated carbon atom.
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(11) “Practical quantification limit” means the lowest concentration of a chemical that can be reliably measured within
specified limits of precision, accuracy, representativeness, completeness and comparability during routine laboratory operating
conditions.

Credits
Added by Laws 2023, c. 575, § 1, eff. Jan. 1, 2024.

O. R. S. § 431A.330, OR ST § 431A.330
Current through laws of the 2024 Regular Session of the 82nd Legislative Assembly, which convened February 5, 2024 and
adjourned sine die March 9, 2024, in effect through January 1, 2025, pending classification of undesignated material and text
revision by the Oregon Reviser. See ORS 173.160. Some statute sections may be more current, see credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Oregon Revised Statutes Annotated
Title 36a. Housing; Lottery and Games; Environment

Chapter 459. Solid Waste Management (Refs & Annos)
Foodware Containers and Polystyrene Foam

O.R.S. § 459.465

459.465. Definitions

Effective: January 1, 2025
Currentness

<Text of section operative Jan. 1, 2025.>

As used in ORS 459.465 to 459.474:

(1) “Food vendor” means a business, organization or other person that sells prepared food or offers prepared food for sale to
the public, including, but not limited to, a store, shop or other sales outlet, a restaurant, a delicatessen or a cart, truck or other
vehicle from which the business, organization or other person sells prepared food or offers prepared food for sale.

(2) “Foodware container” includes bowls, plates, cups, lids, clamshells or other containers or any other items used for serving
or containing prepared food, including takeout food and leftovers from partially consumed meals prepared by food vendors.

(3) “Perfluoroalkyl or polyfluoroalkyl substance” means a substance included in a class of fluorinated organic chemicals
containing at least one fully fluorinated carbon atom.

(4)(a) “Polystyrene foam container” means a cooler or foodware container that is:

(A) Made of a polystyrene plastic foam;

(B) Made for the purpose of serving, containing, preserving or consuming prepared food; and

(C) Ordinarily used once for a purpose described in subparagraph (B) of this paragraph before being discarded.

(b) “Polystyrene foam container” does not include:

(A) A cooler or other container that is made of a polystyrene foam, that is intended for more than one use and that is
enclosed by a solid shell;
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(B) A tray or container used solely to store, ship or otherwise transport an ingredient or food product that is not prepared
food; or

(C) Polystyrene plastic material, other than polystyrene foam packaging peanuts, that is used solely for packing or
protecting other items during storage, shipping or other transportation.

(5) “Polystyrene foam packaging peanuts” means loose fill material made of polystyrene foam used to protect items during
shipping or other transportation.

(6)(a) “Prepared food” means food or a beverage that:

(A) A food vendor prepares on the food vendor's premises or that another person prepares and provides to the food vendor
for sale to the public; and

(B) An individual may consume immediately or without the need for further or additional preparation.

(b) “Prepared food” does not include meat, fish, eggs or produce, if the meat, fish, eggs or produce are raw and have not
been prepared for immediate consumption.

Credits
Added by Laws 2023, c. 73, § 1, eff. Jan. 1, 2024, operative Jan. 1, 2025.

O. R. S. § 459.465, OR ST § 459.465
Current through laws of the 2024 Regular Session of the 82nd Legislative Assembly, which convened February 5, 2024 and
adjourned sine die March 9, 2024, in effect through January 1, 2025, pending classification of undesignated material and text
revision by the Oregon Reviser. See ORS 173.160. Some statute sections may be more current, see credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's General Laws of Rhode Island Annotated
Title 23. Health and Safety

Chapter 18.13. Toxic Packaging Reduction Act

Gen.Laws 1956, § 23-18.13-3

§ 23-18.13-3. Definitions

Effective: June 17, 2024
Currentness

(1) “Department” means the department of environmental management.

(2) “Distribution” means the practice of taking title to a package(s) or packaging component(s) for promotional purposes or
resale. Persons involved solely in delivering a package(s) or packaging component(s) on behalf of third parties are not considered
distributors.

(3) “Distributor” means any person, firm, or corporation who or that takes title to goods purchased for resale.

(4) “Food packaging” means any package or packaging component that is applied to or in direct contact with any food or
beverage.

(5) “Incidental presence” means the presence of a regulated metal as an unintended or undesired ingredient of a package or
packaging component.

(6)(i) “Intentional introduction of PFAS” means deliberately utilizing PFAS in the formulation of a package or packaging
component where its continued presence is desired in the final package or packaging component to provide a specific
characteristic, appearance, or quality.

(ii) On or after July 1, 2027, the use of a regulated chemical as a processing agent, mold release agent, or intermediate shall
be considered intentional introduction for the purposes of this chapter where the regulated chemical is detected in the final
package or packaging component.

(iii) [Expires July 1, 2027.] The use of post-consumer recycled materials as feedstock for the manufacture of new packaging
materials, where some portion of the post-consumer package or packaging component may contain amounts of the regulated
chemicals but is neither desired nor deliberate, is not considered intentional introduction for the purposes of this chapter
where said final package or packaging component is in compliance with § 23-18.13-4(d). (The provisions of subsection (6)
(iii) of this section shall sunset on July 1, 2027).
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(7)(i) “Intentional introduction of regulated materials” means the act of deliberately utilizing a regulated metal in the formation
of a package or packaging component where its continued presence is desired in the final package or packaging component to
provide a specific characteristic, appearance, or quality.

(ii) The use of a regulated metal as a processing agent or intermediate to impart certain chemical or physical changes
during manufacturing, whereupon the incidental retention of a residue of a regulated metal in the final package or packaging
component is neither desired nor deliberate, is not considered intentional introduction for the purposes of this chapter where
the final package or packaging component is in compliance with § 23-18.13-4(c).

(iii) The use of post-consumer recycled materials as feedstock for the manufacture of new packaging materials where some
portion of the recycled materials may contain amounts of the regulated metals is not considered intentional introduction for
the purposes of this chapter where the new package or packaging component is in compliance with § 23-18.13-4(c).

(8) “Manufacturer” means any person, firm, association, partnership, or corporation who sells, offers for sale, or offers
for promotional purposes packages or packaging components which shall be used by any other person, firm, association,
partnership, or corporation to package a product(s).

(9) “Manufacturing” means physical or chemical modification of a material(s) to produce packaging or packaging components.

(10) “Package” means a container providing a means of marketing, protecting or handling a product and shall include a unit
package, an intermediate package and a shipping container as defined in ASTM D996. “Package” also means and includes such
unsealed receptacles as carrying cases, crates, cups, pails, rigid foil and other trays, wrappers and wrapping films, bags, and tubs.

(11) “Packaging component” means any individual assembled part of a package including, but not limited to, any interior
or exterior blocking, bracing, cushioning, weatherproofing, exterior strapping, coatings, closures, inks and labels. Tin-plated
steel that meets the American Society for Testing and Materials (ASTM) specification A-623 is considered a single package
component. Electro-galvanized coated steel and hot-dipped coated galvanized steel that meets the ASTM specifications A-525
and A-879 shall be treated in the same manner as tin-plated steel.

(12) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means all members of the class of fluorinated organic chemicals
containing at least one fully fluorinated carbon atom.

(13) “Post-consumer recycled material” means a material generated by households or by commercial, industrial, and institutional
facilities in their role as end-users of the product that can no longer be used for its intended purpose, including returns of material
from the distribution chain. Refuse-derived fuel or other material that is destroyed by incineration is not a recycled material.

(14) “Substitute material” means a material used to replace lead, cadmium, mercury, hexavalent chromium, PFAS, or other
regulated chemical in a package or packaging component.
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Credits
P.L. 1990, ch. 149, § 1; P.L. 1995, ch. 115, § 1; P.L. 2022, ch. 293, § 1, eff. June 29, 2022; P.L. 2022, ch. 294, § 1, eff. June 29,
2022; P.L. 2024, ch. 120, § 1, eff. June 17, 2024; P.L. 2024, ch. 121, § 1, eff. June 17, 2024.

Gen. Laws, 1956, § 23-18.13-3, RI ST § 23-18.13-3
Current with effective legislation through Chapter 457 of the 2024 Regular Session of the Rhode Island Legislature.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Annotated Code of Virginia
Title 9.1. Commonwealth Public Safety (Refs & Annos)

Chapter 2. Department of Fire Programs (Refs & Annos)

VA Code Ann. § 9.1-207.1

§ 9.1-207.1. Firefighting foam management

Effective: July 1, 2019
Currentness

A. For purposes of this section, unless the context requires a different meaning:

“Class B firefighting foam” means a foam designed for flammable liquid fires.

“Local government” includes any locality, fire district, regional fire protection authority, or other special purpose district that
provides firefighting services.

“PFAS chemicals” means, for the purposes of firefighting agents, a class of fluorinated organic chemicals containing at least
one fully fluorinated carbon atom and designed to be fully functional in class B firefighting foam formulations, including
perfluoroalkyl and polyfluoroalkyl substances.

“Testing” includes calibration testing, conformance testing, and fixed system testing.

B. Beginning July 1, 2021, no person, local government, or agency of the Commonwealth shall discharge or otherwise use class
B firefighting foam that contains intentionally added PFAS chemicals (i) for testing purposes, unless otherwise required by law
or by the agency having jurisdiction over the testing facility, and with the condition that the testing facility has implemented
appropriate containment, treatment, and disposal measures to prevent uncontrolled releases of foam to the environment or (ii)
for training purposes, where such foam shall be replaced by nonfluorinated training foams.

C. No provision of this section shall restrict (i) the manufacture, sale, or distribution of class B firefighting foam that contains
intentionally added PFAS chemicals or (ii) the discharge or other use of such foams in emergency firefighting or fire prevention
operations.

Credits
Added by Acts 2019, c. 838.

VA Code Ann. § 9.1-207.1, VA ST § 9.1-207.1
The statutes and Constitution are current through the 2024 Regular Session and 2024 Special Session I.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Vermont Statutes Annotated
Title Nine. Commerce and Trade

Part 3. Sales, Assignments and Secured Transactions
Chapter 63. Consumer Protection (Refs & Annos)

Subchapter 12A. Pfas in Consumer Products

9 V.S.A. § 2494e

§ 2494e. Definitions

Effective: January 1, 2026
Currentness

<Text of section effective Jan. 1, 2026.>

As used in this subchapter:

(1) “Adult mattress” means a mattress other than a crib or toddler mattress.

(2) “Aftermarket stain and water resistant treatments” means treatments for textile and leather consumer products used in
residential settings that have been treated during the manufacturing process for stain, oil, and water resistance, but excludes
products marketed or sold exclusively for use at industrial facilities during the manufacture of a carpet, rug, clothing, or shoe.

<Text of subsec. (3) effective until July 1, 2028.>

(3) “Apparel” means any of the following:

(A) Clothing items intended for regular wear or formal occasions, including undergarments, shirts, pants, skirts, dresses,
overalls, bodysuits, costumes, vests, dancewear, suits, saris, scarves, tops, leggings, school uniforms, leisurewear, athletic
wear, sports uniforms, everyday swimwear, formal wear, onesies, bibs, reusable diapers, footwear, and everyday uniforms
for workwear. Clothing items intended for regular wear or formal occasions do not include clothing items for exclusive
use by the U.S. Armed Forces, outdoor apparel for severe wet conditions, and personal protective equipment.

(B) Outdoor apparel.

<Text of subsec. (3) effective July 1, 2028.>

(3) “Apparel” means any of the following:

(A) Clothing items intended for regular wear or formal occasions, including undergarments, shirts, pants, skirts, dresses,
overalls, bodysuits, costumes, vests, dancewear, suits, saris, scarves, tops, leggings, school uniforms, leisurewear, athletic
wear, sports uniforms, everyday swimwear, formal wear, onesies, bibs, reusable diapers, footwear, and everyday uniforms
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for workwear. Clothing items intended for regular wear or formal occasions do not include clothing items for exclusive
use by the U.S. Armed Forces and personal protective equipment.

(B) Outdoor apparel.

(C) Outdoor apparel for severe wet conditions.

(4) “Artificial turf” means a surface of synthetic fibers that is used in place of natural grass in recreational, residential, or
commercial applications.

(5) “Cookware” means durable houseware items used to prepare, dispense, or store food, foodstuffs, or beverages and that are
intended for direct food contact, including pots, pans, skillets, grills, baking sheets, baking molds, trays, bowls, and cooking
utensils.

(6) “Incontinency protection product” means a disposable, absorbent hygiene product designed to absorb bodily waste for
use by individuals 12 years of age and older.

(7) “Intentionally added” means the addition of a chemical in a product that serves an intended function in the product
component.

(8) “Juvenile product” means a product designed or marketed for use by infants and children under 12 years of age:

(A) including a baby or toddler foam pillow; bassinet; bedside sleeper; booster seat; changing pad; infant bouncer; infant
carrier; infant seat; infant sleep positioner; infant swing; infant travel bed; infant walker; nap cot; nursing pad; nursing
pillow; play mat; playpen; play yard; polyurethane foam mat, pad, or pillow; portable foam nap mat; portable infant sleeper;
portable hook-in chair; soft-sided portable crib; stroller; toddler mattress; and disposable, single-use diaper; and

(B) excluding a children's electronic product, such as a personal computer, audio and video equipment, calculator, wireless
phone, game console, handheld device incorporating a video screen, or any associated peripheral such as a mouse,
keyboard, power supply unit, or power cord; a medical device; or an adult mattress.

(9) “Manufacturer” means any person engaged in the business of making or assembling a consumer product directly or
indirectly available to consumers. “Manufacturer” excludes a distributor or retailer, except when a consumer product is made
or assembled outside the United States, in which case a “manufacturer” includes the importer or first domestic distributor
of the consumer product.

(10) “Medical device” has the same meaning given to “device” in 21 U.S.C. § 321.

(11) “Outdoor apparel” means clothing items intended primarily for outdoor activities, including hiking, camping, skiing,
climbing, bicycling, and fishing.
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(12) “Outdoor apparel for severe wet conditions” means outdoor apparel that are extreme and extended use products designed
for outdoor sports experts for applications that provide protection against extended exposure to extreme rain conditions or
against extended immersion in water or wet conditions, such as from snow, in order to protect the health and safety of the
user and that are not marketed for general consumer use. Examples of extreme and extended use products include outerwear
for offshore fishing, offshore sailing, whitewater kayaking, and mountaineering.

(13) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means a class of fluorinated organic chemicals containing
at least one fully fluorinated carbon atom.

(14) “Personal protective equipment” has the same meaning as in section 2494p of this title.

(15) “Regulated perfluoroalkyl and polyfluoroalkyl substances” or “regulated PFAS” means:

(A) PFAS that a manufacturer has intentionally added to a product and that have a functional or technical effect in the
product, including PFAS components of intentionally added chemicals and PFAS that are intentional breakdown products
of an added chemical that also have a functional or technical effect in the product; or

<Text of subdiv. (15)(B) effective until July 1, 2027.>

(B) the presence of PFAS in a product or product component at or above 100 parts per million, as measured in total organic
fluorine.

<Text of subdiv. (15)(B) effective July 1, 2027.>

(B) the presence of PFAS in a product or product component at or above 50 parts per million, as measured in total organic
fluorine.

(16) “Rug or carpet” means a fabric marketed or intended for use as a floor covering.

(17) “Ski wax” means a lubricant applied to the bottom of snow runners, including skis and snowboards, to improve their
grip and glide properties.

(18) “Textile” means any item made in whole or part from a natural, manmade, or synthetic fiber, yarn, or fabric, and includes
leather, cotton, silk, jute, hemp, wool, viscose, nylon, or polyester. “Textile” does not include single-use paper hygiene
products, including toilet paper, paper towels, tissues, or single-use absorbent hygiene products.

(19) “Textile articles” means textile goods of a type customarily and ordinarily used in households and businesses, and
includes apparel, accessories, handbags, backpacks, draperies, shower curtains, furnishings, upholstery, bedding, towels,
napkins, and table cloths. “Textile articles” does not include:

(A) a vehicle, as defined in 1 U.S.C. § 4, or its component parts;
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(B) a vessel, as defined in 1 U.S.C. § 3, or its component parts;

(C) an aircraft, as defined in 49 U.S.C. § 40102(a)(6), or its component parts;

(D) filtration media and filter products used in industrial applications, including chemical or pharmaceutical manufacturing
and environmental control technologies;

(E) textile articles used for laboratory analysis and testing; and

(F) rugs or carpets.

Credits
2023, Adj. Sess., No. 131, §§ 2, 4, 5, eff. Jan. 1, 2026, July 1, 2027, and July 1, 2028.

<Subchapter effective Jan. 1, 2026.>

9 V.S.A. § 2494e, VT ST T. 9 § 2494e
The statutes are current through Chapters 185 (end) and M-28 (end) of the Adjourned Session of the 2023-2024 Vermont General
Assembly (2024).

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Vermont Statutes Annotated
Title Eighteen. Health

Part 2. Public Health (Refs & Annos)
Chapter 33. Pfas in Firefighting Agents and Equipment (Refs & Annos)

18 V.S.A. § 1661

§ 1661. Definitions

Effective: July 1, 2022
Currentness

<Section is repealed pursuant to 2023, Adj. Sess., No. 131, § 10, eff. Jan. 1, 2026.>

As used in this chapter:

(1) “Class B firefighting foam” means chemical foams designed for flammable liquid fires.

(2) “Intentionally added” means the addition of a chemical in a product that serves an intended function in the product
component.

(3) “Manufacturer” means any person, firm, association, partnership, corporation, organization, joint venture, importer, or
domestic distributor of firefighting agents or equipment. As used in this subsection, “importer” means the owner of the
product.

(4) “Municipality” means any city, town, incorporated village, town fire district, or other political subdivision that provides
firefighting services pursuant to general law or municipal charter.

(5) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS” means a class of fluorinated organic chemicals containing
at least one fully fluorinated carbon atom.

(6) “Personal protective equipment” means clothing designed, intended, or marketed to be worn by firefighting personnel
in the performance of their duties, designed with the intent for use in fire and rescue activities, and includes jackets, pants,
shoes, gloves, helmets, and respiratory equipment.

(7) “Terminal” means an establishment primarily engaged in the wholesale distribution of crude petroleum and petroleum
products, including liquefied petroleum gas from bulk liquid storage facilities.

Credits
2021, No. 36, § 1, eff. July 1, 2022.
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<Chapter is repealed pursuant to 2023, Adj. Sess., No. 131, § 10, eff. Jan. 1, 2026.>

18 V.S.A. § 1661, VT ST T. 18 § 1661
The statutes are current through Chapters 185 (end) and M-28 (end) of the Adjourned Session of the 2023-2024 Vermont General
Assembly (2024).

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Revised Code of Washington Annotated
Title 70a. Environmental Health and Safety (Refs & Annos)

Chapter 70A.350. Toxic Pollution

West's RCWA 70A.350.010
Formerly cited as WA ST 70.365.010

70A.350.010. Definitions

Effective: June 6, 2024
Currentness

The definitions in this section apply throughout this chapter unless the context clearly requires otherwise.

(1) “6PPD” means the chemical compound N-(1,3-dimethylbutyl)-N'-phenyl-p-phenylenediamine.

(2) “Consumer product” means any item, including any component parts and packaging, sold for residential or commercial use.

(3) “Department” means the department of ecology.

(4) “Director” means the director of the department.

(5) “Electronic product” includes personal computers, audio and video equipment, calculators, wireless phones, game consoles,
and handheld devices incorporating a video screen that are used to access interactive software, and the peripherals associated
with such products.

(6) “Inaccessible electronic component” means a part or component of an electronic product that is located inside and entirely
enclosed within another material and is not capable of coming out of the product or being accessed during any reasonably
foreseeable use or abuse of the product.

(7) “Manufacturer” means any person, firm, association, partnership, corporation, governmental entity, organization, or joint
venture that produces a product or is an importer or domestic distributor of a product sold or offered for sale in or into the state.

(8)(a) “Motorized vehicle” means, for purposes of 6PPD as a priority chemical, a motorized vehicle intended for on-highway
or off-highway use.

(b) “Motorized vehicle” does not include, for purposes of 6PPD as a priority chemical, the tires equipped on the vehicle nor
tires sold separately for replacement purposes.
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(9) “Organohalogen” means a class of chemicals that includes any chemical containing one or more halogen elements bonded
to carbon.

(10) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS chemicals” means a class of fluorinated organic chemicals
containing at least one fully fluorinated carbon atom.

(11) “Phenolic compounds” means alkylphenol ethoxylates and bisphenols.

(12) “Phthalates” means synthetic chemical esters of phthalic acid.

(13) “Polychlorinated biphenyls” or “PCBs” means chemical forms that consist of two benzene rings joined together and
containing one to ten chlorine atoms attached to the benzene rings.

(14) “Priority chemical” means a chemical or chemical class used as, used in, or put in a consumer product including:

(a) Perfluoroalkyl and polyfluoroalkyl substances;

(b) Phthalates;

(c) Organohalogen flame retardants;

(d) Flame retardants, as identified by the department under chapter 70A.430 RCW;

(e) Phenolic compounds;

(f) Polychlorinated biphenyls;

(g) 6PPD; or

(h) A chemical identified by the department as a priority chemical under RCW 70A.350.020.

(15) “Safer alternative” means an alternative that is less hazardous to humans or the environment than the existing chemical
or chemical process. A safer alternative to a particular chemical may include a chemical substitute or a change in materials or
design that eliminates the need for a chemical alternative.

(16) “Sensitive population” means a category of people that is identified by the department that may be or is disproportionately
or more severely affected by priority chemicals, such as:
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(a) Men and women of childbearing age;

(b) Infants and children;

(c) Pregnant women;

(d) Communities that are highly impacted by toxic chemicals;

(e) Persons with occupational exposure; and

(f) The elderly.

(17) “Sensitive species” means a species or grouping of animals that is identified by the department that may be or is
disproportionately or more severely affected by priority chemicals, such as:

(a) Southern resident killer whales;

(b) Salmon; and

(c) Forage fish.

Credits
[2024 c 343 § 2, eff. June 6, 2024; 2020 c 20 § 1451, eff. June 11, 2020. Prior: 2019 c 292 § 1, eff. July 28, 2019. Formerly
RCW 70.365.010.]

West's RCWA 70A.350.010, WA ST 70A.350.010
Current with all legislation from the 2024 Regular Session of the Washington Legislature.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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West's Revised Code of Washington Annotated
Title 70a. Environmental Health and Safety (Refs & Annos)

Chapter 70A.222. Packages Containing Metals and Toxic Chemicals

West's RCWA 70A.222.010
Formerly cited as WA ST 70.95G.010

70A.222.010. Definitions

Effective: June 11, 2020
Currentness

The definitions in this section apply throughout this chapter unless the context clearly requires otherwise.

(1) “Food package” means a package or packaging component that is intended for direct food contact and is comprised, in
substantial part, of paper, paperboard, or other materials originally derived from plant fibers.

(2) “Manufacturer” means a person, firm, partnership, organization, joint venture, or corporation that applies a package to a
product for distribution or sale.

(3) “Package” means a container providing a means of marketing, protecting, or handling a product and shall include a unit
package, an intermediate package, and a shipping container. “Package” also means and includes unsealed receptacles such as
carrying cases, crates, cups, pails, rigid foil and other trays, wrappers and wrapping films, bags, and tubs.

(4) “Packaging component” means an individual assembled part of a package such as, but not limited to, any interior or exterior
blocking, bracing, cushioning, weatherproofing, exterior strapping, coatings, closures, inks, and labels.

(5) “Perfluoroalkyl and polyfluoroalkyl substances” or “PFAS chemicals” means, for the purposes of food packaging, a class
of fluorinated organic chemicals containing at least one fully fluorinated carbon atom.

(6) “Safer alternative” means an alternative substance or chemical, demonstrated by an alternatives assessment, that meets
improved hazard and exposure considerations and can be practicably and economically substituted for the original chemical.

Credits
[2018 c 138 § 1, eff. June 7, 2018; 1991 c 319 § 107. Formerly RCW 70.95G.010.]

OFFICIAL NOTES

Reviser's note: The definitions in this section have been alphabetized pursuant to RCW 1.08.015(2)(k).

West's RCWA 70A.222.010, WA ST 70A.222.010
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Current with all legislation from the 2024 Regular Session of the Washington Legislature.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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DUSTY HORWITT, J.D.

ENVIRONMENTAL POLICY EXPERIENCE 
Physicians for Social Responsibility, Washington, DC:  Consultant, 8/20-present 

• Wrote groundbreaking reports on use in oil and gas wells of forever chemicals (PFAS)
nationally and in six states; reports received coverage in outlets including New York Times,
Philadelphia Inquirer, Denver Post; report on Colorado prompted the state to enact law
banning PFAS in oil and gas extraction and improving oil and gas chemical disclosure; report on
New Mexico prompted petition to replicate Colorado’s law through regulations; scheduled to
serve as expert witness in support of New Mexico’s proposed regulations; coordinated with
advocates, attorneys, chemists, government staff, to analyze chemical records and develop
policy recommendations and advocacy strategies; secured grant funding

Partnership for Policy Integrity, Washington, DC:  Senior Counsel, 1/15-7/20 
Oil and Gas Program 

• Led five-year project using Freedom of Information Act to investigate secret and potentially
toxic drilling and fracking chemicals; wrote reports; secured grant funding; hired interns

o wrote report on secret fracking chemical use in Ohio; collaborated with battalion chief
of Youngstown Fire Department, state NAACP, and others, covered by Akron Beacon
Journal, Columbus Dispatch, Newsweek; Ohio Hazardous Materials/Weapons of Mass
Destruction Technical Advisory Committee circulated report to hazmat teams

o wrote report on secret fracking chemical use in Pennsylvania; activists used report to
persuade the Delaware River Basin Commission to ban fracking and related activities in
the basin, and the Commission enacted a fracking ban in 2021; covered by WHYY-radio,
Scranton Times-Tribune, StateImpact

o helped organize 100+ first responders, health professionals, and scientists to ask EPA to
reveal secret drilling and fracking chemicals; covered by Marketplace (NPR)

• Wrote chapter on fracking chemical disclosure in Environmental Issues Concerning Hydraulic
Fracturing, Vol. 1 (2017), a textbook published by Elsevier

• Submitted testimony to EPA on agency’s study of fracking and drinking water; EPA echoed
testimony in removing draft conclusion that fracking was relatively harmless

• Wrote comments urging PA to avoid using natural gas to comply with Clean Power Plan
Bioenergy Program

• Authored petition to Securities and Exchange Commission urging better disclosure of climate
impacts of biomass-based products; covered by Wall Street Journal among others

• Drafted letters and organized environmental groups in DC, Md., Mass., Ohio and Va. to urge
EPA not to treat bioenergy as “carbon neutral” under Clean Power Plan

o helped convince U.S. Sens. Edward Markey and Elizabeth Warren and U.S. Reps. Don
Beyer and Gerald Connolly to send similar letters to EPA

Legal Counsel 

• Wrote PFPI’s policy on lobbying and political activity; secured media liability coverage

WG Ex. 9
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Earthworks, Washington, DC:  Senior Analyst, 7/13-8/14 
Oil and Gas Program 

• Developed and implemented strategy that helped influence Obama administration to ban 
drilling and fracking in most of George Washington National Forest 
o placed stories about risks of drilling in Washington Post, L.A. Times, WAMU-radio (NPR) 
o persuaded government officials in DC area to oppose drilling in forest including DC Water, 

Alexandria mayor, Arlington County Board, Falls Church City Council, and former Lt. Gov. 
Don Beyer (now U.S. Rep.) 

o worked with Sierra Club and others to host nine public forums; filed FOIA requests 

• Authored major report on how lax regulations contributed to excessive flaring of natural gas in 
North Dakota and Texas; received coverage on North Dakota public radio 

• Drafted detailed public comments on NY state energy plan highlighting risks of natural gas 
 

Environmental Working Group (EWG), Washington, DC:  Senior Counsel, 1/04-6/13 
Natural Resources Program 

• Developed and led organization’s natural resources program focused on oil and gas drilling and 
metal mining; researched and wrote reports, designed legal, media, and outreach strategies, 
coordinated with conservation organizations, hunters, anglers and public officials 

• Worked extensively with NY elected officials and conservation organizations on efforts that led 
to ban on high-volume fracking in NY; designed Freedom of Information strategy that resulted 
in front-page story in the Albany Times-Union showing that regulators improperly shared draft 
regulations exclusively with the drilling industry weeks before sharing them with public 

• Conceived, researched, and wrote reports on hydraulic fracturing that included consultation 
with chemical experts and review of scientific literature; received coverage in outlets including 
New York Times, Baltimore Sun, Dallas Morning News, The Diane Rehm Show and Marketplace 
(NPR); reports helped build support for NY ban on high-volume fracking and helped inspire 
2011 Congressional investigation showing widespread use of diesel fuel in hydraulic fracturing 
and apparent violations of federal law 

• Designed reports and outreach strategy to protect Grand Canyon and Colorado River from 
uranium mining; resulted in a 2012 decision by Secretary of the Interior to protect more than 
one million acres near the canyon from new mining claims for 20 years, the maximum duration 
allowed by federal law; built relationships with major Western water providers 

Testimony and Public Speaking 

• Testified five times before New York City Council on impact of natural gas drilling on city’s 
drinking water, helping to build support for New York State ban on high-volume fracking 

• Spoke to citizens’ groups and local elected officials in New York, Ohio, Pennsylvania and 
Virginia to raise awareness about risks of natural gas drilling 

• Testified before U.S. Senate and U.S. House of Representatives on mining law reform 

• Served as spokesperson in dozens of interviews with outlets including the Denver Post, Los 
Angeles Times, and Wall Street Journal 

Fundraising and Administration 
• Secured grants from environmental foundations; hired and supervised interns 
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CAPITOL HILL EXPERIENCE 
U.S. Senator Richard J. Durbin, Washington, DC: Deputy Press Secretary, 2/97-6/99 

• Developed messages for and wrote the Senator’s newspaper columns and press releases on 
issues ranging from health insurance to defense spending and the Fair Labor Standards Act 

• Produced, wrote, and directed the Senator’s monthly television shows 
 

LEGAL EXPERIENCE 
Venable LLP, Washington, DC: Summer Associate, 5/01-8/01; Associate, 9/02-8/03 

• Researched legal issues for Litigation Group for case on financial fraud 

• Prepared discovery materials and deposition strategy for complex litigation 
 

JOURNALISM AND WRITING EXPERIENCE 
Freelance Writing 

• Researched and published articles on policy and cultural issues in Detroit News, Lansing City 
Pulse, Legal Affairs, New York Newsday, O, The Oprah Magazine, The Washington Post, and 
others; received honorable mention in Best Music Writing 2008 by Da Capo Press  
 

The City News Bureau of Chicago, Chicago, IL: Reporter, 1/95-6/95 
• Covered several stories per day from homicides and court hearings to appearances by 

newsmakers such as Hillary Clinton and Jesse Jackson 
 

EDUCATION 
Georgetown University Law Center: Juris Doctor; current member Virginia State Bar 

• Wrote paper for Professor Lisa Heinzerling on increasing physical activity for health and 
environmental benefits; adapted paper for piece published in O, the Oprah Magazine 

• Wrote paper for Professor Steven Goldberg on the use of cell phones and highway safety; 
published article in Notre Dame Law School Journal of Legislation, 2002 

 

Brown University: B.A. in History 
• Significant coursework in biology, geology, environmental studies 

• Reporter and features editor for the Brown Daily Herald 
 

VOLUNTEERING AND INTERESTS 
• Member of Lansing (Michigan) Board of Water & Light Board of Commissioners and Chair of 

Finance Committee, 10/21-7/23 

• Board member of Lansing-based non-profit Capital Area Friends of the Environment 

• Certified Energy Master by Virginia Cooperative Extension 

• Organized public ceremonies at former high school in Arlington, Virginia, previously Stratford 
Junior High, Virginia’s first racially integrated public school, to commemorate desegregation of 
Virginia public schools, which occurred at Stratford in 1959; led effort to name new middle 
school after Dorothy Hamm, an African-American activist who helped lead a lawsuit integrating 
Stratford and schools throughout Virginia; worked to replace Confederate names in Arlington 

• Basketball coach in Arlington, Virginia youth league, guitar, piano, songwriting 
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My name is Dusty Horwitt, and I am a consultant with Physicians for Social 1 

Responsibility, a nonprofit organization that works to protect health and the environment. I have 2 

spent nearly 20 years conducting research on the health and environmental impacts of oil and gas 3 

drilling and fracking and working to protect communities from these impacts. Some of my work 4 

has focused on New Mexico. I am an attorney, member of the Virginia State Bar, and a former 5 

reporter. I have written a chapter on fracking chemical disclosure for a textbook published by 6 

Elsevier in 2017.1 Multiple media outlets have reported on my work including the Carlsbad 7 

Current Argus,2 NM Political Report,3 Santa Fe New Mexican,4 The Wall Street Journal,5 and 8 

Marketplace on NPR.6 My CV is attached as WG Ex. 9. 9 

For the past four years, I have conducted extensive research on the use of PFAS in oil and 10 

gas extraction. PFAS are formally known as per- and polyfluoroalkyl substances.7 They are a 11 

class of laboratory-made chemicals that have useful properties including being oil- and water-12 

resistant.8 However, PFAS also have significant harmful characteristics. They are extremely 13 

toxic,9 are associated with multiple negative health effects including cancer,10 can be highly 14 

mobile in water,11 and are resistant to breaking down in the environment due to a bond between 15 

carbon and fluorine atoms,12 hence their nickname, “Forever Chemicals.” I am the author of 16 

PSR’s report Fracking with Forever Chemicals13 published in 2021, about the use of PFAS in 17 

fracking nationally. I am also the lead author of PSR’s reports about the use of PFAS in oil and 18 

gas extraction in several states including Colorado,14 Ohio,15 Pennsylvania,16 Texas,17 West 19 

Virginia,18 and New Mexico.19 These reports have been covered by outlets including the news 20 

organizations based in New Mexico mentioned earlier and also by the Columbus Dispatch,20 21 

Denver Post,21 and New York Times,22 among others. In 2022, I was invited to testify before the 22 

Colorado House of Representatives and State Senate regarding legislation, later signed into law, 23 
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that banned the use of PFAS in oil and gas wells in Colorado and improved oil and gas chemical 1 

disclosure in the state including by requiring disclosure of individual chemicals injected into oil 2 

and gas wells without the use of trade secret protections.23 This prohibition on the use of trade 3 

secret chemicals was similar to a provision in a law enacted by California in 2015 which required 4 

disclosure of individual chemicals used to stimulate oil and gas wells without the use of trade 5 

secret protections.24 Both Colorado’s and California’s laws echoed the recommendations of an 6 

advisory panel to the U.S. Department of Energy in 2014. The panel recommended that oil and 7 

gas companies completely disclose the individual chemicals injected into oil and gas wells 8 

during hydraulic fracturing without concealing any chemicals through trade secret claims. The 9 

panel found that chemical makers frequently believe that the formulas of chemical additives or 10 

products used in fracking, which may include several or many individual chemicals, are more 11 

important to protect with trade secret claims than the identities of these additives’ or products’ 12 

individual chemical components.25 The 2014 panel also endorsed a finding by a prior DoE panel 13 

that “the high level of public concern about the nature of fracturing chemicals suggests that the 14 

benefit of immediate and complete disclosure of all chemical components and composition of 15 

fracturing fluid completely outweighs the restriction on company action, the cost of reporting, 16 

and any intellectual property value of proprietary chemicals.”26 The 2014 panel then 17 

recommended that oil and gas companies make fracking chemical disclosures “by reporting a list 18 

of products and chemicals added [to each oil and gas well] without disclosing which chemical is 19 

in each product.” Such disclosure would make it extremely difficult, the panel found, for 20 

competitors to steal chemical formulas by reverse engineering the list of individual chemicals 21 

into a chemical product.27 As one witness told a grand jury investigating pollution from the oil 22 

and gas industry in Pennsylvania, “it is like the back of the Kentucky Fried Chicken box . . . . 23 
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Ingredients do not make a recipe.”28 The petition that is the subject of this week’s hearing asks 1 

the New Mexico Oil Conservation Commission to implement rules similar to the law enacted in 2 

Colorado. Adopting the rules proposed in the Amended Application for Rulemaking would be an 3 

important step forward for New Mexico; these rules would help protect people and the 4 

environment, including precious water supplies, from PFAS pollution. 5 

I first learned that PFAS might be used in oil and gas extraction as a result of a Freedom 6 

of Information Act request sent to the U.S. Environmental Protection agency in 2014 by 7 

Earthworks, an environmental nonprofit where I worked at the time.29 The request asked EPA to 8 

disclose its health reviews and regulatory determinations for new chemicals proposed for use in 9 

several types of oil and gas extraction including drilling and fracking. EPA conducts these 10 

reviews and determinations under the Toxic Substances Control Act’s New Chemicals program 11 

that is designed to protect human health and the environment from risks of new chemicals. Over 12 

the next several years, EPA responded to the Freedom of Information Act request by disclosing 13 

thousands of pages of documents. The documents were challenging to read in part because of 14 

multiple trade secret claims, allowed under the Toxic Substances Control Act, that enable 15 

chemical manufacturers to conceal information about their chemicals from the public, though not 16 

from EPA.30 After extensive analysis, I discovered that in one case reviewed by EPA in 2010-17 

2011, the agency had approved for commercial use three chemicals proposed to be imported for 18 

oil and gas extraction.31 The chemicals’ manufacturer redacted as trade secrets multiple pieces of 19 

information related to the chemicals including the manufacturer’s own name, the chemicals’ 20 

specific use, the chemicals’ names, and the chemicals’ Chemical Abstracts Service numbers or 21 

CAS numbers.32 CAS numbers are unique identifiers assigned to each chemical by the American 22 

Chemical Society.33 CAS Numbers are considered by scientists to be the best way to identify 23 
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chemicals because chemicals can have multiple names and trade names but only one CAS 1 

Number.34 Under federal law, when chemical manufacturers redact a chemical’s CAS number, 2 

they must supply a generic name which provides the public with some idea about the nature of 3 

the chemical.35 In this case, the chemical manufacturer supplied a single generic name for all 4 

three chemicals: “fluorinated acrylic alkylamino copolymer.” Similarly, when manufacturers or 5 

importers declare a chemical’s specific use to be confidential, they must list a generic use.36 6 

Here, the generic use was listed as “oil and water repellent and release agent.37 7 

EPA regulators expressed concern in writing that these chemicals could degrade into 8 

substances similar to PFOA, the most infamous type of PFAS.38 As early as 2005, EPA knew 9 

about health and environmental risks associated with PFOA39 and in 2006, EPA created a 10 

“stewardship” program in which chemical manufacturers promised to phase out the use and 11 

emissions from PFOA and other PFAS by 2015.40 Perhaps EPA regulators had these actions on 12 

their minds when they reviewed the three chemicals in 2011. “EPA has preliminary evidence,” 13 

the agency wrote, “including data on other [REDACTED], that suggests that, under some 14 

conditions, the…substances could degrade in the environment. EPA has concerns that these 15 

degradation products will persist in the environment, could bioaccumulate or biomagnify, and 16 

could be toxic (PBT) to people, wild mammals, and birds based on data on analog chemicals, 17 

including PFOA and [REDACTED].”41 The regulators also expressed health concerns about the 18 

degradation products of the substances including “liver toxicity, blood toxicity, and male 19 

reproductive toxicity….There is also concern for immunosuppression and oncogenicity based on 20 

data for [REDACTED].”42 21 

 Nonetheless, EPA approved the chemicals for commercial use under certain conditions, 22 

many of which were redacted.43 On November 29, 2011, the undisclosed company that had 23 
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requested that EPA approve the three new chemicals began importing one of the chemicals for 1 

commercial use. This chemical was known by EPA case number P-11-0091, according to a 2 

document filed with EPA.44 EPA records as of 2019 also showed that chemical P-11-0091 was 3 

manufactured between August 11, 2018 and August 10, 2019, and may therefore have been used 4 

in oil and gas wells, among other uses, at least as recently as this manufacturing period.45 5 

While working with Physicians for Social Responsibility, I tried to locate this chemical 6 

by searching in the FracFocus database for its generic name, fluorinated acrylic alkylamino 7 

copolymer. The FracFocus database is maintained by the Groundwater Protection Council,46 a 8 

nonprofit comprised of regulators from state agencies that regulate groundwater.47 The database 9 

contains well-by-well hydraulic fracturing chemical disclosure for more than 200,000 hydraulic 10 

fracturing treatments,48 and 27 states either require or allow oil and gas companies to disclose 11 

fracking chemical information to the database.49 Since 2017, FracFocus has served as the official 12 

repository for hydraulic fracturing chemical disclosure in New Mexico.50 FracFocus is the most 13 

comprehensive and accessible database of chemicals used in oil and gas wells in the United 14 

States even though it shows only fracking chemicals used in oil and gas wells and not all of the 15 

chemicals injected downhole including chemicals used in drilling or other stages and methods of 16 

oil and gas extraction. Despite the voluminous records stored in FracFocus, I was unable to find 17 

evidence of the use in any state of fluorinated acrylic alkylamino copolymer. 18 

However, I did find evidence that between 2012 and 2020, oil and gas companies had 19 

used several other chemicals for hydraulic fracturing that are PFAS, likely PFAS, or chemicals 20 

that could break down into PFAS. These chemicals included meta-21 

Perfluorodimethylcyclohexane and Perfluoro-1,3-dimethylcyclohexane that are listed on EPA’s 22 

“Master List of PFAS Substances.”51 They also included fluorinated benzoic salts, Fluoroalkyl 23 
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Alcohol Substituted Polyethylene Glycol, fluoro surfactants – proprietary, nonionic 1 

fluorosurfactant (and multiple misspellings of the same term).52 PSR consulted with several 2 

scientists about whether these chemicals were PFAS. Zacariah Hildenbrand, a research professor 3 

in Chemistry and Biochemistry at the University of Texas at El Paso, and Kevin Schug, 4 

Shimadzu Distinguished Professor of Analytical Chemistry at the University of Texas at 5 

Arlington said that the chemicals were PFAS or could degrade into PFAS. Wilma Subra, who 6 

holds a master’s degree in chemistry and has received a John D. and Catherine T. MacArthur 7 

Foundation “Genius” Grant for her work helping to protect communities from toxic pollution, 8 

identified all of the chemicals as potentially PFAS. Linda Birnbaum, a board-certified 9 

toxicologist and former director of the National Institute of Environmental Health Sciences, 10 

informed PSR that all of the chemicals are likely to be PFAS.53 The companies used these 11 

chemicals in oil and gas wells located in Arkansas, Louisiana, Oklahoma, New Mexico, Texas, 12 

and Wyoming.54 In New Mexico, we found evidence that companies used both nonionic 13 

fluorosurfactants and fluoroalkyl alcohol substituted polyethylene glycol in dozens of wells.55 In 14 

July 2021, PSR published these findings and our findings about EPA’s approval of the PFOA-15 

like substances in a report entitled “Fracking with ‘Forever’ Chemicals.” We noted that PFAS 16 

used in oil and gas wells could put people at risk through multiple exposure pathways, many of 17 

them identified by the U.S. Environmental Protection Agency in its 2016 report on fracking and 18 

drinking water.56 19 

We have since focused on the use of PFAS in oil and gas wells in particular states 20 

including New Mexico. In April 2023, we published a report about our findings in New Mexico 21 

entitled “Fracking with ‘Forever Chemicals’ in New Mexico.” We analyzed the disclosures of 22 

chemicals used in hydraulic fracturing of oil and gas wells that oil and gas companies made to 23 
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the state of New Mexico and/or to the FracFocus database between January 1, 2013 and 1 

September 29, 2022. We relied on the open-source version of FracFocus, Open-FF, which is 2 

more accurate and informative than the original version of FracFocus but is based on the same 3 

data.57 4 

We found that oil and gas companies have used PFAS for fracking in New Mexico. 5 

During our approximately decade-long study period, 22 oil and gas companies injected 227 wells 6 

for fracking located across six counties with the PFAS called PTFE, also known as Teflon. We 7 

identified the uses of PTFE through listings of the chemical’s Chemical Abstracts Service 8 

number, 9002-84-0 and by listings of the chemical’s name, “Poly(tetrafluoroethylene).”58 The 9 

mass of these injections totaled 2,605 pounds based on the best available information from the 10 

state of New Mexico and FracFocus.59 We also found that EOG Resources, Inc. injected 34 wells 11 

in Lea County with another PFAS called fluoroalkyl alcohol substituted polyethylene glycol. The 12 

combined total weight of these injections was 6,400 pounds according to the best available data 13 

from the state of New Mexico and FracFocus.60 We identified the uses of fluoroalkyl alcohol 14 

substituted polyethylene glycol both by listings of the chemical’s Chemical Abstracts Service 15 

number, 65545-80-4, and by related listings of the chemical’s name.61 Both PTFE62 and 16 

fluoroalkyl alcohol substituted polyethylene glycol63 are listed on EPA’s Master List of PFAS 17 

Substances. 18 

However, the number of oil and gas wells in New Mexico that we have been able to 19 

definitively identify as fracked with PFAS may significantly underrepresent the total number of 20 

such wells. The likely undercount is due in large part to a portion of New Mexico’s law that 21 

allows chemical manufacturers, well operators and other companies in the chemical supply chain 22 

to withhold fracking chemical identities from the public and regulators by designating them as 23 
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“trade secrets.”64 In our analysis, we classified a fracking chemical as a trade secret if its CAS 1 

number was listed as “trade secret,” “confidential,” or “proprietary.” We did not classify a 2 

fracking chemical as a trade secret if its CAS number were left blank.65 Our data analysis 3 

revealed that, between 2013 and 2022, oil and gas well operators disclosed the use of fracking 4 

chemicals in 9,066 oil and gas wells in New Mexico66 and claimed at least one fracking chemical 5 

as a trade secret in 8,293 of these wells – more than 90 percent – located across 11 counties.67 6 

The trade secret chemicals used in New Mexico over this roughly 10-year period totaled 243 7 

million pounds according to the best available information from the state of New Mexico and 8 

FracFocus.68  9 

 In an attempt to identify PFAS among these trade secret chemicals, PSR analyzed 10 

whether any trade secret chemicals were listed as a surfactant or a fluorosurfactant. According to 11 

EPA, surfactants are regularly used in fracking69 and lower the surface tension of a liquid, the 12 

interaction at the surface between two liquids (called interfacial tension), or the interaction 13 

between a liquid and a solid.70 Several scientists have written in a peer reviewed journal that 14 

compared to other surfactants, fluorosurfactants are “superior in their aqueous surface tension 15 

reduction at very low concentrations and are useful as wetting and leveling agents, emulsifiers, 16 

foaming agents, or dispersants.”71 At least some fluorosurfactants are PFAS, including the toxic 17 

chemicals PFOA and PFOS.72 18 

Like the larger class of surfactants, fluorosurfactants are also used in fracking, and 19 

perhaps other methods and stages of oil and gas production, according to scientific and industry 20 

sources. In 2020, several scientists published an article in Environmental Science: Processes and 21 

Impacts finding that since 1956, PFAS including fluorosurfactants had been used or proposed to 22 

be used globally in oil and gas extraction methods including chemical-driven gas production, 23 
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chemical flooding, fracking, and the drilling that precedes fracking and other oil and gas 1 

production techniques.73 In 2008, two authors, one of whom was identified as an employee at 2 

chemical manufacturer DuPont, wrote in the peer reviewed Open Petroleum Engineering 3 

Journal that the use of fluorosurfactants was relatively common in the oil and gas industry and 4 

that their use was poised to grow. They called fluorosurfactants an “emerging technology” and 5 

stated, “While fluorosurfactants have been used in gas and oil exploration for four decades, the 6 

increased demand for petroleum and the greater understanding of the benefits of 7 

fluorosurfactants have led to growing acceptance for fluorosurfactants throughout the petroleum 8 

industry.”74 The authors did not directly state that fluorosurfactants used in oil and gas operations 9 

were PFAS but they characterized fluorosurfactants in ways that are typically used to describe 10 

PFAS. They wrote that “The use of fluorosurfactants is a recent but growing trend due to (i) the 11 

exceptional hydrophobic [water-repellent] and oleophobic [oil-repellent] nature of the 12 

perfluoroalkyl and perfluoroalkyl ether groups...The bond strength of the carbon-fluorine bond in 13 

perfluoroalkyl and perfluoroalkyl ether groups has been demonstrated as the key to remarkable 14 

overall stability for fluorochemicals and fluoropolymers.”75 This evidence suggests that any time 15 

an unidentified surfactant or fluorosurfactant is used in oil and gas extraction, there is a potential 16 

that it is a PFAS. 17 

Between 2013 and 2022, we found that oil and gas companies used at least one trade 18 

secret chemical that they described as a surfactant in 3,680 oil and gas wells in New Mexico, 19 

located across 10 counties. PSR determined that a chemical was a surfactant if the chemical’s 20 

ingredient name or purpose was listed as a surfactant in the state of New Mexico’s records or in 21 

FracFocus. Operators’ names for these chemicals were imprecise, including “surfactant” and 22 
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“surfactant blend.” These trade secret surfactants totaled 19.3 million pounds based on the best 1 

available data from FracFocus. 2 

In a subset of the 3,680 wells injected with a trade secret surfactant between 2013 and 3 

2022 – 16 wells in Eddy County and 8 wells in Lea County – several oil and gas companies 4 

disclosed the use of trade secret fracking chemicals listed with the nonspecific name “nonionic 5 

fluorosurfactant” that are apparently fluorosurfactants and may be PFAS. The weight of these 6 

chemicals totaled 970 pounds according to the best available data from FracFocus.76 Even if 7 

some of that volume were PFAS, it could pose significant health and environmental risks, 8 

depending on the chemicals’ toxicity. 9 

Other types of chemicals used in fracking could pose health risks, too, particularly if 10 

these chemicals were not disclosed as a result of trade secret claims, and New Mexicans were 11 

unknowingly exposed. In 2016, the EPA published a study of fracking and drinking water in 12 

which the agency identified 1,606 chemicals used in fracking fluid and/or found in fracking 13 

wastewater, not including PFAS. It is unclear why the agency did not include PFAS in its report. 14 

While the agency found high-quality information on health effects for only about 10 percent 15 

(173) of the 1,606 chemicals, that information was troubling. EPA reported that health effects 16 

associated with chronic oral exposure to these chemicals include carcinogenicity, neurotoxicity, 17 

immune system effects, changes in body weight, changes in blood chemistry, liver and kidney 18 

toxicity, and reproductive and developmental toxicity.77 This information suggests that there is a 19 

possibility that any chemical used in fracking operations with an identity concealed by trade 20 

secret claims could pose significant health risks whether it is PFAS or not. 21 

In addition to allowing trade secret exemptions for fracking chemicals, two additional 22 

gaps in New Mexico’s chemical disclosure rules prevent the public from knowing the full list of 23 
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chemicals used in oil and gas wells and create the potential that the use of PFAS and other 1 

harmful chemicals in the state’s oil and gas wells may be more extensive than reported. First, 2 

New Mexico does not require public disclosure of chemicals used in drilling, enhanced oil 3 

recovery, or in other extraction techniques that are distinct from fracking per se. Chemicals used 4 

during the first stage of the drilling process would be highly likely to leach into groundwater 5 

because, during this stage, as indicated by EPA, drilling passes directly through groundwater 6 

zones78 before any casing or cement is inserted into the well to seal it off from the groundwater. 7 

The resulting risk of groundwater contamination makes public disclosure of chemicals used in 8 

drilling especially important so that New Mexicans will not be unknowingly exposed to PFAS 9 

and other chemicals used during oil and gas extraction. It is also possible that drilling chemicals 10 

could become part of the wastewater coming out of oil and gas wells79 which has been linked to 11 

water contamination in New Mexico.80 Researchers have found evidence that PFAS may have 12 

been used in drilling of oil and gas wells,81 raising the potential that PFAS may have been used 13 

on an undisclosed basis for drilling in New Mexico’s oil and gas wells. 14 

PFAS are not the only chemicals of concern that are, or could be used in drilling. In at 15 

least some cases, the New Mexico Oil Conservation Division has prohibited oil and gas 16 

companies from using “oil base muds” for drilling “until fresh water zones are cased and 17 

cemented providing isolation from the oil or diesel. This includes synthetic oils.”82 Such “muds,” 18 

according to oilfield services company Schlumberger, are “generally synonymous with drilling 19 

fluid.”83 According to the Oklahoma State University Extension Service, oil-based muds can 20 

include diesel fuel and the highly dangerous chemicals benzene, toluene, ethylbenzene, and 21 

xylene.84 It is unclear whether New Mexico’s prohibition would prohibit the use of PFAS during 22 

drilling that passes through fresh water zones. Whether or not it does, disclosing all drilling 23 
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chemicals and other chemicals injected into oil and gas wells during any method or stage of 1 

extraction is important so that New Mexicans are not unknowingly exposed to toxic chemicals. 2 

Another gap in New Mexico’s rules which prevents the public from knowing the full list 3 

of chemicals injected into oil and gas wells is lack of disclosure requirements for chemical 4 

manufacturers. Chemical manufacturers are the only companies in the oil and gas chemical 5 

supply chain that always know the precise contents of the chemicals being used. But New 6 

Mexico omits chemical manufacturers from fracking chemical disclosure requirements, requiring 7 

disclosure only from each well operator. The state also allows chemical manufacturers to conceal 8 

the identities of their chemicals with trade secret claims.85 In addition, New Mexico limits 9 

manufacturers’ responsibility by providing that the Division of Oil and Gas “does not require the 10 

reporting of information beyond the material safety data sheet data as described in 29 C.F.R. 11 

1910.1200.” This rule means that chemical disclosure is limited to what is required on material 12 

safety data sheets (now called safety data sheets) on which chemical manufacturers provide 13 

information about their chemical products to protect workers. Chemical products are often 14 

composed of more than one chemical, so it is typical for safety data sheets to list multiple 15 

chemical ingredients. The public will be able to learn the full list of chemicals used in fracking 16 

chemical products only if the manufacturers disclose the full list to oil and gas well operators. 17 

However, it is likely that at least in some cases, the chemical manufacturers will not 18 

disclose on the safety data sheets all the ingredients in their fracking chemical products. As 19 

several Harvard researchers reported in 2013, manufacturers can legally omit chemical 20 

information from the sheets. For example, if a chemical has not been tested and found to be 21 

hazardous, it does not need to be disclosed, even if tests would show that it is hazardous.86 22 

Therefore, the manufacturers could effectively prevent public disclosure of fracking chemical 23 
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ingredients if they do not list them on safety data sheets whether or not they also claim the 1 

chemicals as trade secrets. 2 

We have identified several omissions of individual chemicals from safety data sheets 3 

associated with oil and gas chemical products by examining such sheets associated with a 4 

handful of oil and gas wells. This experience with a limited number of oil and gas wells suggests 5 

that these omissions could be much more common. We identified the omissions in safety data 6 

sheets disclosed by oil and gas well operators in West Virginia including at least two operators, 7 

Chevron and XTO/ExxonMobil, that also operate in New Mexico. For horizontal gas wells, West 8 

Virginia requires disclosures of safety data sheets for oil and gas chemicals as part of a “well site 9 

safety plan.” Specifically, the state requires disclosure of safety data sheets “for the chemical 10 

components added to the hydraulic fracturing fluid, and completion, production, and work-over 11 

activities.”87 The terms “completion,” “production,” and “work-over” in West Virginia’s rules 12 

are not defined. However, it is apparent from the inclusion of these terms that the safety data 13 

sheets apply beyond the fracking phase of operations. The safety data sheets disclosed reflect this 14 

interpretation, covering chemical products that are used for drilling if not other stages and 15 

methods of extraction.88 16 

An examination of safety data sheets disclosed in West Virginia shows that the sheets are 17 

often incomplete. For example, Chevron disclosed a safety data sheet for a chemical product 18 

called “MAGNAFLOC 24” used at a well hydraulically fractured in Marshall County in 2020. 19 

The safety data sheet listed urea as comprising 0-5 percent of the product by weight. No other 20 

ingredients were listed, so an operator would be unable to tell the public based on this safety data 21 

sheet the chemicals that made up the remaining 95-100 percent of MAGNAFLOC 24.89 For the 22 

same well, Chevron disclosed a safety data sheet for a chemical product called “FRICTION 23 

140394



WG Ex. 10 
 

 
 

REDUCER J609.” The safety data sheet listed “ammonium sulfate” as comprising 10-30 percent 1 

of the product by weight. No other ingredients were listed, similarly preventing an operator from 2 

fully disclosing based on the safety data sheet the ingredients that made up 70-90 percent of the 3 

chemical’s weight.90 XTO Energy/ExxonMobil disclosed a safety data sheet for a chemical 4 

product called “Scale Hib A” used at a well hydraulically fractured in Marion County in 2021. 5 

The data sheet listed ethylene glycol as a “hazardous substance” and indicated that it comprised 6 

10-30 percent of Scale Hib A by weight. No other chemical ingredients were listed, so an 7 

operator would be unable to tell the public based on this safety data sheet the full list of 8 

chemicals that made up 70-90 percent of the weight of Scale Hib A.91 XTO Energy/ExxonMobil 9 

disclosed another safety data sheet for the same well for a chemical product called EC6116A, 10 

identified as a biocide. This safety data sheet lists three ingredients, dibromoacetonitrile, 2,2-11 

Dibromo-3-nitrilopropionamide, and polyethylene glycol. Together, they comprise 31-95 percent 12 

of the product by weight. But ingredients making up 5-69 percent of the product are not listed, so 13 

an operator would be unable to tell the public based on this safety data sheet the full list of 14 

chemical ingredients in EC6116A.92 15 

In 2014, attorneys litigating against the oil and gas industry in Pennsylvania reported 16 

similar gaps in safety data sheets.93 They cited a document filed in separate litigation by well 17 

operator Range Resources in which the company suggested that it was relying on Material Safety 18 

Data Sheets from manufacturers to respond to a request for the chemicals used to fracture or 19 

stimulate its wells. Range is based in Texas and, as of 2023, owned oil and gas wells that are 20 

producing or capable of production in five states.94 “The MSDS are often useful for developing 21 

some understanding of what is in a particular chemical or product,” Range wrote. “However, 22 

they vary widely in terms of usefulness. Some manufacturers include very little information 23 
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about the actual components of a particular product. As a result, Range is currently in the process 1 

of seeking additional information from manufacturers that have failed to provide enough 2 

information about their products in the MSDS.” 95 In one case, Range said that a fracking or 3 

stimulation product called “MC SS-5075” was “an Ammonium Bisulfite Solution manufactured 4 

by Multi-Chem. The MSDS describes the formula as 45-70% ammonium bisulfite by weight. 5 

Range is currently seeking information on the 30-55% missing from the formula.” In another 6 

case, Range mentioned that a chemical known as “MC S-2510T” also made by Multi-Chem 7 

contained “Ethylene Glycol (30%-60% by weight)” and “Sodium Hydroxide (5% by weight).” 8 

Range acknowledged that “we recognize that this formula fails to account for at least 35% of the 9 

weight, so we have contacted Multi-Chem for an explanation.” These omissions in safety data 10 

sheets used by oil and gas companies operating in both Pennsylvania and West Virginia suggest 11 

that New Mexico’s reliance on safety data sheets for hydraulic fracturing chemical disclosure 12 

leaves the public significantly uninformed about chemicals to which people might be exposed 13 

including extremely toxic chemicals such as PFAS. 14 

These disclosure gaps mean that the public in New Mexico may be unknowingly exposed 15 

to toxic chemicals including PFAS through various pathways such as the disposal of oil and gas 16 

wastewater. This wastewater is a mixture of fluids used to complete the oil and gas well 17 

including drilling and fracking fluids and naturally-occurring water from the underground 18 

formation that comes to the surface when oil and gas is produced.96 From the mid-1980s to 2003, 19 

the state’s Oil Conservation Division found almost 7,000 cases of soil and water contamination 20 

and 400 cases of groundwater contamination associated with New Mexico’s oil and gas waste 21 

pits where wastewater was at least temporarily stored.97 22 
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The potential for exposure specifically to PFAS from oil and gas operations is not purely 1 

hypothetical. In one of the few studies in which scientists have examined the link between PFAS 2 

and oil and gas extraction, a peer-reviewed article published in November 2023, researchers 3 

reported that oil and gas extraction in five counties in northern West Virginia was associated 4 

with PFAS pollution. Their evidence showed that in the cases of three private water wells, oil 5 

and gas extraction likely caused the pollution. The researchers found that all eight of the surface 6 

water samples they collected and 60 percent of the 45 private wells in their study contained at 7 

least one of the 21 types of PFAS for which they tested. They also reported that four of the 8 

private wells had concentrations above EPA’s proposed maximum contaminant level in drinking 9 

water for PFOA.98 (EPA finalized these standards in April 2024.99) The researchers found that oil 10 

and gas wells were a plausible source of PFAS contamination in three private water wells 11 

because these water wells “exhibited individual PFAS concentrations above those likely from 12 

atmospheric sources even when considering historic deposition” from the former Dupont facility 13 

in Parkersburg (now called Chemours Washington Works) where the health and environmental 14 

impacts of PFAS first came to light. The researchers added that “Industrial operations related to 15 

oil and gas development were the only identifiable sources within 2 km of [the three water wells] 16 

even considering agricultural activity and possible biosolids applications.”100 The counties where 17 

the study was conducted – Doddridge, Marshall, Ritchie, Tyler, and Wetzel – include horizontal 18 

gas wells into which oil and gas companies reported injecting PTFE and/or trade secret 19 

chemicals, according to PSR’s analysis published in 2024 of fracking chemicals used in West 20 

Virginia’s horizontal gas wells and disclosed to FracFocus.101 The authors of the peer-reviewed 21 

study noted that these counties were home to more than 3,000 completed unconventional oil and 22 

gas wells in production. Unconventional wells are typically synonymous with horizontal oil and 23 
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gas wells that are hydraulically fractured.102 The authors of the peer-reviewed study also found 1 

that the five-county area contains 14,000 active conventional oil and gas wells. Conventional 2 

wells are typically vertical and may or may not involve hydraulic fracturing.103 Based on the 3 

previously cited papers in this testimony indicating that PFAS have been used or proposed for 4 

use in oil and gas wells both for fracking and for purposes other than fracking, it is possible that 5 

PFAS have been used in both conventional and unconventional oil and gas wells. The authors of 6 

the peer-reviewed paper further concluded that “within the larger data set, PFOA detections and 7 

concentrations in private water wells were significantly associated with proximity to recently 8 

drilled (2018-2020) UOG [unconventional oil and gas] well pads….”104 However, the 9 

researchers cautioned that “observed concentrations were indistinguishable from levels plausibly 10 

attributable to atmospheric sources….”105 They said that their research highlights the need for 11 

further studies to determine the sources of PFAS in private water wells, “particularly in regions 12 

where reliance on private water wells co-occurs with spatially distributed industrial sources, like 13 

oil and gas development.”106 At least two other studies have found PFAS in drinking water near 14 

areas of oil and gas extraction. A 2022 study by the U.S. Geological Survey (USGS) showed that 15 

PFAS had polluted dozens of water supplies in West Virginia and that groundwater might be at a 16 

high risk of contamination. The authors did not attempt to determine the sources of the PFAS 17 

contamination,107 but some concentrations of the pollution were found in northern West 18 

Virginia,108 the region of most of the state’s horizontal gas wells, including those in which PSR 19 

found in a 2024 report that the use of PFAS had been disclosed to FracFocus. A 2023 study by 20 

scientists from the USGS and Pennsylvania Department of Environmental Protection (PADEP) 21 

reported concentrations of PFAS in Pennsylvania streams located in areas that featured both high 22 

numbers of oil and gas wells and combined sewer overflow outfalls.109 The authors wrote that 23 
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“Research documenting the impacts of OG [oil and gas] development on PFAS contamination in 1 

surface waters is limited, but in this study the CSO [combined sewer overflow outfalls] 2 

surrounded by OG development in local catchments could be a potential source of PFAS to 3 

surrounding streams.”110 4 

The findings in these studies that PFAS had contaminated water supplies near oil and gas 5 

extraction as well as the uncertainties that remain about the link between the contamination and 6 

oil and gas activities highlight the need for the proposed regulation. It would help prevent PFAS 7 

contamination from oil and gas wastewater by prohibiting the use of PFAS in oil and gas 8 

operations. The proposed regulation would also help ensure compliance with this provision and 9 

prevention of unknowing exposure to toxic substances by prohibiting the use of undisclosed 10 

chemicals in downhole operations in New Mexico’s oil and gas wells. Oil and gas well operators 11 

would have to disclose all individual chemicals injected into their wells without exception for 12 

trade secrets; they would have to disclose chemicals used in all stages and methods of extraction, 13 

not just fracking. If chemical manufacturers, the companies that know best which chemicals are 14 

being used in oil and gas wells, will not disclose the chemicals in certain products, the proposed 15 

rule would simply say you cannot use that product in New Mexico. These steps would empower 16 

scientists to test water supplies and other environmental media for all of the chemicals used in 17 

New Mexico’s oil and gas wells to determine more conclusively if there are links between 18 

pollution and oil and gas extraction. These steps would also help protect New Mexicans’ health 19 

and natural resources by preventing unknowing exposure to toxic substances. 20 

I appreciate this opportunity to submit testimony and would be happy to answer any 21 

questions that you might have. 22 

This concludes my testimony, which is accurate to the best of my knowledge. 23 
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UEFYL3F1ZXJ5L2NyZWF0ZS8zOQ==. Next, I entered user name “DEP” and password “DEP.” On the left side 
of the screen, I selected “PERMITSOOG”. At the top of screen, I selected “NEW QUERY”. At the top of the 
screen, in the field entitled “PRIMARY ID,” I inserted the well number with no dashes and an asterisk after it (e.g. 
4705102082*). At the bottom left of the screen, I selected “RUN.” Under the column heading “DOCUMENT 
TYPE” I selected the file entitled “PERMIT – APPROVED – MSDS. The relevant record is on pages 163-169 of 
the pdf. Schlumberger. Safety Data Sheet for Friction Reducer J609 (Sept. 20, 2010). 
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well number 47-049-02491. To locate safety data sheets disclosed for this well, I visited Opentext | 
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TYPE” I selected the file entitled “PERMIT – APPROVED – MSDS. The relevant record is on pages 77-85 of the 
pdf. NALCO. Safety Data Sheet for Scale Hib A (Feb. 4, 2013).  
92 WG Exhibit 48 XTO/ExxonMobil. Safety data sheets for Well No. 47-049-02491 hydraulically fractured in 
Marion County, W.Va. between July 27, 2021 and Sept. 21, 2021. To find the well number, I first visited FracFocus. 
Find a Well. Accessed August 9, 2024, at https://www.fracfocus.org/wells/?bbox=-
127.69479199999999%2C24.521208%2C-63.98694200000001%2C49.382808. I selected “SWITCH TO 
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PFAS News

Read the latest news
from EPA about PFAS.
<https://epa.gov/pfas/press-

releases-related-pfas>

What EPA is
Doing

Learn what EPA is
doing to address PFAS.
<https://epa.gov/pfas/pfas-

strategic-roadmap-epas-

commitments-action-2021-

2024>

PFOA,
PFOS
and
Other
PFAS

CONTACT US <https://epa.gov/pfas/forms/contact-us-about-pfoa-pfos-and-other-pfas>

PFAS Explained
EPA is committed to providing meaningful,
understandable, and actionable information on per-
and polyfluoroalkyl substances – known as PFAS – to
the American public. The information provided here
is intended to explain some of the important
background information needed to understand the
details of specific actions EPA takes to address PFAS,
and other emerging events related to PFAS.

Learn more about diÓerent aspects of PFAS on the
following pages:

1. Our current understanding of the human health
and environmental risks PFAS
<https://epa.gov/pfas/our-current-understanding-human-

health-and-environmental-risks-pfas>

2. Increasing our understanding of the health risks
from PFAS and how to address them
<https://epa.gov/pfas/increasing-our-understanding-health-

risks-pfas-and-how-address-them>

An oÓicial website of the United States government
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3. Meaningful and achievable action steps that can be taken to reduce risk
<https://epa.gov/pfas/meaningful-and-achievable-steps-you-can-take-reduce-your-risk>

4. PFAS Explained (pdf) <https://www.epa.gov/system/files/documents/2023-10/final-virtual-pfas-

explainer-508.pdf> (262.29 KB)

A printable four-page handout about PFAS and actions you can take

What EPA Has Learned So Far
PFAS are widely used, long lasting chemicals, components of which break down
very slowly over time.

Because of their widespread use and their persistence in the environment, many
PFAS are found in the blood of people and animals all over the world and are
present at low levels in a variety of food products and in the environment.

PFAS are found in water, air, fish, and soil at locations across the nation and the
globe.

Scientific studies have shown that exposure to some PFAS in the environment may
be linked to harmful health eÓects in humans and animals.

There are thousands of PFAS chemicals, and they are found in many diÓerent
consumer, commercial, and industrial products. This makes it challenging to study
and assess the potential human health and environmental risks.

Learn more about our current understanding of PFAS. <https://epa.gov/pfas/our-current-

understanding-human-health-and-environmental-risks-pfas>
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What We Don't Fully Understand Yet
EPA's researchers and partners across the country are working hard to answer
critical questions about PFAS:

How to better and more eÓiciently detect and measure PFAS in our air, water,
soil, and fish and wildlife

How much people are exposed to PFAS

How harmful PFAS are to people and the environment

How to remove PFAS from drinking water

How to manage and dispose of PFAS

This information will help EPA and state, local, and tribal partners make more
informed decisions on how best to protect human health and the environment.

Learn more about how we are increasing our understanding of the health risks of
PFAS. <https://epa.gov/pfas/increasing-our-understanding-health-risks-pfas-and-how-address-them>

PFAS Home <https://epa.gov/pfas>

EPA's Current Understanding <https://epa.gov/pfas/our-current-understanding-human-health-

and-environmental-risks-pfas>

Increasing Our Understanding <https://epa.gov/pfas/increasing-our-understanding-health-risks-

pfas-and-how-address-them>

Action Steps to Reduce Risk <https://epa.gov/pfas/meaningful-and-achievable-steps-you-can-

take-reduce-your-risk>

EPA Actions to Address PFAS <https://epa.gov/pfas/key-epa-actions-address-pfas>

PFAS Strategic Roadmap <https://epa.gov/pfas/pfas-strategic-roadmap-epas-commitments-

action-2021-2024>

Data and Tools <https://epa.gov/pfas/pfas-resources-data-and-tools>

PFAS Explained
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State Information <https://epa.gov/pfas/us-state-resources-about-pfas>

Contact Us <https://epa.gov/pfas/forms/contact-us-about-pfoa-pfos-and-other-pfas> to ask a question,
provide feedback, or report a problem.

LAST UPDATED ON OCTOBER 3, 2024

Assistance <https://epa.gov/lep/assistance> Ayuda <https://epa.gov/lep/assistance#esp>

<https://epa.gov/lep/assistance#ar> مساعدة 帮助 (简体版)
<https://epa.gov/lep/assistance#chi-s>

幫助 (繁體版)
<https://epa.gov/lep/assistance#chi-tr>

Aide <https://epa.gov/lep/assistance#fr>

Asistans <https://epa.gov/lep/assistance#hc> 지원 <https://epa.gov/lep/assistance#kor>

Assistência
<https://epa.gov/lep/assistance#port>

Помощь <https://epa.gov/lep/assistance#rus>

Tulong <https://epa.gov/lep/assistance#tag> Trợ Giúp <https://epa.gov/lep/assistance#viet>

Discover
.
Accessibility
Statement
<https://epa.gov/accessib

ility/epa-accessibility-

statement>

Budget &
Performance
<https://epa.gov/planand

budget>

Connect.
Data
<https://epa.gov/data>

Inspector
General
<https://www.epaoig.gov

/>

Jobs
<https://epa.gov/careers>

Ask.
Contact EPA
<https://epa.gov/home/fo

rms/contact-epa>

EPA
Disclaimers
<https://epa.gov/web-

policies-and-

procedures/epa-

disclaimers>
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Home <https://epa.gov/> /  Safe Drinking Water Act <https://epa.gov/sdwa>

Per- and Polyïuoroalkyl
Substances (PFAS)
Final PFAS National Primary Drinking
Water Regulation

Summary

Supporting Materials

General Information

Communications Toolkit
<https://epa.gov/sdwa/pfas-

communications-toolkit>

Technical Information for
States, Tribes and Water
Systems

Español <https://epa.gov/sdwa/additional-supporting-materials-final-pfas-npdwr>

Regulatory Information and Supporting Documents

Webinars

Background

Summary
On April 10, 2024, EPA announced the final National Primary Drinking Water Regulation
(NPDWR) for six PFAS.  To inform the final rule, EPA evaluated over 120,000 comments
submitted by the public on the rule proposal, as well as considered input received
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during multiple consultations and stakeholder engagement activities held both prior to
and following the proposed rule. EPA expects that over many years the final rule will
prevent PFAS exposure in drinking water for approximately 100 million people, prevent
thousands of deaths, and reduce tens of thousands of serious PFAS-attributable
illnesses.

EPA is also making unprecedented funding available to help ensure that all people have
clean and safe water. In addition to the final rule, EPA announced $1 billion in newly
available through the Bipartisan Infrastructure Law <https://epa.gov/dwcapacity/emerging-

contaminants-ec-small-or-disadvantaged-communities-grant-sdc#2024> to help states and territories
implement PFAS testing and treatment at public water systems and to help owners of
private wells address PFAS contamination.

EPA established legally enforceable levels, called Maximum Contaminant Levels (MCLs),
for six PFAS in drinking water: PFOA, PFOS, PFHxS, PFNA, and HFPO-DA as
contaminants with individual MCLs, and PFAS mixtures containing at least two or more
of PFHxS, PFNA, HFPO-DA, and PFBS using a Hazard Index MCL to account for the
combined and co-occurring levels of these PFAS in drinking water. EPA also finalized
health-based, non-enforceable Maximum Contaminant Level Goals (MCLGs) for these
PFAS. 

Compound Final
MCLG

Final MCL (enforceable
levels)

PFOA Zero
4.0 parts per trillion (ppt)
(also expressed as ng/L)

PFOS Zero 4.0 ppt

PFHxS 10 ppt 10 ppt

PFNA 10 ppt 10 ppt

HFPO-DA (commonly known as
GenX Chemicals)

10 ppt 10 ppt
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Communicatio
ns Toolkit

EPA has developed this
toolkit of materials
<https://epa.gov/sdwa/pfas-

communications-toolkit>

Compound Final
MCLG

Final MCL (enforceable
levels)

Mixtures containing two or more
of PFHxS, PFNA, HFPO-DA, and
PFBS

1
(unitless)

Hazard
Index

1 (unitless)

Hazard Index

The final rule requires:

Public water systems must monitor for these PFAS and have three years to complete
initial monitoring (by 2027), followed by ongoing compliance monitoring. Water
systems must also provide the public with information on the levels of these PFAS in
their drinking water beginning in 2027.

Public water systems have five years (by 2029) to implement solutions that reduce
these PFAS if monitoring shows that drinking water levels exceed these MCLs.

Beginning in five years (2029), public water systems that have PFAS in drinking
water which violates one or more of these MCLs must take action to reduce levels of
these PFAS in their drinking water and must provide notification to the public of the
violation. 

Supporting Materials
General Information

General Fact Sheet: EPA's Final Rule to Limit
PFAS in Drinking Water (pdf)
<https://www.epa.gov/system/files/documents/2024-04/pfas-

npdwr_fact-sheet_general_4.9.24v1.pdf> (163.59 KB)

Frequently Asked Questions and Answers:
Final PFAS National Primary Drinking Water
Regulation (pdf)
<https://www.epa.gov/system/files/documents/2024-04/pfas-

npdwr_qa_general_4.9.24v1.pdf> (218.97 KB)
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for  entities that need
to communicate about
PFAS.

Fact Sheet: Reducing PFAS in Your Drinking
Water with a Home Filter (pdf)
<https://www.epa.gov/system/files/documents/2024-

04/water-filter-fact-sheet.pdf> (147.58 KB)

Presentation: Overview EPA PFAS NPDWR
(pdf) <https://www.epa.gov/system/files/documents/2024-04/pfas-npdwr-

presentation_4.9.24_overview.pdf> (447.13 KB)

Press Release: Biden-Harris Administration Finalizes First-Ever National Drinking
Water Standard to Protect 100M People from PFAS Pollution
<https://epa.gov/newsreleases/biden-harris-administration-finalizes-first-ever-national-drinking-water-

standard>

Español <https://epa.gov/sdwa/additional-supporting-materials-final-pfas-npdwr>

Information for States, Tribes, and Water Systems

Frequently Asked Questions and Answers for Drinking Water Primacy Agencies:
Final PFAS National Primary Drinking Water Regulation (pdf)
<https://www.epa.gov/system/files/documents/2024-04/pfas_npwdr_faqsstates_4.8.24.pdf> (284.64 KB)

Fact Sheet: Understanding the Final PFAS National Primary Drinking Water
Regulation Hazard Index Maximum Contaminant Level (pdf)
<https://www.epa.gov/system/files/documents/2024-04/pfas-npdwr_fact-sheet_hazard-index_4.8.24.pdf>

(211.86 KB)

Fact Sheet: Benefits and Costs of Reducing PFAS in Drinking Water (pdf)
<https://www.epa.gov/system/files/documents/2024-04/pfas-npdwr_fact-sheet_cost-and-

benefits_4.8.24.pdf> (191.95 KB)

Fact Sheet: Small and Rural Water Systems (pdf)
<https://www.epa.gov/system/files/documents/2024-04/pfas-npdwr_fact-sheet_monitoring_4.8.24.pdf>

(212.28 KB)

Fact Sheet: PFAS NPDWR Monitoring and Reporting  (pdf)
<https://www.epa.gov/system/files/documents/2024-04/pfas-npdwr_fact-sheet_monitoring_4.8.24_0.pdf>

(521.55 KB)

Fact Sheet: Treatment Options for Removing PFAS in Drinking Water (pdf)
<https://www.epa.gov/system/files/documents/2024-04/pfas-npdwr_fact-sheet_treatment_4.8.24.pdf>

(189.59 KB)
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Fact Sheet: Comparison Between EPA's Proposed and Final PFAS NPDWR (pdf)
<https://www.epa.gov/system/files/documents/2024-04/fact-sheet_proposal-vs.-final-pfas-

npdwr_comparison_final.pdf> (176.83 KB)

Regulatory Information
Federal Register Notice: Final PFAS National Primary Drinking Water Regulation
<https://www.federalregister.gov/documents/2024/04/26/2024-07773/pfas-national-primary-drinking-

water-regulation>

Federal Register Notice: Final PFAS National Primary Drinking Water Regulation;
Correction  <https://www.federalregister.gov/documents/2024/06/11/2024-12645/pfas-national-

primary-drinking-water-regulation-correction>

Find additional supporting materials, including all EPA Technical Support
Documents informing the final rule and EPA's Response to Public Comments
<https://epa.gov/sdwa/additional-supporting-materials-final-pfas-npdwr> on the Proposed PFAS
NPDWR. These documents, as well as all other supporting information for the Final
PFAS NPDWR, are available at www.regulations.gov under Docket ID: EPA-HQ-OW-
2022-0114. 

Webinars
EPA held three informational webinars for communities, water systems, and other
drinking water professionals about the final PFAS NPDWR. The three webinar webinars
were similar, with each intended for specific audiences. 

April 16, 2024 General Overview Webinar on the Final PFAS NPDWR 

General Overview Webinar Presentation: Final PFAS NPDWR (pdf)
<https://www.epa.gov/system/files/documents/2024-04/general-overview-webinar-presentation-

final-pfas-ndpwr.pdf> (500.09 KB)

Webinar Recording: General Overview of Final PFAS NPDWR
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April 23, 2024 Drinking Water Utilities and Professionals Technical Overview
Webinar on the Final PFAS NPDWR

Drinking Water Utilities and Professionals Technical Overview Webinar on
PFAS NPDWR (pdf) <https://www.epa.gov/system/files/documents/2024-04/drinking-water-

utilities-and-professionals-technical-overview-of-pfas-npdwr.pdf> (773.89 KB)

Webinar Recording: Drinking Water Utilities and Professionals Technical
Overview of Final PFAS NPDWR

April 30, 2024 Small Drinking Water Systems Webinar Series on Final PFAS NPDWR
and PFAS Drinking Water Treatment <https://epa.gov/water-research/pfas-drinking-water-

regulation-and-treatment-methods-webinar>

Small Drinking Water Systems Webinar Presentation on Final PFAS NPDWR
(pdf) <https://www.epa.gov/system/files/documents/2024-05/pfas-npdwr-full-presentation_small-

systems-webinar_final508.pdf> (573.21 KB)

Background
Under the Safe Drinking Water Act <https://epa.gov/sdwa>, EPA has the authority to set
enforceable National Primary Drinking Water Regulations (NPDWRs) for drinking water
contaminants and require monitoring of public water systems. In March 2021, EPA
published Regulatory Determinations for Contaminants on the Fourth Contaminant
Candidate List <https://epa.gov/ccl/regulatory-determination-4> which included a final
determination to regulate PFOA and PFOS in drinking water. As a part of that final
determination, EPA indicated it would also evaluate additional PFAS and consider
regulatory actions to address groups of PFAS.

On March 24, 2023, EPA proposed <https://epa.gov/sdwa/proposed-pfas-national-primary-drinking-

water-regulation> the PFAS NDPWR. Concurrent with the proposed rule, EPA also
announced preliminary regulatory determinations for PFHxS, PFNA, HFPO-DA, and
PFBS in accordance with the Safe Drinking Water Act regulatory development process.
EPA proposed to regulate PFOA and PFOS with individual MCLs and PFHxS, PFNA,
HFPO-DA, and PFBS using a Hazard Index which accounts for co-occurring mixtures of
these four PFAS. Concurrent with the final PFAS NPDWR announced on April 10, 2024,
EPA also announced final individual regulatory determinations for PFHxS, PFNA, and
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HFPO-DA, and final regulatory determination for mixtures containing two or more of
these three PFAS and PFBS. This regulation will also remove many other PFAS when
they co-occur with these regulated PFAS. 

Further Information
To learn more about PFAS and to find important background information to support
understanding the details of specific actions EPA takes to address PFAS and other
emerging events related to PFAS <https://epa.gov/pfas/pfas-explained>.

Contact Us <https://epa.gov/sdwa/forms/contact-us-about-safe-drinking-water-act> to ask a question,
provide feedback, or report a problem.

Last updated on July 12, 2024
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Español

Per- and Poly�uoroalkyl Substances (PFAS) and Your Health
Per- and Poly�uoroalkyl Substances (PFAS) and Your Health Home

What are the health e�ects of PFAS?


Statement on Potential Intersection between PFAS Exposure and COVID-19:

CDC/ATSDR understands that many of the communities we are engaged with are concerned about how PFAS
exposure may a�ect their risk of COVID-19 infection. We agree that this is an important question.

CDC/ATSDR recognizes that exposure to high levels of PFAS may impact the immune system. A National
Toxicology Program review found that exposure to per�uorooctanoic acid (PFOA) and per�uorooctane
sulfonate (PFOS) is an immune hazard to humans based on a high level of evidence that PFOA and PFOS
suppressed the antibody response from animals and a moderate level of evidence from studies in humans
(NTP, 2016). More research is needed to understand how PFAS exposure may a�ect illness from COVID-19.

Reference:
NTP (National Toxicology Program). 2016. Monograph on Immunotoxicity Associated with Exposure to
Per�uorooctanoic acid (PFOA) and Per�uorooctane Sulfonate (PFOS) . 

Research is ongoing to understand the mechanisms of PFAS toxicity. The epidemiological evidence suggests associations
between increases in exposure to (speci�c) PFAS and certain health e�ects
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Increases in cholesterol levels (PFOA, PFOS, PFNA, PFDA)
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Lower antibody response to some vaccines (PFOA, PFOS, PFHxS, PFDA)
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Changes in liver enzymes (PFOA, PFOS, PFHxS)
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Pregnancy-induced hypertension and preeclampsia (PFOA, PFOS)
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Small decreases in birth weight (PFOA, PFOS)
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Kidney and testicular cancer (PFOA)

The risk of health e�ects associated with PFAS depends on

Exposure factors (e.g., dose, frequency, route, and duration)

Individual factors (e.g., sensitivity and disease burden)

Other determinants of health (e.g., access to safe water and quality healthcare)

Some animal and human studies �nd positive associations between PFAS exposure and a much wider range of health e�ects.
However, results of animal studies do not always correlate with human health e�ects because of physiologic di�erences
between species. Inconsistent �ndings among human studies and study design limitations are some reasons why other
potential health e�ects are not identi�ed as associated with PFAS.

At this time, scientists are still learning about the health e�ects of exposures to mixtures of di�erent PFAS. Additional
research may change our understanding of the relationship between exposure to PFAS and human health e�ects.

One way to learn about whether PFAS will harm people is to do studies on lab animals.
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Most animal studies have tested doses of PFAS that are higher than the doses people experience from environmental
exposure.

These animal studies have found that PFAS can cause damage to the liver and the immune system.

PFAS have also caused low birth weight, birth defects, delayed development, and newborn deaths in lab animals.

Humans and animals react di�erently to PFAS, and not all e�ects observed in animals may occur in humans. Scientists have
ways to estimate how the exposure and e�ects in animals compare to what they would be in humans.

What are PFAS?

How Can I be Exposed?
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I. Executive Summary 

Per- and polyfluoroalkyl substances (PFAS) are a 

group of synthetic chemicals that have been in use 

since the 1940s. PFAS are found in a wide array of 

consumer and industrial products. PFAS 

manufacturing and processing facilities, facilities 

using PFAS in production of other products, airports, 

and military installations are some of the 

contributors of PFAS releases into the air, soil, and 

water. Due to their widespread use and persistence 

in the environment, most people in the United States 

have been exposed to PFAS. There is evidence that 

continued exposure above specific levels to certain 

PFAS may lead to adverse health effects (USEPA 

2016a, 2016b, ATSDR 2018a). 

The EPA will continue to partner with other federal 

agencies, states, tribes, and local communities to 

protect human health and, where necessary and 

appropriate, to limit human exposure to potentially 

harmful levels of PFAS in the environment. The EPA is 

leading the national effort to understand PFAS and 

reduce PFAS risks to the public through 

implementation of this Action Plan and through 

active engagement and partnership with other 

federal agencies, states, tribes, industry groups, 

associations, local communities, and the public. 

Key EPA Actions Addressing 
PFAS-Related Challenges 

• Expand toxicity information for PFAS  

• Develop new tools to characterize 
PFAS in the environment 

• Evaluate cleanup approaches 

• Develop guidance to facilitate 
cleanup of contaminated 
groundwater 

• Use enforcement tools to address 
PFAS exposure in the environment 
and assist states in enforcement 
activities 

• Use legal tools such as those in TSCA 
to prevent future PFAS 
contamination 

• Address PFAS in drinking water using 
regulatory and other tools 

• Develop new tools and materials to 
communicate about PFAS 
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Throughout recent engagements, the EPA heard clearly the public’s desire for immediate action to 

address potential human health and economic impacts from PFAS in the environment.  

This Action Plan describes the EPA’s approach to identifying and understanding PFAS, approaches to 

addressing current PFAS contamination, preventing future contamination, and effectively 

communicating with the public about PFAS. The Action Plan describes the broad actions the EPA has 

underway to address challenges with PFAS in the environment, including next steps on the four PFAS 

management actions the EPA announced at the May 2018 National Leadership Summit. The four actions 

announced at the Summit were: 

• Initiating steps to evaluate the need for a maximum contaminant level (MCL) for 

perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS);  

• Beginning the necessary steps to propose designating PFOA and PFOS as “hazardous 

substances” through one of the available federal statutory mechanisms1;  

• Developing groundwater cleanup recommendations for PFOA and PFOS at contaminated sites;  

• Developing toxicity values or oral reference doses (RfDs)2 for GenX chemicals3 and 

perfluorobutane sulfonic acid (PFBS). 

In addition to these significant actions, the EPA’s PFAS Action Plan identifies more short-term and long-

term actions that are currently being implemented to understand and address PFAS. Short-term actions 

include: 

• Developing new analytical methods and tools for understanding and managing PFAS risk;  

• Promulgating Significant New Use Rules (SNURs) that require EPA notification before chemicals 

are used in new ways that may create human health and ecological concerns; and  

• Using enforcement actions to help manage PFAS risk, where appropriate.  

Short-term actions are generally taking place or expected to be completed within two years. The Action 

Plan also sets out long-term regulatory and research approaches the EPA will pursue to reduce 

exposures and to understand the potential human health and environmental risks associated with PFAS. 

Actions classified as long-term, such as multi-step research initiatives or regulatory actions, are generally 

expected to take more than two years. Some long-term actions may result in intermediate steps and 

products that can help to reduce PFAS exposures and protect public health.  

Ecological risks are of great concern to many stakeholders due to the widespread distribution and 

persistence of PFAS in the environment and the wide variety of PFAS chemicals for which environmental 

fate and transport is currently uncharacterized. While this Action Plan focuses mainly on human health, 

characterizing potential ecological impacts and risks are important areas of work for the EPA. 

Table 1 below summarizes the key actions the EPA is taking to assist states, tribes, and communities in 

addressing PFAS. These activities are intended to address challenges identified though stakeholder input 

                                                            

1 There are multiple statutory mechanisms available to designate PFAS as CERCLA hazardous substances, including CERCLA, RCRA, TSCA, CWA, 
and CAA.  
2 A reference dose is an estimate of the amount of a chemical a person can ingest daily over a lifetime (chronic RfD) or less (subchronic RfD) 
that is unlikely to lead to adverse health effects. 
3hexafluoropropylene oxide (HFPO) dimer acid and its ammonium salt 
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during the PFAS National Leadership Summit, multiple community engagements, and through the public 

docket (see Appendices B and C for summaries of stakeholder input). 

In addition to the highlighted action items in Table 1, the EPA continues to make progress on developing 

tools and expanding the body of scientific knowledge needed to understand and effectively manage risk 

from PFAS, including developing PFAS analytical methods, evaluating treatment and remediation 

techniques for PFAS, understanding the exposure from various environmental media, and evaluating 

human health impacts of additional PFAS. These activities are described in more detail in Appendix A.  

Table 1. Key PFAS-Related Challenges and Planned and Ongoing EPA Actions  

Stakeholder Concern  
or Challenge EPA Action(s) Purpose 

Anticipated 
Timeframe 

EPA Priority Actions 

Regulatory 
uncertainty (e.g., 
MCL) for PFAS in 
drinking water 

Propose a national drinking 
water regulatory 
determination for PFOA and 
PFOS, highlighting key 
information gathered by the 
Agency and our partners to 
date and additional data 
needs. 

Provide the opportunity for the 
public to comment on and contribute 
to the information the EPA may 
consider related to the regulation of 
PFAS in drinking water. 

2019 

Hold responsible 
parties accountable 
for PFAS releases into 
the environment 

The EPA has initiated the 
regulatory development 
process for listing PFOA and 
PFOS as CERCLA hazardous 
substances.  

Listing PFOA and PFOS as CERCLA 
hazardous substances would provide 
additional authority to address PFOA 
and PFOS, including the ability to 
require responsible parties to carry 
out and/or pay for response actions. 

Ongoing 

Started 2018 

Provide guidance for 
groundwater cleanup 
actions at 
contaminated sites  

Develop interim cleanup 
recommendations to address 
groundwater contaminated 
with PFOA and PFOS. 

Recommendations will provide a 
starting point for making site-specific 
cleanup decisions. These 
recommendations may be 
considered for federal facility and 
private-party cleanup under CERCLA, 
RCRA corrective action programs, 
and state cleanup programs, where 
appropriate. 

Anticipated 2019 

 

 

Increase 
understanding about 
potential human 
health impacts of 
additional PFAS 

Finalize draft toxicity 
assessments for GenX 
chemicals and PFBS; develop 
additional PFAS toxicity values 
for PFBA, PFHxA, PFHxS, PFNA, 
and PFDA. 

Finalized toxicity assessments can be 
combined with specific exposure 
information by government and 
private entities to help characterize 
potential public health risks 
associated with exposure to these 
chemicals.  

Final toxicity 
assessments for 
PFBS and GenX 
chemicals in 
2019; Draft 
toxicity 
assessments for 
five additional 
PFAS in 2020 

WG Ex. 11-D

0436



 

EPA’s PFAS Action Plan |  4 

Stakeholder Concern  
or Challenge EPA Action(s) Purpose 

Anticipated 
Timeframe 

Expand knowledge 
about whether new 
PFAS chemicals 
entering commerce 
are safe  

Use new statutory 
requirements added by the 
Frank R. Lautenberg Chemical 
Safety for the 21st Century Act 
to review new PFAS and issue 
supplemental proposed 
Significant New Use Rules 
(SNUR on PFAS).  

New chemical reviews under TSCA 
ensure that unreasonable risks are 
addressed prior to 
commercialization. The issuance of 
SNURs for existing PFAS chemicals 
prohibits new uses for these 
chemicals until the EPA determines 
whether the significant new use 
presents an unreasonable risk and 
takes appropriate actions as required 
by TSCA to address any unreasonable 
risk.  

Ongoing 

Started in 2016 

Short-Term Actions 

Understanding and Addressing PFAS Toxicity and Occurrence 
Establish and curate 
a clearinghouse of 
chemical information 
for PFAS 

The EPA’s CompTox Chemistry 
Dashboard has been updated 
to include several curated lists 
of PFAS chemicals with links to 
known chemical, physical, and 
other properties.  

Provide simple access to a 
comprehensive array of up-to-date 
information for PFAS of interest.  

Ongoing 

Expand analytical 
methods to 
accurately test for 
additional PFAS in 
drinking water 

Expand the current drinking 
water Method 537 to include 
GenX chemicals and additional 
PFAS; develop a new drinking 
water method for additional 
short-chain PFAS not measured 
by Method 537. 

Improved and/or additional methods 
would help stakeholders and the EPA 
accurately test, analyze, and quantify 
a broader suite of PFAS in their 
drinking water, including GenX 
chemicals and other short-chain 
PFAS. 

Method 537.1 
completed 
November 2018; 
additional 
methods in 2019  

Test for PFAS and 
PFAS precursors in 
media other than 
drinking water 

Develop and validate methods 
for other water matrices 
(wastewater, surface waters, 
groundwater), solids (soil, 
sediment, biosolids, fish 
tissue), and air (ambient, stack 
emission, off-gases). 

Provide additional methods for 
stakeholders and the EPA to identify 
the presence of PFAS in 
concentrations of concern for media 
other than drinking water. 

2019 – 2021 

Coordination across 
federal agencies with 
common interests in 
PFAS toxicity  

Participate in a cross-federal-
agency working group on PFAS 
information gathering and 
sharing. 

Better leverage federal investments 
and reduce redundancies. Provide 
states, tribes, and communities with 
consistent cross-federal information 
for making decisions. 

2019 
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Stakeholder Concern  
or Challenge EPA Action(s) Purpose 

Anticipated 
Timeframe 

Identifying and Addressing PFAS Exposures 
Additional robust 
treatment and 
remediation 
technologies for PFAS 
in the environment 

Conduct additional research to 
identify performance and costs 
associated with treatment and 
remediation approaches to 
address PFAS in the 
environment, along with any 
potential unintended 
consequences associated with 
specific technologies. 

Identify new/additional treatment 
and remediation options that can be 
used to address PFAS contamination. 

2019 

Information about 
drinking water 
treatment 
effectiveness and 
costs for different 
PFAS 

Incorporate the latest research 
results for additional PFAS into 
the EPA’s online drinking water 
treatability database. 

Support stakeholders in selecting the 
most effective drinking water 
treatment approaches to address 
concerns with PFAS in the 
environment. 

Ongoing 

Hold responsible 
parties accountable 
for PFAS releases into 
the environment 

Employ an enforcement 
strategy that relies first on 
state and local authorities and 
utilizes federal authorities as 
appropriate where, for 
example, state and local 
authorities are not available or 
responsible parties do not 
address PFAS voluntarily.  

Support communities that have PFAS 
releases by using federal 
enforcement authorities, where 
relevant and appropriate.  

Ongoing 

Understand sources 
and concentrations 
of PFAS in the 
environment  

Partner with ECOS to build an 
interactive map to provide 
users with easy access to 
publicly available data on 
potential PFAS sources and 
occurrence. 

Enable states, tribes, and 
communities to use the best 
available data to guide PFAS 
management decisions. 

2019 

Risk Communication and Engagement 
Coordinated 
messaging on PFAS 
across the federal 
government 

Participate in and coordinate 
with an interagency PFAS risk 
communication workgroup to 
develop consistent 
communication materials that 
can be used across the federal 
government and are informed 
by the best available science. 

Ensure coordinated messaging from 
the federal government is provided 
to the states, tribes, and local 
communities. 

Ongoing 

Start 2019 

Communication 
materials that can be 
used to inform the 
public of concerns 
related to PFAS 

Work with other federal 
agencies, states, and tribes to 
develop a risk communication 
toolbox that includes materials 
and messaging for federal, 
state, tribal, and local partners 
to use with the public. 

Provide states, tribes, local officials, 
and utilities with communication 
tools that convey clear and 
consistent messages to the public. 

2019 
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Stakeholder Concern  
or Challenge EPA Action(s) Purpose 

Anticipated 
Timeframe 

Long-Term Actions 

Increase knowledge 
about PFAS releases 

Explore data availability for 
listing PFAS chemicals to the 
Toxics Release Inventory 
(Section 313 of the Emergency 
Planning and Community 
Right-to-Know Act).  

Make information about PFAS 
releases reported by industrial and 
federal facilities available. This 
information may be helpful to inform 
decision-making by communities, 
government agencies, companies 
and others. 

Start 2019 

Reduce PFAS releases 
into ambient waters 
and sources of 
drinking water 

Determine if available data and 
research support the 
development of Clean Water 
Act Section 304(a) ambient 
water quality criteria for 
human health for PFAS. 

When adopted by states and tribes 
as water quality standards, criteria 
can be used to set permit limits on 
discharges to a waterbody and to 
determine if a waterbody requires 
cleanup to protect human health and 
aquatic life. 

2021 

Hold responsible 
parties accountable 
for PFAS releases into 
the environment 

Examine available information 
and beginning in 2019 seek 
additional information from 
industry to explore 
identification of industrial 
sources that may warrant 
potential regulation through 
national ELGs to be described 
in preliminary ELG plan 14 
(2019). 

ELGs require that a technology-
based, minimum level of control be 
applied to any NPDES permit for 
direct discharge to waters or be 
directly applicable for indirect 
dischargers. 

Start 2019 

Characterize 
potential health 
impacts from a 
broader set of PFAS 

Generate PFAS toxicology data 
through new approaches such 
as high throughput screening, 
computational toxicology 
tools, and chemical informatics 
for chemical prioritization, 
screening, and risk assessment. 

Inform a more complete 
understanding of PFAS toxicity for 
the large set of PFAS chemicals 
without conventional toxicity data 
and allow prioritization of actions to 
potentially address groups of PFAS.  

Ongoing 

Develop more 
drinking water 
occurrence data for a 
broader group of 
PFAS 

The EPA will propose 
nationwide drinking water 
monitoring for PFAS under the 
next UCMR monitoring cycle 
utilizing newer methods 
available to detect more PFAS 
chemicals and at lower 
minimum reporting levels 
(MRLs) than previously 
possible in earlier monitoring. 

Monitoring results will improve 
understanding of the frequency and 
concentration of PFAS occurrence in 
finished U.S. drinking water. 

Anticipated 2020 

Develop a PFAS data 
inventory and best 
practices for 
contributing data 

Develop a data standards best 
practice that allows sharing of 
soil, air, water, fish tissue, and 
other PFAS monitoring data. 

Provide a way to share PFAS testing 
results for media other than drinking 
water that facilitates integration and 
easy access and use of PFAS data. 

Start 2019 
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Stakeholder Concern  
or Challenge EPA Action(s) Purpose 

Anticipated 
Timeframe 

Access ecological risk 
information to 
protect ecosystems 

Identify sensitive and 
susceptible species; synthesize 
information on 
bioaccumulation in organisms 
and food chains; where 
appropriate develop 
benchmarks and thresholds for 
ecological toxicity. 

Enable action to protect aquatic 
ecosystems; establish cleanup levels 
for contaminated sites; protect 
recreational and cultural values, such 
as hunting and fishing. 

2022 

Understand potential 
for atmospheric 
transport of PFAS 

Incorporate PFAS information 
into the EPA atmospheric 
models to understand the 
potential for atmospheric fate 
and transport of PFAS. 

Enable risk managers to understand 
the full range of potential PFAS 
exposure pathways so that they can 
prioritize appropriate action. 

2022 
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II. Introduction 

Many Americans are concerned about potential health impacts from exposure to per- and 

polyfluoroalkyl substances (PFAS) in the environment. Over the last decade, there has been a move to 

the manufacture and use of PFAS that may be less bioaccumulative and may be less likely to cause 

adverse health effects in humans and the environment. However, contamination from legacy PFAS and 

uncertainty regarding the safety of newer, alternative, PFAS compounds in the environment are a 

continuing concern for the federal government, states, tribes, and local communities. The EPA is leading 

efforts with our federal, state, tribal, and community partners to better characterize and mitigate risks 

related to the presence of PFAS in the environment. The Agency will work with partners to accomplish 

these goals through pollution prevention, characterization and remediation of contamination in the 

environment, evaluation of human health and ecological risks, reducing exposures, development of 

treatment and remediation technologies, dissemination of risk communication materials, identification 

of safer alternatives, and use of enforcement authorities and regulatory approaches as appropriate.  

This PFAS Action Plan identifies EPA-led short-term actions, longer-term research, and potential 

regulatory approaches designed to reduce the risks associated with PFAS in the environment. In carrying 

out this Action Plan, the EPA intends to work closely with its federal partners, states, tribes, and local 

communities. The challenges associated with PFAS cross multiple environmental media and many 

potential sources. Effective collaboration among all stakeholders is key to successful characterization, 

communication, and mitigation of concerns associated with PFAS in the environment. The EPA has heard 

the concerns expressed by the public through a recent series of EPA-sponsored community engagement 

meetings and through public comments submitted to the EPA through an open docket. The EPA will 

work with states, tribes, communities, and other federal agencies to take appropriate steps to protect 

human health and limit risks from PFAS in the environment. Through implementation of this Action Plan 

and active engagement with other federal agencies, international organizations, states, tribes, industry 

groups, associations, local governments, communities, and the public, the EPA will lead the national 

effort to understand and reduce PFAS risks to the American people. As the EPA learns more about PFAS 

and the risks they may pose, the Agency may update this Action Plan to reflect that new information. 
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III. PFAS Identification and Actions Previously 
Taken by the EPA 

The term PFAS refers to per- and polyfluoroalkyl substances. PFAS are a very large group of synthetic 

chemicals that includes PFOA, PFOS, PFBS, perfluorononanoic acid (PFNA), hexafluoropropylene oxide 

(HFPO) dimer acid and its ammonium salt (referred to as GenX chemicals), and thousands of other 

compounds (USEPA 2018a). Due to their strong carbon-fluorine bonds, many PFAS can be very 

persistent in the environment with degradation periods of years, decades, or longer under natural 

conditions (Beškoski et al. 2018, Kallenborn 2004, Luo et al. 2015, Parsons et al. 2008, Frömel and 

Knepper 2010). Differences associated with chain length, chemical structure, and chemical functional 

groups incorporated into individual PFAS have important implications for mobility, fate, and degradation 

within the environment, as well as uptake, metabolism, clearance, and toxicity in humans, plants, and 

other animals. There is evidence that exposure to certain PFAS in the environment can lead to adverse 

human health effects (ATSDR 2018a, USEPA 2016a, USEPA 2016b). PFOA and PFOS, two of the most 

widely studied PFAS, have been detected in the blood serum of up to 99% of samples collected between 

1999 and 2012 in a population that is representative for the U.S. More recent studies suggest blood 

levels of PFOA and PFOS have been decreasing since some U.S. manufacturers voluntarily phased out 

production beginning in 20004(ATSDR 2018a, USEPA 2016a, USEPA 2016b, CDC 2018). Measured body 

concentrations of other PFAS, including replacement PFAS, are showing different patterns (Kato et al. 

2011, Olsen et al. 2008, USEPA 2018b). For example, PFNA in women of child-bearing age increased 

between 1999-2000 and 2007-2008, while perfluorohexane sulfonic acid (PFHxS) was relatively constant 

(USEPA 2013). However, because these results are based on a broad national survey, they do not depict 

the exposure distribution for those who live near PFAS-contaminated sites or people who work in 

                                                            

4 The PFOA Stewardship Program began in 2006. PFOS was phased out by 3M between 2000 and 2002.  
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occupations that use PFAS. There are many PFAS in wide use for which more information regarding their 

presence, toxicity and mobility in a variety of environmental media is needed. 

Stakeholder Concerns 

At the PFAS National Leadership Summit, at community engagement events across the country, and 

through comments submitted to the docket, the EPA has heard about the many challenges communities 

are facing with PFAS. The EPA heard that effective collaboration is needed at the federal and state levels 

to compile and reconcile different information sources, better understand exposure impacts, enhance 

monitoring approaches, and to develop additional information on PFAS. Stakeholders and decision 

makers have emphasized the need to accelerate the understanding of PFAS toxicity and the impacts of 

PFAS to ecosystems as well as the need to expand the availability of analytical methods to detect and 

characterize exposures of concern.  

At these events, the EPA also heard many challenges associated with addressing PFAS including:  

• Cost burden and affordability concerns for PFAS-impacted communities and utilities, especially 

for the cost and operating requirements associated with treatment and remediation 

technologies; 

• Lack of hazardous substance listings, precluding the use of Comprehensive Environmental 

Response, Compensation and Liability Act (CERCLA) cleanup orders and cost recovery for PFAS; 

• Lack of enforceable numeric standards;  

• Lack of multi-media sampling methods;  

• Confusion about different health values from various authorities; and  

• Information gaps on how to safely handle PFAS-containing waste byproducts, biosolids, 

treatment plant residuals, and materials containing PFAS. 

Overarching Challenges for PFAS Management  

Understanding the scope of PFAS exposure including sources, pathways, populations exposed, and levels 

of exposure is critical to effectively characterizing the potential human health and environmental risks 

associated with these compounds. Other unknown and undiscovered PFAS likely exist within the 

environment as impurities or byproducts of chemical production or as a result of environmental 

degradation and transformation processes. Health and occurrence data and validated analytical 

methods are available for certain PFAS (e.g., PFOA and PFOS). However, for most PFAS there is limited or 

no toxicity information. While validated EPA drinking water measurement methods are available for 18 

PFAS today, including PFOA and PFOS, and more are in development, we lack validated analytical 

methods for national environmental measurements and assessment of exposure for hundreds of other 

PFAS. Additional challenges to remediation and cleanup include PFAS occurrence as mixtures with other 

contaminants. There are continuing research needs related to the development of PFAS destruction 

technologies. Additional tools and information would improve risk characterization, cleanup options, 

and management decisions. Knowledge of PFAS impacts on human health and the environment is 

advancing, and the EPA and other organizations are collaborating to generate research and consider 

new scientific information as it becomes available. To effectively manage PFAS-related exposures and 
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human health risks when they have been identified, decision makers must consider the potential 

sources, available technology and if necessary, the regulatory authorities and enforcement tools that 

may allow federal agencies, states, tribes, and local governments to address PFAS exposure in the 

environment.  

Federal, state, tribal, and local government, communities, and public and private entities will need to 

partner on developing and implementing management approaches, policies, and solutions to efficiently 

use limited resources to address PFAS-related risks. While better understanding and reducing the risks 

posed by PFAS is an important EPA priority, it is not the only public health or environmental challenge 

faced by our communities. Leveraging resources and partnering is important to ensure the availability of 

resources to address other priority environmental and public health issues. 

While the EPA is evaluating options for development of the most appropriate regulatory programs and 

tools to address PFAS risks, the EPA also plans to actively lead and support PFAS management efforts 

using nonregulatory means and enforcement, where appropriate, in partnership with many 

stakeholders, to protect public health and the environment. 

PFAS Use 

Over 4,000 PFAS may have been manufactured and used in a variety of industries worldwide since the 

1940s (OECD 2018, Guelfo et al. 2018). The EPA’s Toxic Substances Control Act (TSCA) Chemical 

Substance Inventory lists over one thousand PFAS, of which approximately half are known to be 

commercially active within the last decade. Many PFAS are chemically and thermally stable and 

demonstrate resistance to heat, water, and oil (Rahman et al. 2014). These properties have made PFAS 

useful in a variety of consumer products and industrial processes, including firefighting foams, chemical 

processing, building/construction, aerospace, electronics, semiconductor and automotive industries, 

stain- and water-resistant coatings (e.g., carpets and rain repellent clothing), food packaging, and in 

waxes and cleaners (USEPA 2009). Due to their desirable chemical properties for consumer goods, PFAS 

are widely used in commercial products and can be found in almost every U.S. home and business. All 

eight companies participating in the EPA’s PFOA Stewardship Program voluntarily phased out long-chain 

PFAS in favor of shorter-chain replacements, which are generally less bioaccumulative and potentially 

less toxic (Ritter 2010). Previously produced items and imported items may still contain longer-chain 

PFAS such as PFOA or PFOS (USEPA 2018b). Some replacement PFAS are capable of degrading to PFOA 

or other long-chain PFAS. Recent research suggests that additional factors aside from chain length may 

affect the bioaccumulation potential and toxicity of individual PFAS (ITRC 2018a, Ng et al. 2014).  
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PFAS on the TSCA Inventory* 

 

Routes of Exposure  

People are exposed to PFAS through the use of consumer products, through occupational exposure, 

and/or through consuming contaminated food or contaminated drinking water (Fromme et al. 2009). 

Potential pathways of significant human PFAS exposure include (USEPA 2018a, ATSDR 2018b, Fromme 

et al. 2009, Ghisi et al. 2018, McGoldrick and Murphy 2016, Stahl et al. 2014, Franko et al. 2012): 

• Drinking water from public water and private water systems, typically localized and associated 

with a release from a specific facility (e.g., manufacturer, processor, landfill, wastewater 

treatment, or facilities using PFAS-containing firefighting foams); 

• Consumption of plants and meat from animals, including fish that have accumulated PFAS; 

• Consumption of food that came into contact with PFAS-containing products (e.g., some 

microwaveable popcorn bags and grease-resistant papers); 

• Use of, living with, or otherwise being exposed to commercial household products and indoor 

dust containing PFAS, including stain- and water-repellent textiles (including carpet, clothing and 

footwear), nonstick products (e.g., cookware), polishes, waxes, paints, and cleaning products; 

• Employment in a workplace that produces or uses PFAS, including chemical production facilities 

or utilizing industries (e.g., chromium electroplating, electronics manufacturing, or oil recovery); 

and 

• In utero fetal exposure and early childhood exposure via breastmilk from mothers exposed to 

PFAS. 
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Potential Human Health Impacts 

The majority of research on the potential human health risks of PFAS are associated with oral (ingestion) 

exposure. Limited data exist on health effects associated with inhalation or dermal exposure to PFAS. 

Most available toxicity data are based on laboratory animal studies. There are also several human 

epidemiological studies of PFOA and PFOS. Exposure to some PFAS above certain levels may increase 

risk of adverse health effects. While many of the same effects are observed for the family of PFAS 

chemicals, it appears that different adverse effects may be dominant in different PFAS. Depending on 

the PFAS, increased risks observed in some animal studies include developmental effects to fetuses 

during pregnancy and infants (e.g., low birth weight, altered puberty, skeletal variations), cancer (e.g., 

testicular, kidney), liver effects (e.g., tissue damage), immune effects (e.g., changes in antibody 

production and immunity), thyroid effects related to developmental outcomes, and other effects (e.g., 

cholesterol changes) (USEPA 2016a, USEPA 2016b). The EPA plans to continue evaluating toxicity 

information for PFAS; critical information may come from investigating whether exposure to structurally 

similar PFAS results in similar health effects. Currently, long-chain PFAS are generally thought to present 

greater toxicity in humans than shorter-chain PFAS (Ritter 2010, Eschauzier et al. 2012), though the 

toxicities of short-chain PFAS have generally been less thoroughly studied (Danish EPA 2015). 

Additionally, short-chain PFAS are as persistent in the environment as their longer-chain analogues and 

are highly mobile in soil and water (Bergström 2014). Due to increasing global production and use, 

environmental and human exposure to short-chain PFAS is expected to increase over time (Wang et al. 

2013). Differences in mobility, fate and persistence in the environment, as well as treatability in 

environmental media across the complex family of PFAS are expected to contribute to differences in 

potential exposures and resulting health risks in humans.  

History of the EPA’s PFAS Actions 

The EPA has been actively engaged in preventing risks associated with PFAS. Several statutes provide the 

EPA with the authority to address PFAS, including TSCA, the Safe Drinking Water Act (SDWA), and 

CERCLA. This section provides an overview of previous actions the EPA has taken to address PFAS. 

Toxic Substances Control Act (TSCA) 

Under TSCA, the EPA has broad authority to issue regulations designed to gather health/safety and 

exposure information on, require testing of, and control exposure to chemical substances and mixtures. 

TSCA gives the EPA authority to require reporting, record-keeping, and testing of chemical substances 

and mixtures, and protect against unreasonable risks to human health and the environment from 

existing chemicals. Among other things, section 5 of TSCA allows the EPA to issue SNURs that require 

notice to the Agency before chemical substances and mixtures are manufactured (including imported) 

or processed for significant new uses. 

The EPA has used various strategies under TSCA to better understand and reduce exposures to PFAS. For 

example, in early 2000, the EPA worked with the 3M Company to support the company’s voluntary 

phase-out and elimination of PFOS production and use. As a result of the EPA’s 2010/2015 PFOA 

Stewardship Program, eight major chemical manufacturers and processors agreed to phase out the use 
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of PFOA and PFOA-related chemicals in their products and emissions from their facilities. All companies 

met the PFOA Stewardship Program goals by 2015. Through the EPA’s work under TSCA, the Agency has 

also issued various SNURs to require manufacturers (including importers) and processors of certain PFAS 

chemicals to notify the EPA at least 90 days before starting or resuming significant new uses of these 

chemicals. This notification would require the EPA to review the significant new use, make a risk 

determination under section 5, and take appropriate regulatory action based on that risk determination. 

In 2015, the EPA proposed the most recent SNUR on PFAS to complement the long-chain PFAS phaseout 

under the 2010/2015 PFOA Stewardship Program by requiring manufacturers (including importers) of 

PFOA and certain PFOA-related chemicals, including as part of articles, and processors of these 

chemicals to notify the EPA at least 90 days before starting or resuming new uses of these chemicals. 

Upon receipt of the notice and prior to any “significant new use” activity commencing, TSCA mandates 

that the EPA review the potential health and environmental effects, make an affirmative determination 

on the risks, and take actions necessary to eliminate those risks, as appropriate. The EPA is considering 

the public comments received on the 2015 proposed SNUR as well as the new statutory requirements 

added by the Frank R. Lautenberg Chemical Safety for the 21st Century Act as it works to issue a 

supplemental proposed SNUR on PFAS for the manufacture (including import) of certain long-chain 

perfluoroalkyl carboxylate (LCPFAC) chemical substances, including as part of categories of certain 

articles, and the processing of these chemicals. 

Safe Drinking Water Act (SDWA) 

Section 1412 of the SDWA requires the EPA to publish a list of contaminants known or anticipated to 

occur in public water systems which may require regulation under the Safe Drinking Water Act (the 

Contaminant Candidate List). The EPA included PFOA and PFOS on the fourth Contaminant Candidate 

List (USEPA 2018c). The EPA worked with states and public water systems to characterize the occurrence 

of six PFAS in the nation’s drinking water by including them in the third Unregulated Contaminant 

Monitoring Rule (UCMR), published in 2012 under the SDWA. The EPA uses the UCMR to collect data for 

contaminants that are suspected to be present in drinking water and do not have standards set under 

the SDWA. The EPA collected data for six PFAS in the UCMR: PFOA, PFOS, PFBS, PFNA, PFHxS, and 

perfluoroheptanoic acid (PFHpA). From 2013-2015, drinking water samples were collected and analyzed 

in nearly 5,000 public water systems across the nation, accounting for approximately 80% of the U.S. 

population served by public water systems (USEPA 2016c). The EPA plans to use these monitoring 

results and other information in the next step in the SDWA regulatory determination process as 

described below. In addition to the regulatory process, the SDWA provides authority for the Agency to 

publish drinking water Health Advisories (HAs) which are non-enforceable, health-based drinking water 

levels. In 2016, the EPA released lifetime Health Advisories for two PFAS (PFOA and PFOS). These Health 

Advisories provide the public, including the most sensitive populations, with a margin of protection from 

a lifetime of exposure to PFOA and PFOS from drinking water. Health Advisories are non-enforceable 

and non-regulatory and provide technical information to state agencies and other public health officials 

on health effects, analytical methodologies, and treatment technologies associated with drinking water 

contamination (USEPA 2016a, USEPA 2016b). 

Furthermore, pursuant to section 1431(a) of the SDWA, the EPA has authority to take actions the 

Agency deems necessary to protect public health when a contaminant, whether regulated or not, is 
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present in or likely to enter a public water system or an underground source of drinking water, and “may 

present an imminent and substantial endangerment to the health of persons.” This authority enables 

the EPA to respond to emergency conditions and conditions where contamination threatens public 

health. This section 1431 authority is distinct from the process to establish National Primary Drinking 

Water Regulations under section 1412 of the SDWA. The EPA has used its authority under section 1431 

to issue orders that require persons who have caused or contributed to PFAS contamination to take 

actions as may be necessary to protect the health of persons, including actions that reduce or prevent 

exposures.  

Comprehensive Environmental Response, Compensation, and Liability Act 

(CERCLA) 

CERCLA, commonly known as Superfund, provides the federal government with authority to respond to 

releases and threatened releases of hazardous substances, and, if they may present an imminent and 

substantial endangerment, pollutants and contaminants. CERCLA section 104(e) also provides authority 

to investigate a site to determine whether hazardous substances, pollutants or contaminants have been 

or may be released. If there is a release of a hazardous substance, parties responsible for the release 

may be ordered to respond under CERCLA and/or may be liable under CERCLA for the costs of 

responding to those releases. PFOA and PFOS are considered CERCLA pollutants or contaminants, not 

hazardous substances. Thus, federal response/cleanup authority exists where the federal agency with 

CERCLA authority has made a determination that the PFOA or PFOS release may present an imminent 

and substantial danger to public health or welfare. In addition, the EPA has initiated the regulatory 

development process to designate PFOA and PFOS as CERCLA “hazardous substances”, which would 

extend CERCLA order and cost recovery authorities to address communities affected by PFOA and PFOS 

contamination.  

The EPA supports federal agencies, states, tribes, and local communities by coordinating with others to 

identify exposures, developing methods in order to measure PFAS in the environment, and supporting 

cleanup efforts where PFAS has been identified as a risk to human health, including working with other 

federal partners and using enforcement tools where necessary. Where the EPA finds that there may be 

an imminent and substantial endangerment to public health or welfare related to PFAS contamination, 

the Agency will consider using its response authority under CERCLA section 104 or utilizing its 

enforcement authorities such as the SDWA section 1431 or Resource Conservation and Recovery Act 

(RCRA) section 7003. 

Consistent with CERCLA, the Agency for Toxic Substances and Disease Registry (ATSDR) recently released 

draft toxicological profiles for multiple PFAS, which included Minimal Risk Levels (MRLs). ATSDR’s MRLs 

for four PFAS substances (i.e., PFOA, PFOS, PFHxS, and PFNA), when finalized, are intended to serve as 

screening tools to help public health professionals to determine areas and populations potentially at risk 

for exposure and can be used as a mechanism to identify hazardous waste sites that are not expected to 

cause adverse health effects (ATSDR 2018a). The EPA will continue to partner with ATSDR to better 

understand and communicate risks to human health from PFAS. 
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IV. Reducing PFAS Exposures: What the EPA Is 
Doing to Ensure the Problem Is Not 
Exacerbated 

Understanding PFAS in Commerce  

Risk Management for PFAS under TSCA 

The EPA has the responsibility for reviewing new 

chemical substances before they enter commerce. 

The EPA’s TSCA New Chemicals program functions as 

a “gatekeeper” to help manage the potential risk to 

human health and the environment from chemicals 

new to the marketplace. TSCA requires the EPA to 

make risk determinations on new industrial chemicals 

and provides the EPA with a range of regulatory 

options to address risks. The EPA has reviewed 

hundreds of new chemical substitutes for PFOA, 

PFOS, and other long-chain PFAS under TSCA since 

2000. In many cases, the EPA has used its authority 

under TSCA to impose restrictions on these 

substances—as well as requiring companies to 

generate data on physical and chemical properties, 

environmental fate, toxicokinetics, acute toxicity, 

irritation and sensitization, repeated dose toxicity, 

  EPA Priority Action 

ACTION: New SNUR on PFAS 

chemicals. 

PURPOSE: In 2015 the EPA proposed 

the most recent SNUR on PFAS 
chemicals to complement the long-
chain PFAS-phaseout under the 
2010/2015 PFOA Stewardship 
Program. 

NEXT STEPS: The EPA is considering 

the public comments received as well 
as the new statutory requirements 
added by the Frank R. Lautenberg 
Chemical Safety for the 21st Century 
Act as it works to issue a supplemental 
proposed SNUR on PFAS. 
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genotoxicity, reproductive/developmental toxicity, and cancer—as conditions for allowing the 

substances on the market. 

Anyone who plans to manufacture or import a new PFAS chemical substance for a non-exempt5 

commercial purpose must first provide the EPA with notice, known as a premanufacture notice (PMN). 

The EPA must review and make an affirmative determination on the PMN. For purposes of TSCA, if a 

chemical is on the TSCA Inventory, the substance is considered an existing chemical substance in U.S. 

commerce. Any chemical that is not on the Inventory is considered a new chemical substance.  

The EPA is required under TSCA to review PMNs in a 90-day period with the goal of identifying whether 

there are unreasonable risks and applying appropriate controls to mitigate risks where identified. The 

EPA uses an integrated approach that draws on knowledge and experience across disciplinary and 

organizational lines to identify releases and exposures and evaluate concerns regarding health and 

environmental effects. The EPA evaluation includes an assessment of occupational exposures and facility 

releases to land, water, and air. The EPA then evaluates the impacts of these releases on environmental 

receptors (primarily aquatic) as well as to the general population, including susceptible populations. The 

EPA also conducts, when relevant, an assessment of non-workplace exposures such as those 

experienced by persons using a specific commercial or consumer product containing a chemical (e.g., 

paints, cleaners). Product use scenarios used to assess risk may include, as appropriate, assessment of 

‘bystanders’ (i.e., persons not actually using the product, but within the exposure vicinity) and 

subsequent impacts on environmental receptors. As required by TSCA, these evaluations are risk based 

and consider both hazard and exposure. 

By the end of the review period, the EPA must make one of five determinations under TSCA:  

1. Insufficient information to perform a reasoned evaluation;  

2. Insufficient information and may present unreasonable risk;  

3. Not likely to present an unreasonable risk;  

4. Presents an unreasonable risk; or  

5. Potential for substantial release/exposure.  

More information on the EPA’s review and decision-making processes is available on the EPA’s website 

at: https://www.epa.gov/reviewing-new-chemicals-under-toxic-substances-control-act-tsca.  

The EPA can designate through rulemaking certain new uses of a chemical as significant new uses. 

Anyone who plans to manufacture or import a chemical substance for a use that has been designated by 

the EPA as a significant new use must first provide the EPA with notice, known as a significant new use 

notice (SNUN). The EPA must review and make an affirmative determination on the notice before that 

new use can commence, if at all. The EPA has already designated significant new uses for more than 400 

PFAS chemicals, including for certain PFAS substances that have been through the new chemical review 

                                                            

5 Certain manufacture of chemical substances is excluded or exempt from full PMN notification requirements, including small quantities of 
substances manufactured solely for research and development, substances manufactured for test marketing, substances manufactured in low-
volumes, and substances manufactured with low releases or low exposures. Some of these exemptions (e.g., the Low Volume Exemption) 
require submission of an application to the EPA for review and potential action. 
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process but have not yet been commercialized, and for certain PFAS substances used in manufacturing 

(including importing) and processing of carpets or for treating carpet. 

The Agency proposed in 2015 a Significant New Use Rulemaking for Long-Chain Perfluoroalkyl 

Carboxylate and Perfluoroalkyl Sulfonate Chemical Substances that would require manufacturers 

(including importers) of PFOA and certain PFOA-related chemicals, including as part of articles, and 

processors of these chemicals to notify the EPA at least 90 days before starting or resuming new uses of 

these chemicals in any products. The Agency plans to follow up on the 2015 SNUR.  

Depending on the outcome of its review and determination, under TSCA the EPA may take actions on a 

new PFAS or significant new PFAS use, ranging from imposing restrictions or limitations (e.g., use 

restrictions, production volume cap, limitation on releases to water, etc.) to an outright prohibition on 

manufacture to ensure that the substance does not present an unreasonable risk. For example, if the 

EPA determines that there is insufficient information to perform a reasoned evaluation or that the 

chemical may present an unreasonable risk, the EPA may issue an order under TSCA that eliminates the 

potential for unreasonable risk. The EPA can also require the submitter to conduct testing to better 

understand whether or to what extent the chemical presents risks. Nearly all TSCA new chemicals orders 

issued by the EPA are consent orders negotiated with the submitter of the notice. Because these orders 

are binding only on the original PMN submitter for that substance, the EPA typically also issues a 

Significant New Use Rule that requires notice to the EPA by any manufacturer or processor who wishes 

to manufacture or process the chemical in a way other than described in the terms and conditions 

contained in the order.  

Over the decades, and in particular since the beginning of the phase-out of long-chain PFAS in 2006 

under the PFOA Stewardship Program, the EPA’s new chemicals program has developed significant 

experience in reviewing PFAS substances before they enter the market. More than 300 PMN or SNUN 

submissions for PFAS substances have been reviewed by the EPA since the beginning of the PFOA 

Stewardship Program, of which about 200 were regulated by the EPA, typically under a section 5(e) 

Order. Similarly, more than 300 Low Volume Exemption Applications have been reviewed by the EPA 

during this period, most of which were granted based on restrictions/controls in the original or 

amended submissions. 

With the restrictions the EPA has imposed on many of these chemicals, together with the data the EPA 

required to be generated, the TSCA new chemicals program is an important contributor to helping 

ensure the safe use of PFAS in commerce. 

PFAS and the Toxics Release Inventory 

Section 313 of the Emergency Planning and Community Right-to-Know Act (EPCRA) created the TRI 

Program. The TRI Program's mission is to provide the public with information about TRI chemicals, 

including releases, other waste management (e.g., recycling), and pollution prevention from TRI-

reporting facilities. The TRI Program is another tool the EPA may use to understand the releases of PFAS 

by industrial and federal facilities. TRI tracks the management of certain toxic chemicals that may pose a 

threat to human health and the environment. U.S. facilities in different industry sectors must report 

annually how much of each chemical is released to the environment and/or managed through recycling, 
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energy recovery and treatment. A "release" of a chemical means that it is emitted to the air or water or 

placed in some type of land disposal. The information submitted by facilities is compiled in the Toxics 

Release Inventory. TRI helps support informed decision-making by companies, government agencies, 

non-governmental organizations, and the public. 

Currently, no PFAS chemicals are included on the list of chemicals required to report to TRI; however, 

the EPA is considering whether to add PFAS chemicals. In considering listing, the EPA must determine 

whether data and information are available to fulfill the listing criteria and the extent and utility of the 

data that would be gathered. For example, hazard data required for TRI listing may be readily available 

for certain PFAS chemicals, but not others. In addition, in considering if TRI will provide useful 

information to stakeholders, the EPA also will consider if those PFAS are still active in commerce. The 

process for listing includes notice and comment rulemaking to list PFAS chemicals for reporting prior to 

adding these chemicals to the TRI for annual reporting.  
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V. Understanding PFAS Toxicity to Develop 
Recommendations and Standards  

The EPA is working to understand and address PFAS toxicity through development of human health 

toxicity assessments on long- and short-chain PFAS. This and other research using advanced toxicological 

methods will provide a better understanding of PFAS toxicity, including methods for assessing groups of 

PFAS with similar toxicities and exposures. Toxicity 

information can be used to provide health 

protective recommendations and standards for 

cleanup of environmental media.  

The EPA’s Actions to Develop 
Human Health Toxicity 
Information on PFAS 

In 2016, the EPA issued a non-regulatory lifetime 

Health Advisory (HA) of 70 parts per trillion (ppt) 

for individual and combined PFOA and PFOS in 

drinking water. Additional information on the 

Health Advisories for PFOA and PFOS can be found 

at https://www.epa.gov/ground-water-and-

drinking-water/drinking-water-health-advisories-

pfoa-and-pfos. The EPA has made it a priority to 

produce a new toxicity assessment for GenX 

chemicals and an updated toxicity assessment for 

PFBS to facilitate hazard characterization and 

future risk management decisions. The EPA made 

  EPA Priority Action 

ACTION: The EPA is developing toxicity 

values for GenX chemicals and PFBS. 

PURPOSE: Industry has phased out the 

use of PFOS and PFOA in favor of shorter-
chain PFAS such as GenX chemicals and 
PFBS. Toxicity values for these 
replacement chemicals will help inform 
risk management decisions of federal 
agencies, states, and tribes to protect 
human health. 

NEXT STEPS: The EPA plans to release 

final toxicity values for GenX chemicals 
and PFBS in 2019. Toxicity values for five 
other PFAS are under development. 
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draft toxicity assessments for GenX chemicals and PFBS available for public comment in 2018 and 

expects to issue final toxicity assessments for these two compounds in 2019. Concurrently, the EPA 

plans to generate additional PFAS toxicity data through in vitro high throughput toxicity testing (HTT) 

and high throughput toxicokinetic (HTTK) assays to inform hazard effects characterization and promote 

prioritization of chemicals for further in vivo testing (Judson et al. 2009, Kavlock and Dix 2010). 

Generating HTT and HTTK data will improve our understanding of PFAS toxicity and potential human 

health effects for PFAS compounds for which there is currently limited health-related information and 

can help to inform Agency and stakeholder decision-making regarding human health risk and 

remediation levels across the broad landscape of PFAS compounds. In the near term, the EPA intends to 

also continue to use public peer-reviewed available toxicity information to work towards the 

development of additional PFAS toxicity assessments for perfluorobutanoic acid (PFBA), 

perfluorohexanoic acid (PFHxA), PFHxS, PFNA, and perfluorodecanoic acid (PFDA).  

Groundwater Cleanup Recommendations for PFOA and PFOS 

The EPA is developing Interim Recommendations for Addressing Groundwater Contaminated with PFOA 

and PFOS to support site-specific cleanup efforts. When finalized, the guidance will provide interim 

recommendations at sites being evaluated and remediated under the EPA’s CERCLA federal cleanup 

program or at federal-led RCRA corrective action sites. The information and recommendations in this 

guidance may also be useful for other federal agencies, states, tribes, or other regulatory authorities 

(e.g., approved state RCRA corrective action programs).  

Addressing PFAS in Drinking Water 
through Standards 

The EPA is committed to following the Safe Drinking 

Water Act process for evaluating drinking water 

standards for PFAS, including an MCL for PFOA and 

PFOS. That process involves determining: (1) whether 

a contaminant may have adverse health effects; (2) 

whether a contaminant is found in public water 

systems with a frequency and at levels of concern; 

and (3) whether, in the sole judgment of the 

Administrator, there is a meaningful opportunity for 

health risk reduction through a national drinking 

water regulation. This process includes a formal 

rulemaking, engagement with the EPA’s National 

Drinking Water Advisory Council, and extensive public 

participation. These requirements are expressly 

prescribed under the Safe Drinking Water Act to 

ensure scientific integrity and transparency for the 

regulation of contaminants in public water systems.  

 EPA Priority Action  

ACTION: The EPA is developing 

interim recommendations for 
addressing groundwater contaminated 
by PFOA and PFOS. 

PURPOSE: These recommendations 

will assist the EPA, other federal 
agencies, states, and tribes in 
developing and implementing cleanup 
goals for PFOA and PFOS under 
CERCLA. 

NEXT STEPS: The groundwater 

cleanup recommendations will be 
released for public comments prior to 
finalization. 
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Certain PFAS have been shown to cause adverse 

health effects at sufficient exposures, and the EPA is 

continuing to gather and analyze data regarding the 

frequency and levels of occurrence of the sampled 

PFAS. Under the third Unregulated Contaminant 

Monitoring Rule (UCMR3) program the EPA collected 

data for six PFAS. From January 2013 through 

December 2015, samples were collected nationally by 

all public water systems (PWSs) serving more than 

10,000 people, as well as from 800 representative 

PWSs serving 10,000 or fewer people. Additional 

information can be found at the EPA’s UCMR3 

website https://www.epa.gov/dwucmr/third-

unregulated-contaminant-monitoring-rule (USEPA 

2016c). The EPA found that 1.3 percent of the PWSs 

monitored under UCMR3 had measured 

concentrations of PFOA and PFOS that were greater 

than the EPA’s lifetime HA (lifetime HA limit of 70 ppt 

or 0.07µg/L) (USEPA 2016a, USEPA 2016b).  

Using the occurrence information from UCMR3 and 

other relevant information, the EPA will propose a 

regulatory determination for PFOA and PFOS in 2019 

for public comment. A regulatory determination is 

the next step in the SDWA process for developing a 

national primary drinking water regulation. The 

Agency also recognizes that there is additional 

information that the EPA should evaluate regarding 

PFAS other than PFOA and PFOS, including new 

monitoring and occurrence data, recent health 

effects data, and additional information to be solicited from the public, which will inform the 

development of a national drinking water regulation for a broader class of PFAS in the future. 

The EPA also intends to propose nationwide drinking water monitoring for PFAS under the next UCMR 

monitoring cycle utilizing newer methods available to detect different PFAS and at lower minimum 

reporting levels (MRLs) than previously possible in earlier monitoring. As part of this process, the EPA 

intends to solicit pre-proposal stakeholder input in 2019 and issue a proposed drinking water monitoring 

rule (UCMR5) in 2020. 

In addition to the available UCMR data, the EPA plans to evaluate the extensive occurrence information 

for PFAS in source and drinking waters recently collected by some states, and which other states intend 

to collect in the future. The Agency has also heard extensive concerns from the public about PFAS that 

were not monitored as a part of the UCMR3 effort. Within the proposed regulatory determination 

federal register notice for PFOA and PFOS, the EPA plans to highlight the information that is known by 

  EPA Priority Action 

ACTION: The EPA is committed to 

proposing a regulatory determination 
for PFOA and PFOS. In addition, the 
EPA is committed to proposing 
additional PFAS for the next round of 
unregulated contaminant monitoring. 

PURPOSE: This is the next step in the 

SDWA process and will enable the EPA 
to obtain additional information on 
PFOA, PFOS, and other PFAS 
compounds to inform regulatory 
action. 

NEXT STEPS: In 2019, propose a 

regulatory determination for PFOA and 
PFOS highlighting key information 
gathered by the Agency to date. The 
EPA will invite the public to comment 
on the Agency’s efforts to date, 
including recommending additional 
information the Agency should 
consider in its regulatory 
determination. 
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the Agency and invite the public to provide additional information that the EPA can consider, including 

information from additional data sources related to sampling of additional water systems and for a 

broader suite of PFAS. Based on this and other information (including UCMR finished water data), the 

EPA will make a final determination for PFOA and PFOS, and as appropriate, other PFAS and take the 

appropriate next regulatory steps under the SDWA. In the interim, the Agency intends to prioritize 

prevention and remediation programs to support local communities currently facing PFAS challenges 

and will exercise its SDWA authorities where necessary and appropriate.  
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VI. Identifying PFAS and Addressing PFAS 
Exposures in Affected Communities 

The EPA is focused on identifying and addressing PFAS exposures in order to protect people and 

communities from exposures to PFAS that present an adverse health risk, especially for the most 

vulnerable members of the exposed population. Additionally, the EPA is focused on providing tools and 

information to support federal agencies, states, tribes, and local communities to address PFAS in the 

environment. This work involves coordinating with others to identify exposures, developing methods in 

order to measure PFAS in the environment, and supporting cleanup efforts where PFAS has been 

identified as a risk to human health, including working with other federal partners and using 

enforcement tools where necessary. Where the EPA finds that there may be an imminent and 

substantial endangerment to public health related to PFAS contamination, the Agency will consider 

using its response authority under CERCLA section 104 or utilizing its enforcement authorities such as 

the SDWA section 1431 or RCRA section 7003.  

Work with States, Tribes, and Local Governments on Identifying 
Exposures  

Identifying PFAS is the first step in understanding if PFAS exposure may be of concern to a community. 

PFAS exposure in the general population occurs primarily through consumption of food that has been 

stored or cooked in materials containing PFAS, eating contaminated food grown in or collected from 

contaminated soil or water (Ghisi et al. 2018), eating contaminated meat from animals (e.g., fish), 

contact with household products contact through contaminated soil and dust (Shoeib et al. 2005), or 

drinking water that has been contaminated with PFAS. Drinking water contamination is typically 

localized and associated with a specific source of PFAS (for example, an industrial facility where these 

chemicals were produced or used to manufacture other products; or an airfield, military base, or 

petroleum or chemical facility at which PFAS containing foams were used for firefighting or training 
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(USEPA 2018a, Hu et al. 2016, Guelfo et al. 2018)). In addition to the monitoring conducted by the EPA 

and states as part of the UCMR program (monitored for six PFAS), some states have taken additional 

steps to understand the occurrence of PFAS contamination in communities with potential PFAS 

exposures from current or historical activities. In addition, some states have conducted sampling and 

monitoring more broadly to identify locations with PFAS contamination. These steps include sampling 

drinking water—either in large water systems that serve multiple communities, private potable wells 

potentially impacted by releases, or sites where PFAS-containing materials are known to have been 

used—to gather important baseline data on the presence of PFAS in the environment. A number of 

environmental monitoring activities are also ongoing to measure and assess trends of PFAS in air, water, 

fish, wildlife, and sediment. In addition, some states are conducting biomonitoring studies to measure 

the levels of PFAS in people (ASTHO 2018). States can also consider updating their source water 

assessments to account for potential PFAS risks based on monitoring results or known sources of 

contamination. The EPA is working with our partners to develop and disseminate sampling, 

measurement, and treatment tools to help stakeholders concerned about PFAS in their communities to 

implement actions to prevent and mitigate harmful human exposures to PFAS.  

Many stakeholders have questioned the extent and magnitude of PFAS contamination across the United 

States. To help fill these information gaps, the EPA intends to compile baseline, publicly available, PFAS 

environmental data into a visual map. Mapping tools can be used to show known or potential PFAS 

contamination sources and related information. The EPA may also specify sites of interest to 

environmental monitoring, such as wildlife refuges and fisheries, as well as additional impacted 

environmental media (for example, air or soil). These efforts can be used to help assess environmental 

trends in PFAS concentrations and serve as one source of information for local and regional authorities. 

The EPA is also exploring how to coordinate sampling, data sharing, and data evaluation across 

environmental media and biota to provide online tools that can provide information about PFAS 

detections for government and public users. The EPA plans to work with state partners to develop data 

sharing standards so that testing results (either government sampling results or public testing) can be 

shared in a way that is accessible and useful. The EPA will explore development of a PFAS inventory and 

data plan. The EPA intends to play a lead role in distributing tools that provide the public with an 

integrated look at what is known about PFAS detections. 

Development of Field and Laboratory Methods to Measure PFAS in the 

Environment 

When available, validated analytical methods for measuring PFAS and PFAS precursors in multiple 

environmental media enable a more accurate understanding of PFAS occurrence and exposures. This 

information in turn helps the EPA’s effort to focus toxicity studies on the most prevalent PFAS exposures 

in the environment. With the information produced using validated analytical methods, decision makers 

can also understand the extent of PFAS contamination and better design and execute remediation and 

treatment. The EPA recently released an expanded drinking water Method 537.1 to include additional 

PFAS, including GenX chemicals. Longer-term efforts include the development and multi-lab validation 

of methods (e.g., SW-846, 40 CFR Part 136) for complex water matrices (e.g., wastewater, surface 

waters, groundwaters), solids (e.g., soil, sediment, biosolids, fish tissues), air (e.g., ambient, stack 

emission, off-gases), and other PFAS in drinking water not currently captured by Method 537. In 
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addition, the EPA continues to collaborate with others to refine and apply high resolution mass 

spectrometry (HRMS) analytical methods for discovery and identification of additional PFAS in 

environmental media (McCord et al. 2018, Newton et al. 2017, Strynar et al. 2015). These efforts will 

support federal partners, states, tribes, and other stakeholders in site assessment and remediation and 

help characterize the broader environmental occurrence and potential exposure to PFAS compounds in 

drinking water and other impacted environmental media. For more information on the EPA research 

plans related to PFAS, please see Section VII.  

 

 

Risk Assessment Definitions 

RESEARCH: The EPA conducts laboratory and field observations, compiles 
and synthesizes information, and develops models and tools in order to 
understand toxicity, exposure, treatment, and remediation.  

HAZARD IDENTIFICATION & DOSE-RESPONSE ASSESSMENTS: The EPA 
determines whether exposure to a contaminant (e.g., PFAS) has the 
potential to cause harm to humans and/or ecological systems, and if so, 
under what circumstances. 

EXPOSURE ASSESSMENTS: The EPA models or measures contamination 
(e.g., in drinking water) and predicts how people and ecological systems 
can come in contact with a contaminant, along with the size and 
characteristics of the population exposed (including the most vulnerable) 
to estimate exposure. 

RISK CHARACTERIZATION: The EPA works to integrate the previous steps 
to create a comprehensive picture of potential PFAS risks, considering 
hazard, dose-response, and exposure information. 

RISK MANAGEMENT: The EPA applies information attained in the previous 
steps to develop, analyze, and compare options and identify the most 
appropriate treatment, remediation, or policy response, including how to 
best exchange information about health or environmental risks among 
various stakeholders. 
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Utility of Additional Exposure Information on PFAS  

Applying new analytical methods for discovering and measuring PFAS in the environment would enable 

a better understanding of the sources, types of PFAS, and the exposure pathways which bring PFAS into 

contact with people and ecosystems. This information could be used to prioritize PFAS for toxicity 

testing and to facilitate assessment of the relative importance of different pathways (how much PFAS 

exposure is via food, water, dust, or other media/pathways). This information, combined with more 

knowledge about PFAS toxicity, could enable stakeholders to identify the PFAS exposures which are of 

greatest relevance and potential impact to humans and ecosystems, enabling them to prioritize their 

management efforts and allocate their resources to achieve the maximum reduction in risk. For more 

information on the EPA’s research efforts related to risk assessment, please see Section VII. 

EPA Actions and the Risk Assessment Framework 

 

Mitigating PFAS Exposures  

To prevent adverse effects to human health and the environment both now and in the future, the EPA is 

prioritizing short-term exposure prevention and long-term cleanup goals. The EPA will work with 

federal, state, tribal, and local agencies to employ appropriate authorities, when necessary, to address 

or prevent PFAS contamination. Potential federal enforcement, regulatory, and response authorities 

include, for example, the SDWA; RCRA sections 3004(u) and (v); 3005; 3008(h); 3013; and TSCA sections 

5, 6, 7, and 8. Additionally, the EPA will continue to develop tools and provide information to support 

decision-making on mitigating PFAS exposures. 
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Hazardous Substance Listing for PFAS  

In addition to short-term exposure prevention, the 

EPA will continue to provide technical assistance on 

site-specific PFAS challenges across the country, 

including using CERCLA and other authorities, as 

appropriate, to investigate sites when needed. The 

EPA is also developing Interim Recommendations for 

Addressing Groundwater Contaminated with PFOA 

and PFOS to support site-specific cleanup efforts (see 

section V). An important long-term action for federal 

agencies, states, tribes, communities, and the public 

is the development of additional tools to facilitate 

cleanup of PFAS-contaminated sites and recover 

cleanup costs from responsible parties. In order to 

augment the EPA’s ability to use its CERCLA federal 

response authority, the EPA is moving forward with 

how best to designate PFOA and PFOS as CERCLA “hazardous substances” using one of the available 

statutory mechanisms. Following the PFAS Summit in May 2018, the EPA began an intensive effort to 

examine the statutory options that could be used to designate PFOA and PFOS as CERCLA hazardous 

substances. This effort included consideration of the benefits and challenges, as well as the timing and 

criteria for each available option. There are several statutory authorities available to define PFOA and 

PFOS as CERCLA hazardous substances, including CERCLA, RCRA, TSCA, Clean Water Act (CWA), and the 

Clean Air Act (CAA). The EPA is initiating the regulatory development process for listing PFOA and PFOS 

as CERCLA hazardous substances. 

  EPA Priority Action 

ACTION: The EPA has initiated the 

regulatory development process for 
listing PFOA and PFOS as CERCLA 
“hazardous substances” using available 
statutory mechanisms. 

PURPOSE: A “hazardous substance” 

designation under CERCLA provides 
more options for the federal 
government to facilitate use of 
response and enforcement authorities.  

Tools to Mitigate PFAS in Our Nation’s Waters 

The EPA will continue to work towards providing impacted communities with the tools they need to 

mitigate risks from PFAS. To further support communities in making decisions about mitigating 

exposures from drinking water, the EPA intends to continue to update the Drinking Water Treatability 

Database for PFAS, including treatability and cost information for different technologies and additional 

PFAS of concern. The treatability database presents information on the control of contaminants in 

drinking water through treatment processes such as activated carbon, ion exchange, and high-pressure 

membranes. The treatability database allows utilities, emergency responders, regulators, and other 

stakeholders access to comprehensive information gathered in a single location. The EPA is also 

conducting bench-, pilot-, and full-scale experiments to identify performance and cost of treatment 

(both capital and operations and maintenance), along with potential unintended consequences of 

employing specific technologies. Better understanding the capabilities of available treatment 

technologies will further enable the removal of PFAS in drinking water.  

Several states are taking actions related to PFAS, including product labeling and consumer products 

laws, chemical action plans, listing select PFAS as hazardous wastes or designating select PFAS as 

hazardous substances through state-specific authorities, and developing standards and guidance values 
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to limit concentrations of PFAS in groundwater or drinking water (ITRC 2018b). PFAS can be considered 

pollutants under the Clean Water Act, and states can use National Pollutant Discharge Elimination 

System (NPDES) permits to control discharges from point sources containing PFAS into receiving waters, 

including sources of drinking water. To support states in managing their water quality, the EPA will 

evaluate development of ambient water quality criteria under section 304(a) of the Clean Water Act to 

facilitate state permitting efforts, if adequate data are available.  

Parties responsible for PFAS releases, states, and utilities have acted to reduce exposure to PFAS in 

drinking water from community water systems and private wells through the installation of treatment 

systems, providing connections to public water systems, point-of-use filters, point-of-entry treatment 

systems, or through the provision of bottled water. Conventional drinking water treatment technologies 

(coagulation, flocculation, clarification, filtration, and disinfection) have not been found to be effective 

in removing PFAS. Technologies have been found to remove longer-chain PFAS, such as PFOA and PFOS, 

from drinking water including activated carbon adsorption, ion exchange resins, and high-pressure 

membranes (Rahman et al. 2014, Eschauzier et al. 2012, Flores et al. 2013). These technologies can be 

used in drinking water treatment facilities, in point-of-entry systems to treat all the potable water that 

enters a home or other building, or at the point-of-use of potable water, such as in a kitchen sink (USEPA 

2018d). The EPA is currently working to better understand the efficacy of commercially available point-

of-use and point-of-entry treatment applications for PFAS. In some cases, these treatment technologies 

can result in considerable cost to utilities or homeowners within communities that have been impacted 

by PFAS. Concerns continue to be expressed by communities regarding the potential for ongoing 

exposure to PFAS that are less well characterized or are less amenable to measurement and/or removal 

using existing treatment technologies. 

Each state administers the Drinking Water State Revolving Fund (DWSRF) to provide low-interest loans 

for drinking water infrastructure and technical assistance to publicly-owned community water systems 

(CWSs), privately-owned CWSs, and non-profit non-CWSs to facilitate compliance with national primary 

drinking water regulations or to significantly further the health protection objectives of the SDWA 

(USEPA 2018d, USEPA 2018e). Under the SDWA, states may set aside up to up to 31% of their DWSRF 

capitalization grant to fund state programs and third parties to provide assistance and build the capacity 

of drinking water systems. DWSRF set-asides can fund laboratory or testing equipment for research or 

contamination prevention. In addition, states with a synthetic organic chemical monitoring waiver 

program can use the DWSRF to assist with special-purpose monitoring, including PFAS, at local systems 

that have not yet tested for PFAS (USEPA 2017).  

A detailed understanding of the sources of PFAS contamination can help communities impacted by PFAS 

with the development of long-term solutions. Common sources of PFAS include groundwater plumes 

associated with areas where fire-fighting foam was used, wastewater effluent or air emissions from 

industrial facilities where PFAS are manufactured or used, and landfills, including leachate, where 

materials with high levels of PFAS have been disposed. If a source (or sources) can be identified, then 

actions can be taken to remediate, reduce or divert the source, or address exposure. As part of the 

EPA’s statutorily-required Effluent Guidelines planning process, the EPA has reviewed readily-available 

information about PFAS surface water discharges to identify industrial sources that may warrant further 

study for potential regulation through national Effluent Limitation Guidelines and Standards (ELGs). 
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Based on the very limited amount of data available, the EPA has identified several industries that are 

likely to be discharging PFAS in their wastewater and will begin a more detailed study to evaluate the 

potential for PFAS presence in their wastewater discharges. As part of this study, the EPA plans to gather 

more detailed information for the following point-source categories: organic chemicals, plastics, 

synthetic fibers, pulp and paper, textiles, and airports. 

Work with Federal Partners  

The EPA continues to collaborate with federal agencies to address challenges associated with PFAS. As 

part of interagency cross-coordination efforts, additional actions may be taken by other agencies to 

mitigate existing PFAS exposures. The EPA is working with other federal partners, through outreach on 

EPA PFAS products such as the GenX chemicals and PFBS toxicity assessments as well as the Interim 

Recommendations for Addressing Groundwater Contaminated with PFOA and PFOS. The EPA plans to 

collaborate with other agencies on PFAS-related research, for example on toxicology studies of a broad 

number of PFAS with the National Institute of Environmental Health Sciences (NIEHS) National 

Toxicology Program (NTP). Additionally, the EPA will also work with other federal agencies such as the 

Food and Drug Administration (FDA), as appropriate, to support efforts regarding PFAS-related food 

safety issues. The EPA plans to continue coordinating with other federal agencies, such as ATSDR, FDA, 

and the United States Department of Agriculture (USDA), to ensure we are providing clear and 

consistent risk communications. The EPA also plans to work with federal partners, such as the 

Department of Defense (DoD) at military sites or USDA with respect to agriculture, to reduce PFAS 

exposures. DoD activities at military sites have included, for example, identifying the extent of PFAS 

contamination of drinking water sources as a result of releases from DoD facilities, ensuring that, where 

such contamination has occurred, communities at or near DoD facilities are not reliant on drinking water 

above the EPA’s Health Advisory value for PFOA or PFOS.  
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VII. Research, Development and Technical 
Assistance for Addressing PFAS-Related Public 
Health Questions 

Research, Development, and Technical Assistance 

Problem Scoping and Formulation 

The science needed to protect public health and the environment from PFAS exposure cuts across many 

applications and disciplines. The risk assessment/risk management paradigm provides a useful means to 

assess the state of the science available for informing decisions, and to identify gaps in knowledge 

needed to address the highest priority issues. Risk assessment, the integration of PFAS exposure and 

toxicity information, helps to determine if, when, and where risk exists (probability of harm) to human 

health or the environment from PFAS, considering both toxicity and exposure. Risk management 

involves solving a PFAS problem once it has been properly identified and characterized, considering 

available scientific tools and data, as well as economic, legal, social, technological, and policy factors.  

The EPA’s initial scoping of information available to decision makers for assessing and managing PFAS 

risks revealed deficiencies in all key areas of the risk paradigm: 

• Hazard and Toxicity: There are many PFAS of potential concern to the public that may be found 

in the environment. Most of these PFAS lack sufficient toxicity data to inform our understanding 

of the potential for adverse human or ecological effects.  

• Exposure: Information for many PFAS sources, fate and transport, and human and ecological 

exposure is sparse, both spatially and temporally.  
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• Treatment and Remediation: There is little information on effective methods and costs for 

treating or removing PFAS from drinking water, groundwater, wastewater, air, soils, and 

sediments. 

• Science Communication: Stakeholders lack easy access to the growing body of technical 

information that can assist them in applying PFAS science to their specific problems and 

communicating to their constituents.  

The EPA’s research program will focus on an integrated set of research activities aimed at filling gaps in 

our current ability to conduct sound risk assessment and risk management activities. This research 

program is designed to address these data gaps and enable stakeholders to begin making effective 

decisions for identifying and mitigating risk from PFAS in the environment, as mentioned in Section VI. 

The EPA’s PFAS research plan consists of near term (<2 years) and long term (>2 years) research 

activities in four areas: 

• What are the human health and ecological effects of exposure to PFAS? 

• What are the significant sources, fate and transport pathways, and exposures to humans and 

ecosystems? 

• What are the costs and effectiveness of different methods for removing and remediating PFAS 

in the natural and built environment? 

• How does the EPA support stakeholders in using science to protect public health and the 

environment? 

While the activities highlighted in this section are planned to be completed on a longer-term time 

horizon, many of these efforts will have visible interim milestones and may produce shorter-term 

products. Many different entities have an interest in—and are actively conducting—research to address 

PFAS, and so there is a substantial opportunity to advance PFAS science by effective coordination and 

collaboration amongst these entities. The EPA is committed to leading federal action to protect human 

health and the environment and to coordinating and cooperating with state and other federal agencies, 

academia, industry, and non-government organizations to build a body of best available science in the 

areas described below and to support policy and management decisions and actions by all stakeholders. 

Research Area 1: What are the human health and ecological effects of 

exposure to PFAS? 

One of the main research needs is a better understanding of the potential human health and ecological 

hazards from exposure to PFAS. Characterizing hazards through the development of hazard and dose-

response assessments capitalizes on existing scientific information where available. For data-poor PFAS, 

an integrated approach to testing and assessment includes the use of existing hazard information, 

where available, coupled with data and information generated from new advances in computational and 

high throughput toxicology and ecotoxicology. These efforts will help the Agency develop toxicity values 

for additional PFAS, as discussed in Section V. 

Research to advance our understanding of human health and ecological effects of PFAS will consist of 

three complementary lines of work: 
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• Development of human health toxicity values where suitable data are available. The EPA plans 

to develop cancer and noncancer toxicity values for PFAS where sufficient health effects data 

currently exist, are publicly available, and adequately support human health toxicity value 

derivation. The EPA will use established risk assessment guidelines and methods to develop 

standard toxicity values, such as oral reference doses (RfDs), inhalation reference 

concentrations (RfCs), oral cancer slope factors (CSFs), and cancer inhalation unit risks (IURs). 

These assessments will undergo interagency consultation, public comment, and independent 

external peer-review prior to finalization. The EPA currently has published toxicity assessments 

for PFOA and PFOS. In the near term the EPA plans to complete toxicity assessments for GenX 

chemicals and PFBS. The Agency has begun work on assessments for PFBA, PFHxA, PFHxS, PFDA, 

and PFNA. The EPA intends to coordinate with federal partners, including ATSDR, on prioritizing 

and conducting future PFAS toxicity assessments. The EPA will build on work by universities, 

industry, and other government agencies who are conducting and publishing the peer-reviewed 

toxicological and epidemiological studies needed to support toxicity assessment. 

• Using computational toxicology approaches to fill in gaps. For the many PFAS for which 

published peer-reviewed data are not currently available, the EPA plans to use new approaches 

such as high throughput and computational approaches to explore different chemical categories 

of PFAS, to inform hazard effects characterization, and to promote prioritization of chemicals for 

further testing. These data will be useful for filling gaps in understanding the toxicity of those 

PFAS with little to no available data. In the near term, the EPA intends to complete assays for a 

representative set of 150 PFAS chemicals, load the data into the CompTox Chemicals Dashboard 

for access, and provide peer-reviewed guidance for stakeholders on the use and application of 

the information. In the long term, the EPA will continue research on methods for using these 

data to support risk assessments using New Approach Methods (NAMs) such as read-across and 

transcriptomics, and to make inferences about the toxicity of PFAS mixtures which commonly 

occur in real world exposures. The EPA plans to collaborate with NIEHS and universities to lead 

the science in this area and work with universities, industry, and other government agencies to 

develop the technology and chemical standards needed to conduct this research. 

• Ecological toxicity. Ecological toxicity information is also needed by stakeholders to inform risk 

assessment and management to protect ecosystems, animals, and plant resources they support, 

and ultimately the human benefits that stem from these resources, including, for example, the 

prevention of potential PFAS risks associated with consuming game animals and fish. In the long 
term, the EPA plans to work to identify species which are sensitive or susceptible to PFAS 

exposure; gather and synthesize information on bioaccumulation of PFAS in organisms and food 

chains; and, where indicated, develop benchmarks and thresholds for ecological toxicity. The 

EPA plans to collaborate with the United States Geological Survey (USGS), United States Army 

Corps of Engineers (USACE), and universities to lead the science in this area. 
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Research Area 2: What are the sources, fate and transport pathways, and 

exposures to humans and ecosystems? 

The diversity of the PFAS family of chemicals enables the use of PFAS for many diverse industrial 

processes and end use products, which in turn means there are numerous potential sources and 

pathways by which PFAS can move from a source through the environment. Understanding this 

complexity is necessary to understand PFAS exposure. The EPA plans to address this complexity through 

two lines of research and development: 

• New analytical methods. Developing, validating, and applying new analytical methods for 

discovering and measuring PFAS in air, water, and soil will enable a better understanding of the 

specific subsets of PFAS that exist in the environment, as well as the exposure pathways that 

potentially bring those PFAS into contact with people and ecosystems. This will enable the 

creation of datasets to better understand fate and transport pathways and to identify cases 

where exposures exceed thresholds of concern. In the near term, the EPA plans to develop, 

validate, and publish reliable sampling and laboratory analytical methods to detect, identify, and 

quantify PFAS in different environmental media (including drinking water, groundwater, 

wastewater, air, and soil) and in other kinds of samples (e.g., plant and animal tissue), as 

needed. This includes analytical methods for known PFAS of concern, as well as methods to 

identify and detect new, currently unknown, PFAS in the environment. In the long term, the EPA 

will continue to prioritize, develop, and validate analytical methods for emerging PFAS of 

concern. The EPA plans to collaborate with USGS, DoD, National Institute of Standards and 

Technology (NIST), FDA, and private industry to lead the science in this area and rely on 

universities and industry to develop the technology needed to enable new analytical methods. 

• Exposure assessment. Exposure information enables decision makers to prioritize the PFAS 

exposures that are of greatest relevance and impact to human health and the environment, 

enabling them to prioritize management actions and allocate resources to achieve the maximum 

reduction in risk. In the near term, the EPA plans to develop a mapping tool to house public 

datasets of known PFAS source and occurrence data, and tools to analyze PFAS exposure 

through multiple routes (via water, food, inhalation, or dermal contact). In the long term, the 

EPA intends to build predictive models to enable PFAS exposure assessment from site-specific to 

national in scope, to better understand where and how PFAS move through the environment to 

impact people and ecosystems, and to estimate how much PFAS reaches people via air, water, 

food, and other pathways. The EPA plans to collaborate with the Department of Housing and 

Urban Development (HUD), ATSDR, and other federal agencies, as appropriate, to lead the 

science in this area. 
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Research Area 3: What are the costs and effectiveness of different methods for 

removing and remediating PFAS in the natural and built environment? 

Current technology and approaches for treating or removing chemical contaminants from air, water, 

and soil are not always effective for PFAS. Better information is needed on the costs and effectiveness of 

different treatment systems for different PFAS of concern, as well as the development of new treatment 

technologies that are less expensive, easier to operate, and more sustainable than existing technologies. 

The EPA is addressing this information need through two related lines of research: 

• Drinking water treatment. The EPA is evaluating treatment technologies for removal of PFAS 

from drinking water. States, public water utilities, communities, and federal facilities will benefit 

by having treatment technology guidance and accurate cost numbers for the treatment of PFAS 

in drinking water. In the near term, the EPA plans to evaluate performance, cost, and potential 

unintended consequences of drinking water treatment technologies for different PFAS in small, 

medium, and large systems. The Agency plans to place data in the EPA’s online Drinking Water 

Treatability Database and associated cost models. The EPA plans to collaborate with states, 

federal agencies, public water utilities, and private industry to lead the science in this area and 

will work closely with universities and industry who are developing the treatment technology 

advances needed to support this research. 

• Contaminated site cleanup. The complexity of PFAS sources and uses means there are multiple 

ways that specific sites can become contaminated by PFAS. Examples include improper dumping 

or disposing of PFAS-contaminated waste, accidental or intentional spills of PFAS-containing 

products such as firefighting foam, or leaking of PFAS in leachate from landfills. This can result in 

the contamination of soils, sediments, groundwaters, and surface waters. In the near term, the 

EPA plans to evaluate the effectiveness and cost of existing treatment and remediation 

technologies for a variety of PFAS-contaminated sites and develop and test new technologies 

and approaches for cleaning up PFAS contamination. The EPA plans to collaborate with DoD, 

states, industry, and non-government organizations to lead the science in this area and work 

closely with universities and industries developing the treatment technology advances needed 

to support this research. 

Research Area 4: How does the EPA support stakeholders in using science to 

protect public health and the environment? 

Stakeholders have varying levels of knowledge and expertise for using the science products that will 

result from the EPA’s research. Part of the research process therefore involves communication of the 

Agency’s research in multiple ways to make the science usable to all stakeholders. This communication 

needs to include the proper context and any applicable limitations inherent in the work. This may also 

include applying tools in collaboration with stakeholders through technical assistance. The EPA plans to 

conduct two lines of work in support of stakeholders. 
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• Science communication. PFAS are of interest to a variety of stakeholder groups. It is important 

that the EPA maintain suitable communication with each of these groups and facilitate access to 

new research products as they become available. In the near and long term, the EPA plans to 

facilitate access to the research products described in this plan via multiple avenues, including 

publications, reports, online tools and databases, fact sheets, workshops, webinars, and 

summaries describing our science. The EPA plans to make this information readily available 

using the EPA PFAS website as the main point of access. The EPA intends to collaborate with 

states, tribes, and communities to lead work in this activity. 

• Technical assistance. In certain cases, the EPA provides technical advice, assistance, and 

collaboration to state, tribal, federal, and community partners in a manner consistent with the 

Agency’s goal of Cooperative Federalism. These technical assistance activities inform cost-

efficient and cost-effective risk management decisions by the EPA and its partners, as well as 

help to advance the science through applied research. In the near and long term, the EPA plans 

to continue to prioritize engagement in these activities.  
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VIII. Risk Communication and Engagement 

Risk communication and engagement are critical for the EPA to effectively support communities across 

the country that are addressing PFAS issues. The EPA is actively working to enhance the way in which 

agencies communicate about potential human health risks that may be associated with these chemicals. 

PFAS are a complex group of chemicals that can differ in terms of how they are used, how people are 

exposed, and how they potentially impact public health and ecosystems. There is a lack of definitive 

scientific information about many chemicals in the PFAS family, making it challenging to communicate 

with the public about their associated health risks. The EPA also supports the efforts of other federal 

partners to develop information related to PFAS. Other agencies may issue different values based on 

factors such as their own statutory, regulatory, or case-specific analyses and exposure assumptions. The 

EPA continues to take concrete steps, in cooperation with our federal, state, and tribal partners, to 

communicate how the efforts of the EPA and other federal, state, and tribal agencies help to protect 

public health and the environment from risks related to PFAS. 

Importance of Effectively Communicating PFAS Information to 
the Public  

At the National Leadership Summit and throughout the community engagements, the EPA heard how 

important it is to communicate effectively with the public and to be transparent in sharing what is 

known and unknown in a timely manner. The EPA heard that speaking with one voice and providing 

consistent messaging across federal, state, tribal, and local authorities helps to build trust and ensures 

that the public has a clear understanding of any PFAS issues that need to be addressed. The EPA also 

heard that it is important to clearly explain the actions the Agency is taking, as well as the specific 

concerns that those actions are intended to address. Other comments submitted to the EPA highlighted 

how important it is to provide information to stakeholders as quickly as possible, while also taking into 

account the high levels of uncertainty that surround these chemicals. Appendix B provides additional 
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discussion about feedback from the community engagements and information submitted to the PFAS 

docket. 

The EPA’s Goals and Actions on PFAS Risk Communication 

PFAS are of significant interest to a diverse set of stakeholders. Clear and consistent communication 

from all information sources will help stakeholders determine the most appropriate PFAS risk 

management approach and help the public understand the response. Through this Action Plan, the 

EPA’s goal is to work with other agencies to:  

1. Enhance the public's understanding of PFAS by providing clear and consistent information; 

2. Enhance the public’s understanding of the regulatory processes available to address PFAS and 

the different standards established for PFAS; 

3. Build trust with the public as we work together to address these chemicals; and 

4. Provide the public with an understanding of the uncertainties associated with PFAS 

measurement, exposure, and toxicity, and the importance of considering these uncertainties 

when identifying effective risk management actions. 

For communities directly impacted by PFAS, the EPA plans to: 

1. Work in coordination with other federal agencies and local, state, and tribal governments on 

clearly communicating PFAS information; 

2. In support of responses to PFAS found in communities, work with the community to identify the 

lead agency and explain the role of each agency involved. Establish contact points responsible 

for managing community questions; 

3. Communicate pathways of exposure and what is being done to mitigate exposure through those 

pathways; 

4. Enhance the public’s understanding of the potential human health effects associated with PFAS 

exposure; and 

5. Provide information on tangible steps individuals can take on their own to manage risk.  

To best support and leverage the efforts of other federal partners, the EPA is committing in the short-

term to convene a federal interagency PFAS risk communication workgroup to ensure, as appropriate, 

collaborative interagency action and consistent messaging on PFAS toxicity that is informed by the best 

available science. In addition, the EPA plans to enhance communications with the public on PFAS 

through the following actions: 

1. In 2019, develop a risk communication toolbox that includes materials and messaging for 

federal, state, tribal and local partners to use to inform the public, as they deem appropriate. 

2. Continue to listen to and engage with the public; and 
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3. Continue to support states, tribes, and local officials who have purview in protecting the 

environment and public health, including the Environmental Council of States (ECOS), the 

Association of State and Territorial Health Officials (ASTHO), the Association of Clean Water 

Administrators (ACWA), the Association of State Drinking Water Administrators (ASDWA), the 

National Tribal Toxic Council, and the Association of State and Territorial Solid Waste 

Management Officials (ASTSWMO). 

Information Needed by Stakeholders to Effectively Communicate 
About PFAS 

Effective communication at the federal, state, tribal, and local level begins by clearly summarizing what 

is known and unknown about PFAS, with a focus on the key questions with which the public is most 

concerned. The EPA will help to advance these efforts by continuing its work with other agencies to 

develop a risk communication toolbox that will include the following:  

• Key messages 

• Questions and answers 

• Infographics  

• Fact sheets  

• Sample language/template for potential notifications 

• Sample communication materials  

• Links to available data sources and tools 

The EPA will make available materials and informational fact sheets on the EPA’s PFAS webpage as part 

of the risk communication toolbox and, as necessary, will continuously update the information as the 

science around PFAS evolves. To find the complete set of tools, visit: https://www.epa.gov/pfas/pfas-

communication-and-outreach-tools. 

Stakeholder Engagement on PFAS  

The EPA conducted extensive public outreach in the development of the PFAS Action Plan, including 

gathering diverse perspectives through the May 2018 National Leadership Summit, direct engagement 

with the public in impacted communities in five states, engagement with tribal partners, and 

roundtables conducted with community leaders near impacted sites (USEPA 2018f). The EPA also 

obtained recommendations from the Local Government Advisory Committee (LGAC), a chartered policy 

committee comprised of elected and appointed local officials. In addition, the Agency reviewed 

approximately 120,000 comments in the public docket that was specifically established to gather input 

for the Action Plan. 

Through these engagements, a broad range of stakeholders provided input to the EPA about ongoing 

PFAS challenges facing states, tribes, and local communities, as well as specific actions needed from the 

EPA and state regulators in order to protect the public from PFAS in the environment. Key public 

priorities include the need for identification and remediation of known sources of contamination; source 

water protection for drinking water supplies; resources to support effective communication with the 
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public; long-term policy solutions; reliable, 

enforceable, and actionable standards and risk 

information; validated and cost effective analytical 

and sampling methods and tools; treatment 

solutions; enforcement strategies to reduce the cost 

burden on citizens; and coordination among all 

parties involved in mitigation and response. The 

Agency received comments identifying the 

importance of developing and relying on the best 

available science even if that means not rushing to 

implement regulatory actions in the near term. 

Stakeholders also emphasized the need to balance 

the potential cost and burden associated with 

managing PFAS with the costs and benefits of 

addressing other competing public health and 

environmental protection priorities such as the 

presence of lead in community water systems. 

Among other things, the LGAC recommended using 

existing funding tools, such as the State Revolving 

Funds to address PFAS, prioritizing PFAS-related risk 

communication activities, developing new methods 

and certification programs, and using risk-based 

approaches to address PFAS contamination issues, 

being mindful that clean and safe water are valued 

by every American citizen. The EPA plans to continue 

to seek feedback from stakeholders on actions to 

address PFAS. 

Information for Individuals 
Concerned about PFAS  

Individuals in communities that are served by a public water system can contact their local water 

supplier to ask for information on any PFAS monitoring the utility may have conducted. Members of the 

public are also encouraged to request a copy of their drinking water Consumer Confidence Report. 

While there are currently no federal drinking water regulations for PFAS, this report provides useful 

information on other regulated contaminants found in local drinking water. If owners of drinking water 

wells not regulated by the SDWA (i.e., private potable wells) have reason to believe their well may 

contain PFAS (e.g., due to proximity to a known contamination site or probable source of PFAS), they 

could consider contacting their state or local health department for further guidance. Owners may also 

consider well testing to learn about PFAS that may be in their drinking water. For more information 

about well testing, please visit https://www.epa.gov/privatewells/protect-your-homes-water. The EPA 

recommends contacting your state for a list of laboratories that are certified to test for PFAS using EPA 

Method 537. If you find PFAS in your drinking water, certain PFAS can be reduced or removed through 

National Leadership Summit 

Over 220 participants, including senior 
officials from 40 states, 3 tribes, Guam, 
Northern Marianas Islands, 13 federal 
agencies, congressional staff, and 
dozens of associations, industry groups, 
and non-governmental organizations. 

Community Outreach 

Over 1,000 participants at 7 locations, 
including community engagements in 
New Hampshire, Pennsylvania, 
Colorado, North Carolina, and Kansas; 
engagement with tribes at the Tribal 
Lands and Environment Forum and the 
Saginaw Chippewa Tribe; and a 
roundtable in Michigan. 

Public Docket 

Approximately 120,000 comments 
received. 
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the use of in-home point-of-use or point-of-entry water filters. It is important to keep in mind that any 

in-home treatment device should be certified by an independent party, currently available for PFAS (NSF 

2018), and should be properly maintained to ensure that the treatment system remains effective over 

time.  

For those concerned about food (plant or animal) collected from an environment that may contain PFAS, 

the EPA recommends contacting your local health department. All 50 states and some U.S. territories 

and tribes have fish consumption advisory programs to protect people from potential human health 

risks of eating contaminated fish caught in local waters. However, due to the limited sampling at this 

time, few locations have information specific to PFAS. In some states, pollutant levels in certain types of 

fish and shellfish collected from contaminated bodies of water have led to health-based consumption 

advisories for some PFAS, particularly PFOS (USEPA 2016d, State Impact Pennsylvania 2018, State of 

Michigan 2018). The EPA maintains a national database of fish and shellfish advisories issued by states 

where the public can find information on safe consumption guidelines 

(https://fishadvisoryonline.epa.gov/General.aspx) and for the most up to date information links to state 

and tribal fish consumption advisory websites (https://fishadvisoryonline.epa.gov/Contacts.aspx). 
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IX. Conclusion 

In addition to the four priority actions the EPA announced at its May 2018 National Leadership Summit, 

this Action Plan highlights the many activities that the EPA plans to lead in collaboration with federal, 

state, tribal, and local partners to understand, communicate, and take steps to effectively manage 

potential concerns associated with the presence of PFAS in the environment. Where deemed 

appropriate and necessary, the EPA will prioritize preventing environmental contamination and 

identifying approaches that reduce the costs of PFAS management faced by local communities. Efforts 

discussed in this plan are also intended to encourage the use of safer PFAS formulations and/or PFAS 

alternatives and limit PFAS discharges, releases, and emissions. Where PFAS contamination in the 

environment has already occurred, the Agency will facilitate remediation efforts by providing 

groundwater cleanup recommendations and initiating the regulatory development process for listing 

certain PFAS as hazardous substances. For those cases where cleanup actions are necessary to prevent 

exposure to contaminated environmental media, the Agency is evaluating active management and 

treatment options and evaluating available treatment technologies. The EPA is also proposing a national 

drinking water regulatory determination for PFOA and PFOS in 2019 for public comment. The Agency 

will also gather and evaluate additional information that may inform the development of a national 

drinking water regulation for a broader class of PFAS in the future. The EPA is committed to working 

with other federal agencies, states, tribes, and local communities to coordinate and advance how we 

respond to PFAS concerns throughout the country.  

The EPA is taking a leadership role to ensure that instances where PFAS pose risk to human health or the 

environment are identified and quickly addressed. The EPA plans to work in close coordination with 

multiple entities, including other federal agencies, states, tribes, local governments, water utilities, 

industry, and the public. This PFAS Action Plan highlights key EPA PFAS-related activities and reinforces 

the EPA’s commitment to better understand potential impacts from a broad suite of PFAS, and, where 

necessary, take steps to reduce any risks they may pose to public health and the environment. 
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Appendix A: EPA PFAS Activities 

Appendix A contains a detailed list of completed and ongoing PFAS activities at the EPA. This list is not 

intended to be exhaustive of all the EPA’s activities on PFAS. 

Tool/Activity Purpose Timeframe 

Preventing PFAS Exposures: What is EPA doing to reduce risks from PFAS? 

Significant New Use Rule; 
Final Rule and 
Supplemental Proposed 
Rule: Perfluoroalkyl 
Sulfonates (67 FR 11008) 

The EPA published a SNUR to require notification to the EPA 
before any future manufacture (including import) of 13 PFAS 
chemicals specifically included in the voluntary phaseout of 
PFOS by 3M that took place between 2000 and 2002.  

Completed March 
2002  

Significant New Use Rule: 
Perfluoroalkyl Sulfonates 
(67 FR 72854) 

The EPA issued a SNUR for 75 PFAS, requiring manufacturers 
and importers to notify the EPA at least 90 days before 
starting the manufacture or importation of these chemical 
substances for the significant new uses described. 

Completed December 
2002  

2010/2015 EPA PFOA 
Stewardship Program 

The EPA launched 2010/2015 PFOA Stewardship Program 
with eight companies in 2006 to reduce PFAS emissions and 
product content by 95%; by 2015 reduce PFAS emissions and 
product content by 100%. All participating companies met 
the program goals.  

Ongoing 
Started in 2006 

Premanufacture 
Notification Exemption 
for Polymers; 
Amendment of Polymer 
Exemption Rule to 
Exclude Certain 
Perfluorinated Polymers 
(75 FR 4295) 

The EPA published a final rule that amended the Polymer 
Exemption Rule to no longer exclude from eligibility polymers 
that include any one or more of the following: PFAS, PFAC, or 
perfluoroalkyl moieties that are covalently bound to either a 
carbon or sulfur atom where the carbon or sulfur atom is an 
integral part of the polymer molecule. Compliance date was 
January 27, 2012. 

Completed May 2012 

Significant New Use 
Rules: Perfluoroalkyl 
Sulfonates and Long-
Chain Perfluoroalkyl 
Carboxylate Chemical 
Substances (78 FR 62443) 

The EPA amended a SNUR to designate as a significant new 
use PFAS that have completed the new chemical review 
process under TSCA but have not yet commenced production 
or import and processing. The EPA also finalized a SNUR to 
designate as a significant new use LCPFAC chemical 
substances used in manufacturing (including importing) and 
processing of carpets or for treating carpet. 

Completed October 
2013 

Significant New Use 
Rules: Long-Chain 
Perfluoroalkyl 
Carboxylate and 
Perfluoroalkyl Sulfonate 
Chemical Substances 
Proposed Rule (80 FR 
2885) 

The EPA proposed a SNUR for LCPFAC chemical substances 
that would require manufacturers (including importers) of 
PFOA and PFOA-related chemicals, including as part of 
articles, and processors of these chemicals to notify the EPA 
at least 90 days before starting or resuming new uses of 
these chemicals in any products. The EPA plans to follow up 
on the 2015 SNUR. 

Completed January 
2015 
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Tool/Activity Purpose Timeframe 

New Chemicals Program 
Review of Alternatives for 
PFOA and Related 
Chemicals 

The EPA has reviewed hundreds of new chemical substitutes 
for PFOA, PFOS, and other long-chain PFAS under the EPA's 
New Chemicals Program since 2000. The EPA reviews the 
new substances to identify whether the range of toxicity, 
fate, and bioaccumulation issues that have caused past 
concerns with perfluorinated substances may be present, as 
well as any issues that may arise by new chemistries, to 
ensure that the new chemical may not present an 
unreasonable risk to health or the environment. One 
outcome of the EPA's review of a PMN for a new chemical 
substance or review of a SNUN is the issuance of an order 
under section 5(e) of TSCA. Most TSCA section 5(e) Orders 
issued by the EPA are Consent Orders that are negotiated 
with the submitter of the notification. 

Ongoing  
Started 2000 

Understanding and Addressing PFAS Toxicity: What is the EPA doing to advance the science to 

support New Benchmarks? 

Lifetime Health Advisories 
for PFOA and PFOS 

The EPA released lifetime health advisories (HAs) and health 
effects support documents for PFOA and PFOS. The EPA’s 
HAs, which are not regulations, identify the concentration of 
PFOA and PFOS in drinking water at or below which adverse 
health effects are not anticipated to occur over a lifetime of 
exposure.   

Completed May 2016 

List of available scientific 
literature on toxicity for 
31 PFAS of interest 
loaded to the HERO 
database 

The EPA updated the Health and Environmental Research 
Online (HERO) database with available scientific literature (as 
of August 2017) on PFAS toxicity to detail which scientific 
studies the EPA has collected.  

Completed April 2018 

PFAS Chemical Library  Development of a chemical library of PFAS standards (pure 
samples of PFAS) to support consistent research and method 
development across the EPA. 

Completed April 2018 

Provide states access to 
GenX chemicals data 

Provide states access to test data obtained under TSCA 
authority for information on GenX chemicals (acid and salt).  

Completed March 
2018 

Information on 
Transcriptomic and in 
vitro assay toxicity testing 
(Tier 0 and Tier I) 

Generate and publish first approximation toxicity and 
toxicokinetic data from the larger universe of PFAS 
compounds, in order to make inferences about which 
subcategories of PFAS might be of highest toxicological 
concern and thus prioritized for further near-term 
investigation. These data will also be useful for enabling 
read-across activities for PFAS with little to no available data. 
Tests will include a battery of transcriptomic in vitro assays 
(toxicity and kinetics) implemented by the EPA and the NTP. 

Anticipated 2019 

Tier II PFAS testing Conduct Tier II in vivo toxicity testing for a subset of 
prioritized compounds based upon data provided from Tier I 
testing. 

Anticipated 2019 
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Tool/Activity Purpose Timeframe 

Tri-Services Ecological 
Risk Assessment Work 
Group 

The EPA Ecological Risk Assessment Forum has a joint work 
group with the DoD Tri-Services Environmental Risk 
Assessment Work Group (TSERAWG) to develop ecological 
risk assessment screening values for PFAS. The DoD has an 
interagency agreement between the Air Force Civil 
Engineering Center and the Department of Energy (DOE) 
Argonne National Laboratory for the development of 
screening values for PFAS compounds. The PFAS screening 
values will be available for use at CERCLA sites and RCRA 
facilities.  

Ongoing 

Tools and data for 
evaluating ecotoxicity 
effects 

Identify sensitive and susceptible taxa, synthesize 
information on bioaccumulation in organisms and food 
chains, and develop benchmarks and thresholds for 
ecological toxicity. 

Anticipated 2022 

Toxicity assessments for 
additional PFAS  

Development of additional peer-reviewed PFAS toxicity 
assessments for PFBA, PFHxA, PFHxS, PFNA, and PFDA to 
support stakeholders. 

Anticipated 2020 

Toxicity assessments for 
GenX chemicals and PFBS 

Provide toxicity assessments to stakeholders for GenX 
chemicals and an updated PFBS assessment. Both 
assessments underwent independent peer-review and 
review by federal partners prior to public comment. 

Draft completed 
November 2018 
Finalize 2019 

Update Chemistry 
Dashboard with 
Information for 
Additional PFAS 

The CompTox Chemicals Dashboard provides users with 
information on chemical structures, experimental and 
predicted physicochemical and toxicity data, and additional 
links to relevant websites and applications. The EPA updated 
the Dashboard with additional PFAS. 

Completed March 
2018 

Water Contaminant 
Information Tool (WCIT) 
Profiles for PFOA and 
PFOS 

Contaminant Profiles for two PFAS, PFOS and PFOA, to be 
added to the EPA’s Water Contaminant Information Tool. 

Completed December 
2018 

CWA Effluent Guidelines 
Planning PFAS Review 

Through the Clean Water Act Effluent Guidelines Planning 
process, the EPA is examining readily-available information 
about PFAS surface water discharges to identify industrial 
sources that may warrant further study for potential 
regulation through Effluent Limitation Guidelines. 

Ongoing 

Interim 
Recommendations for 
Addressing Groundwater 
Contaminated with PFOA 
and PFOS  

The EPA anticipates releasing interim cleanup 
recommendations to address groundwater contaminated 
with PFOA and/or PFOS to support stakeholders in their 
remediation efforts. 

Anticipated 2019 

Evaluation of CWA 304(a) 
Ambient water quality 
criteria for PFAS 

The EPA is evaluating available data and research to support 
development of Clean Water Act Section 304(a) Ambient 
water quality criteria for PFAS. 

Anticipated 2022 
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Tool/Activity Purpose Timeframe 

Identifying and Addressing PFAS Exposures: What is the EPA doing to help identify communities with 

potential PFAS impacts, remediate PFAS exposures, and monitor compliance?  

Method Development The EPA developed Method 537 for measuring PFOA, PFOS, 
and 12 other PFAS in drinking water to support the 
Unregulated Contaminant Monitoring Rule. 

Completed 2009 

Method Development The EPA expanded Method 537 to measure four additional 
short-chain PFAS, including HFPO-DA (GenX chemicals) and 
ADONA. Method 537.1 is available on the EPA’s website. 

Completed November 
2018 

Method Development Validated Direct Injection Method (SW-846) for quantifying 
24 PFAS in surface, ground, and waste water matrices (non-
drinking water) and solids (e.g., soil and sediment). 

Anticipated 2019 

Method Development Validated Isotope Dilution Method (SW-846) for quantifying 
24 PFAS in surface, ground, and waste water matrices (non-
drinking water) and solids (e.g., soil and sediment). 

Anticipated 2019 

Method Development New validated analytical method for PFAS in drinking water 
focusing on short-chain PFAS which cannot be measured by 
Method 537.1. 

Anticipated 2019 

Method Development Method for sampling and analyzing PFAS in factory stack air 
emissions. 

Anticipated 2020 

Method Development Testing and developing additional methods for possible 
refinement, including methods to quantify PFAS precursors; 
Total Organic Fluorine for a general PFAS detection method; 
and refinement of non-targeted high-resolution mass 
spectrometry approaches for suspect screening and novel 
PFAS discovery. 

Ongoing 

PFAS Geospatial 
Analytical Tool 

Working with states and other federal partners, the EPA is 
evaluating how to best develop and maintain a GIS resource 
to consolidate and present PFAS data to inform analysis and 
understanding of PFAS sources and occurrence in the 
environment. 

Anticipated 2019 

Modeling atmospheric 
fate and transport of 
PFAS 

Incorporate PFAS information into the EPA air models (e.g., 
the Community Multiscale Air Quality modeling system, 
AERMOD atmospheric dispersion model) to inform 
understanding of the potential and significance of 
atmospheric transport of PFAS. 

Anticipated 2022 

Unregulated Contaminant 
Monitoring Rule 3 for 
Public Water Systems 

The third UCMR required monitoring for 30 contaminants (28 
chemicals and two viruses) between 2013 and 2015 using 
analytical methods developed by the EPA, consensus 
organizations, or both. The purpose of UCMR3 was to collect 
occurrence data for contaminants suspected to be present in 
drinking water, but that do not have regulatory standards set 
under the SDWA. Six PFAS compounds were included in the 
UCMR3: PFOS, PFOA, PFNA, PFHxS, PFBS, and PFHpA. Of 
these six compounds, PFOA and PFOS were found in the 
greatest number of samples, and 1.3% of the public water 
systems sampled had results that exceeded the reference 
dose (lifetime HA limit of 70 ppt or 0.07µg/L). 

Completed 2013-2015 
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Tool/Activity Purpose Timeframe 

Unregulated Contaminant 
Monitoring Rule 5  

The EPA intends to propose nationwide drinking water 
monitoring for PFAS under the next UCMR monitoring cycle 
utilizing newer methods available to detect more PFAS and at 
lower minimum reporting levels (MRLs) than previously 
possible in earlier monitoring. 

Anticipated 2020-2025 

Drinking Water 
Treatability Database- 
Update for Additional 
PFAS 

Users can utilize the database to identify effective drinking 
water treatment processes for PFOA, PFOS, and additional 
PFAS chemicals. This database is continually updated as 
additional information becomes available. 

Ongoing  
 
Updated September 
2018 

Research for Drinking 
Water Treatment 

Conduct bench-, pilot-, and full-scale experiments to discern 
performance and cost of treatment (both capital and 
operations and maintenance), along with potential 
unintended consequences of employing specific 
technologies. Following a literature review for data gap 
identification, granular activated carbon and ion exchange 
treatment technologies will be tested under varying water 
qualities.  

Anticipated Fall 2019 

Treatability Cost Models Updated drinking water PFAS treatability cost models. Ongoing  
 
Updated September 
2018  

Evaluation of 
commercially Point-of-
Use (POU) and Point-of-
Entry (POE) home 
treatment systems  

Investigate commercially available reverse osmosis and 
granular activated carbon units that can serve households in 
a point-of-use or point-of-entry applications for 6 PFAS 
included in UCMR3.  

Completed 2018 

Evaluation of treatment 
technologies for 
contaminated sites 

A series of studies evaluating effectiveness and cost of 
different combinations of treatment train approaches for 
remediating contaminated sites. 

2021 

Fourth Contaminant 
Candidate List (CCL) 

The EPA is required by the Safe Drinking Water Act to publish 
a list of contaminants known or anticipated to occur in public 
water systems which may require regulation under the Safe 
Drinking Water Act. The EPA included PFOA and PFOS on the 
fourth Contaminant Candidate List (the most recent CCL list). 

2016 

Fourth Regulatory 
Determination Process 

The EPA is working on the Fourth Regulatory Determination 
process in which the EPA determines whether to regulate at 
least five contaminants on the CCL and issue final regulatory 
determinations after considering public input. The EPA is 
evaluating available information to determine if 
contaminants on the CCL, including PFOA and PFOS, meet the 
three criteria for regulation in accordance with the SDWA: (1) 
whether a contaminant may have adverse health effects; (2) 
whether a contaminant is found in public water systems with 
a frequency and at levels of concern; and (3) whether, in the 
sole judgment of the Administrator, there is a meaningful 
opportunity for health risk reduction through a national 
drinking water regulation. 

Ongoing  
Anticipated 2019 
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Tool/Activity Purpose Timeframe 

Collection of Great Lakes 
Environmental PFAS data 

The EPA collects and analyzes environmental samples, 
including whole fish tissue, sediment, air, and water, to 
determine concentrations and trends of PFAS in the Great 
Lakes and occurrence in fish tissue. 

Ongoing 

Evaluate PFAS exposure 
through fish consumption 

Evaluate temporal and demographic patterns of PFAS 
exposure and the relationship with fish consumption, in the 
U.S. general population. 

Anticipated 2019 

Fish Tissue Contamination 
Studies 

To ensure that communities are aware of levels of PFAS in 
fish they may consume, continue to analyze PFAS in edible 
fish tissue as part of the National Rivers and Streams 
Assessment and the Great Lakes portion of the National 
Coastal Condition Assessment, and include PFAS in the 
revised list of target analytes that states may consider 
including in their fish and shellfish contaminant monitoring 
and advisory programs. 

Ongoing 

CERCLA Hazardous 
Substance Listing  

The EPA has initiated the regulatory development process for 
listing PFOA/PFOA as CERCLA hazardous substances. 

Ongoing 

Scoping biosolids risk 
assessment for 
PFOA/PFOS 

The EPA is in the early scoping stages of risk assessment for 
PFOA and PFOS in biosolids to better understand the 
implications of PFOA and PFOS in biosolids to determine if 
there are any potential risks. 

Anticipated 2020 

Identifying PFAS Risks 
from Chromic Acid Etch 
Facilities 

The EPA’s Office of Research and Development and Region 5 
are collaborating on a study to characterize PFAS fume 
suppressants used at chromic acid etch facilities. Both 
Minnesota and Michigan have identified high levels of PFOS 
releases from these facilities, even after PFOS was phased 
out of the fume suppressant products in 2015. Region 5 is 
assessing if the current PFOS releases are the result of legacy 
use of PFOS fume suppressants or related to the replacement 
chemical formulations. 

Ongoing 

Identify PFAS sources, 
concentrations, uses, 
locations, and exposure 
routes most likely to pose 
threats to human health 
and the environment 

Continue to make Toxic Substances Control Act (TSCA) data 
available where possible; identify sources, uses, and 
locations; develop information on potential high-impact 
locations; work with states to develop consistent sampling 
protocols.  

Ongoing  

Need to integrate data 
from multiple sources to 
better understand the 
presence of PFAS in the 
environment 

Develop data sharing standards that allows states, tribes, 
communities, public water systems, and other organizations 
to contribute data about PFAS testing in a consistent manner. 

Ongoing 
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Tool/Activity Purpose Timeframe 

EPA TSCA section 5(e) 
order for GenX Chemicals 

In 2009 the EPA entered into a Consent Order under TSCA 
section 5(e) with Dupont (now Chemours) that imposes 
requirements on the manufacture, processing, use, and 
disposal of GenX chemicals. Among other requirements, the 
Consent Order restricts the releases of the GenX chemicals 
by requiring the recapture of 99% of the chemicals. It also 
requires certain worker personal protective equipment as 
well as certain studies to be performed.  

Ongoing 

TRI listing for PFAS 
chemicals 

Section 313 of the Emergency Planning and Community 
Right-to-Know Act (EPCRA) created the TRI Program. The TRI 
Program is another tool EPA may use to understand the 
releases of PFAS by industrial and federal facilities. Currently, 
no PFAS chemicals are included on the list of chemicals 
required to report to TRI; however, the EPA is considering 
whether to add PFAS chemicals. In considering listing, the 
EPA must determine whether data and information are 
available to fulfill the listing criteria and the extent and utility 
of the data that would be gathered. In addition, in 
considering if TRI will provide useful information to 
stakeholders, the EPA also will consider if those PFAS are still 
active in commerce. The process for listing includes notice 
and comment rulemaking to list PFAS chemicals for reporting 
prior to adding these chemicals to the TRI for annual 
reporting. 

Ongoing 
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Tool/Activity Purpose Timeframe 

Regions 1 and 3: Safe 
Drinking Water Act 
Section 1431 Emergency 
Orders to Department of 
Defense 

2014 order to Navy at Warminster (PA) NPL Site directing the 
Navy to address high levels of PFOS discovered in three 
drinking water supply wells at and off the Warminster Naval 
Warfare Center where the elevated levels were four times 
the provisional health advisory level (which was 200 ppt for 
PFOS and 400 ppt for PFOA) in one case: Where levels in 
finished drinking water are above the HA for PFOA or PFOS, 
the Order required the Navy to provide a permanent drinking 
water supply as soon as practicable, but in no event later 
than 6 months after execution of the order. 

2015 order to Air Force and Air National Guard at Horsham 
Air Guard Station/Willow Grove (PA) NPL Site (2015): The 
order directs the Air Guard/Air Force to treat two onsite 
public water supply wells and supply treatment to any 
private well found to exceed the provisional health advisory 
for PFOS in drinking water. Sampling confirmed that the 
Guard portion of the facility is also (like the Navy portion 
from Willow Grove) a source of PFOS offsite migration. The 
order covers long term treatment for private homes and also 
for short- and long-term public water supply concerns. 

2015 order to Air Force for Contamination at Pease Air Force 
Base (NH) NPL Site: The order directs the Air Force to address 
contamination from perfluorinated compounds in drinking 
water at Pease Air Force Base including a number of actions 
to address the partial loss of the city’s water supply 
attributed to firefighting foams used at the Base. The PFAS 
contamination resulted in the shutdown of one public water 
supply well, and two others could have been impacted if 
action were not taken to control PFAS migration. Under the 
order, the Air Force will restore contaminated groundwater 
in the Pease aquifer. 

Ongoing 

Annex 3, Chemicals of 
Mutual Concern, of the 
Great Lakes Water 
Quality Agreement 

The goal of Annex 3 under the Canada-United States Great 
Lakes Water Quality Agreement (GLWQA) is to reduce the 
anthropogenic release of chemicals of mutual concern into 
the waters of the Great Lakes. In 2016, PFOS, PFOA, and LC-
PFCAs—or collectively, PFAS—were designated as chemicals 
of mutual concern. In designating PFAS as a chemical of 
mutual concern, Canada and the United States have agreed 
that they may pose a threat to the Great Lakes. An Annex 3 
binational strategy for PFAS is under development.  

Anticipated 
September 2019 

Belmont and Rockford, 
Michigan 

The EPA is coordinating with the State of Michigan by 
overseeing a federal CERCLA time-critical removal action 
focused on hazardous substances at the Wolverine World 
Wide (Wolverine) Tannery and House Street Disposal Site 
and providing technical assistance to MDEQ while it responds 
to PFAS contamination of residential wells from Wolverine’s 
former Tannery, shoe factory, and disposal locations in the 
Rockford area.  

Ongoing 
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Tool/Activity Purpose Timeframe 

Regions 3 and 5: 
Amendment to 2009 Safe 
Drinking Water Act 
Section 1431 Emergency 
Order on Consent with 
DuPont and Chemours 

In 2009, the EPA issued a 1431 order on consent to 
Chemours' Washington Works Facility that contaminated 
sources of drinking water in WV and OH primarily via air 
deposition from the Facility. That order was amended in 
2017, incorporating the Lifetime Health Advisory and 
requiring DuPont and Chemours to offer treatment, 
connection to a PWS, or bottled water to people on public or 
private water systems with PFOA levels above 70 ppt. In 
2018, at the EPA’s request, Chemours has also voluntarily 
sampled numerous private and PWSs for GenX chemicals.  

Ongoing 

Region 4 coordination of 
assistance to North 
Carolina Department of 
Environmental Quality 
(NCDEQ) – Chemours 
Fayetteville Works Facility 

Region 4 has provided ongoing support to the NCDEQ as it 
has responded to GenX chemicals in the Cape Fear River and 
Fayetteville area. 

• Analytical testing via ORD-RTP and Region 4 Science and 
Ecosystem Support Division labs (testing of raw & 
finished water in the Cape Fear, rainwater, and air 
emissions stack testing for GenX chemicals and 22 other 
PFAS compounds) 

• Technical input as the state established its interim health 
goal 

• Coordinated treatment technique assistance for water 
systems 

• Technical assistance with NPDES permitting related 
matters and air emissions control. 

Ongoing  
Started June 2017  

Grant Funding 
Opportunity: 
National Priorities: Per- 
and polyfluoroalkyl 
substances 

The EPA solicited proposals for EPA-G2018-ORD-A1 that 
included the below desired research areas: 

• Short-chain PFAS (C4 to C7) 

• PFAS found as residuals from manufacturing processes 

• Alternatives for long-chain PFAS (≥ C8) such as per- and 
poly-fluoroethers 

• PFAS generated through environmental chemical 
transformation 

Ongoing  
Completed June 2018 

Technical Support The EPA will continue to assist states and tribes in bringing on 
PFAS analytical capabilities.  

Ongoing  
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Tool/Activity Purpose Timeframe 

Risk Communication and Engagement: What is the EPA doing to provide consistent and accurate 

information and guidance to the public?  

Clearinghouse of PFAS 
information for states, 
tribes and local 
communities 

The EPA compiled information from a wide range of sources 
on measurement, health impacts, and treatment and 
remediation technologies. The EPA continues to update this 
site as additional information becomes available.  

Ongoing  
Started 2018 

Engagement with states 
and stakeholders 

Ongoing robust engagement effort with states, tribes, local 
communities, utilities, industry, and the public. Extensive 
outreach in 2018 included: 

• 5/22-5/23/2018: PFAS National Leadership Summit 

• 6/25-26/2018: Exeter, NH (Region 1 wide) Community 
Engagement 

• 7/25/2018: Horsham, PA Community Engagement 

• 8/7-8/2018: Colorado Springs, CO Community 
Engagement 

• 8/14/2018: Fayetteville, NC Community Engagement 

• 8/13/2018: Spokane WA, PFAS session at the Tribal 
Lands and Environment Forum meeting 

• 9/5/2018: Leavenworth, KS Community Engagement 

• 10/4-5/2018: Michigan site visits, Kalamazoo, MI 
Roundtable 

Completed October 
2018 

EPA Region 7 
participation in Kansas 
PFAS Monitoring Plan 
Advisory Committee 

Region 7 to serve on Kansas Department of Health and 
Environment Per- and Polyfluoroalkyl Substance Monitoring 
Plan Advisory Workgroup for drinking water. The KDHE 
requested the EPA’s participation to serve in an advisory 
capacity on a monitoring plan to be developed with the focus 
on drinking water. 

Started Fall 2018 

EPA Region 7 updates on 
PFAS for states and tribes 

Activated the EPA Region 7 Science Council with state 
representation which will also include a PFAS update on a 
quarterly basis. The EPA Region 7’s Regional POC for PFAS 
will also update our tribal representatives at the Regional 
Tribal Operation Committee meetings.  

Started March 2018 

Federal Remediation 
Technologies Roundtable 
Meeting 

One-day interagency technical meeting meant to identify and 
discuss the emerging science behind PFAS characterization 
and remedial technologies. Technical presentations also 
remotely broadcasted. Primarily federal agency participation. 

Completed November 
7, 2018 

Internal EPA regional 
coordination network 

Activated internal EPA regional coordination network with 
representation from all regions and program offices to 
further support rapid dissemination of information in order 
to better support states, tribes, and local communities. 

Started February 2018 

Internal EPA regional 
coordination for cleanup 
programs 

Created an internal EPA regional coordination group for 
cleanup programs with representation from all regions to 
further support rapid dissemination of information in order 
to better support states, tribes, and local communities. 

Started Summer 2016 
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Tool/Activity Purpose Timeframe 

Internal EPA Region 7 
team 

Activated internal EPA Region 7 network with representation 
from all programs further support rapid dissemination of 
information in order to better support states, tribes, and 
local communities. 

Started February 2018 

Quarterly Meetings with 
Region 10 Environmental 
and Health Departments 

Region 10 quarterly conference calls with Region 10 PFAS 
contacts in state environmental and health departments to 
share information and discuss issues and topics of mutual 
interest.  

Ongoing 

Webinar on PFAS State 
case studies 

Webinar showcasing PFAS risk communication activities by 
states; developed in coordination with ECOS and ASTHO.  

Completed June 2018 
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Appendix B: Summary of PFAS National Leadership 
Summit and Community Engagements 

In 2018, the EPA held a series of public community engagement events that brought together the EPA 

and state officials, federal partners, local speakers, community groups, and citizens to share 

perspectives and help inform future Agency actions for managing PFAS. Following the PFAS National 

Leadership Summit, these sessions continued EPA’s commitment to foster an ongoing dialogue with 

stakeholders to address PFAS.  

The National Leadership Summit included representatives from over 40 states, tribes, and territories; 13 

federal agencies; congressional staff; associations; industry groups; and non-governmental organizations 

to engage in discussions about PFAS monitoring, risk characterization, near-term actions, and risk 

communications strategies. Key perspectives emphasized by participants during the summit included 

interest in: 

1. An expansion of monitoring and sampling in the environment supported by sources of funding; 

2. Continued advancement of the understanding of PFAS compounds, potential toxicity, and 

further development of analytical methods;  

3. Increased understanding of exposures beyond drinking water;  

4. Robust near-term action while long term actions are completed; 

5. Identifying opportunities for collaboration and coordinated data sharing efforts among partners; 

and  

6. Continued public engagement and development of risk communication resources.  

 

The Community Engagements included panel discussions on the current state of science and potential 

risks posed by PFAS, as well as state and local actions towards 1) Identifying PFAS; 2) PFAS Risk 

Communications; and 3) Identifying Solutions for PFAS. Following the panel discussions, members of the 

public shared input and personal stories. During the community listening sessions, the EPA interacted 

with over 1,000 members of the public and heard from approximately 200 citizens in Exeter, New 

Hampshire; Horsham, Pennsylvania; Colorado Springs, Colorado; Fayetteville, North Carolina; and 

Leavenworth, Kansas.  

The EPA developed summaries for the PFAS National Leadership Summit and each of the community 

engagements that can be found on EPA’s PFAS webpages: https://www.epa.gov/pfas/pfas-national-

leadership-summit-and-engagement and https://www.epa.gov/pfas/pfas-community-engagement.  
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Appendix C: Summary of Docket Comments 

Background 

Following the PFAS National Leadership Summit, the EPA requested input from the public on how the 

Agency can best help states, tribes, and communities facing PFAS challenges. The EPA has considered 

these comments in the development of this PFAS Action Plan and will continue to be informed by these 

comments as the Agency plans its next steps.  

Docket Process and Summary of Submissions 

The EPA opened the docket on PFAS, OW-2018-0270, from May 2, 2018 to September 28, 2018 and 

received approximately 120,000 comments via Regulations.gov. The docket comments are summarized 

below according to the themes requested by the EPA. The docket is available at: 

https://www.regulations.gov/docket?D=EPA-HQ-OW-2018-0270. 

1. Obtaining information on ongoing efforts to characterize risks from PFAS and develop 

monitoring and treatment/cleanup techniques; 

2. Informing specific near-term actions, beyond those already underway, that are needed to 

address challenges currently facing states and local communities;  

3. Developing risk communication strategies to address public concerns with PFAS; and 

4. General comments. 

All comments were reviewed, categorized, and used to support the development of the PFAS Action 

Plan. The majority of comments received, approximately 97%, were from the public from across the 

United States representing rural and urban communities. Public citizen comments generally included a 

request for the EPA and the federal government to assist in managing PFAS in their community, concern 

for the health of their families and themselves, specific requests for action in managing and limiting 

PFAS in the environment, a desire to see PFAS removed at the source, a desire for responsible parties to 

pay for cleanup, and a universal expression for the right to have access to clean and healthy water. 

Approximately 2.5% of comments were submitted by organizations, members of Congress, industry, 

water associations, governmental organizations at all levels, and not-for-profit organizations. The 

comments generally included support for the development of the PFAS Action Plan, an expression of the 

need for regulatory action, the need for science-based decisions, a desire for better communication 

regarding the Agency’s planned activities, a request for the EPA to use regulatory authorities to manage 

PFAS, and a coordinated response from the federal government.  

The following information is intended to provide an overview summary of the comments received in the 

public docket within each theme and is not meant to be comprehensive. Comments provided to the EPA 

are available in the docket at the link provided above.  
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Characterize Risks from PFAS and Develop Monitoring and Treatment/Cleanup 

Techniques 

• Undue burden placed on communities and private well owners. Concerns on the costs to the 

taxpayer associated with treatment of PFAS in water, purchasing bottled water, point-of-use 

filters, and/or the cost associated with health care stemming from potential PFAS exposure. 

• Desire for responsible parties to pay for the cost of cleanup/treatment and monitoring.  

• Requests that the EPA consider the cost of treatment in the rulemaking process.  

• Federal prioritization of PFAS compounds for additional study and effort.  

• Concern on the movement of PFAS through groundwater and the potential for contamination to 

spread. 

• Need for more science-based research and method development to monitor PFAS.  

Near-term Actions Needed to Address Challenges Currently Facing States and 

Local Communities 

• Desire for the EPA to use its regulatory authority to regulate PFAS and provide regulatory 

certainty.  

• List PFAS as hazardous substances. 

• Develop groundwater cleanup values in a way that encourages site-specific solutions and allow 

for use of available resources. 

• Request for better risk communication and education from the public on health effects, more 

research on PFAS, identification of PFAS in media other than drinking water, and prevention of 

industrial releases of PFAS. 

• Develop consistent and enforceable standards, including a maximum contaminant level for PFAS 

that is based on best-available and current science. Some members of the public expressed 

support for lowering EPA’s Health Advisory Level. 

• Follow up or expanded water testing and/or blood testing in local communities. 

• Concern with the UCMR detection levels (too low and not representative of PFAS presence) and 

requests to expand the list of PFAS for future UCMR efforts. 

• Need for funding for the federal, state, tribal, and local governments to adequately address 

PFAS. 

• Regulate PFAS at the source; prevent PFAS from entering commerce and prevent releases into 

the environment. 

• Concern that families and communities located near military installations are disproportionally 

affected by PFAS. 

• Concern from site-specific contamination, including GenX chemicals.  

• Make available technical assistance and funding to individual households and private well 

owners to address PFAS. Communities need assistance in determining the extent of their 

contamination. 

• Need for new analytical methods to achieve lower detection limits, identify additional PFAS, and 

monitor in media other than water. 
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• Need any guidance developed by the EPA to be scalable, with special emphasis for small and 

tribal communities. 

Risk Communication Strategies to Address Public Concern with PFAS 

• Concern regarding the quality and accessibility of information from the EPA and other federal 

agencies. Desire to have information on: the proximity of a community to a PFAS source; the 

potential exposure of communities to individual and mixtures of PFAS; products that contain 

PFAS; guideline, standard, and method development process; and access to technical resources 

such as data, methods, and research. 

• Need for a clear and concise communication plan from the EPA to inform the public and 

stakeholders regarding the risk of PFAS exposure and related the EPA activities (both ongoing 

and planned).  

• Concern on the unknown human health effects from PFAS exposure, the cost of health 

insurance and mental health coverage from exposure and stress of exposure, and the possible 

health effects from PFAS exposures. 

• Request for comprehensive testing of PFAS in drinking water and blood and communication of 

risk information in a clear and concise manner that is easy for the public to understand. 

• Concern on the lack of risk communication for PFAS in food, such as fish and shellfish. 

• Need for a comprehensive risk communication strategy that includes stakeholders and allows 

for the opportunity for the public to provide comments and questions. 

General Comments 

• Request the EPA exercise its regulatory authority to limit the use and manufacture of PFAS due 

to health concerns from exposure from air, water, and food. 

• Commenters at community engagements provided both support and appreciation for the 

opportunity to participate, in addition to implying frustration at feeling excluded from 

presenting information to the panelists. 

• Commenters provided personal accounts of PFAS exposure in their local community and the 

health and financial impacts of that exposure.  

• Encourage the EPA to abide by its mission to protect human health and the environment by 

ensuring all citizens are provided healthy and clean drinking water and air. 
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Appendix D: Other Reference Materials 

EPA Resources 

• EPA’s Webpage for Per- and Polyfluoroalkyl Substances (PFAS): https://www.epa.gov/pfas  

• Information on the EPA Community Engagement Sessions on PFAS: 

https://www.epa.gov/pfas/pfas-community-engagement  

• Information on the National Leadership Summit on Per- and Polyfluoroalkyl Substances (PFAS): 

https://www.epa.gov/pfas/pfas-national-leadership-summit-and-engagement  

• PFAS National Leadership Summit and Engagement Federal Public Input Docket: 

https://www.regulations.gov/ – enter docket number: OW-2018-0270 

• Drinking Water Health Advisories for PFOA and PFOS: https://www.epa.gov/ground-water-and-

drinking-water/drinking-water-health-advisories-pfoa-and-pfos  

• Third Unregulated Contaminant Monitoring Rule: https://www.epa.gov/dwucmr/third-

unregulated-contaminant-monitoring-rule  

• Contaminant Candidate List 4: https://www.epa.gov/ccl/contaminant-candidate-list-4-ccl-4-0  

• EPA Drinking Water Laboratory Method 537 Q&A: https://www.epa.gov/pfas/epa-drinking-

water-laboratory-method-537-qa  

• Research on Per- and Polyfluoroalkyl Substances (PFAS): https://www.epa.gov/chemical-

research/research-and-polyfluoroalkyl-substances-pfas  

• EPA Actions to Address PFAS: https://www.epa.gov/pfas/epa-actions-address-pfas  

• EPA 2010/2015 PFOA Stewardship Program: https://www.epa.gov/assessing-and-managing-

chemicals-under-tsca/fact-sheet-20102015-pfoa-stewardship-program  

• Drinking Water Treatability Database: https://iaspub.epa.gov/tdb/pages/general/home.do  

• Case Studies on State-Level Risk Communication of PFAS (EPA and ECOS collaboration): 

https://www.ecos.org/documents/state-level-risk-communication-of-pfas-and-habs/  

Additional Resources (Non-EPA Materials) 

• ATSDR Webpage Per- and Polyfluoroalkyl Substances (PFAS) and Your Health: 

https://www.atsdr.cdc.gov/pfas/  

• ATSDR Overview of Perfluoroalkyl and Polyfluoroalkyl Substances and Interim Guidance for 

Clinicians Responding to Patient Exposure Concerns: 

https://www.atsdr.cdc.gov/pfc/docs/pfas_clinician_fact_sheet_508.pdf  

• ToxFAQs™ for Perfluoroalkyls: https://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=1116&tid=237  

• Toxicological Profile for Perfluoroalkyls: 

https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=1117&tid=237  

• CDC Per- and Polyfluorinated Substances (PFAS) Factsheet: 

https://www.cdc.gov/biomonitoring/PFAS_FactSheet.html  
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• CDC National Report on Human Exposure to Environmental Chemicals: 

https://www.cdc.gov/exposurereport/index.html  

• Interstate Technology Regulatory Council (ITRC) PFAS website: https://pfas-1.itrcweb.org/  

• ITRC PFAS fact sheets: https://pfas-1.itrcweb.org/fact-sheets  

• Per- and Polyfluoroalkyl Substances (PFAS) Laboratory Testing Primer for State Drinking Water 

Programs and Public Water Systems: https://www.asdwa.org/wp-

content/uploads/2018/10/ASDWA-PFAS-Lab-Testing-Primer-10-10-18-Final.pdf  
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Polyfluorinated Compounds: Past, Present, and Future
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ABSTRACT: Interest and concern about polyfluorinated compounds (PFCs), such as perfluorooctane sulfonate (PFOS),
perfluorooctanoic acid (PFOA), and an increasing number of other related compounds is growing as more is learned about these
ubiquitous anthropogenic substances. Many of these compounds can be toxic, and they are regularly found in the blood of animals
and humans worldwide. A great deal of research has been conducted in this area, but a surprising amount remains unknown about
their distribution in the environment and how people ultimately become exposed. The utility of these compounds seems to ensure
their continued use in one form or another for the foreseeable future, presenting a long-term challenge to scientists, industry leaders,
and public health officials worldwide.

’ INTRODUCTION

Polyfluorinated compounds (PFCs) are useful anthropogenic
chemicals that have been incorporated into a wide range of
products for the past six decades. This class of compounds
includes thousands of chemicals but is best known for the
perfluorosulfonates (PFSAs) such as perfluorooctane sulfonate
(PFOS), and the perfluorocarboxylic acids (PFCAs) which
include perfluorooctanoic acid (PFOA). Their numerous uses
and unique physical and chemical characteristics have made it
difficult to develop an understanding of how they are distributed
in the environment and how people become exposed. Concerns
about these compounds have developed as many satisfy the
defining characteristics of persistent organic pollutants (POPs):
they are toxic, extremely resistant to degradation, bioaccumulate
in food chains, and can have long half-lives in humans. After
research efforts documented their presence in the environment
and wildlife worldwide, and further studies verified that they are
very common in human blood serum, efforts were undertaken in
the U.S. and elsewhere to limit the production and emission of
some of the most widely used PFCs. Recent studies have
indicated that these efforts may be responsible for a reduction
of some PFCs in the blood of humans and animals in some
locations, but other PFCs have remained stable or have even
increased. The diversity of the PFCs and their high production

volume has made it difficult to gauge global trends. An additional
complication is that some developing regions have taken up the
production of materials that have been restricted in other parts of
the world, making it difficult to determine if progress is being
made with regard to reducing global PFC emissions. Moreover,
the utility of polyfluorinated chemistry makes it highly likely that
commercial industries will continue to develop and use these
materials for the foreseeable future. This feature article will
explore some of the important history in this area, summarize
much of our current understanding, and briefly consider what
might be expected in the near future. Because this is intended to
be a general overview, we will highlight what has motivated
recent interest and what still needs to be determined.

Figure 1 summarizes the basic structures of some different
types of PFCs, organized by the functional group (e.g.,
carboxylate, sulfonate, alcohol) at one end of the molecule.
Polyfluorinated hydrocarbons have multiple sites where hy-
drogen has been substituted with fluorine (e.g., telomer
alcohols), and perfluorinated species have had all of the
hydrogens substituted with fluorine (e.g., PFOS and PFOA).
These compounds have a number of unique physical and
chemical characteristics imparted by the fluorinated region of
the molecule, including water and oil repellency, thermal
stability, and surfactant properties that make them very useful
for a wide range of industrial and consumer-use applications.1

For example, coating an exterior surface of a textile or paper
product leaves the perfluorinated tail of the molecule projecting
away from the surface. Because this part of the molecule repels
both water and oil, this treatment is ideal for paper packaging,
textiles, and other surfaces one wants to keep clean and dry. This
chemistry is also useful for surfactants and dispersants, leading to
their widespread use as leveling agents for paints, lubricants, mist
suppression, and fire fighting foams. Amajor use of PFCAs is as an
emulsifier in the production of fluoropolymers.1,2
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’TOXICITY

Compounds in this class were first produced in the 1940s and
1950s, well before it became common for governmental agencies
in the industrialized world to require significant testing of new
materials being brought to market. As companies producing
these materials continued production and diversification of their
product lines, more in-depth evaluations of potential health effects
were conducted. The results of many of these investigations were in
the form of internal reports that were not published in the peer
reviewed literature. By the early 2000s, when it became apparent that
PFCs were broadly distributed in the environment3 and almost all
human blood samples collected worldwide were found to contain
measurable quantities of many PFCs at the ng/mL level,4 regulatory
agencies began calling for a full review of all previous research and a
more thorough evaluation of toxicity began. Studies involving chronic
exposure of rats and monkeys to PFOS showed decreased body
weight, increased liver weight, and a steep dose�response curve for
mortality.5�7 An increase in hepatocellular adenomas and thyroid
follicular cell adenomas was observed in rats exposed to high levels
of PFOS in their food.8 In rodents, PFOA has been associated with
increased incidence of liver, pancreas, and testicular tumors aswell as
weight loss, liver enlargement, and changes in lipid metabolism.9�11

When either PFOS or PFOA is administered to pregnant mice,
there is neonatal mortality and reduced growth for the surviving
pups.12 The carcinogenicity associated with PFOA in rodents has

been found to be mediated by the peroxisome proliferator-activated
receptor-alpha (PPAR-α) pathway,13 but the relevance of this
mechanism in humans is a matter of scientific debate.

Using these laboratory animal studies to try to estimate
potential human health effects is always difficult, but in this case
it ismademore difficult by the fact that the toxicokinetics of different
PFCs differ considerably between animal species and even
between different genders within a given species.12 For example,
the half-life of PFOA in female rats is approximately four hours,
while in male rats from the same strain it is closer to six days.14 In
mice, the half-life was found to be considerably longer (17�19
days), but the effect of gender was much less pronounced.15 In
humans, data suggest that the half-lives are much longer, with
PFOS and PFOA approximately 5.4 and 3.8 years (arithmetic
means), respectively,16 with no difference noted between gen-
ders. While half-life has generally been observed to increase in
proportion to compound chain length, this is not always true, as
perfluorohexane sulfonate (PFHxS, 6 carbons) has a half-life of
8.5 years in humans.16 This relatively long half-life in humans
heightens concerns about potential health effects.

While the toxicity of PFOS and PFOA has been documented
in animal studies, investigations of potential health effects in
workers occupationally exposed to these compounds have gen-
erally shown inconsistent results.17 These workers may have
circulating blood levels of PFCs that are hundreds of times those

Figure 1. Generic structures for polyfluorinated compounds. The n = 8 linear carbon structures are shown for many of these examples, but n = 4�14
linear and/or branched carbon units are generally possible.
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of nonoccupationally exposed individuals,18 but it is difficult to
determine conclusive results in these studies (either positive or
negative) because sample populations are small, historical ex-
posure levels are uncertain, individuals often have had simulta-
neous exposures to other compounds, and they may have
preexisting conditions that complicate evaluations. In one study
of PFOS exposed workers, bladder cancer mortality was elevated
among individuals with at least one year of exposure, but this
finding was based on an incidence of only three cases.19 In a
subsequent reevaluation of this cohort, bladder cancer incidence
was found to be similar to that of the general U.S. population, but
a 1.5�2.0-fold risk for the most highly exposed workers could
not be ruled out.20 Compared to PFOS, more studies of PFOA
exposedworkers have been conducted. Several studies have shown a
positive association between PFOA exposure and cholesterol, which
could have implications for the development of cardiovascular
disease.18,21�23 PFOA has also been associated with elevated uric
acid, which may in turn impact hypertension and cerebrovascular
disease.21,23 Some studies have found an association between
PFOA exposure and prostate cancer,24,25 but data are sparse and
do not allow conclusive determinations.26 An excellent review of
this evolving area of research can be found in Steenland et al.17

Studies involving more typical background exposures in the
general population are also inconsistent but suggest a number of
important potential health effects. Among these are studies showing
an association between PFOS and PFOA and decreased sperm
count,27 a negative association between PFOS and PFOAwith birth
weight and size,28,29 higher blood levels of PFOS and PFOA being
related to current thyroid disease,30 and an association between
PFOA and elevated cholesterol.31 Overall these data are inconclusive
and the associations do not necessarily indicate causality. Steenland
et al. also cover this literature in their recent review.17

Considering the widespread environmental occurrence and
the potential health effects, the U.S. Environmental Protection
Agency (EPA) has issued provisional short-term health advi-
sories for PFOS (200 ng/L) and PFOA (400 ng/L) in drinking
water, estimating that short-term consumption below these levels
will safeguard public health.32 Chronic exposure guidelines are
being developed by the EPA and have been published by various
entities for water and food, but little has been done thus far for
compounds other than PFOS and PFOA. A review of current
global guidelines and regulations can be found in Zushi et al.33

’HISTORY OF PRODUCTION

Among the many ways used to produce PFCs, two major
synthetic routes should be discussed. In the electrochemical
fluorination (ECF) process, a straight chain hydrocarbon is
reacted with HF and electricity to substitute all of the hydrogen
atoms with fluorine.1 Perfluorooctane sulfonyl fluoride (POSF)
has been the major target compound produced in this manner,
but ECF is a relatively crude process, leading to approximately
70% straight chain POSF with the balance being a variety of
branched and cyclic isomers primarily from 4 to 9 carbons in total
length. POSF can then be used in a series of reactions to pro-
duceN-methyl andN-ethyl perfluorooctane sulfonamidoethanol
(N-MeFOSE andN-EtFOSE, Figure 1), which historically were used
to produce surface coatings for textiles and paper products.34,35

All compounds produced from POSF have been thought of as
“PFOS equivalents” as these materials have the potential to
ultimately degrade or transform to PFOS. In contrast, PFOS
itself is extraordinarily stable in the environment, with no known
natural mechanism of degradation. The other main process for
the production of PFCs is called telomerization.1 This involves
the reaction of perfluoroethylene (a taxogen, CF2dCF2) and
perfluoroethyl iodide (a telogen CF3�CF2I) to produce straight
chain prefluoroinated iodides with chain lengths that are gen-
erally divisible by 2. These perfluoroinated iodides are then used
as a feedstock to make perfluorinated carboxylic acids, fluorote-
lomer alcohols, and fluorotelomer olefins that are almost exclu-
sively straight chain without the branched or cyclic materials that
are characteristic of ECF synthesis. The fluorotelomer-based
materials are used to produce polymers, textile treatments,
surfactants, and food contact packaging.36 PFOA, the eight
carbon carboxylate, has been widely used as an emulsion
polymerization aid in the production of polytetrafluoroethylene
(PTFE), an inert polymer used in a wide variety of applications,
including nonstick coatings in kitchenware, nonreactive containers
for corrosive materials, insulators, lubricants, and many other uses.2

It is also important to note that thousands of different
polyflourinated compounds have been synthesized and used by
industry. The polyfluoroalkyl phosphate esters (PAPs) and per-
fluorinated phosphonic acids (PFPAs) are two other groups that
have recently been gaining attention.37,38 Both classes of com-
pounds have multiple congeners which have been identified in

Figure 2. Timeline of important events in the history of polyfluorinated compounds.
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environmentalmatrices at concentrations that are similar to PFOS,
PFOA, and related materials. Moreover, the PAPs have been
recently quantified in human blood serum samples, confirming
exposures through some unknown pathway(s).39

The history of PFC production is difficult to accurately portray
due to the proprietary nature of this information, industry
responses to various forms of regulation, and changing product
lines. The 3M Company was the major producer of POSF,
starting production in 1949, with the total cumulative production
estimated to be approximately 96 000 t in the peak years between
1970 and 2002.34 After 3M discontinued production in 2002,
other companies began production to meet existing market
demands, with an estimated 1000 t per year being produced
since 2002.34 The fluorotelomer alcohols have been widely used
in the production of polymers and surface coatings with an
estimated annual production in 2004 of 11 000�13 000 t/yr.36

As research has demonstrated that many of the long-chain
PFCs are toxic, persistent, and bioaccumulative, government and
regulatory bodies in some parts of the world have been working
toward agreements and regulations that limit the production of
some of the PFCs.33 The EPAworked with 3M to bring about the
voluntary discontinuation of PFOS and related compounds
between 2000 and 2002. Starting at the same time, a series of
Significant NewUse Rules (SNUR) were also put in place (2000,
2002, and 2007) in the U.S. to restrict the production and use of
materials that contained PFOS or its various precursors. The
EPA then worked with eight leading chemical companies in the
2010/2015 PFOA Stewardship Program to reduce emissions and
residual content of PFOA and long-chain PFCs by 95% by 2010,
with the long-term goal to work toward elimination of long-chain
PFCs by 2015.40 In 2009, PFOS and related compounds were
listed under Annex B of the StockholmConvention on Persistent
Organic Pollutants, which restricts manufacturing and use to a
few specific applications.41 Figure 2 is a summary of some of the
key events in PFC history.

’REFINING ANALYTICAL APPROACHES

In many ways research in this area has been dependent on
improvements in analytical instrumentation, the synthesis and
availability of analytical standards, and a gradually increasing
sophistication in analytical approaches that have evolved over the
past five decades. In 1968 D.R. Taves presented evidence of two
forms of fluorine in human blood, one of which was the inorganic
fluorine ion, and another which was closely associated with
serum albumin having the characteristics of a “large stable
molecule...consistent with the presence of a fluorocarbon
molecule”.42 By 1976 Taves et al. had used NMR to tentatively
identify PFOA or a related compound in concentrates from
human blood serum, the source of which they speculated to be
common household consumer products known to contain
PFCs.43 Early analytical methods for the measurement of organic
fluorine in the blood of occupationally exposed workers started in
the 1970s with a laborious and nonspecific ashing technique
similar to that used by Taves et al., but soon progressed to less
labor intensive (but still nonspecific) methods involving electron
capture detection or microwave plasma detection.44 These
techniques had relatively high levels of detection (in the μg/mL
or ppm range) and only gave tentative identification of the
target analytes, but were nonetheless adequate for the evaluation
of highly exposed workers. It was only after liquid chromatogra-
phy/mass spectrometry (LC/MS) instrumentation became

commonly available in the mid- to late-1990s that it became
possible to measure PFCs in the low ng/mL (ppb) range,
allowing for the first time the accurate evaluation of background
levels of PFCs in biological and environmental matrices.45 Early
work in this area was difficult due to the relatively low concen-
trations found in most matrices, a lack of pure authentic
standards and appropriate internal standards, a lack of standar-
dized extraction and preparation techniques, and relatively poor
quality assurance procedures.46 A series of interlaboratory com-
parison studies in the early 2000s indicated relatively poor
comparability between laboratories for complex and variable
matrices like water and fish, with somewhat better performance
for serum samples.47,48 Refinement of instrumentation and
methods continued, with LC triple quadrupole mass spectrom-
eter (LC/MS/MS) quickly becoming the standard approach
used by most laboratories. As research and regulatory interest in
these chemicals have increased, commercial laboratories have
found a market for high purity standards and mass labeled
internal standards, making it possible for more analytical labora-
tories to take up this research. Better quality assurance proce-
dures, such as the routine use of daughter ion ratios to help
distinguish PFCs (such as PFOS), from commonly occurring
matrix contaminants, has helped refine compound identification
and accuracy considerably.49 Another important recent develop-
ment is the increasing use of standard reference materials (SRM)
to develop consensus values for different compounds in differing
matrices, thereby providing a way to demonstrate analytical
performance in each analytical batch.50 At present, instrumenta-
tion continues to improve, with lower cost time-of-flight mass
spectrometers now becoming available, giving many laboratories
the ability to conduct analyses using high resolution mass
accuracy and greatly improved specificity.51

’OCCURRENCE IN THE ENVIRONMENT

Early studies which documented the presence of PFOS and
other PFCs in the blood of many species of wildlife collected
from wide ranging locations around the world sparked initial
interest and concern.3 Of particular interest was the fact that
PFCs were both ubiquitous in humans4 and measurable in the
blood of arctic mammals, ocean going birds, and other species
only found in remote locations far from human settlement.52,53 It
was apparent that PFCs, like other POPs, undergo a “global
distillation” wherein persistent materials emitted in the tem-
perate regions are transported to polar regions where they can
accumulate in the environment far from any known sources.
Polar bears, seals, and whales are well-known to accumulate
POPs like PCBs, PBDEs, and persistent pesticides, and these
species were also found to take up PFOS and some of the long-
chain PFCAs.54�56 At the same time, other studies began
documenting the occurrence of PFCs in rivers, lakes, and oceans
worldwide. The highest concentrations of PFCs have typically
been documented in areas with direct industrial emissions that
have impacted fresh water rivers and lakes with concentrations
typically ranging 1�1000s of ng/L.57�59 Oceanic levels are
typically 3 orders of magnitude lower, with levels of PFOS and
PFOA typically being in the range of 10�100 pg/L.60

An important environmental concern is that the long-chain
PFCs can bioaccumulate as they move though food webs.
Compounds with a perfluoroalkyl chain length (number of
carbons with fluorine bonds) g 8 are generally more bioaccu-
mulative than those with e7.61,62 Note that while PFOA has
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eight total carbons, only seven are perfluoroalkyl carbons with
one additional carboxylate carbon, giving it a tendency to be less
well retained in many biological matrices. Humans seem to be an
important exception to this observation as PFOA appears to
readily accumulate in human serum.63 The functional group also
has an effect on bioaccumulation, with a sulfonate being more
likely to be retained than a carboxylate of the same size.61,64

These general observations form the basis for the call to restrict
or eliminate the use of long-chain PFCs (i.e., those g C8).40

’HUMAN EXPOSURE

The fact that virtually all people living in the industrialized
world have many PFCs in their blood serum in the ng/mL range4

indicates widespread exposure, but developing an understanding
how people become exposed is complicated by a number of
factors. One of the first important considerations is the long half-
life of some PFCs in humans. This slow elimination timemakes it
difficult to determine how changes in lifestyle, diet, or other
exposure-related factors influence blood levels. Studies have also
indicated that while age apparently has little influence on
circulating PFC levels, gender and ethnicity do seem to influence
the accumulation of some compounds.65 This indicates that
lifestyle and possibly genetic factors play a role in uptake and
retention of the PFCs. There are also clear geographical differ-
ences that have been observed, indicating that proximity to major
sources or degree of urbanization also play an important role.57,63

But one of the biggest factors influencing human exposure is
likely to be changes in industrial production, which have largely
come about in response to regulatory pressures to decrease
production and emission of compounds considered to be
potentially hazardous. Since 3M terminated production of POSF
in 2002, PFOS in North American blood samples has decreased
at a rate that is consistent with its half-life in humans, suggesting
that the factors responsible for exposure were greatly reduced or
eliminated at that time.66 It is interesting to note that blood levels
of PFOA also began a sharp decline in 2002, but the rate of
decrease has been slower than the estimated half-life. This
suggests that POSF production may have been related to PFOA
exposure in some way, but other sources remain.

The U.S. Center for Disease Control and Prevention (CDC)
conducts the National Health and Nutrition Examination Survey
(NHANES) on a regular basis to monitor pollutant trends in the
U.S. population. In a study summarizing recent NHANES data,
geometric mean PFOS and PFOA levels declined by 32% and
25%, respectively from 1999/2000 until 2003/2004.67 The most
recent NHANES results (2007/2008) indicate that while PFOS
concentrations continue to decline, other PFCs have essentially
remained flat (PFOA) or have increased (PFHxS, PFNA).65

These results suggest that deliberate efforts to reduce the
production of PFOS have led to reductions in human exposure
(in the U.S.) but the routes of exposure and control mechanisms
for other PFCs remain obscure.

Data from other countries indicate a more complex global
situation with regard to human blood levels. In a study involving
pooled serum samples from Norwegian men aged 40�50
collected from 1977 until 2006, PFOS, PFOA, and perfluoro-
heptanoic acid (PFHpA) increased by a factor of 9 between 1977
and the mid 1990s.68 Between 2000 and 2006 PFOS and PFOA
then decreased by a factor of 2. PFHxS, perfluorononanoic acid
(PFNA), perfluorodecanoic acid (PFDA), and perfluorounde-
canoic acid (PFUnA) also increased between 1977 and the mid

1990s, but their concentrations either leveled off or continued to
increase until 2006.68 A study in Germany found relatively stable
PFOS and PFOA concentrations in adult males between 1977
and 2004,69 whereas data fromChina have indicated dramatically
increasing level of PFOS in some parts of this country, while
PFOA has remained relatively low.70

At present, a number of modeling studies have estimated that
low level PFC contamination of food is likely to be responsible
for most nonoccupational exposures in industrialized nations. In
a recent review, Fromme et al. evaluated potential PFC exposures
from indoor and outdoor air, house dust, drinking water, and
food.71 They concluded median uptake of PFOS and PFOA was
on the order of 2�3 ng/kg/day, respectively, with food being
responsible for greater than 90% of this exposure. However, with
the wide variety of foods consumed and the difficulty in establish-
ing sensitive analytical methods that accurately measure con-
taminants, there is still a great deal of uncertainty about the role
of food as an exposure route.72 Fish are the most thoroughly
examined food item, and an increasing number of studies have
begun to suggest that fish from contaminated water bodies may
dominate exposures to PFOS and possibly other long-chain
PFCAs.73,74 For example, in a recent study of fish taken from a
contaminated section of theMississippi River, bluegill fillets were
found to have median PFOS concentrations of between 50 and
100 ng/g of fillet.75 Consumption of a meal sized portion (195 g)
of this fish leads to exposures in the range of 150�330 ng/kg/
day, which is approximately 100 times higher than the daily
intake predicted in the study by Fromme et al.71 This under-
scores the facts that fish can be a major source of intake for some
people and there is still a great deal to be learned about PFC
contamination of food. Studies have also indicated that crops
grown on contaminated soils can accumulate PFCs, suggesting
that this may also be a source of human exposure.76 This may be a
particular concern in agricultural areas that receive amendments
of biosolids from wastewater treatment plants, as these effluents
contain PFC precursors and terminal degradants.77,78 It is also
clear that consumption of contaminated drinking water can be an
important route of human exposure for people living in certain
areas that are impacted by industrial emissions. Situations where
locally contaminated drinking water resources have been linked
with increased blood levels have been documented in Germany,69

Japan,57 Ohio and West Virginia,63 and Minnesota.79

Other potential routes of human exposure include air, house
dust, and direct contact with PFC containing consumer use
items. Many of the labile precursor materials like telomer and
FOSE alcohols are volatile, and studies show that they can occur
in the indoor environment at pg/m3�ng/m3 levels.80 Once
inhaled, these materials may be metabolized by normal enzy-
matic processes, likely leading to accumulation of the end
terminal degradants in vivo. Studies of house dust indicate that
contamination in 10�100 ng/g range is quite common,81,82

suggesting inhalation of airborne material or the hand to mouth
contact (particularly for children) could contribute to human
exposure. Direct contact with consumer use items that have been
treated with PFCs or which contain residuals from a manufactur-
ing process is another potential source of human exposure.83

’THE FUTURE OF PFCS

While most of the research and regulatory effort thus far has
focused on PFOS and PFOA, it is important to realize that
hundreds to thousands of different polyflourinated compounds

WG Ex. 12

0504



7959 dx.doi.org/10.1021/es2011622 |Environ. Sci. Technol. 2011, 45, 7954–7961

Environmental Science & Technology FEATURE

are currently in use. Moreover, new formulations are being
brought to market continuously and little if anything is known
about the environmental disposition and toxicity of these
compounds.84�86 While there has been some success with
voluntary controls for some PFCs,40 there is limited incentive
for companies to join in these voluntary agreements. In fact,
considering that the C8-based chemistries often have the most
desirable performance characteristics, it is attractive for compa-
nies that are not party to the 2010/2015 PFOA Stewardship
Program to increase their production of long-chain materials to
meet continuing international market demands. Some members
of the international community believe that regulations to limit
PFC production are unnecessary because there is little evidence
of human health effects or environmental damage thus far.
Without strong coordinated regulatory efforts, economic factors
may simply shift the production of these materials to locations
that place greater value on economic development than long-
term environmental concerns.

In conclusion, it is evident that scientific and regulatory com-
munities are only starting to understand and effectively manage
polyfluorinated compounds. Environmental distributions, routes
of human and environmental exposure, and long-term ecological
and human health consequences are still poorly described.
Limited regulatory controls have been established in some
nations, but their long-term effectiveness on a global scale
remains to be determined. The extreme stability of the terminal
breakdown products and the increasing trend toward an inte-
grated world economy makes a strong case for global research
and regulation, especially as new alternatives are being intro-
duced to the market. Environmental professionals of all types
face an enormous challenge in trying to meet these pressing
research needs. We are at the very beginning of a new age of
environmental chemistry.
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Executive Summary
Evidence suggests that oil and gas companies including 

ExxonMobil and Chevron have used per- and polyfluoroalkyl 

substances (PFAS), or substances that can degrade into 

PFAS, in hydraulic fracturing (“fracking”) for oil and gas in 

more than 1,200 wells in six U.S. states between 2012 and 

2020. The lack of full disclosure of chemicals used in oil and 

gas operations raises the potential that PFAS could have 

been used even more extensively than records indicate, 

both geographically and in other stages of the oil and gas 

extraction process, such as 

drilling, that precede the 

underground injections 

known as fracking.

 PFAS have been linked 

to cancer, birth defects, 

pre-eclampsia, and other 

serious health effects. Toxic 

in minuscule concentrations, 

they accumulate inside the 

human body and do not break 

down in the environment 

– hence their nickname,

“forever chemicals.” PFAS

were widely used for decades

in non-stick cookware,

stain-resistant carpeting,

fire-fighting foam and other

products before their highly 

toxic characteristics became 

public around the year 2000. 

Chemical manufacturers 

Dupont and 3M had known about these chemicals’ 

environmental and health risks as early as the 1960s and ’70s 

but failed to sound the alarm.

 Evidence related to the use of PFAS in oil and gas 

operations has not been previously publicized. The apparent 

use of PFAS in these operations adds an especially hazardous 

class of chemicals to the list of harmful substances associated 

with oil and gas extraction and is another potential route of 

exposure to PFAS. In recent years, a growing number of states 

have set limits on PFAS pollution in water as researchers 

have discovered hundreds of sites where PFAS from a 

variety of sources have polluted groundwater. In addition, 

fire departments are disposing of firefighting foam that 

contains PFAS. “Fire departments are scrambling to get rid of 

firefighting foam with PFAS in it because EPA says it’s toxic,” 

said Silverio Caggiano, who retired in June 2021 as Battalion 

Chief with the Youngstown, Ohio Fire Department and is a 

hazardous materials expert who has trained with fire-fighting 

foam that contains PFAS. “So if it’s too dangerous for us to 

use, why should oil and gas companies get to use it?”

 Industry records indicating 

PFAS use in fracking in 

Arkansas, Louisiana, 

Oklahoma, New Mexico, 

Texas, and Wyoming came 

to light as part of Physicians 

for Social Responsibility’s 

investigation of the U.S. 

Environmental Protection 

Agency’s review of three new 

chemicals proposed in 2010 

for use in oil and gas drilling 

and/or fracking. According 

to records obtained under 

a Freedom of Information 

Act request, EPA regulators 

worried that the chemicals 

could break down into 

products similar to PFOA, 

the most infamous PFAS, 

whose use has been largely 

discontinued in the U.S as 

part of an agreement between chemical makers and EPA. 

The regulators were also concerned that the degradation 

products of the three chemicals could be associated with 

severe health effects including male reproductive toxicity  

and tumors.

 Despite these concerns, EPA approved the chemicals 

for commercial use, and EPA records show that one of the 

chemicals was used commercially for unspecified purposes 

at least as late as 2018. Records further indicate that the 

chemical was initially imported for commercial use by 

Dupont, a company that has agreed to pay hundreds of 

“There is evidence from human and 

animal studies that PFAS exposure 

may reduce antibody responses 

to vaccines [citations omitted] 

and may reduce infectious disease 

resistance.”
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millions of dollars to settle injury claims related to PFOA 

pollution. EPA records included only a generic name for the 

chemical: fluorinated acrylic alkylamino copolymer. More 

specific identifiers were withheld as trade secrets.

 PSR searched for the chemical in FracFocus, a database 

run by non-governmental organizations where companies 

operating in more than 20 states disclose well-by-well fracking 

chemical use. While we did not find the chemical with the 

name that EPA had approved, we did find other chemicals 

with related names that had 

been injected into more 

than 1,200 wells, the most 

common of which was 

“nonionic fluorosurfactant” 

and various misspellings. 

Evidence suggests these 

chemicals are likely PFAS 

and/or PFAS precursors 

(substances that could break 

down into PFAS).

In light of these findings, 
PSR recommends the 
following:

• Health assessment. 
EPA and/or states 

should evaluate through 

quantitative analysis 

whether PFAS and/

or PFAS breakdown 

products associated with oil and gas operations have the 

capacity to harm human health. All potential pathways 

of exposure should be examined, including inhalation, 

ingestion, and dermal contact. 

• Testing and tracking. EPA and/or states should 

determine where PFAS and chemicals that may be PFAS 

have been used in oil and gas operations and where 

related wastes have been deposited. They should test 

nearby water, soil, flora, and fauna for PFAS. 

• Funding and cleanup. Oil and gas and chemical firms 

should be required to provide adequate funding for 

environmental testing and evaluation, and should PFAS 

be found, for cleanup. If water cleanup is impossible, the 

companies responsible for the use of PFAS should pay 

for alternative sources of drinking water.

• Public disclosure. Echoing recommendations by 

Pennsylvania’s Attorney General in 2020, governments 

should require full public 

disclosure of drilling and 

fracking chemicals before 

each oil or gas well can be 

developed. EPA and/or states 

should inform communities 

potentially exposed to PFAS 

about PFAS contamination 

risks so that the communities 

can take actions such as water 

testing and treatment. 

• Moratorium on PFAS use 
for oil and gas extraction. 
Until testing and investigation 

are complete, EPA and 

states should not allow PFAS 

or chemicals that could 

break down into PFAS to be 

manufactured, imported, or 

used for oil and gas drilling  

or fracking.

• Limits on drilling and fracking. The use of PFAS and 

of chemicals that break down into PFAS in drilling and 

fracking should prompt governments to prohibit drilling, 

fracking, and disposal of related wastewater and solid 

wastes in areas that are relatively unimpacted by oil and 

gas pollution, and to increase protections in already-

impacted regions. When doubt exists as to the existence 

or danger of contamination, the rule of thumb should 

be, “First, do no harm.”

Executive Summary [Continued]

“If water cleanup is impossible, the 

companies responsible for the use 

of PFAS should pay for alternative 

sources of drinking water.”
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Records Indicate PFAS Were Used in Fracking  
for Oil and Gas
PSR has unearthed evidence suggesting that per- and 

polyfluoroalkyl substances (PFAS) and/or PFAS precursors 

(substances that could degrade into PFAS) have been used 

for hydraulic fracturing (“fracking”) in more than 1,200 oil 

and gas* wells in six U.S. states, creating risks for oil and gas 

workers and the public through multiple potential pathways 

of exposure. The lack of full disclosure of chemicals used 

in oil and gas operations raises the potential that PFAS 

could have been used even more extensively than records 

indicate, both geographically and in other stages of the oil 

and gas extraction process, such as drilling, that precede the 

underground injections known as fracking. The apparent use 

of PFAS in oil and gas production has not been previously 

publicized and raises concerns about toxic exposures.

 PFAS are a class of chemicals known for having several 

valuable properties, including being slippery, oil- and 

water-repellant, and able to serve as dispersants or 

foaming agents.1 The first PFAS to be sold commercially 

was discovered by a chemist at Dupont and patented as 

Teflon. Beginning in 1949, it was used in thousands of 

products, from nonstick cookware to waterproof clothing 

to plastics to dental floss.2 Other PFAS have been used 

in food packaging, fire-fighting foam, and in 3M’s widely 

used fabric protector, Scotchgard.3 PFAS have been called 

“perfluorinated chemicals,” “polyfluorinated compounds,” 

or PFCs, though the term currently preferred by the U.S. 

Environmental Protection Agency (EPA) is PFAS.4 PFAS’ 

nickname “forever chemicals” is rooted in their manufacture, 

in which hydrocarbon chains of carbon and hydrogen atoms 

are mixed with hydrofluoric acid. The fluorine atoms in the 

acid replace the hydrogen atoms in the hydrocarbon chains, 

forming a bond between fluorine and carbon that is among 

the strongest in chemistry and barely exists in nature. The 

result: chemicals that are extremely resistant to breaking 

down in the environment.5

 As early as the 1960s and 1970s, researchers inside Dupont 

and 3M became aware that PFAS were associated with 

health problems including cancers and birth defects, had 

accumulated inside virtually every human being, and persisted 

in the environment.6 Many of these facts, kept internal 

by the companies, came to light after attorney Rob Bilott 

filed lawsuits in 1999 and 2001 against Dupont for causing 

pollution in and around Parkersburg, West Virginia with PFOA, 

a type of PFAS used to make Teflon.7 In December 2011, as 

part of Dupont’s settlement of the 2001 lawsuit, a team of 

epidemiologists completed a study of the blood of 70,000 

West Virginians and found that there was a probable link 

between PFOA and kidney cancer, testicular cancer, thyroid 

disease (over- or under-production of hormones by the 

thyroid gland), high cholesterol, pre-eclampsia (a potentially 

dangerous complication during pregnancy characterized by 

high blood pressure and signs of damage to another organ 

system, most often the liver and kidneys), and ulcerative 

colitis (a disease causing inflammation and ulcers in the large 

intestine or colon).8 Mounting evidence of PFAS’s risks has led 

ten states to develop guidelines for concentrations in drinking 

water of PFOA and other types of PFAS.9 One of these states 

is Michigan, which set standards in 2020 for drinking water 

and cleaning up groundwater for PFOA and six other forms of 

PFAS. (The state acted because EPA had not enacted federal 

drinking water standards for PFAS.) Michigan’s maximum 

allowable level of PFAS is no more than eight parts per trillion 

for PFOA.10 By extension, these standards indicate that one 

measuring cup of PFOA could contaminate almost 8 billion 

gallons of water, six times the 1.3 billion gallons of water used 

each day by New York City, or the amount of water needed 

to fill almost 12,000 Olympic-sized swimming pools at about 

660,000 gallons per pool.11

PFAS/Fracking Link Began with Investigation  
of EPA Chemical Approval
PSR found evidence suggesting that PFAS have been used 

for hydraulic fracturing (“fracking”) in the course of an 

investigation into EPA’s approval of chemicals proposed for 

use in oil and gas drilling and fracking. In fracking, energy 

companies inject into oil and gas wells a mixture of up to 

tens of millions of gallons of water, sand, and chemicals at 

high pressure to fracture underground rock formations, 
*Gas, the principal component of which is methane, is also known as 
“natural” gas, “fossil” gas and “fracked” gas
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unlocking trapped oil and gas. The chemicals serve a variety 

of purposes including killing bacteria inside the wellbore, 

reducing friction during high-pressure fracking, and as gelling 

agents to thicken the fluid so that the sand, suspended in the 

gelled fluid, can travel farther into underground formations.12

 In 2020, PSR examined documents disclosed by EPA in 

response to a Freedom of Information Act (FOIA) request 

that asked EPA to disclose its health reviews and regulatory 

determinations for new chemicals proposed for use in oil 

and gas drilling and fracking.13 We discovered documentation 

of chemicals proposed to be imported for use in drilling and/

or fracking. They were identified by EPA case numbers P-11-

0091, P-11-0092, and P-11-0093.14 And EPA agency regulators 

worried in writing that these chemicals could degrade into 

PFOA-like substances. 

 The relevant documents were created by EPA in 

accordance with the Toxic Substances Control Act (TSCA), 

which requires among other provisions that chemical 

manufacturers or importers submit applications, called 

“premanufacture notices,” in order to receive permission to 

use new chemicals commercially or to use existing chemicals 

commercially for new purposes.15 This system of new-

chemicals review 

is supposed to 

protect the public 

from chemical 

pollution, but 

it has been 

heavily criticized 

over the years 

as inadequate, 

including by 

Congress’ 

investigative arm, 

the Government 

Accountability 

Office (GAO). 

The GAO has 

consistently 

included EPA’s program regulating toxic chemicals on its list 

of federal government programs at highest risk of waste, 

fraud, abuse, and mismanagement.16

 Reviewing the EPA’s documents was challenging because 

TSCA allows companies to withhold from the public virtually 

all the data they submit to EPA in their premanufacture 

notices. Companies can shield the information from the 

public by designating it as confidential business information 

or CBI.17 In this case, the submitter marked multiple 

details as CBI, including the chemicals’ names, structure, 

use, production volume, and unique numeric identifiers 

known as Chemical Abstracts Service (CAS) numbers that 

scientists consider the best way to identify chemicals.18 When 

companies withhold specific chemical identifiers from their 

premanufacture notices, they must provide a generic or less 

specific name for their chemical(s) so that the public can have 

some idea what chemical EPA is assessing.19 Here, a single 

generic name was listed for all three chemicals: “fluorinated 

acrylic alkylamino copolymer.”20 Similarly, manufacturers or 

importers must list a generic use when the specific use is 

deemed confidential.21 Here, the generic use was listed as “oil 

and water repellent and release agent.”22 Even the company’s 

name was withheld as confidential,23 leaving the documents 

riddled with redactions and blank spaces, as may be seen 

in figures 1 and 2. PSR was, however, able to determine the 

original submitter’s likely identity by digging deeper into EPA 

data disclosed as required by TSCA.

 Despite the confidentiality, EPA’s health and ecological 

Records [Continued]

Figure 1. “Sanitized” premanufacture notice for chemicals with EPA case numbers P-11-0091, P-11-0092, P-11-0093 
showing that the chemicals’ submitter withheld its own name as confidential. The term “sanitized” means that 
confidential business information has been withheld from the public version of the document.
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hazard 

assessment and 

consent order 

regulating the 

chemicals P-11-

0091, P-11-0092, 

and P-11-0093 

show that the 

agency was 

concerned about 

their health and 

environmental 

impacts.

 The agency’s 

concerns were 

based in part on 

the potential that 

the chemicals 

might degrade 

into substances 

similar to one 

of the most infamous PFAS in modern chemistry, PFOA.24 

Unfortunately, EPA’s assessment and consent order were 

themselves heavily redacted before being released in 

response to a FOIA request, preventing a full understanding 

of EPA’s concern. In its consent order, EPA stated:

 EPA is concerned that these perfluorinated degradation 

products may be released to the environment from 

incomplete incineration of the PMN [premanufacture 

notice] substances at low temperatures. EPA has 

preliminary evidence, including data on other 

[REDACTED], that suggests that, under some conditions, 

the PMN substances could degrade in the environment. 

EPA has concerns that these degradation products will 

persist in the environment, could bioaccumulate or 

biomagnify, and could be toxic (PBT) to people, wild 

mammals, and birds based on data on analog chemicals, 

including PFOA and [REDACTED]. The presumed 

perfluorinated degradants for these PMN substances 

include [REDACTED].25 

 The acronym PBT stands for (P) persistent, (B) 

bioaccumulative, and (T) toxic.26 EPA did not answer a 

question sent via email by PSR about the circumstances 

in which the substances described in the premanufacture 

notice might be incompletely incinerated.

 In discussing PFOA, to which EPA regulators had likened 

the degradation products of the three chemicals, the 

regulators added that 

 toxicity studies on PFOA indicate developmental, 

reproductive and systemic toxicity in various species. 

Cancer may also be of concern. These factors, taken 

together, raise concerns for potential adverse chronic 

effects in humans and wildlife.”27

 EPA also expressed significant health concerns in its health 

and ecological hazard assessment. The agency wrote: 

 For the potential incomplete incineration/environmental 

degradation product, based on the test data for the 

analogue [REDACTED], concerns are liver toxicity, blood 

toxicity, and male reproductive toxicity….There is also 

Figure 2. “Sanitized” premanufacture notice for chemicals with EPA case numbers P-11-0091, P-11-0092, P-11-0093 
showing that the chemicals’ submitter withheld the chemicals’ Chemical Abstracts Service registry numbers – the  
surest identifier for a chemical’s identity – as confidential.
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concern for immunosuppression and oncogenicity based 

on data for [REDACTED].28

 On November 29, 2011, the undisclosed company that 

had requested the approval of the three new chemicals 

began importing one of the chemicals for commercial use, 

the one known by EPA case number P-11-0091, according to 

a document filed with EPA.29 (The related chemicals, P-11-

0092 and P-11-0093, have not been used commercially.30) An 

additional EPA record shows that chemical P-11-0091 may 

have been used in oil and gas wells, among other uses, at 

least as recently as 2018.31

Search of Fracking Database Indicates Use of PFAS  
in Oil and Gas Operations
To determine if the chemical known as P-11-0091 had been 

used in oil and gas operations, PSR searched for “fluorinated 

acrylic alkylamino copolymer,” the chemical’s generic 

name, in a publicly available online database of well-by-

well fracking chemical disclosure maintained by FracFocus, 

a nongovernmental organization run by the Groundwater 

Protection Council and the Interstate Oil and Gas Compact 

Commission. The database, which began operating in 2011, 

contains records on the hydraulic fracturing chemicals used 

in thousands of wells across the nation. Twenty-five states 

require or allow reporting of hydraulic fracturing chemicals 

to the database.32 Companies in states in which reporting 

to FracFocus is not required can, and sometimes do, report 

hydraulic fracturing chemical use voluntarily to FracFocus. 

The database can be searched for chemicals used across 

multiple wells.33 

 While PSR did not find any uses of “fluorinated acrylic 

alkylamino copolymer,” we did find chemicals with related 

names had been used to fracture more than 1,200 wells 

primarily in Texas but also in Arkansas, Louisiana, Oklahoma, 

New Mexico, and Wyoming between 2012 and 2020. The 

most frequent use occurred prior to 2016. Chemicals with 

related names included:

• fluorinated benzoic salts

• Fluoroalkyl Alcohol Substituted Polyethylene Glycol

• fluoro surfactants – proprietary

• meta-Perfluorodimethylcyclohexane

• Perfluoro-1,3-dimethylcyclohexane

• nonionic fluorosurfactant (and multiple misspellings  

of the same term)

 A variety of evidence shows that these chemicals are or 

could be PFAS and/or PFAS precursors. EPA lists two of 

the chemicals, meta-Perfluorodimethylcyclohexane and 

Perfluoro-1,3-dimethylcyclohexane, in the agency’s “Master 

List of PFAS Substances.”34 According to two chemical 

experts, both of whom are authors of multiple peer-

reviewed articles about chemicals related to oil and gas 

production,35 all of the chemicals are PFAS or could degrade 

into PFAS. The two experts are Zacariah Hildenbrand, a 

research professor in Chemistry and Biochemistry at the 

University of Texas at El Paso, and Kevin Schug, Shimadzu 

Distinguished Professor of Analytical Chemistry at the 

University of Texas at Arlington.36 In addition, Wilma Subra, 

who has a master’s degree in chemistry and is a recipient of 

a John D. and Catherine T. MacArthur Foundation “Genius” 

Grant for her work helping to protect communities from 

toxic pollution, identified all of the chemicals as potentially 

PFAS. Subra, based in Louisiana, has spent decades 

working to reduce and remediate pollution from oil and 

gas operations.37 And yet another expert, Linda Birnbaum, 

a board-certified toxicologist and former director of the 

National Institute of Environmental Health Sciences, 

informed PSR that all of the chemicals are likely to be 

PFAS.38

 Are any of these chemicals in the FracFocus database the 

“fluorinated acrylic alkylamino copolymer” approved by EPA? 

Each of the four chemical and health experts said that was 

a possibility. However, it is impossible to know conclusively 

without having the precise identifier, known as a CAS 

number, both for the EPA-approved chemical and for the 

chemicals listed in the FracFocus records. CAS numbers are 

unique numeric identifiers assigned to each chemical by the 

American Chemical Society. They are the most accurate way 

Records [Continued]
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to identify chemicals, because a chemical can have multiple 

names or trade names but only one CAS number.39

Major Oil and Gas Companies Likely Used PFAS  
and/or PFAS Precursors
According to the publicly available data in the FracFocus 

database, more than 130 oil and gas companies reported 

using the chemicals that, according to experts and EPA’s 

list of PFAS substances, are or could be PFAS and/or PFAS 

precursors. These companies include some of the most 

prominent producers of oil and gas. Among them:

• XTO Energy Inc., a subsidiary of ExxonMobil, one of the 

world’s largest oil and gas producers, disclosed using 

one of the chemicals, nonionic fluorosurfactant, in 78 

wells in New Mexico, Oklahoma, and Texas between 

2013 and 2019. 

• Chevron Corp., another major producer, reported using 

nonionic fluorosurfactant in 38 wells in New Mexico and 

Texas in 2013 through 2015. 

• Anadarko Petroleum Corp., reported using nonionic 

fluorosurfactant in eight wells in Texas in 2013-2014. 

Anadarko was the co-owner, along with BP, of the 

Macondo well that spewed millions of gallons of oil into 

the Gulf of Mexico in 2010.40

• EOG Resources, Inc., one of the largest oil producers 

from shale deposits in the U.S.,41 reported using 

fluoroalkyl alcohol substituted polyethylene glycol in 99 

wells in New Mexico and Texas from 2012-2014 as well 

as nonionic fluorosurfactant in one well in Texas in 2014. 

• Encana Corp., once one of Canada’s largest 

oil companies, disclosed the use of nonionic 

fluorosurfactant in four wells in Texas in 2014-2015. 

Encana moved its corporate headquarters to the U.S. in 

2020 and changed its name to Ovintiv.42

 The table below shows a sampling of wells fractured by 

these five companies and the estimated maximum amount, 

in pounds, of chemicals that may be PFAS used in each well.

 Each chemical in the table comprises a tiny percentage of 

the total amount of hydraulic fracturing fluid injected into 

each well – in one case as small as 0.00016 percent of the 

total.44 However, because oil and gas companies can inject 

millions of gallons of hydraulic fracturing fluid into each 

of their wells, small percentages can add up to hundreds 

of pounds of chemicals or more. When chemicals are as 

Examples of Apparent PFAS Chemicals and/or PFAS Precursors Utilized in Hydraulic Fracturing

Company Well Number State County Year Potential PFAS Used in Well Estimated Maximum 
Amount (lbs)

XTOEnergy/ExxonMobil 35-019-26303 OK Carter 2019 Nonionic Fluorosufactant 17.60

XTOEnergy/ExxonMobil 35-019-26301 OK Carter 2019 Nonionic Fluorosufactant 27.41

Encana (Ovintiv) 42-461-39585 TX Upton 2015 Nonionic Fluorosurfactant 31.98

EOG Resources, Inc. 30-025-42387 NM Lea 2015 fluoroalkyl alcohol substituted 
polyethylene glycol 114.63

EOG Resources, Inc. 30-025-42386 NM Lea 2015 fluoroalkyl alcohol substituted 
polyethylene glycol 120.07

Encana (Ovintiv)/Athlon 42-173-36707 TX Glasscock 2014 Nonionic Fluorosurfactant 324.87

Chevron 42-105-36572 TX Crockett 2014 Nonionic Fluorosurfactant 25.25

Chevron 42-105-39233 TX Crockett 2014 Nonionic Fluorosurfactant 23.23

Anadarko 42-105-40668 TX Crockett 2013 Nonionic Fluorosurfactant 108.10

Anadarko 42-105-40818 TX Crockett 2013 Nonionic Fluorosurfactant 8.94

Table 1. The estimated maximum amount of chemicals that may be PFAS, in pounds, used by five different oil and gas companies  
to hydraulically fracture selected wells in New Mexico, Oklahoma and Texas between 2013 and 2019. For a detailed explanation  
of the calculations in the table, see the endnote.43
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toxic as PFAS can be, even small quantities could cause 

extensive contamination through multiple pathways. “There’s 

a potential for [PFAS] to contaminate a huge amount of 

water or soil or sediment if it were to spill on the surface,” 

said chemist Subra in a telephone interview, noting that the 

amounts of potential PFAS in the table could pose a risk. 

“It doesn’t take much to be present in those media to be a 

threat to health.”45

 In most cases, the declared uses of the chemicals in 

FracFocus were not much more specific than the generic 

name offered. Hundreds of uses were listed as some type of 

surfactant, including “fluoro surfactant” and “water recovery 

surfactant.”46 According to EPA:

 surfactants are substances that lower the surface 

tension of a liquid, the interaction at the surface between 

two liquids (called interfacial tension), or that between 

a liquid and a solid. Surfactants may act as detergents, 

soaps, wetting agents, degreasers, emulsifiers, foaming 

agents and dispersants.47

 FracFocus also reflected a handful of other uses, including 

the use of “meta-Perfluorodimethylcyclohexane” as a 

tracer. It was injected in four wells in Sublette County, 

Wyoming in 2015 and 2016.48 Tracers are used to help oil 

and gas companies infer information about underground 

formations.49 EPA documents disclosed in November 2020 

show that PFAS have been proposed for use as tracers.50

PFAS May Have Been Used for Decades in Oil  
and Gas Operations
Two sources suggest that the use of PFAS in oil and gas 

operations dates back decades and involves the use of the 

chemicals in a range of extraction techniques. The authors 

of a paper published in 2020 in the peer-reviewed journal 

Environmental Science: Processes and Impacts found that 

more than 50 PFAS have been used or proposed to be used 

to extract oil and gas, based on public records dating to 

1956 that include patents, journal articles, and databases. 

The authors cautioned that they were not able to verify the 

information they found, but the records indicate that PFAS 

have been used to extend underground fractures, to increase 

the permeability of underground formations, to make the 

surfaces of underground oil-bearing reservoirs water- and 

oil-resistant, and as foaming agents.51

 In a 2008 paper in The Open Petroleum Engineering Journal, 

two authors, including at least one from Dupont, wrote that:

 while fluorosurfactants have been used in gas and oil 

exploration for four decades, the increased demand for 

petroleum and the greater understanding of the benefits 

of fluorosurfactants have led to growing acceptance for 

fluorosurfactants throughout the petroleum industry.52

 The authors did not explicitly say that fluorosurfactants 

were PFAS, but they wrote that “the use of fluorosurfactants 

is a recent but growing trend due to (i) the exceptional 

hydrophobic and oleophobic nature of the perfluoroalkyl 

and perfluoroalkyl ether groups…”53 Thus, at least some 

of the fluorosurfactants mentioned in the article appear 

to be PFAS. Furthermore, the article indicated that use of 

fluorosurfactants was growing and, referring to them as an 

“emerging technology,” said that fluorosurfactants showed 

promise in a variety of extraction techniques including 

fracking, drilling, and waterflooding.54 Like the authors 

in the 2020 paper in Environmental Science: Processes 

and Impacts, the authors noted that they relied mostly 

on patents and laboratory models “vs actual oil and gas 

recovery experiments.”55

Records [Continued]
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Shedding light on the use or possible use of PFAS in oil and 

gas extraction is important because, for years, people living 

near oil and gas operations have experienced contaminated 

water and serious illnesses that they believe are related to 

the chemicals associated with these activities.56 During the 

2000s, these concerns intensified as oil and gas companies 

moved into more heavily populated areas to drill so-called 

unconventional formations such as coalbed methane and 

shale.57 To reach the new deposits, the companies have used 

hydraulic fracturing, often combined with horizontal drilling.58

 As previously discussed, chemicals are injected into oil and 

gas wells as an integral part of the fracking process. They are 

also used during drilling, which precedes fracking. During 

drilling, companies bore deep holes in the earth; these holes 

typically pass directly through groundwater. Chemicals can 

be injected in this stage of the process to help keep the 

drill bit cool and to lift rock cuttings out of the well,59 and 

at this point in the process, no protective structures are in 

place to keep those chemicals from entering groundwater. 

Following drilling and fracking, a portion of the water, 

sand and chemicals injected into oil and gas wells during 

fracking, as well as naturally occurring contaminants such as 

carcinogenic benzene60 and radium,61 flow out of the well in 

the form of wastewater.62 Wastewater can reach volumes of 

millions of gallons per well.63

 Use of PFAS in oil and gas operations would add a 

highly potent substance to an already long list of toxic 

chemicals associated with oil and gas extraction. In 2016, 

EPA published a study of fracking and drinking water 

that identified 1,606 chemicals used in fracking fluid and/

or found in wastewater. While the agency found high-

quality information on health effects for only 173 of these 

chemicals, that information was troubling. EPA found that 

“health effects associated with chronic oral exposure to 

these chemicals include carcinogenicity [for both benzene 

and radium], neurotoxicity, immune system effects, changes 

in body weight, changes in blood chemistry, liver and kidney 

toxicity, and reproductive and developmental toxicity.”64 

Chemicals used in the drilling stage can also pose health 

risks, including developmental toxicity and the formation 

of tumors, according to EPA regulators.65 A disclosure form 

filed with the state of Ohio, perhaps the only state to require 

disclosure of drilling chemicals, shows that Statoil, Norway’s 

state oil company since renamed Equinor, has used 

neurotoxic xylene in drilling.66

 The lack of high-quality health testing data for the other 

1,400-odd chemicals identified by EPA does not necessarily 

mean that they are safe; it might simply mean that they have 

not been adequately tested. The federal Toxic Substances 

Control Act (TSCA) has likely contributed to these gaps 

because it has not required health testing for new chemicals. 

According to Congress’ investigative arm, the Government 

Accountability Office, chemical manufacturers have often 

avoided such testing, and EPA often has not asked for it 

despite having the authority to do so.67 Congress updated 

TSCA in 2016 to strengthen EPA’s authority to ask for health 

testing,68 but according to the Environmental Defense Fund, 

the Trump administration EPA failed to use this improved 

authority.69 Separately, EPA noted that its list of chemicals 

associated with fracking was likely incomplete because 

chemical manufacturers treat many chemicals used in oil and 

gas drilling as trade secrets, as permitted by TSCA.70

 A new health concern related to PFAS and its use or 

possible use in oil and gas operations is that the chemicals 

could compromise the effectiveness of vaccines for 

COVID-19. The U.S. Centers for Disease Control and the 

Agency for Toxic Substances and Disease Registry issued the 

following statement in June 2020:

 CDC/ATSDR understands that many of the communities 

we are engaged with are concerned about how PFAS 

exposure may affect their risk of COVID-19 infection. 

We agree that this is an important question….CDC/

ATSDR recognizes that exposure to high levels of PFAS 

may impact the immune system. There is evidence 

from human and animal studies that PFAS exposure 

may reduce antibody responses to vaccines [citations 

omitted], and may reduce infectious disease resistance 

[citation omitted]. Because COVID-19 is a new public 

health concern, there is still much we don’t know. More 

Oil and Gas Chemicals Can Pose  
Serious Health Risks
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research is needed to understand how PFAS exposure 

may affect illness from COVID-19.71

Multiple Potential Pathways to Human Exposure
 EPA and others have identified multiple pathways through 

which people could be exposed to the chemicals associated 

with oil and gas extraction including, potentially, PFAS. The 

agency indicated that any chemicals used during the first 

stage of the drilling process would be highly likely to leach 

into groundwater because during this stage, drilling passes 

directly through groundwater zones72 before any casing or 

cement is placed in the well to seal it off from surrounding 

aquifers.

 EPA found that during the fracking phase that follows 

drilling, exposure pathways could include:

• spills of fracking fluid that seep into groundwater;

• injection of fracking fluid into wells with cracks in 

the casing or cement, allowing the fluid to migrate 

into aquifers (much of the fracking fluid can remain 

underground);

Health Risks [Continued]

Figure 3 shows an example of a spill of fracking fluids. The photo is from the U.S. Environmental Protection Agency and shows a fire on  
June 28-29, 2014 at the Eisenbarth Well operated by Statoil (since renamed Equinor) in Monroe County, Ohio. The photographer is not 
listed.74 According to an EPA report, trade secret fracking chemicals along with other chemicals were spilled because of the fire. Fluids that 
may have contained the trade secret chemicals ran off the well pad into a tributary of the Ohio River. An estimated 70,000 fish died.75
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• injection of fracking fluids directly into groundwater;

• underground migration of fracking fluids through 

fracking-related or natural fractures;

• intersection of fracking fluid with nearby oil and gas 

wells, and

• spills of wastewater after the fracking process is 

completed, and inadequate treatment and discharge of 

fracking wastewater to surface water supplies.73

 Additional potential pathways of concern involve 

wastewater. These include intentional dumping of fracking 

wastewater into waterways,76 spreading wastewater on 

roads to suppress dust or melt snow and ice,77 and the use 

of wastewater for irrigation of agricultural crops.78 In addition 

to these intentional uses, underground leaks can occur from 

underground injection wells into which well operators have 

pumped billions of gallons of drilling and fracking wastewater 

for disposal.79 This injected wastewater is intended to remain 

in underground formations permanently but has been 

known to leak and pollute groundwater.80 In addition, drilling 

and fracking chemicals can become airborne at oil and gas 

sites through various routes81 including by volatilizing from 

huge ground-level pools of wastewater82 or from tanks that 

store condensate, a naturally-occurring liquid associated with 

gas.83

 The toxic and secret chemicals used in drilling and fracking 

can also pose a risk not only to people living near oil and gas 

production wells in relatively rural areas but also to people 

living near wastewater disposal sites, especially underground 

injection wells;84 in densely populated areas with oil and 

gas drilling, such as Los Angeles;85 and in urban areas 

downstream from fracking or wastewater disposal activity.86 

In 2019, New Jersey governor Philip D. Murphy called for 

a ban on fracking and the disposal of fracking wastewater 

in the Delaware River Basin, a multi-state watershed that 

provides drinking water for more than 13 million people and 

encompasses parts of Pennsylvania that could be drilled for 

gas.87 “As noted by the Environmental Protection Agency in 

its 2016 report on the impact of fracking on water resources,” 

Murphy wrote:

 the ability of regulatory agencies to assess the full 

impacts of fracking wastes on public health and 

the environment is hampered by the prevalence of 

confidentiality claims that prevent disclosure of the 

chemical constituents of fracking fluids…Therefore, 

prohibiting all fracking activity in the Basin is vital to 

avoid injury and preserve the waters of the Basin and 

protect public health.88

 In February 2021, the Delaware River Basin Commission, 

of which Murphy is a member, banned fracking in the 

Basin, citing in part the risks of chemicals associated with 

the process.89 The decision made permanent a de facto 

moratorium on fracking that the commission had maintained 

for more than 10 years.90 The commission said that by 

September 30, 2021 it would propose amendments to its 

rules regarding the importation of fracking wastewater into 

the basin and export of freshwater from the Basin.91

Evidence of Harm to Human Health from  
Oil and Gas Operations
 Residents living near oil and gas operations have 

increasingly reported illnesses that they believe are related 

to chemical exposures, while expressing frustration about 

the secrecy surrounding many of the chemicals used by 

the oil and gas industry.92 In 2020, Pennsylvania’s Attorney 

General issued a report based on a criminal grand jury 

investigation of oil and gas drilling pollution in the Keystone 

State, where drilling for gas in shale formations has surged 

over the past 15 years.93 That surge has vaulted Pennsylvania 

into the number two spot among gas-producing states (Texas 

is number one)94 and brought thousands of Pennsylvanians 

into contact with gas drilling and its impacts. Based on 

testimony from over 70 households, the attorney general 

found that

 Many of those living in close proximity to a well pad 

began to become chronically, and inexplicably, sick. Pets 

died; farm animals that lived outside started miscarrying, 

or giving birth to deformed offspring. But the worst 
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was the children, who were most susceptible to the 

effects. Families went to their doctors for answers, but 

the doctors didn’t know what to do. The unconventional 

oil and gas companies would not even identify the 

chemicals they were using, so that they could be 

studied; the companies said the compounds were “trade 

secrets” and “proprietary information.” The absence 

of information created roadblocks to effective medical 

treatment. One family was told that doctors would 

discuss their hypotheses, but only if the information 

never left the room.95

 In addition to these and other self-reported or anecdotal 

reports, peer-reviewed studies of people living near oil and 

gas operations provide scientific evidence of illnesses and 

other health effects. A 2019 study in the journal Environment 

International examined 3,324 babies born in Colorado 

between 2005 and 2011 and found that, compared with 

control groups, congenital heart defects were 1.4 and 1.7 

times more likely in babies born to mothers in areas of 

medium and high unconventional gas drilling, respectively.96 

A 2018 study in the Journal of Health Economics found 

that babies born between 2003 and 2010 to Pennsylvania 

mothers living near a functioning shale gas well had a 

higher incidence of low birth weight compared to babies 

born of mothers living near a permitted well that had not 

yet gone into production.97 Low birthweight is a leading 

contributor to infant death in the United States.98 A 2017 

study in PLOS One of Coloradans between birth and 24 

years old diagnosed with cancer between 2000 and 2013 

found that those between the ages of five and 24 were 

more than four times more likely to live in areas of heavy 

oil and gas drilling, compared to controls.99 In 2019, 

Pennsylvania-based FracTracker Alliance conducted a meta-

analysis of 142 health studies published between 2016 

and 2018 focusing on health impacts of unconventional 

oil and gas development (UOGD). The analysis concluded, 

“The results of this study indicate that a variety of health 

impacts in every major organ system are being experienced 

by individuals living near UOGD.” Specific health effects 

included cancer, early infant mortality, pre-term birth, 

and poor infant health.100 The Southwest Pennsylvania 

Environmental Health Project,101 and PSR and the Concerned 

Health Professionals of New York,102 have likewise compiled 

the substantial and growing number of scientific studies 

that have found serious health effects associated with oil 

and gas drilling.

Disadvantaged Communities Bear Disproportionate  
Oil and Gas Exposure Risks
“Fenceline” communities – people living adjacent or close 

to oil and gas operations – often bear a disproportionate 

risk of exposure to drilling and fracking chemicals. And 

although drilling and fracking take place in the majority of 

U.S. states, not everyone shares in that risk equally. Rather, 

oil and gas infrastructure and associated chemicals are 

frequently located in or adjacent to poor, underserved, 

and marginalized communities, indigenous communities, 

and communities of color.103 For example, a 2019 analysis 

conducted in Colorado, Oklahoma, Pennsylvania, and 

Texas found strong evidence that minorities, especially 

African Americans, disproportionately lived near fracking 

wells.104 A separate study focusing on West Virginia, Ohio, 

and Pennsylvania found that in Pennsylvania, a higher 

concentration of unconventional gas wells are located in 

lower-income communities, and that localized clusters of 

vulnerable populations are exposed to high levels of well 

density in all three states.105 A study of census tract data in 

western Pennsylvania shows that among nearly 800 gas wells, 

only two were drilled in communities where home values 

exceeded $200,000.106 And a study published in 2018 found 

that oil and gas wastewater injection wells in Ohio were 

disproportionately located in rural, lower-income areas.107

 Various population sectors are more vulnerable than 

others to harm from chemical exposure. This includes 

pregnant women; the young, whose vital organs are still in 

development; people with preexisting medical conditions; 

the elderly; and those who live where pollutants from 

multiple sources combine to create a high cumulative load of 

toxic exposures.108 Where vulnerable populations also have 

limited access to health care, their health risks are magnified. 

In short, the health disparities that already exist in U.S. 

society combine with proximity to oil and gas operations to 

impose a disproportionate health burden on the poorest, the 
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sickest, the young, the elderly, and people of color.

 Also at high risk are oil and gas field workers and waste 

handlers and first responders. Industry workers who 

may handle or otherwise be exposed to fracking-related 

chemicals may not have the personal protective equipment 

needed to shield them from exposure, much less the training 

necessary to take protective or remedial measures.109 The 

same is true for first responders called to an emergency 

at a site of oil and gas operations. Confidential business 

information or trade secret claims may hide from them the 

identity and effects of the chemicals they may be exposed to, 

leaving them unable to determine how potentially dangerous 

chemicals should be handled or contained.110

Other Experts Voice Concern about Exposure  
to PFOA-like Substances
The possibility that people could be unknowingly exposed 

to PFAS in oil and gas extraction is of concern to other 

specialists, including experts in toxic exposure and other 

scientists. Toxicologist David Brown, who has investigated 

health effects associated with unconventional gas drilling 

with the Southwest Pennsylvania Environmental Health 

Project, has suggested two likely pathways to human 

exposure for PFAS chemicals that could occur in oil and gas 

extraction: 1) through air, when gas is burned off during 

flaring, or 2) through the use of contaminated groundwater 

for bathing, cooking, drinking or washing laundry, which 

would allow chemicals in the water to be ingested or to 

be inhaled if the chemicals were to volatilize (evaporate or 

disperse as a gas) inside the home. “Anything injected down 

the well will come back up,” said Brown, who also served on a 

panel that advised the state of Massachusetts Department of 

Environmental Protection Office of Research and Standards 

on development of drinking water standards for PFAS. 

“People will get exposed.” He added that the risks could be 

significant. “PFAS compounds are sequestered in the body 

for long periods after ingestion, leading to long-term but 

undefined health risks. Individuals and communities need to 

be aware of the presence of such chemicals so that they can 

take protective action.”111

 Silverio Caggiano, who retired in June 2021 as Battalion 

Chief and hazardous materials expert with the Youngstown, 

Ohio Fire Department, expressed dismay that the federal 

government and state governments would act to protect 

firefighters and the public from PFAS in some ways, but leave 

them at risk in other ways. He noted that both EPA and the 

U.S. Fire Administration, a division of the Federal Emergency 

Management Agency, have issued warnings and initiatives 

to discontinue the use of old Aqueous Film Forming Foam 

(AFFF), used to fight fires for years, and to dispose of it 

properly because it can contain PFAS.112 Yet at the same 

time, government agencies have failed to acknowledge the 

potential use of PFAS in association with oil and gas wells. 

“Fire departments around the country are scrambling to 

extract any of this older AFFF from their inventories,” he said, 

 yet when firefighters and first responders are called 

to a frac well incident, the governments both state 

and federal act as if this chemical danger doesn’t exist 

on-site. It makes one wonder who the EPA would cite 

for contamination if a fire department used old PFAS-

containing AFFF to put out a well fire that had PFOA-

style chemicals on-site. These games have to end. The 

jobs of firefighters are dangerous enough without 

the continuous shell game the chemical industry and 

regulators play with toxic chemicals.113

 Robert Delaney, a geologist who until his retirement in 

November 2020 led an initiative for the Michigan PFAS 

Action Response Team to address contamination of PFAS 

at U.S. Department of Defense sites in the state, said that 

communities should be very concerned about the use of 

PFAS in oil and gas drilling. Delaney spent 36 years working in 

natural resource protection for the state of Michigan and first 

warned state officials about the looming problem with PFAS 

in 2012, though unrelated to oil and gas extraction.114 PFAS, 

he said, 

 disperses all over, it doesn’t break down, and the levels 

at which it is dangerous are so, so low. It becomes an 

enormous problem. I call it a nightmare contaminant. 

I used to think that benzene, TCE (trichloroethylene), 

polyvinyl chloride were the really nasty ones to deal with, 

and then I saw these.115
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 Delaney also noted that cleaning up water contaminated 

with PFAS is expensive if any significant volume is involved, 

because the water must be run through activated carbon, 

the same material in Brita filters. The amount of activated 

carbon needed would be vast and could cost millions of 

dollars, as it has in the ongoing effort to remove PFAS from 

drinking water at Michigan’s Wurtsmith Airforce Base. 

And after the activated carbon fills up with PFAS and any 

additional contaminants in the water, it must be disposed 

of somewhere. “Part of the problem is landfills won’t take it 

because they don’t know how much liability they’re taking 

on” if PFAS waste were to contaminate the landfill, Delaney 

observed.

 As of 2020, Michigan was trying to clean up groundwater 

at 137 sites that exceed its new standards for PFAS 

pollution. “There are a lot of sites in Michigan because 

we are looking,” Liesl Clark, director of the Michigan 

Department of Environment, Great Lakes and Energy told 

the Detroit Free Press. “If other states were doing the same 

sorts of work, they would be finding a similar challenge — 

and some states are.”116

 Carol Kwiatkowski, former Executive Director of The 

Endocrine Disruption Exchange, the first organization to 

catalogue the health effects of chemicals used in oil and gas 

drilling and fracking, said in an email to PSR that

 current efforts to address the problem of PFAS 

contamination focus on waste incineration or filtering 

of drinking water. Neither process is 100% effective, nor 

do they clean up the PFAS that have polluted large river 

systems or the air. In other words, there is no effective 

way to remove them.

 Kwiatkowski, who is currently Science and Policy Senior 

Associate at the Green Science Policy Institute, added 

that “the most effective solution is to stop their use and 

production as quickly as possible, except for uses where 

they are absolutely necessary, for example in medical 

equipment.”117 PSR concurs.
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EPA OK’d PFAS-related Chemicals for Oil  
and Gas Despite Risks
For years, attorney Bilott, environmentalists, and even the 

state government of Michigan have raised concerns that 

EPA was not adequately protecting the public from PFAS 

pollution.118 EPA’s approval of three chemicals for use in oil 

and gas operations that regulators believed could degrade 

into PFOA-like substances raises additional concerns about 

the agency’s commitment to protecting people and the 

environment from dangerous substances.

 By the time EPA regulators reviewed the chemicals P-11-

0091, P-11-0092, and P-11-0093 in 2010, the agency would 

have had a firm basis for concern about chemicals that 

could degrade into PFOA-like substances. It was already 

well-known that PFOA and PFOS (used to make Scotchgard) 

were extremely harmful. In 2004, Dupont had settled Bilott’s 

lawsuit alleging PFOA-related harm for $70 million, plus 

promises to pay for water filtration and the scientific study 

that in 2011 found serious health impacts related to PFOA.119 

In 2005, EPA reached a then-record $16.5 million settlement 

with Dupont after accusing the company of violating TSCA 

by failing to disclose information about PFOA’s toxicity and 

presence in the environment.120 In 2006, EPA invited Dupont, 

3M and six other companies to join a “stewardship” program 

in which the companies promised to achieve a 95 percent 

reduction of emissions of PFOA and related chemicals by 

2010, compared to a year 2000 baseline. The agreement also 

required the companies to phase out manufacture and use 

of PFOA by 2015.121 In 2021, EPA says on its website that the 

companies reported that they had accomplished the goals 

either by exiting the PFAS industry or by transitioning to 

alternative chemicals. 

 Manufacture and importation of PFOA itself has ceased, 

though there could still be some PFOA use from existing 

stocks, and it could be contained in imported items.122 

However, since the announcement of its PFAS stewardship 

program in 2006, EPA has allowed multiple new PFAS to be 

used commercially.123 And in 2015, a group of more than 200 

scientists raised health and environmental concerns that the 

new short-chain PFAS designed to replace PFOA and PFOS 

may not be safer for health or the environment.124 These 

“replacement” substances may include the parent chemical 

or the breakdown products discussed in this report.

Dupont Was the Likely Importer of Chemical P-11-0091
Beyond the health risks of PFOA, EPA should have been 

troubled by the likely importer of the new chemicals 

proposed for use in oil and gas operations: Wilmington, 

Delaware-based Dupont. This tentative identification is based 

on the EPA-issued “accession number” that was issued for 

the chemical P-11-0091 that went into commercial use. When 

EPA receives a notice (called a “notice of commencement”) 

that a chemical is going to be imported or manufactured for 

commercial use and the chemical’s identity is hidden from 

the public as confidential business information, the agency 

assigns the chemical an accession number. This number 

allows the public to find the chemical on the TSCA inventory, 

a list of existing chemicals in commerce, without learning 

the chemical’s specific identity.125 The accession number 

also allows the public to search for data about the chemical 

submitted by chemical manufacturers and importers every 

four years under TSCA’s Chemical Data Reporting rule. These 

data provide EPA and the public with some information 

about the use of chemicals in commerce in each of the four 

years preceding the submission year.126 

 Using the accession number – 277420 – that was issued to 

chemical P-11-0091, PSR searched online data filed in 2016 

that provided information on use of this chemical during 

each of the years 2012 through 2015. The company listed as 

having imported or manufactured the chemical from 2012 

through 2015 was Wilmington, Delaware-based Chemours. 

There was, however, a puzzling discrepancy: The Chemours 

company did not exist until July 1, 2015, when it was created 

by Dupont as a spinoff company that would manufacture 

“performance chemicals.”127 Under that timeline, Chemours 

could not have been reporting on its own chemicals 

until the second half of 2015. What company, then, was 

manufacturing or importing the chemical from 2012 until 

mid-2015?

 We believe there is an explanation to be found under 

EPA reporting guidance. The guidance provides that when 

a manufacturing division of a company is separated from 
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a parent company to become an independent entity, yet 

continues to manufacture or import the same substances 

it did previously, it retains the responsibility for reporting 

the manufacture or importation of those substances over a 

four-year reporting period, including the manufacturing or 

importing that it did while a unit of the parent company.128 

According to at least two different articles in a chemical 

industry trade publication, Chemours took over what used 

to be Dupont’s performance chemical business – one that 

included fluorochemicals,129 a class that would encompass 

the chemical with case number P-11-0091 and/or its PFOA-

like breakdown products. As the successor of the division 

of Dupont that manufactured or imported fluorochemicals, 

Chemours in 2016 would have had a duty under EPA’s 

guidance to report fluorochemicals under its own name that 

were previously made or imported by Dupont in 2012, 2013, 

2014, and for the first half of 2015. The chemical with case 

number P-11-0091 and accession number 277420 apparently 

qualified as one of these chemicals.

 An alternate explanation could be that Chemours was 

reporting a chemical previously made by or imported by a 

company other than Dupont that had merged with, or been 

acquired by, Chemours. In this scenario, EPA’s guidance 

states that if the other company had ceased to exist 

following the merger or acquisition, Chemours would have 

had the duty to report on behalf of  the previously separate 

company.130 However, Chemours’ Form 10-K filed with the 

U.S. Securities and Exchange Commission in 2016 does not 

reflect any mergers and acquisitions involving Chemours in 

the first half-year of its existence (the second half of 2015).131 

It is therefore likely that it was Dupont and not some other 

company that originally sent notice to EPA in November 2011 

that it was importing chemical P-11-0091. It is also likely that 

Dupont continued to import or manufacture the chemical 

through at least July 2015, when Chemours became a 

separate company.132 In February 2021, PSR wrote to Dupont 

via FedEx delivery service and to Chemours via certified 

U.S. mail, sharing details of our investigation and asking the 

companies, among other things, whether Dupont was the 

original importer of chemical P-11-0091. PSR did not receive 

a response from either company.)

 The likely scenario that Dupont originally imported and/

or manufactured the chemical P-11-0091 should concern 

the public because Dupont has a history of harming people 

and polluting the environment with PFOA while withholding 

knowledge of PFOA’s risks.133 As is discussed above, the 

company in the past failed to communicate to the public the 

risks of PFOA, and widespread pollution occurred before 

people and regulators could act to protect themselves. PSR 

is concerned that a similar result could occur with chemical 

P-11-0091.

 Dupont’s likely involvement with chemical P-11-0091, and 

Chemours’ documented involvement, also raise concerns 

about significant financial damages. In creating Chemours as 

a separate company, Dupont made Chemours responsible 

for hundreds of millions of dollars of what was previously 

Dupont’s liability related to PFOA.134 In 2019, Chemours 

sued its own parent company, alleging that Dupont had 

understated how much liability Chemours would be 

responsible for. Chemours has already paid hundreds of 

millions of dollars to settle PFOA-related damage claims 

against Dupont,135 and Dupont itself has agreed to pay 

hundreds of millions of dollars to settle such claims. Could 

significant financial damages be associated with chemical 

P-11-0091 as well?

EPA Regulation of the Chemical Was Lax
One fact is clear: EPA’s regulation of chemical P-11-0091 and 

the two related chemicals that did not go into commercial 

use was lax. Despite the agency’s own finding that these 

chemicals could break down into PFOA-like substances, 

EPA did not issue any requirement that follow-up testing be 

performed to see if the breakdown of the chemicals took 

place. Neither did the agency call for tracking to determine 

where the chemicals were being used, or if these substances 

were contaminating the environment as the agency had 

feared. Nor did it require that use of the chemicals be 

prohibited within a certain distance of drinking water 

sources, homes, or schools.

 EPA told the nonprofit organization Partnership for Policy 

Integrity in 2016 that it does not track where new chemicals 

are used when they are reviewed and regulated under 

TSCA and lacked the staff to test for the new chemicals 

near water supplies.136 PSR asked EPA whether the agency 
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tracked where chemical P-11-0091 was used, but EPA did 

not respond. Indeed, there are no regulations or statutes 

that systematically require EPA to report the locations where 

a chemical is used after it is approved for commercial use. 

The chemical data reporting system requires reporting in 

some cases of the location of facilities where chemicals are 

manufactured or imported, but not the locations of end 

uses.137 There is no indication that EPA tracked the end uses 

of chemical P-11-0091. In its consent order, EPA did require 

the importer to conduct certain tests if the company reached 

certain production volume or importation thresholds. (These 

thresholds were redacted.) EPA also required the importer to 

limit impurities in the chemicals to certain levels, provide EPA 

yearly reports on impurities in the chemicals, and maintain 

certain records.138 EPA also said that the company would 

“annually analyze the starting material, [REDACTED] for 

perfluorooctanoic acid (PFOA).”139

EPA’s Decision to Approve Chemicals May Have Relied  
on Dubious Assumptions
Why did EPA approve the chemicals P-11-0091, P-11-

0092, and P-11-0093 for commercial use despite its health 

concerns? The agency offered no explicit reason, but one 

indication appears in the consent order the agency issued 

in 2011: EPA wrote that it believed, based on testing data for 

redacted substances, that the three chemicals would be less 

likely than PFOA to bioaccumulate in people.140

 EPA also said that testing data on redacted substances 

“indicate a different and less toxic profile for [REDACTED] 

(a presumed environmental degradant of the PMN 

substances) than for PFOA.”141 It is unclear whether the 

agency was correct, but without careful testing, there is 

no guarantee that newer chemicals will be safer than the 

toxic chemicals they replace. The Chicago Tribune has 

investigated the use of flame retardants, for example, 

and has found that after toxic flame retardants such as 

PCBs and PBBs were replaced in the 1970s by substitute 

chemicals such as PBDEs, the replacement chemicals were 

found to have toxic problems of their own. Some of these 

replacements are now being phased out – in favor of yet 

another generation of flame retardants that have also been 

associated with health problems.142

 Even after suggesting that the new chemicals were less of 

a health and environmental risk than PFOA, EPA expressed 

misgivings about approving the substances for commercial 

use. EPA wrote:

 However, based on: (1) the persistence of [REDACTED]; 

(2) potential intermediate fate products; and, (3) the 

possibility or likelihood that this substance may be 

used as a major substitute for some uses of PFOA, EPA 

believes more information is needed on the toxicity 

of [REDACTED] and possibly other environmental 

degradants, and the fate and physical/chemical 

properties of [REDACTED]-derived or related polymers in 

the environment.143

 The agency added, “EPA expects the PMN substances or 

the degradants to be highly persistent”144 and that “there is 

high concern for possible environmental effects from the 

potential persistent degradation product [REDACTED].”145

 To address these concerns, EPA recommended multiple 

additional tests: reproductive and long-term toxicological 

testing in rats, a chronic toxicity/carcinogenicity test in rats, 

and an avian reproduction test in mallard ducks. However, 

these tests were not required.146 PSR has asked EPA for 

the results of any of these health tests, if indeed they were 

completed, as well as health testing data submitted with 

the importer’s premanufacture notice that was not included 

in the release of public records. While we received health 

testing data for unidentified substances that may be for 

chemical P-11-0091 (the chemical identity was redacted), we 

did not receive any documents showing completion of the 

tests for reproductive and long-term toxicological testing, 

chronic toxicity/carcinogenicity, or avian reproduction. 

The health testing data PSR received did not appear to 

show alarming results but also did not appear to test for 

degradation products of the chemicals – despite the fact that 

the degradation products of chemical P-11-0091 were the 

focus of EPA’s concern.

 Another potential – and unstated – reason for EPA’s 

approval of the chemicals is that EPA generally assumes in 

its new-chemical reviews that oil and gas chemicals never 
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leak, spill, migrate underground, or are otherwise released 

into the environment accidentally. This assumption is not 

explicitly stated. Rather, it is apparent in a set of documents 

that EPA has used for decades to predict exposures 

to chemicals used in oil and gas drilling and hydraulic 

fracturing. As analyzed by Partnership for Policy Integrity in a 

2016 report, the documents reveal that the agency assumes 

that any releases of chemicals into the environment will be 

intentional and controlled, such as disposal of chemical-

tainted wastewater into injection wells that EPA assumes will 

never leak, and the use of wastewater for agriculture.147 The 

only exception we are aware of to the agency’s assumption 

that all releases of chemicals will be intentional and 

controlled was in a 1994 document which said that “several 

of the surfactants such as alcohol ethoxylates and alkyl 

phenol ethoxylates, as well as organic in situ crosslinkers 

such as formaldehyde, are sufficiently volatile to result 

in air emissions from their use.” The same document 

says, however, that “releases to water are assumed to be 

negligible.”148 It is a dubious assumption.

 EPA’s longstanding assumption that accidental releases of 

chemicals are essentially nonexistent is contradicted by data 

from EPA itself. As early as 1987, the agency documented 

unintended releases of drilling mud, fracking fluid, and 

wastewater in a report to Congress on oil and natural 

gas wastes.149 The EPA highlighted spills associated with 

fracking in its 2016 report on fracking and drinking water.150 

Also in 2016, in a tacit admission that its assumption was 

unrealistic, EPA told Partnership for Policy Integrity that 

it had planned to develop a new exposure scenario that 

accounted for leaks and spills of fracking chemicals.151 In 

addition, other public sources show that leaks and spills are 

common in oil and gas operations. For example, Cabot Oil 

and Gas Corp., Range Resources Corp., and Noble Energy 

Inc., have told investors that blowouts, leaks, and/or spills 

are common risks in oil and gas operations.152 PSR is not 

aware that EPA has adopted an updated set of assumptions, 

but in any event, in 2011, EPA generally did not consider 

accidental releases of oil and gas chemicals as a pathway of 

exposure. Making this assumption could have enabled EPA 

to conclude that human exposure to the chemicals would 

be limited and thus that there would be minimal harm 

even from an extremely toxic chemical. This perspective 

could have influenced the agency’s decision to approve 

the three chemicals. PSR has asked EPA why it approved 

the chemicals and if the agency’s unrealistic exposure 

assumptions played a role, but as of end-June 2021, has  

not received a response.
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As previously stated, PSR was able to locate oil and gas wells 

where PFAS or potential PFAS were used, at least some 

of which might be chemical P-11-0091. But confidentiality 

claims and other hurdles make it extremely difficult for the 

public to know for certain where this particular chemical or 

other oil and gas chemicals associated with PFAS have or 

are being used. As is discussed above, people can search 

for wells in which fracking chemicals were used through the 

nongovernmental organization FracFocus.153 In addition, 

California operates its own searchable database for fracking 

chemicals.154 The most accurate way to search for chemicals 

through these databases is by CAS number.155 Other ways 

to search are by specific chemical name or trade name, but 

these are less accurate because a single chemical can have 

multiple names or trade names, and people conducting 

a search might be looking under the wrong name. Yet in 

many cases, as is the case with chemical P-11-0091, all these 

searches are impossible because the chemical’s CAS number, 

specific chemical name, and trade name are redacted as 

trade secrets.

 Exemptions under state rules provide several additional 

ways for oil and gas companies or chemical makers to 

shield from public scrutiny the use of oil and gas chemicals. 

For example, state rules typically allow well operators to 

withhold chemical identities from the public as trade secrets, 

just as chemical manufacturers or importers are allowed 

to do under federal law. So even if a chemical importer 

decided to remove CBI protection from the chemical’s 

identity under federal law, a well operator could still assert 

that the identity was a trade secret under state rules.156 State 

rules also typically do not require chemical manufacturers 

or importers to disclose their chemicals at all.157 There is 

some evidence that manufacturers and importers may not 

provide all their fracking chemical identities to well operators 

or owners, who bear the burden of public disclosure under 

state rules.158 In any case, if chemical manufacturers do not 

disclose fracking chemicals to well operators or owners, 

these actors cannot disclose the chemicals to the public.159 

Finally, most state rules do not require public disclosure of 

chemicals used in the drilling process that precedes fracking. 

Therefore, if the chemical P-11-0091 were used for drilling as 

opposed to fracking, there would be no obligation to disclose 

the chemical publicly under most state rules. Ohio may be 

the only exception, although Ohio allows well operators 

to withhold the identities of drilling chemicals as trade 

secrets.160

 It may be possible to locate where PFAS chemicals have 

been used by relying on provisions added to TSCA by 

Congress in 2016. But even under those provisions, there 

remain challenges. Some of the added provisions in TSCA 

enable state and tribal governments, health professionals 

and first responders to obtain confidential information about 

chemicals. The provisions also allow disclosure in situations 

“pursuant to discovery, subpoena, other court order, or any 

other judicial process otherwise allowed under applicable 

Federal or State law.”161 In many of these cases, entities 

would have to keep the information to themselves and could 

use it only for limited purposes such as medical treatment,162 

but there is no explicit prohibition on making the information 

public as part of judicial processes and in other situations. 

 However, even if officials were to obtain a PFAS chemical’s 

specific identity, especially its CAS number, there is no 

guarantee that they could require chemical manufacturers 

or importers to disclose where the chemical had been used. 

And even if they could, disclosure after an accident has 

occurred makes it unlikely that first responders will obtain 

the information in time to provide appropriate treatment to 

persons who have been exposed to a dangerous substance. 

Furthermore, as Youngstown, Ohio Fire Department 

Battalion Chief Caggiano told Partnership for Policy Integrity 

in 2019, post-incident disclosure deprives first responders 

of the ability to plan for a hazardous materials response 

or prevent serious spread of a dangerous pollutant.163 In 

addition, there is no guarantee that a chemical’s CAS number 

– if obtained through TSCA – would appear in fracking 

chemical disclosure records, even if the chemical had been 

used in oil and gas wells. Exemptions previously discussed 

would enable oil and gas well operators to withhold such 

information from these state-level disclosures.

 Finally, compliance with terms of the updated TSCA 

Locating Where PFAS Chemicals Have Been Used: 
An Ongoing Challenge
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might be an issue. Reporter Eliza Griswold wrote in her 

2019 Pulitzer Prize-winning book, Amity and Prosperity, 

about residents of western Pennsylvania who had sued well 

owner Range Resources after suffering health impacts and 

the deaths of animals that they believed were caused by 

Range’s drilling operations near their homes. The residents 

requested from Range, among other pieces of information, 

the full list of chemicals used nearby. Range failed to provide 

the plaintiffs with a full list despite a court order that was in 

effect for several years. Range’s lack of compliance was likely 

due in part to the fact that Range did not know some of the 

trade secret chemicals used by its subcontractors. A judge 

declined to sanction Range for failing to comply with the 

order. The inability to obtain the chemical identities made it 

more difficult for the residents to establish that Range had 

harmed them and may have influenced two residents to sign 

a confidential legal settlement that, Griswold wrote, “left both 

of them feeling angry and defeated.”164 As is suggested by 

this example, it is possible that oil and gas companies may 

be unable to comply with some of the provisions of TSCA 

requiring disclosure of confidential chemical identities. EPA, 

state government officials, and courts may have to force 

other companies in the supply chain, particularly chemical 

manufacturers, to provide this information

Locating [Continued]
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Considering the evidence that PFAS substances and/or 

PFAS precursors are being used in oil and gas wells; given 

EPA’s concerns that a chemical the agency approved for 

commercial use could degrade into PFOA-like substances 

that would be toxic, persist in the environment, and 

bioaccumulate in people’s bodies; and in light of the potential 

that people might be unknowingly exposed to these highly 

toxic substances, PSR recommends the following:

• Health assessment. EPA and/or states should evaluate 

through quantitative analysis whether PFAS and/or 

PFAS breakdown products associated with oil and gas 

operations have the capacity to harm human health. All 

potential pathways of exposure should be examined, 

including inhalation, ingestion, and dermal contact.

• Testing and tracking. EPA and/or states should 

determine where PFAS and chemicals that may be PFAS 

have been used in oil and gas operations and where 

related wastes have been deposited. They should test 

nearby water, soil, flora, and fauna for PFAS.

• Funding and cleanup. Oil and gas and chemical firms 

should be required to provide adequate funding for 

environmental testing and evaluation, and should PFAS 

be found, for cleanup. If water cleanup is impossible, the 

companies responsible for the use of PFAS should pay 

for alternative sources of drinking water.

 • Public disclosure. Echoing recommendations by 

Pennsylvania’s Attorney General in 2020, governments 

should require full public disclosure of drilling and 

fracking chemicals before each oil or gas well can 

be developed. EPA and/or states should inform 

communities potentially exposed to PFAS about PFAS 

contamination risks so that the communities can take 

actions such as water testing and treatment.

• Moratorium on PFAS use for oil and gas extraction. 
Until testing and investigation are complete, EPA and 

states should not allow PFAS or chemicals that could 

break down into PFAS to be manufactured, imported, or 

used for oil and gas drilling or fracking.

• Limits on drilling and fracking. The use of PFAS and 

of chemicals that break down into PFAS in drilling and 

fracking should prompt governments to prohibit drilling, 

fracking, and disposal of related wastewater and solid 

wastes in areas that are relatively unimpacted by oil and 

gas pollution, and to increase protections in already-

impacted regions. When doubt exists as to the existence 

or danger of contamination, the rule of thumb should 

be, “First, do no harm.”

Recommendations
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Executive Summary
Previously unpublicized information unearthed by Physicians 

for Social Responsibility (PSR) shows that a class of extremely 

toxic chemicals known as PFAS has been used in Colorado’s 

oil and gas wells since at least 2008. However, gaps in 

Colorado’s disclosure rules prevent the public from knowing 

how widely PFAS – or other toxic chemicals – have been used 

in oil and gas drilling and extraction. These findings raise 

concerns that Coloradans may unknowingly be exposed to 

highly hazardous substances.

PSR analyzed industry data recorded in FracFocus, the official 

repository for Colorado’s oil and gas chemical disclosure, and 

found that PFAS have been used in Colorado wells, both for 

hydraulic fracturing (“fracking”) and for a separate extraction 

technique called enhanced oil recovery. The affected wells 

are located in 10 Colorado counties, with most of that use 

occurring in Weld County.

However, the number of definitively identified cases of 
PFAS use may significantly underrepresent the extent 
of PFAS use in the state. That is in large part because 
Colorado law allows oil and gas companies to withhold 
fracking chemical identities from the public and 
regulators by claiming them as a “trade secret.” Between 
2011 and 2021, companies claimed trade secret privileges 
in more than 12,000 wells across 31 Colorado counties. 
Furthermore, oil and gas companies in the state are not 

required to publicly disclose chemicals used in other stages 

or methods of oil and gas extraction, including the drilling 

that precedes fracking. 

By shielding from public view the chemicals injected into 

oil and gas wells, these disclosure gaps raise the potential 

that Coloradans may be exposed to PFAS and other toxic 

chemicals from hundreds or even thousands of wells.

PFAS have been linked to cancer, birth defects, pre-
eclampsia, and other serious health effects. Toxic in 
minuscule concentrations, they are extremely mobile in 
groundwater and do not break down in the environment 
– hence their nickname, “forever chemicals.”

Among our key findings are:

PFAS have been used in oil and gas extraction in 
Colorado. Records in FracFocus document that over the 

past decade, oil and gas companies used a PFAS known 

as polytetrafluoroethylene (PTFE), commonly known as 

Teflon, for hydraulic fracturing in Colorado oil and gas wells. 

Separately, in 2008, a peer-reviewed oil and gas industry 

journal showed that a type of PFAS called fluorosurfactants 

had been used in Colorado.

Trade secrets make it extremely difficult to determine 
how extensively PFAS (and other highly toxic chemicals) 
have been used in Colorado. The peer-reviewed journal 

referenced above said in 2008 that fluorosurfactants have 

been used for oil and gas extraction “for four decades.” 

Separately, in 2020, a scientific paper indicated that PFAS 

mixtures known as fluorosurfactants have been used 

in oil and gas extraction globally since 1956. In a report 

PSR published in 2021, we found that between 2012 and 

2020, oil and gas companies had used PFAS, most of them 

fluorosurfactants, for fracking in six states. Yet, in examining 

records for the slightly longer period 2011 to 2021, we found 

no reports of the use of fluorosurfactants in Colorado. This 

improbable absence may reflect oil and gas companies’ 

extensive use of trade secret confidentiality claims. Of the 

12,000 Colorado wells for which oil and gas firms withheld 

chemical identities as trade secrets over the past decade, 

more than 3,200 had been injected with chemicals identified 

as “surfactants.” Some of these may be fluorosurfactants.

PFAS pollution at oil and gas wells in Colorado is 
possible wherever these substances have been used. 
Over the past decade, oil and gas companies have reported 

thousands of spills of chemicals and other fluids at oil and 

gas wells in Colorado, creating risks for groundwater and 

surface water pollution. Where PFAS chemicals are used, 

these spills may contain PFAS. Air emissions from flaring 

constitute another potential route of PFAS pollution from 

well sites. Coloradans should be allowed to know where 

they may be exposed to PFAS. 
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In light of these findings, PSR recommends the following:

• Halt PFAS use in oil and gas extraction. Colorado 

and EPA should prohibit PFAS from being used, 

manufactured, or imported for oil and gas extraction. 

Many PFAS are immediately replaceable with less 

persistent and less toxic substances, including in the oil 

and gas industry.

• Expand public disclosure. Colorado should greatly 

expand its requirements for public disclosure of oil and 

gas chemicals. The state could readily follow the example 

offered by California, a major oil producer that prohibits 

the use of trade secret claims for fracking chemicals. 

Colorado should also require disclosure of other 

chemicals used in oil and gas drilling and extraction, with 

no minimums placed on the weight or quantity of the 

chemicals to be disclosed. The state should also require 

disclosure from chemical manufacturers. 

• Increase testing and tracking. Colorado and/or the 

Environmental Protection Agency should determine 

where PFAS have been used in oil and gas operations 

in the state and where related wastes have been 

deposited and should test nearby water, soil, flora, and 

fauna for PFAS.

• Require funding and cleanup. Oil and gas and chemical 

firms should be required to fund environmental testing 

and evaluation where these are needed, and should 

PFAS be found, also be required to fund cleanup. If water 

cleanup is impossible, the companies responsible for the 

use of PFAS should pay for alternative sources of water 

for drinking and agriculture, as needed.

• Limit or ban drilling and fracking. Given the use of 

highly toxic chemicals including PFAS in oil and gas 

extraction, Colorado and local governments should 

prohibit drilling, fracking, and disposal of related wastes 

in areas relatively unimpacted by oil and gas pollution 

and should increase protections in already-impacted 

regions. When doubt exists as to the existence or 

danger of contamination, the rule of thumb should be, 

“First, do no harm.”
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Physicians for Social Responsibility (PSR) has identified 

evidence from industry sources that a highly dangerous 

class of chemicals, known as per- and polyfluoroalkyl 

substances (PFAS), as well as chemicals that could degrade 

into PFAS, known as PFAS precursors,* have been used 

in Colorado oil and gas wells** for hydraulic fracturing 

(“fracking”) and enhanced oil recovery. The wells definitively 

known to have been injected with PFAS are located in  

10 Colorado counties, with most of that use occurring in 

Weld County. However, the wells PSR was able to identify 

may significantly underrepresent the extent of PFAS use  

in the state.

PFAS are a class of thousands of manmade chemicals known 

for having properties that are valuable in multiple contexts, 

including being slippery, oil- and water-repellant, and able 

to serve as dispersants or foaming agents.1 PFAS have 

been called “perfluorinated chemicals” and “polyfluorinated 

compounds,” or PFCs, though the term currently preferred 

by EPA is PFAS.2

The first PFAS to be sold commercially was created by a 

chemist at Dupont and was patented as Teflon. Since 1949, 

it has been used in thousands of products, from nonstick 

cookware to waterproof clothing to plastics to dental floss.3 

Other PFAS chemicals have been used in food packaging, 

fire-fighting foam, and in 3M’s widely used fabric protector, 

Scotchgard.4

EPA and other regulators have identified PFAS as a serious 

threat to health and the environment.5 And as early as the 

1960s and 1970s, researchers inside Dupont and 3M became 

aware that the PFAS they were manufacturing or using were 

associated with health problems including cancers and 

birth defects, had accumulated in virtually every human 

being, and persisted in the environment.6 Many of these 

facts, kept internal by the companies, came to light after 

attorney Rob Bilott filed lawsuits in 1999 and 2001 accusing 

Dupont of causing pollution in and around Parkersburg, West 

Virginia with PFOA, a type of PFAS used in making Teflon.7 In 

December 2011, as part of Dupont’s settlement of the 2001 

lawsuit, a team of epidemiologists completed a study of the 

blood of 70,000 West Virginians and found a probable link 

between PFOA and kidney cancer, testicular cancer, thyroid 

disease (over- or under-production of hormones by the 

thyroid gland), high cholesterol, pre-eclampsia (a potentially 

dangerous complication during pregnancy characterized 

by high blood pressure and signs of damage to other organ 

systems, most often the liver and kidneys), and ulcerative 

colitis (a disease causing inflammation and ulcers in the large 

intestine or colon).8

*Throughout this report, when we refer to PFAS, the term includes PFAS and PFAS precursors.

**Gas, the principal component of which is methane, is also known as “natural” gas, “fossil” gas and “fracked” gas.

PFAS: A Manmade Threat to Health
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PFAS are not only highly toxic; they also demonstrate 

extreme persistence in the environment. PFAS’ nickname 

“forever chemicals” reflects their chemistry, in which 

hydrocarbon chains of carbon and hydrogen atoms are 

mixed with hydrofluoric acid. The fluorine atoms in the acid 

replace the hydrogen atoms in the hydrocarbon chains, 

forming a bond between fluorine and carbon that is among 

the strongest in chemistry and rarely if ever exists in nature. 

The result: chemicals that are extremely resistant to breaking 

down in the environment.9

The U.S. Environmental Protection Agency (EPA) reports that 

there are currently about 650 types of PFAS in commerce.10 

Weak chemical disclosure laws make it difficult for the 

Agency to identify which PFAS chemicals are used, and 

where, in the U.S. Yet evidence has mounted over the years 

of PFAS’s risks and of cases of PFAS pollution from a variety 

of sources, including in Colorado. In 2019, the Denver Post 

reported that

 Colorado officials estimated more than 100,000 

residents have relied on public drinking water systems 

where elevated PFAS levels have been detected in source 

wells — more people than in any other state.11

In fact, in 2020, PFAS were detected in every single surface 

water sample analyzed by the state’s Department of Public 

Health and the Environment.12

Concern over PFAS pollution has led ten states, though 

not Colorado, to develop guidelines for concentrations in 

drinking water of several types of PFAS.13 One of these states 

is Michigan, which set standards in 2020 for limiting PFAS in 

drinking water and for removing PFAS from groundwater. 

The standards applied to PFOA and six other forms of 

PFAS. Michigan’s maximum allowable level is no more than 

eight parts per trillion for PFOA.14 By extrapolation, these 

standards suggest that one measuring cup of PFOA could 

contaminate almost eight billion gallons of water – six times 

the 1.3 billion gallons of water used each day by New York 

City, or the amount of water needed to fill almost 12,000 

Olympic-sized swimming pools at about 660,000 gallons per 

pool.15 The extreme potency of PFOA, as with other PFAS, 

indicates why health experts are concerned about even 

minute quantities of these chemicals.

The use of PFAS in oil and gas production in Colorado has 

only recently been exposed.16 The lack of full disclosure 

of chemicals used in oil and gas operations in Colorado 

raises the potential that PFAS may have been used more 

extensively than records indicate, both geographically and in 

additional methods or stages of oil and gas operations, such 

as drilling, that precede enhanced oil recovery and fracking.

PFAS: Persistent in the Environment
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For years, scientists, advocates and regulators in Colorado 

and other states have raised concerns about the hundreds 

of industrial chemicals used in fracking of oil and gas wells 

including potential threats to water resources and health. 

The Fort Collins Coloradoan reported in 2014 that “fracking 

has become a polarizing issue in Colorado, in part due to the 

number of chemical ingredients that oil companies have kept 

secret from the public.”17 PSR’s findings indicate these risks 

persist in alarming ways, despite rules enacted in 2012 that 

require public disclosure of fracking chemicals in Colorado.18

Colorado rules require that 

well operators disclose their 

fracking chemicals to FracFocus, 

a database maintained by 

the Groundwater Protection 

Council, a nonprofit comprised 

of regulators from state 

agencies, and the Interstate Oil 

and Gas Compact Commission, 

which represents governors of 

oil and gas-producing states 

as well as some oil-producing 

countries and the U.S. 

Department of the Interior.19 

Operators must disclose both 

the name of chemical products used in fracking, and each 

individual component chemical used in each product. They 

must also disclose each chemical’s Chemical Abstracts 

Service (CAS) number, if available.20 CAS numbers are 

unique numeric identifiers assigned to each chemical by the 

American Chemical Society. They are the most accurate way 

to identify chemicals, as a chemical can have multiple names 

or trade names but only one CAS number.21

This system sounds effective on the face of it; however, 

an important exception allows companies to avoid full 

and meaningful disclosure: The law allows chemical 

manufacturers, well operators and other companies in 

the chemical supply chain to withhold exact fracking fluid 

ingredient information if they deem it a “trade secret.”***22 

In place of a specific chemical identity, they must publicly 

disclose a chemical family or similar descriptor in place of 

the specific identity.23 Regrettably, the use of a descriptor 

can hide from public view the true identity of dangerous 

chemicals. This legal loophole effectively undermines the 

public health benefits of disclosure by preventing health 

professionals, state regulators 

and the public from knowing 

where PFAS – or other toxic 

chemicals – have been used in 

oil and gas wells.

In addition to allowing trade 

secret exemptions for fracking 

chemicals, Colorado does 

not require public disclosure 

of chemicals used in drilling, 

enhanced oil recovery, or other 

extraction techniques that are 

distinct from fracking per se. 

This regulatory gap increases 

the potential that Coloradans 

could unknowingly be exposed to PFAS and other chemicals 

used during the drilling phase and in other phases and 

methods of oil and gas extraction.24 EPA has indicated that 

any chemicals used during the first stage of the drilling 

process would be highly likely to leach into groundwater 

since during this stage, drilling passes directly through 

groundwater zones25 before any casing or cement is placed 

in the well to seal it off from surrounding aquifers. The 

resulting potential for groundwater contamination makes 

public disclosure of chemicals used in drilling especially 

important.

Colorado’s Disclosure Laws Shield  
Dangerous Chemicals

***Trade secret information is also called “proprietary” or “confidential business information” (CBI).

“PSR’s findings indicate these 

risks persist in alarming ways, 

despite rules enacted in 2012 that 

require public disclosure of fracking 

chemicals in Colorado.”
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FracFocus Data Reveal Use of PTFE,  
a PFAS Fluoropolymer, in Colorado

PSR’s analysis of oil and gas industry data recorded 

in FracFocus show that companies have used 

polytetrafluoroethylene (PTFE), a class of PFAS known as 

a fluoropolymer, in Colorado oil and gas wells. Oil and 

gas companies reported using PTFE for fracking in 282 

wells in the state, primarily in Weld County between 2012 

and 2019. (See maps and tables above and on following 

pages. An interactive version of the statewide map is 

available at https://www.psr.org/resources/colorado-pfas-

map/.) It is unclear for what purpose the PTFE was used; 

however, PTFE, which is marketed as Teflon, is known for its 

slipperiness, and fracking chemicals are sometimes used as 

friction reducers.26

PSR discovered the use of PTFE through use of the open-

source version of FracFocus, Open-FF,27 that is more accurate 

and informative than the original version of FracFocus.28

Fluoropolymers including PTFE are a type of plastic.29 

Scientists’ and environmentalists’ major concerns about 

PTFE and other fluoropolymers are not related so much to 

these substances themselves but rather are based on the 

associated impacts of their production, use, and disposal30: 

Highly toxic PFAS are used as production aids in the 

production of PTFE and other fluoropolymers. As was noted 

in a 2020 scientific paper, these other PFAS have included 

fluorosurfactants such as PFOA, which has been phased out 

as a manufacturing aid in the U.S. but is still used in Asia, and 

GenX, which is similarly harmful and has replaced PFOA in 

fluoropolymer production.31 Fluoropolymers like PTFE can 

This map shows the disclosed use of PTFE/Teflon for use in fracking in Colorado. Wider use of PTFE and other PFAS in the state may be 
obscured by trade secrets in more than 12,000 wells. An interactive version of this map is available at https://www.psr.org/resources/
colorado-pfas-map/.

Colorado Oil & Gas Wells Fracked with PTFE and Trade Secret Chemicals, 2011-2021
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contain these more toxic PFAS fragments as impurities, and 

release the compounds if they break down under heat or 

pressure.32 The authors of the 2020 paper noted that

 The levels of leachables…in individual fluoropolymer 

substances and products depend on the production 

process and subsequent treatment processes; a 

comprehensive global overview is currently lacking.33

In addition, the authors noted that the persistence in the 

environment of PTFE and other fluoropolymers could pose 

problems during disposal. “Landfilling of fluoropolymers 

leads to contamination of leachates with PFAS and can 

contribute to release of plastics and microplastics,” they 

wrote.34 One of the authors added in an email to PSR that 

if PTFE were used in high-temperature oil and gas wells, it 

could undergo a process called “thermolysis” and generate 

toxic PFAS called perfluoroalkyl carboxylic acids (PFCAs). As 

a result, he wrote, “there could be some additional problems 

that need some investigation.”35

In 2021, a coalition of environmental groups including the 

Center for Environmental Health, Clean Water Action, Ecology 

Center, Environmental Working Group, Natural Resources 

Defense Council, Safer States, and the Sierra Club shared 

similar concerns, based on multiple scientific articles, 

regarding the risks of fluoropolymers such as PTFE. The 

groups also noted that fluoropolymers are manufactured 

with chemicals that have an outsized negative effect on 

climate change.36 Disclosure gaps in Colorado law discussed 

below may prevent scientists and the public from knowing 

the extent of PTFE use in oil and gas operations.

Curiously Absent: Disclosure of PFAS 
Fluorosurfactants in Colorado

Our analysis of data posted in FracFocus also examined the 

direct use of fluorosurfactants, sometimes called fluorinated 

surfactants, in fracking in Colorado. As indicated above, these 

substances that are used to manufacture PTFE are of even 

greater concern than PTFE itself. Fluorosurfactants are part 

of a larger group of chemicals known as “surfactants” that, 

according to EPA,

 lower the surface tension of a liquid, the interaction 

at the surface between two liquids (called interfacial 

tension), or that between a liquid and a solid. 

Surfactants may act as detergents, soaps, wetting 

agents, degreasers, emulsifiers, foaming agents and 

dispersants.37

Surfactants are commonly used in fracking.38 

Fluorosurfactants are said to be “superior in their aqueous 

surface tension reduction at very low concentrations and are 

useful as wetting and leveling agents, emulsifiers, foaming 

agents, or dispersants.”39 Fluorosurfactants encompass 

PFOA, PFOS, and hundreds of other less-studied replacement 

chemicals and mixtures.40 Some are known to be extremely 

toxic to people,41 could be harmful to animals42 and are 

expected to persist in the environment.43

Evidence of fluorosurfactant use in Colorado is surprisingly 

spotty. In 2008, two authors, one of whom was identified as 

an employee at DuPont, wrote in the peer-reviewed Open 

Petroleum Engineering Journal that “cationic polymeric 

fluorosurfactants in methanol” were used for “enhanced oil 

recovery” in the state. (According to oilfield service company 

Schlumberger, enhanced oil recovery, or EOR, can involve 

injections of chemicals or carbon dioxide into underground 

formations as well as the use of steam to restore formation 

pressure and to improve displacement of oil or fluid flow 

in underground reservoirs.44) “This EOR technique using 

fluorosurfactants,” the Open Petroleum Engineering Journal 

authors wrote,

 was employed at a well in Moffat County, Colorado 

from the Fort Union Sand Formation using methanol, 

0.2 weight percent C10-12 alcohol ethoxylates, and 0.01 

weight percent of a cationic polymeric fluorosurfactant. 

After treatment, the gas productivity increased from 100 

million cubic feet (MCF) per day to 300 MCF per day.45

The authors suggested that the use of fluorosurfactants was 

relatively common in the oil and gas industry and that their 

use was about to surge. They referred to fluorosurfactants as 

an “emerging technology” and stated,

 While fluorosurfactants have been used in gas and oil 

exploration for four decades, the increased demand for 

petroleum and the greater understanding of the benefits 

of fluorosurfactants have led to growing acceptance for 

fluorosurfactants throughout the petroleum industry.46

P
H

Y
S

IC
IA

N
S

 F
O

R
 S

O
C

IA
L

 R
E

S
P

O
N

S
IB

IL
IT

Y
 |

 W
W

W
.P

S
R

.O
R

G
PH

YS
IC

IA
NS

 F
OR

 S
OC

IA
L 

RE
SP

ON
SI

BI
LI

TY
 | 

W
W

W
.P

SR
.O

RG

FRACKING WITH “FOREVER CHEMICALS” IN COLORADO | 5

WG Ex. 14

0550



The paper is consistent with a peer-reviewed article 

published in 2020 in Environmental Science: Processes and 

Impacts. In that article, the authors found evidence that 

since 1956, PFAS including fluorosurfactants had been used 

or proposed to be used globally in oil and gas extraction 

techniques including chemical-driven gas production, 

chemical flooding, fracking, and the drilling that precedes 

fracking and other oil and gas production techniques.47 The 

paper on enhanced oil recovery and fluorosurfactants is also 

consistent with PSR’s findings published in July 2021 which 

found that between 2012 and 2020, oil and gas companies 

used PFAS in fracking in more than 1,200 wells in six states. 

Most were fluorosurfactants.48

Yet despite evidence of widespread and longstanding use of 

fluorosurfactants in oil and gas extraction, PSR did not find 

further evidence of their use in Colorado beyond the single 

gas well in Moffat County, despite searching in Open-FF 

and other online sources. This surprising lack of evidence, 

as is discussed below, may be due to the significant gaps 

in reporting requirements for the oil and gas industry in 

Colorado, rather than to lack of use of fluorosurfactant 

chemicals.

Extensive Use of ‘Trade Secret’ Claims  
Veils Actual Use

The lack of evidence of additional use of PFAS in Colorado’s 

oil and gas wells reflects, at least in part, extensive 

application of the trade secret provisions in Colorado’s 

chemical disclosure rules. PSR’s data analysis revealed that, 

between 2011 and 2021, Colorado well operators claimed at 

Trade secret chemicals were widely used in Weld County. From 2011 to 2021, Weld County also showed the highest level among all Colorado 
counties of the use in fracking of the PFAS known as PTFE/Teflon.

Weld County Oil & Gas Wells Fracked with PTFE and Trade Secret Chemicals, 2011-2021
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least one fracking chemical as a trade secret in 12,623 oil and 

gas wells. Of these, 9,210 (73 percent) were in Weld County 

and 2,079 (16.5 percent) were in Garfield County. The trade 

secret chemicals used in Colorado over this 10-year period 

totaled almost 414 million pounds.49 (See Table 1, next page.) 

If even a small fraction of this weight were PFAS, that fraction 

could pose significant health and environmental risks.

Non-disclosure provisions made it impossible to determine 

if any of these trade secret chemicals were PFAS. In an 

effort to do so, PSR examined whether any were listed as 

a surfactant, which could indicate that the chemicals were 

fluorosurfactants. We found thousands of cases of oil and 

gas companies using at least one trade secret chemical that 

was listed as a surfactant. These occurred in 3,221 wells, 

the majority of which (2,589) were in Weld County.50 (See 

Table 1, next page.) Operators’ names for these chemicals 

were vague, including “surfactant,” “amphoteric surfactant,” 

and “proprietary surfactant.” These trade secret surfactants 

totaled almost 12 million pounds. (See examples from 

individual wells in Table 2.)

Companies using trade secret surfactants include prominent 

oil and gas producers. Among them are Anadarko Petroleum 

Corp., the co-owner along with BP of the Macondo well that 

spewed millions of gallons of oil into the Gulf of Mexico in 

2010,51 and Encana Corp., once one of Canada’s largest oil 

companies until it moved its corporate headquarters to the 

U.S. in 2020 and changed its name to Ovintiv.52 (See Table 3.)

Spills at Colorado Wells Raise  
Pollution Concerns

When PFAS are used at oil and gas well sites, there is a real 

risk that they could impact health and the environment, 

due to the thousands of spills and hundreds of cases of 

associated pollution that have been documented at oil and 

gas well sites in Colorado and other states.53 According to an 

analysis by the Center for Western Priorities, state data from 

2012-2020 showed that oil and gas producers in Colorado 

reported 4,928 spills – an average of more than 1.5 spills 

per day.54 The type of fluids spilled included wastewater or 

“produced water” that flows out of oil and gas wells from 

underground formations during production; oil; condensate 

(a naturally occurring hydrocarbon); “other” fluids; drilling 

fluid, and flowback or the fracking fluid that flows out of 

the well after fracking.55 At least some of these fluids could 

contain PFAS if PFAS were used in those wells, posing risks to 

groundwater or surface water.

The evidence on spills in Colorado is significant in light of 

EPA’s findings in its 2016 national report on fracking and 

drinking water. The agency found that fracking-related 

pollution could follow a number of pathways, including:

• spills of fracking fluid that seep into groundwater;

• injection of fracking fluid into wells with cracks in 

the casing or cement, allowing the fluid to migrate 

into aquifers (much of the fracking fluid can remain 

underground);

• injection of fracking fluids directly into groundwater;

• underground migration of fracking fluids through 

fracking-related or natural fractures;

• intersection of fracking fluid with nearby oil and gas 

wells,

• spills of wastewater after the fracking process is 

completed, and

• inadequate treatment and discharge of fracking 

wastewater to surface water supplies.56

Where PFAS are used at oil and gas sites, they could enter 

water supplies through one or more of these pathways, thus 

placing drinking water and agricultural water sources at 

risk. In addition, in PSR’s July 2021 report, toxicologist Dave 

Brown, former director of environmental epidemiology at 

the Connecticut Department of Health, noted that PFAS used 

in oil and gas wells could follow airborne exposure routes. 

He warned that if PFAS were to enter drinking water, it could 

subsequently volatilize or become airborne inside homes. 

Brown also added another potential pathway for airborne 

exposure: PFAS could become airborne when gas is burned 

off during flaring at the wellhead.57

PFAS Use Could Compound Health Harms 
from Other Oil and Gas Chemicals

PFAS is by no means the only chemical associated with 

oil and gas extraction that could cause harm to health. 

Deeper investigation of PFAS use in oil and gas operations 

is especially important because exposure to PFAS may be 

additional to, and could impact or intensify, health effects 

from those other chemicals.
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This table, based on FracFocus data, shows county-by-county the number of Colorado wells in which oil and gas companies injected at least 
one trade secret fracking chemical, and some of our specific findings. The total mass figures reflect the sum of all records for which we 
have enough information to calculate a chemical’s mass. However, the total mass figures represent an undercount because many fracking 
chemical disclosures lack sufficient data to perform this calculation.

TABLE No.1 – Disclosed Use of Trade Secret Chemicals and PFAS in Fracking in Colorado Oil  
and Gas Wells, 2011-2021
County Name Number of wells 

with at least 
one trade secret 
chemical

Mass of all 
trade secret 
chemicals 
(lbs.)*

Number of 
wells with 
trade secret 
surfactants

Mass of 
trade secret 
surfactants 
(lbs.)*

Number of 
wells using 
PTFE

Mass of PTFE 
(lbs.)*

Adams 231 12,970,690 42 671,214 3 266

Arapahoe 87 4,557,047 28 93,502 0 0

Archuleta 7 7,691 2 88 2 No data 
available

Boulder 9 37,744 9 10,726 0 0

Broomfield 31 1,375,502 3 3,081 0 0

Cheyenne 2 1,218 1 1,106 0 0

Delta 3 183,751 0 0 0 0

Dolores 2 5,347 0 0 0 0

El Paso 1 60,818 0 0 0 0

Elbert 3 6,655 1 No data 
available 0 0

Fremont 2 No data 
available 0 0 2 No data 

available

Garfield 2,079 15,973,557 268 241,979 0 0

Gunnison 8 251,243 4 38,112 1 No data 
available

Huerfano 1 22,940 1 3,976 0 0

Jackson 53 3,494,710 29 56,624 6 765

Kiowa 3 5,926 1 1,429 0 0

La Plata 168 192,770 41 6,165 5 5

Larimer 98 4,254,325 6 15,408 0 0

Las Animas 163 65,941 83 27,255 0 0

Lincoln 5 33,562 2 15 1 No data 
available

Logan 9 2,219 6 771 0 0

Mesa 115 585,750 12 48,934 0 0

Moffat 24 591,243 10 12,342 0 0

Morgan 2 8,452 0 0 0 0

Phillips 23 6,598 15 6,328 0 0

Rio Blanco 226 934,129 21 8,989 2 No data 
available

Routt 2 7,760 1 211 1 21

San Miguel 10 23,590 9 3,136 0 0

Washington 3 645 3 645 0 0

Weld 9,210 368,255,921 2,589 10,693,593 259 7,840

Yuma 43 5,926 34 5,019 0 0

Total * 12,623 413,923,683 3,221 11,950,659 282 8,900
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TABLE No.2 – Examples of Individual Oil and Gas Wells
Well 
Operator

Well Number County Year 
Fracking 
Completed

Chemical 
used in Well

CAS  
Number

Trade  
Name

Mass (lbs.)

Bayswater 
Exploration & 
Production, 
LLC

05123401900000 Weld 2021 surfactant proprietary Not reported 7,242

Bonanza 
Creek 
Energy, Inc.

05123450640000 Weld 2019 amphoteric 
surfactant

proprietary Not reported 34,581

Anadarko 
Petroleum 
Corporation

05123426300000 Weld 2017 ethoxylated 
alcohol

proprietary SFT-82 11,149

SandRidge 
Energy

05057065530000 Jackson 2016 PTFE 9002-84-0 Not reported 127

TEP Rocky 
Mountain, 
LLC

05045225960000 Garfield 2016 nonionic 
surfactant

proprietary TFR-0102 107

This table shows a sample of specific wells injected with the types of fracking chemicals referenced in the larger table above: trade secret 
chemicals such as the “ethoxylated alcohol,” trade secret surfactants such as the “amphoteric surfactant,” and PTFE. We selected the 
examples to cover a range of years and to represent wells fracked in the two Colorado counties with the most oil and gas extraction: Garfield 
and Weld. Even the smallest mass shown, 107 pounds for a proprietary nonionic surfactant, would be a significant amount of PFAS if this 
proprietary chemical were PFAS.

This table shows the fifteen oil and gas companies that fracked the most oil and gas wells in Colorado with trade secret surfactants between 
2011 and 2021. Surfactants may be more likely to be PFAS than other trade secret chemicals because of the widespread use in oil and gas 
wells of PFAS known as fluorosurfactants.

TABLE No.3 – Oil and Gas Companies that Fracked the Most Wells in Colorado with Trade Secret 
Surfactants, 2011-2021
Well Operator Number of wells with trade 

secret surfactants
Total mass (lbs.)*

Anadarko Petroleum Corporation 718 4,660,036

Noble Energy, Inc. 694 1,737,766

Encana Oil & Gas (USA) Inc. 266 1,220,224

Great Western Oil & Gas Company, LLC 208 305,944

PDC Energy 147 346,970

Bill Barrett Corp. 128 320,347

Bonanza Creek Energy, Inc. 124 512,514

Bayswater Exploration & Production, LLC 97 289,736

Synergy Resources Corporation 79 152,788

HighPoint Operating Corporation 66 36,938

TEP Rocky Mountain, LLC 65 8,726

Pioneer Natural Resources 58 23,661

Caerus Oil and Gas, LLC 54 50,706

Laramie Energy, LLC 39 No data available

SRC Energy 39 8,953
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In 2016, EPA published a study that identified 1,606 

chemicals used in fracking fluid and/or found in fracking 

wastewater. While the agency found high-quality information 

on health effects for only 173 of these chemicals, that 

information was troubling. EPA found that

 health effects associated with chronic oral exposure to 

these chemicals include carcinogenicity [for benzene and 

radium], neurotoxicity, immune system effects, changes 

in body weight, changes in blood chemistry, liver and 

kidney toxicity, and reproductive and developmental 

toxicity.58

Chemicals used in 

the drilling stage 

that precedes 

fracking can 

also pose health 

risks, including 

developmental 

toxicity and the 

formation of 

tumors, according 

to EPA regulators.59 

A disclosure form 

filed with the state 

of Ohio, perhaps 

the only state to 

require disclosure 

of drilling chemicals, shows that Statoil, Norway’s state oil 

company (since renamed Equinor), has used a neurotoxic 

chemical, xylene, in drilling.60

Chemicals used in oil and gas operations have been found 

to be associated with harms to human health. Peer-reviewed 

studies of people living near oil and gas operations in 

Colorado and other states have found that proximity to 

active well sites correlates with a variety of diseases and 

other health effects. A 2019 study in the journal Environment 

International examined 3,324 babies born in Colorado 

between 2005 and 2011 and found that, compared with 

control groups, congenital heart defects were 1.4 and 1.7 

times more likely in babies born to mothers in areas of 

medium and high unconventional gas drilling, respectively.61 

A 2017 study in PLOS One of Coloradans between birth and 

24 years old diagnosed with cancer between 2000 and 2013 

found that those between the ages of five and 24 were more 

than four times more likely to live in areas of heavy oil and 

gas drilling, compared to controls.62

On a national scale, PSR and Concerned Health Professionals 

of New York have collaborated to compile and summarize 

the substantial and growing number of scientific studies that 

have found serious health effects associated with oil and gas 

drilling. In the seventh edition (2020), they wrote,

 Public health problems associated with drilling and 

fracking include 

poor birth 

outcomes, 

respiratory 

impacts, cancer, 

heart disease, 

and mental health 

problems. Poor 

birth outcomes 

have been linked to 

fracking activities in 

multiple studies in 

multiple locations 

using a variety of 

methodologies. 

Studies of mothers 

living near oil and gas 

extraction operations 

consistently find impairments to infant health, especially 

elevated risks for low birth weight and preterm birth. 63

Low birthweight is a leading contributor to infant death in 

the United States.64

The Southwest Pennsylvania Environmental Health Project65 

and the Pennsylvania-based FracTracker Alliance66 have also 

examined studies of health impacts of unconventional oil 

and gas development and reached similar conclusions.

In addition to the findings in peer-reviewed studies, 

residents living near oil and gas operations have anecdotally 

reported experiencing illnesses that they believe are related 

to chemical exposures. Many residents have also expressed 

frustration over the secrecy surrounding chemicals used by 

the oil and gas industry.67 In 2020, Pennsylvania’s Attorney 

Frye Farms well pad in Windsor, CO. October 30, 2021. By permission of the photographer.

10 | PHYSICIANS FOR SOCIAL RESPONSIBILITY

WG Ex. 14

0555



General issued a report based on a criminal grand jury 

investigation of oil and gas drilling pollution in the Keystone 

State. In that state, drilling for gas in shale formations has 

surged over the past 15 years,68 vaulting Pennsylvania into 

the number two spot among gas-producing states (Texas 

is number one)69 and bringing many more Pennsylvanians 

into contact with gas drilling and its impacts. Based on 

testimony from over 70 households, the attorney general 

found that

 Many of those living in close proximity to a well pad 

began to become chronically, and inexplicably, sick. Pets 

died; farm animals that lived outside started miscarrying, 

or giving birth to deformed offspring. But the worst 

was the children, who were most susceptible to the 

effects. Families went to their doctors for answers, but 

the doctors didn’t know what to do. The unconventional 

oil and gas companies would not even identify the 

chemicals they were using, so that they could be 

studied; the companies said the compounds were “trade 

secrets” and “proprietary information.” The absence 

of information created roadblocks to effective medical 

treatment. One family was told that doctors would 

discuss their hypotheses, but only if the information 

never left the room.70

Fracking and Chemical Exposure as an 
Environmental Justice Issue

“Fenceline” communities – people living very close to oil 

and gas operations – often bear a disproportionate risk 

of exposure to toxic chemicals and may be particularly at 

risk from PFAS used in oil and gas extraction. Although 

drilling and fracking take place in the majority of U.S. 

states, not everyone shares in that risk equally. Rather, 

oil and gas infrastructure and associated chemicals are 

frequently located in or adjacent to poor, underserved, 

and marginalized communities, Indigenous communities, 

and other communities of color. For example, a 2019 

analysis conducted in Colorado, Oklahoma, Pennsylvania, 

and Texas found strong evidence that people of color 

disproportionately lived near fracking wells. 71 Where a 

pattern of risks affects people of color disproportionately, 

fracking should be viewed as an Environmental Justice issue.

One such issue may have occurred in 2018 in Greeley, 

Colorado, where an oil and gas company built a massive 

well pad housing 24 wells near Bella Romero Academy, 

an elementary school in a low-income community where 

82 percent of students were Latino, after abandoning an 

earlier plan to drill the wells near a charter school where 

most students were white and middle-class. A company 

spokesperson denied that the wells were located near Bella 

Romero Academy because of the racial background of the 

school’s students.72,73 An analysis of state data showed that 

in 2019, airborne benzene levels near the school exceeded 

health-based limits 113 times, including spikes during four 

full school days.74 Benzene is a known cause of leukemia.75

With Lax EPA Regulation, States Will Have 
to Address PFAS

Colorado and other state governments will likely have to 

take the lead in addressing PFAS pollution, whether from 

oil and gas operations or other sources. State action will 

be necessary because EPA has taken only modest steps to 

protect the public. In 2005, EPA reached a then-record $16.5 

million settlement with Dupont after accusing the company 

of violating the federal Toxic Substances Control Act (TSCA) 

by failing to disclose information about PFOA’s toxicity and 

presence in the environment.76 In 2006, EPA invited Dupont, 

3M and six other companies to join a “stewardship” program 

in which the companies promised to achieve a 95 percent 

reduction of emissions of PFOA and related chemicals by 

2010, compared to a year 2000 baseline. The agreement 

also required the companies to phase out emissions and 

use of these chemicals by 2015.77 In 2021, EPA says on 

its website that the companies reported that they had 

accomplished those goals either by exiting the PFAS industry 

or by transitioning to alternative chemicals.78 However, 

since the announcement of its PFAS stewardship program 

in 2006, EPA has allowed nearly unlimited use of closely 

related “replacement” chemicals in dozens of industries.79 

In response, in 2015 a group of more than 200 scientists 

raised health and environmental concerns that the new PFAS 

designed to replace PFOA and PFOS may not be safer for 

health or the environment.80

In October 2021, EPA announced a “strategic roadmap” 

for regulating PFAS that encompasses a goal to set federal 

drinking water standards for several PFAS chemicals by 2023 

as well as commitments to “use all available regulatory and 
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permitting authorities to limit emissions and discharges from 

industrial facilities” and “hold polluters accountable.”81 The 

plan does not include an examination of PFAS use in the oil 

and gas industry. (Later that month, 15 members of the U.S. 

House of Representatives asked EPA to examine this topic.82 

The month before, PSR asked EPA to collect data on PFAS use 

in oil and gas extraction, utilizing its authority under TSCA.83)

EPA’s record of lax regulation suggests that at least in the 

short term, state and local governments will have to play 

leading roles to protect the public from these dangerous 

chemicals. In addition, Congress and the executive branch 

have exempted the oil and gas industry from major 

provisions of multiple federal environmental laws. For 

example, oil and gas waste is exempted from the hazardous 

waste rules that require cradle to grave tracking and safe 

handling under the Resource Conservation and Recovery 

Act. These exemptions also place the burden on state 

governments to address any PFAS pollution associated 

with oil and gas extraction.84 State and local governments 

should draw on growing research about PFAS’ risks to better 

regulate these dangerous chemicals. Among the recent 

published papers is a peer-reviewed analysis showing that 

many PFAS are immediately replaceable with less persistent 

and less toxic substances, including in the oil and gas 

industry.85
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To protect human health and the environment, multiple 

reforms are needed in Colorado’s disclosure rules. Besides 

reforming the overly generous trade secret provisions, the 

state should address multiple exemptions that allow the oil 

and gas industry to maintain a veil of secrecy over its use of 

dangerous chemicals.

One such reform should involve requiring public disclosure 

of all chemicals used in oil and gas extraction, not just 

those used in fracking. Currently, Colorado requires well 

operators to compile inventories of at least some chemical 

products used in techniques other than fracking, but these 

provisions do not require public disclosure or provide a way 

for the public to access the information. Well operators are 

required to maintain Material Safety Data Sheets (MSDS), 

which originate with chemical manufacturers and indicate 

health and physical hazards (e.g. flammability) of a chemical 

product.86 Between 2009 and 2020, Colorado required 

that companies maintain MSDS documents for chemical 

products “brought to a well site for use downhole during 

drilling, completion, and workover operations….”87 (The term 

“workover operations” refers to the repair or stimulation 

of an existing production well for the purpose of restoring, 

prolonging or enhancing the production of gas or oil.88) These 

records had to be kept on file and available for inspection by 

the Colorado Oil and Gas Conservation Commission – but not 

by the public – for at least five years.89

Since 2009, Colorado has also required oil and gas 

companies to maintain an inventory of chemical products 

(including MSDS, since 2021 called Safety Data Sheets) used 

downhole at each well site.90 The inventory applies to any 

chemical product in use or in storage at a well site in an 

amount greater than 500 pounds of cumulative maximum 

weight of the product present at the site during a quarterly 

reporting period.91 The companies must maintain this list 

“in a readily retrievable format at the Operator’s local field 

office”92 and must keep it for five years after plugging and 

abandonment of the associated well or following closure of 

an associated oil and gas site.93

Access to these records is limited, as they are held by well 

operators, not the state. Therefore, they are not public 

records that would otherwise be subject to the Colorado 

Freedom of Information Act which defines “public records” 

in part as “all writings made, maintained, or kept by the 

state….”94 The only explicit scenarios under the rules in 

which people other than oil and gas companies can access 

these records apply to government officials, emergency 

responders, and health professionals.95 A physician, 

physician assistant, nurse practitioner, registered nurse, 

or emergency medical technician licensed by the State of 

Colorado has the right to these records for the purpose 

of diagnosis or treatment of someone who may have 

been exposed to a chemical used at an oil and gas site.96 

Emergency responders and other government officials may 

request the chemical information in defined circumstances 

including “as a result of a spill or release, a complaint from 

a potentially adversely Affected Person, or when necessary 

to protect and minimize adverse impacts to public health, 

safety, welfare, the environment, and wildlife resources.”97 

The specific names of chemical products and/or constituents 

of these products listed in a chemical inventory or covered by 

an MSDS can be withheld as trade secrets.98

Another impediment to the public’s right to know is that 

individual PFAS are not commonly listed on MSDS. This is 

the case even in products such as firefighting foam in which 

PFAS may be a major ingredient.99 Therefore, even if the 

public could access records related to oil and gas chemicals 

used in Colorado, the records might not show that PFAS 

were being used at well sites when, in fact, they were. The 

omission of PFAS from MSDS may be related to MSDS rules 

that, according to Harvard researchers, require listing only of 

“hazardous” chemicals that have been studied for workplace 

exposure.100 If PFAS have not been studied for such exposure, 

then manufacturers would not have to list them. The same 

researchers noted that federal regulations state that “there 

is no requirement to test the chemical to determine how to 

classify its hazards.” Instead, chemical manufacturers can 

rely on existing scientific literature.101 If the literature did 

Colorado Disclosure Rules: In Need of  
Sweeping Reform
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not establish hazards associated with particular PFAS, these 

substances would not have to be listed on an MSDS. Finally, 

if a chemical product containing PFAS were used at a well 

in quantities weighing less than 500 pounds, it would not 

have to be reported on the chemical inventory.102 Colorado 

should amend its rules to require disclosure of all individual 

chemicals used in oil and gas extraction, with no exceptions 

for trade secrets and no minimums placed on the weight or 

quantity of the chemicals to be disclosed. The public needs a 

full accounting of chemicals used at well sites.

Oil and gas companies have argued that chemical trade 

secrets are necessary to protect their intellectual property 

from competitors. However, this interest does not have to 

mean a complete lack of information on chemical identities 

for scientists, regulators, and the general public.

California has produced more oil than Colorado over the 

past five years103 and also began requiring full disclosure 

of fracking chemicals, without trade secret exemptions for 

individual chemical constituents, in 2015.104 The methodology 

utilized in California is consistent with a recommendation 

issued in 2014 by an advisory panel to the U.S. Department 

of Energy.105 The panel suggested that fracking chemicals 

injected into each well should be disclosed in a random-

order list in which the chemicals are listed but disassociated 

from the trade name of the commercial products they are 

part of. This form of disclosure would enable the public to 

know all the chemicals used in fracking without disclosing to 

rival chemical manufacturers the exact components of any 

proprietary formulas.106 California also has a process where 

state regulators review secrecy requests from chemical 

companies to determine whether the information must be 

kept proprietary.107 Health and safety data related to fracking 

fluids are not allowed to be kept from the public.108

Colorado should also ensure that full chemical disclosure is 

required from all of the companies in the chemical supply 

chain, including especially the chemical manufacturers. 

Currently, Colorado rules require chemical disclosure only 

from companies further down the supply chain, such as 

well operators, service providers, and vendors.109 Chemical 

manufacturers are implicitly exempted, despite being 

the only entity that always knows the contents of the 

chemicals they produce. Evidence suggests that chemical 

manufacturers do not always tell companies further down 

the supply chain the full contents of the chemical products 

they are using; rather, they provide these companies with 

vague descriptions, generic chemical family names, or MSDS 

with an incomplete list of chemicals.110 In such cases, the end 

users may legitimately be unable to disclose all the identities 

of chemicals used at a particular well – including PFAS – 

whether under trade secret protection or not. They simply 

would not have the information. Requiring disclosure of oil 

and gas chemicals from chemical manufacturers would avoid 

this problem.
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Recommendations
In light of these findings, PSR recommends the following:

• Halt PFAS use in oil and gas extraction. Colorado 

and EPA should prohibit PFAS from being used, 

manufactured, or imported for oil and gas extraction. 

Many PFAS are immediately replaceable with less 

persistent and less toxic substances, including in the oil 

and gas industry.

• Expand public disclosure. Colorado should greatly 

expand its requirements for public disclosure of oil and 

gas chemicals. The state could readily follow the example 

offered by California, a major oil producer that prohibits 

the use of trade secret claims for fracking chemicals. 

Colorado should also require disclosure of other 

chemicals used in oil and gas drilling and extraction, with 

no minimums placed on the weight or quantity of the 

chemicals to be disclosed. The state should also require 

disclosure from chemical manufacturers.

• Increase testing and tracking. Colorado and/or the 

Environmental Protection Agency should determine 

where PFAS have been used in oil and gas operations in 

the state, and where related wastes have been deposited 

and should test nearby water, soil, flora, and fauna for 

PFAS.

• Require funding and cleanup. Oil and gas and chemical 

firms should be required to fund environmental testing 

and evaluation where these are needed, and should 

PFAS be found, also be required to fund cleanup. If water 

cleanup is impossible, the companies responsible for the 

use of PFAS should pay for alternative sources of water 

for drinking and agriculture, as needed.

• Limit or ban drilling and fracking. Given the use of 

highly toxic chemicals including PFAS in oil and gas 

extraction, Colorado and local governments should 

prohibit drilling, fracking, and disposal of related wastes 

in areas relatively unimpacted by oil and gas pollution 

and should increase protections in already-impacted 

regions. When doubt exists as to the existence or danger 

of contamination, the rule of thumb should be, “First, do 

no harm.”
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http://buckeyefire.com/wp-content/uploads/2019/01/Buckeye-C6-3-
MIL-SPEC-AFFF-SDS.pdf.

100 Kate Konschnik et al. Legal Fractures in Chemical Disclosure Laws: 
why the voluntary chemical disclosure registry FracFocus fails as 
a regulatory compliance tool. Harvard Law School. Environmental 
Law Program Policy Initiative (2013), at 5. Accessed Jan. 12, 
2022, at https://blogs.harvard.edu/environmentallawprogram/
files/2013/04/4-23-2013-LEGAL-FRACTURES.pdf. U.S. Department 
of Labor. Occupational Safety and Health Administration. Hazard 
Communication Standard. 29 CFR § 1910.1200; 2017.

101 Kate Konschnik et al. Legal Fractures in Chemical Disclosure Laws: 
why the voluntary chemical disclosure registry FracFocus fails as 
a regulatory compliance tool. Harvard Law School. Environmental 
Law Program Policy Initiative (2013), at 5. Accessed Jan. 12, 
2022, at https://blogs.harvard.edu/environmentallawprogram/
files/2013/04/4-23-2013-LEGAL-FRACTURES.pdf. U.S. Department 
of Labor. Occupational Safety and Health Administration. Hazard 
Communication Standard. 29 CFR § 1910.1200; 2017.

102 2 CCR 404-1. 200 Series. § 206(d)(1-2) (effective date Jan. 15, 2021).

103 U.S. Department of Energy. Energy Information Administration. 
Petroleum & Other Liquids. Crude Oil Production, Annual-Thousand 
Barrels. Accessed Jan. 12, 2022, at https://www.eia.gov/dnav/pet/
pet_crd_crpdn_adc_mbbl_a.htm.

104 Cal. Public Resources. § 3160 (j)(2)(A) (providing that 
“Notwithstanding any other law or regulation, none of the following 
information shall be protected as a trade secret…The identities of 
the chemical constituents of additives [in well stimulation treatment 
fluids], including CAS identification numbers.”
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105 U.S. Department of Energy. Secretary of Energy Advisory Board 
Task Force Report on FracFocus 2.0 (Mar. 28, 2014). Accessed Jan. 
12, 2022, at https://www.energy.gov/sites/default/files/2014/04/
f14/20140328_SEAB_TF_FracFocus2_Report_Final.pdf.

106 U.S. Department of Energy. Secretary of Energy Advisory Board 
Task Force Report on FracFocus 2.0 (Mar. 28, 2014). Accessed Jan. 
12, 2022, at https://www.energy.gov/sites/default/files/2014/04/
f14/20140328_SEAB_TF_FracFocus2_Report_Final.pdf.

107 Cal. Public Resources. § 3160 (j)(5-7).

108 Cal. Public Resources § 3160 (j)(2).

109 2 CCR 404-1. 200 Series § 208(c) (effective date Jan. 15, 2021).

110 For example, in 2014, four attorneys with years of experience 
litigating oil and gas-related cases in Pennsylvania filed a petition 
with the state Commonwealth Court suggesting manufacturers 
often withhold chemical identities from other companies in the 

supply chain. See Petitioners’ pleading filed in Robinson Twp. v. 
Commonwealth, Docket No. 284 MD 2012 (June 9, 2014), at 13 
FN5 (on file with PSR). The attorneys provided as support a record 
filed in a separate case by well operator Range Resources in which 
Range suggested that it was relying on Material Safety Data Sheets 
from manufacturers to reply to a request for the chemicals used 
to fracture or stimulate its wells. “The MSDS are often useful for 
developing some understanding of what is in a particular chemical 
or product,” Range wrote. “However, they vary widely in terms of 
usefulness. Some manufacturers include very little information 
about the actual components of a particular product. As a result, 
Range is currently in the process of seeking additional information 
from manufacturers that have failed to provide enough information 
about their products in the MSDS.” See Kiskadden v. Department 
of Environmental Protection v. Range Resources – Appalachia, LLC. 
Docket No. 2011-149-R. Permittee Range Resources – Appalachia, 
LLC’s Amended Responses and Objections to Appellant’s Request 
for Production of Documents and Request for Admission. Filed with 
Commonwealth of Pennsylvania Environmental Hearing Board (April 
24, 2013) (on file with PSR).
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Previously unpublicized information unearthed by 

Physicians for Social Responsibility (PSR) shows that a class 

of extremely toxic and persistent chemicals known as PFAS 

has been used in Ohio’s oil and gas wells since at least 2013. 

However, gaps in Ohio’s disclosure rules prevent the public 

from knowing how widely PFAS – or other toxic chemicals – 

have been used in oil and gas drilling and extraction. These 

findings raise concerns that Ohioans may unknowingly be 

exposed to highly hazardous substances.

PSR analyzed industry data recorded in FracFocus, one of 

two official repositories for Ohio’s required disclosure of 

chemicals used in hydraulic fracturing (“fracking”) and found 

that PFAS have been used in Ohio wells for fracking. The 

affected wells are located in eight Ohio counties: Belmont, 

Carroll, Columbiana, Guernsey, Harrison, Jefferson, Monroe, 

and Washington.

In addition, Ohioans could be exposed to PFAS through 

billions of gallons of wastewater from oil and gas wells 

in Ohio, Pennsylvania, and West Virginia that have been 

injected into Ohio’s 245 underground injection disposal wells, 

taken to centralized waste treatment facilities, or spread on 

roads for de-icing or dust suppression. Pennsylvania records 

show that between 2012 and 2022, eight wells in that state 

that had been fracked with PFAS sent their drilling and 

fracking wastewater to a centralized waste treatment facility 

in Warren and to injection disposal wells located in 18 other 

Ohio towns.

However, the number of definitively identified cases of 

PFAS use may significantly underrepresent the use and 

presence of PFAS in the state associated with oil and gas 

operations. That is in large part because Ohio law allows oil 

and gas companies to withhold fracking chemical identities 

from the public and regulators by claiming them as a “trade 

secret.” Between 2013 and 2022, companies claimed trade 

secret privileges in 2,164 wells across 17 Ohio counties. 

Furthermore, while Ohio is one of two states that require oil 

and gas companies to publicly disclose at least some of the 

chemicals used in drilling that precedes fracking, Ohio also 

allows the companies to withhold these drilling chemical 

identities from the public and regulators by claiming them as 

a “trade secret.” Records show that oil and gas companies in 

Ohio have used this provision to conceal such identities.

By shielding from public view the chemicals injected into  

oil and gas wells, these disclosure gaps raise the potential 

that Ohioans may be exposed to PFAS and other toxic 

chemicals from hundreds or even thousands of oil and  

gas production wells.

Among our key findings are:

• PFAS have been used in oil and gas extraction in Ohio 

over the past decade.

• Trade secrets make it extremely difficult to determine 

how extensively PFAS (and other highly toxic chemicals) 

have been used in Ohio. PSR’s analysis of industry data 

analysis revealed that, between 2013 and 2022, Ohio 

well operators claimed at least one fracking chemical as 

a trade secret in 2,164 oil and gas wells located across 17 

counties totaling 162 million pounds.

• It is likely that there is more PFAS use than has 

been reported. A peer-reviewed oil and gas industry 

journal said in 2008 that a type of PFAS known as 

fluorosurfactants had been used for oil and gas 

extraction “for four decades.” In 2020, a scientific paper 

indicated that fluorosurfactants have been used in oil 

and gas extraction globally since 1956. In a report PSR 

published in 2021, we found that between 2012 and 

2020, oil and gas companies had used PFAS or PFAS 

precursors, most of them fluorosurfactants, for fracking 

in more than 1,200 wells in six states. Yet, in examining 

records for the similar period 2013 to 2022, we found 

no reports of the use of fluorosurfactants in Ohio. This 

improbable absence may reflect oil and gas companies’ 

extensive use of trade secret confidentiality claims.

• Of the Ohio wells for which oil and gas firms withheld 

chemical identities as trade secrets over the past decade, 

almost 700 had been injected with chemicals identified 
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as “surfactants” totaling almost 21 million pounds. Some 

of these may be fluorosurfactants.

• PFAS pollution of groundwater, surface water and air 

in Ohio is possible wherever these substances have 

been used at oil and gas wells and wherever oil and 

gas wastewater containing PFAS has been disposed of. 

This includes disposal in injection wells, shipment to 

wastewater treatment plants, and spreading on roads. 

• This variety of potential pathways to exposure raises 

concerns that PFAS could endanger the environment  

and people’s health. 

In light of these findings, PSR recommends the following:

• Halt PFAS use in oil and gas extraction. Ohio should 

follow the lead of Colorado, a major oil- and gas-producing 

state which took this action through legislation passed in 

June 2022. Furthermore, Ohio and the U.S. Environmental 

Protection Agency (EPA) should prohibit PFAS from being used, 

manufactured, or imported for oil and gas extraction. Many 

PFAS are immediately replaceable with less persistent and less 

toxic substances, including in the oil and gas industry.

• Expand public disclosure. Ohio should greatly expand its 

requirements for public disclosure of oil and gas chemicals. 

The state could again follow the example offered by 

Colorado by requiring disclosure of all individual chemicals 

used in oil and gas wells without exceptions for trade 

secrets while requiring disclosure on the part of chemical 

manufacturers, who best know what chemicals are being 

used. Ohio should also require fracking chemical disclosure 

prior to fracking, as have several states including California, 

West Virginia, and Wyoming.

• Increase testing and tracking. Ohio and/or the U.S. EPA 

should determine where PFAS have been used in oil and gas 

operations in the state and where related wastes have been 

deposited and should test nearby water, soil, flora, and fauna 

for PFAS.

• Require funding and cleanup. Oil and gas and chemical 

firms should be required to fund environmental testing 

and evaluation in their areas of operation where these are 

needed, and should PFAS be found, be required to fund 

cleanup. If water cleanup is impossible, the companies 

responsible for the use of PFAS should pay for alternative 

sources of water for drinking and agriculture, as needed.

• Reform Ohio’s regulations for underground injection 
disposal wells to prohibit wells close to underground 

sources of drinking water, to require groundwater 

monitoring for contaminants near the wells, and to require 

full public disclosure of the chemicals in the wastewater.

• Limit or ban drilling and fracking. Given the use of highly 

toxic chemicals, including but not limited to PFAS, in oil and 

gas extraction, Ohio should prohibit drilling, fracking, and 

disposal of related wastes in areas relatively unimpacted 

by oil and gas pollution and should increase protections in 

already-impacted regions. The state should empower local 

governments to take such action, too. When doubt exists 

as to the existence or danger of contamination, the rule of 

thumb should be, “First, do no harm.”
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 a. Man-made and Dangerous

Physicians for Social Responsibility (PSR) has identified 

evidence from industry sources that a highly dangerous class 

of chemicals, known as per- and polyfluoroalkyl substances 

(PFAS), has been used in Ohio oil and gas wells* for hydraulic 

fracturing (“fracking”). The wells definitively known to have 

been injected with PFAS between 2013 and 2022 are located 

in eight Ohio counties: Belmont, Carroll, Columbiana, 

Guernsey, Harrison, Jefferson, Monroe, and Washington. 

However, the wells PSR was able to identify may significantly 

underrepresent the extent of PFAS use in the state.

PFAS are a class of thousands of man-made chemicals known 

for having properties that are valuable in multiple contexts, 

including being slippery, oil- and water-repellant, and able 

to serve as dispersants or foaming agents.1 PFAS have 

been called “perfluorinated chemicals” and “polyfluorinated 

compounds,” or PFCs, though the term currently preferred 

by EPA is PFAS.2

The first PFAS to be sold commercially was created by a 

chemist at Dupont and was patented as Teflon. Since 1949, 

it has been used in thousands of products, from nonstick 

cookware to waterproof clothing to plastics to dental 

floss.3 Other PFAS chemicals, the most prominent of which 

are known as PFOA and PFOS, have been used in food 

packaging, fire-fighting foam, and in 3M’s widely used fabric 

protector, Scotchgard.4 The U.S. Environmental Protection 

Agency (EPA) reports that there are currently about 650 

types of PFAS in commerce.5 Weak chemical disclosure 

laws make it difficult for the Agency to identify which PFAS 

chemicals are used, and where.

EPA and other regulators have identified PFAS as a serious 

threat to health and the environment.6 As early as the 1960s 

and 1970s, researchers inside Dupont and 3M became 

aware that the PFAS they were manufacturing or using were 

associated with health problems including cancers and birth 

defects, had accumulated in virtually every human being, 

and persisted in the environment.7 Many of these facts, 

kept internal by the companies, came to light after attorney 

Rob Bilott filed lawsuits in 1999 and 2001 accusing Dupont 

of causing pollution in and around Parkersburg, West 

Virginia with PFOA, a type of PFAS used in making Teflon.8 In 

December 2011, as part of Dupont’s settlement of the 2001 

lawsuit, a team of epidemiologists completed a study of the 

blood of 70,000 West Virginians and found a probable link 

between PFOA and kidney cancer, testicular cancer, thyroid 

disease (over- or under-production of hormones by the 

thyroid gland), high cholesterol, pre-eclampsia (a potentially 

dangerous complication during pregnancy characterized 

by high blood pressure and signs of damage to other organ 

systems, most often the liver and kidneys), and ulcerative 

colitis (a disease causing inflammation and ulcers in the 

large intestine or colon).9

PFAS are also extremely mobile in water,10 and in October 

2021, EPA announced a “strategic roadmap” for regulating 

PFAS that encompasses a goal to set federal drinking 

water standards for PFOA and PFOS by 2023.11 In June 

2022, reflecting the growing concern about PFAS, EPA 

significantly lowered its health advisory level for PFOA and 

PFOS in drinking water. Previously, in 2016, EPA had set 

the combined health advisory level for these chemicals at 

70 parts per trillion.12 “The new published peer-reviewed 

data and draft EPA analyses…” EPA wrote in June 2022, 

“indicate that the levels at which negative health outcomes 

could occur are much lower than previously understood.”13 

EPA set its new interim health advisory level for PFOA in 

drinking water to 0.004 parts per trillion and its interim 

health advisory level for PFOS to 0.02 parts per trillion.14 EPA 

also set new final health advisory levels for two other PFAS 

known as Gen X (10 parts per trillion) and PFBS (2,000 parts 

per trillion).15 EPA said that its interim health advisory levels 

are intended to provide guidance until enforceable drinking 

water regulations for PFAS take effect.16 

EPA’s new health advisory levels mean that the toxicity of 

PFOA is almost beyond comprehension. Under EPA’s levels, 

* Gas, the principal component of which is methane, is also known as “natural” gas, “fossil” gas and “fracked” gas.
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five measuring cups of PFOA could contaminate about 140 

trillion gallons of water, more than the estimated 128 trillion 

gallons of water in Lake Erie17 or the amount of water that 

New York City would use during 107,500 days at its current 

consumption rate of 1.3 billion gallons per day.18

 b. Persistent and Widespread in the Environment

PFAS are not only highly toxic; they also demonstrate extreme 

persistence in the environment. PFAS’ nickname “forever 

chemicals” reflects their chemistry – created by chemical 

manufacturers – that features a bond between fluorine and 

carbon atoms that is among the strongest in chemistry and 

rarely if ever exists in nature. The result: chemicals that are 

extremely resistant to breaking down in the environment.19

Evidence has mounted over the years of cases of PFAS 

pollution from a variety of sources, including in Ohio. Under 

the state’s PFAS Action Plan launched in 2019, the Ohio EPA 

has coordinated water sampling for six types of PFAS in 

almost 1,550 public water systems.20 The state used as its 

action levels the EPA health advisory levels for PFOA and PFOS 

set in 2016 and the state’s own levels for four other types 

of PFAS.21 The testing found detectable levels of PFAS in 106 

public drinking water systems, two of which, in Aullwood and 

Bridgeport, exceeded the state’s action levels.22 However, in 

many of the cases that did not exceed the state’s action levels, 

the detected levels of PFOA and PFOS greatly exceeded the 

new interim health advisory levels set by EPA in June 2022.23 

Also in June 2022, the Ohio River Valley Water Sanitation 

Commission, an interstate commission representing Ohio, 

seven other states and the federal government, released 

results of a study on PFAS levels in the Ohio River, which 

borders Ohio for hundreds of miles. In the study, scientists 

sampled water from 20 locations on the Ohio River, including 

nine that bordered Ohio, as well as water from locations in 

two tributaries. The scientists found multiple PFAS at each 

testing site. At 19 sites they found PFOA with concentrations 

ranging from 4.88 parts per trillion to 12.90 parts per trillion24 

– at least 1,220 times EPA’s interim safe level.

While these levels of PFOA in the Ohio River are cause for 

concern, they do not necessarily mean that drinking water 

will be contaminated, thanks to the potential removal of the 

contaminants during treatment.25 However, Louisville radio 

station WFPL reported that at least on the Kentucky side of 

the Ohio River, some public drinking water providers did not 

have the ability to remove PFAS from drinking water.26 On 

a webpage dated 2022, the Greater Cincinnati Water Works 

reported that PFOA and three other types of PFAS were “not 

detected” in drinking water from the Ohio River. However, 

some earlier test results on the website, including one from 

earlier in 2022, appear to show levels of detected PFOA and 

PFOS that are higher than EPA’s new interim health advisory 

levels.27 A representative of Greater Cincinnati Water Works 

said in an email in August 2022 that the detection levels of 

PFOA and PFOS were correct and that the agency would 

correct its erroneous statement that these forms of PFAS 

were “not detected.”28

EPA’s new advisory levels are non-binding, but concern over 

PFAS pollution has led eight states, though not Ohio, to 

develop enforceable standards for concentrations of several 

types of PFAS in drinking water.29 One of the most recent to 

act is Michigan, which set standards in 2020 for limiting PFAS 

in drinking water and for removing PFAS from groundwater. 

The standards apply to PFOA and six other forms of PFAS. 

Michigan’s maximum allowable level is no more than eight 

parts per trillion for PFOA,30 a standard that is one of the 

lowest among states but is now much more permissive than 

EPA’s health advisory. Even Michigan’s standard, however, 

shows how toxic PFAS can be. By extrapolation, Michigan’s 

standards suggest that five measuring cups of PFOA could 

contaminate more than 70 billion gallons of water – the 

amount of water needed to fill more than 106,000 Olympic-

sized swimming pools at about 660,000 gallons per pool.31 

The extreme potency of PFOA, as with other PFAS, indicates 

why health experts are concerned about even minute 

quantities of these chemicals.
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  a.Industry Data Reveal Use of PTFE,  
a PFAS Fluoropolymer

PFAS contamination has been associated with manufacturing 

facilities, airports, and military bases where firefighting 

foams and other industrial chemicals that contain the 

chemicals have been used, according to Wright State 

University Professor of Earth and Environmental Sciences 

Abinash Agrawal, who spoke with the Dayton Daily News in 

2021 in response to Ohio’s PFAS testing program.32 However, 

oil and gas operations in the state may be an additional 

source of contamination.

To identify whether and where PFAS were used in Ohio,  

PSR analyzed self-reported industry data recorded in 

FracFocus, a database for the oil and gas industry33 

maintained by the Groundwater Protection Council,34  

a nonprofit comprised of regulators from state agencies. 

PSR used the open-source version of FracFocus, Open-FF, 

that is more accurate and informative than the original 

 Oil and Gas Companies Used PFAS in OhioCh. 2

Ohio Oil & Gas Wells Fracked with PTFE and Trade Secret Chemicals, 2013-2022

This map shows the location of oil and gas wells in Ohio known to have been fracked between 2013 – 2022 using PTFE, trade secret 
chemicals, and/or trade secret surfactants. An interactive version of the map is available at https://ft.maps.arcgis.com/apps/webappviewer/
index.html?appid=4fe19ca9a17141a6a1f5ac35728ac0fa.
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version of FracFocus.35

Our analysis of the industry’s own entries shows that oil and 

gas companies used the PFAS polytetrafluoroethylene (PTFE) 

in 101 oil and gas wells in eight Ohio counties between 2013 

and 2022. It is unclear for what purpose the PTFE was used; 

however, PTFE, which is marketed as Teflon, is known for its 

slipperiness, and fracking chemicals are sometimes used as 

friction reducers.36 The locations of the wells where PTFE was 

used are indicated in the map on page 3 and tables on the 

pages 8 and 9.

PTFE is a fluoropolymer. Fluoropolymers are a type of 

plastic.37 Scientists’ and environmentalists’ major concerns 

about PTFE and other fluoropolymers are not related 

so much to these substances themselves but rather the 

associated impacts of their production, use, and disposal, 

according to a 2020 scientific report.38 The production of 

PTFE and other fluoropolymers relies on other, highly toxic 

PFAS that are used as production aids. As the paper noted, 

these other PFAS have included fluorosurfactants such as 

PFOA, whose risks are discussed in the previous chapter, and 

GenX, which is similarly harmful and has replaced PFOA in 

fluoropolymer production.39 (PFOA has been phased out as a 

manufacturing aid in the U.S. but is still used in Asia.)40 PTFE 

and other fluoropolymers can contain these more toxic PFAS 

fragments as impurities that can leach out of the PTFE during 

use.41 PTFE may also generate other PFAS if the PTFE breaks 

down under heat.42 The authors of the 2020 paper noted that

 The levels of leachables…in individual fluoropolymer 

substances and products depend on the production 

process and subsequent treatment processes; a 

comprehensive global overview is currently lacking.43

In addition, the authors noted that the persistence in the 

environment of PTFE and other fluoropolymers could pose 

problems during disposal. “Landfilling of fluoropolymers leads 

to contamination of leachates with PFAS and can contribute to 

release of plastics and microplastics,” they wrote.44 One of the 

authors added in an email to PSR that if PTFE were used in oil 

and gas wells that have especially high temperatures, it could 

undergo a process called “thermolysis” and generate toxic 

PFAS called perfluoroalkyl carboxylic acids (PFCAs). As a result, 

he wrote, “there could be some additional problems that need 

some investigation.”45 In 2021, a coalition of environmental 

groups including the Center for Environmental Health, 

Clean Water Action, Ecology Center, Environmental Working 

Group, Natural Resources Defense Council, Safer States, and 

the Sierra Club shared similar concerns, based on multiple 

scientific articles, regarding the risks of fluoropolymers such 

as PTFE. The groups also noted that fluoropolymers are 

manufactured with chemicals that have an outsized negative 

effect on climate change.46 Disclosure gaps in Ohio law 

discussed below may prevent scientists and the public from 

knowing the extent of PTFE use in oil and gas operations.

 b.  Curiously Absent: Disclosure of PFAS 
Fluorosurfactants

PSR’s findings of PFAS use in Ohio are based on oil and gas 

company operators’ records in FracFocus, a database for 

the oil and gas industry.47 Under Ohio law, operators must 

disclose in the FracFocus database the name of chemical 

products used in fracking and each individual component 

chemical used in each product.48 They must also disclose 

each chemical’s Chemical Abstracts Service (CAS) number, 

if available.49 CAS numbers are unique numeric identifiers 

assigned to each chemical by the American Chemical Society. 

They are the most accurate way to identify chemicals, as a 

chemical can have multiple names or trade names but only 

one CAS number.50

Our analysis of FracFocus records also examined the use of 

fluorosurfactants, sometimes called fluorinated surfactants, in 

fracking in Ohio. Fluorosurfactants are part of a larger group 

of chemicals known as “surfactants” that are commonly used 

in fracking.51 According to EPA, surfactants lower the surface 

tension of a liquid, the interaction at the surface between two 

liquids (called interfacial tension), or that between a liquid and 

a solid.52 While surfactants are commonly used in fracking,53 

fluorosurfactants are said to be “superior in their aqueous 

surface tension reduction at very low concentrations and are 

useful as wetting and leveling agents, emulsifiers, foaming 
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agents, or dispersants.”54 Fluorosurfactants encompass the 

dangerous chemicals PFOA and PFOS, as well as hundreds 

of other less-studied replacement chemicals and mixtures.55 

Some are known to be extremely toxic to people,56 could 

be harmful to animals,57 and are expected to persist in the 

environment.58 As indicated previously, fluorosurfactants 

are also used to manufacture PTFE and are of even greater 

concern than PTFE itself.

A variety of industry sources suggest that fluorosurfactants 

are commonly used in oil and gas extraction. In July 2021, 

PSR found that according to FracFocus data, between 2012 

and 2020, oil and gas companies used PFAS or chemicals 

that could break down into PFAS in fracking in more than 

1,200 wells in six states. Most were fluorosurfactants.59 In 

2020, an article published in Environmental Science: Processes 

and Impacts showed that since 1956, PFAS, including 

fluorosurfactants, had been used or proposed to be used 

globally in oil and gas extraction techniques including 

chemical-driven gas production, chemical flooding, fracking, 

and the drilling that precedes fracking and other oil and gas 

production techniques.60 And in 2008, two authors, one of 

whom was identified as an employee at DuPont, wrote in the 

peer-reviewed Open Petroleum Engineering Journal that the use 

of fluorosurfactants was relatively common in the oil and gas 

industry and that their use was about to surge. They referred 

to fluorosurfactants as an “emerging technology” and stated,

 While fluorosurfactants have been used in gas and oil 

exploration for four decades, the increased demand for 

petroleum and the greater understanding of the benefits 

of fluorosurfactants have led to growing acceptance for 

fluorosurfactants throughout the petroleum industry.61

Yet despite evidence of widespread and longstanding use 

of fluorosurfactants in oil and gas extraction, PSR did not 

find evidence of their use in Ohio, either in Open-FF or in 

other online sources. This surprising lack of evidence, as 

is discussed below, may be due to the significant gaps in 

reporting requirements for the oil and gas industry in Ohio, 

rather than the lack of use fluorosurfactant chemicals.

 c.  PFAS Joins a Roster of Dangerous Chemicals  
Used in Fracking

For years, scientists, advocates and regulators in Ohio and 

other states have raised concerns about the hundreds of 

industrial chemicals used in fracking of oil and gas wells, 

including potential threats to water resources and health. 

In fracking, energy companies inject into oil and gas wells a 

mixture of up to tens of millions of gallons of water, sand, 

and chemicals at high pressure to fracture underground rock 

formations, unlocking trapped oil and gas. The chemicals 

serve a variety of purposes including killing bacteria inside 

the wellbore, reducing friction during high-pressure fracking, 

and as gelling agents to thicken the fluid so that the sand, 

suspended in the gelled fluid, can travel farther into 

underground formations.62 In 2016, EPA published a study 

that identified 1,606 chemicals used in fracking fluid and/or 

found in fracking wastewater. While the agency found high-

quality information on health effects for only 173 of these 

chemicals, that information was troubling. EPA found that 

health effects associated with chronic oral exposure to these 

chemicals include carcinogenicity, neurotoxicity, immune 

system effects, changes in body weight, changes in blood 

chemistry, liver and kidney toxicity, and reproductive and 

developmental toxicity.63

Chemicals used in the drilling stage that precedes fracking 

can also pose health risks, including developmental toxicity 

and the formation of tumors, according to EPA regulators.64 

A disclosure form filed with the state of Ohio, shows that 

Statoil, Norway’s state oil company (since renamed Equinor), 

has used a neurotoxic chemical, xylene, in drilling.65

PFAS has joined the roster of potentially dangerous 

chemicals used in fracking. The use of PFAS in oil and gas 

production in Ohio was exposed in 2021,66 but PFAS may 

have been used more extensively than records indicate, both 

geographically and in additional methods or stages of oil and 

gas operations, such as drilling, that precede fracking and 

in other techniques known as enhanced oil recovery. PFAS 

used in these operations may add to the cumulative human 

exposure to PFAS from other sources.
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 Ohio’s Chemical Disclosure Laws Shield Chemical IdentitiesCh. 3

 a.  Ohio’s “Trade Secret” Law Shields Potentially 
Dangerous Substances, Including PFAS

The danger of exposure to unknown chemicals – PFAS and 

others – from oil and gas operations persists in Ohio. This 

is true, despite state rules enacted in 2010 and amended 

in 2012 that require public disclosure of fracking and 

drilling chemicals.67 The rules require that within 60 days of 

completing an oil or gas well, well operators disclose their 

fracking chemicals either to the Ohio Department of Natural 

Resources or to both the department and FracFocus.68 

Our analysis showed that about 90 percent of disclosures 

are made to both. Similarly, within the same 60-day time 

frame, well owners must disclose to the Department of 

Natural Resources, though not to FracFocus, chemicals 

intentionally added during the initial phase of drilling that 

precedes fracking. The identities of these drilling chemicals 

must include CAS numbers.69 This provision makes Ohio 

and Colorado70 the only states to require disclosure of at 

least some chemicals used in drilling. EPA has indicated 

that any chemicals used during the first stage of the drilling 

process would be highly likely to leach into groundwater 

since during this stage, drilling passes directly through 

groundwater zones71 before any casing or cement is placed 

in the well to seal it off from surrounding aquifers. The 

resulting potential for groundwater contamination makes 

public disclosure of chemicals used in drilling especially 

important.

Fire at the Eisenbarth Well operated by Statoil in Monroe County, Ohio, June 28-29, 2014. Credit: U.S. Environmental Protection Agency.
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On the face of it, these disclosure requirements sound 

effective; however, an important exception allows 

companies to avoid full and meaningful disclosure: The 

law allows chemical manufacturers, well operators and 

other companies in the chemical supply chain to withhold 

exact fracking and drilling fluid ingredient information 

if they deem it a “trade secret.”72 In place of specific 

fracking chemical identities, oil and gas companies often 

list generic chemical names such as “inorganic salt” and 

“proprietary surfactant.”73 Ohio’s drilling chemical records 

show some similar uses of generic chemical names, such 

as “phosphates,” “quaternary ammonium chloride,” and 

“amine derivative.” 74 Regrettably, the use of such vague 

descriptors can hide from public view the true identities of 

dangerous chemicals, including PFAS.

The use of trade secrets to conceal chemicals’ specific 

identities effectively undermines the public health benefits 

of disclosure by preventing health professionals, state 

regulators and the public from knowing where PFAS — or 

other toxic chemicals — have been used in oil and gas 

wells. In addition to allowing trade secret exemptions for 

fracking and drilling chemicals, Ohio does not require public 

disclosure of chemicals used in enhanced oil recovery or in 

other extraction techniques that are distinct from fracking 

per se. These regulatory gaps increase the potential that 

Ohioans could unknowingly be exposed to PFAS and other 

chemicals used during multiple phases and methods of oil 

and gas extraction.75

An example of potential exposure to trade secret chemicals 

occurred in 2014, when a fire at an oil and gas well in 

Monroe County resulted in the release of unknown 

chemicals used in oil and gas extraction into a tributary 

of the Ohio River. State and EPA officials did not learn the 

chemicals’ identities until five days later, after an estimated 

70,000 fish in the tributary had died.76 It is unclear whether 

firefighters who responded to the blaze ever learned the 

chemicals’ identities. “Firefighters, you know, we have 

this tradition of running in where people are running 

out,” retired Youngstown Fire Department Battalion Chief 

and hazardous materials expert Silverio Caggiano told 

Marketplace on NPR in 2017, commenting on the fire and 

the risks oil and gas chemicals pose to firefighters. “And 

without the knowledge of what’s in there, running in there 

may be turning us into victims as well.”77

According to an EPA report, trade secret chemicals spilled 

as a result of the fire, along with other chemicals. Fluids 

that may have contained the trade secret chemicals ran off 

the well pad into a tributary of the Ohio River, where an 

estimated 70,000 fish died.78

 b.  Extensive Use of ‘Trade Secret’ Claims Veils  
Actual Use

The lack of evidence of additional PFAS use in Ohio’s oil and 

gas wells may reflect, at least in part, extensive application 

of the trade secret provisions in Ohio’s chemical disclosure 

rules. PSR’s data analysis revealed that, between 2013 and 

2022, Ohio well operators claimed at least one fracking 

chemical as a trade secret in 2,164 oil and gas wells located 

across 17 counties. The trade secret chemicals used in Ohio 

over this roughly 10-year period totaled 162 million pounds.79 

(See Table 1, next page.) If even a small fraction of this weight 

were PFAS, that fraction could pose significant health and 

environmental risks.

In an effort to determine if any of these trade secret 

chemicals were PFAS, PSR examined whether any were listed 

as a surfactant. Surfactants, as noted above, encompass 

dangerous fluorosurfactants, some of which are extremely 

toxic to people80 and persistent in the environment.81  

We found thousands of cases of oil and gas companies 

using at least one trade secret chemical that they described 

as a surfactant. These occurred in 688 wells, spread across 

15 counties.82 (See Table 1) Operators’ names for these 

chemicals were vague, including “surfactant” and “surfactant 

blend.” These trade secret surfactants totaled almost 

21 million pounds. (See examples from individual wells 

in Table 2.) Should even a small percentage of them be 

fluorosurfactants, they could pose significant threats  

to human health and the environment.
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Companies using trade secret surfactants include prominent 

oil and gas producers (see Table 3). Among them are 

Chesapeake Energy Corp., once the second-leading gas 

producer in the U.S., that recently emerged from a multi-

billion-dollar bankruptcy;83 Statoil, now called Equinor, the 

Norwegian state-run oil and gas company84 whose well fire 

in Monroe County in 2014 appears in the photograph above; 

caused unknown chemicals to flow into a tributary of the 

Ohio River; and ExxonMobil, the nation’s largest publicly 

traded oil and gas company.85

Table 1. Disclosed Use in Fracking of Trade Secret Chemicals and PFAS in Ohio Oil  
and Gas Wells, 2013-2022

County 
Number of wells with 
at least one trade 
secret chemical

Weight of  
trade secret 
chemicals (lbs.)

Number of wells 
with at least 
one trade secret 
surfactant

Weight of 
trade secret 
surfactants (lbs.)

Number of 
wells with 
PTFE

Weight 
of PTFE 
(lbs.)

Ashland 2 5,880 2 4,140 0 0
Belmont 520 17,500,000 86 182,000 4 11
Carroll 295 58,200,000 172 12,700,000 46 263
Columbiana 45 7,480,000 19 1,190,000 12 58
Geauga 1 325 0 0 0 0
Guernsey 199 8,930,000 73 471,000 8 45
Harrison 398 41,100,000 139 4,660,000 18 101
Jefferson 277 15,100,000 94 1,140,000 6 58
Mahoning 2 9,010 2 322 0 0
Monroe 291 8,720,000 55 194,000 3 27
Morgan 2 97 0 0 0 0
Noble 111 4,280,000 30 125,000 0 0
Stark 3 1,880 3 1,100 0 0
Summit 2 1,130 2 663 0 0
Trumbull 7 185,000 4 3,750 0 0
Tuscarawas 6 667,000 4 162,000 0 0
Washington 3 180,000 3 65,800 4 23
Total 2,164 162,000,000 688 20,900,000 101 590

This table, based on FracFocus data, shows county-by-county the number of Ohio wells in which oil and gas companies injected at least 
one trade secret fracking chemical between 2013 and 2022, at least one trade secret surfactant, and/or PTFE. The total weight figures 
reflect the sum of all records for which we have enough information to calculate a chemical’s weight. However, the total weight figures 
represent an undercount because many fracking chemical disclosures lack sufficient data to perform this calculation.
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Table 2. Examples of Chemical Reporting on Individual Oil and Gas Wells in Ohio

Well Operator Well 
Number County

Year 
Fracking 
Completed

Chemical 
used in Well

CAS 
Number Trade Name

Weight of 
Chemical 
(lbs.)

Chesapeake Operating, Inc. 3408120636 Jefferson 2016 PTFE 9002-84-0 not reported 21
XTO Energy/ExxonMobil 3401320790 Belmont 2018 PTFE 9002-84-0 not reported 6

Chesapeake Operating, Inc. 3406721356 Harrison 2015 proprietary 
surfactant proprietary

report reflects 
a large set of 
products

250,244

Gulfport Energy Corporation 3411124769 Monroe 2021 surfactant proprietary not reported 13,114

Antero Resources Corporation 3411124413 Monroe 2014
alcohol 
ethoxylate 
surfactants 

proprietary Plexslick 953 5,192

This table shows a sample of specific wells injected with the types of fracking chemicals referenced in the larger table above, including trade 
secret surfactants such as the “alcohol ethoxylate surfactants” and “proprietary surfactant” as well as PTFE. The examples cover a range of 
years and represent wells fracked in several Ohio counties. Even the smallest mass shown for a proprietary chemical (5,192 pounds for a 
proprietary surfactant) would be a huge amount of PFAS if this proprietary chemical were PFAS.

Table 3. Oil and Gas Companies that Fracked the Most Wells in Ohio Using Trade Secret  
Surfactants, 2013-2022
Well Operator Number of wells with trade 

secret surfactants Total weight of trade secret surfactants (lbs.)

Chesapeake Operating, Inc. 270 20,000,000

Ascent Resources - Utica, LLC 164 111,000

Antero Resources Corporation 33 155,000

EAP Ohio LLC 32 114,000

American Energy Utica 26 22,300

Hess Corporation 22 5,780

Eclipse Resources I, LP 22 25,300

Gulfport Energy Corporation 16 39,300

Rice Drilling B, LLC 14 2,340

EQT Production 11 166,000

Southwestern Energy 10 76,300

CONSOL Energy Inc. 10 31,800

PDC Energy 8 7,980

Statoil USA Onshore Properties Inc. 7 7,400

XTO Energy/ExxonMobil 7 15,600

This table shows the fifteen oil and gas companies that fracked the greatest number of oil and gas wells in Ohio with trade secret 
surfactants between 2013 and 2022. Surfactants may be PFAS, given the widespread use in oil and gas wells of PFAS or potential PFAS 
known as fluorosurfactants. P
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 PFAS Use in Oil and Gas Operations Endangers Health in OhioCh. 4

 a. Multiple Potential Pathways to Exposure

The threats to health from chemicals used in oil and gas 

operations are well-documented. EPA in its 2016 national 

report on fracking and drinking water found that fracking-

related pollution could follow a number of pathways.  Even 

without examining water contamination impacts or risks 

from underground disposal wells,86 the agency cited the 

following possible pathways to exposure:

• spills of fracking fluid that seep into groundwater;

• injection of fracking fluid into wells with cracks in the casing 

or cement, allowing the fluid to migrate into aquifers (much 

of the fracking fluid can remain underground);

• injection of fracking fluids directly into groundwater;

• underground migration of fracking fluids through  

fracking-related or natural fractures;

• intersection of fracking fluid with nearby oil and gas wells,

• spills of wastewater after the fracking process is  

completed, and

• inadequate treatment and discharge of fracking wastewater 

to surface water supplies.87

Where PFAS are among the chemicals used in oil and gas 

extraction, they too could enter water supplies through one 

or more of these pathways, thus placing drinking water and 

agricultural water sources at risk. That risk is substantial, 

given PFAS’ characteristics: toxic in minuscule concentrations, 

linked to cancer, birth defects, pre-eclampsia, and other 

serious health effects, extremely mobile in water, and highly 

persistent in the environment.

In addition, toxicologist Dave Brown, former director of 

environmental epidemiology at the Connecticut Department 

of Health, noted in PSR’s July 2021 report on PFAS that PFAS 

used in oil and gas wells could follow airborne exposure 

routes. He warned that if PFAS were to enter drinking water, 

it could subsequently volatilize or become airborne inside 

homes. Brown also added another potential pathway for 

airborne exposure: PFAS could become airborne when gas is 

burned off during flaring at the wellhead.88

 b.  Spills of Fluid, Disposal of Wastewater Raise 
Pollution Concerns

When PFAS are used at oil and gas well sites, there is a real 

risk of contamination and exposure due to spills and other 

accidents. Thousands of spills and accidents, and hundreds 

of cases of associated pollution, have been documented  

at oil and gas well sites.89 In 2017, for example, the news 

outlet EnergyWire reported  “at least 8,519 spills in 14 

producing states” in 2016, with the number of reported 

spills in Ohio at 51 in 2012, 103 in 2013, 38 in 2014, 76 in 

2015, and 53 in 2016.90

Another risk that is especially high in Ohio is that PFAS and 

other chemicals could pollute the environment through 

the disposal of fracking and/or drilling wastewater. Oil and 

gas wastewater can contain chemicals injected during the 

fracking process including trade secret chemicals91 and thus, 

potentially, PFAS. It can also contain naturally occurring toxics 

found underground such as radium, a radioactive element 

and known human carcinogen.92 The major destination for 

oil and gas wastewater in Ohio is underground injection 

disposal wells that are intended to hold the wastewater 

safely underground forever. According to an analysis of state 

data by FracTracker Alliance, Ohio has 245 of these wells 

that have become a major repository for wastewater not 

just from in-state oil and gas wells but also wells located in 

Pennsylvania and West Virginia.93 The volume of wastewater 

pumped into Ohio’s injection wells rose from 690 million 

gallons in 2013 to 12.7 billion gallons in 2020, according to 

a separate analysis of state data by FracTracker Alliance.94 

This is not surprising, given that wastewater volumes in Ohio 

average 2.3 million gallons per well.95

Meanwhile, researchers have known for decades that 

wastewater from disposal wells can migrate upward from 
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deep underground through nearby oil and gas wells that 

have ceased operating but have not been properly sealed 

off from the surrounding underground rock formation. 

This migrating wastewater can break out of the abandoned 

wells and contaminate groundwater located near the earth’s 

surface.96 Two different teams of researchers have estimated 

that Ohio has more than 150,000 abandoned oil and gas 

wells, only some of which have been plugged.97 These wells 

could serve as conduits for wastewater injected underground 

to migrate upward, where it could break out of the old wells 

and seep into ground or surface water.98 Ohio does not 

require groundwater monitoring near wastewater injection 

wells, so it could be difficult for people living near the 

injection wells to know if injected wastewater were migrating 

upward into groundwater.99

 c. Evidence of Wastewater Underground Migration

The years 2020 and 2021 witnessed at least two apparent 

major underground migrations of fracking wastewater from 

Ohio injection disposal wells. Both impacted or endangered 

water supplies. In January 2021, more than 1.6 million 

gallons of what appeared to be fracking wastewater flowed 

for four days from an unplugged oil and gas well idle since 

2012, in Noble County.100 A nearby tributary, Taylor Fork, 

was impacted by the spill, resulting in a fish kill. The cause 

A Class II injection well in North Portage County, OH. April 2019. Credit: Ted Auch, FracTracker Alliance, 2019. Aerial support provided  
by LightHawk.
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of the spill was unclear, but there were six active fracking 

wastewater injection wells in Noble County including three 

within four miles of the leaking oil and gas well. Another 

example occurred in September 2020 in Washington County, 

when fracking wastewater migrated at least five miles from a 

disposal well to gas-producing wells, causing state officials to 

worry about possible groundwater contamination.101 

Other, smaller incidents have also occurred. In August 

2021, Veto Lake, located less than a mile from the same 

Washington County disposal well mentioned in the preceding 

paragraph, became contaminated with oil. State officials 

did not know whether the contamination was connected to 

the disposal well, but one expert said it was possible.102 In 

November, the Parkersburg (WV) News & Sentinel indicated 

that the source of the oil was an abandoned oil and gas well 

in the lake that had been improperly plugged.103 In addition 

to these incidents, the state of Ohio told the news outlet 

StateImpact that there had been 65 spills of oil and gas 

wastewater between 2018 and 2020.104

 d.  Inadequacy of Waste Treatment and Water 
Treatment Facilities

Wastewater taken to Centralized Waste Treatment (CWT) 

facilities can also pose risks. According to EPA, a CWT facility 

“is generally defined as one that accepts industrial materials 

(hazardous or non-hazardous, solid, or liquid) generated at 

another facility (off-site) for treatment or recovery.”105 In a 

2018 review of the ability of CWT facilities to handle oil and 

gas (O&G) wastes, EPA found several causes for concern:

  Environmental and human exposure to pollutants in O&G 

wastewater can occur through multiple pathways related 

to treatment at CWT facilities. Environmental releases 

and human interactions with pollutants can occur 

from discharge of treated effluent to the environment, 

during transport to CWT treatment facilities, during CWT 

treatment itself, or through other waste streams such as 

sludge, spills, and fugitive emissions.106

EPA found that some facilities

  use treatment, such as chemical precipitation, that 

remove specific pollutants but provide little or no 

removal of the many other pollutants commonly found 

in these wastes. As a result, some facilities discharge 

much greater quantities of pollutants, such as total 

dissolved solids and chlorides, than others.107

One facility that appeared to fall in this category of 

inadequate wastewater treatment was a CWT unit in Warren, 

Ohio called Patriot Water Treatment, LLC. EPA found that 

“The facility does not have technologies for TDS [total 

dissolved solids] or chlorides removal.”108 Beginning in 2010, 

the Warren facility accepted oil and gas wastewater, primarily 

from Pennsylvania and West Virginia, partially treated it, and 

then paid the city of Warren to send it to the city’s sewage 

treatment plant, where it was subsequently discharged into 

the Mahoning River.109 In 2011, following an exposé by the 

New York Times about high levels of carcinogenic radium 

in fracking wastewater in Pennsylvania,110 the Pennsylvania 

Department of Environmental Protection asked oil and gas 

companies to voluntarily stop sending wastewater to public 

sewage treatment plants and commercial waste facilities in 

the state.111 However, the Warren plant continued to accept 

the wastewater from the Patriot CWT facility.112

In 2016, EPA prohibited publicly owned treatment works 

[POTWs] like Warren’s sewage plant from accepting 

wastewater from onshore oil and gas production “from 

shale and/or tight geologic formations,” the type of 

“unconventional oil and gas resources”113 that are typically 

drilled in Ohio, Pennsylvania, and West Virginia.114 EPA 

extended the deadline for compliance for some plants until 

2019.115 EPA acted in large part because wastewater from 

unconventional oil and gas extraction “can contain high 

concentrations of TDS [total dissolved solids], radioactive 

elements, metals, chlorides, sulfates, and other dissolved 

inorganic constituents that POTWs are not designed to 

remove” and these contaminants

  can be discharged, untreated, from the POTW to the 

receiving stream; can disrupt the operation of the POTW 

(e.g., by inhibiting biological treatment); can accumulate 
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in biosolids (sewage sludge), limiting their beneficial 

use; and can facilitate the formation of harmful DBPs 

[disinfection byproducts].116 

Indeed, environmental advocates uncovered emails showing 

that a Warren official believed that the wastewater from 

Patriot was so high in TDS and salts that it was compromising 

Warren’s ability to treat its waste.117 In 2017, Warren stopped 

accepting oil and gas wastewater from Patriot, following a 

lawsuit by the Freshwater Accountability Project alleging that 

the plant was violating its discharge permits under the Clean 

Water Act.118 Under EPA’s rule, drilling companies can still 

send wastewater from unconventional wells to CWT facilities 

like Patriot, but the water cannot be sent on to POTWs.119

 e.  Wells Fracked with PFAS in Pennsylvania Sent 
Wastes to Ohio

Prior to 2017, Patriot Water Treatment, LLC and multiple 

injection wells in Ohio received wastewater from 

unconventional gas wells in Pennsylvania hydraulically 

fractured with PFAS. Patriot and several landfills also received 

thousands of tons of drill cuttings – rock fragments or 

ground-up rock produced during the drilling process – from 

the wells. The wastewater and drill cuttings could contain 

not only PTFE and any other PFAS associated with it, but 

also naturally occurring radium and other toxic chemicals, 

including additional undisclosed PFAS, as Pennsylvania law 

allows well owners to use fracking chemicals with identities 

shielded from the public as trade secrets.120 The law also 

explicitly exempts chemical manufacturers from having to 

disclose chemicals in their fracking chemical products to 

the well operators, who must ultimately disclose fracking 

chemicals to the public.121 Evidence shows that in at least 

some cases, chemical manufacturers have not disclosed all 

of the chemicals to well operators who, in turn, are unable to 

disclose these chemicals publicly.122 As a result, the identities 

of many chemicals used in fracking fluid in Pennsylvania, 

and present in fracking wastewater and drill cuttings from 

Pennsylvania that are shipped to Ohio, may be unknown.

FracFocus records show that between 2012 and 2014, 

oil and gas well operators fracked eight wells in Western 

Pennsylvania with PTFE/Teflon.123 Records with the 

Pennsylvania Department of Environmental Protection 

show that millions of gallons of drilling fluid, fracking fluid 

and wastewater from these wells were shipped to more 

than 20 injection wells and to the Patriot CWT facility. 

Drill cuttings were also sent to four different Ohio-based 

landfills and to Patriot.124 In some cases, these practices 

continued well into 2022. 

Gas wells in Pennsylvania sent waste fluids to injection 

disposal wells in the following towns in Ohio: Atwater, 

Barnesville, Cambridge, Coolville, Coshocton, Dennison, 

Dexter City, Fowler, Garrettsville, Hartville, Hiram, Kent, 

Marietta, Nashport, Newton, Norwich, Rootstown, and 

Stockport. And they sent thousands of tons of drill 

cuttings to landfills in Amsterdam, Lowellville, New Spirit, 

New Springfield, Waynesburg, as well as to Patriot Water 

Treatment in Warren.125

Landfills produce wastewater known as “leachate” when 

water percolates through the contents of the landfill.126 In 

2019, local prosecutors asked the Pennsylvania Attorney 

General’s office to investigate after leachate from a landfill 

that had accepted drill cuttings was taken to a wastewater 

treatment plant and apparently caused the plant’s discharge 

of treated water to exceed state and federal pollution 

standards. The plant discharged into the Monongahela River, 

a major source of drinking water for Western Pennsylvania.127 

Given that landfills in Ohio have also received drill cuttings 

that could contain PFAS, radium, and other contaminants 

and could have sent their leachate to wastewater treatment 

plants, the danger exists that other waterways could have 

been subject to similar incidents.

 f.  Wastewater Dumping and Spreading in Ohio

Other potential pathways for exposure to PFAS-tainted 

fracking wastewater in Ohio include intentional dumping 

of wastewater and the spreading of wastewater on roads 

for de-icing and dust suppression. In 2014, the owner of a 

Youngstown-based company, Hardrock Excavating LLC, was 
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sentenced to more than two years in prison for directing his 

employees to illegally discharge oil and gas wastewater that 

Hardrock Excavating was storing for oil and gas companies. 

Over the course of two years, the owner directed his 

employees to wait until after dark and then secretly use a 

hose to empty some of the wastewater into a wastewater 

drain. The drain flowed into a tributary of the Mahoning 

River which flowed into the river itself. According to the 

U.S. Department of Justice, tests of some of the wastewater 

showed that it contained “several hazardous pollutants, 

including benzene and toluene.”128 EPA has classified 

benzene as a known human carcinogen for all routes of 

exposure129 and notes that toluene exposure can affect the 

central nervous system.130 It is unclear if the wastewater was 

ever tested for PFAS. 

As for spreading wastewater on roads, Ohio law allows local 

governments to engage in this practice for dust suppression 

or de-icing, with certain limitations. These limitations include 

a prohibition on the use of wastewater from horizontal 

wells and prohibitions on the use of fluids associated with 

drilling the well, the initial production of wastewater known 

as “flowback” that contains the fracking fluid, or other fluids 

“used to treat a well.”131 In theory, these prohibitions would 

limit the wastewater to that which occurred naturally in 

underground formations and would prevent the use of 

A brine hauler in Malaga, OH, May 2017. The briny wastewater that comes out of fracking wells is sometimes spread on roads for dust 
suppression or as a de-icer. It carries a host of unidentified chemicals. Credit: Ted Auch, FracTracker Alliance, 2017
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wastewater containing PFAS, as PFAS would likely be found 

in oil and gas wells only if it were added to the well. However, 

Caggiano, the retired Battalion Chief of the Youngstown Fire 

Department, believes that these rules might be violated in 

practice, whether intentionally or unintentionally. He cited 

the potential for tanker trucks hauling waste for spreading 

on roads to be cross-contaminated with flowback or drilling 

fluids, and the possibility of bad actors to illegally spread 

fracking or drilling wastewater that might contain PFAS. “I 

would not be surprised if drilling fluid or fracking fluid ended 

up on roads,” he said.132

Even if the wastewater spread on roads were only from 

underground formations, it could contain dangerous 

naturally occurring toxics such as carcinogenic radium. In 

2017, the Ohio Department of Natural Resources tested 

AquaSalina, a product used for deicing roads that is naturally 

occurring formation water from vertical oil and gas wells. 

The department found that one sample of AquaSalina 

contained 9,602 picocuries per liter of combined amounts 

of radium-226 and radium-228. This level exceeded Ohio’s 

legal limit for radium in oil and gas waste allowed in landfills 

(0.005 picocuries per liter) by a factor of almost two million. 

Ohio’s Department of Transportation had been purchasing 

AquaSalina for deicing since 2013-2014 but announced in 

August 2021 that it planned to stop buying the fluid without 

explaining why. The state still had more than 227,000 gallons 

of the fluid available for use.133

 g.  PFAS Use Could Compound Health Harms from 
Other Oil and Gas Chemicals

PFAS is by no means the only chemical associated with 

oil and gas extraction that could cause harm to health. 

Deeper investigation of PFAS use in oil and gas operations 

is especially important because exposure to PFAS may be 

additional to, and could impact or intensify health effects 

from, those other chemicals. It is unknown if any of the 

problems associated with fracking chemicals, some of which 

are referenced below, are linked to or aggravated by PFAS 

used in oil and gas operations, but researchers should 

investigate. 

Peer-reviewed studies of people living near oil and gas 

operations have found that proximity to active well sites 

correlates with a variety of diseases and other health effects. 

A 2018 study of 66 households in Belmont County, Ohio 

found that prevalence of contaminants in drinking water, 

including toluene, bromoform, and dichlorobromomethane, 

was higher in homes closer to unconventional oil and 

gas wells. The study also found that people living closer 

to multiple wells were more likely to report health issues 

including wheezing, stress, fatigue, and headache.134 A 2019 

study in the journal Environment International examined 3,324 

babies born in Colorado between 2005 and 2011 and found 

that, compared with control groups, congenital heart defects 

were 1.4 and 1.7 times more likely in babies born to mothers 

in areas of medium and high unconventional gas drilling, 

respectively.135 A 2017 study in PLOS One of Coloradans 

between birth and 24 years old diagnosed with cancer 

between 2000 and 2013 found that those between the ages 

of five and 24 were more than four times more likely to live 

in areas of heavy oil and gas drilling, compared to controls.136

On a national scale, PSR and Concerned Health Professionals 

of New York have collaborated to compile and summarize 

the substantial and growing number of scientific studies that 

have found serious health effects associated with oil and gas 

drilling. In the eighth edition (2022) of our report, we wrote,

  Public health problems associated with fracking 

include prenatal harm, respiratory impacts, cancer, 

heart disease, mental health problems, and premature 

death….. Poor birth outcomes have been linked to 

fracking activities in multiple studies in multiple locations 

using a variety of methods. Studies of mothers living 

near oil and gas extraction operations consistently find 

impaired infant health, especially elevated risks for low 

birth weight and preterm birth. As we go to press, a 

new study in Pennsylvania finds “consistent and robust 

evidence that drilling shale gas wells negatively impacts 

both drinking water and quality of infant health.”137

Low birthweight is a leading contributor to infant death in the 

United States.138 The Southwest Pennsylvania Environmental 
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Health Project139 and the Pennsylvania-based FracTracker 

Alliance140 have also examined studies of health impacts of 

unconventional oil and gas development and reached similar 

conclusions. In addition to the findings in peer-reviewed 

studies, residents living near oil and gas operations have 

anecdotally reported experiencing illnesses that they believe 

are related to chemical exposures.

Many residents have also expressed frustration over the 

secrecy surrounding chemicals used by the oil and gas 

industry.141 In 2020, Pennsylvania’s Attorney General issued 

a report based on a criminal grand jury investigation of oil 

and gas drilling pollution in the Keystone State. In that state, 

drilling for gas in shale formations has surged over the 

past 15 years,142 vaulting Pennsylvania into the number two 

spot among gas-producing states (Texas is number one)143 

and bringing many more Pennsylvanians into contact with 

gas drilling and its impacts. Based on testimony from over 

70 households, the attorney general compiled evidence of 

serious health impacts, finding that

  Many of those living in close proximity to a well pad 

began to become chronically, and inexplicably, sick. Pets 

died; farm animals that lived outside started miscarrying, 

or giving birth to deformed offspring. But the worst 

was the children, who were most susceptible to the 

effects. Families went to their doctors for answers, but 

the doctors didn’t know what to do. The unconventional 

oil and gas companies would not even identify the 

chemicals they were using, so that they could be 

studied; the companies said the compounds were “trade 

secrets” and “proprietary information.” The absence 

of information created roadblocks to effective medical 

treatment. One family was told that doctors would 

discuss their hypotheses, but only if the information 

never left the room.144

Study of the link between PFAS and other chemicals used 

in fracking would have been unlikely until 2021 because 

virtually no one knew that PFAS were used in oil and gas 

extraction until PSR published our report on the topic 

in July of that year. Now that we know PFAS have been 

used in oil and gas operations for years, scientists should 

determine whether there are connections between this use 

and health effects, for PFAS chemicals individually and as a 

compounding factor in conjunction with exposure to other 

fracking chemicals.

 h.  Fracking and Chemical Exposure as an 
Environmental Justice Issue

“Fenceline” communities – people living very close to oil 

and gas operations – often bear a disproportionate risk 

of exposure to toxic chemicals and may be particularly at 

risk from PFAS used in oil and gas extraction. Although 

drilling and fracking take place in the majority of U.S. 

states, not everyone shares in that risk equally. Rather, 

oil and gas infrastructure and associated chemicals are 

frequently located in or adjacent to poor, underserved, 

and marginalized communities, Indigenous communities, 

and other communities of color. For example, a 2018 study 

of the location of oil and gas wastewater disposal wells 

in Ohio showed that the wells were disproportionately 

located in lower-income, rural communities.145 A 2019 

analysis conducted in Colorado, Oklahoma, Pennsylvania, 

and Texas found strong evidence that people of color 

disproportionately lived near fracking wells.146 Where a 

pattern of risks affects people of color and/or lower-income 

people disproportionately, fracking should be viewed as an 

Environmental Justice issue – and so too should any resultant 

exposure to PFAS.
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 Policy Can Help Protect Buckeyes from PFAS in FrackingCh. 5

 a.  Lax EPA Regulation of PFAS

Ohio and other state governments will likely have to take 

the lead in addressing PFAS pollution, from oil and gas 

operations as from other sources. State action will be 

necessary because EPA has taken only modest steps to 

protect the public. To make matters worse, Congress and 

the executive branch have exempted the oil and gas industry 

from major provisions of multiple federal environmental 

laws. For example, oil and gas waste is exempted from the 

hazardous waste rules that require cradle-to-grave tracking 

and safe handling of hazardous substances under the 

Resource Conservation and Recovery Act. These exemptions 

increase the burden on state governments to address any 

PFAS pollution associated with oil and gas extraction.147

EPA has taken some steps to protect the public from 

dangerous PFAS. In 2005, EPA reached a then-record 

$16.5 million settlement with chemical manufacturer 

Dupont after accusing the company of violating the federal 

Toxic Substances Control Act (TSCA) by failing to disclose 

information about PFOA’s toxicity and presence in the 

environment.148 In 2006, EPA invited Dupont, 3M and 

six other companies to join a “stewardship” program in 

which the companies promised to achieve a 95 percent 

reduction of emissions of PFOA and related chemicals by 

2010, compared to a year 2000 baseline. The agreement 

also required the companies to eliminate such emissions 

and use of these chemicals by 2015.149 In 2022, EPA says 

on its website that the companies reported that they had 

accomplished those goals either by exiting the PFAS industry 

or by transitioning to alternative chemicals.150 However, 

since the announcement of its PFAS stewardship program 

in 2006, EPA has allowed nearly unlimited use of closely 

related “replacement” chemicals in dozens of industries.151 

In response, in 2015 a group of more than 200 scientists 

raised health and environmental concerns that the new PFAS 

designed to replace PFOA and PFOS may not be safer for 

health or the environment.152

In October 2021, EPA announced its “strategic roadmap” 

for regulating PFAS. This plan encompasses a goal of 

setting federal drinking water standards for several PFAS 

chemicals by 2023, as well as commitments to “use all 

available regulatory and permitting authorities to limit 

emissions and discharges from industrial facilities” and 

“hold polluters accountable.”153 The plan does not, however, 

include an examination of PFAS use in the oil and gas 

industry. (Later that month, 15 members of the U.S. House 

of Representatives asked EPA to examine this topic.154 The 

month before, PSR asked EPA to collect data on PFAS use in 

oil and gas extraction, utilizing its authority under TSCA.155) As 

previously stated, in June 2022, EPA announced new health 

advisory levels for several types of PFAS. Unfortunately, these 

standards are advisory and not legally enforceable.156

 b.  Ohio Disclosure Rules: In Need of Sweeping Reform

EPA’s record of lax regulation suggests that at least in the 

short term, state and local governments will have to play 

leading roles to protect the public from these dangerous 

chemicals. In Ohio, multiple reforms are needed in the state’s 

disclosure rules to lift the veil of secrecy that oil and gas 

companies have used to conceal the use of PFAS and other 

potentially dangerous chemicals. One such change should be 

tighter limits on the use of trade secret provisions.

Oil and gas companies have argued that chemical trade 

secrets are necessary to protect their intellectual property 

from competitors. However, this interest does not have to 

mean a complete lack of information on chemical identities 

for scientists, regulators, and the public. In 2015, California, 

a major oil-producing state,157 began requiring full disclosure 

of chemicals used for well stimulation, including fracking. 

The policy did away with trade secret exemptions for the 

individual chemicals used in fracking products.158 In June 

2022, Colorado, a major producer of oil and gas,159 followed 

in California’s footsteps but extended the requirements for 

chemical disclosure to all chemicals used in oil and gas wells, 

not just fracking or stimulation chemicals.160 

The methodology utilized in California and Colorado is 

consistent with a recommendation issued in 2014 by an 

advisory panel to the U.S. Department of Energy:161 that 
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companies reveal the fracking chemicals injected into 

each well, providing that information in a list in which the 

chemicals are disassociated from the trade name of the 

commercial products they are part of. This form of disclosure 

enables the public to know all the chemicals used in fracking 

without disclosing to rival chemical manufacturers the 

exact components of any proprietary formulas.162 California 

also has a process where state regulators review secrecy 

requests from chemical companies to determine whether 

the information must be kept proprietary.163 Health and 

safety data related to fracking fluids are not allowed to be 

hidden from the public.164 California requires disclosure of 

the chemicals used prior to fracking165 as do West Virginia166 

and Wyoming.167

There is another step Ohio should take to ensure that full 

chemical disclosure is required from all of the companies 

in the chemical supply chain. Currently, Ohio rules require 

chemical disclosure only from companies farther down the 

supply chain, such as well operators, service providers, and 

vendors.168 Chemical manufacturers are implicitly exempted, 

despite being the only entity that always knows the precise 

contents of the chemicals they produce. Evidence suggests 

that chemical manufacturers do not always tell companies 

farther down the supply chain the full contents of the 

chemical products they are using; rather, they provide these 

companies with vague descriptions, generic chemical family 

names, or Material Safety Data Sheets with an incomplete list 

of chemicals.169 In such cases, the end users may legitimately 

be unable to disclose all the identities of chemicals used 

at a particular well – including PFAS – whether under trade 

secret protection or not. They simply would not have the 

information. Requiring disclosure of oil and gas chemicals 

from chemical manufacturers would avoid this problem. 

Colorado took this step in its June 2022 legislation.

These eminently reasonable and feasible reforms are 

valuable steps to protect the health of people who may be 

exposed to PFAS and other dangerous oil and gas chemicals, 

be they industry workers, residents living near wellsites, or 

first responders called to the scene of an accident. They can 

improve health and potentially even save lives. Additional 

steps to reduce the harms caused by oil and gas extraction 

are outlined in the following section including a ban on the 

use of PFAS in oil and gas operations, an action taken in 2022 

by Colorado.170 Among the evidence supporting this measure 

is a peer-reviewed analysis published in 2021 showing that 

many PFAS are immediately replaceable with less persistent 

and less toxic substances, including in the oil and gas 

industry.171
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 Recommendations

In light of the findings shared in this report, PSR recommends 

the following:

• Halt PFAS use in oil and gas extraction. Ohio should 

follow the lead of Colorado, a major oil- and gas-producing 

state which took this action through legislation passed in 

June 2022. Furthermore, Ohio and the U.S. Environmental 

Protection Agency (EPA) should prohibit PFAS from being 

used, manufactured, or imported for oil and gas extraction. 

Many PFAS are immediately replaceable with less persistent 

and less toxic substances, including in the oil and gas industry.

• Expand public disclosure. Ohio should greatly expand its 

requirements for public disclosure of oil and gas chemicals. 

The state could again follow the example offered by 

Colorado by requiring disclosure of all individual chemicals 

used in oil and gas wells without exceptions for trade 

secrets while requiring disclosure on the part of chemical 

manufacturers, who best know what chemicals are being 

used. Ohio should also require fracking chemical disclosure 

prior to fracking, as have several states including California, 

West Virginia, and Wyoming.

• Increase testing and tracking. Ohio and/or the U.S. EPA 

should determine where PFAS have been used in oil and gas 

operations in the state and where related wastes have been 

deposited and should test nearby water, soil, flora, and fauna 

for PFAS.

• Require funding and cleanup. Oil and gas and chemical 

firms should be required to fund environmental testing 

and evaluation in their areas of operation where these are 

needed, and should PFAS be found, be required to fund 

cleanup. If water cleanup is impossible, the companies 

responsible for the use of PFAS should pay for alternative 

sources of water for drinking and agriculture, as needed.

• Reform Ohio’s regulations for underground injection 
disposal wells to prohibit wells close to underground 

sources of drinking water, to require groundwater 

monitoring for contaminants near the wells, and to require 

full public disclosure of the chemicals in the wastewater.

• Limit or ban drilling and fracking. Given the use of highly 

toxic chemicals, including but not limited to PFAS, in oil and 

gas extraction, Ohio should prohibit drilling, fracking, and 

disposal of related wastes in areas relatively unimpacted 

by oil and gas pollution and should increase protections in 

already-impacted regions. The state should empower local 

governments to take such action, too. When doubt exists 

as to the existence or danger of contamination, the rule of 

thumb should be, “First, do no harm.”
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Information unearthed and analyzed by Physicians for 

Social Responsibility (PSR) shows that since 2012, oil and 

gas companies* used in Pennsylvania’s unconventional or 

“fracking” gas wells a class of extremely toxic and persistent 

chemicals known as PFAS. During that same period, 

the companies used 160 million pounds of unidentified 

chemicals that could themselves be PFAS. The companies 

withheld these chemical identities from the public as “trade 

secrets,” a practice allowed by state law.

PFAS are a class of chemicals known for their toxicity at 

extraordinarily low levels, their multiple negative health 

effects including cancer, and their persistence in the 

environment, leading to their nickname, “forever chemicals.” 

Using these chemicals may be particularly risky because PFAS 

could not only cause contamination near well sites; they 

could also pollute places where solid waste and enormous 

volumes of toxic wastewater from oil and gas wells are 

disposed of, miles from well sites.

Data publicly disclosed by the oil and gas industry indicates 

that between 2012 and 2022, two oil and gas companies 

injected the PFAS known as PTFE or Teflon into a total of 

eight unconventional gas wells in Western Pennsylvania. 

However, this number of industry-reported instances 

may significantly underrepresent the reality of PFAS 
use in the Keystone State, due to weaknesses in state 

reporting rules.

One major hindrance to quantifying the use of PFAS 

chemicals is the extensive use of trade secret or 

Confidential Business Information designations. Between 

2012 and 2022, oil and gas companies injected more than 

5,000 unconventional gas wells with at least one trade 

secret chemical per well, totaling 160 million pounds. 

Oil and gas companies injected more than 1,200 wells 

with incompletely identified chemicals that could be 

fluorosurfactants, a class of chemical that includes  

multiple PFAS.

During the same decade-long period, 15 oil and gas 

companies operating in Pennsylvania injected oil and gas 

wells in other states with fracking chemicals that are PFAS 

or potential PFAS, while not reporting that they used these 

substances in their Pennsylvania wells. These substances 

include PTFE/Teflon and fluoroalkyl alcohol substituted 

polyethylene glycol, both of which have been identified  

as PFAS by EPA. In addition, five companies operating  

in Pennsylvania disclosed that they injected wells in five 

other states with nonionic fluorosurfactants, a class of 

chemicals identified as PFAS, potential PFAS, or precursors 

that could degrade into PFAS. Yet in Pennsylvania, only 

two companies reported the use of a single PFAS, PTFE, 

in eight wells. This raises questions about whether some 

companies are using PFAS in Pennsylvania on  

an undisclosed basis.

Should only a fraction of the unidentified chemicals used in 

Pennsylvania’s unconventional gas wells be PFAS, they could 

pose a significant threat to human health.

It is difficult to access fracking chemical data in 

Pennsylvania for conventional wells that can be 

developed without fracking – far more difficult than it 

is for unconventional gas wells that must typically be 

hydraulically fractured or “fracked." This difficulty explains 

why this report focuses on unconventional gas wells. This 

and other regulatory hurdles prevent the public from 

knowing how widely PFAS – or other toxic chemicals – have 

been used in unconventional gas wells or in other types  

of oil and gas wells. Another potential route of 

contamination from PFAS is the use in fracking of water 

already tainted with PFAS. State regulations do not require 

testing for contaminants in water used for fracking.  

Our findings, including the gaps in our findings, raise 

concerns that Pennsylvanians may unknowingly be 

exposed to highly hazardous PFAS chemicals, particularly 

in rural areas where most unconventional gas wells are 

drilled and fracked.

 Executive Summary

* This report refers to “oil and gas companies” or the “oil and gas industry” even when discussing only unconventional gas wells, as some of 

the companies that operate unconventional gas wells also operate oil wells, whether in Pennsylvania or other states.
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An interactive map showing the locations of wells injected 

with PFAS and trade secret chemicals is available here.  

Users can zoom in to identify wells near them.

In light of our findings, PSR recommends the following:

• Halt PFAS use in oil and gas extraction. Pennsylvania 

and the U.S. Environmental Protection Agency (EPA) should 

prohibit PFAS from being used, manufactured, or imported 

for oil and gas extraction. Many PFAS are replaceable with 

less-persistent and less-toxic alternatives. In taking this step, 

Pennsylvania would be following the lead of Colorado, a 

major oil- and gas-producing state that in June 2022 passed 

legislation banning the use of PFAS in oil and gas wells. 

• Expand public disclosure. Pennsylvania should greatly 

expand its requirements for public disclosure of oil and 

gas chemicals. The state could again follow the example 

offered by Colorado by requiring disclosure of all individual 

chemicals used in oil and gas wells, without exceptions for 

trade secrets. This action can be done while still protecting 

product formulas as trade secrets. Pennsylvania should also 

require disclosure on the part of chemical manufacturers 

and require chemical disclosure prior to permitting, as have 

California, West Virginia, and Wyoming.

• Increase testing and tracking. Pennsylvania and/or the 

U.S. EPA should determine where PFAS have been used in 

oil and gas operations in the state and where related wastes 

have been deposited. They should test nearby residents, 

water, soil, flora, and fauna for PFAS, both for the particular 

type(s) of PFAS used and for organic fluorine to detect the 

presence of other PFAS and/or their breakdown products. 

They should use testing equipment sensitive enough  

to detect PFAS at a level of single-digit parts per trillion  

or lower. 

• Require funding and cleanup. Oil and gas and 

chemical manufacturing firms should be required to fund 

environmental testing for PFAS in their areas of operation, 

and should PFAS be found, be required to fund cleanup. 

If cleanup of water sources is impossible, companies 

responsible for the use of PFAS should pay for alternative 

sources of water for homes, schools, hospitals, agriculture 

and other uses for as long as needed.

• Remove Pennsylvania’s oil and gas hazardous waste 

exemption. Pennsylvania exempts oil and gas industry 

wastes from state hazardous waste rules. Pennsylvania 

should follow New York’s lead and remove its state-level 

hazardous waste exemption for the oil and gas industry.

• Reform Pennsylvania’s regulations for oil and gas 

production wells and underground injection disposal 

wells. The state should prohibit production wells 

and underground wastewater disposal wells close to 

underground sources of drinking water, homes, health care 

facilities and schools; require groundwater monitoring for 

contaminants near the wells, and for disposal wells, require 

full public disclosure of chemicals in the wastewater.

• Transition to renewable energy and better regulation. 

Given the use of highly toxic chemicals in oil and gas 

extraction, including but not limited to PFAS, as well 

as climate impacts of oil and gas extraction and use, 

Pennsylvania should transition away from fracking and 

move toward renewable energy and energy efficiency 

while providing economic support for displaced oil and 

gas workers. As long as drilling and fracking continue, 

the state should better regulate these practices so that 

Pennsylvanians are not exposed to toxic substances and 

should empower local governments also to regulate the 

industry. When doubt exists as to the existence or danger  

of contamination, the rule of thumb should be, “First, do  

no harm.”
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a.  PFAS Used in Pennsylvania Wells

Physicians for Social Responsibility (PSR) has identified 

evidence from publicly reported oil and gas industry* records 

that a highly dangerous class of chemicals, known as per- and 

polyfluoroalkyl substances (PFAS), has been used for hydraulic 

fracturing (“fracking”) in Pennsylvania’s unconventional gas** 

wells and that such use could be much more extensive than 

reported. PFAS are known for their toxicity at extremely 

low levels,1 their multiple negative health effects including 

cancer,2 and their persistence in the environment, which has 

endowed them with their nickname, “forever chemicals.”3 

Fracking is the stage of oil and gas operations that typically 

involves high-pressure injections into oil and gas wells of up 

to tens of millions of gallons of water, sand, and chemicals to 

fracture rock formations and free up trapped oil and gas.4*** It 

is possible that PFAS have also been used in additional stages 

and methods of oil and gas production in Pennsylvania.

The use of PFAS in oil and gas production in Pennsylvania 

was first exposed in 2021 in an editorial by the Philadelphia 

Inquirer5 that was prompted by a report from Physicians 

for Social Responsibility about the use of PFAS in oil and 

gas operations in other states.6 Later in 2021, the nonprofit 

Public Employees for Environmental Responsibility published 

a report based on U.S. Environmental Protection Agency data 

indicating that PFAS had been used in oil and gas operations 

in Pennsylvania.7 PSR’s findings in this report, however, 

go even further. Based on fracking chemical disclosures 

made by oil and gas well operators to the nongovernmental 

organization FracFocus, PSR is able to identify not only the 

unconventional gas wells definitively known to have been 

injected with PFAS between 2012 and 2022, but also the wells 

injected with trade secret chemicals and, for the first time, 

the staggering quantities of these unidentified substances.

The wells known to be injected with PFAS consist of eight 

wells injected with PTFE, also known as Teflon and identified 

by the U.S. Environmental Protection Agency (EPA) as a 

PFAS.8 One of these wells, fracked by Chesapeake Operating 

Inc. with 18 pounds of PTFE, was located in Beaver County;9 

three wells fracked by Hilcorp Energy Company with 12 

pounds of PTFE were located in Lawrence County,10 and 

four wells fracked by Chesapeake Operating Inc. with an 

unknown amount of PTFE were located in Washington 

County.11 See Appendix C for more detail about PTFE. 

PSR was able to identify wells injected with PTFE through 

disclosure of Chemical Abstract Service (CAS) numbers, 

unique numeric identifiers assigned to each chemical 

by the American Chemical Society.12 Scientists consider 

CAS numbers the best way to identify chemicals because 

chemicals can have multiple names or trade names but only 

one CAS number.13

The larger story, however, is the staggering number of wells 

injected with trade secret chemicals that could be PFAS. PSR 

found that between 2012 and 2022, oil and gas companies 

disclosed the use of fracking chemicals in more than 7,200 

unconventional gas wells and injected more than 5,000 (70 

percent) with at least one trade secret fracking chemical. 

These chemicals totaled 160 million pounds. In these cases, 

oil and gas companies did not disclose a CAS number for the 

chemical, preventing the public from knowing what these 

chemicals are. Oil and gas companies injected more than 

1,000 of the wells with trade secret surfactants, a category 

of chemical that may be more likely to be PFAS because they 

include a subcategory known as fluorosurfactants that are 

often PFAS. According to EPA, surfactants are commonly 

used in fracking.14 These substances lower the surface 

tension of a liquid, the interaction at the surface between two 

liquids (called interfacial tension), or the interaction between 

  PFAS: A Manmade Threat to Health and the Environment,  

Used in Pennsylvania’s Oil and Gas Wells

Ch. 1

* This report refers to “oil and gas companies,” the “oil and gas industry,” etc. even when discussing only unconventional gas wells because  

at least some of the companies that operate unconventional gas wells also operate oil wells, whether in Pennsylvania or other states.

** Gas, the principal component of which is methane, is also known as “natural” gas, “fossil” gas and “fracked” gas.

*** In this report, the term “fracking” is used to discuss a particular stage in oil and/or gas production as distinct from other stages  

or methods of production such as drilling that precedes fracking. The terms “oil and gas production,” “oil and gas extraction,” and  

“oil and gas operations” cover the entire process of producing oil and/or gas.
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a liquid and a solid.15 Compared to other surfactants, 

fluorosurfactants are said to be “superior in their aqueous 

surface tension reduction at very low concentrations and are 

useful as wetting and leveling agents, emulsifiers, foaming 

agents, or dispersants.”16 At least some fluorosurfactants are 

PFAS, including the dangerous chemicals PFOA and PFOS17 

and 8:2 fluorotelomer alcohol,18 a nonionic fluorosurfactant19 

that can break down into PFOA.20

The use of PFAS and trade secret chemicals that may be PFAS 

is particularly alarming as Pennsylvania’s gas production has 

increased by almost 45 times between 2005 and 2021, from 

168 billion cubic feet to 7.5 trillion cubic feet.21 These increases 

have led to modest gains in jobs in the major gas-producing 

counties22 and somewhat more revenue for the state.23 But they 

also mean more greenhouse gas emissions24 and greater risk 

of pollution from PFAS and other toxic substances associated 

This map shows the location of oil and gas wells in Pennsylvania known to have been fracked between January 1, 2012 and September 

29, 2022 using PTFE/Teflon (a known PFAS), trade secret chemicals, and/or trade secret surfactants. An interactive version of the map is 
available at https://ft.maps.arcgis.com/apps/webappviewer/index.html?appid=dc81f7ec3af64541a1875e8e6e5add60 where users can zoom 

in to identify wells near them. For a detailed explanation of data sources, see Appendix A.

Figure 1. Pennsylvania Oil & Gas Wells Fracked with PFAS and Possible PFAS, 
Including Trade Secret Chemicals, 2012-2022
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with gas extraction, including an increased risk of exposure to 

naturally occurring carcinogenic radium that emerges from 

Marcellus Shale wells in millions of gallons of wastewater.25

b.  Oil and Gas Operations Provide Many Potential 

Routes of Exposure to PFAS

Oil and gas operations in Pennsylvania deserve scrutiny 

as a possible source of PFAS contamination, given the 

documented use of PFAS in the state’s oil and gas wells and 

the potential that people could be exposed to such PFAS via 

multiple pathways.

EPA in a 2016 national report on fracking and drinking water 

found that fracking-related pollution could follow a number of 

pathways that could impact surface water and groundwater. 

The agency cited the following possible pathways to exposure:

• spills of fracking fluid that seep into groundwater;

• injection of fracking fluid into wells with cracks in the casing 

or cement, allowing the fluid to migrate into aquifers (see 

opposite diagram)

• injection of fracking fluids directly into groundwater;

• underground migration of fracking fluids through 

fracking-related or natural fractures;

• intersection of fracking fluid with nearby oil and gas wells,

• spills of wastewater after the fracking process is 

completed, and

• inadequate treatment and discharge of fracking 

wastewater to surface water supplies.26

PFAS used in oil and gas extraction could pollute water through 

any of these pathways, plus other routes discussed in more 

detail in Chapter 4, including through airborne releases and 

disposal of oil and gas wastewater in underground injection 

wells, a pathway that EPA did not examine in its 2016 report.27

c.  Manmade and Dangerous: PFAS’s History  

and Health Effects

PFAS are a class of thousands of synthetic chemicals 

manufactured to have properties that are valuable in 

multiple industrial contexts, such as being slippery, oil- and 

water-repellant, and able to serve as dispersants or foaming 

agents.28 PFAS have been called “perfluorinated chemicals” 

Figure ES-6. Potential pathways for fluid movement in a cemented well. These pathways (represented by the white arrows) include: (1) a casing and tubing leak into the surrounding rock, (2) an 
uncemented annulus (i.e., the space behind the casing), (3) microannuli between the casing and cement, (4) gaps in cement due to poor cement quality, and (5) microannuli between the cement 
and the surrounding rock. This figure is intended to provide a conceptual illustration of pathways that can be present in a well and is not to scale. 

Diagram from U.S. Environmental Protection Agency’s 2016 

report on fracking and drinking water (p. ES-29) shows the various 
pathways through which fluid can migrate up an oil or natural gas 
well and potentially pollute groundwater including through leaks 

in the steel casing or cement designed to seal off the casing from 
the groundwater. EPA wrote that “These pathways (represented 

by the white arrows) include: (1) a casing and tubing leak into the 
surrounding rock, (2) an uncemented annulus (i.e., the space behind 
the casing), (3) microannuli between the casing and the cement, 
(4) gaps in cement due to poor cement quality, and (5) microannuli 
between the cement and the surrounding rock.” EPA noted that the 

diagram is not to scale.
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and “polyfluorinated compounds,” or PFCs, though the term 

currently preferred by EPA is PFAS.29

The first PFAS to be sold commercially was created by a 

chemist at Dupont and was patented as Teflon. Since 1949, 

it has been used in thousands of products, from nonstick 

cookware to waterproof clothing to plastics to dental floss.30 

Other PFAS chemicals, the most prominent of which are 

known as PFOA and PFOS, were used in food packaging, 

fire-fighting foam, and in 3M’s widely used fabric protector, 

Scotchgard.31 EPA reported in 2021 that about 650 types of 

PFAS remained in commerce.32 Weak chemical disclosure 

laws make it difficult for the Agency to identify which PFAS 

chemicals are used, and where.

Between the 1960s and 1990s, researchers inside Dupont 

and 3M became aware that at least some of the PFAS they 

were manufacturing or using, particularly PFOA and PFOS, 

were associated with health problems including cancers 

and birth defects, had accumulated in people worldwide, 

and persisted in the environment.33 Many of these facts, 

kept internal by the companies, came to light after attorney 

Rob Bilott filed lawsuits in 1999 and 2001 accusing Dupont 

of causing pollution in and around Parkersburg, West 

Virginia with PFOA, a type of PFAS then used in making 

PTFE (Teflon).34 In December 2011, as part of Dupont’s 

settlement of the 2001 lawsuit, a team of epidemiologists 

completed a study of the blood of 70,000 West Virginians 

and found a probable link between PFOA and kidney cancer, 

testicular cancer, thyroid disease (over or under-production 

of hormones by the thyroid gland), high cholesterol, pre-

eclampsia (a potentially dangerous complication during 

pregnancy characterized by high blood pressure and 

signs of damage to other organ systems, most often the 

liver and kidneys), and ulcerative colitis (a disease causing 

inflammation and ulcers in the large intestine or colon).35

Current peer-reviewed scientific research on PFAS suggests 

that exposure to certain levels of some PFAS may lead 

to adverse health outcomes. Research findings differ, as 

different studies have examined different PFAS chemicals, 

different types or levels of exposure, and different exposed 

populations. However, some findings are more widely 

endorsed; for example, the U.S. Environmental Protection 

Agency (EPA)36 and the Center for Disease Control and 

Prevention’s Agency for Toxic Substances and Disease 

POTENTIAL HEALTH EFFECTS OF PFAS EXPOSURE

Exposure to PFAS chemicals can result in a variety of serious health effects including those indicated above. Source: U.S. Environmental 
Protection Agency, Agency for Toxic Substances and Disease Registry. Graphic by Astra Robles.
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Registry (ATSDR)37 agree that exposure to high levels of 

certain PFAS may lead to increased risk of high blood 

pressure in pregnant women; low birth weight in babies; 

increased risk of kidney or testicular cancer; decreased 

vaccine response, and increased cholesterol levels. Research 

is ongoing to determine the health effects of different levels 

of exposure to different PFAS, including the health effects of 

long-term, low-level PFAS exposure, especially in children.

PFAS are not only highly toxic; they also demonstrate 

extreme persistence in the environment. PFAS’ nickname 

“forever chemicals” reflects their chemistry – created by 

chemical manufacturers – that features a bond between 

fluorine and carbon atoms that is among the strongest in 

chemistry and rarely if ever exists in nature. The result: 

chemicals that are extremely resistant to breaking down.38 

PFAS are also extremely mobile in water,39 making them 

able to spread through the environment via groundwater 

or surface water. Another risk, discussed in Chapter 3, is 

that PFAS could compound the health effects from other 

dangerous chemicals associated with oil and gas production.

d. EPA – and Pennsylvania – Recognize Risks of PFAS

EPA has been slow to regulate PFAS, but the agency has 

taken actions, particularly in recent years, that recognize 

PFAS’s extraordinary risks. In June 2022, reflecting growing 

public concern about PFAS, EPA significantly lowered its non-

binding health advisory level for PFOA and PFOS in drinking 

water. Previously, EPA had set the combined health advisory 

level for these two chemicals at 70 parts per trillion.40

“The new published peer-reviewed data and draft EPA 

analyses [citation omitted] indicate that the levels at 

which negative health outcomes could occur are much 

lower than previously understood,” EPA wrote in June 

2022.41 EPA lowered its new interim health advisory level 

for PFOA in drinking water to 0.004 parts per trillion and 

its interim health advisory level for PFOS to 0.02 parts 

per trillion.42 EPA also set new final health advisory levels 

for two other PFAS, known as GenX and PFBS, at 10 parts 

per trillion and 2,000 parts per trillion, respectively.43 EPA 

said that its interim health advisory levels were intended 

to provide guidance until enforceable drinking water 

regulations for PFAS take effect.44 EPA explained that 

its health advisory level “is designed to be protective of 

noncancer effects over a lifetime of exposure, including 

sensitive populations and life stages, and is typically based 

on data from experimental animal toxicity and/or human 

studies.” The agency wrote that exposure to PFOA, PFOS, 

and Gen X is associated with cancer. But the agency had not 

yet developed cancer risk concentrations in water for these 

substances. EPA added that, at least for PFOA and PFOS, the 

interim health advisory levels could change following review 

by its Science Advisory Board.45

EPA then in March 2023 released proposed legally 

enforceable “Maximum Contaminant Levels” for six PFAS in 

drinking water. These regulations, unlike health advisories, 

must take into account whether a particular level of 

protection can be achieved and at what cost.46 For this reason, 

they may be much less stringent than the health advisories. 

The MCLs proposed by EPA included a level of four parts per 

trillion for both PFOA and PFOS. EPA also proposed an MCL 

Goal or non-enforceable target of zero for both of these PFAS. 

The agency proposed that drinking water providers limit the 

combined levels of four other types of PFAS: PFNA, PFHxS, 

PFBS, and/or GenX Chemicals.47 The MCLs would require 

public water systems to monitor for the six PFAS, notify the 

public about the levels of these PFAS, and reduce levels of 

the six PFAS in drinking water if levels exceed the MCLs.48 The 

agency said that it expects to finalize the regulations by the 

end of 2023,49 though the Pennsylvania Environmental Quality 

Board has stated that the rules are not expected to take effect 

until several years after that date.50

Even the higher MCL figures demonstrate the extraordinary 

toxicity of some types of PFAS. At a level of four parts per 

trillion, a measuring cup of PFOA could contaminate 28 

billion gallons of water,51 more than 90 times the 300 million 

gallons of drinking water treated each day by Philadelphia.52

Pennsylvania has also taken action to identify and 

regulate PFAS pollution. In March 2021, the Pennsylvania 
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Department of Environmental Protection (DEP) completed 

sampling of concentrations for 18 types of PFAS at 372 

public water systems and 40 baseline sites.53 These 

baseline sites featured at least 75 percent forested land 

and were located at least five miles from potential sources 

of contamination such as airports, manufacturing facilities, 

and military bases.54 The DEP found PFOA in 112 of the 

412 samples at an average concentration of 7.5 parts per 

trillion and a median concentration of 5.3 parts per trillion.55 

The agency found PFOS in 103 of the 412 samples at an 

average concentration of 9.9 parts per trillion and a median 

concentration of 6.5 parts per trillion.56 All of these average 

and median concentrations were much higher than EPA’s 

health advisory levels and somewhat higher than EPA’s 

proposed drinking water standard. Environmental Working 

Group, a nonprofit, has also found elevated levels of PFAS 

pollution – some staggering high – in public drinking water 

systems, and at military bases and industrial sites.57

Following its sampling program, and before EPA announced 

its drinking water standards in March 2023, Pennsylvania 

in January issued drinking water standards for PFOA and 

PFOS that applied to 3,117 water systems in the state.58 

For PFOA, the state’s Environmental Quality Board set an 

enforceable Maximum Contaminant Level of 14 parts per 

trillion and a non-enforceable maximum contaminant 

Goal of 8 parts per trillion.59 For PFOS, the Board set an 

enforceable MCL of 18 parts per trillion60 and a maximum 

contaminant Goal of 14 parts per trillion.61 “Although the 

EPA has started the process of setting more stringent 

standards for PFOA and PFOS in drinking water,” the Board 

wrote, “that process is expected to take years to complete. 

For that reason, these more protective standards for this 

Commonwealth will better protect the health of residents in 

this Commonwealth.”62

Several experts told PSR that because of the extreme 

potency of certain types of PFAS and the fact that chemical 

makers have created thousands of these forever chemicals, 

they would recommend particular testing methods 

to detect PFAS in the environment. The scientists are 

Linda Birnbaum, Ph.D., D.A.B.T., A.T.S., a board-certified 

toxicologist and former director of the National Institute 

of Environmental Health Sciences;63 Zacariah Hildenbrand 

Ph.D., research professor in Chemistry and Biochemistry 

at the University of Texas at El Paso;64 Kevin Schug Ph.D., 

Shimadzu Distinguished Professor of Analytical Chemistry 

at the University of Texas at Arlington,65 and Wilma Subra, 

holder of a master’s degree in chemistry and recipient of 

a John D. and Catherine T. MacArthur Foundation “Genius” 

grant for her work helping to protect communities from 

toxic pollution.66 All were in agreement in recommending 

the use of testing equipment that can detect PFAS in 

concentrations at least as low as single-digit parts per 

trillion. They further recommended testing for total organic 

fluorine in addition to testing for specific types of PFAS. 

Total organic fluorine is a marker that would indicate the 

presence of PFAS even if a specific PFAS were not tested for. 

Testing for specific PFAS might fail to detect other forms of 

PFAS present in the sample.

e.  PFAS in Oil and Gas Operations May Threaten Rural 

Areas, Add to PFAS from Other Sources

The risk of PFAS pollution from oil and gas operations is 

likely to be particularly high in rural areas and may add 

to PFAS pollution from better-studied sources such as 

military bases. The risk to rural areas is based partly on 

the fact that most unconventional fracked gas wells, if 

not other types of wells, are developed in rural areas.67 

In addition, people in rural areas rely on private wells for 

drinking water that may not be tested for PFAS or other 

contaminants as frequently as public water supplies.68 In 

total, about 2.5 million Pennsylvanians (about 20 percent 

of the state’s population)69 rely on private water wells.70 

Water wells near oil and gas operations may be at particular 

risk of contamination from PFAS as a result of leaks, spills, 

or underground migration of PFAS from the oil and gas 

wells. However, PSR is aware of only one test for PFAS in 

a private water well in Pennsylvania near an oil and gas 

extraction site (see Chapter 3). This lack of testing means 

that Pennsylvanians living near oil and gas operations may 

be unknowingly exposed to PFAS through their water wells 

and other pathways.
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A fracking site in Westmoreland County, Pa., Oct. 2022. Photo credit: Ted Auch. Photo courtesy of FracTracker Alliance.

f.  PFAS: Among Many Dangerous Chemicals Used  

in Oil and Gas Extraction

When used in oil and gas operations, PFAS may add to the 

cumulative human exposure to a host of toxic substances. 

In fracking, chemicals serve a variety of purposes, including 

killing bacteria inside the wellbore, reducing friction during 

high-pressure fracking, and thickening the fluid so that the 

sand, suspended in the gelled fluid, can travel farther into 

underground formations.71

In its 2016 study of fracking and drinking water, the EPA 

identified 1,606 chemicals used in fracking fluid and/or found 

in fracking wastewater. While the agency found high-quality 

information on health effects for only about 10 percent 

(173) of these chemicals, that information was troubling. 

EPA found that health effects associated with chronic 

oral exposure to these chemicals include carcinogenicity, 

neurotoxicity, immune system effects, changes in body 

weight, changes in blood chemistry, liver and kidney toxicity, 

and reproductive and developmental toxicity.72 

Chemicals used in the drilling stage that precedes 

actual fracturing can also pose health risks, including 

developmental toxicity and the formation of tumors, 

according to EPA regulators.73 A disclosure form filed with 

the state of Ohio, one of only two states to require public 

disclosure of drilling chemicals (Colorado is the other),74 

shows that Statoil, Norway’s state oil company (since 

renamed Equinor), has used the neurotoxic chemical xylene 

in drilling.75 In short, when chemicals used in drilling, fracking 

or other stages and methods of oil and gas operations 

come into contact with people or the environment, they can 

produce serious negative health effects.76 The use of PFAS in 

fracking and/or drilling operations would only multiply these 

health risks.
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 Chemical Disclosure Laws Shield Chemical IdentitiesCh. 2

Due to Pennsylvania’s byzantine system of oil and gas 

chemical disclosure, it is impossible to know how widely 

PFAS or other toxic chemicals have been used in the 

state’s oil and gas wells. This set of rules features, among 

other elements that frustrate the public’s right to know, 

opportunities for oil and gas companies to hide fracking 

chemical identities behind trade secret claims, conceal the 

identities of chemicals used in other stages and methods of 

extraction such as the drilling that precedes fracking, and 

allow chemical manufacturers – the companies who know 

best what chemicals are being used – to avoid disclosure 

of chemical ingredients. Pennsylvania also has different 

standards for fracking chemical disclosure in conventional 

and unconventional wells, requiring the public to consult 

multiple repositories in order to secure full information.

Many residents living near oil and gas operations have 

reported serious health impacts while expressing frustration 

over the secrecy surrounding chemicals used by the oil and 

gas industry.77 In 2020, the Attorney General’s criminal grand 

jury documented these experiences, finding that

 Many of those living in close proximity to a well pad began 

to become chronically, and inexplicably, sick. Pets died; 

farm animals that lived outside started miscarrying, or 

giving birth to deformed offspring. But the worst was 

the children, who were most susceptible to the effects. 

Families went to their doctors for answers, but the doctors 

didn’t know what to do. The unconventional oil and gas 

companies would not even identify the chemicals they 

were using, so that they could be studied; the companies 

said the compounds were “trade secrets” and “proprietary 

information.” The absence of information created 

roadblocks to effective medical treatment. One family was 

told that doctors would discuss their hypotheses, but only 

if the information never left the room.78

Pennsylvania’s rules and laws regarding oil and gas 

chemical disclosure mean that oil and gas companies could 

be using PFAS or other toxics much more widely than has 

been reported, leaving Pennsylvanians at risk of serious 

health problems.

a.  Extensive Use of “Trade Secret” Claims Veils  

Actual Use

Perhaps the most prominent shortcoming in Pennsylvania 

law that could conceal wider use of PFAS in oil and gas wells 

is the ability for oil and gas companies to withhold from 

the public, though not from regulators, information on 

their use of fracking chemicals deemed trade secrets, for 

both unconventional gas wells79 and conventional oil and 

gas wells.80 This provision is an exception to the general 

requirement that oil and gas well operators are required 

to publicly disclose their fracking chemicals, whether to 

FracFocus81 or to the DEP (see section e pg. 15).82 According 

to the DEP, well operators, well service providers, chemical 

suppliers/vendors, and chemical manufacturers can all 

declare that a fracking chemical is a trade secret.83 In these 

cases, the company declaring the trade secret must submit 

to the DEP a “Registration of Trade Secret-Confidential 

Proprietary Stimulation Fluid Chemical Information” form.84 

The submitter must include on the form the CAS Number 

and/or name of the chemical claimed as a trade secret. The 

submitter must also assign a code to the chemical in a format 

designated by the DEP and must include a justification for 

the trade secret claim.85 The code is used in place of the 

chemical name and/or CAS Number in the publicly available 

Completion Report required to be submitted electronically 

to the DEP for each oil and gas well.86 Through this system, 

the DEP learns the identities of trade secret chemicals, but 

the public does not. Trade secret claims can thus hide from 

public view the true identities of dangerous chemicals, 

including PFAS.

In 2021, the Philadelphia Inquirer reported in an editorial 

that the state’s list of trade secret chemicals contained about 

430 substances and that the newspaper had asked the DEP if 

the agency “would audit the list for ‘forever chemicals’ — not 

disclosing the name of the substance or other details.” The 

Inquirer wrote that “a spokesperson wrote that such review 

is ‘possible’ but time-consuming as ‘staff will need to review 

approximately 90 individual paper submissions’ to identify 

the chemicals.”87
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Table 1. Disclosed Use of Trade Secret Chemicals in Pennsylvania Oil and Gas Wells, 2012-2022

County Name

Number of wells 
injected with at least 
one trade secret 
chemical

Mass of all trade
secret chemicals
(lbs.)

Number of wells 
injected with trade 
secret surfactants

Mass of trade secret 
surfactants (lbs.)

Allegheny 107 3,980,000 19 1,860

Armstrong 150 1,160,000 17 1,720

Beaver 79 3,660,000 3 4,280

Bradford 458 14,100,000 168 1,790,000

Butler 219 4,550,000 65 118,000

Cameron 92 937,000 40 77,400

Centre 2 11,300 0 0

Clarion 6 117,000 0 0

Clearfield 7 136,000 2 5,600

Clinton 18 105,000 2 3,260

Crawford 1 60,700 1 918

Elk 154 1,260,000 43 4,360

Fayette 89 2,060,000 3 777

Forest 4 33,000 0 0

Greene 654 22,200,000 40 28,900

Indiana 4 10,400 4 2,350

Jefferson 10 821,000 1 18,900

Lawrence 8 65,300 0 0

Lycoming 290 5,500,000 24 41,900

McKean 80 660,000 15 59,200

Mercer 7 432,000 2 4,850

Potter 16 256,000 0 0

Somerset 5 88,300 0 0

Sullivan 51 1,640,000 10 153,000

Susquehanna 949 21,600,000 443 1,000,000

Tioga 264 5,010,000 55 167,000

Washington 1,082 60,800,000 179 798,000

Westmoreland 63 1,400,000 16 46,100

Wyoming 193 7,660,000 82 463,000

Total 5,062 160,000,000 1,234 4,790,000

This table shows by county the number of Pennsylvania wells in which oil and gas companies injected at least one trade secret fracking 

chemical and/or at least one trade secret surfactant. It also shows the total combined weight of these chemicals by county and statewide. 

The total weight figures reflect the sum of all records for which we have enough information to calculate a chemical’s weight. However, the 
total weight figures represent an undercount because many fracking chemical disclosures lack sufficient data to perform this calculation. 
The wells injected with trade secret surfactants are a subset of the wells injected with trade secret chemicals. For a more detailed 

explanation of data sources, see Appendix A.
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Table 2. Oil and Gas Companies that Fracked Unconventional Gas Wells in Pennsylvania Using  
Trade Secret Chemicals and Trade Secret Surfactants, 2012-2022

Operator

No. of wells 
injected with at 
least one trade 
secret chemical

Mass of all 
trade secret 
chemicals (lbs.)

No. of wells 
injected with 
at least one 
trade secret 
surfactant

Mass of all trade 
secret chemicals 
(lbs.)

Range Resources Corporation 816 49,100,000 147 487,000

EQT Production 780 33,700,000 15 25,300

Chesapeake Operating, Inc. 545 25,600,000 224 2,820,000

Cabot Oil & Gas Corp 509 7,220,000 327 356,000

Seneca Resources Corporation 447 3,610,000 128 229,000

Southwestern Energy 343 12,000,000 34 188,000

Chevron USA Inc. 151 2,920,000 3 778

Talisman Energy USA Inc. 140 1,860,000 47 No data available

XTO Energy/ExxonMobil 118 1,380,000 63 133,000

Repsol O&G, LLC. 114 999,000 3 128

Rice Drilling B, LLC 109 1,540,000 31 40

Anadarko Petroleum Corporation 109 86,100 0 0

Shell Oil Company affiliate 107 1,730,000 29 82,100

Snyder Brothers Inc. 99 942,000 9 1,350

PennEnergy Resources, LLC 71 1,470,000 0 0

CONSOL Energy Inc. 69 1,530,000 8 4,970

Carrizo Oil & Gas, Inc. 49 1,050,000 44 19,000

CNX Gas Company LLC 43 734,000 12 301,000

Rex Energy 42 338,000 4 265

Alta Resources 40 3,280,000 0 0

Noble Energy, Inc. 32 2,200,000 12 3,550

EdgeMarc Energy Holdings, LLC 27 1,320,000 0 0

COTERRA ENERGY INC. 27 308,000 14 842

Vantage Energy Appalachia II LLC 27 177,000 0 0

BKV Operating LLC 22 804,000 10 19,700

WPX Energy 20 628,000 14 1,400

Greylock Production LLC 20 518,000 13 3,910

MDS Energy Development LLC 20 54,100 4 364

EOG Resources, Inc. 20 37,200 5 247

Olympus Energy 19 82,600 5 455

Apex Energy LLC 17 560,000 4 41,100

JKLM ENERGY 15 220,000 0 0

MDS Energy, Ltd 12 31,500 1 No data available

Pennsylvania General Energy 11 195,000 0 0

Citrus Energy Corporation 8 43,500 7 41,700

EXCO Resources, Inc. 7 101,000 1 3,260

Rockdale Marcellus, LLC 6 936,000 0 0

Hilcorp Energy Company 6 77,700 0 0

Huntley & Huntley Energy Exploration 6 41,200 6 515

Inflection Energy (PA) LLC 5 69,300 3 11,800

Alpha Shale Resource, LP 5 849 0 0
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Table 2. (CONTINUED) Oil and Gas Companies that Fracked Unconventional Gas Wells in 
Pennsylvania Using Trade Secret Chemicals and Trade Secret Surfactants, 2012-2022

Operator

No. of wells 
injected with at 
least one trade 
secret chemical

Mass of all 
trade secret 
chemicals (lbs.)

No. of wells 
injected with 
at least one 
trade secret 
surfactant

Mass of all trade 
secret surfactants 
(lbs.)

Northeast Natural Energy LLC 4 102,000 0 0

LOLA Energy PetroCo 4 56,000 0 0

Chief Oil & Gas 4 38,500 0 0

Halcon Resources Corporation 3 323,000 3 5,770

Campbell Oil & Gas. Inc 3 66,800 2 5,600

Energy Corporation of America 3 8,960 0 0

Warren E&P, Inc. 3 4,910 0 0

INR Operating, LLC 2 125,000 0 0

Clean Energy Exploration and Production 2 21,400 0 0

RMD 2 No data available 0 0

Travis Peak Resources, LLC 1 4,400 0 0

Arrington Oil & Gas Operating LLC 1 2,330 1 2,330

Endeavour Operating Corp 1 No data available 1 No data available

Total 5,066* 160,000,000 1,234 4,790,000

This table shows the oil and gas companies that fracked unconventional gas wells in Pennsylvania with trade secret chemicals and trade 

secret surfactants between January 1, 2012 and September 29, 2022. The wells injected with trade secret surfactants are a subset of 

the wells injected with trade secret chemicals. For a more detailed explanation of data sources, see Appendix A. Please note: separate 

companies in this table could now be the same company as a result of subsequent mergers and/or name changes.

*In this table, the total number of unconventional gas wells that companies operating in Pennsylvania injected with at least one trade 

secret chemical (5,066) differs slightly from the total number reported in table 1 (5,062) because a handful of the 5,062 wells were fracked 
more than once, but by different operators, and those handful of wells are counted more than once in this table.

“Compared with Pennsylvania’s important efforts to test 

water for those substances,” the Inquirer commented, 

“reviewing 90 paper submissions for critical information 

about potential risk seems a minor cost.”88

The lack of evidence of additional PFAS use in Pennsylvania’s 

oil and gas wells may reflect extensive use of the trade 

secret provisions in Pennsylvania’s chemical disclosure rules. 

PSR’s data analysis revealed that, between 2012 and 2022, 

Pennsylvania well operators listed at least one fracking 

chemical as a trade secret in 5,062 unconventional gas wells 

located across 29 counties (Table 1). The weight of the trade 

secret chemicals used in these wells over this roughly 10-year 

period totaled 160 million pounds.89 If even a small fraction 

of this weight were PFAS, that fraction could pose significant 

health and environmental risks.

In an effort to determine if any of these trade secret 

chemicals were PFAS, PSR examined whether any were 

listed as a surfactant. (Surfactants, as noted in chapter 1, 

encompass dangerous fluorosurfactants, some of which are 

PFAS.) We found thousands of cases of oil and gas companies 

using at least one trade secret chemical that they described 

as a surfactant. These occurred in 1,234 wells, spread 

across 23 counties.90 Operators’ names for these chemicals 

were vague, including “proprietary surfactant 00015”91 and 

“proprietary surfactant blend.”92 The weight of these trade 

secret surfactants totaled almost five million pounds. Should 

even a small percentage of them be fluorosurfactants, they 

could include PFAS, and pose significant and long-lasting 

threats to human health and the environment. Yet the public 

cannot know what these chemicals are, due to the extensive 

use of trade secret protections.

These data show that multiple oil and gas companies have 

injected oil and gas wells in Pennsylvania with trade secret 
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TABLE 3. Examples of Individual Unconventional Gas Wells

Well Operator
Well 
Number

County
Year Fracking 
Completed

Chemical used  
in Well

CAS 
Number

Trade 
Name

Mass 
(lbs.)

Chesapeake 
Operating, Inc.

3712527156 Washington 2014 PTFE 9002-84-0 ambiguous
non 
calculable

Chesapeake 
Operating, Inc.

3700720415 Beaver 2014 PTFE 9002-84-0 ambiguous 19

Cabot Oil &  
Gas Corp

3711522540 Susquehanna 2020
nonionic 
surfactants

proprietary not reported 3,102

Range 
Resources 
Corporation

3712527583 Washington 2015 surfactants proprietary StimOil ENX 35,179

Seneca 
Resources 
Corporation

3711722086 Tioga 2021
proprietary 
surfactant blend

proprietary NFR-64 23,892

This table shows a sample of wells injected with the types of fracking chemicals referenced in the larger table above, including trade secret 

surfactants such as the “nonionic surfactants” and “proprietary surfactant blend” as well as PTFE. The examples cover a range of years 

and represent wells fracked in several Pennsylvania counties. Even the smallest mass shown for a proprietary chemical (3,102 pounds for 

nonionic surfactants) could be a highly dangerous amount if this proprietary chemical were PFAS.

chemicals that could be PFAS or other toxic substances. 

Table 2 identifies the companies responsible for this activity, 

as well as the quantities of trade secret chemicals and trade 

secret surfactants they injected.

b.  Examples of Individual Wells Injected with PFAS  

and/or Trade Secret Chemicals

FracFocus data show that in some cases, oil and gas 

companies have injected hundreds or even thousands 

of pounds of trade secret chemicals into unconventional 

gas wells for fracking. If the toxicities of some of these 

chemicals were similar to those of PFOA or PFOS, these 

quantities would be enough to contaminate vast amounts of 

water. Table 3 provides selected examples of the chemicals 

reported to have been used in several Pennsylvania wells.

c.  Lack of Disclosure of Drilling Chemicals Could  

Also Conceal PFAS Use

Another exemption in Pennsylvania’s disclosure rules that 

prevents the public from knowing the extent of PFAS use 

in oil and gas wells is that well operators are not required 

to disclose the chemicals used in the drilling process that 

precedes fracking. During drilling, companies bore deep 

holes in the earth. Working in successive stages, companies 

bore deeper and deeper until the production zone is 

reached where the oil and/or gas are located.93 During 

the first stage of drilling, these holes typically pass directly 

through groundwater.94 Chemicals can be injected in this 

stage of the process to help keep the drill bit cool and to 

help lift rock cuttings out of the well.95 EPA has indicated 

that any chemicals used during this first stage of the drilling 

process would be highly likely to leach into groundwater, 

because only after drilling through the groundwater zone 

is complete do oil and gas companies seal off the well from 

the groundwater by inserting into the well steel pipe known 

as casing as well as cement that fills the space between 

the outside of the pipe and the groundwater and rock 

formation.96 Chemicals could infiltrate the groundwater 

before the casing and cement are in place.

Chemicals used in the drilling stage could include PFAS 

as well as other substances that can pose health risks. A 

peer-reviewed scientific paper published in 2020 reported 

that the PFAS known as fluorosurfactants have at least 
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been proposed for use in drilling.97 EPA regulators have 

found that chemicals proposed for use in drilling could lead 

to developmental harms and the formation of tumors.98 

A disclosure form filed with the state of Ohio shows that 

Statoil, Norway’s state oil company (since renamed Equinor), 

has used a neurotoxic chemical, xylene, in drilling.99 If 

chemicals used in drilling were to come into contact with 

people or the environment, negative health effects could 

result. This potential makes it critically important for these 

chemicals to be disclosed publicly. However, there is no such 

requirement in Pennsylvania, creating the potential that 

people could be unknowingly exposed to PFAS and other 

dangerous chemicals used during the drilling process that 

precedes fracking.

d.  Chemical Manufacturers' Exemption May Also 

Obscure PFAS Use in Oil & Gas Wells

Pennsylvania rules may obscure the extent of PFAS use in 

oil and gas wells in an additional respect: The rules for both 

unconventional gas wells and conventional oil and gas wells 

clearly exempt chemical manufacturers from having to 

disclose the ingredients in their fracking chemical products 

to the well operators who must ultimately disclose the 

fracking chemicals to the public.100 As a result, it is likely that 

well operators are using at least some fracking chemicals 

unknowingly. Some of these chemicals could be PFAS.

Chemical manufacturers are in the best position to know 

the identities of individual fracking chemicals, whether these 

chemicals are used individually or as ingredients in fracking 

chemical products comprised of more than one chemical. 

Yet evidence shows manufacturers often withhold chemical 

identities from other companies in the supply chain. In 

2014, four attorneys with years of experience litigating oil 

and gas-related cases in Pennsylvania filed a petition with 

the state Commonwealth Court suggesting manufacturers 

often withhold chemical identities from other companies 

in the supply chain. The attorneys discussed the use of 

Material Safety Data Sheets (MSDS) that manufacturers use 

to communicate the contents of fracking chemical products. 

The federal Occupational Safety and Health Administration 

(OSHA) requires chemical manufacturers to prepare MSDS 

(now called safety data sheets) to order to protect workers 

using the chemicals from on-the-job hazards.101 The attorneys 

wrote that these sheets often omit chemical ingredients.

 Many times, a vendor of a hydraulic fracturing fluid 

product merely re-labels product manufactured by 

another company without ever knowing anything about 

the chemical make-up of the product it has relabeled 

other than what may be contained in the manufacturer’s 

MSDS. If that MSDS does not list the full chemical content 

of the product the vendor obtained, the vendor has 

no way of discerning the full chemical make-up of the 

hydraulic fracturing fluid. Thus, if a service provider or 

vendor never had possession of the entire chemical 

content of hydraulic fracturing fluid, then it is impossible 

for the vendor or service provider to pass that information 

along to the operator who then cannot possibly disclose 

to the Department [of Environmental Protection].102

The attorneys provided as support a record filed in a separate 

case by well operator Range Resources in which Range 

suggested that it was relying on MSDS from manufacturers 

to reply to a request for the chemicals used to fracture or 

stimulate its wells. Range said that the chemical information in 

these sheets could be incomplete. “The MSDS are often useful 

for developing some understanding of what is in a particular 

chemical or product,” Range wrote, continuing,

 However, they vary widely in terms of usefulness. Some 

manufacturers include very little information about the 

actual components of a particular product. As a result, 

Range is currently in the process of seeking additional 

information from manufacturers that have failed to 

provide enough information about their products in  

the MSDS.103

In one case, Range said that a fracking or stimulation product 

called “MC SS-5075” was “an Ammonium Bisulfite Solution 

manufactured by Multi-Chem. The MSDS describes the 

formula as 45-70% ammonium bisulfite by weight. Range is 

currently seeking information on the 30-55% missing from 
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the formula.”104 In another case, Range mentioned that 

a chemical known as “MC S-2510T,” also made by Multi-

Chem, contained “Ethylene Glycol (30%-60% by weight)” and 

“Sodium Hydroxide (5% by weight).” Range acknowledged 

that “we recognize that this formula fails to account for at 

least 35% of the weight, so we have contacted Multi-Chem 

for an explanation.”105

In 2011, the U.S. House of Representatives’ Committee 

on Energy and Commerce minority staff issued a report 

on hydraulic fracturing chemicals in which they asked the 

14 leading oil and gas service companies to “disclose the 

types and volumes of the hydraulic fracturing products 

they used in their fluids between 2005 and 2009 and the 

chemical contents of those products.”106 While the committee 

staff found, among other things, that the companies used 

products containing 29 chemicals that are known or possible 

human carcinogens, they also found that the companies 

could not completely respond to the committee staff’s 

request because of chemical information withheld by 

chemical manufacturers.

 In many instances, the oil and gas service companies 

were unable to provide the Committee with a complete 

chemical makeup of the hydraulic fracturing fluids they 

used. Between 2005 and 2009, the companies used  

94 million gallons of 279 products that contained 

at least one chemical or component that the 

manufacturers deemed proprietary or a trade secret. 

Committee staff requested that these [service] 

companies disclose this proprietary information. 

Although some companies did provide information 

about these proprietary fluids, in most cases the 

companies stated that they did not have access to 

proprietary information about products they purchased 

“off the shelf” from chemical suppliers. In these cases, 

the companies are injecting fluids containing chemicals 

that they themselves cannot identify.107

Researchers at Harvard University wrote in 2013 that 

rules for creating safety data sheets are unlikely to result 

in complete disclosure of fracking chemicals by chemical 

manufacturers. The researchers observed that the rules 

limit disclosure of chemicals to those that are hazardous and 

have been studied for workplace exposure. Many chemicals 

used in fracking might not have been studied for workplace 

exposure, they wrote, and therefore might not be disclosed 

in safety data sheets. The researchers also wrote that 

manufacturers might not list at least some substances in 

safety data sheets because federal regulations provide that 

substances are deemed hazardous or not due to existing 

test data; therefore, if no test data shows that a substance 

is hazardous, it would not have to be listed on a safety data 

sheet, even if the chemical were, in fact, hazardous. No new 

testing is required.108 These chemicals, in turn, would not 

be disclosed to companies in the fracking chemical supply 

chain, leaving the companies unable to disclose these 

chemicals to the public.

A final example of how chemical manufacturers do not 

or may not disclose all of the chemicals used in fracking 

or other oil and gas extraction techniques is found in the 

book Amity and Prosperity. In this book, which won the 

2019 Pulitzer Prize for general nonfiction, author Eliza 

Griswold focused on a woman named Stacey Haney, who 

lived in western Pennsylvania near three hydraulically 

fractured unconventional gas wells, a drilling waste pit, 

and a fracking wastewater storage pond. In 2009, after 

drilling activity began, Haney and her neighbors suffered 

unexplained illnesses and the deaths of animals. They 

suspected the illnesses and deaths were caused by air and 

water contamination from the gas activity.109 In a lawsuit 

filed against Range Resources, the well operator that ran 

the drilling site, Haney sought a full list of chemicals used 

at the site. This list would have been important to prove 

that exposure to the chemicals contributed to her family’s 

health problems. The court ordered Range to disclose 

the substances, but the company said it could not comply 

because it did not know all of them. “Range wasn’t simply 

being obstructionist,” Griswold writes, “it was likely the 

company didn’t know, since some of the products its 

subcontractors used were proprietary, and their contents 

were secret.”110 At least some of the secret chemical identities 

were held by a chemical manufacturer.111 After years of 
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litigation, Haney and another plaintiff accepted a confidential 

settlement that “left them feeling angry and defeated.”112 

“The company never provided the plaintiffs with a definitive 

list of all the chemicals used at the site,” Griswold wrote, and 

the court “refused to sanction Range for not complying” with 

the court order to disclose its chemicals.113

Considering these examples, it is important for states to 

require disclosure of fracking chemicals directly from the 

chemical manufacturers so that the public can know if 

dangerous chemicals such as PFAS are being used in oil and 

gas wells. Yet Pennsylvania’s rules not only fail to require 

such disclosure; they also eliminate incentives for well 

operators or other companies in the oil and gas chemical 

supply chain to seek accurate chemical information from 

the manufacturers so that the information can be publicly 

disclosed. Pennsylvania’s rules for unconventional gas wells 

provide that “a vendor, service provider or operator shall not 

be required to do any of the following… Disclose chemicals 

that are not disclosed to it by the manufacturer, vendor or 

service provider.”114 A second section of Pennsylvania’s rules 

for unconventional gas wells similarly removes the incentive 

for other companies in the fracking chemical supply chain 

to hold accountable the chemical manufacturers for public 

disclosure of fracking chemicals.115 

The rules for conventional oil and gas wells also shield 

chemical manufacturers from fracking chemical disclosure 

requirements by providing that a well operator must disclose 

“a list of the chemicals in the Material Safety Data Sheets, by 

name and chemical abstract service number, corresponding 

to the appropriate chemical additive.”116 This provision means 

that disclosure is limited to what is required on the safety 

data sheets, and therefore well operators are not responsible 

for compiling chemical information from manufacturers that 

is not on the sheets. As stated above, manufacturers do not 

have to include on the sheets chemicals that have not been 

studied for workplace exposure or those for which there is 

no data identifying the substances as hazardous. Therefore, 

the manufacturers do not have to disclose the identities of 

at least some chemicals, and operators would not have to 

disclose these chemicals publicly, including, perhaps, PFAS.

e.  Pennsylvania’s Rules Direct Fracking Chemical  

Data to Multiple Repositories

Another challenge the public faces in determining 

what chemicals oil and gas companies have used in 

Pennsylvania is that the state has two different systems 

of fracking chemical disclosure, resulting in disclosure 

of these chemicals to multiple repositories. For so-called 

“unconventional” wells, the state provides that gas well 

operators publicly disclose their fracking chemicals to 

the FracFocus database, an online repository that can 

be searched and sorted by multiple terms including type 

of chemical used.117 The state defines unconventional 

wells as gas wells in “a geological shale formation existing 

below the base of the Elk Sandstone or its geologic 

equivalent stratigraphic interval” from which gas cannot 

be economically produced unless particular extraction 

techniques are used including fracking.118 In the case of 

conventional wells, which the state defines as oil wells 

and all other gas wells, Pennsylvania requires oil and 

gas companies to disclose fracking chemicals to the 

Pennsylvania Department of Environmental Protection.119  

As of 2018, the records for conventional wells were stored  

as paper records in offices in Meadville and Pittsburgh120 and 

were not accessible remotely.121 In 2022, the Department 

of Environmental Protection reported that well operators 

can disclose fracking chemicals for conventional wells 

electronically or on paper to the appropriate office 

(Meadville, Pittsburgh, or Williamsport). The electronic 

disclosures are available online but are stored in pdf files 

that must be reviewed individually and cannot be searched 

and sorted as a group.122

Due to the time it would require to access the records for 

conventional wells from four different sources (online, 

Meadville, Pittsburgh, and Williamsport), none of which is 

easily searchable, PSR has limited this report to an analysis 

of fracking chemicals disclosed as used in unconventional 

gas wells. On the one hand, this analysis is robust because 

it covers more than 7,000 wells, and unconventional gas 

wells have largely accounted for Pennsylvania’s boom in 

gas production over the past two decades.123 However, this 
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analysis is incomplete, because it leaves Pennsylvanians 

uninformed about the chemicals they might be exposed to 

through conventional oil and gas wells. As of 2021, there 

were close to 40,000 conventional oil and gas wells operating 

in Pennsylvania.124

The difficulty of analyzing chemicals used in conventional 

wells is particularly troubling because in 2022, the DEP 

published a report surveying operators with 11 or more 

conventional wells which showed significant problems with 

regulatory compliance. Among the shortcomings that the 

DEP highlighted was improper abandonment of wells and a 

lack of reporting about waste production and the structural 

integrity of wells:

 Over the past five years, DEP’s OOGM [Office of Oil 

and Gas Management] has identified significant 

non-compliance with laws and regulations in the 

conventional oil and gas industry, particularly regarding 

improper abandonment of oil and gas wells, as well 

as reporting requirements for hydrocarbon and waste 

production and mechanical integrity assessments 

[related to structural soundness of oil and gas wells]...

The reporting non-compliance denies DEP and the 

public critical information about the operating status of 

individual wells. Overall performance is so poor among 

operators with 11 or more conventional oil and gas wells 

that the failure to report seems to be an industry-wide 

rule rather than the exception.125

The lack of reporting suggests that many conventional wells 

may pose unknown environmental risks to the public – risks 

that could be intensified if toxic chemicals such as PFAS are 

being used. But the public will have a difficult time discovering 

An oil and gas well site in Westmoreland County, Pa., Sept. 2021. Photo credit: Ted Auch. Photo courtesy of FracTracker Alliance.
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what chemicals may be present, due in part to the state’s 

fracking chemical disclosure records for conventional wells 

that are difficult and time-consuming to search.

f.  Fracking Data, Published Papers Suggest 

Underreporting of PFAS Use in Pennsylvania

An indication that oil and gas companies operating in 

Pennsylvania might not have fully disclosed their use of 

PFAS is evidence that more of them have disclosed use 

of PFAS in oil and gas wells when they operate in other 

states then they have in Pennsylvania. Only two oil and 

gas companies, Chesapeake Operating, Inc. and Hilcorp 

Energy, reported using PFAS (in this case, PTFE) in a total of 

eight of Pennsylvania’s unconventional gas wells between 

2012 and 2022. However, during the same period, fifteen 

other oil and gas companies that fracked oil and gas wells 

in Pennsylvania reported using PTFE for fracking in 346 

wells across nine other states. Chesapeake Operating and 

Hilcorp Energy also reported using PTFE in oil and gas 

wells outside Pennsylvania. One of the 15 companies, EOG 

Resources, also disclosed using another PFAS, fluoroalkyl 

alcohol substituted polyethylene glycol, in 86 wells across 

New Mexico and Texas, and five of the companies disclosed 

using chemicals that may be PFAS, known as nonionic 

fluorosurfactants, in Oklahoma, New Mexico, and Texas. 

The specific identities of the nonionic fluorosurfactants 

were withheld from the public under trade secret claims, 

but three chemists and a board-certified toxicologist 

who examined this chemical name believe that nonionic 

fluorosurfactants could be PFAS.126 The disclosed use 

of PFAS or potential PFAS in hundreds of oil and gas 

wells in other states by oil and gas companies operating 

in Pennsylvania raises questions about whether these 

companies are using these chemicals in Pennsylvania more 

widely than they have reported.

An additional indication that the use of PFAS in oil and 

gas wells in Pennsylvania could be more widely used than 

disclosed are two papers showing that the use of PFAS in 

oil and gas wells dates back decades and encompasses a 

variety of extraction techniques. In 2020, several scientists 

published an article in Environmental Science: Processes 

and Impacts showing that since 1956, PFAS including 

fluorosurfactants had been used or proposed to be used 

globally in oil and gas extraction techniques including 

chemical-driven gas production, chemical flooding, fracking, 

and the drilling that precedes fracking and other oil and 

gas production techniques.127 In 2008, two authors, one 

of whom was identified as an employee at DuPont, wrote 

in the peer-reviewed Open Petroleum Engineering Journal 

that the use of fluorosurfactants was relatively common 

in the oil and gas industry and that their use was about to 

surge. They referred to fluorosurfactants as an “emerging 

technology” and stated,

 While fluorosurfactants have been used in gas and oil 

exploration for four decades, the increased demand 

for petroleum and the greater understanding of the 

benefits of fluorosurfactants have led to growing 

acceptance for fluorosurfactants throughout the 

petroleum industry.128

The authors did not explicitly say that fluorosurfactants used 

in oil and gas operations were PFAS, but they described 

the fluorosurfactants in ways that are commonly used to 

describe PFAS. They wrote that 

 The use of fluorosurfactants is a recent but growing 

trend due to (i) the exceptional hydrophobic [water-

repellent] and oleophobic [oil-repellent] nature of 

the perfluoroalkyl and perfluoroalkyl ether groups...

The bond strength of the carbon-fluorine bond in 

perfluoroalkyl and perfluoroalkyl ether groups has been 

demonstrated as the key to remarkable overall stability 

for fluorochemicals and fluoropolymers.129

This evidence suggests that any time an unidentified 

fluorosurfactant or unidentified surfactant is used in oil 

and gas production, there is a potential that it is a PFAS. 

Companies operating oil and gas wells in Pennsylvania  

have used fluorosurfactants for fracking in other states.  

It is important to know if they have used these substances  

in Pennsylvania as well.
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Table 4. Use of PFAS and P�ential PFAS in Other States by Pennsylvania Oil & Gas Companies

Operator Name

Number of 
Unconventional 
Wells in Pa. with 
Fracking Chem. 
Disclosure of Any 
Type of Chemical

Disclosure of 
PTFE/Teflon for 
Fracking in Other 
States (no. of 
wells)

Disclosure 
of Nonionic 
Fluorosurfactants 
for Fracking in Other 
States (no. of wells)

Disclosure of 
Fluoroalkyl Alcohol 
Substituted 
Polyethylene Glycol 
for Fracking in Other 
States (no. of wells)

Cabot Oil & Gas Corp 689 Texas (1)    

Chesapeake  
Operating, Inc.

583

Texas (86) 
Ohio (78) 
Wyoming (12) 
West Virginia (11) 
Oklahoma (6) 
Pennsylvania (5) 
Louisiana (1)

   

Southwestern Energy 536
Colorado (2) 
West Virginia (1)    

Chevron USA Inc. 246   Texas (26) 
New Mexico (11)  

XTO Energy/ExxonMobil 186

Texas (32) 
New Mexico (7) 
Ohio (4) 
Oklahoma (4) 
West Virginia (4)

Texas (67) 
Oklahoma (6) 
New Mexico (4)

 

Anadarko Petroleum 
Corporation

112
Colorado (95) 
Wyoming (38) Texas (8)  

Hilcorp Energy Company 87 Pennsylvania (3)    

Carrizo Oil & Gas, Inc. 50 Texas (15)    

Noble Energy, Inc. 46 Colorado (30)    

EOG Resources, Inc. 22 Texas (4) Texas (2) Texas (65) 
New Mexico (31)

WPX Energy 20 New Mexico (9)    

EXCO Resources, Inc. 12
Texas (87) 
Louisiana (1)    

Northeast Natural Energy LLC 4 West Virginia (9)    

Halcon Resources Corporation 3
Texas (2) 
Mississippi (1)    

Arrington Oil & Gas  
Operating LLC

1   Texas (3)  

This table shows the companies that disclosed the use of any and all fracking chemicals in Pennsylvania’s unconventional gas wells 

between 2012 and 2022 and also disclosed the use of PFAS or potential PFAS for fracking in other states during the same period. The 

types of PFAS or potential PFAS disclosed as being used for fracking in other states include PTFE/Teflon, fluoroalkyl alcohol substituted 
polyethylene glycol, and nonionic fluorosurfactants. The numbers in (parentheses) show how many wells in each state the companies 
disclosed as being injected with the particular type of chemical. For example, the cell in the top of the table’s third column from the left 

shows that between 2012 and 2022, Cabot Oil & Gas Corp. fractured one well in Texas with PTFE/Teflon. For a more detailed explanation of 
data sources, see Appendix A.
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 Health Studies Link Oil and Gas Operations to IllnessCh. 3

a.  Oil, Gas Well Proximity Associated with Disease

A robust and reliable body of scientific studies of PFAS 

in oil and gas operations – both their presence and their 

health effects – does not yet exist. However, peer-reviewed 

scientific studies of people living near oil and gas operations 

have correlated proximity to active well sites with a variety 

of diseases and other health effects. It is not unreasonable 

to extrapolate that, should PFAS have been used in those 

operations, it could be associated with some of those  

health effects.

A 2021 study comparing health data in Pennsylvania and 

New York counties atop the Marcellus Shale found that years 

of exposure to unconventional natural gas operations in 

Pennsylvania were associated with higher hospitalization 

and death rates from acute myocardial infarction (heart 

attack) than what was found in New York, where no 

unconventional gas operations took place.130 The study 

was made possible by the natural experiment created 

by New York’s moratorium and later ban on fracking and 

Pennsylvania’s decision to pursue shale gas extraction.131 

Similarly, researchers from Johns Hopkins University 

analyzed data on more than 12,000 heart failure patients in 

Pennsylvania and compared those with and those without 

hospitalizations. They found that heart failure patients living 

near unconventional gas extraction sites were significantly 

more likely to become hospitalized.132 The authors of both 

the New York/Pennsylvania study133 and the study focused 

solely on Pennsylvania134 suggested that particulate matter 

emitted from fracking operations and the stress associated 

with living nearby might have played a role in the findings. 

Neither study examined PFAS exposure, but one of the 

health impacts associated with PFAS exposure is high 

cholesterol that is, in turn, associated with heart attacks.135 

These associations, and the known use of PFAS in oil and gas 

operations, point to the need for more study of the use of 

PFAS in oil and gas operations and associated health effects.

PSR has collaborated with Concerned Health Professionals 

of New York to compile and summarize the substantial 

and growing number of scientific studies that have 

found serious health effects associated with oil and gas 

operations. At least two of these health effects, low birth 

weight in babies and heart disease (that can be linked to 

high cholesterol) are generally associated with exposure 

to PFAS, though the research to date has not investigated 

whether these health effects are specifically linked to PFAS 

used in oil and gas operations. In the eighth edition (2022) 

of our report, we wrote, 

 Public health problems associated with fracking include 

prenatal harm, respiratory impacts, cancer, heart 

disease, mental health problems, and premature death... 

Poor birth outcomes have been linked to fracking 

activities in multiple studies in multiple locations using 

a variety of methods. Studies of mothers living near oil 

and gas extraction operations consistently find impaired 

infant health, especially elevated risks for low birth 

weight and preterm birth. As we go to press, a new study 

in Pennsylvania finds “consistent and robust evidence 

that drilling shale gas wells negatively impacts both 

drinking water and quality of infant health.”136

Low birthweight is a leading contributor to infant death in 

the United States.137

b. Studies Needed on PFAS

PSR is not aware of published studies that have analyzed 

well sites for PFAS or that have analyzed health effects 

related to potential use of PFAS at well sites. We are aware 

of only two studies of PFAS associated with oil and gas 

operations, both conducted by government agencies, and 

both focused on Pennsylvania. In 2023, the DEP tested a 

water well for PFAS at the Washington County home of 

Bryan Latkanich138 in response to Latkanich’s complaint that 

nearby oil and gas operations had contaminated his water 

with PFAS.139 The DEP reported that it found some PFAS in 

Latkanich’s water (PFOS at 2.3 parts per trillion, as well as 

PFHxS and PFOSA), but it found no evidence that PFAS was 

used in the nearby oil and gas operations, specifically a 

gas well pad operated by Chevron about 500 feet from the 

Latkanich home that was the site of two unconventional 
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gas wells.140 The DEP speculated that the source of the 

PFAS could be, among many potential sources, water that 

already contained PFAS being used for fracking in the 

unconventional gas wells. State regulations do not require 

testing for chemicals contained in water used in fracking.141

These testing results are not necessarily reassuring. The 

PFOS concentration was 115 times higher than EPA’s health 

advisory level of 0.02 parts per trillion, though below the EPA’s 

proposed drinking water standard of four parts per trillion. 

DEP tested for 36 types of PFAS and found only three types in 

the Latkanich well, but there are thousands of types of PFAS 

in use. A test for total organic fluorine, which the DEP did 

not conduct, might have indicated the presence of additional 

PFAS. The lack of evidence of PFAS use at nearby oil and 

gas operations could have been consistent with actual lack 

of use, or it could have reflected the use of PFAS chemicals 

for which the DEP did not test and which regulators or even 

the companies conducting the gas operations may not 

have known about. For the second study focusing on PFAS 

associated with oil and gas operations, see Appendix B.

In the bigger picture, the lack of testing for PFAS at oil and gas 

sites is not surprising; there were few if any grounds to test 

for PFAS in connection with oil and gas operations prior to 

July 2021, when PSR first publicized the probable use of these 

chemicals in oil and gas extraction. Now that we know PFAS 

have been used in oil and gas operations for years, scientists 

should determine where this use takes place and whether 

there are connections between this use and health effects, for 

PFAS chemicals individually and as a compounding factor in 

conjunction with exposure to other fracking chemicals.

An oil and gas fluids impoundment near Zelienople, Pennsylvania, 2015. Photo credit: Ted Auch. Photo courtesy of FracTracker Alliance.
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As indicated by EPA in the agency’s 2016 report on fracking 

and drinking water, there are multiple pathways through 

which contaminants associated with oil and gas operations 

in Pennsylvania can jeopardize health and the environment. 

These include leaks and spills of chemicals at well sites, 

leaks and spills of wastewater at well sites or disposal sites, 

underground migration into groundwater from production 

wells or wastewater disposal wells used as underground 

repositories for wastewater, spreading of wastewater on 

roads for dust suppression and deicing, and dumping at 

landfills of solid waste that could be tainted with toxic 

substances. All of these concerns would apply to PFAS as well 

as to other contaminants.

a. Disposal of Waste Intensifies Pollution Concerns

The risk that PFAS and other chemicals associated with oil 

and gas drilling could pollute the Pennsylvania environment 

is especially high because of the staggering volumes of 

wastewater and solid waste generated by oil and gas 

extraction. The volumes are so high largely because of the 

scale of many of the unconventional gas wells being drilled 

in Pennsylvania compared to conventional wells drilled in 

past decades. Developing each well involves injecting millions 

of gallons of water, sand and fracking fluid. A portion this 

mixture returns to the surface in the form of wastewater 

known as “flowback.” In 2016, the EPA reported that flowback 

per well in the Marcellus and Utica shale formations that 

are exploited for gas in Pennsylvania can total between 

300,000 and one million gallons over the first 10 days after 

fracking.142 In addition, following flowback, huge volumes 

of naturally occurring water from underground formations, 

known as “produced water,” flow out of the wells, potentially 

for years.143 In 2016, EPA reported that five years after a well 

was drilled in the Marcellus shale, it would still be producing 

wastewater at a rate of hundreds of gallons per day.144

The wastewater, whether flowback or produced water, 

can contain chemicals intentionally added to the fracking 

fluid such as PFAS; naturally occurring contaminants 

found in underground formations, including radium, 

which occurs in significant concentrations in wastewater 

from Pennsylvania;145 and may contain chemicals that are 

products of reactions that occur in underground formations 

such as those between fracking chemicals and naturally 

occurring compounds in the formation such as methane.146 

Intentionally added drilling fluids, as well as naturally 

occurring water encountered during drilling, may be part 

of the wastewater mix.147 In addition, drilling the wells 

involves boring into the earth 9,000 feet vertically and 10,000 

additional feet or more horizontally.148 This process produces 

tons of rock shards known as “drill cuttings” that could be 

contaminated with human-made or naturally occurring 

toxics.149 FracTracker Alliance has found that wastewater and 

drill cuttings are the two largest waste streams produced 

by oil and gas operations in Pennsylvania. According to 

the organization’s analysis of Pennsylvania Department 

of Environmental Protection oil and gas waste reports, in 

2022, oil and gas wells in Pennsylvania generated more than 

2.6 billion gallons of wastewater. 150 That liquid waste was 

transported to 598 facilities in Pennsylvania, New York, Ohio, 

and West Virginia, with almost 90 percent of the wastewater 

and 80 percent of the solid waste remaining in Pennsylvania. 

Most of the wastewater went to other well pads where 

wastewater can be reused to offset the need for fresh 

water;151 to residual waste processing facilities that appear 

to include facilities for wastewater storage and treatment;152 

to injection disposal wells where wastewater is injected 

underground for supposedly permanent disposal, and to 

storage facilities pending disposal or reuse.

Pennsylvania’s oil and gas wells produced more than 2.1 

billion pounds of solid waste, largely consisting of drill 

cuttings, but also including produced fluids reported in tons, 

soil contaminated from spills, and synthetic liner material. 

The solid waste was transported to 53 facilities in the same 

four states, with most of the waste going to Pennsylvania 

landfills. Other destinations for solid waste included reuse 

at other well pads, residual waste processing facilities, and 

disposal at injection wells. If some of the wastewater or 

solid waste were tainted with PFAS, it could pose risks to 

the environment or health, both at the well sites where the 

  Exposure Pathways to PFAS Associated with Oil and Gas 

Operations in Pennsylvania

Ch. 4
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waste is generated, and also at waste disposal sites that can 

be miles away. See the map below and an interactive online 

version from FracTracker for destinations for this waste.

The reported volumes of waste from oil and gas wells could 

be even larger than reported. In 2014, the Pittsburgh Post-

Gazette reported that nine landfills located in southwestern 

Pennsylvania reported accepting three to four times the 

amount of oil and gas waste that operators told the DEP that 

they sent to the landfills. The DEP told the Post-Gazette that it 

did not verify reports on the volume of oil and gas wastewater 

that oil and gas wells operators sent to centralized waste 

treatment facilities or underground injection wells, but the 

DEP had no reason to doubt the figures.153

The potential for oil and gas waste to contain PFAS is not 

just hypothetical, according to an analysis of Pennsylvania 

state records in 2022 by Environmental Health News.154 

The publication found that the eight wells in Pennsylvania 

injected with PTFE/Teflon produced more than 23 million 

gallons of liquid waste and 30,390 tons of solid waste 

between 2012 and 2022.155 A map developed for the 

publication by FracTracker Alliance showed that this waste 

was transported to at least 97 sites for reuse or disposal in 

Pennsylvania, Ohio, and West Virginia.156

Robert Delaney, a retired geologist and Superfund specialist 

with the Michigan Department of Environmental Quality 

(now called the Michigan Department of Environment, Great 

Lakes, and Energy), told Environmental Health News that “If 

there were PFAS in any of those waste products, it’s likely 

that it would have gotten into the environment in some of 

those locations." Delaney spent 36 years working in natural 

resource protection for the state of Michigan and first 

warned state officials about the looming problem with PFAS 

in 2012, though unrelated to oil and gas extraction.157 “The 

Map courtesy of FracTracker Alliance shows destinations in 2022 for liquid and solid waste generated by oil and gas wells 
in Pennsylvania. An interactive version of the map is available at https://ft.maps.arcgis.com/apps/webappviewer/index.

html?appid=4c61de38fe714bf699349e0c7dbef779.

Figure 2. Facilities Accepting Pennsylvania Oil and Gas Waste in 2022
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Map developed by FracTracker Alliance for Environmental Health News showing destinations for liquid and solid waste from eight 
Pennsylvania oil and gas wells where oil and gas companies reported using PTFE/Teflon for fracking between 2012 and 2022. An interactive 
map of these sites is available here: https://www.ehn.org/fracking-pennsylvania-pfas-2658837888.html.

Figure 3. Sites Accepting Waste from Pennsylvania Wells Fracked with PFAS Chemicals

odds are that just as there were spills at the well pads, there 

have been spills and leaks at these disposal sites,” Delaney 

told Environmental Health News. “All these places that 

accepted the waste didn’t know that they were dealing with 

PFAS. And the things you do to treat other chemicals doesn’t 

work on them…these chemicals never go away.”158

When Environmental Health News first asked the 

Pennsylvania Department of Environmental Protection to 

comment on the use of PFAS in oil and gas operations in 

Pennsylvania, the Department responded that “absent a 

spill or release on the surface or below surface, there is no 

reason to conclude that wellsite fluids (whether including 

PFAS compounds or not) would have reached nearby soils 

or drinking water.”159 The publication then found evidence 

that there were two spills at one of the wells, known as Paul 

Schlinski 8H, in 2017 and 2020, and informed the DEP.160 DEP 

spokesperson James Thrasher told the publication, “Given 

the time period between the use of the PFAS chemicals and 

the releases, the small amount of the spills, that the spills 

were contained to the gravel of the well pad, and that they 

were remediated quickly, DEP does not have current plans 

to sample for PFAS at this location.” Thrasher explained 

that chemicals used in fracking are likely to be contained in 

so-called “flowback water” that typically emerges from wells 

within the first 30 days after fracking. In contrast, the spills 

occurred four years after fracking and were of produced 

water that primarily consists of naturally occurring brine 

from underground formations. His comments implied that 

the produced water was unlikely to contain chemicals that 
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were used in fracking.161 Delaney, the Superfund specialist, 

told Environmental Health News that Pennsylvania officials 

should at least test for PTFE near the well sites where the 

chemical was used and consider testing at the locations 

where waste from these wells was disposed of.162 PTFE, a 

PFAS, persists, after all, in the environment.

b. Leaks, Spills Raise Pollution Concerns

As indicated by the cases of waste from wells injected with 

PTFE, one of the major pathways through which PFAS could 

contaminate water or soil is leaks and spills of drilling fluids, 

fracking fluids, or wastewater. These leaks and spills are 

common in oil and gas operations in Pennsylvania, as well 

as in other states, and they may be more common and 

serious than publicly reported. In 2017, a team of researchers 

published a paper in which they found that between 2005 

and 2014, unconventional oil and gas well operators in 

Pennsylvania reported 1,293 spills from drilling through 

energy production.163 The researchers calculated that the 

wells involved had an average spill rate of 4.3 percent during 

the period; this figure was defined as the total number of 

spills divided by the number of well-years during the period.164 

The researchers found that the total reported volume of 

spills in Pennsylvania during the period was 260,000 gallons. 

However, the authors cautioned that “Pennsylvania may have 

‘missing’ volumes data because reporting of spills has only 

been required by telephone; agency guidance discouraged 

written notification.” The researchers added that regulations 

set to take effect in 2016 would require written reports for 

spills greater than 42 gallons or when a spill may pollute 

Pennsylvania waters (These regulations for unconventional 

gas wells are in effect as of 2023).165

The freedom of the industry to self-report and the informal 

reporting of spills by telephone suggest that the number of 

spills and their volume could have been greater than was 

reported, increasing the potential for contamination by PFAS 

and other toxic substances.

Additional evidence from the criminal grand jury 

investigation conducted by Pennsylvania’s Attorney General 

mentioned in Chapter 2 suggests that oil and gas-related 

spills and contamination may be more frequent and severe 

than reported. The grand jury heard testimony about the 

experience of more than 70 households, a sample size 

restricted by the Attorney General’s limited jurisdiction over 

environmental crimes in Pennsylvania.166 The grand jury 

also heard testimony from dozens of current and former 

employees of the DEP and Pennsylvania Department of 

Health.167 The grand jury was dubious that spills were 

accurately and comprehensively reported, given that 

inspectors often relied on industry self-reporting of spills or 

denials that a spill had occurred and did not visit spill sites. 

“DEP employees would investigate citizen complaints simply 

by calling the [oil or gas well] operator and asking him what 

happened,” the grand jury found. “If the operator sent in 

a photo purporting to show that no spill had occurred, the 

matter could be closed without ever leaving the office.”168 

The grand jury also found that the DEP used test methods 

known as a “suite code” to detect water contamination from 

oil and gas operations that often did not include testing for 

at least some of the contaminants likely to be associated with 

oil and gas extraction. The grand jury reported that

 An operator might be using a particular compound on 

a specific occasion that is not universally present at 

fracking sites. If DEP did not check the operator’s records 

to see what he was using when a spill occurred (if the 

chemicals were fully disclosed), the Department would 

never know what to test for. Reliance on the standard 

suite code would actually be detrimental, because it 

would give a clean bill of health to water that might in 

fact be dangerously contaminated.169

PFAS was not one of the contaminants tested for by the 

DEP,170 raising the potential that Pennsylvanians could have 

been unknowingly exposed to dangerous PFAS chemicals 

through oil and gas-related leaks and spills.

In some cases, authorities have documented water 

contamination from leaks and spills due to oil and gas 

operations. In 2018, Pennsylvania’s DEP fined a West Virginia 
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company $1.7 million for a host of violations at more than 

a dozen well sites in Pennsylvania, including a leak of fluid 

from holes in the liner of a wellsite pit. The release killed 

nearby vegetation and impacted groundwater and a spring 

used for drinking water.171 In a separate incident in 2014, 

the DEP fined Range Resources a record $4.15 million to 

settle violations that contaminated soil and groundwater 

near seven impoundments in Washington County; 

the impoundments held millions of gallons of fracking 

wastewater. The DEP reported that the violations included a 

release of 25 barrels of fracking fluid onto the ground; failure 

to prevent fracking fluid from flowing from a pipe onto soil 

and into a tributary of Brush Run, a state-designated High 

Quality stream, causing harm to aquatic life; and failure to 

contain about 400 barrels of used fracking fluids, which were 

released into soil and an adjacent stream.172 Also in 2014, the 

Pittsburgh Post-Gazette analyzed DEP records showing that 

oil and gas operations had contaminated or reduced the flow 

of 243 private water supplies since the end of 2007. Some 

of the water supplies were contaminated through spills, the 

newspaper reported, though the records did not describe in 

much detail how the water supplies were impacted.173

c.  Underground Injection Wells, Abandoned Wells  

Put Drinking Water at Risk

Another major pathway through which PFAS-tainted oil and 

gas wastewater could contaminate surface or groundwater 

is through underground injection into disposal wells. 

Wastewater from the eight unconventional gas wells in 

Pennsylvania that were injected with PTFE was injected into 

more than three dozen different underground injection wells 

in Ohio.174 

The potential for pollution from oil and gas wastewater is 

not unfounded. Researchers have known for decades that 

wastewater from injection disposal wells can contaminate 

groundwater. In some cases, the wastewater, a mixture of 

naturally occurring brine and oil and gas waste, has migrated 

upward from deep underground, moving through nearby 

oil and gas wells, many of which have ceased operating but 

have not been properly sealed off from the surrounding 

underground rock formations.175 This migrating wastewater 

can break out of abandoned wells and contaminate 

groundwater near the earth’s surface.176

In 1985, the Texas Department of Agriculture quoted the 

then-existent Congressional Office of Technology Assessment 

regarding the “insidious” problem of underground injection 

of oil and gas wastewater. The congressional office had 

noted that such wastewater is typically injected in exactly 

the places where prior drilling has created opportunities for 

the wastewater to migrate through abandoned or closed 

wells into groundwater.177 In 1989, Congress’ investigative 

arm, the General Accounting Office (now the Government 

Accountability Office) reported on almost two dozen 

incidents of drinking water contamination associated with 

wastewater disposal wells.178 Many of these cases involved 

wastewater migrating up abandoned oil and gas wells.179

Pennsylvania’s own injection wells are not currently a major 

destination for wastewater from the state’s oil and gas wells. 

Instead, Pennsylvania trucks far more of its oil and gas 

wastewater to neighboring Ohio. As of 2023, Pennsylvania 

had only 12 underground wastewater injection wells,180 

compared to 245 as of 2022 in Ohio, 181 where the geology 

is more favorable and permitting is easier. However, Inside 

Climate News reported in 2023 that minutes taken at a 

DEP Oil and Gas Technical Advisory Board meeting in 2021 

alluded to a study from Tetra Tech, a consulting firm, saying 

that Pennsylvania would need between 17 and 34 extra 

disposal wells to handle the current amount of oil and gas 

wastewater produced in the state.

Inside Climate News also reported that a company called 

Penneco was planning a second injection well near 

Monroeville in western Pennsylvania. 183 Some local residents 

were opposing the well, as was the Plum Borough Council, 

which filed an appeal against its own appointed zoning board 

after the zoning board approved the well.184

Aside from underground injection wells, Pennsylvania is 

home to thousands of abandoned oil and gas wells, many 

of them unplugged and in unmarked locations. The world’s 
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first commercial oil well was drilled in Titusville, Pennsylvania 

in 1859,185 but oil and gas companies were not required to 

plug non-producing wells until 1984 and were not required 

to register old wells until 1985. Largely as a result, the state 

is riddled with old, unplugged or improperly plugged wells. 

Estimates of the number of these “orphan” wells, as they 

are known, range in the hundreds of thousands, but the 

true number may never be known. As noted earlier, the DEP 

found in 2023 that the practice of abandoning oil and gas 

wells, at least for conventional wells, has continued into the 

present day.186

Recent history shows that wastewater from injection wells, 

potentially contaminated with PFAS or other dangerous 

chemicals, could reach these abandoned wells and 

migrate up the well shaft. This scenario could occur both 

in Pennsylvania and across the state line in Ohio where 

injection disposal wells are more common. Since 2020, two 

cases – one suspected to have involved an injection well, the 

other known to have done so – have been documented. In 

January 2021, more than 1.6 million gallons of what appeared 

to be fracking wastewater flowed for four days from an 

unplugged oil and gas well in Noble County, Ohio, idle since 

2012.187 A nearby tributary, Taylor Fork, was impacted by the 

spill, resulting in a fish kill. The cause of the spill was unclear, 

but there were six active fracking wastewater injection 

wells in Noble County, including three within four miles of 

the leaking oil and gas well. Another example occurred in 

September 2020 in Washington County, Ohio, when fracking 

wastewater from a disposal well migrated at least five miles 

to gas-producing wells, causing state officials to worry about 

possible groundwater contamination.188

Abandoned wells could also be conduits for fracking fluid 

injected into active oil and gas production wells as opposed 

to disposal wells – fracking fluid that may be tainted with 

PFAS or other toxics. In 2022, the Pittsburgh Post-Gazette 

reported that a man in New Freeport reported that he 

witnessed “a geyser” of water erupting from the location 

of an abandoned well on his property. He learned that 

a Pennsylvania-based oil and gas company, EQT Corp., 

was simultaneously fracking a horizontal well more than 

a mile away. The next day, EQT notified DEP about a “well 

communication” issue, a term that refers to a situation 

in which one well interacts with another. The company, 

however, told the Post-Gazette that it did not know if its 

fracking had caused the geyser. The company and the 

DEP were investigating. Several neighbors reported that 

they thought the apparent communication impacted their 

water.189In one case, a person who took a shower on the day 

of the incident later broke out in hives.190

The Post-Gazette’s reporting indicated that communication 

with abandoned wells may be more common than reports 

reflect because it is likely that no one would be nearby to 

observe impacts in an abandoned well.191 Over the previous 

six years, oil and gas companies had reported to DEP 45 

suspected cases of well communication. Most of these 

suspected cases were discovered by operators of shale gas 

wells adjacent to the wells that were the apparent source 

of the communication. These adjacent operators noticed 

changes in pressure or other impacts in their own wells.  

But if no one were near an abandoned well with which an 

active well communicated, the result could be water or soil 

contamination unknown to the public, whether from PFAS 

or other toxics.

Compounding these problems is that oil and gas production 

wells in Pennsylvania can be located as close as 500 feet 

from a building or water well in the case of unconventional 

wells, and within 200 feet in the case of conventional 

wells.192 This reality means that abandoned wells can be 

located near people’s homes, and communication of toxic 

fluids from a production well or disposal well nearby could 

emerge from an abandoned well and pollute well water or 

soil at a residence. Fluids from the well could also migrate 

directly into groundwater that feeds a private water well. 

And airborne pollutants could easily travel such a short 

distance (see section f below). The Attorney General’s grand 

jury recommended a setback or no-drilling zone of 2,500 

feet from homes and 5,000 feet from schools and hospitals. 

These distances that would be more protective but perhaps 

not protective enough:193 In 2012, a New York office of the 

U.S. Geological Survey warned that if the type of fracking 
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practiced in Pennsylvania were allowed in New York, fracking 

could jeopardize water supplies within a radius of up to five 

square miles.194

d. Road Spreading

Road spreading -- the practice of spraying oil and gas 

wastewater on roads for deicing or dust suppression – 

constitutes another pathway through which PFAS used in 

oil and gas wells could jeopardize Pennsylvanians’ health. 

Researchers at Penn State University have found salts, 

metals, and radioactive elements in runoff from road 

spreading at levels higher than are considered healthy for 

people and the environment. There is no evidence that 

they tested for PFAS, but any chemical contained in the 

wastewater could run off of roads and contaminate water 

sources. The researchers also found that road spreading 

is no more effective at controlling dust than rainwater, a 

conclusion that the oil and gas industry disputes.195 Two 

actions have created a partial ban on road spreading 

in Pennsylvania. In 2016, DEP banned the practice of 

road spreading with wastewater from unconventional 

gas wells.196 In 2018, as a result of a settlement of an 

Environmental Hearing Board appeal, DEP’s Oil and Gas 

Program halted the practice of approving road spreading of 

conventional wastewater.197 However, road spreading with 

conventional wastewater has continued under a provision 

of the Solid Waste Management Act called “coproduct 

determination,” in which a company can use industrial waste 

in place of a commercially available product if the industrial 

waste does “not present a greater threat of harm to human 

health and the environment than use of an intentionally 

manufactured product or produced raw material.” The law 

requires various tests to demonstrate this relative level of 

safety. However, the tests do not require analysis for PFAS or 

radium.198 As indicated earlier, PFAS could be used for drilling 

in conventional wells, even if the wells are not fracked.

The nonprofit Better Path Coalition found that conventional 

oil and gas drilling companies spread more than 2.2 million 

gallons of their wastewater on roads in Pennsylvania 

between 2018 and the end of 2020,199 and more than 977,000 

additional gallons in 2021,200 bringing the four-year total to 

more than 3.1 million gallons. This wastewater could have 

contained PFAS or other toxics, but it is impossible to know 

without adequate testing.

e. Landfills

When solid waste from oil and gas operations is taken to 

landfills, Pennsylvanians could also be impacted by chemicals 

in that waste, including, potentially, PFAS. Landfills produce 

their own dangerous wastewater, known as “leachate,” when 

rainwater percolates through the contents of the landfill, 

comes in contact with buried wastes, and leaches out their 

chemicals or constituents.201 Should the rainwater contact 

oil and gas waste tainted with PFAS and leach out those 

chemicals, and if that leachate were to escape from the 

landfill, it could cause contamination.

One case in Fayette County, Pennsylvania demonstrates 

the potential of leachate from oil and gas waste to cause 

water pollution, although it is unknown whether PFAS were 

involved. In 2019, local prosecutors asked the Pennsylvania 

Attorney General’s office to investigate after leachate 

from a landfill that had accepted drill cuttings was taken 

to a wastewater treatment plant that discharged into the 

Monongahela River, a major source of drinking water for 

Western Pennsylvania.202 While accepting leachate from 

the landfill, the plant’s discharge of treated water exceeded 

state and federal pollution standards for several pollutants 

including ammonia-nitrogen because its treatment system 

stopped functioning, allowing pollutants to pass through, 

according to the local prosecutors’ complaint.203 A test of 

the landfill’s leachate in 2019 detected “volatile organic 

compounds (VOCs), including Xylene, Ethylbenzene, 

Naphthalene, 1,3, 5 Trimethylbenzene and 1, 2, 4 

Trimethylbenzene… All of these contaminates (sic) are 

constituents of diesel fuel and are associated with waste 

streams from unconventional wells,” an attorney for the 

wastewater treatment plant wrote in a letter accompanying 

a consent order prohibiting the landfill from sending its 

leachate to the treatment plant for 90 days.204 Oilfield 

services company Schlumberger205 and the Oklahoma State 
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University Extension206 have stated that diesel fuel has been, 

or may currently be used, in drilling of oil and gas wells. 

The treatment plant’s superintendent wrote in an affidavit 

that the plant was able to effectively treat its wastewater 

during a two-week experiment when it temporarily stopped 

accepting waste from the landfill – an experiment which 

showed that the landfill’s waste was causing the treatment 

plant to exceed pollution control standards.207

A more recent case involved allegations that leachate from 

a landfill in Pennsylvania contaminated a creek near York 

with PFAS, though the source of the PFAS in the landfill was 

unspecified. In 2023, Lower Susquehanna Riverkeeper Ted 

Evgeniadis sued Modern Landfill and its owner Republic 

Services, asking a federal judge to force the company to 

comply with the Clean Water Act and to impose penalties for 

alleged violations.208 Evgeniadis asserted that the landfill was 

discharging extremely high levels of PFAS into the creek in 

violation of the law. In his written complaint, he stated that 

he tested discharges from the landfill into Kreutz Creek as 

well as areas of the creek downstream from the discharges 

and found levels of PFOS at 374.3 parts per trillion, levels 

of PFOA at 847 parts per trillion and added that “25 other 

PFAS compounds were also measured at very high levels.”209 

DEP records show that in April 2019, Modern Landfill 

received three tons of produced fluid from unconventional 

gas wells,210 but it is unclear that this volume of fluid was 

accurate because records of oil and gas waste shipments and 

deliveries in Pennsylvania are often inconsistent.211 Nor is it 

clear or whether gas-related waste contributed to the high 

PFAS levels near the landfill.

f. Volatilizing, Flaring Could Pollute Air with PFAS

PFAS used in oil and gas wells could follow airborne exposure 

routes, according to toxicologist David Brown, former 

director of environmental epidemiology at the Connecticut 

Department of Health. Brown, who has investigated health 

effects associated with unconventional gas drilling for the 

Southwest Pennsylvania Environmental Health Project, 

warned that if PFAS were to enter drinking water, it could 

subsequently volatilize or become airborne inside homes.212 

Brown also added another potential pathway for airborne 

exposure: PFAS could become airborne when gas is either 

vented or burned off during flaring at the wellhead.213

Bolstering Brown’s concern, both the EPA and the Interstate 

Technology Regulatory Council say that PFAS can be spread 

through air. Neither source mentions pathways from oil 

and gas operations, perhaps because such pathways have 

only recently come to the public’s attention. On a webpage 

devoted to “PFAS Analytical Methods Development and 

Sampling Research,” EPA includes a heading entitled “Source 

(Air) Emissions.” It states under that heading that “There 

are diverse sources of [air] emissions, including chemical 

manufacturers, commercial applications, and thermal 

treatment incineration processes. EPA is developing test 

methods for measuring PFAS source emissions.”214 The 

Interstate Technology Regulatory Council (ITRC), a state-

led environmental coalition that includes members from 

state, federal, tribal, and international agencies as well 

as academia, the private sector and the general public,215 

reported that “Under certain conditions, particularly within 

industrial stack emissions, or during fire suppression, 

incineration, or combustion, PFAS can be transported 

through the atmosphere.”216 The ITRC added that deposition 

of PFAS could result in pollution of soil, groundwater, or 

other media:

 Short-range atmospheric transport and deposition can 

result in PFAS contamination in terrestrial and aquatic 

systems near points of significant emissions, impacting 

soil, groundwater, and other media of concern (citation 

omitted). Evidence of releases has been observed in 

areas where hydrologic transport could not plausibly 

explain the presence of PFAS in groundwater, with the 

extent of contamination reaching several miles from 

sources and in distribution patterns independent of 

regional hydrology (citations omitted).217

If PFAS are used in oil and gas wells, this information 

indicates that nearby residents should be concerned about 

airborne emissions.

28 | PHYSICIANS FOR SOCIAL RESPONSIBILITY

WG Ex. 16

0635



John Day unconventional gas well site and fluids impoundment in Amwell Township, Washington County, Pa., June 7, 2021. The Pennsylvania 
Department of Environmental Protection (DEP) cited discharges from this impoundment as some of the violations and releases that 
prompted the DEP’s $4.15 million fine against Range mentioned on page 25 of this report. Photo credit: Courtesy of Marcellus Air.
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  Oil & Gas-Related Chemical Exposure as an Environmental 

Justice Issue

Ch. 5

“Fenceline” communities – people living close to oil and gas 

operations – often bear a disproportionate risk of exposure 

to toxic chemicals. Thus, they may be particularly at risk 

from PFAS used in oil and gas extraction. Although drilling 

and fracking take place across the U.S., not everyone shares 

in the risks equally. Rather, oil and gas infrastructure and 

associated chemicals are frequently located in or adjacent to 

lower-income, underserved, and marginalized communities, 

notably Black, Indigenous, and other communities of color, 

as has been documented in a variety of studies.

A 2019 analysis conducted in Colorado, Oklahoma, 

Pennsylvania, and Texas found strong evidence that African 

Americans disproportionately lived near fracking wells in 

Texas and Oklahoma, while Hispanics disproportionately 

lived near fracking wells in Texas and urban Colorado. “In 

Pennsylvania,” the study reported, “where natural gas drilling 

generally takes place in counties with low shares of minorities, 

no environmental disparities by race/ethnicity are found, 

however we do find significantly lower incomes near fracking 

wells.”218 Similarly, in 2017, FracTracker Alliance published 

an analysis that found that out of almost 800 oil and gas 

wells drilled in Allegheny, Armstrong, and Butler counties 

between 2010 and 2014, only two were drilled in census tracts 

where the median home value was $200,000 or greater.219 A 

separate study published in 2015 found that census tracts in 

Pennsylvania with potential exposure to unconventional wells 

have a higher percentage of lower-income people.220

Where a pattern of risks affects people of color and/

or lower-income people disproportionately, oil and gas 

production methods should be viewed and addressed as an 

Environmental Justice issue. So too should any oil- and gas-

related exposure to PFAS.

Unconventional gas well in Union Township, Washington County, Pa., May 19, 2014. Photo credit: Courtesy of Marcellus Air.
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 Policy Can Help Protect Pennsylvanians from PFAS in FrackingCh. 6

a. Modest Federal Protections from PFAS Pollution

Governments at all levels will have to do more to protect 

the public from PFAS, as EPA has taken only modest steps 

to do so, while Congress and the executive branch have 

exempted the oil and gas industry from major provisions 

of multiple federal environmental laws. For example, oil 

and gas operations are exempt from important permitting 

and pollution control requirements of the Clean Water Act, 

including the stormwater runoff permit requirement. 221 

Fracking is exempted from the Safe Drinking Water  

Act pollution control measures unless diesel is used in the 

fracking process.222 Oil and gas waste is exempted from 

the hazardous waste rules that require cradle-to-grave 

tracking and safe handling of hazardous substances under 

the Resource Conservation and Recovery Act.223 These 

exemptions increase the burden on state governments to 

address any PFAS pollution associated with oil and  

gas extraction. 224

EPA has taken some steps to protect the public from 

dangerous PFAS. In 2005, EPA reached a then-record 

$16.5 million settlement with chemical manufacturer 

Dupont after accusing the company of violating the federal 

Toxic Substances Control Act (TSCA) by failing to disclose 

information about PFOA’s toxicity and presence in the 

environment.225 In 2006, EPA invited Dupont, 3M and 

six other companies to join a “stewardship” program in 

which the companies promised to achieve a 95 percent 

reduction of emissions of PFOA and related chemicals by 

2010, compared to a year 2000 baseline. The agreement 

also required the companies to eliminate such emissions 

and use of these chemicals by 2015.226 In 2022, EPA said 

on its website that the companies reported that they 

had accomplished those goals, either by exiting the PFAS 

industry or by transitioning to alternative chemicals.227 EPA 

reported in 2022 that the manufacture and use of at least 

one PFAS, PFOA, had been phased out in the U.S., and that 

no chemical company had reported making PFOS in the 

U.S. since 2002. EPA did note that existing stocks of PFOA 

might still be used, and imported products may contain 

some PFOA,228 and a 2020 scientific article reported that 

PFOA was still used in Asia. EPA stated that limited ongoing 

uses of PFOS remain. Since the announcement of its PFAS 

stewardship program in 2006, EPA has allowed nearly 

unlimited use of closely related “replacement” chemicals 

in dozens of industries.231 In response, in 2015 a group of 

more than 200 scientists raised health and environmental 

concerns that the new PFAS designed to replace PFOA and 

PFOS may not be safer for health or the environment.232

In October 2021, EPA announced a “strategic roadmap” 

for regulating PFAS. This plan encompasses a goal of 

setting federal drinking water standards for several PFAS 

chemicals by 2023, as well as commitments to “use all 

available regulatory and permitting authorities to limit 

emissions and discharges from industrial facilities” and 

“hold polluters accountable."233 The plan does not, however, 

include an examination of PFAS use in the oil and gas 

industry. (Later that month, 15 members of the U.S. House 

of Representatives asked EPA to examine this topic.234 The 

month before, PSR had asked EPA to collect data on PFAS 

use in oil and gas extraction, utilizing its authority under 

TSCA.235) As previously stated, in June 2022, EPA announced 

new health advisory levels for several types of PFAS and in 

March 2023, announced a plan to regulate six types of PFAS 

in drinking water. In August 2022, EPA proposed designating 

PFOA and PFOS as hazardous under Superfund.236 This 

designation would enable affected parties to more easily 

hold oil and gas companies accountable for cleanup costs 

if PFOA and PFOS were found at oil and gas sites. Under 

Superfund, liability does not require negligence, and any 

potentially responsible party (PRP) can be held liable for 

cleanup of an entire site when it is difficult to distinguish 

contributions to pollution among several parties. As EPA 

writes about Superfund, “[i]f a PRP sent some amount of the 

hazardous waste found at the site, that party is liable.”237

In acting belatedly to regulate at least some types of PFAS 

in drinking water, EPA is following the lead of several states, 

including Pennsylvania. As of 2023 nine states, including at 

least several with contaminated military sites, had developed 

enforceable standards for concentrations of several types of 

PFAS in drinking water.238
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b.  Pennsylvania’s Disclosure Rules: In Need  

of Sweeping Reform

In Pennsylvania, multiple reforms are needed to protect 

the public from the use of PFAS in oil and gas operations, 

including changing the state’s chemical disclosure rules to lift 

the veil of secrecy that oil and gas companies have used to 

conceal the use of potentially dangerous chemicals including, 

perhaps, PFAS. One such change is tighter limits on the use 

of trade secret provisions.

Oil and gas companies have argued that chemical trade 

secrets are necessary to protect their intellectual property 

from competitors. However, this interest does not have  

to mean a complete withholding of chemical identities from 

scientists, regulators, and the public. In 2015, California,  

a major oil-producing state,239 began requiring full 

disclosure of the individual chemicals used for well 

stimulation, including fracking.240 In June 2022, Colorado, 

a major producer of oil and gas,241 followed in California’s 

footsteps but extended the disclosure requirements to 

all chemicals used in oil and gas wells, not just fracking or 

stimulation chemicals.242

The methodology utilized in California and Colorado is 

consistent with a recommendation issued in 2014 by an 

advisory panel to the U.S. Department of Energy: that 

companies reveal the fracking chemicals injected into 

each well, providing that information in a list in which 

the chemicals are disassociated from the trade name of 

the commercial products they are part of.243 This form of 

disclosure enables the public to know all the chemicals 

used in fracking without disclosing to rival chemical 

manufacturers the exact components of proprietary 

formulas.244 In a similar way, food producers keep recipes 

secret while disclosing individual ingredients, enabling 

the public to know the contents of food products but 

making it difficult for rival producers to recreate valuable 

food brands. For unconventional wells, Pennsylvania 

requires that individual chemicals injected into each well 

be disclosed, disassociated from chemical products.245 

However, the state’s simultaneous allowance of trade 

secret claims for individual chemicals, unlike California and 

Colorado, ensures that Pennsylvania’s disclosure technique 

results in less than full disclosure.

California, Colorado and other states have additional 

provisions in their oil and gas chemical disclosure rules that 

could be models for Pennsylvania. California has a process 

under which state regulators review secrecy requests from 

chemical companies to determine whether the information 

must be kept proprietary,246 and health and safety data 

related to fracking fluids are not allowed to be hidden 

from public view under California law.247 California also 

requires disclosure of fracking chemicals before fracking 

begins,248 as do West Virginia249 and Wyoming.250 Colorado, 

in its June 2022 legislation, required chemical disclosure 

from chemical manufacturers.251 The Pennsylvania Attorney 

General’s grand jury endorsed many of these measures, 

recommending full chemical disclosure of all chemicals 

used in oil and gas wells before they can be used.252

These reasonable and feasible reforms are valuable steps to 

protect the health of people who may be exposed to PFAS 

and other dangerous oil and gas chemicals, be they industry 

workers, residents living near well sites, or first responders 

called to the scene of an accident. They can improve health 

and potentially save lives. Additional steps to reduce the 

harms caused by oil and gas extraction are outlined in the 

recommendations section, including a ban on the use of 

PFAS in oil and gas operations, an action that Colorado took 

in 2022.253 Among the evidence supporting the feasibility of 

this measure is a peer-reviewed analysis published in 2021 

showing that many PFAS are immediately replaceable with 

less-persistent and less-toxic substances, including for use in 

the oil and gas industry.254

c.  Pennsylvania’s Hazardous Waste Rules Also  

in Need of Reform

Pennsylvania’s state government has recognized the dangers 

of PFAS but, in doing so, has illuminated another gap in 

state rules that should be closed to protect the public from 

PFAS use in oil and gas operations. Subtitle C of RCRA is our 
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nation’s law that requires safe management of hazardous 

waste from “cradle-to-grave.”255 In 2021, in response to a 

request from New Mexico’s Governor Michelle Lujan Grisham 

to regulate PFAS under Subtitle C, EPA Administrator Michael 

Regan said that the agency would initiate a rulemaking 

process to declare four types of PFAS to be “Hazardous 

Constituents” under RCRA – PFOA, PFOS, PFBS, and GenX – 

as a step toward listing them under Subtitle C. He also said 

that EPA would initiate a rulemaking to “clarify that emerging 

contaminants such as PFAS can be addressed through RCRA 

corrective action.”256

Yet under both the federal RCRA257 and the state’s 

implementation of the federal law in the Solid Waste 

Management Act,258 oil and gas wastes are exempt 

from hazardous waste requirements. This exemption 

allows drilling companies to take solid oil and gas waste 

to municipal landfills that have inadequate testing for 

radioactivity and other toxics, according to Duquesne 

University microbiologist John Stolz.259 Similarly, the 

exemption allows oil and gas companies to inject their 

liquid waste underground into so-called Class II wells 

designated for oil and gas waste; these wells have lower 

standards of environmental protection than Class I wells 

that are designated for hazardous waste. For example, 

operators of Class I hazardous waste injection wells must 

analyze an area of at least two miles’ radius from the well 

to ensure that there are no adjacent wells that could be 

conduits allowing the oil and gas waste to migrate to the 

surface.260 Class II wells can analyze an area as small as 

within a quarter-mile radius.261

Pennsylvania could act to regulate oil and gas waste as 

hazardous by following the example of New York State, 

which in 2020 enacted legislation to designate oil and gas 

waste as hazardous.262 State Senator Rachel May, one of the 

bill’s sponsors, said in a statement,

 Wastewater from fracking can contain carcinogenic 

compounds and naturally occurring radioactive 

materials. The regulatory loophole that allowed waste 

from fracking and crude oil processing to be treated as 

standard industrial waste means it enters local sewage 

treatment facilities, sometimes with radiation levels 

hundreds of times the safe limit, it then flows directly 

back into our waterways – the source of drinking water 

for thousands of New Yorkers.263

May issued her statement before it was widely known that 

PFAS was used in oil and gas operations, but considering 

the oil and gas industry’s record of using PFAS, the 

statement could apply as well to these dangerous “forever” 

chemicals. Continuing to exempt oil and gas wastes from 

hazardous waste treatment means that PFAS in these 

wastes would be exempt, too, with potentially serious 

consequences for Pennsylvanians.
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 Recommendations

In light of the findings shared in this report, PSR recommends 

the following:

• Halt PFAS use in oil and gas extraction. Pennsylvania 

and the U.S. Environmental Protection Agency (EPA) should 

prohibit PFAS from being used, manufactured, or imported 

for oil and gas extraction. Many PFAS are replaceable with 

less-persistent and less-toxic alternatives. In taking this step, 

Pennsylvania would be following the lead of Colorado, a 

major oil- and gas-producing state that in June 2022 passed 

legislation banning the use of PFAS in oil and gas wells. 

• Expand public disclosure. Pennsylvania should greatly 

expand its requirements for public disclosure of oil and 

gas chemicals. The state could again follow the example 

offered by Colorado by requiring disclosure of all individual 

chemicals used in oil and gas wells, without exceptions for 

trade secrets. This action can be done while still protecting 

product formulas as trade secrets. Pennsylvania should also 

require disclosure on the part of chemical manufacturers 

and require chemical disclosure prior to permitting, as have 

California, West Virginia, and Wyoming.

• Increase testing and tracking. Pennsylvania and/or the 

U.S. EPA should determine where PFAS have been used in 

oil and gas operations in the state and where related wastes 

have been deposited. They should test nearby residents, 

water, soil, flora, and fauna for PFAS, both for the particular 

type(s) of PFAS used and for organic fluorine to detect the 

presence of other PFAS and/or their breakdown products. 

They should use testing equipment sensitive enough to 

detect PFAS at a level of single-digit parts per trillion or lower. 

• Require funding and cleanup. Oil and gas and 

chemical manufacturing firms should be required to fund 

environmental testing for PFAS in their areas of operation, 

and should PFAS be found, be required to fund cleanup. 

If cleanup of water sources is impossible, companies 

responsible for the use of PFAS should pay for alternative 

sources of water for homes, schools, hospitals, agriculture 

and other uses for as long as needed.

• Remove Pennsylvania’s oil and gas hazardous waste 

exemption. Pennsylvania exempts oil and gas industry 

wastes from state hazardous waste rules. Pennsylvania 

should follow New York’s lead and remove its state-level 

hazardous waste exemption for the oil and gas industry.

• Reform Pennsylvania’s regulations for oil and gas 

production wells and underground injection disposal 

wells. The state should prohibit production wells 

and underground wastewater disposal wells close to 

underground sources of drinking water, homes, health care 

facilities and schools; require groundwater monitoring for 

contaminants near the wells, and for disposal wells, require 

full public disclosure of chemicals in the wastewater.

• Transition to renewable energy and better regulation. 

Given the use of highly toxic chemicals in oil and gas 

extraction, including but not limited to PFAS, as well 

as climate impacts of oil and gas extraction and use, 

Pennsylvania should transition away from fracking and 

move toward renewable energy and energy efficiency 

while providing economic support for displaced oil and gas 

workers. As long as drilling and fracking continue, the state 

should better regulate these practices so that Pennsylvanians 

are not exposed to toxic substances and should empower 

local governments also to regulate the industry. When doubt 

exists as to the existence or danger of contamination, the 

rule of thumb should be, “First, do no harm."
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 Appendix A

Data Sources for PFAS Used in Pennsylvania’s Oil and 

Gas Wells

To identify where, and to what extent, PFAS and trade 

secret chemicals were used at unconventional gas wells 

in Pennsylvania, PSR analyzed well-by-well reports of 

fracking chemicals recorded in FracFocus, a database for 

the oil and gas industry264 maintained by the Groundwater 

Protection Council, a nonprofit comprised of regulators 

from state agencies.265 The dates of these records extend 

from January 1, 2012 to September 29, 2022. PSR consulted 

the open-source version of FracFocus, Open-FF,266 which is 

more accurate and informative than the original version of 

FracFocus. For example, Open-FF corrects for numerous 

spellings of the same term and consolidates the spellings 

into a single, corrected term. For more information about 

the differences between FracFocus and Open-FF, see the 

link above. 

Under Pennsylvania law, well operators must disclose the 

fracking chemicals used in unconventional gas wells to 

the FracFocus database. Disclosure must occur within 60 

days after hydraulic fracturing treatment.267 Based on the 

disclosure forms available on FracFocus’ website, operators 

must list, among other things, each individual chemical 

injected into the well and each chemical’s CAS number, 

if available.268 There are, however, significant exceptions 

to disclosure requirements under Pennsylvania’s rules, 

including an exception for chemicals designated a trade 

secret269 as discussed in Chapter 2 and Chapter 6.
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 Appendix B

Government Scientists Investigate Link between 

Pennsylvania Oil and Gas Wells, PFAS Pollution

In August 2023, as we prepared to go to press, a study 

conducted by the U.S. Geological Survey (USGS) and 

the Pennsylvania Department of Environmental Protection 

(DEP) with implications for PFAS use in oil and gas 

operations in Pennsylvania was published in a peer-

reviewed journal. The study may be the first, or one of 

the first, by government agencies to recognize oil and 

gas wells as “facilities that have been documented as 

potential sources of PFAS.”270 In making this determination, 

the authors relied on two sources, also cited by PSR in 

this report, providing evidence of PFAS use in oil and gas 

operations including a 2008 paper by Murphy and Hewat271 

and a 2020 paper by Glüge.272 The authors also relied on a 

paper published in 2022 by Hussain et al.273

The study by USGS and DEP detailed testing by scientists 

of surface water in Pennsylvania from 161 streams for 33 

different types of PFAS.274 The goals of the study included 

measuring PFAS concentrations, determining the sources 

of PFAS, and comparing PFAS concentrations to health and 

environmental standards.275 The scientists found that 123 

of the streams, 76 percent, contained one or more of the 

33 types of PFAS.276 In addition, 16 of the streams contained 

levels of PFOA that exceeded EPA’s proposed drinking water 

standard for PFOA, and 11 streams had concentrations 

of PFOS that exceeded EPA’s proposed drinking water 

standard for PFOS.277

While the scientists did not report a direct link between oil 

and gas wells and the types of PFAS for which they tested, 

they did find concentrations of PFAS in streams located in 

areas that featured both high levels of oil and gas wells and 

combined sewer overflow outfalls278 (pipes that discharge 

into streams the combination of wastewater from homes 

and businesses, and runoff from roads, typically during 

rain storms).279 The scientists commented that “Research 

documenting the impacts of OG [oil and gas] development 

on PFAS contamination in surface waters is limited, but 

in this study the CSO [combined sewer overflow outfalls] 

surrounded by OG development in local catchments could 

be a potential source of PFAS to surrounding streams.”280

While the study recognized a potential link between oil 

and gas wells and PFAS pollution in water, the extent 

of such pollution cannot yet be determined for several 

reasons. First, the researchers tested for only 33 PFAS out 

of thousands that have been manufactured. It is possible 

that oil and gas companies used types of PFAS for which the 

researchers did not sample. (The researchers stated that 

future investigation could involve testing for total organic 

fluorine that could indicate the presence of non-specific 

PFAS without having to test for individual types.)281 Second, 

it is nearly impossible for researchers to test for all the 

types of PFAS potentially used in oil and gas wells because 

multiple regulatory gaps allow oil and gas companies and 

chemical manufacturers to withhold the identities of the 

chemicals used in oil and gas wells. Third, the researchers 

did not sample groundwater. PFAS used in oil and gas wells 

may be especially likely to impact groundwater because 

PFAS may be used in drilling that precedes fracking,282 

and has been used in fracking fluids.283 These PFAS could 

infiltrate groundwater through multiple pathways including 

during the first stage of drilling when the drill bit passes 

directly through groundwater before steel casing or 

cement is placed in the well to separate the well from the 

groundwater,284 through leaks and cracks in the casing and/

or cement after these protective materials are installed,285 

migration up adjacent faults286 or adjacent active and 

abandoned oil and gas wells,287 and through surface spills.288 

More research and transparency is necessary to fully 

characterize the extent of PFAS pollution in water supplies 

located near oil and gas wells or near sites where oil and 

gas waste is disposed of.
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 Appendix C

Health and Environmental Risks of PTFE/Teflon

Polytetrafluoroethylene (PTFE) is the type of PFAS that oil 

and gas companies disclosed as being used for fracking in 

eight unconventional gas wells in Pennsylvania between 

2012 and 2022. PTFE is a fluoropolymer, a type of plastic.289 

Scientists’290 and environmentalists'291 major concerns about 

PTFE and other fluoropolymers are related less to these 

substances themselves, but rather to the associated impacts 

of their production, use, and disposal. The production of 

PTFE and other fluoropolymers relies on the use of other, 

highly toxic PFAS that are used as production aids. As noted 

in a peer-reviewed study published in 2020, these other PFAS 

have included fluorosurfactants such as PFOA, whose risks 

are discussed in the previous chapter, and GenX, which is 

similarly harmful and has replaced PFOA in fluoropolymer 

production.292 PTFE and other fluoropolymers may contain 

these more toxic PFAS fragments, and those fragments may 

leach out of the PTFE during use.293 The authors of the 2020 

paper noted that

 The levels of leachables…in individual fluoropolymer 

substances and products depend on the production 

process and subsequent treatment processes; a 

comprehensive global overview is currently lacking.294 

In addition, PTFE may generate other PFAS if the PTFE 

breaks down under heat.295

The 2020 paper authors noted that the persistence in the 

environment of PTFE and other fluoropolymers could pose 

problems during disposal, observing that “Landfilling of 

fluoropolymers leads to contamination of leachates with PFAS 

and can contribute to release of plastics and microplastics.”296 

One of the authors added in an email to PSR that if PTFE 

were used in oil and gas wells that have especially high 

temperatures, defined in publications by oilfield services 

company, Schlumberger, as 300º-350º F or higher for so-

called “high-pressure, high-temperature wells,”297 the PTFE 

could undergo a process called “thermolysis” and generate 

toxic PFAS called perfluoroalkyl carboxylic acids (PFCAs). As 

a result, he wrote, “there could be some additional problems 

that need some investigation.”298 A spokesperson for the 

Pennsylvania Department of Environmental Protection told 

PSR in June 2023 that members of the department’s sub-

surface team “have found no producing formation in the 300F 

range or above.”299

In 2021, a coalition of national environmental organizations 

including the Center for Environmental Health, Clean Water 

Action, Ecology Center, Environmental Working Group, 

Natural Resources Defense Council, Safer States, and 

the Sierra Club voiced several environmental and health 

concerns regarding the risks of fluoropolymers such as 

PTFE, based on their review of multiple scientific articles. The 

groups also noted that fluoropolymers are manufactured 

with chemicals that have an outsized negative effect on 

climate change.300

Public records make it difficult to know for what purpose 

PTFE was used in Pennsylvania’s unconventional gas wells. 

For all eight wells in which the substance was injected, 

multiple purposes were listed for multiple chemical products, 

and it was unclear which purpose was connected to which 

product. In addition, the individual chemical components of 

the products were listed together in a separate portion of 

each disclosure form, making it impossible to know which 

components were part of which product or for what purpose 

the components were used.301 However, PTFE, which is 

marketed as Teflon, is known for its slipperiness, suggesting 

it might have been used as a friction reducer, a common 

purpose for fracking chemicals.302
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McIntyre Wild Area, Lycoming County, Pa., April 2021. Photo credit: Rebecca Johnson. Photo courtesy of FracTracker Alliance.
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Previously unpublicized information unearthed by 

Physicians for Social Responsibility (PSR) shows that since at 

least 2013, oil and gas companies used in Texas oil and gas 

wells more than 43,000 pounds of a class of extremely toxic 

and persistent chemicals known as PFAS. However, gaps in 

Texas’s disclosure rules prevent the public from knowing 

how widely PFAS – or other toxic chemicals – have been used 

in oil and gas drilling and extraction. These findings raise 

concerns that Texans may unknowingly be exposed to highly 

hazardous substances.

PFAS are a highly dangerous class of chemicals, known 

for their toxicity at extremely low levels, their multiple 

negative health effects including cancer, and their resistance 

to breaking down in the environment, leading to their 

nickname, “forever chemicals.”

PSR analyzed industry self-reported data recorded in 

FracFocus, the official repository for Texas’s required 

disclosure of chemicals used in hydraulic fracturing 

(“fracking”), and found that between 2013 and 2022, oil and 

gas companies injected more than 1,600 oil and gas wells 

in 73 counties with some 43,000 pounds of the PFAS known 

as PTFE/Teflon. Oil and gas companies injected 1,222 wells 

in 66 counties with more than 53,000 pounds of additional 

chemicals that are PFAS, likely PFAS, or precursor chemicals 

that could degrade into PFAS.

However, the number of definitively identified or likely cases 

of PFAS use may significantly underrepresent the use and 

presence of PFAS associated with oil and gas operations 

in the state. That is in large part because Texas law allows 

oil and gas companies and chemical manufacturers to 

withhold fracking chemical identities from the public and 

potentially even from regulators by claiming them as a “trade 

secret.” Between 2013 and 2022, companies claimed trade 

secret privileges in over 58,000 oil and gas wells located 

across 183 of Texas’s 253 counties. The unidentified trade 

secret chemicals used in Texas over this roughly decade-

long period totaled 6.1 billion pounds. An interactive map 

showing the locations of wells injected with PTFE/Teflon, 

fluorosurfactants, and trade secret chemicals is available 

here [https://ft.maps.arcgis.com/apps/webappviewer/index.

html?appid=9cff28a549d84fbeb908444bbcaf16bf].

By shielding from public view the chemicals injected into 

oil and gas wells, trade secret claims and other gaps in 

disclosure rules raise the potential that Texans may be 

directly exposed, or their groundwater and well water 

may be exposed, to PFAS and other toxic chemicals from 

hundreds or even thousands of oil and gas production wells.

Among our key findings are:

• A PFAS known as PTFE/Teflon was used in oil and gas 

extraction in Texas over the past decade in at least 1,625 

oil and gas wells in 73 counties.

• A PFAS and potential fluorosurfactant called fluoroalkyl 

alcohol substituted polyethylene glycol was used in at 

least 65 wells between 2013 and 2022. Fluorosurfactants 

are part of a larger group of chemicals known as 

“surfactants” that are commonly used in fracking and 

can reduce the surface tension of a liquid among other 

properties. Fluorosurfactants encompass the dangerous 

PFAS known as PFOA and PFOS and hundreds of other 

less-studied replacement chemicals and mixtures. Some 

are known to be extremely toxic to people, could be 

harmful to animals, and are expected to persist in the 

environment.

• Trade secrets make it extremely difficult to determine 

how extensively PFAS (and other highly toxic chemicals) 

have been used in Texas. PSR’s analysis of FracFocus 

data revealed that, between 2013 and 2022, Texas well 

operators declared at least one fracking chemical a trade 

secret in 58,199 oil and gas wells in 183 counties. Trade 

secret chemicals used in Texas over this roughly decade-

long period totaled 6.1 billion pounds.

• In addition, over the past decade, oil and gas firms 

fracked 30,700 wells, spread across 171 counties, with 

at least one trade secret surfactant totaling 331 million 

pounds. Some of these may be fluorosurfactants. 
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http://Previously unpublicized information unearthed by Physicians for Social Responsibility (PSR) shows that since at least 2013, oil and gas companies used in Texas oil and gas wells more than 43,000 pounds of a class of extremely toxic and persistent chemicals known as PFAS. However, gaps in Texas’s disclosure rules prevent the public from knowing how widely PFAS – or other toxic chemicals – have been used in oil and gas drilling and extraction. These findings raise concerns that Texans may unknowingly be exposed to highly hazardous substances.PSR analyzed industry self-reported data recorded in FracFocus, the official repository for Texas’s required disclosure of chemicals used in hydraulic fracturing (“fracking”), and found that between 2013 and 2022, oil and gas companies injected more than 1,600 oil and gas wells in 73 counties with some 43,000 pounds of the PFAS known as PTFE/Teflon. Oil and gas companies injected 1,222 wells in 66 counties with more than 53,000 pounds of additional chemicals that are PFAS, likely PFAS, or precursor chemicals that could degrade into PFAS.That is in large part because Texas law allows oil and gas companies and chemical manufacturers to withhold fracking chemical identities from the public and potentially even from regulators by claiming them as a “trade secret.” Between 2013 and 2022, companies claimed trade secret privileges in over 58,000 oil and gas wells located across 183 of Texas’s 253 counties. The unidentified trade secret chemicals used in Texas over this roughly decade-long period totaled 6.1 billion pounds. An interactive map showing the locations of wells injected with PTFE/Teflon, fluorosurfactants, and trade secret chemicals is available here [https://ft.maps.arcgis.com/apps/webappviewer/index.html?appid=9cff28a549d84fbeb908444bbcaf16bf].By shielding from public view the chemicals injected into oil and gas wells, trade secret claims and other gaps in disclosure rules raise the potential that Texans may be directly exposed,or their groundwater and well water may be exposed, to PFAS and other toxic chemicals from hundreds or even thousands of oil and gas production wells.Among our key findings are:	•	A PFAS known as PTFE/Teflon was used in oil and gas extraction in Texas over the past decade in at least 1,625 oil and gas wells in 73 counties.	•	A PFAS and potential fluorosurfactant called fluoroalkyl alcohol substituted polyethylene glycol was used in at least 65 wells between 2013 and 2022. Fluorosurfactants are part of a larger group of chemicals known as “surfactants” that are commonly used in fracking and can reduce the surface tension of a liquid among other properties. Fluorosurfactants encompass the dangerous PFAS known as PFOA and PFOS and hundreds of other less-studied replacement chemicals and mixtures. Some are known to be extremely toxic to people, could be harmful to animals, and are expected to persist in the environment.	•	Trade secrets make it extremely difficult to determine how extensively PFAS (and other highly toxic chemicals) have been used in Texas. PSR’s analysis of FracFocus data revealed that, between 2013 and 2022, Texas well operators declared at least one fracking chemical a trade secret in 58,199 oil and gas wells in 183 counties. Trade secret chemicals used in Texas over this roughly decade-long period totaled 6.1 billion pounds. 	•	In addition, over the past decade, oil and gas firms fracked 30,700 wells, spread across 172 counties, with at least one trade secret surfactant totaling 331 million pounds. Some of these may be fluorosurfactants. Evidence shows that fluorosurfactants that are PFAS have been used in oil and gas extraction for decades. This evidence combined with data showing extensive trade secret use in Texas’s oil and gas wells indicates that PFAS has been used more extensively than publicly reported to FracFocus.	•	PFAS pollution of groundwater, surface water and air in Texas is possible wherever these substances have been used at oil and gas wells and wherever oil and gas wastewater containing PFAS has been disposed of. This includes disposal in injection wells and spreading the fluid onto soil in various types of land application, both common practices in Texas.	•	This variety of potential pathways to exposure raises concerns that PFAS could endanger the environment and people’s health. 	•	Texans should be allowed to know where they may be exposed to PFAS.In light of these findings, PSR recommends the following:• Halt PFAS use in oil and gas extraction. Texas should follow the lead of Colorado, a major oil- and gas-producing state which banned the use of PFAS in oil and gas wells through legislation passed in June 2022. Furthermore, Texas and the U.S. Environmental Protection Agency (EPA) should prohibit PFAS from being used, manufactured, or imported for oil and gas extraction. Many PFAS are immediately replaceable with less persistent and less toxic substances, including for use in the oil and gas industry.• Expand public disclosure. Texas should greatly expand its requirements for public disclosure of oil and gas chemicals. The state could again follow the example offered by Colorado by requiring disclosure of all individual chemicals used in oil and gas wells without exceptions for trade secrets, while requiring disclosure on the part of chemical manufacturers who know best what chemicals are being used. Texas should also require chemical disclosure prior to fracking, as have several states including California, West Virginia, and Wyoming.• Increase testing and tracking. Texas and/or the U.S. EPA should determine where PFAS have been used in oil and gas operations in the state and where related wastes have been deposited and should test nearby residents, water, soil, flora, and fauna for PFAS.• Require funding and cleanup. Oil and gas and chemical firms should be required to fund environmental testing for PFAS in their areas of operation where these are needed, and should PFAS be found, be required to fund cleanup. If water cleanup is impossible, the companies responsible for the use of PFAS should pay for alternative sources of water for drinking, household uses, and agriculture, as needed.• Reform Texas’s regulations for underground injection disposal wells to prohibit wells close to underground sources of water, to require groundwater monitoring for contaminants near the wells, and to require full public disclosure of the chemicals in the wastewater.• Transition to renewable energy, better regulation. Given the use of highly toxic chemicals in oil and gas extraction, including but not limited to PFAS, as well as climate impacts of oil and gas,  Texas should transition away from fracking and move toward renewable energy and efficiency. This transition should be structured to provide economic support for oil and gas workers. However, as long as we have drilling and fracking, the state should better regulate these practices so that Texans are not exposed to toxic substances. The state should also empower local governments to regulate the industry. When doubt exists as to the existence or danger of contamination, the rule of thumb should be, “First, do no harm.”
http://Previously unpublicized information unearthed by Physicians for Social Responsibility (PSR) shows that since at least 2013, oil and gas companies used in Texas oil and gas wells more than 43,000 pounds of a class of extremely toxic and persistent chemicals known as PFAS. However, gaps in Texas’s disclosure rules prevent the public from knowing how widely PFAS – or other toxic chemicals – have been used in oil and gas drilling and extraction. These findings raise concerns that Texans may unknowingly be exposed to highly hazardous substances.PSR analyzed industry self-reported data recorded in FracFocus, the official repository for Texas’s required disclosure of chemicals used in hydraulic fracturing (“fracking”), and found that between 2013 and 2022, oil and gas companies injected more than 1,600 oil and gas wells in 73 counties with some 43,000 pounds of the PFAS known as PTFE/Teflon. Oil and gas companies injected 1,222 wells in 66 counties with more than 53,000 pounds of additional chemicals that are PFAS, likely PFAS, or precursor chemicals that could degrade into PFAS.That is in large part because Texas law allows oil and gas companies and chemical manufacturers to withhold fracking chemical identities from the public and potentially even from regulators by claiming them as a “trade secret.” Between 2013 and 2022, companies claimed trade secret privileges in over 58,000 oil and gas wells located across 183 of Texas’s 253 counties. The unidentified trade secret chemicals used in Texas over this roughly decade-long period totaled 6.1 billion pounds. An interactive map showing the locations of wells injected with PTFE/Teflon, fluorosurfactants, and trade secret chemicals is available here [https://ft.maps.arcgis.com/apps/webappviewer/index.html?appid=9cff28a549d84fbeb908444bbcaf16bf].By shielding from public view the chemicals injected into oil and gas wells, trade secret claims and other gaps in disclosure rules raise the potential that Texans may be directly exposed,or their groundwater and well water may be exposed, to PFAS and other toxic chemicals from hundreds or even thousands of oil and gas production wells.Among our key findings are:	•	A PFAS known as PTFE/Teflon was used in oil and gas extraction in Texas over the past decade in at least 1,625 oil and gas wells in 73 counties.	•	A PFAS and potential fluorosurfactant called fluoroalkyl alcohol substituted polyethylene glycol was used in at least 65 wells between 2013 and 2022. Fluorosurfactants are part of a larger group of chemicals known as “surfactants” that are commonly used in fracking and can reduce the surface tension of a liquid among other properties. Fluorosurfactants encompass the dangerous PFAS known as PFOA and PFOS and hundreds of other less-studied replacement chemicals and mixtures. Some are known to be extremely toxic to people, could be harmful to animals, and are expected to persist in the environment.	•	Trade secrets make it extremely difficult to determine how extensively PFAS (and other highly toxic chemicals) have been used in Texas. PSR’s analysis of FracFocus data revealed that, between 2013 and 2022, Texas well operators declared at least one fracking chemical a trade secret in 58,199 oil and gas wells in 183 counties. Trade secret chemicals used in Texas over this roughly decade-long period totaled 6.1 billion pounds. 	•	In addition, over the past decade, oil and gas firms fracked 30,700 wells, spread across 172 counties, with at least one trade secret surfactant totaling 331 million pounds. Some of these may be fluorosurfactants. Evidence shows that fluorosurfactants that are PFAS have been used in oil and gas extraction for decades. This evidence combined with data showing extensive trade secret use in Texas’s oil and gas wells indicates that PFAS has been used more extensively than publicly reported to FracFocus.	•	PFAS pollution of groundwater, surface water and air in Texas is possible wherever these substances have been used at oil and gas wells and wherever oil and gas wastewater containing PFAS has been disposed of. This includes disposal in injection wells and spreading the fluid onto soil in various types of land application, both common practices in Texas.	•	This variety of potential pathways to exposure raises concerns that PFAS could endanger the environment and people’s health. 	•	Texans should be allowed to know where they may be exposed to PFAS.In light of these findings, PSR recommends the following:• Halt PFAS use in oil and gas extraction. Texas should follow the lead of Colorado, a major oil- and gas-producing state which banned the use of PFAS in oil and gas wells through legislation passed in June 2022. Furthermore, Texas and the U.S. Environmental Protection Agency (EPA) should prohibit PFAS from being used, manufactured, or imported for oil and gas extraction. Many PFAS are immediately replaceable with less persistent and less toxic substances, including for use in the oil and gas industry.• Expand public disclosure. Texas should greatly expand its requirements for public disclosure of oil and gas chemicals. The state could again follow the example offered by Colorado by requiring disclosure of all individual chemicals used in oil and gas wells without exceptions for trade secrets, while requiring disclosure on the part of chemical manufacturers who know best what chemicals are being used. Texas should also require chemical disclosure prior to fracking, as have several states including California, West Virginia, and Wyoming.• Increase testing and tracking. Texas and/or the U.S. EPA should determine where PFAS have been used in oil and gas operations in the state and where related wastes have been deposited and should test nearby residents, water, soil, flora, and fauna for PFAS.• Require funding and cleanup. Oil and gas and chemical firms should be required to fund environmental testing for PFAS in their areas of operation where these are needed, and should PFAS be found, be required to fund cleanup. If water cleanup is impossible, the companies responsible for the use of PFAS should pay for alternative sources of water for drinking, household uses, and agriculture, as needed.• Reform Texas’s regulations for underground injection disposal wells to prohibit wells close to underground sources of water, to require groundwater monitoring for contaminants near the wells, and to require full public disclosure of the chemicals in the wastewater.• Transition to renewable energy, better regulation. Given the use of highly toxic chemicals in oil and gas extraction, including but not limited to PFAS, as well as climate impacts of oil and gas,  Texas should transition away from fracking and move toward renewable energy and efficiency. This transition should be structured to provide economic support for oil and gas workers. However, as long as we have drilling and fracking, the state should better regulate these practices so that Texans are not exposed to toxic substances. The state should also empower local governments to regulate the industry. When doubt exists as to the existence or danger of contamination, the rule of thumb should be, “First, do no harm.”


Evidence shows that fluorosurfactants that are PFAS 

have been used in oil and gas extraction for decades. 

This evidence combined with data showing extensive 

trade secret use in Texas’s oil and gas wells indicates 

that PFAS has been used more extensively than publicly 

reported to FracFocus.

• PFAS pollution of groundwater, surface water and air 

in Texas is possible wherever these substances have 

been used at oil and gas wells and wherever oil and gas 

wastewater containing PFAS has been disposed of. This 

includes disposal in injection wells and spreading the 

fluid onto soil in various types of land application, both 

common practices in Texas.

• This variety of potential pathways to exposure raises 

concerns that PFAS could endanger the environment and 

people’s health. 

In light of these findings, PSR recommends the following:

• Halt PFAS use in oil and gas extraction. Texas 

should follow the lead of Colorado, a major oil- and 

gas-producing state which banned the use of PFAS in 

oil and gas wells through legislation passed in June 

2022. Furthermore, Texas and the U.S. Environmental 

Protection Agency (EPA) should prohibit PFAS from 

being used, manufactured, or imported for oil and gas 

extraction. Many PFAS are immediately replaceable with 

less persistent and less toxic substances, including for 

use in the oil and gas industry.

• Expand public disclosure. Texas should greatly expand 

its requirements for public disclosure of oil and gas 

chemicals. The state could again follow the example 

offered by Colorado by requiring disclosure of all 

individual chemicals used in oil and gas wells without 

exceptions for trade secrets, while requiring disclosure 

on the part of chemical manufacturers who know best 

what chemicals are being used. Texas should also require 

chemical disclosure prior to fracking, as have several 

states including California, West Virginia, and Wyoming.

• Increase testing and tracking. Texas and/or the U.S. 

EPA should determine where PFAS have been used in 

oil and gas operations in the state and where related 

wastes have been deposited and should test nearby 

residents, water, soil, flora, and fauna for PFAS.

• Require funding and cleanup. Oil and gas 

and chemical firms should be required to fund 

environmental testing for PFAS in their areas of 

operation where these are needed, and should PFAS 

be found, be required to fund cleanup. If water cleanup 

is impossible, the companies responsible for the use 

of PFAS should pay for alternative sources of water for 

drinking, household uses, and agriculture, as needed.

• Reform Texas’s regulations for underground 

injection disposal wells to prohibit wells close to 

underground sources of water, to require groundwater 

monitoring for contaminants near the wells, and to 

require full public disclosure of the chemicals in the 

wastewater.

• Transition to renewable energy, better regulation. 

Given the use of highly toxic chemicals in oil and gas 

extraction, including but not limited to PFAS, as well as 

climate impacts of oil and gas,  Texas should transition 

away from fracking and move toward renewable energy 

and efficiency. This transition should be structured 

to provide economic support for oil and gas workers. 

However, as long as we have drilling and fracking, the 

state should better regulate these practices so that 

Texans are not exposed to toxic substances. The state 

should also empower local governments to regulate 

the industry. When doubt exists as to the existence or 

danger of contamination, the rule of thumb should be, 

“First, do no harm.”
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a.  Introduction to PFAS: Toxic, Persistent, and Used 

Widely in Texas’s Oil and Gas Wells

Physicians for Social Responsibility (PSR) has identified 

evidence from industry documents that a highly dangerous 

class of chemicals, known as per- and polyfluoroalkyl 

substances (PFAS), has been used in Texas’s oil and gas* 

wells for hydraulic fracturing (“fracking”). PFAS are known 

for their toxicity at extremely low levels,1 their multiple 

negative health effects including cancer,2 and their 

persistence in the environment, hence their nickname, 

“forever chemicals.”3

The Texas oil and gas wells definitively known to have been 

injected with PFAS between 2013 and 2022 include 1,625 

wells in 73 counties that were injected with PTFE, also known 

as Teflon4 and identified by EPA as a PFAS. (See Table 1, 

excerpted below and presented in full in the Appendix.) 

Another 1,222 wells in 63 counties were injected with 

fluorosurfactants or potential fluorosurfactants, including 

65 wells injected with fluoroalkyl alcohol substituted 

polyethylene glycol, also identified as a PFAS by EPA.5 The 

other fluorosurfactants are likely to be PFAS or precursors 

that could degrade into PFAS, according to three chemists 

and a board-certified toxicologist who reviewed the 

fluorosurfactants’ names for PSR.6 The likely use of PFAS in 

oil and gas production in Texas was first exposed in 2021, 

initially by PSR7 and subsequently in a report by Public 

Employees for Environmental Responsibility.8 The wells PSR 

was able to identify in this report as injected with PFAS or 

chemicals likely to be PFAS may significantly underrepresent 

the extent of PFAS use in the state’s oil and gas wells due to 

 PFAS: A Manmade Threat to Health and the EnvironmentCh. 1

Table 1. Excerpt (full table in Appendix). Disclosed Use in Fracking of Fluorosurfactants, Potential 
Fluorosurfactants, and PTFE in Texas Oil and Gas Wells, 2013-2022

County
Number of wells injected with 
fluorosurfactants, potential 
fluorosurfactants

Mass of fluorosurfactants, 
potential fluorosurfactants 
(lbs.)

Number 
of wells 
injected 
with PTFE

Mass of PTFE  
(lbs.)

Anderson 1 3 1 13

Andrews 74 1,024 115 3,231

Archer 1 15 0 0

Atascosa 0 0 51 299

Baylor 2 56 0 0

Bee 0 0 2 *ND

Borden 15 222 0 0

Bosque 1 ND 0 0

Brazos 0 0 1 13

Burleson 1 ND 7 44

C-Z in Appendix see Appendix see Appendix see Appendix see Appendix

Total 1,222 53,398 1,625 43,829

This table, based on FracFocus data covering the dates January 1, 2013 through Sept. 29, 2022, shows county-by-county the number of 

Texas wells in which oil and gas companies injected PTFE for fracking, identified by EPA as a PFAS, or used at least one fluorosurfactant or 
potential fluorosurfactant for fracking. In this table, the term “fluorosurfactant” encompasses disclosed uses of “nonionic fluorosurfactant” 
while the term “potential fluorosurfactant” encompasses disclosed uses of “fluoroalkyl alcohol substituted polyethylene glycol,” identified 
by EPA as a PFAS. Two chemists identified nonionic fluorosurfactants as either PFAS or precursors that could degrade into PFAS. A third 
chemist identified them as likely PFAS, and a board-certified toxicologist identified them as potential PFAS. The total weight figures reflect 
the sum of all records for which we have enough information to calculate a chemical’s weight.

*ND = No data available.

*Gas, the principal component of which is methane, is also known as “natural” gas, “fossil” gas and “fracked” gas.
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gaps in chemical disclosure rules that allow oil and  

gas companies to conceal from the public the identities  

of chemicals.

b. Manmade and Dangerous

PFAS are a class of thousands of manmade chemicals known 

for having properties that are valuable in multiple contexts, 

including being slippery, oil- and water-repellant, and able 

to serve as dispersants or foaming agents.9 PFAS have 

been called “perfluorinated chemicals” and “polyfluorinated 

compounds,” or PFCs, though the term currently preferred 

by EPA is PFAS.10

The first PFAS to be sold commercially was created by 

a chemist at Dupont and was patented as Teflon. Since 

1949, it has been used in thousands of products, from 

nonstick cookware to waterproof clothing to plastics to 

dental floss.11 Other PFAS chemicals, the most prominent 

of which are known as PFOA and PFOS, have been used in 

food packaging, fire-fighting foam, and in 3M’s widely used 

fabric protector, Scotchgard.12 EPA reported in 2022 that 

the manufacture and use of PFOA has been phased out in 

the U.S. and no chemical company has reported making 

PFOS in the U.S. since 2002. EPA states that existing stocks 

of PFOA might still be used, and imported products may 

contain some PFOA. There are limited ongoing uses of 

PFOS.13 The U.S. Environmental Protection Agency (EPA) 

reports that there are currently about 650 types of PFAS in 

commerce.14 Weak chemical disclosure laws make it difficult 

for the Agency to identify which PFAS chemicals are used, 

and where.

EPA and other regulators have identified PFAS as a serious 

threat to health and the environment.15 Between the 1960s 

and 1990s, researchers inside Dupont and 3M became 

aware that the PFAS they were manufacturing or using were 

associated with health problems including cancers and 

birth defects, had accumulated in people worldwide, and 

persisted in the environment.16 Many of these facts, kept 

internal by the companies, came to light after attorney Rob 

Bilott filed lawsuits in 1999 and 2001 accusing Dupont of 

causing pollution in and around Parkersburg, West Virginia 

with PFOA, the type of PFAS used in making Teflon.17 In 

December 2011, as part of Dupont’s settlement of the 2001 

lawsuit, a team of epidemiologists completed a study of the 

blood of 70,000 West Virginians and found a probable link 

between PFOA and kidney cancer, testicular cancer, thyroid 

disease (over- or under-production of hormones by the 

thyroid gland), high cholesterol, pre-eclampsia (a potentially 

dangerous complication during pregnancy characterized by 

high blood pressure and signs of damage to other organ 

systems, most often the liver and kidneys), and ulcerative 

colitis (a disease causing inflammation and ulcers in the 

large intestine or colon).18 PFAS are also extremely mobile  

in water.19

In June 2022, reflecting the growing concern about PFAS, 

EPA significantly lowered its health advisory level for PFOA 

and PFOS in drinking water. Previously, in 2016, EPA had 

set the combined health advisory level for these chemicals 

at 70 parts per trillion.20 “The new published peer-reviewed 

data and draft EPA analyses…” EPA wrote in June 2022, 

“indicate that the levels at which negative health outcomes 

could occur are much lower than previously understood.”21 

EPA set its new interim health advisory level for PFOA in 

drinking water to 0.004 parts per trillion and its interim 

health advisory level for PFOS to 0.02 parts per trillion.22 

EPA also set new final health advisory levels for two other 

PFAS known as GenX and PFBS at 10 parts per trillion 

and 2,000 parts per trillion, respectively.23 EPA said that 

its interim health advisory levels are intended to provide 

guidance until enforceable drinking water regulations for 

PFAS take effect.24

EPA’s new interim health advisory levels mean that the 

toxicity of PFOA is almost beyond comprehension. Under 

EPA’s levels, one tablespoon of PFOA would be enough to 

contaminate 1.75 trillion gallons of water, which is greater 

than the total storage capacity of the Toledo Bend Reservoir 

(1.5 trillion gallons), Texas’s largest reservoir,25 and more than 

4,000 times greater than the 435.4 million gallons of drinking 

water that the City of Houston’s main system produces each 

day.26 PFOS is extraordinarily toxic, too.
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c. Persistent in the Environment, and Widespread

PFAS are not only highly toxic; they also demonstrate 

extreme persistence in the environment. PFAS’ nickname 

“forever chemicals” reflects their chemistry – created by 

chemical manufacturers – that features a bond between 

fluorine and carbon atoms that is among the strongest in 

chemistry and rarely if ever exists in nature. The result: 

chemicals that are extremely resistant to breaking down in 

the environment.27

Evidence has mounted over the years of cases of PFAS 

pollution from a variety of sources, including in Texas. In 

2019, the nonprofit Environmental Working Group reported 

that many of the nation’s highest concentrations of PFAS in 

groundwater have been discovered at military sites, including 

in Texas, according to federal government data that the 

organization examined.28 Of the 100 military bases with the 

highest concentrations of PFAS – many of them shockingly 

high – seven were located in Texas

• The eighth-highest concentration in the nation: Grand 

Prairie Armed Forces Reserve Complex in Grand Prairie 

near Dallas.29 1,247,000 parts per trillion for PFOA and 

PFOS.

• The sixteenth-highest concentration: Sheppard Air Force 

Base, just north of Wichita Falls.30 850,000 parts per 

trillion for PFHxS.

• The twentieth-highest concentration: Joint Base San 

Antonio,31 located in and around San Antonio. 767,000 

parts per trillion for PFOA and PFOS.

• The twenty-second-highest concentration: Dyess Air 

Force Base, located in Abilene.32 702,000 parts per trillion 

for PFHxS.

• The forty-ninth-highest concentration: Randolph Air 

Force Base, located northeast of San Antonio.33 175,000 

parts per trillion for PFOA and PFOS.

• The seventy-ninth-highest concentration: Kelly Air Force 

Base, a now-closed base located in San Antonio.34 77,200 

parts per trillion for PFHxS, 

• The eighty-seventh-highest concentration: Ellington Field 

Joint Reserve Base, located in Houston.35 61,000 parts 

per trillion for PFOA and PFOS.36

The Pentagon helped develop fluorinated foams in the 

1960s.37

In a report issued in April 2022, the U.S. Centers for Disease 

Control Agency for Toxic Substances and Disease Registry 

(ATSDR) concluded that firefighting foam had contaminated 

private drinking water wells near Reese Technology Center in 

Lubbock, formerly Reese Air Force Base.38 The agency found 

that potentially as early as the 1970s, the base had used 

aqueous film-forming foam (AFFF) for firefighting training. 

The foam contained PFAS. “Over time,” the agency found, 

“the PFAS from the AFFF entered the ground, moved into the 

groundwater to offsite locations, and affected nearby private 

wells.”39 For affected homes, the Air Force installed whole-

house water treatment systems and supplied bottled water. 

The water in all households tested by the Air Force met or 

was below EPA’s health advisory level for PFAS set in 2016. 

(Residents of a small number of homes declined to have their 

water tested, so it is possible that levels of PFAS in water at 

these homes could have been higher.)40

The ATSDR report also showed that the concentrations 

of two types of PFAS in blood samples from people who 

lived near the base were higher than the national average: 

Concentrations of PFHxS were 4.2 times the national 

average, while concentrations of PFOA were 1.2 times the 

national average. Concentrations of three other types of 

PFAS (PFOS, PFNA, and PFDA) were not higher than the 

national average.41

The case of the former Reese Air Force Base provides a 

window into Texas’s lax standards for PFAS in water. The 

ATSDR wrote in its 2022 report on Reese Air Force Base that 
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 actions taken by the Air Force reduced PFAS levels 

in drinking water in the affected area below EPA 

[2016] health advisory for PFOS and PFOA and Texas 

Commission on Environmental Quality’s (TCEQ’s) 

protective concentration levels (PCLs) for multiple PFAS.42

However, ATSDR’s statement raises concerns. First, the 

statement implies that Texas’s protective concentration 

levels for PFAS apply to drinking water, when in fact, drinking 

water standards for PFAS do not exist in Texas.43 The 

state’s protective concentration levels apply to cleaning up 

groundwater contamination.44 Second, these groundwater 

contamination limits for residential properties include limits 

of 290 parts per trillion for PFOA and 560 parts per trillion 

for PFOS. When compared with EPA’s interim health advisory 

levels of 0.004 parts per trillion for PFOA and 0.02 parts per 

trillion for PFOS, it appears that Texas’s limits on PFAS in 

groundwater are far from safe.

Finally, the case also highlights how any testing and 

regulatory standards for PFAS used prior to EPA’s June 2022 

interim health advisory levels may be inadequate to protect 

the public. ATSDR, for example, reported that its tests for 

most types of PFAS at Reese Air Force Base, including PFOA 

and PFOS, were not sensitive enough to detect concentrations 

lower than two parts per trillion.45

It is possible that these PFAS could have been present in 

drinking water at Reese Air Force Base at levels lower than 

the detection limit but far higher than EPA’s June 2022 interim 

health advisory levels. ATSDR also reported that it used as a 

cleanup standard the EPA’s health advisory level set in 2016 

(70 parts per trillion for PFOA and PFOS) because that level 

is more conservative than Texas’s protective concentration 

levels. But under EPA’s more protective June 2022 interim 

health levels, the ATSDR’s highest detected level of PFOA in 

drinking water at Reese Air Force Base, 4.6 parts per trillion, 

is 1,150 times too high, reflecting EPA’s new understanding of 

PFAS’ extreme toxicity.

Another example of PFAS pollution in Texas associated with 

the use of fire-fighting foam was the discovery of PFAS in the 

Houston Ship Channel in 2019 following a major fire. The 

fire began March 17 of that year in Deer Park at a chemical 

storage facility operated by Intercontinental Terminals 

Company (ITC). Use of fire-fighting foam containing PFAS may 

have been a source of the PFAS in the channel.46

Concern over PFAS pollution has led eight other states, 

including at least some with contaminated military sites, to 

develop enforceable standards for concentrations of several 

types of PFAS in drinking water.47 One of the most recent to 

act is Michigan, which set standards in 2020 for limiting PFAS 

in drinking water and for removing PFAS from groundwater. 

The standards apply to PFOA and six other forms of PFAS. 

Michigan’s maximum allowable level is no more than eight 

parts per trillion for PFOA,48 a standard that is one of the 

lowest among states but is now much more permissive than 

EPA’s interim health advisory level. Even Michigan’s standard, 

however, shows how toxic PFAS can be. By extrapolation, 

Michigan’s standards suggest that one measuring cup of 

PFOA could contaminate almost eight billion gallons of water 

– the amount of water needed to fill almost 12,000 Olympic-

sized swimming pools at about 660,000 gallons per pool.49 

The extreme potency of PFOA, as with other PFAS, indicates 

why health experts are concerned about even minute 

quantities of these chemicals.
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 Use of PFAS in Texas by Oil and Gas CompaniesCh. 2

a. Disclosed Use of Fluorosurfactants, PTFE

While PFAS contamination in Texas is often associated 

with military bases, oil and gas operations in the state 

deserve scrutiny as a possible additional source of PFAS 

contamination. To identify where PFAS were used in Texas, 

PSR analyzed self-reported industry data on the well-by-well 

use of fracking chemicals recorded in FracFocus, a database 

for the oil and gas industry50 maintained by the Groundwater 

Protection Council,51 a nonprofit comprised of regulators 

from state agencies. PSR consulted the open-source 

version of FracFocus, Open-FF,52 that is more accurate and 

informative than the original version of FracFocus.53

Under Texas law, operators must disclose in the FracFocus 

database the name of chemical products used in fracking and 

each individual component chemical used in each product.54 

Companies must also disclose each chemical’s Chemical 

Abstracts Service (CAS) number, if available.55 CAS numbers 

are unique numeric identifiers assigned to each chemical by 

the American Chemical Society.56 They are the most accurate 

way to identify chemicals, as a chemical can have multiple 

names or trade names but only one CAS number.57 CAS 

numbers enable researchers to access scientific information 

about each chemical including the chemical’s structure and 

any available toxicological information. There is, however, a 

significant exception for chemicals designated a trade secret.58 

We discuss this important exception below in chapter three.

Our analysis of CAS numbers available in the industry’s own 

entries shows that since 2013, oil and gas companies used 

at least two types of PFAS for fracking in oil and gas wells in 

Texas: fluoroalkyl alcohol substituted polyethylene glycol and 

PTFE. The industry also injected fluorosurfactants disclosed 

without CAS numbers that might be PFAS or could degrade 

into PFAS according to several scientists cited below, and 

injected into thousands of wells trade secret chemicals and 

trade secret surfactants that could be PFAS. This evidence 

TEXAS OIL & GAS WELLS INJECTED WITH PTFE, FLUOROSURFACTANTS, POTENTIAL 
FLUOROSURFACTANS, AND TRADE SECRET CHEMICALS

This map shows the location of oil and gas wells in Texas known to have been fracked between January 1, 2013 and September 29, 2022 

using PTFE/Teflon (a known PFAS), fluoroalkyl alcohol substituted polyethylene glycol (a known PFAS), fluorosurfactants that are likely to be 
PFAS or PFAS precursors, trade secret chemicals, and/or trade secret surfactants. An interactive version of the map and detailed explanation 

of the data are available at https://ft.maps.arcgis.com/apps/webappviewer/index.html?appid=9cff28a549d84fbeb908444bbcaf16bf.
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raises the possibility that the use of PFAS has been much 

more extensive than publicly disclosed.

b. Industry Data Reveal Use of Fluorosurfactants

Fluorosurfactants are part of a larger group of chemicals 

known as “surfactants” that are commonly used in fracking.59 

According to EPA, surfactants lower the surface tension of 

a liquid, the interaction at the surface between two liquids 

(called interfacial tension), or that between a liquid and a 

solid.60 Compared to other surfactants, fluorosurfactants are 

said to be “superior in their aqueous surface tension reduction 

at very low concentrations and are useful as wetting and 

leveling agents, emulsifiers, foaming agents, or dispersants.”61 

Fluorosurfactants encompass the dangerous chemicals 

PFOA and PFOS, as well as hundreds of other less-studied 

replacement chemicals and mixtures.62 Some are known to be 

extremely toxic to people,63 could be harmful to animals,64 and 

are expected to persist in the environment.65 In most cases, it 

was unclear for what specific purposes the fluorosurfactants 

were used in Texas’s oil and gas wells. Entries in the “purpose” 

field in FracFocus were vague, including “surfactants,” “fluoro  

surfactant,” or “water recovery surfactant.”

Industry sources suggest that fluorosurfactants are commonly 

used in oil and gas extraction. In July 2021, PSR found that 

according to FracFocus data, between 2012 and 2020, oil 

and gas companies used PFAS or chemicals that could break 

down into PFAS in fracking in more than 1,200 wells in six 

states including in Texas. Most were fluorosurfactants.66 In 

2020, several scientists published an article in Environmental 

Science: Processes and Impacts showing that since 1956, PFAS 

including fluorosurfactants had been used or proposed to be 

used globally in oil and gas extraction techniques including 

chemical-driven gas production, chemical flooding, fracking, 

and the drilling that precedes fracking and other oil and gas 

production techniques.67 In 2008, two authors, one of whom 

was identified as an employee at DuPont, wrote in the peer-

reviewed Open Petroleum Engineering Journal that the use of 

fluorosurfactants was relatively common in the oil and gas 

industry and that their use was about to surge. They referred 

to fluorosurfactants as an “emerging technology” and stated,

 While fluorosurfactants have been used in gas and oil 

exploration for four decades, the increased demand for 

petroleum and the greater understanding of the benefits 

of fluorosurfactants have led to growing acceptance for 

fluorosurfactants throughout the petroleum industry.68

c. Possibly a Fluorosurfactant, Definitely PFAS

Information from several reputable sources (see section 

d on next page) show that oil and gas companies injected 

into 1,222 oil and gas wells in Texas fluorosurfactants or 

potential fluorosurfactants that are PFAS, likely PFAS, or PFAS 

precursors that can degrade into PFAS. These chemicals 

were listed as “fluoroalkyl alcohol substituted polyethylene 

glycol” and “nonionic fluorosurfactants.” Fluoroalkyl alcohol 

substituted polyethylene glycol, injected into 65 wells, is 

clearly a PFAS because it is listed on EPA’s Master List of 

PFAS Substances. The FracFocus records showed that this 

substance has a CAS number of 65545-80-4.69 This identifier 

enabled PSR to locate the chemical on EPA’s Master List of 

PFAS Substances where it is listed under a different name.70 

Its purpose as declared in FracFocus records is “oil field 

surfactant,” suggesting that it could be a fluorosurfactant.71

Limited toxicological data is available about this substance, 

but according to data on the website of the National Library 

of Medicine’s ChemIDplus, at high doses, the chemical is 

associated with convulsions or effects on the threshold 

at which a seizure could occur; dyspnea, or shortness of 

breath; and muscle weakness.72 A safety data sheet for the 

chemical published by its manufacturer says little about 

human health effects. “To the best of our knowledge,” the 

safety data sheet says, referencing the substance using 

a trade name Zonyl® FSO-100, “the chemical, physical, 

and toxicological properties have not been thoroughly 

investigated.” Regarding impacts to the environment, the 

safety data sheet says, “Toxic to aquatic life with long lasting 

effects…Avoid release to the environment…Collect spillage…

Dispose of contents/ container to an approved waste 

disposal plant.”73 A message on the website of ChemPoint, a 

chemical distributor, suggests that this chemical was phased 

out due to concerns that it could break down into PFOA or 
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Photo credit: Mansfield, Texas neighborhood with drill rigs in the background (Earthworks)

PFOS. A message apparently from Chemours, a company 

spun off from Dupont, says

 Zonyl® fluorosurfactant and repellent grades were 

discontinued between 2009 and 2014. Capstone® 

fluorosurfactants [a new type of fluorosurfactant] and 

repellents were introduced as sustainable replacements 

that meet the goals of the U.S. EPA 2010/15 PFOA 

Stewardship Program. They are based on short-chain 

molecules that cannot break down to PFOA or PFOS in 

the environment.74

As is discussed below, scientists have raised concerns about 

the health and environmental effects of these replacement 

chemicals.

In total, fluoroalkyl alcohol substituted polyethylene glycol 

and nonionic fluorosurfactants were injected into 1,222 oil 

and gas wells located in 66 counties. The weight of these 

chemicals totaled at least 53,398 pounds75 (see Table 1 in 

Appendix). Even if some of that volume were PFAS, it could 

pose significant health and environmental risks, depending 

on the chemicals’ toxicity. The locations of the wells where 

fluorosurfactants or potential fluorosurfactants were used 

are displayed in the map on page 5; the counties where 

they were used are shown in Table 1 in the Appendix. As 

detailed below, the use of fluorosurfactants and perhaps 

other PFAS may be much wider in Texas than the Open-FF 

records indicate.

d. Challenges in Identifying Fluorosurfactants

The fluorosurfactants listed as being used in most of the 

1,222 wells were “nonionic fluorosurfactants.” According 

to two Texas university-based chemists, both of whom 

are authors of multiple peer-reviewed articles about 
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chemicals related to oil and gas production,76 nonionic 

fluorosurfactants are PFAS or could degrade into PFAS. The 

two chemists are Zacariah Hildenbrand, Ph.D., a research 

professor in Chemistry and Biochemistry at the University 

of Texas at El Paso, and Kevin Schug, Ph. D., Shimadzu 

Distinguished Professor of Analytical Chemistry at the 

University of Texas at Arlington.77 In addition, Wilma Subra, 

holder of a master’s degree in chemistry and recipient of 

a John D. and Catherine T. MacArthur Foundation “Genius” 

grant for her work helping to protect communities from toxic 

pollution, identified both chemicals as potential PFAS. Subra, 

based in Louisiana, has spent decades working to reduce 

and remediate pollution from oil and gas operations.78 

And yet another expert, Linda Birnbaum, a board-certified 

toxicologist and former director of the National Institute 

of Environmental Health Sciences, informed PSR that the 

chemicals are likely to be PFAS.79

PSR had to rely on scientists to identify these chemicals 

as PFAS or PFAS precursors because the oil and gas 

companies that made the public disclosures to FracFocus 

withheld as trade secrets the chemicals’ CAS numbers, 

data that would have enabled a precise identification of 

the chemicals. The identification that was available in the 

FracFocus records included only generic names such as 

nonionic fluorosurfactant and trade names such as “S-222” 

and “Plexsurf WRS A,” information insufficient to identify 

the chemicals with specificity. The purposes for which these 

chemicals were used included “water recovery surfactant,” 

“fluorosurfactant,” and “surfactant.”

Another hurdle was the multiple spellings of “nonionic 

fluorosurfactant” that made it difficult to identify all of the 

wells into which these substances were injected. Open-

FF was able to identify wells in which these chemicals 

were used by accounting for misspellings (e.g. “noionic 

fluorosurfactant”). However, a member of the public 

searching FracFocus might not realize that the database 

allows multiple spellings of the same substance and could 

fail to identify wells injected with nonionic fluorosurfactants 

simply by searching for the correct spelling of the term but 

not any of the incorrect spellings.80 As a result, some users 

of FracFocus might not know that a PFAS or potential PFAS 

was used in an oil and gas well in their community. This 

shortcoming highlights the advantage of Open-FF and points 

to the need for FracFocus to correct misspellings.

e. Use of PTFE, a PFAS Fluoropolymer

PSR also found, based on industry data in FracFocus, that 

the known PFAS polytetrafluoroethylene (PTFE) was used 

for fracking in 1,625 oil and gas wells in 73 Texas counties 

between 2013 and 2022. This chemical was listed in FracFocus 

by CAS number (9002-84-0)81 and appears on EPA’s Master List 

of PFAS Substances.82 The weight of these uses of PTFE totaled 

43,829 pounds (see Table 1 in Appendix). The FracFocus 

records do not show for what purpose the PTFE was used; 

however, PTFE, which is marketed as Teflon, is known for its 

slipperiness, and some fracking chemicals are used as friction 

reducers.83 The locations of the wells where PTFE was used 

are displayed in the map on page 5, and the counties where 

they were used appear in Table 1 in the Appendix.

PTFE is a fluoropolymer, a type of plastic.84 Scientists’ 

and environmentalists’ major concerns about PTFE and 

other fluoropolymers are related less to these substances 

themselves, but rather to the associated impacts of their 

production, use, and disposal, according to a 2020 scientific 

report.85 The production of PTFE and other fluoropolymers 

relies on other, highly toxic PFAS that are used as production 

aids. As the report noted, these other PFAS have included 

fluorosurfactants such as PFOA, whose risks are discussed 

in the previous chapter, and GenX, which is similarly harmful 

and has replaced PFOA in fluoropolymer production.86 (PFOA 

has been phased out as a manufacturing aid in the U.S. but 

is still used in Asia.87) PTFE and other fluoropolymers may 

contain these more toxic PFAS fragments that can leach 

out of the PTFE during use.88 The authors of the 2020 paper 

noted that

 The levels of leachables…in individual fluoropolymer 

substances and products depend on the production 

process and subsequent treatment processes; a 

comprehensive global overview is currently lacking.89
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PTFE may also generate other PFAS if the PTFE breaks 

down under heat.90 In addition, the authors noted that 

the persistence in the environment of PTFE and other 

fluoropolymers could pose problems during disposal. 

“Landfilling of fluoropolymers leads to contamination of 

leachates with PFAS and can contribute to release of plastics 

and microplastics,” they wrote.91 One of the authors added 

in an email to PSR that if PTFE were used in oil and gas wells 

that have especially high temperatures, it could undergo 

a process called “thermolysis” and generate toxic PFAS 

called perfluoroalkyl carboxylic acids (PFCAs). As a result, 

he wrote, “there could be some additional problems that 

need some investigation.”92 A 2008 publication from oilfield 

services company Schlumberger indicated that at least 

some “high-pressure, high-temperature” wells (defined as 

having temperatures of at least 300º F and pressures of at 

least 10,000 pounds per square inch) are located in Texas.93 

In 2021, a coalition of environmental groups including 

the Center for Environmental Health, Clean Water Action, 

Ecology Center, Environmental Working Group, Natural 

Resources Defense Council, Safer States, and the Sierra Club 

shared similar concerns, based on their review of multiple 

scientific articles, regarding the risks of fluoropolymers such 

as PTFE. The groups also noted that fluoropolymers are 

manufactured with chemicals that have an outsized negative 

effect on climate change.94 Disclosure gaps in Texas law, 

discussed below, may prevent scientists and the public from 

knowing the extent of PTFE use in oil and gas operations.

f.  PFAS Joins a Roster of Dangerous Chemicals Used  

in Fracking

PFAS has joined the roster of potentially dangerous 

chemicals used in fracking. When used in oil and gas 

operations, PFAS may add to the cumulative human 

exposure to a host of toxic substances.

For years, scientists, advocates and regulators in Texas and 

other states have raised concerns about the hundreds of 

industrial chemicals used in fracking of oil and gas wells, 

including their potential threats to human health and to water 

resources. In fracking, energy companies inject into oil and gas 

wells a mixture of up to tens of millions of gallons of water, 

sand, and chemicals at high pressure to fracture underground 

rock formations, unlocking trapped oil and gas. The chemicals 

serve a variety of purposes including killing bacteria inside 

the wellbore, reducing friction during high-pressure fracking, 

and as gelling agents to thicken the fluid so that the sand, 

suspended in the gelled fluid, can travel farther into 

underground formations.95 In 2016, EPA published a study that 

identified 1,606 chemicals used in fracking fluid and/or found 

in fracking wastewater. While the agency found high-quality 

information on health effects for only 173 of these chemicals, 

that information was troubling. EPA found that health effects 

associated with chronic oral exposure to these chemicals 

include carcinogenicity, neurotoxicity, immune system effects, 

changes in body weight, changes in blood chemistry, liver and 

kidney toxicity, and reproductive and developmental toxicity.96

In 2022, a team of chemists led by the University of Toledo 

used specialized extraction methods to establish the 

presence of many toxic and cancer-causing contaminants in 

fracking wastewater collected from the Permian Basin and 

Eagle Ford formations in Texas. The pollutants, which can 

cause harm to humans and wildlife, included volatile organic 

compounds, hazardous heavy metals such as lead, and 

radioactive uranium. Some of these hazardous contaminants 

represent chemical additives used in the fracking fluid, while 

others represent naturally occurring contaminants mobilized 

from the underground fracture zone. In total, the researchers 

detected 266 different dissolved organic compounds and  

29 elements.97

Chemicals used in the drilling stage that precedes fracking 

can also pose health risks, including developmental toxicity 

and the formation of tumors, according to EPA regulators.98 

A disclosure form filed with the state of Ohio, one of only 

two states to require public disclosure of drilling chemicals 

(Colorado is the other),99 shows that Statoil, Norway’s 

state oil company (since renamed Equinor), has used a 

neurotoxic chemical, xylene, in drilling.100 If chemicals used 

in drilling, fracking or other stages and methods of oil and 

gas operations were to come into contact with people or the 

environment, negative health effects could result.
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 Texas’s Chemical Disclosure Law Shields Chemical IdentitiesCh. 3

a.  Texas’s “Trade Secret” Law Shields Possible Use  

of PFAS

The danger of exposure to unknown chemicals – PFAS and 

others – from oil and gas operations persists in Texas. This 

risk continues, despite state rules enacted in 2012101 that 

generally require public disclosure of fracking and drilling 

chemicals.102 The rules require that within 90 days after 

completion of an oil or gas well or 150 days after drilling is 

complete, whichever is first, well operators must disclose 

their fracking chemicals to FracFocus.103

On the face of it, these disclosure requirements seem 

effective; however, an important exception allows 

companies to avoid full and meaningful disclosure: The law 

allows chemical manufacturers, well operators and other 

companies in the chemical supply chain to withhold exact 

fracking and drilling fluid ingredient information if they deem 

it a trade secret.**104 In place of specific fracking chemical 

identities, oil and gas companies must list “the chemical 

family or other similar description associated with such 

chemical ingredient.”105 In the Texas FracFocus records, 

examples of these generic descriptions include “nonionic 

fluorosurfactant”106 and “proprietary surfactant blend.”107 

Regrettably, the use of such vague descriptors can hide 

from public view the true identities of dangerous chemicals, 

including PFAS. 

Texas’s rules suggest that even regulators may not learn 

the identities of all chemicals claimed as trade secrets. 

The rules provide that chemical disclosure begins with 

chemical suppliers and service companies disclosing fracking 

chemical identities to well operators, who must ultimately 

make disclosure to the public and the agency that regulates 

Texas’s oil and gas operations, the Railroad Commission 

of Texas.108 However, an investigation by the U.S. House of 

Representatives found in 2011 that between 2005 and 2009, 

the 14 leading service providers

 …used 94 million gallons of 279 products that 

contained at least one chemical or component that 

the manufacturers deemed proprietary or a trade 

secret. Committee staff requested that these [service] 

companies disclose this proprietary information. 

Although some companies did provide information 

about these proprietary fluids, in most cases the 

companies stated that they did not have access to 

proprietary information about products they purchased 

“off the shelf” from chemical suppliers. In these cases, 

the companies are injecting fluids containing chemicals 

that they themselves cannot identify.109

If these practices have continued, service companies will 

be unable to inform well operators about every chemical 

identity in fracking chemical products, and the well operators 

would be unable to inform the Railroad Commission. 

The use of trade secrets to conceal chemicals’ specific 

identities effectively undermines the public health benefits of 

disclosure by preventing health professionals, the public, and 

potentially state regulators, from knowing where PFAS – or 

other toxic chemicals – have been used in oil and gas wells.

In addition to allowing trade secret exemptions for fracking 

and drilling chemicals, Texas does not require public 

disclosure of chemicals used in drilling, enhanced oil 

recovery, or in other extraction techniques that are distinct 

from fracking per se. EPA has indicated that any chemicals 

used during the first stage of the drilling process would 

be highly likely to leach into groundwater since during this 

stage, drilling passes directly through groundwater zones110 

before any casing or cement is placed in the well to seal it 

off. The resulting potential for groundwater contamination 

makes public disclosure of chemicals used in drilling 

especially important. These regulatory gaps increase the 

potential that Texans could unknowingly be exposed to 

PFAS and other chemicals used during multiple phases and 

methods of oil and gas extraction.111

b. Extensive Use of ‘Trade Secret’ Claims 

Extensive application of the trade secret provisions under 

** Trade secret information is also called “proprietary” or “confidential business information” (CBI).
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Texas’s fracking chemical disclosure rules may mask even 

more extensive use of PFAS in the state’s oil and gas wells 

than has been disclosed. PSR’s data analysis revealed that, 

between 2013 and 2022, Texas well operators claimed at 

least one fracking chemical as a trade secret in 58,199 oil 

and gas wells located across 183 of Texas’s 253 counties. The 

trade secret chemicals used in Texas over this roughly 10-

year period totaled 6.1 billion pounds (see Table 2 excerpted 

below and available in full in the Appendix).112 If even a small 

fraction of this weight were PFAS, that fraction could pose 

significant risks to health and the environment. (PSR included 

in our analysis of trade secret chemicals those chemicals 

in Open-FF whose specific identities were explicitly labelled 

“proprietary,” “trade secret,” or “confidential business 

information” in place of a CAS number. PSR did not include 

as trade secrets additional unidentified chemicals for which 

the CAS number in Open-FF is blank.)

In an effort to identify any PFAS among these trade secret 

chemicals, PSR examined whether any were listed as 

a surfactant. Surfactants, as noted above, encompass 

dangerous fluorosurfactants, some of which are extremely 

toxic to people113 and persistent in the environment.114 We 

found thousands of cases of oil and gas companies using 

at least one trade secret chemical that they described as a 

surfactant. These occurred in 30,700 wells, spread across 

171 counties.115 (See the excerpt from Table 2, below, and 

the full table in the Appendix.) Operators’ names for these 

chemicals were vague, including “surfactant” and “surfactant 

blend.” These trade secret surfactants totaled 331 million 

pounds. (See examples from individual wells in Table 3 

below.) While we cannot know what these trade secret 

chemicals are, should even a small percentage of them be 

fluorosurfactants, they could pose significant threats to 

human health and the environment.

Table 2. Disclosed Use in Fracking of Trade Secret Chemicals in Texas Oil and Gas Wells, 2013-2022

County
Number of wells injected with 
at least one trade  
secret chemical

Mass of all trade 
secret records (lbs.)

Number of wells 
injected with at least 
one trade secret 
surfactant

Mass of trade secret 
surfactants (lbs.)

Anderson 4 39,100 1 443

Andrews 2,603 70,400,000 1,670 8,050,000

Angelina 18 1,640,000 2 9,450

Aransas 6 2,680 2 458

Archer 47 12,200 19 3,560

Atascosa 772 21,000,000 332 2,280,000

Austin 2 6,880 1 1,450

Bastrop 1 28,700 0 0

Baylor 3 12,500 0 0

Bee 5 297,000 4 11,300

Additional B-Z in 
Appendix

See Appendix See Appendix See Appendix See Appendix

Total 58,199 6,120,000,000 30,700 331,000,000

This excerpted table, based on FracFocus data covering the dates January 1, 2013 through Sept. 29, 2022, shows county-by-county the 

number of Texas wells in which oil and gas companies injected for fracking at least one trade secret chemical or at least one trade secret 

surfactant. The total weight figures reflect the sum of all records for which we have enough information to calculate a chemical’s weight. 
However, the total weight figures represent an undercount because many fracking chemical disclosures lack sufficient data to perform this 
calculation.
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Below, Table 3 shows examples of the types and quantities 

of fracking chemicals injected into individual wells. In some 

cases, oil and gas companies injected hundreds or even 

thousands of pounds of PFAS or trade secret chemicals into 

oil and gas wells for fracking. Even in the case below in which 

a company injected just two pounds of fluorosurfactant for 

fracking, this quantity would be enough to contaminate vast 

amounts of water if the fluorosurfactant had a toxicity similar 

to that of PFOA or PFOS.

Table 3. Examples of Chemical Reporting on Individual Oil and Gas Wells in Texas

Well Operator Well Number County
Year Fracking 
Completed

Chemical used  
in Well

CAS Number
Trade 
Name

Mass 
(lbs.)

Sable Permian 
Resources

4238340217 Reagan 2019 PTFE 9002-84-0
not 
reported

2,035

Juno Operating 
Company II, LLC 

4210731828 Crosby 2014
nonionic 
fluorosurfactant Proprietary S-222 2

Endeavor Energy 
Resources 

4231740584 Martin 2017
nonionic 
fluorosurfactant 

00-00-0 
(ambiguous)

WRS-3 1,349

Chesapeake 
Operating, Inc. 

4212738447 Dimmit 2022
proprietary 
surfactant blend Proprietary

not 
reported

95

Pioneer Natural 
Resources 

4231740216 Martin 2016 surfactant Proprietary
not 
reported

9,554

This table shows illustrative samples of specific oil and/or gas wells injected with the types of fracking chemicals referenced in the larger 
tables above, including fluorosurfactants, trade secret surfactants such as the “proprietary surfactant blend,” and PTFE. The examples cover 
a range of years and represent wells fracked in several Texas counties.

Tables 4 and 5, excerpted on the following page, show some 

of the oil and gas companies that fracked the most wells in 

Texas between 2013 and 2022 using fluorosurfactants and 

PTFE, respectively. (Both tables are displayed in full in the 

Appendix.) Companies that used these chemicals include 

prominent oil and gas producers   ExxonMobil, the nation’s 

largest publicly traded oil and gas company,116 Chevron USA, 

Inc., the nation’s second largest oil and gas company,117 and 

Pioneer Natural Resources Co., the largest oil producer in the 

Permian Basin which straddles Texas and New Mexico.118
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Table 4. Excerpt (full table in Appendix). Oil and Gas Companies that Fracked the Most Wells  
in Texas Using Fluorosurfactants, 2013-2022

Well Operator
Number of wells injected 
with fluorosurfactants 
potential fluorosurfactants 

Total weight of 
fluorosurfactants (lbs.)

Athlon Energy Operating LLC 195 10,771

Juno Operating Company II, LLC 148 141

Delta Oil & Gas Ltd. 110 4

EOG Resources, Inc. 67 22,336

XTO Energy/ExxonMobil 67 745

LCS Production Company 48 16

Citation Oil and Gas Corp. 30 31

Chevron USA Inc. 26 155

Brigadier Operating LLC 25 ND*

Urban Oil and Gas Group 25 10

PPC Operating Company LLC 22 ND

Petrobal Omega 1, LLC 21 186

Apache Corporation 18 180

Laredo Petroleum, Inc. 16 4,721

Blackbeard Operating 14 393

This excerpted table shows the oil and gas companies that fracked the greatest number of oil and gas wells in Texas with fluorosurfactants 
or potential flurosurfactants between January 1, 2013 and Sept. 29, 2022. More companies are listed in the full table in the appendix. 
Fluorosurfactants may be PFAS or precursors that could degrade into PFAS. The full table contains an expanded caption.

Table 5. Excerpt (full table in Appendix). Oil and Gas Companies that Fracked the Most Wells  
in Texas Using PTFE, 2013-2022

Well Operator Number of wells with PTFE Total mass of PTFE (lbs.)

BHP Billiton Petroleum 196 3,237

Cimarex Energy Co. 123 1,172

Pioneer Natural Resources 117 670

Occidental Oil and Gas 115 2,718

Ring Energy, Inc. 113 4,827

EXCO Resources, Inc. 87 1,003

Chesapeake Operating, Inc. 86 329

Apache Corporation 70 738

Forest Oil Corporation 69 897

Guidon Energy Management Services LLC 55 9,301

Matador Production Company 39 382

Lonestar Resources, Inc. 32 892

XTO Energy/ExxonMobil 32 1,208

ConocoPhillips Company/Burlington Resources 26 243

Sundance Energy 26 57

This excerpted table shows the fifteen oil and gas companies that fracked the greatest number of oil and gas wells in Texas with PTFE 
between January 1, 2013 and Sept. 29, 2022. More companies are listed in the full table in the appendix. The full table contains an 

expanded caption.
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 PFAS Use in Oil and Gas Operations Endangers Health in TexasCh. 4

a. Multiple Potential Pathways to Exposure

Where PFAS are among the chemicals used in oil and gas 

extraction, they could enter water supplies through spills, 

injection wells, land application, or other pathways, thus 

placing drinking water and agricultural water sources at risk. 

That risk is potentially substantial, given PFAS’ characteristics: 

toxic in minuscule concentrations, linked to cancer, birth 

defects, pre-eclampsia, and other serious health effects, highly 

mobile in water, and extremely persistent in the environment.

EPA in its 2016 national report on fracking and drinking water 

found that fracking-related pollution could follow a number 

of pathways. Even without examining water contamination 

risks from underground disposal wells,119 the agency cited 

the following possible pathways to exposure:

• spills of fracking fluid that seep into groundwater;

• injection of fracking fluid into wells with cracks in the 

casing or cement, allowing the fluid to migrate into 

aquifers;

• injection of fracking fluids directly into groundwater;

• underground migration of fracking fluids through 

fracking-related or natural fractures;

• intersection of fracking fluid with nearby oil and gas wells,

• spills of wastewater after the fracking process is 

completed, and

• inadequate treatment and discharge of fracking 

wastewater to surface water supplies.120

b. Evidence of Fracking-Related Water Contamination

The potential in Texas for water contamination through these 

pathways, from PFAS or other fracking chemicals, is not just 

hypothetical. In 2017, the news outlet EnergyWire reported 

on spills at oil and gas sites in Texas and other states that had 

occurred over a five-year period. EnergyWire found that the 

number of reported spills in Texas was 1,965 in 2012; 2,142 in 

2013; 2,500 in 2014; 2,793 in 2015; and 2,069 in 2016.121

Texas faces particular risks of spills at well sites due to 

hurricanes and heavy storms. According to an El Paso Times 

report from 2016, 

 Scores of photographs taken by state emergency-

management officials show that when floodwaters 

rise in Texas, they inundate oil wells and fracking sites, 

sweeping crude and noxious chemicals into rivers 

throughout the Lone Star State….Many of the photos 

shot during Texas’s recent floods show swamped 

wastewater ponds at fracking sites, presumably allowing 

wastewater to escape into the environment — and 

potentially into drinking-water supplies.122

If even small amounts of PFAS were involved in some of 

these spills, they could cause significant contamination. 

Evidence suggests that underground migration of 

contaminants from oil and gas production wells has 

occurred. In 2017, an analysis published in Science of the Total 

Environment of groundwater in the Eagle Ford Shale region in 

southern Texas found sporadic instances of multiple volatile 

organic compounds (VOCs) and dissolved gas, providing 

evidence that “groundwater quality is potentially being 

affected by neighboring [drilling and fracking] activity, or 

other anthropogenic activities, in an episodic fashion.” The 

authors concluded that more extensive investigation was 

needed of possible groundwater contamination in the Eagle 

Ford basin.123

Several earlier studies also found evidence of underground 

contamination that appeared to be associated with 

fracking operations. In 2016, a team of researchers from 

the University of Texas compared measurements of 

contaminants in groundwater collected before the expansion 

of unconventional oil and gas development in the Cline Shale 

region of western Texas to subsequent measurements made 

over a 13-month period. The researchers detected alcohols, 
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chlorinated compounds, and hydrocarbon co-contaminants 

that corresponded with the number of oil and gas production 

wells in the area.124 In 2015, many of the same researchers 

published a study in which they documented widespread 

drinking water contamination throughout the Barnett Shale 

in northern Texas, a region that has been heavily drilled 

for gas. The study, which analyzed 550 water samples from 

public and private water wells, found elevated levels of 19 

different chemical compounds associated with fracking 

including the carcinogen benzene, neurotoxic toluene, 

methanol, ethanol, and strikingly high levels of 10 different 

metals. The researchers said that the findings 

 do not necessarily identify [unconventional oil and gas] 

activities as the source of contamination; however, they 

do provide a strong impetus for further monitoring 

and analysis of groundwater quality in this region as 

many of the compounds we detected are known to be 

associated with [unconventional oil and gas extraction] 

techniques.125

In 2013, University of Texas at Arlington researchers found 

elevated levels of arsenic and other heavy metals in some 

samples from private drinking water wells located within 

three kilometers of active natural gas wells in the Barnett 

Shale region. The levels of contaminants were higher than 

those in well water inside the region that was farther than 

three miles from gas wells and higher than levels in well 

water outside the region.126

These studies did not test for PFAS. This lack of testing is 

not surprising; there were few if any grounds to test for 

PFAS in connection with oil and gas operations prior to July 

2021, when PSR first publicized the probable use of these 

chemicals in oil and gas extraction.

c. Disposal of Wastewater Raises Pollution Concerns

Another risk that is especially high in Texas is that PFAS and 

other chemicals could pollute the environment through the 

disposal of fracking and/or drilling wastewater. Fracking 

fluid wastewater, which is brought back to the surface after 

fracking is completed, can contain chemicals injected during 

the fracking process, including trade secret chemicals,127 and 

thus, potentially, PFAS. It can also contain naturally occurring 

toxics found underground such as radium, a radioactive 

element and known human carcinogen.128, 129, 130 Much of the 

oil and gas wastewater generated in Texas is subsequently 

disposed in underground injection or disposal wells.131 In 

the case of injection wells, wastewater from oil and gas wells 

is injected into oil wells in order to facilitate oil production. 

The wastewater increases or maintains pressure in an oil 

field depleted by prior production and displaces or sweeps 

additional oil toward producing wells. This type of secondary 

recovery is sometimes called waterflooding.132 In the case 

of disposal wells, oil and gas wastewater is injected for 

permanent disposal.133 As of July 2015, there were 26,100 

active injection wells and 8,100 active disposal wells in the 

state.134

The environmental nonprofit Earthworks detailed in a 2021 

report that between January 2012 and December 2020, oil 

and gas companies injected into underground wells 28.4 

billion gallons of fracking “flowback” waste, the wastewater 

that first comes out of wells during fracking; 3.1 trillion 

gallons of “produced water” that flows out of wells after the 

flowback, and almost 332 million gallons of liquid, radioactive 

waste.135 If even a small percentage of this staggering 

amount of wastewater were tainted with PFAS, it could 

create significant pollution if it were to enter groundwater or 

surface water.

Meanwhile, researchers have known for decades that 

wastewater from injection wells can migrate upward from 

deep underground, moving through nearby oil and gas wells, 

many of which have ceased operating but have not been 

properly sealed off from the surrounding underground rock 

formations.136 This migrating wastewater can break out of 

the abandoned wells and contaminate groundwater located 

near the earth’s surface.137 The threat that this scenario 

creates is particularly acute in Texas, where 60 percent of 

the state’s water comes from groundwater.138 In 1985, the 

Texas Department of Agriculture reported that oil and gas 

wastewater migrating up through abandoned, improperly 
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plugged wells was a common source of water contamination 

in oil and gas production areas:

 When a water well is experiencing an oilfield pollution 

problem (typically, high chlorides), the pollution 

source is often difficult to track down. The source 

could be a leak in the casing of a disposal well, leakage 

behind the casing due to poor cement bond, old 

saltwater evaporation pits, or, most often, transport 

of contaminants through an improperly plugged 

abandoned well [underscore in original].139

The department even had a name for this phenomenon: 

“saltwater breakout,” in which the salty oil and gas 

wastewater migrated up the abandoned well and then 

broke out near the surface, contaminating groundwater.140 

In one case in 1984 in Palo Pinto County, the department 

reported, “investigation found oil and salt coming up 

through an improperly plugged well. The water was 

coming from an injection well one-half mile away.”141 

The department quoted the Congressional Office of 

Technology Assessment regarding the “insidious” problem 

of underground injection of oil and gas wastewater: that 

it is typically injected in exactly the places where prior 

drilling has opened up opportunities for the wastewater to 

migrate into groundwater.142

James Osborne, a reporter with the Houston Chronicle, 

wrote in September 2022 that the potential that injected oil 

and gas wastewater could migrate up abandoned oil and 

gas wells is still a risk to Texas’s groundwater supplies. He 

reported that according to the Railroad Commission of Texas 

there are 150,000 inactive oil and gas wells in Texas.143 An 

advocacy group, Commission Shift, that tracks the Railroad 

Commission, found that 17,000 of these wells have not 

operated for 20 years.144

Additionally, as Cyrus Reed, Conservation Director at the 

Texas chapter of the Sierra Club told Osborne, the list of 

known abandoned wells is always growing. “The Railroad 

Commission is plugging about 1,000 to 1,400 wells a year, but 

as you plug one well, another comes on,” Reed said. “We’re 

always playing catchup.” Ron Green, a former hydrologist 

at the Southwest Research Institute, a non-profit research 

organization in San Antonio, told Osborne that the extent 

of groundwater pollution caused by injected wastewater 

migrating up abandoned oil and gas wells is unknown 

and may not manifest itself for years, but there is at least 

one indication that it is occurring:145 Water sampling in the 

Carrizo-Wilcox aquifer in South Texas beneath the Eagle Ford 

shale, a major oil- and gas-producing region, shows that the 

aquifer has become more saline, Green said, indicating that 

injected wastewater could be infiltrating water supplies.146 

Further compounding the problem, the true number of 

abandoned wells in Texas may never be known due to poor 

or nonexistent record-keeping, according to reporting by 

StateImpact in 2012.147

Several other types of oil and gas waste disposal could pose 

serious risks to Texans if the waste were contaminated 

with PFAS. One disposal technique used in Texas is the 

spreading of wastewater on land (“land application”).148 

Texas’s permitting process does not require testing of this 

wastewater for radioactive contaminants, even though it is 

well known that such wastewater may contain radioactivity. 

Nor does the state require testing for PFAS.149 Other oil and 

gas waste disposal methods used in Texas include taking 

waste to commercial surface waste management facilities 

or landfills, burial of wastes in pits at well sites or other 

locations, and surface water discharge.150 The presence  

of PFAS could add to contamination threats in each type  

of disposal.

Local governments have little say in waste disposal decisions, 

even when oil and gas waste disposed of in Texas comes 

from out of state. An investigation conducted in 2021 by 

DeSmog found that at least one company imported oilfield 

waste for disposal at a West Texas facility from other states 

and even other countries. Some of the waste had extremely 

high levels of radioactivity. It is unclear whether this waste 

was tested for PFAS, but any PFAS in the waste would add to 

its risk.151 Earthworks noted that local governments have little 

power to prevent waste facilities from locating in or near 

their jurisdictions.152 In addition, in 2015, state lawmakers 
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passed HB 40 that stripped local governments of most power 

to regulate oil and gas production wells.153

d. Volatilizing, Flaring Could Pollute Air with PFAS

PFAS used in oil and gas wells could follow airborne exposure 

routes, according to toxicologist Dave Brown, former 

director of environmental epidemiology at the Connecticut 

Department of Health who has investigated health effects 

associated with unconventional gas drilling with the 

Southwest Pennsylvania Environmental Health Project. He 

warned that if PFAS were to enter drinking water, it could 

subsequently volatilize or become airborne inside homes. 

Brown also added another potential pathway for airborne 

exposure: PFAS could become airborne when gas is burned 

off during flaring at the wellhead.154

Flaring is significant in Texas, creating a potential pathway 

for PFAS-tainted air emissions from oil and gas wells. A study 

published in 2018 used remote sensing data that incorporated 

infrared observations of combustion sources to estimate 

exposure of local residents to hazardous air pollutants 

from associated flaring operations in the Eagle Ford shale 

region in South Texas. The researchers confirmed extensive 

flaring in close proximity to homes.155 In 2014, a four-part 

investigation by the San Antonio Express-News found that 

natural gas flaring in the Eagle Ford Shale in 2012 emitted 

more than 15,000 tons of volatile organic compounds such as 

carcinogenic benzene and other contaminants. This quantity 

of pollution was roughly equal to the pollution that would be 

released each year by six oil refineries. No state or federal 

agency was tracking the emissions from individual flares, the 

Express-News found.156 These studies did not examine PFAS 

pollution but raise the potential that PFAS could have been 

present in the staggering amount of pollution emanating from 

the flared gas.

Pump jack and flare in Eagle Ford Shale in South Texas, May 2015. Photo credit: Earthworks
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e.  PFAS Could Compound Health Harms from Other Oil 

and Gas Chemicals

PFAS is by no means the only chemical associated with 

oil and gas extraction that could cause harm to health. 

Deeper investigation of PFAS use in oil and gas operations 

is especially important because exposure to PFAS may be 

additional to those other chemicals and could impact or 

intensify health effects caused by them. It is unknown if any 

of the problems associated with fracking chemicals, some  

of which are referenced below, are linked to or aggravated 

by PFAS used in oil and gas operations, but researchers 

should investigate.

Peer-reviewed studies of people living near oil and gas 

operations, including those in Texas, have found that 

proximity to active well sites correlates with a variety of 

diseases and other health effects. A 2021 study of more 

than three million pregnant women in Texas showed 

that living within one kilometer of an active oil or gas well 

increased the odds of gestational hypertension (high blood 

pressure) and eclampsia157 (onset of seizures or coma 

during pregnancy or childbirth).158 A 2020 study of pregnant 

women living in the Eagle Ford Shale area of South Texas 

found that exposure to a high number of nightly flaring 

events was associated with a 50 percent increase in the risk 

of preterm birth.159 A 2020 study in Texas documented a 

link between natural gas extraction from both conventional 

and unconventional wells and frequency of hospitalization 

for childhood asthma.160 Several studies conducted in 

Colorado, another major producer of oil and gas, also found 

associations between proximity to oil and gas operations 

and health effects, including congenital heart defects in 

newborns161 and cancer diagnoses among Coloradans from 

birth to 24 years old.162

On a national scale, PSR and Concerned Health Professionals 

of New York have collaborated to compile and summarize 

the substantial and growing number of scientific studies that 

have found serious health effects associated with oil and gas 

drilling. In the eighth edition (2022) of our report, we wrote,

 Public health problems associated with fracking 

include prenatal harm, respiratory impacts, cancer, 

heart disease, mental health problems, and premature 

death…. Poor birth outcomes have been linked to 

fracking activities in multiple studies in multiple 

locations using a variety of methods. Studies of 

mothers living near oil and gas extraction operations 

consistently find impaired infant health, especially 

elevated risks for low birth weight and preterm birth. 

As we go to press, a new study in Pennsylvania finds 

“consistent and robust evidence that drilling shale 

gas wells negatively impacts both drinking water and 

quality of infant health.”163

Low birthweight is a leading contributor to infant death in 

the United States.164

Many residents living near oil and gas operations have 

expressed frustration over the secrecy surrounding 

chemicals used by the oil and gas industry.165 In 2020, 

Pennsylvania’s Attorney General issued a report based 

on a criminal grand jury investigation of oil and gas 

drilling pollution in the Keystone State. Drilling for gas 

in shale formations has surged in that state over the 

past 15 years,166 vaulting it into the number two spot 

among gas-producing states (Texas is number one)167 and 

bringing many more Pennsylvanians into contact with gas 

drilling and its impacts. Based on testimony from over 70 

households, the attorney general compiled evidence of 

serious health impacts, finding that

 Many of those living in close proximity to a well pad 

began to become chronically, and inexplicably, sick. Pets 

died; farm animals that lived outside started miscarrying, 

or giving birth to deformed offspring. But the worst 

was the children, who were most susceptible to the 

effects. Families went to their doctors for answers, but 

the doctors didn’t know what to do. The unconventional 

oil and gas companies would not even identify the 

chemicals they were using, so that they could be 

studied; the companies said the compounds were “trade 

secrets” and “proprietary information.” The absence 
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of information created roadblocks to effective medical 

treatment. One family was told that doctors would 

discuss their hypotheses, but only if the information 

never left the room.168

Now that we know PFAS have been used in oil and gas 

operations for years, scientists should determine whether 

there are connections between this use and health effects, 

for PFAS chemicals individually and as a compounding 

factor in conjunction with exposure to other fracking 

chemicals.

f.  Fracking and Chemical Exposure as an Environmental 

Justice Issue

“Fenceline” communities – people living close to oil and 

gas operations – often bear a disproportionate risk of 

exposure to toxic chemicals and may be particularly at risk 

from PFAS used in oil and gas extraction. Although drilling 

and fracking take place in the majority of U.S. states, not 

everyone shares in that risk equally. Rather, oil and gas 

infrastructure and associated chemicals are frequently 

located in or adjacent to low-income, underserved, and 

marginalized communities, Indigenous communities, and 

other communities of color. 

In 2021, researchers used satellite observations and 

census data to show that 83 percent of the flaring from 

unconventional oil and gas wells in the contiguous United 

States between March 2012 and February 2020 took 

place in three basins: the Williston Basin in North Dakota, 

Permian Basin in west Texas, and the Western Gulf Basin 

in southern Texas and Louisiana. They estimated that over 

half a million people in these basins lived within three miles 

of a flare, with 39 percent of them living near more than 

100 flares each night. The researchers also reported that in 

Marathon Oil facility in Karnes County Texas, May 2015. Photo credit: Earthworks
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these regions, Black, Indigenous, and people of color were 

disproportionately exposed to flaring.169

Other studies have also found disproportionate impacts 

on people of color. A 2020 study found that compared to 

white residents, Hispanic residents living in the Eagle Ford 

shale region were disproportionately exposed to flaring 

from unconventional oil and gas wells.170 Hispanic residents 

were exposed to more (or more frequent) flares even 

though they were less likely than white residents to live near 

unconventional oil and gas wells. The researchers speculated 

that the increased exposure “may be driven by difference in 

political marginalization between Hispanic and non-Hispanic 

white communities in the region.” They explained that 

 marginalized communities are often targeted for the 

citing of locally unwanted land uses because of the 

perceived lack of political power and limited resources to 

challenge industrial practices [endnotes omitted]. These 

communities often receive less government oversight, 

which may increase the local levels of pollution, 

ultimately exacerbating health disparities.

In 2016, a public health research team showed that in 

the Eagle Ford shale region, disposal wells for fracking 

wastewater were more than twice as common in areas 

where residents are more than 80 percent people of color 

than in majority-white communities. They also found that 

disposal wells were disproportionately located in areas with 

high rates of poverty. 

But even in these areas, the association with race was 

predominant. “Adjusting for both poverty and rurality,” the 

researchers wrote, “we still found that as the proportion of 

people of color in the census block group increased, so did 

the presence of disposal wells.” Since 2007, they reported, 

Texas had permitted more than 1,000 waste disposal wells 

in the Eagle Ford Shale region, where groundwater is the 

primary source of drinking water.171

A 2019 analysis conducted in Colorado, Oklahoma, 

Pennsylvania, and Texas found strong evidence that African 

Americans disproportionately lived near fracking wells in 

Texas and Oklahoma, while Hispanics disproportionately 

lived near fracking wells in Texas and urban Colorado. “The 

question, who bears the costs of unconventional natural 

gas drilling, is of great relevance not only for the U.S., but 

worldwide,” the researchers wrote. 

According to estimates by Measham and Fleming (2014), 

around 300 million people across six continents in populated 

areas live on land that overlies shale-energy reservoirs. As 

unconventional gas drilling is expanding across the world, 

regulation of hydraulic fracturing in the U.S. will have an 

impact on its regulation in other countries, and hereby on its 

environmental and human health consequences.172

Economics as well as race can be a determinant of 

disproportionate risk. In 2015, a study found that those 

economically benefiting most from shale gas fracking 

in Denton, Texas, mostly lived elsewhere, while the 

environmental impacts remained local and affected those 

who did not have a voice in mineral-leasing decisions. “Non-

mineral owners are essentially excluded from the private 

decisions,” the authors wrote, “as the mineral owners not 

only receive the direct monetary benefits, but also hold a 

great deal of state-sanctioned power to decide if and how 

[shale gas development] proceeds.”173

Where a pattern of risks affects people of color and/or lower-

income people disproportionately, fracking should be viewed 

as an Environmental Justice issue – and so too should any 

resultant exposure to PFAS.
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 Policy Can Help Protect Texans from PFAS in FrackingCh. 5

a. EPA Regulation of PFAS: Lax

Governments at all levels will have to do more to protect the 

public from PFAS, in large part because EPA has taken only 

modest steps to do so, while Congress and the executive 

branch have exempted the oil and gas industry from major 

provisions of multiple federal environmental laws. For 

example, oil and gas waste is exempted from the hazardous 

waste rules that require cradle-to-grave tracking and safe 

handling of hazardous substances under the Resource 

Conservation and Recovery Act. These exemptions increase 

the burden on state governments to address any PFAS 

pollution associated with oil and gas extraction.174

EPA has taken some steps to protect the public from 

dangerous PFAS. In 2005, EPA reached a then-record 

$16.5 million settlement with chemical manufacturer 

Dupont after accusing the company of violating the federal 

Toxic Substances Control Act (TSCA) by failing to disclose 

information about PFOA’s toxicity and presence in the 

environment.175 In 2006, EPA invited Dupont, 3M and 

six other companies to join a “stewardship” program in 

which the companies promised to achieve a 95 percent 

reduction of emissions of PFOA and related chemicals by 

2010, compared to a year 2000 baseline. The agreement 

also required the companies to eliminate such emissions 

and use of these chemicals by 2015.176 In 2022, EPA said 

on its website that the companies reported that they 

had accomplished those goals either by exiting the PFAS 

industry or by transitioning to alternative chemicals.177 

However, since the announcement of its PFAS stewardship 

program in 2006, EPA has allowed nearly unlimited use 

of closely related “replacement” chemicals in dozens of 

industries.178 In response, in 2015 a group of more than 200 

scientists raised health and environmental concerns that 

the new PFAS designed to replace PFOA and PFOS may not 

be safer for health or the environment.179

In October 2021, EPA announced a “strategic roadmap” 

for regulating PFAS. This plan encompasses a goal of 

setting federal drinking water standards for several PFAS 

chemicals by 2023, as well as commitments to “use all 

available regulatory and permitting authorities to limit 

emissions and discharges from industrial facilities” and 

“hold polluters accountable.”180 The plan does not, however, 

include an examination of PFAS use in the oil and gas 

industry. (Later that month, 15 members of the U.S. House 

of Representatives asked EPA to examine this topic.181 The 

month before, PSR asked EPA to collect data on PFAS use in 

oil and gas extraction, utilizing its authority under TSCA.182) As 

previously stated, in June 2022, EPA announced new health 

advisory levels for several types of PFAS. Unfortunately, these 

standards are advisory and not legally enforceable.183

And in August 2022, EPA proposed designating PFOA and 

PFOS as hazardous under Superfund.184 This designation 

would enable affected parties to more easily hold oil and gas 

companies accountable for cleanup costs if PFOA and PFOS 

were found at oil and gas sites because under Superfund, 

liability does not require negligence and any potentially 

responsible party (PRP) can be held liable for cleanup of an 

entire site when it is difficult to distinguish contributions 

to pollution among several parties. As EPA writes about 

Superfund, “[i]f a PRP sent some amount of the hazardous 

waste found at the site, that party is liable.185

b.Texas Disclosure Rules: In Need of Reform

In Texas, multiple reforms are needed to protect the public 

from the use of PFAS in oil and gas operations, including 

changing the state’s chemical disclosure rules to lift the veil 

of secrecy that oil and gas companies have used to conceal 

the use of potentially dangerous chemicals including, 

perhaps, PFAS. One such change should be tighter limits on 

the use of trade secret provisions.

Oil and gas companies have argued that chemical trade 

secrets are necessary to protect their intellectual property 

from competitors. However, this interest does not have to 

mean a complete lack of information on chemical identities 

for scientists, regulators, or the public. In 2015, California, a 

major oil-producing state,186 began requiring full disclosure 

of chemicals used for well stimulation, including fracking. 

The policy did away with trade secret exemptions for the 
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individual chemicals used in fracking products.187 In June 

2022, Colorado, another major producer of oil and gas, 

followed in California’s footsteps but extended the disclosure 

requirements to all chemicals used in oil and gas wells, not 

just fracking or stimulation chemicals.188

The methodology utilized in California and Colorado is 

consistent with a recommendation issued in 2014 by an 

advisory panel to the U.S. Department of Energy: that 

companies reveal the fracking chemicals injected into 

each well, providing that information in a list in which 

the chemicals are disassociated from the trade name of 

the commercial products they are part of.189 This form of 

disclosure enables the public to know all the chemicals 

used in fracking without disclosing to rival chemical 

manufacturers the exact components of any proprietary 

formulas.190 California also has a process under which 

state regulators review secrecy requests from chemical 

companies to determine whether the information must 

be kept proprietary.191 Health and safety data related to 

fracking fluids are not allowed to be hidden from public 

view under California law.192 California also requires 

disclosure of the chemicals used prior to fracking,193 as do 

West Virginia194 and Wyoming.195

Texas should also ensure that full chemical disclosure is 

required from all the companies in the chemical supply 

chain. Currently, Texas rules require chemical disclosure 

from the supplier or service provider to the well operator, 

who is ultimately responsible for making public disclosure.196 

Chemical manufacturers, however, are explicitly exempted 

from this chain of reporting, despite being the only entity 

that always knows the precise contents of the chemicals 

they produce. Texas’s existing rules exempt chemical 

manufacturers by providing that

 a supplier is not responsible for any inaccuracy in 

information that is provided to the supplier by a third 

party manufacturer of the [fracking] additives. A service 

company is not responsible for any inaccuracy in 

information that is provided to the service company 

by the supplier. An operator is not responsible for any 

inaccuracy in information provided to the operator by 

the supplier or service company.197

Therefore, the operator, who must ultimately make public 

disclosure, has no legal incentive to hold the supplier 

or service company accountable for providing accurate 

fracking chemical information, as the operator cannot be 

held accountable for inaccurate information from those 

sources. The service company likewise has no incentive 

to hold the supplier accountable, and the supplier has no 

similar incentive to hold the manufacturer accountable. 

In theory, the operator might have the ability to hold 

the manufacturer accountable for providing accurate 

chemical information if the manufacturer provided 

chemical additives directly to the operator, but this scenario 

seems unlikely; manufacturers can avoid that type of 

accountability by providing their chemicals for use in 

fracking through a supplier.

An additional section in Texas law provides that “a 

supplier, service company, or operator is not required 

to…disclose ingredients that are not disclosed to it by the 

manufacturer, supplier, or service company."198 This section 

more definitively eliminates the incentive that an operator, 

supplier, or service company might have to demand full 

disclosure of fracking chemical ingredients  

by a chemical manufacturer.

The 2011 congressional investigation mentioned in chapter 

three, as well as additional evidence, suggests that chemical 

manufacturers do not always tell companies farther down 

the supply chain the full contents of the chemical products 

they are using. Rather, they provide these companies 

with vague descriptions, generic chemical family names, 

or Material Safety Data Sheets with an incomplete list of 

chemicals.199 In such cases, the end users may legitimately 

be unable to disclose all the identities of chemicals used 

at a particular well – including PFAS – whether under trade 

secret protection or not. They simply would not have the 

information. Requiring disclosure of oil and gas chemicals by 

chemical manufacturers would avoid this problem. Colorado 

took this step in its June 2022 legislation.200
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These eminently reasonable and feasible reforms are 

valuable steps to protect the health of people who may 

be exposed to PFAS and other dangerous oil and gas 

chemicals, be they industry workers, residents living near 

well sites, or first responders called to the scene of an 

accident. They can improve health and potentially save 

lives. Additional steps to reduce the harms caused by oil 

and gas extraction are outlined in the following section, 

including a ban on the use of PFAS in oil and gas operations, 

an action that Colorado took in 2022.201 Among the evidence 

supporting the feasibility of this measure is a peer-reviewed 

analysis published in 2021 showing that many PFAS are 

immediately replaceable with less persistent and less toxic 

substances, including for use in the oil and gas industry.202

Oil and gas fields around Midland, Texas, April 2012. Photo credit: Jane Pargiter, EcoFlight
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 Recommendations

In light of the findings shared in this report, PSR recommends 

the following:

• Halt PFAS use in oil and gas extraction. Texas should 

follow the lead of Colorado, a major oil- and gas-producing 

state which banned the use of PFAS in oil and gas wells 

through legislation passed in June 2022. Furthermore, Texas 

and the U.S. Environmental Protection Agency (EPA) should 

prohibit PFAS from being used, manufactured, or imported 

for oil and gas extraction. Many PFAS are immediately 

replaceable with less persistent and less toxic substances, 

including for use in the oil and gas industry.

• Expand public disclosure. Texas should greatly expand its 

requirements for public disclosure of oil and gas chemicals. 

The state could again follow the example offered by 

Colorado by requiring disclosure of all individual chemicals 

used in oil and gas wells without exceptions for trade 

secrets, while requiring disclosure on the part of chemical 

manufacturers who know best what chemicals are being 

used. Texas should also require chemical disclosure prior 

to fracking, as have several states including California, West 

Virginia, and Wyoming.

• Increase testing and tracking. Texas and/or the U.S. EPA 

should determine where PFAS have been used in oil and gas 

operations in the state and where related wastes have been 

deposited and should test nearby residents, water, soil, flora, 

and fauna for PFAS.

• Require funding and cleanup. Oil and gas and chemical 

firms should be required to fund environmental testing for 

PFAS in their areas of operation where these are needed, and 

should PFAS be found, be required to fund cleanup. If water 

cleanup is impossible, the companies responsible for the 

use of PFAS should pay for alternative sources of water for 

drinking, household uses, and agriculture, as needed.

• Reform Texas’s regulations for underground injection 

disposal wells to prohibit wells close to underground 

sources of water, to require groundwater monitoring for 

contaminants near the wells, and to require full public 

disclosure of the chemicals in the wastewater.

• Transition to renewable energy, better regulation. 

Given the use of highly toxic chemicals in oil and gas 

extraction, including but not limited to PFAS, as well as 

climate impacts of oil and gas,  Texas should transition 

away from fracking and move toward renewable energy and 

efficiency. This transition should be structured to provide 

economic support for oil and gas workers. However, as long 

as we have drilling and fracking, the state should better 

regulate these practices so that Texans are not exposed 

to toxic substances. The state should also empower local 

governments to regulate the industry. When doubt exists 

as to the existence or danger of contamination, the rule of 

thumb should be, “First, do no harm.”
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 Appendix

Table 1. Disclosed Use in Fracking of Fluorosurfactants, Potential Fluorosurfactants,  
and PTFE in Texas Oil and Gas Wells, 2013-2022

County
Number of wells injected with 
fluorosurfactants, potential 
fluorosurfactants

Mass of fluorosurfactants, 
potential fluorosurfactants 
(lbs.)

Number 
of wells 
injected 
with PTFE

Mass of PTFE  
(lbs.)

Anderson 1 3 1 13

Andrews 74 1,024 115 3,231

Archer 1 15 0 0

Atascosa 0 0 51 299

Baylor 2 56 0 0

Bee 0 0 2 ND*

Borden 15 222 0 0

Bosque 1 ND 0 0

Brazos 0 0 1 13

Burleson 1 ND 7 44

Callahan 2 ND 0 0

Cherokee 0 0 1 3

Cochran 4 37 0 0

Coke 3 ND 0 0

Coleman 15 2 0 0

Concho 9 5 0 0

Cottle 1 ND 1 1

Crane 14 148 1 ND

Crockett 27 5,479 5 87

Crosby 163 158 0 0

Culberson 0 0 83 864

Dawson 6 31 1 2

De Witt 0 0 86 418

Dimmit 0 0 105 824

Eastland 7 2 0 0

Ector 6 216 1 1

Fayette 0 0 5 ND

Fisher 8 15 1 37

Frio 0 0 20 666

Gaines 22 131 43 1,525

Garza 2 7 0 0

Glasscock 55 6,622 30 172

Gonzales 0 0 74 1,313

Grayson 3 165 3 3

Grimes 0 0 2 68

Guadalupe 1 1 0 0

Hansford 0 0 1 22

Hardeman 1 ND 0 0

Harris 0 0 5 1

Harrison 0 0 1 1,015

Haskell 10 1 0 0

Hemphill 1 1 22 103
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Table 1. Continued

County
Number of wells injected with 
fluorosurfactants, potential 
fluorosurfactants

Mass of fluorosurfactants, 
potential fluorosurfactants 
(lbs.)

Number 
of wells 
injected with 
PTFE

Mass of PTFE  
(lbs.)

Hockley 3 ND 0 0

Houston 0 0 6 27

Howard 78 2,765 12 289

Irion 16 5,516 8 101

Jack 69 470 0 0

Jackson 1 ND 0 0

Jones 7 3 0 0

Karnes 0 0 42 1,173

Kent 2 ND 0 0

King 14 4 0 0

La Salle 0 0 62 579

Lee 0 0 2 7

Leon 0 0 8 81

Lipscomb 0 0 20 102

Live Oak 0 0 16 113

Loving 27 5,542 61 1,816

Madison 0 0 9 135

Marion 0 0 1 ND

Martin 29 4,491 92 9,617

Maverick 0 0 3 5

McMullen 0 0 34 215

Midland 55 6,363 34 240

Mitchell 11 34 0 0

Montague 2 9 0 0

Nacogdoches 0 0 5 34

Nolan 35 13 0 0

Ochiltree 0 0 43 175

Oldham 0 0 5 4

Palo Pinto 25 81 0 0

Pecos 22 278 14 145

Potter 0 0 3 20

Reagan 19 5,565 10 9,291

Reeves 21 4,412 208 5,256

Roberts 1 36 7 26

Robertson 0 0 1 ND

Runnels 2 ND 0 0

Rusk 1 ND 4 16

San Augustine 0 0 5 ND

San Jacinto 0 0 1 3

Schleicher 6 9 0 0
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Table 1. Continued

County
Number of wells injected with 
fluorosurfactants, potential 
fluorosurfactants

Mass of fluorosurfactants, 
potential fluorosurfactants 
(lbs.)

Number 
of wells 
injected 
with PTFE

Mass of PTFE  
(lbs.)

Scurry 6 ND 3 605

Shackelford 6 7 0 0

Shelby 0 0 1 40

Smith 1 1 0 0

Starr 0 0 2 ND

Stephens 126 9 0 0

Sterling 7 113 3 31

Stonewall 63 48 0 0

Sutton 1 2 0 0

Taylor 15 5 0 0

Terrell 0 0 1 5

Terry 0 0 1 ND

Throckmorton 8 86 0 0

Tom Green 1 2 0 0

Upton 19 1,705 20 62

Walker 0 0 1 ND

Ward 7 600 62 568

Washington 0 0 4 40

Webb 0 0 22 128

Wharton 0 0 1 ND

Wheeler 0 0 11 29

Wichita 29 10 0 0

Wilson 0 0 1 ND

Winkler 18 318 3 655

Wise 5 558 0 0

Yoakum 0 0 16 486

Young 9 2 0 0

Zapata 0 0 1 0

Zavala 0 0 88 985

Total 1,222 53,398 1,625 43,829

This table, based on FracFocus data covering the dates January 1, 2013 through Sept. 29, 2022, shows county-by-county the number of 

Texas wells in which oil and gas companies injected PTFE, identified by EPA as a PFAS, or used at least one fluorosurfactant or potential 
fluorosurfactant for fracking. In this table, the term “fluorosurfactant” encompasses disclosed uses of “nonionic fluorosurfactant” while 
the term “potential fluorosurfactant” encompasses disclosed uses of “fluoroalkyl alcohol substituted polyethylene glycol,” identified by 
EPA as a PFAS. Nonionic fluorosurfactants may be PFAS or precursors that could degrade into PFAS. The total weight figures reflect the 
sum of all records for which we have enough information to calculate a chemical’s weight. However, the total weight figures represent an 
undercount because many fracking chemical disclosures lack sufficient data to perform this calculation. Not all Texas counties are shown; 
only those in which FracFocus showed the use in fracking of fluorosurfactants, potential fluorosurfactants, and PTFE.

*ND = No data available.
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Table 2. Disclosed Use in Fracking of Trade Secret Chemicals in Texas Oil and Gas Wells, 2013-2022

County
Number of wells injected  
with at least one trade  
secret chemical

Mass of all trade 
secret records (lbs.)

Number of wells 
injected with at least 
one trade secret 
surfactant

Mass of trade secret 
surfactants (lbs.)

Anderson 4 39,100 1 443

Andrews 2,603 70,400,000 1,670 8,050,000

Angelina 18 1,640,000 2 9,450

Aransas 6 2,680 2 458

Archer 47 12,200 19 3,560

Atascosa 772 21,000,000 332 2,280,000

Austin 2 6,880 1 1,450

Bastrop 1 28,700 0 0

Baylor 3 12,500 0 0

Bee 5 297,000 4 11,300

Bexar 4 ND* 4 0

Borden 145 5,130,000 53 127,000

Bosque 1 5 1 2

Brazoria 1 ND 1 ND

Brazos 324 17,600,000 182 1,800,000

Brewster 1 566 1 333

Brooks 39 1,960,000 1 ND

Brown 1 ND 1 ND

Burleson 420 16,700,000 160 1,890,000

Caldwell 3 1,200 1 ND

Calhoun 4 10,500 0 0

Callahan 5 71 3 19

Carson 2 ND 0 0

Cass 7 331,000 3 8,310

Chambers 4 11,100 3 197

Cherokee 47 1,550,000 21 226,000

Clay 42 34,800 20 9,580

Cochran 54 362,000 49 132,000

Coke 12 57,300 3 7,120

Coleman 13 98 2 26

Colorado 4 6,840 3 723

Concho 9 682 8 59

Cooke 41 536,000 13 16,900

Cottle 6 88,900 5 22,200

Crane 796 5,790,000 651 847,000

Crockett 468 4,890,000 242 1,440,000

Crosby 367 240,000 338 45,400

Culberson 813 43,100,000 453 2,130,000

Dallas 22 203,000 0 0

Dawson 130 46,500,000 85 493,000

De Witt 1,259 73,200,000 576 1,600,000

Denton 362 2,600,000 28 102,000
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Table 2. Continued

County
Number of wells injected  
with at least one trade  
secret chemical

Mass of all trade 
secret records (lbs.)

Number of wells 
injected with at least 
one trade secret 
surfactant

Mass of trade secret 
surfactants (lbs.)

Dickens 2 352 2 100

Dimmit 2,472 184,000,000 1,060 48,200,000

Duval 9 29,700 4 516

Eastland 5 4,390 5 804

Ector 1,347 24,600,000 1,030 5,270,000

Fayette 99 5,230,000 61 438,000

Fisher 34 56,400,000 15 34,300

Fort Bend 3 3,160 1 2,010

Freestone 51 108,000 32 40,000

Frio 321 39,500,000 155 461,000

Gaines 600 3,590,000 432 310,000

Garza 37 59,600 15 7,160

Glasscock 1,932 80,200,000 1,110 10,300,000

Goliad 7 17,800 5 3,180

Gonzales 1,129 31,700,000 394 1,890,000

Grayson 45 132,000 28 70,600

Gregg 20 445,000 10 22,800

Grimes 28 531,000 20 60,700

Hale 1 7,210 1 2,900

Hansford 21 395,000 13 23,700

Hardeman 10 36,300 5 1,740

Hardin 7 17,400 2 977

Harris 4 1,210 0 0

Harrison 228 9,450,000 101 341,000

Hartley 12 116,000 5 5,320

Haskell 16 6,600 7 806

Hemphill 292 16,500,000 122 816,000

Henderson 5 5,540 3 1,460

Hidalgo 127 2,390,000 11 9,820

Hockley 71 149,000 61 36,100

Hood 21 226,000 8 3,480

Hopkins 3 479 1 308

Houston 48 428,000 17 76,800

Howard 2,639 570,000,000 1,390 18,800,000

Hudspeth 3 13,300 3 7,330

Hutchinson 9 132,000 3 1,200

Irion 825 634,000,000 440 4,040,000

Jack 428 867,000 325 278,000

Jackson 2 ND 2 ND

Jasper 9 25,600 5 5,020

Jeff Davis 4 316,000 1 362

Jefferson 5 5,260 2 165

Jim Hogg 10 14,200 0 0
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Table 2. Continued

County
Number of wells injected  
with at least one trade  
secret chemical

Mass of all trade 
secret records (lbs.)

Number of wells 
injected with at least 
one trade secret 
surfactant

Mass of trade secret 
surfactants (lbs.)

Jim Wells 1 242 1 74

Johnson 56 557,000 25 31,600

Jones 21 582 3 8

Karnes 3,059 187,000,000 1,260 5,780,000

Kenedy 14 134,000 3 6,470

Kent 4 9,060 4 4,510

King 21 4,290 9 25

Kleberg 24 93,700 12 13,200

Knox 1 39 0 0

La Salle 2,590 192,000,000 1,030 27,200,000

Lavaca 276 20,000,000 180 877,000

Lee 55 1,810,000 26 76,800

Leon 57 554,000 28 112,000

Liberty 6 23,400 3 2,980

Limestone 23 319,000 11 24,600

Lipscomb 203 5,840,000 128 737,000

Live Oak 429 32,100,000 218 896,000

Loving 2,156 98,500,000 910 3,220,000

Lubbock 7 6,160 6 1,440

Lynn 2 990 0 0

Madison 149 1,790,000 75 349,000

Marion 1 ND 0 0

Martin 3,543 213,000,000 1,940 26,900,000

Matagorda 4 19,400 4 3,590

Maverick 57 1,030,000 19 42,700

McCulloch 3 301 2 49

McMullen 1,342 111,000,000 667 29,700,000

Medina 49 7 0 0

Midland 4,447 572,000,000 2,920 31,900,000

Milam 48 1,060,000 19 178,000

Mitchell 125 645,000 97 69,200

Montague 326 6,440,000 133 28,800

Montgomery 3 10,000 1 529

Moore 7 1,540 5 307

Nacogdoches 50 3,790,000 4 14,800

Navarro 4 55,800 4 2,900

Newton 7 230,000 3 7,760

Nolan 50 116,000 35 46,200

Nueces 4 6,800 3 1,480

Ochiltree 268 3,890,000 168 767,000

Oldham 15 197,000 6 7,520

Orange 10 26,200 8 18,200

Palo Pinto 107 173,000 76 49,100
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Table 2. Continued

County
Number of wells injected  
with at least one trade  
secret chemical

Mass of all trade 
secret records (lbs.)

Number of wells 
injected with at least 
one trade secret 
surfactant

Mass of trade secret 
surfactants (lbs.)

Panola 446 17,500,000 152 1,260,000

Parker 79 336,000 32 32,900

Pecos 602 35,700,000 349 4,840,000

Polk 30 391,000 11 9,720

Potter 25 612,000 8 9,080

Reagan 1,745 1,210,000,000 1,040 14,800,000

Reeves 3,561 254,000,000 1,640 21,600,000

Roberts 145 10,100,000 73 297,000

Robertson 101 3,430,000 50 219,000

Runnels 6 9,000 3 187

Rusk 132 8,330,000 85 909,000

San Augustine 110 5,000,000 30 401,000

San Jacinto 8 5,540 2 42

San Patricio 12 16,200 9 3,800

Schleicher 42 845,000 33 469,000

Scurry 171 42,800,000 77 147,000

Shackelford 10 387 4 140

Shelby 49 1,220,000 27 335,000

Sherman 3 148 2 20

Smith 45 4,180,000 20 149,000

Starr 63 292,000 3 1,940

Stephens 78 36,400 57 7,560

Sterling 77 938,000 48 203,000

Stonewall 85 32,700 31 10,400

Sutton 15 45,500 13 22,900

Tarrant 518 6,780,000 216 279,000

Taylor 17 467 5 191

Terrell 10 165,000 8 25,600

Terry 30 114,000 20 26,900

Throckmorton 75 180,000 27 41,700

Tom Green 14 184,000 10 19,200

Trinity 2 154,000 1 1,260

Tyler 12 516,000 5 11,200

Upshur 17 454,000 10 86,300

Upton 2,567 863,000,000 1,820 19,400,000

Van Zandt 4 114,000 1 24

Victoria 1 ND 0 0

Walker 10 403,000 7 14,500

Waller 5 3,520 5 1,790

Ward 1,368 39,900,000 658 1,860,000

Washington 79 2,270,000 21 81,900

Webb 1,784 112,000,000 862 11,900,000

Wharton 16 6,670 9 215
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Table 2. Continued

County
Number of wells injected  
with at least one trade  
secret chemical

Mass of all trade 
secret records (lbs.)

Number of wells 
injected with at least 
one trade secret 
surfactant

Mass of trade secret 
surfactants (lbs.)

Wheeler 270 15,200,000 182 3,040,000

Wichita 78 23,000 40 4,220

Wilbarger 48 42,600 23 11,200

Willacy 4 10,700 4 2,790

Wilson 90 1,870,000 45 175,000

Winkler 591 17,700,000 333 1,220,000

Wise 519 3,110,000 80 212,000

Wood 15 719,000 11 248,000

Yoakum 709 8,390,000 546 1,410,000

Young 37 12,800 19 1,760

Zapata 45 54,700 9 3,950

Zavala 192 18,100,000 85 3,030,000

Total 58,199 6,120,000,000 30,700 331,000,000

This table, based on FracFocus data, shows county-by-county the number of Texas wells in which oil and gas companies injected at least 

one trade secret fracking chemical or at least one trade secret surfactant between January 1, 2013 and September 29, 2022. The total 

weight figures reflect the sum of all records for which we have enough information to calculate a chemical’s weight. However, the total 
weight figures represent an undercount because many fracking chemical disclosures lack sufficient data to perform this calculation. Not all 
Texas counties are shown, only those in which FracFocus showed the use in fracking of trade secret chemicals.

*ND = No data available.
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Table 4. Oil and Gas Companies that Fracked Wells in Texas Using Fluorosurfactants  
or Potential Fluorosurfactants, 2013-2022

Well Operator
Number of wells injected with 
fluorosurfactants, potential fluorosurfactants

Total weight of 
fluorosurfactants (lbs.)

Athlon Energy Operating LLC 195 10,771

Juno Operating Company II, LLC 148 141

Delta Oil & Gas Ltd. 110 4

EOG Resources, Inc. 67 22,336

XTO Energy/ExxonMobil 67 745

LCS Production Company 48 16

Citation Oil and Gas Corp. 30 31

Chevron USA Inc. 26 155

Brigadier Operating LLC 25 ND*

Urban Oil and Gas Group 25 10

PPC Operating Company LLC 22 ND

Petrobal Omega 1, LLC 21 186

Apache Corporation 18 180

Laredo Petroleum, Inc. 16 4,721

Blackbeard Operating 14 393

Hunt Oil Company 12 4

Atlas Energy, L.P. 11 ND

Bullet Development, LLC 11 ND

Sheridan Production Company, LLC 10 11

RSP Permian, LLC 9 2,160

Anadarko Petroleum Corporation 8 32

Cinnabar Energy, LTD. 8 5

Jilpetco, Inc. 8 ND

PETEX 8 ND

Resolute Natural Resources 8 593

Sojourner Drilling Corporation 8 3

Clear Fork, Inc. 7 ND

Endeavor Energy Resources 7 7,051

Oakridge Oil and Gas, LP 7 3

Phoenix PetroCorp, Inc. 7 ND

S. B. Street Operating, Inc. 7 2

TXP, Inc. 7 6

Boaz Energy II Operating, LLC 6 10

Delta CO2, LLC 6 3

GeoSurveys, Inc. 6 6

Griffin Petroleum Company 6 6

The Cumming Company, Inc. 6 11

Best Petroleum Explorations, Inc. 5 89

Mid-Con Energy Operating, LLC 5 1

Midville Energy 5 7

Prime Operating Company 5 364

5L Properties, Inc. 4 2

Abraxas Petroleum Corporation 4 3
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Table 4. Continued

Well Operator
Number of wells injected with 
fluorosurfactants, potential fluorosurfactants

Total weight of 
fluorosurfactants (lbs.)

Compass Energy Operating, LLC 4 ND
Green Century Exploration & Production, 
LLC

4 4

Merit Energy Company 4 14

Sharp Image Energy, Inc. 4 ND

Stovall Operating Co. 4 3

Surge Operating, LLC 4 5

Walter Exploration Company 4 23

Arrington Oil & Gas Operating LLC 3 549

Choice Exploration, Inc. 3 ND

LADD OIL & GAS CORPORATION 3 ND

Lime Rock Resources, LP 3 56

MWS Producing, Inc. 3 22

Newark E&P Operating, LLC 3 162

Stanolind Operating LLC 3 8

TALL CITY OPERATIONS LLC 3 668

Telesis Operating Co., Inc. 3 ND

Verado Energy, Inc. 3 2

Atoka Operating Permian, LLC 2 56

Bridwell Oil Company 2 2

Buffco Production,Inc 2 4

Cazar Energy, Inc. 2 ND

Cholla Petroleum, Inc. 2 ND

Encana Oil & Gas (USA) Inc. 2 59

Imperial Gas Resources, LLC 2 ND

MECO IV, LLC 2 ND

Pendragon Oil Co. 2 ND

Quantum Resources Management, LLC 2 82

Rainbow Seven Oil and Gas 2 6

Raw Oil & Gas, Inc. 2 5

Rover Operating Company, LLC 2 ND

Silver Creek Oil & Gas, LLC 2 ND

Silver Creek Permian OP CO, LLC 2 38

THE EDMAR COMPANY, LLC 2 53

Texas Energy Holdings, Inc. 2 1

Texxol Operating Company 2 370

Tradition Resources LLC 2 2

Unit Petroleum 2 38

Allegro Investments, Inc. 1 ND

Antle Operating, Inc. 1 ND

Atoka Operating, Inc. 1 23

BKM Production 1 54

BRG Lone Star LTD 1 1

BlackWell Exp & Development, LLC 1 89

Braka Operating, LLC 1 1
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Table 4. Continued

Well Operator
Number of wells injected with 
fluorosurfactants, potential fluorosurfactants

Total weight of 
fluorosurfactants (lbs.)

Breck Operating Corp. 1 ND

Canan Mowrey Operating, LLC 1 1

Clayton Williams Energy, Inc. 1 2

Cooper Oil & Gas, LLC 1 84

Dallas Production, Inc 1 ND

Devon Energy Production Company L.P. 1 ND

E. N. Patton Oil Company, Inc. 1 1

Elephant Oil & Gas 1 16

EnerVest, Ltd. 1 2

Enexco, Inc. 1 10

Finley Resources, Inc. 1 ND

Four C Oil and Gas Corporation 1 ND

Gunn Oil Company 1 ND

HW Operating, LLC 1 ND

Heights Energy Corporation 1 2

HighMount Exploration & Production 1 431

JVA Operating Company, Inc. 1 ND

Jagged Peak Energy 1 ND

John M. Clark, Inc. 1 ND

Katsco Energy, Inc. 1 ND

King Operating Corp. 1 ND

LP Operating, LLC 1 ND

Lainco, Inc. 1 2

Legacy Exploration, LLC I 1 10

N S P Operating Group LLC 1 ND

Ogden Resources Corporation 1 6

Oil Projects, LLC 1 ND

Pablo Energy II, LLC 1 56

Ray Richey Managment Company, Inc. 1 189

Redbud E&P, Inc. 1 9

Rover Petroleum Operating, LLC 1 3

SDX Resources, Inc. 1 27

Scout Energy Partners 1 ND

Southlake Exploration Inc. 1 ND

Southwest Royalties, Inc. 1 5

Stephens & Johnson Operating Co. 1 2

Strand Energy, L.C. 1 22

TACOR Resources, Inc. 1 10

Three J Energy, Inc. 1 1

Trey Resources Inc. 1 ND

Trio Consulting & Management, LLC 1 ND

Upham Oil & Gas Company 1 ND

Van Operating 1 ND

White Knight Production LLC 1 78
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Table 4. Continued

Well Operator
Number of wells injected with 
fluorosurfactants, potential fluorosurfactants

Total weight of 
fluorosurfactants (lbs.)

Worsham-Steed Gas Storage, LLC 1 ND

This excerpted table shows oil and gas companies that fracked oil and gas wells in Texas with fluorosurfactants or potential 
fluorosurfactants between January 1, 2013 and September 29, 2022. In this table, the term “fluorosurfactant” encompasses disclosed uses 
of “nonionic fluorosurfactant” while the term “potential fluorosurfactant” encompasses disclosed uses of “fluoroalkyl alcohol substituted 
polyethylene glycol.” Fluorosurfactants may be PFAS or precursors that could degrade into PFAS. “Fluoroalkyl alcohol substituted 

polyethylene glycol” is a PFAS according to EPA. The total weight figures for each company reflect the sum of all records for which we have 
enough information to calculate a chemical’s weight. However, the total weight figures for each company may represent an undercount 
because many fracking chemical disclosures lack sufficient data to perform this calculation.

*ND = No data available.
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Table 5. Oil and Gas Companies that Fracked Wells in Texas Using PTFE, 2013-2022

Well Operator Number of wells injected with PTFE Total mass of PTFE (lbs.)

BHP Billiton Petroleum 196 3,237

Cimarex Energy Co. 123 1,172

Pioneer Natural Resources 117 670

Occidental Oil and Gas 115 2,718

Ring Energy, Inc. 113 4,827

EXCO Resources, Inc. 87 1,003

Chesapeake Operating, Inc. 86 329

Apache Corporation 70 738

Forest Oil Corporation 69 897

Guidon Energy Management Services LLC 55 9,301

Matador Production Company 39 382

Lonestar Resources, Inc. 32 892

XTO Energy/ExxonMobil 32 1,208

ConocoPhillips Company/Burlington Resources 26 243

Sundance Energy 26 57

Texas American Resources Company 24 132

Atlas Energy, L.P. 21 191

Rosetta Resources 21 454

COG Operating LLC 19 96

Murphy Exploration and Production USA 19 288

MEWBOURNE OIL COMPANY 17 90

Carrizo Oil & Gas, Inc. 15 ND*

U.S. Energy Development Corp. 15 61

Parsley Energy Operations, LLC 14 130

Pacesetter Energy, LLC 12 64

Aethon Energy Operating LLC 11 75

Devon Energy Production Company L. P. 11 137

Protege Energy III LLC 10 337

SM Energy 10 98

Energy & Exploration Partners Operating, LP 8 89

LeNorman Operating LLC 8 35

REOC, LLC 8 22

Sanguine Gas Exploration 8 25

Brigham Resources Operating, LLC 6 128

Freedom Production, Inc. 6 51

Parallel Petroleum LLC 6 36

Caird Operating, LLC 5 21

Clayton Williams Energy, Inc. 5 64

Endeavor Energy Resources 5 67

Linn Energy, LLC 5 ND

Sable Permian Resources 5 9,268

Titan Energy, LLC 5 ND

Verdun Oil Company 5 4

VirTex Operating Company, Inc. 5 589
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Table 5. Continued
Well Operator Number of wells injected with PTFE Total mass of PTFE (lbs.)

EOG Resources, Inc. 4 24

Eagle Oil & Gas co. 4 9

Kinder Morgan Tejas Pipeline, LLC 4 ND

CML Exploration, LLC 3 103

CRIMSON ENERGY PARTNERS IV, LLC 3 23

Discovery Natural Resources LLC 3 55

El Toro Resources LLC 3 8

Greystone Oil & Gas LLP 3 30

Penn Virginia Corporation 3 6

Resolute Natural Resources 3 41

Sabine Oil & Gas LLC 3 19

SilverBow Resources 3 9

Smith Production 3 1

Tracker Resource Dev III, LLC 3 11

Verado Energy, Inc. 3 605

Arris Petroleum Corporation 2 7

BP America Production Company 2 1

BlackBrush O & G, LLC 2 488

EnerQuest Operating L.L.C. 2 2

GeoSouthern Operating II, LLC 2 ND

Halcon Resources Corporation 2 23

ImPetro Operating LLC 2 655

JAMEX, Inc. 2 14

Juneau Energy, LLC 2 1

Lime Rock Resources, LP 2 8

Longfellow Energy, LP 2 2

MD America Energy LLC 2 50

MDC TEXAS ENERGY 2 79

Mr. (sic) 2 14

Sabinal Energy 2 5

Slawson Exploration Company, Inc. 2 2

Sundown Energy L.P. 2 1

Teal Natural Resources 2 4

Unit Petroleum 2 10

Woodbine Production Corp 2 15

ZTC Petro Investments LP 2 10

American Energy Permian Basin 1 11

Arrow Oil & Gas, LLC. 1 1

BVX OPerating Inc. 1 2

Ballard Exploration Company, Inc. 1 1

Brahman Resource Partners LLC 1 6

Bright Horizon Resources 1 22

Cabot Oil & Gas Corp 1 2

Cimarron Engineering LLC 1 ND

Clear Water, Inc. 1 ND

38 | PHYSICIANS FOR SOCIAL RESPONSIBILITY

WG Ex. 17

0705



Table 5. Continued
Well Operator Number of wells injected with PTFE Total mass of PTFE (lbs.)

Comstock Oil & Gas 1 7

Covey Park Operating, LLC 1 ND

Endeavor Natural Gas, LP 1 1

Enduring Resources LLC 1 ND

EnerVest, Ltd. 1 1

Gunn Oil Company 1 1

Hurd Enterprises 1 ND

ITEXCO TEXAS, LLC 1 ND

Jagged Peak Energy 1 8

Jones Energy llc 1 ND

Lewis Energy Group 1 7

Mego Resources, LLC 1 ND

Metano Energy III, LP 1 ND

Moriah Operating, LLC 1 38

Oasis Petroleum 1 55

Primexx Operating Corporation 1 9

Recoil Resources Operating Inc. 1 ND

Sabalo Operating, LLC 1 13

SandRidge Energy 1 1

Sierra Resources, LLC 1 30

Siltstone Resources Operating II, LLC 1 10

Silver Tusk Operating Co. LLC 1 23

Spindletop Oil & Gas 1 4

Stroud Petroleum, Inc. 1 ND

THE EDMAR COMPANY, LLC 1 2

Tanos Exploration II, LLC 1 1,016

Texas Presco, Inc. 1 15

Tidal Petroleum, Inc. 1 3

Triumph Exploration, Inc. 1 7

Vess Oil Corp 1 4

W&T Offshore, Inc. 1 ND

This excerpted table shows the oil and gas companies that fracked oil and gas wells in Texas with PTFE between January 1, 2013 and 

September 29, 2022.

*ND = No data available.
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Over the past decade, wells drilled horizontally for natural 

gas have been responsible for a surge in gas production 

in West Virginia. Information unearthed and analyzed by 

Physicians for Social Responsibility (PSR) shows that since 

2013, oil and gas companies have hydraulically fractured or 

“fracked” some of these wells with a class of extremely toxic 

and persistent chemicals known as PFAS. During that same 

period, the companies injected nearly 2,000 horizontal gas 

wells with a total of almost 70 million pounds of unidentified 

chemicals, some of which could be PFAS. The companies 

withheld these chemicals’ identities from the public as “trade 

secrets,” a practice allowed by state law.

PFAS, or per-and polyfluoroalkyl substances, are a class of 

laboratory-created chemicals that have been widely used for 

decades in consumer products and for industrial purposes. 

The chemicals are useful because of their resistance to heat, 

oil, stains, grease, and water. But their value comes with a 

high cost. PFAS are known for their toxicity at extraordinarily 

low levels, their multiple negative health effects, and their 

persistence in the environment, leading to their nickname, 

“forever chemicals.” Among the health effects that can be 

caused by PFAS are kidney cancer, testicular cancer, thyroid 

disease, high cholesterol, preeclampsia, ulcerative colitis, and 

decreased vaccine response. 

PFAS’ negative health effects first came to light as a result 

of litigation in the Parkersburg, West Virginia area around 

the year 2000, when Dupont was sued for polluting the area 

with a dangerous PFAS. In 2023, West Virginia’s government 

enacted the PFAS Protection Act to protect residents from 

PFAS-related pollution. The legislation was a response to 

a study, ordered by the state legislature in 2020, in which 

scientists from the U.S. Geological Survey found PFAS in 

dozens of groundwater and surface water sources for 

West Virginia’s public drinking water systems. West Virginia 

Rivers, a nonprofit, placed the figure of contaminated water 

sources at 130, relying on raw data from the USGS study and 

updated health advisory levels from the U.S. Environmental 

Protection Agency. The USGS study, published in 2022, did 

not examine the sources of PFAS pollution, but the PFAS 

Protection Act, among other provisions, directs the West 

Virginia Department of Environmental Protection (WVDEP) to 

develop action plans to identify and address such sources. It 

also requires certain facilities to disclose the use of specified 

types of PFAS. 

Relatively little study has been conducted on the link 

between oil and gas operations and PFAS pollution, perhaps 

because the use of PFAS in oil and gas extraction has only 

recently come to light. But in November 2023, perhaps the 

first peer-reviewed study to examine the connection in 

West Virginia found some evidence of PFAS pollution from 

oil and gas operations, particularly in three private water 

wells where nearby oil and gas operations were the only 

identifiable sources of PFAS within more than 1.24 miles.

This report suggests that some of the sources of PFAS in 

West Virginia could be oil and gas wells or facilities where 

solid waste and enormous volumes of toxic wastewater from 

oil and gas production are taken for disposal.

Data publicly disclosed by the oil and gas industry shows 

that in West Virginia between 2013 and 2023, five oil 

and gas companies injected the PFAS known as PTFE or 

Teflon into a total of 43 horizontal gas wells located in 

eight counties in northern West Virginia. However, this 

small number of industry-reported instances may 

significantly underrepresent the reality of PFAS use in 
West Virginia’s oil and gas wells, given crucial gaps in 

state reporting rules.

One major hindrance to quantifying the use of PFAS 

chemicals is oil and gas companies’ extensive use of “trade 

secret,” “proprietary,” or “Confidential Business Information” 

designations to conceal the identities of fracking chemicals 

that must otherwise be disclosed to the public. Between 

2013 and 2022, oil and gas companies injected 1,912 

horizontal gas wells in 15 West Virginia counties with at 

least one trade secret chemical per well. Almost 400 of 

 Executive Summary

* This report refers to “oil and gas companies” or the “oil and gas industry” even when discussing only horizontal gas wells, as some of the 
companies that operate horizontal gas wells also operate oil wells, whether in West Virginia or other states.
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these wells were injected with incompletely identified 

chemicals that may be fluorosurfactants, a class of chemical 

that includes multiple PFAS. Should only a fraction of the 

unidentified chemicals used in West Virginia’s oil and 
gas wells be PFAS, they could pose a significant threat 
to human health.

Four other gaps under West Virginia rules that may conceal 

wider use of PFAS in oil and gas wells include 1) missing 

information in “well site safety plans” designed to show what 

chemicals are being used at oil and gas well sites; 2) the 

absence of chemical disclosure requirements for oil and gas 

wells (such as vertical wells) that do not meet the definition 

of “horizontal gas wells”; 3) lack of chemical disclosure 

requirements for chemical manufacturers, the companies 

that know best what chemicals are in the products used 

in oil and gas wells; and 4) no disclosure requirements for 

chemicals unintentionally injected into oil and gas wells, such 

as in water that is contaminated with PFAS from industrial 

emissions or earlier fracks.

Overall, these multiple reporting gaps prevent the public 

from knowing how widely PFAS – to say nothing of other 

toxic chemicals – have been used in West Virginia’s oil and 

gas wells. That fact, when taken with our findings that PFAS 

have in fact been used, raise concerns that West Virginians 

may unknowingly be exposed to highly hazardous PFAS 

chemicals. This potential may be particularly high in rural 

areas where most oil and gas drilling occurs and people 

often rely on groundwater for drinking water.

An interactive map showing the locations of West 

Virginia horizontal gas wells injected with PFAS and 

trade secret chemicals is available here: https://

ft.maps.arcgis.com/apps/webappviewer/index.

html?appid=7294f90f7a194216a2d6126e973a823a.  

Users can zoom in to identify wells near them.

In light of these findings, PSR recommends the following:

• Halt PFAS use in oil and gas extraction. West Virginia 

and the U.S. Environmental Protection Agency (EPA) 

should prohibit PFAS from being used, manufactured 

or imported for oil and gas extraction. Many PFAS 

are replaceable with less-persistent and less-toxic 

alternatives. In taking this step, West Virginia would 

be following the lead of Colorado, a major oil- and gas 

producing state that in June 2022 passed legislation 

banning the use of PFAS in oil and gas wells.

• Expand public disclosure. West Virginia should 

greatly expand its requirements for public disclosure 

of oil and gas chemicals. The state could again 

follow the example offered by Colorado by requiring 

disclosure of all individual chemicals used in oil and 

gas wells, without exceptions for trade secrets. This 

action can be taken while still protecting product 

formulas as trade secrets. West Virginia should also 

require chemical disclosure prior to permitting for 

all oil and gas wells, as do California and Wyoming, 

and should require disclosure on the part of chemical 

manufacturers, as does Colorado. This provision would 

enable the WVDEP to identify and address sources 

of PFAS using the PFAS Protection Act. Finally, West 

Virginia should expand the disclosure requirements in 

the PFAS Protection Act to cover oil and gas production 

and waste disposal facilities, to the extent that they are 

not already covered.

• Increase testing and tracking. West Virginia and/or 

the U.S. EPA should determine where PFAS have been 

used in oil and gas operations in the state and where 

related wastes have been deposited. They should test 

nearby residents, water, soil, flora, and fauna for PFAS, 

both for the particular type(s) of PFAS used and for 

organic fluorine to detect the presence of other PFAS 

and/or their breakdown products. They should use 

testing equipment sensitive enough to detect PFAS at 

concentrations below proposed or adopted maximum 

contaminant levels and/or other relevant regulatory 

guidelines or recommended limits. Such testing and 

tracking should be made a part of the action plans under 

the PFAS Protection Act for water sources near oil and 

gas production or waste disposal sites.
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• Require funding and cleanup. Oil and gas 

companies and the firms that manufacture the 

oil and gas chemicals used should be required to 

fund environmental testing for PFAS in their areas 

of operation and, should PFAS be found, to fund 

cleanup. If cleanup of water sources is impossible, 

companies responsible for the use of PFAS should pay 

for alternative sources of water for homes, schools, 

hospitals, agriculture and other uses for as long  

as needed.

• Remove West Virginia’s oil and gas hazardous waste 

exemption. West Virginia exempts oil and gas industry 

wastes from state hazardous waste rules. The state 

should follow New York’s lead and remove its hazardous 

waste exemption for the oil and gas industry.

• Reform West Virginia’s regulations for oil and 

gas production wells and underground injection 

disposal wells. The state should prohibit production 

wells and underground wastewater disposal wells in 

buffer zones near underground sources of drinking 

water and near homes, health care facilities and 

schools. The size of the zones should be determined 

by scientific evidence specific to West Virginia. The 

state should also require groundwater monitoring for 

contaminants near the wells and, for disposal wells, 

require full public disclosure of chemicals in the 

wastewater.

• Transition to renewable energy and better 

regulation. Given the use of highly toxic chemicals 

in oil and gas extraction, including but not limited to 

PFAS, as well as the climate impacts of oil and gas 

extraction and use, West Virginia should transition 

away from fracking, move toward renewable energy 

and efficiency, and provide economic support and 

job training for displaced oil and gas workers. As long 

as drilling and fracking continue, the state should 

better regulate these practices so that West Virginians 

are not exposed to toxic substances; it should also 

empower local governments to regulate the industry. 

When doubt exists as to the existence or danger of 

contamination, the rule of thumb should be, “First, 

do no harm.”
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 PFAS: A Laboratory-made Threat to Health and the Environment

a. PFAS Used in West Virginia’s Horizontal Gas Wells

Physicians for Social Responsibility (PSR) has identified 

evidence from publicly reported oil and gas industry* 

records that a highly dangerous class of chemicals, known 

as per- and polyfluoroalkyl substances (PFAS), has been 

used in West Virginia’s horizontal gas** wells for hydraulic 

fracturing (“fracking”) and that such use could be much 

more extensive than reported. PFAS are known for their 

toxicity at extremely low levels,1 their multiple negative 

health effects including cancer,2 and their persistence in the 

environment, which has endowed them with their nickname 

“forever chemicals.”3 These properties, and the multiple 

pathways of potential exposure in oil and gas extraction, 

mean that West Virginians could face unrecognized health 

risks from the use of these chemicals for fracking in 

horizontal gas wells. These risks may also be posed by other 

stages and methods of oil and gas extraction, including the 

drilling that precedes fracking and non-horizontal (vertical) 

wells drilled for oil and/or gas.

b. Laboratory-made and Dangerous: PFAS’s History  

and Health Effects

PFAS are a class of thousands of synthetic chemicals 

manufactured to have properties that are valuable in 

multiple industrial contexts, including being slippery, oil- and 

water-repellant, and able to serve as dispersants or foaming 

agents.4 PFAS have been called PFCs or perfluorinated 

chemicals, though the term currently preferred by EPA is per- 

and polyfluoroalkyl substances or PFAS.5

The first PFAS to be sold commercially was created by a 

chemist at Dupont and was patented as Teflon. Since 1949, 

it has been used in thousands of products, from nonstick 

cookware to waterproof clothing to plastics to dental floss.6 

Other PFAS chemicals, the most prominent of which are 

known as PFOA and PFOS, were used in food packaging, 

fire-fighting foam, and in 3M’s widely used fabric protector, 

Scotchgard.7 EPA reported in 2021 that about 650 types of 

PFAS remained in commerce.8 Weak chemical disclosure 

laws make it difficult for the Agency to identify which PFAS 

chemicals are used, and where.

Between the 1960s and 1990s, researchers inside Dupont 

and 3M became aware that at least some of the PFAS they 

were manufacturing or using, particularly PFOA and PFOS, 

were associated with health problems including cancers 

and birth defects, had accumulated in people’s bodies 

worldwide, and persisted in the environment.9 Many of 

these facts were kept internal by the companies but came 

to light after attorney Rob Bilott filed lawsuits in 1999 and 

2001. The suits accused Dupont of causing pollution in and 

around Parkersburg with PFOA, a type of PFAS then used  

in making PTFE (Teflon).10

In December 2011, as part of Dupont’s settlement of the 

2001 lawsuit, a team of epidemiologists completed a study 

of the blood of 70,000 West Virginians and found a probable 

link between PFOA and multiple health effects11 including 

kidney cancer, testicular cancer, thyroid disease (over or 

under-production of hormones by the thyroid gland),12 

high cholesterol, pre-eclampsia (a potentially dangerous 

complication during pregnancy characterized by high blood 

pressure and signs of damage to other organ systems, 

most often the liver and kidneys),13 and ulcerative colitis 

(a disease causing inflammation and ulcers in the large 

intestine or colon).14

Current peer-reviewed scientific research on PFAS suggests 

that exposure to certain levels of some PFAS may lead 

to adverse health outcomes. Research findings differ, as 

different studies have examined different PFAS chemicals, 

different types or levels of exposure, or different exposed 

Ch. 1

* This report refers to “oil and gas companies,” the “oil and gas industry,” etc., even when discussing only horizontal gas wells because at least 
some of the companies that operate horizontal gas wells also operate oil wells, whether in West Virginia or other states.

** Gas, the principal component of which is methane, is also known as “natural” gas, “fossil” gas and “fracked” gas.
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populations. However, some findings are more widely 

endorsed; for example, the U.S. Environmental Protection 

Agency (EPA)15 and the U.S. Centers for Disease Control 

and Prevention’s Agency for Toxic Substances and Disease 

Registry (ATSDR)16 agree that exposure to high levels of 

certain PFAS may lead to increased risk of high blood 

pressure in pregnant women; low birth weight in babies; 

increased risk of kidney and testicular cancer; decreased 

vaccine response; and increased cholesterol levels. 

Research is ongoing to determine the health effects of 

different levels of exposure to different PFAS, including 

the health effects of long-term, low-level PFAS exposure, 

especially in children.

PFAS are not only highly toxic; they also demonstrate 

extreme persistence in the environment. PFAS’ nickname 

“forever chemicals” reflects their chemistry – created by 

chemical manufacturers – that features a bond between 

fluorine and carbon atoms that is among the strongest in 

chemistry and rarely if ever exists in nature. The result: 

chemicals that are extremely resistant to breaking down,17 

whether in the environment or in the human body. PFAS 

are also extremely mobile in water,18 making them able 

to spread through the environment via groundwater or 

surface water. Another risk, discussed later in this chapter, 

is that PFAS may compound the health effects caused by 

other dangerous chemicals used in oil and gas production.

c. EPA Recognizes Risks of PFAS

EPA has been slow to regulate PFAS, but the agency has 

taken actions, particularly in recent years, that recognize 

PFAS’s extraordinary risks. In June 2022, reflecting growing 

public concern about PFAS, EPA significantly lowered its 

non-binding health advisory level for PFOA and PFOS in 

drinking water. Previously, EPA had set the combined 

health advisory level for these two chemicals at 70 parts 

per trillion.19 “The new published peer-reviewed data and 

draft EPA analyses [citation omitted] indicate that the levels 

at which negative health outcomes could occur are much 

lower than previously understood,” EPA wrote in June 2022.20 

EPA lowered its new interim health advisory level for PFOA 

Figure 1: P�ential Health Effects of PFAS Exposure

Exposure to PFAS chemicals can result in a variety of serious health effects including those indicated above. Source: U.S. Environmental 
Protection Agency, Agency for Toxic Substances and Disease Registry. Graphic by Astra Robles.
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in drinking water to 0.004 parts per trillion and its interim 

health advisory level for PFOS to 0.02 parts per trillion.21 EPA 

also set new final health advisory levels for two other PFAS, 

known as GenX and PFBS, at 10 parts per trillion and 2,000 

parts per trillion, respectively.22

EPA explained that its interim health advisory levels were 

intended to provide guidance until enforceable drinking 

water regulations for PFAS take effect,23 further stating that 

its health advisory level 

 is designed to be protective of noncancer effects over 

a lifetime of exposure, including sensitive populations 

and life stages, and is typically based on data from 

experimental animal toxicity and/or human studies.24

The agency wrote that exposure to PFOA, PFOS, and Gen X is 

associated with cancer, but the agency had not yet developed 

cancer risk concentrations in water for these substances. EPA 

added that, at least for PFOA and PFOS, the interim health 

advisory levels could change following review by its Science 

Advisory Board.25 EPA then in March 2023 released proposed 

legally enforceable “Maximum Contaminant Levels” (MCL) for 

six PFAS in drinking water. These regulations, unlike health 

advisories, must take into account whether a particular level of 

protection can be achieved and at what cost.26 For this reason, 

they may be much less stringent than the health advisories.

The MCLs proposed by EPA included a level of four parts 

per trillion for both PFOA and PFOS. EPA also proposed 

an MCL Goal or non-enforceable target of zero for both of 

these PFAS. In addition, the agency proposed that drinking 

water providers limit the combined levels of four other 

types of PFAS: PFNA, PFHxS, PFBS, and/or GenX Chemicals.27 

EPA commented that it was regulating the four types of 

PFAS together because “low levels of multiple PFAS, that 

individually would not likely result in adverse health effects, 

when combined in a mixture are expected to result in 

adverse health effects.”28 The MCLs would require public 

water systems to monitor for the six PFAS, notify the public 

about the levels of these PFAS, and reduce levels of the 

six PFAS in drinking water if levels exceeded the MCLs.29 In 

early 2023, the agency said that it expected to finalize the 

regulations by the end of 2023,30 but has extended that 

timetable to early 2024.31 The state of Pennsylvania has 

forecast, however, that the rules may not take effect until 

several years later.32

Even the higher MCL figures demonstrate the extraordinary 

toxicity of some types of PFAS. At a level of four parts 

per trillion, one cup of PFOA could contaminate 28 billion 

gallons of water,33 almost three times the 10 billion gallons 

of water that West Virginia American Water provides to 

Charleston and surrounding communities each year.34

Several experts told PSR that because of the extreme 

potency of certain types of PFAS and the fact that chemical 

makers have created thousands of these forever chemicals, 

they would recommend the use of testing equipment 

that can detect PFAS in microscopic concentrations below 

proposed or adopted maximum contaminant levels and/

or other relevant regulatory guidelines or recommended 

limits. They further recommended testing for total organic 

fluorine in addition to testing for specific types of PFAS. 

Total organic fluorine is a marker that would indicate the 

presence of PFAS even if a specific PFAS were not detected. 

Testing for specific PFAS only might fail to detect other 

forms of PFAS present in the sample.

The experts recommending these testing protocols are 

Linda Aller, a hydrogeologist with Bennett & Williams 

Environmental Consultants, Inc, who has consulted with 

the Little Hocking (Ohio) Water Association on all aspects 

of PFAS since 2002 (Little Hocking was impacted by PFAS 

pollution from Dupont’s factory in Parkersburg) as well 

as other PFAS-impacted areas:35 Linda Birnbaum, Ph.D., 

D.A.B.T., A.T.S., a board-certified toxicologist and former 

director of the National Institute of Environmental Health 

Sciences;36 Zacariah Hildenbrand Ph.D., research professor 

in Chemistry and Biochemistry at the University of Texas 

at El Paso;37 and Wilma Subra, holder of a master’s degree 

in chemistry and recipient of a John D. and Catherine T. 

MacArthur Foundation “Genius” grant for her work helping 

to protect communities from toxic pollution.38
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d. PFAS: Among Many Dangerous Chemicals Used in 
Fracking, Drilling

Chemicals used in the fracturing stage of oil and gas 

production serve a variety of purposes including killing 

bacteria inside the wellbore, reducing friction during 

high-pressure fracking, and thickening the fluid so that the 

sand, suspended in the gelled fluid, can travel farther into 

underground formations.39 When chemicals used in fracking 

come into contact with people or the environment, they can 

produce serious negative health effects.40 The use of PFAS 

in fracking operations could add to the cumulative human 

exposure to a host of toxic substances, multiplying the 

health risks.

In its 2016 study of fracking and drinking water, the EPA 

identified 1,606 chemicals used in fracking fluid and/or found 

in fracking wastewater. While the agency found high-quality 

information on health effects for only about 10 percent (173) 

of these chemicals, that information was troubling. EPA found 

that health effects associated with chronic oral exposure 

to these chemicals include carcinogenicity, neurotoxicity, 

immune system effects, changes in body weight, changes in 

blood chemistry, liver and kidney toxicity, and reproductive 

and developmental toxicity.41 Chemicals used in the drilling 

stage that precedes actual fracturing can also pose health 

risks, including developmental toxicity and the formation of 

tumors, according to EPA regulators.42 A disclosure form filed 

with the state of Ohio, one of only two states to explicitly 

require public disclosure of drilling chemicals (Colorado is the 

other),43 shows that Statoil, Norway’s state oil company (since 

renamed Equinor), has used the neurotoxic chemical xylene 

in drilling.44 Xylene can cause effects ranging from headaches, 

dizziness and confusion to loss of muscle coordination, and 

in high doses, death.45 West Virginia requires some disclosure 

of drilling chemicals under its “site safety plan” requirements, 

discussed in Chapter 4.

e. Oil and Gas Operations Provide Many Potential 

Routes of Exposure to PFAS

Oil and gas operations in West Virginia deserve scrutiny 

as a possible source of PFAS contamination, given the 

documented use of PFAS in the state’s horizontal gas wells 

and the potential that people could be exposed to such 

PFAS via multiple pathways. EPA in a 2016 national report 

on fracking and drinking water found that fracking-related 

pollution could follow several pathways that could impact 

surface water and groundwater. The agency cited the 

following possible pathways to exposure:

• spills of fracking fluid that seep into groundwater;

• injection of fracking fluid into wells with cracks in  

the casing or cement, allowing the fluid to migrate  

into aquifers;

Figure ES-6. Potential pathways for fluid movement in a cemented well. These pathways (represented by the white arrows) include: (1) a casing and tubing leak into the surrounding rock, (2) an 
uncemented annulus (i.e., the space behind the casing), (3) microannuli between the casing and cement, (4) gaps in cement due to poor cement quality, and (5) microannuli between the cement 
and the surrounding rock. This figure is intended to provide a conceptual illustration of pathways that can be present in a well and is not to scale. 

Diagram from U.S. Environmental Protection Agency’s 2016 
report on fracking and drinking water (p. ES-29) shows the various 
pathways through which fluid can migrate up an oil or natural gas 
well and potentially pollute groundwater including through leaks  
in the steel casing or cement designed to seal off the casing from  
the groundwater. EPA noted that the diagram is not to scale.
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• injection of fracking fluids directly into groundwater;

• underground migration of fracking fluids through 

fracking-related or natural fractures;

• intersection of fracking fluid with nearby oil and  

gas wells,

• spills of wastewater after the fracking process  

is completed, and

• inadequate treatment and discharge of fracking 

wastewater to surface water supplies.46

Another important potential pathway for PFAS 

contamination during oil and gas extraction is through the 

drilling that precedes fracking. During drilling, companies 

bore deep holes in the earth in successive stages. With 

each subsequent stage, companies bore deeper until the 

production zone is reached where the oil and/or gas are 

located.47 During the first stage of drilling, these holes 

typically pass directly through groundwater.48 Chemicals 

can be injected in this stage of the process to help keep the 

drill bit cool and to help lift rock cuttings out of the well.49 

A 2020 paper noted that PFAS had been proposed for use 

in drilling fluids.50 Further investigation of this possible use 

is needed, as EPA has indicated that any chemicals used 

during this first stage of the drilling process would be highly 

likely to leach into groundwater, since only after drilling 

through the groundwater zone is completed do oil and gas 

companies insert steel pipe and cement to seal off the well 

from groundwater.51 Two other important potential routes 

of exposure to PFAS related to oil and gas extraction are 

discussed in more detail in Chapter 6: disposal of oil  

and gas wastewater in underground injection wells, a 

pathway that EPA did not examine in its 2016 report,52 and 

airborne releases.

f. Oil, Gas Well Proximity Are Associated with Disease

A robust and reliable body of scientific studies of PFAS 

in oil and gas operations – both their presence and their 

health effects – does not yet exist. Nor are there many 

studies focusing on the potential health impacts of oil and 

gas operations specifically on West Virginians. However, 

peer-reviewed scientific studies of people living near oil 

and gas operations have in multiple states correlated 

proximity to active well sites with a variety of diseases and 

other negative health effects. It is not unreasonable to 

think that, should PFAS have been used in those oil and 

gas operations, it could be associated with some of those 

harmful health effects.

A 2021 study comparing health data in Pennsylvania and 

New York counties atop the Marcellus Shale formation 

found that years of exposure to unconventional natural 

gas operations in Pennsylvania were associated with higher 

hospitalization and death rates from acute myocardial 

infarction (heart attack) than was found in New York, where 

no unconventional gas operations took place.53 The study 

was made possible by the natural experiment created 

by New York’s moratorium and later ban on fracking and 

Pennsylvania’s decision to pursue shale gas extraction.54 

Similarly, researchers from Johns Hopkins University 

analyzed data on more than 12,000 heart failure patients 

in Pennsylvania and compared those with hospitalizations 

and those without hospitalizations. They found that heart 

failure patients living near unconventional gas extraction 

sites were significantly more likely to be hospitalized.55 

The authors of both the New York/Pennsylvania study 

and the study focused solely on Pennsylvania suggested 

that particulate matter emitted from fracking operations 

and the stress associated with living nearby might have 

played a role in the findings. Neither study examined PFAS 

exposure, but one of the health impacts associated with 

PFAS exposure is high cholesterol that is, in turn, associated 

with heart attacks.56 These associations, and the known 

use of PFAS in oil and gas operations, point to the need for 

more study of the use of PFAS in oil and gas operations and 

associated health effects.

PSR has collaborated with Concerned Health Professionals 

of New York to produce the Compendium of Scientific, 

Medical, and Media Findings Demonstrating Risks and 

Harms of Fracking (Unconventional Gas and Oil Extraction). 

This encyclopedic document compiles and summarizes the 

substantial and growing number of scientific studies that 

have found serious health effects associated with oil and 
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gas operations. At least two of these health effects, low 

birth weight in babies and heart disease (that can be linked 

to high cholesterol), are generally associated with exposure 

to PFAS, though the research to date has not investigated 

whether these  health effects are specifically linked to PFAS 

used in oil and gas operations. Low birthweight is a leading 

contributor to infant death in the United States.57

PSR is not aware of published studies that have analyzed 

whether the use of PFAS at oil and gas well sites is related 

to health effects in people living near the wells or near well 

waste disposal sites. This lack of analysis is regrettable but 

not surprising. There were few if any grounds to test for 

PFAS in connection with oil and gas operations prior to July 

2021, when PSR first publicized the use of these chemicals 

in oil and gas extraction. Now that we know PFAS have been 

used in oil and gas operations for years, scientists should 

determine where this use takes place and whether there are 

connections between this use and health effects, both for 

PFAS chemicals individually and as a compounding factor in 

conjunction with exposure to other fracking chemicals.

Halliburton fracking operation in Wetzel County, W.Va., Jan. 1, 2016. Photo credit: Bill Hughes.
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a.  PTFE Injected into Horizontal Gas Wells in Eight West 
Virginia Counties

The West Virginia horizontal gas wells PSR has identified as 

having been injected with PFAS consist of 43 wells injected 

with PTFE, also known as Teflon and identified by the U.S.

Environmental Protection Agency (EPA) as a PFAS.58 The wells 

are located in eight counties, primarily in northern West 

Virginia: Brooke, Doddridge, Marion, Marshall, Monongalia, 

Ohio, Tyler, and Wetzel (see Table 1 in Chapter 3).

The larger story, however, is the disclosure gaps in West 

  PFAS Use in West Virginia’s Oil and Gas Wells and Growing 

Evidence of PFAS Pollution
Ch. 2

Figure 3. West Virginia Horizontal Gas Wells Fracked with PFAS and Trade Secret 
Chemicals that Could Include PFAS, 2013-2022

This map shows the location of horizontal gas wells in West Virginia known to have been fracked between January 1, 2013 and September 29, 
2022 using PTFE/Teflon (a known PFAS), trade secret chemicals, and/or trade secret surfactants. An interactive version of the map is available 
at https://ft.maps.arcgis.com/apps/webappviewer/index.html?appid=7294f90f7a194216a2d6126e973a823a where users can zoom in to 
identify wells near them. For a detailed explanation of data sources, see the Appendix.
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*** In this report, the term “fracking” is used to discuss a particular stage in oil and/or gas production as distinct from other stages or 
methods of production such as drilling that precedes fracking. The terms “oil and gas production,” “oil and gas extraction,” and “oil and gas 
operations” cover the entire process of producing oil and/or gas.

Virginia law. These gaps shield vital data from disclosure, 

preventing scientists and the public from knowing the 

extent of the use of PTFE and other PFAS in the state’s 

oil and gas operations. The use of PFAS in oil and gas 

production in other states was first documented in 2021 in 

a report by PSR that relied on industry records disclosed 

to the nongovernmental organization FracFocus. Later 

that year, a report by Public Employees for Environmental 

Responsibility showed a limited use of PFAS in West 

Virginia’s oil and gas wells through an analysis of EPA 

records.59 PSR’s findings in this report, however, go even 

further. Based on a more comprehensive review of fracking 

chemical disclosures made to FracFocus, PSR is able 

to identify not only the horizontal gas wells definitively 

known to have been injected with PFAS between 2013 

and 2022, but also the wells injected with unidentified 

“trade secret” chemicals and the staggering quantities of 

these unidentified substances. Figure 3 (page 8) shows the 

locations of the horizontal gas wells injected with disclosed 

PFAS, undisclosed trade secret chemicals, and a subset  

of trade secret chemicals (discussed in Chapter 4) known  

as surfactants.

Fracking is the stage of oil and gas operations that typically 

involves high-pressure injections into oil and gas wells of up 

to tens of millions of gallons of water, sand, and chemicals 

to fracture rock formations and free up trapped oil and 

gas.60*** Over the past two decades, oil and gas companies 

have increased gas and oil production by combining 

fracking with horizontal drilling. Drilling horizontal wells 

involves drilling down vertically to a target depth, then 

steering the drill bit horizontally to create a horizontal 

portion of the well often called a “lateral.” This technique 

allows well operators to access more of the targeted oil 

and/or gas production zone.61 Horizontal gas wells are 

responsible for the surge in gas production over the past 

decade that made West Virginia the nation’s fourth-leading 

gas-producing state in 2022.62 It is possible that PFAS have 

been used not only in fracking in horizontal gas wells in 

West Virginia, but also in other stages and methods of oil 

and gas production, including vertically drilled wells and  

the drilling that precedes fracking.

b.  PFAS Use in Oil and Gas Operations May Threaten 

West Virginia’s Water Supplies, Add to PFAS from 
Other Sources

Evidence shows that PFAS has already contaminated surface 

water and groundwater in West Virginia, and some of the 

findings implicate oil and gas operations as a potential 

source of the pollution. Investigation of the link between oil 

and gas operations in West Virginia and PFAS pollution has 

been performed by researchers from several institutions 

including Yale University and published in a peer-reviewed 

paper in November 2023. The researchers found that oil 

and gas operations in five counties in northern West 
Virginia were associated with PFAS pollution and that, 

in several cases, these operations likely caused the 

pollution. The researchers found that all eight surface 

water samples and 60 percent of the 45 private wells in 

their study contained at least one of the 21 types of PFAS 

for which they tested. They also reported that four of the 

private wells had concentrations above EPA’s proposed 

maximum contaminant level in drinking water for PFOA.63 

The researchers found that three water wells appear 

likely to have been contaminated with PFAS from oil and 

gas wells because these water wells “exhibited individual 

PFAS concentrations above those likely from atmospheric 

sources even when considering historic deposition” from the 

former Dupont facility in Parkersburg (now called Chemours 

Washington Works) where the health and environmental 

impacts of PFAS first came to light. The researchers 

added that “Industrial operations related to oil and gas 

development were the only identifiable sources within 2 

km of [the three water wells] even considering agricultural 

activity and possible biosolids applications.”64
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The counties where the study was conducted – Doddridge, 

Marshall, Ritchie, Tyler, and Wetzel – include horizontal 

gas wells into which oil and gas companies reported 

injecting PTFE and/or trade secret chemicals, according 

to PSR’s analysis in this report. The researchers noted 

that these counties were home to more than 3,000 

completed unconventional oil and gas wells in production. 

Unconventional wells are typically synonymous with 

horizontal oil and gas wells.65 The researchers also 

found that the five-county area contains 14,000 active 

conventional oil and gas wells. Conventional wells are 

typically vertical and may or may not involve hydraulic 

fracturing.66 Based on data cited later in this report by PSR, 

it is possible that PFAS has been used in both conventional 

and unconventional oil and gas wells (see Chapter 5). The 

authors further concluded that “within the larger data set, 

PFOA detections and concentrations in private water wells 

were significantly associated with proximity to recently 

drilled (2018-2020) UOG [unconventional oil and gas] 

well pads….”67 However, the researchers cautioned that 

“observed concentrations were indistinguishable from 

levels plausibly attributable to atmospheric sources….”68 

They said that their research highlights the need for further 

studies to determine the sources of PFAS in private water 

wells, “particularly in regions where reliance on private 

water wells co-occurs with spatially distributed industrial 

sources, like oil and gas development.”69

A 2022 study by the U.S. Geological Survey (USGS) showed 

that PFAS had  polluted dozens of water supplies in West 

Virginia and that groundwater might be at a high risk of 

contamination. The USGS sampled drinking water supplies 

for 279 public water systems and detected PFAS more 

often and in higher concentrations in groundwater than 

in surface water sources. West Virginia Rivers, a nonprofit, 

placed the figure of contaminated water sites at 130, relying 

on raw data from the USGS study and updated health 

advisory levels from the U.S. Environmental Protection 

Agency. The USGS did not investigate the sources of this 

pollution;70 however, some concentrations of the pollution 

were found in northern West Virginia,71 the region of most 

of the state’s horizontal gas wells, including those in which 

the use of PFAS has been disclosed (compare Figure 3, page 

8, with Figure 4).

The USGS report indicated that West Virginia’s groundwater 

supplies might be especially likely to be contaminated with 

PFAS due to the relatively young age of recharge water in 

West Virginia’s aquifers. The agency noted that groundwater 

age has been identified as a leading indicator of PFAS 

contamination in groundwater in the eastern U.S. and that 

aquifers containing recharge-water less than 60 years old 

have higher rates of PFAS occurrence. The USGS also stated 

that age-tracer data from previous studies on West Virginia’s 

groundwater resources showed that all aquifers of West 

Virginia contain recharge-water less than 60 years old. This 

fact, the USGS found, “indicates that all the groundwater 

aquifers in the State are potentially susceptible to PFAS 

contamination [citation omitted] if a source of contamination 

exists within the recharge area of the aquifer….”73 The report 

also found that 

  a surface water intake may be vulnerable to 

contamination from PFAS if a source exists within 

its catchment area [also known as its watershed], 

but concentrations may be highly variable due to 

environmental conditions or because of operations  

at the specific source.74

West Virginians may, therefore, be at especially high risk  

of exposure to PFAS from oil and gas operations, given  

that at least some oil and gas operations involve PFAS,  

oil and gas extraction can contaminate groundwater,  

and the state’s aquifers are particularly vulnerable to  

PFAS contamination.

More research is needed about the extent and sources  

of PFAS pollution in West Virginia and whether oil and gas 

operations could be contributing to such contamination. 

This need is especially critical, given that almost 40 percent 

of West Virginians receive their drinking water from 

groundwater, according to the USGS.75 The USGS 2022 

report stated that it did not test private water wells for 

PFAS and that the tests it conducted could not be used to 
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Figure 4. Sites in W.Va. Where U.S. Geological Survey Detected PFAS in Groundwater 
and Surface Water

Figure 4 shows a map from the U.S. Geological Survey’s report by Mitchell McAdoo et at., “Occurrence of Per- and Polyfluoroalkyl Substances 
and Inorganic Analytes in Groundwater and Surface Water Used as Sources for Public Water Supply in West Virginia” (2022).72 The map 

depicts groundwater and surface water sites in West Virginia where USGS scientists detected PFAS, as well as the concentrations of PFAS 
detected at each site. The sites provide source water for public drinking water systems. Concentrations are reported in parts per trillion. 
The reporting level (the level at which the laboratory reported a detected value without qualification) is approximately 3.8 parts per trillion. 
Therefore, concentrations of PFAS at the sites marked in green ranged from about 3.8 to 20 parts per trillion. The USGS does not provide 
precise information about the locations of the tests because “West Virginia State Law § 22-26-4 and USGS policy concerning the release of 
sensitive water related information prohibits the release of public water system infrastructure location information.”

extrapolate PFAS concentrations in groundwater in aquifers 

that underlie much of the state. “PFAS exposure to private 

homeowners who rely on these aquifers as a primary 

drinking-water source is currently unknown,” the agency 

wrote. The USGS proposed testing private water wells for 

PFAS as a potential subject for future study and suggested 
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that “the major sources and exposure pathways of PFAS in 

West Virginia” could be the focus of future investigation.76

Studies indicating an association between PFAS pollution and 

oil and gas extraction echo related findings in neighboring 

Pennsylvania. A 2023 study by scientists from the USGS 

and Pennsylvania Department of Environmental Protection 

(PADEP) reported concentrations of PFAS in Pennsylvania 

streams located in areas that featured both high numbers of 

oil and gas wells and combined sewer overflow outfalls.77 The 

authors wrote that

  Research documenting the impacts of OG [oil and gas] 

development on PFAS contamination in surface waters 

is limited, but in this study the CSO [combined sewer 

overflow outfalls] surrounded by OG development in 

local catchments could be a potential source of PFAS to 

surrounding streams.78 

Also in 2023, the PADEP tested a water well for PFAS at a 

home in Washington County in response to a homeowner’s 

complaint that nearby oil and gas operations had 

contaminated his water with PFAS.79 The PADEP reported 

that it found some PFAS in the water (PFOS at 2.3 parts 

per trillion, as well as PFHxS and PFOSA). While they found 

no evidence that PFAS was used in the nearby oil and 

gas operations, specifically two unconventional gas wells 

operated by Chevron about 500 feet from the home in 

question,80 the PADEP speculated that the source of the PFAS 

could be, among many potential sources, water that already 

contained PFAS being used for fracking in the unconventional 

gas wells. Pennsylvania’s regulations – and West Virginia’s 

– do not require testing for or disclosure of chemicals 

contained in water used in fracking.81 It is possible that water 

used for fracking could be contaminated with PFAS by prior 

fracking operations, as a significant portion of water used 

in fracking in Pennsylvania – and West Virginia – is reused 

fracking wastewater.82
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 PFAS Used in West Virginia’s Oil and Gas Wells: What, and WhereCh. 3

a. PTFE, a PFAS, Used for Fracking in West Virginia’s 
Horizontal Gas Wells

The type of PFAS disclosed as being used in West Virginia’s 

horizontal gas wells is PTFE, a fluoropolymer and a type 

of plastic.83 The major concerns about PTFE and other 

fluoropolymers raised by scientists84 and environmentalists85 

are related less to these substances themselves, and more 

to the associated toxic impacts of their production, use, and 

disposal. The production of PTFE and other fluoropolymers 

relies on the use of other, highly toxic PFAS that are used as 

production aids. As noted in a peer-reviewed study published 

in 2020, these other PFAS have included fluorosurfactants 

such as PFOA, whose risks are discussed in Chapter 1, and 

GenX, which is similarly harmful and has replaced PFOA in 

fluoropolymer production.86 PTFE and other fluoropolymers 

may contain these more toxic PFAS fragments, and those 

fragments may leach out of the PTFE during use.87 The 

authors of the 2020 paper noted that

  The levels of leachables…in individual fluoropolymer 

substances and products depend on the production 

process and subsequent treatment processes; a 

comprehensive global overview is currently lacking.88 

In addition, PTFE may generate other PFAS if the PTFE breaks 

down under heat.89

The 2020 paper authors noted that the persistence in 

the environment of PTFE and other fluoropolymers could 

pose problems during disposal, observing that “Landfilling 

of fluoropolymers leads to contamination of leachates 

with PFAS and can contribute to release of plastics and 

microplastics.90 One of the authors added in an email to 

PSR that if PTFE were used in oil and gas wells that have 

especially high-temperatures, defined in publications by 

oilfield services company Schlumberger as 300º to 350º F 

or higher for so called “high-pressure, high-temperature 

wells,”91 the PTFE could undergo a process called thermolysis 

and generate toxic PFAS called perfluoroalkyl carboxylic 

acids (PFCAs). As a result, he wrote, “there could be some 

additional problems that need some investigation.”92 A 

representative from the West Virginia Department of 

Environmental Protection (WVDEP) said that the department 

was not aware of such wells in the state.93

In 2021, a coalition of national environmental organizations 

including the Center for Environmental Health, Clean 

Water Action, Ecology Center, Environmental Working 

Group, Natural Resources Defense Council, Safer States, 

and the Sierra Club voiced several environmental and 

health concerns regarding the risks of fluoropolymers 

such as PTFE, based on their review of multiple scientific 

articles. Among these concerns were the release into 

the environment of other toxic PFAS used to produce 

fluoropolymers, including PFOA94 and perfluorocarboxylic 

acids (PFCAs).95 These PFAS can be released both when 

fluoropolymers are manufactured and when they are used. 

PFOA’s health concerns are discussed above. Evidence 

suggests that PFCAs may be associated with various 

health impacts including effects on the liver, thyroid, 

kidney and immune system.96 The groups also noted that 

fluoropolymers are manufactured with chemicals that over 

a 20-year period are much more powerful at warming the 

climate than carbon dioxide.97

b. Data Show Which Companies Fracked Horizontal 
Wells with PTFE, and Where

Oil and gas companies that have disclosed using PTFE for 

fracking in West Virginia (Table 1, next page) include Irving, 

Texas-based ExxonMobil Corp.,98 the nation’s largest publicly 

traded oil and gas company;99 and Denver-based Antero 

Resources Corp.100 According to West Virginia University, 

which received a $4 million gift from Antero in 2023, Antero 

is the largest producer of natural gas and natural gas liquids 

in West Virginia.101 Natural gas liquids include, among several 

types of fluids, propane that is used for small stoves and 

barbecues and ethane that is used in plastics production.102

PSR was able to identify wells injected with PTFE through oil 

and gas industry records disclosed to FracFocus that include 

Chemical Abstracts Service (CAS) numbers, unique numeric 

identifiers assigned to millions of chemicals by the American 
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Table 1. Disclosed Use in Fracking of PTFE in West Virginia Horizontal Gas Wells, 2013-2022

County
Number of wells injected 
with PTFE

Mass of PTFE (lbs.) Well Operator(s)

Brooke 2 11 Chesapeake Operating, Inc.

Doddridge 12 369 Antero Resources Corporation

Marion 4 13 XTO Energy/ExxonMobil

Marshall 4 no data available Chesapeake Operating, Inc.

Monongalia 9 20 Northeast Natural Energy LLC

Ohio 4 no data available Chesapeake Operating, Inc.

Tyler 6 164 Antero Resources Corporation

Wetzel 2 23
Southwestern Energy; 
Chesapeake Operating, Inc.

Total 43 602 five companies

This table shows by county the number of West Virginia’s horizontal gas wells in which oil and gas companies injected PTFE for fracking 
between January 1, 2013 and September 29, 2022 as well as the name(s) of the companies making the injections. “No data available” means 
that records in FracFocus showed the use of PTFE in several wells but provided insufficient data to calculate how much was used. For a 
more detailed explanation of data sources, see the Appendix.

Chemical Society.103 Scientists consider CAS numbers the 

best way to identify chemicals because chemicals can have 

multiple names or trade names but only one CAS number.104 

PSR identified PTFE through its CAS Number, 9002-84-0. 

However, the FracFocus records make it difficult to know 

for what precise purpose PTFE was used in these wells; well 

operators listed either no purpose or various purposes for 

multiple chemical products, and the individual chemical 

components of these products were listed in a separate 

portion of the disclosure form, making it impossible to know 

which components were part of which product.105 PTFE, 

which is marketed as Teflon, is known for its slipperiness, 

suggesting it might have been used as a friction reducer, a 

common purpose for fracking chemicals.106
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 Chemical Disclosure Laws Shield Chemical IdentitiesCh. 4

a.  West Virginia’s Lax Chemical Disclosure Rules Could 
Conceal PFAS Use

West Virginia’s system of oil and gas chemical disclosure 

makes it impossible to know how widely PTFE, other PFAS, 

or other toxic chemicals have been used in the state’s oil 

and gas wells. One salient feature of the state’s rules that 

frustrate the public’s right to know is the use of  trade 

secret claims that allow oil and gas companies to hide the 

identities of fracking chemicals. The rules appear to require 

something akin to full chemical disclosure for horizontal 

gas wells – even for non-fracking chemicals – under a “well 

site safety plan.” But upon closer inspection, the disclosures 

under at least some of these plans are riddled with gaps 

that thwart full knowledge of chemicals used at horizontal 

gas wells. Additionally, West Virginia’s rules allow chemical 

manufacturers – the companies who know best what 

chemicals are being used in oil and gas operations – to avoid 

full disclosure of chemical ingredients. Finally, the chemical 

disclosure rules apply only to specifically defined horizontal 

gas wells, meaning that they do not apply to other oil or gas 

wells, including vertical wells. Most wells drilled over the past 

decade in West Virginia have been horizontal gas wells, but 

some vertical wells continue to be drilled, and vertical wells 

make up the bulk of wells drilled historically in West Virginia.

b. West Virginia’s Fracking Chemical Disclosure Law

Since 2011, West Virginia has required disclosure of 

chemicals used for hydraulic fracturing or “stimulation”  

A drilling rig in Marshall County, W.Va., Jan. 26, 2018. Photo credit: Ted Auch, FracTracker Alliance.
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of horizontal gas wells.107 “Stimulation” is not currently 

defined under West Virginia law,108 but it is often synonymous 

with fracking.109 (A previous version of West Virginia law 

requiring fracking chemical disclosure defined “stimulate” as 

“any action taken by a well operator to increase the inherent 

productivity of an oil or gas well, including, but not limited to, 

fracturing, shooting or acidizing, but excluding cleaning out, 

bailing or workover operations.”110) A horizontal gas well is 

defined as

  any [gas] well site, other than a coalbed methane well, 

drilled using a horizontal drilling method, and which 

disturbs three acres or more of surface, excluding 

pipelines, gathering lines and roads, or utilizes more 

than two hundred ten thousand gallons of water in any 

thirty day period.111

If a horizontal gas well uses more than 210,000 gallons of 

water from water sources located in West Virginia in any 

thirty-day period, the well operator must make fracking 

chemical disclosures both before112 and after113 fracking or 

stimulation of the well. If the well uses less than 210,000 

gallons of water from water sources located in West Virginia 

in any thirty-day period but meets the other definitions for 

a horizontal gas well, the well operator or service provider 

is required to make fracking chemical disclosures only after 

fracking or stimulation.114 All disclosures after fracking or 

stimulation must be made to the FracFocus database.115 

This database, maintained by the Groundwater Protection 

Council, a nonprofit comprised of regulators from state 

agencies that regulate groundwater,116 contains well-by-

well hydraulic  fracturing chemical disclosure for the oil 

and gas industry.117 Fracking chemical disclosure prior to 

fracking must be made to the Secretary of the Department 

of Environmental Protection as part of the application for the 

well’s work permit.118

PSR’s analysis of FracFocus data for more than 2,500 fracking 

treatments on West Virginia’s horizontal gas wells between 

2013 and 2022 found that oil and gas companies used 

an average of more than 14 million gallons of water per 

treatment – more than 19 times the amount that triggers 

the disclosure requirement. Only four fracking treatments 

during this period involved less than 210,000 gallons of 

water. It is unclear whether all of the water reported for 

fracking treatments was used within a 30-day period or 

whether the water came from sources located in West 

Virginia, but fracking treatments usually occur over a period 

of less than 14 days119 and water for fracking is usually 

obtained close to the fracking operations, as EPA reported in 

its 2016 report on fracking and drinking water. On that basis, 

it is probable that almost all the fracking treatments that 

PSR analyzed in this report met West Virginia’s threshold for 

disclosure of fracking chemicals.

c.  Extensive Use of “Trade Secret” Claims Veils 
Chemical Use in Horizontal Gas Wells

Under West Virginia’s fracking chemical disclosure system for 

horizontal gas wells, perhaps the most prominent measure 

that could conceal wider use of PFAS is the ability for oil and 

gas companies to withhold from the public the identities of 

fracking chemicals that are deemed trade secrets.120 Over the 

past decade, oil and gas companies have used this exception 

extensively. PSR found that between 2013 and 2022, oil 

and gas companies, while disclosing the use of fracking 

chemicals in more than 2,500 wells, also injected more than 

1,900 wells of those wells – almost 75 percent – with at least 

one trade secret fracking chemical.121 The CAS numbers for 

these chemicals were not revealed, preventing the public 

from knowing whether or not these unidentified chemicals 

were PFAS. The weight of these chemicals, injected into 

horizontal gas wells located across 15 counties, totaled 

69 million pounds.122 If even a small fraction of this weight 

were PFAS, that fraction could pose significant health and 

environmental risks.

Furthermore, oil and gas companies injected almost 

400 of the 1,900 wells with trade secret surfactants,123 a 

category of chemical that includes a subcategory known 

as fluorosurfactants, some of which are known to be PFAS. 

These wells were spread across 12 counties. According to 

EPA, surfactants are commonly used in fracking,124 including 

to generate and stabilize foam fracking fluids and to help 
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one unmixable fluid disperse into another unmixable fluid 

“by reducing the interfacial tension between the two liquids 

to achieve stability.”125 Compared to other surfactants, 

fluorosurfactants are said to be “superior in their aqueous 

surface tension reduction at very low concentrations and 

are useful as wetting and leveling agents, emulsifiers, 

foaming agents, or dispersants.”126 At least some 

fluorosurfactants are PFAS, including the dangerous 

chemicals PFOA and PFOS,127 and 8:2 fluorotelomer 

alcohol,128 a nonionic fluorosurfactant129 that can break 

down into PFOA.130

How many of the trade secret surfactants are PFAS is 

impossible to determine from the available FracFocus 

data. Operators’ names for these chemicals were vague, 

including “proprietary nonionic surfactant”131 and “nonionic 

surfactant.”132 The weight of these trade secret surfactants 

totaled more than 1.5 million pounds. Should even a small 

percentage of them be PFAS, they could pose significant and 

long-lasting threats to human health and the environment. 

Table 2 above shows county-by-county where trade secret 

chemicals and trade secret surfactants were used to frack 

horizontal gas wells in West Virginia.

Table 2. Disclosed Use of Trade Secret Chemicals in West Virginia Horizontal Gas Wells, 2013-2022

County
No. of wells injected 
with at least one 
trade secret chemical

Mass of all trade 
secret records (lbs.)

No. of wells injected 
with at least 
one trade secret 
surfactant

Mass of trade secret 
surfactants (lbs.)

Barbour 6 1,730,000 0 0

Brooke 12 1,430,000 2 11,200

Doddridge 369 9,670,000 84 230,000

Gilmer 3 138,000 2 496

Harrison 80 1,280,000 10 23,300

Lewis 1 4,800 0 0

Marion 43 786,000 7 8,050

Marshall 327 14,100,000 70 460,000

Monongalia 103 3,980,000 23 11,300

Ohio 117 3,980,000 1 5,450

Pleasants 13 365,000 7 33,400

Ritchie 151 6,760,000 19 40,800

Taylor 17 221,000 0 0

Tyler 357 16,500,000 145 577,000

Wetzel 240 8,180,000 24 119,000

Total 1,912 69,100,000 394 1,520,000

This table shows by county the number of West Virginia horizontal gas wells into which oil and gas companies disclosed that they injected 
at least one trade secret fracking chemical and/or at least one trade secret surfactant between January 1, 2013, and September 29, 2022. 
It also shows the total combined weight of these chemicals by county and statewide. The total weight figures reflect the sum of all records 
for which we have enough information to calculate a chemical’s weight. Because many fracking chemical disclosures lack sufficient data 
to perform this calculation, the total weight figures may represent an undercount. The wells injected with trade secret surfactants are a 
subset of the wells injected with trade secret chemicals. For a more detailed explanation of data sources, see the Appendix.
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The use of these chemicals is particularly alarming as West 

Virginia’s gas production increased nearly ten times from 

about 256 billion cubic feet in 2010 to more than 2.6 trillion 

cubic feet in 2022, according to data available from the 

U.S. Department of Energy.133 While these increases mean 

more tax revenue for the state,134 higher gas production 

also means more wells being drilled and fractured, with 

the associated risk of pollution from PFAS and other toxic 

substances.135

Multiple oil and gas companies have injected oil and gas 

wells in West Virginia with trade secret  chemicals that 

Table 3. Oil and Gas Companies that Fracked Horizontal Gas Wells in West Virginia Using Trade 
Secret Chemicals and Trade Secret Surfactants, 2013-2022
Operator  
Name

No. of wells 
injected with at 
least one trade 
secret chemical

Mass of all trade 
secret chemicals 
(lbs.)

No. of wells 
injected with at 
least one trade 
secret surfactant

Mass of all trade 
secret surfactants 
(lbs.)

Antero Resources Corporation 686 30,200,000 228 902,000

EQT Production 258 5,800,000 10 757

Southwestern Energy 202 6,000,000 10 57,400

Tug Hill Operating, LLC 165 3,600,000 28 8,000

Noble Energy, Inc. 117 8,150,000 45 7,290

Northeast Natural Energy LLC 98 3,980,000 18 10,200

Chesapeake Operating, Inc. 74 3,300,000 3 445,000

Jay-Bee Oil & Gas, Inc. 62 583,000 31 72,800

Stone Energy Corporation 56 2,200,000 0 0

Chevron USA Inc. 32 1,050,000 0 0

Triad Hunter LLC. 24 238,000 3 4,370

XTO Energy/ExxonMobil 24 222,000 7 8,050

CONSOL Energy Inc. 22 1,910,000 2 2,450

CNX Gas Company LLC 16 288,000 5 1,090

Arsenal Resources 14 292,000 0 0

American Energy – Marcellus, LLC 14 117,000 0 0

PDC Energy 14 no data available 0 0

Mountaineer Keystone, LLC 12 437,000 0 0

Statoil USA Onshore Properties Inc. 10 no data available 0 0

Tribune Resources, LLC 5 380,000 0 0

American Petroleum Partners 
Operating, LL

4 206,000 4 951

Ascent Resources – Marcellus, LLC 4 163,000 0 0

Total 1,913* 69,100,000 394 1,520,000
This table shows the oil and gas companies that disclosed that they fracked horizontal gas wells in West Virginia with trade secret chemicals 
and trade secret surfactants between January 1, 2013, and September 29, 2022. The wells injected with trade secret surfactants are a 
subset of the wells injected with trade secret chemicals. “No data available” means that records in FracFocus showed the use of trade 
secret chemicals but provided insufficient data to calculate how much was used. For a more detailed explanation of data sources, see 
the Appendix. Please note: Separate companies in this table could now be the same company as a result of subsequent mergers and/or 
name changes.* The total number of horizontal gas wells that companies operating in West Virginia injected with at least one trade secret 
chemical (1,913) differs slightly in this table from the total number reported in Table 2 (1,912) because one well was fracked more than once, 
but by different operators, and that well is counted twice in this table.
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could be PFAS or other toxic substances. Table 3 identifies 

the companies responsible for this activity, as well as 

the quantities of trade secret chemicals and trade secret 

surfactants they injected.

FracFocus data show that in some cases, oil and gas 

companies have injected hundreds or even thousands of 

pounds of trade secret chemicals into individual horizontal 

gas wells for fracking. Table 4 provides selected examples of 

horizontal gas wells in West Virginia injected with particular 

chemicals, whether PTFE or trade secret substances, and 

the weight of these substances. If the toxicities of some 

of these chemicals were similar to those of PFOA or PFOS, 

these quantities would be enough to contaminate vast 

amounts of water.

d. Some disclosure is required, but not to the public

West Virginia provides two limited scenarios in which oil and 

gas companies can be required to disclose the identities 

of trade secret chemicals. Upon request by the chief of the 

Office of Oil and Gas or the chief’s designee(s), well operators 

or service providers (companies that typically conduct 

hydraulic fracturing)136 can be required to disclose trade 

secret chemical identities to state regulators as part of an 

investigation involving a trade secret chemical. However, 

the Office of Oil and Gas chief or designee(s) must keep the 

information confidential.137

Similarly, upon request by a health professional to address a 

medical emergency or for diagnostic or treatment purposes, 

well operators or service providers must provide trade 

secret chemical identities and potentially other confidential 

information about trade secret chemicals. The health 

professionals must keep this information confidential.138 

Neither the public nor first responders such as firefighters 

have a right to see the confidential chemical identities under 

West Virginia law. The federal Toxic Substances Control Act 

allows first responders and the public to access trade secret 

chemical identities under certain circumstances, but it is 

unclear how quickly such information could be obtained 

in the event of an emergency.139 Similarly, federal rules 

under the Occupational Safety and Health Administration 

allow health professionals to access trade secret chemical 

information under certain scenarios, but these rules do not 

appear to provide similar rights to firefighters.140

Table 4. Examples of Individual Horizontal Gas Wells

Well 
Operator

Well 
Number

County Year 
Fracking 
Completed

Chemical 
used in Well

CAS  
Number

Trade  
Name

Mass (lbs.)

Antero 
Resources 
Corporation

4701706699 Doddridge 2017 PTFE 9002-84-0 not reported 63

Chesapeake 
Operating, Inc.

4710302973 Wetzel 2014 PTFE 9002-84-0 ambiguous 23

Tug Hill 
Operating, LLC

4705102327 Marshall 2022 proprietary 
non-ionic 
surfactant

proprietary ProHib 100 513

Jay-Bee Oil & 
Gas, Inc.

4707302558 Pleasants 2018 nonionic 
surfactant

proprietary not reported 2745

Noble Energy, 
Inc.

4702105747 Gilmer 2013 surfactant 
mixture

proprietary not reported 243

This table shows a sample of wells injected with the types of fracking chemicals referenced in the larger table above, including trade secret 
surfactants such as “proprietary non-ionic surfactant” and “nonionic surfactant” as well as PTFE. The examples cover a range of years 
and represent wells fracked in several West Virginia counties. Even the smallest mass shown for a proprietary chemical (243 pounds for 
“surfactant mixture”) could be a highly dangerous amount if this proprietary chemical were PFAS.
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e.  “Well Site Safety Plan” Disclosures Could Conceal 
PFAS Use at Horizontal Gas Wells

To a limited degree, West Virginia has exceeded the 

chemical disclosure requirements of many oil- and gas-

producing states by requiring some disclosure of both 

fracking and non-fracking chemicals used in horizontal 

gas wells. (Most oil- and gas-producing states require 

disclosure only of chemicals used in fracking.141) West 

Virginia implements this broader disclosure through 

a “well site safety plan,” required to be filed with the 

Department of Environmental Protection in order for an 

oil and gas company to obtain a permit to begin work on 

a horizontal gas well.142 As part of the plan, oil and gas 

companies must provide to the DEP and others, including 

the surface land owner and local emergency planning 

officials, Safety Data Sheets “for the chemical components 

added to the hydraulic fracturing fluid, and completion, 

production, and work-over activities.” Safety Data Sheets 

identify the health or physical (e.g. fire) hazards associated 

with a chemical product.143 Under federal regulations 

that establish uniform, nationwide standards, chemical 

manufacturers must ensure that chemical distributors 

and employers that use the chemicals are provided with 

Safety Data Sheets so that employers and employees can 

be warned about these hazards. The terms “completion,” 

“production,” and “work-over” in West Virginia’s rules are 

not defined. However, it is apparent from the inclusion of 

these terms that the Safety Data Sheets apply beyond the 

fracking phase of operations. The actual disclosures reflect 

this interpretation.

However, the disclosures are significantly incomplete, 

apparently reflecting multiple weaknesses in Safety Data 

Sheets. PSR carefully examined the disclosures for one 

of the wells featured above in Table 4: Antero Resources’ 

well fracked in Doddridge County in 2017.144 We also 

examined some of the disclosures for a second well in 

Table 4: Jay-Bee Oil & Gas Inc.’s well fracked in Pleasants 

County in 2018.145 (More examination was beyond the 

scope of this report because the records are voluminous: 

Antero Resources disclosed 431 pages of Safety Data 

Sheets for its well in Doddridge County, while Jay-Bee Oil 

& Gas Inc. disclosed 1,732 pages of Safety Data Sheets for 

its well in Pleasants County; furthermore, the documents 

were not easily searchable.) While the Safety Data Sheets 

provided information about drilling chemicals and other 

non-fracking chemicals, they had many gaps, including the 

following for Antero Resources’ well in Doddridge County:

 •  The PFAS known as PTFE was not listed on the Safety Data 

Sheets as one of the chemicals used at the well site, even 

though the company listed it in the FracFocus records as 

being used for fracking.

 •  Several other chemicals listed in FracFocus also did 

not appear to be listed in the Safety Data Sheets, 

including alcohols, C12-14, ethoxylated; alcohols, C14-15, 

ethoxylated; and methanol.

 •  More than a dozen substances in the Safety Data Sheets 

were listed as “proprietary” or “confidential,” meaning that 

their identities were not revealed.

 •  Multiple Safety Data Sheets included unlisted chemicals 

defined as “non-hazardous” but with no further 

information.

Multiple Safety Data Sheets listed ingredients for a 

chemical product that added up to less than 100 percent 

of the product. For example, a product called AIRFOAM-

HD listed one chemical component, glycol ethers, that 

made up between 7 to 13 percent of the product, but no 

other ingredients were listed. A product called SWF listed 

the same component, glycol ethers, as comprising 15 to 

40 percent of the product, but again, no other ingredients 

were listed. A third product, called BIO CLEAR® 2000, 

listed the ingredient 2,2-dibromo-3-nitrilopropionamide as 

making up 20 percent of the product; no other ingredients 

were listed.

Some of these same types of shortcomings were apparent 

in the Safety Data Sheets for the well in Pleasants County 

fracked by Jay-Bee Oil & Gas Inc.
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West Virginia’s well site safety plans provide at least some 

additional information about chemicals used at horizontal 

gas well sites. However, the chemical information in these 

plans, contained on Safety Data Sheets, was difficult to 

access.

To obtain the information, 

PSR had to receive a 

web link from the West 

Virginia Department of 

Environmental Protection 

(WVDEP) – a link that 

would have been difficult 

to find online without the 

Department’s assistance. 

The WVDEP also supplied 

username and password 

information for the web site 

and detailed instructions for 

accessing the information – 

necessary pieces that again 

were not readily available 

on the web site. PSR was able to locate chemical disclosure 

information for only four of five wells we searched for. That 

information was voluminous: The smallest file for the four 

wells contained 431 pages of Safety Data Sheets; the largest 

contained 1,762 pages of Safety Data Sheets. These pages 

were initially viewable one at a time. Once exported, the 

files could be scrolled through, but they were not searchable 

by key words. We made one of the documents somewhat 

searchable by key words with the help of software. Still, it 

took roughly 10 hours to 

review and compile the 

chemicals used for just one 

horizontal gas well.

The chemical information 

in the Well Site Safety 

Plans, though incomplete, 

is of some use to the 

public, first responders, 

and others. But it is much 

more difficult to access 

than the information 

in FracFocus, in which 

fracking chemicals appear 

in a succinct searchable list 

for each well. The obstacles 

encountered by a would-be reader or analyst make the 

Well Site Safety Plans and their respective Safety Data 

Sheets of limited value in identifying potentially harmful 

chemicals used in West Virginia wells.

Drilling site and fluids impoundments in West Virginia, 

2012. Photo credit: West Virginia Surface Owners’ Rights 

Organization.

Well Site Safety Plans Di�cult to Access

f.  Safety Data Sheet Rules’ Loopholes Prevent Full 
Chemical Disclosure

Researchers at Harvard University wrote in 2013 that 

the rules for creating Safety Data Sheets are unlikely to 

result in complete disclosure of fracking chemicals; these 

chemicals would include PFAS. The researchers observed 

that the rules limit disclosure to chemicals previously 

studied for workplace exposure. Many chemicals used in 

fracking might not meet this standard, they suggested, and 

therefore might not be disclosed in Safety Data Sheets.146 

The researchers also suggested that manufacturers might 

not list some substances in Safety Data Sheets because of a 

rule that manufacturers are not required to test a chemical 

to identify its hazards.147 Instead, manufacturers can use 

existing data that may not show hazards of a particular 

chemical. Such chemicals would then not be required to 

be disclosed on a Safety Data Sheet even if the chemical 

were in fact hazardous.148 These chemicals, in turn, would 

not be disclosed to companies in the fracking chemical 

supply chain, leaving the companies unable to disclose 

these chemicals to the public. The rules for Safety Data 

Sheets also allow chemical makers to withhold chemical 

ingredients as trade secrets.149 These holes in the disclosure 
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rules for Safety Data Sheets may explain many of the gaps 

we observed in chemical disclosure under West Virginia’s 

well site safety plans.

Litigation in Pennsylvania revealed additional cases in 

which chemical manufacturers omitted critical information 

from Safety Data Sheets, thus preventing oil and gas 

companies from making full disclosure of the chemicals 

they used in oil and gas wells. In 2014, four attorneys with 

years of experience litigating oil- and gas-related cases in 

Pennsylvania filed a petition with the state’s Commonwealth 

Court in which they wrote that Safety Data Sheets (then 

called Material Safety Data Sheets or MSDS) often do not 

include complete lists of chemical ingredients:

  Many times, a vendor of a hydraulic fracturing fluid 

product merely re-labels product manufactured by 

another company without ever knowing anything about 

the chemical make-up of the product it has relabeled 

other than what may be contained in the manufacturer’s 

MSDS. If that MSDS does not list the full chemical content 

of the product the vendor obtained, the vendor has 

no way of discerning the full chemical make-up of the 

hydraulic fracturing fluid. Thus, if a service provider or 

vendor never had possession of the entire chemical 

content of hydraulic fracturing fluid, then it is impossible 

for the vendor or service provider to pass that information 

along to the operator who then cannot possibly disclose 

to the Department [of Environmental Protection].150

The attorneys provided as support a record filed in 

a separate case by well operator Range Resources in 

which Range suggested that it was relying on MSDS from 

manufacturers to reply to a request for the chemicals used to 

fracture or stimulate its wells. Range said that the chemical 

information in these sheets could be incomplete. “The MSDS 

are often useful for developing some understanding of 

what is in a particular chemical or product,” Range wrote, 

continuing,

  However, they vary widely in terms of usefulness. Some 

manufacturers include very little information about the 

actual components of a particular product. As a result, 

Range is currently in the process of seeking additional 

information from manufacturers that have failed to 

provide enough information about their products in  

the MSDS.151

In one case, Range said that a fracking or stimulation product 

called “MC SS-5075” was 

  an Ammonium Bisulfite Solution manufactured by 

Multi-Chem. The MSDS describes the formula as 45-

70% ammonium bisulfite by weight. Range is currently 

seeking information on the 30-55% missing from the 

formula.152

In another case, Range mentioned that a chemical known as 

“MC S-2510T,” also made by Multi-Chem, contained “Ethylene 

Glycol (30%-60% by weight)” and “Sodium Hydroxide (5% by 

weight).” Range acknowledged that “we recognize that this 

formula fails to account for at least 35% of the weight, so we 

have contacted Multi-Chem for an explanation.”153

g.  Chemical Manufacturers’ Exemption May Obscure 
PFAS Use in Oil & Gas Wells

Chemical manufacturers are in the best position to know 

the identities of individual fracking chemicals, whether these 

chemicals are used individually or as ingredients in fracking 

chemical products. Yet there is no requirement under 

West Virginia law that chemical manufacturers disclose 

the ingredients in their products to the well operators and 

service providers who must ultimately disclose the fracking 

chemicals to the public.154 This omission may also obscure 

the extent of PFAS use in oil and gas wells. In fact, the well 

site safety plans show that in at least some cases, chemical 

manufacturers have not disclosed all of their fracking 

chemicals to well operators who, as a result, are unable to 

disclose these chemicals publicly.

A congressional investigation shows that the chemical 

manufacturers’ lack of disclosure of oil and gas chemicals goes 

back at least more than a decade. In 2011, the U.S. House 
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of Representatives’ Committee on Energy and Commerce 

minority staff issued a report on hydraulic fracturing chemicals 

in which they asked the 14 leading oil and gas service 

companies to “disclose the types and volumes of the hydraulic 

fracturing products they used in their fluids between 2005 

and 2009 and the chemical contents of those products.”155 

While the committee staff found, among other things, that 

the companies used products containing 29 chemicals that 

are known or possible human carcinogens, they also found 

that the companies could not completely respond to the 

committee staff’s request because of chemical information 

withheld by chemical manufacturers.156

As a result of incomplete disclosure by chemical 

manufacturers, it is likely that well operators and 

service providers are using at least some fracking 

chemicals unknowingly and therefore cannot disclose 

these chemicals publicly. Some of these chemicals  

could be PFAS.

One situation exists that might make disclosure more likely: 

where service providers are also chemical manufacturers. 

Baker Hughes157 and Halliburton,158 for example, are service 

providers that conduct fracking and are also chemical 

manufacturers. If such companies conducted fracking and 

supplied their own fracking chemicals, they would know 

exactly what chemicals they were using and could make 

full public disclosure if they opted not to assert trade secret 

claims. However, companies may prefer to shield chemical 

identities behind trade secret provisions.

h.  West Virginia’s Chemical Disclosure Rules Cover  
Only Horizontal Gas Wells

A final shortcoming in West Virginia’s chemical disclosure 

rules is that the rules apply only to horizontal gas wells, 

even though vertical wells have also often been hydraulically 

fractured with chemicals159 and can be injected with 

chemicals in other stages or methods of extraction, such 

as the drilling that precedes fracking.160 Companies that 

operate vertical wells or horizontal wells that do not meet 

the definition of “horizontal gas wells” under West Virginia 

law would not have to disclose their chemicals, either under 

requirements specifically focused on fracking chemicals or as 

part of a well site safety plan.

According to data from the WVDEP, most wells drilled in the 

state between January 1, 2013 and December 31, 2022 — 

2,554, to be precise — were horizontal gas wells for which 

chemical disclosure requirements applied, compared to 

only 38 vertical wells and 29 horizontal wells that were not 

considered “horizontal gas wells.”161 Oil and gas operators 

were not required to disclose chemical usage for these 67 

wells – a very small number.162 However, operators were 

not required by law to disclose chemical usage for any oil 

and gas wells in West Virginia before 2011, when fracking 

chemical disclosure rules and well site safety plan rules went 

into effect.163 That exempts a massively larger number of 

wells from chemical disclosure: The West Virginia Geological 

and Economic Survey reported as of June 2009, that 145,000 

oil and gas wells had been drilled in West Virginia over the 

past 150 years.164 West Virginians could be unknowingly 

exposed to dangerous chemicals used in those older wells, 

potentially including long-lasting PFAS chemicals.
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  Evidence Suggests Wider PFAS Use than Reported in West 

Virginia’s Oil & Gas Wells
Ch. 5

Several sources say that PFAS have a history of use in the oil 

and gas industry. This little-known evidence increases the 

concern that at least some of the trade secret chemicals and 

other undisclosed chemicals in West Virginia’s oil and gas 

wells could be PFAS.

In the 2023 study of PFAS in Pennsylvania’s streams 

referenced in chapter 2, researchers from the U.S. Geological 

Survey and PADEP recognized oil and gas wells as among 

“facilities that have been documented as potential sources 

of PFAS.”165 In making this determination, the authors relied 

on three sources that suggest that the use of PFAS in oil and 

gas wells dates back decades and encompasses a variety of 

extraction techniques. One was a paper published in 2008 

in the peer-reviewed Open Petroleum Engineering Journal by 

two authors, one of whom was identified as an employee at 

DuPont. This paper noted that

 while fluorosurfactants have been used in gas and oil 

exploration for four decades, the increased demand for 

petroleum and the greater understanding of the benefits 

of fluorosurfactants have led to growing acceptance for 

fluorosurfactants throughout the petroleum industry.166

The authors did not explicitly say that fluorosurfactants used 

in oil and gas operations were PFAS, but they described 

the fluorosurfactants in ways that are commonly used to 

describe PFAS. They wrote that

 The use of fluorosurfactants is a recent but growing 

trend due to (i) the exceptional hydrophobic [water-

repellent] and oleophobic [oil-repellent] nature of 

the perfluoroalkyl and perfluoroalkyl ether groups…

The bond strength of the carbon-fluorine bond in 

perfluoroalkyl and perfluoroalkyl ether groups has been 

demonstrated as the key to remarkable overall stability 

for fluorochemicals and fluoropolymers.167

This evidence suggests that any time an unidentified 

fluorosurfactant or unidentified surfactant is used in oil and 

gas production, there exists the potential that it is a PFAS.

The second source was a paper published in 2020 in 

Environmental Science: Processes and Impacts in which 

the authors showed that since 1956, PFAS including 

fluorosurfactants had been used or proposed to be used 

globally in oil and gas extraction techniques; these included 

chemical-driven gas production, chemical flooding, fracking, 

and the drilling that precedes fracking and other oil and gas 

production techniques.168 The fact that these two papers 

date the use or potential use of PFAS in oil and gas wells as 

far back as the 1950s or 1960s indicates that in addition to 

horizontal oil and gas wells, PFAS may have been used in 

vertical oil and gas wells. Vertical wells were predominant169 

until the mid-2000s when horizontal wells combined 

with hydraulic fracturing became “the industry standard” 

according to EPA.170

The third source is a 2022 paper published in the peer-

reviewed Advances in Colloid and Interface Science in 

which several authors from the Center for Integrative 

Petroleum Research at King Fahd University of Petroleum 

& Minerals in Saudi Arabia stated that “The fluorinated 

surfactants are very attractive to oilfield industries 

due to their distinct surface/interface properties and 

excellent thermal/chemical stabilities.”171 The authors 

also cited the 2008 Open Petroleum Engineering Journal 

paper in stating that “Fluorinated surfactants are efficient 

in numerous enhanced oil recovery (EOR) processes 

including modification of surface properties of reservoir 

formation, enhancing the wetting of subterranean, [sic] 

and increasing foams stability.” Like the authors of the 

2008 article, the authors of the 2022 paper described 

fluorosurfactants in ways typically used to describe 

PFAS including as having “both water and oil repellency” 

and having a carbon-fluorine bond.172 However, the 

authors concluded that “Despite the enormous potential 

of fluorinated surfactants in the petroleum industry, 

their usage seems to be limited dueto environmental 

concerns.”173 The multiple regulatory gaps that allow oil 

and gas companies to withhold the identities of their 

chemicals from the public in West Virginia and other states 

make this statement impossible to verify.
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  Exposure pathways to PFAS Associated with West Virginia  

Oil and Gas Operations
Ch. 6

a.  Disposal of Waste Intensifies Pollution Concerns  
in West Virginia

As indicated by EPA and discussed in Chapter 1 of this report, 

there are multiple pathways through which PFAS and other 

contaminants associated with oil and gas operations could 

jeopardize health and the environment. In this chapter we 

examine some of those pathways, including leaks and spills 

at well sites and wastewater disposal sites; underground 

migration of wastes into groundwater from abandoned wells 

and wastewater disposal sites; spreading of wastewater on 

roads for dust suppression and deicing; and air pathways.

The risk that PFAS and other chemicals associated with oil 

and gas drilling could pollute the environment is especially 

high in West Virginia because of the staggering volumes 

of wastewater and solid waste generated by oil and gas 

extraction, particularly for horizontal gas wells. The volumes 

are so high largely because operating horizontal gas wells 

involves injecting millions of gallons of fracking fluid, a portion 

of which returns to the surface in the form of wastewater 

known as “flowback.” The flow of flowback out of the well 

can last for several weeks.174 In 2016, the EPA reported that 

flowback in the Marcellus and Utica shale formations in 

West Virginia175 and other states can total between 300,000 

and one million gallons per well over the first 10 days.176 

In addition, following flowback, huge volumes of naturally 

occurring water from underground formations, known 

as “produced water,” flow out of the wells, potentially 

for years.177 In 2016, EPA reported that five years after a 

typical well was drilled in the Marcellus shale, it would still 

be producing wastewater at a rate of hundreds of gallons 

per day.178 In total, the wastewater, whether flowback 

or produced water, can contain a variety of dangerous 

substances. These may be the chemicals intentionally 

added to the fracking fluid, such as PFAS; naturally occurring 

contaminants in underground formations, such as radium, 

that occurs in significant concentrations in wastewater from 

West Virginia,179 or chemicals that are products of reactions 

that occur in underground formations.180 Intentionally added 

drilling fluids used to drill wells prior to fracking, or naturally 

occurring water encountered during drilling, may also be part 

of the wastewater mix, according to EPA.181

These vast quantities of chemical-laden wastewater are 

sometimes reused to fracture other wells. The majority of oil 

and gas wastewater, however, is disposed of by being forced 

into underground injection wells.182 Whether wastewater is 

disposed of or reused, it often requires transport by truck,183 

with the attendant risk of accidents and spills.184 Over the past 

decade, scientists and regulators have identified several likely 

or potential cases of pollution from oil and gas wastewater in 

West Virginia. These studies raise concerns that if PFAS were 

present in oil and gas wastewater, it could contaminate water 

and perhaps other resources. Unfortunately, there is no 

evidence that wastewater has been tested for PFAS.

 • In a paper published in 2016, scientists from the U.S. 

Geological Survey reported the results of a study of 

contaminants downstream of an underground injection 

well in West Virginia into which oil and gas wastewater 

had been pumped for disposal.185 Underground 

injection into disposal wells is the leading method of 

disposal of oil and gas wastewater.186 Compared with 

background measurements upstream of the facility, the 

researchers found elevated concentrations downstream 

of contaminants including types of chloride, calcium, 

sodium, strontium, and barium. These substances 

are associated with unconventional oil and gas 

wastewater and with naturally occurring water from 

the Appalachian basin that includes the Marcellus and 

Utica shale formations then being drilled for natural 

gas. Sediments downstream were also high in radium, 

which is associated with oil and gas wastewater in West 

Virginia.187 The researchers noted that while they could 

not determine the pathways for contamination, “these 

data provide evidence demonstrating that activities at 

the disposal facility are impacting a nearby stream and 

altering the biogeochemistry of nearby ecosystems.”188

 • In another paper published in 2016, scientists 

shared the results of a study of markers for endocrine 
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disruptors near another West Virginia underground 

injection disposal well for oil and gas waste.189 Endocrine 

disruptors, which include PFAS,190 are chemicals that can 

interfere with the endocrine system.191 The endocrine 

system comprises hormones that control or regulate 

various biological processes, for example, blood sugar 

levels and the functioning of reproductive organs.192 In 

comparison to water samples upstream, the scientists 

found several markers for endocrine-disrupting 

chemicals adjacent to and downstream from the 

disposal well. The scientists concluded that “these data 

raise concerns for human and animal health nearby.”193

• In a paper published in 2015, researchers from Duke 

University, Dartmouth College, and Stanford University 

reported finding elevated levels of iodide, bromide, and 

ammonium in samples of wastewater from fracking 

operations in both the Marcellus shale, located in part 

in West Virginia, and the Fayetteville Shale, located in 

Arkansas. The researchers found elevated levels of 

iodide and ammonium in discharged effluents from oil 

and gas wastewater treatment sites in Pennsylvania 

and in wastewater from an oil and gas wastewater spill 

in West Virginia. The scientists wrote that "Bromide, 

iodide, and ammonium in surface waters can impact 

stream ecosystems and promote the formation of 

toxic brominated-, iodinated-, and nitrogen disinfection 

byproducts during chlorination at downstream drinking 

water treatment plants. Our findings indicate that 

discharge and accidental spills of OGW [oil and gas 

wastewater] to waterways pose risks to both human 

health and the environment."194

Drilling the wells also generates vast quantities of waste 

material, in this case solid waste. Horizontal wells involve 

boring into the earth thousands of feet vertically and 

thousands of additional feet horizontally.195 The West Virginia 

Geological and Economic Survey reported that in 2019 the 

average combined depth and length of 2,758 horizontal wells 

reporting production of natural gas or natural gas liquids 

in the Marcellus shale was 14,131 feet.196 Drilling these 

wells produces tons of rock shards known as “drill cuttings” 

that could be contaminated with human-made or naturally 

occurring toxics.197 These toxics could include PFAS, which 

may be used in drilling as a foaming agent.198

b.  Oil and Gas Waste Can Impact Communities Miles 
from Production Wells

Sites far from oil and gas production wells can also be 

impacted by oil and gas wastes potentially containing PFAS. In 

neighboring Pennsylvania, the state tracks where oil and gas 

wastes from each production well are shipped. The records 

show that these wastes can be transported miles from well 

sites, including to disposal sites in West Virginia. Pennsylvania’s 

records of waste disposal show that the potential for oil and 

gas waste to contain PFAS is not just hypothetical, according to 

an analysis of state records in 2022 by Environmental Health 

News.199 The publication found that eight unconventional 

gas wells in Pennsylvania injected with PTFE produced more 

than 23 million gallons of liquid waste and 30,390 tons of 

solid waste between 2012 and 2022.200 A map, (see next page) 

below, developed for the publication by FracTracker Alliance 

showed that this waste was transported to at least 97 sites for 

reuse or disposal in Pennsylvania, Ohio, and West Virginia.201

West Virginia disposal sites include the towns of:

• Colliers, where J.P. Mascaro & Sons Brooke County 

Landfill received more than 281 tons of drill cuttings 

combined from the Bernard McCulley Was 5H well202 

and Paul Schilinski Was 8H well,203 both fracked in 

Washington County, PA.

• New Martinsville, where Wetzel County Landfill received 

more than 70 tons of fracking fluid waste combined from 

the Fred Jones Was 6H well,204 fracked in Washington 

County, PA. and the Roberts Bea 6H well,205 fracked in 

Beaver County, PA.

• Parkersburg, where the Northwestern Landfill operated 

by Waste Management received more than 70 tons of 

drill cuttings from the Paul Schilinski Was 8H well,206 

fracked in Washington County, PA.
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• St. Mary’s, where the Eureka Station Crosstex Energy 

centralized treatment plant for recycling received more 

than 150,000 gallons of produced fluids and other oil 

and gas wastes from the Bernard McCulley Was 5H 

well,207 Fred Jones Was 6H well,208 and the Paul Schilinski 

Was 8H well,209 all fracked in Washington County, PA.

• Wheeling, where Short Creek Landfill operated by 

American Disposal Services received almost 3,500 tons 

of drill cuttings from the Bernard McCulley Was 5H 

well,210 Fred Jones Was 6H well,211 and Paul Schilinski Was 

8H well,212 all fracked in Washington County, PA.

One or more well pads in West Virginia received for reuse, 

likely in a production well, a combined total of more than 

4.5 million gallons of produced fluids and other oil and gas 

wastes from the Bernard McCulley Was 5H well,213 Fred Jones 

Was 6H well,214 and the Paul Schilinski Was 8H well,215 all 

fracked in Washington County, PA.*

Considering the vast use in Pennsylvania’s oil and gas wells 

of undisclosed chemicals (identified by PSR in 2023216), 

there is a potential that the waste from any oil or gas well 

in Pennsylvania contains PFAS and that communities near 

oil and gas waste disposal sites in West Virginia that accept 

This map, developed by FracTracker Alliance for Environmental Health News, shows destinations for liquid and solid waste from eight 
Pennsylvania oil and gas wells where companies reported using PTFE/Teflon for fracking between 2012 and 2022. Reprinted with permission. 
An interactive map of these sites is available here: https://www.ehn.org/fracking-pennsylvania-pfas-2658837888.html.
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this waste could be at risk of contamination.217 Figure 6 is a 

map from FracTracker Alliance showing the locations of the 

facilities in West Virginia that received oil and gas waste from 

Pennsylvania in 2022. Users can click on a link below the map 

to view an interactive version that enables users to zoom in 

on their communities.

Robert Delaney, a retired geologist and Superfund 

specialist previously with for the Michigan Department 

of Environmental Quality (now called the Michigan 

Department of Environment, Great Lakes, and Energy), 

spoke to Environmental Health News about the shipments 

of waste from Pennsylvania gas wells that had been fracked 

with PTFE. He said that “If there were PFAS in any of those 

waste products, it’s likely that it would have gotten into the 

environment in some of those locations.”218 Delaney spent 36 

years working in natural resource protection for the state of 

Michigan and first warned state officials about the looming 

problem with PFAS in 2012, though unrelated to oil and gas 

extraction.219 Delaney told Environmental Health News,

 The odds are that just as there were spills at the well 

pads, there have been spills and leaks at these disposal 

sites. All these places that accepted the waste didn’t 

know that they were dealing with PFAS. And the things 

you do to treat other chemicals doesn’t work on them…

these chemicals never go away.220

When Environmental Health News first asked the 

Pennsylvania Department of Environmental Protection 

(PADEP) to comment on the use of PFAS in oil and gas 

operations in Pennsylvania, the Department responded that 

“absent a spill or release on the surface or below surface, 

there is no reason to conclude that wellsite fluids (whether 

This map, developed by FracTracker Alliance for Environmental Health News, showing destinations for liquid and solid waste from eight 
Pennsylvania oil and gas wells where companies reported using PTFE/Teflon for fracking between 2012 and 2022. Reprinted with permission. 
An interactive map of these sites is available here: https://www.ehn.org/fracking-pennsylvania-pfas-2658837888.html.

Figure 6. Facilities Accepting Pennsylvania Oil and Gas Waste in 2022 
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including PFAS compounds or not) would have reached 

nearby soils or drinking water.”221 EHN then found evidence 

that there were two spills at one of the wells in 2017 and 

2020, and informed the PADEP.222 In response, PADEP 

spokesperson James Thrasher told the publication,

 Given the time period between the use of the PFAS 

chemicals and the releases, the small amount of the spills, 

that the spills were contained to the gravel of the well 

pad, and that they were remediated quickly, DEP does not 

have current plans to sample for PFAS at this location.223

In his comments to EHN, Thrasher suggested that the 

produced water was unlikely to contain chemicals that were 

used in fracking.224 Delaney, however, suggested to EHN that 

Pennsylvania officials should at least test for PTFE near the 

well sites where the chemical was used and consider testing at 

the locations where waste from these wells was disposed of.225 

Given that PFAS have earned the moniker “forever chemicals” 

due to their persistence in the environment, Delaney’s advice 

may also apply to disposal sites in West Virginia.

c. Abandoned Wells Put Drinking Water at Risk

Due to the state’s long history of oil and gas drilling, dating 

back to 1859,226 West Virginia is riddled with thousands of 

abandoned oil and gas wells that could serve as pollution 

pathways for PFAS or other toxics associated with oil and 

gas extraction or waste disposal.227 Researchers have 

known for decades that oil and gas wells which have ceased 

operating but have not been properly sealed off from the 

surrounding underground rock formations can be conduits 

for oil and gas-related water pollution.228 Fluids associated 

with oil and gas wells can migrate up these abandoned wells 

and contaminate groundwater near the earth’s surface229 

or, potentially, surface water.230 Such fluids could include 

fracking fluid injected into adjacent oil and gas production 

wells,231 or oil and gas wastewater injected into adjacent 

disposal wells.232

Evidence of pollution risks associated with abandoned oil 

and gas wells dates at least to the 1980s and involves a 

fracking operation in West Virginia. In 1987, EPA concluded 

in a report to Congress on oil and gas wastes that fracking 

fluid from a gas production well had contaminated a water 

well in Jackson County owned by a man named James 

Parsons.233 “When fracturing the Kaiser gas well on Mr. 

James Parson’s property, fractures were created allowing 

migration of fracture fluid from the gas well to Mr. Parson’s 

water well,” the agency wrote. “This fracture fluid, along with 

natural gas was present in Mr. Parson’s water, rendering it 

unusable.”234 While EPA did not discuss the precise pathway 

for contaminants from the gas production well to the water 

well, the nonprofit Environmental Working Group reported 

in a 2011 paper that there were four abandoned gas wells on 

Parson’s property that could have served as vertical conduits 

for the fracking fluid.235

In a more contemporary case, in 2022, the Pittsburgh Post-

Gazette reported that a man in New Freeport, PA recounted 

having witnessed “a geyser” of water erupting from the 

location of an abandoned well on his property. He learned 

that a Pennsylvania-based oil and gas company, EQT Corp., 

was simultaneously fracking a horizontal well more than 

a mile away. The next day, EQT notified the Pennsylvania 

Department of Environmental Protection (PADEP) about 

a well communication issue; the term refers to a situation 

in which one well interacts with another. The company, 

however, told the Post-Gazette that it did not know if its 

fracking had caused the geyser. Several neighbors were 

quoted as saying that they thought the apparent well 

communication also impacted their water; one said her son 

took a shower on the day of the incident and later broke 

out in hives.

If this was a case of well communication, it was not an 

isolated incident. Over the previous six years, oil and gas 

companies had reported to the PADEP 45 suspected cases of 

well communication. Most were discovered by operators of 

active shale gas wells adjacent to other active shale gas wells 

that were the apparent source of the communication. The 

operators noticed changes in pressure or other impacts in 

their own wells. In contrast, it is less likely that anyone would 

be monitoring abandoned wells to identify a communication 
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incident.236 Thus, communication with abandoned wells may 

be more common than reports reflect. The result could be 

water or soil contamination entirely unknown to the public, 

whether from PFAS or other toxics.

Compounding these problems is that in West Virginia, 

horizontal gas wells can be located as close as 250 feet from 

a water well, and the center of a well pad can be as close as 

625 feet from an occupied home. Vertical oil and gas wells 

can be as close as 200 feet from a water well or a home.237 

Given this potential for proximity, toxic fluids from a well – 

abandoned or in active production – could pollute well water 

or soil at a residence. And airborne pollutants can easily 

travel such a short distance. In 2021, a criminal grand jury 

convened by Pennsylvania’s Attorney General recommended 

a setback or no-drilling zone of 2,500 feet (about a half-mile) 

from homes and 5,000 feet from schools and hospitals.238 

These distances would be somewhat protective but perhaps 

not protective enough: In 2012, a New York office of the 

U.S. Geological Survey warned that if the type of shale gas 

fracking practiced in West Virginia were allowed in New York, 

fracking could jeopardize water supplies within an area of up 

to five square miles.239 Water protection would then require 

no-drilling setbacks closer to 2.23 miles, not 2,500 feet. 

The risk of pollution through abandoned oil and gas wells 

is multiplied by the presence of injection disposal wells, 

where liquid wastes from oil and gas wells are injected 

underground as a means of disposal – a common practice 

in the oil and gas industry.240 In 1983, the then-existent 

Congressional Office of Technology Assessment reported 

on the “insidious” problem of underground injection of oil 

and gas wastewater. The congressional office had noted 

that such wastewater is typically injected in exactly the 

places where prior drilling has created opportunities for 

the wastewater to migrate through abandoned or closed 

wells into groundwater.241 In 1989, Congress’ investigative 

arm, the General Accounting Office (now the Government 

Accountability Office) reported on almost two dozen 

incidents of drinking water contamination associated with 

wastewater disposal wells.242 Many of these cases involved 

wastewater migrating up abandoned oil and gas wells.243 It 

is not known how much injected wastewater might  

contain PFAS.

Migration into water supplies of oil and gas wastewater 

injected into disposal wells may be even more likely in 

West Virginia because disposal wells in the state are poorly 

regulated, according to a report published by the nonprofit 

Natural Resources Defense Council (NRDC) in 2019.244 NRDC 

reviewed records for 19 injection wells specifically designated 

for the disposal of oil and gas wastewater245 listed in 2015 

in a database maintained by the WVDEP.246 NRDC found 

multiple deficiencies, including that state regulators failed for 

13 of the 19 injection wells to conduct mechanical integrity 

tests every five years as required by state law. Mechanical 

integrity tests are designed to detect leaks in the wells and 

the potential that wastewater could migrate upward into 

underground sources of drinking water through an adjacent 

vertical conduit such as a nearby abandoned well.247

These deficiencies are particularly worrisome in light of 

recent experiences in Ohio, where injection disposal wells 

are common. In January 2021, in Noble County, Ohio, more 

than 1.6 million gallons of what appeared to be fracking 

wastewater flowed for four days from an unplugged oil 

and gas well that had been idle since 2012.248 A nearby 

tributary, Taylor Fork, was impacted by the spill, resulting in 

a fish kill. The cause of the fluid flow was unclear, but there 

were six active fracking wastewater injection wells in Noble 

County, including three within four miles of the leaking oil 

and gas well. Another example occurred in September 2020 

in Washington County, Ohio, when fracking wastewater 

migrated at least five miles from a disposal well to gas-

producing wells, causing state officials to worry about possible 

groundwater contamination.249 In 2023, the Ohio Department 

of Environmental Protection suspended injections at six oil 

and gas wastewater injection wells after concluding that 

wastewater from the wells had migrated up nearby oil and gas 

production wells. These injection wells included two in Noble 

County in January,250 one in Athens County in May,251 and three 

in Athens County in June.252 In each case, the Department 

concluded among other things that if the wells continued 

to operate, “additional impacts may occur in the future 
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and are likely to contaminate the land, surface waters,  

or subsurface waters….”253

d. Spreading Oil and Gas Wastewater on Roads

Another pathway through which PFAS used in oil and gas 

wells could jeopardize West Virginians’ health is through 

the practice of spreading oil and gas wastewater on roads 

for deicing or dust suppression.254 West Virginia allows the 

practice only for “the wintertime application of natural gas 

well brines in order to minimize the formation of bonded 

snow and ice to roadway surfaces by utilizing the melting 

capabilities of salt brine.”255 The state places further 

limitations on this use of brines, including that the brines 

can come only from vertical wells and that concentrations 

of 12 types of chemicals in the brines must be below  

certain levels.256

However, West Virgina’s limitations on spreading oil and gas 

wastewater on roads are insufficient to protect the public. 

There are no limits on PFAS in the wastewater that can be 

spread on roads, and no guarantee that the wastewater 

from vertical wells would lack PFAS. Nor are there limits on 

radium, a radioactive and carcinogenic element that has 

been found in the type of brine used for road-spreading in 

the northeastern U.S. In 2018, scientists wrote in a peer-

reviewed paper that

 analyses of O&G [oil and gas] wastewaters spread on 

roads in the northeastern, (sic) U.S. show that these 

wastewaters have salt, radioactivity, and organic 

contaminant concentrations often many times above 

drinking water standards.…The potential toxicity of 

these wastewaters is a concern as lab experiments 

demonstrated that nearly all of the metals from these 

wastewaters leach from roads after rain events, likely 

reaching ground and surface water… Spreading O&G 

wastewater on roads can harm aquatic life and pose 

health risks to humans.257

There is no indication that the scientists tested for PFAS, 

but if there were PFAS in the wastewater used for road-

spreading, it seems likely that PFAS, which is highly mobile 

in water, could likewise run off of roads and pose health and 

environmental risks.

e. Leachate from Landfills

West Virginians could also be impacted by PFAS when solid 

waste from oil and gas operations is taken to landfills, if the 

waste were tainted with “forever” chemicals from oil and 

gas wells. As noted above, waste from eight Pennsylvania 

unconventional gas wells known to have been injected with 

PFAS was taken to landfills in West Virginia. When rainwater 

percolates through the contents of the landfill and comes in 

contact with buried wastes, it leaches out their chemicals or 

constituents, creating a wastewater known as “leachate.”258 

Should rainwater contact oil and gas waste tainted with 

PFAS and leach out the forever chemicals, that leachate 

could cause contamination if it escaped or was collected and 

disposed of improperly.

One possible example of improper disposal comes 

from Fayette County, Pennsylvania, where in 2019 local 

prosecutors asked the Pennsylvania Attorney General’s 

office to investigate after leachate from a landfill that 

had accepted oil and gas drill cuttings was taken to 

a wastewater treatment plant. That wastewater was 

apparently responsible for the plant’s discharge of treated 

water that exceeded state and federal pollution standards. 

The plant discharged into the Monongahela River, a major 

source of drinking water for Western Pennsylvania.259 It is 

unknown whether PFAS was involved.

A case that did involve PFAS allegations that leachate from 

a landfill in Pennsylvania had contaminated a creek near 

York with PFAS. In 2023, Lower Susquehanna Riverkeeper 

Ted Evgeniadis sued Modern Landfill and its owner Republic 

Services, asking a federal judge to force the company to 

comply with the Clean Water Act and institute penalties for 

alleged violations.260 Evgeniadis asserted in a written complaint 

that the landfill was discharging extremely high levels of 

PFAS into a local creek in violation of the law: discharges with 

levels of PFOS at 374.3 parts per trillion, levels of PFOA at 
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847 parts per trillion, “and 25 other PFAS compounds also 

measured at very high levels.”261 The source of the PFAS in 

the landfill was unspecified. PADEP records show that in April 

2019, Modern Landfill received three tons of produced fluid 

from unconventional gas wells,262 but it is unclear that this 

volume of fluid was accurate because records of oil and gas 

waste shipments and deliveries in Pennsylvania are often 

inconsistent.263 Nor is it clear whether gas-related waste 

contributed to the high PFAS levels near the landfill. In 2015, 

at the direction of the West Virginia legislature, a team of 

researchers led by Marshall University studied the disposal 

in municipal landfills of drilling waste such as rock fragments 

unearthed during the drilling process. The researchers did 

not analyze similar disposal of fracking waste.264 The authors 

found “little concern with regards to the leachate from 

drill cuttings that were placed in approved and permitted 

landfills, once that leachate was processed through a 

correctly operated treatment facility.”265 However, there is no 

indication that the researchers tested any landfill materials 

or leachate for PFAS.

f. Volatilizing, Flaring Could Pollute Air with PFAS

PFAS used in West Virginia’s oil and gas wells could follow 

airborne exposure routes, according to toxicologist David 

Brown, former director of environmental epidemiology 

at the Connecticut Department of Health. Brown has 

investigated health effects associated with unconventional 

gas drilling for the Southwest Pennsylvania Environmental 

Health Project and has expressed concerns about PFAS. He 

told PSR that if PFAS were to enter drinking water, it could 

subsequently volatilize or become airborne inside homes. 

Brown added that PFAS could become airborne outdoors 

when gas is burned off during flaring or venting at the oil 

and gas wellhead.266

Bolstering Brown’s concern, both the EPA and the Interstate 

Technology Regulatory Council say that PFAS can be spread 

through air, though neither source mentions pathways from 

oil and gas operations, perhaps because such pathways 

have only recently come to the public’s attention. On a 

Drill cuttings from shale gas development being dumped at the Wetzel County (W.Va.) Landfill, Nov. 10, 2014. Photo credit: Bill Hughes.
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webpage devoted to “PFAS Analytical Methods Development 

and Sampling Research, EPA includes a heading entitled 

“Source (Air) Emissions” and states that

 There are diverse sources of emissions, including 

chemical manufacturers, commercial applications, 

and thermal treatment incineration processes. EPA is 

developing test methods for measuring PFAS source 

emissions.267

The Interstate Technology Regulatory Council (ITRC), a state-

led environmental coalition that includes members from 

state, federal, tribal, and international agencies as well as 

representatives from academia, the private sector and the 

general public,268 reported that “Under certain conditions, 

particularly within industrial stack emissions, or during 

fire suppression, incineration, or combustion, PFAS can be 

transported through the atmosphere.”269 The ITRC added 

that deposition of PFAS could result in pollution of soil, 

groundwater, or other media:

 Short-range atmospheric transport and deposition can 

result in PFAS contamination in terrestrial and aquatic 

systems near points of significant emissions, impacting 

soil, groundwater, and other media of concern (citation 

omitted). Evidence of releases has been observed in 

areas where hydrologic transport could not plausibly 

explain the presence of PFAS in groundwater, with the 

extent of contamination reaching several miles from 

sources and in distribution patterns independent of 

regional hydrology (citations omitted).270

Where PFAS are used in oil and gas wells, this information 

indicates that nearby residents should be concerned about 

airborne emissions.

The overlook at Grandview, W.Va. New River Gorge National Park and Preserve, July 30, 2023. Photo credit: daveynin.
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“Fenceline” communities – people living close to oil and gas 

operations – often bear a disproportionate risk of exposure 

to toxic chemicals. This may place them particularly at risk 

from PFAS where it is used in oil and gas extraction.

Although drilling and fracking take place in the majority 

of U.S. states, not everyone shares in the risks equally. 

Rather, oil and gas infrastructure and associated chemicals 

are frequently located in or adjacent to lower-income, 

underserved, and marginalized communities. Evidence 

suggests that this disproportionality is the case in West 

Virginia, which has the third-highest poverty rate of the 50 

states, according to a review of Census data by the West 

Virginia Center on Budget & Policy.271 Clark University 

researchers conducted an analysis published in 2015 in 

which they used sophisticated Geographic Information 

Systems (GIS) tools to examine whether vulnerable 

populations were disproportionately exposed to pollution 

from unconventional gas wells in West Virginia, Ohio, and 

Pennsylvania. The researchers found clusters of vulnerable 

populations concentrated near unconventional gas wells 

in all three states, with West Virginia’s disproportionately 

affected populations characterized by higher percentages 

of poverty, elderly population, and lower education level.272 

Where a pattern of risks affects lower-income people and/

or people of color disproportionately, oil and gas production 

methods should be viewed and addressed as an issue of 

Environmental Justice. So too should any oil and gas related 

exposure to PFAS. Extra steps should be taken to inform the 

affected communities, hear their concerns, and work with 

them to remediate the problems.

  Oil & Gas-Related Chemical Exposure as an Environmental 

Justice Issue
Ch. 7
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a.  Federal Protections from PFAS Pollution are Modest

Governments at all levels will have to do more to protect 

West Virginians from PFAS, in large part because EPA has 

taken only modest steps to do so, while Congress and the 

executive branch have exempted the oil and gas industry 

from major provisions of multiple federal environmental 

laws. For example, oil and gas waste is exempted from the 

hazardous waste rules that require cradle-to-grave tracking 

and safe handling of hazardous substances under the 

Resource Conservation and Recovery Act. These exemptions 

increase the burden on state governments to address any 

PFAS pollution associated with oil and gas extraction.273

EPA has taken some steps to protect the public from 

dangerous PFAS. In 2005, EPA reached a then-record 

$16.5 million settlement with chemical manufacturer 

Dupont after accusing the company of violating the federal 

Toxic Substances Control Act (TSCA) by failing to disclose 

information about PFOA’s toxicity and presence in the 

environment.274 In 2006, EPA invited Dupont, 3M and 

six other companies to join a “stewardship” program in 

which the companies promised to achieve a 95 percent 

reduction of emissions of PFOA and related chemicals by 

2010, compared to a year 2000 baseline. The agreement 

also required the companies to eliminate such emissions 

and use of these chemicals by 2015.275 In 2022, EPA said 

on its website that the companies reported that they 

had accomplished those goals, either by exiting the PFAS 

industry or by transitioning to alternative chemicals.276 EPA 

reported in 2022 that the manufacture and use of at least 

one PFAS – PFOA – had been phased out in the U.S., and 

that no chemical company had reported making PFOS in 

the U.S. since 2002. EPA noted that existing stocks of PFOA 

might still be used, and imported products may contain 

some PFOA.277 A 2020 scientific article reported that PFOA 

was still used in Asia.278 EPA stated that limited ongoing uses 

of PFOS remain.279 However, since the announcement of its 

PFAS stewardship program in 2006, EPA has allowed nearly 

unlimited use of closely related “replacement” chemicals 

in dozens of industries.280 In response, in 2015 a group of 

more than 200 scientists raised health and environmental 

concerns that the new PFAS designed to replace PFOA and 

PFOS may not be safer for health or the environment.281

In October 2021, EPA announced a “strategic roadmap” 

for regulating PFAS. This plan encompassed a goal of 

setting federal drinking water standards for several PFAS 

chemicals by 2023, as well as commitments to “use all 

available regulatory and permitting authorities to limit 

emissions and discharges from industrial facilities” and 

“hold polluters accountable.”282 The plan does not, however, 

include an examination of PFAS use in the oil and gas 

industry. (Later that month, 15 members of the U.S. House 

of Representatives asked EPA to examine this topic.283  

The month before, PSR had asked EPA to collect data on 

PFAS use in oil and gas extraction, utilizing its authority 

under TSCA.284)

As previously stated, in June 2022, EPA announced new 

health advisory levels for several types of PFAS and in 

March 2023, EPA announced a plan to regulate six types 

of PFAS in drinking water. Additionally, in August 2022, 

EPA proposed designating PFOA and PFOS as hazardous 

under Superfund.285 And in April 2023, EPA asked for public 

comment on potentially designating seven additional PFAS 

as hazardous under Superfund.286 This designation would 

enable affected parties to more easily hold oil and gas 

companies accountable for cleanup costs if PFOA and PFOS 

were found at oil and gas sites because under Superfund, 

liability does not require negligence, and any potentially 

responsible party (PRP) can be held liable for cleanup of an 

entire site when it is difficult to distinguish contributions 

to pollution among several parties. As EPA writes about 

Superfund, “[i]f a PRP sent some amount of the hazardous 

waste found at the site, that party is liable.”287

In acting belatedly to regulate at least some types of PFAS 

in drinking water, EPA is following behind the leadership 

taken by several states. As of 2023, nine states, but not 

West Virginia, had developed enforceable standards for 

concentrations of several types of PFAS in drinking water.288

  Policy Can Help Protect West Virginians from PFAS in FrackingCh. 8
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b.  West Virginia’s Disclosure Rules: In Need  
of Sweeping Reform

In West Virginia, multiple reforms are needed to protect the 

public from the use of PFAS in oil and gas operations. One 

needed reform is to change the state’s chemical disclosure 

rules to lift the veil of secrecy that oil and gas companies have 

used to conceal the use of potentially dangerous chemicals, 

possibly including PFAS. One initial step should be to establish 

tighter limits on the use of trade secret provisions.

Oil and gas companies have argued that chemical trade 

secrets are necessary to protect their intellectual property 

from competitors. However, this interest does not have to 

mean a complete withholding of information on chemical 

identities from scientists, regulators, and the public. In 2015, 

California, a major oil-producing state,289 began requiring full 

disclosure of chemicals used for well stimulation, including 

fracking. The policy did away with trade secret exemptions 

for the individual chemicals used in fracking products.290 

In June 2022, Colorado, a major producer of oil and gas,291 

followed in California’s footsteps but extended the disclosure 

requirements to all chemicals used in oil and gas wells, not 

just fracking or stimulation chemicals.292

The methodology utilized in California and Colorado is 

consistent with a recommendation issued in 2014 by an 

advisory panel to the U.S. Department of Energy: that 

companies reveal the fracking chemicals injected into 

each well, providing that information in a list in which 

the chemicals are disassociated from the trade name of 

the commercial products they are part of.293 This form of 

disclosure enables the public to know all the chemicals used 

in fracking without disclosing to rival chemical manufacturers 

the exact components of proprietary formulas.294 In a similar 

way, food producers keep recipes secret while disclosing 

individual ingredients, enabling the public to know the 

contents of food products but making it difficult for rival 

producers to recreate valuable food brands.

California and other states have additional provisions in their 

oil and gas chemical disclosure rules that could be models 

for West Virginia. California has a process under which 

state regulators review secrecy requests from chemical 

companies to determine whether the information must 

be kept proprietary.295 Health and safety data related to 

fracking fluids are not allowed to be hidden from public 

view under California law.296 Colorado, in its June 2022 

legislation, required chemical disclosure from chemical 

manufacturers.297 This last reform would address many  

of the gaps seen in the Safety Data Sheets created by 

chemical manufacturers that West Virginia horizontal gas 

well operators are required to disclose as part of well site 

safety plans.

These reasonable and feasible reforms are valuable steps to 

protect the health of people who may be exposed to PFAS 

and other dangerous oil and gas chemicals, be they industry 

workers, residents living near well sites, or first responders 

called to the scene of an accident. They can improve health 

and potentially save lives.

Additional steps to reduce the harms caused by oil and gas 

extraction are outlined in the recommendations section 

of this report. They include a ban on the use of PFAS in oil 

and gas operations, an action that Colorado took in 2022.298 

Among the evidence supporting the feasibility of this 

measure is a peer-reviewed scientific analysis published in 

2021 showing that many PFAS are immediately replaceable 

with less-persistent and less-toxic substances, including for 

use in the oil and gas industry.299

c.  West Virginia’s Hazardous Waste Rules Also  
in Need of Reform

West Virginia’s state government has recognized the dangers 

of PFAS but, in doing so, has illuminated another gap in state 

rules that should be closed to protect the public from PFAS 

use in oil and gas operations: the exemption of oil and gas 

wastes from hazardous waste requirements. Subtitle C of 

the Resource Conservation and Recovery Act (RCRA) is our 

nation’s law that requires safe management of hazardous 

waste from “cradle-to-grave.”300 Yet under both the federal 

RCRA301 and West Virginia’s implementation of the federal 
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law in the Hazardous Waste Management Act,302 oil and gas 

wastes are exempt from hazardous waste requirements.

This exemption allows drilling companies to take solid oil and 

gas waste that might be hazardous to municipal landfills that 

do not accept materials designated as hazardous.303 Similarly, 

the exemption allows oil and gas companies to inject their 

liquid waste underground for disposal into Class II wells 

designated for oil and gas waste. Class II wells have lower 

standards of environmental protection than Class I wells that 

are designated for hazardous waste. For example, operators 

of Class II wells can analyze an area as small as that within 

a quarter-mile radius of the well to ensure that there are no 

adjacent wells that could be conduits allowing the oil and gas 

waste to migrate to the surface.304 For Class I hazardous waste 

injection wells, this area of review is at least two miles.305

West Virginia could act to regulate oil and gas waste as 

hazardous by following the example of New York State, 

which in 2020 enacted legislation to designate oil and gas 

waste as hazardous.306 State Senator Rachel May, one of the 

bill’s sponsors, said in a statement,

 Wastewater from fracking can contain carcinogenic 

compounds and naturally occurring radioactive 

materials. The regulatory loophole that allowed waste 

from fracking and crude oil processing to be treated as 

standard industrial waste means it enters local sewage 

treatment facilities, sometimes with radiation levels 

hundreds of times the safe limit, it then flows directly 

back into our waterways – the source of drinking water 

for thousands of New Yorkers.307

May issued her statement before it was widely known that 

PFAS was used in oil and gas operations, but considering the 

oil and gas industry’s now-documented record of using PFAS, 

the statement could apply to oil and gas wastes in West 

Virginia or other states. Continuing to exempt oil and gas 

wastes from hazardous waste treatment means that where 

PFAS is present in these wastes, it could enter waterways and 

the public drinking water system, with potentially serious 

consequences for West Virginians.
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 RecommendationsCh. 9

In light of the findings shared in this report, PSR recommends 

the following:

• Halt PFAS use in oil and gas extraction. West Virginia 

and the U.S. Environmental Protection Agency (EPA) should 

prohibit PFAS from being used, manufactured or imported 

for oil and gas extraction. Many PFAS are replaceable with 

less-persistent and less-toxic alternatives. In taking this step, 

West Virginia would be following the lead of Colorado, a 

major oil- and gas-producing state that in June 2022 passed 

legislation banning the use of PFAS in oil and gas wells.

• Expand public disclosure. West Virginia should greatly 

expand its requirements for public disclosure of oil and 

gas chemicals. The state could again follow the example 

offered by Colorado by requiring disclosure of all individual 

chemicals used in oil and gas wells, without exceptions for 

trade secrets. This action can be taken while still protecting 

product formulas as trade secrets. West Virginia should 

also require chemical disclosure prior to permitting for all 

oil and gas wells, as do California and Wyoming, and should 

require disclosure on the part of chemical manufacturers, 

as does Colorado. This provision would be critical to enable 

the WVDEP to identify and address sources of PFAS using the 

PFAS Protection Act. Finally, West Virginia should expand the 

disclosure requirements in the PFAS Protection Act to cover 

oil and gas production and waste disposal facilities to the 

extent that they are not already covered.

• Increase testing and tracking. West Virginia and/or the 

U.S. EPA should determine where PFAS have been used 

in oil and gas operations in the state and where related 

wastes have been deposited. They should test nearby 

residents, water, soil, flora, and fauna for PFAS, both 

for the particular type(s) of PFAS used and for organic 

fluorine to detect the presence of other PFAS and/or their 

breakdown products. They should use testing equipment 

sensitive enough to detect PFAS at concentrations below 

proposed or adopted maximum contaminant levels and/

or other relevant regulatory guidelines or recommended 

limits. Such testing and tracking should be made a part of 

the WVDEP’s action plans under the PFAS Protection Act 

for water sources near oil and gas production or waste 

disposal sites.

• Require funding and cleanup. Oil and gas companies and 

the firms that manufacture oil and gas chemicals should 

be required to fund environmental testing for PFAS in their 

areas of operation and, should PFAS be found, be required 

to fund cleanup. If cleanup of water sources is impossible, 

companies responsible for the use of PFAS should pay for 

alternative sources of water for homes, schools, hospitals, 

agriculture and other uses for as long as needed.

• Remove West Virginia’s oil and gas hazardous waste 

exemption. West Virginia exempts oil and gas industry 

wastes from state hazardous waste rules. West Virginia 

should follow New York’s lead and remove its state-level 

hazardous waste exemption for the oil and gas industry.

• Reform West Virginia’s regulations for oil and gas 

production wells and underground injection disposal 

wells. The state should prohibit production wells and 

underground wastewater disposal wells in buffer zones 

near underground sources of drinking water, homes, health 

care facilities and schools. The size of the zones should be 

determined by scientific evidence specific to West Virginia. 

The state should also require groundwater monitoring for 

contaminants near the wells, and for disposal wells, require 

full public disclosure of chemicals in the wastewater.

• Transition to renewable energy and better regulation. 

Given the use of highly toxic chemicals in oil and gas 

extraction, including but not limited to PFAS, as well as 

climate impacts of oil and gas extraction and use, West 

Virginia should transition away from fracking and move 

toward renewable energy and efficiency while providing 

economic support for displaced oil and gas workers. As long 

as drilling and fracking continue, the state should better 

regulate these practices so that West Virginians are not 

exposed to toxic substances and should empower local 

governments also to regulate the industry. When doubt 

exists as to the existence or danger of contamination, 

the rule of thumb should be, “First, do no harm.
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 Appendix

Data Sources for PFAS Used in West Virginia’s Oil  
and Gas Wells

To identify where and in what quantities PFAS and trade 

secret fracking chemicals were used at horizontal gas wells 

in West Virginia, PSR analyzed well-by-well reports of fracking 

chemicals recorded in FracFocus, a database308 maintained 

by the Groundwater Protection Council,309 a nonprofit 

comprised of regulators from state agencies. The dates of 

these records extend from January 1, 2013 to September 29, 

2022. PSR consulted the open-source version of FracFocus, 

Open-FF,310 which is more accurate and informative than the 

original version of FracFocus.311 To determine the weights of 

the fracking chemicals injected into horizontal gas wells, we 

used the methodology detailed in endnote 122.

Under West Virginia law, well operators must disclose 

the fracking chemicals used in horizontal gas wells to the 

FracFocus database.312 Disclosure must occur within 90 days 

after completing the permitted work on a well.313 Based on 

West Virginia’s rules314 and disclosure forms available on 

FracFocus’ website, operators must list, among other things, 

each individual chemical injected into the well and each 

chemical’s CAS number, if available.315 There are, however, 

significant exceptions to disclosure requirements under 

West Virginia’s rules, including an exception for chemicals 

designated a trade secret316 that are discussed in Chapter 4 

and Chapter 8.
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Previously unpublicized information unearthed by Physicians 

for	Social	Responsibility	(PSR)	shows	that	since	at	least	2013,	

oil and gas companies used in New Mexico’s oil and gas wells 

a class of extremely toxic and persistent chemicals known as 

PFAS.	However,	gaps	in	New	Mexico’s	disclosure	rules	prevent	

the public from knowing how widely PFAS – or other toxic 

chemicals	–	have	been	used.	These	findings	raise	concerns	

that New Mexicans may unknowingly be exposed to highly 

hazardous substances that are toxic in minuscule amounts.

PFAS are a class of chemicals known for their toxicity at 

extraordinarily	low	levels,	their	multiple	negative	health	

effects	including	cancer,	and	their	persistence	in	the	

environment,	leading	to	their	nickname,	“forever	chemicals.”	

Using these chemicals may be particularly risky in a state 

where 80 percent of the population depends on groundwater 

for drinking water. Oil and gas production and waste 

disposal operations can contaminate groundwater with 

toxic	chemicals	including	PFAS	–	and,	once	contaminated,	

groundwater	is	particularly	difficult	to	clean	up.

The present report is based on data publicly disclosed by the 

oil and gas industry regarding the use of chemicals in the 

stage	of	oil	and	gas	operations	known	as	hydraulic	fracturing,	

or	fracking.	We	found	that	between	2013	and	2022,	oil	and	

gas	companies	injected	more	than	200	oil	and	gas	wells	in	

six	counties,	in	both	the	Permian	and	San	Juan	Basins,	with	

the	PFAS	known	as	PTFE	(marketed	as	Teflon).	Oil	and	gas	

companies	also	injected	wells	in	Lea	County	in	the	Permian	

Basin	with	the	PFAS	called	fluoroalkyl	alcohol	substituted	

polyethylene glycol.

However, the number of cases of PFAS use we have been 
able to definitively identify in New Mexico oil and gas 
extraction may significantly underrepresent the reality. 
That is in large part because New Mexico law allows 
oil and gas companies to withhold fracking chemical 
identities from the public and regulators by claiming 
them as “trade secrets.”

Between	2013	and	2022,	oil	and	gas	companies	disclosed	

their	use	of	fracking	chemicals	in	9,066	oil	and	gas	wells.	Of	

those	wells,	the	companies	injected	more	than	8,200	(over	

90	percent)	with	at	least	one	trade	secret	chemical	per	well.	

Trade secret chemicals used over this period totaled more 

than	240	million	pounds.	Information	about	these	chemicals	

was	limited,	but	scientific	experts	told	PSR	that	chemicals	

injected	into	two	dozen	wells	in	the	Permian	Basin	were	

PFAS,	may	be	PFAS,	or	are	precursor	chemicals	that	could	

degrade	into	PFAS.	Oil	and	gas	companies	injected	more	

than	3,600	of	the	8,200	wells	with	surfactants	that	could	be	

fluorosurfactants,	a	class	of	chemical	that	include	multiple	

PFAS.	Should	only	a	fraction	of	the	unidentified	chemicals	

used	in	New	Mexico’s	oil	and	gas	wells	be	PFAS,	they	could	

pose	a	significant	threat.	(An	interactive	map	showing	

the	locations	of	wells	injected	with	PFAS	and	trade	secret	

chemicals is https://psr.org/new-mexico-pfas-map/ Users can 

zoom	in	to	identify	wells	near	them.)

By shielding from public view the chemicals injected 
into oil and gas wells, weak disclosure rules raise the 
potential that New Mexicans may be directly exposed, 
or their groundwater and well water may be exposed, 
to PFAS (and other toxic chemicals) from hundreds  
or even thousands of oil and gas wells and waste 
disposal sites.

In	light	of	these	findings,	PSR	recommends	the	following:

• Halt PFAS use in oil and gas extraction. New 

Mexico	should	follow	the	lead	of	Colorado,	a	major	

oil-	and	gas-producing	state	that	in	June	2022	passed	

legislation banning the use of PFAS in oil and gas wells. 

Furthermore,	New	Mexico	and	the	U.S.	Environmental	

Protection	Agency	(EPA)	should	prohibit	PFAS	from	

being	used,	manufactured,	or	imported	for	oil	and	

gas extraction. Many PFAS are replaceable with less-

persistent and less-toxic alternatives. 

• Expand public disclosure. New Mexico should greatly 

expand its requirements for public disclosure of oil 

and gas chemicals. TThe state could again follow the 

example	offered	by	Colorado	by	requiring	disclosure	of	

all	individual	chemicals	used	in	oil	and	gas	wells,	without	
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exceptions	for	trade	secrets,	while	still	protecting	

chemical product formulas. New Mexico should also 

require disclosure on the part of chemical manufacturers 

and	require	chemical	disclosure	prior	to	permitting,	as	

have	California,	West	Virginia,	and	Wyoming.

• Increase testing and tracking. New Mexico and/or 

the U.S. EPA should determine where PFAS have been 

used in oil and gas operations in the state and where 

related wastes have been deposited. They should test 

nearby	residents,	water,	soil,	flora,	and	fauna	for	PFAS,	

both	for	the	particular	type(s)	of	PFAS	used	and	for	

organic	fluorine	to	detect	the	

presence of other PFAS. and/or 

their breakdown products. Testing 

equipment should be used that is 

sensitive enough to detect PFAS 

at a level of single-digit parts per 

trillion or lower. 

• Require funding and cleanup. 

Oil	and	gas	and	chemical	firms	

should be required to fund 

environmental testing for PFAS 

in	their	areas	of	operation,	

and	should	PFAS	be	found,	be	

required	to	fund	cleanup.	If	water	

cleanup	is	impossible,	companies	

responsible for the use of PFAS 

should pay for alternative sources 

of water for household and 

agricultural	uses,	as	needed.

• Remove New Mexico’s oil and gas hazardous waste 
exemption. New Mexico exempts oil and gas industry 

wastes from state hazardous waste rules. New Mexico 

should follow New York’s lead and remove its state-level 

hazardous waste exemption for the oil and gas industry.

• Reform New Mexico’s regulations for oil and 
gas production wells and underground injection 
disposal wells. The state should prohibit production 

wells and underground wastewater disposal wells close 

to	underground	sources	of	drinking	water,	homes,	

health	care	facilities	and	schools,	require	groundwater	

monitoring	for	contaminants	near	the	wells,	and	for	

disposal	wells,	require	full	public	disclosure	of	chemicals	

in the wastewater.

• Transition to renewable energy and better 
regulation. Given the use of highly toxic chemicals in 

oil	and	gas	extraction,	including	but	not	limited	to	PFAS,	

as well as climate impacts of oil and gas extraction and 

use,	New	Mexico	should	transition	away	from	oil	and	

gas production and move toward renewable energy 

and	efficiency	while	providing	economic	support	for	

displaced oil and gas workers. As long as drilling and 

fracking	continue,	the	state	should	better	regulate	these	

practices so that New Mexicans are not exposed to toxic 

substances and should empower local governments 

also to regulate the industry. When doubt exists as to 

the	existence	or	danger	of	contamination,	the	rule	of	

thumb	should	be,	“First,	do	no	harm.”

Ruins	at	Chaco	Culture	National	Historic	Park,	near	Nageezi,	New	Mexico,	Sept.	2009.	 

Photo	Credit:	SkybirdForever,	https://commons.wikimedia.org/wiki/File:Chaco_Canyon_-_

Pueblo_Bonito_kiva_and_ruins.JPG.
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a. PFAS Used in New Mexico Wells

Physicians	for	Social	Responsibility	(PSR)	has	identified	

evidence from publicly reported oil and gas industry 

records	that	a	highly	dangerous	class	of	chemicals,	known	

as	per-	and	polyfluoroalkyl	substances	(PFAS),	has	been	

used in New Mexico’s oil and gas* wells for hydraulic 

fracturing	(“fracking”).	PFAS	are	known	for	their	toxicity	at	

extremely	low	levels,1	their	multiple	negative	health	effects	

including	cancer,2	and	their	persistence	in	the	environment,	

which	has	endowed	them	with	their	nickname,	“forever	

chemicals.”3 Fracking is the stage of oil and gas operations 

that	typically	involves	high-pressure	injections	into	oil	

and	gas	wells	of	up	to	tens	of	millions	of	gallons	of	water,	

sand,	and	chemicals	to	fracture	rock	formations	and	free	

up trapped oil and gas.4**	It	is	possible	that	PFAS	have	

been used in additional stages and methods of oil and gas 

production in New Mexico.

The likely use of PFAS in oil and gas production in New 

Mexico	was	first	exposed	in	2021,	initially	in	a	report	

by PSR5 and subsequently by Public Employees for 

Environmental Responsibility.6	Based	on	fracking	chemical	

disclosures made to the state and to the nongovernmental 

organization	FracFocus,	PSR	is	now	able	to	identify	New	

Mexico	oil	and	gas	wells	definitively	known	to	have	been	

injected	with	PFAS	between	2013	and	2022.	They	include	

227	wells	in	six	counties	that	were	injected	with	PTFE,	also	

known	as	Teflon	and	identified	by	the	U.S.	Environmental	

Protection	Agency	(EPA)	as	a	PFAS.7 Another 34 wells in Lea 

county	were	injected	with	fluoroalkyl	alcohol	substituted	

polyethylene	glycol,	also	identified	as	a	PFAS	by	EPA.8 

(See	chapter	2	for	details	on	these	chemicals.)	In	reaching	

definitive	conclusions	about	these	chemicals,	PSR	relied	 

on	Chemical	Abstracts	Service	(CAS)	numbers	that	are	

unique	numeric	identifiers	assigned	to	chemicals	by	the	

American Chemical Society.9 Scientists consider  

  PFAS: A Manmade Threat to Health and the Environment Used  
in New Mexico’s Oil and Gas Wells

Ch. 1

*	Gas,	the	principal	component	of	which	is	methane,	is	also	known	as	“natural”	gas,	“fossil”	gas	and	“fracked”	gas. 

**	In	this	report,	the	term	“fracking”	is	used	to	discuss	a	particular	stage	in	oil	and/or	gas	production	as	distinct	from	other	stages	or	methods	
of	production	such	as	drilling	that	precedes	fracking.	The	terms	“oil	and	gas	production,”	“oil	and	gas	extraction,”	and	“oil	and	gas	operations”	
cover the entire process of producing oil and/or gas.

This	table	shows	the	types	of	chemicals	that	are	PFAS	or	could	be	PFAS	that	oil	and	gas	companies	injected	for	fracking	into	oil	and	gas	wells	
in	New	Mexico	between	January	1,	2013	and	September	29,	2022.	PFAS	precursors	are	chemicals	that	can	break	down	into	PFAS.	Some	
scientists	believe	that	if	a	chemical	can	break	down	into	a	PFAS,	it	could	or	should	be	considered	a	PFAS.12

Table 1. Disclosed Use in Fracking of PFAS and Possible PFAS in New Mexico Oil and Gas  
Wells, 2013-2022

Chemical Name Chemical Abstracts Service 
(CAS) Number PFAS or PFAS Precursor? Source of Determination as 

PFAS or PFAS Precursor

PTFE/Teflon 9002-84-0 PFAS Identified as PFAS on EPA’s Master 
List of PFAS

Fluoroalkyl alcohol 
substituted 
polyethylene glycol

65545-80-4 PFAS Identified as PFAS on EPA’s Master 
List of PFAS

Nonionic 
fluorosurfactant

Unknown (identity withheld as a 
trade secret) Could be PFAS or PFAS precursor.

Some chemical experts identify 
nonionic fluorosurfactants as PFAS 
or PFAS precursors, others as likely 
to be PFAS or possibly PFAS.

Trade secret 
surfactants

Unknown (identity withheld as a 
trade secret)

Could include fluorosurfactants that 
are PFAS or PFAS precursors. 

No determination possible where 
chemical identity is withheld.

Trade secret 
chemicals

Unknown (identity withheld as a 
trade secret)

Could include PFAS or PFAS 
precursors.

No determination possible where 
chemical identity is withheld.
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CAS numbers the best way to identify chemicals because 

chemicals can have multiple names or trade names but only 

one CAS number.10

In	addition,	PSR	found	that	oil	and	gas	companies	injected	

24	wells	in	Eddy	and	Lea	Counties	with	unspecified	

nonionic	fluorosurfactants	that	could	be	PFAS	or	precursors	

(chemicals	that	could	degrade	into	PFAS),	according	to	three	

chemists	and	a	board-certified	toxicologist	who	reviewed	the	

fluorosurfactants’	names.11

The	wells	injected	with	PFAS	or	possible	PFAS	may	

significantly	underrepresent	the	extent	of	PFAS	use	in	the	

state’s	oil	and	gas	wells,	due	to	gaps	in	chemical	disclosure	

This	map	shows	the	location	of	oil	and	gas	wells	in	New	Mexico	known	to	have	been	fracked	between	January	1,	2013	and	September	29,	
2022	using	PTFE/Teflon	(a	known	PFAS),	fluoroalkyl	alcohol	substituted	polyethylene	glycol	(a	known	PFAS),	fluorosurfactants	that	may	 
be	PFAS	or	PFAS	precursors,	trade	secret	chemicals,	and/or	trade	secret	surfactants.	An	interactive	version	of	the	map	is	available	at 
https://psr.org/new-mexico-pfas-map/.	Users	can	zoom	in	to	identify	wells	near	them.	For	a	more	detailed	explanation	of	data	sources,	 
see the Appendix.

New Mexico Oil & Gas Wells Fracked with PFAS and Possible PFAS, Including Trade Secret 
Chemicals, 2013-2022
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rules,	including	those	that	allow	oil	and	gas	companies	to	

conceal	from	the	public	as	trade	secrets	the	specific	identities	

of chemicals they use in fracking. PSR’s review of fracking 
chemical disclosure in New Mexico found that oil and gas 
companies disclosed that they used fracking chemicals 
between 2013 and 2022 in 9,066 oil and gas wells. Of those 
wells, the companies injected more than 90 percent with 
at least one trade secret chemical and more than 40 
percent with at least one trade secret surfactant. Some of 
these trade secret chemicals could be PFAS.

The use of these chemicals is particularly alarming as New 

Mexico’s oil production has increased seven-fold in roughly a 

decade,	from	about	65.5	million	barrels	in	2010	to	more	than	

457	million	barrels	in	2021,13 and gas production has roughly 

doubled from about a trillion cubic feet in 2013 to more than 

two trillion cubic feet in 2021.14	While	these	increases,	driven	

largely	by	production	in	the	Permian	Basin,15 mean more 

revenue	for	the	state,16 they also mean more wells being 

drilled	and	fractured,	more	greenhouse	gas	emissions,17 and 

more opportunities for drilling companies to use PFAS or 

other toxic chemicals.

b.  Manmade and Dangerous: PFAS’s History and  
Health Effects

PFAS are a class of thousands of synthetic chemicals 

manufactured to have properties that are valuable in 

multiple	industrial	contexts,	including	being	slippery,	oil-	and	

water-repellant,	and	able	to	serve	as	dispersants	or	foaming	

agents.18	PFAS	have	been	called	“perfluorinated	chemicals”	

and	“polyfluorinated	compounds,”	or	PFCs,	though	the	term	

currently preferred by EPA is PFAS.19

The	first	PFAS	to	be	sold	commercially	was	created	by	a	

chemist	at	Dupont	and	was	patented	as	Teflon.	Since	1949,	

it	has	been	used	in	thousands	of	products,	from	nonstick	

cookware	to	waterproof	clothing	to	plastics	to	dental	floss.20 

Other	PFAS	chemicals,	the	most	prominent	of	which	are	

known	as	PFOA	and	PFOS,	were	used	in	food	packaging,	

fire-fighting	foam,	and	in	3M’s	widely	used	fabric	protector,	

Scotchgard.21 EPA reported in 2021 that about 650 types of 

PFAS remained in commerce.22 Weak chemical disclosure 

laws	make	it	difficult	for	the	Agency	to	identify	which	PFAS	

chemicals	are	used,	and	where.

Between	the	1960s	and	1990s,	researchers	inside	Dupont	

and 3M became aware that at least some of the PFAS they 

were	manufacturing	or	using,	particularly	PFOA	and	PFOS,	

were associated with health problems including cancers and 

birth	defects,	had	accumulated	in	people	worldwide,	and	

persisted in the environment.23

Many	of	these	facts,	kept	internal	by	the	companies,	came	

to	light	after	attorney	Rob	Bilott	filed	lawsuits	in	1999	and	

2001 accusing Dupont of causing pollution in and around 

Parkersburg,	West	Virginia	with	PFOA,	a	type	of	PFAS	then	

used	in	making	PTFE	(Teflon).24	In	December	2011,	as	part	

of	Dupont’s	settlement	of	the	2001	lawsuit,	a	team	of	

epidemiologists	completed	a	study	of	the	blood	of	70,000	

West Virginians and found a probable link between PFOA 

and	kidney	cancer,	testicular	cancer,	thyroid	disease	(over-	

or	under-production	of	hormones	by	the	thyroid	gland),	

high	cholesterol,	pre-eclampsia	(a	potentially	dangerous	

complication during pregnancy characterized by high blood 

pressure	and	signs	of	damage	to	other	organ	systems,	 

most	often	the	liver	and	kidneys),	and	ulcerative	colitis	

(a	disease	causing	inflammation	and	ulcers	in	the	large	

intestine	or	colon).25

Current	peer-reviewed	scientific	research	on	PFAS	suggests	

that exposure to certain levels of some PFAS may lead 

to	adverse	health	outcomes.	Research	findings	differ,	as	

different	studies	have	examined	different	PFAS	chemicals,	

different	types	or	levels	of	exposure,	or	different	exposed	

populations.	However,	some	findings	are	more	widely	

endorsed;	for	example,	the	U.S.	Environmental	Protection	

Agency	(EPA)26 and the Center for Disease Control and 

Prevention’s Agency for Toxic Substances and Disease 

Registry	(ATSDR)27 agree that exposure to high levels of 

certain PFAS may lead to increased risk of high blood 

pressure	in	pregnant	women;	low	birth	weight	in	babies;	
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Exposure	to	PFAS	chemicals	can	result	in	a	variety	of	serious	health	effects	including	those	indicated	above.Source:	U.S.	Environmental	
Protection	Agency,	Agency	for	Toxic	Substances	and	Disease	Registry.	Graphic	by	Astra	Robles

POTENTIAL HEALTH EFFECTS OF PFAS EXPOSURE

increased	risk	of	kidney	or	testicular	cancer;	decreased	

vaccine	response,	and	increased	cholesterol	levels.	Research	

is	ongoing	to	determine	the	health	effects	of	different	levels	

of	exposure	to	different	PFAS,	including	the	health	effects	of	

long-term,	low-level	PFAS	exposure,	especially	in	children.	

See graphic above.

PFAS	are	not	only	highly	toxic;	they	also	demonstrate	

extreme persistence in the environment. PFAS’ nickname 

“forever	chemicals”	reflects	their	chemistry	–	created	by	

chemical manufacturers – that features a bond between 

fluorine	and	carbon	atoms	that	is	among	the	strongest	in	

chemistry and rarely if ever exists in nature. The result: 

chemicals that are extremely resistant to breaking down.28 

PFAS	are	also	extremely	mobile	in	water,29 making them 

able to spread through the environment via groundwater 

or	surface	water.	Another	risk,	discussed	in	Chapter	5,	is	

that	PFAS	could	compound	the	health	effects	from	other	

dangerous chemicals associated with oil and gas production.

c. EPA Recognizes Risks of PFAS

EPA	has	been	slow	to	regulate	PFAS,	but	the	agency	has	

taken	actions,	particularly	in	recent	years,	that	recognize	
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PFAS’s	extraordinary	risks.	In	June	2022,	reflecting	growing	

public	concern	about	PFAS,	EPA	significantly	lowered	its	

non-binding health advisory level for PFOA and PFOS in 

drinking	water.	Previously,	EPA	had	set	the	combined	health	

advisory level for these chemicals at 70 parts per trillion.30 

“The new published peer-reviewed data and draft EPA 
analyses…” EPA wrote in June 2022, “indicate that the 
levels at which negative health outcomes could occur 
are much lower than previously understood.”31 EPA set its 

new interim health advisory level for PFOA in drinking water 

to 0.004 parts per trillion and its interim health advisory level 

for PFOS to 0.02 parts per trillion.32	EPA	also	set	new	final	

health advisory levels for two other PFAS known as GenX 

and	PFBS	at	10	parts	per	trillion	and	2,000	parts	per	trillion,	

respectively.33 EPA said that its interim health advisory levels 

were intended to provide guidance until enforceable drinking 

water	regulations	for	PFAS	take	effect.34

EPA then in March 2023 released proposed standards for 

levels of six PFAS in drinking water. These included a level of 

four parts per trillion for both PFOA and PFOS. EPA explained 

in	an	email,	sent	in	response	to	a	question	from	PSR,	the	

difference	between	the	health	advisory	levels	and	the	

proposed drinking water standards:

	 Health	advisories	reflect	EPA’s	assessment	of	health	risks	

of a contaminant based on the best available science 

and provide advice and information on actions that 

water systems may take to address contamination for 

these and other PFAS.35

Besides	focusing	on	possible	health	effects,	health	advisories	

differ	from	rules	in	that	they	do	not	take	into	account	

whether a particular level of protection can be achieved or 

at what cost.36	In	this	respect	they	resemble	EPA’s	proposed	

Maximum	Contaminant	Level	Goal,	which	for	PFOA	and	PFOS	

is zero in drinking water.

EPA’s interim health advisory levels mean that the toxicity of 

PFOA is almost beyond comprehension. According to EPA’s 

advisory	levels,	one	tablespoon	of	PFOA	would	be	enough	

to	contaminate	1.75	trillion	gallons	of	water,37 which is more 

than	twice	the	total	storage	capacity	of	Elephant	Butte	

Reservoir	(720	billion	gallons),38 which forms New Mexico’s 

largest lake on the Rio Grande River in the southwestern part 

of the state.39 (Current levels in the lake are far below total 

storage capacity due to drought.40)	EPA’s	new	health	advisory	

levels further show that PFOS is similarly extraordinarily 

toxic.	In	March	2023,	EPA	proposed	drinking	water	

regulations that would limit the amount of PFOA and PFOS 

in drinking water to four parts per trillion. The agency also 

proposed that drinking water providers limit the combined 

levels	of	four	other	types	of	PFAS:	PFNA,	PFHxS,	PFBS,	and/

or	GenX	Chemicals.	The	agency	said	that	it	expects	to	finalize	

the rule by the end of 2023.41

Several experts told PSR that because of the extreme potency 

of certain types of PFAS and the fact that chemical makers 

have	created	thousands	of	these	forever	chemicals,	they	

would recommend particular testing methods to detect PFAS 

in	the	environment.	The	scientists	are	Linda	Birnbaum,	Ph.D.,	

D.A.B.T.,	A.T.S.,	a	board-certified	toxicologist	and	former	

director	of	the	National	Institute	of	Environmental	Health	

Sciences;42	Zacariah	Hildenbrand	Ph.D.,	research	professor	

in	Chemistry	and	Biochemistry	at	the	University	of	Texas	

at	El	Paso;43	Kevin	Schug	Ph.D.,	Shimadzu	Distinguished	

Professor of Analytical Chemistry at the University of Texas 

at	Arlington,44	and	Wilma	Subra,	holder	of	a	master’s	degree	

in	chemistry	and	recipient	of	a	John	D.	and	Catherine	T.	

MacArthur Foundation “Genius” grant for her work helping 

to protect communities from toxic pollution.45 All were in 

agreement in recommending the use of testing equipment 

that can detect PFAS in concentrations at least as low as 

single-digit parts per trillion. They further recommended 

testing	for	total	organic	fluorine	in	addition	to	testing	for	

specific	types	of	PFAS.	Total	organic	fluorine	is	a	marker	that	

would	indicate	the	presence	of	PFAS	even	if	a	specific	PFAS	

were	not	tested	for.	Testing	for	specific	PFAS	only	might	fail	

to detect other forms of PFAS present in the sample.

d. PFAS Already Present in New Mexico’s Environment

Evidence has mounted over the years of cases of PFAS 

pollution	from	a	variety	of	sources,	including	in	New	Mexico.	
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In	2018,	the	U.S.	Air	Force	reported	that	PFAS	had	been	

detected in groundwater below Cannon Air Force base 

in Clovis and beneath Holloman Air Force base outside 

Alamogordo.46

At	Cannon	Air	Force	base,	the	levels	were	as	high	as	26,200	

parts per trillion in groundwater for combined PFOA and 

PFOS.47	At	Holloman	Air	Force	base,	the	levels	reached	as	high	

as	1,294,000	parts	per	trillion	for	combined	PFOA	and	PFOS.48 

(As	noted	above,	EPA’s	health	advisory	levels	for	PFOA	and	

PFOS in drinking water are 0.004 parts per trillion and 0.02 

parts	per	trillion,	respectively.)	In	both	cases,	the	pollution	

was	linked	to	the	use	of	firefighting	foam	that	contained	

PFAS.49	It	is	unclear	whether	both	PFOA	and	PFOS	were	in	the	

foam.	The	Interstate	Technology	Regulatory	Council	reports	

that	firefighting	foam	used	between	the	1960s	and	2002	can	

contain both types of PFAS as well as precursors that may 

degrade into PFOA.50 The pollution near Cannon Air Force 

Base	devastated	a	local	dairy	farm.	Because	of	the	pollution,	

farmer Art Schaap told the Albuquerque 

Journal	in	2022	that	since	he	learned	of	the	PFAS	

contamination	in	his	water	in	2018,	he	had	been	unable	

to sell his cow’s milk or meat. He was forced to euthanize 

thousands	of	cows,	and	he	and	the	state	must	determine	how	

to safely dispose of the PFAS-tainted carcasses so that the 

persistent	pollutants	do	not	cause	further	contamination.	“I’ve	

lost	so	much	money,	I	don’t	know	if	I	can	restart,”	Schaap	told	

the	Journal.51

The state Environment Department began a water sampling 

effort	in	mid-2020	with	support	from	the	U.S.	Geological	

Survey	to	determine	levels	of	PFAS	around	the	state,	and	the	

concentrations discovered showed some cause for concern.52 

The	sampling,	which	ran	from	August	2020	to	November	

2021,	focused	on	ground	and	surface	water	supplies	in	

19 New Mexico counties.53	In	a	news	release	published	in	

January	2021,	the	Department	reported	that	“To	date,	the	

data	from	this	effort	does	not	indicate	any	imminent	public	

health threats….None of the results received so far show 

levels of PFOS or PFOA at or above the [EPA’s] Lifetime Health 

Advisory.”	However,	that	health	advisory	of	70	parts	per	

trillion of combined PFOA and PFOS is now outdated. Under 

EPA’s	June	2022	interim	health	advisory	levels	for	PFOA	and	

PFOS,	multiple	samples	of	water	in	New	Mexico’s	sampling	

for	PFAS	have	levels	that	are	now	judged	unsafe.	They	range	

from	145	times	to	9,000	times	EPA’s	interim	health	advisory	

levels	for	PFOA	and	PFOS,	including:

• 2.9 parts per trillion of PFOS in the Melrose water  

system in Curry County (145 times EPA’s interim  

health	advisory	level);

• 8 parts per trillion of PFOA in the Alamogordo Domestic 

Water	System/Golf	Course	Well	in	Otero	County	(2,000	

times	EPA’s	interim	health	advisory	level),	and

• 36 parts per trillion of PFOA in spring 10 of the 

Cloudcroft	Water	System	in	Otero	County	(9,000	times	

EPA’s	interim	health	advisory	level).

“If,	during	the	study,	levels	of	PFOS	and	PFOA	are	detected	

in drinking water resources above the Lifetime Health 

Advisory,”	the	department	wrote,	“NMED	will	work	with	

public	water	systems	to	identify	the	best	mitigation	options,	

if	requested.”	It	is	unclear	if	the	department	will	take	the	

same steps if the levels detected are above EPA’s much more 

protective interim health advisory levels. The department has 

said on a separate website that “PFAS contamination in New 

Mexico is one of the New Mexico Environment Department’s 

top	priorities,	as	is	the	protection	of	human	health	and	

the environment.”54 The Department added that in the 

absence	of	federal	drinking	water	standards	for	PFAS,	it	was	

considering developing standards of its own.55

e.  Oil and Gas Operations Provide Many Potential 
Routes of Exposure to PFAS

Oil and gas operations in New Mexico deserve scrutiny as a 

possible additional source of PFAS contamination due to the 

now-documented use of PFAS in the state’s oil and gas wells 

and the potential that people could be exposed to PFAS via 

multiple pathways.
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EPA in its 2016 national report on fracking and drinking water 

found that fracking-related pollution could follow a number 

of pathways that could impact surface- and groundwater. 

The agency cited the following possible pathways to 

exposure:

•	 spills	of	fracking	fluid	that	seep	into	groundwater;

•	 injection	of	fracking	fluid	into	wells	with	cracks	in	 

the	casing	or	cement,	allowing	the	fluid	to	migrate	 

into	aquifers;

•	 injection	of	fracking	fluids	directly	into	groundwater;

•	 underground	migration	of	fracking	fluids	through	

fracking-related	or	natural	fractures;

•	 intersection	of	fracking	fluid	with	nearby	oil	and	 

gas	wells,

• spills of wastewater after the fracking process is 

completed,	and

• inadequate treatment and discharge of fracking 

wastewater to surface water supplies.56

PFAS used in oil and gas extraction could pollute water 
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through	any	of	these	pathways,	plus	other	routes	

discussed in more detail in Chapter 5 including through 

airborne releases and disposal of oil and gas wastewater 

in	underground	injection	wells,	a	pathway	that	EPA	did	not	

examine in its 2016 report.57

PFAS contamination could further reduce available water 

supplies. EPA reported in 2013 that “about 87 percent of 

New Mexico’s public water supply comes from groundwater. 

No other southwestern state gets such a large percentage 

of its domestic water from groundwater sources.”58 A 

representative	of	the	federal	Bureau	of	Reclamation	told	

the Carlsbad Current-Argus in 2021 that in the Pecos River 

Basin	in	southeastern	New	Mexico,	80	percent	of	water	was	

consumed	by	agricultural	interests	for	irrigation,	and	64	

percent of that water came from groundwater. Much of the 

Pecos	Basin	overlaps	with	the	heavily	drilled	Permian	Basin.59 

The EPA stated in 2015 that “because groundwater usually 

moves	slowly,	contaminants	generally	undergo	less	dilution	

than when in surface water.”60 The agency added that 

	 [b]ecause	ground	water	generally	moves	slowly,	

contamination often remains undetected for long 

periods of time. This makes cleanup of a contaminated 

water	supply	difficult,	if	not	impossible.	If	a	cleanup	is	

undertaken,	it	can	cost	thousands	to	millions	of	dollars.61

Furthermore,	water	supplies	are	expected	to	shrink	in	future	

years	as	the	climate	heats	up,	making	clean	water	supplies	

even	more	important.	The	Bureau	of	Reclamation	forecast	

that	in	coming	years,	farmers	in	the	basin	will	encounter	

higher temperatures and scarcer water.62 PFAS contaminate 

could further reduce available water supplies.

f.  PFAS: Among Many Dangerous Chemicals Used  
in Fracking

When	used	in	oil	and	gas	operations,	PFAS	may	add	to	the	

cumulative human exposure to a host of toxic substances. 

In	the	fracturing	stage	of	oil	and	gas	production,	chemicals	

serve a variety of purposes including killing bacteria inside 

the	wellbore,	reducing	friction	during	high-pressure	fracking,	

and	thickening	the	fluid	so	that	the	sand,	suspended	in	the	

gelled	fluid,	can	travel	farther	into	underground	formations.63 

In	its	2016	study	of	fracking	and	drinking	water,	the	EPA	

identified	1,606	chemicals	used	in	fracking	fluid	and/or	found	

in fracking wastewater. While the agency found high-quality 

information	on	health	effects	for	only	about	10	percent	

(173)	of	these	chemicals,	that	information	was	troubling.	

EPA	found	that	health	effects	associated	with	chronic	

oral	exposure	to	these	chemicals	include	carcinogenicity,	

neurotoxicity,	immune	system	effects,	changes	in	body	

weight,	changes	in	blood	chemistry,	liver	and	kidney	toxicity,	

and reproductive and developmental toxicity.64

Chemicals used in the drilling stage that precedes 

actual	fracturing	can	also	pose	health	risks,	including	

developmental	toxicity	and	the	formation	of	tumors,	

according to EPA regulators.65	A	disclosure	form	filed	with	

the	state	of	Ohio,	one	of	only	two	states	to	require	public	

disclosure	of	drilling	chemicals	(Colorado	is	the	other),66 

shows	that	Statoil,	Norway’s	state	oil	company	(since	

renamed	Equinor),	has	used	the	neurotoxic	chemical	xylene	

in drilling.67	In	short,	when	chemicals	used	in	drilling,	fracking	

or other stages and methods of oil and gas operations 

come	into	contact	with	people	or	the	environment,	they	can	

produce	serious	negative	health	effects.68
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 PFAS Used in New Mexico’s Oil and Gas Wells: A Deeper LookCh. 2

a. PTFE (Teflon), a PFAS Fluoropolymer

One of the types of PFAS used for fracking in New Mexico’s 

oil	and	gas	wells	between	2013	and	2022	was	PTFE,	

commonly	known	as	Teflon.

PTFE	is	a	fluoropolymer,	a	type	of	plastic.69 Scientists’70 

and environmentalists'71	major	concerns	about	PTFE	and	

other	fluoropolymers	are	related	less	to	these	substances	

themselves,	but	rather	to	the	associated	impacts	of	their	

production,	use,	and	disposal.	The	production	of	PTFE	and	

other	fluoropolymers	relies	on	the	use	of	other,	highly	

toxic PFAS that are used as production aids. As noted in a 

peer-reviewed	study	published	in	2020,	these	other	PFAS	

have	included	fluorosurfactants	such	as	PFOA,	whose	risks	

are	discussed	in	the	previous	chapter,	and	GenX,	which	is	

similarly	harmful	and	has	replaced	PFOA	in	fluoropolymer	

production.72	PTFE	and	other	fluoropolymers	may	contain	

these	more	toxic	PFAS	fragments,	and	those	fragments	may	

leach out of the PTFE during use.73 The authors of the 2020 

paper noted that

	 The	levels	of	leachables…in	individual	fluoropolymer	

substances and products depend on the production 

process	and	subsequent	treatment	processes;	a	

comprehensive global overview is currently lacking.74

In	addition,	PTFE	may	generate	other	PFAS	if	the	PTFE	breaks	

down under heat.75

The 2020 paper authors noted that the persistence in 

the	environment	of	PTFE	and	other	fluoropolymers	could	

pose	problems	during	disposal,	observing	that	“Landfilling	

of	fluoropolymers	leads	to	contamination	of	leachates	

with PFAS and can contribute to release of plastics and 

microplastics.76 One of the authors added in an email to PSR 

that if PTFE were used in oil and gas wells that have especially 

high	temperatures,	defined	in	publications	by	oilfield	services	

company,	Schlumberger,	as	300º-350º	F	or	higher	for	so-

called	“high-pressure,	high-temperature	wells,”77 the PTFE 

could undergo a process called “thermolysis” and generate 

toxic	PFAS	called	perfluoroalkyl	carboxylic	acids	(PFCAs).	As	

a	result,	he	wrote,	“there	could	be	some	additional	problems	

that need some investigation.”78 A representative from New 

Mexico’s Oil Conservation Division said that wells with the 

characteristics described by Schlumberger “would be atypical 

for any oil or gas producing wells in New Mexico.” He added 

that the Oil Conservation Division does not track pressures 

or	temperatures	inside	oil	and	gas	wells,	though	operators	

sometimes report downhole pressures during initial 

production testing or “may report the temperatures in the 

well logs.”79 These data are publicly accessible online.80

In	2021,	a	coalition	of	national	environmental	organizations	

including	the	Center	for	Environmental	Health,	Clean	Water	

Action,	Ecology	Center,	Environmental	Working	Group,	

Natural	Resources	Defense	Council,	Safer	States,	and	

the Sierra Club voiced several environmental and health 

concerns	regarding	the	risks	of	fluoropolymers	such	as	

Table 2. Disclosed Use in Fracking of PTFE in New Mexico Oil and Gas Wells, 2013-2022

County Name Number of wells injected with PTFE Mass of PTFE (lbs.)84

Eddy 113 2028

Harding 14 2 

Lea 74 557

Rio Arriba 2 2 

San Juan 18) 10

Sandoval 6 6

Total 227 2605

This	table	shows	by	county	the	number	of	New	Mexico	wells	in	which	oil	and	gas	companies	injected	PTFE	for	fracking	between	2013	and	
2022.	For	a	more	detailed	explanation	of	data	sources,	see	the	Appendix.
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PTFE,	based	on	their	review	of	multiple	scientific	articles.	The	

groups	also	noted	that	fluoropolymers	are	manufactured	

with	chemicals	that	have	an	outsized	negative	effect	on	

climate change.81

Public	records	make	it	difficult	to	know	for	what	purpose	

PTFE	was	used.	In	most	cases,	either	no	purpose	or	various	

purposes	were	listed	for	chemical	products,	but	the	individual	

chemical components of these products were listed in a 

separate	portion	of	the	disclosure	form,	making	it	impossible	

to know which components are part of which product.82 

However,	PTFE,	which	is	marketed	as	Teflon,	is	known	for	its	

slipperiness,	suggesting	it	might	have	been	used	as	a	friction	

reducer,	a	common	purpose	for	fracking	chemicals.83

Oil and gas companies that have disclosed using PTFE for 

fracking	in	New	Mexico	(Table	3)	include	ExxonMobil	Corp.,	

the	nation’s	largest	publicly	traded	oil	and	gas	company;85 

and Devon Energy Corp.86	and	Occidental	Petroleum	Corp.,87 

both	major	producers	in	the	Permian	Basin.

Disclosure	gaps	in	New	Mexico	law,	discussed	below,	may	

prevent scientists and the public from knowing the extent 

of the use of PTFE and other PFAS in the state’s oil and gas 

operations.

b. Fluoroalkyl Alcohol Substituted Polyethylene Glycol

The other type of PFAS disclosed as being used for fracking 

in New Mexico’s oil and gas wells between 2013 and 2022 

was	fluoroalkyl	alcohol	substituted	polyethylene	glycol.	

EOG	Resources,	a	major	oil	producer	in	the	Permian	and	

San	Juan	Basins,88	injected	34	wells,	all	in	Lea	County,	with	

a	total	of	6,400	pounds	of	this	chemical.	Fluoroalkyl	alcohol	

Table 3. Oil and Gas Companies that Fracked Wells in New Mexico Using PTFE, 2013-2022

Well Operator Number of wells injected with PTFE Total mass of PTFE (lbs.)

Devon Energy Production Company L. P. 60 456
Occidental Oil and Gas 45 354
Matador Production Company 23 204
Yates Petroleum Co. 22 No data available
Cimarex Energy Co. 13 134
Encana Oil & Gas Inc. 12 20
Whiting Petroleum 10 1
WPX Energy 9 No data available
XTO Energy/ExxonMobil 7 1286
BreitBurn Operating LP 6 2
ConocoPhillips Company/Burlington Resources 4 30
Energen Resources Corp. 3 No data available
COG Operating LLC 2 10
Dugan Production Corp. 2 No data available
Kaiser-Francis Oil Company 2 No data available
BOPCO, L.P. 1 No data available
DGP Energy 1 14
Mewbourne Oil Co. 1 No data available
Murchison Oil and Gas Co. 1 7
Oxy USA Inc. 1 No data available
Tap Rock Resources 1 90
V-F Petroleum Inc. 1 No data available

This table shows the oil and gas companies that fracked oil and gas wells in New Mexico with PTFE between 2013 and 2022. For a more 
detailed	explanation	of	data	sources,	see	the	Appendix.
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substituted polyethylene glycol is listed on EPA’s Master List 

of	PFAS	Substances	under	a	different	name.89 PSR was able 

to	identify	it	there	using	its	CAS	number	of	65545-80-4,	which	

appears in the FracFocus records.90	Its	purpose	as	declared	

in	FracFocus	is	“oil	field	surfactant,”	suggesting	that	it	could	

be	a	fluorosurfactant,91 a type of chemical discussed in more 

detail in Chapter 3.

Limited toxicological data is available about chemical 

65545-80-4,	but	according	to	data	on	the	website	of	the	

National	Library	of	Medicine’s	ChemIDplus,	at	high	doses,	

the	chemical	is	associated	with	convulsions	or	effects	on	

the	threshold	for	seizures;	dyspnea,	or	shortness	of	breath;	

and muscle weakness.92 A safety data sheet for the chemical 

published by its manufacturer says little about human health 

effects.	“To	the	best	of	our	knowledge,”	the	safety	data	sheet	

says,	referencing	the	substance	using	a	trade	name	Zonyl®	

FSO-100,	“the	chemical,	physical,	and	toxicological	properties	

have not been thoroughly investigated.”

Regarding	impacts	to	the	environment,	the	safety	data	

sheet	says,	“Toxic	to	aquatic	life	with	long	lasting	effects…

Avoid release to the environment…Collect spillage…Dispose 

of contents/ container to an approved waste disposal 

plant.”93	A	message	on	the	website	of	ChemPoint,	a	chemical	

distributor,	suggests	that	this	chemical	was	phased	out	due	

to concerns that it could break down into PFOA or PFOS. A 

message	apparently	from	Chemours,	a	company	spun	off	

from	Dupont,	says

	 Zonyl®	fluorosurfactant	and	repellent	grades	were	

discontinued	between	2009	and	2014.	Capstone®	

fluorosurfactants	[a	new	type	of	fluorosurfactant]	and	

repellents were introduced as sustainable replacements 

that meet the goals of the U.S. EPA 2010/15 PFOA 

Stewardship Program. They are based on short-chain 

molecules that cannot break down to PFOA or PFOS in 

the environment.”94

However,	as	is	discussed	below,	scientists	have	raised	

concerns	about	the	health	and	environmental	effects	of	

these replacement chemicals.

Table 4. Disclosed Use of Fluoroalkyl Alcohol Substituted Polyethylene Glycol in New Mexico  
Oil and Gas Wells, 2013-2022

Well Operator
Number of wells injected with fluoroalkyl 
alcohol substituted polyethylene glycol – all 
in Lea County

Total weight of fluoroalkyl alcohol 
substituted polyethylene glycol (lbs.)

EOG	Resources,	Inc. 34 6,400

This	table	shows	that	EOG	Resources,	Inc.,	fracked	oil	and	gas	wells	in	New	Mexico	with	fluoroalkyl	alcohol	substituted	polyethylene	glycol	
between	2013	and	2022.	For	a	more	detailed	explanation	of	data	sources,	see	the	Appendix.

P
H

Y
S

IC
IA

N
S

 F
O

R
 S

O
C

IA
L

 R
E

S
P

O
N

S
IB

IL
IT

Y
 |

 W
W

W
.P

S
R

.O
R

G
PH

YS
IC

IA
NS

 F
OR

 S
OC

IA
L 

RE
SP

ON
SI

BI
LI

TY
 | 

W
W

W
.P

SR
.O

RG

FRACKING WITH “FOREVER CHEMICALS” IN NEW MEXICO | 11

WG Ex. 19

0797



  New Mexico’s Chemical Disclosure Laws Shield  
Chemical Identities

Ch. 3

a.  New Mexico’s “Trade Secret” Law Shields Potentially 
Dangerous Substances, Including PFAS

The danger of exposure to unknown chemicals – PFAS 

and others – from oil and gas operations persists in New 

Mexico,	despite	state	rules	that	generally	require	public	

disclosure of fracking and drilling chemicals.95 On the 

face	of	it,	these	disclosure	requirements	seem	effective.	

However,	an	important	exception	allows	companies	to	avoid	

full and meaningful disclosure: The law allows chemical 

manufacturers,	well	operators	and	other	companies	in	

the chemical supply chain to withhold exact fracking and 

drilling	fluid	ingredient	information	if	they	deem	it	a	trade	

secret.** 96	In	some	cases	in	New	Mexico	fracking	chemical	

disclosure	records,	oil	and	gas	operators	disclose	generic	

names of chemicals while withholding as trade secrets 

their	specific	identities.	These	generic	identifiers	include	

“nonionic	fluorosurfactant,”97	a	chemical	identified	as	PFAS	

or	possible	PFAS	by	several	scientists	as	discussed	below,	

and	“proprietary	Acid	Inhibitor/Surfactant.”98	Regrettably,	the	

use of such vague descriptors can hide from public view the 

true	identities	of	dangerous	chemicals,	including	PFAS.	The	

use	of	trade	secrets	to	conceal	chemicals’	specific	identities	

effectively	undermines	the	public	health	benefits	of	disclosure	

by	preventing	health	professionals,	first	responders,	state	

regulators and the public from knowing where PFAS – or 

other toxic chemicals – have been used in oil and gas wells.

In	addition	to	allowing	trade	secret	exemptions,	New	

Mexico does not require public disclosure of chemicals used 

in	drilling,	enhanced	oil	recovery,	or	in	other	extraction	

techniques that are distinct from fracking per se. Chemicals 

used	during	the	first	stage	of	the	drilling	process	would	

be highly likely to leach into groundwater since during this 

stage,	according	to	EPA,	drilling	passes	directly	through	

groundwater zones99 before any casing or cement is 

placed	in	the	well	to	seal	it	off.	The	resulting	potential	for	

groundwater contamination makes public disclosure of 

chemicals	used	in	drilling	especially	important,	as	these	

regulatory gaps increase the potential that New Mexicans 

could unknowingly be exposed to PFAS and other chemicals 

used during oil and gas extraction.100

In	at	least	some	cases,	the	New	Mexico	Oil	Conservation	

Division has prohibited oil and gas companies from using 

“oil base muds” for drilling “until fresh water zones are cased 

and cemented providing isolation from the oil or diesel. This 

includes synthetic oils.”101	Such	“muds,”	according	to	oilfield	

services	company	Schlumberger,	are	“generally	synonymous	

with	drilling	fluid.”102 According to the Oklahoma State 

University	Extension	Service,	oil-based	muds	can	include	

diesel	fuel	and	the	highly	dangerous	chemicals	benzene,	

toluene,	ethylbenzene,	and	xylene.103

It	is	unclear	whether	New	Mexico’s	prohibition	would	

prohibit the use of PFAS during drilling that passes through 

fresh water zones.

b.  Extensive Use of “Trade Secret” Claims Veils  
Actual Use

PSR found extensive application of the trade secret 

provisions under New Mexico’s fracking chemical disclosure 

rules – so extensive that it could serve to mask widespread 

use of PFAS in the state’s oil and gas wells. Our data analysis 

revealed	that,	between	2013	and	2022,	New	Mexico’s	

well operators claimed at least one fracking chemical as 

a	trade	secret	in	8,293	oil	and	gas	wells	located	across	11	

counties. The trade secret chemicals used in New Mexico 

over this roughly 10-year period totaled 243 million pounds 

(see	Table	5).104	If	even	a	small	fraction	of	this	weight	were	

PFAS,	that	fraction	could	pose	significant	risks	to	health	

and	the	environment.	In	an	effort	to	identify	PFAS	among	

these	trade	secret	chemicals,	PSR	examined	whether	any	

were	listed	as	a	surfactant	or	a	fluorosurfactant.	According	

to	EPA,	surfactants	are	commonly	used	in	fracking105 and 

lower	the	surface	tension	of	a	liquid,	the	interaction	at	the	

surface	between	two	liquids	(called	interfacial	tension),	or	

**	Trade	secret	information	is	also	called	“proprietary”	or	“confidential	business	information”	(CBI).
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the interaction between a liquid and a solid.106 Compared to 

other	surfactants,	fluorosurfactants	are	said	to	be	“superior	

in their aqueous surface tension reduction at very low 

concentrations	and	are	useful	as	wetting	and	leveling	agents,	

emulsifiers,	foaming	agents,	or	dispersants.”107 At least 

some	fluorosurfactants	are	PFAS,	including	the	dangerous	

chemicals PFOA and PFOS108	and	8:2	fluorotelomer	

alcohol,109	a	nonionic	fluorosurfactant110 that can break 

down into PFOA.111 Two scientists told PSR that all or most 

fluorosurfactants	could	be	classified	as	a	PFAS112 while two 

other scientists were uncertain.113

Like	the	broader	class	of	surfactants,	fluorosurfactants	

are	also	used	in	fracking,	and	perhaps	other	stages	and	

methods	of	oil	and	gas	extraction,	according	to	scientific	

and	industry	sources.	In	2020,	several	scientists	published	

an article in Environmental Science: Processes and Impacts 

showing	that	since	1956,	PFAS	including	fluorosurfactants	

had been used or proposed to be used globally in oil and 

gas extraction techniques including chemical-driven gas 

production,	chemical	flooding,	fracking,	and	the	drilling	

that precedes fracking and other oil and gas production 

techniques.114	In	2008,	two	authors,	one	of	whom	was	

identified	as	an	employee	at	DuPont,	wrote	in	the	peer-

reviewed Open Petroleum Engineering Journal that the use of 

fluorosurfactants	was	relatively	common	in	the	oil	and	gas	

industry and that their use was about to surge. They referred 

to	fluorosurfactants	as	an	“emerging	technology”	and	stated,

	 While	fluorosurfactants	have	been	used	in	gas	and	oil	

exploration	for	four	decades,	the	increased	demand	for	

petroleum	and	the	greater	understanding	of	the	benefits	

of	fluorosurfactants	have	led	to	growing	acceptance	for	

fluorosurfactants	throughout	the	petroleum	industry.115

The	authors	did	not	explicitly	say	that	fluorosurfactants	

used in oil and gas operations were PFAS but they described 

the	fluorosurfactants	in	ways	that	are	commonly	used	to	

describe	PFAS.	They	wrote	that	“The	use	of	fluorosurfactants	

is	a	recent	but	growing	trend	due	to	(i)	the	exceptional	

hydrophobic [water-repellent] and oleophobic [oil-repellent] 

nature	of	the	perfluoroalkyl	and	perfluoroalkyl	ether	

groups...The	bond	strength	of	the	carbon-fluorine	bond	in	

perfluoroalkyl	and	perfluoroalkyl	ether	groups	has	been	

demonstrated as the key to remarkable overall stability 

for	fluorochemicals	and	fluoropolymers.”116 This evidence 

suggests	that	any	time	an	unidentified	surfactant	or	

fluorosurfactant	is	used	in	oil	and	gas	production,	there	is	a	

potential that it is a PFAS.

We found thousands of cases of oil and gas companies using 

at least one trade secret chemical that they described as 

a	surfactant.	These	occurred	in	3,680	wells,	spread	across	

10	counties	(see	Table	5).117 Operators’ names for these 

chemicals	were	vague,	including	“surfactant”	and	“surfactant	

blend.” These trade secret surfactants totaled 19.3 million 

pounds. (See examples from individual wells in Table 8 

below.)	While	we	cannot	know	what	these	trade	secret	

chemicals	are,	should	even	a	small	percentage	of	them	be	

fluorosurfactants	that	are	PFAS,	they	could	pose	significant	

threats to human health and the environment.

In	24	wells	(16	in	Eddy	County	and	8	in	Lea	County),	oil	and	

gas companies disclosed the use of trade secret chemicals 

listed	with	the	nonspecific	name	“nonionic	fluorosurfactant”	

that	are	apparently	fluorosurfactants	and	may	be	PFAS.	

The weight of these chemicals totaled 970 pounds.118 Even 

if	some	of	that	volume	were	PFAS,	it	could	pose	significant	

health	and	environmental	risks,	depending	on	the	chemicals’	

toxicity.	According	to	two	Texas	university-based	chemists,	

Hildenbrand	and	Schug,	both	of	whom	are	authors	of	

multiple peer-reviewed articles about chemicals related 

to	oil	and	gas	production,119	nonionic	fluorosurfactants	

are	PFAS	or	could	degrade	into	PFAS.	In	addition,	Subra,	

the chemist and MacArthur Foundation “Genius” grant 

winner,	identified	the	chemicals	as	potential	PFAS.120 Still 

another	expert,	toxicologist	Birnbaum,	informed	PSR	that	

the chemicals are likely to be PFAS.121	Birnbaum	added	that	

PFAS,	perhaps	including	the	nonionic	fluorosurfactants	used	

in	New	Mexico’s	oil	and	gas	wells,	could	degrade	into	one	

or more smaller PFAS122	(Hildenbrand	agreed).	Birnbaum,123 

Hildenbrand,124	Subra,125 and Schug126 generally agree that if 

a	chemical	can	break	down	into	a	PFAS,	it	could	or	should	be	

considered a PFAS.
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PSR has had to rely on scientists to identify these chemicals 

as	PFAS,	potential	PFAS,	or	PFAS	precursors	because	the	

oil and gas companies that made the public disclosures 

to FracFocus withheld as trade secrets the chemicals’ 

CAS	numbers,	data	that	would	have	enabled	a	precise	

identification	of	the	chemicals.	The	identification	in	the	

FracFocus records included only the generic name “nonionic 

fluorosurfactant”	and	the	trade	name	“S-222”	for	the	product	

containing	the	nonionic	fluorosurfactants,127 information 

insufficient	to	identify	the	chemicals	with	specificity.	The	fact	

that only one trade name was listed each time the chemical 

was	reported	suggests	that	the	fluorosurfactant	might	be	

the	same	chemical	in	each	use,	but	it	is	impossible	to	know	

without a CAS number. The sole purpose for which these 

chemicals were listed: “Surfactants.”128 The locations of 

the	wells	where	nonionic	fluorosurfactants	were	used	are	

displayed in the map on page two.

Table 5. Disclosed Use of Trade Secret Chemicals in New Mexico Oil and Gas Wells, 2013-2022

County Name

No. of wells 
injected with 
at least one 
trade secret 
chemical

Mass of all 
trade secret
chemicals  
(lbs.)

No. of wells 
injected with 
trade secret 
surfactants

Mass of 
trade secret 
surfactants 
(lbs.)

No. of wells 
injected with 
nonionic 
fluoro-
surfactants

Mass of 
nonionic 
fluoro-
surfactants 
(lbs.)

Chaves 62 2,590,000 41 174,000 0 0

Colfax 4 615 0 0 0 0

De Baca 1 1,490 1 273 0 0

Eddy 3,787 110,000,000 1,895 9,120,000 8 106

Harding 15 2,820 3 33 0 0

Lea 3,606 120,000,000 1,435 8,270,000 16 860

McKinley 2 397 2 11 0 0

Rio Arriba 271 1,980,000 68 138,000 0 0

Roosevelt 5 15,000 2 12,300 0 0

San Juan 415 5,200,000 179 1,140,000 0 0

Sandoval 125 2,590,000 55 415,000 0 0

Total 8,293 243,000,000 3,681 19,300,000 24 966

This	table	shows	by	county	the	number	of	New	Mexico	wells	in	which	oil	and	gas	companies	injected	at	least	one	trade	secret	fracking	
chemical,	at	least	one	trade	secret	surfactant,	and/or	at	least	one	unspecified	nonionic	fluorosurfactant.	It	also	shows	the	total	combined	
weight	of	these	chemicals	by	county	and	statewide.	The	total	weight	figures	reflect	the	sum	of	all	records	for	which	we	have	enough	
information	to	calculate	a	chemical’s	weight.	However,	the	total	weight	figures	represent	an	undercount	because	many	fracking	chemical	
disclosures	lack	sufficient	data	to	perform	this	calculation.	The	wells	injected	with	trade	secret	surfactants	are	a	subset	of	the	wells	injected	
with	trade	secret	chemicals.	The	wells	injected	with	unspecified	nonionic	fluorosurfactants	are	a	subset	of	the	wells	injected	with	trade	secret	
chemicals	and	trade	secret	surfactants.	For	a	more	detailed	explanation	of	data	sources,	see	the	Appendix.

Data	show	that	multiple	oil	and	gas	companies	have	injected	

oil and gas wells in New Mexico with trade secret chemicals 

that could be or could break down into PFAS. The excerpted 

table below shows the 15 companies that fracked the most 

wells in New Mexico between 2013 and 2022 with at least 

one trade secret chemical. 
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Table 6. Excerpt (full table in Appendix). Oil and Gas Companies that Fracked the Most Wells  
in New Mexico Using Trade Secret Chemicals and Trade Secret Surfactants, 2013-2022

Operator Number of wells injected with trade 
secret chemicals

Number of wells injected with 
trade secret surfactants

EOG Resources, Inc. 1177 214

COG Operating LLC 844 438

Devon Energy Production Company L. P. 586 358

Mewbourne Oil Company 575 116

Occidental Oil and Gas 498 141

XTO Energy/ExxonMobil 442 203

Apache Corporation 439 386

Cimarex Energy Co. 336 186

Matador Production Company 288 63

Chevron USA Inc. 264 189

Hilcorp Energy Company 203 0

ConocoPhillips Company/Burlington Resources 161 112

WPX Energy 148 21

Kaiser-Francis Oil Company 131 67

Lime Rock Resources Ii-A, L.P. 129 91

This excerpted table shows the oil and gas companies that fracked the greatest number of oil and gas wells in New Mexico with trade secret 
chemicals	and	trade	secret	surfactants	between	January	1,	2013	and	September	29,	2022.	The	full	table	showing	all	of	the	companies	that	
fracked	at	least	one	well	with	trade	secret	chemicals	and	trade	secret	surfactants	between	January	1,	2013,	and	September	29,	2022,	is	
located	in	the	appendix.	The	wells	injected	with	trade	secret	surfactants	are	a	subset	of	the	wells	injected	with	trade	secret	chemicals.	For	a	
more	detailed	explanation	of	data	sources,	see	the	Appendix.

Erratum:	The	heading	for	the	middle	column	in	Table	6	on	page	15	was	corrected	to	show	that	the	numbers	in	that	column	reflect	the	
number	of	wells	injected	with	trade	secret	chemicals,	2013-2022.

Table 7. Oil and Gas Companies that Fracked Wells in New Mexico Using Nonionic  
Fluorosurfactants, 2013-2022

Well Operator Number of wells injected with 
nonionic fluorosurfactants

Total weight of 
fluorosurfactants (lbs.)

Chevron USA Inc. 11 46

Apache Corporation 5 90

XTO Energy/ExxonMobil 4 814

COG Operating LLC 2 16

Nadel and Gussman Permian, LLC 1 <1

Seely Oil Co. 1 ND
This	table	shows	the	oil	and	gas	companies	that	fracked	oil	and	gas	wells	in	New	Mexico	with	unspecified	nonionic	fluorosurfactants	
between	January	1,	2013	and	September	29,	2022.	The	wells	injected	with	the	unspecified	nonionic	fluorosurfactants	are	a	subset	of	the	
wells	injected	with	trade	secret	chemicals	and	the	wells	injected	with	trade	secret	surfactants.	For	a	more	detailed	explanation	of	data	
sources,	see	the	Appendix.

ND=No Data Available
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c.  Examples of Individual Wells Injected with PFAS, 
Trade Secret Chemicals

Industry-disclosed	data	have	allowed	PSR	to	identify	

multiple	types	of	fracking	chemicals,	including	trade	secret	

substances,	that	are	injected	into	individual	wells,	as	well	as	

the	quantities	used.	In	some	cases,	oil	and	gas	companies	

injected	hundreds	or	even	thousands	of	pounds	of	PFAS	or	

trade secret chemicals into oil and gas wells for fracking. 

If	the	toxicities	of	some	of	these	chemicals	were	similar	to	

those	of	PFOA	or	PFOS,	these	quantities	would	be	enough	

to contaminate vast amounts of water. Table 8 provides 

examples of the chemicals reported in several New Mexico 

wells.

Table 8. Examples of Chemical Reporting on Individual Oil and Gas Wells in New Mexico

Well 
Operator

Well 
Number County

Year 
Fracking 
Completed

Chemical as 
Identified

CAS  
Number

Trade  
Name

Mass 
(lbs.)

EOG 
Resources, Inc. 3002542386 Lea 2015

fluoroalkyl 
alcohol 
substituted 
polyethylene 
glycol

65545-80-4 Plexflow RTS 120

XTO Energy/ 
ExxonMobil 3002542709 Lea 2015 nonionic 

fluorosurfactant trade secret S-222 226

XTO Energy/ 
ExxonMobil 3001542928 Eddy 2018 PTFE 9002-84-0 not reported 394

DJR Operating, 
LLC 3004321335 Sandoval 2020 surfactant 1 trade secret FN2-02 29,400

Apache 
Corporation 3001545800 Eddy 2021 Surfactant Blend trade secret FRAQ SLIQ 

PFR-5560 4,559

This	table	shows	illustrative	samples	of	specific	oil	and/or	gas	wells	injected	with	the	types	of	fracking	chemicals	referenced	in	the	larger	
tables	above,	including	the	identified	PFAS	fluoroalkyl	alcohol	substituted	polyethylene	glycol,	fluorosurfactants,	the	identified	PFAS	PTFE,	
and trade secret surfactants such as “surfactant 1.” The examples cover a range of years and represent wells fracked in several New Mexico 
counties.	For	a	detailed	explanation	of	data	sources,	see	the	Appendix
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  Exposure Pathways to PFAS Associated with Oil and Gas 
Operations in New Mexico

Ch. 4

a. Evidence of Oil and Gas Drilling-Related Spills

The potential in New Mexico for water contamination from 

PFAS or other chemicals used in oil and gas operations is 

not	just	hypothetical.	In	2017,	the	news	outlet	EnergyWire	

reported on spills at oil and gas sites in New Mexico and 

other	states	that	had	occurred	over	a	five-year	period.	

EnergyWire found 847 reported spills in New Mexico in 

2012,	777	in	2013,	1,303	in	2014,	1,471	in	2015,	and	1,311	

in 2016.129	According	to	the	Center	for	Western	Priorities,	

oil and gas companies operating in New Mexico reported 

1,368	liquid	spills	in	the	state	in	2021.	The	total	volume	

spilled	in	2021	was	more	than	4.7	million	gallons,	of	which	

more than four million gallons was “produced water.”130 

The	remaining	roughly	660,000	gallons	was	oil.	New	Mexico	

considers	produced	water	to	be	a	mixture	that	flows	out	

of	oil	and	gas	wells,	made	up	of	the	naturally	occurring	

water	from	underground	and	“flowback”	or	wastewater	

from	drilling	and/or	fracturing	injected	into	the	well	that	

returns to the surface.131	As	such,	produced	water	in	New	

Mexico could contain PFAS or other man-made chemicals 

added	to	drilling	and/or	fracking	fluid	as	well	as	naturally	

occurring contaminants found in the formation water such as 

radioactive substances.132

The EPA has indicated that oil can also contain residues of 

chemicals used in oil wells.133	Therefore,	it	is	possible	that	

spills	of	produced	water	or	oil	could	contain	PFAS,	even	small	

amounts	of	which	could	cause	significant	and	dangerous	

contamination. A review of New Mexico Oil Conservation 

Division	records	by	the	Center	for	Biological	Diversity	

and WildEarth Guardians found that the number of spills 

reported	in	2022	increased	to	more	than	1,450.134

In	2019,	a	well	operated	by	Enduring	Resources,	located	in	

the exterior boundaries of the Counselors Chapter of the 

Navajo	Nation	Government,135	spilled	almost	60,000	gallons	

of oil and oil and gas wastewater.136 A report prepared 

by a consultant for Enduring Resources found that the 

spill entered two tributaries of Escavada Wash and that 

groundwater in the area is less than 50 feet below the 

ground surface.137	The	New	Mexico	Bureau	of	Geology	&	

Mineral	Resources	suggests	that	a	wash	is	a	wide,	shallow	

streambed that is dry most of the time and that washes 

are similar to arroyos.138 A state report found that the spill 

impacted groundwater or surface water – the report did not 

specify which type.139 A 2018 report from the New Mexico 

Bureau	of	Geology	and	Mineral	Resources	suggests	that	the	

spill would have been likely to contaminate groundwater in 

part because “it is considered that a depth-to-water of less 

than 50 ft has high susceptibility” to contamination from 

oil and gas-related spills and because “[a]rroyo and valley 

bottoms are uniformly considered to be high susceptibility” 

for groundwater contamination following such spills.140

One	particularly	high-profile	spill	occurred	in	January	2020	

when	a	pipeline	carrying	produced	water	burst	at	night,	

awakening Penny Aucoin and her husband Carl George and 

showering	their	home	in	Otis,	New	Mexico	with	wastewater	

for an hour. Aucoin told the NM Political Report that she was 

forced to euthanize 18 chickens and a dog and give up her 

remaining	goat.	She	added	that	a	county	official	informed	

her that she could not eat her chicken eggs or the chickens’ 

meat and that she probably should avoid eating anything 

grown on her property. She and her husband reached a 

settlement141	with	the	company	that	owned	the	pipeline,	WPX	

Energy,142 but Aucoin said that she remained concerned. She 

said	during	a	news	conference	in	January	2021,

	 The	dispute	has	been	resolved	amicably,	but	what	scares	

me now is that people are blissfully unaware of the 

dangers	that	come	with	fracking,	including	the	enormous	

amount	of	flow	back	waste	[produced	water]	produced	

during the fracking process.

Aucoin said that she would be moving out of the area.143

b. Disposal of Wastewater Raises Pollution Concerns

The risk that PFAS and other chemicals could pollute the 
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environment through the disposal of produced water is 

especially high because of the huge volumes involved. State 

data	show	that	in	2022,	the	volume	of	produced	water	from	

New	Mexico’s	oil	and	gas	wells	was	almost	85	billion	gallons,	

up	from	67	billion	gallons	in	2021,	and	57	billion	gallons	 

in 2020.144

According to a presentation by the state Environment 

Department,	as	of	2019,	the	most	common	method	of	

produced	water	disposal	was	underground	injection	into	

wells	that	carry	the	wastewater	into	“deep,	isolated	geologic	

formations.”145 About 10 percent of the produced water 

was	reused	in	oil	and	gas	fields,	where	wastewater	from	oil	

and	gas	wells	can	be	injected	into	oil	wells	to	facilitate	oil	

production in a process known as enhanced oil recovery 

or	EOR.	The	surge	of	drilling	in	the	Permian	Basin	has	

increased the generation of produced water and the  

need	for	more	underground	injection	wells.	Earthworks	

reported that

	 [a]s	of	December,	2019,	New	Mexico	had	983	active	

Class	II	disposal	wells	and	3,249	Class	II	EOR	wells,	for	

a	total	of	4,232.	With	the	rapid	expansion	of	Permian	

Basin	development,	the	number	of	injection	well	permit	

applications	has	dramatically	risen	over	time,	with	538	

new applications in 2019.146

If	even	a	small	percentage	of	the	staggering	amount	of	

wastewater	injected	underground	were	tainted	with	PFAS,	it	

could	create	significant	pollution	should	it	enter	groundwater	

or surface water.

That	fear	is	not	unfounded;	researchers	have	known	for	

decades	that	produced	water	from	injection	wells	can	

contaminate	groundwater.	In	some	cases,	the	produced	

water	has	migrated	upward	from	deep	underground,	

moving	through	nearby	oil	and	gas	wells,	many	of	which	

have ceased operating but have not been properly sealed 

off	from	the	surrounding	underground	rock	formations.147 

This migrating wastewater can break out of abandoned wells 

and contaminate groundwater near the earth’s surface.148 

In	1985,	the	Texas	Department	of	Agriculture	reported	that	

it	had	a	name	for	this	phenomenon:	“saltwater	breakout,”	

a reference to the high salt content of produced water.149 

The	department	quoted	the	Congressional	Office	of	

Technology Assessment regarding the “insidious” problem 

of	underground	injection	of	oil	and	gas	wastewater.	

The	Congressional	office	noted	that	such	wastewater	is	

typically	injected	in	exactly	the	places	where	prior	drilling	

has created opportunities for the wastewater to migrate 

into groundwater.150 The department further reported that 

produced water could contaminate groundwater through 

leaks	in	an	injection	well’s	steel	or	cement	casing,	designed	

to	seal	the	well	off	from	groundwater	supplies.151 The 

consequences of such events are particularly acute in New 

Mexico with its heavy reliance on groundwater.

In	1989,	Congress’	investigative	arm,	the	General	Accounting	

Office	(now	the	Government	Accountability	Office)	found	

multiple cases of water contamination linked to underground 

injection	wells,	including	in	New	Mexico.	The	agency	cited	a	

case	in	Lea	County	where	leaks	in	the	casing	of	an	injection	

well operated by Texaco caused contamination of a farm.

	 During	the	1970s,	20	million	gallons	of	salt	water	leaked	

from	a	Texaco	disposal	well	in	Lea	County,	New	Mexico,	

into	portions	of	a	drinking	water	source,	the	Ogallala	

aquifer. Some of the brine made its way into a rancher’s 

irrigation	well,	damaging	his	crop	and,	according	to	

the	rancher,	ultimately	causing	the	foreclosure	of	his	

farm property. On the basis of the results of a pressure 

test,	the	rancher	successfully	sued	Texaco	in	1977	for	

damages. Texaco subsequently made repairs to the 

well,	and	it	is	now	operating	in	compliance	with	UIC	

[underground	injection	control]	regulations.	Texaco	was	

not	required	to	clean	the	aquifer,	however,	because,	

according to the Chief of New Mexico’s Environment 

Bureau,	the	cost	could	not	be	economically	justified.152

New	Mexico’s	Governor’s	Office	reported	in	2022	that	there	

were	1,700	abandoned	oil	and	gas	wells	on	private	and	

state land.153	(It	is	unclear	how	many	are	on	federal	land	

in	New	Mexico.)	The	potential	for	contamination	through	

these wells is cause for concern. The state plugs about 50 
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Oil	and	gas	wastewater	is	dumped	from	a	truck	into	one	of	a	series	of	unlined	pits	at	the	R360	waste	disposal	facility	outside	Hobbs,	New	
Mexico,	2019.	Photo	credit:	Melissa	A.	Troutman.

wells	per	year,	but	the	governor	said	that	the	rate	would	

significantly	increase	as	the	result	of	a	$43.7	million	infusion	

from	the	federal	Interior	Department	provided	by	the	

federal	Infrastructure	Investment	and	Jobs	Act,	passed	 

in mid-2022.

Several other types of oil and gas waste disposal could 

pose serious risks to New Mexicans if the waste were 

contaminated with PFAS. One is the disposal of oil and 

gas waste in earthen pits known as impoundments. New 

Mexico has a well-documented history of groundwater 

contamination due to disposal of oil and gas waste in earthen 

pits.	From	the	mid-1980s	to	2003,	the	state’s	Oil	Conservation	

Division	found	almost	7,000	cases	of	soil	and	water	

contamination from oil and gas waste pits and 400 cases of 

groundwater contamination.154 This evidence prompted the 

state to enact the “pit rule” in 2008 that prohibited those 

unlined	pits	that	were	most	likely	to	cause	contamination,	

strengthened	the	standards	for	pit	liners,	mandated	that	

all	pits	have	a	permit,	and	banned	new	pits	within	certain	

distances of water resources and homes.155	New,	permanent	

and	temporary	pits,	for	example,	were	prohibited	within	

1,000	feet	of	homes,	schools,	or	drinking	water	wells	used	by	

five	or	more	families.156	According	to	Earthworks,	the	pit	rule	

was	effective	in	reducing	contamination:	In	its	first	two	years	

of	operation,	there	were	no	groundwater	violations	at	pits	

covered	by	the	rule.	Meanwhile,	oil	and	gas	drilling	expanded	

in	the	state,	indicating	that	the	rule	did	not	hinder	oil	and	 

gas extraction.157

However,	in	2013,	after	opposition	to	the	pit	rule	from	the	

oil	and	gas	industry,	lawmakers	passed	new	legislation	

relaxing	protections.	As	a	result,	companies	can	now	locate	

temporary	pits	containing	“low	chloride”	fluid	within	100	feet	
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of	perennial	water	courses,	200	feet	from	springs,	wells	or	

lakes,	and	300	feet	from	homes	or	schools.158	Such	fluid	with	

low chloride levels could pose risks if it were tainted with 

other toxics such as PFAS. Whereas the pit rule prohibited 

burying of waste at well sites unless the waste met more 

stringent health and environment

al standards (e.g. benzene levels in temporary pits 50-

100 feet above groundwater could not exceed 0.2 parts 

per	million),159 the new rule allows burying at well sites of 

waste under much more permissive standards (benzene 

levels in temporary pits 51-100 feet above groundwater 

cannot	exceed	10	parts	per	million).160 As indicated by 

these	standards,	this	waste	often	contains	dangerous	

contaminants including carcinogenic hydrocarbons such as 

benzene.161 This report suggests that the waste could contain 

PFAS,	too.	Neither	the	pit	rule	nor	the	new	rule	mention	

PFAS,	but	by	allowing	for	the	more	permissive	treatment	

of	oil	and	gas	waste,	the	new	rule	increases	the	risk	of	

contamination from waste that could contain these highly 

toxic and persistent pollutants.

Earthworks	identified	other	methods	of	oil	and	gas	waste	

disposal in New Mexico that could pose risks for PFAS 

contamination including taking the waste to treatment 

plants,	recycling	facilities,	landfills,	and	“landfarms,”	where	

contaminated	soils,	drill	cuttings,	and	tank	bottoms	are	

allowed to be spread over land.162

c. Volatilizing, Flaring Could Pollute Air with PFAS

PFAS used in oil and gas wells could follow airborne exposure 

routes,	according	to	toxicologist	David	Brown,	former	

director of environmental epidemiology at the Connecticut 

A	poorly	lit	flare	at	Rustler	Breaks	SWD	#6/	API	#30-015-45034,	a	San	Mateo	Midstream	facility	in	Eddy	County,	New	Mexico,	Sept.	2022.	 
Photo	credit	Charlie	Barrett,	Earthworks.
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Department	of	Health	who	has	investigated	health	effects	

associated with unconventional gas drilling with the 

Southwest	Pennsylvania	Environmental	Health	Project.	He	

warned	that	if	PFAS	were	to	enter	drinking	water,	it	could	

subsequently volatilize or become airborne inside homes. 

Brown	also	added	another	potential	pathway	for	airborne	

exposure: PFAS could become airborne when gas is burned 

off	during	flaring	at	the	wellhead	or	vented	unburned	at	the	

wellhead.163

Flaring	and	venting	are	used	extensively	in	New	Mexico,	

suggesting that airborne PFAS through these pathways could 

be	a	risk	in	the	state.	The	Howard	Center	for	Investigative	

Journalism	analyzed	satellite	data	and	found	that	between	

2012	and	2020,	oil	and	gas	operators	on	federal	land	in	

New	Mexico	flared	more	than	138	billion	cubic	feet	of	

gas,164 enough to power more than 1.1 million homes for 

a	year,	according	to	a	home	energy	consumption	estimate	

by Popular Science magazine.165	Gas	is	flared	or	vented	

unburned	in	emergencies	and	when	there	is	insufficient	

pipeline capacity to bring the gas to market.166	Insufficient	

pipeline	capacity	has	been	an	issue	in	the	Permian	Basin	

in recent years when oil prices were much higher than gas 

prices,	leaving	oil	and	gas	companies	with	little	incentive	

to build pipelines to transport and sell the gas that was 

extracted along with the oil.167 Soaring gas prices due to the 

war	in	Ukraine	may	change	that	equation,	but	it	takes	time	to	

construct	pipelines,	and	gas	may	not	be	captured	if	it	cannot	

be transported to market.

In	2021,	New	Mexico	enacted	rules	designed	to	reduce	

flaring	and	venting	of	gas.168	However,	some	New	Mexicans	

are	skeptical	that	the	rules	can	be	enforced,	considering	

that New Mexico had only 11 well inspectors as of end-

2022	but	51,000	operating	oil	and	gas	wells.169 Continued 

flaring	and	venting	may	provide	another	pathway	for	PFAS	

contamination from oil and gas wells.

Louisiana-based chemist Subra told PSR that the risk of 

airborne PFAS exposure might even be an issue for people 

living	hundreds	of	miles	from	oil	and	gas	fields.170 Noting 

that gas from across the nation is delivered via pipeline 

to	liquefied	natural	gas	(LNG)	facilities	in	Louisiana	and	

Texas	on	the	coast	of	the	Gulf	of	Mexico,	she	proposed	that	

residents of these communities ought to know if they are 

being exposed to PFAS in the gas from air emissions related 

to	transforming	the	gas	into	a	liquid	for	export.	Bolstering	

Subra’s	concern,	Reuters	reported	that	in	2020,	an	LNG	

export	facility	in	Corpus	Christi,	Texas	operated	by	Cheniere	

Energy,	Inc.,	exceeded	permitted	limits	for	air	emissions	in	

293 instances. At least some of the emissions were volatile 

organic compounds from chemicals removed from the 

natural gas during the liquefaction process.171 Reuters did 

not	report	that	PFAS	was	released,	but	it	is	unclear	whether	

anyone monitored for it. Some of the gas to be exported as 

LNG that could contain PFAS may arrive at the Gulf Coast 

from	New	Mexico.	The	Energy	Information	Administration	

reported in 2022 that three new pipelines will allow gas 

producers in the Permian basin to reach LNG export facilities 

on Texas’s Gulf Coast.172
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 Health Studies Link Oil and Gas Operations to IllnessCh. 5

a. Oil, Gas Well Proximity Associated with Disease

Peer-reviewed studies of people living near oil and gas 

operations have found that proximity to active well sites 

correlates	with	a	variety	of	diseases	and	other	health	effects.	

While	studies	are	lacking	on	health	effects	in	New	Mexico,	a	

2021 study of more than three million pregnant women in 

Texas showed that living within one kilometer of an active oil 

or gas well increased the odds of gestational hypertension 

(high	blood	pressure)	and	eclampsia173 (a pregnancy-related 

high blood pressure disorder that can induce seizures or 

coma).174 A 2020 study of pregnant women living in the 

Eagle Ford Shale area of South Texas found that exposure 

to	a	high	number	of	nightly	flaring	events	was	associated	

with a 50 percent increase in the risk of preterm birth.175 

A 2020 study in Texas documented a link between natural 

gas drilling and production from both conventional and 

unconventional wells and frequency of hospitalization 

for childhood asthma.176 Several studies conducted in 

Colorado,	another	major	producer	of	oil	and	gas,	also	found	

associations between proximity to oil and gas operations 

and	health	effects,	including	congenital	heart	defects	in	

newborns177 and cancer diagnoses among Coloradans from 

birth to 24 years old.178

PSR has collaborated with Concerned Health Professionals 

of New York to compile and summarize the substantial and 

growing	number	of	scientific	studies	that	have	found	serious	

health	effects	associated	with	oil	and	gas	operations.	In	the	

eighth	edition	(2022)	of	our	report,	we	wrote,

 Public health problems associated with fracking 

include	prenatal	harm,	respiratory	impacts,	cancer,	

heart	disease,	mental	health	problems,	and	premature	

death…. Poor birth outcomes have been linked to 

fracking activities in multiple studies in multiple 

locations using a variety of methods. Studies of 

mothers living near oil and gas extraction operations 

consistently	find	impaired	infant	health,	especially	

elevated risks for low birth weight and preterm birth. 

As	we	go	to	press,	a	new	study	in	Pennsylvania	finds	

“consistent and robust evidence that drilling shale 

gas wells negatively impacts both drinking water and 

quality of infant health.”179

Low birthweight is a leading contributor to infant death  

in the United States.180

Many residents living near oil and gas operations have 

reported serious health concerns while expressing 

frustration over the secrecy surrounding chemicals used by 

the oil and gas industry.181	In	2020,	Pennsylvania’s	Attorney	

General	issued	a	report	based	on	a	criminal	grand	jury	

investigation of oil and gas drilling pollution in the Keystone 

State. Drilling for gas in shale formations has surged in that 

state	over	the	past	15	years,182 vaulting it into the number 

two spot among gas-producing states (Texas is number 

one)183 and bringing many more Pennsylvanians into contact 

with	gas	drilling	and	its	impacts.	Based	on	testimony	from	

over	70	households,	the	attorney	general	compiled	evidence	

of	serious	health	impacts,	finding	that

 Many of those living in close proximity to a well pad 

began	to	become	chronically,	and	inexplicably,	sick.	

Pets	died;	farm	animals	that	lived	outside	started	

miscarrying,	or	giving	birth	to	deformed	offspring.	But	

the	worst	was	the	children,	who	were	most	susceptible	

to	the	effects.	Families	went	to	their	doctors	for	

answers,	but	the	doctors	didn’t	know	what	to	do.	The	

unconventional oil and gas companies would not even 

identify	the	chemicals	they	were	using,	so	that	they	

could	be	studied;	the	companies	said	the	compounds	

were “trade secrets” and “proprietary information.” 

The absence of information created roadblocks to 

effective	medical	treatment.	One	family	was	told	that	

doctors	would	discuss	their	hypotheses,	but	only	if	the	

information never left the room.184

b. Studies Needed on PFAS

PSR is not aware of published studies that have analyzed 

well	sites	for	PFAS	or	that	have	analyzed	health	effects	

related to potential use of PFAS at well sites. This lack of 

testing	is	not	surprising;	there	were	few	if	any	grounds	to	
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test for PFAS in connection with oil and gas operations prior 

to	July	2021,	when	PSR	first	publicized	the	probable	use	of	

these chemicals in oil and gas extraction. Now that we know 

PFAS	have	been	used	in	oil	and	gas	operations	for	years,	

scientists should determine whether there are connections 

between	this	use	and	health	effects,	for	PFAS	chemicals	

individually	and	as	a	compounding	factor	in	conjunction	with	

exposure to other fracking chemicals.

Angel	Peak	Scenic	Area,	Farmington,	New	Mexico,	May	2012.	New	Mexico’s	natural	beauty	is	well	worth	protecting.	Photo	credit:	Judy	
Gallagher,	https://creativecommons.org/licenses/by/4.0/.
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  Oil & Gas-Related Chemical Exposure as an Environmental 
Justice Issue

Ch. 6

a. Disproportionate Impacts on Environmental  
Justice Communities

“Fenceline” communities – people living close to oil and 

gas operations – often bear a disproportionate risk of 

exposure to toxic chemicals and thus may be particularly 

at risk from PFAS used in oil and gas extraction. Although 

drilling	and	fracking	take	place	in	the	majority	of	U.S.	states,	

not	everyone	shares	in	the	risks	equally.	Rather,	oil	and	

gas infrastructure and associated chemicals are frequently 

located	in	or	adjacent	to	lower-income,	underserved,	and	

marginalized	communities,	notably	Black,	Indigenous,	and	

other communities of color.

In	2021,	researchers	used	satellite	observations	and	

census	data	to	show	that	83	percent	of	the	flaring	from	

unconventional oil and gas wells in the contiguous United 

States between March 2012 and February 2020 took 

place	in	three	basins:	the	Permian	Basin	in	New	Mexico	

and	Texas,	the	Williston	Basin	in	North	Dakota,	and	the	

Western	Gulf	Basin	in	southern	Texas	and	Louisiana.	They	

estimated that over half a million people in these basins 

lived	within	three	miles	of	a	flare,	with	39	percent	of	them	

living	near	more	than	100	flares	each	night.	The	researchers	

also	reported	that	in	these	regions,	Black,	Indigenous,	and	

people of color were disproportionately exposed  

to	flaring.185

Other studies have also found disproportionate impacts 

on people of color. A 2020 study found that compared to 

white	residents,	Hispanic	residents	living	in	the	Eagle	Ford	

shale region of Texas were disproportionately exposed to 

Nighttime	flaring,	just	north	of	Chaco	Culture	National	Historical	Park	near	Nageezi,	New	Mexico,	Oct.	2014.	Photo	credit:	Dom	Smith,	EcoFlight.
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flaring	from	unconventional	oil	and	gas	wells,	even	though	

they were less likely than white residents to live near 

unconventional oil and gas wells.186	In	2016,	a	public	health	

research	team	showed	that	in	the	Eagle	Ford	shale	region,	

disposal wells for fracking wastewater were more than twice 

as common in areas where residents were more than 80 

percent	people	of	color	than	in	majority-white	communities.	

They also found that disposal wells were disproportionately 

located	in	areas	with	high	rates	of	poverty,	but	even	in	these	

areas,	the	association	with	race	was	predominant.	“Adjusting	

for	both	poverty	and	rurality,”	the	researchers	wrote,	

“we still found that as the proportion of people of color 

in	the	census	block	group	increased,	so	did	the	presence	

of	disposal	wells.”	Since	2007,	they	reported,	Texas	had	

permitted	more	than	1,000	waste	disposal	wells	in	the	Eagle	

Ford	Shale	region,	where	groundwater	is	the	primary	source	

of drinking water.187

A	2019	analysis	conducted	in	Colorado,	Oklahoma,	

Pennsylvania,	and	Texas	found	strong	evidence	that	African	

Americans disproportionately lived near fracking wells in 

Texas	and	Oklahoma,	while	Hispanics	disproportionately	

lived near fracking wells in Texas and urban Colorado. “The 

question,	who	bears	the	costs	of	unconventional	natural	

gas	drilling,	is	of	great	relevance	not	only	for	the	U.S.,	but	

worldwide,”	the	researchers	wrote.

b. Navajo Survey Shows Health Impacts

All	chapters	of	the	Navajo	Nation	in	New	Mexico	were	

identified	in	2020	as	“environmental	justice”	communities	

by	the	United	States	Bureau	of	Land	Management.188	In	

2021,	the	Counselor	Chapter	of	the	Navajo	Nation	in	New	

Mexico conducted a health and cultural survey regarding oil 

drilling	operations	in	the	Counselor,	Torreon,	and	Ojo	Encino	

chapters	that	identified	health	risks	and	distrust	of	regulators	

and oil companies. The chapter conducted its health 

survey under the guidance of the Southwest Pennsylvania 

Environmental	Health	project,	which	had	conducted	similar	

surveys in other communities with oil and gas drilling. 

Among	other	things,	the	chapter	measured	the	levels	of	fine	

particulate matter (PM2.5)	through	air	monitors	near	people’s	

Table 9. Wells on NM Federal, State, and Tribal Land Fracked with PFAS and Possible PFAS,  
2013-2022
Type of 
fracking 
chemical 
injected

No. Wells 
in state

Total Mass 
in state 
(lbs.)

No. Wells 
on Federal 
Land

Total Mass 
Federal 
Land (lbs.)

No. Wells 
on State 
Land

Total Mass 
State Land 
(lbs.)

No. Wells 
on Tribal 
Land

Total Mass 
Tribal Land 
(lbs.)

9066 -- 4468 -- 2350 -- 192 --

Trade Secret 
chemicals 8293 243,000,000 4072 115,000,000 2153 54,600,000 186 2,040,000

Trade Secret 
surfactants 3681 19,300,000 1813 10,900,000 954 4,740,000 86 230,000

Fluoro-
surfactants 24 965 12 790 10 164 0 0.0

65545-80-4 34 6,400 8 1,370 17 3,060 0 0.0

PTFE 227 2,610 113 1,650 53 552 3 data not 
available

This	table	shows	the	number	of	oil	and	gas	wells	in	New	Mexico	--	statewide,	on	federal	land,	on	state-owned	land,	and	on	tribal	land	–	that	
oil	and	gas	companies	fracked	between	2013	and	2022	with	at	least	one	trade	secret	chemical,	at	least	one	trade	secret	surfactant,	at	least	
one	fluorosurfactant,	fluoroalkyl	alcohol	substituted	polyethylene	glycol	(CAS	Number	65545-80-4,	a	known	PFAS),	or	PTFE	(a	known	PFAS).	
The	total	weight	figures	reflect	the	sum	of	all	records	for	which	PSR	has	enough	information	to	calculate	a	chemical’s	weight.	For	a	detailed	
explanation	of	data	sources,	see	the	Appendix.
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homes on the side of the home nearest to the closest 

oil wells. The readings showed the PM2.5	levels,	generally	

recorded	between	peak	releases,	were	significantly	higher	

at six of eight measuring sites compared to median levels in 

other	non-Navajo	communities	with	oil	and	gas	operations.	

Residents living near a source of such air pollution are at 

greater risk for contracting or intensifying respiratory or 

cardiovascular diseases.189	In	a	survey	of	health	symptoms	

of	80	residents	of	the	Counselor	Chapter,	more	than	60	

percent reported 11 symptoms during the year after drilling 

began	near	their	homes,	including	sore	throat,	cough,	and	

sinus problems. This number of reported health symptoms 

was greater than the number reported by respondents 

living near oil and gas wells in other communities in the 

U.S.190	Separately,	the	Chapter	conducted	a	cultural	survey	

regarding	the	effects	of	oil	drilling,	collecting	data	from	136	

randomly selected adults in the three chapters. Among 

other	findings,	104	respondents	strongly	agreed	with	the	

statement,	“Our	local	leaders	have	spoken	out	against	drilling	

and	no	one	at	the	tribal,	state	or	federal	level,	including	BLM	

and	BIA,	has	listened.”	One	hundred	and	seventeen	strongly	

agreed	with	the	statement,	“The	oil	companies	have	no	

respect	for	land,	people	&	life.”191

PSR found that about 97 percent of the wells in New Mexico 

drilled on tribal land for which oil and gas companies 

disclosed	the	use	of	fracking	chemicals	were	injected	with	

at least one trade secret fracking chemical. This percentage 

was a bit higher than for wells drilled statewide (about 91 

percent).	But	the	total	number	of	wells	drilled	on	tribal	land	

was	much	smaller,	so	it	is	unclear	whether	this	difference	

was	statistically	significant.

Where	a	pattern	of	risks	affects	people	of	color	and/

or	lower-income	people	disproportionately,	oil	and	gas	

production methods should be viewed and addressed as an 

Environmental	Justice	issue.	So	too	should	any	oil	and	gas-

related exposure to PFAS.
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  Policy Can Help Protect New Mexicans from PFAS in  
Oil & Gas Operations

Ch. 7

a. Modest Federal Protections from PFAS Pollution

Governments at all levels will have to do more to protect the 

public	from	PFAS,	in	large	part	because	EPA	has	taken	only	

modest	steps	to	do	so,	while	Congress	and	the	executive	

branch	have	exempted	the	oil	and	gas	industry	from	major	

provisions of multiple federal environmental laws. For 

example,	oil	and	gas	waste	is	exempted	from	the	hazardous	

waste rules that require cradle-to-grave tracking and safe 

handling of hazardous substances under the Resource 

Conservation and Recovery Act. These exemptions increase 

the burden on state governments to address any PFAS 

pollution associated with oil and gas extraction.192

EPA has taken some steps to protect the public from 

dangerous	PFAS.	In	2005,	EPA	reached	a	then-record	

$16.5	million	settlement	with	chemical	manufacturer	

Dupont after accusing the company of violating the federal 

Toxic	Substances	Control	Act	(TSCA)	by	failing	to	disclose	

information about PFOA’s toxicity and presence in the 

environment.193	In	2006,	EPA	invited	Dupont,	3M	and	

six	other	companies	to	join	a	“stewardship”	program	in	

which the companies promised to achieve a 95 percent 

reduction of emissions of PFOA and related chemicals by 

2010,	compared	to	a	year	2000	baseline.	The	agreement	

also required the companies to eliminate such emissions 

and use of these chemicals by 2015.194	In	2022,	EPA	said	

on its website that the companies reported that they had 

accomplished	those	goals,	either	by	exiting	the	PFAS	industry	

or by transitioning to alternative chemicals.195 EPA reported 

in	2022	that	the	manufacture	and	use	of	at	least	one	PFAS,	

PFOA,	had	been	phased	out	in	the	U.S.,	and	that	no	chemical	

company had reported making PFOS in the U.S. since 2002. 

EPA	noted	that	existing	stocks	of	PFOA	might	still	be	used,	

and imported products may contain some PFOA.196 A 2020 

scientific	article	reported	that	PFOA	was	still	used	in	Asia.197 

EPA stated that limited ongoing uses of PFOS remain.198 

Since the announcement of its PFAS stewardship program 

in	2006,	EPA	has	allowed	nearly	unlimited	use	of	closely	

related “replacement” chemicals in dozens of industries.199 

In	response,	in	2015	a	group	of	more	than	200	scientists	

raised health and environmental concerns that the new PFAS 

designed to replace PFOA and PFOS may not be safer for 

health or the environment.200

In	October	2021,	EPA	announced	a	“strategic	roadmap”	for	

regulating PFAS. This plan encompasses a goal of setting 

federal drinking water standards for several PFAS chemicals by 

2023,	as	well	as	commitments	to	“use	all	available	regulatory	

and permitting authorities to limit emissions and discharges 

from industrial facilities” and “hold polluters accountable.”201 

The	plan	does	not,	however,	include	an	examination	of	

PFAS	use	in	the	oil	and	gas	industry.	(Later	that	month,	15	

members of the U.S. House of Representatives asked EPA to 

examine this topic.202	The	month	before,	PSR	asked	EPA	to	

collect	data	on	PFAS	use	in	oil	and	gas	extraction,	utilizing	its	

authority under TSCA.203	As	previously	stated,	in	June	2022,	

EPA announced new health advisory levels for several types 

of	PFAS;	unfortunately,	these	standards	are	advisory	and	

not legally enforceable.204	In	August	2022,	EPA	proposed	

designating PFOA and PFOS as hazardous under Superfund.205 

This	designation	would	enable	affected	parties	to	more	easily	

hold oil and gas companies accountable for cleanup costs 

if PFOA and PFOS were found at oil and gas sites because 

under	Superfund,	liability	does	not	require	negligence,	and	

any	potentially	responsible	party	(PRP)	can	be	held	liable	

for	cleanup	of	an	entire	site	when	it	is	difficult	to	distinguish	

contributions to pollution among several parties. As EPA 

writes	about	Superfund,	“[i]f	a	PRP	sent	some	amount	of	

the	hazardous	waste	found	at	the	site,	that	party	is	liable.”206 

Finally	as	previously	stated,	in	March	2023,	EPA	announced	a	

plan to regulate six types of PFAS in drinking water.

In	acting	belatedly	to	regulate	at	least	some	types	of	PFAS	

in	drinking	water,	EPA	is	following	the	lead	of	several	

states.	As	of	2023	nine	states,	including	at	least	several	with	

contaminated	military	sites,	had	developed	enforceable	

standards for concentrations of several types of PFAS in 

drinking water.207	One	of	those	to	act	is	Michigan,	which	set	

standards in 2020 for limiting PFAS in drinking water and 
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for removing PFAS from groundwater. The standards apply 

to PFOA and six other forms of PFAS. Michigan’s maximum 

allowable level is no more than eight parts per trillion for 

PFOA,208 a standard that is one of the lowest among states 

but is now much more permissive than EPA’s interim health 

advisory	level.	Even	Michigan’s	standard,	however,	shows	

how	toxic	PFAS	can	be.	By	extrapolation,	Michigan’s	standard	

suggests that one measuring cup of PFOA could contaminate 

almost eight billion gallons of water – the amount of water 

needed	to	fill	almost	12,000	Olympic-sized	swimming	pools	

at	about	660,000	gallons	per	pool.209

b.  New Mexico Disclosure Rules: In Need  
of Sweeping Reform

In	New	Mexico,	multiple	reforms	are	needed	to	protect	

the	public	from	the	use	of	PFAS	in	oil	and	gas	operations,	

including changing the state’s chemical disclosure rules to lift 

the veil of secrecy that oil and gas companies have used to 

conceal	the	use	of	potentially	dangerous	chemicals	including,	

perhaps,	PFAS.	One	such	change	should	be	tighter	limits	on	

the use of trade secret provisions.

Oil and gas companies have argued that chemical trade 

secrets are necessary to protect their intellectual property 

from	competitors.	However,	this	interest	does	not	have	to	

mean a complete withholding of information on chemical 

identities	from	scientists,	regulators,	and	the	public.	In	2015,	

California,	a	major	oil-producing	state,210 began requiring full 

disclosure	of	chemicals	used	for	well	stimulation,	including	

fracking. The policy did away with trade secret exemptions 

for the individual chemicals used in fracking products.211 

In	June	2022,	Colorado,	a	major	producer	of	oil	and	gas,212 

followed in California’s footsteps but extended the disclosure 

requirements	to	all	chemicals	used	in	oil	and	gas	wells,	not	

just	fracking	or	stimulation	chemicals.213

The methodology utilized in California and Colorado is 

consistent with a recommendation issued in 2014 by an 

advisory panel to the U.S. Department of Energy: that 

companies	reveal	the	fracking	chemicals	injected	into	

each	well,	providing	that	information	in	a	list	in	which	

the chemicals are disassociated from the trade name of 

the commercial products they are part of.214 This form of 

disclosure enables the public to know all the chemicals used 

in fracking without disclosing to rival chemical manufacturers 

the exact components of proprietary formulas.215	In	a	similar	

way,	food	producers	keep	recipes	secret	while	disclosing	

individual	ingredients,	enabling	the	public	to	know	the	

contents	of	food	products	but	making	it	difficult	for	rival	

producers	to	recreate	valuable	food	brands.	In	addition,	

California has a process under which state regulators review 

secrecy requests from chemical companies to determine 

whether the information must be kept proprietary.216 Health 

and	safety	data	related	to	fracking	fluids	are	not	allowed	to	

be hidden from public view under California law.217 California 

also requires disclosure of fracking chemicals before fracking 

begins,218 as do West Virginia219 and Wyoming.220

New Mexico should also ensure that full chemical disclosure 

is required from all the companies in the chemical supply 

chain.	Currently,	New	Mexico	rules	require	chemical	

disclosure from the well operator.221	Chemical	manufacturers,	

however,	are	exempted	from	this	reporting,	despite	being	

the only entity that always knows the precise contents of 

the chemicals they produce. Not only does New Mexico 

omit chemical manufacturers from disclosure requirements 

and	allow	them	to	claim	trade	secrets;	it	also	limits	their	

responsibility by providing that the Division of Oil and Gas 

“does not require the reporting of information beyond the 

material safety data sheet data as described in 29 C.F.R. 

1910.1200.” This provision means that disclosure is limited 

to what is required on material safety data sheets (now 

called	safety	data	sheets)	on	which	chemical	manufacturers	

list information about their chemicals to protect workers. 

Well operators are not responsible for compiling chemical 

information from manufacturers that is not disclosed on the 

sheets.222	As	several	Harvard	researchers	reported	in	2013,	

manufacturers can legally omit chemical information from 

the	sheets.	For	example,	if	a	chemical	has	not	been	tested	

and	found	to	be	hazardous,	it	does	not	need	to	be	disclosed,	

even if tests would show that it is hazardous.223	Therefore,	

the	manufacturers	could	effectively	withhold	this	information	

from public disclosure with or without trade secret protection.
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Flaring	near	Chaco	Culture	National	Historic	Park,	Dec.	2014.	Photo	credit:	Jane	Pargiter,	EcoFlight.

Evidence suggests that chemical manufacturers do not 

always tell companies farther down the supply chain the full 

contents	of	the	chemical	products	they	are	using;	rather,	

they	provide	these	companies	with	vague	descriptions,	

generic	chemical	family	names	or,	as	the	Harvard	researchers	

suggested,	Material	Safety	Data	Sheets	with	an	incomplete	list	

of chemicals.224	In	such	cases,	the	end	users	may	legitimately	

be unable to disclose all the identities of chemicals – including 

PFAS	–	used	at	a	particular	well,	whether	under	trade	

secret protection or not. They simply would not have the 

information. Requiring disclosure of oil and gas chemicals by 

chemical manufacturers would avoid this problem. Colorado 

took	this	step	in	its	June	2022	legislation.225

These reasonable and feasible reforms are valuable steps to 

protect the health of people who may be exposed to PFAS 

and	other	dangerous	oil	and	gas	chemicals,	be	they	industry	

workers,	residents	living	near	well	sites,	or	first	responders	

called to the scene of an accident. They can improve health 

and potentially save lives. Additional steps to reduce the 

harms caused by oil and gas extraction are outlined in 

the	following	section,	including	a	ban	on	the	use	of	PFAS	

in	oil	and	gas	operations,	an	action	that	Colorado	took	in	

2022.226 Among the evidence supporting the feasibility of 

this measure is a peer-reviewed analysis published in 2021 

showing that many PFAS are immediately replaceable with 

less-persistent	and	less-toxic	substances,	including	for	use	in	

the oil and gas industry.227

c.  New Mexico Hazardous Waste Rules Also in Need  
of Reform

New Mexico’s state government has recognized the dangers 

of	PFAS	but,	in	doing	so,	has	illuminated	another	gap	in	

P
H

Y
S

IC
IA

N
S

 F
O

R
 S

O
C

IA
L

 R
E

S
P

O
N

S
IB

IL
IT

Y
 |

 W
W

W
.P

S
R

.O
R

G
PH

YS
IC

IA
NS

 F
OR

 S
OC

IA
L 

RE
SP

ON
SI

BI
LI

TY
 | 

W
W

W
.P

SR
.O

RG

FRACKING WITH “FOREVER CHEMICALS” IN NEW MEXICO | 29

WG Ex. 19

0815



state rules that should be closed to protect the public 

from	PFAS	use	in	oil	and	gas	operations.	In	2021,	Governor	

Michelle	Lujan	Grisham	petitioned	EPA	to	list	the	class	of	

chemicals known as PFAS as hazardous under Subtitle C 

of the federal Resource Conservation and Recovery Act 

(RCRA)	or,	alternatively,	“list	individual	PFAS	chemicals	under	

RCRA	known	to	have	harmful	effects	to	humans	and	the	

environment.”228 Subtitle C of RCRA is our nation’s law that 

requires safe management of hazardous waste from “cradle-

to-grave.”229 Gov. Luhan Grisham emphasized how important 

this	policy	change	would	be	for	New	Mexico,	writing

	 I	implore	EPA	to	do	what	is	immediately	necessary	

to protect the people and environment of the United 

States	from	the	real	and	potentially	devastating	effects	

of exposure to PFAS....Without a uniform regulatory 

process	addressing	PFAS	from	manufacture	to	disposal,	

states like New Mexico will be left attempting to use a 

patchwork of statutory and regulatory authorities that 

may or may not provide enough oversight…230

EPA administrator Michael Regan replied later in 2021 that 

the agency would initiate a rulemaking process to declare 

four	types	of	PFAS	to	be	hazardous	under	RCRA:	PFOA,	

PFOS,	PFBS,	and	GenX.	He	also	said	that	EPA	would	initiate	

a rulemaking to “clarify that emerging contaminants such as 

PFAS can be addressed through RCRA corrective action.”231

Yet under both the federal RCRA232 and the state’s 

implementation	of	the	federal	law,233 oil and gas wastes are 

exempt from hazardous waste requirements. This exemption 

likely means that even if EPA acted on the governor’s petition 

and	declared	PFAS	hazardous,	oil	and	gas	wastes	containing	

PFAS	would	not	be	subject	to	hazardous	waste	protections.	

New Mexico could act to avoid this problem and regulate 

oil and gas waste as hazardous by following the example 

of	New	York	State.	In	2020,	New	York	enacted	legislation	to	

designate oil and gas waste as hazardous.234 State Senator 

Rachel	May,	one	of	the	bill’s	sponsors,	said	in	a	statement,

 Wastewater from fracking can contain carcinogenic 

compounds and naturally occurring radioactive 

materials. The regulatory loophole that allowed waste 

from fracking and crude oil processing to be treated as 

standard industrial waste means it enters local sewage 

treatment	facilities,	sometimes	with	radiation	levels	

hundreds	of	times	the	safe	limit,	it	then	flows	directly	

back into our waterways – the source of drinking water 

for thousands of New Yorkers.235

May issued her statement before it was widely known that 

PFAS	was	used	in	oil	and	gas	operations,	but	considering	the	

oil	and	gas	industry’s	record	of	using	PFAS,	these	chemicals	

could be present in oil and gas wastes whether in New 

York,	New	Mexico,	or	other	states.	Continuing	to	exempt	

oil and gas wastes from hazardous waste treatment means 

that	PFAS	in	these	wastes	would	likely	be	exempt,	too,	with	

potentially serious consequences for New Mexicans.
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 Recommendations

In	light	of	the	findings	shared	in	this	report,	PSR	recommends	

the following:

• Halt PFAS use in oil and gas extraction. New 

Mexico	should	follow	the	lead	of	Colorado,	a	major	

oil-	and	gas-producing	state	that	in	June	2022	passed	

legislation banning the use of PFAS in oil and gas wells. 

Furthermore,	New	Mexico	and	the	U.S.	Environmental	

Protection	Agency	(EPA)	should	prohibit	PFAS	from	

being	used,	manufactured,	or	imported	for	oil	and	

gas extraction. Many PFAS are replaceable with less-

persistent and less-toxic alternatives. 

• Expand public disclosure. New Mexico should greatly 

expand its requirements for public disclosure of oil 

and gas chemicals. TThe state could again follow the 

example	offered	by	Colorado	by	requiring	disclosure	

of	all	individual	chemicals	used	in	oil	and	gas	wells,	

without	exceptions	for	trade	secrets,	while	still	protecting	

chemical product formulas. New Mexico should also 

require disclosure on the part of chemical manufacturers 

and	require	chemical	disclosure	prior	to	permitting,	as	

have	California,	West	Virginia,	and	Wyoming.

• Increase testing and tracking. New Mexico and/or the 

U.S. EPA should determine where PFAS have been used 

in oil and gas operations in the state and where related 

wastes have been deposited. They should test nearby 

residents,	water,	soil,	flora,	and	fauna	for	PFAS,	both	

for	the	particular	type(s)	of	PFAS	used	and	for	organic	

fluorine	to	detect	the	presence	of	other	PFAS.	and/or	

their breakdown products. Testing equipment should be 

used that is sensitive enough to detect PFAS at a level of 

single-digit parts per trillion or lower. 

• Require funding and cleanup. Oil and gas and chemical 

firms	should	be	required	to	fund	environmental	testing	

for	PFAS	in	their	areas	of	operation,	and	should	PFAS	

be	found,	be	required	to	fund	cleanup.	If	water	cleanup	

is	impossible,	companies	responsible	for	the	use	of	

PFAS should pay for alternative sources of water for 

household	and	agricultural	uses,	as	needed.

• Remove New Mexico’s oil and gas hazardous waste 
exemption. New Mexico exempts oil and gas industry 

wastes from state hazardous waste rules. New Mexico 

should follow New York’s lead and remove its state-level 

hazardous waste exemption for the oil and gas industry.

• Reform New Mexico’s regulations for oil and 
gas production wells and underground injection 
disposal wells. The state should prohibit production 

wells and underground wastewater disposal wells close 

to	underground	sources	of	drinking	water,	homes,	

health	care	facilities	and	schools,	require	groundwater	

monitoring	for	contaminants	near	the	wells,	and	for	

disposal	wells,	require	full	public	disclosure	of	chemicals	

in the wastewater.

• Transition to renewable energy and better 
regulation. Given the use of highly toxic chemicals in 

oil	and	gas	extraction,	including	but	not	limited	to	PFAS,	

as well as climate impacts of oil and gas extraction and 

use,	New	Mexico	should	transition	away	from	oil	and	

gas production and move toward renewable energy 

and	efficiency	while	providing	economic	support	for	

displaced oil and gas workers. As long as drilling and 

fracking	continue,	the	state	should	better	regulate	these	

practices so that New Mexicans are not exposed to toxic 

substances and should empower local governments 

also to regulate the industry. When doubt exists as to 

the	existence	or	danger	of	contamination,	the	rule	of	

thumb	should	be,	“First,	do	no	harm.”
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 Appendix

Data Sources for PFAS Used in New Mexico’s Oil  
and Gas Wells

To identify where PFAS were used at oil and gas wells in New 

Mexico,	PSR	analyzed	data	from	the	state	Oil	Conservation	

Division	that	is	part	of	the	Energy,	Minerals	and	Natural	

Resources	Department.	These	data,	based	on	reports	from	

oil	and	gas	well	operators,	show	well-by-well	which	fracking	

chemicals	were	used.236	These	data	date	from	January	1,	

2013	to	early	2018,	likely	because	a	change	in	state	rules	

in September 2017 required reporting to the FracFocus 

database rather than to the state.237 PSR also relied on 

the well-by-well reports of fracking chemicals recorded 

in	FracFocus,	a	database	for	the	oil	and	gas	industry238 

maintained	by	the	Groundwater	Protection	Council,239 a 

nonprofit	comprised	of	regulators	from	state	agencies.	

The	dates	of	these	records	extend	from	January	1,	2013	

to	September	29,	2022.	PSR	consulted	the	open-source	

version	of	FracFocus,	Open-FF,240 which is more accurate and 

informative than the original version of FracFocus.241

Under	current	New	Mexico	law,	operators	must	disclose	

the fracking chemicals used in each well to the FracFocus 

database using the “current edition of the hydraulic 

fluid	product	component	information	form	published	by	

FracFocus.” Disclosure must occur within 45 days after 

hydraulic fracturing treatment.242	Based	on	the	disclosure	

forms	available	on	FracFocus’	website,	operators	must	list,	

among	other	things,	each	individual	chemical	injected	into	

the	well	and	each	chemical’s	CAS	number,	if	available.243 New 

Mexico’s prior fracking chemical disclosure rules required 

disclosure of similar information.244	There	are,	however,	

significant	exceptions	to	disclosure	requirements	under	

New	Mexico’s	rules,	including	an	exception	for	chemicals	

designated a trade secret245 that are discussed in Chapter 3 

and Chapter 7.
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Table 6. Oil and Gas Companies that Fracked Wells in New Mexico Using Trade Secret Chemicals  
and Trade Secret Surfactants, 2013-2022.

Operator Number of wells injected 
with trade secret chemicals

Number of wells injected 
with trade secret surfactants

EOG Resources, Inc. 1177 214

COG Operating LLC 844 438

Devon Energy Production Company L. P. 586 358

Mewbourne Oil Company 575 116

Occidental Oil and Gas 498 141

XTO Energy/ExxonMobil 442 203

Apache Corporation 439 386

Cimarex Energy Co. 336 186

Matador Production Company 288 63

Chevron USA Inc. 264 189

Hilcorp Energy Company 203 0

ConocoPhillips Company/Burlington Resources 161 112

WPX Energy 148 21

Kaiser-Francis Oil Company 131 67

Lime Rock Resources Ii-A, L.P. 129 91

BTA Oil Producers LLC 121 27

Marathon Oil 108 3

Mack Energy Corp 105 76

RKI Exploration & Production, LLC 100 55

Burnett Oil Co., Inc. 99 47

BOPCO, L.P. 86 64

Yates Petroleum Corporation 84 71

LRE Operating, LLC 82 64

Encana Oil & Gas (USA) Inc. 76 40

Tap Rock Resources 73 1

Centennial Resource Production, LLC 70 10

DJR Operating, LLC 70 63

Energen Resources Corporation 68 20

Advance Energy Partners Hat Mesa LLC 53 22

Murchison Oil & Gas Inc 47 44

Dugan Production Corp. 46 27

Novo Oil & Gas Texas, LLC 44 39

Logos Operating, LLC 42 21

Franklin Mountain Energy 39 0

Enduring Resources LLC 36 26

Vanguard Permian LLC 34 14

BP America Production Company 33 16

OXY USA WTP Limited Partnership 33 23
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Table 6. Oil and Gas Companies that Fracked Wells in New Mexico Using Trade Secret Chemicals  
and Trade Secret Surfactants, 2013-2022.

Operator Number of wells injected 
with trade secret chemicals

Number of wells injected 
with trade secret surfactants

Titus Oil & Gas Production, LLC 30 16

Caza Operating, LLC 23 13

Endurance Resources LLC 23 22

Chisholm Energy Operating, LLC 21 2

Legacy Reserves Operating LP 21 10

Ameredev Operations LLC 20 5

EnerVest, Ltd. 20 19

SM Energy 18 2

Colgate Operating, LLC 16 1

Gmt Exploration Company LLC 15 14

BreitBurn Operating LP 14 8

Burlington Resources Oil & Gas Company LP 14 14

Nearburg Producing Co 14 14

Longfellow Energy, LP 13 9

Redwood Operating LLC 13 4

Percussion Petroleum LLC 12 10

Steward Energy II, LLC 12 7

Fasken Oil & Ranch Ltd 11 10

Nadel and Gussman Permian, LLC 11 10

Read & Stevens, Inc. 10 10

Whiting Petroleum 10 3

Linn Operating, Inc. 9 2

Cross Timbers Energy, LLC 8 6

Pride Energy Company 8 8

Strata Production Co. 8 6

Chesapeake Operating, Inc. 7 7

Elm Ridge Exploration Company LLC 7 0

Forty Acres Energy LLC 7 6

Legend Natural Gas Iii Limited Partnership 7 1

McElvain Energy, Inc. 7 5

Regeneration Energy, Corp 7 6

Alamo Permian Resources, LLC 6 5

Manzano LLC 5 4

V-F Petroleum Inc 5 3

Atlas Energy, L.P. 4 0

Avant Operating, LLC 4 0

Capstone Natural Resources, LLC 4 4

Lynx Petroleum Consultants Inc 4 4
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Table 6. Oil and Gas Companies that Fracked Wells in New Mexico Using Trade Secret Chemicals  
and Trade Secret Surfactants, 2013-2022.

Operator Number of wells injected 
with trade secret chemicals

Number of wells injected 
with trade secret surfactants

Marshall & Winston Inc 4 4

Premier Oil & Gas Inc 4 4

Rockcliff Energy Operating 4 0

Special Energy Corporation 4 4

Hadaway Consulting and Engineering, LLC 3 3

Nemo Fund I, LLC 3 3

Stephens & Johnson Operating Co. 3 1

Sundown Energy LP 3 0

Catena Resources Operating, LLC 2 2

Foundation Energy Management, LLC 2 2

IACX Production 2 2

ICA Energy Operating LLC 2 0

Koch Exploration Company, LLC 2 2

Maverick Operating, LLC 2 2

Memorial Resource Development LLC 2 0

OneEnergy Partners Operating, LLC 2 0

Quantum Resources Management, LLC 2 2

Sg Interests I Ltd 2 2

SIMCOE LLC 2 0

Texland Petroleum, LP 2 2

Thompson Engr & Prod Corp 2 1

Amtex Energy Inc. 1 0

BAM Permian Operating, LLC 1 1

BC Operating, Inc. 1 1

Boaz Energy, LLC. 1 1

Chuza Oil Company 1 1

Clayton Williams Energy Inc. 1 0

CML Exploration, LLC 1 1

Cobra Oil & Gas Corporation 1 1

D J Simmons Inc 1 1

DGP Energy 1 0

Forge Energy, LLC 1 1

Harvey E Yates Co 1 1

HEXP Operating, LLC 1 1

Hunt Cimarron Limited Partnership 1 1

Huntington Energy, LLC 1 0

ImPetro Operating LLC 1 1

Mammoth Exploration, LLC 1 1
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Table 6. Oil and Gas Companies that Fracked Wells in New Mexico Using Trade Secret Chemicals  
and Trade Secret Surfactants, 2013-2022.

Operator Number of wells injected 
with trade secret chemicals

Number of wells injected 
with trade secret surfactants

Mar Oil & Gas Corp. 1 0

Merit Energy Company 1 1

Merrion Oil & Gas Corp 1 1

Ridgeway Arizona Oil Corp. 1 0

Robert L. Bayless, Producer LLC 1 1

Running Horse Production Company 1 0

San Juan Resources, Inc. 1 0

Seely Oil Co 1 1

Tacitus LLC 1 0

Western Refining Southwest, Inc. 1 0

This table shows the oil and gas companies that fracked oil and gas wells in New Mexico with trade secret chemicals and trade secret 
surfactants between January 1, 2013 and September 29, 2022. The wells injected with trade secret surfactants are a subset of the wells 
injected with trade secret chemicals. 
 
*ND = No data available.
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New Mexico must strengthen its protections from PFAS and other pollution related to oil and gas extraction to safeguard its land and people. 
View	from	Deep	Access	Cave,	Carlsbad	Caverns	National	Park,	Sept.	2020.	Photo	credit:	Dan	Pawlak,	National	Park	Service.
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methodology,	we	will	use	as	an	example	the	figures	from	XTO	
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HOUSE BILL 22-1348 

BY REPRESENTATIVE(S) Froelich and Caraveo, Amabile, Bacon, 
Bernett, Cutter, Duran, Gray, Hooton, Jodeh, Kennedy, Kipp, Lindsay, 
Lontine, Sirota, Bird, Boesenecker, Gonzales-Gutierrez, McCormick, Ricks, 
Titone, Valdez A., Weissman, Benavidez, Herod, Snyder, Sullivan, 
Woodrow; 
also SENATOR(S) Winter, Buckner, Donovan, Ginal, Gonzales, Hansen, 
Jaquez Lewis, Lee, Moreno, Pettersen, Story, Zenzinger, Fenberg. 

CONCERNING ENHANCED OVERSIGHT OF THE CHEMICALS USED IN OIL AND 
GAS PRODUCTION, AND, IN CONNECTION THEREWITH, MAKING AN 
APPROPRIATION. 

Be it enacted by the General Assembly of the State of Colorado: 

SECTION 1. Legislative declaration. (1) The general assembly 
hereby finds and declares that: 

(a) There are tens of thousands of active oil and gas wells in 
Colorado; 

(b) Many different types of products that contain chemical additives 
are used by operators during the drilling and stimulation of these wells to 

Capital letters or bold & italic numbers indicate new material added to existing law; dashes 
through words or numbers indicate deletions from existing law and such material is not part of 
the act. 

WG Ex. 20

0839



break up the subsurface and extract oil and gas from the ground; 

(c) While water and sand can make up the vast majority of these 
products, the amount of chemical additives injected into a well can add up 
to tens of thousands of gallons because of the amount of these products that 
are used during the course of an oil and gas operation; 

(d) When these chemical additives are injected into a well, there is 
a high risk of contamination to nearby groundwater or surface water; and 

(e) Some chemicals used in chemical products, such as 
perfluoroalkyl and polyfluoroalkyl chemicals and biocides, have high 
aquatic toxicity and can be incredibly harmful to human health and the 
environment. 

(2) The general assembly further finds and declares that: 

(a) Even though exposure to these chemical additives poses a danger 
to public health and the environment, scientists, state and local regulators, 
and the public lack full access to information about the chemical additives 
used in oil and gas production in the state; 

(b) While Colorado requires the reporting of certain chemical 
information for products that are used in hydraulic fracturing (fracking) 
operations for input into a third-party database, there are broad exemptions 
allowed for chemical information that is deemed proprietary or confidential 
by the operator or supplier of a product; 

(c) In recent years, thousands of operators who conduct fracking 
operations have used trade secrecy claims to avoid disclosing information 
about the chemicals that they use in their operations; 

(d) Operators and suppliers of the products often do not have 
knowledge of the chemical information that they are required to report to 
the state; 

(e) As a result of the amount of trade secrecy claims and the 
operators' and suppliers' lack of knowledge of specific chemical 
information, information about the chemical additives that are used in 
fracking operations in the state is vastly underreported; 
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(f) Greater transparency regarding chemical use in oil and gas 
production is urgently needed and can be achieved by: 

(I) Requiring manufacturers and disclosers, rather than operators, to 
disclose information about chemicals that are used in oil and gas production 
in the state; 

(II) Requiring the Colorado oil and gas conservation commission to 
gather the chemical information so that the disclosure of specific chemical 
information can be separated from the trade name of a product, which will 
thereby protect any proprietary information; and 

(III) Ensuring that operators disclose chemical information to the 
state, local governments, and communities in close proximity to operations 
after the operations have commenced; and 

(g) A full inventory of the chemicals used in oil and gas production 
will: 

(I) Assist state agencies, local governments, health-care 
professionals, public health officials, and scientists in determining if highly 
hazardous chemicals are being used in oil and gas production; and 

(II) Encourage the disclosers and users of products that contain 
highly hazardous chemicals to use less toxic alternatives in future products 
and oil and gas operations. 

(3) Therefore the general assembly determines and declares that the 
state should enact a regulatory scheme that provides full disclosure of the 
chemicals that are being deposited into the environment through oil and gas 
production because: 

(a) Coloradans have the right to know what chemicals are being 
deposited into the environment where they live, work, and recreate; and 

(b) State and local governments and regulators need this chemical 
information to adequately protect the people, water systems, wildlife, and 
environment of Colorado. 

SECTION 2. In Colorado Revised Statutes, add 34-60-132 as 
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follows: 

34-60-132. Disclosure of chemicals used in downhole oil and gas 
operations - chemical disclosure lists - community notification - reports 
- definitions - rules - repeal. (1) AS USED IN THIS SECTION, UNLESS THE 
CONTEXT OTHERWISE REQUIRES: 

(a) (I) "ADDITIVE" MEANS A CHEMICAL OR COMBINATION OF 
CHEMICALS ADDED TO A BASE FLUID FOR USE IN A HYDRAULIC FRACTURING 
TREATMENT. 

(II) "ADDITIVE" INCLUDES PROPPANTS. 

(b) "BASE FLUID" MEANS THE CONTINUOUS PHASE FLUID TYPE, SUCH 
AS WATER, USED IN A HYDRAULIC FRACTURING TREATMENT. 

(c) "CHEMICAL" MEANS ANY ELEMENT, CHEMICAL COMPOUND, OR 
MIXTURE OF ELEMENTS OR CHEMICAL COMPOUNDS THAT HAS A SPECIFIC 
NAME OR IDENTITY, INCLUDING A CHEMICAL ABSTRACTS SERVICE NUMBER. 

(d) "CHEMICAL ABSTRACTS SERVICE NUMBER" MEANS THE UNIQUE 
NUMERICAL IDENTIFIER ASSIGNED BY THE CHEMICAL ABSTRACTS SERVICE 
TO A CHEMICAL. 

(e) "CHEMICAL DISCLOSURE INFORMATION" MEANS THE 
INFORMATION DISCLOSED TO THE COMMISSION UNDER SUBSECTIONS (2)(a)(I) 
AND (3)(a)(I) OF THIS SECTION. 

(f) "CHEMICAL DISCLOSURE LIST" MEANS A LIST OF CHEMICALS USED 
IN DOWNHOLE OPERATIONS AT A WELL SITE. 

(g) "CHEMICAL DISCLOSURE WEBSITE" MEANS A WEBSITE THAT IS 
CAPABLE OF DISPLAYING CHEMICAL DISCLOSURE LISTS AND CAN BE 
ACCESSED BY THE PUBLIC. 

(h) (I) "CHEMICAL PRODUCT" MEANS ANY PRODUCT THAT CONSISTS 
OF ONE OR MORE CHEMICALS AND IS SOLD OR DISTRIBUTED FOR USE IN 
DOWNHOLE OPERATIONS IN THE STATE. 

(II) "CHEMICAL PRODUCT" INCLUDES ADDITIVES, BASE FLUIDS, AND 
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HYDRAULIC FRACTURING FLUIDS. 

(III) "CHEMICAL PRODUCT" DOES NOT INCLUDE THE STRUCTURAL 
AND MECHANICAL COMPONENTS OF A WELL SITE WHERE DOWNHOLE 
OPERATIONS ARE BEING CONDUCTED. 

(i) (I) "DIRECT VENDOR" MEANS ANY DISTRIBUTOR, SUPPLIER, OR 
OTHER ENTITY THAT SELLS OR SUPPLIES ONE OR MORE CHEMICAL PRODUCTS 
DIRECTLY TO AN OPERATOR OR SERVICE PROVIDER FOR USE AT A WELL SITE. 

(II) "DIRECT VENDOR" DOES NOT INCLUDE ENTITIES THAT 
MANUFACTURE, PRODUCE, OR FORMULATE CHEMICAL PRODUCTS FOR 
FURTHER MANUFACTURE, FORMULATION, SALE, OR DISTRIBUTION BY THIRD 
PARTIES PRIOR TO BEING SUPPLIED DIRECTLY TO OPERATORS OR SERVICE 
PROVIDERS. 

(j) "DISCLOSER" MEANS AN OPERATOR, ANY SERVICE PROVIDER 
USING ONE OR MORE CHEMICAL PRODUCTS IN THE COURSE OF DOWNHOLE 
OPERATIONS, AND ANY DIRECT VENDOR THAT PROVIDES ONE OR MORE 
CHEMICAL PRODUCTS DIRECTLY TO THE OPERATOR OR SERVICE PROVIDER 
FOR USE AT A WELL SITE. 

(k) "DIVISION" MEANS THE DIVISION OF PARKS AND WILDLIFE IN THE 
DEPARTMENT OF NATURAL RESOURCES. 

(1) "DOWNHOLE OPERATIONS" MEANS OIL AND GAS PRODUCTION 
OPERATIONS THAT ARE CONDUCTED UNDERGROUND. 

(m) "HEALTH-CARE PROFESSIONAL" MEANS A PHYSICIAN, PHYSICIAN 
ASSISTANT, NURSE PRACTITIONER, REGISTERED NURSE, OR EMERGENCY 
MEDICAL SERVICE PROVIDER LICENSED OR CERTIFIED BY THE STATE. 

(n) "HIGH-PRIORITY HABITAT" MEANS HABITAT AREAS IDENTIFIED BY 
THE DIVISION WHERE MEASURES TO AVOID, MINIMIZE, AND MITIGATE 
ADVERSE IMPACTS TO WILDLIFE HAVE BEEN IDENTIFIED TO PROTECT 
BREEDING, NESTING, FORAGING, MIGRATING, OR OTHER USES BY WILDLIFE. 

(o) "HYDRAULIC FRACTURING FLUID" MEANS THE FLUID, INCLUDING 
ANY BASE FLUID AND ADDITIVES, USED TO PERFORM A HYDRAULIC 
FRACTURING TREATMENT. 
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(p) "HYDRAULIC FRACTURING TREATMENT" MEANS ALL STAGES OF 
THE TREATMENT OF A WELL BY THE APPLICATION OF HYDRAULIC 
FRACTURING FLUID UNDER PRESSURE, WHICH TREATMENT IS EXPRESSLY 
DESIGNED TO INITIATE OR PROPAGATE FRACTURES IN AN UNDERGROUND 
GEOLOGIC FORMATION TO ENHANCE THE PRODUCTION OF OIL AND GAS. 

(q) "MANUFACTURER" MEANS A PERSON OR ENTITY THAT MAKES, 
ASSEMBLES, OR OTHERWISE GENERATES A CHEMICAL PRODUCT OR WHOSE 
TRADE NAME IS AFFIXED TO A CHEMICAL PRODUCT. 

(r) "PERFLUOROALKYL AND POLYFLUOROALKYL SUBSTANCES" OR 
"PFAS CHEMICALS" HAS THE MEANING SET FORTH IN SECTION 25-5-1302 (7). 

(s) "PROPPANTS" MEANS MATERIALS INSERTED OR INJECTED INTO AN 
UNDERGROUND GEOLOGIC FORMATION DURING A HYDRAULIC FRACTURING 
TREATMENT THAT ARE INTENDED TO PREVENT FRACTURES FROM CLOSING. 

(t) "PUBLIC WATER SYSTEMS" HAS THE MEANING SET FORTH IN 
SECTION 25-1.5-201 (1). 

(u) "TRADE SECRET" HAS THE MEANING SET FORTH IN SECTION 
7-74-102 (4). 

(v) "TYPE III AQUIFER" MEANS AN AQUIFER THAT CONSISTS OF 
UNCONSOLIDATED GEOLOGIC MATERIAL, INCLUDING ALLUVIAL, COLLUVIAL, 
OR OTHER CONSOLIDATED MATERIALS. 

(w) "WELL SITE" MEANS THE AREA THAT IS DIRECTLY DISTURBED 
DURING OIL AND GAS OPERATIONS. 

(2) Discloser chemical disclosure information and declaration. 
(a) ON AND AFTER JULY 31, 2023, AND SUBJECT TO SUBSECTION (2)(b) OF 
THIS SECTION, A DISCLOSER THAT SELLS OR DISTRIBUTES A CHEMICAL 
PRODUCT FOR USE IN DOWNHOLE OPERATIONS IN THE STATE OR THAT USES 
A CHEMICAL PRODUCT IN DOWNHOLE OPERATIONS IN THE STATE MUST: 

(I) DISCLOSE TO THE COMMISSION: 

(A) THE TRADE NAME OF THE CHEMICAL PRODUCT; AND 
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(B) A LIST OF THE NAMES AND CHEMICAL ABSTRACTS SERVICE 
NUMBERS OF EACH CHEMICAL USED IN THE CHEMICAL PRODUCT; AND 

(C) IF A DISCLOSER BELIEVES THAT A CHEMICAL CONSTITUENT OF A 
CHEMICAL PRODUCT IS A TRADE SECRET OR IS PROPRIETARY INFORMATION, 
NEVERTHELESS DISCLOSE THE CHEMICAL CONSTITUENT; AND 

(II) PROVIDE A WRITTEN DECLARATION TO THE COMMISSION THAT 
THE CHEMICAL PRODUCT CONTAINS NO INTENTIONALLY ADDED PFAS 
CHEMICALS. 

(b) (I) (A) FOR DISCLOSERS THAT WERE ALREADY SELLING OR 
DISTRIBUTING A CHEMICAL PRODUCT FOR USE IN DOWNHOLE OPERATIONS IN 
THE STATE BEFORE JULY 31, 2023, OR THAT WERE USING THE CHEMICAL 
PRODUCT BEFORE JULY 31, 2023, THE INFORMATION AND DECLARATION 
REQUIRED TO BE PROVIDED PURSUANT TO SUBSECTION (2)(a) OF THIS 
SECTION MUST BE PROVIDED TO THE COMMISSION AT LEAST THIRTY DAYS 
BEFORE JULY 31, 2023. 

(B) THIS SUBSECTION (2)(b)(I) IS REPEALED, EFFECTIVE JULY 1, 
2024. 

(II) FOR DISCLOSERS THAT BEGIN TO SELL, DISTRIBUTE, OR USE A 
CHEMICAL PRODUCT FOR USE IN DOWNHOLE OPERATIONS IN THE STATE ON 
OR AFTER JULY 31, 2023, THE INFORMATION AND DECLARATION REQUIRED 
TO BE PROVIDED PURSUANT TO SUBSECTION (2)(a) OF THIS SECTION MUST BE 
PROVIDED TO THE COMMISSION AT LEAST THIRTY DAYS BEFORE THE 
DISCLOSER BEGINS SELLING, DISTRIBUTING, OR USING THE CHEMICAL 
PRODUCT. 

(C) THE COMMISSION SHALL ENSURE THAT THE INFORMATION AND 
DECLARATION REQUIRED TO BE PROVIDED UNDER SUBSECTION (2)(a) OF THIS 
SECTION IS PROVIDED TO THE COMMISSION. 

(d) IF A MANUFACTURER DOES NOT PROVIDE THE INFORMATION 
DESCRIBED IN SUBSECTION (2)(a)(I) OF THIS SECTION FOR A CHEMICAL 
PRODUCT THAT IT SELLS OR DISTRIBUTES FOR USE IN DOWNHOLE OPERATIONS 
IN THE STATE TO A DISCLOSER UPON THE REQUEST OF THE DISCLOSER OR THE 
COMMISSION, THE MANUFACTURER MUST PROVIDE THE COMMISSION WITH A 
TRADE SECRET FORM OF ENTITLEMENT, AS DETERMINED BY THE COMMISSION 
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BY RULE, FOR THE CHEMICAL PRODUCT. AT A MINIMUM, THE MANUFACTURER 
MUST INCLUDE IN THE TRADE SECRET FORM OF ENTITLEMENT FOR THE 
CHEMICAL PRODUCT: 

(I) THE NAME OF EACH CHEMICAL USED IN THE CHEMICAL PRODUCT; 
AND 

(II) THE CHEMICAL ABSTRACTS SERVICE NUMBER OF EACH 
CHEMICAL USED IN THE CHEMICAL PRODUCT. 

(e) IF, AFTER MAKING A REQUEST TO THE MANUFACTURER OF THE 
CHEMICAL PRODUCT PURSUANT TO SUBSECTION (2)(d) OF THIS SECTION, A 
DISCLOSER IS UNABLE TO DISCLOSE THE INFORMATION DESCRIBED IN 
SUBSECTION (2)(a)(I) OF THIS SECTION, THE DISCLOSER SHALL DISCLOSE TO 
THE COMMISSION: 

(I) THE NAME OF THE CHEMICAL PRODUCT'S MANUFACTURER; 

(II) THE CHEMICAL PRODUCT'S TRADE NAME; 

(III) THE AMOUNT OR WEIGHT OF THE CHEMICAL PRODUCT; AND 

(IV) A SAFETY DATA SHEET FOR THE CHEMICAL PRODUCT, IF IT IS 
AVAILABLE FOR DISCLOSURE BY THE DISCLOSER AND PROVIDES THE 
INFORMATION DESCRIBED IN SUBSECTION (2)(a)(I) OF THIS SECTION. 

(f) IN THE EVENT THAT THE DISCLOSER IS UNABLE TO DISCLOSE THE 
INFORMATION DESCRIBED IN SUBSECTION (2)(a)(I) OF THIS SECTION, THE 
COMMISSION SHALL OBTAIN THE INFORMATION DESCRIBED IN SUBSECTION 
(2)(a)(I) OF THIS SECTION FROM THE MANUFACTURER. 

(3) Operator chemical disclosure information - declaration. 
(a) ON AND AFTER JULY 31, 2023, AND SUBJECT TO SUBSECTION (3)(b) OF 
THIS SECTION, AN OPERATOR OF DOWNHOLE OPERATIONS USING A CHEMICAL 
PRODUCT MUST: 

(I) DISCLOSE TO THE COMMISSION: 

(A) THE DATE OF COMMENCEMENT OF DOWNHOLE OPERATIONS; 
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(B) THE COUNTY OF THE WELL SITE WHERE DOWNHOLE OPERATIONS 
ARE BEING OR WILL BE CONDUCTED; 

(C) THE UNIQUE NUMERICAL IDENTIFIER ASSIGNED BY THE 
AMERICAN PETROLEUM INSTITUTE TO THE WELL WHERE DOWNHOLE 
OPERATIONS ARE BEING OR WILL BE CONDUCTED AND THE US WELL NUMBER 
ASSIGNED TO THE WELL WHERE DOWNHOLE OPERATIONS ARE BEING OR WILL 
BE CONDUCTED; AND 

(D) THE TRADE NAMES AND QUANTITIES OF ANY CHEMICAL 
PRODUCTS THE OPERATOR USED IN DOWNHOLE OPERATIONS; AND 

(II) PROVIDE A WRITTEN DECLARATION TO THE COMMISSION THAT 
THE CHEMICAL PRODUCT CONTAINS NO INTENTIONALLY ADDED PFAS 
CHEMICALS. 

(b) (I) (A) FOR A DOWNHOLE OPERATION THAT COMMENCED BEFORE 
JULY 31, 2023, AND THAT WILL BE ONGOING ON JULY 31, 2023, THE 
INFORMATION AND DECLARATION REQUIRED TO BE PROVIDED PURSUANT TO 
SUBSECTION (3)(a) OF THIS SECTION MUST BE PROVIDED TO THE COMMISSION 
WITHIN ONE HUNDRED TWENTY DAYS AFTER JULY 31, 2023. 

(B) THIS SUBSECTION (3)(b)(I) IS REPEALED, EFFECTIVE JULY 1, 
2024. 

(II) FOR A DOWNHOLE OPERATION THAT COMMENCES ON OR AFTER 
JULY 31, 2023, THE INFORMATION AND DECLARATION REQUIRED TO BE 
PROVIDED PURSUANT TO SUBSECTION (3)(a) OF THIS SECTION MUST BE 
PROVIDED TO THE COMMISSION WITHIN ONE HUNDRED TWENTY DAYS AFTER 
THE COMMENCEMENT OF THE DOWNHOLE OPERATION. 

(C) THE COMMISSION SHALL ENSURE THAT THE INFORMATION AND 
DECLARATION REQUIRED TO BE PROVIDED UNDER SUBSECTION (3)(a) OF THIS 
SECTION IS PROVIDED TO THE COMMISSION. 

(4) Change in chemical disclosure information. IF THERE IS A 
CHANGE IN THE INFORMATION PROVIDED UNDER SUBSECTION (2)(a)(I) OR 
(3)(a)(I) OF THIS SECTION, THE DISCLOSER OR OPERATOR, OR IN THE CASE OF 
DISCLOSURE UNDER SUBSECTION (2)(d) OF THIS SECTION, THE 
MANUFACTURER, MUST SUBMIT THE CHANGE TO THE COMMISSION WITHIN 
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THIRTY DAYS AFTER THE DATE THE DISCLOSER, MANUFACTURER, OR 
OPERATOR FIRST KNEW OF THE CHANGE. 

(5) Chemical disclosure lists. (a) THE COMMISSION SHALL USE THE 
CHEMICAL DISCLOSURE INFORMATION TO CREATE A CHEMICAL DISCLOSURE 
LIST FOR EACH APPLICABLE WELL SITE. 

(b) (I) THE COMMISSION SHALL INCLUDE IN THE CHEMICAL 
DISCLOSURE LIST AN ALPHABETICAL LIST OF THE NAMES AND CHEMICAL 
ABSTRACTS SERVICE REGISTRY NUMBERS OF EACH CHEMICAL USED IN 
DOWNHOLE OPERATIONS AT THE WELL SITE. 

(II) NOTWITHSTANDING ANY LAW TO THE CONTRARY, THE 
COMMISSION SHALL INCLUDE THE NAMES AND CHEMICAL ABSTRACTS 
SERVICE REGISTRY NUMBERS OF ALL CHEMICALS USED IN DOWNHOLE 
OPERATIONS IN THE CHEMICAL DISCLOSURE LIST AND SHALL NOT PROTECT 
THE NAMES OR CHEMICAL ABSTRACTS SERVICE REGISTRY NUMBERS OF ANY 
CHEMICAL AS A TRADE SECRET OR PROPRIETARY INFORMATION. ANY 
FORMULAS AND PROCESSES CONTINUE TO HAVE TRADE SECRET 
PROTECTIONS. 

(c) THE COMMISSION SHALL NOT INCLUDE IN THE CHEMICAL 
DISCLOSURE LIST: 

(I) THE TRADE NAME OF A CHEMICAL PRODUCT USED IN DOWNHOLE 
OPERATIONS AT THE WELL SITE; OR 

(II) THE TOTAL AMOUNT OF A CHEMICAL IN A CHEMICAL PRODUCT. 

(d) No LATER THAN THIRTY DAYS AFTER AN OPERATOR MAKES THE 
DISCLOSURES REQUIRED UNDER SUBSECTION (3) OF THIS SECTION, THE 
COMMISSION SHALL: 

(I) POST THE CHEMICAL DISCLOSURE LIST ON THE CHEMICAL 
DISCLOSURE WEBSITE AND INCLUDE THE DATE OF THE SUBMISSION OF THE 
CHEMICAL DISCLOSURE LIST TO THE COMMISSION IN THE POST; AND 

(II) PROVIDE THE CHEMICAL DISCLOSURE LIST TO THE OPERATOR OF 
THE APPLICABLE WELL. 
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(e) THE COMMISSION SHALL: 

(I) POST AN UPDATED CHEMICAL DISCLOSURE LIST IF THERE ARE ANY 
NOTIFICATIONS RECEIVED FROM A DISCLOSER, MANUFACTURER, OR 
OPERATOR UNDER SUBSECTION (4) OF THIS SECTION AND INCLUDE THE DATE 
OF THE NOTIFICATION BY THE DISCLOSER, MANUFACTURER, OR OPERATOR IN 
THE POST; AND 

(II) ENSURE THAT: 

(A) ALL CHEMICAL DISCLOSURE LISTS AND UPDATED CHEMICAL 
DISCLOSURE LISTS REMAIN VIEWABLE BY THE PUBLIC; 

(B) THE CHEMICAL DISCLOSURE WEBSITE IS SEARCHABLE BY 
CHEMICAL, DATE OF SUBMISSION OR UPDATE OF A CHEMICAL DISCLOSURE 
LIST, NAME AND ADDRESS OF THE OPERATOR, AND COUNTY OF THE WELL 
SITE; AND 

(C) THE CHEMICAL DISCLOSURE WEBSITE ALLOWS MEMBERS OF THE 
PUBLIC TO DOWNLOAD CHEMICAL DISCLOSURE LISTS IN AN ELECTRONIC, 
DELIMITED FORMAT. 

(6) Community notification. (a) ON OR BEFORE JULY 31, 2023, 
AND SUBJECT TO SUBSECTION (6)(b) OF THIS SECTION, AN OPERATOR SHALL 
PROVIDE THE CHEMICAL DISCLOSURE LIST TO: 

(I) ALL OWNERS OF MINERALS THAT ARE BEING DEVELOPED AT THE 
WELL SITE; 

(II) ALL SURFACE OWNERS, BUILDING UNIT OWNERS, AND RESIDENTS, 
INCLUDING TENANTS OF BOTH RESIDENTIAL AND COMMERCIAL PROPERTIES, 
THAT ARE WITHIN TWO THOUSAND SIX HUNDRED FORTY FEET OF THE WELL 
SITE; 

(III) THE STATE LAND BOARD IF THE STATE OWNS MINERALS THAT 
ARE BEING DEVELOPED AT THE WELL SITE; 

(IV) THE FEDERAL BUREAU OF LAND MANAGEMENT IF THE UNITED 
STATES OWNS THE MINERALS THAT ARE BEING DEVELOPED AT THE WELL 
SITE; 
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(V) THE SOUTHERN UTE INDIAN TRIBE IF THE MINERALS BEING 
DEVELOPED AT THE WELL SITE ARE WITHIN THE EXTERIOR BOUNDARY OF THE 
TRIBE'S RESERVATION AND ARE SUBJECT TO THE JURISDICTION OF THE 
COMMISSION; 

(VI) ALL SCHOOLS, CHILD CARE CENTERS, AND SCHOOL GOVERNING 
BODIES WITHIN TWO THOUSAND SIX HUNDRED FORTY FEET OF THE WELL SITE; 

(VII) POLICE DEPARTMENTS, FIRE DEPARTMENTS, EMERGENCY 
SERVICE AGENCIES, AND FIRST RESPONDER AGENCIES THAT HAVE A 
JURISDICTION THAT INCLUDES THE WELL SITE; 

(VIII) LOCAL GOVERNMENTS THAT HAVE A JURISDICTION WITHIN 
TWO THOUSAND SIX HUNDRED FORTY FEET OF THE WELL SITE; 

(IX) THE ADMINISTRATOR OF ANY PUBLIC WATER SYSTEM THAT 
OPERATES: 

(A) A SURFACE WATER PUBLIC WATER SYSTEM INTAKE THAT IS 
LOCATED FIFTEEN STREAM MILES OR LESS DOWNSTREAM FROM THE WELL 
SITE; 

(B) A GROUNDWATER UNDER THE DIRECT INFLUENCE OF A SURFACE 
WATER PUBLIC WATER SYSTEM SUPPLY WELL WITHIN TWO THOUSAND SIX 
HUNDRED FORTY FEET OF THE WELL SITE; AND 

(C) A PUBLIC WATER SYSTEM SUPPLY WELL COMPLETED IN A TYPE 
III AQUIFER WITHIN TWO THOUSAND SIX HUNDRED FORTY FEET OF THE WELL 
SITE; AND 

(X) THE DIVISION IF: 

(A) THERE IS A HIGH-PRIORITY HABITAT AREA WITHIN ONE MILE OF 
THE WELL SITE; OR 

(B) THERE IS A STATE WILDLIFE AREA, AS DEFINED IN SECTION 
33-1-102 (42), OR A STATE PARK OR RECREATION AREA WITHIN TWO 
THOUSAND SIX HUNDRED FORTY FEET OF THE WELL SITE. 

(b) THE CHEMICAL DISCLOSURE LIST MUST BE DISCLOSED IN 
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ACCORDANCE WITH SUBSECTION (6)(a) OF THIS SECTION WITHIN THIRTY 
DAYS AFTER THE OPERATOR'S RECEIPT OF THE CHEMICAL DISCLOSURE LIST 
FROM THE COMMISSION. 

(7) Reporting to the general assembly. (a) (I) THE COMMISSION 
SHALL PREPARE AN ANNUAL REPORT THAT INCLUDES A LIST OF THE 
CHEMICALS USED IN DOWNHOLE OPERATIONS IN THE STATE IN THE PRIOR 
CALENDAR YEAR. 

(II) THE COMMISSION SHALL PRESENT THE ANNUAL REPORT TO THE 
TRANSPORTATION AND ENERGY COMMITTEE OF THE SENATE AND THE 
ENERGY AND ENVIRONMENT COMMITTEE OF THE HOUSE OF 
REPRESENTATIVES, OR THEIR SUCCESSOR COMMITTEES, DURING THE 
COMMITTEES' HEARINGS HELD PRIOR TO THE 2026 REGULAR SESSION, AND 
EACH SESSION THEREAFTER, OF THE GENERAL ASSEMBLY UNDER THE "STATE 
MEASUREMENT FOR ACCOUNTABLE, RESPONSIVE, AND TRANSPARENT 
(SMART) GOVERNMENT ACT", PART 2 OF ARTICLE 7 OF TITLE 2. THE 
COMMISSION SHALL ALSO POST THE REPORT ON THE COMMISSION'S WEB SITE. 

(b) NOTWITHSTANDING SECTION 24-1-136 (11)(a)(I), THE 
REQUIREMENT TO REPORT TO THE LEGISLATIVE COMMITTEES CONTINUES 
INDEFINITELY. 

(8) Rules. THE COMMISSION MAY PROMULGATE RULES THAT ARE 
NECESSARY FOR THE IMPLEMENTATION AND ADMINISTRATION OF THIS 
SECTION. 

(9) Local governments. NOTHING IN THIS SECTION OR THE RULES 
PROMULGATED BY THE COMMISSION PURSUANT TO THIS SECTION LIMITS A 
LOCAL GOVERNMENT FROM ENACTING OR ENFORCING ANY ORDINANCE, 
REGULATION, OR OTHER LAW RELATED TO THE DISCLOSURE OF ANY 
CHEMICAL PRODUCT. 

(10) Collection of chemical disclosure information under other 
provisions of law. NOTWITHSTANDING ANY LAW TO THE CONTRARY, 
NOTHING IN THIS SECTION OR THE RULES PROMULGATED BY THE COMMISSION 
PURSUANT TO THIS SECTION PREVENTS THE COMMISSION, THE STATE, OR A 
LOCAL GOVERNMENT FROM COLLECTING CHEMICAL DISCLOSURE 
INFORMATION FROM DISCLOSERS, MANUFACTURERS, OR OPERATORS UNDER 
ANY OTHER PROVISION OF LAW. 
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SECTION 3. Appropriation. (1) For the 2022-23 state fiscal year, 
$61,500 is appropriated to the department of natural resources. This 
appropriation is from the oil and gas conservation and environmental 
response fund created in section 34-60-122 (5)(a), C.R.S. To implement this 
act, the department may use this appropriation for the purchase of 
information technology services. 

(2) For the 2022-23 state fiscal year, $61,500 is appropriated to the 
office of the governor for use by the office of information technology. This 
appropriation is from reappropriated funds received from the department of 
natural resources under subsection (1) of this section. To implement this act, 
the office may use this appropriation to provide information technology 
services for the department of natural resources. 

SECTION 4. Safety clause. The general assembly hereby finds, 
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determines, and declares that this act is necessary for the immediate 
preservation of the public peace, health, or safety. 

a lft -6 4"e 
Alec Garnett 
SPEAKER OF THE HOUSE 
OF REPRESENTATIVES 

Robin Jones 
CHIEF CLERK OF THE TJldUSE 
OF REPRESENTATIVES 

APPROVED 

Steve Fenberg 
PRESIDENT OF 

THE SENATE 

doide.cx. iitatbo 
Cindi L. Markwell 
SECRETARY OF 

THE SENATE 

-- -e_ f l"' n i4- 1 1 '3-3 t . , 
(Date and Time) 

r
Jared S. Polis 
GOVERNOR 

I
OF HE STATE OF COLORADO 
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Executive Summary 

This report presents the findings and recommendations for the Secretary of Energy 

Advisory Board (SEAB) Task Force on FracFocus.   This Task Force report builds upon and 

extends the 2011 SEAB Subcommittee report on the environmental impacts of 

unconventional gas production. 

The Task Force believes that the FracFocus experience to date demonstrates the ease of 

disclosure of chemicals added to fracturing fluid for companies, the value of this 

disclosure for the public, and the importance of public confidence in the quality and 

accessibility of the FracFocus chemical registry data. It has accomplished a good deal 

and shows the capacity to make improvements at modest additional cost.  FracFocus 

has greatly improved public disclosure quickly and with a significant degree of 

uniformity.   

The Task Force recommends a number of actions that will further improve the 

effectiveness of the FracFocus disclosure of chemical additives and improve 

transparency for regulators, operating companies, and the public.  Recommendations 

are made for improving the accuracy and completeness of registry submissions.  In 

addition, the Task Force believes that an independent audit to assess the accuracy and 

compliance of the process will be useful for all stakeholders.  

A large fraction of reporting wells claim at least one trade secret exemption.  The Task 

Force favors full disclosure of all known constituents added to fracturing fluid with few, 

if any exceptions.  A “systems approach” that reports the chemicals added separately 

from the additive names and product names that contain them, generally should 

provide adequate protection of trade secrets.  The Task Force further calls for state and 

federal regulators to adopt standards for making a trade secret claim and establish an 

accompanying compliance process and a challenge mechanism. 

The Task Force also makes recommendations for improving data storage and retention 

collected by FracFocus, the budget required for FracFocus to operate and upgrade its 
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service and system, as well as for how these activities might be financed by a 

combination of DOE support and/or a user charge. 

All members of the Task Force support this report. 

Context for the Task Force Deliberations 

On November 26, 2013 Secretary of Energy Moniz charged the SEAB to establish a Task 

Force to review FracFocus 2.0, the registry for public disclosure of chemical constituents 

added to hydraulic fracturing fluids used in unconventional oil and gas production.  The 

Ground Water Protection Council (GWPC) and the Interstate Oil and Gas Compact 

Commission (IOGCC), two quasi-public organizations dedicated to conservation and 

environmental protection, operate the FracFocus registry.1  The Secretary’s charge to 

the Task Force included in Appendix A, instructs the Task Force to examine seven topics 

related to the operation of FracFocus.  Task Force membership is given in Appendix B. 

The Task Force was formed to respond to a request from Senator Wyden, chair of the 

Senate Energy Committee, to review FracFocus.  The Secretary turned to SEAB because 

a subcommittee of the board had undertaken a study to identify measures to reduce 

the environmental impacts of unconventional gas production in 2011.2  President 

Obama had directed former Secretary Chu to form this Subcommittee as part of the 

President’s "Blueprint for a Secure Energy Future."3  

The 2011 SEAB Subcommittee report made over twenty recommendations for reducing 

the environmental impact of unconventional gas operations.4  A central finding of the 

2011 Subcommittee report was the importance of a process of continuous improvement 

in various aspects of shale gas production that relies on best practices and is tied to 

                                                      
1 Information about FracFocus can be found on the web at http://fracfocus.org/ . 
2 The Subcommittee’s interim and final report in August and November 2011, respectively can 
be found at http://www.shalegas.energy.gov/.  
3 Available at Blueprint for a Secure Energy Future (pdf), The White House, March 30, 2011. 
4 Page 1, August 2011 Subcommittee report.  
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measurement and disclosure in order to achieve progressively lower levels of 

environmental impact.5   While the focus of the Subcommittee was unconventional 

shale gas production the Task Force believes that most, if not all, of its findings apply to 

both unconventional oil and gas exploration and production. 

Several of the 2011 Subcommittee recommendations were directed at increasing 

transparency and disclosure in order to support state and national regulations and to 

meet public concerns about hydraulic fracturing.  The Subcommittee specifically 

recommended DOE support for (1) the then new FracFocus website for voluntary 

disclosure of fracturing fluid composition; (2) STRONGER (the State Review of Oil and 

Natural Gas Environmental Regulation); and (3) the Groundwater Protection Council for 

expansion of the Risk Based Data Management System (RBDMS), so that similar projects 

might be expanded to other aspects of shale gas and oil development.  As discussed 

below several additional suggestions were made bearing on the disclosure of fracturing 

fluid chemicals and on the operation of FracFocus.  Accordingly, it was appropriate for 

Secretary Moniz to turn to SEAB to review and extend its findings on disclosure of 

fracturing fluid chemical composition and the operation of FracFocus in response to 

Chairman Wyden’s request. 

Questions for the Task Force to address 

The terms of reference suggests the Task Force examine seven matters:   

(1) Evolution of the operation of FracFocus 2.0 toward timely, complete, and accurate 

data storage. 

(2) The extent to which state and federal regulatory bodies are using FracFocus to meet 

regulatory disclosure requirements.  

                                                      
5 Pages 1 to 5, August 2011 Subcommittee Report. 
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(3) Understanding the breadth of data maintained by FracFocus, how frequently 

companies are using the proprietary exemption to avoid disclosure of fracturing fluid 

composition, and the standards for the use of this exemption. 

(4) Understanding the difference in federal data custody requirements and FracFocus 

practices. 

(5) Increasing the utility of FracFocus by maintaining it as a database with tools suitable 

for analysis by regulatory bodies, companies, and the public. 

(6) Expanding the scope of the FracFocus registry to other areas, such as the water 

quality data in neighboring water wells collected prior to well stimulation or 

postproduction. 

(7) Adequacy of funding for FracFocus activities and suggestion for possible alternative 

arrangements. 

The 2011 Subcommittee addressed several of these issues, in particular, (2), (3), (5), and 

(7).  The current report is informed by this work and, where noted, the 2011 findings 

have been confirmed and/or extended. 

Addressing the Questions 

(1) Evolution of the operation of FracFocus 2.0 toward timely, complete, and 

accurate data storage. The following table summarizes the rapid growth of key 

FracFocus operating factors and the map below displays the states that require 

chemical disclosure.  It is notable that between 2011 and 2013 the number of 

registered wells increased more than four fold. 
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Operating Factors 2011 2012 2013 

States requiring FF disclosure 2 8 14 

# of wells registered 14,246 24,570 62,410 

FF budget6  $000 $527 $1,438 $1,406 

 

 

The two important trends are the growth in the number of wells entered into the 

registry and the increase in the number of states that use FracFocus as part of their 

disclosure requirement for the composition of fracturing fluids.  The evolution of 

FracFocus from version 1.0 to 2.0 enables the system to respond to several of the 2011 

Subcommittee recommendations.  The registry’s back end has also converted from 

spreadsheet based to a web-based data entry process. 

Initially FracFocus directed those using the site to disclose all chemicals used in 

fracturing fluids that appear on Material Safety Data Sheets (by common name and, 

more importantly, by their Chemical Abstract Service, or CAS, identification number).  

Chemicals on these sheets are believed to be hazardous to workers in an occupational 

                                                      
6 Source: FracFocus.  These funds come from the DOE, the American Petroleum Institute, 
American Natural Gas Alliance, Environmental Defense Fund and other organizations.  
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setting as determined by the Occupational Safety and Health Administration, (OSHA).  

MSDS reporting does not include other chemicals that might be hazardous to humans in 

an environmental setting or that might be harmful to the environment.   Thus the 2011 

Subcommittee recommended that disclosure include all chemicals intentionally added 

to fracturing fluid, not just those that appear on MSDS.  FracFocus 2.0 follows this 

recommendation now asking for “additional ingredients not listed on MSDS.”  

Full disclosure means the public reporting of all constituents added to fracturing fluid 

injected into a well.  Constituents include both “chemicals” and “additives” such as 

surfactants, friction reduction agents, and tracers that are composite material 

composed of several, perhaps many, molecules.  As discussed below this distinction is 

important because companies frequently believe that it is the chemical composition of 

additives (or formulated materials) as a product that is most likely to have proprietary 

value that deserve exemption from disclosure as a “trade secret.”  Most states currently 

require disclosure of both chemicals and additives.  

Currently, disclosure does not require any information about the chemistry of the make-

up water that is traditionally 90% by weight of the fracturing fluid.  The water used to 

mix the fracturing fluid is normally fresh water taken from water wells, lakes or rivers.  

However, during the past few years, it is becoming increasingly common to recycle 

fracture fluid that is produced from wells that have recently experienced physical or 

chemical fracture treatment.  In either case, the chemicals that are part of the make-up 

water are not always measured and usually not reported as part of FracFocus 2.0.  

Disclosure of the water analysis of the make-up water used in hydraulic fracturing would 

be appropriate, if data were available.  

It is important to assess the accuracy of well data disclosed on FracFocus since 

transparency implies correct information has been filed.   Examination of a limited 

sample of records from FracFocus 2.0 indicates a variety of errors, partly due to many 

different companies contributing data to an individual FracFocus record, besides the 

operator of the well.  We recommend: 
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(a) FracFocus should examine the entire data entry workflow and structure, looking 

for opportunities to simplify data structure and steps for data entry to reduce 

the probability of data entry errors, and assuring accuracy.   Simple data entry 

reduces errors.   

(b) FracFocus should improve the quality of the data entered into the system, 

especially the accuracy and completeness of reported CAS numbers.  CAS 

numbers are the unique and universal identifier of individual chemicals that 

might go under a variety of different names. FracFocus 2.0 has introduced basic 

error checking that alerts users if an entered CAS number is in the proper format, 

but not whether the CAS number matches the chemical name, or even if the CAS 

number is currently in use.  While FracFocus does not assert authority to reject 

operator entries, the automatic validation system should be expanded and 

improved.  

(c) When FracFocus discovers an error in a company submission FracFocus should 

inform the company and indicate on the web site that the submitted data are in 

some doubt.  Such a notice on the FracFocus web site would inform the 

regulatory authorities and the public that there is an issue and serve as incentive 

to the company to revise the submission.  (The Task Force understands that the 

FracFocus variant in use in British Columbia contains this feature).  This practice 

would also encourage operators to assure that CAS numbers received from 

manufacturers and suppliers are accurate.  

(d) FracFocus should make provisions for submissions to include more information 

about the water used as a base fluid, for example whether it is 100% fresh water 

or does it contain a percentage of recycled fracturing fluid.  Such data in 

FracFocus would be available to EPA, state regulators and the public.  

(e) In some instances, the FracFocus disclosure form does not explicitly call for 

information required by state disclosure rules. For example, with respect to 

chemical concentrations, some states require actual concentrations, while the 

form only requests maximum concentrations. The Task Force recommends that 
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states be attentive to ensure compliance with more specific state disclosure 

requirements, especially where FracFocus requires less or different information. 

FracFocus and the states that require disclosure, through FracFocus or more generally, 

have different ways of assessing compliance with respect to timing, accuracy, and 

substance of the disclosure.  The Task Force believes that an understanding of how well 

this disclosure system is working would be enhanced if an independent audit were 

conducted to assess the accuracy and compliance of the process.  This would benefit all 

stakeholders in FracFocus – regulators, companies, and the public. The audit should be 

sponsored by an independent entity with the objective of shedding light on FracFocus 

system operations in addition to the information it houses.   Accordingly, the Task Force 

recommends that DOE’s Office of Fossil Energy contract with a suitable audit or 

consulting firm to perform this audit.   The audit should include (1) the accuracy of the 

operator's field records; (2) a comparison of the operator's field records to the service 

company field tickets; (3) a comparison of the service company's field ticket to the 

service company final report; and (4) the accuracy of the data entry into FracFocus 2.0. 

The audit firm should consider sample size and diversity to ensure a meaningful review 

and should examine, among other factors, trade secret exemption claims.   

 (2) The extent to which state and federal regulatory bodies are using FracFocus to 

meet regulatory disclosure requirements.  FracFocus has evolved beyond a strictly 

voluntary effort as state regulators and firms have recognized the level of public 

concern about possible health and environmental consequences of chemical 

constituents used in fracturing fluid to water supplies.  Voluntary disclosure offered an 

immediate and practical response to growing public concern about chemical use for 

both industry and regulatory bodies. 

As of November 1, 2013, over 20 states have adopted some level of disclosure 

requirements, of which 14 states require the use of FracFocus. Inspection and 
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enforcement will require increased effort on the part of state regulators.7  FracFocus 

makes an important contribution by facilitating the flow of information to states 

through the Risk Based Data Management System (RBDMS).    

(3) Understanding the breadth of data housed in FracFocus, how frequently 

companies are invoking the trade secret exemption to avoid disclosure of fracturing 

fluid composition, and the standards for the use of this exemption.  The Task Force 

believes that full disclosure of all known constituents added to fracturing fluids is 

desirable.  It is desirable because transparent disclosure addresses the public concern, 

justified or not, about the risk these chemicals present to drinking water supplies.   

Trade secret claims that shield disclosure are made to protect perceived intellectual 

property value of the chemical treatment.  The Task Force has no wish to constrain 

innovation for improved environmental characteristics or performance/cost attributes 

of chemical stimulation, or to limit the role of proprietary information as part of the 

innovation process.  Indeed, as discussed below, the Task Force believes this disclosure 

can be accomplished with little or no risk to disclosing proprietary information.  

Regulatory bodies have the authority to adopt binding disclosure requirements.  The 

Task Force is challenging FracFocus to operate in a manner that encourages full 

disclosure with few, in any trade secret exceptions. 

The 2011 Subcommittee strongly endorsed full disclosure of the chemical composition 

of fracturing fluids: 

Disclosure of fracturing fluid composition: The Subcommittee shares the 
prevailing view that the risk of fracturing fluid leakage into drinking water 
sources through fractures made in deep shale reservoirs is remote.8 
Nevertheless the Subcommittee believes there is no economic or technical 
reason to prevent public disclosure of all chemicals in fracturing fluids, with an 
exception for genuinely proprietary information. While companies and 

                                                      
7 Hydraulic Fracturing – Chemical Disclosure Requirements, Congressional Research Service, Brandon 
Murrill & Adam Vann, June 19, 2012.  R42461. 
8 Fracturing fluids can reach surface and near-surface water supplies, for example, if there is 
poor well completion or surface accidents during production.   
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regulators are moving in this direction, progress needs to be accelerated in light 
of public concern.9 

 
The Subcommittee believes that the high level of public concern about the 
nature of fracturing chemicals suggests that the benefit of immediate and 
complete disclosure of all chemical components and composition of fracturing 
fluid completely outweighs the restriction on company action, the cost of 
reporting, and any intellectual property value of proprietary chemicals. The 
Subcommittee believes that public confidence in the safety of fracturing would 
be significantly improved by complete disclosure and that the barrier to shield 
chemicals based on trade secret should be set very high. Therefore the 
Subcommittee recommends that regulatory entities immediately develop rules 
to require disclosure of all chemicals used in hydraulic fracturing fluids on both 
public and private lands.10 

The Task Force endorses this finding. 

The FracFocus disclosure exemption is based on  “trade secret” as defined in OSHA 

regulation 1910.1200(i)(1).11  The Task Force has learned from FracFocus that 84% of the 

registered wells invoked a trade secret exemption for at least one chemical, with the 

range by state extending from 57% to 100%, since FracFocus 2.0 went operational in 

June of 2013.  On average, trade secret exemptions were claimed for 16% of the 

chemical entries recorded in the FracFocus database between June and December 

2013.12 (See Appendix C).  While there are many different ways to assess the incidence 

of the trade secret exemption claim (for example, by well, by chemical, by mass, by 

state, or by operating company) this data does not suggest the level of transparency and 

disclosure urged by this Task Force or by the 2011 Subcommittee and supported by this 

Task Force.  More can be done. 

                                                      
9 Page 3, August, 2011 Subcommittee Report. 
10 Page 24, August 2011 Subcommittee Report. 
11 This report uses the narrower “trade secret” term rather than “proprietary information” or 
“confidential business information” because it is more consistent with the call for a “high bar” 
for disclosure. 
12 A chemical entry occurs each time that a chemical is disclosed in an individual well.  The 
percentage of chemical entries is not the same as the percentage of unique chemicals claimed 
as a trade secret, but it is one of the more useful metrics for understanding the incidence of 
trade secret claims.  But, recall the reporting complications mentioned on page 11. 
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There may be reporting complications that can be masking, to some extent, the number 

of trade secret exemptions on FracFocus and the number of trade secrets claimed.  If a 

submission leaves the CAS field blank or reports zero concentration of uses the “less 

than” symbol, the FracFocus users may interpret such instances as a trade secret claim.  

One company reviewed for the Task Force their internal records of the 1500+ 

disclosures made to FracFocus after 6/1/2013 and found 120 separate trade secret 

claims, involving 400 chemicals from almost 58,000 chemicals reported in all the 

disclosures.  The company was unable to determine from the FracFocus database the 

chemical agent claims attributed to this particular 1500+ sample.  There seems to be a 

discrepancy between the trade secret claims data indicated by FracFocus and the 

internal records of some companies that suggest a much lower incidence of trade secret 

claims for those companies.  The work recommended by this Task Force should shed 

light on this important issue. 

This Task Force believes that the goal should be to have very few trade secret 

exemption claims from disclosure.   The public is clearly concerned about the nature of 

the chemicals used in hydraulic fracturing.  It is much to industry’s advantage to meet 

this concern.    

The federal Emergency Planning and Community Right to Know Act13 and laws enacted 

in several states give officials access to chemical trade secret information in times of 

crisis in order to give emergency first responders and health officials access to 

information they need.  So the impression that trade secrets bar public access to 

information in all circumstances is incorrect.  The Task Force endorses strong provisions 

to provide access to trade secret information in emergency situations but goes further 

in advocating disclosure. 

                                                      
13 The objective of the Emergency Planning and Community Right-To-Know Act (EPCRA) is to: (1) 
allow state and local planning for chemical emergencies, (2) provide for notification of 
emergency releases of chemicals, and (3) address communities' right-to-know about toxic and 
hazardous chemicals.   However, the access formally is only to chemicals that appear on 
Materials Safety Data Sheets (MSDS) See http://www.epa.gov/oecaagct/lcra.html 
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The Task Force urges industry to pursue complete disclosure rather than protecting 

trade secrets of uncertain technical merit, especially since compliance has very low, if 

any, risk of disclosing proprietary information if submission is organized by the 

chemicals rather than the additives or products to the fluid.  A list of chemicals that 

includes the contributions from all the constituents added makes it extremely difficult to 

reverse engineer to determine which chemicals and in what proportions these 

chemicals are present in a particular additive or product with specific trade name.  Thus 

trade secret protection generally can be accomplished by reporting a list of products 

and chemicals added without disclosing which chemical is in each product.   In sum, the 

Task Force recommendation for chemical disclosure is  

• No trade secret disclaimers unless documented and      
attested as they do in Wyoming or Arkansas - but the 
fewer the better. 

• Report the complete list of chemical by their CAS numbers 
and quantities added.  

• Report a complete list of products without linking to the 
list of chemicals 14  

Operators report that chemical suppliers or pumping services demand trade secret 

protection for their products.  The Task Force believes that if the leading operators and 

oil field service companies establish practical protocols for data transfer across the 

supply chain, and clear requirements for their suppliers, then supplier insistence of 

trade secrets will be greatly reduced and possibly disappear. 

The Task Force believes three steps should be taken to further explore way to reduce 

the use of the trade secret exemption: 

(a). Assemble accurate data about the nature and extent of trade secrecy claims 

across chemical, states, operators, suppliers and time.   Under the auspices of DOE 

                                                      
14 The reporting by disaggregated chemicals in known in industry practice as the “systems 

approach” and it is used by at least one large oil field service supplier. 
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Fossil Energy and with the cooperation of FracFocus, it should be possible to 

complete this study within four to six months.   

The study should include: (1) trends in trade secret claims; (2) the percentage of 

wells with one or more hydraulic fracturing chemicals that are claimed to be trade 

secret; (3) for wells with trade secret claims, the average number of claims, the 

average percentage of chemicals used in such wells that have been claimed as 

trade secret, and the percentage by mass of chemicals used in such wells that 

have been claimed as trade secret; (4) the degree to which the incidence of trade 

secret claims varies by operator and supplier; (5) the overall percentage of 

hydraulic fracturing chemicals, on a state and national basis, that are claimed to 

be trade secret; and (6) how commonly particular chemicals claimed as trade 

secret are used.  

(b). States and federal regulators should establish a standard for claiming the 

exemption.  The Task Force notes the criticism that has been raised that while 

trade secret law is generally standardized across the country, there is no accepted 

standard for asserting a trade secret exemption in the hydraulic fracturing context 

and no standardized compliance procedure to verify the claim for protection.15  

The Task Force believes the standard for disclosure exemption should be very high.  

We recommend that states use the State Review of Oil and Gas Regulations, 

(STRONGER) mechanism to craft and adopt stringent criteria for trade secret 

exemption to disclosure and a process for validating compliance.  STRONGER 

should begin by reviewing the practices in different states to determine the 

effectiveness of different approaches and, when available, draw on the results of 

the DOE Fossil Energy review in subsection (a) above and the independent audit 

we recommend above of the FracFocus disclosure system, in particular the data 

collected on trade secret claims.    
                                                      
15 K. Konschnik, M. Holden, and A. Shasteen, Legal Fractures in Chemical Disclosure Laws, 
Harvard Law School, Environmental Law Program, April 23, 2013. 
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(c). State and federal regulators should establish compliance of trade secret claims and 

challenge mechanisms once a procedure is in place.  Every trade secret exemption 

procedure adopted by a state should be accompanied by mechanisms for 

determining compliance (including certification by the company invoking 

exemption that the procedure has been followed) and for interested parties from 

the public to raise challenges.  

This work and its results will be of interest to the U.S. Environmental Protection Agency 

and the Bureau of Land Management (BLM) of the Department of Interior.  Therefore 

the study and work recommended on trade secrets should be coordinated with these 

federal agencies.  The BLM recently proposed disclosure policy regulations.16  These 

proposed disclosure regulations do not yet meet the high disclosure standards that the 

2011 Subcommittee recommended that BLM adopt.17  Therefore, the Task Force 

recommends that any trade secret exemptions permitted by BLM in its regulations for 

hydraulic fracturing on federal lands include a rigorous process of claiming trade secret 

exemptions and robust trade secret verification and challenge mechanisms.   

 (4) Understanding the difference in federal data custody requirements and FracFocus 

practices.  The Task Force understands that there are differences in the data custody 

practices of FracFocus and the more stringent and comprehensive federal data custody 

standards.  It is not unusual to find private sector data practices different from and/or 

below federal standards with respect to security, storage, and retention.  The Task Force 

would encourage and welcome improvements in FracFocus data custody practices.  

                                                      
16 Department of Interior, BLM, 43 CFR Part 3160 , [WO-300-L13100000.FJ0000]  
RIN 1004-AE26, Oil and Gas; Well Stimulation, Including Hydraulic Fracturing, on Federal and 
Indian Lands.  The BLM proposed rule allows companies to identify confidential information that 
is exempt from public disclosure under the Trade Secrets Act or other Federal law. However, if 
BLM determines that the asserted confidential information is not prohibited from disclosure by 
Federal law, BLM may make that information available to the public.  The rule does not specify 
the process by which the BLM would assess or deny the protection, nor a procedure for public 
challenge of the claim. 
17 Page 6, November 2011 Subcommittee Report. 
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FracFocus has an informal policy for permanent data retention.  The Task Force 

recommends that FracFocus formalize a more robust policy for its public data custody, 

data management, security, storage and retention practices and adopt an explicit policy 

of long-term data retention.  This policy should include provision for data custody if the 

organizations that currently sponsor FracFocus decide in the future to drop the activity.  

The Task Force is aware of discussions underway between FracFocus and DOE’s Energy 

Information Administration to include FracFocus as an element of EIA’s contemplated 

National Oil and Gas Information Gateway.  This relationship should prove productive 

for FracFocus, and the RBDMS with which it is now integrated, as a means to identify 

further opportunities for improvement of data management.   

Standards that are important for FracFocus to adopt include: protections against 

unauthorized alteration or deletion of data; long-term data retention policy including 

both original and any updated submissions, and audit trails.  Additionally, FracFocus 

should amend its “terms of use” to eliminate restrictions on sharing and aggregation of 

data on the site. 

To ensure that data will be subject to government open records policies that apply to 

publicly held data, the Task Force also recommends that any state or federal agency that 

adopts FracFocus as a reporting venue should explicitly adopt a policy to download data 

or otherwise take possession of information from FracFocus on a regular basis (e.g., 

weekly). 

The Task Force recognizes that the RBDMS program, the oil and gas regulatory agency 

database used by the majority of oil and gas producing states to manage and analyze oil 

and gas program data and water resources information, has developed a module to 

interface with the FracFocus website. This module will allow regulators to automatically 

download and parse raw data submitted to FracFocus, streamlining the data transfer 

process and permitting statistical analyses and auditing functions. Putting this module to 

work in individual states can be done quickly but requires certain additional 
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programming. GWPC should accelerate the rollout of this RBDMS module to states that 

receive chemical disclosure data through FracFocus. 

(5) Increasing the utility of FracFocus by maintaining it as a database with tools 

suitable for analysis by regulatory bodies, companies, and the public.  The 2011 

Subcommittee report noted that the FracFocus registry was not maintained as a 

database and tools were not available to analyze the information to answer questions of 

interest to regulators, operating companies, and public interest groups.  

By 2013, FracFocus had made important progress in upgrading the registry to act as a 

database, with varying levels of access for the public and for state regulators. The Task 

Force recommends that DOE fund FracFocus to upgrade its website to be a more usable 

interactive database.18  DOE’s Office of Fossil Energy should commission an independent 

cost estimate of a project to construct a fully interactive database.  

The following are a non-exhaustive list of improvements that FracFocus should consider 

making: 

a. Allow for searching by any field included in a FracFocus submission record 

(including additive trade name, additive purpose, chemical supplier, date 

submitted, etc.). 

b. Eliminate the 2000 record display limit, or allow a “next” function.  FracFocus 

currently returns a maximum of 2000 records for any search, without 

indicating which 2000 are being presented.  FracFocus should either return all 

results, or allow for a “next 2000” functionality. 

c. Solve the CAS number concatenation problem.  To the extent that the public 

is using data scrapers in order to transfer information from FracFocus PDFs to 

private databases (an activity that promotes better understanding of the 

FracFocus data in the absence of raw database availability), researchers are 

                                                      
18 Pages 13 – 15, August 2011, Subcommittee Report 
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running into problems that arise from how CAS numbers are sometimes 

entered in batch instead of separately, resulting in CAS numbers appearing 

together on one line in an unbroken string. FracFocus should modify how the 

PDFs are created to eliminate this problem. 

d. Allow batch downloads of PDFs.  Currently, the system only permits the 

downloading of a single well’s chemical disclosure PDF at a time.  

e. Address the SEAB 2011 report recommendation that the system “include 

tools for searching and aggregating data by chemical, well, by company, and 

by geography.”19  One way to do so would be to release the full contents of 

the FracFocus database in raw, machine-readable form on the FracFocus 

website.  

There is interest in understanding the value of FracFocus and who is using this resource.  

The Task Force recommends that FracFocus include on its website a dropdown menu 

requiring the user when entering the system to identify their affiliation or perspective: 

o State government official 
o Federal government official 
o Local government official 
o Non-Governmental Organization 
o Operating company 
o Service company 
o Landowner 
o Mineral owner 
o Educator 
o Research Organization 
o General public 
o Other 

(6) Potential for broadening the scope of FracFocus to include any water quality data 

regarding surrounding water sources both before and after hydraulic fracturing drilling 

activity. There have been several other proposals for broadening the scope of FracFocus 

as well.  Examples of these suggestions are to require disclosure at the registry of (a) the 
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chemical composition of flow back and produced water from hydraulically fractured 

wells; (c) concentration of radioactive elements in the flow back water from the 

geological formation; (d) disclosure of pre-fracturing information such as chemicals 

planned for use; and (e) “master lists” of chemicals used by particular companies in a 

state in a given year.  

Each of these suggestions (and others) is of potential interest as part of the regulatory 

process.  But each of these measures also poses challenges for a registry for which 

companies’ disclosure submissions remain – in many instances – voluntary.  Some of 

these suggestions would require, for example, definitions that respect highly variable 

geologies, quality control of data submitted by producers with different technical 

sophistication, and the necessary complex rules for inclusion.  The exploration of 

possible extensions of the concept of the registry to a wider range of use may indeed be 

productive but we note that the success of FracFocus to date is very much a 

consequence of its narrow focus and therefore we do not endorse any specific 

extensions at the present time.  

However, within the scope of hydraulic fracturing chemical disclosure, the Task Force 

notes that the current functionality of FracFocus 2.0 does not meet all of the state 

requirements, such as pre-fracturing disclosure in Wyoming and “master list” 

requirements in Arkansas. These are matters that need to be addressed by the RBDMS 

mechanism of the Groundwater Protection Council and the Interstate Oil and Gas 

Compact. 

The 2011 Subcommittee recommended the creation of a web portal that would 

aggregate a wide range of public information on shale gas development.20 This Task 

Force supports this recommendation, and stresses the importance of making data from 

state and federal regulatory agencies and other sources public -- including statistics 

regarding methane emission measurements, enforcement information, and other 
                                                      
20 Pages 13 – 15, August 2011 Subcommittee Report. 

WG Ex. 21-A

0872



 

 20 

material – as part of a comprehensive national database.  The portal should be open to 

the public for use to study and analyze oil and gas operations and results. 

(7) Stable funding for FracFocus activities. The Task Force like the 2011 Subcommittee, 

is concerned that FracFocus have a stable source of funding.   Up to the present, support 

has come from a combination of sources: the DOE, the API, and other organizations.  

The current level of funding is about $700,000 per year.   Currently, the annual cost of 

maintaining FracFocus is approximately $1 million.  Measured initiatives to update the 

FracFocus 2.0 website, provide training for the use of the FracFocus system, and to 

increase capability, (e.g., well finder emergency response, implementation of 

integration between FracFocus and RBDMS), are programmed for an additional 

expenditure level of $500,000 per year for the period 2014 to 2016.   

The Task Force believes that a funding level of about $1.5 million per year is justified to 

cover the current FracFocus 2.0 activities mentioned above and the additional work 

recommended in this report: (a) making the website a user-friendly database; (b) 

carrying out some audits of the accuracy of data deposited in the registry; and (c) 

coordinating with STRONGER to craft and adopt stringent criteria for trade secret 

exemption and a process for validating compliance.   Additional initiatives put forward 

by FracFocus could well justify a higher budget especially projects that are integrated 

into the RBDMS. 

At present the modest (< $1 million) budget for FracFocus is covered by a DOE grant, 

occasional contributions from a state, and from two oil and gas industry associations.  

The Task Force believes that the importance of FracFocus justifies a stable source of 

funding.  There are two options for accomplishing this: (a) a higher multi-year grant or 

contract from DOE or (b) a modest user fee assessed on each well registered.  For every 

10,000 wells registered each year, a $50 registration fee per well would produce a 

revenue stream of $0.5 million for FracFocus.  A combination of DOE support and use 

fee will comfortably provide for FracFocus.  Accordingly, The Task Force recommends 

that DOE move to establish a stable multi-year budget for FracFocus employing one or 
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both of these mechanisms. To ensure public confidence in the integrity of FracFocus, it 

should take steps to make clear that any industry contributions do not appear to 

influence FracFocus operations in any way.    
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Appendix A – Secretary Moniz charge to SEAB for the Frac Focus Task Force 
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Appendix C - Data from FracFocus2 

 

State Disclosures	Since	
6/1/2013

Disclosures	With	
Trade	Secret

Percent	of	
Chemicals

Alabama 17 17 21
Alaska 1 1 13
Arkansas 246 246 17
California 401 269 6
Colorado 1026 995 25
Kansas 91 52 4
Louisiana 100 68 15
Michigan 1 1 23
Mississsippi 6 4 10
Montana 78 51 11
New	Mexico 343 336 22
North	Dakota 1190 988 13
Ohio 154 128 23
Oklahoma 1158 764 15
Pennsylvania 565 356 15
Texas 6406 5509 17
Utah 609 591 22
Virginia 4 4 22
West	Virginia 102 86 15
Wyoming 470 432 17

Total 12968 10898
Average 84.04% 15.80%

Disclosures	Submitted	to	FracFocus	Version	2.0
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March 17, 2014 

U.S. Environmental Protection Agency 
Agency Freedom of Information Office (2822T) 
1200 Pennsylvania Avenue, NW  
Washington, DC 20460 

Re: Freedom of Information Act Request 

Dear Freedom of Information Officer:    

Pursuant to the Freedom of Information Act, 5 U.S.C. § 552, and corresponding U.S. 
Environmental Protection Agency regulations, Earthworks, a 501 (c)(3) nonprofit environmental 
organization, requests copies of the following records located within the EPA’s Office of 

Pollution Prevention and Toxics (EPA OPPT): 

EPA’s initial health assessments, initial determinations, final health assessments and final 

regulatory determinations for all chemicals assessed under the premanufacture program (TSCA 
Section 5 notices) that are used for enhanced hydrocarbon recovery, also known as hydraulic 
fracturing or acid fracturing and all chemicals assessed under the premanufacture program that 
are used as drilling mud additives and drilling lubricants in oil and natural gas drilling.  In 
conducting your search for chemicals used for such purposes, we request that you use at least the 
following search terms.  Please note that 'AND' refers to the Boolean search term such that both 
terms should appear in the use field. An '*' means a search in which all the variations of a term 
are covered.  For example, “drill*” would include “drills,” “drilling,” etc.  Here are the search 
terms: 

Oil* AND Drill* 
Oil* AND Gel* 
Oil* AND Well* 
Oil* AND Recover* 
Oil* AND Field* 

Gas* AND drill* 
Gas* AND gel* 
Gas* AND well* 
Gas* AND recover* 
Gas* AND field* 

Hydraulic* AND fractur* 
Fractur* AND fluid* 
Coal* AND dewater* 
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We request that you provide EPA's initial health assessments (Structure Activity Team reports), 
initial regulatory determinations (FOCUS reports), final health assessments (final health and/or 
risk assessments and final regulatory determinations (disposition meeting reports) for each  
notice without identifying the premanufacture notice case numbers for the chemicals or any other 
information associated with the records that might be considered confidential business 
information.  We request, however, that EPA keep a key related to the health assessments and 
determinations responsive to this request (e.g. by numbering the responsive records 1, 2, 3, 4, 
etc.) so that EPA can easily locate documents if we make additional freedom of information 
requests related to particular records.  We also request that you characterize each chemical 
record as relating to “hydraulic fracturing,” “acid fracturing,” “drilling mud,” “drilling lubricant” 

or other use in drilling operations if such use can be determined from your records. 
 
For cases that were dropped from further review or regulated at the FOCUS meeting or another 
disposition meeting, Earthworks understands that the initial assessments serve as the basis for the 
final Agency determination and any subsequent action. Further, Earthworks understands that 
under TSCA Sec. 14(b), EPA may not deny the disclosure of the results of health and safety 
studies when they are related to chemical substances distributed in commerce as a trade secret. 
The assessments of EPA staff that rely, in part or whole, upon these studies may also not be 
denied as trade secrets. In filing this request, Earthworks is not interested in manufacturing 
or processing information that may be claimed confidential. 
 
Request for Fee Waiver 
 
Earthworks requests that the EPA waive any and all fees associated with this FOIA request in 
accordance with 5 U.S.C. § 552 (a)(4)(A)(iii) and 40 C.F.R. § 2.107 (l). Earthworks should 
qualify for a fee waiver because our request “is likely to contribute significantly to public 
understanding of the operations or activities of the government and is not primarily in the 
commercial  interest of the requester.” 
 
Below we address each of the criteria that the EPA shall use in determining whether fees 
should be waived: 
 
1) The records requested concern the operations or activities of the government. 

The records Earthworks seeks are produced by EPA, an agency of the federal government 
and are generated as part of EPA’s mission to protect the public from chemical risks. 
 
2) Disclosure of the records requested is likely to contribute to public understanding of those 

operations or activities. 

The records are likely to contribute to the public’s understanding of how EPA evaluates 

and regulates chemicals used in oil and natural gas drilling and hydraulic fracturing. The 
records are also likely to contribute to the public’s understanding of the characteristics of 

the chemicals submitted for review and what, if any, risks the EPA foresees due to the 
use of such chemicals.  It is not widely known that EPA reviews new chemicals used for 
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oil and natural gas drilling and hydraulic fracturing and EPA’s analyses and 

determinations are not widely known, either. 
 
3) Disclosure of the records will contribute to the understanding of a reasonably broad 

audience of people interested in the issue. 

Disclosure of the requested information will contribute to the understanding of a reasonably 
broad audience of people interested in the issue because oil and gas drilling is occurring in more 
than 30 states.  Regulation of this activity is a hotly debated topic, and drilling and hydraulic 
fracturing have been featured recently in many prominent news stories as wells as in books, 
movies and at least one popular television show, CSI. Earthworks has worked for twenty-five 
years protecting communities and the environment from the negative impacts of resource 
extraction.  Our Oil & Gas Accountability Project program has played an instrumental role in 
highlighting the inadequacies of state and federal oversight since the onset of widespread use of 
horizontal hydraulic fracturing.  Local, state and national media, legislators and regulatory 
agencies routinely seek our expertise on drilling and fracturing issues as they pertain to public 
health and regulatory oversight. 
 
After obtaining and analyzing the records sought by this FOIA request, Earthworks intends to 
incorporate the information the records contain into a report and to disseminate the information 
to media outlets, public officials and the general public. We will publicize this information in the 
same fashion as our previous research, which has received wide coverage from local, regional, 
and national media. For example, Breaking All the Rules1, a recent Earthworks report on state 
oversight of oil and gas development, received extensive coverage from the Los Angeles Times,2 
Huffington Post,3 Bloomberg News,4 Columbus Dispatch,5 Houston Chronicle,6 and Associated 
Press.7 

4) The disclosure of the information is likely to contribute significantly to public understanding. 

Disclosure of the information is likely to significantly enhance the public’s understanding of the 
characteristics of chemicals EPA regulates for use in oil and natural gas drilling operations, the 
agency’s analyses of these chemicals and the agency’s regulatory determinations because, to our 

1 Earthworks, Breaking All the Rules (2012), http://enforcement.earthworksaction.org 
2 Neela Banerjee, Watchdog group faults states’ inspections of oil, gas wells (Sep 25, 2012), 
http://articles.latimes.com/2012/sep/25/nation/la-na-nn-oil-gas-regulator-report-20120925 
3 Tom Zeller Jr, Fracking regulations in states leave wells without inspection, environmental groups says (Sep 25, 
2012), http://www.huffingtonpost.com/2012/09/25/fracking-regulations-states-wells_n_1914527.html 
4 Kasia Klimasinska, States fail to oversee fracking, environmental groups says (Sep 25, 2012), 
http://www.bloomberg.com/news/2012-09-25/states-fail-to-oversee-u-s-fracking-environmental-group-says.html 
5 Spencer Hunt, Report: Oil well inspections lagging in Ohio (Sep 25, 2012), 
http://www.dispatch.com/content/blogs/science-environment/2012/09/inspectors.html  
6 Jeannie Kever, Group says many Texas wells aren’t inspected (Sep 26, 2012), 
http://www.google.com/url?q=http%3A%2F%2Fwww.chron.com%2Fbusiness%2Fenergy%2Farticle%2FGroup-
says-many-Texas-wells-aren-t-inspected-
3893881.php&sa=D&sntz=1&usg=AFQjCNGWRXPTj_CVvXhyXQ1SKpP7DJGGWg 
7 Kevin Begos, Environmental group says DEP is slack on gas well inspections, (Sep 27, 2012), 
http://www.poconorecord.com/apps/pbcs.dll/article?AID=/20120927/NEWS90/209270338/-1/NEWS 
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knowledge, these records have not previously been made public and the existence of the review 
process for these chemicals is not widely known.  

5) Disclosure of the requested records is not primarily in the commercial interest of the 
requester. 

Disclosure of the requested records would not be in Earthworks’ commercial interest, 
because Earthworks is a 501(c)(3) nonprofit organization. Earthworks has no intention of 
using these records or the information they contain in a manner that furthers a commercial, 
trade, or profit interest. Any analysis of this information would be conducted to educate the 
public about this issue. 

For the foregoing reasons, it is clear that the disclosure of the information requested is in the 
public interest. Please waive processing and copying fees pursuant to 40 C.F.R. 2.107. If the 
EPA cannot grant a fee waiver, Earthworks is willing pay up to $100 so that the agency may 
conduct the requested search in a timely fashion. This request for a fee waiver should not be 
construed as an extension of time in which to reply to this FOIA request. 

Earthworks respectfully requests that the EPA make every effort to respond to this request within 
the 20-day limit required by your regulations, 40 C.F.R. 2.104.  If you determine that portions of 
the records requested are exempt from disclosure, please segregate the exempt portions and send 
the remaining records within the statutory time limits. For any records or portions of records that 
you determine to be exempt, please provide a specific description of the record or portion of the 
record exempted, as well as a justification of the exemption. 
 
Finally, Earthworks requests that the agency send all responsive records in an electronic format 
(e.g., .xls, .doc, .pdf, .jpeg, .mp3, and/or .mp4). If honoring this request would incur prohibitive 
additional costs for the agency, or substantially delay the time in which the agency is able to 
honor this FOIA request, Earthworks will accept records in hard copy or other format more 
expedient and economical for the agency to produce. 
 
Sincerely, 
 
 
Lauren Pagel 
Policy Director 
Earthworks 
1612 K St., NW; Suite 808 
Washington, DC 20006 
202-887-1872 x117 
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Focus Report
New Chemicals Program

PMN Number:  P-11-0091

Focus Date: 01/03/2011 12:00:00 AM Report Status: Completed
Consolidated Set: P-11-0091; P-11-0092; P-11-0093
Focus Chair: Jim Alwood Contractor: Christina Stanley

I. Notice Information
Submitter: CAS Number:
Chemical Name:

Use:

Other Uses:

PV-Max:
Manufacture: Import: X

II. SAT Results
(1) Health Rating: 1-2  Eco Rating: 2  Comments: PMN;mitigation of toxicity expected

i.e., ~17x
(2) Health Rating:  2  Eco Rating: 3  Comments: Potential Incineration/degradation pr

concern for toxicity of incomplete 
incineration products to terrestrial 
organisms

Occupational:   2-3D  Non-Occupational: Environmental:   2

(1) PBT: 3 1 1 Comments: PMN
(2) PBT: 3 2 2 Comments: Incin Pdt
(3) PBT: 3 2 2 Comments:
(4) PBT: 3 2 2 Comments:
(5) PBT: 3 2 2 Comments:

III. OTHER FACTORS
Categories:
Health Chemical Category: Perfluoro Containing Chemicals Ecotox SAR and 

Category:
polycationic polymers; 
Polycationic Polymers

Related Cases/Regulatory History:
Health related Cases:
Ecotox Related Cases: Analogs:  
Regulatory History:

: GRANTED WITH CONDITION

MSDS/Label Information:
MSDS: Yes Label: No
General Equipment: impervious gloves/ safety glasses or coverall chemical splash goggles / Use only in area provided 

with appropriate exhaust ventilation. 
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Respirator: In case of mist, spray or aerosol exposure wear suitable personal respiratory protection and  
protective suit.

Health Effects: Inhalation of aerosol or fine spray mist may cause serious respiratory problems / No skin or eye 
irritation.

TLV/PEL (PMN or raw 
material):

 - none established.

Exposure Based Information:
Exposure Based Review: N Exposure Based Review (Health): N
Exposure Based Review (Eco): N Exposure Based (Occupational): No
Exposure Based Review 
(Non Occupatuional):

N Exposure Based (Environmental):

Exposure Parameter Exposure-Based Persistent/Bioaccum Exposure Value
Surface DW:
 Fish Ingestion:
Ground DW: Yes
Inhalation:
Water Releases: Yes
Total Releases: Yes
Consumer Exposure:

IV.  Summary of SAT Assessment
Fate:

Fate Summary: P-11-0091-93
FATE: MW = 

 
S = Disp.
VP < 1.0E-6 torr at 25 C (E)
BP > 400 C (E)
H < 1.00E-8 (E)
POTW removal (%)  = 90 via sorption 
Time for complete ultimate aerobic biodeg > mo
Sorption to soils/sediments = v.strong
PBT Potential: PMN P3B1; Incin Pdt P3B2
*CEB FATE: Migration to ground water = negl

Health:
Health Summary: Absorption is nil all routes based on physical/chemical properties.  There is concern for lung 

toxicity from cationic binding to lung membranes.

For the potential incomplete incineration/environmental degradation  product, based on test data 
for the analogue  concerns are liver toxicity , blood toxicity, and male 
reproductive toxicity [rat 28-day oral NOAEL = 50 mg/kg, LOAEL = 150 mg/kg with liver 
toxicity; rat 90-day oral LOAEL = 10 mg/kg based on decreased body weight in males at all doses 
and liver toxicity and anemia at 200 mg/kg; there were toxic effects on the testes in 2 males in the 
90-day oral study that were judged by the reviewer to be indicative of the potential for male  
reproductive toxicity. There is also concern for immunosuppression and oncogenicity based on 
data for .

Test Data: (-) Salmonella with and without activation; (-) E. coli with and without activation; rat oral LD0 = 
5000 mg/kg; slight eye irritation in rabbits, cleared by 48 h; slight skin irritation in rabbits, cleared 
by 24 h; (-) for skin sensitization in a mouse local lymph node assay at  20% ai

Ecotox:
Ecotox Values:
Fish 96-h LC50: 3.5(P)
Daphnid 48-h LC50: 13(P) >120(M)
Green algal 96-h EC50: 1.5(P)
Fish Chronic Value: 0.19(P)
Daphnid ChV: 0.92(P)
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Algal ChV: 0.40(P)

Ecotox values comments: Predictions are based on SARs for polycationic polymers with  amine-N;  SAR chemical 
class = polymer-cationic-  amine-N;  MW ;    
effective concentrations based on 100% active ingredients and nominal concentrations;  hardness 
<180.0 mg/L as CaCO3;  and TOC <2.0 mg/L;
significant mitigation of toxicity expected in the presence of  10 mg TOC/L, i.e., ~17 times;

high concern for the  to wild mammals and birds based on 
mammalian test data for mammals for 

Ecotoxicity Study Review for  
 

PMN P11-0091

A single daphnid acute ecotoxicity study, conducted in  
, accompanied this PMN submission.  In this study, the test substance, designated 
” was tested.  This designation was stipulated as identical to the PMN substance by 

personal communication with , technical contact for .  The PMN is marketed as 
various   
The PMN is a polycationic polymer with  amine nitrogen and thus having toxicity mitigated 
by a factor of 17 for adsorption to organic carbon.  The combination  salt was 
tested in daphnia and results are considered to apply to all  3 forms of the PMN.  The substance was 
described as a  consisting of  and was 
introduced into the reconstituted aqueous test media at a nominal concentration of  600 mg product 
formulation per liter (or 120 mg a.i./L).  Dilutions were made of this highest concentration, 
consisting of 60 (12 mg a.i./L), 6 (1.2 mg a.i./L) or 0.6 (0.12 mg a.i./L).  All test solutions were 
then stirred again for an additional 15 minutes.  Solutions were clear with no observable 
precipitate.  These concentrations, along with a control consisting of only aqueous test media, were 
tested with daphnia.   The PMN was not measured analytically and all reported concentrations are  
nominal.
 
In a static immobilization test, fasted Daphnia magna (10 daphnids/replicate x 1 replicate) were 
exposed to nominal concentrations of 0, 0.12, 1.2, 12, or 120 mg a.i./L for 48 hours under static 
conditions.  Over the course of the study, water temperature was 19.8-21.0°C, pH ranged from 8.0 
to 8.2, O2 levels ranged from 8.7 to 9.1 mg O2/L, water hardness of the dilution water 100-140 
mg/L as CaCO3 and electrical conductivity was not reported.  Thus, study parameters complied 
with OCSPP and OECD guidelines for: 1) O2, pH, temperature, water hardness values and other 
water quality parameters; 2) species, age, number of organisms per replicate, and biomass loading 
rates; and, 3) replicate and overall variability.

No immobilization or abnormal response was observed in the control or treated groups.  The 
daphnia 48-hour EC50 for immobilization was determined to be >120 mg a.i./L with no 95% 
confidence limits determinable.  The LOAEC was not determined and the NOAEC was 120 mg 
a.i./L.

Results from this acute daphnid aquatic ecotoxicity study show lower toxicity than the  
ECOSAR-predicted daphnid acute value of 13 mg/L.  Daphnia was the only species tested.  
ECOSAR predicts that algae will have a 96-hr EC50 of 1.5 mg/L and that fish will have a 96-hr 
LC50 of 3.5 mg/L.

Even thought the daphnia test is considered valid, because ECOSAR predicts higher toxicity for 
fish and algae, the predictions from ECOSAR for algae will supersede the Daphnia test results for 
setting the COC to err on the side of protecting the environment.  Based on algae, the most 
sensitive species predicted by ECOSAR, the existing COC of 320 ppb will not be changed based 
on the test results for daphnia. 

Reviewer: S. Cragg 
20 December 2010
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Ecotox Factors:
Assessment Factor: 10
Concern Concentration:
 - Chronic Value

320
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0091
  Exposures/Releases Release Release Release
Scenario
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0091
  Exposures/Releases Release Release Release
Scenario  
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0091
  Exposures/Releases Release Release Release
Scenario    
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0091
  Exposures/Releases Release Release Release
Scenario   
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0091
  Exposures/Releases Exposure Exposure Exposure
Scenario  
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0091
  Exposures/Releases Exposure Exposure Exposure
Scenario  
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0091
  Exposures/Releases Exposure
Scenario  
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VI.    Focus Decision and Rationale 
Regulatory Actions

Regulatory Decision: PMN Standard Review Decision Date: 01/03/2011
Type of Decision:

Rationale: P11-0091-0093 will be placed in standard review to examine potential human 
health risks to workers and consumers from , polymers with  

, and PBT concerns for they hydrolysis product.  Human health 
concerns were low-moderate for the PMN substances and moderate for the 
degradation product.   Human health risks from  include 
immunotoxicity and developmental/reproductive effects.  Ecotoxicity concerns 
were moderate for the PMN substance and high for the hydrolysis product for  
terrestrial species.  These risks were mitigated due to no chronic exceedance 
for the 320 ppb chronic COC and no exceedance of the 6,375 ppb acute COC.  
The standard review will consist of a team, schedule and TI.  The PBT score 
for the PMN substances is P3B2T1 and P3B2T2 for they hydrolysis product.  

COC’s: 320 ppb chronic, 6,375 ppb acute 

Summary of Exposures and Releases:

 

 

WG Ex. 22

0893



 

 

 

 

WG Ex. 22

0894



 

 

 

 

 

WG Ex. 22

0895



 

P2 Rec Comments:
Testing:

Final Recommended:
Health:
Eco: 
Fate:   
Other:

  03/13/2015 11:48:55 AM
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SAT Report
PMN Number:  P-11-0091 

SAT Date: 12/17/2010
Print Date: 3/13/2015

Related cases:
Health related cases:  
Ecotox related cases:   Analogs:  

Concern levels:

Type of Concern: Health Eco Comments
Level of Concern: 1-2   2 Health: PMN ;  Eco: mitigation of toxicity expected, i.e., ~17x

2   3 Health: Potential Incineration/degradation product ; Eco: concern for toxic
incomplete incineration products to terrestrial organisms

          Persistence Bioaccum Toxicity Comments
3 1 1 PMN
3 2 2 Incin Pdt

Exposure Based Review:
Health: No
Ecotox: No

Routes of exposure: Health: Dermal  Inhalation  
Ecotox: All releases to water

Fate:  ; 

Keywords:
                     Keywords:   LUNG

Summary of Assessment:

                     Fate:
Fate Summary:     P-11-0091-93

FATE: MW =  < 500 and  < 1000
 

S = Disp.
VP < 1.0E-6 torr at 25 C (E)
BP > 400 C (E)
H < 1.00E-8 (E)
POTW removal (%)  = 90 via sorption 
Time for complete ultimate aerobic biodeg > mo
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Sorption to soils/sediments = v.strong
PBT Potential: PMN P3B1; Incin Pdt P3B2
*CEB FATE: Migration to ground water = negl 

                     Health:
                              Health Summary:  Absorption is nil all routes based on physical/chemical 
properties.  There is concern for lung toxicity from cationic binding to lung membranes.

For the potential incomplete incineration/environmental degradation  product, based on test data 
for the analogue  concerns are liver toxicity, blood toxicity, and male 
reproductive toxicity [rat 28-day oral NOAEL = 50 mg/kg, LOAEL = 150 mg/kg with liver 
toxicity; rat 90-day oral LOAEL = 10 mg/kg based on decreased body weight in males at all 
doses and liver toxicity and anemia at 200 mg/kg; there were toxic effects on the testes in 2 
males in the 90-day oral study that were judged by the reviewer to be indicative of the potential 
for male reproductive toxicity. There is also concern for immunosuppression and oncogenicity 
based on data for .
                              Test Data:               (-) Salmonella with and without activation; (-) E. coli 
with and without activation; rat oral LD0 = 5000 mg/kg; slight eye irritation in rabbits, cleared 
by 48 h; slight skin irritation in rabbits, cleared by 24 h; (-) for skin sensitization in a mouse 
local lymph node assay at 20% ai

                     Ecotox:

Test Organism Test 
Type

Test End 
Point

Predicted Measured Comments

fish 96-h LC50 3.5
daphnid 48-h LC50 13 >120

green algal 96-h EC50 1.5
fish _ chronic value 0.19

daphnid _ chronic 
value

0.92

algal _ chronic 
value

0.40

Sewage Sludge 3-h EC50 _
Sewage Sludge _ Chronic 

Value
_

 Ecotox Values Comments:    Predictions are based on SARs for polycationic polymers with 
 amine-N;  SAR chemical class = polymer-cationic  amine-N;  MW  

< 1000 and  < 500;  pH7;  effective concentrations based on 100% active ingredients and 
nominal concentrations;  hardness <180.0 mg/L as CaCO3;  and TOC <2.0 mg/L;
significant mitigation of toxicity expected in the presence of 10 mg TOC/L, i.e., ~17 times;

high concern for the  to wild mammals and birds based on 
mammalian test data for mammals for .

WG Ex. 22

0898



Ecotoxicity Study Review for  

PMN P11-0091

A single daphnid acute ecotoxicity study, conducted in  
, accompanied this PMN submission.  In this study, the test substance, designated 

 was tested.  This designation was stipulated as identical to the PMN substance by 
personal communication with , technical contact for .  The PMN is marketed 
as various salts of the polymer:  

  The PMN is a polycationic polymer with  amine nitrogen and thus having 
toxicity mitigated by a factor of 17 for adsorption to organic carbon.  The combination 

 was tested in daphnia and results are considered to apply to all 3 forms 
of the PMN.  The substance was described as a  

 and was introduced into the reconstituted aqueous test media at a nominal 
concentration of 600 mg product formulation per liter (or 120 mg a.i./L).  Dilutions were made 
of this highest concentration, consisting of 60 (12 mg a.i./L), 6 (1.2 mg a.i./L) or 0.6 (0.12 mg 
a.i./L).  All test solutions were then stirred again for an additional 15 minutes.  Solutions were 
clear with no observable precipitate.  These concentrations, along with a control consisting of 
only aqueous test media, were tested with daphnia.   The PMN was not measured analytically 
and all reported concentrations are nominal.
 
In a static immobilization test, fasted Daphnia magna (10 daphnids/replicate x 1 replicate) were 
exposed to nominal concentrations of 0, 0.12, 1.2, 12, or 120 mg a.i./L for 48 hours under static 
conditions.  Over the course of the study, water temperature was 19.8-21.0°C, pH ranged from 
8.0 to 8.2, O2 levels ranged from 8.7 to 9.1 mg O2/L, water hardness of the dilution water 
100-140 mg/L as CaCO3 and electrical conductivity was not reported.  Thus, study parameters 
complied with OCSPP and OECD guidelines for: 1) O2, pH, temperature, water hardness values 
and other water quality parameters; 2) species, age, number of organisms per replicate, and 
biomass loading rates; and, 3) replicate and overall variability.

No immobilization or abnormal response was observed in the control or treated groups.  The 
daphnia 48-hour EC50 for immobilization was determined to be >120 mg a.i./L with no 95% 
confidence limits determinable.  The LOAEC was not determined and the NOAEC was 120 mg 
a.i./L.

Results from this acute daphnid aquatic ecotoxicity study show lower toxicity than the 
ECOSAR-predicted daphnid acute value of 13 mg/L.  Daphnia was the only species tested.  
ECOSAR predicts that algae will have a 96-hr EC50 of 1.5 mg/L and that fish will have a 96-hr 
LC50 of 3.5 mg/L.

Even thought the daphnia test is considered valid, because ECOSAR predicts higher toxicity for 
fish and algae, the predictions from ECOSAR for algae will supersede the Daphnia test results 
for setting the COC to err on the side of protecting the environment.  Based on algae, the most 
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sensitive species predicted by ECOSAR, the existing COC of 320 ppb will not be changed based 
on the test results for daphnia. 

Reviewer: S. Cragg 
20 December 2010

Factors Values Comments
Assessment Factor 10

Concentration of Concern 
(ppb)

320 with mitigation

SARs polycationic polymers
SAR Class polymer-cationic-  amine 

nitrogen-
new chemicals category: polycationic 
polymers

Ecotox Category   

Ecotox Factors Comments: 
     

         SAT Chair:  L Keifer  564-8916
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Focus Report
New Chemicals Program

PMN Number:  P-11-0092

Focus Date: 01/03/2011 12:00:00 AM Report Status: Completed
Consolidated Set: P-11-0091; P-11-0092; P-11-0093
Focus Chair: Jim Alwood Contractor: Christina Stanley

I.   Notice Information
Submitter: CAS Number:
Chemical Name:  

Use:  
 
 

 
 

 
 

 
  

Other Uses:  

PV-Max:
Manufacture: Import: X

II.   SAT Results
(1) Health Rating:  1-2  Eco Rating: 2  Comments: PMN;mitigation of toxicity expected

i.e., ~17x
(2) Health Rating:  2  Eco Rating: 3  Comments: Potential Incineration/degradation pr

concerf for toxicity of incomplete 
incineration products to terrestrial 
organisms

Occupational:   2-3D  Non-Occupational:   Environmental:   2

(1) PBT: 3 1 1 Comments: PMN
(2) PBT: 3 2 2 Comments: Incin Pdt
(3) PBT: 3 2 2 Comments:
(4) PBT: 3 2 2 Comments:
(5) PBT: 3 2 2 Comments:

III.   OTHER FACTORS
Categories:
Health Chemical Category: Perfluoro Containing Chemicals Ecotox SAR and 

Category:
polycationic polymers; 
Polycationic Polymers

Related Cases/Regulatory History:
Health related Cases:
Ecotox Related Cases:
Regulatory History:

: GRANTED WITH CONDITION

MSDS/Label Information:
MSDS: Yes Label: No
General Equipment: impervious gloves/ safety glasses or coverall chemical splash goggles / Use only in area provided 

with appropriate exhaust ventilation.  
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Respirator: In case of mist, spray or aerosol exposure wear suitable personal respiratory protection and  
protective suit.

Health Effects: Inhalation of aerosol or fine spray mist may cause serious respiratory problems / No skin or eye 
irritation.

TLV/PEL (PMN or raw 
material):

 - none established.

Exposure Based Information:
Exposure Based Review: N Exposure Based Review (Health): N
Exposure Based Review (Eco): N Exposure Based (Occupational): No
Exposure Based Review 
(Non Occupatuional):

Exposure Based (Environmental):

IV.  Summary of SAT Assessment
Fate:

Fate Summary: P-11-0091-93
FATE: MW =  < 500 and  < 1000

 
S = Disp.
VP < 1.0E-6 torr at 25 C (E)
BP > 400 C (E)
H < 1.00E-8 (E)
POTW removal (%)  = 90 via sorption 
Time for complete ultimate aerobic biodeg > mo
Sorption to soils/sediments = v.strong
PBT Potential: PMN P3B1; Incin Pdt P3B2
*CEB FATE: Migration to ground water = negl

Health:
Health Summary: Absorption is nil all routes based on physical/chemical properties.  There is concern for lung 

toxicity from cationic binding to lung membranes.

For the potential incomplete incineration/environmental degradation  product, based on test data 
for the analogue  concerns are liver toxicity , blood toxicity, and male 
reproductive toxicity [rat 28-day oral NOAEL = 50 mg/kg, LOAEL = 150 mg/kg with liver 
toxicity; rat 90-day oral LOAEL = 10 mg/kg based on decreased body weight in males at all doses 
and liver toxicity and anemia at 200 mg/kg; there were toxic effects on the testes in 2 males in the 
90-day oral study that were judged by the reviewer to be indicative of the potential for male  
reproductive toxicity. There is also concern for immunosuppression and oncogenicity based on 
data for .

Test Data: P11-0091: (-) Salmonella with and without activation; (-) E. coli with and without activation; rat 
oral LD0 = 5000 mg/kg; slight eye irritation in rabbits, cleared by 48 h; slight skin irritation in 
rabbits, cleared by 24 h; (-) for skin sensitization in a mouse local lymph node assay at  20% ai

Ecotox:
Ecotox Values:
Fish 96-h LC50: 3.6(P)
Daphnid 48-h LC50: 14(P)
Green algal 96-h EC50: 1.6(P)
Fish Chronic Value: 0.20(P)
Daphnid ChV: 0.99(P)
Algal ChV: 0.43(P)

Ecotox values comments: Predictions are based on SARs for polycationic polymers with  amine-N;  SAR chemical 
class = polymer-cationic  amine-N;  MW  < 1000 and  < 500;  ;  
effective concentrations based on 100% active ingredients and nominal concentrations;  hardness 
<180.0 mg/L as CaCO3;  and TOC <2.0 mg/L;
significant mitigation of toxicity expected in the presence of  10 mg TOC/L, i.e., ~17 times;
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high concern for the  to wild mammals and birds based on 
mammalian test data for mammals for .

Ecotox Factors:
Assessment Factor: 10
Concern Concentration:
 - Chronic Value

340
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0092
  Exposures/Releases Release Release Release
Scenario
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0092
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0092
  Exposures/Releases Release Release Release
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0092
  Exposures/Releases Release Release Release
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Descriptor A Output 2   Conservative   High End   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From  

 
 

Workers
Exposure Type
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0092
  Exposures/Releases Exposure Exposure Exposure
Scenario  

 

 

 

 
 

 

Sites
Media
Descriptor A High End   High End   Upper Bound   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From    

Workers
Exposure Type

Engineering Summary:    
Exposures/Releases

Exposure Exposure Exposure

Scenario  
 

 

 
 

 

Sites
Media
Descriptor A High End   High End   Upper Bound   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From    

Workers
Exposure Type

WG Ex. 22

0908



V. Summary of Exposures/Releases
Engineering Summary:       P-11-0092
  Exposures/Releases Exposure Exposure Exposure
Scenario  

 
 

  
 

 

Sites
Media
Descriptor A High End   High End   High End   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From    

Workers
Exposure Type

Engineering Summary:    
Exposures/Releases

Exposure Exposure Exposure

Scenario   

Sites
Media
Descriptor A High End   High End   High End   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From   

Workers
Exposure Type
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0092
  Exposures/Releases Exposure
Scenario  

Sites
Media
Descriptor A Upper Bound         
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From  

Workers
Exposure Type

WG Ex. 22
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VI.    Focus Decision and Rationale 
Regulatory Actions

Regulatory Decision: PMN Standard Review Decision Date: 01/03/2011
Type of Decision:

Rationale: P11-0091-0093 will be placed in standard review to examine potential human 
health risks to workers and consumers from , polymers with  

, and PBT concerns for they hydrolysis product.  Human health 
concerns were low-moderate for the PMN substances and moderate for the 
degradation product.   Human health risks from  include 
immunotoxicity and developmental/reproductive effects.  Ecotoxicity concerns 
were moderate for the PMN substance and high for the hydrolysis product for  
terrestrial species.  These risks were mitigated due to no chronic exceedance 
for the 320 ppb chronic COC and no exceedance of the 6,375 ppb acute COC.  
The standard review will consist of a team, schedule and TI.  The PBT score 
for the PMN substances is P3B2T1 and P3B2T2 for they hydrolysis product.  

COC’s: 320 ppb chronic, 6,375 ppb acute 

Summary of Exposures and Releases:
Proc #1:

 

 

WG Ex. 22

0911



 

 

 

 

WG Ex. 22

0912



 

 

 

 

 

WG Ex. 22

0913



 

P2 Rec Comments:
Testing:

Final Recommended:
Health:
Eco: 
Fate:   
Other:

  03/13/2015 03:34:57 PM
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SAT Report
PMN Number:  P-11-0092 

SAT Date: 12/17/2010
Print Date: 3/13/2015

Related cases:
Health related cases:  
Ecotox related cases:   Analogs:  

Concern levels:

Type of Concern: Health Eco Comments
Level of Concern: 1-2   2 Health: PMN ;  Eco: mitigation of toxicity expected, i.e., ~17x

2   3 Health: Potential Incineration/degradation product ; Eco: concerf for toxic
incomplete incineration products to terrestrial organisms

          Persistence Bioaccum Toxicity Comments
3 1 1 PMN
3 2 2 Incin Pdt

Exposure Based Review:
Health: No
Ecotox: No

Routes of exposure: Health: Dermal  Inhalation  
Ecotox: All releases to water

Fate:  ; 

Keywords:
                     Keywords:   LUNG

Summary of Assessment:

                     Fate:
Fate Summary:     P-11-0091-93

FATE: MW =  < 500 and  < 1000
 

S = Disp.
VP < 1.0E-6 torr at 25 C (E)
BP > 400 C (E)
H < 1.00E-8 (E)
POTW removal (%)  = 90 via sorption 
Time for complete ultimate aerobic biodeg > mo

WG Ex. 22
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Sorption to soils/sediments = v.strong
PBT Potential: PMN P3B1; Incin Pdt P3B2
*CEB FATE: Migration to ground water = negl 

                     Health:
                              Health Summary:  Absorption is nil all routes based on physical/chemical 
properties.  There is concern for lung toxicity from cationic binding to lung membranes.

For the potential incomplete incineration/environmental degradation  product, based on test data 
for the analogue  concerns are liver toxicity, blood toxicity, and male 
reproductive toxicity [rat 28-day oral NOAEL = 50 mg/kg, LOAEL = 150 mg/kg with liver 
toxicity; rat 90-day oral LOAEL = 10 mg/kg based on decreased body weight in males at all 
doses and liver toxicity and anemia at 200 mg/kg; there were toxic effects on the testes in 2 
males in the 90-day oral study that were judged by the reviewer to be indicative of the potential 
for male reproductive toxicity. There is also concern for immunosuppression and oncogenicity 
based on data for .
                              Test Data:               P11-0091: (-) Salmonella with and without activation; (-) 
E. coli with and without activation; rat oral LD0 = 5000 mg/kg; slight eye irritation in rabbits, 
cleared by 48 h; slight skin irritation in rabbits, cleared by 24 h; (-) for skin sensitization in a 
mouse local lymph node assay at 20% ai

                     Ecotox:

Test Organism Test 
Type

Test End 
Point

Predicted Measured Comments

fish 96-h LC50 3.6
daphnid 48-h LC50 14

green algal 96-h EC50 1.6
fish _ chronic value 0.20

daphnid _ chronic 
value

0.99

algal _ chronic 
value

0.43

Sewage Sludge 3-h EC50 _
Sewage Sludge _ Chronic 

Value
_

 Ecotox Values Comments:    Predictions are based on SARs for polycationic polymers with 
 amine-N;  SAR chemical class = polymer-cationic-  amine-N;  MW  

< 1000 and  < 500;  ;  effective concentrations based on 100% active ingredients and 
nominal concentrations;  hardness <180.0 mg/L as CaCO3;  and TOC <2.0 mg/L;
significant mitigation of toxicity expected in the presence of 10 mg TOC/L, i.e., ~17 times;

high concern for the  to wild mammals and birds based on 
mammalian test data for mammals for 
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Factors Values Comments
Assessment Factor 10

Concentration of Concern 
(ppb)

340 with mitigation

SARs polycationic polymers
SAR Class polymer-cationic-  amine 

nitrogen-
new chemicals category: polycationic 
polymers

Ecotox Category   

Ecotox Factors Comments: 
     

         SAT Chair:  L Keifer  564-8916
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Focus Report
New Chemicals Program

PMN Number:  P-11-0093

Focus Date: 01/03/2011 12:00:00 AM Report Status: Completed
Consolidated Set: P-11-0091; P-11-0092; P-11-0093
Focus Chair: Jim Alwood Contractor: Christina Stanley

I.   Notice Information
Submitter: CAS Number:
Chemical Name:  

 
Use:  

 
 

 
 

 
 

 
  

Other Uses:  
.

PV-Max:
Manufacture: Import: X

II.   SAT Results
(1) Health Rating:  1-2  Eco Rating: 2  Comments: PMN;mitigation of toxicity expected

i.e., ~17x
(2) Health Rating:  2  Eco Rating: 3  Comments: Potential Incineration/degradation pr

concern for toxicity of incomplete 
incineration products to terrestrial 
organisms

Occupational:   2-3D  Non-Occupational:   Environmental:   2

(1) PBT: 3 1 1 Comments: PMN
(2) PBT: 3 2 2 Comments: Incin Pdt
(3) PBT: 3 2 2 Comments:
(4) PBT: 3 2 2 Comments:
(5) PBT: 3 2 2 Comments:

III.   OTHER FACTORS
Categories:
Health Chemical Category: Perfluoro Containing Chemicals Ecotox SAR and 

Category:
pollycationic polymers; 
Polycationic Polymers

Related Cases/Regulatory History:
Health related Cases:
Ecotox Related Cases: Analogs:  
Regulatory History:

 GRANTED WITH CONDITION

MSDS/Label Information:
MSDS: Yes Label: No
General Equipment: impervious gloves/ safety glasses or coverall chemical splash goggles / Use only in area provided 

with appropriate exhaust ventilation.  

WG Ex. 22
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Respirator: In case of mist, spray or aerosol exposure wear suitable personal respiratory protection and  
protective suit.

Health Effects: Inhalation of aerosol or fine spray mist may cause serious respiratory problems / No skin or eye 
irritation.

TLV/PEL (PMN or raw 
material):

 - none established.

Exposure Based Information:
Exposure Based Review: N Exposure Based Review (Health): N
Exposure Based Review (Eco): N Exposure Based (Occupational): No
Exposure Based Review 
(Non Occupatuional):

Exposure Based (Environmental):

IV.  Summary of SAT Assessment
Fate:

Fate Summary: P-11-0091-93
FATE: MW =  < 500 and  < 1000

 
S = Disp.
VP < 1.0E-6 torr at 25 C (E)
BP > 400 C (E)
H < 1.00E-8 (E)
POTW removal (%)  = 90 via sorption 
Time for complete ultimate aerobic biodeg > mo
Sorption to soils/sediments = v.strong
PBT Potential: PMN P3B1; Incin Pdt P3B2
*CEB FATE: Migration to ground water = negl

Health:
Health Summary: Absorption is nil all routes based on physical/chemical properties.  There is concern for lung 

toxicity from cationic binding to lung membranes.

For the potential incomplete incineration/environmental degradation  product, based on test data 
for the analogue  concerns are liver toxicity , blood toxicity, and male 
reproductive toxicity [rat 28-day oral NOAEL = 50 mg/kg, LOAEL = 150 mg/kg with liver 
toxicity; rat 90-day oral LOAEL = 10 mg/kg based on decreased body weight in males at all doses 
and liver toxicity and anemia at 200 mg/kg; there were toxic effects on the testes in 2 males in the 
90-day oral study that were judged by the reviewer to be indicative of the potential for male  
reproductive toxicity. There is also concern for immunosuppression and oncogenicity based on 
data for .

Test Data: P11-0091: (-) Salmonella with and without activation; (-) E. coli with and without activation; rat 
oral LD0 = 5000 mg/kg; slight eye irritation in rabbits, cleared by 48 h; slight skin irritation in 
rabbits, cleared by 24 h; (-) for skin sensitization in a mouse local lymph node assay at  20% ai

Ecotox:
Ecotox Values:
Fish 96-h LC50: 3.6(P)
Daphnid 48-h LC50: 14(P)
Green algal 96-h EC50: 1.6(P)
Fish Chronic Value: 0.20(P)
Daphnid ChV: 0.99(P)
Algal ChV: 0.43(P)

Ecotox values comments: Predictions are based on SARs for polycationic polymers with  amine-N;  SAR chemical 
class = polymer-cationic-  amine-N;  MW  < 1000 and  < 500;  ;  
effective concentrations based on 100% active ingredients and nominal concentrations;  hardness 
<180.0 mg/L as CaCO3;  and TOC <2.0 mg/L;
significant mitigation of toxicity expected in the presence of  10 mg TOC/L, i.e., ~17 times;
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high concern for the  to wild mammals and birds based on 
mammalian test data for mammals for .

Ecotox Factors:
Assessment Factor: 10
Concern Concentration:
 - Chronic Value

340
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0093
  Exposures/Releases Release Release Release
Scenario

  
 
 

 

Sites
Media  

Descriptor A High End   Conservative   High End   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year) 1
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From  

 
 

Workers
Exposure Type

Engineering Summary:    
Exposures/Releases

Release Release Release

Scenario  

 

 

Sites
Media  

Descriptor A High End   High End   Output 2   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From  

 
 

 

Workers
Exposure Type
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0093
  Exposures/Releases Release Release Release
Scenario  

 
 

 
 

 

Sites
Media   

Descriptor A Conservative   High End   Conservative   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From  

 
  

 

Workers
Exposure Type

Engineering Summary:    
Exposures/Releases

Release Release Release

Scenario  
 

 

 
 

 

 
 

 

Sites
Media
Descriptor A High End   Conservative   Output 2   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From  

 
 

Workers
Exposure Type
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0093
  Exposures/Releases Release Release Release
Scenario    

 

Sites
Media
Descriptor A Output 2   Output 2   High End   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From   

 

Workers
Exposure Type

Engineering Summary:    
Exposures/Releases

Release Release Release

Scenario

 

  
 

Sites
Media
Descriptor A Conservative   Output 2   High End   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From

 
 

 

Workers
Exposure Type
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0093
  Exposures/Releases Release Release Release
Scenario   

Sites
Media  

Descriptor A Conservative   High End   Output 2   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From   

Workers
Exposure Type

Engineering Summary:    
Exposures/Releases

Release Release Exposure

Scenario    
 

Sites
Media  

Descriptor A Output 2   Conservative   High End   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From  

 
 

Workers
Exposure Type
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0093
  Exposures/Releases Exposure Exposure Exposure
Scenario  

 

 

 

 
 

 

Sites
Media
Descriptor A High End   High End   Upper Bound   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From    

Workers
Exposure Type

Engineering Summary:    
Exposures/Releases

Exposure Exposure Exposure

Scenario  
 

 

 
 

 

Sites
Media
Descriptor A High End   High End   Upper Bound   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From    

Workers
Exposure Type
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0093
  Exposures/Releases Exposure Exposure Exposure
Scenario  

 
 

  
 

 

Sites
Media
Descriptor A High End   High End   High End   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From    

Workers
Exposure Type

Engineering Summary:    
Exposures/Releases

Exposure Exposure Exposure

Scenario   

Sites
Media
Descriptor A High End   High End   High End   
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From   

Workers
Exposure Type
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V. Summary of Exposures/Releases
Engineering Summary:       P-11-0093
  Exposures/Releases Exposure
Scenario  

Sites
Media
Descriptor A Upper Bound         
Quantity A (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency A (day/year)
Descriptor B          
Quantity B (Release = kg/site/day; Exposure 
= mg/day)

        

Frequency B (day/year)
From  

Workers
Exposure Type
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VI.    Focus Decision and Rationale 
Regulatory Actions

Regulatory Decision: PMN Standard Review Decision Date: 01/03/2011
Type of Decision:

Rationale: P11-0091-0093 will be placed in standard review to examine potential human 
health risks to workers and consumers from , polymers with  

, and PBT concerns for they hydrolysis product.  Human health 
concerns were low-moderate for the PMN substances and moderate for the 
degradation product.   Human health risks from  include 
immunotoxicity and developmental/reproductive effects.  Ecotoxicity concerns 
were moderate for the PMN substance and high for the hydrolysis product for  
terrestrial species.  These risks were mitigated due to no chronic exceedance 
for the 320 ppb chronic COC and no exceedance of the 6,375 ppb acute COC.  
The standard review will consist of a team, schedule and TI.  The PBT score 
for the PMN substances is P3B2T1 and P3B2T2 for they hydrolysis product.  

COC’s: 320 ppb chronic, 6,375 ppb acute 

Summary of Exposures and Releases:

 

) 
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P2 Rec Comments:
Testing:

Final Recommended:
Health:
Eco: 
Fate:   
Other:

  03/13/2015 03:37:12 PM
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SAT Report
PMN Number:  P-11-0093 

SAT Date: 12/17/2010
Print Date: 3/13/2015

Related cases:
Health related cases:  
Ecotox related cases:   Analogs:  

Concern levels:

Type of Concern: Health Eco Comments
Level of Concern: 1-2   2 Health: PMN ;  Eco: mitigation of toxicity expected, i.e., ~17x

2   3 Health: Potential Incineration/degradation product ; Eco: concern for toxic
incomplete incineration products to terrestrial organisms

          Persistence Bioaccum Toxicity Comments
3 1 1 PMN
3 2 2 Incin Pdt

Exposure Based Review:
Health: No
Ecotox: No

Routes of exposure: Health: Dermal  Inhalation  
Ecotox: All releases to water

Fate:  ; 

Keywords:
                     Keywords:   LUNG

Summary of Assessment:

                     Fate:
Fate Summary:     P-11-0091-93

FATE: MW =  < 500 and  < 1000
 

S = Disp.
VP < 1.0E-6 torr at 25 C (E)
BP > 400 C (E)
H < 1.00E-8 (E)
POTW removal (%)  = 90 via sorption 
Time for complete ultimate aerobic biodeg > mo
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Sorption to soils/sediments = v.strong
PBT Potential: PMN P3B1; Incin Pdt P3B2
*CEB FATE: Migration to ground water = negl 

                     Health:
                              Health Summary:  Absorption is nil all routes based on physical/chemical 
properties.  There is concern for lung toxicity from cationic binding to lung membranes.

For the potential incomplete incineration/environmental degradation  product, based on test data 
for the analogue  concerns are liver toxicity, blood toxicity, and male 
reproductive toxicity [rat 28-day oral NOAEL = 50 mg/kg, LOAEL = 150 mg/kg with liver 
toxicity; rat 90-day oral LOAEL = 10 mg/kg based on decreased body weight in males at all 
doses and liver toxicity and anemia at 200 mg/kg; there were toxic effects on the testes in 2 
males in the 90-day oral study that were judged by the reviewer to be indicative of the potential 
for male reproductive toxicity. There is also concern for immunosuppression and oncogenicity 
based on data for 
                              Test Data:               P11-0091: (-) Salmonella with and without activation; (-) 
E. coli with and without activation; rat oral LD0 = 5000 mg/kg; slight eye irritation in rabbits, 
cleared by 48 h; slight skin irritation in rabbits, cleared by 24 h; (-) for skin sensitization in a 
mouse local lymph node assay at 20% ai

                     Ecotox:

Test Organism Test 
Type

Test End 
Point

Predicted Measured Comments

fish 96-h LC50 3.6
daphnid 48-h LC50 14

green algal 96-h EC50 1.6
fish _ chronic value 0.20

daphnid _ chronic 
value

0.99

algal _ chronic 
value

0.43

Sewage Sludge 3-h EC50 _
Sewage Sludge _ Chronic 

Value
_

 Ecotox Values Comments:    Predictions are based on SARs for polycationic polymers with 
 amine-N;  SAR chemical class = polymer-cationic-  amine-N;  MW  

< 1000 and  < 500;  ;  effective concentrations based on 100% active ingredients and 
nominal concentrations;  hardness <180.0 mg/L as CaCO3;  and TOC <2.0 mg/L;
significant mitigation of toxicity expected in the presence of 10 mg TOC/L, i.e., ~17 times;

high concern for the  to wild mammals and birds based on 
mammalian test data for mammals for .
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Factors Values Comments
Assessment Factor 10

Concentration of Concern 
(ppb)

340 with mitigation

SARs pollycationic polymers
SAR Class polymer-cationic  amine 

nitrogen-
new chemicals category: polycationic 
polymers

Ecotox Category   

Ecotox Factors Comments: 
     

         SAT Chair:  L Keifer  564-8916
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Cover Letter
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Page 1
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PMN Page 1 

    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25

U.S. ENVIRONMENTAL PROTECTION AGENCY AGENCY USE ONLY 

Date of receipt: 

EPA
PREMANUFACTURE 

NOTICE 

FOR NEW CHEMICAL SUBSTANCES 

Submission Report Number 
When  
completed, 
send this 
form to: 

If sending by Courier: 
Office of Pollution Prevention and Toxics  
Document Control Office (7407M) 
US EPA, 1201 Constitution Ave NW 
WASHINGTON, D.C. 20460 
Contact Numbers:  202-564-8930/8940 

If sending by US Mail: 
Office of Pollution Prevention and Toxics 
Document Control Office (7407M) 
US EPA, 1200 Pennsylvania Ave NW 
WASHINGTON, D.C. 20460  

Total Number of Pages User Fee Payment ID Number TS Number 

GENERAL INSTRUCTIONS 
• You must provide all information requested in this form to the extent that it is known to or reasonably ascertainable by you. Make reasonable estimates if you do not have actual data. 
• Before you complete this form, you should read the “Instructions Manual for Premanufacture Notification” (the Instructions Manual is available from the Toxic Substances Control Act

(TSCA) Information Service by calling 202-554-1404, or faxing 202-554-5603). 
• If a user fee has been remitted for this notice (40 CFR 700.45), indicate in the boxes above the TS-user fee identification number you have generated. Remember, your user fee ID number

must also appear on your corresponding fee remittance.  For mailing address information see the Help instructions in the e-PMN tool.

Part I – GENERAL INFORMATION 

You must provide the currently correct Chemical Abstracts (CA) 
Name of the new chemical substance, even if you claim the 
identity as confidential. You may authorize another person to 
submit chemical identity information for you, but your submission 
will not be complete and the review will not begin until EPA 
receives this information. A letter in support of your submission 
should reference your TS user fee identification number. For all 
Section 5 Notice submissions (paper or electronic) you must 
submit an original notice including all test data; if you claimed any 
information as confidential, an original sanitized copy must also be 
submitted. 

TEST DATA AND OTHER DATA 

You are required to submit all test data in your possession or control and to provide a 
description of all other data known to or reasonably ascertainable by you, if these data are 
related to the health and environmental effects on the manufacture, processing, distribution in 
commerce, use, or disposal of the new chemical substance. Standard literature citations may 
be submitted for data in the open scientific literature. Complete test data (written in English), 
not summaries of data, must be submitted if they do not appear in the open literature. You 
should clearly identify whether test data is on the substance or on an analog. Also, the 
chemical composition of the tested material should be characterized. Following are examples 
of test data and other data. Data should be submitted according to the requirements of 
§720.50 of the Premanufacture Notification Rule (40 CFR Part 720). 

Test Data (Check Below any included in this notice) 

 Environmental fate data  Other Data 

Part II – HUMAN EXPOSURE AND ENVIRONMENTAL 
RELEASE 
If there are several manufacture, processing, or use operations to 
be described in Part II, sections A and B of this notice, reproduce 
the sections as needed. Health effects data  Risk Assessments 

Environmental effects data  Structure/activity relationships 

Physical/Chemical Properties (A physical and chemical properties worksheet is   
located on the last page of this form.) 

Part III – LIST OF ATTACHMENTS 
For paper submissions, attach additional sheets if there is not 
enough space to answer a question fully. Label each continuation 
sheet with the corresponding section heading. In Part III, list these 
attachments, any test data or other data and any optional 
information included in the notice. Test data not in the possession or control of the submitter 

TYPE OF NOTICE (Check Only One) 

PMN (Premanufacture Notice) 

 SNUN (Significant New Use Notice) 

 TMEA (Test Marketing Exemption Application) 

 LVE (Low Volume Exemption) @ 40 CFR 723.50(c)(1) 

 LOREX (Low Release/Low Exposure Exemption) @ 40 CFR 723.50(c)(2) 

 LVE Modification 

 LOREX Modification 

OPTIONAL INFORMATION 
You may include any information that you want EPA to consider in 
evaluating the new substance. On page 11 of this form, space has 
been provided for you to describe pollution prevention and 
recycling information you may have regarding the new substance. 
“Binding” boxes are included throughout this form for you to 
indicate your willingness to be bound to certain statements you 
make in this section, such as use, production volume, protective 
equipment . . . The intention is to reduce delays that routinely 
accompany the development of consent orders or Significant New 
Use Rules. Checking a "binding" box in a PMN does not by itself 
prohibit the submitter from later deviating from the information 
(except chemical identity) reported in the form; however, in the 
case of exemption applications (such as TMEA, LVE, LOREX) 
certain information provided in such notifications is binding on the 
submitter when the Agency approves the exemption application, 
especially if the production volume "binding" box is chosen in a 
LVE. 

 Mock Submission 

Mark (X) if pending Letter of Support 

IS THIS A CONSOLIDATED PMN (Y/N)? 

# of chemicals or polymers (Prenotice Communication # required, enter # on 
p. 3).

CONFIDENTIALITY CLAIMS
You may claim any information in this notice as confidential. To 
assert a claim on the form, mark (X) the confidential box next to 
the information that you claim as confidential. To assert a claim in 
an attachment, circle or bracket the information you claim as 
confidential. If you claim information in the notices as confidential, 
you must also provide a sanitized version of the notice, (including 
attachments). For additional instructions on claiming information 
as confidential, read the Instructions Manual. Mark (X) if any information in this notice is claimed as confidential. 

Form Approved.  O.M.B. Nos. 2070-0012  and 2070-0038

PMN2010P1
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. 
 

CERTIFICATION -- A printed copy of this signature page, with original signature, must be submitted 
with CD or paper submission. 

I certify that to the best of my knowledge and belief: 

1. The company named in Part I, section A, subsection 1a of this notice form intends to
manufacture, import or process for a commercial purpose, other than in small quantities solely for
research and development, the substance identified in Part I, Section B.

2. All information provided in this notice is complete and truthful as of the date of submission.

3. I am submitting with this notice all test data in my possession or control and a description of all
other data known to or reasonably ascertainable by me as required by §720.50 of the
Premanufacture Notification Rule.

Additional Certification Statements: 

If you are submitting a PMN, Intermediate PMN, Consolidated PMN, or SNUN, check the following user fee 
certification statement that applies: 

The Company named in Part I, Section A has remitted the fee of $2500 specified in 40 CFR 700.45(b), or 

 The Company named in Part I, Section A has remitted the fee of $1000 for an Intermediate PMN (defined @ 40 CFR 700.43) in 
 accordance with 40 CFR 700.45(b), or 

 The Company named in Part I Section A is a small business concern under 40 CFR 700.43 and has remitted a fee of $100 in 
 accordance with 40 CFR 700.45(b). 

If you are submitting a Low Volume Exemption (LVE) application in accordance with 40 CFR 723.50(c)(1) or a 
Low Release and Low Exposure Exemption (LoRex) application in accordance with 40 CFR 723.50(c)(2), check 
the following certification statements: 

The manufacturer submitting this notice intends to manufacture or import the new chemical substance for commercial purposes, 
other than in small quantities solely for research and development, under the terms of 40 CFR 723.50. 

 The manufacturer is familiar with the terms of this section and will comply with those terms; and 

 The new chemical substance for which the notice is submitted meets all applicable exemption conditions. 

If this application is for an LVE in accordance with 40 CFR 723.50(c)(1), the manufacturer intends to commence manufacture of 
the exempted substance for commercial purposes within 1 year of the date of the expiration of the 30 day review period. 

The accuracy of the statements you make in this notice should reflect your best prediction of the 
anticipated facts regarding the chemical substance described herein. Any knowing and willful 
misrepresentation is subject to criminal penalty pursuant to 18 USC 1001. 

Confidential 

 
Signature and title of 
Authorized Official (Original 
Signature Required) 

Date 

The public reporting and recordkeeping burden for this collection of information is estimated to average 93 hours per response. Send 
comments on the Agency's need for this information, the accuracy of the provided burden estimates, and any suggested methods for
minimizing respondent burden, including through the use of automated collection techniques to the Director, Collection Strategies 
Division, U.S. Environmental Protection Agency (2822T),  1200 Pennsylvania Ave., NW, Washington, D.C. 20460.  Include the OMB 
control number in any correspondence.  Do not send the completed EPA Form 7710-25 to this address.

PMN2010P2
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X
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Part I -- GENERAL INFORMATION 
Section A – SUBMITTER IDENTIFICATION 

Mark (X) the "Confidential" box next to any subsection you claim as confidential 

1a. Person Submitting Notice (in U.S.) Confidential 

Name of Authorized Official  

Position  
Company  

Mailing Address (number & street)  

City  State  Postal Code  

email  

 

b. Agent (if Applicable) Confidential 
Name of Authorized Official  

Position  

Company  

Mailing Address (number & street)  

City  State  Postal Code  

e-mail  Telephone 
(include area code)  

 

c. Joint Submitter (if applicable) Confidential 
If you are submitting this notice as part of a joint submission, mark (X)  

Name of Authorized Official  

Position  

Company  

Mailing Address (number & street)  

City State  Postal Code  

 

 

2. Technical Contact (in U.S.) Confidential 
Name of Authorized Official  

Position  

Company  

Mailing Address (number & street)  

City  State  Postal Code  

e-mail  Telephone 
(include area code)  

 

Mark (X) if none Confidential 
3. 

If you have had a prenotice communication (PC) concerning 
this notice and EPA assigned a PC Number to the notice, 
enter the number. 

 
  

Mark (X) if none Confidential 

4. 

If you previously submitted an exemption application for the 
chemical substance covered by this notice, enter the 
exemption number assigned by EPA. If you previously 
submitted a PMN for this substance enter the PMN number 
assigned by EPA (i.e. withdrawn or incomplete). 

 
  

Mark (X) if none Confidential 

5. 
If you have submitted a notice of Bona fide intent to 
manufacture or import for the chemical substance covered 
by this notice, enter the notice number assigned by EPA. 

 
  

6. Type of Notice – Mark (X) 
Manufacture Only  Import Only  

1. 
Binding Option  

2. 
Binding Option  

3. Both   

(first) (last)

(first) (last)

(first) (last)

(first) (last)

 

 

 

 

 

e-mail Telephone 
(include area code)

PMN2010P3

XXX XXX

XXX

XXX

XXX

XXX XXX

XXX

XXX XXX

XXX

XXX

XXX

XXX XXX

XXX XXX

X

X

X

X

X

X
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XXX
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Part I – GENERAL INFORMATION -- Continued 

Section B – CHEMICAL IDENTITY INFORMATION:  You must provide a currently correct Chemical Abstracts (CA) name of the substance 
based on current CA index nomenclature rules and conventions. 

Mark (X) the “Confidential” box next to any item you claim as confidential 

Complete either item 1 (Class 1 or 2 substances) or 2 (Polymers) as appropriate. Complete all other items. 

If another person will submit chemical identity information for you (for either Item 1 or 2), mark (X) the box at the right.  Identify 
the name, company, and address of that person in a continuation sheet.   

Class 1 Class 2 CBI 1.   Class 1 or 2 chemical substances (for definitions of class 1 and class 
2 substances, see the Instructions Manual)  

 
a.   Class of substance - Mark (X)    

b.   Chemical name (Currently correct Chemical Abstracts (CA) Name that is consistent with TSCA Inventory listings for similar 
substances. For Class 1 substances a CA Index Name must be provided. For Class 2 substances either a CA Index Name or CA 
Preferred Name must be provided, which ever is appropriate based on current CA index nomenclature rules and conventions). 

 

 

CAS Registry Number (if a number already exists for the substance)   

c.   Please identify which method you used to develop or obtain the specified chemical identity information reported in this notice: (check one). 
Method 1 (CAS Inventory Expert Service - a copy of the 
Identification report obtained from the CAS Inventory Expert 
Services must be submitted as an attachment to this notice) 

 
IES Order 
Number  

Method 2 
(Other 
Source) 

  

  Enter Attachment filename for Part I, Section B, 1. c.   

d.   Molecular formula   
e.   For a class 1 substance, provide a complete and correct chemical structure diagram. For a class 2 substance, provide a correct 

representative or partial chemical structure diagram, as complete as can be known, if one can be reasonably ascertained.  
 
 

 

  Enter Attachment filename for Part I, Section B, 1. e.   
 

PMN2010P4
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For a class 2 substance - (1) List the immediate precursor substances with their respective CAS Registry Numbers. (2) Describe 
the nature of the reaction or process. (3) Indicate the range of composition and the typical composition (where appropriate). 

 
Confidential 

e. (1)  List the immediate precursor substance names with their respective CAS Registry Numbers.  

 

  Enter Attachment filename for Part I, Section B, 1. e. (1)   

e. (2)  Describe the nature of the reaction or process.  

 

  Enter Attachment filename for Part I, Section B, 1. e. (2)   

e. (3)  Indicate the range of composition and the typical composition (where appropriate).  

 

  Enter Attachment filename for Part I, Section B, 1. e. (3)   
 

PMN2010P4A
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Part I -- GENERAL INFORMATION – Continued 
Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
2. Polymers (For a definition of polymer, see the Instructions Manual.) Confidential 
a.   Indicate the number-average weight of the lowest molecular weight composition of the polymer you intend to manufacture.  

Indicate maximum weight percent of low molecular weight species (not including residual monomers, reactants, or solvents) 
below 500 and below 1,000 absolute molecular weight of that composition. 

 

Describe the methods of measurement or the basis for your estimates: 

GPC  Other (Specify Below)    
Specify Other:  

(i) lowest number average molecular 
weight: 

(ii) maximum weight % below 500 molecular 
weight: 

(iii) maximum weight % below 1000 molecular 
weight: 

   

Enter Attachment filename for Part I, Section B, 2. a.   
b. You must make separate confidentiality claims for monomer or other reactant identity, composition information, and residual information. Mark 
(X) the “Confidential” box next to any item you claim as confidential 

(1)  - Provide the specific chemical name and CAS Registry Number (if a number exists) of each monomer or other reactant used in the 
manufacture of the polymer. 

(2)  - Mark (X) this column if entry in column (1) is confidential. 
(3)  - Indicate the typical weight percent of each monomer or other reactant in the polymer. 
(4)  - Choose “yes” from drop down menu if you want a monomer or other reactant used at two weight percent or less to be listed as part of 

the polymer description on the TSCA Chemical Substance Inventory. 
(5)  - Mark (X) this column if entries in columns (3) and (4) are confidential. 
(6)  - Indicate the maximum weight percent of each monomer or other reactant that may be present as a residual in the polymer as 

manufactured for commercial purposes. 
(7)  - Mark (X) this column if entry in column (6) is confidential. 

Monomer or other reactant specific chemical name 
(1) CBI 

(2) 

Typical 
composition 

(3) 

Include in 
identity 

(4) 
CBI 
(5) 

Max 
residual

(6) 
CBI
(7)

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

Mark (X) this box if the data continues on the next page.  

PMN2010P5

X

XXX XXX XXX

Analytical Report for Low MW (also see pg.12, attachment #16)_public.pdf

XXX

XXX

X XXX X XXX X

XXX

XXX
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XXX

XXX

X XXX X XXX X

XXX

XXX
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c. Please identify which method you used to develop or obtain the specified chemical identity information reported in this notice 
(check one). CBI 

Method 1 (CAS Inventory Expert Service 
- a copy of the identification report obtained 
from CAS Inventory Expert Service must be 
submitted as an attachment to this notice) 

 

 
IES Order 
Number  

 
Method 2 

(other source)   

  Enter Attachment filename for Part I, Section B, 2. c.   
d.  The currently correct Chemical Abstracts (CA) name for the polymer that is consistent with TSCA Inventory listings for similar 

polymers.  

 

        CAS Registry Number (if a number already exists for the substance)   
e.   Provide a correct representative or partial chemical structure diagram, as complete as can be known, if one can be reasonably 

ascertained.   

 

 Enter Attachment filename for Part I, Section B, 2. e.   
 

PMN2010P5A

X
152725-1

CAS - Inventory Expert Service (2010) #1 (public).pdf

X
XXX

XXX

See Attachment 001 (Structure #1 _(public)_.pdf)

Structure #1 _(public)_.pdf
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Part I -- GENERAL INFORMATION -- Continued 

Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
3.  Impurities 

(a)  - Identify each impurity that may be reasonably anticipated to be present in the chemical substance as manufactured for commercial 
purpose. Provide the CAS Registry Number if available. If there are unidentified impurities, enter “unidentified.” 

(b)  - Estimate the maximum weight % of each impurity. If there are unidentified impurities, estimate their total weight %. 

Impurity (a) 
CAS Registry 

Number 
(a) 

Maximum 
Percent % 

(b) 

Confi-
dential 

    

    

    

    

    

    

    Mark (X) this box if the data continues on the next page.

   

4.  Synonyms - Enter any chemical synonyms for the new chemical identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 4.   

5.  Trade identification - List trade names for the new chemical substance identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 5.   
6.  Generic chemical name - If you claim chemical identify as confidential, you must provide a generic name for your substance that reveals the 

specific chemical identity of the new chemical substance to the maximum extent possible. Refer to the TSCA Chemical 
Substance Inventory, 1985 Edition, Appendix B for guidance on developing generic names.                                         

 

 Enter Attachment filename for Part I, Section B, 6.   
7.  Byproducts - Describe any byproducts resulting from the manufacture, processing, use, or disposal of the new chemical substance.  Provide the 

CAS Registry Number if available. 

Byproduct  (1) 
CAS Registry Number  

(2) 
Confi-
dential 

   

   

   

   

Mark (X) this box if the data continues on the next page.   

 Enter Attachment filename for Part I, Section B, 3.  

PMN2010P6

XXX

XXX

Fluorinated Acrylic Alkylamino Copolymer

X

X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

X
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Part I -- GENERAL INFORMATION -- Continued 

Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
3.  Impurities 

(a)  - Identify each impurity that may be reasonably anticipated to be present in the chemical substance as manufactured for commercial 
purpose. Provide the CAS Registry Number if available. If there are unidentified impurities, enter “unidentified.” 

(b)  - Estimate the maximum weight % of each impurity. If there are unidentified impurities, estimate their total weight %. 

Impurity (a) 
CAS Registry 

Number 
(a) 

Maximum 
Percent % 

(b) 

Confi-
dential 

    

    

    

    

    

    

    Mark (X) this box if the data continues on the next page.

   

4.  Synonyms - Enter any chemical synonyms for the new chemical identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 4.   

5.  Trade identification - List trade names for the new chemical substance identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 5.   
6.  Generic chemical name - If you claim chemical identify as confidential, you must provide a generic name for your substance that reveals the 

specific chemical identity of the new chemical substance to the maximum extent possible. Refer to the TSCA Chemical 
Substance Inventory, 1985 Edition, Appendix B for guidance on developing generic names.                                         

 

 Enter Attachment filename for Part I, Section B, 6.   
7.  Byproducts - Describe any byproducts resulting from the manufacture, processing, use, or disposal of the new chemical substance.  Provide the 

CAS Registry Number if available. 

Byproduct  (1) 
CAS Registry Number  

(2) 
Confi-
dential 

   

   

   

   

Mark (X) this box if the data continues on the next page.   

 Enter Attachment filename for Part I, Section B, 3.  

PMN2010P6-1 (1)

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

X
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Part I -- GENERAL INFORMATION -- Continued 

Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
3.  Impurities 

(a)  - Identify each impurity that may be reasonably anticipated to be present in the chemical substance as manufactured for commercial 
purpose. Provide the CAS Registry Number if available. If there are unidentified impurities, enter “unidentified.” 

(b)  - Estimate the maximum weight % of each impurity. If there are unidentified impurities, estimate their total weight %. 

Impurity (a) 
CAS Registry 

Number 
(a) 

Maximum 
Percent % 

(b) 

Confi-
dential 

    

    

    

    

    

    

    Mark (X) this box if the data continues on the next page.

   

4.  Synonyms - Enter any chemical synonyms for the new chemical identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 4.   

5.  Trade identification - List trade names for the new chemical substance identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 5.   
6.  Generic chemical name - If you claim chemical identify as confidential, you must provide a generic name for your substance that reveals the 

specific chemical identity of the new chemical substance to the maximum extent possible. Refer to the TSCA Chemical 
Substance Inventory, 1985 Edition, Appendix B for guidance on developing generic names.                                         

 

 Enter Attachment filename for Part I, Section B, 6.   
7.  Byproducts - Describe any byproducts resulting from the manufacture, processing, use, or disposal of the new chemical substance.  Provide the 

CAS Registry Number if available. 

Byproduct  (1) 
CAS Registry Number  

(2) 
Confi-
dential 

   

   

   

   

Mark (X) this box if the data continues on the next page.   

 Enter Attachment filename for Part I, Section B, 3.  

PMN2010P6-2 (2)

XXX XXX XXX X

XXX XXX XXX X
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Part I – GENERAL INFORMATION -- Continued 

Section B – CHEMICAL IDENTITY INFORMATION:  You must provide a currently correct Chemical Abstracts (CA) name of the substance 
based on current CA index nomenclature rules and conventions. 

Mark (X) the “Confidential” box next to any item you claim as confidential 

Complete either item 1 (Class 1 or 2 substances) or 2 (Polymers) as appropriate. Complete all other items. 

If another person will submit chemical identity information for you (for either Item 1 or 2), mark (X) the box at the right.  Identify 
the name, company, and address of that person in a continuation sheet.   

Class 1 Class 2 CBI 1.   Class 1 or 2 chemical substances (for definitions of class 1 and class 
2 substances, see the Instructions Manual)  

 
a.   Class of substance - Mark (X)    

b.   Chemical name (Currently correct Chemical Abstracts (CA) Name that is consistent with TSCA Inventory listings for similar 
substances. For Class 1 substances a CA Index Name must be provided. For Class 2 substances either a CA Index Name or CA 
Preferred Name must be provided, which ever is appropriate based on current CA index nomenclature rules and conventions). 

 

 

CAS Registry Number (if a number already exists for the substance)   

c.   Please identify which method you used to develop or obtain the specified chemical identity information reported in this notice: (check one). 
Method 1 (CAS Inventory Expert Service - a copy of the 
Identification report obtained from the CAS Inventory Expert 
Services must be submitted as an attachment to this notice) 

 
IES Order 
Number  

Method 2 
(Other 
Source) 

  

  Enter Attachment filename for Part I, Section B, 1. c.   

d.   Molecular formula   
e.   For a class 1 substance, provide a complete and correct chemical structure diagram. For a class 2 substance, provide a correct 

representative or partial chemical structure diagram, as complete as can be known, if one can be reasonably ascertained.  
 
 

 

  Enter Attachment filename for Part I, Section B, 1. e.   
 

PMN2010P4X1
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For a class 2 substance - (1) List the immediate precursor substances with their respective CAS Registry Numbers. (2) Describe 
the nature of the reaction or process. (3) Indicate the range of composition and the typical composition (where appropriate). 

 
Confidential 

e. (1)  List the immediate precursor substance names with their respective CAS Registry Numbers.  

 

  Enter Attachment filename for Part I, Section B, 1. e. (1)   

e. (2)  Describe the nature of the reaction or process.  

 

  Enter Attachment filename for Part I, Section B, 1. e. (2)   

e. (3)  Indicate the range of composition and the typical composition (where appropriate).  

 

  Enter Attachment filename for Part I, Section B, 1. e. (3)   
 

PMN2010P4AX1
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Part I -- GENERAL INFORMATION – Continued 
Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
2. Polymers (For a definition of polymer, see the Instructions Manual.) Confidential 
a.   Indicate the number-average weight of the lowest molecular weight composition of the polymer you intend to manufacture.  

Indicate maximum weight percent of low molecular weight species (not including residual monomers, reactants, or solvents) 
below 500 and below 1,000 absolute molecular weight of that composition. 

 

Describe the methods of measurement or the basis for your estimates: 

GPC  Other (Specify Below)    
Specify Other:  

(i) lowest number average molecular 
weight: 

(ii) maximum weight % below 500 molecular 
weight: 

(iii) maximum weight % below 1000 molecular 
weight: 

   

Enter Attachment filename for Part I, Section B, 2. a.   
b. You must make separate confidentiality claims for monomer or other reactant identity, composition information, and residual information. Mark 
(X) the “Confidential” box next to any item you claim as confidential 

(1)  - Provide the specific chemical name and CAS Registry Number (if a number exists) of each monomer or other reactant used in the 
manufacture of the polymer. 

(2)  - Mark (X) this column if entry in column (1) is confidential. 
(3)  - Indicate the typical weight percent of each monomer or other reactant in the polymer. 
(4)  - Choose “yes” from drop down menu if you want a monomer or other reactant used at two weight percent or less to be listed as part of 

the polymer description on the TSCA Chemical Substance Inventory. 
(5)  - Mark (X) this column if entries in columns (3) and (4) are confidential. 
(6)  - Indicate the maximum weight percent of each monomer or other reactant that may be present as a residual in the polymer as 

manufactured for commercial purposes. 
(7)  - Mark (X) this column if entry in column (6) is confidential. 

Monomer or other reactant specific chemical name 
(1) CBI 

(2) 

Typical 
composition 

(3) 

Include in 
identity 

(4) 
CBI 
(5) 

Max 
residual

(6) 
CBI
(7)

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

Mark (X) this box if the data continues on the next page.  

PMN2010P5X1

X

XXX XXX XXX

Analytical Report for Low MW (also see pg.12, attachment #19)_public.pdf

XXX

XXX

X XXX X XXX X

XXX

XXX

X XXX X XXX X

XXX

XXX

X XXX X XXX X

XXX

XXX

X XXX X XXX X

XXX

XXX

X XXX X XXX X

X
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Part I -- GENERAL INFORMATION – Continued 
Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
2. Polymers (For a definition of polymer, see the Instructions Manual.) Confidential 
a.   Indicate the number-average weight of the lowest molecular weight composition of the polymer you intend to manufacture.  

Indicate maximum weight percent of low molecular weight species (not including residual monomers, reactants, or solvents) 
below 500 and below 1,000 absolute molecular weight of that composition. 

 

Describe the methods of measurement or the basis for your estimates: 

GPC  Other (Specify Below)    
Specify Other:  

(i) lowest number average molecular 
weight: 

(ii) maximum weight % below 500 molecular 
weight: 

(iii) maximum weight % below 1000 molecular 
weight: 

   

Enter Attachment filename for Part I, Section B, 2. a.   
b. You must make separate confidentiality claims for monomer or other reactant identity, composition information, and residual information. Mark 
(X) the “Confidential” box next to any item you claim as confidential 

(1)  - Provide the specific chemical name and CAS Registry Number (if a number exists) of each monomer or other reactant used in the 
manufacture of the polymer. 

(2)  - Mark (X) this column if entry in column (1) is confidential. 
(3)  - Indicate the typical weight percent of each monomer or other reactant in the polymer. 
(4)  - Choose “yes” from drop down menu if you want a monomer or other reactant used at two weight percent or less to be listed as part of 

the polymer description on the TSCA Chemical Substance Inventory. 
(5)  - Mark (X) this column if entries in columns (3) and (4) are confidential. 
(6)  - Indicate the maximum weight percent of each monomer or other reactant that may be present as a residual in the polymer as 

manufactured for commercial purposes. 
(7)  - Mark (X) this column if entry in column (6) is confidential. 

Monomer or other reactant specific chemical name 
(1) CBI 

(2) 

Typical 
composition 

(3) 

Include in 
identity 

(4) 
CBI 
(5) 

Max 
residual

(6) 
CBI
(7)

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

Mark (X) this box if the data continues on the next page.  

PMN2010P5X1-1 (1)

XXX

XXX

X XXX X XXX X
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c. Please identify which method you used to develop or obtain the specified chemical identity information reported in this notice 
(check one). CBI 

Method 1 (CAS Inventory Expert Service 
- a copy of the identification report obtained 
from CAS Inventory Expert Service must be 
submitted as an attachment to this notice) 

 

 
IES Order 
Number  

 
Method 2 

(other source)   

  Enter Attachment filename for Part I, Section B, 2. c.   
d.  The currently correct Chemical Abstracts (CA) name for the polymer that is consistent with TSCA Inventory listings for similar 

polymers.  

 

        CAS Registry Number (if a number already exists for the substance)   
e.   Provide a correct representative or partial chemical structure diagram, as complete as can be known, if one can be reasonably 

ascertained.   

 

 Enter Attachment filename for Part I, Section B, 2. e.   
 

PMN2010P5AX1

X
152725-2

CAS - Inventory Expert Service (2010) #2 (public).pdf

X
XXX

XXX

See Attachment 004 (Structure #2 _(public)_.pdf)

Structure #2 _(public)_.pdf
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

Part I -- GENERAL INFORMATION -- Continued 

Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
3.  Impurities 

(a)  - Identify each impurity that may be reasonably anticipated to be present in the chemical substance as manufactured for commercial 
purpose. Provide the CAS Registry Number if available. If there are unidentified impurities, enter “unidentified.” 

(b)  - Estimate the maximum weight % of each impurity. If there are unidentified impurities, estimate their total weight %. 

Impurity (a) 
CAS Registry 

Number 
(a) 

Maximum 
Percent % 

(b) 

Confi-
dential 

    

    

    

    

    

    

    Mark (X) this box if the data continues on the next page.

   

4.  Synonyms - Enter any chemical synonyms for the new chemical identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 4.   

5.  Trade identification - List trade names for the new chemical substance identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 5.   
6.  Generic chemical name - If you claim chemical identify as confidential, you must provide a generic name for your substance that reveals the 

specific chemical identity of the new chemical substance to the maximum extent possible. Refer to the TSCA Chemical 
Substance Inventory, 1985 Edition, Appendix B for guidance on developing generic names.                                         

 

 Enter Attachment filename for Part I, Section B, 6.   
7.  Byproducts - Describe any byproducts resulting from the manufacture, processing, use, or disposal of the new chemical substance.  Provide the 

CAS Registry Number if available. 

Byproduct  (1) 
CAS Registry Number  

(2) 
Confi-
dential 

   

   

   

   

Mark (X) this box if the data continues on the next page.   

 Enter Attachment filename for Part I, Section B, 3.  

PMN2010P6X1

XXX

XXX

Fluorinated Acrylic Alkylamino Copolymer

X

X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

Part I -- GENERAL INFORMATION -- Continued 

Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
3.  Impurities 

(a)  - Identify each impurity that may be reasonably anticipated to be present in the chemical substance as manufactured for commercial 
purpose. Provide the CAS Registry Number if available. If there are unidentified impurities, enter “unidentified.” 

(b)  - Estimate the maximum weight % of each impurity. If there are unidentified impurities, estimate their total weight %. 

Impurity (a) 
CAS Registry 

Number 
(a) 

Maximum 
Percent % 

(b) 

Confi-
dential 

    

    

    

    

    

    

    Mark (X) this box if the data continues on the next page.

   

4.  Synonyms - Enter any chemical synonyms for the new chemical identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 4.   

5.  Trade identification - List trade names for the new chemical substance identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 5.   
6.  Generic chemical name - If you claim chemical identify as confidential, you must provide a generic name for your substance that reveals the 

specific chemical identity of the new chemical substance to the maximum extent possible. Refer to the TSCA Chemical 
Substance Inventory, 1985 Edition, Appendix B for guidance on developing generic names.                                         

 

 Enter Attachment filename for Part I, Section B, 6.   
7.  Byproducts - Describe any byproducts resulting from the manufacture, processing, use, or disposal of the new chemical substance.  Provide the 

CAS Registry Number if available. 

Byproduct  (1) 
CAS Registry Number  

(2) 
Confi-
dential 

   

   

   

   

Mark (X) this box if the data continues on the next page.   

 Enter Attachment filename for Part I, Section B, 3.  

PMN2010P6X1-1 (1)

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

Part I -- GENERAL INFORMATION -- Continued 

Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
3.  Impurities 

(a)  - Identify each impurity that may be reasonably anticipated to be present in the chemical substance as manufactured for commercial 
purpose. Provide the CAS Registry Number if available. If there are unidentified impurities, enter “unidentified.” 

(b)  - Estimate the maximum weight % of each impurity. If there are unidentified impurities, estimate their total weight %. 

Impurity (a) 
CAS Registry 

Number 
(a) 

Maximum 
Percent % 

(b) 

Confi-
dential 

    

    

    

    

    

    

    Mark (X) this box if the data continues on the next page.

   

4.  Synonyms - Enter any chemical synonyms for the new chemical identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 4.   

5.  Trade identification - List trade names for the new chemical substance identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 5.   
6.  Generic chemical name - If you claim chemical identify as confidential, you must provide a generic name for your substance that reveals the 

specific chemical identity of the new chemical substance to the maximum extent possible. Refer to the TSCA Chemical 
Substance Inventory, 1985 Edition, Appendix B for guidance on developing generic names.                                         

 

 Enter Attachment filename for Part I, Section B, 6.   
7.  Byproducts - Describe any byproducts resulting from the manufacture, processing, use, or disposal of the new chemical substance.  Provide the 

CAS Registry Number if available. 

Byproduct  (1) 
CAS Registry Number  

(2) 
Confi-
dential 

   

   

   

   

Mark (X) this box if the data continues on the next page.   

 Enter Attachment filename for Part I, Section B, 3.  

PMN2010P6X1-2 (2)

XXX XXX XXX X

XXX XXX XXX X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25  

Part I – GENERAL INFORMATION -- Continued 

Section B – CHEMICAL IDENTITY INFORMATION:  You must provide a currently correct Chemical Abstracts (CA) name of the substance 
based on current CA index nomenclature rules and conventions. 

Mark (X) the “Confidential” box next to any item you claim as confidential 

Complete either item 1 (Class 1 or 2 substances) or 2 (Polymers) as appropriate. Complete all other items. 

If another person will submit chemical identity information for you (for either Item 1 or 2), mark (X) the box at the right.  Identify 
the name, company, and address of that person in a continuation sheet.   

Class 1 Class 2 CBI 1.   Class 1 or 2 chemical substances (for definitions of class 1 and class 
2 substances, see the Instructions Manual)  

 
a.   Class of substance - Mark (X)    

b.   Chemical name (Currently correct Chemical Abstracts (CA) Name that is consistent with TSCA Inventory listings for similar 
substances. For Class 1 substances a CA Index Name must be provided. For Class 2 substances either a CA Index Name or CA 
Preferred Name must be provided, which ever is appropriate based on current CA index nomenclature rules and conventions). 

 

 

CAS Registry Number (if a number already exists for the substance)   

c.   Please identify which method you used to develop or obtain the specified chemical identity information reported in this notice: (check one). 
Method 1 (CAS Inventory Expert Service - a copy of the 
Identification report obtained from the CAS Inventory Expert 
Services must be submitted as an attachment to this notice) 

 
IES Order 
Number  

Method 2 
(Other 
Source) 

  

  Enter Attachment filename for Part I, Section B, 1. c.   

d.   Molecular formula   
e.   For a class 1 substance, provide a complete and correct chemical structure diagram. For a class 2 substance, provide a correct 

representative or partial chemical structure diagram, as complete as can be known, if one can be reasonably ascertained.  
 
 

 

  Enter Attachment filename for Part I, Section B, 1. e.   
 

PMN2010P4X2
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25  

 
For a class 2 substance - (1) List the immediate precursor substances with their respective CAS Registry Numbers. (2) Describe 
the nature of the reaction or process. (3) Indicate the range of composition and the typical composition (where appropriate). 

 
Confidential 

e. (1)  List the immediate precursor substance names with their respective CAS Registry Numbers.  

 

  Enter Attachment filename for Part I, Section B, 1. e. (1)   

e. (2)  Describe the nature of the reaction or process.  

 

  Enter Attachment filename for Part I, Section B, 1. e. (2)   

e. (3)  Indicate the range of composition and the typical composition (where appropriate).  

 

  Enter Attachment filename for Part I, Section B, 1. e. (3)   
 

PMN2010P4AX2
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25  

Part I -- GENERAL INFORMATION – Continued 
Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
2. Polymers (For a definition of polymer, see the Instructions Manual.) Confidential 
a.   Indicate the number-average weight of the lowest molecular weight composition of the polymer you intend to manufacture.  

Indicate maximum weight percent of low molecular weight species (not including residual monomers, reactants, or solvents) 
below 500 and below 1,000 absolute molecular weight of that composition. 

 

Describe the methods of measurement or the basis for your estimates: 

GPC  Other (Specify Below)    
Specify Other:  

(i) lowest number average molecular 
weight: 

(ii) maximum weight % below 500 molecular 
weight: 

(iii) maximum weight % below 1000 molecular 
weight: 

   

Enter Attachment filename for Part I, Section B, 2. a.   
b. You must make separate confidentiality claims for monomer or other reactant identity, composition information, and residual information. Mark 
(X) the “Confidential” box next to any item you claim as confidential 

(1)  - Provide the specific chemical name and CAS Registry Number (if a number exists) of each monomer or other reactant used in the 
manufacture of the polymer. 

(2)  - Mark (X) this column if entry in column (1) is confidential. 
(3)  - Indicate the typical weight percent of each monomer or other reactant in the polymer. 
(4)  - Choose “yes” from drop down menu if you want a monomer or other reactant used at two weight percent or less to be listed as part of 

the polymer description on the TSCA Chemical Substance Inventory. 
(5)  - Mark (X) this column if entries in columns (3) and (4) are confidential. 
(6)  - Indicate the maximum weight percent of each monomer or other reactant that may be present as a residual in the polymer as 

manufactured for commercial purposes. 
(7)  - Mark (X) this column if entry in column (6) is confidential. 

Monomer or other reactant specific chemical name 
(1) CBI 

(2) 

Typical 
composition 

(3) 

Include in 
identity 

(4) 
CBI 
(5) 

Max 
residual

(6) 
CBI
(7)

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

 

CAS Registry Number (1)  

      

Mark (X) this box if the data continues on the next page.  

PMN2010P5X2

X

XXX XXX XXX

Analytical Report for Low MW (also see pg.12, attachment #22)_public.pdf

XXX

XXX

X XXX X XXX X

XXX

XXX

X XXX X XXX X

XXX

XXX

X XXX X XXX X

XXX

XXX

X XXX X XXX X

XXX

XXX

X XXX X XXX X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25  

c. Please identify which method you used to develop or obtain the specified chemical identity information reported in this notice 
(check one). CBI 

Method 1 (CAS Inventory Expert Service 
- a copy of the identification report obtained 
from CAS Inventory Expert Service must be 
submitted as an attachment to this notice) 

 

 
IES Order 
Number  

 
Method 2 

(other source)   

  Enter Attachment filename for Part I, Section B, 2. c.   
d.  The currently correct Chemical Abstracts (CA) name for the polymer that is consistent with TSCA Inventory listings for similar 

polymers.  

 

        CAS Registry Number (if a number already exists for the substance)   
e.   Provide a correct representative or partial chemical structure diagram, as complete as can be known, if one can be reasonably 

ascertained.   

 

 Enter Attachment filename for Part I, Section B, 2. e.   
 

PMN2010P5AX2

X
152725-3

CAS - Inventory Expert Service (2010) #3 (public).pdf

X
XXX

XXX

See Attachment 005 (Structure #3 _(public)_.pdf)

Structure #3 _(public)_.pdf
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

Part I -- GENERAL INFORMATION -- Continued 

Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
3.  Impurities 

(a)  - Identify each impurity that may be reasonably anticipated to be present in the chemical substance as manufactured for commercial 
purpose. Provide the CAS Registry Number if available. If there are unidentified impurities, enter “unidentified.” 

(b)  - Estimate the maximum weight % of each impurity. If there are unidentified impurities, estimate their total weight %. 

Impurity (a) 
CAS Registry 

Number 
(a) 

Maximum 
Percent % 

(b) 

Confi-
dential 

    

    

    

    

    

    

    Mark (X) this box if the data continues on the next page.

   

4.  Synonyms - Enter any chemical synonyms for the new chemical identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 4.   

5.  Trade identification - List trade names for the new chemical substance identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 5.   
6.  Generic chemical name - If you claim chemical identify as confidential, you must provide a generic name for your substance that reveals the 

specific chemical identity of the new chemical substance to the maximum extent possible. Refer to the TSCA Chemical 
Substance Inventory, 1985 Edition, Appendix B for guidance on developing generic names.                                         

 

 Enter Attachment filename for Part I, Section B, 6.   
7.  Byproducts - Describe any byproducts resulting from the manufacture, processing, use, or disposal of the new chemical substance.  Provide the 

CAS Registry Number if available. 

Byproduct  (1) 
CAS Registry Number  

(2) 
Confi-
dential 

   

   

   

   

Mark (X) this box if the data continues on the next page.   

 Enter Attachment filename for Part I, Section B, 3.  

PMN2010P6X2

XXX

XXX

Fluorinated Acrylic Alkylamino Copolymer

X

X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

Part I -- GENERAL INFORMATION -- Continued 

Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
3.  Impurities 

(a)  - Identify each impurity that may be reasonably anticipated to be present in the chemical substance as manufactured for commercial 
purpose. Provide the CAS Registry Number if available. If there are unidentified impurities, enter “unidentified.” 

(b)  - Estimate the maximum weight % of each impurity. If there are unidentified impurities, estimate their total weight %. 

Impurity (a) 
CAS Registry 

Number 
(a) 

Maximum 
Percent % 

(b) 

Confi-
dential 

    

    

    

    

    

    

    Mark (X) this box if the data continues on the next page.

   

4.  Synonyms - Enter any chemical synonyms for the new chemical identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 4.   

5.  Trade identification - List trade names for the new chemical substance identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 5.   
6.  Generic chemical name - If you claim chemical identify as confidential, you must provide a generic name for your substance that reveals the 

specific chemical identity of the new chemical substance to the maximum extent possible. Refer to the TSCA Chemical 
Substance Inventory, 1985 Edition, Appendix B for guidance on developing generic names.                                         

 

 Enter Attachment filename for Part I, Section B, 6.   
7.  Byproducts - Describe any byproducts resulting from the manufacture, processing, use, or disposal of the new chemical substance.  Provide the 

CAS Registry Number if available. 

Byproduct  (1) 
CAS Registry Number  

(2) 
Confi-
dential 

   

   

   

   

Mark (X) this box if the data continues on the next page.   

 Enter Attachment filename for Part I, Section B, 3.  

PMN2010P6X2-1 (1)

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

XXX XXX XXX X

X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

Part I -- GENERAL INFORMATION -- Continued 

Section B -- CHEMICAL IDENTITY INFORMATION -- Continued 
3.  Impurities 

(a)  - Identify each impurity that may be reasonably anticipated to be present in the chemical substance as manufactured for commercial 
purpose. Provide the CAS Registry Number if available. If there are unidentified impurities, enter “unidentified.” 

(b)  - Estimate the maximum weight % of each impurity. If there are unidentified impurities, estimate their total weight %. 

Impurity (a) 
CAS Registry 

Number 
(a) 

Maximum 
Percent % 

(b) 

Confi-
dential 

    

    

    

    

    

    

    Mark (X) this box if the data continues on the next page.

   

4.  Synonyms - Enter any chemical synonyms for the new chemical identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 4.   

5.  Trade identification - List trade names for the new chemical substance identified in subsection 1 or 2. 

 
 

 Enter Attachment filename for Part I, Section B, 5.   
6.  Generic chemical name - If you claim chemical identify as confidential, you must provide a generic name for your substance that reveals the 

specific chemical identity of the new chemical substance to the maximum extent possible. Refer to the TSCA Chemical 
Substance Inventory, 1985 Edition, Appendix B for guidance on developing generic names.                                         

 

 Enter Attachment filename for Part I, Section B, 6.   
7.  Byproducts - Describe any byproducts resulting from the manufacture, processing, use, or disposal of the new chemical substance.  Provide the 

CAS Registry Number if available. 

Byproduct  (1) 
CAS Registry Number  

(2) 
Confi-
dential 

   

   

   

   

Mark (X) this box if the data continues on the next page.   

 Enter Attachment filename for Part I, Section B, 3.  

PMN2010P6X2-2 (2)

XXX XXX XXX X

XXX XXX XXX X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

Part I -- GENERAL INFORMATION -- Continued 
Section C -- PRODUCTION, IMPORT, AND USE INFORMATION: 
The information on this page refers to consolidated chemical number(s):     1       2       3       4       5       6 

Mark (X) the “Confidential” box next to any item you claim as confidential. 
1.   Production volume -- Estimate the maximum production volume during the first 12 months of production. Also estimate the maximum production 

volume for any consecutive 12-month period during the first three years of production. Estimates should be on 100% new chemical substance basis. 
For a Low Volume Exemption application, if you choose to have your notice reviewed at a lower production volume than 10,000 kg/yr, specify the 
volume and mark (x) in the binding box. If granted, you are bound to this volume. 

Maximum first 12-month production (kg/yr) 
(100% new chemical substance basis) 

Maximum 12-month production (kg/yr) 
(100% new chemical substance basis) 

Confidential Binding Option 
Mark (X) 

    

Enter Attachment filename for Part I, Section C, 1.  CBI   
2.  Use Information -- You must make separate confidentiality claims for the description of the category of use, the percent of production volume devoted 

to each category, the formulation of the new substance, and other use information. Mark (X) the “Confidential” Box next to any item you claim as 
confidential. 
a.     (1) --Describe each intended category of use of the new chemical substance by function and application.   

(2) --Mark (X) this column if entry column (1) is confidential business information (CBI).   
(3) --Indicate your willingness to have the information provided in column (1) binding.   
(4) --Estimate the percent of total production for the first three years devoted to each category of use.   
(5) --Mark (X) this column if entry in column (4) is confidential business information (CBI).   
(6) --Estimate the percent of the new substance as formulated in mixtures, suspensions, emulsions, solutions, or gels as manufactured for 

commercial purposes at sites under your control associated with each category of use.   
(7) --Mark (X) this column if entry in column (6) is confidential business information (CBI).   
(8) --Indicate % of product volume expected for the listed “use” sectors. Mark more than one box if appropriate. Mark (X) to indicate your 

willingness to have the use type provided in (8) binding.   
(9) --Mark (X) this column if entry(ies) in column (8) is (are) confidential business information (CBI). 

% of substance expected per use 
(8) Category of use (1)  

(by function and application i.e. a dispersive dye for 
finishing polyester fibers) 

CBI 
 

(2) 

Binding 
Option 

Mark (X)
(3) 

Prod 
uction 

% 
(4) 

CBI 
 

(5) 

% in 
Form-
ulation 

(6) 

CBI 
 

(7) 
Site-

limited 
Con-

sumer* Industrial Com-
mercial 

Binding 
Option 

CBI 
 

(9) 

             

             

             

             

* If you have identified a “consumer” use, please provide on a continuation sheet a detailed description of the use(s) of this chemical substance in 
consumer products. In addition include estimates of the concentration of the new chemical substance as expected in consumer products and describe 
the chemical reactions by which this substance loses its identity in the consumer product. 

Mark (X) this box if the data continues on the next page.  

b.     Generic use  If you claim any category of use description in subsection 2a as confidential, enter a generic description of that category. 
description  Read the Instruction Manual for examples of generic use descriptions. 

 

 Enter Attachment filename for Part I, Section C, 2. b.  CBI  
3.  Hazard Information -- Include in the notice a copy of reasonable facsimile of any hazard warning statement, label, material safety 

data sheet, or other information which will be provided to any person who is reasonably likely to be exposed to this substance 
regarding protective equipment or practices for the safe handing, transport, use, or disposal of the new substance. List in part III 
hazard information you include. 

Binding Option 
Mark (X) 

 Mark (X) this box if you attach hazard information.   

PMN2010P7

X X X

XXX XXX X

X

Use Diagram (public).pdf

Oil and water repellent and release agent

XXX X XXX X XXX X XXX XXX XXX XXX X

XXX X XXX X XXX X XXX XXX XXX XXX X

XXX X XXX X XXX X XXX XXX XXX XXX X

XXX X XXX X XXX X XXX XXX XXX XXX X

X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

Part I -- GENERAL INFORMATION -- Continued 
Section C -- PRODUCTION, IMPORT, AND USE INFORMATION: 
The information on this page refers to consolidated chemical number(s):     1       2       3       4       5       6 

Mark (X) the “Confidential” box next to any item you claim as confidential. 
1.   Production volume -- Estimate the maximum production volume during the first 12 months of production. Also estimate the maximum production 

volume for any consecutive 12-month period during the first three years of production. Estimates should be on 100% new chemical substance basis. 
For a Low Volume Exemption application, if you choose to have your notice reviewed at a lower production volume than 10,000 kg/yr, specify the 
volume and mark (x) in the binding box. If granted, you are bound to this volume. 

Maximum first 12-month production (kg/yr) 
(100% new chemical substance basis) 

Maximum 12-month production (kg/yr) 
(100% new chemical substance basis) 

Confidential Binding Option 
Mark (X) 

    

Enter Attachment filename for Part I, Section C, 1.  CBI   
2.  Use Information -- You must make separate confidentiality claims for the description of the category of use, the percent of production volume devoted 

to each category, the formulation of the new substance, and other use information. Mark (X) the “Confidential” Box next to any item you claim as 
confidential. 
a.     (1) --Describe each intended category of use of the new chemical substance by function and application.   

(2) --Mark (X) this column if entry column (1) is confidential business information (CBI).   
(3) --Indicate your willingness to have the information provided in column (1) binding.   
(4) --Estimate the percent of total production for the first three years devoted to each category of use.   
(5) --Mark (X) this column if entry in column (4) is confidential business information (CBI).   
(6) --Estimate the percent of the new substance as formulated in mixtures, suspensions, emulsions, solutions, or gels as manufactured for 

commercial purposes at sites under your control associated with each category of use.   
(7) --Mark (X) this column if entry in column (6) is confidential business information (CBI).   
(8) --Indicate % of product volume expected for the listed “use” sectors. Mark more than one box if appropriate. Mark (X) to indicate your 

willingness to have the use type provided in (8) binding.   
(9) --Mark (X) this column if entry(ies) in column (8) is (are) confidential business information (CBI). 

% of substance expected per use 
(8) Category of use (1)  

(by function and application i.e. a dispersive dye for 
finishing polyester fibers) 

CBI 
 

(2) 

Binding 
Option 

Mark (X)
(3) 

Prod 
uction 

% 
(4) 

CBI 
 

(5) 

% in 
Form-
ulation 

(6) 

CBI 
 

(7) 
Site-

limited 
Con-

sumer* Industrial Com-
mercial 

Binding 
Option 

CBI 
 

(9) 

             

             

             

             

* If you have identified a “consumer” use, please provide on a continuation sheet a detailed description of the use(s) of this chemical substance in 
consumer products. In addition include estimates of the concentration of the new chemical substance as expected in consumer products and describe 
the chemical reactions by which this substance loses its identity in the consumer product. 

Mark (X) this box if the data continues on the next page.  

b.     Generic use  If you claim any category of use description in subsection 2a as confidential, enter a generic description of that category. 
description  Read the Instruction Manual for examples of generic use descriptions. 

 

 Enter Attachment filename for Part I, Section C, 2. b.  CBI  
3.  Hazard Information -- Include in the notice a copy of reasonable facsimile of any hazard warning statement, label, material safety 

data sheet, or other information which will be provided to any person who is reasonably likely to be exposed to this substance 
regarding protective equipment or practices for the safe handing, transport, use, or disposal of the new substance. List in part III 
hazard information you include. 

Binding Option 
Mark (X) 

 Mark (X) this box if you attach hazard information.   

PMN2010P7-1 (1)

XXX X XXX X XXX X XXX XXX XXX XXX X

XXX X XXX X XXX X XXX XXX XXX XXX X
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    EPA FORM 7710-25 (Rev. 6-09)  

Part II-- HUMAN EXPOSURE AND ENVIRONMENTAL RELEASE 
Section A -- INDUSTRIAL SITES CONTROLLED BY THE SUBMITTER Mark (X) the “Confidential” box next to 

any item you claim as confidential 
The information on pages 8 and 8a refer to consolidated chemical number(s):       1       2       3       4       5       6 
Complete section A for each type of manufacture, processing, or use operation involving the new chemical substance at industrial sites 
you control. Importers do not have to complete this section for operations outside the U.S.; however, you may still have reporting 
requirements if there are further industrial processing or use operations after import. You must describe these operations. See 
instructions manual 
1.  Operation description 
 a.  Identity -- Enter the identity of the site at which the operation will occur. 

Confi-
dential 

Name  

Site address (number and 
street)  

City  County  

State  ZIP code  

 

If the same operation will occur at more than one site, enter the number of sites. Identify the additional 
sites on a continuation sheet, and if any of the sites have significantly different production rates or 
operations, include all the information requested in this section for those sites as attachments.   

  

 Mark (X) this box if the data continues on the next page.   
 b.  Type -- 
 Mark (X) 

Manufacturing  Processing   Use   

 c.  Amount and Duration -- Complete 1 or 2 as appropriate Confi-
dential 

Maximum kg/batch  
(100% new chemical  

substance) 
Hours/batch Batches/year 

1. Batch 

   
 

Maximum kg/day 
(100% new chemical substance) Hours/day Days/year 

2. Continuous 
   

 

 d.  Process description 
Mark (X) to indicate your willingness to 
have your process description binding. 

 
  

(1) Diagram the major unit operation steps and chemical conversions. Include interim storage and transport containers (specify- e.g. 5 gallon 
pails, 55 gallon drum, rail car, tank truck, etc.). 

(2) Provide the identity, the approximate weight (by kg/day or kg/batch on a 100% new chemical substance basis), and entry point of all starting 
materials and feedstocks (including reactants, solvents, catalysts, etc.), and of all products, recycle streams, and wastes. Include cleaning 
chemicals (note frequency if not used daily or per batch.). 

(3) Identify by number the points of release, including small or intermittent releases, to the environment of the new chemical substance. If 
releasing to two media at the same step, assign a second release number for the second medium. 

  

 

Replaces previous editions of EPA Form 7710-25

PMN2010P8

X X X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

Confidential 
Diagram of the major unit operation steps. 

 

 
 

 Enter Attachment filename for Part II, Section A, 1. d.   

PMN2010P8A
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

Part II-- HUMAN EXPOSURE AND ENVIRONMENTAL RELEASE -- Continued 
Section A -- INDUSTRIAL SITES CONTROLLED BY THE SUBMITTER -- Continued 

The information on pages 9 and 9a refer to consolidated chemical number(s):       1       2       3       4       5       6 
 
2. Occupational Exposure -- You must make separate confidentiality claims for the description of worker activity, physical form of the new chemical 

substance, number of workers exposed, and duration of activity. Mark (X) the “Confidential” box next to any item you claim as confidential. 
(1)  -- Describe the activities (i.e. bag dumping, tote filling, unloading drums, sampling, cleaning, etc.) in which workers may be exposed to the 

substance. 
(2)  -- Mark (X) this column if entry in column (1) is confidential business information (CBI). 
(3)  -- Describe any protective equipment and engineering controls used to protect workers. 
(4) and (6) -- Indicate your willingness to have the information provided in column (3) or (5) binding. 
(5)  -- Indicate the physical form(s) of the new chemical substance (e.g., solid: crystal, granule, powder, or dust) and % new chemical substance (if 

part of a mixture) at the time of exposure. 
(7)  --  Mark (X) this column if entries in columns (3) and (5) are confidential business information (CBI). 
(8)  --  Estimate the maximum number of workers involved in each activity for all sites combined. 
(9)  --  Mark (X) this column if entry in column (8) is confidential business information (CBI). 
(10) and (11) -- Estimate the maximum duration of the activity for any worker in hours per day and days per year. 
(12)  --  Mark (X) this column if entries in columns (10) and (11) are confidential business information (CBI). 

Maximum Duration Worker activity 
(i.e., bag dumping, filling 

drums) 
(1) 

 
CBI 

 
(2) 

Protective Equipment/ 
 

Engineering Controls 
(3) 

Binding
Option 

Mark (X)
(4) 

Physical 
form(s) 

& % new 
substance 

(5) 

Binding 
Option 

Mark (X)
(6) 

 
CBI

 
(7)

# of 
Workers 
Exposed 

(8) 

 
CBI 

 
(9) Hrs/Day 

(10) 
Days/Yr 

(11) 

CBI
 

(12)

            

            

            

            

            

            

            

            

            

            

 Mark (X) this box if the data continues on the next page.  
 Enter Attachment filename for Part II, Section A on the bottom of page 9a.  

 

PMN2010P9

X X X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25 

3.  Environmental Release and Disposal -- You must make separate confidentiality claims for the release number and the amount of the new chemical 
substance released and other release and disposal information. Mark (X) the “Confidential” box next to each item you claim as confidential. 

(1)  -- Enter the number of each release point identified in the process description, part II, section A, subsection 1d(3). 
(2)  -- Estimate the amount of the new substance released (a) directly to the environment or (b) into control technology (in kg/day or kg/batch). 
(3) -- Mark (X) this column if entries in columns (1) and (2) are confidential business information (CBI). 
(4)  -- Identify the media (stack air, fugitive air (optional-see Instruction Manual), surface water, on-site or off-site land or incineration, POTW, or 

other (specify)) to which the new substance will be released from that release point. 
(5)  -- a. Describe control technology, if any, and control efficiency that will be used to limit the release of the new substance to the environment. 

For releases disposed of on land, characterize the disposal method and state whether it is approved for disposal of RCRA hazardous waste. 
On a continuation sheet, for each site describe any additional disposal methods that will be used and whether the waste is subject to 
secondary or tertiary on-site treatment. b. Estimate the amount released to the environment after control technology (in kg/day). 

(6)  -- Mark (X) this column if entries in columns (4) and (5) are confidential business information (CBI). 
(7)  -- Identify the destination(s) of releases to water. Please supply NPDES (National Pollutant Discharge Elimination System) numbers for direct 

discharges or NPDES numbers of the POTW (Publicly Owned Treatment Works). Mark (X) if the POTW name or NPDES # is confidential 
business information (CBI).  

Amount of New 
Substance Released 

Control technology and efficiency (you may wish to 
optionally attach efficiency data) Release 

Number 
 

(1) (2a) (2b) 

 
CBI 

 
(3) 

Medium of release 
e.g. Stack air 

 
(4) (5a) 

Binding 
Mark 
(X) 

(5b) 

 
CBI 

 
(6) 

         

         

         

         

         

         

         

         

         

 Mark (X) this box if the data continues on the next page.  

(7) Mark (X) the destination(s) of releases to water. NPDES# CBI 

 
POTW--provide 
name(s)    

 
Navigable waterway-
- provide name(s)    

 Other--Specify   

 Enter Attachment filename for Part II, Section A.   

PMN2010P9A
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25

Part II-- HUMAN EXPOSURE AND ENVIRONMENTAL RELEASE – Continued 
Section B -- INDUSTRIAL SITES CONTROLLED BY OTHERS 
The information on pages 10 and 10a refer to consolidated chemical number(s):       1       2       3       4       5       6 
Complete section B for typical processing or use operations involving the new chemical substance at sites you do not control. Importers do not have to 
complete this section for operations outside the U.S.; however, you must report any processing or use activities after import. See the Instructions Manual. 
Complete a separate section B for each type of processing, or use operation involving the new chemical substance. If the same operation is performed at 
more than one site describe the typical operation common to these sites. Identify additional sites on a continuation sheet. 
1(a).    Operation Description -- To claim information in this section as confidential, bracket (e.g. {}) the specific information that you claim as 
confidential. 

(1)  -- Diagram the major unit operation steps and chemical conversions, including interim storage and transport containers (specify - e.g. 5 gallon 
pails, 55 gallon drums, rail cars, tank trucks, etc). On the diagram, identify by letter and briefly describe each worker activity. 

(2)  -- Either in the diagram or in the text field 1(b) below, provide the identity, the approximate weight (by kg/day or kg/batch, on an 100% new 
chemical substance basis), and entry point of all feedstocks (including reactants, solvents and catalysts, etc) and all products, recycle 
streams, and wastes. Include cleaning chemicals (note frequency if not used daily or per batch).  

(3)  -- Either in the diagram or in the text field 1(b) below, identify by number the points of release, including small or intermittent releases, to the 
environment of the new chemical substance.  

(4)  -- Please enter the # of sites (remember to identify the locations of these sites on a continuation sheet): 

 Number of Sites  Confidential  

 

1(b). (Optional) This space is for a text description to clarify the diagram above. Confidential  

 

Enter Attachment filename for Part II, Section B on the bottom of page 10a.   

PMN2010P10

X X X

X

See Attachment 002 (Operation Description #1_ public.pdf)

Operation Description #1_ public.pdf

XXX

X
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    EPA FORM 7710-25 (Rev. 6-09)        Replaces previous editions of EPA Form 7710-25 
 

Continuation Sheet
ID FieldID Field

PMN2010P10-1

P10SB1(a)(4)1 Part II, Section B, 1(a)(4). Operation Site Locations

XXX
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2.   Worker Exposure/Environmental Release 
(1)  -- From the diagram above, provide the letter for each worker activity. Complete 2-8 for each worker activity described. 
(2)  -- Estimate the number of workers exposed for all sites combined. 
(4)  -- Estimate the typical duration of exposure per worker in (a) hours per day and (b) days per year. 
(6)  -- Describe physical form of exposure and % new chemical substance (if in mixture), and any protective equipment and engineering controls, if 

any, used to protect workers. 
(7)  -- Estimate the percent of the new substance as formulated when packaged or used as a final product. 
(9)  -- From the process diagram above, enter the number of each release point. Complete 9-13 for each release point identified. 
(10) -- Estimate the amount of the new substance released (a) directly to the environment or (b) into control technology to the environment (in 

kg/day or kg/batch). 
(12) -- Describe media of release i.e. stack air, fugitive air (optional-see Instructions Manual), surface water, on-site or off-site land or incineration, 

POTW, or other (specify) and control technology, if any, that will be used to limit the release of the new substance to the environment. 
(14) -- Identify byproducts which may result from the operation. 

 (3), (5), (8), (11), (13) and (15) -- Mark (X) this column if any of the proceeding entries are confidential business information (CBI). 

Letter 
of 

Activity 

# of 
Workers 
Exposed 

CBI Duration of 
Exposure CBI Protective Equip./Engineering Controls/Physical 

Form 
% new 

substance 
% in 

Formulation CBI 

(1) (2) (3) (4a) (4b) (5) (6) (6) (7) (8) 

          

          

          

          

          

          

          

Release 
Number Amount of New Substance Released CBI Media of Release & Control Technology CBI 

(9) (10a) (10b) (11) (12) (13) 

      

      

      

      

      

      

      

 Mark (X) this box if the data continues on the next page.   

(14)  Byproducts:  (15) CBI  

 Enter Attachment filename for Part II, Section B.   
 

PMN2010P10A

XXX XXX XXX XXX XXX XXX XXXX X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXXX X X
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    EPA FORM 7710-25 (Rev. 6-09) Replaces previous editions of EPA Form 7710-25

Part II-- HUMAN EXPOSURE AND ENVIRONMENTAL RELEASE – Continued 
Section B -- INDUSTRIAL SITES CONTROLLED BY OTHERS 
The information on pages 10 and 10a refer to consolidated chemical number(s):       1       2       3       4       5       6 
Complete section B for typical processing or use operations involving the new chemical substance at sites you do not control. Importers do not have to 
complete this section for operations outside the U.S.; however, you must report any processing or use activities after import. See the Instructions Manual. 
Complete a separate section B for each type of processing, or use operation involving the new chemical substance. If the same operation is performed at 
more than one site describe the typical operation common to these sites. Identify additional sites on a continuation sheet. 
1(a).    Operation Description -- To claim information in this section as confidential, bracket (e.g. {}) the specific information that you claim as 
confidential. 

(1)  -- Diagram the major unit operation steps and chemical conversions, including interim storage and transport containers (specify - e.g. 5 gallon 
pails, 55 gallon drums, rail cars, tank trucks, etc). On the diagram, identify by letter and briefly describe each worker activity. 

(2)  -- Either in the diagram or in the text field 1(b) below, provide the identity, the approximate weight (by kg/day or kg/batch, on an 100% new 
chemical substance basis), and entry point of all feedstocks (including reactants, solvents and catalysts, etc) and all products, recycle 
streams, and wastes. Include cleaning chemicals (note frequency if not used daily or per batch).  

(3)  -- Either in the diagram or in the text field 1(b) below, identify by number the points of release, including small or intermittent releases, to the 
environment of the new chemical substance.  

(4)  -- Please enter the # of sites (remember to identify the locations of these sites on a continuation sheet): 

 Number of Sites  Confidential  

 

1(b). (Optional) This space is for a text description to clarify the diagram above. Confidential  

 

Enter Attachment filename for Part II, Section B on the bottom of page 10a.   

PMN2010P10X1

X X X

X

See Attachment 003 (Operation Description #2_ public.pdf)

Operation Description #2_ public.pdf

XXX

X
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Continuation Sheet
ID FieldID Field

PMN2010P10X1-1

P10SB1(a)(4)2 Part II, Section B, 1(a)(4). Operation Site Locations

XXX
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2.   Worker Exposure/Environmental Release 
(1)  -- From the diagram above, provide the letter for each worker activity. Complete 2-8 for each worker activity described. 
(2)  -- Estimate the number of workers exposed for all sites combined. 
(4)  -- Estimate the typical duration of exposure per worker in (a) hours per day and (b) days per year. 
(6)  -- Describe physical form of exposure and % new chemical substance (if in mixture), and any protective equipment and engineering controls, if 

any, used to protect workers. 
(7)  -- Estimate the percent of the new substance as formulated when packaged or used as a final product. 
(9)  -- From the process diagram above, enter the number of each release point. Complete 9-13 for each release point identified. 
(10) -- Estimate the amount of the new substance released (a) directly to the environment or (b) into control technology to the environment (in 

kg/day or kg/batch). 
(12) -- Describe media of release i.e. stack air, fugitive air (optional-see Instructions Manual), surface water, on-site or off-site land or incineration, 

POTW, or other (specify) and control technology, if any, that will be used to limit the release of the new substance to the environment. 
(14) -- Identify byproducts which may result from the operation. 

 (3), (5), (8), (11), (13) and (15) -- Mark (X) this column if any of the proceeding entries are confidential business information (CBI). 

Letter 
of 

Activity 

# of 
Workers 
Exposed 

CBI Duration of 
Exposure CBI Protective Equip./Engineering Controls/Physical 

Form 
% new 

substance 
% in 

Formulation CBI 

(1) (2) (3) (4a) (4b) (5) (6) (6) (7) (8) 

          

          

          

          

          

          

          

Release 
Number Amount of New Substance Released CBI Media of Release & Control Technology CBI 

(9) (10a) (10b) (11) (12) (13) 

      

      

      

      

      

      

      

 Mark (X) this box if the data continues on the next page.   

(14)  Byproducts:  (15) CBI  

 Enter Attachment filename for Part II, Section B.   
 

PMN2010P10AX1

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXXX X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X
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Part II-- HUMAN EXPOSURE AND ENVIRONMENTAL RELEASE – Continued 
Section B -- INDUSTRIAL SITES CONTROLLED BY OTHERS 
The information on pages 10 and 10a refer to consolidated chemical number(s):       1       2       3       4       5       6 
Complete section B for typical processing or use operations involving the new chemical substance at sites you do not control. Importers do not have to 
complete this section for operations outside the U.S.; however, you must report any processing or use activities after import. See the Instructions Manual. 
Complete a separate section B for each type of processing, or use operation involving the new chemical substance. If the same operation is performed at 
more than one site describe the typical operation common to these sites. Identify additional sites on a continuation sheet. 
1(a).    Operation Description -- To claim information in this section as confidential, bracket (e.g. {}) the specific information that you claim as 
confidential. 

(1)  -- Diagram the major unit operation steps and chemical conversions, including interim storage and transport containers (specify - e.g. 5 gallon 
pails, 55 gallon drums, rail cars, tank trucks, etc). On the diagram, identify by letter and briefly describe each worker activity. 

(2)  -- Either in the diagram or in the text field 1(b) below, provide the identity, the approximate weight (by kg/day or kg/batch, on an 100% new 
chemical substance basis), and entry point of all feedstocks (including reactants, solvents and catalysts, etc) and all products, recycle 
streams, and wastes. Include cleaning chemicals (note frequency if not used daily or per batch).  

(3)  -- Either in the diagram or in the text field 1(b) below, identify by number the points of release, including small or intermittent releases, to the 
environment of the new chemical substance.  

(4)  -- Please enter the # of sites (remember to identify the locations of these sites on a continuation sheet): 

 Number of Sites  Confidential  

 

1(b). (Optional) This space is for a text description to clarify the diagram above. Confidential  

 

Enter Attachment filename for Part II, Section B on the bottom of page 10a.   

PMN2010P10X2

X X X

X

See Attachment 017 (Operation Description #3 _public.pdf)

Operation Description #3 _public.pdf

XXX

X
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Continuation Sheet
ID FieldID Field

PMN2010P10X2-1

P10SB1(a)(4)3 Part II, Section B, 1(a)(4). Operation Site Locations

XXX
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2.   Worker Exposure/Environmental Release 
(1)  -- From the diagram above, provide the letter for each worker activity. Complete 2-8 for each worker activity described. 
(2)  -- Estimate the number of workers exposed for all sites combined. 
(4)  -- Estimate the typical duration of exposure per worker in (a) hours per day and (b) days per year. 
(6)  -- Describe physical form of exposure and % new chemical substance (if in mixture), and any protective equipment and engineering controls, if 

any, used to protect workers. 
(7)  -- Estimate the percent of the new substance as formulated when packaged or used as a final product. 
(9)  -- From the process diagram above, enter the number of each release point. Complete 9-13 for each release point identified. 
(10) -- Estimate the amount of the new substance released (a) directly to the environment or (b) into control technology to the environment (in 

kg/day or kg/batch). 
(12) -- Describe media of release i.e. stack air, fugitive air (optional-see Instructions Manual), surface water, on-site or off-site land or incineration, 

POTW, or other (specify) and control technology, if any, that will be used to limit the release of the new substance to the environment. 
(14) -- Identify byproducts which may result from the operation. 

 (3), (5), (8), (11), (13) and (15) -- Mark (X) this column if any of the proceeding entries are confidential business information (CBI). 

Letter 
of 

Activity 

# of 
Workers 
Exposed 

CBI Duration of 
Exposure CBI Protective Equip./Engineering Controls/Physical 

Form 
% new 

substance 
% in 

Formulation CBI 

(1) (2) (3) (4a) (4b) (5) (6) (6) (7) (8) 

          

          

          

          

          

          

          

Release 
Number Amount of New Substance Released CBI Media of Release & Control Technology CBI 

(9) (10a) (10b) (11) (12) (13) 

      

      

      

      

      

      

      

 Mark (X) this box if the data continues on the next page.   

(14)  Byproducts:  (15) CBI  

 Enter Attachment filename for Part II, Section B.   
 

PMN2010P10AX2

XXX XXX XXX XXX XXX XXX XXXX X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X
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Part II-- HUMAN EXPOSURE AND ENVIRONMENTAL RELEASE – Continued 
Section B -- INDUSTRIAL SITES CONTROLLED BY OTHERS 
The information on pages 10 and 10a refer to consolidated chemical number(s):       1       2       3       4       5       6 
Complete section B for typical processing or use operations involving the new chemical substance at sites you do not control. Importers do not have to 
complete this section for operations outside the U.S.; however, you must report any processing or use activities after import. See the Instructions Manual. 
Complete a separate section B for each type of processing, or use operation involving the new chemical substance. If the same operation is performed at 
more than one site describe the typical operation common to these sites. Identify additional sites on a continuation sheet. 
1(a).    Operation Description -- To claim information in this section as confidential, bracket (e.g. {}) the specific information that you claim as 
confidential. 

(1)  -- Diagram the major unit operation steps and chemical conversions, including interim storage and transport containers (specify - e.g. 5 gallon 
pails, 55 gallon drums, rail cars, tank trucks, etc). On the diagram, identify by letter and briefly describe each worker activity. 

(2)  -- Either in the diagram or in the text field 1(b) below, provide the identity, the approximate weight (by kg/day or kg/batch, on an 100% new 
chemical substance basis), and entry point of all feedstocks (including reactants, solvents and catalysts, etc) and all products, recycle 
streams, and wastes. Include cleaning chemicals (note frequency if not used daily or per batch).  

(3)  -- Either in the diagram or in the text field 1(b) below, identify by number the points of release, including small or intermittent releases, to the 
environment of the new chemical substance.  

(4)  -- Please enter the # of sites (remember to identify the locations of these sites on a continuation sheet): 

 Number of Sites  Confidential  

 

1(b). (Optional) This space is for a text description to clarify the diagram above. Confidential  

 

Enter Attachment filename for Part II, Section B on the bottom of page 10a.   

PMN2010P10X3

X X X

X

See Attachment 018 (Operation Description #4_ public.pdf)

Operation Description #4_ public.pdf

XXX

X
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Continuation Sheet
ID FieldID Field

PMN2010P10X3-1

P10SB1(a)(4)4 Part II, Section B, 1(a)(4). Operation Site Locations

XXX
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2.   Worker Exposure/Environmental Release 
(1)  -- From the diagram above, provide the letter for each worker activity. Complete 2-8 for each worker activity described. 
(2)  -- Estimate the number of workers exposed for all sites combined. 
(4)  -- Estimate the typical duration of exposure per worker in (a) hours per day and (b) days per year. 
(6)  -- Describe physical form of exposure and % new chemical substance (if in mixture), and any protective equipment and engineering controls, if 

any, used to protect workers. 
(7)  -- Estimate the percent of the new substance as formulated when packaged or used as a final product. 
(9)  -- From the process diagram above, enter the number of each release point. Complete 9-13 for each release point identified. 
(10) -- Estimate the amount of the new substance released (a) directly to the environment or (b) into control technology to the environment (in 

kg/day or kg/batch). 
(12) -- Describe media of release i.e. stack air, fugitive air (optional-see Instructions Manual), surface water, on-site or off-site land or incineration, 

POTW, or other (specify) and control technology, if any, that will be used to limit the release of the new substance to the environment. 
(14) -- Identify byproducts which may result from the operation. 

 (3), (5), (8), (11), (13) and (15) -- Mark (X) this column if any of the proceeding entries are confidential business information (CBI). 

Letter 
of 

Activity 

# of 
Workers 
Exposed 

CBI Duration of 
Exposure CBI Protective Equip./Engineering Controls/Physical 

Form 
% new 

substance 
% in 

Formulation CBI 

(1) (2) (3) (4a) (4b) (5) (6) (6) (7) (8) 

          

          

          

          

          

          

          

Release 
Number Amount of New Substance Released CBI Media of Release & Control Technology CBI 

(9) (10a) (10b) (11) (12) (13) 

      

      

      

      

      

      

      

 Mark (X) this box if the data continues on the next page.   

(14)  Byproducts:  (15) CBI  

 Enter Attachment filename for Part II, Section B.   
 

PMN2010P10AX3

XXX XXX XXX XXX XXX XXX XXXX X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X
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Part II-- HUMAN EXPOSURE AND ENVIRONMENTAL RELEASE – Continued 
Section B -- INDUSTRIAL SITES CONTROLLED BY OTHERS 
The information on pages 10 and 10a refer to consolidated chemical number(s):       1       2       3       4       5       6 
Complete section B for typical processing or use operations involving the new chemical substance at sites you do not control. Importers do not have to 
complete this section for operations outside the U.S.; however, you must report any processing or use activities after import. See the Instructions Manual. 
Complete a separate section B for each type of processing, or use operation involving the new chemical substance. If the same operation is performed at 
more than one site describe the typical operation common to these sites. Identify additional sites on a continuation sheet. 
1(a).    Operation Description -- To claim information in this section as confidential, bracket (e.g. {}) the specific information that you claim as 
confidential. 

(1)  -- Diagram the major unit operation steps and chemical conversions, including interim storage and transport containers (specify - e.g. 5 gallon 
pails, 55 gallon drums, rail cars, tank trucks, etc). On the diagram, identify by letter and briefly describe each worker activity. 

(2)  -- Either in the diagram or in the text field 1(b) below, provide the identity, the approximate weight (by kg/day or kg/batch, on an 100% new 
chemical substance basis), and entry point of all feedstocks (including reactants, solvents and catalysts, etc) and all products, recycle 
streams, and wastes. Include cleaning chemicals (note frequency if not used daily or per batch).  

(3)  -- Either in the diagram or in the text field 1(b) below, identify by number the points of release, including small or intermittent releases, to the 
environment of the new chemical substance.  

(4)  -- Please enter the # of sites (remember to identify the locations of these sites on a continuation sheet): 

 Number of Sites  Confidential  

 

1(b). (Optional) This space is for a text description to clarify the diagram above. Confidential  

 

Enter Attachment filename for Part II, Section B on the bottom of page 10a.   

PMN2010P10X4

X X X

X

See Attachment 006 (Operation Description #5_ public.pdf)

Operation Description #5_ public.pdf

XXX

X
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Continuation Sheet
ID FieldID Field

PMN2010P10X4-1

P10SB1(a)(4)5 Part II, Section B, 1(a)(4). Operation Site Locations

XXX
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2.   Worker Exposure/Environmental Release 
(1)  -- From the diagram above, provide the letter for each worker activity. Complete 2-8 for each worker activity described. 
(2)  -- Estimate the number of workers exposed for all sites combined. 
(4)  -- Estimate the typical duration of exposure per worker in (a) hours per day and (b) days per year. 
(6)  -- Describe physical form of exposure and % new chemical substance (if in mixture), and any protective equipment and engineering controls, if 

any, used to protect workers. 
(7)  -- Estimate the percent of the new substance as formulated when packaged or used as a final product. 
(9)  -- From the process diagram above, enter the number of each release point. Complete 9-13 for each release point identified. 
(10) -- Estimate the amount of the new substance released (a) directly to the environment or (b) into control technology to the environment (in 

kg/day or kg/batch). 
(12) -- Describe media of release i.e. stack air, fugitive air (optional-see Instructions Manual), surface water, on-site or off-site land or incineration, 

POTW, or other (specify) and control technology, if any, that will be used to limit the release of the new substance to the environment. 
(14) -- Identify byproducts which may result from the operation. 

 (3), (5), (8), (11), (13) and (15) -- Mark (X) this column if any of the proceeding entries are confidential business information (CBI). 

Letter 
of 

Activity 

# of 
Workers 
Exposed 

CBI Duration of 
Exposure CBI Protective Equip./Engineering Controls/Physical 

Form 
% new 

substance 
% in 

Formulation CBI 

(1) (2) (3) (4a) (4b) (5) (6) (6) (7) (8) 

          

          

          

          

          

          

          

Release 
Number Amount of New Substance Released CBI Media of Release & Control Technology CBI 

(9) (10a) (10b) (11) (12) (13) 

      

      

      

      

      

      

      

 Mark (X) this box if the data continues on the next page.   

(14)  Byproducts:  (15) CBI  

 Enter Attachment filename for Part II, Section B.   
 

PMN2010P10AX4

XXX XXX XXX XXX XXX XXX XXXX X X

XXX XXX XXX XXX XXX XXX XXXX X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X
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Part II-- HUMAN EXPOSURE AND ENVIRONMENTAL RELEASE – Continued 
Section B -- INDUSTRIAL SITES CONTROLLED BY OTHERS 
The information on pages 10 and 10a refer to consolidated chemical number(s):       1       2       3       4       5       6 
Complete section B for typical processing or use operations involving the new chemical substance at sites you do not control. Importers do not have to 
complete this section for operations outside the U.S.; however, you must report any processing or use activities after import. See the Instructions Manual. 
Complete a separate section B for each type of processing, or use operation involving the new chemical substance. If the same operation is performed at 
more than one site describe the typical operation common to these sites. Identify additional sites on a continuation sheet. 
1(a).    Operation Description -- To claim information in this section as confidential, bracket (e.g. {}) the specific information that you claim as 
confidential. 

(1)  -- Diagram the major unit operation steps and chemical conversions, including interim storage and transport containers (specify - e.g. 5 gallon 
pails, 55 gallon drums, rail cars, tank trucks, etc). On the diagram, identify by letter and briefly describe each worker activity. 

(2)  -- Either in the diagram or in the text field 1(b) below, provide the identity, the approximate weight (by kg/day or kg/batch, on an 100% new 
chemical substance basis), and entry point of all feedstocks (including reactants, solvents and catalysts, etc) and all products, recycle 
streams, and wastes. Include cleaning chemicals (note frequency if not used daily or per batch).  

(3)  -- Either in the diagram or in the text field 1(b) below, identify by number the points of release, including small or intermittent releases, to the 
environment of the new chemical substance.  

(4)  -- Please enter the # of sites (remember to identify the locations of these sites on a continuation sheet): 

 Number of Sites  Confidential  

 

1(b). (Optional) This space is for a text description to clarify the diagram above. Confidential  

 

Enter Attachment filename for Part II, Section B on the bottom of page 10a.   

PMN2010P10X5

X X X

X

See Attachment 020 (Operation Description #6_ public.pdf)

Operation Description #6_ public.pdf

XXX

X
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Continuation Sheet
ID FieldID Field

PMN2010P10X5-1

P10SB1(a)(4)6 Part II, Section B, 1(a)(4). Operation Site Locations

XXX
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2.   Worker Exposure/Environmental Release 
(1)  -- From the diagram above, provide the letter for each worker activity. Complete 2-8 for each worker activity described. 
(2)  -- Estimate the number of workers exposed for all sites combined. 
(4)  -- Estimate the typical duration of exposure per worker in (a) hours per day and (b) days per year. 
(6)  -- Describe physical form of exposure and % new chemical substance (if in mixture), and any protective equipment and engineering controls, if 

any, used to protect workers. 
(7)  -- Estimate the percent of the new substance as formulated when packaged or used as a final product. 
(9)  -- From the process diagram above, enter the number of each release point. Complete 9-13 for each release point identified. 
(10) -- Estimate the amount of the new substance released (a) directly to the environment or (b) into control technology to the environment (in 

kg/day or kg/batch). 
(12) -- Describe media of release i.e. stack air, fugitive air (optional-see Instructions Manual), surface water, on-site or off-site land or incineration, 

POTW, or other (specify) and control technology, if any, that will be used to limit the release of the new substance to the environment. 
(14) -- Identify byproducts which may result from the operation. 

 (3), (5), (8), (11), (13) and (15) -- Mark (X) this column if any of the proceeding entries are confidential business information (CBI). 

Letter 
of 

Activity 

# of 
Workers 
Exposed 

CBI Duration of 
Exposure CBI Protective Equip./Engineering Controls/Physical 

Form 
% new 

substance 
% in 

Formulation CBI 

(1) (2) (3) (4a) (4b) (5) (6) (6) (7) (8) 

          

          

          

          

          

          

          

Release 
Number Amount of New Substance Released CBI Media of Release & Control Technology CBI 

(9) (10a) (10b) (11) (12) (13) 

      

      

      

      

      

      

      

 Mark (X) this box if the data continues on the next page.   

(14)  Byproducts:  (15) CBI  

 Enter Attachment filename for Part II, Section B.   
 

PMN2010P10AX5

XXX XXX XXX XXX XXX XXX XXXX X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X
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Part II-- HUMAN EXPOSURE AND ENVIRONMENTAL RELEASE – Continued 
Section B -- INDUSTRIAL SITES CONTROLLED BY OTHERS 
The information on pages 10 and 10a refer to consolidated chemical number(s):       1       2       3       4       5       6 
Complete section B for typical processing or use operations involving the new chemical substance at sites you do not control. Importers do not have to 
complete this section for operations outside the U.S.; however, you must report any processing or use activities after import. See the Instructions Manual. 
Complete a separate section B for each type of processing, or use operation involving the new chemical substance. If the same operation is performed at 
more than one site describe the typical operation common to these sites. Identify additional sites on a continuation sheet. 
1(a).    Operation Description -- To claim information in this section as confidential, bracket (e.g. {}) the specific information that you claim as 
confidential. 

(1)  -- Diagram the major unit operation steps and chemical conversions, including interim storage and transport containers (specify - e.g. 5 gallon 
pails, 55 gallon drums, rail cars, tank trucks, etc). On the diagram, identify by letter and briefly describe each worker activity. 

(2)  -- Either in the diagram or in the text field 1(b) below, provide the identity, the approximate weight (by kg/day or kg/batch, on an 100% new 
chemical substance basis), and entry point of all feedstocks (including reactants, solvents and catalysts, etc) and all products, recycle 
streams, and wastes. Include cleaning chemicals (note frequency if not used daily or per batch).  

(3)  -- Either in the diagram or in the text field 1(b) below, identify by number the points of release, including small or intermittent releases, to the 
environment of the new chemical substance.  

(4)  -- Please enter the # of sites (remember to identify the locations of these sites on a continuation sheet): 

 Number of Sites  Confidential  

 

1(b). (Optional) This space is for a text description to clarify the diagram above. Confidential  

 

Enter Attachment filename for Part II, Section B on the bottom of page 10a.   

PMN2010P10X6

X X X

X

See Attachment 021 (Operation Description #7_ public.pdf)

Operation Description #7_ public.pdf

XXX

X
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Continuation Sheet
ID FieldID Field

PMN2010P10X6-1

P10SB1(a)(4)7 Part II, Section B, 1(a)(4). Operation Site Locations

XXX
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2.   Worker Exposure/Environmental Release 
(1)  -- From the diagram above, provide the letter for each worker activity. Complete 2-8 for each worker activity described. 
(2)  -- Estimate the number of workers exposed for all sites combined. 
(4)  -- Estimate the typical duration of exposure per worker in (a) hours per day and (b) days per year. 
(6)  -- Describe physical form of exposure and % new chemical substance (if in mixture), and any protective equipment and engineering controls, if 

any, used to protect workers. 
(7)  -- Estimate the percent of the new substance as formulated when packaged or used as a final product. 
(9)  -- From the process diagram above, enter the number of each release point. Complete 9-13 for each release point identified. 
(10) -- Estimate the amount of the new substance released (a) directly to the environment or (b) into control technology to the environment (in 

kg/day or kg/batch). 
(12) -- Describe media of release i.e. stack air, fugitive air (optional-see Instructions Manual), surface water, on-site or off-site land or incineration, 

POTW, or other (specify) and control technology, if any, that will be used to limit the release of the new substance to the environment. 
(14) -- Identify byproducts which may result from the operation. 

 (3), (5), (8), (11), (13) and (15) -- Mark (X) this column if any of the proceeding entries are confidential business information (CBI). 

Letter 
of 

Activity 

# of 
Workers 
Exposed 

CBI Duration of 
Exposure CBI Protective Equip./Engineering Controls/Physical 

Form 
% new 

substance 
% in 

Formulation CBI 

(1) (2) (3) (4a) (4b) (5) (6) (6) (7) (8) 

          

          

          

          

          

          

          

Release 
Number Amount of New Substance Released CBI Media of Release & Control Technology CBI 

(9) (10a) (10b) (11) (12) (13) 

      

      

      

      

      

      

      

 Mark (X) this box if the data continues on the next page.   

(14)  Byproducts:  (15) CBI  

 Enter Attachment filename for Part II, Section B.   
 

PMN2010P10AX6

XXX XXX XXX XXX XXX XXX XXXX X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X

XXX XXX XXX XXX XXX XXX XXX

XXX XXX XXX XXX

X X X

X X
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OPTIONAL POLLUTION PREVENTION INFORMATION 

To claim information in the following section as confidential, bracket (e.g. {}) the specific information that you claim as confidential. 

In this section you may provide information not reported elsewhere in this form regarding your efforts to reduce or minimize potential risks 
associated with activities surrounding manufacturing, processing, use and disposal of the PMN substance. Please include new information 
pertinent to pollution prevention, including source reduction, recycling activities and safer processes or products available due to the new chemical 
substance. Source reduction includes the reduction in the amount or toxicity of chemical wastes by technological modification, process and 
procedure modification, product reformulation, and/or raw materials substitution. Recycling refers to the reclamation of useful chemical components 
from wastes that would otherwise be treated or released as air emissions or water discharges, or land disposal. Quantitative or qualitative 
descriptions of pollution prevention, source reduction and recycling should emphasize potential risk reduction in addition to compliance with existing 
regulatory requirements. The EPA is interested in the information to assess overall net reductions in toxicity or environmental releases and 
exposures, not the shifting of risks to other media (e.g., air to water) or nonenvironmental areas (e.g., occupational or consumer exposure). To the 
extent known, information about the technology being replaced will assist EPA in its relative risk determination.  In addition, information on the 
relative cost or performance characteristics of the PMN substance to potential alternatives may be provided. 

Describe the expected net benefits, such as  
(1) an overall reduction in risk to human health or the environment;  
(2) a reduction in the generation of waste materials through recycling, source reduction or other means;  
(3) a reduction in the use of hazardous starting materials, reagents, or feedstocks;  
(4) a reduction in potential toxicity, human exposure and/or environmental release; or 
(5) the extent to which the new chemical substance may be a substitute for an existing substance that poses a greater overall risk to human 

health or the environment.  
Information provided in this section will be taken into consideration during the review of this substance. See PMN Instructions Manual 
and Pollution Prevention Guidance manual for guidance and examples. 
 

 Enter Attachment filename for Pollution Prevention Page 11.   

PMN2010P11

{XXX} will manufacture the fluorinated acrylic alkylamino copolymer (PMN substance) for {XXX} use.  In {XXX}, the PMN substance will be used
{XXX}.  The {XXX} of the PMN substance in the {XXX}.  In some applications the {XXX}.

{XXX} of the PMN substance on {XXX} indicates that the use levels of the PMN substance by {XXX}.

Furthermore, the PMN substance demonstrates a high degree of {XXX}.  Based on {XXX}, it is anticipated that the use of the PMN substance on
{XXX}.

The PMN substance will also be used as an {XXX} to impart {XXX}.  {XXX} application will use {XXX} of PMN substance in an {XXX}.

This PMN substance is more environmentally-benign because less {XXX} process (current technology in place) and the use of the PMN
substance allows for a {XXX}.  The addition of the PMN substance to the {XXX} process will allow for less overall {XXX}.

Monitoring and testing of {XXX} is performed to check for {XXX}.  Strict rules and regulations are in place by each state to ensure that {XXX}.  In
addition, the {XXX} are added, as well as must meet construction standards to help further prevent any potential {XXX}.

This PMN substance contains {XXX}.  It is a {XXX} for fluorinated acrylic copolymers of {XXX} presently in {XXX}.  The fluorinated acrylic
copolymers presently {XXX} which will be {XXX} are {XXX} percentages.  A {XXX} is the {XXX} in the new PMN substance.

The fluorinated {XXX} the PMN substance is a {XXX}.  The fluorinated {XXX} fluorinated acrylic copolymers is a {XXX} and must be {XXX}.  The
manufacture of the PMN substance will not {XXX} and will therefore {XXX}.
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Part III -- LIST OF ATTACHMENTS 
Attach continuation sheets for sections of the form, test data and other data (including physical/chemical properties and 
structure/activity information), and optional information after this page. Clearly identify the attachment and the section of the form 
to which it relates, if appropriate. Number consecutively the pages of any paper attachments. In the Number of Pages column 
below, enter the inclusive page numbers of each attachment for paper submissions or enter the total number of pages for each 
attachment for electronic submissions. Electronic attachments can be identified by filename. 
Mark (X) the “Confidential” box next to any attachment name or filename you claim as confidential. Read the Instructions Manual 
for guidance on how to claim any information in an attachment as confidential. You must include with the sanitized copy of the 
notice form a sanitized version of any attachment in which you claim information as confidential. 

#
Number 
of Pages 

Associated 
PMN Section 

Number 
CBI 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 Mark (X) this box if the data continues on the next page.  
 

Attachment Name Attachment Filename 

PMN2010P12

001 Structure #1 Structure #1 _(public)_.pdf Pt.I, Sec.B, 2e.1

002 Operation Description #1 Operation Description #1_
public.pdf

Pt.2, Sec.B, 1a.1

003 Operation Description #2 Operation Description #2_
public.pdf

Pt.2, Sec.B, 1a. (#2)1

004 Structure #2 Structure #2 _(public)_.pdf Pt.I, Sec.B, 2e. (Chem 2)1

005 Structure #3 Structure #3 _(public)_.pdf Pt.I, Sec.B, 2e. (Chem 3)1

006 Operation Description #5 Operation Description #5_
public.pdf

Pt.2, Sec.B, 1a. (#5)1

007 Use Diagram Use Diagram (public).pdf Pt.I, Sec.C, 1.1

008 CAS - Inventory Expert Service (2010) #1 CAS - Inventory Expert Service
(2010) #1 (public).pdf

Pt.I, Sec.B, 2c.1

009 MSDS #1 MSDS #1_public.pdf 6

010 CAS - Inventory Expert Service (2010) #2 CAS - Inventory Expert Service
(2010) #2 (public).pdf

Pt.I, Sec.B, 2c. (Chem 2)1

011 CAS - Inventory Expert Service (2010) #3 CAS - Inventory Expert Service
(2010) #3 (public).pdf

Pt.I, Sec.B, 2c. (Chem 3)1

012 NMR Spectrum NMR Spectrum_public.pdf 1

013 IR #1 IR #1 _public_.pdf 1

014 IR #2 IR #2 _public_.pdf 1

015 IR #3 IR #3 _public_.pdf 1

016 Analytical Report for #1 Analytical Report for
#1_public.pdf

6

017 Operation Description #3 Operation Description #3
_public.pdf

Pt.2, Sec.B, 1a. (#3)1

018 Operation Description #4 Operation Description #4_
public.pdf

Pt.2, Sec.B, 1a. (#4)1

019 Analytical Report for #2 Analytical Report for 6

020 Operation Description #6 Operation Description #6_
public.pdf

Pt.2, Sec.B, 1a. (#6)1

021 Operation Description #7 Operation Description #7_ Pt.2, Sec.B, 1a. (#7)1

X
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Part III -- LIST OF ATTACHMENTS 
Attach continuation sheets for sections of the form, test data and other data (including physical/chemical properties and 
structure/activity information), and optional information after this page. Clearly identify the attachment and the section of the form 
to which it relates, if appropriate. Number consecutively the pages of any paper attachments. In the Number of Pages column 
below, enter the inclusive page numbers of each attachment for paper submissions or enter the total number of pages for each 
attachment for electronic submissions. Electronic attachments can be identified by filename. 
Mark (X) the “Confidential” box next to any attachment name or filename you claim as confidential. Read the Instructions Manual 
for guidance on how to claim any information in an attachment as confidential. You must include with the sanitized copy of the 
notice form a sanitized version of any attachment in which you claim information as confidential. 

#
Number 
of Pages 

Associated 
PMN Section 

Number 
CBI 

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

      

 Mark (X) this box if the data continues on the next page.  
 

Attachment Name Attachment Filename 

PMN2010P12X1-1 (1)

022 Analytical Report for #3 Analytical Report for
#3_public.pdf

6

023 Analytical Report for Low MW (also see pg.12,
attachment #16)

Analytical Report for Low MW
(also see pg.12, attachment

Pt.I, Sec.B, 2a.6

024 Analytical Report for Low MW (also see pg.12,
attachment #19)

Analytical Report for Low MW
(also see pg.12, attachment

Pt.I, Sec.B, 2a. (Chem 2)6

025 Analytical Report for Low MW (also see pg.12,
attachment #22)

Analytical Report for Low MW
(also see pg.12, attachment

Pt.I, Sec.B, 2a. (Chem 3)6

026 Ongoing Studies for PMN Substance #1 Ongoing Studies for PMN
Substance #1_public.pdf

1

027 MSDS #2 MSDS #2_public.pdf 6

028 Acute Oral Toxicity Study Acute Oral Toxicity Study-
public.pdf

23

029 Bacterial Reverse Mutation Assay Bacterial Reverse Mutation
Assay-public.pdf

44

030 Daphnia Toxicity Test Daphnia Toxicity Test-public.pdf 8

031 Eye Irritation Study Eye Irritation Study-public.pdf 18

032 Local Lymph Node Assay Local Lymph Node Assay-
public.pdf

33

033 Skin Irritation Study Skin Irritation Study-public.pdf 18

034 MSDS #3 MSDS #3_public.pdf 6
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 001

 

Attachment Name

Structure #1

 

Associated PMN Section Number

Pt.I, Sec.B, 2e.

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 002

 

Attachment Name

Operation Description #1

 

Associated PMN Section Number

Pt.2, Sec.B, 1a.

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 003

 

Attachment Name

Operation Description #2

 

Associated PMN Section Number

Pt.2, Sec.B, 1a. (#2)

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 004

 

Attachment Name

Structure #2

 

Associated PMN Section Number

Pt.I, Sec.B, 2e. (Chem 2)

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 005

 

Attachment Name

Structure #3

 

Associated PMN Section Number

Pt.I, Sec.B, 2e. (Chem 3)

 

Does not contain CBI

 

Report Number

ST-5101203535628222
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 006

 

Attachment Name

Operation Description #5

 

Associated PMN Section Number

Pt.2, Sec.B, 1a. (#5)

 

Does not contain CBI

 

Report Number

ST-5101203535628222
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 007

 

Attachment Name

Use Diagram

 

Associated PMN Section Number

Pt.I, Sec.C, 1.

 

Does not contain CBI

 

Report Number

ST-5101203535628222
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 008

 

Attachment Name

CAS - Inventory Expert Service (2010) #1

 

Associated PMN Section Number

Pt.I, Sec.B, 2c.

 

Does not contain CBI

 

Report Number

ST-5101203535628222
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 009

 

Attachment Name

MSDS #1

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 010

 

Attachment Name

CAS - Inventory Expert Service (2010) #2

 

Associated PMN Section Number

Pt.I, Sec.B, 2c. (Chem 2)

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 011

 

Attachment Name

CAS - Inventory Expert Service (2010) #3

 

Associated PMN Section Number

Pt.I, Sec.B, 2c. (Chem 3)

 

Does not contain CBI

 

Report Number

ST-5101203535628222
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 012

 

Attachment Name

NMR Spectrum

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 013

 

Attachment Name

IR #1

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 014

 

Attachment Name

IR #2

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 015

 

Attachment Name

IR #3

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 016

 

Attachment Name

Analytical Report for #1

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 017

 

Attachment Name

Operation Description #3

 

Associated PMN Section Number

Pt.2, Sec.B, 1a. (#3)

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 018

 

Attachment Name

Operation Description #4

 

Associated PMN Section Number

Pt.2, Sec.B, 1a. (#4)

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 019

 

Attachment Name

Analytical Report for #2

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 020

 

Attachment Name

Operation Description #6

 

Associated PMN Section Number

Pt.2, Sec.B, 1a. (#6)

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 021

 

Attachment Name

Operation Description #7

 

Associated PMN Section Number

Pt.2, Sec.B, 1a. (#7)

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 022

 

Attachment Name

Analytical Report for #3

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 023

 

Attachment Name

Analytical Report for Low MW (also see pg.12, attachment #16)

 

Associated PMN Section Number

Pt.I, Sec.B, 2a.

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 024

 

Attachment Name

Analytical Report for Low MW (also see pg.12, attachment #19)

 

Associated PMN Section Number

Pt.I, Sec.B, 2a. (Chem 2)

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 025

 

Attachment Name

Analytical Report for Low MW (also see pg.12, attachment #22)

 

Associated PMN Section Number

Pt.I, Sec.B, 2a. (Chem 3)

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 026

 

Attachment Name

Ongoing Studies for PMN Substance #1

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 027

 

Attachment Name

MSDS #2

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 028

 

Attachment Name

Acute Oral Toxicity Study

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 029

 

Attachment Name

Bacterial Reverse Mutation Assay

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 030

 

Attachment Name

Daphnia Toxicity Test

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 031

 

Attachment Name

Eye Irritation Study

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 032

 

Attachment Name

Local Lymph Node Assay

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 033

 

Attachment Name

Skin Irritation Study

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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ATTACHMENT HEADER SHEET

 

 

Attachment Number 034

 

Attachment Name

MSDS #3

 

Associated PMN Section Number

N/A

 

Does not contain CBI

 

Report Number

ST-5101203535628222

WG Ex. 23
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CAS REGISTRY, the CAS substance
collection, is the premier source
relied upon by scientists,
manufacturers, regulators, and data
scientists worldwide for accurate
information on chemical substances.

Contact us

CAS
REGISTRY®

Home CAS Data CAS Registry®

WG Ex. 24
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https://www.cas.org/contact
https://www.cas.org/?r=0
https://www.cas.org/cas-data


What is a CAS
Registry
Number®?

Chemical compounds are described
in many di�erent ways including
molecular formulas, chemical
structures, generic, systematic,
common, and trade names. This lack
of clarity can cause frustration, delays,
and even safety concerns.

A CAS Registry Number is a unique
and unambiguous identifier for a
specific substance that allows clear
communication and, with the help of
CAS scientists, links together all
available data and research about
that substance. Governmental
agencies rely on CAS Registry
Numbers for substance identification
in regulatory applications because
they are unique, easy validated, and
internationally recognized.

Features

WG Ex. 24
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Authoritative
source for
accurate chemical
names, structures,
and CAS Registry
Numbers®.

219 million organic
substances, alloys,
coordination
compounds,
minerals,
mixtures,
polymers, and
salts disclosed in
publications since
the early 1800s.

~75 million protein
and nucleic acid
sequences.

Enriched with ~8
billion
experimental and
predicted property
data points and
spectra.

Updated daily with
thousands of new
substances to alert
you to the most
recent discoveries.

Linked to relevant
publications,
reactions,
chemical
suppliers,
formulations, and
more, as part of
the CAS Content
Collection™.

WG Ex. 24
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FAQs

CAS REGISTRY and CAS
Registry Number

Still have a question
in mind?
Contact us directly!

Contact us

What is CAS REGISTRY?

What is a CAS Registry 
Number (CAS RN)?

What does a CAS 
Registry Number look 
like?

How does CAS assign 
Registry Numbers?

What kinds of 
compounds does the 
CAS REGISTRY contain?

Why have CAS Registry 
Numbers become the 
world standard?

Why do regulatory 
agencies rely on CAS 
Registry Numbers?

Where can I find CAS 
REGISTRY Numbers?

Why do some 
substances in CAS 
REGISTRY have zero 
references? How can I 
learn more about these 
substances?

How can I obtain or 
request assignment of a 
CAS Registry Number?

Why is it important to 
come to CAS for 
Registry Numbers?

WG Ex. 24
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Latest from CAS Insights™

Drug Discovery

Exploring how
the GLP-1
function may
provide benefits
beyond weight
loss and
diabetes

The GIP and GLP-1
function shows
promising results
in treating
cardiovascular and
neurodegenerative
conditions.

October 4, 2024 | Article

Read article

Emerging Science

Three paths to a
Nobel Prize in
chemistry

Three categories
of breakthroughs
that have been
awarded the
Nobel Prize in
Chemistry in the
last forty years

September 27,
2024

| Article

Read article

Digital R&D

Defining the
path to TBK1
inhibition with
QSAR modeling

Why are there no
FDA approved
TBK1 (TANK-
binding kinase)
inhibitors on the
market, despite
the key role it
plays in the
pathophysiology
of many diseases.

September
19, 2024

| Insights
Report

Read article

What is the CAS RN 
Verified Partner 
Program?

WG Ex. 24
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View all CAS Insights
WG Ex. 24
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Home Explore Chemical Names & CAS Registry Numbers

Searching chemicals by CAS Registry Number can help eliminate the
confusion of searching by name. Because many chemicals have
multiple names, you can narrow your search more quickly using the
CAS number method – the search result will include every name
associated with a particular chemical.

You can find the CAS number for a chemical through a variety of
resources:

FracFocus includes the CAS numbers in our Find a Well form.
An alphabetical list, organized by the chemical’s function, is
included below.
Several websites include a CAS number database:

National Institute of Standards and Technology (NIST) »
OSHA Occupational Chemical Database »
EPA Chemical Fact Sheets »

(Please note that when you click these links, you will leave the
FracFocus website. The listed websites are not controlled by or
affiliated with FracFocus.)

CAS Registry Numbers

EXPLORE

Chemical Names &
CAS Registry Numbers

MENU 

10/11/24, 1:08 PM fracfocus.org/explore/chemical-names-and-cas-registry-numbers

https://fracfocus.org/explore/chemical-names-and-cas-registry-numbers 1/4
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ACIDS×

BIOCIDES×

BREAKERS×

CLAY STABILIZERS×

CORROSION INHIBITORS×

CROSSLINKERS×

FRICTION REDUCERS×

GELLING AGENTS×

IRON CONTROLLERS×

NON-EMULSIFIERS×

10/11/24, 1:08 PM fracfocus.org/explore/chemical-names-and-cas-registry-numbers
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FRACFOCUS

About Us

News

Terms and Conditions

Privacy Policy

EXPLORE

Wells

Chemicals

Reporting Companies

Regulations

LEARN

Hydraulic Fracturing

Groundwater Protection

Chemicals & Public Disclosure

Trade Secrets

About FracFocus

FAQ

OPERATORS

Training

Register

Login

Operator FAQ

PH-ADJUSTING AGENTS×

SCALE INHIBITORS×

SURFACTANTS×

10/11/24, 1:08 PM fracfocus.org/explore/chemical-names-and-cas-registry-numbers
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https://fracfocus.org/operators/operator-faq
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Assessing
and
Managing
Chemicals
under
TSCA

CONTACT US <https://epa.gov/assessing-and-managing-chemicals-under-tsca/forms/assessing-and-managing-chemicals-under-tsca>

Fact Sheet: 2010/2015 PFOA Stewardship
Program
On this page:

Q1. What is the 2010/2015 PFOA Stewardship Program?

Q2. Why did EPA launch the PFOA Stewardship Program?

Q3. What were the goals of the program?

Q4. What companies participated in the PFOA Stewardship Program?

Q5. What was the baseline that companies used for reductions?

Q6. Did the companies meet the PFOA Stewardship Program goals?

Q7. How did the companies meet the PFOA Stewardship Program goals?

Q8. Are perfluorooctane sulfonic acid (PFOS), perfluorooctanoic acid (PFOA), and other long-chain PFASs still being
manufactured or imported into United States?

Q9. What other actions is EPA taking on PFASs?

Q1. What is the 2010/2015 PFOA Stewardship Program?
In 2006, EPA invited eight major leading companies in the per- and polyfluoroalkyl substances (PFASs) industry to join in a
global stewardship program with two goals:

To commit to achieve, no later than 2010, a 95 percent reduction, measured from a year 2000 baseline, in both facility
emissions to all media of perfluorooctanoic acid (PFOA), precursor chemicals that can break down to PFOA, and related
higher homologue chemicals, and product content levels of these chemicals.

To commit to working toward the elimination of these chemicals from emissions and products by 2015.

Participating companies:

Submitted baseline data on emissions and product content at the end of October 2006.

Reported annual progress toward goals each succeeding October and report progress in terms of both U.S. and global
operations. Final reports were submitted in early 2016.

Companies also agreed to work cooperatively with EPA and establish scientifically credible analytical standards and
laboratory methods to ensure comparability of reporting.

All public documents from the PFOA Stewardship Program are available in EPA Docket EPA-HQ-OPPT-2006-0621 .

An oÓicial website of the United States government

MENU

10/11/24, 1:12 PM Fact Sheet: 2010/2015 PFOA Stewardship Program | US EPA
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Q2. Why did EPA launch the PFOA Stewardship
Program?
EPA launched the PFOA Stewardship Program in January 2006 because of concerns about the impact of PFOA and long-chain
PFASs on human health and the environment, including concerns about their persistence, presence in the environment and in
the blood of the general U.S. population, long half-life in people, and developmental and other adverse eÓects in laboratory
animals.

Q3. What were the goals of the program?
EPA asked the eight major companies in the PFASs industry <https://epa.gov/assessing-and-managing-chemicals-under-tsca/letter-inviting-

participation-pfoa-stewardship-program> to commit to reducing PFOA from facility emissions and product content by 95 percent no
later than 2010, and to work toward eliminating PFOA from emissions and product content no later than 2015. Each of the
eight companies expressed support for a global stewardship program addressing reductions in PFOA and related chemicals
from both emissions and product content. Companies also noted their willingness to make a general commitment to continue
to pursue research into the sources, pathways of exposure, and potential risks of these chemicals. All eight of the invited
companies submitted commitments <https://epa.gov/assessing-and-managing-chemicals-under-tsca/letters-commiting-participation-pfoa-

stewardship> to the PFOA Stewardship Program by March 1, 2006.

Q4. What companies participated in the PFOA
Stewardship Program?
Participating companies included:

Arkema

Asahi

BASF Corporation (successor to Ciba)

Clariant

Daikin

3M/Dyneon

DuPont

Solvay Solexis

The companies participating in the PFOA Stewardship Program were global companies with business operations in United
States and other countries. Under the PFOA Stewardship Program, each of the companies committed to work toward a global
phaseout of PFOA and related chemicals, both for U.S. operations and for the company's global business.

Q5. What was the baseline that companies used for
reductions?
As a means of measuring reductions, the PFOA Stewardship Program Reporting Guidance suggested that individual companies
use year 2000 data as the baseline for their company's emissions and product content information. Companies that did not
have year 2000 data available were to use as a baseline the nearest year for which data were available. Read the PFOA
Stewardship Program Guidance document. <https://epa.gov/assessing-and-managing-chemicals-under-tsca/201015-pfoa-stewardship-program-

guidance-reporting>

10/11/24, 1:12 PM Fact Sheet: 2010/2015 PFOA Stewardship Program | US EPA
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In addition, to account for all of their operations or products, some companies used more than a single baseline year. Read the
PFOA Stewardship Program Baseline Summary Tables. <https://epa.gov/assessing-and-managing-chemicals-under-tsca/pfoa-stewardship-

program-baseline-year-summary-report>

Q6. Did the companies meet the PFOA Stewardship
Program goals?
All participating companies state that they met the PFOA Stewardship Program goals. Read the latest progress reports.
<https://epa.gov/assessing-and-managing-chemicals-under-tsca/20102015-pfoa-stewardship-program-2014-annual-progress>

Q7. How did the companies meet the PFOA Stewardship
Program goals?
To meet the program goals, most companies stopped manufacture and import of long-chain PFASs, and then transitioned to
alternative chemicals. Other companies exited the PFASs industry altogether.

Companies submitted annual public reports on their progress toward the goals in October of each successive year, expressing
their progress in terms of company-wide percentage achievements both for U.S. operations and for the company's global
business. Companies also provided to EPA detailed, confidential business information (CBI) on their progress in support of
their public reports.

Q8. Are perïuorooctane sulfonic acid (PFOS),
perïuorooctanoic acid (PFOA), and other long-chain
PFASs still being manufactured or imported into United
States?
PFOS was not reported as manufactured (including imported) into the U.S. as part of the 2012 Chemical Data Reporting (CDR)
eÓort or the previous collection eÓort in 2006. CDR requires manufacturers (including importers) to report if they meet certain
production volume thresholds, generally 25,000 lbs at a single site. The last time PFOS manufacture was reported to EPA as
part of this collection eÓort was 2002. There are some limited ongoing uses of PFOS (see 40 CFR §721.9582
<https://www.gpo.gov/fdsys/pkg/cfr-2014-title40-vol31/xml/cfr-2014-title40-vol31-sec721-9582.xml>).

The manufacture and import of PFOA has also been phased out in United States as part of the PFOA Stewardship program.
Existing stocks of PFOA might still be used and there might be PFOA in some imported articles.

Q9. What other actions is EPA taking on PFASs?
To complement the PFOA Stewardship Program, EPA has issued regulations, known as Significant New Use Rules (SNURs),
requiring manufacturers and processors of these chemicals to notify EPA of new uses of these chemicals before they are
commercialized. Specifically, the regulations require that anyone who intends to manufacture (including import) or process
any chemicals for uses contained in the SNUR must submit a notification to EPA at least 90 days before beginning the activity.
This provides EPA with an opportunity to review and, if necessary, place limits on manufacturers or processors who intend to
reintroduce or import products with these chemicals. Learn more about EPA’s actions on PFASs and other perfluorinated
chemicals <https://epa.gov/assessing-and-managing-chemicals-under-tsca/risk-management-and-polyfluoroalkyl-substances-pfas>.

Since 2000, EPA has published SNURs impacting several hundred perfluoroalkyl carboxylic acid (PFCA) and perfluoroalkane
sulfonate (PFSA) chemicals.
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EPA anticipates finalizing a separate SNUR later this year to ensure that PFASs phased out as part of the PFOA Stewardship
Program do not re-enter the marketplace without review (see 80 FR 2885  <https://www.regulations.gov/document/epa-hq-oppt-2013-

0225-0001>)

Contact Us <https://epa.gov/assessing-and-managing-chemicals-under-tsca/forms/assessing-and-managing-chemicals-under-tsca> to ask a question,
provide feedback, or report a problem.

LAST UPDATED ON MARCH 18, 2024

Assistance <https://epa.gov/lep/assistance> Ayuda <https://epa.gov/lep/assistance#esp>

<https://epa.gov/lep/assistance#ar> مساعدة 帮助 (简体版) <https://epa.gov/lep/assistance#chi-s>

幫助 (繁體版) <https://epa.gov/lep/assistance#chi-tr> Aide <https://epa.gov/lep/assistance#fr>

Asistans <https://epa.gov/lep/assistance#hc> 지원 <https://epa.gov/lep/assistance#kor>

Assistência <https://epa.gov/lep/assistance#port> Помощь <https://epa.gov/lep/assistance#rus>

Tulong <https://epa.gov/lep/assistance#tag> Trợ Giúp <https://epa.gov/lep/assistance#viet>
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CBI Substantiation

CBI SUBMISSION
NOC2011P2

Entire CBI substantiation claimed as CBI.
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Objective 

Consent order P-11-0091, P-11-0092, P-11-0093 requires the Company to analyze 

representative samples of the initially isolated formulation(s) of the PMN substance at each 

manufacturing facility for the analytes specified in Table 3 of the consent order and report the 

results at initial commencement of manufacture or import and again if any new manufacturing 

facility is added or if the process of manufacture of the PMN substance or any intermediate thereof 

is significantly altered.  The Company is also required to annually analyze the initially isolated 

formulation(s) and report these results to EPA, in a cycle complementary to the 

  In addition to the annual reporting for 

the initially isolated formulation(s) of the PMN substance, the Company must annually report for 

the  starting material: (1) the average values and range of values, including outlying 

data, from the routine analyses for the analytes specified in Table 1 of the consent order and (2) 

the results of the annual analysis for the analyte specified in Table 2 of the consent order.  This 

report covers the annual reporting requirements for the initially isolated formulations of the PMN 

substance only.  The  starting material results are provided in a separate report 

because the starting material is common to PMN substances manufactured under several different 

consent orders.  The  starting material results can be found in Report P-10-19-02 

entitled, “Analysis of  Under Consent Orders: P-07-0087;  P-08-0200;  P-08-0643, 

P-08-0642, P-08-0644, and P-08-0664; P-08-0748 and P-08-0751; P-09-0245 and P-09-0246; P-

09-0293 and P-09-0294; P-10-0058, P-10-0059, and P-10-0060;  P-10-0148; P-11-0091, P-11-

0092, P-11-0093, and P-12-0450” 
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Materials and Methods 

A. Samples Analyzed

Initially Isolated Formulations of the PMN Substance

In this reporting period for the manufacture of the PMN substances covered under the 

subject consent order, there have been one (1) initially isolated formulations of the P-11-0091 

substance manufactured.  They are as follows: 

The initially isolated formulations of the PMN substance listed above were packed out 

between August 11, 2018 and August 10, 2019.  As per the consent order P-11-0091, P-11-0092, 

P-11-0093, representative samples of these formulations were analyzed for the substances

specified in Table 3 of the consent order and reported to EPA at the time of first commercial 

manufacture or import, and again if any new manufacturing facility was added or if the process of 

manufacture of the PMN substance or any intermediate thereof was significantly altered, or at least 

annually in this report.   

B. Analytical Methods

Analytical Methods for Initially Isolated Formulations of the PMN Substance

Representative samples of the initially isolated formulations of the PMN substance were 

analyzed for the analytes specified in Table 3 of the P-11-0091, P-11-0092, P-11-0093 consent 

order using methods described in detail in Report P-10-19-01 entitled:  “Analytical Methods for 

the Analysis of  and Initially Isolated Formulations of the PMN Substances 

Required Under Consent Orders:  P-07-0087;  P-08-0200;  P-08-0643, P-08-0642, P-08-0644, and 

P-08-0664;  P-08-0748 and P-08-0751; P-09-0245 and P-09-0246; P-09-0293 and P-09-0294; P-
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Home About Us

FracFocus is the national hydraulic fracturing chemical registry. It is
managed by the Ground Water Protection Council (GWPC) an
organization whose members are state government officials.
GWPC's mission is focused on conservation and environmental
protection.

This site was created to provide the general public with access to
information about chemicals used in hydraulic fracturing. To help
provide a comprehensive picture of this information and how it
corresponds to related factors, the site also provides objective
information on hydraulic fracturing, the purposes these chemicals
serve, and the steps individual companies and regulatory agencies
are taking to protect groundwater.

The primary purpose of this site is to provide factual information
about hydraulic fracturing chemical use. We do not argue for or
against the use of hydraulic fracturing as a technology, nor do we
provide a scientific analysis of risks associated with it. Although
FracFocus is not intended to replace or supplant any state

About Us

MENU 
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government information systems, it is being used by a number of
states as a means of official chemical disclosure.

FRACFOCUS

About Us

News

Terms and Conditions

Privacy Policy

EXPLORE

Wells

Chemicals

Reporting Companies

Regulations

LEARN

Hydraulic Fracturing

Groundwater Protection

Chemicals & Public Disclosure

Trade Secrets

About FracFocus

FAQ

OPERATORS

Training

Register

Login

Operator FAQ
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OVERVIEW
Home / Overview

Overview

About the Ground Water Protection Council

The Ground Water Protection Council (GWPC) is a nonpro�t 501(c)6 organization whose members
consist of state ground water regulatory agencies which come together within the GWPC organization
to mutually work toward the protection of the nation’s ground water supplies. The purpose of the
GWPC is to promote and ensure the use of best management practices and fair but e�ective laws
regarding comprehensive ground water protection.

Our Mission

The Ground Water Protection Council (GWPC) is a nonpro�t 501(c)6 organization whose members
consist of state groundwater regulatory agencies that come together within the GWPC organization to
mutually work toward the protection of the nation’s groundwater supplies. The purpose of the GWPC
is to promote and ensure the use of best management practices and fair but e�ective laws regarding
comprehensive groundwater protection, with a speci�c focus on three categories:

Our mission is to promote the protection and conservation of groundwater resources for all bene�cial
uses, recognizing ground water as a critical component of the ecosystem. We provide an important

Water/Energy

Water Quality

Water Availability & Sustainability
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forum for stakeholder communication and research in order to improve governments’ role in the
protection and conservation of groundwater.

GWPC History

Chartered by the states in 1983, the GWPC was incorporated as a nonpro�t national association,
headquartered in the State of Oklahoma.

It was initially incorporated by �ve states who wanted to form an organization that would serve as a
forum to bring together technical and regulatory experts to discuss underground injection control
(UIC) issues and overall groundwater protection. The founders also sought to develop a strong public
outreach/education program to inform the public about the safety of the national UIC program and to
develop information that could be used by the states to enhance this e�ort.

Since then the Board of Directors have enhanced GWPC’s overall commitment to broader
groundwater issues as a recognition that the UIC program is one piece of a much larger e�ort to
e�ectively protect groundwater as an essential component of the ecosystem.

The GWPC was founded upon a sound principle from which it has never wavered. It has matured into
a respected national association of state groundwater and UIC agencies. Along the way, GWPC has
had a signi�cant impact in a�ecting national policy in underground injection and groundwater
protection.

OUR MISSION IS TO PROMOTE THE PROTECTION
AND CONSERVATION OF GROUND WATER
RESOURCES.

Navigation

EVENTS

PUBLICATIONS
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Contact

Ground Water Protection Council, Inc.
13308 N MacArthur Blvd
Oklahoma City, OK 73142

405-516-4972

SIGN UP FOR OUR NEWSLETTER 
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Home Learn About FracFocus

As of 3/1/2022:

FracFocus was created in 2011 with a single purpose in mind: to
simplify the search for chemicals used in hydraulic fracturing
operations by location. This goal extended not just to providing a
one-stop resource for all relevant information, but also to ensuring
the information is clear, easy to understand, and not simply a
download of industry terminology.

The original vision began in 2010 through a partnership between the
Ground Water Protection Council  and the Interstate Oil and Gas
Compact Commission and supported by US DOE, which were aware
of and concerned about the time-consuming and inefficient
processes in place for consumers who wanted to search for this
information. In a joint effort, they began planning and seeking input
from states, academia, and technology and industry experts to place
chemical reporting data at the general public’s fingertips.

LEARN

About FracFocus

MENU 
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Today, what began as a voluntary reporting site with 37 participating
companies now receives reports from more than 1,600 companies
reporting chemicals for more than 189,000 hydraulic fracturing
operations nationwide. Because of the system’s success from both
operator and consumer perspectives, 27 states now either require or
allow companies to disclose chemical data via FracFocus.

“We’re extremely proud of FracFocus and how it has revolutionized
the standard for hydraulic fracturing chemical disclosure,” said Mike
Paque, GWPC executive director. “We’re excited about the future as
we continue to grow and evolve, allowing us to improve the user and
reporting company experiences, and to further improve public
transparency.”

In 2015, FracFocus began releasing disclosure data to the public in
machine-readable SQL format, which allows users to more easily
search and aggregate data. Site upgrades continued into 2016,
based on combined response and feedback from the reporting
companies, consumers and researchers. In 2017 FracFocus began
offering data in Comma Separated Value (CSV) format which can be
imported into MS Excel®.

The release of FracFocus 3.0 in 2016 included the following
improvements:

Stronger validation processes to improve data integrity and
accuracy
A new format for reporting chemical data that protects
proprietary information while still allowing the chemicals used
to be disclosed
Newly designed forms to improve the company and regulatory
agency user experiences when checking and completing
disclosures

As a public resource, FracFocus is always interested in your
feedback and input about your search experience on the site. We
welcome your comments.
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FracFocus Timeline

As of 4/10/2022:

April 11, 2011 – FracFocus goes live. The site begins with 37
participating companies voluntarily submitting 444 hydraulic
fracturing disclosures.
June 2011 – FracFocus reaches 1,000 disclosures.
July 2011 – Montana issues a rule allowing operators to meet
state reporting requirements by submitting chemical
information through FracFocus. Texas passes a law to the
same effect, while Louisiana begins discussion.
September 2011 – FracFocus begins using GIS interfaces for
disclosure search.
Jan. 1, 2012 – FracFocus goes international with FracFocus
Canada deployed in British Columbia and Alberta.
Summer 2012 – North Dakota, Colorado, Oklahoma,
Louisiana and Pennsylvania begin requiring disclosure to
FracFocus, bringing the total to seven states.
Fall 2012 - US DOE begins providing funding for FracFocus
expansion and support, Initial funding used specifically for the
upgrade of FracFocus to version 2.0.
June 2013 – FracFocus 2.0 is released, allowing users to
more efficiently search for well site chemical information. A
new and improved XML platform gives users the option to
search and pull reports by date ranges, chemical names or
CAS numbers. Additional improvements in data validation and
error trapping are made to the system.
September 2013 – Eight more states now require chemical
disclosure through FracFocus: South Dakota, Utah, Nebraska,
Alabama, Mississippi, Ohio, Tennessee and West Virginia.
April 2015 – Another eight states now require chemical
disclosures to FracFocus: California, Nevada, Idaho, Kansas,
Kentucky, North Carolina, Michigan and Alaska.
July 2015 – Due to public demand, FracFocus begins
releasing disclosure data to the public in machine-readable
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(SQL) format, allowing FracFocus users and researchers to
more easily search and aggregate data.
October 2015 – The number of disclosures for hydraulic
fracturing operations surpasses 100,000 – in all, FracFocus
sees 106,132 disclosures from operations nationwide with 974
reporting companies.
June 2016 – FracFocus 3.0 goes live, providing stronger
validation processes to improve data integrity, which in turn
makes data more valuable for researchers and the public; a
new format for reporting company data entry, which should
decrease the use of trade secrets in disclosures, thereby
providing more public transparency; and newly designed
forms to improve the company and regulatory agency user
experiences when checking and completing disclosures.
Additional data downloaded also provided for public
transparency.
June 2020 - FracFocus launches new public website (this site)
July 2020 - Milestone of 175,000 disclosures submitted
reached
May 2021 - Updated Website Hardware and Security
Frameworks updates on FracFocus servers
August 2021 - FracFocus is used as the only national
regulatory reporting system for 27 Oil and Gas States. It
contains over 184,000 disclosures with over 5 million
chemicals records coming from more than 1,600 registered
companies.
December 2021 - FracFocus design for the next version is
ongoing with expected development of FracFocus 4.0 in 2022.
2023 - FracFocus 4.0 slated for release, enabling reporting of
water used in hydraulic fracturing jobs by source and quality.

“FracFocus is a victory for transparency and good governance, and
an example of what is possible when the industry works with state
regulators and environmental groups to solve urgent challenges in
managing the local impacts of hydraulic fracturing. FracFocus
remains one of the best national repositories of oil and gas data, and
paves the way for a new era of open data in this field.”
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– Adam Peltz, Environmental Defense Fund
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Operated by XTO Energy/ExxonMobil
API: 30-015-42928-00-00

State County
Indian

Well

Federal

Well

New
Mexico

Eddy No Yes

Disclosure(s) for Corral Canyon
Federal #16H

⤢
Map Satellite

MENU �
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Job Completed: 6/2/2018

Total Base Water Volume: 23,193,912

Total Base Non-Water Volume: 0

True Vertical Depth: 8,602

Hydraulic Fracturing Fluid

Composition

Ingredient CAS Number % HF Fluid

Water 7732-18-5 86.94200
Crystalline Silica,
quartz 14808-60-7 9.81299

Crystalline Silica,
quartz 14808-60-7 1.56375

*Quartz (SiO2) 14808-60-7 1.23286
Water 7732-18-5 0.20147
Aluminum Oxide 1344-28-1 0.10805
Castor Oil 8001-79-4 0.06290
Distillates (Petroleum),
Hydrotreated Light 64742-47-8 0.04869

Guar Gum 9000-30-0 0.04869
Ammonium Persulfate 7727-54-0 0.03537
Water 7732-18-5 0.03233
Hydrochloric Acid 7647-01-0 0.02239
2-Propenoic acid, polymer
with 2-propenamide,
sodium salt

25987-30-8 0.02064

Distillates (Petroleum),
Hydrotreated Light 64742-47-8 0.02064

Aluminum Oxide 1344-28-1 0.01722
Buffering agents Proprietary0.01513
Iron Oxide 1309-37-1 0.01258
vinylidene chloride-
methyl acrylate copolymer25038-72-6 0.01061

PDF Disclosure Form

10/11/24, 2:30 PM Disclosure
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Ingredient CAS Number % HF Fluid

Iron Oxide 1309-37-1 0.00982
Titanium Oxide 13463-67-7 0.00982
Bentonite 1302-78-9 0.00406
Alcohols, C11-14-iso-,
C13-rich, ethoxylated 78330-21-9 0.00344

Alcohols, C9-11-iso-,
C10-rich, ethoxylated
propoxylated

68002-97-1 0.00244

Proprietary Proprietary0.00206
Iron Oxide 1309-37-1 0.00157
Titanium Oxide 13463-67-7 0.00157
Water 7732-18-5 0.00094
Trisodium
Nitrilotriacetate 5064-31-3 0.00078

Hydrated magnesium
silicate 14807-96-6 0.00035

Ethylene Glycol 107-21-1 0.00031
Water 7732-18-5 0.00024
Glycerin 56-81-5 0.00021
Poly(tetrafluoroethylene)9002-84-0 0.00018
Dimethylformamide 68-12-2 0.00016
2-Butoxyethanol 111-76-2 0.00012
Cinnamaldehyde 104-55-2 0.00012
Tar bases, quinoline
derivs, benzyl chloride-
quaternized

72480-70-7 0.00012

Alkyl (C10-16) dimethyl
amine oxide 70592-80-2 0.00010

Diethylene glycol
monomethyl ether 111-77-3 0.00010

Sodium dioctyl
sulfosuccinate 577-11-7 0.00010

Acrylamide as residual 79-06-1 0.00007
1-DECANOL 112-30-1 0.00004
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Ingredient CAS Number % HF Fluid

Poly(oxy-1,2-
ethanediyl),alpha-(4-
nonylphenyl)-omega
hydroxy-, branched

127087-87-00.00004

1-OCTANOL 111-87-5 0.00002
Isopropanol 67-63-0 0.00002
Triethyl Phosphate 78-40-0 0.00002
Alcohols, C10-14,
ethoxylated 66455-15-0 0.00002

CRYSTALLINE QUARTZ 14808-60-7 0.00001
Tar Bases, Quinoline
Derivs. 68513-87-1 0.00001

Total Water Volume sources may include various types of water including fresh water, produced water,

and recycled water. Information is based on the maximum potential for concentration and thus the total

may be over 100%.
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< BACK TO SEARCH

Operated by EOG Resources, Inc.
API: 30-025-42386-00-00

State County
Indian

Well

Federal

Well

New
Mexico

Lea No No

Disclosure(s) for FRAZIER 34
STATE COM #501H

⤢
Map Satellite

MENU �
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Job Completed: 5/8/2015

Total Base Water Volume: 7,568,389.08

Total Base Non-Water Volume: 0

True Vertical Depth: 11,167.906

Hydraulic Fracturing Fluid

Composition

Ingredient CAS Number % HF Fluid

Water 7732-18-5 89.26440
Crystalline Silica 14808-60-7 9.77915
Water 7732-18-5 0.68496
Hydrochloric Acid 7647-01-0 0.05137
Diethanolamide NA 0.01620
Methanol 67-56-1 0.01620
Isopropyl Alcohol 67-63-0 0.01368
Polyoxyalkylene
glycol butyl ether 9004-77-7 0.01157

Hydrotreated Light
Distillates 64742-47-8 0.00839

Water 7732-18-5 0.00769
Poly (acrylamide-co-
acrylic acid),
partial sodium salt

62649-23-4 0.00673

Paraffinic,
Naphthenic Solvent 64742-47-8 0.00577

Ammonium Chloride 12125-02-9 0.00360

Nonionic Surfactants Trade
Secret 0.00192

Ethoxylated Nonyl
Phenol-Formaldehyde
Resin

30846-35-6 0.00171

Polymers Derived from
Fatty Acids

Trade
Secret 0.00171

PDF Disclosure Form
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Ingredient CAS Number % HF Fluid

C10-C16 Ethoxylated
Alcohols Mixture 0.00120

Ammonium Chloride 12125-02-9 0.00096
Sodium Chloride 7647-14-5 0.00096
Heavy Aromatic Naptha64742-94-5 0.00085
Water 7732-18-5 0.00066
Trisodium
Nitrilotriacetate 5064-31-3 0.00044

Benzyl alkyl
pyridinyl quaternary
ammonium chloride

68909-18-2 0.00036

Methyl Alcohol 67-56-1 0.00031
Methyl Alcohol 67-56-1 0.00029
Charcoal 7440-44-0 0.00028
Citric Acid 77-92-9 0.00025
Water 7732-18-5 0.00023
Dimer Fatty Acids Proprietary0.00017
Fluoroalkyl Alcohol
Substituted
Polyethylene Glycol

65545-80-4 0.00017

Naphthalene 91-20-3 0.00017
Polyethylene Glycol 25322-68-3 0.00017
Vegetable Oil Proprietary0.00017
Polyethoxylated
Alcohol Surfactant 68951-67-7 0.00015

Thiourea/Formaldehyde
Copolymer 68527-49-1 0.00015

Propargyl Alcohol 107-19-7 0.00005

Inert Ingredients Trade
Secret 0.00003

Sulfamic Acid 5329-14-6 0.00003
1,4-Dioxane 123-91-1 0.00002
C-14 to C-16 Alpha
Olefins 64743-02-8 0.00002
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Ingredient CAS Number % HF Fluid

Dipropylene Glycol
Methyl Ether 34590-94-8 0.00002

Sodium Sulfate
Anhydrous 7757-82-6 0.00002

Water 7732-18-5 0.00002
Sodium Hydroxide 1310-73-2 0.00001
No Hazardous
Ingredients NA 0.00000

No Hazardous
Ingredients NA 0.00000

Total Water Volume sources may include various types of water including fresh water, produced water,

and recycled water. Information is based on the maximum potential for concentration and thus the total

may be over 100%.
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PFAS Master List of PFAS
Substances (RETIRED) Polytetrauoroethylene

9002-84-0 | DTXSID7047724
Searched by DTXSID7047724.

Wikipedia

Polytetra�uoroethylene (PTFE) is a synthetic �uoropolymer of tetra�uoroethylene,

and has numerous applications because it is chemically inert. The commonly known

brand name of PTFE-based composition is Te�on by Chemours, a spin-off from

DuPont, which originally discovered the compound in 1938. Polytetra�uoroethylene

is a �uorocarbon solid, as it is a high-molecular-weight polymer consisting wholly of

carbon and �uorine. PTFE is hydrophobic: neither water

Read more

Quality Control Notes

(C2F4)x; Polymer type: Fluoropolymer, Polyvinyl; Record was reviewed with Common Chemis

Intrinsic Properties

Presence in Lists

Chemical Details







 MOL FILE



Federal

EPA|CHEMINV: EPA Chemical Inventory for ToxCast (20170203)

EPA|CHEMINV: EPA ToxCast ChemInventory DMSO Insolubles at 20mM

Chemical and Products Database v1 EPA|ENDOCRINE: EDSP Universe of Chemicals

WATER|EPA; Chemicals associated with hydraulic fracturing

WATER|EPA; Chemicals in hydraulic fracturing uids Table H-2

EPA|EPA Substance Registry Service (January 2023)

FDA Orange Book: Approved Drug Products with Therapeutic Equivalence Evaluations

LIST: FDA UNII List April 12th 2021 Download PESTICIDES: InertFinder

EPA: Toxicity Values Version 5 (Aug 2018)

TSCA Active Inventory non-con¬dential portion (updated February 3rd 2021)

TSCA Active Inventory non-con¬dential portion (updated March 23rd 2022)

TSCA Active Inventory non-con¬dential portion (Updated February 17th 2023)

TSCA Active Inventory non-con¬dential portion (Updated February 26th 2024)
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Record Information

Canadian Domestic Substances List 2019

IARC: Group 3: Not classi¬able as to its carcinogenicity to humans

PFAS: List from the Swedish Chemicals Agency (KEMI) Report

PFAS: Listed in OECD Global Database

Other

ARTICLE: Collaborative Modeling Project for Androgen Receptor Activity (COMPARA)

Navigation Panel to CPDat Versioned Structure Lists Chemical and Products Database v2

PLASTICS|NORMAN: Database of Chemicals possibly (List B) associated with Plastic Packaging (CPPdb)

EPA Substance Registry Service (October 2022)

EPA|EPA Substance Registry Service (November 2023) CATEGORY: Flame Retardants

Food Contact Chemicals database (FCCdb) - version 5
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Poly(oxy-1,2-ethanediyl), alpha-hydr…
65545-80-4 | DTXSID6049727
Searched by DTXSID6049727.

Quality Control Notes

No Quality Control notes

Intrinsic Properties

Presence in Lists

Chemical Details





 MOL FILE



Federal

CDR: Chemical Data Reporting 2016 CDR: Chemical Data Reporting 2020

Chemical and Products Database v1 EPA|ENDOCRINE: EDSP Universe of Chemicals

WATER|EPA; Chemicals associated with hydraulic fracturing

WATER|EPA; Chemicals in hydraulic fracturing uids Table H-2

EPA|EPA Substance Registry Service (January 2023) PESTICIDES: InertFinder

PFAS: Navigation Panel to PFAS Toxics Release Inventory Lists

PFAS: PFAS to the Toxics Release Inventory (TRI) Program by the National Defense Authorization Act (Version 1)

EPA: Toxicity Values Version 5 (Aug 2018) EPA: Toxics Release Inventory
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International

Canadian Domestic Substances List 2019
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Other
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Record Information

Food Contact Chemicals database (FCCdb) - version 5

WATER|NORMAN: Wastewater Suspect List based on Swedish Product Data



Data Quality:

Level 1: Expert curated, highest con¬dence in accuracy and consistency of unique chemical

identi¬ers

Citation: U.S. Environmental Protection Agency. Comptox Chemicals Dashboard.
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Disclaimer 

This document has been reviewed in accordance with U.S. Environmental Protection Agency policy 
and approved for publication. Mention of trade names or commercial products does not constitute 
endorsement or recommendation for use. 
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Preface 

Hydraulic fracturing is a technique used to increase oil and gas production from underground oil- 
or gas-bearing rock formations. Since the mid-2000s, the combination of hydraulic fracturing and 
directional drilling has become widespread, raising concerns about the potential impacts of 
hydraulic fracturing on drinking water resources. This concern is the focus of this report.  

In 2010, the U.S. Environmental Protection Agency (EPA) initiated a study of the potential impacts 
of hydraulic fracturing activities on drinking water resources. The EPA defined the scope of its 
study to focus on the acquisition, use, disposal, and reuse of water used for hydraulic fracturing—
what we call the hydraulic fracturing water cycle. This was done in recognition that concerns raised 
about potential impacts were not limited to the relatively short-term act of fracturing rock, but can 
include impacts related to other activities associated with hydraulic fracturing. 

The EPA’s study included the development of multiple research projects using the following 
research approaches: the analysis of existing data, scenario and modeling evaluations, laboratory 
studies, toxicological assessments, and five case studies. Throughout the study, the EPA engaged 
with stakeholders, including industry, the states, tribal nations, academia, and others, for input on 
the scope, approach, and initial results. To date, the study has resulted in the publication of multiple 
peer-reviewed scientific products, including 13 EPA technical reports and 14 journal articles. 

This report represents the capstone product of the EPA’s hydraulic fracturing drinking water study. 
It captures the state-of-the-science concerning drinking water impacts from activities in the 
hydraulic fracturing activities water cycle and integrates the results of the EPA’s study of the 
subject with approximately 1,200 other publications and sources of information. The goals of this 
report were to assess the potential for activities in the hydraulic fracturing water cycle to impact 
the quality or quantity of drinking water resources and to identify factors that affect the frequency 
or severity of those impacts.  

This report is a science document and does not present or evaluate policy options or make policy 
recommendations. A draft of this report was reviewed by the EPA’s independent Science Advisory 
Board (SAB). Reflecting the complexity of the subject, the expert ad hoc panel formed by the SAB 
was the largest ever convened for the review of a scientific product. Combined with over 100,000 
comments submitted by members of the public, SAB comments helped the EPA to refine, clarify, 
and better support the final conclusions presented in this report. 

The release of this final assessment report marks the completion of the EPA’s hydraulic fracturing 
drinking water study. The study has already prompted increased dialogue among industry, the 
states, tribal nations, the public, and others concerning how drinking water resources can be better 
protected in areas where hydraulic fracturing is occurring or being considered. However, there are 
data gaps and uncertainties limiting our understanding of the impacts of hydraulic fracturing 
activities on drinking water resources. As additional data become available, and with continued 
dialogue among stakeholders, our understanding of the potential impacts of hydraulic fracturing on 
drinking water resources will improve.
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Executive Summary 
People rely on clean and plentiful water resources to meet their basic needs, including drinking, 
bathing, and cooking. In the early 2000s, members of the public began to raise concerns about 
potential impacts on their drinking water from hydraulic fracturing at nearby oil and gas 
production wells. In response to these concerns, Congress urged the U.S. Environmental Protection 
Agency (EPA) to study the relationship between hydraulic fracturing for oil and gas and drinking 
water in the United States.  

The goals of the study were to assess the potential for activities in the hydraulic fracturing water 
cycle to impact the quality or quantity of drinking water resources and to identify factors that affect 
the frequency or severity of those impacts. To achieve these goals, the EPA conducted independent 
research, engaged stakeholders through technical workshops and roundtables, and reviewed 
approximately 1,200 cited sources of data and information. The data and information gathered 
through these efforts served as the basis for this report, which represents the culmination of the 
EPA’s study of the potential impacts of hydraulic fracturing for oil and gas on drinking water 
resources.  

The hydraulic fracturing water cycle describes the use of water in hydraulic fracturing, from water 
withdrawals to make hydraulic fracturing fluids, through the mixing and injection of hydraulic 
fracturing fluids in oil and gas production wells, to the collection and disposal or reuse of produced 
water. These activities can impact drinking water resources under some circumstances. Impacts 
can range in frequency and severity, depending on the combination of hydraulic fracturing water 
cycle activities and local- or regional-scale factors. The following combinations of activities and 
factors are more likely than others to result in more frequent or more severe impacts: 

• Water withdrawals for hydraulic fracturing in times or areas of low water availability, 
particularly in areas with limited or declining groundwater resources;  

• Spills during the management of hydraulic fracturing fluids and chemicals or produced 
water that result in large volumes or high concentrations of chemicals reaching 
groundwater resources;  

• Injection of hydraulic fracturing fluids into wells with inadequate mechanical integrity, 
allowing gases or liquids to move to groundwater resources; 

• Injection of hydraulic fracturing fluids directly into groundwater resources;  

• Discharge of inadequately treated hydraulic fracturing wastewater to surface water 
resources; and 

• Disposal or storage of hydraulic fracturing wastewater in unlined pits, resulting in 
contamination of groundwater resources. 

The above conclusions are based on cases of identified impacts and other data, information, and 
analyses presented in this report. Cases of impacts were identified for all stages of the hydraulic 
fracturing water cycle. Identified impacts generally occurred near hydraulically fractured oil and 
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gas production wells and ranged in severity, from temporary changes in water quality to 
contamination that made private drinking water wells unusable.  

The available data and information allowed us to qualitatively describe factors that affect the 
frequency or severity of impacts at the local level. However, significant data gaps and uncertainties 
in the available data prevented us from calculating or estimating the national frequency of impacts 
on drinking water resources from activities in the hydraulic fracturing water cycle. The data gaps 
and uncertainties described in this report also precluded a full characterization of the severity of 
impacts.  

The scientific information in this report can help inform decisions by federal, state, tribal, and local 
officials; industry; and communities. In the short-term, attention could be focused on the 
combinations of activities and factors outlined above. In the longer-term, attention could be focused 
on reducing the data gaps and uncertainties identified in this report. Through these efforts, current 
and future drinking water resources can be better protected in areas where hydraulic fracturing is 
occurring or being considered.  

Drinking Water Resources in the United States 

In this report, drinking water resources are defined as any water that now serves, or in the future 
could serve, as a source of drinking water for public or private use. This includes both surface water 
resources and groundwater resources (Text Box ES-1). In 2010, approximately 58% of the total 
volume of water withdrawn for public and non-public water supplies came from surface water 
resources and approximately 42% came from groundwater resources (Maupin et al., 2014).1 Most 
people (86% of the population) in the United States relied on public water supplies for their 
drinking water in 2010, and approximately 14% of the population obtained drinking water from 
non-public water supplies. Non-public water supplies are often private water wells that supply 
drinking water to a residence.  

Future access to high-quality drinking water in the United States will likely be affected by changes 
in climate and water use. Since 2000, about 30% of the total area of the contiguous United States 
has experienced moderate drought conditions and about 20% has experienced severe drought 
conditions. Declines in surface water resources have led to increased withdrawals and net 
depletions of groundwater in some areas. As a result, non-fresh water resources (e.g., wastewater 
from sewage treatment plants, brackish groundwater and surface water, and seawater) are 
increasingly treated and used to meet drinking water demand. 

Natural processes and human activities can affect the quality and quantity of current and future 
drinking water resources. This report focuses on the potential for activities in the hydraulic 
fracturing water cycle to impact drinking water resources; other processes or activities are not 
discussed. 

                                                            
1 Public water systems provide water for human consumption from surface or groundwater through pipes or other 
infrastructure to at least 15 service connections or serve an average of at least 25 people for at least 60 days a year. Non-
public water systems have fewer than 15 service connections and serve fewer than 25 individuals.  
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Text Box ES-1. Drinking Water Resources. 

In this report, drinking water resources are considered to be any water that now serves, or in the future could 
serve, as a source of drinking water for public or private use. This includes both surface water bodies and 
underground rock formations that contain water.  

Surface water resources include water bodies located on the surface of the Earth. Rivers, springs, lakes, and 
reservoirs are examples of surface water resources. Water quality and quantity are often considered when 
determining whether a surface water resource could be used as a drinking water resource. 

 
Groundwater resources are underground rock formations that contain water. Groundwater resources are found at 
different depths nearly everywhere in the United States. Resource depth, water quality, and water yield are often 
considered when determining whether a groundwater resource could be used as a drinking water resource. 

Hydraulic Fracturing for Oil and Gas in the United States 

Hydraulic fracturing is frequently used to enhance oil and gas production from underground rock 
formations and is one of many activities that occur during the life of an oil and gas production well 
(Figure ES-1). During hydraulic fracturing, hydraulic fracturing fluid is injected down an oil or gas 
production well and into the targeted rock formation under pressures great enough to fracture the 
oil- and gas-bearing rock.1 The hydraulic fracturing fluid usually carries proppant (typically sand) 
into the newly-created fractures to keep the fractures “propped” open. After hydraulic fracturing, 
oil, gas, and other fluids flow through the fractures and up the production well to the surface, where 
they are collected and managed. 

                                                            
1 The targeted rock formation (sometimes called the “target zone” or “production zone”) is the portion of a subsurface 
rock formation that contains the oil or gas to be extracted. 
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Figure ES-1. General timeline and summary of activities at a hydraulically fractured oil or gas 
production well. 

Hydraulically fractured oil and gas production wells have significantly contributed to the surge in 
domestic oil and gas production, accounting for slightly more than 50% of oil production and nearly 
70% of gas production in 2015 (EIA, 2016c, d). The surge occurred when hydraulic fracturing was 
combined with directional drilling technologies around 2000. Directional drilling allows oil and gas 
production wells to be drilled horizontally or directionally along the targeted rock formation, 
exposing more of the oil- or gas-bearing rock formation to the production well. When combined 
with directional drilling technologies, hydraulic fracturing expanded oil and gas production to oil- 
and gas-bearing rock formations previously considered uneconomical. Although hydraulic 
fracturing is commonly associated with oil and gas production from deep, horizontal wells drilled 
into shale (e.g., the Marcellus Shale in Pennsylvania or the Bakken Shale in North Dakota), it has 
been used in a variety of oil and gas production wells (Text Box ES-2) and other types of oil- or gas-
bearing rock (e.g., sandstone, carbonate, and coal). 

Approximately 1 million wells have been hydraulically fractured since the technique was first 
developed in the late 1940s (Gallegos and Varela, 2015; IOGCC, 2002). Roughly one third of those 
wells were hydraulically fractured between 2000 and approximately 2014. Wells hydraulically 
fractured between 2000 and 2013 were located in pockets of activity across the United States 
(Figure ES-2). Based on several different data compilations, we estimate that 25,000 to 30,000 new 
wells were drilled and hydraulically fractured in the United States each year between 2011 and 
2014, in addition to existing wells that were hydraulically fractured to increase production.1 
Following the decline in oil and gas prices, the number of new wells drilled and hydraulically 
fractured appears to have decreased, with about 20,000 new wells drilled and hydraulically 
fractured in 2015. 

                                                            
1 See Table 3-1 in Chapter 3. 
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Text Box ES-2. Hydraulically Fractured Oil and Gas Production Wells. 

Hydraulically fractured oil and gas production wells come in different shapes and sizes. They can have different 
depths, orientations, and construction characteristics. They can include new wells (i.e., wells that are hydraulically 
fractured soon after construction) and old wells (i.e., wells that are hydraulically fractured after producing oil and 
gas for some time). 
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Figure ES-2. Locations of approximately 275,000 wells that were drilled and likely 
hydraulically fractured between 2000 and 2013. 
Data from DrillingInfo (2014a). 

Hydraulically fractured oil and gas production wells can be located near or within sources of 
drinking water. Between 2000 and 2013, approximately 3,900 public water systems were 
estimated to have had at least one hydraulically fractured well within 1 mile of their water source; 
these public water systems served more than 8.6 million people year-round in 2013. An additional 
3.6 million people were estimated to have obtained drinking water from non-public water supplies 
in counties with at least one hydraulically fractured well.1 Underground, hydraulic fracturing can 
occur in close vertical proximity to drinking water resources. In some parts of the United States 
(e.g., the Powder River Basin in Montana and Wyoming), there is no vertical distance between the 
top of the hydraulically fractured oil- or gas-bearing rock formation and the bottom of treatable 
water, as determined by data from state oil and gas agencies and state geological survey data.2 In 
other parts of the country (e.g., the Eagle Ford Shale in Texas), there can be thousands of feet of 
                                                            
1 This estimate only includes counties in which 30% or more of the population (i.e., two or more times the national 
average) relied on non-public water supplies in 2010. See Section 2.5 in Chapter 2.  
2 In these cases, water that is naturally found in the oil- and gas-bearing rock formation meets the definition of drinking 
water in some parts of the basin. See Section 6.3.2 in Chapter 6. 
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rock that separate treatable water from the hydraulically fractured oil- or gas-bearing rock 
formation. When hydraulically fractured oil and gas production wells are located near or within 
drinking water resources, there is a greater potential for activities in the hydraulic fracturing water 
cycle to impact those resources.  

Approach: The Hydraulic Fracturing Water Cycle 

The EPA studied the relationship between hydraulic fracturing for oil and gas and drinking water 
resources using the hydraulic fracturing water cycle (Figure ES-3). The hydraulic fracturing water 
cycle has five stages; each stage is defined by an activity involving water that supports hydraulic 
fracturing. The stages and activities of the hydraulic fracturing water cycle include:  

• Water Acquisition: the withdrawal of groundwater or surface water to make hydraulic 
fracturing fluids;

• Chemical Mixing: the mixing of a base fluid (typically water), proppant, and additives at 
the well site to create hydraulic fracturing fluids;1

• Well Injection: the injection and movement of hydraulic fracturing fluids through the oil 
and gas production well and in the targeted rock formation;

• Produced Water Handling: the on-site collection and handling of water that returns to 
the surface after hydraulic fracturing and the transportation of that water for disposal or 
reuse;2 and

• Wastewater Disposal and Reuse: the disposal and reuse of hydraulic fracturing 
wastewater.3 

Potential impacts on drinking water resources from the above activities are considered in this 
report. We do not address other concerns that have been raised by stakeholders about hydraulic 
fracturing (e.g., potential air quality impacts or induced seismicity) or other oil and gas exploration 
and production activities (e.g., environmental impacts from site selection and development), as 
these were not included in the scope of the study. Additionally, this report is not a human health 
risk assessment; it does not identify populations exposed to hydraulic fracturing-related chemicals, 
and it does not estimate the extent of exposure or estimate the incidence of human health impacts. 

1 A base fluid is the fluid into which proppants and additives are mixed to make a hydraulic fracturing fluid; water is an 
example of a base fluid. Additives are chemicals or mixtures of chemicals that are added to the base fluid to change its 
properties. 
2 “Produced water” is defined in this report as water that flows from and through oil and gas wells to the surface as a by-
product of oil and gas production. 
3 “Hydraulic fracturing wastewater” is defined in this report as produced water from hydraulically fractured oil and gas 
wells that is being managed using practices that include, but are not limited to, injection in Class II wells, reuse in other 
hydraulic fracturing operations, and various aboveground disposal practices. The term “wastewater” is being used as a 
general description of certain waters and is not intended to constitute a term of art for legal or regulatory purposes. Class 
II wells are used to inject wastewater associated with oil and gas production underground and are regulated under the 
Underground Injection Control Program of the Safe Drinking Water Act. 
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Figure ES-3. The five stages of the hydraulic fracturing water cycle.  
The stages (shown in the insets) identify activities involving water that support hydraulic fracturing for oil and gas. 
Activities may take place in the same watershed or different watersheds and close to or far from drinking water 
resources. Thin arrows in the insets depict the movement of water and chemicals. Specific activities in the 
“Wastewater Disposal and Reuse” inset include (a) disposal of wastewater through underground injection, (b) 
wastewater treatment followed by reuse in other hydraulic fracturing operations or discharge to surface waters, 
and (c) disposal through evaporation or percolation pits. 

Each stage of the hydraulic fracturing water cycle was assessed to identify (1) the potential for 
impacts on drinking water resources and (2) factors that affect the frequency or severity of impacts. 
Specific definitions used in this report are provided below: 

• An impact is any change in the quality or quantity of drinking water resources, regardless 
of severity, that results from an activity in the hydraulic fracturing water cycle.  

• A factor is a feature of hydraulic fracturing operations or an environmental condition that 
affects the frequency or severity of impacts. 

• Frequency is the number of impacts per a given unit (e.g., geographic area, unit of time, 
number of hydraulically fractured wells, or number of water bodies).  

• Severity is the magnitude of change in the quality or quantity of a drinking water resource 
as measured by a given metric (e.g., duration, spatial extent, or contaminant 
concentration). 

WG Ex. 34

1167



Executive Summary 

ES-11 

Factors affecting the frequency or severity of impacts were identified because they describe 
conditions under which impacts are more or less likely to occur and because they could inform the 
development of future strategies and actions to prevent or reduce impacts. Although no attempt 
was made to identify or evaluate best practices, ways to reduce the frequency or severity of impacts 
from activities in the hydraulic fracturing water cycle are described in this report when they were 
reported in the scientific literature. Laws, regulations, and policies also exist to protect drinking 
water resources, but a comprehensive summary and broad evaluation of current or proposed 
regulations and policies was beyond the scope of this report. 

Relevant scientific literature and data were evaluated for each stage of the hydraulic fracturing 
water cycle. Literature included articles published in science and engineering journals, federal and 
state government reports, non-governmental organization reports, and industry publications. Data 
sources included federal- and state-collected data sets, databases maintained by federal and state 
government agencies, other publicly available data, and industry data provided to the EPA.1 The 
relevant literature and data complement research conducted by the EPA under its Plan to Study the 
Potential Impacts of Hydraulic Fracturing on Drinking Water Resources (Text Box ES-3). 

Text Box ES-3. The EPA’s Study of the Potential Impacts of Hydraulic Fracturing for Oil and 
Gas on Drinking Water Resources. 

The EPA’s study is the first national study of the potential impacts of hydraulic fracturing for oil and gas on drinking 
water resources. It included independent research projects conducted by EPA scientists and contractors and a 
state-of-the-science assessment of available data and information on the relationship between hydraulic fracturing 
and drinking water resources (i.e., this report).  

Throughout the study, the EPA consulted with the Agency’s independent Science Advisory Board (SAB) on the 
scope of the study and the progress made on the research projects. The SAB also conducted a peer review of both 
the Plan to Study the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources (U.S. EPA, 2011d; 
referred to as the Study Plan in this report) and a draft of this report.  

Stakeholder engagement also played an important role in the development and implementation of the study. 
While developing the scope of the study, the EPA held public meetings to get input from stakeholders on the study 
scope and design. While conducting the study, the EPA requested information from the public and engaged with 
technical, subject-matter experts on topics relevant to the study in a series of technical workshops and 
roundtables. For more information on the EPA’s study, including the role of the SAB and stakeholders, visit 
www.epa.gov/hfstudy.  

1 Industry data was provided to the EPA in response to two separate information requests to oil and gas service 
companies and oil and gas production well operators. Some of these data were claimed as confidential business 
information under the Toxic Substances Control Act and were treated as such in this report.  
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A draft of this report underwent peer review by the EPA’s Science Advisory Board (SAB). The SAB is 
an independent federal advisory committee that often conducts peer reviews of high-profile 
scientific matters relevant to the EPA. Members of the SAB and ad hoc panels formed under the 
auspices of the SAB are nominated by the public and selected based on factors such as technical 
expertise, knowledge, experience, and absence of any real or perceived conflicts of interest. Peer 
review comments provided by the SAB and public comments submitted to the SAB during their 
peer review, including comments on major conclusions and technical content, were carefully 
considered in the development of this final document. 

A summary of the activities in the hydraulic fracturing water cycle and their potential to impact 
drinking water resources is provided below, including what is known about human health hazards 
associated with chemicals identified across all stages of the hydraulic fracturing water cycle. 
Additional details are available in the full report. 

Water Acquisition  

Activity: The withdrawal of groundwater or surface water to make hydraulic fracturing fluids. 

Relationship to Drinking Water Resources: Groundwater and surface water resources that 
provide water for hydraulic fracturing fluids can also provide drinking water for public or non-
public water supplies. 

Water is the major component of nearly all hydraulic fracturing fluids, typically making up 90–97% 
of the total fluid volume injected into a well. The median volume of water used, per well, for 
hydraulic fracturing was approximately 1.5 million gallons (5.7 million liters) between January 
2011 and February 2013, as reported in FracFocus 1.0 (Text Box ES-4). There was wide variation in 
the water volumes reported per well, with 10th and 90th percentiles of 74,000 gallons (280,000 
liters) and 6 million gallons (23 million liters) per well, respectively. There was also variation in 
water use per well within and among states (Table ES-1). This variation likely results from several 
factors, including the type of well, the fracture design, and the type of hydraulic fracturing fluid 
used. An analysis of hydraulic fracturing fluid data from Gallegos et al. (2015) indicates that water 
volumes used per well have increased over time as more horizontal wells have been drilled. 

Water used for hydraulic fracturing is typically fresh water taken from available groundwater 
and/or surface water resources located near hydraulically fractured oil and gas production wells. 
Water sources can vary across the United States, depending on regional or local water availability; 
laws, regulations, and policies; and water management practices. Hydraulic fracturing operations in 
the humid eastern United States generally rely on surface water resources, whereas operations in 
the arid and semi-arid western United States generally rely on groundwater or surface water. 
Geographic differences in water use for hydraulic fracturing are illustrated in Figure ES-4, which 
shows that most of the water used for hydraulic fracturing in the Marcellus Shale region of the 
Susquehanna River Basin came from surface water resources between approximately 2008 and 
2013. In comparison, less than half of the water used for hydraulic fracturing in the Barnett Shale 
region of Texas came from surface water resources between approximately 2011 and 2013. 
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Text Box ES-4. FracFocus Chemical Disclosure Registry. 

The FracFocus Chemical Disclosure Registry is a publicly-accessible website (www.fracfocus.org) managed by the 
Ground Water Protection Council (GWPC) and the Interstate Oil and Gas Compact Commission (IOGCC). Oil and gas 
production well operators can disclose information at this website about water and chemicals used in hydraulic 
fracturing fluids at individual wells. In many states where oil and gas production occurs, well operators are 
required to disclose to FracFocus well-specific information on water and chemical use during hydraulic fracturing.  

The GWPC and the IOGCC provided the EPA with over 39,000 PDF disclosures submitted by well operators to 
FracFocus (version 1.0) before March 1, 2013. Data in the disclosures were extracted and compiled in a project 
database, which was used to conduct analyses on water and chemical use for hydraulic fracturing. Analyses were 
conducted on over 38,000 unique disclosures for wells located in 20 states that were hydraulically fractured 
between January 1, 2011, and February 28, 2013.  

Despite the challenge of adapting a dataset originally created for local use and single-PDF viewing to answer 
broader questions, the project database created by the EPA provided substantial insight into water and chemical 
use for hydraulic fracturing. The project database represents the data reported to FracFocus 1.0 rather than all 
hydraulic fracturing that occurred in the United States during the study time period. The project database is an 
incomplete picture of all hydraulic fracturing due to voluntary reporting in some states for certain time periods (in 
the absence of state reporting requirements), the omission of information on confidential chemicals from 
disclosures, and invalid or erroneous information in the original disclosures or created during the development of 
the database. The development of FracFocus 2.0, which became the exclusive reporting mechanism in June 2013, 
was intended to increase the quality, completeness, and consistency of the data submitted by providing 
dropdown menus, warning and error messages during submission, and automatic formatting of certain fields. The 
GWPC has announced additional changes and upgrades for FracFocus 3.0 to enhance data searchability, increase 
system security, provide greater data accuracy, and further increase data transparency. 

Table ES-1. Water use per hydraulically fractured well between January 2011 and February 2013. 
Medians and percentiles were calculated from data submitted to FracFocus 1.0 (Appendix B). 

State Number of FracFocus 
1.0 disclosures 

Median volume per 
well (gallons) 

10th percentile 
(gallons) 

90th percentile 
(gallons) 

Arkansas 1,423 5,259,965 3,234,963 7,121,249 
California 711 76,818 21,462 285,306 
Colorado 4,898 463,462 147,353 3,092,024 
Kansas 121 1,453,788 10,836 2,227,926 
Louisiana 966 5,077,863 1,812,099 7,945,630 
Montana 207 1,455,757 367,326 2,997,552 
New Mexico 1,145 175,241 35,638 1,871,666 
North Dakota 2,109 2,022,380 969,380 3,313,482 
Ohio 146 3,887,499 2,885,568 5,571,027 
Oklahoma 1,783 2,591,778 1,260,906 7,402,230 
Pennsylvania 2,445 4,184,936 2,313,649 6,615,981 
Texas 16,882 1,420,613 58,709 6,115,195 
Utah 1,406 302,075 76,286 769,360 
West Virginia 273 5,012,238 3,170,210 7,297,080 
Wyoming 1,405 322,793 5,727 1,837,602 
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Hydraulic fracturing wastewater and other lower-quality water can also be used in hydraulic 
fracturing fluids to offset the need for fresh water, although the proportion of injected fluid that is 
reused hydraulic fracturing wastewater varies by location (Figure ES-4).1 Overall, the proportion of  

 
Figure ES-4. Water budgets illustrative of hydraulic fracturing water management practices in 
the Marcellus Shale in the Susquehanna River Basin between approximately 2008 and 2013 
and the Barnett Shale in Texas between approximately 2011 and 2013.  
Class II wells are used to inject wastewater associated with oil and gas production underground and are regulated 
under the Underground Injection Control Program of the Safe Drinking Water Act. Data sources are described in 
Figure 10-1 in Chapter 10. 

                                                            
1 Reused hydraulic fracturing wastewater as a percentage of injected fluid differs from the percentage of produced water 
that is managed through reuse in other hydraulic fracturing operations. For example, in the Marcellus Shale region of the 
Susquehanna River Basin, approximately 14% of injected fluid was reused hydraulic fracturing wastewater, while 
approximately 90% of produced water was managed through reuse in other hydraulic fracturing operations (Figure ES-
4a). 
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water used in hydraulic fracturing that comes from reused hydraulic fracturing wastewater 
appears to be low. In a survey of literature values from 10 states, basins, or plays, the median 
percentage of the injected fluid volume that came from reused hydraulic fracturing wastewater was 
5% between approximately 2008 and 2014.1 There was an increase in the reuse of hydraulic 
fracturing wastewater as a percentage of the injected hydraulic fracturing fluid in both 
Pennsylvania and West Virginia between approximately 2008 and 2014. This increase is likely due 
to the limited availability of Class II wells, which are commonly used to dispose of oil and gas 
wastewater, and the costs of trucking wastewater to Ohio, where Class II wells are more prevalent.2 
Class II wells are also prevalent in Texas, and the reuse of wastewater in hydraulic fracturing fluids 
in the Barnett Shale appears to be lower than in the Marcellus Shale (Figure ES-4). 

Because the same water resource can be used to support hydraulic fracturing and to provide 
drinking water, withdrawals for hydraulic fracturing can directly impact drinking water resources 
by changing the quantity or quality of the remaining water. Although every water withdrawal 
affects water quantity, we focused on water withdrawals that have the potential to significantly 
impact drinking water resources by limiting the availability of drinking water or altering its quality. 
Water withdrawals for a single hydraulically fractured oil and gas production well are not expected 
to significantly impact drinking water resources, because the volume of water needed to 
hydraulically fracture a single well is unlikely to limit the availability of drinking water or alter its 
quality. If, however, multiple oil and gas production wells are located within an area, the total 
volume of water needed to hydraulically fracture all of the wells has the potential to be a significant 
portion of the water available and impacts on drinking water resources can occur.  

To assess whether hydraulic fracturing operations are a relatively large or small user of water, we 
compared water use for hydraulic fracturing to total water use at the county level (Text Box ES-5). 
In most counties studied, the average annual water volumes reported in FracFocus 1.0 were 
generally less than 1% of total water use. This suggests that hydraulic fracturing operations 
represented a relatively small user of water in most counties. There were exceptions, however. 
Average annual water volumes reported in FracFocus 1.0 were 10% or more of total water use in 
26 of the 401 counties studied, 30% or more in nine counties, and 50% or more in four counties.3 In 
these counties, hydraulic fracturing operations represented a relatively large user of water. 

The above results suggest that hydraulic fracturing operations can significantly increase the volume 
of water withdrawn in particular areas. Increased water withdrawals can result in significant 
impacts on drinking water resources if there is insufficient water available in the area to 
accommodate all users. To assess the potential for these impacts, we compared hydraulic fracturing 
water use to estimates of water availability at the county level.4 In most counties studied, average 

                                                            
1 See Section 4.2 in Chapter 4. 
2 See Chapter 8 for additional information on Class II wells.  
3 Hydraulic fracturing water consumption estimates followed the same general pattern as the water use estimates 
presented here, but with slightly larger percentages in each category (Section 4.4 in Chapter 4). 
4 County-level water availability estimates were derived from the Tidwell et al. (2013) estimates of water availability for 
siting new thermoelectric power plants (see Text Box 4-2 in Chapter 4 for details). The county-level water availability 
estimates used in this report represent the portion of water available to new users within a county.  
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Text Box ES-5. County-Level Water Use for Hydraulic Fracturing. 

To assess whether hydraulic fracturing operations are a relatively large or small user of water, the average annual 
water use for hydraulic fracturing in 2011 and 2012 was compared, at the county-level, to total water use in 2010. 
For most counties studied, average annual water volumes reported for individual counties in FracFocus 1.0 were 
less than 1% of total water use in those counties. But in some counties, hydraulic fracturing operations reported in 
FracFocus 1.0 represented a relatively large user of water. 

 

annual water volumes reported for hydraulic fracturing were less than 1% of the estimated annual 
volume of readily-available fresh water. However, average annual water volumes reported for 
hydraulic fracturing were greater than the estimated annual volume of readily-available fresh 
water in 17 counties in Texas. This analysis suggests that there was enough water available 
annually to support the level of hydraulic fracturing reported to FracFocus 1.0 in most, but not all, 
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areas of the country. This observation does not preclude the possibility of local impacts in other 
areas of the country, nor does it indicate that local impacts have occurred or will occur in the 17 
counties in Texas. To better understand whether local impacts have occurred, and the factors that 
affect those impacts, local-level studies, such as the ones described below, are needed.  

Local impacts on drinking water quantity have occurred in areas with increased hydraulic 
fracturing activity. In 2011, for example, drinking water wells in an area overlying the Haynesville 
Shale ran out of water due to higher than normal groundwater withdrawals and drought (LA 
Ground Water Resources Commission, 2012). Water withdrawals for hydraulic fracturing 
contributed to these conditions, along with other water users and the lack of precipitation. 
Groundwater impacts have also been reported in Texas. In a detailed case study, Scanlon et al. 
(2014b) estimated that groundwater levels in approximately 6% of the area studied dropped by 
100 feet (31 meters) to 200 feet (61 meters) or more after hydraulic fracturing activity increased in 
2009.  

In contrast, studies in the Upper Colorado and Susquehanna River basins found minimal impacts on 
drinking water resources from hydraulic fracturing. In the Upper Colorado River Basin, the EPA 
found that high-quality water produced from oil and gas wells in the Piceance tight sands provided 
nearly all of the water for hydraulic fracturing in the study area (U.S. EPA, 2015e). Due to this high 
reuse rate, the EPA did not identify any locations in the study area where hydraulic fracturing 
contributed to locally high water use. In the Susquehanna River Basin, multiple studies and state 
reports have identified the potential for hydraulic fracturing water withdrawals in the Marcellus 
Shale to impact surface water resources. Evidence suggests, however, that current water 
management strategies, including passby flows and reuse of hydraulic fracturing wastewater, help 
protect streams from depletion by hydraulic fracturing water withdrawals. A passby flow is a 
prescribed, low-streamflow threshold below which water withdrawals are not allowed. 

The above examples highlight factors that can affect the frequency or severity of impacts on 
drinking water resources from hydraulic fracturing water withdrawals. In particular, areas of the 
United States that rely on declining groundwater resources are vulnerable to more frequent and 
more severe impacts from all water withdrawals, including withdrawals for hydraulic fracturing. 
Extensive groundwater withdrawals can limit the availability of belowground drinking water 
resources and can also change the quality of the water remaining in the resource. Because 
groundwater recharge rates can be low, impacts can last for many years. Seasonal or long-term 
drought can also make impacts more frequent and more severe for groundwater and surface water 
resources. Hot, dry weather reduces or prevents groundwater recharge and depletes surface water 
bodies, while water demand often increases simultaneously (e.g., for irrigation). This combination 
of factors—high hydraulic fracturing water use and relatively low water availability due to 
declining groundwater resources and/or frequent drought—was found to be present in southern 
and western Texas.  

Water management strategies can also affect the frequency and severity of impacts on drinking 
water resources from hydraulic fracturing water withdrawals. These strategies include using 
hydraulic fracturing wastewater or brackish groundwater for hydraulic fracturing, transitioning 
from limited groundwater resources to more abundant surface water resources, and using passby 
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flows to control water withdrawals from surface water resources. Examples of these water 
management strategies can be found throughout the United States. In western and southern Texas, 
for example, the use of brackish water is currently reducing impacts on fresh water sources, and 
could, if increased, reduce future impacts. Louisiana and North Dakota have encouraged well 
operators to withdraw water from surface water resources instead of high-quality groundwater 
resources. And, as described above, the Susquehanna River Basin Commission limits surface water 
withdrawals during periods of low stream flow. 

Water Acquisition Conclusions 

With notable exceptions, hydraulic fracturing uses a relatively small percentage of water when 
compared to total water use and availability at large geographic scales. Despite this, hydraulic 
fracturing water withdrawals can affect the quantity and quality of drinking water resources by 
changing the balance between the demand on local water resources and the availability of those 
resources. Changes that have the potential to limit the availability of drinking water or alter its 
quality are more likely to occur in areas with relatively high hydraulic fracturing water withdrawals 
and low water availability, particularly due to limited or declining groundwater resources. Water 
management strategies (e.g., encouragement of alternative water sources or water withdrawal 
restrictions) can reduce the frequency or severity of impacts on drinking water resources from 
hydraulic fracturing water withdrawals. 

Chemical Mixing 

Activity: The mixing of a base fluid, proppant, and additives at the well site to create hydraulic 
fracturing fluids. 

Relationship to Drinking Water Resources: Spills of additives and hydraulic fracturing fluids can 
reach groundwater and surface water resources.  

Hydraulic fracturing fluids are engineered to create and grow fractures in the targeted rock 
formation and to carry proppant through the oil and gas production well into the newly-created 
fractures. Hydraulic fracturing fluids are typically made up of base fluids, proppant, and additives. 
Base fluids make up the largest proportion of hydraulic fracturing fluids by volume. As illustrated in 
Text Box ES-6, base fluids can be a single substance (e.g., water in the slickwater example) or can be 
a mixture of substances (e.g., water and nitrogen in the energized fluid example). The EPA’s analysis 
of hydraulic fracturing fluid data reported to FracFocus 1.0 suggests that water was the most 
commonly used base fluid between January 2011 and February 2013 (U.S. EPA, 2015a). Non-water 
substances, such as gases and hydrocarbon liquids, were reported to be used alone or blended with 
water to form a base fluid in fewer than 3% of wells in FracFocus 1.0.  

Proppant makes up the second largest proportion of hydraulic fracturing fluids (Text Box ES-6). 
Sand (i.e., quartz) was the most commonly reported proppant between January 2011 and February 
2013, with 98% of wells in FracFocus 1.0 reporting sand as the proppant (U.S. EPA, 2015a). Other  
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Text Box ES-6. Examples of Hydraulic Fracturing Fluids. 

Hydraulic fracturing fluids are engineered to create and extend fractures in the targeted rock formation and to 
carry proppant through the production well into the newly-created fractures. While there is no universal hydraulic 
fracturing fluid, there are general types of hydraulic fracturing fluids. Two types of hydraulic fracturing fluids are 
described below.  

Slickwater 

Slickwater hydraulic fracturing fluids are water-based fluids that generally contain a friction reducer. The friction 
reducer makes it easier for the fluid to be pumped down the oil and gas production well at high rates. Slickwater is 
commonly used to hydraulically fracture shale formations. 

 
Energized Fluid 

Energized fluids are mixtures of liquids and gases. They can be used for hydraulic fracturing in under-pressured gas 
formations. 
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proppants can include man-made or specially engineered particles, such as high-strength ceramic 
materials or sintered bauxite.1 

Additives generally make up the smallest proportion of the overall composition of hydraulic 
fracturing fluids (Text Box ES-6), yet have the greatest potential to impact the quality of drinking 
water resources compared to proppant and base fluids. Additives, which can be a single chemical or 
a mixture of chemicals, are added to the base fluid to change its properties (e.g., adjust pH, increase 
fluid thickness, or limit bacterial growth). The choice of which additives to use depends on the 
characteristics of the targeted rock formation (e.g., rock type, temperature, and pressure), the 
economics and availability of desired additives, and well operator or service company preferences 
and experience.  

The variability of additives, both in their purpose and chemical composition, suggests that a large 
number of different chemicals may be used in hydraulic fracturing fluids across the United States. 
The EPA identified 1,084 chemicals that were reported to have been used in hydraulic fracturing 
fluids between 2005 and 2013.2,3 The EPA’s analysis of FracFocus 1.0 data indicates that between 4 
and 28 chemicals were used per well between January 2011 and February 2013 and that no single 
chemical was used in all wells (U.S. EPA, 2015a). Three chemicals—methanol, hydrotreated light 
petroleum distillates, and hydrochloric acid—were reported in 65% or more of the wells in 
FracFocus 1.0; 35 chemicals were reported in at least 10% of the wells (Table ES-2). 

Table ES-2. Chemicals reported in 10% or more of disclosures in FracFocus 1.0.  
Disclosures provided information on chemicals used at individual well sites between January 1, 2011, and February 
28, 2013. 

Chemical Name (CASRN)a Percent of FracFocus 1.0 disclosuresb 

Methanol (67-56-1) 72 

Hydrotreated light petroleum distillates (64742-47-8) 65 

Hydrochloric acid (7647-01-0) 65 
Water (7732-18-5)c 48 

Isopropanol (67-63-0) 47 

Ethylene glycol (107-21-1) 46 

Peroxydisulfuric acid, diammonium salt (7727-54-0) 44 

Sodium hydroxide (1310-73-2) 39 

Guar gum (9000-30-0) 37 

                                                            
1 Sintered bauxite is crushed and powdered bauxite that is fused into spherical beads at high temperatures. 
2 This list includes 1,084 unique Chemical Abstracts Service Registration Numbers (CASRNs), which can be assigned to a 
single chemical (e.g., hydrochloric acid) or a mixture of chemicals (e.g., hydrotreated light petroleum distillates). 
Throughout this report, we refer to the substances identified by unique CASRNs as “chemicals.”  
3 Dayalu and Konschnik (2016) identified 995 unique CASRNs from data submitted to FracFocus between March 9, 2011, 
and April 13, 2015. Two hundred sixty-three of these CASRNs are not on the list of unique CASRNs identified by the EPA 
(Appendix H). Only one of the 263 chemicals was reported at greater than 1% of wells, which suggests that these 
chemicals were used at only a few sites.  
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Chemical Name (CASRN)a Percent of FracFocus 1.0 disclosuresb 

Quartz (14808-60-7)c 36 

Glutaraldehyde (111-30-8) 34 

Propargyl alcohol (107-19-7) 33 

Potassium hydroxide (1310-58-3) 29 

Ethanol (64-17-5) 29 

Acetic acid (64-19-7) 24 

Citric acid (77-92-9) 24 
2-Butoxyethanol (111-76-2) 21 

Sodium chloride (7647-14-5) 21 

Solvent naphtha, petroleum, heavy aromatic (64742-94-5) 21 

Naphthalene (91-20-3) 19 

2,2-Dibromo-3-nitrilopropionamide (10222-01-2) 16 
Phenolic resin (9003-35-4) 14 

Choline chloride (67-48-1) 14 

Methenamine (100-97-0) 14 

Carbonic acid, dipotassium salt (584-08-7) 13 

1,2,4-Trimethylbenzene (95-63-6) 13 

Quaternary ammonium compounds, benzyl-C12-16-alkyldimethyl, 
chlorides (68424-85-1) 12 

Poly(oxy-1,2-ethanediyl)-nonylphenyl- hydroxy (mixture)  
(127087-87-0) 12 

Formic acid (64-18-6) 12 
Sodium chlorite (7758-19-2) 11 

Nonyl phenol ethoxylate (9016-45-9) 11 

Tetrakis(hydroxymethyl)phosphonium sulfate (55566-30-8) 11 

Polyethylene glycol (25322-68-3) 11 

Ammonium chloride (12125-02-9) 10 

Sodium persulfate (7775-27-1) 10 
a “Chemical” refers to chemical substances with a single CASRN; these may be pure chemicals (e.g., methanol) or chemical 
mixtures (e.g., hydrotreated light petroleum distillates).  
b Analysis considered 34,675 disclosures that met selected quality assurance criteria. See Table 5-2 in Chapter 5. 
c Quartz and water were reported as ingredients in additives, in addition to proppants and base fluids. 
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Concentrated additives are delivered to the well site and stored until they are mixed with the base 
fluid and proppant and pumped down the oil and gas production well (Text Box ES-7). While the 
overall concentration of additives in hydraulic fracturing fluids is generally small (typically 2% or 
less of the total volume of the injected fluid), the total volume of additives delivered to the well site 
can be large. Because over 1 million gallons (3.8 million liters) of hydraulic fracturing fluid are 
generally injected per well, thousands of gallons of additives can be stored on site and used during 
hydraulic fracturing.  

As illustrated in Text Box ES-7, additives are often stored in multiple, closed containers [typically 
200 gallons (760 liters) to 375 gallons (1,420 liters) per container] and moved around the site in 
hoses and tubing. This equipment is designed to contain additives and blended hydraulic fracturing 
fluid, but spills can occur. Changes in drinking water quality can occur if spilled fluids reach 
groundwater or surface water resources.  

Several studies have documented spills of hydraulic fracturing fluids or additives. Nearly all of these 
studies identified spills from state-managed spill databases. Data gathered for these studies suggest 
that spills of hydraulic fracturing fluids or additives were primarily caused by equipment failure or 
human error. For example, an EPA analysis of spill reports from nine state agencies, nine oil and gas 
well operators, and nine hydraulic fracturing service companies characterized 151 spills of 
hydraulic fracturing fluids or additives on or near well sites in 11 states between January 2006 and 
April 2012 (U.S. EPA, 2015m). These spills were primarily caused by equipment failure (34% of the 
spills) or human error (25%), and more than 30% of the spills were from fluid storage units (e.g., 
tanks, totes, and trailers). Similarly, a study of spills reported to the Colorado Oil and Gas 
Conservation Commission identified 125 spills during well stimulation (i.e., a part of the life of an 
oil and gas well that often, but not always, includes hydraulic fracturing) between January 2010 and 
August 2013 (COGCC, 2014). Of these spills, 51% were caused by human error and 46% were due 
to equipment failure. 

Studies of spills of hydraulic fracturing fluids or additives provide insights on spill volumes, but 
little information on chemical-specific spill composition. Among the 151 spills characterized by the 
EPA, the median volume of fluid spilled was 420 gallons (1,600 liters), although the volumes spilled 
ranged from 5 gallons (19 liters) to 19,320 gallons (73,130 liters). Spilled fluids were often 
described as acids, biocides, friction reducers, crosslinkers, gels, and blended hydraulic fracturing 
fluid, but few specific chemicals were mentioned.1 Considine et al. (2012) identified spills related to 
oil and gas development in the Marcellus Shale that occurred between January 2008 and August 
2011 from Notices of Violations issued by the Pennsylvania Department of Environmental 
Protection. The authors identified spills greater than 400 gallons (1,500 liters) and spills less than 
400 gallons (1,500 liters).  

                                                            
1 A crosslinker is an additive that increases the thickness of gelled fluids by connecting polymer molecules in the gelled 
fluid.  
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Text Box ES-7. Chemical Mixing Equipment.  

 

Spills of hydraulic fracturing fluids or additives have reached, and therefore impacted, surface 
water resources. Thirteen of the 151 spills characterized by the EPA were reported to have reached 
a surface water body (often creeks or streams). Among the 13 spills, reported spill volumes ranged 
from 28 gallons (105 liters) to 7,350 gallons (27,800 liters). Additionally, Brantley et al. (2014) and 
Considine et al. (2012) identified fewer than 10 total instances of spills of additives and/or 
hydraulic fracturing fluids greater than 400 gallons (1,500 liters) that reached surface waters in 
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Pennsylvania between January 2008 and June 2013. Reported spill volumes for these spills ranged 
from 3,400 gallons (13,000 liters) to 227,000 gallons (859,000 liters). 

Although impacts on surface water resources have been documented, site-specific studies that 
could be used to describe factors that affect the frequency or severity of impacts were not available. 
In the absence of such studies, we relied on fundamental scientific principles to identify factors that 
affect how hydraulic fracturing fluids and chemicals can move through the environment to drinking 
water resources. Because these factors influence whether spilled fluids reach groundwater and 
surface water resources, they affect the frequency and severity of impacts on drinking water 
resources from spills during the chemical mixing stage of the hydraulic fracturing water cycle.  

The potential for spilled fluids to impact groundwater or surface water resources depends on the 
characteristics of the spill, the environmental fate and transport of the spilled fluid, and spill 
response activities (Figure ES-5). Site-specific characteristics affect how spilled liquids move 
through soil into the subsurface or over the land surface. Generally, highly permeable soils or 
fractured rock can allow spilled liquids to move quickly into and through the subsurface, limiting 
the opportunity for spilled liquids to move over land to surface water resources. In low 
permeability soils, spilled liquids are less able to move into the subsurface and are more likely to 
move over the land surface. In either case, the volume spilled and the distance between the location 
of the spill and nearby water resources affects whether spilled liquids reach drinking water 
resources. Large-volume spills are generally more likely to reach drinking water resources because 
they are more likely to be able to travel the distance between the location of the spill and nearby 
water resources. 

In general, chemical and physical properties, which depend on the identity and structure of a 
chemical, control whether spilled chemicals evaporate, stick to soil particles, or move with water. 
The EPA identified measured or estimated chemical and physical properties for 455 of the 1,084 
chemicals used in hydraulic fracturing fluids between 2005 and 2013.1 The properties of these 
chemicals varied widely, from chemicals that are more likely to move quickly through the 
environment with a spilled liquid to chemicals that are more likely to move slowly through the 
environment because they stick to soil particles.2 Chemicals that move slowly through the 
environment may act as longer-term sources of contamination if spilled. 

                                                            
1 Chemical and physical properties were identified using EPI Suite™. EPI Suite™ is a collection of chemical and physical 
property and environmental fate estimation programs developed by the EPA and Syracuse Research Corporation. It can 
be used to estimate chemical and physical properties of individual organic compounds. Of the 1,084 hydraulic fracturing 
fluid chemicals identified by the EPA, 629 were not individual organic compounds, and thus EPI Suite™ could not be used 
to estimate their chemical and physical properties. 
2 These results describe how some hydraulic fracturing chemicals behave in infinitely dilute aqueous solutions, which is a 
simplified approximation of the real-world mixtures found in hydraulic fracturing fluids. The presence of other chemicals 
in a mixture can affect the fate and transport of a chemical. 
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Figure ES-5. Generalized depiction of factors that influence whether spilled hydraulic 
fracturing fluids or additives reach drinking water resources, including spill characteristics, 
environmental fate and transport, and spill response activities. 

Spill prevention practices and spill response activities are designed to prevent spilled fluids from 
reaching groundwater or surface water resources and minimize impacts from spilled fluids. Spill 
prevention and response activities are influenced by federal, state, and local regulations and 
company practices. Spill prevention practices include secondary containment systems (e.g., liners 
and berms), which are designed to contain spilled fluids and prevent them from reaching soil, 
groundwater, or surface water. Spill response activities include activities taken to stop the spill, 
contain spilled fluids (e.g., the deployment of emergency containment systems), and clean up 
spilled fluids (e.g., removal of contaminated soil). It was beyond the scope of this report to evaluate 
the implementation and efficacy of spill prevention practices and spill response activities. 

The severity of impacts on water quality from spills of hydraulic fracturing fluids or additives 
depends on the identity and amount of chemicals that reach groundwater or surface water 
resources, the toxicity of the chemicals, and the characteristics of the receiving water resource.1 
Characteristics of the receiving groundwater or surface water resource (e.g., water resource size 
and flow rate) can affect the magnitude and duration of impacts by reducing the concentration of 
spilled chemicals in a drinking water resource. Impacts on groundwater resources have the 

                                                            
1 Human health hazards associated with hydraulic fracturing fluid chemicals are discussed in Chapter 9 and summarized 
in the “Chemicals in the Hydraulic Fracturing Water Cycle” section below.  
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potential to be more severe than impacts on surface water resources because it takes longer to 
naturally reduce the concentration of chemicals in groundwater and because it is generally difficult 
to remove chemicals from groundwater resources. Due to a lack of data, particularly in terms of 
groundwater monitoring after spill events, little is publicly known about the severity of drinking 
water impacts from spills of hydraulic fracturing fluids or additives.  

Chemical Mixing Conclusions 

Spills of hydraulic fracturing fluids and additives during the chemical mixing stage of the hydraulic 
fracturing water cycle have reached surface water resources in some cases and have the potential 
to reach groundwater resources. Although the available data indicate that spills of various volumes 
can reach surface water resources, large volume spills are more likely to travel longer distances to 
nearby groundwater or surface water resources. Consequently, large volume spills likely increase 
the frequency of impacts on drinking water resources. Large volume spills, particularly of 
concentrated additives, are also likely to result in more severe impacts on drinking water resources 
than small volume spills because they can deliver a large quantity of potentially hazardous 
chemicals to groundwater or surface water resources. Impacts on groundwater resources are likely 
to be more severe than impacts on surface water resources because of the inherent characteristics 
of groundwater. Spill prevention and response activities are designed to prevent spilled fluids from 
reaching groundwater or surface water resources and minimize impacts from spilled fluids. 

Well Injection 

Activity: The injection and movement of hydraulic fracturing fluids through the oil and gas 
production well and in the targeted rock formation. 

Relationship to Drinking Water Resources: Belowground pathways, including the production 
well itself and newly-created fractures, can allow hydraulic fracturing fluids or other fluids to reach 
underground drinking water resources. 

Hydraulic fracturing fluids primarily move along two pathways during the well injection stage: the 
oil and gas production well and the newly-created fracture network. Oil and gas production wells 
are designed and constructed to move fluids to and from the targeted rock formation without 
leaking and to prevent fluid movement along the outside of the well. This is generally accomplished 
by installing multiple layers of casing and cement within the drilled hole (Text Box ES-2), 
particularly where the well intersects oil-, gas-, and/or water-bearing rock formations. Casing and 
cement, in addition to other well components (e.g., packers), can control hydraulic fracturing fluid 
movement by creating a preferred flow pathway (i.e., inside the casing) and preventing 
unintentional fluid movement (e.g., from the inside of the casing to the surrounding environment or 
vertically along the well from the targeted rock formation to shallower formations).1 An EPA survey 
of oil and gas production wells hydraulically fractured between approximately September 2009 and 
September 2010 suggests that hydraulically fractured wells are often, but not always, constructed 

                                                            
1 Packers are mechanical devices installed with casing. Once the casing is set in the drilled hole, packers swell to fill the 
space between the outside of the casing and the surrounding rock or casing.  
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with multiple casings that have varying amounts of cement surrounding each casing (U.S. EPA, 
2015n). Among the wells surveyed, the most common number of casings per well was two: surface 
casing and production casing (Text Box ES-2). The presence of multiple cemented casings that 
extend from the ground surface to below the designated drinking water resource is one of the 
primary well construction features that protects underground drinking water resources. 

During hydraulic fracturing, a well is subjected to greater pressure and temperature changes than 
during any other activity in the life of the well. As hydraulic fracturing fluid is injected into the well, 
the pressure applied to the well increases until the targeted rock formation fractures; then pressure 
decreases. Maximum pressures applied to wells during hydraulic fracturing have been reported to 
range from less than 2,000 pounds per square inch (psi) [14 megapascals (MPa)] to approximately 
12,000 psi (83 MPa).1 A well can also experience temperature changes as cooler hydraulic 
fracturing fluid enters the warmer well. In some cases, casing temperatures have been observed to 
drop from 212°F (100°C) to 64°F (18°C). A well can experience multiple pressure and temperature 
cycles if hydraulic fracturing is done in multiple stages or if a well is re-fractured.2 Casing, cement, 
and other well components need to be able to withstand these changes in pressure and 
temperature, so that hydraulic fracturing fluids can flow to the targeted rock formation without 
leaking.  

The fracture network created during hydraulic fracturing is the other primary pathway along which 
hydraulic fracturing fluids move. Fracture growth during hydraulic fracturing is complex and 
depends on the characteristics of the targeted rock formation and the characteristics of the 
hydraulic fracturing operation. In general, rock characteristics, particularly the natural stresses 
placed on the targeted rock formation due to the weight of the rock above, affect how the rock 
fractures, including whether newly-created fractures grow vertically (i.e., perpendicular to the 
ground surface) or horizontally (i.e., parallel to the ground surface) (Text Box ES-8). Because 
hydraulic fracturing fluids are used to create and grow fractures, fracture growth during hydraulic 
fracturing can be controlled by limiting the rate and volume of hydraulic fracturing fluid injected 
into the well.  

Publicly available data on fracture growth are currently limited to microseismic and tiltmeter data 
collected during hydraulic fracturing operations in five shale plays in the United States. Analyses of 
these data by Fisher and Warpinski (2012) and Davies et al. (2012) indicate that the direction of 
fracture growth generally varied with depth and that upward vertical fracture growth was often on 
the order of tens to hundreds of feet in the shale formations studied (Text Box ES-8). One percent of 
the fractures had a fracture height greater than 1,148 feet (350 meters), and the maximum fracture 
height among all of the data reported was 1,929 feet (588 meters). These reported fracture heights 
suggest that some fractures can grow out of the targeted rock formation and into an overlying 
formation. It is unknown whether these observations apply to other hydraulically fractured rock 
formations because similar data from hydraulic fracturing operations in other rock formations are 
not currently available to the public.  

                                                            
1 For comparison, average atmospheric pressure is approximately 15 psi. 
2 In a multi-stage hydraulic fracturing operation, specific parts of the well are isolated and hydraulically fractured until 
the total desired length of the well has been hydraulically fractured. 
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Text Box ES-8. Fracture Growth. 

Fracture growth during hydraulic fracturing is complex and depends on the characteristics of the targeted rock 
formation and the characteristics of the hydraulic fracturing operation.  

  

The potential for hydraulic fracturing fluids to reach, and therefore impact, underground drinking 
water resources is related to the pathways along which hydraulic fracturing fluids primarily move 
during hydraulic fracturing: the oil and gas production well itself and the fracture network created 
during hydraulic fracturing. Because the well can be a pathway for fluid movement, the mechanical 
integrity of the well is an important factor that affects the frequency and severity of impacts from 
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the well injection stage of the hydraulic fracturing water cycle.1 A well with insufficient mechanical 
integrity can allow unintended fluid movement, either from the inside to the outside of the well 
(pathway 1 in Figure ES-6) or vertically along the outside of the well (pathways 2-5). The existence 
of one or more of these pathways can result in impacts on drinking water resources if hydraulic 
fracturing fluids reach groundwater resources. Impacts on drinking water resources can also occur 
if gases or liquids released from the targeted rock formation or other formations during hydraulic 
fracturing travel along these pathways to groundwater resources. 

 
Figure ES-6. Potential pathways for fluid movement in a cemented well.  
These pathways (represented by the white arrows) include: (1) a casing and tubing leak into the surrounding rock, 
(2) an uncemented annulus (i.e., the space behind the casing), (3) microannuli between the casing and cement,  
(4) gaps in cement due to poor cement quality, and (5) microannuli between the cement and the surrounding rock. 
This figure is intended to provide a conceptual illustration of pathways that can be present in a well and is not to 
scale. 
                                                            
1 Mechanical integrity is the absence of significant leakage within or outside of the well components. 
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The pathways shown in Figure ES-6 can exist because of inadequate well design or construction 
(e.g., incomplete cement around the casing where the well intersects with water-, oil-, or gas-
bearing formations) or can develop over the well’s lifetime, including during hydraulic fracturing. 
In particular, casing and cement can degrade over the life of the well because of exposure to 
corrosive chemicals, formation stresses, and operational stresses (e.g., pressure and temperature 
changes during hydraulic fracturing). As a result, some hydraulically fractured oil and gas 
production wells may develop one or more of the pathways shown in Figure ES-6. Changes in 
mechanical integrity over time have implications for older wells that are hydraulically fractured 
because these wells may not be able to withstand the stresses applied during hydraulic fracturing. 
Older wells may also be hydraulically fractured at shallower depths, where cement around the 
casing may be inadequate or missing. 

Examples of mechanical integrity problems have been documented in hydraulically fractured oil 
and gas production wells. In one case, hydraulic fracturing of an inadequately cemented gas well in 
Bainbridge Township, Ohio, contributed to the movement of methane into local drinking water 
resources.1 In another case, an inner string of casing burst during hydraulic fracturing of an oil well 
near Killdeer, North Dakota, resulting in a release of hydraulic fracturing fluids and formation fluids 
that impacted a groundwater resource.  

The potential for hydraulic fracturing fluids or other fluids to reach underground drinking water 
resources is also related to the fracture network created during hydraulic fracturing. Because fluids 
travel through the newly-created fractures, the location of these fractures relative to underground 
drinking water resources is an important factor affecting the frequency and severity of potential 
impacts on drinking water resources. Data on the relative location of induced fractures to 
underground drinking water resources are generally not available, because fracture networks are 
infrequently mapped and because there can be uncertainty in the depth of the bottom of the 
underground drinking water resource at a specific location.  

Without these data, we were often unable to determine with certainty whether fractures created 
during hydraulic fracturing have reached underground drinking water resources. Instead, we 
considered the vertical separation distance between hydraulically fractured rock formations and 
the bottom of underground drinking water resources. Based on computer modeling studies, 
Birdsell et al. (2015a) concluded that it is less likely that hydraulic fracturing fluids would reach an 
overlying drinking water resource if (1) the vertical separation distance between the targeted rock 
formation and the drinking water resource is large and (2) there are no open pathways (e.g., 
natural faults or fractures, or leaky wells). As the vertical separation distance between the targeted 
rock formation and the underground drinking water resource decreases, the likelihood of upward 
migration of hydraulic fracturing fluids to the drinking water resource increases (Birdsell et al., 
2015a).  

Figure ES-7 illustrates how the vertical separation distance between the targeted rock formation 
and underground drinking water resources can vary across the United States. The two example 

                                                            
1 Although ingestion of methane is not considered to be toxic, methane can pose a physical hazard. Methane can 
accumulate to explosive levels when allowed to exsolve (degas) from groundwater in closed environments. 
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environments depicted in panels a and b represent the range of separation distances shown in 
panel c. In Figure ES-7a, there are thousands of feet between the bottom of the underground 
drinking water resource and the hydraulically fractured rock formation. These conditions are 
generally reflective of deep shale formations (e.g., Haynesville Shale), where oil and gas production 
wells are first drilled vertically and then horizontally along the targeted rock formation. 
Microseismic data and modeling studies suggest that, under these conditions, fractures created 
during hydraulic fracturing are unlikely to grow through thousands of feet of rock into 
underground drinking water resources.  

 
Figure ES-7. Examples of different subsurface environments in which hydraulic fracturing 
takes place.  
In panel a, there are thousands of feet between the base of the underground drinking water resource and the part 
of the well that is hydraulically fractured. Panel b illustrates the co-location of groundwater and oil and gas 
resources. In these types of situations, there is no separation between the shallowest point of hydraulic fracturing 
within the well and the bottom of the underground drinking water resource. Panel c shows the estimated 
distribution of separation distances for approximately 23,000 oil and gas production wells hydraulically fractured 
by nine service companies between 2009 and 2019 (U.S. EPA, 2015n). The separation distance is the distance along 
the well between the point of shallowest hydraulic fracturing in the well and the base of the protected 
groundwater resource (illustrated in panel a). The error bars in panel c display 95% confidence intervals. 

When drinking water resources are co-located with oil and gas resources and there is no vertical 
separation between the hydraulically fractured rock formation and the bottom of the underground 
drinking water resource (Figure ES-7b), the injection of hydraulic fracturing fluids impacts the 
quality of the drinking water resource. According to the information examined in this report, the 
overall occurrence of hydraulic fracturing within a drinking water resource appears to be low, with 
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the activity generally concentrated in some areas in the western United States (e.g., the Wind River 
Basin near Pavillion, Wyoming, and the Powder River Basin of Montana and Wyoming).1 Hydraulic 
fracturing within drinking water resources introduces hydraulic fracturing fluid into formations 
that may currently serve, or in the future could serve, as a drinking water source for public or 
private use. This is of concern in the short-term if people are currently using these formations as a 
drinking water supply. It is also of concern in the long-term, because drought or other conditions 
may necessitate the future use of these formations for drinking water. 

Regardless of the vertical separation between the targeted rock formation and the underground 
drinking water resource, the presence of other wells near hydraulic fracturing operations can 
increase the potential for hydraulic fracturing fluids or other subsurface fluids to move to drinking 
water resources. There have been cases in which hydraulic fracturing at one well has affected a 
nearby oil and gas well or its fracture network, resulting in unexpected pressure increases at the 
nearby well, damage to the nearby well, or spills at the surface of the nearby well. These well 
communication events, or “frac hits,” have been reported in New Mexico, Oklahoma, and other 
locations. Based on the available information, frac hits most commonly occur when multiple wells 
are drilled from the same surface location and when wells are spaced less than 1,100 feet (335 
meters) apart. Frac hits have also been observed at wells up to 8,422 feet (2,567 meters) away from 
a well undergoing hydraulic fracturing.  

Abandoned wells near a well undergoing hydraulic fracturing can provide a pathway for vertical 
fluid movement to drinking water resources if those wells were not properly plugged or if the plugs 
and cement have degraded over time. For example, an abandoned well in Pennsylvania produced a 
30-foot (9-meter) geyser of brine and gas for more than a week after hydraulic fracturing of a 
nearby gas well. The potential for fluid movement along abandoned wells may be a significant issue 
in areas with historic oil and gas exploration and production. Various studies estimate the number 
of abandoned wells in the United States to be significant. For instance, the Interstate Oil and Gas 
Compact Commission estimates that over 1 million wells were drilled in the United States prior to 
the enactment of state oil and gas regulations (IOGCC, 2008). The location and condition of many of 
these wells are unknown, and some states have programs to find and plug abandoned wells.  

Well Injection Conclusions 

Impacts on drinking water resources associated with the well injection stage of the hydraulic 
fracturing water cycle have occurred in some instances. In particular, mechanical integrity failures 
have allowed gases or liquids to move to underground drinking water resources. Additionally, 
hydraulic fracturing has occurred within underground drinking water resources in parts of the 
United States. This practice introduces hydraulic fracturing fluids into underground drinking water 
resources. Consequently, the mechanical integrity of the well and the vertical separation distance 
between the targeted rock formation and underground drinking water resources are important 
factors that affect the frequency and severity of impacts on drinking water resources. The presence 
of multiple layers of cemented casing and thousands of feet of rock between hydraulically fractured 

                                                            
1 Section 6.3.2 in Chapter 6. 
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rock formations and underground drinking water resources can reduce the frequency of impacts on 
drinking water resources during the well injection stage of the hydraulic fracturing water cycle. 

Produced Water Handling 

Activity: The on-site collection and handling of water that returns to the surface after hydraulic 
fracturing and the transportation of that water for disposal or reuse. 

Relationship to Drinking Water Resources: Spills of produced water can reach groundwater and 
surface water resources. 

After hydraulic fracturing, the injection pressure applied to the oil or gas production well is 
released, and the direction of fluid flow reverses, causing fluid to flow out of the well. The fluid that 
initially returns to the surface after hydraulic fracturing is mostly hydraulic fracturing fluid and is 
sometimes called “flowback” (Text Box ES-9). As time goes on, the fluid that returns to the surface 
contains water and economic quantities of oil and/or gas that are separated and collected. Water 
that returns to the surface during oil and gas production is similar in composition to the fluid 
naturally found in the targeted rock formation and is typically called “produced water.” The term 
“produced water” is also used to refer to any water, including flowback, that returns to the surface 
through the production well as a by-product of oil and gas production. This latter definition of 
“produced water” is used in this report. 

Produced water can contain many constituents, depending on the composition of the injected 
hydraulic fracturing fluid and the type of rock hydraulically fractured. Knowledge of the chemical 
composition of produced water comes from the collection and analysis of produced water samples, 
which often requires advanced laboratory equipment and techniques that can detect and quantify 
chemicals in produced water. In general, produced water has been found to contain: 

• Salts, including those composed from chloride, bromide, sulfate, sodium, magnesium, and 
calcium; 

• Metals, including barium, manganese, iron, and strontium;  

• Naturally-occurring organic compounds, including benzene, toluene, ethylbenzene, 
xylenes (BTEX), and oil and grease;  

• Radioactive materials, including radium; and 

• Hydraulic fracturing chemicals and their chemical transformation products.  

The amount of these constituents in produced water varies across the United States, both within 
and among different rock formations. Produced water from shale and tight gas formations is 
typically very salty compared to produced water from coalbed methane formations. For example, 
the salinity of produced water from the Marcellus Shale has been reported to range from less than 
1,500 milligrams per liter (mg/L) of total dissolved solids to over 300,000 mg/L, while produced 
water from coalbed methane formations has been reported to range from 170 mg/L of total  
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Text Box ES-9. Produced Water from Hydraulically Fractured Oil and Gas Production Wells. 

Water of varying quality is a byproduct of oil and gas production. The composition and volume of produced water 
varies by well, rock formation, and time after hydraulic fracturing. Produced water can contain hydraulic fracturing 
fluid, formation water, and chemical transformation products. 

 

dissolved solids to nearly 43,000 mg/L.1 Shale and sandstone formations also commonly contain 
radioactive materials, including uranium, thorium, and radium. As a result, radioactive materials 
have been detected in produced water from these formations. 

Produced water volumes can vary by well, rock formation, and time after hydraulic fracturing. 
Volumes are often described in terms of the volume of hydraulic fracturing fluid used to fracture 
the well. For example, Figure ES-4 shows that wells in the Marcellus Shale typically produce 10-
30% of the volume injected in the first 10 years after hydraulic fracturing. In comparison, some 
wells in the Barnett Shale have produced 100% of the volume injected in the first three years.  

                                                            
1 For comparison, the average salinity of seawater is approximately 35,000 mg/L of total dissolved solids. 
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Because of the large volumes used for hydraulic fracturing [about 4 million gallons (15 million 
liters) per well in the Marcellus Shale and the Barnett Shale], hundreds of thousands to millions of 
gallons of produced water need to be collected and handled at the well site. The volume of water 
produced per day generally decreases with time, so the volumes handled on site immediately after 
hydraulic fracturing can be much larger than the volumes handled when the well is producing oil 
and/or gas (Text Box ES-9).  

Produced water flows from the well to on-site tanks or pits through a series of pipes or flowlines 
(Text Box ES-10) before being transported offsite via trucks or pipelines for disposal or reuse. 
While produced water collection, storage, and transportation systems are designed to contain 
produced water, spills can occur. Changes in drinking water quality can occur if produced water 
spills reach groundwater or surface water resources. 

Produced water spills have been reported across the United States. Median spill volumes among the 
datasets reviewed for this report ranged from approximately 340 gallons (1,300 liters) to 1,000 
gallons (3,800 liters) per spill.1 There were, however, a small number of large volume spills. In 
North Dakota, for example, there were 12 spills greater than 21,000 gallons (79,500 liters), five 
spills greater than 42,000 gallons (160,000 liters), and one spill of 2.9 million gallons (11 million 
liters) in 2015. Common causes of produced water spills included human error and equipment 
leaks or failures. Common sources of produced water spills included hoses or lines and storage 
equipment. 

Spills of produced water have reached groundwater and surface water resources. In U.S. EPA 
(2015m), 30 of the 225 (13%) produced water spills characterized were reported to have reached 
surface water (e.g., creeks, ponds, or wetlands), and one was reported to have reached 
groundwater. Of the spills that were reported to have reached surface water, reported spill volumes 
ranged from less than 170 gallons (640 liters) to almost 74,000 gallons (280,000 liters). A separate 
assessment of produced water spills reported to the California Office of Emergency Services 
between January 2009 and December 2014 reported that 18% of the spills impacted waterways 
(CCST, 2015a). 

Documented cases of water resource impacts from produced water spills provide insights into the 
types of impacts that can occur. In most of the cases reviewed for this report, documented impacts 
included elevated levels of salinity in groundwater and/or surface water resources.2 For example, 
the largest produced water spill reported in this report occurred in North Dakota in 2015, when 
approximately 2.9 million gallons (11 million liters) of produced water spilled from a broken 
pipeline. The spilled fluid flowed into Blacktail Creek and increased the concentration of chloride 
and the electrical conductivity of the creek; these observations are consistent with an increase in 
water salinity. Elevated levels of electrical conductivity and chloride were also found downstream 
in the Little Muddy River and the Missouri River. In another example, pits holding flowback fluids 
overflowed in Kentucky in 2007. The spilled fluid reached the Acorn Fork Creek, decreasing the pH 
of the creek and increasing the electrical conductivity.  

                                                            
1 See Section 7.4 in Chapter 7. 
2 Groundwater impacts from produced water management practices are described in Chapter 8 and summarized in the 
“Wastewater Disposal and Reuse” section below. 

WG Ex. 34

1192

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711895
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3229945
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711895


Executive Summary 

 

 

ES-36 

Text Box ES-10. On-Site Storage of Produced Water. 

Water that returns to the surface after hydraulic fracturing is collected and stored on site in pits or tanks. 
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Site-specific studies of historical produced water releases highlight the role of local geology in the 
movement of produced water through the environment. Whittemore (2007) described a site in 
Kansas where low permeability soils and rock caused produced water to primarily flow over the 
land surface to nearby surface water resources, reducing the amount of produced water that 
infiltrated soil. In contrast, Otton et al. (2007) explored the release of produced water and oil from 
two pits in Oklahoma. In this case, produced water from the pits flowed through thin soil and into 
the underlying, permeable rock. Produced water was also identified in deeper, less permeable rock. 
The authors suggest that produced water moved into the deeper, less permeable rock through 
natural fractures. Together, these studies highlight the role of preferential flow paths (i.e., paths of 
least resistance) in the movement of produced water through the environment.  

Spill response activities likely reduce the severity of impacts on groundwater and surface water 
resources from produced water spills. For example, in the North Dakota example noted above, 
absorbent booms were placed in the affected creek and contaminated soil and oil-coated ice were 
removed from the site. In another example, a pipeline leak in Pennsylvania spilled approximately 
11,000 gallons (42,000 liters) of produced water, which flowed into a nearby stream. In response, 
the pipeline was shut off, a dam was constructed to contain the spilled produced water, water was 
removed from the stream, and the stream was flushed with fresh water. In both examples, it was 
not possible to quantify how spill response activities reduced the severity of impacts on 
groundwater or surface water resources. However, actions taken after the spills were designed to 
stop produced water from entering the environment (e.g., shutting off a pipeline), remove produced 
water from the environment (e.g., using absorbent booms), and reduce the concentration of 
produced water constituents introduced into water resources (e.g., flushing a stream with fresh 
water).  

The severity of impacts on water quality from spills of produced water depends on the identity and 
amount of produced water constituents that reach groundwater or surface water resources, the 
toxicity of those constituents, and the characteristics of the receiving water resource.1 In particular, 
spills of produced water can have high levels of total dissolved solids, which affects how the spilled 
fluid moves through the environment. When a spilled fluid has greater levels of total dissolved 
solids than groundwater, the higher-density fluid can move downward through groundwater 
resources. Depending on the flow rate and other properties of the groundwater resource, impacts 
from produced water spills can last for years.  

Produced Water Handling Conclusions 

Spills of produced water during the produced water handling stage of the hydraulic fracturing 
water cycle have reached groundwater and surface water resources in some cases. Several cases of 
water resource impacts from produced water spills suggest that impacts are characterized by 
increases in the salinity of the affected groundwater or surface water resource. In the absence of 
direct pathways to groundwater resources (e.g., fractured rock), large volume spills are more likely 
to travel further from the site of the spill, potentially to groundwater or surface water resources. 

                                                            
1 Human health hazards associated with chemicals detected in produced water are discussed in Chapter 9 and 
summarized in the “Chemicals in the Hydraulic Fracturing Water Cycle” section below.  
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Additionally, saline produced water can migrate downward through soil and into groundwater 
resources, leading to longer-term groundwater contamination. Spill prevention and response 
activities can prevent spilled fluids from reaching groundwater or surface water resources and 
minimize impacts from spilled fluids. 

Wastewater Disposal and Reuse 

Activity: The disposal and reuse of hydraulic fracturing wastewater. 

Relationship to Drinking Water Resources: Disposal practices can release inadequately treated 
or untreated hydraulic fracturing wastewater to groundwater and surface water resources. 

In general, produced water from hydraulically fractured oil and gas production wells is managed 
through injection in Class II wells, reuse in other hydraulic fracturing operations, or various 
aboveground disposal practices (Text Box ES-11). In this report, produced water from hydraulically 
fractured oil and gas wells that is being managed through one of the above management strategies 
is referred to as “hydraulic fracturing wastewater.” Wastewater management choices are affected 
by cost and other factors, including: the local availability of disposal methods; the quality of 
produced water; the volume, duration, and flow rate of produced water; federal, state, and local 
regulations; and well operator preferences. 

Available information suggests that hydraulic fracturing wastewater is mostly managed through 
injection in Class II wells. Veil (2015) estimated that 93% of produced water from the oil and gas 
industry was injected in Class II wells in 2012. Although this estimate included produced water 
from oil and gas wells in general, it is likely indicative of nationwide management practices for 
hydraulic fracturing wastewater. Disposal of hydraulic fracturing wastewater in Class II wells is 
often cost-effective, especially when a Class II disposal well is located within a reasonable distance 
from a hydraulically fractured oil or gas production well. In particular, large numbers of active Class 
II disposal wells are found in Texas (7,876), Kansas (5,516), Oklahoma (3,837), Louisiana (2,448), 
and Illinois (1,054) (U.S. EPA, 2016d). Disposal of hydraulic fracturing wastewater in Class II wells 
has been associated with earthquakes in several states, which may reduce the availability of 
injection in Class II wells as a wastewater disposal option in these states.  

Nationwide, aboveground disposal and reuse of hydraulic fracturing wastewater are currently 
practiced to a much lesser extent compared to injection in Class II wells, and these management 
strategies appear to be concentrated in certain parts of the United States. For example, 
approximately 90% of hydraulic fracturing wastewater from Marcellus Shale gas wells in 
Pennsylvania was reused in other hydraulic fracturing operations in 2013 (Figure ES-4a). Reuse in 
hydraulic fracturing operations is practiced in some other areas of the United States as well, but at 
lower rates (approximately 5-20%). Evaporation ponds and percolation pits have historically been 
used in the western United States to manage produced water from the oil and gas industry and have 
likely been used to manage hydraulic fracturing wastewater. Percolation pits, in particular, were 
commonly reported to have been used to manage produced water from stimulated wells in Kern 
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Text Box ES-11. Hydraulic Fracturing Wastewater Management. 

Produced water from hydraulically fractured oil and gas production wells is often, but not always, considered a 
waste product to be managed. Hydraulic fracturing wastewater (i.e., produced water from hydraulically fractured 
wells) is generally managed through injection in Class II wells, reuse in other hydraulic fracturing operations, and 
various aboveground disposal practices. 

 

Federal and state regulations affect aboveground disposal management options. For example, existing federal 
regulations generally prevent the direct release of wastewater pollutants to waters of the United States from 
onshore oil and gas extraction facilities east of the 98th meridian. However, in the arid western portion of the 
continental United States (west of the 98th meridian), direct discharges of wastewater from onshore oil and gas 
extraction facilities to waters of the United States may be permitted if the produced water has a use in agriculture 
or wildlife propagation and meets established water quality criteria when discharged. 
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County, California, between 2011 and 2014.1 Beneficial uses (e.g., livestock watering and irrigation) 
are also practiced in the western United States if the water quality is considered acceptable, 
although available data on the use of these practices are incomplete. 

Aboveground disposal practices generally release treated or, under certain conditions, untreated 
wastewater directly to surface water or the land surface (e.g., wastewater treatment facilities, 
evaporation pits, or irrigation). If released to the land surface, treated or untreated wastewater can 
move through soil to groundwater resources. Because the ultimate fate of the wastewater can be 
groundwater or surface water resources, the aboveground disposal of hydraulic fracturing 
wastewater, in particular, can impact drinking water resources.  

Impacts on drinking water resources from the aboveground disposal of hydraulic fracturing 
wastewater have been documented. For example, early wastewater management practices in the 
Marcellus Shale region in Pennsylvania included the use of wastewater treatment facilities that 
released (i.e., discharged) treated wastewater to surface waters (Figure ES-8). The wastewater 
treatment facilities were unable to adequately remove the high levels of total dissolved solids found 
in produced water from Marcellus Shale gas wells, and the discharges contributed to elevated levels 
of total dissolved solids (particularly bromide) in the Monongahela River Basin. In the Allegheny 
River Basin, elevated bromide levels were linked to increases in the concentration of hazardous 
disinfection byproducts in at least one downstream drinking water facility and a shift to more toxic 
brominated disinfection byproducts.2 In response, the Pennsylvania Department of Environmental 
Protection revised existing regulations to prevent these discharges and also requested that oil and 
gas operators voluntarily stop bringing certain kinds of hydraulic fracturing wastewater to facilities 
that discharge inadequately treated wastewater to surface waters.3  

The scientific literature and recent data from the Pennsylvania Department of Environmental 
Protection suggest that other produced water constituents (e.g., barium, strontium, and radium) 
may have been introduced to surface waters through the release of inadequately treated hydraulic 
fracturing wastewater. In particular, radium has been detected in stream sediments at or near 
wastewater treatment facilities that discharged inadequately treated hydraulic fracturing 
wastewater. Such sediments can migrate if they are disturbed during dredging or flood events. 
Additionally, residuals from the treatment of hydraulic fracturing wastewater (i.e., the solids or 
liquids that remain after treatment) are concentrated in the constituents removed during 
treatment, and these residuals can impact groundwater or surface water resources if they are not 
managed properly.  

                                                            
1 Hydraulic fracturing was the predominant stimulation practice. Other stimulation practices included acid fracturing and 
matrix acidizing. California updated its regulations in 2015 to prohibit the use of percolation pits for the disposal of fluids 
produced from stimulated wells. 
2 Disinfection byproducts form through chemical reactions between organic material and disinfectants, which are used in 
drinking water treatment. Human health hazards associated with disinfection byproducts are described in Section 9.5.6 in 
Chapter 9.  
3 See Text Box 8-1 in Chapter 8. 
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Figure ES-8. Changes in wastewater management practices over time in the Marcellus Shale 
area of Pennsylvania. 
Data from PA DEP (2015a). 

Impacts on groundwater and surface water resources from current and historic uses of lined and 
unlined pits, including percolation pits, in the oil and gas industry have been documented. For 
example, Kell (2011) reported 63 incidents of non-public water supply contamination from unlined 
or inadequately constructed pits in Ohio between 1983 and 2007, and 57 incidents of groundwater 
contamination from unlined produced water disposal pits in Texas prior to 1984. Other cases of 
impacts have been identified in several states, including New Mexico, Oklahoma, Pennsylvania, and 
Wyoming.1 Impacts among these cases included the detection of volatile organic compounds in 
groundwater resources, wastewater reaching surface water resources from pit overflows, and 
wastewater reaching groundwater resources through liner failures. Based on documented impacts 
on groundwater resources from unlined pits, many states have implemented regulations that 
prohibit percolation pits or unlined storage pits for either hydraulic fracturing wastewater or oil 
and gas wastewater in general.  

The severity of impacts on drinking water resources from the aboveground disposal of hydraulic 
fracturing wastewater depends on the volume and quality of the discharged wastewater and the 
characteristics of the receiving water resource. In general, large surface water resources with high 
flow rates can reduce the severity of impacts through dilution, although impacts may not be 
eliminated. In contrast, groundwater is generally slow moving, which can lead to an accumulation 
of hydraulic fracturing wastewater contaminants in groundwater from continuous or repeated 
discharges to the land surface; the resulting contamination can be long-lasting. The severity of 

1 See Section 8.4.5 in Chapter 8. 
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impacts on groundwater resources will also be influenced by soil and sediment properties and 
other factors that control the movement or degradation of wastewater constituents.  

Wastewater Disposal and Reuse Conclusions 

The aboveground disposal of hydraulic fracturing wastewater has impacted the quality of 
groundwater and surface water resources in some instances. In particular, discharges of 
inadequately treated hydraulic fracturing wastewater to surface water resources have contributed 
to elevated levels of hazardous disinfection byproducts in at least one downstream drinking water 
system. Additionally, the use of lined and unlined pits for the storage or disposal of oil and gas 
wastewater has impacted surface and groundwater resources. Unlined pits, in particular, provide a 
direct pathway for contaminants to reach groundwater. Wastewater management is dynamic, and 
recent changes in state regulations and practices have been made to limit impacts on groundwater 
and surface water resources from the aboveground disposal of hydraulic fracturing wastewater. 

Chemicals in the Hydraulic Fracturing Water Cycle 

Chemicals are present in the hydraulic fracturing water cycle. During the chemical mixing stage of 
the hydraulic fracturing water cycle, chemicals are intentionally added to water to alter its 
properties for hydraulic fracturing (Text Box ES-6). Produced water, which is collected, handled, 
and managed in the last two stages of the hydraulic fracturing water cycle, contains chemicals 
added to hydraulic fracturing fluids, naturally occurring chemicals found in hydraulically fractured 
rock formations, and any chemical transformation products (Text Box ES-9). By evaluating 
available data sources, we compiled a list of 1,606 chemicals that are associated with the hydraulic 
fracturing water cycle, including 1,084 chemicals reported to have been used in hydraulic 
fracturing fluids and 599 chemicals detected in produced water. This list represents a national 
analysis; an individual well would likely have a fraction of the chemicals on this list and may have 
other chemicals that were not included on this list. 

In many stages of the hydraulic fracturing water cycle, the severity of impacts on drinking water 
resources depends, in part, on the identity and amount of chemicals that enter the environment. 
The properties of a chemical influence how it moves and transforms in the environment and how it 
interacts with the human body. Therefore, some chemicals in the hydraulic fracturing water cycle 
are of more concern than others because they are more likely to move with water (e.g., spilled 
hydraulic fracturing fluid) to drinking water resources, persist in the environment (e.g., chemicals 
that do not degrade), and/or affect human health.  

Evaluating potential hazards from chemicals in the hydraulic fracturing water cycle is most useful 
at local and/or regional scales because chemical use for hydraulic fracturing can vary from well to 
well and because the characteristics of produced water are influenced by the geochemistry of 
hydraulically fractured rock formations. Additionally, site-specific characteristics (e.g., the local 
landscape, and soil and subsurface permeability) can affect whether and how chemicals enter 
drinking water resources, which influences how long people may be exposed to specific chemicals 
and at what concentrations. As a first step for informing site-specific risk assessments, the EPA 
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compiled toxicity values for chemicals in the hydraulic fracturing water cycle from federal, state, 
and international sources that met the EPA’s criteria for inclusion in this report.1,2  

The EPA was able to identify chronic oral toxicity values from the selected data sources for 98 of the 
1,084 chemicals that were reported to have been used in hydraulic fracturing fluids between 2005 
and 2013. Potential human health hazards associated with chronic oral exposure to these chemicals 
include cancer, immune system effects, changes in body weight, changes in blood chemistry, 
cardiotoxicity, neurotoxicity, liver and kidney toxicity, and reproductive and developmental 
toxicity. Of the chemicals most frequently reported to FracFocus 1.0, nine had toxicity values from 
the selected data sources (Table ES-3). Critical effects for these chemicals include kidney/renal 
toxicity, hepatotoxicity, developmental toxicity (extra cervical ribs), reproductive toxicity, and 
decreased terminal body weight. 

Table ES-3. Available chronic oral reference values for hydraulic fracturing chemicals reported 
in 10% or more of disclosures in FracFocus 1.0.  

Chemical name (CASRN)a 
Chronic oral 

reference value 
(mg/kg/day) 

Critical effect 
Percent of 

FracFocus 1.0 
disclosuresb 

Propargyl alcohol (107-19-7) 0.002c Renal and hepatotoxicity 33 

1,2,4-Trimethylbenzene (95-63-6) 0.01c Decreased pain sensitivity 13 

Naphthalene (91-20-3) 0.02c 
Decreased terminal body 
weight 19 

Sodium chlorite (7758-19-2) 0.03c 
Neuro-developmental 
effects 

11 

2-Butoxyethanol (111-76-2) 0.1c 
Hemosiderin deposition in 
the liver 23 

Quaternary ammonium compounds, benzyl-
C12-16-alkyldimethyl, chlorides (68424-85-1) 0.44d 

Decreased body weight 
and weight gain 

12 

Formic acid (64-18-6) 0.9e Reproductive toxicity 11 

Ethylene glycol (107-21-1) 2c Kidney toxicity 47 

Methanol (67-56-1) 2c Extra cervical ribs 73 

a “Chemical” refers to chemical substances with a single CASRN; these may be pure chemicals (e.g., methanol) or chemical 
mixtures (e.g., hydrotreated light petroleum distillates).  
b Analysis considered 35,957 disclosures that met selected quality assurance criteria. See Table 9-2 in Chapter 9. 
c From the EPA Integrated Risk Information System database. 
d From the EPA Human Health Benchmarks for Pesticides database. 
e From the EPA Provisional Peer-Reviewed Toxicity Value database. 

                                                            
1 Specifically, the EPA compiled noncancer oral reference values and cancer oral slope factors (Chapter 9). A reference 
value describes the dose of a chemical that is likely to be without an appreciable risk of adverse health effects. In the 
context of this report, the term “reference value” generally refers to reference values for noncancer effects occurring via 
the oral route of exposure and for chronic durations. An oral slope factor is an upper-bound estimate on the increased 
cancer risk from a lifetime oral exposure to an agent.  
2 The EPA’s criteria for inclusion in this report are described in Section 9.4.1 in Chapter 9. Sources of information that met 
these criteria are listed in Table 9-1 of Chapter 9. 
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Chronic oral toxicity values from the selected data sources were identified for 120 of the 599 
chemicals detected in produced water. Potential human health hazards associated with chronic oral 
exposure to these chemicals include liver toxicity, kidney toxicity, neurotoxicity, reproductive and 
developmental toxicity, and carcinogenesis. Chemical-specific toxicity values are included in 
Chapter 9.  

Chemicals in the Hydraulic Fracturing Water Cycle Conclusions 

Some of the chemicals in the hydraulic fracturing water cycle are known to be hazardous to human 
health. Of the 1,606 chemicals identified by the EPA, 173 had chronic oral toxicity values from 
federal, state, and international sources that met the EPA’s criteria for inclusion in this report. 
These data alone, however, are insufficient to determine which chemicals have the greatest 
potential to impact drinking water resources and human health. To understand whether specific 
chemicals can affect human health through their presence in drinking water, data on chemical 
concentrations in drinking water would be needed. In the absence of these data, relative hazard 
potential assessments could be conducted at local and/or regional scales using the multi-criteria 
decision analysis approach outlined in Chapter 9. This approach combines available chemical 
occurrence data with selected chemical, physical, and toxicological properties to place the severity 
of potential impacts (i.e., the toxicity of specific chemicals) into the context of factors that affect the 
likelihood of impacts (i.e., frequency of use, and chemical and physical properties relevant to 
environmental fate and transport).  

Data Gaps and Uncertainties  

The information reviewed for this report included cases of impacts on drinking water resources 
from activities in the hydraulic fracturing water cycle. Using these cases and other data, 
information, and analyses, we were able to identify factors that likely result in more frequent or 
more severe impacts on drinking water resources. However, there were instances in which we 
were unable to form conclusions about the potential for activities in the hydraulic fracturing water 
cycle to impact drinking water resources and/or the factors that influence the frequency or severity 
of impacts. Below, we provide perspective on the data gaps and uncertainties that prevented us 
from drawing additional conclusions about the potential for impacts on drinking water resources 
and/or the factors that affect the frequency and severity of impacts. 

In general, comprehensive information on the location of activities in the hydraulic fracturing water 
cycle is lacking, either because it is not collected, not publicly available, or prohibitively difficult to 
aggregate. This includes information on the: 

• Above- and belowground locations of water withdrawals for hydraulic fracturing; 

• Surface locations of hydraulically fractured oil and gas production wells, where the 
chemical mixing, well injection, and produced water handling stages of the hydraulic 
fracturing water cycle take place; 

• Belowground locations of hydraulic fracturing, including data on fracture growth; and 

• Locations of hydraulic fracturing wastewater management practices, including the 
disposal of treatment residuals.  
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There can also be uncertainty in the location of drinking water resources. In particular, depths of 
groundwater resources that are, or in the future could be, used for drinking water are not always 
known. If comprehensive data about the locations of both drinking water resources and activities in 
the hydraulic fracturing water cycle were available, it would have been possible to more completely 
identify areas in the United States in which hydraulic fracturing-related activities either directly 
interact with drinking water resources or have the potential to interact with drinking water 
resources.  

In places where we know activities in the hydraulic fracturing water cycle have occurred or are 
occurring, data that could be used to characterize the presence, migration, or transformation of 
hydraulic fracturing-related chemicals in the environment before, during, and after hydraulic 
fracturing were scarce. Specifically, local water quality data needed to compare pre- and post-
hydraulic fracturing conditions are not usually collected or readily available. The limited amount of 
data collected before, during, and after activities in the hydraulic fracturing water cycle reduces the 
ability to determine whether these activities affected drinking water resources.  

Site-specific cases of alleged impacts on underground drinking water resources during the well 
injection stage of the hydraulic fracturing water cycle are particularly challenging to understand 
(e.g., methane migration in Dimock, Pennsylvania; the Raton Basin of Colorado; and Parker County, 
Texas1). This is because the subsurface environment is complex and belowground fluid movement 
is not directly observable. In cases of alleged impacts, activities in the hydraulic fracturing water 
cycle may be one of several causes of impacts, including other oil and gas activities, other industries, 
and natural processes. Thorough scientific investigations are often necessary to narrow down the 
list of potential causes to a single source at site-specific cases of alleged impacts.  

Additionally, information on chemicals in the hydraulic fracturing water cycle (e.g., chemical 
identity; frequency of use or occurrence; and physical, chemical, and toxicological properties) is not 
complete. Well operators claimed at least one chemical as confidential at more than 70% of wells 
reported to FracFocus 1.0 (U.S. EPA, 2015a).2 The identity and concentration of these chemicals, 
their transformation products, and chemicals in produced water would be needed to characterize 
how chemicals associated with hydraulic fracturing activities move through the environment and 
interact with the human body. Identifying chemicals in the hydraulic fracturing water cycle also 
informs decisions about which chemicals would be appropriate to test for when establishing pre-
hydraulic fracturing baseline conditions and in the event of a suspected drinking water impact.  

Of the 1,606 chemicals identified by the EPA in hydraulic fracturing fluid and/or produced water, 
173 had toxicity values from sources that met the EPA’s criteria for inclusion in this report. Toxicity 
values from these selected data sources were not available for 1,433 (89%) of the chemicals, 
although many of these chemicals have toxicity data available from other data sources.3 Given the 

1 See Text Boxes 6-2 (Dimock, Pennsylvania), 6-3 (Raton Basin), and 6-4 (Parker County, Texas) in Chapter 6.  
2 Chemical withholding rates in FracFocus have increased over time. Konschnik and Dayalu (2016) reported that 92% of 
wells reported in FracFocus 2.0 between approximately March 2011 and April 2015 used at least one chemical that was 
claimed as confidential. 
3 Chapter 9 describes the availability of data in other data sources. The quality of these data sources was not evaluated as 
part of this report.  
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large number of chemicals identified in the hydraulic fracturing water cycle, this missing 
information represents a significant data gap that makes it difficult to fully understand the severity 
of potential impacts on drinking water resources. 

Because of the significant data gaps and uncertainties in the available data, it was not possible to 
fully characterize the severity of impacts, nor was it possible to calculate or estimate the national 
frequency of impacts on drinking water resources from activities in the hydraulic fracturing water 
cycle. We were, however, able to estimate impact frequencies in some, limited cases (i.e., spills of 
hydraulic fracturing fluids or produced water and mechanical integrity failures).1 The data used to 
develop these estimates were often limited in geographic scope or otherwise incomplete. 
Consequently, national estimates of impact frequencies for any stage of the hydraulic fracturing 
water cycle have a high degree of uncertainty. Our inability to quantitatively determine a national 
impact frequency or to characterize the severity of impacts, however, did not prevent us from 
qualitatively describing factors that affect the frequency or severity of impacts at the local level.  

Report Conclusions 

This report describes how activities in the hydraulic fracturing water cycle can impact—and have 
impacted—drinking water resources and the factors that influence the frequency and severity of 
those impacts. It also describes data gaps and uncertainties that limited our ability to draw 
additional conclusions about impacts on drinking water resources from activities in the hydraulic 
fracturing water cycle. Both types of information—what we know and what we do not know—
provide stakeholders with scientific information to support future efforts.  

The uncertainties and data gaps identified throughout this report can be used to identify future 
efforts to further our understanding of the potential for activities in the hydraulic fracturing water 
cycle to impact drinking water resources and the factors that affect the frequency and severity of 
those impacts. Future efforts could include, for example, groundwater and surface water 
monitoring in areas with hydraulically fractured oil and gas production wells or targeted research 
programs to better characterize the environmental fate and transport and human health hazards 
associated with chemicals in the hydraulic fracturing water cycle. Future efforts could identify 
additional vulnerabilities or other factors that affect the frequency and/or severity of impacts.  

In the near term, decision-makers could focus their attention on the combinations of hydraulic 
fracturing water cycle activities and local- or regional-scale factors that are more likely than others 
to result in more frequent or more severe impacts. These include:  

• Water withdrawals for hydraulic fracturing in times or areas of low water availability, 
particularly in areas with limited or declining groundwater resources;  

• Spills during the management of hydraulic fracturing fluids and chemicals or produced 
water that result in large volumes or high concentrations of chemicals reaching 
groundwater resources;  

                                                            
1 See Chapter 10. 
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• Injection of hydraulic fracturing fluids into wells with inadequate mechanical integrity, 
allowing gases or liquids to move to groundwater resources; 

• Injection of hydraulic fracturing fluids directly into groundwater resources;  

• Discharge of inadequately treated hydraulic fracturing wastewater to surface water 
resources; and 

• Disposal or storage of hydraulic fracturing wastewater in unlined pits, resulting in 
contamination of groundwater resources. 

The above combinations of activities and factors highlight, in particular, the vulnerability of 
groundwater resources to activities in the hydraulic fracturing water cycle. By focusing attention on 
the situations described above, impacts on drinking water resources from activities in the hydraulic 
fracturing water cycle could be prevented or reduced.  

Overall, hydraulic fracturing for oil and gas is a practice that continues to evolve. Evaluating the 
potential for activities in the hydraulic fracturing water cycle to impact drinking water resources 
will need to keep pace with emerging technologies and new scientific studies. This report provides 
a foundation for these efforts, while helping to reduce current vulnerabilities to drinking water 
resources. 
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1. Introduction
1.1 Background 

People rely on clean and plentiful water resources to meet their basic needs. In the early 2000s, 
members of the public began to raise concerns about the use of hydraulic fracturing for oil and gas 
production and its potential impacts on drinking water resources. Hydraulic fracturing involves the 
injection of fluids into a well under pressures great enough to fracture oil- and gas-bearing 
formations. While hydraulic fracturing has been used to enhance oil and gas production from 
conventional rock formations, the combination of hydraulic fracturing and directional drilling has 
made it economical to produce oil and gas from previously unused unconventional rock 
formations.1 This has led to increases in oil and gas production and expanded activity throughout 
the United States.  

Concerns about the impacts of hydraulic fracturing activities on both the quality and quantity of 
drinking water resources have been raised by the public. Some residents living close to oil and gas 
production wells report changes in the quality of groundwater resources used for drinking water 
and assert that hydraulic fracturing is responsible for these changes. Other concerns include 
impacts on water availability due to water use in hydraulic fracturing, especially in areas of the 
country experiencing drought, and impacts on water quality from the disposal of wastewater 
generated after hydraulic fracturing.  

In response to public concerns, the U.S. Congress urged the U.S. Environmental Protection Agency 
(EPA) to study the relationship between hydraulic fracturing and drinking water (H.R. Rep. 111- 
316, 2009). In 2011, the EPA published its Plan to Study the Potential Impacts of Hydraulic 
Fracturing on Drinking Water Resources (U.S. EPA, 2011d; hereafter Study Plan), which described 
the research the Agency would be conducting on activities involving water that support hydraulic 
fracturing (referred to as the “hydraulic fracturing water cycle”). The research described in the 
Study Plan began the same year. In 2012, the EPA issued Study of the Potential Impacts of Hydraulic 
Fracturing on Drinking Water Resources: Progress Report (U.S. EPA, 2012h; hereafter Progress 
Report) to update the public on the status of EPA’s research. Since its initiation, the EPA’s hydraulic 
fracturing study has directly resulted in the publication of 27 separate government reports and 
scientific journal articles. This assessment integrates results from those reports and scientific 
journal articles with publicly available data and information. It represents the culmination of the 
EPA’s hydraulic fracturing study focused on characterizing the relationship between hydraulic 
fracturing and drinking water. 

1 Conventional oil- and gas-bearing rock formations are often described as “permeable” and tend to have many large, well-
connected pore spaces that allow fluids to move within the rock formation. Unconventional oil- and gas-bearing rock 
formations do not exhibit these characteristics. See Chapter 3 for more information on uses of the terms conventional and 
unconventional.  
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1.2 Goals 

The goals of this assessment are to assess the potential for activities in the hydraulic fracturing 
water cycle to impact the quality or quantity of drinking water resources and to identify factors that 
affect the frequency or severity of those impacts. 

1.3 Scope 

The hydraulic fracturing water cycle defines the activities that are within the scope of this 
assessment. This cycle encompasses activities involving water that support hydraulic fracturing 
and consists of five stages:  

1. Water Acquisition: the withdrawal of groundwater or surface water to make hydraulic
fracturing fluids;

2. Chemical Mixing: the mixing of a base fluid (typically water), proppant, and additives at
the well site to create hydraulic fracturing fluids;1

3. Well Injection: the injection and movement of hydraulic fracturing fluids through the oil
and gas production well and in the targeted rock formation;

4. Produced Water Handling: the on-site collection and handling of water that returns to
the surface after hydraulic fracturing and the transportation of that water for disposal or
reuse; and 2

5. Wastewater Disposal and Reuse: the disposal and reuse of hydraulic fracturing
wastewater.3

The hydraulic fracturing water cycle, and thus the scope of this assessment, was developed with 
input from stakeholders (i.e., federal, state, and tribal partners; industry and non-governmental 
organizations; and the general public) and the EPA’s Science Advisory Board (SAB) (U.S. EPA, 
2011d). The hydraulic fracturing water cycle and our assessment scope reflect interest from 
stakeholders in understanding impacts from the act of hydraulic fracturing itself as well as the 
activities involving water that support it, without examining impacts from oil and gas production 
development broadly. 

1 A base fluid is the fluid into which proppants and additives are mixed to make a hydraulic fracturing fluid; water is an 
example of a base fluid. Additives are chemicals or mixtures of chemicals that are added to the base fluid to change its 
properties. 
2 “Produced water” is defined in this report as water that flows from and through oil and gas wells to the surface as a by-
product of oil and gas production. 
3 “Hydraulic fracturing wastewater” is defined in this report as produced water from hydraulically fractured oil and gas 
wells that is being managed using practices that include, but are not limited to, injection in Class II wells, reuse in other 
hydraulic fracturing operations, and various aboveground disposal practices. The term “wastewater” is being used as a 
general description of certain waters and is not intended to constitute a term of art for legal or regulatory purposes. Class 
II wells are used to inject wastewater associated with oil and gas production underground and are regulated under the 
Underground Injection Control Program of the Safe Drinking Water Act. 
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Figure 1-1. Conceptualized view of the stages of the hydraulic fracturing water cycle. 
Shown here is a generalized landscape depicting simplified activities of the hydraulic fracturing water cycle, their relationship to each other, and their 
relationship to drinking water resources. Activities may take place in the same watershed or different watersheds and close to or far from drinking water 
resources. Drinking water resources are any groundwater or surface water that now serves, or in the future could serve, as a source of drinking water for public 
or private use. Arrows depict the movement of water and chemicals. Specific activities in the “Wastewater Disposal and Reuse” inset are (a) disposal via 
injection well, (b) wastewater treatment with reuse or discharge, and (c) evaporation or percolation pit disposal. Note: Figure not to scale. 
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This assessment focuses on hydraulic fracturing in onshore oil and gas wells in the contiguous 
United States; limited available information on hydraulic fracturing in Alaska is included. To the 
extent possible, this assessment addresses hydraulic fracturing in all types of oil- and gas-bearing 
formations in which it is conducted, including shale, so-called ‘tight’ formations (e.g., certain 
sandstones, siltstones, and carbonates), coalbeds, and conventional rock formations. The 
assessment tends to focus on hydraulic fracturing in shale, reflecting the abundance and availability 
of literature and data on hydraulic fracturing in this type of rock formation.  

In this assessment, we consider how activities in the hydraulic fracturing water cycle interact with 
drinking water resources. Consistent with the Study Plan (U.S. EPA, 2011d), drinking water 
resources are defined within this assessment as any groundwater or surface water that now serves, 
or in the future could serve, as a source of drinking water for public or private use. This definition is 
broader than most regulatory definitions of “drinking water” to include both fresh and non-fresh 
bodies of water that are and could be used now or could be used in the future as sources of drinking 
water (Chapter 2). We note that drinking water resources provide not only water that individuals 
actually drink but also water used for many additional purposes such as cooking and bathing. 

As part of the assessment, we evaluated immediate, near-term, and delayed effects on drinking 
water resources from normal operations and accidents. For example, we considered how surface 
spills of hydraulic fracturing fluids may have immediate or near-term impacts on neighboring 
surface water and shallow groundwater quality (Chapters 5 and 7). We also considered how the 
potential release of hydraulic fracturing fluids in the subsurface may take years to impact 
groundwater resources, because liquids and gas often move slowly in the subsurface (Chapter 6). 
Additionally, impacts may be transient or long-term, often depending on the characteristics of the 
affected drinking water resource. Finally, impacts may be detected near the hydraulic fracturing 
water cycle activity or some distance away. For instance, we considered that, depending on the 
constituents of treated hydraulic fracturing wastewater discharged to a stream and the flow in that 
stream, drinking water resource quality could be affected a significant distance downstream 
(Chapter 8). 

This assessment focuses predominantly on activities supporting a single well or multiple wells at 
one site, accompanied by a more limited discussion of cumulative activities and the impacts that 
could result from having many wells on a landscape. Studies of cumulative effects are generally 
lacking, but we use the scientific literature to address this topic where possible.1 

We examine impacts of hydraulic fracturing for oil and gas on drinking water resources and address 
factors that affect the frequency or severity of impacts. Specific definitions used in this assessment 
are provided below: 

• An impact is any change in the quality or quantity of drinking water resources, regardless
of severity, that results from an activity in the hydraulic fracturing water cycle.

1 Cumulative effects refer to combined changes in the environment that can take place as a result of multiple activities 
over time and/or space. 
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• A factor is a feature of hydraulic fracturing operations or an environmental condition that
affects the frequency or severity of impacts.

• Frequency is the number of impacts per a given unit (e.g., per geographic area, per unit
time, per number of hydraulically fractured wells, per number of water bodies). Reflecting
the scientific literature, the most common representation of frequency in this assessment
is number of impacts per hydraulically fractured well.

• Severity is the magnitude of change in the quality or quantity of a drinking water resource
as measured by a given metric (e.g., duration, spatial extent, contaminant concentration).

We identify and discuss factors affecting the frequency or severity of impacts to avoid a simple 
inventory of all specific situations in which hydraulic fracturing might alter drinking water quality 
or quantity. This allows knowledge about the conditions under which impacts are likely or unlikely 
to occur to be applied to new circumstances (e.g., a new area of oil or gas development where 
hydraulic fracturing is expected to be used) and could inform the development of strategies to 
prevent impacts. Although no attempt has been made in this assessment to identify or evaluate 
comprehensive best practices for states, tribes, or the industry, we describe ways to avoid or 
reduce the frequency or severity of impacts from hydraulic fracturing activities as they have been 
reported in the scientific literature. Laws, regulations, and policies also exist to protect drinking 
water resources (Text Box 1-1), but a comprehensive summary and evaluation of current or 
proposed regulations and policies is beyond the scope of this assessment. 

Text Box 1-1. Regulatory Protection for Drinking Water Resources. 

The quality and quantity of drinking water resources are protected in the United States by a collection of 
federal, state, tribal, and local laws, regulations, and polices. They differ with respect to how water resources 
are defined (Chapter 2) and thus which resources qualify for protection. Some policies protect water 
resources from oil and gas industry activities as part of a larger set of regulated industries, or from oil and gas 
industry activities only, or from hydraulic fracturing-related activities, specifically. Multiple federal and state 
agencies, departments, or divisions are responsible for implementing these laws, regulations, and policies. An 
exhaustive summary of current and emerging laws, regulations, and policies, those responsible for 
implementing them, and enforcement or effectiveness is not in the scope of this assessment. The following 
information is designed to give the reader a general understanding of how the U.S. government and states 
protect drinking water resources from the potential impacts of activities in the hydraulic fracturing water 
cycle. 

On the federal level, the U.S. government regulates some activities in the hydraulic fracturing water cycle to 
protect drinking water resources. For example, under the Clean Water Act, the National Pollution Discharge 
Elimination System (NPDES) program regulates surface discharge of wastewater from the oil and gas sector 
(in addition to many other industries). Issuance and enforcement of NPDES discharge permits is primarily the 
responsibility of the states that have received NPDES program authorization from the EPA. In addition, the 
Safe Drinking Water Act’s (SDWA) Underground Injection Control program regulates the underground 
disposal of hydraulic fracturing wastewater (and wastewater generated in other industries) and, like the 
NPDES program, allows states to seek program authorization from the EPA. The federal government does not 
have the authority to regulate hydraulic fracturing as an injection activity under the SDWA except when it  

(Text Box 1-1 is continued on the following page.) 
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Text Box 1-1 (continued). Regulatory Protection for Drinking Water Resources. 

(1) involves diesel fuel, a result of legislation passed in 2005, or (2) causes an imminent and substantial 
endangerment to the health of persons. Additionally, produced water is exempted from regulation as a 
hazardous waste under the Resource Conservation and Recovery Act Subtitle C. In 2015, the U.S. Department 
of the Interior published a set of regulations for conducting hydraulic fracturing operations on federal public 
and tribal lands. It includes requirements to help protect groundwater by updating standards for well 
mechanical integrity, wastewater disposal, and public disclosure of chemicals. As of late 2016, a federal 
district court judge has set aside these regulations as outside the scope of the U.S. Department of the 
Interior’s authority, and this decision is being appealed. 

States generally have the primary responsibility for protecting drinking water resources from the impacts of 
hydraulic fracturing activities (Guralnick, 2016; Zirogannis et al., 2016). Some states have put in place broad 
restrictions or moratoria on hydraulic fracturing activities due in part to concerns about potential risks to 
drinking water resources. Many other states allow hydraulic fracturing activities, and several sources of 
information track and/or summarize their laws, regulations, and policies. An online database of statutes and 
regulations applicable to the oil and gas industry and related to water quality, water quantity, and air quality 
in 17 states is maintained by LawAtlas (www. lawatlas.org/oilandgas).  

State approaches vary widely, from comprehensive laws addressing all aspects of hydraulic fracturing 
activities to regulations addressing specific activities (Guralnick, 2016). In 2009 and 2014, the Ground Water 
Protection Council (GWPC) summarized regulations that are designed to protect water resources and 
applicable to the oil and gas industry in 27 states; they did not investigate compliance (GWPC, 2014, 2009). 
The summaries revealed that regulations are carried out by either oil and gas agencies, environmental 
agencies, or both, depending on the state. They also identified general categories of existing regulations that 
could control impacts on drinking water resources from activities in the hydraulic fracturing water cycle, 
including permitting, well design and integrity, injection activities, and surface management of fluids. 
Categories were comprised of regulatory “elements.” Certain elements had been adopted across 90% or more 
of states included in the summaries that allowed hydraulic fracturing as of July 2013: surface casing generally 
must be set below the deepest protected groundwater zone; protected groundwater depth is determined on a 
well-specific basis or by rule; and surface casing must be cemented from bottom to top. All other elements 
were adopted at lower and widely varying rates. For example, as of July 2013, a requirement for water well 
testing and monitoring adjacent to hydraulic fracturing operations existed in five states. Other states, 
including California, have added this requirement since then.  

State laws, regulations, and policies are continually changing. Changes may be initiated by state legislatures 
or regulatory agencies (sometimes in response to legal decisions) and generally apply to new wells or future 
hydraulic fracturing operations and not existing wells or wells that have been hydraulically fractured in the 
past. Third-party groups, like the State Review of Oil and Natural Gas Environmental Regulations 
(STRONGER) organization, offer multi-stakeholder reviews of state oil and gas regulatory programs and 
recommendations to improve those programs according to guidelines developed by their workgroups. 
Interstate organizations of state agency representatives also have initiatives to develop oil and gas resources 
while protecting water and other environmental resources, initiatives like the GWPC and Interstate Oil and 
Gas Compact Commission’s States First. In combination with changing policies, new technologies (such as 
those that make it possible to reuse hydraulic fracturing wastewater in subsequent hydraulic fracturing 
operations) have the potential to further reduce impacts on drinking water resources. 
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We identify and evaluate potential human health hazards of hydraulic fracturing-related chemicals 
(Chapter 9), but this assessment is not a human health risk assessment. It does not identify 
populations that are exposed to chemicals or other stressors in the environment, estimate the 
extent of exposure, or estimate the incidence of human health impacts. Relatedly, we did not 
conduct site-specific predictive modeling to quantitatively estimate contaminant concentrations in 
drinking water resources, although modeling studies conducted by others are described. 

This assessment focuses on the potential for impacts from activities in the hydraulic fracturing 
water cycle on drinking water resources. It does not address all concerns that have been raised 
about hydraulic fracturing nor about oil and gas exploration and production more generally. 
Activities that are not considered in this assessment include acquisition and transport of 
constituents of hydraulic fracturing fluids besides water (e.g., sand mining and chemical 
production); site selection and development; other infrastructure development (e.g., roads, 
pipelines, compressor stations); site reclamation; and well closure. We consider these activities to 
be outside the scope of the hydraulic fracturing water cycle and, therefore, their impacts are not 
addressed in this assessment. Disposal of hydraulic fracturing wastewater in underground injection 
control wells is described and characterized, but consistent with the Study Plan, potential for 
impacts of this practice on drinking water resources is not included. Additionally, this report does 
not discuss the potential impacts of hydraulic fracturing on other water uses (e.g., agriculture or 
industry), other aspects of the environment (e.g., air quality, induced seismicity, or ecosystems), 
worker health and safety, or communities. Finally, this assessment focuses on the available science 
and does not review, consider, or recommend policy options. 

1.4 Approach 

This assessment relies on scientific literature and data that address topics within the scope of the 
hydraulic fracturing water cycle. Scientific journal articles and peer-reviewed EPA reports 
containing results from the EPA’s hydraulic fracturing study comprise one set of applicable 
literature. Other literature evaluated includes articles published in science and engineering 
journals, federal and state government reports, non-governmental organization (NGO) reports, and 
oil and gas industry publications. Data sources examined include federal- and state-collected data 
sets, databases curated by federal and state government agencies, other publicly available data and 
information, and data submitted by industry to the EPA.1 In total, we cite approximately 1,200 
sources of scientific data and information in this assessment. 

1.4.1 EPA Hydraulic Fracturing Study Publications 

The research topic areas and projects described in the Study Plan were developed with substantial 
expert and public input and were designed to meet the data and information needs of this 
assessment. As such, peer-reviewed results of research that the EPA conducted under the Study 
Plan, published separately as EPA reports or as journal articles, are incorporated and cited 

1 Confidential and non-confidential business information was provided to the EPA by nine hydraulic fracturing service 
companies in response to a September 2010 information request and by nine oil and gas well operators in response to an 
August 2011 information request. 
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frequently throughout this assessment. As is customary in assessments that synthesize a large body 
of literature and data, the results of EPA research are contextualized and interpreted in 
combination with the other literature and data described in Section 1.4.2. The journal articles and 
EPA reports that give complete and detailed project results can be found on the EPA’s hydraulic 
fracturing study website (www.epa.gov/hfstudy). For ease of reference, a description of the 
individual projects, the type of research activity they represent (i.e., analysis of existing data, 
scenario evaluation, laboratory study, or case study), and the corresponding citations of published 
journal articles and EPA reports that are referenced in this assessment can be found in Appendix A.  

1.4.2 Literature and Data Search Strategy 

We used a broad search strategy to identify approximately 4,100 sources of scientific information 
applicable to this assessment. This strategy included requesting input from scientists, stakeholders, 
and the public about relevant data and information, and thorough searches of published 
information and applicable data.1  

Over 1,600 articles, reports, data, and other sources of information were obtained through outreach 
to the public, stakeholders, and scientific experts. The EPA requested material through many 
venues, as follows. We received recommended literature from the SAB, the EPA’s independent 
federal scientific advisory committee, from its review of the EPA’s draft Study Plan; from its 
consultation on the EPA’s Progress Report; during an SAB briefing on new and emerging 
information related to hydraulic fracturing in fall 2013; and from its peer review of the external 
review draft of this assessment. Subject matter experts and stakeholders also recommended 
literature through a series of technical workshops and roundtables organized by the EPA between 
2011 and 2013. In addition, the public submitted literature recommendations to the SAB during the 
SAB review of the draft Study Plan, consultation on the Progress Report, briefing on emerging 
information, and review of the external review draft of this assessment, as well as in response to a 
formal request for data and information posted in the Federal Register (EPA-HQ-ORD-2010-0674) 
in November 2012. The submission deadline was extended from April to November 2013 to 
provide the public with additional opportunity to provide information to the EPA.  

Approximately 2,500 additional sources were identified by conducting searches via online scientific 
databases and federal, state, and stakeholder websites. We searched these databases and websites 
in particular for (1) materials addressing topics not covered by the documents submitted by 
experts, stakeholders, and the public as noted above, and (2) newly emerging scientific studies. 
Multiple targeted and iterative searches on topics determined to be within the scope of the 
assessment were conducted until June 1, 2016. After that time, we included newer literature as it 
was recommended to us during our internal technical reviews or as it came to our attention and 
was determined to be important for filling a gap in information. 

1 This study did not review information contained in state and federal enforcement actions concerning alleged 
contamination of drinking water resources. 
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1.4.3 Literature and Data Evaluation Strategy 

We evaluated the literature and data identified in the search strategy using the five assessment 
factors outlined by the EPA Science Policy Council in A Summary of General Assessment Factors for 
Evaluating the Quality of Scientific and Technical Information (U.S. EPA, 2003c). The factors are (1) 
applicability and utility, (2) evaluation and review, (3) soundness, (4) clarity and completeness, and 
(5) uncertainty and variability. Table 1-1 lists these factors along with the specific criteria 
developed for this assessment. We first evaluated all materials for applicability. If we determined 
that the material was “applicable” under the criteria, the reference was evaluated on the basis of the 
other four factors.  

Our objective was to consider and then cite literature in the assessment that fully conforms to all 
criteria defining each assessment factor. However, in some cases, literature on a topic did not fully 
conform to an aspect of the outlined criteria. For instance, the preponderance of literature in some 
technical areas is published as white papers and reports for which independent peer review is not 
standard practice or is not well documented. To address these areas in which peer-reviewed 
literature was limited, we cited literature that may not have been peer-reviewed. These references 
often provided useful background information or corroborated conclusions in the peer-reviewed 
literature.  

Table 1-1. The five factors and accompanying criteria used to evaluate literature and data 
cited in this assessment. 
Criteria are consistent with those outlined by the EPA’s Science Policy Council (U.S. EPA, 2003c). Criteria are 
incorporated into the Quality Assurance Project Plans for this assessment (U.S. EPA, 2014d, 2013d). 

Factor Criteria 

Applicability Document provides information useful for assessing the potential pathways for 
hydraulic fracturing activities to change the quality or quantity of drinking water 
resources, identifies factors that affect the frequency and severity of impacts, or 
suggests ways that potential impacts may be avoided or reduced. 

Review Document has been peer-reviewed. 

Soundness Document relies on sound scientific theory and approaches, and conclusions are 
consistent with data presented. 

Clarity/completeness Document provides underlying data, assumptions, procedures, and model parameters, 
as applicable, as well as information about sponsorship and author affiliations. 

Uncertainty/variability Document identifies uncertainties, variability, sources of error, and/or bias and 
properly reflects them in any conclusions drawn.  

1.4.4 Quality Assurance and Peer Review 

The use of quality assurance (QA) and peer review helps ensure that the EPA conducts high-quality 
science that can be used to inform policymakers, industry, and the public. Quality assurance 
activities performed by the EPA ensure that the agency’s environmental data are of sufficient 
quantity and quality to support the data’s intended use. The EPA prepared a programmatic Quality 
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Management Plan (U.S. EPA, 2014e) for all of the research conducted under the EPA’s Study Plan, 
including the review and synthesis of the scientific literature in this assessment. The hydraulic 
fracturing Quality Management Plan describes the QA program’s organizational structure; defines 
and assigns QA and quality control (QC) responsibilities; and describes the processes and 
procedures used to plan, implement, and assess the effectiveness of the quality system. The broad 
plan is then supported by more detailed QA Project Plans (QAPPs). The QAPPs developed for this 
assessment provide the technical approach and associated QA/QC procedures for our data and 
literature search and evaluation strategies introduced in Section 1.4.2 and 1.4.3 (U.S. EPA, 2014d, 
2013d). A QA audit was conducted by the QA Manager during the preparation of this assessment to 
verify that the appropriate QA procedures, criteria, reviews, and data verification were adequately 
performed and documented. Identifying uncertainties is another aspect of QA; uncertainty, 
including data gaps and data limitations, is discussed throughout this assessment.  

This report is classified as a Highly Influential Scientific Assessment (HISA), which is defined by the 
Office of Management and Budget (OMB) as a scientific assessment that (1) could have a potential 
impact of more than $500 million in any year or (2) is novel, controversial, or precedent-setting or 
has significant interagency interest (OMB, 2004). The OMB describes specific peer review 
requirements for HISAs. To meet these requirements, the EPA often engages the SAB as an 
independent federal advisory committee to conduct peer reviews of high-profile scientific matters 
relevant to the agency. Members of an ad hoc panel, the same panel that was convened under the 
auspices of the SAB to provide comment on the Progress Report, also provided comment on an 
external review draft of this assessment.1 Panel members were nominated by the public and chosen 
to create a balanced review panel based on factors such as technical expertise, knowledge, 
experience, and absence of any real or perceived conflicts of interest. Both peer review comments 
provided by the SAB panel (SAB, 2016) and public comments submitted to the panel during their 
deliberations about the external review draft of this assessment were carefully considered in the 
development of this final document.  

1.5 Organization 

This assessment begins with an Executive Summary that summarizes our overall content and 
conclusions. The Executive Summary is written to be accessible to all members of the public.2 

This introductory chapter establishes the goals, scope, and approach for the rest of the assessment. 
Following is a characterization of drinking water resources in the contiguous United States 
(Chapter 2). Next, we present a general description of hydraulic fracturing activities and the role of 
hydraulic fracturing in the oil and gas industry in the United States (Chapter 3). Chapter 1 is written 

                                                            
1 Information about this process is available online at http://yosemite.epa.gov/sab/sabproduct.nsf/ 
02ad90b136fc21ef85256eba00436459/b436304ba804e3f885257a5b00521b3b!OpenDocument. 
2 The terminology used in the data and literature cited in this assessment can be very technical in nature and sometimes 
inconsistent. An attempt has been made throughout this document to provide definitions of technical terms and to use 
terminology in a consistent way that enhances understanding of the topics presented for the audiences targeted by each 
part of the assessment.  
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to be accessible to all members of the public. Chapters 2 and 3 are written to be accessible to an 
audience with general science knowledge. 

Chapters 4 through 8 are organized around the stages of the hydraulic fracturing water cycle 
(Figure 1-1) and address the potential for activities conducted during those stages to change the 
quality or quantity of drinking water resources. Each stage is covered by a separate chapter. There 
is also a chapter devoted to an examination of the properties of the chemicals and constituents in 
hydraulic fracturing-related fluids (Chapter 9). These chapters are written to be accessible to an 
audience with a moderate amount of technical training and expertise in the respective topic areas. 

The final chapter provides a synthesis of the information in the assessment (Chapter 10). This 
chapter is written to be accessible to an audience with general science knowledge. 

The appendices supply information that support the chapters of the assessment. This includes an 
appendix with a table of all individual products published under the EPA’s hydraulic fracturing 
study and cited in this assessment, as well as answers to the research questions posed in the Study 
Plan (Appendix A). These answers were informed by the products of the study and the data and 
literature reviewed in this assessment. 

1.6 Intended Use 

This state-of-the-science assessment will contribute to the understanding of the potential impacts 
of activities in the hydraulic fracturing water cycle on drinking water resources and the factors that 
influence those impacts. The data and findings can be used by federal, tribal, state, and local 
officials; industry; and the public to better understand and address vulnerabilities of drinking water 
resources to hydraulic fracturing activities. 

We expect this report will be used to help facilitate and inform dialogue among interested 
stakeholders, including Congress, other federal agencies, states, tribal governments, the 
international community, industry, NGOs, academia, and the general public. Additionally, the 
identification of knowledge gaps will promote greater attention to these areas by researchers. 

This report may support future assessment efforts. We anticipate that it could contribute context to 
site-specific exposure or risk assessments of hydraulic fracturing, to regional public health 
assessments, or to assessments of cumulative impacts of hydraulic fracturing on drinking water 
resources over time or over defined geographic areas of interest.  

Finally, and most importantly, this assessment presents the science to inform decisions by federal, 
state, tribal, and local officials; industry; and the public on how best to protect drinking water 
resources now and in the future.
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Chapter 2. Drinking Water 
Resources in the United States 

Abstract 

In this assessment, drinking water resources are defined as any body of groundwater or surface water 
that now serves, or in the future could serve, as a source of drinking water for public or private use. An 
estimated 86% of the United States population derives its household drinking water from public water 
systems (PWSs), which mostly use surface water sources, while nearly all of the remaining 14% of 
people self-supply their drinking water from groundwater.  

Future access to high-quality drinking water in the United States will likely be affected by changes in 
climate and water use. The existing distribution and abundance of the drinking water resources may not 
be sufficient in some locations to meet future demand. Since 2000, about 30% of the total area of the 
contiguous United States has experienced moderate drought conditions and about 20% has experienced 
severe drought conditions, which often correlates with diminishment of drinking water supplies. As a 
result, non-fresh water resources, such as wastewater from sewage treatment plants, brackish surface 
water and groundwater, and seawater are increasingly treated and used to meet the demand for 
drinking water. 

Hydraulically fractured oil and gas production wells can be located near drinking water sources. 
Between 2000 and 2013, approximately 3,900 PWSs had between one and 144 wells hydraulically 
fractured within 1 mile of their water source; these PWSs served more than 8.6 million people year-
round in 2013. An additional 740,000 people self-supply their drinking water in counties where at least 
30% of the population relies on groundwater and where there were at least 400 hydraulically fractured 
wells. Belowground, hydraulic fracturing can occur in close vertical proximity to drinking water 
resources. Available data show that depths to hydraulically fractured rock formations containing oil and 
gas resources can range from less than 1,000 feet (300 meters) to more than 10,000 feet (3,000 meters), 
while drinking water resources may be found between a few tens of feet to as much as 8,000 feet (2,000 
meters) below the surface. The EPA found that, along individual wellbores, where data were available, 
the distance between these two resources ranged from no separation to more than 10,000 feet (3,000 
meters). There is considerable uncertainty in this range of values, however. In many cases, the lack of 
accessible information about the depth to the base of formations containing groundwater resources in 
need of current and future protection prevents calculation of a vertical separation distance. 

The locations of drinking water resources relative to hydraulically fractured oil and gas production wells 
influence the potential for activities in the hydraulic fracturing water cycle to impact drinking water 
resources. With increased proximity, activities in the hydraulic fracturing water cycle have more 
potential to affect aboveground and belowground drinking water resources. 
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2. Drinking Water Resources in the United States
2.1 Introduction 

Drinking water resources provide the water humans consume, cook with, bathe in, and need for 
other purposes. In this assessment, drinking water resources are considered to be any groundwater 
or surface water that now serves, or in the future could serve, as a source of drinking water for 
public or private use. 1 This chapter provides information about drinking water resources in the 
United States, including current sources and indications of future trends for drinking water 
resources. Assessment of whether and where activities in the hydraulic fracturing water cycle may 
impact drinking water resources requires consideration, in part, of the locations of water and oil 
and gas resources and what physically separates them. More information about oil and gas 
resources and the areas of the United States where hydraulic fracturing occurs is described in 
Chapter 3, however this chapter focuses on the lateral (horizontal) and vertical distances between 
hydraulic fracturing operations and drinking water resources. 

2.2 Ground and Surface Water Resources 

All drinking water derives from the finite amount of water found on or below the earth’s surface. 
Fresh water serves as the source for most drinking water.2 To get an idea of the fresh water fraction 
of all water, this section presents an estimate of the earth’s water abundance. Shiklomanov (1993) 
estimates the amounts of all water on earth, and here these amounts are expressed as the percent 
of the earth’s total water volume: 

• Oceans account for about 96.5%.

• Saline groundwater, saline lakes, and water in the form of ice or vapor account for 2.7%.

• Fresh groundwater, swamps, lakes, and rivers account for the remaining 0.8%, of which
about 99% is groundwater.

Hydrologic Cycle. The process describing the movement of the earth’s water through the 
atmosphere, land, and oceans is referred to as the hydrologic cycle. Text Box 2-1 describes the 
hydrologic cycle, including the manner in which the finite amount of water on the earth moves 
through different locations during the stages of the cycle. On land, surface water and groundwater 
interact, shown in the text box as surface water infiltrating into the ground, and separately as an 
example of groundwater flowing into the river. Water consumption (for example when used for 
agriculture, incorporated into a product, or for drinking purposes), temporarily removes water 

1 In this chapter, a “drinking water source” means the body of water is now supplying, or is known to be capable of 
supplying drinking water.  
2 Published estimates of worldwide water supplies, such as by Shiklomanov, do not use a salinity threshold value to define 
“fresh” or “saline” water. “Fresh” water is characterized in these published estimates as serving as a source for domestic, 
agricultural, and industrial uses. As described further in Section 2.2.1.1, the term “fresh” in this chapter refers to water 
having total dissolved solids content up to 3,000 milligrams per liter. 
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from one local place in the hydrologic cycle, but it may be returned to a different point in the 
hydrologic cycle. See Chapter 4 for additional discussion of water consumption. 

Text Box 2-1. The Hydrologic Cycle. 

The finite amount of water and its movement on earth is often called the hydrologic cycle, depicted below. 
The three basic, and repeating, stages of this cycle include:  

1. Rainfall transfers water from the atmosphere into oceans or onto land,  

2. Water on land moves among surface water bodies and groundwater, and 

3. Evaporation from land and the oceans returns water to the atmosphere.  

 
Rainwater and melted snow collect into rivers, lakes or other water bodies to become surface water, or 
infiltrates into the ground to become groundwater. Humans drink fresh surface and groundwater, and in 
some locations, ocean water treated by desalination. Water resides on land or in the ground for varying 
amounts of time before moving into another of stage of the hydrologic cycle. Residence times for water found 
in different land locations can range from days to millions of years, depending on the path water takes. 
Residence time affects water quality on land or in the ground because water dissolves natural earth salts 
when in contact with those materials. When water on or under land reaches the ocean, its salt content 
ultimately stays in the ocean because evaporation leaves behind dissolved salt creating freshwater vapor. 
Evaporation from land and the ocean contribute fresh water to the atmosphere where it can precipitate once 
again, thus completing a hydrologic cycle. As drawn in this depiction, evaporation includes the release of 
water vapor from plant leaves that originally entered plant root systems in a process known as transpiration. 
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2.2.1 Groundwater Resources 

Groundwater can be found in the subsurface nearly everywhere, but it varies in quality and 
quantity. Groundwater exists in that part of the hydrologic cycle where surface water infiltrates 
through soil into subsurface cracks and voids in rock, creating and sustaining aquifers, a natural 
process known as groundwater recharge.1 The opposite natural process from recharge is discharge, 
where groundwater flows to the surface at springs or through the bottoms of lakes and rivers. 
Groundwater also includes water trapped in the pores of sedimentary rocks as they were 
deposited. 

The scale of groundwater flow systems can be local, regional, or something in between. Local 
groundwater flows may be small enough to be measured in the tens of feet while regional 
groundwater flows may be large enough to be measured in hundreds of miles (Alley et al., 1999). 
Groundwater movement is related to the rate of groundwater recharge, gravity’s effect on the 
groundwater, and the permeability of the rock through which groundwater flows. Localized 
groundwater flow tends to occur along shallower flow paths with shorter overall residence times, 
whereas regional groundwater flow tends to occur along deeper flow paths with longer residence 
times (Winter et al., 1998). Text Box 2-1 depicts differences between local and regional flow 
regimes. 

The U.S. Geological Survey (USGS) has mapped and described more than 60 principal aquifers in the 
United States, although these aquifers are not the only occurrences of groundwater (USGS, 2009).2

Although the depth to the water table can vary from ground surface to a few tens of feet below 
ground surface, the depth to the base of groundwater can be tens of thousands of feet below 
ground.3 The depth to the base of individual principal aquifers can be a relatively uniform or may 
vary by thousands of feet across the aquifer’s areal extent due to sloping geologic formations 
and/or changes in topography. 

2.2.1.1 Groundwater Quality 

The quality of groundwater often correlates with its age, which ranges from days to millions of 
years (Alley et al., 1999; Freeze and Cherry, 1979a; Chebotarev, 1955).4 As explained in Text Box 
2-1, groundwater salinity tends to increase with increasing residence time due to gradual 
dissolution of contacted earth materials. Some groundwater can become very saline. These waters 
can result from exposure to soluble sedimentary rocks and/or concentration of salt content due to 
evaporation of liquid water in the subsurface (Zolfaghari et al., 2016; Levorsen, 1965). It is also 
possible that sea water was trapped in sediments during deposition in ancient oceans, which were 
subsequently buried over geologic time. There are instances where groundwater is found at great 

1 An aquifer is a water-bearing geologic formation, group of formations, or part of a formation. Groundwater is the water 
in an aquifer. 
2 Principal aquifers are defined as a regionally extensive aquifer or aquifer system that has the potential to be used to 
supply potable water. Principal aquifers in Puerto Rico and the U.S. Virgin Islands are included. 
3 The water table refers to the top, or uppermost surface, of groundwater. Below the water table, the ground is saturated 
with water. 
4 Groundwater age used here refers to how long the water has been in the ground. 
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depths but is relatively fresh. This can be caused by groundwater moving from the surface to deep 
locations relatively quickly with little time to pick up dissolved solids and become saline. This 
phenomenon is more pronounced in mountains where rainwater or melted snow in upland areas 
supply groundwater that moves downward through steeply dipping, permeable sedimentary rock 
layers to reach great depths. Chemicals occurring naturally in groundwater include both inorganic 
(e.g., salts, metals) and organic (carbon-based) types. 

Salinity variation. Salinity is often the principal characteristic used to describe the overall quality of 
groundwater. The term “fresh” groundwater often means groundwater containing no more than 
1,000 milligrams per liter of total dissolved solids (mg/L TDS) but it is sometimes used to refer to 
groundwater containing no more than 3,000 mg/L TDS (Maupin et al., 2014; U.S. EPA, 2012e; 
Freeze and Cherry, 1979a). When characterizing groundwater quality, scientists generally consider 
the relative abundance of sodium, calcium, potassium, magnesium, chloride, bicarbonate, and 
sulfate to account for the bulk of dissolved constituents (Freeze and Cherry, 1979a). Natural salinity 
ranges from less than 100 mg/L to over 300,000 mg/L TDS (Lauer et al., 2016; Clark and Veil, 
2009). Higher salinity groundwater can contribute to palatability problems, and in the very high 
salinity ranges, causes water to be unhealthful for human consumption (Ellis, 1997). People have a 
range of reactions to drinking water salinity. Some people object to the taste of drinking water 
having comparatively lower salinity levels while other people reach this objection threshold at 
higher salinity levels (Burlingame and Waer, 2002). Desalinating water containing salinity values of 
10,000 mg/L TDS to render it potable is technically and economically feasible (Esser et al., 2015).1 

As a result, groundwater with salinity values up to 10,000 mg/L TDS is often defined as a protected 
groundwater resource under several laws, including the regulations implementing the federal Safe 
Drinking Water Act (SDWA) and the U.S. Bureau of Land Management (BLM) Onshore Order #2. 
The complete basis and standards for defining a protected groundwater in all locations within the 
United States is beyond the scope of this report. Additional information about protections given to 
groundwater is described in Chapter 1 in Text Box 1-1. 

Groundwater suitable for drinking is found within a large range of depths around the United States. 
The groundwater quality profile with depth varies around the United States. Feth (1965) described 
patterns in the relationship of depth to groundwater containing salinity ranging from 1,000 to 
3,000 mg/L TDS.2 The patterns include: (1) large portions of the Southeast and middle Midwest 
have at least 1,000 ft (300 m) of separation between the land surface and groundwater containing 
1,000-3,000 mg/L TDS, and (2) significant portions of the Northeast, northern Midwest, and parts 
of the West have less than 500 ft (200 m) separating the land surface from groundwater containing 
1,000-3,000 mg/L TDS. The report does not contain information about the base or thickness of 
groundwater having certain quality. As a result, these depths represent minimum distances 
between the land surface and bottom depth of groundwater having this salinity range.  

                                                            
1 For instance, desalination of sea water (approximately 35,000 mg/L TDS) now occurs in Florida, California, and Texas. 
2 Salinity and total dissolved solids are frequently interchangeable terms. The vast majority of dissolved constituents in 
natural water are inorganic salts, although a minor fraction of dissolved constituents can be organic matter. Feth (1965) 
maps groundwater found at ranges of depth with spans of salinity. Singular depth and salinity values are not present on 
the map. 
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Methane in groundwater. Methane can be found naturally at detectable levels in groundwater 
(Kappel and Nystrom, 2012; Eltschlager et al., 2001; Coleman et al., 1988). There are different 
origins of methane in groundwater. Biogenic methane is produced at comparatively low 
temperature and pressure from biologic decay of carbon-bearing matter, while thermogenic 
methane is formed over geologic time when carbon-bearing matter is exposed to elevated pressure 
and temperature conditions typically associated with deep burial (Baldassare et al., 2014). Given 
the buoyancy of natural gas, if a pathway exists or enough time is available, it can move upward and 
accumulate at shallower depths. Natural gas found in small, uneconomic quantities in shallow zones 
may have originated in place or may have migrated upward, and is often referred to as stray gas. 
For more discussion about the issue of stray gas, see Text Box 6-3 in Chapter 6. When consumed in 
drinking water, methane does not generally have human health effects,1 however, it is an explosive 
gas if it comprises between 5% and 15% of a volume of air (Astle and Weast, 1984). If methane 
from well water enters the atmosphere within a confined space under conditions that allow it to 
concentrate, it can pose an explosive threat if it reaches this threshold. 

2.2.1.2 Groundwater Quantity 

Groundwater quantity can be characterized as the total subsurface water available, although a 
practical limiting property is the rate at which groundwater can be withdrawn from the subsurface, 
a property known as yield (Freeze and Cherry, 1979a). If rock formations in the subsurface contain 
water within exceedingly small or poorly connected pore spaces, then the low yield may preclude 
its practical use as a source of drinking water.  

When recharge and discharge are in balance, the volume of groundwater existing in the subsurface 
remains the same. Recharge and discharge also occur in connection with human-caused activity. 
Groundwater recharge increases due to irrigation, underground injection wells, surface 
impoundments, and dammed reservoirs, while groundwater discharge increases through well 
withdrawals for irrigation, household use, etc. (Winter et al., 1998). These activities can locally 
affect the natural balance between groundwater recharge and discharge. Climatic variation that 
changes precipitation rates also affects groundwater recharge rates, which in turn leads to changes 
in subsurface groundwater volume (Winter et al., 1998).  

When an aquifer consistently yields water at rates suitable for human use, and the water is of good 
enough quality to drink or be treated for drinking, it can serve as a source of drinking water.  

2.2.2 Surface Water Resources 

Surface water is that part of the hydrologic cycle that occurs on land surface and includes water in 
the ocean as well as rainwater or meltwater. Surface water collects into depressions or along 
channels in sufficient volume to create standing or running water all or much of the time. Non-
ocean surface water has often had little time to become saline, because much of it is not in direct 
contact with anything other than more water in the surrounding surface water body. Non-ocean 
surface water can quickly move into the next phase of the hydrological cycle, either evaporating 

                                                            
1 There is no enforceable drinking water standard established for dissolved methane in drinking water. 
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into the atmosphere or infiltrating the subsurface. Because surface water is open to the atmosphere 
and is generally located at the lowest points on a landscape, it is susceptible to contamination. 
Contamination sources include atmospheric deposition, and run-off from urban land areas or lands 
used for agricultural or industrial activities (Winter et al., 1998). Many non-ocean surface water 
bodies in the United States have a set of water quality standards based on their designated use, 
which can include recreation, drinking water, supportive of aquatic life, fishery, industrial supply, 
and other uses. In turn, National Discharge Pollution Elimination (NPDES) permits governing point 
source discharge into the surface water bodies are issued under the Clean Water Act and contain 
limits on pollutants designed to achieve these water quality standards.1 When taken together, these 
permits are meant to ensure that the surface water achieves a water quality consistent with the 
designated use. 

2.2.2.1 Surface Water Quality 

Studies conducted in connection with the National Water Quality Assessment Program show the 
presence of human-made chemicals at low concentrations in the streams surveyed (Kingsbury et 
al., 2008).2 Based on dissolved solids alone, sampled streams range from less than 100 mg/L TDS to 
more than 500 mg/L TDS (Anning and Flynn, 2014). Large lakes can range in salinity from less than 
500 mg/L TDS to more than 200,000 mg/L. By comparison, ocean water has a salinity of about 
35,000 mg/L TDS. Considering the vast array of possible chemical, biological, and radiological 
content in surface water, it is beyond the scope of this report to describe in detail the surface water 
qualities that exist in the United States. 

2.2.2.2 Surface Water Quantity 

About 7% of the surface area of the United States is covered by surface water, but it is not uniformly 
distributed. The portion of the United States located east of the Mississippi River comprises about 
25% of the total area, yet it contains about 42% of the total land area covered by surface water 
(USGS, 2016; U.S. Census Bureau, 2012). The Great Lakes alone, located in the eastern half of the 
United States, contain about one-fifth of the world’s surface fresh water (Government of Canada 
and U.S. EPA, 1995).3 In contrast, the western part of the United States has a lower proportion of 
land covered by surface water with streams that tend to be more intermittent in nature.4 For 
instance, 81 percent of the streams in Arizona, New Mexico, Nevada, Utah, Colorado, and California 
are not permanent streams (Levick et al., 2008). Certain parts of the western U.S. are presently 
experiencing less surface water availability as indicated by declining water reservoir levels with 
some reservoirs in the southwest currently below 50% of their capacity.5 For example, according to 

                                                            
1 Title 40, United States Code of Federal Regulations, Part 131, as of May 25, 2016. 
2 See USGS (2012) for more information about this program. 
3 Including the portion of the Great Lakes lying within Canada. 
4 Not all western states follow this trend. Hawaii and Alaska, for instance, have a significantly higher percentage of land 
mass covered by surface water (41% and 14%, respectively) than the national average. 
5 See for instance U.S. DOI (2016b), California Department of Water Resources (2016), and SRP (2016). 
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the U.S. Department of the Interior (DOI), the largest capacity reservoir in the United States, Lake 
Mead, holds about 37% of its volume capacity as of the fall of 2016 (U.S. DOI, 2016a).  

2.3 Current Drinking Water Sources 

Drinking water is supplied to households and businesses by either public water systems (PWSs) or 
non-public systems (non-PWSs).1 In 2010, approximately 270 million people (86% of the 
population) in the United States relied on PWSs to supply their homes with drinking water (Maupin 
et al., 2014; U.S. EPA, 2013b). These PWSs provided households with nearly 24 billion gal (91 
billion L) of water per day (Maupin et al., 2014).2 In areas without service by PWSs, approximately 
45 million people (14% of the population) obtain drinking water from non-PWSs, using mostly 
water wells. Non-PWSs account for about 3.6 billion gal (14 billion L) of daily water withdrawals 
(Maupin et al., 2014).3  

Both groundwater and surface water serve as drinking water sources in the United States. Surface 
water accounts for about 58% of all drinking water withdrawals and groundwater supplies the 
remaining 42%. Table 2-1 portrays the relative abundance of surface water and groundwater as 
sources for both publicly and non-publicly supplied drinking water. 

Of the population receiving water supplied by PWSs, the relative importance of surface and 
groundwater sources for supplying drinking water varies geographically (Figure 2-1). Most larger 
PWSs rely on surface water and are located in urban areas (U.S. EPA, 2011c), whereas most smaller 
PWSs rely on groundwater and are located in rural areas (U.S. EPA, 2014h, 2013b). More than 95% 
of households in rural areas obtain their drinking water from groundwater (U.S. EPA, 2011c).  

PWSs are subject to routine monitoring and testing requirements required under the National 
Primary Drinking Water Standards regulations, whereas no such monitoring or testing is required 
for non-PWSs.4 The required monitoring and testing at PWSs ensures that the public has 
information regarding the extent to which delivered water meets drinking water standards, 
whereas users of non-PWSs (e.g., private water wells) make individual, voluntary decisions about 
how often they monitor and test their water. Lack of monitoring may make non-PWS users more 
vulnerable to contamination, if present, than PWS users. 

                                                            
1 PWSs provide water for human consumption from surface water or groundwater through pipes or other infrastructure 
to at least 15 service connections or serve an average of at least 25 people for at least 60 days a year (U.S. EPA, 2012g). 
The EPA categorizes PWSs as either community water systems, which supply water to the same population year-round, or 
non-community water systems, which supply water to at least 25 of the same people at least six months per year, but not 
year-round. Non-public water systems (non-PWSs) have fewer than 15 service connections and serve fewer than 25 
individuals (U.S. EPA, 1991). Non-PWSs are often private water wells supplying drinking water to a singular residence. 
2 The USGS compiles data in cooperation with local, state, and federal environmental agencies to produce water-use 
information aggregated at the county, state, and national levels. Every five years, data at the county level are compiled 
into a national water use census and state-level data are published. The most recent USGS water use report was released 
in 2014, and contains water use estimates from 2010. Water withdrawals are distinguished from and are greater than 
water deliveries due to water loss during the process of delivering finished water (Maupin et al., 2014; USGS, 2014b).  
3 A withdrawal means the volume of water taken from its source regardless of how much of that volume is either returned 
to the local hydrologic cycle or is consumed without being returned to the local hydrologic cycle.  
4 See Title 40 of the Code of Federal Regulations, Part 141, promulgated pursuant to the SDWA. 
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Table 2-1. Summary of drinking water sources in the United States in 2010. 
The volume and percentages of daily domestic water withdrawals in the United States are shown by public and 
non-public water systems, total withdrawal, and whether the source is surface water or groundwater. Volume is in 
billions of gallons per day (Bgal/day) and percentages are of either water supply type or total volume withdrawn, 
as indicated in italics. Some figures shown are rounded values. Source of data: Maupin et al. (2014). 

Drinking water source 
Public water 

supply 
Non-public  

water supply 
Total volume 

withdrawn 

Surface Water    

Daily volume withdrawn (billion gallons) 26.3 0.1 26.4 

Percent of water supply type 63 2 58 

Groundwater     

Daily volume withdrawn (billion gallons) 15.7 3.5 19.2 

Percent of water supply type 37 98 42 

Total     

Daily volume withdrawn (billion gallons) 42.0 3.6 45.6 

Percent of water supply type 92 8 100 

 
Figure 2-1. Geographic variability in drinking water sources for public water systems. 
The relative importance of surface and groundwater as sources for public water systems varies by state. The public 
water system sources used in this analysis include infiltration galleries, intakes, reservoirs, springs, and wells. 
Sources: ESRI (2010), U.S. Census Bureau (2013), and U.S. EPA (2013b). 

WG Ex. 34

1229

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2533061
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1777138
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2558863
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2533123


Chapter 2 – Drinking Water Resources in the United States 

 

 

2-11 

2.3.1 Factors Affecting How Water Becomes a Drinking Water Source 

The most common source of drinking water in the world, including in the United States, is fresh 
water (see Section 2.2.1.1). There can be exceptions to the use of fresh water as a drinking water 
source. For instance, projects in California, Florida, Arizona and Texas desalinate sea water or 
brackish groundwater to produce drinking water.1 The principle of supply and demand that affects 
availability of commercial products in the marketplace is also applicable to drinking water 
resources. Water not considered a practical drinking water source under one demand condition 
may become desirable as a drinking water source under different demand conditions. Text Box 2-2 
presents El Paso, Texas as such an example.  

Text Box 2-2. El Paso’s Use of Higher Salinity Water for Drinking Water. 

The El Paso Water Utility (EPWU) provides drinking water to over 600,000 people in the City of El Paso, 
Texas and surrounding communities. Historically, the EPWU has withdrawn surface water from the Rio 
Grande River and groundwater to meet water needs. Salinity from the freshwater aquifers typically ranges 
between 300 and 1,000 mg/L TDS. With increases in population and periodic drought conditions stressing 
the water supply, the EPWU instituted a number of different measures to diversify its water supply portfolio. 
Components of the EPWU water supply portfolio include water conservation, surface water, groundwater 
and, more recently, desalinating saline groundwater. Continued long-term pumping of fresh groundwater 
allowed higher salinity groundwater to enter into one of EPWU’s well fields from more saline parts of the 
aquifer. This well field is now used as the source for the Kay Bailey Desalination Plant, which began operation 
in 2007 and desalinates groundwater with salinity ranging from 1,000 and 5,000 mg/L TDS (El Paso Water 
Utilities, 2016). The plant uses reverse osmosis technology to remove the high salt content thereby creating 
additional fresh water supplies. Use of this higher salinity water supply has added approximately 25% more 
water availability, decreasing the stress on the original fresh water supplies available to the EPWU and 
highlights the potential value of groundwater that had not formerly been considered a drinking water source. 

2.3.1.1 General Considerations Applicable to All Water as Source of Drinking Water 

Factors to consider when assessing a possible source of drinking water include availability, 
contaminants in the water, and the cost to obtain and treat water. Surface water in streams, lakes, 
or reservoirs is almost always considered to be a source for drinking water, because they contain 
fresh, readily accessible water. Groundwater is a critically important drinking water source in many 
parts of the United States, especially where surface water is less abundant. Challenges for use as 
drinking water exist for both surface and groundwater. Surface water may not suffice as a drinking 
water source when it exists only temporarily or cannot supply the volume demand. Both surface 
water and groundwater may have contaminant levels that require expensive treatment technology. 
For instance, in an extensive report, the USGS describes how human activities cause unnaturally 
fast and deep groundwater movement, which degrades water quality over long periods in the 

                                                            
1 Brackish water is often a general term used for water having a salinity content intermediate between fresh water and 
sea water, although it may also have a more specific definition, such as the 1,000 – 10,000 mg/L TDS value used in some 
USGS publications. 
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nation’s principal aquifers (DeSimone et al., 2014). Despite these challenges, changes in the demand 
for water affect the consideration of sources of water for drinking purposes. 

2.3.1.2 Considerations Applicable to Groundwater as a Drinking Water Source 

Determining what groundwater is eligible for use as a drinking water source can include additional 
challenges. Groundwater may be located at significant depth or within low-yield aquifers, requiring 
additional engineering solutions to make them practical and/or cost effective as a drinking water 
source. Aquifers, or parts of aquifers, not in use today for drinking water purposes may nonetheless 
eventually be considered a drinking water source. The future viability of currently unused aquifers 
depends on the definition of what constitutes a drinking water resource and knowledge of the 
physical and chemical characteristics of the aquifers. The extent of knowledge about what exists in 
the subsurface depends on extrapolation from limited subsurface data (e.g., water samples 
collected from wells in, or passing through, aquifers). Although salinity is a common criterion for 
designating an aquifer as a drinking water resource (see Section 2.2.1.4), there is not a uniform 
threshold value for making that determination. The Groundwater Protection Council (GWPC) notes: 

There is a great deal of variation between states with respect to defining protected 
groundwater. The reasons for these variations relate to factors such as the quality of water, 
the depth of Underground Sources of Drinking Water, the availability of groundwater, and 
the actual use of groundwater (GWPC, 2009).1 

In addition to variation in applicable water quality criteria, the availability of information regarding 
groundwater that meets an applicable criterion (if one exists) is also variable. For instance, the 
bottom depth of aquifers or parts of aquifers that may be defined as a drinking water resource are 
not always readily publicly available. In some locations, such as the State of Texas, estimates of the 
bottom depth of groundwater meeting certain regulatory threshold criteria are made public on a 
website.2 In other parts of the United States the depth of identified protected subsurface drinking 
water resources may not be publicly available. No centralized compilation of groundwater depth 
and quality exists for all locations in the United States, nor does such a reference exist for depths to 
protected groundwater resources. The depths to protected groundwater resources can vary. In one 
example, the EPA described the reported bottom depths of protected groundwater resources as 
ranging from just below ground surface to 8,000 ft (2,000 m) (U.S. EPA, 2015n).3 

Even in regions where the bottom depth of protected groundwater resources are generally known, 
there can remain uncertainty regarding precise depths at specific locations. Examples include the 
states of Indiana and Michigan according to the EPA Region 5 Underground Injection Control (UIC) 

                                                            
1 An underground source of drinking water (USDW) is defined in the federal regulations that implement the UIC program. 
A USDW is generally considered to be any aquifer, or its portion, that currently serves as a source for a public water 
system; or which contains enough groundwater to supply a public drinking water system, and either now supplies water 
for human consumption, or contains fewer than 10,000 mg/L TDS. See Title 40 of the Code of Federal Regulation, Section 
144.3. 
2 See http://www.beg.utexas.edu/sce/index.html. 
3 This reference provided 1,000-foot (305 meters) depth resolution for the reported base of protected groundwater. 
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program, the State of Utah according to the Utah Geological Survey, and the State of California 
according to the California State Water Resources Board (Esser et al., 2015; Anderson et al., 2012; 
U.S. EPA, 2012e). In these examples, the depth to groundwater meeting the salinity threshold 
necessary for decision-making is stated not to be known with precision, and collection of additional 
groundwater quality information is advised.1  

2.4 Future Drinking Water Sources 

The future availability of fresh drinking water sources in the United States (Section 2.2.1.1) will 
likely be affected by changes in climate and water use (Georgakakos et al., 2014). Since 2000, about 
30% of the total area of the contiguous United States has experienced moderate drought conditions 
and about 20% has experienced severe drought conditions (National Drought Mitigation Center, 
2015; U.S. EPA, 2015p). Declines in surface water resources have already led to increased 
withdrawals and cumulative net depletions of groundwater in some areas (Castle et al., 2014; 
Georgakakos et al., 2014; Konikow, 2013; Famiglietti et al., 2011). Loss of approximately 240 mi3 
(1,000 km3) of groundwater between 1900 and 2008 has been documented by the USGS. USGS 
reports that about 20% of that loss occurred in the final eight years of that timeframe and that 
depletion is greater in the arid and semi-arid western states than in the more humid eastern states 
(Konikow, 2013). Other sources of water that might not be considered fresh, such as wastewater 
from sewage treatment plants, brackish and saline surface and groundwater, as well as sea water, 
are also increasingly being used to meet water demand. Through treatment or desalination, these 
water sources can reduce the use of high-quality, potable fresh water for industrial processes, 
irrigation, recreation, and toilet flushing (i.e., non-potable uses). In addition, in 2010, approximately 
355 million gal per day (1.3 billion L per day) of treated wastewater was reclaimed through potable 
reuse projects (NRC, 2012). Such projects use reclaimed wastewater to augment surface drinking 
water sources or to recharge aquifers that supply drinking water to PWSs (NRC, 2012; Sheng, 
2005). In 2007, among approximately 13,000 desalination plants worldwide, there existed the 
capacity to produce about 14.7 billion gal (55.6 billion L) of fresh water each day. In 2005, the 
United States had approximately 11 % of that volume capacity (Gleick, 2008; Cooley et al., 2006). 

An increasing number of states are developing new water supplies to augment existing drinking 
water sources through reuse of reclaimed water, recycling of storm water, and desalination (U.S. 
GAO, 2014). Most desalination programs currently use brackish water as a source, although plans 
are underway to expand the use of sea water. States with the highest installed capacity for 
desalination include Florida, California, Arizona, and Texas (Cooley et al., 2006). It is likely that 
various water treatment technologies will continue to expand drinking water sources beyond those 
that are currently being considered. In addition to treatment technologies, there are efforts by 
public water systems to alleviate demand on drinking water supplies such as encouraging more 
modest consumer water usage and repairing leaks in water infrastructure.  

                                                            
1 Decisions dependent on knowledge of threshold salinity values in groundwater can include permitting injection wells 
and oil and gas production well construction design approvals. 
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2.5 Proximity of Drinking Water Resources to Hydraulic Fracturing Operations 

Hydraulic fracturing in oil and gas production wells necessarily takes place where oil and gas 
resources are located. The relative locations of drinking water resources influences the degree to 
which they may be affected by activities in the hydraulic fracturing water cycle. With increased 
proximity, hydraulic fracturing activities have a greater potential to affect surface and subsurface 
sources of current and future drinking water (Vengosh et al., 2014; Entrekin et al., 2011). To 
estimate potentially vulnerability populations that use drinking water resources, the EPA 
performed an analysis of the number of hydraulically fractured production wells that are located 
within 1 mi (1.6 km) of a PWS source. The EPA also presents subsurface separation distances 
between the depths of drinking water resources and hydraulic fracturing in production wells. 

2.5.1 Lateral Distance between Public Water System Sources and Hydraulic Fracturing 

The EPA analyzed the locations of the approximately 275,000 oil and gas wells that were assumed 
to be hydraulically fractured in 25 states between 2000 and 2013 (Chapter 3) to determine the 
number of fractured wells within a 1-mile radius of facilities that withdraw water for a PWS.1,2,3 

Based on 2000–2013 DrillingInfo data, the lateral distance from the nearest facility that withdraws 
water for PWS to a hydraulically fractured well ranged from 0.01 to 41 mi (0.02 to 66 km), with an 
average distance of 6.2 mi (10.0 km) and a median distance of 4.8 mi (7.7 km) (DrillingInfo, 2014a; 
U.S. EPA, 2014h). Of the approximately 275,000 wells that were estimated to have been 
hydraulically fractured in 25 states between 2000 and 2013, an estimated 21,900 (8%) were within 
1 mile of at least one PWS groundwater well or surface water intake. Most of these approximately 
6,800 individual facilities that withdraw water for a PWS were located in Colorado, Louisiana, 
Michigan, North Dakota, Ohio, Oklahoma, Pennsylvania, Texas, and Wyoming (Figure 2-2). These 
facilities that withdraw water for a PWS had an average of seven hydraulically fractured production 
wells and a maximum of 144 such production wells within a 1-mile radius. These water sources 
supplied water to 3,924 PWSs—1,609 of which are community water systems—that served more 
than 8.6 million people year-round in 2013 (U.S. EPA, 2014h; U.S. Census Bureau, 2013; U.S. EPA, 
2013b).4  

                                                            
1 The EPA estimated the number of oil and gas production wells hydraulically fractured between 2000 and 2013. To do 
this, EPA assumed that all horizontal wells were hydraulically fractured in the year they started producing and assumed 
that all wells within a shale, coalbed, or low-permeability formation, regardless of well orientation, were hydraulically 
fractured in the year they started producing. More details are provided in U.S. EPA (2013c). Not all coalbed methane wells 
are hydraulically fractured, but coalbed methane wells represent production wells that sometimes uses hydraulic 
fracturing. Given that there were 15% of coalbed methane wells relative to all hydraulically fractured wells and the lack of 
data that distinguishes whether or not coalbed wells are hydraulically fractured, EPA included coalbed wells into all 
counts of wells that are hydraulically fractured. 
2 The selected 1-mile distance used in this analysis provides a consistent approach. Local topographic conditions could 
support the use of a different analysis at any specific site. 
3 A facility that withdraws water for a PWS includes water intakes, water wells, springs, infiltration galleries, and 
reservoirs. It is common for a PWS to operate multiple individual facilities to withdraw the cumulative water supplied by 
the PWS. 
4 All PWS types were included in the locational analyses performed. However, only community water systems were used 
to calculate the number of customers obtaining water from a PWS with at least one source within 1 mile of a hydraulically 
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Figure 2-2. The location of public water system sources having hydraulically fractured wells 
within 1 mile.  
Points indicate the location of public water system (PWS) sources; point color indicates the number of hydraulically 
fractured wells within 1 mile of each PWS source. The estimates of wells hydraulically fractured from 2000 to 2013 
developed from the DrillingInfo data were based on assumptions described in Chapter 3. Sources: DrillingInfo 
(2014), U.S. EPA (2013b), and ESRI (2010). 

The EPA also analyzed the location of hydraulically fractured wells relative to populations where a 
high proportion (≥30%, or at least twice the national average) obtain drinking water from non-
PWSs (mostly private groundwater wells).1 Based on DrillingInfo well location data and USGS 
drinking water data, between 2000 and 2013, approximately 3.6 million people live in counties 

                                                            
fractured well. If non-community water systems are included, the estimated number of customers increases by 533,000 
people (U.S. EPA, 2012g). A community water system is a PWS which serves at least 15 service connections used by year-
round residents or regularly serves at least 25 year-round residents. 
1 There is no national data set of non-PWSs. In Maupin et al. (2014), the USGS estimates the proportion of the population 
reliant on non-PWSs, referred to as the “self-supplied population,” by county, based on estimates of the population 
without connections to a public water system. The USGS estimates were used for this analysis. 
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with at least one hydraulically fractured well and where at least 30% of the population relies on 
non-PWSs for drinking water (DrillingInfo, 2014a; USGS, 2014b). The population changes to 
approximately 740,000 people living in counties with more than 400 hydraulically fractured wells 
and at least 30% of the population relies on non-PWSs for drinking water (DrillingInfo, 2014a; 
USGS, 2014b).1 The counties having more than 400 hydraulically fractured wells and at least 30% of 
the population relying on non-PWSs for drinking water were located in Colorado, Kentucky, 
Michigan, Montana, New Mexico, New York, Oklahoma, Pennsylvania, Texas, and Wyoming.  

As described in Chapter 1, this assessment defines five stages in the hydraulic fracturing water 
cycle. The lateral distance analysis presented here relates to the wellhead locations of hydraulically 
fractured production wells, and therefore addresses three stages that take place near production 
wellheads, evaluated in Chapters 5, 6, and 7, respectively (chemical mixing, well injection, and 
produced water handling).2 A lateral distance analysis was not possible for the other two stages 
(water acquisition, wastewater disposal and reuse) because there is a lack information about where 
water is acquired for hydraulic fracturing and where the wastewater from any given hydraulically 
fractured well is disposed or treated. 

2.5.2 Vertical Distance between Drinking Water Resources and Hydraulic Fracturing 

The depth at which hydraulic fracturing takes place varies depending on the depth to the targeted 
production zone. For instance, in a study of wells representing approximately 23,000 production 
wells hydraulically fractured by nine service companies during 2009 and 2010, the EPA found that, 
when measured vertically from the surface to total depth, well depths ranged from less than 2,000 
ft (600 m) to more than 11,000 ft (3,000 m) (U.S. EPA, 2015n). Similarly, based on more than 
38,000 hydraulic fracturing disclosures to the FracFocus registry website, the middle 90% of these 
well disclosures had vertical depths between 2,900 and 13,000 ft (880 and 4,000 m) with a median 
value of about 8,100 ft (2,500 m) (U.S. EPA, 2015a). Hydraulic fracturing can occur at or near the 
bottom of a production well or it may take place at different intermediate depths depending on the 
location of economically producible oil and gas, and thus the total vertical depth of a production 
well does not necessarily correlate to the depth at which hydraulic fracturing occurs (Chapter 6). 
Hydraulic fracturing has been conducted at depths ranging from less than 1,000 ft (300 m) to 
greater than 10,000 ft (3,000 m) depth (U.S. EPA, 2015n; NETL, 2013). The distance from the base 
of the drinking water resource to the shallowest hydraulic fracturing initiation point in a 
production well serves as a separation distance.3 The EPA reports separation distances in depth 
measured along the well ranging from no separation distance (where hydraulic fracturing took 

                                                            
1 Approximately 14% of the U.S. population is self-supplied by non-PWSs (Maupin et al., 2014). This analysis considers 
only counties in which more than double the national average—that is, at least 30% of the county’s population—was 
supplied by non-PWSs. 
2 Chapter 7 (Produced Water Handling) examines potential effects on drinking water resources at hydraulically fractured 
wellhead locations, as well as away from wellhead locations. 
3 If measured vertically from the shallowest hydraulic fracturing initiation point to the bottom of the drinking water 
resource, this is referred to as a vertical separation distance. If measured along a borehole from the shallowest hydraulic 
fracturing initiation point to the bottom of the drinking water resource, this is referred to as a separation distance in 
measured depth. 
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place at depths shallower than the reported base of the drinking water resource) to more than 
10,000 ft (3,000 m) (U.S. EPA, 2015n). 

In a given setting, it is the geologic and hydrologic history that determines the depths to potential 
oil and gas and/or subsurface drinking water resources. In some settings, rock formations bearing 
economic quantities of oil or gas also contain groundwater that, based on salinity value alone, 
qualifies it as a drinking water resource. Large distances vertically separate these two resources in 
other settings. Figure 2-3 depicts two different types of these settings.  

 
Figure 2-3. Separation distance between drinking water resources and hydraulically fractured 
intervals in wells 
Schematic examples showing a relatively large separation distance (panel a) and the absence of any separation 
distance (panel b) between the shallowest fracture initiation depth in a well to the base of the protected drinking 
water resource. Distances may be presented as vertical or as a measured distance along a non-vertical well. Panel c 
shows result from wells studied representing approximately 23,000 production wells hydraulically fractured 
between 2009 and 2010 (U.S. EPA, 2015n). Error bars in panel c display 95% confidence intervals. 

In Figure 2-3, panel (a), the hydraulically fractured oil- and gas-bearing zone is much deeper than 
drinking water resources, therefore separation distance is large. In panel (b), the hydraulically 
fractured oil- and gas-bearing zone is at the same depth as drinking water resources and there is no 
separation. The lack of separation distance can be due to the oil- and gas-bearing zone being 
shallow and/or the drinking water resource being deep. Panel (c) illustrates the distribution of 
separation distances in measured depth for study wells representing approximately 23,000 oil and 
gas production wells hydraulically fractured by nine service companies between 2009 and 2010, as 
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reported in U.S. EPA (2015n). The calculation of 95% confidence intervals shown in panel (c) is 
described in the EPA report and was affected by the number of companies in the study and the well 
file selection methods. 

2.6 Conclusions 
Drinking water resources provide the water humans consume, cook with, bathe in, and need for 
other purposes. An estimated 86% of the United States population derives its household drinking 
water from PWSs that serve at least 25 people. The remaining 14% self-supply their homes with 
drinking water from non-PWSs, which are largely private water wells. Publicly supplied drinking 
water is subject to monitoring and testing to determine compliance with drinking water standards 
while no such monitoring and testing is required at non-PWSs. Surface water is the source for an 
estimated 58% of the volume needed to supply drinking water and groundwater is the source for 
the remaining 42%.  

The existing distribution and abundance of the drinking water resources in the United States may 
not be sufficient in some locations to meet future demand. The future availability of sources of 
drinking water that are considered fresh will likely be affected by changes in climate and water use. 
Since at least 2000, many areas of the United States have experienced significant drought, which 
often correlate with diminishment of ground and surface water supplies in these areas. Locally, 
measures are now being implemented to prolong use of current drinking water sources such as 
encouraging more modest drinking water use and using treated wastewater or other non-potable 
water sources to help meet demand.  

Between 2000 and 2013, the EPA estimates there were approximately 275,000 oil and gas 
production wells hydraulically fractured in 25 states. To produce a consistent measure of proximity 
between these hydraulically fractured oil and gas production wells and drinking water resources 
during this time frame, the EPA counted the number hydraulically fractured oil and gas production 
wells located within 1 mile of public drinking water sources, and performed a count of the counties 
with a relatively high reliance on self-supplied drinking water that also contain one or more of 
these hydraulically fractured production wells. Between 2000 and 2013, approximately 3,900 
public water systems had between one and 144 wells hydraulically fractured within 1 mile of their 
water source; these public water systems served more than 8.6 million people year-round in 2013. 
An additional 740,000 people between 2000 and 2013 self-supplied their drinking water in 
counties where at least 30% of the population relies on groundwater and having at least 400 
hydraulically fractured wells. 

Depending on the nature of the geologic setting, hydraulically fractured oil and gas production 
wells can be located near where people get their drinking water. Depths to hydraulically fractured 
oil and gas resources can range from less than 1,000 ft (300 f) to more than 10,000 ft (3,000 m) 
while drinking water resources may be found between a few tens of feet to as much as 8,000 ft 
(2,000 m) below the surface. There is limited publicly available information to determine the 
vertical distance separating the shallowest hydraulic fracturing initiation point in a production well 
from the deepest drinking water resource. The EPA found, among 323 wells studied statistically 
representing more than 23,000 production wells hydraulically fractured by nine service companies 
between 2009 and 2010, the distance along the wells between these two resources ranged from 
none to more than 10,000 ft (3,000 m).
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Chapter 3. Hydraulic Fracturing for 
Oil and Gas in the United States 

Abstract 

This chapter provides a general description of the practice of hydraulic fracturing, where it is conducted, 
how prevalent it is, and how hydraulic fracturing-based oil and gas production fits into the context of 
energy production in the United States. Some of the information in this chapter also serves as an 
introduction to the more in-depth technical chapters in the assessment. 

Hydraulic fracturing is a technique used to increase oil and gas production from underground oil- 
and/or gas-bearing rock formations (reservoirs). The technique involves the injection of hydraulic 
fracturing fluids through the production well and into the reservoir under pressures great enough to 
fracture the reservoir rock. Hydraulic fracturing fluids typically consist mainly of water, a “proppant” 
(typically sand) that props open the created fractures, and additives (usually chemicals) that modify the 
properties of the fluid for fracturing. Fractures created during hydraulic fracturing enable better flow of 
oil and gas from the reservoir into the production well. Water that naturally occurs in the oil and gas 
reservoirs also typically flows into and through the production well to the surface as a byproduct of the 
oil and gas production process.  

Since the mid-2000s, the combination of modern hydraulic fracturing and directional drilling has 
become widespread and significantly contributed to a surge in oil and gas production in the United 
States. Slightly more than 50% of oil production and nearly 70% of gas production in 2015 is estimated 
to have occurred using hydraulic fracturing. Hydraulic fracturing is widely used in unconventional (low 
permeability) oil and gas reservoirs that include shales, so-called tight oil and tight gas formations, and 
coalbeds, but it is also used in conventional reservoirs.  

There is no comprehensive national database of wells that are hydraulically fractured in the United 
States. Using data from several commercial and public sources, the EPA estimates that 25,000 to 30,000 
new wells were drilled and hydraulically fractured in the United States annually between 2011 and 
2014. These hydraulic fracturing wells are geographically concentrated; in 2011 and 2012 almost half of 
hydraulic fracturing wells were located in Texas, and a little more than a quarter were located in the 
four states of Colorado, Pennsylvania, North Dakota, and Oklahoma.  

New drilling activity for hydraulic fracturing wells is generally linked with oil and gas prices, and those 
peaked in the United States between 2005 and 2008 for gas and between 2011 and 2014 for oil. 
Following price declines, the number of new hydraulically fractured wells in 2015 decreased to about 
20,000. Despite recent declines in prices and new drilling, U.S. gas and oil production continues at levels 
above those in recent decades, and production for both is predicted to continue growing in the long 
term, led by hydraulic fracture-based production from unconventional reservoirs. 
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3. Hydraulic Fracturing for Oil and Gas in the  
United States 

3.1 Introduction  

This chapter provides general background information on hydraulic fracturing and will help the 
reader understand the in-depth technical chapters that follow. We describe the purpose and 
process of hydraulic fracturing and the situations and settings in which it is used (Section 3.1). Then 
we provide a general description of activities at a hydraulic fracturing well site including assessing 
and preparing the well site, well drilling and construction, the hydraulic fracturing event, the oil 
and gas production phase, and eventual site closure (Section 3.3). A characterization of the 
prevalence of hydraulic fracturing in the United States is then presented (Section 3.4), followed by a 
review of its current and future importance in the oil and gas industry and its role in the U.S. energy 
sector (Section 3.5), and a brief conclusion (Section 3.6). 

3.2 What is Hydraulic Fracturing?  

Hydraulic fracturing is a technique used to increase oil and gas production from underground oil- 
or gas-bearing rock formations (reservoirs).1 The technique involves the injection of hydraulic 
fracturing fluids through the production well and into the reservoir under pressures great enough 
to fracture the reservoir rock. The injected hydraulic fracturing fluid carries “proppant” (typically 
sand) into the fractures so that they remain propped open after the pressurized injection is 
stopped. In addition to water, which typically makes up most of the injected fracturing fluid, the 
fluid also contains chemical additives (additives) that serve a variety of purposes. These additives, 
for example, can increase the fluid viscosity (how “thick” the fluid is) so that it carries the proppant 
into the fractures more effectively, can help control well corrosion, can help minimize microbial 
growth in the well, and so on (King and Durham, 2015; Gupta and Valkó, 2007). The resulting 
fractures enable better flow of oil and gas from the reservoir into the production well. Water that 
naturally occurs in the reservoirs also typically flows into and through the production well to the 
surface as a byproduct of the production process. 

Although hydraulic fracturing is not new, how and where it is employed has changed (Text Box 
3-1). For about a half-century after its introduction in the late 1940s, it was used to increase 
production from vertical wells in conventional oil and gas reservoirs. Conventional reservoirs 
develop over geologic time (many millions of years) when naturally buoyant oil and gas very slowly 
migrate upward from the shale rock formations in which they formed until they are trapped by 
geologic formations or structures and accumulate under a confining layer (Figure 3-1). As the oil 
and gas accumulate, the pressure may increase. If the reservoir is under enough pressure and has 

                                                            
1 A version of hydraulic fracturing, sometimes called hydrofracturing or hydrofracking, can be used to increase water 
yields from water wells and is typically done by injecting only water under pressure. This application of hydraulic 
fracturing is out of the scope of this assessment.  
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Text Box 3-1. Hydraulic Fracturing: Not New, but Different and Still Changing. 

From the mid-1800s to the 1940s, operators of oil and gas wells occasionally tried to increase production by 
pumping fluids or sometimes dropping explosives into wells. In the late 1940s, a fracturing technique to 
increase production was patented by the Stanolind Oil and Gas Company and licensed to the Halliburton Oil 
Well Cementing Company (Montgomery and Smith, 2010). Close to 1 million wells were hydraulically 
fractured from the late 1940s to about 2000 (IOGCC, 2002). The typical well design and hydraulic fracturing 
operations during most of that time, though, were very different from today’s modern hydraulic fracturing 
operations. 

The groundwork for the transformation to modern hydraulic fracturing was laid in the 1970s and early 
1980s. Public-private research and development (R&D) partnerships that included industry, the Department 
of Energy, and the Gas Research Institute were established because large amounts of natural gas were known 
to occur in some shale rock formations yet traditional production well technology was not able to recover 
much of the gas (Avila, 1976). These R&D programs played a key role in advancing technologies such as deep 
horizontal drilling and fracturing with higher water volumes that ultimately enabled production from shales 
and other unconventional sources of gas and oil (DOE, 2015; NRC: Committee on Benefits of DOE R&D on 
Energy Efficiency and Fossil Energy, 2001). During this period, the U.S. Congress began offering tax incentives 
for producers to use the developing technologies in the field (Wang and Krupnick, 2013; EIA, 2011a; Yergin, 
2011). Advances in directional drilling technologies led to the first horizontal wells being drilled in the mid-
1980s in the Austin Chalk oil-bearing rock formation in Texas (Pearson, 2011; Haymond, 1991). Directional 
drilling and other technologies matured in the late 1990s. In 2001, the Mitchell Energy company developed a 
cost-effective technique to fracture the Barnett Shale in Texas. The company was bought by Devon Energy, a 
company with advanced experience in directional and horizontal drilling, that, in 2002, drilled seven wells 
and developed in the Barnett Shale using the combination of horizontal drilling and hydraulic fracturing; fifty-
five more wells were completed in 2003 (Yergin, 2011). The techniques were rapidly adopted and further 
developed by others (DOE, 2011b; Montgomery and Smith, 2010). By 2005, the techniques were being used 
in unconventional (low-permeability) oil and gas reservoirs outside of Texas. Modern hydraulic fracturing 
quickly became the industry standard, driving a surge in U.S. production of oil and natural gas.  

Hydraulic fracturing techniques and technologies continue to evolve. Wells are being drilled with longer 
horizontal sections and are more closely spaced. Multiple, horizontal sections extending from a single vertical 
well enable production from larger subsurface areas from a single well pad on the land’s surface. These 
historic and continuing technological developments enable production from previously unused oil and gas-
bearing geologic formations, altering and expanding the geographic range of oil and gas production activities. 

  
Left: Early hydraulic fracturing site, late 1940s (source: Halliburton, used with permission). Right: Contemporary 
hydraulic fracturing operation, late 2000s (source: NYSDEC (2015), used with permission).  
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adequate natural permeability, the economic extraction of oil and/or gas may only require using a 
drilled well to bring the oil or gas to the surface.1  

If the natural pressure is not high enough for the oil and gas to readily flow to the surface, various 
pumping and “lift” techniques can be used to help the oil and gas move up the well to the surface 
(Hyne, 2012). In other situations, operators may pump water or a mix of water and carbon dioxide 
(or other similar mixtures) into the reservoir through injection wells to help move and enhance the 
extraction of oil and gas through nearby production wells. These techniques address pressure and 
fluid characteristics in the reservoir, are not designed to fracture the reservoir rock, and therefore 
are production-increasing techniques that are distinct from hydraulic fracturing. The discussions in 
the remainder of this chapter focus on hydraulic fracturing in unconventional reservoirs.  

Hydraulic fracturing is now combined with directional drilling technologies to access oil and gas in 
unconventional reservoirs (although hydraulic fracturing is still used in conventional reservoirs, 
too).2 Unconventional reservoirs have a very low natural permeability, which prevents oil and gas 
from flowing through the rock into wells in economic amounts. Production from unconventional 
reservoirs becomes economically feasible when wells, typically horizontal or deviated, are drilled 
and hydraulically fractured through long portions of the production zone (the targeted oil- and gas-
bearing zones within a reservoir). See Figure 3-1 for a diagram of horizontal and other well types 
and the reservoir types from which they can produce. Text Box 3-2 provides a brief discussion on 
the use of the terms conventional and unconventional. 

More details about the geologic formations that can be unconventional reservoirs are presented 
below: 

• Shales. Some organic-rich black shales serve as the source of oil and gas found in 
conventional resources when, over geologic time, the lighter and more buoyant oil and gas 
migrate upward from these shales and become trapped under impermeable confining 
layers (Figure 3-1). Shales have very low permeability and the oil and gas are contained in 
poorly connected pore space in the shale rock. With hydraulic fracturing and directional 
drilling now enabling oil and gas production from very low permeability formations, some 
of these shale source rocks are now unconventional reservoirs in addition to being 
sources. Some shales produce predominantly gas and others predominantly oil; often 
there will be some co-production of gas from oil wells and co-production of liquid oil from 
gas wells (USGS, 2013a; EIA, 2011a). 

• Tight formations. Some oil- and gas-bearing sandstone, siltstone, and carbonate 
formations can be referred to as “tight” formations (for example, “tight sands”) because of 
their relatively low permeability and the fact that oil and gas are contained in small, poorly 
connected pore spaces. Given a range of permeabilities, some tight formations require 

                                                            
1 Permeability in rocks is the ability of fluids, including oil and gas, to flow through well-connected pores or small 
openings in the rock. 
2 Directional drilling is the practice of controlling the direction and deviation (angle) of a borehole during drilling to 
extend the borehole in a predetermined orientation and to a targeted area in the subsurface. Directional drilling is 
required for drilling a deviated or horizontal well and is common in unconventional reservoirs. The terms deviated wells 
and directional wells are often used interchangeably.  
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hydraulic fracturing for economic production and some do not. In the literature, “tight gas” 
generally refers to gas in tight sands and is distinguished from “shale gas.” Oil resources 
from shale and other tight formations, in contrast, are frequently referred together under 
the label “shale oil” or “tight oil” (Schlumberger, 2014; USGS, 2014a). 

• Coalbeds. Organic-rich coal, found in coalbeds, can be a source of methane (natural gas). 
The gas primarily adheres to the coal surface rather than being contained in pore space or 
structurally trapped in the formation. A range of techniques can be used to extract 
methane from coalbeds and these techniques sometimes, but not always, employ hydraulic 
fracturing. A key component of all coalbed methane production is the need to “dewater” 
the coalbeds (pumping out naturally occurring or injected water) to reduce the pressure in 
the coal allowing the methane to be released and flow from the coal into the production 
well (Palmer, 2010; Al-Jubori et al., 2009; USGS, 2000). 

  
Figure 3-1. Conceptual illustration of the types of oil and gas reservoirs and production wells 
used in hydraulic fracturing.  
A vertical well is producing from a conventional oil and gas reservoir (right). The impermeable gray confining layer 
(sometimes called a cap rock) traps the lighter and more buoyant gas (red) and oil (green) as it migrates up from 
the deeper oil- or gas-rich shale source rock. Also shown are wells producing from unconventional reservoirs: a 
horizontal well producing from a deep shale (center); a vertical well producing methane (gas) from coalbeds 
(second from left); and a deviated well producing from a tight sand reservoir (left). Multiple deviated or horizontal 
wells can be constructed and operated from a single well site. Note that the oil- or gas-rich shale serves as both a 
source and a reservoir. Modified from Schenk and Pollastro (2002) and Newell (2011).
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Text Box 3-2. “Conventional” Versus “Unconventional.” 

The terms “conventional” and “unconventional” are widely used in articles and reports to distinguish types of 
oil and gas reservoirs, wells, production techniques, and more. In this report, the terms are mainly used to 
distinguish different types of oil and gas reservoirs: “conventional” reservoirs are those that can support the 
economically feasible production of oil and gas using long-established technologies, and “unconventional” 
reservoirs are those in which production has become economical only with the advances that have occurred 
in hydraulic fracturing (often combined with directional drilling) in recent years. 

Note that as hydraulic fracturing has increasingly become a standard industry technique, the word 
“unconventional” is less apt than it once was to describe these oil and gas reservoirs. In a sense, “the 
unconventional has become the new conventional” (NETL, 2013). 

The following three maps show the locations of major shale gas and oil resources, tight gas 
resources, and coalbed methane resources, respectively, in the contiguous United States (Figure 
3-2, Figure 3-3, and Figure 3-4). To explain the terminology used in the maps: a group of known or 
possible oil and gas accumulations in the same region and with similar geologic characteristics can 
be referred to as a play (Schlumberger, 2014). Plays can sometimes be geologically layered atop one 
another (or “stacked”) and are located in broad depressions filled with sedimentary rock 
formations in the earth’s continental crust known as basins. A group of similar coalbed methane 
(gas) reservoirs can be referred to as coalbed methane fields (rather than plays) and are also found 
in basins. The plays and fields in the maps below represent unconventional reservoirs that are 
being exploited now or could be exploited in the future using hydraulic fracturing. 

There is a wide range of depths at which hydraulic fracturing occurs across the country. For 
example, approximate average depths for some of the largest gas-producing reservoirs are as deep 
as 6,000 ft (2,000 m) in the Marcellus Shale in Pennsylvania and West Virginia, 7,500 ft (2,300 m) in 
the Barnett Shale in Texas, and 12,000 ft (3,700 m) for the Haynesville-Bossier Shale in Louisiana 
and Texas (NETL, 2013).1 A few other, smaller plays are shallower, with depths less than 2,000 ft 
(600 m) in parts of the Antrim (Michigan), Fayetteville (Arkansas), and New Albany (Indiana and 
Kentucky) shale plays (NETL, 2013; GWPC and ALL Consulting, 2009). Coal seams that can be 
drilled to produce gas (coalbed methane) range in depth from less than 600 ft (200 m) to more than 
6,000 ft (2,000 m) with production often occurring at depths between 1,000 and 3,000 ft (300 and 
900 m) (U.S. EPA, 2006; ALL Consulting, 2004). Coalbed methane production occurs in the San Juan 
Basin in New Mexico, the Powder River Basin in Wyoming and Montana, and the Black Warrior 
Basin in Alabama and Mississippi. See Chapter 6 for more information on the general locations and 
depths of formations being hydraulically fractured. 

                                                            
1 These are approximate average depths; hydraulic fracturing occurs in shallower and deeper zones in all these plays. 
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Figure 3-2. Major shale gas and oil plays in the contiguous United States.  
The plays represent geologically similar accumulations of oil and gas that are or could be developed. Adapted from EIA (2015). 
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Figure 3-3. Major tight gas plays in the contiguous United States. 
The plays represent geologically similar accumulations of gas that are or could be developed. Adapted from EIA (2011b). 
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Figure 3-4. Coalbed methane fields and coal basins in the contiguous United States.  
The fields represent gas-bearing coal deposits that are or could be developed. Adapted from EIA (2011b).
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How a hydraulic fracturing operation is conducted depends on the characteristics of the oil- or gas-
bearing formation (such as the geology, depth, and other factors). Hydraulic fracturing operations 
in shales, such as the Marcellus and Haynesville, require that relatively large volumes of water and 
proppant to be pumped at high pressures through deep wells with long horizontal sections in the 
production zone. In some tight formations, such as in the Permian Basin, hydraulic fracturing can be 
conducted with smaller water volumes and using less pressure in shorter vertical or deviated wells 
(Gallegos and Varela, 2015). Hydraulic fracturing technologies can be applied to coalbed methane 
production in various ways, for example, with much smaller water volumes and no proppant, or 
with water-based gels or foams and proppant. Coalbed methane production sometimes involves no 
hydraulic fracturing, with only pumping of the naturally occurring formation water out of the 
coalbeds to enable the release and production of the trapped methane.1 

3.3 Hydraulic Fracturing and the Life of a Well 

A variety of activities take place at a well site over the course of the operational life of a 
hydraulically fractured oil and gas production well. Not all of these activities are within the scope of 
this assessment (that includes water acquisition, chemical mixing, well injection, produced water 
handling, and wastewater disposal and reuse). However, in this chapter we include some 
information on a wider range of activities related to the well site to provide context for the reader. 

The overview of well operations presented in this section is broad, illustrates common activities, 
and describes some specific operational details. The details of well preparation, hydraulic 
fracturing and production operations, and closure can vary between companies, reservoirs, and 
states, and even from well to well. The activities involved in well development and operations may 
be conducted by the well owner and/or operator, their representatives, and/or service companies 
working for the well owner.  

Figure 3-5 shows the general sequence and duration of activities at a hydraulic fracturing well site, 
including the activities that comprise the five stages of the hydraulic fracturing water cycle (noted 
above and defined in Chapter 1). The hydraulic fracturing event itself is the period of the most 
operational activity during the life of a well and is short in duration compared to the other well site 
activities. The hydraulic fracturing activity typically lasts from about a day to several weeks (U.S. 
EPA, 2016c; Halliburton, 2013; NYSDEC, 2011). The subsequent phase of oil and gas production, 
during which produced water also flows from the well, is the longest phase during the life of the 
well and can last decades (King and Durham, 2015).2 

                                                            
1 Some subsurface geologic formations, including coalbeds and oil and gas reservoirs, can contain naturally occurring 
water that is commonly referred to as “formation water,” “native water,” or (if salty) “native brines.” 
2 In general, produced water is water that flows from the subsurface through oil and gas wells to the surface as a by-
product of oil and gas production. See Section 3.3.3 and Chapter 7 for more details. 
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Figure 3-5. General timeline and summary of activities that take place during the preparation 
and through the operations of an oil or gas well site at which hydraulic fracturing is used. 

3.3.1 Site Preparation and Well Construction  

Before hydraulic fracturing and production can occur, preliminary steps include assessing and 
preparing the site, and drilling and constructing the production well.  

3.3.1.1 Site Assessment and Preparation 

Selecting a suitable well site requires an assessment of geologic (subsurface) and geographic 
(surface) factors. Geophysical surveys of the subsurface can be conducted using data gathering 
techniques from the land surface or subsurface, and rock samples may be gathered from outcrops 
or from exploratory or test wells. Other information is obtained by well logging in which 
geophysical instruments that collect data on subsurface conditions are lowered into or installed in a 
well (Kundert and Mullen, 2009).1 Analyzing all of this information together enables operators to 
develop an understanding of the potential reservoir characteristics (such as permeability and the 
presence of natural fractures and water), the position of such formations in relation to other 

                                                            
1 Well logging is used to obtain information on mechanical integrity, well performance, and reservoir properties that can 
affect oil and gas production. Well logging data from other wells in the nearby area also provides information on the 
reservoir. More information on well logging is found in Chapter 6 and Appendix D.  
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formations, including water-bearing zones, and details about the quantity and quality of the oil and 
gas resource.  

Geographic factors involved in well site assessment include topography and land cover; proximity 
to roads, pipelines, water sources, other oil and gas wells, and abandoned oil or gas wells; possible 
well setback requirements; potential for site erosion; location relative to environmentally sensitive 
areas; and location relative to populated areas (Drohan and Brittingham, 2012; Arthur et al., 
2009a).1 Land ownership also plays an important role in well site selection. During site assessment 
and before site development and well drilling, the well owner/operator obtains a mineral rights 
lease, negotiates with landowners, and applies for necessary permits from the appropriate federal, 
state, and local authorities (Hyne, 2012). This initial site assessment phase of the process may take 
several months (King and Durham, 2015; King, 2012).  

The site is typically surveyed to plan and finalize well site location and access. Sometimes an access 
road may need to be built to accommodate trucks delivering equipment and supplies to be used at 
the site (Hyne, 2012). The operator levels and grades the well site to manage drainage, complete 
access routes, and prepare the well pad. The well pad is a smaller area within the broader well site 
where the production well will be drilled and the hydraulic fracturing activities will be 
concentrated. Well pads can range in size from less than an acre to several acres depending on the 
scope of the operations (King, 2012; NYSDEC, 2011). Multiple wells can be located on a single well 
pad at a well site (King, 2012; NYSDEC, 2011) 

To manage the various fluids that are used for or generated during operations, storage pits 
(sometimes referred to as impoundments) are excavated, graded and constructed on the well site, 
and/or steel tanks are installed. These are used to hold water and materials (such as drilling mud) 
related to the well-drilling activities, water used in the hydraulic fracturing process, or the 
produced water that is generated post-fracturing (Hyne, 2012). Pit construction is generally 
governed by local regulations. In some areas, regulations may prohibit the use of pits or require pits 
to be lined to prevent fluid seepage into the shallow subsurface. One alternative to constructing a 
pit for drilling fluids is the use of a closed loop drilling system that stores, partly treats, and recycles 
the drilling fluid (Astrella and Wiemers, 1996). Often piping is installed along the surface or in the 
shallow subsurface of the well site to deliver water for hydraulic fracturing, remove produced 
water, or transport the oil and gas once production begins (Arthur et al., 2009a).  

Water may be acquired from local surface water or groundwater resources, or reused from other 
well sites. Water is required for the drilling phase as well as for hydraulic fracturing (Chapter 4). 
Figure 3-6 depicts the pumping of water for well site operation from a local surface water source.  

After site and well pad preparation, drill rigs and associated equipment (including the drill rig 
platform, generators, well blowout preventer, fuel storage tanks, cement pumps, drill pipe, and 
casing) are brought onto the site.  

                                                            
1 Regarding well setbacks, some states and sometimes local city or county governments can have requirements that define 
how close an oil and gas well can be located to drinking water supplies or other water bodies. 
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Figure 3-6. Surface water being pumped for oil and gas development.  
Photo credit: Arkansas Water Science Center (USGS).  

3.3.1.2 Well Drilling and Construction 

Wells are generally drilled and constructed by repeating several basic steps. The operator begins by 
using the drill rig (temporarily located on the well pad) to hoist a section of long drill pipe up and 
attaching a drill bit to the bottom of the drill pipe. The drill rig is then used to rotate and advance 
the drill pipe/drill bit combination (also known as the drill string) downward through the soil and 
rock. As the drill string continues moves downward, new sections of pipe are added at the surface, 
enabling the drilling to proceed deeper (Hyne, 2012). During drilling, a drilling fluid is pumped 
down through the center of the drill string to the drill bit to lubricate and cool it, and to help 
remove the drill cuttings from the well (King, 2012).1  

Drilling is temporarily halted at certain pre-determined intervals, the drill string is removed from 
the wellbore (also called the borehole), and long sections of another type of steel pipe called casing 
are lowered into the wellbore and set in place.2 Cement is then pumped into the space between the 
outside of the casing and the wellbore. This process is repeated, with the next interval of drilling 
                                                            
1 Drilling fluids, sometimes called drilling mud, consist primarily of water, foam, oil or air, with the most common drilling 
mud consisting mainly of water and clay (Williamson, 2013). Drill cuttings are the small pieces of broken and ground-up 
rock generated during the drilling process. 
2 The wellbore is the drilled hole and can refer to both the open hole or an uncased portion of the well. 
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using a smaller diameter drill bit that fits inside the existing casing. The result can be multiple 
layers of casing and cement with surface casing and cement typically set below the groundwater 
resource to be protected. Figure 3-7 illustrates different types of casing as defined by their locations 
within the well, shows multiple casing and cement layers, and shows examples of two wells with 
differences in the extent of cement.1  

 
Figure 3-7. Illustration of well construction showing different types of casing and cement.  

The well on the left is cemented continuously from the surface to the production zone and the well 
on the right has cement in sections, including sections cemented across protected groundwater. 

The cement protects the casing from corrosion by formation water, helps physically support the 
casing in the borehole, and stabilizes the borehole against collapse or deformation (Renpu, 2011).2 
The casing and cement help to isolate geologic zones of high pressure, isolate water-bearing zones, 
and maintain the integrity of the production well for transporting oil and gas to the surface. Casing 
and cement provide important barriers that keep fluids within the well (oil, gas, hydraulic 
fracturing fluids) isolated and separated from fluids outside the well (formation water) (Hyne, 
2012). Figure 3-8 shows sections of casing ready for installation.  

                                                            
1 In different portions of the well, multiple concentric sections of casing of different diameters can be used as shown by 
the surface and production casings in Figure 3-7. The largest casing diameter can range between 30 in. (76 cm) to 42 in. 
(107 cm) with casing diameters typically larger in the shallower portions of a well and smaller in the deeper portions 
(Hyne, 2012). See Appendix D for details on well construction and casing diameters.  
2 Some naturally occurring formation water can be very saline (salty or briny), which can be corrosive to metal.  
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Figure 3-8. Sections of well casing ready for installation at a well site in Colorado. 
Photo credit: Gregory Oberley (U.S. EPA). 

Some wells are cemented continuously from the surface down to the production zone. Other wells 
are partially cemented with, for example, cement from the surface to some distance below the 
deepest protected groundwater zone and perhaps cement across high pressure or water- or oil-
bearing zones. Sometimes there can be multiple casing and cement layers (Figure 3-7). There are 
advantages, in some situations, to not fully cementing the casing as long as high pressure or water- 
and oil-bearing zones are cemented. For example, some sections may not be cemented to allow 
monitoring of the pressure in the space between the casing and the borehole or to prevent damage 
to weak rock formations due to the weight of the cement1 (King and Durham, 2015; API, 2009).  

Although wells are initially drilled vertically (more or less straight down), the sections of the wells 
that are hydraulically fractured in the production zone of the reservoir can be vertical, deviated, or 
horizontal (Figure 3-1). The operator determines the well orientation that will provide the best 
access to the targeted zone(s) within a reservoir and that will align the production section of the 
well with natural fractures and other geologic structures in a way that helps improve production. 
Deviated wells may be “S” shaped or continuously slanted. So-called “horizontal wells” have one or 
more extensions or branches oriented approximately 90 degrees from the vertical portion of the 
well; these horizontal sections are often referred to as “laterals.” The lengths of laterals can range 
from 2,000 to 10,000 ft (600 to 3,000 m) or more (Hyne, 2012; Miskimins, 2008; Bosworth et al., 
1998). Multiple laterals can extend in different directions from a single well (and multiple wells can 
be located on a single well site). This allows access to more of the production zone with a higher 
well density in the subsurface, which can be required for unconventional reservoirs, while having 
fewer well sites on the land surface.  

                                                            
1 The use of lighter cement or special cementing techniques can also prevent damage of weaker rock formations. See 
Chapter 6 and Appendix D for more details on well construction and cementing.  
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Once well construction is completed, the operator can move the drilling rig and related drilling 
equipment, install the wellhead (the top portion of the well), and prepare the well for hydraulic 
fracturing and subsequent production of oil and gas. Chapter 6 and Appendix D contain more 
details on well construction, casing, and cement. 

Figure 3-9 (from northeastern Pennsylvania) and Figure 3-10 (from northwestern North Dakota) 
show, in the context of the local landscape, well sites during well drilling and construction prior to 
hydraulic fracturing activities.  

 
Figure 3-9. Aerial photograph of two hydraulic fracturing well sites and a service road in 
Springville Township, Pennsylvania. 
Photo credit: Image@J Henry Fair / Flights provided by LightHawk.  
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Figure 3-10. Aerial photograph of hydraulic fracturing well sites near Williston, North Dakota. 
Photo credit: Image@J Henry Fair / Flights provided by LightHawk.  

3.3.2 Hydraulic Fracturing 

The hydraulic fracturing phase is an intense phase of work in the life of the well that involves 
complex operational activities at the well site. This phase of work is short in duration, compared to 
other work phases in the life of a well, and typically lasts less than two weeks per well. It consists of 
multiple activities, is typically a process done in repetitive stages, and requires a variety of 
equipment and materials. During this phase of work, the well is prepared for hydraulic fracturing, 
specialized equipment is hauled to the well site, the hydraulic fracturing fluid components –the 
water, proppant, and additives– are moved to the well site, and the hydraulic fracturing fluid is 
mixed and injected under pressure through the well and into the targeted production zone in the 
subsurface (Figure 3-11).  
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Figure 3-11. Well site with equipment (and pits in the background) in preparation for 
hydraulic fracturing in Troy, Pennsylvania.  
Image from NYSDEC (2015). Reprinted with permission.  

3.3.2.1 Injection Process 

The section of well located in the production zone can be prepared for the injection and fracturing 
process in several different ways. One approach is used when the production casing and cement 
extend all the way into the production zone; this requires the use of focused explosive charges to 
perforate (blast holes in) the casing and cement in a segment of the well within the production 
zone. In another approach, known as a formation packer completion, only the casing, equipped with 
holes that can be opened and closed, is extended into the production zone. The resulting 
perforations or holes allow the injected hydraulic fracturing fluids to flow out of the well to fracture 
the reservoir rock and allow the oil and gas to flow into the well. Another technique is an open hole 
completion in which the casing is set and cemented just to the edge of the production zone, so the 
borehole extends open (with no casing or cement) into the production zone. In open hole 
completions, oil and gas flow directly into the borehole and eventually into the cased section of the 
well leading to the surface (Hyne, 2012; Cramer, 2008; Economides and Martin, 2007).  
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After the subsurface portion of the well is prepared for injection, a wellhead assembly is 
temporarily installed on the wellhead to which high pressure fluid lines are connected for injection 
of the fluids into the well. Figure 3-12 shows three wellheads with injection piping attached in 
preparation for hydraulic fracturing injection. Pressures required for fracturing can vary widely 
depending on depth, formation pressure, and rock type and can range from 2,000 psi to 12,000 psi 
(U.S. EPA, 2016c; Salehi and Ciezobka, 2013; Abou-Sayed et al., 2011; Thompson, 2010).  

 
Figure 3-12. Three wellheads on a multi-well pad connected to the piping used for hydraulic 
fracturing injection. 
Photo credit: DOE/NETL 

The portion of the well to be fractured can sometimes be done all at once or done in multiple 
interval (U.S. EPA, 2016c; GWPC and ALL Consulting, 2009). When done in multiple intervals, 
shorter lengths or segments of the well are closed-off (using equipment inserted down into the 
well) and fractured independently in “stages” (Lee et al., 2011). Fluids are first injected to clean the 
well (removing any cement or debris). Then, for each stage fractured, a series of hydraulic 
fracturing fluid mixtures is injected to initiate fractures and carry the proppant into the fractures 
(Hyne, 2012; GWPC and ALL Consulting, 2009). The fracturing process can require moving millions 
of gallons of fluids around the well site through various hoses and lines, blending and mixing the 
fluids with proppant, and injecting the mixture at high pressures down the well. For more details on 
hydraulic fracturing chemical mixtures and stages, see Chapter 5. 

The hydraulic fracturing produces propped-open fractures that extend into the production zone 
and create more flow paths that contact a greater volume of the oil- and gas-bearing rock within the 
production zone of the reservoir. This increase in flow paths and in the volume of the production 
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zone accessed by the production well is how hydraulic fracturing increases production. In this 
regarding, hydraulic fracturing can be considered a production or well “stimulation” technique.  

The process and the fracturing pressures during injection are closely monitored throughout the 
fracturing event. Microseismic monitoring (a geophysical survey technique) can be used to estimate 
the horizontal and vertical extent of the fractures created and, used with other monitoring and 
operational data, provides important information for designing subsequent fracture jobs (Cipolla et 
al., 2011). Engineers can design fracture systems using modeling software to help optimize the 
process. More details of injection, fracturing, and related monitoring are provided in Chapter 6 and 
Appendix D.  

3.3.2.2 Fracturing Fluids 

To conduct the chemical mixing and preparation of the hydraulic fracturing fluids, water- and 
chemical-filled tanks and other storage containers are transported and installed on site. The 
components that make up the hydraulic fracturing fluid for injection are commonly mixed on a 
truck-mounted blender on the well pad. Hoses and pipes are used to transfer the water, proppant, 
and chemicals from storage units to the mixing equipment and to the well into which the mixed 
hydraulic fracturing fluid will be injected. The injection process happens in stages with specific 
chemicals added at different times during each stage. The composition of the hydraulic fracturing 
fluid, therefore, can change over time during the process (Knappe and Fireline, 2012; Fink, 2003). 
See Chapter 5 for more details on mixing and staged injection. 

Hydraulic fracturing fluids (sometimes referred to as “fluid systems”) are generally either water-
based or gel-based. Other fluid systems include foams or emulsions made with nitrogen, carbon 
dioxide, or hydrocarbons; acid-based fluids; and others (Montgomery, 2013; Saba et al., 2012; 
Gupta and Hlidek, 2009; Gupta and Valkó, 2007; Halliburton, 1988). Water-based systems are used 
more often with the most common type being “slickwater” formulations, which include polymers as 
friction reducers and are typically used in very low permeability reservoirs such as shales (Barati 
and Liang, 2014). Because slickwater fluids are thinner (have lower viscosity) they do not as easily 
carry sand proppant into fractures, so larger volumes of water and greater pumping pressures are 
required to effectively transport proppants into fractures. In contrast, gelled fluids (used in “gel 
fracs”) are more viscous, and more proppant can be transported with less water as compared to 
slickwater fractures (Brannon et al., 2009). Gel fracs are generally used in reservoirs with higher 
permeability (Barati and Liang, 2014).  

The composition of a typical water-based hydraulic fracturing fluid by volume is 90% to 97% 
water, 2% to 10% proppant, and 2% or less additives (U.S. EPA, 2015a; OSHA, 2014a, b; Carter et 
al., 2013; Knappe and Fireline, 2012; Spellman, 2012; Sjolander et al., 2011; SWN, 2011). In a 
detailed study, the EPA analysis of FracFocus 1.0 data for nearly 39,000 wells nationally in 2011 
and 2012 indicates that the fracturing fluid injected into a well consists of nearly 90% water, 10% 
proppant, and less than 1% additives (on a mass basis) (U.S. EPA, 2015a). The proportions of water, 
proppant, and additives in the fracturing fluid, and the specific additives used, can vary depending 
on a number of factors, including the rock type and the chemistry of the reservoir, whether oil or 
gas is being produced, operator preference, and to some degree on local or regional availability of 
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chemicals (Arthur et al., 2014; Spellman, 2012; GWPC and ALL Consulting, 2009; Gupta and Valkó, 
2007). Hydraulic fracturing fluid composition and chemical use changes as processes are tested and 
refined by companies and operators. These changes are driven by economics, scientific and 
technological developments, and concerns about environmental and health impacts. Further detail 
on hydraulic fracturing fluid systems is presented in Chapter 5. 

Sources of water for hydraulic fracturing fluid include groundwater, surface water, and reused 
wastewater (URS Corporation, 2011; Blauch, 2010; Kargbo et al., 2010). The water may be brought 
to the production well from an offsite regional source via trucks or piping, or it may be more locally 
sourced (for example, pumped from a nearby river or a groundwater well). Selection of water 
source depends upon availability, cost, water quality needs, and the logistics of delivering it to the 
site. Figure 3-13 shows a row of water tankers storing water on a well site. Chapter 4 provides 
additional details on water acquisition and the amounts of water used for hydraulic fracturing. 

 
Figure 3-13. Water tanks (blue, foreground) lined up for hydraulic fracturing at a well site in 
central Arkansas. 
Photo credit: Martha Roberts (U.S. EPA).  

Proppants are most commonly silicate minerals, primarily quartz sand (GWPC and ALL Consulting, 
2009). Sand proppants can be coated with resins that make them more durable. Ceramic materials 
are also sometimes used as proppants due to their high strength and resistance to crushing and 
deformation (Beckwith, 2011).  

Additives generally constitute less than 2.0% of hydraulic fracturing fluids (Carter et al., 2013; 
Knappe and Fireline, 2012; GWPC and ALL Consulting, 2009). The EPA analyzed additive data in the 
EPA FracFocus 1.0 project database and estimated that chemicals used as additives were about 
0.43% (the median value by mass) of the total amount of fluid injected for hydraulic fracturing (U.S. 
EPA, 2015a). Given the total volume of hydraulic fracturing fluid, these small percentages of 
chemicals in the fluid mean that a typical hydraulic fracturing job can handle, mix, and inject tens of 
thousands of gallons of chemicals. Chapter 5 includes details on the number, types, and estimated 
quantities of chemicals typically used in hydraulic fracturing.  
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3.3.3 Fluid Recovery, Handling, and Disposal or Reuse 

At the end of the hydraulic fracturing process, the pressurized injection is stopped and the direction 
of fluid flow reverses. Initially, the fluid flowing back into the well and to the surface is mostly the 
injected fracturing fluid (sometimes referred to as flowback). The composition of the fluid changes 
over time, though, and after the first few weeks or months the proportion of hydraulic fracturing 
fluid flowing back into the well decreases and the proportion of formation water flowing into the 
well and to the surface increases (NYSDEC, 2011). In this assessment, the water that flows from the 
subsurface through oil and gas wells to the surface as a by-product of oil and gas production is 
referred to as produced water. The amount of produced oil or gas flowing into the well gradually 
increases until it is the primary constituent of the fluid emerging from the well at the surface. 
Produced water continues to flow from the production well along with the oil or gas throughout the 
operating life of the production well (Barbot et al., 2013). See Chapter 7 for details, descriptions, 
and discussions of the chemical composition and quantities of produced water recovered.  

Produced water is sometimes referred to as hydraulic fracturing wastewater. Along with other 
liquid waste collected from the well pad (such as rainwater runoff), it is typically stored 
temporarily on-site in pits (Figure 3-14) or tanks. This wastewater can be moved offsite via truck or 
pipelines for treatment and reuse or for disposal. Most hydraulic fracturing wastewater in the 
United States is disposed of by injection into deep, porous geologic rock formations, often located 
away from the production well site. This disposal-by-injection occurs not through oil and gas 
production wells, but through wastewater injection wells regulated by EPA Underground Injection 
Control (UIC) programs under the Safe Drinking Water Act.1 See Chapter 8 for a brief discussion of 
wastewater injection.  

 
Figure 3-14. A pit on the site of a hydraulic fracturing operation in central Arkansas. 
Photo credit: Caroline E. Ridley (U.S. EPA). 

                                                            
1 States may be given federal EPA approval to run a UIC program under the Safe Drinking Water Act. Most oil- and gas-
related UIC programs are implemented by the states although some are implemented by the EPA.  
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Other wastewater handling options include discharge to surface water bodies either with or 
without treatment, evaporation or percolation pits, or reuse for subsequent fracturing operations 
either with or without treatment (U.S. EPA, 2012h; U.S. GAO, 2012). Decisions regarding 
wastewater handling are driven by factors such as cost (including costs of temporary storage and 
transportation), availability of facilities for treatment, reuse, or disposal, and regulations 
(Rassenfoss, 2011). Chapter 8 contains details of the treatment, reuse, and disposal of wastewater. 

3.3.4 Oil and Gas Production 

After the hydraulic fracturing activity is completed, the fracturing-related equipment is removed 
and operators drain, fill in with soil, and regrade pits that are no longer needed unless multiple 
wells are drilled and fractured on the same pad. The well pad size is reduced as the operation 
moves toward the production phase (NYSDEC, 2011). Prior to and during production, the operator 
runs production tests to determine the maximum flow rate that the well can sustain and to 
determine optimum equipment settings (Hyne, 2012; Schlumberger, 2006). During production, 
monitoring of mechanical integrity and performance (with pressure tests, corrosion monitoring, 
etc.) can be conducted to ensure that the well is performing as intended. Such well tests and 
monitoring may be required by state regulations. 

Produced gas typically flows from the well through a pipe to a “separator” that separates the gas 
from water and any liquid oil and gas (NYSDEC, 2011). The finished gas is typically piped to a 
compressor station where it is pressurized and then piped to a main pipeline for sale (Hyne, 2012). 
Production at oil wells proceeds similarly, although oil/water or oil/water/gas separation typically 
occurs on the well pad, no compressor is needed, and the oil can be hauled by truck or train, or 
piped from the well pad to offsite storage and sale facilities.1  

During the life of the well it may be necessary to repair components of the well and replace old 
equipment. Sometimes the well is re-fractured to boost production.2 Routine maintenance 
activities, often referred to as “workovers,” may be done with the well still in production 
(Vesterkjaer, 2002) or sometimes require stopping production and removing the wellhead to clean 
out debris or repair components of the well (Hyne, 2012). More extensive re-workings of a well, 
sometimes referred to as “re-completions,” can include making additional perforations in the well 
in new sections to produce oil and/or gas from another production zone, lengthening the borehole, 
or drilling new horizontal extensions (laterals) from an existing borehole.  

3.3.4.1 Production Rates and Duration 

The production life of a well depends on a number of factors, such as the amount of oil or gas in the 
reservoir, the reservoir pressure, the rate of production, and the economics of well operations, 
including the price of oil and gas. In hydraulically fractured wells in unconventional reservoirs, 

                                                            
1 In some oil production operations, the oil reservoir being tapped may include some natural gas that is extracted along 
with oil through the production wells. In cases where no facilities or pipelines are in place to handle the natural gas or 
move it to a market, the gas can be “flared” (ignited and burned at the well site) or vented into the atmosphere.  
2 Sometimes boosting or reinvigorating production in a well is referred to as “well stimulation.” In some cases, well 
stimulation can refer to either the initial well hydraulic fracturing event or the re-fracturing of a well. 
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initial high production is typically followed by a rapid drop and then a slower decline in production 
(Patzek et al., 2013). The production phase may be 40 to 60 years in tight gas reservoirs (Ross and 
King, 2007) or range from 5 to 70 years in a gas- or liquids-rich shale (King and Durham, 2015). 
However, because the current hydraulic fracturing-led production surge is less than a decade old 
with limited well production history, there is an incomplete picture of production declines and it is 
not known how much and for how long these wells will ultimately produce (Patzek et al., 2013).  

3.3.5 Site and Well Closure 

Once a well reaches the end of its useful life, it is removed from production and disconnected from 
any pipelines that transferred produced oil or gas offsite. The well is then sealed to prevent any 
movement of fluids inside or along the borehole. This is done by removing the wellhead, cutting the 
casing off below ground surface, and then sealing portions of the well with one or more cement or 
mechanical plugs placed permanently in sections of the well. Spaces between plugs may be filled 
with a thick clay (bentonite) or drilling mud (NPC, 2011b). State regulations identify plugging 
locations within the borehole and the materials for plugging (Calvert and Smith, 1994). After 
plugging and cementing, a steel plate is welded on top of the well casing to provide a complete seal 
(API, 2010). Permanently closing a well like this is called “plugging” a well. Some states require 
formal notification of the location of these plugged wells. Proper plugging prevents fluids at the 
surface from seeping down the borehole and migration of fluids through the borehole (NPC, 
2011b). See Chapter 6 for more details regarding fluid movement in wells and through the 
borehole.  

To complete site closure, any remaining production-related equipment is removed and the site land 
cover and topography are restored to pre-well pad conditions to the extent possible. Some surface 
structures from the former operations may be left in place for subsequent reuse.  

3.4 How Widespread is Hydraulic Fracturing? 

There is no national database or complete national registry of wells that have been hydraulically 
fractured. However, hydraulic fracturing activity for oil and gas production in the United States is 
substantial based on various reports and data sources. According to the Interstate Oil and Gas 
Compact Commission (IOGCC), close to 1 million wells had been hydraulically fractured in the 
United States by the early 2000s (IOGCC, 2002). A recent U.S. Geological Survey report estimated 
approximately 1 million wells with 1.8 million hydraulic fracturing treatment records from 1947 to 
2010 (more than one fracturing event, or treatment, can be conducted on a single well) (Gallegos 
and Varela, 2015). Roughly a third of these 1 million wells were drilled and hydraulically fractured 
between 2000 and 2013/2014 based on estimates from FracFocus (2016); Baker Hughes (2015); 
Gallegos et al. (2015); DrillingInfo (2014a); IHS Inc. (2014). This timeframe marks the beginning of 
modern hydraulic fracturing (refer to Text Box 3-1). Figure 3-15 shows the location of the 
approximately 275,000 oil and gas wells that were drilled and hydraulically fractured between 
2000 and 2013 across the United States based on well and locational data from DrillingInfo 
(DrillingInfo, 2014a).  
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Figure 3-15. Locations of the approximately 275,000 wells drilled and hydraulically fractured 
between 2000 and 2013. 
Based on data from the DrillingInfo Database. 

The following two satellite photographs show hydraulic fracturing well sites in a regional context. 
These Landsat images show the locations, number, and density of hydraulic fracturing well sites 
across landscapes in northwest Louisiana (Figure 3-16) and western Wyoming (Figure 3-17). The 
orange circles around some of the well sites identify them as operations for which well information 
was reported to the FracFocus 1.0 registry and included in the EPA FracFocus 1.0 project database 
(U.S. EPA, 2015c). Note that some of the well sites in the Landsat images, taken in 2014, are for 
wells that were constructed after the development of the EPA FracFocus 1.0 project database.  
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Figure 3-16. Landsat photo showing hydraulic fracturing well sites near Frierson, Louisiana.  
Imagery from USGS Earth Resources Observation and Science, Landsat 8 Operational Land Imager (scene 
LC80250382014232LGN00) captured 8/20/2014, accessed 5/1/2015 from USGS’s EarthExplorer 
(http://earthexplorer.usgs.gov/). Inset imagery from United States Department of Agriculture National Agriculture 
Imagery Program (entity M 3209351_NE 15_1_20130703_20131107) captured 7/3/2013, accessed 5/1/2015 from 
USGS’s EarthExplorer (http://earthexplorer.usgs.gov/). FracFocus well locations are from the EPA FracFocus 1.0 
project database (U.S. EPA, 2015c). 
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Figure 3-17. Landsat photo showing hydraulic fracturing well sites near Pinedale, Wyoming.  
Imagery from USGS Earth Resources Observation and Science, Landsat 8 Operational Land Imager (scene 
LC80370302014188LGN00) captured 7/7/2014, accessed 5/1/2015 from USGS’s EarthExplorer 
(http://earthexplorer.usgs.gov/). Inset imagery from United States Department of Agriculture National Agriculture 
Imagery Program (entity M 4210927_NW 12_1_20120623_20121004) captured 6/23/2012, accessed 5/1/2015 
from USGS’s EarthExplorer (http://earthexplorer.usgs.gov/). FracFocus well locations are from the EPA FracFocus 
1.0 project database (U.S. EPA, 2015c). 
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3.4.1 Number of Wells Fractured per Year 

Approximately 25,000 to 30,000 new oil and gas wells were hydraulically fractured each year in the 
United States between 2011 and 2014 based on data from several commercial data sets and 
publicly available data from organizations that track drilling and hydraulic fracturing activities 
(Table 3-1). These estimates do not include fracturing activity in older, existing wells (wells more 
than one-year old that may or may not have been hydraulically fractured in the past). Likely 
following the decline in oil prices (starting in about 2014) and gas prices (in about 2008), the 
estimated number of new hydraulically fractured wells declined to about 20,000 in 2015 according 
to well information submitted to FracFocus (FracFocus, 2016). Future drilling activity and the 
annual number of new wells will be influenced by future oil and gas prices. 

Table 3-1. Estimated number of new wells hydraulically fractured nationally by year from 
various sources.  
Data from FracFocus (2016); Baker Hughes (2015); DrillingInfo (2014a); IHS Inc. (2014) as provided in Gallegos et al. 
(2015). 

Data Source 2011 2012 2013 2014 

IHS 29,650 31,073 29,114 11,980 a 

DrillingInfo 23,144 22,865 15,903 b NA 

Baker Hughes NA 24,948 25,368 26,548 

FracFocus c 14,025 22,471 26,400 28,285 
a The IHS well count for 2014 is incomplete as it represents data only for 8 months (January through August).  
b The DrillingInfo well count for 2013 is incomplete because some months are missing from some state data sets. 
c The FracFocus 2011 and 2012 counts are underestimates because reporting well information to FracFocus was voluntary when 
it began in 2011. The number of states requiring reporting to FracFocus has increased over time. See FracFocus discussion 
below. The FracFocus well counts for 2011 and 2012 are from the EPA FracFocus 1.0 project database (U.S. EPA, 2015c) 
developed from the FracFocus national registry, and the FracFocus counts for 2013 and 2014 are from (FracFocus, 2016). 

The Information Handling Services (IHS) annual well count estimates presented in Table 3-1 are 
from IHS data made available in a U.S. Geological Survey publication that evaluated well data from 
2000 to 2014 (Gallegos et al., 2015). The IHS data are compiled from a variety of public and private 
sources and are commercially available from IHS Energy. A well is identified as a hydraulic 
fracturing well apparently based on well operational information. Gallegos et al. (2015) estimated, 
based on the IHS data, that approximately 371,000 wells were hydraulically fractured between 
January 2000 and August 2014. 

DrillingInfo, another commercial database, is developed using data obtained from individual state 
oil and gas agencies (DrillingInfo, 2014a). Because DrillingInfo data does not identify whether a 
well has been hydraulically fractured, EPA relied on information about well orientation and the oil- 
or gas-producing rock formation type to infer which wells were likely hydraulically fractured. This 
is a similar approach to that used by the EPA for estimating oil and gas well counts for its 
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greenhouse gas inventory work (U.S. EPA, 2013c).1 Using this approach, we estimate from the 
DrillingInfo data the annual numbers presented in Table 3-1 above and also estimate that a total of 
approximately 275,000 oil and gas wells were drilled and hydraulically fractured between 2000 
and 2013.2 

Well counts tracked by Baker Hughes provide another estimate of new wells fractured annually. 
This field service company compiles new-well information based on its extensive field work in oil 
and gas producing areas and through state agencies. Baker Hughes started compiling this publicly 
available well count data in 2012, but stopped in 2014. The well count data are categorized into 14 
basins containing reservoirs that are mostly unconventional (and, therefore, likely hydraulically 
fractured wells) and one “other” category (Baker Hughes, 2015). The well count estimates in the 
table above are for the 14 basins and, therefore, are considered estimates of new wells 
hydraulically fractured in each year.  

FracFocus is a national registry for operators of hydraulically fractured oil and gas wells to report 
information about well location and depth, date of operations, and water and chemical use. The 
registry, publicly accessible online (www.fracfocus.org), was developed by the Groundwater 
Protection Council and the Interstate Oil and Gas Compact Commission. Submission of information 
to FracFocus was initially voluntary (starting in January 2011), but many states now require 
reporting of hydraulic fracturing well activities to FracFocus. As of May 2015, 23 states required 
reporting to FracFocus (Konschnik and Dayalu, 2016). The annual well counts in the table above 
are from the EPA FracFocus 1.0 project database for 2011 and 2012 (U.S. EPA, 2015c) and from the 
FracFocus 2016 Quarterly Report for 2013 and 2014 (FracFocus, 2016). The well counts in the 
earliest years are underestimates because not all states required oil and gas well operators to 
submit hydraulic fracturing data to FracFocus.3 The FracFocus registry has undergone several 
updates since its launch in 2011. For more details on FracFocus, see FracFocus (2016), Konschnik 
and Dayalu (2016), U.S. EPA (2015a), U.S. EPA (2015c), and DOE (2014a).4  

In addition to these new well counts, some portion of existing wells are also re-fractured. Several 
studies indicate that re-fracturing occurs in less than 2% of wells. Shires and Lev-On (2012) 

                                                            
1 Using the DrillingInfo data, EPA assumed that all horizontal wells were hydraulically fractured in the year they started 
producing and assumed that all wells within a shale, coalbed, or low-permeability formation, regardless of well 
orientation, were hydraulically fractured in the year they started producing. More details are provided in (U.S. EPA, 
2013c). Not all coalbed methane wells are hydraulically fractured, but coalbed methane wells represent gas production 
that sometimes uses hydraulic fracturing. Given the small percent of coalbed methane wells relative to all hydraulically 
fractured wells and the lack of data that distinguishes whether or not coalbed wells are hydraulically fractured, EPA 
included coalbed production wells into all counts of wells that are hydraulically fractured.  
2 The different well count totals from IHS and DrillingInfo are likely due to different sources of data, different approaches 
for defining hydraulically fractured wells in those sources, and somewhat different timeframes. The higher IHS count 
likely includes hydraulically fractured vertical and deviated wells in conventional reservoirs (the DrillingInfo estimate 
does not) and covers a time period that is a year or more longer.  
3 We compared state records of hydraulic fracturing wells in North Dakota, Pennsylvania, and West Virginia in 2011 and 
2012 to those reported to FracFocus during those same years and found the FracFocus wells counts underestimated the 
number of fracturing jobs in those states by approximately 30% on average. See Chapter 4, Text Box 4-1.  
4 Analyses of the FracFocus data based on the EPA FracFocus 1.0 project database (U.S. EPA, 2015c) are presented in 
Chapter 4 regarding water volumes and in Chapter 5 regarding chemical use. 
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suggested that the rate of re-fracturing in natural gas wells is about 1.6% whereas analysis for the 
EPA’s 2012 Oil and Gas Sector New Source Performance Standards indicated a re-fracture rate of 
1% for gas wells (U.S. EPA, 2012f). The percentage of hydraulically fractured producing gas wells 
that were re-fractured in a given year ranged from 0.3% to 1% across the 1990-2013 period 
according to the EPA’s Inventory of U.S. Greenhouse Gas Emissions and Sinks (U.S. EPA, 2015h). 

The above rates are calculated by comparing the number of re-fractured wells in a single year to all 
hydraulically fractured wells cumulatively over a multi-year time period. However, when 
calculating the rates of wells that conduct re-fracturing in a given year compared to the total 
number of wells in that same year, the re-fracturing rate is higher. Data provided to the EPA’s 
Greenhouse Gas Reporting Program (GHGRP) for 2011 to 2013 suggest that 9-14% of the gas wells 
hydraulically fractured in each year were pre-existing wells undergoing re-fracturing (U.S. EPA, 
2014b).1 Another rate presenting a somewhat different measure (estimated by an EPA review of 
well records from 2009 to 2010) found that 16% of the surveyed wells had been re-fractured at 
least once (U.S. EPA, 2016c).2  

In summary, a complete count of the number of hydraulically fractured wells in the United States is 
hampered by a lack of a definitive and readily accessible source of information, and the fact that 
existing well and drilling databases and registries track information differently and therefore are 
not entirely comparable. There is also uncertainty about whether existing information sources are 
representative of the nation (or parts of the nation), whether they include data for all production 
well types, and to what degree they include activities in both conventional and unconventional 
reservoirs. Taking these limitations into account, however, it is reasonable to conclude that 
between approximately 25,000 and 30,000 new wells (and, likely, additional pre-existing wells) 
were hydraulically fractured each year in the United States from about 2011 to 2014, and 
approximately 20,000 wells were hydraulically fractured in 2015.  

3.4.2 Hydraulic Fracturing Rates 

Estimates of hydraulic fracturing rates, or the proportion of all oil and gas production wells that are 
hydraulically fractured, also indicate widespread use of the practice. Data from IHS Inc. (2014) 
indicate that approximately 62% of all new oil and gas wells in 2013 were hydraulically fractured. 
Data from DrillingInfo (2014a), indicate a similar rate of 64% of all new production wells in 2012. 
Estimates of hydraulic fracturing rates reported by states in response to an IOGCC survey tended to 
be considerably higher. Of eleven oil and gas producing states that responded to the survey, ten 
(Arkansas, Colorado, New Mexico, North Dakota, Ohio, Oklahoma, Pennsylvania, Texas, Utah, and 
West Virginia) estimated that 78% to 99% of new wells in their states were hydraulically fractured 
in 2012. Louisiana was the one exception, reporting a fracturing rate of 3.9% (IOGCC, 2015).  

Hydraulic fracturing may be more prevalent in gas wells than in oil wells. A 2010 to 2011 survey of 
20 natural gas production companies reported that 94% of the gas wells that they operated were 
                                                            
1 The GHGRP reporting category that covers re-fracturing is “workovers with hydraulic fracturing.” This re-fracturing data 
is for gas wells only (and does not include oil wells).  
2 This EPA report is based on a statistical survey so there is some uncertainty and a margin of error regarding the 16% re-
fracturing rate. This rate includes both oil and gas wells. For more details, see Chapter 6 and U.S. EPA (2016).  
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fractured (Shires and Lev-On, 2012), a rate that is higher than many of the reported statistics for oil 
and gas together (presented in the previous paragraph). Recent EIA data on the portion of oil and 
gas production attributable to hydraulically fractured wells also suggest possibly higher rates of 
hydraulic fracturing for gas. In 2015, production from hydraulically fractured wells accounted for 
an estimated 67% of natural gas production (EIA, 2016d) and 51% of oil production (EIA, 2016c).  

3.5 Trends and Outlook for the Future 

Future oil and gas drilling and production activities, including hydraulic fracturing, will be 
primarily affected by the cost of well operation (partly driven by technology) and the price of oil 
and gas. Scenarios of increasing, stable, and decreasing hydraulic fracturing activity all appear to be 
possible (Weijermars, 2014). The section below provides some discussion on trends and future 
prospects for production quantities and locations.  

Fossil fuels–oil, gas, and coal–have been dominant energy sources in the United States over the last 
half century (Figure 3-18). The relative importance of oil, gas, and coal has changed several times, 
with a significant recent shift starting in the mid-2000s as hydraulic fracturing transformed oil and 
gas production. Coal, the leading fossil fuel from the mid-1980s to the mid-2000s, has experienced a 
large decrease in production, dropping from approximately 33% of U.S. energy production in 2007 
to approximately 20% (about 18 quadrillion Btus) by the end of 2015 (EIA, 2016a).1 In contrast, 
natural gas production has risen to unprecedented levels, and oil production has resurged to levels 
not seen since the 1980s. Oil accounted for 15% of U.S. energy production in 2007 and increased to 
approximately 23% (about 20 quadrillion Btus) by the end of 2015, and natural gas as a portion of 
domestic energy production went from 31% to 37% (about 33 quadrillion Btus) (EIA, 2016a).  

 
Figure 3-18. Primary U.S. energy production by source, 1950 to 2015.  
Source: EIA (2016a).  
                                                            
1 A Btu, or British thermal unit, is a measure of the heat (or energy) content of fuels. At the scale of national U.S. 
production, the graph in Figure 3-18 presents Btus in quadrillions, or a thousand million million (which is 1015, or a 1 
with 15 zeros). 
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The surge in both oil and gas production started in the mid- to late-2000s and was driven by market 
forces (supply and demand) and the related developments in and expanded use of hydraulic 
fracturing. Figure 3-19 focuses on the years 2000 to 2015 and presents data showing the steady 
increase in the portion of oil and gas production coming from hydraulically fractured wells. Oil and 
gas production associated with hydraulic fracturing was insignificant in 2000, but by 2015 it 
accounted for an estimated 51% of US oil production and 67% of US gas production (Figure 3-19).  

  
Figure 3-19. U.S. production of oil (left) and gas (right) from hydraulically fractured wells from 
2000 to 2015.  
Source: EIA (2016c) (oil) and EIA (2016d) (gas), based on IHS Global Insight and DrillingInfo, Inc. 

Hydraulic fracturing activities are concentrated geographically in the United States. In 2011 and 
2012 about half of hydraulic fracturing wells were located in Texas with another quarter located in 
the four states of Colorado, Pennsylvania, North Dakota, and Oklahoma (U.S. EPA, 2015c). The maps 
in Figure 3-20 show changes starting in 2000 in the national geography of oil and gas production 
through the increased use of horizontal drilling, which frequently is associated with hydraulic 
fracturing. Some traditional oil- and gas-producing parts of the country, such as Texas, have seen an 
expansion of historical production activity as a result of modern hydraulic fracturing. Pennsylvania, 
a leading oil- and gas-producing state a century ago, has seen a resurgence in oil and gas activity. 
Other states that experienced a steep increase in production, such as North Dakota, Arkansas, and 
Montana, have historically produced less oil and gas. 

3.5.1 Natural Gas  

Drilling of new natural gas wells declined markedly as natural gas prices fell in 2008 (Figure 3-21). 
Nevertheless, over the coming decades natural gas production is expected to increase and that 
increase will be associated significantly with wells that are hydraulically fractured. Projections by 
EIA indicate that gas production from shale (and tight oil reservoirs) will almost double from 2015 
to 2040 when it will constitute nearly 70% of total natural gas production (EIA, 2016d). Slight 
increases are projected for production from tight gas reservoirs and coalbed methane production is 
expected to continue fairly steady at relatively low levels (EIA, 2016a) (Figure 3-22). These 
projections are dependent on estimated future prices of natural gas and other assumptions, and  
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Figure 3-20. Location of horizontal wells that began producing oil or natural gas in 2000, 2005, 
and 2012.  
Based on data from DrillingInfo (2014a). 
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Figure 3-21. Natural gas prices and drilling activity, United States, 1988 to 2015.  
Sources: EIA (2016b) and EIA (2016f). 

 
Figure 3-22. Historic and projected natural gas production by source (trillion cubic feet). 
Source: EIA (2016a). 

the details are subject to change. Nonetheless, a continuing increase in production is generally 
suggested and the locations of historical production identified in Figure 3-23 indicate areas of 
continued and future hydraulic fracturing activities for natural gas production.  

The geographic concentration and trends in shale gas production by play (and identified by state) 
are shown in Figure 3-23. The Barnett Shale, where the modern hydraulic fracturing boom started, 
was the largest producer of shale gas until about 2010, producing 1.5 trillion cubic feet (tcf) (42.5 
billion cubic meters [bcm]) that year and remains a significant producer. In 2009, the Marcellus and 
Haynesville plays produced 0.12 and 0.43 tcf (3.4 and 12.2 bcm), respectively, but by 2011, 
production from the Haynesville play surpassed that in the Barnett play, and by 2013 the Marcellus 
Shale surpassed both the Barnett and the Haynesville to become the play with the most production. 
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By 2014, the Marcellus play was producing 4.8 tcf (135.9 bcm) of gas annually, with the Eagle Ford, 
Haynesville, and Barnett each producing roughly 1.5 tcf (42.5 bcm). Estimates of technically 
recoverable resources, a general indicator of potential future production, are noted for the 
Marcellus (about 150 tcf [4.25 trillion cubic meters]), Haynesville (73 tcf [2.07 trillion cubic 
meters]), Eagle Ford in Texas (55 tcf [1.56 trillion cubic meters]), and Utica in Ohio, Pennsylvania, 
and West Virginia (55 tcf [1.56 trillion cubic meters]). This suggests that these four plays will be 
active contributors of shale gas production for the foreseeable future (EIA, 2013).1 Other gas plays 
with significant resources include the Fayetteville in Arkansas, the Woodford in Oklahoma, and the 
Mancos in Colorado. 

 
Figure 3-23. Production from U.S. shale gas plays, 2000-2014.  
Source: EIA (2016g). The graph shows shale plays in the same vertical order as the legend.  

3.5.2 Oil 

While prices and drilling activity for natural gas were peaking between 2005 and 2008 and then 
falling (Figure 3-21), prices and drilling for oil were rising. These peaked between 2011 and 2014, 
and then rapidly declined as well (Figure 3-24). EIA projections to 2040 indicate a continued 
growth in total U.S. oil production, although the projected growth is not as fast or as large as that 
projected for natural gas. Tight oil production, presumably from hydraulically fractured wells, is 
expected to account for much of the projected growth (Figure 3-25); by 2040, tight oil is expected 
to account for nearly 65% of all U.S. crude oil production (EIA, 2016d). These production 
projections are dependent on estimated future prices of oil and other assumptions and, therefore, 
will likely be revised over time as energy markets and prices change. Currently, these projections 

                                                            
1 Technically recoverable resources are the volumes of oil or natural gas that could be produced with current technology, 
regardless of oil and natural gas prices and production costs (EIA, 2013). 
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indicate a continuing, but lower rate of growth (as compared to the period from about 2005 to 
2015). The locations of historical production identified in Figure 3-26 indicate areas of continued 
and future hydraulic fracturing activities for oil. 

 
Figure 3-24. Crude oil prices and drilling activity, United States, 1988 to 2015.  
Sources: EIA (2016b) and EIA (2016e). 

 
Figure 3-25. Historic and projected oil production by source (million barrels per day). 
Source: EIA (2016a). 

The geographic concentration and trends in tight oil production by play (and identified by state) 
are shown in Figure 3-26. Early tight oil production in the United States was centered in the 
Permian Basin in west Texas and New Mexico, at plays that included the Spraberry and the 
Bonespring. After 2009, the Bakken play (centered in western North Dakota) and the Eagle Ford 
play (in Texas) emerged as the largest-producing tight oil plays. Oil production in the Bakken 
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increased from 99 million bbls (16,000 million L) in 2009 to 394 million bbls (63,600 million L) in 
2014 (EIA, 2016g). Production from Eagle Ford increased from 12 million bbls (2,000 million L) in 
2009 to 498 million bbls (79,100 million L) in 2014 (EIA, 2016g). 

General estimates of potential resources suggest that future tight oil production in the United States 
will continue to be led by Texas and North Dakota. Technical recoverable resources are estimated 
at about 23 billion bbls (3,600 billion L) for the Bakken, about 21 billion bbls (3,300 billion L) for 
the Permian Basin, and about 10 billion bbls (1,600 billion L) for Eagle Ford (EIA, 2015). Other 
plays with significant estimated resources include the Niobrara-Codell in Colorado and Wyoming 
and the Granite Wash in Oklahoma and Texas (EIA, 2012). 

 
Figure 3-26. Production from U.S. tight oil plays, 2000-2014.  
Source: EIA (2016g). The graph shows tight oil plays in the same vertical order as the legend. 

3.6 Conclusions 

Hydraulic fracturing is the injection of hydraulic fracturing fluids through the production well and 
into the subsurface oil or gas reservoir under pressures great enough to fracture the reservoir rock. 
The fractures allow for increased flow of oil and/or gas from the reservoir into the well. Water used 
in the hydraulic fracturing fluid is typically obtained from sources in the vicinity of the well. Water 
that naturally occurs in the oil and gas reservoir rocks often flows into the production well and 
through the well to the surface as a byproduct of the oil and gas production process. This byproduct 
water, commonly referred to as produced water, requires handling and management.  

Many well site and operational activities are conducted to prepare a site and well for hydraulic 
fracturing and oil and/or gas production. The actual hydraulic fracturing event is of relatively short 
duration, usually several weeks or less, but it is also a phase of work with numerous complex 
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operational activities to handle, mix, and inject the hydraulic fracturing fluid under pressure 
through the production well. The injected hydraulic fracturing fluid typically contains mostly water, 
includes a proppant (commonly sand) which ensures that the fractures remain propped open after 
injection, and contains less than two percent additives (chemicals) that improve the fluid 
properties for fracturing. These small percentages of additives, given the total volume of hydraulic 
fracturing fluids, mean that a typical hydraulic fracturing job can use tens of thousands of gallons of 
chemicals.  

Since about 2005, the combination of hydraulic fracturing and directional drilling pioneered in the 
Barnett Shale in Texas has become widespread in the oil and gas industry. Hydraulic fracturing 
combined with directional drilling is now a standard industry practice. It has significantly 
contributed to the surge in United States oil and gas production, and accounted for slightly more 
than 50% of oil production and nearly 70% of gas production in 2015. Hydraulic fracturing has 
resulted in expanded production from unconventional shale and so-called tight oil or gas reservoirs 
that had previously been largely unused. This hydraulic fracturing-based production activity is 
geographically concentrated. About three-quarters of new hydraulic fracturing wells in 2011 and 
2012 were located in five states (Texas, Colorado, Pennsylvania, North Dakota, and Oklahoma) with 
about half of all wells located in Texas.  

There is no national database or complete national registry of wells that have been hydraulically 
fractured in the United States. Based on the data available from various commercial and public 
sources, we estimate that 25,000 to 30,000 new wells were drilled and hydraulically fractured in 
the United States annually between 2011 and 2014. In addition to these new wells, some existing 
wells not previously fractured were fractured, and some that had been fractured in the past were 
re-fractured. New drilling of hydraulic fracturing wells, influenced by oil and gas prices, peaked in 
the United States between 2005 and 2008 for gas and between 2011 and 2014 for oil. Following 
price declines, the number of new hydraulically fractured wells in 2015 was about 20,000. Future 
drilling and production will be influenced by future gas and oil prices. Despite recent declines in 
prices and new drilling, oil and gas production in the United States continues at historically high 
levels with projections of continued growth in the medium and long term led by hydraulic 
fracturing-based production from unconventional reservoirs.
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Chapter 4. Water Acquisition 

Abstract 

In this chapter, the EPA examined the potential impacts of water withdrawals for hydraulic fracturing on 
drinking water resource quantity and quality, and identified common factors affecting the frequency and 
severity of impacts. Groundwater and surface water resources used for hydraulic fracturing also 
currently serve or in the future may serve as drinking water sources, and water withdrawals for 
hydraulic fracturing can affect the quantity or quality of the remaining drinking water resource.  

Hydraulic fracturing used a median of 1.5 million gallons (5.7 million liters) of water per well from 2011 
through early 2013. Surface water supplies almost all water used for hydraulic fracturing in the eastern 
United States, whereas surface water or groundwater is used in the West. Reuse of hydraulic fracturing 
wastewater as a percentage of injected volume is generally low, with a median of 5% according to an 
EPA literature survey. Greater reuse occurs where disposal options are limited (e.g., the Marcellus Shale 
in Pennsylvania) and not necessarily where water availability is lowest.  

Hydraulic fracturing generally uses and consumes a relatively small percentage of water when 
compared to total water use, water consumption, and water availability at the national, state, and county 
scale. There are exceptions, however. For example, EPA’s analysis shows that counties in southern and 
western Texas have relatively high hydraulic fracturing water withdrawals and low water availability. 
These findings indicate where impacts are more likely to occur or be severe, but local information (i.e., 
at the scale of the drinking water resource) is needed to determine whether potential impacts have been 
realized. In some example cases (e.g., the Eagle Ford Shale in Texas, the Haynesville Shale in Louisiana), 
local impacts to drinking water resource quantity have occurred in areas with increased hydraulic 
fracturing activity. In these instances, hydraulic fracturing water withdrawals contributed to local 
impacts along with other water users and the lack of precipitation.  

Drought or seasonal times of low water availability can increase the frequency and severity of 
impacts, while water management practices such as the establishment of low-flow criteria (termed 
passby flows), shifting from fresh to brackish water sources, or increasing the reuse of wastewater 
for hydraulic fracturing can help protect drinking water resources.  

Uncertainty about the extent of impacts on drinking water resources stems from the lack of 
available data at the local scale. The EPA could assess the potential for impacts at the county scale, 
but often could not determine whether impacts occurred at drinking water withdrawal locations.  

Overall, hydraulic fracturing uses and consumes a relatively small percentage of water at the county 
scale, but not always, and impacts can still occur depending on the local balance between withdrawals 
and availability. Regional or local-scale factors, such as drought or water management, can modify this 
balance to increase or decrease the frequency or severity of impacts.
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4. Water Acquisition 
4.1 Introduction 

Water is a crucial component of nearly all hydraulic fracturing operations, generally making up 90 – 
97% of the total fluid volume injected into a well (Chapter 5).1 Ground- and surface water resources 
that serve as sources of water for hydraulic fracturing also provide water for public water supplies 
or private drinking water wells. For this reason, water withdrawals for hydraulic fracturing can 
impact drinking water resources by changing the quantity or quality of the remaining resource.2 In 
this chapter, we consider potential impacts of water acquisition for hydraulic fracturing on both 
drinking water resource quantity and quality, and, where possible, identify factors that affect the 
frequency or severity of impacts.3  

We define impacts broadly in this assessment to include any change in the quantity or quality of 
drinking water resources; see Chapter 1 for more information. This definition applies reasonably 
well to the subsequent chapters (Chapters 5-8); however, by this definition, even the smallest water 
withdrawals would be considered impacts. Recognizing this, we focus on a smaller subset of 
potential impacts, specifically water withdrawals that have the potential to limit the availability of 
drinking water or alter its quality. Whether water withdrawals have this potential depends 
primarily on the balance between water use and availability at the local scale.4,5 By “local” in this 
chapter, we refer to the scale at which impacts to drinking water resources are expected to occur. 
This usually means a given surface water (e.g., river or stream) or groundwater resource (i.e., 
aquifer), or a given watershed where we have detailed information about local water dynamics 
(e.g., case studies). We note the scale at which data are available and findings are reported. 

                                                            
1 This range is based on multiple sources that either present hydraulic fracturing fluid composition as a function of 
volume (e.g., 95% of the total volume injected) or as a function of mass (e.g., 90% of the total mass injected). See Chapter 
5 for additional information. 
2 Surface water withdrawals can affect water quality by altering in-stream flow and decreasing the dilution of pollutants 
or changing water chemistry (Section 4.5.3). Groundwater withdrawals may alter water quality by inducing vertical 
mixing of fresh groundwater with contaminated water from the land surface or underlying formations, or by promoting 
changes in reduction-oxidation conditions and mobilizing chemicals from geologic sources (Section 4.5.1).  
3 Water acquired for use in other oil and gas development steps besides hydraulic fracturing is beyond the scope of this 
chapter, including the water used in well drilling and well pad preparation and water removal for the production of 
coalbed methane. Furthermore, water released to the atmosphere via gas combustion is also outside the scope of this 
chapter. 
4 Throughout this chapter we use the terms “water use” and “water withdrawals” interchangeably to refer to the water 
that is acquired for hydraulic fracturing operations.  
5 There is no standard definition for water availability, and it has not been assessed recently at the national scale (U.S. 
GAO, 2014). Instead, a number of water availability indicators have been suggested (e.g., Roy et al., 2005). Here, 
availability is most often used to qualitatively refer to the amount of a location’s water that could, currently or in the 
future, serve as a source of drinking water (U.S. GAO, 2014), which is a function of water inputs to a hydrologic system 
(e.g., rain, snowmelt, groundwater recharge) and water outputs from that system occurring either naturally or through 
competing demands of users. Where specific numbers are presented, we note the specific water availability indicator 
used. 
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A variety of factors can modify the balance between water use and availability. For example, 
multiple hydraulically fractured wells require more water than a single well, making it critical to 
assess the cumulative effects of multiple wells over a given area or time period. Furthermore, the 
combined effects of multiple water users pumping from the same aquifer can compound stress on 
already declining groundwater supplies. Alternatively, locally high rates of hydraulic fracturing 
wastewater reuse may help offset the need for fresh water withdrawals. These and other factors 
are discussed throughout the chapter.  

This chapter proceeds roughly in two halves. In the first half, we address water use and 
consumption by hydraulic fracturing.1 We provide an overview of the types of water used for 
hydraulic fracturing (Section 4.2); the amount of water used per well (Section 4.3); and then 
estimates of hydraulic fracturing water use and consumption at the national, state, and county 
scale, both in absolute terms and relative to total water use and consumption (Section 4.4). 
Although most available data and literature pertain to water use, we discuss water consumption 
because hydraulic fracturing consumes a substantial proportion of the water it uses, so that a 
proportion of the water is lost from the local hydrologic cycle. See Section 4.4 and Chapter 2 for 
more information.  

In the second half of the chapter, we assess the potential for impacts by location in certain states 
(and major oil and gas regions within select states) where hydraulic fracturing currently occurs 
(Section 4.5; Appendix B.2). For each state and region, we discuss the water used and consumed by 
hydraulic fracturing, and then compare it to water availability. We do this using several lines of 
evidence: (1) literature information (both quantitative and qualitative) on state and regional 
hydraulic fracturing water use and availability; (2) comparisons between our county level 
estimates of hydraulic fracturing water use and an index of water availability; and (3) local case 
studies from the Eagle Ford play in Texas, the Upper Colorado River Basin in Colorado, and the 
Susquehanna River Basin in Pennsylvania.2 The use of case studies provides insight into the local, 
sub-county scale, where impacts are most likely to be observed in both space and time.  

Overall, this chapter provides a national assessment of where potential impacts to drinking water 
quantity and quality are most likely due to water acquisition for hydraulic fracturing. We utilize 
case studies where data are available to understand local dynamics and whether impacts are 
indeed realized. In the absence of case studies, we use county level data to assess where potential 
impacts are most likely. Finally, we identify the common factors affecting the frequency and 
severity of impacts. We provide a synthesis of our findings in Section 4.6.  

                                                            
1 We refer specifically to “water consumption” when data are available or it is explicitly noted in the scientific literature. 
However, when specific information is not available, we use “water use” or “water withdrawals” as general terms to refer 
to both water use and consumption by hydraulic fracturing. 
2 The EPA’s Review of Well Operator Files for Hydraulically Fractured Oil and Gas Production Wells (i.e., the “Well File 
Review;” see Text Box 6-1) was originally planned to inform the water acquisition stage of the hydraulic fracturing water 
cycle, but did not yield any useable information on this topic, and is therefore not cited as a source of information in this 
chapter. Although information in some well files was of good quality, the well files generally contained insufficient or 
inconsistent information on nearby surface water and groundwater quality, injected water volumes, and wastewater 
volumes and disposition; therefore, these data were not summarized (U.S. EPA, 2015n). 
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4.2 Types of Water Used 

The three major sources of water for hydraulic fracturing are surface water (i.e., rivers, streams, 
lakes, and reservoirs), groundwater, and reused hydraulic fracturing wastewater.1,2,3 These sources 
often vary in their initial water quality and in how they are provisioned to hydraulic fracturing 
operations. In this section, we provide an overview of the sources (Section 4.2.1), water quality 
(Section 4.2.2), and provisioning of water (Section 4.2.3) required for hydraulic fracturing. Detailed 
information on the types of water used by state and locality is presented in Section 4.5.  

4.2.1 Source 

Whether water used in hydraulic fracturing originates from surface water or groundwater 
resources is largely determined by the type of locally available water sources. Water transportation 
costs can be high, so the industry tends to acquire water from nearby sources if available (Nicot et 
al., 2014; Mitchell et al., 2013a; Kargbo et al., 2010). Surface water supplies most of the water for 
hydraulic fracturing in the eastern United States, whereas surface water or groundwater is used in 
the more semi-arid to arid western states. In western states that lack available surface water 
resources, groundwater generally supplies the majority of water needed for fracturing (Table 4-1). 
Brackish sources of groundwater can be important for reducing demand on fresh groundwater 
resources in certain regions (e.g., the Permian Basin and Eagle Ford Shale in Texas; see Section 
4.5.1).4 Local policies also may direct the industry to seek withdrawals from designated sources 
(U.S. EPA, 2013a); for instance, some states have encouraged the industry to seek water 
withdrawals from surface water rather than groundwater due to concerns over aquifer depletion. 
See Section 4.5.4 and Section 4.5.5 for more information. 

                                                            
1 We use the term “hydraulic fracturing wastewater” to refer to produced water that is managed using practices that 
include, but are not limited to, reuse in subsequent hydraulic fracturing operations, treatment and discharge, and 
injection into disposal wells. The term is being used in this study as a general description of certain waters and is not 
intended to constitute a term of art for legal or regulatory purposes (see Chapter 8 and Appendix J, the Glossary, for more 
detail). 
2 Throughout this chapter we sometimes refer to “reused hydraulic fracturing wastewater” as simply “reused 
wastewater,” because this is the dominant type of wastewater reused by the industry. When referring to other types of 
reused wastewater not associated with hydraulic fracturing (e.g., acid mine drainage, wastewater treatment plant 
effluent), we specify the source of the wastewater.  
3 We use the term “reuse” regardless of the extent to which the wastewater is treated (Nicot et al., 2014); we do not 
distinguish between reuse and recycling except when specifically reported in the literature.  
4 We use the term “fresh water” to qualitatively refer to water with relatively low TDS that is most readily and currently 
available for drinking water. We do not use the term to imply an exact TDS limit.  
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Table 4-1. Estimated proportions of hydraulic fracturing source water from surface water and 
groundwater.  
Location Surface water Groundwater Year or time 

period of 
estimate 

Louisiana—Haynesville Shale 87%a 13%a 2009 - 2012 

Oklahoma―Statewide 63%b 37%b 2011 

Pennsylvania—Marcellus Shale, Susquehanna River Basin 92%c 8%c 2008 - 2013 

Texas―Barnett Shale 50%d 50%d 2011 - 2013 

Texas―Eagle Ford Shale 10%e 90%e 2011 

Texas―TX-LA-MS Salt Basinf 30%e 70%e 2011 

Texas―Permian Basin 0%e 100%e 2011 

Texas―Anadarko Basin 20%e 80%e 2011 

West Virginia―Statewide, Marcellus Shale 91%g 9%g 2012 
a Percentages calculated from fracturing supply water usage data only. Rig supply water and other sources were excluded as 
they fall outside the scope of this assessment. Data from October 1, 2009, to February 23, 2012, for 1,959 Haynesville Shale 
natural gas wells (LA Ground Water Resources Commission, 2012). 
b Proportion of surface water and groundwater permitted in 2011 by Oklahoma's 90-day provisional temporary permits for oil 
and gas mining. Temporary permits make up the majority of water use permits for Oklahoma oil and gas mining (Taylor, 2012). 
c Calculated from SRBC (2016) data from July 2008 to December 2013. 
d Nicot et al. (2014). 
e Nicot et al. (2012). 
f Nicot et al. (2012) refer to this region of Texas as the East Texas Basin. 
g Estimated proportions are for 2012, the most recent estimate for a full calendar year available from West Virginia DEP (2014). 
Data from the West Virginia DEP show the proportion of water purchased from commercial brokers as a separate category and 
do not specify whether purchased water originated from surface water or groundwater. Therefore, we excluded purchased 
water in calculating the relative proportions of surface water and groundwater shown in Table 4-1 (West Virginia DEP, 2014). 

The reuse of wastewater from past hydraulic fracturing operations reduces the need for 
withdrawals of fresh surface water or groundwater.1 In a survey of literature values from 10 states, 
basins, or plays, we found a median of 5% of the water used in hydraulic fracturing comes from 
reused hydraulic fracturing wastewater, with this percentage varying by location (Table 4-2).2,3  

1 Hydraulic fracturing wastewater may be stored on-site in open pits, which may also collect rainwater and runoff water. 
We do not distinguish between the different types of water that are collected on-site during oil and gas operations, and 
assume that most of the water collected on-site at well pads is hydraulic fracturing wastewater. 
2 Throughout this chapter, we preferentially report medians where possible because medians are less sensitive to outlier 
values than averages. Where medians are not available, averages are reported. 
3 This chapter examines reused wastewater as a percentage of injected volume because reused wastewater may offset 
total fresh water acquired for hydraulic fracturing. In contrast, Chapter 8 of this assessment discusses the total percentage 
of the generated wastewater that is reused rather than managed by different means (e.g., disposal in Class II wells). This 
distinction is sometimes overlooked, which can lead to a misrepresentation of the extent to which wastewater is reused to 
offset total fresh water used for hydraulic fracturing. 
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Table 4-2. Percentage of injected water volume that comes from reused hydraulic fracturing 
wastewater in various states, basins, and plays. 

See Section 4.5 and Appendix B.2 for additional discussion of reuse practices by state and locality and variation 
over time where data are available.  

State, basin, or play Estimate of the percentage 
of injected water volume 
that comes from reused 

hydraulic fracturing 
wastewatera 

Year or time 
period of 
estimate  
(NA = not 
available) 

California—Monterey Shale 13%b 2014 

Colorado—Wattenberg Field, Denver-Julesburg Basin 0%c NA 

Pennsylvania—Statewide  19%d 2014 

Pennsylvania–Marcellus Shale, Susquehanna River Basin 16%e 2008 – 2013 

Texas—Barnett Shale 5%f 2011 

Texas—Eagle Ford Shale 0%f 2011 

Texas—TX-LA-MS Salt Basing 5%f 2011 

Texas—Permian Basin (far west portion) 0%f 2011 

Texas—Permian Basin (Midland portion) 2%f 2011 

Texas—Anadarko Basin 20%f 2011 

West Virginia—Statewide 15%h 2012 

Overall Meani 8%  

Overall Medianj 5%  
a All estimates in this table refer to the percentage of injected water volume that comes from reused hydraulic fracturing 
wastewater. However, different literature sources used slightly different terminology when referring to this percentage. In the 
table footnotes below, we reference the terminology reported in the literature source cited. 
b Produced water as a percentage of total water volume for 480 well stimulations according to completion reports between 
January 1, 2014, and December 10, 2014 (CCST, 2015a). All but two of these stimulations were conducted in Kern County, 
California (the remaining two were completed in Ventura County, California). Well stimulations mostly consisted of hydraulic 
fracturing operations, but also included smaller numbers of matrix acidizing and acid fracturing operations (CCST, 2015a).  
c Reflects an assumption of reuse practices by Noble Energy in the Wattenberg Field of Colorado’s Denver-Julesburg Basin, as 
reported by Goodwin et al. (2014). 
d Percentage of recycled water used in hydraulic fracturing in 2014 based on data from the Pennsylvania Bureau of Topographic 
and Geologic Survey (Schmid and Yoxtheimer, 2015). This percentage was higher at 23% in 2013, but we present the most 
recent estimate available in the above table. The slight decline to 19% in 2014 may be explained by the fact that some 
completion reports had not yet been processed when these data were published, yet the data generally show an upward trend 
over time in reuse as a percentage of injected volume (Schmid and Yoxtheimer, 2015).  
e Flowback water as a percentage of total water injected from July 2008 to December 2013 (SRBC, 2016). This percentage was 
22% in 2013 alone (SRBC, 2016). 
f Estimated percentage of recycling/reused water in 2011 (Nicot et al., 2012). 
g Nicot et al. (2012) refer to this region of Texas as the East Texas Basin. 
h Reused fracturing water as a percentage of total water used for hydraulic fracturing in 2012, calculated from data provided by 
the West Virginia DEP (2014). 
i Calculated based on the values presented in Table 4-2, excluding the value for Pennsylvania’s Susquehanna River Basin to 
avoid double counting with the statewide value. The overall mean is not weighted by the number of wells in a given state, 
basin, or play.  
j Calculated based on the values presented in Table 4-2, excluding the value for Pennsylvania’s Susquehanna River Basin to 
avoid double counting with the statewide value. The overall median is not weighted by the number of wells in a given state, 
basin, or play. 
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Available data on reuse trends indicate increased reuse as a percentage of injected volume over 
time in both Pennsylvania and West Virginia, likely due to the lack of nearby disposal options in 
Class II injection wells regulated by the Underground Injection Control (UIC) Program (Section 
4.5.3).  

The reuse of wastewater for hydraulic fracturing is limited by the amount of water that returns to 
the surface during production (Nicot et al., 2012). In the first 10 days of well production, 5% to 
almost 50% of the hydraulic fracturing fluid volume can be collected, with values varying across 
geologic formations (Chapter 7, Table 7-1). Longer duration measurements are rare, but between 
10% and 30% of the hydraulic fracturing fluid volume has been collected in the Marcellus Shale in 
Pennsylvania over nine years of production, while over 100% has been collected in the Barnett 
Shale in Texas over six years of production (Chapter 7, Table 7-2).1 Assuming that 10% of hydraulic 
fracturing fluid volume is collected in the first 30 days and 100% of the wastewater is reused, it 
would take 10 wells to produce enough water to hydraulically fracture a new well. As more wells 
are hydraulically fractured in a given area, the potential for wastewater reuse increases.  

The decision to reuse hydraulic fracturing wastewater appears to be driven by economics and the 
quality of the wastewater, and not concerns over local water availability (Section 4.2.2). Water 
transportation costs (i.e., trucking, piping), the availability of Class II wells, and local regulations can 
play a role in determining whether hydraulic fracturing wastewater is reused to offset the need for 
fresh water withdrawals (Schmid and Yoxtheimer, 2015). Besides hydraulic fracturing wastewater, 
other wastewaters may be reclaimed for use in hydraulic fracturing. These include acid mine 
drainage, wastewater treatment plant effluent, and other sources of industrial and municipal 
wastewater (Nicot et al., 2014; Ziemkiewicz et al., 2013). Limited information is available on the 
extent to which these other wastewaters are used. 

4.2.2 Quality 

Water quality is an important consideration when sourcing water for hydraulic fracturing. Fresh 
water is most often used to maximize hydraulic fracturing fluid performance and to ensure 
compatibility with the geologic formation being fractured. This finding is supported by the EPA’s 
analysis of disclosures to the FracFocus Chemical Disclosure Registry (version 1.0; hereafter, the 
EPA FracFocus report) (U.S. EPA, 2015b), as well as by regional analyses from Texas (Nicot et al., 

                                                            
1 It is possible to collect over 100% of the hydraulic fracturing fluid volume because water from the formation returns to 
the surface along with the injected water. 
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2012) and the Marcellus Shale (Mitchell et al., 2013a).1,2 Fresh water was the most commonly cited 
water source by companies included in an analysis of nine hydraulic fracturing service companies 
on their operations from 2005 to 2010 (U.S. EPA, 2013a). Three service companies noted that the 
majority of their water was fresh, because it required minimal testing and treatment (U.S. EPA, 
2013a).3 The majority of the nine service companies recommended testing for certain water quality 
parameters (pH and maximum concentrations of specific cations and anions) in order to ensure 
compatibility among the water, other fracturing fluid constituents, and the geologic formation (U.S. 
EPA, 2013a). 

The reuse of hydraulic fracturing wastewater may be limited to an extent by water quality. Over the 
production life of a well, the quality of the wastewater produced begins to resemble the quality of 
the water naturally found in the geologic formation and may be characterized by high 
concentrations of total dissolved solids (TDS) (Goodwin et al., 2014). High concentrations of TDS 
and other individual dissolved constituents in wastewater, including specific cations (calcium, 
magnesium, iron, barium, strontium), anions (chloride, bicarbonate, phosphate, and sulfate), and 
microbial agents, can interfere with hydraulic fracturing fluid performance by producing scale in 
the borehole or by interfering with certain additives in the hydraulic fracturing fluid (e.g., high TDS 
may inhibit the effectiveness of friction reducers) (Gregory et al., 2011; North Dakota State Water 
Commission, 2010). Due to these limitations, wastewater can require treatment or blending with 
fresh water to meet the level of water quality desired in the hydraulic fracturing fluid formulation.4  

Options for treating hydraulic fracturing wastewater to facilitate reuse are available and being used 
by the industry in some cases. For example, filter socks, centrifuge, dissolved air flotation, or 
settling technologies can remove suspended solids, and physical/chemical precipitation or 
electrocoagulation can remove dissolved metals (Schmid and Yoxtheimer, 2015). For more 
information on treatment of hydraulic fracturing wastewater, see Chapter 8.  

                                                            
1 The FracFocus Chemical Disclosure Registry (often referred to as FracFocus; www.fracfocus.org) is a national hydraulic 
fracturing chemical disclosure registry managed by the Ground Water Protection Council and the Interstate Oil and Gas 
Compact Commission. FracFocus was created to provide the public access to reported chemicals used for hydraulic 
fracturing within their area. It was originally established in 2011 (version 1.0) for voluntary reporting by participating oil 
and gas well operators. Six of the 20 states discussed in this assessment required disclosure to FracFocus at various 
points between January 1, 2011, and February 28, 2013, the time period analyzed by the EPA; another three of the 20 
states offered the choice of reporting to FracFocus or the state during this same time period (see Appendix Table B-5 for 
states and disclosure start dates) (U.S. EPA, 2015b). 
2 Of all disclosures reviewed that indicated a source of water for the hydraulic fracturing base fluid, 68% listed “fresh” as 
the only source of water used. Note, 29% of all disclosures considered in the EPA’s FracFocus report included information 
on the source of water used for the base fluid (U.S. EPA, 2015b). 
3 Service companies did not provide data on the percentage of fresh water versus non-fresh water used for hydraulic 
fracturing (U.S. EPA, 2013a). 
4 The EPA FracFocus report suggests that fresh water makes up the largest proportion of the base fluid when blended 
with water sources of lesser quality (U.S. EPA, 2015b). 
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4.2.3 Provisioning 

Water for hydraulic fracturing is typically either self-supplied by the industry or purchased from 
public water systems.1 Self-supplied water for fracturing generally refers to permitted direct 
withdrawals from surface water or groundwater or the reuse of wastewater. Nationally, 
self-supplied water is more common, although there is much regional variation (U.S. EPA, 2015b; 
CCST, 2014; Mitchell et al., 2013a; Nicot et al., 2012). Water purchased from municipal public water 
systems can be provided either before or after treatment (Nicot et al., 2014). Water for hydraulic 
fracturing is also sometimes purchased from smaller private entities, such as local land owners 
(Nicot et al., 2014). 

4.3 Water Use Per Well 

In this section, we provide an overview of the amount of water used per well during hydraulic 
fracturing. We discuss water use in the life cycle of oil and gas operations (Section 4.3.1) and 
national per well estimates and associated variability (Section 4.3.2). More detailed locality-specific 
information on water use per well is provided in Section 4.5. 

4.3.1 Hydraulic Fracturing Water Use in the Life Cycle of Oil and Gas 

Water is needed throughout the life cycle of oil and gas production and use, including both at the 
well for processes such as well pad preparation, drilling, and fracturing (i.e., the upstream portion), 
and later for end uses such as electricity generation, home heating, or transportation (i.e., the 
downstream portion) (Jiang et al., 2014; Laurenzi and Jersey, 2013). Most of the upstream water 
usage and consumption occurs during hydraulic fracturing (Jiang et al., 2014; Clark et al., 2013; 
Laurenzi and Jersey, 2013).2 Water use per well estimates in this chapter focus on hydraulic 
fracturing in the upstream portion of the oil and gas life cycle, as the downstream portion of the 
lifecycle is outside the scope of this assessment.3  

                                                            
1 According to Section 1401(4) of the Safe Drinking Water Act, a public water system is defined as system that provides 
water for human consumption from surface water or groundwater through pipes or other infrastructure to at least 15 
service connections, or an average of at least 25 people, for at least 60 days per year. Public water systems may either be 
publicly or privately owned. 
2 Laurenzi and Jersey (2013) reported that hydraulic fracturing accounted for 91% of upstream water consumption, 
based on industry data for 29 wells in the Marcellus Shale. (91% was calculated from their paper by dividing hydraulic 
fracturing fresh water consumption (13.7 gal (51.9 L)/Megawatt-hour (MWh)) by total upstream fresh water 
consumption (15.0 gal (56.8 L)/MWh) and multiplying by 100). Similarly, Jiang et al. (2014) reported that 86% of water 
consumption occurred at the fracturing stage for the Marcellus Shale, based on Pennsylvania Department of 
Environmental Protection (PA DEP) data on 500 wells. The remaining water was used in several upstream processes (e.g., 
well pad preparation, well drilling, road transportation to and from the wellhead, and well closure once production 
ended). Clark et al. (2013) estimated lower percentages (30%−80%) of water use at the fracturing stage for multiple 
formations. Although their estimates for the fraction of water used at the fracturing stage may be low due to their higher 
estimates for transportation and processing, the estimates by Clark et al. (2013) similarly illustrate the importance of the 
hydraulic fracturing stage in water use, particularly in terms of the upstream portion of the life cycle. 
3 When the full life cycle of oil and gas production and use is considered (i.e., both upstream and downstream water use), 
most water is used and consumed downstream. For example, in a life cycle analysis of hydraulically fractured gas used for 
electricity generation, Laurenzi and Jersey (2013) reported that only 6.7% of water consumption occurred upstream 
(15.0 gal (56.8 L)/MWh), while 93.3% of fresh water consumption occurred downstream for power plant cooling via 
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4.3.2 National Estimates and Variability in Water Use Per Well for Hydraulic Fracturing 

At its most basic level, the volume of water used per well for hydraulic fracturing equals the 
concentration of water in the hydraulic fracturing fluid multiplied by the total volume of the fluid 
injected. In turn, the total volume of fluid injected generally equals the volume of fluid in the 
fractures, plus the volume of the well itself, plus any fluid lost due to “leakoff” or other unintended 
losses.1  

Nationally, most operators employ fracturing fluids with water as a base fluid, meaning the 
concentration of water in the fluid is high (U.S. EPA, 2015b; Yang et al., 2013; GWPC and ALL 
Consulting, 2009). The EPA inferred that more than 93% of reported disclosures to FracFocus used 
water as a base fluid (U.S. EPA, 2015b). The median reported concentration of water in the 
hydraulic fracturing fluid was 88% by mass, with 10th and 90th percentiles of 77% and 95%, 
respectively. Only roughly 2% of disclosures (761 wells) reported the use of non-aqueous 
substances as base fluids, typically either liquid-gas mixtures of nitrogen or carbon dioxide. Both of 
these formulations still contained substantial amounts of water, as water made up roughly 60% 
(median value) of the fluid in them (U.S. EPA, 2015b). Other formulations were rarely reported. 
Fluid formulations are discussed further in Chapter 5. 

On average, hydraulic fracturing requires more than a million gallons (3.8 million liters) of water 
per well. Jackson et al. (2015) reported a national average of 2.4 million gal (9.1 million L) of water 
per well, calculated from FracFocus disclosures between 2010 and 2013. According to the EPA’s 
project database of disclosures to FracFocus 1.0 (hereafter the EPA FracFocus 1.0 project database), 
the median volume of water used per well was 1.5 million gal (5.7 million L) between 2011 and 
early 2013, based on 37,796 disclosures nationally (U.S. EPA, 2015b, c).2 Data on reported 
Information Handling Services well numbers and median volumes in Gallegos et al. (2015) show 
that overall per well volumes have increased in recent years from approximately 1.5 million gal (5.7 
million L) in 2011 to 2.7 million gal (10.2 million L) in 2014.3  

The recent increase in water use per well has been driven primarily by the proportional increase in 
horizontal wells (Gallegos et al., 2015) (Figure 4-1). Increases in horizontal well length affect total 
volumes injected primarily by allowing a larger fracture volume to be stimulated (Economides et 
al., 2013). As horizontal wells get longer, fracture, well, and total volumes all increase. Importantly, 
increases in the well length and water use per well do not necessarily mean an increase in water 
intensity (the amount of water used per unit energy extracted). Goodwin et al. (2014) found water 
                                                            
evaporation (209.0 gal (791.2 L)/MWh). Similar results were found for gas extraction in the Eagle Ford Shale (Scanlon et 
al., 2014b).  
1 Leakoff is the fraction of the hydraulic fracturing fluid that infiltrates into the formation (e.g., through an existing natural 
fissure) and is not recovered during production. This water lost to the formation can be a substantial fraction of the water 
injected (O'Malley et al., 2015). See Chapter 6 for more information about leakoff and some recent findings related to the 
relationship between hydraulic fracturing fluid volume and fracture volume. 
2 All water use data included in the EPA’s FracFocus 1.0 project database were obtained from disclosures made to 
FracFocus. Although disclosures were made on a per well basis, a small proportion of the wells were associated with 
more than one disclosure (i.e., 876 out of 37,114, based on unique API numbers) (U.S. EPA, 2015c). For the purposes of 
this chapter, we discuss water use per disclosure in terms of water use per well. 
3 Derived from supporting information in Gallegos et al. (2015). Calculated by multiplying the median volume by the 
number of wells for each well type, then summing volumes across well types, and dividing by the total number of wells.  
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intensity did not increase in the Denver Basin despite increases in well length and water use per 
well.  

  
Figure 4-1. Median water volume per hydraulically fractured well nationally, expressed by 
well type and completion year.  
Adapted using data from Gallegos et al. (2015). Note: shown in orange is the estimated median across all well 
types, derived from Gallegos et al. (2015) supporting information Tables S2 and S3. Calculated by multiplying the 
median volume by the number of wells for each well type, then summing volumes across well types, and dividing 
by the total number of wells for each year. This estimated median across all well types reflects the central 
tendency of the data, and was calculated because the individual data are proprietary and not published, 
preventing the calculation of an overall median. 

There is substantial variation around these per well estimates. For instance, the 10th and 90th 
percentiles from the EPA FracFocus 1.0 project database are 74,000 gal and 6 million gal (280,000 L 
and 23 million L) per well, respectively.1 Even in specific basins, plays, and within a single oil and 
gas field, water use per well varies widely. For example, Laurenzi and Jersey (2013) reported 
volumes ranging from 1 to 6 million gal (3.8 to 23 million L) per well (10th to 90th percentile) in the 
Wattenberg Field in Colorado. 

Of the major unconventional formation types discussed in Chapter 2 (shales, tight formations- 
including tight sands or sandstones, and coalbeds), coalbeds generally require less water per well. 
                                                            
1 Although the EPA FracFocus report shows 5th and 95th percentiles, we report 10th and 90th percentiles throughout this 
chapter to further reduce the influence of outliers. 
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Coalbed methane (CBM) comes from coal seams that often have a high initial water content and 
tend to occur at much shallower depths (U.S. EPA, 2015k). In part because of the shallower depths, 
shorter well lengths result in lower water use per well, often by an order of magnitude or more 
compared to operations in shales or tight formations (e.g., Murray, 2013).  

4.4 Hydraulic Fracturing Water Use and Consumption at the National, State, 
and County Scale 

In this section, we provide an overview of water use and consumption for hydraulic fracturing at 
the national, state, and county scale. We then compare these values to total water use and 
consumption at these scales. We do this to contextualize hydraulic fracturing water use and 
consumption with total water use and consumption, and to illustrate whether hydraulic fracturing 
is a relatively large or small user and consumer of water at these scales. Later, we compare 
hydraulic fracturing water use to water availability estimates at the county scale (Text Box 4-2).  

Water use is water withdrawn for a specific purpose, part or all of which may be returned to the 
local hydrologic cycle. Water consumption is water that is removed from the local hydrologic cycle 
following its use (e.g., via evaporation, transpiration, incorporation into products or crops, 
consumption by humans or livestock), and is therefore unavailable to other water users (Maupin et 
al., 2014). Hydraulic fracturing water consumption can occur through evaporation from storage 
ponds, the retention of water in the subsurface through imbibition, or disposal in Class II wells, 
among other means. 

Hydraulic fracturing water use is a function of the water use per well and the total number of wells 
fractured at a given spatial scale during the time period analyzed, calculated from the EPA 
FracFocus 1.0 project database (U.S. EPA, 2015c). Water consumption estimates are derived from 
United States Geological Survey (USGS) water use data, and therefore both use and consumption 
are presented with the published water use numbers being first. 

4.4.1 National and State Scale 

Hydraulic fracturing uses and consumes billions of gallons of water each year in the United States, 
but at the national and state scales, it is a relatively small user and consumer of water compared to 
total water use and consumption. According to the EPA’s FracFocus 1.0 project database, hydraulic 
fracturing used 36 billion gal (136 billion L) of water in 2011 and 52 billion gal (197 billion L) in 
2012, yielding an average annually of 44 billion gal (167 billion L) of water in 2011 and 2012 across 
all 20 states in the project database (U.S. EPA, 2015b, c). National water use for hydraulic fracturing 
can also be estimated by multiplying the water use per well by the number of wells hydraulically 
fractured. If the median water use per well (1.5 million gal) (5.7 million L) from the EPA’s 
FracFocus 1.0 project database is multiplied by 25,000 to 30,000 wells fractured annually (Chapter 
3), national water use for hydraulic fracturing is estimated to range from 38 to 45 billion gal (142 to 
170 billion L) annually. Other calculated estimates have ranged higher than this, including 
estimates of approximately 80 billion gal (300 billion L) (Vengosh et al., 2014) and 50 to 72 billion 
gal (190-273 billion L) (U.S. EPA, 2015e). These estimates are higher due to differences in the 
estimated water use per well and the number of wells used as multipliers. For example, Vengosh et 

WG Ex. 34

1290

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711892
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2148716
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2533061
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2533061
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2823419
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2849171
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2823419
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2253172
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711888
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2253172


Chapter 4 – Water Acquisition 

 

 

4-14 

al. (2014) derived the estimate of approximately 80 billion gal (300 billion L) by multiplying an 
average of 4.0 million gal (15 million L) per well (estimated for shale gas wells) by 20,000 wells 
(the approximate total number of fractured wells in 2012).1 

All of these estimates of water use for hydraulic fracturing are small relative to total water use and 
consumption at the national scale. The USGS compiles national water use estimates every five years 
in the National Water Census, with the most recent census conducted in 2010 (Maupin et al., 
2014).2 The USGS publishes water use, not consumption estimates, yet by applying consumption 
factors for each use category in the 2010 National Water Census, we derived estimates of total 
water consumption. We also used a consumption factor to estimate hydraulic fracturing water 
consumption from values in the EPA FracFocus 1.0 project database.3 Comparing these estimates, 
average annual hydraulic fracturing water use in 2011 and 2012 was less than 1% of total 2010 
annual water use for all of the 20 states combined where operators reported water use to 
FracFocus in 2011 and 2012. Hydraulic fracturing water consumption followed the same pattern 
when compared to total water consumption (Appendix Table B-1).4  

At the state scale, hydraulic fracturing also generally uses billions of gallons of water, but accounts 
for a low percentage of total water use or consumption. Of all states in the EPA FracFocus 1.0 
project database, operators in Texas used the most water (47% of water use reported in the EPA 
FracFocus 1.0 project database) (U.S. EPA, 2015c) (Appendix Table B-1). This was due to the large 
number of wells in that state, since hydraulic fracturing water use is proportional to the number of 
wells. Over 94% of reported water use occurred in just seven of the 20 states in the EPA FracFocus 
1.0 project database (listed in order of highest statewide hydraulic fracturing water use): Texas, 
Pennsylvania, Arkansas, Colorado, Oklahoma, Louisiana, and North Dakota (U.S. EPA, 2015c) 
(Appendix Table B-1). Hydraulic fracturing is a small percentage when compared to total water use 
(<1%) and consumption (<3%) in each individual state (Appendix Table B-1). Other studies have 
shown similar results, with hydraulic fracturing water use and consumption ranging from less than 

                                                            
1 This could result in an overestimation because the estimate of 20,000 wells was derived in part from FracFocus, and 
these wells are not necessarily specific to shale gas; they may include other types of wells that use less water (e.g., CBM). 
The estimate of 1.5 million gal (5.7 million L) per well based on the U.S. EPA (2015c) FracFocus 1.0 project database likely 
leads to a more robust estimate when used to calculate national water use for hydraulic fracturing because it includes 
wells from multiple formation types (i.e., shale, tight sand, and CBM), some of which use less water than shale gas wells on 
average. 
2 The National Water Census includes uses such as public supply, irrigation, livestock, aquaculture, thermoelectric power, 
industrial, and mining at the national, state, and county scale. The 2010 National Water Census included hydraulic 
fracturing water use in the mining category; there was no designated category for hydraulic fracturing alone.  
3 See footnotes for Appendix Table B-1 or for Table 4-3 for a description of the consumption estimate calculations. 
4 Water use percentages were calculated by averaging annual water use for hydraulic fracturing in 2011 and 2012 for a 
given state or county (U.S. EPA, 2015c), and then dividing by 2010 USGS total water use (Maupin et al., 2014) and 
multiplying by 100. Note, the annual hydraulic fracturing water use reported in FracFocus was not added to the 2010 
total USGS water use value in the denominator, and is simply expressed as a percentage compared to 2010 total water use 
or consumption. This was done because of the difference in years between the two datasets, and because the USGS 2010 
Water Census (Maupin et al., 2014) included hydraulic fracturing water use estimates in their mining category. This 
approach is consistent with that of other literature on this topic; see Nicot and Scanlon (2012). Consumption estimates 
were calculated in the same manner, except consumption, not use, values were employed. County level data from the 
USGS 2010 Water Census are available online at http://water.usgs.gov/watuse/data/2010/ (accessed November 11, 
2014).  
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1% of total use in West Virginia (West Virginia DEP, 2013), Colorado (Colorado Division of Water 
Resources et al., 2014), and Texas (Nicot et al., 2014; Nicot and Scanlon, 2012), to approximately 
4% in North Dakota (North Dakota State Water Commission, 2014).  

4.4.2 County Scale 

Water use and consumption for hydraulic fracturing is also relatively small in most, but not all, 
counties in the United States (Table 4-3; Figure 4-2; Figure 4-3a,b; and Appendix Table B-2). Based 
on the EPA FracFocus 1.0 project database, reported fracturing water use in 2011 and 2012 was 
less than 1% compared to 2010 USGS total water use in 299 of the 401 reporting counties (Figure 
4-3a; Appendix Table B-2). However, hydraulic fracturing water use was 10% or more compared to 
total water use in 26 counties, 30% or more in nine counties, and 50% or more in four counties 
(Table 4-3; Figure 4-3a). McMullen County in Texas had the highest percentage at over 100% 
compared to 2010 total water use.1 Total consumption estimates followed the same pattern, but 
with more counties in the higher percentage categories (hydraulic fracturing water consumption 
was 10% or more compared to total water consumption in 53 counties; 30% or more in 25 
counties; 50% or more in 16 counties; and over 100% in four counties) (Table 4-3; Figure 4-3b).  

Estimates based on the EPA’s FracFocus 1.0 project database may form an incomplete picture of 
hydraulic fracturing water use in a given state or county, because the majority of states with data in 
the project database did not require disclosure to FracFocus during the time period analyzed (U.S. 
EPA, 2015b). We conclude that this likely does not substantially alter the overall patterns observed 
in Figure 4-3a,b. See Text Box 4-1 for further details. These percentages also depend both upon the 
absolute water use and consumption for hydraulic fracturing and the relative magnitude of other 
water uses and consumption in that state or county. For instance, a rural county with a small 
population might have relatively low total water use prior to hydraulic fracturing.2 Also, just 
because water is used in a certain county does not necessarily mean it originated in that county. 
The cost of trucking water can be substantial (Slutz et al., 2012), and the industry tends to acquire 
water from nearby sources when possible (Section 4.2.1); however, water can also be piped in from 
more distant, regional supplies. Despite these caveats, it is clear that hydraulic fracturing is 
generally a relatively small user (and consumer) of water at the county level, with the exception of a 
small number of counties where water use and consumption for fracturing can be high relative to 
other uses and consumption.  

                                                            
1 Estimates of use or consumption exceeded 100% when hydraulic fracturing water use averaged for 2011 and 2012 
exceeded total water use or consumption in that county in 2010. 
2 For example, McMullen County, Texas, mentioned above contains a small number of residents (707 people in 2010, 
according to the U.S. Census Bureau (2014).  
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Table 4-3. Average annual hydraulic fracturing water use and consumption in 2011 and 2012 
compared to total annual water use and consumption in 2010, by county. 
Only counties where hydraulic fracturing water was 10% or greater compared to 2010 total water use are shown 
(for full table, see Appendix Table B-2). Average annual hydraulic fracturing water use data in 2011 and 2012 from 
the EPA’s FracFocus 1.0 project database (U.S. EPA, 2015c). Total annual water use data in 2010 from the USGS 
(Maupin et al., 2014). States listed by order of appearance in the chapter.  

State County 

Total annual 
water use in 

2010 (millions 
of gal)a 

Average annual 
hydraulic 

fracturing water 
use in 2011 and 

2012 
(millions of gal)b 

Hydraulic 
fracturing 
water use 

compared to 
total water 

use (%)c 

Hydraulic fracturing 
water consumption 
compared to total 

water consumption 
(%)c,d 

Texas McMullen 657.0 745.9 113.5 350.4 

 Karnes 1861.5 1055.2 56.7 120.1 

 La Salle 2474.7 1288.7 52.1 93.7 

 Dimmit 4073.4 1794.2 44.0 81.3 

 Irion 1335.9 411.4 30.8 74.5 

 Montague 3989.5 925.3 23.2 77.8 

 De Witt 2394.4 546.6 22.8 48.6 

 Loving 781.1 138.4 17.7 94.1 

 San Augustine 1131.5 182.1 16.1 50.8 

 Live Oak 1916.3 294.0 15.3 40.1 

 Wheeler 6522.6 858.0 13.2 21.5 

 Cooke 4533.3 454.3 10.0 29.9 

Pennsylvania Susquehanna 1617.0 751.3 46.5 123.4 

 Sullivan 222.7 66.5 29.9 79.8 

 Bradford 4354.5 1059.4 24.3 78.2 

 Tioga 2909.1 566.3 19.5 47.3 

 Lycoming 5854.6 704.6 12.0 33.8 

West Virginia Doddridge 405.2 78.5 19.4 69.4 

Ohio Carroll 1127.9 152.7 13.5 37.3 

North Dakota Mountrail 1248.3 449.4 36.0 98.3 

 Dunn 1076.8 309.5 28.7 43.1 

 Burke 394.2 63.6 16.1 40.8 

 Divide 806.7 102.2 12.7 18.6 
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State County 

Total annual 
water use in 

2010 (millions 
of gal)a 

Average annual 
hydraulic 

fracturing water 
use in 2011 and 

2012 
(millions of gal)b 

Hydraulic 
fracturing 
water use 

compared to 
total water 

use (%)c 

Hydraulic fracturing 
water consumption 
compared to total 

water consumption 
(%)c,d 

Arkansas Van Buren 1587.8 899.6 56.7 168.8 

Louisiana Red River 1606.0 569.6 35.5 83.2 

 Sabine 1522.1 395.2 26.0 76.6 
a County level data accessed from the USGS website (http://water.usgs.gov/watuse/data/2010/) on November 11, 2014. Total 
water withdrawals per day were multiplied by 365 days to estimate total water use for the year (Maupin et al., 2014).  
b Average of water used for hydraulic fracturing in 2011 and 2012 calculated from the EPA FracFocus 1.0 project database (U.S. 
EPA, 2015c). 
c Percentages were calculated by averaging annual water use for hydraulic fracturing reported in FracFocus in 2011 and 2012 for 
a given state or county (U.S. EPA, 2015c), and then dividing by 2010 USGS total water use (Maupin et al., 2014) and multiplying 
by 100. 
d Consumption values were calculated with use-specific consumption rates predominantly from the USGS, including 19.2% for 
public supply, 19.2% for domestic use, 60.7% for irrigation, 60.7% for livestock, 14.8% for industrial uses, 14.8% for mining 
(Solley et al., 1998), and 2.7% for thermoelectric power (Diehl and Harris, 2014). We used rates of 71.6% for aquaculture from 
Verdegem and Bosma (2009) ((evaporation per kg fish + infiltration per kg)/total water use per kg); and 82.5% for hydraulic 
fracturing (consumption value calculated by taking the median value for all reported produced water/injected water 
percentages in Tables 7-1 and 7-2 of this assessment and then subtracting from 100%). If a range of values was given, the 
midpoint was used. Note, this aspect of consumption is likely a low estimate since much of this produced water (injected water 
returning to the surface) is not subsequently treated and reused, but rather disposed of in Class II wells – see Chapter 8.
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Figure 4-2. Average annual hydraulic fracturing water use in 2011 and 2012 by county.  
Source: U.S. EPA (2015c). Water use in millions of gallons (Mgal). Counties shown with respect to major U.S. Energy Information Administration (EIA) shale 
basins (EIA, 2015). Orange borders identify states that required some degree of reporting to FracFocus in 2011 and 2012.
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(a) 

(b) 

Figure 4-3. (a) Average annual hydraulic fracturing water use in 2011 and 2012 compared to 
total annual water use in 2010, by county, expressed as a percentage; (b) Average annual 
hydraulic fracturing water consumption in 2011 and 2012 compared to total annual water 
consumption in 2010, by county, expressed as a percentage. 
Average annual hydraulic fracturing water use data in 2011 and 2012 from the EPA’s FracFocus 1.0 project 
database (U.S. EPA, 2015c). Total annual water use data in 2010 from the USGS (Maupin et al., 2014). See Table 4-3 
for descriptions of calculations for estimating consumption. Counties shown with respect to major U.S. EIA shale 
basins (EIA, 2015). Orange borders identify states that required some degree of reporting to FracFocus in 2011 and 
2012. Note: Values over 100% denote counties where the average annual hydraulic fracturing water use or 
consumption in 2011 and 2012 exceeded the total annual water use or consumption in that county in 2010.  
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Text Box 4-1. Using the EPA’s FracFocus 1.0 Project Database to Estimate Water Use for 
Hydraulic Fracturing. 

The FracFocus Chemical Disclosure Registry (often referred to as FracFocus; www.fracfocus.org) is a national 
hydraulic fracturing chemical disclosure registry managed by the Ground Water Protection Council and the 
Interstate Oil and Gas Compact Commission. FracFocus was created to provide the public access to reported 
chemicals used for hydraulic fracturing within their area. It was originally established in 2011 (version 1.0) 
for voluntary reporting by oil and gas well operators. The EPA used the data available from FracFocus 
between January 1, 2011 and February 28, 2013 to develop the EPA FracFocus 1.0 project database; the 
database and a related EPA report were both peer reviewed and published (U.S. EPA, 2015b, c). Six of the 20 
states discussed in this assessment required disclosure to FracFocus at various points during this time; 
another three of the 20 states offered the choice of reporting to FracFocus or the state during this same time 
period (U.S. EPA, 2015b). Estimates based on the EPA’s FracFocus 1.0 project database could form an 
incomplete picture of hydraulic fracturing water use, because most states with data in the project database 
(14 out of 20) did not require disclosure to FracFocus during the time period analyzed (U.S. EPA, 2015b). 
Water use for fracturing is a function of the water use per well and the total number of wells fractured over a 
given spatial area or a given period of time. For water use per well, we found seven literature values for 
comparison with values from the EPA’s FracFocus 1.0 project database. On average, water use estimates per 
well in the project database were 77% of literature values (the median was 86%); Colorado’s Denver Basin 
was the only location where the project database estimate as a percentage of the literature estimate was low 
(14%) (Appendix Table B-3). In general, water use per well estimates from the EPA’s FracFocus 1.0 project 
database appear to align closely with the literature estimates for most areas for which we have data, with the 
exception of the Denver Basin of Colorado.  
For the number of wells, we compared data in the EPA’s FracFocus 1.0 project database to numbers available 
in state databases from North Dakota, Pennsylvania, and West Virginia (Appendix Table B-4). These were the 
state databases from which we could distinguish hydraulically fractured wells from other oil and gas wells. 
On average, we found that the EPA FracFocus 1.0 project database included 67% of the wells listed in state 
databases for 2011 and 2012 (Appendix Table B-4). Unlike North Dakota and Pennsylvania, West Virginia did 
not require operators to report fractured wells to FracFocus during this time period, possibly explaining its 
lower reporting rate. Multiplying the average EPA FracFocus 1.0 project database values of 77% for water use 
per well and 67% for well counts yields 52%. Thus, the EPA FracFocus 1.0 project database estimates for 
water use could be slightly over half of the estimates from these three state databases during this time period. 
These values are based on small sample sizes (seven literature values and three state databases) and should 
be interpreted with caution. Nevertheless, these numbers suggest that estimates based on the EPA’s 
FracFocus 1.0 project database likely form an incomplete picture of hydraulic fracturing water use during this 
time period. 
To assess how this might affect hydraulic fracturing water use estimates in this chapter, we doubled the 
water use value in the EPA’s FracFocus 1.0 project database for each county, an adjustment much higher than 
any likely underestimation. Even with this adjustment, fracturing water use was still less than 1% compared 
to 2010 total water use in the majority of the 401 U.S. counties represented in the EPA FracFocus 1.0 project 
database (299 counties without adjustment versus 280 counties with adjustment). The number of counties 
where hydraulic fracturing water use was 30% or more of 2010 total county water use increased from nine to 
21 with the adjustment.  
These results indicate that most counties have relatively low hydraulic fracturing water use relative to total 
water use, even when accounting for likely underestimates. Since consumption estimates are derived from 
use, these will also follow the same pattern. Thus, potential underestimates based on the EPA’s FracFocus 1.0 
project database likely do not substantially alter the overall pattern shown in Figure 4-3. Rather, 
underestimates of hydraulic fracturing water use would mostly affect the percentages in the small number of 
counties where fracturing already constitutes a higher percentage of total water use and consumption. 
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4.5 Potential for Impacts by Location 

The potential for hydraulic fracturing water acquisition to impact drinking water availability or 
alter its quality depends on the balance between water withdrawals and water availability at a 
given location. Where water availability is high compared to the volume of water withdrawn for 
hydraulic fracturing, this water use can be accomodated. However, where water availability is low 
and hydraulic fracturing water use is high, these withdrawals are more likely to impact drinking 
water resources. The balance between withdrawals and availability can vary greatly by geographic 
location. Moreover, a combination of regional or site-specific factors can alter this balance, making 
impacts more or less likely, or more or less severe. For these reasons, we discuss the various factors 
and potential for impacts by geographic location in the following section.  

We organize this discussion by state, addressing 15 states accounting for almost all disclosures 
reported in the EPA FracFocus 1.0 project database (U.S. EPA, 2015c): Texas (Section 4.5.1); 
Colorado and Wyoming (Section 4.5.2); Pennsylvania, West Virginia, and Ohio (Section 4.5.3); North 
Dakota and Montana (Section 4.5.4); Arkansas and Louisiana (Section 4.5.5), Oklahoma and Kansas 
(Appendix B.2.1); and Utah, New Mexico, and California (Appendix B.2.2). We highlight the states 
that best illustrate concepts relating to the potential for impacts, or factors that affect the frequency 
or severity of these impacts in Section 4.5; the remaining states are discussed in Appendix B.2. 
Within Section 4.5 and Appendix B, we address each state in order of most hydraulically fractured 
wells to least, and combine states with similar geographies or activity. For certain states, we 
address major oil and gas regions separately (e.g., the Permian Basin in Texas). Each section 
describes the number of fractured wells in that state or region, the type of water used, water use 
per well, and water use estimates at the county scale. We then discuss the potential for impacts by 
comparing water use and water availability and addressing factors (e.g., drought or the amount of 
water reused to offset fresh water use) that might alter the frequency or severity of impacts. As 
noted in the chapter introduction, we use several lines of evidence to evaluate the potential for 
impacts and factors for each location. We use the scientific literature, county level assessments, and 
local case studies where available. 

4.5.1 Texas 

Hydraulic fracturing in Texas accounts for the bulk of the activity reported nationwide, comprising 
48% of the disclosures in the EPA FracFocus 1.0 project database (U.S. EPA, 2015c) (Figure 4-4; 
Appendix Table B-5). There are five major basins in Texas: the Permian, Western Gulf (includes the 
Eagle Ford play), Fort Worth (includes the Barnett play), TX-LA-MS Salt (includes the Haynesville 
play), and the Anadarko (Figure 4-5); together, these five basins contain 99% of Texas’ reported 
wells (Appendix Table B-5). 

WG Ex. 34

1298

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2823419
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2823419


Chapter 4 – Water Acquisition 

 

 

4-22 

 
Figure 4-4. Locations of wells in the EPA FracFocus 1.0 project database, with respect to U.S. 
EIA shale plays and basins.  
Note: Hydraulic fracturing can be conducted in geologic settings other than shale; therefore, some wells on this 
map are not associated with any EIA shale play or basin (EIA, 2015; U.S. EPA, 2015c). 

 
Figure 4-5. Major U.S. EIA shale plays and basins for Texas. 
Source: EIA (2015). 
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Types of water used: What is known about water sources in Texas largely comes from direct surveys 
and interviews with industry operators and water suppliers (Nicot et al., 2014; Nicot et al., 2012). 
Overall, groundwater is the dominant source throughout most of the state (Nicot et al., 2014; Nicot 
et al., 2012) (Table 4-1). The exception is the Barnett Shale, where both surface water and 
groundwater are used in approximately equal proportions. 

Hydraulic fracturing in Texas uses mostly fresh water (Nicot et al., 2012).1 The exception is the far 
western portion of the Permian Basin, where brackish water makes up an estimated 80% of total 
hydraulic fracturing water use. Brackish water is used to a lesser extent in the Anadarko Basin, the 
Midland portion of the Permian Basin, and the Eagle Ford Shale (Table 4-4). Reuse of wastewater as 
a percentage of total water use is generally low (5% or less) in all major basins and plays in Texas, 
except for the Anadarko Basin in the Texas Panhandle, where it is 20% (Nicot et al., 2012) (Table 
4-2).  

Table 4-4. Estimated brackish water use as a percentage of total hydraulic fracturing water 
use in the main hydraulic fracturing areas of Texas, 2011.a 
Adapted from Nicot et al. (2012).b 

Play Percentage 

Barnett Shale 3% 

Eagle Ford Shale 20% 

Texas portion of the TX-LA-MS Salt Basinc 0% 

Permian Basin―Far West 80% 

Permian Basin―Midland 30% 

Anadarko Basin 30% 
a Nicot et al. (2012) define brackish water as any water with a total dissolved solids (TDS) content of >1,000 mg/L, but <35,000 
mg/L, although they often limit that range to between 1,000 and 10,000 mg/L. 
b Nicot et al. (2012) present the estimated percentages of brackish, recycled/reused, and fresh water relative to total hydraulic 
fracturing water use so that the percentages of the three categories sum to 100%. 

c Nicot et al. (2012) refer to this region of Texas as the East Texas Basin. 

The majority of water used in Texas for hydraulic fracturing is self-supplied via direct ground or 
surface water withdrawals (Nicot et al., 2014). Less often, water is purchased from local 
landowners, municipalities, larger water districts, or river authorities (Nicot et al., 2014).  

Water use per well: Water use per well varies across Texas basins, with reported medians from 
2011 to early 2013 of 3.9 million gal (14.8 million L) in the Fort Worth Basin, 3.8 million gal 
(14.4 million L) in the Western Gulf, 3.3 million gal (12.5 million L) in the Anadarko, 3.1 million gal 
(11.7 million L) in the TX-LA-MS Salt, and 840,000 gal (3.2 million L) in the Permian (Appendix 

                                                            
1 The EPA FracFocus report shows that “fresh” was the only source of water listed in 91% of all disclosures reporting a 
source of water in Texas (U.S. EPA, 2015b). Nineteen percent of Texas disclosures included information related to water 
sources (U.S. EPA, 2015b). 
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Table B-5). Relatively low water use in the Permian Basin, which contains roughly half the reported 
wells in the state, is due to the abundance of vertical wells, mostly for oil extraction (Nicot et al., 
2012).  

Water use per well is increasing in most locations in Texas. In the Barnett Shale, water use per well 
increased from approximately 3 million gal (11 million L) in the mid-2000’s to approximately 5 
million gal (19 million L) in 2011 as the horizontal lengths of wells increased (Nicot et al., 2014). 
Similar increases in lateral length and water use per well were reported for the Texas-Haynesville, 
East Texas, and Anadarko basins, and most of the Permian Basin (Nicot et al., 2012; Nicot and 
Scanlon, 2012).1  

Water use/consumption at the county scale: Water use and consumption for hydraulic fracturing can 
be significant in some Texas counties. Texas contains five of nine counties nationwide where 
operators used more than 1 billion gal (3.8 billion L) of water annually for hydraulic fracturing, and 
five of nine counties where fracturing water use in 2011 and 2012 was 30% or more compared to 
total water use in those counties in 2010 (Table 4-3, Figure 4-3a; Appendix Table B-2).2 

According to detailed county level projections, water use for hydraulic fracturing is expected to 
increase with oil and gas production in the coming decades, peaking around the year 2030 (Nicot et 
al., 2012). These projections were made before the recent decline in oil and gas prices, and so are 
highly uncertain. If these projections hold, the majority of counties are expected to have relatively 
low water use for fracturing in the future, but hydraulic fracturing water use could equal or exceed 
10%, 30%, and 50% compared to 2010 total county water use in 30, nine, and three counties, 
respectively, by 2030 (Appendix Table B-7).  

Potential for impacts: Of all locations surveyed in this chapter, the potential for water quantity and 
quality impacts due to hydraulic fracturing water acquisition appears to be highest in southern and 
western Texas. This area includes the Anadarko, the Western Gulf (Eagle Ford play), and the 
Permian Basins. According to Ceres (2014), 28% and 87% of the wells fractured in the Eagle Ford 
play and Permian Basin, respectively, are in areas of high to extremely high water stress.3 A 
comparison of hydraulic fracturing water use to water availability at the county scale also suggests 
the potential for impacts in this region (Text Box 4-2).  

                                                            
1 It should be noted that energy production also increases with lateral lengths, and therefore, water use per unit energy 
produced—typically referred to as water intensity—may remain the same or decline despite increases in per-well water 
use (Nicot et al., 2014; Laurenzi and Jersey, 2013). 
2 Texas also contains 10 of the 25 counties nationwide where hydraulic fracturing water consumption was greater than or 
equal to 30% of 2010 total water consumption (Table 4-3). Nicot and Scanlon (2012) found similar variation among 
counties when they compared hydraulic fracturing water consumption to total county water consumption for the Barnett 
play. Their consumption estimates ranged from 581 million gal (2.20 billion L) in Parker County to 2.7 billion gal (10.2 
billion L) in Johnson County, representing 10.5% and 29.7% compared to total water consumption in those counties, 
respectively. Fracturing in Tarrant County, part of the Dallas Fort-Worth area, consumed 1.6 billion gal (6.1 billion L) of 
water, 1.4% compared to total county water consumption (Nicot and Scanlon, 2012). 
3 Ceres (2014) compared well locations to areas categorized by a water stress index, characterized as follows: extremely 
high (defined as annual withdrawals accounting for greater than 80% of surface flows); high (40−80% of surface flows); 
or medium-to-high (20−40% of surface flows). 
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Text Box 4-2. Hydraulic Fracturing Water Use as a Percentage of Water Availability Estimates. 

Researchers at Sandia National Laboratories assessed county level water availability across the continental 
United States (Tidwell et al., 2013). Assessments of water availability in the United States are generally 
lacking at the county scale, and this analysis—although undertaken for siting new thermoelectric power 
plants—can be used to assess potential impacts of hydraulic fracturing water withdrawals.  

The authors generated annual water availability estimates for five categories of water: unappropriated 
surface water, unappropriated groundwater, appropriated water potentially available for purchase, brackish 
groundwater, and wastewater from municipal treatment plants (Tidwell et al., 2013). In the western United 
States, water is generally allocated by the principle of prior appropriation—that is, first in time of use is first 
in right. New development must use unappropriated water or purchase appropriated water from vested 
users. In their analysis, the authors assumed 5% of appropriated irrigated water could be purchased; they 
also excluded wastewater required to be returned to streams and the wastewater fraction already reused.  

Given regulatory restrictions, they considered no fresh water to be available in California for new 
thermoelectric plants. Their definition of brackish water ranged from 3,000 to 10,000 ppm TDS, and from 50 
to 2,500 ft (15-760 m) below the surface.  

Combining their estimates of unappropriated surface water and groundwater and appropriated water 
potentially available for purchase, we derived a fresh water availability estimate for each county (except for 
those in California) and then compared this value to reported water use for hydraulic fracturing in 2011 and 
2012 (U.S. EPA, 2015c). We also added the estimates of brackish groundwater and wastewater from 
municipal treatment plants to fresh water estimates to derive estimates of total water availability and did a 
similar comparison. Since the water availability estimates already take into account current water use for oil 
and gas operations, these results should be used only as indicator of areas where shortages might arise in the 
future. Here we focus on hydraulic fracturing water use compared to water availability. If we compared 
hydraulic fracturing water consumption to water availability, consumption would be lower relative to 
availability since by definition, water consumption is less than water use. Hence, water use versus availability 
acts as an upper-bound estimate, and includes consumption. 

Overall, hydraulic fracturing water use represented less than 1% of fresh water availability in over 300 of the 
395 counties analyzed (Figure 4-6a). This result suggests that there is ample water available at the county 
scale to accommodate hydraulic fracturing in most locations. However, there was a small number of counties 
where hydraulic fracturing water use was a relatively high percentage of fresh water availability. In 17 
counties, fracturing water use actually exceeded the index of fresh water available; all of these counties were 
located in the state of Texas and were associated with the Anadarko, Barnett, Eagle Ford, and Permian 
basins/plays (Figure 4-5). In Texas counties with relatively high brackish water availability, hydraulic 
fracturing water use represented a much smaller percentage of total water availability (fresh + brackish + 
wastewater) (Figure 4-6b). This finding illustrates that potential impacts can be avoided or reduced in these 
counties through the use of brackish water or wastewater for hydraulic fracturing; a case study in the Eagle 
Ford play in southwestern Texas echoes this finding (Text Box 4-3). 

(Text Box 4-2 is continued on the following page.) 
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Text Box 4-2 (continued). Hydraulic Fracturing Water Use as a Percentage of Water 
Availability Estimates. 

 
(a) 

 
(b) 

Figure 4-6. Average annual hydraulic fracturing water use in 2011 and 2012 compared to (a) fresh water 
available and (b) total water (fresh, brackish, and wastewater) available, by county, expressed as a percentage.  
Counties shown with respect to major U.S. EIA shale basins (EIA, 2015). Orange borders identify states that required 
some degree of reporting to FracFocus in 2011 and 2012. Data from U.S. EPA (2015c) and Tidwell et al. (2013); data from 
Tidwell et al. (2013) supplied from the U.S. Department of Energy (DOE) National Renewable Energy Laboratory on 
January 28, 2014 and available upon request from the U.S. DOE Sandia National Laboratories. The analysis by Tidwell et 
al. (2013) was done originally for thermoelectric power generation. As such, it was assumed that no fresh water could be 
used in California for this purpose due to regulatory restrictions, and therefore no fresh water availability data were 
given for California. The total water available for California is the sum of brackish water plus wastewater only. 
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Surface water availability is generally low in southern and western Texas (Figure 4-7a), and both 
fracturing operations and residents rely heavily on groundwater (Figure 4-7b). Similar to trends 
nationally, groundwater aquifers in Texas have experienced substantial declines caused by 
withdrawals (Konikow, 2013; TWDB, 2012; George et al., 2011). Groundwater in the Pecos Valley, 
Gulf Coast, and Ogallala aquifers in southern and western Texas is estimated to have declined by 
roughly 5, 11, and 44 mi3 (21, 45.5, and 182 km3), respectively, between 1900 and 2008 (Konikow, 
2013).1  

  
(a) 

 
(b) 

Figure 4-7. (a) Estimated annual surface water runoff from the USGS; (b) Reliance on 
groundwater as indicated by the ratio of groundwater pumping to stream flow and pumping.  
Estimates for Figure 4-7a were calculated at the 8-digit hydrological unit code (HUC) scale by dividing annual 
average daily stream flow (from October 1, 2012, to September 30, 2013) by HUC area. Data accessed from the 
USGS (USGS, 2014c). Higher ratios (darker blues) in Figure 4-7b indicate greater reliance on groundwater. Figure 
adapted from Tidwell et al. (2012), using data provided by the U.S. Department of Energy’s Sandia National 
Laboratories on December 12, 2014.  

                                                            
1 The estimate of total net volumetric groundwater depletion for the Gulf Coast aquifer is the sum of the individual 
depletion estimates for the north (Houston area), central, and southern (Winter Garden area) parts of the Texas Gulf 
Coast aquifer. Groundwater depletion from the Carrizo-Wilcox aquifer is included in the estimate for the southern portion 
of the Gulf Coast aquifer (Konikow, 2013).  
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Groundwater quality degradation associated with aquifer pumping and the cumulative effects of all 
water users is well documented in the southern portion of the Ogallala aquifer. The quality of 
groundwater used by many private, public supply, and irrigation wells is poorest in the aquifer’s 
southern portion, with elevated concentrations of TDS, chloride, nitrate, fluoride, manganese, 
arsenic, and uranium (Chaudhuri and Ale, 2014a; Gurdak et al., 2009; McMahon et al., 2007).1 
Extensive groundwater pumping can alter the quality of drinking water resources by inducing 
vertical mixing of high-quality groundwater with recharge water from the land surface that has 
been contaminated by nitrate or pesticides, or with lower-quality groundwater from underlying 
geologic formations (Gurdak et al., 2009; Konikow and Kendy, 2005). Pumping can also promote 
changes in reduction-oxidation (redox) conditions and thereby mobilize chemicals from geologic 
sources (e.g., uranium) (DeSimone et al., 2014). Similar patterns of groundwater quality 
degradation associated with prolonged aquifer depletion (i.e., salinization and contamination) have 
also been observed in other Texas aquifers, notably the northwest Edwards-Trinity (plateau), Pecos 
Valley, Carrizo-Wilcox, and southern Gulf Coast aquifers.2  

The Texas Water Development Board (TWDB) estimates that overall demand for water (including 
water for hydraulic fracturing) out to the year 2060 will outstrip supply in southern and western 
Texas (TWDB, 2012). Furthermore, the TWDB expects groundwater supply in the major aquifers to 
decline by 30% between 2010 and 2060, mostly due to declines in the Ogallala aquifer (TWDB, 
2012).3,4 Irrigated agriculture is by far the dominant user of water from the Ogallala aquifer 
(Gurdak et al., 2009), but fracturing operations, along with other uses, now contribute to the 
aquifer’s depletion.  

The state has also experienced moderate to extreme drought conditions for much of the last decade, 
and the second-worst and longest drought in Texas history between March 2010 and November 
2014 (TWDB, 2016; National Drought Mitigation Center, 2015) (Figure 4-8). Sustained drought 
conditions compound water availability concerns, and climate change is expected to place further 
stress on groundwater both now and in the future (Aghakouchak et al., 2014; Melillo et al., 2014) 
(Chapter 2). In their evaluation of the potential impact of climate change on groundwater recharge 
in the western United States, Meixner et al. (2016) show the largest declines in recharge are 
expected in specific aquifers in the southwestern United States, including the southern portion of 
the Ogallala aquifer, which is expected to receive 10% less recharge through the year 2050. 

                                                            
1 Elevated levels of these constituents result from both natural processes and human activities, such as groundwater 
pumping (Chaudhuri and Ale, 2014a; Gurdak et al., 2009). 
2 Persistent salinity has been observed in west Texas, specifically in the southern Ogallala, northwest Edwards-Trinity 
(plateau), and Pecos Valley aquifers, largely due to prolonged irrigational groundwater pumping and ensuing alteration of 
hydraulic gradients leading to groundwater mixing (Chaudhuri and Ale, 2014b). High levels of groundwater salinization 
associated with prolonged aquifer depletion have also been documented in the Carrizo-Wilcox and southern Gulf Coast 
aquifers, underlying the Eagle Ford Shale in south Texas (Chaudhuri and Ale, 2014b; Konikow, 2013; Boghici, 2009). 
Further, elevated levels of constituents, including nitrate, lead, fluoride, chloride, sulfate, iron, manganese, and TDS, have 
been reported in the Carrizo-Wilcox aquifer (Boghici, 2009). 
3 TWDB (2012) defines groundwater supply as the amount of groundwater that can be produced given current permits 
and existing infrastructure. By contrast, TWDB (2012) defines groundwater availability as the amount of groundwater 
that is available regardless of legal or physical availability. Total groundwater availability in Texas is expected to decline 
by approximately 24% between 2010 and 2060 (TWDB, 2012).  
4 This message is echoed in the 2017 Texas State Water Plan (TWDB, 2016). 
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Groundwater moves slowly, and natural recharge rates are lower during times of drought 
(DeSimone et al., 2014). Consequently, as water withdrawals continue to outpace the rate of 
recharge, aquifer storage will decline further (USGS, 1999), potentially impacting both drinking 
water resource quantity and quality. For example, research from Steadman et al. (2015) in the 
Eagle Ford play shows that hydraulic fracturing groundwater consumption exceeds estimated 
recharge rates in the seven most active counties for drilling.  

Figure 4-8. Percentage of weeks in drought between 2000 and 2013 by county.  
Drought for a given week is defined as any portion of a given U.S. county having a weekly classification of 
moderate to exceptional drought (D1-D4 categorization) according to the National Drought Mitigation Center 
(http://droughtmonitor.unl.edu); number of weeks = 731.  

A case study in the Eagle Ford play in southwestern Texas compared water demand for hydraulic 
fracturing with water supplies at the scale of the play, county, and 1 mi2 (2.6 km2) (Scanlon et al., 
2014b). The authors observed generally adequate water supplies for hydraulic fracturing, except in 
specific locations, where they found excessive drawdown of groundwater locally in ~6% of the play 
area, with estimated declines of ~100-200 ft (31-61 m) after hydraulic fracturing activity increased 
in 2009 (Text Box 4-3).  
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Text Box 4-3. Case Study: Water Profile of the Eagle Ford Play, Texas. 

Researchers from the University of Texas published a detailed case study of water supply and demand for 
hydraulic fracturing in the Eagle Ford play in southwestern Texas (Scanlon et al., 2014b). This effort 
assembled detailed information from state and local water authorities, and proprietary industry data on 
hydraulic fracturing, to develop a portrait of water resources in this 16-county area. 

Scanlon et al. (2014b) compared water demand for hydraulic fracturing currently and over the projected play 
life (20 years) relative to water supply from groundwater recharge, groundwater storage (brackish and 
fresh), and stream flow. Using groundwater availability models developed by the Texas Water Development 
Board, they reported that water demand for hydraulic fracturing in 2013 was 30% of annual groundwater 
recharge in the play area, and over the 20-year play lifespan it was projected to be 26% of groundwater 
recharge, 5-8% of fresh groundwater storage, and 1% of brackish groundwater storage. The dominant water 
user in the play is irrigation (57 to 61% of water use, 62 to 65% of consumption), as compared with hydraulic 
fracturing (13% of water use and 16% of consumption). At the county level, projected water demand for 
hydraulic fracturing over the 20-year period was low relative to freshwater supply (ranging from 0.6-27% by 
county, with an average of 7.3%). Similarly, projected total water demand from all uses was low relative to 
supply, excluding two counties with high irrigation demands (Frio, Zavala), and one county with no known 
groundwater supplies (Maverick). 

Although supply was found to be sufficient even in this semi-arid region, there were important exceptions, 
especially at sub-county scales. The researchers found no water level declines over much of the play area 
assessed (69% of the play area), yet in some areas they estimated groundwater drawdowns of 50 ft (15 m) or 
more (19% of the play area), 100 ft (31 m) or more (6% of the play area), and 200 ft (60 m) or more 
(approximately 2% of the play area). This was corroborated with well monitoring data that showed a sharp 
decline in water levels in several groundwater monitoring wells after hydraulic fracturing activity increased 
in 2009.  

The researchers further concluded that shifting toward brackish groundwater is feasible, as evidenced by 
operators already doing so. This shift could further reduce impacts on fresh water resources and provide a 
large source of water for future hydraulic fracturing. In a 2011 estimate, approximately 20% of water used in 
the play came from brackish sources (Table 4-4), and anecdotal evidence suggests this practice has increased 
since then (Scanlon et al., 2014b). Projected hydraulic fracturing water use represents less than 1% of total 
brackish groundwater storage in the play area. By contrast, Scanlon et al. (2014b) concluded there is limited 
potential for reuse of wastewater in this play because of the small volumes that return to the surface during 
production (less than or equal to 5% of hydraulic fracturing water requirements).  

In contrast to southern and western Texas, the potential for water quantity and quality effects 
appears to be lower in the north-central and eastern parts of the state, in areas including the 
Barnett and Haynesville plays. Residents obtain water for domestic use—which includes use of 
water for drinking—from a mixture of groundwater and surface water sources (Appendix Table B-
6). Counties encompassing Dallas and Fort Worth rely mostly on publicly-supplied surface water 
(TWDB, 2012) (Appendix Table B-6). The Trinity aquifer in northeast Texas is projected to decline 
only slightly between 2010 and 2060 (TWDB, 2012). Nevertheless, Bene et al. (2007) estimate that 
hydraulic fracturing groundwater withdrawals will increase from 3% of total groundwater use in 
2005 to 7%–13% in 2025, suggesting the potential for localized aquifer drawdown. Groundwater 
quality degradation associated with aquifer drawdown has been documented in the Trinity and 
Woodbine aquifers overlying much of the Barnett play, with both aquifers showing high levels of 
salinization (Chaudhuri and Ale, 2013). 
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Overall, the potential for impacts appears higher in western and southern Texas, compared to the 
northeast part of the state. Groundwater withdrawals for hydraulic fracturing, along with irrigation 
and other uses, may contribute to water quality degradation associated with intensive aquifer 
pumping in western and southern Texas. Areas with numerous high-capacity wells and large 
amounts of sustained groundwater pumping are most likely to experience groundwater quality 
degradation associated with withdrawals (Gurdak et al., 2009; McMahon et al., 2007). Further, 
given that Texas is prone to drought conditions and groundwater recharge is limited, the already 
declining aquifers in southern and western Texas are especially vulnerable to further groundwater 
depletion and resulting impacts to groundwater quantity and quality (Gurdak et al., 2009; Jackson 
et al., 2001). Impacts are likely to be localized drawdowns of groundwater, as shown by a detailed 
case study of the Eagle Ford play (Text Box 4-3). Scanlon et al. (2014b) suggested that a shift 
toward brackish water use could minimize potential future impacts to fresh water resources. This 
finding is consistent with our county level data (Text Box 4-2).  

4.5.2 Colorado and Wyoming  

Colorado had the second highest number of disclosures in the EPA FracFocus 1.0 project database, 
(13% of disclosures) (Figure 4-4 and Appendix Table B-5). We combine Colorado and Wyoming 
because of their shared geology of the Denver Basin (including the Niobrara play) and the Greater 
Green River Basin (Figure 4-9). There are three major basins reported for Colorado: the Denver 
Basin; the Uinta-Piceance Basin; and the Raton Basin. Together these basins contain 99% of 
reported wells in the state, although the bulk of the activity in Colorado is in the Denver Basin 
(Appendix Table B-5). Fewer wells (roughly 4% of disclosures in the EPA FracFocus 1.0 project 
database) are reported in Wyoming. There are two major basins reported for Wyoming (Greater 
Green River and Powder River) that together contain 86% of activity in the state (Appendix Table 
B-5).  

 
Figure 4-9. Major U.S. EIA shale plays and basins for Colorado and Wyoming. 
Source: EIA (2015). 
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Types of water used: Water for hydraulic fracturing in Colorado and Wyoming comes from both 
groundwater and surface water, as well as reused wastewater (Colorado Division of Water 
Resources et al., 2014; BLM, 2013). Publicly available information on water sources for each state 
generally comes in the form of a list of potential sources, and detailed information on the types of 
water used for hydraulic fracturing is not readily accessible.1 In northwestern Colorado’s Garfield 
County (Uinta-Piceance Basin), the U.S. EPA (2015e) reports that any fresh water used for 
fracturing comes from surface water sources. In the Denver Basin (Niobrara play) of southeastern 
Wyoming, qualitative information suggests that groundwater supplies much of the water used for 
fracturing, although no data were available to characterize the ratio of groundwater to surface 
water withdrawals (AMEC Environment & Infrastructure, 2014; BLM, 2013; Tyrrell, 2012).  

Non-fresh water sources, including industrial and municipal wastewater, brackish groundwater, 
and reused hydraulic fracturing wastewater, are sometimes listed as potential alternatives to fresh 
water for fracturing in both Colorado and Wyoming (Colorado Division of Water Resources et al., 
2014; BLM, 2013); no data are available to show the extent to which these non-fresh water sources 
are used at the state or basin level. Based on discussions with industry, the U.S. EPA (2015e) 
reports that fresh water is used solely for drilling and reused wastewater supplies nearly all the 
water for hydraulic fracturing in Colorado’s Garfield County. This estimate of reused wastewater as 
a percentage of injected volume is markedly higher than in other locations and likely results from 
the geologic characteristics of the Piceance tight sand formation, which has naturally high water 
content and produces large volumes of relatively high-quality wastewater (U.S. EPA, 2015e).  

In contrast, a study by Goodwin et al. (2014) assumed no reuse of wastewater for hydraulic 
fracturing operations by Noble Energy in the Denver-Julesburg Basin of northeastern Colorado 
(Table 4-2). It is unclear whether this assumption is indicative of reuse practices of other 
companies in the Denver-Julesburg Basin. The difference in reused wastewater rates reported by 
the U.S. EPA (2015e) and Goodwin et al. (2014) may indicate an east-west divide in Colorado (i.e., 
low reuse in the east versus high reuse in the west), due at least in part to differences in wastewater 
volumes available for reuse. However, further information is needed to adequately characterize 
reuse patterns in Colorado.  

Water use per well: Water use per well varies across Colorado, with median values of 1.8 million, 
400,000, and 96,000 gal (6.8 million, 1.5 million, and 360,000 L) in the Uinta-Piceance, Denver, and 
Raton Basins, respectively, according to the EPA FracFocus 1.0 project database (Appendix Table B-
5). Relatively low water volumes per well are reported in Wyoming (Appendix Table B-5). Low 
volumes reported for the Raton Basin of Colorado and the Powder River Basin of Wyoming are 
likely due to the prevalence of CBM extraction in these locations (U.S. EPA, 2015k; Sando et al., 
2014).  

More difficult to explain are the low volumes reported for the Denver Basin in the EPA FracFocus 
1.0 project database. These values are lower than volumes reported in other non-CBM basins 

1 The Colorado Oil and Gas Conservation Commission collects information on the sources and quality of water used for 
hydraulic fracturing, including reused wastewater, with Form 5A, and has done so since June 2012; however, these data 
are in PDFs linked to individual wells and are not aggregated into a searchable database. 
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included in Appendix Table B-5. Goodwin et al. (2014) report much higher water use per well in the 
Denver Basin from 2010 to 2013, with a median of 2.8 million gal (10.6 million L) (although only 
usage for the Wattenberg Field was reported). Indeed, the 10th−90th percentiles (2.4-3.8 million gal) 
(9.1-14.4 million L) from Goodwin et al. (2014) are almost completely above those from the EPA 
FracFocus 1.0 project database for the Denver Basin (Appendix Table B-5).1 However, it is difficult 
to draw clear conclusions because of differences in scale (i.e., field in Goodwin et al. (2014) versus 
basin in the EPA FracFocus 1.0 project database) and operators (i.e., Noble Energy in Goodwin et al. 
(2014) versus all in the EPA FracFocus 1.0 project database).  

Trends in water use per well are generally lacking for Colorado, with the exception of those 
reported by Goodwin et al. (2014). They found that water use per well is increasing with well 
length in the Denver Basin; however, they also observed that water intensity (gallons of water per 
unit energy extracted) did not change, since energy recovery increased along with water use.  

Water use/consumption at the county scale: Hydraulic fracturing operations in Colorado use billions 
of gallons of water, but this amount is a small percentage compared to total water used or 
consumed at the county scale. In both Garfield and Weld Counties, located in the Uinta-Piceance and 
Denver Basins, respectively, hydraulic fracturing used more than 1 billion gal (3.8 billion L) 
annually. Fracturing water use and consumption in these counties exceeded those in all other 
Colorado counties combined (Appendix Table B-2), but the water used for hydraulic fracturing in 
Garfield and Weld counties was less than 2% and 3% compared to 2010 total water use and 
consumption, respectively. In comparison, irrigated agriculture accounts for over 90% of the water 
used in both counties (Maupin et al., 2014). Overall, hydraulic fracturing accounts for less than 2% 
compared to 2010 total water use in all Colorado counties represented in the EPA FracFocus 1.0 
project database (Appendix Table B-2). Water use estimates based on the EPA FracFocus 1.0 
project database may be low relative to literature and state estimates (Text Box 4-1), but even if 
estimates from the project database were doubled, hydraulic fracturing water use and consumption 
would still be less than 4% and 6% compared to 2010 total water use and consumption, 
respectively, in each Colorado county. 

In Wyoming, reported water use for hydraulic fracturing is small compared to Colorado (Appendix 
Table B-1). Fracturing water use and consumption did not exceed 1% of 2010 total water use and 
consumption, respectively, in any county (Appendix Table B-2). Unlike Colorado, Wyoming did not 
require disclosure to FracFocus during the time period analyzed by the EPA (U.S. EPA, 2015b) 
(Appendix Table B-5). 

Colorado Division of Water Resources et al. (2014) projected that annual water use for hydraulic 
fracturing in the state would increase by approximately 16% between 2012 and 2015, but demand 
in later years is unclear. Even with an increase of 16% or more, hydraulic fracturing would still 
remain a relatively small user of water at the county scale in Colorado.  

                                                            
1 Different spatial extents might explain these differences, since Goodwin et al. (2014) focus on 200 wells in the 
Wattenberg Field of the Denver Basin; however, Weld County is the center of activity in the Wattenberg Field, and the EPA 
FracFocus 1.0 project database contains 3,011 disclosures reported in Weld County, with a median water use per of 
407,442 gal (1,542,340 L), similar to that for the basin as a whole.  
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Potential for impacts: The potential for water quantity and quality impacts due to hydraulic 
fracturing water withdrawals appears to be low at the county scale in Colorado and Wyoming 
because fracturing accounts for a low percentage of total water use and consumption (Figure 
4-3a,b). This conclusion is also supported by the comparison of hydraulic fracturing water use to 
water availability at the county scale (Text Box 4-2; Figure 4-6a,b). However, counties in Colorado 
and Wyoming are large in their spatial extents, and any potential impacts will depend on site-
specific factors affecting the balance between water use and availability at the local scale (i.e., at a 
given withdrawal point). In a multi-scale case study in the Upper Colorado River Basin, the U.S. EPA 
(2015e) did not identify any locations where fracturing currently contributed to locally high water 
use intensity due to the high rates of wastewater reuse reported. They did conclude, however, that 
future effects may be possible (Text Box 4-4).  

Text Box 4-4. Case Study: Impact of Water Acquisition for Hydraulic Fracturing on Local Water 
Availability in the Upper Colorado River Basin. 

The U.S. EPA (2015e) conducted a case study to explore the impact of hydraulic fracturing water demand on 
water availability at the river basin, county, and local scales in the semi-arid Upper Colorado River Basin 
(UCRB) of western Colorado. The study area overlies the Piceance geologic basin with natural gas in tight 
sands. Water withdrawal impacts were quantified using a water use intensity index (i.e., the ratio between 
the volume of water withdrawn at a site for hydraulic fracturing and the volume of available water). 
Researchers obtained detailed site-specific data on hydraulic fracturing water usage from state and regional 
authorities, and estimated available water supplies using observations at USGS gage stations and empirical 
and hydrologic modeling.  

They found that water supplies accessed for oil and gas demand were concentrated in Garfield County, and 
most fresh water withdrawals were concentrated within the Parachute Creek watershed (198 mi2). However, 
fresh water makes up a small proportion of the total water used for fracturing due to large quantities of high-
quality wastewater produced from the Piceance tight sands. Based on discussions with industry, the U.S. EPA 
(2015e) reports that fresh water is used solely for drilling and reused wastewater supplies nearly all the 
water for hydraulic fracturing in Garfield County. Due to the high reuse rate, the U.S. EPA (2015e) did not 
identify any locations in the Piceance play where fracturing contributed to locally high water use intensity.  

Scenario analyses demonstrated a pattern of increasing potential impact with decreasing watershed size in 
the UCRB. The U.S. EPA (2015e) examined hydraulic fracturing water use intensity under the current rates of 
both directional (S-shaped) and horizontal drilling. They showed that for the more water-intensive horizontal 
drilling, watersheds had to be larger to meet the same index of water use intensity (0.4) as that for directional 
drilling (100 mi2 for horizontal drilling, as compared to 30 mi2 for directional drilling). To date, most wells 
have been drilled directionally into the Piceance tight sands, although a trend toward horizontal drilling is 
expected to increase annual water use per well by about four times. Despite this increase, total hydraulic 
fracturing water use is expected to remain small relative to other users. Currently, irrigated agriculture is the 
largest water user in the UCRB. 

Greater water demand could occur in the future if the water-intensive oil shale extraction industry becomes 
economically viable in the region. Projections for oil shale water demand indicate that the industry could 
increase water use for energy extraction in Garfield and Rio Blanco counties. 
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East of the Rocky Mountains in the Denver Basin, the potential for localized impacts exists given the 
combination of high hydraulic fracturing activity and low water availability (e.g., Weld County, 
Colorado), but lack of available data and literature at the local scale limits our ability to assess the 
potential for impacts in this location. Ceres (2014) concludes that all fractured wells in the Denver 
Basin are in high or extremely high water-stressed areas. Furthermore, the development of the 
Niobrara Shale in southeast Wyoming occurs in areas already impacted by high agricultural water 
use from the Ogallala aquifer, including the state’s only three groundwater control areas, which 
were established as management districts in the southeast portion of the state in response to 
declining groundwater levels (AMEC Environment & Infrastructure, 2014; Wyoming State 
Engineer's Office, 2014; Tyrrell, 2012; Bartos and Hallberg, 2011). Groundwater withdrawals for 
hydraulic fracturing may have the potential to contribute to water quality degradation in these 
areas, depending on site-specific factors that may alter the balance between water use and 
availability.  

Overall, the potential for impacts appears low at the county scale in Colorado and Wyoming, but 
local effects are certainly possible particularly east of the Rocky Mountains in the Denver Basin. 
Lack of available data and literature at the local scale limits our ability to assess the potential for 
impacts in this location.  

4.5.3 Pennsylvania, West Virginia, and Ohio  

Pennsylvania had the third most disclosures in the EPA FracFocus 1.0 project database (6.5% of 
disclosures) (Appendix Table B-5; Figure 4-4). We combine West Virginia and Ohio with 
Pennsylvania because they share similar geology overlying the Appalachian Basin (including the 
Marcellus, Devonian, and Utica stacked plays) (Figure 4-10); however, much less activity is 
reported in these two states (Appendix Table B-5). 

 
Figure 4-10. Major U.S. EIA shale plays and basins for Pennsylvania, West Virginia, and Ohio. 
Source: EIA (2015). 
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Types of water used: Surface water is the primary water source for hydraulic fracturing in 
Pennsylvania, West Virginia, and Ohio (SRBC, 2016; Schmid and Yoxtheimer, 2015; West Virginia 
DEP, 2014; Mitchell et al., 2013a; West Virginia DEP, 2013; Ohio EPA, 2012b; STRONGER, 2011b) 
(Table 4-1). Further, the water used for hydraulic fracturing is most often fresh water in all three 
states. In both Pennsylvania’s Susquehanna River Basin and throughout West Virginia, most water 
for hydraulic fracturing is self-supplied via direct withdrawals from surface water and groundwater 
(U.S. EPA, 2015e; West Virginia DEP, 2013). Operators also purchase water from public water 
systems, which may include a variety of commercial water brokers (West Virginia DEP, 2014; SRBC, 
2013; West Virginia DEP, 2013). Municipal supplies are also used, particularly in urban areas of 
Ohio (STRONGER, 2011b). 

Reused hydraulic fracturing wastewater as a percentage of total water used for fracturing was 19% 
in 2014 in Pennsylvania, and 15% in 2012 in West Virginia (Schmid and Yoxtheimer, 2015; West 
Virginia DEP, 2014) (Table 4-2). Available data indicate an increasing trend in reuse of wastewater 
over time in this region, likely due to the lack of nearby disposal options in Class II wells. Reused 
wastewater as a percentage of injected water volume ranged from approximately 2% to 19% in 
Pennsylvania (statewide) from 2009-2014 (Schmid and Yoxtheimer, 2015). This upward trend is 
also shown in Pennsylvania’s SRB, where reuse as a percentage of total water injected reached 22% 
in 2013; the average reuse rate for 2008-2013 in the SRB was 16% (SRBC, 2016) (Table 4-2). In 
West Virginia, reuse as a percentage of injected volume ranged from 6% to 15% from 2010-2012 
(West Virginia DEP, 2014). In Ohio’s Marcellus and Utica Shales, reuse of wastewater is reportedly 
uncommon (STRONGER, 2011b), likely due to the prevalence of disposal wells in Ohio. See Chapter 
8 for more information. 

Aside from reused hydraulic fracturing wastewater, other types of wastewaters reused for 
hydraulic fracturing may include wastewater treatment plant effluent, treated acid mine drainage, 
and rainwater collected at various well pads (West Virginia DEP, 2014; SRBC, 2013; West Virginia 
DEP, 2013; Ziemkiewicz et al., 2013; Ohio EPA, 2012b). No data are available on the frequency of 
use of these other wastewaters. 

Water use per well: Operators in these three states reported the third, fourth, and fifth highest 
median water use per well of the states we considered from the EPA FracFocus 1.0 project 
database, with 5.0, 4.2, and 3.9 million gal (18.9, 15.9, and 14.8 million L) in West Virginia, 
Pennsylvania, and Ohio, respectively (Appendix Table B-5). Hansen et al. (2013) report similar 
water use estimates for Pennsylvania and West Virginia for 2011 and 2012 (Appendix Table B-5). 
This correspondence is not surprising, as these estimates are also based on FracFocus data (via 
Skytruth). For 2011, the year overlapping with the time frame of the EPA FracFocus report (U.S. 
EPA, 2015b), Mitchell et al. (2013a) report an average of 2.3 million gal (8.7 million L) for vertical 
wells (54 wells) and 4.6 million gal (17.4 million L) for horizontal wells (612 wells) in the 
Pennsylvania portion of the Upper Ohio River Basin, based on records from PA DEP. The weighted 
average water use per well was 4.4 million gal (16.7 million L), similar to results based on the EPA 
FracFocus 1.0 project database listed above. In Pennsylvania’s SRB, the long-term average water 
use per well from 2008-2013 was 4.3 million gal (16.3 million L). In 2013, the average water use 
per well increased to approximately 5.1 to 6.5 million gal (19.3 to 24.6 million L) due to increasing 
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lengths of laterals in horizontal drilling (SRBC, 2016). Across the entire state of Pennsylvania, water 
use per well has increased over time, which may be explained by increasing horizontal well length, 
depth, and length of the completed interval (Schmid and Yoxtheimer, 2015). 

Water use/consumption at the county scale: In this tri-state region, the highest water use for 
hydraulic fracturing is in northeastern Pennsylvania counties. On average, operators in Bradford 
County reported over 1 billion gal (3.8 billion L) used annually in 2011 and 2012 for fracturing; 
operators in three other counties (Susquehanna, Lycoming, and Tioga Counties) reported 
500 million gal (1.9 billion L) or more used annually in each county (Table 4-3). On average, 
hydraulic fracturing water use is 3.2% compared to 2010 total water use for counties with 
disclosures in the EPA FracFocus 1.0 project database in these three states (Table 4-3; 
Appendix Table B-2). Susquehanna County in Pennsylvania has the highest percentages relative to 
2010 total water use (47%) and consumption (123%).  

Potential for impacts: Water availability is higher in Pennsylvania, West Virginia, and Ohio than in 
many western states, reducing the likelihood of impacts to drinking water resource quantity and 
quality. At the county scale, water supplies appear adequate to accommodate this use (Text Box 
4-2; Figure 4-6a,b). However, impacts could still occur at the local scale (i.e., specific withdrawal 
points) as high water availability in a region does not preclude water stress, particularly if water 
withdrawals occur during seasonal low-flow periods (Entrekin et al., 2015). Without management 
of the rate and timing of withdrawals, surface water withdrawals for hydraulic fracturing have the 
potential to affect both drinking water quantity and quality (Mitchell et al., 2013a). For instance, 
withdrawals may alter natural stream flow regimes, potentially decreasing a stream’s capacity to 
dilute contaminants (Gallegos et al., 2015; Mitchell et al., 2013a; Entrekin et al., 2011; NYSDEC, 
2011; van Vliet and Zwolsman, 2008; IPCC, 2007; Environment Canada, 2004; Murdoch et al., 
2000). 

In a second, multi-scale case study, EPA showed that the potential for water acquisition impacts to 
drinking water resource quantity and quality increases at finer temporal and spatial resolutions 
(U.S. EPA, 2015e). They concluded that individual streams in Pennsylvania’s SRB can be vulnerable 
to typical hydraulic fracturing water withdrawals depending on stream size, as defined by 
contributing basin area (U.S. EPA, 2015e) (Text Box 4-5). They observed infrequent (in less than 
1% of withdrawals) high ratios of hydraulic fracturing water consumption to stream flow (high 
consumption-to-stream flow events). Further research from Barth-Naftilan et al. (2015) in 
Pennsylvania’s Marcellus Shale (SRB and Ohio River Basin (ORB)) confirmed that stream flow 
alteration due to hydraulic fracturing surface water withdrawals increases at finer spatial scales 
(i.e., smaller watershed area). They showed that streams with drainage areas under 50 mi2 (130 
km2) are the most vulnerable to stress induced by flow alteration (Barth-Naftilan et al., 2015).  
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Text Box 4-5. Case Study: Impact of Water Acquisition for Hydraulic Fracturing on Local Water 
Availability in the Susquehanna River Basin. 

The U.S. EPA (2015e) conducted a second case study analogous to that in the UCRB (Text Box 4-4), to explore 
the impact of hydraulic fracturing water demand on water availability at the river basin, county, and local 
scales in the SRB in northeastern Pennsylvania. The study area overlies the Marcellus Shale gas reservoir. 
Water withdrawal impacts were quantified using a water use intensity index (Text Box 4-4). Researchers 
obtained detailed site-specific data on hydraulic fracturing water usage from state and regional authorities, 
and estimated available water supplies using observations at USGS gage stations and empirical and 
hydrologic modeling.  

Most water for fracturing in the SRB is self-supplied by operators from rivers and streams with withdrawal 
points distributed throughout a wide geographic area. Public water systems provide a relatively small 
proportion of the water needed. Reuse of wastewater as a percentage of hydraulic fracturing fluid volume 
averaged 16% from 2008-2013, and has increased over time, reaching 22% in 2013 (SRBC, 2016) (Table 
4-2). The Susquehanna River Basin Commission (SRBC) regulates water acquisition for hydraulic fracturing 
and issues permits that set limits on the volume, rate, and timing of withdrawals at individual withdrawal 
points; passby flow thresholds (hereafter, passby flows) halt water withdrawals during low flows.  

The U.S. EPA (2015e) demonstrated that streams can be vulnerable from hydraulic fracturing water 
withdrawals depending on their size, as defined by contributing basin area. Small streams have the potential 
for impacts (i.e., high water use intensity) for all or most of the year. The U.S. EPA (2015e) showed an 
increased likelihood of impacts in small watersheds in the SRB (less than 10 mi2 or 26 km2). Furthermore, 
they showed that in the absence of passby flows, even larger watersheds (up to 600 mi2 or 1,554 km2) could 
be vulnerable during maximum withdrawal volumes and infrequent droughts. However, high water use 
intensity calculated from observed hydraulic fracturing withdrawals occurred at only a few withdrawal 
locations in small streams; local high water use intensity was not found at the majority of withdrawal points. 

Detailed studies and state reports available throughout the Marcellus Shale region help provide an 
understanding of the potential impacts of hydraulic fracturing water withdrawals in both space and 
time at the local scale (SRBC, 2016; Barth-Naftilan et al., 2015; U.S. EPA, 2015e). In the SRB and 
ORB, water for hydraulic fracturing is taken from both large rivers and small headwater streams, 
with a considerable fraction of the water taken from small streams of small watersheds (Barth-
Naftilan et al., 2015). The SRBC reports that most natural gas development in the SRB is focused in 
rural, headwater areas, where withdrawals have the potential to alter natural stream flow regimes 
(SRBC, 2016). In an analysis of the effects of water withdrawals on twelve streams in the SRB, 
Shank and Stauffer (2015) found that the largest withdrawals relative to stream size were from 
headwater streams, where daily withdrawals averaged 6.8% of average daily flows. However, they 
found water management in the form of low flow protections helped limit the potential for impacts. 

Compared to conventional energy extraction, hydraulic fracturing consumes more water in a highly 
concentrated period of time (Patterson et al., 2016); thus, the cumulative impact of multiple wells 
withdrawing water from small streams, particularly during drought or seasonal low flows, has the 
potential to impact the quantity and quality of drinking water resources (Patterson et al., 2016). For 
instance, in modeling the potential future impact of hydraulic fracturing in the Delaware River 
Basin (DRB), Habicht et al. (2015) showed that under maximum well development, hydraulic 
fracturing water withdrawals from small streams could remove up to 70% of water during periods 
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of low stream flow, and less than 3% during periods of normal stream flow.1 Unlike groundwater 
withdrawals, any impacts to drinking water resource quantity and quality associated with surface 
water withdrawals are likely to persist for a shorter time period since the rate of replenishing 
water removed from the system is greater in surface water than groundwater (Alley et al., 1999) 
(Section 4.5.1). 

The potential for water acquisition impacts to drinking water resource quality in this region is also 
greatest in small, unregulated streams, particularly under drought conditions or during seasonal 
low flows (U.S. EPA, 2015e; Vengosh et al., 2014; Mitchell et al., 2013a; Vidic et al., 2013; Rahm and 
Riha, 2012; Rolls et al., 2012; Kargbo et al., 2010; McKay and King, 2006). Surface water quality 
impacts may be of concern if a pollution discharge point (e.g., sewage treatment plant, agricultural 
runoff, or chemical spill) is immediately downstream of a hydraulic fracturing withdrawal point 
(U.S. EPA, 2015e; NYSDEC, 2011).2 Potential water quality impacts associated with reduced water 
levels may also include possible interference with the efficiency of drinking water treatment plant 
operations, as increased contaminant concentrations in drinking water sources may necessitate 
additional treatment and ultimately impact drinking water quality (Water Research Foundation, 
2014; Benotti et al., 2010).3 

Water management policies in place in this region can help reduce the potential for impacts 
associated with hydraulic fracturing water withdrawals, including excessive lowering of water 
levels, unreliable water supplies, and degradation of water quality (SRBC, 2016; Barth-Naftilan et 
al., 2015; U.S. EPA, 2015e) (Text Box 4-5). For instance, the SRBC manages the quantity, location, 
and timing of withdrawals, using site-specific information to set instantaneous and daily 
withdrawal limits for all approved surface water and groundwater withdrawals. They also set low 
flow protections, known as passby flows, for most approved surface water withdrawals that require 
withdrawals to cease when stream flow drops below a prescribed threshold level (SRBC, 2016). 
Passby flows can reduce the frequency of high consumption-to-stream flow events, particularly in 
the smallest streams (Shank and Stauffer, 2015; U.S. EPA, 2015e). 

Overall, there appears to be adequate surface water for hydraulic fracturing in Pennsylvania, West 
Virginia, and Ohio, but there is still the potential for impacts to both drinking water resource 
quantity and quality, particularly in small streams, if the rate and timing of withdrawals are not 
managed (U.S. EPA, 2015e). These potential impacts are expected to be localized in space (i.e., 

                                                            
1 Presently there is a moratorium on hydraulic fracturing in the DRB, which spans Pennsylvania, Delaware, New Jersey, 
and New York. Habicht et al. (2015) modeled the potential future environmental impact of hydraulic fracturing in the DRB 
should the moratorium be lifted, allowing hydraulic fracturing to expand into this region in the future.  
2 Aside from direct surface water withdrawals, unmanaged withdrawals from public water systems can cause cross-
contamination if there is a loss of pressure, allowing the backflow of pollutants from tank trucks into the distribution 
system. The state of Ohio has issued a fact sheet relevant to this potential concern, intended specifically for public water 
systems providing water to oil and gas companies (Ohio EPA, 2012a). To prevent potential cross-contamination, Ohio 
requires a backflow prevention device at cross-connections. For example, bulk loading stations that provide public supply 
water directly to tank trucks are required to have an air-gap device at the cross-connection to prevent the backflow of 
contaminants into the public water system (Ohio EPA, 2012a). 
3 For instance, an increased proportion of organic matter entering a treatment plant may increase the formation of 
trihalomethanes, byproducts of the disinfection process formed as chlorine reacts with organic matter in the water being 
treated (Water Research Foundation, 2014). 
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occurring at specific withdrawal points), and time (e.g., low flow periods). Passby flows appear to 
be an effective water management tool for reducing the potential for impacts from surface water 
withdrawals. 

4.5.4 North Dakota and Montana 

North Dakota was fourth in the number of disclosures in the EPA FracFocus 1.0 project database 
(5.9% of disclosures) (Appendix Table B-5; Figure 4-4). We combine Montana with North Dakota, 
because both overlie the Williston Basin (which contains the Bakken play, shown in Figure 4-11), 
although many fewer wells are reported for Montana (Appendix Table B-5). The Williston Basin is 
the only basin with significant activity reported for either state, though other basins are also 
present in Montana (e.g., the Powder River Basin). 

Figure 4-11. Major U.S. EIA shale plays and basins for North Dakota and Montana. 
Source: EIA (2015). 

Types of water used: Hydraulic fracturing in the Bakken play depends on both ground and surface 
water resources. Surface water from the Missouri River system provides the largest source of fresh 
water in the center of Bakken oil development (North Dakota State Water Commission, 2014; EERC, 
2011, 2010; North Dakota State Water Commission, 2010). Apart from the Missouri River system, 
regional surface waters (e.g., smaller streams) do not provide a consistent supply of water for the 
oil industry due to seasonal stream flow variations. Sufficient stream flows generally occur only in 
the spring after snowmelt (EERC, 2011). Groundwater from glacial and bedrock aquifer systems 
has traditionally supplied much of the water needed for Bakken development, but concerns over 
limited groundwater supplies have led to limits on the number of new groundwater withdrawal 
permits issued (Ceres, 2014; Plummer et al., 2013; EERC, 2011, 2010; North Dakota State Water 
Commission, 2010). 

The water used for Bakken development is mostly fresh. The EPA FracFocus report shows that 
“fresh” was the only source of water listed in almost all disclosures reporting a source of water in 
North Dakota (U.S. EPA, 2015b).1 Reuse of Bakken wastewater is limited due to its high TDS, which 

1 Twenty-five percent of North Dakota disclosures included information related to water sources (U.S. EPA, 2015b). 
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presents challenges for treatment and reuse (Gadhamshetty et al., 2015). Industry is currently 
researching treatment technologies for reuse of this wastewater (Ceres, 2014; EERC, 2013, 2011). 

Water for hydraulic fracturing is commonly purchased from municipalities or other public water 
systems in the region. The water is often delivered to trucks at water depots or transported directly 
to well pads via pipelines (EERC, 2011). 

Water use per well: Water use per well is intermediate compared with other areas, with a median of 
2.0 and 1.6 million gal (7.6 and 6.1 million L) per well in the Williston Basin in North Dakota and 
Montana, respectively, according to the EPA’s FracFocus 1.0 project database (Appendix Table B-5). 
The North Dakota State Water Commission reports similar volumes (2.2 million gal (8.3 million L) 
per well on average for North Dakota) in a summary fact sheet (North Dakota State Water 
Commission, 2014).1 Scanlon et al. (2016) show that average water use per well in the Bakken play 
has increased over time, from 580,000 gal (2.2 million L) in 2005 to 3.7 million gal (14.1 million L) 
in 2014, due in part to the increasing lengths of laterals in horizontal drilling. 

In addition to water for hydraulic fracturing, Bakken wells may require “maintenance water” 
(Scanlon et al., 2016; Scanlon et al., 2014a). This extra water is reportedly needed because of the 
relatively high salt content of Bakken brine, potentially leading to salt buildup, pumping problems, 
and restriction of oil flow. Based on estimates from the North Dakota Department of Mineral 
Resources, Scanlon et al. (2016) report that approximately 400 – 600 gal (1,500 – 2,300 L) per day 
per each well may be required for well maintenance. Assuming a 15-year lifetime for wells, this 
could add up to 3.3 million gal (12.5 million L) per well of additional water (Scanlon et al., 2016).  

Water use/consumption at the county scale: Water use for fracturing in this region is greatest in the 
northwestern corner of North Dakota (Gadhamshetty et al., 2015). Hydraulic fracturing water use 
in 2011 and 2012 averaged approximately 123 million gal (466 million L) per county in the two-
state area, with use in McKenzie and Williams Counties in North Dakota exceeding 500 million gal 
(1.9 billion L) (Appendix Table B-2). There were four counties where 2011 and 2012 average 
hydraulic fracturing water use was 10% or more of 2010 total water use. Mountrail and Dunn 
Counties showed the highest percentages (36% and 29%, respectively). Outside of North Dakota’s 
northwest corner, hydraulic fracturing used much less water in the rest of the state and Montana 
(Table 4-3; Appendix Table B-2).  

Potential for impacts: In this region, there are concerns about over-pumping groundwater 
resources, but the potential for impacts appears to be low provided the Missouri River is 
determined to be a sustainable and usable source. This finding of a low potential for impacts is also 
supported by the comparison of hydraulic fracturing water use to water availability at the county 
scale (Text Box 4-2; Figure 4-6a,b). This area is primarily rural, interspersed with small towns. 
Residents rely on a mixture of surface water and groundwater for domestic use depending on the 
county, with most water supplied by local municipalities (Appendix Table B-6). 

1 The fact sheet is a stand-alone piece, and it is not accompanied by an underlying report.  

WG Ex. 34

1318

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3221916
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2520106
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2520123
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2520122
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2520122
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2520113
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2520113
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3445087
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3445087
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2817889
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3445087
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3445087
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3221916


Chapter 4 – Water Acquisition 

4-42 

The state of North Dakota and the U.S. Army Corps of Engineers concluded that groundwater 
resources in western North Dakota are not sufficient to meet the needs of the oil and gas industry 
(U.S. Army Corps of Engineers, 2011; North Dakota State Water Commission, 2010). All users 
combined currently withdraw approximately 6.2 billion gal (23.5 billion L) of water annually in an 
11-county region in western North Dakota, already stressing groundwater supplies (U.S. Army 
Corps of Engineers, 2011). By comparison, the total needs of the oil and gas industry are projected 
to range from approximately 2.2 and 8.8 billion gal (8.3 and 33.3 billion L) annually by the year 
2020 (U.S. Army Corps of Engineers, 2011). 

Due to concerns for already stressed groundwater supplies, the state of North Dakota limits 
industrial groundwater withdrawals, particularly from the Fox Hills-Hell Creek aquifer (Ceres, 
2014; Plummer et al., 2013; EERC, 2011, 2010; North Dakota State Water Commission, 2010). 
Currently, the oil industry is the largest industrial user of water from the Fox Hills-Hell Creek 
aquifer (North Dakota State Water Commission, 2010). Many farms, ranches, and some 
communities in western North Dakota rely on flowing wells from this artesian aquifer, particularly 
in remote areas that lack electricity for pumping; however, low recharge rates and withdrawals 
throughout the last century have resulted in steady declines in the formation’s hydraulic pressure 
(North Dakota State Water Commission, 2010). Declines in hydraulic pressure do not appear to be 
associated with impacts to groundwater quality; rather, the state is concerned with maintaining 
flows for users (North Dakota State Water Commission, 2010). 

To reduce demand for groundwater, the state is encouraging the industry to seek surface water 
withdrawals from the Missouri River system. The North Dakota State Water Commission concluded 
the Missouri River and its dammed reservoir, Lake Sakakawea, are the only plentiful and 
dependable water supplies for the oil industry in western North Dakota (North Dakota State Water 
Commission, 2010). In 2011, North Dakota authorized the Western Area Supply Project, by which 
Missouri River water (via the water treatment plant in Williston, North Dakota) will be supplied to 
help meet water demands, including for oil and gas development, of the state’s northwest counties 
(WAWSA, 2011). In July 2012, the U.S. Army Corps of Engineers made available approximately 32.6 
billion gal (123 billion L) of water per year from Lake Sakakawea for municipal and industrial water 
demands over the next ten years (U.S. Army Corps of Engineers, 2011). The Army Corps estimated 
that the oil and gas industry could use up to 8.8 billion gal (33.3 billion L) annually during this time 
period in the 11-county surrounding area, and included this as part of the 32.6 billion gal total (123 
billion L) to be made available (U.S. Army Corps of Engineers, 2011). For context, annual water use 
for hydraulic fracturing in all North Dakota counties combined was approximately 2.2 billion gal 
(8.3 billion L) per year in 2011 and 2012 according to EPA’s FracFocus 1.0 project database 
(Appendix Table B-2). As such, Lake Sakakawea appears to be an adequate resource to meet the 
water demands of hydraulic fracturing in the region at least in the near term.  

4.5.5 Arkansas and Louisiana 

Arkansas and Louisiana were ranked seventh and tenth in the number of disclosures in the EPA 
FracFocus 1.0 project database, respectively (Appendix Table B-5). Hydraulic fracturing activity in 
Louisiana occurs primarily in the TX-LA-MS Salt Basin, which contains the Haynesville play; activity 
in Arkansas is dominated by the Arkoma Basin, which contains the Fayetteville play (Figure 4-12).  
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Figure 4-12. Major U.S. EIA shale plays and basins for Arkansas and Louisiana. 
Source: EIA (2015). 

Types of water used: Surface water is reported as the primary source of water for hydraulic 
fracturing operations in both Arkansas and Louisiana (ANRC, 2014; LA Ground Water Resources 
Commission, 2012; STRONGER, 2012). Quantitative information is lacking for Arkansas on the 
proportion of water sourced from surface versus groundwater. However, data are available for 
Louisiana, where an estimated 87% of water for hydraulic fracturing in the Haynesville Shale is 
from surface water (LA Ground Water Resources Commission, 2012) (Table 4-1). In 2008, during 
the early stages of development, hydraulic fracturing in Louisiana relied heavily on groundwater 
from the Carrizo-Wilcox aquifer, and concerns for the sustainability of groundwater resources 
prompted the state to encourage surface water withdrawals (LA Ground Water Resources 
Commission, 2012). 

The EPA FracFocus report suggests that significant reuse of wastewater may occur in Arkansas to 
offset total fresh water used for hydraulic fracturing; 70% of all disclosures reporting a water 
source indicated a blend of “recycled/surface,” whereas 3% of disclosures reporting a water source 
noted “fresh” as the exclusive water source (U.S. EPA, 2015b).1 According to Veil (2011), Arkansas’ 

1 Ninety-three percent of Arkansas disclosures included information related to water sources (U.S. EPA, 2015b). 
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Fayetteville Shale wastewater is of relatively good quality (i.e., low TDS), facilitating reuse.1 Data 
are generally lacking on the extent to which hydraulic fracturing wastewater is reused in Louisiana. 

Water use per well: Arkansas and Louisiana have the highest median water use per well of the states 
we considered from the EPA FracFocus 1.0 project database, at 5.3 million and 5.1 million gal (20.1 
million and 19.3 million L), respectively (Appendix Table B-5).2  

Water use/consumption at the county scale: On average, hydraulic fracturing uses 408 million gal 
(1.54 billion L) of water each year in Arkansas counties reporting activity, or 9.3% of 2010 total 
county water use (26.9% of total county consumption) (Appendix Table B-2). In 2011 and 2012, 
five counties dominated fracturing water use in Arkansas: Cleburne, Conway, Faulkner, Van Buren, 
and White Counties (Appendix Table B-2). Van Buren, which is sparsely populated and thus has 
relatively low total water use and consumption, is by far the Arkansas county highest in hydraulic 
fracturing water use and consumption relative to 2010 total water use and consumption (56% and 
168%, respectively) (Table 4-3). 

In Louisiana, hydraulic fracturing water use is concentrated in six parishes in the far northwestern 
corner of the state, associated with the Haynesville play.3 On average in 2011 and 2012, hydraulic 
fracturing used 117 million gal (443 million L) of water annually per parish, representing 
approximately 3.6% and 10.8% of 2010 total water use and consumption, respectively (Appendix 
Table B-2). Operators in DeSoto Parish used the most water (over 1 billion gal (3.8 billion L) 
annually). Hydraulic fracturing water use and consumption was highest relative to 2010 total water 
use and consumption (35.5% and 83.2%, respectively) in Red River Parish (Table 4-3). These 
numbers may be low estimates, since Louisiana required disclosures to the state or FracFocus, and 
Arkansas required disclosures to the state but not FracFocus, during the time period analyzed (U.S. 
EPA, 2015b) (Appendix Table B-5). 

Potential for impacts: Water availability is generally higher in Arkansas and Louisiana than in states 
farther west, reducing the potential for impacts to drinking water quantity and quality (Figure 4-6a, 
Figure 4-7a; Text Box 4-2). However, generally high water availability in this region does not 
preclude the potential for impacts at the local scale, particularly if surface water withdrawals occur 
during seasonal low flow periods. For instance, precipitation is highest in Arkansas in the late 
autumn and winter, with little rainfall occurring in the late spring and summer; thus, most small 
streams do not flow year round (Entrekin et al., 2015). Hydraulic fracturing surface water 
withdrawals from small streams during seasonal low flows have the potential to impact the 
quantity and quality of drinking water resources.  

Additionally, in northwestern Louisiana, there are concerns about over-pumping of groundwater 
resources. Prior to 2008, most operators in the Louisiana portion of the Haynesville Shale used 
groundwater, withdrawing from the Carrizo-Wilcox, Upland Terrace, and Red River Alluvial aquifer 

1 Veil (2011) reports a range of 20,000-25,000 ppm TDS for Fayetteville Shale wastewater. 
2 According to STRONGER (2012) and STRONGER (2011a), both states require disclosure of information on water use per 
well, but this has not been synthesized into state level reports to date. 
3 Louisiana is divided into parishes, which are similar to counties in other states. 
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systems (LA Ground Water Resources Commission, 2012). To mitigate stress on groundwater, the 
state issued a water use advisory to the oil and gas industry that recommended Haynesville Shale 
operators seek alternative water sources to the Carrizo-Wilcox aquifer, which is predominantly 
used for public supply (LDEQ, 2008). Operators then transitioned to mostly surface water, with a 
smaller groundwater component (approximately 13% of all fracturing water used) (LA Ground 
Water Resources Commission, 2012). Of this groundwater component, the majority (approximately 
74%) still came from the Carrizo-Wilcox aquifer (LA Ground Water Resources Commission, 2012).  

Although the potential for hydraulic fracturing withdrawals to affect water supplies and water 
quality in the aquifer was reduced, it was not entirely eliminated. Despite Louisiana’s water use 
advisory, a combination of drought conditions and higher than normal withdrawals (for all uses, 
not solely hydraulic fracturing) from the Carrizo-Wilcox and Upland Terrace aquifers caused 
several water wells to go dry in July 2011 (LA Ground Water Resources Commission, 2012). In 
August 2011, a groundwater emergency was declared for southern Caddo Parrish (LA Ground 
Water Resources Commission, 2012). Hydraulic fracturing withdrawals contributed to these 
conditions, alongside other users of water and the lack of precipitation.  

4.6 Chapter Synthesis 

In this chapter, we examined the potential for water acquisition for hydraulic fracturing to impact 
the quantity and quality of drinking water resources, and identified factors affecting the frequency 
or severity of impacts. Whether impacts occur from water acquisition for hydraulic fracturing 
depends on the local balance between water withdrawals and availability, and this balance can be 
modified by a combination of site or regional-specific factors. For this reason, information is needed 
at the local scale to determine whether impacts actually occur, yet this information is not available 
in many locations where hydraulic fracturing takes place; see Section 4.6.3 on Uncertainties below. 
Despite these limitations, our chapter used the scientific literature, county level assessments, and, 
where available, local case studies to point to areas with a higher potential for impacts; understand 
local dynamics, including example cases of impacts; and identify common factors that increase or 
decrease the frequency or severity of impacts. In this section, we summarize our major findings 
regarding hydraulic fracturing water acquisition activities, potential impacts, and these common 
factors (4.6.1 and 4.6.2). We then discuss uncertainities (4.6.3), and provide final conclusions 
(4.6.4).  

4.6.1 Major Findings 

The first half of this chapter focused on water acquisition activities, providing an overview of the 
types of water used (including sources, quality, and provisioning), water use per well, and water 
use and consumption at the national, state, and county scale. The three major types of water used 
for hydraulic fracturing are surface water, groundwater, and reused hydraulic fracturing 
wastewater. Because trucking can be a major expense, operators tend to use water sources as close 
to the well pad as possible. Operators usually self-supply surface water or groundwater directly, 
but may also obtain water from public water systems or other suppliers. Hydraulic fracturing 
operations in the eastern United States rely predominantly on surface water, whereas operations in 
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more semi-arid to arid western states use either surface water or groundwater. There are areas of 
the country that rely entirely on groundwater supplies (e.g., western Texas).  

Reuse of wastewater reduces the demand on fresh water sources, which currently supply the vast 
majority of water used for hydraulic fracturing. The proportion of the water used in hydraulic 
fracturing that comes from reused hydraulic fracturing wastewater is generally low; in a survey of 
literature values from 10 states, basins, or plays, we found a median value of 5%, with this 
percentage varying by location (Table 4-2).1 Available data on reuse trends indicate increasing 
reuse of wastewater over time in both Pennsylvania and West Virginia, likely due to the lack of 
nearby disposal options in Class II wells. Reuse as a percentage of water injected is typically lower 
in other areas of the United States, likely in part because of the availability of disposal wells; see 
Chapter 8 for more information.  

The median amount of water used nationally per hydraulically fractured well was approximately 
1.5 million gal (5.7 million L) in 2011 through early 2013 based on the EPA analysis of FracFocus 
disclosures (U.S. EPA, 2015b, c). This increased to approximately 2.7 million gal (10.2 million L) in 
2014, driven by a proportional increase in horizontal wells (estimated from data in Gallegos et al., 
2015). These national estimates represent a variety of fractured well types, including types 
requiring much less water per well than horizontal shale gas wells. Thus, published estimates for 
horizontal shale gas wells are typically higher (e.g., approximately 4 million gal (15 million L) per 
well (Vengosh et al., 2014), and should not be applied to all fractured wells to derive national 
estimates. There was also wide variation within and among states and basins in the median per 
well water volumes reported in 2011 and 2012, from more than 5 million gal (19 million L) in 
Arkansas and Louisiana to less than 1 million gal (3.8 million L) in Colorado, Wyoming, Utah, New 
Mexico, and California (U.S. EPA, 2015c). This variation can result from several factors, including 
geologic formation, well length, and fracturing fluid formulation. 

Hydraulic fracturing uses billions of gallons of water every year at the national and state scales, and 
even in some counties. When expressed relative to total water use or consumption at these scales, 
however, hydraulic fracturing generally accounts for only a small percentage, usually less than 1%. 
These percentages are higher though in specific counties. Annual hydraulic fracturing water use 
was 10% or more compared to 2010 total water use in 6.5% of counties with FracFocus disclosures 
in 2011 and 2012 in the EPA FracFocus 1.0 project database, 30% or more in 2.2% of counties, and 
50% or more in 1.0% of counties (Appendix Table B-2). Consumption estimates follow the same 
pattern, with higher percentages in each category: hydraulic fracturing water consumption was 
10%, 30%, and 50% or more of 2010 total water consumption in 13.5%, 6.2%, and 4.0% of counties 
with FracFocus disclosures in the EPA FracFocus 1.0 project database (Appendix Table B-2). Thus, 
hydraulic fracturing represents a relatively large user and consumer of water in these counties. 

Whether water quantity or quality impacts occur from water acquisition for hydraulic fracturing 
depends on the local balance between water withdrawals and availability. From our survey of the 
literature and our county level assessments, southern and western Texas appear to have the 

1 Note that reused water as a percentage of total water injected differs from the percentage of wastewater that is reused. 
See Section 4.2 and Chapter 8 for more information.  
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highest potential for impacts of the areas assessed in this chapter, given the combination of high 
hydraulic fracturing water use, relatively low water availability, intense periods of drought, and 
reliance on declining groundwater resources; see Section 4.6.2 on Factors below. Importantly, our 
results do not preclude the possibility of local water impacts in areas with comparatively lower 
potential, nor do they necessarily mean impacts have occurred in the high potential areas. Our 
survey, however, provides an indicator of areas with higher potential for impacts, and could be used 
to target resources or future studies.  

In two example cases, local impacts to drinking water resources occurred in areas with increased 
hydraulic fracturing activity. In a detailed case study, Scanlon et al. (2014b) observed generally 
adequate water supplies for hydraulic fracturing in the Eagle Ford play in southern Texas, except in 
specific locations. They found excessive drawdown of groundwater locally, with estimated declines 
of ~100-200 ft (30-60 m) in a small proportion of the play (~6% of the area) after hydraulic 
fracturing activity increased in 2009. In 2011, drinking water wells in an area overlapping with the 
Haynesville Shale ran out of water due to higher than normal groundwater withdrawals and 
drought (LA Ground Water Resources Commission, 2012). Hydraulic fracturing water withdrawals 
contributed to these conditions, along with other water users and the lack of precipitation. By 
contrast, two EPA case studies in the Upper Colorado and the Susquehanna River Basins found 
minimal impacts from hydraulic fracturing withdrawals currently (U.S. EPA, 2015e) (Sections 4.5.2, 
4.5.3).  

These site-specific findings emphasize the need to focus on regional and local dynamics when 
considering the impacts from hydraulic fracturing water withdrawals. The case studies and the 
scientific literature as a whole suggest some common factors that increase or decrease the 
frequency or severity of impacts. These are summarized in the section below. 

4.6.2 Factors Affecting Frequency or Severity of Impacts 

The potential for impacts depends on the combination of water withdrawals and water availability 
at a given withdrawal location. Where water withdrawals are relatively low compared to water 
availability, impacts are unlikely to occur. Where water withdrawals are relatively high compared 
to water availability, impacts are more likely.  

Areas reliant on declining groundwater are particularly vulnerable to more frequent and severe 
impacts from cumulative water withdrawals, including withdrawals for hydraulic fracturing. 
Groundwater recharge rates can be extremely low, and groundwater pumping is exceeding 
recharge rates in many areas of the country (Konikow, 2013). When pumping exceeds recharge, the 
cumulative effects of withdrawals are manifested in declining water levels. For this reason, water 
levels in many aquifers in the United States have declined substantially over the last century 
(Konikow, 2013). Cumulative drawdowns can affect surface water bodies since groundwater can be 
the source of base flow in streams (Winter et al., 1998), and alter groundwater quality by 
mobilizing chemicals from geologic sources, among other means (DeSimone et al., 2014; Alley et al., 
1999). Although in many of these areas (e.g., the Ogallala aquifer), irrigated agriculture is the 
dominant user of groundwater, hydraulic fracturing withdrawals now also contribute to declining 
groundwater levels. Hydraulic fracturing groundwater consumption, for example, exceeds 
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estimated recharge rates in the seven most active hydraulic fracturing counties in the Eagle Ford 
Shale in southern Texas (Steadman et al., 2015). When necessary, state and local governments have 
encouraged or mandated industry to use surface water over groundwater, as evidenced in both 
Louisiana and North Dakota.  

Among surface water sources, smaller streams, even in humid areas, are more vulnerable to 
frequent and severe impacts from withdrawals. A detailed EPA case study found that streams with 
the smallest contributing areas in northeastern Pennsylvania were particularly vulnerable to 
withdrawals (U.S. EPA, 2015e). Protecting smaller streams from excessive withdrawals is probably 
most important for aquatic life, but may also protect drinking water quantity and quality in certain 
instances.  

Seasonal or long-term drought can also make impacts more frequent and severe for surface water 
and groundwater sources. Hot, dry weather depletes surface water bodies and reduces or prevents 
groundwater recharge, while water demand often increases simultaneously (e.g., for irrigation). 
The EPA case study in Pennsylvania found that even large streams could be vulnerable to 
withdrawals during times of low flows (U.S. EPA, 2015e). Much of the western United States has 
experienced prolonged periods of drought over the last decade (Figure 4-8). This dynamic will 
likely be magnified by future climate change in certain locations (Meixner et al., 2016).  

By contrast to the above factors, consumption of water for hydraulic fracturing does not appear to 
substantially influence the frequency or severity of impacts. There are concerns that hydraulic 
fracturing permanently removes water from the hydrologic cycle, posing a threat to long-term 
water supplies. Since impacts occur locally and depend on the local water balance, impacts can 
occur regardless of whether the water is withdrawn and returned to the larger hydrologic cycle 
elsewhere or whether it is permanently sequestered underground. We acknowledge that whether 
the water is returned to the larger hydrologic cycle may make a difference for the water budget of a 
larger area, such as on the state, regional, or national scale. For example, water converted to steam 
during thermoelectric cooling in one location may condense and fall as precipitation in an adjacent 
state or region. At these larger scales, however, hydraulic fracturing water consumption is a very 
small fraction of total water availability.1 Plus, at these scales, there are other larger factors that can 
affect regional water budgets, but which are out of scope for this assessment.2 For these reasons, 
focusing on consumption distracts from the more salient issue that impacts depend upon the spatial 
and temporal balance between local water withdrawals and availability.  

                                                            
1 For example, hydraulic fracturing used approximately 3.3 billion gal (12.5 billion L) of water on average annually in all 
Colorado counties with hydraulic fracturing activities combined according to FracFocus disclosures in 2011 and 2012 
(Appendix B-1). Using the consumption rate of 82.5% yields a consumption estimate of approximately 2.7 billion gal (10.2 
billion L). This would be approximately 0.1% of the fresh water and total water availability metrics used in Textbox 4-2 
for all of those same counties combined (approximately 2.6 trillion gal (9.8 trillion L) of fresh water and total water 
available).  
2 The combustion of methane produced by hydraulic fracturing, for example, adds water molecules to the environment, 
and at large scales, this may affect regional water budgets. However, quantifying this is outside the scope of this 
assessment. Similarly, there are other larger factors (e.g., water used for cooling thermoelectric power plants) that can 
affect regional water budgets, but these are also outside the scope of this assessment. 
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There are also factors that can decrease the frequency and severity of any impacts from water 
withdrawals. The literature suggests that water management, particularly wastewater reuse, the 
use of brackish groundwater, the use of passby flows, and transitioning from limited groundwater 
sources to more abundant surface water sources can reduce impacts. Reuse is not a universal 
solution, since in many areas of the country wastewater volumes from one well are often a small 
percentage of the water needed to fracture the next well. In the Marcellus Shale, for instance, 100% 
reuse of the wastewater produced from one well means reducing fresh water demand by 10 or 30% 
for the next (Section 4.2.1; Chapter 7). Nevertheless, reuse can be an important local factor reducing 
fresh water demand.  

Switching to brackish water is another means by which fresh water demand can be—and is in some 
locations—reduced. This is a source of alternative water in western and southern Texas, for 
example. In these areas, use of brackish water is currently reducing impacts to fresh water sources, 
and could with continued use reduce future impacts (Scanlon et al., 2014b; Nicot et al., 2012). Our 
county level estimates suggest that brackish water could readily meet the volume demanded by 
hydraulic fracturing in Texas.  

Water management also includes passby flows, a low stream flow threshold below which 
withdrawals are not allowed. Evidence suggests passby flows can be effective in protecting streams 
from hydraulic fracturing water withdrawals (U.S. EPA, 2015e). Finally, as evidenced by examples 
in both North Dakota and Louisiana, water management may include transitioning from declining 
groundwater sources to surface water, if available.  

4.6.3 Uncertainties 

There are several uncertainties inherent in our assessment of the potential impacts of water 
acquisition for hydraulic fracturing. The largest uncertainties stem from the lack of literature and 
data on this subject at local scales. Because impacts occur at a given withdrawal point, our 
assessment could assess the potential for impacts, but often could not determine if potential 
impacts were realized in the absence of local data. The exceptions were local case studies from the 
Eagle Ford play in Texas, the Upper Colorado River Basin in Colorado, and the Susquehanna River 
Basin in Pennsylvania. Moreover, it is also not clear if local impacts, for example a drinking water 
well going dry, are likely to be documented in the scientific literature.  

Other uncertainties arise from data limitations on the volume and types of water used or consumed 
for hydraulic fracturing, future water use projections, and water availability estimates. There are no 
nationally consistent data sources, and therefore, water use estimates must be based on multiple, 
individual pieces of information. For example, in their National Water Census, the USGS includes 
hydraulic fracturing in the broader category of “mining” water use, but hydraulic fracturing water 
use is not reported separately (Maupin et al., 2014). There are locations where average annual 
hydraulic fracturing water use in 2011 and 2012 in the EPA FracFocus 1.0 project database 
exceeded total mining water use in 2010, and one county where it exceeded all water use (U.S. EPA, 
2015c; Maupin et al., 2014). This could be due to a rapid increase in hydraulic fracturing water use, 
differences in methodology between the two databases (i.e., the USGS 2010 National Water Census 
and the EPA FracFocus 1.0 project database), or both.  
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We used the EPA FracFocus 1.0 project database for water use estimates, which itself has 
limitations. Many states in the project database did not require disclosure to FracFocus during the 
time period analyzed (U.S. EPA, 2015b). We conclude that this likely does not change the overall 
hydraulic fracturing water use patterns observed across the United States (Text Box 4-1), but could 
affect particular county level estimates. Also, the database covered the time period of 2011 through 
early 2013. Thus, changes in the industry since then are not reflected in these data.  

Hydraulic fracturing water use data that are often provided as water use associated with a 
particular well. While this is valuable information, the potential impacts of water acquisition for 
hydraulic fracturing could be better assessed if data were also available at the withdrawal point. If 
the total volume, date, location, and type (i.e., surface water or groundwater; and fresh, brackish, or 
reused wastewater) of each water withdrawal were documented, effects on availability could be 
better estimated. For example, surface withdrawal points could be aggregated by watershed or 
aquifer to estimate effects on downstream flow, groundwater levels, and water quality. Some of this 
information is available in disparate forms, but the lack of nationally consistent data on water 
withdrawal locations, timing, and amounts―data that are publicly available, easy to access and 
analyze―limits our assessment of potential impacts. The Susquehanna River Basin Commission 
collects this type of detailed data on hydraulic fracturing water withdrawals, but this type of 
information is not widely available across the nation. 

Future hydraulic fracturing water use is also a source of uncertainty. Because water withdrawals 
and potential impacts are concentrated in certain localized areas, water use projections need to 
match this scale. Projections are available for Texas at the county scale, but more information at the 
county or sub-county scale is needed in other states with hydraulic fracturing activity and water 
availability concerns (e.g., northwest North Dakota, eastern Colorado). Due to a lack of data, we 
generally could not assess future water use and the potential for impacts in most areas of the 
country, nor could we examine these in combination with other relevant factors (e.g., climate 
change or population growth).  

4.6.4 Conclusions 

With notable exceptions, hydraulic fracturing uses and consumes a relatively small percentage of 
water when compared to total use, consumption, and availability at the national, state, and county 
scale. Despite this, impacts on drinking water resource quantity and quality from hydraulic 
fracturing water acquisition can occur at the local scale, because hydraulic fracturing water 
withdrawals are often concentrated in space and time, and impacts depend upon the local balance 
between withdrawals and availability. In two example cases, local impacts to drinking water 
resource quantity occurred in areas with increased hydraulic fracturing activity (e.g., in Texas’s 
Eagle Ford play, and in Louisiana’s Haynesville Shale). Declining groundwater resources, especially 
in the western United States, are particularly vulnerable to withdrawals, as are smaller streams, 
even in the more humid East. Finally, there are factors that increase or decrease the frequency and 
severity of impacts—included in this are times of low water availability, such as during drought, 
which can increase the frequency and severity of impacts, or conversely water management 
practices (e.g., shifting to brackish water, or passby flows), which can help protect drinking water 
resources.
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Chapter 5. Chemical Mixing 

Abstract 

This chapter provides an analysis of the potential impacts on drinking water resources during the 
chemical mixing stage of the hydraulic fracturing water cycle and the factors governing the frequency 
and severity of these impacts. The chemical mixing stage includes the mixing of base fluid (90% to 97% 
by volume, typically water), proppant (2% to 10% by volume, typically sand), and additives (up to 2% 
by volume) on the well pad to make hydraulic fracturing fluid. This fluid is engineered to create and 
extend fractures in the targeted formation and to carry proppant into the fractures. Concentrated 
additives are delivered to the well pad and stored on site, often in multiple, closed containers, and 
moved around the well pad in hoses and tubing.  

Changes in drinking water quality can occur if spilled fluids reach groundwater or surface water 
resources. In this assessment, a spill is considered to be any release of fluids. The EPA’s analysis found 
that spills and releases of chemicals and fluids have occurred during the chemical mixing stage and have 
reached soil and surface water receptors. Spills of hydraulic fracturing fluids or additives included in the 
analysis had a median spill volume of 420 gal (1,590 L), with a range of 5 to 19,320 gal (9 to 72,130 L). 
Spills were caused most often by equipment failure or human error. The potential for spilled fluids to 
reach, and therefore impact, groundwater or surface water resources depends on the composition of the 
spilled fluid, spill characteristics, spill response activities, and the fate and transport of the spilled fluid.  

The movement of spilled hydraulic fracturing fluids and chemicals through the environment is difficult 
to predict, because spills are site- and chemical-specific, and because hydraulic fracturing-related spills 
are typically complex mixtures of chemicals. Physicochemical properties, which depend on the 
molecular structure of a chemical, govern whether spilled chemicals volatilize, sorb, transform, and 
travel. Spill prevention practices and spill response activities can prevent spilled fluids from reaching 
ground or surface drinking water resources.  

The severity of potential impacts on water quality from spills of additives or hydraulic fracturing fluids 
depends on the identity and amount of chemicals that reach ground or surface water resources, the 
hazards associated with the chemicals, and the characteristics of the receiving water body. The lack of 
monitoring following spills, along with the lack of publicly available information on the composition of 
additives and fracturing fluids, containment and mitigation measures in use, the proximity of chemical 
mixing to drinking water resources, and the fate and transport of spilled fluids limits the EPA’s ability to 
fully assess potential impacts on drinking water resources and their frequency and severity. This 
chapter shows that spills of additives and hydraulic fracturing fluids during the chemical mixing stage of 
the hydraulic fracturing water cycle have occurred and have reached and impacted drinking water 
resources.
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5. Chemical Mixing 
5.1 Introduction 

This chapter provides an analysis of the potential impacts on drinking water resources during the 
chemical mixing stage of the hydraulic fracturing water cycle and the factors governing the 
frequency and severity of these impacts. Chemical mixing is a complex process that requires the use 
of specialized equipment and a range of different additives to produce the fluid that is injected into 
a well to fracture the formation. This fluid, the hydraulic fracturing fluid, generally consists of a 
base fluid (typically water), a proppant (typically sand), and additives (chemicals), although there is 
no standard or single composition of hydraulic fracturing fluid used. The number, type, and amount 
of chemicals used to create the hydraulic fracturing fluid vary from well to well based on site- and 
operator-specific factors. Spills may occur at any point in the chemical mixing process.1 The 
potential for spilled fluids to reach, and therefore impact, ground or surface water resources 
depends on the composition of the spilled fluid, spill characteristics, spill response activities, and 
the fate and transport of the spilled fluid. This chapter is structured around these concepts.  

The chapter starts by discussing the characteristics of hydraulic fracturing fluids (Sections 5.2 to 
5.4). This includes an introductory overview of the chemical mixing process (Section 5.2), a 
description of the different components of the hydraulic fracturing fluid (Section 5.3), the range of 
different chemicals used and their classes, the most frequently used chemicals nationwide, and 
volumes used (Section 5.4).2 (Appendix H provides a list of chemicals that the EPA identified as 
being used in hydraulic fracturing fluids.) 

The chapter continues with a discussion on how chemicals are managed on the well pad, the 
characteristics of spills when they occur, and spill response activities (Sections 5.5 to 5.7). This 
includes a description on how potential impacts of a spill on drinking water resources depends 
upon chemical management practices, such as storage, on-site transfer, and equipment 
maintenance (Section 5.5). A summary analysis of reported spills and their common causes at 
hydraulic fracturing sites is then presented (Section 5.6). Then, there is a discussion on the different 
efforts of spill prevention, containment, and mitigation (Section 5.7).  

Next, the fate and transport of spilled chemicals is discussed (Section 5.8). This section includes 
how a chemical can move through the environment and transform, and what governs exposure 
concentrations of chemicals in the environment. Due to the complexities of the processes and the 
site-specific and chemical-specific nature of spills, it is difficult to develop a full assessment of their 
fate and transport. This section provides a general overview and discusses how the fate and 
transport of a chemical depends on site conditions, environmental conditions, physicochemical 

                                                            
1 In this assessment, a spill is considered to be any release of fluids. Spills can result from accidents, fluid management 
practices, or illegal dumping. 
2 Chemical classes are groupings of different chemicals based on similar features, such as chemical structure, use, or 
physical properties. Examples of chemical classes include hydrocarbons, alcohols, acids, and bases. 
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properties of the released chemicals, fluid composition, volume of the release, the proximity to a 
drinking water resource, and the characteristics of the drinking water resource that is the receptor. 

Next is an overview of on-going changes in chemical use in hydraulic fracturing, with an emphasis 
on industry efforts to reduce potential impacts from surface spills by using fewer and safer 
chemicals (Section 5.9). The chapter concludes by providing a synthesis, including a summary of 
findings, factors that affect frequency and severity of potential impacts, and a discussion of 
uncertainties and data gaps (Section 5.10). 

Due to the limitations of available data and the scope of this assessment, it is not possible to provide 
a detailed analysis of all of the factors listed above. Data limitations preclude a quantitative analysis 
of the likelihood or severity of chemical spills or impacts. Spills that occur off-site, such as those 
during transportation of chemicals to the site or storage of chemicals in staging areas, are out of the 
scope of this assessment. This chapter qualitatively characterizes the potential for impacts on 
drinking water resources given the current understanding of overall operations and specific 
components of the chemical mixing process. 

5.2 Chemical Mixing Process 

Understanding the chemical mixing process is necessary to understand how, why, and when spills 
might occur. This section provides a general overview of the chemical mixing stage of the hydraulic 
fracturing water cycle (Carter et al., 2013; Knappe and Fireline, 2012; Spellman, 2012; Arthur et al., 
2008). Figure 5-1 shows a hydraulic fracturing site during the chemical mixing process. In our 
discussion, we focus on the types of additives used at each phase of the process. While similar 
processes are used to fracture horizontal and vertical wells, a horizontal well treatment is 
described here. Horizontal well treatments are likely to be more complex and therefore illustrative 
of the variety of practices that have become more prevalent over time with advances in technology 
(Chapter 3). A water-based system is described, because water is the most commonly used base 
fluid, appearing in more than 93% of FracFocus 1.0 disclosures between January 1, 2011 and 
February 28, 2013 (U.S. EPA, 2015a).1 While the number and types of additives may vary widely, 
the basic chemical mixing process and the on-site layout of hydraulic fracturing equipment are 
similar across sites (BJ Services Company, 2009). Equipment used in the chemical mixing process 
typically consists of chemical storage trucks, water supply tanks, proppant supply, slurry blenders, 
a number of high-pressure pumps, a manifold, surface lines and hoses, and a central control unit. 
Detailed descriptions of specific additives and the equipment used in the process are provided in 
Sections 5.3 and 5.5, respectively.  

1 FracFocus (www.fracfocus.org) is a registry of information of water and chemical use in wells in which hydraulic 
fracturing is conducted. More details are provided in Text Box 5-1.  
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Figure 5-1. Representative hydraulic fracturing site showing equipment used on-site during 
the chemical mixing process. 
The frac well head is located in the center bottom (green), the manifold runs down the middle, and high pressure 
pumps lead into the manifold from either side. Source: Schlumberger. 

At a newly-drilled production well, the chemical mixing process begins after the drilling, casing, and 
cementing processes are finished and hydraulic fracturing equipment has been set up and 
connected to the well. The process can generally be broken down into one or more sequential 
stages with specific chemicals added at different phases during each stage phase to achieve a 
specific purpose (Knappe and Fireline, 2012; Fink, 2003). The process for water-based hydraulic 
fracturing is described in Figure 5-2 below.  

The first phase is the cleaning and preparation of the well. The fluid used in this phase is often 
referred to as the pre-pad fluid, pre-pad volume, or spearhead. Acid is typically the first chemical 
introduced. Acid, with a concentration of 3% to 28% (by volume, typically hydrochloric acid, HCl), 
is used to clean any cement left inside the well from cementing the casing and dissolve any pieces of 
rock that may remain in the well that could block the perforations.1 Acid is typically pumped 
directly from acid storage tanks or tanker trucks, without being mixed with other additives. The 
first, or pre-pad, phase may also involve mixing and injection of additional chemicals to facilitate 
the flow of fracturing fluid introduced in the next phase of the process. These additives may include 
biocides, corrosion inhibitors, friction reducers, and scale inhibitors (Carter et al., 2013; King, 2012; 
Knappe and Fireline, 2012; Spellman, 2012; Arthur et al., 2008). 

1 Prior to the injection of the pad fluid, for wells that are cased in the production zone, the well casing is typically 
perforated to provide openings through which the pad fluid can enter the formation. A perforating gun is typically used to 
create small holes in the section of the well being fractured. The perforating gun is lowered into position in the horizontal 
portion of the well. An electrical current is used to set off small explosive charges in the gun, which creates holes through 
the well casing and out a short distance into the formation (Gupta and Valkó, 2007). 
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Figure 5-2. Overview of a chemical mixing process of the hydraulic fracturing water cycle.  
This figure outlines the chemical mixing process for a generic water-based hydraulic fracture of a horizontal well. 
The chemical mixing phases outline the steps taken at the surface in the overall fracturing job, while the hydraulic 
fracturing stages outline how each section of the horizontal well would be fractured beginning with the toe of the 
well, shown on left-side. The proppant gradient represents how the proppant size may change within each stage of 
fracturing as the fractures are elongated. The chemical mixing process is repeated depending on the number of 
stages used for a particular well. The number of stages is determined in part by the length of the horizontal leg. In 
this figure, four stages are represented, but typically, a horizontal fracturing treatment would consist of 10 to 20 
stages per well (Lowe et al., 2013). Fracturing has been reported to be done in as many as 59 stages (Pearson et al., 
2013). 

In the second phase, a hydraulic fracturing fluid, typically referred to as the pad or pad volume, is 
mixed, blended, and pumped down the well under high pressure to create fractures in the 
formation.1 The pad is a mixture of base fluid, typically water, and additives and is designed to 
create, elongate, and enlarge fractures in the targeted geologic formation when injected under high 
pressure (Gupta and Valkó, 2007) (see Section 6.3 for additional information on fracture growth 
following injection). A typical pad consists of, at minimum, a mixture of water and friction reducer. 
A typical pad consists of, at minimum, a mixture of water and friction reducer. Other additives (see 
U.S. EPA (2015a) and Table 5-1) may be used to facilitate flow and kill bacteria (Carter et al., 2013; 
King, 2012; Knappe and Fireline, 2012; Spellman, 2012; Arthur et al., 2008). The pad is pumped 
into the formation through perforations or sliding sleeves in the well casing. 

1 In terms of chemical mixing, “pad” is a term used to describe hydraulic fracturing fluid without solid at the start of the 
fracturing of the formation. In terms of the entire hydraulic fracturing process, the “well pad” or “pad” is the area of land 
where drilling occurs. 
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In the third phase, proppant, typically sand, is mixed into the hydraulic fracturing fluid. The 
proppant volume, as a proportion of the injected fluid, is increased gradually until the desired 
concentration in the fractures is achieved. Gelling agents, if used, are also mixed with the proppant 
and base fluid in this phase to increase the viscosity to help carry the proppant. Additional 
chemicals may be added to gelled fluids, initially to maintain viscosity and later to break down the 
gel and decrease viscosity, so the hydraulic fracturing fluid can more readily flow back out of the 
formation and through the well to facilitate production from the fractured formation (Carter et al., 
2013; King, 2012; Knappe and Fireline, 2012; Spellman, 2012; Arthur et al., 2008). 

A final flush or clean-up phase may be conducted after the stage is fractured, with the primary 
purpose of maximizing well productivity. The flush is a mixture of water and additives that work to 
aid the placement of the proppant, clean out the chemicals injected in previous phases, and prevent 
microbial growth in the fractures (Knappe and Fireline, 2012; Fink, 2003). 

The second, third, and fourth phases are repeated multiple times in a well with multi-stage 
hydraulic fracturing. For each stage, the well is typically perforated and fractured beginning at the 
end, or toe, of the well and proceeding backwards toward the bend or heel of the well, near the 
vertical section. In vertical wells, stages typically begin in deeper portions of the well and proceed 
shallower. Each fractured stage is isolated before the next stage is fractured. The number of stages 
sets how many times the chemical mixing process is repeated at the site surface (Figure 5-2). The 
number of stages increases with longer intervals of the well subjected to hydraulic fracturing 
(Carter et al., 2013; King, 2012; Knappe and Fireline, 2012; Spellman, 2012; Arthur et al., 2008).  

The number of stages per well can vary, with several sources suggesting between 10 and 20 stages 
is typical (GNB, 2015; Lowe et al., 2013).1 The full range reported in the literature is much wider, 
with one source documenting between 1 and 59 stages per well (Pearson et al., 2013) and others 
reporting values within this range (NETL, 2013; STO, 2013; Allison et al., 2009). The number of 
stages per well seems to have increased over time. One study reports that the average number of 
stages per horizontal well rose from approximately 10 in 2008 to 30 in 2012 (Pearson et al., 2013). 
As more stages are used, the total volume of hydraulic fracturing fluid and chemicals increase. This 
increases the potential, frequency, and severity of surface spills associated with chemical mixing 
and thus potential impacts on drinking water resources.  

In each of these phases, water is usually the primary component of the hydraulic fracturing fluid, 
though the exact composition of the fluid injected into the well changes over the duration of each 
stage. In water-based hydraulic fracturing, the composition, by volume, of a typical hydraulic 
fracturing fluid is 90% to 97% water, 2% to 10% proppant, and 2% or less additives (Carter et al., 
2013; Knappe and Fireline, 2012; SWN, 2011).2  

1 The number of stages has been reported to be 6 to 9 in the Huron in 2009 (Allison et al., 2009), 13 to 32 in the Marcellus 
(NETL, 2013), and up to 40 by STO (2013). 
2 This range is based on a compilation of sources. Sources present compositions as by mass, by volume, or without 
specificity. Because of non-additive volumes, the composition by volume can be different before and after mixing. By 
mass: 90% water, 8-9% proppant, 0.5 to 1.5% additives (Knappe and Fireline, 2012); 88% water, 11% proppant, <1% 
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5.3 Overview of Hydraulic Fracturing Fluids 

Hydraulic fracturing fluids are formulated to perform specific functions: create and extend the 
fracture and transport and place the proppant in the fractures (Montgomery, 2013; Spellman, 2012; 
Gupta and Valkó, 2007).1 The hydraulic fracturing fluid generally consists of three parts: (1) the 
base fluid, which is the largest constituent by volume, (2) the additives, and (3) the proppant. 
Additives, which can be a single chemical or a mixture of chemicals, are chosen to serve a specific 
purpose in the hydraulic fracturing fluid (e.g., friction reducer, gelling agent, crosslinker, biocide) 
(Spellman, 2012). Throughout this chapter, “chemical” is used to refer to an individual chemical 
substance (e.g., methanol, petroleum distillates).2 Proppants are small particles, usually sand, mixed 
with fracturing fluid to hold fractures open so that the target hydrocarbons can flow from the 
formation through the fractures and up the wellbore. The combination of additives, and the mixing 
and injection process, varies based on a number of factors as discussed below. The additive 
combination determines the amount and type of equipment required for storage and, therefore, 
contributes to the determination of the potential for spills and impacts of those spills.  

The particular composition of a hydraulic fracturing fluid is designed based on empirical 
experience, the geology and geochemistry of the production zone, economics, goals of the fracturing 
process, availability of the desired chemicals, and preference of the service company or operator 
(Montgomery, 2013; ALL Consulting, 2012; Klein et al., 2012; Ely, 1989).3 No single set of specific 
chemicals is used at every site. Multiple types of fracturing fluids may be appropriate for a given 
site, and any given type of fluid may be appropriate at multiple sites. For the same type of fluid 
formulation, there can be differences in the additives, chemicals in those additives, and the 
concentrations selected. There are broad criteria for hydraulic fracturing fluid selection based on 
the targeted production zone temperature, pressure, water sensitivity, and permeability (Gupta and 
Valkó, 2007; Elbel and Britt, 2000). Figure 5-3 provides a general overview of the types of decisions 
to determine which fluid can be used for different situations. Similar fluids may be appropriate for 
different formations. For example, crosslinked fluids with 25% nitrogen foam (titanate or zirconate 
crosslink + 25% nitrogen) can be used in both gas and oil wells with high temperatures and

additive (as median maximum concentration) (U.S. EPA, 2015a), 94% water, 6% proppant, <1% additive (Sjolander et al., 
2011), 88% water, 11% proppant, <1% additive (OSHA, 2014a, b). By volume: 95% water, 5% proppant, <1% additive 
(before mixing), 97% water, 2% proppant, <1% additive (after mixing) (Sjolander et al., 2011), 90% water, 10% 
proppant, <1% additive (before mixing), 95% water, 5% proppant, <1% additive (after mixing) (OSHA, 2014a, b), 98-
99.5%, water and sand 0.5 to 2% additives (Spellman, 2012). Not specified: 99.9% water and sand, 0.1% chemicals (SWN, 
2011), 98-99% water and proppant, 1-2 % additives (Carter et al., 2013). 
1 We use “hydraulic fracturing fluid” to refer to the fluid that is injected into the well and used to create and hold open 
fractures the formation. 
2 In this chapter, because of the way many chemicals are reported, we use the word “chemical” to refer to any individual 
chemical or chemical substance that has been assigned a CASRN (Chemical Abstracts Service Registry Number). A CASRN 
is a unique identifier for a chemical substance, which can be a single chemical (e.g., hydrochloric acid, CASRN 7647-01-0) 
or a mixture of chemicals (e.g., hydrotreated light petroleum distillates (CASRN 64742-47-8), a complex mixtures of C9 to 
C16 hydrocarbons). For simplicity, we refer to both pure chemicals and chemical substances that are mixtures, which 
have a single CASRN, as “chemicals.” 
3 Empirical experience tends to provide better result as operators gain experience at a new site or geology increases. 
When an operator moves to a new basin geology, there may be less than optimal results. With experience and 
understanding of the geology increases, the empirical evidence will inform what hydraulic fracturing fluid composition 
works better than others. 
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Figure 5-3. Example hydraulic fracturing fluid decision tree for gas and oil wells. 
This decision tree figure serves as an example of the factors that determine the type of hydraulic fracturing fluid chosen to fracture a given formation, depending on whether the 
well will produce oil or gas. Factors include water sensitivity, formation temperature, and pressure. HPG is hydroxypropylguar, guar derivatized with propylene oxide. 
Parameters are: kf, fracture permeability, w is the fracture width, and xf is the fracture half-length. This figure was chosen to represent the differences between oil and gas wells 
and the types of decisions involved with choosing a fluid. This is adapted from Elbel and Britt (2000) and, as such, is dated to that time period. Since then, slickwater has become 
increasingly popular due to its simplicity and cheaper cost, and slickwater has often replaced linear and crosslinked gelled fluids, especially in shales. Other decision tree figures 
may exist. © 2000 Schlumberger. First published by John Wiley & Sons Ltd. All rights reserved.
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variation in water sensitivity.1,2 One of the most important properties in designing a hydraulic 
fracturing fluid is the viscosity (Montgomery, 2013).3 

Table 5-1 provides a list of common types of additives, their functions, and the most frequently 
used chemicals for each purpose based on the EPA’s analysis of disclosures to FracFocus 1.0 (U.S. 
EPA, 2015a, hereafter referred to as the EPA FracFocus 1.0 report), the EPA’s project database of 
disclosures to FracFocus 1.0 (U.S. EPA, 2015c, hereafter referred to as the EPA FracFocus 1.0 
project database), and other literature sources.4 Additional information on more additives can be 
found in U.S. EPA (2015a).  

A general description of typical hydraulic fracturing fluid formulations nationwide is difficult, 
because fracturing fluids vary from well to well. Based on the EPA FracFocus 1.0 report, the median 
number of chemicals reported for each disclosure was 14, with the 5th to 95th percentile ranging 
from four to 28 (see Appendix H for a list of hydraulic fracturing fluid chemicals). The median 
number of chemicals per disclosure was 16 for oil wells and 12 for gas wells (U.S. EPA, 2015a). 
Other sources have stated that between three and 12 additives and chemicals are used 
(Schlumberger, 2015; Carter et al., 2013; Spellman, 2012; GWPC and ALL Consulting, 2009).5  

Water, the most commonly used base fluid for hydraulic fracturing, is inferred to be used as a base 
fluid in more than 93% of EPA FracFocus 1.0 disclosures (U.S. EPA, 2015c). Alternatives to water-
based fluids, such as hydrocarbons and gases, including carbon dioxide and nitrogen-based foam, 
may also be used based on formation characteristics, cost, or preferences of the well operator or 
service company (ALL Consulting, 2012; GWPC and ALL Consulting, 2009). Non-aqueous base fluid 
ingredients were identified in 761 (2.2%) of EPA FracFocus 1.0 disclosures (U.S. EPA, 2015a). Gases 
and hydrocarbons may be used alone or blended with water; more than 96% of the disclosures 
identifying non-aqueous base fluids are blended (U.S. EPA, 2015a). There is no standard method to 
categorize the different fluid formulations (Patel et al., 2014; Montgomery, 2013; Spellman, 2012; 
Gupta and Valkó, 2007). Therefore, we broadly categorize the fluids as water-based or alternative 
fluids. 

1 A crosslinked fluid is a fluid that has polymers that have been linked together through a chemical bond. A crosslink 
chemical is added to have the polymer chains linked together to form larger chemical structures with higher viscosity. 
The increased fracturing fluid viscosity allows the fluid to carry more proppant into the fractures. The fracturing fluid 
remains viscous until a breaking agent is introduced to break the cross-linked polymer.  
2 Water sensitivity refers to when a formation’s physicochemical properties are affected in the presence of water. An 
example of a water sensitive formation would be one where the soil particles swell when water is added, reducing the 
permeability of the formation. 
3 Viscosity is a measure of the internal friction of fluid that provides resistance to shear within the fluid, informally 
referred to as how “thick” a fluid is. For example, custard is thick and has a high viscosity, while water is runny with a low 
viscosity. Sufficient viscosity is needed to create a fracture and transport proppant (Gupta and Valkó, 2007). In lower-
viscosity fluids, proppant is transported by turbulent flow and requires more hydraulic fracturing fluid. Higher-viscosity 
fluids allows the fluid to carry more proppant, requiring less fluid but necessitating the reduction of viscosity after the 
proppant is placed (Rickman et al., 2008; Gupta and Valkó, 2007). 
4 A disclosure refers to all data submitted for a specific oil and gas production well for a specific fracture date. 
5 Sources may differ based on whether they are referring to additives or chemicals. 
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Table 5-1. Examples of common additives, their function, and the most frequently used 
chemicals reported to FracFocus for these additives. 
The list of examples of common additives was developed from information provided in multiple sources (U.S. EPA, 
2015a, c; Stringfellow et al., 2014; Montgomery, 2013; Vidic et al., 2013; Spellman, 2012; GWPC and ALL 
Consulting, 2009; Arthur et al., 2008; Gupta and Valkó, 2007; Gidley et al., 1989). The additive functions are based 
on information the EPA received from service companies (U.S. EPA, 2013a).  

Additives Function 
Chemicals reported in 20% or more of 
disclosures in the EPA FracFocus 1.0 project 
database for given additivea,b 

Acid Dissolves cement, minerals, and clays to 
reduce clogging of the pore space 

Hydrochloric acid 

Biocide Controls or eliminates bacterial growth, 
which can be present in the base fluid and 
may have detrimental effects on the long 
term well productivity 

Glutaraldehyde; 
2,2-dibromo-3-nitrilopropionamide 

Breaker Reduces the designed increase in viscosity 
of specialized treatment fluids such as gels 
and foams after the proppant has been 
placed and flowback commences to clean 
up the well 

Peroxydisulfuric acid diammonium salt 

Clay control Prevents the swelling and migration of 
formation clays that otherwise react to 
water-based fluids 

Choline chloride 

Corrosion 
inhibitor 

Protects the iron and steel components in 
the wellbore and treating equipment from 
corrosive fluids 

Methanol; propargyl alcohol; isopropanol 

Crosslinker Increases the viscosity of base gel fluids by 
connecting polymer molecules 

Ethylene glycol; potassium hydroxide; sodium 
hydroxide 

Emulsifier Facilitates the dispersion of one immiscible 
fluid into another by reducing the interfacial 
tension between the two liquids to achieve 
stability 

2-Butoxyethanol; 
polyoxyethylene(10)nonylphenyl ether; methanol; 
nonyl phenol ethoxylate 

Foaming agent Generates and stabilizes foam fracturing 
fluids 

2-Butoxyethanol; Nitrogen, liquid; isopropanol; 
methanol; ethanol 

Friction reducer Reduces the friction pressures experienced 
when pumping fluids through tools and 
tubulars in the wellbore 

Hydrotreated light petroleum distillates  

Gelling agent Increases fracturing fluid viscosity allowing 
the fluid to carry more proppant into the 
fractures and to reduce fluid loss to the 
reservoir 

Guar gum; hydrotreated light petroleum distillates 

Iron control 
agent 

Controls the precipitation of iron 
compounds (e.g., Fe2O3) from solution 

Citric acid 
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Additives Function 
Chemicals reported in 20% or more of 
disclosures in the EPA FracFocus 1.0 project 
database for given additivea,b 

Nonemulsifier Separates problematic emulsions generated 
within the formation 

Methanol; isopropanol; nonyl phenol ethoxylate 

pH control Affects the pH of a solution by either 
inducing a change (pH adjuster) or 
stabilizing and resisting change (buffer) to 
achieve desired qualities and optimize 
performance 

Carbonic acid, dipotassium salt; potassium 
hydroxide; sodium hydroxide; acetic acid 

Resin curing 
agents 

Lowers the curable resin coated proppant 
activation temperature when bottom hole 
temperatures are too low to thermally 
activate bonding 

Methanol; nonyl phenol ethoxylate; isopropanol; 
alcohols, C12-14-secondary, ethoxylated 

Scale inhibitor Controls or prevents scale deposition in the 
production conduit or completion system 

Ethylene glycol; methanol 

Solvent Controls the wettability of contact surfaces 
or prevents or breaks emulsions1 

Hydrochloric acid 

a Chemicals (excluding water and quartz) listed in the EPA FracFocus 1.0 project database in more than 20% of disclosures for a 
given purpose when that purpose was listed as used on a disclosure (U.S. EPA, 2015c). These are not necessarily the active 
ingredients for the purpose, but rather are listed as being commonly present for the given purpose. Chemicals may be disclosed 
for more than a single purpose (e.g., 2-butoxyethanol is listed as being used as an emulsifier and a foaming agent).  
b Analysis considered 32,885 disclosures and 615,436 ingredient records that met selected quality assurance criteria, including: 
completely parsed (parsing is the process of analyzing a string of symbols to identify and separate various components); unique 
combination of fracture date and API well number; fracture date between January 1, 2011, and February 28, 2013; valid CASRN; 
valid concentrations; and valid purpose. Disclosures that did not meet quality assurance criteria (5,645) or other, query-specific 
criteria were excluded from analysis. 

5.3.1 Water-Based Fracturing Fluids 

The advantages of water-based fracturing fluids are low cost, ease of mixing, and ability to recover 
and reuse the water. The disadvantages are that they have low viscosity, they create narrow 
fractures, and they may not provide optimal performance in water-sensitive formations 
(Montgomery, 2013; Gupta and Valkó, 2007) (Section 5.3.2). Water-based fluids can be as simple as 
water with a few additives to reduce friction, such as “slickwater,” or as complex as water with 
crosslinked polymers, clay control agents, biocides, and scale inhibitors (Spellman, 2012). (See 
Figure 5-4 for a slickwater example.) 

Gels may be added to water-based fluids to increase viscosity, which assists with proppant 
transport and results in wider fractures. Gelling agents include natural polymers, such as guar, 
starches, and cellulose derivatives, which require the addition of biocide to minimize bacterial 
growth (Spellman, 2012; Gupta and Valkó, 2007). Gels may be linear or crosslinked. Crosslinking 
                                                            
1 Wettability is the ability of a liquid to maintain contact with a solid surface. When wettability is high, a liquid droplet will 
lie flat across a surface, maximizing the area of contact between the liquid and the solid. When wettability is low, a liquid 
droplet will approach a spherical shape, minimizing the area of contact between the liquid and solid. 
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increases viscosity without adding more gel. Gelled fluids require the addition of a breaker, which 
breaks down the gel after it carries in the proppant, to reduce fluid viscosity to facilitate fluid 
flowing back after treatment (Spellman, 2012; Gupta and Valkó, 2007). The presence of residual 
breakers may make it difficult to reuse recovered water (Montgomery, 2013). 

5.3.2 Alternative Fracturing Fluids 

Alternative hydraulic fracturing fluids can be used for water sensitive formations (i.e., formations 
where permeability is reduced when water is added) or as dictated by production goals 
(Halliburton, 1988). Examples of alternative fracturing fluids include acid-based fluids; non-
aqueous-based fluids; energized fluids, foams, or emulsions; viscoelastic surfactant fluids; gels; 
methanol; and other unconventional fluids (Montgomery, 2013; Saba et al., 2012; Gupta and Hlidek, 
2009; Gupta and Valkó, 2007; Halliburton, 1988). 

Acid fracturing is generally used in carbonate formations without the use of a proppant. Fractures 
are initiated with a hydraulic fracturing fluid, and acid (gelled, foamed, or emulsified) is added to 
irregularly etch the wall of the fracture. The etching serves to prop open the formation, for a high-
conductivity fracture (Spellman, 2012; Gupta and Valkó, 2007).  

Non-aqueous fluids, like petroleum distillates and propane, are used in water-sensitive formations. 
Non-aqueous fluids may also contain additives, such as gelling agents, to improve performance 
(Gupta and Valkó, 2007). The use of non-aqueous fluids has decreased due to safety concerns, and 
because water-based and emulsion fluid technologies have improved (Montgomery, 2013; Gupta 
and Valkó, 2007). Methanol, for example, was previously used as a base fluid in water-sensitive 
reservoirs beginning in the early 1990s, but was discontinued in 2001 for safety concerns and cost 
(Saba et al., 2012; Gupta and Hlidek, 2009; Gupta and Valkó, 2007). Methanol is still widely used as 
an additive or in additive mixtures in hydraulic fracturing fluid formulations.  

Energized fluids, foams, and emulsions minimize fluid leakoff in low pressure targeted geologic 
formations, have high proppant-carrying capacity, improve fluid recovery, and are sometimes used 
in water-sensitive formations (Barati and Liang, 2014; Gu and Mohanty, 2014; Spellman, 2012; 
Gupta and Valkó, 2007; Martin and Valko, 2007).1 However, these treatments tend to be expensive, 
can require high pressure, and pose potential health and safety concerns (Montgomery, 2013; 
Spellman, 2012; Gupta and Valkó, 2007). Energized fluids (see Figure 5-4 for an example of an 
energized fluid composition) are mixtures of liquid and gas (Patel et al., 2014; Montgomery, 2013). 
Nitrogen (N2) or carbon dioxide (CO2), the gases used, make up less than 53% of the fracturing fluid 
volume, typically ranging from 20% to 30% by volume (Montgomery, 2013; Gupta and Valkó, 2007; 
Mitchell, 1970). Energized foams are liquid-gas mixtures, with nitrogen or carbon dioxide gas 
comprising more than 53% of the fracturing fluid volume, with a typical range of 65% to 80% by 
volume (Montgomery, 2013; Mitchell, 1970). Emulsions are liquid-liquid mixtures, typically a 

                                                            
1 Leakoff is the fraction of the injected fluid that infiltrates into the formation (e.g., through an existing natural fissure) 
and is not recovered during production (Economides et al., 2007). See Chapter 6, Section 6.3 for more discussion on 
leakoff. 
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hydrocarbon (e.g., condensate or diesel) with water.1 Both water-based fluids, including gels, and 
non-aqueous fluids can be energized fluids or foams. 

Foams and emulsions break easily using gravity separation and are stabilized by using additives 
such as foaming agents (Gupta and Valkó, 2007). Emulsions may be used to stabilize active chemical 
ingredients or to delay chemical reactions, such as the use of carbon dioxide-miscible, non-aqueous 
fracturing fluids to reduce fluid leakoff in water-sensitive formations (Taylor et al., 2006).  

Other types of fluids not addressed above include viscoelastic surfactant fluids, viscoelastic 
surfactant foams, crosslinked foams, liquid carbon dioxide-based fluid, and liquid carbon dioxide-
based foam fluid, and hybrids of other fluids (King, 2010; Brannon et al., 2009; Curtice et al., 2009; 
Tudor et al., 2009; Gupta and Valkó, 2007; Coulter et al., 2006; Boyer et al., 2005; Fredd et al., 2004; 
MacDonald et al., 2003).  

5.3.3 Tracers 

Some chemicals are added to the fluid to act as tracers. Tracers are added to hydraulic fracturing 
fluid to assess the efficiency of fracturing and proppant placement. As an example, the efficiency of 
oil production from multistage fracturing was assessed by using 17 oil soluble tracers. Each tracer 
was used to assess production from a specific interval of the well (Catlett et al., 2013), although the 
specific compounds used were not identified (Table 5-2). Chemical classes of tracers and individual 
examples show a range of compounds employed including both inorganic and organic, and 
including radioactive elements, although only a few specific chemicals have been revealed. Of these, 
examples are proppant tracers and fluorocarbons. Although radioactive fluids have also been used 
for proppant tracing, a commonly-used approach has the short-half-life elements Antimony124, 
Iridium192, and Scandium46 bound to the proppants and gamma emissions are subsequently 
measured by a neutron-logging device (Sonnenfield et al., 2016; Odegard et al., 2015; Lowe et al., 
2013; Osborn and McIntosh, 2011; McDaniel et al., 2010).2,3 Of the organic tracers, 14 fluorinated 
organics have been identified through an analysis of FracFocus 2.0 disclosures (Konschnik and 
Dayalu, 2016). Three fluorinated tracers and Antimony124 were identified in produced water 
(Maguire-Boyle and Barron, 2014) (Appendix Table H-4).  

Table 5-2. Classes and specifically identified examples of tracers used in hydraulic fracturing 
fluids. 
Class Specific Chemicala Reference 

Thiocyanates (SCN-) ND Dugstad (2007) 

Fluorobenzoic acids ND Dugstad (2007) 

1 Diesel is a mixture typically of C8 to C21 hydrocarbons. The shorthand “C8” is used to represent a hydrocarbon with 8 
carbons. Thus “C21” represents a hydrocarbon with 21 carbons. Octane has 8 carbons and is thus a C8, and is a 
component of gasoline. 
2 Antimony124: 60.2 days, Iridium192: 74 days, Scandium46: 83.8 days. 
3 Gadolinium155 and Gadolinium157 have been suggested as bound proppant tracers because of their high-gamma-capture 
cross-sections (Liu et al., 2015). 
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Class Specific Chemicala Reference 

Radioactive tracers Tritiated Water Dugstad (2007)  

 Tritiated Methanol Dugstad (2007)  

 Antimony124 Silber et al. (2003) 

 Iridium192 Silber et al. (2003) 

 Scandium46 Silber et al. (2003) 

Fluorocarbons 2,2,3,3,4,4,4-heptafluorobutyl undecylate  Maguire-Boyle and Barron (2014)  

 2,3,4-Trifluorobenzoic acid Konschnik and Dayalu (2016)  

 2,4,5-Trifluorobenzoic acid Konschnik and Dayalu (2016)  

 2,4-Difluorobenzoic acid Konschnik and Dayalu (2016)  

 2,6-Difluorobenzoic acid Konschnik and Dayalu (2016)  

 2-Chloro-4-fluorobenzoic acid Konschnik and Dayalu (2016)  

 2-Fluorobenzoic acid Konschnik and Dayalu (2016)  

 2-Trifluoromethylbenzoic acid Konschnik and Dayalu (2016)  

 3-Trifluoromethylbenzoate Konschnik and Dayalu (2016)  

 4-(Trifluoromethyl)benzoic acid Konschnik and Dayalu (2016)  

 4-Chloro-2-fluorobenzoic acid Konschnik and Dayalu (2016)  

 4-fluoro-2-(trifluoromethyl)benzoic acid Konschnik and Dayalu (2016)  

 4-Fluoro-3-(trifluomethyl)benzoic acid Konschnik and Dayalu (2016)  

 Benzoic acid, 3,5-difluoro- Konschnik and Dayalu (2016)  

 cis-4-ethyl-5-octyl-2,2-bis(trifluoromethyl)-1,3 
dioxolane 

Maguire-Boyle and Barron (2014) 

 p-Fluorobenzoic acid Konschnik and Dayalu (2016) 

 tri-fluoromethyl tetradeculate Maguire-Boyle and Barron (2014) 

Oil soluble alkyl esters ND Deans (2007) 

Unstable emulsions ND Catlett et al. (2013) 

Controlled-release 
polymers and solid 
tracers 

ND  Salman et al. (2014)  

a ND = none disclosed. 
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A different set of tracers have been proposed for identifying environmental impacts from hydraulic 
fracturing fluids (Kurose, 2014). These tracers are designed so that the fluids from individual wells 
are identifiable while having no environmental impact themselves. DNA and nanoparticles with 
magnetic properties made specifically for each well have been proposed for this purpose (Kurose, 
2014). 

5.3.4 Proppants 

Proppants are small particles carried down the well and into fractures by hydraulic fracturing fluid. 
They hold the fractures open after the injection pressure has been released and the hydraulic 
fracturing fluid has been removed (Brannon and Pearson, 2007). The propped fractures provide a 
path for the hydrocarbon to flow from the reservoir. The EPA’s analysis of FracFocus 1.0 data 
showed that 98% of disclosures reported sand as the proppant, making sand (i.e., quartz) the most 
commonly reported proppant (U.S. EPA, 2015a). Other proppants include man-made or specially 
engineered particles, such as high-strength ceramic materials or sintered bauxite (Schlumberger, 
2014; Brannon and Pearson, 2007). Proppant types can be used individually or in combinations. 

5.3.5 Example Hydraulic Fracturing Fluids 

There is no standard composition of hydraulic fracturing fluid used across the United States, and 
the literature does not present any typical hydraulic fluid composition. In Figure 5-4, we present 
two examples of hydraulic fracturing fluid mixtures based on analyses conducted on the EPA 
FracFocus 1.0 project database (U.S. EPA, 2015c). These examples represent two different types of 
fluids used at two different wells. The first is a slickwater, and the second is an energized fluid.1 
Details of each fluid are presented in the figure along with pie charts of their composition, as given 
by maximum percent by mass of the total hydraulic fracturing fluid.  

The first hydraulic fracturing fluid (Figure 5-4a), the slickwater, is composed of 87% water, 13% 
sand, and 0.05% chemicals, by mass. The fluid is 71% fresh water and 16% reused produced water, 
with a total water volume of 4,763,000 gal (18,030,000 L). The chemical composition consists of six 
different additive types (acid, friction reducer, biocide, scale inhibitor iron control, and corrosion 
inhibitor) and a total of 13 chemicals.  

The second hydraulic fracturing fluid (Figure 5-4b), the energized fluid, is more complex and 
consists of 58% water, 28% nitrogen gas, 13% sand, and 1.5% additives, by mass, with a total water 
volume of 105,000 gal (397,000 L). The hydraulic fracturing fluid composition consists of 10 
additives (acid, surfactant, foamer, corrosion inhibitor, biocide, friction reducer, breaker, scale 
inhibitor, iron control, and clay stabilizer) and a total of 28 chemicals. 

1 A slickwater is a hydraulic fracturing fluid designed to have a low viscosity to allow pumping at high rates. The critical 
additive in a slickwater is the friction reducer, which makes the fluid “slick.” 
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Figure 5-4. Example hydraulic fracturing fluids.  
Example compositions of (a) slickwater and (b) energized fluid. The base fluid and proppants are on the left, and 
the additive breakdown is on the right. The number in parentheses represents the number of chemicals in that 
additive. See Table 5-1 for the function of different additives and the most common chemicals in those additives 
reported as based on the analysis of the EPA FracFocus 1.0 project database (U.S. EPA, 2015c). 

These two examples give an idea of the difference in the compositions of two example hydraulic 
fracturing fluids. These compositions are the final mixture as if the entire fluid were mixed at once; 
they are generally not the actual composition at any given point in time. These compositions 
provide the potential composition of a spilled hydraulic fracturing fluid during the chemical mixing 
stage. Any of these ingredients (e.g., biocide) could be released by itself or mixed with the base fluid 
with other additives. The variability of hydraulic fracturing fluids from well to well and site to site 
makes it difficult to assess the potential of hydraulic fracturing additive or fluid release.  

5.4 Frequency and Volume of Hydraulic Fracturing Chemical Use 

This section highlights the different chemicals used in hydraulic fracturing fluids and discusses the 
frequency and volume of use. Using the EPA FracFocus 1.0 project database (Text Box 5-1), we 
focus our analysis on the individual chemicals that are used as ingredients in additive formulations, 
rather than on the complete mixture of chemicals that may be present in a hydraulic fracturing 
fluid. Operators can report information about well location, date of operations, and water and 
chemical use to the FracFocus registry. Chemicals are reported in FracFocus by using the chemical 
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name and the Chemical Abstract Services Registration Number (CASRN), which is a unique number 
identifier for every chemical.1 The information on specific chemicals, particularly those most 
commonly used, can be used to assess potential impacts on drinking water resources. The volume 
of chemicals stored on-site provides information on the potential volume of a chemical spill.  

Text Box 5-1. The FracFocus Registry and EPA FracFocus Report.  

The Ground Water Protection Council (GWPC) and the Interstate Oil and Gas Compact Commission (IOGCC) 
developed a national hydraulic fracturing chemical registry, FracFocus (www.fracfocus.org). Well operators 
can use the registry to disclose information about chemicals and water they use during hydraulic fracturing. 
As part of the EPA’s Study of the Potential Impacts of Hydraulic Fracturing for Oil and Gas on Drinking Water 
Resources, the EPA published the report titled Analysis of Hydraulic Fracturing Fluid Data from the FracFocus 
Chemical Disclosure Record Registry 1.0 (U.S. EPA, 2015a). For this report, the EPA accessed data from 
FracFocus 1.0 from January 1, 2011 to February 28, 2013, which included more than 39,000 disclosures 
(records of well data) in 20 states that had been submitted by operators prior to March 1, 2013. 
Accompanying the U.S. EPA (2015a) report is the published EPA FracFocus 1.0 project database, which. It 
supported analyses of FracFocus chemical and water use data (U.S. EPA, 2015c), and a report describing the 
details of data management for development of the project database (U.S. EPA, 2015b).  

Submission to FracFocus was initially voluntary and varied from state to state. During the timeframe covered 
in the EPA FracFocus 1.0 report (January 2011 to February 2013), six of the 20 states with data submitted to 
FracFocus and included in the EPA FracFocus 1.0 project database began requiring operators to disclose 
chemicals used in hydraulic fracturing fluids to FracFocus (Colorado, North Dakota, Oklahoma, Pennsylvania, 
Texas, and Utah). Three other states started requiring disclosure to either FracFocus or the state (Louisiana, 
Montana, and Ohio), and five states required or began requiring disclosure to the state (Arkansas, Michigan, 
New Mexico, West Virginia, and Wyoming). Alabama, Alaska, California, Kansas, Mississippi, and Virginia did 
not have reporting requirements during the period of the EPA’s study. 

The EPA’s analysis may or may not be nationally representative. Disclosures from the five states reporting the 
most disclosures to FracFocus (Texas, Colorado, Pennsylvania, North Dakota, and Oklahoma) comprise over 
78% of the disclosures in the database; nearly half (47%) of the disclosures are from Texas. Thus, data from 
these states are most heavily represented in the EPA’s analyses.  

A disclosure reports the total water volume (in gallons) and the chemicals used in the fluid (as maximum 
ingredient concentration by mass both in the additive and in the hydraulic fracturing fluid). The actual mass 
of the chemicals used in the fluid are not reported. The fluid composition reported in the disclosure does not 
necessarily reflect the actual composition of the fluid at any time. Rather, the disclosure represents what the 
total composition of the fluid would be if all chemicals used were mixed together at their maximum reported 
concentration.  

The EPA summarized information on the locations of the wells in the disclosures, water volumes used, and 
the frequency of use and maximum ingredient concentrations of the chemicals in the additives and the 
hydraulic fracturing fluid. Additional information can be found in the EPA FracFocus 1.0 report (U.S. EPA, 
2015a) and in the EPA FracFocus 1.0 project database (U.S. EPA, 2015c). 

                                                            
1 A CASRN and chemical name combination identify a chemical substance, which can be a single chemical (e.g., 
hydrochloric acid, CASRN 7647-01-0) or a mixture of chemicals (e.g., hydrotreated light petroleum distillates (CASRN 
64742-47-8), a complex mixtures of C9 to C16 hydrocarbons). For simplicity, we refer to both pure chemicals and 
chemical substances that are mixtures, which have a single CASRN, as “chemicals.” 
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The EPA compiled a list of 1,084 chemicals with unique CASRNs reported as used in the hydraulic 
fracturing process between 2005 and 2013 (full list, methodology, and details on sources in 
Appendix H).1 These chemicals fall into different chemical classes and include 455 organic 
chemicals, 258 inorganic chemicals, and 361 organic mixtures or polymers. The chemical classes of 
commonly used hydraulic fracturing chemicals include but are not limited to: 

• Acids (e.g., hydrochloric acid, peroxydisulfuric acid, acetic acid, citric acid); 

• Alcohols (e.g., methanol, isopropanol, ethylene glycol, propargyl alcohol, ethanol); 

• Aromatic hydrocarbons (e.g., benzene, naphthalene, heavy aromatic petroleum solvent 
naphtha); 

• Bases (e.g., sodium hydroxide, potassium hydroxide); 

• Hydrocarbon mixtures (e.g., petroleum distillates); 

• Polysaccharides (e.g., guar gum); 

• Surfactants (e.g., poly(oxy-1,2-ethanediyl)-nonylphenyl-hydroxy, 2-butoxyethanol); and 

• Salts (e.g., sodium chlorite, dipotassium carbonate). 

Further details on these chemicals and their associated hazards are presented in Chapter 9. 

All of the sources of information used to compile the list of chemicals found in hydraulic fracturing 
fluids (Appendix H) relied on reported use of those chemicals. In some cases, analysis of produced 
water samples by advanced analytical methods could provide information on suspected hydraulic 
fracturing additives, but other sources for the chemicals need careful consideration (Hoelzer et al., 
2016). These sources include chemicals originating from components of the well, lab 
contamination, or subsurface reaction. We limit our discussion of hydraulic fracturing fluid 
chemicals to those directly reported as used. 

An additional complication in providing an assessment on the use of chemicals in hydraulic 
fracturing is that companies can withhold reporting chemicals to the FracFocus registry by claiming 
that a chemical is Confidential Business Information (CBI). The use of CBI is to protect proprietary 
information, such as trade secrets. Details on CBI are provided in Text Box 5-2. 

                                                            
1 The EPA used eight different sources to identify chemicals used in hydraulic fracturing fluids. This included the EPA 
FracFocus report (U.S. EPA, 2015a) and seven other sources (U.S. EPA, 2013a; Colborn et al., 2011; House of 
Representatives, 2011; NYSDEC, 2011; PA DEP, 2010a; U.S. EPA, 2004a; Material Safety Data Sheets). 
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Text Box 5-2. Confidential Business Information (CBI). 

This assessment relies in large part upon information provided to the EPA or to other organizations. The 
submitters (e.g., businesses that operate wells or perform hydraulic fracturing services) may view some of 
the information as confidential business information (CBI) and accordingly asserted CBI claims to protect it. 
Information deemed to be CBI may include trade secrets or other proprietary business information entitled to 
confidential treatment under Exemption 4 of the Freedom of Information Act (FOIA) and other applicable 
laws. The FOIA and EPA’s CBI regulations may allow for information claimed as CBI provided to the EPA to be 
withheld from the public, including in this document. In practical terms, when a well operator claims CBI for a 
specific chemical, they do not report the name or CASRN for that chemical in the disclosure submitted to the 
FracFocus registry (see Text Box 5-1 for information on FracFocus).  

The EPA evaluated data from FracFocus, a national hydraulic fracturing chemical registry used and relied 
upon by some states, industry groups, and non-governmental organizations, as described in Text Box 5-1. A 
company submitting a disclosure to FracFocus may choose to not report the identity of a chemical it 
considers CBI. More than 70% of disclosures contained at least one chemical claimed as CBI and 11% of all 
chemicals were claimed as CBI. Of the disclosures containing CBI chemicals, there were an average of five CBI 
chemicals per disclosure (U.S. EPA, 2015a). Rates of withholding chemical information (designating a 
chemical as CBI) have increased from 11% in the 2011 to early 2013 time period of the EPA report, to 16.5% 
across the 2011 to early 2015 time period in another study using FracFocus data, with 92% of FracFocus 2.0 
disclosures including at least one chemical claimed as CBI (Konschnik and Dayalu, 2016). When a chemical is 
claimed as CBI, there is no public means of accessing information on these chemicals (e.g., CASRN, name). 
Sometimes a CBI entry will provide the chemical family (Appendix H).  

Consistent with the EPA’s Plan to Study the Potential Impacts of Hydraulic Fracturing on Drinking Water 
Resources (U.S. EPA, 2011d), data were submitted by nine service companies to the EPA regarding chemicals 
used in hydraulic fracturing from 2005 to 2009. These data were separate from the EPA FracFocus 1.0 project 
database. The data were submitted directly to the EPA, with the actual names and CASRNs of any chemicals 
the company considered CBI. This included a total of 381 CBI chemicals, with a mean of 42 CBI chemicals per 
company and a range of 7 to 213 (U.S. EPA, 2013a). Of these 381 chemicals, some companies only provided a 
generic chemical name and no CASRN, some provided neither a chemical name or CASRN, while others 
provided a CASRN and a specific chemical name. This resulted in 80 CASRNs/chemical names on this CBI list. 
Table H-3 lists generic chemical names, which may have been designed to mask CBI chemical names given to 
the EPA. The EPA does not know if the 381 chemicals represent 381 unique chemicals or if there are 
duplicates on this list. 

The prevalence of CBI claims in the EPA FracFocus 1.0 project database limits completeness of the data set 
and introduces uncertainty. Ideally, all data would be available on all chemicals to do a full assessment. 

5.4.1 National Frequency of Use of Hydraulic Fracturing Chemicals 

A total of 692 chemicals were identified in the EPA FracFocus 1.0 project database that were 
reported as used in hydraulic fracturing from January 1, 2011, to February 28, 2013. This 
information comes from a total of 35,957 disclosures with chemical data in the database (U.S. EPA, 
2015a).1  

                                                            
1 Chemicals may be pure chemicals (e.g., methanol) or chemical mixtures (e.g., hydrotreated light petroleum distillates), 
and they each have a single CASRN. Of these 692 chemicals, 598 had valid fluid and additive concentrations (34,675 
disclosures). Sixteen chemicals were removed, because they were minerals listed as being used as proppants. This left a 
total of 582 chemicals (34,344 disclosures). 
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Table 5-3 presents the 35 chemicals (5% of all chemicals identified in the EPA’s study) that were 
reported as ingredients in additives in at least 10% of the EPA FracFocus 1.0 project database 
disclosures for all states reporting to FracFocus 1.0 during this time (U.S. EPA, 2015c). This table 
also includes the top four additives in which the given chemical was reported as an ingredient.  

Table 5-3. Chemicals identified in the EPA FracFocus 1.0 project database in 10% or more 
disclosures, with the percent of disclosures for which each chemical is reported as an 
ingredient in an additive and the top four reported additives for which the chemical is used. 
If a chemical is reported to be used in less than four additives, the table presents all additives (U.S. EPA, 2015c).  

No. Chemical namea CASRN 
Percent of 

disclosuresb 

Additives in which chemical is used  
(four most common, EPA FracFocus 1.0 
project database)c  

1 Methanol 67-56-1 72% Corrosion inhibitors, surfactants, non-
emulsifiers, scale control 

2 Hydrotreated light 
petroleum distillatesd 

64742-47-8 65% Friction reducers, gelling agents and gel 
stabilizers, crosslinkers and related additives, 
viscosifiers 

3 Hydrochloric acid 7647-01-0 65% Acids, solvents, scale control, clean 
perforations 

4 Watere 7732-18-5 48% Acids, biocides, clay control, scale control 

5 Isopropanol 67-63-0 47% Corrosion inhibitors, non-emulsifiers, 
surfactants, biocides 

6 Ethylene glycol 107-21-1 46% Crosslinkers and related additives, scale 
control, corrosion inhibitors, friction reducers 

7 Peroxydisulfuric acid, 
diammonium salt 

7727-54-0 44% Breakers and breaker catalysts, oxidizer, 
stabilizers, clean perforations 

8 Sodium hydroxide 1310-73-2 39% Crosslinkers and related additives, biocides, pH 
control, scale control 

9 Guar gum 9000-30-0 37% Gelling agents and gel stabilizers, viscosifiers, 
clean perforations, breakers and breaker 
catalysts 

10 Quartze 14808-60-7 36% Breakers and breaker catalysts, gelling agents 
and gel stabilizers, scale control, crosslinkers 
and related additives 

11 Glutaraldehyde 111-30-8 34% Biocides, surfactants, crosslinkers and related 
additives, sealers 

12 Propargyl alcohol 107-19-7 33% Corrosion inhibitors, inhibitors, acid inhibitors, 
base fluid 

13 Potassium hydroxide 1310-58-3 29% Crosslinkers and related additives, pH control, 
friction reducers, gelling agents and gel 
stabilizers 
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No. Chemical namea CASRN 
Percent of 

disclosuresb 

Additives in which chemical is used  
(four most common, EPA FracFocus 1.0 
project database)c  

14 Ethanol 64-17-5 29% Surfactants, biocides, corrosion inhibitors, fluid 
foaming agents and energizers 

15 Acetic acid 64-19-7 24% pH control, iron control agents, acids, gelling 
agents and stabilizers 

16 Citric acid 77-92-9 24% Iron control agents, scale control, gelling 
agents and gel stabilizers, pH control 

17 2-Butoxyethanol 111-76-2 21% Surfactants, corrosion inhibitors, non-
emulsifiers, fluid foaming agents and 
energizers 

18 Sodium chloride 7647-14-5 21% Breakers/breaker catalysts, friction reducers, 
scale control, clay control 

19 Solvent naphtha, 
petroleum, heavy arom.f 

64742-94-5 21% Surfactants, non-emulsifiers, inhibitors, 
corrosion inhibitors 

20 Naphthalene 91-20-3 19% Surfactants, non-emulsifiers, corrosion 
inhibitors, inhibitors 

21 2,2-Dibromo-3-
nitrilopropionamide 

10222-01-2 16% Biocides, clean perforations, breakers and 
breaker catalysts, non-emulsifiers 

22 Phenolic resin 9003-35-4 14% Proppants, biocides, clean perforations, base 
fluid 

23 Choline chloride 67-48-1 14% Clay control, clean perforations, base fluid, 
biocides 

24 Methenamine 100-97-0 14% Proppants, crosslinkers and related additives, 
biocides, base fluid 

25 Carbonic acid, 
dipotassium salt 

584-08-7 13% pH control, proppants, acids, surfactants 

26 1,2,4-Trimethylbenzene 95-63-6 13% Surfactants, non-emulsifiers, corrosion 
inhibitors, inhibitors 

27 Quaternary ammonium 
compounds, benzyl-C12-
16-alkyldimethyl, 
chloridesg 

68424-85-1 12% Biocides, non-emulsifiers, corrosion inhibitors, 
scale control 

28 Poly(oxy-1,2-ethanediyl)-
nonylphenyl-hydroxy 
(mixture)h 

127087-87-0 12% Surfactants, friction reducers, non-emulsifiers, 
inhibitors 

29 Formic acid 64-18-6 12% Corrosion inhibitors, acids, inhibitors, pH 
control 
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No. Chemical namea CASRN 
Percent of 

disclosuresb 

Additives in which chemical is used  
(four most common, EPA FracFocus 1.0 
project database)c  

30 Sodium chlorite 7758-19-2 11% Breakers/breaker catalysts, biocides, oxidizer, 
proppants 

31 Nonyl phenol ethoxylate 9016-45-9 11% Non-emulsifiers, resin curing agents, 
activators, friction reducers 

32 Tetrakis(hydroxymethyl) 
phosphonium sulfate 

55566-30-8 11% biocides, scale control, clay control 

33 Polyethylene glycol 25322-68-3 11% Biocides, non-emulsifiers, surfactants, clay 
control 

34 Ammonium chloride 12125-02-9 10% Friction reducers, crosslinkers and related 
additives, scale control, clay control 

35 Sodium persulfate 7775-27-1 10% Breakers and breaker catalysts, oxidizer, pH 
control 

a Chemical refers to chemical substances with a single CASRN; these may be pure chemicals (e.g., methanol) or chemical 
mixtures (e.g., hydrotreated light petroleum distillates). Chemical names are sometimes different between FracFocus 1.0 and 
Appendix H, though they will have the same CASRN. 
b Analysis considered 34,675 disclosures and 676,376 ingredient records that met selected quality assurance criteria, including: 
completely parsed; unique combination of fracture date and API well number; fracture date between January 1, 2011, and 
February 28, 2013; valid CASRN; and valid concentrations. Disclosures that did not meet quality assurance criteria (3,855) or 
other, query-specific criteria were excluded from analysis. 
C Analysis considered 32,885 disclosures and 615,436 ingredient records that met selected quality assurance criteria, including: 
completely parsed; unique combination of fracture date and API well number; fracture date between January 1, 2011, and 
February 28, 2013; valid CASRN; valid concentrations; and valid purpose. Disclosures that did not meet quality assurance 
criteria (5,645) or other, query-specific criteria were excluded from analysis. 
d Hydrotreated light petroleum distillates (CASRN 64742-47-8) is a mixture of hydrocarbons, in the C9 to C16 range. 
e Quartz (CASRN 14808-60-7), the proppant most commonly reported, and water were also reported as an ingredient in other 
additives (U.S. EPA, 2015a). 
f Heavy aromatic solvent naphtha (petroleum) (CASRN 64742-94-5) is mixture of aromatic hydrocarbons in the C9 to C16 range. 
g Quaternary ammonium compounds, benzyl-C12-16-alkyldimethyl, chlorides (CASRN 68424-85-1) is a mixture of benzalkonium 
chloride with carbon chains between 12 and 16. 
h Poly(oxy-1,2-ethanediyl)-nonylphenyl-hydroxy (mixture) (CASRN 127087-87-0) is mixture with varying length ethoxy links. 

There is no single chemical used in all hydraulic fracturing fluids across the United States. Methanol 
is the most commonly used chemical, reported at 72.1% of wells in the EPA FracFocus 1.0 project 
database and is associated with 33 types of additives, including corrosion inhibitors, surfactants, 
non-emulsifiers, and scale control (U.S. EPA, 2015c).1 Table 5-3 also shows the variability in 
different chemicals included in the EPA FracFocus 1.0 project database. The percentage of 
disclosures reporting a given chemical suggests the likelihood of that chemical’s use at a site. Only 
three chemicals (methanol, hydrotreated light petroleum distillates, and hydrochloric acid) were 
used at more than half of the sites nationwide, and only 12 were used at more than one-third.  

                                                            
1 The number of additives may be an overestimate due to parsing issues. The true number of additives may be smaller. 
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In addition to providing information on frequency of use, the EPA FracFocus 1.0 project database 
provides the maximum concentration by mass of a given chemical in an additive. For example, 
methanol is the most frequently reported chemical. The median value for the maximum mass 
concentration reported for an additive in FracFocus disclosures is 30%, with a range of 0.44% to 
100% (5th to 95th percentile).1 Thus, methanol is generally used as part of a mixture of chemicals in 
the hydraulic fracturing fluid (typically at a concentration around 30% by mass). Other times, 
methanol is used as an additive in its pure form (concentration 100%). Therefore, methanol will 
sometimes be stored on-site in a mixture of chemicals and other times as pure methanol. This wide 
range of possible concentrations of methanol further complicates assessing the potential impact of 
spills, as the properties of the fluid will depend on the different chemicals present and on their 
concentrations. For all chemicals, spills of a highly concentrated chemical can have different 
potential impacts than spills of dilute mixtures. For more discussion on fluid and additive chemical 
composition, see Section 5.4.5. 

A more recent study of FracFocus 2.0 data evaluated disclosures dating from March 9, 2011 to April 
13, 2015 (96,449 disclosures) and reported 981 unique chemicals used in hydraulic fracturing 
(Dayalu and Konschnik, 2016; Konschnik and Dayalu, 2016). The earlier, EPA study (covering the 
2011 to early 2013 time period) found 692 chemicals (U.S. EPA, 2015a). Konschnik and Dayalu 
(2016) identified 263 new CASRNs in addition to the 1,084 identified by the EPA (Appendix H), 
increasing the number of chemicals by approximately 24%. Of the new CASRNs, the only chemical 
reported in more than 1% of all disclosures was Alcohols, C9-11-iso-,C10-rich, ethoxylated 
propoxylated (CASRN 154518-36-2).  

The 20 most common chemicals reported in Konschnik and Dayalu (2016) are similar to those 
listed in Table 5-3. There are three chemicals reported on their 20 most common list that are not 
included in Table 5-3. These chemicals are: sorbitan, mono-(9Z)-9-octadecenoate (CASRN 1338-43-
8, reported in 29.6% disclosures (Konschnik and Dayalu, 2016) vs. 4% (U.S. EPA, 2015c), 
ethoxylated C12-16 alcohols (CASRN 68551-12-2, 27.9% vs. 4%), and thiourea polymer (CASRN 
68527-49-1, 24.8% vs. 8%). Ammonium chloride was on each list, but disclosures increased from 
10% to 30.5%. Four chemicals in Table 5-3 were not on their 20 most frequently used list: solvent 
naphtha, petroleum, heavy arom. (CASRN 64742-94-5), naphthalene (CASRN 91-20-3), 2,2-
Dibromo-3-nitrilopropionamide (CASRN 10222-01-2), and phenolic resin (CASRN 9003-35-4). 

5.4.2 Nationwide Oil versus Gas  

Analyses based on the EPA FracFocus 1.0 project database also can elucidate the differences 
between the chemicals used during hydraulic fracturing for oil production and those used for gas 
production, providing a better understanding of potential spill impacts from each. Appendix Tables 
C-1 and C-2 present the chemicals reported in at least 10% of all gas (34 chemicals) and oil (39 
chemicals) disclosures nationwide.  

                                                            
1 For more information on how chemicals are reported to FracFocus see www.fracfocus.org and U.S. EPA (2015a). 
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Many of the same chemicals are used for oil and gas, but some chemicals are used more frequently 
in oil production and others more frequently in gas.1 For example, hydrochloric acid is the most 
commonly reported chemical for gas wells (73% of disclosures); it is the fifth most frequently 
reported chemical for oil wells (58% of disclosures). However, both oil and gas operators each 
reports using methanol in 72% of disclosures. Methanol is the most common chemical used in 
hydraulic fracturing fluids at oil wells and the second most common chemical in hydraulic 
fracturing fluids at gas wells.  

5.4.3 State-by-State Frequency of Use of Hydraulic Fracturing Chemicals 

The composition of hydraulic fracturing fluids varies from site to site. Since the impacts of hydraulic 
fracturing occur locally, the potential impact depends on the chemicals used locally. We 
investigated geographic variation of chemical use based on the frequency of chemicals reported to 
FracFocus and included in the EPA FracFocus 1.0 project database by state (U.S. EPA, 2015c). 
Appendix Table C-3 presents and ranks chemicals reported most frequently for each state (U.S. EPA, 
2015c). The list of the 20 most frequently reported chemicals used in each state together include 94 
unique chemicals. A total of 94 chemicals indicates some level of similarity in chemical usage among 
states.2 

Methanol is reported in 19 of the 20 states (95%). Alaska is the only state in which methanol is not 
reported (based on the state’s 20 disclosures). The percentage of disclosures reporting use of 
methanol ranges from 38% (Wyoming) to 100% (Alabama, Arkansas).  

Ten chemicals (excluding water) are among the 20 most frequently reported in 14 of the 20 states. 
These chemicals are: methanol; hydrotreated light petroleum distillates; ethylene glycol; 
isopropanol; quartz; sodium hydroxide; ethanol; guar gum; hydrochloric acid; and peroxydisulfuric 
acid, diammonium salt.3 These 10 chemicals are also the most frequently reported chemicals 
nationwide.  

This state analysis showed that methanol is used across the contiguous U.S. (not Alaska). There are 
9 other chemicals that are frequently used across the United States. Beyond those, however, there 
are a number of different chemicals that are used in one state more commonly than others, and 
many chemicals may not be used at all in other states.  

                                                            
1 This separation was done solely based on whether it was an oil or gas disclosure. The analysis did not separate out 
reservoir factors, such as temperature, pressure, or permeability, which may be important factors for which chemicals are 
used. There is no nationwide criterion to distinguish oil wells from gas wells. Production wells often produce some of 
both. A well identified as gas-producing in one place might be identified as oil-producing in another. This could affect the 
distribution of chemical use among these wells. 
2 The range of possible number of chemicals is from 20 to 400. If every state used the same 20 chemicals, there would be 
20 different chemicals. If all 20 states each used 20 different chemicals, then there would be a total of 400 chemicals used. 
3 Quartz was the most commonly reported proppant and also reported as an ingredient in other additives (U.S. EPA, 
2015a). 
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5.4.4 Volume of Chemical Use 

Understanding the volume of chemicals used at each site is important for understanding potential 
impacts of chemicals as well as potential severity of impacts on drinking water resources. The 
chemical volume governs how much will be stored on-site, the types of containers required, the 
total amount that could spill, and how much could end up in a drinking water resource. While the 
on-site hydraulic fracturing service company has precise knowledge of the composition and volume 
of chemicals stored on-site, this information is not generally publicly available. We conducted a 
comprehensive review of publicly available sources and found two sources (OSHA, 2014a, b; 
Sjolander et al., 2011) that identify specific chemicals used at a hydraulic fracturing site and 
provide information on volumes. These are presented in Table 5-4. The volume of chemicals totaled 
7,500 gal (28,000 L) and 14,700 gal (55,600 L) for the two sources, with a mean volume for an 
individual chemical of 1,900 gal (7,200 L) and 1,225 gal (4,637 L), respectively. The range of 
volumes for each chemical used is 30 to 3,690 gal (114 to 14,000 L).  

Table 5-4. Example list of chemicals and chemical volumes used in hydraulic fracturing.  
Volumes are for wells with an unknown number of stages and at least one perforation zone. Every well and fluid 
formulation is unique. Blank cells are data not reported.  

  Sjolander et al. (2011)a  OSHA (2014a, 2014b)b  

Ingredient Examples 
Volume (gal)  
or mass (lb) 

Percent  
overallc 

Volume  
(gal) 

Percent by 
volume 

Water  4,000,000 gal 94.62 2,700,000 gal 90 

Proppant Sand ~ 1,500,000 lbd 5.26 285,300 gal 9.51 

Acid Hydrochloric acid 
or muriatic acid 

1,338 gal 0.03 3,690 gal 0.123 

Friction reducer Polyacrylamide, 
mineral oil 

2,040 gal 0.05 2,640 gal 0.088 

Surfactant Isopropanol   2,550 gal 0.085 

Potassium 
chloride 

   1,800 0.06 

Gelling agent Guar gum or 
hydroxymethyl 
cellulose 

-e -e 1,680 0.056 

Scale inhibitor Ethylene glycol, 
alcohol, and 
sodium 
hydroxide 

2,040 gal 0.05 1,290 0.043 

pH buffer  Carbonate   330 0.011 

Preservative Ammonium 
persulfate 

  300 0.01 
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  Sjolander et al. (2011)a  OSHA (2014a, 2014b)b  

Ingredient Examples 
Volume (gal)  
or mass (lb) 

Percent  
overallc 

Volume  
(gal) 

Percent by 
volume 

Crosslinker Borate salts -e -e 210 0.007 

Iron control Citric acid -e -e 120 0.004 

Corrosion 
inhibitor 

n,n-Dimethyl 
formamide 

-e -e 60 0.002 

Biocide / 
antimicrobial 
agent 

Glutaraldehyde, 
ethanol, 
methanol 

2,040 gal 0.05 30 0.001 

Gel-breaker Ammonium 
persulfate 

-e -e   

Total volume of all chemicals  7,458 gal 0.18 14,700 0.49 

Individual chemical volume: mean 
(full range) 

 1,864.5 gal  
(1,338 – 2,040 gal) 

 1,225  
(30 – 3,690) 

 

a Adapted from Penn State “Water Facts” publication entitled Introduction to Hydrofracturing (Sjolander et al., 2011). 
Composite from two companies: Range Resources, LLC, and Chesapeake Energy, which released in July 2010 the chemistry and 
volume of materials typically used in their well completions and stimulations. 
b Adapted from a table generated by the Occupational Safety and Health Administration (OSHA) for use in a training module 
(OSHA, 2014a, b). 
c As presented in Sjolander et al. (2011); does not explicitly state percent by mass or by volume. 
d Sjolander et al. (2011) presents proppant in pounds instead of gallons.  
e Listed as an ingredient, but no information on volume or percentage. 

Because of the limited information on chemical volumes publicly available, we estimated chemical 
volumes used across the nation based on the information provided in the EPA FracFocus 1.0 project 
database. Figure 5-5 plots median estimated chemical volumes, ranked from high to low, with the 
range of 5th to 95th percentiles. Estimated volumes used are presented for the 74 chemicals that 
were reported in at least 100 disclosures in the EPA FracFocus 1.0 project database and for which 
density data were available. The estimated median volumes vary widely among the different 
chemicals, covering a range of near zero to 27,000 gal (98,000 L). The mean of the estimated 
median volumes was 650 gal (2,500 L), and the mean of the estimated median mass was 3,200 lb 
(1,500 kg) (U.S. EPA, 2015c). Mass, volume, and density data are presented in Appendix C along 
with the estimation methodology and assumptions used. 

With the median chemical volume, we can estimate total chemical volume for all chemicals used. 
Based on the above mean of median chemical volumes of 650 gal (2,500 L) per chemical, and given 
that the median number of chemicals used at a site is 14 (U.S. EPA, 2015a), an estimated 9,100 gal 
(34,000 L) of chemicals may be used per well. Given that the number of chemicals per well ranges 
from 4 to 28 (U.S. EPA, 2015a), the total volume of chemicals per well may range from 2,600 to 
18,000 gal (9,800 to 69,000 L).  
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Another way to estimate total volume of chemicals per well is to use the estimated median volume 
of 1.5 million gal (5.7 million L) of fluid used to fracture a well (U.S. EPA, 2015a) (Chapter 4) and 
assume that up to 2% of that volume consists of chemicals added to base fluid (Carter et al., 2013; 
Knappe and Fireline, 2012), resulting in up to 30,000 gal (114,000 L) of chemicals used per well.  

Using the estimated volume per chemical of 650 gal (2,500 L), we can also estimate volume per 
additive and extrapolate to estimate on-site chemical storage. If we assume three to five chemicals 
per additive, then total volume per additive stored on-site would be approximately 1,900 to 3,200 
gal (7,400 to 12,000 L). On-site containers generally store 20% to 100% more additive volume than 
ultimately used (Houston et al., 2009; Malone and Ely, 2007). This would suggest that 2,300 to 
6,500 gal (8,800 to 25,000 L) per additive are stored on site.  

 
Figure 5-5. Estimated median volumes for 74 chemicals reported in at least 100 disclosures in 
the FracFocus 1.0 project database for use in hydraulic fracturing from January 1, 2011 to 
February 28, 2013.  
Chemicals are plotted in order of largest to smallest median volume. Shaded area represents the zone of 5% and 
95% confidence limits. Derived from U.S. EPA (2015c). 

5.4.5 Chemical Composition of Hydraulic Fracturing Fluids and Additives 

As the hydraulic fracturing process proceeds, the composition of the fluid injected changes over 
time. The overall composition of additives and hydraulic fracturing fluid may be reported by well 
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operators to the FracFocus national registry, depending on the local disclosure requirements and 
operator preference. For each chemical that is injected into a well (excluding CBI chemicals), the 
maximum concentration in the resulting overall fluid and in each additive is given as maximum 
percent by mass. Based on this information, we calculated the median chemical composition 
reported in at least 10% of the disclosures in the EPA FracFocus 1.0 project database (Table 5-3) 
and a range based on the 5th and 95th percentile. Table 5-5 shows that some chemicals may be used 
in their pure form (100% of mass in a given additive). These chemicals include: methanol, 
hydrochloric acid, water, isopropanol, guar gum, citric acid, 2,2-Dibromo-3-nitrilopropionamide, 
tetrakis(hydroxymethyl) phosphonium sulfate, and sodium persulfate.  

Chemicals may be stored in their concentrated, pure form, resulting in the potential for spills of 
concentrated volumes of these chemicals, which may increase the severity of impacts if they reach a 
drinking water resource. Once chemicals are mixed with the base fluid to form the hydraulic 
fracturing fluid, the chemical is diluted to much lower concentrations, which has the potential for a 
less severe impact. However, a larger volume of spill could occur with smaller concentrations. The 
larger volume may increase the potential for a spill reaching a drinking water resource, albeit at a 
lower concentration. There is the further complication of the hazard of the associated chemicals, 
since a smaller mass of a more hazardous chemical may be of more concern than a larger mass of a 
less hazardous chemical (as discussed in Chapter 9). It is therefore impossible to make a general 
statement without more detail on the spill characteristics, including the hazard, concentration, and 
volume. 

Appendix Table C-6 provides mean, median, 5th and 95th percentile mass (kg) estimates for all 
reported chemicals in 100 or more disclosures in the EPA FracFocus 1.0 project database where 
density information was available. 

Table 5-5. Fluid and additive composition by maximum mass percent.  
Median, 5th and 95th percentile maximum concentration in hydraulic fracturing fluid and in additive (percent by 
mass) for the chemicals identified in the EPA FracFocus 1.0 project database in 10% or more disclosures. See Table 
5-3 for percentage of disclosures and the common additives for which these chemicals are used. Analysis 
considered 34,675 disclosures and 676,376 ingredient records that met selected quality assurance criteria, 
including: completely parsed; unique combination of fracture date and API well number; fracture date between 
January 1, 2011, and February 28, 2013; valid CASRN; and valid concentrations. Disclosures that did not meet 
quality assurance criteria (3,855) or other, query-specific criteria were excluded from analysis. 

 
  

Maximum concentration in 
hydraulic fracturing fluid 

(percent by mass)   
Maximum concentration in 
additive (percent by mass) 

 

EPA-standardized 
chemical name 

  
5th 

Percentile 
95th 

Percentile 

 
5th 

Percentile 
95th 

Percentile CASRN Median Median 

Methanol 67-56-1 0.0092 0.00011 0.12 30 0.44 100 

Distillates, petroleum, 
hydrotreated light 64742-47-8 0.025 0.0013 0.35 30 0.70 70 

Hydrochloric acid 7647-01-0 0.15 0.0083 1.3 15 2.8 60 
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Maximum concentration in 
hydraulic fracturing fluid 

(percent by mass)   
Maximum concentration in 
additive (percent by mass) 

 

EPA-standardized 
chemical name 

  
5th 

Percentile 
95th 

Percentile 

 
5th 

Percentile 
95th 

Percentile CASRN Median Median 

Water 7732-18-5 0.53 0.00065 82 65 5.0 100 

Isopropanol 67-63-0 0.0038 0.000020 0.15 20 0.30 100 

Ethylene glycol 107-21-1 0.016 0.00027 0.11 30 0.59 60 

Peroxydisulfuric acid, 
diammonium salt 7727-54-0 0.0069 0.00010 0.064 100 0.11 100 

Sodium hydroxide 1310-73-2 0.0092 0.000040 0.077 10 0.085 52 

Guar gum 9000-30-0 0.16 0.0019 0.42 50 1.6 100 

Quartz 14808-60-7 0.0033 0.000030 12 2.0 0.10 97 

Glutaraldehyde 111-30-8 0.0072 0.00039 0.023 27 0.040 60 

Propargyl alcohol 107-19-7 0.00015 0.000010 0.0028 8.0 0.0032 30 

Potassium hydroxide 1310-58-3 0.0070 0 0.053 15 0.14 50 

Ethanol 64-17-5 0.0034 0.000060 0.098 30 1.0 60 

Acetic acid 64-19-7 0.0033 0 0.037 50 1.0 90 

Citric acid 77-92-9 0.0027 0.000060 0.017 60 7.0 100 

2-Butoxyethanol 111-76-2 0.0047 0 0.14 10 0.29 60 

Sodium chloride 7647-14-5 0.0083 0 0.14 30 0.020 50 

Solvent naphtha, 
petroleum, heavy arom. 64742-94-5 0.0051 0.000020 0.035 10 0.00052 30 

Naphthalene 91-20-3 0.0014 0 0.0055 5.0 0.0023 5.0 

2,2-Dibromo-3-
nitrilopropionamide 10222-01-2 0.0018 0.000010 0.022 98 10 100 

Phenolic resin 9003-35-4 0.12 0.0046 1.1 5.0 0.80 20 

Choline chloride 67-48-1 0.062 0.00068 0.14 75 0.75 80 

Methenamine 100-97-0 0.010 0 0.21 1.0 0 2.0 

Carbonic acid, 
dipotassium salt 584-08-7 0.039 0 0.15 60 30 60 

1,2,4-Trimethylbenzene 95-63-6 0.00067 0 0.0068 1.0 0.010 20 
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Maximum concentration in 
hydraulic fracturing fluid 

(percent by mass)   
Maximum concentration in 
additive (percent by mass) 

 

EPA-standardized 
chemical name 

  
5th 

Percentile 
95th 

Percentile 

 
5th 

Percentile 
95th 

Percentile CASRN Median Median 

Quaternary ammonium 
compounds, benzyl-
C12-16-alkyldimethyl, 
chlorides 

68424-85-1 0.0019 0 0.0041 7.0 3.0 10 

Poly(oxy-1,2-
ethanediyl)-
nonylphenyl-hydroxy 
(mixture) 

127087-87-0 0.0025 0.000010 0.0089 5.0 5.0 10 

Formic acid 64-18-6 0.0021 0 0.030 60 0.11 98 

Sodium chlorite 7758-19-2 0.0040 0.00018 0.037 10 5.0 30 

Nonyl phenol 
ethoxylate 9016-45-9 0.0088 0.000030 0.085 10 5.0 54 

Tetrakis(hydroxymethyl) 
phosphonium sulfate 55566-30-8 0.011 0.00025 0.065 60 0.029 100 

Polyethylene glycol 25322-68-3 0.0035 0.000010 0.038 20 0.0071 70 

Ammonium chloride 12125-02-9 0.0025 0.00029 0.022 10 1.5 30 

Sodium persulfate 7775-27-1 0.0017 0.000020 0.022 100 100 100 

5.5 Chemical Management and Spill Potential 

This section provides a description of the primary equipment used in the chemical mixing and well 
injection processes, along with a discussion of the spill vulnerabilities specific to each piece of 
equipment. Equipment breakdown or failure can trigger a spill itself, and it can also lead to a 
suspension of activity and the disconnection and reconnection of various pipes, hoses, and 
containers. Each manipulation of equipment poses additional potential for a spill. The EPA found 
that 31% of chemical spills on or near the well pad related to hydraulic fracturing resulted from 
equipment failure (U.S. EPA, 2015m). When possible, we describe documented spills, associated 
with or attributed to specific pieces of equipment, in text boxes in the relevant subsections.  

Equipment used in hydraulic fracturing operations typically consists of chemical storage trucks, oil 
storage tanks/tanker trucks; a slurry blender; one or more high-pressure, high-volume fracturing 
pumps; the main manifold; surface lines and hoses; and a central control unit (Table 5-6). There are 
many potential sources for leaks and spills in this interconnected system. Furthermore, hydraulic 
fracturing operations are mobile and must be assembled at each well site, and each assembly and 
disassembly presents a potential for spills.  
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Equipment varies in age and technological advancement depending upon service company 
standards and costs associated with purchase and maintenance. Older equipment may have 
experienced wear and tear, which may be a factor in spills caused by equipment failure. New 
equipment may be more automated, potentially reducing opportunities for human error. 
Information detailing the extent of technological and age differences in fracturing equipment across 
sites and operators is limited.  

Table 5-6. Examples of typical hydraulic fracturing equipment and its function. 

Equipment Function 

Acid transport truck Transports acids to job sites; the truck has separate compartments for 
multiple acids or additives.  

Chemical storage truck Transports chemicals to the site in separate containment units or totes. 
Chemicals are typically stored on and pumped from the chemical storage 
truck. 

Base fluid tanks Stores the required volume of base fluid to be used in the hydraulic 
fracturing process. 

Proppant storage units Holds proppant and feeds it to the blender via a large conveyor belt. 

Blender Takes fluid (e.g., water) from the fracturing tanks and proppant (e.g., sand) 
from the proppant storage unit and combines them with additives before 
transferring the mixture to the fracturing pumps 

High-pressure fracturing pumps Pressurizes mixed fluids received from the blender and injected into the well. 

Manifold trailer with hoses and 
pipes 

Serves as a transfer station for all fluids. Includes a trailer with a system of 
hoses and pipes connecting the blender, the high-pressure pumps, and the 
fracturing wellhead. 

Fracturing wellhead or frac head Allows fracture equipment to be attached to the well; located at the 
wellhead. 

Central control unit or frac van Monitors the hydraulic fracturing job using pressure and rate data supplied 
from around the job site. 

While the primary equipment and layout are generally the same across well sites, the type, size, and 
number of pieces of equipment may vary depending on a number of factors (Malone and Ely, 2007): 

• Size and type of the fracture treatment;
o Length of well and number of stages;
o Number of wells drilled per well pad;
o Geographic location;
o Depth below surface;
o Length of the fractures; 
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• Volumes and types of additives, proppants, and fluids used; and  

• Operating procedures of the well operator and service company (e.g., some companies 
require backup systems in case of mechanical failure, while others do not). 

Figure 5-6 provides a schematic diagram of a typical layout of hydraulic fracturing equipment.  

 
Figure 5-6. Typical hydraulic fracturing equipment layout.  
This illustration shows how the various components of a typical hydraulic fracturing site fit together. The numbers 
of pumps and tanks vary from site to site. Some sites do not use a hydration unit as the gel is batch mixed prior to 
the treatment (Olson, 2011; BJ Services Company, 2009). 

5.5.1 Storage 

This section provides an overview of publicly available information on storage and containment of 
chemicals used in the hydraulic fracturing process. Most public sources provide general 
information on the types and sizes of containment units. While operators maintain a precise 
inventory of volumes of chemicals stored and used for each site, this information is typically not 
made public. 

The volumes of each chemical used are based on the size and site-specific characteristics of each 
fracture treatment. Sites often store an excess of the design volume of chemicals for contingency 
purposes, typically 20% to 100% beyond what is necessary (Houston et al., 2009; Malone and Ely, 
2007). See Text Box 5-3 for documented spills from storage units. 
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Text Box 5-3. Spills from Storage Units.  

Of the 151 spills of chemicals, additives, or fracturing fluid discussed and evaluated in (U.S. EPA, 2015m) (see 
Text Box 5-10 for more information), 54 spills were from storage units. Storage units include totes or tanks 
used for storing individual chemicals or additives and larger tanks containing hydraulic fracturing fluid. 
These spills resulted from equipment failure, failure of storage integrity, or human error. Sixteen of 
these spills were due to failure of container integrity, which includes holes and cracks in containers, 
demonstrating the importance of properly constructed and maintained storage units. The remaining spills 
from storage containers resulted from human error or equipment malfunctions or had an unknown cause. 

5.5.1.1 Hydraulic Fracturing Base Fluid Storage 

Base fluids used in hydraulic fracturing are typically stored on-site in large volume tanks. Non-
water-based fluids may be stored in specialized containment units designed to prevent or minimize 
releases. For example, nitrogen and carbon dioxide must be stored in compressed gas or cryogenic 
liquid cylinders, as required by U.S. Department of Transportation (DOT) and OSHA regulations. 
Due to the large volume of base fluid storage tanks (about 21,000 gal or 80,000 L) (Halliburton, 
1988), uncontrolled spills could damage other storage units and equipment, which could result in 
additional spills. Fresh water used as a base fluid is generally not a source of concern for spills. 
Reused wastewater, brine, and non-aqueous base fluids have the potential to adversely impact 
drinking water resources in the event of a spill. Chapter 7 discusses reusing hydraulic fracturing 
wastewater as a base fluid and the spill/release potential on-site from pits and impoundments. 

5.5.1.2 Additive Storage 

Additives are typically stored on-site in the containers in which they were transported and 
delivered. The additive trailer typically consists of a flatbed truck or van enclosure that holds a 
number of chemical totes, described below, and is equipped with metering pumps that feed 
chemicals to the blender. Depending on the size and type of the fracturing operation, there may be 
one or more additive trailers per site (NYSDEC, 2015; ALL Consulting, 2012). While additives 
constitute a relatively small portion of fluids used in a hydraulic fracturing fluid, additive volumes 
can range from the tens to tens of thousands of gallons. 

The storage totes generally remain on the transportation trailers, but they also may be unloaded 
from the trailers and transferred to alternative storage areas before use. Our investigation did not 
find much information on how often, when, or why these transfers occur. Additional transfers and 
movement can increase the likelihood of a spill. See Text Box 5-4 for a documented spill from an 
additive storage unit. 

Text Box 5-4. Spill from Additive (Crosslinker) Storage Tote.  

On Sept 19, 2009, during a tote transfer in Pennsylvania, a tote of crosslinker fell off a forklift spilling 
approximately 15 – 20 gal (60 – 80 L) onto the well pad. The area was scraped clean with a backhoe, and the 
waste was placed in a lined containment area (PA DEP, 2012, ID# 1845178). 

WG Ex. 34

1361

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711895
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2773032
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2773032
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3445203
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2100917
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3445182


Chapter 5 – Chemical Mixing 

 

 

5-35 

The most commonly used chemical totes are 200 – 375 gal (760 – 1,420 L) capacity polyethylene 
containers that may be reinforced with steel or aluminum mesh (NYSDEC, 2015). Metal containers 
may also be used. The totes are typically equipped with bottom release ports, which enable direct 
feed of the additives to the blending equipment (NYSDEC, 2015). Spills may occur if lines are 
improperly connected to these ports or if the connection equipment is faulty.  

 
Figure 5-7. Metal and high-density polyethylene (HDPE) additive units.  
The image on the left depicts metal totes (industry source). The image on the right depicts plastic totes. Source: 
NYSDEC (2011).  

Certain additives require specialized containment units with added spill prevention measures. For 
example, additives containing methanol may be subject to federal safety standards, and industry 
has developed guidance on methanol’s safe storage and handling (Methanol Institute, 2013).  

Dry additives are typically transported and stored on flatbed trucks in 50 or 55 lb (23 or 25 kg) 
bags, which are set on pallets containing 40 bags each (NYSDEC, 2015; UWS, 2008; Halliburton, 
1988). Proppants are stored on-site in large tanks or bins with typical capacities of 350,000 to 
450,000 lb (150,000 to 200,000 kg) (ALL Consulting, 2012; BJ Services Company, 2009; 
Halliburton, 1988). 

5.5.1.3 Acid Storage 

Acids are generally stored on-site in the containment units in which they are transported and 
delivered. A typical acid transport truck holds up to 5,000 gal (19,000 L) of acid and can have 
multiple compartments to hold different kinds of acid (Arthur et al., 2009b). Acids such as 
hydrochloric acid and formic acid are corrosive and can be extremely hazardous in concentrated 
form. Therefore, acid transport trailers and fracture tanks must be lined with chemical-resistant 
coating designed to prevent leakage and must meet applicable DOT regulatory standards (pursuant 
to 40 Code of Federal Regulations (CFR) 173) designed to prevent or minimize spills. 

Acid fracture treatments may use thousands of gallons of acid per treatment (Spellman, 2012). 
Given the large volumes used, failure of containment vessels during storage or failure of 
connections and hoses during pumping could result in high-volume acid spills. Details of a 
documented acid spill are presented in Text Box 5-5. 
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Text Box 5-5. Spill of Acid from Storage Container. 

In July 2014, in Oklahoma, 20,000 gal (76,000 L) of hydrochloric acid spilled from a storage container when a 
flange malfunctioned. The acid spilled into a nearby alfalfa field, where it was contained with an emergency 
berm (Phillips, 2014; Wertz, 2014). There is no information on how much leached into soils or if the spill 
reached drinking water resources.  

5.5.1.4 Gel Storage 

Gels can be added to hydraulic fracturing fluid using either batch or continuous (also called “on-the-
fly”) mixing systems. Gelling agents and gel slurries are stored differently on-site and can pose 
different potential spill scenarios depending on whether the site is using batch or continuous 
mixing processes (BJ Services Company, 2009). 

In a typical batch mixing process, powdered gelling agents and related additives (e.g., buffers, 
surfactants, biocides) are mixed on-site with base fluid water and proppant in large tanks, typically 
20,000 gal (80,000 L)(BJ Services Company, 2009; Halliburton, 1988). The number of gel slurry 
tanks used varies based on site-specific conditions and the size of the fracture job. These tanks can 
be subject to leaks or overflow during the batch mixing process and during storage prior to 
injection. One of the disadvantages of batch mixing is the need for multiple suction hoses to draw 
pre-gelled fluids from storage tanks into the blender, if used, which can increase the potential for 
spills. Yeager and Bailey (2013) state that a drawback of batch mixing is the “fluid spillage and 
location mess encountered when pre-mixing tanks,” suggesting that small spills are not uncommon 
during batch mixing. Details of a documented gel slurry spill are presented in Text Box 5-6. Details 
of a documented gel slurry spill are presented in Text Box 5-6. 

Text Box 5-6. Spill of Gel Slurry during Mixing. 

On April 9, 2010, in Louisiana, a company was mixing a gel slurry for an upcoming fracture job. The tank had 
developed a crack, which allowed approximately 10,000 gal (38,000 L) of water mixed with 60 gal (230 L) of 
gel to leak out. The mixture did not reach a water receptor, and absorbents were used to clean up the gel 
(LDEQ, 2013). 

In continuous mixing operations, powdered gels are typically replaced with liquid gel concentrates 
(Allen, 2013; BJ Services Company, 2009). Operators prepare dilute gelling agents as needed using 
specialized hydration units (BJ Services Company, 2009). Liquid gel concentrates may be stored on-
site in single-purpose tanker trucks (Harms and Yeager, 1987) but are more often stored in 
specialized mixing and hydration units (Ayala et al., 2006). Continuous mixing requires less 
preparation than batch mixing but typically requires more equipment (BJ Services Company, 2009; 
Browne and Lukocs, 1999). This can increase the possibility for spills resulting from equipment 
malfunctions or human error. 
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5.5.2 Hoses and Lines 

High- and low-pressure hoses and lines are used to transfer hydraulic fracturing fluids from storage 
units to specialized mixing and pumping equipment and ultimately to the wellhead. A discussion of 
the different types of hoses and lines and possible points of failure is provided below. Figure 5-8 
shows an example of hoses and lines at a hydraulic fracturing site.  

 
Figure 5-8. Hoses and lines at a site in Arkansas. 
Photo credit: Christopher Knightes (U.S. EPA). 

Suction pumps and hoses move large volumes of base fluid to the blender. Incomplete or damaged 
seals in inlet or outlet connections can cause fluid leaks at the connection points. Improperly fitted 
seals also severely limit or eliminate suction lift, which can impair the suction pump and increase 
spill potential. Suction hoses themselves are susceptible to leaks due to wear and tear. Equipment 
providers recommend hoses be closely inspected to ensure they are in good operating condition 
prior to use (Upstream Pumping, 2015; BJ Services Company, 2009; Malone and Ely, 2007). 

Discharge hoses transfer additives from containment vessels or totes to the blender. Given the 
potential for concentrated chemicals to spill during transfer from storage totes to the blender, it is 
particularly important that these hoses are in good condition and that connector seals or washers 
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fit properly and are undamaged. Discharge hoses are also used to carry fracturing fluid pumped 
from the blender via the low-pressure manifold to the high-pressure pumps. Proppant-heavy fluids 
are pumped through discharge hoses at relatively low rates. If a sufficient flow rate is not 
maintained, proppant may settle out, damaging pumps and creating a potential for spills and leaks 
(Upstream Pumping, 2015; BJ Services Company, 2009; Malone and Ely, 2007). 

High-pressure flow lines convey pressurized fluids from the high-pressure pumps into the high-
pressure manifold and from the manifold into the wellbore. High-pressure flow lines are subject to 
erosion caused by the high-velocity movement of abrasive, proppant-laden fluid. Curved sections of 
flow lines (e.g., swivel joints) where abrasive fluids are forced to turn corners are particularly 
subject to erosion and are more likely to develop stress cracks or other defects that can result in a 
leak or spill. Safety restraints are typically used to prevent movement of flow lines such as in the 
event of failure and to help control spills. High-pressure flow lines are pressure-tested to detect 
fatigue or stress cracks prior to the fracturing treatment (OSHA, 2015; BJ Services Company, 2009; 
Arthur et al., 2008; Malone and Ely, 2007; Halliburton, 1988).  

Nineteen spills of chemicals or fracturing fluids associated with leaks from hoses or lines had a total 
spill volume of 12,756 gal (48,287 L), with a median volume of 420 gal (1,600 L) (U.S. EPA, 2015m). 

5.5.3 Blender 

The blender is the central piece of equipment used to create the fracturing fluid for injection. It 
moves, meters, and mixes precise amounts of the base fluid, additives, and proppant and pumps the 
mixed slurry to high-pressure pumping equipment (BJ Services Company, 2009; Malone and Ely, 
2007; Halliburton, 1988) (Figure 5-6). A typical blender consists of a centrifugal suction pump for 
pulling base fluid, one or more chemical metering pumps to apportion the additives, one or more 
proportioners to measure and feed proppant, and a central agitator tank where fluid components 
are mixed together.  

The blending process is monitored to ensure that a uniform mixture is maintained regardless of 
injection rates and volumes. Excessive or reduced rates of flow during treatment can cause the 
blender to malfunction or to shut down, which can result in spills (Malone and Ely, 2007; 
Halliburton, 1988). For aqueous hydraulic fracturing fluid blends, spills that occur downstream of 
the blender will be a dilute mixture (less than or equal to 2%) of chemicals. Details of a spill from a 
blender are presented in Text Box 5-7. 

Text Box 5-7. Spill of Hydraulic Fracturing Fluid from Blender. 

In May 2006, a blender malfunctioned during a fracture job in Oklahoma. Approximately 294 gal (1,110 L) of 
fluid spilled into a nearby wheat field. The fluid consisted of hydrochloric acid, clay stabilizer, diesel, and 
friction reducer. Contaminated soil was removed by the operator (OCC, 2013, ID#137000). 
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5.5.4 Manifold 

A trailer-mounted manifold and pump system functions as a central transfer station for all fluids 
used in the hydraulic fracturing operation. The manifold is a collection of low- and high-pressure 
pipes equipped with multiple fittings for connector hoses. Fluids are pumped from the blender 
through the low-pressure manifold hoses, which distribute fluids to high-pressure pump trucks. 
Pressurized slurry is sent from the pump trucks through high-pressure manifold lines and into 
additional high pressure lines that lead to the wellhead (Malone and Ely, 2007). 

Manifold and pump system components require varying amounts of manual assembly and undergo 
varying amounts of pre-testing (Malone and Ely, 2007). Improperly tested parts may be more likely 
to break or lose functionality, leading to a spill. In manifolds requiring more manual assembly, there 
may be more opportunities for human error.  

5.5.5 High-Pressure Fracturing Pumps 

High-pressure fracturing pumps take the fracturing fluid mixture from the blender, pressurize it, 
and propel it down the well. Typically, multiple high-pressure, high-volume fracturing pumps are 
needed for hydraulic fracturing (Upstream Pumping, 2015). Such pumps come in a variety of sizes. 
Bigger pumps move greater volumes of fluid at higher pressures; therefore, spills from these pumps 
can be larger. Smaller pumps can require more operators and more maintenance (BJ Services 
Company, 2009), and therefore have the potential for an increased frequency of spills.  

The “fluid ends” of hydraulic fracturing pumps are the pump components through which fluids are 
moved and pressurized. Pump fluid ends must withstand high pressure and move a large volume of 
abrasive fluid high in solids content. These pumps have multiple parts (e.g., seals, valves, seats and 
springs, plungers, stay rods, studs) that can wear out under the stress of high-pressure pumping 
(Upstream Pumping, 2015). Given the sustained pressures involved, careful maintenance of fluid 
ends is necessary to prevent equipment failure (Upstream Pumping, 2015; API, 2011). Details of a 
documented spill from a fracture pump are presented in Text Box 5-8. 

Text Box 5-8. Spill of Fluid from Fracture Pump.  

On December 19, 2011, in Arkansas, a fluid end on a fracture pump developed a leak, spilling approximately 
840 gal (3,200 L) of fracturing fluid. A vacuum truck was used to recover the spilled fluid, and all affected 
soils were neutralized and taken to a landfill at the end of the job, after removal of the equipment (Arkansas 
DEQ, 2012, ID#063012). 

5.5.6 Surface Wellhead for Fracture Stimulation 

A wellhead assembly, often referred to as a frac head or frac stack, is temporarily installed on the 
wellhead during the fracture treatment. The frac head assembly allows high volumes of high-
pressure proppant-laden fluid to be injected into the formation (OSHA, 2015; Halliburton, 2014; 
Stinger Wellhead Protection, 2010). The temporary frac head is equipped with specialized isolation 
tools so that the wellhead is protected from the effects of pressure and abrasion.  
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Figure 5-9. Multiple fracture heads.  
Source: DOE/NETL. 

As with all components of hydraulic fracturing operations, repeated and prolonged stress from 
highly pressurized, abrasive fluids may lead to equipment damage. The presence of minute holes or 
cracks in the frac head may result in leaks when pressurized fluids are pumped. In addition, surface 
blowouts or uncontrolled fluid releases may occur at the frac head because of valve failure or 
failure of other components of the assembly.1 Details of a documented frac head failure are 
presented in Text Box 5-9.  

Text Box 5-9. Spill from Frac Head Failure.  

On March 2, 2011, in Colorado, a frac head failed during fracturing operations. Approximately 8,400 gal 
(32,000 L) of slickwater fracturing fluid leaked. The majority of the spill was contained on-site, though a small 
amount ran off into a nearby cornrow. There were 5,460 gal (20,700 L) of the fluid recovered, and saturated 
soils were scraped and stockpiled on the well pad. There was a net loss of 2,940 gal (11,100 L) (COGCC, 2012, 
ID#2524586). 

                                                            
1 A well blowout is when there is uncontrolled flow of fluids out of a well. 
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5.6 Overview of Chemical Spills Data 

Spills of hydraulic fracturing fluids have occurred across the country and have affected the quality 
of drinking water resources (U.S. EPA, 2015m; Brantley et al., 2014; COGCC, 2014; Gradient, 2013).1 
Spills may infiltrate drinking water resources by reaching surface water or by leaching into the 
groundwater. Potential impacts depend upon a variety of factors including the chemical spilled, 
environmental conditions, and actions taken in response to the spill.  

5.6.1 EPA Analysis of Spills Associated with Hydraulic Fracturing 

The EPA used data gathered from state and industry sources to characterize hydraulic fracturing-
related spills between January 2006 and April 2012 (2015m) (see Text Box 5-10 for additional 
information). In this study, the sources had data on over 36,000 spills. Of these spills, the EPA 
identified 457 spills that occurred on or near the well pad and definitively related to hydraulic 
fracturing. Of these 457 spills, 151 were related to the chemical mixing process – spills that 
consisted of chemicals, additives, or fracturing fluids. Information in the spill reports included: spill 
causes (e.g., human error, equipment failure), sources (e.g., storage tank, hose or line), volumes, and 
environmental receptors. Spill reports contain little information on chemical-specific spill 
composition. Spilled fluids were often described by their additive type (e.g., acids, biocides, friction 
reducers, cross-linkers, gels,) or as a blended hydraulic fracturing fluid. Specific chemicals 
mentioned in spill reports included hydrochloric acid and potassium chloride. 

Text Box 5-10. EPA Review of State and Industry Spill Data: Characterization of Hydraulic 
Fracturing-Related Spills. 

As part of the EPA’s Study of the Potential Impacts of Hydraulic Fracturing for Oil and Gas on Drinking Water 
Resources, the EPA published the report titled Review of State and Industry Spill Data: Characterization of 
Hydraulic Fracturing-Related Spills (U.S. EPA, 2015m). In this document, hereafter referred to as the EPA 
spills report, the EPA used data gathered from state and industry sources to characterize hydraulic 
fracturing-related spills with respect to volumes spilled, materials spilled, sources, causes, environmental 
receptors, containment, and responses. For the purposes of the study, hydraulic fracturing-related spills were 
defined as those occurring on or near the well pad before or during the injection of hydraulic fracturing fluids 
or during the post-injection recovery of fluids. Because the main focus of this study is to identify hydraulic 
fracturing-related spills on the well pad that may reach surface or groundwater resources, the following 
topics were not included in the scope of this project: transportation-related spills, drilling mud spills, and 
spills associated with disposal through underground injection control wells.  
Data on spills that occurred between January 2006 and April 2012 were obtained from nine state agencies 
with online spill databases or other data sources, nine hydraulic fracturing service companies, and nine oil 
and gas production well operators. The data sources used in this study contained over 36,000 spills. The EPA 
searched each spill report for keywords related to hydraulic fracturing (e.g., frac, glycol, flowback). Spill 
records from approximately 12,000 spills (33 percent of the total number of spills reviewed) contained 
insufficient information to determine whether the event was related to hydraulic fracturing.  

(Text Box 5-10 is continued on the following page.) 

                                                            
1 In this assessment, a spill is considered to be any release of fluids. Spills can result from accidents, fluid management 
practices, or illegal dumping. 
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Text Box 5-10 (continued). EPA Review of State and Industry Spill Data: Characterization of 
Hydraulic Fracturing-Related Spills. 

Of the spills with sufficient information, the EPA identified approximately 24,000 spills (66%) as not related 
to hydraulic fracturing on or near the well pad. The remaining 457 spills (approximately 1%) occurred on or 
near the well pad and were definitively related to hydraulic fracturing. These 457 spills occurred in 11 
different states over six years (January 2006 to April 2012). Of these 457 spills, 151 spills were chemical 
mixing-related and included spills of chemicals, additives, and hydraulic fracturing fluid, and 225 releases 
were of produced water (Chapter 7).  

The EPA categorized spills according to the following causes: equipment failure, human error, 
failure of container integrity, other (e.g., well communication, weather, vandalism), and unknown.1 
Figure 5-10 presents the percent distribution of causes of hydraulic fracturing-related spills and for 
spills associated specifically with chemicals or fracturing fluid. The distributions for causes of 
hydraulic fracturing- and chemical mixing-related spills are similar.2 

Spills in the EPA spills report were also categorized by the following sources: storage, equipment, 
well or wellhead, hose or line, and unknown. Figure 5-11 presents the percent distribution for all 
hydraulic fracturing- and chemical mixing-related spills associated with each source.  

 
Figure 5-10. Percent distribution of the causes of spills.  
Percent distribution by spill type for (a) 457 hydraulic fracturing-related spills (all spills) and (b) 151 chemical 
mixing-related spills. Data from U.S. EPA (2015m). Legend shows categories in clockwise order, from the top left of 
each pie chart. 

                                                            
1 Well communication is when hydraulic fracturing fluids or displaced subsurface fluids move through newly created 
fractures into an offset well or its fracture network (See Section 6.3.2.3 for more details), 
2 Hydraulic fracturing-related spills are spills that occur at any phase within the hydraulic fracturing water cycle. These 
include chemicals, additives, hydraulic fracturing fluids (chemical mixing phase); produced water; and wastewater. 
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Figure 5-11. Percent distribution of the sources of spills.  
Percent distribution of spill source of (a) 457 hydraulic fracturing-related spills (all spills) and (b) 151 chemical 
mixing-related spills. Data from U.S. EPA (2015m). Legend shows categories in clockwise order, from the top left of 
each pie chart. 

Figure 5-12 presents the distribution of the number of spills for different volumes for hydraulic 
fracturing- and chemical mixing-related spills. The spills associated with chemical mixing ranged in 
volume from 5 to 19,320 gal (19 to 73,130 L), with a median volume of 420 gal (1,600 L). The 
source of largest spills was storage containers, which released approximately 83,000 gal (314,000 
L) of spilled fluid (Figure 5-13b). Spills from wells or wellheads are often associated with high spill 
volumes. There were no reported chemical mixing-related spills greater than 100,000 gal (380,000 
L) (Figure 5-15b). 

 
Figure 5-12. Distribution of the number of spills for different ranges of spill volumes.  
Number of spills due to Hydraulic Fracturing related activities and distribution of spill volumes for (a) 457 hydraulic 
fracturing-related spills (all spills) and (b) 151 chemical mixing-related spills. A value of 0% means that there were 
no spills in that category. Data from U.S. EPA (2015m).  
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Figure 5-13 presents the total volume of spills for different sources for all hydraulic fracturing-
related activity and those associated with chemicals and fracturing fluid. The reported total volume 
of 125 of 151 chemical or hydraulic fracturing fluid spills was approximately 184,000 gal 
(697,000 L). The volume was unknown for 26 of these spills.  

 
Figure 5-13. Total volume of fluids spilled from different sources.  
Total volume of fluids spilled for (a) 457 hydraulic fracturing-related spills (all spills) and (b) 151 chemical mixing-
related spills. Data from U.S. EPA (2015m). 

Figure 5-14 presents the number of spills that reached environmental receptors, by receptor type, 
for all hydraulic fracturing-related activity (Figure 5-14a) and those associated with chemicals and 
fracturing fluid (Figure 5-14b). Environmental receptors (i.e., surface water, groundwater, soil) 
were identified in 101 of the 151 chemical mixing-related spills, or 67% of all chemical and 
fracturing fluid spills in the EPA’s analysis (U.S. EPA, 2015m). Soil was by far the dominant 
environmental receptor, with 97 spills reaching soil; reported spill volumes ranged from 5 gal to 
8,300 gal (19 L to 31,000 L). Thirteen spill reports indicated that the spilled fluid had reached 
surface water; reported spill volumes ranged from 28 gal to 7,350 gal (105 L to 27,800 L). Nine spill 
reports identified both soil and surface water as a receptor; spill volumes ranged from 28 gal to 
2,856 gal (106 L to 10,800 L). Groundwater was not identified as a receptor from spills of chemicals 
or hydraulic fracturing fluid in any of the spill reports. Due to the lack of observations, it is often 
unclear if there was impact on groundwater. Movement through the subsurface is generally slow.1 
It may take years for a spilled fluid to reach groundwater or to reach a drinking water well. Thus, 
even if there is a pre-drilling characterization of groundwater chemistry in private/public wells, the 
time period of transport to actually detect a release at these private/public wells for contaminants 
that are transported at the rates of groundwater flow (see Section 5.8 for discussion on fate and 
transport of spilled chemicals). 

                                                            
1 For example, a groundwater flow rate of 1 foot per day (not uncommon) would mean it could take approximately 1,000 
days (~3 years) to travel 1,000 ft (305 m) from the well pad. Likewise, for a groundwater travel rate of 0.1 ft (0.03m) per 
day, impact would not be observed for at least 10,000 days (~27 years). For a travel rate of 10 ft (3 m) per day, the time 
for impact would be at least 100 days (~0.3 years).  
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Figure 5-14. Number of spills by environmental receptor.  
Number of hydraulic fracturing-related spills and chemical mixing-related spills that reported whether an 
environmental receptor was reached for (a) 457 hydraulic fracturing-related spills (all spills) and (b) 151 chemical 
mixing related spills. “Yes” means that the spill was reported to reach this receptor. “Unknown” refers to hydraulic 
fracturing related spill events for which environmental receptors were specified as unknown or not identified 
(positively or negatively). “No” means the spill was reported to not meet this receptor. Data from U.S. EPA 
(2015m). 

Storage units were the predominant sources of spills that reached an environmental receptor. Six 
spills from storage containers reached a surface water receptor. Thirty-eight of the spills from 
storage units reached a soil receptor. If a spill was confined to a lined well pad, for example, it might 
not have reached the soil, but most incident reports did not include whether the well pad was lined 
or unlined. Regarding spills of hydraulic fluids and chemicals from storage containers, 16 spills 
were due to failure of container integrity, which includes holes and cracks in containers, and 
overflowing containers as a result of human error or equipment malfunctions. 

5.6.2 Estimated Spill Rate and Other Spill Reports and Data 

The rate of reported spills during the hydraulic fracturing water cycle is estimated to range from 
0.4 to 12.2 reported spills for every 100 wells, based on spills data from Brantley et al. (2014), 
Gradient (2013), Rahm et al. (2015), U.S. EPA (2013a), and North Dakota Department of Health 
(2015) (Appendix E) with a median rate of 2.6 reported spills for every 100 wells. (See Appendix 
Section C.4 and Appendix Table C-8 for details.) The estimated rates provide an approximate 
estimate of the potential frequency of the number of spills at a site. It is uncertain how 
representative these rates are of national spill rates or rates in other states. These numbers are not 
specific to the chemical mixing stage. 

There are an estimated 2.6 reported spills of injected fluids and chemicals per 100 wells 
hydraulically fractured in North Dakota, based on an analysis of the North Dakota spills database 
for 2015, separate from the EPA spills report. The median spill volume of injection fluid was 1750 
gal (6620 L), with a range of 2.9 to 17,600 gal (11 to 66,600 L). The median spill volume of injection 
chemical was 44 gal (167 L), with a range of 2.1 to 126 gal (7.9 to 477 L) (see Appendix E for more 
information).  
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A study of spills reported to the Colorado Oil and Gas Conservation Commission identified 125 
spills during well stimulation (i.e., a part of the life of an oil and gas well that often, but not always, 
includes hydraulic fracturing) between January 2010 and August 2013. Of these spills, 51% were 
caused by human error and 46% were due to equipment failure (COGCC, 2014). 

Considine et al. (2012) identified spills related to oil and gas development in the Marcellus Shale 
that occurred between January 2008 and August 2011 from Notices of Violations issued by the 
Pennsylvania Department of Environmental Protection. The authors identified spills greater than 
400 gal (1,500 L) and spills less than 400 gal (1,500 L). Among these spills, spilled fluids included 
hydrochloric acid, gel friction reducer, and blended hydraulic fracturing fluid. Brantley et al. (2014) 
identified fewer than 10 instances of spills of additives and/or hydraulic fracturing fluids greater 
than 400 gal (1,500 L) that reached surface waters in Pennsylvania between January 2008 and 
September 2013. Reported spill volumes, among these spills, ranged from 3,400 gal to 227,000 gal 
(13,000 L to 859,000 L).  

Surface spills related to hydraulic fracturing activities are not well documented in the scientific 
literature. There is some evidence of spills and impacts on environmental media (e.g., U.S. EPA, 
2015i; Brantley et al., 2014; Gross et al., 2013; Papoulias and Velasco, 2013). Papoulias and Velasco 
(2013) stated that fluid overflowed a retention pit into surface water and likely contributed to the 
distress and deaths of threatened blackside dace fish in Kentucky. A variety of chemicals entered 
the creek and significantly reduced the stream’s pH and increased stream conductivity. Using data 
from post-spill sampling reports in Colorado, Gross et al. (2013) identified concentrations of 
benzene, toluene, ethylbenzene, and xylene (BTEX) in groundwater samples. They attributed this to 
numerous hydraulic fracturing-related spills, although not necessarily specifically related to the 
chemical mixing process. This work, however, demonstrate that surface spills impacted 
groundwater, with a frequency of < 0.5% of active wells. Drollette et al. (2015) reported that 
organic compounds detected in shallow aquifers were consistent with surface spills, and that diesel 
range compounds had elevated concentrations compared to gasoline range compounds, further 
suggesting evidence of feasible groundwater impact.  

5.7 Spill Prevention, Containment, and Mitigation 

Spill prevention, containment, and mitigation affect the frequency and severity of the impacts of 
spills. Several factors influence spill prevention, containment, and mitigation, including federal, 
state, and local regulations and company practices. State regulations governing spill prevention, 
containment, and mitigation at hydraulic fracturing facilities vary in scope and stringency (Powell, 
2013; GWPC, 2009). Employee training and equipment maintenance are also factors in effective 
spill prevention, containment, and mitigation. Analysis of these factors was outside the scope of this 
assessment.  

The province of New Brunswick, Canada released rules for industry on responsible environmental 
management of oil and natural gas activities (GNB, 2013). Hydraulic fracturing service companies 
themselves may develop and implement spill prevention and containment procedures. It was 
beyond the scope of this assessment to evaluate the efficacy of these practices or the extent to 
which they are implemented. 
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Spill containment systems include primary, secondary, and emergency containment systems. 
Primary containment systems are the storage units, such as tanks or totes, in which fluids are 
intentionally kept. Secondary containment systems, such as liners and berms installed during site 
set-up, are intended to contain spilled fluids until they can be cleaned up. Emergency containment 
systems, such as berms, dikes, and booms, can be implemented temporarily in response to a spill.  

The EPA investigated spill containment and mitigation measures in an analysis of spills related to 
hydraulic fracturing activities (U.S. EPA, 2015m). Of the approximately 25% of reports that 
included information on containment, the most common types of containment systems referenced 
in the hydraulic fracturing-related spill records included berms, booms, dikes, liners, and pits, 
though many of the spill reports did not indicate specific containment measures. Some spills were 
reported to breach the secondary containment systems. Breaches of berms and dikes were most 
commonly reported.  

In cases where secondary containment systems were not present or were inadequate, operators 
sometimes built emergency containment systems. The most common were berms, dikes, and 
booms, but there were also instances where ditches, pits, or absorbent materials were used to 
contain the spilled fluid. Absorbent materials were generally used when small volumes (10 – 200 
gal or 40 – 800 L) of additives or chemicals were spilled (U.S. EPA, 2015m). There was not enough 
information to detail the use of emergency containment systems or their effectiveness. 

Remediation is the action taken to clean up a spill and its affected environmental media. The most 
commonly reported remediation activity, mentioned in approximately half of the hydraulic 
fracturing-related spill records evaluated by the EPA, was removal of spilled fluid and/or affected 
media, typically soil. Other remediation methods reported in U.S. EPA (2015m) included the use of 
absorbent material, vacuum trucks, flushing the affected area with water, and neutralizing the 
spilled material. Removal activities were found to occur in various combinations. For example, a 
spill of approximately 4,200 gal (16,000 L) of acid was cleaned up by first spreading soda ash to 
neutralize the acid and then removing the affected soil (U.S. EPA, 2015m). 

5.8 Fate and Transport of Spilled Chemicals 

The fate and transport of chemicals in the environment is complex. Due to the complexities of the 
processes and the site-specific and chemical-specific nature of spills, it is difficult to develop a full 
assessment of their fate and transport. The potential for hydraulic fracturing chemicals and fluids to 
reach drinking water resources is further complicated by the fact that these chemicals are typically 
present as mixtures, and unlike many organic contaminant mixtures (e.g., gasoline, diesels, PCBs, 
PAHs), hydraulic fracturing fluid chemicals are present as complex mixtures of chemicals covering a 
range of chemical classes with varying properties, often in aqueous solutions.  

In this section, we provide a general overview of fate and transport of hydraulic fracturing-related 
chemicals spilled in the environment to give the reader a general understanding of the potential 
pathways and processes with which these chemicals can impact drinking water resources (Figure 
5-15). We also include a discussion of the physicochemical properties of the organic chemicals used 

WG Ex. 34

1374

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711895
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711895
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711895
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711895


Chapter 5 – Chemical Mixing 

 

 

5-48 

in hydraulic fracturing fluids, because these properties directly affect the transport of chemicals in 
the environment. This presentation is not meant to be exhaustive.  

A chemical spill has the potential to migrate to and have an impact on drinking water resources. 
Once spilled, there are different paths that chemicals can travel and different processes they can 
undergo. Chemicals can react and transform into other chemicals, volatilize, travel to surface water, 
leach into and partition to soils, and/or reach groundwater. The potential path and the severity of 
the impact of a spill depend on different factors, including site conditions; the length of the path to a 
drinking water resource; the type and characteristics of the drinking water resource (stream, lake, 
aquifer); environmental conditions; climate; weather; chemical properties, constituents, and 
concentrations; and the volume of the release. The point in the chemical mixing stage where the 
spill occurs affects potential impact. If the spill occurs before chemicals are mixed into the base 
fluid, the chemicals will be in a more concentrated form. If the hydraulic fracturing fluid spills, then 
the chemicals will be diluted by the base fluid and can feasibly be present in lower concentrations. 
There can also be effects on persistence and mobility due to interactions among the chemicals 
present. The total mass of spilled chemical can therefore be dependent on what stage in the process 
a spill occurs. 

 
Figure 5-15. Fate and transport schematic for a spilled hydraulic fracturing fluid.  
Schematic shows the potential paths and governing processes by which spilled chemicals can lead to potential 
impacts on drinking water resources. 
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For inorganic chemicals, the properties and processes governing fate and transport depend on pH, 
oxidation state, presence of iron oxides, soil organic matter, cation exchange capacity, and major ion 
chemistry (U.S. EPA, 1996).1 Transport of these chemicals into groundwater depends on the nature 
of groundwater flow and flow through the unsaturated zone above the water table.2 Potential 
transformations of inorganic chemicals differ from those of organic chemicals. Some inorganic 
anions (i.e., nitrate, chloride, and bromide) move with their carrier liquid and are affected mostly by 
physical transport mechanisms. For many inorganic chemicals, transport is driven by the physical 
flow processes (advection and dispersion), sorption, and precipitation. The relative role of each of 
these depends on both chemical and environmental characteristics.3,4 

Determining the fate and transport of organic chemicals and mixtures is a complex problem, 
because of the many processes and different environmental media (air, soil, water). Unlike 
inorganic chemicals, organic chemicals degrade, which can affect their movement and potential 
impact. Schwarzenbach et al. (2002) formalized a general framework for organic chemical 
transport, where transport and transformation depend on both the nature of the chemical and the 
properties of the environment. The fate and transport of organic chemicals in soils has been 
presented in the literature (e.g., Bouchard et al., 2011; Rivett et al., 2011; Abriola and Pinder, 1985a, 
b) and in textbooks (e.g., Domenico and Schwartz, 1997; Schnoor, 1996; Freeze and Cherry, 1979b).  

5.8.1 Potential Paths  

Chemicals and hydraulic fracturing fluids that are released into the environment may travel along 
different potential paths, as detailed in Figure 5-15. Liquids can flow overland to nearby surface 
water or infiltrate the subsurface, where they may eventually reach the underlying groundwater or 
travel laterally to reach surface water. Movement can occur quickly or be delayed and have a later 
or longer-term impact. Surface and groundwater gain or lose flow to each other (Chapter 2), and 
can transport chemicals in the process. A dry chemical (e.g., gelling agents, biocides, friction 
reducers) released to the environment can remain where it is spilled. Any spill that is not removed 
could act as a long-term source of contamination. Wind could cause the chemical to disperse and 
rain could mobilize soluble chemicals. Dissolved chemicals can infiltrate into soil or flow overland. 
Insoluble chemicals and those sorbed to soil particles could be mobilized by rain events via runoff 
and erosion.  

5.8.1.1 Movement across the Land Surface 

In low permeability soils, there may be little infiltration and greater overland flow. Higher 
permeability soils will allow fluid to penetrate into the soil layer. In either case, some of the 

                                                            
1 Cation exchange capacity is the total amount of cations (positively charged ions) that a soil can hold. For example, when 
metal ions like Ca2+ and Na+ pass through the soil, they adhere and remain attached to the soil. 
2 The unsaturated zone is also referred to as the vadose zone. Meaning “dry,” the vadose zone is the soil zone above the 
water table that is only partially filled by water. 
3 Advection is a mechanism for moving chemicals in flowing water, where a chemical moves along with the flow of the 
water itself. 
4 Sorption is the general term used to describe the partitioning of a chemical between soil and water and depends on the 
nature of the solids and the properties of the chemical. 
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chemicals in the fluid can sorb to the soil particles and the vegetation, and then these chemicals can 
be mobilized during precipitation, runoff, or erosion. As precipitation percolates through the soil, it 
can dissolve stored chemicals, which can then migrate toward groundwater. The type of release is 
also important. If the spill is a slow leak, then the liquid may pond and the affected area will expand 
slowly with greater potential for infiltration. If a more rapid release occurs, like a blowout or tank 
failure, then momentum can result in greater overland movement and less soil infiltration during 
the event, with greater potential to reach a nearby surface water.  

5.8.1.2 Movement through the Subsurface  

The unsaturated and saturated zones are the two zones of soils below the ground surface. 
Movement through the unsaturated zone is driven by the depth of ponding of the spilled fluid, 
gravity, and capillary properties of the subsurface.1 In fractured rock or highly permeable soils, 
fluids can move quickly through the subsurface. In low permeability soil, the movement of the fluid 
may be slower. However, the presence of preferential pathways (e.g., fractures, heterogeneities, 
root holes, and burrows) can result in faster movement than the overall permeability would 
suggest.  

As chemicals pass through the subsurface, some can sorb to soil or remain in the open spaces 
between soil particles, effectively slowing their movement. Chemicals can be mobilized during 
future precipitation events, resulting in infiltration towards groundwater or movement through the 
unsaturated zone towards surface water.  

Fluids that move through the subsurface into the saturated zone will move in the direction of the 
flowing groundwater. Generally, fluids travel farther in systems with high groundwater flow rates 
and high recharge (e.g., sandy aquifers in humid climates) than in systems with low flow and low 
recharge. Chemicals can sorb to suspended soil particles, complex with naturally occurring 
chemicals (e.g., dissolved organic carbon), or associate with colloids and be transported with the 
flowing water.2 These mechanisms can mobilize sparingly soluble chemicals that would otherwise 
be immobile.  

5.8.2 Physicochemical Properties of Organic Hydraulic Fracturing Chemicals 

Three physicochemical properties are useful to describe the movement of organic chemicals in the 
environment: (1) Kow, the octanol-water partition coefficient, (2) the aqueous solubility, and (3) the 
Henry’s law constant.3 These properties describe whether a chemical will sorb to soil and organic 

                                                            
1 Capillarity occurs because of the forces of attraction of water molecules to themselves (cohesion) and to other solid 
substances such as soils (adhesion). 
2 Complexation is a reaction between two chemicals that form a new complex, either through covalent bonding or ionic 
forces. This often results in one chemical solubilizing the other. 
3 The octanol-water partition coefficient (Kow) represents the ratio of the solubility of a compound in octanol (a nonpolar 
solvent) to its solubility in water (a polar solvent) in a mixture of the two. The higher the Kow, the more nonpolar the 
compound. 
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matter or stay in water (Kow), how much of a chemical may dissolve in water (aqueous solubility), 
and whether a chemical will tend to remain in the water or volatilize (Henry’s law constant).1  

The Kow measures the relative hydrophobicity (chemicals that prefer to be in oil, log Kow >0) and 
hydrophilicity (chemicals that prefer to be in water, log Kow <0) of a chemical. Aqueous solubility is 
the maximum amount of a chemical that will dissolve in water in the presence of a pure chemical; 
solubility generally serves as an upper bound on possible concentrations. The Henry’s law constant 
is the ratio of the concentration of a chemical in air (or vapor pressure) to the concentration of that 
chemical in water.  

Estimates and measured values for physicochemical properties were obtained by using the 
Estimation Program Interface (EPI) Suite 4.1, as described in Appendix C.2 Of the 1,084 chemicals 
the EPA listed as used in hydraulic fracturing (Appendix H), EPI Suite™ has estimated properties for 
455 organic chemicals (42% of all chemicals) with structures that are considered suitably 
representative of the substance to compute properties within the constraints of EPI Suite™ 
software. Only uniquely defined organic desalted structures were submitted for property 
calculation. Figure 5-16 presents histograms of all 455 of the organic chemicals, sorted by four 
physicochemical parameters: measured log Kow (n = 195), estimated log Kow (n=455), estimated log 
of the aqueous solubility (n = 455), and estimated log of Henry’s law constant (at 77°F or 25°C, 
n = 449). Property estimation methods are limited in their ability to predict physicochemical 
properties. Chemicals that are different than the chemicals used to develop the estimation 
techniques may have more error associated with their predictions. These figures enable 
comparison of physicochemical properties across the organic chemicals for which we have values. 
These figures show how the physicochemical properties are distributed and which chemicals have 
higher values compared to others with lower values. Limitations in knowing what chemicals are 
present (e.g., CBI) further hinders our ability to know the physicochemical properties of these 
chemicals and their potential to move through the environment and impact drinking water 
resources. These estimates are solely for the organic chemicals for which EPI Suite™ could be used. 
This does not provide information on the 258 inorganic chemicals or the 361 organic mixtures or 
polymers. This limits our ability to make a full assessment on the physicochemical properties of all 
chemicals, yet provides insight into the properties of the organic chemicals used. 

 

                                                            
1 We present the physicochemical parameter values using log10 because of the wide range of values that these parameters 
cover. 
2 EPI Suite™, version 4.1, http://www.epa.gov/opptintr/exposure/pubs/episuite.htm (U.S. EPA, 2012c). The EPI 
(Estimation Programs Interface) Suite™ is a Windows®-based suite of physicochemical property and environmental fate 
estimation programs developed by the EPA Office of Pollution Prevention and Toxics and Syracuse Research Corporation. 
EPI Suite™ provides estimates of physicochemical properties for organic chemicals and has a database of measured values 
for physicochemical properties when available. EPI Suite™ cannot estimate parameters for inorganic chemicals. 
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Figure 5-16. Histograms of physicochemical properties of organic chemicals used in the 
hydraulic fracturing process.  
Physicochemical properties as given by EPI Suite™ (a) measured values of log Kow, (b) estimated log Kow, (c) 
estimated log Solubility, and (d) estimated log Henry’s law constant. 

We used EPI Suite™ to determine the physicochemical properties for 19 CBI chemicals used in 
hydraulic fracturing fluids. These chemicals were submitted to the EPA by nine service companies 
from 2005 to 2009 (see Text Box 5-3 for discussion on CBI).1 The CBI chemical physicochemical 
properties are plotted as histograms in Appendix Figure C-1. The values of the physicochemical 
properties of known and CBI chemicals are similar, covering similar ranges and centered on similar 
values, suggesting that even though these chemicals are not publicly known, their physicochemical 
properties are not appreciably different from the known chemicals. This suggests that their fate and 
transport would not be appreciably different than the chemicals that are publicly known.  

5.8.3 Mobility of Organic Hydraulic Fracturing Chemicals 

Figure 5-16 shows the distribution of log Kow, solubility, and Henry’s Law constant for organic 
chemicals used in hydraulic fracturing fluids. These figures suggest that the organic chemicals used 
in hydraulic fracturing cover a wide range of physicochemical properties. For example, many 
chemicals are centered around log Kow = 0, which indicates that these chemicals are likely to 
associate roughly equally with organic or aqueous phases. Many chemicals have log Kow > 0, 
indicating less mobility, which may cause these chemicals to serve as later-term or long-term 
sources of impact on drinking water. Solubilities range from fully miscible to sparingly soluble. 
Many chemicals have log Henry’s law constants less than 0, indicating that most are not highly 
volatile. Volatilization may not serve as a dominant loss process for hydraulic fracturing chemicals. 

                                                            
1 Well operators may specify certain ingredients as confidential business information (CBI) and not disclose the chemicals 
used to FracFocus. The CASRNs of a range of CBI chemicals were provided to the EPA by nine service companies. 
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The 20 chemicals with the smallest Kow (most mobile) may have greater potential to cause 
immediate impacts on drinking water resources (Appendix Table C-10). Most of these chemicals 
were infrequently reported in disclosures (≤2% of wells) in the EPA FracFocus 1.0 project database 
(U.S. EPA, 2015a). Choline chloride (14% of wells), used for clay control, and 
tetrakis(hydroxymethyl)-phosphonium sulfate (11% of wells), a biocide, were more commonly 
reported. The 20 chemicals with the largest Kow (least mobile) may have a greater potential to serve 
as long-term sources of contamination (Appendix Table C-11). The estimated aqueous solubilities 
for some of these chemicals are extremely low, with highest solubilities of less than 10 μg/L. Seven 
low mobility chemicals were reported in disclosures in the EPA FracFocus 1.0 project database (U.S. 
EPA, 2015c). Five were reported infrequently (<1% of wells). Tri-n-butyltetradecylphosphonium 
chloride (6% of wells), used as a biocide, and C>10-alpha-alkenes (8% of wells), a mixture of alpha-
olefins with carbon numbers greater than 10 used as a corrosion inhibitor, were more commonly 
reported. Sorbitan, tri-(9Z)-9-octadecenoate, a mineral oil co-emulsifier (0.05% of wells) had the 
highest estimated log Kow of 22.56.1 

Table 5-7 shows the EPI Suite™ estimated physicochemical property values of the 20 chemicals 
most frequently reported nationwide in disclosures along with estimated mean and median 
volumes based on disclosures in the EPA FracFocus 1.0 project database (U.S. EPA, 2015c). Most 
have log Kow < 1, meaning that they are generally hydrophilic and will associate with water. These 
chemicals also have very high solubilities, so they will be mobile in the environment, transport with 
water, and can occur at high concentrations. These chemicals have the potential for faster impacts 
on drinking water resources.  

Naphthalene (CASRN 91-20-3) has a measured log Kow = 3.3 with an estimated solubility of 142.1 
mg/L, which means it will be less mobile in the environment. Naphthalene will sorb to particles and 
move slowly through the environment and has the potential to act as a long-term source of 
contamination.2 All of these chemicals have low Henry’s law constants, so they tend not to 
volatilize. We also include ranges of similar physicochemical properties for two chemicals that are 
organic mixtures: distillates, petroleum, hydrotreated light (CASRN 64742-47-8) and solvent 
naphtha, petroleum, heavy arom. (CASRN 64742-94-5). Both of these are complex organic mixtures, 
and thus EPI Suite™ cannot estimate their properties. However, the Total Petroleum Hydrocarbon 
Work Group has provided regressions to relate physicochemical properties to the number of 
carbons for aliphatic and aromatic hydrocarbons (Gustafson et al., 1997), which shows that they 
have low solubilities and large log Kow. 

                                                            
1 Sorbitan, tri-(9Z)-9-octadecenoate, CASRN 26266-58-0, is soluble in hydrocarbons and insoluble in water, listed as an 
effective coupling agent and co-emulsifier for mineral oil (Santa Cruz Biotechnology, 2015; ChemicalBook, 2010).  
2 Chemicals can have the potential to be long-term sources of contamination when they move slowly through the 
environment. In this discussion, we are not accounting for biodegradation or other transformation processes, which may 
reduce the persistence of certain chemicals in the environment. Under certain conditions, for example, naphthalene is 
biodegradable, which can reduce or remove it from the environment, and thus may not be a long-term source of 
contamination. 
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Table 5-7. The 20 chemicals reported most frequently nationwide for hydraulic fracturing based on the EPA FracFocus 1.0 project 
database, with EPI Suite™ physicochemical parameters where available, and estimated mean and median volumes of those 
chemicals where density was available.  
Excludes water, sodium chloride, and quartz. NA means that the physicochemical parameter is not provided by EPI Suite™ or the volume could not be 
estimated due to missing data. For organic salts, parameters are estimated using the desalted form. Analysis considered 34,675 disclosures and 676,376 
ingredient records that met selected quality assurance criteria, including: completely parsed; unique combination of fracture date and API well number; 
fracture date between January 1, 2011, and February 28, 2013; valid CASRN; and valid concentrations. Disclosures that did not meet quality assurance criteria 
(3,855) or other, query-specific criteria were excluded from analysis. 

    

Log Kow (unitless)  

 

 
Henry's Law Constant 

(atm m3/mole @ 25oC)  

Estimated 
volume, per 

disclosure (gal)  

 
Rank Chemical name CASRN 

 
Number of 
wells using 
chemical 

(% of wells) 

Water solubility 
estimate from 

log Kow 
(mg/L @ 25oC) Estimated Measured 

Estimated, 
bond method 

Estimated, 
group method 

25 Measured Mean Median 

1 Methanol 67-56-1 24,753 (72%) -0.63 -0.77 1.00 × 106 4.27 × 10-6 3.62 × 10-6 4.55 × 10-6 1,218 110 

2 Distillates, petroleum, 
hydrotreated lighta,b 64742-47-8 22,463 (65%) log Koc = 4.5 

to 6.7 NA 0.00035 to 0.12 55 to 69 
cm3/cm3 NA NA NA NA 

3 Hydrochloric acid 7647-01-0 22,380 (65%) NA NA NA NA NA NA 28,320 3,110 

4 Isopropanol 67-63-0 16,039 (47%) 0.28 0.05 4.024 × 105 7.52 × 10-6 1.14 × 10-5 8.10 × 10-6 2,095 55 

5 Ethylene glycol 107-21-1 15,800 (46%) -1.2 -1.36 1.00 × 106 1.31 × 10-7 5.60 × 10-11 6.00 × 10-8 614 184 

6 Peroxydisulfuric acid, 
diammonium salt 7727-54-0 14,968 (44%) NA NA NA NA NA NA NA NA 

7 Sodium hydroxide 1310-73-2 13,265 (39%) NA NA NA NA NA NA 551 38 

8 Guar gum 9000-30-0 12,696 (37%) NA NA NA NA NA NA NA NA 

9 Glutaraldehyde 111-30-8 11,562 (34%) -0.18 NA 1.672 × 105 1.10 × 10-7 2.39 × 10-8 NA 1,313 122 

10 Propargyl alcohol 107-19-7 11,410 (33%) -0.42 -0.38 9.355 × 105 5.88 × 10-7 NA 1.15 × 10-6 183 2 

11 Potassium hydroxide 1310-58-3 10,049 (29%) NA NA NA NA NA NA NA NA 

12 Ethanol 64-17-5 9,861 (29%) -0.14 -0.31 7.921 × 105 5.67 × 10-6 4.88 × 10-6 5.00E-06 831 121 

13 Acetic acid 64-19-7 8,186 (24%) 0.09 -0.17 4.759 × 105 5.48 × 10-7 2.94 × 10-7 1.00 × 10-7 646 47 

14 Citric acid 77-92-9 8,142 (24%) -1.67 -1.64 1.00 × 106 8.33 × 10-18 NA 4.33 × 10-14 163 20 
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Log Kow (unitless)  

 

 
Henry's Law Constant 

(atm m3/mole @ 25oC)  

Estimated 
volume, per 

disclosure (gal)  

 
Rank Chemical name CASRN 

 
Number of 
wells using 
chemical 

(% of wells) 

Water solubility 
estimate from 

log Kow 
(mg/L @ 25oC) Estimated Measured 

Estimated, 
bond method 

Estimated, 
group method 

25 Measured Mean Median 

15 2-Butoxyethanol 111-76-2 7,347 (21%) 0.57 0.83 6.447 × 104 9.79 × 10-8 2.08 × 10-8 1.60 × 10-6 385 26 

16 
Solvent naphtha, 
petroleum, heavy 
arom.b,c 

64742-94-5 7,108 (21%) log Koc = 3.2 
to 2.7 NA 5.8 to 65 0.028 to 0.39 

cm3/cm3 NA NA NA NA 

17 Naphthalene 91-20-3 6,354 (19%) 3.17 3.3 1.421 × 102 5.26 × 10-4 3.7 × 10-4 4.4 × 10-4 72 12 

18 2,2-Dibromo-3-
nitrilopropionamide 10222-01-2 5,656 (16%) 1.01 0.82 2.841 × 103 6.16 × 10-14 NA 1.91 × 10-8 183 5 

19 Phenolic resin 9003-35-4 4,961 (14%) NA NA NA NA NA NA NA NA 

20 Choline chloride 67-48-1 4,741 (14%) -5.16 NA 1.00 × 106 2.03 × 10-16 NA NA 2,131 290 
a Hydrotreated light petroleum distillates (CASRN 64742-47-8) is a mixture of hydrocarbons in the C9 to C16 range.  
b Physicochemical parameters are estimated using Gustafson et al. (1997). Parameters are presented as log Koc (soil organic carbon-water partition coefficient), solubility (mg/L), 
and Henry’s Law Constant (cm3/cm3).  
c Heavy aromatic solvent naphtha (petroleum) (CASRN 64742-94-5) is mixture of aromatic hydrocarbons in the C9 to C16 range.
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For the top 20 chemicals, many chemicals have high solubilities and negative or almost zero log Kow 
(e.g., methanol, isopropanol, ethylene glycol). These chemicals are likely to travel quickly through 
the environment and could result in an immediate impact. Three chemicals, with larger log Kow and 
smaller solubilities (distillates, petroleum, hydrotreated light; solvent naphtha, petroleum, heavy 
arom.; and naphthalene) may result in more severe impacts. These chemicals could associate with 
the soil particles, releasing into the groundwater at low concentrations slowly over time, and thus 
serve as long-term sources of contamination. 

Mobility of a chemical is complex, and these numbers solely represent how a chemical behaves in 
an infinitely dilute aqueous solution, a simplifying approximation of the real world. Many factors 
can affect the fate and transport of a chemical, such as the transformation process (e.g., 
biodegradation), the presence of other chemicals, and site and environmental conditions. We 
discuss these factors in the next sections. 

5.8.4 Transformation Processes 

Once a chemical is released into the environment, it can transform or degrade. Understanding the 
processes governing these reactions in the environment is important to assessing potential impacts. 
The transformation of a chemical may reduce its concentration over time. Chemicals may 
completely degrade before reaching a drinking water resource. Transformation processes can be 
biotic or abiotic and may transform a chemical into a less or more harmful chemical.  

One important transformation process is biodegradation. Biodegradation is a biotic process where 
microorganisms transform a chemical from its original form into another chemical. For example, 
the general biodegradation pathway of methanol is CH3OH CH2O  CHOOH  CO2 or 
methanol  formaldehyde  formic acid  carbon dioxide (Methanol Institute, 2013).1 This 
pathway shows how the original chemical transforms through a series of steps until it becomes the 
final product, carbon dioxide. Some chemicals are readily biodegraded, while others break down 
slowly over time. Biodegradation is a highly site-specific process, requiring nutrients, a carbon 
source, water, and an energy source. A highly biodegradable chemical could be persistent if the 
conditions for biodegradability are not met. Conversely, a chemical could biodegrade quickly under 
the right conditions, affecting its potential to impact a drinking water resource. The relationship 
between mobility and biodegradability is complex, and a variety of factors can influence a 
particular chemical’s movement through the environment. 

Abiotic processes, such as oxidation, reduction, photochemical reactions, and hydrolysis, can 
transform or break apart chemicals. The typical results are products that are more polar than the 

                                                            
1 In methanol biodegradation, PQQ (pyrroloquinoline quinone) is a redox cofactor that goes from PQQ to PQQH2 removing 
two hydrogen from methanol in the first step to form formaldehyde. Water is added to formaldehyde to provide the 
second oxygen to form formic acid. Nicotinamide adenine dinucleotide (NAD) is a coenzyme that takes up a hydrogen, 
going from NAD to NADH+. This removes the hydrogen in the second and third steps, to result in carbon dioxide. 
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original compounds, and thus have different physicochemical properties (Schwarzenbach et al., 
2002).1

5.8.5 Fate and Transport of Chemical Mixtures 

Spills during the chemical mixing stage are often present as mixtures of chemicals. Additives are 
often mixtures of a few to several chemicals, possibly highly concentrated, and hydraulic fracturing 
fluids are often dilute mixtures of several additives. Chemical mixtures can act differently in the 
environment than individual chemicals. Individual chemicals can affect the fate and transport of 
other chemicals in a mixture primarily by changing their physicochemical properties and 
transformation rates. 

Chemical mixtures can be more mobile than individual chemicals due to cosolvency, which 
increases solubility in the aqueous phase. Methanol and ethanol are examples of cosolvent alcohols 
used frequently in hydraulic fracturing fluids (U.S. EPA, 2015a). The presence of either greatly 
increases BTEX solubility (Rasa et al., 2013; Corseuil et al., 2011; Heermann and Powers, 1998).2 By 
increasing solubility, ethanol can affect the fate and transport of other compounds. For example, 
BTEX has been observed to travel farther in the subsurface in the presence of ethanol (Rasa et al., 
2013; Corseuil et al., 2011; Corseuil et al., 2004; Powers et al., 2001; Heermann and Powers, 1998).  

The presence of surfactants lowers fluid surface tension and increases solubility of organic 
chemicals. Surfactants can mobilize less soluble/less mobile organic chemicals. Two common 
surfactants reported in disclosures in the EPA FracFocus 1.0 project database were 2-
butoxyethanol (CASRN 111-76-2, 21% of disclosures) and poly(oxy-1,2-ethanediyl)-nonylphenyl-
hydroxy (mixture) (CASRN 127087-87-0, 20% of disclosures). Additionally, surfactants can 
mobilize bacteria in the subsurface, which can increase the impact of pathogens on drinking water 
resources (Brown and Jaffé, 2001). 

When chemicals are present as mixtures, one chemical can decrease or enhance the 
biodegradability of another through inhibition or co-metabolism. The process of inhibition can slow 
biodegradation of each of the chemicals present. For example, the biodegradation of ethanol and 
methanol can slow the biodegradation rate of BTEX or other organic chemicals present (Rasa et al., 
2013; Powers et al., 2001). Co-metabolism can increase the biodegradation rate of other chemicals. 
For example, when methane or propane is present with tetrachloroethylene, the enzyme produced 
by bacteria to degrade methane also degrades tetrachloroethylene (e.g., Alvarez-Cohen and Speitel, 
2001 and references therein). For the purposes of chemicals used in hydraulic fracturing, the 
presence of other chemicals in additives and hydraulic fracturing fluids could result in increased or 
decreased biodegradation if the chemicals are spilled.  

1 A polar molecule is a molecule with a slightly positive charge at one part of the molecule and a slightly negative charge 
on another. The water molecule, H2O, is an example of a polar molecule, where the molecule is slightly positive around the 
hydrogen atoms and negative around the oxygen atom. 
2 BTEX is an acronym for benzene, toluene, ethylbenzene, and xylenes. These chemicals are a group of single ringed 
aromatic hydrocarbons based on the benzene structure. These compounds are found in petroleum and are of specific 
importance because of their potential health effects. 
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5.8.6 Site and Environmental Conditions 

Environmental conditions at and around the spill site affect the movement and transformation of 
chemicals. This section discusses the following: site conditions (e.g., proximity, land cover, and 
slope), soil conditions (e.g., permeability and porosity), and weather and climate.  

The proximity of a spill to a drinking water resource, either laterally in the case of a surface water 
body or downward for groundwater, affects the potential for impact and its severity. Land cover 
will affect how readily a fluid moves over land. For example, more rugged land cover such as forest 
can impede flow, and an asphalt road can facilitate flow. A spill that occurs on or near a sloped site 
can move overland faster, increasing the potential to reach nearby surface water. Flatter surfaces 
result in a greater chance for infiltration to the subsurface, which could increase the potential for 
groundwater impact. 

Soil characteristics that affect the transport and transformation of spill chemicals include soil 
texture (e.g., clay, silt, sand), permeability, porosity, and organic content.1,2 Fluids will move more 
quickly through permeable soil (e.g., sand) than through less permeable soil (e.g., clay). A soil with a 
high porosity provides more volume to hold water and spilled chemicals. Another important factor 
for a site is the organic content, of which there are two competing types: soil organic carbon and 
dissolved organic carbon. Each type of carbon acts as a strong substance for chemicals to associate 
with. Soil organic carbon present in a solid phase, such as dead and decaying leaves and roots, is not 
mobile and slows the movement of chemicals through the soil. Dissolved organic carbon (DOC) 
moves with the water and can act as a shuttling mechanism to mobilize less soluble chemicals 
across the surface and through the subsurface. Chemicals may also associate and move with 
particulates and colloids. 

Weather and climate conditions affect the fate and transport of a spilled chemical. After a spilled 
chemical stops moving, precipitation can remobilize the chemical. The amount, frequency, and 
intensity of precipitation will impact the volume, distance, and speed of chemical movement. 
Precipitation can carry chemicals downward or overland, and it can cause erosion, which can move 
sorbed chemicals overland. 

5.8.7 Peer-Reviewed Literature on the Fate and Transport of Hydraulic Fracturing Fluid Spills 

There has been limited peer-reviewed research investigating the fate and transport of chemicals 
spilled at hydraulic fracturing sites. Aminto and Olson (2012) modeled a hypothetical spill of 
1,000 gal (3,800 L) of hydraulic fracturing fluid using equilibrium partitioning. The authors 
evaluated how 12 chemicals typically used for hydraulic fracturing in the Marcellus Shale would 
partition among different phases: air, water, soil, and biota.3 They presented a ranking of 
                                                            
1 Permeability of a soil describes how easily a fluid can move through the soil. Under a constant pressure, a fluid will move 
faster in a high permeability soil than the same fluid in a low permeability soil. 
2 Porosity of a soil describes the amount of empty space for a given volume of soil. The porosity describes how much air, 
water, or hydraulic fluid a given volume of soil can hold. 
3 The chemicals they investigated included: sodium hydroxide, ethylene glycol, 4,4-dimethyl oxazolidine, 3,4,4-trimethyl 
oxazolodine, 2-amino-2-methyl-1-propanol, formamide, glutaraldehyde, benzalkonium chloride, ethanol, hydrochloric 
acid, methanol, and propargyl alcohol. 
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concentrations for each phase. In water, they showed that sodium hydroxide (a pH buffer), 4,4-
dimethyl oxazolidine (a biocide), hydrochloric acid (a perforation clean-up additive), and 3,4,4-
trimethyl oxazolidine (a biocide) had the highest simulated water concentrations; however, these 
concentrations depended on the chemicals included in the simulated mixture and the 
concentrations of each. Their analysis suggested that after a spill, a large fraction of the spill would 
volatilize and leave the soil; however, some constituents would be left behind in the water, soil, and 
biota compartments, which could act as long-term contamination sources. Aminto and Olson 
(2012) only studied this one scenario. Other scenarios could be constructed with different 
chemicals in different concentrations. These scenarios may result in different outcomes and 
impacts. Any spill would require site- and spill-specific modeling on a case-by-case basis. For this 
reason, we cannot make any general statement about fate and transport of hydraulic fracturing 
chemicals and fluids. For this reason, we cannot make any general statement about fate and 
transport of hydraulic fracturing chemicals and fluids. 

Drollette et al. (2015) suggested a link between surface spills and groundwater contamination, 
possibly from hydraulic fracturing activity, because the chemicals detected were hydraulic 
fracturing additives. This work demonstrates the pathway for surface spills to impact groundwater 
sources. They detected low levels of gasoline related organic chemicals with elevated diesel range 
organic chemicals, which suggests that the former were degraded or volatilized, while the latter 
were more persistent and penetrated into the subsurface and into groundwater. 

5.8.8 Potential and Documented Fate and Transport of Documented Spills 

There is limited information on the fate and transport of hydraulic fracturing fluids and chemicals. 
This section highlights both potential and documented impacts for three reported spills (U.S. EPA, 
2015m). In each case, we provide the documented and potential paths (surface, subsurface, or 
combination) and the associated fate and transport governing processes by which the spill has been 
documented or has the potential to have an impact on drinking water resources. The three cases 
involve a tank overflow with a reported surface water impact, a human error blender spill with a 
reported soil impact, and an equipment failure that had no reported impact. We specifically chose 
these three spills to highlight three different cases. One demonstrates a documented impact with a 
demonstrated pathway that had an observed effect on a nearby drinking water resource. The 
second case shows how a release can impact an environmental receptor with a pathway for 
potential impact on a drinking water resource, but there was no observed impact. The third 
example is a spill that was contained and cleaned up resulting in likely no impact. None of these 
chemical releases have any documented pre- or post-sampling. No information on the specific 
chemicals spilled or the concentrations or total mass of any chemical is provided. We cannot 
provide any quantitative assessment from these observed cases.  

In the first documented spill, shown in Figure 5-17, a tank overflowed twice, releasing a total of 
7,350 gal (980 ft3, 28 m3, or 27,800 L) of friction reducer and gel (PA DEP, 2012, ID#1830163).1 The 
spill traveled across the land surface, crossed a road, and then continued to a nearby stream. The 

                                                            
1 We provide the total volume of the spill in gallons as well as cubic length (cubic feet and cubic meters), because it may 
be a little harder to visualize how far a volume of 7,300 gal (28,000 L) might travel. 
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spill affected wetlands and a stream, where fish were reported to have been killed. The fish kill 
indicates an observable impact. This represents a good example for how environmental conditions 
can affect the severity and timing of impact, due to the slope of the lands surface, the permeability 
of the soil, and the proximity to surface water. We are not aware of any measurements performed 
for soils, groundwater, surface water, sediments, or fish tissue. Based on the publicly available 
information, we do not know what chemicals were in the friction reducer and gel, which limits 
further assessment. 

 
Figure 5-17. Fate and Transport Spill Example: Case 1.  
Spills information from PA DEP (2012, ID#1830163). 

For this first spill, the documented path was overland flow from the tank to the stream with a 
documented, immediate impact. There are also other potential paths for potential impacts on 
drinking water resources. The spilled chemicals could have penetrated into the soils or sorbed to 
soils and vegetation as the fluid moved across the ground towards the stream. Chemicals could then 
be mobilized during later precipitation, runoff, or erosion events. Chemicals that infiltrated the 
subsurface could serve as long-term sources, travel laterally across the unsaturated zone, or 
continue downwards to groundwater. Some chemicals could be lost to transformation processes. 
The absence of reported soil or groundwater sampling data prevents the ability to know if these 
potential paths occurred or not.  

The second documented spill, shown in Figure 5-18, occurred when a cap was left off the blender, 
and 504 gal (70 ft3 or 2 m3) of biocide and hydraulic fracturing fluid were released (COGCC, 2012, 
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ID#2608900). In addition, 294 gal (39 ft3 or 1.1 m3) were retained by a dike with a lined secondary 
containment measure, demonstrating the partial effectiveness of this containment mechanism. The 
remaining 210 gal (28 ft3 or 0.8 m3) of fluid (biocide and water) ran off-site. Of this, 126 gal were 
vacuumed, leaving 84 gal. There was no documented impact on surface or groundwater. However, 
potential impacts potentially could have occurred. 

 
Figure 5-18. Fate and Transport Spill Example: Case 2.  
Spills information from COGCC (2012, ID#2608900). 

In this second case, the uncontained 84 gal could have infiltrated the subsurface, creating a 
potential path to groundwater. Highly mobile chemicals could have penetrated the soil more 
quickly than less mobile chemicals, which would have sorbed to soil particles. As the chemicals 
penetrated into the soil, some could have moved laterally in the unsaturated zone, or traveled 
downward to the groundwater table and moved with direction of groundwater flow. These 
chemicals could have served as a long-term contamination source. The chemicals also could have 
transformed into other chemicals with different physicochemical properties, and any volatile 
chemicals could have moved to the air as a loss process. As in the first case, there was no reported 
sampling of soil or groundwater, so there is no way to know if chemicals did or did not follow any of 
these pathways. We do not have any more information on the types of chemicals present or the 
concentrations with which they were present, which limits further assessment. 

In the third documented spill, shown in Figure 5-19, 630 gal (84 ft3 or 2.4 m3) of crosslinker spilled 
onto the well pad when a hose wore off at the cuff (COGCC, 2012, ID#1395827). The spill was 
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contained in the berm and an on-site vacuum truck was used to clean up the spill. No impact on soil 
or water was reported. 

 
Figure 5-19 Fate and Transport Spill Example: Case 3.  
The pad may or may not have had a liner. Spills information from COGCC (2012, ID#1395827). 

For this third case, we do not have any information on whether the well pad was lined or not. If the 
site had a liner, the spill could have been fully contained and cleaned up. Without a liner or if the 
integrity of the liner was compromised (e.g., had a tear), any residual chemical that was not 
effectively cleaned up could have remained in the soil. This would create potential paths similar to 
those above in the second case, where the chemicals could have sorbed to the soils and penetrated 
into the subsurface and possibly reach groundwater. There was no reported sampling of soil or 
groundwater to determine whether or not chemicals migrated into the soil, and we do know the 
types of chemicals or the concentrations of the released chemicals.  

5.8.9 Challenges with Unmonitored and Undetected Chemicals 

One of the challenges confronting a thorough assessment of the fate and transport of spilled 
hydraulic fracturing chemicals lies in the lack of documented observations. It is difficult to prove 
absence of impact, and absence of observations does not necessarily imply lack of impact. Also, we 
know there are over 1,000 different chemicals reported used in hydraulic fracturing (Section 5.4), 
and this number is increasing. For many chemicals, there is not an analytical technique available to 
detect them in samples taken to a laboratory. Due to the lack of information on the chemicals used 
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on site (some of which are claimed as CBI), one would not know what chemicals to include in the 
lab analysis. Hydraulic fracturing chemicals are typically present as complex mixtures, which also 
complicates sample analysis. Chemicals can transform upon release, which can result in different 
chemicals in the environment than those originally released. Even if chemicals are detected on-site, 
it can be difficult to demonstrate a direct linkage to hydraulic fracturing operations, since many of 
the chemicals used in hydraulic fracturing are also used for other purposes (such as gasoline or 
diesel from vehicles). Since there are currently no requirements for a detection–monitoring 
network to assess the occurrence and extent of chemical releases from the well pad, it is not 
possible to conclusively assess the frequency and impact of fluid releases during the chemical 
mixing process.  

5.9 Trends in the Use of Hydraulic Fracturing Chemicals 

Hydraulic fracturing science and engineering continues to advance. A part of this research includes 
using different chemicals. This section provides an overview of the changes in chemical use, with an 
emphasis on efforts to reduce potential impacts from surface spills by using fewer and safer 
chemicals. Reasons for changing the types of chemicals used can include: improving the fracturing 
process, using greener/safer chemicals, and reducing overall cost.  

Representatives from oil and gas companies, chemical companies, and non-profits are working on 
strategies to reduce the number and volume of chemicals used and to identify safer chemicals 
(Waldron, 2014). Southwestern Energy Company, for example, is developing an internal chemical 
ranking tool (SWN, 2014), and Baker Hughes is working on a hazard ranking system designed for 
wide-scale external use (Baker Hughes, 2014; Brannon et al., 2012; Daulton et al., 2012; Brannon et 
al., 2011). Environmental groups, such as the Environmental Defense Fund, are also developing 
hazard rating systems (Penttila et al., 2013). Typical criteria used to rank chemicals include 
mobility, persistence, biodegradation, bioaccumulation, toxicity, and hazard characteristics. In this 
assessment, toxicity and a methodology to rank chemical hazards of hydraulic fracturing chemicals 
is discussed in Chapter 9.  

Given that human error is the cause of 25% of chemical mixing related spills and spill prevention 
can never be 100% effective, changes to the types of chemicals used could reduce the frequency or 
the severity of potential impacts. Using chemicals with specific physicochemical properties that 
affect the fate and transport of chemicals could reduce their potential impacts. Less mobile 
chemicals could make cleanup of spills easier. For example, using dry chemicals that are hydrated 
on-site could minimize impacts if there were a container failure. Using chemicals with lower 
persistence and higher biodegradability, if spill prevention and cleanup are not fully effective, 
would lessen the severity of potential impact. Use of less hazardous chemicals could lessen impact 
in cases where a spill reaches a drinking water resource.  

The EPA has not conducted a comprehensive review of efforts to develop safer hydraulic fracturing 
chemicals. However, the following are some specific examples of efforts that companies cite as part 
of their efforts toward safer chemical use: 

• A renewable citrus-based replacement for conventional surfactants (Fisher, 2012);  
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• A crosslinked gel system comprised of chemicals designated as safe food additives by the 
U.S. Food and Drug Administration (Holtsclaw et al., 2011);  

• A polymer-free gel additive (Al-Ghazal et al., 2013);  

• A dry, hydrocarbon-free powder to replace liquid gel concentrate (Weinstein et al., 2009);  

• Biodegradable polymers (Irwin, 2013);  

• The use of ultraviolet light to control bacteria (Rodvelt et al., 2013);  

• New chelating agents that reduce the use of strong acids (LePage et al., 2013);  

• Eco-friendly viscoelastic surfactant (VES) polymer-free fluid reduces fracture cleanup time 
with 95% retrieved fluids compared to 40 – 60% and is less toxic than polymer-based 
fluids (AlKhowaildi et al., 2016); and 

• The recovery and reuse of produced water as hydraulic fracturing fluids, which can reduce 
the need to add additional chemicals (Horn et al., 2013). 

A review of the EPA’s new chemicals program found that, from 2009 to April 2015, the Agency 
received pre-manufacturing notices (PMN) for about 110 chemicals that have the potential for use 
as additives. Examples include chemicals intended for use as clay control agents, corrosion 
inhibitors, gel crosslinkers, emulsifiers, foaming agents, hydrate inhibitors, scale inhibitors, and 
surfactants. At the time of PMN submission, these chemicals were not in commercial use in the 
United States. As of April 2015, the EPA had received 30 notices of commencement, indicating that 
some of the chemicals are now used commercially. 

As different hydraulic fracturing fluids are developed, they have corresponding effects on different 
stages of the hydraulic fracturing water cycle. For example, in Figure 5-4(b) an example of an 
energized fluid uses a total water volume of 105,000 gal (397,000 L), which means less water is 
required in the water acquisition stage and less produced water results in less wastewater. Figure 
5-4(a) shows slickwater with 4,763,000 gal (18,030,000 L) of water, yet a larger fraction of 
slickwater may be reused, reducing the need for more water for another frac job and requiring the 
treatment of less wastewater. 

5.10 Synthesis 

The chemical mixing stage includes the mixing of base fluid, proppant, and additives on the well pad 
to make hydraulic fracturing fluid. This chapter provided an analysis of the factors affecting 
potential impacts on drinking water resources during the chemical mixing stage of the hydraulic 
fracturing water cycle and the factors governing the frequency and severity of these impacts.  

5.10.1 Summary of Findings 

Reports have demonstrated that spills and releases of chemicals and fluids have occurred during 
the chemical mixing stage and have reached soils and surface water receptors. Spill reports have 
not documented impacts on groundwater related to the chemical mixing stage. Spill reports have 
little information on post-spill testing and sampling. Impacts on groundwater may remain 
undocumented. The potential pathway for impact on groundwater has been demonstrated and 
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documented for chemicals spilled during other parts of the hydraulic fracture water cycle. 
(Evidence of groundwater impact from produced water spills is discussed Chapter 7.)  

The hydraulic fracturing fluid generally consists of a base fluid (typically water), a proppant 
(typically sand), and additives (chemicals), although there is no standard or single composition of 
hydraulic fracturing fluid used. According to the analysis of the EPA FracFocus 1.0 project database, 
based on FracFocus disclosure data from January 2011 to February 2013, approximately 93% of 
hydraulic fracturing fluids use water as a base fluid. Non-aqueous fluids, such as nitrogen, carbon 
dioxide, and hydrocarbons, are also used as base fluids or used in combination with water as base 
fluids. The number of chemicals injected into a well typically ranges from 4 to 28, with a median of 
14 (U.S. EPA, 2015a). In water-based hydraulic fracturing, the composition, by volume, of a typical 
hydraulic fracturing fluid is 90% to 97% water, 2% to 10% proppant, and 2% or less additives 
(Carter et al., 2013; Knappe and Fireline, 2012).  

The EPA has identified 1,084 different chemicals used in chemical mixing. A recent study of 
FracFocus disclosure data, covering January 2011 to April 2015, has reported 263 new CASRNs, 
increasing the number of chemicals identified for use by approximately 24% (Konschnik and 
Dayalu, 2016). Hydraulic fracturing chemicals cover a wide range of chemical classes and a wide 
range of physicochemical properties. The chemicals include acids, aromatic hydrocarbons, bases, 
hydrocarbon mixtures, polymers, and surfactants. The use of 32 chemicals, excluding water, quartz, 
and sodium chloride, is reported in 10% or more of disclosures in the EPA FracFocus 1.0 project 
database. The ten most common chemicals (excluding quartz) are methanol, hydrotreated light 
petroleum distillates, hydrochloric acid, isopropanol, ethylene glycol, peroxydisulfuric acid 
diammonium salt, sodium hydroxide, guar gum, glutaraldehyde, and propargyl alcohol (U.S. EPA, 
2015c). These chemicals can be present in multiple additives. Methanol, hydrotreated light 
petroleum distillates, and hydrochloric acid are the three chemicals reported to be used in more 
than half of all hydraulic fracturing jobs, with methanol being used at 72% of all sites.  

An EPA analysis of spills data (January 2006 to April 2012, from nine states, nine service 
companies, and nine operators) identified over 36,000 spills, with 457 spills (~1%) that were on or 
near the well pad and definitively associated with hydraulic fracturing. Of these spills, 151 were of 
chemicals or hydraulic fracturing fluid and thus assumed to be associated with the chemical mixing 
stage. Chemical spills during the chemical mixing stage were primarily caused by equipment failure 
(34%), followed by human error (25%), although 26% spills had an unknown source. The 
remaining spills were caused by a failure of container integrity, weather, vandalism, and well 
communication. Reported spills covered a large range of volumes, from 5 to 19,320 gal (19 to 
73,130 L), with a median of 420 gal (1,600 L) (U.S. EPA, 2015m). 

The rate of reported spills during the hydraulic fracturing water cycle is estimated to range from 
0.4 to 12.2 reported spills for every 100 wells, based on spills data from North Dakota, 
Pennsylvania, and Colorado, with a median rate of 2.6 reported spills for every 100 wells (See 
Appendix C). The estimated rates provide an approximate estimate of the potential frequency of the 
number of spills at a site. It is uncertain how representative these rates are of national spill rates or 
rates in other states. These numbers are not specific to the chemical mixing stage. In 2015, there 
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are 2.6 reported spills occurring during the chemical mixing stage per 100 wells hydraulically 
fractured in North Dakota. 

The total volume of chemicals used on site are estimated to range from 2,600 to 30,000 gal (9,800 
to 114,000L). An estimate for the mean volume for any chemical used on-site is 650 gal (2,500 L) 
with a mean mass of 1500 kg (3,200 lb). An estimate of 2,300 to 6,500 gal (8,800 to 25,000 L) of 
additives are stored on site, typically in multiple totes of 200 to 375 gal (760 to 1,420 L). These 
volumes provide insight on how much potentially could spill at any given hydraulic fracturing site 
and what the volume of a spill might be depending on where/when it occurs during the chemical 
mixing process.  

The potential of spills to reach drinking water resources depends on site and chemical properties. 
The fate and transport of spilled hydraulic fracturing chemicals is complex, particularly because 
chemicals are generally present as diverse, complex mixtures. There are different pathways for a 
spill to reach ground and surface water and to serve as a long term source. Roughly 40% of 
hydraulic fracturing chemicals are organic chemicals, which have physicochemical properties that 
cover the parameter space, from fully miscible to insoluble and from highly hydrophobic to highly 
hydrophilic. Of the 20 most frequently used chemicals used at hydraulic fracturing sites, three 
chemicals have low mobility: hydrotreated light petroleum distillates, heavy aromatic petroleum 
solvent naphtha, and naphthalene. These chemicals have the potential to act as long term sources of 
contamination if spilled on-site. 

5.10.2 Factors Affecting the Frequency or Severity of Impacts 

The specific factors that have the potential to affect the frequency and severity of impacts include 
the size and type of the fracturing operation; volume, mass, and concentration of chemicals spilled; 
type of chemicals and their properties; combination of chemicals spilled; environmental conditions; 
proximity to drinking water resources; employee training and experience; quality and maintenance 
of equipment; and spill containment and mitigation.  

The size and type of a fracturing operation, including the number of wellheads, the depth of the 
well, the length of the leg(s), and the number of stages and phases, affect the potential frequency 
and severity spills. Larger operations can require larger volumes of chemicals, more storage 
containers, more equipment, and additional transfers between different pieces of equipment. 
Larger storage containers increase the maximum volume of a spill or leak from a storage container. 
Additional transfers between equipment increase the possibility of human error and potential 
frequency of spills.  

The volume, mass, and concentration of spilled chemicals affect the frequency and severity of 
impacts. A larger volume increases the potential for a spill to travel a longer distance and reach a 
drinking water resource. The severity of the spill will be affected by the spill volume, the total mass 
of chemicals released, and the concentration with which it reaches the drinking water resource. 

The type of chemicals spilled affects how the chemicals will move and transform in the 
environment and the type of impact it will have on a drinking water resource. More mobile 
chemicals move faster through the environment, which can increase the frequency of impact. More 
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soluble chemicals can reach a drinking water resource at higher concentrations, thereby increasing 
the potential severity of an impact. Less mobile chemicals will move more slowly, and can have 
delayed and longer-term impacts at lower concentrations. The potential severity of impact is 
affected by how the chemical adversely impacts water quality. Some chemicals can have severe 
impacts at low concentrations, while some chemicals can have minimal impacts even at high 
concentrations. Water quality impacts can range from aesthetic effects (e.g., taste, smell) to adverse 
health effects. 

The environmental conditions at and around the spill site affect the fate and transport of a given 
chemical and thus affect the frequency of impacts as well as potential severity. Conditions include 
soil properties, climate, weather, and terrain. Permeable soils allow for rapid transport of the 
spilled fluid through the subsurface and to groundwater. The presence of preferential flow paths 
(e.g., fractures, animal burrows) may provide rapid transport through the subsurface in what might 
appear to have low permeability. The presence of complexing agents and colloids may further 
increase transport of less soluble chemicals. Precipitation can re-mobilize trapped chemicals and 
move them over land or through the subsurface. 

The proximity of a spill to drinking water resources affects the frequency and severity of impact. 
The closer a spill is to a drinking water resource, the higher the potential to reach it. As a fluid 
moves toward a drinking water resource, it can decrease in concentration, which can reduce the 
severity of an impact. The characteristics of the drinking water resource will also influence the 
severity of the impact of a spill. For example, a slow release into a fast moving stream will result in 
large dilution and lower concentrations of chemicals (less severe impact). The transport of a 
chemical to groundwater may have a more severe impact, as there may be less dispersion of the 
chemical (higher concentrations in the groundwater, more severe impact) and the chemical could 
serve as a long-term source of contamination (resulting in a chronic exposure versus an acute 
exposure). 

Effective spill containment and mitigation measures can prevent or reduce the frequency and 
severity of impacts. Spill containment measures include well pad containment liners, diversion 
ditches, berms, dikes, overflow prevention devices, drip pans, and secondary containers. These may 
prevent a spill from reaching soil and water receptors. Spill mitigation, including removing 
contaminated soils, vacuuming up spilled fluids, and using sorbent materials can limit the severity 
of a spill. It is unclear how effective these practices are and to what extent they are implemented.  

5.10.3 Uncertainties 

The lack of information and the uncertainty around information having to do with the composition 
of additives and fracturing fluids, containment and mitigation measures in use, the proximity of 
chemical mixing to drinking water resources, and the fate and transport of spilled fluids limits our 
ability to fully assess potential impacts on drinking water resources and the factors affecting their 
frequency and severity. 

There is no standard design for hydraulic fracturing fluids. Detailed information on the chemicals 
used is limited. Volumes, concentrations, and mass, as well as the identity of some of chemicals 
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stored on-site, are generally not publicly available. The FracFocus national registry, which currently 
holds the most comprehensive information on water and chemicals used in hydraulic fracturing 
fluids, is structured so as to input chemical information as a maximum percentage of the mass of 
fracturing fluid and the given additive. This does not provide exact information on the volume of a 
chemical, the mass of a chemical, or the actual composition of an additive. The accuracy and 
completeness of original FracFocus disclosure information has not been verified. In applying the 
EPA-standardized chemical list to the ingredient records in the EPA FracFocus 1.0 project database, 
standardized chemical names were assigned to only 65% of the ingredient records from the more 
than 36,000 unique, fully parsed disclosures. The remaining ingredient records could not be 
assigned a standardized chemical name and were excluded from analyses (U.S. EPA, 2015a). 

Operators may specify certain ingredients as confidential business information (CBI) and not 
disclose the chemical used. More than 70% of disclosures in the EPA FracFocus 1.0 project database 
contained at least one CBI chemical. Of disclosures with at least one CBI chemical, the average 
number of CBI chemicals per disclosure was five. Approximately 11% of all chemicals reported in 
the disclosures in the EPA FracFocus 1.0 project database were reported as CBI (U.S. EPA, 2015a). 
The rate of withholding in FracFocus 2.0 data has increased to 16.5% (Konschnik and Dayalu, 
2016). No data are available in FracFocus disclosures for any chemical listed as CBI. Therefore, 
chemicals identified as CBI in FracFocus disclosures are not included in any of the analyses in this 
assessment including estimates of chemical volume, physicochemical properties, or frequency of 
use. It is feasible that the same chemicals are repeatedly reported as CBI. Each reported CBI 
chemical could also be unique, which would mean there is a very large number of chemicals that we 
know nothing about. This results in an unknown amount of uncertainty regarding CBI chemicals 
and their potential impact on drinking water resources. 

Of the 1,084 hydraulic fracturing fluid chemicals identified by the EPA, 629 were inorganic 
chemicals, mixtures, or polymers, and thus they did not have estimated physicochemical properties 
reported in the EPI Suite™ database. Knowing the chemical properties of a spilled fluid is essential 
to predicting how and where it will travel in the environment. Although we can make some 
generalizations about the physicochemical properties of these chemicals and how spilled chemicals 
may move in the environment, the distribution of properties could change if we obtained data for 
all known fracturing fluid chemicals (as well as for those listed as CBI).  

There has been limited research on the fate and transport of spilled chemicals on site. We have 
provided a limited overview discussing the processes that may be important, but the processes are 
complex. There is great uncertainty in how these chemicals will move in the environment. These 
processes are complicated by the data gaps in fluid characteristics, especially present in mixtures, 
and there is limited understanding on how chemicals act in mixture in the environment. Hydraulic 
fluid mixtures are different than other previously studied mixtures (like petroleums, coal tars, and 
polychlorinated biphenyls (PCBs). Those mixtures are of chemicals of similar classes, while 
hydraulic fracturing fluids are chemicals covering a range of different chemical classes. 

There is a lack of field data at hydraulic fracturing sites. There is a lack of baseline ground and 
surface water quality data. This lack of data limits our ability to assess the relative change to water 
quality from a spill or attribute the presence of a contaminant to a specific source. There is a lack of 
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publicly or readily accessible sampling of soils and groundwater after a fracturing job is complete. 
The lack of data and uncertainty on what chemicals are used for hydraulic fracturing makes it 
unclear what chemicals to measure. Further uncertainty lies in the limited analytical techniques for 
chemicals used in hydraulic fracturing. 

There are uncertainties and data gaps in the current information on spills. The EPA spills report 
included data from January 2006 to April 2012 from nine states, nine service companies, and nine 
oil and gas production well operators (U.S. EPA, 2015a). This data contained over 36,000 reported 
spills. From this data set, only 457 were determined to be definitively associated with hydraulic 
fracturing and occurred on or near the well pad. With these data, it is impossible to know if all these 
spill reports capture all spills occurring at hydraulic fracturing sites. The available data might not 
extrapolate to the rest of the nation. Spill reports had limited information on spill causes, 
containment and mitigation measures, and sources of spills. The actual chemicals spilled, the total 
mass, and the composition are generally not included. There are little available data on impacts of 
spills, due to a lack of baseline data and incomplete documentation of follow-up actions and testing. 

In general, then, we are limited in our ability to fully assess potential impacts on drinking water 
resources from chemical spills, based on current available information. To improve our 
understanding we need: more information on the chemical composition of additives and fracturing 
fluids and the physicochemical properties of chemicals used; baseline monitoring and field studies 
of spilled chemicals; ground and surface water drinking water resources located and identified, 
with quality conditions performed before and after hydraulic fracturing; detailed site-specific 
environmental conditions; more information on containment and mitigation measures and their 
effectiveness; and more detail on the characteristics of spills, such as the exact chemicals and the 
amount spilled (mass, concentration, volume). 

5.10.4 Conclusions 

This chapter discusses the factors that affect the potential for the chemical mixing stage of the 
hydraulic fracturing water cycle to impact drinking water resources. Reports have demonstrated 
that spills and releases of chemicals and fluids have occurred during the chemical mixing stage and 
have reached soils and surface waters with the potential to reach groundwater. The potential for 
spilled fluids to reach, and therefore impact, ground or surface water resources depends on the 
composition of the spilled fluid, spill characteristics, spill response activities, and the fate and 
transport of the spilled fluid. There is no standard composition for a hydraulic fracturing fluid, 
which consists of base fluid, proppant, and additives. The EPA identified 1,084 chemicals that have 
been reported to be used nationwide, and these chemicals cover a wide variety of chemical classes 
and physicochemical properties, and this number is increasing. These chemicals cover a range of 
classes and physicochemical properties. The type of fluid and the number, volume, and type of 
chemicals used vary from site to site. Hydraulic fracturing fluids generally consist of a mixture of 
chemicals, which affects the potential for a release to reach a drinking water resource and the 
severity of the potential impact. State and industry spill data collected and reviewed by the EPA and 
others indicate that small (approximately 30 gal or 100 L) and large spills (greater than 1,000 gal or 
4,000 L) can reach surface water resources. While small spills have reached surface water 
resources (and have the potential to reach groundwater resources), large volume spills are more 
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likely to travel longer distances and thus have a greater potential to reach ground and surface water 
resources. Large volume spills, particularly of concentrated additives, also have a greater potential 
to result in more severe impacts on drinking water resources, because they can deliver a large 
quantity of potentially hazardous chemicals to ground or surface water resources.  
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Chapter 6. Well Injection 

Abstract 

The well injection stage of the hydraulic fracturing water cycle involves the injection of hydraulic 
fracturing fluids through the oil and gas production well and their movement in the production zone. 
Subsurface pathways created during this stage—including the production well and newly created 
fractures—can allow hydraulic fracturing fluids or naturally occurring fluids to reach groundwater 
resources. 

This chapter examines two types of pathways by which hydraulic fracturing fluids and liquids and/or 
gases that exist in the subsurface can move to, and affect the quality of, subsurface drinking water 
resources. First, fluids can move via pathways adjacent to or through the production well as a result of 
inadequate design, construction, or degradation of the casing or cement. Second, fluid movement can 
occur within the subsurface geologic formations via fractures extending out of oil/gas-containing 
formations, by intersecting abandoned or active offset wells, or via naturally occurring faults and 
fractures.  

The primary factors that can affect the frequency or severity of impacts to drinking water associated 
with injection for hydraulic fracturing are: (1) the condition of the well’s casing and cement and their 
placement relative to drinking water resources, (2) the vertical separation between the production zone 
and formations that contain drinking water resources, and (3) the presence/proximity and condition of 
wells near the hydraulic fracturing operation. 

We identified two cases where hydraulic fracturing activities affected the quality of drinking water 
resources due to well construction issues, including inadequate cement or ruptured casing. Additionally, 
there are places where oil and gas reservoirs and drinking water resources co-exist in the same 
formation and hydraulic fracturing operations occur, which results in the introduction of hydraulic 
fracturing fluids into the drinking water resource. There are other cases involving the migration of stray 
gas where hydraulic fracturing could be a contributing cause to impacts on drinking water resources. 

While there is evidence that these pathways have formed and that groundwater quality has been 
impacted, there are limited nationally available data on the performance of wells used in hydraulic 
fracturing operations, pre- and post-hydraulic fracturing groundwater quality, and the extent of the 
fractures that develop during hydraulic fracturing operations. 

These data limits, in combination with the geologic complexity of the subsurface environment and the 
fact that these processes cannot be directly observed, make determining the frequency of such impacts 
challenging. 
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6. Well Injection 
6.1 Introduction 

In the well injection stage of the hydraulic fracturing water cycle, hydraulic fracturing fluids 
(primarily water, mixed with the types of chemicals and proppant described in Chapter 5) are 
injected into a well under pressure.1 These fluids flow under pressure through the well, then exit 
the well and move into the formation, where they create fractures in the rock. This process is also 
known as a fracture treatment or a type of stimulation.2 The fractures, which typically extend 
hundreds of feet away from the well, are designed to remain within the production zone to access 
as much oil or gas as possible by using an appropriate amount of water and chemicals to complete 
the operation.3 

Production wells are sited and designed primarily to optimize production of oil or gas, which 
requires isolating water-bearing formations from hydrocarbon-bearing formations in order to 
prevent the water from diluting the hydrocarbons and to protect drinking water resources.4 
However, problems with the well’s components or improperly sited, designed, or executed 
hydraulic fracturing operations (or combinations of these) could adversely impact the quality of 
drinking water resources. (Note that, due to the subsurface nature of activities in the well injection 
stage, the drinking water resources that may be directly impacted are groundwater resources; see 
Chapter 2 for additional information about groundwater.5)  

The well and the geologic environment in which it is located are a closely linked system. Wells are 
often designed with multiple barriers (i.e., isolation afforded by the well’s casing and cement and 
the presence of subsurface rock formations) to prevent fluid movement between oil/gas zones and 
drinking water resources. Therefore, this chapter discusses (1) the well (including its construction 
and operation) and (2) the characteristics of or features in the subsurface geologic formations that 
could provide or have provided pathways for migration of fluids to drinking water resources. If 
present, and in combination with the existence of a fluid and a physical force that moves the fluid, 
these pathways can lead to impacts on the quality of drinking water resources throughout the life of 
the well, including during and after hydraulic fracturing.6 

                                                            
1 A fluid is a substance that flows when exposed to an external pressure; fluids include both liquids and gases. 
2 In the oil and gas industry, “stimulation” has two meanings—it refers to (1) injecting fluids to clear the well or pore 
spaces near the well of drilling mud or other materials that block or inhibit optimal production (i.e., matrix treatment) 
and (2) injecting fluid to fracture the rock to optimize the production of oil or gas. This chapter focuses on the latter. 
3 The “production zone” (sometimes referred to as the target zone or the targeted rock formation) refers to the portion of 
a subsurface rock zone that contains oil or gas to be extracted (sometimes using hydraulic fracturing). “Producing 
formation” refers to the larger geologic unit in which the production zone occurs.  
4 A subsurface formation (or “formation”) is a mappable body of rock of distinctive rock type(s) and characteristics (such 
as permeability and porosity) with a unique stratigraphic position.  
5 Government agencies and other organizations use a variety of terms to describe potable groundwater and groundwater 
resources. In this chapter, we use the general term “groundwater resources” to refer to drinking water resources that 
occur underground. However, other terms are used in specific contexts to reflect the language used in cited materials. 
6 The primary physical force that moves fluids within the subsurface is a difference in pressure. Fluids move from areas of 
higher pressure to areas of lower pressure when a pathway exists. Density-driven buoyancy may also serve as a driving 
force; see Section 6.3 for more information. 
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Fluids can move via pathways adjacent to or through the production well that are created in 
response to the stresses exerted during hydraulic fracturing operations if the well is not able to 
withstand these stresses (Section 6.2). While wells are designed and constructed to isolate fluids 
and maximize the production of oil and gas, inadequate construction or degradation of the casing or 
cement can allow fluid movement that can impact drinking water quality. Potential issues 
associated with wells may be related to the following: 

• Inadequate or degraded casing. This may be influenced by the number of casing strings and 
the depths to which they are set, compatibility with the geochemistry of intersected 
formations, the age of the well, whether re-fracturing is performed, and other operational 
factors.  

• Inadequate or degraded cement. This may be influenced by a lack of cement in key 
subsurface intervals, poor-quality cement, improperly placed cement, or degradation of 
cement over time. 

Fluid movement can also occur via induced fractures and/or other features within subsurface 
formations (Section 6.3). While the hydraulic fracturing operation may be designed so that the 
fractures will remain within the production zone, it is possible that, in the execution of the 
hydraulic fracturing treatment, fractures can extend beyond their designed extent. Four scenarios 
associated with induced fractures may contribute to fluid migration or communication between 
zones:  

• Flow of injected and/or displaced fluids through pore spaces in adjacent rock formations 
out of the production zone due to pressure differences and buoyancy effects. 

• Fractures extending out of oil/gas formations into drinking water resources or zones that 
are in communication with drinking water resources or fracturing into zones containing 
drinking water resources. 

• Fractures intersecting artificial structures, including active (producing) or inactive offset 
wells near the well that is being stimulated (i.e., well communication) or abandoned or 
active mines.  

• Fractures intersecting geologic features that can act as pathways for fluid migration, such as 
existing permeable faults and fractures. 

This chapter describes the conditions that can contribute to or cause the development of the 
pathways listed above, the evidence for the existence of these pathways, examples of impacts on the 
quality of drinking water resources associated with these pathways that have been documented in 
the literature, and the factors that can affect the frequency or severity of those impacts. (See 
Chapter 10 for a discussion of factors and practices that can reduce the frequency or severity of 
impacts to drinking water quality.) 

The interplay between the well and the subsurface features is complex and not directly observable; 
therefore, sometimes it is not possible to identify what specific element is contributing to or is the 
primary cause of an impact on drinking water resources. For example, concerns have been raised 
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regarding stray gas detected in groundwater in natural gas production areas (for additional 
information about stray gas, see Sections 6.2.2 and 6.3.2.4).1 Stray gas migration is a technically 
complex phenomenon, because there are many potential naturally occurring or artificially created 
routes for migration of gas into aquifers, including along production wells and via naturally existing 
or induced fractures. It is also challenging to determine the source of the natural gas and whether 
the mobilization is related to oil or gas production activities. 

Furthermore, identifying cases where contamination of drinking water resources occurs due to oil 
and gas production activities—including hydraulic fracturing operations—requires extensive 
amounts of site and operational data, collected before and after hydraulic fracturing operations. 
(See Section 6.4 for additional information on data limitations.) Where such data do exist and 
provide evidence of contamination, we present it in the following sections. We do not attempt to 
predict which of these pathways is most likely to occur or to lead to a drinking water impact, or the 
magnitude of an impact that might occur as a result of migration via any single pathway, unless the 
information is available and documented based on collected data. However, a qualitative 
assessment of the factors that can affect the frequency or severity of impacts on drinking water 
quality associated with the well injection stage is possible; see Section 6.4. 

6.2 Fluid Migration Pathways Within and Along the Production Well 

In this section, we discuss pathways for fluid movement along or through the production well used 
in the hydraulic fracturing operation. While these pathways can form during other times within the 
life of an oil and gas well, the repeated high pressure stresses exerted during hydraulic fracturing 
operations can make maintaining the mechanical integrity of the well more difficult (Council of 
Canadian Academies, 2014).2 Section 6.2.1 presents the purpose of the various well components 
and typical well construction configurations. Section 6.2.2 describes the pathways for fluid 
movement that can potentially develop within the production well and wellbore and the conditions 
that lead to pathway development, either as a result of the original design of the well, degradation 
over time or use, or hydraulic fracturing operations.  

While we discuss casing and cement separately, it is important to note that these are related—
inadequacies in one of these components can lead to stresses on the other. For example, flaws in 
cement may expose the casing to corrosive fluids. Furthermore, casing and cement work together in 
the subsurface to form a barrier to fluid movement, and it may not be possible to distinguish 
whether mechanical integrity problems are related to the casing, the cement, or both. For additional 
information on well design and construction, see Appendix D. 

6.2.1 Overview of Well Construction 

Production wells are constructed to transport hydrocarbon resources from the reservoirs in which 
they are found to the surface. They are also used to isolate fluid-bearing zones (containing oil, gas, 

                                                            
1 Stray gas refers to the phenomenon of natural gas (primarily methane) migrating into shallow drinking water resources 
or to the surface. 
2 Mechanical integrity of a well refers to the absence of significant leakage within the injection tubing, casing, or packer 
(referred to as internal mechanical integrity) or outside of the casing (referred to as external mechanical integrity). 
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or fresh water) from each other. Multiple barriers (i.e., casing and cement) are often present, and 
they act together to prevent both horizontal fluid movement (in or out of the well) and vertical fluid 
movement (along the wellbore from deeper oil- or gas-bearing formations to drinking water 
resources). Proper design and construction of the casing, cement, and other well components in the 
context of the location of drinking water resources and maintaining mechanical integrity 
throughout the life of a well are necessary to prevent migration of hydraulic fracturing fluids and 
formation fluids into drinking water resources. 

A well is a multiple-component system that typically includes casing, cement, and a completion 
assembly, and it may be drilled vertically, horizontally, or in a deviated orientation (Figure 6-1).1,2 
These components work together to prevent unintended fluid movement into, out of, or along the 
well. Due to the presence of multiple barriers within the well and the geologic system in which it is 
placed, the existence of a pathway for fluid movement through a component of this system does not 
necessarily mean that an impact on a drinking water resource has occurred or will occur.  

 
Figure 6-1. Schematic cross-section of general types of oil and gas resources and the 
orientations of production wells used in hydraulic fracturing. 

                                                            
1 Completion is a term used to describe the assembly of equipment at the bottom of the well that is needed to enable 
production from an oil or gas well. It can also refer to the activities and methods (including hydraulic fracturing) used to 
prepare a well for production following drilling.  
2 For the purposes of this assessment, a well’s orientation refers to its inclination from verticality. Wells drilled straight 
downward are considered to be vertical, wells drilled directionally to end up parallel to the production zone’s bedding 
plane are considered horizontal, and directionally drilled wells that are neither vertical nor horizontal are referred to as 
deviated. In industry usage, a well’s orientation commonly refers both to its inclination from vertical and the azimuthal 
(compass) direction of a directionally drilled wellbores.  
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Casing primarily acts as a barrier to lateral movement of fluids, and cement primarily acts as a 
barrier to unintended vertical movement of fluids. Together, casing and cement are important in 
preventing fluid movement into drinking water resources, and are the focus of this section. Figure 
6-2 illustrates the configurations and types of casing and cement and other features that may occur 
in oil and gas production wells. The figure depicts an idealized representation of the components of 
a production well; it is important to note that there is a wide variety in the design of hydraulically 
fractured oil and gas wells in the United States (U.S. EPA, 2015n), and the descriptions in the figure 
or in this chapter do not represent every possible well design. 

6.2.1.1 Casing 

Casing is steel pipe that is placed into the drilled wellbore to maintain the stability of the wellbore, 
to transport the hydrocarbons from the subsurface to the surface, and to prevent intrusion of other 
fluids into the well and wellbore (Hyne, 2012; Renpu, 2011). A long continuous section of casing is 
referred to as a casing string, which is composed of individual lengths of casing (known as casing 
joints) that are threaded together using casing collars. In different sections of the well, multiple 
concentric casing strings of different diameters can be used, depending on the construction of the 
well. 

The presence of multiple layers of casing strings can isolate and protect geologic zones containing 
drinking water. In addition to conductor casing, which prevents the hole from collapsing during 
drilling, one to three other types of casing may be also present in a well. The types of casing include 
(from largest to smallest diameter) surface casing, intermediate casing, and production casing 
(GWPC, 2014; Hyne, 2012; Renpu, 2011). One or more of any of these types of casing (but not 
necessarily all of them) may be present in a well. Surface casing often extends from the wellhead 
down to the base (i.e., the bottom or lowest part) of the drinking water resource to be protected. 
Wells also may be constructed with production liners, which are anchored or suspended from 
inside the bottom of the previous casing string. Production liners serve the same purpose as 
production casing but extend only to the end of the previous casing, rather than all the way to the 
surface. Wells may also have production tubing, which is used to transport the hydrocarbons to the 
surface. Tie-back liners may be used to extend a production liner to the surface when downhole 
pressure or corrosive conditions warrant additional protection of the intermediate or production 
casing. 

Among the wells represented by the Well File Review (described in Text Box 6-1), between one and 
four casing strings were present (the Well File Review did not evaluate conductor casings). A 
combination of surface and production casings was most often reported, followed by a combination 
of surface, intermediate, and production strings. All of the production wells used in hydraulic 
fracturing operations in the Well File Review had surface casing, while approximately 39% of the 
wells (an estimated 9,100 wells) had intermediate casing, and 94% (an estimated 21,900 wells) had 
production casing (U.S. EPA, 2015n).1, 2  

                                                            
1 9,100 wells (95% confidence interval: 2,900 – 15,400 wells). 
2 21,900 wells (95% confidence interval: 19,200 – 24,600 wells). 
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Figure 6-2. Overview of well construction. 
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Hydraulic fracturing operations impose a variety of stresses on the well components. In order to 
prevent the formation of pathways to drinking water resources, the casing should be designed with 
sufficient strength to withstand the stresses it will encounter during the installation, cementing, 
hydraulic fracturing, production, and post-production phases of the life of the well. These stresses, 
illustrated in Figure 6-3, include burst pressure (the interior pipe pressure that will cause the 
casing to burst), collapse pressure (the pressure applied to the outside of the casing that will cause 
it to collapse), tensile stress (the stress related to stretching exerted by the weight of the casing or 
tubing being raised or lowered in the hole), compression and bending (the stresses that result from 
pushing along the axis of the casing or bending the casing), and cyclic stress (the stress caused by 
frequent or rapid changes in temperature or pressure). While the injection stage represents a 
relatively brief portion of the life of a hydraulic fracturing well (Section 3.3), injection imposes the 
highest stresses the well is likely to encounter.  

Text Box 6-1. The Well File Review. 

The EPA conducted a survey of onshore oil and gas production wells that were hydraulically fractured by nine 
oil and gas service companies in the continental United States between approximately September 2009 and 
September 2010. This effort, known as the “Well File Review,” produced two reports. The first report, Review 
of Well Operator Files for Hydraulically Fractured Oil and Gas Production Wells: Well Design and Construction 
(U.S. EPA, 2015n) describes well design and construction characteristics and their relationships to the 
location of operator-reported drinking water resources and the number and relative location of constructed 
barriers (i.e., casing and cement) that can block pathways for potential subsurface fluid movement. A second 
report, Review of Well Operator Files for Hydraulically Fractured Oil and Gas Production Wells: Hydraulic 
Fracturing Operations (U.S. EPA, 2016c) presents information on hydraulic fracturing job characteristics and 
the reported use of casing pressure tests, annular pressure monitoring, surface treating pressure monitoring, 
and microseismic monitoring conducted before or during hydraulic fracturing operations; it also explores the 
roles of well mechanical integrity and induced fracture growth as they relate to the potential for subsurface 
fluid movement to intersect protected groundwater resources. 

The survey was based on a sample of 323 hydraulically fractured oil and gas production wells. Results of the 
research are presented as rounded estimates of the frequency of occurrence of hydraulically fractured 
production well design, construction, and operational characteristics with 95% confidence intervals (CIs). 
The results are statistically representative of an estimated 23,200 onshore oil and gas production wells 
hydraulically fractured in 2009 and 2010 by nine service companies where an estimated 28,500 hydraulic 
fracturing jobs were performed. 

In addition, the casing must be resistant to corrosion from contact with the formations and any 
fluids that might be transported through the casing, including hydraulic fracturing fluids, brines, 
and oil or gas. Casing strength or corrosion resistance can be increased by using fiberglass or high-
strength alloys or by increasing the thickness of the casing. 

One way to ensure that the strength of the casing is sufficient to withstand the stresses imposed by 
hydraulic fracturing operations is to pressure test the casing. The casing can be pressurized to the 
pressure anticipated during hydraulic fracturing operations and shut-in periods; if the well can 
hold the pressure, it is considered to be leak-free and therefore should be able to withstand the 
pressures of hydraulic fracturing. However, if the test pressure is less than the hydraulic fracturing 

WG Ex. 34

1406

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711897
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3352498


Chapter 6 – Well Injection 

 

 

6-10 

pressure, the casing is determined to be leak-free, but its suitability to resist the stresses associated 
with the planned fracturing operation is less certain. 

The Well File Review (U.S. EPA, 2016c) found that pressure tests were performed prior to an 
estimated 15,600 of 28,500 hydraulic fracturing jobs the EPA studied, including cases where a frac 
string was pressure tested.1 In 52% of those pressure tests performed (representing 28% of the 
hydraulic fracturing jobs studied), the well was tested to a pressure equal to or greater than the 
maximum pressure that occurred during the hydraulic fracturing job (U.S. EPA, 2016c).2 Thus, in a 
significant number of hydraulic fracturing jobs (i.e., 72% of the wells studied), there are no data in 
the well files to indicate that the casing was tested in a manner that could ensure the adequacy of 
the casing to withstand the pressures of hydraulic fracturing. While, in some cases, casing may not 
have been pressure tested because a frac string was to be installed to protect the casing from the 
increased pressure, only 10% of fracturing jobs were conducted using a frac string. 

 
Figure 6-3. The various stresses to which the casing will be exposed. 
In addition to the stresses illustrated, the casing will be subjected to bending and cyclic stresses. Source: U.S. EPA 
(2012d). 

                                                            
1 15,600 jobs (95% confidence interval: 11,800 – 19,300 jobs). 
2 52% of pressure tests (95% confidence interval: 20 – 82% of tests). 
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6.2.1.2 Cement 

Cement is one of the most important components of a well for providing zonal isolation and 
reducing impacts on drinking water. Cement in the space between the casing and formation isolates 
fluid-containing formations from each other, protects the casing from exposure to formation fluids, 
and provides additional strength to the casing. The strength of the cement and its compatibility 
with the formation and fluids encountered are important for maintaining mechanical integrity 
throughout the life of the well. 

A variety of methods are available for placing the cement, evaluating the adequacy of the cementing 
process and the resulting cement job, and repairing any identified deficiencies. Cement is most 
commonly emplaced by pumping the cement down the inside of the casing to the bottom of the 
wellbore and then up the space between the outside of the casing and the formation (or the next 
largest casing string). This method is referred to as the primary cement job and can be performed 
as a continuous event in a single stage (i.e., “continuous cementing”) or in multiple stages (i.e., 
“staged cementing”). Staged cementing may be used when, for example, the estimated weight and 
pressure associated with standard cement placement could damage weak zones in the formation 
(Crook, 2008). 

Deficiencies in the cementing process can result from poorly centered casing, poor removal of 
drilling mud behind the casing, cement shrinkage, premature gelation, excessive fluid loss, 
improper mixing, or lost cement.1, 2 Cement deficiencies can be reduced by proper design of the 
cementing process including use of casing centralizers, proper design of the cement, proper mud 
removal, and use of cement additives (Kirksey, 2013).3 If any deficiencies or defects in the primary 
cement job are identified, remedial cementing may be performed. See Text Box 6-2 for an example 
of an incident where cementing issues were studied as part of an evaluation of drinking water well 
impacts. 

Text Box 6-2. Dimock, Pennsylvania.  

In 2009, shortly after drilling and hydraulic fracturing in the Marcellus Shale commenced in the area, 
residents near the township of Dimock, Pennsylvania reported that natural gas was appearing or increasing 
in their water wells (Hammond, 2016; PA DEP, 2009a).  

Water wells in the area largely draw from the Catskill Formation and range in depth from less than 50 ft (15 
m) to more than 500 ft (150 m) (Molofsky et al., 2013). In this area, the Marcellus Shale is about 7,000 ft 
(2,000 m) below the surface and its natural gas is extracted through vertical and horizontal wells (Hammond, 
2016). Methane exists naturally in the subsurface in this part of Pennsylvania, including in the Catskill 
Formation and the geologic formations below it (Baldassare et al., 2014; Molofsky et al., 2013; Molofsky et al., 
2011). 

(Text Box 6-2 is continued on the following page.) 

                                                            
1 Gelation is the process in the setting of the cement where it begins to solidify and lose its ability to transmit pressure to 
the formation. 
2 Lost cement refers to a failure of the cement or the spacer fluid used to wash the drilling fluid out of the wellbore to be 
circulated back to the surface, indicating that the cement has escaped into the formation. 
3 Centralizers are used to keep the casing in the center of the hole and allow an even cement job. 
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Text Box 6-2 (continued). Dimock, Pennsylvania. 

The Pennsylvania Department of Environmental Protection (PA DEP) investigated and made a determination 
that 18 water wells located within a 9 mi2 (23 km2) area had been negatively affected as a result of natural gas 
extraction activities. For approximately two years, during which there was a partial ban on gas well drilling 
and hydraulic fracturing in the vicinity, the gas company plugged four gas wells and undertook remedial 
construction actions at 18 additional gas wells (including remedial cementing at several wells, adding as 
much as 6,300 ft (1,900 m) of cement behind the production casings) (PA DEP, 2010b, d, 2009a).  
The figure below presents a simplified geologic representation of water wells and one type of horizontal gas 
well completed within the geologic formations in the area. The location of remedial cementing performed in 
some gas wells is indicated. 

 
Several studies in this and surrounding areas have focused on the geochemistry of the groundwater, in 
particular on gas composition, and noble and natural gas isotopes in the water. Results are consistent with an 
accumulation of stray gas originating from greater depth and moving to the Catskill Formation (Jackson et al., 
2013c; Molofsky et al., 2013; Molofsky et al., 2011). However, the identity of the geologic formation(s) 
sourcing the natural gas is not always certain and may be consistent with sourcing from either the Marcellus 
(as suggested by Jackson et al. (2013c)), or the intervening geologic formations (Molofsky et al., 2013). 
The role of hydraulic fracturing in the migration of gas to the Catskill Formation, and the specific pathways by 
which this migration occurred, is even less certain. Some investigators suspect that the initial gas well 
construction allowed natural gases from deeper formations to move upward along uncemented wellbores 
(Hammond, 2016; PA DEP, 2010b, d, 2009a). However, no publicly available information exists to document 
whether hydraulic fracturing may have aided fluid movement along wellbores to enter drinking water 
resources from greater depths. Reviews of information, such as hydraulic fracturing job reports showing the 
intervals hydraulically fractured, injection rates, and pressure monitoring, would support an evaluation of 
whether hydraulic fracturing might have played a role in the migration of natural gas to drinking water wells 
in the area. 
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Among the wells represented in the Well File Review, over 90% of cemented casings were 
cemented using primary cementing methods. Secondary or remedial cementing was used on an 
estimated 8% of casings (most often on surface and production casings and less often on 
intermediate casings).1 The remedial cementing techniques employed in these wells included 
cement squeezes, cement baskets, and pumping cement down the annulus (U.S. EPA, 2015n). See 
Appendix D for more information on remedial cementing techniques. 

The cement does not always need to be continuous along the entire length of the well to protect 
drinking water resources; rather, protection of drinking water resources depends on a good cement 
seal across the appropriate subsurface zones, including all fresh water- and hydrocarbon-bearing 
zones. One study of wells in the Gulf of Mexico found that, if at least 50 ft (15 m) of high quality 
cement was present, pressure differentials as high as 14,000 psi (97 MPa) would not lead to 
breakdown in isolation between geologic zones (King and King, 2013).  

Most wells have cement behind the surface casing, which is a key barrier to contamination of 
drinking water resources. The surface casings in nearly all of the wells used in hydraulic fracturing 
operations represented in the Well File Review (93% of the wells, or an estimated 21,500 wells) 
were fully cemented.2,3 None of the wells studied in the Well File Review had completely 
uncemented surface casings.  

The length and location of cement behind intermediate and production casings can vary based on 
the presence and locations of over-pressured formations, formations containing fluids, or 
geologically weak formations (i.e., those that are prone to structural failure when exposed to 
changes in subsurface stresses). State regulations and economics also play a role.  

In the Well File Review, the intermediate casings of most of the wells studied were fully cemented, 
although there were relatively wide 95% confidence intervals in the results. Among production 
casings, about half were partially cemented, about a third were fully cemented, and the remainder 
were either uncemented or their cementing status was undetermined. Among the approximately 
9,100 wells represented in the Well File Review that are estimated to have intermediate casing, the 
intermediate casing was fully cemented in an estimated approximately 7,300 wells (80%) and 
partially cemented in an estimated 1,700 wells (19%).4,5 Production casings were partially 
cemented in 47% of the wells, or approximately 10,900 wells (U.S. EPA, 2015n).6  

                                                            
1 8% of casings (95% confidence interval: 3% – 14% of casings). 
2 The Well File Review defined fully cemented casings as casings that had a continuous cement sheath from the bottom of 
the casing to at least the next larger and overlying casing (or the ground surface, if surface casing). Partially cemented 
casings were defined as casings that had some portion of the casing that was cemented from the bottom of the casing to at 
least the next larger and overlying casing (or ground surface), but were not fully cemented. Casings with no cement 
anywhere along the casing, from the bottom of the casing to at least the next larger and overlying casing (or ground 
surface), were defined as uncemented. 
3 21,500 wells (95% confidence interval: 19,500 – 23,600 wells). 
4 9,100 wells (95% confidence interval: 2,900 – 15,400 wells). 
5 7,300 wells (95% confidence interval: 600 – 13,900 wells). 
6 10,900 wells (95% confidence interval: 6,900 – 14,900 wells). 
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The Well File Review also estimated the number of wells with a continuous cement sheath along the 
outside of the well. An estimated 6,800 of the wells represented in the study (29%) had cement 
from the bottom of the well to the ground surface, and approximately 15,300 wells (66%) had one 
or more uncemented intervals between the bottom of the well and the surface.1,2 In the remaining 
wells, the location of the top of the cement was uncertain, so no determination could be made 
regarding whether the well had a continuous cement sheath along the outside of the well (U.S. EPA, 
2015n). 

A variety of logs are available to evaluate the quality of cement behind the well casing. Among wells 
in the Well File Review, the most common type of cement evaluation log run was a standard 
acoustic cement bond log (U.S. EPA, 2015n). Standard acoustic cement bond logs are used to 
evaluate both the extent of the cement placed along the casing and the cement bond between the 
cement, casing, and wellbore. Cement bond indices calculated from standard acoustic cement bond 
logs on the wells in the Well File Review showed a median bond index of 0.7 just above the 
hydraulic fracturing zone; this value decreased to 0.4 over a measured distance of 5,000 ft (2,000 
m) above the hydraulic fracturing zone (U.S. EPA, 2015n).3 While standard acoustic cement bond 
logs can give an average estimate of bonding, they cannot alone indicate zonal isolation, because 
they may not be properly run or calibrated (Boyd et al., 2006; Smolen, 2006). One study of 28 wells 
found that cement bond logs failed to predict communication between formations 11% of the time 
(Boyd et al., 2006). In addition, they cannot discriminate between full circumferential cement 
coverage by weaker cement and lack of circumferential coverage by stronger cement (King and 
King, 2013; Smolen, 2006). A few studies have compared cement bond indices to zonal isolation, 
with varying results. For example, Brown et al. (1970) showed that among 16 South American wells 
with varying casing size and cement bond indices, a cemented 5.5 in (14 cm) diameter casing with a 
bond index of 0.8 along as little as 5 ft (1.5 m) can act as an effective seal. The authors also suggest 
that an effective seal in wells having calculated bond indices differing from 0.8 are expected to have 
an inverse relationship between bond index and requisite length of the cemented interval, with 
longer lengths needed along casing having a lower bond index. Another study recommends that 
wells undergoing hydraulic fracturing should have a given cement bond over an interval three 
times the length that would otherwise be considered adequate for zonal isolation (Fitzgerald et al., 
1985). Conversely, King and King (2013) concluded field tests from wells studied by Flournoy and 
Feaster (1963) had effective isolation when the cement bond index ranged from 0.31 to 0.75. 

External mechanical integrity tests (MITs), including temperature logs, noise logs, and radioactive 
tracer logs, are another means to evaluate the zonal isolation performance of well cement. Instead 
of measuring the apparent quality of the cement, external MITs measure whether there is evidence 
of fluid movement along the wellbore (and potentially to a drinking water resource). An external 
MIT conducted before the hydraulic fracturing job can allow detection of channels in the cement 
that could allow injected fluids to move out of the production zone. An external MIT performed 

                                                            
1 6,800 wells (95% confidence interval: 1,600 – 11,900 wells). 
2 15,300 wells (95% confidence interval: 10,500 – 20,100 wells). 
3 Cement bond logs are used to calculate a bond index, which varies between 0 and 1, with 1 representing the strongest 
bond and 0 representing the weakest bond. 
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after hydraulic fracturing operations can detect any fluid movement resulting from cement damage 
caused by the hydraulic fracturing job. It is important to note that, if a well fails an MIT, this does 
not mean there is a failure of the well or that drinking water resources are impacted. An MIT failure 
is a warning that something needs to be addressed, and a loss of mechanical integrity is an event 
that can result in fluid movement from the well if remediation is not performed. More details on 
MITs are available in Appendix D. 

Monitoring the treatment pressure of the hydraulic fracturing operation can also detect problems 
occurring during fracturing. Sudden changes in pressure during hydraulic fracturing operations can 
be indicative of failures in the cement or casing. This type of monitoring is performed in nearly all 
hydraulic fracturing jobs: the Well File Review (U.S. EPA, 2016c) found that the treatment pressure 
was monitored in 97% (or 27,700) of all hydraulic fracturing jobs studied.1  

6.2.1.3 Well Orientation 

A well can be drilled and constructed with any of several different orientations: vertical, horizontal, 
and deviated. The well’s orientation can be important, because it affects the difficulty of drilling, 
constructing, and cementing the well. In particular, as described in Section 6.2.2, constructing and 
cementing horizontal wells present unique challenges (Sabins, 1990). In a vertical well, the 
wellbore is vertical throughout its entire length, from the wellhead at the surface to the production 
zone. Deviated wells are usually drilled vertically in the shallowest part of the well but are then 
drilled directionally, deviating from the vertical direction at some point such that the bottom of the 
well is at a significant lateral distance away from the point in the subsurface directly under the 
wellhead. In a horizontal well, the well is drilled vertically to a point known as the kickoff point, 
where the well turns toward the horizontal, extending into and parallel with the approximately 
horizontal targeted producing formation (Figure 6-2).  

Among wells evaluated in the Well File Review, about 65% were vertical, 11% were horizontal, and 
24% were deviated wells (U.S. EPA, 2015n).2 This is generally consistent with information available 
in industry databases—of the approximately 16,000 oil and gas wells used in hydraulic fracturing 
operations in 2009 (one of the years for which the data for the Well File Review were collected), 
39% were vertical, 33% were horizontal, and 28% were either deviated or the orientation was 
unknown (DrillingInfo, 2014b). See Section 3.3 for additional information on the use of horizontal 
wells in the United States. 

6.2.1.4 Well Completion 

Another important aspect of well construction is the way in which the well is completed into the 
production zone, because the well’s completion is part of the system of barriers and must be intact 
for the well to operate properly. A variety of completion configurations are available. The most 
common configuration is for casing to extend to the end of the wellbore and be cemented in place 
(U.S. EPA, 2015n; George et al., 2011; Renpu, 2011). In these cased and cemented completions, the 
                                                            
1 27,700 jobs (95% confidence interval: 24,800 – 30,600 jobs). 
2 The Well File Review considered any non-horizontal well in which the well bottom was located more than 500 ft (152 
m) laterally from the wellhead as being deviated. 
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cement provides the primary containment of fluids to the production zone. Before hydraulic 
fracturing begins, perforations are made through the casing and cement into the production zone. It 
is through the perforated casing and cement that hydraulic fracturing is conducted. In some cases, a 
smaller temporary casing, known as a temporary frac string, is inserted inside the production 
casing to protect the casing from the high pressures imposed during hydraulic fracturing 
operations.  

A different type of a cased completion uses production casing set on formation packers, where the 
production casing extends through the production zone and the length of the casing extending 
through the drilled horizontal wellbore is left uncemented, but has a series of formation packers 
that swell to seal the annulus between the casing and the formation.1 With these completions, the 
production zone is fractured in separate stages through ports that open between the formation 
packers. When formation packers are used, they provide the primary isolation of hydraulic 
fracturing fluids during hydraulic fracturing. 

Another type of completion is an open hole completion. When open hole completions are used, the 
entire production zone is fractured all at once in a single stage or may be fractured in separate 
stages using a temporary frac string set on one or more temporary formation packers that are 
positioned to a different interval for each stage. If a temporary frac string is used in an open hole 
completion, its packer(s) provide the primary isolation of hydraulic fracturing fluids during 
hydraulic fracturing and if no temporary frac string is used, then the next higher casing in the well 
provides the primary isolation of hydraulic fracturing fluids during the treatment. 

Among wells represented in the Well File Review, an estimated 6% of wells (1,500 wells) had open 
hole completions, 6% of wells (1,500 wells) used formation packers, and the rest were cased and 
cemented (U.S. EPA, 2015n).2,3  

In some cases, wells may be re-completed after the initial construction, with re-fracturing if 
production has decreased (Vincent, 2011). Re-completion also may include additional perforations 
in the well at a different interval to produce from a new formation, lengthening the wellbore, or 
drilling new laterals from an existing wellbore. In 95% of the re-completions represented in the 
Well File Review, hydraulic fracturing occurred at shallower depths than the previous job (U.S. EPA, 
2016c).4 

6.2.2 Factors that can Affect Fluid Movement to Drinking Water Resources  

The following sections describe the pathways for fluid movement that can develop within the 
production well and wellbore. We also describe the conditions leading to the development of fluid 
movement pathways and, where available, evidence that a pathway has allowed fluid movement to 

                                                            
1 A formation packer is a specialized casing part that has the same inner diameter as the casing but whose outer diameter 
expands to make contact with the formation and seal the annulus between the uncemented casing and formation, 
preventing migration of fluids.  
2 1,500 wells with open hole completions (95% confidence interval: 10 – 4,800 wells). 
3 1,500 wells using formation packers (95% confidence interval: 1,400 – 1,600 wells). 
4 95% of jobs (95% confidence interval: 75 – 99% of jobs). 
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occur within the casing or cement, and—in the case of sustained casing pressure (Section 6.2.2.4)—
a combination of factors within the casing and cement. (See Figure 6-4 for an illustration of 
potential fluid movement pathways related to casing and cement.)  

 
Figure 6-4. Potential pathways for fluid movement in a cemented wellbore. 
These pathways (represented by the white arrows) include: (1) casing and tubing leak into a permeable formation, 
(2) migration along an uncemented annulus, (3) migration along microannuli between the casing and cement, (4) 
migration through poor cement, and (5) migration along microannuli between the cement and formation. Note: 
the figure is not to scale and is intended to provide a conceptual illustration of pathways that may develop within 
the well.  
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We describe information regarding the rate at which these pathways have been identified in 
hydraulic fracturing wells when it is available. Where such information does not exist, we present 
the results of research on oil and gas production wells in general or on injection wells, including 
those used for the geologic sequestration of carbon dioxide.1 Publicly accessible information is 
insufficient to determine whether wells intended for hydraulic fracturing are constructed 
differently from production wells where no fracturing is conducted. See Chapter 10 for additional 
discussion of data gaps. It is not generally possible, based on the literature reviewed for this 
assessment, to determine the precise degree to which hydraulic fracturing created, or moved fluids 
along, the pathways described or whether all of the wells studied were hydraulically fractured. Nor 
is it generally possible to estimate the degree to which wells that were hydraulically fractured have 
a significantly different number of redundant barriers to protect drinking water resources than 
other production wells. However, given the applicability of well construction technology to address 
the subsurface conditions encountered in hydraulic fracturing operations and production or 
injection operations in general, the information presented here is considered relevant to the 
assessment. 

6.2.2.1 Pathways Related to Well Casing 

High pressures associated with hydraulic fracturing operations can damage casing and lead to fluid 
movement that can impact drinking water quality. As noted above, the casing string through which 
hydraulic fracturing fluids are injected is subject to higher internal pressures during hydraulic 
fracturing operations than during other phases in the life of a production well. To withstand the 
stresses created by the high pressure of hydraulic fracturing, the well and its components must 
have adequate strength and elasticity. If the casing is compromised or is otherwise not strong 
enough to withstand these stresses (Figure 6-3), a casing failure can result. If undetected or not 
repaired, casing failures can serve as pathways for hydraulic fracturing fluids to leak out of the 
casing. Below we present data or information suggesting that pathways along the casing are 
present or allowing fluid movement. See Chapter 10 for more information on factors that can 
increase or decrease the frequency or severity of impacts to drinking water quality associated with 
well construction.  

Hydraulic fracturing fluids or fluids present within the well casing could flow into other zones in 
the subsurface if there is a leak in the casing, and cement is inadequate or not present. As described 
below, pathways for fluid movement associated with well casing can be related to the original 
design or construction of the well, degradation of the casing over time, or problems that can arise 
through extended use as the casing succumbs to stresses. 

Casing failure can also occur if the wellbore passes through a structurally weak geologic zone that 
shears and deforms the well casing. Such shearing is common when drilling through zones 
containing salt (Renpu, 2011). The changes in the pressure field in the portions of the formation 
near the wellbore during hydraulic fracturing can also cause mechanically weak formations to 
shear, potentially damaging the well’s casing or cement. Palmer et al. (2005) demonstrated through 
modeling that hydraulic fracturing within coal that had a low unconfined compressive strength 
                                                            
1 An injection well is a well into which fluids are being injected (40 Code of Federal Regulations (CFR) 144.3). 
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could cause shear failure of the coalbeds surrounding the wellbore. Shearing of the coalbed layers 
can cause the casing to deform and potentially fail. 

Corrosion in uncemented zones is the most common cause of casing failure. This can occur if 
uncemented sections of the casing are exposed to corrosive substances such as brine or hydrogen 
sulfide (Renpu, 2011). Corrosion commonly occurs at the collars that connect sections of casing or 
where equipment is attached to the casing. Corrosion at collars can exacerbate problems with loose 
or poorly designed connections, which are another common cause of casing leaks (Agbalagba et al., 
2013; Brufatto et al., 2003). Watson and Bachu (2009) found that 66% of all casing corrosion 
occurred in uncemented well sections, as shown in Pathway 1 of Figure 6-4.  

As noted above, the casing and cement work together to strengthen the well and provide zonal 
isolation. Uncemented casing does not necessarily lead to fluid migration. However, migration can 
occur if the casing in an uncemented zone fails during hydraulic fracturing operations.  

Other mechanical integrity problems have been found to vary with the well environment, 
particularly environments with high pressures and temperatures. Wells in high pressure/high 
temperature environments, wells with thermal cycling, and wells in corrosive environments can 
have life expectancies of less than 10 years (Agbalagba et al., 2013).  

The depth of the surface casing relative to the base of the drinking water resource to be protected is 
an important factor in protecting the drinking water resource. In a limited risk modeling study of 
selected injection wells in the Williston Basin, Michie and Koch (1991) found the risk of aquifer 
contamination from leaks from the inside of the well to the drinking water resource was seven in 
1,000,000 injection wells if the surface casing was set deep enough to cover the drinking water 
resource, and that the risk increased to six in 1,000 wells if the surface casing was not set deeper 
than the bottom of the drinking water resource. An example where surface casing did not extend 
below drinking water resources comes from an investigation of 14 selected drinking water wells 
with alleged water quality problems in the Wind River and Fort Union formations near Pavillion, 
Wyoming (WYOGCC, 2014b). The state found that the surface casing of oil and gas wells was 
shallower than the depth of three of the 14 drinking water wells. Some of the oil and gas wells with 
shallow surface casing had elevated gas pressures in their annuli (WYOGCC, 2014b). The presence 
of gas in the annuli, combined with surface casing that is set above the lowest drinking water 
resource, could allow migration of gas into drinking water resources.  

Fleckenstein et al. (2015) found that the depth of surface casing and the presence of uncemented 
gas zones are major factors in determining the likelihood of well failures and contamination. Their 
study in the Wattenberg field in Colorado classified the wells in the field into seven categories 
based on the depth of surface casing, the presence of cement, and the presence of intermediate gas 
zones above the production zone (Table 6-1). The categories were arranged in order of risk, with 
category 1 wells being at the highest risk of allowing fluid migration and category 7 wells being the 
least likely to allow migration. The overall barrier failure rate was 2.4% of all wells, and the overall 
catastrophic failure rate was 0.06% of all wells. A remediation effort was made in order to decrease 
the likelihood of fluid migration, which included the plugging of 1,103 of the 17,948 wells studied. 
All the wells shown in the table are vertical wells that were drilled between 1970 and 2013. Similar 
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categories were created for the 973 horizontal wells in the field. No failures were recorded for any 
of the horizontal wells.  

Table 6-1. Failure rates of vertical wells in the Wattenberg field, Colorado. 
From Fleckenstein et al. (2015). 

Category and descriptiona, b Total wells 

Wells with 
barrier 

failuresc 

Wells with 
catastrophic 

failuresd 

1--Shallow surface casing and exposed (uncemented) over-
pressured intermediate gas zones 

399 92 (23.06%) 3 (0.75%) 

2 – Shallow surface casing and exposed under-pressured 
intermediate gas zones 

7,811 276 (3.53%) 6 (0.08%) 

3 – Shallow surface casing but no exposed gas zones 3,407 20 (0.59%) 1 (0.03%) 

4 – Shallow surface casing with production casing cemented 
to bottom of surface casing 

1,063 0 (0%) 0 (0%) 

5 – Deep surface casing with production casing cement below 
top of gas  

1,374 13 (0.95%) 0 (0%) 

6 – Deep surface casing with production casing cement above 
top of gas 

2,069 0 (0%) 0 (0%) 

7 – Deep surface casing with production casing cement to 
bottom of surface casing 

705 0 (0%) 0 (0%) 

Total 16,828 401 (2.4%) 10 (0.06%) 
a The study defined shallow surface casing as casing that did not extend below the Fox Hills Aquifer, a deep aquifer that had not 
been identified and protected by the state prior to 1994.  
b Uncemented zones could be located along the intermediate or production casings. 
c Barrier failures were considered to have occurred when there were signs of a failure, but no contamination. 
d A catastrophic failure was considered to have occurred where there was contamination of drinking water aquifers (i.e., the 
presence of thermogenic gas in a drinking water well) and evidence of a well defect such as exposed intermediate gas zone or 
casing leaks. 

Sherwood et al. (2016) examined complaint records in the same field. They reviewed 29 Colorado 
Oil and Gas Commission complaint records associated with 32 incidents at 42 drinking water wells 
in which thermogenic methane was detected. (See Text Box 6-3 for more information on 
thermogenic and biogenic methane.) Of the 29 complaints, 10 were determined to be caused by oil 
and gas wellbore failures, one was suspected of being a wellbore failure but not confirmed, three 
were settled in court with documents being sealed, and the remaining 15 were unresolved.1 If all 32 
cases are assumed to be associated with an individual oil and gas well, that would result in a failure 
rate of 0.06% of all oil and gas wells in the basin, the same failure rate as found in the Fleckenstein 
et al. (2015) study. As in the Fleckenstein study, surface casing that was set too shallow and 

1 This paper defined a wellbore failure as the failure of one or more barriers to fluid movement in the wellbore (e.g., 
cement, casing, etc.). 
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uncemented intermediate zones were the main contributing factors to wellbore failure. All 11 of the 
confirmed or suspected wellbore failures involved vertical wells that were drilled before 1933 and 
had surface casing shallower than nearby aquifers. Of these wells, seven had been hydraulically 
fractured. The study noted that the failure rate was fairly constant over time with about two new 
cases per year since 2000 and that the rate had not changed since high rates of hydraulic fracturing 
of horizontal wells became prevalent around 2010. This is consistent with the study’s finding of no 
failures in horizontal wells. 

During hydraulic fracturing operations in September of 2010 near Killdeer, in Dunn County, North 
Dakota, the production, surface, and conductor casing of the Franchuk 44-20 SWH well ruptured, 
causing fluids to spill to the surface (Jacob, 2011). The rupture occurred during the 5th of 
23 planned stages of hydraulic fracturing when the pressure spiked to over 8,390 psi (58 MPa). 
Ruptures were found in two locations along the production casing―one just below the surface and 
one at about 55 ft (17 m) below ground surface. The surface casing ruptured in three places down 
to a depth of 188 ft (57 m), and the conductor casing ruptured in one place. Despite a shutdown of 
the pumps, the pressure was still sufficient to cause fluid to travel through the ruptured casings and 
to flow to the surface. Ultimately, over 166,000 gal (628,000 L) of fluids and approximately 
2,860 tons (2,595 metric tons) of contaminated soil were removed from the site (Jacob, 2011).  

The EPA investigated the Killdeer site as part of its Retrospective Case Study in Killdeer, North 
Dakota: Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water Resources (U.S. 
EPA, 2015i). As part of the study, water quality samples were collected from three domestic wells, 
nine monitoring wells, two supply wells, one municipal well, and one state well in July 2011, 
October 2011, and October 2012. Two study wells installed less than 60 ft (20 m) from the 
production well (NDGW08 and NDGW07) had significant differences in water quality compared to 
the remaining study wells.1 These two wells showed differences in ion concentrations (e.g., 
chloride, calcium, magnesium, sodium, strontium) and tert-butyl alcohol (TBA). The sampling 
identified brine contamination that was consistent with mixing of local groundwater with brine 
from Madison Group formations, which the well had penetrated. The TBA was consistent with 
degradation of tert-butyl hydroperoxide, a component of the hydraulic fracturing fluid used in the 
Franchuk well. Based on the analysis of potential sources of contamination, the EPA determined 
that the only potential sources of TBA were gasoline spills, leaky underground storage tanks, and 
hydraulic fracturing fluids. However, the lack of MTBE and other signature compounds associated 
with gasoline or fuels strongly suggests that the rupture (blowout) was the only source consistent 
with findings of high brine and TBA concentrations in the two wells.2 For additional information 
about impacts at the Killdeer site, see Section 6.3.2.2. 

                                                            
1 Based on comparison with historical Killdeer aquifer water quality data, the remaining study wells were in general 
consistent with historical background data; these wells were then used for the data analysis as background wells. 
Comparisons of TBA between the study data and historical data could not be made since no historical data for TBA were 
found for the Killdeer aquifer. 
2 A well blowout is the uncontrolled flow of fluids out of a well. 
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Inadequate casing or cement can respond poorly when blowout preventers activate.1 When 
blowout preventers are activated, they immediately stop the flow in the well, which can create a 
sudden pressure increase in the well. If the casing or cement are not strong enough to withstand 
the increased pressure when this occurs, well components can be damaged (The Royal Society and 
the Royal Academy of Engineering, 2012) and the potential for fluid release and migration in the 
subsurface increases. Blowouts can also occur during the production phase, and cause spills on the 
surface that can affect drinking water resources; see Section 7.4.2.2.  

While well construction and hydraulic fracturing techniques continue to change, the pressure- and 
temperature-related stresses associated with hydraulic fracturing remain as factors that can affect 
the integrity of the well casing. Tian et al. (2015) investigated one such case where temperature 
effects led to casing damage in China. In the Changning-Weiyuan basin in China, 13 of 33 wells 
(39.4%) suffered casing damage, with most of the wells experiencing the damage after fracturing. 
The authors found that injection of the cooler hydraulic fracturing fluid led the casing temperature 
to drop from the formation temperature of 212°F to 64°F (100°C to 18°C) in some cases. This drop 
in temperature, in turn, caused pockets of high pressure fluid outside the casing to contract. If the 
temperature dropped below 136°F (58°C), the effect was sufficient to form a vacuum outside the 
casing, potentially leading to casing deformation. Areas of the casing with severe doglegs (i.e., bends 
in the well) and where there was a smaller space between the casing and formation were more 
prone to this type of damage. While the conditions in this Chinese basin may or may not represent 
conditions in U.S. basins, they do demonstrate that temperature changes during hydraulic 
fracturing can place additional stress on the well and highlight their importance as a consideration 
in casing design. In the case mentioned, increasing the space around the casing, decreasing dogleg 
angles, properly removing drilling mud, and using high strength, low elasticity cement were found 
to improve performance. 

Sugden et al. (2013) used numerical simulation to examine a similar problem using parameters 
chosen to represent the Haynesville Shale. They found that injecting a fluid at 70°F (21°C) could 
cool the wellbore temperature from 320°F to 96°F (160°C to 36°C). The temperature change was 
90% complete within the first half hour of hydraulic fracturing operations. They also found that a 
well with a 20 degree per 100 ft (31 m) dogleg decreased the pressure required to damage the well 
casing by 850 psi (5.9 MPa). The study also reported that cooling of fluids in voids in the cement can 
lead to contraction of the fluids. In low permeability shales, fluid cannot flow in fast enough to 
compensate, and the pressure in the void can drop significantly. Sugden et al. (2013) report that 
such cement voids can reduce the pressure needed to rupture the casing by 40%.  

Emerging isotopic techniques can be used to identify the extent to which stray gas occurring in 
drinking water resources is linked to casing failure. (See Text Box 6-3 for more information on stray 
gas.) Darrah et al. (2014) used hydrocarbon and noble gas isotope data to investigate the source of 
gas in eight identified “contamination clusters” that occurred in the Marcellus and Barnett shales. 
Seven of these clusters were stripped of atmospheric gases (Argon-36 and Neon-20) and were 

                                                            
1 A blowout preventer (BOP) is casinghead equipment that prevents the uncontrolled flow of oil, gas, and mud from the 
well by closing around the drill pipe or sealing the hole (Oil and Gas Mineral Services, 2010). BOPs are typically a 
temporary component of the well, in place only during drilling and perhaps through hydraulic fracturing operations. 
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enriched in crustal gases, indicating the gas migrated quickly from depth without equilibrating with 
intervening formations. The rapid transport was interpreted to mean that the migration did not 
occur along natural fractures or pathways, which would have allowed equilibration to take place. 
Based on the isotopic results, the authors also ruled out the possibility that the gas was carried 
upward (relative to the surface) as the geologic formation in which it formed was uplifted over 
geologic time. Possible explanations for the rapid migration include transport up the well and 
through a leaky casing (Pathway 1 in Figure 6-4) or along uncemented or poorly cemented 
intervals from shallower depths (Pathways 2 through 5 in Figure 6-4). In four Marcellus Shale 
clusters, gas found in drinking water wells had isotopic signatures and ratios of ethane to methane 
that were consistent with those in the producing formation. The authors conclude that this suggests 
that gas migrated along poorly constructed wells from the producing formation, likely with 
improper, faulty, or failing production casings. In three clusters, the isotopic signatures and ethane 
to methane ratios were consistent with formations overlying the Marcellus. The authors suggest 
that this migration occurred from the shallower gas formations along uncemented or improperly 
cemented wellbores. In another Marcellus cluster in the study, deep gas migration was linked to a 
subsurface well, likely from a failed well packer. 

Text Box 6-3. Stray Gas Migration. 

Stray gas refers to the phenomenon of natural gas (primarily methane) migrating into shallow drinking water 
resources, into water wells or other types of wells, to the surface, or to near-surface features (e.g., basements, 
streams, or springs). The source of the migrating gas can be natural gas reservoirs (either conventional or 
unconventional), or from coal mines, landfills, leaking gas wells, leaking gas pipelines, buried organic matter, 
or natural microbial processes (Li and Carlson, 2014; Baldassare, 2011). Although methane is not a regulated 
drinking water contaminant, its presence in drinking water resources can initiate chemical and biological 
reactions that release or mobilize other contaminants. Over time, it can promote more reducing conditions in 
groundwater, potentially leading to reductive dissolution of iron and manganese and the possible liberation 
of naturally occurring contaminants, such as arsenic, that are potentially associated with iron and manganese 
(U.S. EPA, 2014f). In addition, methane can accumulate to explosive levels in confined spaces (like basements 
or cellars) if it exsolves (degases) from groundwater into those spaces. (See Section 9.5.5 for information 
about the hazards associated with methane exposure.)  

Detectable levels of dissolved natural gas exist in some aquifers, even in the absence of human activity 
(Gorody, 2012). In northern Pennsylvania and New York, low levels of methane are frequently found in water 
wells in baseline studies, prior to commercial oil or gas development (Christian et al., 2016; Kappel, 2013; 
Kappel and Nystrom, 2012); for example, one USGS study detected methane in 80% of sampled wells in Pike 
County, Pennsylvania (Senior, 2014). The origin of methane in groundwater can be either thermogenic 
(produced by high temperatures and pressures in deeper formations, such as the gas found in the Marcellus 
Shale) or biogenic (produced in shallower formations by bacterial activity in anaerobic conditions).  

Gas occurrence is linked to local and regional geologic characteristics. In some cases, thermogenic methane 
occurs naturally in shallow formations because the formation itself was uplifted (relative to the surface) over 
geologic time. In other cases, it has migrated there via one or more pathways. For example, Brantley et al. 
(2014) suggest that northern Pennsylvania’s glacial history can help explain why stray gas is more common 
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Text Box 6-3 (continued). Stray Gas Migration. 

there than in the southern part of the state. Christian et al. (2016), Mcphillips et al. (2014), Molofsky et al. (In 
Press), and Wilson (2014) all identified correlations between the presence of methane in water wells and 
certain geologic, hydrographic, and geochemical parameters, such as valley locations and the presence of coal 
beds.  

Stray gas migration can be a technically complex phenomenon to study, in part because there are many 
potential sources and routes for migration. When a particular site lacks detailed monitoring data, especially 
baseline measurements, determination of sources and migration routes is complicated and challenging. 
Examining the concentrations and isotopic compositions of methane and higher molecular weight 
hydrocarbons such as ethane and propane can aid in determining the source of stray gas (Tilley and 
Muehlenbachs, 2012; Baldassare, 2011; Rowe and Muehlenbachs, 1999). Isotopic composition and 
methane-to-ethane ratios can help determine whether the gas is thermogenic or biogenic in origin and 
whether it is derived from shale or other formations (Gorody, 2012; Muehlenbachs et al., 2012; Barker and 
Fritz, 1981). Isotopic analysis can also be used to identify the strata where the gas originated and provide 
evidence for migration mechanisms (Darrah et al., 2014). For example, isotope-based techniques have been 
used to investigate the potential sources of methane in drinking water wells in Dimock, Pennsylvania 
(Hammond, 2016), and Jackson et al. (2013c) found evidence of potential Marcellus gas contamination in 
some Pennsylvania drinking water wells using stable-isotopic ratios, while other wells in the area appeared 
to be contaminated by shallower sources (not associated with gas production). 

However, determining the source of methane does not necessarily establish the migration pathway. Multiple 
researchers (e.g., Siegel et al., 2015; Jackson et al., 2013c; Molofsky et al., 2013; Révész et al., 2012; Osborn et 
al., 2011) have described biogenic and/or thermogenic methane in groundwater supplies in Marcellus gas 
production areas, although the sources and pathways of migration are generally unknown. Well casing and 
cementing issues may be an important source of stray gas problems (Jackson et al., 2013c); however, other 
potential subsurface pathways are also discussed in the literature. Zhang and Soeder (2016) suggested that 
air-drilling practices used to construct the vertical component of gas wells can affect methane migration by 
creating groundwater surges in the shallow subsurface. The type of well may also play a role; in one study, 
deviated gas wells in Canada were three to four times more likely than vertical wells to have evidence of gas 
migration to the surface (Jackson et al., 2013b).  

In the absence of data on specific pathways, some researchers have investigated geographic correlations. 
Jackson et al. (2013c) and Osborn et al. (2011) found that thermogenic methane concentrations in well water 
increased with proximity to Marcellus Shale production sites. In contrast, Molofsky et al. (2013) found the 
presence of gas to be more closely correlated with topography and elevation, and (Siegel et al., 2015)found no 
correlation between methane in groundwater and proximity to production wells. Kresse et al. (2012) 
investigated methane concentration and isotopic geochemistry in shallow groundwater in the Fayetteville 
Shale area, and found no evidence that the water had been influenced by shale gas activities. Similarly, Li and 
Carlson (2014), while not ruling out potential leakage pathways from deeper reservoirs, found no systematic 
correlation between increasing well drilling density in the Wattenberg Field in Colorado and near-surface 
stray gas concentrations.  

EPA conducted retrospective case studies to investigate stray gas in northeastern Pennsylvania and the Raton 
Basin of Colorado. As described in the northeastern Pennsylvania case study report, Retrospective Case Study 
in Northeastern Pennsylvania: Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water 
Resources (U.S. EPA, 2014f), 27 of 36 drinking water wells within the study area (75%) contained elevated 
methane concentrations. For some of the wells, the EPA concluded that the methane (of both thermogenic 
and biogenic origin) was naturally occurring gas, not attributable to gas exploration activities. In others, it  
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Text Box 6-3 (continued). Stray Gas Migration. 

appeared that methane had entered the water wells following well drilling and hydraulic fracturing. In most 
cases, the methane in the wells likely originated from intermediate formations between the production zone 
and the surface; however, in some cases, the methane appears to have originated from deeper layers such as 
those where the Marcellus Shale is found (U.S. EPA, 2014f). The Raton Basin case study examined the Little 
Creek Field, where potentially explosive quantities of methane entered drinking water wells in 2007. As 
described in the EPA’s Retrospective Case Study in the Raton Basin, Colorado: Study of the Potential Impacts of 
Hydraulic Fracturing on Drinking Water Resources (U.S. EPA, 2015k), the methane was found to be primarily 
thermogenic in origin, modified by biologic oxidation (U.S. EPA, 2015k). Secondary biogeochemical changes 
related to the migration and reaction of methane within the shallow drinking water aquifer were reflected in 
the characteristics of the Little Creek Field groundwater (U.S. EPA, 2015k). 

The sources of methane in the two studies could be determined with varying degrees of certainty. Narrowly 
identifying the most likely pathway(s) of migration has been more difficult. In northeastern Pennsylvania, 
while the sources could not be definitively determined, the Marcellus Shale could not be excluded as a 
potential source in some wells based on isotopic signatures, methane-to-ethane ratios, and isotope reversal 
properties (U.S. EPA, 2014f). The Pennsylvania Department of Environmental Protection (PA DEP) cited at 
least two operators for failure to prevent gas migration at wells within the study area. Evidence cited by the 
state included isotopic comparison of gas samples from drinking water wells, water bodies, and gas wells; 
inadequate cement jobs; and sustained casing pressure (although, under Pennsylvania law, oil or gas 
operators can be cited if they cannot disprove the contamination was caused by their well using pre-drilling 
samples) (Llewellyn et al., 2015). A separate study (Ingraffea et al., 2014) showed that wells in this area had 
higher incidences of mechanical integrity problems relative to wells in other parts of Pennsylvania. While the 
study did not definitively show that stray gas was linked to construction problems, it does imply that there 
may be more difficulties in constructing wells in this area. In the Little Creek Field in the Raton Basin, the 
source of methane was identified as the Vermejo coalbeds. While the nature of the migration pathway is 
unknown, modeling suggests that it could have occurred along natural rock features in the area and/or along 
a gas production well (U.S. EPA, 2015k). Because the production wells were shut in shortly after the incident 
began, the wells could not be inspected to determine whether a mechanical integrity failure in the wellbore 
was a likely cause of the migration.1 

These two case studies illustrate the considerations involved with understanding stray gas migration and the 
difficulty in determining sources and migration pathways. To more conclusively determine sources and 
migration pathways, studies in which data are collected on mechanical integrity and hydrocarbon gas (e.g., 
methane, ethane) concentrations both before and after hydraulic fracturing operations, in addition to the 
types of data summarized above, would be needed. 

In the Wattenberg Field in Colorado, Li et al. (2016a) investigated the concentration of various ions 
in water from an uncontaminated aquifer, an aquifer containing thermogenic methane, and 
produced water from oil and gas wells to understand the transport of aqueous- and gas-phase 
fluids at the site. The results indicated that the methane that was contaminating water wells was 
not transported with aqueous phase fluids; the authors suggested that this can provide evidence for 
migration mechanisms, because certain pathways (e.g., migration from improperly sealed well 

                                                            
1 Shutting in a well refers to sealing off a well by either closing the valves at the wellhead, a downhole safety valve, or a 
blowout preventer. 
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casings) could potentially result in gas-phase but not aqueous-phase migration. See Text Box 6-4 for 
another example of an investigation into the occurrence of stray gas in drinking water wells. 

Text Box 6-4. Parker County, Texas.  

Peer-reviewed studies have been conducted within the Barnett Shale area, which includes Parker County, 
Texas. These include sampling studies of private water well composition, noble gas content, and isotopic 
signatures of natural gases, as well as analysis of existing water sample data. Disagreement exists about the 
origin of the increased natural gas in private well water. 

One suggested possibility is that production casing annuli could serve as a migration pathway for natural gas 
from formations located between the Barnett and the Trinity to reach overlying intervals (including the 
Trinity aquifer) (Darrah et al., 2014). However, using measurements of hydrocarbon and noble gas isotopes, 
Wen et al. (2016) suggests the source of methane in the Trinity aquifer water wells is directly from the 
underlying Strawn Formation and not from pathways associated with the gas production wells although the 
timing of methane entry into the Strawn is not known. 

6.2.2.2 Pathways Related to Cement 

Fluid movement can result from inadequate well design or construction (e.g., cement loss or other 
problems that arise in cementing of wells) or degradation of the cement over time (e.g., corrosion 
or the formation of microannuli), which may, if undetected and not repaired, cause the cement to 
succumb to the stresses exerted during hydraulic fracturing.1 The well cement must be able to 
withstand the subsurface conditions and the stresses encountered during hydraulic fracturing 
operations. This section presents data and information that can help indicate that pathways within 
the cement are present or allowing fluid movement. 

Uncemented zones can allow fluids or brines to move into drinking water resources. If a fluid-
containing zone is left uncemented, the open annulus between the formation and casing can act as a 
pathway for migration of that fluid. Fluids can enter the wellbore along any uncemented section of 
the wellbore if a sufficient pressure gradient is present. Once the fluids have entered the wellbore, 
they can travel up along the entire uncemented length of the wellbore as shown in Pathway 2 of 
Figure 6-4.  

As mentioned in Section 6.2.2.1, Fleckenstein et al. (2015) found uncemented gas zones to be a 
significant factor in barrier failures in wells in the Wattenberg basin in Colorado. A report on the 
Pavillion field by AME (2016) identified a similar set of risk factors for fluid migration including: 
uncemented production casing, shallow surface casing, and the presence of both an intermediate 
pressurized gas zone and a permeable groundwater zone encountered in the same production 
wellbore.  

Because of their low density and buoyancy, gaseous fluids such as methane will migrate up the 
wellbore if an uncemented wellbore is exposed to a gas-containing formation. Gas may then be able 

                                                            
1 Microannuli are very small openings that form between the cement and its surroundings and that may serve as 
pathways for fluid migration to drinking water resources. 
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to enter other formations (including drinking water resources) if the wellbore is uncemented and 
the pressure in the annulus is sufficient to force fluid into the surrounding formation (Watson and 
Bachu, 2009; Harrison, 1985). The rate at which the gas can move will depend on the difference in 
pressure between the annulus and the formation (Wojtanowicz, 2008). See Chapter 10 for a 
discussion of practices, such as well testing, that can decrease the frequency of such gas migration 
that could impact drinking water quality. 

In several cases, poor or failed cement has been linked to stray gas migration (Text Box 6-3). A 
Canadian study found that uncemented portions of casing were the most significant contributors to 
gas migration (Watson and Bachu, 2009). The same study also found that 57% of all casing leaks 
occurred in uncemented segments. In the study by Darrah et al. (2014) (Section 6.2.2.1), using 
isotopic data, four clusters of gas contamination were linked to poor cementing. In three clusters in 
the Marcellus and one in the Barnett, gas found in drinking water wells had isotopic signatures 
consistent with intermediate formations overlying the producing zone. This suggests that gas 
migrated from the intermediate units along the well annulus, along uncemented portions of the 
wellbore, or through channels or microannuli.  

Cementing of the surface casing is the primary aspect of well construction intended to protect 
drinking water resources. Most states require the surface casing to be set and cemented from the 
level of the lowermost drinking water resource to the surface (GWPC, 2014). Most wells—including 
those used in hydraulic fracturing operations—have such cementing in place. Among the wells 
represented in the Well File Review, surface casing was found to be fully cemented in 93% of wells. 
Of these, an estimated 55% of wells (12,600 wells) were cemented to below the operator-reported 
protected groundwater resource; in an additional 28% of wells (6,400 wells), the operator-
reported protected groundwater resources were fully covered by the next cemented casing 
string.1,2,3 A portion of the annular space between the casing and the operator-reported protected 
groundwater resources was uncemented in at least 3% of wells (600 wells) (U.S. EPA, 2015n).4  

Improper placement of cement can lead to defects in external mechanical integrity. For example, an 
improper cement job can be the result of loss of cement during placement into a formation with 

                                                            
1 In the Well File Review, protected groundwater resources were as reported by well operators. For most wells 
represented in the Well File Review, protected groundwater resources were identified based on state or federal 
authorization documents. Other data sources used by well operators included aquifer maps, data from offset production 
wells, open hole log interpretations by operators, operator experience, online databases, and references to a general 
requirement by the oil and gas agency. 
2 The research that the EPA reviewed used various terms to describe subsurface water resources that are 
used/potentially used for drinking water. Where another term is relevant to describing the author’s research, we use that 
term; for the purpose of this assessment, all of these terms are considered to fall within the assessment’s definition of 
“drinking water resources.” See Chapter 2 for additional information on the definition of a drinking water resource. 
3 6,400 wells (95% confidence interval: 500 – 12,300 wells). 
4 600 wells (95% confidence interval: 10 – 1,800 wells). The well files representing an estimated 8% of wells in the Well 
File Review did not have sufficient data to determine whether the operator-reported protected groundwater resource 
was uncemented or cemented. In these cases, there was ambiguity either in the depth of the base or the top of the 
operator-reported protected groundwater resource. An additional 6% of wells represented had surface casing set below 
the reported protected groundwater resource depth, but because the protected groundwater depth was based on a 
nearby water well depth, the true base of the protected groundwater resource may be deeper, leaving uncertainty as to 
whether the surface casing in these wells is set deeper than the base of the protected groundwater resource. 
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high porosity or fractures, causing a lack of adequate cement across a water- or brine-bearing zone. 
Additionally, failure to use cement that is compatible with the anticipated subsurface conditions, 
failure to remove drilling fluids from the wellbore, and improper centralization of the casing in the 
wellbore can all lead to the formation of channels (i.e., small connected voids) in the cement during 
the cementing process (McDaniel et al., 2014; Sabins, 1990). If the channels are small and isolated, 
they may not lead to fluid migration. However, if they are long and connected, extending across 
multiple formations, or connecting to other existing channels or fractures, they can present a 
pathway for fluid migration. Figure 6-4 shows a variety of pathways for fluid migration that are 
possible from failed cement jobs. 

One example of how hydraulic fracturing of a well with insufficient and improperly placed cement 
led to contamination occurred in Bainbridge Township, Ohio. This incident was well studied by the 
Ohio Department of Natural Resources (ODNR, 2008) and by an expert panel (Bair et al., 2010). The 
level of detail available for this case is not typically found in studies of such events but was collected 
because of the severity of the impacts and the resulting legal action. The English #1 well was drilled 
to a depth of 3,900 ft (1,200 m) below ground surface (bgs) in October 2007 with the producing 
formation located between 3,600 and 3,900 ft (1,100 and 1,200 m) bgs. Overlying the producing 
formation were several uneconomic formations containing over-pressured gas (i.e., gas at 
pressures higher than the hydrostatic pressure exerted by the fluids within the well).1 The original 
cement design required the cement to be placed 700 – 800 ft (210 – 240 m) above the producing 
formation to seal off these areas. During cementing, however, both the spacer fluid and cement 
were lost in the subsurface, and the cement did not reach the intended height.2 Despite the lack of 
sufficient cement, the operator proceeded with hydraulic fracturing. 

During the hydraulic fracturing operation in November 2007, about 840 gal (3,200 L) of fluid 
flowed up the annulus and out of the well. When the fluid began flowing out of the annulus, the 
operator immediately ceased operations and shut in the well; this caused the pressure in the 
wellbore to increase. About a month later, there was an explosion in a nearby house where methane 
had entered from an abandoned and unplugged drinking water well connected to the cellar (Bair et 
al., 2010). In addition to the explosion, the over-pressured gas entering the aquifer resulted in the 
contamination of 26 private drinking water wells with methane. The wells, some of which had 
histories of elevated methane prior to the incident, were taken off-line. By 2010, all of the well 
owners had been connected to a public water supply (Tomastik and Bair, 2010). 

Contamination at the Bainbridge Township site was the result of inadequate cement. The ODNR 
determined that failure to cement the over-pressured gas formations, proceeding with the 
hydraulic fracturing operation without adequate cement, and the extended period during which the 
well was shut in all contributed to the contamination of the aquifer with stray gas (ODNR, 2008). 
Cement logs found the cement top was at 3,640 ft (1,110 m) bgs, leaving the uneconomic gas-
producing formations and a portion of the production zone uncemented. The surface casing was 
253 ft (77 m) deep and cemented to the surface. Hydraulic fracturing fluids flowing out of the 
                                                            
1 Hydrostatic pressure is the pressure exerted by a column of fluid at a given depth. Here, it refers to the pressure exerted 
by a column of drilling mud or cement on the formation at a particular depth. 
2 Spacer fluid is a fluid pumped before the cement to clean drilling mud out of the wellbore. 
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annulus provided an indication that hydraulic fracturing had created a path from the producing 
formation to the well annulus in addition to the uncemented gas zones. Because the well was shut 
in, the pressure in the annulus could not be relieved, and the gas eventually traveled through 
natural fractures surrounding the wellbore into local drinking water aquifers (during the time the 
well was shut in, natural gas seeped into the well annulus and pressure built up from an initial 
pressure of 90 psi (0.6 MPa) to 360 psi (2.5 MPa)). From the aquifer, the gas moved into drinking 
water wells and from one of those wells into a cellar, resulting in the explosive accumulation of gas. 

The Well File Review found that 3% of all hydraulic fracturing jobs (800 jobs) reported a 
mechanical integrity failure that allowed fluid to enter an annular space (U.S. EPA, 2016c).1 The 
mechanical integrity failures generally resulted in hydraulic fracturing fluid entering the annular 
space between the casing and formation or between two casings, and were generally noted by 
increases in annular pressure or fluid bubbling to the surface. Other possible mechanisms for the 
failures include casing leaks, cement failure, and fractures extending above the height of the 
cement. (See Section 6.3.2.2 for additional information on fracture overgrowth.) While failures 
were noted, these do not necessarily indicate there was movement of fluid into a drinking water 
resource. In most cases, when problems occurred, the hydraulic fracturing operation was stopped 
and operators addressed the cause of the failure before hydraulic fracturing operations resumed; 
however, in 0.5% of the hydraulic fracturing jobs (100 jobs) with identified failures, there was no 
additional barrier between the annular space with fluid and protected drinking water resources.2 
While it could not definitively be determined whether fluid movement into the protected drinking 
water resource occurred, in these cases, all of the protective barriers intended to prevent such fluid 
migration failed, leaving the groundwater resource vulnerable to contamination.  

While limited literature is available on construction (including cementing) flaws in hydraulically 
fractured wells, several studies have examined construction flaws in oil and gas wells in general. 
One study that examined reported drinking water contamination incidents in Texas identified 10 
incidents related to drilling and construction activities among 250,000 oil and gas wells (Kell, 
2011). The study noted that many of the contamination incidents were associated with wells that 
were constructed before Texas revised its regulations on cementing in 1969 (it is not clear how old 
the wells were at the time the contamination occurred). Because this study relied on reported 
incidents, it is possible that other wells exhibited mechanical integrity issues but did not result in 
contamination of a drinking water well or were not reported. Therefore, this should be considered 
a low-end estimate of the number of mechanical integrity issues that could be tied directly to 
drilling and construction activities. It is important to note that the 10 contamination incidents 
identified were not associated with wells that were hydraulically fractured (Kell, 2011). 

Several investigators have studied violations information from the PA DEP online violation 
database to evaluate the rates of and possible factors contributing to mechanical integrity 
problems, including those related to cement. The results of these studies are summarized in Table 
6-2.  

1 800 jobs (95% confidence interval: 10 – 1,700 jobs). 
2 100 jobs (95% confidence interval: 10 – 300 jobs). 

WG Ex. 34

1426

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3352498
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2215321
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2215321
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2215321


Chapter 6 – Well Injection 

 

 

6-30 

Table 6-2. Results of studies of PA DEP violation data that examined mechanical integrity 
failure rates. 

Study 
Violations 
investigated 

Wells 
studied 

Data 
timeframe Key findingsa 

Considine et al. 
(2012) 

Violations resulting 
in environmental 
damage 

3,533 2008−2011 

Of 845 environmental damage incidents 
(which resulted in 1,144 violations), 
approximately 10% were related to casing 
or cement problems. The overall violation 
rate dropped from 52.9% of all wells in 
2008 to 20.8% of all wells in 2011. 

Davies et al. 
(2014) 

Failure of one of the 
barriers preventing 
fluid migration 

8,030 2005−2013 

Approximately 5% of wells received this 
type of violation. The incident rate 
increased to 6.3% when failures noted on 
forms, but not resulting in violations, were 
included. 

Ingraffea et al. 
(2014) 

Violations and 
inspection records 
indicating structural 
integrity loss  

3,391 2000−2012 

Wells in unconventional reservoirs 
experienced a rate of structural integrity 
loss of 6.2%, while the rate for 
conventional wells was 1%. 

Vidic et al. 
(2013) 

Construction 
violations related to 
casing or cement  

6,466 2008−2013 Approximately 3.4% of wells received this 
type of violation. 

Olawoyin et al. 
(2013) All violations 2,001 2008−2010 

Analysis of 2,601 violations from 65 
operators based on weighted risks found 
that potentially risky violations increased 
342% over the study period, while total 
violations increased 110%.  

Brantley et al. 
(2014) 

Violations related 
to well construction 
issues  

7,234 2005 – 2013 

Over the period studied, a total of 3.4% of 
well operators received violations for 
construction issues. Violations in any given 
year ranged from 0.6% to 10.8%. Also, 
0.24% of wells were cited for methane 
migration. 

a While all of these studies used the same database, their results vary because they studied different timeframes and used 
different definitions of what violations constituted a mechanical integrity problem or failure. 

Because a significant portion of Pennsylvania’s recent oil and gas activity is in the Marcellus Shale, 
many of the wells in these studies were most likely used for hydraulic fracturing. For example, 
Ingraffea et al. (2014) found that approximately 16% of the oil and gas wells drilled in the state 
between 2000 and 2012 were completed in unconventional reservoirs, and nearly all of these wells 
were used for hydraulic fracturing. Wells drilled in unconventional reservoirs experienced higher 
rates of structural integrity loss, as defined by the authors, than conventional wells drilled during 
the same time period (Ingraffea et al., 2014). The authors did not compare rates of structural 
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integrity loss in conventional wells that were and were not hydraulically fractured; they assumed 
that unconventional wells were hydraulically fractured and conventional wells were not. 

Violation rates resulting in environmental damage among all Pennsylvania wells dropped from 
52.9% in 2008 to 20.8% in 2011 (Considine et al., 2012), and the drop may be due to a number of 
factors. Violations related to failure of cement or other well components represented a minority of 
all well violations (i.e., among wells that were and were not hydraulically fractured). Of 845 events 
that caused environmental damage, including but not limited to contamination of drinking water 
resources, Considine et al. (2012) found that about 10% (85 events) were related to casing and 
cement problems. The rest of the incidents were related to site restoration and spills; the violations 
noted are confined to those incidents that caused environmental damage (i.e., the analysis excluded 
construction flaws that did not have adverse environmental effects). In addition, two wells (0.06%) 
were found to have contributed to methane migration into drinking water. Ingraffea et al. (2014) 
identified a significant increase in mechanical integrity problems such as casing leaks, sustained 
casing pressure, and insufficient cement from 2009 to 2011, rising from 5% to 6% of all newly 
drilled oil and gas wells, followed by a decrease beginning in 2012 to about 2% of all wells, a 
reduction of approximately 100 violations among 3,000 wells from 2011 to 2012. The rise in 
mechanical integrity problems between 2009 and 2011 coincided with an increase in the number of 
wells in unconventional reservoirs.  

While all of the studies shown in the table used the same database, their results vary, not only 
because of the different timeframes studied, but also because they used different definitions of what 
violations constituted a mechanical integrity problem or failure. For example, Considine et al. 
(2012) considered all events resulting in environmental damage—including effects such as 
erosion—and found a relatively high violation rate. Davies et al. (2014) and Ingraffea et al. (2014) 
investigated violations related to mechanical integrity, while Vidic et al. (2013) looked only at 
mechanical integrity violations resulting in fluid migration out of the wellbore; these more specific 
studies found relatively lower violation rates. Olawoyin et al. (2013) performed a statistical 
analysis that weighted violations based on risk and found that the most risky violations included 
those involving pits, erosion, waste disposal, and blowout preventers.  

Another source of information on contamination caused by wells is positive determination letters 
(PDLs) issued by the PA DEP. PDLs are issued in response to a complaint when the state determines 
that contamination did occur in proximity to oil and gas activities. The PDLs take into account the 
impact, timing, mechanical integrity, and formation permeability; liability is presumed for wells 
within a given distance if the oil and gas operator cannot refute that they caused the contamination, 
based on pre-drilling sampling (Brantley et al., 2014).1 Brantley et al. (2014) examined these PDLs, 
and concluded that, between 2008 and 2012, the water supplies of approximately seven properties 
were impacted; depending on the assumptions used to determine how many unconventional gas 
wells affected a single property; this equates to a rate of 0.12 to 1.1% of the 6,061 wells begun in 
that timeframe. While these oil and gas wells were linked to contamination of wells and springs, the 

1 Under Pennsylvania’s Oil and Gas Act, operators of oil or gas wells are presumed liable if water supplies within 1,000 ft 
(305 m) were impacted within 6 months of drilling, unless the claim is rebutted by the operator; this was expanded to 
2,500 ft (762 m) and 12 months in 2012.  
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mechanisms for the impacts (including whether fluids may have been spilled at the surface or if 
there was a pathway through the well or through the subsurface rock formation to the drinking 
water resource) were not described by Brantley et al. (2014).  

While the studies discussed above present possible explanations for higher violation incidences in 
unconventional wells that are likely to be hydraulically fractured, it should be noted that other 
explanations not specific to hydraulic fracturing are also possible. These could include different 
inspection protocols and different formation types. 

Cementing in horizontal wells, which are commonly hydraulically fractured, presents challenges 
that can contribute to higher rates of mechanical integrity issues. The observation by Ingraffea et al. 
(2014) that wells drilled in unconventional reservoirs (which are horizontal in Pennsylvania) 
experience higher rates of structural integrity loss than conventional wells is supported by 
conclusions of Sabins (1990), who noted that horizontal wells have more cementing problems 
because they are more difficult to center properly and can be subject to settling of solids on the 
bottom of the wellbore. Cementing in horizontal wells presents challenges that can contribute to 
higher rates of mechanical integrity issues.  

Thermal and cyclic stresses caused by intermittent operation also can stress cement (King and 
King, 2013; Ali et al., 2009). Increased pressures and cyclic stresses associated with hydraulic 
fracturing operations can contribute to cement integrity losses and, if undetected, small mechanical 
integrity problems can lead to larger ones. Temperature differences between the (typically 
warmer) subsurface environment and the (typically cooler) injected fluids, followed by contact 
with the (typically warmer) produced water, can lead to contraction of the well materials (both 
casing and cement), which introduces additional stresses. Similar temperature changes may occur 
when multiple fracturing stages are performed. Because the casing and cement have different 
mechanical properties, they may respond differently to these stress cycles and debond.  

Several studies illustrate the effects of cyclic stresses. Dusseault et al. (2000) indicate that wells that 
have undergone several cycles of thermal or pressure changes will almost always show some 
debonding between cement and casing. Another laboratory study by De Andrade et al. (2015) found 
that cycling temperatures between 61°F and 151°F (16°C and 66°C) at 35 bar pressure (2.5 MPa) 
led to the formation of cracks in cement across both shale and sandstone formations. Cement 
damage was more significant in sandstone formations and worsened with each thermal cycle. A 
similar study by Roy et al. (2016) at ambient pressure did not find any cracks larger than 200 
microns with temperature fluctuation between -40°F and 158°F (-40°C and 70°C), although 
numerical modeling of the same scenario predicted that cracks up to 1 to 10 microns would form, 
which would not have been detected by the methods used. Microannuli formed by this debonding 
can serve as pathways for gas migration, in particular because the lighter density of gas provides a 
larger driving force for migration through the microannuli than for heavier liquids.1 One laboratory 
study indicated that microannuli on the order of 0.01 in (0.25 mm) could increase effective cement 
permeability from 1 nD (1 × 10−21 m2) in good quality cement up to 1 mD (1 × 10−15 m2) (Bachu and 
Bennion, 2009). This six-order magnitude increase in permeability shows that even small 

1 Microannuli can also form due to an inadequate cement job, e.g., poor mud removal or improper cement placement rate.
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microannuli can significantly increase the potential for flow through the cement. Typically, these 
microannuli form at the interface between the casing and cement or between the cement and 
formation. Debonding and formation of microannuli can occur through intermittent operation, 
pressure tests, and workover operations (Dusseault et al., 2000).1 While a small area of debonding 
may not lead to fluid migration, the microannuli in the cement resulting from the debonding can 
serve as initiation points for fracture propagation if re-pressurized gas enters the microannulus 
(Dusseault et al., 2000).  

A number of modeling studies have indicated that fractures can propagate upwards from existing 
defects in cement or areas with poorer bonding (Kim et al., 2016; Roy et al., 2016; De Andrade et al., 
2015). Feng et al. (2015) showed that fractures in cement tended to propagate upwards along the 
wellbore instead of radially. Modeling studies have also shown that cements with lower Young’s 
modulus tend to propagate fractures more slowly than stiffer cements (Kim et al., 2016; Feng et al., 
2015).2

The Council of Canadian Academies (2014) found that the repetitive pressure surges occurring 
during the hydraulic fracturing process would make maintaining an intact cement seal more of a 
challenge in these wells. Wang and Dahi Taleghani (2014) performed a modeling study, which 
concluded that hydraulic fracturing pressures could initiate annular cracks in cement. Another 
study of well data indicated that cement failure rates are higher in intermediate casings compared 
to other casings (McDaniel et al., 2014). The failures occurred after drilling and completion of wells, 
and the authors surmised that the cement failures were most likely due to cyclic pressure stresses 
caused by drilling. Theoretically, similar cyclic pressure events could also be experienced in the 
production casing during multiple stages of hydraulic fracturing. Mechanical stresses associated 
with well operation or workovers and pressure tests also may lead to small cracks in the cement, 
which may provide migration pathways for fluid.  

Corrosion can lead to cement failure. Cement can fail to maintain integrity as a result of degradation 
of the cement after the cement is set. Cement degradation can result from attack by corrosive brines 
or chemicals such as sulfates, sulfides, and carbon dioxide that exist in formation fluids (Renpu, 
2011). These chemicals can alter the chemical structure of the cement, resulting in increased 
permeability or reduced strength and leading to loss of cement integrity over time. Additives or 
specialty cements exist that can decrease cement susceptibility to specific chemicals.  

6.2.2.3 Well Age 

Hydraulic fracturing within older (legacy) wells has the potential to impact drinking water 
resources, either due to inadequate design and construction or degradation of the well components 
over time that afford pathways for the unintended migration of fluids. While new wells can be 
specifically designed to withstand the stresses associated with hydraulic fracturing operations, 

1 A workover refers to any maintenance activity performed on a well that involves ceasing operations and removing the 
wellhead. Depending on the purpose of the workover and the tools used, workovers may induce pressure changes in the 
well.
2 Young’s modulus, a ratio of stress to strain, is a measure of the rigidity of a material. 
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older wells, which are sometimes used in hydraulic fracturing operations, may not have been 
designed to the same specifications, and their reuse for this purpose could be a concern. 

Aging and extended use of a well contribute to casing corrosion and degradation, and the potential 
for fluid migration related to compromised casing tends to be higher in older wells. For example, 
exposure to corrosive chemicals such as hydrogen sulfide, carbonic acid, and brines can accelerate 
corrosion (Renpu, 2011). Ajani and Kelkar (2012) studied wells in Oklahoma and found a 
correlation between well age and mechanical integrity issues. Specifically, in wells spaced between 
1,000 and 2,000 ft (300 and 600 m) from a well being fractured, the likelihood of impact on the well 
(defined in the study as a loss of gas production or increase in water production) rose from 
approximately 20% to 60% as the well’s age increased from 200 days to over 600 days. Age was 
also found to be a factor in mechanical integrity problems in a study of wells drilled offshore in the 
Gulf of Mexico (Brufatto et al., 2003).  

The Well File Review (U.S. EPA, 2016c, 2015n) provides evidence that fracturing does occur in 
older wells, including re-entering existing wells to fracture them for the first time or re-fracturing 
in wells that have been previously fractured. The Well File Review found that the median age of 
wells being initially fractured was 45 days, with well ages at time of fracturing ranging from 8 days 
to nearly 51 years. While 64% of the wells studied in the Well File Review were fractured within 6 
months of the well spud date, the median age for wells being re-fractured was 6 years.1,2 An 
estimated 11% of fracture jobs studied in the Well File Review were re-completions in a different 
zone than the original fracture job and 8% were re-fractures in the same zone as the original 
fracture job.3,4  

The Well File Review also found that well component failures appeared to occur more frequently in 
older wells that were being re-completed or re-fractured.5 The failure rate in hydraulic fracturing 
jobs involving re-completions and re-fractures was 6%, compared to 2% for hydraulic fracturing 
jobs in wells that had not been previously fractured.6,7 While the confidence levels overlap, there is 
an indication that re-fractured and re-completed wells are more likely to suffer a failure of one or 
more components during hydraulic fracturing operations.  

Frac strings, which are specialized pieces of casing inserted inside the production casing, can be 
used to protect older casing during fracturing. However, the effect of hydraulic fracturing on the 
cement on the production casing in older wells is unknown. One study on re-fracturing of wells 
noted that the mechanical integrity of the well was a key factor in determining the success or failure 
of the fracture treatment (Vincent, 2011). The Well File Review (U.S. EPA, 2016c) found that 

1 Spudding refers to starting the well drilling process by removing rock, dirt, and other sedimentary material with the drill 
bit. 
2 64% of wells (95% confidence interval: 48 – 77% of wells). 
3 11% of jobs (95% confidence interval: 5 – 23% of jobs). 
4 8% of jobs (95% confidence interval: 5 – 12% of jobs). 
5 The Well File Review defines a failure as a defect in a well component that allows fluid to flow into an annular space.  
6 6% failure rate (95% confidence interval: 2 – 19% failure rate). 
7 2% failure rate (95% confidence interval: 0.5 – 8% failure rate). 
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failures occurred more frequently in completions using frac strings, with failures occurring 20% of 
the time, compared to failures occurring 0.9% of the time when a frac string was not used.1,2  

Note that there are also potential issues related to where these older wells are sited. For example, 
some wells could be in areas with naturally occurring subsurface faults or fractures that could not 
be detected or fully characterized with the technologies available at the time of construction. It is 
also possible that, in areas of historic petroleum exploration, old abandoned wells can be present 
which may have been improperly plugged or have degraded over time.3 These wells could serve as 
pathways for fluid migration if they are located within the fracture network of the well; see Section 
6.3.2. 

6.2.2.4 Sustained Casing Pressure 

Sustained casing pressure illustrates how the issues related to casing and cement discussed in the 
preceding sections can work together and be difficult to differentiate.4 It is an indicator that 
pathways within the well related to the well’s casing, cement, or both allowed fluid movement to 
occur. Sustained casing pressure can result from casing leaks, uncemented intervals, microannuli, 
or some combination of the three, which can be an indication that a well has lost mechanical 
integrity. Sustained casing pressure can be observed when an annulus (either the annulus between 
the tubing and production casing or between any two casings) is exposed to a source of nearly 
continuous elevated pressure. Goodwin and Crook (1992) found that sudden increases in sustained 
casing pressure occurred in wells that were exposed to high temperatures and pressures. 
Subsequent logging of these wells showed that the high temperatures and pressures led to shearing 
of the cement/casing interface and a total loss of the cement bond. Aly et al. (2015) demonstrated 
methods using a combination of chemical analysis, isotopic analysis, well logs, and drilling records 
to identify the most likely source of fluids causing sustained casing pressure. 

Sustained casing pressure occurs more frequently in older wells and horizontal or deviated wells. 
One study found that sustained casing pressure becomes a greater concern as a well ages. Sustained 
casing pressure was found in less than 10% of wells that were less than a year old, but was present 
in up to 50% of 15-year-old wells (Brufatto et al., 2003). While these wells may not have been 
hydraulically fractured, the study demonstrates that older wells can exhibit more mechanical 
integrity problems. Fleckenstein et al. (2015) also found that older wells exhibited more barrier 
failures, including sustained casing pressure. They reported that 3.53% of the wells in the study 
with under-pressured intermediate gas zones developed sustained casing pressure, although it is 
likely the sustained casing pressure was due to poor well design (i.e., under older standards) rather 

1 20% failure rate (95% confidence interval: 10 – 36% failure rate). 
2 0.9% failure rate (95% confidence interval: 0.8 – 1.0% failure rate). 
3 An abandoned well refers to a well that is no longer being used, either because it is not economically producing or it 
cannot be used because of its poor condition. 
4 Sustained casing pressure is pressure in any well annulus that is measurable at the wellhead and rebuilds after it is bled 
down, not caused solely by temperature fluctuations or imposed by the operator (Skjerven et al., 2011). If the pressure is 
relieved by venting natural gas from the annulus to the atmosphere, it will build up again once the annulus is closed (i.e., 
the pressure is sustained). The return of pressure indicates that there is a small leak in a casing or through uncemented or 
poorly cemented intervals that exposes the annulus to a pressured source of gas. It is possible to have pressure in more 
than one of the annuli. 
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than well age. Watson and Bachu (2009) found that a higher portion of deviated wells had 
sustained casing pressure compared to vertical wells. Increased pressures and cyclic stresses (Syed 
and Cutler, 2010) during hydraulic fracturing and difficulty in cementing horizontal wells (Sabins, 
1990) also can lead to increased instances of sustained casing pressure (Muehlenbachs et al., 2012; 
Rowe and Muehlenbachs, 1999).  

Sustained casing pressure can be a concern for several reasons. If the pressures are allowed to build 
up to above the burst pressure of the exterior casing or the collapse pressure of the interior casing, 
the casing may fail. Increased pressure can also cause gas or liquid to enter lower-pressured 
formations that are exposed to the annulus either through leaks or uncemented sections. 
Laboratory experiments by Harrison (1985) demonstrated that over-pressurized gas in the annulus 
could cause rapid movement of gas into drinking water resources if a permeable pathway exists 
between the annulus and the groundwater. Over-pressurization of the annulus is commonly 
relieved by venting the annulus to the atmosphere; however, this does not address the underlying 
problem in the well and can result in additional releases of methane to the atmosphere.  

One example of an area where sustained casing pressure is common is Alberta, Canada, where 14% 
of the wells drilled since 1971 experienced serious sustained casing flow. This was defined in a 
study by Jackson and Dussealt (2014) as more than 10,594 ft3 (300 m3)/day at pressures higher 
than 0.48 psi/ft (11 kPa/m) of depth times the depth of the surface casing. Another study in the 
same area found gas in nearby drinking water wells had a composition consistent with biogenic 
methane mixing with methane from nearby coalbed methane and deeper natural gas fields (Tilley 
and Muehlenbachs, 2012). 

In a few cases, sustained casing pressure in wells that have been hydraulically fractured may have 
been linked to drinking water contamination, although it is challenging to definitively determine 
the actual cause. In one study in northeastern Pennsylvania, methane to ethane ratios and isotopic 
signatures were used to investigate stray gas migration into domestic drinking water (U.S. EPA, 
2014f). Composition of the gas in the water wells was consistent with that of the gas found in 
nearby gas wells with sustained casing pressures; other possible sources of the gas could not be 
ruled out. Several gas wells in the study area were cited by the PA DEP for having elevated 
sustained casing annulus pressures. One such case included four well pads with two wells drilled on 
each pad in southeastern Bradford County. The wells, drilled between September 2009 and May 
2010, were 6,890 to 7,546 ft (2,100 to 2,300 m) deep and had surface casing to 984 ft (300 m). The 
casing below the surface casing was uncemented. All four wells experienced sustained casing 
pressure, with pressures ranging from 483 to 909 psi (3.3 to 6.3 MPa). Methane appeared in three 
nearby domestic drinking water wells in July 2010. Investigation into the cause of the methane 
contamination identified the drilled gas wells with sustained casing pressure as the most likely 
cause. The likely path was over-pressured gas from intermediate zones above the Marcellus Shale 
entering the uncemented well annulus and traveling up the annulus and along bedding planes 
which intersected the well annulus.1 The determination was based on multiple lines of evidence, 
including: no methane present in a pre-drill sample, increases in methane after the wells had been 

                                                            
1 A bedding plane is the surface that separates two layers of stratified rocks. 
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drilled, similar isotopic composition of the gas in the domestic wells and the gas in the annular 
space of the gas wells, and the presence of bedding planes which intersected the uncemented 
portion of the gas wells leading upwards toward the domestic wells (Llewellyn et al., 2015).  

Adequate well design, detection (i.e., through annulus pressure monitoring), and repair of sustained 
casing pressure reduce the potential for fluid movement. (See Chapter 10 for additional discussion 
of practices that can reduce the frequency or severity of impacts to drinking water quality.) Watson 
and Bachu (2009) found that regulations requiring monitoring and repair of sustained casing vent 
flow or sustained casing pressure had a positive effect on lowering leak rates. The authors also 
found injection wells initially designed for the higher pressures associated with injection (vs. 
production) experienced sustained casing pressure less often than those that were retrofitted 
(Watson and Bachu, 2009). As mentioned above, Fleckenstein et al. (2015) found that placing the 
surface casing below all potential sources of drinking water and cementing intermediate gas zones 
significantly reduced sustained casing pressure.  

Another study in Mamm Creek, Colorado, obtained similar results. The Mamm Creek field is in an 
area where lost cement and shallow, gas-containing formations are common. All the wells in the 
formation were hydraulically fractured (S.S. Papadopulos & Associates, 2008). A number of wells in 
the area have experienced sustained casing pressure, and methane has been found in several 
drinking water wells along with seeps into local creeks and ponds. In one well, drilled in January 
2004, four pressured gas zones were encountered during drilling and there was a lost cement 
incident, which resulted in the cement top being more than 4,000 ft (1,000 m) lower than originally 
intended. Due to high bradenhead pressure (661 psi, or 4.6 MPa), cement remediation efforts were 
implemented (Crescent, 2011; COGCC, 2004).1 The operator of this well was later cited by the 
Colorado Oil and Gas Conservation Commission (COGCC) for causing natural gas and benzene to 
seep into a nearby creek. The proposed route of contamination was contaminants flowing up the 
well annulus and then along a fault. The proposed contamination route appeared to be validated 
because, once remedial cementing was performed on the well, methane and benzene levels in the 
creek began to drop (Science Based Solutions LLC, 2014). In response to the incident, the state 
instituted requirements to identify and cement above the top of the highest gas-producing 
formation in the area and to monitor casing pressures after cementing.  

A study in the Woodford Shale in Oklahoma examined how various cement design factors affected 
sustained casing pressure (Landry et al., 2015). The study focused on wells in the Cana-Woodford 
basin, a very deep basin at 11,000 to 15,000 ft (3,400 to 4,600 m) below ground surface, where the 
depth, long laterals, fracture gradients, and low permeability of the formations in the basin make 
cementing a challenge. One operator had seven test wells in the basin, of which six exhibited 
sustained casing pressure, usually after hydraulic fracturing operations. In early designs, the 
operator had not been using centralizers on the horizontal sections of the well, because they 
increased the frequency of stuck pipe. However, improvements in centralizer design allowed the 
operator to use centralizers more frequently on later well designs, and the operator tried several 
different techniques to address the sustained casing pressure problems, with varying results:  

1 Bradenhead pressure is pressure between two casings in an oil and gas well.  
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• In three of the wells, the operator used three different techniques: a conventional cement
job with a water-based drilling mud and single slurry design; oil-based mud with single
slurry design; and a foamed cement to cement the vertical portion of the well from the
kickoff point up with conventional water-based cement on the lateral. All three of these
wells experienced sustained casing pressure after hydraulic fracturing operations.

• In a fourth well, in 2013, the operator used centralizers, with three centralizers per every
two casing joints along the lateral and one centralizer per joint in the vertical section. The
design also involved an enhanced spacer fluid to remove drilling mud and a self-healing
cement in the upper portion of the well. While some channeling was detected in this well,
the channels were not connected and did not lead to sustained casing pressure.

The operator constructed an additional 21 wells using the same technique as was performed in the 
fourth well, and 20 did not show any sustained casing pressure after fracturing. This study shows 
the importance of cement design factors, such as casing centralization and mud removal, in 
preventing sustained casing pressure.  

Not every well that shows positive pressure in the annulus poses a potential problem. Sustained 
pressure is only a problem when it exceeds the ability of the wellbore to contain it or when it 
indicates leaks in the cement or casing (TIPRO, 2012). A variety of management options are 
available for managing such pressure including venting, remedial cementing, and use of kill fluids in 
the annulus (TIPRO, 2012).1 While venting may be a common method to address sustained casing 
pressure, it does not address the underlying mechanical integrity failure and is only a temporary 
solution. Furthermore, venting releases fluids at the wellhead which, if gaseous, can contribute to 
increased atmospheric emissions, or if liquid, potential spills on the surface. 

6.3 Fluid Migration Associated with Induced Fractures within Subsurface 
Formations 

This section discusses potential pathways for fluid movement associated with induced fractures 
and subsurface formations (outside of the well system described in Section 6.2). It examines the 
potential for fluid migration into drinking water resources by evaluating the development of 
migration pathways within subsurface formations, the flow of injected and formation fluids, and 
important factors that affect these processes.  

Fluid movement requires both a physical pathway (e.g., via the interconnected pores within a 
permeable rock matrix or via a fracture in the rock) and a driving force.2 In subsurface formations, 
fluid movement is driven by the existence of a hydraulic gradient, which depends on elevation and 
pressure and is influenced by fluid density, composition, and temperature (Pinder and Celia, 2006). 

1 A kill fluid is a weighted fluid with a density that is sufficient to overcome the formation pressure and prevent fluids 
from flowing up the wellbore. 
2 Permeability (i.e., intrinsic or absolute permeability) of formations describes the ability of water to move through the 
formation matrix, and it depends on the rock’s grain size and the connectedness of the void spaces between the grains. 
Where multiple phases of fluids exist in the pore space, the flow of fluids also depends on relative permeabilities.  
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In the context of hydraulic fracturing, two key factors govern fluid migration during and after the 
hydraulic fracturing event:  

• Pressure differentials in the reservoir, which are influenced both by initial subsurface
conditions and by the pressures created by injection and production regimes. Specific
factors that may influence pressure differentials include structural or topographic features,
over-pressure in the shale reservoir, or a temporary increase in pressure as a result of fluid
injection during hydraulic fracturing (Birdsell et al., 2015a).

• Buoyancy, which is driven by density differences among and between gases and liquids.
Fluid migration can occur when these density differences exist in the presence of a pathway
(Pinder and Gray, 2008).

During hydraulic fracturing, pressurized fluids leaving the well create fractures within the 
production zone and then enter the formation through these newly created (induced) fractures. 
Unintended fluid migration can result from this fracturing process. Migration pathways to drinking 
water resources could develop as a result of changes in the subsurface flow or pressure regime 
associated with hydraulic fracturing; via fractures that extend beyond the intended formation or 
that intersect existing natural faults or fractures; and via fractures that intersect offset wells or 
other artificial structures (Jackson et al., 2013d). These subsurface pathways may facilitate the 
migration of fluids by themselves or in conjunction with the well-based pathways described in 
Section 6.2. Fluids potentially available for migration include both fluids injected into the well 
(including leakoff) and fluids already present in the formation (including brine or natural gas).1 

The potential for subsurface fluid migration into drinking water resources can be evaluated during 
two different time periods (Kim and Moridis, 2015):  

1. Following the initiation of fractures in the reservoir, prior to any oil or gas production. The
injected fluid, pressurizing the formation, flows through the fractures and the fractures
grow into the reservoir. Fluid leaks off into the formation, allowing the fractures to close
except where they are held open by the proppant (Adachi et al., 2007). Fractures will
generally continue to propagate until the fluid lost to leakoff is equal to the fluid injection
rate (King and Durham, 2015).

2. During the production period, after fracturing is completed and pressure in the fractures is
reduced. At this time, fluids (including oil/gas and produced water) flow from the reservoir
into the well. As fluids are withdrawn from the formation, pore pressure decreases; as a
result, the effective stress applied to fractures increases and (in the absence of proppant)
fractures will close (Aybar et al., 2015).

Note that these two time periods vary in duration. As described in Chapter 3, the first period of 
fracture creation and propagation (i.e., the hydraulic fracturing itself) is a relatively short-term 
process, typically lasting 2 to 10 days, depending on the number of stages in the fracture treatment 

1 Leakoff is the fraction of the injected fluid that infiltrates into the formation and is not recovered (i.e., it “leaks off” and 
does not return through the well to the surface) during production (Economides et al., 2007). Fluids that leak off and are 
not recovered are sometimes referred to as “lost” fluids. 
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design. On the other hand, operation of the well for production covers a substantially longer period 
(depending on many factors such as the amount of hydrocarbons in place and economic 
considerations), and can be as long as 40 or 60 years in onshore tight gas reservoirs (Ross and King, 
2007). 

The following discussion of potential subsurface fluid migration into drinking water resources 
focuses primarily on the physical movement of fluids and the factors affecting this movement. 
Section 6.3.1 describes the basic principles of subsurface fracture creation, geometry, and 
propagation, to provide context for the discussion of potential fluid migration pathways in Section 
6.3.2. Geochemical and biogeochemical reactions among hydraulic fracturing fluids, formation 
fluids, subsurface microbes, and rock formations are another important component of subsurface 
fluid migration and transport. See Chapter 7 for a discussion of the processes that affect pore fluid 
biogeochemistry and influence the chemical and microbial composition of produced water. 

6.3.1 Overview of Subsurface Fracture Growth 

Fracture initiation and growth is a highly complex process due to the heterogeneous nature of the 
subsurface environment. As shown in Figure 6-5, fracture formation is controlled by the three in 
situ principal compressive stresses: the vertical stress, the maximum horizontal stress, and the 
minimum horizontal stress. During hydraulic fracturing, pressurized fluid injection creates high 
pore pressures around the well. Fractures form when this pressure exceeds the local least principal 
stress and the tensile strength of the rock (Zoback, 2010; Fjaer et al., 2008).  

Fractures propagate (increase in length) in the direction of the maximum principal stress; they are 
tensile fractures that open in the direction of least resistance and then propagate in the plane of the 
greatest and intermediate stresses (Nolen-Hoeksema, 2013). Deep in the subsurface, the maximum 
principal stress is generally in the vertical direction, because the overburden (the weight of 
overlying rock) is the largest single stress. Therefore, in deep formations, fracture orientation is 
expected to be vertical. This is the scenario illustrated in Figure 6-5. At shallower depths, where the 
rock is subjected to less pressure from the overburden, more fracture propagation is expected to be 
in the horizontal direction. Using tiltmeter data from over 10,000 fractures in various North 
American shale reservoirs, Fisher and Warpinski (2012) found that induced fractures deeper than 
about 4,000 ft (1,000 m) are primarily vertical (see below for more information on tiltmeters). 
Between approximately 4,000 and 2,000 ft (1,000 and 600 m), they observed that fracture 
complexity increases, and fractures shallower than about 2,000 ft (600 m) are primarily (though 
not entirely) horizontal.1 However, local geologic conditions can cause fracture orientations to 
deviate from these general trends (Ryan et al., 2015). Horizontal fracturing can also occur in deeper 

1 Fracture complexity is the ratio of horizontal-to-vertical fracture volume distribution, as defined by Fisher and 
Warpinski (2012). Fracture complexity is higher in fractures with a larger horizontal component. For the reasons 
explained above, this is more likely to occur at shallower depths. However, even in shallow zones, fractures are unlikely to 
be completely horizontal. As noted by Fisher and Warpinski, “All of the fractures do not necessarily turn horizontal; they 
might have significant vertical and horizontal components with more of a T-shaped geometry.” In the Fisher and 
Warpinski data set, the maximum horizontal component of the fractures is approximately 70%.  

WG Ex. 34

1437

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347200
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347200
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2229603
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2107619
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2259767
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2050789
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3352218
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2050789
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2050789


Chapter 6 – Well Injection 

6-41 

settings in some less-common reservoir environments where the principal stresses have been 
altered by salt intrusions or similar types of geologic activity (Jones and Britt, 2009).  

Figure 6-5. Hydraulic fracture planes (represented as ovals), with respect to the principal 
subsurface compressive stresses: SV (the vertical stress), SH (the maximum horizontal stress), 
and Sh (the minimum horizontal stress).  

In addition to the principal subsurface stresses, a variety of factors and processes affect the 
complex process of fracture creation, propagation, geometry, and containment.1 Computational 
modeling techniques have been developed to simulate fracture creation and propagation and to 
provide a better understanding of this complex process (Kim and Moridis, 2013).2 Modeling 
hydraulic fracturing in shale or tight gas reservoirs requires integrating the physics of both flow 
and geomechanics to account for fluid flow, fracture propagation, and dynamic changes in pore 
volume and permeability. Some important flow and geomechanical parameters included in these 

1 Fracture geometry refers to characteristics of the fracture such as height and aperture (width).  
2 There are different kinds of mathematical models. Analytical models have a closed-form solution and therefore are 
relatively simple to solve. In contrast, computational models (also called numerical models) require more extensive 
computational resources and are used to study the behavior of complex systems. 
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types of advanced models are: permeability, porosity, Young’s modulus, Poisson’s ratio, and tensile 
strength, as well as heterogeneities associated with these parameters.1 

Based on modeling and laboratory experiments (e.g., by Khanna and Kotousov, 2016; Li et al., 
2016c; Li et al., 2016b; de Pater, 2015; Kim and Moridis, 2015; Lee et al., 2015; Narasimhan et al., 
2015; Smith and Montgomery, 2015; Wang and Rahman, 2015; Kim and Moridis, 2013), below are 
some of the factors that have been noted in the literature as influencing fracture growth: 

• Geologic properties of the production zone such as rock type and composition, permeability, 
thickness, and the presence of pre-existing natural fractures;  

• The presence, composition, and properties of the liquids and gases trapped in pore spaces; 

• Geomechanical properties, including tensile strength, Young’s modulus, and the pressure at 
which the rock will fracture;  

• Characteristics of the interface (boundary) between adjacent rock layers; and 

• Operational characteristics, including injection rate and pressure, the properties of the 
hydraulic fracturing fluids, and fracture spacing.  

Some modeling investigations have indicated that the vertical propagation of fractures (due to 
tensile failure) may be limited by shear failure, which increases the permeability of the formation 
and allows more fluid to leak off into the rock. These findings demonstrate that elevated pore 
pressure can cause shear failure, thus further affecting matrix permeability, flow regimes, and 
leakoff (Daneshy, 2009).  

It is important to note that, while computational modeling is a useful tool to understand complex 
systems, modeling has limitations and associated uncertainties. All models rely on assumptions and 
simplifications, and there is, as stated by Ryan et al. (2015), “currently no single numerical 
approach that simultaneously includes the most important thermo-hydromechanical and chemical 
processes which occur during the migration of gas and fluids along faults and leaky wellbores.” 
Uncertainties in selecting values for input parameters and potentially inadequate field data for 
model verification limit the reliability of model predictions.  

In addition to their use in research applications, analytical and numerical modeling approaches are 
used to design hydraulic fracturing treatments and predict the extent of fractured areas (Adachi et 
al., 2007). Specifically, modeling techniques are used to assess the treatment’s sensitivity to critical 
parameters such as injection rate, treatment volumes, fluid viscosity, and leakoff. Existing models 
range from simpler (typically two-dimensional) theoretical models to computationally more 
complicated three-dimensional models.  

Monitoring of hydraulic fracturing operations can also provide insights into fracture development. 
Monitoring techniques involve both operational monitoring methods and “external” methods not 

                                                            
1 As described in Section 6.2.2.2, Young’s modulus, a ratio of stress to strain, is a measure of the rigidity of a material. 
Poisson’s ratio is a ratio of transverse-to-axial (or latitudinal-to-longitudinal) strain, and it characterizes how a material is 
deformed under pressure. See Zoback (2010) for more information on the geomechanical properties of reservoir rocks. 
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directly related to the production operation. Operational monitoring refers to the monitoring of 
pressure and flow rate, along with related parameters such as fluid density and additive 
concentrations, using surface equipment and/or downhole sensors (Eberhard, 2011). This 
monitoring is conducted to ensure the operation is proceeding as planned and to determine if 
operational parameters need to be adjusted. Interpretation of pressure data can be used to better 
understand fracture behavior (Kim and Wang, 2014). For example, pressure data from previous 
hydraulic fracturing operations can indicate whether a geologic barrier to fracture growth exists 
and whether the barrier has been penetrated, or whether fractures have intersected with natural 
fractures or faults (API, 2015). Anomalies in operational monitoring data can also indicate whether 
an unexpected event has occurred, such as communication with another well (Section 6.3.2.3).  

As described in Chapter 4, the volume of fluid injected is typically monitored and tracked to provide 
information on the volume and extent of fractures created (Flewelling et al., 2013). However, 
numerical investigations have found that reservoir gas flows into the fractures immediately after 
they open from hydraulic fracturing, and injection pressurizes both gas and water within the 
fracture to induce further fracture propagation (Kim and Moridis, 2015). Therefore, the fracture 
volume can be larger than the injected fluid volume. As a result, simple estimation of fracture 
volume based on the amount of injected fluid may underestimate fracture growth, and additional 
information (e.g., from geophysical monitoring techniques) is needed to accurately predict the 
extent of induced fractures. 

External monitoring technologies can also be used to collect data on fracture characteristics and 
extent during hydraulic fracturing and/or production. These monitoring methods can be divided 
into near-wellbore and far-field techniques. Near-wellbore techniques include the use of tracers, 
temperature logs, video logs, and caliper logs that measure conditions in and immediately around 
the wellbore (Holditch, 2007). However, near-wellbore techniques and logs only provide 
information for, at most, a distance of two to three wellbore diameters from the well and are, 
therefore, not suited for tracking fractures for their entire length (Holditch, 2007).  

Far-field methods, such as microseismic monitoring or tiltmeters, are used if the intent is to 
estimate fracture growth and height across the entire fractured reservoir area. Microseismic 
monitoring involves placing geophones in a position to detect the very small amounts of seismic 
energy generated during subsurface fracturing (Warpinski, 2009).1 Monitoring these microseismic 
events gives an idea of the location and size of the fracture network, as well as the orientation and 
complexity of fracturing (Fisher and Warpinski, 2012). Using the results of microseismic 
monitoring in conjunction with other information, such as time-lapse, multicomponent seismic data 
(collected with surface surveys), can provide additional information for understanding fracture 
complexity and the interaction between natural and induced fractures (D'Amico and Davis, 2015). 
The Well File Review (U.S. EPA, 2016c) found that microseismic monitoring was conducted at 0.5% 
(100) of the hydraulic fracturing jobs studied.2 Tiltmeters, which measure extremely small 
deformations in the earth, can be used to determine the direction and volume of the fractures and, 

1 Typical microseismic events associated with hydraulic fracturing have a magnitude on the order of -2.5 (negative two 
and half) (Warpinski, 2009). 
2 100 jobs (95% confidence interval: 40 – 300 jobs). 
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within certain distances from the well, to estimate their dimensions (Lecampion et al., 2005). Other 
monitoring techniques, such as seismic surveys, can also be used to gather information about the 
subsurface environment. For example, Viñal and Davis (2015) demonstrated the use of time-lapse 
multi-component seismic surveys to monitor changes in the overburden due to hydraulic 
fracturing. Chapter 10 provides additional discussion of factors and practices, such as site 
monitoring, that can reduce the frequency or severity of impacts to drinking water quality. 

6.3.2 Migration of Fluids through Pathways Related to Fractures/Formations 

As described above, subsurface migration of fluids requires a pathway, induced or natural, with 
enough permeability to allow fluids to flow, as well as a hydraulic gradient physically driving the 
movement. The following subsections describe and evaluate potential pathways for the migration 
of hydraulic fracturing fluids, hydrocarbons, or other fluids from producing formations to drinking 
water resources. They also present cases where the existence of these pathways has been 
documented. The potential subsurface migration pathways are categorized as follows: 
(1) migration out of the production zone through pore space in the rock, (2) migration due to 
fracture overgrowth out of the production zone, (3) migration via fractures intersecting offset wells 
or other artificial structures, and (4) migration via fractures intersecting other geologic features, 
such as permeable faults or pre-existing natural fractures. Although these four potential pathways 
are discussed separately here, they may act in combination with each other or in combination with 
pathways along the well (as discussed in Section 6.2) to affect drinking water resources.  

The possibility of fluid migration between a hydrocarbon-bearing formation and a drinking water 
resource can be related to the vertical distance between these formations (Reagan et al., 2015; 
Jackson et al., 2013d). In general, as the separation distance between the production zone and a 
drinking water aquifer decreases, the likelihood of upward migration of hydraulic fracturing to 
drinking water aquifers increases (Birdsell et al., 2015a). The separation distance between 
hydraulically fractured producing zones and drinking water resources (and these formations’ depth 
from the surface) varies substantially among shale gas plays, coalbed methane plays, and other 
areas where hydraulic fracturing takes place in the United States (Figure 6-6 and Table 6-3). Many 
hydraulic fracturing operations target deep shale zones such as the Marcellus or Haynesville/
Bossier, where the vertical distance between the top of the shale formation and the base of drinking 
water resources may be 1 mi (1.6 km) or greater. This is reflected in the Well File Review, in which 
approximately half of the wells were estimated to have 5,000 ft (2,000 m) or more of measured 
distance along the wellbore between the point of the shallowest hydraulic fracturing and the 
operator-reported base of the protected groundwater resource (U.S. EPA, 2015n).1 Similarly, in a 
review of FracFocus data from over 40,000 wells across the United States, Jackson et al. (2015) 
found that the median depth of wells used for hydraulic fracturing was 8,180 ft (2,490 m) and the 
mean depth was 8,290 ft (2,530 m).  

                                                            
1 In the Well File Review, measured depth represents length along the wellbore, which may be a straight vertical distance 
below ground or may follow a more complicated path, if the wellbore is not straight and vertical. True vertical separation 
distances were not reported in the Well File Review. Measured distance along a well is equal to the true vertical distance 
only in straight, vertical wells. Otherwise, the true vertical distance is less than the measured distance. 
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Figure 6-6. Vertical distances in the subsurface separating drinking water resources and 
hydraulic fracturing depths. 

However, as shown in Table 6-3, some hydraulic fracturing operations occur at shallower depths or 
in closer proximity to drinking water resources. For example, both the Antrim and the New Albany 
plays are relatively shallow, with distances of 100 to 1,900 ft (31 to 580 m) between the producing 
formation and the base of drinking water resources. In the Jackson et al. (2015) review of 
FracFocus data, 16% of wells reviewed were within 1 mi (1.6 km) of the surface and 3% were 
within 2,000 ft (600 m) of the surface.1 The distribution of the more shallow hydraulically fractured 
wells varied nationally but was concentrated in Texas, California, Arkansas, and Wyoming. For 
example, in California and Arkansas, 88% and 85% of hydraulically fractured wells, respectively, 
were within about 5,000 ft (2,000 m) of the surface. Overall, the Well File Review found a higher 
proportion of relatively shallow wells—the data in the Well File Review indicated that 20% of wells 
used for hydraulic fracturing (an estimated 4,600 wells) had less than 2,000 ft (600 m) between the 
shallowest point of the fractures and the base of protected groundwater resources (U.S. EPA, 
2015n).2 This is likely because the Well File Review results are more representative of hydraulic 
fracturing operations across the country; Jackson et al. (2015) acknowledge that their analysis 

1 Jackson et al. (2015) use true vertical depth data from FracFocus; this represents the depth of the well but not 
necessarily the depth of the fractures. The depth of the fractures may be shallower than the true vertical depth of the well, 
though Jackson et al. (2015) note that most states do not require operators to submit information on the true vertical 
depth to the top of the fractures. 
2 4,600 wells (95% confidence interval: 900 – 8,300 wells). The Well File Review defines this separation distance as the 
measured depth of the point of shallowest hydraulic fracturing in the well, minus the depth of the operator-reported 
protected groundwater resource. 
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underestimates the occurrence of relatively shallow hydraulic fracturing for states in which 
FracFocus reporting is not required. 

Table 6-3. Comparing the approximate depth and thickness of selected U.S. shale gas plays 
and coalbed methane basins. 
Shale data are reported in GWPC and ALL Consulting (2009) and NETL (2013); coalbed methane data are reported 
in ALL Consulting (2004) and U.S. EPA (2004a). See Chapter 3 for information on the locations of these basins, 
plays, and formations. 

Basin/play/ 
formationa 

Approx. depth  
(ft [m] below surface) 

Approx. net 
thickness (ft [m]) 

Distance between top of 
production zone and base 
of treatable water (ft [m])b 

Shale plays    

Antrim 600 to 2,200  
[200 to 670] 

70 to 120  
[20 to 37] 

300 to 1,900 
[90 to 580] 

Barnett 6,500 to 8,500  
[2,000 to 2,600] 

100 to 600 
[30 to 200] 

5,300 to 7,300 
[1,600 to 2,200] 

Eagle Ford 4,000 to 12,000  
[1,000 to 3,700] 

250 
[76] 

2,800 to 10,800 
[850 to 3,290] 

Fayetteville 1,000 to 7,000  
[300 to 2,000] 

20 to 200 
[6 to 60] 

500 to 6,500 
[200 to 2,000] 

Haynesville-Bossier 10,500 to 13,500  
[3,200 to 4,120] 

200 to 300 
[60 to 90] 

10,100 to 13,100  
[3,080 to 3,990] 

Marcellus 4,000 to 8,500  
[1,000 to 2,600] 

50 to 200 
[20 to 60] 

2,125 to 7,650 
[648 to 2,330] 

New Albany 500 to 2,000  
[200 to 600] 

50 to 100 
[20 to 30] 

100 to 1,600 
[30 to 490] 

Woodford 6,000 to 11,000  
[2,000 to 3,400] 

120 to 220 
[37 to 67] 

5,600 to 10,600 
[1,700 to 3,230] 

Coalbed methane basins    

Black Warrior 
(Upper Pottsville) 

0 to 3,500 
[0 to 1,100] 

< 1 to > 70 
[< 1 to > 20] 

As little as zeroc 

Powder River 
(Fort Union) 

450 to >6,500  
[140 to >2,000] 

75 
[23] As little as zeroc 

Raton (Vermejo 
and Raton) 

< 500 to > 4,100 
[< 200 to > 1,300] 

10 to >140 
[3 to >43] 

As little as zeroc 

San Juan (Fruitland) 550 to 4,000  
[170 to 1,000] 

20 to 80 
[6 to 20] As little as zeroc 

a For coalbed methane, values are given for the specific coal units noted in parentheses. 
b The base of treatable water is defined at the state level; the information in the table is based on depth data from state oil and 
gas agencies and state geological survey data. 
c Formation fluids in producing formations meet the salinity threshold that is used in some definitions of a drinking water 
resource in at least some areas of the basin. See the discussion after Text Box 6-5 for more information about this definition. 
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In coalbed methane plays, which are typically shallower than shale gas plays, vertical separation 
distances can be even smaller. In the Raton Basin of southern Colorado and northern New Mexico, 
approximately 10% of coalbed methane wells have less than 675 ft (206 m) of separation between 
the gas wells’ perforated intervals and the depth of local water wells. In certain areas of the basin, 
this distance is less than 100 ft (31 m) (Watts, 2006). In California, nearly half of the hydraulic 
fracturing has occurred at depths less than about 900 ft (300 m) (CCST, 2015b), with hundreds of 
wells in the San Joaquin Valley between 150 ft (46 m) and 2,000 ft (600 m) deep (Jackson et al., 
2015). 

Some hydraulic fracturing operations are conducted within formations containing drinking water 
resources (Table 6-3). One example of hydraulic fracturing taking place within a geologic formation 
that is also used as a drinking water source is in the Wind River Basin in Wyoming (Digiulio and 
Jackson, 2016; WYOGCC, 2014b; Wright et al., 2012). Vertical gas wells in this area target the lower 
Wind River Formation and the underlying Fort Union Formation, which consist of interbedded 
layers of sandstones, siltstones, and mudstones. The Wind River Formation also serves as the 
principal source of domestic, municipal, and agricultural water in this rural area. There are no 
laterally continuous confining layers of shale in the basin to prevent upward movement of fluids. 
While flow in the basin generally tends to be downward, local areas of upward flow have been 
documented (Digiulio and Jackson, 2016). Assessing the relative depths of drinking water resources 
and hydraulic fracturing operations near Pavillion, Wyoming, Digiulio and Jackson (2016) found 
that approximately 50% of fracture jobs were within 1,969 ft (600 m) of the deepest domestic 
drinking water well in the area, and that 10% were within 820 ft (250 m) (Digiulio and Jackson, 
2016). Among the wells evaluated by DiGiulio and Jackson, the shallowest fracturing occurred at 
1,057 ft (322 m) below ground surface, which is comparable to depths targeted for drinking water 
withdrawal in the formation. See Text Box 6-5 for more information on Pavillion, Wyoming. 

Text Box 6-5. Pavillion, Wyoming. 

The Pavillion gas field is located east of the town of Pavillion, Wyoming. In addition to gas production, the 
field is also home to rural residences that rely on approximately 40 private wells to supply drinking water. 
The oldest known domestic water well in the field dates to 1934 (AME, 2016). Gas production in the field 
began in 1960 and, by the 2000s, it had grown to producing from at least 180 wells. Most of these gas wells 
were drilled since 1990, and approximately 140 to 145 were not plugged as of mid-2016 (AME, 2016; Digiulio 
and Jackson, 2016).  

In the Pavillion gas field the same geologic formation that is used to produce hydrocarbons supplies the area’s 
drinking water (Digiulio and Jackson, 2016). Water wells draw from the Wind River Formation, and gas is 
extracted from both the Wind River Formation and the underlying Fort Union Formation. The Wind River 
Formation contains variably permeable strata with lenses of relatively higher permeability rock enriched 
with natural gas. Water quality is typically freshest nearer the surface, and there is no rock formation acting 
as a natural barrier to separate the drinking water from hydrocarbons (Digiulio and Jackson, 2016). There is 
approximately 200 ft (60 m) vertical distance separating the deepest domestic well in the field from the 
shallowest hydraulic fracturing, although there is approximately 2.5 mi (4 km) lateral distance between them 
(AME, 2016; Digiulio and Jackson, 2016). 

(Text Box 6-5 is continued on the following page.) 
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Text Box 6-5 (continued). Pavillion, Wyoming. 

 

Following complaints by area residents about changes to their water quality in the mid-2000s, state and 
federal agencies began a series of investigations, centering on various aspects of the site and supporting 
differing conclusions about the source and mechanism of the water quality changes (AME, 2016).  

Twenty-five pits that were used to dispose of drill cuttings, drilling mud, and spent drilling fluids near some 
of the water wells were also investigated as a potential source of the groundwater contamination. Based on 
these evaluations, soil and/or groundwater remediation was performed at approximately six of the pits, no 
further action was recommended at approximately twelve pits, and the remaining pits are receiving further 
investigation (AME, 2016). 

Samples collected from two monitoring wells at depths between those of the drinking water and active 
intervals in gas production wells show elevated pH, unexpectedly high potassium values, and several organic 
constituents, including natural gas, alcohols, phenols, glycols, and benzene, toluene, ethylbenzene, and 
xylenes (BTEX) (Digiulio and Jackson, 2016). The potential source of chemicals in these two monitoring wells 
include formation water, contaminants remaining after well construction (AME, 2016) and hydraulic 
fracturing and other oil and gas activities (Digiulio and Jackson, 2016). 

Water samples collected from domestic wells contain dissolved methane and some contain high sodium and 
sulfate concentrations. Organic chemicals have also been detected in some domestic wells (AME, 2016; 
Digiulio and Jackson, 2016). These same investigators suspect that pit proximity explains the origin of organic 
chemicals. In addition, natural gases from intermediate depths not hydraulically fractured are likely moving 
along some gas wellbores, potentially into zones used for drinking water (AME, 2016).  

(Text Box 6-5 is continued on the following page.) 
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Text Box 6-5 (continued). Pavillion, Wyoming. 

Of about 40 production wells at which pressure was measured on the bradenhead annulus between the 
production and surface casings, about 25% exhibited sustained casing pressure consistent with an ongoing 
source of gas and/or liquid. Gas samples collected from bradenhead annuli, production tubing and casing, and 
water wells indicate that the samples have similar gas compositions. This suggests a common origin, which is 
consistent with long-term migration from a deeper source (AME, 2016; WYOGCC, 2014b).  

Production wells may be the source of gas migration, and groundwater immediately around some of the 
disposal pits has been affected (AME, 2016). However, the investigative reports conclude that identifying the 
precise source(s) of the water quality issues is challenging due to the lack of comprehensive pre-drilling 
water quality and other baseline monitoring, the unique hydrogeologic setting, and the difficulty of 
identifying specific geologic or well pathways.  

In other cases, hydraulic fracturing takes place in formations that are not currently being used as 
sources of drinking water, but that meet the salinity threshold that is used in some definitions of 
drinking water resources.1 This occurs in low-salinity coal-bearing formations in the Raton Basin of 
Colorado (U.S. EPA, 2015k), the San Juan Basin of Colorado and New Mexico (U.S. EPA, 2004a), the 
Powder River Basin of Montana and Wyoming (as described in Chapter 7), and in several other 
coalbed methane plays. Hydraulic fracturing in these regions occurs in formations characterized by 
total dissolved solids (TDS) values substantially lower than the 10,000 mg/L TDS value used in the 
federal definition of an underground source of drinking water.2 Across various basins, coalbed 
methane operations have been reported to occur in formations with 300 to 3,000 mg/L TDS and at 
depths as shallow as 350 ft (110 m) (U.S. EPA, 2004a). In one field in Alberta, Canada, there is 
evidence that fracturing in the same formation as a drinking water resource (in combination with 
mechanical integrity problems; see Section 6.2.2.4) led to gas migration into water wells (Tilley and 
Muehlenbachs, 2012). 

California is another area where hydraulic fracturing occurs in shallow zones with low-salinity 
groundwater. A study by the California Council on Science and Technology (CCST, 2015b) found 
that 3% of the hydraulic fracturing in the state occurred within 2,000 ft (600 m) of the surface. In 
California’s San Joaquin Valley, hydraulic fracturing appears to have been conducted in formations 
with a TDS of less than 1,500 mg/L (CCST, 2014). Another study in California examined the TDS 
values of water samples taken during oil and gas activities and found that 15% to 19% of the oil and 

1 For the purposes of this discussion, the federal definition of an underground source of drinking water is used. Pursuant 
to 40 CFR 144.3, an underground source of drinking water is “an aquifer or its portion which supplies any public water 
system; or which contains a sufficient quantity of groundwater to supply a public water system; and currently supplies 
drinking water for human consumption; or contains fewer than 10,000 mg/L TDS; and which is not an exempted aquifer.” 
This definition is used by the EPA’s Underground Injection Control Program, which regulates injection wells (but not 
hydrocarbon production wells).  
2 This salinity threshold is used as a point of comparison only. While the definition of an underground source of drinking 
water is not exactly the same as the definition of a drinking water resource (and many states have their own definitions of 
protected drinking water zones), the former provides a useful frame of reference when considering the ability of an 
aquifer to potentially serve as a source of drinking water.  
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gas activities in Kern County, California, occurred within zones containing water with less than 
3,000 mg/L TDS (Kang and Jackson, 2016).1 

The overall frequency at which hydraulic fracturing occurs in formations that meet the definition of 
drinking water resources across the United States is uncertain. Some information, however, that 
provides insights on the occurrence and geographic distribution of this practice is available. 
According to the Well File Review, an estimated 0.4% (90) of the 23,200 wells represented in that 
study had perforations used for hydraulic fracturing that were placed shallower than the base of 
the protected groundwater resources reported by well operators (U.S. EPA, 2015n).2 Additional 
information is available from a database of produced water composition data maintained by the 
U.S. Geological Survey (USGS). The USGS produced water database contains results from analyses of 
samples of produced water, including (among other data) samples collected from more than 8,500 
oil and gas production wells in unconventional formations (coalbed methane, shale gas, tight gas, 
and tight oil) within the contiguous United States.3 Just over 5,000 of these samples, which were 
obtained from wells located in 37 states, reported TDS concentrations. Because the database does 
not track whether samples were from wells that were hydraulically fractured, the EPA selected 
samples from wells that were more likely to have been hydraulically fractured by restricting 
samples to those collected in 1950 or later and to those that were collected from wells producing 
from tight gas, tight oil, shale gas, or coalbed methane formations.4 This yielded 1,650 samples from 
wells located in Alabama, Colorado, North Dakota, Utah, and Wyoming, with TDS concentrations 
ranging from approximately 90 mg/L to 300,000 mg/L.5 Of the 1,650 samples, approximately 1,200 
(from wells in Alabama, Colorado, Utah, and Wyoming) reported TDS concentrations at or below 
10,000 mg/L, indicating that hydraulic fracturing there may have occurred within formations that 
meet the salinity threshold that is used in some definitions of a drinking water resource. This 
analysis, in conjunction with the result from the Well File Review, suggests that the overall 
frequency of this occurrence is relatively low, but is concentrated in particular areas of the country. 

6.3.2.1 Flow of Fluids Out of the Production Zone 

One potential pathway for fluid migration out of the production formation into drinking water 
resources is advective or dispersive flow of injected or displaced fluids through the formation 
matrix. In this scenario, fluids (such as those “lost” to leakoff, which are not recovered during 

                                                            
1 Kern County accounts for 85 percent of the hydraulic fracturing that occurs in California (CCST, 2015b). 
2 90 wells (95% confidence interval: 10 – 300 wells). 
3 The EPA used the USGS Produced Water Geochemical Database Version 2.1 (USGS database v 2.1) for this analysis 
(http://energy.cr.usgs.gov/prov/prodwat/). The database is comprised of produced water samples compiled by the USGS 
from 25 individual databases, publications, or reports. 
4 See Chapter 3, Text Box 3-1, which describes how commercial hydraulic fracturing began in the late 1940s. 
5 For this analysis, the EPA assumed that produced water samples collected in 1950 or later from shale gas, tight oil, and 
tight gas wells were from wells that had been hydraulically fractured. To estimate which coal bed methane wells had been 
hydraulically fractured, the EPA matched API numbers from coal bed methane wells in the USGS database v 2.1 to the 
same API numbers in the commercial database DrillingInfo, in which hydraulically fractured wells had been identified by 
the EPA using the assumptions described in Section 3.4. Wells with seemingly inaccurate (i.e., less than 12 digit) API 
numbers were also excluded. Only coalbed methane wells from the USGS database v 2.1 that matched API numbers in the 
DrillingInfo database were retained for this analysis. 
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production) would flow through the pore spaces of rock formations, moving from the production 
zone into other formations. In deep, low-permeability shale and tight gas settings and where 
induced fractures are contained within the production zone, flow through the production formation 
has generally been considered an unlikely pathway for migration into drinking water resources 
(Jackson et al., 2013d).  

Leakoff into shale gas formations can be as high as 90% or more of the injected volume (Table 7-2). 
The actual amount of leakoff depends on multiple factors, including the amount of injected fluid, the 
concentration of different components in the fracture fluid, the hydraulic properties of the 
reservoir (e.g., permeability), the composition of the formation matrix, the capillary pressure near 
the fracture faces, and the period of time the well is shut in following hydraulic fracturing before 
the start of production (Kim et al., 2014; Byrnes, 2011).1,2 Researchers generally agree that the 
subsequent flow of this “lost” leakoff fluid is controlled or limited by processes such as imbibition 
by capillary forces and adsorption onto clay minerals (Dutta et al., 2014; Dehghanpour et al., 2013; 
Dehghanpour et al., 2012; Roychaudhuri et al., 2011) and osmotic forces (Zhou, 2016; Wang and 
Rahman, 2015; Engelder et al., 2014).3,4 It has been suggested that these processes can sequester 
the fluids in the producing formations permanently or for geologic time scales (Engelder et al., 
2014; Engelder, 2012; Byrnes, 2011). Birdsell et al. (2015b) made quantitative estimates of the 
amount of fluid that could be imbibed in shale formations. Their results indicate that between 15% 
and 95% of injected fluid volumes may be imbibed in shale gas systems, while amounts are lower in 
shale oil systems (3% to 27% of injected volumes). In modeling investigations, O'Malley et al. 
(2015) found that it is likely that most hydraulic fracturing fluid that does not flow back is stored in 
rock pore spaces (i.e., having displaced the gas that was present there) and not fractures. The 
amount that can be stored in fractures is highly dependent on the effective interconnected pore 
lengths.  

If the injected fluid is not sequestered in the immediate vicinity of the fracture network, migration 
into drinking water resources would likely require a substantial upward hydraulic gradient (e.g., 
due to the pressures introduced during injection for hydraulic fracturing), particularly for brine 
that is denser than the groundwater in the overlying formations (Flewelling and Sharma, 2014). In 
the presence of natural gas, buoyancy of the less dense gas could potentially provide an upward flux 
(Vengosh et al., 2014). However, Flewelling and Sharma (2014) indicated that pressure 

1 Relative permeability is a dimensionless property allowing for the comparison of the different abilities of fluids to flow 
in multiphase settings. If a single fluid is present, its relative permeability is equal to 1, but the presence of multiple fluids 
generally inhibits flow and decreases the relative permeability (Schlumberger, 2014). 
2 Shutting in the well after fracturing allows fluids to move farther into the formation, resulting in a higher gas relative 
permeability near the fracture surface and improved gas production (Bertoncello et al., 2014). 
3 Imbibition is the displacement of a nonwetting fluid (i.e., gas) by a wetting fluid (typically water). The terms wetting or 
nonwetting refer to the preferential attraction of a fluid to the surface. In typical reservoirs, water preferentially wets the 
surface, and gas is nonwetting. Capillary forces arise from the differential attraction between immiscible fluids and solid 
surfaces; these are the forces responsible for capillary rise in small-diameter tubes and porous materials. These 
definitions are adapted from Dake (1978). 
4 The contrast in water activity between brine and fresh water generates very substantial osmotic pressure differences 
that will drive fluids into the shale matrix. The osmosis process requires a semi-permeable membrane and a 
concentration gradient to allow the solvent to pass through it. The clay in the shale formation can provide a function 
similar to a membrane (Zhou, 2016). 
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perturbations due to hydraulic fracturing operations are localized to the immediate vicinity of the 
fractures, due to the very low permeabilities of shale formations; this means that hydraulic 
fracturing operations are unlikely to generate sufficient pressure to drive fluids into shallow 
drinking water zones. Some natural conditions could also create an upward hydraulic gradient in 
the absence of any effects from hydraulic fracturing. However, these natural mechanisms have been 
found to cause very low flow rates over very long distances, yielding extremely small vertical fluxes 
in sedimentary basins. These translate to some estimated travel times of 100,000 to 100,000,000 
years across a 328 ft (100 m) thick layer with about 0.01 nD (1 × 10−23 m2) permeability (Flewelling 
and Sharma, 2014). In an area of the Permian Basin with over-pressured source rocks, Engle et al. 
(2016) concluded that chemical, isotopic, and pressure data suggest that there is little potential for 
vertical fluid migration to shallow zones in the absence of pathways such as improperly abandoned 
wells (Section 6.3.2.3).  

To account for the combined effect of capillary imbibition, well operation, and buoyancy in upward 
fluid migration, Birdsell et al. (2015a) conducted a numerical analysis over five phases of activity at 
a hypothetical Marcellus-like hydraulic fracturing site: a pre-drilling steady state, the injection of 
fluids, a shut-in period, production, and the continued migration of hydraulic fracturing fluids after 
the well is plugged and abandoned. They quantified how much hydraulic fracturing fluid flows back 
up the well after fracturing, how much reaches overlying aquifers, and how much is permanently 
sequestered by capillary imbibition (which is treated as a sink term). Their results affirmed that, 
without a pathway such as a permeable fault or leaky wellbore, it is very unlikely that hydraulic 
fracturing fluid from a deep shale could reach an overlying aquifer. However, the study did indicate 
that upward migration on the order of 328 ft (100 m) could occur through relatively low-
permeability overburden, even if no discrete, permeable pathway exists.  

6.3.2.2 Fracture Overgrowth out of the Production Zone 

Fractures extending out of the intended production zone into another formation, or into an 
unintended zone within the same formation, could provide a potential fluid migration pathway into 
drinking water resources (Jackson et al., 2013d). This migration could occur either through the 
fractures themselves or in connection with other permeable subsurface features or formations 
(Figure 6-7). Such “out-of-zone fracturing” is undesirable from a production standpoint and may 
occur as a result of inadequate reservoir characterization or fracture treatment design (Eisner et al., 
2006). Some researchers have noted that fractures growing out of the targeted production zone 
could potentially contact other formations, such as higher conductivity sandstones or conventional 
hydrocarbon reservoirs, which may create an additional pathway for migration into a drinking 
water resource (Reagan et al., 2015). In addition, fractures growing out of the production zone 
could potentially intercept natural, preexisting fractures (discussed in Section 6.3.2.4) or active or 
abandoned wells near the well where hydraulic fracturing is performed (discussed in Section 
6.3.2.3). 
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Figure 6-7. Conceptualized depiction of potential pathways for fluid movement out of the 
production zone: (a) induced fracture overgrowth into over- or underlying formations; (b) 
induced fractures intersecting natural fractures; and (c) induced fractures intersecting a 
permeable fault. 

The fracture’s geometry (Section 6.3.1) affects its potential to extend beyond the intended zone and 
serve as a pathway to drinking water resources. Vertical heights of fractures created during 
hydraulic fracturing operations have been measured in several U.S. shale plays, including the 
Barnett, Woodford, Marcellus, and Eagle Ford, using microseismic monitoring and tiltmeters 
(Fisher and Warpinski, 2012). These data indicate typical fracture heights extending from tens to 
hundreds of feet.1 Davies et al. (2012) analyzed this data set and found that the maximum fracture 
height was 1,929 ft (588 m) and that 1% of the fractures had a height greater than 1,148 ft (350 m). 
This may raise some questions about fractures being contained within the producing formation, as 
some Marcellus fractures were found to extend vertically for at least 1,500 ft (460 m), while the 
maximum thickness of the formation is generally 350 ft (110 m) or less (MCOR, 2012). However, 
the majority of fractures within the Marcellus were found to have heights less than 328 ft (100 m), 
suggesting limited possibilities for fracture overgrowth exceeding the separation between shale 
reservoirs and shallow aquifers (Davies et al., 2012). This is consistent with modeling results found 
by Kim and Moridis (2015) and others, as described below. Where the producing formation is not 

                                                            
1 As described in Section 6.3.1, microseismic data represent the small amounts of seismic energy generated during 
subsurface fracturing. The Fisher and Warpinski dataset includes the top and bottom depths of mapped fracture 
treatments in the four shale plays mentioned, giving the maximum propagation length. 
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continuous horizontally, the lateral extent of fractures may also become important. For example, in 
the Fisher and Warpinski (2012) data set, fractures were found to extend to horizontal lengths 
greater than 1,000 ft (300 m). 

Results of National Energy Technology Laboratory (NETL) research in Greene County, 
Pennsylvania, are generally consistent with those reported in the Fisher and Warpinski (2012) data 
set. Microseismic monitoring was used at six horizontal Marcellus Shale wells to identify the 
maximum upward extent of brittle deformation (i.e., rock breakage) caused by hydraulic fracturing 
(Hammack et al., 2014). At three of the six wells, fractures extending between 1,000 and 1,900 ft 
(300 and 580 m) above the Marcellus Shale were identified. Overall, approximately 40% of the 
microseismic events occurred above the Tully Limestone, the formation overlying the Marcellus 
Shale. The microseismic data suggest that fracture propagation occurs above the Tully Limestone, 
which is sometimes referred to as an upper barrier to hydraulic fracture growth (Hammack et al., 
2014). However, all microseismic events were at least 5,000 ft (2,000 m) below drinking water 
aquifers, as the Marcellus Shale is one of the deepest shale plays (Table 6-3), and no impacts to 
drinking water resources or another local gas-producing interval were identified. See Text Box 6-6 
for more information on the Greene County site.  

Text Box 6-6. Monitoring at the Greene County, Pennsylvania, Hydraulic Fracturing Test Site. 

Monitoring performed at the Marcellus Shale test site in Greene County, Pennsylvania, evaluated fracture 
height growth and zonal isolation during and after hydraulic fracturing operations (Hammack et al., 2014). 
The site has six horizontally drilled wells and two vertical wells that were completed into the Marcellus Shale. 
Pre-fracturing studies of the site included a 3D seismic survey to identify faults, pressure measurements, and 
baseline sampling for isotopes; drilling logs were also run. Hydraulic fracturing occurred April 24 to May 6, 
2012, and June 4 to 11, 2012. Monitoring at the site included the following: 

• Microseismic monitoring was conducted during four of the six hydraulic fracturing jobs on the site,
using geophones placed in the two vertical Marcellus Shale wells. These data were used to monitor
fracture height growth above the six horizontal Marcellus Shale wells during hydraulic fracturing.

• Pressure and production data were collected from a set of existing vertical gas wells completed in
Upper Devonian/Lower Mississippian zones 3,800 to 6,100 ft (1,200 to 1,900 m) above the Marcellus.
Data were collected during and after the hydraulic fracturing jobs and used to identify any
communication between the fractured areas and the Upper Devonian/Lower Mississippian rocks.

• Chemical and isotopic analyses were conducted on gas and water produced from the Upper
Devonian/Lower Mississippian wells. Samples were analyzed for stable isotope signatures of hydrogen,
carbon, and strontium and for the presence of perfluorocarbon tracers used in 10 stages of one of the
hydraulic fracturing jobs to identify possible gas or fluid migration to overlying zones (Sharma et al.,
2014a; Sharma et al., 2014b).

As of September 2014, no evidence was found of gas or brine migration from the Marcellus Shale (Hammack 
et al., 2014), although longer-term monitoring is necessary to confirm that no impacts to overlying zones 
have occurred (Zhang et al., 2014a). 

Similarly, in Dunn County, North Dakota, there is evidence suggestive of out-of-zone fracturing in 
the Bakken Shale (U.S. EPA, 2015i). At the Killdeer site (Section 6.2.2.1), hydraulic fracturing fluids 
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and produced water were released during a rupture of the casing at the Franchuk 44-20 SWH well. 
Water quality characteristics at two monitoring wells located immediately downgradient of the 
Franchuk well reflected a mixing of local Killdeer Aquifer water with deep formation brine. Ion and 
isotope ratios used for brine fingerprinting suggest that Madison Group formations (which directly 
overlie the Bakken in the Williston Basin) were the source of the brine observed in the Killdeer 
Aquifer, and the authors concluded that this provides evidence for out-of-zone fracturing (U.S. EPA, 
2015i). Industry experience also indicates that out-of-zone fracturing could be fairly common in the 
Bakken and that produced water from many Bakken wells has Madison Group chemical signatures 
(Arkadakskiy and Rostron, 2013; Arkadakskiy and Rostron, 2012; Peterman et al., 2012). 

Fracture growth from a deep formation to a near-surface aquifer is generally considered to be 
limited by layered geological environments and other physical constraints (Fisher and Warpinski, 
2012; Daneshy, 2009). For example, differences in in-situ stresses in layers above and below the 
production zone can restrict fracture height growth in sedimentary basins (Fisher and Warpinski, 
2012). High-permeability layers near hydrocarbon-producing zones can reduce fracture growth by 
acting as a “thief zone” into which fluids can migrate, or by inducing a large compressive stress that 
acts on the fracture (de Pater and Dong, 2009, as cited in Fisher and Warpinski, 2012). Although 
thief zones may prevent fractures from reaching shallower formations or growing to extreme 
vertical lengths, they do allow fluids to migrate out of the production zone into receiving 
formations, which could (depending on site-specific conditions) potentially contain drinking water 
resources. A volumetric argument has also been used to discuss limits of vertical fracture growth; 
that is, the volumes of fluid needed to sustain fracture growth beyond a certain height would be 
unrealistic (Fisher and Warpinski, 2012). However, as described in Section 6.3.1, fracture volume 
can be greater than the volume of injected fluid due to the effects of pressurized water combined 
with the effects of gas during injection (Kim and Moridis, 2015). Nevertheless, some numerical 
investigations suggest that, unless unrealistically high pressures and injection rates are applied to 
an extremely weak and homogeneous formation that extends up to the near surface, hydraulic 
fracturing generally induces stable and finite fracture growth in a Marcellus-type environment and 
fractures are unlikely to extend into drinking water resources (Kim and Moridis, 2015).  

Modeling studies have identified other factors that can affect the containment of fractures within 
the producing formation. As discussed above, additional numerical analysis of fracture propagation 
during hydraulic fracturing has demonstrated that contrasts in the geomechanical properties of 
rock formations can affect fracture height containment (Gu and Siebrits, 2008) and that geological 
layers present within shale gas reservoirs can limit vertical fracture propagation (Kim and Moridis, 
2015). In another modeling study, Myshakin et al. (2015) applied a multi-layered geologic model to 
study whether fracture growth can extend upward through overlying strata and reach drinking 
water resources in a Marcellus Shale-type environment. Most fractures were predicted either to 
extend upward to the overlying layer (about 46%) or to remain in the Marcellus Shale (about 34%). 
About 20% of the fractures were predicted to extend further upward into or above the overlying 
limestone. These model results are consistent with microseismic events observed above the Tully 
Limestone in Greene County, Pennsylvania (Hammack et al., 2014), where the fracture heights 
ranged from 0 to 700 ft (0 to 200 m) and most of the fractures terminated less than 100 ft (31 m) 
above the top of the Marcellus. 
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If fractures were to propagate from the production zone to drinking water resources, other factors 
would need to be in place for fluid migration to occur. Using a numerical simulation, Reagan et al. 
(2015) investigated potential short-term migration of gas and water between a shale or tight gas 
formation and a shallower groundwater unit, assuming that a permeable pathway already exists 
between the two formations. Note that, for the purposes of this study, the pathway was assumed to 
be pre-existing, and Reagan et al. (2015) did not model the hydraulic fracturing process itself. 

The subsurface system evaluated in the Reagan et al. (2015) modeling investigation included a 
horizontal well used for hydraulic fracturing and gas production, a connecting pathway between 
the producing formation and the aquifer, and a shallow vertical water well in the aquifer (Figure 
6-7). The parameters and scenarios used in the study are shown in Table 6-4; two vertical 
separation distances between the producing formation and the aquifer were investigated, along 
with a range of production zone permeabilities and other variables used to describe four 
production scenarios. The horizontal well was assigned a constant bottomhole pressure of half the 
initial pressure of the target reservoir, not accounting for any over-pressurization from hydraulic 
fracturing. (As noted in Section 6.3.2.1, over-pressurization during hydraulic fracturing can create 
an additional driving force for upward migration.) In the simulation, migration was assessed 
immediately after hydraulic fracturing and for up to a 2-year simulation period representing the 
production stage.  

Results of this modeling investigation indicate a generally downward water flow within the 
connecting fracture (i.e., flow from the aquifer through the connecting fracture into the 
hydraulically induced fractures in the production zone) with some upward migration of gas 
(Reagan et al., 2015). In certain simulated cases, gas breakthrough (the appearance of gas at the 
base of the drinking water aquifer) was also observed. The key parameter affecting migration of gas 
into the aquifer was the production regime, particularly whether gas production (which drives 
migration toward the production well) was occurring in the reservoir. Simulations that included a 
producing gas well showed only a few instances of breakthrough, while simulations without gas 
production (i.e., that assumed the well was shut-in) tended to result in breakthrough. When gas 
breakthrough did occur, the breakthrough times ranged from minutes to 20 days. However, in all 
cases, the gas escape was limited in duration and scope, because the amount of gas available for 
immediate migration toward the shallow aquifer was limited to that initially stored in the 
hydraulically induced fractures after the stimulation process and prior to production. These 
simulations indicate that the target reservoir may not be able to replenish the gas that was 
available for migration prior to production.  

Based on the results of the Reagan et al. (2015) modeling study, gas production from the reservoir 
appears likely to mitigate gas migration, both by reducing the amount of available gas and 
depressurizing the induced fractures (which counters the buoyancy of any gas that may escape 
from the production zone into the connecting fracture). Production at the gas well also creates 
pressure gradients that drive a downward flow of water from the aquifer via the fracture into the 
producing formation, increasing the amount of water produced at the gas well. Furthermore, the 
effective permeability of the connecting feature is reduced during water (downward) and gas 
(upward) counter-flow within the fracture, further retarding the upward movement of gas or 

WG Ex. 34

1453

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347191
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347191
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347191
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347191
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347191
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2347191


Chapter 6 – Well Injection 

6-57 

allowing gas to dissolve into the downward flow. However, Reagan et al. (2015) did find an 
increased potential for gas release from the producing formation in cases where there is no gas 
production following hydraulic fracturing. The potential for gas migration during shut-in periods 
following hydraulic fracturing and prior to production may be more significant, especially when 
out-of-zone fractures are formed. Without the effects of production, gas can rise via buoyancy, with 
any downward-flowing water from the aquifer displacing the upward-flowing gas.  

Reagan et al. (2015) also found that the permeability of a connecting fault or fracture may be an 
important factor affecting the potential upward migration of gas (although not as significant as the 
production regime). For the cases where gas escaped from the production zone, the maximum 
volume of migrating gas depended upon the permeability of the connecting feature: the higher the 
permeability, the larger the volume. The modeling results also showed that lower permeabilities 
delay the downward flow of water from the aquifer, allowing the trace amount of gas that entered 
into the fracture early in the modeled period to reach the aquifer, which was otherwise predicted to 
dissolve in the water flowing downward in the feature. Similarly, the permeabilities of the target 
reservoir, fracture volume, and the separation distance were found to affect gas migration, because 
they affected the initial amount of gas stored in the hydraulically induced fractures. In contrast, the 
permeability of the drinking water aquifer was not found to be a significant factor in the 
assessment.  

Table 6-4. Modeling parameters and scenarios investigated by Reagan et al. (2015).  
This table illustrates the range of parameters included in the Reagan et al. (2015) modeling study. See Figure 6-7, 
Figure 6-8, and Figure 6-9 for conceptualized illustrations of these scenarios. 

Model parameter or variable Values investigated in model scenarios 

All scenarios 

Lateral distance from connecting feature to water well 328 ft (100 m) 

Vertical separation distance between producing 
formation and drinking water aquifer 

656 ft (200 m); 
2,625 ft (800 m) 

Producing formation permeability range 1 nD (1 x 10-21 m2); 
100 nD (1 x 10-19 m2); 

1 µD (1 x 10-18 m2) 

Drinking water aquifer permeability 0.1 D (1 x 10-13 m2); 
1 D (1 x 10-12 m2) 

Initial conditions Hydrostatic 

Production well bottom hole pressure Half of the initial pressure of the producing formation 
(not accounting for over-pressurization  

from hydraulic fracturing) 

Production regime Production at both the water well and the gas well; 
Production at only the water well; 

Production at only the gas well; 
No production 
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Model parameter or variable Values investigated in model scenarios 

Fracture pathway scenarios 

Connecting feature permeability 1 D (1 x 10-12 m2); 
10 D (1 x 10-11 m2); 

1,000 D (1 x 10-9 m2) 

Offset well pathway scenarios 

Lateral distance from production well to offset well 33 ft (10 m) 

Cement permeability of offset well 1 µD (1 x 10-18 m2); 
1 mD (1 x 10-15 m2); 
1 D (1 x 10-12 m2); 

1,000 D (1 x 10-9 m2) 

6.3.2.3 Migration via Fractures Intersecting with Offset Wells and Other Artificial Structures 

Another potential pathway for fluid migration is one in which hydraulic fracturing fluids or 
displaced subsurface fluids move through newly created fractures into an offset well or its fracture 
network, resulting in a process called well communication (Jackson et al., 2013d). The offset well 
can be an abandoned (i.e., plugged), inactive, or actively producing well. In addition, if the offset 
well has also been used for hydraulic fracturing, the fracture networks of the two wells might 
intersect. The situation where hydraulic fractures propagate to (and inject fluid into and/or cause 
pressure increases in) other existing wells or hydraulic fractures is referred to as a “frac hit” and is 
known to occur in areas with a high density of wells (Jackson et al., 2013a).  

Frac hits can be more common in unconventional production settings compared to conventional 
production settings, due to the closer/denser well spacing (King and Valencia, 2016). Figure 6-8 
provides a schematic to illustrate fractures that intercept an offset well, and Figure 6-9 depicts (in a 
simplified illustration) how the fracture networks of two such wells might intersect. This can be a 
particular concern in shallower formations, where the local least principal stress is vertical 
(resulting in more horizontal fracture propagation), and in situations where there are drinking 
water wells in the same formation as wells used for hydraulic fracturing. 

Instances of well communication have been known to occur and are described in well records and 
the oil and gas literature. For example, an analysis of operator data collected by the New Mexico Oil 
Conservation Division (NM OCD) in 2013−2014 identified 120 instances of well communication in 
the San Juan Basin between 2007 and 2013 (Vaidyanathan, 2014). In some cases, well 
communication incidents have led to documented production and/or environmental problems. A 
study in the Barnett Shale noted two cases of well communication, one with a well 1,100 ft (340 m) 
away and the other with a well 2,500 ft (760 m) away from the initiating well; ultimately, one of the 
offset wells had to be re-fractured because the well communication halted production (Craig et al., 
2012). In some cases, the fluids that intersect the offset well flow up the wellbore and spill onto the 
surface. In its report Review of State and Industry Spill Data: Characterization of Hydraulic 
Fracturing-Related Spills, the EPA (2015m) recorded 10 incidents in which fluid spills were 
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attributed to well communication events (see Text Box 5-10 for more information on this effort).1 
The Well File Review (U.S. EPA, 2016c) reports that 1% of the wells (an estimated 280 wells) 
represented in the study reported a frac hit, where the hydraulic fracturing operation documented 
in the Well File Review led to communication with a nearby well.2 (It was not possible to determine 
whether fluids reached protected groundwater resources during these frac hits based on 
information in the well files.) While the subsurface effects of frac hits have not been extensively 
studied, these cases demonstrate the possibility of fluid migration via communication with other 
wells and/or their fracture networks. More generally, well communication events can indicate 
fracture behavior that was not intended by the treatment design. 

 
Figure 6-8. Induced fractures intersecting an offset well (in a production zone, as shown, or in 
overlying formations into which fracture growth may have occurred). 
This image shows a conceptualized depiction of potential pathways for fluid movement out of the production 
zone (not to scale). 

                                                            
1 These spills are represented by line numbers 163, 236, 265, 271, 286, 287, 375, 376, 377, and 380 in Appendix B of U.S. 
EPA (2015m). 
2 280 wells (95% confidence interval: 240 – 320 wells). 
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Figure 6-9. Well communication (a frac hit). 
This image shows a conceptualized depiction of the fractures of a newly fractured well (Well A) intersecting the 
existing fracture network created during a previous hydraulic fracturing operation in an offset well (Well B). 
Evidence of this interaction may be observed in the offset well as a pressure change, lost production, and/or 
introduction of new fluids. Depending on the condition of the offset well, this can result in fluid being spilled onto 
the surface, rupturing of cement and/or casing and hydraulic fracturing fluid leaking into subsurface formations, 
and/or fluid flowing out through existing flaws in the casing and/or cement. (Figure is not to scale.) 

A well communication event is usually observed at the offset well as a pressure spike, due to the 
elevated pressure from the originating well, or as an unexpected drop in the production rate (Lawal 
et al., 2014; Jackson et al., 2013a). Ajani and Kelkar (2012) performed an analysis of frac hits in the 
Woodford Shale in Oklahoma, studying 179 wells over a 5-year period. The authors used fracturing 
records from the newly completed wells and compared them to production records from 
surrounding wells. The authors assumed that sudden changes in production of gas or water 
coinciding with fracturing at a nearby well were caused by communication between the two wells, 
and increased water production at the surrounding wells was assumed to be caused by hydraulic 
fracturing fluid flowing into these offset wells. The results of the Oklahoma study showed that 
24 wells had decreased gas production or increased water production within 60 days of the initial 
gas production at the nearby fractured well. A total of 38 wells experienced decreased gas or 
increased water production up to a distance of 7,920 ft (2,410 m), which the study authors defined 
as the distance between the midpoints of the laterals; 10 wells saw increased water production 
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from as far away as 8,422 ft (2,567 m). In addition, one well showed a slight increase in gas 
production rather than a decrease.1  

Other studies of well communication events have relied on similar information. In the NM OCD 
operator data set, the typical means of detecting a well communication event was through pressure 
changes at the offset well, production lost at the offset well, and/or fluids found in the offset well. In 
some instances, well operators determined that a well was producing fluid from two different 
formations, while in one instance, the operator identified a potential well communication event due 
to an increase in production from the offset well (Vaidyanathan, 2014). In another study, Jackson et 
al. (2013a) found that the decrease in production due to well communication events was much 
greater in lower permeability reservoirs. The authors note an example where two wells 1,000 ft 
(300 m) apart communicated, reducing production in the offset well by 64%. These results indicate 
that the subsurface interactions of well networks or complex hydraulics driven by each well at a 
densely populated (with respect to wells) area are important factors to consider for the design of 
hydraulic fracturing treatments and other aspects of oil and gas production.  

The key factor affecting the likelihood of a well communication event and the impact of a frac hit is 
the location of the offset well relative to the well where hydraulic fracturing was conducted (Ajani 
and Kelkar, 2012). In the Ajani and Kelkar (2012) analysis, the likelihood of a communication event 
was less than 10% in wells more than 4,000 ft (1,000 m) apart, but rose to nearly 50% in wells less 
than 1,000 ft (300 m) apart. Well communication was also much more likely with wells drilled from 
the same pad. The affected wells were found to be in the direction of maximum horizontal stress in 
the field, which correlates with the expected direction of fracture propagation. Modeling work by 
Myshakin et al. (2015) is generally consistent with these results, indicating that the risk of fluid 
movement through pre-existing wellbores or open faults is negligible unless hydraulic fractures are 
located very close to these features.2 

Statistical modeling by Montague and Pinder (2015) investigated the probability that a hypothetical 
new well used for hydraulic fracturing within the area of New York underlain by the Marcellus 
Shale would intersect an existing wellbore. The results indicated that this probability would be 
from 0 to 3.45%. The model incorporated the depth of the hypothetical new well, the vertical 
growth of induced fractures, and the depth and locations of existing nearby wells. The model also 
assumed that the existing wells are vertical and fracture growth is not impacted by nearby wells or 
existing fractures. However, the authors concluded that the inclusion of horizontal wells within the 
data set could increase the chance of intersection with induced fractures.  

Well communication may be more likely to occur where there is less resistance to fracture growth. 
Such conditions may be related to existing production operations (e.g., where previous 
hydrocarbon extraction has reduced the pore pressure, changed stress fields, or affected existing 
fracture networks) or the existence of high-permeability rock units (Jackson et al., 2013a). As Ajani 
and Kelkar (2012) found in the Woodford Shale, one of the deepest major shale plays (Table 6-3), 
induced fractures tend to enter portions of the reservoir that have already been fractured as 

                                                            
1 The numbers of wells cited in the study reflect separate analyses, and the numbers cited are not additive. 
2 In the Myshakin et al. (2015) paper, the authors do not quantify or explain what is meant by “very close.” 
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opposed to entering previously unfractured rocks, ultimately causing interference in offset wells. 
Mukherjee et al. (2000) described this tendency for asymmetric fracture growth toward depleted 
areas in low-permeability gas reservoirs due to pore pressure depletion from production at offset 
wells. The authors note that pore pressure gradients in depleted zones would affect the subsurface 
stresses. Therefore, depending on the location of the new well with respect to depleted zone(s) and 
the orientation of the existing induced fractures, the newly created fracture can be asymmetric, 
with only one wing of the fracture extending into the depleted area and developing significant 
length and conductivity (Mukherjee et al., 2000). The extent to which the depleted area affects 
fracturing depends on factors such as cumulative production, pore volume, hydrocarbon saturation, 
effective permeability, and the original reservoir or pore pressure (Mukherjee et al., 2000). 
Similarly, high-permeability rock types acting as thief zones may also cause preferential fracturing 
due to a higher leakoff rate into these layers (Jackson et al., 2013a).  

In addition to location, the potential for impact on a drinking water resource also depends on the 
condition of the offset well. (See Section 6.2 for information on the mechanical integrity of well 
components.) In their analysis, Ajani and Kelkar (2012) found a correlation between well 
communication and well age: older wells were more likely to be affected. If the cement in the 
annulus between the casing and the formation is intact and the well components can withstand the 
stress exerted by the pressure of the fluid, nothing more than an increase in pressure and extra 
production of fluids would occur during a well communication event. However, if the offset well is 
not able to withstand the pressure of the hydraulic fracturing fluid, well components could fail 
(Figure 6-4), allowing fluid to migrate out of the well.  

The highest pressures most hydraulic fracturing wells will face during their life spans occur during 
the process of fracturing (Section 3.3). In some cases, temporary equipment is installed in wells 
during fracturing to protect the well against the increased pressure. Therefore, many producing 
wells may not be designed to withstand pressures typical of hydraulic fracturing (Enform, 2013) 
and can experience problems when fracturing occurs in nearby wells. Depending on the location of 
the weakest point in the offset well, this could result in fluid being spilled onto the surface; 
rupturing of cement and/or casing and hydraulic fracturing fluid leaking into subsurface 
formations; and/or fluid flowing out through existing flaws in the casing and/or cement. (See 
Chapters 5 and 7 for additional information on how such spills can affect drinking water resources.) 
For example, a documented well communication event near Innisfail, Alberta, Canada (Text Box 
6-7) occurred when several well components failed, because they were not rated to handle the 
increased pressure caused by the well communication (ERCB, 2012). In addition, if the fractures 
were to intersect an uncemented portion of the wellbore, the fluids could potentially migrate into 
formations that are uncemented along the wellbore. 

In older wells near a hydraulic fracturing operation, plugs and cement can degrade over time; in 
some cases, abandoned wells may never have been plugged properly. Before the 1950s, most well 
plugging efforts were focused on preventing water from the surface from entering oil fields. As a 
result, many wells from that period were abandoned with little or no cement (NPC, 2011b). This 
can be a significant issue in areas with legacy (i.e., historic) oil and gas exploration and when wells 
are re-entered and hydraulically fractured (or re-fractured) to increase production in a reservoir. In 
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one study, 18 of 29 plugged and abandoned wells in Quebec were found to show signs of leakage 
(Council of Canadian Academies, 2014). Similarly, a PA DEP report cited three cases where 
migration of natural gas had been caused by well communication events with old, abandoned wells, 
including one case where private drinking water wells were affected (PA DEP, 2009c). In Tioga 
County, Pennsylvania, following hydraulic fracturing of a shale gas well, an abandoned well nearby 
produced a 30 ft (9 m) geyser of brine and gas for more than a week (Dilmore et al., 2015).  

Text Box 6-7. Well Communication at a Horizontal Well near Innisfail, Alberta, Canada. 

In most cases, well communication during fracturing results in a pressure surge accompanied by a drop in gas 
production and additional flow of produced water or hydraulic fracturing fluid at an offset well. However, if 
the offset well is not capable of withstanding the high pressures of fracturing, more significant damage can 
occur. 

In January 2012, fracturing at a horizontal well near Innisfail in Alberta, Canada, caused a surface spill of 
fracturing and formation fluids at a nearby operating vertical oil well. According to the investigation report by 
the Alberta Energy Resources Conservation Board (ERCB, 2012), pressure began rising at the vertical well 
less than two hours after fracturing ended at the horizontal well. 

Several components of the vertical well facility―including surface piping, discharge hoses, fuel gas lines, and 
the pressure relief valve associated with compression at the well―were not rated to handle the increased 
pressure and failed. Ultimately, the spill released, in addition to gas, an estimated 19,816 gal (75,012 L3) of 
hydraulic fracturing fluid, brine, and oil covering an area of approximately 656 ft by 738 ft (200 m by 225 m). 

The ERCB determined that the lateral of the horizontal well passed within 423 ft (129 m) of the vertical well 
at a depth of approximately 6,070 ft (1,850 m) below the surface in the same formation. The operating 
company had estimated a fracture half-length of 262 to 295 ft (80 to 90 m) based on a general fracture model 
for the field.1 While there were no regulatory requirements for spacing hydraulic fracturing operations in 
place at the time, the 423 ft (129 m) distance was out of compliance with the company’s internal policy to 
space fractures from adjacent wells at least 1.5 times the predicted half-length. The company also did not 
notify the operators of the vertical well of the hydraulic fracturing operations. The incident prompted the 
ERCB to issue Bulletin 2012-02―Hydraulic Fracturing: Interwellbore Communication between Energy Wells, 
which outlines expectations for avoiding well communication events and preventing adverse effects on offset 
wells. 

Various studies estimate the number of abandoned wells in the United States to be significant. The 
Interstate Oil and Gas Compact Commission (IOGCC, 2008) estimates that over one million wells 
were drilled in the United States prior to the enactment of state oil and gas regulations, and the 
status and location of many of these wells are unknown. A recent estimate of wells completed 
before the adoption of statewide well abandonment criteria in 1957 in Pennsylvania placed the 
range at 305,000 to 390,000 wells in the state, with more than 176,000 of those wells likely 
abandoned pre-1957 (Dilmore et al., 2015). As of 2000, PA DEP’s well plugging program reported 
that it had documented 44,700 wells that had been plugged and 8,000 that were in need of 
plugging, and approximately 184,000 additional wells with an unknown location and status (PA 

                                                            
1 The fracture half-length is the radial distance from a wellbore to the outer tip of a fracture propagated from that well 
(Schlumberger, 2014).  
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DEP, 2000). A similar evaluation from New York State found that the number of unplugged wells 
was growing in the state despite an active well plugging program (Bishop, 2013). In the Midwest, 
Sminchak et al. (2014) examined two areas of historical oil and gas exploration as part of an 
investigation of potential carbon dioxide sequestration sites. They found that a 4.3 mi by 4.3 mi (6.9 
km by 6.9 km) square area in Michigan contained 22 abandoned oil and gas wells and a 9.3 mi by 
9.3 mi (15.0 km by 15.0 km) square area in Ohio contained 359 abandoned oil and gas wells.  

Various state programs exist to plug identified orphaned wells, but they face the challenge of 
identifying and addressing a large number of wells.1 In some cases, remote sensing technologies can 
be used to identify wells for which no records exist. For example, an NETL study in Pennsylvania 
found that helicopter-based high-resolution magnetic surveys can be used to accurately locate wells 
with steel casing; wells with no steel casing exhibit weak or no magnetic anomaly and are not 
detected by such surveys (Veloski et al., 2015). Chapter 10 includes a discussion of factors and 
practices, including those related to active and abandoned wells near hydraulic fracturing 
operations, that can reduce the frequency of impacts to drinking water quality. 

The Reagan et al. (2015) numerical modeling study included an assessment of migration via an 
offset well as part of its investigation of potential fluid migration from a producing formation into a 
shallower groundwater unit (Section 6.3.2.2). For the offset well pathway, it was assumed that the 
hydraulically induced fractures intercepted an older offset well with deteriorated components. 
(This assessment can also be applicable to cases where potential migration may occur via the 
production well-related pathways discussed in Section 6.2) The highest permeability value tested 
for the connecting feature represented a case with an open wellbore. A key assumption for this 
investigation was that the offset well was already directly connected to a permeable feature in the 
reservoir or within the overburden.  

Similar to the cases for permeable faults or fractures discussed in Section 6.3.2.2, the study 
investigated the effect of multiple well- and formation-related variables on potential fluid migration 
(Table 6-4). Based on the simulation results, an offset well pathway can have a greater potential for 
gas release from the production zone into a shallower groundwater unit than the fracture pathway 
discussed in Section 6.3.2.2 (Reagan et al., 2015). This difference is primarily due to the total pore 
volume of the connecting pathway within the offset well; if the offset well pathway has a 
significantly lower pore volume compared to the fracture pathway, this would reduce possible gas 
storage in the connecting feature and increase the speed of buoyancy-dependent migration. 
However, as with the fracture scenario, the gas available for migration in this case is still limited to 
the gas that is initially stored in the hydraulically induced fractures. Accordingly, any incidents of 
gas breakthrough in the model results were limited in both duration and magnitude.  

In their modeling study, Reagan et al. (2015) found that production at the gas well (the well used 
for hydraulic fracturing) also affects the potential upward migration of gas and its arrival times at 
the drinking water formation due to its effect on the driving forces (e.g., pressure gradient). Similar 
to the fracture cases described in Section 6.3.2.2, production in the target reservoir appears to 
mitigate upward gas migration, both by reducing the amount of gas that might otherwise be 
                                                            
1 An orphaned well is an inactive oil or gas well with no known (or financially solvent) owner. 
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available for upward migration and by creating a pressure gradient toward the production well. 
Only scenarios without the mitigating feature of gas production result in upward migration into the 
aquifer. This assessment also found a generally downward water flow within the connecting well 
pathway, which is more pronounced when the production well is operating and there is de-
pressurization within the fractures. The producing formation and aquifer permeabilities appear not 
to be significant factors for upward gas migration via this pathway. Instead, Reagan et al. (2015) 
found the permeability of the connecting well to be the key factor affecting the migration of gas to 
the aquifer and the water well. Very low permeabilities (less than 1 mD, or 1 × 10−15 m2) for the 
connecting well lead to no migration of gas into the aquifer regardless of the vertical separation 
distance, whereas larger permeabilities presented a greater potential for gas breakthrough.  

Brownlow et al. (2016) also modeled communication with an abandoned well. The modeling 
exercise was based on operator data from the Eagle Ford Shale. Two types of cases were modeled: 
cases with an open (unplugged) abandoned well (which the authors note are known to occur in 
Texas) and cases with an abandoned well that was converted into a water well after the lower 
portion of the well had been filled with drilling mud (a practice allowed in Texas until 1967). The 
modeling results indicated that fluid could potentially migrate up both types of abandoned wells, 
with relatively greater flow rates in open abandoned wells and in abandoned wells closer to the 
well used for hydraulic fracturing. Similar to the Reagan et al. (2015) study, the production regime 
was also a key factor; when production and flowback were included in the simulation, they were 
found to inhibit upward migration. Modeled flow rates through the mud-filled well were 
comparable to those found by Reagan et al. (2015) with higher flows predicted through the open 
well.  

A similar study was conducted by Nowamooz et al. (2015), who modeled a hypothetical well in the 
Utica Shale in Quebec. They assumed a 7.9 in (200 mm) wellbore with an approximately 2 in (51 
mm) annulus space filled with intact cement. The researchers varied the permeability of the cement 
from 1 µD (1 × 10−19 m2) to 1 mD (1 × 10−15 m2). The results indicated that, at the highest 
permeability of 1 mD, a flow of methane of 1.02 × 10-2 ft3/day (2.9 x 10-4 m3/d) was possible. This 
was two orders of magnitude higher than the flow when the cement permeability was 1 µD 
(1 × 10−19 m2). The wellbore permeabilities used by Nowamooz et al. (2015) appear to be consistent 
with actual permeabilities observed in the field, which can vary widely. For example, a study of 31 
abandoned oil and gas wells in Pennsylvania found effective permeability values along the 
wellbores in the range of 10−6 to 102 mD (1 × 10−21 to 1 × 10−13 m2) (Kang et al., 2015). 

In the same way that fractures can propagate to intersect offset wells, they can also potentially 
intersect other artificial subsurface structures including mine shafts or solution mining sites. No 
known incidents of this type of migration have been documented. However, the Bureau of Land 
Management (BLM) has identified over 48,000 abandoned mines in the United States and is adding 
new mines to its inventory every year (BLM, 2015). In addition, the Well File Review identified an 
estimated 800 cases where wells used for hydraulic fracturing were drilled through mining voids, 
and an additional 90 cases of drilling through gas storage zones or wastewater disposal zones (U.S. 
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EPA, 2015n).1,2 The analysis suggests emplacing cement within such zones can be challenging, 
which, in turn, could lead to a loss of zonal isolation (as described in Section 6.2) and create a 
pathway for fluid migration. 

6.3.2.4 Migration via Fractures Intersecting Geologic Features 

Potential fluid migration via natural, permeable fault or fracture zones in conjunction with 
hydraulic fracturing has been recognized as a potential contamination hazard for several decades 
(Harrison, 1983). Natural fracture systems have a strong influence on the success of a fracture 
treatment, and the topic has been studied extensively from the perspective of optimizing treatment 
design (e.g., Dahi Taleghani and Olson, 2011; Weng et al., 2011; Vulgamore et al., 2007). While 
porous flow in unfractured shale or tight sand formations is assumed to be negligible due to very 
low formation permeabilities (as discussed in Section 6.3.2.1), the presence of small natural 
fractures known as “microfractures” within tight sand or shale formations is widely recognized, and 
these fractures affect fluid flow and production strategies. Naturally occurring permeable faults 
and larger-scale fractures within or between formations can potentially allow for more significant 
flow pathways out of the production zone (Jackson et al., 2013d). Figure 6-7 illustrates the concept 
of induced fractures intersecting with permeable faults or fractures extending out of the target 
reservoir.3 

The specific effects of natural fractures on fluid migration, and the mechanisms by which these 
effects occur, are not completely understood. While naturally occurring microfractures can impact 
the growth of induced fractures (e.g., by affecting the tensile strength of a shale layer), studies 
based on modeling and monitoring data generally do not indicate that they contribute to fracture 
growth in a way that could affect the frequency or severity of impacts. Microfractures could affect 
fluid flow patterns near the induced fractures by increasing the effective contact area. Conversely, 
these microfractures could act as capillary traps for the hydraulic fracturing fluid during treatment 
(contributing to fluid leakoff) and potentially hinder hydrocarbon flow due to lower gas relative 
permeabilities (Dahi Taleghani et al., 2013). Ryan et al. (2015) suggested that some natural fracture 
processes/patterns (such as the presence of two subvertical fracture sets) can contribute to 
upward gas migration, while others (such as small fracture sets with low connectivity that are 
confined to individual geologic layers) can preclude it. 

In some areas, larger-scale geologic features may affect potential fluid flow pathways. As discussed 
in Text Box 6-3, baseline measurements taken before shale gas development show evidence of 
thermogenic methane in some shallow aquifers, suggesting that, in some cases, natural subsurface 
pathways exist and might allow for naturally occurring migration of gas over geologic time 
(Robertson et al., 2012). There is also evidence demonstrating that gas undergoes mixing in 

1 800 wells (95% confidence interval: 10 – 1,900 wells).  
2 90 wells (95% confidence interval: 50 – 100 wells). 
3 Faults and fractures can exhibit a range of permeabilities. For example, permeable (also referred to as “transmissive” or 
“conductive”) faults or fault segments have enough permeability to allow fluids to flow along or across them, while others 
are relatively impermeable and can serve as barriers to flow. These differences in permeability are associated with 
geologic conditions such as rock type, depth, and stress regime. Generally, when researchers refer to the potential for 
migration via natural geologic features, it is assumed that these features are sufficiently permeable to serve as a pathway. 
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subsurface pathways (Baldassare et al., 2014; Molofsky et al., 2013; Fountain and Jacobi, 2000). 
Warner et al. (2012) compared recent sampling results to data published in the 1980s and found 
geochemical evidence for migration of fluids through natural pathways between deep underlying 
formations and shallow aquifers―pathways that the authors suggest could lead to contamination 
from hydraulic fracturing activities. In northeastern Pennsylvania, there is evidence that brine from 
deep saline formations has migrated into shallow aquifers over geologic time, preferentially 
following certain geologic structures (Llewellyn, 2014). However, this depends on local geologic 
characteristics and does not appear to happen in all locations; for example, in the Monongahela 
River Basin in West Virginia, shallow groundwater samples did not show evidence of mixing with 
deep brines (Boothroyd et al., 2016). As described in Chapter 7, karst features (created by the 
dissolution of soluble rock) can also serve as a potential pathway of fluid movement on a faster time 
scale.  

Monitoring data show that the presence of natural faults and fractures can affect both the height 
and width of induced hydraulic fractures. When faults are present, relatively larger microseismic 
responses are seen and larger fracture growth can occur, as described below. Rutledge and Phillips 
(2003) suggested that, for a hydraulic fracturing operation in East Texas, pressurizing existing 
fractures (rather than creating new hydraulic fractures) was the primary process that controlled 
enhanced permeability and fracture network conductivity at the site. Salehi and Ciezobka (2013) 
used microseismic data to investigate the effects of natural fractures in the Marcellus Shale and 
concluded that fracture treatments are more efficient in areas with clusters or “swarms” of small 
natural fractures, while areas without these fracture swarms require more thorough stimulation. 
These microseismic data show that swarms of natural fractures within a shale formation can result 
in a fracture network with a larger width-to-height ratio (i.e., a shorter and wider network) than 
would be expected in a zone with a low degree of natural fracturing.  

A few studies have used monitoring data to specifically investigate the effect of natural faults and 
fractures on the vertical extent of induced fractures. A statistical analysis of microseismic data by 
Shapiro et al. (2011) found that fault rupture (movement along a fault) from hydraulic fracturing is 
limited by the extent of the stimulated rock volume and is unlikely to extend beyond the fracture 
network. However, as demonstrated by microseismic data presented by Vulgamore et al. (2007), in 
some settings, the fracture network—and, in this case, the possibility of fault rupture—could 
extend laterally for thousands of feet. In the Fisher and Warpinski (2012) data set (Section 6.3.2.2), 
the greatest fracture heights occurred when the hydraulic fractures intersected pre-existing faults. 
Similarly, Hammack et al. (2014) reported that fracture growth seen above the Marcellus Shale is 
consistent with the inferred extent of pre-existing faults at the Greene County, Pennsylvania, 
research site (Section 6.3.2.2 and Text Box 6-6). The authors suggested that clusters of 
microseismic events may have occurred where preexisting small faults or natural fractures were 
present above the Marcellus Shale. Viñal (2015) used time-lapse multi-component seismic 
monitoring to monitor the overburden of the Montney Shale during a hydraulic fracturing 
operation in Alberta, Canada. The researchers found increases in the anisotropy in the overburden, 
which they interpreted as fractures being propagated along natural faults out of the shale and into 
the overburden. At a site in Ohio, Skoumal et al. (2015) found that hydraulic fracturing induced a 
rupture along a pre-existing fault approximately 0.6 mi (1 km) from the hydraulic fracturing 

WG Ex. 34

1464

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2229590
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2088145
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2229602
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1257125
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2148994
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3351906
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2100295
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2298108
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2225170
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2259883
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2050789
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2711918
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3229446
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2814573
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2100295


Chapter 6 – Well Injection 

6-68 

operation. Using a new monitoring method known as tomographic fracturing imaging, Lacazette 
and Geiser (2013) also found vertical hydraulic fracturing fluid movement from a production well 
into a natural fracture network for distances of up to 0.6 mi (1.0 km). However, Davies et al. (2013) 
questioned whether this technique actually measures hydraulic fracturing fluid movement.  

Modeling studies have also investigated whether hydraulic fracturing operations are likely to 
reactivate faults and create a potential fluid migration pathway into shallow aquifers. Results from 
one study suggest that, under specific circumstances, interaction with a permeable fault could 
result in fluid migration to the surface but only on relatively long (ca. 1,000 year) time scales 
(Gassiat et al., 2013). These findings have been disputed in the literature due to certain suggested 
limitations of the study, including the model setup, assumptions, and calibration; unrealistic fault 
representation; lack of constraints on fluid overpressure; and exclusion of the capillary imbibition 
effect (Birdsell et al., 2015b; Flewelling and Sharma, 2015). In response to these critiques, the 
authors stated that their work was a parametric study in which the model geometry, parameter, 
and boundary conditions were defined based on data collected from multiple shale gas basins, and 
the objective of the study was not to calibrate results to a specific site (Lefebvre et al., 2015). Other 
researchers reject the notion that open, permeable faults coexist with hydrocarbon accumulation 
(Flewelling et al., 2013). However, it is unclear whether the existence of faults in low permeability 
reservoirs affects the accumulation of hydrocarbons because, under natural conditions, the flow of 
gas may be limited due to capillary tension. 

Like the other pathways discussed in this section, other conditions in addition to the physical 
presence of a permeable fault or fracture would need to exist for fluid migration to a drinking water 
resource to occur. The modeling study conducted by Reagan et al. (2015) and discussed in Section 
6.3.2.2 indicates that, if such a permeable feature exists, the transport of gas and fluid flow would 
strongly depend upon the production regime and, to a lesser degree, the features’ permeability and 
the separation between the reservoir and the aquifer. In addition, the pressure distribution within 
the reservoir (e.g., over-pressurized vs. hydrostatic conditions) will affect the fluid flow through 
fractures/faults. As a result, the presence of multiple geologic and well-related factors can increase 
the potential for fluid migration into drinking water resources. For example, in the Mamm Creek 
area of Colorado (Section 6.2.2.4), mechanical integrity and drilling-related problems likely acted in 
concert with natural fracture systems to result in a gas seep into surface water and shallow 
groundwater (Crescent, 2011). A similar situation occurred in southeastern Bradford County, 
Pennsylvania (discussed in Section 6.2), where natural fractures intersected an uncemented casing 
annulus and allowed gas to flow from the annulus into nearby domestic wells and a stream 
(Llewellyn et al., 2015). 

Other modeling studies investigating the potential of fluid migration related to existing faults and 
fractures have given mixed results. Pfunt et al. (2016) performed modeling based on conditions in 
the North German Basin, i.e., deep geological settings where undisturbed cap rocks are present 
between the fractured formation and shallow aquifers. Their modeling indicated that the hydraulic 
fracturing fluid did not reach the near-surface area either during hydraulic fracturing operations or 
in the long-term in the presence of highly permeable pathways (fault zones, fractures). Like 
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previous modeling studies, the authors found that the injection pressure and permeability of the 
connecting fault are two important factors that control upward fluid migration. 

Rutqvist et al. (2013) found that, while somewhat larger microseismic events are possible in the 
presence of faults, repeated events and a seismic slip would amount to a total rupture length of 
164 ft (50 m) or less along a fault, not far enough to allow fluid migration between a deep gas 
reservoir (approximately 6,562 ft or 2,000 m deep) and a shallow aquifer. A follow-up study using 
more sophisticated three-dimensional modeling techniques also found that deep hydraulic 
fracturing is unlikely to create a direct flow path into a shallow aquifer, even when hydraulic 
fracturing fluid is injected directly into a fault (Rutqvist et al., 2015). Similarly, a modeling study 
that investigated potential fluid migration from hydraulic fracturing in Germany found potential 
vertical fluid migration up to 164 ft (50 m) in a scenario with high fault zone permeability, although 
the authors note this is likely an overestimate because their goal was to “assess an upper margin of 
the risk” associated with fluid transport (Lange et al., 2013). More generally, results from Rutqvist 
et al. (2013) indicate that fracturing along an initially impermeable fault (as is expected in a shale 
gas formation) would result in numerous small microseismic events that act to prevent larger 
events from occurring (and, therefore, prevent the creation of more extensive potential pathways). 

Schwartz (2015) modeled methane flow through a hypothetical permeable fault at a well in 
Germany. Methane flow was modeled through a permeable leakage zone that was 0.1 ft by 13 ft 
(0.03 m by 4 m) with an assumed permeability in the range of approximately 100 D to of 10,000 D 
(1 × 10-10 m2 to 1 × 10-8 m2). The model indicated that methane could reach a drinking water aquifer 
approximately 2,953 ft (900 m) above the gas zone in about a half a day and reach a maximum flow 
after two days. According to the model results, methane entering the aquifer led to an increase in 
pH, the release of negatively charged constituents such as chromium, and the adsorption of 
positively charged ions such as arsenic. Decreasing the permeability of the leakage zone by a factor 
of 100 increased the travel time by a factor of four. In another study, Myshakin et al. (2015) 
modeled brine migration through a natural and induced fracture network. Their results indicated 
that the main pathway for vertical migration of hydraulic fracturing fluid to overlying layers is 
through the induced fractures, and not the natural fractures. The location of hydraulic fractures 
relative to each other affects the extent of brine migration into overburden layers; compared to 
single fractures separated by large distances, closely spaced fractures were associated with higher 
pressures in—and, consequently, more brine migration into—overlying layers. 

6.4 Synthesis 

In the injection stage of the hydraulic fracturing water cycle, operators inject hydraulic fracturing 
fluids into a well under pressure that is high enough to fracture the production zone. These fluids 
flow through the well and then out into the surrounding formation, where they create fractures in 
the rock, allowing hydrocarbons to flow through the fractures, to the well, and then up the 
production string.  

The production well and the surrounding geologic features function as a system that is often 
designed with multiple elements that can isolate hydrocarbon-bearing zones and water-bearing 
zones, including groundwater resources, from each other. This physical isolation optimizes oil and 
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gas production and can protect drinking water resources via isolation within the well (by the casing 
and cement) and/or through the presence of multiple layers of subsurface rock between the target 
formations where hydraulic fracturing occurs and drinking water aquifers. 

6.4.1 Summary of Findings 

In this chapter, we consider impacts to drinking water resources to occur if hydraulic fracturing 
fluids or other subsurface fluids affected by hydraulic fracturing enter and adversely impact the 
quality of groundwater resources. Potential pathways for fluid movement to drinking water 
resources may be linked to one or more components of the well and/or features of the subsurface 
geologic system. If present, these potential pathways can, in combination with the high pressures 
under which fluids are injected and pressure changes within the subsurface due to hydraulic 
fracturing, result in the subsurface movement of fluids to drinking water resources.  

The potential for these pathways to exist or form has been investigated through modeling studies 
that simulate subsurface responses to hydraulic fracturing, and demonstrated via case studies and 
other monitoring efforts. In addition, the development of some of these pathways—and fluid 
movement along them—has been documented. It is important to note that, if multiple barriers 
afforded by the well design and the presence of subsurface rock formations are present, the 
development of a pathway within this system does not necessarily result in an impact on a drinking 
water resource. 

6.4.1.1 Fluid Movement via the Well  

A production well undergoing hydraulic fracturing is subject to higher stresses during the relatively 
brief hydraulic fracturing phase than during any other period of activity in the life of the well. If the 
well cannot withstand the stresses experienced during hydraulic fracturing operations, pathways 
associated with the casing and cement can form that can result in the unintended movement of 
fluids into the surrounding environment (Section 6.2).  

Multiple barriers within the well, including casing, cement, and a completion assembly can, if 
present, isolate hydrocarbon-bearing formations from drinking water resources located at a 
different depth. However, inadequate construction, defects in or degradation of the casing or 
cement, and/or the absence of redundancies such as multiple layers of casing and proper 
emplacement of cement can allow fluid movement into drinking water resources. Various studies of 
wells in the Marcellus Shale showed failure rates between 3 and 10%, depending on the type of 
failure studied (contamination of drinking water resources may or may not have occurred at these 
wells). The EPA’s Well File Review found that 3% of all hydraulic fracturing jobs involved a 
downhole mechanical integrity failure, which generally resulted in hydraulic fracturing fluid 
entering the annular space between the casing and formation or between two casing strings.  

Ensuring proper well design and mechanical integrity—particularly proper cement placement and 
quality—are important actions for preventing unintended fluid migration along the wellbore. While 
not all of the mechanical integrity failures described above resulted in fluid movement to—or 
contamination of—a drinking water resource, aspects of well design that lead to increased failure 
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rates have the potential to increase the frequency or severity of impacts to drinking water quality 
associated with hydraulic fracturing operations. 

6.4.1.2 Fluid Movement within Subsurface Geologic Formations 

Potential subsurface pathways for fluid migration to drinking water resources include flow of fluids 
out of the production zone into formations above or below it, fractures extending out of the 
production zone or into other induced fracture networks, intersections of fractures with abandoned 
or active wells, and hydraulically induced fractures intersecting with faults or natural fractures 
(Section 6.3).  

Vertical separation between the zone where hydraulic fracturing operations occur and drinking 
water resources reduces the potential for fluid migration to impact the quality of drinking water 
resources. However, not all hydraulic fracturing operations are characterized by large vertical 
distances between the production zone and drinking water resources. In coalbed methane plays, 
which are typically shallower than shale gas plays, these separation distances can be smaller than 
in other types of formations. Also, in certain areas, hydraulic fracturing is known to take place in 
formations containing water that meets the salinity threshold that is used in some definitions of a 
drinking water resource.  

Lateral separation between wells undergoing hydraulic fracturing and other wells (including active 
and abandoned wells) also reduces the potential for fluid migration to impact drinking water 
resources. While some operators design fracturing treatments to communicate with the fractures of 
another well and optimize oil and gas production, unintended communication between two wells or 
their fracture systems can lead to spills in an offset well, which is an indicator of hydraulic 
fracturing treatments extending beyond their planned design. These well communication incidents, 
or “frac hits,” have been reported in New Mexico, Oklahoma, and a few other locations. Surface 
spills from well communication incidents have also been documented. Based on the available 
information, frac hits most commonly occur on multi-well pads and when wells are spaced less than 
1,100 ft (340 m) apart, but they have been observed at wells up to 8,422 ft (2,567 m) away from a 
well undergoing hydraulic fracturing. 

6.4.1.3 Impacts to Drinking Water Resources 

We identified some example cases in the literature where the pathways associated with hydraulic 
fracturing resulted in an impact on the quality of drinking water resources.  

One of these cases took place in Bainbridge Township, Ohio, in 2007. Failure to cement 
over-pressured formations through which a production well passed—and proceeding with the 
hydraulic fracturing operation without adequate cement and an extended period during which the 
well was shut in—led to a buildup of natural gas within the well annulus and high pressures within 
the well. This ultimately resulted in movement of gas from the production zone into local drinking 
water aquifers (Section 6.2.2.2). Twenty-six domestic drinking water wells were taken off-line and 
the houses were connected to a public water system after the incident due to elevated methane 
levels.  
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Casings at a production well near Killdeer, North Dakota, ruptured in 2010 following a pressure 
spike during hydraulic fracturing, allowing fluids to escape to the surface. Brine and tert-butyl 
alcohol were detected in two nearby monitoring wells. Following an analysis of potential sources, 
the only source consistent with the conditions observed in the two impacted water wells was the 
well that ruptured during hydraulic fracturing. There is also evidence that out-of-zone fracturing 
occurred at the well (Sections 6.2.2.1 and 6.3.2.2). 

There are other cases where contamination of or changes to the quality of drinking water resources 
near hydraulic fracturing operations were identified. Hydraulic fracturing remains a potential 
contributing cause in these cases. For example: 

• Migration of stray gas into drinking water resources involves many potential routes, 
including poorly constructed casing and naturally existing or induced fractures in 
subsurface formations. Multiple pathways for fluid movement may have worked in concert 
in northeastern Pennsylvania (possibly due to cement issues or sustained casing pressure), 
the Raton Basin in Colorado (where fluid migration may have occurred along natural rock 
features or faulty well seals), and the Wattenberg field in Colorado (where the surface 
casing depth and the presence of uncemented gas zones are major factors in determining 
the likelihood of mechanical integrity failures and contamination). While the sources of 
methane identified in drinking water wells in each study area could be determined with 
varying degrees of certainty, attempts to definitively identify the pathways of migration 
have generally been inconclusive (Text Box 6-3). 

• At the East Mamm Creek drilling area in Colorado, inadequate placement of cement allowed 
the migration of methane through natural faults and fractures in the area. This case 
illustrates how construction issues, sustained casing pressure, and the presence of natural 
faults and fractures, in conjunction with elevated pressures associated with hydraulic 
fracturing, can work together to create a pathway for fluids to migrate toward drinking 
water resources (Sections 6.2.2.2 and 6.3.2.4).  

Additionally, there are places in the subsurface where oil and gas resources and drinking water 
resources co-exist in the same formation. Evidence we examined indicates that some hydraulic 
fracturing for oil and gas occurs within formations where the groundwater has a salinity of less 
than 10,000 mg/L TDS. By definition, this results in the introduction of hydraulic fracturing fluids 
into formations that meet both the Safe Drinking Water Act’s salinity-based definition of an 
underground source of drinking water and the broader definition of a drinking water resource 
developed for this assessment. According to the data we examined, these formations are generally 
in the western United States, e.g., near Pavillion, Wyoming. Hydraulic fracturing in a drinking water 
resource may be of concern in the short-term (where people are currently using these zones as a 
drinking water supply) or the long-term (if drought or other conditions necessitate the future use 
of these zones for drinking water). 

There are other cases in which production wells associated with hydraulic fracturing are alleged to 
have caused contamination of drinking water resources. Data limitations in most of those cases 
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(including the unavailability of information in litigation settlements resulting in sealed documents) 
make it difficult to assess whether or not hydraulic fracturing was a cause of the contamination. 

6.4.2 Factors Affecting Frequency or Severity of Impacts 

The multiple barriers within the hydraulic fracturing well and the presence of subsurface low-
permeability geologic formations between the production zone and drinking water resources 
isolate fluids from drinking water resources. Because of this, any factors that affect the integrity of 
the system comprised of the well and the surrounding geology have the potential to affect the 
frequency or severity of impacts on drinking water quality. The primary factors that can affect the 
frequency or severity of impacts are: (1) the construction and condition of the well that is being 
hydraulically fractured, (2) the amount of vertical separation between the production zone and 
formations that contain drinking water resources, and (3) the location, depth, and condition of 
nearby wells or natural faults or fractures. 

The presence and condition of the well’s casing and cement are key factors that affect the frequency 
or severity of impacts to drinking water resources. Even in wells where there is substantial vertical 
separation (e.g., thousands of feet), defects in the well can, in theory, allow fluid movement over 
significant vertical distance. For example, fully cemented surface casing that extends through the 
base of drinking water resources is a key protective component of the well. Risk evaluation studies 
of a limited number of injection wells show that, if the surface casing is not set deeper than the 
bottom of the drinking water resource, the risk of aquifer contamination increases a thousand-fold. 
A review of wells that were hydraulically fractured in the Wattenberg field in Colorado showed that 
wells with fewer casing and cementing barriers across gas-bearing zones exhibited higher rates of 
failures. Most, but not all, wells used in hydraulic fracturing operations have fully cemented surface 
casing.  

The absence of or defects in casing or cement can be the result of inadequate design or 
construction, including fewer layers of protective casing or when cement is incomplete (i.e., not 
present across all oil-gas- or water-bearing formations), of inadequate quality, or improperly 
emplaced. Wells that were constructed pursuant to older, less stringent requirements have a 
greater likelihood of exhibiting mechanical integrity problems associated with inadequate design 
and/or construction. 

Deviated and horizontal wells may exhibit more casing and cement problems compared to vertical 
wells. Some (but not all) studies have shown that sustained casing pressure—a buildup of pressure 
within the well annulus that can indicate the presence of leaks—occurs more frequently in deviated 
and horizontal wells compared to vertical wells. Cement integrity problems can arise as a result of 
challenges in centering the casing and placing the cement in these wells. Absent efforts to ensure 
the emplacement of sufficient cement that is of adequate integrity, the increased use of these wells 
in hydraulic fracturing operations has the potential to increase the frequency at which associated 
cementing problems occur. This, in turn, has the potential to increase the frequency of impacts to 
the quality of drinking water resources. 
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Even in optimally designed wells, degradation of the casing and cement as they age or due to the 
cumulative effects of formation or operational stresses exerted on the well over time (e.g., cyclic 
stresses in multi-stage fractures) can impact the mechanical integrity of the well and affect the 
frequency of impacts to drinking water quality. Older wells exhibit more mechanical integrity 
problems compared to newer wells when hydraulically fractured or re-fractured. If mechanical 
integrity issues exist but are not detected and subsequently addressed, hydraulic fracturing fluids 
or other fluids can move into drinking water resources and the concentrations of contaminants in 
those drinking water resources—and therefore the severity of the impact—can increase. 

In areas where there is little or no vertical separation between the production zone and drinking 
water resources, there is a greater potential to increase the frequency or severity of impacts to 
drinking water quality. For example, when the vertical separation is relatively small and other 
subsurface pathways (e.g., artificial penetrations) are present, the potential for these pathways to 
provide a more direct link between the production zone and a drinking water resource is greater 
than if there is a large separation. As described above, there are places where hydraulic fracturing 
operations occur in formations meeting the salinity threshold that is used in some definitions of a 
drinking water resource. The practice of injecting hydraulic fracturing fluids into a formation that 
also contains a drinking water resource can affect the quality of that water, because it is likely some 
of that fluid remains in the formation following hydraulic fracturing. The properties (e.g., chemical 
composition, toxicity, etc.) of hydraulic fracturing fluids or naturally occurring fluids that migrate to 
drinking water resources can affect the severity of the impact on the quality of those resources (see 
Chapter 9 for more information on the chemicals used in hydraulic fracturing fluids). 

Where the separation between the production zone and drinking water resources is small, and 
where natural or induced fractures that transect the layers between these formations are present, 
there is a potential for increased frequency of impacts to drinking water quality via induced or 
natural fractures or faults. (Impacts via well-related pathways can also be a concern in these 
situations, as described above.)  

Research shows that fractures created during hydraulic fracturing can extend out of the production 
zone, and that the vertical component of fracture growth is generally greater in deeper formations 
than shallow formations. Out-of-zone fracturing could be a concern in deeper formations if there is 
little vertical separation between the production zone and a deep drinking water resource and 
fractures propagate to unintended vertical heights. If out-of-zone fracturing is not detected (e.g., via 
monitoring) and subsequently addressed, the impacts to the quality of drinking water resources 
associated with fluid movement via these induced fractures have the potential to become more 
severe.  

Regardless of the extent of the vertical separation between the production zone and drinking water 
resources, the presence of active or abandoned wells near hydraulic fracturing operations can 
increase the potential for hydraulic fracturing fluids to move to drinking water resources. For 
example, a deficiency in the construction of a nearby well (or degradation of the well’s 
components), can provide a pathway for movement of hydraulic fracturing fluids, methane, or 
brines that might affect drinking water quality. If the fractures intersect an uncemented portion of a 

WG Ex. 34

1471



Chapter 6 – Well Injection 

6-75 

nearby wellbore, the fluids can potentially migrate along that wellbore into any formations where 
the well is not cemented. 

The frequency of impacts to the quality of drinking water resources may increase where wells are 
densely spaced (particularly in shallow hydraulic fracturing operations where more fracture 
propagation is expected to be in the horizontal direction). The frequency of impacts may also be 
higher in mature oil and gas fields that pre-date the use of construction/plugging methods that can 
withstand the stresses associated with hydraulic fracturing operations. In these mature fields, wells 
tend to be older so degradation is a concern, and the location or condition of abandoned wells may 
not be documented. Based on the information presented in this chapter, the increased use of 
hydraulic fracturing in horizontal wells and in multiple wells on a single pad can increase the 
likelihood that these pathways could develop. This, in turn, could increase the frequency at which 
impacts on drinking water quality occur. 

See Chapter 10 for a discussion of factors and practices that can reduce the frequency or severity of 
impacts to drinking water quality. 

6.4.3 Uncertainties 

Generally, less is known about the occurrence of (or potential for) impacts of injection-related 
pathways in the subsurface than for other components of the hydraulic fracturing water cycle, 
which tend to be easier to observe and measure. Furthermore, while there is a large amount of 
information available on production wells in general, there is little information that is both specific 
to hydraulic fracturing operations and readily accessible across the states to form a national 
picture.  

6.4.3.1 Limited Availability of Information Specific to Hydraulic Fracturing Operations 

There is extensive information available on the design goals for hydraulically fractured oil and gas 
wells (i.e., to address the stresses imposed by high-pressure, high-volume injection), including from 
industry-developed best practices documents. Additionally, many studies have documented how 
production wells have historically been constructed, how they perform, and the rates at which they 
experience problems that can lead to pathways for fluid movement. However, because of possible 
differences in well construction and operational practices, it is unknown how historical well 
performance studies apply to wells used in hydraulic fracturing operations. 

Because wells that have been hydraulically fractured must withstand many of the same downhole 
stresses as other production wells, we consider studies of the pathways for impacts to drinking 
water quality in production wells to be relevant to identifying the potential pathways relevant to 
hydraulic fracturing operations. However, without specific data on the as-built construction of wells 
used in hydraulic fracturing operations, we cannot definitively state whether these wells are 
consistently constructed to withstand the stresses they may encounter.  

There is also, in general, very limited information available on the monitoring and performance of 
wells used in hydraulic fracturing operations. Published information is sparse regarding 
mechanical integrity tests (MITs) performed during and after hydraulic fracturing, the frequency at 
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which mechanical integrity issues arise in wells used for hydraulic fracturing, and the degree and 
speed with which identified issues are addressed. There is also little information available 
regarding MIT results for the original hydraulic fracturing event in wells built for that purpose, for 
wells that are later re-fractured, or for existing, older wells not initially constructed for hydraulic 
fracturing but repurposed for that use.  

These limitations on hydraulic fracturing-specific information make it difficult to provide definitive 
estimates of the rate at which wells used in hydraulic fracturing operations experience the types of 
mechanical integrity problems that can contribute to the movement of hydraulic fracturing fluids or 
other fluids to drinking water resources. 

There is also a limited number of peer-reviewed published studies based on groundwater sampling 
that provide evidence to assess whether formation brines, hydraulic fracturing fluids, or gas move 
in unintended ways through the subsurface during and after hydraulic fracturing. Subsurface 
monitoring data (i.e., data that characterize the presence, migration, or transformation of fluids 
within subsurface formations related to hydraulic fracturing operations) are scarce relative to the 
tens of thousands of oil and gas wells that are estimated to be hydraulically fractured across the 
country each year (see Chapter 3 for more information on the occurrence of hydraulic fracturing in 
the United States). 

Information on fluid movement within the subsurface and the extent of fractures that develop 
during hydraulic fracturing operations is also limited. For example, limited information is available 
in the published literature on how flow regimes or other subsurface processes change at sites 
where hydraulic fracturing is conducted. Instead, much of the available research, and therefore the 
literature, addresses how hydraulic fracturing and other production technologies perform to 
optimize hydrocarbon production. In addition, much of the published data on fracture propagation 
are for shale formations, and no large-scale data sets on fracture growth in other unconventional 
formations exist or are publicly available. 

These limitations on hydraulic fracturing-specific information make it difficult to provide definitive 
estimates of the rate at which wells used in hydraulic fracturing operations experience the types of 
mechanical integrity problems that can contribute to unintended fluid movement. 

6.4.3.2 Limited Systematic, Accessible Data on Well Performance or Subsurface Movement 

While the oil and gas industry generates a large amount of information on well performance as part 
of operations, most of this is proprietary, or otherwise not readily available to the public in a 
compiled or summary manner. Therefore, no national or readily accessible way exists to evaluate 
the design and performance of individual wells or wells in a region, particularly in the context of 
local geology or the presence of other wells and/or hydraulic fracturing operations. Many states 
have large amounts of operator-submitted data, but information about construction practices or the 
performance of individual wells is typically not in a searchable or aggregated form that would 
enable assessments of well performance under varying settings, conditions, or timeframes. 
Although it is collected in some cases, there is no collection, reporting, or publishing of baseline 
(pre-drilling and/or pre-fracturing) and post-fracturing monitoring data on a national basis that 

WG Ex. 34

1473



Chapter 6 – Well Injection 

6-77 

could indicate the presence or absence of hydraulic fracturing-related fluids in shallow zones and 
whether or not migration of those fluids has occurred. (See Chapter 10 for additional discussion of 
data limitations.) Ideally, data from groundwater monitoring are needed to complement theories 
and modeling on potential pathways and fluid migration. 

While some of the types of impacts described above can occur quickly (i.e., on the scale of days or 
weeks, as with mechanical integrity problems or well communication events), other impacts (e.g., in 
slow-moving, deep groundwater) may be detectable only on much longer timescales. Without 
comprehensive collection and review of information about how hydraulic fracturing operations 
perform, fluid movement could occur without early detection, which could, in turn, increase the 
severity of any resultant impacts to drinking water quality. For example, testing the mechanical 
integrity of wells, monitoring the extent of the fractures that form, and conducting pre- and post-
hydraulic fracturing water quality monitoring can detect fluid movement (or the potential for fluid 
movement) and provide opportunities to mitigate or minimize the severity of impacts associated 
with unforeseen events.  

The limited amount of available information also hinders our ability to evaluate how frequently 
drinking water impacts are occurring, the probability that these impacts occur, or to what extent 
they are tied to specific well construction, operation, and maintenance practices. This also 
significantly limits our ability to evaluate the aggregate potential for hydraulic fracturing 
operations to affect drinking water resources or to identify the potential cause of drinking water 
contamination in areas where hydraulic fracturing occurs. The absence of this information greatly 
limits the ability to make quantitative statements about the frequency or severity of these impacts. 

6.4.4 Conclusions 

The production well and the surrounding geologic features function as a system that provides 
multiple barriers that can isolate hydrocarbon-bearing zones and water-bearing zones, including 
drinking water resources. Because of this, factors affecting the integrity of any of these barriers 
have the potential to adversely affect the quality of drinking water resources.  

We have identified a number of pathways by which hydraulic fracturing fluids can reach and affect 
the quality of drinking water resources. These pathways include migration via inadequate casing 
and/or cement in the hydraulic fracturing well, fluid movement in the subsurface via fractures 
extending out of the target zone, or vertical fluid movement via other natural or artificial structures. 

The primary factors affecting the frequency or severity of impacts to drinking water quality 
associated with hydraulic fracturing operations include the condition of the casing and cement of 
the production well and their placement relative to drinking water resources, the extent of the 
vertical separation between the production zone and drinking water resources, and the presence 
and condition of offset wells or natural faults or fractures near the hydraulic fracturing operation. 

There is evidence that, in some cases highlighted in the literature, these pathways have formed and 
the quality of drinking water resources has been impacted. We do not know the frequency of such 
impacts associated with the injection stage of the hydraulic fracturing water cycle, however. This is 
related to the following: the subsurface environment is geologically complex, the relevant 
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production processes cannot be directly observed, and publicly available data that can support an 
evaluation of the impacts of hydraulic fracturing on the quality of drinking water resources is, in 
general, very limited. 
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Chapter 7. Produced Water Handling 

Abstract 

Produced water is a byproduct of hydrocarbon production and flows to the surface through the 
production well, along with oil and gas. Operators must store and dispose of (or in some cases treat) 
large amounts of non-potable produced water, either on site or off site, and spills or releases of 
produced water have the potential to impact drinking water resources. Unlike produced water from 
conventional oil and gas production, produced water generated following hydraulic fracturing initially 
contains returned hydraulic fracturing fluids. Much of the hydraulic fracturing fluid remains below 
ground; the median amount of fluid returned to the surface is 30% or less. Up to several million gallons 
of water can be produced from each well, with production generally decreasing with time.  

Produced water contains several classes of constituents: salts, metals, radioactive materials, dissolved 
organic compounds, and hydraulic fracturing chemicals and their transformation products (the result of 
reactions of these chemicals in the subsurface). The concentrations of these constituents change with 
time, as the initially returning hydraulic fracturing fluid blends with formation water. Typically, this 
means that the produced water becomes more saline with time. Produced water composition and 
volume vary from well to well, both among different formations and within formations. A large number 
of organic compounds have been identified in produced water, many of which are naturally occurring 
petroleum hydrocarbons; some are known hydraulic fracturing chemicals. Only a few transformation 
products have been identified, and they include chlorinated organics.  

Spills and releases of produced water with a variety of causes have been documented at different steps 
in the production process. The causes include human error, equipment or container failure (for instance, 
pipeline, tank or storage pit leaks), accidents, and storms. Unauthorized discharges may account for 
some releases as well. An estimated half of the spills are less than 1,000 gal (3,800 L). A small number of 
much larger spills has been documented, including a spill of 2.9 million gal (11 million L). Both short- 
and long-term impacts to soil, groundwater, and surface from spills have occurred. For many spills, 
however, the impacts are unknown. The potential of spills of produced water to affect drinking water 
resources depends upon the release volume, duration, and composition, as well as watershed and water 
body characteristics. 

Data are lacking to characterize the severity and frequency of impacts on a nationwide scale. Suspected 
local-scale impacts often require an extensive multiple lines-of-evidence investigation to determine 
their cause. Further, when investigations do take place, the lack of baseline water quality data can make 
it difficult to determine the cause and severity of the impact. In such cases, additional data are necessary 
to determine the full extent of the impact of releases of produced water. 
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7. Produced Water Handling 
7.1 Introduction 

Water is a byproduct of oil and gas production. After the hydraulic fracturing of the formation is 
completed, the injection pressure is reduced, and a possible inactive period where the well is “shut 
in” is completed, water is allowed to flow back from the well to prepare for oil or gas production.1 
This return-flow water may contain chemicals injected as part of the hydraulic fracturing fluid, 
chemicals naturally occurring in the formation, or the products of reactions that take place in the 
formation. Initially this water, sometimes called flowback, is mostly hydraulic fracturing fluid, but 
as time goes on, water chemistry becomes more similar to water associated with the formation. For 
formations containing saline water (brine), the salinity of the returned water increases as time 
passes as the result of increased contact time between the hydraulic fracturing fluid and the 
formation and inclusion of an increased portion of formation water. For this assessment, and 
consistent with industry practice, the term produced water is used to refer to any water flowing 
from the oil or gas well.  

Produced water is piped directly to an injection well or stored and accumulated at the surface for 
eventual management by injection into disposal wells, transport to wastewater treatment plants, 
reuse, or in some cases, placement in evaporation pits or permitted direct discharge. See Text Box 
ES-11 and Section 8.4 for discussion of these management practices.  

Produced water spills and releases can occur due to several causes, including events associated 
with pipelines, transportation, blowouts, and storage. Impacts to drinking water resources can 
occur if this released water enters surface water bodies or reaches groundwater. Such impacts may 
result in the water becoming unfit for consumption, either through obvious taste and odor 
considerations or the constituents in the water exceeding hazard levels (Chapter 9). Once released 
to the environment, transport of chemical constituents depends on the characteristics of the: 

• Spill (volume, duration, concentration); 

• Fluid (density as influenced by salinity);  

• Chemicals (volatility, sorption, solubility); and  

• Site-specific environmental characteristics (surface topography and location of surface 
water bodies, the type of the soil and aquifer materials, layering and heterogeneity of 
rocks, and the presence of dissolved oxygen and other factors needed to support 
biodegradation, and the presence of inorganic species that affect metal transport). 

This chapter provides characterization of produced water and also provides background 
information for the coverage of wastewater disposal and reuse in Chapter 8. Chapter 7 addresses 
the characteristics of produced water including per-well generation of produced water. Chapter 8 
considers management of this water, now called wastewater, at an aggregate level, and thus 

                                                            
1 There can be no shut-in period at all or it can last several weeks (Stepan et al., 2010). 
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discusses state, regional, and national estimates of treatment volumes. While Chapter 7 considers 
impacts from several types of unintentional releases, Chapter 8 focuses on impacts that are 
associated with wastewater management practices. One specific issue, leakage from pits and 
impoundments, is introduced in Chapter 7 as one of several avenues for accidental releases, with a 
more detailed exploration of the use of pits in wastewater management presented in Chapter 8.  

Chapter 7 begins with a review of definitions for flowback and produced water in Section 7.1.1. 
Definitions are followed by a discussion in Section 7.2 of water volumes per well, first presenting 
data on the volume and percent of hydraulic fracturing fluid returned to the surface and then 
presenting data on the volume of water returned during production. These data all represent the 
response of individual wells. Because of the need to have aggregated volumes for estimating 
wastewater treatment loadings, estimates of total volumes are given in Section 8.2. 

Chapter 7 continues with discussion of the chemical composition of produced water (Section 7.3). 
Because the composition of produced water is only known through analysis of samples, laboratory 
methods and their limitations are described in Section 7.3.1. Time-dependent changes in 
composition are discussed via three specific examples in Section 7.3.3, followed by discussion of 
five types of constituents: salts, metals, radioactive materials, organics, and known hydraulic 
fracturing additives in Section 7.3.4. The chemical and geological processes controlling the chemical 
composition of produced water are described in Appendix E. Spatial and temporal trends in the 
composition of produced water are illustrated with examples from the literature and data compiled 
for this report (Section 7.3.5). 

The potential for impacts on drinking water resources of produced water releases and spills are 
described based on reported spill incidents (Section 7.4), and examples of spills from specific 
sources and data compilation studies are given in Section 7.4.2. The potential for impacts is 
described using contaminant transport principles in Section 7.6. The chapter concludes with a 
discussion of uncertainties and knowledge gaps, factors that influence the severity of impacts, and 
major findings (Section 7.7). 

7.1.1 Definitions 

Multiple definitions exist for the terms flowback and produced water. Appendix Section E.1 gives 
examples of definitions used by different organizations. These differing definitions reflect differing 
usage of the terms among various groups and that produced water reflects the continuously 
varying mixture between returning injection fluid and formation water. The majority of produced 
water definitions are fundamentally similar. The following definition is used in this report for 
produced water: any type of water that flows from the subsurface through oil and gas wells to the 
surface as a by-product of oil and gas production. Thus produced water can variously refer to 
returned hydraulic fracturing fluid, formation water alone, or a mixture of the two.  

The term flowback has two major meanings. First is the process used to prepare the well for 
production by allowing excess liquids and proppant to return to the surface. The second use of the 
term is to refer to fluids predominantly containing hydraulic fracturing fluid that return to the 
surface. Because formation water can contact and mix with injection fluids, the distinction between 
returning hydraulic fracturing fluid and formation water is not clear. Definitions of flowback are 
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operational in the sense that they include some characteristic of the oil and gas operation (i.e., 
fluids returning within 30 days). These reflect that during the early phases of operation, a higher 
concentration of chemical additives is expected and later, water is characteristic of the formation. 
Because we use existing literature in our review, we do not introduce a preferred definition of 
flowback, and describe all water flowing from the well as produced water. 

7.2 Volume of Hydraulic Fracturing Flowback and Produced Water 

Veil (2015) estimated that, in 2012, all types (i.e., from conventional and unconventional 
reservoirs) of U.S. onshore and offshore oil and gas production generated 8.90 x 1011 gal (3.37 x 
1012 L) of produced water. More details and state-level estimates are given in Section 8.2. This 
section presents information on flowback and produced water volume over various time scales, and 
where possible, on a per-well and per-formation basis, because characteristics and volume of 
flowback and produced water vary by well, formation, and time. 

The amount of produced water from a well varies and depends on several factors, including 
production, formation, and operational factors. Production factors include the amount of fluid 
injected, the type of hydrocarbon produced (gas or liquid), and the location within the formation. 
Formation factors include the formation pressure, the interaction between the formation and 
injected fluid (capillary forces), and reactions within the reservoir. Operational factors include the 
volume of the fractured production zone that includes the length of well segments and the height 
and width of the fractures. Certain types of problems also influence water production, including 
possible loss of mechanical integrity and subsurface communication between wells, both of which 
can result in an unexpected increase in water production (U.S. GAO, 2012; Byrnes, 2011; DOE, 
2011a; GWPC and ALL Consulting, 2009; Reynolds and Kiker, 2003).  

The processes that allow gas and liquids to flow are related to the conditions along the faces of 
fractures. Byrnes (2011) conceptualized fluid flow across the fracture face as being composed of 
three phases. The first is characterized by forced imbibition of fluid into the reservoir and occurs 
during and immediately following fracture stimulation.1 Second is fluid redistribution within the 
reservoir rock, due to capillary forces. Estimates have shown that 50% or more of fracturing fluid 
could be captured within the Marcellus shale if imbibition drives water 2 to 6 in (5 to 15 cm) into 
the formation (Engelder, 2012; Byrnes, 2011; He, 2011). In the last phase, water flows out of the 
formation when the well is opened and pressure is reduced in the wellbore and fractures. The 
purpose of this phase is to recover as much of the injected fluid as possible (Byrnes, 2011) to allow 
higher oil or gas flow rates. The length of the last phase and, consequently, the amount of water 
removed, depends on factors such as the amount of injected fluid, the permeability and relative 
permeability of the reservoir, capillary pressure properties of the reservoir rock, and the pressure 
near the fracture faces.2 The well can be shut in for varying time periods depending on operator 
scheduling, surface facility construction and connection thereto, or other reasons. 

                                                            
1 The displacement of a non-wet fluid (i.e., gas) by a wet fluid (typically water). Adapted from Dake (1978). 
2 When multiple fluids (water, oil, gas) occupy portions of the pore space, the permeability to each fluid depends on the 
fraction of the pore space occupied by the fluid and the fluid’s properties. As defined by Dake (1978), when this effective 
permeability is normalized by the absolute permeability, the resulting relationship is known as the relative permeability. 
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7.2.1 Flowback of Injected Hydraulic Fracturing Fluid 

The amount of water produced by wells within the first few days following fracturing varies from 
formation to formation. Wells in the Mississippi Lime and Permian Basin can produce 1 million gal 
(3.8 million L) in the first 10 days of production. Wells in the Barnett, Eagle Ford, Granite Wash, 
Cleveland/Tonkawa Sand, Niobrara, Marcellus, and Utica Shales can produce 300,000 to 1 million 
gal (1.14 to 3.78 million L) within the first 10 days. Haynesville wells produce less, about 250,000 
gal (950,000 L) (Mantell, 2013). Data show that the rate of water produced during the flowback 
period decreases as time passes (Ziemkiewicz et al., 2014; Hansen et al., 2013; Hayes, 2009). 

It is not possible to specify precisely the amount of injected fluids that return in the flowback, 
because there is not a clear distinction between flowback and produced water, and the indicators 
(e.g., salinity and radioactivity, to name two) are not routinely monitored (GWPC and ALL 
Consulting, 2009). Rather, flowback estimates usually relate the amount of produced water 
measured at a given time after fracturing as a percentage of the total amount of injected fluid. 
Estimates of the fraction of injected hydraulic fracturing fluid that returns as flowback are highly 
variable (U.S. EPA, 2016d; Vengosh et al., 2014; Mantell, 2013; Vidic et al., 2013; Minnich, 2011; Xu 
et al., 2011). The maxima are less than 85% in all but one of the examples given in Table 7-1, Table 
7-2, and Table 7-3, and most of the median values are less than 30%. In some cases, the amount of 
flowback is greater than the amount of injected hydraulic fracturing fluid, and the additional water 
comes from the formation (Nicot et al., 2014) or from a conductive pathway from an adjacent 
formation (Arkadakskiy and Rostron, 2013). See Appendix Section E.2.1 for more details.

Table 7-1. Data from one company’s operations indicating approximate total water use and 
approximate produced water volumes within 10 days after completion of wells. 
From Mantell (2013). 

Produced water (flowback) 
within the first 10 days 

after completion 

Produced water as a 
percentage of average water 

use per well 

Formation 

Approx. total average 
water use per well 

(million gal) 
Low estimate 
(million gal) 

High or only 
estimate 

(million gal) 

Low estimate 
(% of total 
water use) 

High or only 
estimate (% of 

total water use) 

Gas shale plays (primarily dry gas) 

Barnetta 3.4 0.3 1.0 9% 29% 

Marcellusa 4.5 0.3 1.0 7% 22% 

Haynesville 5.4 -- 0.25 -- 5% 

Liquid plays (gas, oil, condensate) 

Mississippi 
Lime 

2.1 -- 1.0 -- 48% 
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Produced water (flowback) 
within the first 10 days 

after completion  

Produced water as a 
percentage of average water 

use per well  

Formation 

Approx. total average 
water use per well 

(million gal) 
Low estimate 
(million gal) 

High or only 
estimate 

(million gal) 

Low estimate 
(% of total 
water use) 

High or only 
estimate (% of 

total water use) 

Cleveland/
Tonkawa 

2.7 0.3 1.0 11% 37% 

Niobrara 3.7 0.3 1.0 8% 27% 

Utica 3.8 0.3 1.0 8% 26% 

Granite 
Wash 

4.8 0.3 1.0 6% 21% 

Eagle Ford 4.9 0.3 1.0 6% 20% 
a Mantell (2011) reported produced water for the first 10 days at 500,000 to 600,000 gal for the Barnett, Fayetteville and 
Marcellus Shales. 

Table 7-2. Additional short-, medium-, and long-term produced water estimates. 

Location–formation 
Produced water as 

percentage of injected fluid Reference Comment 

Estimates without reference to a specific data set    

Unspecified Shale 5% – 35% Hayes (2011)   

Marcellus Shale 10% – 25% Minnich (2011) Initial flowback 

ND–Bakken 25% EERC (2013)  

Estimates with reference to specific data evaluation    

Short duration    

Marcellus Shale 10% Clark et al. (2013)  0 – 10 days 

TX―Barnett 20% Clark et al. (2013) 0 – 10 days 

TX―Haynesville 5% Clark et al. (2013) 0 – 10 days 

AR―Fayetteville 10% Clark et al. (2013)  0 – 10 days 

Medium duration    

WV―Marcellus 8% Hansen et al. (2013) 30 days 

Marcellus Shale 24% Hayes (2011, 2009) Average from 19 wells, 90 
days 
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Location–formation 
Produced water as 

percentage of injected fluid Reference Comment 

Long duration    

TX―Barnett ~100%a Nicot et al. (2014) 72 months 

WV―Marcellus 10% – 30% Ziemkiewicz et al. (2014) Up to 115 months 

TX―Eagle Ford <20% Nicot and Scanlon (2012) Lifetime 

Unspecified duration    

PA―Marcellus 6% Hansen et al. (2013)  
a Approximate median with large variability: 5th percentile of 20% and 90th percentile of 350%. 

Table 7-3. Flowback water characteristics for wells in unconventional reservoirs. 
Source: U.S. EPA (2016d). The formation-level data used to develop Tables 7-3 and 7-4 appear in Appendix Table E-1.  

   
Fracturing fluid  

(million gal)   
Flowback  

(percent of fracturing fluid returned)  

Resource 
type Well type 

Weighted 
average Range 

Data 
points 

Weighted 
average Range 

Data  
points 

 Horizontal 4.2 0.091–24 80,388 7% 0%–580% 7,377 

Shale Directional 1.4 0.037–20 340 33% 1%–57% 36 

 Vertical 1.1 0.015–19 5,197 96% 2%–581% 57 

 Horizontal 3.4 0.069–12 7,301 12% 0%–60% 75 

Tight Directional 0.05 0.046–4 3,581 10% 0%–60% 342 

 Vertical 1 0.016–4 10,852 4% 0%–60% 130 

7.2.2 Produced Water Volumes 

Mantell (2013, 2011) described the amount of produced water over the long term as high, 
moderate, or low for several formations. Wells in the Barnett Shale, Cleveland/Tonkawa Sand, 
Mississippi Lime, and the Permian Basin can produce more than 1,000 gal (3,800 L) of water per 
million cubic feet (MMCF) of gas. The most water-productive of these can be as high as 
5,000 gal (19,000 L) per MMCF of gas. As a specific example, a high water producing formation in 
the western United States was described as producing 4,200 gal (16,000 L) per MMCF of gas for the 
life of the well (McElreath, 2011). The well was fractured and stimulated with about 4 million gal 
(15 million L) of water and returned 60,000 gal (230,000 L) per day in the first 10 days, followed by 
8,400 gal (32,000 L) per day in the remainder of the first year. The Niobrara, Granite Wash, Eagle 
Ford, Haynesville, and Fayetteville Shales are relatively dry formations (with small amounts of 
naturally occurring formation water) and produce between 500 and 2,000 gal (1,900 to 7,600 L) of 
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produced water per MMCF of gas (Mantell, 2013). The Utica and Marcellus Shales are viewed as 
drier still and produce less than 200 gal (760 L) per MMCF of gas. 

Wells producing in various formation show high produced water volume variability, including the 
Barnett Shale, which was attributed by Nicot et al. (2014) to a few wells with exceptionally high 
water production. Some of these wells produced more than the amount of injected fracturing fluid.  

Wells in conventional and unconventional reservoirs produce differing amounts of water. 
Individual hydraulically fractured wells producing gas from the Marcellus Shale produced more 
water than hydraulically fractured wells in conventional wells in Pennsylvania (Lutz et al., 2013). 
However, on a per-unit of gas produced basis, wells producing from the Marcellus Shale generate 
less water (35%), than those in the conventional formations.  

The EPA (2016d) reported characteristics of long-term produced water for hydraulically fractured 
shale and tight formations (Table 7-4). For shale, horizontal wells produced more water (1,100 
gal/day; 4,200 L/day) than vertical wells (500 gal/day; 1,900 L/day). Typically, this would be 
attributed to the longer length of the production zone in horizontal laterals than in vertical wells.  

Table 7-4. Long-term produced water generation rates (gal/day per well) for wells in 
unconventional reservoirs. 
Source: U.S. EPA (2016d). The formation-level data used to develop Tables 7-3 and 7-4 appear in Appendix Table E-1.  

   
Long-Term Produced Water Generation Rates 

(gal per day per well)  

Resource type Well type Weighted average Range Data points 

 Horizontal 1,100 0–29,000 43,893 

Shale Directional 820 0.83–12,000 1,493 

 Vertical 500 4.8–51,000 12,551 

 Horizontal 980 10–120,000 4,692 

Tight Directional 390 15–8,200 10,784 

 Vertical 650 0.71–2100 34,624 

In an example from the Pennsylvania Marcellus Shale, the EPA determined that, for vertical wells in 
unconventional reservoirs, 6% of water came from drilling, 35% from flowback, and 59% from 
long-term produced water; for horizontal wells, the corresponding numbers were 9%, 33%, and 
58% (U.S. EPA, 2016d). This result agrees with the U.S. Department of Energy (DOE, 2011a) who 
concluded that the characteristic small amount of produced water from the Marcellus Shale was 
due either to its low water saturation or low relative permeability to water (see Section 6.3.2.1). For 
these dry formations, low shale permeability and high capillarity cause water to imbibe into the 
formation, where some is retained permanently.  
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7.2.2.1 Time Trends 

High rates of water production (flowback) typically occur in the first few months after hydraulic 
fracturing, followed by rates reduced by an order of magnitude (e.g., Nicot et al., 2014). In many 
cases half of the total produced water from a well is generated in the first year. Similarly, the EPA 
(2016d) reported a general rule of thumb that, for unconventional reservoirs, the volume of 
flowback (which occurs over a short period of time) is roughly equal to the volume of long-term 
produced water. These trends in produced water volumes occur within the timeline of hydraulic 
fracturing activities (Section 3.3), and show that the large, initial return volumes of flowback last 
for several weeks, whereas the lower-rate produced water phase can last for years (Figure 7-1). 

 
Figure 7-1. Generalized examples of produced water flow from five formations.  
Actual produced water flows vary by location, play, basin, and amount of water used for hydraulic fracturing (EWI, 
2015). Figure used with permission. 

7.2.2.2 Coalbed Methane 

Water is pumped from coal seams to reduce pressure so that gas adsorbed to the surface of the coal 
can flow to the production well (Guerra et al., 2011). Consequently, CBM tends to produce large 
volumes of water early on: more than conventional gas-bearing formations (U.S. GAO, 2012) 
(Figure 7-2). Within producing CBM formations, water production can vary for unknown reasons 
(U.S. GAO, 2012). As an example, data show that CBM production in the Powder River Basin 
produces 16 times more water than that in the San Juan Basin (U.S. GAO, 2012). 
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Figure 7-2. Typical produced water volume for a coal bed methane well in the western United 
States. 
Source: Guerra et al. (2011). 

7.3 Chemical Composition of Produced Water 

For hydraulically fractured wells, the chemical composition of produced water changes from being 
similar to the injected hydraulic fracturing fluid to reflecting a mixture of hydraulic fracturing 
fluids, naturally occurring hydrocarbons, transformation products, and formation water. Initial 
produced water data show continuous changes in chemical composition and reflect processes 
occurring in the formation (Section 7.3.3). The data presented on longer-term produced water 
represent water that is primarily associated with the formation, rather than the hydraulic 
fracturing fluid (Section 7.3.4). Unlike the hydraulic fracturing fluid, the composition of which may 
be disclosed, compositional data on produced water comes from laboratory analysis of samples. 
Because of this reliance, we first discuss sampling and analysis of produced water, and especially 
note the limitations of existing analytical methods for organic chemicals and radionuclides.1 It is 
important to note that the analytical methods can differ depending on the purpose of the analysis. 
Specifically, advanced laboratory methods have been used to identify unknown organic 
constituents of produced water (Section 7.3.1), routine methods are used for pre-drilling sampling, 
and a combination of methods may be needed for assessing environmental impacts (Section 
7.4.2.5). 

7.3.1 Determination of Produced Water Composition 

Recent advances in analytical methods for produced water have allowed detection and 
quantification of a broad range of organic compounds, including those associated with hydraulic 
                                                            
1 Chemical components of produced water are described below. 
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fracturing fluid (Section 7.3.4.7 and Appendix E.3.5.). These studies make clear that standard 
analytical methods are not adequate for detecting and quantifying the numerous organic chemicals, 
both naturally occurring and anthropogenic, that are now known to occur in produced water 
(Lester et al., 2015; Maguire-Boyle and Barron, 2014; Thurman et al., 2014). Similarly, methods 
commonly applied for the analysis of radionuclides in drinking water may suffer from analytical 
interferences that result in poor data quality (Maxwell et al., 2016; Ying et al., 2015; Zhang et al., 
2015b; Nelson et al., 2014; U.S. EPA, 2014i, 2004b). In these instances, alternative methods that 
have been developed to support the nuclear materials production and waste industry provide more 
reliable approaches to ensure adequate detection limits and avoid sample matrix interferences that 
are anticipated for the high salinity and concentrations of organic constituents that may be present 
in produced water samples.1 Development of advanced or non-routine methods for both organics 
and inorganics (especially radium) suggests that data generated from earlier methods may be less 
reliable that those developed by the new methods (Nelson et al., 2014), and that advanced 
analytical techniques are needed to detect or quantify some analytes.  

The compositional data that follow in this chapter and Appendix E rely on the analytical procedures 
used in measurement and were summarized as noted from numerous produced water studies or 
compilations, such as the U.S. Geological Survey (USGS) produced water database (Blondes et al., 
2014).  

7.3.2 Factors Influencing Produced Water Composition 

Several interacting factors influence the chemical composition of produced water: (1) the 
composition of injected hydraulic fracturing fluids, (2) the targeted geological formation and 
associated hydrocarbon products, (3) the stratigraphic environment, and (4) subsurface processes 
and residence time (Barbot et al., 2013; Chapman et al., 2012; Dahm et al., 2011; Blauch et al., 
2009). 

The mineralogy and structure of a formation are determined initially by deposition, when rock 
grains settle out of their transporting medium (Marshak, 2004). Generally, shale forms from clays 
that were deposited in deep, oxygen-poor marine environments, and sandstone can form from sand 
deposited in shallow marine environments (Ali et al., 2010; U.S. EPA, 2004a). Coal forms when 
carbon-rich plant matter collects in shallow peat swamps. In the United States, coal formed in both 
freshwater (northern Rocky Mountains) and marginal-marine environments (Alabama’s Black 
Warrior formation) (NRC, 2010; Horsey, 1981). Consequently, shale and sandstone produced water 
are expected to be saline, and CBM water may be much less so. 

7.3.3 Produced Water Composition During the Flowback Period 

The chemistry of produced water changes over time, especially during the first days or weeks after 
hydraulic fracturing. Generally, produced water concentrations of cations, anions, metals, naturally 
occurring radioactive material (NORM), and organics increase as time goes on (Barbot et al., 2013; 
Haluszczak et al., 2013; Chapman et al., 2012; Davis et al., 2012; Gregory et al., 2011; Blauch et al., 
                                                            
1 For guidance in planning, implementing, and assessing projects that require laboratory analysis of radionuclides, see 
U.S. EPA (2004b). 
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2009). The causes include precipitation and dissolution of salts, carbonates, sulfates, and silicates; 
pyrite oxidation; leaching and biotransformation of organic compounds; and mobilization of NORM 
and trace elements. Concurrent precipitation of sulfates (e.g., BaSO4) and carbonates (e.g., CaCO3) 
alongside decreases in pH, alkalinity, dissolved carbon, and microbial abundance and diversity 
occur over time after hydraulic fracturing (Orem et al., 2014; Barbot et al., 2013; Murali Mohan et 
al., 2013; Davis et al., 2012; Blauch et al., 2009; Brinck and Frost, 2007). Leaching of organics 
appears to be a result of injected and formation fluids associating with shale and coal strata (Orem 
et al., 2014). Concentrations of organics in CBM produced water decrease with time, possibly due to 
the depletion of coal-associated water through formation pumping (Orem et al., 2007).  

7.3.3.1 Total Dissolved Solids 

Produced water total dissolved solids concentrations (TDS) increase by varying degrees because of 
the formation’s geological origin. As an example, TDS concentrations increased to upper bound 
values in samples from four Marcellus Shale gas wells (Chapman et al., 2012) (Figure 7-3). The 
increased TDS was composed of increased sodium, calcium, and chloride (Chapman et al., 2012; 
Blauch et al., 2009). Similarly, TDS in flowback from the Westmoreland County wells started low 
and exceeded that of typical seawater (35,000 mg/L) within three days (Chapman et al., 2012). In a 
similar study, wells with hydraulic fracturing fluid containing less than 1,000 mg/L saw TDS 
concentrations increase above a median value of 200,000 mg/L within 90 days (Hayes, 2009).  

 
Figure 7-3. TDS concentrations measured through time for injected fluid (at 0 days), and 
produced water samples from four Marcellus Shale gas wells in three southwest Pennsylvania 
counties. 
Data from Chapman et al. (2012). 
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7.3.3.2 Radionuclides 

Shales and sandstones naturally contain various radionuclides (Sturchio et al., 2001).1 Radium in 
pore waters or adsorbed onto clay particles and grain coatings can dissolve and return in produced 
water (Langmuir and Riese, 1985). Available data indicate that radium and TDS concentrations in 
produced water are positively correlated (Rowan et al., 2011; Fisher, 1998), likely because radium 
remains adsorbed to mineral surfaces when salinity is low, and then desorbs into solution with 
increased salinity (Sturchio et al., 2001). As an example, over the course of 20 days, radium 
concentration in flowback from a Marcellus Shale gas well increased by almost a factor of four 
(Chapman et al., 2012; Rowan et al., 2011) (Figure 7-4). 

 
Figure 7-4. Total radium and TDS concentrations measured through time for injected (day 0), 
and produced water samples Greene County, PA, Marcellus Shale gas wells.  
Data from Rowan et al. (2011) and Chapman et al. (2012). 

7.3.3.3 Dissolved Organic Carbon 

Dissolved organic carbon (DOC) concentrations decrease from initial levels in shales and coalbeds 
(Murali Mohan et al., 2013; Orem et al., 2007). This occurs while TDS and chloride concentrations 
are increasing (Barbot et al., 2013; Chapman et al., 2012). DOC sorption, dilution with injected or 
formation water, biochemical reactions, and microbial transformation may all cause decreased 
concentrations of DOC during flowback. Injected organics can include gel polymer formulations, 
namely guar gum; petroleum distillates; and ethyl and ether glycol formulations, which can serve as 
food sources for microbes. (Wuchter et al., 2013; Arthur et al., 2009b; Hayes, 2009). In coalbeds, 

                                                            
1 Hydraulic fracturing fluids typically do not contain radioactive material (Rowan et al., 2011). However, reusing 
produced water can introduce radioactive material into hydraulic fracturing fluid. See Section 7.3.4.6 and PA DEP 
(2015b). 
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water contacting the coal may become depleted in DOC to the degree that when outside water of 
lower DOC is produced, the resulting DOC concentrations in the produced water are reduced (Orem 
et al., 2014). 

 
(a) 

 
(b) 

Figure 7-5. (a) Increasing chloride (Cl) and (b) decreasing DOC concentrations measured 
through time for samples from three Marcellus Shale gas wells on a single well pad in Greene 
County, PA. 
Data from Cluff et al. (2014). Reprinted with permission from Cluff, M; Hartsock, A; Macrae, J; Carter, K; Mouser, 
PJ. (2014). Temporal changes in microbial ecology and geochemistry in produced water from hydraulically 
fractured Marcellus Shale Gas Wells. Environ Sci Technol 48: 6508-6517. Copyright 2014 American Chemical 
Society. 

As an example, produced water DOC concentrations decreased from their initial levels twofold from 
the hydraulic fracturing fluid and initial samples (Figure 7-5b) followed by a decrease of 11-fold 
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over nearly 11 months. The DOC leveled off several months after hydraulic fracturing, presumably 
as a result of in situ attenuation processes (Cluff et al., 2014). As DOC was decreasing, chloride 
concentrations increased five- to six-fold. These chloride concentrations increased linearly during 
the first two weeks (Cluff et al., 2014) and then later approached higher levels (Figure 7-5a). The 
pattern in the DOC and chloride levels reflected the changing composition of the produced water—
initially high in DOC from hydraulic fracturing additives and low in salinity, then higher in salinity 
and lower in DOC reflecting the chemistry of formation water. The changing composition of 
produced water suggests that the potential concern for produced water spills also changes: initially 
the produced water may contain more hydraulic fracturing chemicals, and later the concern may 
shift to the impact of high salinity water. 

7.3.4 Produced Water Composition 

The chemical composition of produced water continues to change after the initial flowback period. 
Produced water may contain a range of constituents, but in widely varying amounts. Generally, 
these can include: 

• Salts, including those composed from chloride, bromide, sulfate, sodium, magnesium and 
calcium; 

• Metals including barium, manganese, iron, and strontium; 

• Radioactive materials including radium (radium-226 and radium-228); 

• Oil and grease, and dissolved organics (including BTEX);1 

• Hydraulic fracturing chemicals, including tracers and their transformation products; and  

• Produced water treatment chemicals.2 

We discuss these groups of chemicals and then conclude by discussing variability within formation 
types and within production zones.  

7.3.4.1 Similarity of Produced Water from Conventional and Unconventional Reservoirs 

Produced water generated from unconventional reservoirs is reported to be similar to produced 
water from conventional reservoirs in terms of TDS, pH, alkalinity, oil and grease, TOC, and other 
organics and inorganics (Wilson, 2014; Haluszczak et al., 2013; Alley et al., 2011; Hayes, 2009; 
Sirivedhin and Dallbauman, 2004). Although produced water salinity varies within and among 
shales and tight formations, produced water is typically characterized as saline (Lee and Neff, 2011; 
Blauch et al., 2009). Produced water from coalbeds may have low TDS if the coal source bed was 
formed in freshwater. Saline produced water is also enriched in major anions (e.g., chloride, 
bicarbonate, sulfate); cations (e.g., sodium, calcium, magnesium); metals (e.g., barium, strontium); 

                                                            
1 BTEX is an acronym representing benzene, toluene, ethylbenzene, and xylenes. 
2 Some chemicals are added to produced water for the purpose of oil/water separation, improved pipeline flow, or 
equipment maintenance, including prevention of corrosion and scaling in equipment (Cal/EPA, 2016). Generally the 
chemicals serve as clarifiers, emulsifiers, emulsion breakers, floating agents, and oxygen scavengers. Among proprietary 
formulations, a few specific chemicals have been disclosed including low concentrations of benzene, toluene, and 
inorganics (acetic acid, ammonium chloride, cupric sulfate, sodium hypochlorite). 
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naturally occurring radionuclides (e.g., radium-226, radium-228) (Chapman et al., 2012; Rowan et 
al., 2011); and organics (e.g., hydrocarbons) (Orem et al., 2007; Sirivedhin and Dallbauman, 2004). 

7.3.4.2 Variability in Produced Water Composition Among Unconventional Reservoirs 

Alley et al. (2011) compared geochemical parameters of shale gas, tight gas, and CBM produced 
water. This comparison aggregated data on produced water from original analyses, peer-reviewed 
literature, and public and confidential government and industry sources and determined the 
statistical significance of the results.  

As shown in Table 7-5, Alley et al. (2011) found that of the constituents of interest common to all 
three types of produced water from unconventional reservoirs (calcium, chloride, potassium, 
magnesium, manganese, sodium, and zinc): 

1. Shale gas produced water had significantly different concentrations from those of CBM; 

2. Shale gas produced water constituent concentrations were significantly similar to those of 
tight gas, except for potassium and magnesium; and 

3. Five tight gas produced water constituent concentrations (calcium, chloride, potassium, 
magnesium, and sodium) were significantly similar to those of CBM (Alley et al., 2011). 

The degree of variability between produced waters of these three resource types is consistent with 
the degree of mineralogical and geochemical similarity between shale and sandstone formations, 
and the lack of the same between shale and coalbed formations (Marshak, 2004). Compared to the 
others, shale gas produced water tends to be more acidic, as well as enriched in strontium, barium, 
and bromide. CBM produced water is alkaline, and it contains relatively low concentrations of TDS 
(one to two orders of magnitude lower than in shale and sandstone). It also contains lower levels of 
sulfate, calcium, magnesium, DOC, sodium, bicarbonate, and oil and grease than typically observed 
in shale and sandstone produced waters (Alley et al., 2011; Dahm et al., 2011; Benko and Drewes, 
2008; Van Voast, 2003).1 

Table 7-5. Compiled minimum and maximum concentrations for various geochemical 
constituents in produced water from shale gas, tight gas, and CBM produced water. 
Source: Alley et al. (2011). 

Parameter Unit Shale gasa Tight Gas Sandsb CBMc 

Alkalinity mg/L 160−188 1,424 54.9−9,450 

Ammonium-N mg/L - 2.74 1.05−59 

Bicarbonate mg/L ND−4,000 10−4,040 - 

Conductivity μS/cm - 24,400 94.8−145,000 

Nitrate  mg/L ND−2,670 - 0.002−18.7 

                                                            
1 Several regions had low representation in the Alley et al. (2011) data set, including the Appalachian Basin 
(western New York and western Pennsylvania), West Virginia, eastern Kentucky, eastern Tennessee, and 
northeastern Alabama. 
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Parameter Unit Shale gasa Tight Gas Sandsb CBMc 

Oil and grease mg/L - 42 - 

pH SUd 1.21−8.36 5−8.6 6.56−9.87 

Phosphate mg/L ND−5.3 - 0.05−1.5 

Sulfate  mg/L ND−3,663 12−48 0.01−5,590 

Radium-226  pCi/g 0.65−1.031 - - 

Aluminum mg/L ND−5,290 - 0.5−5,290 

Arsenic mg/L - 0.17 0.0001−0.06 

Boron mg/L 0.12−24 - 0.002−2.4 

Barium mg/L ND−4,370 - 0.01−190 

Bromide mg/L ND−10,600 - 0.002−300 

Calcium mg/L 0.65−83,950 3−74,185 0.8−5,870 

Cadmium mg/L - 0.37 0.0001−0.01 

Chloride mg/L 48.9−212,700 52−216,000 0.7−70,100 

Chromium mg/L - 0.265 0.001−0.053 

Copper mg/L ND−15 0.539 ND−0.06 

Fluorine mg/L ND−33 - 0.05−15.22 

Iron mg/L ND−2,838 0.015 0.002−220 

Lithium mg/L ND−611 - 0.0002−6.88 

Magnesium mg/L 1.08−25,340 2−8,750 0.2−1,830 

Manganese mg/L ND−96.5 0.525 0.002−5.4 

Mercury mg/L - - 0.0001−0.0004 

Nickel mg/L - 0.123 0.0003−0.20 

Potassium mg/L 0.21−5,490 5−2,500 0.3−186 

Sodium mg/L 10.04−204,302 648−80,000 8.8−34,100 

Strontium mg/L 0.03−1,310 - 0.032−565 

Uranium mg/L - - 0.002−0.012 

Zinc mg/L ND−20 0.076 0.00002−0.59 

-, No value available; ND, non-detect. If no range, but a singular concentration is given, this is the maximum concentration. 
a n = 541. Alley et al. (2011) compiled data from USGS (2006); McIntosh and Walter (2005); McIntosh et al. (2002) and 
confidential industry documents. 
b n = 137. Alley et al. (2011) compiled data from USGS (2006) and produced water samples presented in Alley et al. (2011). 
c Alley et al. (2011) compiled data from Montana GWIC (2009); Thordsen et al. (2007); ESN Rocky Mountain (2003); Rice et al. 
(2000); Rice (1999); Hunter and Moser (1990). 
d SU = standard units. 
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7.3.4.3 General Water Quality Parameters 

Data characterizing the content of produced water from unconventional reservoirs in 12 shale and 
tight formations and CBM basins were evaluated for this assessment. These reservoirs and basins 
include parts of 18 states, but the data do not allow for comparison of trends over time.  

For most reservoirs, the amount of available general water quality parameter data is variable (see 
Appendix Table E-2 for an example). Average pH levels range from 5.87 to 8.19, with typically 
lower values for shales. Larger variations in average specific conductivity are seen among 
unconventional reservoirs and range from 213 microsiemens (μS)/cm in the Bakken Shale to 
184,800 μS/cm in Devonian sandstones (Appendix Table E-2). Shale and tight formation produced 
waters are enriched in suspended solids, as reported concentrations for total suspended solids and 
turbidity exceed those of coalbeds by one to two orders of magnitude.  

The average dissolved oxygen (DO) concentrations of CBM produced water range from 0.39-1.07 
mg/L (Appendix Table E-3). By comparison, well-oxygenated surface water can contain up to 10 
mg/L DO at 59 °F (15 °C) (U.S. EPA, 2012a). Thus, coalbed produced water is either hypoxic (less 
than 2 mg/L DO) or anoxic (less than 0.5 mg/L DO) and, if released to surface waters, could 
contribute to aquatic organism stress (USGS, 2010; NSTC, 2000).  

7.3.4.4 Salinity and Inorganics 

The TDS profile of produced water from unconventional reservoirs is dominated by sodium and 
chloride, with large contributions to the profile from mono- and divalent cations (Sun et al., 2013; 
Guerra et al., 2011). Shale and sandstone produced waters tend to be characterized as sodium-
chloride-calcium water types, whereas CBM produced water tends to be characterized as sodium 
chloride or sodium bicarbonate water types (Dahm et al., 2011). Elevated levels of bromide, sulfate, 
and bicarbonate are also present (Sun et al., 2013). Elevated strontium and barium levels are 
characteristic of Marcellus Shale produced water (Barbot et al., 2013; Haluszczak et al., 2013; 
Chapman et al., 2012). Data representing shales and tight formations are presented in Appendix 
Table E-4. 

Marcellus Shale produced water salinities range from less than 1,500 mg/L to over 300,000 mg/L, 
as shown by Rowan et al. (2011). By comparison, the average salinity concentration for seawater is 
35,000 mg/L.  

Of the CBM data presented in Appendix Table E-5, differences are evident between the Black 
Warrior and the three western formations (Powder River, Raton, and San Juan). The Black Warrior 
is higher in average chloride, specific conductivity, TDS, TOC, and total suspended solids, and lower 
in alkalinity and bicarbonate than the other three. These differences are due to the saline or 
brackish conditions during deposition in the Black Warrior, and its older geologic age that contrasts 
with the freshwater conditions for the younger western basins. The TDS concentration of CBM 
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produced water can range from 170 mg/L to nearly 43,000 mg/L (range composited from Dahm et 
al. (2011) and Benko and Drewes (2008); see also Van Voast (2003)).1  

7.3.4.5 Metals 

The metals content of produced water from unconventional reservoirs varies by well and site 
lithology. Levels of iron, magnesium, and boron were within ranges known for conventional 
produced water (Hayes, 2009). Produced water from unconventional reservoirs may also contain 
low levels of heavy metals (e.g., chromium, copper, nickel, zinc, cadmium, lead, arsenic, and 
mercury as found by Hayes). Data illustrating metal concentrations in produced water appear in 
Appendix Tables E-6 and E-7. 

7.3.4.6 Naturally Occurring Radioactive Material (NORM) and Technologically Enhanced 
Naturally Occurring Radioactive Material (TENORM) 

Geologic environments contain naturally occurring radioactive material (NORM). Radioactive 
materials commonly present in shale and sandstone sedimentary environments include uranium, 
thorium, radium, and their decay products. Elevated formation uranium levels have been used to 
identify potential areas of natural gas production for decades (Fertl and Chilingar, 1988). Shales 
that contain significant levels of uranium include the Barnett in Texas, the Woodford in Oklahoma, 
the New Albany in the Illinois Basin, the Chattanooga Shale in the southeastern United States, and a 
group of black shales in Kansas and Oklahoma (Swanson, 1955).2 When exposed to the 
environment in produced water, NORM is called technologically enhanced naturally occurring 
radioactive material (TENORM).3 Water soluble forms of TENORM are present in most produced 
water from unconventional reservoirs, but particularly so in Marcellus Shale produced water 
(Rowan et al., 2011; Fisher, 1998).  

Due to insolubility under prevailing reducing conditions encountered within shale formations, only 
low levels of uranium and thorium are found in produced water, typically in the concentrated form 
of mineral phases or organic matter (Nelson et al., 2014; Sturchio et al., 2001). Conversely, radium, 
a decay product of uranium and thorium, is known to be relatively soluble within the redox range 
encountered in subsurface environments (Sturchio et al., 2001; Langmuir and Riese, 1985). As 
noted in Section 7.3.3.2, radium and TDS produced water concentrations are positively correlated 
(Rowan et al., 2011; Fisher, 1998); therefore, in formations containing radium, increasing TDS 
concentration indicates likely increasing radium concentration. 

                                                            
1 From a similar dataset, Dahm et al. (2011) report TDS concentrations from a composite CBM produced water database 
(n = 3,255) for western basins that often are less than 5,000 mg/L (85% of samples). 
2 Marine black shales are estimated to contain an average of 15−60 ppm uranium depending on depositional conditions 
(Fertl and Chilingar, 1988). 
3 The U.S. EPA Office of Air and Radiation’s website (https://www.epa.gov/radiation/technologically-enhanced-naturally-
occurring-radioactive-materials-tenorm) states that TENORM is produced when activities such as uranium mining or 
sewage sludge treatment concentrate or expose radioactive materials that occur naturally in ores, soils, water, or other 
natural materials. Formation water containing radioactive materials contains NORM, because it is not exposed; produced 
water contains TENORM, because it has been exposed to the environment. 
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Median values of total radium in the Marcellus Shale ranged from about 1,000 pCi/L to less than 
6,000 pCi/L, which are values far exceeding the industrial discharge limit of 60 pCi/L (Rowan et al., 
2011) (Figure 7-6). In the Marcellus Shale, TENORM levels in produced water from unconventional 
reservoirs exceeded levels from conventional reservoirs levels by factors of 4 to 26 (PA DEP, 
2015b) (Appendix Table E-8). The individual median concentrations in produced water from 
unconventional reservoirs of 11,300 pCi/L gross alpha, 3,445 pCi/L gross beta, and total radium of 
7,180 pCi/L (Appendix Table E-8). TENORM has been identified in hydraulic fracturing fluid, 
presumably due to the reuse of produced water at levels from 2 to 4.5 times lower than produced 
water from unconventional reservoirs (PA DEP, 2015b) (Appendix Table E-8). 

 
Figure 7-6. Data on radium 226 (open symbols) and total radium (filled symbols) for Marcellus 
Shale wells (leftmost three columns) and other formations (rightmost three columns).  
Source: Rowan et al. (2011). The dashed line represents the industrial effluent discharge limit of 60 pCi/L set by the 
Nuclear Regulatory Commission. The black lines indicate the median concentrations, and the number of points in 
each dataset are shown in parentheses. Citations within the figure are provided in Rowan et al. (2011). 

7.3.4.7 Organics 

The organic content of produced water varies by well and lithology, but consists of naturally 
occurring and injected organic compounds (Lee and Neff, 2011). Of the organics detected by either 
routine or advanced analytical methods (Section 7.3.1), the majority are naturally occurring 
constituents of petroleum (Appendix Tables H-4 and H-5). These organics may be dissolved in 
water or, in the case of oil production, in the form of a separate or emulsified phase. Several classes 
of organic chemicals have been found in shale gas and CBM produced water, including aromatics, 
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polyaromatic hydrocarbons, heterocyclic compounds, aromatic amines, phenols, phthalates, 
aliphatic alcohols, fatty acids, and nonaromatic compounds (list from Orem et al. (2014), see also: 
Hayes (2009), Benko and Drewes (2008), Orem et al. (2007), and Sirivedhin and Dallbauman 
(2004)). Compounds found in CBM waters included pyrene, phenanthrenone, alkyl phthalates, C12 
through C18 fatty acids, and others. Similarly, compounds found in shale gas produced water 
included pyrene and perylene, ethylene glycol, diethylene glycol monodocecyl ether, 2-(2-
butoxyethoxy) ethanol, and others (Orem et al., 2014). Biomarkers—organic molecules 
characteristically produced by life forms, and unique to shale formations—have recently been 
suggested to fingerprint produced water (Hoelzer et al., 2016). More representative examples from 
five coal bed and two shale gas formations with reported concentrations are given in Appendix 
Tables E-9, E-11, and E-12, and the complete list of chemicals with CAS registry numbers identified 
by the EPA for this assessment appears in Appendix H. (See Appendix Table H-4 for chemicals with 
EPA-identified CAS numbers and Appendix Table H-5 for chemicals without.) Appendix Table E-13 
lists concentrations of organic chemicals that were identified in three specific studies (Khan et al., 
2016; Lester et al., 2015; Orem et al., 2007).  

7.3.4.8 Hydraulic Fracturing Fluid Additives  

Several chemicals used in hydraulic fracturing fluids have been identified in produced water. 
(Examples are shown in Table 7-6, Appendix Table E-10, and Appendix Tables H-4 and H-5.) Many 
of these chemicals were identified through advanced analytical procedures and equipment, and 
would not be expected to be found by routine analyses. Of note is that phthalates do not occur 
naturally. Their presence in produced water is due to either their use in hydraulic fracturing fluids; 
polyvinyl chloride (PVC) in well adhesives, valves, or fittings; or coatings on laboratory sample 
bottles (Orem et al., 2007).1 Phthalates can also be used in drilling fluids, as breaker additives, or as 
plasticizers (Maguire-Boyle and Barron, 2014; Hayes and Severin, 2012a).2 One of the produced 
water phthalates has been identified as a component of hydraulic fracturing fluid (di(2-ethylhexyl) 
phthalate) (Appendix Table H-2), while others have not, and those may originate from laboratory or 
field equipment. 

Table 7-6. Examples of compounds identified in produced water that can be components of 
hydraulic fracturing fluid.  
Appendix Tables H-4 and H-5 list chemicals identified in produced water and indicates those also identified as 
constituents of hydraulic fracturing fluid. Chemical or class designation in this table is taken directly from the text 
of the cited references except where noted, and may or may not reflect the chemical names from the Distributed 
Structure-Searchable Toxicity Database (DSSTox) show in Appendix Table H-4 or other chemicals listed in Appendix 
Table H-5. 

Chemical or class Use Reference 

2-Butanone Solvent; microbial degradation 
product 

Lester et al. (2015) 

                                                            
1 Examples include di(2-ethylhexyl) phthalate, diisodecyl phthalate, and diisononyl phthalate (Orem et al., 2007). 
2 Specifically fatty acid phthalate esters (Maguire-Boyle and Barron, 2014). 
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Chemical or class Use Reference 

2-Butoxyethanol Acid dispersant, solvent, non-
emulsifier 

Thacker et al. (2015)  

Acetone Solvent; microbial degradation 
product 

Lester et al. (2015) 

Cocamidopropyl dimethylamine  
(C-7) 

Foaming and lubrication enhancer Lester et al. (2015)  

Di(2-ethylhexyl) phthalatea Derivative of polyvinyl chloride used 
in adhesives, valves, fittings or 
coatings of sample bottles  

Orem et al. (2007) 

Diethylene glycol monododecyl 
ether 

Antifreeze, scale inhibitor, friction 
reducer 

Orem et al. (2014) 

Dioctadecyl ester of phosphate 
phosphoric acid 

Common lubricant Maguire-Boyle and Barron (2014) 

Ethylene glycol Antifreeze, scale inhibitor, friction 
reducer 

Orem et al. (2014) 

Fatty acid phthalate esters (Related to) use in drilling fluids and 
breakers 

Maguire-Boyle and Barron (2014) 

Fluorocarbons Tracers Maguire-Boyle and Barron (2014) 

Hexahydro-1,3,5-trimethyl-1,3,5-
triazine-2-thione 

Biocide Orem et al. (2014) 

Linear alkyl ethoxylates (C-4 to C-8, 
C-11 to C-14) 

Enhancer of surfactant properties Lester et al. (2015); Thurman et al. 
(2014) 

Polyethylene glycol carboxylates 
(PEG-C-EO2 to PEG-C-EO10) 

Friction reducer, clay stabilizer, 
surfactants 

Thurman et al. (2016) 

Polyethylene glycols (PEG-EO4 to 
PEG-EO10) 

Friction reducer, clay stabilizer, 
surfactants 

Thurman et al. (2016) 

Polypropylene glycols (PPG-PO2 to 
PPG PO10) 

Friction reducer, clay stabilizer, 
surfactants 

Thurman et al. (2016) 

Toluene Solvent, scale inhibitor Thacker et al. (2015) 

Triethylene glycol monododecyl 
ether 

Antifreeze, scale inhibitor, friction 
reducer 

Orem et al. (2014) 

Xylenes Solvent, scale inhibitor Thacker et al. (2015) 

a Di(2-ethylhexyl) phthalate was named di-2-ethyl hexyl phthalate in Maguire-Boyle and Barron (2014). 
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7.3.4.9 Reactions within Formations 

The introduction of hydraulic fracturing fluids into the target formation induces a number of 
changes to formation solids and fluids that influence the chemical evolution and composition of 
produced water. These changes can result from physical processes (e.g., rock fracturing and fluid 
mixing); geochemical processes (e.g., introducing oxygenated fluids of composition unlike that of 
the formation); and down hole conditions (elevated temperature, salinity, and pressure) that 
mobilize trace or major constituents into solution. 

The creation of fractures exposes new formation surfaces to interactions involving hydraulic 
fracturing fluids and existing formation fluids. Formations in unconventional reservoirs targeted 
for development are composed of detrital, cement, and organic fractions. For example, elements 
potentially available for mobilization when exposed via fracturing include calcium, magnesium, 
manganese, and strontium in cement fractions, and silver, chromium, copper, molybdenum, 
niobium, vanadium, and zinc in organic fractions.  

From organic compounds identified in five flowback samples and one produced water sample from 
the Fayetteville Shale, three possible types of reactions were identified by Hoelzer et al. (2016): 
hydrolysis of delayed acids, oxidant-caused halogenation reactions, and transformation of disclosed 
additives. First, delayed acids are used to “break” gel structures and would be intentionally 
introduced for their ability to cause in-formation reactions. Second, strong oxidants or other 
compounds introduced as breakers, along with elevated temperature and salinity, can trigger 
reactions between halogens (chloride, bromide, and iodide) and methane, acetone and pyrane 
resulting in halomethane compounds. A similar suggestion was made by Maguire-Boyle and Barron 
(2014). Low pH was found to promote oxidation of additives (Tasker et al., 2016). Third, known 
additives may react to form byproducts. Hoelzer et al. (2016) postulate examples from several 
types of compounds, two of these are the formation of benzyl alcohol from the hydraulic fracturing 
additive benzyl chloride, and abiotic and biotic reactions of phenols. In a study that used synthetic 
fracturing fluid, Tasker et al. (2016) reported that surfactants were recalcitrant to degradation 
under high pressure and temperature, which may explain the presence of the surfactant glycols in 
produced water as reported by Thurman et al. (2016) (Table 7-6), and the oxidation of other 
additives (gelling and some friction reducers (Table 5-1)) may explain their absence. 

7.3.5 Spatial Trends in Produced Water Composition  

As was reported for the volume of produced water (Section 7.2.2), the composition of produced 
water varies spatially on a regional to local scale according to the geographic and stratigraphic 
locations of each well within a hydraulically fractured production zone (Bibby et al., 2013; Lee and 
Neff, 2011). Spatial variability of produced water content occurs: (1) between plays of different 
rock sources (e.g., coal vs. sandstone); (2) between plays of the same rock type (e.g., Barnett Shale 
vs. Bakken Shale); and (3) within formations of the same source rock (e.g., northeastern vs. 
southwestern Marcellus Shale) (Barbot et al., 2013; Alley et al., 2011; Breit, 2002). 

Geographic variability in produced water content has been established at a regional scale for 
conventional produced water. As an example, Benko and Drewes (2008) demonstrate TDS 
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variability in conventional produced water among fourteen western geologic basins (e.g., Williston, 
San Juan, and Permian Basins). Median TDS in these basins range from as low as 4,900 mg/L in the 
Big Horn Basin to as high as 132,400 mg/L in the Williston Basin based on over 133,000 produced 
water samples from fourteen basins (Benko and Drewes, 2008).1 

Average or median TDS of more than 100,000 mg/L has been reported for the Bakken (North 
Dakota, Montana) and Marcellus (Pennsylvania) formations; between 50,000 mg/L and 100,000 
mg/L for the Barnett (Texas), and less than 50,000 mg/L for the Fayetteville (Arkansas) shale 
formations.2 In tight formations, the average TDS was above 100,000 mg/L for the Devonian 
Sandstone (Pennsylvania) and Cotton Valley Group (Louisiana, Texas), between 50,000 mg/L and 
100,000 mg/L for the Oswego (Oklahoma), and less than 50,000 mg/L for the Mesaverde 
Formation (Colorado, New Mexico, Utah, Wyoming). Maximum concentrations above 200,000 mg/L 
have been reported for the Marcellus, Bakken, Cotton Valley Group and Devonian Sandstone 
(Appendix Table E-2). 

CBM produced waters had average TDS of less than 5,000 mg/L in the Powder River (Montana, 
Wyoming), Raton (Colorado, New Mexico), and San Juan (Arizona, Colorado, New Mexico, Utah) 
basins; while above 10,000 mg/L in the Black Warrior Basin (Alabama, Mississippi), which as noted 
above are due to the depositional history of these basins (Appendix Table E-3, Section 7.3.2).  

Data further illustrating variability within both shale and tight gas reservoirs, as well as coalbed 
methane fields, at both the formation and local scales are presented and discussed in Appendix 
Section E.3. 

7.4 Spill and Release Impacts on Drinking Water Resources 

Surface spills of produced water from oil and gas production have occurred across the country and, 
in some cases, have caused impacts to drinking water resources. Released fluids can flow into 
nearby surface waters, if not contained on-site, or infiltrate into groundwater via soil. In this 
section, we first briefly describe the potential for spills from produced water handling equipment. 
Next, we address individually reported spill events. These have originated from pipeline leaks, well 
blowouts, well communication events, and leaking pits and impoundments. We then summarize 
several studies of aggregated spill data, which are based on state agency spill reports. 

7.4.1 Produced Water Handling and Spill Potential 

Throughout the production phase at oil and certain wet gas production facilities, produced water is 
stored in containers and pits that can contain free phase, dissolved phase, and emulsified crude oil. 
Since the crude oil is not efficiently separated out by the flow-through process vessels (such as 

                                                            
1 Data were drawn from the USGS National Produced Water Geochemical Database v2.0. Published updates made in 
October 2014 to the database (v2.1) are not reflected in this document. 
2 Because publications we are comparing may report either average or median values (but not uniformly both), we 
combine average and medians in this paragraph. 
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three-phase separators, heater treaters, or gun barrels), this crude oil can remain present in the 
produced water container or pit.  

Produced water can be transferred to surface pits for long-term storage and evaporation. Surface 
pits are typically uncovered, earthen pits that may or may not be lined.1 Unlined pits can lead to 
contamination of groundwater, especially shallow alluvial systems. Recovered fluids can overflow 
or leak from surface pits due to improper pit design and weather events.  

Produced water that is to be treated or disposed of off-site is typically stored in storage tanks or 
pits until it can be loaded into transport trucks for removal (Gilmore et al., 2013). Tank storage 
systems are typically closed loop systems in which produced water is transported from the 
wellhead to aboveground storage tanks through interconnecting pipelines (GWPC and IOGCC, 
2014). Failure of connections and lines during the transfer process or the failure of a storage tank 
can result in a surface release of fluids. 

Depending on its characteristics, produced water can be recycled and reused on-site. It can be 
directly reused without treatment (after blending with freshwater), or it can be treated on-site 
prior to reuse (Boschee, 2014). As with other produced water management options, these systems 
also can spill during transfer of fluids.  

7.4.2 Spills of Produced Water 

7.4.2.1 Pipeline Leaks 

Produced water is typically transported from the wellhead through a series of pipes or flowlines to 
on-site storage or treatment units (GWPC and IOGCC, 2014), or nearby injection wells. Faulty 
connections at either end of the transfer process or leaks or ruptures in the lines carrying the fluid 
can result in surface spills. A field report from PA DEP (2009b) described a leak from a 90-degree 
bend in an overland pipe carrying a mixture of produced water and freshwater between two pits. 
The impact included a “dull sheen” on the water and measured chloride concentration of 11,000 
mg/L. The leak impacted a 0.4 mi (0.6 km) length of a stream, and fish and salamanders were killed. 
Beyond a confluence at 0.4 mi (0.6 km) with a creek, no additional dead fish were found. The 
release was estimated at 11,000 gal (42,000 L). In response to the incident, the pipeline was shut 
off, a dam was constructed for recovering the water, water was vacuumed from the stream, and the 
stream was flushed with fresh water (PA DEP, 2009b). 

Another example of a pipeline release occurred in January 2015, when 70,000 bbls (2,940,000 gal 
or 11,130,000 L) of produced water containing petroleum hydrocarbons (North Dakota 
Department of Health, 2015) were released from a broken pipeline that crosses Blacktail Creek in 
Williams County, ND. The response included placing absorbent booms in the creek, excavating 
contaminated soil, removing oil-coated ice, and removing produced water from the creek. The 
electrical conductivity and chloride concentration in the water along the creek, the Little Muddy 
River, and Missouri River were found to be elevated above background levels, as were samples 

                                                            
1 The use of the terms “impoundments” and “pits” varies and is described in Chapter 8. For the purposes of this section, 
the term “pits” will be generally used to cover all below-grade storage (but not above ground closed or open tanks). 
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taken from groundwater recovery trenches. Remediation work on this site continues as of the date 
of this writing (August, 2016). 

7.4.2.2  Well Blowouts 

Spills of produced water have occurred as a result of well blowouts. Fingerprinting of water from 
two monitoring wells in Killdeer, ND, was used to determine that brine contamination in the two 
wells resulted from a well blowout during a hydraulic fracturing operation. See the discussion in 
Section 6.2.2.1 for more information. 

Another example of a well blowout associated with a hydraulic fracturing operation occurred in 
Clearfield County, PA. The well blew out, resulting in an uncontrolled flow of approximately 
35,000 gal (132,000 L) of brine and fracturing fluid; some of the liquids reportedly reached a 
nearby stream (Barnes, 2010). The blowout occurred during drilling of plugs that were used to 
isolate fracture stages from each other. An independent investigation found that the primary cause 
of the incident was that the sole blowout preventer on the well had not been properly tested. In 
addition, the company did not have certified well control experts on hand or a written pressure 
control procedure (Vittitow, 2010).  

In North Dakota, a blowout preventer failed, causing a release of between 50 and 70 bbls per day 
(2,100 gal/day or 7,900 L/day and 2,940 gal/day or 11,100 L/day) of produced water and oil 
(Reuters, 2014). Frozen droplets of oil and water sprayed on a nearby frozen creek. Liquid flowing 
from the well was collected and trucked offsite. A 3-ft (0.9-m) berm was placed around the well for 
containment. Multiple well communication events have also led to produced water spills ranging 
from around 700 to 35,000 gal (2,600 L to 130,000 L) (Vaidyanathan, 2013a). Well communication 
is described in Section 6.3.2.3.  

The Chesapeake Energy ATGAS 2H well, located in Leroy Township, Bradford County, PA, 
experienced a wellhead flange failure on April 19, 2011, during hydraulic fracturing operations. 
Approximately 10,000 gal (38,000 L) of produced water spilled into an unnamed tributary of 
Towanda Creek, a state-designated trout stock fishery and a tributary of the Susquehanna River 
(USGS, 2013b; SAIC and GES, 2011). Chesapeake conducted post-spill surface water and 
groundwater monitoring (SAIC and GES, 2011).  

Chesapeake concluded that there were short-term impacts to surface waters of a farm pond within 
the vicinity of the well pad, the unnamed tributary, and Towanda Creek following the event (SAIC 
and GES, 2011). The lower 500 ft (200 m) of the unnamed tributary exhibited elevated chloride, 
TDS, and specific conductance, which returned to background levels in less than a week. Towanda 
Creek experienced these same elevations in concentration, but only at its confluence with the 
unnamed tributary; elevated chloride, TDS, and specific conductance returned to background levels 
the day after the blowout (SAIC and GES, 2011). 

7.4.2.3 Leaks from Pits and Impoundments 

Leaks of produced water from on-site pits have caused releases as large as 57,000 gal (220,000 L) 
and have caused surface water and groundwater impacts (Vaidyanathan, 2013b; Levis, 
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2011; 2010c; PADEP, 2010). VOCs have been measured in groundwater near the Duncan Oil Field 
in New Mexico downgradient of an unlined pit storing produced water. More example releases 
from pits are described in Section 8.4.5. 

Two of EPA’s retrospective case studies evaluated potential impacts from produced water pits. The 
EPA retrospective case studies were designed to determine whether multiple lines of evidence 
might be found that could specifically link constituent(s) found in drinking water to hydraulic 
fracturing activities using the tiered assessment framework presented in Appendix Section E.6. A 
multiple-lines-of-evidence approach was used to evaluate potential cause-and-effect relationships 
between hydraulic fracturing activities and contaminant presence in groundwater. Such an 
approach is needed, because the presence of a constituent in groundwater that is also found in 
hydraulic fracturing fluids or produced water does not necessarily implicate hydraulic fracturing 
activities as the cause. This is because some constituents of hydraulic fracturing fluids or produced 
water are ubiquitous in society (i.e., BTEX), and some constituents of produced water can be 
present in groundwater as background constituents (i.e., methane, iron, and manganese). 

Elements of the assessment framework include gathering background information, including pre-
drilling sample results; developing a conceptual model of the site; and assessing multiple analytes 
to develop lines of evidence. Development of these requires adherence to sampling and quality 
assurance protocols to generate defensible data. Among many other quality assurance 
requirements, proper well purging and analyses of field and laboratory blanks are needed 
(Appendix Table E-17 and Figure E-15).  

In the EPA’s Retrospective Case Study in Southwestern Pennsylvania: Study of the Potential Impacts of 
Hydraulic Fracturing on Drinking Water Resources (U.S. EPA, 2015j), elevated chloride 
concentrations and their timing relative to historical data suggested a recent groundwater impact 
on a private water well occurred near a pit. The water quality trends suggested that the chloride 
anomaly was related to the pit, but site-specific data were not available to provide a definitive 
assessment of the cause(s) and the longevity of the impact. Evaluation of other water quality 
parameters did not provide clear evidence of produced water impacts.  

In the EPA’s Retrospective Case Study in Wise County, Texas: Study of the Potential Impacts of 
Hydraulic Fracturing on Drinking Water Resources (U.S. EPA, 2015l), impacts to two water wells 
were attributed to brine, but the data collected for the study were not sufficient to distinguish 
among multiple possible brine sources, including reserve pits, migration from underlying 
formations along wellbores, migration from underlying formation along natural fractures and a 
nearby brine injection well. 

To aid in assessing impacts, a number of geochemical indicators and isotopic tracers for identifying 
oil and gas produced water have been identified. These include (Lauer et al., 2016; Warner et al., 
2014a, b):  

 Common ion ratios, including bromide/chloride and lithium/chloride;

 Isotope ratios, especially Strontium isotope ratios (87Sr/86Sr); and
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 Enrichment of certain isotopes: δ18O, δ2H, δ7Li, δ13C-DIC, δ11B.1 

For the case study, twelve geochemical indicators, including the bromine/chlorine (Br/Cl) and 
strontium isotope ratios, were considered for the well-water samples.2 The results were used to 
assess whether the likelihood that the observed values originated with produced water (the 
aforementioned sources of brine), sea water, road salt, landfill leachate, sewage/septic tank 
leachate, and animal waste. In each sample evaluated, it was found that the water could have 
originated with one or more of the six sources. Thus these lines of evidence did not allow 
identification of neither a specific source nor a hydraulic fracturing source (Appendix Table E-18). 
A third well experienced similar impacts, and a landfill leachate source could not be ruled out in 
that case.  

The case studies illustrate how multiple lines of evidence were needed to assess suspected impacts 
and that no single constituent or parameter could be used alone to assess potential impacts. 

7.4.2.4 Other Sources 

In the EPA’s Retrospective Case Study in Northeastern Pennsylvania: Study of the Potential Impacts of 
Hydraulic Fracturing on Drinking Water Resources (U.S. EPA, 2014f), a pond was found to be 
impacted due to elevated chloride and TDS, along with strontium ratios (87Sr/86Sr) characteristic of 
Marcellus Shale produced water. Here, the suspected source of the impact was a well pad which had 
a hydrochloric acid spill, a possible produced water spill and been used for temporary storage of 
drill cuttings. The same mulidence fracturing impacts from constituents characteristic of produced 
water (TDS, chloride, sodium, barium, strontium and radium) found in three domestic wells located 
in an area with naturally occurring saline groundwater. Conversely, at a spring with organic 
chemical contamination but no associated chloride or TDS impacts, hydraulic fracturing activities 
were also ruled out. 

An estimated 6,300 to 57,373 gal (24,000 to 217,280 L) of Marcellus Shale produced water was 
discharged through an open valve that drained a tank at XTO Energy Inc.’s Marquardt pad and 

flowed into a tributary of the Susquehanna River in November 2010 (U.S. EPA, 2016e; PA DEP, 
2011c). Overland and subsurface flow of released fluids impacted surface water, a subsurface 
spring, and soil. Five hundred tons of contaminated soil were excavated, and an estimated 8,000 gal 
(30,000 L) of produced water was recovered (Science Applications International Corporation, 
2010). Elevated levels of TDS, chloride, bromide, barium and strontium that indicated a release of 
produced water were present in the surface stream and a spring for roughly 65 days (U.S. EPA, 
2016e). At that time the chloride concentration in the spring dropped below the state surface water 
standard of 250 mg/L. The impact extended a distance of approximately 1,400 ft (440 m) to the 
spring from the release point. Samples were taken in the tributary roughly 500 ft downstream from 
the spring, where chloride concentrations remained below the 250 mg/L standard throughout the 
sampling period, but were above the upstream concentrations (PA DEP, 2011c; Schmidley and 
Smith, 2011). Similarly, the total barium, total and dissolved iron, manganese and alkalinity 
concentrations remained below the Pennsylvania surface water quality standards at the 
downstream monitoring location throughout the monitoring period (Schmidley and Smith, 2011). 

                                                           
1 DIC is dissolved inorganic carbon. 
2 The full list was: Br vs. B, Cl vs. Mg, Cl vs. Br, Cl vs. HCO3,Cl vs. Ca, Cl vs. K, Cl vs. Na, Cl vs. SO4, Cl/Br, Cl/I, K/Rb, 87Sr/86Sr. 
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In Pennsylvania, discharges of brine were made into a storm drain that itself discharges to a 
tributary of the Mahoning River in Ohio. Analyses of the brine and drill cuttings that were 
discharged indicated the presence of contaminants, including benzene and toluene (U.S. 
Department of Justice, 2014). In California, an oil production company periodically discharged 
hydraulic fracturing wastewaters to an unlined sump for 12 days. It was concluded by the 
prosecution that the discharge posed a threat to groundwater quality (Bacher, 2013). These 
unauthorized discharges represent both documented and potential impacts on drinking water 
resources. However, data do not exist to evaluate whether such episodes are uncommon or 
whether they happen on a more frequent basis and remain largely undetected. Other cases of 
unpermitted discharges have been reported by various sources (Caniglia, 2014; Paterra, 2011).1 

7.4.2.5 Data Compilation Studies 

Three datasets were examined for produced water spill data. These included two published studies: 
a review of spills in Oklahoma that occurred prior to the onset of widespread high-volume 
hydraulic fracturing (Fisher and Sublette, 2005), and an EPA study of spills occurring between 
February 2006 and April 2012 on the well pads of hydraulically fractured wells (U.S. EPA, 2015m). 
The EPA spills study, Review of state and industry spill data: characterization of hydraulic fracturing-
related spills, is described in Text Box 5-10. Because of data availability, EPA’s study was dominated 
by data from Pennsylvania (21% of releases) and Colorado (48% of releases). Several difficulties 
are encountered in compiling and evaluating data on produced water spills and releases. Because 
states have differing minimum reporting levels, more spills are potentially reported in states with 
lower reporting limits.2  

To include data from another state and to give results current to 2015, data from North Dakota 
were reviewed for this assessment.3 Details on the procedures and results for non-produced water 
spills are given in Appendix Section E.5. The North Dakota Department of Health (NDDOH) collects 
data on environmental incidents and separately compiles oil field incidents; information is made 
available to the public at http://www.ndhealth.gov/EHS/Spills/. Of these incidents, most describe a 
release of oil, salt water, or other liquid. Of the remainder, a few describe releases of gas only.  

For the period from November 2012 to November 2013, NDDOH reported 552 releases of produced 
water that were retained within the boundaries of the production or exploration facility and 104 
that were not (North Dakota Department of Health, 2011). Thus, 16% of the releases were not 
contained within facility boundaries and had greater potential for impacting drinking water 
resources. 

                                                            
1 Section 8.4 discusses permitted discharges of wastewater. 
2 For example, two agencies in the state of California manage different databases that both store information on spills 
associated with oil and gas production (CCST, 2015a). CCST (2015a) reported that the databases contain inconsistencies 
as to the number of spills and the details regarding those spills (e.g., quantity, chemical composition of the wastewater) 
resulting in uncertainty on the impacts spills have on the environment. 
3 Wirfs-Brock (2015) presented an analysis of North Dakota spill data through 2013. 
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7.4.2.6 Frequency of Spills and Releases 

The EPA analyzed these data and found that, in recent years (2010-2015), there were between five 
and seven produced water spills per hundred active production wells (Figure 7-7). Spills declined 
between 2014 and 2015 (from 846 to 609), although the number of production wells increased. A 
study of 17 states indicated that there was an overall reduction of 8% in spills from 2014 to 2015, 
and an increase of 9% in Texas (King and Soraghan, 2016). More details on the data analysis are 
given in Appendix Section E.5, which includes results on North Dakota oil and spills of other types, 
including hydraulic fracturing fluids (as noted in Chapter 5). 

 
Figure 7-7. Produced water spill rates (spills per active wells) for North Dakota from 2001 to 
2015 (Appendix Section E.5).  

7.4.2.7 Produced Water Releases—Causes and Sources 

The causes and sources identified for releases vary among the three datasets reviewed. North 
Dakota releases were dominated by leaks from various pieces of equipment, followed by “others,” 
and various overflows (Figure 7-8). While the release rate declined from 2014 to 2015, the causes 
remained ranked relatively in the same order; notably fewer releases were attributed to “other” 
and more to equipment failure in 2015. The EPA’s spills study found on- or near-well pad releases 
to be dominated by human error, unknown, and equipment failure (U.S. EPA, 2015m). The earlier 
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Oklahoma study was dominated by overflows, unpermitted discharges, and storms (Figure 7-9).1 
Storms can cause releases, as was noted after a major flood in northeastern Colorado that caused 
damage to produced water storage tanks releasing an estimated 43,000 gal (160,000 L) of 
produced water (COGCC, 2013). 

The sources of releases are documented for the Oklahoma and EPA studies (Figure 7-10). The EPA 
cites storage, unknown, and hoses or lines as the major sources for its 225 well-pad releases. The 
earlier Oklahoma study cites unclassified, lines, and tanks as major sources of its 8,874 releases. 

 
Figure 7-8. Number of produced water releases in North Dakota by cause for 2014 and 2015 
(Appendix Section E.5). 

                                                            
1 Some of the causes in the three studies may be more similar than they appear, because the categorization used in the 
different studies overlap. For example, the EPA categorized overflows as “human error;” blowouts, vandalism and 
weather as “other;” and corrosion as “equipment failure,” while other studies listed these separately. 
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Figure 7-9. Distribution of spill causes in Oklahoma, pre-high volume hydraulic fracturing 
years of 1993-2003 (left) and in the EPA study of spills on production pads (right). 
Data sources: left, Fisher and Sublette (2005); right, U.S. EPA (2015m). 

 
Figure 7-10. Distribution of spill sources in Oklahoma, pre-high volume hydraulic fracturing 
years of 1993-2003 (left) and in the EPA study of spills on production pads (right). 
Data sources: left, Fisher and Sublette (2005); right, U.S. EPA (2015m). 
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7.4.2.8 The Volumes of Spilled Produced Water 

The 2015 North Dakota spills were ranked from by the median volume, which is the level at which 
50% of the spills are below this volume and 50% above (Figure 7-11).1 Of the North Dakota spills in 
2015, the highest median spill volume was caused by a blowout (2,400 gal, 91,000 L, left-most red 
box). The smallest median volume spill is approximately 10 times lower in volume (84 gal, 320 L). 
Spills larger than the median are of interest, because of their potential for impacting drinking water 
resources. The largest volume spill occurred from a pipeline break (2,900,000 gal, 11,000,000 L). 
The EPA spills study found the highest median volume spill was from equipment failure (1,700 gal, 
6400 L), while the highest volume spill was due to container integrity (1,300,000 gal, 4,900,000 L) 
(Figure 7-12).  

 
Figure 7-11. Volumes of 2015 North Dakota salt water releases by cause (leftmost 13 boxes in 
red), and all causes (last box in blue).  

                                                            
1 These figures are called “box” plots or “box and whisker” plots. The rectangle in the middle represents the range of data 
from the 25th to 75th percentile. The line across the box represents the 50th percentile, also known as the median. Fifty 
percent of the data are below the median. The lines extending above and below the boxes represent the range of data 
from minimum to maximum. These concepts are illustrated in Appendix Figure E-6. 
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Figure 7-12. Volumes of produced water spills reported by the EPA for 2006 to 2012 by cause 
(the five left most boxes in red), source (the second five boxes in yellow), and all spills (blue). 
Calculated from Appendix B of U.S. EPA (2015m). 

From the analyses, half of the spills are less than 1,000 gal (3,800 L) (EPA) and 340 gal (1,300 L) 
(North Dakota) (Figure 7-12, Figure 7-13, and medians in Table 7-7). The medians for the 
Oklahoma study were higher (overall 1,700 gal or 6,400 L; see Table 7-7 for yearly values) (Fisher 
and Sublette, 2005). These occurred in a different state and over an earlier time period, so a direct 
connection with the recent North Dakota and EPA results has not been made. 

The skewed nature of the distributions are noted by the mean values being considerably higher 
than these medians (see Figure 7-13). In each case, this is caused by a small number of large spills. 
For 2015 in North Dakota, for example, there were 12 releases of 21,000 gal (79,000 L) or more; 5 
of 42,000 gal (160,000 L) or more; and one of greater than 420,000 gal (1,600,000 L) (Appendix 
Table E-15). The largest spills from these data sets ranged from 1,000,000 gal (3,800,000 L) to 
2,900,000 gal (11,000,000 L). 

The EPA results give insight into recovery and reuse. Of the volume of spilled produced water, 16% 
was recovered for on-site use or disposal, 76% was reported as unrecovered, and the rest was 
unknown. The fewest spills occurred from wells and wellheads, but these spills had the greatest 
median volumes. Failure of container integrity was responsible for 74% of the volume spilled (U.S. 
EPA, 2015m). 
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Figure 7-13. Median, mean, and maximum produced water spill volumes for North Dakota 
from 2001 to 2015. 
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Table 7-7. Summary of produced water release volumes.  
Sources: U.S. EPA (2015m), Fisher and Sublette (2005), and Appendix Section E.5. 

  Number Minimum 25th percentile Median Mean 75th percentile Maximum 

Study Year(s) Total Quantified (gal) (gal) (gal) (gal) (gal) (gal) 

Oklahoma 1993-2002 7,916 2,365 0.0 630 1,700 7,000 4,200 3,400,000 

 1993 373 161 0.4 420 1,500 3,900 4,200 46,000 

 1994 844 333 0.4 420 1,600 5,400 4,200 84,000 

 1995 913 333 0.0 420 1,500 3,700 4,200 63,000 

 1996 880 333 4.2 630 2,100 6,500 4,200 420,000 

 1997 806 270 0.4 630 1,900 6,000 4,200 120,000 

 1998 825 236 2.1 798 4,900 2,100 4,200 105,000 

 1999 886 218 10.5 840 2,100 6,600 4,200 120,000 

 2000 853 155 4.2 840 2,100 5,600 5,040 210,000 

 2001 826 144 21.0 840 2,100 31,000 6,510 3,400,000 

 2002 710 182 0.8 630 1,700 5,500 3,276 130,000 

U.S. EPA 2006-2012  225 2.1 420 1,008 10,920 2,982 1,344,000 

North Dakota 2001  97 21.0 168 420 2,646 2,520 42,000 

 2002  110 4.2 210 756 2,604 2,100 25,200 

 2003  128 2.1 126 504 3,150 2,562 58,800 

 2004  159 10.5 126 420 2,478 2,100 88,200 

 2005  184 5.0 126 420 2,142 1,680 54,600 

 2006  226 5.0 126 420 3,150 1,680 189,000 

 2007  248 0.4 210 420 2,814 2,100 210,000 
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  Number Minimum 25th percentile Median Mean 75th percentile Maximum 

Study Year(s) Total Quantified (gal) (gal) (gal) (gal) (gal) (gal) 

North Dakota, cont. 2008  248 8.4 84 504 2,520 2,058 54,600 

 2009  208 2.1 126 630 2,100 2,100 27,300 

 2010  255 0.1 126 840 2,478 2,310 34,020 

 2011  381 2.1 126 336 2,436 1,680 58,800 

 2012  543 7.1 84 336 2,310 1,260 84,000 

 2013  700 2.1 126 378 3,402 1,428 714,000 

 2014  846 0.8 84 336 3,528 1,470 1,008,000 

 2015  609 0.8 84 336 7,560 1,386 2,940,000 
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7.4.2.9 Environmental Receptors and Transport 

Data from the EPA (U.S. EPA, 2015m) were used to show that some spills were known to impact 
environmental receptors: soil (141 spills, 340,000 gal, or 1.3 million L); surface water (17 spills, 
170,000 gal, or 640,000 L); surface water and soil (13 spills); and groundwater (1 spill, 130 gal, or 
490 L).1 Although 1 spill was identified as reaching groundwater, the possible groundwater impact 
of 107 of the spills was unknown.  

In summary, 18 produced water spills reached surface water or groundwater, accounting for 8% of 
the 225 cases and accounting for approximately 170,000 gal (640,000 L) of produced water. Spills 
with known volumes that reached a surface water body ranged from less than 170 gal (640 L) to 
almost 74,000 gal (280,000 L), with median of 5,900 gal (22,000 L). In 30 cases, it is unknown 
whether a spill of produced water reached any environmental receptor. 

An assessment conducted by the California Council on Science and Technology (CCST, 2015a) states 
that between January 2009 and December 2014, 575 produced water spills were reported to the 
California Office of Emergency Services of which nearly 18 percent impacted waterways (CCST, 
2015a). These spills occurred in areas where production from both unconventional and 
conventional reservoirs occurs. Additional studies of spill impacts are presented in Appendix 
Section E.5.3. 

Studies of Environmental Transport of Released Produced Water 

The processes that affected the fate and transport of spilled produced water (Figure 7-14) are the 
same as those processes that impact the fate and transport of spilled chemicals (Section 5.8). 
Produced water spills differ from the chemical spills as they are always primarily spills of water 
containing multiple chemicals. Additionally, produced water of high salinity is denser than water 
and may alter transport and transformation properties of the chemicals and soils.2 If a spill occurs 
prior to treatment in an oil and water separator, the produced water can be spilled along with oil. In 
the environment, oil is transported as a separate phase liquid as it is immiscible with water. The oil 
phase may become trapped (similarly to how oil is trapped in oil reservoirs) and serve as a slowly 
dissolving source of hydrocarbons to the environment. 

For example, Whittemore (2007) described a site with relatively little infiltration due to moderate 
to low permeability of silty clay soil and low permeability of underlying shale units. Thus, most, but 
not all, of the historically surface-disposed produced water at the site flowed into surface drainages. 
Observed historic levels of chloride in receiving waters resulted from the relative balance of 
produced water releases and precipitation runoff, with higher concentrations corresponding to low 
stream flows. Persistent surface water chloride contamination was attributed to slow flushing and 
discharge of contaminated groundwater. 

1 Quoted volumes.  
2 Appendix Section E.7 describes the estimation of chemical properties for organic chemical constituents of produced 
water for baseline conditions of low TDS. Elevated salinity, as is common for produced water, would alter these values. 
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Figure 7-14. Schematic view of transport processes occurring during releases of produced 
water. 

Because it is denser than freshwater, saline produced water can migrate downward through 
aquifers. Whittemore (2007) reported finding oilfield brine with a chloride concentration of 32,900 
mg/L at the base of the High Plains aquifer. Where aquifers discharge to streams, saline stream 
water has been reported, although at reduced concentrations (Whittemore, 2007), likely due to 
diffusion within the aquifer and mixing with stream water. The stream flow rate, in part, 
determines mixing of substances in surface waters. High flows are related to lower chemical 
concentrations, and vice versa, as demonstrated for bromide in the Allegheny River (States et al., 
2013). 

7.5 Roadway Transport of Produced Water 

Produced water is transported to treatment and disposal sites via pipeline, roadways, or railroad 
tankers. Accidents during transportation of hydraulic fracturing produced water are a possible 
mechanism leading to potential impacts to drinking water as truck-related releases have been 
reported. Nationwide data are not available, however, on the number of such accidents that result 
in impacts.  

Crash rate estimates for Texas showed that commercial motor vehicle (CMV) crashes were 
correlated with oil and gas development activities over a recent period of increased oil and gas 
development (Quiroga and Tsapakis, 2015). As an example of the results, the number of new wells 
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in the Permian Basin increased (by 61%) and so did rural CMV crashes (by 52%). For the Barnett 
Shale region, the number of new wells decreased (by 49%), and so did rural CMV crashes (by 34%). 
The correlations were strongest for the rural areas with oil and gas development (Permian and 
Eagle Ford). 

Based on scenarios presented in Appendix Section E.8, the EPA estimated for this assessment the 
number of releases from truck crashes as having a chance of occurrence ranging between 1:110 and 
1:13,000 over the lifetime of a producing well. The wide range of these estimates reflects both 
variable (distance and volume transported) and uncertain (crash rate) quantities. At 5,300 gal (20 
m3) per truckload, the volume from an individual spill would be low relative to the typical volume 
of water produced from a well. Several limitations are inherent in this analysis, including differing 
rural road and highway accident rates, differing transport distances, and differing amounts of 
produced water transported. Further, the estimates present an upper bound on impacts, because 
not all releases would reach or impact drinking water resources.  

As for other types of impacts to drinking water resources, local effects can be significant despite the 
generally small numbers. For example, a brine-truck spill in Ohio resulted in concern for impacts to 
a drinking-water-source reservoir (Tucker, 2016). 

7.6 Synthesis 

Produced water is a by-product of oil and gas production and is that water that comes out of the 
well after hydraulic fracturing is completed and injection pressure is reduced. Produced water may 
contain hydraulic fracturing fluid, water from the surrounding formation, and naturally present 
hydrocarbons. Initially the chemistry of produced water reflects that of the hydraulic fracturing 
fluid. With time, the chemistry of the produced water becomes more similar to the water in the 
formation. Produced water is directly re-injected or stored at the surface for eventual reuse or 
disposal. Impacts to drinking water resources from produced water have been shown where spilled 
produced water entered surface water bodies or aquifers. 

7.6.1 Summary of Findings 

The volume and composition of produced water vary geographically, both within and among 
different production zones and with time and other site-specific factors. In most cases, there are 
high initial flow rates of produced water that last for a few weeks, followed by lower flow rates 
throughout the duration of gas production. The amount of fracturing fluid returned to the surface 
varies, and typically is less than 30%. In some formations (e.g., the Barnett Shale), the ultimate 
volume of produced water can exceed the volume of hydraulic fracturing fluid because of an inflow 
of water.  

Knowledge of the composition of produced water comes from analysis of samples. Analysis of an 
individual sample is made much easier if the hydraulic fracturing and any equipment maintenance 
chemicals have been disclosed. Much of the chemical loading of produced water comes from 
naturally occurring material, both organic and inorganic, in the formation along with 
transformation products. As such, knowledge of produced water composition is uniquely 
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dependent on sampling and analysis, which requires appropriate analytical methods. These are 
methods that can deal especially with high levels of TDS. Recently developed laboratory methods 
have greatly expanded the knowledge of organic chemicals in shale-gas and CBM produced waters, 
but these methods rely on advanced equipment and techniques. Routine methods of laboratory 
analysis do not detect many of the organic constituents of produced water. 

The composition of produced water changes with time as the hydraulic fracturing fluid contacts the 
formation and mixes with the formation water. Typically it becomes more saline and more 
radioactive, if those constituents are present in the formation, while containing less DOC. The 
changing composition of produced water suggests that the potential concern for produced water 
spills also changes: initially the produced water may contain more hydraulic fracturing chemicals, 
later the concern may shift to the impact of high salinity water. Although varying within and 
between formations, shale and tight gas produced water typically contains high levels of TDS 
(salinity) and associated ionic constituents (bromide, calcium, chloride, iron, potassium, 
manganese, and sodium). Produced water can also contain toxic materials, including barium, 
cadmium, chromium, lead, mercury, nitrate, selenium, and BTEX. CBM produced water can have 
lower levels of salinity if its coal source was deposited under fresh water conditions, or if 
freshwater inflows to coal beds dilutes the formation water (Dahm et al., 2011). Many organic 
compounds have been identified in produced water. Most of these are naturally occurring 
constituents of petroleum. With the advent of advanced analytical techniques, more hydraulic 
fracturing fluid chemicals have been identified in produced water. These include some known 
tracer compounds, but others are known to exist whose identities have not yet been determined. 
Work has been done to identify environmentally benign tracers for assessing impacts, but these 
tracers have not been fully developed. Despite the presence in produced water of known hydraulic 
fracturing chemicals, the majority of organic and inorganic constituents of produced water come 
from the formation and cannot be minimized through actions of the operator. Throughout the 
formation-contact time, reactions occur between the constituents of the fracturing fluid and the 
formation. 

Produced water spills have occurred across the country. From evaluation of data from across the 
United States and a focused study of North Dakota, the median produced water spill ranges from 
336 to 1,000 gal (1,300 to 3,800 L). Although half of the spills are smaller than the median spill size, 
small numbers of much higher volume spills occur. In 2015, there were 12 spills in North Dakota 
greater than 21,000 gal (80,000 L), and one of 2,900,000 gal (11,000,000 L). From 2010 to 2015, 
there were approximately 5 to 7 produced water spills per hundred operating production wells. 
The major causes identified for these spills are container and equipment failures, human error, well 
communication, blowouts, pipeline leaks, and unpermitted discharges. Section 7.4.2 described 
impacts that were both of short and long term duration.  

Highway transportation of produced water has resulted in crashes, but the impacts from these are 
unknown. Analysis of Texas crashes shows that as the oil and gas development activities increase, 
so do crashes, especially in rural areas. The EPA estimated the chance of a crash releasing produced 
water to range from 1:110 to 1:13,000.  
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7.6.2 Factors Affecting the Frequency or Severity of Impacts 

The potential of spills of produced water to affect drinking water resources depends upon the 
release volume, duration, and composition, as well as watershed and water body characteristics. 
Larger spills of greater duration are more likely to reach a nearby drinking water resource than are 
smaller spills. Small releases, however, can impact resources where there are direct conduits from a 
source to receptor, such as fractures in rock. The composition of the spilled fluid also impacts the 
severity of a spill, as certain constituents are more likely to affect the quality of a drinking water 
resource.  

Potential impacts to water resources from hydraulic fracturing related spills are expected to be 
affected by watershed and water body characteristics. For example, overland flow is affected by 
surface topography and surface cover. Infiltration of spilled produced water reduces the amount of 
water threatening surface water bodies. However, infiltration through soil can lead to groundwater 
impacts. Releases from pits can directly impact drinking water resources.  

7.6.3 Uncertainties 

The volume and some compositional aspects of produced water are known from published sources. 
The amount of hydraulic fracturing fluid returned to the surface is not well defined, because of the 
imprecise distinction between flowback and produced water. With regard to composition, TENORM 
and organics have the most limited data. Most of the available data on TENORM has come from the 
Marcellus Shale, where concentrations are typically high in comparison to the limited data available 
from other formations. Many organic constituents of produced water have been identified, and 
many of them are naturally occurring petroleum hydrocarbons. As methods improve and more data 
are collected, an increasing number of hydraulic fracturing fluid chemicals are being identified in 
produced water. Little is known concerning subsurface transformations and is reflected in only a 
few transformation products have been positively identified. Halogenation of organics has been 
noted, though. 

Nationwide data on spills of produced water are limited in two primary ways: the completeness of 
reported data cannot be determined, and individual states’ reporting requirements differ (U.S. EPA, 
2015m). Therefore, the total number of spills occurring in the United States, their release volumes, 
and associated concentrations can only be estimated because of these underlying data limitations.  

Spills vary in volume, duration, and composition, and most spill response focusses on immediate 
clean up, so several aspects of spills are not precisely characterized. The volume released is often a 
rough estimate, in part, because the spilled liquid spreads across the scene and is inherently 
difficult to measure. Simple measurements are often used to characterize the spill, rather than 
determining chemical concentrations (e.g., measuring electrical conductivity). As a consequence the 
suite of chemicals, and their concentrations, potentially impacting drinking water resources are 
usually unknown. Thus, the severity of impacts to drinking water resources is not usually well 
quantified. 

Spills can originate from blowouts, well communication, aboveground or underground pipeline 
breaks, leaking pits, failed containers, human error (including unpermitted discharges, failure to 
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detect spills, and failure to report spills) or unknown causes. The difference between these causes 
affects the location and size of the spill or release. For example, a container that fails may release a 
small amount of produced water, and be located on the well pad. A pipeline break may occur at a 
distance away from the well pad and release a larger amount of water from a bigger source (i.e., a 
pit). In addition, the factors governing transport of spilled fluid to a potential receptor vary by site: 
the presence and quality of secondary or emergency containment and spill response; the rate of 
overland flow and infiltration; the distance to a surface water body or drinking water well; and 
transport and fate processes. Impacts to drinking water resources from spills of produced water 
depend on environmental transport parameters, which can, in principle, be determined but are 
unlikely to be known or adequately specified in advance of a spill.  

Because some constituents of produced water are constituents of natural waters (e.g., bromide in 
coastal surface waters) or can be released into the environment by other pollution events (e.g., 
benzene from gasoline releases, bromide from coal mine drainage), baseline sampling prior to 
impacts is one way to increase the certainty of an impact determination. Further sampling and 
investigation can be used to develop the linkage between a release and a documented drinking 
water impact. Appropriate sampling and analysis protocols, using quality assurance procedures, 
are essential for developing data that can withstand scrutiny. The EPA’s northeastern Pennsylvania 
case study illustrates that the analytes that can be used to distinguish among types of water vary 
depending on the specifics of the situation. No single constituent or parameter could be used alone 
to assess impacts, and multiple lines of evidence were needed to assess the suspected impacts.  

7.6.4 Conclusions 

Produced water has the potential to affect the quality of drinking water resources if it enters into a 
surface water or groundwater body used as a drinking water resource. This can occur through 
spills at well pads or during transport of produced water. Specific impacts depend upon the spill 
itself, the environmental conditions surrounding the spill, water body and watershed 
characteristics, and the composition of the spilled fluid. The impacts from the majority of spills and 
releases is generally localized in extent as only the largest spills and releases impact large areas. 
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Chapter 8. Wastewater Disposal 
and Reuse 

Abstract 

This chapter addresses the practices and related impacts on drinking water resources that take place 
during the final stage of the hydraulic fracturing water cycle. This stage encompasses the management 
of wastewater, including disposal, reuse in hydraulic fracturing operations, or other uses. For this 
assessment, wastewater is defined as produced water from hydraulically fractured oil and gas wells that 
is managed by any of a number of strategies. The constituents of concern in hydraulic fracturing 
wastewaters that are most frequently noted include high total dissolved solids (TDS), chloride, bromide, 
and radionuclides (radium in particular). Other alkaline earth metals (e.g., barium), organics, and 
suspended solids, may be of concern as well.  

Most hydraulic fracturing wastewater is managed by injection into Class II disposal wells. There are also 
“aboveground” management practices, which include reuse in subsequent hydraulic fracturing 
operations; treatment at a centralized waste treatment facility followed by reuse or discharge to surface 
water or a publicly owned treatment works; evaporation; irrigation; and direct discharge (under limited 
conditions). These practices can affect both surface water and groundwater.  

Impacts on surface water arise from discharges of inadequately treated wastewater. In particular, 
bromide and iodide found in highly saline wastewaters can contribute to disinfection byproduct 
formation in downstream drinking water systems. If not removed during treatment, radium, metals, and 
organic compounds can also be discharged. Factors affecting the frequency and severity of impacts on 
surface waters include the wastewater’s composition, its volume, and the processes used to treat it 
(common wastewater treatment processes do not significantly reduce the high TDS content in hydraulic 
fracturing wastewaters). In addition, site-specific factors such as local hydrology, size of the receiving 
water body, and other activities taking place in a watershed can affect the severity of the impact. 

Pits and impoundments used for storage or disposal can impact surface water or groundwater through 
spills, leaks, and infiltration through soils. The frequency and severity of such impacts depend on pit 
construction and maintenance as well as proximity to drinking water resources. Unlined pits or those 
with compromised liners can cause long-lasting impacts on groundwater. Depth to the water table, soil 
properties, and the contaminants in the wastewater also affect the likelihood of impacts.  

Characterizing the impacts from wastewater management associated with hydraulic fracturing is 
challenging given gaps in the data. Specifically, there are limited data on the wastewater volumes 
managed, on the influent and effluent concentrations and volumes from facilities that treat wastewater 
from hydraulic fracturing operations, and on wastewater residual characteristics and management of 
those residuals. Further, there is inadequate monitoring of drinking water resources for specific 
contaminants associated with hydraulic fracturing wastewater. However, the data that are available 
have shown that management of hydraulic fracturing wastewater through aboveground practices has 
affected the quality of water resources.
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8. Wastewater Disposal and Reuse 
8.1 Introduction  

The final stage of the hydraulic fracturing water cycle encompasses disposal and reuse of hydraulic 
fracturing wastewater. For the purposes of this assessment, “hydraulic fracturing wastewater” is 
defined as produced water from hydraulically fractured oil and gas wells that is being managed 
using practices that include, but are not limited to, reuse in subsequent hydraulic fracturing 
operations, treatment and discharge, and injection into disposal wells.12,3 Although the term 
“wastewater” is generally used in this chapter, when more specific information about a wastewater 
is known (e.g., a source indicates the wastewater is flowback), that information is also noted. 

Wells producing from oil and gas reservoirs generate produced water during the course of their 
productive lifespan. This produced water includes the often large volumes of flowback generated 
immediately after fracturing in deep wells with long horizontal sections. Flowback estimates vary 
by formation and are noted in Section 7.2.1 to range from about 300,000 to 10 million gal (1.14 to 
37.8 million L) per well (Mantell, 2013; U.S. GAO, 2012). This large volume of initial flowback 
necessitates having a wastewater management strategy in place before hydraulic fracturing is 
initiated. Also, the longer-term generation of produced water requires ongoing wastewater 
management.  

The majority of wastewater generated from all oil and gas operations in the United States is 
managed via Class II injection wells (Veil, 2015). Injection may be for either disposal or enhanced 
recovery. As hydraulic fracturing activity expands or diminishes, choices regarding disposal 
practices can change in a given region due to factors such as the quality and volume of the fluids; 
regulations; available infrastructure; and the feasibility and cost of treatment, reuse, and disposal 
options.  

Several articles have noted potential effects of hydraulic fracturing wastewater on water resources 
(Vengosh et al., 2014; Olmstead et al., 2013; Rahm et al., 2013; States et al., 2013; Vidic et al., 2013; 
Rozell and Reaven, 2012; Entrekin et al., 2011). One study used probability modeling that indicated 
water pollution risk associated with gas extraction in the Marcellus Shale is highest for the 
wastewater disposal aspects of the operation (Rozell and Reaven, 2012). These concerns arise from 

                                                            
1 The term “wastewater” is being used in this study as a general description of certain waters and is not intended to 
constitute a term of art for legal or regulatory purposes. This general description does not, and is not intended to, provide 
that the production, recovery, or recycling of oil, including the production, recovery, or recycling of flowback or produced 
water, constitutes “wastewater treatment” for the purposes of the Oil Pollution Prevention regulation (with the exception 
of dry gas operations), which includes the Spill Prevention, Control, and Countermeasure rule and the Facility Response 
Plan rule, 40 CFR 112 et seq. 
2 Disposal wells are Underground Injection Control (UIC) Class II wells, including those used for disposal (Class IID), 
enhanced oil recovery (Class IIR), and hydrocarbon storage (Class IIH). 
3 The term “reuse” is sometimes used to imply no treatment or basic treatment (e.g., media filtration) for the removal of 
constituents other than total dissolved solids (TDS), while “recycling” is sometimes used to convey more extensive 
treatment (e.g., reverse osmosis (RO)) to remove TDS (Slutz et al., 2012). In this document, the term “reuse” will be used 
to indicate use of wastewater for subsequent hydraulic fracturing, regardless of the level of treatment. 
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the elevated concentrations of chloride, bromide, radionuclides, and other constituents of concern 
found in many hydraulic fracturing wastewaters.  

This chapter provides follow-on to Chapter 7, which discusses the per-well volumes of produced 
water (Section 7.2) and composition (Section 7.3), as well as the processes involved in its 
generation and impacts from a number of types of spills and releases. In this chapter, discussions 
are provided on management practices for hydraulic fracturing wastewater, available wastewater 
production information, and estimated aggregate volumes of wastewater generated for several 
states with active hydraulic fracturing (Section 8.2). As a complement to information on the 
composition of wastewaters in Chapter 7, Section 8.3 presents brief information on wastewater 
constituents and their relevance to wastewater management. Management methods used in recent 
years and their potential impacts on drinking water resources are described (Section 8.4). Based on 
background information provided in the earlier sections of the chapter, Section 8.5 discusses 
documented and potential impacts on drinking water resources from particular constituents, and a 
final synthesis discussion is provided (Section 8.6).1  

8.2 Volumes of Hydraulic Fracturing Wastewater 

This section provides a general overview of aggregate wastewater quantities generated in the 
course of hydraulic fracturing and subsequent oil and gas production, including estimates at 
regional and state levels. It also discusses methodologies used to produce these estimates and the 
associated challenges. (Chapter 7 provides a more in-depth discussion of the processes affecting 
produced water volumes and presents some typical per-well values and temporal patterns.) Wells 
also generate drilling fluid waste. Compared to produced water, however, drilling fluid wastewater 
can constitute a relatively small portion of the total wastewater produced (e.g., <10% in 
Pennsylvania during 2004-2013) (U.S. EPA, 2016d) and is not discussed further in this assessment. 

Wastewater volume can be relevant to treatment costs, reuse options, and disposal capacities. IHS 
Global Insight suggests that as a general rule of thumb, the amount of flowback produced in the 
days or weeks after hydraulic fracturing is roughly comparable to the amount of produced water 
generated long-term over a span of years, which can vary considerably among wells (IHS, 2013). 
Thus, on a local level, operators can anticipate a relatively large volume of wastewater in the weeks 
following fracturing, with slower subsequent production of wastewater.  

Wastewater volumes will most likely vary in the future as the amount and locations of hydraulic 
fracturing activities change and as existing wells age and move into the later phases of their 
production cycles. Substantial increases in wastewater production have occurred during times of 
increasing hydraulic fracturing activity. For instance, the average annual volume of wastewater 

                                                            
1 This chapter makes use of background information collected by the EPA’s Office of Water (OW) as part of the 
development of its recent pretreatment standards for wastewater from unconventional oil and gas formations (U.S. EPA, 
2016d). The pretreatment standards apply to wastewater from crude oil and natural gas produced by a well drilled into 
shale and tight formations. Coalbed methane is beyond the scope of those standards. In this chapter, we consider 
wastewater generated by the hydraulic fracturing of those unconventional oil and gas formations included in the 
background research done by OW. But we also consider wastewater generated by hydraulic fracturing in coalbed 
methane and conventional formations. 
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generated by all gas production (both shale gas and conventional) in Pennsylvania quadrupled from 
the 2001-2006 period to the 2008-2011 period (Wilson and Vanbriesen, 2012).  

However, although the total volume of wastewater might be expected to generally increase and 
decrease as oil and gas drilling and production changes, it is not necessarily a direct correlation. 
Data from the Pennsylvania Department of Environmental Protection (PA DEP) (PA DEP, 2016b) 
show trends in volumes of wastewater compared to gas produced from wells in the Marcellus Shale 
in Pennsylvania (Figure 8-1). Although the data show some variation, they demonstrate a general 
positive correlation between the volume of wastewater and the amount of produced gas until early 
2015. At that time, Baker Hughes weekly rig counts also began to drop, declining from 85 in early 
January 2014 to 24 in early June 2016 (Baker Hughes, 2016). This suggests that a decline in overall 
drilling activity (generally a measure of new wells) can be associated with a decline in wastewater 
production, although the exact timing depends on whether there is a time delay between drilling 
and completion of a well and the start of production from that well.  

 
Figure 8-1. Wastewater (i.e., produced water and fracturing fluid waste) and produced gas 
volumes from unconventional (as defined by PA DEP) wells in Pennsylvania from January 
2010 through June 2016.  
Source: PA DEP (2016b).  

Estimates of produced water compiled by Veil (2015) indicate that although oil and gas production 
in the United States increased by 29% and 22%, respectively, between 2007 and 2012, produced 
water volumes increased by less than 1%. There may be a number of factors contributing to this, 
including as noted by Veil (2015), a number of uncertainties associated with produced water 
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estimates. First, wastewater generation varies from well to well, as do oil and gas production (see 
Chapter 7, Figure 7-1 for discussion of wastewater/produced water decline curves). The rates of 
decline in both wastewater volume and hydrocarbon production also vary among reservoirs. 
Additionally, some wells are drilled and completed but are not immediately put into production. 
Relationships between hydraulic fracturing activity, hydrocarbon production, and produced water 
volumes are likely reservoir- (and maybe production zone-) specific, and existing wells and 
production need to be considered to anticipate wastewater management needs.  

8.2.1 National Level Estimate 

Veil (2015) estimated that in 2012, U.S. onshore and offshore oil and gas production generated 
889.59 billion gal (21.18 billion bbls) of produced water. This national-level estimate represents 
total oil and gas wastewater (from all oil and gas resources, and from wells hydraulically fractured 
and wells not hydraulically fractured). The estimate was compiled through a state-by-state analysis 
of survey data obtained from oil and gas agencies in the 31 states with active oil and gas production 
as well as the Department of Interior and U.S. EPA. However, Veil notes several issues with the data 
used for these estimates, including variability among states in data reporting, availability, and 
completeness. These issues may result in underestimation of the volumes of water produced (U.S. 
GAO, 2012). See Section 8.2.3 for more discussion on methods of estimating wastewater volumes.  

8.2.2 Regional/State Level Estimates 

A limited number of studies have described the geographic variability in oil and gas wastewater 
volumes. Veil (2015) reported that the top ten states nationwide for wastewater production in 
2012 included Texas (35% of total), California (15% of total), Oklahoma (11% of total), and 
Wyoming (11% of total). A study by the Bureau of Land Management (BLM) (Guerra et al., 2011) 
states that in 2008, more than 80% of all oil and gas wastewater was generated in the western 
United States, with Texas producing the highest volume and Wyoming the second highest. The BLM 
report notes substantial wastewater from CBM wells, in particular those in the Powder River Basin 
(Wyoming). Figure 8-2 summarizes the wastewater volumes for these western states, 
demonstrating the wide variability from state to state (likely reflecting differences in the number of 
oil and gas production wells/production activity and reservoir geology). Although the authors do 
not identify all wastewater contributions from production involving hydraulic fracturing, the 
regions with established oil and gas production are likely to have methods and infrastructure 
available for management of hydraulic fracturing wastewater. 
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Figure 8-2. Wastewater quantities in the western United States (billions of gal per year). 
Data from Guerra et al. (2011). 

In the Marcellus region, waste data made public by the PA DEP have enabled analyses of 
wastewater volumes and trends since 2009. Estimates of produced water (including flowback or 
“fracing fluid waste” as well as “produced fluid”) by Wunz (2015) and Shale Alliance for Energy 
Research Pennsylvania (SAFER PA, 2015) for 2014 are 1.73 and 1.64 billion gal (41.19 MMbl and 
39.05 MMbl, respectively). The estimate compiled for this assessment is 0.65 billion gal (15.48 
million bbls) for the first half of 2014 (Table 8-1). Variations among estimates reflect, among other 
factors, challenges in working with a dynamic database for which changes and corrections are 
ongoing.  

Table 8-1 presents estimates of the volumes of hydraulic fracturing wastewater generated and the 
associated numbers of wells in North Dakota, Ohio, Pennsylvania, Texas (injected flowback only), 
and West Virginia. The data shown in this table were compiled for this assessment (except for West 
Virginia) and come primarily from records of produced water made publicly available on state 
websites.1 These states are represented in Table 8-1 because the produced water volumes 
associated with hydraulic fracturing were readily identifiable. The data show that the increase in 

                                                            
1 Data used for Table 8-1 were downloaded from state agency websites and compiled as needed (in either Microsoft Excel 
or Microsoft Access) for each state except West Virginia. Once compiled, data were filtered if needed and summed to 
produce estimates of wastewater production by year and a count of the numbers of wells generating the wastewater. Data 
were downloaded up through 2014. (Note that 2014 data for Pennsylvania and Texas are for partial years.) Differences in 
the years presented for the states are due to differences in data availability from the state agency databases. For West 
Virginia, data are from a report by Hansen et al. (2013) that compiled available flowback data from West Virginia. 
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the number of wells producing wastewater and the volumes of wastewater produced are generally 
consistent with the timing of the expansion of high-volume hydraulic fracturing and track with the 
increase in horizontal wells seen in Figure 3-20. 

Several states with mature oil and gas industries (California, Colorado, New Mexico, Utah, and 
Wyoming) make produced water volumes publicly available by well as part of their oil and gas 
production data, but they do not directly indicate which wells have been hydraulically fractured. 
Some states (Colorado, Utah, Wyoming, and New Mexico) specify the producing formation or the 
basin along with volumes of hydrocarbons and produced water. Determining volumes of hydraulic 
fracturing wastewater for these states is challenging because there is a possibility of either 
inadvertently including wastewater from wells not hydraulically fractured or of missing volumes 
that should be included. This may be a particular problem where state terminology regarding what 
constitutes an unconventional resource or hydraulically fractured well is ambiguous or possibly 
different from other states. Appendix Table F-1 provides estimates of wastewater volumes in 
California, Colorado, New Mexico, Utah, and Wyoming in regions where hydraulic fracturing activity 
is taking place, along with notes on data limitations. The data in Table 8-1 and Appendix Table F-1 
illustrate the challenges in both compiling a national estimate of hydraulic fracturing wastewater 
and comparing wastewater production among states due to dissimilar data types, presentation, and 
availability.  

8.2.3 Estimation Methodologies and Challenges 

Compiling and comparing data on wastewater production at the wide array of oil and gas locations 
in the United States presents challenges associated with data reporting and availability. Different 
approaches have been used to estimate state-specific and national wastewater volumes. Data from 
state agency websites and databases can be a ready source of information, whether publicly 
available and downloadable or provided directly by agencies upon request.  

Veil (2015) notes that the reported volumes of produced water (e.g., reported by well in state 
production data) can be inaccurate or imprecise because produced water is not monitored 
continuously. Therefore, reported volumes may be estimates. Other issues such as data 
transcription errors or extrapolation of data can also affect reported volumes (Veil, 2015).  

Using produced water volumes from state records to estimate the volume of wastewater regionally 
or nationally presents additional challenges due to a lack of consistency in data collection, 
availability, usability, completeness, and accuracy (Malone et al., 2015; Veil, 2015; U.S. GAO, 2012). 
Due to what are sometimes significant differences in the types of data collected and the 
mechanisms, formats, and definitions used, data cannot always be directly compared from state to 
state. This makes it difficult to aggregate volume data, and estimates may be better and more useful 
at a local or state level. Larger-scale estimates across regions or between states should be 
interpreted carefully.  
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Table 8-1. Estimated volumes (millions of gal) of wastewater based on state data for selected years and numbers of wells 
producing fluid. 

State Basin 
Principal 
lithologies Data type 2000 2004 2008 2010 2011 2012 2013 2014 Comments 

North Dakota Williston Shale Produced 
water 

2 3 130 790 1,900 4,500 8,500 9,700 From North Dakota Oil and 
Gas Commission websitea. 
Data provided for six 
members of the Bakken 
Shale. Produced water 
includes flowback (reports 
are submitted within 30 days 
of well completion.)  

      Wells 161 152 844 2,083 3,303 5,036 6,913 8,039   

Ohio Appalachian Shale Primarily 
flowback  

- - - - 3 29 110 - Data from Ohio DNR Division 
of Oil and Gasb. Utica data for 
2011 and 2012. Utica and 
Marcellus data for 2013. 
Brine is noted by agency to 
be mostly flowback. 

      Wells - - - - 9 86 400 -   

Pennsylvania 
 

Appalachian 
 

Shale 
 

Flowback 
plus 
produced 
water (% 
flowback; % 
produced 
water) 

- - - 180 
(51%; 
49%) 

740 
(46%; 
54%) 

1,100 
(36%; 
64%) 

1,300 
(27%; 
73%) 

650 
(32%; 
68%) 

Waste data from PA DEPc. 
Second half of 2010 and first 
half of 2014. Data described 
as unconventional as defined 
by PADEP. Separate codes 
are provided by PA DEP for 
flowback and produced 
water. 

   Wells - - - 1,232 2,434 4,039 5,015 5,150   

WG Ex. 34

1528



Chapter 8 – Wastewater Disposal and Reuse 

 

 

8-10 

State Basin 
Principal 
lithologies Data type 2000 2004 2008 2010 2011 2012 2013 2014 Comments 

Texas Unspecified 
(entire state) 

Shale, 
Sandstone 

Flowback - 
injected 
volumes 

- - - - 490 2,200 3,100 2,000 Waste injection data from 
Texas Railroad Commissiond. 
Monthly totals are provided 
for entire state. Oct - Dec for 
2011, full years for 2012 and 
2013, and Jan - Oct for 2014 

West Virginia Appalachian Shale Flowback - 
Estimated 
total 
disposed 

- - - 120 110 59 - - Estimates from Hansen et al. 
(2013).e 

a North Dakota Industrial Commission. Department of Mineral Resources. Bakken Horizontal Wells By Producing Zone: https://www.dmr.nd.gov/oilgas/bakkenwells.asp. 
b Ohio Department of Natural Resources, Division of Oil and Gas Resources. Oil and Gas Well Production. http://oilandgas.ohiodnr.gov/production#ARCH1.  
c PA DEP Oil and Gas Reporting website, https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/Welcome/Agreement.aspx.  
d Railroad Commission of Texas, Injection Volume Query, http://webapps.rrc.state.tx.us/H10/searchVolume.do;jsessionid=J3cgVHhK9nkwPrC7ZcWNMgyzF9LCYyR1NmvDy3F
1QQ5wqXfcGNGN!1841197795?fromMain=yes&sessionId=143075601021612. Texas state data provide an aggregate total amount of flowback injected for the past few years. 
(Data on brine volumes injected do not differentiate hydraulically fractured wells and, therefore, well counts are not presented here.) These values are interpreted as estimates 
of generated flowback as based on reported quantities of “fracture water flow back” injected into Class IID wells.  
e West Virginia flowback estimates from Hansen et al. (2013) are based on state data. Well counts that are explicitly associated with the flowback and total disposed volumes 
were not available.  
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To compile estimates of the production and management of hydraulic fracturing wastewater, there 
are additional challenges. Reporting of wastewater volumes may or may not include information 
that helps determine whether the producing well was hydraulically fractured (e.g., an indicator of 
resource type or formation). It also might not be clear whether volumes listed as ‘produced water’ 
include the flowback component. Some states (e.g., Colorado and Pennsylvania) include information 
on disposal and management methods along with production data, and others do not. 

Given the limitations of comparing state databases, some studies have generated estimates of 
wastewater volume using water-to-gas and water-to-oil ratios along with the reports of 
hydrocarbon production (Murray, 2013). The reliability of any wastewater estimates made using 
this method would need to be evaluated in terms of the quality, timeframe, and spatial coverage of 
the available data, as well as the extent of the area to which the estimates will be applied. Water-to-
hydrocarbon ratios are empirical estimates. Because these ratios show a wide variation among 
formations, reliable data are needed to formulate a ratio in a particular region. 

Another approach to estimating wastewater volumes would entail multiplying per-well estimates 
of produced water production rates by the numbers of wells in a given area. Challenges associated 
with this approach include obtaining accurate estimates of the number of new and existing wells, 
along with accurate estimates of per-well water production both during the flowback period and 
during the production phase of the well’s lifecycle. In particular, it can be challenging to correctly 
match per-well wastewater production estimates, which will vary by formation, with counts of 
wells, which may or may not be clearly associated with specific formations. Temporal variability in 
wastewater generation would also be difficult to capture and would add to uncertainty. Such an 
approach, however, may be attempted for order of magnitude estimates if the necessary data are 
available and reliable.  

8.3 Wastewater Characteristics  

Along with wastewater volumes, wastewater characteristics and the characteristics of residuals 
produced during treatment or storage are important for understanding the potential impacts of 
management and disposal of hydraulic fracturing wastewater on drinking water resources. This 
section provides brief highlights on several important constituents known to exist in hydraulic 
fracturing wastewaters and residuals. Chapter 7 provides more in-depth detail on the chemistry of 
produced water, and Chapter 9 discusses reference values and health effects associated with 
hydraulic fracturing wastewater constituents.  

8.3.1 Wastewater 

Wastewater composition is the result of naturally-occurring constituents originating in the 
formation solids and fluids as well as chemicals associated with the fracturing fluid. Discussion in 
this chapter focuses on constituents in hydraulic fracturing wastewater for which adequate 
information is available to assess documented and potential impacts on drinking water resources. 
There may also be unknown constituents in wastewaters for which analyses have not been 
performed. This is due, in part, to a lack of information on fracturing fluid ingredients identified as 
confidential business information (CBI). In addition, there are uncertainties about how fracturing 
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fluid ingredients are degraded or removed in the subsurface. (See Chapter 5, Section 5.8 for a 
discussion of processes that can cause chemicals to degrade or transform in the subsurface.)  

8.3.1.1 Total Dissolved Solids and Inorganics 

Hydraulic fracturing wastewaters are generally high in total dissolved solids (TDS), especially those 
from shales and tight formations, with TDS values ranging from less than 1,000 mg/L to hundreds 
of thousands of mg/L (Section 7.3.4.4). The TDS in wastewaters from shale formations is typically 
dominated by sodium and chloride and may also include elevated concentrations of bromide, 
bicarbonate, sulfate, calcium, magnesium, barium, boron, strontium, radium, organics, and heavy 
metals (Chapman et al., 2012; Rowan et al., 2011; Blauch et al., 2009; Orem et al., 2007; Sirivedhin 
and Dallbauman, 2004).  

Within each formation, the minimum and maximum values presented in Section 7.3.4.4 suggest 
spatial variation in TDS content that may need to be accommodated when considering management 
strategies such as reuse or treatment. In contrast to shales and sandstones, TDS values for 
wastewater from CBM formations are generally lower, with reported concentrations ranging from 
approximately 150 mg/L to 62,000 mg/L (DOE, 2014b; Dahm et al., 2011) (Appendix Table E-3). 
This results in fewer treatment challenges and a wider array of management options.  

Constituents commonly found in TDS from hydraulic fracturing wastewaters may have potential 
health impacts or create treatment burdens on downstream drinking water systems if discharged 
at high concentrations to drinking water resources. Bromide, for example, can contribute to the 
increased formation of disinfection byproducts (DBPs) during drinking water treatment (Hammer 
and VanBriesen, 2012); see Section 8.5.1.  

8.3.1.2 Organics 

Less information is generally available about organic constituents in hydraulic fracturing 
wastewaters than about inorganic constituents, but there are now several studies reporting 
analyses of organic constituents (Chapter 7). The organic content in flowback waters can vary 
based on the chemical additives (e.g., biocides, antiscalants, gelling agents, breakers) used in 
hydraulic fracturing fluids and the chemistry of the formation, but the organics generally include 
polymers, oil and grease, volatile organic compounds (VOCs), and semi-volatile organic compounds 
(SVOCs) (Akob et al., 2016; Walsh, 2013; Hayes, 2009). Examples of other constituents detected 
include alcohols, naphthalene, acetone, and carbon disulfide, compounds that may be remnants of 
hydraulic fracturing fluid chemicals (Hayes and Severin, 2012b; Hayes, 2009) (Appendix E). 
Wastewater associated with CBM wells may have high concentrations of aromatic and halogenated 
organic contaminants potentially requiring treatment depending on how the wastewater will be 
managed (Pashin et al., 2014; Sirivedhin and Dallbauman, 2004). Concentrations of BTEX (benzene, 
toluene, ethylbenzene, and xylenes) in CBM produced waters are lower than in shale produced 
waters (Appendix Table E-9). 

New research is focusing on transformation products generated in the subsurface; experimental 
work by Kahrilas et al. (2015) suggests that the biocide glutaraldehyde can be present in 
wastewaters along with its transformation products. Low molecular weight organic acids such as 
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acetate, formate, and pyruvate have been detected in Marcellus wastewater, indicating microbial 
degradation of organic compounds in the fracturing fluid or formation (Akob et al., 2015).  

8.3.1.3 Radionuclides 

Radionuclides are constituents of concern in some hydraulic fracturing wastewaters, with most of 
the available data obtained for the Marcellus Shale in Pennsylvania (Appendix Table E-8). Results 
from a United States Geological Survey (USGS) report (Rowan et al., 2011) indicate that the 
predominant radionuclides in Marcellus Shale wastewater are radium-226 and radium-228. 
Radionuclides in produced fluids are considered ‘technologically enhanced naturally-occurring 
radioactive material’ (TENORM) because they have been exposed to the accessible environment.1  

Although data regarding radionuclides in wastewater from formations other than the Marcellus 
Shale are limited, there is information on the naturally occurring radioactive material (NORM) in 
the formations themselves.2 In particular uranium and thorium can be found in certain organic-rich 
black shales. High uranium content has been measured in the Marcellus, Barnett, Woodford, and 
other black shales (Swanson, 1955) (Section 7.3.4.6). Radium-226 and -228 are decay products of 
uranium and thorium and are soluble (Sturchio et al., 2001; Langmuir and Riese, 1985). Therefore 
wastewater from shales with high concentrations of uranium and thorium can contain radium, 
especially where TDS concentrations are also high (Rowan et al., 2011; Sturchio et al., 2001; Fisher, 
1998). Section 7.3.3.2 provides further information on radionuclides in produced waters and in 
formations. 

8.3.2 Constituents in Residuals 

Depending on the wastewater and the treatment processes used, treatment residuals can consist of 
sludges, spent media (used filter materials), or brines. Residuals may require further treatment 
(e.g., dewatering sludges) prior to disposal (see Section 8.4.7 for further discussion on management 
of residuals). Residuals can contain constituents such as total suspended solids (TSS), TDS, metals, 
radionuclides, and organics. These constituents will be concentrated in the residuals, with the 
degree of concentration depending on the type of treatment employed. Processes such as 
electrodialysis and mechanical vapor recompression have been found to yield residuals with TDS 
concentrations in excess of 150,000 mg/L after treating waters with influent TDS concentrations of 
approximately 50,000 – 70,000 mg/L (Hayes et al., 2014; Peraki and Ghazanfari, 2014).  

Also, TENORM in wastewaters can cause residual wastes to have gamma radiation emissions 
(Kappel et al., 2013). A laboratory study by Zhang et al. (2014b) estimated that the barium sulfate 
solids precipitated during treatment to remove barium and strontium from Marcellus Shale 
wastewater would also contain between 2,571 and 18,087 pCi/g of radium due to coprecipitation. 
Another similar study using mass balances calculated that sludge from a sulfate precipitation 

                                                            
1 Technologically Enhanced Naturally Occurring Radioactive Material (TENORM) is defined by the EPA as naturally 
occurring radioactive materials (NORM) that have been concentrated or exposed to the accessible environment as a result 
of human activities such as manufacturing, mineral extraction, or water processing. 
2 Naturally Occurring Radioactive Materials (NORM) are radioactive materials found in nature that have not been moved 
or concentrated by human activities. 
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process would have an average radium concentration of 213 pCi/g (Silva et al., 2012). In sludge 
from lime softening processes, Silva et al. (2012) estimated a radium-226 concentration of 58 
pCi/g, a level that would necessitate disposal as a low-level radioactive waste.  

8.4 Wastewater Management Practices and Their Potential Impacts on 
Drinking Water Resources 

Operators have several strategies for management of hydraulic fracturing wastewaters (Figure 
8-3), with the most common choice being disposal via Class IID wells (Veil, 2015; Clark et al., 2013; 
Hammer and VanBriesen, 2012). Other practices include reuse in subsequent hydraulic fracturing 
operations (with varying levels of treatment), treatment at a centralized waste treatment facility 
(CWT) (often followed by reuse), evaporation (in arid regions), irrigation (with no discharge to 
waters of the United States), and direct discharge for livestock or agricultural use (allowed west of 
the 98th meridian). Up until 2011, treatment of unconventional oil and gas wastewaters (as defined 
by PA DEP) at publicly owned treatment works (POTWs) was a common practice for wastewater 
management in the Marcellus region (Lutz et al., 2013); this is discussed further in Text Box 8-1. 

The methods shown in Figure 8-3 represent wastewater management strategies, not all of which 
would be used at the same facility. Descriptions of incidents of unpermitted disposal and resulting 
legal actions have also been publicly reported (Chapter 7). However, such events are not generally 
described in the scientific literature, and the prevalence of this type of activity is unclear. Additional 
sources of information about potential impacts exist, but some records are sealed (e.g., litigation 
records) and are not publicly accessible. 

 
Figure 8-3. Schematic of wastewater management strategies.  
Gray lines indicate management strategies that involve injection, either for reuse or disposal, and blue lines 
indicate management strategies that lead to other end points such as discharge, evaporation, landfills, or other 
uses.  
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Each of the wastewater management strategies can potentially lead to impacts on drinking water 
resources during some phase of their execution. Such impacts include, but are not limited to: 
accidental releases during transport (Chapter 7); discharges of treated wastewaters from CWTs or 
POTWs where treatment for certain constituents has been inadequate; migration of constituents to 
groundwater due to leakage from pits or land application of wastewaters; leakage from pits that 
reach surface waters (Chapter 7, Section 8.4.5); inappropriate management of liquid or solid 
residuals (e.g., leaching from landfills); or accumulation of constituents in sediments near outfalls of 
CWTs or POTWs that are treating or have treated hydraulic fracturing wastewater.1  

A reliable census of oil and gas wastewater management practices nationwide is difficult to 
assemble due to a lack of consistent and comparable data among states. In addition, we do not 
know how often operators use more than one wastewater management strategy at a site (e.g., 
evaporation and injection), further complicating the tracking of wastewater management. As part of 
a data survey conducted by Veil (2015), some state agencies provided estimates of oil and gas 
wastewater volumes handled by several management practices (Table 8-2). These estimates 
illustrate how widespread injection for both enhanced recovery and for disposal is for managing oil 
and gas wastewater. The data also show regional differences in reuse and other practices. For 
hydraulic fracturing wastewaters, Table 8-3 illustrates nationwide variability in the primary 
wastewater management methods using qualitative and quantitative sources. Similar to Table 8-2, 
Table 8-3 shows disposal via underground injection predominates in most regions, and reuse is 
predominant in the Marcellus Region. (Table 8-3 does not include wastewater management in areas 
of CBM production.)  

Management choices are affected by cost and a number of directly and indirectly related factors, 
including the chemical properties of the wastewater; the volume, duration, and flow rate of the 
wastewater generated; the feasibility of each option; the availability of necessary infrastructure; 
local, state, and federal regulations (Text Box 8-2); and operator discretion (U.S. GAO, 2012; NPC, 
2011a). The economics (such as transport, storage, and disposal costs) and availability of treatment 
and disposal methods are of primary importance (U.S. GAO, 2012). For wastewater composition, 
there is limited information on the degradation or removal of fracturing fluid ingredients in the 
subsurface. Chemical disclosure requirements vary among states, and some fracturing fluid 
ingredients are claimed to be CBI. Therefore, the possible presence of unknown chemical 
constituents in wastewater contributes to uncertainty about the effectiveness and potential impacts 
of management strategies, particularly with regard to treatment efficacy.  

1 The term surface water as used in this assessment refers to surface waters that meet the definition of waters of 
the United States under the CWA (House Bill No. 1950, 2011). 
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Table 8-2. Estimated percentages of wastewater managed by practice and by state. 
Source: Veil (2015). Estimates do not identify interstate transport (e.g., wastewater transported from PA to OH or WV for injection into disposal wells). Thus, 
there may have been some double counting of volumes in both the generating and receiving states. 

Management 
practice Percentage of produced water managed by practice and state 

AR CA CO NM ND OH OK PA TX UT WV WY 

Injection for 
enhanced oil 
recovery 

22 46 32 50 d 18 4.0 47 0 48 40 27 73 

Injection for 
disposal 76 20 32 50 d 56 91 47 12 37 47 25 27 

Surface 
discharge 0 2 10 no data 0 0 0 2.3 5.0 f 6 0 uncertain 

Evaporation 0 21 9.0 no data 0 0 0 0 0 0 uncertain 

Offsite 
commercial 
disposal 

0.1 a 9 5.7 c no data 26 
Included in 

injection 
for disposal 

6.0 e 0 10 e 7 g 28 h uncertain 

Beneficial 
reuse 1.1 b no data 12 b no data 0 5.0 0 

85 
(includes 
reuse for 

HF) 

Est. 15-20 
(flowback 

fluid) 
0.5 uncertain uncertain 

a Land farm.  
b Reuse for HF. 
c Pits. 
d Assumes even split with injection for enhanced oil recovery and injection for disposal. 
e Injection. 
f Fresh produced water. 
g Evaporation ponds. 
h Disposal wells. 
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Table 8-3. Management practices for wastewater from unconventional oil and gas resources.  
Source: U.S. EPA (2016d). 

Basin Formation 
Resource 
type Reuse 

Injection for 
disposal 

CWT 
facilities Notes 

Available 
datab 

Michigan Antrim Shale gas  XXX   Qualitative 

Appalachian 

Marcellus/Utica (PA) Shale gas XXX XX XX Limited disposal wells in east Quantitative 

Marcellus/Utica (WV) Shale gas/oil XXX XX X  Quantitative 

Marcellus/Utica (OH) Shale gas/oil XX XXX X  Mixed 

Anadarko 

Granite Wash Tight gas XX XXX Xa  Mixed 

Mississippi Lime Tight oil X XXX  Reuse/recycling limited but is being 
evaluated Qualitative 

Woodford, Cana, Caney Shale gas/oil X XXX Xa  Qualitative 

Arkoma Fayetteville Shale gas XX XX Xa Few existing disposal wells; new CWT 
facilities are under construction Mixed 

Fort Worth Barnett Shale gas X XXX Xa 
Reuse/recycle not typically used due to 
high TDS early in flowback and abundance 
of disposal wells 

Mixed 

Permian Avalon/Bone Springs, 
Wolfcamp, Spraberry 

Shale/tight 
oil/gas X XXX Xa  Mixed 

TX-LA-MS Salt Haynesville Tight gas X XXX  
Reuse/recycle not typically used due to 
high TDS early in flowback and abundance 
of disposal wells 

Mixed 

West Gulf Eagle Ford, Pearsall Shale gas/oil X XXX X  Mixed 

Denver Julesburg Niobrara Shale gas/oil X XXX X  Mixed 

Piceance; Green 
River Mesaverde/Lance Tight gas X XX X Also managed through evaporation to 

atmosphere in ponds in this region Qualitative 
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Basin Formation 
Resource 
type Reuse 

Injection for 
disposal 

CWT 
facilities Notes 

Available 
datab 

Williston Bakken Shale oil X XXX  Reuse/recycling limited but is being 
evaluated Mixed 

a CWT facilities identified in these formations are all operator-owned. 
b This column indicates the type of data the EPA based the number of Xs on. In most cases, the EPA used a mixture of qualitative and quantitative data sources along with 
engineering judgment to determine the number of Xs. 
XXX—The majority (≥50%) of wastewater is managed with this management practice; XX—A moderate portion (≥10% and <50%) of wastewater is managed with this 
management practice; X—This management practice has been documented in this location, but for a small (<10%) or unknown percent of wastewater. Blanks indicate the 
management practices have not been documented in the given location. 
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The availability and use of wastewater management strategies in a region can change over time as 
oil and gas production increases or decreases, regulations change, costs shift, and technologies 
evolve. Text Box 8-1 and Figure 8-4 illustrate shifting wastewater management practices in 
Pennsylvania as gas development in the Marcellus Shale increased and concerns over high-TDS 
discharges prompted a regulatory response. Reuse has increased substantially at well sites in 
Pennsylvania (labeled as “Reuse HF” in Figure 8-4) and wastewater management at CWTs has 
moved toward more facilities that provide wastewater for reuse and do not discharge (termed 
“zero-discharge facilities”). The estimated total reuse rate in Pennsylvania was 80% in 2012 and 
90% in 2013 (PA DEP, 2015a). In contrast, wastewater disposal data in areas of Colorado where 
hydraulic fracturing takes place show a steady use of injection wells, an increase in surface water 
discharges, and a decrease in the use of on-site pits for evaporation since 2000 (Figure 8-5).  

Another factor influencing reuse is the pace of hydraulic fracturing in the area. When hydraulic 
fracturing is active, demand for reuse is high. Some formations that are hydraulically fractured such 
as the Marcellus Shale and the Utica Shale are still in the early stages of development, with large 
potential resources not yet developed. For these plays, the need for wastewater treatment and/or 
reuse may remain high for decades to come, and the long-term wastewater management needs 
must be considered and addressed (SAFER PA, 2015).1  

Researchers have developed optimization models to aid in the minimization of wastewater 
management costs as a part of comprehensive water management planning. For example, Yang et 
al. (2014) suggest an approach for reusing flowback in scheduled hydraulic fracturing events to 
minimize the operational costs of transportation, treatment, storage, and wastewater disposal. 
Another modeling study proposes an approach to minimize the total cost of water usage and 
wastewater treatment and disposal by optimizing capital costs (such as the costs of treatment units 
and storage pits) and operating costs for flowback management, treatment, storage, reuse, and 
wastewater disposal (Lira-Barragan et al., 2016).  

Text Box 8-1. Temporal Trends in Wastewater Management – Experience of Pennsylvania.  

Gross natural gas withdrawals from shale formations in the United States increased 518% between 2007 and 
2012 (EIA, 2014b). This production increase has led to larger volumes of wastewater requiring appropriate 
management (Vidic et al., 2013; Gregory et al., 2011; Kargbo et al., 2010). The rapid increase in wastewater 
generated from hydraulically fractured oil and gas wells has led to many changes in wastewater disposal 
practices in the oil and gas industry. Changes have been most evident in Pennsylvania, which has experienced 
a more than 1,400% increase in natural gas production since 2000 (EIA, 2014b).  

Lutz et al. (2013) estimated that total wastewater generation in the Marcellus region increased 570% 
between 2004 and 2013. The authors concluded that this increase has created stress on the existing 
wastewater disposal infrastructure. In 2010, concerns arose over elevated TDS in the Monongahela River  

(Text Box 8-1 is continued on the following page.) 

                                                            
1 As noted in Chapter 3, oil and gas prices influence new drilling activity. However, the links between oil and gas prices 
and the generation of wastewater (as a byproduct of production) appear to be less direct.  
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Text Box 8-1 (continued). Temporal Trends in Wastewater Management – Experience of 
Pennsylvania  

basin, and studies linked high TDS (and, in particular, high bromide levels) to elevated DBP levels in drinking 
water systems (PA DEP, 2011a). In response, PA DEP amended Chapter 95 Wastewater Treatment 
Requirements under the Clean Streams Law for new discharges of TDS in wastewaters. This regulation is also 
informally known as the 2010 TDS regulation. The regulation disallowed any new direct discharges to 
streams as well as direct disposal at POTWs of hydraulic fracturing wastewater and set limits on treated 
discharges from new CWTs of 500 mg/L TDS, 250 mg/L chloride, 10 mg/L barium, and 10 mg/L strontium. 
Existing discharges were exempt.  

In April 2011, PA DEP announced a request that by May 19, 2011, gas drilling operators voluntarily stop 
transporting wastewater from shale gas extraction (i.e., unconventional resources as defined by PA DEP) to 
the eight CWTs and seven POTWs that were exempt from the 2010 TDS regulation.1 Follow-up letters from 
PA DEP to the owners of the wells specified that the role of bromides from Marcellus Shale wastewaters in the 
formation of total trihalomethanes (TTHM) was of concern due to the their potential public health impacts 
(PA DEP, 2011a).  

In response to the request, the oil and gas industry in Pennsylvania accelerated the switch of wastewater 
deliveries from POTWs to CWTs for better removal of metals and suspended solids (Schmidt, 2013). Effluent 
sampling at two POTWs that had accepted Marcellus Shale wastewater showed that concentrations of 
bromide, chloride, barium, strontium, and sulfate dropped after the April 2011 request (Ferrar et al., 2013); 
data based on two sampling events, one before and one after May 2011).  

Between early and late 2011, although reported wastewater production more than doubled, Marcellus Shale 
drilling companies in Pennsylvania reduced their use of CWTs that were exempt from the 2010 TDS 
regulation by 98%, and direct disposal of Marcellus Shale wastewater at POTWs was “virtually eliminated” 
(Hammer and VanBriesen, 2012).  

Along with the decreased discharges from POTWs, there has been increased reuse of wastewater in the 
Marcellus Shale region. From 2008-2011, reuse of Marcellus wastewater for hydraulic fracturing increased, 
POTW treatment volumes decreased, tracking of wastewater improved, and wastewater transportation 
distances decreased (Rahm et al., 2013). Maloney and Yoxtheimer (2012) analyzed data from 2011 and found 
that reuse of flowback increased to 90% by volume. Eight percent of flowback was sent to CWTs. Brine water, 
which was defined as formation water, was reused (58%), disposed via injection well (27%), or sent to CWTs 
(14%). Of all the fluid wastes in the analysis, brine water was most likely to be transported to other states 
(28%). Maloney and Yoxtheimer (2012) also concluded that wastewater disposal to municipal sewage 
treatment plants declined nearly 100% from 47,221 bbls in the first half of 2011 to 408 bbls in the second 
half.  

                                                            
1 An unconventional formation was defined in 2011 by the state of Pennsylvania as “A geological shale formation existing 
below the base of the Elk Sandstone or its geologic equivalent stratigraphic interval where natural gas generally cannot be 
produced at economic flow rates or in economic volumes except by vertical or horizontal wellbores stimulated by 
hydraulic fracture treatments or by using multilateral wellbores or other techniques to expose more of the formation to 
the wellbore.” The EPA defines unconventional oil and gas as crude oil and natural gas produced by a well drilled into a 
shale and/or tight formation (including, but not limited to, shale gas, shale oil, tight gas, and tight oil). For the purpose of 
the rule, the definition of UOG does not include CBM (U.S. EPA, 2016d). 
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Figure 8-4. Percentages of total unconventional wastewater (as defined by PA DEP) managed 
via various practices for the second half of 2009 through the first half of 2014.  
The volume sent to POTWs in 2013 was 0%. Note also that a majority of wastewater sent to CWTs is subsequently 
reused, so that when combined with “Reuse HF,” the total reuse rate was approximately 90% in 2013. “Reuse HF” 
indicates on-site reuse. Source: Waste data from PA DEP (2015a).  

Text Box 8-2. Regulations Affecting Wastewater Management. 

Regulations affect wastewater management options and vary geographically as well as over time. At the 
Federal level, the EPA has promulgated national technology-based regulations, known as effluent limitations 
guidelines and standards (ELGs), for the oil and gas extraction industry, which can be found in 40 U.S. Code of 
Federal Regulations (CFR) Part 435. These ELGs do not apply to CBM discharges which are subject to 
technology based limits developed by permit writers on a case-by-case “best professional judgment” basis. 
The Onshore subcategory of the oil and gas, ELGs 40 CFR 125.3, Subpart C, prohibits the discharge of 
wastewater pollutants to waters of the United States from onshore oil and gas extraction facilities, with one 
exception in the arid west as discussed below. This “zero-discharge standard” means that, unless the 
exception applies, oil and gas wastewater pollutants cannot be discharged directly to waters of the United 
States. Operators have met this requirement through underground injection, reuse, or transfer of wastewater 
to POTWs and/or CWTs. The EPA finalized a rule in June 2016 that would prohibit operators from sending 
wastewater from unconventional oil and gas extraction to POTWs. Operators can continue to send 
wastewater to CWTs, which are subject to regulation under a separate set of ELGs in 40 CFR Part 437.  

In addition, Subpart E of the oil and gas ELGs establishes an exception to the zero discharge standard west of 
the 98th meridian (the arid western portion of the continental United States), allowing discharges of 
produced water from onshore oil and gas extraction facilities to waters of the United States if the produced 
water has a use in agriculture or wildlife propagation when discharged into navigable waters. The term “use 
in agricultural or wildlife propagation” means that: (1) the produced water is of good enough quality to be 
used for wildlife or livestock watering or other agricultural uses; and (2) the produced water is actually put to 

(Text Box 8-2 is continued on the following page.) 
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Text Box 8-2 (continued). Regulations Affecting Wastewater Management. 

 such use during periods of discharge (40 CFR 135.51(c)). Produced water discharged under this exception 
must not exceed an oil and grease concentration of 35 milligrams per liter (mg/L). Subpart E does not allow 
for discharge from sources other than produced water (i.e., drilling muds, drill cuttings, produced sands) to 
waters of the United States. 

In addition to the technology-based limitations discussed above, the Clean Water Act (CWA) and the EPA’s 
implementing regulations also require that permits include more stringent limits as necessary to meet 
applicable water quality standards. CWA Section 301(b)(1)(C); 40 CFR 122.44(d)(1).  

 
Figure 8-5. Management of wastewater in Colorado in regions where hydraulic fracturing is 
being performed.  
See footnote for details on disposal codes.1 Production data from Colorado Oil and Gas Conservation Commission 
(COGCC, 2015). 

The following sections provide an overview of hydraulic fracturing wastewater management 
methods, with some discussion of the geographic and temporal variations in practices and their 
impacts on drinking water resources. In addition to currently used treatment and disposal 
methods, this section also briefly describes past treatment of hydraulic fracturing wastewater at 

                                                            
1 Codes for wastewater disposal from COGCC are described by Veil (2015) as follows: 
• Commercial disposal facility: water sent to commercial pits. 
• On-site pit: most water evaporates, or excess water is hauled to disposal wells. 
• Central disposal pit: Central facilities owned by a single producer to handle water from multiple wells (some 

recycled, much is injected). 
• Injected on lease: Injected into wells, roughly half for enhanced recovery. 
• Surface discharge: water is either fresh or treated to acceptable standards and discharged to surface water. 
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POTWs. More in-depth descriptions of treatment technologies applicable to hydraulic fracturing 
wastewater are available in Appendix F. 

8.4.1 Underground Injection 

Oil- and gas-related wastewater may be disposed of via Class II injection wells (disposal wells are 
referred to as Class IID whereas enhanced recovery wells are referred to as Class IIR) regulated by 
the UIC Program under the SDWA.1 Nationwide, injection wells receive a large percentage of 
wastewater from the oil and gas industry, including wastewater associated with hydraulic 
fracturing. Veil (2015) estimates that in 2012, U.S. oil and gas production from onshore wells 
generated over 863 billion gal (20.56 billion bbls or 3.27 trillion L) of produced water, and of that 
volume, information on management was available for 97%. The study estimated that about 93% 
was injected into Class II wells, with about 47% injected into Class IID wells and 46% injected into 
Class IIR wells.2  

The above national estimates are for the oil and gas industry as a whole. A good national estimate of 
the amount of hydraulic fracturing wastewater injected into Class II wells is difficult to develop due 
to lack of available information and data on injection of hydraulic fracturing wastewater. 
Management of hydraulic fracturing wastewater is not well tracked or made publicly available in 
many states (Pennsylvania being a notable exception). The local availability of Class IID wells along 
with generally low reuse rates, however, are consistent with Class IID wells being a primary means 
of wastewater management in many areas with hydraulic fracturing activity.  

According to recently released data from 2012 and 2013, there are about 26,400 active Class IID 
wells in the United States, with more than 65% of these located in Texas, Oklahoma, and Kansas 
(Table 8-4). In Pennsylvania, on the other hand, there are currently nine operating disposal wells, 
and only three of these are commercially operated wells (at one facility) (SAFER PA, 2015). The 
location and number of Class IID wells is in part determined by geology (including depth and 
permeability of geologic formations appropriate for injection), permitting, and historical demand 
for disposal of oil and gas wastewater. The large Class IID well capacity in Texas, for example, is 
consistent with the availability of formations with suitable geology and the demand for wastewater 
disposal associated with a mature and active oil and gas industry. In contrast, injection plays a 
relatively small role in Marcellus Shale wastewater management in Pennsylvania—about 10% in 
2013 and the first half of 2014 (PA DEP, 2015a).  

                                                            
1 States may be given federal approval to run a UIC program under SDWA. UIC Class II wells include those used for 
disposal (Class IID), enhanced oil recovery (Class IIR), and hydrocarbon storage (Class IIH).  
2 Because some states surveyed by Veil (2015) do not distinguish between volumes injected for disposal versus enhanced 
recovery, assumptions and analyses were used in the study to estimate the two types of injection in some states.  
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Table 8-4. Distribution of active Class IID wells across the United States.  
Data are primarily from 2012 and 2013. Source: U.S. EPA (2016d).  

Geographic region 
(from the EIA) State 

Number of active 
disposal wellsa 

Average disposal 
rate per well 
(gpd/well)b 

State disposal 
rate (MGD) 

Alaska Alaska 45 182,000 8.2 

East Illinois 1,054 —c —c 

 Michigan 772 16,200 13 

 Florida 14 246,000 3.4 

 Indiana 208 7,950 1.7 

 Ohio 190 8,570 1.6 

 West Virginia 64 6,970 0.45 

 Kentucky 58 4,650 0.27 

 Virginia 12 17,500 0.21 

 Pennsylvania 9 6,380 0.057 

 New York 10d 33.7 0.00034 

Gulf Coast/Southwest Texas 7,876 52,100 410 

 Louisiana 2,448 40,300 99 

 New Mexico 736 48,600 36 

 Mississippi 499 24,200 12 

 Alabama 85 53,300 4.5 

Mid-Continent Kansas 5,516 25,600 140 

 Oklahoma 3,837 35,900 140 

 Arkansas 640e 25,400 16 

 Nebraska 113 19,100 2.2 

 Missouri 11 2,270 0.025 

 Iowa 3 —c —c 

Northern Great Plains North Dakota 395 53,300 21 

 Montana 199 32,700 6.5 

 South Dakota 15 17,400 0.26 
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Geographic region 
(from the EIA) State 

Number of active 
disposal wellsa 

Average disposal 
rate per well 
(gpd/well)b 

State disposal 
rate (MGD) 

Rocky Mountains Wyoming 335 107,000 36 

 Colorado 292 48,800 14 

 Utah 118 83,400 9.8 

West Coast California 826 86,800 72 

 Nevada 10 54,600 0.55 

 Oregon 9 —c —c 

 Washington 1 —c —c 

Total  26,400 41,300 1,050 

Abbreviations: gpd—gal per day; MGD—million gal per day. 

a Number of active disposal wells is based primarily on data from 2012 to 2013. 
b Typical injection volumes per well are based on historical annual volumes for injection for disposal divided by the number of 
active disposal wells during the same year (primarily 2012 to 2013 data).  
c Disposal rates and volumes are unknown. 
d These wells are not currently permitted to accept extraction wastewater from production in unconventional reservoirs. 
e Only 24 of the 640 active disposal wells in Arkansas are in the northern half of the state, close to the Fayetteville Shale. 

The decision to inject hydraulic fracturing wastewater into Class IID wells depends in part on cost, 
including transportation costs. Therefore, the distance between the production well and a disposal 
well is an important consideration. For oil and gas producers, underground injection is a low cost 
management strategy unless significant trucking is needed to transport the wastewater to a 
disposal well (U.S. GAO, 2012). 

Evaluation of documented or potential impacts on drinking water resources associated with 
disposal at Class IID injection wells is outside of the scope of this assessment. However, disposal 
wells play a significant role in the overall management of hydraulic fracturing water nationwide, 
and their availability and capacity are integral factors in determining which wastewater 
management strategies are used by operators in a given region. Should the feasibility of managing 
wastewater via underground injection become limited or less economically advantageous, 
operators will need to adjust their wastewater management programs. They may evaluate and 
implement other local practices such as sending wastewater to a CWT for treatment and discharge 
or reuse.  

Recent events and studies, for example, have documented a link between wastewater injection and 
seismic activity in some locations in several states, including Oklahoma, Colorado, New Mexico, 
Arkansas, and Ohio (Weingarten et al., 2015; Wong et al., 2015). The Oklahoma Geological Survey 
(Andrews and Holland, 2015) “considers it very likely that the majority of recent earthquakes, 
particularly those in central and north-central Oklahoma, are triggered by the injection of produced 
water in disposal wells.” Walsh and Zoback (2015) correlated wastewater injection from 
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production wells (including hydraulically fractured wells) into Oklahoma’s Arbuckle formation to 
the steep increase in seismic events observed in that state. Farther west, in the Raton Basin of 
southern Colorado and northern New Mexico, Rubinstein et al. (2014) presented several lines of 
evidence linking injection well disposal of CBM produced water to seismic events. Horton (2012) 
attributed a swarm of earthquakes in Northern Arkansas to hydraulic fracturing wastewater 
injection, and in a study evaluating multiple states in the mid-continent region, Weingarten et al. 
(2015) demonstrated a relationship between Class II wells (including both Class IID and Class IIR 
wells) and seismicity.  

The local availability of Class IID wells and the capacity to accept large volumes of wastewater 
could be affected by these recent findings concerning seismic activity associated with injection (U.S. 
EPA, 2014c). Between 2011 and 2016, some state UIC programs modified their Class II wastewater 
injection regulations and permitting requirements. At least eight states (Arkansas, Colorado, 
Illinois, Kansas, Ohio, Oklahoma, Texas, and West Virginia) consider an assessment of seismicity in 
their Class II programs and have regulatory provisions for banning or shutting injection wells 
and/or modifying injection volumes and pressures if evidence indicates that a well is near a fault 
and/or is contributing to seismic activity.  

As an example, Oklahoma has recently taken steps to reduce the risk of induced seismicity by 
implementing a regional strategy intended to reduce wastewater injection in certain regions (OCC 
OGCD, 2016). These actions affect over 10,000 square miles and 600 wastewater injection wells in 
western and central Oklahoma. The measures are intended to reduce wastewater injection in the 
area by 40% below 2014 totals, which will affect wastewater management and disposal practices 
across this large area.1 

In terms of potential impacts on drinking water resources, Class IID facilities are subject to the 
same general considerations regarding wastewater storage and handling as other wastewater 
management sites and facilities (e.g., CWTs). Changes in surface water or groundwater quality due 
to general wastewater handling at these facilities may be another factor affecting wastewater 
management practices in some locations or regions. For example, Kell (2011) identified eight 
groundwater contamination incidents in Texas between 1993 and 2008 due to water releases from 
storage facilities associated with Class II well sites. A recent study by the United States Geological 
Survey documented impacts on surface water from hydraulic fracturing wastewater at a Class II 
disposal well site in central West Virginia (Akob et al., 2016). Water samples collected downstream 
from the facility were indicative of wastewater from hydraulic fracturing operations handled at the 
site. The authors documented elevated specific conductance and elevated TDS, sodium, chloride, 
barium, bromide, strontium, and lithium concentrations, and different strontium isotope ratios 
compared to those found in upstream, background waters. The study concluded that activities at 
the wastewater facility have affected water quality in a nearby stream. The pathways for the 
movement of wastewater into the local stream include several possibilities (e.g., leaks from storage 
ponds and tanks, transportation activities, previous site history).  

1 For additional information on strategies and initiatives regarding wastewater injection and inducted seismicity, see the 
following: KDHE (2014), States First Initiative (2014), and U.S. EPA (2014c). 
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8.4.2 Publicly Owned Treatment Works 

POTWs are designed to treat local municipal wastewater and indirect discharges from industrial 
users. POTWs are also used to treat wastewater and other wastes from oil and gas operations in 
some eastern states. Although this is not a common method of treatment for oil and gas 
wastewaters in the United States, the scarcity of injection wells for waste disposal in Pennsylvania 
drove the need for disposal alternatives (Wilson and Vanbriesen, 2012). When development of the 
Marcellus Shale began, POTWs were used to treat wastewater originating from these oil and gas 
wells (Kappel et al., 2013; Soeder and Kappel, 2009). However, elevated concentrations of 
constituents in wastewater from the Marcellus region (halides, heavy metals, organic compounds, 
radionuclides, and salts) can pass through the treatment processes commonly used in POTWs and 
be discharged to receiving waters (Cusick, 2013; Kappel, 2013; Lutz et al., 2013; Schmidt, 2013). In 
addition, sudden, extreme salt fluctuations can disturb POTW biological treatment processes 
(Linarić et al., 2013; Lefebvre and Moletta, 2006).  

The annual reported volume of oil and gas wastewater treated at POTWs in the Marcellus Shale 
region peaked in 2008 and has since declined significantly (Figure 8-6). As discussed in Text Box 
8-1, this was in response to an April 2011 request from PA DEP asking operators to cease sending 
Marcellus Shale wastewater to 15 POTWs and CWTs that were exempt from the 2010 TDS 
regulation (Rahm et al., 2013). Although operators complied with the request in May 2011, non-
Marcellus oil and gas produced water continued to be processed at these facilities (Ferrar et al., 
2013; Lutz et al., 2013; Wilson and Vanbriesen, 2012).1 In August 2016, the EPA finalized 
pretreatment standards prohibiting discharges of unconventional wastewater pollutants to POTWs 
(U.S. EPA, 2016d).  

 
Figure 8-6. Oil and gas wastewater volumes discharged to POTWs from 2001-2011 in the 
Marcellus Shale. (“Conventional” is indicated by the authors as non-Marcellus wells and 
described as vertically drilled to shallower depths in more porous formations.)  
Due to an unrecoverable data loss at the PA DEP, records for 2007 were not available. Source: Lutz et al. (2013). 
                                                            
1 POTWs in Pennsylvania have likely been accepting waste considered conventional by Pennsylvania but unconventional 
by others based on the EPA’s broader definition (Text Box 8-1).  
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8.4.3 Centralized Waste Treatment Facilities  

A CWT facility is generally defined as one that accepts industrial materials (hazardous or non-
hazardous, solid, or liquid) generated at another facility (off-site) for treatment or recovery (EPA, 
2000). (Wastewater may also be treated at on-site mobile or semi-mobile facilities; see Appendix F 
for additional information.) The decision to treat hydraulic fracturing wastewater at a CWT and the 
level of treatment used depends upon several factors, such as a lack of proximity to Class II disposal 
wells; whether the wastewater might be reused for additional hydraulic fracturing jobs; the water 
quality needed if it will be reused; whether the treated wastewater can be discharged under the 
Subpart E agricultural and wildlife use exception in the arid west; and the water quality needed if it 
will be discharged to the waters of the United States. As a group, CWTs that accept oil and gas 
wastewater offer a wide variety of treatment capabilities and configurations (Text Box 8-3 and 
Appendix F). 

Text Box 8-3. Wastewater Treatment Processes.  

The constituents prevalent in hydraulic fracturing wastewater include TDS, TSS, radionuclides, organic 
compounds, and metals (Section 8.3 and Chapter 7). If the ultimate disposal or use of the wastewater 
necessitates treatment, a variety of technologies can be employed to remove or reduce these constituent 
concentrations.  

The most basic treatment needed for oil and gas wastewaters, including those from hydraulic fracturing 
operations, is separation to remove TSS and oil and grease. This is accomplished through separation 
technologies including settling, skimming, hydrocyclones, dissolved air or induced gas flotation, media 
filtration, or biological aerated filters (Igunnu and Chen, 2014; Duraisamy et al., 2013; Barrett, 2010; 
Shammas, 2010). 

Other treatment processes that may be used include media filtration after chemical precipitation for hardness 
and metals (Boschee, 2014); adsorption technologies for organics, heavy metals, and some anions (Igunnu 
and Chen, 2014); a variety of membrane processes (microfiltration, ultrafiltration, nanofiltration, reverse 
osmosis (RO)); and distillation technologies for metals and organics (Drewes et al., 2009).  

Advanced processes, such as RO, or distillation methods, such as mechanical vapor recompression (MVR), are 
needed if the system requires significant reduction in TDS (Drewes et al., 2009; LEau LLC, 2008; Hamieh and 
Beckman, 2006). However, RO is typically only capable of treating TDS concentrations less than 35,000 mg/L 
(Shaffer et al., 2013), whereas distillation can effectively treat higher TDS waters (Hayes et al., 2014; Drewes 
et al., 2009). Extremely high TDS waters may require a series of advanced treatment processes, which can be 
very costly.  

An emerging technology in hydraulic fracturing wastewater treatment is electrocoagulation, which has been 
used in mobile treatment systems to remove organics, TSS, and metals (Halliburton, 2014; Igunnu and Chen, 
2014).  

Appendix F provides more in-depth descriptions of technologies used to treat for hydraulic fracturing 
wastewaters and the constituents they remove. Also, Appendix Table F-4 provides an overview of influent 
and effluent results and removal percentages for constituents of concern at oil and gas treatment facilities 
reported in the literature (both conventional and unconventional) and the specific technology(ies) used to 
remove them. Section 8.4.7 discusses solid and liquid residuals, including treatment-related wastes.  

WG Ex. 34

1547

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2421058
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2421058
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2772910
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2772900
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2772989
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2772986
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2390663
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2772910
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2772910
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2142630
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2142630
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2818745
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2819248
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2819248
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1937562
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2421929
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2142630
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2142630
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2525900
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2772910
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2772910


Chapter 8 – Wastewater Disposal and Reuse 

 

 

8-29 

The treated effluent from a CWT can be reused in hydraulic fracturing operations (also called zero-
discharge), discharged directly to a receiving water under a National Pollutant Discharge 
Elimination System (NPDES) permit, discharged indirectly to a POTW, or a combination of these. 
Some CWTs may be configured so that they can either (1) partially treat the waste stream to suit 
the needs of operators who reuse it or (2) use more advanced treatment (i.e., TDS removal) if the 
treated wastewater will be discharged. Generally, the former option is less costly for the CWT, and 
some facilities that have permits to discharge do not do so continuously, opting to direct as much of 
the wastewater as possible for reuse. There are also CWTs permitted to discharge that do not have 
TDS removal capabilities. However, these facilities must still meet TDS discharge limits specified by 
their state. Appendix F contains additional information on treatment configurations, including 
examples of processes at several facilities treating oil and gas wastewater.  

Facilities discharging treated wastewater to waters of the United States or POTWs are regulated 
under the Clean Water Act (CWA). For zero-discharge facilities, some states, including Pennsylvania 
and Texas, have adopted regulations to control permitting of these facilities or to encourage 
treatment and reuse. The PA DEP issues permits that allow zero-discharge CWTs to treat and 
release water back to oil and gas industries for reuse (see the Eureka Resources Facility in 
Williamsport, PA listed in Appendix Table F-6 as an example of a zero-discharge facility).1  

In developing this assessment, we looked at NPDES permit information for several CWTs in the 
eastern United States treating wastewater from the Marcellus region and one near the Fayetteville 
Shale in Arkansas. The facilities include those with and without TDS removal capabilities, and some 
are undergoing upgrades to implement TDS removal. Some of the permits reviewed for this 
assessment are current, and others are expired and may be in the process of renewal. The permits 
require monitoring (with or without limits) for a range of constituents that may include chloride, 
TDS, TSS, total strontium, total barium, oil and grease, heavy metals, 5-day biological oxygen 
demand (BOD5), and a range of organic compounds (e.g., phenol, cresol, BTEX, phthalates), with the 
specific constituents varying by permit. Sample types for the facilities are generally 24-hour 
composites. The newer permits set limits for several important constituents such as chloride, TDS, 
TSS, total barium, total strontium, oil and grease, and a number of heavy metals. Bromide is 
generally either not included or is required to be reported but with no limit specified. However, 
limits on TDS will reduce bromide concentrations. Some permits require monitoring for total 
radium, uranium, and gross alpha, but no limits are specified. Note that these facilities do not 
necessarily discharge consistently because treated wastewater can be sent for reuse.  

Although there are CWTs serving hydraulic fracturing operations throughout the country, the 
majority serve Marcellus Shale operations in Pennsylvania (Boschee, 2014). Of the 74 CWT facilities 
identified by the EPA (U.S. EPA, 2016d) as having accepted or having the ability to accept hydraulic 
fracturing wastewater (not counting facilities treating CBM wastewater), 40 are located in 
Pennsylvania (Table 8-5). Most are zero-discharge facilities, and many do not have treatment 
processes for TDS removal. Although several Pennsylvania facilities are permitted to discharge, 
Wunz (2015) found few that currently discharge (two CWTs in Pennsylvania, one in West Virginia, 

                                                            
1 The facility is also permitted for indirect discharge to the Williamsport Sewer Authority. 
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Table 8-5. Number, by state, of CWT facilities that have accepted or plan to accept wastewater from unconventional oil and gas 
activities.  
Source: U.S. EPA (2016d). 

State Unconventional  
formation(s) served 

Zero discharge CWT 
facilitiesa 

CWT facilities that discharge 
to a surface water or POTWa 

CWT facilities with multiple 
discharge optionsa 

Total known 
facilities 

  
Non-TDS 
removal 

TDS 
removal 

Non-TDS 
removal 

TDS  
removal 

Non-TDS 
removal 

TDS  
removal  

AR Fayetteville 2 0 0 0 0 1 3 

CO Niobrara, Piceance Basin 3 (1) 0 0 0 0 0 3 

ND Bakken 0 1 (1) 0 0 0 0 1 

OH Utica, Marcellus 10 (7) 0 1 0 0 0 11 

OK Woodford 2 0 0 0 0 0 2 

PA Utica, Marcellus 22 7(3) 8 0 0 3 (1) 40 

TX Eagle Ford, Barnett, Granite Wash 1 3 0 0 0 0 4 

WV Marcellus, Utica 4 (2) 0 0 0 1 1 6 

WY Mesaverde and Lance 0 2 0 0 0 2 4 

Total  44 13 9 0 1 7 74 
a Information is current as of 2014; it is possible that since 2014, some listed CWT facilities have closed and/or new CWT facilities not listed have begun operation. The number 
of facilities includes those that have not yet opened but are under construction, pending permit approval, or are in the planning stages. Facilities that are not accepting hydraulic 
fracturing wastewater but plan to accept it in the future are noted parenthetically and not included in the sum of total known facilities. Facilities handling CBM wastewater are 
not represented here. 
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and one in Ohio). According to EPA research (U.S. EPA, 2016d), the number of CWT facilities serving 
operators in the Marcellus and Utica Shales has increased since the mid-2000s, growing from 
roughly five in 2004 to over 40 in 2013. A similar trend has been noted for the Fayetteville Shale 
region in Arkansas, where there are fewer Class IID injection wells compared to the rest of the state 
(U.S. EPA, 2016d). 

In other regions, a small number of newer facilities have emerged in the last several years, most 
often with TDS removal capabilities. In Texas, for example, two zero-discharge facilities with TDS 
removal capabilities are available to treat wastewater from the Eagle Ford Shale (beginning in 2011 
and 2013), and one zero-discharge facility with TDS removal is located in the Barnett Shale region 
(operational since 2008). In Wyoming, there are four facilities in the region of the Mesaverde/Lance 
formations that started operating between 2006 and 2012. Two are zero-discharge facilities, and 
two have multiple discharge options; all are capable of TDS removal (U.S. EPA, 2016d). 

Few states maintain a comprehensive list of CWT facilities, and the count provided by the EPA (U.S. 
EPA, 2016d) includes facilities that do not currently but plan to accept wastewater from 
unconventional formations. Therefore, the data in Table 8-5 do not precisely reflect the number of 
facilities currently handling hydraulic fracturing wastewaters. Other sources indicate either use of, 
or interest in, development of treatment facilities in other regions such as the Barnett Shale region 
(Hayes and Severin, 2012b), the Fayetteville (Veil, 2011), and other areas in Texas and Wyoming 
(Boschee, 2014, 2012). In addition, news releases and company announcements indicate that other 
wastewater treatment facilities are being planned (Greenhunter, 2014; Geiver, 2013; Purestream, 
2013; Alanco, 2012; Sionix, 2011).  

Use of specific types of CWTs has and will continue to shift due to drivers such as availability and 
cost of other disposal options (e.g., disposal wells), operator demand for reuse and the associated 
quality needed, developments in treatment, treatment costs, and regulatory changes. Practices in 
Pennsylvania over the last several years provide such an example. Between 2010 and 2013, the 
percentage of Marcellus wastewater treated at CWTs dropped from 52% to 20% (Figure 8-4), and 
the percentage of wastewater reused on-site rose to 65%, reflecting a shift in practice among 
operators. Among the percentage of the wastewater sent to CWTs, the portion sent to zero-
discharge facilities for subsequent reuse rose from 10% to 65%. This is consistent with an 
increased emphasis on reuse in Pennsylvania. (See Section 8.4.4 for a discussion on reuse as a 
waste management practice.)  

8.4.3.1 Relationship to Potable Surface Waters  

Figure 8-7 shows the relationship between Pennsylvania potable water supplies and the CWTs that 
lie in their upstream watersheds. These surface waters, including streams, rivers, and waterbodies 
(e.g., lakes and reservoirs) have been evaluated by the PA DEP for attainment of a designated use of 
potable water supply as per the CWA Section 305(b) reporting and Section 303(d) listing. Ninety-
four percent of the waterbodies and 98% of the streams and rivers were attaining their designated 
use in 2016. These stream segments may or may not currently have intakes for drinking water 
treatment plants. The map also shows the locations and types of CWTs that either currently accept 
unconventional oil and gas wastewater (as defined by PA DEP) or have accepted such wastewater 
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Figure 8-7. Map showing Pennsylvania surface water designated as potable water supplies and upstream CWTs.  
Surface waters are colored orange to red to indicate the number of CWTs located in the upstream watershed. Blue surface waters have no upstream CWTs, 
and light gray lines show those not designated as potable water supplies. Symbols show the locations of CWTs that currently accept or have accepted 
unconventional oil and gas wastewater. Data sources: U.S. EPA (2016d), U.S. EPA (2016f), and PA DEP (2016b).
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within approximately the last five years.1 CWTs represented include both dischargers (direct and 
indirect) as well as zero-discharge facilities. For some facilities, we were not able to determine if the 
facility was zero-discharge or if it has a NPDES permit. The surface waters have been color-coded to 
indicate the number of CWTs that are located upstream. Darker red indicates more CWTs located in 
the upstream watershed, while blue indicates no upstream CWTs. Softer grey lines show portions of 
the stream network not designated for potable water supply. The thickness of the line indicates the 
size of the stream or river, categorized by the “stream order” designation. 

The map provides a general illustration of how CWTs are situated within catchments in 
Pennsylvania, showing their spatial and general hydrologic relationships to streams that can serve 
as potable water supplies. The map shows that a given stream or waterbody may have a number of 
CWTs upstream, potentially contributing to combined impacts on surface water if there are spills or 
inadequately treated discharges. Note that the upstream catchment areas are large for the major 
rivers. Therefore, some rivers, such as the Ohio or Susquehanna, have as many as 15 or 16 
upstream CWTs, although most are located far away. The map does not represent the effects of 
dilution on either discharges or spills; such an evaluation would necessitate currently unavailable 
data required to do a complete analysis of water quality. Note that many of the CWTs are zero-
discharge facilities, and those that are permitted to discharge may do so intermittently. However, 
the storage and handling of wastewater at CWTs could impact nearby surface water through leaks 
and spills.  

To more completely place these facilities in a watershed context, other types of discharges that 
could be occurring upstream should be taken into consideration. Impacts from hydraulic fracturing 
wastewater may be more problematic if there are additional pollutant sources within the 
watershed, increasing the cumulative effects of discharges and spills. For example, an EPA source 
apportionment study (U.S. EPA, 2015o) evaluated the relative contributions of bromide, chloride, 
nitrate, and sulfate from CWTs primarily treating hydraulic fracturing wastewater to the Allegheny 
River Basin and to two downstream public water system intakes. The study considered that the 
Allegheny River and its tributaries also receive runoff and discharges from an array of sources that 
include acid mine drainage and mining operations, coal-fired electric power stations, industrial 
wastewater treatment plants, and POTWs. It was concluded that CWTs treating oil and gas 
wastewater and coal-fired power plants with flue gas desulfurization were the primary 
contributors of bromide and chloride at the intakes (see Section 8.5.1 for further discussion), while 
nitrate and sulfate contributions were from POTWs and Acid Mine Drainage (U.S. EPA, 2015o). 

8.4.3.2 Potential Impacts from CWTs 

The potential impacts of managing hydraulic fracturing wastewater at CWTs depend on whether 
the CWT adequately treats for constituents of concern prior to discharge to surface water or a 
POTW, and whether treatment residuals are managed appropriately. Historically, CWTs have not 

1 The list of CWTs used to develop this map is based on best available data, including information in the technical 
development document supporting the new EPA unconventional oil and gas effluent limitation guidelines (U.S. EPA, 
2016d) as well as data from PA DEP waste records. This information was supplemented with other publicly available 
descriptions of the facilities. The information may, however, not be complete, and the symbols may not definitively reflect 
the discharge status of a facility. 
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included processes to treat for constituents that are difficult to remove, such as the high 
concentrations of TDS found in wastewater from unconventional reservoirs. As a result, impacts on 
drinking water resources have included increased suspended solids and chloride concentrations 
downstream of discharging facilities that were accepting hydraulic fracturing wastewater 
(Olmstead et al., 2013) and elevated bromide concentrations and radium concentrations in CWT 
effluent (Warner et al., 2013a); see Sections 8.5.1 and 8.5.2. In addition, spills and leaks can occur in 
pits or impoundments associated with the storage of treated wastewater at CWTs (impacts related 
to spills and leaks from pits and impoundments are discussed in Section 8.4.5). Wastewater being 
transported by truck or pipeline to and from a CWT can also present a vulnerability for spills or 
leaks (Easton, 2014) (Chapter 7). 

While selection of appropriate treatment processes is critical for CWTs that discharge to surface 
waters, there are also two important issues related to completeness of treatment that can have an 
impact. First, there may be unknown constituents in the wastewater. The effectiveness of treatment 
cannot be evaluated for constituents for which the wastewater has not been tested. This makes it 
challenging to know the degree to which effluent from a CWT is protective of public health. Second, 
even an efficient treatment process may not be able to reduce the concentrations of some 
constituents to levels that allow for discharge to a drinking water resource if influent 
concentrations are so high that they exceed the capabilities of the treatment technology(ies) to 
meet those discharge limits. For example, a facility described by Kennedy/Jenks Consultants (2002) 
removed a high percentage of boron (88%), but the effluent concentration of 1.9 mg/L (average 
influent concentration of 16.5 mg/L) was not low enough to meet California’s action level of 1 
mg/L. Thus, the influent concentration must be considered together with removal efficiency to 
determine whether the effluent quality will meet the requirements dictated by end use or by 
regulations.

Relatively few studies describe the ability of individual treatment processes to remove constituents 
from hydraulic fracturing wastewater. For this assessment, simple estimated effluent 
concentrations were calculated for several combinations of unit treatment processes, wastewater 
constituents, and influent concentrations (details are given in Appendix Table F-3). The purpose of 
the analysis was to illustrate the relative capabilities of a number of treatment processes and not to 
represent a complete treatment system. As an example, the estimates suggest that if wastewater 
contains radium with a concentration in the thousands of pCi/L, a 95% removal rate with chemical 
precipitation may result in an effluent that exceeds 100 pCi/L. Treatment of the same wastewater 
via distillation or reverse osmosis could result in effluent concentrations in the tens of pCi/L. This 
analysis suggests that attention should be paid to the capabilities of a planned treatment system for 
the full range of anticipated wastewater compositions.  

To gain a better understanding of impacts, the USGS has conducted sampling for a wide array of 
water quality parameters in surface water and groundwater in the Monongahela River Basin in 
West Virginia to establish baseline water-quality conditions (Chambers et al., 2014). Future water 
quality sampling can be compared to this baseline to assess impacts from hydraulic fracturing 
activities. To address past impacts, Pennsylvania, having experienced water quality impacts on 
receiving streams due to discharges of high-TDS effluent modified their regulations to address 
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these issues by setting water quality standards for CWT dischargers (Mauter and Palmer, 2014; 
Shaffer et al., 2013). (See Text Box 8-1.)  

8.4.4 Wastewater Reuse for Hydraulic Fracturing 

The reuse of hydraulic fracturing wastewater for subsequent hydraulic fracturing operations has 
increased in some regions of the country in recent years (Boschee, 2014, 2012; Gregory et al., 2011; 
Rassenfoss, 2011).1 This practice is driven by factors that include cost (including treatment costs), 
the lack of availability of other management options (e.g., Class II disposal wells), and changes to 
state regulations (Boschee, 2014; Shaffer et al., 2013). Wastewater quality is a consideration; some 
constituents pose challenges for reuse and may necessitate treatment. For example, high 
concentrations of barium and sulfate can lead to scaling, and the presence of some constituents in 
wastewater can hinder crosslinking (Akob et al., 2016; Boschee, 2014). Hydraulic fracturing fluid 
formulations that can use high TDS waters (e.g., as high as 150,000 mg/L to over 300,000 mg/L) 
facilitate reuse with minimal treatment (Boschee, 2014; Mauter and Palmer, 2014). See Chapter 5 
for more information regarding the chemical composition of hydraulic fracturing fluids and 
Appendix F for more discussion of considerations for reuse.  

Reuse can be accomplished by blending either untreated or minimally treated hydraulic fracturing 
wastewater with fresh water to lower the TDS content (Boschee, 2014). Wastewater may be reused 
at a site with multiple wells, eliminating the need for transport to a CWT (Lester et al., 2015; Easton, 
2014). Alternatively, wastewater can be treated at a CWT and then taken by operators for mixing 
with other water sources for reuse (Easton, 2014). Flowback may be preferable to later-stage 
produced water for reuse because of its lower TDS concentration. Also, it is typically generated in 
larger quantities from a single location as opposed to water produced later on, which is generated 
in smaller volumes over time from many different locations (Barbot et al., 2013; Maloney and 
Yoxtheimer, 2012). Reuse can reduce the costs associated with water acquisition and produced 
water management. Such economic and logistical benefits can be expected to inform ongoing 
wastewater management decisions. 

Costs can be the most significant driver for reuse. For example, the costs of transporting 
wastewater from the generating well to the treatment facility and then to the new well can be 
weighed against the costs for transport to alternative locations (e.g., a disposal well). Trucking large 
quantities of water can be relatively expensive—from $0.01 to $0.19 per gallon ($0.50 to $8.00 per 
bbl)—rendering on-site treatment technologies and reuse economically competitive in some 
settings (Dahm and Chapman, 2014; Guerra et al., 2011). Reuse rates may also be driven by 
wastewater production rates compared to the demand for reuse, with both production and demand 
increasing in a region if more wells go into production or decreasing as plays mature (Lutz et al., 
2013; Hayes and Severin, 2012b; Slutz et al., 2012). Other logistics to consider include proximity of 
the water sources for aggregation and sequencing of completion schedules (Mauter and Palmer, 

                                                            
1 Reused hydraulic fracturing wastewater is discussed in Chapter 4 of this report (Water Acquisition) as well as in this 
chapter, though in a different context. The wastewater reuse rate described in this chapter is the amount or percentage of 
generated hydraulic fracturing wastewater that is managed through use in subsequent hydraulic fracturing operations. In 
contrast, Chapter 4 discusses reused wastewater as a source water and as one part of the base fluid for new fracturing 
fluid.  
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2014). A small survey by Mauter and Palmer (2014) indicates that the scheduling of well 
completions is complex, requiring optimization of labor, contractual issues, equipment usage, and 
water storage capacity among other factors. Boschee (2014) notes that in the Permian Basin, older 
conventional wells are linked by pipelines to a central disposal facility, facilitating movement of 
treated water to areas where it is needed for reuse. Companies drilling fewer wells or located in 
more remote areas may find reuse difficult because of challenges in consolidating wastewater from 
their wells or accessing wastewater from centralized facilities.  

Regulations may also encourage reuse. For example, in 2013, the Texas Railroad Commission 
adopted rules eliminating the need for a permit when operators reuse on their own lease or 
transfer the fluids to another operator for reuse (Rushton and Castaneda, 2014). Any information 
on wastewater management practices in Texas that becomes available for the years after 2013 will 
allow evaluation of whether reuse has in fact increased. 

A summary of reuse practices throughout the United States is hampered by the limited amount of 
data available for many regions of the country. However, current data indicate that extensive reuse 
takes place in the Marcellus region. Several studies using data from PA DEP data show that total 
reuse rates of oil and gas wastewater in Pennsylvania have risen over the last several years to 
between 85 and 90% (Table 8-6). This includes wastewater sent to CWTs to treat for reuse as well 
as reuse at the well sites without transfer to a CWT (labeled as “Reuse HF” in Figure 8-4). In 
particular, reuse of Marcellus wastewater at well sites in Pennsylvania has risen from about 8% in 
the second half of 2010 to nearly 70% in the first half of 2014 (PA DEP, 2015a). Schmid and 
Yoxtheimer (2015) report more recent data stating that in 2014, approximately 85% of Marcellus 
hydraulic fracturing wastewater was reused. Of that amount, 78% occurred on-site, and 22% was 
via CWTs. 

Table 8-6. Estimated percentages of reuse of hydraulic fracturing wastewater. 

Play or basin Source and year 2008 2009 2010 2011 2012 2013 2014 

East Coasta 

Marcellus, PA Rahm et al. (2013) 9 8 25 – 48 67 – 80 

Marcellus, PA Ma et al. (2014) 15 - 20 90 

Marcellus, PA Shaffer et al. 
(2013) 

90 

Marcellus, PA Schmid and 
Yoxtheimer (2015) 85 

Marcellus, PA Hansen et al. 
(2013) 9 6 20 56 

Marcellus, PA Maloney and 
Yoxtheimer (2012) 

71.6 

Marcellus, PA Tiemann et al. 
(2014) 

72 87 
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Play or basin Source and year 2008 2009 2010 2011 2012 2013 2014 

Marcellus, PA Rassenfoss (2011) 

~67 
(general 

estimate) 
96 (one 

company) 

Marcellus, PA Wendel (2011) 75-85 90 

Marcellus, PA Lutz et al. (2013) 13 (prior to 2011) 56 

Marcellus, PA 
(SW region) Rahm et al. (2013) ~10 ~15 ~25-45 ~70-80 

Marcellus, PA 
(NE region) Rahm et al. (2013) 0 0 ~55-70 ~90-100 

Marcellus, WV Hansen et al. 
(2013) 88 73 65 (partial 

year) 

Gulf Coast and Midcontinent 

Fayetteville Veil (2011) 

20 (single 
company 

target) 

Barnett 
Rahm and Riha 
(2014), Nicot et al. 
(2012) 

5 (general 
estimate – 

appears 
to cover 
recent 
years) 

Eagle Ford Nicot and Scanlon 
(2012) 

0 

20 
(estimate 
based on 

interviews) 

East Texas Nicot and Scanlon 
(2012) 

5 

Haynesville Horner et al. 
(2014) 0 

Haynesville Rahm and Riha 
(2014) 

5 (general 
estimate – 

appears 
to cover 
recent 
years) 
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Play or basin Source and year 2008 2009 2010 2011 2012 2013 2014 

West Coast and Upper Plains 

Denver-
Julesburg 
(Weld County), 
CO 

Sumi (2015) 54 (flow-
back only) 

Bakken Horner et al. 
(2014) 0 

a Studies focusing on the Marcellus Shale use waste data reports from PA DEP. 

Reuse in the Marcellus region is higher in the northeastern part of Pennsylvania than in the 
southwestern portion where easier access to Class IID wells in Ohio makes disposal by injection 
more feasible (Rahm et al., 2013). Outside of the Marcellus region, reuse rates are lower. Ma et al. 
(2014) note that only a small amount of reuse is occurring in the Barnett Shale. Reuse has not yet 
been pursued aggressively in New Mexico or in the Bakken (North Dakota) (Horner et al., 2014; 
LeBas et al., 2013). Other sources, however, indicate growing interest in reuse, as evidenced in 
specialized conferences (e.g., “Produced Water Reuse Initiative 2014” on produced water reuse in 
Rocky Mountain oil and shale gas plays), and available state-developed information on reuse (e.g., 
fact sheet by the Colorado Oil and Gas Conservation Commission) (Colorado Division of Water 
Resources et al., 2014).  

If hydraulic fracturing activity slows in an area that is currently reusing wastewater, demand for 
the wastewater may decrease and wastewater management practices may shift. Analysis by Wunz 
(2015) and data in Figure 8-1 suggest a decline in wastewater production in Pennsylvania. Wunz 
(2015) also notes that in the future, there could be a trend of more wastewater coming from late-
stage produced water and less from flowback as more wells are in the production phase and fewer 
wells are being fractured. If the demand drops relative to production due to fewer wells being 
drilled and fractured, then the “excess” produced water will need to be managed by other means. 
Alternatives to reuse may include increased transport to disposal wells (e.g., those in Ohio), 
development of more disposal wells in Pennsylvania, or advanced treatment and discharge to 
surface water via CWTs that have TDS removal capabilities (SAFER PA, 2015; Wunz, 2015; Silva et 
al., 2014a).  

8.4.4.1 Potential Impacts from Reuse 

For companies employing reuse as a wastewater management strategy, surface spills and leaks can 
occur during wastewater transport to and from a treatment facility or from storage tanks/pits 
located at the treatment facility or at the well site. Releases may be due to failed infrastructure such 
as tank or pipe ruptures, from natural disasters such as floods or earthquakes, or incidents such as 
overfills, improper operations, or vandalism (CCST, 2015a; NYSDEC, 2011). If the spill or leak is not 
contained or otherwise mitigated, these releases could reach groundwater or surface water   
(CCST, 2015a; NYSDEC, 2011). See Chapter 7 for more discussion on types of spills associated with 
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hydraulic fracturing activities, including storage and transport. See Section 8.4.5 for discussion of 
storage pits and associated impacts on drinking water resources.  

With reuse there is the potential for accumulation of dissolved solids such as salts and TENORM in 
the wastewater over successive reuse cycles (see Section 7.3.4.6 and Section 8.5.2 for more 
information about TENORM). Because wastewater is often reused with minimal treatment, 
constituents resulting from time spent in the subsurface remain in the wastewater and can increase 
during additional hydraulic fracturing. This potentially concentrated wastewater can pose a bigger 
issue if a breach occurs in an on-site pit or tank storing this wastewater while awaiting reuse 
(Section 8.4.5; Chapter 7). 

The issue of concentrating contaminants during reuse has not yet been quantitatively evaluated in 
the literature. Also, it is not known how much this problem would be mitigated due to the dilution 
of wastewater when reused as new fracturing fluid. Estimates of the percentages of reused 
wastewater in new fracturing fluids in Pennsylvania range from about 2% in 2009 to as much as 
22% in 2013 (SRBC, 2016; Schmid and Yoxtheimer, 2015) (Chapter 4). However, data from 
Pennsylvania’s TENORM study (PA DEP, 2015b) showed radium in some hydraulic fracturing fluids, 
presumably from a reused wastewater component. As reused wastewater continues to accumulate 
contaminants, the water will eventually need to be managed, either through treatment or injection.  

8.4.5 Storage and Disposal Pits and Impoundments 

The use of pits and impoundments as part of a wastewater management strategy is a historic as 
well as current practice in the oil and gas industry. These structures are either used for temporary 
storage (on-site at oil and gas production wells or off-site at CWTs or disposal wells) or they are 
intended for permanent disposal (evaporation or percolation). There are a variety of terms to 
describe these structures depending upon their use (Richardson et al., 2013); “pits,” 
“impoundments,” and “reserve pits” are some of the more common terms associated with 
wastewater management. The terms “impoundment” or “pond” are often used to refer to large area 
holding structures and are also used by some states for specific applications such as holding 
“freshwater” for fracturing fluid formulation (Quaranta et al., 2012). Definitions and terminology 
are not standardized and vary from state to state (Richardson et al., 2013). For the purposes of this 
section, the nomenclature will defer to the term used by the original author/regulating authority. 

States govern the use and permitting of pits under their jurisdiction. Regulations vary from state to 
state regarding the circumstances in which pits can be used (e.g., chemical composition of the fluid), 
how they should be constructed, and whether they must be lined (e.g., proximity to drinking water 
resources and/or chemical composition of the fluid) (Richardson et al., 2013). Most states restrict 
the use of wastewater pits in environmentally sensitive areas. To avoid contamination events, some 
states are moving toward requiring closed loop systems (i.e., tanks) or injection wells rather than 
using pits for hydraulic fracturing wastewater storage. For example, Pennsylvania has modified 
their regulations (published October 8, 2016) to ban the use of pits for temporary storage of 
unconventional (as defined by PA DEP) wastewaters; many operators have already moved to 
closed-loop systems (PA DEP, 2016a). This development is particularly notable because of 
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Pennsylvania’s heavy reliance on reuse for wastewater management, necessitating both on-site and 
off-site storage. 

8.4.5.1 Locations and Numbers of Pits 

The locations and number of existing pits (both for storage and for disposal) are not well 
documented in all states, and in the data found, pits associated with hydraulic fracturing operations 
were not specifically identified. With respect to larger pits for storage or disposal of wastewater, 
some states (e.g., Utah and Oklahoma) provide locational data on their websites. In 2016, the state 
of California began posting the number of active and inactive oil field produced water “ponds” 
(defined as unlined surface impoundments), both permitted and unpermitted, on their website. The 
July 2016 posting showed that 64% (682) of the 1,065 unlined ponds identified in the Central 
Valley and Central Coast of California were active. Of the active ponds, 21% (144) were not 
permitted (CA Water Board, 2016). Active ponds are primarily found in the southern San Joaquin 
Valley (CCST, 2015a). The EPA Region 8 conducted a survey of pits associated with oil and gas 
operations in Colorado, Montana, North Dakota, South Dakota, Utah, and Wyoming from 1996 
through 2002. Results indicated there were approximately 28,000 pits at that time (U.S. EPA, 
2003b).  

In the absence of an inventory of pits in Pennsylvania, the organization SkyTruth led an effort using 
volunteers to produce a map of pits believed to be associated with drilling and hydraulic fracturing 
the Marcellus Shale (Manthos, 2014). The identification of pits was based on USDA aerial imagery 
taken in 2005, 2008, 2010, and 2013. SkyTruth acknowledges the uncertainties associated with 
identifying pits based on aerial images and volunteer labor. They have described their methodology 
as including multiple reviewers and QA/QC procedures. The study cannot differentiate ponds for 
drilling fluids and fracturing fluids from those for wastewater. Their preliminary findings indicate 
that the estimated number of ponds rose from 11 in 2005 to 529 in 2013, with the structures 
themselves increasing in size from a median size of 3,713 ft2 (345 m2) in 2005 to 66,844 ft2 (6,210 
m2 in 2013. SkyTruth also notes that impoundments are not permanent and that of 581 ponds 
delineated in 2010, only 116 of them were found in the images from 2013.  

Evaporation ponds, referred to as Commercial Oil Field Waste Disposal Facilities (COWDFs), are a 
waste management strategy most commonly used in the western states such as Utah, Wyoming, 
and Colorado (USFWS, 2014). According to a 2016 list of approved COWDFs posted by the Utah 
Division of Oil, Gas, and Mining (Utah Division of Oil, 2016), 20 facilities in Utah are approved to 
accept produced water. All are in the eastern part of the state where the Uinta and Paradox basins 
are found (unconventional shale formations). The Wyoming Department of Environmental Quality 
website, accessed in 2016, lists 35 active COWDFs (WDEQ, 2016b). The increase in hydraulic 
fracturing activity in Wyoming has resulted in significant increase in wastewater disposed of in 
COWDFs (USFWS, 2014). Data from the Colorado Oil & Gas Conservation Commission includes 
eight active evaporation pits, five of which are unlined (COGCC, 2016). Ninety-five other active pits 
are listed in Colorado, with descriptors such as “production,” “multi-well pit,” “skim,” or “produced 
water.” Seventy-one of these are unlined, and 22 have synthetic liners. Eleven pits are located in 
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Garfield County, where there is hydraulic fracturing activity. The Colorado data do not distinguish 
pits at centralized commercial facilities from on-site pits.  

8.4.5.2 Unlined Storage Pits and Percolation Pits 

Whether an unlined pit is designed and intended to percolate wastewater into the ground for 
disposal or if it is built for storage, it provides a pathway for wastewater to infiltrate into the 
subsurface and potentially reach groundwater. Such pits have been used historically for 
conventional oil and gas wastewater. More recently, they have received wastewater in areas where 
hydraulic fracturing takes place. States such as Montana and Wyoming allow unlined pits to be used 
for storage if the quality of the waste fluid meets specified limits and the pit is not in close 
proximity to environmentally sensitive areas such as drinking water resources, wetlands, and 
floodplains (Kuwayama et al., 2015b; Richardson et al., 2013).  

In the past, several states have allowed unlined pits designed to dispose of wastewater via 
percolation into the subsurface. For example, until July 2015, percolation pits were permitted for 
wastewaters from hydraulically fractured wells in the Central Valley Region in California (Grinberg, 
2016). The California Department of Conservation’s Division of Oil, Gas, and Geothermal Resources 
(DOGGR) listed “evaporation-percolation” as the management method for almost 60% (190 million 
gal) of the wastewater generated via well stimulation in Kern County between 2011 and 2014 
(CCST, 2015a). However, according to DOGGR’s 2015 report addressing well stimulation activities 
in Kern County from January 1, 2014 through September 30, 2015, evaporation/percolation was 
not employed as a disposal option during that period (98% of the produced water was disposed of 
via operator-owned Class II injection wells, 1.75% was disposed of via commercial Class II injection 
wells, and 0.16% was reused).  

While the practice of disposal via percolation pits has been discontinued in most states, as of July 
2016, Wyoming’s regulations still allow the use of percolation for disposing produced water 
specific to CBM operations in the Powder River Basin. To be permitted, the operator must 
demonstrate that the disposed fluid will comply with water quality standards of the Department of 
Environmental Quality (WYOGCC, 2015).  

8.4.5.3 Evaporation Ponds 

Evaporation is a simple water management strategy involving transporting wastewater to a pond 
or pit with a large surface area and allowing passive evaporation of the water from the surface 
(NETL, 2014; Clark and Veil, 2009). As discussed above, this disposal option, often referred to as a 
COWDF, is practical for drier climates of the western United States. Evaporation ponds have been 
used for oil and gas wastewater disposal in Montana, Colorado, Utah, New Mexico, and Wyoming 
(Veil et al., 2004). However, New Mexico no longer allows the use of pits for disposal (NM EMNRD 
OCD, 2013), and in Montana, evaporation ponds are no longer allowed because they do not put 
extracted water to a beneficial use (NRC, 2010). Figure 8-8 shows an example of a lined evaporation 
pit in Montana (DOE, 2006).  
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Figure 8-8. Lined evaporation pit in the Battle Creek Field (Montana).  
Source: DOE (2006). Reproduced with permission from ALL Consulting. 

As the water component of the wastewater is subject to evaporation, the fluid remaining in the 
pond becomes concentrated, and a sludge layer is formed. Remaining residual brines in the pond 
can be collected and disposed of via an underground injection well, and the solids can be taken to a 
landfill (see Section 8.4.7 for more details). In cold, dry climates, a freeze-thaw evaporation method 
has also been used to purify water from oil and gas wastewater (Boysen et al., 1999). 

Nowak and Bradish (2010) describe the design, construction, and operation of two large 
commercial evaporation facilities in Southern Cross, Wyoming and Danish Flats, Utah. Each facility 
includes 14,000 gal (53,000 L) three-stage concrete receiving tanks, a sludge pond, and a series of 
five-acre (20,234 m2) evaporation ponds connected by gravity or force-main underground piping. 
The Wyoming facility, which opened in 2008, consists of two ponds with a total capacity of 
approximately 84 million gal (2 million bbls or 318 million L). The Utah facility, open since 2009, 
consists of 13 ponds with a total capacity of approximately 218.4 million gal (5.2 million bbls or 
826.6 million L). Each facility receives 0.42 to 1.47 million gal (10,000 to 35,000 bbls; 1.59 million 
to 5.56 million L) of wastewater per day from oil and gas production companies in the area.  

Evaporation ponds or pits are subject to state regulatory agency approval and must meet state 
standards for water quality and quantity (Boysen et al., 2002).  

8.4.5.4 Impacts and Potential Impacts from Pits and Impoundments 

Pits containing hydraulic fracturing wastewater have the potential to impact drinking water 
resources if spills and overflows cause runoff to surface water or if wastewater percolates through 
the soil and reaches groundwater. In addition to contaminants in the wastewater itself, wastewater 
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that reaches groundwater may mobilize constituents in pit bottoms or soils, and it may also reach 
hydrologically connected surface water. These impacts are amplified with increasing 
pit/impoundment size (Quaranta et al., 2012). Percolation may be accidental (through tears or 
improper installation of liner) or by design in unlined pits (Sumi, 2004).  

Compromised pit liners can result in leaks, and extreme weather events, such as floods, can cause 
pits to overflow. An analysis of three state databases (New Mexico, Oklahoma, and Colorado) where 
pits and tanks have been used for storage of hydraulic fracturing wastewater found that for pits, the 
most common causes of spills were from overflows and liner malfunctions (Kuwayama et al., 
2015b). For instance, of the 106 pit-related spills reported in New Mexico between 2000 and 2014, 
33% were due to overflows and 26% were caused by liner malfunctions. Of the 62 tank spills 
reported, 44% were due to leaks, and 27% were related to overfilling (Kuwayama et al., 2015b). 
The types of constituents in pits that may be of concern from such events include VOCs, metals, 
TDS, oil, and TENORM (Kuwayama et al., 2015b). 

Operational factors also influence potential impacts from pits and impoundments. These can 
include water level management (influent, seepage, spillage), the length of time water is stored in 
the pit/impoundment, the composition of the water, the local climate (rainfall and/or evaporation), 
and the transmission method (piped or delivered in an open channel) (NRC, 2010). 

Construction and Capacity Issues 

Construction requirements typically include specifications for features that can reduce the potential 
for impacts on groundwater or surface water. These can include liner specifications, depth to 
groundwater, secondary containment, setback requirements, freeboard, leak detection, and water 
quality monitoring (Kuwayama et al., 2015b).1,2 For example, in a 2012 review of 19 states with 
shale gas development or potential for shale gas development, many states had setback 
requirements for pits in sensitive areas including surface water, wetlands, and floodplains. As of 
December 2015, however, 12 of the 19 states surveyed did not include setback requirements in 
their regulations. Many states did address the vertical separation of pits from the water table (e.g., 
20 in (0.5 m) to seasonal high water table in PA; 10 ft (3 m) in WY; 50 ft (15 m) in NM) (Kuwayama 
et al., 2015b).  

Despite construction standards, impacts on groundwater or surface water due to overflows, liner 
breaches, and other construction issues have been documented. In 2007 in Knox County, Kentucky, 
retention pits holding hydraulic fracturing flowback fluids overflowed into Acorn Fork Creek during 
the development of four natural gas wells (CCST, 2015a; Papoulias and Velasco, 2013). The incident 
caused the pH of the creek to drop from 7.5 to 5.6 and the conductivity to increase from 200 to 
35,000 μS/cm. In addition, organics and metals including iron and aluminum formed precipitates in 
the stream. Fish and aquatic invertebrates were killed or distressed in the area of the stream 
affected by the release (Papoulias and Velasco, 2013).  

1 Setback is the distance between the pit and a stream, lake, building, or other feature or structure that needs protection. 
2 Freeboard is the vertical distance between the level of the water in an impoundment and the overflow elevation (an 
outfall or the lowest part of the berm). 
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Similarly, in 2009, Marcellus wastewater stored in an impoundment from a hydraulic fracturing 
operation in Washington County, Pennsylvania overflowed the bank of the impoundment and 
reached surface water (a tributary of Dunkle Run) (CCST, 2015a). NRC (2010) reported continuous 
overfilling of an impoundment in the Powder River Basin (Wyoming) with CBM produced water, 
resulting in significant erosion of a seasonal water channel. The CBM operator was required 
through litigation to manage flows to the impoundment to prevent overflows. The literature did not 
report specific impacts on groundwater or surface water from the Pennsylvania or Wyoming 
incidents. 

In Pennsylvania in 2010, pit liner failure was reported to have impacted groundwater through 
leakage of Marcellus wastewater from six impoundments (Colaneri, 2014). Ziemkiewicz et al. 
(2014) note that a study of 15 pits and impoundments in West Virginia found that slope stability 
and liner deficiencies were common problems. Construction quality control and quality assurance 
were often inadequate; the authors found a lack of field compaction testing, use of improper soil 
types, excessive slope lengths, buried debris, and insufficient erosion control, although no breaches 
were reported. A statistical analysis of oil and gas violations in Pennsylvania found that structurally 
unsound impoundments or inadequate freeboard were the second most frequent type of violation, 
with 439 instances in the period from 2008 to 2010 (Olawoyin et al., 2013).  

Unlined Pits 

Impacts on groundwater from historic and current uses of unlined pits in the oil and gas industry 
have been documented. In a review of records spanning 25 years (1983 – 2007), 63 incidents of 
private water supply contamination from the infiltration of saline fluids from unlined or 
inadequately constructed reserve pits were identified in Ohio (Kell, 2011). The same study (Kell, 
2011) identified 57 legacy (pre-1984) incidents in Texas involving groundwater contamination 
from unlined produced water disposal pits. Such pits were phased out in Texas by 1984, prompting 
a move towards disposal of oil and gas wastewater in disposal wells.  

Kern County, California has experienced impacts on groundwater associated with unlined 
percolation pits. A 2014 study notes that there are hundreds of pits across Kern County and 
elsewhere in the state, stretching state resources for regulatory oversight (Grinberg, 2014). Past 
sampling of water in percolation pits has shown exceedances of California’s Tulare Lake Basin Plan 
(Basin Plan), which specifies maximum levels permitted for discharges of oil field well wastewater 
to unlined ponds overlying groundwater (Grinberg, 2014).1 For example, the McKittrick 1 and 1-3 
pits are large percolation pits in Kern County near oil fields where most of the hydraulic fracturing 
in California takes place (Grinberg, 2014). The pits are situated close to a number of important 
resources. They are located within a few miles of the Kern River Flood Channel, the California State 
Water Project, farmland, and are in an area of high quality groundwater (Grinberg, 2014). Sampling 
of fluids in the pits dating back to 1997 showed consistent exceedances of Tulare Basin Plan 
standards for TDS, chlorides, and boron. Sampling also revealed the presence of BTEX, gasoline 
range organics (GRO), and diesel range organics (DRO) (MTA, 2014). Sampling of three monitoring 

                                                            
1 The Basin Plan sets limits for salinity (1,000 μmhos/cm measured as electrical conductivity), chloride (175 mg/L), and 
boron (1 mg/L) (California Regional Water Quality Control Board Central Valley Region, 2015). 
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wells indicated that in 2004, a plume had migrated at least 4,000 ft (1,000 m) from the pits and was 
still detected in test wells in 2013. As of July 1, 2015, California’s Code of Regulations includes a 
provision that no longer allows the use of pits, including percolation pits, for fluids produced from 
stimulated wells (Grinberg, 2016). 

Unlined pits that were used from the 1960s until the mid-1990s for disposal of drilling muds and 
flowback and produced waters associated with hydraulic fracturing operations have been linked to 
groundwater contamination in Pavillion, Wyoming (Digiulio and Jackson, 2016; AME, 2015). A 
report by the Wyoming Oil and Gas Conservation Commission (WYOGCC) (WYOGCC, 2014a) 
summarizes site investigations and reclamation activities conducted by WOGCC, the Wyoming 
Department of Environmental Quality (WDEQ), and Encana Oil and Gas for pits in the Pavillion Well 
Field. The report includes information on samples collected between 2006 and 2013 from shallow 
groundwater in the vicinity of the pits. Some sites had detections for one or more of the following 
contaminants: GRO, DRO, BTEX, and/or naphthalene. Of the shallow groundwater sites with 
detections, some were associated with pits located within one-quarter mile of a domestic well. One 
of these sites exceeded clean-up levels established by the WDEQ Voluntary Remediation Program 
for DRO (13,000 µg/L) and benzene (110 µg/L).1 The report noted that there was insufficient 
evidence to determine whether or not drinking water supply wells in the vicinity of the pits were 
contaminated by disposal of hydraulic fracturing wastewater in those pits (WYOGCC, 2014a). 

Other examples in the literature include the detection of VOCs in groundwater downgradient of an 
unlined pit containing oil and gas wastewater near the Duncan Oil Field in New Mexico (Sumi, 
2004) (Section 8.5). Groundwater impacts downgradient of an unlined pit in Oklahoma included 
high salinity (3500-25,600 mg/L) and the presence of VOCs (Kharaka et al., 2002). Neither New 
Mexico nor Oklahoma currently allows unlined pits for disposal or storage (OCC OGCD, 2015; NM 
EMNRD OCD, 2013).  

Mobilization and Transport of Constituents 

Groundwater impacts may result not just from constituents in the wastewater but also from 
mobilization of existing constituents in the soil or sediment. A CBM produced water impoundment 
in the Powder River Basin of Wyoming was studied for its impact on groundwater (Healy et al., 
2011; Healy et al., 2008). Infiltration of water from the impoundment was found to create a perched 
water mound in the unsaturated zone above bedrock in a location with historically little recharge. 
Elevated concentrations of TDS, chloride, nitrate, and selenium were found at the site, with one 
lysimeter sample exceeding 100,000 mg/L of TDS (Healy et al., 2008). Most of the solutes found in 
the groundwater mound did not originate with the CBM produced water, but rather were the 
consequence of dissolution of previously existing salts and minerals (Healy et al., 2011).  

Generally, the deeper that wastewater can move into an aquifer, as impacted by the volume and 
timing of the release, the longer the duration of contamination (Whittemore, 2007). Kharaka et al. 
(2007) reported on studies at a site in Oklahoma with one abandoned and two active unlined pits. 

1 WDEQ cleanup levels are derived from a combination of promulgated levels (MCL, state-assigned water quality 
standards) and risk-based cleanup level concentrations (WDEQ, 2016a).  
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Produced water from these pits penetrated 10 to 23 ft (3 to 7 m) thick shale and siltstone units, 
creating three plumes of high-salinity water (5,000 to 30,000 mg/L TDS). The impact of these 
plumes on the receiving water body (Skiatook Lake) was judged to be minimal, although the 
estimate was based on a number of notably uncertain transport quantities (Otton et al., 2007). 

Vadose (unsaturated) zone transport was illustrated at a site in Oklahoma where two abandoned 
pits were major sources for releases of produced water and oil. Saline water from the pits flowed 
through thin soils and readily percolated into underlying permeable bedrock. Deeper, less-
permeable bedrock was contaminated by salt water later in the history of the site, presumably due 
to fractures. The mechanisms proposed were vertical movement through permeable sand bodies, 
lateral movement along shale fractures, and possibly increased clay permeability due to the 
presence of highly saline water (Otton et al., 2007). 

Summary 

Collectively, the above examples show that regardless of the purpose of pits (storage or disposal), 
they present a potential pathway for wastewater constituents to impact groundwater or surface 
water. Good construction standards and practices, including liners, adequate freeboard, and 
setbacks, are important for minimizing potential impacts on both surface water and groundwater. 
Proper monitoring and maintenance (e.g., avoiding overfilling, maintaining the integrity of liners 
and berms) are also important for protecting surface water and groundwater. Unlined pits, in 
particular, can lead to groundwater contamination. This can be long-lasting, as evidenced by legacy 
impacts from older pits. Most states have phased out unlined disposal pits and unlined storage pits, 
but if such pits are still in use, they can provide ongoing potential sources of groundwater 
contamination (CCST, 2015a; Grinberg, 2014). 

8.4.6 Other Management Practices and Issues  

Additional strategies for wastewater management in some states include directly discharging to 
surface waters and land application. In particular, wastewater from CBM fracturing and production 
generally has lower TDS concentrations than wastewater from other types of unconventional 
formations and more readily lends itself to other uses.  

8.4.6.1 Land Application and Road Spreading  

Road spreading has been used as a disposal option for high-TDS wastewaters (brines) from 
conventional oil and gas production. Road spreading can be done for dust control and de-icing. 
Although recent data are not available, an American Petroleum Institute (API) survey estimated 
that approximately 75.6 million gal (1.8 million bbls or 286.2 million L) of wastewater was used for 
road spreading in 1995 (API, 2000). The API estimate does not specifically identify hydraulic 
fracturing wastewater. There is no current nationwide estimate of the extent of road spreading 
using hydraulic fracturing wastewater.  

Road spreading with hydraulic fracturing wastewater is regulated primarily at the state level 
(Hammer and VanBriesen, 2012) and is prohibited in some states. For example, with annual 
approval of a plan to minimize the potential for pollution, PA DEP allows spreading of brines from 
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conventional (as defined by PA DEP) wells for dust control and road stabilization. Hydraulic 
fracturing flowback, however, cannot be used for dust control and road stabilization (PA DEP, 
2011b). In West Virginia, use of gas well brines for roadway de-icing is allowed per a 2011 
memorandum of agreement between the West Virginia Division of Highways and the West Virginia 
Department of Environmental Protection, but the use of “hydraulic fracturing return fluids” is not 
permitted (Tiemann et al., 2014; West Virginia DEP, 2011).  

Concerns about road application center on contaminants such as barium, strontium, and radium. A 
report from PA DEP analyzed several commercial rock salt samples and compared results with 
contaminants found in Marcellus Shale flowback samples. The results noted elevated barium, 
strontium, and radionuclide levels in Marcellus Shale brines compared with commercial rock salt 
(Titler and Curry, 2011). Another study found increases in metals (radium, strontium, calcium, and 
sodium) in soils ranging from 1.2 to 6.2 times the original concentrations (for radium and sodium, 
respectively), attributed to road spreading of wastewater from conventional oil and gas wells for 
de-icing (Skalak et al., 2014). 

Potential impacts on drinking water resources from road spreading have been noted by Tiemann et 
al. (2014) and Hammer and VanBriesen (2012). These include potential effects of runoff on surface 
water and migration of brines to groundwater. Snowmelt can carry salts and other chemicals from 
the application site, and transport can increase if application rates are high or rain occurs soon after 
application (Hammer and VanBriesen, 2012). Research on the impacts of conventional road salt 
application has documented long-term salinization of both surface water and groundwater in the 
northern United States (Kelly, 2008; Kaushal et al., 2005). When conventional oil field brine was 
used in a controlled road spreading experiment, elevated chloride concentrations were detected in 
shallow groundwater (Bair and Digel, 1990). The amount of salt attributable to road application of 
hydraulic fracturing wastewaters has not been quantified.  

To evaluate land application of solid wastes from oil and gas production, a laboratory study 
mimicking land spreading of conventional oilfield scales and sludges indicated that 20% of the 
radium in barite sulfate scales was released by microbial processes during incubation with soil 
(Matthews et al., 2006; Swann et al., 2004). Although the radium was then complexed with the soil, 
it would be more mobile and more bioavailable than when it was associated with the barite. 
Overall, potential effects on drinking water resources from land spreading are not well understood, 
including the amounts of hydraulic fracturing wastes that are managed by land spreading.  

8.4.6.2 Management of Coalbed Methane Wastewater 

Many, but not all, CBM wells are hydraulically fractured to enhance recovery, using fluids that range 
from water alone to more complex gel formulations with proppant (e.g., Engle et al., 2011; 
McCartney, 2011; NRC, 2010; Halliburton, 2008; U.S. EPA, 2004a). The literature indicates that 
hydraulic fracturing of CBM formations is being conducted in the San Juan, Raton, Piceance, and 
Uinta Basins, among others. Literature such as NRC (2010) notes that hydraulic fracturing may not 
be common in the Powder River Basin. Additionally, when CBM well stimulation does take place, it 
can be accomplished using very simple hydraulic fracturing fluid formulations (Chapter 3).  
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Wastewater from CBM wells can be managed like other hydraulic fracturing wastewater discussed 
above. However, the wastewater from CBM wells can also be of higher average quality (typically 
lower TDS content) than wastewater from other hydraulically fractured wells. The lower TDS 
content makes it more suitable for certain management practices and uses. A number of 
management strategies have been proposed or implemented, with varying degrees of treatment 
required depending on the quality of the wastewater and the intended use (Hulme, 2005; DOE, 
2003, 2002). Although specific volumes managed through the practices discussed below are not 
well documented, qualitative information and considerations for feasibility are available and 
presented. The discussion below covers both dilute and higher-TDS wastewater from CBM 
formations.  

The quality of CBM wastewater plays a large role in how the wastewater is managed. The TDS 
content can range from an average of nearly 1,000 mg/L in the Powder River Basin to an average of 
about 14,000 mg/L (and as high as approximately 62,000 mg/L) in the Black Warrior Basin 
(Appendix Table E-3). Data sources from about 2002 through 2008 indicate that operators in some 
basins such as the San Juan, Uinta, and Piceance, and Raton (in New Mexico), where TDS is typically 
higher compared to other basins (e.g., Powder River), manage most wastewater by injection into 
disposal wells (NRC, 2010; U.S. EPA, 2010a).  

Discharge to rivers and streams, a management option governed by the CWA, may be permitted in 
cases where wastewater is of high quality.1 To be discharged, the wastewater must meet 
technology-based effluent limitations established by the permitting authority on a case-by-case 
“best professional judgment” basis as well as any more stringent limitations necessary to meet 
applicable water quality standards. For example, as a means of protecting high-quality waters of the 
state, the Montana Supreme Court ruled in 2010 that treatment is required for all CBM produced 
water prior to discharge to surface water (NRC, 2010).  

A 2008 EPA survey of CBM operators found that of the projects represented in the results, direct 
discharge to surface water was by far most prevalent in the Powder River Basin but was also 
reported as a management practice in the Green River, Raton, Black Warrior, Cahaba, Illinois, and 
Appalachian basins (U.S. EPA, 2013e, 2010a).2 Discharges to surface water can provide habitat 
maintenance, restoration of wildlife-waterfowl fishery habitat, and flow augmentation to benefit 
downstream water users. However, hydrologic changes from such discharges could also have 
unanticipated effects on ecosystems previously adapted to intermittent streamflow.  

Some CBM wastewater can be put to agricultural use, including livestock and wildlife watering, and 
crop irrigation. Livestock watering with CBM wastewater can be done using on-channel or off-
channel impoundments, and irrigation is an area of active research (e.g., Engle et al., 2011; NRC, 
2010). However, wastewater from some higher-salinity CBM basins (e.g., San Juan, Uinta, and 
Piceance) would need blending or treatment before such uses. Irrigation with treated CBM 

                                                            
1 Although discharge to rivers and streams is generally prohibited under the EPA’s oil and gas ELGs, the ELGs do not apply 
to CBM.  
2 These reports did not describe certain non-discharging wastewaters management strategies in basins with few 
operators in order to preserve CBI. The reports also do not provide information on hydraulic fracturing activities in the 
basins. Not also that results are presented by numbers of projects, which may vary in the number of wells they contain.  
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wastewater would be most suitable on coarse-textured soils for cultivation of salt-tolerant crops 
(DOE, 2003). NRC (2010) remarks that “use of CBM produced water for irrigation appears practical 
and sustainable,” provided that appropriate measures are taken such as selective application, 
dilution or blending, appropriate timing, and rehabilitation of soils.  

Although CBM wastewater is generally lower in TDS than wastewater associated with shale gas 
development, it can still have higher TDS concentrations than stream water. This poses concerns 
regarding the sodium adsorption ratio (SAR) for agricultural soils. A USGS study performed trend 
analysis of water quality at sampling sites in the Tongue and Powder River watersheds (Powder 
River Basin) (Sando et al., 2014). One of the study objectives was to determine possible effects of 
CBM produced water particularly in areas where the water was discharged to impoundments or 
upper reaches of in-stream channels for infiltration. Trend analysis showed potential effects of CBM 
production on downstream water quality (increases in sodium, alkalinity, and SAR) in the main-
stem Powder River but found mixed results at the Tongue River sites (some appeared to be 
impacted by CBM activities while others did not) (Sando et al., 2014).  

Sando et al. (2014) found that CBM pumping rates (i.e., discharge of produced water) were high 
relative to streamflow in the Powder River Basin. For the three main-stem Powder River sites, the 
CBM pumping rates were 26-34% of the 2001-2010 median streamflows. For one site in the Little 
Powder River watershed, the CBM pumping rate was 360% of 2001-2010 median streamflow. This 
underscores that in arid climates in the western United States, permitted discharges from CBM 
activities (whether hydraulically fractured or not) at a particular site may be large relative to the 
size of the receiving water and may sometimes dominate flows. 

As noted above, a degree of treatment is needed (or required) for some uses. Plumlee et al. (2014) 
examined the feasibility, treatment requirements, and potential costs of several hypothetical uses 
for CBM wastewater. In several cases, costs for these uses were projected to be comparable to or 
less than estimated disposal costs. In one case study, use of CBM wastewater for streamflow 
augmentation or crop irrigation could potentially cost between $0.26 and $0.27 per bbl. For 
comparison, reported disposal costs in 2000-2001 ranged from $0.01 per bbl for a pipeline 
collection system with impoundment to $2.00 per bbl for hauling to disposal or treatment. The 
2010 NRC report (NRC, 2010) noted that 15 to 18% of CBM produced water in the Powder River 
Basin was being treated to reduce SAR in order to satisfy NPDES permits for discharge.1 If 
wastewater is treated to address SAR, reported costs are approximately $0.12 to $0.60/bbl (NRC, 
2010).  

The applicability of particular uses may be limited by ecological and regulatory considerations as 
well as the irregular nature of CBM wastewater production (voluminous at first, and then declining 
and halting after a period of years). Legal issues, including overlapping jurisdictions at the state 
level and senior water rights claims in over-appropriated basins (in western states) can also 
determine the use of CBM wastewater (Wolfe and Graham, 2002).  

                                                            
1 SAR is the relative proportion of sodium to other cations in water. It is also an indication of risk to soil from alkalinity. 
The higher the SAR, the less suitable the water is for irrigation, and long-term use can damage soil structure. 
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8.4.6.3 Other Documented Uses of Hydraulic Fracturing Wastewater 

Uses of wastewater from shales or other hydraulically fractured formations face many of the same 
possibilities and limitations as those associated with wastewater from CBM operations. The biggest 
difference is in the quality of the water. Wastewaters vary widely in water quality, with TDS values 
from shale and tight sand formations ranging from less than 1,000 mg/L TDS to hundreds of 
thousands of mg/L TDS (DOE, 2006) (Chapter 7). Wastewaters on the lower end of the TDS 
spectrum could be reused in many of the same ways as CBM wastewater, depending on the 
concentrations of potentially harmful constituents and applicable federal, state, and local 
regulations. High TDS wastewaters have more limited uses, and pre-treatment may be necessary 
(Shaffer et al., 2013; Guerra et al., 2011; DOE, 2006). Agricultural and wildlife uses are subject to the 
produced water daily effluent discharge limit of 35 mg/l for oil and grease.1 

Potential uses for wastewater in the western United States include livestock watering, irrigation, 
streamflow supplementation, fire protection, road spreading, and industrial uses, with each having 
their own water quality requirements and applicability (Guerra et al., 2011). Guerra et al. (2011) 
summarized the least conservative TDS standards for five possible uses in the western United 
States that include 500 mg/L for drinking water (the drinking water secondary maximum 
contaminant level (SMCL)), 625 mg/L for groundwater recharge, 1,000 mg/L for surface water 
discharge, 1,920 mg/L for irrigation, and 10,000 mg/L for livestock watering. The authors 
estimated that wastewater from 88% of unconventional wells in the western United States could be 
used for livestock watering without TDS removal based on a maximum TDS concentration of 10,000 
mg/L. However, wastewater from only 10% of unconventional wells could be used for surface 
discharge without treatment for TDS based on the least conservative standard among the western 
states of 1,000 mg/L TDS (Guerra et al., 2011). Guerra et al. (2011) indicate that in several basins in 
the western United States (e.g., Wind River, Green River, and Powder River), wastewater from 50% 
or more of oil and gas wells is suitable for agricultural use. In other basins (e.g., San Juan, Piceance, 
and Permian) over 50% of oil and gas wastewater is unsuitable for use without treatment. A 2006 
Department of Energy (DOE) study pointed out that the quality necessary for use in agriculture 
depends on the plant or animal species involved and that in the Bighorn Basin in Wyoming, low-
salinity wastewater is used for agriculture and livestock watering after minimal treatment to 
remove oil and grease (DOE, 2006).  

Although TDS is a common criterion for water quality, there are also recommended limits or 
considerations for some metals, alkalinity, and nitrate in water for use in livestock watering, and for 
metals, SAR, electrical conductivity (ECw), and pH for water for irrigation (Guerra et al., 2011). Also, 
using TDS/salinity as the primary criterion may not be appropriate if wells contributing to the 
produced water have undergone hydraulic fracturing or if maintenance chemicals are being used 
on the well.  

The water quality standards and monitoring requirements for direct discharge for use in irrigation 
or livestock watering include few specifications. In California, the California Council on Science and 
Technology (CCST, 2015a) notes that the testing and treatment required by the regional water 
                                                            
1 40 CFR 435.52(b). 
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quality control boards prior to use of produced water for irrigation do not include assessment for 
chemicals associated with hydraulic fracturing and that there are no policies prohibiting the use of 
hydraulic fracturing wastewaters for irrigation. 

In the Wind River Basin in Wyoming, three NPDES permits were appealed by environmental groups 
due to concerns that the permits failed to address maintenance and hydraulic fracturing chemicals 
(Natural Resources Defense Council, 2015; PEER, 2015). The environmental groups argued that the 
EPA’s regulations do not allow for the discharge of produced water containing chemicals from well 
treatment, and that, moreover, the EPA lacked sufficient information regarding the well treatment 
chemicals to determine whether the discharge would be “good enough quality” for wildlife and 
agricultural use, as required under the ELG regulations. As an example, the environmental groups 
pointed to MSDS information provided upon request for six maintenance products, which included 
toxic chemicals such as ethylene glycol, benzyl chloride, isopropanol, naphthalene, benzene, and 
xylene, among others. This raised concerns that produced water permitted for direct discharge may 
contain toxic chemicals or their degradation products. Ultimately, pursuant to a settlement 
agreement with the environmental groups and permittees, the EPA issued modified permits that 
included additional conditions for handling of and reporting about well stimulation and well 
maintenance chemicals.  

8.4.7 Management of Solid and Liquid Residuals 

Solid and liquid residuals associated with hydraulic fracturing wastewater are formed from 
treatment processes at CWTs, buildup of sludges in tanks and pits, and scale formation on pipes and 
equipment. These residuals must be managed and disposed of properly to avoid impacts on ground 
and surface water resources. (Note that drill cuttings and drilling muds are outside the scope of this 
chapter.)  

8.4.7.1 Solid Residuals 

The solid residuals produced at a CWT depend on the constituents in the untreated water and the 
treatment processes used and are likely to contain TSS, TDS, metals, radionuclides, and organics. 
Solid residuals can consist of sludges (from precipitation, filtration, settling units, and biological 
processes), spent media (filter media, adsorption media, or ion exchange media), and other 
material such as spent filter socks used to remove gross particulates. In addition, solids that 
accumulate in storage tanks and pits and scale that deposits on equipment are part of the residual 
load from a site. These residuals can constitute a considerable fraction of solid waste in an oil or gas 
production area.  

Handling and disposal of residual sludges from treatment processes can present some of the biggest 
challenges associated with these technologies (Igunnu and Chen, 2014). Additional treatment may 
be applied to solid residuals including thickening, stabilization (e.g., anaerobic digestion), and 
dewatering processes prior to disposal. The solid residuals are then typically sent to a landfill, land 
spread on-site, or incinerated (Morillon et al., 2002). Land spreading is a waste management 
method in which wastes are spread over the soil surface and tilled into the soil to allow the 
hydrocarbons in the wastes to biodegrade (Smith et al., 1998); note that inorganic constituents 
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(e.g., salts, metals, metalloids, and radionuclides) will not degrade. In addition, pits or 
impoundments that have reached the end of their useful life have accumulated residuals. Practices 
used to decommission these pits include draining and leveling the pit in place or land farming the 
residual materials into the ground (Rich and Crosby, 2013), although more information is needed 
on the potential for these practices to affect water resources. 

A particular concern for the management of residual wastes is TENORM that originates from the 
geologic formation and was present in the produced water (SAFER PA, 2015). Studies have found 
TENORM in solid residuals at oil and gas operations including the filter cake (PA DEP, 2015b), filter 
socks (Harto et al., 2014), and pit sludges (Rich and Crosby, 2013). Researchers have assessed 
Marcellus produced water samples, finding that many with low barium and high radium-226 levels 
would generate sludges that exceed the maximum acceptable radium-226 activity for 
nonhazardous landfill disposal in Pennsylvania (Silva et al., 2014b; Silva et al., 2014a). In scales that 
build up on hydraulic fracturing and treatment equipment and sludges that accumulate in tanks and 
pits, radium can coprecipitate with barium, strontium, or calcium sulfates (Smith et al., 1999). (See 
Section 8.5.2 for additional discussion of TENORM associated with residuals.) 

The accumulation of TENORM in the solids generated can limit or preclude landfills as a disposal 
option. Walter et al. (2012) point out that wastes containing TENORM can be problematic due to 
the possibility of radon emissions from the landfill. Regulatory limits on permissible radionuclide 
levels accepted at non-hazardous landfills vary by state (Silva et al., 2014a).1 Some states have 
volumetric limitations on TENORM in their landfill permits (e.g., Colorado). Also, some states write 
criteria, such as gamma exposure rates (radiation) and radioactivity concentration limits, into 
permits for many landfills that are permitted to accept TENORM. Silva et al. (2014a) note that there 
are 50 nonhazardous (RCRA-D) disposal facilities in Pennsylvania, but no TENORM disposal 
facilities. Texas and other states have disposal facilities for TENORM.  

8.4.7.2 Liquid Residuals 

Liquid residuals include concentrated brines (from membrane or evaporation processes) and 
regeneration or cleaning chemicals (from ion exchange, adsorption, and membrane processes) 
(Fakhru'l-Razi et al., 2009). Practices for managing liquid residual streams from treatment 
processes are generally the same as for untreated hydraulic fracturing wastewaters, although the 
treated volumes are smaller, resulting in lower costs (Hammer and VanBriesen, 2012). 
Concentrations of contaminants in liquid residuals, however, will be higher. The most common 
disposal method is injection into disposal wells.  

If the liquid is not injected into a disposal well, treatment to remove salts would be required for 
surface water discharge to meet NPDES permit requirements and protect the water quality for 
downstream users such as drinking water utilities (Section 8.5). Because some constituents of 
concentrated liquid residual waste streams can pass through or impact municipal wastewater 
treatment processes (Linarić et al., 2013; Hammer and VanBriesen, 2012), these residuals would 
                                                            
1 Examples of permissible radionuclide levels at non-hazardous landfills: Pennsylvania requires alarms to be set at all 
municipal landfills, with a trigger set at 10 µR/hr above background radiation. Texas sets a radioactivity limit, requiring 
that any waste disposed by burial contains less than 30 pCi/g radium or 150 pCi/g of other radionuclides. 
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not be appropriate for discharge to a POTW. Elevated salt concentrations, in particular, can have 
detrimental effects on microbiological treatment at municipal wastewater systems, such as 
activated sludge treatment (Linarić et al., 2013).  

Liquid residuals can also be mixed with a solidifying agent such as Portland cement and then 
disposed of in landfills, or they can undergo advanced treatment processes to generate products 
such as road salt or industrial chemicals (SAFER PA, 2015). 

8.4.7.3 Potential Impacts from Solid and Liquid Residuals 

Residual wastes have the potential to impact the quality of drinking water resources if 
contaminants leach to groundwater or reach surface water. In a recent study by PA DEP, radium 
was detected in leachate from 34 of 51 landfills that accept waste from the oil and gas industry 
(Marcellus in particular). Radium-226 concentrations ranged from 54 to 416 pCi/L, and radium-
228 ranged from 2.5 to 1,100 pCi/L (PA DEP, 2015b). (See also Section 8.5.2 and see Chapter 9 for 
health effects associated with radium). Countess et al. (2014) studied the potential for a wide array 
of elements to leach from sludges generated at a CWT handling hydraulic fracturing wastewater in 
Pennsylvania. Tests used strong acid solutions (to simulate the worst case scenario) and weak acid 
digestions (to simulate environmental conditions). The data illustrate the possibility of leaching of 
these constituents from landfills. The extent of leaching varied by constituent and by fluid type, but 
the authors concluded that boron, bromide, calcium, magnesium, manganese, silicon, sodium, and 
strontium had high potential to migrate from the residual solids, with bromide and sodium having 
the highest leaching potential (Countess et al., 2014). (See also Section 5.8 in Chapter 5 for 
discussion of the processes governing the movement of constituents in the subsurface.) 

In another study assessing the leaching behavior of residuals from hydraulic fracturing operations, 
Sharma et al. (2015) found that alkali metals, alkaline earth metals, and bromide had the highest 
leaching potential of the constituents tested. The authors also found that disposing of hydraulic 
fracturing residuals along with other solids (e.g., at a municipal landfill) produces a greater leaching 
potential than if the residuals are disposed of by burying or land disposal designed for solely the 
hydraulic fracturing residuals. This is due to the more acidic leachate formed at the co-disposal 
locations (Sharma et al., 2015).  

Sang et al. (2014) studied the potential for hydraulic fracturing fluid to mobilize colloidal particles 
in the soil. The study used microspheres and sand particles as surrogates for contaminant particles. 
The authors note that the chemistry of hydraulic fracturing fluid favors transport of colloids and 
mineral particles through rock cracks, and they found that infiltration of flowback fluid can 
transport existing pollutants such as heavy metals, radionuclides, and pathogens, in unsaturated 
soils (Sang et al., 2014). Heavy metals can also move through soil. Although not specific to hydraulic 
fracturing wastes, Camobreco et al. (1996) report high levels of heavy metal transport in soil 
columns, with 12% recovery for lead, 15% for copper, 23% for zinc, and 30% for cadmium 
(Camobreco et al., 1996).  

Residuals, whether liquid or solid, are the most concentrated wastes and waste streams associated 
with hydraulic fracturing operations. Contaminants in the produced water will accumulate in the 

WG Ex. 34

1572

http://hero.epa.gov/index.cfm?action=search.view&reference_id=2830558
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3289340
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2819735
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2394386
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2394386
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3378351
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3378351
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2447307
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2447307
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3419926
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3419926


Chapter 8 – Wastewater Disposal and Reuse 

 

 

8-54 

sludges in storage tanks/pits, in scale on the equipment, and in treatment facilities. Proper 
management and disposal of these highly concentrated wastes is critical to minimize the potential 
for impacts on water resources.  

8.5 Potential Impacts of Hydraulic Fracturing Wastewater Constituents on 
Drinking Water Resources 

The previous section discussed the potential impacts of specific wastewater management strategies 
on drinking water resources. The severity of impacts, however, depends largely on the constituents 
in the wastewater, the concentrations of those constituents, and their health and ecological effects. 
This section will discuss the potential impacts of several specific types of hydraulic fracturing 
wastewater constituents on drinking water resources.  

The impacts or potential impacts discussed in the literature are heavily focused on discharges from 
CWTs, including treated wastewater that is discharged indirectly through POTWs. Available 
evidence suggests that the effects of hydraulic fracturing on surface water quality are related to 
discharges of partially treated wastewater (Kuwayama et al., 2015a). Other avenues of 
contamination for both surface water and groundwater include leaks from pits and impoundments, 
landfill leachate, and leaching from contaminated sediments and other improperly managed solid 
wastes.  

As noted, an important consideration regarding the potential impacts of hydraulic fracturing 
wastewater on receiving water is whether there are constituents of concern known to have health 
effects or that can give rise to compounds with health effects. See Chapter 9 for discussion of the 
health effects of wastewater constituents. For some classes of constituents, such as DBP precursors, 
considerable research exists regarding concentrations in the waste stream and impacts on 
downstream drinking water treatment plants or the finished drinking water after treatment. For 
other constituents, information is limited, especially within the context of hydraulic fracturing 
activities. There may also be unknown constituents because some ingredients in the original 
hydraulic fracturing fluids are claimed to be CBI. The following subsections identify several classes 
of constituents known to occur in hydraulic fracturing wastewater, discuss whether potential 
impacts are likely, and detail information gaps.  

8.5.1 Bromide, Iodide, and Chloride  

Halides, including bromide, chloride, and iodide, are commonly found in high-TDS hydraulic 
fracturing wastewater. As noted in Section 8.3.1.1, chloride is a regulated contaminant with a 
secondary MCL of 250 mg/L. Bromide and iodide are not regulated, but are of concern due to their 
role in the formation of DBPs (Parker et al., 2014; Krasner, 2009). (See Appendix F for information 
on DBP formation.) High-TDS wastewaters from the Marcellus Shale have been the focus of concern 
due to the state’s history of treating these wastewaters at POTWs (without pretreatment) and at 
CWTs without TDS removal capabilities (Text Box 8-1). Discontinuing the practice of sending shale 
gas wastewater to POTWs without pretreatment (States et al., 2013), and compliance with the new 
EPA pretreatment standards for discharges of unconventional oil and gas wastewaters helps 
mitigate this problem. This section describes the role of some constituents in high-TDS fluids in the 
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formation of DBPs and provides more details on the effects on surface waters as observed in 
Pennsylvania. The lessons learned and steps taken in the Marcellus region can provide valuable 
knowledge for operators and state agencies in other parts of the country that treat and discharge 
high-bromide and high-iodide wastewaters. 

8.5.1.1 Influence of Bromide and Iodide on Formation of Disinfection Byproducts 

Disinfection byproducts (DBPs) are formed when organic material comes in contact with 
disinfectants (e.g., chlorine, chloramine, chlorine dioxide, or ozone). Of particular concern are DBPs 
formed in the presence of halides (e.g., bromide or iodide). The type of DBP formed depends on the 
organic precursors in the source water and the disinfectant used. Regulated DBPs include total 
trihalomethanes (TTHM), five haloacetic acids (HAA5), bromate, and chlorite. There are, however, 
many additional DBPs that are not regulated and may in fact be of greater concern than the 
regulated species. Brominated forms of DBPs, for example, are considered to be more toxic and 
carcinogenic than chlorinated species (McGuire et al., 2014; Parker et al., 2014; States et al., 2013; 
Krasner, 2009; Richardson et al., 2007). Another halide, iodide is also found in some hydraulic 
fracturing wastewater (Chapter 7), and although its effects have not been as well documented as 
those associated with bromide, iodide raises some of the same concerns regarding formation of 
toxic DBPs as bromide (Xu et al., 2008).  

Studies have found that elevated bromide levels in water correlate with increased DBP formation in 
the drinking water that is delivered to customers (also called “finished drinking water”) (Obolensky 
and Singer, 2008; Matamoros et al., 2007; Hua et al., 2006; Yang and Shang, 2004). Harkness et al. 
(2015) studied the chemical composition of flowback, produced waters, treated wastewaters, 
instream flows downstream from discharges, and accidental spill sites. The study found high 
concentrations of bromide and iodide in the flowback and produced waters, concluding that the 
elevated levels of these constituents could promote the formation of toxic brominated and 
iodinated DBPs in downstream drinking water systems (Harkness et al., 2015). 

In terms of the resulting DBP formation, laboratory experiments using hydraulic fracturing 
wastewater from the Marcellus and Fayetteville shales and river water from the Allegheny and Ohio 
rivers suggest that a relatively small portion of hydraulic fracturing wastewater can notably affect 
DBP formation (Parker et al., 2014). In particular, trihalomethanes (THM; a category of DBPs) were 
shown to shift towards greater brominated and iodinated species with a little as 0.01% hydraulic 
fracturing wastewater in disinfected samples. Modeling work by Landis et al. (2016) evaluated the 
impact of CWT discharges on DBP formation at a drinking water system and suggested that 
although only a 3% increase in overall TTHM formation was predicted, the model predicted a 
decrease in chlorinated THM and a substantial shift toward a higher percentage of the more-toxic 
brominated THMs (Landis et al., 2016). 

States et al. (2013) found a strong correlation between bromide concentrations in source water 
from the Allegheny River in Pennsylvania and the percentage of brominated THMs in finished water 
at a drinking water facility using Allegheny source water. Bromide concentrations in the river water 
measured during the study ranged from less than 25 µg/L to 299 µg/L. The authors noted that 
source water containing 50 µg/L of bromide resulted in treated drinking water with approximately 
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62% of total THMs consisting of brominated species. When the source water contained 150 µg/L 
bromide, the brominated THM percentage was 83% (States et al., 2013). 

Pope et al. (2007) reported that increased bromide levels are the second best indicator of DBP 
formation, with pH being the first. Furthermore, bromine (which may be formed from bromide in 
the water during disinfection) reacts as much as ten times faster and more efficiently with DBP 
precursors than chlorine (Westerhoff et al., 2004). These studies show that increased bromide 
concentration in a drinking water resource shifts the DBP formation towards more-toxic 
brominated forms. 

If disinfection is accomplished using ozonation instead of or in addition to chloramination or 
chlorination, bromide and iodide in the source water can form two additional constituents: bromate 
and iodate. Iodate, although formed during disinfection by ozonation, is not considered a DBP and is 
non-toxic (Allard et al., 2013). Bromate, however, is a DBP of concern and has an MCL of 0.010 
mg/L (U.S. EPA, 1998). 

Another category of DBP that is not regulated is the nitrogenous DBPs, including nitrosamines. Data 
are lacking on the formation of nitrogenous DBPs specifically linked to hydraulic fracturing 
wastewater, but their formation is possible. During chloramination, bromide can enhance the 
formation of the nitrosamine N-nitrosodimethylamine (NDMA) in waters containing the precursor 
dimethylamine (DMA) (Le Roux et al., 2012; Luh and Mariñas, 2012). As with some other non-
regulated DBPs, nitrogenous DBPs may be more toxic than the regulated ones (Harkness et al., 
2015; McGuire et al., 2014; Parker et al., 2014). 

As discussed in Section 8.4 and Text Box 8-3, removal of dissolved solids, including chloride and 
bromide, requires advanced treatment processes such as reverse osmosis (RO), distillation, 
evaporation, or crystallization. Unless the treatment plant receiving the high-TDS wastewater 
employs processes specifically designed to remove these constituents, effluent discharge may 
contain high levels of bromide and chloride. Drinking water systems with intakes downstream of 
these discharges may receive water with correspondingly higher levels of bromide and chloride 
and may have difficulty complying with SDWA regulations related to DBPs. 

8.5.1.2 Effects on Receiving Waters 

Studies show that discharges from oil and gas wastewater treatment facilities can elevate TDS, 
bromide, and chloride levels in receiving waters, and potential impacts may be detectable far 
downstream (> 1km) of an outfall (States et al., 2013; Warner et al., 2013a; Wilson and Van Briesen, 
2013). The work by Landis et al. (2016) in the Allegheny River mentioned above is consistent with 
these findings. The authors studied the impacts of a CWT accepting oil and gas wastewater on water 
quality at a downstream drinking water intake. They found that compared to data from upstream 
(background) locations, bromide concentrations at the intake were increased by 53% at low 
streamflow and 22% during high streamflow.1  

1 Background samples are those taken from locations upstream of, and therefore unaffected by, permitted facilities. 
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Elevated TDS, chloride, and bromide can serve as indicators of potential influence from hydraulic 
fracturing wastewater in surface water and can also raise concerns about DBP formation in 
downstream drinking water systems. Elevation of bromide has been shown to place a burden on 
downstream drinking water systems. The Pittsburgh Water and Sewer authority (PWSA) drinking 
water system concluded that elevated bromide in their source water led to elevated TTHMs in their 
finished drinking water, with a substantial increase in the percentage of brominated TTHMs (States 
et al., 2013). The utility modified their treatment process and proposed improvements to their 
storage facilities to address the elevated TTHM levels in the distribution system (Chester Engineers, 
2012). 

Conversely, changes in regional wastewater handling that reduce bromide discharges can be 
reflected in receiving waters. A three-year study at water intakes downstream of wastewater 
discharges on the Monongahela River in western Pennsylvania evaluated water chemistry in the 
context of flow measurements. The authors concluded that an overall decrease in bromide 
concentrations at drinking water intakes from 2010 to 2012 was likely associated with shale gas 
operators voluntarily ceasing the practice of sending high-bromide wastewaters to treatment 
facilities that discharge to surface waters without adequate TDS removal (Wilson and Van Briesen, 
2013). 

Elevated TDS and halides need to be interpreted in the context of other inputs into a watershed. An 
EPA source apportionment study of the Allegheny River in Pennsylvania (U.S. EPA, 2015o) found 
that CWTs accounted for almost 90% of the bromide at one drinking water treatment plant intake 
and 37% of the bromide at another intake. Other sources include coal-fired power plants and acid 
mine drainage. Furthermore, although effluent is diluted when discharged to a water body, this may 
not always be sufficient to avoid water quality problems if there are existing pollutant loads in the 
waterbody from other contributors (e.g., such as acid mine drainage or power plant effluent) 
(Ferrar et al., 2013). Warner et al. (2013a) evaluated effluent from the Josephine Brine Treatment 
Facility, which treated both conventional and unconventional (as defined by PA DEP) oil and gas 
wastewater at the time of the study. The authors concluded that even a 500 to 3,000-fold dilution of 
the wastewater would not reduce bromide levels to background. Modeling by Weaver et al. (2016) 
suggests that bromide levels in receiving streams can be improved by reducing concentrations in 
the effluent, discharging during periods of high streamflow, and discharging intermittently 
(pulsing). (See Appendix F for additional description of modeling studies.) 

In addition to concerns about formation of DBPs within downstream drinking water systems, 
treatment at the upstream CWTs and POTWs themselves can also produce DBPs if the facilities 
disinfect prior to discharge. The DBPs may then be released into receiving waters and increase 
concerns about the total loads of brominated and iodinated DBPs at downstream drinking water 
systems (Hladik et al., 2014). A study by Hladik et al. (2014) documented brominated and iodinated 
DBPs at the outfalls of CWTs and POTWs treating both conventional and unconventional 
wastewater and noted that this DBP signature was different than for those plants that did not 
accept oil and gas wastewater.  
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8.5.1.3 Other Constituents That Can Affect Downstream DBP Formation 

In addition to halogens, organic matter and ammonium can also be present in hydraulic fracturing 
wastewater (Chapter 7; Appendix E) and can have an influence on the formation of DBPs at 
downstream drinking water systems (Harkness et al., 2015). Experimental work by Parker et al. 
(2014) found that a mixture of river water with 1-2% flowback by volume could contribute to DBP 
formation due to the higher dissolved organic carbon content of the flowback. Harkness et al. 
(2015) studied the chemical composition of water associated with oil and gas production and found 
high concentrations of ammonium in the flowback and produced waters. Elevated levels of 
ammonium can convert chlorine to chloramines at downstream drinking water treatment plants. 
This could have an impact on the plant’s disinfection practices because chloramines are a weaker 
disinfectant than chlorine (Harkness et al., 2015; Parker et al., 2014). 

8.5.1.4 Mitigating Impacts from TDS and Halides on Drinking Water Utilities 

High bromide concentrations and low flow conditions in waterways have been shown to increase 
DBP formation in downstream drinking water systems (States et al., 2013). Most drinking water 
treatment plants are not designed to address high concentrations of TDS (including bromide and 
iodide), limiting their options for restricting the formation of brominated and iodinated DBPs when 
these halides are present.  

To mitigate these impacts, one strategy that was implemented in Pennsylvania was to disallow 
influent of high-TDS wastewaters to POTWs and CWTs that discharged to streams and were not 
designed to treat for TDS. Wilson and Van Briesen (2013) showed that this strategy was effective 
for reducing bromide concentrations at drinking water utilities downstream from POTWs and 
CWTs that had formerly accepted hydraulic fracturing wastewaters (States et al., 2013; Warner et 
al., 2013a; Wilson and Van Briesen, 2013). Alternatively, advanced treatment processes such as 
reverse osmosis, distillation, evaporation, and crystallization, can be employed to reduce 
constituents that contribute to high TDS (e.g., such as chloride, bromide, and iodide), reducing 
impacts on surface waters and, subsequently, downstream drinking water utilities. Strategies such 
as discharging during higher streamflow periods and using a pulsing or intermittent discharge 
could also reduce the frequency and severity of potential impacts on drinking water systems from 
elevated TDS.  

8.5.2 Radionuclides 

Potential impacts on drinking water resources from TENORM associated with hydraulic fracturing 
wastewater can arise through a number of pathways, including: treated wastewater in which 
radionuclides were not adequately removed; accumulation of radionuclides in surface water 
sediments downstream of wastewater treatment plant discharge points; migration or mobilization 
from soils that have accumulated radionuclides from previous activities such as pits or land 
application; and inadequate management of treatment plant solids (such as filter cake), landfill 
leachate, or sediments in pits or tanks that have accumulated radionuclides. 

An additional concern is the potential for underestimation of radium concentrations in hydraulic 
fracturing wastewater due to the high TDS content. When using wet chemical techniques, high TDS 
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concentrations can result in poor recovery of some chemical constituents. For radium, recovery 
may be as low as <1% in a high-salt matrix (Nelson et al., 2014). This may lead to the inability to 
identify an impact on drinking water resources or an underestimation of the severity of an impact. 
Research suggests that spectroscopic methods are more appropriate for analysis of radium in high-
TDS wastewaters (Nelson et al., 2014).  

A recent study by the PA DEP (PA DEP, 2015b) provides information that helps fill a general data 
gap regarding TENORM content in oil and gas wastes that are treated and discharged to surface 
waters. The study, although not exclusive to Marcellus wastes, was motivated by concerns over an 
increase in radionuclides in oil and gas wastes observed during the expansion of Marcellus Shale 
production. The study began in 2013 and quantified radionuclide (radium-226, radium-228, K-40, 
gross alpha, and gross beta) levels at CWTs, POTWs, well sites, and landfills and discussed human 
health and environmental implications. Other relevant studies addressing radionuclides focus on 
CWTs that have handled Marcellus wastewater, evaluation of solids in storage pits, and analysis of 
scale on pipes and tanks. 

8.5.2.1 Effluent from POTWs 

In Pennsylvania between 2007 and 2010, TENORM-bearing wastewaters were sent to POTWs, 
which are generally not required to monitor for radioactivity (Resnikoff et al., 2010). Although 
management of Marcellus wastewaters via POTWs has declined, there is still potential for input of 
radionuclides to surface waters via discharge of CWT effluent either directly to surface water or 
indirectly through discharge to POTWs. The potential for TENORM to pass through treatment at 
POTWs is one of the concerns addressed in the EPA’s recently promulgated pretreatment standards 
for unconventional oil and gas wastewaters that discharge to POTWs.  

Six of the POTWs in the PA DEP TENORM study received effluent from a CWT along with municipal 
wastewater. Note that the CWTs in the study are not described as receiving exclusively Marcellus 
wastewater. The POTWs that receive both CWT effluent and municipal waste had radium in their 
effluent (overall average effluent radium-226 concentration of 103 pCi/L, with a range of <35 to 
340 pCi/L). Those POTWs receiving only municipal wastewater also contained radium, with an 
average effluent radium-226 concentration of 145 pCi/L.1 These concentrations are many times 
higher than the MCL for radium (5 pCi/L) and are also orders of magnitude higher than typical 
background values; radium-226 in river water generally ranges from 0.014 pCi/L to 0.54 pCi/L 
(IAEA, 2014).2 

                                                            
1 These values are for unfiltered samples. In filtered samples, the POTWs that receive both CWT effluent and municipal 
waste had higher average radium-226 values than those for POTWs only treating municipal waste (497 pCi/L vs. 85 
piCi/L). Filtered samples are passed through a filter to remove fine particles; concentrations of constituents in filtered 
samples are often lower than in unfiltered samples. However, liquid samples in this study were filtered after preservation 
with acid. Therefore, the difference between unfiltered and filtered samples may not be reliable. 
2 A confounding issue for this study is that it was not clear why the radium-226 concentrations were comparable or 
higher for those POTWs not receiving oil and gas CWT effluent. However, sample sizes were small and possible 
alternative sources for the radium were not discussed. The report also did not describe how it was verified that the 
POTWs did not receive contributions from oil and gas wastewater. 
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8.5.2.2 Effluent from CWTs 

Four of the ten CWTs sampled during the PA DEP TENORM study (PA DEP, 2015b) discharged to 
surface water under a National Pollution Discharge Elimination System (NDPES) permit, and the 
other six discharged to POTWs. The average radium-226 concentration in the effluent from the 
CWTs (1,840 pCi/L for unfiltered samples) was an order of magnitude higher than in effluent from 
the POTWs. Samples of treated wastewater from zero-discharge facilities contained higher 
concentrations, averaging 2,610 pCi/L radium-226 and 295 pCi/L radium-228 (PA DEP, 2015b). 
The treated wastewater from these zero-discharge facilities will likely be reused for subsequent 
hydraulic fracturing jobs, postponing the need for disposal, but reuse could result in overall 
increases in some constituents of concern due to repeated passage through the subsurface. In 
addition, there is also a potential for impacts on drinking water resources from spills and leaks 
associated with wastewater storage and handling at these facilities.  

Sampling done at the Josephine Brine Treatment Plant in western PA from 2010 – 2012 (Warner et 
al., 2013a) detected radium in the effluent (mean values of 4 pCi/L of radium-226 and 2 pCi/L of 
radium-228). Treatment at the facility removes radium by coprecipitation with barium sulfate. The 
authors note that if the activities of radium-226 and radium-228 in Marcellus brine influent at the 
CWT are similar to those reported by other researchers (Rowan et al., 2011), then the CWT 
achieved a 1,000-fold reduction in radium content. (This facility also accepted conventional oil and 
gas wastewater.) The detection of radium in the effluent from this CWT suggests that if the influent 
concentration is extremely high, radium will still be found in the effluent of a treatment plant even 
if the treatment process removes a high percentage (see Section 8.4 and Appendix F for additional 
discussion on constituent removal efficiencies at CWTs).  

8.5.2.3 Accumulation in Sediments 

In addition to concerns about TENORM in discharges to surface waters, studies have shown the 
potential for a legacy of radionuclide accumulation in surface water sediments. The PA DEP 
TENORM study (PA DEP, 2015b) found radium in sediments near the outfalls for CWTs (averages of 
84.2 pCi/g and 19.8 pCi/g for radium-226 and -228, respectively) and three POTWs receiving 
treated oil and gas wastewater from CWTs (radium-226 and radium-228 concentrations ranging 
from 1.8 to 18.2 pCi/g). Typical background soil levels of radium are approximately 1 to 2 pCi/g (PA 
DEP, 2015b). 

Warner et al. (2013a) measured radium-226 levels in stream sediment samples at the point of 
discharge of a CWT that had treated both conventional oil and gas wastewater and unconventional 
Marcellus wastewater. They found concentrations approximately 200 times greater than upstream 
and background sediments. This indicates the potential for accumulation of contaminants in 
localized areas near wastewater discharge facilities. Although the CWT studied by Warner et al. 
(2013a) also accepted conventional oil and gas wastewater, the authors observed that the radium-
228/radium-226 ratio in the river sediments near the discharge (0.22 – 0.27) is consistent with 
ratios in Marcellus wastewater. The authors indicate that the radium likely accumulated in the 
sediments, originating from the discharge of treated unconventional Marcellus oil and gas 
wastewater. Accumulation of TENORM can also occur in sediments receiving discharged effluent 
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from landfills that accept oil and gas wastes. In the PA DEP TENORM study (PA DEP, 2015b), 
samples of impacted soils were collected at three landfill outfalls. Radium-226 and -228 were 
detected in all samples (2.82 to 4.46 pCi/g and 0.979 to 2.53 pCi/g, respectively). 

A study by Skalak et al. (2014), on the other hand, did not find elevated levels of alkali earth metals 
(including radium) in sediments just downstream of the discharge points of five POTWs that had 
previously treated Marcellus wastewater. These inconsistencies among studies suggest that 
accumulation of contaminants in sediment may depend on treatment processes and their removal 
rates for each constituent as well as stream chemistry and hydrologic characteristics. 
Contamination with radium-226 would potentially be long lived because of the long half-life of 
radium.1  

The association of radium with sediments near discharge points is attributed to adsorption of 
radium to the sediments, a process governed by factors such as the salinity of the water and 
sediment characteristics. Increased salinity promotes desorption of radium from sediments, while 
lower salinity promotes adsorption, with radium adsorbing particularly strongly to sediments high 
in iron and manganese (hydr)oxides (Porcelli et al., 2014; Gonneea et al., 2008). Warner et al. 
(2013a) speculate that when saline CWT effluent is discharged into stream water, the lower salinity 
of the stream environment facilitates sorption of radium onto streambed sediments. The long-term 
fate of radium sorbed to sediments depends upon changes in water salinity and the sediment 
properties, including any reduction/oxidation chemical reactions that affect iron and manganese 
minerals in the sediments. Additionally, the sediment may be physically transported downstream 
due to high flows or if sediment is disturbed and resuspended.  

8.5.2.4 Pits and Tanks 

Where pits or impoundments are used, radionuclides may accumulate in the bottom sludges and 
can also be found in soils once the pit is closed and leveled. A study of three centralized wastewater 
storage impoundments in southwestern Pennsylvania (Zhang et al., 2015a) showed that radium-
226 accumulated in various components of the bottom solids, including through coprecipitation 
with barium sulfate. Sludge from one pit showed a substantial increase in radium-226 between 
sampling events 2.5 years apart (from 8.8 pCi/g to 872 pCi/g). The authors attributed the steep 
increase to enrichment in radium during cycles of wastewater reuse. In Texas, accumulation of 
radionuclides (potassium, thorium, bismuth, radium, and lead) was documented for two pits that 
stored fluids associated with hydraulic fracturing (Rich and Crosby, 2013). One pit was 
decommissioned and used as farmland, and the other was active at the time of sampling. Analyses 
of soil and sludge samples detected a number of radionuclides, including radium-226, radium-228, 
thorium-228, strontium-90, and potassium-40 (radium-226 was only found at the former pit). Rich 
and Crosby (2013) note a total beta radiation value of 1,329 pCi/L in one sample from the active pit. 
They note that this value exceeded regulatory guidelines even though the values for individual 

1 The half-life of radium-226 is approximately 1,600 years, while the half-life of radium-228 is 5.76 years. The half-life is 
the time it takes for half of the nuclei in a sample of a radioactive element to decay. After two half-lives, one fourth of the 
original sample will be left, and after three half-lives there will be one eighth of the original sample remaining, and so 
forth. 
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radionuclides did not exceed regulatory guidelines, suggesting that using a single radionuclide (i.e., 
radium) as an indication of exposure can underestimate total radioactivity.  

Although the sample sizes were small for both the Zhang et al. (2015a) and the Rich and Crosby 
(2013) studies, the results suggest that radionuclides associated with sediments from some pits 
could have potential impacts on surface water or groundwater. These studies illustrate the need for 
appropriate management where wastes have high TENORM content. Rich and Crosby (2013) note 
that pits are often found in agricultural regions. If pit solids that are incorporated into soils (e.g., 
during draining and leveling or during land application) contain radionuclides, they may reach 
surface water in runoff or leach from the solids and migrate to groundwater. In active pits, Rich and 
Crosby (2013) note that TENORM in the contents may be deposited onto crops and soil through 
aerosolization or breaching. The Pennsylvania study (Zhang et al., 2015a) suggests that landfill 
leachate may be affected by receiving sludges from impoundments that store produced water and 
will need to be managed appropriately.  

With radium-226 values of 121 pCi/g and 872 pCi/g, sludges from the pits studied by Zhang et al. 
(2015a) exceeded the limit for disposal as a nonhazardous solid in a municipal or industrial solid 
waste landfill but would meet the radium-226 limits for disposal in a hazardous waste landfill. 
There are currently no federal requirements to test solid residuals for radionuclides before 
disposal. At landfills studied in the PA DEP TENORM report (PA DEP, 2015b), seven samples of 
treated effluent from nine facilities that accept oil and gas waste had radium-226 values ranging 
from 105 pCi/L to 378 pCi/L and radium-228 values ranging from <6 pCi/L to 1,100 pCi/L. 
Untreated effluent from the nine landfills had radium-226 contents ranging from 70 to <139 pCi/L. 
The study authors conclude that there is “limited potential” for environmental impacts from spills 
or discharges of leachate from these facilities.  

Where wastewater is stored in tanks, TENORM concentrations can increase through radioactive 
ingrowth.1 Radium-226 and radium-228 are generally considered the radionuclides of greatest 
concern in wastewaters and are the most frequently measured. But recent research indicates that 
in closed environments such as tanks, where the radium decay product radon cannot escape, total 
radioactivity may increase due to ingrowth of other decay products of radium such as Pb-210, Po-
210, and Th-228 (Nelson et al., 2015). Experimental work by Nelson et al. found that concentrations 
of these decay products in Marcellus produced water that was stored in a sealed drum started 
growing immediately. Concentrations started at zero and reached 10.49 pCi/L for Po-210 and 155 
pCi/L for Th-228 over the first 50 and 66 days of storage, respectively. The authors note that these 
decay products are not soluble, would be associated primarily with particulates, and could be 
bioavailable. This study demonstrates that analyzing for radium will not provide a complete 
indication of sample radioactivity if the water is stored in a closed environment and that 
subsequent management decisions would need to take into account possible increases in 
radioactivity due to ingrowth. 

                                                            
1 The ingrowth, or growth within a sample, of radioactive daughter products from radionuclides initially present in the 
sample can cause greater radioactivity than that resulting from the parent radionuclides alone.  
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8.5.2.5 Other Solids 

Other solid wastes associated with unconventional oil and gas production that may contain 
radionuclides include solid residuals from POTWs and CWTs and scale in oil and gas equipment. 
Filter cake samples from POTWs were found by PA DEP (2015b) to have highly variable radium-
226 concentrations, with an average of 16 pCi/g, while typical soil concentrations in Pennsylvania 
have been found to be less than 2.5 pCi/g (Greeman et al., 1999). Filter cake from CWTs had an 
average radium-226 concentration of 111 pCi/g. The authors conclude that there could be impacts 
on surface waters through spills or effects on groundwater from landfill leachate containing 
contaminants originating in residuals sent to landfills. 

Accumulation of TENORM-bearing scale in CWTs or POTWs may continue to affect the treatment 
plant even after discontinuing treatment of wastewaters containing high radionuclide 
concentrations. Radium can adsorb onto scales in pipes and tanks and can also be removed from 
water by coprecipitation if sulfate or carbonate is added to hydraulic fracturing wastewater to 
precipitate calcium, barium, or strontium (Kappel et al., 2013; USGS, 2013a). Pipe scale in oil and 
gas production facilities has been found to have radium concentrations as high as 154,000 pCi/g, 
although concentrations of less than about 13,500 pCi/g are more common (Schubert et al., 2014). 
A similar issue, the potential for accumulation and possible release of radionuclides and other trace 
inorganic constituents in water distribution systems, has gained attention, with the potential for 
drinking water concentrations to exceed drinking water standards (Water Research Foundation, 
2010). Scale eventually removed from pipes or other oil and gas equipment can end up in landfills 
and then leach into groundwater or run off to surface water (USGS, 2013a). Also, laboratory 
research suggests that radium in land-applied barium sulfate scales from conventional oil and gas 
operations may become mobilized by microbial processes, rendering the radium more mobile and 
bioavailable (Matthews et al., 2006; Swann et al., 2004); see discussion in Section 8.4.6.1. 
Monitoring would be needed in order to ascertain the potential for accumulation and release of 
radionuclides from systems that have treated or continue to treat hydraulic fracturing wastewaters 
with elevated TENORM concentrations. 

8.5.2.6 Road Spreading 

Salt and radionuclide accumulation can occur near road spreading sites; one study in Pennsylvania 
describes a roughly 20% increase in average radium-226 concentrations in soils near five roads 
where wastewaters from conventional operations had been spread for de-icing (Skalak et al., 2014). 
However, the standard deviation for the samples was large (24 pCi/g), and background 
concentrations were approximately 1 pCi/g. Should significant accumulation of radionuclides in 
soils near roads occur, it would present a vehicle for potential impacts on drinking water resources. 
The frequency with which hydraulic fracturing wastewater contributes to this type of impact 
depends on state-level regulations dictating whether the wastewater can be used for road 
spreading.  
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8.5.2.7 Potential for Monitoring 

Effluent from treatment plants (e.g., CWTs, POTWs) and receiving waters can be monitored for 
radionuclides. Research suggests that radium-226 and radium-228 are the predominant 
radionuclides in Marcellus Shale wastewater, and they account for most of the gross alpha and 
gross beta activity in the waters studied (Rowan et al., 2011). Gross alpha and gross beta 
measurements may, therefore, serve as an effective screening mechanism for the presence of 
radionuclides in hydraulic fracturing wastewater. This in turn can help in evaluating management 
strategies. Portable gamma spectrometers allow rapid screening of wastewater effluent. Sediments 
can also be measured for radionuclide concentrations at discharge points. If an accurate assessment 
of total radioactivity is needed rather than a screening, measuring radium content may not be 
adequate depending upon how wastewater has been stored. Analyses of other radionuclides such 
as Pb-210, Po-210, and Th-228 may be warranted, especially if the wastewater has been stored in 
closed loop systems. 

8.5.3 Metals 

Given the presence in hydraulic fracturing wastewaters of some heavy metals, as well as barium 
and strontium concentrations that can reach hundreds or even thousands of milligrams per liter 
(Table 7-5), surface waters may be impacted if discharges from CTWs or POTWs indirectly 
receiving oil and gas wastewater via CWTs are not managed appropriately or if spills occur.  

Common treatment processes, such as chemical precipitation, are effective at removing many 
metals (Section 8.4). Effluent sampling results collected between October 2011 and February 2013 
from seven facilities in Pennsylvania treating oil and gas wastewaters were requested by the EPA. 
The results revealed low to modest concentrations of copper (0 – 50 µg/L), zinc (14 – 256 µg/L), 
and nickel (8 – 22 µg/L) (U.S. EPA, 2015f, g). However, metals such as barium and strontium were 
found to range from low to elevated concentrations in the effluent for some of the facilities. The 
data showed effluent barium concentrations ranging from 0.35 to 25 mg/L (median of 3.5 mg/L 
and average of 6.7 mg/L). For results that were greater than 2 mg/L, the drinking water MCL for 
barium was exceeded. Strontium concentrations ranged from 0.36 to 546 mg/L (median of 297 
mg/L and mean of 236 mg/L) (U.S. EPA, 2015g). (See Chapter 9 for information on health effects for 
barium and strontium.) 

Volz et al. (2011) discussed a December 2010 effluent sampling effort at a Pennsylvania CWT that 
had been treating both conventional and Marcellus wastewater; they measured average barium and 
strontium concentrations of 27 mg/L and nearly 3,000 mg/L, respectively (eight samples from the 
one plant) (Volz et al., 2011). NPDES compliance data submitted for 2011 shows that effluent from 
the same CWT had average barium effluent levels ranging from 26 to 98 mg/L in the months prior 
to PA DEP’s April 2011 request to cease sending hydraulic fracturing wastewater to this and other 
facilities exempt from the 2010 TDS regulation (U.S. EPA, 2015f, g). After May, 2011, barium 
effluent concentrations dropped to average values of 9 to 22 mg/L. The facility is scheduled to 
upgrade its TDS removal capabilities, which should help decrease concentrations of metals in the 
effluent.  
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Limited data are available on metal concentrations in wastewater and treated effluent that are 
directly discharged; additional information would be needed to assess whether there could be 
downstream effects on drinking water utilities. NPDES discharge permits, which restrict TDS 
discharge concentrations, would likely reduce metal effluent concentrations due to the additional 
treatment necessary to minimize TDS. 

8.5.4 Volatile Organic Compounds 

Benzene is a common constituent in hydraulic fracturing wastewater, and it is of concern due to 
recognized human health effects. A wide range of concentrations of BTEX compounds occurs in 
wastewater from the Barnett and Marcellus shales. Natural gas formations generally produce more 
BTEX than oil formations (Veil et al., 2004), and lower concentrations of BTEX naturally occur in 
wastewater from CBM production (Appendix Table E-9). The organic chemistry of Marcellus 
wastewater has been found by Akob et al. (2016) to be more variable than that of inorganic 
constituents, indicating the need to consider the concentrations of organic compounds when 
planning wastewater management.  

Processes such as air stripping or dissolved air flotation can remove VOCs during treatment, but if 
treatment is not adequate prior to discharge, the VOCs may reach water resources. For example, the 
average benzene concentration measured in the discharge from a Pennsylvania CWT in December 
2010 was 12 µg/L (Volz et al., 2011) exceeding the MCL for benzene of 5 µg/L.1 The facility was 
receiving wastewater from both conventional and unconventional operations at that time. Ferrar et 
al. (2013) measured for BTEX in effluent from the same facility, and mean concentrations among 
the four compounds ranged from approximately 2 to 46 µg/L. Concentrations were lower for 
samples taken after May 19, 2011 (when Marcellus operators voluntarily stopped sending 
wastewater to POTWs and CWTs exempt from the 2010 TDS regulation), and the difference 
between pre and post May 2011 sampling was considered statistically significant.  

Spills and leakage from pits creates another potential route of entry to drinking water resources, as 
described in Section 8.4.5. Akob et al. (2016) documented the microbial degradation of organic 
compounds in Marcellus produced water and note that more research is needed to evaluate how 
this could mitigate the migration of organic constituents in the event of spills or leaks. 

8.5.5 Semi-Volatile Organic Compounds 

Little is known about the fate of the SVOC, 2-butoxyethanol (2-BE) (an antifoaming and anti-
corrosion agent used in slick-water) (Volz et al., 2011) or its potential impact on surface waters, 
drinking water resources, or drinking water systems. This compound is very soluble in water and is 
subject to biodegradation, with an estimated half-life of approximately 1-4 weeks in the 
environment (Wess et al., 1998). It is classified by the EPA’s Integrated Risk Information System 
(IRIS) as not likely to be carcinogenic to humans, and the International Agency for Research on 
Cancer (IARC) classifies it as having insufficient evidence to determine carcinogenicity (see Chapter 
9 for more information). 2-BE was detected in the discharge of a Pennsylvania CWT at 
                                                            
1 Among the BTEX compounds, the MCL for benzene is the lowest at 5 µg/L; the MCL for ethylbenzene is 700 µg/L, the 
MCL for toluene is 1,000 µg/L, and the MCL for xylenes is 10,000 µg/L. 
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concentrations of 59 mg/L (Volz et al., 2011). Ferrar et al. (2013) detected 2-BE in the effluent from 
a CWT in western Pennsylvania at average concentrations of 34 – 45 mg/L; the latter value was 
measured when the CWT was receiving only conventional oil and gas wastewater. Data are lacking 
on 2-BE concentrations in surface waters that receive treated effluent from hydraulic fracturing 
wastewater treatment systems. 

Polyaromatic hydrocarbons (PAHs; a group of SVOCs) have been found in hydraulic fracturing 
wastewater (Section 7.3.4.7, Table 7-6). PAHs detected in an unlined pit containing oil and gas 
wastewater near the Duncan Oil Field in New Mexico were also detected in soils 82 ft (25 m) 
downgradient at concentrations ranging from 2,000 to 4,900 µg/kg and 164 ft (50 m) 
downgradient, with concentrations ranging from 22 to 370 µg/kg (Sumi, 2004; Eiceman, 1986). 

8.5.6 Oil and Grease 

Oil and grease in oil and gas wastewater can come from the formation or from oil-based drilling 
fluids. Typically, oil and grease are separated from the wastewater before discharge either by heat 
treatment or by gravity separation followed by skimming. If these processes are inefficient, oil and 
grease can be integrated with the discharge to surface waters. For example, in some cases, oil and 
grease are allowed to separate in pits, and water is then withdrawn from the lower part of the pit. If 
the oil layer is allowed to drop to the level of the standpipe or if the water is agitated, oil and grease 
may be discharged along with the water. Oil and grease are also often dispersed in wastewater in 
the form of small droplets that are 4 to 6 microns in diameter. These droplets can be difficult to 
remove using typical oil/water separators (Veil et al., 2004).  

A study was conducted in Wyoming by the U.S. Fish and Wildlife Service from 1996 to 1999 of sixty 
five oil and gas sites that discharge to ephemeral streams and subsequently to wetlands. Fifteen 
percent of the wetlands receiving wastewater contained oil-stained vegetation and had a visible oil 
sheen on the sediments. In addition, ten of twelve sites that were randomly selected for water 
sample collection (from oil field separator or skim pit effluent) exceeded the discharge limit of 10 
mg/L for oil and grease with one site as high as 54 mg/L (Ramirez, 2002).  

8.6 Synthesis 

A variety of strategies may be considered for the management of hydraulic fracturing wastewater. 
Important factors for planning management include cost, logistics, wastewater composition, 
wastewater volumes, and regulations. Available information suggests that Class IID wells regulated 
under the UIC Program are the most frequently used wastewater management practice, but reuse, 
sending to a CWT, and various other methods are also employed.  

8.6.1 Summary of Findings 

8.6.1.1 Wastewater Volumes 

The most current national estimate of the total wastewater volume generated in the oil and gas 
industry (both onshore and offshore) was 889.59 billion gal (21.18 billion bbls or 3.37 trillion L) in 
2012, although this estimate is subject to a number of uncertainties (Veil, 2015). The total amount 
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of wastewater generated may increase if hydrocarbon production increases in a region, although 
Veil (2015) suggests that this trend may not hold true at the national level. Geographically, a large 
portion of onshore oil and gas wastewater in the United States is reported to be generated in the 
western part of the country, consistent with the areas where most oil and gas wells are located and 
most production takes place.  

Obtaining reliable national estimates of the amount of wastewater attributable to hydraulic 
fracturing is a challenge. State data collection efforts vary, and in many states, production data do 
not identify which wells have been hydraulically fractured. However, annual estimates compiled 
from those states where hydraulic fracturing wastewater is identified range from hundreds of 
millions to billions of gallons of wastewater generated each year. Data from individual states 
indicate that along with an increase in the numbers of hydraulically fractured wells, associated 
wastewater volumes have generally increased over the last several years into 2014. However, while 
there is a general correlation between unconventional oil and gas production and wastewater 
volume, the relationship is complicated by several factors such as timing of drilling and production. 
More complete and comparable estimates of local, state, and regional wastewater volumes would 
facilitate wastewater management on the part of operators as well as planning on the part of 
agencies that oversee wastewater management.  

8.6.1.2 Wastewater Management Practices 

Hydraulic fracturing wastewater is managed in a variety of ways, including disposal via Class IID 
wells; minimal treatment and reuse (in subsequent fracturing operations); more complete 
treatment followed by reuse; sending to CWTs for treatment followed by direct discharge or 
transfer to POTWs; evaporation; and other uses such as agriculture and wildlife use (allowed only 
in the arid west when the wastewater is of good enough quality for such uses). All of these 
strategies have the potential to affect drinking water resources. Wastewater management practices 
continue to shift in response to evolving understanding of environmental concerns, emplacement of 
new regulatory controls, changes in costs, and changes in technology and operator practices. 
Unauthorized discharges of hydraulic fracturing wastewater have also been documented, and such 
discharges can potentially impact drinking water resources.  

As of 2015, available information suggests that Class IID disposal wells are a primary wastewater 
management practice for operators in most of the major unconventional reservoirs in the United 
States, with the notable exception of the Marcellus Shale region in Pennsylvania. Class IID wells 
tend to be economically favorable, especially if they are located within a reasonable transportation 
distance from well sites (U.S. GAO, 2012). In particular, large numbers of active injection wells are 
found in Texas (7,876), Kansas (5,516), Oklahoma (3,837), Louisiana (2,448), and Illinois (1,054) 
(U.S. EPA, 2016d). 

Pennsylvania is somewhat unique in having only nine Class IID wells (as of February 2015), along 
with having experienced significant growth of shale gas production in the Marcellus and 
corresponding production of large volumes of wastewater. Operators producing from 
unconventional formations (as defined by PA DEP) have managed their wastewater through the use 
of POTWs (a practice that is subject to recently promulgated regulations), CWTs, extensive reuse 
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for hydraulic fracturing operations, and hauling to disposal wells (to a lesser degree). The 
wastewater management history in Pennsylvania provides an example of evolving strategies to 
manage the treatment, discharge, storage, and reuse of hydraulic fracturing wastewaters that are 
high in constituents of concern (e.g., bromide, TDS, and TENORM).  

Reuse of hydraulic fracturing wastewater to formulate fluid for subsequent hydraulic fracturing 
jobs is most prevalent in Pennsylvania (as high as 90%), with much of the reuse happening on-site 
(PA DEP, 2015b). Reuse is practiced in other regions as well (e.g., Haynesville Shale, the Fayetteville 
Shale, the Barnett Shale, and the Eagle Ford Shale), but at much lower rates (about 5 – 20%). 
Reliable estimates are not available for all areas of the United States because waste management 
practices are not consistently reported across all states. If hydraulic fracturing activity slows, 
demand for wastewater for reuse will also likely decrease, and other forms of wastewater 
management will be needed. Potential impacts associated with reuse center on concerns over the 
storage of untreated or minimally treated wastewater on-site or transport to CWTs. 

Treatment of hydraulic fracturing wastewater may be done at CWTs or using mobile or semi-
mobile systems designed for on-site use. Treatment at a CWT may be followed by direct discharge 
by the CWT to surface water, indirect discharge to a POTW in accordance with recently 
promulgated regulations, or reuse. Most CWTs treating hydraulic fracturing wastewater are located 
in Pennsylvania (about 40 facilities), with a limited number in other states. CWTs vary widely in 
treatment capabilities, ranging from producing high-quality effluent to minimal treatment for reuse. 

Other wastewater management practices, such as evaporation and agricultural uses, represent a 
smaller fraction of wastewater management nationally. These practices can, however, be locally 
significant. Although specific instances of contamination were not identified for this assessment, 
these practices could lead to impacts on drinking water resources if facilities are not properly 
constructed and maintained or if water quality is not adequately characterized to ensure that 
management is appropriate.  

8.6.1.3 Treatment and Discharge 

Wastewater that is treated and subsequently discharged by CWTs can result in impacts due to 
inadequate treatment. A frequently cited concern is the high TDS content in wastewaters from 
unconventional formations, which poses challenges for treatment, discharge, and reuse. Treatment 
processes such as sedimentation, filtration, flotation, and chemical precipitation are capable of 
removing constituents such as oil and grease, major cations, metals, and TSS. They do not, however, 
adequately reduce TDS in high-salinity wastewaters. More advanced processes such as reverse 
osmosis (RO) or distillation are needed if TDS removal is required (Shaffer et al., 2013; Younos and 
Tulou, 2005). Most available information on treatment of hydraulic fracturing wastewater is based 
on practices used in Pennsylvania because that is where most data have been collected.  

Hydraulic fracturing wastewater discharged from treatment facilities without advanced TDS 
removal processes has resulted in elevated TDS concentrations (including bromide, iodide, and 
chloride levels) in receiving waters. Impacts from these discharges is due largely to the role of 
bromide and iodide in DBP formation at downstream drinking water systems, potentially causing 
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higher levels of harmful DBPs in finished drinking water.1 Modeling suggests that very small 
percentages of hydraulic fracturing wastewater added to a river used as a source for drinking water 
systems could cause a notable increase in DBP formation.  

Radionuclides (i.e., TENORM), which are present in some hydraulic fracturing wastewaters, can 
cause impacts if the wastewater is discharged without adequate treatment. TENORMs have been 
measured in effluent from wastewater treatment facilities receiving Marcellus wastewater (which 
includes effluent sent for reuse and not discharged to surface water). Radium-226, radium-228, 
gross alpha, and gross beta are most cited as the radioactive constituents of concern, likely due to 
the availability of test methods for these constituents in wastewater. Radium concentrations can 
range up to thousands or tens of thousands of pCi/L. Fewer data are available on concentrations of 
uranium and other radionuclides in hydraulic fracturing wastewaters. Also, fewer data exist on 
radionuclide concentrations in wastewaters from unconventional formations other than the 
Marcellus, limiting our ability to assess potential impacts from TENORM on a nationwide basis.  

Other constituents posing health or environmental concerns that can be discharged in inadequately 
treated hydraulic fracturing wastewater include organic compounds, barium, strontium, and other 
metals. Chemicals used in the fracturing fluid or their degradation products could also be present. A 
variety of treatment processes can be used for removal of these contaminants, from commonly used 
methods such as chemical precipitation and filtration to more advanced and more costly 
techniques, such as reverse osmosis, distillation, and mechanical vapor recompression.  

8.6.1.4 Storage and Disposal Pits and Impoundments 

Regardless of the wastewater management practices used, some type of temporary storage of fluids 
is generally required. Storage can be in the form of tanks as well as pits and/or impoundments. Pits 
encompass a variety of structures, from on-site pits for storage at the well site to larger, centralized 
facilities (typically referred to as “impoundments” or “ponds”). Some states allow evaporation pit 
facilities or percolation pits as a means of wastewater disposal. The locations and number of pits 
are not well documented in most states, nor are pits associated with hydraulic fracturing 
operations necessarily identified, despite efforts by the U.S. EPA (U.S. EPA, 2003b) and 
environmental groups such as SkyTruth to identify pits in use. Information that is typically 
available on state websites includes permitted centralized commercial evaporation facilities 
(COWDFs) most commonly used in the western United States.  

Impacts on both groundwater and surface water resources due to inadequate pit capacities, 
overfilling, and leaks have been documented. In extreme precipitation events, pits can be 
overtopped. Leaks can occur if liners are compromised or were not used. With an increased 
emphasis on reuse in some regions, the need for temporary storage of high-TDS wastewater 
increases the potential for leaks and spills from pits and during fluid handling.  

                                                            
1 Some types of DBPs are regulated under SDWA’s Stage 1 and Stage 2 DBP Rules, but a subset of DBPs, including a 
number of chlorinated, brominated, nitrogenous, and iodinated DBPs, are not regulated. Brominated and iodinated DBPs 
are more toxic than other species of DBPs. 
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Unlined pits, in particular, provide a pathway for contaminants to reach groundwater, and impacts 
on groundwater from historic and current uses of unlined pits in the oil and gas industry have been 
documented. The resulting contamination can be long-lasting. States have taken measures to phase 
out the use of unlined disposal and storage pits, but unlined pits that are still in use can provide an 
ongoing potential source of contamination for groundwater (Grinberg, 2014).  

8.6.1.5 Residuals 

Solid and liquid residuals associated with hydraulic fracturing wastewater (treatment residuals 
from CWTs, sludges from tanks and pits, and pipe scale) could have impacts on drinking water 
resources if not managed and disposed of properly. Liquid residuals are inappropriate for surface 
water discharge or discharge to a POTW due to high concentrations of salts and other 
contaminants; they are commonly disposed of in an injection well. Solid residuals may leach a 
number of constituents, such as alkali metals, alkaline earth metals, and bromide. They can also 
contain TENORM if radionuclides are present in the wastewater being treated. Given that residuals 
are commonly disposed of in landfills, TENORM can be problematic due to the possibility of radon 
emissions and radioactivity in the landfill leachate. Solids from pits or tanks can also contain 
TENORM if the wastewater contains radionuclides, and one study has shown the potential for 
radioactivity to increase in the closed environment of tanks.  

8.6.2 Factors Affecting the Frequency or Severity of Impacts 

The frequency and severity of impacts on drinking water resources from hydraulic fracturing 
wastewater will depend upon the wastewater composition and volumes, and the mix of wastewater 
management strategies used.1 The types of potential impacts (along with frequency and severity) 
may shift in time as management practices change in response to evolving environmental, 
regulatory, economic, or logistical drivers. The frequency and severity of impacts can also depend 
on the size and initial quality of the drinking water resource and its proximity to wastewater 
management operations. 

8.6.2.1 Role of Changing Wastewater Management Practices 

The most common disposal option for hydraulic fracturing wastewater is injection into Class II 
disposal wells. If this option becomes restricted in a given location, the wastewater management 
options could shift, at least locally, towards other options such as sending wastewater to CWTs for 
treatment and either discharge or reuse. Although reuse avoids the immediate need to discharge 
wastewater by directing it to ongoing hydraulic fracturing activities, the practice could concentrate 
radionuclides or other constituents as fluid moves through cycles of reuse. Whether such 
concentrations would be significant depends on the ratio of recycled to “fresh” water when the 
wastewater gets reused. Alternatively, wastewater might need to be transported to more distant 

                                                            
1 Both national and state regulations affect the wastewater management practices used. At a national level, although the 
EPA’s oil and gas ELG regulations generally prohibit the direct discharge of oil and gas wastewater to waters of the U.S., 
treatment and discharge of hydraulic fracturing wastewater can occur under certain limited circumstances, such as under 
an exemption authorizing discharge for agricultural and wildlife use in the arid west, or by Centralized Waste Treatment 
facilities. For additional information on national regulations relevant to hydraulic fracturing wastewater management, see 
Text Box 8-2.  
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Class IID wells. This option, while attractive from the perspective of limited disposal impacts, could 
increase the frequency of impacts from spills and leaks during transportation (see Chapter 7 for 
discussion of roadway transport of produced water).  

8.6.2.2 Treatment and Discharge 

Both the frequency and severity of potential impacts on drinking water resources from treated 
hydraulic fracturing wastewater depend on the influent concentrations of the constituents in the 
wastewater and the type and adequacy of the treatment processes employed. If treatment and/or 
blending is inadequate, the resulting quality in a receiving water could, for example, influence 
formation of DBPs during subsequent drinking water treatment, impair biological treatment 
processes, and release TENORMs into receiving waters.  

The volume of treated effluent discharged relative to the size of the receiving water body is an 
important local factor affecting the frequency and severity of potential impacts. Because of dilution 
effects, drinking water systems drawing from smaller rivers will likely face greater challenges in 
dealing with contaminants in their source water than systems drawing from larger rivers receiving 
the same volume of effluent. Seasonal changes in streamflow will also affect frequency and severity 
by affecting the degree of dilution. Existing loadings of pollutants from other sources in a watershed 
can increase the frequency and severity of potential impacts if the additional contributions from 
hydraulic fracturing wastewater cause concentrations to exceed thresholds.  

Direct discharges of wastewaters with lower TDS concentrations to ephemeral streams are allowed 
in parts of the country where the wastewater is considered to be “of good enough quality” for 
livestock watering and wildlife use, and the discharges may constitute a large portion of 
streamflow. Permits authorizing such discharges may only require monitoring for a limited set of 
constituents. In particular, they may not necessarily require monitoring for specific constituents 
associated with hydraulic fracturing. The potential for water quality impacts from such discharges 
depends upon whether chemicals used for fracturing fluid or maintenance (or their degradation 
products) are present and at what concentrations. Long-term discharges to these ephemeral 
streams could result in ongoing impacts if there are unrecognized or unaddressed water quality 
issues.  

Concerns about radionuclides in hydraulic fracturing wastewater have received considerable public 
attention, especially in the Marcellus region. The severity and frequency of impacts on receiving 
waters and sediments from TENORM depends upon the TENORM content in the wastewater 
(highest in regions with NORM-rich formations), temporal variability in the wastewater 
composition, and the treatment processes used. There are insufficient data to indicate whether 
radionuclides from these wastewaters have reached drinking water intakes. However, data do 
suggest that radionuclides can accumulate in sediments at or near discharge points from facilities 
that treat and discharge oil and gas wastewater. A recent PA DEP study (PA DEP, 2015b) reported 
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radium in the effluent of both CWTs handling oil and gas wastewater and POTWs receiving effluent 
from such facilities.  

Analysis of TENORM concentrations in hydraulic fracturing wastewaters prior to treatment, 
selection of appropriate treatment processes that adequately address the TENORM levels, and 
monitoring of TENORM in the treated effluent and receiving waters could help address the 
frequency and severity of potential impacts on drinking water resources in these areas. However, a 
confounding issue is underestimation of radium concentrations when using traditional wet 
chemical methods with high-TDS waters. This could consequently cause underestimation of 
frequency or severity of impacts. Newer studies have begun to use gamma spectroscopy for better 
recovery, which could help with more accurate assessment of frequency and severity of impacts 
(Nelson et al., 2014).  

Accumulation of other contaminants such as organic compounds or metals in sediments at or near 
discharge points is also possible. If the sediments are disturbed or entrained due to dredging or 
flood events, contaminated sediments could be transported downstream closer to drinking water 
systems. The fate of such sediments and likelihood of mobilization of contaminants originating from 
hydraulic fracturing wastewaters have not been explored. The frequency and severity of impacts 
related to contaminated sediments would depend on a number of site-specific factors such as 
concentrations in the sediments, effluent quality, volume from the discharging facility, stream 
water quality, and stream hydrodynamics.  

8.6.2.3 Storage and Disposal Pits and Impoundments 

Tanks, pits, and impoundments, ever-present at oil and gas operations and CWTs, provide an 
opportunity for impacts on drinking water resources. Tanks are generally regarded as being safer 
than pits in terms of containment, although recent research has shown the potential for an increase 
in radioactivity in tank sediment if the wastewater contains TENORM. For pits and impoundments, 
the likelihood and severity of impacts due to spills and leaks depends in part on state construction 
and maintenance requirements for pits and how well these are observed. Frequency and severity of 
impacts will be lessened by attention to design standards, competent construction, and operational 
practices. 

Liners, in particular, are an important measure to protect groundwater resources and are a 
common aspect of pit construction requirements. Liner specifications address materials, thickness, 
and leak detection. If a liner is compromised or nonexistent, the severity of impacts on groundwater 
will be affected by the volume leaked, the composition of the water in the pit, the depth to the water 
table, soil permeability, and the capacity of the soil to retain certain pollutants as the water 
percolates through. If substantial sediment has built up in the bottom of the pit, then in the event of 
a liner breach, contaminants may leach if the sediments permit water to pass through and into the 
soil. The fate and transport of wastewater contaminants in the subsurface is governed by a complex 
set of physical, chemical, and biological processes that dictate interactions between wastewater 
constituents and soil minerals, degradation or transformation of wastewater constituents, and 
possible mobilization of constituents in the soil under a pit (see Section 5.8 in Chapter 5 for a 
thorough discussion of processes affecting movement of constituents in the subsurface). Duration 
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of use is also a consideration; the longer a pit with a faulty or nonexistent liner receives 
wastewater, the more severe the ultimate impact could be on underlying sediment and 
groundwater.  

In the event of overtopping of a pit due to overfilling or extreme weather, the severity of impacts on 
surface water or groundwater will depend on the volume that overflows, wastewater composition, 
distance to surface water (if wastewater flows over land), depth to the water table, and soil 
properties (if the overflow infiltrates into the soil). If the overflow reaches a stream or river, the 
size of the spill relative to stream size and flow rate could also affect the severity of the impact. The 
combined factors that can contribute to overflows include capacity of the pit, the volume of fluid 
stored in the pit (i.e., freeboard) at the start of the precipitation event, and failure to monitor/
reduce pit fluid levels if needed.  

As with concerns over discharges, the potential for impacts will be tied to other, existing stresses 
within a watershed. If the surface water is already receiving pollutant loadings from other sources, 
then an additional contribution from a pit-related leak or spill may not be as readily accommodated 
without causing water quality impairment.  

8.6.2.4 Other Management Practices and Management of Residuals 

Other management strategies such as irrigation, road spreading, and evaporation are less 
frequently employed for hydraulic fracturing wastewaters. The severity of impacts on surface 
waters from irrigation and road spreading will depend on the constituents in the wastewater (e.g., 
salts, radionuclides, and chemicals used in hydraulic fracturing), the distance to a receiving water, 
and whether stormwater management measures exist to mitigate runoff. The factors influencing 
whether constituents will migrate to shallow groundwater include depth to the water table, 
precipitation, soil permeability, and the soil’s ability to retain pollutants that can adsorb to 
particles. If irrigation and road spreading are long-term management practices, the frequency of 
impacts will likely be proportional to the frequency with which the practices are employed. 

Liquid and solid residuals generated from the treatment, storage, and handling of hydraulic 
fracturing wastewater have highly concentrated waste constituents. This could increase the 
potential severity of impacts due to spills that reach surface water resources or leach to 
groundwater. Potential impacts from management of residuals can be lessened in frequency and 
severity through careful handling, adequate characterization (including TENORM content), and 
selecting an appropriate disposal method, including use of a landfill that can accept TENORM waste 
if needed. 

8.6.3 Uncertainties 

A full understanding of hydraulic fracturing wastewater management is limited by a lack of 
available data in several areas. First, it is difficult to assemble a complete national- or regional-level 
picture of wastewater volumes and the management practices used because the tracking and 
availability of data vary from state to state. Although some states provide well-organized and 
relatively thorough data, not all states collect or make such information available. It can be difficult 
to identify wastewater volumes specifically associated with hydraulic fracturing (as compared to all 
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oil and gas production activities). Such data would be needed to place hydraulic fracturing 
wastewater in the broader context of all oil and gas wastewaters. It is also generally difficult to 
determine whether hydraulic fracturing wastewater is being injected under a given disposal well 
permit because the permit rarely identifies which production wells are contributing to the 
wastewater stream. Data are also generally difficult to locate for wastewater production volumes, 
the chemical composition and concentrations in wastewater, and the management and disposal 
strategies for residuals. 

Up-to-date information on the volume of hydraulic fracturing wastewater disposed of via 
underground injection by state is not uniformly available. Without this information, it is difficult to 
assess whether disposal well capacity will become an issue in areas where hydraulic fracturing 
activity is expected to increase or where use of disposal wells may become restricted locally or 
regionally.  

For CWTs permitted to discharge to surface water, the ability to assess the potential effects of these 
discharges on drinking water resources is limited by the lack of effluent water quality data. Some 
monitoring data are required by the permit, but the list of monitored constituents may be limited. 
Selection of the appropriate water quality parameters to be monitored is critical to ensure that 
potentially problematic constituents are identified (e.g., chemicals associated with hydraulic 
fracturing fluids, maintenance chemicals, and degradation products of those chemicals). Some 
chemicals used in fracturing fluids are not disclosed, and analytical methods are lacking for some 
chemicals of concern and their degradation products. 

Pollutant removal capabilities of the treatment facilities would also be valuable information to have, 
but this would require well-coordinated collection of both influent and effluent samples; this type 
of data is even less commonly available. In addition, the use of inappropriate analytical methods for 
the high TDS wastewater associated with hydraulic fracturing operations can complicate the use of 
available data. Methods used should be suitable for the highly complex matrix of contaminants 
encountered with oil and gas wastewater to have confidence in the results of chemical analyses.  

Monitoring of surface waters downgradient of discharges, such as screening with a TDS proxy (i.e., 
conductivity), would also help assess the frequency of impacts on receiving waters by hydraulic 
fracturing activities (including spills and discharges of wastewater). Such data can also give an 
estimation of the severity of those impacts. Other than a few studies in the Marcellus Shale region, 
these types of water quality data are lacking. Existing data are also limited regarding legacy effects, 
such as accumulation of contaminants in sediments at discharge points, soil accumulation due to 
application of de-icing brines or salts from wastewater treatment, and handling of wastewater 
treatment residuals.  

Assessing longer-term impacts on surface water quality from hydraulic fracturing activities in 
general is severely hampered by inadequate data. Bowen et al. (2015) state that available national-
level databases are inadequate for addressing the question of whether there is evidence of national-
level trends in surface water quality (as measured by specific conductivity and chloride) in areas 
where unconventional oil and gas production is taking place. Work by the Northeast-Midwest 
Institute and the USGS (Betanzo et al., 2016) was undertaken to explore the types and amounts of 
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data needed to assess whether shale gas development activities contaminate surface water or 
groundwater in the Susquehanna River Basin. The focus was on longer-term cumulative impacts 
because detection of such impacts requires water quality monitoring. Detection of impacts (in 
either surface water or groundwater) requires a systematic monitoring approach that includes 
sampling at appropriately selected locations at an adequate frequency and duration and for a suite 
of water quality parameters to detect changes over time. Comparison sites without hydraulic 
fracturing activity are needed as well. The authors concluded that the data necessary to detect 
changes in surface water or groundwater due to hydraulic fracturing activities do not currently 
exist for the Susquehanna River Basin.  

8.6.4 Conclusions 

Oil and gas operations in the United States generated an estimated 2.43 billion gal of wastewater 
per day (about 60 million bbls/day) in 2012 (Veil, 2015). This includes wastewater associated with 
hydraulic fracturing activities, although what portion of this oil and gas wastewater is attributable 
to hydraulic fracturing operations is difficult to estimate. Available information indicates that the 
majority of hydraulic fracturing wastewater is injected into Class IID wells regulated under the UIC 
Program. In the Marcellus Shale region in Pennsylvania, this option is limited, and the majority of 
wastewater is reused (either with or without treatment) for new hydraulic fracturing jobs. 
Hydraulic fracturing wastewater may also be treated at a CWT and discharged by the CWT to 
surface water or to a POTW. In the western United States, wastewater is used in other ways (e.g., 
livestock watering) if water quality allows. Wastewater is also sent to evaporation ponds for 
disposal or stored on-site or in centralized pits or impoundments prior to final disposal or reuse.  

Impacts on drinking water resources have resulted from discharges of inadequately treated 
wastewater and from leaks, spills, and percolation associated with pits. Other mechanisms for 
impacts include improper handling of treatment residuals or pit and tank sludges as well as 
leaching and runoff associated with other wastewater management practices. The impacts related 
to pits and residuals/sludges affect both surface water and groundwater; unlined pits or those with 
compromised liners present a particular concern (see Chapter 7 for additional discussion of spills). 
The constituents that have received the greatest attention in the literature include TDS, DBP 
precursors (especially bromide), and radium, although hydraulic fracturing wastewater can contain 
elevated concentrations of a number of organic and inorganic constituents of concern. Regardless of 
the management option utilized, if the wastewater is not thoroughly characterized or sampling is 
not conducted for analytes of concern, the severity and frequency of the impacts will be unknown 
or unquantified. The nature and volume of wastewater generated through hydraulic fracturing 
activities necessitate careful consideration of handling, treatment, and ultimate reuse or disposal to 
ensure that water resources are not adversely impacted. There is also a need for reliable and 
consistent waste generation data collection and reporting, improved efforts to characterize 
wastewater quality (both treated and untreated), and systematic monitoring efforts to be able to 
detect impacts on drinking water resources.
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Chapter 9. Identification and Hazard 
Evaluation of Chemicals across 
the Hydraulic Fracturing Water Cycle 

Abstract 

This chapter identifies chemicals associated with hydraulic fracturing and provides an overview of the 
potential human health effects associated with these chemicals, as well as variables that could affect 
chemical occurrence in drinking water. The EPA has identified 1,606 chemicals associated with 
hydraulic fracturing, including 1,084 chemicals that are used in hydraulic fracturing fluid and 599 
chemicals that have been detected in produced water. There is some uncertainty surrounding this 
chemical list, as it does not include a subset of chemicals that are classified as confidential business 
information, and because understanding of produced water composition is constrained by limitations of 
analytical chemistry as well as site-specific variations in the geochemistry of hydraulically fractured 
rock formations.  

The EPA used selected federal, state, and international sources of toxicological data to identify toxicity 
values that can be used to support risk assessment for these chemicals, including chronic oral reference 
values (RfVs) for noncancer effects and oral slope factors (OSFs) for cancer. Chronic oral RfVs or OSFs 
were available for 173 (11%) of the total 1,606 chemicals. Health effects associated with chronic oral 
exposure to these chemicals include carcinogenicity, neurotoxicity, immune system effects, changes in 
body weight, changes in blood chemistry, liver and kidney toxicity, and reproductive and developmental 
toxicity.  

For the majority of chemicals that lack chronic oral RfVs or OSFs, risk assessors will have to turn 
towards other sources of toxicological information that may have greater uncertainty than RfVs and 
OSFs, including quantitative structure-activity relationship (QSAR) models or additional data from the 
EPA’s Aggregated Computational Toxicology Resource (ACToR) database. To understand whether 
specific chemicals can affect human health through their presence in drinking water, data on chemical 
concentrations in drinking water are needed. In the absence of these data, a preliminary analysis of 
relative hazard potential for drinking water resources can be conducted using the multi-criteria decision 
analysis (MCDA) approach outlined in this chapter. The MCDA combines data on toxicity, occurrence, 
and physicochemical properties for selected subsets of chemicals and was used in this chapter to 
highlight several chemicals that may be more likely than others to reach drinking water resources and 
present a health hazard.  

Overall, while evidence suggests that hydraulic fracturing has the potential to impact human health, the 
actual human health implications are not well understood or well documented. Given that chemicals in 
hydraulic fracturing fluids and produced water are likely to vary on a regional basis and even between 
individual wells, the materials presented in this chapter are best applied for risk assessment and risk 
management decision-making at the local level. 

WG Ex. 34

1596



Chapter 9 – Identification and Hazard Evaluation of Chemicals across the Hydraulic Fracturing Water Cycle 

 

 

9-2 

This page is intentionally left blank.

WG Ex. 34

1597



Chapter 9 – Identification and Hazard Evaluation of Chemicals across the Hydraulic Fracturing Water Cycle 

9-3 

9. Identification and Hazard Evaluation of Chemicals
across the Hydraulic Fracturing Water Cycle

9.1 Introduction 

In this chapter, we present and integrate what is known about chemicals in the hydraulic fracturing 
water cycle, and provide an initial assessment of the potential for these chemicals to impact human 
health. The discussion is focused on the availability of toxicity values and qualitative assessments 
that can be used to inform the risk assessment of these chemicals for oral exposure via drinking 
water—in particular, the available noncancer oral reference values (RfVs), cancer oral slope factors 
(OSFs), and qualitative cancer classifications.1,2,3 Public health impacts will depend upon both the 
inherent toxicity of these chemicals and the potential for human exposure. We highlight several 
field studies that have detected hydraulic fracturing-related chemicals in drinking water resources, 
and discuss properties of chemicals related to environmental fate and transport that could affect 
their potential impact on drinking water resources. To the extent information was available to do 
so, knowledge of toxicological and chemical properties was combined to illustrate a preliminary 
analysis of the relative hazard that these chemicals could pose to drinking water resources. The 
data are presented in this chapter as follows: 

Section 9.2 provides a brief background on public health concerns surrounding hydraulic fracturing 
and unconventional oil and gas extraction, which have been highlighted in several recent studies.  

Section 9.3 discusses how information sources were used to create a list of chemicals used in or 
detected in various stages of the hydraulic fracturing water cycle. The consolidated chemical list 
includes chemicals reportedly added to hydraulic fracturing fluids in the chemical mixing stage, as 
well as fracturing fluid chemicals, formation chemicals, or their reaction products that may be 
carried in produced water.  

Section 9.4 provides an overview of the methods that were used for gathering information on 
toxicity and physicochemical properties for all chemicals identified in Section 9.3, and outlines the 
number of chemicals that had available data on these properties. For toxicological data, the primary 
focus is on chronic oral RfVs, OSFs, and qualitative cancer classifications from selected data sources 
that met the EPA’s criteria for inclusion in this assessment. This section also discusses other 

1 A reference value (RfV) is an estimate of an exposure for a given duration to the human population (including 
susceptible subgroups) that is likely to be without an appreciable risk of adverse health effects over a lifetime. RfV is a 
generic term not specific to a given route of exposure (U.S. EPA, 2011f). In the context of this report, the term RfV refers to 
reference values for non-cancer effects occurring via the oral route of exposure and for chronic durations, except where 
noted. 
2 An oral slope factor (OSF) is an upper-bound, approximating a 95% confidence limit, on the increased cancer risk from a 
lifetime oral exposure to an agent. This estimate, usually expressed in units of proportion (of a population) affected per 
mg/kg day, is generally reserved for use in the low dose region of the dose response relationship, that is, for exposures 
corresponding to risks less than 1 in 100 (U.S. EPA, 2011f). 
3 Qualitative cancer classifications are a system used for the hazard identification of probable carcinogens, in which 
human data, animal data, and other supporting evidence are combined to characterize the weight of evidence (WOE) 
regarding the potential of an agent to cause cancer in humans. 
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potential sources of toxicity information: the use of quantitative structure-activity relationship 
(QSAR) modeling to estimate chemical toxicity, as well as the availability of toxicological 
information on the EPA’s Aggregated Computational Toxicology Resource (ACToR) database. A 
brief description of other potential tools and approaches that may be used by stakeholders for site-
specific evaluation of chemical hazards, but are not used in this report, is provided in Appendix G. 

Section 9.5 describes the potential hazards of subsets of chemicals identified as being of interest in 
previous chapters of this report. This includes chemicals in hydraulic fracturing fluid (Chapter 5); 
organic chemicals, inorganic chemicals, and pesticides detected in produced water (Chapter 7); 
stray gas, such as methane (Chapter 6); and disinfection byproducts (DBPs) formed from 
constituents of hydraulic fracturing fluid wastewaters (Chapter 8). We discuss instances in which 
these chemicals have been detected in drinking water resources in areas of hydraulic fracturing 
activity, and provide an overview of the available toxicological information for these chemicals. 

Section 9.6 uses a multi-criteria decision analysis (MCDA) framework to provide a preliminary 
analysis of the potential hazards of chemicals used in hydraulic fracturing fluids or detected in 
produced water. The MCDA framework is used to integrate data on chemical toxicity, occurrence, 
and physicochemical properties. In this context, occurrence and physicochemical properties are 
used as metrics to estimate the likelihood that a chemical will reach and impact drinking water 
resources. Chemicals considered in these hazard evaluations include a subset of chemicals 
identified in the EPA FracFocus 1.0 project database, as well as a subset of organic chemicals that 
have been detected in produced water. 

This chapter is not a human health risk assessment. As shown in Text Box 9-1, risk assessment 
consists of four basic steps: hazard identification, dose-response assessment, exposure assessment, 
and risk characterization. This chapter provides an overview of hazard identification and dose-
response assessment for these chemicals, but lacks information to fully characterize exposure and 
risk. In Section 9.5, we highlight instances in which these chemicals have been detected in drinking 
water resources, but these data are only available for a small number of chemicals. The MCDA 
approach in Section 9.6 provides a method for integrating data on toxicity and exposure potential, 
but should be considered only as a preliminary analysis, and should not be used in place of local 
data on chemical exposure.  

This chapter is focused on potential human health hazards of chemicals for the oral route of 
exposure (drinking water); therefore, the toxicological properties and physicochemical ranking 
metrics described herein do not necessarily apply to other routes of exposure that may occur with 
these chemicals, such as inhalation or dermal exposure. We additionally note that this analysis is 
focused on individual chemicals, rather than mixtures of chemicals used as additives.  

In general, characterizing chemicals and their properties on a national scale is challenging and the 
use and occurrence of chemicals is likely to differ between geological basins and possibly on a well-
to-well basis (Chapters 5 and 7). Therefore, for the protection of human health at the local level, 
chemical hazard evaluations are best conducted on a regional or site-specific scale. This level of 
analysis is outside the scope of this report; however, the methods of hazard evaluation presented 
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here can also be applied on a regional or site-specific scale in order to identify chemicals that may 
present a potential human health hazard. 

Text Box 9-1. Applying Toxicological Data for Human Health Risk Assessment. 

Understanding potential human health impacts requires knowledge not only of the inherent toxicity of the 
chemicals found in contaminated environmental media, but also of the potential for exposure to these 
chemicals. The process of evaluating the nature and probability of such impacts is known as human health 
risk assessment. Overall, human health risk assessment includes four basic steps (U.S. EPA, 2016a):  

1. Hazard identification: Examining whether a chemical has the potential to cause harm to humans and/or 
ecological systems, and if so, under what circumstances. 

2. Dose-response assessment: Examining the numerical relationship between exposure and effects. 

3. Exposure assessment: Examining what is known about the frequency, timing, and levels of contact with a 
chemical. 

4. Risk characterization: Examining how well the data support conclusions about the nature and extent of 
risk from exposure to a chemical. Information from the hazard identification, dose-response assessment, and 
exposure assessment are summarized and integrated into quantitative and qualitative expressions of risk. 

The RfVs and OSFs compiled by the EPA in this study pertain to the first two steps of human health risk 
assessment: identifying chemicals that have the potential to affect human health (hazard identification), and 
characterizing the exposure levels at which those effects occur (dose-response assessment). These toxicity 
values may be used in combination with site-specific chemical exposure information (exposure assessment) 
in order to evaluate potential human health risks (risk characterization). Qualitative cancer classifications 
characterize the weight of evidence regarding the potential for a chemical to cause cancer, and therefore 
provide additional information that can be used for hazard identification. 

Toxicity information spans a wide range with respect to extent, quality and reliability. The RfVs, OSFs, and 
qualitative cancer classifications compiled in this study are those identified by the EPA as being of the highest 
quality and reliability, per the criteria discussed in this chapter. The QSAR-based toxicity estimates discussed 
in this chapter are considered to be lower on the continuum of quality and reliability, but may provide useful 
information pertaining to hazard identification and dose-response assessment when a chemical does not 
have an RfV or OSF available. The EPA’s ACToR database provides an aggregation of a wide range of 
toxicological data that may also be useful for supporting the risk assessment of these chemicals. This chapter 
provides information on whether a chemical has data available from ACToR; however, it is beyond the scope 
of this report to evaluate the quality and reliability of data for these chemicals within ACToR, or to provide 
guidance on how the data within ACToR should be used to support human health risk assessment. 

9.2 Overview: Hydraulic Fracturing and Potential Impacts on Human Health 

As discussed in the previous chapters of this assessment, a variety of chemicals are associated with 
the hydraulic fracturing water cycle. Chemicals are added to hydraulic fracturing fluids at the 
chemical mixing stage (Chapter 5), and then injected into the well (Chapter 6). These chemical 
additives may return to the surface in produced water, along with chemicals from the formation 
(Chapter 7). The chemicals in produced water may persist in wastewater effluents, with some 
constituents contributing to the formation of disinfection byproducts in treated wastewater 
(Chapter 8). Through events such as large volume spills (Figure 9-1), mechanical integrity failures, 
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hydraulic fracturing directly into groundwater resources, or discharge of inadequately treated 
hydraulic fracturing wastewater, there are specific instances in which these chemicals have been 
demonstrated to enter drinking water resources. Thus, there is potential for human exposure to 
these chemicals, and the potential for adverse human health effects resulting from exposure. 

 
Figure 9-1. Fate and transport schematic for a hydraulic fracturing-related spill or release.  

Multiple authors have noted with the recent increase in hydraulic fracturing operations there may 
be an increasing potential for significant public health and environmental impacts (Goldstein et al., 
2014; Finkel et al., 2013; Korfmacher et al., 2013; Weinhold, 2012). These concerns have been 
highlighted in several recent studies. An epidemiological study in Colorado demonstrated 
residential proximity of pregnant mothers to natural gas wells is associated with an increased 
incidence of congenital heart defects, and, to a lesser extent, neural tube malformations (Mckenzie 
et al., 2014). A similar study in Pennsylvania found pregnant mothers living closer to 
unconventional natural gas wells were more likely to have infants that were small for gestational 
age, with lower birth weights compared to infants from mothers living farther from wells (Stacy et 
al., 2015). Residential proximity to natural gas wells in the Marcellus Shale is associated with an 
increase the number of self-reported health symptoms, particularly upper respiratory and dermal 
symptoms (Rabinowitz et al., 2015), chronic rhinosinusitis, migraine headache, and fatigue 
symptoms (Tustin et al., 2016). Laboratory studies have found that endocrine disrupting activity 
measured using in vitro bioassays may be elevated in surface and groundwater at known hydraulic 
fracturing spill sites (Kassotis et al., 2014) and in surface water downstream from a hydraulic 
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fracturing wastewater injection facility (Kassotis et al., 2016). Although none of these studies 
demonstrate a direct effect of hydraulic fracturing activity on human health, and none of the 
epidemiological studies provided measures of individual or population level exposures or 
differentiated between drinking water contamination and other potential routes of exposure (e.g., 
air pollution), all are suggestive of a relationship between unconventional oil and gas development 
and adverse health outcomes.  

Previous chapters of this report have identified cases in which contamination of drinking water 
resources could clearly be linked to hydraulic fracturing activity. For example, equipment failure 
and human error have led to spills of hydraulic fracturing fluids across the country and have 
affected the quality of drinking water resources (U.S. EPA, 2015m; Brantley et al., 2014; COGCC, 
2014; Gradient, 2013). Other studies highlighted in previous chapters provide indirect evidence 
hydraulic fracturing activity has contaminated surface water or groundwater. For example, two 
recent studies in the Marcellus Shale detected known hydraulic fracturing-related chemicals in 
nearby groundwater wells, and used multiple lines of evidence to link the origin of these chemicals 
to hydraulic fracturing activity (Drollette et al., 2015; Llewellyn et al., 2015).  

There have also been documented impacts on ecological receptors. In Knox County, Kentucky, 
retention pits holding hydraulic fracturing flowback fluids overflowed into Acorn Fork Creek during 
the development of four natural gas wells, causing a decrease in pH and increase in conductivity.1 
Organics and metals including iron and aluminum formed precipitates in the stream, and fish and 
aquatic invertebrates were killed or displaced in a 2.7 km length of the stream affected by the 
release (Papoulias and Velasco, 2013). A field report from the Pennsylvania Department of 
Environmental Protection (PADEP) described a leak in an overland pipe carrying a mixture of 
flowback and freshwater between two impoundments that impacted a 0.6 km length of a stream, in 
which 168 fish and 6 salamanders were killed (PA DEP, 2009b). 

In some instances, chemical concentrations in drinking water resources impacted or potentially 
impacted by hydraulic fracturing activity exceeded their respective primary or secondary 
maximum contaminant level (MCL), or health advisory levels provided by the EPA’s National 
Primary Drinking Water Regulations (NPDWRs) and Drinking Water Standards and Health 
Advisories (DWSHA) tables (U.S. EPA, 2012b), indicating that these chemicals are present at levels 
that may impact human health.2 Examples will be discussed in Section 9.5. These studies generally 
did not indicate the contaminated water was used directly for human consumption, so it is not clear 
that people are being exposed to these chemicals at these levels. Nevertheless, these studies 
indicate that hydraulic fracturing activity may contribute to the entry of chemicals into drinking 
water resources at potentially harmful levels. 

                                                            
1 “Flowback” refers to fluids containing predominantly hydraulic fracturing fluid that return from a well to the surface. 
Flowback is a type of produced water. See Chapter 7 for more details.  
2 Maximum contaminant level (MCL): The highest level of a contaminant that is allowed in drinking water. MCLs are set as 
close to the maximum contaminant level goal (MCLG) as feasible using the best available analytical and treatment 
technologies and taking cost into consideration. MCLs are enforceable standards. The MCLG is a non-enforceable health 
benchmark goal which is set at a level at which no known or anticipated adverse effect on the health of persons is 
expected to occur and which allows an adequate margin of safety (U.S. EPA, 2012b). 
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Risk assessment and risk management decisions will be informed by scientific information on the 
toxicity of chemicals in hydraulic fracturing fluid and wastewater. The U.S. House of 
Representatives’ Committee on Energy and Commerce Minority Staff released a report in 2011 
noting that more than 650 products (i.e., chemical mixtures) used in hydraulic fracturing contain 29 
chemicals that are either known or possible human carcinogens or are currently regulated under 
the Safe Drinking Water Act (House of Representatives, 2011). More recently, several studies have 
performed a reconnaissance of toxicity and/or physicochemical property data for specific subsets 
of chemicals used in hydraulic fracturing fluids (Elliott et al., 2016; Wattenberg et al., 2015; 
Stringfellow et al., 2014; Colborn et al., 2011), and have provided discussion on the hazards 
inherent to these chemicals. In all cases, authors reported toxicity data was not available for many 
of the chemicals assessed in these studies, with some studies indicating significant data gaps. For 
instance, Wattenberg et al. (2015) evaluated 168 chemicals commonly used in hydraulic fracturing 
fluids in North Dakota, and reported that 59% did not have chronic toxicity data available, and 35% 
did not have acute toxicity data available. Elliott et al. (2016) performed a systematic evaluation of 
reproductive and developmental toxicity for 1021 chemicals used in hydraulic fracturing fluids or 
detected in wastewater, and found this toxicity information was lacking for 76% of these chemicals.  

Overall, while combined evidence suggests hydraulic fracturing has the potential to impact human 
health via contamination of drinking water resources, the actual public health impacts are not well 
understood and not well documented. Available information indicates there are many chemicals 
within the hydraulic fracturing water cycle that are known to be hazardous to human health, as 
well as hundreds of chemicals for which toxicological data is limited or unavailable.  

In this chapter, our primary goal is to evaluate the availability of toxicity data for a list of chemicals 
used in hydraulic fracturing fluids or present in produced water, focusing primarily on toxicity 
values from sources that meet the criteria for inclusion in this assessment, and to highlight 
chemicals that may pose human health hazards.  

9.3 Identification of Chemicals Associated with the Hydraulic Fracturing Water 
Cycle 

As the initial step towards evaluating the hazards of chemicals in the hydraulic fracturing water 
cycle, the EPA compiled a list of chemicals used in or released by hydraulic fracturing operations 
across the country.1 This section describes the compilation of that list. This consolidated list 
includes a total of 1,606 chemicals, and can be broken down into two sublists: (1) a list of chemicals 
used in hydraulic fracturing fluids, and (2) a list of chemicals detected in produced water from 
hydraulically fractured wells (Text Box 9-2).  

This list demonstrates the range and variety of chemicals that are associated with the hydraulic 
fracturing industry. These chemicals should not be considered unique to the hydraulic fracturing 

                                                            
1 We use the word “chemical” to refer to any individual chemical or chemical substance that has been assigned a CASRN 
(Chemical Abstracts Service Registry Number). A CASRN is a unique identifier for a chemical substance, which can be a 
single chemical (e.g., hydrochloric acid, CASRN 7647-01-0) or a mixture of chemicals (e.g., hydrotreated light petroleum 
distillates (CASRN 64742-47-8), a complex mixtures of C9 to C16 hydrocarbons). For simplicity, we refer to both pure 
chemicals and chemical substances that are mixtures, which have a single CASRN, as “chemicals.” 
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industry; many of the chemicals used in hydraulic fracturing fluids are widely used industrial 
chemicals, and many of the chemicals in produced water are naturally occurring. Although this list 
represents the best information available to the EPA at the time of the assessment, it should not be 
considered comprehensive. It is likely that, as industry practices change, chemicals may be used or 
detected that are not included on these lists. Some additional limitations to this chemical list are 
described in the subsections below.  

Text Box 9-2. The EPA’s List of Chemicals Identified in Hydraulic Fracturing Fluids and/or 
Produced Water. 

This chemical list progressed through multiple iterations as the EPA’s hydraulic fracturing study was 
developed, culminating in the list of 1,606 chemicals presented in this report.  

The first iteration of this chemical list was published in the interim progress report (U.S. EPA, 2012h), and 
included 1,026 chemicals that were identified from ten sources of information. Seven of these information 
sources were documents from federal and state governmental units—including the EPA (U.S. EPA, 2011a, e, 
2004a; Material Safety Data Sheets), the U.S. House of Representatives (House of Representatives, 2011), the 
New York State Department of Environmental Conservation (NYSDEC, 2011), and the Pennsylvania 
Department of Environmental Protection (PA DEP, 2010a)—which obtained data directly from industry. This 
includes a list of chemicals provided directly to the EPA by nine well operating companies, representing 
chemicals used in hydraulic fracturing fluids between 2005 and 2009, and a list of chemicals detected by 
these companies in produced water from 81 wells. The remaining three sources are as follows: a technical 
report prepared by the Gas Technology Institute for the Marcellus Shale Coalition, which is a drilling industry 
trade group (Hayes, 2009); a peer-reviewed journal article by Colborn et al. (2011); and the FracFocus 
Chemical Disclosure Registry, which is a national hydraulic fracturing chemical registry developed by the 
Ground Water Protection Council and the Interstate Oil and Gas Compact Commission (GWPC, 2012). 

In the external review draft of the EPA’s hydraulic fracturing study report (U.S. EPA, 2015d), this chemical list 
was updated to 1,173 chemicals. The updated chemical list includes the 1,026 chemicals published in the 
progress report, along with additional chemicals that were identified in the EPA FracFocus 1.0 report (U.S. 
EPA, 2015a).  

For the final version of this assessment, the list has again been updated to include additional chemicals in 
produced water, which were identified from 18 additional literature sources. The final list includes a total of 
1,606 chemicals that have been reported as used in hydraulic fracturing fluids or detected in produced water. 
The complete list of sources used to compile the final chemical list is provided in Appendix Table H-1. To the 
extent possible, after chemicals were identified from the sources in Table H-1, the EPA verified the identity of 
the chemicals used in hydraulic fracturing fluids and detected in produced water of hydraulically fractured 
wells as described in Appendix Section H.1. 

9.3.1 Chemicals Used in Hydraulic Fracturing Fluids 

Of the 1,606 total chemicals, the EPA identified 1,084 chemicals as being used in hydraulic 
fracturing fluids. This list was originally introduced in Chapter 5 of this assessment (Section 5.4), 
which describes some of the chemical classes and their purpose, and identifies the most frequently 
used chemicals. This list of 1,084 chemicals is shown in Appendix Table H-2. 
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Although a total of 8 sources were used to identify the list of chemicals used in hydraulic fracturing 
fluids, only one source—the EPA analyses based on disclosures submitted to FracFocus—had 
sufficient information for estimating the frequency with which these chemicals were used (Section 
5.4, Text Box 5-1). 1 Of the 1,084 chemicals, 688 were identified in the EPA FracFocus 1.0 report 
(U.S. EPA, 2015a).2 Frequency of use for individual chemicals ranged from low (480 chemicals on 
the list were reported in less than 1% of disclosures nationally) to very high (methanol was 
reported in 73% of disclosures nationally).  

As discussed in Chapter 5, this list provides valuable information on the chemicals used in hydraulic 
fracturing fluids, but should not be considered complete. For example, in the analysis of the 
disclosures submitted to the FracFocus 1.0 registry, the EPA was only able to assign standardized 
chemical names to 65% of ingredient records. The remaining 35% of ingredient records did not 
have valid CASRNs and were excluded from the analysis because they could not be assigned a 
standardized chemical name (U.S. EPA, 2015a). In a more recent analysis of data reported to the 
FracFocus registry through April 2015, Konschnik and Dayalu (2016) found that 80% of chemicals 
had valid CASRN. That analysis identified an additional 263 CASRNs that are not on the EPA’s list of 
chemicals used in hydraulic fracturing fluids (Dayalu and Konschnik, 2016).  

Industry use of CBI is another factor that likely limits the completeness of this chemical list and 
introduces uncertainty. For example, companies submitting to FracFocus 1.0 were not required to 
disclose chemicals claimed as CBI. EPA determined that approximately 70% of the disclosures 
submitted to FracFocus 1.0 contain at least one CBI chemical, and for those disclosures, the average 
number of CBI chemicals per disclosure was five. Overall, 11% of ingredients were reported to 
FracFocus 1.0 as CBI (U.S. EPA, 2015a). Konschnik and Dayalu (2016) report a 5.6% increase in the 
number of CBI ingredients, as well as an increase in the number of disclosures reporting the use of 
at least one CBI ingredient (Section 5.4; Text Box 5-2).  

Although FracFocus disclosures do not provide the name or CASRN of CBI chemicals, the chemical 
family is sometimes provided. The EPA determined that 79% of CBI ingredient records submitted 
to FracFocus 1.0 had enough information to partially define the chemical and assign it to a chemical 
family (U.S. EPA, 2015a). This resulted in the designation of 448 standardized chemical families to 
which these chemicals could be assigned. The most common standardized chemical families for CBI 
ingredients were oxyalkylated alcohol (4.7% of CBI ingredient records), petroleum distillates (4.0% 
of CBI ingredient records), and quaternary ammonium compounds (3.6% of CBI ingredient 
records) (U.S. EPA, 2015a) (Appendix Table B-1). These standardized chemical family designations 
are not discussed further in this chapter, but may be useful for site-specific risk assessment, as they 

                                                            
1 The FracFocus frequency of use data presented in this chapter is based on 35,957 FracFocus disclosures that were 
deduplicated, within the study time period (January 1, 2011 to February 28, 2013), and with ingredients that have a valid 
CASRN. In the interest of including as many chemicals as possible, this analysis includes chemicals that do not have valid 
concentration data. The 692 chemicals includes 16 chemicals that are listed as being used as proppants. 
2 EPA analyses based on disclosures submitted to FracFocus identified 692 unique CASRN. Of these 692, we determined 
that 4 chemicals are listed under two different CASRN (indicated in the footnote of Appendix Table H-2). Frequency of use 
data is therefore available for 688 chemicals that were included on EPA’s list of chemicals in hydraulic fracturing fluids. 
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may provide insight into potential physicochemical properties and toxicity of CBI chemicals used at 
a particular site. 

9.3.2 Chemicals Detected in Produced Water 

Of the 1,606 total chemicals, the EPA identified 599 as having been detected in produced water. 
Included among these chemicals are naturally occurring organic compounds, metals, radionuclides, 
industrial chemicals, and pesticides. These chemicals were originally introduced in Chapter 7 of this 
assessment, and were compiled from a total of 21 sources. Seventy-seven of the total 599 chemicals 
in produced water were also identified by at least one of the sources in Appendix H as being used in 
hydraulic fracturing fluid. However, the EPA used different sets of sources to identify chemicals 
used in hydraulic fracturing fluids versus those detected in produced water, and there is not a 
matched comparison between the chemicals used in hydraulic fracturing fluids and returned in 
produced water at each particular well. Therefore, it is difficult to draw direct comparisons 
between these two chemical lists, or to use these lists to draw conclusions on the persistence of 
chemicals in produced water from hydraulically fractured wells. The list of 599 chemicals identified 
in produced water is shown in Appendix Table H-4. 

Although this list provides useful information on the chemical composition of produced water, it is 
not likely that the data sources were able to capture all of the chemicals present. Chemicals and 
their metabolites may go undetected in produced water because they were not targeted in the 
analytical protocols, they were below the limit of detection, or because no standard analytical 
method exists. Additionally, as discussed in Chapter 7, the composition and concentration of 
chemicals in produced water will differ depending upon factors like the geology of the formation, 
the chemicals used for hydraulic fracturing, and the amount of time that has elapsed since hydraulic 
fracturing. There is therefore expected to be a high degree of local and temporal variation in these 
chemicals, and there was not sufficient information to determine the frequency with which these 
chemicals were detected on a national basis.  

Concentration data in produced water are available for 175 of these 599 chemicals (Appendix E), 
including inorganic contributors to salinity (Appendix Tables E-4 and E-5), metals (Appendix 
Tables E-6 and E-7), radioactive constituents (Appendix Table E-8), and organic constituents 
(Appendix Tables E-9, E-11, E-12, and E-13). The remaining chemicals were detected in produced 
water, but concentration was not reported. For these chemicals with concentration data, the 
measured concentrations spanned several orders of magnitude. For instance, for organic chemicals 
in produced water from the Marcellus shale formation (Appendix Table E-11), average or median 
measured concentrations ranged from 2.7 µg/L for N-nitrosodiphenylamine to 400 µg/L for carbon 
disulfide.  

9.4 Toxicological and Physicochemical Properties of Hydraulic Fracturing 
Chemicals 

As the next step towards evaluating the hazards of chemicals in the hydraulic fracturing water 
cycle, toxicological and physicochemical data were collected as available for each of the chemicals 
identified in Appendix H. This section describes the compilation of these data, and discusses the 
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extent to which toxicological and physicochemical property data are available for this list of 
chemicals. 

The primary focus of the toxicological analysis in this chapter is on the availability of chronic oral 
RfVs and OSFs from sources that met the EPA’s criteria for inclusion in this study. Qualitative cancer 
classifications were also identified from these sources when available. This is not intended to be an 
exhaustive compilation of toxicity values for this chemical list. Rather, it is intended to be a 
reconnaissance of high-quality toxicological information that met the EPA’s criteria for inclusion in 
this study. If a source of RfVs, OSFs, or qualitative cancer classifications was not included here, that 
only means that it did not meet the criteria for the purposes of the EPA’s study, which are described 
in this chapter in Section 9.4.1. 

Section 9.4.1 describes the criteria used to identify and select RfVs, OSFs, and qualitative cancer 
classifications, and describes the availability of these toxicological data for the chemicals on the 
EPA’s list of hydraulic fracturing-related chemicals. The next two sections describe additional 
sources of toxicological information, which may be useful for hazard evaluation when chronic oral 
RfVs and OSFs are not available: Section 9.4.2 describes the use of a QSAR model to estimate 
chronic oral toxicity, and Section 9.4.3 describes the availability of additional toxicological 
information on the EPA’s ACToR database. Section 9.4.4 describes other available software tools 
and approaches that may be used by stakeholders for site-specific risk assessment, but are not 
utilized in this report. Section 9.4.5 discusses the methods used in this report to generate 
physicochemical property data, and presents the availability of physicochemical property data for 
the chemicals on the EPA’s list. A brief overview of the toxicity values discussed in the chapter is 
presented in Text Box 9-3. 

As a resource that can be used to support risk assessment at hydraulic fracturing sites, all of the 
selected RfVs, OSFs, qualitative cancer classifications, QSAR-based toxicity estimates, and 
physicochemical property data described in this chapter will be compiled into an electronic 
database that will be publicly accessible via the EPA’s website. Additionally, the EPA’s compilation 
of toxicity data for this chemical list has been discussed in two recent manuscripts, both of which 
focused on the list of 1,173 chemicals that was presented in the external review draft of the EPA’s 
hydraulic fracturing study report (U.S. EPA, 2015d). Yost et al. (2016b) describes the compilation of 
RfVs and OSFs for the list of 1,173 chemicals. Yost et al. (2016a) describes the use of a QSAR model 
to estimate toxicity for the list of 1,173 chemicals.  

Text Box 9-3. Toxicity Values for Hydraulic Fracturing-Related Chemicals. 

Here we provide a brief description of the toxicity values that are presented in this chapter, and how they 
should be interpreted and used to evaluate chemical hazards. Formal definitions of these terms are footnoted 
in the chapter and can also be found in the glossary (Appendix J). 

Reference value (RfV): RfVs are health-protective values, which describe the dose of a chemical that is likely 
to be without an appreciable risk of adverse health effects. In general, lower RfVs indicate greater toxicity; 
however, comparison of RfVs among a set of chemicals requires careful consideration. RfVs are developed by 
considering the full database of epidemiological and experimental studies available for a particular chemical.  

(Text Box 9-3 is continued on the following page.) 
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Text Box 9-3 (continued). Toxicity Values for Hydraulic Fracturing-Related Chemicals. 

These data are used to identify the critical effect, which is the first adverse effect, or its known precursor, that 
occurs as the dose rate increases (U.S. EPA, 2011f). An RfV is then derived by starting with a quantitative 
point of departure (POD), which is the toxicological dose-response point that marks the beginning of a low-
dose extrapolation for the critical effect, and applying uncertainty factors (UFs) to derive a value for the 
protection of human health. UFs are applied to account for 5 areas of uncertainty: (1) intraspecies variability; 
(2) interspecies uncertainty; (3) extrapolation from a subchronic study; (4) extrapolating from a no-
observed-adverse-effect level (NOAEL); and (5) deficiencies in the database. A UF of 1, 3, or 10 can be applied 
for any of these areas of uncertainty depending upon the amount and/or type data available, up to a 
maximum total UF of 3,000 (U.S. EPA, 2002). Thus, a chemical with a low RfV may reflect high uncertainty in 
the value, and not necessarily the toxicity of the chemical. Chemicals with a lower total UF generally have 
more reliable and robust health effect information.  

Oral slope factor (OSF): An OSF is a measure of the increased cancer risk from a lifetime oral exposure to an 
agent. Higher OSFs indicate greater carcinogenic potency. As with RfVs, OSFs are developed by considering 
the full database of epidemiological and experimental studies for a particular chemical, and evaluating the 
increase in cancer incidence as dose rate increases. OSFs should be considered in conjunction with qualitative 
cancer classifications, which characterize the weight of evidence regarding the agent’s potential to cause 
cancer in humans.  

No-observed-adverse-effect level (NOAEL): NOAEL is defined as the highest exposure level at which there 
are no biologically significant increases in the frequency or severity of adverse effect between the exposed 
population and its appropriate control; some effects may be produced at this level, but they are not 
considered adverse or precursors of adverse effects (U.S. EPA, 2011f).  

Lowest-observed-adverse-effect level (LOAEL): LOAEL is defined as the lowest exposure level at which 
there are biologically significant increases in the frequency or severity of adverse effects between the 
exposed population and its appropriate control group (U.S. EPA, 2011f). Lower LOAELs indicate greater 
toxicity.  

Maximum contaminant level (MCL): MCLs are the highest level of a contaminant that is allowed in drinking 
water. MCLs are set as close to the maximum contaminant level goal (MCLG) as feasible using the best 
available analytical and treatment technologies and taking cost into consideration. MCLs are enforceable 
standards. The MCLG is a non-enforceable health benchmark goal which is set at a level at which no known or 
anticipated adverse effect on the health of persons is expected to occur and which allows an adequate margin 
of safety (U.S. EPA, 2012b). Whereas RfVs, LOAELs, and NOAELs are expressed in terms of dose (mg/kg-day), 
MCLs are expressed in terms of the concentration of an agent in water (μg/L). 

9.4.1 Reference Values (RfVs), Oral Slope Factors (OSFs), and Qualitative Cancer 
Classifications 

For the purpose of this study, the EPA’s primary goal was to identify high quality toxicity values 
that met the criteria for inclusion in this study, and that could be used by stakeholders to support 
the risk assessment of hydraulic fracturing chemicals (Text Box 9-1). Briefly, the sources of RfVs, 
OSFs, and qualitative cancer classifications selected by the EPA for the purposes of this chapter met 
the following key criteria:  
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1. The body or organization generating or producing the peer-reviewed RfVs, peer-reviewed 
OSFs, or peer-reviewed qualitative assessment must be a governmental or 
intergovernmental body.  

2. The data source must include peer-reviewed RfVs, peer-reviewed OSFs, or peer reviewed 
qualitative assessments.  

3. The RfVs, OSFs, or qualitative assessments must be based on peer-reviewed scientific data. 

4. The RfVs, OSFs, or qualitative assessments must be focused on protection of the general 
public. 

5. The body generating the RfVs, OSFs, or qualitative assessments must be free of conflicts of 
interest with respect to the chemicals for which it derives reference values or qualitative 
assessments.  

These five criteria were developed by the EPA specifically for the purpose of this assessment, and 
are similar to the EPA Office of Solid Waste and Emergency Response (OSWER) recommendations 
for selecting toxicity values in conducting site-specific risk assessments (Regional Tier 3 Toxicity 
Value Workgroup, 2013; U.S. EPA, 2003a, 1989).1 The OSWER directives provide recommendations 
on the appropriate sources of toxicity values and toxicological information that should be 
considered in risk assessments, and were designed to recognize toxicity values that were developed 
using the best available scientific information. In addition, these directives outline references to 
various resources that provide guidance on the approaches and issues considered in deriving 
toxicity values. This type of information can be especially important in cases in which multiple 
sources of toxicity values need to be considered or evaluated, or in which a value needs to be 
developed. More detail on these criteria for selection and inclusion of data sources, as well as the 
full list of data sources that were considered for this study, are available in Appendix G.  

Table 9-1 shows the data sources that met these five criteria for the selection of toxicological 
information. The federal databases of RfVs or OSFs that met these criteria are the EPA’s Integrated 
Risk Information System (IRIS) database, the EPA’s Provisional Peer-Reviewed Toxicity Value 
(PPRTV) database, the EPA’s Human Health Benchmarks for Pesticides (HHBP) database, and the 
Agency for Toxic Substances and Disease Registry (ATSDR) database. IRIS and PPRTV also provide 
qualitative cancer classifications. One state source of RfVs and OSFs, the California Environmental 
Protection Agency (CalEPA) Toxicity Criteria Database, met the criteria for inclusion.2 One 
intergovernmental source of RfVs, the World Health Organization (WHO) International Programme 
on Chemical Safety (IPCS) Concise International Chemical Assessment Documents (CICAD), met the 
criteria for inclusion. The International Agency for Research on Cancer (IARC) and U.S. National 
Toxicology Program (NTP) Report on Carcinogens (RoC) also met the criteria and were used as 
additional sources for qualitative cancer classifications. 

                                                            
1 OSWER changed its name to the Office of Land and Emergency Management (OLEM), effective December 15, 2015. 
2 State RfVs and OSFs are also publicly available from Alabama, Texas, Hawaii, and Florida, but they did not meet the 
criteria for consideration as sources for RfVs and OSFs in this report. See Appendix G for details. 
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Table 9-1. Sources of selected RfVs, OSFs, and qualitative cancer classifications. 

Type of toxicological 
Information Data source Website 

RfVs, OSFs, and 
qualitative cancer 
classifications 

EPA Integrated Risk Information System (IRIS) 
database 

http://cfpub.epa.gov/ncea/iris/index.cf
m?fuseaction=iris.showSubstanceList 

RfVs, OSFs, and 
qualitative cancer 
classifications 

EPA Provisional Peer-Reviewed Toxicity Value 
(PPRTV) database  

http://hhpprtv.ornl.gov/index.html 

RfVs, OSFs EPA Human Health Benchmarks for Pesticides 
(HHBP) database  

http://iaspub.epa.gov/apex/pesticides/
f?p=HHBP:home 

RfVs Agency for Toxic Substances and Disease 
Registry (ATSDR) Minimum Risk Levels  

http://www.atsdr.cdc.gov/toxprofiles/i
ndex.asp#bookmark05 

RfVs, OSFs California Environmental Protection Agency 
(CalEPA) Toxicity Criteria Database  

http://oehha.ca.gov/tcdb/index.asp 

RfVs World Health Organization (WHO) 
International Programme on Chemical Safety 
(IPCS) Concise International Chemical 
Assessment Documents (CICAD) 

http://www.who.int/ipcs/publications/
cicad/en/ 

Qualitative cancer 
classifications 

National Toxicology Program (NTP) 13th 
Report on Carcinogens (RoC) 

https://ntp.niehs.nih.gov/pubhealth/
roc/

Qualitative cancer 
classifications 

International Agency for Research on Cancer 
(IARC) Monographs  

http://monographs.iarc.fr/ 

In addition to the sources in Table 9-1, we also consulted the NPDWRs and DWSHA tables (U.S. EPA, 
2014a) to determine whether the chemicals on this list are regulated as drinking water 
contaminants. NPDWRs provide a list of MCLs, which are legally enforceable standards on the 
concentration of a substance that is allowed in drinking water under the Safe Drinking Water Act. In 
this chapter, MCL values are referenced as a means of comparison with reported concentration data 
where appropriate, and are reported in Appendix G and are compiled on the EPA’s electronic 
database for the hydraulic fracturing study.  

As noted above, this chapter focuses on the presentation and use of chronic RfVs. Chronic RfVs 
account for the potential that chemical exposure may be continuous, in low concentration, and over 
a longer duration. In the absence of reliable information on the potential duration of chemical 
exposure, this is a conservative assumption for the protection of human health. Chronic RfVs are 
also lower than less-than-chronic RfVs (e.g., acute, intermediate, or subchronic toxicity values), and 
are therefore more health protective. For these reasons, chronic RfVs are generally preferred as the 
default by risk assessors when conducting site-specific risk assessments (U.S. EPA, 1989) and when 
developing regional screening levels (U.S. EPA, 2016b). In contrast, acute RfVs are more applicable 
for single exposures and/or exposures of limited frequency to high concentration and shorter 
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durations (e.g., emergencies). However, the availability of less-than chronic RfVs are also presented 
for the sake of completeness. 

Some chemicals had chronic oral RfVs or OSFs available from more than one of the sources in Table 
9-1. For these chemicals, we selected a single value for use in this chapter by applying a 
modification of the EPA OSWER Directives 9285.7-53 and 9285.7-86 tiered hierarchy of toxicity 
values (U.S. EPA, 2003a). A single RfV and/or OSF was selected from the sources in this order: 
HHBP (pesticides only), IRIS, PPRTV, ATSDR, and then other available values. The RfVs considered 
from these sources included chronic oral reference doses (RfDs) from the IRIS, PPRTV, and HHBP 
programs; chronic oral minimal risk levels (MRLs) from ATSDR; oral maximum allowable daily 
levels (MADLs) from CalEPA; and tolerable daily intakes (TDIs) from CICAD.1,2,3,4,5 

Of the 1,606 chemicals identified by the EPA, 173 (11%) have federal, state, or international chronic 
oral RfVs and/or OSFs from sources listed in Table 9-1. Chronic oral RfVs and/or OSFs from the 
selected sources are lacking for the remaining 1,433 (89%) chemicals that the EPA has identified as 
associated with hydraulic fracturing. All available chronic oral RfVs and OSFs from the sources 
listed in Table 9-1 are tabulated in Appendix G. Chronic oral RfVs and OSFs for chemicals used in 
hydraulic fracturing fluids are listed in Appendix Tables G-1a through G-1c, and chronic oral RfVs 
and OSFs for chemicals reported in hydraulic fracturing flowback or produced water are listed in 
Appendix Tables G-2a through G-2c. The EPA’s IRIS database was the most abundant source of 
these toxicity values.  

Overall, when chemicals in hydraulic fracturing fluid and chemicals in produced water are 
considered separately, the availability of chronic RfVs and OSFs can be summarized as follows:  

• For the 1,084 chemicals used in hydraulic fracturing fluid, chronic oral RfVs or OSFs from 
at least one of the selected federal, state, and international sources were available for 98 
chemicals (9%). From the US federal sources alone, chronic oral RfVs were available for 81 
chemicals (7%), and OSFs were available for 15 chemicals (1%). 

                                                            
1 The OSWER hierarchy indicates that sources should be used in this order: IRIS, PPRTV, and then other values. In this 
report, this hierarchy was followed, but HHBP values were used in lieu of an IRIS value for a few chemicals that are 
pesticides.  
2 An RfD is an estimate (with uncertainty spanning perhaps an order of magnitude) of a daily oral exposure to the human 
population (including sensitive subgroups) that is likely to be without an appreciable risk of deleterious effects during a 
lifetime. It can be derived from a NOAEL, LOAEL, or benchmark dose, with uncertainty factors generally applied to reflect 
limitations of the data used. Generally used in the EPA's non-cancer health assessments (U.S. EPA, 2011f). This estimate is 
expressed in terms of mg/kg-day. 
3 An MRL is an estimate of daily human exposure to a hazardous substance at or below which the substance is unlikely to 
pose a measurable risk of harmful (adverse), non-cancerous effects. MRLs are calculated for a route of exposure 
(inhalation or oral) over a specified time period (acute, intermediate, or chronic). MRLs should not be used as predictors 
of harmful (adverse) health effects (ATSDR, 2016). Chronic MRL: Duration of exposure is 365 days or longer. This 
estimate is expressed in terms of mg/kg-day. 
4 An MADL is the maximum allowable daily level of a reproductive toxicant at which the chemical would have no 
observable adverse reproductive effect, assuming exposure at 1,000 times that level (OEHHA, 2012). This estimate is 
expressed in terms of μg/day. 
5 A TDI is an estimate of the intake of a substance, expressed on a body mass basis, to which an individual in a (sub) 
population may be exposed daily over its lifetime without appreciable health risk (WHO, 2015). This estimate is 
expressed in terms of mg/kg-day. 
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• For the 599 chemicals reported in produced water, chronic oral RfVs or OSFs from at least
one of the selected federal, state, and international sources were available for 120
chemicals (20%). From the US federal sources alone, chronic oral RfVs were available for
97 chemicals (16%), and OSFs were available for 30 chemicals (5%).

In addition to these chronic values, some of the chemicals also have less-than-chronic oral RfVs 
available from the sources listed in Table 9-1. Subchronic, acute, or intermediate oral RfVs were 
identified for 103 chemicals on the consolidated list, including 60 chemicals used in hydraulic 
fracturing fluid (Appendix Table G-1d), and 73 chemicals reported in produced water (Appendix 
Table G-2d). The majority of these chemicals also had chronic oral RfVs available, although there 
were 10 chemicals that had less-than-chronic oral RfVs but lacked a chronic oral RfV. All of these 
less-than-chronic RfVs were found on the PPRTV, ATSDR, or HHBP databases. As stated above, 
chronic values more protective of human health than less-than-chronic values, and are generally 
preferred for risk assessment. These less-than-chronic values are therefore not discussed further in 
this report, but are provided in Appendix G as supporting information.  

Of the 1,606 chemicals identified by EPA, 207 (13%) had a qualitative cancer classification available 
from at least one of the sources listed in Table 9-1, which include IRIS, PPRTV, IARC, and RoC. These 
classifications are based on the weight-of-evidence (WOE) that a chemical causes cancer in humans. 
Of these 207 chemicals:  

• 21 were reported by at least one source to be a known carcinogen in humans.

• 66 were reported by at least one source to be a probable or possible carcinogen in
humans. These chemicals have been demonstrated to be carcinogenic in animal models,
but have limited or insufficient data to adequately assess carcinogenicity in humans.

• 117 were reported to be not classifiable as to carcinogenicity in humans. These chemicals
have been evaluated by at least one of these sources for their potential to cause cancer, but
had inadequate evidence from human exposure and animal studies to assess carcinogenic
potential.

• 3 were reported as not likely to be a human carcinogen.

The complete list of chemicals with qualitative cancer classifications are shown in Appendix Table 
G-1e (chemicals in hydraulic fracturing fluids) and Appendix Table G-2e (chemicals in produced
water).

9.4.2 Estimating Toxicity Using Quantitative Structure Activity Relationship (QSAR) 
Modeling 

Because the majority of chemicals identified in this report do not have RfVs and/or OSFs from the 
selected sources, it is likely that risk assessors at the local and regional level may turn to alternative 
sources of toxicological information. One potential resource is QSAR modeling software, which is 
able to provide estimates or predictions of toxicity based on chemical structure. A key advantage to 
QSAR models is that they are able to rapidly and inexpensively estimate toxicity values for 
chemicals. A disadvantage is that QSAR estimates may be of higher uncertainty and less reliable 
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than values generated using traditional toxicological methods. However, because they increase the 
available pool of toxicity information, QSAR estimates may be a useful resource for risk assessors 
that are faced with evaluating potential exposures to data-poor chemicals.  

A recent study by Yost et al. (2016a) used TOPKAT (Toxicity Prediction by Komputer Assisted 
Technology) QSAR software to estimate toxicity for the EPA’s list of chemicals used in hydraulic 
fracturing fluids or detected in produced water, and evaluated how effectively these toxicity 
estimates could be used to rank chemicals based on toxicity. The chemical list examined in this 
study is the list of 1,173 chemicals published in the external review draft of the EPA’s hydraulic 
fracturing study report (U.S. EPA, 2015d) (Text Box 9-2), so the full list of 1,606 chemicals was not 
assessed using the QSAR model. TOPKAT is commercially available QSAR software that is able to 
estimate the rat chronic oral lowest-observed-adverse-effect level (LOAEL), which is the LOAEL 
measured in a rat model following chronic oral exposure to a chemical.1 

The authors of this study used TOPKAT to generate rat chronic oral LOAEL estimates for EPA’s list 
of chemicals, and assigned qualitative confidence scores (high, medium, or low) to each estimate 
based on parameters reported by the model. The authors then examined a list of 48 chemicals that 
had both a high-confidence TOPKAT LOAEL estimate and a chronic oral reference dose (RfD) from 
EPA’s IRIS database. The authors ranked these 48 chemicals from most toxic to least toxic based on 
either TOPKAT LOAEL estimate or on IRIS chronic oral RfD, and then used Spearman rank 
correlation to examine the similarity between these chemical rankings. 

Of the 1,173 hydraulic fracturing chemicals, TOPKAT was able to generate toxicity estimates for 
515 (44%) of the chemicals, including 453 chemicals that are used in hydraulic fracturing fluids, 
and 86 chemicals that have been detected in produced water. The authors found a strong and 
statistically significant correlation between chemical rankings based on high-confidence TOPKAT 
LOAEL estimates and on IRIS chronic oral RfDs, indicating that high-confidence TOPKAT LOAEL 
estimates can effectively be used to rank chemicals based on toxicity when experimentally derived 
toxicity values are not available. Overall, TOPKAT LOAEL estimates were available for 417 
chemicals in this study that lack chronic oral RfVs or OSFs from the sources identified by EPA. Of 
these, 389 were found to be high-confidence estimates.  

When available, the high-confidence TOPKAT LOAEL estimates from Yost et al. (2016b) are 
discussed in this chapter as an additional resource that can be used to rank chemicals based on 
toxicity. Low- or medium-confidence TOPKAT LOAEL estimates are not shown in this chapter, as 
the use of these values for chemical ranking has not been validated.  

                                                            
1 LOAEL is defined as the lowest exposure level at which there are biologically significant increases in the frequency or 
severity of adverse effects between the exposed population and its appropriate control group following chronic (lifetime) 
exposure. 
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9.4.3 Chemical Data Available from EPA’s Aggregated Computations Toxicology Resource 
(ACToR) Database 

An additional tool for obtaining information focused on toxicology and risk assessment is the EPA’s 
ACToR database.1 ACToR is a large data warehouse developed by the EPA to consolidate large and 
disparate amounts of public data on chemicals, including data on chemical identity, structure, 
physicochemical properties, in vitro assay results, and in vitro toxicology data. The primary goals of 
ACToR are to make information on chemical health effects and exposure potential readily 
accessible, to characterize chemical toxicological data gaps, and to provide a resource for model 
building to address data gaps in environmental risk information (Judson et al., 2012).  

ACToR contains data on over 500,000 chemicals from over 2,500 data sources, covering many 
domains including hazard, exposure, risk assessment, risk management, and use. Data sources and 
collections in ACToR include the US EPA, National Institutes of Health (NIH), the Centers for Disease 
Control and Prevention (CDC), US Food and Drug Administration (FDA), State Agencies, the 
European Chemicals Agency (ECHA), corresponding government agencies in Canada (e.g., Health 
Canada), Europe and Japan, the World Health Organization (WHO), and non-governmental 
organizations (NGOs). Data within ACToR ranges from the federal RfVs and OSFs discussed in 
Section 9.3.1, which have undergone extensive peer review, to other toxicity values and study and 
test results that have undergone little to no peer review.  

ACToR organizes these data into several levels of “assays” and “assay categories,” which serve to 
classify data sets according to the nature of the data. For instance, the “Hazard” assay category 
includes all data that are associated directly or indirectly with toxicology experiments. The “Risk 
Management” assay category includes regulatory and non-regulatory risk management 
benchmarks. Considering the diversity and overlapping nature of the data resources within ACToR, 
a single data set may fall into multiple assay categories (Judson et al., 2012).  

We searched the ACToR database for information related to the list of 1,606 hydraulic fracturing-
related chemicals. Specifically, we searched within the “Hazard” and “Risk Management” assay 
categories of ACToR. Results of the query were then filtered to include the assays that are most 
relevant to chemical exposure via drinking water. These assays were assigned into the following 
nine data classes: carcinogenicity, dose response values, drinking water criteria, genotoxicity or 
mutagenicity, hazard identification, LOAEL/NOAEL, RfV, OSF, and water quality criteria.2  

Of the 1,606 chemicals, it was found that 735 (46%) have some data available within these data 
classes on ACToR, with the total number of data points found for individual chemicals ranging from 
1 to 243. Figure 9-2 shows the percentage of the total 1,606 chemicals that had data available in 
each of the nine ACToR data classes, and indicates the fraction of those chemicals that also had a 
chronic oral RfV or OSF available from at least one of the selected sources in Table 9-1. As can be 
seen in Figure 9-2, 37% of the chemicals had some information on hazard identification, 25% had 
                                                            
1 The ACToR database, including the full list of data collections and assays, is available at: http://actor.epa.gov.  
2 NOAEL is defined as the highest exposure level at which there are no biologically significant increases in the frequency 
or severity of adverse effect between the exposed population and its appropriate control; some effects may be produced 
at this level, but they are not considered adverse or precursors of adverse effects. Source: U.S. EPA (2011f). 

WG Ex. 34

1614

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3419900
http://hero.epa.gov/index.cfm?action=search.view&reference_id=3419900
http://actor.epa.gov/
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2825941


Chapter 9 – Identification and Hazard Evaluation of Chemicals across the Hydraulic Fracturing Water Cycle 

 

 

9-20 

information on carcinogenicity, and 24% had a LOAEL or NOAEL identified. A LOAEL and/or 
NOAEL identified from a well conducted dose-response study are often considered the minimum 
data needed for RfV derivation (U.S. EPA, 2002).  

Focusing on the 1,433 chemicals that lacked a chronic RfV and/or OSF from the selected sources 
described in Section 9.3.1, 567 (40%) had available data within at least one of these data classes on 
ACToR. Thus, ACToR has a significant amount of potentially useful data on chemical hazards, 
including for some data-poor chemicals, and might help to fill data gaps in the ongoing effort to 
understand potential hazards of hydraulic fracturing chemicals. 

It is outside the scope of this assessment to evaluate the quality and reliability of data within ACToR 
that has not already undergone peer review. Therefore, with the exception of data from the sources 
listed in Table 9-1, data from ACToR was not considered in the hazard evaluation presented in this 
chapter. However, as a potential resource for risk assessors, the tables in this chapter indicate 
whether a chemical had data available on ACToR. 

 
Figure 9-2. Percentage of hydraulic fracturing-related chemicals (out of 1,606 total) with at 
least one data point in each ACToR data class. 

9.4.4 Additional Tools for Hazard Evaluation 

In addition to the methods and approaches utilized in this chapter, there are other potential tools 
and approaches that could be used by stakeholders to prioritize and estimate toxicity of chemicals 
that have a limited toxicity database. We briefly describe three such approaches in Appendix G 
(Section G.4): the Threshold of Toxicological Concern (TTC) approach, the Organisation for 
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Economic Co-operation and Development (OECD) QSAR Toolbox, and the application of data from 
high throughput screening (HTS) assays. Toxicity predictions from these additional data sources 
can be either quantitative or qualitative, and may be used to fill and address gaps related to risk 
assessment.  

Although these additional tools may be potentially useful for the evaluation of chemical hazards, 
they currently have limited utility in this chapter, and are not discussed further. The TTC approach 
requires an estimate of human intake, which is challenging for hydraulic fracturing-related 
chemicals, since the potential for human exposure is generally not clear. The OECD QSAR Toolbox is 
potentially useful for qualitative assessment, and may be useful for quantitative toxicity assessment 
as its human health hazard and repeated dose toxicity databases expand. HTS assays are an 
emerging technology, and the potential application of these data for human health risk assessment 
is not well understood. These tools would be more appropriately applied by stakeholders on a site-
specific basis, as preliminary steps to identify potential chemicals of concern. 

9.4.5 Physicochemical Properties 

As presented in Chapter 5, EPI SuiteTM software was used to generate data on the physicochemical 
properties of the hydraulic fracturing-related chemicals identified by EPA. EPI Suite provides an 
estimation of physicochemical properties based upon chemical structure, and will additionally 
provide experimentally measured values for these properties when they are available for a given 
chemical. For more details on this software and on the use of physicochemical properties for fate 
and transport estimation, see Chapter 5. 

From the total list of 1,606 chemicals associated with hydraulic fracturing, EPI Suite was able to 
generate data on physicochemical properties for 917 (57%) of the chemicals (Appendix H). This 
includes 455 chemicals that are reported in hydraulic fracturing fluids, 521 chemicals that have 
been reported in produced water, and 59 chemicals that were both used in hydraulic fracturing 
fluids and reported in produced water. The remaining 689 chemicals on EPA’s total list lacked the 
structural information necessary to generate estimates. 

In addition to EPI Suite, two other software programs were consulted to generate physicochemical 
property data for EPA’s list of hydraulic fracturing-related chemicals. QikProp (Schrodinger, 
2012) and LeadScope (Leadscope Inc., 2012) are commercial products designed primarily as drug 
development and screening tools, which are able to estimate properties related to chemical fate and 
transport as well as pharmacokinetics. Properties generated by QikProp and LeadScope are 
generally more relevant to drug development than to environmental assessment. The properties 
generated by QikProp and LeadScope were not used in the analysis presented in this report, but 
will be compiled on the electronic database for EPA’s hydraulic fracturing study. 

9.4.6 Summary of Available Toxicological and Physicochemical Information for Hydraulic 
Fracturing Chemicals 

Figure 9-3 summarizes the toxicological and physicochemical information that is available for the 
list of hydraulic fracturing chemicals identified by EPA in this study. This figure also summarizes 
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the availability of data on the occurrence of these chemicals in hydraulic fracturing fluids 
(frequency of use) or in produced water (measured concentrations). 

Figure 9-3. Overall representation of the selected toxicological, physicochemical, and 
occurrence data available for the 1,606 hydraulic fracturing-related chemicals identified by 
the EPA.  

Overall, there is a clear paucity of chronic oral RfVs and OSFs for this list of chemicals, indicating 
that the majority of chemicals associated with hydraulic fracturing activity have not undergone 
significant toxicological assessment. QSAR-based toxicity estimates (TOPKAT LOAELs) were 
available for a larger number of these chemicals, and were often available for chemicals that lack 
chronic oral RfVs and OSFs. EPA’s ACToR database offers additional toxicological data that may be 
useful for the hazard evaluation of these chemicals, although the quality and reliability of the data 
for these chemicals within ACToR was not evaluated here. 

9.5 Hazard Identification of Hydraulic Fracturing Chemicals 

This section focuses on the hazard identification of subsets of chemicals that were identified as 
being of particular interest in previous chapters of this report, or which otherwise may be of 
particular interest to risk assessors. For these chemicals, we summarize what is known about 
events that may lead to the entry of these chemicals into drinking water resources. We provide 
examples of recent studies that have reported these chemicals in drinking water resources, 
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including examples in which these chemicals have been reported at concentrations exceeding 
MCLs. We then summarize the available toxicological data for these chemicals, including chronic 
oral RfVs, OSFs, cancer classifications, QSAR-based toxicity estimates (TOPKAT LOAELs), and the 
availability of relevant toxicological information from EPA’s ACToR database—and indicate which 
chemicals are regulated by EPA as drinking water contaminates.  

We focused on the following subsets of chemicals: 

The hazard identification for these subsets of chemicals is presented below. 

9.5.1 Chemicals Used in Hydraulic Fracturing Fluids 

Chapter 5 provided an overview of chemicals that are used in hydraulic fracturing fluids. These 
chemicals have the potential to enter drinking water resources through events such as spills of 
hydraulic fracturing fluids, injection of hydraulic fracturing fluids directly into groundwater, and 
leakoff of fluids into the formation. These chemicals may also persist in produced water, and may 
enter drinking water resources through spills or releases of produced water or inadequately 
treated wastewater. 

Several recent field studies have detected chemicals that are commonly used in hydraulic fracturing 
fluids in groundwater near hydraulically fractured wells. In some cases, the origin of the chemicals 
could be clearly linked to hydraulic fracturing activity. For example, in Killdeer, North Dakota 
(Section 6.2.2.1), evidence strongly suggests a well blowout during hydraulic fracturing led to the 
contamination of a drinking water aquifer with tert-butyl alcohol, a degradation product of tert-
butyl hydroperoxide used in hydraulic fracturing fluids at that site (U.S. EPA, 2015i). In 
groundwater monitoring wells in the Pavillion Field in Wyoming, Digiulio and Jackson (2016) 
reported detections of organic chemicals used in hydraulic fracturing fluids at that site, including 2-

1. Chemicals used in hydraulic fracturing fluids (Chapter 5)

2. Organic chemicals that may be returned to the surface in produced water, including
naturally occurring hydrocarbons such as BTEX (Chapter 7)

3. Inorganic chemicals that may be returned to the surface in produced water, including
metals, inorganic ions, and technologically enhanced naturally occurring radioactive
material (TENORM) (Chapter 7)

4. Methane in stray gas, which has been reported in drinking water resources in areas of
hydraulic fracturing activity (Chapter 6)

5. Disinfection byproducts (DBPs) that may be formed from wastewater constituents
(Chapter 8)

6. Banned chemicals reported in produced water, specifically organochlorine pesticides and
polychlorinated biphenyls (PCBs).

7. Chemicals on EPA’s consolidated list that were reported in both hydraulic fracturing fluids
and produced water
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butoxyethanol, naphthalene, 1,2,4-trimethylbenzene, diethylene glycol, methanol, ethanol, and 
isopropanol, likely as a result of shallow hydraulic fracturing in that region.  

Other studies provide indirect evidence that chemical contaminants originated from hydraulic 
fracturing activity. For example, in the Marcellus Shale in Pennsylvania, Llewellyn et al. (2015) 
detected trace levels of 2-butoxyethanol in water wells near several hydraulically fractured wells, 
with multiple lines of evidence suggesting that the chemical originated from a surface spill or leak 
related to hydraulic fracturing activity. In northeastern Pennsylvania, Drollette et al. (2015) found 
trace concentrations of known constituents of hydraulic fracturing fluid in private residential 
groundwater wells, including di(2-ethylhexyl) phthalate, with evidence suggesting that the 
chemicals originated from known surface spills of hydraulic fracturing fluids. In the Barnett Shale, 
Texas, a survey of water quality in public and residential wells reported chemicals that are known 
to be used in hydraulic fracturing fluids, including methanol, ethanol, isopropanol, and propargyl 
alcohol, but it was not clear whether these chemicals originated from hydraulic fracturing activity 
or from other potential sources (Hildenbrand et al., 2015).  

Table 9-2 shows the list of chemicals that were reported in at least 10% of disclosures nationally in 
the EPA FracFocus 1.0 project database (excluding water, quartz, and sodium chloride), and shows 
the noncancer toxicity data (chronic oral RfVs and TOPKAT LOAEL estimates) and ACToR data 
available for these chemicals.1 Cancer information is provided in Table 9-3. Nine (26%) of these 34 
chemicals have a chronic oral RfV available from at least one of the sources in Table 9-1. Chronic 
oral RfVs ranged from 0.002 mg/kg-day (propargyl alcohol) to 2 mg/kg-day (methanol and 
ethylene glycol). Critical effects for these chemicals include kidney/renal toxicity, hepatotoxicity, 
developmental toxicity (extra cervical ribs), reproductive toxicity, neurotoxicity, and decreased 
terminal body weight. Only one of these chemicals, sodium chlorite, is regulated in drinking water 
under the NPDWRs. 

Of the 25 chemicals that lack chronic oral RfVs, 11 have high-confidence TOPKAT LOAEL estimates 
available. Of these, methenamine (~14% of disclosures) had the lowest TOPKAT LOAEL estimate, 
and choline chloride (~15% of disclosures) had the second lowest. All but five of these chemicals 
had at least some relevant toxicological data available on EPA’s ACToR database. 

1 The analysis of the FracFocus 1.0 project database presented in this chapter did not exclude chemicals that lacked valid 
concentration data, in order to present a more inclusive analysis of the potential toxicity of chemicals used in hydraulic 
fracturing fluids. The chemical list and percent disclosures listed for each chemical is therefore slightly different that 
those shown in Chapter 5 (Table 5-3), which excluded chemicals lacking valid concentration data.  
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Table 9-2. Chemicals reported to FracFocus 1.0 from January 1, 2011 to February 28, 2013 in 
10% or more disclosures, with the percent of disclosures for which each chemical is reported. 
Chronic oral RfVs, TOPKAT LOAEL estimates, and availability of ACToR data are shown when 
available. 
Chemicals are ordered in the table, from high to low, based on their number of disclosures in the EPA FracFocus 
1.0 project database. Water, quartz, and sodium chloride are excluded from this analysis. Asterisk (*) indicates 
chemicals that are regulated as drinking water contaminants under the NPDWRs. 

Chronic oral RfVb QSAR ACToR 

Chemical Name CASRN 
% of 

Disclo-
suresa 

RfV 
(mg/kg
-day)

Source 
of RfV Critical effectc 

TOPKAT 
LOAELd 
(mg/kg) 

# of 
data 

pointse 

Methanol 67-56-1 73% 2 IRIS Extra cervical ribs 122 

Distillates, 
petroleum, 
hydrotreated light 

64742-47-8 67% 4 

Hydrochloric acid 7647-01-0 66% 50 

Ethylene glycol 107-21-1 47% 2 IRIS Kidney toxicity 130 102 

Isopropanol 67-63-0 46% 81.4 26 

Diammonium 
peroxydisulfate 7727-54-0 44% 11 

Guar gum 9000-30-0 39% 2 

Sodium hydroxide 1310-73-2 39% 26 

Propargyl alcohol 107-19-7 33% 0.002 IRIS Renal and 
hepatotoxicity 42 

Glutaraldehyde 111-30-8 33% 398 13 

Ethanol 64-17-5 31% 59.2 182 

Potassium hydroxide 1310-58-3 31% 21 

Acetic acid 64-19-7 25% 183 35 

Citric acid 77-92-9 24% 55.8 25 

2-Butoxyethanol 111-76-2 23% 0.1 IRIS 
Hemosiderin 
deposition in the 
liver 

707 44 

Solvent naphtha, 
petroleum, heavy 
arom. 

64742-94-5 21% 5 

Naphthalene 91-20-3 19% 0.02 IRIS Decreased terminal 
body weight 67.5 157 
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Chronic oral RfVb QSAR ACToR 

Chemical Name CASRN 
% of 

Disclo-
suresa 

RfV 
(mg/kg
-day)

Source 
of RfV Critical effectc 

TOPKAT 
LOAELd 
(mg/kg) 

# of 
data 

pointse 

2,2-Dibromo-3-
nitrilopropionamide 10222-01-2 16% 52.4 

Choline chloride 67-48-1 15% 20.8 24 

Phenol-formaldehyde 
resin 9003-35-4 14% 

Carbonic acid, 
dipotassium salt 584-08-7 14% 137 3 

Methenamine 100-97-0 14% 12.3 15 

Thiourea, polymer 
with formaldehyde 
and 1-
phenylethanone 

68527-49-1 13% 

1,2,4-
Trimethylbenzene 95-63-6 13% 0.01 IRIS Decreased pain 

sensitivity 91.5 71 

Polyethylene glycol 25322-68-3 13% 5 

Polyethylene glycol 
nonylphenyl ether 9016-45-9 13% 4 

Quaternary 
ammonium 
compounds, benzyl-
C12-16-alkyldimethyl, 
chlorides 

68424-85-1 12% 0.44 HHBP 
Decreased body 
weight and weight 
gain 

3 

Poly(oxy-1,2-
ethanediyl)-
nonylphenyl-hydroxy 
branched 

127087-87-0 12% 

Ammonium chloride 12125-02-9 12% 18 

Formic acid 64-18-6 11% 0.9 PPRTV Reproductive 
toxicity 72 

Tetrakis(hydroxy-
methyl) 
phosphonium sulfate 

55566-30-8 11% 148 3 

Sodium chlorite* 7758-19-2 11% 0.03 IRIS 
Neuro-
developmental 
effects 

66 
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Chronic oral RfVb QSAR ACToR 

Chemical Name CASRN 
% of 

Disclo-
suresa 

RfV 
(mg/kg
-day)

Source 
of RfV Critical effectc 

TOPKAT 
LOAELd 
(mg/kg) 

# of 
data 

pointse 

Alcohols, C12-14, 
ethoxylated 
propoxylated 

68439-51-0 11% 1450 

Sodium persulfate 7775-27-1 10% 6 

CASRN = Chemical Abstract Service Registry Number; RfV = Reference value; IRIS = Integrated Risk Information System; PPRTV = 
Provisional Peer-Reviewed Toxicity Value; HHBP = Human Health Benchmarks for Pesticides; QSAR = Quantitative structure-
activity relationship; TOPKAT = Toxicity Prediction by Komputer Assisted Technology; ACToR = EPA’s Aggregated Computational 
Toxicology Online Resource 
a The FracFocus frequency of use data presented in this chapter is based on 35,957 FracFocus disclosures that were 
deduplicated, within the study time period (January 1, 2011 to February 28, 2013), and with ingredients that have a valid 
CASRN.
b Reference value (RfV): An estimate of an exposure for a given duration to the human population (including susceptible 
subgroups) that is likely to be without an appreciable risk of adverse health effects over a lifetime. RfVs considered in this 
analysis include chronic oral reference doses (RfDs) from IRIS, PPRTV, and HHBP; chronic oral minimal risk levels (MRLs) from 
ATSDR; maximum allowable daily levels (MADLs) from CalEPA; and tolerable daily intake (TDI) from CICAD. See Section 9.4.1. 
c Critical effect: The first adverse effect, or its known precursor, that occurs to the most sensitive species as the dose rate of an 
agent increases.
d TOPKAT LOAEL: The LOAEL is the lowest exposure level at which there are biologically significant increases in frequency or 
severity of adverse effects between the exposed population and its appropriate control group. TOPKAT LOAELs were predicted 
using a QSAR-based software model, as described in Section 9.4.2. Values are rounded to 3 significant figures. 
e Indicates the total number of data points available for a chemical in the relevant data classes on EPA’s ACToR database, as 
described in Section 9.4.3. 

Table 9-3 shows the chemicals reported in at least 10% of disclosures nationally in the EPA 
FracFocus 1.0 project database that are considered by at least one of the sources in Table 9-1 to be 
known, probable, or possible human carcinogens. Ethanol is classified as a “carcinogenic to 
humans” (Group 1) by IARC. Naphthalene is classified by IARC as “possibly carcinogenic to humans” 
(Group 2B), and is classified by RoC as “reasonably anticipated to be a human carcinogen,” while 
IRIS classifies naphthalene as having inadequate data to assess carcinogenic potential. Neither 
chemical has an available OSF. 
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Table 9-3. List of OSFs and qualitative cancer classifications available for all carcinogenic 
chemicals reported to FracFocus 1.0 from January 1, 2011 to February 28, 2013 in 10% or 
more disclosures. 
Includes all chemicals from Table 9-2 that are classified as known, probable, or possible human carcinogens by at 
least one of the sources in Table 9-1. 

OSFa Qualitative cancer classification 

Chemical Name CASRN 

OSF (per 
mg/kg-

day) 
Source 
of OSF IRISb PPRTVc IARCd RoCe 

Ethanol 64-17-5 1 

Naphthalene 91-20-3
“Data are inadequate to 
assess human 
carcinogenic potential” 

2B RAHC 

CASRN = Chemical Abstract Service Registry Number; IRIS = Integrated Risk Information System; PPRTV = Provisional Peer 
Reviewed Toxicity Values; IARC = International Agency for Research on Cancer Monographs; RoC = National Toxicology Program 
13th Report on Carcinogens 
a Oral slope factor (OSF): An upper-bound, approximating a 95% confidence limit, on the increased cancer risk from a lifetime 
oral exposure to an agent. This estimate, usually expressed in units of proportion (of a population) affected per mg/kg-day, is 
generally reserved for use in the low dose region of the dose response relationship, that is, for exposures corresponding to risks 
less than 1 in 100. OSFs considered in this analysis include values from IRIS, PPRTV, HHBP, and CalEPA. See Section 9.4.1. 
b IRIS assessments use EPA’s 1986, 1996, 1999, or 2005 guidelines to establish descriptors for summarizing the weight of 
evidence as to whether a contaminant is or may be carcinogenic. See glossary in Appendix G for details.  
c PPRTV assessments use EPA’s 1999 guidelines to establish descriptors for summarizing the weight of evidence as to whether a 
contaminant is or may be carcinogenic. See glossary in Appendix G for details. 
d The IARC summarizes the weight of evidence as to whether a contaminant is or may be carcinogenic using five weight of 
evidence classifications: Group 1: Carcinogenic to humans; Group 2A: Probably carcinogenic to humans; Group 2B: Possibly 
carcinogenic to humans; Group 3: Not classifiable as to its carcinogenicity to humans; Group 4: Probably not carcinogenic to 
humans. See glossary in Appendix G for details. 
e The listing criteria in the 13th RoC Document are: Known = Known to be a human carcinogen; RAHC = Reasonably anticipated 
to be a human carcinogen. 

In addition to evaluating chemicals that are frequently used in hydraulic fracturing fluids, we also 
evaluated the availability of toxicological data for subsets of chemicals that are used less frequently 
on a national basis (Figure 9-4). For this analysis, we binned the chemicals according to frequency 
of use as identified from the EPA FracFocus 1.0 project database (>10% of disclosures, 5-10% of 
disclosures, 1-5% of disclosures, <1% of disclosures, or unknown frequency of use), and evaluated 
the percentage of chemicals within each bin that have available chronic oral RfVs or OSFs, TOPKAT 
LOAEL estimates, and relevant data on ACToR. This analysis demonstrates that the availability of 
chronic oral RfVs and OSFs is low across all of these subsets of chemicals. Proportionately, the 
availability of chronic oral RfVs, OSFs, and data on ACToR is slightly higher for chemicals that are 
used in >10% of disclosures, compared to chemicals that are used less frequently.  

Of the chemicals on the EPA’s list that had frequency of use data available from the EPA FracFocus 
1.0 project database, the majority were used in <1% of disclosures (n=480), suggesting that 
potential exposure to these chemicals is more likely to be a local issue rather than a national issue. 
Given that the analysis of the EPA FracFocus 1.0 project database presented in this chapter was 
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based on 35,957 disclosures, a chemical used in <1% of wells nationally could still be used in 
several hundred wells. Chemicals used infrequently on a national basis could still be used more 
frequently within certain areas or counties, increasing the potential for local exposure to that 
chemical. 

 
Figure 9-4. Availability of toxicity data (chronic oral RfVs/OSFs, TOPKAT LOAEL estimates, and 
relevant data on ACToR) for subsets of chemicals used at various frequencies in hydraulic 
fracturing fluids, as determined based on the number of disclosures in the EPA FracFocus 1.0 
project database.  

As described in Chapter 5, many of the chemicals used in hydraulic fracturing fluids can be 
classified as chemical mixtures. Among the most common chemical mixtures on EPA’s list of 
chemicals are petroleum distillates (i.e., hydrocarbon solvents), which are complex mixtures of 
petroleum hydrocarbons.1 Two of the most frequently used chemicals in Table 9-2 are petroleum 
distillates. (Petroleum) hydrotreated light distillates is a mixture of hydrocarbons having carbon 
numbers predominantly in the range of C9 through C16, and was reported as used in 67% of 
disclosures in the EPA FracFocus 1.0 project database. Heavy aromatic (petroleum) solvent 
naphtha is a mixture consisting predominantly of aromatic hydrocarbons in carbon fraction range 
of C9 through C16, and was reported as used in 21% of disclosures in the EPA FracFocus 1.0 project 
database. These petroleum distillates lack chronic oral RfVs or OSFs, and have little information 
available in ACToR. However, a methodology that describes the toxicity and derivation of surrogate 
                                                            
1 Total petroleum hydrocarbons (TPH) is a term used to describe a large family of several hundred chemical compounds 
that originally come from crude oil. TPH is a mixture of chemicals, but they are all made mainly from hydrogen and 
carbon, called hydrocarbons. TPH are divided into groups of petroleum hydrocarbons that act alike in soil or water. These 
groups are called petroleum hydrocarbon fractions. Each hydrocarbon fraction contains many individual chemicals. Some 
chemicals that may be found in TPH are hexane, jet fuels, mineral oils, benzene, toluene, xylenes, naphthalene, and 
fluorene, as well as other petroleum products and gasoline components. Source: ATSDR (2011). 
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toxicity values for such mixtures was developed by the Total Petroleum Hydrocarbon Criteria 
Working Group (TPHCWG) (Edwards et al., 1997). This indicator/surrogate approach uses a 
combination of toxicity data and existing RfVs on individual compounds and fraction-specific 
mixtures. Examples of compounds present in each fraction include: toluene, ethylbenzene, and 
styrene (C5-C8) and isopropylbenzene (cumene), naphthalene, fluorene, pyrene, and 
methylnaphthalene (C9-C16). No data was available for consideration for C>16. Applying their 
methodology, the TPHCWG derived surrogate aliphatic and aromatic oral toxicity values for 
fractions in the C5-C8, C9-C16, and C17-C35 ranges. For aromatics, the toxicity ranking was C9-C16 
and C17-C35 > C5-C8; and for aliphatics, the toxicity ranking was C9-C16 > C17-C35 > C5-C8. As 
reviewed by the TPHCWG, compounds above C20 are likely not volatile or soluble in groundwater 
and will remain at the release site and compounds above C35 are typically not likely to be 
bioavailable by the oral route of exposure. These surrogate toxicity values are not included in EPA’s 
analysis in this report, but this methodology might be useful for risk assessors at sites where these 
petroleum distillates are used. 

We additionally note that several of the frequently used chemicals in Table 9-2 are designated as 
being “generally recognized as safe” (GRAS) for use in food additives or food contact substances by 
the U.S. Food and Drug Administration (FDA). This includes hydrochloric acid, guar gum, sodium 
hydroxide, sodium chloride, potassium hydroxide, acetic acid, citric acid, choline chloride, carbonic 
acid dipotassium salt, ammonium chloride, and formic acid. Overall, 103 chemicals on EPA’s list of 
chemicals used in hydraulic fracturing fluids have GRAS designations by the FDA. GRAS chemicals 
may be used by hydraulic fracturing industry operators in an effort to avoid more hazardous 
chemicals and minimizes concern in the public perception (Loveless et al., 2011). However, GRAS 
determinations are often specific to certain conditions as expressed in the FDA GRAS Notification 
Database and therefore do not indicate that the same chemical is safe for use in hydraulic fracturing 
fluids. For instance, formic acid is considered GRAS for specific use in paper food packaging 
materials (U.S. FDA, 2016), but has a chronic oral RfD of 0.9 mg/kg-day based on reproductive 
effects (U.S. EPA, 2010b). For human health risk assessment in areas of hydraulic fracturing activity, 
hazard and dose-response relations for these chemicals need to be assessed in the context of the 
use and levels that are likely to be encountered in an appropriate exposure scenario.  

9.5.2 Organic Chemicals in Produced Water 

Chapter 7 discussed the detection of volatile and semi-volatile organic chemicals in produced 
water. Many of these chemicals, including the BTEX chemicals and related hydrocarbons, occur 
naturally in hydrocarbon formations and are characteristic of produced water from oil and gas 
production wells in both conventional and unconventional reservoirs. Some of these chemicals 
have anthropogenic origins, such as di(2-ethylhexyl) phthalate, which does not occur naturally but 
has known use in hydraulic fracturing fluids. Naphthalene is an example of a chemical that may 
occur naturally in hydrocarbon formations but is also used frequently in hydraulic fracturing fluids 
(19% of disclosures in the EPA FracFocus 1.0 project database; Table 9-2). These chemicals have 
the potential to enter drinking water resources through events such as spills of produced water, 
mechanical integrity failures, infiltration into groundwater from produced water storage pits, and 
persistence in inadequately treated wastewater.  
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Several recent field studies have reported these organic constituents in surface water and 
groundwater in areas of hydraulic fracturing activity. For example, the BTEX chemicals, diesel-
range organics, gasoline-range organics, and naphthalene were detected in groundwater 
monitoring wells in Pavillion Field, Wyoming, likely as a result of legacy contamination from leaking 
unlined production fluid storage pits (Digiulio and Jackson, 2016). BTEX chemicals were also found 
to be elevated above their respective MCLs following spills by the oil and gas industry in Colorado, 
and were reduced to lower concentrations following remediation (Gross et al., 2013). Ferrar et al. 
(2013) reported mean concentrations of the BTEX chemicals in effluent from a centralized waste 
treatment (CWT) facility in Pennsylvania ranged from about 2 to 46 µg/L, with significantly lower 
concentrations observed after oil and gas well operators were asked to stop discharging waste at 
this facility (Text Box 8-1). In a survey of 500 private and public water supply wells overlying and 
adjacent to the Barnett Shale in Texas, Hildenbrand et al. (2015) reported that benzene 
concentrations exceeded their MCL in all 34 wells where benzene was detected, while toluene, 
ethylbenzene, and xylenes were prevalent at trace levels; the authors noted that BTEX detections 
occurred at a high rate in an area that houses a large number of underground injection wells for 
drilling waste disposal, but it was not clear that these chemicals originated from hydraulic 
fracturing activity or from another potential source.  

As there were a large number of organic chemicals identified on EPA’s list, this section focuses on 
the toxicological evaluation of those organic chemicals that had measured concentration data 
available in Appendix E and had at least some toxicity data available from the sources in Table 9-1, 
TOPKAT, or ACToR (69 chemicals total).1 There were an additional 46 organic chemicals that had 
measured concentration data in Chapter 7 or Appendix E that did not have any toxicity data 
available. Organic chemicals that lacked concentration data and are not discussed here. 

For this subset of 69 organic chemicals, noncancer toxicity values (chronic oral RfVs and high 
confidence TOPKAT LOAEL estimates) and ACToR data availability are shown in Table 9-4, and 
cancer information (OSFs and qualitative cancer classifications) are shown in Table 9-5. Chronic 
oral RfVs were available for 31 of these chemicals, and ranged from 0.001 mg/kg-day (pyridine) to 
0.9 mg/kg-day (acetone). Critical effects for these chemicals include kidney/renal toxicity, 
hepatotoxicity, neurotoxicity, reproductive toxicity (decreased maternal weight gain), 
developmental toxicity (decreased offspring body weight, fetal toxicity), and decreased terminal 
body weight. Six of the chemicals in Table 9-4 are regulated as drinking water contaminants under 
the NPDWRs: the BTEX chemicals (benzene, ethylbenzene, toluene, xylenes), benzo(a)pyrene, and 
di(2-ethylhexyl) phthalate. 

Of the 38 chemicals in Table 9-4 that lack chronic oral RfVs, 10 have high-confidence TOPKAT 
LOAEL estimates available. Several of these had similarly low LOAEL estimates: 
benzo(g,h,i)perylene, indeno(1,2,3-cd)pyrene, benzo(b)fluoranthene, benzo(k)fluoranthene, 
benzo(a)pyrene, dibenz(a,h)anthracene, and N-nitrosodiphenylamine. Notably, 33 of the chemicals 

                                                            
1 Note that chemical names presented in this chapter and in Appendix H sometimes differ from the chemical names 
presented with the concentration data in Appendix E. This is because Appendix E uses the chemical names provided by 
the original sources of chemical data, while this chapter and Appendix H use chemical names that were verified by EPA 
during the curation of the chemical list. See Appendix H for details on the curation of the chemical list. 
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in Table 9-4 were added to EPA’s chemical list after the release of the external review draft (Text 
Box 9-2), and therefore were not included in the QSAR analysis (Section 9.4.2).  

Table 9-4. List of a subset of organic chemicals that have been detected in produced water, 
with respective chronic oral RfVs, TOPKAT LOAEL estimates, and availability of ACToR data 
shown when available. 
Includes organic chemicals that were identified on the EPA’s list of chemicals in produced water (Appendix H) that 
have measured concentration data available in Appendix E and have at least some toxicity data available from the 
sources consulted by the EPA. Chemicals are ordered in the table from most toxic to least toxic based on chronic 
oral RfV. Chemicals without RfVs were ordered based on TOPKAT LOAEL, and then by number of data points on 
ACToR. *Indicates chemicals that are regulated as drinking water contaminants under the NPDWRs. 

Chronic oral RfVa QSAR 
estimate ACToR 

Chemical Name CASRN 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical Effectb 

TOPKAT 
LOAELc 

(mg/day) 

# of 
data 

pointsd 

Pyridine 110-86-1 0.001 IRIS Increased liver weight 69.5 114 

Benzidine 92-87-5 0.003 IRIS 
Brain cell vacuolization; 
liver cell alterations in 
females 

127 

2,4-Dichlorophenol 120-83-2 0.003 IRIS Decreased delayed 
hypersensitivity response 122 

Benzene* 71-43-2 0.004 IRIS Decreased lymphocyte 
count 77.6 238 

2-Methylnaphthalene 91-57-6 0.004 IRIS Pulmonary alveolar 
proteinosis 103 52 

1,3,5-Trimethylbenzene 108-67-8 0.01 IRIS Decreased pain sensitivity 63 76 

1,2,4-Trimethylbenzene 95-63-6 0.01 IRIS Decreased pain sensitivity 91.5 71 

Chloroform 67-66-3 0.01 IRIS 

Moderate/marked fatty 
cyst formation in the liver 
and elevated serum 
glutamic pyruvic 
transaminase (SGPT) 

47.1 221 

Naphthalene 91-20-3 0.02 IRIS Decreased mean terminal 
body weight in males 67.5 157 

2,4-Dimethylphenol 105-67-9 0.02 IRIS 

Clinical signs (lethargy, 
prostration, and ataxia) 
and hematological 
changes 

112 88 

Di(2-ethylhexyl) 
phthalate* 117-81-7 0.02 IRIS Increased relative liver 

weight 4040 229 
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Chronic oral RfVa QSAR 
estimate ACToR 

Chemical Name CASRN 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical Effectb 

TOPKAT 
LOAELc 

(mg/day) 

# of 
data 

pointsd 

Pyrene 129-00-0 0.03 IRIS 

Kidney effects (renal 
tubular pathology, 
decreased kidney 
weights) 

36.1 129 

1,4-Dioxane 123-91-1 0.03 IRIS Liver and kidney toxicity 207 148 

Fluoranthene 206-44-0 0.04 IRIS 

Nephropathy, increased 
liver weights, 
hematological alterations, 
and clinical effects 

44.6 103 

Fluorene 86-73-7 0.04 IRIS 
Decreased RBC, packed 
cell volume and 
hemoglobin 

95.1 120 

m-Cresol 108-39-4 0.05 IRIS Decreased body weights 
and neurotoxicity 123 103 

o-Cresol 95-48-7 0.05 IRIS Decreased body weights 
and neurotoxicity 229 94 

Toluene* 108-88-3 0.08 IRIS Increased kidney weight 163 188 

Diphenylamine 122-39-4 0.1 HHBP 

Alterations in clinical 
chemistry; increased 
kidney. liver, and spleen 
weights 

30.8 86 

Carbon disulfide 75-15-0 0.1 IRIS Fetal toxicity/ 
malformations 126 89 

Benzyl alcohol 100-51-6 0.1 PPRTV 
Effects on survival, 
growth, and tissue 
histopathology 

210 45 

Ethylbenzene* 100-41-4 0.1 IRIS Liver and kidney toxicity 226 207 

Cumene 98-82-8 0.1 IRIS Increased average kidney 
weight in female rats 246 101 

Acetophenone 98-86-2 0.1 IRIS General toxicity 274 58 

Dibutyl phthalate 84-74-2 0.1 IRIS Increased mortality 2090 143 

Xylenes* 1330-20-7 0.2 IRIS Decreased body weight, 
increased mortality 110 174 

Benzyl butyl phthalate 85-68-7 0.2 IRIS 

Significantly increased 
liver-to-body weight and 
liver-to-brain weight 
ratios 

194 

Phenol 108-95-2 0.3 IRIS Decreased maternal 
weight gain 134 170 
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Chronic oral RfVa QSAR 
estimate ACToR 

Chemical Name CASRN 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical Effectb 

TOPKAT 
LOAELc 

(mg/day) 

# of 
data 

pointsd 

Biphenyl 92-52-4 0.5 IRIS 
Renal papillary 
mineralization in male 
F344 rats 

103 

Caprolactam 105-60-2 0.5 IRIS Reduced offspring body 
weight 39 

Acetone 67-64-1 0.9 IRIS Nephropathy 119 79 

Benzo(g,h,i)perylene 191-24-2 29.1 68 

Indeno(1,2,3-cd)pyrene 193-39-5 38.6 111 

Dibenz(a,h)anthracene 53-70-3 38.9 96 

Benzo(b)fluoranthene 205-99-2 39 121 

Benzo(k)fluoranthene 207-08-9 39 118 

N-Nitrosodiphenylamine 86-30-6 39.4 99 

Benzo(a)pyrene* 50-32-8 43 184 

Phenanthrene 85-01-8 61.3 69 

p-Cresol 106-44-5 95.5 98 

Dioctyl phthalate 117-84-0 4740 61 

Caffeine 58-08-2 134 

Benz(a)anthracene 56-55-3 122 

Chrysene 218-01-9 114 

2-Mercaptobenzothiazole 149-30-4 95 

1,2-Diphenylhydrazine 122-66-7 83 

Dimethyl phthalate 131-11-3 79 

N-Nitroso-N-
methylethylamine 10595-95-6 42 

4-(1,1,3,3-
Tetramethylbutyl)phenol 140-66-9 30 

p-Tert-butylphenol 98-54-4 27 

2,6-Di-tert-butylphenol 128-39-2 22 

Dimethylphenol 1300-71-6 17 

2-Ethylhexyl diphenyl
phosphate (Octicizer) 1241-94-7 14 

2,5-Cyclohexadiene-1,4-
dione 106-51-4 12 

Cholesterol 57-88-5 11 
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Chronic oral RfVa QSAR 
estimate ACToR 

Chemical Name CASRN 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical Effectb 

TOPKAT 
LOAELc 

(mg/day) 

# of 
data 

pointsd 

Benzothiazole 95-16-9 10 

Octadecanoic acid 57-11-4 9 

Butanoic acid, butyl ester 109-21-7 9 

Tetradecanoic acid 544-63-8 7 

Triphenyl phosphate 115-86-6 7 

Dodecanoic acid 143-07-7 6 

Drometrizole 2440-22-4 6 

3-(4-Methoxyphenyl)-2-
ethylhexylester-2-
propenoic acid 

5466-77-3 6 

2,6-Bis(dimethylethyl)-
2,5-cyclohexadiene-1,4-
dione 

719-22-2 3 

Diphenylmethane 101-81-5 3 

Isopropyl myristate 110-27-0 2 

2-[2-[4-(1,1,3,3-
tetramethylbutyl)phen-
oxy]ethoxy]-ethanol 

2315-61-9 2 

Sterane 50-24-8 1 

3-(4-Methoxyphenyl)-2-
propenoic acid 830-09-1 1 

CASRN = Chemical Abstract Service Registry Number; RfV = Reference value; IRIS = Integrated Risk Information System; PPRTV = 
Provisional Peer-Reviewed Toxicity Value; HHBP = Human Health Benchmarks for Pesticides; QSAR = Quantitative structure-
activity relationship; TOPKAT = Toxicity Prediction by Komputer Assisted Technology; ACToR = EPA’s Aggregated Computational 
Toxicology Online Resource 
a Reference value (RfV): An estimate of an exposure for a given duration to the human population (including susceptible 
subgroups) that is likely to be without an appreciable risk of adverse health effects over a lifetime. RfVs considered in this 
analysis include chronic oral reference doses (RfDs) from IRIS, PPRTV, and HHBP; chronic oral minimal risk levels (MRLs) from 
ATSDR; maximum allowable daily levels (MADLs) from CalEPA; and tolerable daily intake (TDI) from CICAD. See Section 9.4.1. 
b Critical effect: The first adverse effect, or its known precursor, that occurs to the most sensitive species as the dose rate of an 
agent increases.
c TOPKAT LOAEL: The LOAEL is the lowest exposure level at which there are biologically significant increases in frequency or 
severity of adverse effects between the exposed population and its appropriate control group. TOPKAT LOAELs were predicted 
using a QSAR-based software model, as described in Section 9.4.2. Values are rounded to 3 significant figures. 
d Indicates the total number of data points available for a chemical in the relevant data classes on EPA’s ACToR database, as 
described in Section 9.4.3. 

Of the organic chemicals in produced water listed in Table 9-4, 17 have available OSFs and 23 are 
classified as known, probable, or possible carcinogens (Table 9-5). Benzidine and benzene were 
both classified as human carcinogens by IRIS, IARC, and RoC, with benzidine being the most potent 
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carcinogen listed in Table 9-5 (OSF of 230 per mg/kg-day). Benzo(a)pyrine is classified as a human 
carcinogen by IARC, and as a probable human carcinogen by IRIS. The remaining chemicals were 
classified as probable or possible human carcinogens.  

Table 9-5. List of OSFs and qualitative cancer classifications available for a subset of organic 
chemicals that have been reported in produced water. 
Includes organic chemicals that were identified on EPA’s list of chemicals in produced water (Appendix H) that 
have measured concentration data available in Chapter 7 or Appendix E (Table 9-4) and are classified as known, 
probable, or possible carcinogens. Chemicals that had OSFs available are ordered in this table from most potent 
(highest OSF) to least potent (lowest OSF).  

OSFsa Qualitative Cancer Classifications 

Chemical Name CASRN 

OSF (per 
mg/kg-

day) 
Source 
of OSF IRIS b PPRTV c IARC d RoC e 

Benzidine 92-87-5 230 IRIS A (Human 
carcinogen) 1 Known 

N-Nitroso-N-
methylethylamine 10595-95-6 22 IRIS 

B2 (Probable 
human 
carcinogen) 

2B 

Benzo(a)pyrene 50-32-8 7.3 IRIS 
B2 (Probable 
human 
carcinogen) 

1 RAHC 

Dibenz(a,h)anthra-
cene 53-70-3 4.1 CalEPA 2A RAHC 

Indeno(1,2,3-
cd)pyrene 193-39-5 1.2 CalEPA 2B RAHC 

Benzo(b)fluoran-
thene 205-99-2 1.2 CalEPA 2B RAHC 

Benzo(k)fluoranthene 207-08-9 1.2 CalEPA 2B RAHC 

1,2-
Diphenylhydrazine 122-66-7 0.8 IRIS 

B2 (Probable 
human 
carcinogen) 

RAHC 

Benz(a)anthracene 56-55-3 0.7 PPRTV 
B2 (Probable 
human 
carcinogen) 

2B RAHC 

Chrysene 218-01-9 0.12 CalEPA 
B2 (Probable 
human 
carcinogen) 

2B 

1,4-Dioxane 123-91-1 0.1 IRIS 
"Likely to be 
carcinogenic to 
humans" 

2B RAHC 
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OSFsa Qualitative Cancer Classifications 

Chemical Name CASRN 

OSF (per 
mg/kg-

day) 
Source 
of OSF IRIS b PPRTV c IARC d RoC e 

Benzene 71-43-2 0.015-
0.055 IRIS A (Human 

carcinogen) 1 Known 

Chloroform 67-66-3 0.019 CalEPA 
B2 (Probable 
human 
carcinogen) 

2B RAHC 

Di(2-ethylhexyl) 
phthalate 117-81-7 0.014 IRIS 

B2 (Probable 
human 
carcinogen) 

2B RAHC 

Ethylbenzene 100-41-4 0.011 CalEPA 

D (Not 
classifiable as to 
human 
carcinogenicity) 

2B 

Biphenyl 92-52-4 0.008 IRIS 

"Suggestive 
evidence of 
carcinogenic 
potential" 

N-Nitrosodiphenyl-
amine 86-30-6 0.0049 IRIS 

B2 (Probable 
human 
carcinogen) 

3 

Naphthalene 91-20-3

“Data are 
inadequate to 
assess human 
carcinogenic 
potential” 

2B RAHC 

Cumene 98-82-8

D (Not 
classifiable as to 
human 
carcinogenicity) 

2B RAHC 

2-Mercaptobenzo-
thiazole 149-30-4 2A 

m-Cresol 108-39-4
C (Possible 
human 
carcinogen) 

o-Cresol 95-48-7
C (Possible 
human 
carcinogen) 

“Data are 
inadequate for 
the assessment 

of human 
carcinogenic 

potential” 
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OSFsa Qualitative Cancer Classifications 

Chemical Name CASRN 

OSF (per 
mg/kg-

day) 
Source 
of OSF IRIS b PPRTV c IARC d RoC e 

Benzyl butyl 
phthalate 85-68-7

C (Possible 
human 
carcinogen) 

3 

CASRN = Chemical Abstract Service Registry Number; IRIS = Integrated Risk Information System; PPRTV = Provisional Peer 
Reviewed Toxicity Values; HHBP = Human Health Benchmarks for Pesticides; CalEPA = California Environmental Protection 
Agency; IARC = International Agency for Research on Cancer Monographs; RoC = National Toxicology Program 13th Report on 
Carcinogens 
a Oral slope factor (OSF): An upper-bound, approximating a 95% confidence limit, on the increased cancer risk from a lifetime 
oral exposure to an agent. This estimate, usually expressed in units of proportion (of a population) affected per mg/kg-day, is 
generally reserved for use in the low dose region of the dose response relationship, that is, for exposures corresponding to risks 
less than 1 in 100. OSFs considered in this analysis include values from IRIS, PPRTV, HHBP, and CalEPA. See Section 9.4.1. 
b IRIS assessments use EPA’s 1986, 1996, 1999, or 2005 guidelines to establish descriptors for summarizing the weight of 
evidence as to whether a contaminant is or may be carcinogenic. See glossary in Appendix G for details.  
c PPRTV assessments use EPA’s 1999 guidelines to establish descriptors for summarizing the weight of evidence as to whether a 
contaminant is or may be carcinogenic. See glossary in Appendix G for details. 
d The IARC summarizes the weight of evidence as to whether a contaminant is or may be carcinogenic using five weight of 
evidence classifications: Group 1: Carcinogenic to humans; Group 2A: Probably carcinogenic to humans; Group 2B: Possibly 
carcinogenic to humans; Group 3: Not classifiable as to its carcinogenicity to humans; Group 4: Probably not carcinogenic to 
humans. See glossary in Appendix G for details. 
e The listing criteria in the 13th RoC Document are: Known = Known to be a human carcinogen; RAHC = Reasonably anticipated 
to be a human carcinogen. 

9.5.3 Inorganic Chemicals and TENORM in Produced Water 

Chapter 7 discussed the detection of inorganic constituents such as metals, inorganic ions, and 
TENORM in produced water. Examples include barium, cadmium, chromium, copper, lead, 
manganese, nickel, zinc, and radium. In general, these chemicals are naturally occurring, and are 
characteristic of produced water from both conventional and unconventional reservoirs. These 
chemicals have the potential to enter drinking water resources through events such as spills of 
produced water, mechanical integrity failures, infiltration into groundwater from produced water 
storage pits, and persistence in inadequately treated wastewater. 

The entry of inorganic constituents of produced water into drinking water resources has been 
documented in numerous studies. In Pennsylvania, elevated levels of barium and strontium have 
been observed in CWT effluent (PA DEP, 2015a), with effluent concentrations dropping after oil and 
gas well operators were asked to stop discharging waste at this facility (see Text Box 8-1 for details 
on temporal trends in wastewater management in Pennsylvania). Likewise, effluent concentrations 
at two publicly owned treatment words (POTWs) that had accepted Marcellus wastewater were 
found to have lower concentrations of bromide, chloride, barium, strontium, and sulfate after oil 
and gas well operators were asked to stop discharging waste at this facility in May 2011 (Ferrar et 
al., 2013). Effluents from POTWs and CWTs that handle Marcellus Shale wastewater have been 
found to have levels of radium-226 and radium-228 that exceed the MCL for radium and are 
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significantly higher than typical background levels of radium in river water (PA DEP, 2015b). 
Radium-226 and radium-228 have been demonstrated to accumulate in sediments near the outfalls 
of CWTs and of POTWs that handle oil and gas wastewater from CWTs (PA DEP, 2015b; Warner et 
al., 2013a), and in sediments receiving effluent from landfills that accept oil and gas wastes (PA 
DEP, 2015b). In West Virginia, water samples collected downstream of a hydraulic fracturing 
wastewater injection facility had elevated specific conductance and total dissolved solids, elevated 
bromide, chloride, sodium, barium, strontium, and lithium concentrations, and different strontium 
isotope ratios compared to those found in upstream, background waters (Akob et al., 2016). In a 
survey of 500 groundwater wells overlying and adjacent to the Barnett Shale in Texas, Hildenbrand 
et al. (2015) reported a variety of metals and anions that are known produced water constituents at 
concentrations that sometimes exceeded primary or secondary MCLs, health advisory levels, or 
other suggested levels as provided in the EPA Drinking Water Standards, although it was not clear 
that these chemicals originated from nearby hydraulic fracturing activity or from other potential 
sources.  

For the inorganic chemicals that were identified in produced water on EPA’s chemical list, 
noncancer toxicity values (chronic oral RfVs) and ACToR data availability for these chemicals are 
shown in Table 9-6, and cancer information (OSFs and qualitative cancer classifications) are shown 
in Table 9-7. As shown in Table 9-6, chronic oral RfVs were available for 26 of these chemicals, 
ranging from 0.00002 mg/kg-day (phosphorus) to 1.6 mg/kg-day (nitrate). Critical effects for these 
metals include neurotoxicity, developmental and liver toxicity, hyperpigmentation and keratosis of 
the skin, and decrements in blood copper status and enzyme activity. Nineteen of the inorganic 
chemicals in Table 9-6 are regulated as drinking water contaminants under the NPDWR. 

All but one of these inorganic chemicals had at least some relevant data available on EPA's ACToR 
database. However, none of the inorganic chemicals have TOPKAT LOAEL estimates available, as 
this QSAR model is only able to generate estimates for organic chemicals (Section 9.4.2).  

Table 9-6. List of inorganics and TENORM reported in produced water, and respective chronic 
oral RfVs and OSFs when available.  
Includes inorganic chemicals that were identified on EPA’s list of chemicals in produced water (Appendix H). 
Chemicals are ordered from most toxic to least toxic based on chronic oral RfV. Chemicals without chronic oral 
RfVs were ordered in terms of the number of data points on ACToR. *Indicates chemicals are regulated as drinking 
water contaminants under the NPDWR. 

Chronic oral RfVsa ACToR 

Chemical Name CASRN 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical effectb 

# of 
data 

pointsc 

Phosphorus 7723-14-0 0.00002 IRIS Parturition mortality; 
forelimb hair loss 113 

Vanadium 7440-62-2 0.00007 PPRTV Kidney histopathology 76 

Arsenic* 7440-38-2 0.0003 IRIS Hyperpigmentation and 
vascular complications 243 
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Chronic oral RfVsa ACToR 

Chemical Name CASRN 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical effectb 

# of 
data 

pointsc 

Cobalt 7440-48-4 0.0003 PPRTV Decreased iodine uptake 76 

Antimony* 7440-36-0 0.0004 IRIS 
Hematological; 
alterations in glucose 
and cholesterol 

163 

Cadmium* 7440-43-9 0.0005 IRIS Proteinuria 230 

Beryllium* 7440-41-7 0.002 IRIS Intestinal lesions 186 

Mercury 7439-97-6 0.002 CICAD Renal toxicity 177 

Lithium 7439-93-2 0.002 PPRTV Adverse effects in 
multiple organ systems 43 

Chromium (VI) 18540-29-9 0.003 IRIS None reported 120 

Selenium* 7782-49-2 0.005 IRIS Clinical selenosis 232 

Silver 7440-22-4 0.005 IRIS Argyria 120 

Molybdenum 7439-98-7 0.005 IRIS Increased uric acid levels 73 

Iodine 7553-56-2 0.01 CICAD 27 

Nitrite* 14797-65-0 0.1 IRIS Methemoglobinemia 109 

Chlorine 7782-50-5 0.1 IRIS No adverse effect level 116 

Manganese 7439-96-5 0.14 IRIS Central nervous system 
(CNS) effects 128 

Barium* 7440-39-3 0.2 IRIS Nephropathy 167 

Boron 7440-42-8 0.2 IRIS Decreased fetal weight 
(developmental) 93 

Zinc 7440-66-6 0.3 IRIS 

Decreases in erythrocyte 
Cu, Zn-superoxide 
dismutase (ESOD) 
activity in humans 

163 

Lead* 7439-92-1 0.5 μg/day d CalEPA Reproductive Toxicity 168 

Strontium 7440-24-6 0.6 IRIS Rachitic bone 67 

Iron 7439-89-6 0.7 PPRTV Adverse gastrointestinal 
effects 73 

Aluminum 7429-90-5 1 PPRTV Neurotoxicity 88 

Chromium (III) 16065-83-1 1.5 IRIS No effects observed 71 
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Chronic oral RfVsa ACToR 

Chemical Name CASRN 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical effectb 

# of 
data 

pointsc 

Nitrate* 14797-55-8 1.6 IRIS 
Clinical signs of 
methemoglobinemia in 
excess of 10% 

130 

Nickel 7440-02-0 181 

Copper* 7440-50-8 163 

Thallium* 7440-28-0 136 

Chromium 7440-47-3 125 

Uranium-238* 7440-61-1 100 

Ammonia 7664-41-7 90 

Zirconium 7440-67-7 55 

Alpha particle* 12587-46-1 55 

Fluoride* 16984-48-8 53 

Radium* 7440-14-4 52 

Beta particle* 12587-47-2 51 

Magnesium 7439-95-4 40 

Tin 7440-31-5 40 

Chloride 16887-00-6 32 

Sodium 7440-23-5 31 

Sulfate 14808-79-8 27 

Potassium 7440-09-7 25 

Titanium 7440-32-6 25 

Calcium 7440-70-2 24 

Radium-226* 13982-63-3 13 

Radium-228* 15262-20-1 11 

Sulfide 18496-25-8 11 

Caesium 7440-46-2 7 

Caesium-137 10045-97-3 6 

Silicon 7440-21-3 5 

Rubidium 7440-17-7 5 
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Chronic oral RfVsa ACToR 

Chemical Name CASRN 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical effectb 

# of 
data 

pointsc 

Bromide 24959-67-9 2 

Sulfite 14265-45-3 1 

Uranium-235* 15117-96-1 1 

Octasulfur 10544-50-0 

CASRN = Chemical Abstract Service Registry Number; RfV = Reference value; IRIS = Integrated Risk Information System; PPRTV = 
Provisional Peer-Reviewed Toxicity Value; CalEPA = California Environmental Protection Agency; CICAD = Concise International 
Chemical Assessment Documents; ACToR = EPA’s Aggregated Computational Toxicology Online Resource 
a Reference value (RfV): An estimate of an exposure for a given duration to the human population (including susceptible 
subgroups) that is likely to be without an appreciable risk of adverse health effects over a lifetime. RfVs considered in this 
analysis include chronic oral reference doses (RfDs) from IRIS, PPRTV, and HHBP; chronic oral minimal risk levels (MRLs) from 
ATSDR; maximum allowable daily levels (MADLs) from CalEPA; and tolerable daily intake (TDI) from CICAD. See Section 9.4.1. 
b Critical effect: The first adverse effect, or its known precursor, that occurs to the most sensitive species as the dose rate of an 
agent increases.
c Indicates the total number of data points available for a chemical in the relevant data classes on EPA’s ACToR database, as 
described in Section 9.4.3. 
d CalEPA MADLs are in units of μg/day, while all other chronic oral RfVs in this table are in units of mg/kg-day. 

OSFs were available for 4 of the inorganic chemicals reported in produced water, and 14 are 
classified as known or probable carcinogens (Table 9-7). OSFs ranged from 15 per mg/kg-day for 
cadmium to 0.0085 mg/kg-day for lead. Chromium (VI), arsenic, alpha particle, beta particle, 
radium-226, and radium-288 are all classified as known human carcinogens by all sources 
reporting in this table. Beryllium and cadmium are both classified as known human carcinogens by 
IARC and NTP, and as probable human carcinogens by EPA. Lead, cobalt, nickel, nitrate, and nitrite 
are classified by these sources as possible or probable human carcinogens.  

Table 9-7. List of qualitative cancer classifications available for inorganics and NORM that 
were reported in produced water. 
Includes inorganic chemicals that were identified on EPA’s list of chemicals in produced water (Appendix H) that 
classified as known, probable, or possible carcinogens by at least one of the sources in Table 9-1. Chemicals that 
had OSFs available are ordered in this table from most potent (highest OSF) to least potent (lowest OSF). 

OSFa Qualitative Cancer Classifications 

Chemical Name CASRN 

OSF (per 
mg/kg-

day) 
Source 
of OSF IRISb PPRTVc IARCd RoCe 

Cadmium 7440-43-9 15 CalEPA 
B1 (Probable 
human 
carcinogen) 

1 Known 

Arsenic 7440-38-2 1.5 IRIS A (Human 
carcinogen) 1 Known 
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OSFa Qualitative Cancer Classifications 

Chemical Name CASRN 

OSF (per 
mg/kg-

day) 
Source 
of OSF IRISb PPRTVc IARCd RoCe 

Chromium (VI) 18540-29-9 0.5 CalEPA 

Inhaled: A 
(Human 
carcinogen) 
Oral: D (Not 
classifiable as to 
human 
carcinogenicity) 

1 Known 

Lead 7439-92-1 0.0085 CalEPA 
B2 (Probable 
human 
carcinogen) 

2B RAHC 

Alpha particle 12587-46-1 1 

Beryllium 7440-41-7 
B1 (Probable 
human 
carcinogen) 

1 Known 

Beta particle 12587-47-2 1 

Radium 7440-14-4 1 

Radium-226 13982-63-3 1 

Radium-228 15262-20-1 1 

Cobalt 7440-48-4 
Likely to be 
carcinogenic to 
humans 

2B 

Nickel 7440-02-0 2B RAHC 

Nitrate 14797-55-8 2A 

Nitrite 14797-65-0 2A 
CASRN = Chemical Abstract Service Registry Number; IRIS = Integrated Risk Information System; PPRTV = Provisional Peer 
Reviewed Toxicity Values; HHBP = Human Health Benchmarks for Pesticides; CalEPA = California Environmental Protection 
Agency; IARC = International Agency for Research on Cancer Monographs; RoC = National Toxicology Program 13th Report on 
Carcinogens 
a Oral slope factor (OSF): An upper-bound, approximating a 95% confidence limit, on the increased cancer risk from a lifetime 
oral exposure to an agent. This estimate, usually expressed in units of proportion (of a population) affected per mg/kg-day, is 
generally reserved for use in the low dose region of the dose response relationship, that is, for exposures corresponding to risks 
less than 1 in 100. OSFs considered in this analysis include values from IRIS, PPRTV, HHBP, and CalEPA. See Section 9.4.1. 
b IRIS assessments use EPA’s 1986, 1996, 1999, or 2005 guidelines to establish descriptors for summarizing the weight of 
evidence as to whether a contaminant is or may be carcinogenic. See glossary in Appendix G for details.  
c PPRTV assessments use EPA’s 1999 guidelines to establish descriptors for summarizing the weight of evidence as to whether a 
contaminant is or may be carcinogenic. See glossary in Appendix G for details. 
d The IARC summarizes the weight of evidence as to whether a contaminant is or may be carcinogenic using five weight of 
evidence classifications: Group 1: Carcinogenic to humans; Group 2A: Probably carcinogenic to humans; Group 2B: Possibly 
carcinogenic to humans; Group 3: Not classifiable as to its carcinogenicity to humans; Group 4: Probably not carcinogenic to 
humans. See glossary in Appendix G for details. 
e The listing criteria in the 13th RoC Document are: Known = Known to be a human carcinogen; RAHC = Reasonably anticipated 
to be a human carcinogen. 
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9.5.4 Organochlorine Pesticides and Polychlorinated Biphenyls (PCBs) in Produced Water 

EPA’s list of chemicals detected in produced water includes several chemicals that have been 
banned from commercial use: specifically, organochlorine pesticides and Aroclor 1248, which is a 
commercial PCB mixture. These chemicals were reported by two of the sources used to compile 
EPA’s chemical list (Appendix H): a technical report prepared by the Gas Technology Institute for 
the Marcellus Shale Coalition (MSC), which is a drilling industry trade group (Hayes, 2009); and a 
report by the New York State Department of Environmental Conservation (NYSDEC), which 
referenced the results of the MSC study (NYSDEC, 2011). These chemicals are listed in Table 9-8 
along with their respective noncancer toxicity values (chronic oral RfVs and TOPKAT LOAELs) and 
availability of relevant toxicological information on ACToR. Cancer information (OSF or qualitative 
cancer classification) for these chemicals is listed in Table 9-9.  

There is uncertainty about why organochlorine pesticides and PCBs were detected, as they are not 
used in hydraulic fracturing fluids and are not naturally occurring. The MSC study stated the 
banned substances were detected sporadically and at low concentrations, and suggested they may 
have originated from laboratory contamination. The NYSDEC report suggested that the banned 
substances may have been introduced to the shale or the water as a result of drilling or fracturing 
operations. It is possible that these chemicals were present as legacy contaminants in the source 
water used for hydraulic fracturing fluid formulation, or were mobilized from the environment near 
the well. Although these chemicals are notable for their high toxicity, the extent to which these 
chemicals may be detected in produced water from other hydraulic fracturing sites is not clear.  

Chronic oral RfVs for these organochlorine pesticides ranged from 0.000013 mg/kg-day 
(Heptachlor epoxide) to 0.0005 mg/kg-day (heptachlor), and were all based on liver toxicity. All of 
these pesticides had TOPKAT LOAEL estimates, and all have relevant data available within EPA’s 
ACToR database.). Heptachlor epoxide, heptachlor, and lindane are regulated as drinking water 
contaminants under the NPDWR. 

Table 9-8. List of organochlorine pesticides and PCBs that were reported in produced water, 
and their respective chronic oral RfVs, TOPKAT LOAEL estimates, and availability of data in 
EPA’s ACToR database.  
Includes banned chemicals that were identified on EPA’s list of chemicals in produced water (Appendix H). 
Chemicals are ordered from most toxic to least toxic based on chronic oral RfV. Chemicals without chronic oral 
RfVs were ordered in terms of the number of data points on ACToR. *Indicates chemicals that are regulated as 
drinking water contaminants under the NPDWRs. 

Chronic oral RfVa QSAR ACToR 

Chemical Name CASRN 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical effectb 

TOPKAT 
LOAELc

(mg/kg) 

# of 
data 

pointsd 

Heptachlor epoxide* 1024-57-3 0.000013 IRIS 
Increased liver-to-body 
weight ratio in both 
males and females 

0.595 168 

Aldrin 309-00-2 0.00003 IRIS Liver toxicity 0.743 166 
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Chronic oral RfVa QSAR ACToR 

Chemical Name CASRN 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical effectb 

TOPKAT 
LOAELc

(mg/kg) 

# of 
data 

pointsd 

Dieldrin 60-57-1 0.00005 IRIS Liver lesions 0.442 167 

Lindane* 58-89-9 0.0003 IRIS Liver and kidney 
toxicity 23.9 238 

Heptachlor* 76-44-8 0.0005 IRIS Liver weight increases 
in males 0.927 203 

beta-
Hexachlorocyclohexane 319-85-7 23.9 88 

delta-
Hexachlorocyclohexane 319-86-8 23.9 22 

Aroclor 1248 12672-29-6 21.87 35 

p,p'-DDE 72-55-9 14.6 103 

Endrin aldehyde 7421-93-4 4.09 27 

Endosulfan I 959-98-8 2.27 32 

Endosulfan II 33213-65-9 2.27 32 

CASRN = Chemical Abstract Service Registry Number; RfV = Reference value; IRIS = Integrated Risk Information System; QSAR = 
Quantitative structure-activity relationship; TOPKAT = Toxicity Prediction by Komputer Assisted Technology; ACToR = EPA’s 
Aggregated Computational Toxicology Online Resource 
a Reference value (RfV): An estimate of an exposure for a given duration to the human population (including susceptible 
subgroups) that is likely to be without an appreciable risk of adverse health effects over a lifetime. RfVs considered in this 
analysis include chronic oral reference doses (RfDs) from IRIS, PPRTV, and HHBP; chronic oral minimal risk levels (MRLs) from 
ATSDR; maximum allowable daily levels (MADLs) from CalEPA; and tolerable daily intake (TDI) from CICAD. See Section 9.4.1. 
b Critical effect: The first adverse effect, or its known precursor, that occurs to the most sensitive species as the dose rate of an 
agent increases.
c TOPKAT lowest-observed-adverse-effect level (LOAEL): The LOAEL is the lowest exposure level at which there are biologically 
significant increases in frequency or severity of adverse effects between the exposed population and its appropriate control 
group. TOPKAT LOAELs were predicted using a QSAR-based software model, as described in Section 9.4.2. 
d Indicates the total number of data points available for a chemical in the relevant data classes on EPA’s ACToR database, as 
described in Section 9.4.3. 

OSFs were available for 7 of the organochlorine pesticides that are classified as known, probable, or 
possible human carcinogens (Table 9-9). OSFs ranged from 17 per mg/kg-day (aldrin) to 0.34 per 
mg/kg-day (p,p’-DDE). Aldrin, dieldrin, heptachlor epoxide, heptachlor, beta-
hexachlorocyclohexane, and p,p’-DDE are classified as probable or possible carcinogens. Lindane is 
classified as a known carcinogen by IARC, and as “reasonably anticipated to be a human 
carcinogen” by RoC. 
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Table 9-9. List of OSFs and qualitative cancer classifications available for organochlorine 
pesticides reported in produced water.  
Includes banned chemicals that were identified on EPA’s list of chemicals in produced water (Appendix H) that are 
classified as known, probable, or possible carcinogens by at least one of the sources in Table 9-1. Chemicals are 
ordered in this table from most potent (highest OSF) to least potent (lowest OSF). 

OSFa Qualitative cancer classifications 

Chemical Name CASRN 

OSF (per 
mg/kg-

day) 
Source 
of OSF IRISb PPRTVc IARCd RoCe 

Aldrin 309-00-2 17 IRIS B2 (Probable human 
carcinogen) 3 

Dieldrin 60-57-1 16 IRIS B2 (Probable human 
carcinogen) 3 

Heptachlor 
epoxide 1024-57-3 9.1 IRIS B2 (Probable human 

carcinogen) 

Heptachlor 76-44-8 4.5 IRIS B2 (Probable human 
carcinogen) 2B 

beta-
Hexachlorocyclohe
xane 

319-85-7 1.8 IRIS C (Possible human 
carcinogen) 

Lindane 58-89-9 1.1 CalEPA 1 RAHC 

p,p'-DDE 72-55-9 0.34 IRIS B2 (Probable human 
carcinogen) 

CASRN = Chemical Abstract Service Registry Number; IRIS = Integrated Risk Information System; CalEPA = California 
Environmental Protection Agency; IARC = International Agency for Research on Cancer Monographs; RoC = National Toxicology 
Program 13th Report on Carcinogens 
a Oral slope factor (OSF): An upper-bound, approximating a 95% confidence limit, on the increased cancer risk from a lifetime 
oral exposure to an agent. This estimate, usually expressed in units of proportion (of a population) affected per mg/kg-day, is 
generally reserved for use in the low dose region of the dose response relationship, that is, for exposures corresponding to risks 
less than 1 in 100. OSFs considered in this analysis include values from IRIS, PPRTV, HHBP, and CalEPA. See Section 9.4.1. 
b IRIS assessments use EPA’s 1986, 1996, 1999, or 2005 guidelines to establish descriptors for summarizing the weight of 
evidence as to whether a contaminant is or may be carcinogenic. See glossary in Appendix G for details.  
c PPRTV assessments use EPA’s 1999 guidelines to establish descriptors for summarizing the weight of evidence as to whether a 
contaminant is or may be carcinogenic. See glossary in Appendix G for details. 
d The IARC summarizes the weight of evidence as to whether a contaminant is or may be carcinogenic using five weight of 
evidence classifications: Group 1: Carcinogenic to humans; Group 2A: Probably carcinogenic to humans; Group 2B: Possibly 
carcinogenic to humans; Group 3: Not classifiable as to its carcinogenicity to humans; Group 4: Probably not carcinogenic to 
humans. See glossary in Appendix G for details. 
e The listing criteria in the 13th RoC Document are: Known = Known to be a human carcinogen; RAHC = Reasonably anticipated 
to be a human carcinogen. 

9.5.5 Methane in Stray Gas 

Chapter 6 discussed stray gas as a potential hazard in areas of hydraulic fracturing activity (Text 
Box 6-3). Stray gas refers to the phenomenon of natural gas (primarily methane, plus lesser 
amounts of ethane) migrating into shallow groundwater, into water wells, or to the surface (e.g., 
cellars, streams, or springs). As discussed in Chapter 6, some studies indicate an association 
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between hydraulic fracturing activity and elevated methane concentrations in drinking water, while 
other studies did not find such a correlation. Potential pathways for migration of stray gas into 
aquifers include pathways along production wells with casing and/or cement issues, through 
naturally existing fractures, through induced fractures, or via a route that is some combination of 
these pathways. 

Although ingestion of methane is not considered to be toxic, it has the potential to pose a physical 
hazard. Methane can accumulate to explosive levels when allowed to exsolve (degas) from 
groundwater in closed environments. High concentrations of methane may also displace oxygen 
and act as an asphyxiant (NIOSH, 2000), potentially causing suffocation, loss of consciousness, or 
symptoms such as headache and nausea. Methane is not a regulated drinking water contaminant. 
Methane does not have an RfV, OSF, or qualitative cancer classification available from any of the 
sources consulted by EPA, and did not have a high-confidence TOPKAT LOAEL estimate. 
Information on methane is available within the ACToR database.  

9.5.6 Disinfection Byproducts (DBPs) Formed from Wastewater Constituents 

Some of the inorganic constituents of hydraulic fracturing produced water, including chloride, 
bromine, iodine, and ammonium, can contribute to the formation of DBPs during wastewater 
treatment (Harkness et al., 2015; Parker et al., 2014). The entry of these constituents into drinking 
water resources—e.g., as a result of wastewater spills or from the discharge of inadequately treated 
hydraulic fracturing wastewater—can result in DBPs in finished drinking water from downstream 
drinking water treatment plants (States et al., 2013). DBPs may also be formed when hydraulic 
fracturing produced water is treated at a centralized or publicly owned treatment works, and may 
reach drinking water resources when the treated wastewater is discharged to surface water (Hladik 
et al., 2014). Currently, there are no data available on the concentrations of DBPs in finished 
drinking water as related to contributions of DBP precursors from hydraulic fracturing wastewater.  

Regulated DBPs such as bromate, chlorite, haloacetic acids, and trihalomethanes are a small subset 
of the full spectrum of DBPs that include other chlorinated and brominated DBPs as well as 
nitrogenous and iodated DBPs. Long term exposure to these DBPs can result in an increased risk of 
cancer, anemia, liver and kidney effects, and central nervous system effects. Some of the 
unregulated DBPs may be more toxic than their regulated counterparts (Harkness et al., 2015; 
McGuire et al., 2014; Parker et al., 2014). In addition, brominated forms of DBPs are considered to 
be more cytotoxic, genotoxic, and carcinogenic than chlorinated species based on studies using 
rodents, various types of human cells, and a salmonella strain containing human P450 genes 
(McGuire et al., 2014; Parker et al., 2014; States et al., 2013; Krasner, 2009; Richardson et al., 2007). 
As with brominated DBPs, there is concern that some iodinated forms of DBPs are more cytotoxic 
and genotoxic than chlorinated species (McGuire et al., 2014; Parker et al., 2014; Krasner, 2009; 
Richardson et al., 2007), as evidenced by studies involving rodent research and human cell research 
(Plewa et al., 2010; Plewa and Wagner, 2009; Richardson et al., 2007). The MCLs (mg/L) for the 
regulated DBPs are: 0.01 for bromate, 1.0 for chlorite, 0.06 for haloacetic acid, and 0.08 for total 
trihalomethanes. 

WG Ex. 34

1642

http://hero.epa.gov/index.cfm?action=search.view&reference_id=3396743
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2772974
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2819258
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1937549
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1937618
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1937618
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2772974
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2823540
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2819258
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2823540
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2819258
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1937549
http://hero.epa.gov/index.cfm?action=search.view&reference_id=657364
http://hero.epa.gov/index.cfm?action=search.view&reference_id=657436
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2823540
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2819258
http://hero.epa.gov/index.cfm?action=search.view&reference_id=657364
http://hero.epa.gov/index.cfm?action=search.view&reference_id=657436
http://hero.epa.gov/index.cfm?action=search.view&reference_id=2300868
http://hero.epa.gov/index.cfm?action=search.view&reference_id=1777825
http://hero.epa.gov/index.cfm?action=search.view&reference_id=657436


Chapter 9 – Identification and Hazard Evaluation of Chemicals across the Hydraulic Fracturing Water Cycle 

9-48 

9.5.7 Chemicals Detected in Multiple Stages of the Hydraulic Fracturing Water Cycle 

As mentioned in Section 9.3 above, there were a total of 77 chemicals on EPA’s list that were 
identified as being used in hydraulic fracturing fluids and detected in produced water. The presence 
of these chemicals within both of these stages of the hydraulic fracturing water cycle may indicate 
that these chemicals persist after they are injected into the well. However, this is not necessarily the 
case, as some of these chemicals (e.g., BTEX, naphthalene, metals) also occur naturally in oil and gas 
reservoirs. Additionally, the EPA’s list of chemicals used in hydraulic fracturing fluids and list of 
chemicals in produced water were compiled from different sets of sources, and does not provide a 
matched comparison between the chemicals used in hydraulic fracturing fluid and the chemicals 
present in produced water at a particular site. There may have been other chemicals in present in 
produced water that were not detected by these studies due to limitations of analytical chemistry. 
Thus, the EPA’s composited chemical list cannot reliably be used to draw conclusions on the 
persistence of hydraulic fracturing chemicals following well injection.  

Of the 77 chemicals identified in both hydraulic fracturing fluids and produced water, 45 have a 
chronic oral RfV or OSF available from at least one of the sources in Table 9-1. These 45 chemicals 
and their respective toxicity values are shown in Table 9-10, with frequency of use data from the 
EPA FracFocus 1.0 project database provided when available. Eleven of these chemicals are 
regulated as drinking water contaminants.  

Table 9-10. List of 45 chemicals on EPA’s list that were used in hydraulic fracturing fluids and 
detected in produced water and have an RfV or OSF available.  
Frequency of use data from the EPA FracFocus 1.0 project database is provided when available. Chemicals with 
available data from the FracFocus 1.0 project database are ordered from high to low based on frequency of use. 
Chemicals without frequency of use data are ordered from most toxic to least toxic based on chronic oral RfV.
*Indicates chemicals that are regulated as drinking water contaminants under the NPDWRs.

Chronic oral RfVsb OSFsd 

Chemical Name CASRN 

% of 
Disclo-
suresa 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical Effectc 

OSF 
(per mg/kg-

day) 
Source 
of OSF 

Methanol 67-56-1 73% 2 IRIS Extra cervical ribs 

Ethylene glycol 107-21-1 47% 2 IRIS Kidney toxicity 

Propargyl alcohol 107-19-7 33% 0.002 IRIS Renal and 
hepatotoxicity 

2-Butoxyethanol 111-76-2 23% 0.1 IRIS 
Hemosiderin 
deposition in liver 
(inhalation study) 

Naphthalene 91-20-3 19% 0.02 IRIS 
Decreased mean 
terminal body 
weight in males 
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Chronic oral RfVsb OSFsd 

Chemical Name CASRN 

% of 
Disclo-
suresa 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical Effectc 

OSF 
(per mg/kg-

day) 
Source 
of OSF 

1,2,4-
Trimethylbenzene 95-63-6 13% 0.01 IRIS Decreased pain 

sensitivity 

Formic acid 64-18-6 11% 0.9 PPRTV Reproductive 
Toxicity 

N,N-
Dimethylformamide 68-12-2 9% 0.1 PPRTV 

Increase in ALT 
enzyme and liver 
weight 

Benzyl chloride 100-44-7 6% 0.002 PPRTV Cardiotoxicity 0.17 IRIS 

1,2-Propylene glycol 57-55-6 4% 20 PPRTV 
Reduced RBC 
counts and 
hyperglycemia 

Xylenes* 1330-20-7 2% 0.2 IRIS 
Decreased body 
weight, increased 
mortality 

D-Limonene 5989-27-5 2% 0.1 CICAD Increased liver 
weight 

1-Butanol 71-36-3 1% 0.1 IRIS Hypoactivity and 
ataxia 

Toluene* 108-88-3 0.7% 0.08 IRIS Increased kidney 
weight 

Bis(2-chloroethyl) 
ether 111-44-4 0.7% 1.1 IRIS 

2-(2-
Butoxyethoxy)ethan
ol 

112-34-5 0.6% 0.03 PPRTV Changes in red 
blood cells (RBC) 

1,3,5-
Trimethylbenzene 108-67-8 0.5% 0.01 IRIS Decreased pain 

sensitivity 

Cumene 98-82-8 0.5% 0.1 IRIS 
Increased average 
kidney weight in 
female rats 

Iron 7439-89-6 0.4% 0.7 PPRTV 
Adverse 
gastrointestinal 
effects 

1,2,3-
Trimethylbenzene 526-73-8 0.4% 0.01 IRIS Decreased pain 

sensitivity 

WG Ex. 34

1644



Chapter 9 – Identification and Hazard Evaluation of Chemicals across the Hydraulic Fracturing Water Cycle 

9-50 

Chronic oral RfVsb OSFsd 

Chemical Name CASRN 

% of 
Disclo-
suresa 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical Effectc 

OSF 
(per mg/kg-

day) 
Source 
of OSF 

Phenol 108-95-2 0.4% 0.3 IRIS 
Decreased 
maternal weight 
gain 

Ethylbenzene* 100-41-4 0.4% 0.1 IRIS Liver and kidney 
toxicity 0.011 CalEPA 

1,4-Dioxane 123-91-1 0.3% 0.03 IRIS Liver and kidney 
toxicity 0.1 IRIS 

Acetone 67-64-1 0.2% 0.9 IRIS Nephropathy 

Boron 7440-42-8 0.05% 0.2 IRIS Decreased fetal 
weight 

o-Xylene* 95-47-6 0.05% 0.2 ATSDR Neurotoxicity 

Acetophenone 98-86-2 0.04% 0.1 IRIS General toxicity 

Quinoline 91-22-5 0.02% 3 IRIS 

Dichloromethane* 75-09-2 0.02% 0.006 IRIS 

Hepatic effects 
(hepatic 
vacuolation, liver 
foci) 

0.002 IRIS 

Trimethylbenzene 25551-13-7 0.01% 0.01 IRIS Decreased pain 
sensitivity 

Benzene* 71-43-2 0.01% 0.004 IRIS Decreased 
lymphocyte count 0.015-0.055 IRIS 

Bisphenol A 80-05-7 0.01% 0.05 IRIS Reduced mean 
body weight 

Aluminum 7429-90-5 0.003% 1 PPRTV Neurotoxicity 

Hydrazine 302-01-2 0.003% 3 IRIS 

Chlorobenzene* 108-90-7 0.003% 0.02 IRIS Histopathologic 
changes in liver 

Arsenic* 7440-38-2 0.0003 IRIS 
Hyperpigmentation 
and vascular 
complications 

1.5 IRIS 

Acrolein 107-02-8 0.0005 IRIS Decreased survival 

Chromium (VI) 18540-29-9 0.003 IRIS None reported 0.5 CalEPA 

Tributyl phosphate 126-73-8 0.01 PPRTV Occasional 
salivation 0.009 PPRTV 

WG Ex. 34

1645



Chapter 9 – Identification and Hazard Evaluation of Chemicals across the Hydraulic Fracturing Water Cycle 

9-51 

Chronic oral RfVsb OSFsd 

Chemical Name CASRN 

% of 
Disclo-
suresa 

RfV 
(mg/kg-

day) 
Source 
of RfV Critical Effectc 

OSF 
(per mg/kg-

day) 
Source 
of OSF 

Di(2-ethylhexyl) 
phthalate* 117-81-7 0.02 IRIS Increased relative 

liver weight 0.014 IRIS 

Chlorine 7782-50-5 0.1 IRIS No adverse effect 
level 

p-Xylene* 106-42-3 0.2 ATSDR Neurotoxicity 

Zinc 7440-66-6 0.3 IRIS 

Decreases in 
erythrocyte Cu, Zn-
superoxide 
dismutase (ESOD) 
activity in humans 

Lead* 7439-92-1 0.5 
μg/day e CalEPA Reproductive 

toxicity 0.0085 CalEPA 

Chromium (III) 16065-83-1 1.5 IRIS 

CASRN = Chemical Abstract Service Registry Number; RfV = Reference value; IRIS = Integrated Risk Information System; PPRTV = 
Provisional Peer-Reviewed Toxicity Value; HHBP = Human Health Benchmarks for Pesticides; ATSDR = Agency for Toxic 
Substances and Disease Registry; CalEPA = California Environmental Protection Agency; CICAD = Concise International Chemical 
Assessment Documents; QSAR = Quantitative structure-activity relationship; TOPKAT = Toxicity Prediction by Komputer Assisted 
Technology; ACToR = EPA’s Aggregated Computational Toxicology Online Resource 
a The FracFocus frequency of use data presented in this chapter is based on 35,957 FracFocus disclosures that were 
deduplicated, within the study time period (January 1, 2011 to February 28, 2013), and with ingredients that have a valid 
CASRN.
b Reference value (RfV): An estimate of an exposure for a given duration to the human population (including susceptible 
subgroups) that is likely to be without an appreciable risk of adverse health effects over a lifetime. RfVs considered in this 
analysis include chronic oral reference doses (RfDs) from IRIS, PPRTV, and HHBP; chronic oral minimal risk levels (MRLs) from 
ATSDR; maximum allowable daily levels (MADLs) from CalEPA; and tolerable daily intake (TDI) from CICAD. See Section 9.4.1. 
c Critical effect: The first adverse effect, or its known precursor, that occurs to the most sensitive species as the dose rate of an 
agent increases.
d Oral slope factor (OSF): An upper-bound, approximating a 95% confidence limit, on the increased cancer risk from a lifetime 
oral exposure to an agent. This estimate, usually expressed in units of proportion (of a population) affected per mg/kg-day, is 
generally reserved for use in the low dose region of the dose response relationship, that is, for exposures corresponding to risks 
less than 1 in 100. OSFs considered in this analysis include values from IRIS, PPRTV, HHBP, and CalEPA. See Section 9.4.1. 
e CalEPA MADLs are in units of μg/day, while all other chronic oral RfVs in this table are in units of mg/kg-day. 

9.6 Hazard Evaluation of Selected Subsets of Hydraulic Fracturing Chemicals 
Using Multi-Criteria Decision Analysis (MCDA): Integrating Toxicity, 
Occurrence, and Physicochemical Data 

Based on the information presented in Section 9.5, it is clear that there are a variety of chemicals 
used in hydraulic fracturing fluids or detected in produced water that are known to be hazardous to 
human health. However, there are gaps in our understanding of the potential for human exposure 
to these chemicals. Although there are subsurface and surface pathways by which these chemicals 
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may be introduced into drinking water resources—including spills, leaks, mechanical integrity 
failures, intersection of the fracture network with groundwater, or discharge of wastewater, as 
described in previous chapters of this report—there are significant limitations associated with the 
publicly available data on these potential impacts, and the potential for human exposure has not 
been systematically characterized. This makes it difficult to determine which chemicals are of the 
greatest concern for human exposure in drinking water, and creates a challenge for hazard 
evaluation. 

Although exposure assessment data are limited, some of the chemicals identified by EPA have other 
data available that might provide preliminary insight into relative hazard potential. This includes 
data on toxicity, frequency of use in hydraulic fracturing fluids, detected concentrations in 
produced water, and data on physicochemical properties. By integrating these types of data, we can 
place the severity of potential impacts (i.e., the toxicity of specific chemicals) into the context of 
factors that affect the likelihood of impacts (i.e., frequency of use, environmental fate and 
transport).  

Multi-criteria decision analysis (MCDA) is one possible approach that can be used to facilitate data 
integration. MCDA is a well-established decision support tool, which is used to integrate multiple 
lines of evidence to develop an overall ranking or classification (Hristozov et al., 2014; Mitchell et 
al., 2013b; Huang et al., 2011; Linkov et al., 2011). Using MCDA, a problem is approached by 
dividing it into smaller criteria that need to be evaluated; the criteria are each analyzed 
individually, and then combined to provide an integrated evaluation. This approach is structured 
yet flexible, and offers a transparent means of combining information to provide weight of evidence 
and insight into a complex problem. MCDA has gained increasing popularity as an environmental 
decision-making tool (Huang et al., 2011). A recent publication by Yost et al. (In Press) described 
the use of an MCDA framework to evaluate the hazard potential of chemicals associated with 
hydraulic fracturing.  

Here, to demonstrate one possible method for exploring the potential hazards of these chemicals, 
we use an adaptation of the MCDA framework developed by Yost et al. (In Press) to analyze and 
rank selected subsets of chemicals that have data available.1 Chemicals were assigned scores based 
on toxicity, occurrence, and physicochemical properties that describe transport in water. These 
scores were then combined to develop a relative ranking of chemicals based on hazard potential.  

The MCDA scores provide a preliminary evaluation of hazard potential, and serve as a qualitative 
metric for making comparison between chemicals when exposure assessment data is limited or 
unavailable. This analysis is not intended to define whether or not a chemical will present a human 
health hazard or indicate that one chemical is safer than another, and should not be used in place of 

1 Yost et al. (In Press) used the MCDA framework to analyze and rank the hazards of chemicals used in hydraulic 
fracturing fluids, using data from the FracFocus 1.0 project database as the metric of occurrence. This chapter uses that 
same framework for the analysis of chemicals used in hydraulic fracturing fluids. For chemicals detected in produced 
water, this chapter modifies the MCDA framework by using measured concentration in produced water as the metric of 
occurrence. 
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site-specific data on chemical exposures. An overview of the MCDA framework and selection of 
chemicals for inclusion in the MCDA is described below. 

9.6.1 Overview of the MCDA Framework for Hazard Evaluation 

The MCDA framework employed in this chapter was designed specifically to fit the scope of EPA’s 
hydraulic fracturing study (Yost et al., In Press). A basic schematic of the model is shown in Figure 
9-5, and the methods for assigning scores are outlined below. Under the MCDA framework, each
chemical was assigned three scores:

1. A Toxicity Score;

2. An Occurrence Score; and

3. A Physicochemical Properties score.

The three scores were each standardized based on the highest and lowest respective score within 
the given subset of chemicals, and then summed to develop a Total Hazard Potential Score for each 
chemical. The Total Hazard Potential Scores reflect a relative ranking of each chemical within the 
given subset of chemicals, and offer a means of making comparisons between chemicals. 

Figure 9-5. Overview of the MCDA framework for hazard evaluation. 
Source: Yost et al. (In Press). 

9.6.2 Selection of Chemicals for Hazard Evaluation in the MCDA Framework 

From the overall list of 1,606 chemicals identified in this assessment, subsets of chemicals were 
selected for hazard evaluation in the MCDA framework if they had sufficient data for inclusion, 
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using an adaptation of the criteria outlined by Yost et al. (In Press). Specifically, chemicals were 
selected if they had the following information available:  

1. Had a chronic oral RfV or OSF from a US federal source (IRIS, PPRTV, ATSDR, HHBP);

2. Had available data on frequency of use in hydraulic fracturing fluids (data available from
the EPA FracFocus 1.0 project database) or measured concentrations in produced water
(data available from Appendix E)1; and

3. Had data on physicochemical properties available from EPI Suite.

The rationale for applying these criteria is as follows: 

1. Federal toxicity values generally undergo more extensive peer review compared to other
sources of toxicity values, and are based on the best available scientific information. For
this reason, EPA generally prefers to apply RfVs and OSFs from US federal sources for
human health risk assessment.

2. Data on frequency of use (in hydraulic fracturing fluids) or measured concentration (in
produced water) provide a metric to help assess the likelihood of chemical occurrence in
the hydraulic fracturing water cycle.

3. Information on physicochemical properties enables estimation of the likelihood a
chemical will be transported in water.

Chemicals used in hydraulic fracturing fluids and chemicals detected in produced water were 
evaluated separately using the MCDA framework. To explore the different types of toxicity values 
identified by EPA, two versions of the MCDA were performed on each of these subsets of chemicals: 
a noncancer MCDA, in which the Toxicity Score is calculated using chronic oral RfVs; and a cancer 
MCDA, in which the Toxicity Score is calculated using OSFs. For chemicals used in hydraulic 
fracturing fluids, the noncancer MCDA was repeated for specific subsets of chemicals used in three 
states that have a significant amount of hydraulic fracturing activity: Texas, Pennsylvania, and 
North Dakota. Thus, seven iterations of the MCDA were performed: 1-4) noncancer MCDAs for 
chemicals used in hydraulic fracturing fluids on a national or state-specific basis, 5) a cancer MCDA 
for chemicals used in hydraulic fracturing fluids, 6) a noncancer MCDA for chemicals detected in 
produced water, and 7) a cancer MCDA for chemicals detected in produced water. 

In total, 42 chemicals used in hydraulic fracturing fluid and 29 chemicals detected in produced 
water had sufficient information available for inclusion in noncancer MCDAs (Figure 9-6), while 10 
chemicals used in hydraulic fracturing fluid and 7 chemicals detected in produced water had 
sufficient information available for inclusion in cancer MCDAs (Figure 9-7). 

1 Chemicals in produced water were considered for the MCDA if they had average or median measured concentrations 
from any of the tables in Appendix E. Chemicals with only a maximum or minimum concentration listed in Appendix E 
were not considered for the MCDA. 
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Figure 9-6. The subsets of chemicals selected for hazard evaluation using the noncancer MCDA framework included 42 chemicals 
used in hydraulic fracturing fluids and 29 chemicals detected in produced water. 
For chemicals used in hydraulic fracturing fluids, subsets of these chemicals were also considered in state-specific analyses for Texas (36 chemicals), 
Pennsylvania (20 chemicals), and North Dakota (21 chemicals). 
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Figure 9-7. The subsets of chemicals selected for hazard evaluation using the cancer MCDA framework included 10 chemicals used 
in hydraulic fracturing fluids, and 7 chemicals detected in produced water.
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9.6.3 Calculation of MCDA Scores 

For each iteration of the MCDA, chemicals were assigned scores based on toxicity, occurrence, and 
physicochemical properties according to the protocol outlined by Yost et al. (In Press). These scores 
were then standardized to the highest and lowest score within the given subset of chemicals, and 
then summed to determine a total score and relative ranking for each chemical. The methods used 
to assign each score and calculate a total score are outlined below.  

9.6.3.1 Toxicity Score (Noncancer MCDA) 

For each noncancer MCDA, Toxicity Scores were calculated based on chronic oral RfVs from US 
federal sources (IRIS, PPRTV, ATSDR, and HHBP). If a chemical had a chronic oral RfV available 
from more than one of these sources, a single value was selected in this order, as described in 
Section 9.4: HHBP (pesticides), IRIS, PPRTV, ATSDR. Toxicity Scores for the noncancer MCDA were 
then assigned based on a relative ranking. Within each suite of chemicals considered in this analysis 
(chemicals used in hydraulic fracturing fluids, or chemicals detected in produced water), RfVs were 
ranked based on quartiles, and each chemical was assigned a Toxicity Score of 1 to 4 (Table 9-11). 
Chemicals in the lowest quartile received the highest Toxicity Score, as these chemicals have lower 
RfVs than other chemicals (i.e., may have lower thresholds for toxicity). 

9.6.3.2 Toxicity Score (Cancer MCDA) 

For each cancer MCDA, Toxicity Scores were calculated based on OSFs from US federal sources 
(IRIS, PPRTV, and HHBP). If a chemical had an OSF available from more than one of these sources, a 
single value was selected in this order, as described in Section 9.4: HHBP (pesticides), IRIS, PPRTV. 
Toxicity Scores for the cancer MCDA were assigned based on a relative ranking. Within each suite of 
chemicals considered in this analysis (chemicals used in hydraulic fracturing fluids, or chemicals 
detected in produced water), OSFs were ranked based on quartiles, and each chemical was assigned 
a Toxicity Score of 1 to 4 (Table 9-11). Chemicals in the highest quartile received the highest 
Toxicity Score, as these chemicals have higher OSFs than other chemicals (i.e., are associated with a 
higher increased risk of cancer per unit of exposure). 

9.6.3.3 Occurrence Score 

For each of the noncancer and cancer MCDAs, an Occurrence Score was calculated based on the 
frequency or concentration at which each chemical was reported within the hydraulic fracturing 
water cycle. For chemicals used in hydraulic fracturing fluids, the Occurrence Score was based on 
the number of well disclosures for each chemical in the EPA FracFocus 1.0 project database. For 
chemicals detected in produced water, the Occurrence Score was based on the average or median 
measured concentration reported in Appendix E. If an average or median concentration of a 
chemical was reported by multiple studies in Appendix E, the highest of these reported average or 
median concentrations was used for this calculation. Once a value was determined for each 
chemical, Occurrence Scores were then assigned based on a relative ranking. Within each suite of 
chemicals considered in this analysis (chemicals used in hydraulic fracturing fluids, or chemicals 
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detected in produced water), chemical occurrence was ranked based on quartiles, with each 
chemical assigned an Occurrence Score of 1 to 4 (Table 9-11). 

9.6.3.4 Physicochemical Properties Score 

For each of the noncancer and cancer MCDAs, a Physicochemical Properties Score was calculated 
based upon inherent physicochemical properties that describe the likelihood that a chemical will be 
transported in water. The total Physicochemical Properties Score was calculated as the sum of 
three subcriteria scores: a Mobility Score, a Volatility Score, and a Persistence Score. The Mobility 
Score was assessed based upon three physicochemical properties that describe chemical solvency 
in water: the octanol-water partition coefficient (Kow), the soil adsorption coefficient (Koc), and 
aqueous solubility. The Volatility Score was assessed based on the Henry’s law constant, which 
describes partitioning of a chemical between water and air. The Persistence Score was assessed 
based on estimated half-life in water, which describes how long a chemical will remain in water 
before it is degraded.  

For input into the MCDA, experimentally measured physicochemical property values (provided in 
EPI Suite) were used whenever available. Otherwise, estimated values from EPI Suite were used. To 
classify these values and assign a score, these numerical values were compared against threshold 
values (Table 9-11). Each chemical was assigned a Mobility Score, Volatility Score, and Persistence 
Score (each on a scale of 1 to 4), which were then summed to calculate the Physicochemical 
Properties Score. The threshold values in Table 9-11 are based upon previously published values 
employed by existing exposure assessment models, including the EPA’s Design for the Environment 
Alternatives Assessment Criteria for Hazard Evaluation (U.S. EPA, 2011b), the EPA’s Pollution 
Prevention (P2) Framework (U.S. EPA, 2012i), and a peer-reviewed publication by Mitchell et al. 
(2013b). More details on the Physicochemical Properties Score calculation are provided in the 
Chapter 9 Annex, Section 9.8.1.  

9.6.4 Total Hazard Potential Score 

Within each iteration of the MCDA, the three criteria scores (Toxicity, Occurrence, Physicochemical 
Properties) were each standardized to the dataset by scaling to the highest and lowest respective 
score within the given subset of chemicals. The following equation was used: 

Sx_final = (Sx – Smin) / (Smax – Smin) 

in which Sx is the raw score for a particular chemical, Smax is the highest observed raw score within 
the set of chemicals, and Smin is the lowest observed raw score within the set of chemicals. Sx_final is 
the standardized score for the chemical. Each standardized score (Toxicity, Occurrence, or 
Physicochemical Properties) falls on a scale of 0 to 1, and represents a relative ranking within the 
given subset of chemicals.  

The standardized Toxicity Score, Occurrence Score, and Physicochemical Properties Score were 
summed to calculate a Total Hazard Potential Score for each chemical. The Total Hazard Potential 
Scores fall on a scale of 0 to 3, with higher scores indicating chemicals that may be more likely to 
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affect drinking water resources. Examples of the Total Hazard Potential Score calculation can be 
found in the Chapter 9 Annex, Section 9.8.2. 

Table 9-11. Thresholds used for developing the Toxicity Score, Occurrence Score, and 
Physicochemical Properties Score in this MCDA framework. 
Adapted from Yost et al. (In Press). 

Score 

Criteria Sub-criteria Value 1 2 3 4 

Toxicity  
(Noncancer MCDA) NA Chronic oral RfV 

(mg/kg-day) 
>3rd
quartile

>2nd quartile to
≤3rd quartile

>1st quartile to
≤2nd quartile

≤1st 
quartile 

Toxicity  
(Cancer MCDA) NA OSF (per mg/kg-

day) 
<1st 
quartile 

≥1st quartile to 
<2nd quartile 

≥2nd quartile to 
<3rd quartile 

≥3rd 
quartile 

Occurrence NA 

Frequency of 
use (% of 
disclosures in 
EPA’s FracFocus 
1.0 project 
database)  

or 

Measured 
concentration in 
produced water 
(μg/L; Appendix 
E) 

<1st 
quartile 

≥1st quartile to 
<2nd quartile 

≥2nd quartile to 
<3rd quartile 

≥3rd 
quartile 

Physico-chemical 
Properties  

Mobility 

Log KOW >5 >3 to ≤5 >2 to ≤3 ≤2 

Log KOC >4.4 >3.4 to ≤4.4 >2.4 to ≤3.4 ≤2.4 

Aqueous 
solubility (mg/L) <0.1 ≥0.1 to <100 ≥100 to <1000 ≥1000 

Volatility Henry’s law 
constant >10-1 >10-3 to ≤10-1 >10-5 to ≤10-3 ≤10-5 

Persistence Half-life in 
water (days) <16 ≥16 to <60 ≥60 to <180 ≥180 

9.6.5 MCDA Results 

For each iteration of the MCDA, we first present the data used for input into the MCDA, including 
data on toxicity, occurrence, and physicochemical properties. We then present the results of each 
MCDA, which show a relative ranking of chemicals based on integration of these data. Lastly, we 
discuss the key limitations of this MCDA approach, which is intended as a preliminary analysis only. 
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9.6.5.1 Results: Noncancer MCDA for Chemicals Used in Hydraulic Fracturing Fluids 

A total of 42 chemicals used in hydraulic fracturing fluids were evaluated in a noncancer MCDA 
(Table 9-12). Chronic oral RfVs within this suite of chemicals range from 0.001−20 mg/kg-day, with 
(E)-crotonaldehyde having the lowest chronic oral RfV and 1,2-propylene glycol having the highest. 
These RfVs were derived based on health effects including immune system effects, changes in body 
weight, changes in blood chemistry, cardiotoxicity, neurotoxicity, liver and kidney toxicity, and 
reproductive and developmental toxicity. The total UFs used in the derivation of these chronic oral 
RfVs (Table 9-12) reflect varying degrees of confidence surrounding the data sets for these 
chemicals. Three of the chemicals with the lowest chronic oral RfVs [(E)-crotonaldehyde, propargyl 
alcohol, benzyl chloride] have total UFs of 3000, indicating a relatively large amount of uncertainty 
in these values. Comparatively, chemicals such as benzene, acrylamide, and dichloromethane also 
have low chronic oral RfVs, but with much less uncertainty reflected in the values.  

Figure 9-8 presents the results of a noncancer MCDA for these 42 chemicals in hydraulic fracturing 
fluids. Of these 42 chemicals, propargyl alcohol received the highest overall Total Hazard Potential 
Score. Propargyl alcohol was reported in 33% of disclosures nationally in the EPA FracFocus 1.0 
project database, making it one of the most widely used chemicals that was considered in this 
analysis. It has physicochemical properties that are conducive to transport in water, and a low RfV. 
Given these properties, propargyl alcohol received the highest overall ranking based on hazard 
potential across all of the metrics that were considered in the MCDA.  

Several of the other chemicals that received high Occurrence Scores also received among the 
highest Total Hazard Potential Scores, including 2-butoxyethanol, naphthalene, 1,2,4-
trimethylbenzene, N,N-dimethylformamide, and formaldehyde (reported in 23%, 19%, 13%, 9%, 
and 7% of disclosures, respectively). Methanol, ethylene glycol, and formic acid (73%, 47%, and 
11% of disclosures, respectively) received lower Total Hazard Potential Scores as a result of having 
higher RfVs. Likewise, didecyldimethylammonium chloride and dodecylbenzenesulfonic acid (8% 
and 7% of disclosures, respectively) received lower Total Hazard Potential Scores as a result of 
having higher RfVs and more hydrophobic properties.  

The other chemicals that received high Toxicity Scores (i.e., had low chronic oral RfVs) received 
moderate to high Total Hazard Potential Scores overall. Acrylamide was reported in only 1% of 
disclosures, but has physicochemical properties that are very conducive to transport in water, and 
therefore received one of the highest overall Total Hazard Potential Scores. 1,2,4-
Trimethylbenzene, benzyl chloride, and epichlorohydrin (13%, 6%, and 1% of disclosures in the 
EPA FracFocus 1.0 project database, respectively) scored slightly lower than acrylamide with 
regards to physicochemical properties. Other chemicals, including 1,2,3-trimethylbenzene, 1,3,5-
trimethylbenzene, (E)-crotonaldehyde, benzene, dichloromethane, aniline, furfural, and 2-
(Thiocyanomethylthio)benzothiazole, received lower overall scores because they are used more 
infrequently (the trimethylbenzenes were reported in <1% of disclosures, and the rest reported in 
<0.1% of disclosures). 
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9.6.5.2 Results: Noncancer MCDA for Chemicals Used in Hydraulic Fracturing Fluids (State-
specific analysis for Texas, Pennsylvania, and North Dakota) 

To investigate the extent of regional differences and examine the applicability of the MCDA model 
at the regional scale, we repeated the noncancer MCDA for hydraulic fracturing fluids for subsets of 
chemicals used in three representative states that have a significant amount of hydraulic fracturing 
activity: Texas, Pennsylvania, and North Dakota. The chemicals used in these state-specific analyses 
are subsets of the chemicals used nationally, and are indicated in Table 9-12. Some of the chemicals 
considered in the national analysis were not included in the state-specific analyses because they 
were not disclosed to FracFocus 1.0 as used in these states.  

Results are presented in Figure 9-9 (Texas), Figure 9-10 (Pennsylvania), and Figure 9-11 (North 
Dakota). By comparing these results to each other and to the national noncancer MCDA (Figure 
9-8), it is evident that there are some regional differences in the Total Hazard Potential Scores,
although many chemicals were commonly used and received similar overall rankings.

Methanol, ethylene glycol, and 2-butoxyethanol were among the most frequently reported 
chemicals in all three state-specific analyses, while other chemicals differed distinctly between 
states. For instance, propargyl alcohol was frequently reported in Texas (39% of disclosures) and 
Pennsylvania (58% of disclosures), but not North Dakota (1% of disclosures). Likewise, 
naphthalene was reported frequently in Texas (14% of disclosures) and North Dakota (43% of 
disclosures), but not in Pennsylvania (1% of disclosures). The most toxic chemicals (occurring in 
the lowest quartile of chronic oral RfVs) common among all three states include propargyl alcohol, 
benzyl chloride, acrylamide, and 1,2,4-trimethylbenzene. Other chemicals receiving high Toxicity 
Scores in these states include epichlorohydrine (Texas and Pennsylvania), 1,3,5-Trimethylbenzene 
(Texas and Pennsylvania), 1,4-dioxane (North Dakota), naphthalene (North Dakota), benzene, 
aniline, and 1,2,3-Trimethylbenzene (Texas).  

Overall, in Texas, propargyl alcohol received the highest possible Total Hazard Potential Score, with 
acrylamide receiving the second highest score. In Pennsylvania, propargyl alcohol also received the 
highest possible Total Hazard Potential Score, with 2-butoxyethanol receiving the second highest 
score. In North Dakota, 2-butoxyethanol received the highest Total Hazard Potential Score, with 
naphthalene receiving the second highest score. 

The results of these state-specific MCDAs support the concept presented in Chapter 5 that there is 
no single hydraulic fracturing fluid formulation, and that the chemicals of most potential concern 
will vary between regions or even between wells. 
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Table 9-12. Data on the selected subset of chemicals in hydraulic fracturing fluids used for input into a noncancer MCDA. 
Chemicals within the table are ordered from most toxic to least toxic based on chronic oral RfV.  

Noncancer toxicity 
(chronic oral RfV)a 

% disclosures in EPA 
FracFocus 1.0 project 
databaseb Mobility Volatility 

Persist-
ence 

Chemical Name CASRN 

RfV 
(mg/ 

kg-day) 
Total 

UF Source National TX PA ND 
Log 
KOW 

Log 
KOC 

Solu-
bility 

(mg/L) 

Henry's 
Law 

Constant 

Half-life 
in water 

(days) 

(E)-Crotonaldehyde 123-73-9 0.001 3000 PPRTV 0.06% 0.6 0.254 41480 1.94E-05 15 

Propargyl alcohol 107-19-7 0.002 3000 IRIS 33% 39% 58% 1% -0.38 0.28 935500 1.15E-06 15 

Benzyl chloride 100-44-7 0.002 3000 PPRTV 6% 7% 5% 0.80% 2.3 2.649 1030 4.12E-04 15 

Acrylamide 79-06-1 0.002 30 IRIS 1% 2% 1% 1% -0.67 0.755 504000 1.70E-09 15 

Benzene 71-43-2 0.004 300 IRIS 0.006% 0.01% 2.13 1.75 2000 5.55E-03 37.5 

Epichlorohydrin 106-89-8 0.006 1000 PPRTV 1% 0.20% 0.08% 0.45 1 50630 3.04E-05 15 

Dichloromethane 75-09-2 0.006 30 IRIS 0.02% 1.25 1.44 10950 3.25E-03 37.5 

Aniline 62-53-3 0.007 1000 PPRTV 0.02% 0.05% 0.9 1.6 20820 2.02E-06 15 

1,2,4-
Trimethylbenzene 95-63-6 0.01 300 IRIS 13% 11% 1% 25% 3.63 2.788 79.59 6.16E-03 37.5 

1,3,5-
Trimethylbenzene 108-67-8 0.01 300 IRIS 0.5% 0.80% 1% 3.42 2.82 120.3 8.77E-03 37.5 

1,2,3-
Trimethylbenzene 526-73-8 0.01 300 IRIS 0.4% 0.80% 3.66 2.8 75.03 4.36E-03 37.5 

2-(Thiocyanomethyl-
thio)benzothiazole 

21564-17-
0 0.01 300 HHBP 0.006% 3.3 3.528 41.67 6.49E-12 37.5 

Furfural 98-01-1 0.01 3000 HHBP 0.003% 0.41 0.784 53580 3.77E-06 15 

Naphthalene 91-20-3 0.02 3000 IRIS 19% 14% 1% 43% 3.3 2.96 142.1 4.40E-04 37.5 
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Noncancer toxicity 
(chronic oral RfV)a 

% disclosures in EPA 
FracFocus 1.0 project 
databaseb Mobility Volatility 

Persist-
ence 

Chemical Name CASRN 

RfV 
(mg/ 

kg-day) 
Total 

UF Source National TX PA ND 
Log 
KOW 

Log 
KOC 

Solu-
bility 

(mg/L) 

Henry's 
Law 

Constant 

Half-life 
in water 

(days) 

Chlorobenzene 108-90-7 0.02 1000 IRIS 0.003% 0.01% 2.84 2.15 400.5 3.11E-03 15 

2-(2-Butoxyethoxy)
ethanol 112-34-5 0.03 3000 PPRTV 0.6% 0.40% 4% 0.56 1 71920 7.20E-09 8.67 

1,4-Dioxane 123-91-1 0.03 300 IRIS 0.3% 0.50% 0.80% -0.27 0.421 213900 4.80E-06 15 

1,3-Dichloropropene 542-75-6 0.03 100 IRIS 0.02% 2.04 1.82 1994 3.55E-03 37.5 

Bisphenol A 80-05-7 0.05 1000 IRIS 0.006% 0.01% 3.32 4.576 172.7 9.16E-12 37.5 

Toluene 108-88-3 0.08 3000 IRIS 0.7% 1% 2.73 2.07 573.1 6.64E-03 15 

Ethylenediamine 107-15-3 0.09 100 PPRTV 0.01% 0.02% -2.04 1.172 1000000 1.73E-09 15 

2-Butoxyethanol 111-76-2 0.1 10 IRIS 23% 27% 21% 15% 0.83 0.451 64470 1.60E-06 8.67 

N,N-Dimethylform-
amide 68-12-2 0.1 1000 PPRTV 9% 10% 11% 0.60% -1.01 0 977900 7.39E-08 15 

Didecyldimethylam-
monium chloride 7173-51-5 0.1 100 HHBP 8% 7% 12% 0.05% 4.66 5.546 0.9 6.85E-10 15 

1-Butanol 71-36-3 0.1 1000 IRIS 1% 2% 0.70% 0.88 0.5 76700 8.81E-06 8.67 

Cumene 98-82-8 0.1 1000 IRIS 0.5% 0.80% 1% 3.66 2.844 75.03 1.15E-02 15 

Ethylbenzene 100-41-4 0.1 1000 IRIS 0.4% 0.50% 0.10% 3.15 2.23 228.6 7.88E-03 15 

Acetophenone 98-86-2 0.1 3000 IRIS 0.04% 0.04% 1.58 1.8 4484 1.04E-05 15 

Formaldehyde 50-00-0 0.2 100 IRIS 7% 8% 4% 8% 0.35 0 57020 3.37E-07 15 

Xylenes 1330-20-7 0.2 1000 IRIS 2% 3% 1% 0.20% 3.2 2.25 207.2 7.18E-03 15 
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Noncancer toxicity 
(chronic oral RfV)a 

% disclosures in EPA 
FracFocus 1.0 project 
databaseb Mobility Volatility 

Persist-
ence 

Chemical Name CASRN 

RfV 
(mg/ 

kg-day) 
Total 

UF Source National TX PA ND 
Log 
KOW 

Log 
KOC 

Solu-
bility 

(mg/L) 

Henry's 
Law 

Constant 

Half-life 
in water 

(days) 

o-Xylene 95-47-6 0.2 30 ATSDR 0.05% 0.1% 3.12 2.25 224.1 5.18E-03 15 

Phenol 108-95-2 0.3 300 IRIS 0.4% 0.80% 0.05% 1.46 1.9 26160 3.33E-07 15 

2-Methyl-1-propanol 78-83-1 0.3 1000 IRIS 0.3% 4% 0.76 0.465 97120 9.78E-06 15 

Dodecylbenzenesul-
fonic acid 

27176-87-
0 0.5 100 HHBP 7% 10% 2% 8% 4.71 4.066 0.8126 6.27E-08 15 

Formic acid 64-18-6 0.9 300 PPRTV 11% 14% 8% 11% -0.54 0 955200 1.67E-07 8.67 

Ethyl acetate 141-78-6 0.9 1000 IRIS 0.4% 0.70% 0.73 0.747 29930 1.34E-04 15 

Acetone 67-64-1 0.9 1000 IRIS 0.2% 0.02% 1% -0.24 0.374 219900 3.50E-05 15 

Methanol 67-56-1 2 100 IRIS 73% 80% 69% 54% -0.77 0.44 1000000 4.55E-06 8.67 

Ethylene glycol 107-21-1 2 100 IRIS 47% 60% 35% 37% -1.36 0 1000000 6.00E-08 8.67 

Hexanedioic acid 124-04-9 2 300 PPRTV 0.70% 1% 0.08 1.386 167300 4.71E-12 8.67 

Benzoic acid 65-85-0 4 1 IRIS 0.06% 0.10% 0.04% 1.87 1.5 2493 3.81E-08 15 

1,2-Propylene glycol 57-55-6 20 300 PPRTV 4% 4% 8% 8% -0.92 0.36 811100 1.29E-08 8.67 

CASRN = Chemical Abstract Service Registry Number; IRIS = Integrated Risk Information System; PPRTV = Provisional Peer Reviewed Toxicity Values; ATSDR = Agency for Toxic 
Substances and Disease Registry; HHBP = Human Health Benchmarks for Pesticides; KOW = octanol-water partitioning coefficient; KOC = soil adsorption coefficient 

a Reference value (RfV): An estimate of an exposure for a given duration to the human population (including susceptible subgroups) that is likely to be without an appreciable 
risk of adverse health effects over a lifetime. RfVs considered in the MCDA include chronic oral reference doses (RfD) from IRIS, PPRTV, and HHBP; and chronic oral minimal risk 
levels (MRLs) from ATSDR. 
b The FracFocus frequency of use data presented in this chapter is based on 35,957 FracFocus disclosures that were deduplicated, within the study time period (January 1, 2011 
to February 28, 2013), and with ingredients that have a valid CASRN.
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Figure 9-8. Noncancer MCDA results for 42 chemicals used in hydraulic fracturing fluids 
(national analysis), showing the Toxicity Score, Occurrence Score, and Physicochemical 
Properties Score for each chemical. 
Chemicals are ordered from high to low based on Total Hazard Potential Score. See Section 9.6.4 for details on the 
calculation.  
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Figure 9-9. Noncancer MCDA results for 36 chemicals used in hydraulic fracturing fluids in 
Texas (state-specific analysis), showing the Toxicity Score, Occurrence Score, and 
Physicochemical Properties Score for each chemical.  
Chemicals are ordered from high to low based on Total Hazard Potential Score. See Section 9.6.4 for details on the 
calculation.  
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Figure 9-10. Noncancer MCDA results for 20 chemicals used in hydraulic fracturing fluids in 
Pennsylvania (state-specific analysis), showing the Toxicity Score, Occurrence Score, and 
Physicochemical Properties Score for each chemical.  
Chemicals are ordered from high to low based on Total Hazard Potential Score. See Section 9.6.4 for details on the 
calculation. 
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Figure 9-11. Noncancer MCDA results for 21 chemicals used in hydraulic fracturing fluids in 
North Dakota (state-specific analysis), showing the Toxicity Score, Occurrence Score, and 
Physicochemical Properties Score for each chemical. 
Chemicals are ordered from high to low based on Total Hazard Potential Score. See Section 9.6.4 for details on the 
calculation. 
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9.6.5.3 Results: Cancer MCDA for Chemicals Used in Hydraulic Fracturing Fluids 

A total of 10 chemicals used in hydraulic fracturing fluids were evaluated in a cancer MCDA (Table 
9-13). OSFs for these chemicals ranged from 0.002 to 3 per mg/kg-day, with quinoline having the
highest OSF, and dichloromethane having the lowest. Benzene is the only one of these chemicals
that is classified as a known human carcinogen by at least one of the sources in Table 9-1, while the
other chemicals in this subset are classified as probable carcinogens in humans (Appendix Table G-
1e).

Figure 9-12 presents the results from the cancer MCDA for chemicals used in hydraulic fracturing 
fluids. Of the 10 chemicals that were considered in this analysis, acrylamide received the highest 
Total Hazard Potential Score. Acrylamide has an OSF of 0.5 per mg/kg-day, which is one of the 
higher OSFs in this suite of chemicals, and has physicochemical properties that are highly conducive 
to transport in water. Acrylamide was reported in 1% of disclosures nationally in the EPA 
FracFocus 1.0 project database. This nevertheless places acrylamide in the top quartile in terms of 
frequency of use, as none of the chemicals within this subset were used with great frequency on a 
national basis.  

Bis(2-chloroethyl)ether and quinoline, which are the two most potent carcinogens considered in 
the analysis and received high Toxicity Score, received the second and third highest Total Hazard 
Potential Scores within this suite of chemicals. Bis(2-chloroethyl)ether was reported in 0.7% of 
disclosures, while quinoline was reported in 0.02% of disclosures. Both are expected to be readily 
transported in water. 

In addition to acrylamide, the other two chemicals receiving high Occurrence Scores were benzyl 
chloride and epichlorohydrin (6% and 1% of disclosures, respectively). These two chemicals both 
received moderate Total Hazard Potential Scores. Benzyl chloride has an OSF of 0.17 per mg/kg-
day, while epichlorohydrine has an OSF of 0.0099 per mg/kg-day. Both received lower 
Physicochemical Properties Scores relative to other chemicals in this analysis, due in part to 
volatility. 
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Table 9-13. Data on the selected subset of chemicals in hydraulic fracturing fluids used for input into a cancer MCDA. 
Chemicals within the table are ordered from most potent to least potent based on OSF.  

Cancer-specific 
toxicity (OSF)a 

% disclosures in 
EPA FracFocus 
1.0 project 
databaseb Mobility Volatility Persistence 

Chemical Name CASRN 

OSF (per 
mg/kg-

day) Source National Log KOW Log KOC 
Solubility 

(mg/L) 

Henry's 
Law 

Constant 
Half-life in 

water (days) 

Quinoline 91-22-5 3 IRIS 0.02% 2.03 3.1 1711 1.67E-06 15 

Bis(2-chloroethyl) 
ether 111-44-4 1.1 IRIS 0.7% 1.29 1.88 6435 1.70E-05 37.5 

Acrylamide 79-06-1 0.5 IRIS 1% -0.67 0.755 504000 1.70E-09 15 

Benzyl chloride 100-44-7 0.17 IRIS 6% 2.3 2.649 1030 4.12E-04 15 

1,4-Dioxane 123-91-1 0.1 IRIS 0.3% -0.27 0.421 213900 4.80E-06 15 

Benzene 71-43-2 0.015-
0.055c IRIS 0.006% 2.13 1.75 2000 5.55E-03 37.5 

1,3-Dichloropropene 542-75-6 0.05 IRIS 0.02% 2.04 1.82 1994 3.55E-03 37.5 

Epichlorohydrin 106-89-8 0.0099 IRIS 1% 0.45 1 50630 3.04E-05 15 

Aniline 62-53-3 0.0057 IRIS 0.02% 0.9 1.6 20820 2.02E-06 15 

Dichloromethane 75-09-2 0.002 IRIS 0.02% 1.25 1.44 10950 3.25E-03 37.5 

CASRN = Chemical Abstract Service Registry Number; IRIS = Integrated Risk Information System; KOW = octanol-water partitioning coefficient; KOC = soil adsorption coefficient 

a Oral slope factor (OSF): An upper-bound, approximating a 95% confidence limit, on the increased cancer risk from a lifetime oral exposure to an agent. This estimate, usually 
expressed in units of proportion (of a population) affected per mg/kg-day, is generally reserved for use in the low dose region of the dose response relationship, that is, for 
exposures corresponding to risks less than 1 in 100. OSFs considered in the MCDA include values from IRIS, PPRTV, and HHBP. 
b The FracFocus frequency of use data presented in this chapter is based on 35,957 FracFocus disclosures that were deduplicated, within the study time period (January 1, 2011 
to February 28, 2013), and with ingredients that have a valid CASRN.
c IRIS lists the OSF for benzene as a range from 0.015 to 0.055 per mg/kg-day. For input into the MCDA, we used the high end of this range (0.055 per mg/kg-day).
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Figure 9-12. Cancer MCDA results for 10 chemicals used in hydraulic fracturing fluids, showing 
the Toxicity Score, Occurrence Score, and Physicochemical Properties Score for each 
chemical.  
Chemicals are ordered from high to low based on Total Hazard Potential Score. See Section 9.6.4 for details on the 
calculation. 

9.6.5.4 Results: Noncancer MCDA for Chemicals in Produced Water  

A total of 29 chemicals detected in produced water were evaluated in a noncancer MCDA (Table 
9-14). Of these 29 chemicals, 13 were also included in the noncancer MCDA for hydraulic fracturing
fluids. Chronic oral RfVs within this suite of chemicals range from 0.001 to 0.9 mg/kg-day, with
pyridine having the lowest chronic oral RfV, and acetone having the highest. Chronic oral exposure
to these chemicals may induce a variety of adverse outcomes, including immune system effects,
changes in body weight, changes in blood chemistry, pulmonary toxicity, neurotoxicity, liver and
kidney toxicity, and reproductive and developmental toxicity. The total UFs used in the derivation
of these chronic oral RfVs (Table 9-14) reflect varying degrees of confidence surrounding the data
sets for these chemicals.

Figure 9-13 presents the results of a noncancer MCDA for these 29 chemicals detected in produced 
water. Benzene, pyridine, and naphthalene received the highest Total Hazard Potential Scores, 
followed by 2-methylnaphthalene. These four chemicals all received high Toxicity Scores and high 
Occurrence Scores (with maximum average concentrations of 1500 μg/L, 413 μg/L, 238 μg/L, and 
1362 μg/L in Barnett, Marcellus, or Powder River Basin produced water, respectively), but received 
moderate to low Physicochemical Property Scores.  
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Table 9-14. Data on the selected subset of chemicals detected in produced water used for input into a noncancer MCDA. 
Chemicals within the table are ordered from most toxic to least toxic based on chronic oral RfV. 

Noncancer toxicity 
(chronic oral RfV)a 

Occurrence 
(concentration in 
produced water)b Mobility Volatility 

Persist-
ence 

Chemical Name CASRN 

RfV 
(mg/kg-

day) Total UF Source 

Average or 
Median 

Conc. (μg/L) Reference Log KOW Log KOC 
Solubility 

(mg/L) 

Henry's 
Law 

Constant 

Half-life 
in water 

(days) 

Pyridine 110-86-1 0.001 1000 IRIS 413 Table E-11 0.65 1.6 729800 1.10E-05 15 

Benzene 71-43-2 0.004 300 IRIS 1500 Table E-13 2.13 1.75 2000 5.55E-03 37.5 

2-Methylnaphthalene 91-57-6 0.004 1000 IRIS 1362 Table E-11 3.86 3.6 41.42 5.18E-04 15 

1,2,4-
Trimethylbenzene 95-63-6 0.01 300 IRIS 173 Table E-11 3.63 2.788 79.59 6.16E-03 37.5 

1,3,5-
Trimethylbenzene 108-67-8 0.01 300 IRIS 59 Table E-11 3.42 2.82 120.3 8.77E-03 37.5 

Chloroform 67-66-3 0.01 1000 IRIS 28 Table E-11 1.97 1.6 2096 3.67E-03 37.5 

Tributyl phosphate 126-73-8 0.01 1000 PPRTV 0.26 Table E-12 4 3.371 7.355 1.41E-06 8.67 

Naphthalene 91-20-3 0.02 3000 IRIS 238 Table E-11 3.3 2.96 142.1 4.40E-04 37.5 

Di(2-ethylhexyl) 
phthalatec 117-81-7 0.02 1000 IRIS 210 Table E-11 7.6 4.94 0.001132 2.70E-07 15 

Chlorobenzened 108-90-7 0.02 1000 IRIS 100 Table E-13 2.84 2.15 400.5 3.11E-03 15 

2,4-Dimethylphenol 105-67-9 0.02 3000 IRIS 14.5 Table E-11 2.3 2.692 4068 9.51E-07 15 

Pyrene 129-00-0 0.03 3000 IRIS 13 Table E-11 4.88 4.9 0.2249 1.19E-05 60 

1,4-Dioxane 123-91-1 0.03 300 IRIS 6.5 Table E-11 -0.27 0.421 213900 4.80E-06 15 

Fluorene 86-73-7 0.04 3000 IRIS 8.4 Table E-11 4.1 3.614 20.13 1.59E-03 15 

Fluoranthene 206-44-0 0.04 3000 IRIS 6.1 Table E-11 5.16 4.8 0.1297 8.86E-06 60 

o-Cresole 95-48-7 0.05 1000 IRIS 28.3 Table E-11 1.95 2.486 9066 1.20E-06 15 

Toluene 108-88-3 0.08 3000 IRIS 760 Table E-9 2.73 2.07 573.1 6.64E-03 15 
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Noncancer toxicity 
(chronic oral RfV)a 

Occurrence 
(concentration in 
produced water)b Mobility Volatility 

Persist-
ence 

Chemical Name CASRN 

RfV 
(mg/kg-

day) Total UF Source 

Average or 
Median 

Conc. (μg/L) Reference Log KOW Log KOC 
Solubility 

(mg/L) 

Henry's 
Law 

Constant 

Half-life 
in water 

(days) 

Ethylbenzene 100-41-4 0.1 1000 IRIS 2010 Table E-13 3.15 2.23 228.6 7.88E-03 15 

Carbon disulfide 75-15-0 0.1 100 IRIS 400 Table E-11 1.94 1.337 2928 1.44E-02 15 

Cumenef 98-82-8 0.1 1000 IRIS 120 Table E-11 3.66 2.844 75.03 1.15E-02 15 

Benzyl alcohol 100-51-6 0.1 1000 PPRTV 81.5 Table E-11 1.1 1.1 41050 3.37E-07 15 

Dibutyl phthalateg 84-74-2 0.1 1000 IRIS 41 Table E-11 4.5 3.14 2.351 1.81E-06 8.67 

Acetophenone 98-86-2 0.1 3000 IRIS 13 Table E-11 1.58 1.8 4484 1.04E-05 15 

Diphenylamine 122-39-4 0.1 100 HHBP 5.3 Table E-11 3.5 2.78 63.61 2.69E-06 37.5 

Xylenes 1330-20-7 0.2 1000 IRIS 360 Table E-9 3.2 2.25 207.2 7.18E-03 15 

Benzyl butyl phthalate 85-68-7 0.2 1000 IRIS 34.3 Table E-11 4.73 3.72 0.9489 1.26E-06 0.04 

Phenol 108-95-2 0.3 300 IRIS 63 Table E-11 1.46 1.9 26160 3.33E-07 15 

Caprolactam 105-60-2 0.5 100 IRIS 0.75 Table E-12 0.66 1.3892 28720 2.53E-08 14508 

Acetone 67-64-1 0.9 1000 IRIS 145 Table E-10 -0.24 0.374 219900 3.50E-05 15 

CASRN = Chemical Abstract Service Registry Number; IRIS = Integrated Risk Information System; PPRTV = Provisional Peer Reviewed Toxicity Values; HHBP = Human Health 
Benchmarks for Pesticides; KOW = octanol-water partitioning coefficient; KOC = soil adsorption coefficient 

a Reference value (RfV): An estimate of an exposure for a given duration to the human population (including susceptible subgroups) that is likely to be without an appreciable 
risk of adverse health effects over a lifetime. RfVs considered in the MCDA include chronic oral reference doses (RfD) from IRIS, PPRTV, and HHBP; and chronic oral minimal risk 
levels (MRLs) from ATSDR. 
b From Appendix E. 
c Di(2-ethylhexyl) phthalate is listed under the name bis(2-ethylhexyl) phthalate in Appendix Table E-11. 
d Chlorobenzene is listed under the name chloro-benzene in Appendix Table E-13.
e o-Cresol is listed under the name 2-methylphenol in Appendix Table E-11. 

f Cumene is listed under the name isopropylbenzene in Appendix Table E-11. 
g Dibutyl phthalate is listed under the name dibutyl-n-phthalate in Appendix Table E-11.
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Figure 9-13. Noncancer MCDA results for a subset of 29 chemicals detected in produced 
water, showing the Toxicity Score, Occurrence Score, and Physicochemical Properties Score 
for each chemical.  
Chemicals are ordered from high to low based on Total Hazard Potential Score. See Section 9.6.4 for details on the 
calculation. 
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The other chemicals that received high Toxicity Scores were 1,2,4-trimethylbenzene, 1,3,5-
trimethylbenzene, chloroform, 2,4,-dimethylphenol, tributyl phosphate, di(2-ethylhexyl) phthalate, 
and chlorobenzene. These chemicals received moderate Total Hazard Potential Scores, as all were 
detected at lower concentrations compared to other chemicals considered in this analysis and are 
expected to have moderate transport in water.  

The other chemicals that received high Occurrence Scores are ethylbenzene, toluene, xylenes, and 
carbon disulfide, which were detected at maximum average concentrations of 2010 μg/L, 760 μg/L, 
360 μg/L, and 400 μg/L in Barnett, Marcellus, or Powder River Basin produced water. These 
chemicals received moderate Total Hazard Potential Scores, as all have as all have higher chronic 
oral RfVs relative to many of the other chemicals in the hazard evaluation, and are all expected to 
have moderate transport in water relative to the other chemicals.  

9.6.5.5 Results: Cancer MCDA for Chemicals in Produced Water 

A total of 7 chemicals reported in produced water were evaluated in a cancer MCDA (Table 9-15). 
OSFs within this suite of chemicals ranged from 7.3 to 0.0049 per mg/kg-day, with benzo(a)pyrene 
having the highest OSF and N-nitrosodiphenylamine having the lowest. Of these 7 chemicals, 
benzene and 1,4-dioxane were also included in the cancer MCDA for chemicals used in hydraulic 
fracturing fluids. Benzene and benzo(a)pyrene are both classified by at least one of the sources in 
Table 9-1 as a known human carcinogen, while the other chemicals as classified as likely or 
probable carcinogens in humans (Appendix G: Tables G-1e and G-2e).  

Figure 9-14 presents the results of a cancer MCDA for these 7 chemicals in hydraulic fracturing 
fluids. Benzene and benzo(a)pyrene tied for highest Total Hazard Potential Scores. Of these, 
benzene was detected at the highest average concentrations in produced water (1500 µg/L in 
Power River Basin produced water), while benzo(a)pyrene were detected at lower average 
concentrations (6.7 µg/L in Barnett shale produced water). Benzo(a)pyrine and 1,2-
diphenylhydrazine were the most potent carcinogens within this suite of chemicals and received 
high Toxicity Scores.  

The other chemical that received a high Occurrence Score was di(2-ethylhexyl) phthalate, which 
was detected at an average concentration of 210 µg/L in Barnett Shale produced water. It received 
a moderate Total Hazard Potential Score because it is hydrophobic and not expected to be readily 
transported in water. 
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Table 9-15. Data on the selected subset of chemicals detected in produced water used for input into a cancer MCDA. 
Chemicals within the table are ordered from most potent to least potent based on OSF. 

Cancer-specific 
toxicity (OSF)a 

Occurrence 
(concentration in 
produced water)b Mobility Volatility 

Persist-
ence 

Chemical Name CASRN 

OSF (per 
mg/kg-

day) 
Source 
of OSF 

Average or 
Median 

Conc. (μg/L) Reference Log KOW Log KOC 
Solubility 

(mg/L) 
Henry's Law 

Constant 

Half-life 
in water 

(days) 

Benzo(a)pyrene 50-32-8 7.3 IRIS 6.7 Table E-11 6.13 5.95 0.01038 4.57E-07 60 

1,2-Diphenylhydrazine 122-66-7 0.8 IRIS 4.2 Table E-11 2.94 2.98 161.9 4.78E-07 28.17 

1,4-Dioxane 123-91-1 0.1 IRIS 6.5 Table E-11 -0.27 0.421 213900 4.80E-06 15 

Benzene 71-43-2 0.015-
0.055c IRIS 1500 Table E-13 2.13 1.75 2000 5.55E-03 37.5 

Di(2-ethylhexyl) phthalated 117-81-7 0.014 IRIS 210 Table E-11 7.6 4.94 0.001132 2.70E-07 15 

Tributyl phosphate 126-73-8 0.009 PPRTV 0.26 Table E-12 4 3.371 7.355 1.41E-06 8.67 

N-Nitrosodiphenylamine 86-30-6 0.0049 IRIS 8.9 Table E-11 3.13 3.42 94.85 1.21E-06 37.5 

CASRN = Chemical Abstract Service Registry Number; IRIS = Integrated Risk Information System; PPRTV = Provisional Peer-Reviewed Toxicity Values; KOW = octanol-water 
partitioning coefficient; KOC = soil adsorption coefficient 

a Oral slope factor (OSF): An upper-bound, approximating a 95% confidence limit, on the increased cancer risk from a lifetime oral exposure to an agent. This estimate, usually 
expressed in units of proportion (of a population) affected per mg/kg-day, is generally reserved for use in the low dose region of the dose response relationship, that is, for 
exposures corresponding to risks less than 1 in 100. OSFs considered in the MCDA include values from IRIS, PPRTV, and HHBP. 
b From Appendix E.
c IRIS lists the OSF for benzene as a range from 0.015 to 0.055 per mg/kg-day. For input into the MCDA, we used the high end of this range (0.055 per mg/kg-day). 
d Di(2-ethylhexyl) phthalate is listed under the name bis(2-ethylhexyl) phthalate in Appendix Table E-11.
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Figure 9-14. Cancer MCDA results for 7 chemicals detected in produced water, showing the 
Toxicity Score, Occurrence Score, and Physicochemical Properties Score for each chemical.  
Chemicals are ordered from high to low based on Total Hazard Potential Score. See Section 9.6.4 for details on the 
calculation.  

9.6.6 Limitations and Uncertainty of the MCDA Framework 

While this MCDA framework provides a simple and transparent tool for exploring the relative 
hazard potential of chemicals in the hydraulic fracturing water cycle, it is intended only as a 
preliminary analysis. It is important to acknowledge the limitations of this analysis, as well as the 
limitations of the parameters that were used for input in the MCDA.  

Chronic oral RfVs and OSFs were selected for the MCDA because they are a primary focus of the 
toxicological evaluation presented in this chapter. We were interested in placing these values in the 
context of variables that may impact the likelihood of human exposure. These toxicity values were 
available for a relatively small fraction of chemicals on EPA’s list, which limited the number of 
chemicals considered in the MCDA.  

The FracFocus 1.0 data used in the MCDA does not represent a complete record of hydraulic 
fracturing chemical usage in the United States, as described in more detail in Chapter 5 and in 
Section 9.3.1. Frequency of use also does not reflect the volume or concentration of chemical usage, 
and therefore is an incomplete metric for potential exposure. The EPA FracFocus 1.0 project 
database provides data on the maximum concentration of chemicals in additives and in hydraulic 
fracturing fluid, as discussed in Section 5.4, but we elected not to use this data in the MCDA because 
reported concentrations for each chemical varied widely between disclosures (see Table 5-5 and 
volume estimates in Figure 5-5), making it difficult to determine a chemical concentration to use in 
an MCDA. Additionally, many chemicals in the EPA FracFocus 1.0 project database did not have 
valid concentration data; for instance, the maximum concentrations of a chemical in additive often 
added up to greater than 100%. We therefore elected to focus on frequency of use as a general 
metric of chemical occurrence in the hydraulic fracturing water cycle.  
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The produced water concentrations used in the MCDA are based on the compilation of data 
presented in Appendix E. While this data reflects the findings of recent studies, it does not 
represent a complete record of chemicals present in produced water, as described in more detail in 
Chapter 7 and in Section 9.3.2. Concentrations in produced water also do not necessarily reflect the 
concentrations in treated wastewater, drinking water wells, or residuals in soil or sediment. 
Concentrations of these chemicals in treated wastewater or well water would likely be more dilute 
compared to concentrations in produced water. Concentrations in soils or sediments may be higher, 
particularly for hydrophobic chemicals. 

The physicochemical properties from EPI Suite used in the MCDA are useful for making comparison 
across chemicals, but these values are also subject to uncertainty. Many of the values used in the 
MCDA were estimated by EPI Suite, and therefore are subject to the inherent limitations of the EPI 
Suite model (Section 5.8). Chemical fate and transport will be also influenced by environmental and 
site-specific conditions, which are outside the scope of this analysis. For instance, the half-lives used 
to develop the Physicochemical Properties Score are estimated values that assume aerobic 
conditions, and thus may underestimate the expected half-life under anaerobic conditions (e.g., in a 
groundwater contaminant plume). If chemicals are present in a mixture, as inevitably occurs in 
hydraulic fracturing fluids and in the subsurface environment, fate and transport will be influenced 
by changes in solubility or degradation resulting from interactions with other chemicals.  

There are also fundamental limitations with regards to the scope of the MCDA. The chemicals used 
in these analyses may not be representative of chemicals at a specific field site. The analysis only 
examined organic chemicals, as EPI Suite is not able to estimate physicochemical properties of 
inorganic chemicals. Additionally, the physicochemical properties used in the MCDA were chosen 
specifically to reflect chemical transport in water, and therefore do not highlight the potential 
hazards of hydrophobic or volatile chemicals. Hydrophobic chemicals may serve as long-term 
sources of pollution by sorbing to soils or sediments at contaminated sites, and volatile chemicals 
may be hazardous when inhaled. This analysis also does not attempt to address bioavailability or 
toxicokinetics, which may be influenced by physicochemical properties such as log Kow. For 
instance, chemicals with log Kow of 2-4 tend to absorb well through biological membranes, while 
chemicals with log Kow > 4 tend not to absorb well, and those with log Kow of 5-7 tend to 
bioconcentrate (U.S. EPA, 2012i). 

9.6.7 Application of the MCDA Framework for Preliminary Hazard Evaluation 

The MCDA framework presented here is intended as a preliminary analysis, and illustrates one 
possible method for integrating data to explore potential hazards. By combining multiple lines of 
data, we can stratify chemicals according to estimated hazard potential, and gain preliminary 
insight into those chemicals that may be of more concern than others to drinking water resources. 

Researchers may find this approach useful in their efforts to explore the potential hazards of 
chemicals present at specific field sites, particularly in instances when exposure assessment data is 
not available. The MCDA framework is flexible, and could be adapted to incorporate site-specific 
data on chemical usage, different types of toxicity data, as well as other variables that may be of 
interest for risk assessment. For instance, rather than focusing on RfVs and OSFs from US federal 
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sources, one could choose to derive the Toxicity Score using other sources of relevant toxicity 
information. Additionally, one could choose to perform this analysis using different 
physicochemical property inputs, to highlight chemical interactions with different environmental 
media (e.g., hydrophobic or volatile chemicals). Researchers could also choose to apply different 
weights to each of the three criteria considered in this analysis (toxicity, occurrence, 
physicochemical properties), to reflect expert judgement of each variable’s relative importance.  

9.7 Synthesis 

The overall objective of this chapter was to identify and provide information on the toxicological 
properties of chemicals used in hydraulic fracturing and of hydraulic fracturing wastewater 
constituents, and to evaluate the potential hazards of these chemicals for drinking water resources. 
Toward this end, the EPA developed a list of 1,606 chemicals that are reported to be associated 
with hydraulic fracturing, separating them into subsets based on whether they were reported to 
have been used in hydraulic fracturing fluids (1,084 chemicals total) or detected in produced water 
(599 chemicals total). To evaluate the potential hazards of these chemicals, the EPA compiled 
chronic oral RfVs, OSFs, and qualitative cancer classifications from selected federal, state, and 
international sources that met the EPA’s criteria for consideration in this assessment. This 
toxicological information was used to conduct an initial identification of the potential human health 
hazards associated with several subsets of chemicals identified as being of particular interest in 
previous chapters of this report. Finally, in order to illustrate how data integration could be used to 
explore potential hazards, an MCDA framework was used to evaluate selected subsets of chemicals 
based on toxicity, environmental occurrence, and physicochemical properties affecting chemical 
transport in water.  

9.7.1 Summary of Findings 

A major finding of this chapter was that chronic oral RfVs and OSFs were not available for the 
majority of chemicals that the EPA has identified as being associated with hydraulic fracturing 
activity, indicating that the majority of these chemicals have not undergone significant toxicological 
evaluation. Similarly, there have been several recent peer-reviewed studies that have attempted to 
gather toxicological information for subsets of chemicals that are used in hydraulic fracturing fluids, 
and they have found that many of these chemicals do not have toxicity values available (Elliott et al., 
2016; Wattenberg et al., 2015; Stringfellow et al., 2014; Colborn et al., 2011). Taken together, this 
suggests a potentially significant knowledge gap exists with respect to the scientific community’s 
understanding of the potential human health impacts of these chemicals. With the limited 
availability of toxicity values, risk assessment is difficult, and potential impacts on drinking water 
resources may not be assessed adequately. This lack of toxicity values is not unique to the hydraulic 
fracturing industry; in fact, it has been estimated that there are tens of thousands of chemicals in 
commercial use that have not undergone significant toxicological evaluation (Judson et al., 2009).  

There are a variety of chemicals associated with hydraulic fracturing known to be hazardous to 
human health. Chronic oral RfVs or OSFs from the sources considered by the EPA in this assessment 
were available for 98 (9%) of the 1,084 chemicals used in hydraulic fracturing fluids, and 120 
(20%) of the 599 chemicals detected in hydraulic fracturing produced water. Potential hazards 
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associated with chronic oral exposure to these chemicals include carcinogenesis, immune system 
effects, changes in body weight, changes in blood chemistry, cardiotoxicity, neurotoxicity, liver and 
kidney toxicity, and reproductive and developmental toxicity. Methane is not considered to be toxic 
when ingested, but may accumulate to explosive levels or act as an asphyxiant. DBPs formed during 
wastewater treatment can contribute to an increased risk of cancer, anemia, liver and kidney 
effects, and central nervous system effects, with brominated forms of DBPs considered to be more 
cytotoxic, genotoxic, and carcinogenic than chlorinated species.  

To assess the toxicity of chemicals that lack chronic oral RfVs and OSF, risk assessors will need to 
turn towards alternative data sources. This chapter explored two alternative data sources that may 
provide useful information. QSAR-based toxicity estimates—specifically, rat chronic oral LOAEL 
estimates generated using TOPKAT—were available for many of the chemicals that lacked chronic 
oral RfVs and OSFs from the sources considered in this assessment, and may be used to rank 
chemicals based on toxicity when other data are not available. Additionally, many of these 
chemicals have information available on the EPA’s ACToR database, which is an online data 
warehouse designed to consolidate large and disparate amounts of chemical data. The information 
available in the ACToR data warehouse ranges from the selected RfVs and OSFs discussed in this 
assessment, which have undergone extensive peer review, to toxicological data that have 
undergone little-to-no peer review. 

When considering the potential impact of chemicals on drinking water resources and human health, 
it is important to consider exposure as well as toxicological properties. As discussed in previous 
chapters of this report and highlighted in this chapter, events such as spills, leaks from storage pits, 
and discharge of inadequately treated wastewater have led to the entry of hydraulic fracturing-
related chemicals into drinking water resources. In some instances, chemical concentrations in 
surface water or groundwater were in exceedance of MCLs, indicating their presence at levels that 
could impact human health. While these studies demonstrate the potential entry of these chemicals 
into drinking water resources, there is a lack of systematic studies examining actual human 
exposures to these chemicals in drinking water as a result of hydraulic fracturing activity.  

In the absence of exposure assessment data, the MCDA framework presented in this chapter 
provides a preliminary analysis of the relative hazard potential of these chemicals. In this context, 
occurrence and physicochemical property data were used as metrics to estimate the likelihood that 
a chemical could reach and impact drinking water, and toxicity data was used as a metric for the 
potential severity of an impact. This analysis highlighted several chemicals that may be more likely 
than others to reach drinking water and create a toxicological hazard. Of the chemicals used in 
hydraulic fracturing fluids that were considered in this analysis, chemicals such as propargyl 
alcohol stood out as having high potential toxicity, high frequency of use, and physicochemical 
properties that are conducive to transport in water. Of the chemicals in produced water, chemicals 
such as benzene, pyridine, 2-methylnaphthalene, and naphthalene stood out as having high 
potential toxicity, high concentrations in produced water, and physicochemical properties that are 
conducive to transport in water.  

WG Ex. 34

1675



Chapter 9 – Identification and Hazard Evaluation of Chemicals across the Hydraulic Fracturing Water Cycle 

9-81 

9.7.2 Factors Affecting the Frequency or Severity of Impacts 

There are multiple pieces of information that could be taken into account when evaluating the 
frequency and severity of impacts that these chemicals may have on drinking water resources. This 
includes knowledge of the chemicals used at a given site, the toxicological and physicochemical 
properties of these chemicals, the amount of fluid being used and recovered, the likelihood of 
mechanical integrity failures, the likelihood of spills and other unintentional releases, and the 
efficiency of chemical removal during wastewater treatment. The MCDA presented in this chapter 
incorporated parameters that may impact the likelihood of chemical exposure, including frequency 
of use, measured concentration, and transport in water, and was used to stratify and rank chemicals 
based on relative hazard potential. However, it should be considered only as a preliminary analysis, 
and should not be used in place of local data on the concentrations and volumes of chemicals in 
areas of hydraulic fracturing activity.  

Analysis of the chemicals used in hydraulic fracturing fluids indicated that the majority of chemicals 
on the EPA’s list are used in <1% of wells nationally (Figure 9-4). Therefore, potential exposure to 
the majority of these chemicals is more likely to be a local issue, rather than a national one. Given 
that the analysis of the EPA FracFocus 1.0 project database presented in this chapter was based on 
35,957 disclosures, a chemical used in <1% of wells nationally could still be used in several 
hundred wells. Chemicals used infrequently on a national basis could still be used more frequently 
within certain areas or counties, increasing the potential for local exposure to that chemical.  

As an example of how an infrequently used chemical could have local impacts, consider (E)-
crotonaldehyde, which had one of the lowest chronic oral RfVs among the chemicals considered in 
the noncancer MCDA for hydraulic fracturing chemicals, and was reported in approximately 0.06% 
of disclosures in the EPA FracFocus 1.0 project database. If the EPA FracFocus 1.0 project database 
is a representative sample of all of the wells across the country, then the likelihood of (E)-
crotonaldehyde contamination on a national scale is limited. However, this in no way diminishes 
the likelihood or potential severity of (E)-crotonaldehyde contamination at sites where this 
chemical is used.  

This is in contrast with frequently used chemicals such as methanol. Methanol was reported in 73% 
of wells in the EPA FracFocus 1.0 project database, and was the most frequently used chemical 
considered in the noncancer MCDA for chemicals used in hydraulic fracturing fluids. Methanol is 
soluble and relatively mobile in water, but has a higher chronic oral RfV compared other chemicals 
considered in this analysis. Therefore, methanol may be expected to have a higher exposure 
potential on a national basis compared to other chemicals, with a moderate hazard potential due to 
its relatively high RfV. 

Even if no chemicals were added to hydraulic fracturing fluids, there is still a potential for impacts 
from constituents naturally present in the subsurface which could be brought to the surface in 
produced water. As described in Section 9.5, many of the naturally occurring chemicals in produced 
water—e.g., organic chemicals (e.g., BTEX and related hydrocarbons), metals, anions, and 
TENORM—are hazardous to human health and have been reported in drinking water resources as a 
result of hydraulic fracturing activity, sometimes at concentrations exceeding MCLs. The 
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constituents of produced water that contribute to the formation of DBPs, specifically bromide, 
chloride, iodine, and ammonium, are naturally occurring and are characteristic of wastewater from 
hydraulically fractured wells. 

Overall, contamination of drinking water resources depends on site-, chemical-, and fluid-specific 
factors (Goldstein et al., 2014), and the exact mixture and concentrations of chemicals at a site will 
depend upon the geology and the chemicals used in the oil and gas extraction processes. Therefore, 
potential hazard and risk considerations are best made on a site-specific, well-specific basis. 

9.7.3 Uncertainties 

There are notable uncertainties in the chemical and toxicological data limiting a comprehensive 
assessment of the potential health impacts of hydraulic fracturing on drinking water resources.  

For human health risk assessment, a significant data gap is the lack of chronic oral RfVs and OSFs 
from sources meeting the EPA’s criteria for inclusion in this report. For instance, of the 34 
chemicals (excluding water, quartz, and sodium chloride) that were reported in ≥10% of 
disclosures in the EPA FracFocus 1.0 project database, 9 chemicals have chronic oral RfVs available, 
and none have OSFs (Table 9-2). Without reliable and peer reviewed toxicity values, comprehensive 
hazard evaluation and hazard identification of chemicals is difficult, and the ability to consider the 
potential cumulative effects of exposure to chemical mixtures in hydraulic fracturing fluid or 
produced water may be limited. Although there are other potential sources of toxicity information 
for many of these chemicals, some of it may be limited or of lesser quality. Consequently, potential 
impacts on drinking water resources and human health may not be assessed adequately.  

An equally significant data gap is the lack of exposure assessment data for drinking water resources 
in areas of hydraulic fracturing activity. As discussed in Text Box 9-1, data on exposure potential is 
a critical component of the risk assessment process, and is necessary for risk characterization. In 
the absence of exposure assessment information, the MCDA framework presented in this chapter 
may be useful for exploring the potential hazards of hydraulic fracturing-related chemicals, but 
should be considered as a preliminary analysis only. The MCDA presented in this chapter 
considered only a small subset of chemicals that had data available, was limited in scope, and may 
not be representative of the chemicals that are present at a specific field site. It should be 
emphasized that this MCDA framework represents just one method that can be used to integrate 
chemical data for hazard evaluation, and is readily adaptable to include different variables, different 
weights for the variables, and site-specific considerations.  

There is also uncertainty surrounding the EPA’s list of chemicals associated with hydraulic 
fracturing activity. As discussed in Section 5.4 and Section 9.3.1, there is incomplete information 
available on chemicals used in hydraulic fracturing fluids due to industry use of CBI as well as 
incomplete reporting of chemical use. For instance, the EPA’s analysis of the FracFocus 1.0 project 
database found that approximately 11% of ingredients were reported as CBI, and that more than 
70% of FracFocus 1.0 disclosures contained at least one CBI ingredient. There may also be regional 
limitations in the disclosures submitted to FracFocus 1.0, as 78% of chemical disclosures in came 
from five states, and 47% were from Texas (U.S. EPA, 2015a). Despite these limitations, FracFocus 
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remains the most complete source for tracking hydraulic fracturing chemical usage in the United 
States, and therefore was the best available source for the hazard evaluation in this chapter. 
Although the sources used to compile the chemical list represented the best available data at the 
time of this study, it is possible that some of these chemicals are no longer used at all, and many of 
these chemicals may only be used infrequently. Therefore, it may be possible that significantly 
fewer than 1,084 chemicals are currently used in abundance. As practices evolve, it is likely that 
chemicals are used or will be used that are not included on this chemical list. Having a better 
understanding of the chemicals and formulations, including those that are CBI, along with their 
frequency of use and volumes, would greatly benefit risk assessment and risk management 
decisions. 

Additionally, the list of produced water chemicals identified in this chapter is almost certainly 
incomplete. As discussed in Chapter 7, chemicals and their metabolites may go undetected because 
they were not included in the analytical methodology, or because an analytical methodology was 
not available. Chemical analysis of produced water can also be challenging because high levels of 
dissolved solids in produced water and wastewater can interfere with chemical detection. As a 
result, there are likely chemicals of concern in produced water that have not been detected or 
reported, and are not included on the chemical list presented in this report. 

9.7.4 Conclusions 

The EPA identified 1,606 chemicals associated with the hydraulic fracturing water cycle, including 
1,084 chemicals used in hydraulic fracturing fluids, and 599 chemicals detected in produced water. 
Toxicity-based chronic oral RfVs and/or OSFs from sources meeting selection criteria were not 
available for the majority (89%) of the chemicals on this total list. Thirty-seven percent of 
chemicals on the EPA’s list that are used in hydraulic fracturing fluids lack data on their frequency 
of use. Current understanding of the chemical composition of produced water is constrained by 
analytical chemistry limitations and by the likelihood that chemical composition will vary between 
wells. A limited number of studies have detected these chemicals in surface water, groundwater, or 
well water near areas of hydraulic fracturing activity, suggesting the potential for human exposure; 
however, actual human exposures to these chemicals in drinking water resources has not been well 
characterized. Given the large number of chemicals used or detected in various stages of the 
hydraulic fracturing water cycle, as well as the large number of hydraulically fractured wells 
nationwide, this missing chemical information represents a significant data gap.  

While it remains challenging to fully understand the toxicity and potential public health impacts of 
these chemicals for drinking water resources, the toxicological data, occurrence data, and 
physicochemical data compiled in this report provide a resource for assessing the potential hazards 
of chemicals in the hydraulic fracturing water cycle. The MCDA framework presented here 
illustrates one method for integrating these data for a preliminary hazard evaluation, which may be 
useful when exposure assessment data are not available. While the analysis in this chapter is 
constrained to the assessment of chemicals on a national scale, this approach is readily adaptable 
for use on a regional or site-specific basis.  
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This collection of data provides a tool to inform decisions about protection of drinking water 
resources. Stakeholders may use these results to prioritize chemicals for hazard assessment or for 
determining future research priorities. Industry may use this information to prioritize chemicals for 
replacement with less toxic, persistent, and mobile alternatives.  

9.8 Annex 

9.8.1 Calculation of Physicochemical Property Scores (MCDA Hazard Evaluation) 

Section 9.6.3 describes how Physicochemical Properties Scores for the noncancer and cancer 
MCDAs were calculated based on three subcriteria which affect the likelihood that a chemical will 
be transported in water: mobility, volatility, and persistence. Calculation of these subcriteria scores 
was performed as described by Yost et al. (In Press), as follows: 

9.8.1.1 Mobility Score 

Chemical mobility in water was assessed based upon three physicochemical properties that 
describe chemical solvency in water: the octanol-water partition coefficient (KOW), the soil 
adsorption coefficient (KOC), and aqueous solubility. KOW describes the partitioning of a chemical 
between water and a carbon-based media (octanol), while KOC described the partitioning of a 
chemical between water and organic carbon in soil. KOW and KOC are generally represented on a 
logarithmic scale. Aqueous solubility is the maximum amount of a chemical that will dissolve in 
water in the presence of pure chemical. Chemicals with low KOW, low KOC, or high aqueous solubility 
are more likely to solubilize and move with water, and therefore were ranked as having greater 
potential to affect drinking water resources. 

For input into the MCDA, we used experimentally measured values (provided in EPI Suite) 
whenever available. Otherwise, we used the following estimated values from EPI Suite: log KOW 
estimated using the KOWWIN™ model, log KOC estimated using the KOCWIN™ Sabljic molecular 
connectivity method, and aqueous solubility estimated using the WSKOWWIN™ model. Using the 
thresholds designated in Table 9-11, each of these properties was assigned a score of 1-4. The 
highest of these three scores (KOW, KOC, or solubility) was designated as the Mobility Score for each 
chemical. 

9.8.1.2 Volatility Score 

Chemical volatility was assessed based on the Henry’s law constant, which is the ratio of the 
concentration of a chemical in air to the concentration of that chemical in water. Chemicals with 
low Henry’s law constants are less likely to leave water via volatilization, and were therefore 
ranked as having greater potential to affect drinking water resources.  

For input into the MCDA, we used experimentally measured values (provided in EPI Suite) 
whenever available. Otherwise, we used Henry’s Law constants that were estimated using the EPI 
Suite HENRYWIN™ model, which generates values using two different methods (group contribution 
and bond contribution); the lower of these two estimated values was used as input into the MCDA. 
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Using the thresholds designated in Table 9-11, the Henry’s law constant for each chemical was 
assigned a score of 1-4. This value was designated as the Volatility Score for each chemical. 

9.8.1.3 Persistence Score 

Chemical persistence was assessed based on estimated half-life in water, which describes how long 
a chemical will persist in water before it is transformed or degraded. Chemicals with longer half-
lives are more persistent, and were therefore ranked as having greater potential to impact drinking 
water resources.  

EPI Suite estimates biodegradation time using the BIOWIN™ 3 model, which provides an indication 
of a chemical’s environmental biodegradation rate in relative terms (e.g., hours, days, weeks, etc.), 
assuming aerobic conditions. These BIOWIN3 estimates are converted to numerical half-life values 
for use in EPI Suite’s Level III Fugacity model. For input into the MCDA, we used the same estimated 
half-life in water that is used in the Level III Fugacity model. Using the thresholds designated in 
Table 9-11, the half-life in water of each chemical was assigned a score of 1-4. This value was 
designated as the Persistence Score for each chemical. 

9.8.1.4 Total Physicochemical Properties Score 

For each chemical, the Mobility Score, Volatility Score, and Persistence Score (each on a scale of 1 to 
4) were summed to calculate a total Physicochemical Properties Score. Higher Physicochemical
Properties Scores indicate chemicals that are more likely to be transported in water, with a
maximum possible score of 12.

9.8.2 Example of MCDA Score Calculation 

The methods used for MCDA score calculation are described in Section 9.6.3. For an example of how 
the MCDA scores were calculated, consider benzene, which was included in both the noncancer 
MCDA (national analysis) and cancer MCDA for chemicals used in hydraulic fracturing fluids. This 
demonstrates how MCDA scores were calculated for benzene for these two different analyses.  

9.8.2.1 Score Calculation for Benzene in Noncancer MCDA for Hydraulic Fracturing Fluids 

• Toxicity Score (Noncancer): Benzene has a chronic oral RfV of 0.004 mg/kg-day (source:
IRIS). Across the 42 chemicals that were considered in the noncancer MCDA (national
analysis), chronic oral RfVs ranged from 0.001 mg/kg-day [(E)-crotonaldehyde] to 20
mg/kg-day (1,2-propylene glycol). The chronic oral RfV of benzene falls in the lowest
(most toxic) quartile of these chemicals, and therefore benzene was assigned a Toxicity
Score of 4. When the results were standardized to the highest Toxicity Score (4) and
lowest Toxicity Score (1) within the set of chemicals, benzene was calculated to have a
final Toxicity Score of 1, as follows:

1 = (4 – 1) / (4 – 1) 

• Occurrence Score: Benzene was used in 0.006% of wells nationally. For the 42 chemicals
considered in the national noncancer MCDA, frequency of use ranged from 73%
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(methanol) to 0.003% (furfural) of wells nationally. Benzene falls in the lowest quartile 
with regards to frequency of use, and therefore benzene was assigned an Occurrence Score 
of 1. When the results were standardized to the highest Occurrence Score (4) and lowest 
Occurrence Score (1) within the set of chemicals, benzene was calculated to have a final 
Occurrence Score of 0, as follows:  

0 = (1 – 1) / (4 – 1) 

• Physiochemical Properties Score: Benzene received a Mobility Score of 4 (log KOW =
2.13; log KOC = 1.75; solubility = 2000 mg/l), a Volatility Score of 2 (Henry’s law constant =
0.00555), and a Persistence Score of 2 (half-life in water = 37.5 days). This sums to a Total
Physicochemical Properties Score of 8. Within the 42 chemicals considered in the national
noncancer MCDA, several chemicals received Total Physicochemical Properties Scores of
9, which was the highest observed score. Cumene received a Total Physicochemical
Properties Scores of 6, which was the lowest score. When the results were standardized to
the highest (9) and lowest (6) of these scores, benzene was calculated to have a final Total
Physicochemical Properties Scores of 0.67, as follows:

0.67 = (8 – 6) / (9 – 6) 

• Total Hazard Potential Score (Noncancer MCDA): For benzene, the Toxicity Score (1),
Occurrence Score (0), and Physicochemical Properties Score (0.67) were summed to
calculate a Total Hazard Potential Score of 1.67. The relative contribution of the three
criteria scores to this total score is depicted as a graphic in Figure 9-8.

9.8.2.2 Score Calculation for Benzene in Cancer MCDA for Hydraulic Fracturing Fluids 

• Toxicity Score (Cancer): Benzene has an OSF of 0.055 per mg/kg-day (source: IRIS).
Within the entire set of 10 chemicals that was considered in the cancer MCDA, OSFs
ranged from 3 (quinoline) to 0.002 (dichloromethane) per mg/kg-day. The OSF of benzene
falls in the second quartile of these scores, and therefore was assigned a Toxicity Score of
2. When the results were standardized to the highest Toxicity Score (4) and lowest
Toxicity Score (1) within the set of chemicals, benzene was calculated to have a final
Toxicity Score of 0.33, as follows:

0.33 = (2 – 1) / (4 – 1) 

• Occurrence Score: As described in the noncancer MCDA above, benzene was used in
0.006% of wells nationally. This was the lowest frequency of use among the 10 chemicals
that were considered in the cancer MCDA, with benzyl chloride (used in 6% of wells)
having the highest. Benzene therefore falls in the lowest quartile with regards to
frequency of use, and was assigned an Occurrence Score of 1. When the results were
standardized to the highest Occurrence Score (4) and lowest Occurrence Score (1) within
the set of chemicals, benzene was calculated to have a final Occurrence Score of 0, as
follows:
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0 = (1 – 1) / (4 – 1) 

• Physiochemical Properties Score: As described in the noncancer MCDA above, benzene
received a Total Physicochemical Properties Score of 8. Within the 10 chemicals that were
considered in the cancer MCDA, all chemicals either received a Total Physicochemical
Properties Score of 8 or 9. When the results were standardized to these high and low
scores, benzene was calculated to have a final Total Physicochemical Properties Scores of
0 as follows:

0 = (8 – 8) / (9 – 8) 

• Total Hazard Potential Score (Cancer MCDA): The Toxicity Score (0.33), Occurrence
Score (0), and Physicochemical Properties Score (0) were summed to calculate a Total
Hazard Potential Score of 0.33. The relative contribution of the three criteria scores to this
total score is depicted as a graphic in Figure 9-12.
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10. Synthesis 
Introduction 

The goals of this report were to assess the potential for activities in the hydraulic fracturing water 
cycle to impact the quality or quantity of drinking water resources, and to identify factors affecting 
the frequency or severity of those impacts. Overall, we conclude activities in the hydraulic 
fracturing water cycle can impact drinking water resources under some circumstances. Impacts can 
range in frequency and severity, depending on the combination of hydraulic fracturing water cycle 
activities and local- or regional-scale factors. The following combinations of activities and factors 
are more likely than others to result in more frequent or more severe impacts: 

• Water withdrawals for hydraulic fracturing in times or areas of low water availability, 
particularly in areas with limited or declining groundwater resources;  

• Spills during the management of hydraulic fracturing fluids and chemicals or produced 
water that result in large volumes or high concentrations of chemicals reaching 
groundwater resources;  

• Injection of hydraulic fracturing fluids into wells with inadequate mechanical integrity, 
allowing gases or liquids to move to groundwater resources; 

• Injection of hydraulic fracturing fluids directly into groundwater resources;  

• Discharge of inadequately treated hydraulic fracturing wastewater to surface water 
resources; and 

• Disposal or storage of hydraulic fracturing wastewater in unlined pits, resulting in 
contamination of groundwater resources. 

These conclusions are based on cases of identified impacts and other data, information, and 
analyses presented in this report. Cases of impacts were identified for all stages of the hydraulic 
fracturing water cycle. Identified impacts generally occurred near hydraulically fractured oil and 
gas production wells and ranged in severity, from temporary changes in water quality to 
contamination making private drinking water wells unusable. The inherent characteristics of 
groundwater resources make them more vulnerable to impacts from activities in the hydraulic 
fracturing water cycle compared to surface water. 

We see the identification of factors affecting the frequency or severity of impacts, and uncertainties 
and data gaps in this report as particularly useful for decision makers. Factors often can be 
managed, changed, or used to identify areas for specific monitoring or modification of practices. 
Thus, in the short-term, information on factors can help decision makers reduce current 
vulnerabilities of drinking water resources to activities in the hydraulic fracturing water cycle. In 
the longer term, reducing the uncertainties and filling the data gaps could enhance science-based 
decisions to protect drinking water resources in the future.  

The purpose of this chapter is to synthesize for decision makers the information on factors, 
uncertainties, and data gaps presented in this assessment. In Section 10.2, we focus on factors 
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increasing or decreasing the frequency or severity of impacts at each stage of the hydraulic 
fracturing water cycle. In Section 10. 3, we discuss major uncertainties and data gaps identified in 
this assessment. Finally, in Section 10.4, we discuss potential uses for this assessment.  

10.1 Factors Affecting the Frequency or Severity of Impacts 

10.1.1 Water Acquisition  

Groundwater and surface water resources serve as both sources of water for hydraulic fracturing 
and public and private drinking water supplies. Thus, water withdrawals for hydraulic fracturing 
can impact the quantity or quality of drinking water resources under certain circumstances. Since, 
by definition, every water withdrawal affects water quantity, we focused in this assessment not on 
all water withdrawals per se, but rather on those with the potential to limit the availability of 
drinking water or alter its quality. Whether a withdrawal has this potential depends upon a 
combination of factors at the local scale. Factors can either increase or decrease the frequency or 
severity of impacts. In this section on water acquisition, we combine our discussion of frequency 
and severity because all of the factors we discuss in this section affect both frequency and severity 
in a similar fashion (i.e., either increase both frequency and severity, or decrease both frequency 
and severity).  

10.1.1.1 Frequency and Severity  

The local balance between water withdrawals and water availability is the most important factor 
determining whether water acquisition impacts are likely to occur or be severe. Impacts are more 
likely to be frequent or severe where or when hydraulic fracturing water withdrawals are relatively 
high and water availability is low. In contrast, the same amount of water withdrawn can have a 
negligible effect if withdrawn in an area of—or at a time of—higher water availability. For this 
reason, it is important not to focus solely on the amount withdrawn, but the balance between water 
withdrawals and availability in place and time. 

For this assessment, we developed county-level estimates of water use (i.e., water withdrawals) for 
hydraulic fracturing, which were then compared to an index of readily available fresh water. This 
readily available fresh water index included unappropriated surface water and groundwater, and 
appropriated water potentially available for purchase (Tidwell et al., 2013) (Text Box 4-2).1 In the 
majority of counties where hydraulic fracturing takes place, hydraulic fracturing water use was less 
than 1% of this index of readily available fresh water. We did find, however, a small number of 
counties with higher percentages. There were 45 counties out of the almost 400 surveyed where 
hydraulic fracturing water use was above 10% of the index. Of these counties, 35 exceeded 30%, 
and 17 of these counties had hydraulic fracturing water use exceeding the index. All of the counties 
in this latter category are located in Texas.  

                                                            
1 In the western United States, water is generally allocated by the principle of prior appropriation—that is, first in time of 
use is first in right. New development must use unappropriated water or purchase appropriated water from vested users. 
In the index of readily available fresh water, it was assumed 5% of appropriated irrigated water could be purchased. See 
Text Box 4-2 for more details about this analysis.  
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This does not mean impacts to drinking water quantities occurred or will occur in these counties, 
nor does it mean that impacts did not or will not occur in counties with relatively low percentages. 
To truly determine whether impacts occurred, water withdrawals and availability need to be 
compared at the scale of the drinking water resource. For instance, groundwater withdrawals for 
hydraulic fracturing could affect water levels in nearby private water wells. As a national 
assessment, we could not often examine impacts at this local scale, although we did cite studies of 
local impacts where available. Nevertheless, our county level assessment does point to places 
where the potential for impacts is higher. This information may be useful to focus efforts on 
reducing the fresh water demand of hydraulic fracturing.  

Beyond our county level assessment, we conclude that declining groundwater resources are 
particularly vulnerable to water quantity and quality impacts from withdrawals. Groundwater 
recharge rates can be low, and groundwater withdrawals are exceeding recharge in areas of the 
country (Konikow, 2013). When withdrawals exceed recharge, the result is declining water levels. 
For this reason, water levels in some aquifers in the United States have declined substantially over 
the last century (Konikow, 2013). Although irrigated agriculture is often the dominant user of 
groundwater, hydraulic fracturing withdrawals now also contribute to declining groundwater 
levels in some areas (e.g., southern Texas; Steadman et al., 2015; Scanlon et al., 2014b) Cumulative 
groundwater withdrawals can also impact water quality by mobilizing chemicals, such as uranium, 
from naturally occurring sources in the surrounding rock into the groundwater (DeSimone et al., 
2014).  

In certain instances, state and local governments have encouraged or mandated the use of surface 
water in place of groundwater, as evidenced in both Louisiana and North Dakota. In 2008, the state 
of Louisiana asked oil and gas companies to switch from groundwater to surface water to mitigate 
stress on the Carrizo-Wilcox aquifer, a critical source of drinking water in the region. Likewise, the 
state of North Dakota requested the oil industry obtain water from the Missouri river system, and 
not from stressed groundwater sources. By contrast, surface water availability is limited in other 
regions and cannot provide an alternative source of water (e.g., western Texas).  

Among surface water sources, small streams are particularly vulnerable to impacts. This is the case 
across the country, even in the eastern United States where surface water is generally more 
plentiful. An EPA study of the Susquehanna River Basin in northeastern Pennsylvania found that the 
smallest streams (with less than 10 mi2 of contributing area–i.e., the watershed area drained by the 
stream) would be the most likely to be impacted from water withdrawals in the absence of 
protective passby flows; see discussion below and U.S. EPA (2015e).1 While the amount of 
contributing area varies by geographic location due to differences in runoff, the finding that the 
smallest streams are the most vulnerable to withdrawals holds across all landscapes.  

Not only does water availability vary from one location to another, but it can also vary temporally at 
a given location, often due to variations in precipitation. Because of this dynamic, long-term or 
seasonal drought can increase the frequency or severity of impacts from withdrawals by decreasing 
water availability. The EPA study of the Susquehanna River Basin found even larger streams (up to 
                                                            
1 Passby flows are low stream flow thresholds below which withdrawals are not allowed. 
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600 mi2 of contributing area) would be vulnerable to impacts at times of drought, again absent 
passby flows (U.S. EPA, 2015e). Dry conditions can also stress groundwater supplies by 
simultaneously increasing water demand (e.g., irrigation water demand increases in dry 
conditions) while also decreasing groundwater recharge. Much of the western United States has 
experienced extended periods of drought over the last decade. Climate change is likely to 
exacerbate these conditions in certain locations (Meixner et al., 2016).  

Conversely, there are factors that can reduce the frequency or severity of impacts. Reuse of 
hydraulic fracturing wastewater (i.e., produced water managed for reuse, treatment and discharge, 
or disposal), for example, can reduce demands on fresh water resources.1 Reuse does not appear to 
be driven by water scarcity, but rather by the cost of disposal. Operators are likely to dispose of 
wastewater when it is less expensive than reuse. For instance, greater reuse of wastewater occurs 
in the Marcellus Shale in Pennsylvania than in the Barnett Shale in Texas, even though water 
availability is generally higher in the Marcellus region (Figure 10-1). The general lack of disposal 
wells in Pennsylvania means disposing of wastewater requires trucking to Ohio or other locations 
with disposal wells. Because of this expense, operators reuse substantial proportions of their 
wastewater, in contrast to the Barnett Shale where disposal wells are readily available.  

The reuse of wastewater to offset fresh water use in hydraulic fracturing is often limited by the 
amount of wastewater available. The volume of produced water from a single well can be relatively 
small compared to the volume needed to fracture a well (Figure 10-1a). This means produced water 
would need to be aggregated from multiple wells to equal the volume needed to hydraulically 
fracture an additional well. For instance, it would take 10 wells to make enough water to fracture 
an 11th well if, as has been shown in the Marcellus Shale in Pennsylvania, produced water volumes 
are 10% of injected volumes (Figure 10-1a). Thus, reuse is a factor that can reduce fresh water 
demand, but not eliminate it in most cases. Nevertheless, even a marginal decline in fresh water 
demand can make a difference in the frequency or severity of impacts.  

The use of brackish groundwater is also a factor reducing fresh water demand, in some cases to a 
much greater degree than reuse. In the Permian Basin in western Texas, for instance, brackish 
water makes up 30 to 80% of water used for hydraulic fracturing, and 20% in the Eagle Ford Shale 
in southern Texas (Nicot et al., 2012). Our county level estimates suggest brackish water availability 
could entirely meet current hydraulic fracturing water demand in Texas and many other locations.2 
In 35 counties nationally, hydraulic fracturing water use equaled or exceeded 30% of an index of 
fresh water availability; when brackish water and wastewater were considered in addition to fresh 
water availability, only two counties equaled or exceeded 30% (Text Box 4-2). 

                                                            
1 Hydraulic fracturing wastewater is produced water that is managed using practices that include, but are not limited to, 
reuse in subsequent hydraulic fracturing operations, treatment and discharge, and injection into disposal wells. The term 
is being used in this study as a general description of certain waters and is not intended to constitute a term of art for 
legal or regulatory purposes (see Chapter 8 and Appendix J, the Glossary, for more detail). 
2 Brackish water for the purposes of this analysis ranged from 3,000 to 10,000 ppm of total dissolved solids (TDS), and 
from 50 to 2,500 ft (15-760 m) below the surface (Tidwell et al., 2013). (See Text Box 4-2 for more details.) 
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Figure 10-1. Water budgets representative of practices in (top) the Marcellus Shale in the 
Susquehanna River Basin in Pennsylvania and (bottom) the Barnett Shale in Texas. 
Pie size and arrow thickness represent the relative volume of water as it flows through the hydraulic fracturing 
water cycle. Water budgets illustrative of typical water management practices in the Marcellus Shale in the 
Susquehanna River Basin between approximately 2008 and 2013 and the Barnett Shale in Texas between 
approximately 2011 and 2013. They do not represent any specific well. Sources for the top figure (a) Tables 4-1 and 
4-2 (SRBC, 2016)—note, surface water, groundwater, and reuse values of 92%, 8%, and 16% in table normalized to 
79%, 7%, 14%, respectively, for this chart (this was done to represent reuse on the same chart as surface water 
and groundwater—in the original tabular values, reuse is expressed as a percentage of total water used, and 
surface water and groundwater are expressed in percentages relative to each other); (b) Appendix Table B-5 (U.S. 
EPA, 2015a); (c) Table 7-2 (Ziemkiewicz et al., 2014)—note: produced water volumes estimated from percentages 
applied to volumes injected, and value from the West Virginia portion of the Marcellus Shale used in this chart 
since it was the longest term measurement of produced water volumes; (d) Figure 8-4 (PA DEP, 2015a) and Table 
8-6 (Ma et al., 2014; Shaffer et al., 2013). Sources for the bottom figure: (e) Tables 4-1 and 4-2 (Nicot et al., 2014; 
Nicot et al., 2012)—note, surface water, groundwater, and reuse values of 50%, 50%, and 5% in the tables 
normalized to 48%, 48%, and 4%, respectively, for this chart (see reason for this above); (f) Appendix Table B-5 
(U.S. EPA, 2015a; Nicot et al., 2012; Nicot et al., 2011)—note: see median value for Fort Worth Basin; (g) Table 7-2 
(Nicot et al., 2014); (h) Table 8-6 (Nicot et al., 2012)—note, percentage going to disposal wells estimated by 
subtracting reuse values from 100%.  
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Finally, passby flows can be a factor reducing the frequency or severity of surface water impacts. 
Passby flows are low stream flow thresholds below which withdrawals are not allowed. This 
management practice has been shown to be protective of streams from over-withdrawals in the 
Susquehanna River Basin in northern Pennsylvania (U.S. EPA, 2015e). This is likely most important 
for protecting aquatic life in smaller streams, but may also aid in protecting drinking water 
supplies.  

10.1.2 Chemical Mixing and Produced Water Handling  

Like water acquisition, activities in the chemical mixing and produced water handling stages of the 
hydraulic fracturing water cycle can impact drinking water in some instances. We combine our 
discussion of the two stages here because activities in these stages both affect drinking water 
resources primarily through spills. The chemical mixing stage encompasses management of fluids 
on the well pad to create hydraulic fracturing fluid. Chemicals are mixed with a base fluid, typically 
water, and then injected into the production well. After the pressure is released post-fracturing, 
produced water flows from the well and needs to be collected and managed in the produced water 
handling stage. 

Chemical mixing and produced water handling activities can impact drinking water resources 
through spills of chemicals used to make hydraulic fracturing fluid, hydraulic fracturing fluid itself, 
or produced water reaching surface water or groundwater.1 There is some information on spill 
frequencies—although limited—and spill severities are most often uncharacterized. Nevertheless, 
we could identify factors affecting the frequency or severity of impacts from chemical mixing or 
produced water spills. In the section below, we discuss these factors, with those affecting frequency 
first, followed by those affecting severity. We discuss each of the factors individually, but spill 
events in reality exhibit combinations of these factors. These factors can interact to increase or 
decrease the frequency or severity of a spill beyond the effect of an individual factor.  

10.1.2.1 Frequency 

An impact on the quality of a drinking water resource from a spill first depends on a spill occurring. 
Most spill frequency estimates are of spills in total, and not the subset reaching drinking water 
resources. Spill estimates from three states (Colorado, North Dakota, and Pennsylvania) ranged 
from 0.4 to 12.2 reported spills per 100 hydraulically fractured wells (Appendix C.4).2 The 
estimates from Pennsylvania and Colorado included hydraulic fracturing chemicals, fluids, and 
produced water; while the North Dakota estimate was based on spills of hydraulic fracturing 
chemicals and fluids only.3 Spill rates can also be expressed on a per-active-well basis. This may be 

                                                            
1 In Chapter 5 and elsewhere in this assessment, the chemicals added to the base fluid (most often water) and proppant 
(most often sand) are referred to as “additives” since this is the term used in FracFocus. Here, this chapter simply refers to 
them as “chemicals.” It does this to discuss chemicals in a unified manner in this combined section on chemical mixing and 
produced water.  
2 Since most wells are not reported hydraulically fractured in databases, these estimates used spudded, completed, or 
installed wells as proxies for hydraulically fractured wells. (See Appendix Section C.4 for more detail.) 
3 These estimates from Pennsylvania and Colorado also included spills of diesel fuel and drilling muds, which could not be 
separated out from the total frequency estimate even though they were generally out-of-scope of this assessment (diesel 
fuel was in scope if used in hydraulic fracturing fluid).  
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more appropriate for produced water spills since they can occur years or even decades after 
hydraulic fracturing. An analysis of North Dakota produced water spills found there were 
approximately 5 to 7 spills of produced water per 100 active wells between 2010 and 2015 
(Appendix E.5). We conclude from these data that spills do occur in both the chemical mixing and 
produced water stages of the hydraulic fracturing water cycle, generally in the range of 1 to 10% of 
hydraulically fractured or active wells. 

Not all spills, however, reach and therefore impact a drinking water resource. In U.S. EPA (2015m), 
32 of the 457 (7%) spills characterized were reported to have reached surface water or 
groundwater. The California Office of Emergency Services estimated 18% of produced water spills 
reached waterways between January 2009 and December 2014 (CCST, 2015b). It is unclear if this 
estimate included groundwater, or was limited to surface water. If, however, roughly 5 to 20% of 
spills reach surface water or groundwater (encompassing the U.S. EPA and California estimates 
above), we would expect a spill to occur and reach a drinking water resource at approximately 0.05 
to 2% of active or hydraulically fractured wells.1 This estimate of spills reaching drinking water 
resources would be broadly consistent with estimates from the limited number of published studies 
addressing this topic (e.g., Brantley et al., 2014; Gross et al., 2013).2 If a 0.05 to 2% frequency rate is 
applied to the estimates of approximately 275,000 to 370,000 new wells hydraulically fractured 
nationally between 2000 and part of 2013 and 2000 and part of 2014, respectively (Chapter 3), we 
would expect roughly 140 to 7,400 spills to reach a drinking water resource during this almost 14-
to-15 year time-period. This would be approximately 10 to 500 spills per year reaching a drinking 
water resource, dividing by the respective time periods. This large range reflects the high 
uncertainty of these estimates and the lack of data on this topic.  

Despite the data limitations and uncertainties surrounding estimates of spills, we can with more 
certainty identify factors likely affecting the frequency of spills reaching drinking water resources. 
These factors include spill characteristics, encompassing the volume of the chemical spilled; factors 
related to the environmental fate and transport of the spill, such as properties of the chemical 
spilled and characteristics of the site where the spill occurred; and finally, factors related to spill 
prevention and response. 

Everything else being equal, a larger volume spill will be more likely to reach a drinking water 
resource than a smaller spill (U.S. EPA, 2015m). On-site spills in the chemical mixing and produced 
water handling stages are typically in the hundreds of gallons (U.S. EPA, 2015m). Larger spills, 
though less common, do occur. Well blowouts, pipeline leaks, and impoundment failures are 
sources of some of the largest individual spill volumes. Well blowouts were responsible for the 

                                                            
1 Estimated by multiplying the 1 to 10% spill rate for active or hydraulically fractured wells by 5% to 20% for spills 
reaching drinking water, and then reconverting to a percentage by multiplying by 100.  
2 Brantley et al. (2014) estimated approximately 0.4 to 0.8 spills per 100 hydraulically fractured wells reached surface 
water in Pennsylvania between 2008 to September 2013. These were spills of 400 gal (1,514 L) or more, containing 
hydraulic fracturing chemicals, fluids, or produced water. This might be an underestimate of spills reaching surface water 
since spill volumes were limited to only 400 gal (1,514 L) or more. In estimate of the frequency of spills reaching 
groundwater, Gross et al. (2013) examined oil and produced water spills between July 2010 and July 2011 in Weld 
County, Colorado. They counted 77 such spills reaching groundwater, approximately 0.4% of the nearly 18,000 active 
wells in the county. 
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highest volume spills on average in 2015 in North Dakota. In Bradford County, Pennsylvania, a well 
blowout resulted in a spill of approximately 10,000 gal (38,000 L) of produced water into a 
tributary of Towanda Creek, a state designated trout fishery. The largest volume spill identified in 
this assessment occurred in North Dakota, where approximately 2.9 million gal (11 million L) of 
produced water spilled from a broken pipeline and impacted surface water and groundwater. 
Though relatively rare compared to smaller volume spills, these types of spills are more likely to 
reach—and therefore impact—a drinking water resource because they are of larger volumes. 

By this same principle, produced water spills are more likely to impact drinking water resources 
than chemical mixing spills. In an analysis of on-site spills, the median volume of produced water 
spills was approximately twice as large as that in the chemical mixing stage (990 versus 420 gal, or 
3,750 versus 1,590 L; U.S. EPA (2015m)). Additionally, offsite, large pipeline spills of produced 
water can occur. It is possible that spills of produced water are larger, in part, because they are less 
likely to be stopped as quickly as spills in the chemical mixing stage. Spills in the chemical mixing 
stage are likely to occur when people are on-site, and so the spills can be quickly addressed. In 
contrast, spills of produced water may occur when no one is on-site or, in the case of pipelines, near 
the off-site location of the spill. This may delay a response, allowing larger volumes to spill, 
increasing the likelihood of the spill reaching a drinking water resource.  

Properties of the chemicals spilled also affect the frequency of impacts. We identified or estimated 
chemical and physical properties for almost half of the chemicals used in hydraulic fracturing fluids 
between 2006 and 2013 (455 of the 1,084 chemicals). These were individual organic chemicals, not 
inorganic chemicals, polymers, or mixtures. Volatility, solubility, and hydrophobicity/hydrophilicity 
are three properties, among others, affecting whether a spill reaches a drinking water resource 
(hydrophobic chemicals tend to repel or fail to mix with water, while hydrophilic chemicals tend to 
mix with water). The vast majority of organic chemicals in hydraulic fracturing fluid do not readily 
volatilize or evaporate, meaning these chemicals tend to remain in water if spilled. These chemicals 
also vary widely in their solubility and hydrophobicity/hydrophilicity, defying a general 
characterization. Nevertheless, of the 20 chemicals most frequently used according to our analysis 
of FracFocus, most are highly soluble and hydrophilic, meaning they will be mobile if spilled 
(Chapter 5). For example, methanol, isopropanol, and ethylene glycol are all likely to travel quickly 
through the environment. Thus, these chemicals may more frequently reach drinking water 
because of two unrelated, yet compounding factors: relatively high frequency of use in hydraulic 
fracturing operations and relatively high mobility in the environment.  

Site characteristics are also an important factor determining whether a spill reaches a drinking 
water resource (Figure 10-2). Site characteristics facilitating infiltration to groundwater are of 
particular concern, since spills into groundwater are more likely to have severe impacts than those 
into surface water (discussed in the severity section below). More permeable, sandier soils allow 
greater infiltration of spilled fluids, whereas less permeable soils with more clay content can greatly 
slow infiltration. More permeable rock also facilitates infiltration and movement of spills through 
preferential flow paths—for example, in fractured or karst bedrock. Thus, sandier soils and more 
permeable rock can increase the potential for spills to reach groundwater.  
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Figure 10-2. Fate and transport schematic for a spill of chemicals, hydraulic fracturing fluid, or 
produced water.  
Schematic shows the potential paths, transport processes, and factors governing potential impacts of spills to 
drinking water resources.  

There are spill prevention and response factors that reduce the frequency of impacts to drinking 
water resources from spills. Spill containment systems include primary, secondary, and emergency 
containment systems. Primary containment systems are the storage units, such as tanks or totes. 
Secondary containment systems, such as liners and berms installed during site set-up, are intended 
to contain spilled fluids until they can be cleaned up. Emergency containment systems, such as 
berms, dikes, and booms, can be implemented temporarily in response to a spill. Remediation is the 
action taken to clean up a spill and its affected environmental media. One of the most commonly 
reported remediation activities is the removal of spilled fluid and/or affected media, typically soil 
(U.S. EPA, 2015m). Other remediation methods include the use of absorbent material, vacuum 
trucks, flushing the affected area with water, and neutralizing the spilled material (U.S. EPA, 
2015m). It was beyond the scope of this assessment to evaluate the implementation and efficacy of 
spill prevention practices and spill response activities. 

10.1.2.2 Severity 

In addition to frequency, there are also factors affecting the severity of an impact on a drinking 
water resource from a spill. For a given concentration, a larger volume spill will be more severe 
than a smaller spill (see frequency section above for discussion of spill volumes). In addition to 
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volume, the concentration and toxicity of the chemicals reaching a drinking water resource affect 
severity, as well as site characteristics.  

A spill with higher chemical concentrations will be more severe than a more dilute spill of equal 
volume. In the chemical mixing stage, chemicals are stored in concentrated form on-site, prior to 
diluting with a base fluid. Approximately 3,000 to 30,000 gal (11,000 to 114,000 L) of chemicals are 
used per well on average, with up to twice that amount stored on site. If multiple wells are 
fractured per site, tens to hundreds of thousands of gallons of chemicals are likely stored in 
containers at a single site during the hydraulic fracturing of these wells. These storage containers 
are a relatively frequent source of spills during the chemical mixing stage. Spills from these storage 
containers, even if low in volume, may be severe if they reach a drinking water resource because 
they often contain concentrated chemicals.  

In the produced water handling stage, the severity of impacts from a spill also increases with higher 
concentrations, especially if the spill reaches groundwater (see site characteristics below). 
Produced water can vary substantially in chemical concentrations, including total dissolved solids 
(TDS), metals, radioactive isotopes, and organic chemicals. Within the Marcellus Shale, for example, 
produced water can range in TDS from less than 1,500 mg/L to over 300,000 mg/L (Rowan et al., 
2011). By comparison, the average salinity concentration for seawater is 35,000 mg/L. The more 
concentrated the produced water, the more likely impacts will be severe if a spill reaches a drinking 
water resource. When a spilled fluid has greater concentrations of TDS than groundwater, the 
higher-density fluid can move downward through the groundwater resource. Depending on the 
flow rate and other properties of the groundwater, impacts from produced water spills can last for 
years. 

In addition to concentration, the toxicity of chemicals affects the severity of the impact if they enter 
a drinking water resource. There were 37 chemicals listed in 10% or more of all FracFocus 
disclosures between January 1, 2011 and February 28, 2013. Of these 37 chemicals, nine had 
chronic oral reference values meeting the criteria used in this assessment. 1 These nine chemicals 
are associated with health effects including liver toxicity, kidney toxicity, developmental toxicity, 
reproductive toxicity, and/or carcinogenesis. Chemicals used in hydraulic fracturing fluids and 
detected in produced water will vary from site to site, so human health hazards are best evaluated 
on a site-specific basis. Nevertheless, the multi-criteria decision analysis (MCDA) presented in 
Chapter 9 highlighted certain chemicals that may have greater hazard potential. Propargyl alcohol, 
2-butoxyethanol, and N,N-dimethylformamide are three such chemicals having relatively greater 
hazard potential in the MCDA based on toxicity, frequency of use in hydraulic fracturing fluids, and 
mobility in water. 

Many of the chemicals in produced water are also known or suspected to cause cancer and/or non-
cancer health effects in humans. Associated health effects include liver toxicity, kidney toxicity, 
neurotoxicity, reproductive and developmental toxicity, and carcinogenesis, based on the produced 

                                                            
1 The analysis of toxicity presented in Chapter 9 included chemicals regardless of accompanying concentration data in 
FracFocus, and therefore listed 37 chemicals that were reported in 10% or more disclosures. Comparatively, Chapter 5 
listed 35 chemicals that had valid concentration data from FracFocus and were reported in 10% of more disclosures.  
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water chemicals having chronic oral reference values meeting the criteria used in this assessment. 
Benzene, pyridine, and naphthalene are three of the chemicals highlighted in the MCDA as having 
relatively greater hazard potential based on toxicity, measured concentrations in produced water, 
and mobility in water.  

We did not evaluate trends in chemical use by toxicity (e.g., the trends in the use of less toxic 
chemicals). However, a more recent study of FracFocus data evaluated disclosures dating from 
March 9, 2011, to April 13, 2015 (Dayalu and Konschnik, 2016; Konschnik and Dayalu, 2016). When 
compared to the list of 1,084 chemicals used in hydraulic fracturing operations between 2005 and 
2013 compiled for this assessment (Appendix H), an additional 263 chemicals were identified 
(Chapter 5). Only one of these 263 chemicals was reported in more than 1% of disclosures. This 
comparison of chemical lists does not address potential shifts in volumes of chemicals used, but it 
does suggest that a shift to new types of chemicals–less toxic or otherwise–did not occur between 
2013 and early 2015.  

Finally, site characteristics also affect the severity of the impact. Spills into groundwater are likely 
to be more severe than spills into surface water, everything else being equal. This is not to say that 
spills into surface water cannot be severe, especially in the immediate vicinity of the spill. For 
instance, a tank overflowed on a well site in Kentucky spilling fluid into a nearby stream at 
concentrations sufficient to kill fish in the area (Papoulias and Velasco, 2013). Chemicals can also 
associate with stream sediments, forming a source of long-term contamination (e.g., radium). In 
general, however, surface water dilutes a spilled chemical much more rapidly than groundwater. 
Groundwater often moves slowly between areas of recharge and discharge. Groundwater 
movement can be as slow as one foot per year or even one foot per decade (Alley et al., 1999). 
Because of this dynamic, chemicals from multiple spills can accumulate over time in groundwater. 
Multiple chemical mixing and produced water spills, even if individually small, may impact a 
groundwater resource in aggregate. Additionally, groundwater contamination may not be as readily 
apparent as that in surface water because of the need to install monitoring wells to detect 
contamination in groundwater. Lastly, groundwater can be difficult and expensive to remediate, 
adding to the severity of impacts if spills reach groundwater (Alley et al., 1999).  

10.1.3 Well Injection 

Like the water acquisition, chemical mixing, and produced water handling stages, activities in the 
well injection stage of the hydraulic fracturing water cycle can affect drinking water resources in 
some instances. The well injection stage involves the injection of hydraulic fracturing fluids through 
the production well and into the targeted rock formation at sufficient pressure to fracture the rock. 
There are two fundamental pathways outlined in this assessment by which activities in the well 
injection stage have the potential to affect drinking water resource quality. They are: (1) fluid 
(meaning, liquid or gas) movement into a drinking water resource through defects or deficiencies 
in the production well casing and/or cement; and (2) fluid movement into a drinking water 
resource through the fracture network. The fluids potentially affecting drinking water resources 
include hydraulic fracturing fluids, hydrocarbons (including methane gas), and naturally occurring 
brines. The drinking water resources impacted directly in this stage are almost always groundwater 
resources, rather than surface water. 
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Though we could not in this assessment quantify an overall frequency of groundwater quality 
impacts from the well injection stage, we can describe factors which make impacts more or less 
frequent or more or less severe, as we did for other stages. We describe these factors below, first 
with frequency and then severity. Within the frequency discussion, we address factors by each 
pathway type.  

10.1.3.1 Frequency 

Pathway #1: Fluid movement into a drinking water resource through defects or deficiencies in the 
production well casing and/or cement.  

To reach and then fracture the production zone, an oil or gas well must first be drilled and 
constructed down through the subsurface rock formations, often containing an overlying drinking 
water resource. Since the well passes through the drinking water resource, this means defects or 
deficiencies in the production well can lead to unintended movement of fluid into the drinking 
water resource. This can occur regardless of the vertical separation between the drinking water 
and the production zone.  

The relatively brief hydraulic fracturing phase will likely impose the highest stresses to which the 
well will be exposed during its entire life. If the well cannot withstand the stresses experienced 
during hydraulic fracturing, the casing or cement can fail, resulting in the loss of mechanical 
integrity and the unintended movement of fluids into the surrounding environment.  

A few studies have estimated rates of mechanical integrity failure of production wells resulting in 
the loss of all barriers protecting the groundwater or in contamination of groundwater in areas 
with hydraulic fracturing activity (Table 10-1). The estimates are all approximately equal to or less 
than 1% of wells drilled or hydraulically fractured over varying time frames. For most of these 
estimates, it is not possible to tell whether failures occurred during hydraulic fracturing or at some 
other point in the well’s life, with the exception of the EPA’s Well File Review (U.S. EPA, 2015n). If 
the failure rate from the Well File Review (0.5%) is applied to the estimates of 275,000 to 370,000 
new wells hydraulically fractured nationally between 2000 and part of 2013 and 2000 and part of 
2014, respectively (Chapter 3), we would expect roughly 1,370 to 1,850 mechanical integrity 
failures during this time-period (almost 14 to 15 years). Dividing by each time period yields 
approximately 100 to 125 mechanical integrity failures per year on average, resulting in the loss of 
all barriers protecting the groundwater during hydraulic fracturing. These estimates also have a 
high degree of uncertainty like the spills estimates. This not only stems from the lack of certainty 
about failure rates, but also uncertainties surrounding the estimates of the number of wells 
hydraulically fractured (Chapter 3). These are likely low estimates because they do not include 
mechanical integrity failures occurring outside of the hydraulic fracturing process (e.g., during the 
production phase), nor do they consider failures in re-fractured wells.  
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Table 10-1. Literature estimates of mechanical integrity failure rates resulting in 
contamination of groundwater or failure of all well barriers, potentially exposing the 
groundwater. 

Citation Mechanical Integrity 
Failure Rate (%) 

Geographic  
Scope 

Key Findings & Description of Mechanical 
Integrity Failurea,b 

Fleckenstein et 
al. (2015) 

0.06 Colorado-
Wattenberg 
Field 

An overall catastrophic failure rate of 0.06% was found 
for 16,828 wells studied (out of 17,948 total wells) 
drilled in the Wattenberg Field between 1970 and 2013. 
The timing of the failures was unknown, but most of the 
failures occurred in the older wells. The Wattenberg 
Formation is 4,400 ft (1,300m) below surface and 
typically is hydraulically fractured. A catastrophic failure 
was considered to have occurred when there was 
contamination of drinking water aquifers (i.e., the 
presence of thermogenic gas in a drinking water well) 
and evidence of a well defect such as exposed 
intermediate gas formations or casing leaks. 

Considine et al. 
(2012) 

0.06 Pennsylvania Two wells were cited between 2008 and 2011 by PA 
DEP for causing methane migration into an aquifer. In 
this same time period, 3,533 wells were drilled.  

Brantley et al. 
(2014) 

0.12–1.1 Pennsylvania Based on positive determination letters (PDLs) for 
violations that occurred between 2008 and 2012, 
Brantley et al. estimated between 7 and 64 problematic 
unconventional wells contaminated 85 properties. 
Since PDLs are tied to drinking water wells and not gas 
wells, Brantley et al. made assumptions about how 
many unconventional gas wells were represented by 
each PDL. This equates to problematic unconventional 
gas wells compromising approximately 0.1 to 1% of the 
6,061 wells spudded between 2008 and 2012.c Not all of 
these PDLs may be due to mechanical integrity failures–
they could also be due to other causes, such as spills, or 
methane migration from natural or other 
anthropogenic sources. 

Vidic et al. 
(2013) 

0.25 Pennsylvania Of the 6,466 wells studied, 16 received notices 
regarding contamination of groundwater with gas or 
other fluids from the PA DEP associated with incidents 
that occurred between 2008 and 2013.  
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Citation Mechanical Integrity 
Failure Rate (%) 

Geographic  
Scope 

Key Findings & Description of Mechanical 
Integrity Failurea,b 

U.S. EPA (2016c) 0.5 National In an estimated 0.5% of the approximately 28,500 
hydraulic fracturing jobs surveyed, a failure occurred 
during hydraulic fracturing, such that there was no 
additional barrier between the annular space with fluid 
and the protected drinking water resource. While it 
could not definitively be determined whether fluid 
movement into the protected drinking water resource 
occurred, in these cases, all of the protective barriers 
intended to prevent such fluid migration had failed, 
leaving the groundwater source vulnerable to 
contamination. 

a Note: While some information is available on the age of the wells studied, it is unclear whether the failure occurred during the 
hydraulic fracturing event, with the exception of the U.S. EPA (2016c) study. In that study, the failures occurred during hydraulic 
fracturing. 
b While the Pennsylvania studies did not specifically identify whether the wells were involved in hydraulic fracturing operations, 
a significant portion of Pennsylvania’s recent oil and gas activity is in the Marcellus Shale; therefore, many of the wells in these 
studies were most likely used for hydraulic fracturing. 
c Spudding refers to starting the well drilling process by removing rock, dirt, and other sedimentary material with the drill bit 
(U.S. EPA, 2013f).  

Not all wells are equally likely to lose mechanical integrity; instead, there are factors that make 
some wells more likely to experience a mechanical integrity failure than others. Well design and 
construction are two such factors. First, a primary element of well design is the placement of at 
least one additional layer of casing (besides the production casing) from the surface through the 
lowest depth of the drinking water resource. This additional casing provides redundancy if the 
production casing fails. In a study of 731 saltwater injection wells in the Williston Basin in North 
Dakota, Michie and Koch (1991) found the risk of aquifer contamination from leaks into the 
drinking water resource was 7 in 1,000,000 injection wells if a surface casing, in addition to the 
production casing, was set deep enough to cover the drinking water resource. The risk increased to 
6,000 per 1,000,000 wells (or 6 in 1,000) if this additional casing was not set deeper than the 
bottom of the drinking water resource. 

Second, fully cementing casing(s) through the entire drinking water resource affects the frequency 
of impacts. Uncemented sections of surface casing increase the frequency of fluid leaks from the 
well that can reach groundwater (Fleckenstein et al., 2015; Watson and Bachu, 2009). The EPA’s 
Well File Review estimated that a portion of the protected groundwater resource identified by well 
operators was uncemented in 3% of the wells surveyed (U.S. EPA, 2015n). With approximately 
25,000 to 30,000 new wells hydraulically fractured a year (Chapter 3), this percentage means 750 
to 900 of the wells used in hydraulic fracturing operations annually might lack this protection. 
Adding re-fractured wells would increase the estimate of wells lacking this protection. Knowing the 
depth of the groundwater resource at the point of drilling and then setting and cementing casings 
below the lowest part of the drinking water resource can reduce the frequency or likelihood of an 
impact.  
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Third, the well’s casing, cement, and components need to be designed and constructed to withstand 
the stresses applied to the well during hydraulic fracturing. In an example of inadequate well 
construction, hydraulic fracturing of a gas well with insufficient and improperly placed cement in 
Bainbridge Township, Ohio led to gas contamination of 26 domestic water supply wells and an 
explosion in the basement of one of the nearby homes. This was due in part to a failure to cement 
through the over-pressured gas formations and proceeding with the fracturing operation without 
adequate cement (ODNR, 2008). In another case, casings at an oil well near Killdeer, North Dakota, 
ruptured in 2010 following a pressure spike during hydraulic fracturing, allowing fluids to escape 
to the surface. Brine and tert-butyl alcohol were detected in two nearby water wells. Following an 
analysis of potential sources, the only potential source consistent with the conditions observed in 
the two impacted water wells was the ruptured well (U.S. EPA, 2015i).  

In addition to well design and construction, the degradation or corrosion of well components can 
also increase the frequency of impacts to drinking water quality. Older wells exhibit more integrity 
problems as cement and casings age. The EPA’s Well File Review estimated at least 10% of the wells 
represented in the national survey were greater than five years old at the time of hydraulic 
fracturing. Hydraulic fracturing or re-fracturing older wells has the potential to increase the 
frequency of casing or cement failures allowing unintended fluid migration into drinking water 
resources.  

Confirming well mechanical integrity can reduce the frequency of water quality impacts. Pressure 
testing the casing used for hydraulic fracturing prior to the job can help detect problematic 
casing—and provide an opportunity to make needed repairs if necessary. Monitoring the annular 
space behind the casing used for hydraulic fracturing during the hydraulic fracturing job can detect 
well component failure in real time and signal for an immediate shut down. Based on the EPA’s Well 
File Review study, casing pressure testing occurred at slightly less than 60% of the approximately 
28,500 hydraulic fracturing jobs represented in that time frame (primarily 2009-2010) and annulus 
monitoring took place during slightly more than 50% of these same jobs, implying these activities 
did not always occur (U.S. EPA, 2016c). It is unclear whether the frequency of these practices have 
changed since this time period.  

Pathway #2: Fluid movement into a drinking water resource through the fracture network.  

The other potential pathway for fluid movement into a drinking water resource is through the 
fracture network. This could occur indirectly if the fracture network extends to a nearby well or its 
fracture network, or to another permeable subsurface feature, such as natural fractures or faults, 
which then allow the fluid to reach an underground drinking water resource. It could also occur 
directly by the fracture network extending out of the production zone into a drinking water 
resource, or hydraulic fracturing into a drinking water resource itself.1 Key factors affecting the 
frequency of this pathway are the presence, distance, and condition of nearby wells; and the vertical 

                                                            
1 Hereafter, fractures extending out of the production zone are referred to as “out-of-zone” fractures, consistent with 
Chapter 6. 
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separation distance and the characteristics of the intervening rock between the production zone 
and the drinking water resource.  

Nearby wells (often called offset wells) can be a pathway for fluid movement, with hydraulic 
fracturing fluid from one production well moving through the subsurface and entering another 
nearby oil or gas well or its fracture network. These events are commonly referred to as “well 
communication events” or “frac hits.” The communication event might simply be registered as an 
increase in pressure in the nearby well; yet there is also the possibility of damage to the nearby well 
or its components, causing a surface spill or a subsurface release of fluids. The EPA’s Well File 
Review found 1% of the wells represented in the study experienced a frac hit, and the EPA spills 
report identified 10 spills attributed to well communication events (U.S. EPA, 2015m, n). It is 
unknown whether any fluid reached a drinking water resource from these spills. Where active 
nearby wells exist, operators of those wells can shut them in temporarily during the nearby 
hydraulic fracturing to reduce the possibility of spills or damage to their wells, and therefore, the 
potential for drinking water resource contamination.  

The distance to the nearby well can affect the frequency of these communication events. In one 
study, the likelihood of a frac hit was less than 10% in hydraulically fractured wells more than 
4,000 ft (1,219 m) apart, while nearly 50% in wells less than 1,000 ft (300 m) apart (Ajani and 
Kelkar, 2012). Distance was measured from the mid-point of each horizontal lateral. Thus, the 
closer the nearby wells, the more likely a communication event. 

If nearby wells are in good condition and can withstand an increase in pressure, then an impact is 
unlikely to occur. However, if the nearby well is not able to withstand the pressure of the fluid, well 
components may fail and allow fluid to move into a drinking water resource. Because of this, nearby 
older or abandoned wells are of particular concern. In older wells near a hydraulic fracturing 
operation, plugs and cement may have degraded over time; in some cases, abandoned wells may 
never have been plugged properly. This can be a significant issue in areas with legacy (i.e., historic) 
oil and gas exploration. A Pennsylvania Department of Environmental Protection (PA DEP) report 
cited three cases where migration of natural gas had been caused by well communication events via 
old, abandoned wells (PA DEP, 2009c). In Tioga County, Pennsylvania, following hydraulic 
fracturing of a shale gas well, an abandoned well nearby produced a 30 ft (9 m) geyser of brine and 
gas for more than a week (Dilmore et al., 2015). Various studies estimate the number of abandoned 
wells in the United States to be significant. For example, the Interstate Oil and Gas Compact 
Commission (IOGCC, 2008) estimates that approximately 1 million wells were drilled in the United 
States prior to a formal regulatory system, and the status and location of many of these wells are 
unknown. Hydraulic fracturing operators can reduce the possibility of impacts by identifying 
nearby wells, and if necessary, plugging or otherwise addressing deficiencies in these wells.  

If nearby wells serve as a pathway, fluid movement can bypass layers of intervening rock. In the 
absence of this pathway, however, vertical distance and the intervening rock between the 
production zone and the drinking water resource are factors affecting the possible movement of 
fluid into a drinking water resource. The extension of fractures out of the oil and/or gas production 
zone can—and does—occur. Examples have been reported in Greene County, Pennsylvania 
(Hammack et al., 2014); at the Killdeer site in Dunn County, North Dakota (U.S. EPA, 2015i); and in 
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other wells within the Bakken Shale (Arkadakskiy and Rostron, 2013; Arkadakskiy and Rostron, 
2012; Peterman et al., 2012). In a study across several major shale formations, Davies et al. (2012) 
found upward vertical fracture growth was often on the order of tens-to-hundreds of feet. One 
percent of the fractures had a fracture height greater than 1,148 ft (350 m), and the maximum 
fracture height among all of the data reported was 1,929 ft (588 m). This would suggest that 
substantial vertical separation could preclude out-of-zone-fractures from directly reaching the 
drinking water resource, although these measurements were only conducted in shale formations 
and the extension of fractures is not the only way the drinking water resource could be 
contaminated from out-of-zone fractures (see below). A modeling study also suggests fractures are 
unlikely to extend from the production zone directly to a shallow drinking water resource in a deep 
Marcellus-like environment (Kim and Moridis, 2015).  

Not all fracturing occurs, however, with substantial vertical separation between the production 
zone and the drinking water resource (Figure 10-3). The EPA’s Well File Review found that 20% of 
wells used for hydraulic fracturing had less than 2,000 ft (600 m) between the shallowest point of 
fracturing and the base of the protected groundwater resource (U.S. EPA, 2015n). In coalbed 
methane (CBM) plays, typically shallower than shale gas plays, these separation distances can be 
smaller. For example, in the Raton Basin of southern Colorado and northern New Mexico, 
approximately 10% of CBM wells have less than 675 ft (206 m) of separation between the 
production zone and the depth of local water wells. In certain areas of the basin, this distance is less 
than 100 ft (31 m) (Watts, 2006). Many of these areas are shallower in depth, and fracture growth 
has been shown to be primarily horizontal, rather than vertical, at less than 2,000 ft (600 m) from 
the surface (Fisher and Warpinski, 2012). Nevertheless, the possibility of an out-of-zone fracture 
reaching a drinking water resource is more likely in a setting with less vertical separation than with 
more. 

Even if an out-of-zone fracture does not extend into a drinking water resource, it could connect to 
other permeable subsurface features, such as natural fractures or faults, which could then connect 
to a drinking water resource. Thus, properties of the intervening rock can also make this pathway 
more or less frequent or likely. For instance, in the Pavillion gas field in Wyoming, there are no 
laterally-continuous confining layers to prevent upward movement of fluids into the groundwater 
(Digiulio and Jackson, 2016). While flow of subsurface fluids generally tends to be downward, local 
areas of upward flow have been observed (Digiulio and Jackson, 2016).  

There are cases of hydraulic fracturing without vertical separation between the drinking water 
resource and the production zone (Figure 10-3). The co-location of the oil or gas formation with the 
drinking water resource is the factor affecting the frequency of an impact in these cases. Directly 
fracturing into a drinking water resource causes an impact because it changes the quality of the 
resource by introducing hydraulic fracturing fluids. The EPA’s Well File Review found an estimated 
0.4% of the wells represented in the study had perforations used for hydraulic fracturing shallower 
than the base of the protected groundwater resource, as reported by well operators (U.S. EPA, 
2015n). The EPA’s Well File Review did not examine these instances by formation type. This 
practice may be concentrated in locations in western states, especially in CBM plays. Examples 
include the Raton Basin in Colorado (U.S. EPA, 2015k), the San Juan Basin of Colorado and New 
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Mexico (U.S. EPA, 2004a), and the Powder River Basin of Montana and Wyoming (Dahm et al., 2011; 
ALL Consulting, 2004; U.S. EPA, 2004a). This is a concern in the short term (should there be people 
using these drinking water resources currently) and the long term (if drought or other conditions 
necessitate the future use of these drinking water resources). For the most part in this chapter, we 
focused on factors which can be managed, changed, or used to identify areas to target monitoring 
efforts. In this situation, hydraulic fracturing directly into a drinking water resource would need to 
cease if it was decided the resulting impacts to drinking water resource quality were unacceptable. 

 
Figure 10-3. Separation in measured depth between drinking water resources and 
hydraulically fractured intervals in wells. 
In panel (a), the oil- and gas-bearing formation (dark gray) being hydraulically fractured is much deeper than the 
depth where drinking water resources (light blue) exist, and hence a comparatively large separation distance 
exists. In panel (b), there are two oil- and gas-bearing formations (dark gray and grayish blue) being hydraulically 
fractured. The shallower formation has no separation distance, because the water also contained in this formation 
is a drinking water resource. Panel (b) also shows another subsurface drinking water zone at a shallower depth 
(light blue). Multiple groundwater zones of varying qualities can exist between the production zone and the 
surface. These two panels depict end-member cases of separation distance: from large separation distances to no 
separation distance. The graph in panel (c) illustrates the distribution of separation distances among the 
approximately 23,000 oil and gas production wells hydraulically fractured by nine service companies between 2009 
and 2010 (U.S. EPA, 2015n). Error bars in the panel (c) display 95% confidence intervals. 
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Lastly, the presence of gas, as opposed to liquids, in the subsurface may be a factor affecting the 
frequency of impacts from fluid movement via defects or deficiencies in the well (pathway #1), or 
through the fracture network (pathway #2). The low density of gas compared to liquids makes it 
buoyant, which creates an upward drive toward the surface. Thus, gas found in the subsurface, such 
as methane, can exploit pathways in a well (such as along a well lacking mechanical integrity), or in 
the surrounding rock (such as induced or naturally occurring fractures). If a pathway exists and gas 
is present, it can reach groundwater used for drinking. Consequently, gases could be more likely to 
contaminate drinking water resources than liquids (Li et al., 2016a).  

10.1.3.2 Severity  

The well injection chapter (Chapter 6) focused primarily on the potential for impacts to occur and 
factors affecting frequency. By contrast, we have little-to-no information on factors affecting the 
severity of impacts for this stage of the hydraulic fracturing water cycle. Severity would likely be 
affected by the chemical composition of the fluid entering the drinking water resource; the volume 
of the fluid; the duration in which that volume is delivered; and the concentration of the fluid and 
its specific components, among other factors. Logically, the relatively simple pathway of a 
mechanical integrity failure might result in the highest fluid volume delivered to a drinking water 
resource over a short period of time—e.g., contamination of water wells in Bainbridge Township, 
Ohio. By contrast, fluid movement through a fracture network, then through the intervening rock, 
and finally into a drinking water resource may take a longer time and deliver a comparatively lower 
volume. Even in this case, however, the impacts could still be severe if the fluid movement was to go 
undetected and unaddressed.  

10.1.4 Wastewater Disposal and Reuse  

The last stage of the hydraulic fracturing water cycle is wastewater disposal and reuse. Produced 
water from hydraulically fractured oil or gas production wells is managed predominantly through 
disposal in underground Class II wells. Secondarily, it is disposed of via other practices, such as 
discharge to surface waters or disposal in pits or evaporation ponds, or reused in other hydraulic 
fracturing operations. Activities in the wastewater disposal and reuse stage of the hydraulic 
fracturing water cycle can impact drinking water resources in some instances. Two such activities 
are: the discharge of inadequately treated wastewater to surface water, and the storage or disposal 
of wastewater in unlined pits or impoundments leading to contamination of surface water or 
groundwater. In this section, we address factors increasing or decreasing the frequency or severity 
of impacts from these activities. As in the water acquisition section, we combine our discussion of 
frequency and severity here.  

10.1.4.1 Frequency and Severity 

Discharge of inadequately treated wastewater has impacted surface water. The quality of the 
wastewater discharged is a factor affecting the frequency and severity of impacts. This factor is a 
function of the chemical characteristics of the wastewater prior to treatment (i.e., the composition 
and concentration of chemicals in the wastewater) and the efficacy of the treatment process. The 
pre-2011 treatment of Marcellus wastewater in Pennsylvania illustrates this combination. In 
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Pennsylvania before 2011, wastewater from shale gas operations was treated at centralized waste 
treatment facilities (CWTs) and publicly owned treatment works (POTWs). The POTWs and some 
CWTs at the time were not equipped to adequately treat high TDS wastewater. This resulted in 
wastewater discharges containing elevated levels of TDS, including bromide and iodide, to surface 
waters.  

The elevated levels of TDS raised concerns about the formation of disinfection byproducts (DBPs) 
after treatment at downstream drinking water facilities. Disinfection byproducts are formed when 
organic material comes in contact with disinfectants (e.g., chlorine, chloramine, chlorine dioxide or 
ozone). Many DBPs have long-term health effects including an increased risk of cancer, anemia, 
liver and kidney effects, and central nervous system effects. Of particular concern are DBPs formed 
in the presence of bromide or iodide, which are considered particularly toxic. Management of DBPs 
places a burden on downstream drinking water utilities. Concerns regarding elevated TDS (in 
particular high bromide) and the potential for formation of DBPs led the PA DEP to take steps in 
2010 and 2011 to route Marcellus Shale wastewater away from POTWs and CWTs (that could not 
treat for TDS) to alternate options such as disposal via injection wells, on-site reuse, or reuse after 
limited treatment at CWTs. By 2014, only a small percentage (approximately less than 1%) of 
Marcellus wastewater went to CWTs permitted to discharge to surface waters (Figure 10-1). 
Additionally, the new EPA pretreatment standards prohibit oil and gas operators from sending 
unconventional oil and gas wastewater directly to POTWs (U.S. EPA, 2016d).  

The combination of wastewater composition and inadequate treatment have also resulted in the 
discharge of other constituents such as barium, strontium, and radium into surface waters in 
Pennsylvania. Marcellus Shale wastewater contains radium, naturally occurring in the subsurface 
formation. Radium has been found in stream sediments at discharge points for POTWs and CWT 
facilities that have accepted Marcellus Shale wastewater. The ratio of radium isotopes (radium-228 
to radium-226) in these sediments is consistent with ratios in Marcellus Shale wastewater (Warner 
et al., 2013a). Radium-226, with a half-life of approximately 1,600 years, causes long-term 
contamination. The practice of management of wastewaters via POTWs and CWTs without TDS 
removal has declined, yet it remains uncertain whether the discharge of radionuclides to surface 
waters from the oil and gas industry in Pennsylvania has ceased entirely (PA DEP, 2015b).  

The storage or disposal of wastewater in pits or impoundments can also lead to contamination of 
surface water or groundwater resources. This can occur via surface spills or overflows. It can also 
occur via infiltration into the soil and percolation to groundwater through the pit itself. Whether 
the pit or impoundment is lined is an important factor affecting the frequency and severity of 
impacts on groundwater due to subsurface leaching. Historically, unlined pits have been used to 
dispose of wastewater via percolation (or evaporation). While this practice has been banned in 
most states, it is allowed in certain locations or instances (e.g., storage of wastewater, but not 
disposal) as of July 2016. Even where prohibited, unpermitted unlined disposal or storage pits exist. 
For example, approximately 1,000 unlined storage or disposal pits of oil and gas wastewater are 
located in the Central Valley Region of California (California State Water Resources Control Board, 
2016; Esser et al., 2015). Of these, approximately 60% were still active as of July 2016, and roughly 
20% of those pits lacked permits (CA Water Board, 2016).  
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Unlined pits have been shown to cause contamination of drinking water resources. The presence of 
BTEX (benzene, toluene, ethylbenzene, and xylenes) and other organics in groundwater are linked 
to pits in California and New Mexico (California Regional Water Quality Control Board Central 
Valley Region, 2015; Sumi, 2004; Eiceman, 1986). Groundwater impacts downgradient of an 
unlined pit in Oklahoma included high salinity (3500-25,600 mg/L) and the presence of volatile 
organic compounds (Kharaka et al., 2002). Impacts can also occur in the case of disposal of 
relatively low TDS wastewater (Healy et al., 2011; Healy et al., 2008). For example, a CBM 
wastewater impoundment in the Powder River Basin of Wyoming resulted in high concentrations 
of TDS, chloride, nitrate, and selenium in the groundwater (Healy et al., 2011; Healy et al., 2008). 
Total dissolved solids exceeded 100,000 mg/L in one groundwater sample, despite the much lower 
concentrations (2,300 mg/L) in the wastewater being discharged (Healy et al., 2008). Most of the 
solutes found in the groundwater did not originate with the CBM wastewater, but rather resulted 
from dissolution of previously existing salts and minerals in the subsurface. Lining pits or using 
closed-loop systems (i.e., tanks) can decrease the frequency of such impacts.  

10.1.5 Summary 

In the above section, we synthesized the information in this assessment by discussing factors 
increasing or decreasing the frequency or severity of impacts from activities in the hydraulic 
fracturing water cycle. We focused particularly on factors that could be managed, changed, or used 
to identify locations for additional monitoring or alteration of practices. Based on the information 
reviewed, we conclude the following combinations of activities and factors are more likely than 
others to result in more frequent or more severe impacts: 

• Water withdrawals for hydraulic fracturing in times or areas of low water availability, 
particularly in areas with limited or declining groundwater resources;  

• Spills during the management of hydraulic fracturing fluids and chemicals or produced 
water that result in large volumes or high concentrations of chemicals reaching 
groundwater resources;  

• Injection of hydraulic fracturing fluids into wells with inadequate mechanical integrity, 
allowing gases or liquids to move to groundwater resources; 

• Injection of hydraulic fracturing fluids directly into groundwater resources;  

• Discharge of inadequately treated hydraulic fracturing wastewater to surface water 
resources; and 

• Disposal or storage of hydraulic fracturing wastewater in unlined pits, resulting in 
contamination of groundwater resources. 

Conversely, the scientific literature and data provide evidence that certain factors can reduce the 
frequency or severity of impacts. Based on the information reviewed in this assessment, we 
conclude the following factors are likely to reduce the frequency or severity of impacts: 

• Passby flows, or low-flow criteria, for surface water withdrawals, and the use of brackish 
groundwater or reused wastewater as substitutes for fresh water withdrawals;  
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• Implementation of spill prevention and response measures; 

• Design and placement of well casing and cement able to withstand the stresses imposed by 
hydraulic fracturing (including identifying the depth of the drinking water resource at the 
point of drilling, and setting and cementing casings through the entire drinking water 
resource);  

• Confirming mechanical integrity of oil and gas wells prior to, during, and after hydraulic 
fracturing, and correcting deficiencies if necessary; 

• Identification of active or abandoned wells near hydraulic fracturing operations and, if 
necessary, adjustment of the operations to minimize well-to-well communication and/or 
plugging improperly abandoned wells; 

• The use of treatment technologies to remove TDS, and other constituents, such as radium, 
when present prior to discharge; and 

• Storage of wastewater in lined pits or the use of closed-loop systems instead of pits. 

The above factors are not the only factors that can reduce the frequency or severity of impacts, yet 
are the ones most emphasized by the information reviewed for this assessment. It should be noted 
that the above factors reduce, but do not completely eliminate, the possibility of an impact 
occurring. In the case of hydraulic fracturing directly into a drinking water resource or disposal of 
wastewater via unlined pits, we did not identify factors which could reduce the frequency or 
severity of impacts, besides restricting the activity itself.  

10.2 Uncertainties and Data Gaps 

In this assessment, we identified impacts on drinking water resources in all stages of the hydraulic 
fracturing water cycle and described the factors affecting the frequency or severity of impacts. The 
major conclusions presented above (in Section 10.2.5) are the strongest conclusions based on data 
and information synthesized for the assessment.  

There were also many areas within the assessment for which strong conclusions could not be 
reached. This was because of the lack of publicly available data and large uncertainties in available 
sources of information. Below, we provide perspective on what data gaps and uncertainties 
prevented us from drawing additional strong conclusions about the potential for impacts and/or 
the factors affecting the frequency or severity of impacts. 

We encountered uncertainties associated with, and gaps in, aggregated, publicly accessible 
information about both activities in the hydraulic fracturing water cycle and groundwater data. In 
general, comprehensive information on the location of activities in the hydraulic fracturing water 
cycle is lacking, either because it is not collected, not publicly-available, or prohibitively difficult to 
aggregate. Thus, we lacked complete information on the geographic locations of well sites (both 
new and existing) where the chemical mixing, well injection, and produced water handling stages 
take place; the depth(s) of zones that have been hydraulically fractured in these wells; where water 
is being acquired (i.e., the source water) for hydraulic fracturing; and where hydraulic fracturing 
wastewater is treated and/or disposed. FracFocus provided data on well locations, and water and 
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other chemicals used at those locations. However, reporting to FracFocus at the time period studied 
was not always required, making it difficult to determine the completeness or representativeness of 
the information.  

In addition, there are uncertainties about where groundwater resources are located. This includes 
the thickness of the resource, from its top to its lowest depth, and its relation to the shallowest 
depth where hydraulic fracturing occurred. If comprehensive data about the locations of both 
drinking water resources and activities in the hydraulic fracturing water cycle were available, it 
would have been possible to more completely identify areas in the United States where hydraulic 
fracturing-related activities and drinking water resources overlap.  

There are also uncertainties and data gaps related to chemicals used in hydraulic fracturing fluid 
and those detected in produced water. Some chemicals and chemical mixtures remain undisclosed 
because of confidential business information (CBI) claims. Well operators claimed at least one 
chemical as CBI at more than 70% of disclosures reported to FracFocus between 2011 and early 
2013. Data suggests this practice is increasing. Konschnik and Dayalu (2016) reported that 92% of 
FracFocus disclosures submitted between approximately March 2011 and April 2015 included at 
least one chemical claimed as confidential. When chemicals are claimed as CBI, there is no public 
means of accessing information on these chemicals. Furthermore, many of the chemicals and 
chemical mixtures disclosed, or those detected in produced water, lack information on properties 
affecting their movement, persistence, and toxicity in the environment should they be spilled. 
Better information on these chemicals would allow for a more robust evaluation of potential human 
health hazards posed, and thus a better understanding about the severity of impacts should the 
chemicals reach drinking water resources.  

In places where we know hydraulic fracturing water cycle activities have occurred, data to assess 
impacts are often either not collected or are not publicly available in accessible forms. Specifically, 
local water quality monitoring and well mechanical integrity integrity data are not consistently 
collected or readily available. In particular, sufficient baseline data on local water quality are 
needed to quantify any changes post-hydraulic fracturing. There are exceptions to this, for example, 
the state of California recently implemented a plan to make water quality monitoring information 
public (Text Box 10-1). In general, however, the limited amount of data collected before, during, 
and after hydraulic fracturing activities and made public, reduces the ability to determine whether 
hydraulic fracturing affected drinking water resources.  

Text Box 10-1. Hydraulic Fracturing and Groundwater Quality Monitoring in California. 

In July 2015, the California Water Resources Control Board adopted Senate Bill 4 (SB4), Model Criteria for 
Groundwater Monitoring in Areas of Oil and Gas Well Stimulation. This resolution directed the establishment of 
a “comprehensive regulatory groundwater monitoring and oversight program...in order to assess the 
potential effects of well stimulation treatment activities on the state’s groundwater resources” (California 
State Water Resources Control Board, 2015). The adoption of SB4 concluded a multi-year process, which 
incorporated stakeholder engagement, review by the public, and consultation with an expert scientific panel. 

(Text Box 10-1 is continued on the following page.) 
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Text Box 10-1 (continued). Hydraulic Fracturing and Groundwater Quality Monitoring in 
California. 

 The recommendations of the expert panel informed the creation and implementation of SB4 with respect to 
criteria “to be used for assessment, sampling, analytical testing, and reporting of water quality associated 
with oil and gas well stimulation activities” (Esser et al., 2015). 

The resolution requires two different scales of groundwater monitoring for different purposes. First, it 
requires well-by-well (also called “area-specific”) groundwater monitoring by well operators. This includes 
groundwater monitoring conducted for all hydraulic fracturing projects initiated after July 2015. Each oil or 
gas production well operator must submit a design and timeline for monitoring groundwater resources in 
proximity to its proposed well. The State Water Resources Control Board approves the monitoring plan 
before hydraulic fracturing can proceed. The groundwater monitoring plan must include: 

• The installation of monitoring wells within 0.5 miles of the wellhead. At least one monitoring well must 
be upgradient of the production well and two monitoring wells must be downgradient. Should the 
production well penetrate more than one protected groundwater resource (as defined by the resolution), 
monitoring wells must facilitate sampling of at least one that is shallow and one that is deep. 

• A monitoring timeline that includes sampling prior to production well construction and hydraulic 
fracturing, as well as semi-annual sampling after completion. 

• A list of water quality parameters and constituents to be monitored, including TDS, specific metals, and 
specific organic compounds.  

The area-specific monitoring requirements also include submission of information by well operators about 
geologic and human-made features in the subsurface that could serve as pathways for impacts to 
groundwater, aspects of production well construction, and hydraulic fracturing fluid composition.  

Second, a regional groundwater monitoring program will document trends in baseline water quality and 
locate protected groundwater state-wide. In addition to monitoring for trends in groundwater quality related 
to activities at well sites, it will also be designed to detect trends related to impacts from wastewater disposal 
practices. 

All data from the monitoring programs will be publicly accessible in a state-maintained database. The 
database is intended to support public health, scientific, and academic needs, as well as future “investigation, 
assessment, and research relevant to oil and gas development impacts on groundwater quality” (Esser et al., 
2015).  

Together, the data and information collected and made publicly available as part of the area-specific and 
regional groundwater monitoring in California will help fill data gaps identified in this section of the 
assessment by locating groundwater resources, monitoring drinking water resources at spatial and temporal 
scales relevant for detecting impacts from activities in the hydraulic fracturing water cycle, and distinguishing 
impacts from hydraulic fracturing activities from the impacts of other potential sources. 

In the cases where effects are suspected, it is often difficult to separate the potential effects of 
hydraulic fracturing activities from effects of broader oil and gas industry activities and other 
industries or causes. The use of long-lasting, mobile tracer chemicals added to hydraulic fracturing 
fluids to monitor for impacts has been proposed (Kurose, 2014), but has received relatively little 
attention in the scientific literature as of mid-2016. Instead, measured changes in water quality 
parameters can be associated with, but not necessarily diagnostic of, impacts from hydraulic 
fracturing activities. For instance, measurable changes in methane levels, TDS, ratios of geochemical 
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constituents, and isotopic ratios might suggest impacts from hydraulic fracturing but could also be 
from other sources, either natural or anthropogenic. To try to assign a cause, these measurements 
often have to be followed with further collection of evidence supporting or refuting hydraulic 
fracturing activities as the cause of the changes. (See Text Box 10-2 for discussion of causal 
assessments.)  

Text Box 10-2. Causal Assessment and Hydraulic Fracturing Water Cycle Activities. 

A number of recent studies have conducted regional-scale assessments of trends in water quality in areas 
with hydraulic fracturing activity, showing either no trend or trends linked temporally or spatially with 
hydraulic fracturing (Burton et al., 2016; Hildenbrand et al., 2016; Hildenbrand et al., 2015; Siegel et al., 2015; 
Darrah et al., 2014; Fontenot et al., 2013; Warner et al., 2013b) Regional assessments can be important for 
integrating information over broader scales, and for posing hypotheses about how hydraulic fracturing water 
cycle activities may impact drinking water resources. Oftentimes, however, activities in the hydraulic 
fracturing water cycle are merely one of several possible causes of an observed change in water quality or 
quantity at a specific site. In this case, more thorough, site-specific investigations are often necessary. Causal 
assessment (also called causal analysis) involves collecting multiple kinds of evidence to determine which of 
several possible causes of contamination is most likely.  

Causal assessment requires several steps. First, the spatial and temporal scope of the issue is defined, 
including a description of all the possible causes of an observed impact, in this case the change in quality or 
quantity of a drinking water resource. Once this is done, evidence is collected and assembled to support or 
refute the potential causes. Evidence indicating how a potential cause and an observed effect are related in 
time can help support or refute potential causes. Other kinds of evidence can also be useful in identifying a 
cause, including: determining whether the composition and volume of a leaked, spilled, or treated and 
discharged fluid are capable of causing observed impacts on water quality; and determining whether a 
physical pathway between a well or well site exists by measuring the mechanical integrity of hydraulically 
fractured wells and/or establishing the presence/absence of a contaminant plume.  

Ideally, the evidence helps exclude possible causes of the reported contamination, narrowing down the list of 
potential causes to a single cause. Causal assessments can take a long time to complete and can require a lot 
of resources and expertise. In some situations, available data and resources are simply not sufficient to 
definitively identify the cause. Nevertheless, causal assessments conducted in a consistent and transparent 
way can help enable the identification of the likely cause(s) of contamination of drinking water resources.  

The retrospective case studies conducted by the EPA under the Study Plan are examples of scientific 
investigations using a multiple lines of evidence approach consistent with the principles of causal assessment 
(U.S. EPA, 2015i, j, l, 2014f, g). These case studies were cited throughout this report. For instance, as noted 
previously, the Killdeer, North Dakota case study found that an inner string of casing burst during hydraulic 
fracturing of an oil well, resulting in a release of hydraulic fracturing fluids and formation fluids that impacted 
a groundwater resource (U.S. EPA, 2015i). Following an analysis of potential sources, the only potential 
source consistent with the conditions observed was the ruptured well (U.S. EPA, 2015i).  

Regardless of whether a single cause can be determined, actions can still be taken to mitigate one or more 
potential causes of contamination. Information gained once the suspected activity has been halted or at least 
reduced could elucidate whether hydraulic fracturing operations are more or less likely to have been the 
source of the contamination. 

Many members of the public are interested in understanding the national frequency of impacts to 
drinking water resources from activities across the entire hydraulic fracturing water cycle. Because 
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of the significant data gaps and uncertainties in the available data, it was not possible to estimate 
the national frequency of impacts to drinking water resources from activities in the hydraulic 
fracturing water cycle collectively. We were, however, able to estimate impact frequencies in some, 
limited cases within the larger hydraulic fracturing water cycle (i.e., spills of hydraulic fracturing 
fluids or produced water, and mechanical integrity failures). These more specific estimates had a 
high degree of uncertainty, but were the best estimates that could be provided with the data and 
literature currently available.  

Finally, it should be recognized that this assessment is a snapshot in time. Our understanding of the 
factors affecting the frequency or severity of impacts may change in the future as industry practices 
evolve and new information becomes available.  

10.3 Use of this Assessment 

This assessment contributes to the understanding of the potential impacts to drinking water 
resources by activities in the hydraulic fracturing water cycle and the factors influencing those 
impacts. The scientific information presented can be used by federal, tribal, state, and local officials; 
industry; and the public to better understand and address vulnerabilities of drinking water 
resources to activities in the hydraulic fracturing water cycle.  

The uncertainties and data gaps identified throughout this assessment could be used to identify 
future data collection efforts. Data collection efforts could include, for example, surface water and 
groundwater monitoring programs in areas with hydraulically fractured oil and gas production 
wells; collection and the public dissemination of data on the condition of hydraulically fractured 
wells; or targeted research programs to better characterize the environmental fate and transport 
and human health hazards associated with chemicals in the hydraulic fracturing water cycle. Data 
collected and analyzed through new data collection efforts may identify new factors increasing or 
decreasing the frequency or severity of impacts.  

In the near term, decision-makers could focus their attention on the combinations of activities and 
factors that we conclude are more likely than others to result in more frequent or more severe 
impacts (Section 10.2.5). By focusing attention on the above combinations, impacts to drinking 
water resources from activities in the hydraulic fracturing water cycle can be prevented or reduced.  

Overall, the practice of hydraulic fracturing is expanding and continues to change. Oil and gas 
production associated with hydraulic fracturing was insignificant in 2000, but by 2015 it accounted 
for an estimated 51% of U.S. oil production and 67% of U.S. gas production (EIA, 2016c, d). The 
number of wells drilled and hydraulically fractured is likely to continue to increase in the coming 
decades (EIA, 2014a). The work of evaluating potential impacts from combinations of activities and 
factors in the hydraulic fracturing water cycle will need to keep pace with this industry and as new 
scientific studies are produced. This assessment provides a foundation for those efforts, while 
offering information to support the reduction of current vulnerabilities of drinking water resources. 
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Pesticide
Labels

CONTACT US <https://epa.gov/pesticide-labels/forms/contact-us-about-pesticide-labels>

Criteria for Biodegradability
Claims on Products Registered
under FIFRA
EPA’s O�ice of Pesticide Programs (OPP) has undertaken a pilot program to assess the
potential benefits of allowing label statements regarding some environmentally
preferable characteristics of registered pesticide products.

Biodegradability is a critical concern with “down the drain” products, which can be toxic
in the aquatic environment. In order to recognize the value of “biodegradable
surfactants” and to incentivize the development of entirely biodegradable products, we
have developed the following criteria and standards that products must achieve before
making biodegradability statements under the pilot program. We will evaluate the
results of the Label Statements Pilot Program before making any decision regarding the
permissibility of these and other piloted statements in the future.

On this page:
“All ingredients” claim

Surfactant class claims

Criteria for review of listed carcinogens, mutagens and reproductive toxicants

"All Ingredients" Claim
Example Claim: “100% Biodegradable. All ingredients in this product are readily
biodegradable in water.”

An o�icial website of the United States government

MENU
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"All Ingredients" Approval Criteria

If we are to approve an "all ingredients" claim for a pesticide product, all ingredients in a
product's basic formulation and in all alternate formulations must meet criterion 1
below. In addition, the product as a whole must meet criterion 2. Once we approve the
claim on the product label, all previously approved Confidential Statements of Formula
(CSF) will be superseded by the biodegradable CSF's.

1. All surfactants must pass the screen using the Safer Choice Criteria for Surfactants
<https://epa.gov/saferchoice/safer-choice-criteria-surfactants>, which considers biodegradability
as well as aquatic toxicity. All other ingredients in the candidate product must
achieve the pass level in a Ready Biodegradability Test (see list below). According to
Organization for Economic Cooperation and Development (OECD) and O�ice of
Chemical Safety and Pollution Prevention (OCSPP) guidelines, the pass level must be
reached in a 10-day window for all methods with the exception of OECD Test
Guideline 301C, and the MITI method in OCSPP Harmonized Guideline 835.3110. For
these two methods, the 10-day window is not applicable. (See list of test methods
below.)

2. The product cannot contain any ingredients considered carcinogens, mutagens, or
reproductive toxicants by one of the authorized bodies listed in Tables 1, 2 and 3.
Only products classified as FIFRA Toxicity Category II, III or IV are eligible to make this
claim. 

Rationale: Biodegradability does not guarantee low toxicity. Chemicals known to be
rapidly biodegradable have also been identified as carcinogens, mutagens or
reproductive toxicants (CMR). To ensure that these products do not pose an
unacceptable risk to human health, or the environment, only products that do not
contain ingredients considered to be CMR's will be eligible to make a biodegradability
claim.
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Acceptable Test Methods

OCSPP (formerly OPPTS) Harmonized Guideline 835.3110
<https://www.regulations.gov/document/epa-hq-oppt-2009-0152-0017> - Ready
Biodegradability
OCSPP (formerly OPPTS) Harmonized Guideline 835.3140
<https://www.regulations.gov/document/epa-hq-oppt-2009-0152-0018> - Ready
Biodegradability --– CO2 in Sealed Vessels (Headspace Test)
OECD Test Guideline 301A: DOC Die-Away
OECD Test Guideline 301B: CO2 Evolution
OECD Test Guideline 301C: Modi�ed MITI (I)
OECD Test Guideline 301D: Closed Bottle
OECD Test Guideline 301E: Modi�ed OECD Screen
OECD Test Guideline 301F: Manometric Respirometry
OECD Test Guideline 310: CO2 in sealed vessels
 

How to Apply for the “All Ingredients” Claim

1. PRIA action code is A570 with $3,474 fee. The review period is 9 months, so a 5-month
renegotiation request must be included.
 

2. All Confidential Statements of Formula (CSFs) on file for this product (i.e., the basic
formula and all alternate formulas) must be submitted for review.
 

3. The “All Ingredients” Biodegradability Formulation Disclosure table
<https://epa.gov/pesticide-labels/formulation-disclosure-tables-biodegradability> must be submitted
with the first two columns, Ingredient Name and CAS Reg. No., completed.
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4. If a formulation is being modified by the removal or exchange of an inert ingredient:

a. Confirmatory e�icacy data will be required, if applicable.

b. Primary eye and skin irritation data will be required, if product supports a
“Caution” or no signal word.

c. As an alternative to generating product-specific irritation studies, the company
may:

i. submit a justification outlining why the biodegradable surfactant has either
the same level of irritation or is less irritating than the original surfactant; and

ii. include the acute toxicity data on the new surfactant.

5. The PRIA Application is “complete” once we have received the following information:

a. 1 copy of the cover letter indicating the type of action being sought.

b. 1 copy of the transmittal document/bibliography.

c. 1 copy of EPA Form 8570-1, Application of Pesticide Registration
<https://epa.gov/pesticide-registration/pesticide-registration-manual-blank-forms>.

d. 2 copies of EPA Form 8570-4, Every Confidential Statements of Formula
<https://epa.gov/pesticide-registration/pesticide-registration-manual-blank-forms> (i.e., basic and
alternate formulations) on file for the product.

e. 1 copy of the “All Ingredients” Biodegradability Formulation Disclosure table
<https://epa.gov/pesticide-labels/formulation-disclosure-tables-biodegradability>.

f. 1 copy of EPA Form 8570-27, Formulator’s Exemption Statement
<https://epa.gov/pesticide-registration/pesticide-registration-manual-blank-forms>, if applicable.

g. 1 copy of EPA Form 8570-34, Certification with Respect to Citation of Data
<https://epa.gov/pesticide-registration/pesticide-registration-manual-blank-forms>, if applicable.

h. 1 copy of EPA Form 8570-35, Data Matrix <https://epa.gov/pesticide-registration/pesticide-

registration-manual-blank-forms>, if applicable.

i. 5 copies of proposed labeling.

j. 3 copies of data for each data requirement (Bound) 

Surfactant Class Claims
Example Claim: "The surfactants contained in this product are biodegradable."*
(*Surfactants are cleaning agents.)
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"Surfactant Class”" Approval Criteria

In order for EPA to approve a "surfactant class" claim for a pesticide product, all
surfactants/ synonyms in a product's basic formulation and in all alternate formulations
must meet criterion 1 below. In addition, the product as a whole must meet criterion 2.
Once EPA approves the claim on the product label, all previously approved Confidential
Statements of Formula (CSF) will be superseded by the biodegradable
surfactant/synonym CSF's.

1. Surfactants are substances that lower the surface tension of a liquid, the interaction
at the surface between two liquids (called interfacial tension), or that between a
liquid and a solid. Surfactants may act as detergents, soaps, wetting agents,
degreasers, emulsifiers, foaming agents and dispersants. All pesticide inert
ingredients with these or similar functions will be considered to be surfactants for
purposes of this pilot program. Each surfactant ingredient in the product for which
the claim is being made must meet the EPA Safer Choice Criteria for Surfactants
<https://epa.gov/saferchoice/safer-choice-criteria-surfactants>.

2. The product cannot contain any ingredients considered carcinogens, mutagens, or
reproductive toxicants (CMR) by one of the authorized bodies listed in Tables 1, 2 and
3. Only products classified as FIFRA Toxicity Category II, III or IV are eligible to make
this claim. 

Rationale: Some surfactants used in cleaning/disinfecting products pose aquatic toxicity
concerns for numerous species, and their degradation products may persist.
Nonylphenol ethoxylates (NPEs) are an example.

OPP has decided to recognize the use of surfactants that protect aquatic life by rapid
biodegradation to less toxic compounds by allowing the label to contain a claim of
"biodegradable surfactants." EPA's Safer Choice Criteria for Surfactants
<https://epa.gov/saferchoice/safer-choice-criteria-surfactants> examines a surfactant's rate of
biodegradation, degradation products and level of aquatic toxicity. Only surfactants that
meet these criteria will be eligible to make the claim. To ensure that the remaining
ingredients in these products do not pose an unacceptable risk to human health or the
environment, products must be EPA-registered and contain no ingredients considered to
be CMRs to be eligible to make this claim.
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How to Apply for the "Surfactant Class Based" Claim

1. PRIA action code is A570 with $3,474 fee. The review period is 4 months.

2. All Confidential Statements of Formula (CSFs) on file for this product (i.e., the basic
formula and all alternate formulas) must be submitted for review. Column 15,
Purpose in Formulation, on the CSF must be revised to indicate that the ingredient is
“Biodegradable” surfactant/synonym.

3. “Surfactant Class” Biodegradability Formulation Disclosure table
<https://epa.gov/pesticide-labels/formulation-disclosure-tables-biodegradability> must be submitted
with the first two columns, Ingredient Name and CAS Reg. No., completed.

4. If a formulation is being modified by the addition or exchange of a surfactant:

a. Confirmatory e�icacy data will be required, if applicable.

b. Primary eye and skin irritation data will be required, if the product supports a
“Caution” or no signal word.

c. As an alternative to generating product-specific irritation studies, the company
may:

i. submit a justification outlining why the biodegradable surfactant has either
the same level of irritation or is less irritating than the original surfactant; and

ii. include the acute toxicity data on the new surfactant.
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5. PRIA Application is “complete” once the following information has been received:

a. 1 copy of the cover letter indicating the type of action being sought.

b. 1 copy of the transmittal document/bibliography.

c. 1 copy of EPA Form 8570-1, Application of Pesticide Registration
<https://epa.gov/pesticide-registration/pesticide-registration-manual-blank-forms>.

d. 2 copies of EPA Form 8570-4, Every Confidential Statements of Formula
<https://epa.gov/pesticide-registration/pesticide-registration-manual-blank-forms> (i.e., basic and
alternate formulations) on file for the product.

e. copy of the “Surfactant Class” Biodegradability Formulation Disclosure table
<https://epa.gov/pesticide-registration/pesticide-registration-manual-blank-forms>.

f. 1 copy of EPA Form 8570-27, Formulator’s Exemption Statement
<https://epa.gov/pesticide-registration/pesticide-registration-manual-blank-forms>, if applicable.

g. 1 copy of EPA Form 8570-34, Certification with Respect to Citation of Data
<https://epa.gov/pesticide-registration/pesticide-registration-manual-blank-forms>, if applicable.

h. 1 copy of EPA Form 8570-35, Data Matrix <https://epa.gov/pesticide-registration/pesticide-

registration-manual-blank-forms>, if applicable.

i. 5 copies of proposed labeling.

j. 3 copies of data for each data requirement (Bound).

Criteria for Review of Listed
Carcinogens, Mutagens and
Reproductive Toxicants in FIFRA-
Registered Products Making a
Biodegradability Claim April 2011/
August 4, 2011
The following criteria will be used to screen FIFRA registered products seeking to make a
biodegradability claim to determine that a candidate products does not contain a
carcinogen, mutagen or reproductive toxicant listed by the following recognized
authoritative bodies: EPA, NTP, IARC and the EU.
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Carcinogenicity

Products containing an ingredient considered to be a carcinogen by one of the
authoritative bodies in Table I are not eligible to make the claim.

Table 1 – Carcinogens

Authoritative Body Criteria

National Toxicology Program
(NTP)

Known to be Human Carcinogen; Reasonably
Anticipated to be Human Carcinogen

U.S. Environmental
Protection Agency (EPA)

(2005/1999) Carcinogenic to humans, Likely to be
carcinogenic to humans, or Suggestive evidence
of carcinogenic potential (1996) Known/Likely
(1986) Group A – Human Carcinogen, Group B –
Probable human carcinogen, or Group C –
Possible human carcinogen

International Agency for
Research on Cancer (IARC)

Group 1 – Carcinogenic to humans
Group 2A – Probably carcinogenic to humans
Group 2B – Possibly carcinogenic to humans

EU CMR List

Category 1 – Known to be carcinogenic to
humans
Category 2 – Should be regarded as if
carcinogenic to humans
Category 3 – Cause for concern for humans owing
to possible carcinogenic e�ects

EU Risk Phrases

R45: May cause cancer
R49: May cause cancer by inhalation
R40: Limited evidence of a carcinogenic e�ect
And all combination risk phrases containing one or
more of the above.
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Mutagenicity

Products that contain an ingredient considered to be a mutagen or genetic toxicant by
one of the authoritative bodies in Table 2 are not eligible to make the claim.

Table 2 – Mutagenicity and Genetic Toxicity

Authoritative Body Criteria

EU CMR List

Category 1 – Substances known to be mutagenic
to humans
Category 2 – Substances which should be
regarded as if they are mutagenic to humans
Category 3 – Substances which cause concern for
human owing to possible mutagenic e�ects

EU Risk Phrases

R46: May cause heritable genetic damage
R68: Possible risk of irreversible e�ects
And all combination risk phrases containing one or
more of the above.

Reproductive and Developmental Toxicity

Products that contain an ingredient considered to be a reproductive or developmental
toxicant by one of the authoritative bodies in Table 3 are not eligible to make the claim.

Table 3 – Reproductive/Developmental Toxicity

Authoritative Body Criteria

EU CMR List

Category 1 – Known to impair fertility in humans
or known to cause developmental toxicity in
humans
Category 2 – Should be regarded as if they impair
fertility in humans or cause developmental
toxicity to humans
Category 3 – Cause concern for human fertility or
possible developmental toxic e�ects
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Authoritative Body Criteria

EU Risk Phrases

R60: May impair fertility
R61: May cause harm to the unborn child
R62: Possible risk of impaired fertility
R63: Possible risk of harm to the unborn child
R64: May cause harm to breastfed babies
And all combination risk phrases containing one or
more of the above.

Pesticide Labels Home <https://epa.gov/pesticide-labels>

Introduction to Labels <https://epa.gov/pesticide-labels/introduction-pesticide-labels>

Reading Labels <https://epa.gov/pesticide-labels/keep-safe-read-label-first>

Label Review Manual <https://epa.gov/pesticide-registration/label-review-manual>

Logos and Graphic on Labels <https://epa.gov/pesticide-labels/logos-and-graphics-pesticide-

product-labels>

Label Q&A <https://epa.gov/pesticide-labels/pesticide-labeling-questions-answers>

Contact Us <https://epa.gov/pesticide-labels/forms/contact-us-about-pesticide-labels> to ask a question,
provide feedback, or report a problem.
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Assistance <https://epa.gov/lep/assistance> Ayuda <https://epa.gov/lep/assistance#esp>

<https://epa.gov/lep/assistance#ar> مساعدة 帮助 (简体版)
<https://epa.gov/lep/assistance#chi-s>

幫助 (繁體版)
<https://epa.gov/lep/assistance#chi-tr>

Aide <https://epa.gov/lep/assistance#fr>

Asistans <https://epa.gov/lep/assistance#hc> 지원 <https://epa.gov/lep/assistance#kor>

Assistência
<https://epa.gov/lep/assistance#port>

Помощь <https://epa.gov/lep/assistance#rus>

Tulong <https://epa.gov/lep/assistance#tag> Trợ Giúp <https://epa.gov/lep/assistance#viet>

Discover.
Accessibility
Statement
<https://epa.gov/accessibi

lity/epa-accessibility-

statement>

Budget &
Performance
<https://epa.gov/planand

budget>

Contracting
<https://epa.gov/contract

s>

EPA www Web
Snapshot
<https://epa.gov/utilities/

wwwepagov-snapshots>

Grants
<https://epa.gov/grants>

Connect.
Data
<https://epa.gov/data>

Inspector
General
<https://www.epaoig.gov/

>

Jobs
<https://epa.gov/careers>

Newsroom
<https://epa.gov/newsroo

m>

Regulations.gov

<https://www.regulations.

gov/>

Subscribe
<https://epa.gov/newsroo

m/email-subscriptions-

epa-news-releases>

Ask.
Contact EPA
<https://epa.gov/home/fo

rms/contact-epa>

EPA Disclaimers
<https://epa.gov/web-

policies-and-

procedures/epa-

disclaimers>

Hotlines
<https://epa.gov/aboutep

a/epa-hotlines>

FOIA Requests
<https://epa.gov/foia>

Frequent
Questions
<https://epa.gov/home/fr

equent-questions-

specific-epa-

programstopics>
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ABSTRACT
The primary aim of this article is to provide an overview of perfluoroalkyl and polyfluoroalkyl substances (PFASs) detected in

the environment, wildlife, and humans, and recommend clear, specific, and descriptive terminology, names, and acronyms for

PFASs. The overarching objective is to unify and harmonize communication on PFASs by offering terminology for use by the

global scientific, regulatory, and industrial communities. A particular emphasis is placed on long-chain perfluoroalkyl acids,

substances related to the long-chain perfluoroalkyl acids, and substances intended as alternatives to the use of the long-chain

perfluoroalkyl acids or their precursors. First, we define PFASs, classify them into various families, and recommend a pragmatic

set of common names and acronyms for both the families and their individual members. Terminology related to fluorinated

polymers is an important aspect of our classification. Second,weprovide a brief description of the 2main productionprocesses,

electrochemical fluorination and telomerization, used for introducing perfluoroalkyl moieties into organic compounds, andwe

specify the types of byproducts (isomers and homologues) likely to arise in these processes. Third, we show how the principal

families of PFASs are interrelated as industrial, environmental, or metabolic precursors or transformation products of one

another. We pay particular attention to those PFASs that have the potential to be converted, by abiotic or biotic environmental

processes or by humanmetabolism, into long-chain perfluoroalkyl carboxylic or sulfonic acids, which are currently the focus of

regulatory action. The Supplemental Data lists 42 families and subfamilies of PFASs and 268 selected individual compounds,

providing recommended names and acronyms, and structural formulas, aswell as Chemical Abstracts Service registry numbers.

Integr Environ Assess Manag 2011;7:513–541. � 2011 SETAC
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INTRODUCTION
‘‘Fluorinated substances’’ is a general, nonspecific name

that describes a universe of organic and inorganic substances
that contain at least 1 F atom, with vastly different physical,
chemical, and biological properties (Banks et al. 1994).
Synonyms include ‘‘fluorochemicals’’ and ‘‘fluorinated chem-
icals.’’ A subset of fluorinated substances is the highly
fluorinated aliphatic substances that contain 1 or more C
atoms on which all the H substituents (present in the
nonfluorinated analogues from which they are notionally
derived) have been replaced by F atoms, in such a manner
that they contain the perfluoroalkyl moiety CnF2nþ1–. These
compounds are hereafter referred to as ‘‘perfluoroalkyl and
polyfluoroalkyl substances’’ and denoted by the acronym
PFASs, justification for the choice of which is provided below.

Since 1950, PFASs and surfactants and polymers made with
the aid of PFASs have been widely used in numerous
industrial and commercial applications (Kissa 2001). The
C–F bond is extremely strong and stable (Smart 1994). The
chemical and thermal stability of a perfluoroalkyl moiety, in
addition to its hydrophobic and lipophobic nature, lead to
highly useful and enduring properties in surfactants and
polymers into which the perfluoroalkyl moiety is incorpo-
rated (Kissa 1994, 2001). Polymer applications include textile
stain and soil repellents and grease-proof, food-contact paper
(Rao and Baker 1994). Surfactant applications that take
advantage of the unparalleled aqueous surface tension–low-
ering properties include processing aids for fluoropolymer
manufacture, coatings, and aqueous film–forming foams
(AFFFs) used to extinguish fires involving highly flammable
liquids (Kissa 1994; Taylor 1999; Kissa 2001). Numerous
additional applications have been described (3M Company
1999; Kissa 2001).

As a consequence of the widespread use of PFASs and their
resulting emissions, a broad range of these substances have
been detected in the environment, wildlife, and humans. The
global extent of such contamination was first demonstrated
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for perfluorooctane sulfonic acid, C8F17SO3H (PFOS) in
wildlife by Giesy and Kannan (2001). (It should be noted
that, throughout this article, we refer to all PFASs containing
an acid functionality as ‘‘acids,’’ regardless of whether or not
they are likely to be highly or completely ionized in
environmental or human matrices). At about the same time
as the study by Giesy and Kannan, Hansen et al. (2001)
discovered that PFOS, perfluorooctanoic acid (PFOA,
C7F15COOH), and other PFASs were present in numerous
samples of human blood purchased from biological supply
companies. This latter study suggested that PFASs were
responsible for a substantial fraction of the organic F detected
in human serum in earlier pioneering studies on individuals
not occupationally exposed to PFASs (e.g., Taves 1968;
Belisle 1981). The blood of a group of fluorochemical
industry workers had already been confirmed to contain
PFOA (Ubel et al. 1980). The relative significance of various
human exposure pathways for PFOS, PFOA, and related
substances, i.e., via food, food-contact materials, drinking
water, breast milk, airborne dust, air, and so forth, is a
crucially important question that has been the focus of much
research, reviewed recently by D’Hollander et al. (2010).
Another important research topic, directly related to expo-
sure of humans and wildlife, is the question of how and how
fast PFOS and PFOA, as well as their homologues and
precursors, are transported away from their emission sources
over long distances in air and/or water (Armitage et al. 2006;
Prevedouros et al. 2006; Wallington et al. 2006; Yarwood
et al. 2007; Wania 2007; Schenker et al. 2008; Armitage et al.
2009a, 2009b; Stemmler and Lammel 2010).

The global regulatory community is specifically interested
in ‘‘long-chain’’ perfluoroalkyl sulfonic acids (CnF2nþ1SO3H,
n � 6, PFSAs) and perfluoroalkyl carboxylic acids
(CnF2nþ1COOH, n � 7, PFCAs) and their corresponding
anions (USEPA 2009; OECD 2011), which have been shown
to be more bioaccumulative than their short-chain analogues
(Martin et al. 2003a, 2003b; Conder et al. 2008; Olsen et al.
2009). PFOS and PFOA are the 2 ‘‘long-chain’’ perfluoroalkyl
acids most often reported and discussed in the scientific
literature.

As explained, for example, by Paul et al. (2009) and
Prevedouros et al. (2006), the presence of PFOS, PFOA, and
similar substances in the environment originates from the
industrial use and environmental release of these substances,
from use and disposal of consumer products that may contain
them as an impurity, and from the abiotic or biotic
degradation of larger functional derivatives and polymers that
contain a perfluoroalkyl moiety and degrade in the environ-
ment to form PFOS, PFOA, and similar substances. These
precursor substances are more commonly used commercially
and may be released to the environment from industrial raw
materials and products and from consumer products and
articles.

Concerns about the potential environmental and toxico-
logical impact of long-chain PFSAs and PFCAs have led to: 1)
the phase-out of production of PFOS and related compounds
and PFOA by their major global manufacturer in 2000 to
2002 (3M Company 2000a; USEPA 2000); 2) the conclusion
of a stewardship agreement between the US Environmental
Protection Agency (USEPA) and 8 leading global companies
to reduce emissions and product content of PFOA and related
chemicals by 95% by 2010 and to work toward their
elimination by 2015 (USEPA 2006b); 3) a similar agreement

between the Canadian environmental and health authorities
and 5 companies to restrict PFCAs in products (Environment
Canada 2010); 4) a European Union Marketing and Use
Directive restricting the use of ‘‘perfluorooctane sulfonates’’
in the European Union (European Parliament 2006b); 5) the
inclusion of PFOS in the Stockholm Convention on Persistent
Organic Pollutants as an Annex B substance, i.e., restricted in
its use (UNEP 2009); and 6) other regulatory and voluntary
initiatives intended to reduce environmental emissions of this
family of compounds.

The concern over potential environmental and human
health impacts of PFASs has led to the launching of several
large research programs to elucidate their environmental
origin, fate, and impact, funded by various authorities in, for
example, the European Union (de Voogt et al. 2006; de
Voogt 2009), the United States (USEPA 2010), and Canada
(INAC 2009). Moreover, alternative PFASs intended to be
replacements for the long-chain PFSAs and PFCAs have been
developed and implemented in certain cases (Visca et al.
2003; Higuchi et al. 2005; Hintzer et al. 2005; Brothers et al.
2008; Ishikawa et al. 2008; Peschka et al. 2008; Gordon
2011).

Since the first reports revealing the widespread global
occurrence of PFOS in wildlife (Giesy and Kannan 2001)
and the frequent detection of PFASs in human blood (Hansen
et al. 2001) were published a decade ago, the scientific
literature on the environmental and toxicological aspects of
PFASs has burgeoned rapidly, and the rate of publication
currently exceeds 400 articles per year. In the existing body
of literature, including governmental reports, authors have
created terminology, names, and acronyms to describe
these substances. Unfortunately, inconsistencies have inevi-
tably arisen between various groups of authors. In the absence
of any concerted effort between scientists to agree on a
common terminology to designate the substances, a given
compound has often been denoted by a variety of different
names and acronyms, or a given acronym has been used to
represent different substances. In addition, names to
describe broad groups of substances have proliferated that
in some instances mistakenly portray substances that are very
different from one another as being the same. As a result, the
scientific literature for these substances has at times become
confusing. There is a need for harmonized terminology,
names, and acronyms that clearly and specifically describe
PFASs.

OBJECTIVES
The primary aim of this article is to recommend clear,

specific, and descriptive terminology, names, and acronyms
for PFASs, so as to promote a sound, unified understanding
among all players in the PFAS industry, the environmental
science related to it, and the bodies responsible for the
regulation of chemicals, hence facilitating meaningful com-
munication among all concerned.

A particular emphasis is placed on the long-chain
perfluoroalkyl acids, substances related to the long-chain
perfluoroalkyl acids, and substances intended as alternatives
to the use of the long-chain perfluoroalkyl acids or their
precursors. We trust that the terminology, names, and
acronyms suggested will be broadly adopted by the ‘‘per-
fluoroalkyl and polyfluoroalkyl substances community’’ at
large, leading to harmonized usage and the avoidance of
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misnomers. We have nevertheless refrained from creating an
all new nomenclature but have retained—as far as possible—
the most popular terms and acronyms used by authors to
date. In other words, our proposals result from a pragmatic
compromise among textbook and/or International Union for
Pure and Applied Chemistry (IUPAC) chemical nomencla-
ture, universal consistency, and frequently adopted ‘‘legacy’’
usage.

It is important to note that the substance terminology,
names and acronyms proposed in this article are in no way
intended to compete with or supplant IUPAC or Chemical
Abstracts Service (CAS) nomenclature. The latter names are
the designations of choice when a specific substance needs to
be unequivocally identified, e.g., in official regulatory docu-
ments. Our intention is to provide terminology, names, and
acronyms for pragmatic everyday use within the scientific
community. Thus, for example, the IUPAC name for
the substance C8F17SO2N(C2H5)CH2CH2OH is ‘‘N-ethyl-
1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-heptadecafluoro-N-(2-
hydroxyethyl)octane-1-sulfonamide,’’ but it is more conven-
ient to use the less rigorous but shorter designation ‘‘N-ethyl
perfluorooctane sulfonamidoethanol’’ (or the corresponding
acronym EtFOSE) for use in publications aimed at specialist
readers. Rigor can always be ensured by appending the
appropriate CAS Registry Number when each compound is
first mentioned in a publication. We encourage this practice
and provide CAS numbers for many commonly discussed
compounds in the Supplemental Data.

In addition to recommending terminology, names, and
acronyms, this article provides a brief review of certain topics
useful for understanding the occurrence of and relationships
between various families of PFASs in the environment. First,
we describe the major commercial processes for synthesizing
perfluoroalkyl moieties and the resulting compositions,
including formation of isomers and/or homologues of the
targeted main products. Second, we present the interrelation-
ships between families of PFASs that may be precursors to or
products of one another as a result of abiotic or biotic
transformations that may occur under industrial, environ-
mental, or metabolic conditions.

A large number of PFASs have been commercially
produced (OECD 2007), and not all are covered here. We
have included the main families, individual compounds, and
their degradation products that have been detected in
environmental and human samples related to long-chain
perfluoroalkyl acids, precursors to these substances, and their
short-chain fluorinated alternatives. We provide literature
references for studies that demonstrate how one family of
PFASs may be transformed into another under abiotic or
biotic conditions, and/or report the presence of the various
families in the environment or humans. Nevertheless, given
the vast number of publications on the most common PFASs,
such as the perfluoroalkyl sulfonic and carboxylic acids and
their anions and salts, the reader is referred to published
reviews and extensive surveys for comprehensive literature
compilations for these compounds (e.g., Kannan et al. 2004;
Houde et al. 2006; Lau et al. 2007; van Leeuwen and de Boer
2007; Jahnke and Berger 2009; Loos et al. 2009; Pistocchi and
Loos 2009; Rayne and Forest 2009b; Butt, Berger, et al. 2010;
de Voogt 2010; Kwok et al. 2010; Loos et al. 2010; Sturm and
Ahrens 2010; Ahrens 2011; Houde et al. 2011). Furthermore,
because an emphasis here is on how the various categories of
PFASs are interrelated, our citations on transformation

processes and environmental presence often refer to families
of substances, so the reader should consult the original
publications for details on individual substances.

It should be noted that in this article, the terms
‘‘substance,’’ ‘‘compound,’’ ‘‘chemical,’’ and ‘‘species’’ are
used interchangeably for designating a given molecular
structure, although it is recognized that in other contexts
their meanings may not be identical. For example, in the
European REACH legislation (European Parliament 2006a), a
‘‘substance’’ may include impurities and stabilizers in addition
to the main constituent.

KEY TERMINOLOGY AND USAGE ASSOCIATED
WITH PERFLUOROALKYL AND POLYFLUOROALKYL
SUBSTANCES

Perfluoroalkyl and polyfluoroalkyl substances and
perfluorocarbons defined

As defined above, PFASs are aliphatic substances contain-
ing one or more C atoms on which all the H substituents
present in the nonfluorinated analogues from which they are
notionally derived have been replaced by F atoms, in such a
manner that PFASs contain the perfluoroalkyl moiety
CnF2nþ1–. More explicitly, we recommend that the family
of compounds denoted by the acronym PFAS should
encompass:

� Perfluoroalkyl substances, which are defined as aliphatic
substances for which all of the H atoms attached to C
atoms in the nonfluorinated substance from which they are
notionally derived have been replaced by F atoms, except
those H atoms whose substitution would modify the nature
of any functional groups present. This usage is consistent
with the definition of ‘‘perfluoro’’ and ‘‘perfluorinated’’
provided by Banks et al. (1994, p. 2).

� Polyfluoroalkyl substances, defined here as aliphatic sub-
stances for which all H atoms attached to at least one (but
not all) C atoms have been replaced by F atoms, in such a
manner that they contain the perfluoroalkyl moiety
CnF2nþ1– (e.g., C8F17CH2CH2OH). Thus, whereas the
general chemical concept of ‘‘polyfluorination’’ embraces
compounds containing ‘‘scattered’’ multiple F atoms (such
as in CH2FCHFCHFCH2OH), as well as ‘‘grouped’’ ones
(such as in CF3CF2CH2COOH), we consider that only
those polyfluorinated substances having at least one
perfluoroalkyl moiety CnF2nþ1– belong to the PFAS family.

The differences between perfluoroalkyl and polyfluoroalkyl
substances are illustrated by 2 concrete examples in Table 1.

Polyfluoroalkyl substances have the potential (i.e., the
demonstrated or theoretical capability under appropriate
conditions) to be transformed abiotically or biotically into
perfluoroalkyl substances. For example, CnF2nþ1SO2

NHCH2CH2OH (a polyfluoroalkyl substance) may degrade
in the environment to CnF2nþ1SO3H (a perfluoroalkyl
substance).

The general term ‘‘perfluoroalkyl(ated) substance,’’ with
the acronym PFAS, was the first to be defined and widely used
to describe the broad class of highly fluorinated substances
observed in the environment (Hekster et al. 2002; Hekster
et al. 2003). It has been employed by the groups of scientists
who collaborated in the finalized European Union PER-
FORCE project (de Voogt et al. 2006) and others who have
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followed their example. Soon thereafter, many authors began
using the acronym PFC and have defined it in many different
ways. As a result, the meaning of the acronym PFC is unclear
and not well defined. Moreover, we consider this choice to
have been an unfortunate and inappropriate one, given that
the acronym PFC has been used in official Kyoto Protocol
documents since its adoption in 1997 to specifically designate
perfluorocarbons (United Nations 1998), one of the families
of greenhouse gases regulated by this important multilateral
international agreement. Clearly, a given acronym may
legitimately be used in different spheres of activity to denote
different concepts, provided these activities are sufficiently
disconnected from each other. However, both PFCs and
PFASs belong to the overall family of fluorinated chemicals
and, hence, are too closely related to share a common
acronym. We, therefore, strongly urge the community to
adopt henceforth the use of the term PFASs (singular PFAS)
as an acronym for ‘‘perfluoroalkyl and polyfluoroalkyl
substances’’ and the term PFCs (singular PFC) exclusively
for ‘‘perfluorocarbons.’’ PFCs are notionally derived from
hydrocarbons by replacing all H atoms by F atoms, so that
they contain only the elements C and F, and functional groups
are absent. Examples of PFCs are tetrafluoromethane (CF4),
hexafluoroethane (C2F6), octafluorocyclobutane (c-C4F8),

and perfluorodecalin (C10F18). Those PFCs that contain
a CnF2nþ1– moiety are, by definition, members of the PFAS
family, but PFCs are chemically very stable substances, and
it is uncertain whether any of them can actually degrade in
the environment (e.g., in the upper atmosphere) to give
functionalized PFASs such as PFCAs that might ultimately be
deposited to the Earth’s surface.

‘‘Fluorinated polymers’’ and ‘‘fluoropolymers’’ defined

We recommend using the broad generic term ‘‘fluorinated
polymers’’ to encompass all polymers for which one or more
of the monomer units contains the element F, in the backbone
and/or in side chains. Fluorinated polymers may or may not
be PFASs, depending on whether they contain perfluoroalkyl
moieties.

In compliance with time-honored usage within the
industry, we recommend further that the term ‘‘fluoro-
polymers’’ be applied only to a distinct subset of fluorinated
polymers, namely, those made by (co)polymerization of
olefinic monomers, at least one of which contains F bound
to one or both of the olefinic C atoms, to form a carbon-only
polymer backbone with F atoms directly attached to it, e.g.,
polytetrafluoroethylene.

Table 1. Examples of the correct and incorrect (or undesirable) uses of the proposed nomenclature for perfluoroalkyl and polyfluoroalkyl
substances (PFASs)

Example

Example statements

Correct Incorrect or undesirable

COOH 

F F F F F F

F

F
F

F F F F F F

COOH 

F F F F F F

F

F
F

H H F F F F

� Both are PFASs, within the family of
perfluoroalkyl and polyfluoroalkyl
substances

� Both are carboxylic acids

� Both are:
– Perfluoroalkyl substances, chemicals, compounds
– Perfluorinated substances, chemicals, compounds
– Polyfluoroalkyl substances
– Polyfluorinated substances
– Fluorocarbons
– Perfluorocarbons
– Fluorinated substances, chemicals, compounds
– Perfluorochemicals
– Perfluorinated chemicals
� Both contain fluorocarbons

COOH 

F F F F F F

   F

   F
F

F F F F F F

� All H atoms on all C atoms in the
alkyl chain attached to the carboxylic
acid functional group are replaced
by F

� This is a: PFAS, perfluoroalkyl acid
(PFAA), perfluoroalkyl carboxylic
acid (PFCA)

� Specifically, this is perfluorooctanoic
acid, CAS number 335-67-1

� This is a:
– Perfluorinated substance, chemical, compound
– Fluorinated substance, chemical, compound
– Fluorocarbon
– Perfluorocarbon

COOH 

F F F F F F

F

F
F

H H F F F F

� The alkyl chain attached to the
carboxylic acid functional group is
polyfluorinated

� This is a: PFAS, polyfluoroalkyl acid,
polyfluoroalkyl carboxylic acid

� Specifically, this is
2,2,3,3,4,4,5,5,7,7,8,8,8- trideca-
fluorooctanoic acid

� This is a:
– Polyfluorinated substance, chemical, compound
– Fluorinated substance, chemical, compound
– Perfluorinated substance, chemical, compound
� A portion of this compound is perfluorinated
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Chain length terminology

PFASs, especially the perfluoroalkyl acids and their anions,
are frequently referred to as ‘‘long-chain’’ or ‘‘short-chain.’’
To avoid any subjectivity associated with these adjectives, we
urge scientists to adopt the definition provided by the
Organisation for Economic Co-operation and Development
(OECD 2011), which stipulates that ‘‘long-chain’’ refers to:

� perfluoroalkyl carboxylic acids with eight carbons and
greater (i.e., with 7 or more perfluorinated carbons) and,

� perfluoroalkane sulfonates with six carbons and greater
(i.e., with 6 or more perfluorinated carbons).

The ‘‘long-chain’’ definitions for PFCAs and PFSAs are
different in number of C atoms because a PFSA (e.g.,
PFHxS, C6F13SO3H) with a given number of carbons (6 in
the example given) has a greater tendency to bioconcentrate
and/or bioaccumulate than a PFCA with the same number of
C atoms (e.g., PFHxA, C5F11COOH) (Martin et al. 2003a,
2003b). Although the OECD definition does not include
perfluoroalkyl substances other than carboxylates and sulfo-
nates, one may consider that a perfluoroalkyl chain with 7 or
more C atoms, e.g., C7F15–, is, in any case, ‘‘long.’’

Linear and branched terminology

Many PFASs exist as families of isomers due to branching
of the main C backbone (Alsmeyer et al. 1994). Linear
isomers, for which there can only be 1 congener per Cn

homologue group, are composed of carbons that are bonded
to only 1 or 2 other C atoms. Branched isomers, for which
there can be several or many congeners per Cn homologue
group, are composed of C atoms that may be bound to
more than 2C atoms, resulting in a branching of the C
backbone. For example, PFOS is routinely present in many
environmental samples as a mixture of the linear isomer and
10 branched isomers (Riddell et al. 2009), whereas 89
congeners are theoretically possible (Rayne et al. 2008). To
address the characterization of the numerous isomers and
homologues arising during the electrochemical fluorination
process (see below), a systematic numbering system for
unequivocally identifying the linear and branched congeners
of several families of PFASs has been proposed (Rayne
et al. 2008). In the following text and in the Supplemental
Data, we will designate perfluoroalkyl moieties, in general, by
the formula CnF2nþ1–, thereby including both linear and
branched structures, even for substances that, given their
manufacturing process (see discussion below), may be
presumed to be predominantly linear, so that CnF2nþ1– is
equivalent to F(CF2)n–.

The mixture of linear and branched isomers presents
challenges in providing an accurate quantification of many
PFASs in environmental matrices (Riddell et al. 2009).
Nevertheless, the study of linear and branched isomers is
useful for understanding sources of PFASs (De Silva and
Mabury 2004, 2006; De Silva et al. 2009; Benskin, De Silva,
et al. 2010; Benskin, Yeung, et al. 2010), because the
production of isomers varies by manufacturing process. The
telomerization process produces primarily or exclusively
linear PFASs, whereas the electrochemical fluorination
process produces a mixture of branched and linear isomers,
as discussed below.

Use of acronyms for acids and their anions

Many PFASs are acids and may be present as protonated or
anionic forms, or a mixture of both, depending on the pH of
the environmental matrix and the compound’s acid dissoci-
ation constant (pKa). The pKa values for many of the PFASs
(e.g., PFOA) are under review or are unknown, and for
simplicity, we will refer to all PFASs with an acid
functionality as ‘‘acids,’’ rather than as carboxylates, sulfo-
nates, and so forth, although recognizing that the dissociated
forms may well predominate in environmental and human
matrices. Furthermore, given that these acids are generally
analyzed as their anions (Larsen and Kaiser 2007), we
recommend using the same substance acronym to cover both
the protonated and ionized forms. However, an exception is
made to this general rule when it is essential to make a
distinction between the protonated acid form and the anionic
form, such as when reporting physicochemical properties or
modeling environmental fate and transport (Armitage et al.
2009b; Webster et al. 2010). In these cases, it is recom-
mended to designate PFCA anions by removing the ‘‘A’’ from
the individual substance acronym (e.g., PFO for perfluor-
ooctanoate), maintain the original abbreviation for the acid
(e.g., PFOA for perfluorooctanoic acid), and refer to both
chemical forms using a collective abbreviation involving
parentheses surrounding the ‘‘A,’’ e.g., PFO(A) for combined
perfluorooctanoate and perfluorooctanoic acid. In the case of
PFSAs, it is suggested to add the prefix ‘‘H-’’ to the generic
substance acronym to form the abbreviation for the neutral
species. This leads, for example, to the abbreviations H-
PFOS, PFOS, and (H-)PFOS for the protonated, anionic, and
combined forms of the 8-C PFSA, respectively.

Surfactant terminology

Many PFASs are used as surfactants. Traditional surfactants
comprise a water-soluble hydrophilic portion and a water-
insoluble hydrophobic portion. Surfactants lower the surface
tension of a liquid, or the interfacial tension between 2
liquids, or between a liquid and a solid. In fluorinated
surfactants, the hydrophobic portion contains F bound to C,
often as a perfluoroalkyl moiety. The extent of fluorination
and location of the F atoms affect the surfactant properties.
PFAS surfactants, often referred to as ‘‘fluorinated surfac-
tants,’’ ‘‘fluorosurfactants,’’ ‘‘fluorinated tensides,’’ or ‘‘fluo-
rotensides,’’ are superior in their aqueous surface tension
reduction at very low concentrations and are useful as
wetting and leveling agents, emulsifiers, foaming agents, or
dispersants (Kissa 1994; Taylor 1999; Kissa 2001). The term
‘‘tenside’’ is encountered most frequently in publications of
German origin, and the synonym ‘‘surfactant’’ is preferred
in English. Examples of fluorinated surfactants are NHþ

4

C7F15CO�
2 and Naþ C6F13CH2CH2SO

�
3 .

Terminology describing direct and indirect sources of PFASs
to the environment

The sources of PFAS (e.g., PFOS or PFOA) emissions to
the environment are from their purposeful manufacture, use,
and disposal, from their being present as impurities in
substances that are emitted to the environment or from
precursor substances that degrade abiotically or biotically in
the environment. Harmonizing the terminology for describing
‘‘sources’’ is needed. We recommend that the term ‘‘direct’’
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emission sources should refer to emissions of a specific PFAS
as such, throughout its product life cycle from manufacture to
use and disposal, including emissions from a product in which
the PFAS is present as an impurity. On the other hand, the
term ‘‘indirect’’ emissions should apply to formation of a
specific PFAS by transformation of precursor substances in
the environment, wildlife, or humans, such as PFOA formed
from the biotransformation of 8:2 fluorotelomer alcohol
(FTOH), or C4F9COOH from the atmospheric degradation
of perfluorobutane sulfonamidoethanol. These definitions
depart somewhat from those of Prevedouros et al. (2006)
who considered emissions of impurities present in a product
to be ‘‘indirect.’’ These alternative definitions do not create
large differences in the emissions allocated to direct and
indirect sources in the case of PFOA, because the majority of
direct emissions are derived from manufacturing sources.

MANUFACTURING PROCESSES
For a better understanding of the environmental occur-

rence and behavior of PFASs, as well as the relationships
between families of PFASs, it is useful to describe briefly the 2
principal manufacturing processes used to produce com-
pounds containing perfluoroalkyl chains.

Electrochemical fluorination

Electrochemical fluorination (ECF) is a technology in
which an organic raw material (e.g., octane sulfonyl fluoride
[OSF], C8H17SO2F) undergoes electrolysis in anhydrous HF,
leading to the replacement of all the H atoms by F atoms
(Alsmeyer et al. 1994). The free-radical nature of the process
leads to C chain rearrangement and breakage, resulting in a
mixture of linear and branched perfluorinated isomers and
homologues of the raw material, as well as PFCs and other
species (Alsmeyer et al. 1994). The ratio of linear to branched

perfluorinated C chains formed in the ECF process varies
depending on how the process is controlled but is roughly
70% to 80% linear and 20% to 30% branched in the case of
the synthesis of PFOS and PFOA (3M Company 1999;
Reagen et al. 2007; Lehmler 2009; Benskin, De Silva, et al.
2010). The ECF of C8H17SO2F yields 1) perfluorooctane
sulfonyl fluoride (POSF, C8F17SO2F), which is the major raw
material used to manufacture PFOS (Figure 1a); 2) a series of
functional raw materials such as sulfonamides, sulfonamido
alcohols, and sulfonamido acrylate monomers; and 3) a family
of surfactants and polymers derived therefrom (3M Company
1999; Lehmler 2005). Likewise, the ECF of octanoyl
fluoride, C7H15COF, is the major historic process used to
manufacture perfluorooctanoyl fluoride, C7F15COF, which is
further reacted to make PFOA and its salts (Figure 1b) (Kissa
1994). The major global historic manufacturer using the ECF
process produced 6-, 8-, and (to a lesser extent) 10-carbon
perfluoroalkane sulfonyl derivatives and products therefrom
(3M Company 2000c). In 2001, the company announced it
would no longer manufacture these substances or PFOA.
Others continued to use the ECF process to make these
substances and there are now new manufacturers of both
PFOS and PFOA. The major historic manufacturer is now
making alternative products using the ECF process based on
perfluorobutane, rather than perfluorooctane, sulfonyl chem-
istry (Renner 2006; Olsen et al. 2009; Ritter 2010).

Telomerization

Telomerization (Figure 2), which is a second important
process for manufacturing perfluoroalkyl substances, is a
technology in which a perfluoroalkyl iodide, CmF2mþ1I
(PFAI), most commonly pentafluoroethyl (or perfluoroethyl)
iodide, C2F5I (PFEI), is reacted with tetrafluoroethylene,
CF2––CF2 (TFE) to yield a mixture of perfluoroalkyl iodides

Figure 1. Synthesis, by electrochemical fluorination, of building blocks leading to PFOS, PFOA, and derivatives.
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with longer perfluorinated chains CmF2mþ1(CF2CF2)nI.
The starting iodide is referred to as the ‘‘telogen’’ and the
TFE as the ‘‘taxogen.’’ The product perfluoroalkyl iodide
mixture is often then reacted further, in a 2nd process step,
where ethylene is inserted, to give CmF2mþ1(CF2CF2)n
CH2CH2I. The perfluoroalkyl iodides, CmF2mþ1(CF2CF2)nI,
commonly known as Telomer A, resulting from telo-
merization, the 1st step, and the ‘‘fluorotelomer iodides,’’
CmF2mþ1(CF2CF2)nCH2CH2I, commonly known as Telomer
B, formed in the 2nd step, are raw material intermediates
used to produce additional building blocks that are further
reacted to create a family of ‘‘fluorotelomer-based’’ surfactant
and polymer products. This process is illustrated in Figure 2
for the synthesis of a fluorotelomer alcohol (FTOH), whereas
Figure 3 shows how a range of products can be synthesized
from the perfluoroalkyl iodide intermediate (exemplified for a
starting PFAI with 8C atoms).

It should be noted that, in the ‘‘X:Y’’ designation, e.g., 8:2
fluorotelomer alcohol (C8F17CH2CH2OH, 8:2 FTOH), used
for naming fluorotelomer-based substances, X is the number
of perfluorinated C atoms and Y is the number of non-
fluorinated C atoms that originate from the commercial
synthesis. As with products derived from ECF, the major
global fluorotelomer manufacturers are making available
alternative shorter-chain products, in this case based on 6
(rather than 8) perfluoroalkyl C atoms (Renner 2006; Ritter
2010).

The most widely used commercial telomerization process
uses PFEI and TFE. When a linear telogen and taxogen are
employed in the telomerization process, the resulting
perfluoroalkyl iodides have exclusively linear perfluoroalkyl
chains. If a branched and/or odd C number telogen, e.g.,
(CF3)2CFI, is employed and reacted with TFE, the resulting
product mixture will be branched and/or will contain an odd
number of C atoms, despite the incorporation of an even
number of taxogen -CF2- units from the TFE. The extent to
which branched and/or odd C number telogens may have
been actually used in commercial practice is unclear. Such
telogens have been described in patents (e.g., Katsushima
et al. 1964; Millauer 1971; Grottenmüller et al. 2000), but

this does not necessarily mean that they have been employed
commercially. Nevertheless, in certain environmental sam-
ples, ‘‘isopropyl branched PFCA isomers,’’ i.e., ones with a
terminal (CF3)2CF- group, have been observed, albeit at low
levels compared to their linear counterparts, whereas other
branched isomers were either absent or present at much
lower levels. This is the case, inter alia, for PFCAs with 9, 11,
or 13C atoms, i.e., perfluorononanoic, perfluoroundecanoic,
and perfluorotridecanoic acids (PFNA, PFUnDA, and
PFTrDA, respectively), which are believed to be manufac-
tured by the ozonation of a mixture of fluorotelomer olefins
(FTOs, CnF2nþ1CH––CH2) (Ukihashi et al. 1977; Aoyama
and Chiba 1997) and which may be formed by the environ-
mental transformation of telomer-derived precursor PFASs.
The isopropyl branched isomers of these PFCAs observed in
the environment (Furdui et al. 2008; De Silva et al. 2009;
Benskin, De Silva, et al. 2010; Zushi et al. 2010) may
therefore originate from the use of branched telogens for
manufacturing specific isomers of PFNA, PFUnDA, and
PFTrDA or their precursors. Nevertheless, the interpretation
of branched-to-linear isomer concentration ratios is not
straightforward, because certain environmental samples were
found to contain up to 3 other PFNA isomers (for example) in
addition to the linear and isopropyl branched forms (De Silva
and Mabury 2006; Benskin et al. 2007; De Silva et al. 2009).
Furthermore, the fact that individual isomers have different
physicochemical properties means the patterns in the
environment and biota will be transformed relative to the
pattern in the emission source.

FAMILIES OF PERFLUOROALKYL AND
POLYFLUOROALKYL SUBSTANCES

There are numerous families of PFASs (Figure 4), each
with many individual homologous members and isomers
thereof (Tables 2, 3, and 4). This section provides a
hierarchical overview of the common substance names,
acronyms, and chemical formulas of those families of
compounds and selected individual substances that have been
detected in environmental and human matrices. The dis-
cussion includes references to manufacturing processes and

Figure 2. Synthesis, by telomerization, of building blocks leading to fluorotelomer alcohols.
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uses for individual PFASs, as well as their environmental
occurrence, for a better understanding of their environ-
mental origin and how certain families and substances are
related to one another. Another key point of the discussion
is the likelihood that any or all members of PFAS groups
have the ability to transform to the long-chain per-
fluorinated acids, provided, of course, that they have a long
enough perfluoroalkyl moiety. A more comprehensive com-
pilation of individual substances is given in the Supplemental
Data, which also includes CAS registry numbers when
assigned.

First, we choose to make a fundamental distinction in
substances by dividing them into 2 primary categories:
nonpolymers and polymers (Figure 4). It is well accepted
that polymers generally have very different physical, chem-
ical, and biological properties than discrete chemical sub-
stances of low molecular weight (e.g., methyl methacrylate
versus poly[methyl methacrylate]). There are various defi-
nitions of a polymer, but the basic concept describes a
substance consisting of molecules characterized by the
sequence of one or more types of monomer unit. Precise
criteria for distinguishing polymers from nonpolymers have
been established, for instance, under the European Union
REACH legislation (ECHA 2008).

Nonpolymer perfluoroalkyl and polyfluoroalkyl substances

Perfluoroalkyl acids. Perfluoroalkyl acids (PFAAs) occupy a
prominent place in the literature on PFASs. The family of
PFAAs includes perfluoroalkyl carboxylic, sulfonic, sulfinic,
phosphonic, and phosphinic acids (Table 2). PFAAs are
important both because they are highly persistent substances
that have been directly emitted to the environment or are
formed indirectly from the environmental degradation or

metabolism of precursor substances, and because they (or
their salts) are or have been used in a wide variety of industrial
and consumer applications. Depending on their acid strength
(pKa value), PFAAs will dissociate to a greater or lesser extent
to their anions in aqueous environmental media, soils, or
sediments. The protonated and anionic forms have very
different physicochemical properties. For instance, the per-
fluorooctanoate anion is highly water-soluble and has
negligible vapor pressure, whereas perfluorooctanoic acid
has very low water solubility and sufficient vapor pressure to
partition out of water into air (Kaiser et al. 2005; Kaiser et al.
2006; Webster and Ellis 2010; Webster et al. 2010).
However, for perfluoroalkyl carboxylic acids, there is an
ongoing debate regarding what is the environmentally
relevant pKa, with measured and estimated values varying
by several log units for PFOA (Burns et al. 2008; Goss 2008;
Cheng et al. 2009; Rayne and Forest 2010a).

Perfluoroalkyl carboxylic acids: Perfluoroalkyl carboxylic acids
(PFCAs; Table 2), also known as perfluorocarboxylic acids or
perfluoroalkanoic acids, have the general chemical
formula CnF2nþ1COOH. The most frequently discussed
PFCA is PFOA, C7F15COOH. The ammonium salt of PFOA,
ammonium perfluorooctanoate (APFO, NHþ

4 C7F15COO�)
has been used for many decades as an essential ‘‘processing
aid’’ in the manufacture of fluoropolymers such as polytetra-
fluoroethylene, by the dispersion (or emulsion) process (Kissa
1994; Fluoropolymer Manufacturing Group 2001). A chemi-
cally inert perfluorinated surfactant is chosen for this
application to avoid reaction of the growing free-radical
polymer chains with the processing aid, which would lead to a
lowering of the molecular weight of the polymer produced.
APFO and derivatives of it were also produced and marketed
for fluorosurfactant use (3M Company 2000a). Between 1947

Figure 3. Perfluoroalkyl carboxylic acids and fluorotelomer (FT) derivatives synthesized from perfluoroalkyl iodides (PFAIs), exemplified for a starting PFAI with

8C atoms. N.B. Names and acronyms for substance families are indicated. Those for the specific compounds shown can be found in the Supplemental Data.

520 Integr Environ Assess Manag 7, 2011—RC Buck et al.
WG Ex. 36

1807



and 2002, APFO was manufactured by multiple companies
around the world, probably mainly or exclusively by ECF of
octanoyl fluoride. In 2002, the major global historic APFO
manufacturer ceased its production (3M Company 2000a,
2000c). Thus, in addition to continued ECF-based APFO
production from the remaining ECF producers, a process in
which linear perfluorooctyl iodide (PFOI) synthesized by
telomerization is converted into PFOA was brought on-
stream in late 2002 to meet the need for this critical raw
material (Prevedouros et al. 2006). This new telomerization-
based process leads to only linear PFOA, whereas the ECF
process produces a mixture of linear (70%–80%) and
branched PFOA isomers.

Perfluorononanoic acid, C8F17COOH (PFNA) has also
been manufactured and used (from 1975 onward) as its
ammonium salt, NHþ

4 C8F17COO� (APFN), principally for
producing fluoropolymer dispersions, especially polyvinyli-
dene fluoride (PVDF) (Prevedouros et al. 2006). It has also
been marketed for general use as a fluorinated surfactant. A
sample of commercial ‘‘APFN,’’ known as Surflon1 S-111,
has been analyzed and shown to contain significant propor-

tions of the ammonium salts of longer PFCA homologues,
especially those with 11 (PFUnDA) and 13 (PFTrDA) C
atoms, which amounted to 20 and 5 weight percent of the
mixture, respectively (Prevedouros et al. 2006; in the
supporting information). The presence of these homologues
with 2 and 4 additional C atoms, as confirmed by an industrial
user (van der Putte et al. 2010), indicates that Surflon1 S-111
is derived from a mixture of fluorotelomer-based precursors
and, hence, suggests that it is constituted, predominantly or
exclusively, of linear isomers. These conclusions are consis-
tent with patents that claim manufacture of PFNA from
telomer-based raw materials, namely by the oxidation of
8:2 fluorotelomer olefin, C8F17CH––CH2 (Ukihashi et al.
1977; Aoyama and Chiba 1997) or by the carboxylation of
C8F17I (Nagasaki et al. 1988). The APFN commercial
mixture has its own CAS Registry Number: 72968-38-8.
Several publications report toxicological studies on the
blend corresponding to this number, but do not provide
information on the proportions or linearity of the homologues
present (Mundt et al. 2007; Stump et al. 2008; Mertens et al.
2010).

Figure 4. Classification hierarchy of environmentally relevant perfluoroalkyl and polyfluoroalkyl substances (PFASs).
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Table 3. Hierarchical overview of the nonpolymer polyfluoroalkyl substances: compounds for which all H atoms on at least one (but not all)
C atoms have been replaced with F

Classification and chemical

structure CnF2nR1R, where R U Examples Uses

Perfluoroalkane

sulfonamido

substancesa

N-Alkyl perfluoroalkane

sulfonamides (MeFASAs,

EtFASAs, BuFASAs)

-SO2NH(R
0) where

R0 ¼CmH2mþ1 (m¼ 1,2,4)

N-Methyl perfluorooctane sulfonamide

(MeFOSA), C8F17SO2N(CH3)H

Major raw material for

surfactant and surface

protection products

N-Ethyl perfluorobutane sulfonamide

(EtFBSA), C4F9SO2N(C2H5)H

N-Butyl perfluorooctane sulfonamide

(BuFOSA), C8F17SO2N(C4H9)H

Perfluoroalkane sulfonami-

doethanols (FASEs) and N-alkyl

perfluoroalkane sulfonami-

doethanols (MeFASEs,

EtFASEs, BuFASEs)

-SO2N(R
0)CH2CH2OH where

R0 ¼CmH2mþ1 (m¼0,1,2,4)

Perfluorooctane sulfonamidoethanol

(FOSE), C8F17SO2NHCH2CH2OH

Major raw material for

surfactant and surface

protection products

N-Ethyl perfluorobutane

sulfonamidoethanol

(EtFBSE), C4F9SO2N(C2H5)CH2CH2OH

N-Alkyl perfluoroalkane

sulfonamidoethyl acrylates and

methacrylates (MeFAS(M)ACs,

EtFAS(M)ACs, BuFAS(M)ACs)

-SO2N(R
0)CH2CH2O-

C(O)CH¼CH2 and

-SO2N(R
0)CH2CH2O-

C(O)C(CH3)¼CH2 where

R0 ¼CmH2mþ1 (m¼ 1,2,4)

N-Ethyl perfluorooctane

sulfonamidoethyl acrylate

(EtFOSAC), C8F17SO2N(C2H5)CH2CH2O-

C(O)CH¼CH2

Major raw material for

surfactant and surface

protection products

Perfluoroalkane sulfonamido-

acetic acids (FASAAs) andN-alkyl

perfluoroalkane sulfonamido-

acetic acids (MeFASAAs,

EtFASAAs, BuFASAAs)

-SO2N(R
0)CH2COOH where

R0 ¼CmH2mþ1 (m¼0,1,2,4)

N-Ethyl perfluorooctane

sulfonamidoacetic acid

(EtFOSAA), C8F17SO2N(C2H5)CH2CO2H

Intermediate environ-

mental transformation

product

Fluorotelomer

substancesb
Semifluorinated n-alkanes

(SFAs) and alkenes (SFAenes)

-(CH2)mH and

-CH¼CH(CH2)m-2H, with

m¼2–16 and n¼ 6–16

Perfluorohexylhexadecane (F6H16),

F(CF2)6(CH2)16H

Ski wax; medical

applications

n:2 Fluorotelomer iodides

(n:2 FTIs) (Telomer B)

-CH2CH2I 8:2 Fluorotelomer iodide (8:2

FTI), C8F17CH2CH2I

Major raw material for

surfactant and surface

protection products

n:2 Fluorotelomer olefins

(n:2 FTOs)

-CH¼CH2 6:2 Fluorotelomer olefin (6:2

FTO), C6F13CH¼CH2

Raw material for

surfactant and surface

protection products

n:2 Fluorotelomer alcohols

(n:2 FTOHs)

-CH2CH2OH 10:2 Fluorotelomer alcohol (10:2

FTOH), C10F21CH2CH2OH

Major raw material for

surfactant and surface

protection products

n:2 Unsaturated fluorotelomer

alcohols (n:2 FTUOHs)

-CF¼CHCH2OH 8:2 Unsaturated fluorotelomer alcohol

(8:2 FTUOH), C7F15CF¼CHCH2OH

Intermediate

environmental

transformation product

n:2 Fluorotelomer acrylates

(n:2 FTACs) and methacrylates

(n:2 FTMACs)

-CH2CH2OC(O)CH¼CH2 and

-CH2CH2OC(O)C(CH3)¼CH2

8:2 Fluorotelomer acrylate (8:2

FTAC), C8F17CH2CH2OC(O)CH¼CH2

6:2 Fluorotelomer methacrylate

(6:2 FTMAC), C6F13CH2CH2O-

C(O)C(CH3)¼CH2

Major raw material for

fluorotelomer-based

polymers used in surface

protection products

n:2 Polyfluoroalkyl phosphoric

acid esters, polyfluoroalkyl

phosphates, fluorotelomer

phosphates (PAPs)

(-CH2CH2O)xP(¼O)(OH)3-x
where x¼1 or 2

8:2 Fluorotelomer phosphate

monoester (8:2 monoPAP),

C8F17CH2CH2OP(¼O)(OH)2
8:2 Fluorotelomer phosphate diester

(8:2 diPAP), (C8F17CH2CH2O)2P(¼O)OH

Surfactant and surface

protection products

(Continued )
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In addition to their major commercial use as fluoropolymer
processing aids and numerous industrial and consumer
applications (Kissa 2001; Prevedouros et al. 2006), PFCAs
are also the terminal degradation products from abiotic and
biotic degradation of certain precursor PFASs. Such precur-
sors include fluorotelomer alcohols (Hagen et al. 1981;
Dinglasan et al. 2004; Ellis et al. 2004; Hurley et al. 2004;
Wang et al. 2009; Liu et al. 2010), fluorotelomer acrylates
(Butt et al. 2009; Butt et al. 2010b), fluorotelomer iodides
(Young et al. 2008), fluorotelomer olefins (Nakayama et al.
2007), N-alkyl perfluoroalkane sulfonamides (Tomy, Tit-
tlemier, et al. 2004; Martin et al. 2006; Plumlee et al. 2009),
N-alkyl perfluoroalkane sulfonamidoethanols (D’eon et al.
2006; Plumlee et al. 2009), and polyfluoroalkyl phosphates
(D’eon and Mabury 2007; Lee et al. 2010). Short-chain
PFCAs (e.g., trifluoroacetic and pentafluoropropionic acids)
may also be formed in the atmospheric degradation of certain
hydrochlorofluorocarbons, hydrofluorocarbons, and fluori-
nated anesthetics (Boutonnet et al. 1999; Young and Mabury
2010) and perfluoro-2-methyl-3-pentanone (Jackson et al.
2011), as well as in the oxidative thermolysis of fluorinated
polymers (Ellis et al. 2001). Yet, the quantitative attribution
of sources of these short-chain PFCAs in the environment
remains uncertain, and it is quite possible that further
precursors will be identified. PFCA yields and rates of
formation vary depending on the precursor substance and
degradation conditions. Moreover, PFCAs and potential
PFCA precursors, such as residual raw materials, may be
present as impurities in commercial PFAS-based products
(Washburn et al. 2005; Berger and Herzke 2006; Dinglasan-
Panlilio and Mabury 2006; Larsen et al. 2006; Prevedouros
et al. 2006; Schulze and Norin 2006; D’eon and Mabury
2007; Jensen et al. 2008; Fiedler et al. 2010). It was estimated
that the majority (�80%) of PFCAs have been released to the

environment from fluoropolymer manufacture and use
(Prevedouros et al. 2006). This percentage is, however, an
overall value, heavily weighted toward the PFCAs with the
greatest emissions, namely PFOA and (to a much lesser
extent) PFNA. PFCAs with shorter or longer chain lengths are
not known to arise primarily from fluoropolymer manufac-
ture and use. Although in the same study (Prevedouros et al.
2006), indirect sources of PFOA and PFNA were estimated to
be much less important than direct sources, there were larger
uncertainties associated with the calculations for indirect
sources and some recently identified precursors (e.g., poly-
fluoroalkyl phosphates) were excluded.

In 2006, 8 major global companies signed on to the USEPA
‘‘2010/2015 PFOA Stewardship Program’’ (USEPA 2006b)
with commitments first to reduce emissions and product
content of PFOA, higher homologues and precursors by 95%
by 2010 and second to work toward the elimination of PFOA,
higher homologues, and precursors by 2015. Companies have
reported significant progress toward achieving these goals
(Ritter 2010). Interestingly, coincident with these changes,
there have been reports showing significantly increased levels
of perfluorobutanoic acid (PFBA) in water (Möller et al.
2010) and air (Weinberg et al. 2011b) that are most likely
associated with the conversion to shorter chain perfluoroalkyl
products.

Perfluoroalkane (or -alkyl) sulfonic acids: Perfluoroalkyl sul-
fonic acids, CnF2nþ1SO3H (PFSAs, Table 2), are the 2nd
major PFAA family of significance. The alternative name
perfluoroalkane sulfonic acid has been used most commonly
in the literature, in line with IUPAC recommendations,
and we will adopt it here. Perfluorooctane sulfonic acid
C8F17SO3H (PFOS), is the PFSA that has commanded
greatest attention beginning when it was first detected

Table 3. (Continued )

Classification and chemical

structure CnF2nR1R, where R U Examples Uses

n:2 Fluorotelomer aldehydes

(n:2 FTALs) and unsaturated

aldehydes (n:2 FTUALs)

-CH2CHO and -CF¼CHCHO 8:2 Fluorotelomer aldehyde

(8:2 FTAL), C8F17CH2CHO

8:2 Fluorotelomer unsaturated aldehyde

(8:2 FTUAL), C7F15CF¼CHCHO

Intermediate

environmental

transformation product

n:2 Fluorotelomer carboxylic

acids (n:2 FTCAs) and

unsaturated carboxylic acids

(n:2 FTUCAs)

-CH2COOH and

-CF¼CHCOOH

8:2 Fluorotelomer carboxylic acid

(8:2 FTCA), C8F17CH2COOH

8:2 Fluorotelomer unsaturated

carboxylic acid (8:2

FTUCA), C7F15CF¼CHCOOH

Intermediate

environmental

transformation product

n:3 Saturated acids (n:3 Acids)

and n:3 Unsaturated acids

(n:3 UAcids)

-CH2CH2COOH and

-CH¼CHCOOH

7:3 Acid, C7F15CH2CH2COOH
7:3 UAcid, C7F15CH¼CHCOOH

Intermediate

environmental

transformation product

n:2 Fluorotelomer sulfonic acids

(n:2 FTSAs)

-CH2CH2SO3H 8:2 Fluorotelomer sulfonic acid

(8:2 FTSA), C8F17CH2CH2SO3H

Surfactant and

environmental

transformation product

Miscellaneous Polyfluoroalkyl ether carboxylic

acids

For example:

-O(CmF2m)OCHF(CpF2p)

COOH

4,8-Dioxa-3H-perfluorononanoate,

CF3OCF2CF2CF2OCHFCF2COOH

Alternative

fluoropolymer

processing aid

(as ammonium salt)

aSubstances originating by electrochemical fluorination (ECF) process;
bSubstances originating by fluorotelomer process.
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globally in biota (Giesy and Kannan 2001) and humans
(Hansen et al. 2001). Subsequently, as stated above, the
production of PFOS, perfluorohexane sulfonic acid (PFHxS),
perfluorodecane sulfonic acid (PFDS), and the precursors of
these PFSAs, was phased out by the major manufacturer in
2002 (3M Company 2000c; USEPA 2000). Nevertheless,
PFOS and its derivatives are still manufactured in China (Han
2009), with a production of more than 200 tons of its
precursor, perfluorooctane sulfonyl fluoride, in 2006 (Yue
2008). PFOS and related compounds have been the subject of
a European Union directive restricting their production and
use (European Parliament 2006b). Furthermore, PFOS has
been classified as a persistent, bioaccumulative, and toxic
substance (OECD 2002) and was recently added to Annex B
(requiring use restrictions) of the Stockholm Convention list
of persistent organic pollutants (UNEP 2009). Formerly,
PFOS had a number of industrial and commercial applications
(3M Company 1999; Kissa 2001; Brooke et al. 2004; Paul
et al. 2009). However, the environmental and toxicological
significance of PFOS, ubiquitous in the global environment,
also results from its presence as an impurity in and formation
from perfluorooctane sulfonamido precursor substances (3M
Company 1999, 2000a; Lange 2000, 2001; Xu et al. 2004;
Boulanger et al. 2005; D’eon et al. 2006; Rhoads et al. 2008;
Xie et al. 2009) used in vastly greater quantities (Brooke et al.
2004; Paul et al. 2009). The global commercial production of
PFOS and related compounds has, to our knowledge, been
based essentially or perhaps exclusively on ECF. In this

process, the electrolysis of a solution of octane sulfonyl
fluoride in anhydrous HF leads to perfluorooctane sulfonyl
fluoride, C8F17SO2F (POSF), the key intermediate from
which all PFOS-related products are subsequently produced
(3M Company 1999; Brooke et al. 2004; Lehmler 2005; Paul
et al. 2009). The resulting PFOS, the precursor POSF and
other derivatives manufactured from it, e.g., perfluorooctane
sulfonamido derivatives such as amides, ethanol-substituted
amides, and surfactant and polymeric products therefrom,
may contain up to 30% branched isomers (Reagen et al.
2007), as well as additional C chain length homologues. For
example, samples of the K salt of PFOS taken from the same
3M commercial lot were analyzed by 2 laboratories and found
to have a purity of only 85% to 87% (representing the sum of
all K-PFOS isomers), on the account of the presence mainly
of C2-C10 PFSA homologues, but also of a range of PFCAs
and other impurities (Seacat et al. 2003; Arsenault et al.
2008). Shorter perfluoroalkyl chain length products, notably
perfluorobutane sulfonyl–based products, have been intro-
duced as alternatives to the previously used compounds with
6 or more perfluorinated carbons, because these shorter chain
length substances do not bioaccumulate due to their rapid
elimination in multiple organisms tested (Olsen et al. 2009).
This substitution is a consequence of the voluntary phase-out
and/or subsequent regulatory restriction of PFOS-related
substances and certain homologues with 5 to 7 and 9 or 10
perfluorinated C atoms (3M Company 2000b; Federal
Register 2006b). Coincident with these changes, reports have

Table 4. Hierarchical overview of fluoropolymers, perfluoropolyethers, and side-chain–fluorinated polymers

Example(s) Uses

Fluoropolymers:
Carbon-only polymer backbone

with F directly attached
to backbone C atoms

-(CF2CF2)n- Polytetrafluoroethylene (PTFE)
-(CH2CF2)n- Polyvinylidene fluoride (PVDF)
-(CH2CHF)n- Polyvinyl fluoride (PVF)
-(CF2CF2)n-(CF(CF3)CF2)m- Fluorinated ethylene
propylene (FEP)

Plastics

Perfluoropolyethers (PFPEs):
Ether polymer backbone

with F atoms directly attached

Examples:
F-(CmF2mO-)nCF3
HOCH2O-[CmF2mO-]nCH2OH
-where CmF2mO represents -CF2O-, -CF2CF2O-,
and/or -CF(CF3)CF2O- units distributed randomly
along the polymer backbone

Functional fluids,
surfactants, and surface
protection products

Side-chain–fluorinated
polymers:
Nonfluorinated
polymer backbone
with fluorinated
side chains, ending
in -CnF2nþ1

Fluorinated
acrylate and
methacrylate
polymers

Acrylate:
Backbone-CH-C(O)O-X-CnF2nþ1

Methacrylate:
Backbone-C(CH3)-C(O)O-X-CnF2nþ1

-where X is -CH2CH2N(R
0)SO2-

with R0 ¼ -CnH2nþ1 (n¼0,1,2,4)
or

-CH2CH2-

Surfactants and
surface protection
products

Fluorinated
urethane
polymers

Backbone-NHC(O)O- X-CnF2nþ1

-where X is either -CH2CH2N(R
0)SO2-

with R0 ¼ -CnH2nþ1 (n¼0,1,2,4)
or

-CH2CH2-

Surfactants and
surface protection
products

Fluorinated
oxetane
polymers

Backbone-CH2OCH2-R
-where R¼ -CF3, -C2F5 or -CH2C4F9

Surfactants and
surface protection
products
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shown significantly increased levels of perfluorobutane
sulfonic acid (PFBS) in environmental waters, no doubt as a
consequence of the conversion to 4-C ECF-derived perfluoro-
butane sulfonyl products (Eschauzier et al. 2010; Möller et al.
2010).

Perfluoroalkane (or -alkyl) sulfinic acids: Perfluoroalkane
sulfinic acids, CnF2nþ1SO2H (PFSIAs; Table 2), are degrada-
tion products from commercial precursor compounds con-
taining the CnF2nþ1SO2N< moiety (e.g., perfluoroalkane
sulfonamido ethanols, CnF2nþ1SO2N(R)CH2CH2OH)
(Lange 2000, 2001; Boulanger et al. 2005; Rhoads et al.
2008). PFSIAs have been detected in wastewater treatment
plant (WWTP) effluents and in the environment (Ahrens
et al. 2009b; Ahrens, Siebert, et al. 2009; Ahrens, Xie, et al.
2010).

Perfluoroalkyl phosphonic and phosphinic acids: Perfluoro-
alkyl phosphonic acids, O––P(OH)2CnF2nþ1 (PFPAs;
Table 2), and perfluoroalkyl phosphinic acids, O––P(OH)
(CnF2nþ1)(CmF2mþ1) (PFPIAs; Table 2), are commercial
surfactants manufactured and offered for a range of consumer
and industrial uses (USEPA 2006a; Mason Chemical 2011).
Blends of C6-C12 PFPAs and similar PFPIA blends, with CAS
numbers 68412-68-0 and 68412-69-1, respectively, have
been reported to have had annual production volumes in
the range of tonnes to hundreds of tonnes in 1998 and 2002
(Howard and Muir 2010), but only recently have PFPAs been
widely detected in environmental waters (D’eon et al. 2009b;
D’eon and Mabury 2010) and PFPIAs in WWTP sludge
(D’eon and Mabury 2010) and human serum (Lee and
Mabury 2011).

Fluorotelomer-based products. The term ‘‘fluorotelomer-
based products’’ describes a family of raw material building
blocks, surfactant and polymeric products, and degradation
products that all originate from the starting fluorotelomer raw
material, perfluoroalkyl iodides (PFAIs), as depicted in
Figures 2 and 3. As reviewed below, the degradation of
fluorotelomer-based products is a potential source of PFCAs
in the environment.

Perfluoroalkyl iodides, fluorotelomer iodides, and fluorotelomer
olefins: Perfluoroalkyl iodides, CnF2nþ1I (PFAIs; Table 2), and
n:2 fluorotelomer iodides, CnF2nþ1CH2CH2I (n:2 FTIs;
Table 3), are the first 2 raw materials that lead to the family
of polyfluoroalkyl ‘‘fluorotelomer-based’’ products. Both
PFAIs and n:2 FTIs have recently been detected in air and
soil near a fluorotelomer manufacturing facility in China
(Ruan et al. 2010). Fluorotelomer olefins, CnF2nþ1CH––CH2

(FTOs; Table 3) are synthesized by dehydrohalogenation of
FTIs and may also be formed as an impurity in synthesizing
fluorotelomer alcohols (FTOHs) from FTIs (Prevedouros
et al. 2006). As stated above, processes for manufacturing
PFNA by oxidation of 8:2 FTO have been patented and may
have been used industrially. FTOs are hydrosilylated to create
silanes that are used in a number of applications. FTOs have
been detected in the atmosphere (Barber et al. 2007; Jahnke
et al. 2007; Piekarz et al. 2007), where they degrade
completely and rapidly, but are expected to form low yields
of PFCAs (Young and Mabury 2010). The degradation
scheme proceeds via a CnF2nþ1CHO perfluoroalkyl aldehyde
(PFAL; Table 2) intermediate (Vésine et al. 2000; Nakayama

et al. 2007). The atmospheric transformation of FTIs
probably is comparable to FTOs in the ultimate outcome,
mineralization with low yield of PFCAs (typically 1%–10%),
and involves both fluorotelomer aldehyde CnF2nþ1CH2CHO
(FTAL; Table 3) and PFAL intermediates, together with the
fluorotelomer carboxylic acids, CnF2nþ1CH2COOH (FTCAs;
Table 3) (Young et al. 2008). FTIs may hydrolyze in natural
waters (Rayne and Forest 2010c), and this transformation
process would presumably lead to fluorotelomer alcohols and,
hence, their degradation products, as discussed below.

Fluorotelomer alcohols and their acrylic, methacrylic,
and phosphoric esters: The n:2 fluorotelomer alcohols,
CnF2nþ1CH2CH2OH (n:2 FTOHs; Table 3), are key raw
materials in the production of n:2 fluorotelomer acrylates,
CnF2nþ1CH2CH2OC(O)CH––CH2 (n:2 FTACs) and n:2
fluorotelomer methacrylates, CnF2nþ1CH2CH2OC(O)C(CH3)––
CH2 (n:2 FTMACs) (Table 3 and Figure 3). The FT(M)AC
monomers are copolymerized in an aqueous emulsion
polymerization with a host of non-fluorinated acrylates and
other monomers to manufacture fluorotelomer-based poly-
mers (Rao and Baker 1994). These polymers provide water,
oil, and stain repellency to textiles, leather, and paper
substrates. There is extensive scientific literature on the
environmental occurrence of FTOHs, particularly (but not
exclusively) in air (Martin et al. 2002; Oono, Harada, et al.
2008; Oono, Matsubara, et al. 2008; Strynar and Lindstrom
2008; Jahnke et al. 2009; Mahmoud et al. 2009; Dreyer et al.
2010; Langer et al. 2010; Shoeib et al. 2010; Yoo et al. 2010;
Ahrens et al. 2011; Haug et al. 2011; Shoeib et al. 2011; Yoo
et al. 2011). Likewise, some FTACs (Piekarz et al. 2007;
Oono, Harada, et al. 2008; Oono, Matsubara, et al. 2008;
Dreyer, Weinberg, et al. 2009; Mahmoud et al. 2009; Dreyer
et al. 2010; Langer et al. 2010; Weinberg et al. 2011a, 2011b)
and FTMACs (Oono, Matsubara, et al. 2008) have also been
detected in environmental samples. The chain lengths of these
fluorotelomer derivatives may vary over a broad range. For
example, FTOHs with up to 18 fluorinated C atoms have
been reported as detected, but not quantified, in air from an
occupational setting (Nilsson et al. 2010).

Fluorotelomer alcohol phosphate esters (Table 3) are
commercial fluorinated surfactants that are made by many
global suppliers by the same reactions employed for non-
fluorinated phosphates and used primarily for their surface
tension lowering, wetting, and leveling surfactant properties
(Taylor 1999). The terminology we recommend for these
substances is polyfluoroalkyl phosphoric acid monoesters
(monoPAPs), (O)P(OH)2(OCH2CH2CnF2nþ1), and diesters
(diPAPs), (O)P(OH)(OCH2CH2CnF2nþ1)(OCH2CH2CmF2mþ1).
They may also be called n:2 fluorotelomer monophosphates
and diphosphates. These compounds have been used as
grease-proofing agents for food-contact paper (D’eon and
Mabury 2007; Begley et al. 2008; FDA 2009; Lee et al. 2010;
Lee and Mabury 2011), often as blends of varying perfluor-
oalkyl chain length and as salts (e.g., of diethanolamine). One
specific use of monoPAPs and diPAPs that has led to their
widespread presence in the environment is as an approved
defoaming adjuvant in pesticide formulations. Approval for
this use has now been rescinded (Federal Register 2006a).
Recently, diPAPs have been reported detected in human
serum at concentrations in some cases comparable to those of
PFOA and in WWTP sludge at much greater levels than
PFOA (D’eon et al. 2009a; Lee and Mabury 2011).
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Semifluorinated alkanes and alkenes: Diblock semifluorinated
n-alkanes (SFAs), F(CF2)n(CH2)mH (or, briefly, FnHm;
Table 3), are a class of chemicals that are manufactured with
a wide variety of chain lengths, depending on the intended
use, by adding an olefin to a perfluoroalkyl iodide followed by
reductive dehalogenation (Napoli 1996). These reactions also
lead to semifluorinated n-alkenes (SFAenes), F(CF2)nCH––
CH(CH2)m-2H (or, briefly, FnHmene), as byproducts (Coe
and Milner 1972). Since the 1990 s, industrial mixtures of
long-chain SFAs (�22C atoms) have been applied in ski
waxes, because they reduce friction and repel dirt due to their
extremely low surface tension (Rogowski et al. 2007).
Shorter-chain SFAs are used in medicinal applications (e.g.,
Kirchhof et al. 2002). In fluorinated ski waxes, up to 15% of
SFAs are mixed with normal paraffins. The presence of SFAs
in snow and soil samples from a ski area in Sweden has
recently been demonstrated (Plassmann and Berger 2010).

Degradation products of fluorotelomer alcohols and their esters:
Fluorotelomer aldehydes and acids, perfluoroalkyl aldehydes,
perfluoroalkyl carboxylic acids, and so forth: The aerobic
biodegradation and metabolic degradation pathways for
fluorotelomer alcohols have been well studied (Frömel and
Knepper 2010). A general overview of the 8:2 FTOH aerobic
biodegradation pathways is presented in Figure 5. The
pathways and yields of transformation products depend on
the matrix in which the environmental microbial degradation
(e.g., sludge, soil) or metabolism (rat, mouse, in vivo, in vitro)
takes place and the length of the perfluoroalkyl chain in the
fluorotelomer alcohol (Hagen et al. 1981; Dinglasan et al.
2004; Martin et al. 2005; Wang et al. 2009; Butt et al. 2010a;
Liu et al. 2010; Brandsma et al. 2011). In general, the first
step in biodegradation is aerobic oxidation of the starting n:2
fluorotelomer alcohol to form the corresponding n:2 fluo-
rotelomer aldehyde, CnF2nþ1CH2CHO (n:2 FTAL; Table 3),
a short-lived, highly reactive species. The aldehyde is rapidly
oxidized to form the corresponding n:2 fluorotelomer
carboxylic acid, CnF2nþ1CH2COOH (n:2 FTCA; Table 3).
Next, dehydrohalogenation of the acid occurs to form
the corresponding n:2 unsaturated carboxylic acid,
Cn�1F2n�1CF––CHCOOH (n:2 FTUCA; Table 3). The
dehydrohalogenation of the starting n:2 fluorotelomer
alcohol to form the n:2 unsaturated fluorotelomer alcohol,
Cn�1F2n�1CF––CHCH2OH (Table 3), and oxidation to yield
the n:2 unsaturated fluorotelomer aldehyde, Cn�1F2n�1CF––
CHCHO (n:2 FTUAL; Table 3), have also been observed.
Thereafter, a host of transient and stable transformation
products, including PFCAs, have been identified. A unique
transformation product identified is a polyfluorinated carbox-
ylic acid with the same number of total C atoms as the parent
n:2 FTOH where the 2 F atoms of the -CF2- group directly
adjacent to the -CH2CH2- moiety have been replaced with H
atoms, Cn�1F2n�1CH2CH2COOH, and a corresponding
unsaturated acid, Cn�1F2n�1CH––CHCOOH (Table 3) (Mar-
tin et al. 2005; Wang et al. 2005; Fasano et al. 2006; Wang
et al. 2009; Butt et al. 2010a). For these substances, we
suggest for simplicity that either the formal name of the acid
be used or the simple acronyms x:3 Acid and x:3 UAcid,
where the x (¼ n� 1) designates the number of perfluori-
nated carbons and ‘‘3’’ the number of nonfluorinated C
atoms. For the remaining transformation products, we suggest
adopting the naming given to these substances by the authors
(e.g., Martin et al. 2005; Wang et al. 2009; Butt et al. 2010a;

Liu et al. 2010). In a sediment–water microcosm, the
degradation products observed from n:2 FTCA substrates
were the corresponding PFCAs, whereas n:2 FTUCAs also led
to (n� 1):3 Acids (Myers and Mabury 2010).

In mammals, the metabolic pathways for 8:2 and 6:2
FTOHs have been well studied in vivo in rats and mice and in
vitro in rats, mice, and human hepatocytes. In general, the
majority of administered FTOH test substance was eliminated
rapidly in urine as conjugates. Absorption, distribution,
metabolism, and elimination (ADME) studies using [14C]-
radiolabeled FTOHs have been conducted. The characteristic
degradation products observed in microbial studies, including
PFCAs, as well as some of their conjugates, have been
reported in urine and at trace levels in organs and tissues
(Fasano et al. 2006; Nabb et al. 2007; Fasano et al. 2009). The
reader is referred to the articles for greater detail on these
studies.

In atmospheric degradation studies, reviewed by Young
and Mabury (2010), it has been shown that oxidation of n:2
FTOHs also leads to the formation of n:2 FTALs, n:2 FTCAs,
and perfluoroalkyl aldehydes, CnF2nþ1CHO (PFALs;
Table 2). Low yields (typically 1%–5%) of PFCAs having
the same number of perfluorinated C atoms as the parent
FTOH, or fewer, down to CF3COOH, may be expected in
low-NOx atmospheres. The PFCAs with n� 2 or fewer
perfluorinated C atoms result from ‘‘unzipping’’ of the
perfluoroalkyl chain, by splitting off of C(O)F2 molecules
from the intermediate perfluoroalkoxy radicals (Ellis et al.
2004). Nevertheless, complete mineralization to C(O)F2 is
the major atmospheric outcome, and the yields of PFCAs
decline as atmospheric NOx levels increase (Ellis et al. 2004;
Wallington et al. 2006; Young and Mabury 2010). A
simplified scheme, given in Figure 6, shows the key
intermediates in the atmospheric degradation of n:2 FTOHs
to the products mentioned above, illustrated for n¼ 8. This
scheme also includes the atmospheric breakdown pathways
for FTIs and FTOs, discussed above, as well as for FTACs
(Butt et al. 2009), because all these fluorotelomer
derivatives have part of their degradation mechanism in
common. This is also likely to be the case for PFAIs
(Figure 6), assuming they photolyze easily to perfluoroalkyl
radicals (which add O2 to give perfluoroalkylperoxy radicals)
in the lower atmosphere, as has been demonstrated
for CF3I (Solomon et al. 1994).

It is worth noting here that the PFALs will probably exist
in cloud and surface waters largely as their gem-diol
hydrates, CnF2nþ1CH(OH)2 (PFAL�H2Os; Table 2), unlike
the FTALs for which the hydration equilibrium is much less
favorable (Rayne and Forest 2010b). With estimated pKa

values of 9 or higher, the PFAL�H2Os will not be ionized to
any great extent under environmental conditions, whereas the
corresponding hydrates formed from FTALs are even weaker
acids (pKa> 12) (Rayne and Forest 2010b).

The esters of FTOHs may hydrolyze abiotically or bioti-
cally to FTOHs and, hence, ultimately lead to the same range
of fluorinated transformation products described above.
Hydrolysis studies of mono- and polyesters and mono-
urethanes containing a fluorotelomer moiety have recently
been reported (Dasu et al. 2010). Moreover, as expected,
characteristic FTOH degradation products were detected
when rainbow trout were exposed to 8:2 FTAC through their
diet (Butt et al. 2010b), and when rats were dosed with
monoPAPs or diPAPs (D’eon and Mabury 2007, 2011). Both
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FTOHs and their transformation products were observed in
experiments intended to simulate aerobic biodegradation of
monoPAPs and diPAPs in WWTPs (Lee et al. 2010). The
abiotic hydrolysis of FTACs has been predicted to have half-
lives of years in marine systems but possibly only days in
landfills (Rayne and Forest 2010c). Hydrolytic stability
studies, conducted under OECD 111 Guidelines, on a
commercial fluorotelomer-based acrylate polymer (Russell
et al. 2008) and a urethane polymer (Russell et al. 2010)
showed no discernible hydrolysis. Nevertheless, there is much
debate regarding the hydrolysis and biodegradation of
commercial fluorotelomer-based polymers (Russell et al.
2008; Koch et al. 2009; Russell et al. 2009; Washington
et al. 2009a; Washington et al. 2009b) that future research
will illuminate.

A number of reported observations of n:2 FTCAs and/or
n:2 FTUCAs have occurred in environmental media and biota
such as atmospheric particles (Stock et al. 2007), indoor dust
(Barber et al. 2007), precipitation (Loewen et al. 2005; Scott
et al. 2006; Taniyasu et al. 2008; Kwok et al. 2010; Scott et al.
2010), surface waters (Stock et al. 2007; Ahrens et al., 2009a;
Scott et al. 2010; Zushi et al. 2011), sediments (Stock et al.
2007), WWTP effluent (Sinclair and Kannan 2006; Zushi
et al. 2011), sewage sludge (Zhang et al. 2010), landfill
leachate (Huset et al. 2011), animal biota (Houde et al. 2005;
Taniyasu et al. 2005; Butt, Mabury, et al. 2007; Butt, Muir,
et al. 2007; Furdui et al. 2007; Gebbink et al. 2009), human
breast milk (So et al. 2006), and foodstuffs (Ostertag et al.
2009). The 7:3 Acid has also been detected in biota (Powley
et al. 2008; Peng et al. 2010; Guruge et al. 2011). The various
perfluorinated and polyfluorinated aldehydes discussed above

have apparently not yet been found in environmental
samples. This is most likely due to their highly reactive
nature, because only trapping experiments have qualified
their presence thus far in laboratory studies.

Fluorotelomer sulfonic acids: The n:2 fluorotelomer sulfonic
acids, CnF2nþ1CH2CH2SO3H (FTSAs; Table 3) have been
found in groundwater, soil, and biota, especially at military
bases, firefighting training sites, and locations where major
fires have been extinguished through use of AFFFs (Schultz
et al. 2004; Norwegian Pollution Control Authority 2008;
Oakes et al. 2010). They have also been detected in WWTP
effluents (Huset et al. 2008; Ahrens et al., 2009b), landfill
leachate (Eggen et al. 2010; Huset et al. 2011), precipitation
and fresh surface waters (Kim and Kannan 2007; Scott et al.
2010; Nguyen et al. 2011), seawater contaminated by AFFFs
(Taniyasu et al. 2005), sediments (Zushi et al. 2010), Arctic
biota (Miljeteig et al. 2009), and human serum (Lee and
Mabury 2011). These FTSAs arise from the degradation of
more complex fluorotelomer-based substances containing
the CnF2nþ1CH2CH2S–R or CnF2nþ1CH2CH2SO2–R moiety
(where R is a hydrophilic functional group that provides
surfactant properties). These precursor compounds may
be used as components of firefighting foams (Bertocchio
and Foulletier 1970; Falk 1982; Schultz et al. 2004), e.g.,
the betaine F(CF2)nCH2CH2SO2NHCH2CH2N

þ(CH3)2
CH2CH2CO�

2 ), or in food packaging applications, e.g., the
fluororotelomer mercaptoalkyl phosphate esters (Lee and
Mabury 2011; Trier, Granby, et al. 2011; Trier, Nielsen, et al.
2011). FTSAs have been shown to undergo slow aerobic
biotransformation to form trace levels of PFCAs (Wang et al.

Figure 5. Aerobic biotransformation pathways for 8:2 fluorotelomer alcohol (8:2 FTOH). Adapted from Wang et al. (2009).
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2011). It should be noted that 6:2 FTSA has been referred to
in some literature as ‘‘tetrahydro PFOS.’’ Because 6:2 FTSA is
both chemically and biologically very different from PFOS
(Wang et al. 2011), we strongly discourage this usage and
recommend 6:2 FTSA be used in naming this substance.

Perfluoroalkane sulfonamido derivatives: Perfluoroalkane
sulfonamides, sulfonamidoethanols, sulfonamidoethyl acry-
lates, and sulfonamidoethyl methacrylates. In the same way
as the perfluoroalkyl iodides and fluorotelomer iodides are
important building blocks for a broad range of fluorotelomer
derivatives, the perfluoroalkane sulfonyl fluorides,
CnF2nþ1SO2F (PASFs; Table 2) play an analogous role as
precursors in the manufacture not only of the PFSAs already
discussed, but also of a variety of compounds containing

the perfluoroalkane sulfonamido group, CnF2nþ1SO2N<
(Tables 2 and 3). This is illustrated in Figure 7 for the
synthesis of several families of perfluoroalkane sulfonamido
derivatives, exemplified for a starting PASF with 8C atoms.
PFSAs were directly manufactured by hydrolysis of PASFs
and the various salt forms (ammonium, diethanolamine, and
K and Li salts) were manufactured by neutralization of the
acids. The greater part of the production of PASFs (notably
POSF), however, was used to produce fluorinated surfactants
and high-molecular-weight fluorinated polymeric products
(3M Company 1999). The major pathway for conversion of
PASFs into commercial derivatives involves reacting them in a
first step with a primary amine, generally methylamine or
ethylamine, to give N-methyl or N-ethyl perfluoroalkane
sulfonamides, CnF2nþ1SO2NH(CmH2mþ1), where m¼ 1 or 2

Figure 6. Simplified atmospheric degradation scheme for 8:2 fluorotelomer derivatives. Free-radical and transient molecular intermediates are shown in boxes

with a dashed outline, while the starting compounds, the more stable molecular intermediates, and the final products are shown in boxes with a solid outline,

their acronyms being indicated in bold type. An arrow on the chart often implies several elementary steps: i.e., certain intermediates are omitted.
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(MeFASAs and EtFASAs; Table 3) (3M Company 1999;
Lehmler 2005). These N-alkyl FASAs are, in some cases,
commercial products in their own right, as well as building
blocks for further synthesis. For instance, N-ethyl perfluoro-
octane sulfonamide, C8F17SO2NH(C2H5), or EtFOSA, is
the pesticide sulfluramid. In a 2nd major industrial
reaction step, N-alkyl FASAs are reacted with ethylene
carbonate to give another series of building blocks, the N-
methyl or N-ethyl perfluoroalkane sulfonamido ethanols,
CnF2nþ1SO2N(CmH2mþ1)CH2CH2OH, where m¼ 1 or 2
(MeFASEs and EtFASEs; Table 3) (3M Company 1999;
Lehmler 2005). These N-alkyl FASEs are analogous to
FTOHs. Because they are alcohols, they can be converted
into acrylates and methacrylates, as well as into phosphates
and other derivatives (3M Company 1999) that will
not be discussed further here. The N-alkyl perfluoro-
alkane sulfonamidoethyl acrylates, CnF2nþ1SO2N(CmH2mþ1)
CH2CH2OC(O)CH––CH2, where m¼ 1 or 2 (MeFASACs
and EtFASACS; Table 3) and the corresponding N-
alkyl perfluoroalkane sulfonamidoethyl methacrylates,
CnF2nþ1SO2N(CmH2mþ1)CH2CH2OC(O)C(CH3)––CH2

(MeFASMACs and EtFASMACs; Table 3) are used in a
similar manner to the fluorotelomer acrylates and methacry-
lates, as comonomers for synthesizing acrylic polymers used
in surface protection applications (3M Company 1999).

The (alkyl-)FASA, FASE, FASAC, and FASMAC inter-
mediates were the principal building blocks of many
fluorochemical products used in surface treatments, paper
packaging protectors, and other specialist applications. A
more extensive range of commercial compounds has, how-
ever, been produced, as described in industry reports (3M
Company 1999). In 2002, the largest historic manufacturer of
perfluorooctane sulfonyl derivatives (n � 6) ceased manu-
facture (3M Company 2000a; USEPA 2000) and has since
introduced products based on perfluorobutane sulfonyl

chemistry (Renner 2006; Ritter 2010). Meanwhile, existing
and new manufacturers continue to make PFOS and other
long-chain perfluoroalkane sulfonates and products derived
from them.

Degradation products of perfluoroalkane sulfonamido derivati-
ves: Published studies on the aerobic biotransformation of the
perfluoroalkane sulfonamido derivatives focus on those
compounds having 8 perfluorinated C atoms, in particular
N-ethyl perfluorooctane sulfonamidoethanol (EtFOSE),
which is ultimately degraded to PFOS. Various intermediates
leading to this perfluoroalkane sulfonic acid have been
reported, including the members of the following families
(Tables 2 and 3) with n¼ 8: N-ethyl perfluoroalkane
sulfonamidoacetic acids (EtFASAAs), CnF2nþ1SO2N(C2H5)
CH2COOH; N-ethyl perfluoroalkane sulfonamides
(EtFASAs), CnF2nþ1SO2NH(C2H5); perfluoroalkane sulfona-
midoacetic acids (FASAAs), CnF2nþ1SO2NHCH2COOH;
perfluoroalkane sulfonamides (FASAs), CnF2nþ1SO2NH2;
FASA N-glucuronides, and perfluoroalkane sulfinic acids
(PFSIAs), CnF2nþ1SO2H (Lange 2000, 2001; Tomy, Tit-
tlemier, et al. 2004; Xu et al. 2004; Boulanger et al. 2005; Xu
et al. 2006; Rhoads et al. 2008; Xie et al. 2009) (Figure 8).
There appears to be conflicting evidence as to whether PFOA
can be formed in the environment from EtFOSE as a minor
end product (Lange 2001; Tomy, Tittlemier, et al. 2004;
Boulanger et al. 2005; Rhoads et al. 2008).

The N-alkyl perfluoroalkane sulfonamidoethyl acrylates
and methacrylates, and polymers based on them, may
undergo hydrolysis of the ester linkage in the environment
to give N-alkyl FASEs (Martin et al. 2010) and, hence, lead to
the same perfluoroalkyl biotransformation products. How-
ever, there do not appear to have been any published
experimental studies that explicitly demonstrate this to be
the case.

Figure 7. Perfluoroalkane sulfonamido derivatives synthesized from perfluoroalkane sulfonyl fluorides (PASFs), exemplified for a starting PASF with 8C atoms.

N.B. Names and acronyms for substance families are indicated. Those for the specific compounds shown can be found in the Supplemental Data.
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Studies on the hydroxyl-radical–initiated degradation of
EtFOSE in the aqueous phase show that some of the
intermediates and products observed, including EtFOSAA,
EtFOSA, FOSAA, FOSA, and PFOA, are the same as those
reported for biodegradation. On the other hand, PFOS and
PFOSI were not observed or were present at only trace levels
in these abiotic studies (Hatfield 2001; Plumlee et al. 2009)
and FOSA was considered to be a stable end product
(Plumlee et al. 2009).

Atmospheric degradation pathways have been studied
for 2 perfluoroalkane sulfonamido derivatives having 4
perfluorinated C atoms. The breakdown of EtFBSA,
C4F9SO2NH(C2H5), has been shown to proceed through
ketone and aldehyde intermediates to give PFCAs, i.e., PFBA,
PFPrA and TFA, as well as COF2 (Martin et al. 2006). The
PFPrA and TFA are formed via chain unzipping of the
perfluoroalkoxy radical, as already mentioned above for
FTOHs and depicted schematically on Figure 6, so that
alkyl-FASAs share part of their degradation scheme with
FTOHs. PFBS was not observed to be formed from
EtFBSA (Martin et al. 2006). MeFBSE, C4F9SO2N(CH3)
CH2CH2OH, was observed to degrade to the same PFCAs as
EtFBSA, together with PFBS, MeFBSA, and other products
(D’eon et al. 2006).

Environmental occurrence of perfluoroalkyl sulfonamido deriva-
tives: Various perfluoroalkyl sulfonamido derivatives have
been found in the environment and human samples, whether
this is due to industrial or consumer use of these compounds
as such, losses during manufacturing operations, presence as
‘‘residuals’’ in other commercial products, or formation as
environmental degradation products or metabolites of pre-
cursors.

It should be noted that perfluoroalkane sulfonamido
derivatives bearing a H on the N atom are acidic in nature
and can dissociate to an amide anion, to a greater or lesser
extent depending on the ambient environmental or physio-
logical conditions, with the degree of branching of the
perfluoroalkyl chain having a significant influence on
the pKa for a given family of compounds (Rayne and Forest
2009a). For FASAAs, there is the additional possibility of
dissociation of the carboxylic H (more acidic than the amide
H), whereas for the N-alkyl FASAAs, this is the only possible
ionization (Rayne and Forest 2009a). The dissociated species
are not depicted in the list of compounds provided in the
Supplemental Data.

All the families of perfluoroalkane sulfonamido derivatives
discussed above and depicted in Tables 2 and 3 have been
found in the environment or in human biota. Those with 8
perfluorinated C atoms are, in general, much more abundant
than those with other chain lengths. However, more recently,
compounds with 4 such C atoms have also been reported.
The medium in which they are detected depends on their
physical properties and on their likelihood of being formed
there from precursors. In atmospheric air and its associated
particulate matter, commonly detected compounds are the
relatively volatile FOSA, MeFBSA, MeFOSA, Me2FOSA,
EtFOSA, MeFBSE, EtFBSE, MeFOSE, and EtFOSE (Martin
et al. 2002; Barber et al. 2007; Piekarz et al. 2007; Stock et al.
2007; Dreyer, Matthias, et al. 2009; Dreyer, Weinberg, et al.
2009; Dreyer et al. 2010; Langer et al. 2010; Shoeib et al.
2010; Haug et al. 2011; Weinberg et al. 2011a, 2011b),
whereas house dust has been found to contain FOSA,
MeFOSA, EtFOSA, MeFOSE, EtFOSE (Shoeib et al. 2005;
Kato et al. 2009; Goosey and Harrad 2011), the acrylate
MeFOSAC (Shoeib et al. 2005), and the oxidation products
MeFOSAA and EtFOSAA (Kato et al. 2009). FOSA has also

Figure 8. Transformation pathways for perfluoroalkane sulfonamido derivatives. Adapted from Olsen et al. 2002 and Olsen et al. 2005.
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been detected in open ocean water, sometimes at levels
comparable to those of PFOA (Ahrens, Gerwinski, et al.
2010; Ahrens, Xie, et al. 2010; Busch et al. 2010b;
Kirchgeorg et al. 2010), as well as in precipitation (Kim and
Kannan 2007; Taniyasu et al. 2008; Kwok et al. 2010), river
and lake water (Kim and Kannan 2007; So et al. 2007; Ahrens
et al. 2009b; Ahrens, Gerwinski, et al. 2010; Scott et al. 2010;
Zushi et al. 2011), groundwater (Murakami, Kuroda, et al.
2009), surface runoff water (Kim and Kannan 2007;
Murakami, Shinohara, et al. 2009), landfill leachate (Kallen-
born et al. 2004; Busch et al. 2010a; Huset et al. 2011),
sewage sludge (Llorca et al. 2011), and drinking water
(Ericson et al. 2009). In wildlife, FOSA is often the
predominant sulfonamido species, although it is generally
present at lower levels than PFOS (Sturm and Ahrens 2010
and references therein), whereas EtFOSA and/or Et2FOSA
(Tomy, Budakowski, et al. 2004; Tittlemier et al. 2005;
Tittlemier et al. 2006; Löfstrand et al. 2008; Ahrens, Siebert,
et al. 2009; Yeung et al. 2009), MeFOSE (Ahrens and
Ebinghaus 2010), FOSAA (Peng et al. 2010), and EtFOSAA
(Yoo et al. 2009) have also been reported. FOSA and various
N-alkyl-FOSAs (Me-, Et-, Me2-, and Et2-FOSAs) were
detected in foodstuffs (Tittlemier et al. 2005; Tittlemier
et al. 2006). WWTP effluents and river, coastal, and ocean
waters were found to contain some N-alkyl sulfonamido
derivatives (MeFBSA, MeFBSE, MeFOSE, EtFOSE, MeFB-
SAA, MeFOSAA, and EtFOSAA) as well as FOSA and
FOSAA (Ahrens et al. 2009a; Ahrens et al. 2009b; Ahrens,
Gerwinski, et al. 2010; Huset et al. 2011; Nguyen et al. 2011;
Zushi et al. 2011). In human blood, the sulfonamido
derivatives FOSA, FOSAA, MeFOSAA, and EtFOSAA have
been quantified (Kannan et al. 2004; Calafat et al. 2007;
Olsen et al. 2008; Weihe et al. 2008; Toms et al. 2009; Lee
and Mabury 2011). MeFOSAA and/or EtFOSAA have also
been detected in precipitation (Taniyasu et al. 2008; Kwok
et al. 2010), wildlife (Yoo et al. 2009), sediments (Higgins
et al. 2005; Ahrens, Taniyasu, et al. 2010; Zushi et al. 2010)
and WWTP influent and effluent (Boulanger et al. 2005).
These 2 compounds have also been shown to be among the
most abundant PFAS components of municipal WWTP
sludge (Higgins et al. 2005; Sepulvado et al. 2011), in which
FOSAA has also been detected (Higgins et al. 2005).

Perfluoroalkyl and polyfluoroalkyl ether carboxylic acids.
Salts of perfluoroalkyl ether carboxylic acids (not depicted
in the tables) and polyfluoroalkyl ether carboxylic acids
(Table 3) are widely cited in patents as alternative fluoropol-
ymer processing aids, that are more environmentally and/or
toxicologically acceptable alternatives to APFO and APFN. A
common feature is that a terminal –COO� group, attached to
one or both ends of the fluorinated ether chain, is the
common hydrophile, generally with an NHþ

4 counter-ion
(Tsuda et al. 2003; Visca et al. 2003; Higuchi et al. 2005;
Hintzer et al. 2005; Brothers et al. 2008; Ishikawa et al. 2008;
Gordon 2011). These and/or other alternative surfactants are
expected to enable manufacturers to meet the USEPA 2010/
15 Stewardship Program goal to eliminate the use of PFOA
and higher homologues. Most recently, a toxicological
evaluation for one of these substances (ammonium 4,8-
dioxa-3H-perfluorononanoate; Table 3) has been published
(Gordon 2011). Substances based on certain members of this
family of compounds have a sufficient number of repeating
units (together with other characteristics) to enable them to

be considered to be polymers under the European Union
REACH legislation (ECHA 2008).

Fluorinated polymers

The polymers discussed in this section are those: 1) whose
synthesis involves the incorporation of one or more PFASs as
monomers. In this case, there is some potential (theoretical or
demonstrated) for the degradation of the polymer, during or
after its useful lifetime, to lead to release of PFASs to the
environment; or 2) whose manufacture requires the use of a
PFAS as a processing aid.

Fluoropolymers. Fluoropolymers contain F bound to one or
both of the olefinic C atoms, to form a perfluorinated C-only
polymer backbone with F atoms directly attached to it
(Table 4). Examples of fluoropolymers are polytetrafluoro-
ethylene (PTFE); polyvinylidene fluoride (PVDF); polyvinyl
fluoride (PVF); copolymers of tetrafluoroethylene (TFE) and
hexafluoropropylene (HFP); terpolymers of TFE, vinylidene
fluoride, and HFP; and copolymers of TFE and ethylene.
Certain grades of fluoropolymers, manufactured by emulsion
(or dispersion) polymerization, in order to obtain a fine
particle size distribution, require the use of a fluorosurfactant
‘‘processing aid.’’ This additive, used at a level of a few tenths
of a percent relative to the amount of polymer produced
(Prevedouros et al. 2006), was often traditionally the
ammonium salt of PFOA or PFNA. The fluorosurfactant is
removed when the fluoropolymer aqueous emulsion is dried
for sale as a solid. Similarly, when an aqueous fluoropolymer
emulsion is used, the polymer is heated to cure it. High cure
temperatures thermally destroy the fluorosurfactant. At low
cure temperatures, residual surfactant may remain (Guo et al.
2009). Most producers have discontinued the use of PFOA
and PFNA salts as processing aids and have developed and
implemented more environmentally acceptable alternatives,
as discussed above in the Perfluoroalkyl and Polyfluoroalkyl
Ether Carboxylic Acids section. It should be emphasized that
those grades of fluoropolymers (e.g., PTFE, PVDF) that are
made by suspension (rather than emulsion) polymerization
do not require a fluorosurfactant to be used as a ‘‘processing
aid.’’

Perfluoropolyethers. Perfluoropolyethers (PFPEs; Table 4)
are polymers in whose backbone -CF2-, -CF2CF2-, and
possibly -CF(CF3)CF2- units are separated by O atoms. For
example, the ultraviolet-initiated copolymerization of TFE
with O2 leads to PFPEs with a structure that may be
represented symbolically by CF3O(CF2CF2O)m(CF2O)nCF3,
although this overall formula does not show that the -CF2O-
and -CF2CF2O- units are generally distributed randomly
rather than in blocks (Sianesi et al. 1994). If the photo-
polymerization is conducted using hexafluoropropylene
(HFP) instead of (or together with) TFE, then PFPEs with
the overall formula CF3O(CF2CF2O)m(CF2O)n[CF(CF3)C-
F2O]pCF3 are obtained. Furthermore, the PFPE
-[CF(CF3)CF2O]n- can be synthesized by homopolymeriza-
tion of HFP (ep)oxide.

Because the repeating units of these PFPEs contain only 2
or 3 perfluorinated C atoms per O atom, their degradation
cannot lead to the formation of long-chain PFCAs. The reason
for mentioning them in this review is that certain difunctional
polymeric perfluoro-polyether products, corresponding to the
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overall formula X-CF2O(CF2CF2O)m(CF2O)nCF2–X, where
X is a hydrophilic group, are marketed as surface treatments
for natural stone, metal, glass, plastic, textiles, leather, and
paper and paperboard treatment for food-contact applica-
tions. These functionalized PFPEs bring properties such as a
low surface energy, high contact angle, reduced coefficient of
friction, and high oleo-hydrophobicity (Solvay Solexis 2011),
so that they are potential alternatives to the ECF-based
polymers, fluorotelomer-based polymers, and fluorinated
oxetane polymers described in this review.

Side-chain–fluorinated polymers. In contrast to the polymers
described previously, side-chain–fluorinated polymers do not
have perfluorinated or polyfluorinated polymer backbones,
but are composed of variable composition backbones with
polyfluoroalkyl (and possibly perfluoroalkyl) side chains
(Table 4). With regard to the sources of long-chain PFAAs,
we review 3 groups of side-chain–fluorinated polymers
distinguished from one another by the linkage (acrylate and/
or methacrylate, urethane, and oxetane) between the polymer
backbone and the polyfluoroalkyl (and possibly perfluor-
oalkyl) side chains. Side chains of each of these polymer types
may possess the ability to sever from the polymer chain to
become PFASs shown in Tables 2 and 3. It should be noted,
however, that this transformation process can occur over long
time periods (e.g., >1000 y) and may exhibit low yields of
PFASs such that their contribution to the environmental
inventory of long-chain PFAAs may be insignificant relative to
other historical and current sources. Further research is
required to clarify this question.

Fluorinated acrylate polymers: Fluorinated acrylate polymers
are made by polymerizing a fluorinated acrylate (or
methacrylate) monomer, in which the alcohol moiety
is n:2 FTOH, CnF2nþ1CH2CH2OH, or an alkyl-FASE,
CnF2nþ1SO2N(R)CH2CH2OH, where R¼CH3, C2H5, or
another alkyl group (Table 4). Some possible structures for
the fluorinated acrylate monomers are therefore:

CnF2nþ1CH2CH2OCðOÞCH¼CH2 ðan n :2 FTACÞ
CnF2nþ1CH2CH2OCðOÞCðCH3Þ¼CH2ðan n :2 FTMACÞ
CnF2nþ1SO2NðCH3ÞCH2CH2OCðOÞCH¼CH2ða MeFASACÞ
CnF2nþ1SO2NðC2H5ÞCH2CH2OCðOÞCH¼CH2ðan EtFASACÞ
CnF2nþ1SO2NðCH3ÞCH2CH2OCðOÞCðCH3Þ¼CH2ða MeFASMACÞ

CnF2nþ1SO2NðC2H5ÞCH2CH2OCðOÞCðCH3Þ¼CH2ðan EtFASMACÞ:

These fluorinated acrylate monomers are copolymerized
with one or more nonfluorinated acrylate monomers, and
possibly other monomers, to give the final side-chain
fluorinated acrylate polymers. These types of polymers are
useful as water-, stain- and grease-proofing finishes for textile,
leather, and paper surfaces. As stated above, it is not yet clear
to what extent such polymers may break down in the
environment to give PFAAs, such as PFOA, PFOS, PFBA, and
PFBS. Moreover, although we have shown only fluorotelomer
and perfluoroalkane sulfonamido (meth)acrylates, the term
‘‘side-chain–fluorinated polymer’’ would encompass many
other potential structures and products therefrom that
conform to the definition provided.

Fluorinated urethane polymers: Polymeric materials for repel-
ling water and stains may also be based on urethane polymers
formed by reacting fluorotelomer alcohols (FTOHs), or
perfluoroalkane sulfonamidoethanols (alkyl-FASEs), with
polyisocyanato homopolymers, followed by a cross-linking
step (Kirchner 1989). The products are polyfluorinated in
their side chains (Table 4). They are used mainly in textile
applications. In the case of an (8:2) FTOH-based urethane
polymer, a recent study has shown that the half-life with
respect to biodegradation to PFOA in aerobic soils is on the
order of a century (Russell et al. 2010).

Fluorinated oxetane polymers: An alternative fluorinated poly-
mer technology to those described thus far originates from the
reaction of polyfluorinated alcohols with oxetanes bearing a -
CH2Br group in their side chains, to create oxetane
monomers that can undergo ring-opening polymerization to
give side-chain–polyfluorinated polyethers (Figure 9). These
fluorinated oxetane polymers (Table 4) are offered in many
forms and functionalities primarily as fluorosurfactants and
coatings additives (Kausch et al. 2002; Kausch et al. 2003a,
2003b; Thomas 2006; Omnova Solutions 2011).

Commercial articles containing multiple types of fluorinated
polymers. It should be noted that there are commercial
products that contain both fluoropolymers and side-chain–
fluorinated polymers, which can cause confusion about the
origin of individual PFASs. In all-weather clothing products,
for example, multiple layered materials containing different
types of polymers are common. A porous PTFE membrane
layer is often used in garments to make the fabric ‘‘breath-
able.’’ The outer fabric layer may be nylon or polyester

Figure 9. Oxetane-based fluorinated polymers.
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treated with a side-chain–fluorinated polymer water repel-
lent. Analyses of all-weather clothing revealed the presence of
FTOHs in the outer layer of some all-weather clothing
products (Berger and Herzke 2006; Schulze and Norin 2006).
The origin of the FTOHs is not the PTFE breathable
membrane.

SUMMARY AND FUTURE PROSPECTS
We have provided an overview of PFASs detected in the

environment, wildlife, and humans and recommended clear,
specific, and descriptive terminology, names, and acronyms
for PFASs. We hope the terminology will be widely adopted
and used. Future interest in fluorinated substances by the
global scientific community is expected to remain high, and
continued publications should be numerous. The consistent
use of the terminology described here by this community will
facilitate clear and coherent communication, understanding,
interpretation, and comparison of published studies as well as
serve to highlight similarities and acknowledge key differences
between PFASs. We strongly discourage the use of broad,
poorly defined terms and acronyms in favor of the clear,
specific, and descriptive terminology provided here.

SUPPLEMENTAL DATA
Supplemental Data. Names, formulas, acronyms, and CAS

numbers for selected perfluoroalkyl and polyfluoroalkyl
substances. Terminology decision flow charts.
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An overview of the uses of per- and polyfluoroalkyl
substances (PFAS)†

Juliane Glüge, *a Martin Scheringer, a Ian T. Cousins, b Jamie C. DeWitt,c

Gretta Goldenman,d Dorte Herzke, ef Rainer Lohmann, g Carla A. Ng, h

Xenia Trieri and Zhanyun Wangj

Per- and polyfluoroalkyl substances (PFAS) are of concern because of their high persistence (or that of their

degradation products) and their impacts on human and environmental health that are known or can be

deduced from some well-studied PFAS. Currently, many different PFAS (on the order of several

thousands) are used in a wide range of applications, and there is no comprehensive source of

information on the many individual substances and their functions in different applications. Here we

provide a broad overview of many use categories where PFAS have been employed and for which

function; we also specify which PFAS have been used and discuss the magnitude of the uses. Despite

being non-exhaustive, our study clearly demonstrates that PFAS are used in almost all industry branches

and many consumer products. In total, more than 200 use categories and subcategories are identified

for more than 1400 individual PFAS. In addition to well-known categories such as textile impregnation,

fire-fighting foam, and electroplating, the identified use categories also include many categories not

described in the scientific literature, including PFAS in ammunition, climbing ropes, guitar strings, artificial

turf, and soil remediation. We further discuss several use categories that may be prioritised for finding

PFAS-free alternatives. Besides the detailed description of use categories, the present study also provides

a list of the identified PFAS per use category, including their exact masses for future analytical studies

aiming to identify additional PFAS.

Environmental signicance

Per- and polyuoroalkyl substances (PFAS) are a large group of more than 4700 substances that are used in a wide range of technical applications and consumer
products. Releases of PFAS to the environment have caused large-scale contamination in many countries. For an effective management of PFAS, an overview of
the use areas of PFAS, the functions of PFAS in these uses, and the chemical identity of the PFAS actually used is needed. Here we present a systematic
description of more than 200 uses of PFAS and the individual substances associated with each of them (over 1400 PFAS in total). This large list of PFAS and their
uses is intended to support the identication of essential and non-essential uses of PFAS.

1 Introduction

Per- and polyuoroalkyl substances (PFAS) are a class of thou-
sands of substances1,2 that have been produced since the 1940s
and used in a broad range of consumer products and industrial
applications.3 Based on concerns regarding the high persistence
of PFAS4 and the lack of knowledge on properties, uses, and
toxicological proles of many PFAS currently in use, it has been
argued that the production and use of PFAS should be limited.5

However, there are specic uses that make an immediate ban of
all PFAS impractical. Some specic uses of PFAS may currently
be essential to health, safety or the functioning of today's
society for which alternatives so far do not exist. On the other
hand, if some uses of PFAS are found to be non-essential, they
could be eliminated without having to rst nd alternatives that
provide an adequate function and performance. To determine
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which uses of PFAS are essential and which are not, the concept
of “essential use,” as dened under the Montreal Protocol, has
recently been further developed for PFAS, including illustrative
case studies for several major use categories of PFAS.6

PFAS are costly to produce (e.g. uorosurfactants are 100–
1000 times more expensive than conventional hydrocarbon
surfactants per unit volume7) and therefore are oen used
where other substances cannot deliver the required perfor-
mance,1 or where PFAS can be used in a much smaller amount
and with the same performance as a higher amount of a non-
uorinated chemical. Examples are uses that operate over
wide temperature ranges or uses that require extremely stable
and non-reactive substances. The C–F bonds in PFAS lead to
very stable substances, a feature that also makes the terminal
transformation products of PFAS very persistent in the envi-
ronment. Furthermore, the peruorocarbon moieties in PFAS
are both hydrophobic and oleophobic, making many PFAS
effective surfactants or surface protectors.8 PFAS-based uo-
rosurfactants can lower the surface tension of water from
about 72 mNm�1 (ref. 9) to less than 16 mNm�1, which is half
of what is attainable by hydrocarbon surfactants.8,10 Likewise,
the surfaces of uorinated polymers have about half the
surface tension compared to hydrocarbon surfaces. For
instance, a close-packed, uniformly organized array of tri-
uoromethyl (–CF3) groups creates a surface with a solid
surface tension as low as 6 mN m�1.11

Due to these and other desirable properties, PFAS are used in
many different applications. A good overview of the range of
uses of PFAS as surfactants and repellents is provided in the
monograph by Kissa (2001).3 It lists 39 use categories, mostly
derived from patents, and describes the functions of PFAS in
these use categories. However, the work by Kissa (2001) was
published nearly 20 years ago, focused on uorosurfactants and
repellents, and it is not clear which of these uses are still rele-
vant today. In addition to Kissa (2001),3 there are a few other
monographs and a number of peer-reviewed scientic articles
and reports that have looked into the uses of PFAS.8,12–22 While
these articles and reports provide useful information, each of
them focuses on the uses of a specic PFAS group (in specic
use categories). This is also the case for the reviews from the
Persistent Organic Pollutants Review Committee (POPRC), the
focuses of which are on peruorooctanoic acid (PFOA), per-
uorooctane sulfonic acid (PFOS), peruorohexane sulfonic
acid (PFHxS), their precursors, and the PFAS that may be or have
been introduced as replacements for these PFAS.23–29 The Flu-
oroCouncil30 has provided additional information on uses of
PFAS. However, the information is rather generic with limited
details about specic uses and substances. Hence, a compre-
hensive overview that summarizes major current uses is
missing.

The present paper, together with the Appendix (Table 4) and
the ESI,† aims to provide a broad, but not exhaustive, overview
of the uses of PFAS and associated individual substances (note
that a working denition of PFAS is used here to dene the
scope of PFAS considered in this study, which is provided in the
Methods section below). The paper addresses the following
points: (i) in which use categories have PFAS been employed

and for which functions? (ii) Which PFAS have been – and are
still – used in a certain category? (iii) What is the extent of the
uses in certain parts of the world? Within the European Union
(EU), there are discussions underway for restricting PFAS to
those uses that are essential,31 and extensive information on
many PFAS uses will be needed in this context. The present
work also aims to support this process by showing in which
specic applications PFAS are used, and in which functions, as
a rst step toward differentiating essential and non-essential
uses of PFAS.

2 Methods
2.1 Which PFAS are addressed?

A rst clear denition of PFAS was provided by Buck et al.
(2011).1 They dened PFAS as aliphatic substances containing
the moiety –CnF2n+1 within their structure, where n is at least 1.
The OECD/UNEP Global PFC Group noted that many
substances containing other peruorocarbon moieties (e.g.
–CnF2n–) were not commonly recognized as PFAS according to
Buck et al. (2011), e.g. peruorodicarboxylic acids.2 Considering
their structural similarities to commonly recognized PFAS with
the –CnF2n+1 moiety, the OECD/UNEP Global PFC Group
proposed to also include substances that contain the moiety
–CnF2n– (n $ 1) as PFAS.2 However, the exact denition is still
under discussion. The present study is in line with the OECD
proposal in several, but not all, respects. In contrast to the
denition by Buck et al. (2011), the present study also includes
(i) substances where a peruorocarbon chain is connected with
functional groups on both ends, (ii) aromatic substances that
have peruoroalkyl moieties on the side chains, and (iii) uo-
rinated cycloaliphatic substances.

More specically, the present study focuses on polymeric
PFAS with the –CF2– moiety and non-polymeric PFAS with the
–CF2–CF2– moiety. It does not include non-polymeric
substances that only contain a –CF3 or –CF2– moiety, with the
exception of peruoroalkylethers and per- and
polyuoroalkylether-based substances. For these two PFAS
groups, substances with a –CF2OCF2– or –CF2OCFHCF2–moiety
are also included.

2.2 Literature sources

The present inventory was started with the risk proles and risk
management evaluations for PFOA, PFOS, PFHxS and their
related compounds to obtain an overview of uses of these
chemicals.23–29 Reports and books that address uo-
rosurfactants and uoropolymers in general were also
included.3,8,12,16,20,21,32–43 Literature specic to certain use cate-
gories was retrieved for more information either on the
substances used, or to understand why PFAS are, or were,
necessary for a given use. All specic references are cited in the
ESI-1.†

In addition, databases, patents, information from PFAS
manufacturers and scientic studies that measured PFAS in
products were examined. These additional sources are
described in more detail in the following subsections. The

2346 | Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 This journal is © The Royal Society of Chemistry 2020
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searches were not exhaustive in any of the sources described,
and there are still many more reports, scientic studies,
patents, safety data sheets and databases with information on
the uses of PFAS than the ones cited here or in the ESI-1.†

The information in the Tables in the ESI-1† from these
sources was marked according to its original source. Informa-
tion from patents (cited in a book, article or report) was marked
with “P”, information on PFAS analytically detected in products
with “D”, and information on uses or information without
additional reference with “U” for “use”, or “U*” for “current
use” (which is dened as a use with public record(s) of use from
the last 4 years, i.e. 2017 or later).

2.2.1 Chemical data reporting under the US Toxic
Substances Control Act. Manufacturers and importers that
produced chemicals in amounts exceeding 25 000 pounds
(11.34 metric tons, t, per year) at a site in the United States (US)
between 2012 and 2015 were obliged to report to the US Envi-
ronmental Protection Agency (US EPA) in 2016 (data for 2016 to
2019 will be reported in 2020). The data reported in 2016
included for each reported substance: the name, Chemical
Abstracts Service (CAS) registry number and product categories
for consumer and commercial uses and sectors, as well as
function categories for industrial processing and use. The
masses (tonnages) used and exported also had to be reported;
however, they are in most cases condential business infor-
mation (CBI). The reported data were ltered according to
chemical names containing the word “uoro”. Non-polymeric
substances that did not contain the –CF2CF2– moiety and
polymeric substances that did not contain the –CF2– moiety
subsequently were removed. This le 39 entries where a specic
PFAS was applied in a consumer or commercial use, and around
120 entries where a specic PFAS was applied in an industrial
processing or use. The entries are labelled with “U” for “use” in
the Tables in the ESI-1 and ESI-3.†

2.2.2 Data from the SPIN database of Denmark, Finland,
Norway and Sweden. The Substances in Preparations in Nordic
Countries (SPIN) database contains information on
substances from the product registries of Denmark, Finland,
Norway and Sweden.44 There are several cases in which
substances do not need to be registered. For example, Den-
mark, Finland, Norway and Sweden exempt products that
come under legislation on foodstuffs and medicinal products
from mandatory declaration. Furthermore, the duty to
declare products to the product registers does not apply to
cosmetic products and there is in principle no requirement
to declare solid processed articles to any of the registers.
There is also a general exemption from the duty to declare
chemicals in Sweden, Finland and Norway, if the quantity
produced or imported is less than 0.1 t per year (in Finland
no exact amount is given). Of the Nordic countries, only
Denmark and Norway require information on all constituents
for most products for which declaration is mandatory. In
Sweden, substances that are not classied as dangerous and
that make up less than 5 per cent of a product may be omitted
from the declaration. In Finland, information on the
composition of products is registered from the safety data

sheets. Complete information on the exact composition is
consequently not necessarily given.

The data that we used in the present study were extracted
for us from the SPIN database by an employee of the Swedish
Chemicals Agency (KEMI) and the data included only non-
condential information. However, there is also a substan-
tial amount of condential information in the SPIN data-
base. This is visible when the substances are accessed via the
web interface of the SPIN database.44 It was also pointed out
to us that not all substances have available use data due to
condentiality.

The database includes four large data sets with infor-
mation on uses. Two of the data sets (“UC62” and “National
use categories”) contain information on specic use cate-
gories, while the other two (“Industrial NACE” and “Industry
National”) contain information on sectors of uses. In addi-
tion to the use categories and sectors of uses, the data sets
also contain information on the quantities of a chemical
used in a certain use category or sectors of uses if the re-
ported mass exceeds 0.1 t. The available data cover the time
period 2000 to 2017. The four data sets were merged and
then (as with the TSCA Inventory data) ltered for chemicals
containing the word “uoro”. Those non-polymeric
substances that did not contain the –CF2CF2– moiety and
polymeric substances that did not contain the –CF2– moiety
subsequently were removed. This le 950 entries. Entries
with available data for 2017 were labelled as “current use”
(U*) in the Tables in the ESI-1 and ESI-3,† all other entries
with “U” for “use”.

2.2.3 Patents. Another important source of information
is the patent literature. Patents were searched for via Sci-
Findern45 (which is the newest version of SciFinder) and
Google Patents.46 The patent search in SciFindern was
mostly conducted via keywords and the constraint that the
patent must contain a substance with the –CF2–CF2– moiety.
This can be done in SciFindern by using the “draw” function.
Google Patents was mainly used to search for a full patent
text (via the patent number) when SciFindern only provided
the abstract of the patent. The advantage of SciFindern

(which belongs to CAS) is that experts manually curate the
substances described in the patents and provide CAS
numbers. All substances identied in the patent are visible
in SciFindern together with the patent. Through the patents
it was possible to determine in which applications PFAS may
be used. While it is not possible to determine whether
licenses for a patent have been obtained, the status of the
patent (e.g. active, withdrawn, expired, not yet granted) can
be determined. Active patents become expensive for their
owners over the years. Representatives from CAS informed
us that it is very likely that a patent is still in use if it is still
paid for aer 10 to 15 years.47 Aer 20 years, a patent expires,
which means that the invention can be used by others free of
cost. Note that many patents cover not just a specic
substance, but rather a basic structure to which different
functional groups can be attached. The SciFindern experts
assign CAS numbers to those substances whose existence
has been proven by the registrants. Such a proof can be
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a physical method or the description in a patent document
example or claim. Still, it is not always clear which
substances are actually used in practice. Patents were found
for many uses, and the patented substances are included in
the Table in the ESI-1,† labelled with “P” for “patent”.

2.2.4 Information from companies that manufacture or
sell PFAS. 3M, Chemours, DuPont, F2 Chemicals, Solvay, and
other PFAS manufacturers describe on their webpages which
products they make and what these can be used for. Separate
factsheets are also available for some of the products, for
example, for uorocarbons from F2 Chemicals,48 3M™

Novec™ Engineered Fluids49–52 or Vertrel™ uids from Che-
mours.53 The difficulty with this information is that it oen
does not specify which substances are contained in the
products. Sometimes the safety data sheets provide infor-
mation about the composition of the products, but in most
cases they do not. Dozens of factsheets and safety data sheets
were screened for the present study and the information on
the PFAS they contained was extracted. However, it was not
feasible, in a reasonable amount of time, to examine all
factsheets and safety data sheets of the major PFAS manu-
facturers. The data included in the Table in the ESI-1† are
labelled with “U” for “use”.

2.2.5 Studies that measured PFAS in products. There are
also numerous individual studies that analysed PFAS in products,
for example in apparel,54,55 building materials,56 hydraulic uids
and engine oils,57 impregnation sprays,58,59 re-ghting foams,60–65

food packaging materials,66,67 or various other consumer prod-
ucts.33,68–75 These studies are important because they show in
which products PFAS exist. However, in most studies only
a handful of substances were analysed and even for these
substances it is not clear whether they were used intentionally,
impurities in the actual substances, or degradation products. The
data included in the Tables in the ESI-1† are labelled with “D” for
“detected analytically”.

2.2.6 Market reports. A variety of non-veried commercial
market reports exist for PFAS. Examples are the Fluorotelomer
Market Report, Fluorochemicals Market Report or the Per-
uoropolyether Market Report from Global Market Insights.76–78

The information from these reports is not included in this study as
these reports do not state their information sources and thus
cannot be veried.

2.3 Nomenclature

In the present study, a distinction is made between use cate-
gories and subcategories. A use category can, but does not
necessarily, have subcategories. An example of a use category
for PFAS is sport articles; a subcategory under sport articles is
tennis rackets.

A distinction is also made between use, function and property.
The “use” is the area in which the substances are employed. This
can either be the use category or the subcategory. The “function” is
the task that the substances full in the use, and the “properties”
indicate why PFAS are able to full this function. An example for
a use would be chrome plating. In chrome plating, PFAS have the
function to prevent the evaporation of hexavalent chromium(VI)

vapour, because of the PFAS properties that lower the surface
tension of the electrolyte solution and since the PFAS used are
stable under strongly acidic and oxidizing conditions.3

In the present study, the term “individual PFAS” always
refers to substances with a CAS number, irrespective of whether
they are mixtures, polymers or single substances.

2.4 Classication of use categories

The use categories in the present study were developed and
rened throughout the course of the project to have as few
well-dened use categories as possible that were not too
broad. Initially, the use categories as dened by Kissa (2001)3

were employed, but they are very specic and thus broader
categories were needed to cover the identied uses. Examples
of use categories from Kissa (2001) which were assigned to
broader categories are “moulding and mould release” (in the
present study a subcategory under “production of plastic and
rubber”), “oil wells” (in the present study a subcategory with
a slightly different name under “oil & gas”), and “cement
additives” (in the present study a subcategory under
“building and construction”). In the course of the project,
more use categories were dened as additional uses were
added. The use categories in the present study were nally
divided into “industrial branches” and “other use categories”
to make a distinction between use categories that dene
broad industrial branches such as the “semiconductor
industry” or the “energy sector”, and use categories that are
more specic such as “personal care products” or “sealants
and adhesives”. Note that some of the “other use categories”
may be applied to several of the “industry branches”. For
example, “wire and cable insulations” may be applied in
“aerospace”, “biotechnology”, “building and construction”,
“chemical industry” and others. A detailed overview of the use
categories and their subcategories is provided in the
Appendix (Table 4) of this paper.

Overall, the use categories dened in the present study are
very similar to the categories of the SPIN database, although
some categories of the SPIN database are more specic (and
correspond to subcategories in the present study). Some of the
categories in the SPIN database could not be assigned to any of
the use categories in the present study because they were too
general. Examples are “impregnation”, “surface treatment”,
“anti-corrosion materials” or “manufacture of other transport
equipment”. Although the substances from these categories are
not included in the present study, their quantities appear in
Fig. 3 under “various”.

2.5 What kind of information can be found where in this
article?

The present study comes with an Appendix (Table 4) that lists
the functions of the PFAS in the use categories and subcate-
gories that we identied. In addition, we indicate which prop-
erties of the PFAS are important for the identied function. The
Appendix thus contains the main results of the present study in
a condensed form and is therefore part of the main paper and
not part of the ESI.†

2348 | Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 This journal is © The Royal Society of Chemistry 2020

Environmental Science: Processes & Impacts Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

0 
O

ct
ob

er
 2

02
0.

 D
ow

nl
oa

de
d 

on
 1

0/
10

/2
02

4 
5:

40
:0

1 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

WG Ex. 37

1832

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0em00291g


The ESI† of the present study is divided into three parts.
ESI-1† is a comprehensive document with over 250 pages. It
is available as a pdf, but can also be provided upon request
as an MS Word document. ESI-1† is intended to be used as
a reference document and contains a detailed description of
all uses that were collected here as well as the PFAS
employed in these categories with names, structural
formulas and CAS numbers. Before reading sections of the
ESI-1,† it is recommended to study the rst two pages of the
ESI-1,† where some of the specic features of the document
are explained.

In addition, there is an MS Excel workbook (ESI-2†) that
contains all PFAS that appear in ESI-1.† This workbook has
a worksheet for each of the most common PFAS groups such
as peruoroalkyl acids (PFAA), peruoroalkane sulfonyl
uoride (PASF)-based substances, or uorotelomer-based
substances and, thus, offers a good overview of the
described PFAS. A list of what is included in the different
worksheets is provided in the rst worksheet. ESI-2† is
primarily intended as a reference for readers who do not have
access to SciFindern or other chemical databases or who just
want to look up the name or structural formula for a specic
CAS number. In addition to name, CAS number, and struc-
tural formula, ESI-2† also contains the identied uses of each
PFAS. In contrast to ESI-1, ESI-2† assigns the uses to the PFAS
(and not the PFAS to the uses).

The third part of the ESI-3† is also an Excel workbook that
provides a separate worksheet for each use category. These
worksheets list the PFAS from the ESI-1† with the names, CAS
numbers, elemental compositions, and exact monoisotopic
masses of the substances. Our intention is that the lists can be
added to accurate mass spectrometry libraries and thus help to
identify unknown PFAS more easily in the future. For this
purpose, it would be helpful to connect the CAS numbers in the
ESI-3† with e.g. the Norman SusDat ID of the NORMAN
Substance Database79 and perhaps to commercial mass spec-
trometry libraries in the future.

3 Results

In the present study, more than 200 uses in 64 use categories
were identied for more than 1400 individual PFAS. This means
that the present study encompasses ve times as many uses
(counted as use categories plus subcategories) than included in
Kissa (2001).3 This shows that our present study goes much
further than simply updating this previous work. The following
subsections describe the identied use categories and
substances, and show and discuss the most important use
categories in terms of quantities used, based on the data of the
SPIN database and the Chemical Data Reporting database
under the TSCA.

3.1 In which use categories have PFAS been employed and
for which function?

The Appendix to the present study sets forth the use cate-
gories identied and answers the question of why PFAS were

employed for a specic use. The use categories identied in
this study are divided into “industry branches” and “other
use categories”, as listed in Table 1. In total, 87 uses within
the 21 industry branches and 123 uses within the 43 other use
categories were identied. Among the use categories, medical
utensils, the semiconductor industry, and the automotive
industries have the largest numbers of subcategories. About
15% of the subcategories were identied by patents, and 5%
by studies that measured PFAS in products (see ESI-3†). The
remaining categories have been mentioned previously in
other publications.

The identied uses include many uses not previously
described in the scientic literature on PFAS. Some examples
of those uses are PFAS in ammunition (ESI-1 Section 2.4†),

Table 1 Industry branches and other use categories where PFAS were
or are employed. The numbers in parentheses indicate the number of
subcategories. No parentheses indicate no subcategories

Industry branches

Aerospace (7) Mining (3)
Biotechnology (2) Nuclear industry
Building and construction (5) Oil & gas industry (7)
Chemical industry (8) Pharmaceutical industry
Electroless plating Photographic industry (2)
Electroplating (2) Production of plastic and rubber

(7)
Electronic industry (5) Semiconductor industry (12)
Energy sector (10) Textile production (2)
Food production industry Watchmaking industry
Machinery and equipment Wood industry (3)
Manufacture of metal products (6)

Other use categories

Aerosol propellants Metallic and ceramic surfaces
Air conditioning Music instruments (3)
Antifoaming agent Optical devices (3)
Ammunition Paper and packaging (2)
Apparel Particle physics
Automotive (12) Personal care products
Cleaning compositions (6) Pesticides (2)
Coatings, paints and varnishes (3) Pharmaceuticals (2)
Conservation of books and
manuscripts

Pipes, pumps, ttings and liners

Cook- and bakingware Plastic, rubber and resins (4)
Dispersions Printing (4)
Electronic devices (7) Refrigerant systems
Fingerprint development Sealants and adhesives (2)
Fire-ghting foam (5) Soldering (2)
Flame retardants Soil remediation
Floor covering including carpets and
oor polish (4)

Sport article (7)

Glass (3) Stone, concrete and tile
Household applications Textile and upholstery (2)
Laboratory supplies, equipment and
instrumentation (4)

Tracing and tagging (5)

Leather (4) Water and effluent treatment
Lubricants and greases (2) Wire and cable insulation, gaskets

and hoses
Medical utensils (14)

This journal is © The Royal Society of Chemistry 2020 Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 | 2349
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climbing ropes (ESI-1 Section 2.38†), guitar strings (ESI-1
Section 2.24†), articial turf (ESI-1 Section 1.17†), and soil
remediation (ESI-1 Section 2.37†). Also, additional subcate-
gories of PFAS in already described use categories such as in
the semiconductor industry were identied. For example, in
addition to the subcategories etching agents, anti-reective
coatings, or photoresists, PFAS may also be employed for
wafer thinning (patent US20130201635 from 2013)45 and as
bonding ply in multilayer printed circuit boards (patent
WO2003026371 from 2003) in the semiconductor industry.45

In the energy sector, PFAS are known to be employed in solar
collectors and photovoltaic cells, and in lithium-ion, vana-
dium redox, and zinc batteries. In addition, uoropolymers
are also used to coat the blades of windmills13 and PFAS can
be employed in the continuous separation of carbon dioxide
in ue gases (patent CN106914122 from 2017)45 and as heat
transfer uids in organic Rankine engines.48 These examples
all show that the uses of PFAS are much more extensive than
so far reported in the scientic literature.

Altogether, we were able to identify almost 300 functions
of PFAS (listed in the Appendix). Examples of those functions
are foaming of drilling uids, heat transfer in refrigerants,
and lm forming in AFFFs. The properties that led to the use
of the PFAS are also identied. These include among others:
ability to lower the aqueous surface tension, high hydro-
phobicity, high oleophobicity, non-ammability, high
capacity to dissolve gases, high stability, extremely low
reactivity, high dielectric breakdown strength, good heat
conductivity, low refractive index, low dielectric constant,
ability to generate strong acids, operation at a wide temper-
ature range, low volatility in vacuum, and impenetrability to
radiation. In the Appendix (Table 4), these properties are
assigned to the specic uses (and functions).

3.2 Which PFAS have been – and are still – used in a certain
category?

The ESI-1† to the present study describes or lists those PFAS
that have been or are currently employed (or have been
patented) for each individual use. In total we have found uses
for more than 1400 individual PFAS. About one third of these
PFAS are also listed in the OECD list.2 This shows that many of
the PFAS listed in the present study are on the market, and that
many more PFAS that are not on the OECD list may be used or
are already being used.

Due to the great variety of uses and the large number of
PFAS, it is difficult to make generic statements here. Overall, it
was found that the number of different PFAS identied for
a certain use mostly depends on the properties required for
that use. Some properties, or combinations of properties, are
only found in specic groups of PFAS. For example, per-
uorocarbons seem to be particularly well suited as vehicles
for respiratory gas transport due to the high solubility of
oxygen therein. Similarly, anionic PFAS (largely those with
a sulfonic acid group) are used as additives in brake and
hydraulic uids due to their ability to alter the electrical
potential of the metal surface and thus, protect the metal

surface from corrosion through electrochemical oxidation. In
contrast, there are also properties that are shared by many
different groups of PFAS. Many PFAS are very stable and many
can reduce the surface tension of aqueous solutions consid-
erably, improving wetting and rinse-off. Therefore, a typical
use in which many different types of PFAS have been or are
used is in cleaning compositions. The patented, analytically
detected and employed PFAS for this use include PFAAs, PASF-
based substances, and uorotelomer-based substances (see
ESI-1 Section 2.6.1†). A similar variety of PFAS (87 substances
in total) were identied in patents for photographic materials
to control surface tension, electrostatic charge, friction,
adhesion, and dirt repellency.

This array of different PFAS may be surprising, but it
shows that some properties of PFAS are shared across many
PFAS groups. The large number of patented PFAS for the
same use raises the question of whether some of these
substances offer better performance than others, or whether
it does not really matter which PFAS are employed. The latter
would indicate that manufacturers can invent new PFAS
quite easily to avoid license fees for patents of other
manufacturers.

For the majority of uses, however, far fewer PFAS were identi-
ed. Fig. 1 highlights the use categories grouped according to the
number of PFAS identied. It should be noted that the number of
PFAS reects the number that we have identied in the present
study, and not the number of substances on the market or
available for a certain use. For half of the use categories, we have
identied more than 20 PFAS, and for seven use categories more
than 100 PFAS. The use categories with more than 100 identied
PFAS are “photographic industry”, “semiconductor industry”,
“coatings, paints and varnishes”, “re-ghting foams”, “medical
utensils”, “personal care products”, and “printing”. There are also
two categories where no specic substances were identied. These
are “ammunition” and “nuclear industry”.

The most frequently identied PFAS in our literature
search are non-polymeric uorotelomer-based substances,
followed by non-polymeric PASF-based substances and
PFAAs. Other identied non-polymeric substances are per-
uoroalkyl phosphinic acids (PFPIA)-based substances,
peruoroalkyl carbonyl uoride (PACF)-based substances,

Fig. 1 Use categories grouped according to the number of PFAS
identified. The use categories are those mentioned in Table 1 without
distinction of subcategories. Identified PFAS included PFAS detected
analytically in products, patented and employed PFAS. The data show
e.g. that 26 use categories contain fewer than 20 PFAS and seven use
categories contain more than 100 PFAS.

2350 | Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 This journal is © The Royal Society of Chemistry 2020

Environmental Science: Processes & Impacts Paper

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 3

0 
O

ct
ob

er
 2

02
0.

 D
ow

nl
oa

de
d 

on
 1

0/
10

/2
02

4 
5:

40
:0

1 
PM

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n-

N
on

C
om

m
er

ci
al

 3
.0

 U
np

or
te

d 
L

ic
en

ce
.

View Article Online

WG Ex. 37

1834

http://creativecommons.org/licenses/by-nc/3.0/
http://creativecommons.org/licenses/by-nc/3.0/
https://doi.org/10.1039/d0em00291g


cyclic PFAS, aromatic substances with uorinated side-
chains, per- and polyuoroalkyl ethers, hydrouoroethers,
and other non-polymers. Polymeric substances include u-
oropolymers, side-chain uorinated polymers, and per-
uoropolyethers (see also ESI-2†). There is also a variety of
substances in the groups themselves, especially among the
non-polymeric uorotelomer-based and PASF-based
substances. For many of the substances, only one use (or
patent for a use) was identied. For example, one use (or
patent) was assigned to 375 uorotelomer-based substances,
two uses (or patents) to 46 uorotelomer-based substances
and three or more uses to 36 uorotelomer-based
substances. The reason why so many PFAS have only one
identied use may be that not all the uses were identied for
all PFAS. But it also seems that many patents contain “new”
PFAS because they work just as well as the established ones.

In contrast to the many PFAS with only one assigned use,
some PFAS have many uses. ESI-2† illustrates this point: of
the 2400 links between individual PFAS and assigned uses,
16 PFAS have been assigned to 10 or more uses (see Table 2
and Fig. 2). The exact use counts are not important per se,
because there may be more uses for these PFAS that have not
been included in the present study, but they demonstrate
that some PFAS are employed more frequently than others. It
has to be noted that the three uoropolymers in Table 2 are
quite different from the other PFAS on the list, as they
represent possibly dozens or hundreds of technical products
with different grades and molecular sizes.

Of the 2400 links between individual PFAS and assigned
uses, around 40% were obtained from patents, 26%
from studies that detected PFAS in products, and 34% of the
links were obtained from publications that reported actual
uses.

3.3 What is the extent of the uses in certain areas of the
world?

To prioritize PFAS uses in the search for alternatives, it is key
to know for which uses PFAS were employed the most. Wang
et al.15,17,80 and Boucher et al. 2019 (ref. 14) published global
emission inventories for C4–C14 PFCAs and C6–C10 PFSAs.
For PFSAs and their precursors, the highest amounts were
identied for the use in “apparel/carpet/textile”, followed by
“paper and packaging”, “performance” and “aer-market/
consumers”. There is also information on the quantities of
individual uoropolymers used.40,81 However, a coherent
data set with data covering a wide range of uses and at the
same time a wide range of PFAS has not been available so far.
The following two subsections will show the magnitude of
the uses in the Nordic countries and the US based on the data
from the SPIN database and the Chemical Data Reporting
database under the TSCA, respectively. Data from REACH
that would have covered more countries than the data from
the SPIN database are not shown, because the tonnage bands
in REACH refer to the substances and not to use categories.
Accordingly, only in those cases where a substance has only
one use would it have been possible to obtain useful infor-
mation for this study, which would have created a lot of
uncertainty in the data.

3.3.1 Data from the SPIN database. Fig. 3 highlights the
total, non-condential amounts of PFAS employed in the
different use categories in Sweden, Finland, Norway and Den-
mark between 2000 and 2017.44 It should be noted that the data
from these Nordic countries may not be representative of other
parts of the world. Reasons are that only non-condential data
are included, that substances in foodstuffs, medicinal products,
and cosmetics do not have to be declared (see Section 2.2.2) and
that there is no uoropolymer or PFAS production in these

Table 2 PFAS with more than 10 assigned uses. Numbers based on counts of uses and patents, not on detections in products. The structures of
these substances are shown in Fig. 2

Substance CAS number Assigned uses

Ammonium peruorooctanoate 3825-26-1 14
Potassium peruorooctane sulfonate 2795-39-3 15
Potassium N-ethyl peruorooctane sulfonamidoacetate 2991-51-7 22
1-Propanaminium, 3-[[(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
heptadecauorooctyl)sulfonyl]amino]-N,N,N-trimethyl-, iodide (1 : 1)

1652-63-7 17

1-Propanaminium, 3-[[(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,9-
heptadecauorooctyl)sulfonyl]amino]-N,N,N-trimethyl-, chloride

38006-74-5 21

Oxirane, 2-[[(3,3,4,4,5,5,6,6,7,7,8,8,8-tridecauorooctyl)oxy]methyl]- 122193-68-4 10
1H-Pentauoroethane 354-33-6 10
Pentane, 1,1,1,2,2,3,4,5,5,5-decauoro- 138495-42-8 12
Methyl peruoropropyl ether 375-03-1 14
Methyl peruorobutyl ether 163702-07-6 17
Methyl peruoroisobutyl ether 163702-08-7 17
Ethyl peruorobutyl ether 163702-05-4 13
Poly(oxy-1,2-ethanediyl), a-[2-[ethyl[(1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,8-
heptadecauorooctyl)sulfonyl]amino]ethyl]-u-hydroxy-

29117-08-6 11

Polytetrauoroethylene (PTFE) 9002-84-0 37
Poly(vinylidene uoride) (PVDF) 24937-79-9 17
Ethylene tetrauoroethylene copolymer (ETFE) 25038-71-5 10

This journal is © The Royal Society of Chemistry 2020 Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 | 2351
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countries. Nevertheless, the data from the SPIN database
provide a rst indication of which uses of PFAS have been
important in the last 20 years in this region.

The data illustrate that a large amount of PFAS was used in
the production of plastic and rubber, the electronics industry,
and coatings and paints (Fig. 3). The production of plastic and

rubber does not include the production of uoropolymers.
Between 2000 and 2017, more than 3000 t of PFAS were used in
the three categories previously mentioned. Around 1500 t of
PFAS were used in building and construction and in lubricants
and greases and around 1200 t of PFAS in the chemical
industry, respectively. All other uses were below 1000 t.

Fig. 2 Structures and CAS numbers of the PFAS with more than 10 assigned uses.

Fig. 3 Amount of PFAS employed in the different use categories in Sweden, Finland, Norway and Denmark from 2000 to 2017, as reported in the
SPIN database.44 Polymers include fluoropolymers and perfluoropolyethers. Side-chain fluorinated polymers have not been used above 0.2 t in
any of the uses. Use categories with dark background are industrial branches, use categories with light grey background are other use categories.

2352 | Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 This journal is © The Royal Society of Chemistry 2020
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Non-polymers were mainly used in the electronic industry, in
buildings and construction, electricity, gas, steam and air
conditioning supply, and ame retardants and extinguishing
agents. Of the 6300 t of non-polymers used in the Nordic
countries between 2000 and 2017, 5650 t (90%) were the
hydrouorocarbon (and greenhouse gas) 1H-pentauoroethane
(CAS no. 354-33-6). More than 70% (470 t) of the remaining non-
polymeric PFAS were used in ame retardants and extinguish-
ing agents. The SPIN database has a combined category for
these two use categories, so it was not possible to distinguish
them.

Polymers were mostly used in the production of plastic and
rubber, coatings and paints, lubricants and greases, and in the
chemical industry. At least 13 700 t of polymers were used in the
Nordic countries between 2000 and 2017, and 10 000 t (73%) of
this was PTFE. This percentage is a bit higher than the numbers
published recently by AGC, which stated that 53% of the 320 000
t of uoroplastics consumed worldwide in 2018 was PTFE.81

3.3.2 Data from the Chemical Data Reporting under the
TSCA. Under the TSCA, the Chemical Data Reporting lists
under “volume” the amount of a substance in a certain sector
and function category or product category. However, more
than 80% of the volume entries in the Chemical Data
Reporting database are CBI. The certainty of the available
information is therefore low, but a general statement is still
possible. Table 3 highlights the non-condential data on
used and exported amounts of PFAS for the different uses
based on the data reported in 2016.

The amount of used and exported PFAS was largest for
functional uids in “electrical equipment, appliance, and
component manufacturing” and functional uids in
“machinery manufacturing”. The exact same amounts in the
two use categories are no coincidence but come from the
declaration that 50% of the total amount was used for

“electrical equipment, appliance, and component
manufacturing” and 50% for “machinery manufacturing”.
1H-Pentauoroethane (CAS no. 354-33-6) accounted for 100%
of the total amount in both cases. The high amounts of 1H-
pentauoroethane employed as functional uids in “elec-
trical equipment, appliance, and component manufacturing”
conrm the data from the SPIN database indicating that the
electronic industry is an important purchaser of this hydro-
uorocarbon. The high amounts of “functional uids” in
“machinery manufacturing” could be related to refrigerants,
air conditioners or other uses, but due to the broadness of the
use category, nothing denite can be concluded. Also, as it
was found for Europe, no data were available for amounts of
non-polymeric PFAS used as processing aids under uo-
ropolymer production in the US, which may be expected to be
a considerable contributor. The same amounts of “nishing
agent” in “paint and coating manufacturing” and “paper
manufacturing” are again from the declaration of 50% and
50%.

4 Discussion
4.1 Scope of the present study and uncertainties

4.1.1 Scope and uncertainties related to use categories. The
present study covers many past and current uses of PFAS. The
inventory is not exhaustive and it also contains uncertainties. One
area of uncertainty comes from harmonizing entries to one use
category that come fromdifferent sources. This is especially relevant
for the comparison of amounts used, because the reported amounts
from the different databases are related to more or less specic use
categories that may be dened differently in different databases.
Although not quite as critical, this was also a relevant point for the
ESI-1.† Here, information on specic uses of PFAS was assigned to
subcategories and information on broader uses to the main use

Table 3 Amounts (used + exported) that were not labelled as CBI for the different uses of PFAS from the Chemical Data Reporting under the
TSCA from 2016. The rows with bold text are the uses with high amounts indicated by non-confidential data

Sector and function Amount [t]

Paint and coating manufacturing – adhesive and sealant chemicals 0.001
Industrial gas manufacturing – air conditioners/refrigerations 138
Computer and electronic product manufacturing – solvents for cleaning and degreasing 1.03
Electrical equipment, appliance, and component manufacturing – functional uids 2180
Fabricated metal product manufacturing – solvents for cleaning and degreasing 0.11
All other chemical product and preparation manufacturing – re-ghting foam agents 190
Machinery manufacturing – functional uids 2180
Miscellaneous manufacturing – solvents for cleaning and degreasing 0.10
Oil and gas drilling – surface active agents 0.022
Paint and coating manufacturing – adhesives and sealant chemicals 0.31
Paint and coating manufacturing – nishing agents 0.005
Paper manufacturing – nishing agents 0.005
Pesticide, fertilizer, and other agricultural chemical manufacturing – surface active agents 0.07
Miscellaneous manufacturing – plating agents and surface treating chemicals 1.96
Printing ink manufacturing – processing aids, not otherwise listed 0.001
All other basic inorganic chemical manufacturing – refrigerants (heat transfer uids) 450
Rubber product manufacturing – rubber compounding 0.13
Soap, cleaning compound, and toilet preparation manufacturing – surface active agents 0.12
Textile, apparel and leather manufacturing – nishing agents 0.16

This journal is © The Royal Society of Chemistry 2020 Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 | 2353
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categories. Still, there were some use categories (especially from the
Chemical Data Reporting database under the TSCA) that were so
broad that we were not able to assign them to any category in our
list. Examples are “surface active agents in all other basic inorganic
chemical manufacturing”, or “functional uids in wholesale and
retail trade”. The PFAS listed under such categories and their
quantities were not, therefore, considered in the present study.

Another area of uncertainty originates from unidentied
uses. We found, for example, that PFAS are used in climbing
ropes.82 It therefore cannot be excluded that PFAS are also used
in climbing harnesses, but no information was found on this.
We did not have the capacity to conduct interviews with
industry representatives who might have revealed additional
information. We were similarly limited when it came to evalu-
ating the copious amount of information about PFAS uses, for
example in reports, scientic papers and patents. Therefore, not
all PFAS uses might have been identied in the present study.

In the case of patents in particular, a great amount of
information is available, but it should be noted that only
some of the PFAS included in patents currently are likely to
be used on the market. In addition to these uncertainties,
some of the use category-specic information in the SPIN
database is CBI, meaning that we may have not seen all
categories. It would be desirable if such information was no
longer condential in the future, in order to inform
consumers, users, and regulators.

Nevertheless, the SPIN database is a very valuable source of
information and it would be much easier to compile such inven-
tories of uses if other countries had product registries like the
Nordic countries. Without such product registries, the compilation
of uses and the substances used remains difficult and lengthy. It
would also be advantageous if the uses under REACH were more
precisely named. Current categories like “processing aids at
industrial sites” or “manufacture of chemicals” are very broad and
thus difficult to include.

An important question is whether the majority of the use
categories is covered in the present study or whether impor-
tant use categories are still missing. It is difficult to answer
such a question quantitatively, but a qualitative indication is
possible when the use categories of the SPIN database are
compared to the categories that were identied independently
of the SPIN database. Both categories match very well; only
three categories had to be added to accommodate data from
the SPIN database in the ESI-1† appropriately. These three
categories were “machinery and equipment”, “manufacture of
basic metals” and “manufacture of fabricated metal prod-
ucts”. However, with the exception of these three categories,
all specic information from the SPIN database could be
classied very well into the existing categories of the present
study. Overall, we assume that there are no major gaps in the
general use categories. However, it is quite possible that
subcategories are missing. Among the uses of which we are
aware, there may also be some uses where PFAS are no longer
employed.

To improve the list of uses in the future, there are several
possibilities. Firstly, one could try to get access to product registries
of as many countries as possible. Unfortunately, not all product

registries are as easily accessible as those of the Nordic countries
and many developing countries do not have such a registry. The
list could also be extended with information from REACH regis-
tration dossiers. These dossiers include information of uses and
tonnage bands expected to be used at the time of registration.
Interviews with manufacturers of products could also generate
more information. However, we know from experiences with past
projects that manufacturers oen want the interviewers to sign
a non-disclosure agreement before the interview, which prevents
using the information obtained in publications. The information
from such interviews could still provide some indication as to what
kind of information to look for in the public domain. The same is
true for market reports. They can only provide a clue of what to
look for in the public domain (given that they oen contain no
references). A discouraging factor for researchers whomay want to
use market reports as data sources is that the companies who
generate them oen sell them for extortionate sums (i.e. several
thousand US dollars) and that most of them are not based on
thorough research.83 Another approach could be to use articial
intelligence to systematically search product sales/industry maga-
zines for words or phrases, such as ‘uor’.

4.1.2 Uncertainties related to substances. Uncertainties
also exist regarding the substances identied for a particular use.
Some of these uncertainties are already discussed in theMethods
section: not all registered patents are used on the market, not all
substances included in a patent are used in practice, and
substances that have been detected analytically in products
might be impurities in or degradation products of the actual
substances. In addition, we only looked for examples of certain
types of PFAS and the lists are by no means complete. Also, the
substances included in the present study from the SPIN database
are not substances in articles, but substances in preparations.
The substances listed in the ESI-1† under U or U* are also those
that were intentionally used in the products. However, impuri-
ties, reaction products upon mixing the ingredients, and degra-
dation products of the intentionally added PFAS might also be
present in products. Industrial blends are rarely pure, but can be
only 80% of the registered substance, so 20% can be impurities,
reaction by-products, degradation products etc.

In addition, industry tends to evolve around consumer needs,
cost savings, and external factors such as regulatory oversight, and
substances used today may no longer be relevant tomorrow. A
better overview of the substances being used could be obtained if
manufacturers had to list which substances are contained in
a product in the safety data sheets. However, except for a few
instances (e.g. when uses are authorized for food contact materials
in Germany), this is not the case and patents are therefore oen
the only way to nd out what products (might) contain. A better
overview of the substances used would also be possible, at least for
the US, if substances with tonnages below the reporting threshold
of 11.34 t per year were also included in the TSCA Chemical Data
Reporting database. In the EU, it would be helpful if the registra-
tion dossiers under REACH as well as other legislations were
updated regularly with a more detailed breakdown of which-
quantities of the substances are used in which applications.

4.1.3 Uncertainties related to quantities. The third part of
the present study – identifying the key use categories in terms of
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quantities – also contains various uncertainties. The data from
the SPIN database only represent the Nordic countries, and
many industry branches have a greater presence in other
countries or regions of the world than in the Nordic countries.
Additionally, many of the volumes in the SPIN database are CBI.
Furthermore, the SPIN database does not include all uses. An
example is that foodstuff, and hence food packaging, is not
reported to the SPIN database, which possibly could explain
why ‘packaging’, which was signicant in the OECD study, did
not stand out in the SPIN survey. Similarly, non-polymeric PFAS
such as ADONA and the GenX chemicals are used as processing
aids during uoropolymer production. The quantities of these
processing aids are not captured in the statistics of the SPIN
database since this activity is not ongoing in Scandinavia.
However, the signicant amounts of uoropolymers produced
in Europe in 2018 of about 51 000 t per year,81 and globally of
about 320 000 t per year suggest that a considerable amount of
PFAS is used as processing aids in this use category in addition
to what is shown in Fig. 3 under “Chemical industry”.

The data from the US are only partly helpful, because a large
part of the reported amounts has been claimed as CBI and only
substances manufactured or imported at above 11.34 t per year
at a single site have been reported. Although in some use
categories large quantities of PFAS are employed, it is difficult
to compare the amounts, because the unreported amounts due
to CBI could be much larger than the non-condential re-
ported amounts. The extent of the uncertainties in the SPIN
database due to the CBI cannot be estimated with the available
data, but could be large. It would be helpful if regulatory
agencies, such as the US EPA or the national authorities in the
Nordic countries, could create a ranking of the PFAS uses
(without stating any numbers) based on the entire datasets
they have collected.

4.2 Findings of the present study with regard to uses

The present study is a renewed and expanded effort to system-
atically compile a wide range of known as well as many over-
looked uses of PFAS. Besides describing the uses of PFAS, we
also endeavoured to explain which functions the PFAS full in
these uses (see Table 4 in the Appendix). The descriptions of the
functions and properties of the PFAS employed are especially
important for determining “non-essential” use categories and
identifying alternatives for those uses currently considered
“essential”.

However, as can be seen from the question marks in the
Appendix it was not always possible to determine why PFAS
were used or needed in a particular case. In 4% of the cases we
could not clarify which function the PFAS full in the use
category or subcategory, and in 21% of the cases we could not
clarify which property is needed to full the mentioned
function. For example, we do not know exactly why PFAS are
employed in the ventilation of respiratory airways, in brake-
pad additives, and in resilient linoleum. It would be impor-
tant to engage with product manufacturers to understand
what function the PFAS actually have, in order to identify
appropriate replacements. Some of the uses might also be

judged as “non-essential” and thus could be eliminated or
discontinued.

Our study also shows that in several areas where large
quantities of PFAS are employed, discussions concerning
alternatives are still not underway in the public domain. In
general, in recent years the focus in the search for alternatives
for PFAS has been on re-ghting foams,84,85 paper and pack-
aging,86,87 and textiles.88–91 This focus was certainly appropriate,
because these are uses where PFAS are in direct contact with the
environment (re-ghting foam) or with humans (food pack-
aging, textiles). However, our results show that PFAS are also
used widely in the production of electronics and in machinery
manufacturing, and at least in the Nordic countries in the
production of plastic and rubber and in paints and coatings.
Measuring and/or reporting emissions along the life cycles of
these uses, and the search for alternatives in these use cate-
gories should therefore also be prioritized. These uses could for
instance be included in the activities for which data have to be
reported under the European Pollutant Release and Transfer
Registry.

It would also be important to look for alternatives in industry
branches that use smaller amounts of PFAS or that are not
included in the SPIN database or Chemical Data Reporting
database, but produce large amounts of wastewater, exhaust
gases or solid waste containing PFAS. More information is
needed to prioritize the various use categories, but potentially
worrisome categories where environmental contamination has
been documented are uoropolymer production,92–94 the semi-
conductor industry,95,96 and metal plating.97

Beside the categories mentioned above, there are also uses
where humans are in direct contact with PFAS and that have not
yet gained much attention regarding alternatives. These include:
personal care products and cosmetics (ESI-1 Section 2.28†), pesti-
cides (ESI-1 Section 2.29†), pharmaceuticals (including eye drops)
(ESI-1 Section 2.30†), printing inks (ESI-1 Section 2.33†), and
sealants and adhesives (ESI-1 Section 2.35†). A search for alterna-
tives would also be important here.

4.3 Findings of the present study with regard to substances

We can ascertain from the SPIN database that two PFAS, 1H-
pentauoroethane and PTFE, account for 75% of the quantities
used in the Nordic countries. One explanation is that PTFE and
1H-pentauoroethane are not used as additives, but as the main
products. For example, entire roof structures or coatings are
made out of PTFE.30 For 1H-pentauoroethane (also known as
HFC-125), one of the main uses is as a heat transfer uid and
cooling agent,44,98 which could explain the large quantities of
that substance used.

Other PFAS used as surfactants are utilized in much
smaller quantities probably due to their high market price.
They may therefore not appear (or at least not in high
amounts) in databases such as the SPIN database or the
Chemical Data Reporting database, which only report
substances (or amounts) above a certain threshold. PFAS
used in articles that are manufactured mainly in Asia or
other countries outside the EU or the US may also not appear

This journal is © The Royal Society of Chemistry 2020 Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 | 2355
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in large amounts in the SPIN or Chemical Data Reporting
database, simply because the databases do not contain
information on PFAS in articles. The PFAS that we have listed
as examples in the ESI-1† are mainly those used in Europe or
North America. A recent publication99 lists e.g. seventy PFAS
from the Inventory of Existing Chemical Substances
Produced or Imported in China (IECSC) that are not in the
North American and European chemical inventories. These
PFAS are also not in our inventory, because no information
on their intended use was provided.

Concerning the currently used PFAS, it was thought – due to
the voluntary phase out of all PFAS products derived from
peruorooctane sulfonyl uoride by 3M100 and the voluntary
PFOA Stewardship Program in which eight companies agreed
to phase out 95% of uses by 2015 (ref. 101) – that at least
ammonium peruorooctanoate and potassium per-
uorooctane sulfonate are no longer in use in the US. However,
other companies have not been prevented from taking over the
market, and there has been very limited enforcement of the
actual phase-out through regulation. A recent article revealed
that PFAS that can break down into PFOA and PFOS are still in
use in the US.102 Those uses include coatings for medical
devices, apparel, and other industries, and equipment in
pharmaceutical companies. PFAS that can break down into
PFOA and PFOS are also still used by semiconductor and
electronics companies.102

4.4 Prioritisation of use categories

Based on the data from the SPIN database, the Chemical Data
Reporting under the TSCA and information on the production of
wastewater, exhaust gases and solid waste, we propose that the
following use categories need to be prioritized for reducing/
eliminating the use of PFAS. At the same time, it must be
noted that uoropolymers and hydrouorocarbons are produced
and used in much larger quantities than PFAAs and their
precursors. However, PFAAs and their precursors are more crit-
ical from a toxicological point of view. Therefore, the proposal
for prioritization is made for each of the three PFAS groups
individually: PFAAs and precursors, hydrouorocarbons, and
uoropolymers.

4.4.1 PFAAs and precursors
4.4.1.1 Fire-ghting foams. PFAS-containing re-ghting

foams are used for extinguishing liquid res such as res in
oil, jet fuel, other non-water-soluble hydrocarbons, alcohols
and acetone. Although relatively small quantities of PFAS are
used in re-ghting foams (class B for extinguishing am-
mable liquid res), these foams are an important use cate-
gory because the foams and the chemicals they contain are
released directly into the environment. There are numerous
reports about PFAS-contaminated sites where re-ghting
foams have been used (especially for training activities) or
spilled.61,63,103,104 Although PFAS-free class B re-ghting
foams have been developed in the meantime, PFAS-
containing re-ghting foams are still widely in use
today.65,105,106 For more information, see ESI-1 Section 2.14†
and the Appendix.

4.4.1.2 Chemical industry with a special focus on processing
aids in the polymerization of uoropolymers. Important uses of
PFAS in the chemical industry are their uses as processing aids
in the polymerization of uoropolymers, the production of
chlorine and sodium hydroxide, and the production of other
chemicals including solvents. PFAS that are used as processing
aids in the polymerization of uoropolymers are of special
concern. This is because the surrounding environments at
numerous sites have been heavily contaminated due to the
release of the processing aids from the nearby manufacturing
plants,92–94 and considerable amounts of uoropolymers are
produced in Europe and worldwide. For more information, see
ESI-1 Section 1.4.†

4.4.1.3 Surface protection of textile, apparel, leather, carpets,
and paper. Considerable quantities of PFAS, especially of side-
chain uorinated polymers, have been used as surface
protectors in textile, apparel, leather, carpets, and paper.
These are open and dispersive uses where many consumers
come into contact with the PFAS-containing products. It has
also been reported that there are high emissions to air, dust,
and wastewater from a textile manufacturing plant in China.107

The side-chain uorinated polymers contain PFAAs as impu-
rities and they may act as important precursors to PFAAs.108

For more information, see ESI-1 Sections 2.5, 2.16, 2.20, 2.26,
and 2.40.†

4.4.2 Hydrouorocarbons
4.4.2.1 Electronic industry. PFAS have been used in elec-

tronic devices themselves e.g. in at panel displays or liquid
crystal displays. However, they have also been used for the
testing of electronic devices and equipment, as heat transfer
uids/cooling agents, in cleaning solutions, to deposit lubri-
cants and to etch piezoelectric ceramic lters. Based on data
from the SPIN database and the Chemical Data Reporting
database under the TSCA, themost widely used substance in the
electronic industry in the Nordic countries and the US is the
hydrouorocarbon 1H-pentauoroethane. According to the
SPIN database it is mainly used as a heat transferring agent and
cooling agent. However, 1H-pentauoroethane is not only of
concern due to its high persistence but also because it has
a global warming potential that is 3500 times that of carbon
dioxide. Therefore, 1H-pentauoroethane is one of the
substances regulated by the Kigali Amendment of the Montreal
Protocol and efforts are being undertaken to reduce the
production and consumption of this substance. The search for
PFAS-free alternatives is therefore even more important in this
use category.

4.4.2.2 Machinery and equipment. The Chemical Data
Reporting database under the TSCA lists also high amounts
(more than 2000 t per year) of 1H-pentauoroethane that is used
as a “functional uid” in “machinery manufacturing” in the US.
This could be related to refrigerants, air conditioners or other
uses, but due to the broadness of the use category, nothing
specic can be concluded. Given the high amounts reported,
there is an urgent need for more information on where and for
which function hydrouorocarbons, and PFAS in general, are
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used in this category. For more information, see ESI-1 Section
1.10† and the Appendix.

4.4.3 Fluoropolymers
4.4.3.1 Production of plastic and rubber. The SPIN database

reveals that large amounts of uoropolymers (more than 4000 t
between 2000 and 2017) have been used in the production of
plastic and rubber in the Nordic countries between 2000 and
2017. PFAS have been used as mould release agents, foam
blowing agents, foam regulators, polymer processing aids, in
the etching of plastic, as anti-blocking agents for rubber, and as
curatives in the production of plastic and rubber. As polymer
processing aids, uoropolymers can increase the processing
efficiency and quality of plastic and rubber.109 The use of PFAS
in the production of plastic and rubber may explain why PFAS
are found, for example, in articial turf.110 For more informa-
tion, see ESI-1 Section 2.14† and the Appendix.

4.4.3.2 Coatings, paints and varnishes. The data from the
SPIN database show that large amounts of uoropolymers (more
than 3000 t between 2000 and 2017) have been used in coatings
and paints in the Nordic countries between 2000 and 2017. Fluo-
ropolymers can be used to impart oil- and water-repellency to the
paints or coatings, and uoropolymers are also used as anti-stick
and anticorrosive coatings. For more information, see ESI-1
Section 2.8† and the Appendix.

4.5 Use and implications of the present study

The large number of uses that exist for PFAS, together with the
large number of individual substances, makes their regulation
and eventual phase-out very challenging. The approach of
allowing PFAS only in “essential uses”, as suggested for example
in the EU strategy paper “Elements for an EU-strategy for
PFAS”,5 will not be easy to implement if regulators try to assess
all uses individually. An alternative approach could be to deem
all PFAS uses as “non-essential” unless producers or users make
a convincing case for essentiality, and that authorities set
a sunset clause on “essential uses”.

The number of use categories for both non-essential and
essential cases is critical to estimate the amount of work that
would need to be done, for example, to prepare a restriction
proposal under REACH (as planned by ve European coun-
tries31). The descriptions in the present study of where and why
PFAS are used can be used to provide an overview of the uses
and may also facilitate an understanding of what alternatives
need to be developed and with which priority.

The information in this study may also help regulators and
scientists determine which PFAS to measure in contaminated
areas, in humans, in surrounding communities, and in prod-
ucts. To facilitate the identication of PFAS in various matrices,
we provide the ESI-3 le,† which contains for each use category
the name, CAS number, and exact monoisotopic mass of the
substance. The ESI-3 le† also includes information on whether
PFAS were identied in a patent, detected analytically in prod-
ucts, or reported as employed substances. Laboratories could
use modern analytical methods such as suspect-screening
analysis utilising accurate mass spectrometry to identify novel
and emerging PFAS listed in our ESI-3.†60,111 Patented

substances may be less likely to be on the market and could be
excluded or given a lower priority or weighting in suspect
screening workows. Similar lists (such as the ESI-3†) are
provided by the OECD/UNEP Global PFC Group,2 Zhang et al.
(2020),99 the US EPA, the NORMAN Substance Database79 and
others. An overview is provided under https://comptox.epa.gov/
dashboard/chemical_lists. However, only a few of these lists
also contain information on uses.

The ESI-3† may also be valuable for identifying sources of
PFAS in the environment. Some uses may impart characteristic
PFAS “ngerprints” (i.e. PFAS contamination patterns) to envi-
ronmental samples that could be used to identify a source, e.g.
through statistical methods.112 On the other hand, many envi-
ronments will be impacted by multiple sources and such
ngerprinting methods could be challenging in practice.

5 Conclusions

The present study is the rst of its kind to systematically compile
a wide range of known as well as poorly documented uses of PFAS.
The compilation is not exhaustive, but it still demonstrates that
PFAS are used in almost all industry branches and in many
consumer products. Some consumer products even have multiple
applications of PFAS within the same product. A cell phone for
example may contain uoropolymer-insulated wiring, PFAS in the
circuit boards/semiconductors, and a screen coated with a nger-
print-resistant uoropolymer. The search for alternatives is there-
fore a challenging and extensive task and is important in all use
categories. However, it seems particularly critical to us to replace
PFAAs and their precursors in re-ghting foams, processing aids
for the polymerization of uoropolymers and in the surface
protection of textiles, apparel, leather, carpets, and paper. Hydro-
uorocarbons seem to be usedmost in the electronics industry and
in machinery and equipment. Replacing them in these categories
will therefore be an important but challenging task. A search for
alternatives to uoropolymers will be important in the production
of plastic and rubber and in coatings, paints, and varnishes.

A matching database of viable alternatives to PFAS would be
a logical progression of the present study. It would also be helpful if
environmental protection agencies, for example the US EPA, could
create a ranking of PFAS uses (without providing tonnages) based
on the data they have collected. A ranking without exact gures
would still be better than the current situation, in which very little is
known about the quantitatively most important use categories due
to CBI. The TSCA reform in the US was unfortunately unsuccessful
in reducing industry's excessive use of CBI. On the one hand, CBI
may protect a specic industry's business, but on the other hand it
also results in less protection for consumers, users, and workers
from the chemicals. Even regulators are le in the dark about
volumes, use categories, and PFAS used, which limits their ability to
assess and prevent harm to humans and the environment.
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Appendix

Table 4 Overview of the uses of PFAS, the function of the PFAS in the uses and the properties of the employed PFAS that make them valuable for
this application

Use category/subcategory Function of PFAS Properties of the PFAS employed

Industry branch
Aerospace
- Phosphate ester-based brake and hydraulic
uids

Corrosion protection Altering the electrical potential at the
metal surface

- Gyroscopes Flotation uids in gyroscopes ?
- Wire and cable High-temperature endurance, re

resistance, and high-stress crack resistance
Non-ammable polymers, stable

- Turbine-engine Use as lubricant Corrosion resistant, stable, non-reactive,
operate at a wide temperature range

- Turbine-engine Use as elastomeric seals Operate at a wide temperature range
- Thermal control and radiator surfaces Reject waste heat Survival over a wide operating

temperature range, low solar absorbance,
high thermal emittance, and freedom
from contamination by outgassing

- Coating Protect underlying polymers from atomic
oxygen attack

Non-reactive, very stable

- Propellant system Elastomers compatible to aggressive fuels
and oxidizers

Non-reactive, very stable

- Jet engine/satellite instrumentation Use as lubricant Long-term retention of viscosity, low
volatility in vacuum and their uidity at
extremely low temperatures

Biotechnology
- Cell cultivation Supply of oxygen and other gases to

microbial cells
Great capacity to dissolve gases

- Ultraltration and microporous
membranes

Prevent bacterial growth ?

Building and construction
- Architectural membranes e.g. in roofs Resistance to weathering, dirt repellent, light Oleophobic and hydrophobic, low

surface tension, benecial weight-to-
surface ratio

- Greenhouse Transparent to both UV and visible light,
resistant to weathering, dirt repellent

Oleophobic and hydrophobic, low
surface tension

- Cement additive Reduce the shrinkage of cement ?
- Cable and wire insulation, gaskets & hoses High-temperature endurance, re

resistance, and high-stress crack resistance
Non-ammable polymers, stable

Chemical industry
- Fluoropolymer processing aid Emulsify the monomers, increase the rate of

polymerization, stabilize uoropolymers
Fluorinated part is able to dissolve
monomers, non-uorinated part is able
to dissolve in water

- Production of chlorine and caustic soda
(with asbestos diaphragms cells)

Binder for the asbestos-bre-based
diaphragms

?

- Production of chlorine and caustic soda
(with uorinated membranes)

Stable membrane in strong oxidizing
conditions and at high temperatures

Stable, non-reactive

- Processing aids in the extrusion of high-
and liner low-density polyethylene lm

Eliminate melt fracture and other ow-
induced imperfections

Low surface tension

- Tantalum, molybdenum, and niobium
processing

Cutting or drawing oil Non-reactive, stable

- Chemical reactions Inert reaction media (especially for gaseous
reactants)

Non-reactive, stable
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Table 4 (Contd. )

Use category/subcategory Function of PFAS Properties of the PFAS employed

- Polymer curing Medium for crosslinking of resins,
elastomers and adhesives

?

- Ionic liquids Raw materials for ionic liquids ?
- Solvents Dissolve other substances Bipolar character of some of the PFAS

Electroless plating Disperses the pitch uoride in the plating
solution

Low surface tension

Electroplating (metal plating)
- Chrome plating Prevent the evaporation of chromium(VI)

vapour
Lower the surface tension of the
electrolyte solution, very stable in
strongly acidic and oxidizing conditions

- Nickel plating Non-foaming surfactant Low surface tension
- Nickel plating Increase the strength of the nickel

electroplate by eliminating pinholes, cracks,
and peeling

Low surface tension

- Copper plating Prevent haze by regulating foam and
improving stability

Low surface tension

- Tin plating Help to produce a plate of uniform thickness Low surface tension
- Alkaline zinc and zinc alloy plating
- Deposition of uoropolymer particles onto
steel

Supported by uorinated surfactants Cationic and amphoteric uorinated
surfactants impart a positive charge to
uoropolymer particles which facilitates
the electroplating of the uoropolymer

Electronic industry
- Testing of electronic devices and
equipment

Inert uids for electronics testing Non-reactive

- Heat transfer uids Cooling of electrical equipment Good heat conductivity
- Solvent systems and cleaning Form the basis of cleaning solutions Non-ammable, low surface tension
- Carrier uid/lubricant deposition Dissolve and deposit lubricants on a range of

substrates during the manufacturing of hard
disk drives

?

- Etching of piezoelectric ceramic lters Etching solution Acidic

Energy sector
- Solar collectors and photovoltaic cells High vapour barrier, high transparency,

great weatherability and dirt repellency
Oleophobic and hydrophobic, low
surface tension

- Photovoltaic cells Adhesives with PFAS hold mesh cathode in
place

Lower the surface tension of the adhesive

- Wind mill blades Coating High weatherability
- Coal-based power plants Polymeric PFAS lter remove y ash from the

hot smoky discharge
Stable, non-reactive

- Coal-based power plants Separation of carbon dioxide in ue gases Lower the surface tension of the aqueous
solution

- Lithium batteries Binder for electrodes Almost no reactivity with the electrodes
and electrolyte

- Lithium batteries Prevent thermal runaway reaction Good heat absorption of rst layer and
good heat conductivity of second layer

- Lithium batteries Improve the oxygen transport of lithium–air
batteries

Great capacity to dissolve gases

- Lithium batteries Electrolyte solvents for lithium–sulfur
batteries

Bipolar character of some of the PFAS

- Ion exchange membrane in vanadium
redox batteries

Polymeric PFAS are used as membranes Resistance to acidic environments and
highly oxidizing species

- Zinc batteries Prevent formation of dendrites, hydrogen
evolution and electrode corrosion due to
adsorption onto the electrode surface

Low surface tension, non-reactive

This journal is © The Royal Society of Chemistry 2020 Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 | 2359
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Table 4 (Contd. )

Use category/subcategory Function of PFAS Properties of the PFAS employed

- Alkaline manganese batteries MnO2 cathodes containing carbon black are
treated with a uorinated surfactant

?

- Polymer electrolyte fuel cells Polymeric PFAS are used as membranes Ion conductance
- Power transformers Cooling liquid Good heat conductivity
- Conversion of heat to mechanical energy Heat transfer uids Good heat conductivity

Food production
- Wineries and dairies Final ltration before bottling with

polymeric PFAS
Resist degradation

Machinery and equipment ? ?

Manufacture of metal products
- Manufacture of basic metals Inhibit the formation of acid mist during the

electrowinning of copper
Lower the surface tension of the aqueous
solution

- Manufacture of fabricated metal products ? ?
- Pickling of steel wires Acid-pickling promoter ?
- Treatment of coating of metal surfaces Promote the ow of metal coatings, prevent

cracks in the coating during drying
Lower the surface tension of the coating

- Treatment of coating of metal surfaces Corrosion inhibitor on steel Non-reactive
- Etching of aluminium in alkali baths Improving the efficient life of the alkali

baths
?

- Phosphating process for aluminium Fluoride-containing phosphating solutions
help to dissolve the oxide layer of the
aluminium

?

- Cleaning of metal surfaces Disperse scum, speed runoff of acid when
metal is removed from the bath, increase the
bath life

?

- Water removal from processed parts Solvent displacement Low surface tension

Mining
- Ore leaching in copper and gold mines Increase wetting of the sulfuric acid or

cyanide that leaches the ore
Low surface tension

- Ore leaching in copper and gold mines Acid mist suppressing agents Low surface tension
- Ore oating Create stable aqueous foams to separate the

metal salts from soil
Low surface tension

- Separation of uranium contained in
sodium carbonate and/or sodium
bicarbonate solutions by nitrogen oatation

Improve the separation ?

- Concentration of vanadium compounds Destruction of the mineral structure,
increases the specic surface area and pore
channel thus facilitating vanadium leaching

Acidity

Nuclear industry
- Lubricants for valves and ultracentrifuge
bearings in UF6 enrichment plants

PFAS are used as the lubricants Stable to aggressive gases

Oil & gas industry
- Drilling uid Foaming agent Low surface tension
- Drilling – insulating material for cable and
wire

Polymeric PFAS are used as insulating
material

Withstand high temperatures

- Chemical driven oil production Increase the effective permeability of the
formation

Low surface tension

- Chemical driven oil production Foaming agent for fracturing subterranean
formations

Low surface tension

- Chemical driven oil production Heavy crude oil well polymer blocking
remover

?
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Table 4 (Contd. )

Use category/subcategory Function of PFAS Properties of the PFAS employed

- Chemical driven gas production Change low-permeability sandstone gas
reservoir from strong hydrophilic to weak
hydrophilic

Hydrophobic and oleophobic properties

- Chemical driven gas production Eliminate reservoir capillary forces, dissolve
partial solid, dis-assemble clogging, increase
efficiency of displacing water with gas

Lower surface tension of the material

- Oil and gas transport Lining of the pipes is made out of polymeric
PFAS

Non-reactive (corrosion resistant)

- Oil and gas transport Reduce the viscosity of crude oil for pumping
from the borehole through crude oil-in-water
emulsions

Hydrophobic and oleophobic properties

- Oil and gas storage Aqueous layer with PFAS prevents
evaporation loss

Lower the surface tension of the aqueous
solution

- Oil and gas storage Floating layer of cereal treated with PFAs
prevents evaporation loss

Low surface tension

- Oil containment (injection a chemical
barrier into water)

Prevents spreading of oils or gasoline on
water

?

- Oil and fuel ltration Polymeric PFAS are used as membranes Non-reactive (corrosion resistant)

Pharmaceutical industry
- Reaction vessels, stirrers, and other
components

Use of polymeric PFAS instead of stainless
steel

?

- Ultrapure water systems Polymeric PFAS are used as lter Low surface tension
- Packaging Polymeric PFAS form moisture barrier lm Hydrophobic
- Manufacture of “microporous” particles Processing aid ?

Photographic industry
- Processing solutions Antifoaming agent Lower the surface tension of the solution
- Processing solutions Prevent formation of air bubbles in the

solution
Lower the surface tension of the solution

- Photographic materials, such as lms and
papers

Wetting agents, emulsion additives,
stabilizers and antistatic agent

Low surface tension, low dielectric
constant

- Photographic materials, such as lms and
papers

Prevent spot formation and control edge
uniformity in multilayer coatings

Low surface tension

- Paper and plates Anti-reective agents Low refractive index

Production of plastic and rubber
- Separation of mould and moulded material Mould release agent Hydrophobic and oleophobic properties
- Separation of mould and moulded material Reduce imperfections in the moulded

surface
Low surface tension

- Foam blowing Foam blowing agent Low surface tension
- Polyol foams Foam regulator 10.5.3.1.1.1.1 lower the surface tension of

the foam
- Polymer processing aid Increase processing efficiency and quality of

polymeric compounds
Lower the surface tension of the
polymeric products

- Etching of plastic Wetting agent Low surface tension
- Production of rubber Antiblocking agent Low surface tension
- Fluoroelastomer formulation Additive in curatives ?

Semiconductor industry
- Photoresist (itself) Photoresist matrix, changes solubility when

exposed to light
?

- Photoresist (photosensitizer) Increase the photosensitivity of the
photoresist

?

- Photoresist (photo-acid generator) Generate strong acids by light irradiation Able to generate strong acids
- Photoresist (quencher) Controlling the diffusion of the acid to

unexposed region
?

- Antireective coating Provide low reectivity Low refractive index

This journal is © The Royal Society of Chemistry 2020 Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 | 2361
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Table 4 (Contd. )

Use category/subcategory Function of PFAS Properties of the PFAS employed

- Developer Facilitate the control of the development
process

?

- Rinsing solution Rinsing the photoresist to remove the
developer

Low surface tension

- Etching Wetting agent Low surface tension
- Etching Reduce the reection of the etching solution Low refractive index
- Etching Etching agent in dry etching Strong acids
- Cleaning of silicon wafers Etch cleaning Strong acids
- Cleaning of integrated circuit modules Remove cured epoxy resins ?
- Cleaning vapour deposition chamber Remove dielectric lm build up Generation of reactive oxygen species
- Wafer thinning Non-stick coating composition on carrier

wafer
Low surface tension

- Vacuum pumps Working uid Stable, non-reactive
- Technical equipment in contact with
process chemical or reactive plasma

Polymeric PFAS are used in inert moulds,
pipes and elastomers

Stable, non-reactive

- Multilayer circuit board Bonding ply composition Low dielectric constant, low dissipation
factor

Textile production
- Dyeing and bleaching of textiles Wetting agent Low surface tension
- Dyeing process using sulphur dyes Antifoaming agent Low surface tension
- Dye transfer material Release agent Low surface tension
- Textile treatment baths Antifoaming agent Low surface tension
- Fibre nishes Emulsifying agent Hydrophobic and oleophobic properties

Watchmaking industry
- Lubricants Form an oil layer and reduced wear Non-reactive (do not oxidize, resistant to

corrosion)
- Drying as production step aer aqueous
cleaning

Solvents in solvent displacement drying Low surface tension

Wood industry
- Drum ltration during bleaching The used coarse fabric is made out of

polymeric PFAS
Stable

- Coating for wood substrate Clear coating is made out of polymeric PFAS Stable, non-reactive
- Wood particleboard Part of adhesive resin Low surface tension

Other use areas
Aerosol propellant Aerosol propellant Non-ammable, stable, non-reactive

Air conditioning Working uid Non-ammable, stable, non-reactive

Antifoaming agent Prevent foaming Low surface tension

Ammunition Make the nal product rubbery and reduce
the likelihood of an unplanned explosion
due to shock; enable long-term storage
without degradation of the polymer

Long-term stability without degradation

Apparel
- Breathable membranes Polymeric PFAS are used as membranes High permeability to water vapour, but

resist passage of liquid water

2362 | Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 This journal is © The Royal Society of Chemistry 2020
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Table 4 (Contd. )

Use category/subcategory Function of PFAS Properties of the PFAS employed

- Long-lasting durable water repellent nish Provide water and oil repellence, stain
resistance and soil release

Lower surface tension of the fabric,
hydrophobic and oleophobic properties

Automotive
- Car body Weather resistance paint, no-wax brilliant

top coat
Low surface tension

- Automotive waxes Aid spreading, improve the resistance of the
polish to water and oil

Lower the surface tension of the wax,
oleophobic

- Windshield wiper uid Prevent icing of the wind shield ?
- Car body Light, stable Benecial weight-to-surface ratio, stable
- Engine and steering system Polymeric PFAS are used as sealants and

bearings
Operate at a wide temperature range,
non-reactive

- Engine oil coolers Heat transfer uid Good heat conductivity
- Cylinder head coatings and hoses Increase the fuel efficiency ?
- Cylinder head coatings and hoses Reduce the fugitive gasoline vapour

emissions
Low surface tension

- Electronics Cables and wires High-temperature endurance, re
resistance

- Fuel lines, steel hydraulic brake tubes Corrosion protection Non-reactive, stable
- Interior Dirt repellent in carpets and seats Low surface tension, oleophobic
- Brake pad additives ? ?

Cleaning compositions
- Cleaning compositions for hard surfaces Enhance wettability Lower the surface tension of the cleaning

product
- Carpet and upholstery cleaners Provide stain resistance and repel soil Low surface tension, oleophobic
- Cleaning compositions for adhesives ? ?
- Dry cleaning uids Stabilizer, improve the removal of

hydrophilic soil
Hydrophobic and oleophobic, low
surface tension

- Cleaning of reverse osmosis membranes Remove calcium sulphate ?

Coatings, paints and varnishes
- Paints Emulsier for the binder, dispersant for the

pigments, wetting agent
Hydrophobic and oleophobic, low
surface tension

- Paints Enhance the protective properties of
anticorrosive paints

Non-reactive

- Paints Antifouling on ships ?
- Paints and coatings Anti-crater, improved surface appearance,

better ow and levelling, reduced foaming,
decreased block, open-time extension, oil-
and water repellency, dirt pickup resistance

Low surface tension, oleophobic

- Paints and coatings Form second coat on a rst coat Low surface tension
- Coatings Antistick and anticorrosive coatings Low surface tension, non-reactive
- Coatings Highly durable and weatherable Stable, non-reactive

Conservation of books and manuscripts Preserve historical manuscripts Permeability to water vapour, but resist
passage of liquid water

Cook- and bakingware Prevent food from sticking to the pan/baking
ware

Low surface tension, non-reactive, stable
at high temperatures

Dispersions Disperse solutions Low surface tension

Electronical devices
- Printed circuit boards Use bre-reinforced uoropolymer layer Low dielectric constant
- Capacitors Separation of high voltage components

(dielectric uid)
High dielectric breakdown strength, non-
ammable

This journal is © The Royal Society of Chemistry 2020 Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 | 2363
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Table 4 (Contd. )

Use category/subcategory Function of PFAS Properties of the PFAS employed

- Acoustical equipment Provide an electrical signal in response to
mechanical or thermal signals

Piezoelectric and pyroelectric properties

- Liquid crystal displays (LCDs) Provide the liquid crystal with a dipole
moment

Dipoles

- Liquid crystal displays (LCDs) Polymeric PFAS provide moisture sensitive
coating for displays

Hydrophobic

- Light management lms in at panel
display

Reduced static electricity build-up and dust
attraction during fabrication

Low dielectric constant

- Razors Polymeric PFFAs is used on the razor ?
- Electroluminescent lamps Polymeric PFAS is used as coating ?

Fingerprint development Solvent ?

Fire-ghting foam
- Fluoroprotein (FP) foams Fuel repellents Low surface tension
- Film-forming uoroprotein (FFFP) foam Film formers, foam stabilizers Lower the surface tension of water
- Alcohol-resistant lm forming
uoroprotein (AR-FFFP) foam

Film formers, foam stabilizers Lower the surface tension of water

- Aqueous lm-forming foams (AFFF) Film formers Lower the surface tension of water
- Alcohol-resistant aqueous lm forming
foam (AR-AFFF)

Foam stabilizers Low surface tension

Flame retardants
- Polycarbonate resin Flame retardants Non-ammable
- Other plastic Flame retardants Non-ammable

Floor covering including carpets and oor
polish

Improve wetting and levelling Low surface tension

- Soil-release nishes for carpets Provide water and oil repellence, stain
resistance and soil release

Low surface tension, hydrophobic and
oleophobic

- Aermarket carpet protection Provide water and oil repellence, stain
resistance and soil release

Low surface tension, hydrophobic and
oleophobic

- Resilient linoleum ? ?
- Laminated oor covering ? ?
- Floor polish Improve levelling and wetting Low surface tension

Glass
- Surface treatment Make glass surfaces hydrophobic and

oleophobic
Hydrophobic and oleophobic

- Surface treatment Prevents misting of glass Hydrophobic
- Surface treatment Dirt-repellent Low surface tension
- Surface treatment Fire-or weather resistant Non-ammable, stable
- Etching and polishing Increase the speed of etching, improve

wetting
Low surface tension

- Drying as production step in glass nishing Solvents in solvent displacement drying Low surface tension

Household applications
- Threads and joints Polymeric PFAS is used for sealing ?

Laboratory supplies, equipment and instrumentation
- Consumable materials (vials, caps, tape) Made out of polymeric PFAS ?
- Personal protective equipment (gloves) ? ?
- Particle lters Minimize the sorption of compounds to the

lter itself
Low surface tension

- Solvents Dissolve other substances Hydrophobic and oleophobic

2364 | Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 This journal is © The Royal Society of Chemistry 2020
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Table 4 (Contd. )

Use category/subcategory Function of PFAS Properties of the PFAS employed

- LC instruments Polymeric PFAS are used in the solvent
degasser

Non-reactive ?

- LC columns Some columns are based on polymeric PFAS ?
- Reverse phase LC-solvents can contain PFAS ?
- Seals and membranes in UPLCs, autoclaves
and ovens

are made out of polymeric PFAS Work over a wide temperature range

- Oils and greases in pumps Form a thick oil layer and reduced wear Non-reactive, non-ammable
- Sterilization of an insulated vessel Sterilization medium ?
- Electro plotting Protein-sequencing membranes are made

out of polymeric PFAS
?

- Analysing the phosphoamino content in
proteins

Protein-sequencing membranes are made
out of polymeric PFAS

?

Leather
- Manufacturing of genuine leather Improve the efficiency of hydrating, pickling,

degreasing and tanning
?

- Repellent treatment (genuine leather) Provide water and oil repellence, stain
resistance and soil release

Hydrophobic and oleophobic, low
surface tension

- Manufacturing of synthetic leather Polymer melt additives that impart oil and
water repellency to the nished bres

Hydrophobic and oleophobic

- Shoe brighteners Improve the levelling of shoe brighteners Low surface tension
- Impregnation spray Provide water and oil repellence, stain

resistance and soil release
Low surface tension

Lubricants and greases Form a thick oil layer and reduced wear Non-reactive, non-ammable, operate
also at high temperatures, do not form
sludge or varnish

Medical utensils
- Electronic devices that rely on high
frequency signals (debrillators,
pacemakers, cardiac resynchronization
therapy (CRT), positron-emission
tomography (PET) and magnetic resonance
imaging (MRI) devices)

High dielectric insulators High dielectric breakdown strength

- Video endoscope Use in charge-coupled device colour lters ?
- Microbubble-based ultrasound contrast
agents

Fluorinated gas inner core, which provides
osmotic stabilization and contributes to
interfacial tension reduction

Low solubility in aqueous media
(dissolve more slowly)

- X-ray imaging Contrast enhancement agents Radio-opaque
- Magnetic resonance imaging Contrast agent Lack of a 19F endogenous background

signal in vivo and high magnetic
resonance sensitivity of 19F atoms

- Proton and 19F NMR imaging Contrast agents Lack of uorine in organs and tissue
- Computed tomography and sonography Contrast agents Lack of uorine in organs and tissue
- Radio-opaque materials Polymeric PFAS has been used Radio-opaque
- Surgical drapes and gowns Improve water-, oil- and dirt-resistance Hydrophobic and oleophobic, low

surface tension
- X-ray lms Wetting agents, emulsion additives,

stabilizers and antistatic agent
Low surface tension, low dielectric
constant

- Dispersant Facilitate the dispersion of cell aggregates Low surface tension
- Contact lenses Raw material
- Retinal detachment surgery and
proliferative vitreoretinal

Endotamponade gases High specic gravity, low surface tension,
and low viscosity

- Retinal detachment surgery and
proliferative vitreoretinal

Intraoperative tool during vitreoretinal
surgery

High specic gravity, low surface tension,
and low viscosity

- Eye drops Delivery agent Unique combination of apolarity and
amphiphility

- Filters, tubing, O-rings, seals and gaskets in
dialysis machines

Made out of polymeric PFAS Low surface tension

This journal is © The Royal Society of Chemistry 2020 Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 | 2365
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Table 4 (Contd. )

Use category/subcategory Function of PFAS Properties of the PFAS employed

- Dialysis membranes Made out of polymeric PFAS Low surface tension
- Catheter, stents, and needles Provide low-friction and clot-resistant

coatings
Low surface tension

- Surgical patches and vascular catheter Use of polymeric PFAS ?
- Blood transfer and articial blood Oxygen carrier Great capacity to dissolve gases
- Organ perfusion Oxygen carrier Great capacity to dissolve gases
- Percutaneous transluminal coronary
angioplasty

Oxygen carrier Great capacity to dissolve gases

- Toothpaste Enhances uorapatite formation and
inhibits caries

Low surface tension

- Dental oss Allows the narrow ribbon to slip easily
between close-pressed teeth

Low surface tension

- UV-hardened dental restorative materials Improve the wetting of the set materials Low surface tension
- Ventilation of respiratory airway ? ?
- Anaesthesia Polymeric PFAS is used to dry or humidify

breath
Hydrophobic

- Articial heart pump Blood compatible and durable Non-reactive, stable
- Wound care Cleaning burn residues Dissolve hydrocarbon

Metallic and ceramic surfaces Generates easily removable sludge Hydrophobic and oleophobic

Music instruments
- Guitar strings Prevent loss of vibration due to residue build

up
?

- Piano keys Contain polymeric PFAS ?
- Piano Eliminate squeaks in piano key ?

Optical devices
- Glass bre optics Able to include rare earth in glass bre optics ?
- Optical lenses Provide optical lenses with low refractive

index and high transparency
Low refractive index

Paper and packaging
- Paper and cardboard Provide water- and oil repellency Hydrophobic and oleophobic
- Manufacturing of paper Release agent for paper-coating

compositions
Low surface tension

Particle physics
- Particle accelerators Part of the detection assemblies Non-reactive, stable, high ionization

charge density

Personal care products
- Cosmetics Emulsiers, lubricants, or oleophobic agents Hydrophobic, low surface tension
- Cosmetics Make creams etc. penetrate the skin more

easily
- Cosmetics Make the skin brighter
- Cosmetics Make the skin absorb more oxygen Great capacity to dissolve gases
- Cosmetics Make themakeupmore durable and weather

resistant
Hydrophobic and oleophobic, stable,
non-reactive

- Hair-conditioning formulations Enhance wet combing and render hair
oleophobic

Pesticides
- Insecticide against the common housey
and carmine mite

Suffocation of the insect by the adsorbed
uorinated surfactant

?

- Insecticide against ants and cockroaches ? ?

2366 | Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 This journal is © The Royal Society of Chemistry 2020
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Table 4 (Contd. )

Use category/subcategory Function of PFAS Properties of the PFAS employed

- Formulation additives Anti-foaming agent Low surface tension
- Formulation additives Dispersant, facilitate the spreading of plant

protection agents on insects and plant leaves
Low surface tension

- Formulation additives Dispersant, increase uptake by insects and
plants

Low surface tension

- Formulation additive Wetting agent for leaves Low surface tension

Pharmaceuticals
- Active ingredient (fulvestrant) Estrogen antagonists, inhibits the growth

stimulus that the estrogen exert on cells
?

- Active ingredient Pharmaceutical combination of dabigatran
and proton pump inhibitors

?

- Formulation additives Dispersant in self-propelling aerosol
pharmaceuticals

Low surface tension

- Formulation additives Solvent Hydrophobic and oleophobic

Pipes, pumps, ttings and liners
- Pipes, pipe plugs, seal glands, pump parts,
fasteners, ttings and liners

Polymeric PFAS are used for these
applications

Stable, non-reactive, low surface tension,
hydrophobic and oleophobic

- Working uid for pumps in the electronics
industry

Stable to reactive gases and aluminium
chloride

Extremely stable, non-reactive

Plastic and rubber
- Plastic Polymeric PFAS micropowder as additive ? ?
- Thermoplastic Plasticizer ?
- Bonding of rubber to steel Allow adhesiveness bonding Low surface tension
- Rubber and plastic Antistatic agent Low dielectric constant
- Resin Improve weatherability and elasticity Non-reactive, stable
- Polycarbonate resins Flame retardant for polycarbonate resins Non-ammable

Printing (inks)
- Toner and printer ink Enhance ink ow and levelling, improve

wetting, aid pigment dispersion
Low surface tension

- Toner and printer ink Impart water resistance to water-based inks Hydrophobic
- Ink-yet recording heads Make them ink repellent Low surface tension
- Recording and printing paper ? ?
- Lithographic printing plates ? ?

Refrigerant systems
- Refrigerant uid system Heat transfer uid Good heat conductivity
- Refrigerant compressor Lubricants Non-ammable

Sealants and adhesives
- Sealants Can be made out of polymeric PFAS Operate at a wide temperature range,

non-reactive, stable
- Silicone rubber seals Prevents soiling Low surface tension, hydrophobic and

oleophobic
- Adhesives Improve levelling, spreading, and the

penetration of the adhesive into the pore
structure of the substrates

Low surface tension

- Adhesives Antistatic agent Low dielectric constant

Soldering
- Vapour phase uids in vapour phase
soldering

Heat transfer medium Good heat conductivity

- Fluxing agent in solder paste Low-foaming noncorrosive wetting agent Non-reactive, stable, low surface tension

This journal is © The Royal Society of Chemistry 2020 Environ. Sci.: Processes Impacts, 2020, 22, 2345–2373 | 2367
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Table 4 (Contd. )

Use category/subcategory Function of PFAS Properties of the PFAS employed

Soil remediation
- Vapour barrier material on top of
contaminated soil

Evaporation retarder ?

- Surfactants to mobilize pollutants Surfactants to mobilize soil-bound
contaminants in remediation

Stable, non-degradable (during
photodegradation)

Sport article
- Ski wax Highly water repellent Low surface tension, hydrophobic
- (Sailing) boat equipment Weather protection of textiles; anti-fouling

protection of ship hulls
Non-reactive, stable, hydrophobic and
oleophobic

- Tennis rackets Used in coatings for tennis rackets ?
- Bicycle Lubricants Hydrophobic
- Climbing ropes Provide water repellence, stain resistance

and soil release
Low surface tension, hydrophobic

- Fishing lines No water absorption, invisible in water, high
knot strength

Hydrophobic

- Golf gloves Antifouling protection for the natural sheep
leather of the glove

?

Stone, concrete and tile Impart oil and water repellency to the
surface; delay oxidation and ageing of
surface

Low surface tension, hydrophobic and
oleophobic

Textile and upholstery
- Surface treatment Provide water and oil repellence, stain

resistance and soil release
Low surface tension, hydrophobic and
oleophobic

- Waving yarn Facilitate waving ?

Tracing and tagging
- Tracking air–borne pollutants Tracer in air Non-radioactive, chemically and

thermally stable, do not occur naturally,
have very low atmospheric background
concentrations

- Testing ventilation systems Tracer in air 〃

- Mapping gas and petroleum reservoirs Tracer in gas or petroleum 〃

- Leak detection in cables, pipelines, landll
waste and underground storage tanks

Tracer in leaking material 〃

- Tracking of marked items Tracer in the marked item 〃

Water and effluent treatment
- Filter membranes Polymeric PFAS minimize the sorption of

compounds to the lter itself
Low surface tension

Wire and cable Provide high-temperature endurance, re
resistance, and high-stress crack resistance

Non-ammable, operate at a wide
temperature range
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1. Introduction 

1.1 Background 

On January 25, 2006, Administrator Stephen Johnson invited eight major fluoropolymer 
and telomer manufacturers to participate in a global stewardship program on perfluorooctanoic 
acid (PFOA) and related chemicals. Participating companies were asked to commit to reducing 
PFOA and related chemicals from facility emissions and in product content by 95% no later than 
2010, and to work toward eliminating PFOA from emissions and in product content no later than 
2015. All eight companies, Arkema, Asahi, Ciba, Clariant, Daikin, DuPont, 3M/Dyneon, and 
Solvay Solexis, submitted letters of commitment to the PFOA Stewardship Program by the 
March 1, 2006 deadline. 

1.2 Scope of the PFOA Stewardship Program 

Each of the eight companies expressed support for a global stewardship program 
addressing reductions in PFOA, PFOA precursor chemicals, and related higher homologues from 
both emissions and product content.  Participation in the stewardship program is in addition to a 
company's existing commitments to the Agency. Companies also expressed their general 
commitment to continue their ongoing research on the sources, pathways of exposure, and 
potential risks of these chemicals.    

1.3 Baseline Data Report 

As a means of measuring continuing improvement in achieving reductions, the 
Stewardship Program specified that individual companies use year 2000 data as the baseline of 
their company’s emissions and product content.  The companies have agreed to submit baseline 
information by October 31, 2006. If no data are available for year 2000, companies have agreed 
to use as a baseline the nearest year for which data are available. 

1.4 Annual Reports 

Companies in the Program have agreed to submit annual reports on their progress toward 
meeting the goals by the end of October of every year. As noted in Administrator Johnson’s 
invitation letter, companies would report their progress publicly in terms of company-wide 
percentage achievements both for U.S. operations and for the company's global business. The 
Administrator’s letter further noted that companies would also provide to EPA detailed 
information on their progress in support of their public reports, and would allow EPA to share 
information submitted under the Program with the Agency’s contractors, including information 
contained within detailed progress reports that may be claimed as confidential. The first annual 
progress reports should be submitted by October 31, 2007.  However, some companies have 
expressed their desire to report the reductions already achieved to date, and EPA encourages 
such submissions to be made in conjunction with the baseline data report submissions. 

Some participating companies indicated that the PFOA Stewardship Program could be an 
umbrella encompassing all of the various pollution prevention, research, and product 
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development activities they are already planning or carrying out in connection with these 
chemicals.  Companies are encouraged to provide such information in their annual reports. 

1.5 Data Quality 

For all data and information gathered under the PFOA Stewardship Program, the 
companies committed to employing scientific practices, protocols and procedures designed to 
ensure data quality, objectivity, utility and integrity.  Each annual submission should include a 
brief discussion of data quality measures employed in composing the final report. 

2. Guidance on Reporting Emissions 

EPA developed the model-facility reporting form to facilitate a consistent reporting 
format among companies for the detailed information being submitted in support of each 
company’s summary initial baseline and annual public reports.  The form is based on the 
reporting form from the Use and Exposure Information Project (UEIP) that was developed 
through a collaborative effort between industry representatives and EPA’s Office of Pollution 
Prevention and Toxics (OPPT). The form was designed specifically to minimize the need for 
submitters to assert Toxic Substances Control Act (TSCA) Confidential Business Information 
(CBI) claims, and has been used successfully for more than a decade by some of the companies 
currently involved in the PFOA Stewardship Program. 

The UEIP was a voluntary program, developed initially as a joint effort by the Chemical 
Manufacturers Association1 (CMA), the Synthetic Organic Chemical Manufacturers Association 
(SOCMA), and OPPT, to provide a method for chemical manufacturers to send use and exposure 
information to OPPT for the chemicals entering the Risk Management screening assessment 
process. The above groups, as well as the American Petroleum Institute (API) and Chemical 
Specialty Manufacturers Association (CSMA) developed the original UEIP form in a 
collaborative effort. The original UEIP form was slightly modified to make it more closely suit 
the purposes and objectives of the PFOA Stewardship Program.  For example, the sections 
containing exposure-related information were eliminated.  

The facility reporting form on emissions is Appendix C of this guidance document.  The 
form is chemical- and site-specific, and requests information on chemical releases at sites where 
a company manufactures, processes, or uses the chemical.  Companies should complete a 
separate form for each facility. If a company is reporting for more than one chemical, it should 
complete a separate form for each chemical (PFOA, PFOA precursor chemical, or related higher 
homologue).  Further guidance can be found in the reporting form  in Appendix C. 

EPA will use information on facility reports on emissions to measure progress toward 
meeting the goals of the PFOA Stewardship Program.  To ensure transparency in reporting, as 

1 Now the American Chemistry Council (ACC) 
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well as in Agency and company decision making, the Stewardship Program is designed to collect 
information in a format that is readily accessible to the public.  Although the submission of CBI 
under the Stewardship Program is discouraged, EPA recognizes that there may be various 
circumstances in which a company may need to claim some of its information as TSCA CBI. 
Appendix B contains information relevant to CBI submissions.  A sanitized version of any CBI 
information should also be submitted, which should disclose as much information as possible. If 
no claim of confidentiality is made at the time of submission, the detailed information may be 
made available to the public without further notice by EPA.   

3. Guidance on Reporting Product Content 

EPA recognizes that there are still many difficulties associated with obtaining accurate 
and reproducible results in chemical analyses of perfluorinated alkylated compounds.  To ensure 
that the results reported under the Stewardship Program are both comparable and reliable, 
companies have committed to work with EPA, other PFOA Stewardship Program participants, 
and other experts in order to establish scientifically credible analytical standards and laboratory 
methods for measuring the chemicals in the program by 2010, the first goal attainment year. 

EPA also recognizes that some of the companies have made significant progress in 
developing analytical techniques on their own.  Companies are encouraged to publicly share 
these advances with others. 

The facility reporting form on product content is Appendix D of this guidance document. 
This form was developed to provide a consistent reporting format across companies for the 
detailed information being submitted in support of each company’s initial baseline and annual 
summary public report The form is product- and site-specific. Companies should complete a 
separate form for each facility. If a company is reporting for more than one product, it should 
complete a separate form for each product.  Further guidance can be found in the reporting form 
in Appendix D. 

EPA will use information on facility reports on product content to measure progress 
toward meeting the goals of the PFOA Stewardship Program.  To ensure transparency in 
reporting, as well as in Agency and company decision making, the Stewardship Program is 
designed to collect information in a format that is readily accessible to the public.  Although the 
submission of CBI under the Stewardship Program is discouraged, EPA recognizes that there 
may be various circumstances in which a company may need to claim some of its information as 
TSCA CBI. A sanitized version of any CBI information should also be submitted, which should 
disclose as much information as possible. If no claim of confidentiality is made at the time of 
submission, the detailed information may be made available to the public without further notice 
by EPA. 
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4. Public Summary Reports 

The public summary reporting form for the baseline year information can be found in 
Appendix E. The public summary annual reporting form for reporting reductions in emissions 
and product content can be found in Appendix F.   These reporting forms were developed to 
provide a simple, convenient, consistent, and readily understandable format in which to 
summarize emission and product content reductions across company operations in the U.S. and 
worldwide. As contemplated by Administrator Johnson’s invitation letter, the public summary 
reports provide a means for companies to express their progress in terms of company-wide 
percentage achievements both for U.S. operations and for the company's global business. 

Once submitted by the companies, these forms will be posted on the PFOA Stewardship 
Program website for easy public reference.  They must not contain any CBI.  In those sections of 
the form that may cover information that your company claims as CBI, please fill in the form 
with as much non-CBI information as possible using ranges or generic descriptions.   

5. Submissions to EPA 

5.1 Public Record 

All submissions under this Stewardship Program will be made publicly available in 
Docket EPA-HQ-OPPT-2006-0621 unless confidentiality is claimed at the time the information 
is submitted.  EPA has made an electronic version of the public docket available at 
http://www.regulations.gov. 

To access the electronic dockets through http://www.regulations.gov, from the main page 
locate the “Advanced Search” tab and select “Docket.”  On the search screen that appears, enter 
the appropriate docket ID number in the “Docket ID” field and click “Search.”  The public can 
also access the EPA-HQ-OPPT-2006-0621 Docket through the EPA Docket Center Reading 
Room, which is located in the EPA Headquarters Library, Infoterra Room, EPA West, Rm. 3334, 
1301 Constitution Avenue, N. W., Washington, D.C. 

5.2 Confidential Business Information (CBI) 

Although the submission of CBI under the Stewardship Program is discouraged, EPA 
recognizes that there may be various circumstances in which a company may need to claim some 
of its information as TSCA CBI.  Information claimed CBI will be treated in accordance with 
the procedures in 40 CFR part 2 and section 14 of TSCA, 15 U. S. C. 2613.  Appendix B 
provides guidance on the submission of CBI to the Agency.   

6


WG Ex. 38

1863

http://www.regulations.gov
http://www.regulations.gov


October 2006 

5.3 Submissions to EPA 

All documents submitted to EPA under this Program should be identified by the Docket 
ID Number EPA-HQ-OPPT-2006-0621.   

To ensure timely processing, EPA requests that the companies submit one (1) paper copy 
(marked as CBI where appropriate) and one (1) electronic copy (on a disk or CD ROM; marked 
as CBI where appropriate and in text-searchable, PDF format ) of all documents submitted under 
this Program to the OPPT Document Control Office in accordance with the procedures specified 
below. For any CBI submissions, a second copy of the submission (paper and electronic), from 
which all the marked information and legends are removed, should accompany the submission 
leaving only the non-confidential portions of the submission. 

Submissions made by hand delivery or courier (EPA’s preferred option of receiving 
document submissions for this Program) 
Deliver to: OPPT Document Control Office (DCO) in the EPA East Building, Room 
6428, 1201 Constitution Avenue, NW, Washington, DC, and mark Attention:  Docket ID 
Number EPA-HQ-OPPT-2006-0621.  The DCO is open from 8:00 a.m. to 4:00 p.m., 
Monday through Friday, excluding legal holidays.  The telephone number for the DCO is 
(202) 564-8930. 

Submissions made by mail 
Send to: Document Control Office (7407M), Office of Pollution Prevention and Toxics 
(OPPT), Environmental Protection Agency, 1200 Pennsylvania Avenue, NW, 
Washington, DC 20460-0001. Mark Attention:  Docket ID Number EPA-HQ-OPPT-
2006-0621. No electronic media should be submitted to the EPA by mail because it 
would be destroyed by current mail screening irradiation procedures. 

Submissions made electronically 
Send to: OPPT Document Control Office at oppt.ncic@epa.gov, Attention: Docket 
OPPT-2006-0621. Electronic submissions for all reporting under this Program should be 
submitted as attachments to the e-mail and should be in text-searchable, PDF format.  
The e-mail transmitting any report required by this Program and all electronic 
attachments should be included as part of the submission.  E-mail addresses are 
automatically captured by the EPA e-mail system and become part of the submission that 
is placed in the official public docket, and will be made available in the EPA electronic 
public docket. Upon receipt of the electronic submission, a “receipt date” is entered into 
the metadata to signify the date the document(s) submitted by the company(ies) was 
received by EPA. EPA is not responsible for any submissions that fail to transmit when 
the EPA firewall rejects an electronic submission containing a virus or other adverse 
electronic coding. Submitter should confirm that:  1) electronic submissions are received 
by EPA on the date of transmission, 2) the electronic submission and all attachments are 
legible, and 3) the electronic submission and all attachments meet the electronic format 
requirements of the EPA Document Control Office.  Do not submit any report containing 
confidential business information (CBI) to EPA by e-mail.   
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For all non-CBI submissions, one (1) additional  paper and one (1) electronic (searchable 
PDF) copy of each document should be transmitted directly by a commercial courier or hand 
delivery to Mary Dominiak in the EPA East Building, Room 4410M, 1201 Constitution Avenue, 
NW, Washington, DC and marked Attention: 2010/15 PFOA Stewardship Program. 

CBI information that is provided to EPA should be sanitized to protect CBI but provide 
as much information to the public as possible. Any part of data or other documentation claimed 
as CBI should be so marked.  Confidential portions of any particular page should be clearly 
marked by highlighting, bracketing, or some other marking that clearly identifies the precise 
information that is claimed as CBI.  In addition to the marked copy, a second copy of the 
submission should accompany the submission from which all the marked information and 
legends are removed, leaving only the non-confidential portions of the submission.  Data or other 
information that are claimed as CBI should not be submitted electronically to EPA by e-mail.    
If the CBI submission is on diskette or CD ROM, mark the outside of the diskette or CD ROM as 
CBI and then identify electronically within the diskette or CD ROM the specific information that 
is CBI. 
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Glossary of Terms

The following definitions should be considered general and applicable to the 2010/15 PFOA 
Stewardship Program only. 

Byproduct 
A chemical substance produced without a separate commercial intent during the manufacture or 
processing of another chemical substance or mixture. 

CBI 
Confidential Business Information. 

ECA 
Enforceable Consent Agreement. 

Externally recycled 
Recovered at another site and then transferred into the subject site for reuse. 

Higher homologue chemicals 
PFOA and PFOS are both eight-carbon chain length chemicals. Chemicals similar in structure to 
PFOA or PFOS but with nine or more carbons in the chain are higher homologues of PFOA or 
PFOS. 

Homologue 
One of a series of compounds, each of which has a structure differing regularly by some 
increment (number of carbons, presence of a CH2 group) from adjacent members of the group. 

Impurity 
A chemical substance that is unintentionally present with another chemical substance. 

Internally recycled 
Recovered and reused at the same site. 

NPDES 
National Pollution Discharge Elimination System. 

PFAC 
Perfluoroalkyl carboxylate is a generic term used to describe a fully fluorinated carboxylic acid 
of any carbon chain length, including PFOA. 

PFAS 
Perfluoroalkyl sulfonate is a generic term used to describe a fully fluorinated sulfonate of any 
carbon chain length, including PFOS. 
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PFNA 
Perfluorononanoic acid is a fully fluorinated, nine-carbon chain carboxylic acid (C9) (CAS 375-
95-1). 

PFOA 
Perfluorooctanoic acid is a fully fluorinated, eight-carbon chain carboxylic acid (C8) (CAS 335-
67-1). 

POTW 
Publicly Owned Treatment Works. 

Precursor 
A chemical that can break down to form another chemical. For example, some residual monomer 
chemicals from the telomer manufacturing process, such as telomer alcohols and telomer iodides, 
are PFOA precursors because they may remain in the final product and can break down into 
PFOA. 

Product 
For the purpose of this Program, the term  “product” refers to basic fluorochemical substances or 
mixtures that are manufactured by the eight fluoropolymer and telomer companies.  For 
example, the chemical substance polytetrafluoroethylene may be sold as a commercial chemical 
product in the form of a solid or as a diluted aqueous dispersion.  Other fluoropolymers, 
fluorotelomer-based polymers, and telomer monomers that are in commerce (for example, sold 
to formulators as constituents for incorporation into other formulated products such as inks, 
paints, cleaners, and surface treatment applications for carpets, textiles, leather, and paper) would 
be included in the definition of "product" because they are commercial chemical substances. The 
final formulations themselves, and the articles to which they may be applied (such as carpet, 
textiles, and paper), are not included in the definition of  “product” for the purpose of reporting 
under the PFOA Stewardship Program. 

RCRA 
The Resource Conservation and Recovery Act. 

Telomer Based Product 
Chemical substances that have the fluoroalkyl portion of the molecule derived from telomers 
manufactured from low molecular weight polymerization of tetrafluoroethylene. 

UEIP 
Use and Exposure Information Project. 
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2010/15 PFOA Stewardship Program 

Guidance on Reporting Confidential 

Business Information (CBI) 


Under TSCA, a company may claim that information provided to EPA is confidential 
business information (CBI) entitled to confidential treatment.  Please note that EPA may request 
a company to substantiate any CBI claim. You are advised that if no CBI claim accompanies 
your submission, EPA may make the information available to the public.  If you make a CBI 
claim in the submission, the information covered by such claims will only be disclosed to the 
extent and by means of the procedures set forth in 40 CFR 2.201 et seq. and at 41 FR 36902, 
Sept. 1, 1976, as amended by 50 FR 51662, Dec. 8, 1985. 

If you submit information claimed as CBI, please follow the procedures set forth in 40 
CFR 2.201 et seq. and at 41 FR 36902, Sept. 1, 1976, as amended by 50 FR 51662, Dec. 8, 1985.  
In summary, these regulations provide that a company that submits information to EPA may 
designate all or part of the information as CBI.  The submitter should clearly mark an attached 
cover sheet and each page that contains CBI with the term “Confidential,” “Trade Secret,” 
“Proprietary,” or other appropriate term indicating the confidential nature of the information 
contained on that page. Confidential portions of any particular page should be clearly marked by 
highlighting, bracketing, or some other marking that clearly identifies the precise information 
that is claimed as CBI. In addition to the marked copy, a second copy of the submission, from 
which all the marked information and legends are removed, should accompany the submission 
leaving only the non-confidential portions of the submission. This second copy will be placed in 
public files and will not be handled as CBI.  The submitter may, if known, indicate the period of 
time for which the company will consider the information as CBI. 

Because non-confidential data may be available to the public, it is very important to 
determine which information is confidential before completing the form.  Submitters of the form 
should be sensitive to information their customers may hold confidential, and should refer to any 
confidential disclosure agreement with them.  If you are in doubt concerning customer CBI, 
please consult the customer or the appropriate department in your company. 

Any questions about how to assert or make CBI claims should be directed to Scott 
Sherlock, Office of Pollution Prevention and Toxics, at sherlock.scott@epa.gov or 202-564-
8257. 
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2010/15 PFOA Stewardship Program 

Draft Facility Report on Emissions 

I. CHEMICAL IDENTIFICATION 

Identify the chemical for which you are submitting information: 


 Chemical name:______________________ 


 CAS number:________________________ 


II. COMPANY IDENTIFICATION 

Identify the company and location of the facility submitting information: 


 Company name:________________________________ 


 Site location:___________________________________ 


Identify a company technical contact who can respond to inquiries about the information 
submitted: 

 Technical contact:__________________________________ 
Phone:___________________________________________ 
Address:__________________________________________ 
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III. ON-SITE ACTIVITIES 

Calendar year for which you are reporting: Jan 1, 20___ to Dec 31, 20 ___ 

Provide the amount of chemical identified above for the reporting year at specific site: 

                        Imported (virgin) __________kgs/yr 

                        Imported (externally recycled) __________kgs/yr 

Manufactured __________kgs/yr 

Estimate the amount of subject chemical distributed off-site: 

__________% of manufacture/import 

Provide the amount used (including any that was manufactured, imported [virgin or 
externally recycled], or internally recycled) of the subject chemical for the reporting year 
at specific site: 

__________kgs/yr 

Narrative Description and Process Flow Schematic: 

Provide overall material balance of the chemical being reported, showing releases 
and products (kgs/year). Use the following page to provide a narrative description and 
process flow schematic of on-site activities, and include information that gives an 
understanding of the nature and extent of potential exposures to the subject chemical. 
Attach additional pages if desired. The narrative and process flow schematic should cover 
major unit operations and chemical conversions for manufacturing and on-site uses, if 
applicable. The narrative should provide insight into why and how releases are caused by 
the process. The schematic should show the points of release of the subject chemical in 
the workplace and to the environment. In the event the subject chemical is used in many 
different processes, provide information on each major process instead of each individual 
process. 
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Narrative Description and Process Flow Schematic: 
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IV. SITE RELEASE AND TRANSFER INFORMATION 
(For manufacturing and on-site processing/use if applicable) 

In this section, estimate the total media-specific releases after on-site treatment of 
the chemical from your facility. You may estimate the releases by using monitoring data 
or any other method you believe appropriate. Estimates should be reported in kgs per 
year for the reporting period. Enter the values as whole numbers to no more than two 
significant figures. For example, if your annual releases are estimated to be 12,360 kgs, 
an estimate of 12,000 kgs should be reported. 

Estimate the number of days per year the release occurs. Enter a whole number 
with a maximum of 2 significant figures. 

Insert “NA” for release activities not associated with the chemical or “0” for 
releases of less than 0.5 kgs per year. 

For all releases, the source of data and/or basis for determination should be 
described in detail. Suggested information about the possible sources/basis includes: 

1. 	If the source/basis is an analytical measurement, then 
•	 Describe the method (including analytical standards used, sampling, 

sample treatment, analysis). 
•	 Describe the uncertainties and assumptions made. 
•	 Give the Level of Detection (LOD)/Level of Quantification (LOQ). 

2. 	If the source/basis is a mass balance, then 
•	 Show the mass balance calculation. 
•	 Show that the mass balance closes. 
•	 If the mass balance does not close, then report the fraction of total 

feedstock that is not accounted for and the assumptions you made to 
correct the balance.  Describe the uncertainties. 

3. If the source/basis is other than measurement or mass balance, then 
•	 Describe the method used.  For example, if engineering calculations are 

used, give a general description and state your assumptions.  Describe the 
uncertainties. 
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Part IV (cont.) 

A. ON-SITE AIR RELEASES 

Estimate the total fugitive or non-point releases to air and the number of days per 
year the releases occur. These releases  include equipment leaks from valves, pump seals, 
flanges, compressors, sampling connections, and open-ended lines; evaporative losses 
from surface impoundments and spills; releases from building ventilation systems; and, 
any other fugitive or non-point air emission. 

In addition, estimate the total releases that occur through stacks, vents, pipes, or 
other confined air streams as stack or point source releases. Include storage tank 
emissions and releases from pollution control equipment. 

If desired, you can provide estimates of the accuracies of your release estimates. 

Estimated Total Estimated % # Days/year 
Annual Releases Accuracy Release Occurs 
(kgs) (Optional) 

Fugitive (non-point) _____ _____ _____ 

Stack (point) _____ _____ _____ 

Basis for each release estimate: 

(See discussion on source/basis in beginning of Section IV.) 


Comments:  

(This section is available to clarify your responses. Attach additional pages if desired.) 
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October 2006 

Part IV (cont.) 

B. WATER RELEASES FROM SITE 

Estimate the total releases of the chemical leaving the fence line of your facility 
from all discharge points to all streams or water bodies. Include all discharges from 
process outfalls such as pipes, open trenches, releases from on-site wastewater treatment, 
and contribution from storm water runoff, if applicable. Do not include discharges to a 
POTW or other off-site wastewater treatment facilities. If desired, you can provide an 
estimate of the accuracy of your release estimate. 

Estimated Total Estimated % # Days/year 
Annual Releases Accuracy Release Occurs 
(kgs) (Optional) 

Water releases: _____ _____ _____ 

Enter the names of the streams or water bodies to which the facility directly 
discharges the chemical. Also, enter the NPDES permit number for the facility. If more 
than one number is assigned to the facility, list each number for the appropriate discharge 
quantity and receiving water identified. 

Receiving Water Name(s):____________ 

NPDES number(s):_______________ 

Basis for each release estimate: 

(See discussion on source/basis in beginning of Section IV.) 


Comments:  

(This section is available to clarify your responses. Attach additional pages if desired.) 
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October 2006 

Part IV (cont.) 

C. ON-SITE LAND RELEASES 

Estimate the total releases of the chemical for each category of land disposal, if 
applicable. Estimate only on-site releases. Do not estimate leaks from landfills separately. 
This should be accounted for in your estimate of total landfill release. 

Releases to land treatment/land amendment include all waste containing the 
chemical that is applied or incorporated into soil on-site. Do not include waste that is 
landfilled. 

Surface impoundments are natural topographic depressions, man-made 
excavations, or diked areas formed primarily of earthen materials designed to hold an 
accumulation of the chemical. 

Underground injection is the technology of placing fluids underground, in porous 
formations of rocks, through wells or other similar conveyance systems. 

Other releases include any amount of the chemical that is released to land other 
than those listed. An example is the accidental release of the chemical from an 
underground pipeline or storage tank. 

Estimated Total Estimated % 
Annual Releases Accuracy 
(kgs) (Optional) 

Landfill _____ _____ 

Land Treatment/Land Amendment  _____ _____ 

Surface Impoundments _____ _____ 

Underground Injection _____ _____ 

Other (specify): _____ _____ 

Basis for each release estimate: 

(See discussion on source/basis in beginning of Section IV.) 


Comments:  

(This section is available to clarify your responses. Attach additional pages if desired.) 


21


WG Ex. 38

1878



October 2006 

Part IV (cont.) 

D. OFF-SITE TRANSFERS 

Estimates of off-site transfers should be similar in accuracy and precision to 
previous release estimates. 

Dl. Transfer to Publicly Owned Treatment Works (POTW) 

Number of days/year the release occurs: _____ 

Estimate the total quantity of the subject chemical, not the waste stream, 
transferred to the POTW. Complete section below for each POTW to which your facility 
discharges wastewater containing the chemical. Enter the POTW’s NPDES permit 
number, if known. 

Annual Transfer (kgs): _____ 

Estimated % Accuracy of Transfer Estimate (optional) _____ 

POTW Name:____________________________ 
Street Address: ___________________________________________ 
City: ________________ County: ______________ 
State: _____ Zip Code: _____ 

NPDES number: _______________________ 

Basis for each release estimate: 

(See discussion on source/basis in beginning of Section IV.) 


Comments:  

(This section is available to clarify your responses. Attach additional pages if desired.) 
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Part IV (cont.) 

D2. Transfers to other off-site locations 

In this section, estimate the quantity of the subject chemical, not the waste stream, 
transferred and the accuracy of the estimate for each category listed. If your facility sends 
the subject chemical in waste to an off-site location where some of the chemical will be 
recycled and the remainder will be treated, estimate each amount separately (i.e., waste 
treatment and recycling activities). 

Estimated Annual Estimated % 
  Transfers (kgs) accuracy

   (Optional) 

Incineration _____ _____ 

Wastewater Treatment 
(Excluding POTW)  _____ _____ 

Underground Injection _____ _____ 

Hazardous Waste (RCRA 
Subtitle C) Landfill _____ _____ 

Other Landfill _____ _____ 

Recycle or Recovery _____ _____ 
(Does not include internally recycled) 

Internally Recycled _____ _____ 

Unknown or Other _____ _____ 

Basis for each release estimate: 

(See discussion on source/basis in beginning of Section IV.) 
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Comments:  

(This section is available to clarify your responses. Attach additional pages if desired.) 
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Appendix D 


Draft Facility Report on Product Content
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2010/15 PFOA Stewardship Program 

Draft Facility Report on Product Content 

I. CHEMICAL IDENTIFICATION 

Identify the product (e.g fluoropolymer dispersion) for which you are submitting 
information: 

 Product name:________________________________________________ 

Product description (including concentrations of perfluoroalkyl chemicals 
identified in Section IV below and year of production): 
___________________________________________________________ 
___________________________________________________________ 

II. COMPANY IDENTIFICATION 

Identify the company and location of the facility submitting information: 

 Company name:________________________________ 

 Site location:___________________________________ 

Identify a company technical contact who can respond to inquiries about the information 
submitted: 

 Technical contact:__________________________________ 
Phone:___________________________________________ 
Address:__________________________________________ 

III. PRODUCTION 

Calendar year for which you are reporting: Jan 1, 20___ to Dec 31, 20 ___ 

Provide the amount of the product for the reporting year at each specific site: 

                        Imported __________kgs/yr 

Manufactured __________kgs/yr 
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IV. PRODUCT CONTENT 

A. CONCENTRATIONS OF RELEVANT PERFLUOROALKYL CHEMICALS 

Please provide the concentrations (ppb) of various perfluoroalkyl chemicals in your 
product. For chemicals for which you do not have actual data, please provide range 
estimates. 

The following is a nonexhaustive list of chemicals that should be included: 

PFOA and its salts 
•	 Octanoic acid, pentadecafluoro- (CAS 335-67-1) 
•	 Octanoic acid, pentadecafluoro- ammonium salt (CAS 3825-26-1) 

PFOA precursors 
•	 Octane, 1,1,1,2,2,3,3,4,4,5,5,6,6,7,7, 8,8-heptadecafluoro-8-iodo- (CAS 507-63-1) 
•	 1-Decanol, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluoro- (CAS 678-39-7) 
•	 1-Decene, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluoro- (CAS 21652-58-

4) 
•	 2-Propenoic acid, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluorodecyl ester 

(CAS 27905-45-9) 
•	 2-Propenoic acid, 2-methyl-,  3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-

heptadecafluorodecyl ester (CAS 1996-88-9) 
•	 2-Decenoic acid, 3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-hexadecafluoro- (CAS 70887-

84-2) 
•	 Decanoic acid, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluoro- (CAS 27854-

31-5) 

Higher homologues 
•	 Dodecane, 1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12-

pentacosafluoro-12-iodo- (CAS 307-60-8) 
•	 Decane, 1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10-heneicosafluoro-10-iodo- 

(CAS 423-62-1) 
•	 Nonanoic acid, heptadecafluoro- (CAS 375-95-1) 
•	 Decanoic acid, nonadecafluoro- (CAS 335-76-2) 
•	 1-Decanol, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluoro- (CAS 678-39-7) 
•	 Decane, 1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8-heptadecafluoro-10-iodo- (CAS 2043-

53-0) 
•	 Dodecane, 1,1,1,2,2,3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10-heneicosafluoro-12-iodo- 

(CAS 2043-54-1) 
•	 2-Propenoic acid, 3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,10-heptadecafluorodecyl ester  

(CAS 4980-53-4) 
•	 2-Propenoic acid, 2-methyl-,  3,3,4,4,5,5,6,6,7,7,8,8,9,9,10,10,11,11,12,12,12-

heneicosafluorododecyl ester (CAS 17741-60-5) 
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Part IV (cont.) 

B. ANALYTICAL METHODS 

Analyses should be conducted using the most accurate instrumentation and procedures 
available as of the time of testing.  Please provide detailed information on the methods 
used (including analytical standards used, sampling, sample treatment, analysis), 
assumptions made, uncertainties and detection limits (LOD, LOQ) for the data provided. 
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Appendix E 

Draft Company Report: Summary of Baseline 

Emissions and Product Content 
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2010/15 PFOA Global Stewardship Program 
Draft Company Report: Summary of Baseline Emissions and Product Content 

SECTION 1: REPORT DATE October 2006 

SECTION 2: COMPANY IDENTIFICATION 

2a 

Company Name 

Street Address 

SECTION 3: SUMMARY OF EMISSIONS  
Reporting Period (use calendar year - e.g. Jan 1, 2000 to Dec 31, 2000)  

3a 

Operations Chemical category 

Releases to all environmental media from 
fluoropolymer and telomer manufacture 

kgs 1kgs of fluoropolymers 

kgs of category 

kgs of  telomers 

kgs of category 

U.S. facilities 
PFOA and PFOA salts 

Higher homologues 
Precursors  

3b Non-U.S. facilities 
PFOA and PFOA salts 
Higher homologues 
Precursors  

3c 

Please provide information on the methods, assumptions, uncertainties and detection limits for the data provided above. 
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SECTION 4: SUMMARY OF PRODUCT CONTENT  
Reporting Period (use calendar year - e.g. Jan 1, 2000 to Dec 31, 2000) 

4a 
Product type Fluoropolymer dispersions Other fluoropolymers1 Telomer based products 

Production volume (kgs/year)2 

4b 

Operations Chemical category 

Concentration3 

Fluoropolymer dispersions4 

(ppm wet-weight) 
Other fluoropolymers1,5 

(ppb dry-weight) 
Telomer based products6 

(ppb dry-weight) 

U.S. 
facilities 

PFOA, PFOA salts 
and higher 
homologues 
Precursors  

4c 
Non-U.S. 
facilities 

PFOA, PFOA salts 
and higher 
homologues 
Precursors  

4d 

Please provide information on the methods, assumptions, uncertainties and detection limits for the data provided above. 

1 Fluoropolymers manufactured with PFOA. 

2 Use the following ranges: (1) Zero (2)  > 0 – 10 kgs; (3)  > 10 kgs – 100 kgs; (4)  > 100 kgs – 1,000 kgs; (5)  > 1,000 kgs – 10,000 kgs; (6)  > 10,000 kgs –

100,000 kgs; (7)  > 100,000 kgs – 1,000,000 kgs; (8) Over 1,000,000 kgs.  

3 Concentration should reflect the concentration of chemical in the product as sold by the reporting company. If the reporting company has information 

concerning the concentration of chemical in the product as used by others – for example, as incorporated by dilution into a formulation – that additional 

information would also be helpful.

4 This value should be expressed as a weighted average concentration and range. 

5 This value should be expressed as a maximum concentration.

6 This value should be expressed as a simple (not weighted) average and range. 
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Appendix F 

Draft Company Annual Report: Summary of 

Reductions in Emissions and Product Content 
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2010/15 PFOA Global Stewardship Program 
Draft Company Report: Summary of Reductions in Emissions and Product Content 

SECTION 1: REPORT DATE October 20__ 

SECTION 2: COMPANY IDENTIFICATION 

2a 

Company Name 

Street Address 

SECTION 3: SUMMARY OF EMISSIONS  
Reporting Period (use calendar year - e.g. Jan 1, 2005 to Dec 31, 2005) 

3a 

Operations Chemical category 

Releases to all environmental media from 
fluoropolymer and telomer manufacture % Reduction of 

total kgs released 
from baseline year kgs 1kgs of fluoropolymers 

kgs of category 

kgs of  telomers 

kgs of category 

U.S. facilities 
PFOA and PFOA salts 
Higher homologues 
Precursors  

3b Non-U.S. facilities 
PFOA and PFOA salts 
Higher homologues 
Precursors  

3c 

Please provide information on the methods, assumptions, uncertainties and detection limits for the data provided above. 

33


WG Ex. 38

1890



SECTION 4: SUMMARY OF PRODUCT CONTENT  
Reporting Period (use calendar year - e.g. Jan 1, 2005 to Dec 31, 2005) 

4a 
Product type Fluoropolymer dispersions Other fluoropolymers1 Telomer based products 

Production volume (kgs/year)2 

4b 

Operations Chemical category 

Concentration3 % Reduction 
from baseline year 

Fluoropolymer 
dispersions4 

(ppm wet-
weight) 

Other 
fluoropolymers1,5 

(ppb dry weight) 

Telomer based 
products6 

(ppb dry weight ) 

Fluoropolymer 
dispersions 

Other 
fluoropolymers1 

Telomer 
based 

products 

U.S. 
facilities 

PFOA, PFOA salts 
and higher 
homologues 
Precursors  

4c 
Non-U.S. 
facilities 

PFOA, PFOA salts 
and higher 
homologues 
Precursors  

4d 

Please provide information on the methods, assumptions, uncertainties and detection limits for the data provided above. 

1 Fluoropolymers manufactured with PFOA. 

2 Use the following ranges: (1) Zero (2)  > 0 – 10 kgs; (3)  > 10 kgs – 100 kgs; (4)  > 100 kgs – 1,000 kgs; (5)  > 1,000 kgs – 10,000 kgs; (6)  > 10,000 kgs –

100,000 kgs; (7)  > 100,000 kgs – 1,000,000 kgs; (8) Over 1,000,000 kgs. 

3 Concentration should reflect the concentration of chemical in the product as sold by the reporting company. If the reporting company has information 

concerning the concentration of chemical in the product as used by others – for example, as incorporated by dilution into a formulation – that additional 

information would also be helpful.

4 This value should be expressed as a weighted average concentration and range. 

5 This value should be expressed as a maximum concentration.

6 This value should be expressed as a simple (not weighted) average and range. 


34 

WG Ex. 38

1891



58 The Open Petroleum Engineering Journal, 2008, 1, 58-61 

1874-8341/08 2008 Bentham Open 

Open Access 

Fluorosurfactants in Enhanced Oil Recovery 
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DuPont Experimental Station, 200 Powder Mill Road, ESL402/5337, Wilmington, DE 19803, USA

Abstract: Fluorosurfactants are effective in a variety of Enhanced Oil Recovery (EOR) techniques including (i) improv-
ing subterranean wetting, (ii) increasing foam stability, and (iii) modifying the surface properties of the reservoir forma-
tion. While fluorosurfactants have been used in gas and oil exploration for four decades, the increased demand for petro-
leum and the greater understanding of the benefits of fluorosurfactants have led to growing acceptance for fluorosurfac-
tants throughout the petroleum industry. This mini-review summarizes the published research for fluorosurfactants in 
EOR from 1977 to 2007. The references in this mini-review are mostly patents (vs peer reviewed articles) and laboratory 
models of the benefits of fluorosurfactants in EOR (vs actual oil and gas recovery experiments). This summary of the pub-
lished reports on fluorosurfactants in EOR provides petroleum scientists and engineers an overview of this emerging tech-
nology. 

Keywords: Fluorosurfactant, enhanced oil recovery, foam, wetting, petroleum. 

INTRODUCTION 

Petroleum is the most critical energy source in the world, 
especially for transportation. In 2008, the U.S. Department 
of Energy projected worldwide consumption of “liquids and 
other petroleum grows from 83.6 million barrels oil equiva-
lent per day in 2005 to 95.7 million barrels per day in 2015 
(+14%) and 112.5 million barrels per day in 2030 (+35%)” 
[1]. While estimates vary, the peaking of worldwide conven-
tional oil production is a serious concern that has perhaps 
already taken place or will occur within the next few decades 
[2]. The pressures of increasing oil demand, limited proven 
oil reserves, and forecasts for tightening oil supply are driv-
ing the need to maximize the extraction of the Original Oil-
In-Place (OOIP) for every reservoir, which is accelerating 
the development of Enhanced Oil Recovery (EOR) tech-
nologies. The presence of many interfaces and the complex-
ity of the physico-chemical and geological characteristics of 
the reservoirs make EOR an immense scientific and techni-
cal challenge [3]. 

 The production of crude oil and gas occurs in three dis-
tinct phases [4]. Primary Oil Recovery combines the natural 
pressure of the reservoir with pumping equipment to bring 
the oil to the surface, which typically produces only up to 
about 10% of the OOIP. In Secondary Oil Recovery, water 
or gas (such as natural gas, carbon dioxide, and air) is in-
jected into the reservoir using pressure to drive the oil to a 
wellbore, recovering an additional 20% to 40% of the OOIP. 
Tertiary Oil Recovery (also known as EOR or Improved Oil 
Recovery) uses one or more sophisticated techniques includ-
ing chemical flooding, thermal recovery, and gas injection to 
recover up to an additional 60% of the OOIP. Thermal tech-
niques normally employ steam to reduce the viscosity of the 
oil, thus improving its flow. Chemicals used in EOR include 

*Address correspondence to this author at the DuPont Experimental Station,
200 Powder Mill Road, ESL402/5337, Wilmington, DE 19803, USA; Tel:
302-695-6675; Fax: 302-695-8680;
E-mail: peter.m.murphy@usa.dupont.com

polymers, surfactants, foaming agents, acids, alkalines, and 
solvents [5]. The gases successfully used in EOR include 
nitrogen, carbon dioxide, natural gas, and flue gas. Many 
fluid/rock interactions affect EOR including adsorption, 
cation exchange, precipitation-dissolution, capillary phe-
nomena, wetting, and dispersion [6]. 

 Surfactants are widely used in oil recovery for particle 
dispersion, emulsion stabilization, foam generation, reservoir 
wetting, and many other applications [7]. The use of fluoro-
surfactants is a recent but growing trend due to (i) the excep-
tional hydrophobic and oleophobic nature of the perfluoroal-
kyl and perfluoroalkyl ether groups, (ii) the effectiveness of 
fluorosurfactants at extremely low concentrations, and (iii) 
the availability of anionic, cationic, nonionic, and ampho-
teric fluorosurfactants which can modify surfaces and inter-
faces better than conventional hydrocarbon surfactants [8]. 
The variety of choices of fluorosurfactants allows for com-
patibility with nearly any formulation including water-in-oil 
emulsions, oil-in-water emulsion, detergents, foams, etc. The 
bond strength of the carbon-fluorine bond in perfluoroalkyl 
and perfluoroalkyl ether groups has been demonstrated as the 
key to remarkable overall stability for fluorochemicals and 
fluoropolymers. Commercially available fluorosurfactants 
provide exceptional wetting, levelling, emulsifying, foaming, 
or repellency characteristics in a wide range of industrial and 
consumer products [9]. 

IMPROVED SUBTERRANEAN WETTING 

 Fluorosurfactants possess a combination of excellent 
chemical and thermal stability, and wetting ability. Table 1 
shows these characteristics of fluorosurfactants with their 
exceptionally low aqueous surface tension (even lower than 
alcohol-water mixtures) being unaffected by 20 hours at 
100°C in either KCl or HCl [10]. Complete drainage of 
aqueous KCl containing fluorosurfactants through sandpacks 
or sandstone was attributed to these low surface tension val-
ues overcoming the capillary forces commonly seen in un-
derground oil and gas reservoirs. The choice of the hydro-
philic portion of a fluorosurfactant was critical to minimize 
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its adsorption to the formation and loss of wetting effective-
ness. Anionic and nonionic fluorosurfactants demonstrated 
significantly less adsorption to Oklahoma No. 1 sand than 
cationic or amphoteric fluorosurfactants. The adsorption of 
any particular fluorosurfactant to a solid matrix varied con-
siderably depending on temperature, liquid phase composi-
tion, and the chemistry of the simulated formation. Concerns 
about capillary blockage due to adsorption of the fluorosur-
factant to the formation were examined using coreflow stud-
ies with low-permeability sandstone cores. At 75ºC and 6850 
kPa of nitrogen, essentially no difference was observed in 
initial flow rate with or without a cationic fluorosurfactant in 
2 wt% KCl. 

 Nonionic fluorosurfactants enhanced the oil recovery of 
waterflooding due to their benefits of enhanced wetting, low 
surface tension, and low interfacial tension. Using a mixture 
of 10% ASTM oil No. 3 and 90% Ottawa standard 20-30 
mesh sand to simulate waterflooding in the laboratory, hy-
drocarbon surfactants gave between 8% and 52% oil recov-
ery, while nonionic fluorosurfactants gave between 10% and 
87% oil recovery. Blends of hydrocarbon surfactants and 
nonionic fluorosurfactants gave between 12% and 78% oil 
recovery [11]. 

 Cationic fluorosurfactants, when combined with cationic 
and nonionic hydrocarbon surfactants in water, brine, or 
various concentrations of aqueous HCl provided improved 
foaming, better silt suspension, and enhanced wetting for 
treating subterranean formations, important predictors of the 
effectiveness of acidizing treatments [12]. A blend of hydro-
carbon surfactants containing only about 10 ppm of cationic 
fluorosurfactant lowered the surface tension of aqueous HCl 
(ranging from 3 to 28 weight percent HCl in both fresh acid 
and simulated spent acid containing calcium carbonate) to 
between 18 to 24 mN/m. 

 Acid fracturing is a well stimulation technique that injects 
aqueous HCl or HF (typically 3 weight percent to 28 weight 
percent acid) into the well at high pressures causing the porous 
media to fracture and release gas and oil for recovery. Surfac-
tants are mixed with these acids to increase their wetting of the 
hydrophobic carbonate surfaces in the reservoir. When less 
than 30 ppm of cationic fluorosurfactants were added to mix-
tures of aqueous acid and hydrocarbon surfactant, the surface 
tension of these aqueous acids dropped to between about 19 
and 24 mN/m [13]. Similar reductions in surface tension and 
improved wetting were observed when fluorosurfactants were 
added to brine solutions used for non-acid fracturing. A for-
mulation containing hydrocarbon surfactants and a cationic 
fluorosurfactant reduced the surface tension of a solution of 8 
weight percent sodium chloride and 2.5 weight percent cal-
cium chloride to 22.8 mN/m compared to 74.3 mN/m without 

the addition of the fluorosurfactant and hydrocarbon surfac-
tants. 

 For Thermal EOR, the choice of surfactant and pH control 
were found to be critical to achieve the desired low surface 
tension in the steam condensate necessary for effective recov-
ery of the OOIP [14]. Unless sufficient fluorosurfactant con-
densed in the steam/gas phase, the reduction of surface tension 
would be insufficient. Hydrocarbon surfactants or inappropri-
ate pH control for fluorosurfactants gave steam condensate 
with relatively high surface tension values of between 47 and 
51 mN/m. But with pH less than about 11 in the liquid phase, 
nonionic or anionic fluorosurfactants were able to accumulate 
in the steam/gas phase and to lower the surface tension values 
in the steam condensate to between 22 and 25 mN/m. 

 In non-aqueous systems, fluorosurfactants have improved 
the wetting and emulsion stability of hydrocarbons in liquefied 
CO2 formulations for fracturing fluids [15]. Both labstock 
diesel and Frac Oil 200TM were successfully emulsified in 
liquid CO2 with hydrofluoroether surfactants to produce a 
fracturing fluid with increasing stability when subject to shear. 
Fluorosurfactants also improved emulsion stability in multi-
phase systems of perfluoroethers used for drilling, completion, 
or workover fluids [16]. High fluid density and thermal stabil-
ity are the essential properties of liquid fluorinated compounds 
which make them suitable as the continuous phase of well 
fluids. Fluorosurfactants stabilized the brine-in-perfluoroether 
emulsion which can contain other organic materials, minerals, 
clays, and inorganic salts. Examples of stable formulations 
ranging from 88% to 13% fluorinated liquid by volume, with 
the remainder barite, calcium carbonate, or saturated calcium 
chloride brine were demonstrated. 

INCREASED FOAM STABILITY 

 For foam injection EOR, fluorosurfactants have the 
unique benefit to generate foam that is stable in contact with 
the crude oil, while imbibing and transporting the oil through 
the subterranean formation. Three types of oil-foam interac-
tions are contrasted [17]. In Type A foams, oil will neither 
spread over nor enter the surface of foam. In Type B foams, 
oil will enter but not spread over the surface of foam. In 
Type C foams, oil will enter the surface of foam lamellae, 
then spread over the lamellae surfaces and destabilize the 
foam. Type B foams resulted in increased oil recovery by 
reducing and controlling the mobility of the foam in the un-
derground formation. While brine alone (waterflooding) re-
covered 56% of the OOIP from a Berea sandstone saturated 
with crude oil, the Type B foam containing hydrocarbon and 
fluorinated surfactants recovered 68% of the OOIP. The 
higher oil recovery for Type B foams was attributed to the 
“oil-imbibing and transporting properties of Type B foams”. 

Table 1. Surface Tension and Stability of Fluorosurfactants in Aqueous KCl or HCl  
 

Surface  
Tension (mN/m) 

No  
Fluorosurfactant 

Cationic  
Fluorosurfactant 

Nonionic  
Fluorosurfactant 

Anionic  
Fluorosurfactant 

Amphoteric  
Fluorosurfactant 

2 wt% aqueous KCl 73 18 21 17 18 

2 wt% aqueous KCl after 20 hours at 100ºC - 19 24 18 19 

15 wt% aqueous HCl 71 18 21 16 19 

15 wt% aqueous HCl after 20 hours at 100ºC - 17 23 16 21 
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 Betaine fluorosurfactant generated very stable foam in 
the presence of different alkanes or crude oils. Detailed 
analyses of the foam characteristics of either (i) an ampho-
teric fluorosurfactant or (ii) a C14-C16 sulfonate (AOS) 
formulation showed that only the fluorosurfactant had nega-
tive spreading coefficients for all crude oils tested, which 
explained the consistent stability of these foams in the pres-
ence of the oils [18]. For the betaine fluorosurfactant the 
Lamella number was less than one for a series of hydrocar-
bons from C5 through C16, indicating a Type A foam. The 
corresponding Lamella number and spreading coefficient for 
the AOS surfactant was between one and seven, and greater 
than zero, respectively. The betaine fluorosurfactant also 
gave consistently more dense foam in the presence of crude 
oil than the AOS foam. While both surfactants gave stable 
foam with the addition of methanol, only the betaine fluoro-
surfactant gave stable foam with low to moderate concentra-
tions of butanol. 

 The addition of betaine fluorosurfactants to anionic or 
amphoteric hydrocarbon foaming agents improved aqueous 
foam stability in the presence of crude oil by up to nearly 
300% at low crude oil concentrations [19]. At higher crude 
oil concentrations, the hydrocarbon foaming agents failed to 
sustain any stable foam, while the addition of fluorosurfac-
tants continued to provide a robust foam. Coreflood foam 
modelling using Berea sandstone flooded with crude oil and 
brine showed the benefits for the blends of fluorosurfactant 
and hydrocarbon foaming agent in EOR. When tested at the 
residual oil saturation point (28% of pore volume), hydro-
carbon foaming agents gave Mobility Reduction Factor 
(MRF is the ratio of pressure drops with vs without surfac-
tant) of about 2 to 3, while blends of fluorosurfactant and 
hydrocarbon foaming agent increased the MRF to between 
10 and 40. 

 Cationic, amphoteric, and betaine fluorosurfactants dra-
matically improved the recovery of OOIP from silica (500 
micron diameter glass balls) compared to either nitrogen gas 
purging alone or sodium benzene sulfonate (SBS) foaming 
[20] (Table 2). Photographic evidence showed that the oil 
bank was pushed through the silica packed cell by a stable 
fluorosurfactant foam front, perpendicular to the axis of the 
porous medium. Bi-strata porous media formed from two 
layers of glass balls with different diameters also showed a 
fluorosurfactant foam front moving simultaneously through 
both zones, first sweeping the oil from the more permeable 
zone, then clearing the oil from the less permeable layer. 

Table  2. Simulated Oil Recovery from Silica 
 

Purge Gas Volume (Multiples  
of Pore Volume) 

OOIP  
Recovery 

Nitrogen only 100 50% 

Sodium benzene  
sulfonate foam 

100 100% 

Cationic  
fluorosurfactant foam 

1 100% 

 

MODIFYING THE SURFACE PROPERTIES OF THE 
RESERVOIR 

 Water blocking occurs in gas or oil wells when water, 
mud, brine, or crude oil accumulates near the wellbore, re-
sulting in reduced permeability to oil and gas, and thus re-
duced recovery. Water blocking was reduced when sand-
stone was treated with a variety of fluorosurfactants to simu-
late modifying the wetting characteristics of an underground 
gas and oil reservoir formation. Core testing on sandstone 
treated with fluorosurfactants showed greater brine removal 
and lower pressure drop across the structure due to reduced 
capillary pressure in the small pores, which was attributed to 
altered wettability of the fluorosurfactant-treated sandstone 
[21]. With polymeric fluorosurfactants, the sandstone was 
rendered durably repellent to water, which offered the best 
remedy to alleviate water blocking by transforming the for-
mation from water-wet or oil-wet to intermediate-wet or gas-
wet. Water contact angles on the untreated sandstone were 
essentially zero. After treatment with fluorosurfactants, the 
contact angles on the treated sandstone were greater than 
90º. Water imbibition test on dry untreated sandstone com-
pared to dry fluorosurfactant treated sandstone showed both 
(i) a reduction in the rate of water uptake (saturation at 1 
hour for untreated sandstone vs more than 12 hours for 
fluorosurfactant treated sandstone) and (ii) a decrease in per-
cent water imbibed at equilibrium (about 45% to 55% for 
untreated sandstone vs 15% to 30% for fluorosurfactant 
treated sandstone). 

 Cationic polymeric fluorosurfactants in methanol were 
used to treat sand and “…resist or substantially reduce the 
wetting of the surfaces by water and hydrocarbons and pro-
vided high interfacial tensions between the surfaces and wa-
ter and hydrocarbons … and significantly increases the flow 
of hydrocarbons through capillaries or flow channels in the 
formations [22].” Laboratory tests showed that oil flowed 
through the fluorosurfactant-treated sand at a rate between 
60 and 150 times faster than untreated sand. This EOR tech-
nique using fluorosurfactants was employed at a well in 
Moffat County, Colorado from the Fort Union Sand Forma-
tion using methanol, 0.2 weight percent C10-12 alcohol 
ethoxylates, and 0.01 weight percent of a cationic polymeric 
fluorosurfactant. After treatment, the gas productivity in-
creased from 100 million cubic feet (MCF) per day to 300 
MCF per day. 

 When used in combination with methanol hydraulic frac-
turing, various nonionic polymeric fluorosurfactants im-
proved the gas permeability of methane, butane, and higher 
alkane blends for Berea sandstone by between 13% and 
282% [23]. The benefits of the nonionic polymeric fluoro-
surfactants in this EOR technique could include better capil-
lary wetting, inhibiting water blocking, delaying condensate 
bank formation, or modifying the wetting characteristics of 
the sandstone. Polymeric fluorosilane surfactants were used 
to durably alter the surface properties of three wettability 
states of Berea sandstone (water-wet, weakly water-wet, 
weakly oil-wet) to intermediate gas-wetting [24]. Gas recov-
ery by oil injection for the untreated Berea sandstone was 
60% at oil breakthrough compared to 80% for the polymeric  
 

 

fluorosilane treated sample. Total gas recovery for the un-
treated Berea sandstone was 80% compared to 90% for the 
polymeric fluorosilane treated sample. Total oil recovery 

WG Ex. 39

1894



Fluorosurfactants in Enhanced Oil Recovery The Open Petroleum Engineering Journal, 2008, Volume 1    61 

with simulated water injection for the untreated Berea sand-
stone was 54% compared to 76% for the polymeric fluorosi-
lane treated sample. 

 Laboratory studies showed that fluorosilane surfactants 
also provided durable changes in the wetting characteristics 
of calcite, marble, mica, and silica. As the chain length of the 
perfluoroalkyl portion of the fluorosilane surfactant in-
creased, the rocks became less water-wet and more repellent. 
Brine contact angles on calcite and mica increased from 
about 33° and about 17°, respectively, for the untreated sur-
faces to between 64° and 118° for either mineral surface 
treated with fluorosilane surfactants [25]. Significantly al-
tered wetting can only occur if the contact angle is greater 
than 90°. For carbonate cores treated with fluorosurfactants, 
the residual brine saturation was reduced by 25% and the gas 
relative permeability increased almost 160 times. These high 
contact angles and increased gas permeabilities are attributed 
to the success of fluorosurfactants in lowering the surface 
energy of the mineral surfaces. By reducing the water wet-
tability of the formation, the capillaries are less blocked, 
pressure drops are reduced, and gas recovery is more effec-
tive. 

CONCLUSION 

 The published patents and papers describing the use of 
fluorosurfactants in Enhanced Oil Recovery (EOR) show the 
exceptional benefits for this technology in (i) improving sub-
terranean wetting, (ii) increasing foam stability, and (iii) 
modifying the surface properties of the reservoir. Technical 
advances and economic trends point toward the increasing 
use of fluorosurfactants in EOR. Future research in this field 
should include (a) the benefits of fluorosurfactants in EOR 
from more actual oil/gas formation recovery, (b) the details 
of fluorosurfactant recycling and recovery in EOR, (c) the 
impact of fluorosurfactants in EOR on the entire oil/gas re-
covery and refinery processes, and (d) the economics and 
environmental benefits of fluorosurfactants in EOR. 
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New Mexico Produced Water Home

Guidelines and Forms

Produced Water Pilot Projects

NM Produced Water Research Consortium

Public Participation

Resources

House Bill 546, which includes the  went into effect
July 1, 2019.  Produced water is defined in the Produced Water Act as “fluid
that is an incidental byproduct from drilling for or the production of oil and
gas.” Most produced water is naturally occurring, highly saline water that is
recovered during oil and gas production. Produced water may also include
fluids that were used during drilling, such as hydraulic fracturing fluids. Over
42 billion gallons of produced water were created in New Mexico’s Permian
Basin in 2018 alone.

, Produced Water Act

NMED hosted public meetings in October and November 2019 along with
representatives from the Energy, Minerals and Natural Resources
Department (EMNRD) and the Office of the State Engineer (OSE) to provide
stakeholders with information on produced water and the upcoming
rulemaking process. This public engagement process provided opportunities
for stakeholders to share input with state officials on the range of critical
environmental, natural resource and human health considerations involved
in the implementation of the Produced Water Act.

“Our goal is to create regulations that are protective of human health and
the environment, reduce industry reliance on fresh water and encourage
science-based and innovative solutions,” said NMED Cabinet Secretary
James Kenney. “To that end, we are including a diverse group of voices from
the beginning to ensure these future regulations are done right.”

In September 2023, NMED began drafting the States Ground and Surface
Water Protection – 

 regulations which focus on the restricted reuse of produced water.
Any regulation that is drafted will go through a formal rulemaking process
before the state’s Water Quality Control Commission, including the
opportunity for the public to comment.

Supplemental Requirements for Water Reuse (20.6.8
NMAC)

New Mexico Produced Water

10/11/24, 1:33 PM New Mexico Produced Water

https://www.env.nm.gov/new-mexico-produced-water/ 1/2
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https://www.env.nm.gov/new-mexico-produced-water/pilot-projects/
https://www.env.nm.gov/new-mexico-produced-water/nmsu-mou/
https://www.env.nm.gov/new-mexico-produced-water/public-participation-2/
https://www.env.nm.gov/new-mexico-produced-water/resources-2/
https://www.nmlegis.gov/Legislation/Legislation?chamber=H&legType=B&legNo=546&year=19
https://www.env.nm.gov/water-reuse/
https://www.env.nm.gov/water-reuse/


Please submit your public comments to: pw.environment@env.nm.gov

NMED will use these public comments to help inform our understanding of
public concerns, interests, and questions related to the potential treatment
of produced water and its use outside the oil and gas industry.  Please see
the Public Participation Tab for updates on the current rulemaking process
and how to participate.
© 2024 New Mexico Environment Department

10/11/24, 1:33 PM New Mexico Produced Water
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State of New Mexico 
Energy, Minerals and Natural Resources Department 

Susana Martinez 
Governor 

David Martin j a m j Bailey, Division Director 
Cabinet Secretary-Designate Oil Conservation Division 

Brett F. Woods, Ph.D. 
Deputy Cabinet Secretary 

New Mexico Oil Conservation Division approval and conditions 
listed below are made in accordance with OCD Rule 19.15.7.11 

and are in addition to the actions approved by BLM on the 
following 3160-3 APD form. 

Operator Signature Date: ^jl-jjl1} 
Well information; >/ *A 
Operator L»^*t , Well Name and Number / 7 f / ) j o S Cs/il 

API# 3d - 0 t/ <T - 3Sf WSection ^ , Township 13 S k , Range V Ef® 

Conditions of Approval: 
(See the below checked and handwritten conditions) 

^ Notify Aztec OCD 24hrs prior to casing & cement. 

o Hold C-104 for directional survey & "As Drilled" Plat 

y Hold C-104 foir^sjCNSP^DHC 

o Spacing rule violation. Operator must follow up with change of status notification on other well 
to be shut in or abandoned 

o Regarding the use of a pit, closed loop system or below grade tank, the operator must comply 
with the following as applicable: 

• A pit requires a complete C-144 be submitted and approved prior to the construction or 
use of the pit, pursuant to 19.15.17.8.A 

• A closed loop system requires notification prior to use, pursuant to 19.15.17.9.A 
• A below grade tank requires a registration be filed prior to the construction or use of the 

below grade tank, pursuant to 19.15.17.8.C 
o Once the well is spud, to prevent ground water contamination through whole or partial conduits 

from the surface, the operator shall drill without interruption through the fresh water zone or 
zones and shall immediately set in cement the water protection string 

o Oil base muds are not to be used until fresh water zones are cased and cemented providing 
isolation from the oil or diesel. This includes synthetic oils. Oil based mud, drilling fluids and 
solids must be contained in a steel closed loop system. 

NMOCD Approved by Signature Date 

1220 South St. Francis Drive • Santa Fe, New Mexico 87505 
Phone (505) 476-3460 • Fax (505) 476-3462 • www.emnrd.state.nm.us/ocd 
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l-«v;3'i60-3 
(March 2012) 

UNITED STATES 
DEPARTMENT OF THE INTERIOR 
BUREAU OF LAND MANAGEMENT 

APPLICATION FOR PERMIT TO DRILL QRj 

APR 24 2014 
Field O f f i c e If Indian, Allotee or Tribe Name pnl 

ndiVlanagdiTx̂  

FORM APPROVED 
OMB No. 1004-0137 

Expires October 31,2014 

5. Lease Serial No. 
NM109398 

la. Typeofwork: [TJDRILL OREENTER 

lb. Type of Well: (7] Oil Well • Gas Well • Other • Single Zone • Multiple Zone 

7 If Unil or CA Agreement, Name and No. 

8. Lease Name and Well No. 
Heros 2M 

2. Name of Operator L o g o s Operating, LLC 

3a. Address 4 Q 0 1 N B u t | e r A v e B | d g 7 1 0 1 

Farmington, NM 87401 

3b. Phone No. (include area code) 
505-330-9333 

9. API Well No. 

10. Field and Pool, or Exploratory 

Basin Mancos 

4. Location of Well (Report localion clearly and in accordance with any Slate requirements.*) 

At surface 415' FSL & 400' FWL UL M(SW/SW) 

At proposed prod, zone same 

11. Sec, T. R. M. or Blk.and Survey or Area 

Sec 4, T23N, R08W 

14, Distance in miles and direction from nearest town or post office* 
4 miles southeast of Nageezi 

12. County or Parish 
San Juan 

13. State 
NM 

5 K r i S S T 0 1 * 400'from western edge of Sec-
property or lease line, ft. 
(Also to nearest drig. unit line, if any) 

16. No. of acres in lease 

639.60 acres 

17. Spacing Unit dedicated to this well 
40 acres SW4/SW4 DIV DIST. 3 

18. Distance from proposed location* 1 1 6 0 . from W a r n e r . C a l d 
to nearest well, drilling, completed, „ 1 » o f t T 9 o N R o W 

applied for, on this lease, ft. w e " 1 A ' S 8 T 2 3 N R 8 W 

19. Proposed Depth 

Approx. 6400' 

20. BLM/BIA Bond No. on file 

BLM NMB000917 

21. Elevations (Show whether DF, KDB, RT, GL, etc.) 
GL 6844' 

22 Approximate date work will start* 
06/15/2014 

23. Estimated duration 
40 days 

24. Attachments 
The following, completed in accordance with the requirements of Onshore Oil and Gas Order No. I, must be attached to this form: 

1. Well plat certified by a registered surveyor. 
2. A Drilling Plan. 
3. A Surface Use Plan (if the location is on National Forest System Lands, the 

SUPO must be filed with the appropriate Forest Service Office). 

4. Bond lo cover the operations unless covered by an existing bond on file (see 
Item 20 above). 

5. Operator certification 
6. Such other site specific information and/or plans as may be required by the 

BLM. 

25. Signature^-T^T / Name (Prinled'Typed) 
Tamra Sessions 

Date / ' 

Title 
Operations Technician 

Approved by (Signature) Name (Printed Typed) 

Title Office 

Application approval does not warrant or cerfify that the applicant holds legal or equitable title to those rights in the subject lease which would entitle the applicant to 
conduct operations thereon. 
Conditions of approval, if any, are attached. ^ 

Title 18 U.S.C. Section 1001 and Title 43 U.S.C. Section 1212, make it a crime for any person knowingly and willfully to make to any department or agency of the United 
States any false, fictitious or fraudulent statements or representations as to any matter within its jurisdiction. 

(Continued on page 2) 

Ul M'S APPROVAL OR ACCEPTANCE OF THIS 
ACTION DOES NOT RELIEVE THE LESSEE AND 
OPFIIATOR FROM OBTAINING ANY OTHER 
AUTHORIZATION REQUIRED FOR OPERATIONS 
ON FEDERAL AND INDIAN LANDS 

•(Instructions on page 2) 

DRILLING OPERATIONS AUTHORIZED ^ S a ^ l S l m i m 

ARE SUBJECT TO COMPLIANCE WITH P"™"* to 43 CFR aies S 
ATTACHED "GENERAL REQUIREMENTS" HfjjjjgfJ H appea,pureuan"°43CFR3i65.4 
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DISTRICT I 
1H8 & frenoh Dr, Bobba. 1UL 68840 
Ram* (678) SSS-fflM rax (675) 393-0780 

DISTRICT II 
au a nnt at, M ^ , HJL aamo 
Phase: (676) 7*8-1283 Fn: (675) 746-6780 
DISTRICT III 
1000 Bio Bran Bd, Utaa. ML 67410 
nsDK (505) SM-em ta (BOS) sM-ei7o 
DISTRICT IV 
1280 a St Frmnda I r , Santa ra, IW 67605 
Fhor (505) 476-6460 io: (605) 476-840B 

State of New Mexico * .--i>--t 
Energy, Uinerals ft Natural Resources Department 

OIL CONSERVATION DIVISION 
1220 South St. Francis Dr. 

Santa Fe, NM 87505 Fafffiington field OfflC* 

Bureau of Land Managj; 

WELL LOCATION AND ACREAGE DEDICATION PLAT 

Form C-102 
led August 1, 2011 

ADD (Submit .one copy to appropriate 
'"fix £ 4 ZU!4) District Office 

:NDED R E P O R T 

'API Number 'Pool Code 'Pool Name 

BASIN MANCOS 

'Property Code 'Property Name 

HEROS 

'YeH Number 

002M 

'OGRID No. 

289408 

'Operator Name 

LOGOS OPERATING, LLC 

* Elevation 

6844* 

1 0 Surface Location 
UL or lot no. 

M 

Section 

4 

Township 

23-N 

Range 

8-W 

Lot Idn Pset from th*) 

415 

North/South Une 

SOUTH 

Feet tram tbe 

400 

East/Test line 

WEST 

County 

SAN JUAN 

"Bottom Hole Location I f Different From Surface 
UL or lot no. Section Townahlp Range Lot Idn Feet tram the North/South line Feet from the East/West line County 

• Dedicated Acres 

40.00 ACRES SW/SW 

"Joint or Infill u Consolidation Code "Order No. 

10 

NO ALLOWABLE WILL BE ASSIGNED TO THIS COMPLETION UNTIL ALL INTERESTS HAVE BEEN CONSOLIDATED 

OR A NON-STANDARD UNIT HAS BEEN APPROVED BY THE DIVISION 

T-24-N_ 
T-23-N 

LOT 4 LOT 3 LOT2 

BASIS OF BEARING: 
BETWEEN FOUND MONUMENTS AT THE SOUTHWEST CORNER AND THE SOUTH 
QUARTER CORNER OF SECTION 4. TOWNSHIP 23 NORTH. RANGE 8 WEST, 
N.M.P.M. SAN JUAN COUNTY, NEW MEXICO. 

UNE BEARS: S 89*40'59" E A DISTANCE OF 2641.20 FEET AS MEASURED BY 
G.P.S. LOCAL GRID NAD83, 

FND GLO 
^ ."1947" BC A 

LATITUDE: 36*15.0094' N 
LONGITUDE: 107*41.6302' W 
NAD27 J 

LATITUDE: 36.250169* N 
LONGITUDE: 107.694449* W 
NAD83 I 

r B.L.M. 

,400'. 

FND GLO 
.'1947* BC 
IFNC J 

(B.O.B.) S89*40'59"E - 2641.20' 

FND GLO 
"1947" BC 

LOT1 

-09°30' E 

" OPERATOR CERTIFICATION 
/ tenby oaraft But Of fttforaiotion oontoinad tenia 
is true end oompUta to tha ta i of my enouiadye and 
btUtf. and tta* tM* emardaatlen (liter own* 
a wsrHng 4nt*rat or anltand tnawrol Mmst in tto 
land inaiudtnQ A* jnuuujid bottom tela loeatton or 
tee a right is aXQ tMs teeB at ni l loaatian jwrauani 
to a oontraot man an owner of euaft a eNnaral or 
a wornns intrrasi ar to a iMuilaiM seoana ayretracnt 
or a oampvltory pooling order teialujtae enterad by tte 

nture Date 

Printed Name 

fl—TTiffl AddTCTB 

18 SURVEYOR CERTIFICATION 

/ tenfr* e>rn>y tket tte ueB 
una plottmt from /Ul i net** of 
ma or under my etewrvMen, and in 
and eomet to tte bat of «y base/. 

FEBRUARY ^°), 20: 

eteun on into plat 
eureeyt mad* ty 
tte oamo if tmo 

Date ef Surrey 

ô n̂atora and nŵ i of 

CL-EN VV. R.U.SS6L 
Ccrrtefflo5*dii WtttwVtew 15703 
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Logos Operating, LLC 
Operations Plan 

Heros 2M 

Note: This procedure will be adjusted on site based on actual conditions. 

I. Location: 415' FSL & 400' FWL Date: April 23, 2014 
Sec 4, T23N R08W 
San Juan County, NM 

Field: Mancos Elev: GL 6,844' 
Surface: Federal 
Minerals: Federal 

II. Geology: Surface formation: Nacimiento 

a. (Note: tops estimated from Warner-Caldwell 1A) 
Formation Tops Depths 
Ojo Alamo 849' 
Kirtland 1065' 
Fruitland — 

Pictured Cliffs — 

Lewis — 

Chacra — 

Cliff House — 

Menefee — 

Point Lookout 3953' 
Mancos 4080' 
Niobrara Member — 

Sanostee Member-Mancos 5684' 
Greenhorn Member-Mancos 5925' 
Ganeros Member-Mancos 5996' 
Total Depth 6400' 

Estimated depths of anticipated water, oil, gas, and other mineral bearing 
formations, which are expected to be encountered: 

Water and gas-1483' and 3953' 
Water, gas, and oil- 4080' and 5684' 

b. Logging Program: Induction/GR and density/neutron logs from TD to the 
surface casing point. Mud logs will be run from below the surface casing to 
TD. No DST's or cores are planned for this well. Cased hole GR/CC1 and CBL 
logs will be run from PBTD to surface. 

c. No over pressured zones are expected in this well. No H2S zones will be 
penetrated in this well. Max BHP = 2850 psig. Lost circulation zones may be 
encountered in the Mesa Verde group and Niobrara sections. 

Pg. l Heros 2M 
Operations Plan 
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III. Drilling 

a. Contractor: 

b. Mud Program: 

The surface hole will be drilled with a fresh water mud. 

The production hole will be drilled with a fresh water mud and will use 
bentonite to increase the viscosity. The weighting material will be drill solids or 
if conditions dictate, barite. The maximum mud weight expected in 9.2 ppg. The 
water loss will be controlled to a 6-8 cc/30 min. and loss circulation will be 
controlled with cedar fiber, paper, etc. 

The Mancos and Gallup formations will all be considered for completion in this 
well. A completion procedure will be developed after evaluating the wireline 
and mud logs. 

c. Minimum Blowout Control Specifications: 

Double ram type 2000 psi working pressure BOP with a rotating head. See the 
attached Exhibit #1 for details on the BOP equipment. All ram type preventers 
and related equipment will be hydraulically tested at nipple-up to 250 psi (Low) 
for 5 minutes and 1,500 psi (High) for 10 minutes. All tests and inspections will 
be recorded in the daily drilling tour book. 

The blind rams will be hydraulically activated and checked for operational 
readiness each time pipe is pulled out of the hole. All checks of the BOP stack 
and equipment will be noted on the daily drilling report. The BOP equipment 
will include a kelly cock, floor safety valve, and choke manifold all rated to 2000 
psi. 

IV. Materials 

Hole Size Depth Casing Size Wt. & Grade 
12-1/4" 330' 9-5/8" 36# 1-55 
7-7/8" 6400' 5-1/2" 17# P-110 

b. Float Equipment: 

i. Surface Casing: Notched collar, aluminum insert float in the first 
collar, and 3 centralizers on the bottom 3 joints. 

ii. Production Casing: 5-1/2" cement float shoe and self-fill insert float 
collar. Place float one joint above shoe. Place DV tool at 4230'. 
Place ten centralizers spaced every other joint above the shoe, two 
turbolizers on the collars below the DV tool and two turbolizers 
above the DV tool. Place five turbolizers every third joint from the 
top of the well. 

Pg.2 Heros 2M 
Operations Plan 
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V. Cementing: 

Note: Cement volumes will be adjusted based on actual conditions. 
Surface casing: 9-5/8" - use 225 sx (266) cu. ft.) of Type V with 2% CaCl2 and % 
#/sk celloflake (Yield = 1.18 cu. ft/sk; slurry weight = 15.6 PPG). 100% excess to 

- eirculate,cement.to.surface.-WOG-12-hours.-Rressure t̂est.surface.casing.to.-1500.psi.̂  

Production casing: 5-1/2" - Before cementing circulate hole with at least 1-1/2 
hole volumes of mud. Precede cement with 30 bbls of fresh water. 1 s t stage: Lead 
with 260 sx (458 cu. ft.) of Cl "B" 65/35 poz with 6% gel, 1% CaCl2, 4% phenoseal, 
and % #/sx celloflake (Yield = 1.6 cu. ft/sk; slurry weight - 12.8 PPG)> Tail with 
100 sx (146 cu. ft.) of Cl "B" 50/50 poz with 0.15% dispersant, 1% CaCl2 and %#/sk. 
Celloflake. (Yield 1.46 cu.ft./sk; slurry weight = 13.0 PPG). 2 n d stage: Precede 
cement with 20 bbls of water. Lead with 600 sx (1056 cu. ft.) Cl "B" 65/35 poz with 
6% gel, 1% CaCl2, and %#/sx celloflake (Yield = 1.76 cu. ft/sk; slurry weight = 12.8 
PPG). Tail with 100 sx (146 cu. ft.) of Cl "B" 50/50 poz with 0.15% dispersand, 1% 
CaCl2, and %#/sk. Celloflake. (Yield = 1.46 cu. ft/sk; slurry weight = 13.0 PPG). Total 
cement volume is 1806 cu. ft. (50% excess to hole volume to circulate cement to 
surface). 

Operations Technician 

3 Heros 2M 
Operations Plan 
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Logos Operating, LLC - Heros #2M Vertical Oil Well 

d. After trenching and pipe placement i n the trench, the s o i l s 
excavated from the trench would be returned and compacted t o 
prevent subsidence. The trench would be compacted a f t e r 
approximately two feet of f i l l i s placed w i t h i n the trench and 
a f t e r the ground surface has been leveled. 

e. Construction of the p i p e l i n e w i l l take approximately 2 weeks. 

G. Methods f o r Handling Waste Disposal: 

1. Cuttings 

a. The d r i l l cuttings and d r i l l i n g f l u i d s w i l l be placed i n a 
reserve p i t . The reserve p i t w i l l be l i n e d with a 20 mi l s t r i n g 
re-enforced material and constructed to meet the NMOCD p i t 
guidelines. The reserve p i t w i l l be fenced p r i o r to d r i l l i n g . 
After d r i l l i n g , any free l i q u i d s i n the p i t w i l l be disposed of 
at the appropriate waste disposal f a c i l i t i e s . The solids i n the 
reserve p i t w i l l be allowed to dry, tested, and buried 
according to NMOCD p i t ru l e s . 

2 . Flowback Water 

a. The water-based solut i o n that flows back to the surface during 
and a f t e r completion operations w i l l be placed i n storage tanks 
on l o c a t i o n . 

b. Flowback water w i l l be confined to a storage tank f o r a period 
not to exceed 90 days a f t e r i n i t i a l production and w i l l be 
disposed of at Basin Disposal, Inc. and/or I n d u s t r i a l 
Ecosystem, Inc. waste disposal f a c i l i t i e s , or recycled. 

3. S p i l l s - any s p i l l s of non-freshwater f l u i d s w i l l be immediately 
cleaned up and removed to an approved disposal s i t e . 

4. Sewage - self-contained, chemical t o i l e t s w i l l be provided f o r 
human waste disposal. The t o i l e t holding tanks w i l l be pumped, as 
needed, and the contents thereof disposed of i n an approved sewage 
disposal f a c i l i t y . The t o i l e t s w i l l be onsite during a l l 
operations. 

5. Garbage and other waste material - garbage, trash, and other waste 
materials w i l l be collected i n a portable, self-contained and 
fully-enclosed trash container during d r i l l i n g and completion 
operations. The accumulated trash w i l l be removed, as needed, and 
w i l l be disposed of at an authorized sanitary l a n d f i l l . No trash 
w i l l be buried or burned on lo c a t i o n . 

6. Immediately a f t e r removal of the d r i l l i n g r i g , a l l debris and 
other waste materials not contained i n the trash container w i l l be 
cleaned up and removed from the well l o c a t i o n . 

o o o 
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Logos Operating, LLC - Heros #2M V e r t i c a l O i l Well 

7. No chemicals s u b j e c t t o r e p o r t i n g under SARA T i t l e I I I i n an 
amount equal t o or g r e a t e r than 10,000 pounds w i l l be used, 
produced, s t o r e d , t r a n s p o r t e d , or disposed of i n a s s o c i a t i o n w i t h 
t h e d r i l l i n g , t e s t i n g , or completion of t h i s w e l l . 

8. No extremely hazardous substances, as d e f i n e d i n 40 CFR 355, i n 
t h r e s h o l d p l a n n i n g q u a n t i t i e s , w i l l be used, produced, s t o r e d , 
t r a n s p o r t e d , or disposed of i n a s s o c i a t i o n w i t h the d r i l l i n g , 
t e s t i n g , or completion of t h i s w e l l . 

H. A n c i l l a r y F a c i l i t i e s : 

1. Standard d r i l l i n g o p e r a t i o n equipment t h a t w i l l be on l o c a t i o n 
i n c l u d e s : d r i l l i n g r i g w i t h a s s o c i a t e d equipment, temporary o f f i c e 
t r a i l e r s equipped w i t h s l e e p i n g q u a r t e r s f o r e s s e n t i a l company 
personnel, t o i l e t f a c i l i t i e s , and t r a s h c o n t a i n e r s . 

I . Well S i t e Layout: 

1. The proposed w e l l pad l a y o u t i s shown i n Sheets F l , F2, Gl, and 
G2. Cross s e c t i o n s have been d r a f t e d t o v i s u a l i z e cuts and f i l l s 
across the l o c a t i o n . Refer t o Item F f o r c o n s t r u c t i o n m a t e r i a l s 
and methods. 

2. No permanent l i v i n g f a c i l i t i e s are planned. O f f i c e t r a i l e r s 
equipped w i t h l i v i n g q u a r t e r s w i l l be pr o v i d e d on l o c a t i o n d u r i n g 
d r i l l i n g and completions o p e r a t i o n s . 

3. The p r o d u c t i o n f a c i l i t y l a y o u t i s being d e f e r r e d u n t i l the w e l l ' s 
p r o d u c t i o n c h a r a c t e r i s t i c s can be evaluated a f t e r completion. 
Refer t o Sheet Gl f o r the proposed w e l l pad l a y o u t d u r i n g d r i l l i n g 
a c t i v i t i e s and Sheet G2 f o r the proposed w e l l pad l a y o u t d u r i n g 
completions a c t i v i t i e s . 

J . Plans for Surface Reclamation: 

1. I t has been determined t h a t t h e p r o j e c t area i s w i t h i n 
Sagebrush/Grass Community. A seed m i x t u r e was chosen f o r use i n 
r e c l a m a t i o n u s i n g the BLM seed p i c k l i s t f o r t h e Sagebrush/Grass 
Community. Please see Reclamation Plan (Appendix A ) . 

2. The proposed p r o j e c t f a l l s under t h e BLM V e g e t a t i o n Reclamation 
Procedure B f o r s u r f a c e d i s t u r b i n g a c t i o n s , g r a n t s , or p e r m i t s 
a u t h o r i z e d by t h e BLM-FFO r e s u l t i n g i n bare m i n e r a l s o i l across 
an area g r e a t e r t h a n o r equal t o 1 acre, not i n c l u d i n g a BLM-FFO 
approved wo r k i n g area. Logos would be r e s p o n s i b l e f o r r e c l a m a t i o n 
m o n i t o r i n g on Lease #NM 109398 i n S e c t i o n 4. The BLM-FFO would be 
r e s p o n s i b l e f o r r e c l a m a t i o n m o n i t o r i n g o f f lease i n S e c t i o n 9. A 
s i t e - s p e c i f i c Reclamation Plan i s l o c a t e d i n Appendix A. The BLM 
w i l l be c o n t a c t e d 48 hours p r i o r t o r e c l a m a t i o n a c t i v i t i e s . 

o e o 
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Sheet C 

Directions from the Intersection of Highway 550 and Highway 
64 in Bloomfieid, NM 

to 
LOGOS OPERATING, L L C 

HEROS #002M 
415' FSL 400' FWL, 

Section 4, T23N, R8W, N.M.P.M., San Juan County, 
New Mexico 

Latitude: 36° 15' 00.607" N 
Longitude: 107° 41' 40.016" W 

Nad 1983 

From the Intersection of Highway 550 & Highway 64 
Go South on Hwy 550 for 40.1 miles, 

turn left (north-northwesterly) for 0.3 miles on 2-track 
To the beginning of new access 

on the left (west) side of the field road and 
continues (west-northwesterly) for 291.52' 

to the new location. 
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Well Control Equipment Schematic for 2M Service 
Attachment to Drilling Technical Program 

Exhibit #1 
Typical BOP setup 

-location:—San-Juan BasinrNtw Mexclo Date:~AQgTjst'2072001 
By: John Thompson (Walsh E4P) 

Rotating Head (optional) 

> : Mud Flow to Pit 

Double Ram Preventer 

Choke line la Manifold (2" Min) 

Sromd Level 

Production Casing 

From.BOP 

Stack 

Working Pressure for all equipment 
is 2,000 psi or greater 

Bypass to 
Steel Pit 
(Optional) 

Straight-thru 

to Tank or Pit 

To Tank or Pit 
Adjustable 

Choke 
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mud

1. n. [Drilling Fluids]

A term that is generally synonymous with drilling �uid and that encompasses most �uids used in hydrocarbon drilling

operations, especially �uids that contain signi�cant amounts of suspended solids, emulsi�ed water or oil. Mud includes all

types of water-base, oil-base and synthetic-base drilling �uids. Drill-in, completion and workover �uids are sometimes

called muds, although a �uid that is essentially free of solids is not strictly considered mud.

Synonyms: drilling mud

See: conventional mud,  emulsion mud,  invert-emulsion oil mud,  lubricant,  mud weight,  mudding up,  native-solids

mud,  oil mud,  pill,  reserve-mud pit,  returns,  slug,  slurry,  spud mud,  suspended solids,  unweighted mud,  weighted

mud
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With the recent boom in oil and gas exploration there also 
is an increase in waste produced from the drilling process.  
Many agricultural producers have opportunities to provide 
their property as disposal sites for drilling “mud” applications 
and receive payment in return.  Most producers will have the 
material applied to pasture or rangeland that has a relatively 
low production capability.  Depending on many factors, the 
land application of drilling mud may or may not inhibit future 
production.  There has been little research conducted about 
potential impacts of drilling mud application on land quality. 
This Fact Sheet aims to provide some of the basic information 
to help producers make an informed decision.    

What is Drilling Mud?
Drilling mud is the material created for the purpose of 

drilling oil and natural gas wells; the “mud” is pumped into 
the hole during the drilling process to help cool and lubricate 
the bit, suspend cuttings, seal the formation, and control well 
bore pressure.  During this process, the mud is continuously 
recycled to remove solids until it can no longer be utilized for 
drilling.  Options for disposal include injection wells, pits, and 
land application.  The terms “land farming” and “soil farming” 
are often used synonymously with land application, although 
the former terms are technically reserved for remediation of 
contaminated materials and soils, while the purpose of land 
application is to prevent the contamination of soils.    

An Introduction to the 
Land Application of 

Drilling Mud in Oklahoma

The initial mud (prior to use in drilling) contains several 
chemical additives.  These may include bentonite clay (soil 
mineral), sodium carbonate, lime, barium sulfate, lignite, and 
“loss circulation materials” such as ground peanut shells, mica, 
cellophane, walnut shells, plant fibers and cottonseed hulls.  

Types of Mud
There are two main types of drilling mud that are produced 

and land applied: water-based mud (WBM) and oil-based mud 
(OBM).  The main difference between WBM and OBM is the 
solvent (liquid) used as the “base.”  For WBM, the solvent is 
water and for OBM it is diesel.  WBM is more common and 
is typically utilized in the shallow (0 to 3,000 feet) vertical 
portion of the well drilling and OBM is used in the deeper and 
horizontal portions.  

Water-based Mud (WBM)
WBM consists mostly of water; the solids content will 

vary but is often around 8 percent.  As a result, WBM is usu-
ally applied as a fluid suspension.  The pH of WBM is often 
alkaline (pH > 10).  The biggest concern with land application 
of WBM is salinization, or high salt content; WBM may also 
contain high concentrations of sodium salt in addition to high 
total salt content.  Electrical conductivity (EC) is an indicator of 
salt content.  If a soil becomes saline (>4,000 µS/cm or 2,600 
ppm) with non-sodium salts resulting from WMB application, 
plants may have difficulty obtaining water due to excessive 
osmotic potential even if there is plenty of water available for 
them, depending on how sensitive different plants are to salts.  
However, with added rainfall or good quality irrigation, the salts 
may be leached out of the root zone.  If a soil becomes high in 
sodium, or “sodic” (>15 percent exchangeable sodium; ESP) 
due to excessive WBM application, then there will be further 
problems with poor soil structure, decreased drainage, and 
accelerated erosion.  Such a situation requires the application 
of gypsum to displace the sodium, allowing it to leach out of 
the root zone with rainfall or irrigation.  The OSU Soil, Water, 
and Forage Analytical Laboratory can determine if a soil is 
saline or sodic based on the results of the “comprehensive 
salinity” test as illustrated in Figure 2.

Oil-based Mud (OBM)
The solids content in OBM varies between 50 percent and 

85 percent, and is therefore applied as a solid.  The material 
usually smells like diesel fuel and is black in color.  It is the Figure 1. Field application of drilling mud.
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diesel used as the solvent for the mud that contains “petroleum 
based hydrocarbons,” often analyzed and referred to as “total 
petroleum hydrocarbons” (TPH).  The TPH can be toxic to 
plants at high concentrations.  Immediately after application 
of OBM, soil TPH levels may be high; however, the goal of 
land application is fast degradation of TPH to non-toxic levels.  
Native soil microorganisms will consume and metabolize the 
TPH converting it into water and carbon dioxide.  Conditions 
that favor the growth of microorganisms such as nutrients 
(N, P, K), adequate aeration (oxygen), suitable temperature, 
moisture and pH, therefore favor TPH degradation.  
 Threshold levels of soil TPH vary depending on the source 
of information and the context. The OK Guardian (produced by 
the Oklahoma Corporation Commission; http://www.onepetro.
org/mslib/app/Preview.do?paperNumber=00081210&society
Code=SPE) has set a level of 10,000 mg TPH kg-1 (20,000 
lbs acre-1) soil as the limit for plant protection; and 2,600 mg 
kg-1 (5200 lbs acre-1) for residential areas. The Oklahoma 
(OK) Department of Environmental Quality (DEQ) defines 
the “tier 1 generic cleanup level” for residential soil as 50 mg 
TPH kg-1 (100 lbs acre-1) and 500 mg kg-1 (1000 lbs acre-1) 
for industrial sites (http://www.deq.state.ok.us/factsheets/
land/tph.pdf).  The OSU Soil, Water, and Forage Analytical 
Laboratory can measure TPH in solid/soil samples and liquid 
samples.  Please contact your local county Extension office 
for more information on soil salinity and TPH testing.
 Within the category of TPH chemicals, those of most 
concern are “BTEX,” or benzene, toluene, ethylbenzene, 
and xylene.  Of those, benzene is the most important, since 
it is the most leachable.  According to the OK Guardian, 
threshold soil benzene levels are 44 mg kg-1 (88 lbs acre-1) for 
residential soils, 190 mg kg-1 (380 lb acre-1) for non-residential 
soil. In regard to risk of groundwater leaching, the threshold 
is 3 mg kg-1 if the receptor well is located directly beneath 
the benzene source.  The Guardian also lists residential or 
“sensitive” thresholds for toluene, ethylbenzene, and xylenes 
at 6,700; 5,400 and 21,000 mg kg-1 soil, respectively (13,400; 
10,800; and 42,000 lbs acre-1).  The OK DEQ lists 0.03 mg 
kg-1 (0.06 lbs acre-1) benzene as the threshold soil level for 
“acceptable cleanup levels;” however, concentrations beyond 
this level may not necessarily be a problem.  Fortunately, 
relatively small amounts of benzene are applied to soils 
through OBM application and the half-life of benzene is fairly 
short; researchers have indicated a half-life (time required 

Figure 2.  Salinity and sodicity thresholds in soil based 
on soil electrical conductivity (EC) and exchangeable 
sodium percentage (ESP).

for half of it to degrade) from 5 days to 30 days, depending 
on soil conditions.  Others have shown that 70 percent to 97 
percent of benzene degrades in 25 days.  Although there is 
little information with regard to benzene uptake by plants, 
the few studies conducted on this indicate that benzene is 
metabolized into non harmful compounds by the plant.     
 Depending on the geology of the site where the well was 
drilled, constituents of OBM will vary.  This is because the major-
ity of the OBM is simply ground-up bedrock (i.e. drill cuttings) 
that result from drilling the hole.  Some geologic materials will 
contain appreciable levels of calcium carbonate equivalent, 
and the resulting OBM could provide a natural liming effect to 
soils. Similarly, some OBM could also contain nutrients such 
as Mg, Ca, and K depending on the local geology, in addition 
to original mud additives such as lime.  
 With regard to variations in geology and potential con-
taminants, it is unlikely but possible that some OBM samples 
could contain elevated levels of trace metals such as copper, 
zinc, lead, arsenic, chromium and molybdenum.  The source 
of metals would not be from a mud additive, but from bedrock 
naturally elevated in metals. Therefore, potential metals content 
would vary spatially throughout the state with regard to the 
contents of naturally occurring geological formations.  Trace 
metals in WBM are highly unlikely, since the material is mostly 
made up of water, and trace metals are extremely insoluble 
at the pH levels observed in WBM.  Another public concern is 
radiation in OBM, also known as NORM (naturally occurring 
radioactive material).  It is possible, but unlikely for geologic 
materials (i.e. ground up bedrock in OBM) to be elevated in 
NORM beyond safe levels.  The NORM of topsoil generally 
ranges from 0.2 to 4.2 pCi/g and the threshold for safe land 
application is 30 pCi/g. NORM is typically expressed as the 
sum of radium-226 plus radium-228. Little to no data is avail-
able on the metals and NORM content of drilling mud.   

Regulations Concerning Land 

Application of Drilling Mud
 Drilling waste is categorized by USEPA as a “special 
waste,” and is exempt from federal hazardous waste regu-
lations under subtitle C of the Resource Conservation and 
Recovery Act (RCRA). Land application of drilling mud 
is regulated and permitted by the Oklahoma Corporation 
Commission (OCC).  The rules are specifically stated in the 
Oklahoma administrative code and register (www.oar.state.
ok.us), Title 165.  Rules for land application of WBM and OBM 
are found in 165:10-7-19 and 165:10-7-26, respectively.  
 Some of the rules can be summarized as follows:

•	 Maximum	 of	 8	 percent	 slopes	 of	 the	 fields	 eligible	 to	
receive mud.

•	 At	least	12	inches	of	“suitable”	texture.
•	 Certain	 buffer	 zones	 must	 be	 observed	 (i.e.	 property	

boundaries, ponds, wells, etc.).
•	 EC	less	than	4000	µS/cm	and	ESP	less	than	10	percent	

in receiving soil.
•	 Minimum	 20-inch	 depth	 to	 bedrock	 for	 WBM	 and	 40	

inches for OBM.
•	 No	water	table	within	top	6	feet	of	soil	profile.
•	 WBM	may	be	re-spread	after	three	years	has	passed,	

and if soil requirements are met.
•	 OBM	applied	sites	may	not	be	re-applied	with	OBM	or	

receive WBM.
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 The application rate of drilling mud is limited based on 
the following requirements, which must not be exceeded:

•	 6,000	 lbs/acre	 total	 dissolved	 solids	 (TDS)	 including	
soluble salts in the soil.  TDS is often converted to EC 
by the equation: TDS (mg/L) = EC (mS/cm) X 640.

•	 3,500	lbs/acre	chloride.
•	 40,000	lbs/acre	TPH.
•	 200,000	lbs/acre	dry	weight	(i.e.	solids).

 Although not a rule, the OCC recommends that OBM 
be mixed with a bulking agent (usually lime or gypsum) at a 
3:1 ratio of bulking agent:OBM. In some cases, the addition 
of the lime or gypsum bulking agent could be beneficial to 
production.
 It is extremely important that the land applicator obtains 
a permit from the OCC and follows these rules, as they are 
designed to protect the landowner and the environment.   
Landowners should expect a temporary decrease in productiv-
ity; however, some landowners may experience no decrease 
in yield.  The purpose of payments made to the landowner is 
compensation for potential losses.  Some of the problems as-
sociated with land application that has previously occurred are 
likely due to improper application by the spreading company.  
For this reason, it is recommended the landowner research 
the reputation of the application company prior to receiving 
drilling mud.  Also contact the OCC for an open records re-
quest (http://www.occeweb.com/ad/OpenRecords.html) to 
find out if the company in question has received many fines 
in the past.  

Overall Recommendations
 With regard to OBM, the main concern is total petroleum 
based hydrocarbons (TPH), but this should not be a problem 
if OCC rules are followed.  Also, TPH will eventually degrade 
into carbon dioxide and water.  Excess application of salts 
from WBM could present some long-term problems if WBM is 
not properly applied, since salts are removed from the system 
by leaching, which can be a slow process. Heavy soils (i.e. 
high clay content) and poorly drained soils are more likely to 
suffer from salt problems compared to sandy, well drained 
soils.  Low rainfall will worsen salt problems.  Applications of 
WBM during dry periods are more likely to result in problems 
compared to wet periods. 

Figure 3. Application of a simulated WBM to research 
plots in Lahoma.

Current State of Research and Gaps in 
Knowledge
 Little research has been conducted on the land applica-
tion of drilling mud.  Oklahoma State University is in the early 
stages of conducting research on this.  Current investigations 
include TPH degradation rates and forage yield from land 
applied with OBM, and variation in bulking agent mixtures.  
There is some interest in the impact of different bulking agents 
and rainfall timing on TPH degradation rates. Oklahoma State 
University has initiated simulated WBM-applied field plots for 
research and demonstration at the Lahoma field day (scheduled 
in 2013). Ultimately, the long-term goal, which may require 
several years and increased  research funding, is to produce 
a site-specific tool for landowners to assess risk, potential 
yield reduction, time required for salt leaching, or alternatively 
estimate the maximum WBM application in which little to no 
yield reduction will occur.  Updates in research findings will 
be posted as developed.  
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Oklahoma State University, in compliance with Title VI and VII of the Civil Rights Act of 1964, Executive Order 11246 as amended, Title IX of the Education Amendments of 1972, Americans 
with Disabilities Act of 1990, and other federal laws and regulations, does not discriminate on the basis of race, color, national origin, gender, age, religion, disability, or status as a veteran in 
any of its policies, practices, or procedures. This includes but is not limited to admissions, employment, financial aid, and educational services.

Issued in furtherance of Cooperative Extension work, acts of May 8 and June 30, 1914, in cooperation with the U.S. Department of Agriculture, Director of Cooperative Extension Service, 
Oklahoma State University, Stillwater, Oklahoma. This publication is printed and issued by Oklahoma State University as authorized by the Vice President, Dean, and Director of the Division of 
Agricultural Sciences and Natural Resources and has been prepared and distributed at a cost of 20 cents per copy. 0113 GH

The Oklahoma Cooperative Extension Service 
Bringing the University to You!

for people of all ages.  It is designated to take 
the knowledge of the university to those persons 
who do not or cannot participate in the formal           
classroom instruction of the university.

•	 It	utilizes	research	from	university,	government,	
and other sources to help people make their own 
decisions.

•	 More	than	a	million	volunteers	help	multiply	the	
impact of the Extension professional staff.

•	 It	dispenses	no	funds	to	the	public.

•	 It	is	not	a	regulatory	agency,	but	it	does	inform	
people of regulations and of their options in meet-
ing them.

•	 Local	programs	are	developed	and	carried	out	in	
full recognition of national problems and goals.

•	 The	 Extension	 staff	 educates	 people	 through	
personal contacts, meetings, demonstrations, 
and the mass media.

•	 Extension	has	the	built-in	flexibility	to	adjust	its	
programs and subject matter to meet new needs.  
Activities shift from year to year as citizen groups 
and Extension workers close to the problems 
advise changes.

The Cooperative Extension Service is the largest, 
most successful informal educational organization in 
the world. It is a nationwide system funded and guided 
by a partnership of federal, state, and local govern-
ments that delivers information to help people help 
themselves through the land-grant university system.

Extension carries out programs in the broad catego-
ries of  agriculture, natural resources and environment; 
family and consumer sciences; 4-H and other youth; 
and community resource development. Extension 
staff members live and work among the people they 
serve to help stimulate and educate Americans to 
plan ahead and cope with their problems.

Some characteristics of the Cooperative Extension  
system are:

•		 The	 federal,	 state,	 and	 local	 governments							
cooperatively share in its financial support and 
program direction.

•	 It	is	administered	by	the	land-grant	university	as	
designated by the state legislature through an 
Extension director.

•	 Extension	programs	are	nonpolitical,	objective,	
and research-based information.

•	 It	provides	practical,	problem-oriented	education	
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Legal Fractures in Chemical 
Disclosure Laws 

Why the Voluntary Chemical Disclosure Registry FracFocus
Fails as a Regulatory Compliance Tool 
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Legal Fractures in Chemical Disclosure Laws 
Why the Voluntary Chemical Disclosure Registry FracFocus                                         

Fails as a Regulatory Compliance Tool 

I n t r o d u c t i o n  
 
In April 2011, a voluntary chemical disclosure registry was launched for companies developing unconventional oil and 
gas wells.  Two years later, eleven states direct or allow well operators and service companies to report their 
chemical use to this online registry: FracFocus (www.fracfocus.org).   The Bureau of Land Management (BLM) has 
also proposed adopting FracFocus as the reporting method for companies fracturing wells on federal and tribal lands.   

When first announced, FracFocus held promise as a positive response to public concern about chemical use, storage, 
and disposal at well sites.  The concept of a centralized, on-line registry appeals to under-resourced agencies, since it 
offers them the ability to delegate data gathering to a third party, and promises transparency by posting some 
chemical information online.   However, our evaluation of FracFocus suggests that reliance on the registry as a 
regulatory compliance tool is misplaced or premature.   

S u m m a r y   
 
In its current form, FracFocus is not an acceptable regulatory compliance method for chemical disclosures. The 
registry’s shortcomings – and opportunities for improvement – fall into three categories: 

(1) Timing of Disclosures.  State laws attach penalties to a company’s late submittal of, or failure to submit, 
chemical disclosures.  However, FracFocus does not notify a state when it receives a disclosure from a 
company operating in that state.  Nor can most states readily determine when a disclosure is made.  As a 
result, states cannot enforce timely disclosure requirements.   
 

(2) Substance of Disclosures.  FracFocus creates obstacles to compliance for reporting companies.   For 
example, by not providing state-specific forms, FracFocus leaves companies to figure out how to account for 
state disclosure requirements not covered by the FracFocus form.  FracFocus staff does not review 
submissions, and states usually do not receive the form; factors that may encourage some companies to 
under-value careful reporting.  Meanwhile, no state sets minimum reporting standards for FracFocus.  In 
fact, were FracFocus to disappear entirely, most states using the registry would have no backup disclosure 
methods readily identified and available to them.   
 

(3) Nondisclosures.  Trade secret protection is critical in order to reward development of unique products in 
the marketplace.  However, three characteristics of a robust trade secret regime prevent overly broad 
demands for this protection: substantiation by the company, verification by a government agency, and 
opportunity for public challenge.  FracFocus has none of these characteristics; operators have sole discretion 
to determine when to assert trade secrets.  As a result, inconsistent trade secret assertions are made 
throughout the registry.  
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Although FracFocus provides training, and has made some modifications to its form in response to criticism, 
shortcomings remain.  Our research uncovered numerous examples where information about the same product 
differs across forms.i  The research was very time-consuming, because the registry does not allow searching across 
forms – readers are limited to opening one PDF at a time.  This format prevents site managers, states, and the public 
from catching many mistakes or failures to report.  More broadly, the limited search function sharply limits the utility 
of having a centralized data cache.   

Disclosure serves many purposes in a healthy civil society. It helps people make informed decisions about risk – for 
instance, a landowner determining whether to agree to have a well on her property, a worker considering 
employment, an investor researching oil and gas companies, or an insurance company determining whether to extend 
a policy. Chemical disclosure facilitates effective emergency response, and enables doctors to treat patients more 
effectively.  Disclosure can improve policy-making, too, by helping agencies prioritize regulatory action, and by 
encouraging public participation.  In fact, disclosure may be viewed as a societal prerequisite for hydraulic fracturing 
– what some have called a “social license” to drill.ii 

Incomplete and inaccurate disclosures, however, serve no public purpose.  If a property owner searches for a well 
form on FracFocus, she may find that the form omits information required by the state, contains non-existent 
Chemical Abstract Service (CAS) numbers, or hides the identity of chemicals.  Unable to search across forms, the 
property owner will not know that other forms disclose chemicals withheld in this form, or list different ingredients 
for the same product.  If she asks for more information from FracFocus she will be denied, on the grounds that the 
site’s organizers are not subject to state or federal public records laws.iii  Unless disclosures were also made to the 
state, the property owner may not petition the state for more complete answers or challenge the company’s trade 
secret claims.   

States and the BLM are expending valuable resources issuing hydraulic fracturing disclosure requirements.  
Companies are spending valuable time submitting disclosures.  We should make sure these systems work.    

 

Unconvent iona l  sha le  gas  p la t form located  jus t  outs ide  Fort  Worth,  Texas .  

 

WG Ex. 44

1916



 
 

3 

Le
ga

l F
ra

ct
ur

es
 in

 C
he

m
ic

al
 D

is
cl

os
ur

e 
La

w
s 

| 
4/

23
/2

01
3 

 

B a c k g r o u n d  
 
The United States is in the midst of an energy boom.  Geologists have known since the 1970s that vast quantities of 
natural gas lie trapped in the country’s shale formationsiv  Only recently, however, have advances in technology made 
recovery economically viable.v  Shale gas represents nearly one quarter of U.S. gas production, and that share is 
growing.vi  Technological advances and high oil prices are sparking similar interest in shale oil;vii  North Dakota’s 
Bakken Shale produced nearly 600,000 barrels of oil a day in 2012.viii  

As its name suggests, hydraulic fracturing involves injecting a large volume of fluid (usually water-based) into a well 
at high pressure, to fracture the rock, prop open the cracks with sand, and release trapped oil or gas.  Chemicals 
represent a small fraction of the fracturing fluid; however, given that millions of gallons of fracturing fluid may be 
injected into a wellix, the fluid may contain thousands of gallons of chemicals.   

The public has raised concerns about the potential health and environmental risks associated with shale oil and gas 
production.x  These concerns often focus on the chemicals used in 
the hydraulic fracturing process.  By 2010, elected officials and 
environmental organizations were calling for increased chemical 
disclosure, to educate the public and provide policymakers with the 
information needed to assess and manage risk.xi  In response, 
industry worked with the Interstate Oil and Gas Compact 
Commission (IOGCC) and the Groundwater Protection Council 
(GWPC) to create a voluntary chemical registry called FracFocus.  
The online registry provides disclosure forms in PDF, enabling the 
public to view information one well at a time.   

When FracFocus launched in April 2011, six states – Alabama,xii  
Arkansas,xiii Colorado,xiv Pennsylvania,xv West Virginia,xvi and 
Wyomingxvii  – had drilling rules that required some form of 
chemical disclosure, ranging from minimal reporting and 
maintenance of on-site chemical inventories, to comprehensive 
reporting before and after fracturing a well.  Federal law did not – 
and still does not – require any disclosure of chemicals used to 
fracture wells.  

Two years since the launch of FracFocus, eighteen states require fracturing chemicals disclosure.xviii  Of those, eleven 
states direct or allow well operators and service companies to report chemical use to FracFocus: Colorado; Louisiana; 
Mississippi; Montana; North Dakota; Ohio; Oklahoma; Pennsylvania; South Dakota; Texas; and Utah.xix  Meanwhile, 
Alaska,xx California,xxi and New Yorkxxii are considering FracFocus for chemical reporting from their states, and the 
BLM has proposed adopting FracFocus as the disclosure method for unconventional wells on federal and tribal 
lands.xxiii   

At the outset, FracFocus held promise as a positive response to public concern about chemical use, storage, and 
disposal at well sites.  And over time, the IOGCC and the GWPC have worked to improve FracFocus; for instance, 
by releasing a “FracFocus 2.0” form in late 2012 (all companies will use this form beginning in June 2013).xxiv  
However, FracFocus still fails as an acceptable regulatory compliance tool.  This paper will address three categories of 
shortcomings, and conclude with recommendations.  

In response to public concerns 
about the chemicals used in 

the hydraulic fracturing 
process, industry worked to 
create a voluntary chemical 

registry called FracFocus.  Two 
years later, eleven states 

direct or allow well operators 
and service companies to 

report chemical use to 
FracFocus. 

WG Ex. 44

1917



 4 

Le
ga

l F
ra

ct
ur

es
 in

 C
he

m
ic

al
 D

is
cl

os
ur

e 
La

w
s 

| 
4/

23
/2

01
3 

 

I s s u e  # 1 :   T i m i n g  o f  D i s c l o s u r e s  
 
States require that companies make post-fracturing chemical disclosures by a certain date.  The deadline is calculated 
typically from the date that fracturing begins, or from the date of well completion (when the well begins generating 
productxxv).   Timing varies, but all states seek disclosures within a few months of fracturing or completing a well: 

• Mississippi requires reporting within 30 days of fracturing of a well;xxvi 

• Utah requires reporting within 60 days of fracturing a well;xxvii 

• Oklahoma requires reporting within 60 days of the start of fracturing; xxviii 

• Louisiana requires reporting within 20 days of completion of the well;xxix 

• Montana,xxx  Pennsylvania,xxxi and South Dakotaxxxii require reporting within 30 days of well completion; 

• Texas requires reporting within 30 days of well completion or within 90 days after drilling is completed, 
whichever is earlier;xxxiii 

• North Dakotaxxxiv and Ohioxxxv require reporting within 60 days of well completion; and 

• Colorado requires reporting within 60 days of completion, and not more than 120 days from the start of 
fracturing.xxxvi 

 
State laws attach penalties to a company’s late submittal or failure to submit chemical disclosures.  A person failing to 
timely submit a report in Colorado, for instance, may be 
subject to a civil fine of up to $1,000 per violation per 
day, for a total of up to $10,000.xxxvii  Each violation of 
an oil and gas rule (including requirements to report) in 
North Dakota is subject to a penalty of up to $12,500 
per day.xxxviii  In Ohio, violation of the oil and gas statute 
may result in civil penalties of up to $4000 per day;xxxix 
in addition, if the state has made reasonable attempts to 
notify the operator, and a report is more than 30 days 
late, the state may issue a finding that the operator has 
committed a “material and substantial violation.”  Such a 
finding authorizes the state to suspend well activities.xl  

However, when state laws direct companies to make disclosures on FracFocus, states cede oversight of these 
provisions to a non-regulatory third party. FracFocus does not notify a state when the site receives a disclosure form 
about a well in that state.  Nor can most states readily determine when a disclosure is made.  Of the states that use 
FracFocus as a disclosure compliance tool, only Texas requires companies to submit copies of the FracFocus form to 
the state.  Otherwise, to determine if a disclosure has been filed, a state agency must search FracFocus by well 
number every day until a form appears.  When the form does appear, it does not reflect the date it was submitted.  
As a result, states using FracFocus are not able to enforce timely disclosure requirements.   

FracFocus 2.0 may be able to provide notification to states when desired.xli  However, no state rule requires that 
FracFocus notify the state when a submission is made.  The fact that the registry will not offer this service by default 
may mean that there are technical (database interface), regulatory, or political barriers to doing so.  How those 
barriers will be overcome has not been made clear.  Meanwhile, even if a state were to begin receiving notifications 
going forward, there may not be a way to reach back to determine when submissions were made over the past two 
years. 
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A recent review of 
FracFocus found that 29% 

of CAS numbers reported at 
Texas wells in July 2012 did 

not exist. 

 

I s s u e  # 2 :   S u b s t a n c e  o f  D i s c l o s u r e s  
 
Regulatory frameworks are more effective when they operate within systems that encourage compliance by “making 
the undesirable behavior less profitable or more troublesome.””xlii  For instance, speeding laws by themselves may 
deter some motorists from driving too fast, but compliance rates improve with construction of speed bumps and 
traffic circles.  Unfortunately, states that use FracFocus as a compliance method for chemical disclosures are relying 
on a registry that creates barriers to compliance.  For instance, FracFocus does not provide state-specific forms, 
leaving companies to figure out how to account for state requirements not requested by FracFocus. Too often, 
companies do not provide the additional information.   

For instance, some states limit disclosure to chemicals regulated under the Occupational Safety and Health Act 
(OSHA).  However, Colorado,xliii Mississippi,xliv Montana,xlv Ohio,xlvi Oklahoma,xlvii and Texasxlviii require disclosure 
of all chemicals intentionally added to the fracturing fluid.  This is an important distinction.  OSHA requires chemical 
manufacturers to list information about “hazardous chemicals” on Material Safety Data Sheets (MSDS) for placement 
in work spaces.xlix  While the law defines “hazardous chemical” broadly,l manufacturers rely on existing literature to 
determine whether a chemical is hazardous; they are not required to test their product.li  Moreover, OSHA’s 
requirements only apply to chemicals “known to be present in the workplace in such a manner that employees may be 
exposed under normal conditions of use or in a foreseeable emergency.”   This further limits 
“hazardous chemicals” to those that have been studied for workplace exposure.  At a 
2012 American Chemical Society conference, Matthew Watson of 
Environmental Defense Fund said, “Halliburton [a fracturing chemical 
service company] and others tell me that probably half of the 
chemicals used in fracturing aren’t those OSHA-regulated 
MSDS chemicals.”lii   
 
However, until recently the FracFocus website appeared to limit 
reporting to OSHA-regulated chemicals.  For instance, in response 
to the question, “What chemicals are being disclosed on this site?,” the site 
states:  
 

All chemicals that would appear on a Material Safety Data Sheet (MSDS) that are used to 
hydraulically fracture a well except for those that can be kept proprietary based on the “Trade Secret” 
provisions related to MSDS found on the Trade Secret link at 1910.1200(i)(1) [reference to OSHA 
regulations].liii   

 
Moreover, the bottom of the original FracFocus form reads, “All component information listed was obtained from the 
supplier’s Material Safety Data Sheets (MSDS). . . .”  This language might lead a rational operator to disclose only 
those chemicals regulated by OSHA, even if that operator were reporting on a well located in Colorado (or another 
state seeking broader disclosures). And in fact, operators have reported non-OSHA chemicals inconsistently on this 
form.   For instance, while TX well operators sometimes report that Clay-Max contains choline chloride,liv at other 
wells they merely report that Clay-Max contains “no hazardous ingredients per MSDS.”lv   When companies do report 
non-OSHA chemicals, they assert trade secret protection for them at a higher rate than for OSHA chemicals.lvi  
 
FracFocus appears to have amended the disclosure form to address this issue – many FracFocus 2.0 forms contain a 
heading part-way through the chemicals table that reads, “Additional Ingredients Not Listed on MSDS.”  
Unfortunately, the bottom of the new form then often reads, “Additional ingredients not listed on MSDS component 
information were obtained directly from the supplier.  As such, the Operator is not responsible for inaccurate and/or 
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incomplete information.”  This statement does not reflect the law in at least six states that rely on FracFocus, where a 
company is under equal obligation to report all chemicals intentionally added to a well. 
 
In several other instances, the FracFocus form likewise does not cover state required information.  Louisiana requires 
that well operators (or their service companies) report the type of base fluid used in hydraulic fracturing.lvii  So do 
Colorado,lviii Mississippi,lix Oklahoma,lx and Texas.lxi While water is typically used, petroleum-based fracturing fluids 
are used as well and should be reported as such on the form.  However, the FracFocus form only provides a place for 
companies to report the total water volume of a fracturing job.  As a result, there is no clear place to identify other 
base fluids.  
 
Pennsylvania requires a company to report whether recycled water was used in a fracturing job.lxii  Ohio requires 
companies to report the amount and source of any recycled water 
used.lxiii  Re-used fracturing water may contain chemicals; knowing 
the water source assists landowners, well owners, and regulators in 
identifying the chemicals present, to assist waste management and 
emergency response.  However, the FracFocus form does not 
provide a place for companies to describe whether water is fresh or 
recycled, or to identify the source of water.  As a result, compliance 
has been spotty.  For instance, the report for Ohio well #34-067-
21075, fractured on January 4, 2013, notes only that “water” was 
used as the base fluid.  Operators reported the amount of fresh and 
recycled water used at least four other Ohio wells; however, none 
of these reports identified the source of the recycled water.lxiv 
 
Montana requires companies to report the actual concentrations of 
chemicals used in the fracturing fluid.lxv  However, the FracFocus 
form only requests maximum concentrations.  While Montana 
operators could list the actual concentrations in the “Comments” 
field, the form makes it difficult for a company to comply with 
Montana state law.  In some Montana forms, operators appear to 
have tried to provide actual concentrations on the far right-hand side 
of the chart, but the numbers have been jumbled in the uploading 
process.lxvi  Other Montana forms do not provide actual 
concentrations.lxvii 

Texas requires well operators to provide the contact information for 
any business claiming entitlement to trade secret protection.lxviii  This information is critical in the event a medical 
professional or first responder needs to identify the protected chemical in an emergency situation.  However, 
FracFocus provides no specific place for this contact information.  While some disclosure forms include contact 
information for trade secret chemicals,lxix most do not.  
 
In addition, FracFocus has a “deletion default” for forms that need to be corrected.  FracFocus enables well operators 
to pull down forms off the site when they “discover an error in a disclosure but [are] unable to correct the error 
immediately.”lxx  When the operator selects this function, the document is stored for 90 days in a temporary holding 
container. During this time, the operator can replace the form with a corrected version, or restore the original form.  
However, if no action is taken, the form is deleted.lxxi It is easy to imagine a busy company pulling down a form to 
correct later, and forgetting about the form.  Therefore, FracFocus appears structurally skewed to discourage 
corrections and facilitate deletions. 
 

“The Deletion Default” 
FracFocus enables well 

operators to pull down forms 
when they “discover an error in 

a disclosure but [are] unable 
to correct the error 

immediately.”  In this 
circumstance, the document is 

stored for 90 days in a 
“temporary holding container.” 
During this time, an operator 
may replace or refresh the 

form. However, if no action is 
taken, the entire disclosure is 

deleted from the site. 
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FracFocus has limited quality assurance procedures to ensure accuracy.  The registry indicates automatically when 
certain pieces of information on a newly completed form are incorrect; for instance, an invalid date or API well 
number, or latitude or longitude values that place a well outside of North America.lxxii  However, the registry does 
not appear to reject incorrect CAS numbers, which help to identify chemicals.  A recent review of FracFocus found 
that 29% of CAS numbers reported at Texas wells in July 2012 did not exist.lxxiii   

FracFocus staff does not review submissions.  And of all the states relying on FracFocus, only Texaslxxiv receives copies 
of the form.  (Pennsylvania requires submission of similar information through a state form, but not the FracFocus 
form itself.)lxxv While states can never review every submission they receive, there is a greater chance of state review 
if the state receives the documentation.  Given the near certainty that no one will review the form (either at 
FracFocus or at the agency that could assess penalties for a failure to disclose), the rational company may conclude 
that careful reporting is not highly valued by regulators and act accordingly. 

Finally, no state sets minimum reporting standards for FracFocus, or requires an alternative method of compliance 
should FracFocus scale back its site.  In fact, were FracFocus to disappear, most states using the registry have not 
identified a backup disclosure method (Texaslxxvi  is an exception, indicating by law that the Texas Railroad 
Commission would post disclosures on its own site until a new site was identified by rule). 

 

I s s u e  # 3 :   N o n d i s c l o s u r e  o f  C h e m i c a l s  
 
Trade secret protection is critical, to reward development of unique products in the marketplace.  Trade secret law is 
state-based, but 47 states and Washington, DClxxvii  have adopted the Uniform Trade Secrets Act (UTSA) definition of 
trade secrets:lxxviii  

[I]nformation, including a formula, pattern, compilation, program device, method, technique, or process 
that derives independent economic value, actual or potential, from not being generally known to, and not 
being readily ascertainable by proper means by, other persons who can obtain economic value from its 
disclosure or use, and is the subject of efforts that are reasonable under the circumstances to maintain its 
secrecy.lxxix 

States protect “trade secrets” and other “confidential business information”lxxx from disclosure under public 
information laws.  Federal laws also contain proprietary exemptions to public disclosure requirements, including 
those set forth in the Occupational Safety and Health Act (OSHA),lxxxi the Toxic Substances Control Act (TSCA),lxxxii 
the Federal Insecticide, Fungicide, and Rodenticide Act (FIFRA),lxxxiii and the Emergency Planning and Community 
Right to Know Act (EPCRA).lxxxiv  A comparative review of these regimes suggests that three procedures may 
contribute to higher rates of disclosure, while protecting true trade secrets: substantiation by the company seeing 
protection; agency verification; and public challenge. 
 
For instance, EPCRA requires substantiation of proprietary claims at the submittal stage.lxxxv Furthermore, any person 
may challenge a trade secret claim and EPA must review and resolve within nine months.lxxxvi  Less than 1% of 
facilities have filed trade secret claims under EPCRA.lxxxvii   

 TSCA does not require substantiation of proprietary claims, or provide for public challenges to these claims.  A 1992 
report commissioned by EPA found that companies made trade secret claims in more than 25% of all “substantial 
risk” notices submitted under TSCA Section 8(e); more than 20% of all health and safety studies; and about half of all 
records of significant hazardous reactions.lxxxviii  In response, EPA has used its administrative authority to enhance 
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TSCA procedures.  For instance, EPA now requires companies to substantiate trade secret claims in “substantial risk” 
notices.lxxxix  In addition, in 2010 EPA announced it would increase review of TSCA trade secret claims.xc TSCA 
authorizes EPA to challenge assertions,xci but without a public challenge process to spur it into action, EPA had not 
exercised its authority vigorously.  As of 2005, EPA was only challenging an annual average of fourteen claims over 
TSCA health and safety studies, out of thousands of claims.  (Almost all challenged claims were withdrawn.) xcii In 
2012, EPA began reviewing 16,000 chemical identities protected as trade secrets in TSCA submissions.xciii  

Many states have one or more of these procedures – substantiation, verification, and opportunity for challenge – 
embedded in their general public information laws.  For instance, if a company makes a trade secret assertion in 
Louisiana, it must still file the information with the state (with a cover sheet that warns the submission contains 
proprietary information). Then, the state verifies whether the information is proprietary within 30 days, or sooner if 
there is a pending public records request.xciv Any person may request documents, and file a legal action if access is 
denied.xcv  If a company has provided proprietary records to the state of Mississippi, the state must notify the 
company if anyone requests to see the documents, “but such records shall be released within a reasonable period of 
time unless the [companies] shall have obtained a court order protecting such records as confidential.”xcvi  In North 
Dakota, “[a]ny interested person” may request an attorney general’s opinion to review a written denial of a request 
for records, and the attorney general may obtain information claimed to be confidential for the purpose of 
determining whether it is.xcvii  Alternatively, the person may file a 
civil action.xcviii 

FracFocus offers none of these procedures; operators posting on 
the site have sole discretion to determine whether a chemical is a 
trade secret.xcix  No substantiation is required, and there is no 
verification process to determine if trade secret claims meet the 
OSHA standard (which FracFocus directs companies to follow).c 
Finally, there is no process for the public to challenge a 
proprietary claim.ci  In fact, the IOGCC and the GWPC hold 
themselves out as exempt from federal and state public 
information laws.cii  
 
What’s more, when states permit or direct chemical disclosure to FracFocus, state public information laws may no 
longer apply.  For example, Ohio’s general public information law enables any person to challenge trade secret claims 
in court.ciii  The state’s fracturing chemical disclosure law narrows the universe of persons with standing, but still 
allows challenges from a property owner, an adjacent property owner, or any interested person or state agency that 
may be negatively impacted by fracturing chemicals.civ    However, Ohio allows operators to disclose to FracFocus 
instead of the state.  If operators submit to FracFocus, appeal to the state agency would be impossible because the 
agency will not be in possession of the records.cv   
 
Colorado has attempted to address this public challenge disconnect.  The state’s hydraulic fracturing rule requires 
companies making trade secret assertions on FracFocus to file a “claim of entitlement” with the state.cvi  The law then 
empowers people “directly and adversely affected or aggrieved as a result of any violation of any Rule” to challenge 
trade secret claims.cvii  While “directly and adversely affected or aggrieved” is not defined and may set a standard that 
precludes many challenges,cviii Colorado makes an important attempt to enable challenges to trade secret assertions 
made on FracFocus. 
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Otherwise, by directing or allowing companies to report to FracFocus, states have endorsed implicitly a “check-the-
box” approach to proprietary assertions, with no meaningful oversight.  This approach may encourage companies to 
make over-broad trade secret claims, a tendency that appears borne out by the many instances of inconsistent 
disclosures on the registry.  About 20% of all hydraulic fracturing chemicals are not disclosed on FracFocus forms.cix   
However, those chemical constituents withheld from disclosure in one form are often published in other forms.  For 
instance: 
 

• CLA-Web, a clay stabilizer supplied by Halliburton. At well # 35-049-24878, the ingredient column simply 
says “proprietary.”  At well #05-045-16150, the ingredient is identified as an “ammonium salt” with no CAS 
number provided.  However, at well #42-483-33339 and at least 5 other wells,cx CLA-Web is identified as 
containing Polyepichlorohydrin, trimethyl amine quarternized (CAS # 51838-31-4).  

• CX-14, a crosslinker supplied by Universal.  At well # 42-127-33846 and many other wells, this product is 
reported as a “trade secret.”cxi  However, at well #42-013-34489, this product is identified as containing 
Hydro-Treated Light Petroleum Distillate (CAS       # 64742-47-8).cxii 

• S-3, a surfactant supplied by EES.  At well # 05-095-06238 and at least nine other wells,cxiii this product is 
marked as a “trade secret.”  However, at well #05-077-09440, six ingredients and their CAS numbers are 
listed for this product:  Sodium Carbonate (497-19-18); Proteolytic Enzyme (9014-01-1); Linear alkyl 
benzene sulfonate (68081-81-2); Primary C14-15 alcohol sulfate (Mix of 68081-98-1, 68187-50-0); Alcohol 
Ether Sulfate (68585-34-2); and d-Limonene (94266-47-4).   

• S-262, a scale inhibitor supplied by Reef.  At well #42-462-38034, the product is marked “proprietary.” At 
well # 30-015-39086, two ingredients and their CAS numbers are listed for this product: Amino Triethyl 
Phosphate Ether (68131-71-5) and Methanol (67-56-1).  In addition, “inert ingredients” are mentioned.   

• SUPERMAX, a surfactant and foamer supplied by Nabors/Superior Well Services.cxiv  At well # 37-005-
29978 and at least 8 other wells,cxv there is one “proprietary” ingredient noted, and three other ingredients 
and their CAS numbers listed:  Isopropyl Alcohol (67-63-0); Glycol Ether (111-76-2) and Ethyl Hexanol 
(104-76-7).  Similarly, at well # 37-051-24334, the same three ingredients are listed, plus an “other 
unspecified”.  However, at well #37-063-36002 and at least three other wells,cxvi 22 ingredients and their 
CAS numbers are listed, including Isopropyl Alcohol, Glycol Ether, and 2-Ethylhexanol.  There are no 
proprietary assertions made for the product on these forms.  

• TFR-21L, a friction reduction supplied by TES.  At well # 35-121-24512, the product is listed as 
“proprietary.”  However, at well # 35-121-24534 and at least 21 other wellscxvii, five ingredients are listed, 
and a CAS number is provided for four:  Ethoxylated C10-16 Alcohols (68002-97-1); Hydrotreated Light 
Distillate (64742-47-8); Sodium Chloride (7647-14-5); Water (7732-18-5); and an Acrylamide modified 
polymer (CAS withheld as proprietary). 

• TSC-6755, a scale inhibitor supplied by X-Chem.  At well #42-103-01856 and at least six other wells,cxviii 
the product is marked “proprietary.”  However, at well # 42-115-33475 and dozens of other wells,cxix two 
ingredients and their CAS numbers are identified: Phosphonic acid,nitrilotris(methylene)tris-,pentasodium 
salt (2235-43-0) and Sodium Chloride (7647-14-5).  

 
A company taking reasonable efforts to maintain the secrecy of one or more ingredients of a fracturing fluid additive 
would consistently shield those ingredients from disclosure on a public website.  Indeed, “trade secret” is defined as 
information that is the subject of reasonable efforts under the circumstances to maintain secrecy.cxx   Many courts will 
find that these “reasonable efforts” would include making sure information is not published on a website accessible to 
the general public and to one’s competitors.cxxi 
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Well owners, operators, and service companies are disclosing information to FracFocus from different states and at 
different times.  Given this, there are three circumstances that might give rise to inconsistent disclosures. First, some 
trade secrets may lose their proprietary value over time, leading a company to deliberately disclose ingredients it 
once protected. That action should moot the trade secret designation for all other entries listing the same product.   
 
Second, a state agency may have determined that one or more chemical ingredients were not “trade secrets” under 
applicable state rules.cxxii  Were this to occur, the company could no longer assert protections over those constituents, 
under the plain definition of “trade secret.” The information is now easily accessible to others, there are no 
confidential circumstances surrounding the posting, and there no longer remains any confidential character to the 
information.  
 
Third, a company may have inadvertently disclosed information about a chemical.  Once that occurs, the company 
may no longer attest that it has taken reasonable efforts to maintain the secrecy of the chemical – the company has 
abandoned the trade secret by posting it on a public forum accessible to known competitors.cxxiii  Failure to prevent 
publication “effectively [destroys] any confidential character it might otherwise have enjoyed as a trade secret.”cxxiv  

R e c o m m e n d a t i o n s  
 
In short, our review suggests that FracFocus prevents states from enforcing timely disclosure requirements, creates 
obstacles for compliance for reporting companies, and allows inconsistent trade secret assertions.  Furthermore, the 
reliance on FracFocus by numerous states as a de facto regulatory mechanism sends a strong signal to industry that 
careful reporting and compliance is not a top priority.  Thus, it is worth reconsidering reliance on FracFocus as a 
regulatory compliance tool. 

At the very least, agencies should condition reliance on FracFocus on a set of minimum standards.   Only two states 
have required anything of FracFocus – Coloradocxxv and Pennsylvaniacxxvi  directed FracFocus to become a searchable 
database by January 1, 2013 – and the registry failed to comply.  Under Colorado law, this failure triggered a 
requirement that companies begin sending disclosures to FracFocus and the state on February 1, 2013; however, a 
spokesperson for the state Oil and Gas Commission seemed unaware of this requirement.cxxvii  Pennsylvania’s law 
states that if FracFocus was not searchable by January 1, 2013, the Department of Environmental Protection “shall 
investigate the feasibility of making the information . . . available on the department’s Internet website in a manner 
that will allow the department and the public to search and sort the information.”cxxviii  As of April 2013, Pennsylvania 
had not posted disclosures on its site.  

This example suggests that any state’s ability to make demands on FracFocus is limited.  Therefore, the federal 
government should step into this void and require minimum standards for the disclosure registry.  Specifically, in its 
upcoming rule, BLM should set forth basic requirements for a third party disclosure registry that must exist for 
publication on that site to be deemed in compliance with the federal disclosure law.  BLM should not mention 
FracFocus by name, but instead should describe the floor requirements for any eligible disclosure registry.  If 
FracFocus cannot meet the new standards, perhaps a competitor site can.   

BLM should require FracFocus to: 

o Be searchable across forms and allow for meaningful cross-tabulation of search results; 
o Report on the face of each disclosure form the date that form was submitted to FracFocus; 
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o Provide state/federal agency-specific forms, and/or at least reflect the differences across those forms 
(for instance, the “maximum concentration” columns could be re-labeled “maximum or actual 
concentrations”). 

o Reject submissions that list non-existent (or non-matching) CAS numbers. 
 

In addition, the following recommendations could enhance reporting: 

Ø States (and BLM, if it chooses to use FracFocus) should require, as Texas does, that companies send copies of 
their FracFocus disclosure forms to the relevant agency.  If a state discovers that a FracFocus form it receives 
was not published on FracFocus, penalties should apply. 
 

Ø States and BLM must have an alternative disclosure mechanism in place in the event of the third-party 
website weakening its standards or folding, as Texas now does. 
 

Ø States and BLM should adopt the trade secret procedures set forth in the Emergency Planning and 
Community Right to Know Act, for its hydraulic fracturing chemical disclosure rules.  Arkansas already 
incorporates EPCRA by reference in its hydraulic fracturing disclosure rule.cxxix 
 

Ø States and BLM should require companies to submit a statement to the relevant agency describing and 
substantiating any trade secret claims made on FracFocus.  The statement should include information 
necessary to trigger the state’s public information laws so that challenges may be made to the assertions. 
Colorado law provides a useful starting point, although a clearer and broader standard for eligible 
challengers may be required.   
 

Ø States and BLM should consider assessing penalties for asserting trade secret over a product that has been 
fully disclosed elsewhere on FracFocus. 
 

Ø Congress should debate the implications of submitting reporting requirements to a non-regulatory third 
party. A number of legal and political issues may not have been considered fully when states began directing 
companies to disclose to FracFocus, such as the lack of oversight on trade secret claims and the fact that 
these third-parties are generally not subject to public information laws. A hearing could review these 
implications and suggest ways to improve public access to information. 
 

Ø State and federal agencies should attach conditions to government funding of any third-party informational 
repository. Since 2009, DOE contributed $3.84 million in grants to GWPC, $1.5 million of which was used 
for FracFocus.cxxx  DOE could condition future funding on FracFocus being made searchable across forms. 

A c k n o w l e d g e m e n t s  
 
We wish to acknowledge SkyTruth for creating a searchable database of the information uploaded into FracFocus.org.  
Their database was a useful first step in a number of the searches we undertook for this report. Visit them at 
skytruth.org.  We also wish to acknowledge Jason Munster for his help navigating the SkyTruth database. 

Credit for the “confidential” stamp on page 8 goes to Stuart Miles/123rf.com.  
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i Pages 10-11 of this report lists examples of inconsistent trade secret claims.  In addition, ingredient lists for the same product 
differ from form to form.  Compare the ingredients for CL-350HT, a product supplied by Frac Tech Services, in the form for well 
# 17-013-20820 (listing 10 ingredients, with 9 CAS numbers), with the ingredients reported at well # 17-031-25143 (listing 3 
ingredients and their CAS numbers), with the ingredients reported at well # 42-127-33868 (listing 5 ingredients, 3 with CAS 
numbers and two described as “trade secrets”), with the ingredients reported  at well # 42-401-35176 (listing 16 ingredients, 10 
with CAS numbers and 6 described as “proprietary”).   
ii See, e.g., John Kemp, Fracking Safely and Responsibly, REUTERS, Mar. 13, 2012. 
iii See, e.g., Mike Soraghan, Hydraulic Fracturing: Public Disclosure Database Kept Private, ENERGYWIRE, Aug. 13, 2012. The authors 
may explore the position taken by the FracFocus organizers in a future paper.  
iv See, e.g., Daniel Soeder, Shale Gas Development in the United States, in ADVANCES IN NATURAL GAS TECHNOLOGY 3, 9-13 (Hamid 
Al-Megren ed., 2012) (describing the U.S. Department of Energy’s Eastern Gas Shales Project, launched in 1975). 
v For instance, the share of shale gas proved reserves relative to total U.S. natural gas proved reserves increased from less than 
10% in 2007 to over 30% in 2010.  U.S. Crude Oil, Natural Gas, and NG Liquids Proved Reserves, U.S. ENERGY INFORMATION 
ADMINISTRATION (Aug. 1, 2012), http://www.eia.gov/naturalgas/crudeoilreserves/. 
vi In 2010, shale gas accounted for 23 percent of U.S. natural gas production.  Shale gas will comprise 49 percent of total U.S. 
natural gas production by 2035. ANNUAL ENERGY OUTLOOK 2012 93 (2012).   
vii See, e.g., Norimitsu Onishi, Vast Oil Reserve May Now be within Reach, and Battle Heats Up, NEW YORK TIMES, Feb. 2, 2013. 
viii North Dakota Monthly Bakken Oil Production Statistics, NORTH DAKOTA DEPARTMENT OF MINERAL RESOURCES, 
www.dmr.nd.gov/oilgas/stats/historicalbakkenoilstats.pdf (last visited Apr. 9, 2013). 
ix Well operators use from 3.8 million gallons to 5.5 million gallons of water to fracture a single well in the Marcellus shale.  
CORRIE CLARK ET AL., ARGONNE NATIONAL LABORATORY, LIFE CYCLE ANALYSIS OF SHALE GAS AND NATURAL GAS 10 (2011). 
x See, e.g., Scott Streater, Colorado City Passes Fracking Ban Despite Aggressive Oil and Gas Industry Campaign, ENERGYWIRE, Nov. 7, 
2012; Danny Hakim, Shift by Cuomo on Gas Drilling Prompts both Anger and Praise, NEW YORK TIMES, Oct. 1, 2012, 
http://www.nytimes.com/2012/10/01/nyregion/with-new-delays-a-growing-sense-that-gov-andrew-cuomo-will-not-
approve-gas-drilling.html?pagewanted=all; Carrie Tait & Shawn McCarthy, Fear of Fracking: How Public Concerns Put an Energy 
Renaissance at Risk, GLOBE AND MAIL, Mar. 10, 2012, http://www.theglobeandmail.com/report-on-business/industry-
news/energy-and-resources/fear-of-fracking-how-public-concerns-put-an-energy-renaissance-at-risk/article535092/?page=all. 
xi Mike Soraghan, In Fracking Debate, ‘Disclosure’ Is in the Eye of the Beholder, NEW YORK TIMES, June 21, 2010, 
http://www.nytimes.com/gwire/2010/06/21/21greenwire-in-fracking-debate-disclosure-is-in-the-eye-of-
19087.html?pagewanted=all. 
xii ALA. ADMIN. CODE r. 400-3-8-03 (2007). 
xiii ARK. ADMIN. CODE 178.00.1-B-19 (2011) (requiring well operators to notice their intent to perform hydraulic fracturing on 
applications to drill, and to report within 30 days of well completion the types, volumes of base fluid and additives used). 
xiv 2 COLO. CODE REGS. § 404-1:205 (2008) (requiring well operators to maintain Material Safety Data Sheets for chemicals used 
downhole, and a Chemical Inventory for chemicals exceeding 500 pounds during any quarterly reporting period). 
xv PA. CODE § 78.122(b)(6) (2011) (requiring well operators to report within 30 days of well completion the volume of water as 
base fluid, a list of hydraulic fracturing additives by type and percent by volume, and a list of OSHA-regulated chemicals in those 
additives, and to provide a list of non-OSHA regulated chemicals to the state upon request). 
xvi W. VA. CODE R. § 22-6A (2011). 
xvii WYO. ADMIN. CODE OIL GEN Ch. 3 § 45 (2010) (requiring well operators to provide the following on applications to drill: 
the source of the base stimulation fluid, each additive by type, chemical compounds and CAS numbers, and proposed rate or 
concentration; further requiring well operators to report after well completion the total volume of fluid, proppant rate or 
concentration, chemical additive name, type, concentration or rate, and amounts actually used to fracture the well).   
xviii Those eighteen states are: Alabama; Arkansas; Colorado; Idaho; Indiana; Louisiana; Michigan; Mississippi; New Mexico; 
North Dakota; Ohio; Oklahoma; Pennsylvania; South Dakota; Texas; Utah; West Virginia; and Wyoming. 
xix Colorado updated its rules in 2012 and began directing companies engaged in hydraulic fracturing to report chemical use on 
FracFocus. See 2 COLO. CODE REGS. § 404-1:205A(b)(2)(A) (2008).  Pennsylvania updated its chemical reporting requirements 
by statute in 2012; Pennsylvania now requires reporting to FracFocus, see 58 PA. CONS. STAT. § 3222.1(b)(2), and the 
Commonwealth’s Department of Environmental Protection, see 58 PA. CONS. STAT. § 3222(b)(3), (b.1)(1) (2012).  
xx Alaska Oil and Gas Conservation Commission, Second Revised Notice of Proposed Changes in the Regulations of the Alaska 
Oil and Gas Conservation Commission (Jan. 17, 2013), available at http://doa.alaska.gov/ogc/hear/HydraulicFrac3.pdf. 
xxi California Department of Conservation, Pre-Rulemaking Discussion Draft: Chapter 4. Development, Regulation, and 
Conservation of Oil and Gas Resources, available at 
http://www.conservation.ca.gov/dog/general_information/Documents/121712DiscussionDraftofHFRegs.pdf.  
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xxii High Volume Hydraulic Fracturing Proposed Regulations: 6 NYCRR Parts 52, 190, 550-556, 560, and 750, NEW YORK STATE 
DEPARTMENT OF ENVIRONMENTAL CONSERVATION, http://www.dec.ny.gov/regulations/77353.html (last visited Mar. 24, 
2013). 
xxiii Proposed Rule: Oil and Gas; Well Stimulation, Including Hydraulic Fracturing, on Federal and Indian Lands, 77 Fed. Reg. 
27691 (May 11, 2012); Supplemental Notice of Proposed Rulemaking and Request for Comment, 43 CFR Part 3160, available at 
http://www.eenews.net/assets/2013/02/08/document_ew_01.pdf (last visited Mar. 23, 2013) (leaked updated proposal). 
xxiv Important Announcement, FRAC FOCUS (Jan. 30, 2012), http://fracfocus.org/node/336. 
xxv 30 C.F.R. § 250.501 (2012). 
xxvi “Report of Shooting or Treating,” Rule 26(6), MISS. OIL AND GAS BD. RULES OF ORDER AND PROCEDURE (2013). 
xxvii UTAH ADMIN. CODE r. 649-3-39(1.1) (2013). 
xxviii  OKLA. ADMIN. CODE § 165:10-3-10(b) (2013). 
xxix LA. ADMIN. CODE tit. 43, § XIX.105 (2011).  
xxx MONT. ADMIN. R. 36.22.1011(1), (2) (2012). 
xxxi 58 PA. CONS. STAT. § 3222(b)(3) (2012). 
xxxii S.D. ADMIN. R. 74:12:02:17 (2013).  
xxxiii 16 TEX. ADMIN. CODE § 3.16(b) (2013). 
xxxiv N.D. ADMIN. CODE 43-02-03-27.1(1)(g), (2)(i) (2013). 
xxxv OHIO ADMIN. CODE § 1509.10(A) (2012). 
xxxvi 2 COLO. CODE REGS. § 404-1:205A(b)(2)(A) (2008). 
xxxvii 2 COLO. CODE REGS. §404-1:523a(1), (3) (2008). 
xxxviii N.D. CENT. CODE § 38-08-16 (2011). 
xxxix OHIO REV. CODE ANN. § 1509.33(A) (2012). 
xl OHIO REV. CODE ANN.  § 1509.04(C) (2012). 
xli See, e.g., Stan Belieu, NOGCC, FracFocus Chemical Disclosure Registry, Presentation at the 19th IPEC Conference (Oct. 29 – 
Nov 1, 2012). 
xlii Edward K. Cheng, Structural Laws and the Puzzle of Regulating Behavior, 100 NW. U. L. REV. 657 (2006); see also Leandra 
Lederman, Statutory Speed Bumps: The Roles Third Parties Play in Tax Compliance, 60 STAN. L. REV. 695 (2007).  
xliii See, e.g., 2 COLO. CODE REGS. § 404-1:205A(b)(2)(A) (2008). See also 2 COLO. CODE REGS. § 404-1:100 (2008) (defining 
“chemical” as broader than OSHA-regulated). 
xliv While Rule 26(6)(G) would appear to limit reporting to OSHA chemicals, Rule 26(6)(F) requires disclosure of “any Additives 
to be used during the Hydraulic Fracturing process not otherwise disclosed by the person performing such treatment.” “Report of 
Shooting or Treating,” Rule 26(6), MISS. OIL AND GAS BD. RULES OF ORDER AND PROCEDURE (2013). 
xlv MONT. ADMIN. R. 36.22.1015(2) (2012). 
xlvi OHIO REV. CODE ANN. § 1509.10(A)(9)(a) (2012). 
xlvii OKLA. ADMIN. CODE § 165:10-3-10(b), (c) (2012). 
xlviii TEX. NAT. RES. CODE § 91.851(a)(1)(E); 16 TEX. ADMIN. CODE § 3.29(c)(2)(A) (2013). 
xlix 29 C.F.R § 1910.1200(b)(1) (2013). 
l 29 C.F.R § 1910.1200(c) (2013). 
li Edwin G. Foulke, Jr., Assistant Secretary of Labor for Occupational Safety & Health, Guidance for Hazard Determination – for 
Compliance with the OSHA Hazard Communication Standard, U.S. DEPARTMENT OF LABOR, OCCUPATIONAL SAFETY & HEALTH 
ADMINISTRATION (2004), available at http://www.osha.gov/dsg/hazcom/ghd053107.html.  This guidance acknowledges that 
“there may be limited information available on all aspects of a chemical’s effects, particularly in the area of chronic health effects.” 
lii Rodney White, Disclosing More Detail About Fracking Chemicals Might be Wise, THE BARREL: PLATTS, Mar. 2, 2012, available at 
http://blogs.platts.com/2012/03/02/disclosing_more/. 
liii Frequently Asked Questions, FRAC FOCUS,  http://fracfocus.org/faq (last visited Mar. 26, 2013).  
liv Well 42-399-35302 (fractured on Mar. 30, 2012); 42-415-31840 (fractured on July 25, 2012). 
lv Well #42-429-36726 (fractured on Mar. 1, 2012); #42-461-36948 (fractured on Dec. 6, 2012). 
lvi Scott Anderson, A Red Flag on Disclosure of Hydraulic Fracturing Chemicals, EDF: ENERGY EXCHANGE (Dec. 12, 2012), 
http://blogs.edf.org/energyexchange/2012/12/12/a-red-flag-on-disclosure-of-hydraulic-fracturing-chemicals/. 
lvii LA. ADMIN. CODE tit. 43 § XIX.118C.1 (2011). 
lviii 2 COLO. CODE REGS. § 404-1:205A(b)(2)(A)(viii) (2008). 
lix “Report of Shooting or Treating,” Rule 26(6)(B), MISS. OIL AND GAS BD. RULES OF ORDER AND PROCEDURE (2013). 
lxlx OKLA. ADMIN. CODE § 165:10-3-10(b)(1) (2013). 
lxi 16 TEX. ADMIN. CODE § 3.29(c)(2)(A)(viii) (2013). 
lxii 58 PA. CONS. STAT. § 3222(b.1)(1)(viii) (2012). 
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lxiii OHIO REV. CODE ANN. § 1509.10(A)(9)(b). 
lxiv These wells were: 34-067-21073 (fractured on Nov. 9, 2012); 34-029-21737 (fractured on Nov. 14, 2012); 34-019-22156 
(fractured on Jan. 31, 2013); and 34-155-24057 (fractured on Mar. 11, 2013). 
lxv MONT. ADMIN. R. 36.22.1015(2) (2012). 
lxvi See, e.g., well # 25-033-21162. 
lxvii See, e.g., well #25-087-21732; 25-03522159. 
lxviii 16 TEX. ADMIN. CODE § 3.29 (c)(2)(C) (2013). 
lxix See, e.g., well # 42-317-37273, #42-203-34936. 
lxx Operator Training Webinar, FracFocus and the Texas Engineering Extension Service (Apr. 4, 2012), available at 
http://fracfocus.org/node/331 (last visited Mar. 23, 2013), at 28. 
lxxi  Id. at 30. 
lxxii Operator Training Webinar, supra note lxxii, at 27. 
lxxiii See Anderson, supra note lvi. 
lxxiv TEX. NAT.RES. CODE § 91.851(a)(1)(D), (E). 
lxxv 58 PA. CONS. STAT. § 3222(b)(3), (b.1) (2012) (disclosure requirements to the state); 58 PA. CONS. STAT. § 3222.1(b)(2) 
(2012) (simultaneous disclosure requirements for unconventional well operators to FracFocus); Telephone Interview with Joseph 
Lee, Chief of Compliance and Data Management, Office of Oil and Gas Management, Pennsylvania Department of 
Environmental Protection (April 5, 2013). 
lxxvi 16 TEX. ADMIN. CODE § 3.29(c)(2)(B) (2013) (as directed by TEX. NAT.RES. CODE § 91.851(a)(1)(C)). 
lxxvii Those states that have not adopted the UTSA typically rely on common law based on the Restatement of Torts and the 
Restatement (Third) of Unfair Competition. Id. at 798. 
lxxviii Ryan M. Wiesner, A State-By-State Analysis of Inevitable Disclosure: A Need for Uniformity and a Workable Standard 16 INTELL. 
PROP. L. REV. 211, 215 (2012). 
lxxix See, e.g., LA. REV. STAT. ANN. § 51:1431(4) (2012). 
lxxx In most cases, a trade secret is considered a subset of Confidential Business Information (CBI). While a trade secret is, strictly 
speaking, held to a higher standards, states appear to use these terms interchangeably. The wide variation in the transparency that 
results under each law seems to have little to do with differing definitions of the terms “trade secret” or “CBI.” 
lxxxi 29 U.S.C. § 651 et seq. 
lxxxii 15 U.S.C. § 2601 et seq. 
lxxxiii 7 U.S.C. § 136 et seq. 
lxxxiv 46 U.S.C. § 116 et seq. 
lxxxv 40 C.F.R. 350.5. 
lxxxvi 40 C.F.R. 350.15. 
lxxxvii Environmental Protection Agency, The Emergency Planning and Community Right-to-Know Act, 
http://www.iowahomelandsecurity.org/documents/ierc/IERC_EPCRA_FactSheet.pdf.  
lxxxviii Richard Denison, Worse Than We Thought: Decades of Out-of-Control CBI Claims under TSCA (Feb. 12, 2010), 
http://blogs.edf.org/nanotechnology/2010/02/12/worse-than-we-thought-decades-of-out-of-control-cbi-claims-under-tsca/ 
(citing a report commissioned by EPA, SHEILA FERGUSON, ET. AL., INFLUENCE OF CBI REQUIREMENTS ON TSCA IMPLEMENTATION 
(1992)). 
lxxxix See 68 Fed. Reg. 33129, 33140 (republishing, with new standards and procedural requirements, the TSCA Section 8(e) 
Policy and Guidelines); Toxic Substances Control Act (TSCA) Section 8(e) Notices, ENVIRONMENTAL PROTECTION AGENCY, 
http://www.epa.gov/opptintr/tsca8e/pubs/confidentialbusinessinformation.html (last updated Sept. 17, 2012).  
xc 75 Fed. Reg. 29,754 (May 27, 2010), EPA, Claims of Confidentiality: Certain Chemical Identities Contained in Health and 
Safety studies and Data from Health and Safety Studies Submitted under TSCA, Notice. 
xci 15 U.S.C. § 2613(c)(2). 
xcii U.S. GOVERNMENT ACCOUNTABILITY OFFICE, CHEMICAL REGULATION: OPTIONS EXIST TO IMPROVE EPA’S ABILITY TO ASSESS 
HEALTH RISKS AND MANAGE ITS CHEMICAL REVIEW PROGRAM 33 (2005). 
xciii See, Toxic Substances Control Act (TSCA) Section 8(e) Notices, ENVIRONMENTAL PROTECTION AGENCY, 
http://www.epa.gov/opptintr/tsca8e/pubs/confidentialbusinessinformation.html (last updated Sept. 17, 2012). 
xciv LA. REV. STAT. ANN. § 44:32 (2012).  
xcv LA REV. STAT. ANN. § 44: 35A (2012). 
xcvi MISS. CODE ANN. § 25-61-9(1) (West 2012). 
xcvii N. D. CENT. CODE § 44-04-21.1(1) (2011). 
xcviii Id.  
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xcix Ben Elgin, Benjamin Haas, & Phil Kuntz, Fracking Secrets by Thousands Keep U.S. Clueless on Wells, BLOOMBERG NEWS, Nov. 30, 
2012, http://www.bloomberg.com/news/2012-11-30/frack-secrets-by-thousands-keep-u-s-clueless-on-wells.html.  
c Id. 
ci Id. 
cii Soraghan, supra note iiiii. 
ciii OHIO REV. CODE ANN. § 149.43(C)(1) (2012). 
civ OHIO REV. CODE ANN. § 1509.10(I)(2) (2012). 
cv OHIO REV. CODE ANN. § 149.43(A)(1) (2012). 
cvi 2 COLO. CODE REGS. § 404-1:205A(b)(2)(B) (2008).  
cvii Order No. 1R-114, Amendments to 200 Series Rules: Rule 205A, Hydraulic Fracturing Chemical Disclosure, at 12-13 (citing 
Section 114 of the Oil and Gas Conservation Act and Rule 522(a)(1)).   
cviiiNo matter how courts interpret this phrase, it acts to limit standing in fracturing chemical trade secret challenges. Under 
Colorado’s general public information law, any person can ask to review records; seek a written explanation if documents were 
withheld; and file an action in state court to review any decision not to disclose. COLO. REV. STAT. § 24-72-204(4), (5) (2013). 
cix Id. 
cx Wells #17-031-25829; 17-031-25877; 17-031-25878; 42-317-37042; and 42-317-37309. 
cxi See, e.g., Wells # 42-127-33853; 42-127-33892; 42-127-34113; 42-479-41131. 
cxii Note: This well identifies the supplier as UPPI.  This is Universal Pressure Pumping, Inc., the part of Universal that operates 
in Texas.  See, “About Universal,” www.patenergy.com/pressurepumping/about-us/.   
cxiii Wells # 05-095-06362; 05-095-06364; 05-095-06365; 05-095-06368; 05-095-06444; 05-095-06447; 05-095-06448; 05-
095-06449; 05-095-06450. 
cxiv Krishna Das, Nabors to Buy Superior Wells Services for $736 Million, REUTERS, Aug. 9, 2010, 
http://www.reuters.com/article/2010/08/09/us-superior-nabors-idUSTRE6781MH20100809; SEC Form SCTO-T/A, Sept. 
9, 2010, Tender Offer Statement, Superior Well Servs., Inc., Diamond Acquisition Corp., a wholly-owned subsidiary of Nabors Industries, Ltd.. 
cxv Wells #37-005-30851; 37-005-30855, 37-005-30919; 37-005-30998; 37-005-31027; 37-005-31062; 37-019-21858; 43-
047-50736.  
cxvi Wells #37-005-30920; 21-079-60357; 21-079-60183. 
cxvii Wells #35-029-21206; 35-121-24436; 35-121-24437; 35-121-24462; 35-121-24463; 35-121-24533; 35-121-24552; 35-
121-24554; 35-121-24555; 35-121-24568; 35-121-24589; 35-121-24615; 42-203-34936; 42-203-35095; 42-203-35101; 42-
211-34858; 42-393-32394; 42-405-30434; 42-405-30459; 42-459-31455; 42-483-31886; 42-483-31918. 
cxviii 42-103-10578; 42-103-31803; 42-103-32596; 42-173-34737; 42-173-34759; 42-173-34769. 
cxix See, e.g., Wells # 42-115-33491; 42-115-33493; 42-115-33504; 42-115-33505; 42-135-41129; 42-135-41131; 42-135-
41132; 42-135-41133; 42-135-41152; 42-135-41154; 42-135-41154; and 42-135-41156. 
cxx The three states that do not follow the UTSA definition of “trade secret” nonetheless apply a similar “secrecy” standard.  See, 
e.g., Trilogy Software, Inc. v. Callidus Software, Inc., 143 S.W.3d 452, 467-68 (Tex. App.-Austin 2004, pet. denied) (noting that 
Texas courts require a “substantial element of secrecy” before they will confer trade secret protection over information). 
cxxi See DVD Copy Control Ass’n Inc. v. Bunner, 116 Cal. App. 4th 241, 251 (6th Dist. Cal. 2004). 
cxxii This situation would occur if the state agency required substantiation and determined that the company’s claim was invalid. 
cxxiii Eli Lilly and Co. v. E.P.A., 615 F.Supp. 811, 820 (S.D. Ind. 1985) (“Property rights in a trade secret are extinguished when a 
company discloses its trade secret to persons not obligated to protect the confidentiality of such information.”); Dep’t of Public 
Utilities of City of Norwich v. Freedom of Information Com'n, 739 A.2d 328, 533 (Conn. App. Ct. 1999); Cubic Transp. Systems, Inc. v. 
Miami-Dade County, 899 So.2d 453, 454 (Fla. Dist. Ct. App. 3d Dist. 2005); Awards.com, LLC v. Kinko's, Inc., 834 N.Y.S.2d 147, 
156 (1st Dep't 2007). 
cxxiv Sepro Corp. v. Florida Dept. of Envtl. Protection, 839 So.2d 781, 783 (Fla. Dist. Ct. App. 1st Dist. 2003). 
cxxv 2 COLO. CODE REGS. §  404-1:205A(b)(3)(A) (2008). 
cxxvi 58 PA. CONS. STAT. §  3222.1(b)(6) (2012). 
cxxvii 2 COLO. CODE REGS. §   404-1:205A(b)(3)(B) (2008); Telephone interview by Alexa Shasteen, J.D. Candidate, Harvard 
Law School, and Robert J. Frick, Hearing Manager, Colorado Oil & Gas Conservation Commission (Feb. 12, 2013). 
cxxviii 58 PA. CONS. STAT. § 3222.1(b)(6) (2012). 
cxxix ARK. ADMIN. CODE 178.00.1-B-19 (l)(8) (2011). 
cxxx Benjamin Haas, et. al., Fracking Hazards Obscured in Failure to Disclose Wells, BLOOMBERG NEWS, Aug. 14, 2012, 
http://www.bloomberg.com/news/2012-08-14/fracking-hazards-obscured-in-failure-to-disclose-wells.html.  
 

The views and opinions expressed in this report do not necessarily reflect the views of Harvard Law School or  
Harvard University. 
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MAGNAFLOC 24 
Revision date : 2010/11/22 Page: 1/7
Version: 1.0 (30485507/SDS_GEN_US/EN)

1. Product and Company Identification

Use: flocculation agent 

24 Hour Emergency Response Information Company 
BASF CORPORATION 
100 Campus Drive 
Florham Park, NJ 07932, USA 

CHEMTREC: 1-800-424-9300 
BASF HOTLINE: 1-800-832-HELP 

2. Hazards Identification

Emergency overview

Caution - Slippery when wet! 
Contact with the eyes or skin may cause mechanical irritation.  
Organic powders may be capable of generating static discharges and creating explosive mixtures in air. Handle 
with caution.  
Use with local exhaust ventilation.  
Wear protective clothing.  

State of matter: solid 
Colour: off-white 
Odour: odourless 

Potential health effects 

Primary routes of exposure: 
Routes of entry for solids and liquids include eye and skin contact, ingestion and inhalation.  Routes of entry for 
gases include inhalation and eye contact. Skin contact may be a route of entry for liquified gases. 

Chronic toxicity: 

Carcinogenicity: None of the components in this product at concentrations greater than 0.1% are listed by 
IARC; NTP, OSHA or ACGIH as a carcinogen.  

Reproductive toxicity: No data for product. No effects anticipated 

Teratogenicity: No data available concerning teratogenic effects. 

Genotoxicity: The chemical structure does not suggest such an effect. 

Signs and symptoms of overexposure: 
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No significant symptoms are expected due to the non-classification of the product. 
 

 

3. Composition / Information on Ingredients 

CAS Number Content (W/W) Chemical name 
57-13-6   0.0 -  5.0  % urea 
 

 

4. First-Aid Measures 

General advice: 
Remove contaminated clothing.  
 
If inhaled: 
If difficulties occur after dust has been inhaled, remove to fresh air and seek medical attention.  
 
If on skin: 
Wash thoroughly with soap and water.  
 
If irritation develops, seek medical attention.  
 
If in eyes: 
Wash affected eyes for at least 15 minutes under running water with eyelids held open.  
 
Seek medical attention.  
 
If swallowed: 
Rinse mouth and then drink plenty of water. Do not induce vomiting. Immediate medical attention required.  
 
Note to physician 
Treatment: Treat according to symptoms (decontamination, vital functions), no known 

specific antidote.  
 

 

5. Fire-Fighting Measures 

Flash point:  not applicable  
 
Suitable extinguishing media: 
dry powder, foam 
 
Unsuitable extinguishing media for safety reasons: 
water jet 
 
Additional information:  
If water is used, restrict pedestrian and vehicular traffic in areas where slip hazard may exist.  
 
Hazards during fire-fighting: 
carbon oxides, nitrogen oxides 
The substances/groups of substances mentioned can be released in case of fire. Very slippery when wet.  
 
Protective equipment for fire-fighting: 
Wear a self-contained breathing apparatus.  
 
Further information:  
The degree of risk is governed by the burning substance and the fire conditions. Contaminated extinguishing 
water must be disposed of in accordance with official regulations.  
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6. Accidental release measures 

Personal precautions: 
Use personal protective clothing.  
 
Environmental precautions: 
Do not discharge into drains/surface waters/groundwater.  
 
Cleanup: 
Spilled product which becomes wet or spilled aqueous solution create a hazard because of their slippery nature. 
Avoid raising dust.  
For small amounts: Pick up with suitable appliance and dispose of.  
For large amounts: Contain with dust binding material and dispose of.  
 

 

7. Handling and Storage 

Handling 

General advice: 
Breathing must be protected when large quantities are decanted without local exhaust ventilation. Handle in 
accordance with good industrial hygiene and safety practice. Forms slippery surfaces with water.  
 

Storage 

General advice: 
Store in unopened original containers in a cool and dry place. Avoid wet, damp or humid conditions, 
temperature extremes and ignition sources.  

 

8. Exposure Controls and Personal Protection 

 

Personal protective equipment 

Respiratory protection: 
Wear a NIOSH-certified (or equivalent) organic vapour/particulate respirator.  
 
Hand protection: 
Chemical resistant protective gloves 
 
Eye protection: 
Safety glasses with side-shields.  
 
General safety and hygiene measures: 
Wear protective clothing as necessary to minimize contact. Handle in accordance with good industrial hygiene 
and safety practice.  

 

9. Physical and Chemical Properties 

Form: beads 
Odour: odourless 
Colour: off-white 
Melting point:  The substance / product decomposes 

therefore not determined. 
Boiling point:    not applicable 
Density: 0.75 g/cm3   
Partitioning coefficient 
n-octanol/water (log Pow): 

   not applicable 

% volatiles:  not determined   
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Solubility in water:    Forms a viscous solution. 
 

10. Stability and Reactivity 

 
Conditions to avoid: 
Avoid extreme temperatures. Avoid humidity.  
 
Substances to avoid: 
strong acids, strong bases, strong oxidizing agents  
 
Hazardous reactions: 
The product is not a dust explosion risk as supplied; however the build-up of fine dust can lead to a risk of dust 
explosions.  
Stable under normal conditions.  
No hazardous reactions known.  
 
Decomposition products: 
No hazardous decomposition products if stored and handled as prescribed/indicated. 
 
Corrosion to metals: 
No corrosive effect on metal.  
 
Oxidizing properties: 
not fire-propagating  

 

11. Toxicological information 

 
Acute toxicity 
 
Oral: 
Type of value: LD50 
Species: rat  
Value:  > 2,000 mg/kg (OECD Guideline 401) 
 
Irritation / corrosion 
 
Skin: 
Species: rabbit 
Result: non-irritant 
Method: OECD Guideline 404 
 
Eye: 
Species: rabbit 
Result: non-irritant 
 
Sensitization: 
 
Result: Non-sensitizing. 
 
Other Information: 
 
The product has not been tested. The statements on toxicology have been derived from products of a similar 
structure and composition.  

 

12. Ecological Information 
 
Fish 
 
Acute: 
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static  
Oncorhynchus mykiss/LC50 (96 h):  > 100 mg/l   
(under static conditions in the presence of 10 mg/L humic acid)  
 
Aquatic invertebrates 
 
Acute: 
Daphnia magna/LC50 (48 h):  > 100 mg/l  
 
Degradability / Persistence 
Biological / Abiological Degradation 
 
Information on: Anionic polyacrylamide 
 
Evaluation:  Not readily biodegradable (by OECD criteria). 
---------------------------------- 
 
 
Environmental mobility: 
 
Information on: Anionic polyacrylamide 
Assessment transport between environmental compartments: 
Adsorption to solid soil phase is expected. 
---------------------------------- 
 
Other adverse effects: 
 
The product has not been tested. The statements on ecotoxicology have been derived from products of a similar 
structure and composition.  
 

 

13. Disposal considerations 

Waste disposal of substance: 
Dispose of in accordance with national, state and local regulations.  
 
Container disposal: 
Dispose of in a licensed facility. Recommend crushing, puncturing or other means to prevent unauthorized use 
of used containers.  
 
RCRA:  
Not a hazardous waste under RCRA (40 CFR 261).  

 

14. Transport Information 

 
 

Land transport 
USDOT 

 Not classified as a dangerous good under transport regulations 
 
 

Sea transport 
IMDG 

 Not classified as a dangerous good under transport regulations 
 
 

Air transport 
IATA/ICAO 
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 Not classified as a dangerous good under transport regulations 
 

15. Regulatory Information 

VOC content:  
  
not determined 
 
Federal Regulations 
 
Registration status: 
Chemical TSCA, US released / listed 
 
 TSCA, US released / listed 
 
OSHA hazard category: This material is classified as hazardous under OSHA regulations.;   
 
 
EPCRA 311/312 (Hazard categories): Acute;  
 
 
State regulations 
 
 
CA Prop. 65: 
THIS PRODUCT CONTAINS A CHEMICAL(S) KNOWN TO THE STATE OF CALIFORNIA TO CAUSE 
CANCER. 

 

16. Other Information 

 
NFPA Hazard codes: 
Health :  1           Fire:  1           Reactivity:  0          Special:  -   
 
HMIS III rating 
Health:  1 Flammability:  1 Physical hazard: 0  

  
NFPA and HMIS use a numbering scale ranging from 0 to 4 to indicate the degree of hazard. A value of zero means that the 
substance possesses essentially no hazard; a rating of four indicates extreme danger.  Although similar, the two rating 
systems are intended for different purposes, and use different criteria.  The NFPA system was developed to provide an 
on-the-spot alert to the hazards of a material, and their severity, to emergency responders.  The HMIS system was designed 
to communicate workplace hazard information to employees who handle hazardous chemicals. 
 
We support worldwide Responsible Care® initiatives. We value the health and safety of our employees, 
customers, suppliers and neighbors, and the protection of the environment. Our commitment to Responsible 
Care is integral to conducting our business and operating our facilities in a safe and environmentally responsible 
fashion, supporting our customers and suppliers in ensuring the safe and environmentally sound handling of our 
products, and minimizing the impact of our operations on society and the environment during production, 
storage, transport, use and disposal of our products. 
 

 
 
MSDS Prepared by:  
BASF NA Product Regulations 
msds@basf.com 
MSDS Prepared on: 2010/11/22 
 
IMPORTANT: WHILE THE DESCRIPTIONS, DESIGNS, DATA AND INFORMATION CONTAINED HEREIN 
ARE PRESENTED IN GOOD FAITH AND BELIEVED TO BE ACCURATE , IT IS PROVIDED FOR YOUR 
GUIDANCE ONLY. BECAUSE MANY FACTORS MAY AFFECT PROCESSING OR APPLICATION/USE, WE 
RECOMMEND THAT YOU MAKE TESTS TO DETERMINE THE SUITABILITY OF A PRODUCT FOR YOUR 
PARTICULAR PURPOSE PRIOR TO USE. NO WARRANTIES OF ANY KIND, EITHER EXPRESSED OR 
IMPLIED, INCLUDING WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR 
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PURPOSE, ARE MADE REGARDING PRODUCTS DESCRIBED OR DESIGNS, DATA OR INFORMATION 
SET FORTH, OR THAT THE PRODUCTS, DESIGNS, DATA OR INFORMATION MAY BE USED WITHOUT 
INFRINGING THE INTELLECTUAL PROPERTY RIGHTS OF OTHERS. IN NO CASE SHALL THE 
DESCRIPTIONS, INFORMATION, DATA OR DESIGNS PROVIDED BE CONSIDERED A PART OF OUR 
TERMS AND CONDITIONS OF SALE. FURTHER, YOU EXPRESSLY UNDERSTAND AND AGREE THAT 
THE DESCRIPTIONS, DESIGNS, DATA, AND INFORMATION FURNISHED BY BASF HEREUNDER ARE 
GIVEN GRATIS AND BASF ASSUMES NO OBLIGATION OR LIABILITY FOR THE DESCRIPTION, DESIGNS, 
DATA AND INFORMATION GIVEN OR RESULTS OBTAINED, ALL SUCH BEING GIVEN AND ACCEPTED 
AT YOUR RISK. 
Due to the merger of CIBA and BASF Group all Material Safety Data Sheets have been reassessed on the 
basis of consolidated information. This may have resulted in changes of the Material Safety Data Sheets. In 
case you have questions concerning such changes please contact us at the address mentioned in Section I. 
 
END OF DATA SHEET 
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MATERIAL SAFETY DATA SHEET
(USA)

(Complies with USA OSHA 29 CFR 1910.1200 and ANSI Z 400.1)

1. IDENTIFICATION OF THE SUBSTANCE/PREPARATION AND THE COMPANY/UNDERTAKING

Product Code: J609
Product Name: Friction Reducer J609

Company Identification: Schlumberger Technology Corporation
110 Schlumberger Drive
Sugar Land, Texas 77478, USA
Telephone: 1-281-285-7873

Emergency Telephone Number: USA: +1-281-595-3518 (24hr)

2. HAZARDS IDENTIFICATION

Principle routes of exposure:
Skin contact. Eye contact.

3. COMPOSITION/INFORMATION ON INGREDIENTS

Component CAS-No Weight % - Range
Ammonium sulfate 7783-20-2 10-30

4. FIRST AID MEASURES

Eye contact: Immediately flush eyes with water for 15  minutes while holding eyelids open. Seek
medical attention if irritation occurs.

Skin contact: Wash off with soap and water. Rinse with water. Seek medical attention if irritation
occurs.

Ingestion: Do not induce vomiting without medical advice. Call a physician immediately. Never
give anything by mouth to an unconscious person. If vomiting occurs spontaneously,
minimize the risk of aspiration by properly positioning the affected person.

Inhalation: Move to fresh air. Consult a physician if necessary.

________________________________________________________________________________________

Main health hazards: Repeated or prolonged exposure may cause irritation of eyes and skin.

EMERGENCY OVERVIEW

Precautions: Keep away from heat.

Version:

HMIS classification: Health: 1   Flammability:  0   Physical hazard:  0

Revision date: 20 September 2010

Main physical hazards: No classified physical hazards.

Form: Liquid

110 Schlumberger Drive, Sugar Land, Texas 77478, USA. Phone (281) 285-7873

Color: Opaque Milky White

Page 1 of 7

2

Odor: Faint Ammonia
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________________________________________________________________________________________

5.  FIRE-FIGHTING MEASURES

Fire hazard: Negligible.
Flash point: Does not flash.
Autoignition temperature: No data available.
Flammability limits in air:

Lower: Not applicable
Upper: Not applicable

Oxidizing properties: None.

Suitable extinguishing media:
Use extinguishing media appropriate for surrounding material.

Extinguishing media which must not be used for safety reasons:
None known

Special exposure hazards arising from the substance or preparation itself, its combustion products, or released
gases:
Heating or fire can release toxic gas.

Special protective equipment for firefighters:
Wear protective fire fighting clothing and avoid breathing vapors.

NFPA rating:
    Health: 2
    Flammability: 1
    Instability: 0
    Special: None

6. ACCIDENTAL RELEASE MEASURES

Main physical hazards: No classified physical hazards.
Personal precautions: Avoid contact with skin and eyes. Wear suitable protective equipment.
Methods for cleaning up: Dam up. Put into suitable containers for disposal.
Environmental precautions: No information available.

7. HANDLING AND STORAGE

Handling:
Precautions: Keep away from heat.

Safe handling advice: Avoid contact with skin and eyes. Wear suitable protective equipment.

Technical measures/
storage conditions:

Keep away from direct sunlight. Avoid freezing. If frozen, mix well after thawing.

Packaging requirements: Steel or high density polyethylene (HDPE) container.

Incompatible products: Oxidizing agents.

8. EXPOSURE CONTROLS / PERSONAL PROTECTION

Engineering measures
to reduce exposure:

Control the source.

________________________________________________________________________________________

110 Schlumberger Drive, Sugar Land, Texas 77478, USA. Phone (281) 285-7873

Revision date: 20 September 2010

Page 2 of 7

Product Code: J609
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________________________________________________________________________________________

Hygiene measures: Exercise reasonable care and cleanliness.
Respiratory protection: None normally needed.
Eye protection: Tightly fitting safety goggles.
Hand protection: Rubber or plastic gloves.
Skin and body protection: Chemical resistant apron.

Occupational Exposure Limits

Component TWA / C STEL Skin TWA / C STEL Final PELs
- Skin

Ammonium sulfate - - - - - -

Particles Not Otherwise Regulated/Specified [PNOR or PNOS] (insoluble or poorly soluble):
- OSHA PEL's for Inert or Nuisance Dust are covered by PNOR limits: respirable fraction: 5 mg/m3; total dust 15 mg/m3.
- ACGIH PNOS Recommendations: airborne concentrations should be kept below  3 mg/m3, respirable particulate, and 10 mg/m3, inhalable particles.

9. PHYSICAL AND CHEMICAL PROPERTIES

Chemical characterization: Aqueous solution of organic and inorganic compounds.
Fire hazard: Negligible.
Form: Liquid
Color: Opaque Milky White
Odor: Faint Ammonia

Odor threshold: No information available.
pH: Neutral.
Boiling point/range: No data available.
Flash point: Does not flash.
Flammability limits in air:

Lower: Not applicable
Upper: Not applicable

Bulk density: Not applicable.
Melting point/range: No data available.
Decomposition temperature: No data available.
Solubility:

Water solubility: Completely miscible with water.
Fat solubility: No information available.

Partition coefficient
(n-octanol/water):

No information available.

Relative density: 1.26  (@ 24.4°C//76°F)
Vapor pressure: No data available.
Vapor density: No data available.
Viscosity: No data available.
Evaporation rate: No data available.
% Volatile (VOC): None.

10. STABILITY AND REACTIVITY

Stability:
Stable under recommended storage conditions.

Conditions to avoid:
Extremes of temperature and direct sunlight.

________________________________________________________________________________________

Revision date: 20 September 2010

OSHA - PELs

Product Code: J609

110 Schlumberger Drive, Sugar Land, Texas 77478, USA. Phone (281) 285-7873 Page 3 of 7

 ACGIH - TLVs
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________________________________________________________________________________________

Incompatibility with other substances:
Strong acids. Strong bases. Oxidizers.

Hazardous decomposition products:
When heated strongly or burned, oxides of carbon, sulfur oxides, nitrogen oxides, ammonia and harmful organic fumes are
released.

Hazardous polymerization:
Hazardous polymerization does not occur.

11. TOXICOLOGICAL INFORMATION

PRODUCT TOXICOLOGICAL INFORMATION

Information given is based on data on the components and the toxicology of similar products.

Acute Health Hazard

Eye contact: Moderate eye irritation.
Skin contact: Prolonged skin contact may cause skin irritation.
Ingestion: Swallowing large amounts may be harmful.
Inhalation: This is an unlikely route of exposure.
Sensitization - lung: Not known to cause allergic reaction.
Sensitization - skin: Not known to cause allergic reaction.

Chronic Health Hazard

Carcinogenic effects: None known.
Mutagenic effects: None known.
Teratogenic effects: None known.
Reproductive toxicity: None known.
Target organ effects: No information available.

COMPONENT TOXICOLOGICAL INFORMATION

Component Target Organ Effects LD50 / LC50
Ammonium sulfate - = 2000 mg/kg (Oral LD50; Rat)

Component IARC Group 1 or 2 ACGIH - Carcinogens OSHA Listed
Carcinogens

NTP

Ammonium sulfate - - - -

12. ECOLOGICAL INFORMATION

PRODUCT INFORMATION

Ecotoxicity effects: Harmful to aquatic organisms.

COMPONENT INFORMATION

________________________________________________________________________________________
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________________________________________________________________________________________

13. DISPOSAL CONSIDERATIONS

Waste from residues / unused products:
Dispose of in accordance with local regulations.

Contaminated packaging:
Dispose of in accordance with local regulations. If reusable containers are used, send them back to the product supplier,
after the required rinsing.

EPA RCRA Hazardous Waste Code:
None

14. TRANSPORT INFORMATION

DOT:
CERCLA RQ: None

Proper shipping name: Not regulated
Label(s): None required.

IMDG/IMO
Shipping name: Not regulated.

UN number: None

ICAO/IATA
Shipping name: Not regulated.

UN number: None

TDG (Canada):
Shipping name: Not regulated.
PIN: None

Note 1:
For the applicable placard selection refer to the appropriate transport regulations; the selection may vary depending on the cargo
size and categories of other hazardous materials in the cargo.

________________________________________________________________________________________

Product Code: J609

Water Flea Data EC50 24 h (w ater f lea) = 423 mg/L
EC50 48 h (Daphnia magna) = 14 mg/L

Ammonium sulfate

Hazard class: Not regulated.

Revision date: 20 September 2010
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Freshwater Fish Species Data
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LC50 96 h (Leuciscus idus) = 460 - 1000 mg/L
LC50 96 h (Brachydanio rerio) = 250 mg/L
LC50 96 h (Brachydanio rerio) = 480 mg/L
LC50 96 h (Brachydanio rerio) = 420 mg/L
LC50 96 h (Cyprinus carpio) = 18 mg/L
LC50 96 h (Pimephales promelas) = >100 mg/L
LC50 96 h (Oncorhynchus mykiss) = 32.2-41.9 mg/L
LC50 96 h (Oncorhynchus mykiss) = 5.2-8.2 mg/L
LC50 96 h (Poecilia reticulata) = 123-128 mg/L
LC50 96 h (Poecilia reticulata) = 126 mg/L
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15. REGULATORY INFORMATION

International Chemical Inventories

USA, Toxic Substances Control Act
inventory (TSCA):

This product complies with TSCA requirements.

IMPORTS, USA: No import volume restrictions.

Canada, Domestic Substance List
(DSL):

Some components of this material are not on the Canada DSL or exempt.

IMPORTS, Canada: Possible import volume restrictions apply. For details contact the Corporate info in
SECTION 1.

U.S.A. Regulations

OSHA Hazard Communication Standard:
(Complies with USA OSHA 29 CFR 1910.1200 and ANSI Z 400.1)

EPA RCRA Hazardous Waste Code:
None

EPA, Sections 311 and 312 - Material Safety Data Sheet Requirements (40 CFR 370):

Immediate (Acute) Health Hazard: None
Delayed (Chronic) Health Hazard: None
Fire Hazard: None
Sudden Release or Pressure Hazard: None
Reactive Hazard: None

EPA, Sections 313 - List of Toxic Chemicals (40 CFR 372):
This product contains the following substance(s), which appear(s) on the List of Toxic Chemicals:

Additional Regulatory Information

International Hazard Class

WHMIS Hazard Class:
Non-controlled product.

16. OTHER INFORMATION

Current references:
1.  Threshold Limit Values for Chemical Substances and Physical Agents and Biological Exposure Indices. American Conference

of Governmental Industrial Hygienists, Cincinnati OH.
2.  IARC Monograms on the Evaluation of the Carcinogenic Risk of Chemicals to Man.  World Health Organization, International

Agency for Research on Cancer. Geneva, Switzerland.
3.  Annual Report on Carcinogens. National Toxicology Program. U.S. Department of Heath and Human Services, Public Health

Service.
4.  NIOSH Registry of Toxic Effects of Chemical Substances (RTECS). National Institute for Occupational safety and Health.

Cincinnati, OH.
5.  LOLI Database.

________________________________________________________________________________________

EPA, SARA TITLE III Section 304, Extremely Hazardous Substances (40 CFR 355.40):  None

Ammonium sulfate

California Proposition 65:  None

Product Code: J609

EPA, CERCLA Section 102a/103 Hazardous Substances (40 CFR 302.4):  None

110 Schlumberger Drive, Sugar Land, Texas 77478, USA. Phone (281) 285-7873

Revision date: 20 September 2010
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________________________________________________________________________________________

Explanation of terms:
ACGIH:               American Conference of Governmental Industrial Hygienist
ACGIH-TL:          Threshold Limit Value
DSL:                    Domestic Substance List
HMIRC:               Hazardous Materials Information Review Commission
IARC:                  International Agency for Research on Cancer
NTP:                   National Toxicology Program
NIOSH:               National Institute of Occupational Safety & Health
NIOSH-REL:       Recommended Exposure Limit
OSHA:                Occupational Safety & Health Administration
OSHA-PEL:        Permissible Exposure Limit
TSCA:                Toxic Substance Control Act (Inventory)

Occupational Exposure Limits indicators: TWA - Time Weighted Average; STEL - Short Term Limit; C - Ceiling Limit;units: [mg/m3]

ACGIH Notations:
"Skin" refers to the potential significant contribution to the overall exposure by the cutaneous route, including mucous membranes
and the eyes, either by contact with vapors or by direct skin contact with the substance.
"A" notation indicates carcinogenicity as follows:
ACGIH classification: A1 - Confirmed Human Carcinogen; A2 - Suspected Human Carcinogen; A3 - Confirmed Animal Carcinogen
with Unknown Relevance to Humans; A4 - Not Classifiable as a Human Carcinogen; A5 - Not suspected as a Human Carcinogen.
"SEN" refers to the potential for an agent to product sensitization as confirmed by human and animal data.

Section(s) revised: 3

Prepared by: Chemical Regulatory Compliance (CRC)

Revision date: 20 September 2010

The information and recommendations contained herein are based upon tests believed to be reliable.  How ever, Schlumberger does not guarantee
their accuracy or completeness NOR SHALL ANY OF THIS INFORMATION CONSTITUTE A WARRANTY, WHETHER EXPRESSED OR IMPLIED, AS TO
THE SAFETY OF THE GOODS, THE MERCHANTABILITY OF THE GOODS, OR THE FITNESS OF THE GOODS FOR A PARTICULAR PURPOSE.
Adjustment to conform to actual conditions of usage may be required.  Schlumberger assumes no responsibility for results obtained or for incidental
or consequential damages, including lost profits arising from the use of these data.  No w arranty against infringement of any patent, copyright or
trademark is made or implied.

End of the Material Safety Data Sheet

________________________________________________________________________________________
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UNITED STATES
SECURITIES AND EXCHANGE COMMISSION

WASHINGTON, D.C. 20549

FORM 10-K

       (Mark one)

☒ ANNUAL REPORT PURSUANT TO SECTION 13 OR 15(d) OF THE SECURITIES EXCHANGE ACT OF 1934

For the fiscal year ended December 31, 2023
OR

☐ TRANSITION REPORT PURSUANT TO SECTION 13 OR 15(d) OF THE SECURITIES EXCHANGE ACT OF 1934

For the transition period from            to_____

Commission File Number: 001-12209

RANGE RESOURCES CORPORATION
(Exact Name of Registrant as Specified in Its Charter)

Delaware 34-1312571
(State or Other Jurisdiction of Incorporation or Organization) (IRS Employer Identification No.)

100 Throckmorton Street, Suite 1200, Fort Worth, Texas 76102
(Address of Principal Executive Offices) (Zip Code)

Registrant’s telephone number, including area code (817) 870-2601

Securities registered pursuant to Section 12(b) of the Act:

Title of Each Class Trading Symbol Name of each exchange on which registered

Common Stock, $.01 par value RRC New York Stock Exchange

Securities registered pursuant to Section 12(g) of the Act:  None

Indicate by check mark if the registrant is a well-known seasoned issuer, as defined in Rule 405 of the Securities Act.

Yes ☒ No ☐

Indicate by check mark if the registrant is not required to file reports pursuant to Section 13 or Section 15(d) of the Act.

Yes ☐ No ☒

Indicate by check mark whether the registrant (1) has filed all reports required to be filed by Section 13 or 15(d) of the Securities Exchange Act of 1934 
during the preceding 12 months (or for such shorter period that the registrant was required to file such reports), and (2) has been subject to such filing requirements 
for the past 90 days. Yes ☒ No ☐

Indicate by check mark whether the registrant has submitted electronically every Interactive Data File required to be submitted pursuant to Rule 405 of 
Regulation S-T during the preceding 12 months (or for such shorter period that the registrant was required to submit such files).  Yes ☒ No ☐

Indicate by check mark whether the registrant is a large accelerated filer, an accelerated filer, a non-accelerated filer, a smaller reporting company or an 
emerging growth company. See the definitions of "large accelerated filer," "accelerated filer," "smaller reporting company" and "emerging growth company" in Rule 
12b-2 of the Exchange Act.

Large accelerated filer ☒ Smaller reporting company ☐
Accelerated filer ☐ Emerging growth company ☐
Non-accelerated filer ☐

10-K https://www.sec.gov/Archives/edgar/data/315852/000095017024018046...

1 of 106 10/18/2024, 1:03 PM

WG Ex. 50

1994



If an emerging growth company, indicate by check mark if the registrant has elected not to use the extended transition period for complying with any new or 
revised financial accounting standards provided pursuant to Section 13(a) of the Exchange Act: ☐

Indicate by check mark whether the registrant has filed a report on and attestation to its management’s assessment of the effectiveness of its internal control 
over financial reporting under Section 404(b) of the Sarbanes-Oxley Act (15 U.S.C. 7262(b)) by the registered public accounting firm that prepared or issued its 
audit report. ☒

If securities are registered pursuant to Section 12(b) of the Act, indicate by check mark whether the financial statements of the registrant included in the filing 
reflect the correction of an error to previously issued financial statements.    ☐

Indicate by check mark whether any of those error corrections are restatements that required a recovery analysis of incentive-based compensation received by 
any of the registrant's executive officers during the relevant recovery period pursuant to §240.10D-1(b).    ☐

Indicate by check mark whether the registrant is a shell company (as defined in Rule 12b-2 of the Act). Yes ☐ No ☒

The aggregate market value of the voting and non-voting common equity held by non-affiliates as of June 30, 2023 was $7,720,683,000. This amount is 
based on the closing price of registrant’s common stock on the New York Stock Exchange on that date. Shares of common stock held by executive officers and 
directors of the registrant are not included in the computation. However, the registrant has made no determination that such individuals are "affiliates" within the 
meaning of Rule 405 of the Securities Act of 1933.

As of February 19, 2024, there were 242,119,571 shares of Range Resources Corporation common stock outstanding.

DOCUMENTS INCORPORATED BY REFERENCE

Portions of the registrant’s definitive proxy statement to be furnished to stockholders in connection with its 2024 Annual Meeting of Stockholders, which will 
be filed with the Securities and Exchange Commission within 120 days after the end of the fiscal year to which this report relates, are incorporated by reference in 
Part II, Item 5 and Part III, Items 10-14 of this report.
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RANGE RESOURCES CORPORATION

Unless the context otherwise indicates, all references in this report to "Range," "we," "us" or "our" are to Range Resources Corporation and its directly and 
indirectly owned subsidiaries. Unless otherwise noted, all information in the report relating to natural gas, natural gas liquids and crude oil reserves and the 
estimated future net cash flows attributable to those reserves are based on estimates and are net to our interest. If you are not familiar with the oil and gas terms used 
in this report, please refer to the explanation of such terms under the caption "Glossary of Certain Defined Terms" at the end of Items 1 & 2. Business and Properties 
of this report.
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Disclosures Regarding Forward-Looking Statements

This Annual Report on Form 10-K contains forward-looking statements within the meaning of Section 27A of the Securities Act of 1933, as amended 
("Securities Act") and Section 21E of the Securities Exchange Act of 1934, as amended ("Exchange Act"). These are statements, other than statements of historical 
fact, that give current expectations or forecasts of future events, including without limitation, operational and financial strategies: drilling plans; planned wells; rig 
count; our 2024 capital budget; reserve estimates; financial flexibility; expectations regarding future economic and market conditions and their effects on us; our 
financial and operational outlook and ability to fulfill that outlook; our financial position, balance sheet, liquidity and capital resources and the benefits thereof. 
These statements typically contain words such as "anticipates," "believes," "estimates," "expects," "intend," "may," "outlook," "plans," "projects," "targets," "should," 
"would" or similar words, indicating that future outcomes are uncertain. Such forward-looking statements are intended to be subject to the safe harbor protections 
provided by the federal securities law.

While we believe our assumptions concerning future events are reasonable, these expectations may not prove to be correct. A number of factors could cause 
results to differ materially from those indicated by such forward looking statements including, but not limited to:

• conditions in the oil and gas industry, including supply and demand levels for natural gas, crude oil and natural gas liquids ("NGLs") 
and the resulting impact on price; 

• the availability and volatility of securities, capital or credit markets and the cost of capital to fund our operation and business strategy; 

• accuracy and fluctuations in our reserves estimates due to regulations, reservoir performance or sustained low commodity prices;

• lack of, or disruption in, access to pipelines or other transportation methods;

• ability to develop existing reserves or acquire new reserves;

• drilling and operating risks;

• well production timing;

• changes in the regulatory climate, either nationally or in our key operating market, that result in difficulty obtaining necessary approvals 
and permits;

• changes in geopolitical or economic conditions, including changes in interest rates and inflation rates, both domestically and 
internationally and more specifically in our key operating market;

• prices and availability of goods and services, including drilling rigs, material, labor and third-party infrastructure;

• unforeseen hazards such as weather conditions, health pandemics, acts of war or terrorist acts;

• security threats, including cybersecurity threats and disruptions to our business and operations from breaches of our information 
technology systems or breaches of the information technology systems, facilities and infrastructure of third parties with which we 
transact business;

• changes in safety, health, environmental, tax and other regulations or requirements or initiatives including those addressing the impact 
of global climate change, air emissions, waste or water management;

• the availability, cost, terms and timing of issuance or execution of competition for and challenges to mineral licenses and leases and 
governmental and other permits and right-of-way and our ability to retain mineral leases;

• other geological, operating and economic considerations;

• risks related to our derivative activities;

• non-performance by third parties of their contractual obligations; or

• other factors discussed in Items 1 and 2. Business and Properties, Item 1A. Risk Factors, Item 7. Management Discussion and Analysis 
of Financial Condition and Results of Operations, Item 7A. Quantitative and Qualitative Disclosures about Market Risk and elsewhere 
in this report.

All forward-looking statements included in this report are based on information available to us on the date of this report. Except as required by law, we 
undertake no obligation to publicly update or revise any forward-looking statements after the date they are made, whether as a result of new information, future 
events or otherwise. All subsequent written and oral forward-looking statements attributable to us or persons acting on our behalf are expressly qualified in their 
entirety by the cautionary statements contained throughout this report.

iii
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PART I

ITEMS 1 AND 2. BUSINESS AND PROPERTIES

General

Range Resources Corporation, a Delaware corporation, is a Fort Worth, Texas-based independent natural gas, NGLs and crude oil and condensate company, 
engaged in the exploration, development and acquisition of natural gas and oil properties in the Appalachian region of the United States. Our principal area of 
operations is the Marcellus Shale in Pennsylvania. Our corporate offices are located at 100 Throckmorton Street, Suite 1200, Fort Worth, Texas 76102 (telephone 
(817) 870-2601). We also maintain field offices in our area of operations. Our common stock is listed and traded on the New York Stock Exchange (the "NYSE") 
under the ticker symbol "RRC." Range Resources Corporation was incorporated in 1980. At December 31, 2023, we had 241.0 million shares outstanding. At year-
end 2023, our proved reserves had the following characteristics:

• 18.1 Tcfe of proved reserves; 

• 64% natural gas, 34% NGLs and 2% crude oil and condensate;

• 64% proved developed; 

• nearly 100% operated; 

• a reserve life index of approximately 22 years (based on fourth quarter 2023 production); 

• a pretax present value of $7.9 billion of future net cash flows, discounted at 10% per annum ("PV-10"(a)); and 

• a standardized after-tax measure of discounted future net cash flows of $6.8 billion. 
PV-10 is considered a non-GAAP financial measure as defined by the U.S. Securities and Exchange Commission (the "SEC"). We believe that the presentation of PV-10 is 
relevant and useful to our investors as supplemental disclosure to the standardized measure, or after-tax amount, because it presents the discounted future net cash flows 
attributable to our proved reserves before taking into account future corporate income taxes and our current tax structure. While the standardized measure is dependent on the 
unique tax situation of each company, PV-10 is based on prices and discount factors that are consistent for all companies. Because of this, PV-10 can be used within the industry 
and by creditors and security analysts to evaluate estimated net cash flows from proved reserves on a more comparable basis. The difference between the standardized measure 
and the PV-10 amount is the discounted estimated future income tax of $1.1 billion at December 31, 2023. PV-10 for December 31, 2023 was determined using NYMEX 
benchmark prices of $2.62 per mcf for natural gas and $78.10 per bbl for oil.

Our estimated proved reserves increased slightly when compared to the prior year. Reserve additions were the result of a successful development program 
and completion optimizations that resulted in improved well performance. The 2023 reserve additions from drilling, a positive revision of 280.2 Bcfe for previously 
proved undeveloped properties added back to our five-year development plan and a positive performance revision of 701.4 Bcfe due to improved well performance 
and longer laterals were partially offset by lower prices, 2023 production volumes of 780.6 Bcfe and 370.6 Bcfe of reserves reclassified to unproved because these 
wells are no longer expected to be drilled within the original five-year development horizon. We believe these unproved reserves are likely to be included in our 
future proved reserves when these locations are added back into our five-year development plan.

Highlights of our 2023 production were:

• total production of 538.1 Bcf of natural gas, 37.9 Mmbbls of NGLs and 2.5 Mmbbls of crude oil and condensate; and 

• average daily production of 2.14 Bcfe per day compared to 2.12 Bcfe per day in 2022.

Executive Summary for 2023

Because our production is approximately 69% natural gas, natural gas prices are generally the primary variable in our financial results. Over the last few 
years, New York Mercantile Exchange ("NYMEX") natural gas prices have been volatile. Since the beginning of 2021, the monthly close for natural gas prices has 
been as low as $1.99 per Mmbtu and as high as $9.35 per Mmbtu. The prices we receive for all our products are largely based on current market prices which are 
beyond our control but are managed through diversity in our sales agreements combined with an active commodity price hedging program. Currently, our focus is on 
generating free cash flow through controlling costs and operational efficiencies, while strengthening our balance sheet and returning free cash flow to stockholders. 
During 2023, we:

• realized cash flow from operating activities of $977.9 million;

• realized an improvement in our debt metrics from year-end 2022;

• made quarterly dividend payments in each quarter for a total distribution of $77.2 million;

• repurchased approximately $19.0 million of our common stock;

• executed opportunistic debt reductions of $61.6 million while accumulating $212.0 million of cash on hand;

• reduced transportation, gathering, processing and compression per mcfe 11% from 2022;

1

(a)
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• reduced our general and administrative expense per mcfe 5% from 2022; 

• reduced our interest expense per mcfe 24% from 2022;

• reduced our depletion, depreciation and amortization rate per mcfe 2% from 2022;

• our estimates of proved reserves at December 31, 2023 totaled 18.1 Tcfe which includes 207.3 Bcfe of drilling additions;

• completed the MiQ certification process (an independent framework for assessing methane emissions) for our southwest Pennsylvania operations and 
earned an "A" grade;

• continued with our implementation of the use of compressed air pneumatic controllers to meaningfully reduce our methane and carbon emissions;

• continued utilizing an electric hydraulic fracturing fleet along with dual fuel drilling rigs; 

• achieved a 28% reduction in number of workforce recordable injuries compared to 2022 with no employee recordable injuries in 2023; and

• achieved a 70% reduction in preventable vehicle incidents compared to 2022.

Available Information

Our corporate website is available at http://www.rangeresources.com. Information contained on or connected to our website is not incorporated by reference 
into this Form 10-K and should not be considered part of this report or any other filing we make with the SEC. We make available, free of charge on our website, the 
annual report on Form 10-K, our proxy statement, quarterly reports on Form 10-Q, current reports on Form 8-K and amendments to those reports, as soon as 
reasonably practicable after filing such reports with the SEC. Other information such as presentations, our corporate sustainability report, our Corporate Governance 
Guidelines, the charters of each board committee and the Code of Business Conduct and Ethics are available on our website and in print to any stockholder who 
provides a written request to the Corporate Secretary at 100 Throckmorton Street, Suite 1200, Fort Worth, Texas 76102. Our Code of Business Conduct and Ethics 
applies to all directors, officers and employees, including our President and Chief Executive Officer and Chief Financial Officer.

The SEC maintains an internet website that contains reports, proxy and information statements and other information regarding issuers, including Range, that 
file electronically with the SEC. The public can obtain any document we file with the SEC at http://www.sec.gov.

Our Business Strategy

Our overarching business objective is to build stockholder value through returns-focused development of our natural gas properties. Our strategy to achieve 
our business objective is to generate consistent cash flows from reserves and production through internally generated drilling projects. We routinely evaluate 
complementary, value-based acquisitions and dispositions. Our strategy requires us to make significant investments and financial commitments in technical staff, 
acreage, seismic data, drilling and completion technology and gathering and transportation arrangements to build drilling inventory and market our products. Our 
strategy has the following key elements:

• commit to environmental protection and worker and community safety; 

• concentrate in our core operating area; 

• focus on cost efficiency; 

• maintain a high-quality, multi-year drilling inventory; 

• maintain a long-life reserve base with a low base decline rate; 

• market our products to a large number of customers in diverse markets under a variety of commercial terms;

• maintain operational and financial flexibility; and 

• provide employee equity ownership and incentive compensation aligned with our stakeholders’ interests. 

These elements are anchored by our interests in the Marcellus Shale located in Pennsylvania which is anticipated to have remaining productive life in excess 
of 50 years.

Commit to Environmental Protection and Worker and Community Safety. We strive to implement technologies and commercial practices to minimize 
potential adverse impacts from the development of our properties on the environment, worker health and safety and the safety of the communities where we operate. 
We analyze and review performance while striving for continual improvement by working with peer companies, regulators, non-governmental organizations, 
industries not related to the oil and natural gas industry and other engaged stakeholders. We expect every employee to maintain safe operations, minimize
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environmental impact and conduct their daily business with the highest ethical standards. We have published on our website our 2023 Corporate Sustainability 
Report which includes more information related to our sustainability practices.

Concentrate in Our Core Operating Area. We currently operate in Pennsylvania. Concentrating our drilling and producing activities allows us to develop the 
regional expertise needed to interpret specific geological and operating conditions and develop economies of scale. Operating in our core area also allows us to 
pursue our goal of consistent production at attractive returns. We intend to further develop our acreage and improve our operating and financial results through the 
use of technology and detailed analysis of our properties. We periodically evaluate and pursue acquisition opportunities (including opportunities to acquire particular 
natural gas and oil properties or entities owning natural gas and oil assets) and at any given time we may be in various stages of evaluating such opportunities.

Focus on Cost Efficiency. We concentrate in areas which we believe to have sizable hydrocarbon deposits in place that will allow economic production while 
controlling costs. Because there is little long-term competitive sales price advantage available to a commodity producer, the costs to find, develop, and produce a 
commodity are important to organizational sustainability and long-term stockholder value creation. We endeavor to control costs such that our cost to find, develop 
and produce natural gas, NGLs and oil is one of the lowest in the industry. We operate almost all of our total net production and believe that our extensive knowledge 
of the geologic and operating conditions in the areas where we operate provides us with the ability to achieve operational efficiencies.

Maintain a High-Quality Multi-Year Drilling Inventory. We focus on areas with multiple prospective and productive horizons and development 
opportunities. We use our technical expertise to build and maintain a multi-year drilling inventory. We believe that a large, high-quality multi-year inventory of 
drilling projects increases our ability to efficiently plan for economic production. Currently,  we have an estimated 30 million lateral feet of drilling inventory in the 
Marcellus Shale, both proved and unproved.

Maintain a Long-Life Reserve Base with a Low Base Decline Rate. Long-life natural gas and oil reserves provide a more stable platform than short-life 
reserves. Long-life reserves with relatively low decline rates reduce reinvestment risk as they lessen the amount of reinvestment capital deployed each year to replace 
production. Long-life natural gas and oil reserves also assist us in minimizing costs as stable production makes it easier to build and maintain operating economies of 
scale. Long-life reserves also offer upside from technology enhancements.

Market Our Products to a Large Number of Customers in Diverse Markets Under a Variety of Commercial Terms. We market our natural gas, NGLs, 
crude oil and condensate to a large number of customers in both domestic and international markets to maximize cash flow and diversify risk. We hold numerous 
firm transportation contracts on multiple pipelines to enable us to transport and sell natural gas and NGLs in the Midwest, Gulf Coast, Southeast, Northeast and 
international markets. We sell our products under a variety of price indexes and price formulas that assist us in optimizing regional price differentials and commodity 
price volatility.

Maintain Operational and Financial Flexibility. Because of the risks involved in drilling, coupled with changing commodity prices, we are flexible and may 
adjust our capital budget throughout the year. We believe our asset base, revenue diversity, low cost structure and stronger balance sheet provides us the flexibility 
we need to thrive across various commodity price environments. We also believe in maintaining ample liquidity, using commodity derivatives to help stabilize our 
realized prices and focusing on financial discipline. We believe this provides more predictable cash flows and financial results. With no debt maturities until 2025, a 
year-end 2023 cash balance of $212.0 million and $1.5 billion in committed borrowing capacity under our bank credit facility, we are well-positioned to continue to 
improve our balance sheet strength.

Provide Employee Equity Ownership and Incentive Compensation Aligned with Our Stakeholders’ Interests. We want our employees to think and act like 
business owners. To achieve this, we reward and encourage them through equity ownership in Range. All full-time employees are eligible to receive equity grants. 
As of December 31, 2023, our employees and directors owned equity securities in our benefit plans (vested and unvested) that had an aggregate market value of 
approximately $190.1 million. We seek to align our incentive compensation with stakeholders’ interests and key business objectives and members of our board of 
directors annually engage with stockholders to discuss our incentive compensation framework.

Our Strengths

We believe the following strengths will help us achieve our business goals:

• Natural gas and NGLs resource base in the Marcellus Shale. Substantially all of our leasehold acreage is located in one of the largest natural gas 
plays in the world. We believe the majority of our properties are well positioned in the core of the Marcellus Shale. Our production for the year ended 
December 31, 2023 was approximately 69% natural gas, 29% NGLs and 2% crude oil and condensate.

• Multi-decade drilling inventory in the core of the Marcellus Shale. We have identified a multi-year inventory of drilling locations that we believe 
provides attractive growth and return opportunities.

• High degree of operational control. We are the operator of almost all of our total net production. This operating control allows us to better execute 
our strategies of enhancing returns through operational and cost efficiencies and increasing 
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recovery of hydrocarbons by seeking to continually improve our drilling techniques, completion methodologies and reservoir evaluation process. We 
retain the ability to increase or decrease our capital expenditure program in response to commodity price outlooks.

• Experienced management team. Our management team has extensive experience in executing a multi-rig development drilling program, planning 
long-term logistics, marketing production and prudent capital allocation.

Significant Accomplishments in 2023

• Proved reserves – Total proved reserves were 18.1 Tcfe, a slight increase from the prior year. This achievement is the result of existing 
quality production and efficient development. We believe our high quality, substantial inventory of Marcellus Shale drilling locations 
provides the basis for future proved reserves to be efficiently developed by our skilled technical teams.

• Production – In 2023, our production averaged 2.14 Bcfe per day compared to 2.12 Bcfe per day in 2022. Our capital program is designed 
to allocate investments based on projects that maximize returns while minimizing controllable costs associated with production activities. 
We intend to continue a disciplined investment strategy in the Marcellus Shale.

• Focus on financial flexibility – As of December 31, 2023, we maintained a $4.0 billion bank credit facility, with a borrowing base of $3.0 
billion and committed borrowing capacity of $1.5 billion. We endeavor to maintain a strong liquidity position. In 2023, we reduced our 
aggregate principal amount of debt by $80.6 million. We ended 2023 with strong liquidity with $1.3 billion available under the credit 
facility and cash on hand of $212.0 million. Actual capital budget spending was within our announced spending range. As we have done 
historically, we may adjust our capital program or use derivatives to protect a portion of our future cash flow from commodity price 
volatility to reduce the risk of returns on investment and maintain ample liquidity.

• Successful drilling program – In 2023, we drilled 50 gross natural gas wells and our overall drilling success rate was 100%. We continue 
to maintain and optimize a sufficient inventory of drilled lateral footage which is critical to our ability to consistently sustain production 
each year on a cost effective and efficient basis. Controlling the costs to find, develop and produce natural gas, NGLs and oil is critical in 
creating long-term stockholder value. Our focus areas are characterized by a large, contiguous acreage position and multiple stacked 
geologic horizons. 

• Focus on safe, responsible and sustainable operations – We believe we are on track to achieve our goal of net zero GHG emissions by 
year-end 2025, which includes Scope 1 and Scope 2 emissions. We continued to recycle approximately 100% of our produced water. 
Electric and dual fuel drilling and completion equipment is used to reduce emissions. We had no serious injuries for employees or 
contractors during the year. 

Segment and Geographical Information

Our operations consist of one reportable segment. We have a single, company-wide management team that administers all properties as a whole rather than by 
discrete operating segments. We track only basic operational data by area. We measure financial performance as a single enterprise and not on an area-by-area basis. 
Our exploration and production operations are limited to onshore United States.

Outlook for 2024

For 2024, we expect our capital budget to be in the range of $620 million to $670 million for natural gas, NGLs, crude oil and condensate related activities, 
excluding proved property acquisitions, for which we do not budget. This budget includes $575 million to $590 million for drilling costs and $45 million to $80 
million for acreage and other expenditures and is expected to achieve 2024 production similar to 2023 production volumes. As has been our historical practice, we 
will periodically review our capital expenditures throughout the year and may adjust the budget based on commodity prices, drilling success and other factors. 
Throughout the year, we allocate capital on a project-by-project basis. Our expectation for 2024 is for our capital expenditure program to be funded with operating 
cash flows. However, in the event our 2024 capital requirements exceed our internally generated cash flow, we may reduce the capital budget, draw on our bank 
credit facility and/or debt or equity financing may be used to fund these requirements. The prices we receive for our natural gas, NGLs and oil production are largely 
based on current market prices, which are beyond our control. The price risk on a portion of our forecasted natural gas, NGLs and oil production for 2024 is 
mitigated using commodity derivative contracts and we intend to continue to enter into these transactions.

Our primary near-term focus includes the following:

• operate safely while being good stewards of the environment;

• achieve competitive returns on investments;

• manage liquidity and further improve financial strength;
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• focus on organic opportunities through disciplined capital investments;

• improve operational efficiencies and economic returns;

• continue to reduce emissions and to achieve our announced target of net-zero Scope 1 and Scope 2 GHG emissions by year-end 2025;

• attract and retain quality employees; and

• align employee incentives with our stockholders’ interests and key business objectives.

Proved Reserves

The following table sets forth our estimated proved reserves for years ended 2023, 2022 and 2021 based on the average of prices on the first day of each 
month of the given calendar year, in accordance with SEC rules. Oil includes both crude oil and condensate. We have no natural gas, NGLs or oil reserves from non-
traditional sources. Additionally, we do not provide optional disclosures of probable or possible reserves.

Summary of Oil and Gas Reserves as of Year-End Based on Average Prices

Reserve Category
Natural Gas

(Mmcf)
NGLs

(Mbbls)
Oil

(Mbbls)
Total

(Mmcfe) %

As of December 31, 2023:
Proved

Developed 7,631,202 629,379 21,396 11,535,852 64 %
Undeveloped 3,979,546 411,388 21,566 6,577,273 36 %

Total Proved 11,610,748 1,040,767 42,962 18,113,125 100 %

As of December 31, 2022:
Proved

Developed 7,230,313 594,931 22,213 10,933,180 60 %
Undeveloped 4,567,659 409,027 20,443 7,144,476 40 %

Total Proved 11,797,972 1,003,958 42,656 18,077,656 100 %

As of December 31, 2021:
Proved

Developed 6,809,849 577,507 23,834 10,417,887 59 %
Undeveloped 4,642,232 423,798 28,762 7,357,597 41 %

Total Proved 11,452,081 1,001,305 52,596 17,775,484 100 %

Oil and NGLs volumes are converted to mcfe at the rate of one barrel equals six mcf based upon the relative energy content of oil to natural gas, which is not indicative of the 
relationship between oil and natural gas prices.

Reserve Estimation Procedures and Audits

All reserve information in this report is based on estimates prepared by our petroleum engineering staff and is the responsibility of management. We have 
established internal controls over our reserves estimation process and procedures to support the accurate and timely preparation and disclosure of reserve estimates in 
accordance with SEC requirements. We also had Netherland, Sewell & Associates, Inc., an independent petroleum consultant, conduct an audit of our year-end 2023 
reserves. The purpose of this audit was to provide additional assurance on the reasonableness of internally prepared reserve estimates. This engineering firm was 
selected for its geographic expertise and its historical experience in engineering certain properties. The proved reserve audits performed for 2023, 2022 and 2021, in 
the aggregate, represented 96%, 96% and 97% of our proved reserves. The reserve audits performed for 2023, 2022 and 2021, in the aggregate, represented 99%, 
96% and 97% of our 2023, 2022 and 2021 associated pretax present value of proved reserves discounted at ten percent. A copy of the summary reserve report 
prepared by our independent petroleum consultant is included as an exhibit to this Annual Report on Form 10-K. The technical person at our independent petroleum 
consulting firm responsible for reviewing the reserve estimates presented herein meets the requirements regarding qualifications, independence, objectivity and 
confidentiality as set forth in the Standards Pertaining to the Estimating and Auditing of Oil and Gas Reserves Information promulgated by the Society of Petroleum 
Engineers. We maintain an internal staff of petroleum engineers and geoscience professionals who work closely with our independent petroleum consultant to ensure 
the integrity, accuracy and timeliness of data furnished during the reserve audit process. Throughout the year, our technical team meets periodically with 
representatives of our independent petroleum consultant to review properties and discuss methods and assumptions. While we have no formal committee specifically 
designated to review reserves reporting and the reserve estimation process, our senior management reviews and approves significant changes to our proved reserves. 
We provide historical information to our consultant for our largest producing properties such as ownership interest, natural gas, NGLs and oil production, well test 
data, commodity prices and operating and development
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costs. Our consultants perform an independent analysis and differences are reviewed with our Senior Vice President of Reservoir Engineering and Economics. In 
some cases, additional meetings are held to review identified reserve differences. Our reserve auditor estimates of proved reserves and the pretax present value of 
such reserves discounted at 10% did not differ from our estimates by more than 10% in the aggregate. However, when compared on a lease-by-lease, field-by-field or 
area-by-area, some of our estimates may be greater and some may be less than the estimates of the reserve auditor. When such differences do not exceed 10% in the 
aggregate, our reserve auditor is satisfied that the proved reserves and pretax present value of such reserves discounted at 10% are reasonable and will issue an 
unqualified opinion. Remaining differences, if any, are not resolved due to the limited cost benefit of continuing such analysis.

Historical variances between our reserve estimates and the aggregate estimates of our independent petroleum consultants have been approximately 5%. All of 
our reserve estimates are reviewed and approved by our Senior Vice President of Reservoir Engineering and Economics, Mr. Alan Farquharson, who reports directly 
to our President and Chief Executive Officer. Our Senior Vice President of Reservoir Engineering and Economics holds a Bachelor of Science degree in Electrical 
Engineering from the Pennsylvania State University. Before joining Range, he held various technical and managerial positions with Amoco, Hunt Oil and Union 
Pacific Resources and has more than forty years of engineering experience in the oil and gas industry. During the year, our reserves group may also perform separate, 
detailed technical reviews of reserve estimates for significant acquisitions or for properties with problematic indicators such as excessively long lives, sudden 
changes in performance or changes in economic or operating conditions. During the year ended December 31, 2023, we did not file any reports with any federal 
authority or agency with respect to our estimate of natural gas and oil reserves.

Reserve Technologies

Proved reserves are those quantities of natural gas, NGLs and oil that by analysis of geoscience and engineering data can be estimated with reasonable 
certainty to be economically producible from a given date forward, from known reservoirs and under existing economic conditions, operating methods, and 
government regulations. The term "reasonable certainty" implies a high degree of confidence that the quantities of natural gas, NGLs and oil actually recovered will 
equal or exceed the estimate. To achieve reasonable certainty, our internal technical staff employs technologies that have been demonstrated to yield results with 
consistency and repeatability. The technologies and economic data used in the estimation of our proved reserves include, but are not limited to, empirical evidence 
through drilling results and well performance, decline curve analysis, well logs, geologic maps and available downhole and production data, seismic data, well test 
data, reservoir simulation modeling and implementation and application of enhanced data analytics.

Proved undeveloped reserves (or "PUDs") include reserves that are expected to be recovered from new wells on undrilled acreage or from existing wells 
where a major expenditure is required for completion. PUD reserves may be classified as proved reserves on undrilled acreage directly offsetting development areas 
that are reasonably certain of production when drilled, or where reliable technology provides reasonable certainty of economic production. Undrilled locations may 
be classified as having PUD reserves only if an ability and intent has been established to drill the reserves within five years, unless specific circumstances justify a 
longer time period.

Reporting of Natural Gas Liquids

We produce NGLs as part of the processing of our natural gas. The extraction of NGLs in the processing of natural gas reduces the volume of natural gas 
available for sale. At December 31, 2023, NGLs represented approximately 34% of our total proved reserves on an mcf equivalent basis. NGLs are products priced 
by the gallon (and sold by the barrel) to our customers. In reporting proved reserves and production of NGLs, we have included production and reserves in barrels. 
Prices for a barrel of NGLs in 2023 averaged approximately 32% of the average price for equivalent volumes of oil. We report all production information related to 
natural gas net of the effect of any reduction in natural gas volumes resulting from the processing of NGLs. We currently include ethane in our proved reserves which 
match volumes to be delivered under our existing long-term, extendable ethane contracts.

Proved Undeveloped Reserves

As of December 31, 2023, our PUDs totaled 21.6 Mmbbls of crude oil, 411.4 Mmbbls of NGLs and 4.0 Tcf of natural gas, for a total of 6.6 Tcfe. Costs 
incurred in 2023 relating to the development of PUDs were approximately $495.1 million. All PUD drilling locations are scheduled to be drilled prior to the end of 
2028. As of December 31, 2023, we have 90.2 Bcfe of reserves that have been reported for more than five years from their original booking date, which are in the 
process of being drilled and completed and expected to turn to sales in 2024. Changes in PUDs that occurred during the year were due to:

• conversion of approximately 937.9 Bcfe of PUDs into proved developed reserves; 

• addition of 178.8 Bcfe new PUDs from drilling; and

• 191.9 Bcfe net positive revision which includes an addition of 280.2 Bcfe for previously proved undeveloped properties added back to our five year 
development plan and positive revisions for the impact of improved well performance and longer laterals offset by 370.6 Bcfe of reserves reclassified 
to unproved because of previously planned wells not expected to be drilled within their original five-year development horizon.
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For an additional description of changes in PUDs for 2023, see Note 15 to our consolidated financial statements. We believe our PUDs reclassified to 
unproved can be included in our future proved reserves as these locations are added back into our five-year development plan.

Proved Reserves (PV-10)

The following table sets forth the estimated future net cash flows, excluding open derivative contracts, from proved reserves, the present value of those net 
cash flows discounted at a rate of 10% (PV-10), and the expected benchmark prices and average field prices used in projecting net cash flows over the past five 
years. Our reserve estimates do not include any probable or possible reserves (in millions, except prices):

2023 2022 2021 2020 2019

Future net cash flows $ 54,390 $ 78,650 $ 39,919 $ 9,795 $ 22,179
Present value:

Before income tax 7,926 29,554 14,868 2,981 7,561
After income tax (Standardized Measure) 6,838 24,545 12,485 2,846 6,629

Benchmark prices (NYMEX):
Gas price (per mcf) 2.62 6.36 3.60 1.98 2.58
Oil price (per bbl) 78.10 94.13 66.34 39.77 55.73

Wellhead prices:
Gas price (per mcf) 2.20 6.08 3.30 1.68 2.38
Oil price (per bbl) 68.32 87.14 59.35 30.13 49.24
NGLs price (per bbl) 24.91 38.35 28.41 16.14 17.32

Future net cash flows represent projected revenues from the sale of proved reserves, net of production and development costs (including transportation and 
gathering expenses, operating expenses and production taxes). Revenues are based on a twelve-month unweighted average of the first day of the month pricing, 
without escalation. Future cash flows are reduced by estimated production costs, administrative costs, costs to develop and produce the proved reserves and 
abandonment costs, all based on current economic conditions at each year-end. There can be no assurance that the proved reserves will be produced in the future or 
that prices, production or development costs will remain constant. There are numerous uncertainties inherent in estimating reserves and related information and 
different reservoir engineers often arrive at different estimates for the same properties.

Production, Sales Price and Production Costs

The following presents historical information about our total and average daily production volumes for natural gas, NGLs and oil; average sales prices and 
average production costs:

Year Ended December 31,

2023 2022 2021

Production Volumes:
Natural gas (Mmcf) 538,085 539,443 541,021
NGLs (Mbbls) 37,940 36,392 36,373
Crude oil and condensate (Mbbls) 2,475 2,716 3,044

Total Mmcfe 780,575 774,089 777,523
Sales Prices: 

Natural gas (per mcf) $ 2.29 $ 6.24 $ 3.50
NGLs (per bbl) 24.61 35.96 31.23
Crude oil and condensate (per bbl) 67.29 87.79 60.11
Total  (per mcfe) 2.99 6.34 4.13

Production Costs:
Lease operating (per mcfe) $ 0.12 $ 0.11 $ 0.10
Taxes other than income (per mcfe) 0.03 0.05 0.04

Oil and NGLs volumes are converted at the rate of one barrel equals six mcf based on approximate relative energy content.
Does not include derivative settlements or deductions for third-party transportation, gathering or processing costs.
Includes Pennsylvania impact fee.
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Property Overview

Our natural gas and oil operations are concentrated in the Appalachian region of the United States, and more specifically, in the Marcellus Shale in 
Pennsylvania. Our properties consist of interests in developed and undeveloped natural gas and oil leases. These interests entitle us to drill for and produce natural 
gas, NGLs, crude oil and condensate from specific areas. Our interests are mostly in the form of working interests and, to a lesser extent, royalty and overriding 
royalty interests.

We hold a large portfolio of drilling opportunities beyond the five-year horizon of proved reserves and therefore a significant unbooked resource potential 
within the Marcellus, Utica/Point Pleasant and Upper Devonian formations. We own 1,466 net producing wells in Pennsylvania, almost all of which we operate. Our 
average working interest in this region is 95%. As of December 31, 2023 we have approximately 860,000 gross (753,000 net) acres under lease. During 2023, we 
averaged approximately two horizontal drilling rigs in the field and expect to run an average of two horizontal drilling rigs throughout 2024. Substantially all of our 
reserves and production are located in the Marcellus Shale.

Producing Wells

The following table sets forth information relating to productive wells at December 31, 2023. If we own both a royalty and a working interest in a well, such 
interest is included in the table below. Wells are classified as natural gas or crude oil according to their predominant production stream. We do not have any dual 
completions.

Average
Total Wells Working

Gross Net Interest

Natural gas 1,549 1,466 95 %
Crude oil 1 — 3 %

Total 1,550 1,466 95 %

Productive wells are producing wells and wells mechanically capable of production. The day-to-day operations of natural gas and oil properties are the 
responsibility of the operator designated under pooling or operating agreements. The operator supervises production, maintains production records, employs or 
contracts for field personnel and performs other functions. An operator receives reimbursement for direct expenses incurred in the performance of its duties as well 
as monthly per-well producing and drilling overhead reimbursement at rates customarily charged by unaffiliated third parties. The charges customarily vary with the 
depth and location of the well being operated.

Drilling Activity

The following table summarizes drilling activity for the past three years. Gross wells reflect the sum of all wells in which we own an interest. Net wells 
reflect the sum of our working interests in gross wells. This information should not be indicative of future performance nor should it be assumed that there was any 
correlation between the number of productive wells and the natural gas and oil reserves generated thereby. As of December 31, 2023, we had 27 gross (26 net) wells 
in the process of drilling or active completions stage. In addition, there were 16 gross (16 net) wells waiting on completion or waiting on pipelines at year-end 2023.

2023 2022 2021
Gross Net Gross Net Gross Net

Development wells
Productive 50.0 47.4 60.0 59.0 58.0 57.1
Dry — — — — — —

Exploratory wells
Productive — — — — 1.0 1.0
Dry — — — — — —

Total wells
Productive 50.0 47.4 60.0 59.0 59.0 58.1
Dry — — — — — —

Total 50.0 47.4 60.0 59.0 59.0 58.1

Success ratio 100 % 100 % 100 % 100 % 100 % 100 %
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Gross and Net Acreage

We own interests in developed and undeveloped natural gas and oil acreage. These ownership interests generally take the form of working interests in oil and 
natural gas leases that have varying terms. Developed acreage includes leased acreage that is allocated or assignable to producing wells or wells capable of 
production even though shallower or deeper horizons may not have been fully explored. Undeveloped acreage includes leased acres on which wells have not been 
drilled or completed to a point that would permit the production of commercial quantities of natural gas or oil, regardless of whether or not the acreage contains 
proved reserves. The following table sets forth certain information regarding the developed and undeveloped acreage in which we own a working interest as of 
December 31, 2023. Acreage related to option acreage, royalty, overriding royalty and other similar interests is excluded from this summary:

Developed Acres Undeveloped Acres Total Acres
Gross Net Gross Net Gross Net

Michigan 111 111 — — 111 111
New York — — 2,265 567 2,265 567
Oklahoma 22,189 9,349 — — 22,189 9,349
Pennsylvania 791,405 690,550 60,140 57,134 851,545 747,684
Texas 6,273 4,356 — — 6,273 4,356
West Virginia 5,876 5,197 — — 5,876 5,197

825,854 709,563 62,405 57,701 888,259 767,264

Average working interest 86 % 92 % 86 %

Undeveloped Acreage Expirations

The table below summarizes by year our undeveloped acreage scheduled to expire in the next five years.

Acres % of Total
As of December 31, Gross Net Undeveloped

2024 11,496 10,711 19 %
2025 9,393 8,749 15 %
2026 17,594 17,086 30 %
2027 10,601 10,494 18 %
2028 9,733 8,786 15 %

In all cases, the drilling of a commercial well will hold acreage beyond the lease expiration date. We have leased acreage that is subject to lease expiration if 
initial wells are not drilled within a specified period, generally between three and five years. However, we have in the past been able, and expect in the future to be 
able to extend the lease terms of some of these leases and sell or exchange some of these leases with other companies. The expirations included in the table above do 
not take into account the fact that we may be able to extend the lease terms. We do not expect to lose significant lease acreage because of failure to drill due to 
inadequate capital, equipment or personnel. However, based on our evaluation of prospective economics, we have allowed acreage to expire and we expect to allow 
additional acreage to expire in the future. When we do not intend to drill on a property prior to expiration, we have allowed acreage to expire. We also believe acres 
needed in the future for our development plans can be leased again. We currently have no proved undeveloped reserve locations scheduled to be drilled after lease 
expiration.

Title to Properties

We believe that we have satisfactory title to all of our producing properties in accordance with generally accepted industry standards. As is customary in the 
industry, in the case of undeveloped properties, often minimal investigation of record title is made at the time of lease acquisition. Investigations are made before the 
consummation of an acquisition of producing properties and before commencement of drilling operations on undeveloped properties. Individual properties may be 
subject to burdens that we believe do not materially interfere with the use, or affect the value, of the properties. Burdens on properties may include:

• customary royalty or overriding royalty interests; 

• liens incident to operating agreements and for current taxes; 

• obligations or duties under applicable laws; 

• development obligations under oil and gas leases; or 

• net profit interests. 
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Delivery Commitments

For a discussion of our delivery commitments, see Item 7. Management’s Discussion and Analysis of Financial Condition and Results of Operations – 
Delivery Commitments.

Human Capital Management

We believe our employees provide the foundation of our success. Successful execution of our strategy is dependent on attracting, developing and retaining 
our skilled employees and members of our management team. The abilities, experience and industry knowledge of our employees significantly benefit our operations 
and performance. In order to maximize the contributions of our employees, we regularly evaluate, modify and enhance our policies and practices, including 
compensation to increase employee engagement, productivity and efficiency. As of January 1, 2024, we had 548 full time employees, none of whom are currently 
covered by a labor union or other collective bargaining arrangement.

Compensation and Benefits. We review compensation for all employees at least annually to adjust for market conditions and to attract and retain a highly 
skilled workforce. We encourage our employees to take full advantage of our benefits and programs we offer. In addition to competitive base wages, other benefits 
include an annual bonus plan, long-term incentive plan, company-match 401(k) plan, healthcare and insurance benefits, flexible spending accounts and employee 
assistance programs.

Our compensation program includes eligibility for all full-time employees to receive equity awards which we believe is uncommon among our peers and 
encourages every employee to think like an owner of the business and be vested in its success. We believe these practices, and those further described below, are the 
key drivers in our very low voluntary turnover rates, which averaged less than 3.5% over the five-year period ended December 31, 2023. We believe our low attrition 
rate is in part a result of our corporate culture focused on teamwork and a commitment to employee development and career advancement.

Health and Safety. We believe health and safety is a core value and ingrained in all aspects of our business. This value is reflected in our strong safety culture 
that emphasizes personal responsibility and safety leadership both for our employees and our contractors on our worksites. Our comprehensive environmental, health 
and safety (EHS) management system establishes a corporate governance framework for EHS compliance and performance and covers all elements of our operating 
lifecycle. These practices and the commitment of our management and our employees to our culture of safety have resulted in only two OSHA recordable incidents 
in 3.5 million work hours over the three-year period from 2021 through 2023, for an average employee Total Recordable Incident Rate of 0.11 over that three-year 
period.

Recruiting, Hiring and Advancement. Due to the cyclical nature of our business and the fluctuations in activity that can occur, we take a conservative 
approach to our headcount, carefully evaluating whether a new hire is necessary for an open position or whether we can fill the position by expanding the role of a 
current employee or several employees. In this way, we provide employees with opportunities to learn new roles and develop their skills horizontally and vertically 
and limit or minimize layoffs and fluctuations when downturns occur. We support employees in pursuing training opportunities to expand their professional skills. 
We have also implemented development programs that are designed to build leadership capabilities at all levels.

We identify qualified candidates by promoting positions internally, engaging in recruiting through our website platforms, campus outreach, internships and 
attending job fairs. In our recruiting and hiring efforts, we seek to foster a culture of mutual respect and strictly comply with all applicable federal, state and local 
laws governing non-discrimination in employment. We treat all applicants with the same high level of respect regardless of their gender, ethnicity, religion, national 
origin, age, marital status, political affiliation, sexual orientation, gender identity, disability or protected veteran status. This philosophy extends to all employees 
throughout the lifecycle of employment.

Additional information about our commitment to human capital management is available on our website. Note that the information on our website is not 
incorporated by reference into this filing.

Executive Officers of the Registrant

Our executive officers and their ages as of February 1, 2024, are as follows:

Age Position

Dennis L. Degner 51 Chief Executive Officer and President
Mark S. Scucchi 46 Executive Vice President – Chief Financial Officer
Erin W. McDowell 45 Senior Vice President – General Counsel and Corporate Secretary
Dori A. Ginn 66 Senior Vice President – Controller and Principal Accounting Officer

10

10-K https://www.sec.gov/Archives/edgar/data/315852/000095017024018046...

15 of 106 10/18/2024, 1:03 PM

WG Ex. 50

2008



Dennis L. Degner, chief executive officer and president, joined Range in 2010. Mr. Degner was named chief executive officer effective May 21, 2023. Mr. 
Degner previously served as chief operating officer and has more than 25 years of oil and gas experience, having worked in a variety of technical and managerial 
positions across the United States including Texas, Louisiana, Wyoming, Colorado and Pennsylvania. Prior to joining Range, Mr. Degner held positions with 
EnCana, Sierra Engineering and Halliburton. Mr. Degner is a member of the Society of Petroleum Engineers and has been published for his work on active roles 
played in the deployment of new technologies. Mr. Degner holds a Bachelor of Science Degree in Agricultural Engineering from Texas A&M University.

Mark S. Scucchi, executive vice president – chief financial officer, joined Range in 2008. Mr. Scucchi was named senior vice president – chief financial 
officer in 2018 and executive vice president in 2023. Previously, Mr. Scucchi served as vice president – finance & treasurer. Prior to joining Range, Mr. Scucchi was 
with JPMorgan Securities providing commercial and investment banking services to small and mid-cap technology companies. Before joining JPMorgan Securities, 
Mr. Scucchi spent a number of years at Ernst & Young LLP in the audit practice. Mr. Scucchi earned a Bachelor of Science in Business Administration from 
Georgetown University and a Master of Science in Accountancy from the University of Notre Dame. Mr. Scucchi is a CFA Charterholder and a licensed certified 
public accountant in the state of Texas.

Erin W. McDowell, senior vice president – general counsel and corporate secretary, joined Range in January 2015 as division counsel for the Appalachia 
Division and was promoted to vice president, deputy general counsel & assistant corporate secretary before being appointed to general counsel and corporate 
secretary in March 2023. Ms. McDowell has nearly 20 years of legal experience. Prior to joining Range, Ms. McDowell spent over ten years with the law firm Eckert 
Seamans Cherin & Mellott in the areas of commercial litigation and environmental regulatory counseling. Ms. McDowell graduated from Bucknell University, 
magna cum laude, with a Bachelor of Arts in Economics and Environmental Studies and then earned a Juris Doctor from the University of Pittsburgh School of Law.

Dori A. Ginn, senior vice president – controller and principal accounting officer, joined Range in 2001. Ms. Ginn has held the positions of financial reporting 
manager, vice president and controller before being elected to principal accounting officer in September 2009. Prior to joining Range, she held various accounting 
positions with Doskocil Manufacturing Company and Texas Oil and Gas Corporation. Ms. Ginn earned a Bachelor of Business Administration in Accounting from 
the University of Texas at Arlington. She is a certified public accountant licensed in the state of Texas.

Competition

Competition exists in all sectors of the oil and gas industry and in particular, we encounter substantial competition in developing and acquiring natural gas 
and oil properties, securing and retaining personnel, conducting drilling and field operations and marketing production. Competitors in exploration, development, 
acquisitions and production include the major oil and gas companies as well as numerous independent oil and gas companies, individual proprietors and others. 
Although our sizable acreage position and core area concentration provide some competitive advantages, many competitors have financial and other resources 
substantially exceeding ours. Therefore, competitors may be able to pay more for desirable leases and evaluate, bid for and purchase a greater number of properties 
or prospects than our financial or personnel resources allow. We face competition for pipeline and other services to transport our product to markets, particularly in 
the Northeastern portion of the United States. We also face competition from companies that supply alternative sources of energy, such as wind, solar power and 
other renewables. Competition will increase as alternative energy technology becomes more reliable and governments throughout the world support or mandate the 
use of such alternative energy.

Competitive advantage is gained in the oil and gas exploration and development industry by employing well-trained and experienced personnel who make 
prudent capital investment decisions based on management direction, embrace technological innovation, focus on price and cost management and safely operate our 
producing properties. We have a team of dedicated employees who represent the professional disciplines and sciences that we believe are necessary to allow us to 
maximize the long-term profitability and net asset value inherent in our physical assets. For more information, see Item 1A. Risk Factors.

Marketing and Customers

We market the majority of our natural gas, NGLs, crude oil and condensate production from the properties we operate for our working interest, and that of the 
other working interest owners. We pay our royalty owners from the sales attributable to our working interest. Natural gas, NGLs and oil purchasers are selected on 
the basis of price, credit quality and service reliability. For a summary of purchasers of our natural gas, NGLs and oil production that accounted for 10% or more of 
consolidated revenue, see Note 2 to our consolidated financial statements. Because alternative purchasers of natural gas and oil are usually readily available, we 
believe that the loss of any of these purchasers would not have a material adverse effect on our operations. Production from our properties is marketed using methods 
that are consistent with industry practice. Natural gas is a commodity, and therefore, we typically receive market-based pricing for our produced natural gas. Sales 
prices for natural gas, NGLs and oil production are negotiated based on factors normally considered in the industry, such as index or spot price, distance from the 
well to the pipeline, commodity quality and prevailing supply and demand conditions.
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We contract with a third-party to process our natural gas and extract from the produced natural gas heavier hydrocarbon streams (consisting predominately of 
ethane, propane, isobutane, normal butane and natural gasoline). Our natural gas production is sold to utilities, marketing and midstream companies and industrial 
users. Our NGLs production is typically sold to petrochemical end users, marketers/traders (both domestically and internationally) and natural gas processors. Our oil 
and condensate production is sold to crude oil processors, transporters and refining and marketing companies.

We enter into derivative transactions with unaffiliated third parties for a varying portion of our production to achieve more predictable cash flows and to 
reduce our exposure to short-term fluctuations in natural gas, NGLs and oil prices. For a more detailed discussion, see Item 7. Management’s Discussion and 
Analysis of Financial Condition and Results of Operations and Item 7A. Quantitative and Qualitative Disclosures about Market Risk.

We incur gathering and transportation expense to move our production from the wellhead, tanks and processing plants to purchaser-specified delivery points. 
These expenses vary and are primarily based on volume, distance shipped and the fee charged by the third-party gatherers and transporters. We also have processing 
contracts based on percent of proceeds. Transportation capacity on these gathering and transportation systems and pipelines is occasionally constrained. Our 
Appalachian production is transported on third-party pipelines on which we hold a certain amount of long-term contractual capacity. We attempt to balance sales, 
storage and transportation positions, which can include purchase of commodities from third parties for resale, to utilize contracted transportation capacity.

We have not experienced significant difficulty to date in finding a market for all of our production as it becomes available or in transporting our production to 
those markets; however, there is no assurance that we will always be able to transport and market all of our production or obtain favorable prices. We have entered 
into several ethane agreements to sell or transport ethane from our Marcellus Shale area. For more information, see Item 1A. Risk Factors – Our business depends on 
natural gas and oil transportation and NGLs processing facilities, most of which are owned by others and depends on our ability to contract with those parties.

Seasonal Nature of Business

Generally, but not always, the demand for natural gas and propane decreases during the spring and fall months and increases during the winter months and, in 
some areas, also increases during the summer months. Seasonal anomalies such as mild winters or hot summers also may impact this demand. In addition, pipelines, 
utilities, local distribution companies and industrial end-users utilize natural gas storage facilities and purchase some of their anticipated winter requirements during 
the summer. This can also impact the seasonality of demand.  Exports can also impact demand based on the seasonality of global markets.

Markets

Our ability to produce and market natural gas, NGLs and oil profitably depends on numerous factors beyond our control. The effect of these factors cannot be 
accurately predicted or anticipated. Although we cannot predict the occurrence of events that may affect commodity prices or the degree to which commodity prices 
will be affected, the prices for any commodity that we produce will generally approximate current market prices in the geographic region of the production.

Governmental Regulation

Enterprises that sell securities in public markets are subject to regulatory oversight by federal agencies such as the SEC. The NYSE, a private stock exchange, 
also requires us to comply with listing requirements for our common stock. This regulatory oversight imposes on us the responsibility for establishing and 
maintaining disclosure controls and procedures and internal controls over financial reporting and ensuring that the financial statements and other information 
included in submissions to the SEC do not contain any untrue statement of a material fact or omit to state a material fact necessary to make the statements made in 
such submissions not misleading. Failure to comply with the NYSE listing rules and regulations of the SEC could subject us to litigation from public or private 
plaintiffs. Failure to comply with the rules of the NYSE could also result in the de-listing of our common stock, which could have an adverse effect on the market 
price of our common stock. Compliance with some of these rules and regulations is costly and regulations are subject to change or reinterpretation.

Exploration and development and the production and sale of oil and gas are subject to extensive federal, state and local regulations, mandates and trade 
agreements. Governmental policies affecting the energy industry, such as taxes, tariffs, duties, price controls, subsidies, incentives, foreign exchange rates and import 
and export restrictions, can influence the viability and volume of production of certain commodities, the volume and types of imports and exports, whether 
unprocessed or processed commodity products are traded, and industry profitability. For example, in the past the United States government has imposed tariffs on 
certain foreign imports and the resulting retaliation by those foreign governments has disrupted aspects of the energy market.  Disruption and uncertainty of this sort 
can affect the price of oil and natural gas and may cause us to change our plans for exploration and production levels. An overview of relevant federal, state and local 
regulations is set forth below. We believe we are in substantial compliance with currently applicable laws and regulations, and the continued substantial compliance 
with existing requirements will not have a material adverse effect on our financial position, cash flows or results of operations. However, current regulatory 
requirements may change, currently unforeseen environmental incidents may occur, or past non-compliance with environmental laws or regulations may
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be discovered. See Item 1A. Risk Factors – The natural gas industry is subject to extensive regulation. We do not believe we are affected differently by these 
regulations than others in the industry.

General Overview. Our oil and gas operations are subject to various federal, state and local laws and regulations. Generally speaking, these regulations relate 
to matters that include, but are not limited to:

• leases; 

• acquisition of seismic data; 

• location of wells, pads, roads, impoundments, facilities or rights of way; 

• size of drilling and spacing units or proration units; 

• number of wells that may be drilled in a unit; 

• unitization or pooling of oil and gas properties; 

• drilling, casing and completion of wells; 

• issuance of permits in connection with exploration, drilling, production, gathering, processing and transportation; 

• well production, maintenance, operations and security; 

• spill prevention and containment plans; 

• emissions permitting or limitations; 

• protection of endangered species; 

• use, transportation, storage and disposal of hazardous waste, fluids and materials incidental to oil and gas operations; 

• surface usage and the restoration of properties upon which wells have been drilled; 

• calculation and disbursement of royalty payments and production taxes; 

• plugging and abandoning of wells;

• hydraulic fracturing;

• water withdrawal and water transfer;

• operation of underground injection wells to dispose of produced water and other liquids;

• marketing of production;

• transportation of production; and

• health and safety of employees and contract service providers.

In August 2005, the United States Congress ("Congress") enacted the Energy Policy Act of 2005 ("EPAct 2005"). Among other matters, EPAct 2005 amends 
the Natural Gas Act ("NGA") to make it unlawful for "any entity," including otherwise non-jurisdictional producers such as Range, to use any deceptive or 
manipulative device or contrivance in connection with the purchase or sale of natural gas or the purchase or sale of transportation services subject to regulation by 
the Federal Energy Regulatory Commission (the "FERC"), in contravention of rules prescribed by the FERC. In January 2006, the FERC issued rules implementing 
this provision. The rules make it unlawful in connection with the purchase or sale of natural gas subject to the jurisdiction of the FERC, or the purchase or sale of 
transportation services subject to the jurisdiction of the FERC, for any entity, directly or indirectly, to use or employ any device, scheme or artifice to defraud; to 
make any untrue statement of material fact or omit any such statement necessary to make the statements not misleading; or to engage in any act or practice that 
operates as a fraud or deceit upon any person. EPAct 2005 also gives the FERC authority to impose civil penalties for violations of the NGA. On January 11, 2024, 
FERC issued a final rule increasing the maximum civil penalty for violations of the NGA from $1,496,035 per day per violation to $1,544,521 per day per violation 
to account for inflation pursuant to the Federal Civil Penalties Inflation Adjustment Improvement Act of 2015. The anti-manipulation rule does not apply to activities 
that relate only to intrastate or other non-jurisdictional sales or gathering, but does apply to activities or otherwise non-jurisdictional entities to the extent the 
activities are conducted in connection with gas sales, purchases or transportation subject to the FERC’s jurisdiction which includes the reporting requirements under 
Order 704 (as defined and described below). Therefore, EPAct 2005 was a significant expansion of the FERC’s enforcement authority. Range has not been affected 
differently than any other producer of natural gas by this act. Failure to comply with applicable laws and regulations with respect to EPAct 2005 could result in 
substantial penalties and the regulatory burden on the industry increases the cost of doing business and affects profitability. Although we believe we are in substantial 
compliance with all applicable laws and regulations with respect to EPAct 2005, such laws and regulations are frequently amended or reinterpreted. Therefore, we 
are unable to predict the future costs or impact of compliance. Additional proposals and proceedings that affect the oil and natural gas industry are regularly 
considered by Congress, the states, the FERC, other federal regulatory entities and the courts. We cannot predict when or whether any such proposals may become 
effective.
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In December 2007, the FERC issued a final rule on the annual natural gas transaction reporting requirements, as amended by subsequent orders on rehearing 
("Order 704"). Under Order 704, wholesale buyers and sellers of more than 2.2 million Mmbtus of physical natural gas in the previous calendar year, including 
natural gas gatherers and marketers, are required to report to the FERC, on May 1st of each year, aggregate volumes of natural gas purchased or sold at wholesale in 
the prior calendar year to the extent such transactions utilize, contribute to, or may contribute to the formation of price indices. It is the responsibility of the reporting 
entity to determine which individual transactions should be reported based on the guidance of Order 704. Order 704 also requires market participants to indicate 
whether they report prices to any index publishers and, if so, whether their reporting complies with the FERC’s policy statement on price reporting.

Intrastate gas pipeline transportation rates are subject to regulation by state regulatory commissions. The basis for intrastate gas pipeline regulation, and the 
degree of regulatory oversight and scrutiny given to intrastate gas pipeline rates, varies from state to state. Additional proposals and proceedings that might affect the 
gas industry are considered from time to time by Congress, the FERC, state regulatory bodies and the courts. We cannot predict when or if any such proposals might 
become effective or their impact, if any, on our operations. We believe that the regulation of intrastate gas pipeline transportation rates will not affect our operations 
in any way that is materially different from its effects on similarly situated competitors.

Natural gas processing. We depend on gas processing operations owned and operated by third parties. There can be no assurance that these processing 
operations will continue to be unregulated in the future. However, although the processing facilities may not be directly related, other laws and regulations may affect 
the availability of gas for processing, such as state regulation of production rates and maximum daily production allowable from gas wells, which could impact our 
processing.

Gas gathering. Section 1(b) of the NGA exempts gas gathering facilities from FERC jurisdiction. We believe that our gathering facilities meet the tests the 
FERC has traditionally used to establish a pipeline system’s status as a non-jurisdictional gatherer. There is, however, no bright-line test for determining the 
jurisdictional status of pipeline facilities. Moreover, the distinction between FERC-regulated transmission services and federally unregulated gathering services is the 
subject of litigation from time to time, so the classification and regulation of some of our gathering facilities may be subject to change based on future determinations 
by the FERC and the courts. Thus, we cannot guarantee that the jurisdictional status of our gas gathering facilities will remain unchanged.

We depend on gathering facilities owned and operated by third parties to gather production from our properties, and therefore we are affected by the rates 
charged by these third parties for gathering services. To the extent that changes in federal or state regulations affect the rates charged for gathering services at any of 
these third-party facilities, we may also be affected by these changes. We do not anticipate that we would be affected differently than similarly situated gas 
producers.

Regulation of transportation and sale of oil and natural gas liquids. Intrastate liquids pipeline transportation rates, terms and conditions are subject to 
regulation by numerous federal, state and local authorities and, in a number of instances, the ability to transport and sell such products on interstate pipelines is 
dependent on pipelines that are also subject to FERC jurisdiction under the Interstate Commerce Act (the "ICA"). We do not believe these regulations affect us 
differently than other producers.

The ICA requires that pipelines maintain a tariff on file with the FERC. The tariff sets forth the established rates as well as the rules and regulations 
governing the service. The ICA requires, among other things, that rates and terms and conditions of service on interstate common carrier pipelines be just and 
reasonable. Such pipelines must also provide jurisdictional service in a manner that is not unduly discriminatory or unduly preferential. Shippers have the power to 
challenge new and existing rates and terms and conditions of service before the FERC.

The FERC's regulations include a methodology for oil pipelines to change their rates through the use of an index system that establishes ceiling levels for 
such rates. Under the FERC’s regulations, a liquids pipeline can request a rate increase that exceeds the rate obtained through application of the indexing 
methodology by using a cost-of-service approach, but only after the pipeline establishes that a substantial divergence exists between the actual costs experienced by 
the pipeline and the rates resulting from application of the indexing methodology. For example, on July 1, 2023, oil pipelines regulated by FERC and utilizing this 
index system were able to increase their rates by over 13%, which amounts to the largest index rate increase since FERC initiated this methodology. Increases in 
liquids transportation rates may result in lower revenue and cash flow. In January 2022, the FERC revised the adjustment for this index to be based on Producer Price 
Index for Finished Goods minus 0.21% for the five year period from July 1, 2021 to June 30, 2026. This adjustment is subject to review every five years.

In addition, due to common carrier regulatory obligations of liquids pipelines, capacity must be prorated among shippers in an equitable manner in the event 
there are nominations in excess of capacity by current shippers or capacity requests are received from a new shipper. Therefore, new shippers or increased volume by 
existing shippers may reduce the capacity available to us. Any prolonged interruption in the operation or curtailment of available capacity of the pipelines that we 
rely upon for liquids transportation could have a material adverse effect on our business, financial condition, results of operations and cash flows.
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Environmental and Occupational Health and Safety Matters

Our operations are subject to numerous federal, state and local laws and regulations governing occupational health and safety, the discharge of materials into 
the environment or otherwise relating to environmental protection, some of which carry substantial administrative, civil and criminal penalties for failure to comply. 
These laws and regulations may include, but are not limited to:

• the acquisition of a permit before construction commences;

• restriction of the types, quantities and concentrations of various substances that can be released into the environment in connection with drilling, 
production and transporting through pipelines;

• governing the sourcing and disposal of water used in the drilling and completion process;

• limiting or prohibiting drilling activities on certain lands lying within wilderness, wetlands, frontier and other protected areas;

• requiring some form of remedial action to prevent or mitigate pollution from existing and former operations such as plugging abandoned wells or 
closing earthen impoundments; and

• imposing substantial liabilities for pollution resulting from operations or failure to comply with regulatory filings. 

These laws and regulations also may restrict the rate of production. Moreover, changes in environmental laws and regulations often occur, and any changes 
that result in more stringent and costly well construction, drilling, water management or completion activities or more restrictive waste handling, storage, transport, 
disposal or cleanup requirements for any substances used or produced in our operations could materially adversely affect our operations and financial position, as 
well as those of the oil and natural gas industry in general.

Oil and gas activities have increasingly faced opposition from certain organizations and, in certain areas, have been restricted or banned by governmental 
authorities in response to concerns regarding the prevention of pollution or the protection of the environment. Moreover, some environmental laws and regulations 
may impose strict liability regardless of fault or knowledge, which could subject us to liability for conduct that was lawful at the time it occurred or conduct or 
conditions caused by prior operators or third parties at sites we currently own or where we have sent wastes for disposal. To the extent future laws or regulations are 
implemented or other governmental action is taken that prohibits, restricts or materially increases the costs of drilling, or imposes environmental protection 
requirements that result in increased costs to the oil and gas industry in general, our business and financial results could be adversely affected. The following is a 
summary of some of the environmental laws to which our operations are subject.

Comprehensive Environmental Response, Compensation and Liability Act. The Comprehensive Environmental Response, Compensation and Liability Act, as 
amended ("CERCLA"), also known as the Superfund law and comparable state laws impose liability, without regard to fault or the legality of the original conduct, 
on certain classes of persons who are considered to be responsible for the release or threatened release of a hazardous substance into the environment. These persons 
may include owners or operators of the disposal site or sites where the hazardous substance release occurred and companies that disposed of or arranged for the 
disposal of the hazardous substances at the site where the release occurred. Under CERCLA, all of these persons may be subject to joint and several liability for the 
costs of cleaning up the hazardous substances that have been released into the environment, for damages to natural resources and for the costs of certain health 
studies. In addition, it is not uncommon for neighboring landowners and other third parties, pursuant to environmental statutes, common law or both, to file claims 
for personal injury and property damages allegedly caused by the release of hazardous substances or other pollutants into the environment. Although petroleum, 
including crude oil and natural gas, is not a hazardous substance under CERCLA, at least two courts have ruled that certain wastes associated with the production of 
crude oil may be classified as hazardous substances under CERCLA and that releases of such wastes may therefore give rise to liability under CERCLA. While we 
generate materials in the course of our operations that may be regulated as hazardous substances, we have not received notification that we may be potentially 
responsible for cleanup costs under CERCLA. In addition, certain state laws also regulate the disposal of oil and natural gas wastes. New state and federal regulatory 
initiatives that could have a significant adverse impact on us may periodically be proposed and enacted.

Waste handling. We also may incur liability under the Resource Conservation and Recovery Act, as amended ("RCRA") and comparable state laws, which 
impose requirements related to the handling and disposal of non-hazardous solid wastes and hazardous wastes. Drilling fluids, produced waters, and other wastes 
associated with the exploration, development or production of crude oil, natural gas or geothermal energy are currently regulated by the United States Environmental 
Protection Agency ("EPA") and state agencies under RCRA’s less stringent non-hazardous solid waste provisions. It is possible that these solid wastes could in the 
future be reclassified as hazardous wastes, whether by amendment of RCRA or adoption of new laws, which could significantly increase our costs to manage and 
dispose of such wastes. Moreover, ordinary industrial wastes, such as paint wastes, waste solvents, laboratory wastes and waste compressor oils, may be regulated as 
hazardous wastes. Although the costs of managing wastes classified as hazardous waste may be significant, we do not expect to experience more burdensome costs 
than similarly situated companies in our industry. In December 2016, the EPA agreed in a consent decree to review its regulation of oil and gas waste. As a result, on 
April 23, 2019, the EPA decided to retain its current position on the regulation of oil and gas waste pursuant to RCRA. Nevertheless, any future changes in the laws 
and regulations could have a material adverse effect on our capital expenditures and operating expenses.
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We currently own or lease, and have in the past owned or leased, properties that have been used for many years for the exploration and production of crude 
oil and natural gas. Petroleum hydrocarbons or wastes may have been disposed of or released on or under the properties owned or leased by us, or on or under other 
locations where such materials have been taken for disposal. In addition, some of these properties have been operated by third parties whose treatment and disposal 
or release of petroleum hydrocarbons and wastes was not under our control. These properties and the materials disposed or released on them may be subject to 
CERCLA, RCRA and comparable state laws and regulations. Under such laws and regulations, we could be required to remove or remediate previously disposed 
wastes or property contamination or to perform remedial activities to prevent future contamination.

Water discharges and use. The Federal Water Pollution Control Act, as amended (the "CWA"), and comparable state laws impose restrictions and strict 
controls regarding the discharge of pollutants, including produced waters and other oil and natural gas wastes, into federal and state waters. The discharge of 
pollutants into regulated waters is prohibited, except in accordance with the terms of a permit issued by the EPA or the state. These laws also prohibit the discharge 
of dredge and fill material in regulated waters, including wetlands, unless authorized by permit. These laws and any implementing regulations provide for 
administrative, civil and criminal penalties for any unauthorized discharges of oil and other substances in reportable quantities and may impose substantial potential 
liability for the costs of removal, remediation and damages. Pursuant to these laws and regulations, we may be required to obtain and maintain approvals or permits 
for the discharge of wastewater or storm water and are required to develop and implement spill prevention, control and countermeasure plans, also referred to as 
SPCC plans, in connection with on-site storage of greater than threshold quantities of oil. We regularly review our natural gas and oil properties to determine the 
need for new or updated SPCC plans and, where necessary, we will be developing or upgrading such plans, the costs of which are not expected to be substantial.

The Oil Pollution Act of 1990, as amended ("OPA"), contains numerous requirements relating to the prevention of and response to oil spills into waters of the 
United States. The OPA subjects owners of facilities to strict, joint and several liability for all containment and cleanup costs and certain other damages arising from 
an oil spill, including, but not limited to, the costs of responding to a release of oil to surface waters. While we believe we have been in substantial compliance with 
OPA, noncompliance could result in varying civil and criminal penalties and liabilities.

The Underground Injection Control Program authorized by the Safe Drinking Water Act prohibits any underground injection unless authorized by a permit. In 
connection with our operations, Range may dispose of produced water in underground wells, which are designed and permitted to place the water into deep geologic 
formations, isolated from fresh water sources. However, because some states have become concerned that the disposal of produced water could, under certain 
circumstances, contribute to seismicity, they have adopted or are considering adopting additional regulations governing such disposal. We currently do not utilize 
underground injection in our operations.

Hydraulic fracturing. Hydraulic fracturing, which has been used by the industry for over 60 years, is an important and common practice to stimulate 
production of natural gas and/or oil from dense subsurface rock formations. The hydraulic fracturing process involves the injection of water, sand and chemicals 
under pressure into targeted subsurface formations to fracture the surrounding rock and stimulate production. We routinely apply hydraulic fracturing techniques as 
part of our operations. This process is typically regulated by state environmental agencies and oil and natural gas commissions; however, several federal agencies 
have asserted regulatory authority over certain aspects of the process. For example, the EPA has issued final regulations under the Clean Air Act (as defined below) 
governing performance standards, including standards for the capture of air emissions released during hydraulic fracturing; proposed effluent limit guidelines that 
wastewater from shale gas extraction operations must meet before discharging to a treatment plant; and issued in May 2014 a prepublication of its Advance Notice of 
Proposed Rulemaking regarding Toxic Substances Control Act reporting of the chemical substances and mixtures used in hydraulic fracturing. Additionally, while 
the Federal Bureau of Land Management released a final rule setting forth disclosure requirements and other regulatory mandates for hydraulic fracturing on federal 
lands in March 2015, on December 29, 2017, the United States Department of the Interior rescinded the 2015 rule that would have set new environmental limitations 
on hydraulic fracturing, or fracking, on public lands because it believed the 2015 rule imposed administrative burdens and compliance costs that were not justified. 
Moreover, from time to time, Congress has considered adopting legislation intended to provide for federal regulation of hydraulic fracturing and to require disclosure 
of the chemicals used in the hydraulic fracturing process. On January 20, 2021, President Biden’s first day in office, he issued an executive order which, among other 
things, revoked a series of executive orders, presidential memoranda, and draft agency guidance concerning environmental policy issued during the Trump 
administration. In addition to any actions by Congress, certain states in which we operate, including Pennsylvania, have adopted, and other states are considering 
adopting, regulations imposing or that could impose new or more stringent permitting, public disclosure or well construction requirements on hydraulic fracturing 
operations. For example, in November 2023, Pennsylvania Governor Josh Shapiro instructed the Pennsylvania Department of Environmental Protection ("DEP") to 
take immediate action to pursue formal rulemaking and policy changes, including new requirements for the disclosure of chemicals used in drilling, improved control 
of methane emissions aligned with federal policy, stronger drilling waste protections (including inspection of secondary containment) and corrosion protections for 
gathering lines that transport natural gas. Certain states have prohibited hydraulic fracturing or imposed setbacks that severely limit where drilling and hydraulic 
fracturing can take place.  Range currently does not have operations in any of those states.  Local governments or political subdivisions also may seek to adopt 
ordinances within their jurisdiction regulating the time, place or manner of drilling activities in general or hydraulic fracturing activities in particular. For instance, on 
February 25, 2021, the Delaware River Basin Commission, which supplies drinking water for more than 13 million people in Pennsylvania, Delaware, New Jersey, 
and New York, approved a final rule prohibiting high volume
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hydraulic fracturing in the Delaware River Basin, which includes a portion of the Marcellus Shale that overlaps the Delaware watershed, specifically in northeastern 
Pennsylvania and southern New York State. More recently, in December 2022, the Delaware River Basin Commission voted to prohibit wastewater from hydraulic 
fracturing operations from being deposited into the Delaware River Basin's waters or land. If new or more stringent federal, state or local legal restrictions relating to 
the hydraulic fracturing process are adopted in areas where we currently or in the future plan to operate, we may incur additional, more significant, costs to comply 
with such requirements. As a result, we could also become subject to additional permitting requirements, new setback distances or experience added delays or 
curtailment in the pursuit of exploration, development, or production activities.

In addition, certain government reviews are underway that focus on environmental aspects of hydraulic fracturing practices. In December 2016, the EPA 
issued its final report on the potential of hydraulic fracturing to impact drinking water resources through water withdrawals, spills, fracturing directly into such 
resources, underground migration of liquids and gases and inadequate treatment and discharge of wastewater which did not find evidence that these mechanisms 
have led to widespread, systematic impacts on drinking water resources. However, the EPA’s report did identify future efforts that could be taken to further 
understand the potential of hydraulic fracturing to impact drinking water resources, including ground water and surface water monitoring in areas with hydraulically 
fractured oil and gas production wells. Based on the EPA’s study, existing regulations and our practices, we do not believe our hydraulic fracturing operations are 
likely to impact drinking water resources, but the EPA study could result in initiatives to further regulate hydraulic fracturing under the federal Safe Drinking Water 
Act or other regulatory mechanisms.

We believe that our hydraulic fracturing activities follow applicable industry practices and legal requirements for groundwater protection and that our 
hydraulic fracturing operations have not resulted in material environmental liabilities. We do not maintain insurance policies intended to provide coverage for losses 
solely related to hydraulic fracturing operations; however, we believe our existing insurance policies would cover any alleged third-party bodily injury and property 
damage caused by hydraulic fracturing including sudden and accidental pollution coverage.

Air emissions. The Clean Air Act of 1963, as amended (the "Clean Air Act") and comparable state laws restrict the emission of air pollutants from many 
sources. These laws and any implementing regulations may require us to obtain pre-approval for the construction or modification of certain projects or facilities 
expected to produce air emissions, impose stringent air permit requirements, or use specific equipment or technologies to control emissions. We may be required to 
incur certain capital expenditures in the next few years for air pollution control equipment in connection with maintaining or obtaining operating permits and 
approvals for emissions of pollutants. For example, on December 2, 2023, the EPA released a final rule on the New Source Performance Standards ("NSPS") to 
sharply reduce emissions of methane and other air pollution from oil and natural gas operations. The final rule, as released will, among other things (i) require states 
to reduce methane emissions from hundreds of thousands of existing sources nationwide for the first time, (ii) phase out routine flaring from natural gas wells, (iii) 
require the deployment of innovative and advanced monitoring technologies by establishing performance requirements that can be met by a broader array of 
technologies, (iv) leverage data collected by certified third parties to identify and address "super emitting" sources and eliminate or minimize emissions from 
common pieces of equipment used in oil and gas operations such as process controllers, pumps and storage tanks and (v) require proper documentation that wells are 
properly closed and plugged before monitoring is allowed to end. In response to feedback received during the rule's comment period, the EPA adjusted several 
provisions of the proposed rule to allow extended time for compliance including a two-year phase-in period for eliminating routine flaring of natural gas that is 
emitted from new oil wells. Further, on August 1, 2023, the EPA released a proposed rule to update the Greenhouse Gas Reporting Program for the Petroleum and 
Natural Gas category (subpart W).  Upon finalization, this rule could potentially impact Range's greenhouse gas emissions reported to the EPA in future years.  Also, 
in June 2018, the DEP adopted heightened permitting conditions for all newly permitted or modified natural gas compressor stations, processing plants and 
transmission stations constructed, modified, or operated in Pennsylvania in an effort to regulate emissions of the greenhouse gas at such sites. In furtherance of the 
DEP’s mission to regulate methane emissions, in December 2019, the DEP proposed a rule to regulate emissions of volatile organic compounds (including methane) 
at existing well sites and compressor stations, which, among other obligations, would require natural gas operators to perform quarterly leak detection and 
remediation. The proposed rule was reviewed by the Pennsylvania Office of the Attorney General followed by a sixty day public comment period. Thereafter, the 
Pennsylvania Environmental Quality Board (the "PEQB") adopted the proposed rulemaking and an additional public comment period on July 27, 2020. On May 4, 
2022, the PEQB withdrew the rule. On May 18, 2022, the rule was bifurcated into two separate rules – one for conventional oil and gas sources and one for 
unconventional oil and gas sources. On June 14, 2022, the PEQB adopted the rule for unconventional oil and gas sources. At its October 12, 2022 meeting, the 
PEQB adopted the rule for conventional oil and gas sources. However, on November 14, 2022, the Pennsylvania House Environmental Resources & Energy 
Committee disapproved such final-omitted regulation triggering a 14-calendar-day legislative review period. Since this legislative review period would have 
extended past the December 16, 2022 deadline for Pennsylvania to submit to the EPA a plan implementing the regulation of VOC emissions from oil and gas 
sources, the PEQB, on November 30, 2022, adopted the rule for conventional oil and gas sources as an emergency certified final-omitted rulemaking and former 
Governor Tom Wolf certified that promulgation of such is necessary to respond to an emergency circumstance. On December 10, 2022, both the conventional and 
unconventional rules were published as final. Since then, certain organizations have implemented legal action against the PEQB for failure to follow the 
requirements for rulemaking applicable to the conventional oil and natural gas industry. Compliance with these or any similar subsequently enacted regulatory 
initiatives could directly impact us by requiring installation of new emission controls on
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some of our equipment, resulting in the need for additional permitting and introducing potential permitting delays and increasing our capital expenditures and 
operating costs, which could adversely impact our business.

Climate change. In 2009, the EPA published its findings that emissions of carbon dioxide, methane and other greenhouse gases ("GHGs") present a danger to 
public health and the environment because emissions of such gases are, according to the EPA, contributing to warming of the Earth’s atmosphere and other climatic 
conditions. Based on these findings, the EPA adopted regulations under the existing Clean Air Act establishing Title V and Prevention of Significant Deterioration 
("PSD") permitting reviews for GHG emissions from certain large stationary sources that already are potential major sources of certain principal, or criteria, pollutant 
emissions. We could become subject to these Title V and PSD permitting reviews and be required to install the best available control technology to limit emissions of 
GHGs from any new or significantly modified facilities that we may seek to construct in the future if such facilities emitted volumes of GHGs in excess of threshold 
permitting levels. The EPA has also adopted rules requiring the reporting of GHG emissions from specified emission sources in the United States on an annual basis, 
including certain oil and natural gas production facilities, which include several of our facilities. We believe that our monitoring activities and reporting are in 
substantial compliance with applicable obligations.

Congress has from time to time considered legislation to reduce emissions of GHGs and there have been a number of federal regulatory initiatives to address 
GHG emissions in recent years, such as the establishing of Title V and PSD permitting reviews for GHG emissions, as described in more detail above. Further, on 
December 8, 2021, President Biden signed an executive order whereby the government was directed to cut its GHG emissions by 65% by the end of this decade, 
before reaching carbon neutrality by 2050. Additionally, a number of state and regional efforts have emerged that are aimed at tracking and/or reducing GHG 
emissions by means of cap and trade programs that typically require major sources of GHG emissions, such as electric power plants, to acquire and surrender 
emission allowances in return for emitting those GHGs. For example, in August 2022, Congress enacted the Inflation Reduction Act, which among other things, 
adopted a methane emissions fee to be assessed against oil and gas operators. Thereafter, the EPA issued proposed rules regarding the calculation of the so-called 
waste emissions fee and collection of those fees. While Range's methane emissions intensity remains low and below the stated threshold as currently proposed, 
changes to the calculation of that fee could result in fees in the future.

Although it is not possible at this time to predict how legislation or new regulations that may be adopted to address GHG emissions would impact our 
business, any such future federal or state laws and regulations, or international compacts could require us to incur increased operating costs, such as costs to purchase 
and operate emissions control systems, to acquire emission allowances or comply with new regulatory or reporting requirements. On an international level, the 
United States was one of almost 200 nations that, in December 2015, agreed to an international climate change agreement in Paris, France the ("Paris Agreement") 
that calls for countries to set their own GHG emissions targets and be transparent about the measures each country will use to achieve its GHG emissions targets, 
which agreement formally entered into force on November 4, 2016. While the United States formally accepted that agreement in September 2016, on June 1, 2017, 
then President Trump determined to withdraw the United States from the Paris Agreement. Under the terms of the Paris Agreement, the earliest possible effective 
date for withdrawal by the United States was November 4, 2020. However, on January 20, 2021, President Biden signed an executive order directing the United 
States to rejoin the Paris Agreement, which became official on February 19, 2021. It is not yet clear how rejoining the Paris Agreement or any separately negotiated 
agreement could impact us.

Upon taking office in January 2021, President Biden announced that he would demand that Congress enact legislation in the first year of his presidency that 
(i) establishes milestone environmental targets no later than the end of his first term in 2025, (ii) makes a significant investment in clean energy and climate research 
and innovation and (iii) incentivizes the rapid development of clean energy innovations across the economy, especially in communities most impacted by climate 
change. For example, on January 20, 2021, President Biden issued Executive Order No. 13990 requiring the heads of all federal agencies to review any agency 
activity under the Trump administration that would be considered to be inconsistent with the Biden administration’s environmental policies and consider suspending, 
revising, or rescinding those actions. As a result, in April 2021, the Secretary of the Interior issued two Secretarial Orders intended to prioritize action on climate 
change and revoking at least 12 orders issued under the Trump administration that are no longer consistent with the United States Department of the Interior's policy 
priorities under President Biden. Furthermore, on January 27, 2021, President Biden issued executive orders for the purpose of combating climate change including 
pausing new oil and gas leases on federal land and cutting fossil fuel subsidies. Finally, it should be noted that some scientists have concluded that increasing 
concentrations of GHGs in the Earth’s atmosphere may produce climate changes that have significant physical effects, such as increased frequency and severity of 
storms, droughts, floods and other climatic events. If any such effects were to occur, they could have an adverse effect on our financial condition and results of 
operations.

We believe we are in substantial compliance with currently applicable environmental laws and regulations. Although we have not experienced any material 
adverse effect from compliance with environmental requirements, there is no assurance that this will continue. We did not have any material capital or other non-
recurring expenditures in connection with complying with environmental laws or environmental remediation matters in 2023, nor do we anticipate that such 
expenditures will be material in 2024. However, we regularly incur expenditures and undertake projects to comply with environmental laws and to optimize our 
emissions performance. We anticipate those costs will continue to be incurred in the future.
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Occupational health and safety. We are also subject to the requirements of the federal Occupational Safety and Health Act, as amended ("OSHA"), and 
comparable state laws that regulate the protection of the health and safety of employees. In addition, OSHA’s hazard communication standard requires that 
information be maintained about hazardous materials used or produced in our operations and that this information be provided to employees, state and local 
government authorities and citizens. We believe that our operations are in substantial compliance with the OSHA requirements.
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GLOSSARY OF CERTAIN DEFINED TERMS

The terms defined in this glossary are used in this report.

bbl. One stock tank barrel, or 42 U.S. gallons liquid volumes, used herein in reference to crude oil or other liquid hydrocarbons.

bcf. One billion cubic feet of gas.

bcfe. One billion cubic feet of natural gas equivalents, based on a ratio of 6 mcf for each barrel of oil or NGLs, which reflects relative energy content.

btu. One British thermal unit, an energy equivalence measure. A British thermal unit is the heat required to raise the temperature of one pound of water from 58.5 to 
59.5 degrees Fahrenheit.

Development well. A well drilled within the proved area of an oil or natural gas reservoir to the depth of a stratigraphic horizon known to be productive.

Dry hole. A well found to be incapable of producing oil or natural gas in sufficient economic quantities.

Exploratory well. A well drilled to find oil or natural gas in an unproved area or to find a new reservoir in an existing field previously found to be productive in 
another reservoir.

Gross acres or gross wells. The total acres or wells, as the case may be, in which a working interest is owned.

Henry Hub price. A natural gas benchmark price quoted at settlement date average.

mbbl. One thousand barrels of crude oil or other liquid hydrocarbons.

mcf. One thousand cubic feet of gas.

mcf per day. One thousand cubic feet of gas per day.

mcfe. One thousand cubic feet of natural gas equivalents, based on a ratio of 6 mcf for each barrel of oil or NGLs, which reflects relative energy content.

mmbbl. One million barrels of crude oil or other liquid hydrocarbons.

mmbtu. One million British thermal units.

mmcf. One million cubic feet of gas.

mmcfe. One million cubic feet of gas equivalents.

NGLs. Natural gas liquids, which are naturally occurring substances found in natural gas, including ethane, butane, isobutane, propane and natural gasoline that can 
be collectively removed from produced natural gas, separated into these substances and sold.

Net acres or Net wells. The sum of the fractional working interests owned in gross acres or gross wells.

NYMEX. New York Mercantile Exchange.

Present Value (PV). The present value of future net cash flows, using a 10% discount rate, from estimated proved reserves, using constant prices and costs in effect 
on the date of the report (unless such prices or costs are subject to change pursuant to contractual provisions). The after-tax present value is the Standardized 
Measure.

Productive well. A well that is producing oil or gas or that is capable of production.

Proved developed non-producing reserves. Reserves that consist of (i) proved reserves from wells which have been completed and tested but are not producing due 
to lack of market or minor completion problems which are expected to be corrected and (ii) proved reserves currently behind the pipe in existing wells and which are 
expected to be productive due to both the well log characteristics and analogous production in the immediate vicinity of the wells.

Proved developed reserves. Proved reserves that can be expected to be recovered (i) through existing wells with existing equipment and operating methods or in 
which the cost of the required equipment is relatively minor compared to the cost of a new well and (ii) through installed extracting equipment and infrastructure 
operational at the time of the reserve estimate if the extraction is by means not involving a well.
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Proved reserves. The quantities of crude oil, natural gas and NGLs that geological and engineering data can estimate with reasonable certainty to be economically 
producible within a reasonable time from known reservoirs under existing economic, operating and regulatory conditions prior to the time at which contracts 
providing the right to operate expire, unless evidence indicates that renewal is reasonably certain.

Proved undeveloped reserves. Proved reserves that are expected to be recovered from new wells on undrilled acreage, or from existing wells where a relatively major 
expenditure is required for recompletion.

Recompletion. The completion for production of an existing well bore in another formation from that in which the well has been previously completed.

Reserve life index. Proved reserves at a point in time divided by the then production rate (annually or quarterly).

Royalty acreage. Acreage represented by a fee mineral or royalty interest which entitles the owner to receive free and clear of all production costs a specified portion 
of the oil and gas produced or a specified portion of the value of such production.

Royalty interest. An interest in an oil and gas property entitling the owner to a share of oil and natural gas production free of costs of production.

Standardized Measure. The present value, discounted at 10%, of future net cash flows from estimated proved reserves after income taxes, calculated holding prices 
and costs constant at amounts in effect on the date of the report (unless such prices or costs are subject to change pursuant to contractual provisions) and otherwise in 
accordance with the Commission’s rules for inclusion of oil and gas reserve information in financial statements filed with the Commission.

tcfe. One trillion cubic feet of natural gas equivalents, with one barrel of NGLs or crude oil being equivalent to 6,000 cubic feet of natural gas.

Unproved properties. Properties with no proved reserves.

Working interest. The operating interest that gives the owner the right to drill, produce and conduct operating activities on the property and a share of production, 
subject to all royalties, overriding royalties and other burdens, and to all costs of exploration, development and operations, and all risks in connection therewith.

Unconventional play. A term used in the oil and gas industry to refer to a play in which the targeted reservoirs generally fall into one of three categories: (1) tight 
sands, (2) coal beds or (3) shales. The reservoirs tend to cover large areas and lack the readily apparent traps, seals and discrete hydrocarbon-water boundaries that 
typically define conventional reservoirs. These reservoirs generally require fracture stimulation or other special recovery processes in order to achieve economic flow 
rates.

ITEM 1A.  RISK FACTORS

While we utilize robust processes and resources to identify and manage risks, we are subject to various risks and uncertainties in the course of our business, 
some of which are comparable to the risks any business is exposed to and some that are unique to our operations. The following summarizes the known material risks 
and uncertainties that may adversely affect our business, financial condition or results of operations. When considering making or maintaining an investment in our 
securities, you should carefully consider the risk factors included below as well as those matters referenced in the section entitled Disclosures Regarding Forward-
Looking Statements and other information included and incorporated by reference into this Annual Report on Form 10-K. These risks are not the only risks we face. 
Our business could also be impacted by additional risks and uncertainties not currently known to us or that we believe not to be material based on the information we 
have at this time. If any of the events described below as risks actually occur, it could materially harm our business, financial condition or results of operations or 
impair our ability to implement our business plans or complete development activities as expected. In that case, the market price of our common stock could decline 
or, if severe enough, the entire value of an investment in our securities could become worthless.

Economic risks related to our business

Volatility of natural gas, NGLs and oil prices significantly affects our cash flow and capital resources and could hamper our ability to operate 
economically. Natural gas, NGLs and oil prices are volatile, and a decline in prices adversely affects our profitability and financial condition. As a commodity 
business, the oil and gas industry is typically cyclical and we expect the volatility to continue. Natural gas prices are likely to affect us more than oil prices because 
approximately 64% of our proved reserves were natural gas as of December 31, 2023 and, at times in the past, natural gas prices have been low compared to our 
costs to produce. Natural gas, NGLs and oil prices fluctuate in response to changes in supply and demand, market uncertainty and other factors that are beyond our 
control. These factors include:
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• events that impact domestic and foreign supply of, and demand for, natural gas, NGLs and oil, including impacts from global health pandemics and 
related concerns; 

• the continued operation of liquefied natural gas (LNG) facilities to supply foreign markets with natural gas and the ability to transport the product to 
markets due to shipping restrictions or terrorist threats and attacks;

• changes in weather patterns and climate, including natural disasters such as hurricanes and tornadoes; 

• technological advances affecting energy consumption, storage and energy supply; 

• the production levels of non-OPEC countries, including production levels in the United States’ shale plays; 

• general economic conditions worldwide; 

• the price and availability of, and demand for, alternative and competing forms of energy, such as nuclear, hydroelectric, wind and solar;

• the level of drilling, completion and production activities by other companies, and variability therein, in response to market conditions;

• the effect of worldwide energy conservation efforts; 

• the ability of the members of OPEC and other exporting nations to agree to production controls;

• military, economic and political conditions in natural gas and oil producing regions; 

• the cost of exploring for, developing, producing, transporting and marketing natural gas, NGLs and oil; and

• domestic (federal, state and local) and foreign governmental regulations and taxation, including further legislation requiring, subsidizing or providing 
tax benefits for the use of alternative energy sources and fuels. 

The long-term effects of these and other factors on the prices of natural gas, NGLs and oil prices are uncertain. Historical declines in natural gas and NGLs 
commodity prices have adversely affected our business by:

• reducing the amount of natural gas, NGLs and oil that we can economically produce;

• reducing our revenues, operating income and cash flows;

• reducing the amount of cash flows available for capital expenditures;

• increasing the cost of obtaining capital, such as equity and debt financings; and

• reducing the standardized measure of discounted future net cash flows relating to natural gas, NGLs and oil.

If demand for natural gas, NGLs and oil is reduced, the prices we receive for and our ability to market and produce our natural gas, NGLs and oil may 
be negatively affected. Volatility in natural gas, NGLs and oil markets and the price we receive for our production is largely determined by various factors beyond 
our control. Production from natural gas and oil wells in some geographic areas of the United States has been or could be curtailed for considerable periods of time 
due to lack of local market demand and transportation and storage capacity. In the recent past, we have temporarily shut-in wells due to low commodity prices and it 
is possible that some of our wells may be shut-in in the future or sales terms may be less favorable than might otherwise be obtained should demand for our products 
decrease and/or prices decrease. Competition for markets has been vigorous and there remains uncertainty about prices purchasers will pay or the availability of 
sufficient storage, all of which could have a material adverse effect on our cash flows, results of operations and financial position.

We could experience periods of higher costs. These cost increases could reduce our profitability, cash flow and ability to conduct development activities as 
planned. We rely on third-party contractors to provide key services and equipment for our operations. Historically, our capital and operating costs have risen during 
periods of increasing oil, NGLs and gas prices. These cost increases result from a variety of factors beyond our control, such as increases in the cost of electricity, 
steel and other raw materials that we and our vendors rely upon; increased demand for labor, services and materials as drilling and completions activity increases; 
and increased taxes. Increased levels of drilling activity in the natural gas and oil industry could lead to increased costs of some drilling equipment, materials and 
supplies. Such costs may rise faster than increases in our revenue, thereby negatively impacting our profitability, cash flow and ability to conduct development 
activities as planned and on budget.

Based on the cost inflation pressure experienced over the last few years, we continue to undertake actions and implement plans to strengthen our supply 
chain. Nevertheless, we expect to experience some supply chain constraints and inflationary pressure on our cost structure including steel, fuel and labor, among 
other items, for the foreseeable future. By continuing to focus on cost control initiatives and actions, which increase our drilling, completion and operating 
efficiencies, we are able to mitigate some inflationary pressures.
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Our debt obligations may limit our liquidity and financial flexibility. We are a borrower under fixed rate senior notes and maintain a bank credit facility 
which had no debt outstanding as of December 31, 2023. Our exploration and development program requires substantial capital resources depending on the level of 
drilling and the expected cost of services. Existing operations also require ongoing capital expenditures. Increases in our level of debt may:

• require us to dedicate a substantial portion of our cash flows from operations to the payment of our indebtedness, reducing the funds available for our 
operations or return of capital to stockholders; 

• may make us vulnerable to increases in interest rates; 

• increase our vulnerability to a downturn in commodity prices or the general economy; 

• place us at a competitive disadvantage compared to our competitors with lower debt service obligations;

• limit our operating flexibility due to financial and other restrictive covenants; and

• limit our flexibility to maintain or grow our business and plan for, or react to, changes in our business and the industry in which we operate.

Historically, we have funded our capital expenditures through a combination of cash flow from operations, our bank credit facility and debt and equity 
issuances. We have also engaged in asset monetization transactions. Future cash flows are subject to a number of variables, such as the level of production from 
existing wells, prices of natural gas, NGLs and oil and our success in developing and producing our reserves. If our access to capital were limited as a result of 
various factors, which could include a decrease in revenues due to lower natural gas, NGLs and oil prices or decreased production or deterioration of the credit and 
capital markets, we would have a reduced ability to fund our operations and replace our reserves resulting in stress on our financial flexibility.

The amount available for borrowing under our bank credit facility is subject to a borrowing base, which is determined by our lenders, taking into account our 
estimated proved reserves and is subject to periodic redeterminations based on pricing models determined by the lenders at such time. Declines in natural gas, NGLs 
and oil prices adversely impact the value of our estimated proved reserves and, in turn, the market values used by our lenders to determine our borrowing base and 
could result in a determination to lower our borrowing base, reducing our financial flexibility.

Disruptions or volatility in the global finance markets may lead to a contraction in credit availability impacting our ability to finance our operations. We 
benefit from continued access to capital. A significant reduction in cash flows from operations or the availability of credit could materially and adversely affect our 
ability to conduct our planned operations, our ability to manage our debt maturities and our flexibility to react to changing economic and business conditions. We are 
also exposed to some credit risk related to our bank credit facility to the extent that one or more of our lenders experiences liquidity problems and is unable to 
provide necessary funding to us under our existing revolving line of credit.

Any failure to meet our debt obligations could harm our business, financial condition and results of operations. Our earnings and cash flow will fluctuate 
from year to year due to the variable nature of commodity prices. If our cash flow and capital resources are insufficient to fund our debt obligations, we may be 
forced to sell assets, seek equity sales or restructure our debt. Our ability to restructure our debt will depend on the condition of the capital markets and our financial 
condition at such time. Any restructuring of debt could be at higher interest rates and may require us to comply with more onerous covenants, which could further 
restrict our operations and our financial flexibility. The terms of existing or future debt instruments may restrict us from adopting some of these alternatives.

We receive debt ratings from the major credit rating agencies in the United States. Factors that may impact our credit ratings include debt levels, planned 
asset purchases or sales and near-term and long-term cash flow relative to debt balances. Liquidity, asset quality, cost structure, product mix (natural gas, NGLs and 
crude oil) and projected commodity pricing levels are also considered by the rating agencies. A ratings downgrade could adversely impact our ability to access debt 
markets in the future, increase the cost of future debt and could require us to post letters of credit or other forms of collateral for certain obligations. We cannot 
provide assurance that our current ratings will remain in effect for any given period of time or that a rating will not be downgraded in the future.

As a result of cross-default provisions in our borrowing arrangements, we may be unable to satisfy all of our outstanding obligations in the event of a 
default on our part. The terms of our senior indebtedness, including our revolving credit facility, contain cross-default provisions which provide that we will be in 
default under such agreements in the event of certain defaults under our indentures or other loan agreements. Accordingly, should an event of default above certain 
thresholds occur under any of those agreements, we face the prospect of being in default under all of our debt agreements, obligated in such instance to satisfy all of 
our outstanding indebtedness but in all probability unable to satisfy all of our outstanding obligations simultaneously. In such an event, we might not be able to 
obtain alternative financing or, if we are able to obtain such financing, we might not be able to obtain it on terms acceptable to us, which would negatively affect our 
ability to continue our business plan, make capital expenditures and finance our operations.
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Derivative transactions may limit our potential gains and involve other risks. To manage our exposure to commodity price volatility, we currently, and 
likely will in the future, enter into derivative arrangements, utilizing commodity derivatives ("hedges") with respect to a portion of our future production. Hedges are 
generally designed to lock in prices for commodities to limit volatility and increase the predictability of cash flow. These hedging transactions can limit our potential 
gains if natural gas, NGLs and oil prices rise above the price established by the hedge. In addition, derivative transactions may expose us to the risk of financial loss 
in certain circumstances, including instances in which:

• our production is less than expected; 

• the counterparties to our futures contracts fail to perform on their contract obligations; or 

• an event materially impacts natural gas, NGLs or oil prices or the relationship between the hedged price index and the natural gas or oil sales prices 
we receive. 

We cannot be certain that any derivative transaction we may enter into will adequately protect us from declines in the prices of natural gas, NGLs or oil. 
Furthermore, where we choose not to engage in derivative transactions in the future, we may be more adversely affected by decreases in natural gas, NGLs or oil 
prices than our competitors who utilize derivative transactions. Lower natural gas, NGLs and oil prices over a longer term will also negatively impact our ability to 
enter into derivative contracts at prices that exceed our costs of production.

We are exposed to a risk of financial loss if a counterparty fails to perform under a derivative contract. We are unable to predict sudden changes in a 
counterparty’s creditworthiness or ability to perform. Even if we do accurately predict such changes, our ability to mitigate the risk may be limited depending upon 
market conditions. Furthermore, the bankruptcy of one or more of our hedge counterparties, or some other similar proceeding or liquidity constraint, would make it 
unlikely we would be able to collect all or a significant portion of amounts owed to us by the distressed entity or entities. During periods of falling commodity prices, 
our derivative receivable positions increase, which increases our exposure to the counterparties. If the creditworthiness of our counterparties deteriorates and results 
in their nonperformance, we could incur a significant loss.

Risks related to our operations

Drilling is an uncertain and costly activity. The cost of drilling, completing, and operating a well is often uncertain, and many factors can adversely affect 
the economics of a well. Our efforts will be uneconomical if we drill dry holes or wells that are productive but do not produce enough natural gas, NGLs and oil to 
be commercially viable after drilling, operating and other costs. There is no way to conclusively know in advance of drilling and testing whether any particular 
prospect will yield natural gas, NGLs or oil in commercially viable quantities. Furthermore, our drilling and producing operations may be curtailed, delayed, or 
canceled as a result of a variety of factors, including, but not limited to:

• increases in the costs, shortages or delivery delays of drilling rigs, equipment, water for hydraulic fracturing services, labor, or other services; 

• unexpected operational events and drilling conditions; 

• reductions in natural gas, NGLs or oil prices; 

• limitations in the market for natural gas, NGLs or oil; 

• facility or equipment malfunctions or operator error; 

• equipment failures or accidents; 

• loss of title and other title-related issues; 

• pipe or cement failures and casing collapses; 

• compliance with, or changes in, permitting, environmental, tax and other governmental requirements; 

• environmental hazards, such as natural gas leaks, oil spills, pipeline and tank ruptures, and unauthorized discharges of hazardous materials; 

• lost or damaged oilfield drilling and service tools; 

• unusual or unexpected geological formations; 

• loss of drilling fluid circulation; 

• pressure or irregularities in geological formations; 

• fires, surface craterings, blowouts or explosions; 

• uncontrollable flows of oil, natural gas or well fluids;

• availability and timely issuance of required governmental permits and licenses; and

• civil unrest or protest activities.
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If any of these factors were to occur, we could lose all or a part of our investment or we could fail to realize the expected benefits, either of which could 
materially and adversely affect our revenue and profitability. Our operations involve utilizing drilling and completion techniques as developed by us and our service 
providers. Risks that we face while drilling horizontal wells include, but are not limited to, the following:

• landing the wellbore in the desired drilling zone;

• drilling the wellbore to the full planned length;

• staying in the desired drilling zone while drilling horizontally through the formation;

• running casing the entire length of the wellbore; and

• being able to run tools and other equipment consistently through the horizontal wellbore.

Risks that we face while completing horizontal wells include, but are not limited to, the following:

• the ability to fracture stimulate the planned number of stages;

• the ability to run tools the entire length of the wellbore during completion operations; and 

• the ability to successfully clean out the wellbore after completion of the final fracture stimulation stage.

Our identified drilling locations are scheduled out over multiple years, making them susceptible to uncertainties that could materially alter the 
occurrence or timing of their drilling. Unless we successfully replace the reserves that we produce, our reserves will decline as reserves are depleted, eventually 
resulting in a decrease in production and lower revenues and cash flow from operations. Our management team has specifically identified and scheduled certain 
drilling locations for future multi-year drilling activities on our existing acreage. Our ability to drill and develop these locations depends on a number of 
uncertainties, including natural gas and oil prices, the availability and cost of capital, drilling and production costs, the availability of drilling services and equipment, 
drilling results, lease expirations, transportation constraints, permits, regulatory and zoning approvals and other factors. Because of these uncertain factors, we do not 
know if all of the numerous drilling locations we have identified will ever be drilled. In addition, unless production is established within the spacing units covering 
the undeveloped acres for which some of the drilling locations are obtained, the leases for such acreage will expire. These risks are greater at times and in areas 
where the pace of our exploration and development activity slows. As such, our actual drilling activities may materially differ from those presently identified. In 
addition, we will require significant capital over a prolonged period in order to pursue the development of these locations, and we may not be able to raise or 
generate the capital required to do so. Any drilling activities we are able to conduct on these locations may not be successful or result in our ability to add proved 
reserves to our overall proved reserves or may result in a downward revision of our estimated proved reserves, which could have a material adverse effect on our 
business and results of operations and financial condition.

Our business is subject to operating hazards that could result in substantial losses or liabilities that may not be fully covered under our insurance policies. 
While we have processes and procedures that we utilize to mitigate operational risks, natural gas, NGLs and oil operations are subject to many risks, including well 
blowouts, craterings, explosions, uncontrollable flows of oil, natural gas or well fluids (especially those that reach surface water or groundwater), fires, pipe or 
cement failures, pipeline ruptures or spills, vandalism, pollution, releases of toxic gases, geological formations with abnormal or unexpected pressures, adverse 
weather conditions or natural disasters and other environmental hazards and risks. In addition, our operations are sometimes near populated commercial or residential 
areas. If any of these hazards occur, we could sustain substantial losses as a result of:

• personal injury or loss of life; 

• damage to or destruction of property, natural resources and equipment; 

• pollution or other environmental damage; 

• investigatory and cleanup responsibilities; 

• regulatory investigations and penalties or lawsuits; 

• suspension of operations by regulatory authorities; and 

• repairs and remediation to resume operations.

We maintain insurance against many, but not all, potential losses or liabilities arising from our operations in accordance with what we believe are customary 
industry practices and in amounts and at costs that we believe to be prudent and commercially practicable. Our insurance includes deductibles that must be met prior 
to recovery, as well as sub-limits and/or self-insurance. Additionally, our insurance is subject to exclusions and limitations. Our insurance does not cover every 
potential risk associated with our operations, including the potential loss of significant revenues. We can provide no assurance that our insurance coverage will 
adequately protect us against liability from all potential consequences, damages and losses.
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We may elect not to purchase insurance in instances where we determine that the cost of available insurance is excessive relative to the risks we believe are 
presented. However, such determinations may prove to be incorrect. Further, some forms of insurance may become unavailable in the future. If we incur liability 
from a significant event and the damages are not covered by insurance or are in excess of policy limits, then we would have lower revenues and funds available to us 
for our operations, that could, in turn, have a material adverse effect on our business, financial condition and results of operations.

Additionally, we rely to a large extent on facilities owned and operated by third parties, in particular gas transportation and processing facilities, and damage 
to, or destruction of, those third-party facilities could affect our ability to process, transport and sell our production. To a limited extent, we maintain business 
interruption insurance related to three third-party processing plants and connecting lines for our wells in Pennsylvania where we are insured for potential catastrophic 
losses from the interruption of production caused by a covered loss of or damage to the processing plants; however, such insurance is limited and may not adequately 
protect us from all potential consequences, damages and losses.

Our producing properties are concentrated in the Pennsylvania portion of the Appalachian Basin, making us vulnerable to risks associated with 
operating in one geographic and political region. Essentially 100% of our total estimated proved reserves are located in the Appalachian Basin in Pennsylvania. We 
are additionally vulnerable to processing and transportation constraints for our products. We are more heavily exposed to the extensive and evolving regulatory 
environment in Pennsylvania which may lead to additional costs, delays or interruptions of construction, development and production from our wells. See also The 
natural gas industry is subject to extensive regulation below. Additionally, local governments in Pennsylvania are authorized to adopt and implement ordinances and 
impose certain restrictions regarding siting of our well sites, tank pads and other related facilities. Approval from one or more local governmental bodies, some 
following a public hearing, may be required before commencing construction of our facilities which can result in delay, increased expense or in some cases, 
prevention of development. Moreover, new initiatives or regulations could include restrictions on our ability to conduct certain operations such as hydraulic 
fracturing or disposal of substances generated by our operations, including, but not limited to, produced water, drilling fluids and other wastes associated with our 
operations or propose new setback distances. For example, in November 2023, Pennsylvania Governor Josh Shapiro instructed the DEP to take immediate action to 
pursue formal rulemakings and policy changes, including new requirements for the disclosure of chemicals used in drilling, improved control of methane emissions 
aligned with federal policy, stronger drilling waste protections (including inspection of secondary containment) and corrosion protections for gathering lines that 
transport natural gas. Currently there are a few states that have elected to ban hydraulic fracturing altogether, including Washington, New York, Maryland, Vermont 
and Oregon (which temporarily suspended hydraulic fracturing until 2025). Should Pennsylvania or the federal government ban hydraulic fracturing, it would 
preclude economic development of our Marcellus Shale reserves resulting in severe financial consequences to us.

We use a significant amount of water in our hydraulic fracturing operations. Our inability to locate sufficient amounts of water or dispose of or recycle 
water used in our operations may have a material adverse effect on our financial condition, results of operations and cash flows. Water is an essential component 
of our drilling and hydraulic fracturing processes. Limitation or restrictions on our ability to secure sufficient amounts of water (including limitations from natural 
causes such as drought) could impact our operations. If we are unable to obtain water to use in our operations from local sources, we may need to obtain it from new 
sources and transport the water to drilling sites, resulting in increased costs. We must either dispose of or recycle water used in our operations. Compliance with 
environmental and permit requirements governing the withdrawal, storage and use of recyled water, surface water or groundwater may increase costs and cause 
delays, interruptions or termination of our operations.

Our business depends on natural gas and oil transportation and NGLs processing facilities which are owned by others and depends on our ability to 
contract with those parties. Our ability to sell our natural gas, NGLs and oil production depends in part on the availability, proximity and capacity of gathering and 
transportation pipeline systems, processing facilities, rail cars, trucks or vessels owned by third parties and our ability to contract with those third parties. The lack of 
available capacity on these systems and facilities could result in the shut-in of producing wells or the delay or discontinuance of development plans for properties. 
See also above Our producing properties are concentrated in the Pennsylvania portion of the Appalachian Basin, making us vulnerable to risks associated with 
operating in one geographic and political region. Although we have some contractual control over the transportation of our products, material changes in these 
business relationships, including the financial condition of the contractual counterparties, could materially affect our operations. In some cases, we do not purchase 
firm transportation on third-party facilities and as a result, our production transportation can be interrupted by those having firm arrangements. In other cases, we 
have entered into firm transportation arrangements where we are obligated to pay fees on minimum volumes regardless of actual volume throughput. If production 
decreases due to reduced or delayed developmental activities, the current commodity price environment, production related difficulties or otherwise, we may be 
unable to utilize all of our rights under existing firm transportation contracts, resulting in obligations to pay fees without receiving revenue from sales. Such fees may 
be significant and may have a material adverse effect on our operations. We have also entered into long-term agreements with third parties to provide natural gas 
gathering and processing services. In some cases, the capacity of gathering systems and transportation pipelines may be insufficient to accommodate production from 
existing and new wells. Federal and state regulation of natural gas and oil production and transportation, tax and energy policies, changes in supply and demand, 
pipeline pressures, damage to or destruction of pipelines and general economic conditions could adversely affect our ability to produce, gather and transport natural 
gas, NGLs and oil. If any of
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these third-party pipelines or other facilities become partially or fully unavailable to transport or process our product, or if the natural gas quality specifications for a 
natural gas pipeline or facility change so as to restrict our ability to transport natural gas on those pipelines or facilities, our revenues could be adversely affected.

The disruption of third-party facilities due to maintenance, mechanical failures, accidents, weather and/or other reasons could negatively impact our ability to 
market and deliver our products. In particular, the disruption of certain third-party natural gas processing facilities that support our core operating area in southwest 
Pennsylvania could materially affect our ability to market and deliver natural gas production in that area especially if such disruption were to last for more than a 
short duration which could result in the necessity to curtail a significant amount of our production. We have no control over when or if such facilities are restored and 
generally have no control over what prices will be charged. A total shut-in of production could severely affect us due to a lack of cash flow, and if a substantial 
portion of the production volume is hedged at lower than market prices, our obligation to the counterparty under those financial hedges would have to be paid from 
borrowings thus further adversely affecting our financial condition.

Risks related to the industry in which we operate

The natural gas industry is subject to extensive regulation. Natural gas, NGLs, condensate and other hydrocarbons, as well as our operations to produce 
these products, are subject to extensive laws, regulations, and ordinances at the federal, state and local level. Further, new legislation, proposed rulemaking and 
ordinance amendments affecting the industry are under constant review for more expansive requirements and rules on our products and operations. Compliance with 
new and expanding laws from numerous governmental departments and agencies often increases our cost of doing business, delays our operations and decreases our 
profitability. Certain potential legislation, such as a ban on hydraulic fracturing, could even preclude our ability to economically develop our reserves.

Matters subject to laws and regulations affecting our business include, but are not limited to: the amount and types of substances and material that may be 
released into the environment, including GHGs; responding to unexpected releases of regulated substances or materials to the environment; the sourcing and disposal 
of water used in the drilling and completions process; permits, performance rules and reporting obligations concerning drilling, completion and production 
operations; threatened or endangered species and waterway protection efforts; and climate related initiatives.

Environmental regulations and pollution liability could expose us to significant costs and penalties. We may incur significant costs and liabilities in 
complying with existing or future environmental laws, regulations and enforcement policies or initiatives. Some of these environmental laws and regulations may 
impose strict, joint and several liability regardless of fault or knowledge, which could subject us to liability for conduct that was lawful at the time it occurred, or 
conditions caused by prior owners or operators or which relate to third party sites where we have taken materials for recycling or disposal. Pennsylvania law also 
imposes criminal liability for certain releases of substances, regardless of fault or intent. Failure to comply with these laws and regulations may result in the 
occurrence of delays, cancellations or restrictions in permitting or performance of our projects or other operations and subject us to administrative, civil and/or 
criminal penalties, corrective actions and orders enjoining some or all of our operations. Our operations may be impacted by new and amended laws and regulations 
and reinterpretations of existing laws and regulations or increased government enforcement relating to environmental laws. For example, properly handled drilling 
fluids and produced water are currently exempt from regulation as hazardous waste under RCRA, and instead are regulated under RCRA’s non-hazardous waste 
provisions. It is possible that the EPA may in the future propose rulemaking that designates such wastes as hazardous rather than non-hazardous, and a similar 
designation may be made at the state level. Should this occur at the federal and/or state level it could result in significant costs to attain and maintain compliance.

We may also be exposed to liability and costs for handling of hydrocarbons, air emissions and wastewater or other fluid discharges related to our operations 
and waste disposal practices. Spills or other unauthorized releases of hazardous or regulated substances by us, our contractors or resulting from our operations could 
expose us to material losses, expenditures and liabilities, civil and criminal liabilities, under environmental laws and regulation and we are currently and have in the 
past been involved in such investigations, remediation and monitoring activities. The Pennsylvania Office of the Attorney General has publicly announced 
investigations and charges generally related to our industry in Pennsylvania. Additionally, neighboring landowners and other third parties may assert claims or file 
lawsuits against us for personal injury and/or property damage allegedly caused by the release of substances into the environment, with or without evidence of an 
impact from our operations, all of which could also result in significant litigation or settlement costs as well as reputational harm.

Laws and regulations pertaining to threatened and endangered species and protection of waterways could delay or restrict our operations and cause us to 
incur substantial costs. Various federal and state statutes prohibit actions or operations that adversely affect endangered or threatened species and their habitats. 
These statutes include the federal Endangered Species Act of 1973 ("ESA"), the Migratory Bird Treaty Act, the CWA, CERCLA and similar state programs. The 
United States Fish and Wildlife Service ("FWS") may designate critical habitat and suitable habitat areas that it believes are necessary for survival of threatened or 
endangered species. A critical habitat or suitable habitat designation could result in material restrictions to land use and delay, restrict or even prevent our operations. 
The Biden administration has taken action to broaden enforcement under ESA, including expanding the definition of critical habitat. While none of the species listed 
by FWS as threatened or endangered materially affect our operations at the present
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time, the future designation of previously unprotected species as threatened or endangered in areas where we conduct our operations or expansion of areas designated 
as critical habitat could cause us to incur increased costs arising from species protection measures and/or limit or prevent our ability to operate which could have an 
adverse effect on our ability to develop and produce reserves.

Additionally, operations may be impacted by the existence of wetlands or other environmentally sensitive areas based upon the scope of the CWA and its 
protection of waters of the United States. On December 30, 2022, the EPA announced a final rule related to a revised definition of waters of the United States that 
included a broader interpretation similar to the pre-2015 definition. However, on May 5, 2023, the Supreme Court issued a landmark ruling in Sackett v. EPA 
significantly narrowing the scope of the EPA's definition of the "waters of the United States". The EPA subsequently published a new final rule on September 8, 2023 
defining "waters of the United States" to conform to the Supreme Court's ruling in Sackett, thereby narrowing the scope of federal jurisdiction under the CWA. The 
EPA may change its rules in the future. To the extent that legal challenges or any further rulemaking expands the CWA’s jurisdiction we could incur increased costs 
and restrictions, and/or delays or cancellations in permitting or projects, which could result in significant costs and liabilities or financial losses.

Climate related regulations and initiatives could expose us to significant costs and restrictions on operations. There is an ongoing public debate as to the 
extent to which our climate is changing, the potential causes of climate change and its potential impacts. As part of that debate, there is also general belief that 
increased levels of GHGs, including carbon dioxide and methane, have contributed to and continue to contribute to climate change which has led to numerous 
regulatory, political, litigation and financial risks associated with the production of fossil fuels and emissions of GHGs. Our operations result in GHGs.

Federal and state governments have from time to time considered legislation and regulations to reduce GHG emissions, including, but not limited to the 
implementation of GHG monitoring and reporting for the natural gas industry which includes certain of our operations. The EPA has sought to achieve these 
reductions under the Clean Air Act and the NSPS aimed at volatile organic compounds ("VOCs") including methane emissions from oil and natural gas sources. On 
December 2, 2023, the EPA released a copy of its final rule on NSPS to sharply reduce emissions of methane and other air pollution from oil and natural gas 
operations. The final rule will, among other things (i) require states to reduce methane emissions from hundreds of thousands of existing sources nationwide for the 
first time, (ii) phase out routine flaring from new natural gas wells (iii) require the deployment of innovative and advanced monitoring technologies by establishing 
performance requirements that can be met by a broader array of technologies, (iv) leverage data collected by certified third parties to identify and address "super 
emitting" sources and eliminate or minimize emissions from common pieces of equipment used in oil and gas operations such as process controllers, pumps and 
storage tanks and (v) require documentation that wells are properly closed and plugged before monitoring is allowed to end. In response to feedback received during 
the comment period, the EPA adjusted several provisions of this proposed rule to allow extended time for compliance, including a two-year phase-in period for 
eliminating routine flaring of natural gas that is emitted from new oil wells. Additional costs are likely to result from compliance with the final rule based on 
expanded monitoring requirements and more stringent emissions limits. Additionally, the EPA proposed rules pursuant to the 2022 Inflation Reduction Act that 
would charge a fee associated with certain levels of methane emissions.  In Pennsylvania, regulators have implemented operating permits and restrictions on 
emissions for well site operations, compressors, processing plants and other downstream facilities that directly impact our operations. The DEP is implementing new 
and additional regulations to limit VOCs from existing sources for the oil and gas industry. There have also been a number of state and regional efforts that have 
emerged that seek to track and reduce GHG emissions by means of cap and trade programs where emitters would be required to acquire and surrender emission 
allowances in return for emitting GHGs. In September 2020, the PEQB approved a draft resolution to enter the Regional Greenhouse Gas Initiative ("RGGI"), a 
cooperative effort among the states of Connecticut, Delaware, Maine, Maryland, Massachusetts, New Hampshire, New Jersey, New York, Rhode Island and Vermont 
to cap and reduce power sector CO2 emissions from fossil-fuel-fired electric power plants. However, in response to the PEQB's resolution to join the RGGI, the 
Pennsylvania General Assembly adopted a resolution on December 15, 2021, expressing its disapproval of the state's efforts to enroll in RGGI, stating that the RGGI 
would drive up energy costs and result in thousands of lost jobs. On January 10, 2022, former Governor Wolf vetoed the disapproval resolution. In April 2022, the 
Pennsylvania senate failed to override former Governor Wolf's veto and as a result, Pennsylvania officially joined the RGGI. However, in July 2022, the 
Commonwealth Court of Pennsylvania issued an order blocking the state from participating in the RGGI until the court ruled on its constitutionality. On November 
1, 2023, the Pennsylvania Commonwealth Court ruled that funds generated through the RGGI are an unconstitutional tax, effectively preventing the state from 
participating in RGGI. Pennsylvania Governor Josh Shapiro appealed that decision to the state's Supreme Court. Moreover, in 2023, Pennsylvania Governor Josh 
Shapiro created the "RGGI Working Group" and tasked them with measuring RGGI or an alternative against a three-part test: protect and create energy jobs, take 
real action to address climate change, and ensure reliable, affordable power for consumers in the long-term. While the RGGI Working Group agreed that a cap-and-
trade regulation would meet these goals, they did not conclude that RGGI is the correct program for Pennsylvania, citing wider concerns regarding increased energy 
costs and job loss. The RGGI Working Group gave Governor Shapiro a list of recommendations in a four-page memo, suggesting, among other things, Governor 
Shapiro explore a cap-and-trade program that includes Washington, D.C. and 13 states whose electric grids are run by PJM Interconnection, while encouraging the 
PJM-run states to reach consensus on carbon trading. To date, Governor Shapiro has not taken any official action in response to the RGGI Working Group's 
recommendations. In the absence of participation in the RGGI, the DEP is evaluating other regulations to achieve the emissions reductions. We have initiated our 
own internal goals to reduce GHG emissions from our operations. For example, setting a goal of net zero Scope 1 and 2 GHG emissions by 2025; however, there are 
a variety of factors that may prevent us from meeting that
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goal including but not limited to operational malfunctions, availability of equipment and services, engineering results, capital constraints and availability and success 
of carbon offsetting initiatives. Given uncertainties related to the use of emerging technologies, the state of markets for, and the validity and availability of verified 
carbon offsets along with the uncertainty of emission measurement calculations, we cannot predict whether or not we will be able to timely meet our net zero GHG 
emissions goal. We continue to evaluate a range of technology and other measures, such as carbon offsets, that could assist with meeting this goal. Failure or a 
perception (whether or not valid) of failure to meet our GHG emissions goals, could damage our reputation and negatively impact our stock price.

The outcome of federal, state and regional actions to address global climate change could result in a variety of new laws and regulations to control or restrict 
emissions including taxes or other charges to deter or restrict emissions of GHGs. This may also depend upon political outcomes as there have been certain 
candidates seeking election to various state and federal offices or their appointees, who have made pledges to restrict GHG emissions, ban hydraulic fracturing of oil 
and natural gas wells and ban new leases for production of oil and natural gas on federal lands. Our reserves development is critically dependent upon the use of 
hydraulic fracturing and we cannot economically develop any of our reserves without using such technology (which we believe has been safely conducted for many 
decades) and a ban of such technology could result in severe economic harm to us.

There are also increasing litigation risks associated with climate change concerns as a number of cities and local governments have initiated lawsuits against 
fossil fuel producers in state and federal court asserting claims for public nuisance and seeking damages for climate change impacts to roadways and infrastructure. 
Such lawsuits have also alleged that fossil fuel producers have been aware of the adverse effects of climate change and defrauded their investors by failing to 
adequately disclose those impacts.

Financial risks for fossil fuel energy companies, including natural gas producers, are also on the rise as stockholders and bondholders concerned about the 
potential effects of fossil fuels on climate change may elect to shift some or all of their investments away from fossil fuel based energy. Institutional lenders who 
provide financing to fossil fuel energy companies also have been under pressure from activists and are the subject of lobbying to not provide funding for fossil fuel 
production. Also, in November 2021, the Federal Reserve issued a statement in support of the efforts of the Network of Greening the Financial System, of which the 
Federal Reserve is a member, to identify key issues and potential solutions for the climate-related challenges most relevant to central banks and supervisory 
authorities. Some of these institutional lenders may elect not to provide funding for us which could result in restriction, delay or cancellation of drilling programs or 
development or production activities or impair our ability to operate economically.

On March 21, 2022, the SEC issued a proposed rule regarding the enhancement and standardization of mandatory climate-related disclosures. The proposed 
rule would require registrants to include certain climate-related disclosures in their registration statements and periodic reports. The SEC is expected to release the 
final rule in April of 2024. While the final form and substance of these requirements are not yet known and the ultimate scope and impact on our business is 
uncertain, compliance with the proposed rule may result in increased legal, accounting, operational, technology and financial compliance costs.

Certain organizations that provide corporate governance and other corporate risk information to investors and stockholders have developed scores and ratings 
to evaluate companies and investment funds based on sustainability or environmental, social and governance ("ESG") metrics. Currently, there are no universal 
standards for such scores or ratings, but the importance of sustainability evaluations is becoming more broadly accepted by investors and stockholders. A number of 
advocacy groups, both domestically and internationally, have campaigned for governmental and private action to promote change at public companies related to ESG 
matters, including through investment and voting practices of investment advisors, public pension funds, universities and other members of the investing community. 
As a result, many investment funds focus on positive ESG business practices and sustainability scores when making investments. Companies which do not adapt to 
or comply with investor or stockholder ESG expectations and standards or which are perceived to have not responded appropriately to the growing concern for ESG 
issues, regardless of whether there is a legal requirement to do so, may suffer from reputational damage and the financial condition, results of operations or cash 
flows of such a company could be materially and adversely affected.

Moreover, we may from time-to-time create and publish voluntary disclosures regarding ESG matters. Many of the statements in those voluntary disclosures 
are based on hypothetical expectations and assumptions that may or may not be representative of current or actual risks or events or forecasts of expected risks or 
events, including the costs associated therewith. Such expectations and assumptions are necessarily uncertain and may be prone to error or subject to 
misinterpretation given the long timelines involved and the lack of an established single approach to identifying, measuring and reporting on many ESG matters.

At this time, we cannot predict the potential impact of such laws, regulations, regional or international initiatives or compacts, litigation, ESG ratings or 
financing restrictions due to climate concerns on our future consolidated financial condition, results of operations or cash flows; however, such impacts could be 
material and have material negative consequences to our business.

Information concerning our reserves and future net cash flow are estimates and are not certain to match our results. There are numerous uncertainties 
inherent in estimating quantities of proved natural gas and oil reserves and their values, including many factors beyond our control. Estimates of proved reserves 
depend on many assumptions relating to current and future economic
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conditions and commodity prices as well as the projected productivity of our wells and infrastructure to gather, process, store and/or transport our products to market. 
To the extent we experience a sustained period of reduced commodity prices, there is a risk that a portion of our proved reserves could be deemed uneconomic and 
no longer be classified as proved. Although we utilize robust processes and procedures to evaluate and estimate our reserves, they are estimates and the actual 
production, revenues and costs to develop our estimated reserves will vary from estimates and these variances could be material and/or negative.

Reserve estimation is a subjective process that involves estimating volumes to be recovered from underground accumulations of natural gas and oil that 
cannot be directly measured. As a result, different petroleum engineers, each using industry-accepted geologic and engineering practices and scientific methods, may 
calculate different estimates of reserves and future net cash flows based on the same available data. Because of the subjective application of engineering principles to 
natural gas, NGLs and oil reserve estimates, each of the following items may differ materially from the amounts or other factors estimated:

• the amount and timing of natural gas, NGLs and oil production; 

• the revenues and costs associated with that production; 

• the amount and timing of future development expenditures; and 

• future commodity prices. 

The discounted future net cash flows from our proved reserves included in this report are not the same as the market value of the reserves attributable to our 
properties. As required by United States generally accepted accounting principles ("U.S. GAAP"), the estimated discounted future net revenues from our proved 
reserves are based on a twelve month average price (first day of the month) while cost estimates are based on current year-end economic conditions. Actual future 
prices and costs may be materially higher or lower. In addition, the ten percent discount factor that is required to be used to calculate discounted future net cash flows 
for reporting purposes under U.S. GAAP is not necessarily the most appropriate discount factor based on the cost of capital, which varies from time to time, and risks 
associated with our business and the oil and gas industry in general.

We may face various risks associated with the long-term trend toward increased activism against oil and gas exploration and development activities. 
Opposition toward oil and gas drilling and development activity has been growing over time. Companies in the oil and gas industry are often the target of activist 
efforts to delay or prevent oil and gas development from both individuals and non-governmental organizations who use safety, environmental compliance and 
business practices to support their opposition to oil and gas drilling. Anti-development activists are working to, among other things, reduce access to federal and state 
government lands, delay or cancel certain projects such as the development of oil and gas drilling or export facilities, as well as the pipeline infrastructure needed to 
transport and process oil and gas production. For example, environmental activists continue to advocate for increased regulations or bans on shale drilling and 
hydraulic fracturing in the United States, even in jurisdictions like Pennsylvania that are among the most stringent in their regulation of the industry. Such activist 
efforts could result in the following:

• delay or denial of drilling permits;

• restrictions on or prevention of installation or operation of production, gathering or processing facilities;

• restrictions on or prevention of the use of certain operating practices, such as hydraulic fracturing, or the disposal of related materials, such as 
hydraulic fracturing fluids and produced water;

• additional regulatory burdens;

• increased severance and/or other taxes;

• cyber-attacks;

• legal challenges or lawsuits;

• negative publicity about our business or the oil and gas industry in general;

• increased costs of doing business;

• reduction in demand for our products; and 

• other adverse effects on our ability to develop our properties and expand production.

We may incur significant costs associated with responding to these initiatives and such actions may materially adversely affect our financial results. 
Complying with any resulting additional legal or regulatory requirements that are substantial or prevent our activity could have a material adverse effect on our 
business, financial condition, cash flows and results of operations.

Conservation measures and technological advances could reduce demand for oil and natural gas. Fuel conservation measures, alternative fuel 
requirements, governmental requirements for renewable energy resources, increasing consumer demand for alternatives to oil and natural gas, technological advances 
in fuel economy and energy generation or storage devices (such as battery technology) may in the future, reduce the demand for and, in turn the prices of, natural 
gas, NGLs and oil that we sell. In addition, these measures may reduce the availability to us of necessary third-party services and facilities that we rely on which 
could increase our operational costs and adversely impact our ability to produce, transport and process natural gas, NGLs and oil. The impact of
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changing demand for oil and natural gas services and products may have a material adverse effect on our business, financial condition, results of operations and cash 
flows.

Legal, tax and regulatory risks

U.S. or state tax legislation may adversely affect our business, results of operations, financial condition and cash flow . Legislation is periodically 
proposed that could make significant changes to United States federal income tax laws and could include the elimination of certain United States federal income tax 
benefits currently available to oil and gas exploration and production companies including, but not limited to, (i) the repeal of percentage depletion allowances for oil 
and natural gas properties; (ii) the elimination of current deductions for intangible drilling and development costs and; (iii) an extension of the amortization period 
for certain geological and geophysical expenditures. Additionally, legislation could be enacted that imposes new fees or increases the taxes on oil and natural gas 
extraction, which could result in increased operating costs and/or reduced consumer demand for our products. The passage of any such legislation or any other 
similar change in United States federal income tax law could increase costs or eliminate or postpone certain tax deductions that are currently available with respect to 
natural gas and oil exploration and development and any such changes could have an adverse effect on our financial condition, results of operations and cash flows.

In 2022, legislation commonly known as the Inflation Reduction Act was signed into law, which includes, among other things, a corporate alternative 
minimum tax (the "CAMT") and a one percent excise tax on corporate stock repurchases. The CAMT generally treats a corporation as an applicable corporation in 
any taxable year in which the average annual adjusted financial statement income for a three taxable-year period ending prior to such taxable year exceeds $1.0 
billion. If we become subject to CAMT, our cash obligations for U.S. federal income taxes could be significantly accelerated. To the extent the 1% excise tax applies 
to repurchases of shares under our common stock repurchases program, the number of shares we repurchase and our cash flow may be affected.

In 2012, Pennsylvania enacted legislation creating a tax referred to as the natural gas impact fee applicable to production in Pennsylvania, where all of our 
acreage is located. The legislation imposes an annual fee on natural gas and oil operators for each well drilled for a period of fifteen years. Much like a severance tax, 
the fee is on a sliding scale set by the Pennsylvania Public Utility Commission and is based on two factors: changes in the Consumer Price Index and the average 
NYMEX natural gas prices on the last day of each month. The impact fee increases the financial burden on our operations in the Marcellus Shale. There can be no 
assurance that the impact fee will remain as currently structured or that additional taxes will not be imposed. From time to time, the Pennsylvania Governor and 
various Pennsylvania state lawmakers have proposed legislation to enact a severance tax in substitution for, or as an addition to, the impact fee already in place. The 
structure of and ultimate effect of any additional tax burden cannot be estimated at this time but could be material.

Legal proceedings brought against us could result in substantial liabilities and materially and adversely impact our financial condition. Like many oil and 
gas companies, we are involved in various legal proceedings, including threatened claims, such as title, royalty, and contractual disputes. The cost to settle legal 
proceedings (asserted or unasserted) or satisfy any resulting judgment against us in such proceedings could result in a substantial liability or the loss of interests, 
which could materially and adversely impact our cash flows, operating results and financial condition. Judgments and estimates to determine accruals or range of 
losses related to legal proceedings could change from one period to the next, and such changes could be material. Current accruals may be insufficient to satisfy any 
such judgments. Legal proceedings could also result in negative publicity about Range. In addition, legal proceedings distract management and other personnel from 
their primary responsibilities. At this time, based on the information available to management, there are no pending claims or litigation which appear likely to result 
in a material financial impact. However, management’s assessment of pending claims and litigation could be inaccurate and subsequent events could result in 
material liabilities from such claims or litigation.

Our success depends on key members of our management and our ability to attract and retain experienced technical and other professional personnel. 
None of our senior management team nor any of the other officers are subject to an employment agreement and therefore retaining them as employees is less certain 
than if they were parties to an employment agreement. The unanticipated loss of one or more of these individuals could have a material adverse effect on our 
business. Further, the loss of key technical professionals with extensive experience in our core operating area could be difficult to replace if they were to leave and 
the loss of such employees could adversely affect the costs of drilling, completing and operating our wells.

Risks related to our common stock

Common stockholders may be diluted if additional shares are issued. In order to align interests and encourage ownership, we issue restricted stock and 
performance share units to our employees and directors as part of their compensation. In addition, we may issue additional shares of common stock, additional senior 
notes or other securities or debt convertible into common stock to extend maturities or fund capital expenditures, including acquisitions. The issuance of additional 
shares of common stock results in dilution of the interests of existing stockholders. One way to reverse the effects of dilution is by the acquisition of our stock. On 
December 31, 2023, our share repurchase program has $1.1 billion remaining. However, this program may be suspended, modified or discontinued by the board of 
directors at any time.
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Dividend limitations. Limits on the payment of dividends and other restricted payments (as defined in our bank credit facility) are imposed under our bank 
credit facility. These limitations may, in certain circumstances, limit or prevent the payment of dividends.

Our stock price may be volatile and stockholders may not be able to resell shares of our common stock at or above the price they paid. The price of our 
common stock fluctuates significantly, which may result in losses for investors. The market price of our common stock has been volatile. From January 1, 2021 to 
December 31, 2023, the price of our common stock reported by the New York Stock Exchange ranged from a low of $6.78 per share to a high of $37.88 per share. 
We expect our stock price to continue to be subject to volatility as a result of a variety of factors, including factors beyond our control. These factors include:

• most significantly, changes in natural gas, NGLs and oil prices; 

• variations in drilling, recompletions, acquisitions and operating results; 

• changes in governmental regulation and/or taxation; 

• changes in financial estimates by securities analysts; 

• changes in market valuations of comparable companies; 

• expectations regarding our capital program, including any determination by our board of directors regarding repurchasing stock or paying dividends;

• changes in key personnel; or 

• future sales of additional stock and changes in our capital structure. 

We may fail to meet expectations of our stockholders or of securities analysts at some time in the future and our stock price could decline as a result.

General risk factors

Our business could be negatively affected by security threats, including cybersecurity threats and other disruptions. The United States government has 
issued public warnings that indicate that energy assets might be specific targets of cybersecurity threats. As a natural gas and oil producer, we face various security 
threats, including:

• cybersecurity threats to gain unauthorized access to sensitive information or to render data or computer systems unusable;

• threats to the security or operations at our physical facilities and infrastructure or third-party facilities and infrastructure, such as processing plants and 
pipelines; or

• threats from terrorist acts or other geopolitical events. 

Digital technologies are an integral part of our business and are used to support our exploration, development and production activities and our key 
accounting and financial reporting functions. We use these systems to analyze and store financial and operating data and to communicate internally and with outside 
business counterparties. Cyberattacks could compromise our core infrastructure and digital technologies and result in disruptions to our business operations or the 
loss of our data and proprietary information. In addition, digital technologies control oil and gas production, processing equipment, and distribution systems globally 
and are necessary to deliver our production to market. A cyberattack against these operating systems, or the networks and infrastructure on which they rely, could 
damage critical production, distribution and/or storage assets, delay or prevent delivery to markets, cause accidental discharge and/or make it difficult or impossible 
to accurately account for production and settle transactions. A cyberattack on a vendor or a service provider could result in supply chain disruptions, which could 
delay or halt development projects. A cyberattack on our accounting or human resources systems could expose us to liability if personal information is obtained. 
Furthermore, the shift to a hybrid systems model including on-premises and cloud environments has transformed how systems interconnect, how data is stored, how 
users interact with applications and what end user devices are utilized. This shift has resulted in additional cybersecurity risk.

Security threats have subjected our operations to increased risks that could have a material adverse effect on our business. In particular, our implementation of 
various procedures and controls to monitor and mitigate security threats and to increase security for our personnel, information, facilities and infrastructure may 
result in increased capital and operating costs. Moreover, there can be no assurance that such procedures and controls will be sufficient to prevent security breaches 
from occurring. If any of these security breaches were to occur, they could lead to harm to our employees or losses of sensitive information, losses of critical 
infrastructure or capabilities essential to our operations and could have a material adverse effect on our reputation, financial position, and results of operations or 
cash flows. Attackers are becoming more sophisticated and both the frequency and magnitude of cyberattacks in particular are expected to increase and include, but 
are not limited to, malicious software, phishing, ransomware, attempts to gain unauthorized access to data, and other electronic security breaches that could lead to 
disruptions in critical systems, unauthorized release of confidential or otherwise protected information, and corruption of data. These events could damage our 
reputation and lead to financial losses from unauthorized disbursement of funds, remedial actions, loss of business and/or potential liability. We may be unable to 
anticipate, detect or prevent future attacks, particularly as methodologies utilized by attackers change frequently and are not
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recognized until launched. Additionally, the continuing and evolving threat of cybersecurity attacks has resulted in evolving legal and compliance matters, including 
increased regulatory focus on prevention, which could require us to expend significant additional resources to meet such requirements. While we utilize extensive 
processes and procedures that we deem appropriate to counter cybersecurity risks and to date have not suffered any material losses relating to such attacks, there can 
be no assurance that we will not suffer such losses in the future. Any losses, costs or liabilities directly or indirectly related to cyberattacks or similar incidents may 
not be covered by, or may exceed the coverage limits of, any of our insurance policies.

Terrorist attacks and the threat of terrorist attacks, whether domestic or foreign attacks, as well as military or other actions taken in response to these acts, 
could cause instability in the global financial and energy markets. Continued hostilities in areas around the world and the occurrence or threat of terrorist attacks in 
the United States or other countries could adversely affect the global economy in unpredictable ways, including the disruption of energy supplies and markets, 
increased volatility in commodity prices or the possibility that the infrastructure on which we rely could be a direct target or an indirect casualty of an act of terrorism 
and, in turn, could materially and adversely affect our business and results of operations.

ITEM  1B.  UNRESOLVED STAFF COMMENTS

None.

ITEM  1C.  CYBERSECURITY

We have a comprehensive approach to mitigate cybersecurity risk which primarily focuses on three key elements:

• People - security awareness education and readiness-testing throughout the year for employees and contractors;

• Process - incorporating "cyber awareness" in our day-to-day processes which includes constant review of alerting and detection to mitigate constant 
cybersecurity threats, regular review of security posture and security roadmap to ensure alignment throughout the organization, physical and digital 
asset protection and security vulnerability remediation via preventable and detective measures; and 

• Technology - investing in industry aligned security technology and threat intelligence capabilities.

Cybersecurity governance is supported by our information technology department which includes certified security professionals and seasoned security 
analysts. This department conducts an extensive periodic review of our security initiatives to assess the current state of our program (using a cybersecurity 
framework) and potential evolution based on current business risks along with detection and communication of cybersecurity threats and actions to mitigate those 
threats. Cybersecurity incidents meeting a pre-determined minimum threshold are communicated to a separate committee comprised of officers charged with 
reporting responsibilities to determine overall materiality and disclosure obligations.

We have engaged an independent third-party operations center that is focused on, among other things, monitoring alerts, logs, behavior analytics and end 
devices usage. This continuous monitoring is in conjunction with periodic security assessments, constant vulnerability scanning and frequent penetration tests. We 
also complete an initial vendor cybersecurity review process for new cloud-based software which provides a standardized review assessment. We monitor known 
third-party breaches, known software vulnerabilities that may affect third-party vendors and communicate as necessary with those vendors allowing us to increase 
security of our technology assets and our data.

Our board of directors oversees our cybersecurity risk and receives a quarterly cybersecurity report and an update from management which includes 
additional discussions of any relevant issues related to the understanding of technology and cybersecurity risk that may be relevant at any given time. This report 
includes, among other things, information regarding our current security posture and on-going cybersecurity events. Cybersecurity incidents meeting a pre-
determined minimum threshold are communicated to our Board.

ITEM 3.  LEGAL PROCEEDINGS

We are the subject of, or party to, a number of pending or threatened legal actions, administrative proceedings or investigations arising in the ordinary course 
of our business including, but not limited to royalty claims, contract claims and environmental claims. While many of these matters involve inherent uncertainty, we 
believe that the amount of the liability, if any, ultimately incurred with respect to these actions, proceedings or investigations will not have a material adverse effect 
on our consolidated financial position as a whole or on our liquidity, capital resources or future annual results of operations. We will continue to evaluate our 
litigation quarterly and will establish and adjust any litigation reserves as appropriate to reflect our assessment of the then-current status of litigation.
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Environmental Proceedings

From time to time, we receive notices of violation from governmental and regulatory authorities in areas in which we operate relating to alleged violations of 
environmental statutes or the rules and regulations promulgated thereunder. While we cannot predict with certainty whether these notices of violation will result in 
fines and/or penalties, if fines and/or penalties are imposed, they may result in monetary sanctions, individually or in the aggregate, in excess of $250,000.

ITEM  4.  MINE SAFETY DISCLOSURES

Not applicable.
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PART II

ITEM 5.  MARKET FOR REGISTRANT’S COMMON EQUITY, RELATED STOCKHOLDER MATTERS AND
       ISSUER PURCHASES OF EQUITY SECURITIES

Market for Common Stock

Our common stock is listed on the New York Stock Exchange ("NYSE") under the symbol "RRC". During 2023, trading volume averaged approximately 3.7 
million shares per day.

Holders of Record

Pursuant to the records of our transfer agent, as of February 19, 2024, there were approximately 846 holders of record of our common stock.

Dividends

The payment of dividends is subject to the formal declaration by the board of directors. The determination of the amount of future dividends, if any, to be 
declared and paid is at the sole discretion of our board of directors and will depend upon, among other things, our earnings, financial condition, capital requirements, 
levels of indebtedness and other considerations our board of directors deems relevant. For more information, see Item 7. Management’s Discussion and Analysis of 
Financial Condition and Results of Operations.

Equity Compensation Plan Information

The information required by this item is incorporated herein by reference to the 2024 Proxy Statement, which will be filed with the SEC not later than 120 
days after December 31, 2023.

Purchases of Equity Securities by the Issuer and Affiliated Purchasers

In 2019, our board of directors authorized a $100 million common stock repurchase program. In 2022, our board of directors increased the authorization 
under the program. As of December 31, 2023, these repurchased shares are held as treasury stock and we have approximately $1.1 billion of remaining authorization 
under the program. Purchases of our common stock in fourth quarter 2023 were as follows:

Three Months Ended December 31, 2023

Period

Total Number 
of Shares 
Purchased

Average Price 
Paid Per Share

Total Number 
of Shares Purchased as Part 

of Publicly
Announced Plans 

or Programs

Approximate
Dollar Amount
of Shares that
May Yet Be
Purchased

Under Plans or
Programs

October 2023 50,000 $ 29.84 50,000 $ 1,089,244,444
November 2023 — $ — — $ 1,089,244,444
December 2023 265,000 $ 29.74 265,000 $ 1,081,359,316

315,000 315,000
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Stockholder Return Performance Presentation

The following graph is included in accordance with the SEC’s executive compensation disclosure rules. This historic stock price performance is not 
necessarily indicative of future stock performance. The graph compares the change in the cumulative total return of Range’s common stock, the S&P Oil and Gas 
Exploration and Production Index, the S&P Small Cap 600 Index and a customized peer group which matches the peer group selected by our compensation 
committee of the board of directors which is used in our performance unit program. The graph assumes that $100 was invested in the Company’s common stock and 
each index on December 31, 2018 and that dividends were reinvested.

2018 2019 2020 2021 2022 2023

Range Resources Corporation $ 100 $ 51 $ 71 $ 189 $ 267 $ 328
S&P Oil & Gas Exploration & Production Index 100 89 55 90 128 129
S&P Small Cap 600 Index 100 123 137 173 145 168
2023 Self-Constructed Peer Group (a) 100 81 74 142 202 210

The 2023 Self-Constructed Peer Group includes the following twelve companies:  Antero Resources Corporation, Chesapeake Energy Corporation, CNX Resources, Comstock 
Resources, Inc., Coterra Energy, Inc., EQT Corporation, Matador Resources, Murphy Oil, PDC Energy (included through August 2023 when it was acquired by Chevron Corp.), 
SM Energy Company, Southwestern Energy Company and the S&P 500 index and is weighted based on stock market capitalization.

ITEM 6. RESERVED
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ITEM 7.   MANAGEMENT’S DISCUSSION AND ANALYSIS OF FINANCIAL CONDITION AND RESULTS OF
        OPERATIONS

The following discussion is intended to assist you in understanding our business and results of operations together with our present financial condition and 
should be read in conjunction with the information under Item 8. Financial Statements and Supplementary Data and other financial information found elsewhere in 
this Form 10-K. See also matters referenced in the foregoing pages under "Disclosures Regarding Forward-Looking Statements."

The following tables and discussions set forth key operating and financial data for the years ended December 31, 2023 and 2022. For similar discussions of 
the year ended December 31, 2022 compared to December 31, 2021 results, refer to Item 7. "Managements’ Discussion and Analysis of Financial Condition and 
Results of Operations" under Part II of our annual report on Form 10-K for the year ended December 31, 2022, which was filed with the SEC on February 27, 2023.

Overview of Our Business

We are an independent natural gas, natural gas liquids ("NGLs,") crude oil and condensate company engaged in the exploration, development and acquisition 
of natural gas and crude oil properties located in the Appalachian region of the United States. We operate in one segment and have a single company-wide 
management team that administers all properties as a whole rather than by discrete operating segments. We measure financial performance as a single enterprise and 
not on an area-by-area basis.

Our overarching business objective is to build stockholder value through returns-focused development of natural gas properties. Our strategy to achieve our 
business objective is to generate consistent cash flows from reserves and production through internally generated drilling projects occasionally coupled with 
complementary acquisitions and divestitures of non-core or, at times, core assets. Currently, our investment portfolio is focused on high quality natural gas assets in 
the state of Pennsylvania. Our revenues, profitability and future growth depend substantially on prevailing prices for natural gas, NGLs, crude oil and condensate and 
on our ability to economically find, develop, acquire and produce natural gas, NGLs and oil reserves.

Commodity prices have been and are expected to remain volatile. We believe we are well-positioned to manage any challenges during a low commodity price 
environment and that we can endure the continued volatility in current and future commodity prices by:

• exercising discipline in our capital investments;

• optimizing drilling, completion and operational efficiencies;

• maintaining a competitive cost structure;

• managing price risk through the hedging of our production; and 

• managing our balance sheet.

Prices for natural gas, NGLs, crude oil and condensate fluctuate widely and affect:

• our revenues, profitability and cash flow;

• the quantity of natural gas, NGLs and oil that we can economically produce; 

• the quantity of natural gas, NGLs and oil shown as proved reserves;

• the amount of cash flow available to us for reinvestment; and

• our ability to borrow and raise additional capital.

We prepare our financial statements in conformity with U.S. GAAP, which require us to make estimates and assumptions that affect our reported results of 
operations and the amount of our reported assets, liabilities and proved natural gas, NGLs and oil reserves. We use the successful efforts method of accounting for 
our natural gas, NGLs and oil activities. Our corporate headquarters is located in Fort Worth, Texas.

Key 2023 highlights include:

Financial and operating results:

• We recorded net income of $871.1 million for the year ended December 31, 2023;

• Average daily production was 2.14 Bcfe during the year;

• Repurchased 715,000 shares of common stock via the share repurchase program leaving $1.1 billion available under the repurchase program;

• Paid dividends of $77.2 million, ending the year with $212.0 million in cash on hand; and

• Executed opportunistic debt repurchases of $61.6 million in the open market.
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Corporate sustainability highlights and initiatives:

• Completed the MiQ certification for our Southwest Pennsylvania assets and earned an "A" grade;

• Continued to recycle approximately 100% of our produced water;

• Implemented the use of compressed air pneumatic controllers;

• Achieved a 28% reduction in number of workforce recordable injuries (both employee and contractor) with a Total Recordable Incident Rate of 0.34;

• Achieved a 70% reduction in preventable vehicle incidents with six incidents in 2023; and

• Continued board of directors refreshment through the appointment of one new director.

Management’s Discussion and Analysis of Results of Operations

Commodity prices have remained volatile. Benchmarks for natural gas, oil and NGLs decreased in 2023 compared to 2022 and, as a result, we experienced 
significant decreases in our price realizations when compared to the same period of 2022. Despite lower prices, we continued to focus on creating long-term value 
for our stockholders along with positioning ourselves to be a responsible and reliable supplier of natural gas.

Overview of 2023 Results

During 2023, we recognized net income of $871.1 million, or $3.57 per diluted common share compared to $1.2 billion, or $4.69 per diluted common share 
during 2022. The decrease in net income for the year ended December 31, 2023 when compared to 2022 is primarily due to significantly lower realized prices.

For the year ended December 31, 2023, we experienced a decrease in revenue from the sale of natural gas, NGLs and oil due to a 41% decrease in net 
realized prices (average prices including all derivative settlements and third-party transportation costs paid by us) when compared to 2022. Daily production in 2023 
averaged 2.14 Bcfe compared to 2.12 Bcfe in 2022.

During 2023, our financial and operating performance included the following results:

• revenue from the sale of natural gas, NGLs and oil decreased 52% from the same period of 2022 with a 53% decrease in average realized prices 
(before cash settlements on our derivatives) partially offset by slightly higher production volumes;

• revenue from the sale of natural gas, NGLs and oil (including cash settlements on our derivatives) decreased 30% from the same period of 2022;

• transportation, gathering, processing and compression expense per mcfe was $1.43 in 2023 compared to $1.61 in the same period of 2022 primarily 
due to the impact of lower commodity prices;

• direct operating expense per mcfe was $0.12 in 2023 compared to $0.11 in the same period of 2022 due to higher workover costs; 

• general and administrative expense per mcfe for 2023 decreased 5% from the same period of 2022 due to lower stock-based compensation;

• interest expense per mcfe for 2023 decreased 24% from the same period of 2022 due to lower debt balances; 

• our DD&A rate per mcfe for 2023 decreased 2% from the same period of 2022;

• drilled 47.4 net wells with a 100% success rate;

• cash flow from operating activities for 2023 was 48% lower than the same period of 2022 due to lower commodity prices; and

• our capital budget spending for 2023 was $613.6 million, which was within our initially announced range of $570.0 million to $615.0 million.

The year ended December 31, 2023 also included the following highlights to enhance our balance sheet, return capital to investors and preserve liquidity:

• paid $77.2 million in dividends or $0.32 per share compared to $0.16 in 2022;

• repurchased $19.0 million of our common stock compared to $399.7 million in 2022;

• repurchased in the open market $61.6 million face value of our 4.875% senior notes due 2025 at a discount; and

• enhanced liquidity with the accumulation of cash on hand of $212.0 million along with $1.3 billion available under our credit facility.
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We generated $977.9 million of cash from operating activities in 2023, a decrease of $886.9 million from 2022 which reflects significantly lower realized 
prices partially offset by lower comparative working capital outflows.

Acquisitions

During 2023, we invested $40.1 million to acquire unproved acreage compared to $28.7 million in 2022. We continue selective acreage leasing and lease 
renewals to consolidate our acreage positions in the Marcellus Shale play in Pennsylvania.

2024 Outlook

As we enter 2024, we believe we are positioned for sustainable long-term success. For 2024, we expect our capital budget to be in the range of $620 million 
to $670 million for natural gas, NGLs, crude oil and condensate related activities, excluding proved property acquisitions, for which we do not budget. As has been 
our historical practice, we will periodically review our capital expenditures throughout the year and may adjust the budget based on commodity prices, drilling 
success and other factors. We expect our 2024 capital budget to achieve production similar to our 2023 production. Our 2024 capital budget is focused on continuing 
to improve corporate returns and generating free cash flow. We expect it to be funded with operating cash flow. The prices we receive for our natural gas, NGLs and 
oil production are largely based on current market prices, which are beyond our control. The price risk on a portion of our forecasted natural gas, NGLs and oil 
production for 2024 is partially mitigated by entering into commodity derivative contracts and we intend to continue to enter into these types of contracts. We believe 
it is likely that commodity prices will continue to be volatile during 2024.

Market Conditions

We believe we are positioned for sustainable long-term success. We continue to monitor the impact of the actions of OPEC and other large producing nations, 
the Russia-Ukraine conflict, hostilities in the Middle East, global inventories of oil and gas, future monetary policy and governmental policies aimed at transitioning 
towards lower carbon energy and we expect prices for some or all of the commodities we produce to remain volatile given the complex dynamics of supply and 
demand that exist in the global market. In fourth quarter 2023, natural gas prices declined based on the relatively mild early days of winter and delays to a large 
liquefied natural gas export project in-service date. Longer term natural gas futures prices have remained stronger based on market expectations that associated gas-
related activity in oil basins and dry gas basin activity will show modest rates of growth compared with the past due to infrastructure constraints, capital discipline 
and core inventory exhaustion. In addition, the global energy crisis further highlighted the low cost and low emissions shale gas resource base in North America, 
supporting continued strong structural demand growth for United States liquefied natural gas exports, domestic industrial gas demand and power generation. Other 
factors such as geopolitical disruptions, supply chain disruptions, cost inflation, concerns over a potential economic recession and the pace and extent of tightening 
global monetary policy may impact the demand for oil, natural gas and NGLs. We continue to assess and monitor the impact and consequences of these factors on 
our operations.

Prices for various quantities of natural gas, NGLs and oil that we produce significantly impact our revenues and cash flows. Prices for commodities, such as 
hydrocarbons, are inherently volatile. Recently, natural gas prices have decreased, when compared to December 2023, with the average NYMEX monthly settlement 
price for natural gas decreasing to $2.49 per mcf for February 2024 with the recent mild winter weather. Crude oil prices have increased, when compared to 
December 2023, to $73.86 per barrel in January 2024. The following table lists related benchmarks for natural gas, oil and NGLs composite prices for the years 
ended December 31, 2023 and 2022.

Year Ended December 31,
2023 2022

Benchmarks:
Average NYMEX prices 

Natural gas (per mcf) $ 2.75 $ 6.64
Oil (per bbl) $ 77.54 $ 94.90

Mont Belvieu NGLs composite (per gallon) $ 0.56 $ 0.90

Based on average of monthly last day settlement prices on the New York Mercantile Exchange ("NYMEX").
Based on our estimated NGLs product composition per barrel.

Our price realizations (not including the impact of our derivatives) may differ from the benchmarks for many reasons, including quality, location, or 
production being sold at different indices.
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Natural Gas, NGLs and Oil Sales, Production and Realized Price Calculations

Our revenues vary from year to year as a result of changes in realized commodity prices and production volumes. In 2023, natural gas, NGLs and oil sales 
decreased 52% from 2022 with a 53% decrease in realized prices (excluding cash settlements on our derivatives) partially offset by slightly higher production 
volumes. The following table illustrates the primary components of natural gas, NGLs, crude oil and condensate sales for the last two years (in thousands):

Year Ended December 31,

2023 2022 Change % Change

Natural gas, NGLs and Oil sales
Natural gas $ 1,234,308 $ 3,364,111 $ (2,129,803 ) (63 %)
NGLs 933,791 1,308,574 (374,783 ) (29 %)
Oil and condensate 166,562 238,407 (71,845 ) (30 %)

Total natural gas, NGLs and oil sales $ 2,334,661 $ 4,911,092 $ (2,576,431 ) (52 %)

Production is maintained through drilling success as we place new wells on production which is partially offset by the natural decline of our natural gas and 
oil reserves through production. Our production for the last two years is set forth in the following table:

Year Ended December 31,
2023 2022 Change % Change

Production 
Natural gas (mcf) 538,084,671 539,442,624 (1,357,953 ) — %

NGLs (bbls) 37,939,700 36,392,033 1,547,667 4 %
Crude oil and condensate (bbls) 2,475,306 2,715,681 (240,375 ) (9 %)

Total (mcfe) 780,574,707 774,088,908 6,485,799 1 %
Average daily production 

Natural gas (mcf) 1,474,205 1,477,925 (3,720 ) — %

NGLs (bbls) 103,944 99,704 4,240 4 %
Crude oil and condensate (bbls) 6,782 7,440 (658 ) (9 %)

Total (mcfe) 2,138,561 2,120,792 17,769 1 %

Represents volumes sold regardless of when produced.
Oil and NGLs volumes are converted to mcfe at the rate of one barrel equals six mcf based upon the approximate relative energy content of oil and natural gas, which is not 
indicative of the relationship between oil and natural gas prices.
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Our average realized price (including all derivative settlements and third-party transportation costs paid by Range) received during 2023 was $1.88 per mcfe 
compared to $3.17 per mcfe in 2022. The majority of our production is sold at market-sensitive prices. Generally, if the related commodity index declines, the price 
we receive for our production will also decline. Because we record transportation costs on two separate bases, as required by U.S. GAAP, we believe computed final 
realized prices should include the impact of transportation, gathering, processing and compression expense. Average sales prices (excluding derivative settlements) 
do not include any derivative settlements or third-party transportation costs which are reported in transportation, gathering and compression expense on the 
accompanying consolidated statements of income. Average sales prices (excluding derivative settlements) do include transportation costs where we receive net 
proceeds from the purchaser. Our average realized price (including all derivative settlements and third-party transportation costs paid by Range) calculation includes 
all cash settlements for derivatives. Our derivative settlements included in our realized price calculations do not include settlements of contingent consideration 
related to the sale of our North Louisiana properties. Average realized price calculations for the last two years are shown below:

Year Ended December 31,
2023 2022 Change % Change

Average Prices
Average sales prices (excluding derivative settlements):
Natural gas (per mcf) $ 2.29 $ 6.24 $ (3.95 ) (63 %)
NGLs (per bbl) 24.61 35.96 (11.35 ) (32 %)
Crude oil (per bbl) 67.29 87.79 (20.50 ) (23 %)
Total (per mcfe) 2.99 6.34 (3.35 ) (53 %)

Average realized prices (including all derivative
   settlements):

Natural gas (per mcf) $ 2.77 $ 4.16 $ (1.39 ) (33 %)
NGLs (per bbl) 24.61 35.62 (11.01 ) (31 %)
Crude oil (per bbl) 62.77 57.39 5.38 9 %
Total (per mcfe) 3.31 4.78 (1.47 ) (31 %)

Average realized prices (including all derivative settlements 
   and third-party transportation costs paid by Range):

Natural gas (per mcf) $ 1.68 $ 2.90 $ (1.22 ) (42 %)
NGLs (per bbl) 10.80 20.08 (9.28 ) (46 %)
Crude oil (per bbl) 62.43 57.39 5.04 9 %
Total (per mcfe) 1.88 3.17 (1.29 ) (41 %)

Oil and NGLs volumes are converted at the rate of one barrel equals six mcf based upon the approximate relative energy content of oil to natural gas, which is not indicative of 
the relationship between oil and natural gas prices.

Realized prices include the impact of basis differentials and gains or losses realized from our basis hedging. The prices we receive for our natural gas can be 
more or less than the NYMEX price because of adjustments for delivery location, relative quality and other factors. The following table provides this impact on a per 
mcf basis:

Year Ended December 31,
2023 2022

Average natural gas differentials below NYMEX $ (0.46 ) $ (0.40 )
Realized gains on basis hedging $ 0.05 $ 0.11

The following tables reflect our production and average realized commodity prices (excluding derivative settlements and third-party transportation costs paid 
by Range) (in thousands, except prices):

Year Ended December 31,

2022
Price

Variance
Volume
Variance 2023

Natural gas
Price (per mcf) $ 6.24 $ (3.95 ) $ — $ 2.29
Production (Mmcf) 539,443 — (1,358 ) 538,085

Natural gas sales $ 3,364,111 $ (2,121,335 ) $ (8,468 ) $ 1,234,308
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Year Ended December 31,

2022
Price

Variance
Volume
Variance 2023

NGLs
Price (per bbl) $ 35.96 $ (11.35 ) $ — $ 24.61
Production (Mbbls) 36,392 — 1,548 37,940

NGLs sales $ 1,308,574 $ (430,434 ) $ 55,651 $ 933,791

Year Ended December 31,

2022
Price

Variance
Volume
Variance 2023

Crude oil
Price (per bbl) $ 87.79 $ (20.50 ) $ — $ 67.29
Production (Mbbls) 2,716 — (241 ) 2,475

Crude oil sales $ 238,407 $ (50,742 ) $ (21,103 ) $ 166,562

Year Ended December 31,

2022
Price

Variance
Volume
Variance 2023

Consolidated
Price (per mcfe) $ 6.34 $ (3.35 ) $ — $ 2.99
Production (Mmcfe) 774,089 — 6,486 780,575

Total natural gas, NGLs and oil sales $ 4,911,092 $ (2,617,579 ) $ 41,148 $ 2,334,661

Transportation, gathering, processing and compression expense was $1.1 billion in 2023 and $1.2 billion in 2022. These third-party costs are lower than the 
prior year due to lower fuel and lower electricity costs along with the impact of lower NGLs prices which results in lower processing costs. We have included these 
costs in the calculation of average realized prices (including all derivative settlements and third-party transportation expenses paid by Range). The following table 
summarizes transportation, gathering, processing and compression expense for the last two years (in thousands) and on a per mcf and per barrel basis:

Year Ended December 31,
2023 2022 Change % Change

Transportation, gathering, processing and compression
Natural gas $ 588,970 $ 677,316 $ (88,346 ) (13 %)
NGLs 524,114 565,614 (41,500 ) (7 %)
Oil 857 11 846 7,691 %
Total $ 1,113,941 $ 1,242,941 $ (129,000 ) (10 %)

Natural gas (per mcf) $ 1.09 $ 1.26 $ (0.17 ) (13 %)
NGLs (per bbl) $ 13.81 $ 15.54 $ (1.73 ) (11 %)
Oil (per bbl) $ 0.35 $ — $ 0.35 100 %
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Derivative fair value income (loss) was a gain of $821.2 million in 2023 compared to a loss of $1.2 billion in 2022. All of our derivatives are accounted for 
using the mark-to-market accounting method. Mark-to-market accounting treatment creates volatility in our revenues as unrealized gains and losses from derivatives 
are included in total revenues. As commodity prices increase or decrease, such changes will have an opposite effect on the mark-to-market value of our derivatives. 
Gains on our derivatives generally indicate lower wellhead revenues in the future while losses indicate higher future wellhead revenues. At December 31, 2023, our 
commodity derivative contracts were recorded at their fair value, which was a net derivative asset of $424.4 million, an increase of $563.0 million from the $138.6 
million net derivative liability recorded as of December 31, 2022. We have also entered into basis swap agreements to limit volatility caused by changing 
differentials between NYMEX and regional prices received. These basis swaps are marked to market and we recognized a net derivative asset of $18.3 million as of 
December 31, 2023 compared to a net derivative asset of $521,000 as of December 31, 2022. The following table summarizes the impact of our commodity 
derivatives for the last two years (in thousands):

Year Ended December 31,
2023 2022

Derivative fair value income (loss) per consolidated
   statements of income $ 821,154 $ (1,188,506 )

Non-cash fair value income (loss): 
Natural gas derivatives $ 557,419 $ (2,392 )
Oil derivatives 23,301 14,783
NGLs derivatives — 2,931
Freight derivatives — (114 )
Contingent consideration (13,080 ) (13,560 )

Total non-cash fair value income (loss) $ 567,640 $ 1,648

Net cash receipt (payment) on derivative settlements:
Natural gas derivatives $ 256,693 $ (1,119,940 )
Oil derivatives (11,179 ) (82,546 )
NGLs derivatives — (12,168 )
Contingent consideration 8,000 24,500

Total net cash receipt (payment) $ 253,514 $ (1,190,154 )

Non-cash fair value adjustments on commodity derivatives is a non-GAAP measure. Non-cash fair value adjustments on commodity derivatives only represent the net 
change between periods of the fair market values of commodity derivative positions and exclude the impact of settlements on commodity derivatives during the period. 
We believe that non-cash fair value adjustments on commodity derivatives is a useful supplemental disclosure to differentiate non-cash fair market value adjustments 
from settlements on commodity derivatives during the period. Non-cash fair value adjustments on commodity derivatives is not a measure of financial or operating 
performance under GAAP, nor should it be considered a substitute for derivative fair value income or loss as reported in our consolidated statements of income.

Brokered natural gas, marketing and other revenue was $218.6 million in 2023 compared to $424.2 million in 2022. We enter into purchase transactions 
with third parties and separate sale transactions with third parties at different times to utilize available pipeline capacity and to fulfill sales commitments in the event 
of operational upsets. The 2023 period includes $195.7 million of revenue from the sale of natural gas that is not related to our production (brokered) and $1.8 
million of revenue from the sale of NGLs that is not related to our production, the receipt of $5.1 million in make-whole payments and $5.9 million of interest 
income. The 2022 period includes $408.6 million of revenue from the brokered sale of natural gas and $2.8 million of revenue from the sale of NGLs that is not 
related to our production and $2.5 million of interest income. These brokered revenues decreased compared to 2022 due to lower sales prices partially offset by 
higher brokered volumes.

Costs and Expenses per mcfe

We believe some of our expense fluctuations are best analyzed on a unit-of-production, or per mcfe, basis. The following presents information about certain 
of our expenses on a per mcfe basis for the last two years:

Year Ended December 31,

2023 2022 Change
%

Change

Direct operating expense $ 0.12 $ 0.11 $ 0.01 9 %
Taxes other than income expense 0.03 0.05 (0.02 ) (40 %)
General and administrative expense 0.21 0.22 (0.01 ) (5 %)
Interest expense 0.16 0.21 (0.05 ) (24 %)
Depletion, depreciation and amortization expense 0.45 0.46 (0.01 ) (2 %)
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Direct operating expense was $96.1 million in 2023 compared to $84.3 million in 2022. Direct operating expenses include normally recurring expenses to 
operate and produce our wells, non-recurring workover and repair-related expenses. On an absolute dollar basis, our direct operating expenses for 2023 increased 
14% from the prior year primarily due to higher water hauling/handling costs, higher labor costs and higher workover costs. We incurred $4.5 million of workover 
costs in 2023 compared to $3.0 million of workover costs in 2022.

On a per mcfe basis, operating expense for 2023 increased $0.01, or 9% from the same period of 2022, with the increase due to higher workover costs. Stock-
based compensation expense represents the amortization of equity grants as part of the compensation of field employees. The following table summarizes direct 
operating expenses per mcfe for the last two years:

Year Ended December 31,

2023 2022 Change
%

Change

Direct operating
Lease operating expense $ 0.11 $ 0.11 $ — — %
Workovers 0.01 — 0.01 100 %
Stock-based compensation — — — — %
Total direct operating expense $ 0.12 $ 0.11 $ 0.01 9 %

Taxes other than income expense was $23.7 million in 2023 compared to $35.4 million in 2022. This expense category is primarily the Pennsylvania impact 
fee. In 2012, Pennsylvania enacted an "impact fee" on unconventional natural gas and oil production which includes the Marcellus Shale. The impact fee is based 
upon the year wells are drilled and the fee varies, like a severance tax, based upon natural gas prices. The year ended December 31, 2023 includes a $21.8 million 
impact fee compared to $33.2 million in the year ended December 31, 2022, with the decrease primarily due to lower natural gas prices. This category also includes 
other taxes such as franchise, real estate and commercial activity taxes. The following table summarizes taxes other than income per mcfe for the last two years:

Year Ended December 31,

2023 2022 Change
%

Change

Taxes other than income
Impact fee $ 0.03 $ 0.04 $ (0.01 ) (25 %)
Other — 0.01 (0.01 ) (100 %)
Total taxes other than income $ 0.03 $ 0.05 $ (0.02 ) (40 %)

General and administrative expense was $164.7 million for 2023 compared to $168.1 million for 2022. The decrease in 2023, when compared to 2022, is 
primarily due to lower stock-based compensation and lower legal expenses partially offset by higher salaries and benefit costs.  As of December 31, 2023, the 
number of general and administrative employees was the same when compared to December 31, 2022.

On a per mcfe basis, general and administrative expense for 2023 was 5% lower when compared to the same period of 2022 due to lower stock-based 
compensation. Stock-based compensation expense represents the amortization of stock-based compensation awards granted to our employees and our non-employee 
directors as part of their compensation. The following table summarizes general and administrative expenses per mcfe for the last two years:

Year Ended December 31,

2023 2022 Change
%

Change

General and administrative
General and administrative $ 0.16 $ 0.16 $ — — %
Stock-based compensation 0.05 0.06 (0.01 ) (17 %)
Total general and administrative expense $ 0.21 $ 0.22 $ (0.01 ) (5 %)
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Interest expense was $124.0 million for 2023 compared to $165.1 million for 2022. The following table summarizes interest expense per mcfe for the last 
two years:

Year Ended December 31,

2023 2022 Change
%

Change

Bank credit facility $ 0.01 $ 0.01 $ — — %

Senior notes 0.14 0.19 (0.05 ) (26 %)
Amortization of deferred financing costs and other 0.01 0.01 — — %

Total interest expense $ 0.16 $ 0.21 $ (0.05 ) (24 %)

Average debt outstanding (in thousands) $ 1,821,940 $ 2,510,107 $ (688,167 ) (27 %)
Average interest rate 6.5 % 6.25 % 0.25 % 4 %

Includes commitment fees but excludes amortization of debt issue costs.

On an absolute basis, the decrease in interest expense for 2023 from 2022 was primarily due to lower overall outstanding average debt balances. See Note 6 
to our consolidated financial statements for additional information. Average debt outstanding on the bank credit facility for 2023 was $8.0 million compared to $48.4 
million for 2022 and the weighted average interest rate on the bank credit facility was 8.4% for 2023 compared to 4.1% in 2022.

Depletion, depreciation and amortization ("DD&A") was $350.2 million in 2023 compared to $353.4 million in 2022. The decrease in 2023 when compared 
to 2022 is due to a 2% decrease in depletion rates. On a per mcfe basis, DD&A decreased to $0.45 in 2023 compared to $0.46 in 2022. Depletion expense, the largest 
component of DD&A, was $0.44 per mcfe in 2023 compared to $0.45 per mcfe in 2022. We have historically adjusted our depletion rates in the fourth quarter of 
each year based on our year-end reserve report and at other times during the year when circumstances indicate there has been a significant change in reserves or 
costs. The following table summarizes DD&A expenses per mcfe for the last two years:

Year Ended December 31,

2023 2022 Change
%

Change
DD&A

Depletion and amortization $ 0.44 $ 0.45 $ (0.01 ) (2 %)
Accretion and other 0.01 0.01 — — %

Total DD&A expenses $ 0.45 $ 0.46 $ (0.01 ) (2 %)

Other Operating Expenses

Our total operating expenses also include other expenses that generally do not trend with production. These expenses include stock-based compensation, 
brokered natural gas and marketing, exploration expense, abandonment and impairment of unproved properties, exit costs, deferred compensation plan and gain or 
loss on early extinguishment of debt. The following table details stock-based compensation that is allocated to functional expense categories for the last two years (in 
thousands):

2023 2022

Direct operating expense $ 1,723 $ 1,459
Brokered natural gas and marketing expense 2,095 2,439
Exploration expense 1,250 1,578
General and administrative expense 35,850 42,023

Total stock-based compensation $ 40,918 $ 47,499

Stock-based compensation includes the amortization of restricted stock and performance-based grants.
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Brokered natural gas and marketing expense was $202.9 million in 2023 compared to $427.0 million in 2022. We enter into purchase transactions with third 
parties and separate sale transactions with third parties at different times to utilize available pipeline capacity and fulfill sales commitments in the event of 
operational upsets. The decrease in these costs reflects lower purchase prices partially offset by higher purchased volumes. The following table details our brokered 
natural gas, marketing and other net margin which includes the net effect of these third-party transactions for the two-year period ended December 31, 2023 (in 
thousands):

2023 2022

Brokered natural gas and marketing
Brokered natural gas sales $ 195,656 $ 408,584
Brokered NGLs sales 1,834 2,783
Interest income 5,937 2,538
Other marketing revenue and other income 15,176 10,312
Brokered natural gas purchases and transportation (191,659 ) (413,911 )
Brokered NGLs purchases (1,632 ) (2,808 )
Other marketing expense (9,593 ) (10,329 )

Net brokered natural gas and marketing margin $ 15,719 $ (2,831 )

Exploration expense was $26.5 million in 2023 compared to $26.8 million in 2022. Exploration expense in 2023 was lower when compared to the prior year 
with lower delay rentals partially offset by higher seismic and personnel costs. Stock-based compensation represents the amortization of equity stock grants as part of 
the compensation of our exploration staff. The following table details our exploration related expenses for the last two years (in thousands):

Year Ended December 31,

2023 2022 Change
%

Change

Exploration
Seismic $ 1,687 $ 237 $ 1,450 612 %
Delay rentals and other 17,644 19,576 (1,932 ) (10 %)
Personnel expense 5,949 5,381 568 11 %
Stock-based compensation expense 1,250 1,578 (328 ) (21 %)
Total exploration expense $ 26,530 $ 26,772 $ (242 ) (1 %)

Abandonment and impairment of unproved properties was $46.4 million in 2023 compared to $28.6 million in 2022. These costs increased when compared 
to the same period of 2022 due to higher estimated lease expirations in Pennsylvania. Impairment of individually insignificant unproved properties is assessed and 
amortized on an aggregate basis based on our average holding period, expected forfeiture rate and anticipated drilling success. We assess individually significant 
unproved properties for impairment on a quarterly basis and recognize a loss where circumstances indicate impairment in value. In determining whether a significant 
unproved property is impaired we consider numerous factors including, but not limited to, current exploration plans, favorable or unfavorable activity on the property 
being evaluated and/or adjacent properties, our geologists’ evaluation of the property and the remaining months in the lease term for the property.

Exit costs in 2023 were $99.9 million compared to $70.3 million in 2022. In August 2020, we completed the sale of our North Louisiana operations in a 
transaction that included the retention of certain related gathering, transportation and processing obligations extending until 2030. The present value of these 
estimated future obligations totaled $479.8 million which was recorded in third quarter 2020. In the twelve months ended December 31, 2023, we recorded $41.9 
million accretion expense related to these retained liabilities and in second quarter 2023, we recorded an adjustment of $37.8 million to increase this obligation for an 
increase in forecasted rates due to inflation. In addition, in fourth quarter 2023, we recorded an additional $18.0 million adjustment to increase the obligation for a 
change to our forecasted drilling plans of the buyer. In the twelve months ended December 31, 2022, we recorded $43.6 million accretion expense related to these 
retained liabilities and we recorded an adjustment of $24.8 million to increase this obligation for a change in forecasted drilling plans of the buyer and other 
adjustments. The following table details our exit costs for the last two years (in thousands):

Year Ended December 31,
2023 2022

Exit costs
Divestiture contract obligation (including accretion of discount) $ 99,595 $ 69,758
Transportation contract capacity releases (including accretion of discount) 345 579
Total exit costs $ 99,940 $ 70,337
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Deferred compensation plan expense was $26.6 million in 2023 compared to $61.9 million in 2022. Our stock price increased to $30.44 at December 31, 
2023 from $25.02 at December 31, 2022. This non-cash item relates to the increase or decrease in value of the liability associated with our common stock that is 
vested and held in our deferred compensation plan. The deferred compensation liability is adjusted to fair value by a charge or a credit to deferred compensation plan 
expense. Common shares are placed in the deferred compensation plan when granted to eligible participants. The deferred compensation plan held 1.5 million vested 
shares at December 31, 2023 compared to 5.3 million shares at December 31, 2022.

Gain (loss) on early extinguishment of debt was a gain of $438,000 in 2023 compared to a loss of $69.5 million in 2022. In second quarter 2023, we 
purchased on the open market $61.6 million principal amount of 4.875% senior notes due 2025 at a discount and recorded a gain of $438,000, net of transaction costs 
and the expensing of deferred financing costs on the repurchased debt. In first quarter 2022, we announced a call for the redemption of $850.0 million of our 
outstanding 9.25% senior notes due 2026 which were redeemed on February 1, 2022. The redemption price equaled 106.938% of par plus accrued and unpaid 
interest. We recognized a loss on early extinguishment of debt of $69.2 million.

Income tax expense was $229.2 million in 2023 compared to $230.5 million in 2022. Income tax expense was the same as the prior year with lower 
operating income offset by the impact of changes in our valuation allowances each year.

The following is a summary of income tax expense (in thousands):

Year Ended December 31,
2023 2022

Income tax expense
Current tax expense $ 1,547 $ 14,688
Deferred income tax expense 227,654 215,772
Total income tax expense $ 229,201 $ 230,460

Combined federal and state effective income tax rate 20.8 % 16.3 %

See Note 4 to our consolidated financial statements for further detail.

Management’s Discussion and Analysis of Financial Condition, Cash Flows, Capital Resources and Liquidity

Commodity prices are the most significant factor impacting our revenues, net income, operating cash flows, the amount of capital we invest in our business, 
payment of dividends and funding of share repurchases. Commodity prices have been and are expected to remain volatile. Our top priorities for using cash provided 
by operations are to fund our capital budget program, debt repayments and return capital to stockholders. We currently believe we have sufficient liquidity and 
capital resources to execute our business plan for the foreseeable future and across a wide range of commodity price environments.

Cash Flows

The following table presents sources and uses of cash and cash equivalents for the last two years (in thousands):

2023 2022

Sources of cash and cash equivalents
Operating activities $ 977,892 $ 1,864,744
Disposal of assets 872 518
Borrowing on credit facility 185,000 972,000
Issuance of new senior notes — 500,000
Other 124,722 72,713

Total sources of cash and cash equivalents $ 1,288,486 $ 3,409,975

Uses of cash and cash equivalents
Additions to natural gas and oil properties $ (571,819 ) $ (456,505 )
Acreage purchases (34,410 ) (30,885 )
Other property (701 ) (682 )
Repayments on credit facility (204,000 ) (953,000 )
Repayment of senior notes (60,934 ) (1,659,422 )
Purchases of treasury stock (19,042 ) (399,699 )
Dividends paid (77,241 ) (38,638 )
Other (108,572 ) (85,359 )

Total uses of cash and cash equivalents $ (1,076,719 ) $ (3,624,190 )
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Sources of Cash and Cash Equivalents

Cash flow from operating activities in 2023 was $977.9 million compared to $1.9 billion in 2022. Cash provided from operating activities is largely 
dependent upon commodity prices and production volumes, net of the effects of settlement of our derivative contracts. The decrease in cash provided from operating 
activities in 2023 from 2022 reflects significantly lower realized prices partially offset by the impact of a favorable change in working capital outflow (the timing of 
cash receipts and disbursements). As of December 31, 2023, we have hedged more than 45% of our projected total production for 2024 with more than 50% of our 
projected natural gas production hedged. Net cash provided from operating activities is also affected by working capital changes or the timing of cash receipts and 
disbursements. Changes in working capital (as reflected in our consolidated statements of cash flows) for 2023 was an outflow of $121.1 million compared to an 
outflow of $169.3 million for 2022.

Uses of Cash and Cash Equivalents

Additions to natural gas and oil properties are our most significant use of cash and cash equivalents. These cash outlays are associated with our drilling and 
completion capital budget program. The following table shows capital expenditures and reconciles to additions to natural gas and oil properties as presented on our 
consolidated statements of cash flows for the last two years (in thousands):

2023 2022

Appalachia $ 571,607 $ 462,134
Change in capital expenditure accrual for proved properties 1,204 (4,116 )
Change in other non-cash capital expenditures (992 ) (1,513 )

Additions to natural gas and oil properties $ 571,819 $ 456,505

Repayment of senior notes for 2023 includes the repurchase of $61.6 million principal of our 4.875% senior notes due 2025, at a discount.

Purchases of treasury stock for 2023 include the repurchase of 715,000 shares of common stock for a total of $19.0 million as part of our previously 
announced stock repurchase program.

Liquidity and Capital Resources

Our main sources of liquidity are cash, internally generated cash flow from operations, capital market transactions and our bank credit facility. At December 
31, 2023, we had approximately $1.5 billion of liquidity consisting of cash on hand and availability under our bank credit facility.

Our liquidity requirements are supported by our cash on hand and our bank credit facility. We may draw on our bank credit facility to meet short-term cash 
requirements or issue debt or equity securities through the shelf registration discussed below as part of our longer-term liquidity and capital management. We believe 
our short-term and long-term liquidity is adequate to fund our current operations and our near-term and long-term funding requirements including our capital 
spending programs, repayment of debt maturities and dividends. Although we expect cash flows to be sufficient to fund our expected 2024 capital program, we may 
elect to use the bank credit facility or raise funds through new debt or equity offerings or from other sources of financing.

Bank Credit Facility

Our bank credit facility is secured by substantially all of our assets. In April 2022, we entered into an amended bank credit facility with a maturity date of 
April 14, 2027. As of December 31, 2023, we had no outstanding borrowings under our bank credit facility and we maintain a borrowing base of $3.0 billion and 
aggregate lender commitments of $1.5 billion. We also have undrawn letters of credit of $173.4 million as of December 31, 2023 which reduce the borrowing 
capacity under our bank credit facility.

The borrowing base is subject to regular, semi-annual redeterminations and is dependent on a number of factors but primarily the lender’s assessment of 
future cash flows. The next scheduled borrowing base redetermination is during the spring of 2024. We currently must comply with certain financial and non-
financial covenants, including limiting dividend payments, debt incurrence and requirements that we maintain certain financial ratios (as defined in our bank credit 
agreement). We were in compliance with all such covenants at December 31, 2023. See Note 6 to our consolidated financial statements for more information.

Capital Requirements

Our material cash requirements include the following contractual and other potential or expected obligations:
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Capital Budget

Our approved capital budget for 2024 is $620 million to $670 million. The amount of our future capital expenditures will depend upon a number of factors 
including our cash flows from operations, investing and financing activities, infrastructure availability, supply and demand fundamentals and our ability to execute 
our development program. We periodically review our budget to assess changes in current and projected cash flows, debt requirements and other factors.

Long-Term Debt

As of December 31, 2023, we had $1.8 billion of total long-term debt outstanding. Our next significant long-term debt maturity is in the amount of $688.4 
million due 2025. Anticipated cash annual interest payments related to our fixed-rate debt, based on the amount outstanding at December 31, 2023, is $23.8 million 
on our 4.75% senior notes, $33.6 million on our 4.875% senior notes and $49.5 million on our 8.25% senior notes.

Stock Repurchase Program

Our total remaining share repurchase authorization was approximately $1.1 billion at December 31, 2023.

Other Sources of Liquidity

We have a universal shelf registration statement filed with the SEC under which we, as a "well-known seasoned issuer" for purposes of SEC rules, have the 
ability to sell an indeterminate amount of various types of debt and equity securities.

Cash Contractual Obligations

Our contractual obligations include long-term debt, operating leases, derivative obligations, asset retirement obligations and transportation, gathering and 
processing commitments. As of December 31, 2023, we do not have any capital leases or any significant off-balance sheet debt or other such unrecorded obligations 
and we have not guaranteed any debt of any unrelated party. As of December 31, 2023, we had a total of $173.4 million of letters of credit outstanding under our 
bank credit facility. The table below provides estimates of the timing of future payments that we are obligated to make based on agreements in place at December 31, 
2023. In addition to the contractual obligations listed in the table below, our consolidated balance sheet at December 31, 2023 reflects accrued interest payable on our 
bank debt of $41,000, which is payable in first quarter 2024.

The following summarizes our contractual financial obligations at December 31, 2023 and their future maturities. We expect to fund these contractual 
obligations with cash generated from operating activities, and, if necessary, borrowings under our bank credit facility or other sources (in thousands):

Payment due by period

2024 2025 2026
2027

and 2028 Thereafter Total

Debt:
Bank debt due 2027 $ — $ — $ — $ — $ — $ —
4.875% senior notes due 2025 — 688,388 — — — 688,388
8.25% senior notes due 2029 — — — — 600,000 600,000
4.75% senior notes due 2030 — — — — 500,000 500,000

Other obligations: —
Operating leases 13,119 7,921 6,866 2,698 29 30,633
Software licenses and other 2,117 576 279 16 — 2,988
Derivative obligations 222 107 — — — 329
Transportation and gathering commitments 801,694 730,907 670,692 616,260 3,070,613 5,890,166
Asset retirement obligation liability 2,395 38 — — 114,996 117,429

Total contractual obligations $ 819,547 $ 1,427,937 $ 677,837 $ 618,974 $ 4,285,638 $ 7,829,933

We had no outstanding balance as of the end of the year.
Derivative obligations represent net liabilities determined in accordance with master netting arrangements for commodity derivatives that were valued as of December 31, 2023. 
Our derivatives are measured and recorded at fair value and are subject to market and credit risk. The ultimate liquidation value will be dependent upon actual future commodity 
prices which may differ materially from the inputs used to determine fair value as of December 31, 2023. See Note 8 to our consolidated financial statements.
The obligations above represent our minimum financial commitments pursuant to the terms of these contracts. Our actual expenditures may exceed these minimum commitments.
The amount above represents the discounted values. There are inherent uncertainties surrounding the obligations and the actual amount and timing may differ from our estimates. 
See Note 7 to our consolidated financial statements.
This table excludes the liability for the deferred compensation plans since these obligations will be funded with existing plan assets and does not include obligations to taxing 
authorities.
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We have also entered into an additional agreement which modifies existing contracts that are included in the cash contractual obligation table above but is 
contingent on additional facility construction and is expected to begin in 2024 with a twelve-year term and adds to our ability to efficiently flow production volumes. 
The revised agreement covers volumes of 650,000 mcf per day but declines in the last five years of the contract ending at 300,000 mcf per day.

Not included in the table above is our estimate of accrued contractual obligations related to certain obligations retained by us after our divestiture of our 
North Louisiana assets in 2020. These contractual obligations are related to gathering, processing and transportation agreements including certain minimum volume 
commitments. There are inherent uncertainties surrounding the retained obligation and, as a result, the determination of the accrued obligation required significant 
judgment and estimation. The actual settlement amount and timing may differ from our estimates. See also Note 13 and Note 14 to our consolidated financial 
statements. As of December 31, 2023, the carrying value of this obligation was $397.4 million (discounted) and is included in divestiture contract obligation in our 
consolidated balance sheets. As of December 31, 2023, our estimated settlement of this retained obligation based on a discounted value is as follows (in thousands):

Year Ended
December 31,

2024 $ 86,762
2025 77,418
2026 61,805
2027 52,622
2028 48,116
Thereafter 70,727

$ 397,450

Income Taxes

We are subject to income and non-income-based taxes under federal, state and local jurisdictions in which we operate. Historically, we have generated and 
carried forward net operating losses ("NOL") in amounts sufficient to offset all our taxable income at the federal level. To the extent we utilize all or substantially all 
of our federal NOL carryovers, we expect to begin to make federal income tax payments. In addition, the Inflation Reduction Act of 2022 could trigger minimum 
income taxes if we become subject to the corporate alternative minimum tax where we may have to make estimated federal income tax payments. We currently pay 
state income taxes in the Commonwealth of Pennsylvania. See Note 4 to our consolidated financial statements for more information.

Proved Reserves

To maintain and grow production and cash flow, we must continue to develop existing proved reserves and locate or acquire new natural gas, NGLs and oil 
reserves. The following is a discussion of proved reserves, reserve additions and revisions and future net cash flows from proved reserves.

Year End December 31,
2023 2022

(Mmcfe)

Proved Reserves:
Beginning of year 18,077,656 17,775,484

Reserve revisions 608,784 (591,983 )
Reserve extensions, discoveries and additions 207,260 1,668,244
Production (780,575 ) (774,089 )

End of year 18,113,125 18,077,656

Proved Developed Reserves:
Beginning of year 10,933,180 10,417,887
End of year 11,535,852 10,933,180

Our proved reserves at year-end 2023 were 18.1 Tcfe which were slightly higher than year-end 2022. Natural gas comprised approximately 64% of our 
proved reserves at year-end 2023.

Reserve Revisions and Additions.  Revisions of previous estimates of a positive 608.8 Bcfe includes a positive revision of 280.2 Bcfe for previously 
undeveloped properties reclassified from non-proved properties due to their addition to our five-year development plan and positive performance revisions of 701.4 
Bcfe due to improved well performance and longer lateral lengths partially offset by negative pricing revisions and 370.6 Bcfe reclassified to unproved for 
previously planned wells not to be drilled within the original five-year development horizon. We added 207.3 Bcfe of proved reserves from drilling activities and 
evaluation of proved areas in
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Pennsylvania. Our ethane reserves are intended to match volumes delivered under our existing long-term, extendable contracts along with meeting pipeline 
specifications.

During 2022, we added 1.7 Tcfe of proved reserves from drilling activities and evaluation of proved areas in Pennsylvania. Approximately 77% of the 2022 
reserve additions are attributable to natural gas. Our ethane reserves are intended to match volumes delivered under our existing long-term, extendable contracts. 
Revisions of previous estimates of a negative 592.0 Bcfe includes 1.4 Tcfe reserves reclassified to unproved because of previously planned wells not expected to be 
drilled within the original five year development horizon significantly offset by favorable pricing revisions, positive performance revisions of 72.8 Bcfe and 716.2 
Bcfe for previously proved undeveloped properties as they were added back to our five-year development plan. Wells reclassified to unproved during the year are the 
result of the out-performance of existing wells which resulted in a higher utilization of in-field gathering capacity and a reallocation of capital due to the drilling of 
longer laterals on existing locations.

Future Net Cash Flows. At December 31, 2023, the present value (discounted at 10%) of estimated future net cash flows from our proved reserves was $7.9 
billion. The present value of our estimated future net cash flows at December 31, 2022 was $29.6 billion. This present value was calculated based on the unweighted 
average first-day-of-the-month oil and gas prices for the prior twelve months held flat for the life of the reserves, in accordance with SEC rules. At December 31, 
2023, the after-tax present value of estimated future net cash flows from our proved reserves was $6.8 billion compared to $24.5 billion at December 31, 2022.

The present value of future net cash flows does not purport to be an estimate of the fair market value of our proved reserves. An estimate of fair value would 
also take into account, among other things, anticipated changes in future prices and costs, the expected recovery of reserves in excess of proved reserves and a 
discount factor more representative of the time value of money to the evaluating party and the perceived risks inherent in producing oil and gas.

Delivery Commitments

We have various volume delivery commitments that are related to our Marcellus Shale properties. We expect to be able to fulfill our contractual obligations 
from our own production; however, we may purchase third-party volumes to satisfy our commitments or pay demand fees for commitment shortfalls, should they 
occur. As of December 31, 2023, our delivery commitments through 2037 were as follows:

Year Ending
December 31,

Natural Gas
(mmbtu per day)

Ethane and Propane
(bbls per day)

2024 302,404 70,000
2025 282,493 54,932
2026 200,548 50,000
2027 100,000 46,233
2028 100,000 45,000
2029 100,000 33,444
2030 - 30,000
2031 - 16,575

2032 - 2037 - 10,000 (each year)

Other

We lease acreage that is generally subject to lease expiration if initial wells are not drilled within a specified period, generally between three and five years. 
We do not expect to lose significant lease acreage because of failure to drill due to inadequate capital, equipment or personnel. However, based on our evaluation of 
prospective economics, including the cost of infrastructure to connect production, we have allowed acreage to expire and will allow additional acreage to expire in 
the future. To date, our expenditures to comply with environmental or safety regulations have not been a significant component of our cost structure and are not 
expected to be significant in the future. However, new regulations, enforcement policies, claims for damages, or other events could result in significant future costs. 
We also regularly provide letters of credit in the normal course of business under certain contracts that may be drawn if we fail to perform under those contracts.

Off-Balance Sheet Arrangements

We do not currently utilize any off-balance sheet arrangements with unconsolidated entities to enhance our liquidity or capital resources position. However, as 
is customary in the natural gas and oil industry, we have various contractual work commitments which are described above under cash contractual obligations.
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Management’s Discussion of Critical Accounting Estimates

Our discussion and analysis of our financial condition and results of operations are based upon our consolidated financial statements, which have been 
prepared in accordance with accounting principles generally accepted in the United States. The preparation of our financial statements requires us to make estimates 
and assumptions that affect the reported amounts of assets and liabilities, the disclosure of contingent assets and liabilities at year-end and the reported amounts of 
revenues and expenses during the year. Accounting estimates are considered to be critical if (1) the nature of the estimates and assumptions is material due to the 
levels of subjectivity and judgment necessary to account for highly uncertain matters or the susceptibility of such matters to changes; and (2) the impact of the 
estimates and assumptions on financial condition or operating performance is material. Actual results could differ from the estimates and assumptions used.

Estimated Quantities of Net Reserves

We use the successful efforts method of accounting for natural gas and oil producing activities as opposed to the alternate acceptable full cost method. We 
believe that net assets and net income are more conservatively measured under the successful efforts method of accounting than under the full cost method, 
particularly during periods of active exploration. One difference between the successful efforts method of accounting and the full cost method is that under the 
successful efforts method, all exploratory dry holes and geological and geophysical costs are charged against earnings during the periods they occur; whereas, under 
the full cost method of accounting, such costs are capitalized as assets, pooled with the costs of successful wells and charged against earnings of future periods as a 
component of depletion expense. Under the successful efforts method of accounting, successful exploration drilling costs and all development costs are capitalized 
and these costs are systematically charged to expense using the units of production method based on proved developed natural gas and oil reserves as estimated by 
our engineers and audited by independent engineers. Costs incurred for exploratory wells that find reserves that cannot yet be classified as proved are capitalized on 
our balance sheet if (1) the well has found a sufficient quantity of reserves to justify its completion as a producing well and (2) we are making sufficient progress 
assessing the reserves and the economic and operating viability of the project. Proven property leasehold costs are amortized to expense using the units of production 
method based on total proved reserves. Properties are assessed for impairment as circumstances warrant (at least annually) and impairments to value are charged to 
expense. The successful efforts method inherently relies upon the estimation of proved reserves, which includes proved developed and proved undeveloped volumes.

Proved reserves are defined by the SEC as those volumes of natural gas, NGLs, condensate and crude oil that geological and engineering data demonstrate 
with reasonable certainty are recoverable in future years from known reservoirs under existing economic and operating conditions. Proved developed reserves are 
volumes expected to be recovered through existing wells with existing equipment and operating methods. Proved undeveloped reserves include reserves for which a 
development plan has been adopted indicating each location is scheduled to be drilled within five years from the date it was booked as proved reserves, unless 
specific circumstances justify a longer time. Although our engineers are knowledgeable of and follow the guidelines for reserves established by the SEC, the 
estimation of reserves requires engineers to make a significant number of assumptions based on professional judgment. Reserve estimates are updated at least 
annually and consider recent production levels and other technical information. Estimated reserves are often subject to future revisions, which could be substantial, 
based on the availability of additional information, including reservoir performance, new geological and geophysical data, additional drilling, technological 
advancements, price and cost changes and other economic factors. Changes in natural gas, NGLs and oil prices can lead to a decision to start up or shut in 
production, which can lead to revisions to reserve quantities. Reserve revisions in turn cause adjustments in our depletion rates. We cannot predict what reserve 
revisions may be required in future periods. Reserve estimates are reviewed and approved by our Senior Vice President of Reservoir Engineering and Economics, 
who reports directly to our President and Chief Executive Officer. To further ensure the reliability of our reserve estimates, we engage independent petroleum 
consultants to audit our estimates of proved reserves. Estimates prepared by third parties may be higher or lower than those included herein. Independent petroleum 
consultants audited approximately 96% of our reserves in both 2023 and 2022. Historical variances between our reserve estimates and the aggregate estimates of our 
consultants have been approximately 5%. The reserves included in this report are those reserves estimated by our petroleum engineering staff. For additional 
discussion, see Items 1 & 2. Business and Properties – Proved Reserves.

Reserves are based on the weighted average of commodity prices during the 12-month period, using the closing prices on the first day of each month, as 
defined by the SEC. When determining the December 31, 2023 proved reserves for each property, benchmark prices are adjusted using price differentials that 
account for property-specific quality and location differences. If prices in the future average below prices used to determine reserves at December 31, 2023, it could 
have an adverse effect on our estimates of proved reserves. It is difficult to estimate the magnitude of any potential price change and the effect on proved reserves 
due to numerous factors (including commodity prices and performance revisions).

Depletion rates are determined based on reserve quantity estimates and the capitalized costs of producing properties. As the estimated reserves are adjusted, 
the depletion expense for a property will change, assuming no change in production volumes or the capitalized costs. While total depletion expense for the life of a 
property is limited to the property’s total cost, proved reserve revisions result in a change in the timing of when depletion expense is recognized. Downward revisions 
of proved reserves may result in an acceleration of depletion expense, while upward revisions tend to lower the rate of depletion expense recognition. Based on 
proved reserves at December 31, 2023, we estimate that a 1% change in proved reserves would increase or decrease 2024 depletion expense
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by approximately $3.0 million (based on current production estimates). We currently expect our DD&A rate to be approximately $0.44 per mcfe in 2024. Estimated 
reserves are used as the basis for calculating the expected future cash flows from property asset groups, which are used to determine whether that property may be 
impaired. Reserves are also used to estimate the supplemental disclosure of the standardized measure of discounted future net cash flows relating to natural gas and 
oil producing activities and reserve quantities in Note 15 to our consolidated financial statements. Changes in the estimated reserves are considered a change in 
estimate for accounting purposes and are reflected on a prospective basis. It should not be assumed that the standardized measure is the current market value of our 
estimated proved reserves.

Fair Value Estimates

Fair value is the price that would be received to sell an asset or paid to transfer a liability in an orderly transaction between market participants at the 
measurement date. There are three approaches for measuring the fair value of assets and liabilities:  the market approach, the income approach and the cost approach, 
each of which includes multiple valuation techniques. The market approach uses prices and other relevant information generated by market transactions involving 
identical or comparable assets or liabilities. The income approach uses valuation techniques to measure fair value by converting future amounts, such as cash flows 
or earnings, into a single present value, or range of present values, using current market expectations about those future amounts. The cost approach is based on the 
amount that would currently be required to replace the service capacity of an asset. This is often referred to as current replacement cost. The cost approach assumes 
that the fair value would not exceed what it would cost a market participant to acquire or construct a substitute asset of comparable utility, adjusted for obsolescence.

The fair value accounting standards do not prescribe which valuation technique should be used when measuring fair value and do not prioritize among the 
techniques. These standards establish a fair value hierarchy that prioritizes the inputs used in applying the various valuation techniques. Inputs broadly refer to the 
assumptions that market participants use to make pricing decisions, including assumptions about risk. Level 1 inputs are given the highest priority in the fair value 
hierarchy, while Level 3 inputs are given the lowest priority. The three levels of the fair value hierarchy are as follows:

• Level 1-Observable inputs that reflect unadjusted quoted prices for identical assets or liabilities in active markets as of the measurement date. Active 
markets are those in which transactions for the asset or liability occur in sufficient frequency and volume to provide pricing information on an 
ongoing basis.

• Level 2-Observable market-based inputs or unobservable inputs that are corroborated by market data. These are inputs other than quoted prices in 
active markets included in Level 1, which are either directly or indirectly observable as of the measurement date.

• Level 3-Unobservable inputs for which there is little, if any, market activity for the asset or liability being measured. These inputs reflect 
management’s best estimates of the assumptions market participants would use in determining fair value. 

Valuation techniques that maximize the use of observable inputs are favored. Assets and liabilities are classified in their entirety based on the lowest priority 
level of input that is significant to the fair value measurement. The assessment of the significance of a particular input to the fair value measurement requires 
judgment and may affect the placement of assets and liabilities within the levels of the fair value hierarchy. See Note 9 to the consolidated financial statements for 
disclosures regarding our fair value measurements.

The need to test long-lived assets for impairment can be based on several indicators, including reductions in commodity prices, reductions to our capital 
budget, unfavorable adjustments to reserves, significant changes in the expected timing of production, other changes to contracts or changes in the regulatory 
environment in which a property is located.  Valuation methods used to measure fair value may require significant management judgement and estimates to derive 
the inputs necessary to determine fair value.

Whenever changes in facts and circumstances indicate that the carrying value of our long-lived assets may not be recoverable, we perform an impairment 
evaluation. For purposes of this evaluation, long-lived assets must be grouped at the lowest level for which independent cash flows can be identified, which generally 
is field-by-field, in certain instances, by logical grouping of assets if there is significant shared infrastructure or contractual terms that cause economic 
interdependency amongst separate, discrete fields. If the sum of the undiscounted estimated cash flows from the use of the asset group and its eventual disposition is 
less than the carrying value of an asset group, the carrying value is written down to the estimated fair value. As of December 31, 2023, our estimated undiscounted 
cash flows relating to our long-lived assets significantly exceeded their carrying values.

Fair value calculated for the purpose of testing our natural gas and oil properties for impairment is estimated using the present value of expected future cash 
flows method and comparative market prices when appropriate. Significant judgment is involved in performing these fair value estimates since the results are based 
on forecasted assumptions. We base our fair value estimates on projected financial information which we believe to be reasonably likely to occur. An estimate of the 
sensitivity to changes in assumptions in our undiscounted cash flow calculations is not practicable, given the numerous assumptions (e.g. reserves, pace and timing 
of development plans, commodity prices, capital expenditures, operating costs, drilling and development costs, inflation and discount rates) that can materially affect 
our estimates. Unfavorable adjustments to some of the above listed assumptions would likely
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be offset by favorable adjustments in other assumptions. For example, the impact of sustained reduced commodity prices on future undiscounted cash flows would 
likely be partially offset by lower costs.

We record all derivative instruments at fair value. Fair value measurements are based on observable market-based inputs that are corroborated by market data 
and are discussed more fully in Note 8 to our consolidated financial statements and in Item 7A. Quantitative and Qualitative Disclosures About Market Risk.

Exit Cost Estimates

Our consolidated balance sheets include accrued exit cost obligations related to retained gathering, processing and transportation contracts associated with 
divestiture of our North Louisiana assets during 2020. Inherent in the initial fair value calculation of these exit costs were numerous assumptions and judgments 
including the ultimate amounts to be paid, the credit-adjusted discount rates, the development plans of the buyer and our probability weighted forecast of those 
drilling plans, market conditions and the ultimate usage by the buyer of each facility included in the agreement. A significant portion of this obligation is a gas 
processing agreement that includes a deficiency payment if the minimum volume commitment is not met and we must assess the likelihood and amount of 
production volumes flowing to this facility. In addition, our agreement includes additional transportation agreements that are based on contractual rates applied to a 
minimum volume usage. We have made significant judgments and estimates regarding the timing and amount of these liabilities. We based our initial fair value 
estimate on assumptions we believed to be reasonable and likely to occur. We have continued to refine our forecast of the buyer's development plans since the 
divestiture. Changes in other assumptions, such as the estimate of production volumes flowing to certain processing facilities, could result in a higher liability. If we 
assume the flow of production volumes was held flat through the end of the contract, the liability could increase by approximately $9.1 million. If the forecasted 
inflation rates were to increase or decrease in the amount of 1%, the difference in the liability would be $9.4 million. We continue to regularly monitor our estimates 
and in the future may be required to adjust our estimates based on facts and circumstances. See Note 13 and Note 14 to our consolidated financial statements for a 
further discussion of these costs.

Income Taxes

We are subject to income and other taxes in all areas in which we operate. For financial reporting purposes, we provide taxes at rates applicable for the 
appropriate tax jurisdictions. Estimates of amounts of income tax to be recorded involve interpretation of complex tax laws. Our effective tax rate is subject to 
variability as a result of factors other than changes in federal and state tax rates and/or changes in tax laws which could affect us. Our effective rate is also affected by 
changes in the allocation of revenue among states.

Our consolidated balance sheets include deferred tax assets. Deferred tax assets arise when expenses are recognized in the financial statements before they are 
recognized in the tax returns or when income items are recognized in the tax returns before they are recognized in the financial statements. Deferred tax assets also 
arise when operating losses or tax credits are available to offset tax payments due in future years. Ultimately, realization of a deferred tax asset depends on the 
existence of sufficient taxable income within the future periods to absorb future deductible temporary differences, loss carryforwards or credits.

In assessing the potential realization of deferred tax assets, management must consider whether it is more likely than not (a likelihood of more than 50%) that 
some portion or all of the deferred tax assets will be realized. Management considers all available evidence (both positive and negative) in determining whether a 
valuation allowance is required. Such evidence includes the scheduled reversal of deferred tax liabilities, projected future taxable income, new legislation and tax 
planning strategies in making this assessment and judgment is required in considering the relative weight of negative and positive evidence. We continue to monitor 
facts and circumstances in the reassessment of the likelihood that operating loss carryforwards, credits and other deferred tax assets will be utilized prior to their 
expiration. As a result, we may determine that an additional deferred tax asset valuation allowance should be established. Significant judgment is involved in this 
determination as we are required to make assumptions about future commodity prices, projected production, development activities, profitability of future business 
strategies and forecasted economics in the oil and gas industry. Additionally, changes in the effective tax rate resulting from changes in tax law and our level of 
earnings may limit utilization of deferred tax assets and will affect valuation of deferred tax balances in the future. Changes in judgment regarding future realization 
of deferred tax assets may result in a reversal of all or a portion of the valuation allowance. See Note 4 to our consolidated financial statements for additional 
information.

An estimate of the sensitivity to changes in our assumptions resulting in future income calculations is not practical, given the numerous assumptions that can 
materially affect our estimates. Unfavorable adjustments to some of the assumptions would likely be offset by favorable adjustments in other assumptions. For 
example, the impact of sustained reduced commodity prices on future taxable income would likely be partially offset by lower capital expenditures.

We may be challenged by taxing authorities over the amount and/or timing of recognition of revenues and deductions in our various income tax returns. 
Although we believe that we have adequately provided for all taxes, income or losses could occur in the future due to changes in estimates or resolution of 
outstanding tax matters.
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Accounting Standards Not Yet Adopted

None that are expected to have a material impact.
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ITEM 7A.  QUANTITATIVE AND QUALITATIVE DISCLOSURES ABOUT MARKET RISK

The primary objective of the following information is to provide forward-looking quantitative and qualitative information about our potential exposure to 
market risks. The term "market risk" refers to the risk of loss arising from adverse changes in natural gas, NGLs and oil prices and interest rates. The disclosures are 
not meant to be precise indicators of expected future losses, but rather indicators of reasonably possible losses. This forward-looking information provides indicators 
of how we view and manage our ongoing market-risk exposure. All of our market-risk sensitive instruments were entered into for purposes other than trading. All 
accounts are U.S. dollar denominated.

Market Risk

We are exposed to market risks related to the volatility of natural gas, NGLs and oil prices as the volatility of these prices continues to impact our industry. 
We expect commodity prices to remain volatile and unpredictable in the future. We employ various strategies, including diverse sales locations and the use of 
commodity derivative instruments, to manage the risks related to these price fluctuations. These derivative instruments apply to a varying portion of our production 
and provide only partial price protection. These arrangements limit the benefit to us of increases in prices but offer protection in the event of price declines. Further, 
if our counterparties defaulted, this protection might be limited as we might not receive the benefits of the derivatives. We are at risk for changes in the fair value of 
all of our derivative instruments; however, such risk should be mitigated by price changes related to the underlying commodity transaction. While the use of 
derivative instruments could materially affect our results of operations in a particular quarter or annual period, we believe that the use of these instruments will not 
have a material adverse effect on our financial position or liquidity. Realized prices are primarily driven by worldwide prices for oil and spot market prices for North 
American natural gas production. Natural gas prices affect us more than oil prices because approximately 64% of our December 31, 2023 proved reserves were 
natural gas compared to 2% of proved reserves were oil. In addition, a portion of our NGLs, which are 34% of proved reserves, are also impacted by changes in oil 
prices. At times, we are also exposed to market risks related to changes in interest rates. These risks did not change materially from December 31, 2022 to December 
31, 2023.

We believe NGLs prices are somewhat seasonal, particularly for propane. Therefore, the relationship of NGLs prices to NYMEX WTI (or West Texas 
Intermediate) will vary due to product components, seasonality and geographic supply and demand. We sell NGLs in several regional and international markets. If 
we are not able to sell or store NGLs, we may be required to curtail production or shift our drilling activities to dry gas areas.

The Appalachian region has limited local demand and infrastructure to accommodate ethane. We have agreements wherein we have contracted to either sell 
or transport ethane from our Marcellus Shale area. We cannot ensure that these facilities will remain available. If we are not able to sell ethane under at least one of 
our agreements, we may be required to curtail production or, as we have done in the past, purchase or divert natural gas to blend with our rich residue gas.
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Commodity Price Risk

We use commodity-based derivative contracts to manage exposures to commodity price fluctuations. We do not enter into these arrangements for speculative 
or trading purposes. At times, certain of our derivatives are swaps where we receive a fixed price for our production and pay market prices to the counterparty. Our 
derivatives program may also include collars, which establish a minimum floor price and a predetermined ceiling price. Our program may also include a three-way 
collar which is a combination of three options: a sold call, a purchased put and a sold put. The sold call establishes the ceiling price while the purchased put 
establishes the floor price until the market price for the commodity falls below the sold put stock price at which price the value of the purchased put is effectively 
capped.  We have also entered into natural gas derivative instruments containing a fixed price swap and a sold option (which we refer to as a swaption). At December 
31, 2023, our derivatives program includes swaps, collars, three-way-collars and swaptions. These contracts expire monthly through December 2026. Their fair 
value, represented by the estimated amount that would be realized upon immediate liquidation as of December 31, 2023, approximated a net derivative asset of 
$424.4 million compared to a net derivative liability of $138.6 million at December 31, 2022. This change is primarily related to changes in futures prices for natural 
gas and oil, the settlements of derivative contracts during 2023 and the new commodity derivative contracts we entered into during 2023 for 2024, 2025 and 2026. At 
December 31, 2023, the following commodity derivative contracts were outstanding, excluding our basis swaps which is separately discussed below:

Period Contract Type Volume Hedged Weighted Average Hedge Price
Fair Market

Value
Swap Sold Put Floor Ceiling (in thousands)

Natural Gas
2024 Swaps 304,973 Mmbtu/day $ 4.01 $ 146,481
2024 Collars 436,694 Mmbtu/day $ 3.50 $ 5.63 $ 150,456
2024 Three-way Collars 93,511 Mmbtu/day $ 2.50 $ 3.40 $ 4.15 $ 20,935
2025 Swaps 400,000 Mmbtu/day $ 4.12 $ 85,495
2025 Three-way Collars 30,000 Mmbtu/day $ 2.70 $ 4.00 $ 5.00 $ 4,471
2026 Swaps 60,000 Mmbtu/day $ 4.15 $ 6,489

Crude Oil
January-September 2024 Swaps 4,000 bbls/day $ 80.25 $ 9,115
January-September 2024 Collars 832  bbls/day $ 80.00 $ 90.12 $ 2,084

We sold natural gas swaptions of 40,000 Mmbtu/day for calendar year 2026 at a weighted average price of $4.11/Mmbtu that expire June 2024. The fair value of these swaptions 
at December 31, 2023 was a net derivative liability of $1.2 million.

Other Commodity Risk

We are impacted by basis risk as natural gas transaction prices are frequently based on industry reference prices that may vary from prices experienced in 
local markets. If commodity price changes in one region are not reflected in other regions, derivative commodity instruments may no longer provide the expected 
hedge, resulting in increased basis risk. In addition to the derivative contracts above, we have entered into natural gas basis swap agreements. The price we receive 
for our natural gas production can be more or less than the NYMEX price because of adjustments for delivery location ("basis"), relative quality and other factors; 
therefore, we have entered into basis swap agreements that effectively lock in the basis adjustments. The fair value of the natural gas basis swaps, which expire 
monthly through December 2026, was a net derivative asset of $18.3 million at December 31, 2023 and the volumes are for 313,453,000 Mmbtu.

Commodity Sensitivity Analysis

The following table shows the fair value of our derivative contracts and the hypothetical change in fair value that would result from a 10% and a 25% change 
in commodity prices at December 31, 2023. We remain at risk for possible changes in the market value of commodity derivative instruments; however, such risks 
should be mitigated by price changes in the underlying physical commodity (in thousands):

Hypothetical Change In Fair Value
Increase in

Commodity Price of
Decrease in

Commodity Price of
Fair Value 10% 25% 10% 25%

Swaps $ 247,580 $ (91,637 ) $ (229,092 ) $ 91,637 $ 229,091
Collars 152,540 (32,701 ) (75,366 ) 35,426 92,944
Three-way collars 25,406 (7,245 ) (18,954 ) 5,817 11,781
Swaptions (1,161 ) (2,419 ) (8,887 ) 935 1,156
Basis swaps 18,277 21,317 53,293 (21,317 ) (53,292 )

57

 (a)

(a)

10-K https://www.sec.gov/Archives/edgar/data/315852/000095017024018046...

62 of 106 10/18/2024, 1:03 PM

WG Ex. 50

2055



Counterparty Risk

Our commodity-based contracts expose us to the credit risk of non-performance by the counterparty to the contracts. Our exposure is diversified among major 
investment grade financial institutions and commodity traders and we have master netting agreements with the majority of our counterparties that provide for 
offsetting payables against receivables from separate derivative contracts. Our derivative contracts are with multiple counterparties to minimize our exposure to any 
individual counterparty. At December 31, 2023, our derivative counterparties include fourteen financial institutions, of which all but six are secured lenders in our 
bank credit facility. Counterparty credit risk is considered when determining the fair value of our derivative contracts. While counterparties are major investment 
grade financial institutions and large commodity traders, the fair value of our derivative contracts have been adjusted to account for the risk of non-performance by 
certain of our counterparties, which was immaterial.

Interest Rate Risk

At December 31, 2023, we had total debt of $1.8 billion. All of our outstanding debt is based on fixed interest rates and, as a result, we do not have 
significant exposure to movements in market interest rates at this time. Our credit facility provides for variable interest rate borrowings; however, we did not have 
any borrowings outstanding as of December 31, 2023. See Note 6 to our consolidated financial statements for more information about our senior notes.

The fair value of our senior debt is based on December 31, 2023 quoted market prices. The following table presents information on these fair values (in 
thousands):

Carrying
Value

Fair
Value

Fixed rate debt:
Senior Notes due 2025 $ 688,388 $ 679,363

(The interest rate is fixed at a rate of 4.875%)
Senior Notes due 2029 600,000 624,816

(The interest rate is fixed at a rate of 8.25%)
Senior Notes due 2030 500,000 463,085

(The interest rate is fixed at a rate of 4.75%)
$ 1,788,388 $ 1,767,264
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ITEM 8.  FINANCIAL STATEMENTS AND SUPPLEMENTARY DATA

RANGE RESOURCES CORPORATION
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MANAGEMENT’S REPORT ON INTERNAL CONTROL OVER FINANCIAL REPORTING

To the Stockholders of Range Resources Corporation:

Management is responsible for establishing and maintaining an adequate system of internal control over financial reporting (as defined in Rule 13(a)-15(f) 
under the Securities Exchange Act of 1934, as amended). Our internal control over financial reporting is designed to provide reasonable assurance regarding the 
reliability of financial reporting and presentation of consolidated financial statements.

Because of its inherent limitations, internal control over financial reporting may not prevent or detect misstatements and even when determined to be 
effective, can only provide reasonable assurance with respect to financial statement preparation and presentation. Also, projections of any evaluation of effectiveness 
to future periods are subject to the risk that the internal controls may become inadequate because of changes in conditions or because the degree of compliance with 
the policies or procedures may deteriorate.

Management assessed the effectiveness of our internal control over financial reporting as of December 31, 2023. In making this assessment, which was 
conducted under the supervision and with the participation of management, including our Chief Executive Officer and Chief Financial Officer, management used the 
criteria set forth by the Committee of Sponsoring Organizations of the Treadway Commission (COSO) in Internal Control – Integrated Framework (2013).  Based 
on our assessment, we believe that, as of December 31, 2023, our internal control over financial reporting was effective based on those criteria.

Ernst and Young LLP, our independent registered public accounting firm, audited our financial statements included in this annual report and has issued an 
attestation report on our internal control over financial reporting as of December 31, 2023. Their report appears on the following page.

By: /s/  DENNIS L. DEGNER By: /s/  MARK S. SCUCCHI
Dennis L. Degner Mark S. Scucchi
Chief Executive Officer and President Executive Vice President and Chief Financial Officer

Fort Worth, Texas
February 21, 2024
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Report of Independent Registered Public Accounting Firm

To the Stockholders and the Board of Directors of Range Resources Corporation

Opinion on Internal Control Over Financial Reporting

We have audited Range Resources Corporation’s internal control over financial reporting as of December 31, 2023, based on criteria established in Internal Control – 
Integrated Framework issued by the Committee of Sponsoring Organizations of the Treadway Commission (2013 framework) (the COSO criteria). In our opinion, 
Range Resources Corporation (the Company) maintained, in all material respects, effective internal control over financial reporting as of December 31, 2023, based 
on the COSO criteria.

We also have audited, in accordance with the standards of the Public Company Accounting Oversight Board (United States) (PCAOB), the consolidated balance 
sheets of the Company as of December 31, 2023 and 2022, and the related consolidated statements of income, comprehensive income (loss), stockholders’ equity 
and cash flows for each of the three years in the period ended December 31, 2023, and the related notes and our report dated February 21, 2024 expressed an 
unqualified opinion thereon.

Basis for Opinion

The Company’s management is responsible for maintaining effective internal control over financial reporting and for its assessment of the effectiveness of internal 
control over financial reporting included in the accompanying Management’s Report on Internal Control over Financial Reporting. Our responsibility is to express an 
opinion on the Company’s internal control over financial reporting based on our audit. We are a public accounting firm registered with the PCAOB and are required 
to be independent with respect to the Company in accordance with the U.S. federal securities laws and the applicable rules and regulations of the Securities and 
Exchange Commission and the PCAOB.

We conducted our audit in accordance with the standards of the PCAOB. Those standards require that we plan and perform the audit to obtain reasonable assurance 
about whether effective internal control over financial reporting was maintained in all material respects.

Our audit included obtaining an understanding of internal control over financial reporting, assessing the risk that a material weakness exists, testing and evaluating 
the design and operating effectiveness of internal control based on the assessed risk, and performing such other procedures as we considered necessary in the 
circumstances. We believe that our audit provides a reasonable basis for our opinion.

Definition and Limitations of Internal Control Over Financial Reporting

A company’s internal control over financial reporting is a process designed to provide reasonable assurance regarding the reliability of financial reporting and the 
preparation of financial statements for external purposes in accordance with generally accepted accounting principles. A company’s internal control over financial 
reporting includes those policies and procedures that (1) pertain to the maintenance of records that, in reasonable detail, accurately and fairly reflect the transactions 
and dispositions of the assets of the company; (2) provide reasonable assurance that transactions are recorded as necessary to permit preparation of financial 
statements in accordance with generally accepted accounting principles, and that receipts and expenditures of the company are being made only in accordance with 
authorizations of management and directors of the company; and (3) provide reasonable assurance regarding prevention or timely detection of unauthorized 
acquisition, use, or disposition of the company’s assets that could have a material effect on the financial statements.

Because of its inherent limitations, internal control over financial reporting may not prevent or detect misstatements. Also, projections of any evaluation of 
effectiveness to future periods are subject to the risk that controls may become inadequate because of changes in conditions, or that the degree of compliance with 
the policies or procedures may deteriorate.

/s/ Ernst & Young LLP

Fort Worth, Texas
February 21, 2024
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              Report of Independent Registered Public Accounting Firm

To the Stockholders and the Board of Directors of Range Resources Corporation

Opinion on the Financial Statements

We have audited the accompanying consolidated balance sheets of Range Resources Corporation (the Company) as of December 31, 2023 and 2022, the related 
consolidated statements of income, comprehensive income (loss), stockholders’ equity and cash flows for each of the three years in the period ended December 31, 
2023, and the related notes (collectively referred to as the "consolidated financial statements"). In our opinion, the consolidated financial statements present fairly, in 
all material respects, the financial position of the Company at December 31, 2023 and 2022, and the results of its operations and its cash flows for each of the three 
years in the period ended December 31, 2023, in conformity with U.S. generally accepted accounting principles.

We also have audited, in accordance with the standards of the Public Company Accounting Oversight Board (United States) (PCAOB), the Company's internal 
control over financial reporting as of December 31, 2023, based on criteria established in Internal Control-Integrated Framework issued by the Committee of 
Sponsoring Organizations of the Treadway Commission (2013 framework) and our report dated February 21, 2024 expressed an unqualified opinion thereon.

Basis for Opinion

These financial statements are the responsibility of the Company’s management. Our responsibility is to express an opinion on the Company’s financial statements 
based on our audits. We are a public accounting firm registered with the PCAOB and are required to be independent with respect to the Company in accordance with 
the U.S. federal securities laws and the applicable rules and regulations of the Securities and Exchange Commission and the PCAOB.

We conducted our audits in accordance with the standards of the PCAOB. Those standards require that we plan and perform the audit to obtain reasonable assurance 
about whether the financial statements are free of material misstatement, whether due to error or fraud. Our audits included performing procedures to assess the risks 
of material misstatement of the financial statements, whether due to error or fraud, and performing procedures that respond to those risks. Such procedures included 
examining, on a test basis, evidence regarding the amounts and disclosures in the financial statements. Our audits also included evaluating the accounting principles 
used and significant estimates made by management, as well as evaluating the overall presentation of the financial statements. We believe that our audits provide a 
reasonable basis for our opinion.

Critical Audit Matter

The critical audit matter communicated below is a matter arising from the current period audit of the financial statements that was communicated or required to be 
communicated to the audit committee and that: (1) relates to accounts or disclosures that are material to the financial statements and (2) involved our especially 
challenging, subjective or complex judgments. The communication of the critical audit matter does not alter in any way our opinion on the consolidated financial 
statements, taken as a whole, and we are not, by communicating the critical audit matter below, providing a separate opinion on the critical audit matter or on the 
accounts or disclosures to which it relates.

Description of the 
Matter

Depletion, depreciation, and amortization of proved natural gas and oil properties

At December 31, 2023, the net book value of the Company’s proved natural gas and oil properties totaled $5.3 billion and depletion, 
depreciation and amortization expense ("DD&A") was $350.2 million for the year then ended. As described in Note 2 to the consolidated 
financial statements, the Company follows the successful efforts method of accounting for its natural gas and oil producing activities. Under 
this method, DD&A for proved properties, including other property and equipment such as gathering lines related to natural gas and oil 
producing activities, is provided using the units of production method based on proved natural gas and oil reserves, as estimated by the 
Company’s petroleum engineering staff. Proved oil and gas reserves are prepared using standard geological and engineering methods 
generally recognized in the petroleum industry based on evaluations of estimated in-place hydrocarbon volumes using financial and non-
financial inputs. Judgment is required by the Company's petroleum engineering staff in interpreting the data used to estimate reserves. 
Estimating proved natural gas and oil reserves requires the selection and evaluation of inputs, including historical production, natural gas 
and oil price assumptions, and future operating and capital cost assumptions, among others. Because of the complexity involved in 
estimating natural gas and oil reserves, management used independent petroleum consultants to audit the proved reserve estimates prepared 
by the Company’s petroleum engineering staff as of December 31, 2023.
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How We 
Addressed the 
Matter in Our 
Audit

Auditing the Company’s DD&A calculation is especially complex because of the use of the work of the petroleum engineering staff and the 
independent petroleum consultants and the evaluation of management’s determination of the inputs described above used by the engineers 
in estimating proved natural gas and oil reserves.

We obtained an understanding, evaluated the design and tested the operating effectiveness of the internal controls that address the risks of 
material misstatement relating to the DD&A calculation, including controls over the completeness and accuracy of the financial data used in 
estimating proved natural gas and oil reserves.

Our testing of the Company's DD&A calculation included, among other procedures evaluating the professional qualifications and 
objectivity of the individual primarily responsible for overseeing the preparation of the reserve estimates by the petroleum engineering staff 
and the independent petroleum consultants used to audit the estimates. On a sample basis, we tested the completeness and accuracy of the 
financial data used in the estimation of proved natural gas and oil reserves by agreeing significant inputs to source documentation, where 
applicable, and assessing the inputs for reasonableness based on our review of corroborative evidence and consideration of any contrary 
evidence. Additionally, we performed analytic procedures on select inputs into the natural gas and oil reserve estimate as well as look back 
procedures on the output. Finally, we tested that the DD&A calculation is based on the appropriate proved natural gas and oil reserve 
amounts from the Company's reserve report.

/s/ Ernst & Young LLP

We have served as the Company’s auditor since 2003.

Fort Worth, Texas
February 21, 2024
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RANGE RESOURCES CORPORATION
CONSOLIDATED BALANCE SHEETS

(In thousands, except share data)
December 31,

2023 2022

Assets
Current assets:

Cash and cash equivalents $ 211,974 $ 207
Accounts receivable, less allowance for doubtful accounts of $308 and $314 274,669 481,050
Contingent consideration receivable 8,000 24,500
Derivative assets 341,330 925
Prepaid assets 18,159 20,795
Other current assets 15,992 12,110

Total current assets 870,124 539,587
Derivative assets 101,641 40,990
Natural gas and oil properties, successful efforts method 11,225,482 10,655,879

Accumulated depletion and depreciation (5,107,801 ) (4,765,475 )
6,117,681 5,890,404

Other property and equipment 72,639 74,638
Accumulated depreciation and amortization (70,943 ) (72,204 )

1,696 2,434
Operating lease right-of-use assets 23,821 84,070
Other assets 88,922 68,077

Total assets $ 7,203,885 $ 6,625,562

Liabilities
Current liabilities:

Accounts payable $ 110,134 $ 206,738
Asset retirement obligations 2,395 4,570
Accrued liabilities 302,163 442,922
Deferred compensation liabilities 44,149 89,334
Accrued interest 37,261 39,138
Derivative liabilities 222 151,417
Divestiture contract obligation 86,762 86,546

Total current liabilities 583,086 1,020,665
Bank debt — 9,509
Senior notes 1,774,229 1,832,451
Deferred tax liabilities 561,288 333,571
Derivative liabilities 107 15,495
Deferred compensation liabilities 72,976 99,907
Operating lease liabilities 16,064 20,903
Asset retirement obligations and other liabilities 119,896 112,981
Divestiture contract obligation 310,688 304,074

Total liabilities 3,438,334 3,749,556
Commitments and contingencies

Stockholders’ Equity
Preferred stock, $1 par 10,000,000 shares authorized, none issued and outstanding — —
Common stock, $0.01 par 475,000,000 shares authorized, 265,756,369 issued
at December 31, 2023 and 262,887,265 issued at December 31, 2022 2,658 2,629

Common stock held in treasury, at cost, 24,716,065 shares at December 31, 2023 and
24,001,535 shares at December 31, 2022 (448,681 ) (429,659 )

Additional paid-in capital 5,879,705 5,764,970
Accumulated other comprehensive gain 647 467
Retained deficit (1,668,778 ) (2,462,401 )

Total stockholders’ equity 3,765,551 2,876,006

Total liabilities and stockholders’ equity $ 7,203,885 $ 6,625,562

The accompanying notes are an integral part of these consolidated financial statements.
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RANGE RESOURCES CORPORATION
CONSOLIDATED STATEMENTS OF INCOME

(In thousands, except per share data)

Year Ended December 31,

2023 2022 2021

Revenues and other income:
Natural gas, NGLs and oil sales $ 2,334,661 $ 4,911,092 $ 3,215,027
Derivative fair value income (loss) 821,154 (1,188,506 ) (650,216 )
Brokered natural gas, marketing and other 218,603 424,217 365,412

Total revenues and other income 3,374,418 4,146,803 2,930,223

Costs and expenses:
Direct operating 96,085 84,286 75,287
Transportation, gathering, processing and compression 1,113,941 1,242,941 1,174,469
Taxes other than income 23,726 35,367 30,648
Brokered natural gas and marketing 202,884 427,048 367,288
Exploration 26,530 26,772 23,555
Abandonment and impairment of unproved properties 46,359 28,608 7,206
General and administrative 164,740 168,085 168,435
Exit costs 99,940 70,337 21,661
Deferred compensation plan 26,593 61,880 68,351
Interest 124,004 165,145 227,336
(Gain) loss on early extinguishment of debt (438 ) 69,493 98
Depletion, depreciation and amortization 350,165 353,420 364,555
Gain on the sale of assets (454 ) (409 ) (701 )

Total costs and expenses 2,274,075 2,732,973 2,528,188

Income before income taxes 1,100,343 1,413,830 402,035
Income tax expense (benefit):

Current 1,547 14,688 7,984
Deferred 227,654 215,772 (17,727 )

229,201 230,460 (9,743 )

Net income $ 871,142 $ 1,183,370 $ 411,778

Net income per common share:

Basic $ 3.61 $ 4.79 $ 1.65

Diluted $ 3.57 $ 4.69 $ 1.61

Weighted average common shares outstanding:
Basic 236,986 240,858 242,862
Diluted 239,837 246,379 249,314

The accompanying notes are an integral part of these consolidated financial statements.
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RANGE RESOURCES CORPORATION
CONSOLIDATED STATEMENTS OF COMPREHENSIVE INCOME

(In thousands)

Year Ended December 31,
2023 2022 2021

Net income $ 871,142 $ 1,183,370 $ 411,778
Other comprehensive loss:
Postretirement benefits:

Actuarial (loss) gain (12 ) 482 62
Prior service cost 296 — —
Amortization of prior service costs (41 ) 292 369
Income tax expense (63 ) (157 ) (102 )

Total comprehensive income $ 871,322 $ 1,183,987 $ 412,107

The accompanying notes are an integral part of these consolidated financial statements.
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RANGE RESOURCES CORPORATION
CONSOLIDATED STATEMENTS OF CASH FLOWS

(In thousands)

Year Ended December 31,
2023 2022 2021

Operating activities:
Net income $ 871,142 $ 1,183,370 $ 411,778
Adjustments to reconcile net income to net cash provided from

    operating activities:
Deferred income tax expense (benefit) 227,654 215,772 (17,727 )
Depletion, depreciation and amortization and impairment of proved properties 350,165 353,420 364,555
Abandonment and impairment of unproved properties 46,359 28,608 7,206
Derivative fair value (income) loss (821,154 ) 1,188,506 650,216
Cash settlements on derivative financial instruments 253,514 (1,190,154 ) (520,013 )
Divestiture contract obligation 99,595 69,766 20,340
Allowance for bad debt — (250 ) 200
Amortization of deferred financing costs and other 4,735 7,959 8,347
Deferred and stock-based compensation 67,849 107,959 110,356
Gain on the sale of assets (454 ) (409 ) (701 )
(Gain) loss on early extinguishment of debt (438 ) 69,493 98
Changes in working capital:

Accounts receivable 223,081 (3,286 ) (250,538 )
Prepaid and other (1,285 ) (18,438 ) (1,140 )
Accounts payable (77,057 ) 17,077 39,231
Accrued liabilities and other (265,814 ) (164,649 ) (29,260 )

Net cash provided from operating activities 977,892 1,864,744 792,948
Investing activities:

Additions to natural gas and oil properties (571,819 ) (456,505 ) (393,478 )
Additions to field service assets (701 ) (682 ) (1,231 )
Acreage purchases (34,410 ) (30,885 ) (23,962 )
Proceeds from disposal of assets 872 518 303
Purchases of marketable securities held by the deferred compensation plan (45,168 ) (43,691 ) (30,806 )
Proceeds from the sales of marketable securities held by the deferred

compensation plan 49,521 41,413 31,295

Net cash used in investing activities (601,705 ) (489,832 ) (417,879 )
Financing activities:

Borrowings on credit facilities 185,000 972,000 1,434,000
Repayments on credit facilities (204,000 ) (953,000 ) (2,136,000 )
Issuance of senior notes — 500,000 600,000
Repayment of senior or senior subordinated notes (60,934 ) (1,659,422 ) (63,324 )
Dividends paid (77,241 ) (38,638 ) —
Treasury stock purchases (19,042 ) (399,699 ) —
Debt issuance costs — (16,176 ) (8,854 )
Taxes paid for shares withheld (39,481 ) (25,492 ) (9,299 )
Change in cash overdrafts (23,923 ) 9,071 16,493
Proceeds from the sales of common stock held by the deferred

compensation plan 75,201 22,229 5,879

Net cash used in financing activities (164,420 ) (1,589,127 ) (161,105 )
Increase (decrease) in cash and cash equivalents 211,767 (214,215 ) 213,964
Cash and cash equivalents at beginning of year 207 214,422 458

Cash and cash equivalents at end of year $ 211,974 $ 207 $ 214,422

The accompanying notes are an integral part of these consolidated financial statements.
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RANGE RESOURCES CORPORATION
CONSOLIDATED STATEMENTS OF STOCKHOLDERS’ EQUITY

(In thousands, except per share data)

Common Accumulated
stock Additional other

Common stock Treasury held in paid-in comprehensive Retained
Shares Par value shares treasury capital income (loss) deficit Total

Balance as of December 31, 2020 256,354 $ 2,563 10,006 $ (30,132 ) $ 5,684,268 $ (479 ) $ (4,018,685 ) $ 1,637,535
Issuance of common stock 3,429 35 — — 6,998 — — 7,033
Issuance of common stock upon
   vesting of PSUs 13 — — — 148 — (148 ) —
Stock-based compensation expense — — — — 28,988 — — 28,988
Treasury stock issuance — — (3 ) 125 (125 ) — — —
Other comprehensive income — — — — — 329 — 329
Net income — — — — — — 411,778 411,778

Balance as of December 31, 2021 259,796 2,598 10,003 (30,007 ) 5,720,277 (150 ) (3,607,055 ) 2,085,663
Issuance of common stock 3,089 31 — — 13,529 — — 13,560
Issuance of common stock upon
   vesting of PSUs 2 — — — 78 — (78 ) —
Stock-based compensation expense — — — — 31,133 — — 31,133
Cash dividends paid ($0.16 per share) — — — — — — (38,638 ) (38,638 )
Treasury stock issuance — — (1 ) 47 (47 ) — — —
Treasury stock repurchased — — 14,000 (399,699 ) — — — (399,699 )
Other comprehensive income — — — — — 617 — 617
Net income — — — — — — 1,183,370 1,183,370

Balance as of December 31, 2022 262,887 2,629 24,002 (429,659 ) 5,764,970 467 (2,462,401 ) 2,876,006
Issuance of common stock 2,863 29 — — 78,050 — — 78,079
Issuance of common stock upon
   vesting of PSUs 6 — — — 278 — (278 ) —
Stock-based compensation expense — — — — 36,427 — — 36,427
Cash dividends paid ($0.32 per share) — — — — — — (77,241 ) (77,241 )
Treasury stock issuance — — (1 ) 20 (20 ) — — —
Treasury stock repurchased — — 715 (19,042 ) — — — (19,042 )
Other comprehensive income — — — — — 180 — 180
Net income — — — — — — 871,142 871,142

Balance as of December 31, 2023 265,756 $ 2,658 24,716 $ (448,681 ) $ 5,879,705 $ 647 $ (1,668,778 ) $ 3,765,551

The accompanying notes are an integral part of these consolidated financial statements.
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RANGE RESOURCES CORPORATION

NOTES TO CONSOLIDATED FINANCIAL STATEMENTS

(1) Summary of Organization and Nature of Business

Range Resources Corporation ("Range," "we," "us," or "our") is a Fort Worth, Texas-based independent natural gas, natural gas liquids ("NGLs"), crude oil 
and condensate company engaged in the exploration, development and acquisition of natural gas and oil properties in the Appalachian region of the United States. 
Our objective is to build stockholder value through returns-focused development of natural gas properties. Range is a Delaware corporation with our common stock 
listed and traded on the New York Stock Exchange under the symbol "RRC".

(2) Summary of Significant Accounting Policies 

Basis of Presentation and Principles of Consolidation

The accompanying consolidated financial statements, including the notes, have been prepared in accordance with generally accepted accounting principles 
("U.S. GAAP") and include the accounts of all of our subsidiaries. All material intercompany balances and transactions have been eliminated.

Use of Estimates

The preparation of financial statements in accordance with U.S. GAAP requires us to make estimates and assumptions that affect the reported amounts of 
assets and liabilities, the disclosure of contingent assets and liabilities as of the date of the consolidated financial statements and the reported amounts of revenues 
and expenses during the reporting periods.

Estimated quantities of natural gas, NGLs, crude oil and condensate reserves is a significant estimate that requires judgment. All of the reserve data included 
in this Form 10-K are estimates. Reservoir engineering is a subjective process of estimating underground accumulations of natural gas, NGLs, crude oil and 
condensate. There are numerous uncertainties inherent in estimating quantities of proved natural gas, NGLs, crude oil and condensate reserves. The accuracy of any 
reserves estimate is a function of the quality of available data and of engineering and geological interpretation and judgment. As a result, reserves estimates may be 
different from the quantities of natural gas, NGLs and crude oil and condensate that are ultimately recovered. See Note 15 for further detail.

Other items subject to estimates and assumptions include the carrying amounts of property, plant and equipment, valuation of certain derivative instruments, 
exit cost liabilities and valuation allowances for deferred income tax assets, among others. Although we believe these estimates are reasonable, actual results could 
differ from these estimates.

Business Segment Information

We have evaluated how we are organized and managed and have identified only one operating segment. We consider our gathering, processing and marketing 
functions as integral to our natural gas, crude oil and condensate producing activities. We have a single company-wide management team that administers all 
properties as a whole rather than by discrete operating segments. We track only basic operational data by area. We measure financial performance as a single 
enterprise and not on an area-by-area basis. All of our operating revenues, income from operations and assets are generated and located in the United States.

Revenue Recognition and Accounts Receivable

Natural gas, NGLs and oil sales revenues are recognized when control of the product is transferred to the customer and collectability is reasonably assured. 
See below for a more detailed summary of our product types.

Natural Gas and NGLs Sales. Under some of our gas processing contracts, we deliver natural gas to a midstream processing entity at the wellhead or the inlet 
of the midstream processing entity’s system. The midstream processing entity processes the natural gas and remits proceeds to us for the resulting sales of NGLs and 
residue gas. In these scenarios, we evaluate whether we are the principal or the agent in the transaction. For those contracts that we have concluded that we are the 
principal, the ultimate third party is our customer and we recognize revenue on a gross basis, with gathering, compression, processing and transportation fees 
presented as an expense. Alternatively, for those contracts that we have concluded that we are the agent, the midstream processing entity is our customer and we 
recognize revenue based on the net amount of the proceeds received from the midstream processing entity.

In other natural gas processing agreements, we may elect to take our residue gas and/or NGLs in kind at the tailgate of the midstream entity’s processing plant 
and subsequently market the product on our own. Through the marketing process, we deliver product to the ultimate third-party purchaser at a contractually agreed-
upon delivery point and receive a specified index price from the purchaser. In this scenario, we recognize revenue when control transfers to the purchaser at the 
delivery point based on the index price received from the purchaser. The gathering, processing and compression fees attributable to the gas processing contract, as 
well as any
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transportation fees incurred to deliver the product to the purchaser, are presented as transportation, gathering, processing and compression expense.

Oil Sales. Our oil sales contracts are generally structured in one of the following ways:

• We sell oil production at the wellhead and collect an agreed-upon index price, net of transportation incurred by the purchaser (that is, a netback 
arrangement). In this scenario, we recognize revenue when control transfers to the purchaser at the wellhead at the net price received.

• We deliver oil to the purchaser at a contractually agreed-upon delivery point at which the purchaser takes custody, title, and risk of loss of the product. 
Under this arrangement, we pay a third party to transport the product and receive a specified index price from the purchaser with no deduction. In this 
scenario, we recognize revenue when control transfers to the purchaser at the delivery point based on the price received from the purchaser. The third-
party costs are recorded as transportation, gathering, processing and compression expense.

Brokered Natural Gas, Marketing and Other. We realize brokered margins as a result of buying natural gas or NGLs utilizing separate purchase transactions, 
generally with separate counterparties, and subsequently selling that natural gas or NGLs under our existing contracts to fill our contract commitments or use existing 
infrastructure contracts to economically utilize available capacity. In these arrangements, we take control of the natural gas purchased prior to delivery of that gas 
under our existing gas contracts with a separate counterparty. Revenues and expenses related to brokering natural gas are reported gross as part of revenues and 
expenses in accordance with applicable accounting standards. Proceeds generated from the sale of excess firm transportation to third parties is also included here 
when we are determined to no longer be the primary obligor of such arrangement. Our net brokered margin was income of $4.2 million in 2023 compared to a loss of 
$5.4 million in 2022 and income of $1.1 million in 2021. Interest income included here was $5.9 million in 2023 compared to $2.5 million in 2022 and $243,000 in 
2021.

The recognition of gains or losses on derivative instruments is not considered revenue from contracts with customers. We may use financial or physical 
contracts accounted for as derivatives as economic hedges to manage price risk associated with normal sales or in limited cases may use them for contracts we intend 
to physically settle but that do not meet all of the criteria to be treated as normal sales.

Accounts Receivable. Our accounts receivable consist mainly of receivables from oil and gas purchasers and joint interest owners on properties we operate. 
Although receivables are concentrated in the oil and gas industry, we do not view this as an unusual credit risk. However, this concentration has the potential to 
impact our overall exposure to credit risk in that our customers may be similarly affected by changes in economic and financial conditions, commodity prices or 
other conditions. Each reporting period, we assess the recoverability of material receivables using historical data and current market conditions. The loss given 
default method is used when, based on management’s judgment, an allowance for expected credit losses is accrued on material receivables to reflect the net amount 
to be collected. In certain instances, we require purchasers to post stand-by letters of credit. For receivables from joint interest owners, we may have the ability to 
withhold future revenue disbursements to recover any non-payment of joint interest billings. We regularly review collectability and establish or adjust our allowance 
as necessary. We have allowances for doubtful accounts relating to exploration and production receivables of $308,000 at December 31, 2023 compared to $314,000
at December 31, 2022. We recorded no bad debt expense in the year ended December 31, 2023 compared to a reduction of $250,000 in the year ended December 31, 
2022 and expense of $200,000 in the year ended December 31, 2021.

Cash and Cash Equivalents

Cash and cash equivalents include cash on hand and on deposit and investments in highly liquid debt instruments with maturities of three months or less. 
Outstanding checks in excess of funds on deposit are included in accounts payable on the consolidated balance sheets and the change in such overdrafts is classified 
as a financing activity on the consolidated statements of cash flows.

Natural Gas and Oil Properties

Property Acquisition Costs. We use the successful efforts method of accounting for natural gas and oil producing activities. Costs to acquire mineral interests 
in natural gas and oil properties, to drill exploratory wells that find proved reserves and to drill development wells are capitalized. Costs to drill exploratory wells that 
do not find proved reserves, geological and geophysical costs, delay rentals and costs of carrying and retaining unproved properties are expensed. Costs incurred for 
exploratory wells that find reserves that cannot yet be classified as proved are capitalized if (a) the well has found a sufficient quantity of reserves to justify its 
completion as a producing well and (b) we are making sufficient progress assessing the reserves and the economic and operating viability of the project.
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Depreciation, Depletion and Amortization. Depreciation, depletion and amortization of proved properties, including other property and equipment such as 
gathering lines related to natural gas and oil producing activities, is provided on the units of production method. Historically, we have adjusted our depletion rates in 
the fourth quarter of each year based on the year-end reserve report and at other times during the year when circumstances indicate there has been a significant 
change in reserves or costs.

Impairments. Our proved natural gas and oil properties are reviewed for impairment of value whenever events or changes in circumstances indicate the 
carrying value of an asset may not be recoverable. If the sum of the expected undiscounted future cash flows from the use of the asset and its eventual disposition is 
less than the carrying value of the asset, an impairment loss is recognized based on the fair value of the asset. These assets are reviewed for potential impairment at 
the lowest level for which there are identifiable cash flows that are largely independent of other groups of assets which is the level at which depletion is calculated. 
Natural gas and oil properties deemed to be impaired are written down to their fair value, as determined by discounted future net cash flows or, if available, 
comparable market value.

We evaluate our unproved property investment periodically for impairment. The majority of these costs generally relate to the acquisition of leasehold costs. 
The costs are capitalized and evaluated (at least quarterly) as to recoverability based on changes brought about by economic factors and potential shifts in business 
strategy employed by management which could impact the number of locations we intend to drill. Impairment of a significant portion of our unproved properties is 
assessed and amortized on an aggregate basis based on our average holding period, expected forfeiture rate and anticipated drilling success. Information such as 
reservoir performance or future plans to develop acreage is also considered. Impairment of individually significant unproved property is assessed on a property-by-
property basis considering a combination of time, geologic and engineering factors. Unproved properties had a net book value of $789.9 million as of December 31, 
2023 compared to $800.6 million in 2022. We have recorded abandonment and impairment expense related to unproved properties of $46.4 million in the year ended 
December 31, 2023 compared to $28.6 million in 2022 and $7.2 million in 2021.

Dispositions. Proceeds from the disposal of natural gas and oil producing properties that are part of an amortization base are credited to the net book value of 
the amortization group with no immediate effect on income. However, gain or loss is recognized if the disposition is significant enough to materially impact the 
depletion rate of the remaining properties in the amortization base. Dispositions are accounted for as a sale of assets.

Other Property and Equipment

Other property and equipment includes assets such as buildings, furniture and fixtures, field equipment, leasehold improvements and data processing and 
communication equipment. These items are generally depreciated by individual components on a straight-line basis over their economic useful life, which is 
generally from three to ten years. Leasehold improvements are amortized over the lesser of their economic useful lives or the underlying terms of the associated 
leases. Depreciation expense was $1.5 million in the year ended December 31, 2023 compared to $2.2 million in the year ended December 31, 2022 and $2.4 million 
in the year ended December 31, 2021.

Leases

We determine if an arrangement is a lease at the inception of the arrangement. We lease certain drilling or completion equipment, office space, field 
equipment, vehicles and other equipment under cancelable and non-cancelable leases to support our operations. Certain of our lease agreements include lease and 
non-lease components. We account for these components as a single lease. Lease costs associated with drilling and completion equipment are capitalized as part of 
well costs.

Lease right-of-use ("ROU") assets and liabilities are initially recorded on the lease commencement date based on the present value of lease payments over the 
lease term. As most of our lease contracts do not provide an implicit discount rate, we use our incremental borrowing rate which is determined based on information 
available at the commencement date of a lease. Leases may include renewal, purchase or termination options that can extend or shorten the term of the lease. The 
exercise of those options is at our discretion and is evaluated at inception and throughout the contract to determine if a modification of the lease term is required. 
Leases with a term of 12 months or less are not recorded as a right-of-use asset and liability. The majority of our leases are classified as either short-term or long-
term operating leases.

Our leased assets may be used in joint oil and gas operations with other working interest owners. We recognize lease liabilities and ROU assets only when we 
are the signatory to a contract as an operator of joint properties. Such lease liabilities and ROU assets are determined and disclosed based on gross contractual 
obligations. Our lease costs are also presented on a gross contractual basis.

Other Assets

Investments in unaffiliated equity securities held in our deferred compensation plans qualify as trading securities and are recorded at fair value. Investments 
held in the deferred compensation plans consist of various publicly-traded mutual funds. These funds include equity securities and money market instruments and are 
reported in other assets in the accompanying consolidated balance sheets.
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Other assets at December 31, 2023 include $72.0 million of marketable securities held in our deferred compensation plan, $7.3 million of deferred financing 
costs related to our bank credit facility and $9.7 million of investments and other. Other assets at December 31, 2022 included $57.7 million of marketable securities 
held in our deferred compensation plan and $10.4 million of investments and other.

Stock-based Compensation Arrangements

We account for stock-based compensation under the fair value method of accounting. We grant various types of stock-based awards including restricted stock 
and performance-based awards. The fair value of our restricted stock awards and our performance-based awards (where the performance condition is based on 
internal performance metrics) is based on the market value of our common stock on the date of grant. The fair value of our performance-based awards where the 
performance condition is based on market conditions is estimated using a Monte Carlo simulation method.

We recognize stock-based compensation expense on a straight-line basis over the requisite service period for the entire award. The expense we recognize is 
net of estimated forfeitures. We estimate our forfeiture rate based on prior experience and adjust it as circumstances warrant. If actual forfeitures are different than 
expected, adjustments to recognize expense may be required in future periods. To the extent possible, we limit the amount of shares to be issued for these awards by 
satisfying tax withholding requirements with cash. All awards have been issued at prevailing market prices at the time of grant and the vesting of these awards is 
based on an employee’s continued employment with us, with the exception of employment termination due to death, disability or retirement. For additional 
information regarding stock-based compensation, see Note 10.

Derivative Financial Instruments

All of our commodity derivative instruments are issued to manage the price risk attributable to our expected natural gas, NGLs and oil production. While 
there is risk that the financial benefit of rising natural gas, NGLs and oil prices may not be captured, we believe the benefits of stable and predictable cash flow are 
important. Among these benefits are more consistent returns on invested capital and better access to bank and other capital markets, more efficient utilization of 
existing personnel and planning for future staff additions, the flexibility to enter into long-term projects requiring substantial committed capital, smoother and more 
efficient execution of our ongoing development drilling and production enhancement programs. All unsettled commodity derivative instruments are recorded in the 
accompanying consolidated balance sheets as either an asset or a liability measured at their fair value. In most cases, our derivatives are reflected on our consolidated 
balance sheets on a net basis by brokerage firm when they are governed by master netting agreements, which in an event of default, allows us to offset payables to 
and receivables from the defaulting counterparty. Changes in a derivative’s fair value are recognized in earnings. Cash flows from derivative contract settlements are 
reflected in operating activities in the accompanying consolidated statements of cash flows.

All realized and unrealized gains and losses on derivative instruments are accounted for using the mark-to-market accounting method. We recognize all 
unrealized and realized gains and losses related to these contracts in each period in derivative fair value in the accompanying consolidated statements of income. 
Certain of our commodity derivatives are swaps where we receive a fixed price for our production and pay market prices to the counterparty. We have collars which 
establish a minimum floor price and a predetermined ceiling price. Our program may also include a three-way collar which is a combination of three options: a sold 
call, a purchased put and a sold put. The sold call establishes the ceiling price while the purchased put establishes the floor price until the market price for the 
commodity falls below the sold put stock price at which time the value of the purchased put is effectively capped. We have also entered into natural gas derivative 
instruments containing a fixed price swap and a sold option (which we refer to as a swaption). We have entered into basis swap agreements. The price we receive for 
our natural gas production can be more or less than the NYMEX price because of adjustments for delivery location ("basis"), relative quality and other factors; 
therefore, we have entered into natural gas basis swap agreements that effectively fix our basis adjustments.  For additional information regarding our derivative 
instruments, see Note 8.

From time to time, we may enter into derivative contracts and pay or receive premium payments at the inception of the derivative contract which represent 
the fair value of the contract at its inception. These amounts would be included within the net derivative asset or liability on our consolidated balance sheets. The 
amounts paid or received for derivative premiums reduce or increase the amount of gains and losses that are recorded in the earnings each period as the derivative 
contracts settle. We did not materially modify any existing derivative contracts in 2023, 2022 or 2021. 

Concentrations of Credit Risk

As of December 31, 2023, our primary concentrations of credit risk are the risks of collecting accounts receivable and the risk of counterparties’ failure to 
perform under derivative contracts. Most of our receivables are from a diverse group of companies, including major energy companies, pipeline companies, local 
distribution companies, financial institutions, commodity traders and end-users in various industries and such receivables are generally unsecured. The nature of our 
customers’ businesses may impact our overall credit risk, either positively or negatively, in that these entities may be similarly affected by changes in economic or 
other conditions.
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To manage risks of collecting accounts receivable, we monitor our counterparties’ financial strength and/or credit ratings and where we deem necessary, we obtain 
parent company guarantees, prepayments, letters of credit or other credit enhancements to reduce risk of loss. We may also limit the level of exposure with any single 
counterparty. We do not anticipate a material impact on our financial results due to non-performance by third parties.

For the year ended December 31, 2023, we had one customer that accounted for 10% or more of natural gas, NGLs and oil sales compared to no such 
customers for the year ended December 31, 2022 and one customer for the year ended December 31, 2021. We believe that the loss of any one customer would not 
have an adverse effect on our ability to sell our natural gas, NGLs and oil production.

We have executed International Swap Dealers Association Master Agreements ("ISDA Agreements") with counterparties for the purpose of entering into 
derivative contracts. To manage counterparty risk associated with our derivatives, we select and monitor counterparties based on assessment of their financial 
strength and/or credit ratings. Additionally, the terms of our ISDA Agreements provide us and our counterparties with netting rights such that we may offset payables 
against receivables with a counterparty under separate derivative contracts. Our ISDA Agreements also generally contain set-off rights such that, upon the occurrence 
of defined acts of default by either us or a counterparty to a derivative contract, the non-defaulting party may set-off receivables owed under all derivative contracts 
against payables from other agreements with that counterparty. None of our derivative contracts have a margin requirement or collateral provision that would require 
us to fund or post additional collateral prior to the scheduled cash settlement date.

At December 31, 2023, our derivative counterparties included fourteen financial institutions and commodity traders, of which all but six are secured lenders 
in our bank credit facility. At December 31, 2023, our net derivative asset includes a payable to one counterparty not included in our bank credit facility totaling 
$329,000 and a receivable from the remaining five counterparties of $26.4 million. In determining fair value of derivative assets, we evaluate the risk of non-
performance and incorporate factors such as amounts owed under other agreements permitting set-off, as well as pricing of credit default swaps for the counterparty. 
Historically, we have not experienced any issues of non-performance by derivative counterparties. Net derivative liabilities are determined in part by using our 
market based credit spread to incorporate our theoretical risk of non-performance.

Asset Retirement Obligations

The fair value of asset retirement obligations ("ARO") is recognized in the period they are incurred, if a reasonable estimate of fair value can be made. Asset 
retirement obligations primarily relate to the abandonment of natural gas and oil producing properties and include costs to dismantle and relocate or dispose of 
production platforms, wells and related structures. Estimates are based on historical experience of plugging and abandoning wells, estimated remaining lives of those 
wells based on reserve estimates, external estimates of the cost to plug and abandon the wells in the future, federal and state regulatory requirements, inflation rates 
and credit-adjusted-risk-free interest rates. Depreciation of capitalized asset retirement costs will generally be determined on a units-of-production basis while 
accretion to be recognized will escalate over the life of the producing assets. See Note 7 for additional information.

Exit Costs

We recognize the fair value of a liability for an exit cost in the period in which a liability is incurred. The recognition and fair value estimation of an exit cost 
liability requires that management take into account certain estimates and assumptions. Fair value estimates are based on future discounted cash outflows required to 
satisfy the obligation. In periods subsequent to initial measurement, changes to an exit cost liability, including changes resulting from revisions to either the timing or 
the amount of estimated cash flows over the future contract period, are recognized as an adjustment to the liability in the period of the change utilizing the initial 
discount rate. These costs, including associated accretion expense, are included in exit costs in the accompanying consolidated statements of income. See Note 14 for 
additional information.

Contingencies

We are subject to legal proceedings, claims, and liabilities and environmental matters that arise in the ordinary course of business. We accrue for losses when 
such losses are considered probable and the amounts can be reasonably estimated. See Note 13 for a more detailed discussion regarding our contingencies.

Environmental Costs

Environmental expenditures are capitalized if the costs mitigate or prevent future contamination or if the costs improve environmental safety or efficiency of 
the existing assets. Expenditures that relate to an existing condition caused by past operations that have no future economic benefits are expensed.
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Deferred Taxes

Deferred tax assets and liabilities, measured by the enacted tax rates, are recognized for the estimated future tax consequences attributable to the differences 
between the financial statement carrying amounts of assets and liabilities and their tax bases as reported in our filings with the respective taxing authorities. Deferred 
tax assets are recorded when it is more likely than not that they will be realized. The realization of deferred tax assets is assessed periodically based on several 
interrelated factors. These factors may include whether we are in a cumulative loss position in recent years, our reversal of temporary differences and our expectation 
to generate sufficient taxable income in the periods before tax credits and operating loss carryforwards expire. All deferred taxes are classified as long-term in the 
accompanying consolidated balance sheets.

Treasury Stock

Treasury stock purchases are recorded at cost. Upon reissuance, the cost of treasury shares held is reduced by the average purchase price per share of the 
aggregate treasury shares held.

Adoption of New Accounting Standards

There have not been any new standards issued we consider material to our accounting or disclosures. There are no issued but pending standards expected to 
have a material impact on our consolidated financial statements.
(3)  Revenues from Contracts with Customers

Disaggregation of Revenue

We have identified three material revenue streams in our business: natural gas sales, NGLs sales, crude oil and condensate sales. Brokered revenue 
attributable to each product sales type is included here because the volume of product that we purchase is subsequently sold to separate counterparties in accordance 
with existing sales contracts under which we also sell our production. Revenue attributable to each of our identified revenue streams is disaggregated below (in 
thousands):

Year Ended December 31,
2023 2022 2021

Natural gas sales $ 1,234,308 $ 3,364,111 $ 1,896,231
NGLs sales 933,791 1,308,574 1,135,826
Oil and condensate sales 166,562 238,407 182,970

Total natural gas, NGLs and oil sales 2,334,661 4,911,092 3,215,027
Sales of purchased natural gas 195,656 408,584 342,431
Sales of purchased NGLs 1,834 2,783 6,925
Interest income 5,937 2,538 243
Other marketing revenue and other income 15,176 10,312 15,813

Total $ 2,553,264 $ 5,335,309 $ 3,580,439

Performance Obligations and Contract Balance

A significant number of our product sales are short-term in nature with a contract term of one year or less. We typically satisfy our performance obligation 
upon transfer of control and record revenue in the month production is delivered to the purchaser. Settlement statements for certain gas and NGLs sales may be 
received 30 to 90 days after the date production is delivered, and as a result, we are required to estimate the amount of production that was delivered to the purchaser 
and the price that will be received for the sale of the product. We record the differences between our estimates and the actual amounts for product sales in the month 
that payment is received from the purchaser. We have internal controls in place for our estimation process and any identified differences between our revenue 
estimates and actual revenue received historically have not been significant. For the three years ended December 31, 2023, 2022 and 2021, revenue recognized in the 
reporting period related to performance obligations satisfied in prior reporting periods was not material. Under our sales contracts, we invoice customers once our 
performance obligations have been satisfied, at which point payment is unconditional. Accordingly, our product sales contracts do not give rise to contract assets or 
liabilities. Accounts receivable attributable to our revenue contracts with customers was $263.9 million at December 31, 2023 compared to $463.3 million at 
December 31, 2022.
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(4)  Income Taxes

Our income tax expense was $229.2 million for the year ended December 31, 2023 compared to expense of $230.5 million in 2022 and a benefit of $9.7
million in 2021. The effective income tax rate is influenced by a variety of factors including geographic sources and relative magnitude of these sources of income. 
Reconciliation between the statutory federal income tax rate and our effective income tax rate is as follows: 

Year Ended December 31,
2023 2022 2021

Federal statutory tax rate 21.0 % 21.0 % 21.0 %
State, net of federal benefit (0.1 ) 1.0 0.6
Equity compensation and executive compensation disallowance (0.3 ) 0.2 2.6
Valuation allowances 0.2 (5.5 ) (26.8 )
Permanent differences and other — (0.4 ) 0.2

Consolidated effective tax rate 20.8 % 16.3 % (2.4 ) %

Income tax expense (benefit) attributable to income before income taxes consists of the following (in thousands):

Year Ended December 31,
2023 2022 2021

Current
Federal $ — $ — $ —
State 1,547 14,688 7,984

$ 1,547 $ 14,688 $ 7,984

Deferred
Federal $ 230,563 $ 245,839 $ 6,297
State (2,909 ) (30,067 ) (24,024 )

227,654 215,772 (17,727 )
Income tax expense (benefit) $ 229,201 $ 230,460 $ (9,743 )

Significant components of deferred tax assets and liabilities are as follows (in thousands):

December 31,
2023 2022

Deferred tax assets:
Net operating loss carryforward $ 538,340 $ 581,349
Divestiture contract obligation 107,067 105,227
Deferred compensation 17,342 25,733
Equity compensation 6,767 4,813
Asset retirement obligations 25,614 24,113
Interest expense carryforward 19,861 16,118
Lease right-of-use liabilities 6,023 19,395
Unrealized mark-to-market loss — 30,307
Other 16,396 16,922
Valuation allowances:

Federal (23,396 ) (21,320 )
State, net of federal benefit (172,001 ) (171,423 )

Total deferred tax assets 542,013 631,234
Deferred tax liabilities:

Depreciation and depletion (998,886 ) (935,710 )
Unrealized mark-to-market gain (96,545 ) —
Lease right-of-use assets (5,184 ) (18,440 )
Other (2,686 ) (10,655 )

Total deferred tax liabilities (1,103,301 ) (964,805 )
Net deferred tax liability $ (561,288 ) $ (333,571 )
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At December 31, 2023, deferred tax liabilities exceeded deferred tax assets by $561.3 million. As of December 31, 2023, we have a state valuation allowance 
of $172.0 million related to state tax attributes in Louisiana, Oklahoma, Pennsylvania, Texas and West Virginia. As of December 31, 2023, we have federal valuation 
allowances of $23.4 million primarily related to our federal basis differences. The net change in our deferred tax asset valuation allowances was an increase of $2.7
million for the year ended December 31, 2023 compared to a reduction in our valuation allowances of $78.3 million in 2022 and a reduction of $108.0 million in 
2021. We continue to evaluate the realizability of our federal and state deferred tax assets.

At December 31, 2023, we had federal NOL carryforwards of $1.8 billion. This includes $157.5 million that expires in 2037 and also includes $1.7 billion of 
NOL carryforwards generated after 2017 that do not expire. We have state NOL carryforwards in Pennsylvania of $811.1 million that expire between 2031 and 2042
and in Louisiana, we have state NOL carryforwards of $1.6 billion that do not expire. We file a consolidated tax return in the United States federal jurisdiction. We 
file separate company state income tax returns in Louisiana and Pennsylvania and file consolidated or unitary state income tax returns in Oklahoma, Texas and West 
Virginia. We are subject to U.S. federal income tax examinations for the years 2020 and after and we are subject to various state tax examinations for years 2019 and 
after. We have not extended the statute of limitation period in any income tax jurisdiction. Our policy is to recognize interest related to income tax expense in interest 
expense and penalties in general and administrative expense. We do not have any material accrued interest or penalties related to tax amounts as of December 31, 
2023 or December 31, 2022. Throughout 2023, 2022 and 2021, our unrecognized tax benefits were not material.

On July 12, 2022, the Commonwealth of Pennsylvania enacted legislation to reduce the corporate net income tax rate from 9.99% to 8.99% in 2023 and 
continues to reduce that rate by 0.5% per year beginning in 2024, with the rate becoming 4.99% in 2031 and each year thereafter.

(5)  Net Income per Common Share

Basic income or loss per share attributable to common stockholders is computed as (i) income or loss attributable to common stockholders (ii) less income 
allocable to participating securities (iii) divided by weighted average basic shares outstanding. Diluted income or loss per share attributable to common stockholders 
is computed as (i) basic income or loss attributable to common stockholders (ii) plus diluted adjustments to income allocable to participating securities (iii) divided 
by weighted average diluted shares outstanding. Diluted net income or loss per share is calculated under both the two class method and the treasury stock method and 
the more dilutive of the two calculations is presented. The following table sets forth a reconciliation of net income or loss to basic income or loss attributable to 
common stockholders and to diluted income or loss attributable to common stockholders (in thousands except per share amounts):

Year Ended December 31,

2023 2022 2021

Net income as reported $ 871,142 $ 1,183,370 $ 411,778
Participating basic earnings (14,971 ) (28,578 ) (10,795 )

Basic net income attributed to common stockholders 856,171 1,154,792 400,983
Reallocation of participating earnings 159 614 272

Diluted net income attributed to common stockholders $ 856,330 $ 1,155,406 $ 401,255

Net income per common share:
Basic $ 3.61 $ 4.79 $ 1.65
Diluted $ 3.57 $ 4.69 $ 1.61

Restricted stock Liability Awards represent participating securities because they participate in nonforfeitable dividends or distributions with common equity owners. Income 
allocable to participating securities represents the distributed and undistributed earnings attributable to the participating securities. Participating securities, however, do not 
participate in undistributed net losses.

The following table details basic weighted average common shares outstanding and diluted weighted average common shares outstanding (in thousands):

Year Ended December 31,

2023 2022 2021

Denominator:
Weighted average common shares outstanding – basic 236,986 240,858 242,862

Effect of dilutive securities 2,851 5,521 6,452
Weighted average common shares outstanding – diluted 239,837 246,379 249,314
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Weighted average common shares outstanding – basic excludes 4.1 million shares of restricted stock Liability Awards held in our deferred compensation 
plans (although all awards are issued and outstanding upon grant) for the period ended December 31, 2023 compared to 6.1 million shares for the period ended 
December 31, 2022 and 6.5 million shares for the period ended December 31, 2021. Equity grants of 3,000 for the year ended December 31, 2023 compared to 5,000
shares for the year ended December 31, 2022 and 18,000 shares for the year ended December 31, 2021 were outstanding but not included in the computation of 
diluted net income because the grant prices were greater than the average market price of the common shares and would be anti-dilutive to the computations.

(6)  Indebtedness

We had the following debt outstanding as of the dates shown below. The expenses of issuing debt are generally capitalized and included as a reduction to debt 
in the accompanying consolidated balance sheets. For December 31, 2023, deferred financing costs for our bank credit facility are included in other assets in the 
accompanying consolidated balance sheet. These costs are amortized over the expected life of the related instruments. When debt is retired before maturity, or 
modifications significantly change the cash flows, the related unamortized costs are expensed. No interest was capitalized in the three-year period ended December 
31, 2023. The components of our debt outstanding, including the effects of debt issuance costs, is as follows (in thousands):

December 31,
2023 2022

Bank debt $ — $ 19,000
Senior notes

4.875% senior notes due 2025 688,388 750,000
8.25% senior notes due 2029 600,000 600,000
4.75% senior notes due 2030 500,000 500,000

Total senior notes 1,788,388 1,850,000
Total debt 1,788,388 1,869,000

Unamortized debt issuance costs (14,159 ) (27,040 )
Total debt (net of debt issuance costs) $ 1,774,229 $ 1,841,960

Bank Debt

In April 2022, we entered into an amended and restated revolving bank facility, which we refer to as our bank debt or our bank credit facility, and is secured 
by substantially all of our assets and has a maturity date of April 14, 2027. The bank credit facility provides for a maximum facility amount of $4.0 billion and an 
initial borrowing base of $3.0 billion. The bank credit facility provides for a borrowing base subject to redeterminations and for event-driven unscheduled 
redeterminations. Our current bank group is composed of seventeen financial institutions. The borrowing base may be increased or decreased based on our request 
and sufficient proved reserves, as determined by the bank group. The commitment amount may be increased to the borrowing base, subject to payment of a mutually 
acceptable commitment fee to those banks agreeing to participate in the facility increase. Borrowings under the bank facility can either be at the alternate base rate 
("ABR," as defined in the bank credit agreement) plus a spread ranging from 0.75% to 1.75% or at the secured overnight financing rate ("SOFR", as defined in the 
bank credit agreement) plus a spread ranging from 1.75% to 2.75%. The applicable spread is dependent upon borrowings relative to the borrowing base. We may 
elect, from time to time, to convert all or any part of our SOFR loans to ABR loans or to convert all or any part of our ABR loans to SOFR loans. The weighted 
average interest rate was 8.4% for the year ended December 31, 2023 compared to 4.1% for the year ended December 31, 2022 and 2.1% for the year ended 
December 31, 2021. A commitment fee is paid on the undrawn balance based on an annual rate of 0.375% to 0.50%. At December 31, 2023, the commitment fee 
was 0.375%, the interest rate margin was 0.75% on our ABR loans and 1.75% on our SOFR loans.

On December 31, 2023, bank commitments totaled $1.5 billion and we had no outstanding borrowings under our bank credit facility. Additionally, we had 
$173.4 million of undrawn letters of credit leaving $1.3 billion of committed borrowing capacity available under the facility. As part of our redetermination 
completed in September 2023, our borrowing base was reaffirmed for $3.0 billion and our bank commitment was also reaffirmed at $1.5 billion.

Senior Note Redemptions

If we experience a change of control, noteholders may require us to repurchase all or a portion of our senior notes at 101% of the principal amount plus 
accrued and unpaid interest, if any. We currently intend to retire our outstanding long-term debt as it matures, is callable or when market conditions are favorable to 
repurchase in the open market.

In 2023, we repurchased in the open market $61.6 million principal amount of our 4.875% senior notes due 2025 at a discount. We recognized a gain on early 
extinguishment of debt of $438,000, net of the remaining deferred financing costs on the repurchased debt. Although we have no obligation to do so, we may 
continue, from time-to-time, to retire our outstanding debt through privately negotiated transactions, open market repurchases, redemptions or otherwise.
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In January 2024, we repurchased in the open market $8.7 million aggregate to principal amount of our 4.875% senior notes due 2025 at a discount.

Guarantees

Range Resources Corporation is a holding company which owns no operating assets and has no significant operations independent of its subsidiaries. The 
guarantees by our wholly-owned subsidiaries, which are directly or indirectly owned by Range, of our senior notes and our bank credit facility are full and 
unconditional and joint and several, subject to certain customary release provisions. The assets, liabilities and results of operations of Range and our guarantor 
subsidiaries are not materially different than our consolidated financial statements. A subsidiary guarantor may be released from its obligations under the guarantee:

• in the event of a sale or other disposition of all or substantially all of the assets of the subsidiary guarantor or a sale or other 
disposition of all the capital stock of the subsidiary guarantor, to any corporation or other person (including an unrestricted 
subsidiary of Range) by way of merger, consolidation, or otherwise; or 

• if Range designates any restricted subsidiary that is a guarantor to be an unrestricted subsidiary in accordance with the terms of 
the indenture. 

Debt Covenants and Maturity

Our bank credit facility contains negative covenants that limit our ability, among other things, to pay cash dividends, incur additional indebtedness, sell 
assets, enter into certain hedging contracts, change the nature of our business or operations, merge, consolidate, or make certain investments. We are required to 
maintain a ratio of debt-to-EBITDAX (as defined in the credit agreement) of less than 3.75x and a minimum current ratio (as defined in the credit agreement) of 
1.0x. We were in compliance with applicable covenants under the bank credit facility at December 31, 2023. The following is the principal maturity schedule for our 
long-term debt outstanding as of December 31, 2023 (in thousands): 

Year Ended
December 31,

2024 $ —
2025 688,388
2026 —
2027 —
2028 —
Thereafter 1,100,000

$ 1,788,388

(7)  Asset Retirement Obligations

ARO primarily represents the present value of the estimated amounts we will incur to plug, abandon and remediate our producing properties at the end of 
their productive lives. Significant inputs used in determining such obligations include estimates of plugging and abandonment costs, estimated future inflation rates 
and well lives. The inputs are calculated based on historical data as well as current estimated costs. The following is a reconciliation of our liability for plugging and 
abandonment costs as of December 31, 2023 and 2022 (in thousands):

Year Ended December 31,
2023 2022

Beginning of period $ 109,851 $ 95,836
Liabilities incurred 2,047 2,589
Liabilities settled (3,039 ) (10,650 )
Accretion expense 6,000 6,569
Change in estimate 2,570 15,507

End of period 117,429 109,851
Less current portion (2,395 ) (4,570 )

Long-term asset retirement obligations $ 115,034 $ 105,281

Accretion expense is recognized as an increase to depreciation, depletion and amortization expense in the accompanying consolidated statements of income.
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(8)  Derivative Activities

We use commodity-based derivative contracts to manage exposure to commodity price fluctuations. We do not enter into these arrangements for speculative 
or trading purposes. We do not utilize complex derivatives as we typically utilize commodity swaps or collar contracts to (1) reduce the effect of price volatility of 
the commodities we produce and sell and (2) support our annual capital budget and expenditure plans. Every derivative instrument is required to be recorded on our 
consolidated balance sheets as either an asset or a liability measured at its fair value. Their fair value, which is represented by the estimated amount that would be 
realized upon termination, based on a comparison of the contract price and a reference price (generally NYMEX for natural gas and crude oil), approximated a net 
derivative asset of $424.4 million at December 31, 2023. These contracts expire monthly through December 2026. The following table sets forth the derivative 
volumes by year as of December 31, 2023, excluding our basis swaps which are discussed separately below:

Period Contract Type Volume Hedged Weighted Average Hedge Price
Swap Sold Put Floor Ceiling

Natural Gas 
2024 Swaps 304,973 Mmbtu/day $ 4.01
2024 Collars 436,694 Mmbtu/day $ 3.50 $ 5.63
2024 Three-way Collars 93,511 Mmbtu/day $ 2.50 $ 3.40 $ 4.15
2025 Swaps 400,000 Mmbtu/day $ 4.12
2025 Three-way Collars 30,000 Mmbtu/day $ 2.70 $ 4.00 $ 5.00
2026 Swaps 60,000 Mmbtu/day $ 4.15

Crude Oil
January-September 2024 Swaps 4,000 bbls/day $ 80.25
January-September 2024 Collars 832 bbls/day $ 80.00 $ 90.12

We also sold natural gas swaptions of 40,000 Mmbtu/day for calendar year 2026 at a weighted average price of $4.11/Mmbtu that expire June 2024.

Basis Swap Contracts

In addition to the commodity derivatives described above, at December 31, 2023, we had natural gas basis swap contracts which lock in the differential 
between NYMEX and certain of our physical pricing points in Appalachia. These contracts settle monthly through December 2026 and include a total volume of 
313,453,000 Mmbtu. The fair value of these contracts was a net derivative asset of $18.3 million on December 31, 2023.

Derivative Assets and Liabilities

The combined fair value of derivatives included in the accompanying consolidated balance sheets as of December 31, 2023 and 2022 is summarized below 
(in thousands). As of December 31, 2023, we are conducting derivative activities with fourteen counterparties, of which all but six are secured lenders in our bank 
credit facility. We believe all of these counterparties are acceptable credit risks. At times, such risks may be concentrated with certain counterparties. The credit 
worthiness of our counterparties is subject to periodic review. The assets and liabilities are netted where derivatives with both gain and loss positions are held by a 
single counterparty and we have master netting arrangements.

December 31, 2023

Gross Amounts of
Recognized Assets

Gross Amounts
Offset in the

Balance Sheet

Net Amounts of
Assets Presented

in the Balance Sheet

Derivative assets:
Natural gas –swaps $ 238,465 $ — $ 238,465

–swaptions — (1,161 ) (1,161 )
–collars 150,456 — 150,456
–three-way collars 25,406 — 25,406
–basis swaps 26,852 (8,246 ) 18,606

Crude oil –swaps 9,115 — 9,115
–collars 2,084 — 2,084

$ 452,378 $ (9,407 ) $ 442,971
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December 31, 2023

Gross Amounts of 
Recognized (Liabilities)

Gross Amounts
Offset in the

Balance Sheet

Net Amounts of
(Liabilities) Presented
in the Balance Sheet

Derivative (liabilities):
Natural gas –swaptions $ (1,161 ) $ 1,161 $ —

–basis swaps (8,575 ) 8,246 (329 )
$ (9,736 ) $ 9,407 $ (329 )

December 31, 2022

Gross Amounts of
Recognized Assets

Gross Amounts Offset 
in the Balance Sheet

Net Amounts of
Assets Presented in 
the Balance Sheet

Derivative assets:
Natural gas –swaps $ 19,438 $ (6,236 ) $ 13,202

–collars 54,222 (45,452 ) 8,770
–three-way collars 12,424 (12,424 ) —
–basis swaps 25,493 (20,437 ) 5,056

Crude oil –collars 1,807 — 1,807
Divestiture contingent consideration 13,080 — 13,080

$ 126,464 $ (84,549 ) $ 41,915

December 31, 2022

Gross Amounts of 
Recognized (Liabilities)

Gross Amounts
Offset in the

Balance Sheet

Net Amounts of
(Liabilities) Presented
in the Balance Sheet

Derivative (liabilities):
Natural gas –swaps $ (115,374 ) $ 6,236 $ (109,138 )

–collars (72,866 ) 45,452 (27,414 )
–three-way collars (24,341 ) 12,424 (11,917 )
–basis swaps (24,972 ) 20,437 (4,535 )

Crude oil –swaps (13,908 ) — (13,908 )
$ (251,461 ) $ 84,549 $ (166,912 )

The effects of our derivatives on our consolidated statements of income for the last three years are summarized below (in thousands).

Year Ended December 31,

Derivative Fair Value Income (Loss) 2023 2022 2021

Commodity swaps $ 434,836 $ (713,122 ) $ (466,203 )
Swaptions (1,161 ) 11,149 (1,346 )
Collars 260,630 (302,364 ) (117,612 )
Three-way collars 88,096 (235,335 ) (137,443 )
Basis swaps 43,833 41,622 33,691
Calls — (1,363 ) (836 )
Freight swaps — (33 ) (647 )
Divestiture contingent consideration (5,080 ) 10,940 40,180

Total $ 821,154 $ (1,188,506 ) $ (650,216 )
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(9)  Fair Value Measurements

Fair value is the price that would be received to sell an asset or paid to transfer a liability in an orderly transaction between market participants at the 
measurement date. There are three approaches for measuring the fair value of assets and liabilities: the market approach, the income approach and the cost approach, 
each of which includes multiple valuation techniques. The market approach uses prices and other relevant information generated by market transactions involving 
identical or comparable assets or liabilities. The income approach uses valuation techniques to measure fair value by converting future amounts, such as cash flows 
or earnings, into a single present value amount using current market expectations about those future amounts. The cost approach is based on the amount that would 
currently be required to replace the service capacity of an asset. This is often referred to as current replacement cost. The cost approach assumes that the fair value 
would not exceed what it would cost a market participant to acquire or construct a substitute asset of comparable utility, adjusted for obsolescence.

The fair value accounting standards do not prescribe which valuation technique should be used when measuring fair value and does not prioritize among the 
techniques. These standards establish a fair value hierarchy that prioritizes the inputs used in applying the various valuation techniques. Inputs broadly refer to the 
assumptions that market participants use to make pricing decisions, including assumptions about risk. Level 1 inputs are given the highest priority in the fair value 
hierarchy, while Level 3 inputs are given the lowest priority. The three levels of the fair value hierarchy are as follows:

• Level 1 – Observable inputs that reflect unadjusted quoted prices for identical assets or liabilities in active markets as of the reporting date. 
Active markets are those in which transactions for the asset or liability occur in sufficient frequency and volume to provide pricing 
information on an ongoing basis. 

• Level 2 – Observable market-based inputs or unobservable inputs that are corroborated by market data. These are inputs other than quoted 
prices in active markets included in Level 1, which are either directly or indirectly observable as of the reporting date. 

• Level 3 – Unobservable inputs for which there is little, if any, market activity for the asset or liability being measured. These inputs reflect 
management’s best estimates of the assumptions market participants would use in determining fair value. Our Level 3 measurements 
consist of instruments using standard pricing models and other valuation methods that utilize unobservable pricing inputs that are 
significant to the overall value. 

Valuation techniques that maximize the use of observable inputs are favored. Assets and liabilities are classified in their entirety based on the lowest priority 
level of input that is significant to the fair value measurement. The assessment of the significance of a particular input to the fair value measurement requires 
judgment and may affect the placement of assets and liabilities within the levels of the fair value hierarchy. When transfers between levels occur, it is our policy to 
assume the transfer occurred at the date of the event or change in circumstances that caused the transfer.

Fair Values-Recurring

We use a market approach for our recurring fair value measurements and endeavor to use the best information available. Accordingly, valuation techniques 
that maximize the use of observable impacts are favored. The following tables present the fair value hierarchy table for assets and liabilities measured at fair value, 
on a recurring basis (in thousands):

Fair Value Measurements at December 31, 2023 Using:
Quoted Prices

in Active
Markets for

Identical Assets
(Level 1)

Significant
Other

Observable
Inputs

(Level 2)

Significant
Unobservable

Inputs
(Level 3)

Total
Carrying

Value as of
December 31,

2023

Trading securities held in the deferred
   compensation plans $ 71,989 $ — $ — $ 71,989
Derivatives –swaps — 247,580 — 247,580

–collars — 152,540 — 152,540
–three-way collars — 25,406 — 25,406
–basis swaps — 18,277 — 18,277
–swaptions — — (1,161 ) (1,161 )
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Fair Value Measurements at December 31, 2022 Using:
Quoted Prices

in Active
Markets for

Identical Assets
(Level 1)

Significant
Other

Observable
Inputs

(Level 2)

Significant
Unobservable

Inputs
(Level 3)

Total
Carrying

Value as of
December 31,

2022

Trading securities held in the deferred
   compensation plans $ 57,717 $ — $ — $ 57,717
Derivatives –swaps — (109,844 ) — (109,844 )

–collars — (16,837 ) — (16,837 )
–three-way collars — (11,917 ) — (11,917 )
–basis swaps — 521 — 521

Divestiture contingent consideration — 13,080 — 13,080

Our trading securities in Level 1 are exchange-traded and measured at fair value with a market approach using December 31, 2023 market values. Derivatives 
in Level 2 are measured at fair value with a market approach using third-party pricing services, which have been corroborated with data from active markets or 
broker quotes. Derivatives in Level 3 are measured at fair value with a market approach using third-party pricing services, which have been corroborated with data 
from active markets or broker quotes but will also utilize unobservable pricing inputs that are significant to overall value. As of December 31, 2023, a portion of our 
natural gas instruments contain swaptions where the counterparty has the right, but not the obligation, to enter into a fixed price swap on a pre-determined date. If 
exercised, the swaption contract becomes a swap treated consistently with our fixed-price swaps. At December 31, 2023, we used a weighted average implied 
volatility of 18% for our swaptions. The following is a reconciliation of the beginning and ending balances for derivative instruments classified as Level 3 in the fair 
value hierarchy (in thousands):

Year Ended
December 31,

2023

Balance at December 31, 2022 $ —
Additions (1,161 )
Settlements —
Transfers out of Level 3 —

Balance at December 31, 2023 $ (1,161 )

Our trading securities held in the deferred compensation plan are accounted for using the mark-to-market accounting method and are included in other assets 
in the accompanying consolidated balance sheets. We elected to adopt the fair value option to simplify our accounting for the investments in our deferred 
compensation plan. Interest, dividends, and mark-to-market gains or losses are included in deferred compensation plan expense in the accompanying consolidated 
statements of income. For the year ended December 31, 2023, interest and dividends were $1.6 million and mark-to-market was a gain of $7.8 million. For the year 
ended December 31, 2022, interest and dividends were $1.1 million and mark-to-market was a loss of $14.2 million. For the year ended December 31, 2021, interest 
and dividends were $951,000 and mark-to-market was a gain of $3.0 million.

Fair Values-Non-recurring

Certain assets are measured at fair value on a non-recurring basis. These assets are not measured at fair value on an ongoing basis but are subject to fair value 
adjustments in certain circumstances. Our proved natural gas and oil properties are reviewed for impairment periodically as events or changes in circumstances 
indicate the carrying amount may not be recoverable. There were no proved property impairment charges for the three-year period ended December 31, 2023.
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Fair Values-Reported

The following table presents the carrying amounts and the fair values of our financial instruments as of December 31, 2023 and 2022 (in thousands):

December 31, 2023 December 31, 2022
Carrying

Value
Fair

Value
Carrying

Value
Fair

Value

Assets:
Commodity swaps, collars and basis swaps $ 442,971 $ 442,971 $ 28,835 $ 28,835
Divestiture contingent consideration — — 13,080 13,080
Marketable securities 71,989 71,989 57,717 57,717

(Liabilities):
Commodity swaps, collars and basis swaps (329 ) (329 ) (166,912 ) (166,912 )
Bank credit facility — — (19,000 ) (19,000 )
4.875% senior notes due 2025 (688,388 ) (679,363 ) (750,000 ) (714,870 )
8.25% senior notes due 2029 (600,000 ) (624,816 ) (600,000 ) (618,312 )
4.75% senior notes due 2030 (500,000 ) (463,085 ) (500,000 ) (442,350 )
Deferred compensation plan (117,125 ) (117,125 ) (189,241 ) (189,241 )

Marketable securities, which are held in our deferred compensation plans, are actively traded on major exchanges and are updated based on end of period closing prices which is 
a Level 1 input.
The book value of our bank debt approximates fair value because of its floating rate structure. The fair value of our senior notes is based on end of period market quotes which 
are Level 2 inputs.
The fair value of our deferred compensation plan is updated at the closing price on the balance sheet date which is a Level 1 input.

Our current assets and liabilities contain financial instruments, the most significant of which are trade accounts receivables and payables. We believe the 
carrying values of our current assets and liabilities approximate fair value. Our fair value assessment incorporates a variety of considerations, including (1) the short-
term duration of the instruments and (2) our historical incurrence of and expected future insignificance of bad debt expense. Non-financial liabilities initially 
measured at fair value include asset retirement obligations, operating lease liabilities and the divestiture contract obligation that we incurred in conjunction with the 
sale of our North Louisiana assets.

(10)  Stock-Based Compensation Plans

Description of the Plans

We have two active equity-based stock plans, our Amended and Restated 2005 Equity-Based Compensation Plan, which we refer to as the 2005 Plan and the 
Amended and Restated 2019 Equity-Based Compensation Plan, which we refer to as the 2019 Plan. Under these plans, the Compensation Committee of the board of 
directors may grant, various awards to non-employee directors and employees. Shares issued as a result of awards granted are generally new common shares but can 
be funded out of treasury shares, if available.

Total Stock-Based Compensation Expense

Stock-based compensation represents amortization of restricted stock and performance units. Unlike the other forms of stock-based compensation, the mark-
to-market adjustment of the liability related to the vested restricted stock held in our deferred compensation plan is directly tied to the change in our stock price and 
not directly related to the functional expenses and therefore, is not allocated to the financial categories. The following details the allocation of stock-based 
compensation that is allocated to functional expense categories for each of the years in the three-year period ended December 31, 2023 (in thousands): 

2023 2022 2021

Direct operating expense $ 1,723 $ 1,459 $ 1,310
Brokered natural gas and marketing expense 2,095 2,439 1,794
Exploration expense 1,250 1,578 1,507
General and administrative expense 35,850 42,023 39,673

Total stock-based compensation $ 40,918 $ 47,499 $ 44,284

In 2023, we recorded an additional tax benefit of an estimated $10.6 million for the tax effect of financial accounting expense compared to the corporate 
income tax deduction for equity compensation that vested during the year compared to additional tax benefit of $7.2 million in 2022 and additional tax benefit of 
$340,000 in 2021.
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Stock-Based Awards

Restricted Stock Awards. We grant restricted stock units and restricted stock under our equity-based stock compensation plans to our employees, which we 
refer to as restricted stock Equity Awards. The restricted stock units generally vest over a three-year period and are contingent on the recipient’s continued 
employment. Beginning in 2023, we began granting restricted stock (that was previously placed in our deferred compensation plan) that vests at the end of a three-
year period for employee grants and at the end of a one-year period for non-employee directors. Vesting is also based upon the employee's continued employment 
with us. Prior to vesting, recipients of restricted stock typically earn dividends payable in cash upon vesting but they have no voting rights prior to vesting.

The Compensation Committee has granted restricted stock to certain employees and non-employee directors of the board of directors as part of their 
compensation. Upon grant of these restricted shares, which we refer to as restricted stock Liability Awards, these shares were placed in our deferred compensation 
plan and, upon vesting, withdrawals are allowed in either cash or in stock. Compensation expense is recognized over the balance of the vesting period, which is 
typically at the end of three years for employee grants and at the end of a one-year period for non-employee directors. All Liability Awards were issued at prevailing 
market prices at the time of the grant and the vesting is based upon an employee’s continued employment with us. Prior to vesting, Liability Awards recipients have 
the right to vote such stock and receive dividends thereon. These Liability Awards are classified as a liability and are remeasured at fair value each reporting period. 
This mark-to-market amount is reported in deferred compensation plan expense in the accompanying consolidated statements of income.

Stock-Based Performance Awards - (PSUs). We grant two types of performance share awards: one based on performance conditions measured against 
internal performance metrics and one based on market conditions measured based on Range’s performance relative to a predetermined peer group ("TSR Awards").

Each unit granted represents one share of our common stock. These units are settled in stock and the amount of the payout is based on the vesting percentage, 
which can range from zero to 200%, and (1) the internal performance metrics achieved, which is determined by the Compensation Committee and (2) for our TSR 
Awards, the value of our common stock on the vesting date compared to our peers. Dividend equivalents accrue during the performance period and are paid in stock 
at the end of the performance period. The performance period is three years.

Restricted Stock – Equity Awards

In 2023, we granted 1.6 million restricted stock Equity Awards to employees which generally vest over a three-year period compared to 1.4 million in 2022 
and 2.3 million in 2021. We recorded compensation expense for these outstanding awards of $31.6 million in the year ended December 31, 2023 compared to $21.0
million in 2022 and $19.6 million in 2021. The vesting date fair value of restricted stock Equity Awards which vested during 2023, 2022 and 2021 was $31.9 million, 
$20.3 million and $17.6 million. The weighted average grant date fair value of these Equity Awards was $22.82, $14.44 and $7.39 for awards unvested at December 
31, 2023, 2022 and 2021. As of December 31, 2023, there was $31.2 million of unrecognized compensation related to Equity Awards expected to be recognized over 
a weighted average period of 1.7 years. These awards are not issued until such time as they are vested and the grantees do not have the option to receive cash.

Restricted Stock – Liability Awards

In 2023, we granted 13,000 shares of restricted stock Liability Awards as compensation to employees at a grant date fair value of $25.61 which generally vest 
at the end of a three-year period and 8,000 shares were granted to non-employee directors, at an average grant date fair value of $25.07 with vesting at the end of one 
year. In 2022, we granted 603,000 shares of restricted stock liability awards as compensation to employees at an average grant date value of $20.44 with vesting 
generally at the end of a three-year period and 47,000 shares were granted to non-employee directors at an average grant date fair value of $27.52 with vesting at the 
end of one year. In 2021, we granted 1.2 million shares of restricted stock liability awards of compensation to employees at an average grant date value of $9.31 with 
vesting generally at the end of a three year period and 102,000 shares were granted to non-employee directors at an average grant date fair value $12.49 with vesting 
at the end of one year. In 2023, the number of shares granted into our deferred compensation plan was reduced in favor of restricted stock Equity Awards. We 
recorded compensation expense for these restricted stock Liability Awards of $4.0 million in the year ended December 31, 2023 compared to $13.6 million in 2022 
and $11.4 million in 2021. The vesting date fair value of these Liability Awards vested during 2023, 2022 and 2021 was $4.3 million, $13.2 million and $12.1
million. The weighted average grant date fair value of these Liability Awards was $19.44, $14.71 and $6.49 for awards unvested at December 31, 2023, 2022 and 
2021. As of December 31, 2023, there was $1.0 million of unrecognized compensation related to restricted stock Liability Awards expected to be recognized over a 
weighted average period of less than one year. These awards are held in our deferred compensation plan, are classified as a liability and are remeasured at fair value 
each reporting period. This mark-to-market amount is reported as deferred compensation expense in our consolidated statements of income (see additional discussion 
below). The proceeds received from the sale of stock held in our deferred compensation plan were $75.2 million in 2023 compared to $22.2 million in 2022 and $5.9
million in 2021.
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Stock-Based Performance Awards

Internal Performance Metric Awards. These awards vest at the end of the three-year performance period. The performance metrics are set by the 
Compensation Committee. If the performance metric for the applicable period is not met, that portion is considered forfeited and there is an adjustment to the 
expense recorded.

Internal performance metric awards granted in 2023 and 2022 are earned based on:

• Net debt (total debt less cash on hand balance); and

• GHG emissions intensity.

Internal performance metric awards granted in 2021 are earned based on:

• Debt/EBITDAX (earnings before interest, taxes, depreciation and amortization and exploration expense); and

• GHG emissions intensity.

In 2023, we granted 81,000 units as compensation to employees at a grant date fair value of $24.08 which vest at the end of a three-year period compared to 
153,000 units at a grant date fair value of $20.38 in 2022 and 303,000 units at a grant date fair value of $9.81 in 2021. We recorded compensation expense for these 
awards of $2.2 million in the year ended December 31, 2023 compared to $6.2 million in the year ended December 31, 2022 and $6.6 million in the year ended 
December 31, 2021. As of December 31, 2023, there was $1.7 million of unrecognized compensation related to these internal performance metric awards to be 
recognized over a weighted average period of 1.9 years.

TSR awards. These awards are earned, or not earned, based on the comparative performance of Range’s common stock measured against a predetermined 
group of companies in the peer group over a three-year performance period. The fair value of the TSR awards is estimated on the date of grant using a Monte Carlo 
simulation model which utilizes multiple input variables that determine the probability of satisfying the market condition stipulated in the award grant and calculates 
the fair value of the award. The fair value is recognized as stock-based compensation expense over the three-year performance period. Expected volatilities utilized 
in the model were estimated using a combination of a historical period consistent with the remaining performance period of three years and option implied 
volatilities. The risk-free interest rate was based on the United States Treasury rate for a term commensurate with the life of the grant. The following assumptions 
were used to estimate the fair value of the TSR awards granted during the years ended December 31, 2023, 2022 and 2021:

Year Ended December 31,

2023 2022 2021

Risk-free interest rate 3.8 % 1.4 % 0.2 %
Expected annual volatility 61 % 68 % 75 %
Grant date fair value per unit $ 30.37 $ 27.90 $ 12.58

In 2023, we granted 64,000 units as compensation to employees which vest at the end of a three-year period compared to 112,000 in 2022 and 224,000 in 
2021. We recorded TSR award compensation expense of $1.7 million in the year ended December 31, 2023 compared to $3.2 million in the year ended December 
31, 2022 and $2.6 million in the year ended December 31, 2021. As of December 31, 2023, there was $1.7 million of unrecognized compensation related to these 
TSR awards to be recognized over a weighted average period of 1.9 years.

The following is a summary of the activity for our restricted stock and performance awards for the year ended December 31, 2023:

Restricted Stock
Equity Awards

Restricted Stock
Liability Awards

Stock-Based
Performance Awards

Shares

Weighted
Average Grant
Date Fair Value Shares

Weighted
Average Grant
Date Fair Value

Number 
of Units 

Weighted
Average Grant
Date Fair Value

Outstanding at December 31, 2022 1,736,688 $ 14.44 379,633 $ 14.71 1,950,632 $ 9.02
Granted 1,629,816 $ 25.11 21,170 $ 25.41 145,747 $ 26.86
Vested (1,863,153 ) $ 17.10 (307,687 ) $ 14.01 (1,158,797 ) $ 4.80
Forfeited (29,546 ) $ 17.73 — $ — — $ —

Outstanding at December 31, 2023 1,473,805 $ 22.82 93,116 $ 19.44 937,582 $ 17.01

Amounts granted reflect performance units initially granted. The actual payout will be between zero and 200% depending on achievement of either total stockholder return ranking 
compared to our peers at the vesting date or on the achievement of internal performance targets.
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401(k) Plan

We maintain a 401(k) benefit plan that allows employees to contribute up to 75% of their salary (subject to Internal Revenue Service limitations) on a pretax 
basis. We match up to 6% of salary in cash and vesting of those contributions is immediate. In 2023, we contributed $5.2 million to the 401(k) Plan compared to $4.8
million in 2022 and $4.6 million in 2021. Employees have a variety of investment options in the 401(k) benefit plan.

Deferred Compensation Plan

Our deferred compensation plan gives directors, officers and key employees the ability to defer all or a portion of their salaries and bonuses and invest in 
Range common stock or make other investments at the individual’s discretion. Range provides a partial matching contribution which vests at the end of three years. 
The assets of the plans are held in a grantor trust, which we refer to as the Rabbi Trust, and are therefore available to satisfy the claims of our creditors in the event of 
bankruptcy or insolvency. Our stock held in the Rabbi Trust is treated as a liability award as employees are allowed to take withdrawals from the Rabbi Trust either 
in cash or in Range stock. The liability for the vested portion of the stock held in the Rabbi Trust is reflected in the deferred compensation liability in the 
accompanying consolidated balance sheets and is adjusted to fair value each reporting period by a charge or credit to deferred compensation plan expense on our 
consolidated statements of income. The assets of the Rabbi Trust, other than our common stock, are invested in marketable securities and reported at their market 
value in other assets in the accompanying consolidated balance sheets. The deferred compensation liability reflects the vested market value of the marketable 
securities and Range stock held in the Rabbi Trust. Changes in the market value of the marketable securities and changes in the fair value of the deferred 
compensation plan liability are charged or credited to deferred compensation plan expense each quarter. We recorded mark-to-market loss of $26.6 million in 2023 
compared to a loss of $61.9 million in 2022 and a loss of $68.4 million in 2021. The Rabbi Trust held 1.6 million shares (1.5 million of vested shares) of Range stock 
at December 31, 2023 compared to 5.6 million (5.3 million of vested shares) at December 31, 2022.

(11)  Capital Stock

We have authorized capital stock of 485.0 million shares, which includes 475.0 million shares of common stock and 10.0 million shares of preferred stock. 
The following is a schedule of changes in the number of common shares outstanding since the beginning of 2022:

Year Ended December 31,
2023 2022

Beginning balance 238,885,730 249,792,908
Restricted stock grants 50,238 671,303
Restricted stock units vested 1,755,345 1,827,625
Performance stock units vested 1,057,245 590,940
Performance stock dividends 6,276 1,843
Treasury shares (714,530 ) (13,998,889 )

Ending balance 241,040,304 238,885,730

Common Stock Dividends

In January 2020, we announced that the board of directors had suspended our common stock dividend. The quarterly cash dividend was reinstated by our 
board of directors in third quarter 2022. The determination of the amount of future dividends, if any, to be declared and paid is at the sole discretion of the board of 
directors and will depend on our financial condition, earnings, capital requirements, levels of indebtedness, our future business prospects and other matters our board 
of directors deems relevant. Our bank credit facility allows for the payment of common dividends, with certain limitations, as described in the facility agreement.

Stock Repurchase Program

In October 2019, the board of directors approved a stock repurchase program which was increased in size in 2022. Under this program, we may repurchase 
shares of our common stock in open market transactions, from time to time, in accordance with applicable SEC rules and federal securities laws. In 2023, we 
repurchased 715,000 shares at an aggregate value of $19.0 million. As of December 31, 2023, we have approximately $1.1 billion of remaining authorization under 
this program. The following is a schedule of the change in treasury shares since the beginning of 2022:

Year Ended December 31,
2023 2022

Beginning balance 24,001,535 10,002,646
Rabbi trust shares distributed and/or sold (470 ) (1,111 )

F-28

10-K https://www.sec.gov/Archives/edgar/data/315852/000095017024018046...

91 of 106 10/18/2024, 1:03 PM

WG Ex. 50

2084



Shares repurchased 715,000 14,000,000
Ending balance 24,716,065 24,001,535

(12)  Supplemental Cash Flow Information

Year Ended December 31,
2023 2022 2021

(in thousands)

Net cash provided from operating activities included:
Income taxes paid to taxing authorities $ (2,200 ) $ (20,335 ) $ (7,061 )
Interest paid (120,631 ) (193,732 ) (196,750 )

Non-cash investing and financing activities included:
Asset retirement costs capitalized, net $ 4,616 $ 18,096 $ 18,634
Increase (decrease) in accrued capital expenditures 4,403 1,966 (4,505 )

(13)  Commitments and Contingencies

Litigation

We are the subject of, or party to, a number of pending or threatened legal actions and administrative proceedings or investigations arising in the ordinary 
course of our business including, but not limited to, royalty claims, contract claims and environmental claims. While many of these matters involve inherent 
uncertainty, we believe that the amount of the liability, if any, ultimately incurred with respect to proceedings or claims will not have a material adverse effect on our 
consolidated financial position as a whole or on our liquidity, capital resources or future annual results of operations.

When deemed necessary, we establish reserves for certain legal proceedings. The establishment of a reserve is based on an estimation process that includes 
the advice of legal counsel and subjective judgment of management. While management believes these reserves to be adequate, it is reasonably possible we could 
incur additional losses with respect to those matters in which reserves have been established. We will continue to evaluate our litigation on a quarterly basis and will 
establish and adjust any litigation reserves as appropriate to reflect our assessment of the then current status of litigation.

We have incurred and will continue to incur capital, operating and remediation expenditures as a result of environmental laws and regulations. As of 
December 31, 2023 and 2022, liabilities for remediation were not material. We are not aware of any environmental claims existing as of December 31, 2023 that 
have not been provided for or would otherwise have a material impact on our financial position or results of operations. Environmental liabilities normally involve 
estimates that are subject to revision until final resolution, settlement or remediation occurs. We believe that substantially all of our competitors must comply with 
similar environmental laws and regulations.

Obligations Following Divestitures

Certain contractual obligations were retained by us after our divestiture of our North Louisiana assets in 2020. These obligations are primarily related to 
gathering, processing and transportation agreements including certain minimum volume commitments. For additional information see Note 14.

Lease Commitments

The components of our total lease expense for the two years ended December 31, 2023, the majority of which is included as part of natural gas and oil 
properties on our consolidated balance sheets, are as follows (in thousands):

Year Ended December 31,
2023 2022

Operating lease cost $ 70,781 $ 37,873
Variable lease expense 25,529 22,082
Short-term lease expense 708 1,807
Sublease income — (137 )

Total lease expense $ 97,018 $ 61,625

Short-term lease costs $ 14,032 $ 17,285

Variable lease payments that are not dependent on an index or rate and are not included in the lease liability or ROU assets.
Short-term lease expense represents expense related to leases with a contract term of one year or less and are not included in our ROU assets or lease liability in our consolidated 
balance sheets.
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These short-term lease costs are related to leases with a contract term of one year or less, the majority of which are related to drilling rigs which are capitalized as part of natural 
gas and oil properties on our consolidated balance sheets and may fluctuate based on the number of drilling rigs being utilized.

Supplemental cash flow information related to our operating leases is included in the table below (in thousands):

Year Ended December 31,
2023 2022

Cash paid for amounts included in the measurement of lease liabilities $ 71,669 $ 37,457
ROU assets added in exchange for lease obligations $ 7,421 $ 78,574

Supplemental balance sheet information related to our operating leases is included in the table below (in thousands):

Year Ended December 31,
2023 2022

Operating lease ROU assets $ 23,821 $ 84,070
Accrued liabilities – current $ (11,584 ) $ (67,493 )
Operating lease liabilities – long-term $ (16,064 ) $ (20,903 )

Our weighted average remaining lease term and weighted average discount rate for our operating leases are as follows:

Year Ended December 31,
2023 2022

Weighted average remaining lease term 2.9 years 2.0 years
Weighted average discount rate 7% 6%

Our lease liabilities with enforceable contract terms that are greater than one year mature as follows (in thousands):

Operating 
Leases

2024 $ 13,119
2025 7,921
2026 6,866
2027 2,698
2028 29

Total lease payments 30,633
Less effects of discounting (2,985 )

Total lease liability $ 27,648

In late 2023, we entered into two-year commitments for drilling and completions equipment with gross lease payments of approximately $152.0 million. 
These leases are effective January 1, 2024 and will be recognized on our balance sheet as a lease in 2024.

Transportation, Gathering and Processing Contracts

We have entered into firm transportation and gathering contracts with various pipeline carriers for the future transportation and gathering of natural gas, 
NGLs and oil production from our properties in Pennsylvania. Under these contracts, we are obligated to transport or gather minimum daily natural gas volumes or 
pay for any deficiencies at a specified reservation fee rate. Our production committed to these pipelines is currently expected to exceed the minimum daily volumes 
provided in the contracts. However, if in the future we fail to deliver the committed volumes, we would recognize a deficiency payment in the period in which the 
under-delivery takes place and the related liability has been incurred. As of December 31, 2023, future minimum transportation and gathering fees under our 
commitments are as follows (in thousands): 

Transportation
and Gathering
Contracts 

2024 $ 801,694
2025 730,907
2026 670,692
2027 616,260
2028 565,707
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Thereafter 2,504,906
$ 5,890,166

The amounts in this table represent the gross amounts that we are committed to pay; however, we will record in our financial statements our proportionate share of costs based on 
our working interest which can vary based on volumes produced.

In addition to the amounts included in the above table, we have entered into an additional agreement which modifies existing contracts that are included in the 
table above but are contingent on additional facility construction.  This agreement is expected to begin in 2024 with a twelve-year term and adds to our ability to 
efficiently flow production volumes. The revised agreement covers 650,000 mcf per day but declines in the last five years of the contract ending at 300,000 mcf per 
day.

Not included in the table above is our estimate of accrued contractual obligations retained by us after our divestiture of our North Louisiana assets. These 
contractual obligations are related to gathering, processing and transportation agreements including certain minimum volume commitments. There are inherent 
uncertainties surrounding the retained obligation and, as a result, the determination of the accrued obligation required significant judgment and estimation. The actual 
settlement amount and timing may differ from our estimates. See also Note 14 for more information. As of December 31, 2023, the carrying value of this obligation 
was $397.4 million and is included in divestiture contract obligation in our consolidated balance sheets. As of December 31, 2023, our estimated settlement of this 
retained obligation based on a discounted value is as follows (in thousands):

Divestiture
Contract

Obligation

2024 $ 86,762
2025 77,418
2026 61,805
2027 52,622
2028 48,116
Thereafter 70,727

$ 397,450

Delivery Commitments

We have various volume delivery commitments that are related to our Marcellus Shale properties. We expect to be able to fulfill our contractual obligations 
from our own production; however, we may purchase third-party volumes to satisfy our commitments or pay demand fees for commitment shortfalls, should they 
occur. As of December 31, 2023, our delivery commitments through 2037 were as follows: 

Year Ending December 31,
Natural Gas

(mmbtu per day)
Ethane and Propane

(bbls per day)

2024 302,404 70,000
2025 282,493 54,932
2026 200,548 50,000
2027 100,000 46,233
2028 100,000 45,000
2029 100,000 33,444
2030 — 30,000
2031 — 16,575

2032-2037 — 10,000 (each year)

Other

We have lease acreage that is generally subject to expiration if initial wells are not drilled within a specified period, generally between three and five years. 
We do not expect to lose significant lease acreage because of failure to drill due to inadequate capital, equipment or personnel. However, based on our evaluation of 
prospective economics, including the cost of infrastructure to connect production, we have allowed acreage to expire and will allow additional acreage to expire in 
the future. To date, our expenditures to comply with environmental or safety regulations have not been a significant component of our cost structure and are not 
expected to be significant in the future. However, new regulations, enforcement policies, claims for damages or other events could result in significant future costs. 
We also regularly provide letters of credit in the normal course of business under certain contracts that may be drawn if we fail to perform under those contracts.
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(14)  Exit Costs

Exit Costs

In August 2020, we sold our North Louisiana assets and retained certain gathering, transportation and processing obligations which extend into 2030. These 
are contracts where we will not realize any future benefit. The estimated obligations are included in current and long-term divestiture contract obligation in our 
consolidated balance sheets. In the twelve months ended December 31, 2023, we recorded accretion expense of $41.9 million compared to $43.6 million in 2022 and 
$47.9 million in 2021. In second quarter 2023, we recorded a net adjustment of $37.8 million to increase this obligation primarily for higher rates due to inflation. In 
fourth quarter 2023, we recorded an additional $18.0 million adjustment to increase the obligation for a change to our forecasted drilling plans of the buyer along 
with adjusting for the difference between estimated and actual payments. In 2022, we recorded a net  adjustment of $26.2 million to increase this obligation for a 
change in our forecasted drilling plans of the buyer along with adjusting the difference between estimated and actual payments. The present value of our estimated 
obligations related to these assets was initially recorded in 2020 as an exit cost at a total of $479.8 million. The estimated discounted value for this divestiture 
contract obligation was $397.4 million at December 31, 2023.

In second quarter 2020, we negotiated capacity releases on certain transportation pipelines in Pennsylvania effective May 31, 2020 and extending through the 
remainder of the contract. As a result of these releases, we recorded exit costs of $10.4 million which represented the discounted present value of our remaining 
obligations to the third party. The remaining carrying value for these transportation capacity releases as of December 31, 2023 was $2.5 million.

The following summarizes our exit costs for the three years ended December 31, 2023, 2022 and 2021 (in thousands):

Year Ended December 31,
2023 2022 2021

Severance costs $ — $ — $ 567
Transportation contract capacity releases (including
   accretion of discount) 345 579 754
Divestiture contract obligation (including accretion
   of discount) 99,595 69,758 20,340

Total exit costs $ 99,940 $ 70,337 $ 21,661

The following details the accrued exit cost liability activity for the years ended December 31, 2023 and 2022 (in thousands):

Exit Costs Termination Costs

Balance at December 31, 2021 $ 423,742 $ 10
Accrued contract obligations-changes in estimate 26,183 —
Accretion of discount 44,154 —
Payments (98,399 ) (10 )

Balance at December 31, 2022 395,680 $ —
Accrued contract obligations-changes in estimate 57,735 —
Accretion of discount 42,205 —
Payments (95,631 ) —

Balance at December 31, 2023 $ 399,989 $ —
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(15)  Supplemental Information on Natural Gas and Oil Exploration, Development and Production Activities (Unaudited)

Our natural gas and oil producing activities are conducted onshore within the continental United States and all of our proved reserves are located within the 
United States.

Capitalized Costs and Accumulated Depreciation, Depletion and Amortization (a)

December 31,
2023 2022 2021

(in thousands)

Natural gas and oil properties:
Properties subject to depletion $ 10,435,611 $ 9,855,287 $ 9,338,236
Unproved properties 789,871 800,592 837,334

Total 11,225,482 10,655,879 10,175,570
Accumulated depreciation, depletion and amortization (5,107,801 ) (4,765,475 ) (4,420,914 )

Net capitalized costs $ 6,117,681 $ 5,890,404 $ 5,754,656

Includes capitalized asset retirement costs and the associated accumulated amortization.

Costs Incurred for Property Acquisition, Exploration and Development (a)

December 31,
2023 2022 2021

(in thousands)

Acquisitions:
Acreage purchases $ 40,067 $ 28,735 $ 21,942

Development 568,484 460,668 381,753
Exploration:

Drilling — — 6,329
Expense 25,280 25,194 22,048
Stock-based compensation expense 1,250 1,578 1,507

Gas gathering facilities:
Development 3,123 1,466 3,402

Subtotal 638,204 517,641 436,981
Asset retirement obligations 4,616 18,096 18,634

Total costs incurred $ 642,820 $ 535,737 $ 455,615

Includes cost incurred whether capitalized or expensed. 

Reserves Audit

All reserve information in this report is based on estimates prepared by our petroleum engineering staff. At year-end 2023, Netherland, Sewell & Associates, 
Inc., an independent petroleum consultant, conducted an audit of our 2023 reserves in Appalachia. These engineers were selected for their geographic expertise and 
their historical experience in engineering certain properties. At December 31, 2023, our consultant audited approximately 96% of our proved reserves. A copy of the 
summary reserve report prepared by our independent petroleum consultant is included as an exhibit to this Annual Report on Form 10-K. The technical professional 
at our independent petroleum consulting firm responsible for reviewing the reserve estimates presented herein meets the requirements regarding qualifications, 
independence, objectivity and confidentiality set forth in the Standards Pertaining to the Estimating and Auditing of Oil and Gas Reserves Information promulgated 
by the Society of Petroleum Engineers. We maintain an internal staff of petroleum engineers and geoscience professionals who work closely with our independent 
petroleum consultant to ensure the integrity, accuracy and timeliness of data furnished during the reserves audit process. Throughout the year, our technical team 
meets periodically with representatives of our independent petroleum consultant to review properties and discuss methods and assumptions. While we have no 
formal committee specifically designated to review reserves reporting and the reserves estimation process, our senior management reviews and approves any 
significant changes to our proved reserves. We provide historical information to our consultant for our largest producing properties such as ownership interest, 
natural gas, NGLs and oil production, well test data, commodity prices and operating and development costs. The consultants perform an independent analysis and 
differences are reviewed with our Senior Vice President of Reservoir Engineering and Economics. In some cases, additional meetings are held to review identified 
reserve differences. The reserve auditor estimates of proved reserves and the pretax present value of such reserves discounted at 10% did not differ from our 
estimates by more than 10% in the aggregate. However, when compared
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lease-by-lease, field-by-field or area-by-area, some of our estimates may be greater and some may be less than the estimates of our reserve auditor. When such 
differences do not exceed 10% in the aggregate, our reserve auditor is satisfied that the proved reserves and pretax present value of such reserves discounted at 10% 
are reasonable and will issue an unqualified opinion. Remaining differences are not resolved due to the limited cost benefit of continuing such analysis.

Historical variances between our reserve estimates and the aggregate estimates of our independent petroleum consultants have been approximately 5%. All of 
our reserve estimates are reviewed and approved by our Senior Vice President of Reservoir Engineering and Economics, who reports directly to our President and 
Chief Executive Officer. Mr. Alan Farquharson, our Senior Vice President of Reservoir Engineering and Economics, holds a Bachelor of Science degree in Electrical 
Engineering from the Pennsylvania State University. Before joining Range, he held various technical and managerial positions with Amoco, Hunt Oil and Union 
Pacific Resources and has more than forty years of engineering experience in the oil and gas industry. During the year, our reserves group may also perform separate, 
detailed technical reviews of reserve estimates for significant acquisitions or for properties with problematic indicators such as excessively long lives, sudden 
changes in performance or changes in economic or operating conditions.

Estimated Quantities of Proved Oil and Gas Reserves

Reserves of natural gas, NGLs, crude oil and condensate are estimated by our petroleum engineering staff and are adjusted to reflect contractual arrangements 
and royalty rates in effect at the end of each year. Many assumptions and judgmental decisions are required to estimate reserves. Reported quantities are subject to 
future revisions, some of which may be substantial, as additional information becomes available from reservoir performance, new geological and geophysical data, 
additional drilling, technological advancements, price changes, production taxes and other economic factors.

The SEC defines proved reserves as those volumes of natural gas, NGLs, crude oil and condensate that geological and engineering data demonstrate with 
reasonable certainty are recoverable in future years from known reservoirs under existing economic and operating conditions. Proved developed reserves are those 
proved reserves which can be expected to be recovered from existing wells with existing equipment and operating methods. Proved undeveloped reserves are 
volumes expected to be recovered from new wells on undrilled acreage or from existing wells where a relatively major expenditure is required for recompletion. 
Reserves on undrilled acreage shall be limited to those drilling units offsetting productive units that are reasonably certain of production when drilled. Proved 
reserves for other undrilled units can be claimed only where it can be demonstrated with certainty that there is continuity of production from the existing productive 
formation. Proved undeveloped reserves can only be assigned to acreage for which improved recovery technology is contemplated when such techniques have been 
proven effective by actual tests in the area and in the same reservoir. Undrilled locations can be classified as having undeveloped reserves only if a development plan 
has been adopted indicating each location is scheduled to be drilled within five years from the date it was booked as proved reserves, unless specific circumstances 
justify a longer time.

The reported value of proved reserves is not necessarily indicative of either fair market value or present value of future net cash flows because prices, costs 
and governmental policies do not remain static, appropriate discount rates may vary, and extensive judgment is required to estimate the timing of production. Other 
logical assumptions would likely have resulted in significantly different amounts.
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The average realized prices used at December 31, 2023 to estimate reserve information were $68.32 per barrel of oil, $24.91 per barrel of NGLs and $2.20
per mcf for gas using a benchmark (NYMEX) of $78.10 per barrel and $2.62 per Mmbtu. The average realized prices used at December 31, 2022 to estimate reserve 
information were $87.14 per barrel of oil, $38.35 per barrel of NGLs and $6.08 per mcf for gas using a benchmark (NYMEX) of $94.13 per barrel and $6.36 per 
Mmbtu. The average realized prices used at December 31, 2021 to estimate reserve information were $59.35 per barrel of oil, $28.41 per barrel of NGLs and $3.30
per mcf for gas using a benchmark (NYMEX) of $66.34 per barrel and $3.60 per Mmbtu.

Natural Gas NGLs

Crude Oil
and

Condensate

Natural
Gas

Equivalents
(Mmcf) (Mbbls) (Mbbls) (Mmcfe) 

Proved developed and undeveloped reserves:
Balance, December 31, 2020 11,148,560 951,466 57,626 17,203,114

Revisions (311,410 ) 16,845 (7,089 ) (252,876 )
Extensions, discoveries and additions 1,155,952 69,367 5,103 1,602,769
Production (541,021 ) (36,373 ) (3,044 ) (777,523 )

Balance, December 31, 2021 11,452,081 1,001,305 52,596 17,775,484
Revisions (393,165 ) (20,251 ) (12,885 ) (591,983 )
Extensions, discoveries and additions 1,278,499 59,296 5,661 1,668,244
Production (539,443 ) (36,392 ) (2,716 ) (774,089 )

Balance, December 31, 2022 11,797,972 1,003,958 42,656 18,077,656
Revisions 326,783 44,515 2,485 608,784
Extensions, discoveries and additions 24,078 30,234 296 207,260
Production (538,085 ) (37,940 ) (2,475 ) (780,575 )

Balance, December 31, 2023 11,610,748 1,040,767 42,962 18,113,125

Proved developed reserves:
December 31, 2021 6,809,849 577,506 23,833 10,417,887

December 31, 2022 7,230,313 594,931 22,213 10,933,180

December 31, 2023 7,631,202 629,379 21,396 11,535,852

Proved undeveloped reserves:
December 31, 2021 4,642,232 423,798 28,762 7,357,597

December 31, 2022 4,567,659 409,027 20,443 7,144,476

December 31, 2023 3,979,546 411,388 21,566 6,577,273

Oil and NGLs volumes are converted to mcfe at the rate of one barrel equals six mcf based upon the approximate relative energy content of oil to natural gas, which is not 
indicative of the relationship between oil and natural gas prices.

During 2023, revisions of previous estimates of a positive 608.8 Bcfe include a positive revision of 280.2 Bcfe for previously proved undeveloped properties 
reclassified from non-proved properties due to their addition to our five-year development plan and positive performance revisions of 701.4 Bcfe due to improved 
well performance and longer lateral lengths partially offset by negative pricing revisions and 370.6 Bcfe reclassified to unproved for previously planned wells not to 
be drilled within the original five-year development horizon. We added approximately 207.3 Bcfe of proved reserves from drilling activities and evaluation of proved 
areas in the Marcellus Shale.

During 2022, we added approximately 1.7 Tcfe of proved reserves from drilling activities and evaluation of proved areas in the Marcellus Shale. 
Approximately 77% of the 2022 reserve additions are attributable to natural gas. Revisions of previous estimates of a negative 592.0 Bcfe include a positive revision 
of 716.2 Bcfe for previously proved undeveloped properties reclassified from non-proved properties due to their addition to our five-year development plan, positive 
performance revisions of 72.8 Bcfe and positive pricing revisions more than offset by 1.4 Tcfe reclassified to unproved for previously planned wells not to be drilled 
within the original five-year development horizon. These wells were removed due to the out-performance of existing wells which resulted in a higher utilization of 
in-field gathering capacity and a reallocation of capital due to the drilling of longer laterals on existing locations.

During 2021, we added approximately 1.6 Tcfe of proved reserves from drilling activities and evaluation of proved areas in the Marcellus Shale. 
Approximately 72% of the 2021 reserve additions are attributable to natural gas. Revisions of previous estimates of a negative 252.9 Bcfe include positive 
performance revisions of 1.0 Tcfe and positive pricing revisions of 22.6 Bcfe more than offset by 1.3 Tcfe reclassified to unproved for previously planned wells not 
to be drilled within the original five-year development horizon.
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The following details the changes in proved undeveloped reserves for 2023 (Mmcfe):

Beginning proved undeveloped reserves at December 31, 2022 7,144,476
Undeveloped reserves transferred to developed (937,906 )
Revisions 191,920
Extension and discoveries 178,783

Ending proved undeveloped reserves at December 31, 2023 6,577,273

Includes 280.2 Bcfe positive revision for previously proved undeveloped properties due to their addition back into our five year development plan along with positive revisions 
for longer laterals offset by 370.6 Bcfe of proved undeveloped reserves removed and deferred due to the five-year rule which can be included in our future proved reserves as 
these locations are added back to our five-year development plan.

During 2023, we spent approximately $495.1 million on development costs related to proved undeveloped reserves that were transferred to developed 
reserves. Estimated future development costs of proved undeveloped reserves are projected to be approximately $2.6 billion. As of December 31, 2023, we have 90.2
Bcfe that have been reported for more than five years from their original date of booking, all of which are in the process of being completed and are expected to turn 
to sales in 2024. All of our recorded proved undeveloped drilling locations are scheduled to be drilled within five years of initial disclosure.

Standardized Measure of Discounted Future Net Cash Flows Relating to Proved Oil and Gas Reserves (Unaudited)

The following summarizes the policies we used in the preparation of the accompanying natural gas, NGLs, crude oil and condensate reserve disclosures, 
standardized measures of discounted future net cash flows from proved natural gas, NGLs and oil reserves and the reconciliations of standardized measures from 
year to year. The information disclosed is an attempt to present the information in a manner comparable with industry peers.

The information is based on estimates of proved reserves attributable to our interest in natural gas and oil properties as of December 31 of the years 
presented. These estimates were prepared by our petroleum engineering staff. Proved reserves are estimated quantities of natural gas, NGLs, crude oil and 
condensate, which geological and engineering data demonstrate with reasonable certainty to be recoverable in future years from known reservoirs under existing 
economic and operating conditions.

The standardized measure of discounted future net cash flows from production of proved reserves was developed as follows:

1. Estimates are made of quantities of proved reserves and future amounts expected to be produced based on current year-end economic 
conditions. 

2. For the years ended 2023, 2022 and 2021, estimated future cash inflows are calculated by applying a twelve-month average price of natural 
gas, NGLs and oil relating to our proved reserves to the quantities of those reserves produced in each future year. 

3. Future cash flows are reduced by estimated production costs, administrative costs, costs to develop and produce the proved reserves and 
abandonment costs, all based on current year-end economic conditions. Future income tax expenses are based on current year-end statutory 
tax rates giving effect to the remaining tax basis in the natural gas, NGLs and oil properties, other deductions, credits and allowances 
relating to our proved natural gas and oil reserves. 

4. The resulting future net cash flows are discounted to present value by applying a discount rate of 10%. 

The standardized measure of discounted future net cash flows does not purport, nor should it be interpreted, to present the fair value of our natural gas, NGLs 
and oil reserves. An estimate of fair value would also take into account, among other things, the recovery of reserves not presently classified as proved, anticipated 
future changes in prices and costs and a discount factor more representative of the time value of money and the risks inherent in reserve estimates.
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The standardized measure of discounted future net cash flows relating to proved natural gas, NGLs, crude oil and condensate reserves is as follows and 
excludes cash flows associated with derivatives outstanding at each of the respective reporting dates. Future cash inflows are net of third-party transportation, 
gathering and compression expense.

As of December 31,
2023 2022

(in thousands)

Future cash inflows $ 54,389,915 $ 113,954,835
Future costs:

Production (29,663,691 ) (31,991,109 )
Development (2,978,183 ) (3,313,724 )

Future net cash flows before income taxes 21,748,041 78,650,002
Future income tax expense (4,176,604 ) (16,651,625 )

Total future net cash flows before 10% discount 17,571,437 61,998,377
10% annual discount (10,732,951 ) (37,453,094 )

Standardized measure of discounted future net cash flows $ 6,838,486 $ 24,545,283

2023 includes $358.7 million of undiscounted future asset retirement costs as of December 31, 2023, using current estimates of future abandonment costs.

The following table summarizes changes in the standardized measure of discounted future net cash flows.

December 31,
2023 2022 2021

(in thousands)

Revisions of previous estimates:
Changes in prices and production costs $ (23,584,574 ) $ 14,326,997 $ 11,600,850
Revisions in quantities (131,078 ) 109,129 577,737
Changes in future development and abandonment costs (123,529 ) (524,847 ) (53,818 )
Net change in income taxes 3,920,556 (2,625,699 ) (2,248,161 )

Accretion of discount 2,955,359 1,486,783 298,077
Additions to proved reserves from extensions,
   discoveries and improved recovery 103,116 2,842,173 1,423,510
Natural gas, NGLs and oil sales, net of production costs (1,100,908 ) (3,550,632 ) (1,934,254 )
Actual development costs incurred during the period 574,646 471,877 399,681
Changes in timing and other (320,385 ) (475,724 ) (424,718 )

Net change for the year (17,706,797 ) 12,060,057 9,638,904
Beginning of year 24,545,283 12,485,226 2,846,322
End of year $ 6,838,486 $ 24,545,283 $ 12,485,226
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ITEM 9.  CHANGES IN AND DISAGREEMENTS WITH ACCOUNTANTS ON ACCOUNTING AND FINANCIAL
       DISCLOSURE

None.

ITEM 9A.  CONTROLS AND PROCEDURES

Evaluation of Disclosure Controls and Procedures. As required by Rule 13a-15(b) under the Exchange Act, we have evaluated, under the supervision and 
with the participation of our management, including our principal executive officer and principal financial officer, the effectiveness of the design and operation of our 
disclosure controls and procedures (as defined in Rules 13a-15(e) and 15d-15(e) under the Exchange Act) as of the end of the period covered by this Form 10-K. Our 
disclosure controls and procedures are designed to provide reasonable assurance that information required to be disclosed by us in reports that we file under the 
Exchange Act is accumulated and communicated to our management, including our principal executive officer and principal financial officer, as appropriate, to allow 
timely decisions regarding required disclosure and is recorded, processed, summarized and reported within the time periods specified in the rules and forms of the 
SEC. Based upon the evaluation, our principal executive officer and principal financial officer concluded that our disclosure controls and procedures were effective 
as of December 31, 2023 at the reasonable assurance level.

Changes in Internal Controls over Financial Reporting. There have been no changes in our system of internal control over financial reporting during the 
three months ended December 31, 2023 that have materially affected, or are reasonably likely to materially affect, our internal control over financial reporting.

Management’s Annual Report on Internal Control over Financial Reporting. See "Management’s Report on Internal Control over Financial Reporting" and 
"Report of Independent Registered Public Accounting Firm on Internal Control Over Financial Reporting" which appear on pages F-2 and F-3, respectively, under 
Item 8. Financial Statements and Supplementary Data.

ITEM 9B.  OTHER INFORMATION

During the fourth quarter, no director or officer adopted or terminated a "Rule 10b5-1 trading arrangement" or "non-Rule 10b5-1 trading arrangement" as 
each term is defined in Items 408(a) and 408 (c) of Regulation S-K.

ITEM 9C.  DISCLOSURE REGARDING FOREIGN JURISDICTIONS THAT PREVENT INSPECTIONS

Not applicable.
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PART III

ITEM 10.  DIRECTORS, EXECUTIVE OFFICERS AND CORPORATE GOVERNANCE

Information required in response to this item will be set forth in the Range Proxy Statement for the 2024 Annual Meeting of Stockholders to be held in May 
2024 and is incorporated herein by reference.

See "Executive Officers of the Registrant" under Item 1 of this Form 10-K for the information about our executive officers.

Code of Ethics

Code of Ethics. We have adopted a Code of Ethics that applies to our principal executive officer, principal financial officer, principal accounting officer, or 
persons performing similar functions (as well as our directors and all other employees). A copy is available on our website, www.rangeresources.com and a copy in 
print will be provided to any person without charge, upon request. Such requests should be directed to the Corporate Secretary, 100 Throckmorton Street, Suite 1200, 
Fort Worth, Texas 76102 or by calling (817) 870-2601. We intend to disclose any amendments to or waivers of the Code of Ethics on behalf of our President and 
Chief Executive Officer, Chief Financial Officer, Controller and persons performing similar functions on our website, under the Corporate Governance caption, 
promptly following the date of such amendment or waiver.

ITEM 11.   EXECUTIVE COMPENSATION

Information required by this item is incorporated herein by reference to the Range Proxy Statement for the 2024 Annual Meeting of Stockholders.

ITEM  12.  SECURITY OWNERSHIP OF CERTAIN BENEFICIAL OWNERS AND MANAGEMENT AND
          RELATED STOCKHOLDER MATTERS

Information required by this item is incorporated herein by reference to the Range Proxy Statement for the 2024 Annual Meeting of Stockholders.

ITEM  13.  CERTAIN RELATIONSHIPS AND RELATED TRANSACTIONS AND DIRECTOR INDEPENDENCE

Information required by this item is incorporated herein by reference to the Range Proxy Statement for the 2024 Annual Meeting of Stockholders.

ITEM  14.  PRINCIPAL ACCOUNTANT FEES AND SERVICES

Information required by this item is incorporated herein by reference to the Range Proxy Statement for the 2024 Annual Meeting of Stockholders.
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PART IV

ITEM 15.  EXHIBITS AND FINANCIAL STATEMENT SCHEDULES

(a) 1. and 2. Financial Statements and Financial Statement Schedules - the financial statements and financial statement schedules listed in the Index to Financial 
Statements in Item 8 are filed as part of this Form 10-K.

 3. Exhibits - the exhibits listed in the accompanying Exhibits Index are filed as part of this Form 10-K.

Incorporated by Reference (File No. 001-12209)

Exhibit
Number Exhibit Description Form Exhibit Filing Date

3 Articles of Incorporation and Bylaws

3.1 Restated Certificate of Incorporation of Range Resources Corporation 10-Q 3.1.1 5/5/2004

3.2 First Amendment to the Restated Certificate of Incorporation 10-Q 3.1 7/28/2005

3.3 Second Amendment to the Restated Certificate of Incorporation 10-Q 3.1 7/24/2008

3.4 Amended and Restated By-laws of Range Resources Corporation, as amended as of May 
15, 2016

8-K 3.1 5/19/2016

4 Instruments Defining the Rights of Security Holders, Including Indentures, and 
Description of Registrant's Securities

4.1* Description of Registrant's Securities

4.2 Form of 4.875% Senior Notes due 2025 8-K 4.1 5/14/2015

4.3 Indenture dated May 14, 2015 among Range Resources Corporation, as issuer, the Initial 
Guarantors (as defined therein) and U.S. Bank National Association, as trustee

8-K 4.1 5/14/2015

4.4 Second Supplemental Indenture, by and among Range Resources Corporation, the 
guarantors named therein and The Bank of New York Mellon Trust Company, N.A., dated 
as of August 23, 2016

8-K 4.2 8/25/2016

4.5 First Supplemental Indenture, by and among Range Resources Corporation, the guarantors 
named therein and U.S. Bank National Association, dated as of August 23, 2016

8-K 4.3 8/25/2016

4.6 Form of 8.25% Senior Notes due 2029 8-K 4.1 1/8/2021

4.7 Indenture dated January 8, 2021 among Range Resources Corporation, as issuer, the 
Subsidiary Guarantors (as defined therein) as guarantors and U.S. Bank National 
Association, as trustee 

8-K 4.1 1/8/2021

4.8 Form of 4.75% Senior Notes due 2030 8-K 4.2 2/1/2022

4.9 Indenture dated February 1, 2022, among Range Resources Corporation, as issuer, the 
Subsidiary Guarantors (as defined therein) as guarantors and U.S. Bank Trust Company 
National Association, as trustee

8-K 4.1 2/1/2022

10 Material Contracts

10.01 Seventh Amended and Restated Credit Agreement, dated April 14, 2022, among Range 
Resources Corporation, as borrower, JPMorgan Chase Bank, N.A., as Administrative 
Agent and Letter of Credit Issuer or Lender from time-to-time party thereto

8-K 10.1 4/18/2022

10.02 Amended and Restated Range Resources Corporation 2004 Deferred Compensation Plan 
for Directors and Select Employees

10-K 10.02 2/27/2023

10.03 Range Resources Corporation Amended and Restated 2005 Equity-Based Compensation 
Plan

8-K 10.1 6/4/2009
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Implementation of the Produced Water Act 

Frequently Asked Questions (FAQs) 
 
 
This document provides responses to questions frequently asked during the 
first phase of implementing HB 546, the Produced Water Act, which was 
enacted in 2019. The FAQs are arranged in four sections. The first section 
addresses general questions about produced water and HB 546, and the 
following three sections present questions and responses from the New Mexico 
Environment Department (NMED), the Office of the State Engineer (OSE) and 
the Energy, Minerals, and Natural Resources Department (EMNRD), 
respectively. These FAQs are intended solely for guidance and are subject to 
change.  As a “living document,” questions and answers may be periodically 
added, revised and/or updated.  Accordingly, the agencies recommend that 
users check back from time to time for the most up-to-date responses, or, to 
be notified of updated FAQs, sign-up for NMED’s produced water listserv at 
https://public.govdelivery.com/accounts/NMED/subscriber/new.  
 
To learn more about Produced Water Act implementation, and to submit 
questions or feedback, visit NMED’s Produced Water website at 
https://www.env.nm.gov/new-mexico-produced-water/ or email 
pw.environment@state.nm.us. 
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General FAQs 
 
1.  What is produced water? 
 
Answer: Legally, produced water is defined in New Mexico’s Produced Water Act (NMSA 1978, Section 
70-13-2), Oil and Gas Act (NMSA 1978, Section 70-2-33) and Water Quality Act (NMSA 1978, Section 74-
6-2) as a “fluid that is an incidental byproduct from drilling for or the production of oil and gas” and has 
been traditionally described as an oilfield waste. Technically, produced water is a combination of flowback 
water (i.e., water used to drill and complete the well) and formation water (i.e., naturally-occurring 
ancient water recovered along with the oil and gas). Flowback water is typically a small component of the 
total amount of produced water generated over the life of a well.  

 
2.  What is in produced water? 
 
Answer: Common constituents in produced water include salts, oil residues, sand/mud, metals, naturally 
occurring radioactive materials (NORM), bacteria, carbon-based compounds such as solvents, surfactants, 
acids and waxes, and biocides (e.g., bactericides). According to the U.S. Geological Survey (USGS), other 
ingredients or constituents depend on the geology, and possibly the age of a well. Formation water is 
generally highly saline, often much saltier than sea water. Flowback water will include some of the water 
mixture used in well drilling and completion (see graph below). 

  
 
 
 
 
 
 
 
 
 
 
 
 
Source: http://www.oil-gasportal.com/water-treatment-in-unconventional-gas-production-2/. 
 
 
3. What is the Produced Water Act? 
 
Answer:  House Bill 546, effective July 1, 2019, amends the New Mexico Oil and Gas Act, NMSA 1978, 
Sections 70-2-1 to -39, and the New Mexico Water Quality Act, NMSA 1978, Sections 74-6-1 to -17, and 
creates the Produced Water Act, NMSA 1978, Sections 70-13-1 to -5. HB 546 is available at 

Typical water mixture used to drill 
and complete a well. 
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https://www.nmlegis.gov/Legislation/Legislation?chamber=H&legType=B&legNo=546&year=19. Since 
HB 546 went into effect, the State can address significant gaps in liability and penalty authority to increase 
industry accountability and decrease industry reliance on fresh water. The Produced Water Act: 

• Defines "treated water" or "treated produced water" as produced water that is reconditioned by 
mechanical or chemical processes into a reusable form. 

• Clearly defines jurisdictional authority between NMED and EMNRD by explicitly requiring that any 
use of produced water outside the oil and gas industry be regulated by NMED;  

• Affirmatively requires state permitting;  
• Clarifies responsibility for proper handling of produced water, including liability for spills;  
• Removes legal obstacles to recycling produced water in the oil field;  
• Restores EMNRD Oil Conservation Division’s (OCD) administrative penalty authority, effective 

January 1, 2020; and  
• Requires the New Mexico Water Quality Control Commission (WQCC) to adopt regulations to be 

implemented by NMED for the “discharge, handling, transport, storage, and recycling or 
treatment of produced water or byproduct thereof outside the oilfield.”  

 
4.  How much produced water is generated in oil production? 
 
Answer: As of November 2019, New Mexico data suggests that for every barrel of oil produced, an average 
of four barrels of produced water are generated. One barrel equals 42 gallons.  

 
5. How much produced water is generated in New Mexico? 
 
Answer: In 2018, the oil and gas industry in New Mexico generated over one billion barrels (42 billion 
gallons) of produced water. This response will be updated with 2019 data when it is available. 
 
6. What does “outside” vs. “inside” the oil and gas industry mean? 
 
Answer: For the purpose of implementing HB 546, produced water management inside the oil and gas 
industry, or “in the oilfield,” means produced water management associated with the exploration, drilling, 
production, treatment or refinement of oil or gas, including recycling for oil and gas production and 
disposal of in underground injection wells. Produced water treatment and use for purposes outside the 
oil and gas industry, or “off-field,” refers to purposes that are unrelated to oil and gas, such as treating 
water to be used for road construction, restoring rangeland vegetation, crop irrigation and manufacturing 
(NMSA 1978, Section 74-6-4(P)). As explained in other FAQs, any off-field use of produced water is subject 
to regulation by NMED. 
 
7. What are the State’s main priorities for produced water management? 
 
Answer:  As NMED, EMNRD and OSE proceed with implementation of the Produced Water Act, several 
objectives are guiding their efforts: 
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• Minimize fresh water usage by increasing and incentivizing recycling of produced water by the oil 
and gas industry.  

• Reduce reliance on injection wells for produced water disposal. 
• Ensure proper permitting and regulation of produced water management activities. 
• Address and minimize leaks from impoundments, pipeline ruptures, and illegal dumping. 
• Protect groundwater and surface water resources.  
• Prevent human and wildlife exposure to contaminants. 
• Support sound science to fill gaps related to safe treatment and use of treated produced water 

outside the oilfield. 
• Advance renewable energy targets through extraction of materials like lithium – used in batteries 

and solar panels – from produced water. 

 
8. How are spills or accidents involving produced water in the oilfield addressed? 
 
Answer: Release (or spill) notification and corrective actions are overseen by the OCD in accordance with 
the Oil & Gas Act rules (Title 19 Chapter 15, Parts 29 and 30 NMAC), which require responsible parties to 
report releases within 24 hours, and within 90 days submit a characterization of environmental impacts 
and a plan to remediate contamination and complete surface restoration. The rules require the cleanup 
work be completed within certain timelines and meet clean-up standards.  In addition, OCD’s rules provide 
additional oversight of produced water to prevent spills and ensure prompt attention to address spills 
when they do occur. The OCD rules also require produced water transporters and treatment facilities to 
register with the OCD and provide financial assurance, and place restrictions on the location, construction, 
operation, and closure associated with produced water treatment facilities.  
 
To report a produced water spill to OCD, call (505) 476-3441.  
 
If you or someone you know is concerned about human exposure to spilled produced water, contact the 
New Mexico Department of Health at (505) 827-0006. 
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New Mexico Environment Department FAQs 
 
9. What is NMED’s responsibility for produced water management?  
 
Answer: The Produced Water Act mandates greater oversight and control of recycled produced water 
than existed before July 1, 2019, and requires a person obtain a permit from NMED before using produced 
water outside the oilfield. The Act requires NMED to draft regulations to present before the WQCC that 
address the discharge, handling, transport, storage, and recycling or treatment of produced water or 
byproduct thereof outside the oilfield. In adopting regulations, the Water Quality Act requires the WQCC 
to consider: 

• Character and degree of injury to or interference with health, welfare, environment and property; 
• Public interest, including the social and economic value of the sources of water contaminants; 
• Technical practicability and economic reasonableness of reducing or eliminating water 

contaminants from the sources involved and previous experience with equipment and methods 
available to control the water contaminants involved; 

• Successive uses, including domestic, commercial, industrial, pastoral, agricultural, wildlife and 
recreational uses; 

• Feasibility of a user or a subsequent user treating the water before a subsequent use; 
• Property rights and accustomed uses; and 
• Federal and state water quality requirements. 

 
10. What is the timeline for NMED's rulemaking process?  
 
Answer: NMED plans to develop rules that prohibit use of untreated produced water outside of the oil 
and natural gas industry and require companies to analyze and disclose chemical constituents in produced 
water intended for treatment and use outside oil and gas. NMED anticipates drafting these rules in 
calendar year 2020.  
 
NMED is collaborating with academic experts to invest in filling science and technology gaps before 
drafting regulations permitting off-field use of treated produced water. Therefore, NMED does not have 
a specific timeline for developing these rules. 
 
11. How will the NMED be able to ensure off-field use of treated produced water will protect the 
environment and human health if companies can claim certain constituents as proprietary? 
 
Answer: Understanding what is in produced water is essential to the proper regulation of produced water 
treatment, transport, storage and use. To implement HB 546, NMED is developing science-based rules 
mandating that companies analyze and disclose chemical constituents in produced water intended for 
treatment and use outside oil and gas. NMED intends for these rules to include disclosure of proprietary 
information, which NMED will handle as confidential business information. There are well-established 
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environmental regulatory frameworks to provide the regulatory agency with necessary information, while 
also protecting the regulated entity’s business interests. 
 
12. What treatment is needed for use of produced water outside the oil and gas field?  
 
Answer: The level of treatment necessary to protect human health and the environment depends upon 
the intended end use of the treated water. “Fit for purpose” research to support future regulations will 
address the range of factors that vary based on the end use. Learn more about “fit for purpose” research 
in the Ground Water Protection Council’s 2019 Produced Water Report, available at 
http://www.gwpc.org/producedwater.   
 
13. What are the processes for removing radioactive particles from water? 
 
Answer: All rocks and soil contain some trace amounts of Naturally Occurring Radioactive Materials 
(NORM). When a water source, either surface or groundwater, contacts NORM-bearing materials, 
radioactive materials called radionuclides can accumulate in the water. Water treatment to remove 
radionuclides is common. For example, in order to comply with state and federal public health standards, 
drinking water treatment plants use a variety of processes to remove radioactive materials from 
community drinking water systems, including alum treatment, lime softening, ion-exchange and reverse 
osmosis. In-home treatment for radionuclides detected in private drinking water wells includes reverse 
osmosis. However, there may be treatment challenges unique to removing NORM from oil and gas 
produced water. One task for the NM-PWRC is to identify where technological advances can be achieved 
and applied to produced water treatment, including to remove NORM.    
 
14. Does NMED have existing regulations that protect communities near oil and gas operations 
from unhealthy exposure to radiation? 
 
Answer: Yes. In accordance with the requirements of the New Mexico Radiation Protection Regulations 
in 20.3 NMAC, the NMED Radiation Control Bureau (RCB) licenses and regulates radioactive material 
licensees statewide. For the oil and gas industries, the RCB licenses Industrial Radiographers (20.3.5 
NMAC), Well Loggers (20.3.12 NMAC), and naturally occurring radioactive material or NORM (20.3.14 
NMAC). NORM is material that is radioactive in its natural state and is not manmade. NORM in most 
natural substances is low, but an operation that extracts and processes material from the earth has 
potential to pose a health hazard.  
 
The first step in protecting the public and workers occurs with the licensing application process. NMED 
requires applicants for all radioactive materials licenses to meet all regulatory requirements before a 
license is issued. For the oil and gas industry, regulatory requirements include, but are not limited to: 
worker training and certifications, records management, monitoring workers for radiation dose, 
radiation survey plans, storage, radiography equipment specifications, emergency procedures, and 
protection of the general population. The RCB regularly inspects licensees on a prioritized schedule to 
ensure radiation exposures and material releases comply with applicable regulatory limits that are safe 
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for communities and workers. In addition to meeting the regulatory requirements regarding radiation 
exposure in the normal course of business, NMED also requires facilities to strive to meet occupational 
dose levels that are as low as reasonably achievable (ALARA), because technology safeguards can 
maintain radiation exposure to far below regulatory safe levels. During inspections, NMED examines 
dose records and dosimetry badge summaries, and takes surveys of areas where radioactive material is 
used and or stored.  
 
15. How is NMED involved with the New Mexico Produced Water Research Consortium?  
 
Answer: New Mexico State University is managing the New Mexico Produced Water Research Consoritum 
(NM-PWRC). NMED is involved as a member of the Government Advisory Board (see diagram below) and 
in other administrative activities related to implementation of the NMED-NMSU Memorandum of 
Understanding. The NM-PWRC is leading the research, while NMED is responsible for policy-making and 
regulations. 

 
 
16. Where does the funding come from to support the scientific research that will be conducted 
through the NM-PWRC? 
 
Answer: There are three primary revenue sources for the NM-PWRC. First, non-profit organizations, 
academic institutions and businesses can participate in the NM-PWRC by joining as a member, which 
involves signing a membership agreement and paying an annual fee (visit 
https://nmpwrc.nmsu.edu/membership/ for more information). Second, individuals, non-profit 
organizations, academic institutions and businesses can choose to become a Consortium sponsor (visit 
https://nmpwrc.nmsu.edu/sponsorship/ for more information).  There are different levels of sponsorship 
based on the amount on an individual or entity’s contribution. Sponsors will not make decisions about 
NM-PWRD research priorities, nor will they influence research outcomes. Third, the NM-PWRC may apply 
for grants from governmental agencies and private organizations to carry out the work. To promote 
scientific integrity and ensure independent and objective research, the NM-PWRC applies guidelines used 
by the National Academies of Sciences, Engineering, and Medicine (NASEM).  
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Office of the State Engineer FAQs 
 
17. What is the role of the OSE in produced water management?  
 
Answer: HB 546 and existing regulations confirm that produced water is not under the jurisdiction of the 
OSE, and an OSE permit or authority is not necessary to use produced water. The use of produced water 
is considered “disposition by use,” and is not a “beneficial use” for establishing and maintaining a water 
right. As the science and technology gaps are filled such that NMED drafts regulations addressing the 
discharge, handling, transport, storage, and recycling or treatment of produced water outside of oil and 
gas industry uses, the OSE will work with NMED to evaluate implications for OSE-administered programs. 
As the NMED develops rules, the OSE will examine which of its statutes and regulations might need to be 
changed to facilitate those NMED-permitted uses in the future. The OSE will work with other state 
agencies to reduce the use of freshwater resources for oil and gas production and reduce the amount of 
produced water being injected in disposal wells.  
 
18. When oil and gas companies get a lease to drill a production well, do water rights come with 
the lease? Or does that require a separate lease? 
 
Answer: No, a lease to drill a production well on private land does not include any water rights. The details 
of a lease for oil and gas production is a private contract, and the OSE does not have details or 
requirements for each individual lease. There are likely some instances where water is included in the 
lease and others where water will have to be acquired through some other means. The use of leased 
water is governed by NMSA 1978, Sections 72-6-1 to-7, and whether the water is part of an oil and gas 
lease, or is being leased from another source, an application must be made with OSE and the public is 
properly noticed according to NMSA 1978, Section 72-2-20. Water needed for the project may be 
purchased from a mid-stream supplier or leased from the holder of an existing, valid water right in New 
Mexico. The land owner may have a valid water right and include lease provisions attempting to force the 
production company to buy water only from the lessor. HB 546 attempts to limit this practice by making 
existing lease provisions void that require an oil and gas producer to buy water from the land owner.  
 
19. Do oil companies pay for drill water? How much is the cost per gallon or well? 
 
Answer: Yes, oil companies pay for the use of any water outside of the recycled produced water. The OSE 
does not collect information on the monetary value of private water transactions for water purchases in 
the State, including for the oil and gas industry.  

  
20. What is the OSE doing to change the trend of water use for oil and gas production activities? 
 
Answer: In 2018, the OSE stopped issuing multiple underground public water use permits related to 
prospecting and drilling for mineral exploration (NMSA 1978, Section 72-12-1.3), resulting in an 
approximate 70% reduction in the issuance of these permits.  
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The OSE is currently taking the following actions to further reduce the use of freshwater resources for oil 
and gas activities: 

• Considering other water source availability and reasonable timeframes when reviewing water-
use lease applications. 

• Requiring oil and gas applicants to demonstrate need for fresh water in lieu of saline/other water 
sources. 

 
21. Where do oil and gas companies get fresh water? 
 
Answer: Oil and gas companies buy or lease water needed for their operations. Fresh water comes from 
either surface waters or groundwater, e.g., the Pecos River and Chinle Aquifer.  

 
22. Are NM aquifers suffering a strain due to oil and gas productions? 
 
Answer: Yes, and the State is examining ways to encourage producers to use other sources, such as 
brackish or produced water, before fresh water, including through implementing HB 546, the Produced 
Water Act. 
 
23. Regarding HB 546, what is meant by a “possessory right”? 
 
Answer: The Produced Water Act states that a possessory interest in produced water includes “the right 
to take possession of the produced water and to use, handle, dispose of, transfer, sell, convey, transport, 
recycle, reuse or treat the produced water and to obtain proceeds from any such uses.” NMSA 1978, 
Section 70-13-4(A)(1) (2019). 
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Energy, Minerals, and Natural Resources Department FAQs 
 
24. What is the role of the EMNRD in produced water management?  
 
Answer: Under the Oil and Gas Act, the EMNRD’s Oil Conservation Division (OCD) regulates the handling 
and disposal of produced water within the oil and gas industry in New Mexico. This includes underground 
injection control (UIC) wells for produced water disposal, reuse through enhanced recovery operations, 
and recycling and reuse in oil and gas drilling operations. EMNRD anticipates minor changes to existing 
rules to comply with HB 546. 

 
25. Where is produced water generated?  
 
Answer: In New Mexico, oil and gas production activity is in the Permian Basin in the southeast corner of 
the State (see map below), and the San Juan Basin in the northwest corner. 
 

 Source: EMNRD 2019. 
 
26. How many gallons of water does it take to frack one well? 
 
Answer:  The amount of water used in completing a fractured well depends on a number of factors, 
including the length of the lateral. As lateral lengths have increased, so has the amount of water used. 
Based on FracFocus data, the average amount of water for each well drilled in New Mexico in 2018 was 
approximately 9 million gallons. This response will be updated with 2019 data when it is available. 
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27. Is all of the water used for fracking a well fresh water? 
 
Answer: No, current practices employed in New Mexico use a combination of brackish (non-potable) 
water and recycled produced water in addition to or in place of fresh water.  
 
28. How does the relative percentage of formation water to flowback water in produced water 
typically change over the life of a well? 
 
Answer:  As wells age over time, the produced water becomes predominantly formation water. As an 
example, the figure below left shows oil barrel production per day (bbl/d) over time and months in 
production for the New Mexico Delaware Wolfcamp wells drilled since 2014.  Production of barrels of oil 
(blue line) and produced water (orange line) decrease over the months in production.  The water to oil 
ratio (gray dotted line) in the produced water increases, since oil production is going down.  

 
The figure below right shows that over the produced water period (i.e., weeks, months, or years), the 
amount of fracturing fluid returned (blue line) decreases with the age of the well and is composed of 
mostly the original formation water (green line).   
 
 
 
 
 
 
  
 
 
 
 
 
Source: Wood MacKenzie, 2014. 
 
29. What percentage of produced water is currently being reused within the oil field? 
 
Answer: OCD’s current estimate is that approximately 40% of the produced water generated is being 
reused by the oil and gas industry. However, this varies widely among operators and with market 
conditions. 
 
30. What oil and gas operations reuse produced water?  How much? 
 
Answer: Oil and gas companies reuse approximately 10% of the produced water generated from drilling 
new oil wells to produce oil from active wells through hydraulic fracturing. About 30% of produced water 
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is reused in enhanced oil recovery (EOR), which is the process of increasing the amount of oil recovered, 
usually by injecting a substance into an existing oil well.  
 
31. Does all produced water require treatment prior to reuse by the oil and gas industry for 
hydraulic fracturing? 
 
Answer: All produced water does not need treatment but for most current reuse scenarios associated 
with hydraulic fracturing, some treatment is required. That treatment can often be as simple as filtration 
to remove suspended materials. Flocculants are also used to remove certain undesirable compounds such 
as sulfur. These are substances that promote the clumping of fine particles that either float on top of the 
water or settle to the bottom, making them easier to remove. Biocides can be added to inhibit bacterial 
growth. The dissolved salt in most produced water does not typically need to be removed before reuse in 
drilling mud, in casing cement, for well completions (i.e., fracking), well workovers, or enhanced oil 
recovery operations. 
 
32. How is the transportation and storage of produced water currently managed within the oil and 
gas industry? 
 
Answer: Typically, produced water is managed and disposed within the immediate area from which it is 
generated to control costs.  Water is piped from production wells to nearby above ground separation and 
holding tanks. If reuse or disposal does not occur within the production field, the water is transported 
either by pipes or trucks to reuse or disposal facilities. Third party water or “midstream” companies 
provide full water services for supply, treatment, and disposal, and are becoming more prevalent in the 
industry all across the U.S. and in New Mexico. 
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ABSTRACT: Per- and polyfluoroalkyl substances (PFASs) are a
class of toxic organic compounds that have been widely used in
consumer applications and industrial activities, including oil and
gas production. We measured PFAS concentrations in 45 private
wells and 8 surface water sources in the oil and gas-producing
Doddridge, Marshall, Ritchie, Tyler, and Wetzel Counties of
northern West Virginia and investigated relationships between
potential PFAS sources and drinking water receptors. All surface
water samples and 60% of the water wells sampled contained
quantifiable levels of at least one targeted PFAS compound, and
four wells (8%) had concentrations above the proposed maximum
contaminant level (MCL) for perfluorooctanoic acid (PFOA).
Individual concentrations of PFOA and perfluorobutanesulfonic
acid exceeded those measured in finished public water supplies. Total targeted PFAS concentrations ranged from nondetect to 36.8
ng/L, with surface water concentrations averaging 4-fold greater than groundwater. Semiquantitative, nontargeted analysis showed
concentrations of emergent PFAS that were potentially higher than targeted PFAS. Results from a multivariate latent variable
hierarchical Bayesian model were combined with insights from analyses of groundwater chemistry, topographic characteristics, and
proximity to potential PFAS point sources to elucidate predictors of PFAS concentrations in private wells. Model results reveal (i) an
increased vulnerability to contamination in upland recharge zones, (ii) geochemical controls on PFAS transport likely driven by
adsorption, and (iii) possible influence from nearby point sources.
KEYWORDS: PFAS, groundwater, nontargeted analysis, rural communities, public health, exposure

■ INTRODUCTION
Per- and polyfluoroalkyl substances (PFASs) are a family of
over 10,000 synthetic organic compounds,1 known for their
persistence in the environment and superior oil-, grease-, and
water-resistant properties.2 Utilized in a diverse range of
consumer and industrial applications, PFAS have become a
near ubiquitous environmental pollutant, particularly in
drinking water.2−-5 Mounting evidence of adverse human-
health impacts associated with certain PFAS at sub 10 ng/L
levels6−8 has underscored the importance of understanding
sources of PFAS to drinking water supplies4 and factors
influencing their transport in the environment.

Numerous anthropogenic activities may contribute PFAS to
surface waters and groundwaters alike. Disperse sources of
PFAS contamination include stack emissions from fluoropol-
ymer manufacturing facilities9,10 and agricultural applications
of biosolids.11,12 Point sources of PFAS include discharges of
fire-fighting foams (AFFFs) at airports, military bases, and
power plants,13−16 as well fluid discharges from chemical
manufacturing and metal-plating facilities.14,17−19 Industrial
and consumer waste streams14,20−22 associated with sewage

treatment facilities, combined sewer overflows, and landfills
represent additional point sources that may contribute PFAS
directly or indirectly to surface water and groundwater.
Moreover, PFASs have been used in the oil and gas industry
for decades as corrosion inhibitors on pipes and drilling
equipment, to enhance oil recovery, and as additives to prevent
evaporation of stored fuels.14,23,24 Limited scientific attention
has focused on potential environmental impacts from the use
of PFAS and their precursors in the oil and gas industry,25−27

despite documented cases of water quality impairments related
to unconventional oil and gas (UOG) development for other
contaminants (e.g., brines, diesel range organics, radium)28−36

that could co-occur with PFAS.
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While numerous studies have examined PFAS occurrence in
public water systems,3,4,37−45 research on PFAS in private
water supplies is just beginning.3,4,9,45−48 Within rural
communities of the northern Appalachian Basin (USA),
more than one-fourth of households rely on private wells for
drinking water and other domestic purposes.49 These wells,
like most private wells, are infrequently tested,45,50 but they
may be at a particular risk from PFAS contamination owing to
this region’s legacy of PFAS-generating industrial activities
coupled with the recent acceleration in UOG development.51

According to a recent study, 24% of 279 public water systems
tested in the northern Appalachian state of West Virginia
exhibited concentrations in source waters of at least one PFAS
compound above the study’s minimum reporting level (10 ng/
L)41; however, the sources of PFAS could not be determined,
and PFAS concentration in private well waters were not
measured. Consequently, questions remain regarding PFAS
levels in private water wells and whether these concentrations
are reflective of those observed in public water systems.
Moreover, measurements and approaches suitable for elucidat-
ing sources of PFAS in private wells in West Virginia and
elsewhere are scarce,45 and relationships between PFAS
occurrence and observable factors, such as private well setting,
hydrogeologic features, and compound-specific sorptive
characteristics, are poorly known.

In this work, we explore a newly collected data set of 45
private groundwater samples and 8 surface water samples from
five UOG producing counties (Doddridge, Marshall, Ritchie,
Tyler, and Wetzel Counties) in northern West Virginia.
Through analyses of these data, we seek to answer the
following questions: (i) Which PFAS (historic and emergent)
are present in private groundwater supplies? (ii) How do
measured PFAS concentrations compare to safe drinking water
standards and those observed in public water supplies? (iii) Do

PFAS detections trend discernibly with groundwater-chemical
characteristics, geologic and topographic features, or anthro-
pogenic activities? and (iv) Can these relationships (if any) be
used as a basis for elucidating probable PFAS sources to
private wells? To address these questions, we evaluated
measurements of 21 targeted PFAS and semiquantitative
nontargeted results derived from specialized PFAS annotation
software packages52 in the context of an extensive inorganic
water quality data set (e.g., major cations, major anions, and
trace metals),53 measured PFAS concentrations in public
drinking water, and relevant topographic, geochemical, and
anthropogenic factors. A multivariate latent-variable hierarch-
ical Bayesian model with spatial random effects was applied to
assess the significance of proposed predictors and reveal
controls on the PFAS concentrations. Potential PFAS sources
were considered for their feasibility by considering regression
model results and proposed mechanisms of contamination.

■ METHODS
Geologic Setting and Topographic Controls on

Groundwater Chemistry. The study area, which covers
parts of Doddridge, Marshall, Ritchie, Tyler, and Wetzel
Counties, is predominantly rural and forested (76.7%
deciduous forest; 8.4% mixed forest 8.4), with small pockets
of development and an industrialized corridor to the west
along the Ohio River (Figures 1 and S1).54 Within this portion
of the Appalachian Plateau Physiographic Province, flat-lying
(∼6 m/km eastward dip) to gently folded sedimentary
bedrock is interbedded with coal and includes oil and natural
gas bearing formations.55−57 An estimated 20,000 individuals
in the study area are solely reliant on private water supplies for
hygienic and drinking water purposes.49

Figure 1. Overview of the study area and locations of (A) groundwater and surface water sample collection in relation to (B) areal extents of the
Marcellus Shale and Utica-Point Pleasant Shale. Samples were collected from five counties (delineated in purple) in northern West Virginia (C).

Environmental Science & Technology pubs.acs.org/est Article

https://doi.org/10.1021/acs.est.3c05192
Environ. Sci. Technol. 2023, 57, 17452−17464

17453

WG Ex. 53

2118

https://pubs.acs.org/doi/suppl/10.1021/acs.est.3c05192/suppl_file/es3c05192_si_002.pdf
https://pubs.acs.org/doi/10.1021/acs.est.3c05192?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.est.3c05192?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.est.3c05192?fig=fig1&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.est.3c05192?fig=fig1&ref=pdf
pubs.acs.org/est?ref=pdf
https://doi.org/10.1021/acs.est.3c05192?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


Groundwater chemistry within the region varies with the
topographic position, with groundwater gradually transitioning
from Ca−HCO3 type waters in upland areas to mixed Ca−
Na−HCO3 and Na−HCO3 water types in valley areas. The
Ca-dominated water types of upland areas exhibit noble gas
signatures (He, 4He/20Ne, and 3He/4He ratios) and redox
conditions (elevated NO3 and DO%) that are indicative of
relatively recent recharge.53 Ca-dominated upland wells appear
more prone to contamination from surface activities (e.g., road
salting and agricultural practices) than private wells situated in
valleys.53 Valley wells yield groundwaters that are characteristic
of reducing conditions and that have extensively interacted
with aquifer solids. These waters have noble gas ratios more
closely resembling crustal sources than atmospheric sources
and, owing to the effects of ion-exchange reactions, tend to be
depleted in Ca and Mg and enriched in Na. Moreover,
groundwaters from some valley wells exhibit Cl/Br ratios that
are consistent with mixing between shallow meteoric water and
deeper basin brines.53

Anthropogenic Activities and Potential PFAS Sour-
ces. The study area is underlain by the Marcellus and Utica-
Point Pleasant shale formations and operations supporting
UOG development have expanded rapidly over the past
decade.51 At the time of sampling, there were over 3,000
completed UOG wells in production, 13% of which were
completed between 2018 and 202058 (Figure S2). On average,
private wells sampled in this study were located 2.6 km away
from a UOG well, with 14 water wells located within one km
of an active well. No private wells were situated more than 5
km from an active UOG well. In addition to UOG well pads,
over 2200 km of pipelines and gathering lines, 167 freshwater
and wastewater retention ponds, and 2 brine disposal sites
actively support the UOG industry within the study counties59

(Figure S2). Oil and gas production from conventional
formations in West Virginia has declined over the past century,
but commercial conventional oil and gas (COG) wells remain
active in the region, primarily targeting Mississippian- and
Lower Devonian-age formations. Over 14,000 COG wells are
reported as active in the study region,58 and on average,
sampled groundwater wells were located only 600 m from an
active COG well, with 11 water wells within 1 km of an active
COG well.

Two municipal solid waste landfills60 operate in the study
region, both within 5 km of the Ohio River and none within
two kilometers of a sample location (Figure S3). Fifty locations
are permitted to manage industrial and municipal wastewater61

in the study region. On average, samples were located 6.5 km
from a permitted wastewater treatment facility, with only two
samples located within one kilometer of wastewater treatment
operations and four samples located within two kilometers.
Combined sewer overflows (CSOs) are largely absent in the
study area, with no samples located within 5 km of a known
CSO discharge location.62 No major airports63 or military
bases64 reside within the study area. Two smaller airports and
three national guard and army stations that may store AFFF
are located within the study area, but only one sampling
location falls within five km of these facilities.

More than 330 national pollutant discharge elimination
system (NPDES) permits have been issued for the study
area,65 with 40% of these regulating point-source discharges
into the Ohio River or surface waterways within 1 km of the
Ohio river (Figure S4). Industries located along the Ohio River
that hold NPDES permits include metal plating, chemical

manufacturing, coal and natural gas−fired power generation,
natural gas processing, and shipping. At distances greater than
1 km from the Ohio River, oil and gas development is the
dominant discharging industry, with 55% of NPDES permits
related to oil and gas activities (Figure S4). Eight samples fall
within 1 km of an industrial NPDES permit, with distances
ranging from just under 300 m from a discharge point to over
9.5 km.

The study area is northeast of the Chemours Washington
Works Plant in Parkersburg, West Virginia, a site of historic
perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic
acid (PFOS) releases and where stack emissions and surface
water discharges of hexafluoropropylene oxide-dimer acid
(HFPO−DA) continue to occur.10,17,66 Soil and surface
water contamination is most substantial in immediate
proximity to the facility, but airborne transport has been
shown to have far reaching effects on both soil and water
(Figure S5).10 The private wells sampled in this study are
located between 60 and 115 km downwind from the facility.

Sample Collection and Analysis. Well water samples
from 55 households in northern West Virginia and surface
water samples from 13 sites on the Ohio River and its
tributaries were collected in October 2020 (Figure 1). Sample
collection, chemical-analysis methods, and quality control
protocols and checks are described in detail in the Supporting
Information (Methods 1; Table S1−S5) and summarized here.
All well water samples were collected in 125 mL high-density
polyethylene (HDPE) bottles using polypropylene tubing at
accessible spigots upstream of any home treatment system. In-
line measurements of temperature, pH, dissolved oxygen, and
specific conductivity were allowed to stabilize prior to sample
collection to ensure a representative sample. Samples for the
determination of inorganic (major anions, major cations, and
trace metals) constituents were collected in tandem with those
for PFAS at each private groundwater well. Surface water
samples were collected directly from water sources in 125 mL
HDPE bottles. A full set of field blanks was collected near
sample locations every day using Milli-Q water for a total of 21
sets of field blanks.

Samples for PFAS analysis were kept below 4 °C until
extraction using a weak anion exchange (WAX) solid phase
extraction (SPE) cartridge following a modified version of US
Environmental Protection Agency (EPA) Method 533.67

Extracted samples were analyzed using an Ultimate 3000
liquid chromatograph equipped with a Hypersil Gold C18
column coupled with a Thermo Scientific Q-Exactive Orbitrap
mass spectrometer with negative electrospray ionization in Full
MS/data-dependent MS2 (ddMS2) acquisition mode as in our
previous work.13,68 For each batch of 20 extracted samples,
fortified and unfortified laboratory blanks were used to control
for any possible contamination introduced by the extraction
methods. Targeted data analysis included 25 perfluoroalkyl
carboxylic acids (PFCAs), perfluorosulfonic acids (PFSAs),
and perfluoroalkyl ethers (Table S1) and was completed in
Tracefinder software (Thermo Scientific) version 4.1.
Quantification was based on isotope dilution as in EPA
53367 (Table S2). The limit of detection (LOD) of each
analyte was defined by 3.3 x the standard deviation of 7
replicate injections of the 0.5 ng/L spike, and the limit of
quantification (LOQ) was defined by 10 x the standard
deviation of 7 replicates.69

Twenty-one targeted PFAS, 45 groundwater, and 8 surface
water samples met quality control standards for further
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analysis. Three target analytes (4:2 FtS, 6:2 FtS, and 8:2 FtS)
were excluded from further analysis based on concentrations
present in field and laboratory blanks, two target analytes
(HFPO−DA and 6:2 FtS; Table S5) were excluded because
they exceeded EPA 53367 recovery targets (between 70 and
130% based on peak area) during initial method recovery
experiments, and five surface water samples and 10 ground-
water samples were excluded based on low internal standard
recoveries (below 70% based on peak area). Six analytes
(PFHxA, PFHpA, PFOA, perfluorobutanesulfonic (PFBS)
acid, NaDONA, and 11Cl-PF3OUdS) were identified in a
subset of field blanks at levels equal to or greater than one-
third of the reported LOQ and subsequent determinations of
these six analytes in paired samples (n = 20) were excluded
from further analysis according to EPA 533.67 Two analytes
(NaDONA and PFHpA) were identified in one laboratory
blank below LOQ.

Nontargeted Workflow and Semiquantitation. The
full MS and ddMS2 scans were used to identify additional
nontargeted compounds that exhibit features consistent with
PFAS. Initial peak-picking was conducted in Compound
Discover version 3.1 (Thermo Scientific) followed by
compound annotation using FluoroMatch Modular52 (version
2.6). Homologous series with more than three members, at
least one exact mass match in the EPA ToxCast70 database
(downloaded June 21, 2022), and an increasing m/z-retention
time trend were selected for further investigation using
TraceFinder version 4.1 (Thermo Scientific). Series and
fragments were inspected and vetted manually for structural
consistency, inconsistent annotations, and peak shape. Series
with one or more homologues that did not meet the quality
control criteria were excluded. Peak areas were calculated in
TraceFinder and semiquantitative concentrations for each
annotated compound were calculated using an average value
from calibration curves from a panel of three surrogate
standards.71,72 Surrogate standards were chosen based on the
closest mass, retention time, and carbon-chain length match
and results were averaged to reduce the inherent uncertainty of
the semiquantitative results.71−74 Concentrations of non-
targeted compounds were compared to levels identified in
field and laboratory blanks and excluded if present at levels less
than 3-fold blank responses.75 A full description of nontargeted
workflow is described in the supplement (Supplementary
Methods 2).

Statistical Analyses and Regression Model Develop-
ment. A multivariate, latent-variable regression model with
spatial random effects was created to estimate associations
between the concentrations of the 21 targeted PFAS and
multiple predictors of interest while accounting for (i)
censored concentrations (i.e., below the limits of quantification
and detection), (ii) correlation between compounds collected
from the same geographic location, and (iii) residual spatial
correlation. A latent-variable model was chosen to address the
high rate of censoring in the data, as the model allows for the
imputation of missing data, which may increase the power to
detect significant associations in the analysis. The high rate of
censoring further limits the ability to fit compound-specific
regressions, and thus, information from all 21 targeted PFAS
was combined to fit a single regression under the assumption
that each compound has the same association with a selected
predictor (i.e., one set of regression parameters is shared across
all compounds). This assumption allows for consideration of
more general patterns between multiple covariates and PFAS

concentrations in private well waters without the use of an
overly simplistic imputation strategy but prevents the model
from making inferences at the compound-specific level
(despite using compound-specific data). The results are
regression parameter estimates that are similar to those that
would be observed using the sum or average of PFAS
concentrations at a specific location as the dependent variable
but with a more robust handling of censored values. At each
unique geographic location, a spatially correlated random effect
parameter is included in the framework and is modeled using a
Gaussian process with exponential correlation structure76 such
that concentrations from locations separated by shorter
distances are more correlated a priori. Finally, an unstructured
covariance matrix is used to describe the correlation between
compounds measured at the same spatial location. Correctly
characterizing the correlation in the data is important for
obtaining an accurate statistical inference for the regression
parameters.

We fitted the newly developed model in a Bayesian setting
using Markov chain Monte Carlo sampling techniques. We
specified weakly informative prior distributions for all model
parameters. Convergence was assessed by visual inspection of
individual parameter trace plots as well as Geweke’s
diagnostic.77 Effective sample size was calculated to determine
if an adequate number of posterior samples had been collected
before making inference. Full details on the model and prior
distributions are provided in the supplement (Supplementary
Discussion 3).

Predictors considered for inclusion in the model included
inorganic constituents, water quality indicators, distance
metrics, PFAS size, surrounding land cover classification, and
topographic position. Nearest neighbor distances between
sample locations and potential PFAS sources were calculated
using ArcGIS Pro v.3.0.2 from publicly available data sources
(Table S6). Potential sources include those related to
industrial and consumer waste streams, industrial activities,
general infrastructure, and storage of AFFFs (Table S7). All
shapefiles were transformed to NAD83 UTM 17N prior to
distance calculations. The inverse distance to upstream sources
(idups) was calculated for all potential sources using a tool
developed by Soriano et al.78 to evaluate the influence of
upgradient sources on PFAS detections. Directional distance
metrics such as idups better account for relevant contaminant
transport mechanisms and can improve inferences on
contaminant source-receptor relationships.78,79 PFAS size
(short- vs long-chain) was assigned by carbon-chain length
as defined by the United Nations Environment Programme80

and the Interstate Technology Regulatory Council (ITRC).81

A full list of predictors considered is presented in Table S7.
Predictors retained in the final model were selected based on

their prevalence in the study area (within 2 km of at least two
sample locations) and results from initial bivariate analyses
exploring the correlation between the sum of all targeted PFAS
concentrations and potential predictors. Correlations were
calculated using nonparametric methods (Spearman and
Kruskal−Wallis) and assuming detections below the LOQ
were equal to zero. Predictors that exhibited significant (p-
value < 0.05) associations with the sum of all targeted PFAS
were considered for the final model. In the case of a strong
correlation between predictors (Spearman’s Rank > ±0.5, p-
value < 0.05), only the predictor with the most potential
explanatory power was retained in the final model. All
statistical analyses were conducted using R v.4.1.3.
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■ RESULTS AND DISCUSSION
Targeted PFAS Measurements. Of the 21 targeted

PFAS, all were identified above their respective LOD (Table
S8) in at least one sample, and eight were measured at
concentrations above their respective LOQ (Table S8) in at
least one sample (Figure 2 and Figure S6). Detections

(>LOD) of at least one targeted PFAS occurred in all samples,
with PFOA and PFBS being detected most frequently in both
surface water and well water. That PFAS were detected so
frequently below quantification levels, emphasizes the
importance of advancing analytical capabilities for PFAS
quantification, particularly with progressively decreasing health
guidelines for PFOA and PFOS.

Quantifiable concentrations (>LOQ) of one or more
targeted PFAS were present in 60% (n = 27) of well water
samples, with PFOA, NaDONA, PFBA, and PFHxA measured
most frequently in groundwater. All surface water samples
contained quantifiable (>LOQ) concentrations of at least six
targeted PFAS, mainly a mixture of PFBA, PFPeA, PFHxA,
PFOA, PFBS, and PFOS (Figure 3). All samples collected
from the Ohio River display a consistent mixture of PFBA,
PFPeA, PFHxA, PFOA, PFBS, and PFOS with some minor
additions of NaDONA. Surface water samples collected from
remote tributaries and private water wells show more
heterogeneity in composition, even in spatial proximity, likely
indicating a diversity of sources across the study area and the
influence of transport mechanisms on PFAS occurrence
throughout the region. Neither groundwater nor surface
water samples had quantifiable concentrations of more than
7 targeted compounds (see Supplementary Discussion 1).

Total concentrations of targeted PFAS ranged from
nondetect to 36.8 ng/L, with total targeted concentrations in
groundwater five times lower on average (x̅ = 4.41 ng/L) than
in surface water (x̅ = 24.61 ng/L) (Figure S7). The sample

exhibiting the highest total targeted PFAS concentrations (36.8
ng/L) was collected from a public fishing spot on a minor
tributary to the Ohio River (surface water) and contained 1.7
times more total PFAS than the next most-concentrated
sample. Land use surrounding the sample consisted mainly of
deciduous and mixed forested land uses (86%). That such high
concentrations exist in surface waters within relatively
undisturbed regions highlights the importance of routine
monitoring of PFAS and improved source attribution efforts to
identify and remediate major contributing sources in these
areas.

Four (8.8%) well water samples and two (25%) surface
water samples had concentrations above proposed maximum
contaminant levels (MCLs) for PFOA (4 ng/L) announced in
March 2023,82 and two additional surface water samples (25%)
had PFOS concentrations above the proposed MCLs for PFOS
(4 ng/L). Detection limits for PFOA (0.30 ng/L) and PFOS
(0.13 ng/L) in this study were above interim lifetime health
advisory (LHA) levels released by the EPA8 in June 2022, and
thus, all detections and possibly some nondetect samples are
above LHAs as well. All surface water samples and 41 (93%)
well water samples had detectable levels of PFOA, and PFOS
was detectable in all surface water samples and 24 (53%) well
water samples. PFBS concentrations in well water ranged from
nondetect to 12.53 ng/L, with no samples exceeding the final
EPA LHA (2,000 ng/L) for PFBS.

Efforts to test PFAS concentrations in finished, public
drinking water throughout West Virginia are ongoing, but of
the 17 public water supply systems within the study area, four
have conducted testing for PFOA, PFOS, HFDO−DA, PFBS,
PFNA, and PFHxS.83 Of the four, only one public water supply
well had concentrations of PFOA in finished water above the
detection limit at 3.57 ng/L.83 Concentrations of PFOA
collected from private water wells in this study ranged from
nondetect to 22.48 ng/L, suggesting that potential exposures
to PFOA may be slightly higher in some private drinking water
sources than finished water from public systems. Likewise,
PFBS concentrations measured in two public water systems
(5.32 and 3.20 ng/L)83 were lower than the maximum
concentration identified in groundwater in this study (12.53
ng/L). PFOS concentrations (8.56 and 7.87 ng/L)83 in the
same water systems were higher than any concentrations
observed in private water supplies in this study, indicating that
exposure risk from specific PFAS may differ between finished,
public water, and private supplies and that further monitoring
of private water supplies should be undertaken to fully
understand differences in exposure.

Nontargeted Results and Investigation of Emerging
Compounds. In addition to identifying several compounds
that overlapped with the targeted analysis, we identified 14
unique poly fluorinated homologous series (Table S9) that met
selection criteria of at least three members, an increasing m/z
vs retention time trend, and at least one exact mass match in
the EPA CompTox70 database. The above selection criteria
provide confidence that the identified molecules are very likely
to be PFAS, though other true identities are still possible. The
predicted structures are considered tentative based on
annotation scores (<B) generated by Fluoromatch52 and may
differ slightly from those presented. Available patents for
tentative structures include those for herbicides and
pesticides,84,85 fluorosurfactants,86 and pharmaceutical
uses87−90 among others. Although this curated annotation
list is not exhaustive and identified compounds may reflect

Figure 2. Frequency of targeted PFAS observations above the
respective LOQ (solid) and above the respective LOD but below the
respective LOQ (horizontal and diagonal lines) in well water and
surface water samples. PFBA, PFPeA, PFOA, PFBS, and PFOS were
detected above LOQs in all surface water samples. Long-chain PFCAS
(PFNA, PFDA, PFUnA, PFDoA) as defined by the United Nations
Environment Programme80 and the ITRC81 were not measured above
the LOQ in any samples.
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some extent of functional group degradation following
sampling, the nontargeted analysis results provide a more
comprehensive picture of public exposures and help identify
and track emerging compounds of concern.13,91,92

Nontargeted detections were more frequent in surface water
than water well samples, similar to detections of targeted PFAS
(Figure S8). To estimate the abundance of each nontargeted
PFAS in the surface and groundwater samples, we used
previously published methods by Jacob et al.72 to calculate
semiquantitative concentration estimates for nontargeted
compounds. While these estimation methods72 were developed
to reduce the inherent uncertainty of quantitative nontargeted
results, we acknowledge that true concentrations may differ
from these estimates by an order of magnitude or more.71,73

Estimated nontargeted PFAS concentrations were generally
low (<5 ng/L) to negligible (nondetect) in both surface water
and groundwater, with the notable exception of four
nontargeted PFAS. Concentrations of 613_A, 702_A, 732_A,
and 742_A exceeded 100 ng/L in individual well water and
surface water samples (Tables S10 and S11) and the highest
estimated concentrations of 742_A in groundwater reached
upward of 800 ng/L. Concentrations of this magnitude are 30
to 300 times greater than even the highest concentrations of
targeted compounds measured in this study, emphasizing the
importance of nontargeted analysis in routine monitoring
efforts for accurate estimates of public exposures to PFAS.

Evaluation of Variable Significance Using a Multi-
variate Latent-Variable Regression Model. To elucidate
geochemical and anthropogenic factors influencing concen-
trations of the 21 targeted PFAS in private water wells, we
applied a multivariate latent-variable regression model with
spatial random effects. Because most compounds identified by
the nontargeted analysis were not done so with high
confidence and only semiquantitative peak area data are

available, only targeted results were included in subsequent
modeling analyses. Posterior means are presented as the
parameter estimates, and uncertainty was quantified using 90%
(*) and 95% (**) quantile-based credible interval levels
(CRLs). CRLs that excluded one suggest that the correspond-
ing parameter is statistically significant.

Statistically significant associations (Table S7) were
observed between PFAS concentrations in well waters and
the following predictors: major ion chemistry (Ca vs Na
dominant), topographic position (upslope vs valley), PFAS
size (long vs short-chain), idups to NPDES permit, idups to
UOG wells, and the density of COG (Table 1). These
associations suggest that the occurrence of PFAS within water

Figure 3. Relative proportions of quantifiable PFAS concentrations in surface water (A) and groundwater (B). Quantifiable concentrations of at
least one targeted PFAS were present in all surface water samples and 27 groundwater samples. Mixtures of targeted PFAS were more diverse and
markedly different from those observed in surface water, even in spatial proximity.

Table 1. Exponentiated Regression Parameter Estimates for
Significant Predictors (90a and 95%b)c

predictor variable estimate
standard

error significance

idups NPDES permit 1.13 0.10 a

idups Active UOG well 1.11 0.03 b

count COG wells within 2 km 1.20 0.07 b

size PFAS (long vs short-chain) 0.64 0.07 b

water type (Ca−Na−HCO3 vs Ca−
HCO3)

0.68 0.18 b

water type (Na−HCO3 vs Ca−HCO3) 0.73 0.12 b

topographic position index
(valley vs upland)

0.62 0.14 b

aSignificant at the 90% Bayesian CRL. bSignificant at the 95%
Bayesian CRL. cParameter estimates can be interpreted as the percent
change (when multiplied by 100) in targeted PFAS concentrations
with one standard deviation change in the continuous predictors
(Table S7). Categorical predictors are interpreted with respect to the
reference group (i.e., “short”, “Ca−HCO3”, “Upland”). The standard
error is given as the posterior standard deviation.
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wells tested in this study reflect a combination of hydrologic
controls, physical characteristics of PFAS, and water well
proximity to industrial activities, including oil and gas
operations. The parameter estimates presented in Table 1
can be interpreted as the percent change (when multiplied by
100) in targeted PFAS concentrations with one standard
deviation change in continuous predictors or in relation to the
reference group for categorical predictors. For example, as the
number of COG wells within 2 km of a private water well
increases by one standard deviation (10 COG wells, Table S7),
the observed targeted PFAS concentrations increase by ∼20%
and PFAS concentrations in Ca−Na−HCO3 and Na−HCO3
type waters are ∼32 and ∼27% lower than those in Ca−HCO3
type waters. The direction of multivariate, latent-variable
model results agree with results from the initial bivariate
correlation analysis using the sum of all targeted PFAS
(assuming values below the LQ are equal to zero), although
with a more robust handling of censored values and
correlation.

Importance of Compound Size on Mobility in the
Environment. Latent-variable regression results suggest the
importance of carbon-chain length and compound size on the
concentrations observed in private water wells. This relation-

ship may partly reflect a greater abundance of short-chain
PFAS sources following the global phase out of many long-
chain PFAS over the past decade.93−95 Nevertheless, other
factors may be at play. In particular, the presence of the long-
chain PFNA and PFDA in regional precipitation (∼4 ng/L)
coupled with the absence of these compounds in well water
(Figure 2; Table S8) suggests that long-chain PFAS are being
retained or transformed to shorter-chain compounds in the
near-surface environment.

Studies have shown that long-chain PFAS molecules adsorb
more readily to soils and aquifer materials than short-chain
PFAS.96−100 Adsorption is particularly strong in the presence
of high organic content materials, such as the interbedded
shales and coal seams common in the Permian- and
Pennsylvanian-age aquifer systems of the study re-
gion.55−57,96−99 All the PFCAs with carbon-chains of 9 or
greater in this study have laboratory-derived organic carbon-
normalized partitioning coefficients (log Koc) greater than 2 L/
kg,101−103 which suggests their mobility within organic-rich
aquifer materials would be limited. Partial degradation of long-
chained PFAS under anaerobic or aerobic conditions is
possible,104 though generally considered slow in comparison
to adsorption.105 Likewise, estimates of PFAS uptake by plants

Figure 4. Comparison of targeted PFAS concentrations (dark gray diamonds, green stars) and ranges reported for regional precipitation in rural
areas of Ohio without purported atmospheric point sources of PFAS from Pike et al.110 (light gray bars) (A). The majority of samples fall within
expected values from regional wet deposition, with three notable exceptions (green stars) for PFOA (HC1 and HC2) and PFBS (HC3). Targeted
PFAS compounds considered in this study without available measurements in regional precipitation (perfluoropentanoic acid (PFPeA),
perfluoroheptanoic acid (PFHpA), perfluoroundecanoic acid (PFUnA), perfluorododecanoic acid (PFDoA), perfluoropentanesulfonic acid
(PFPeS), perfluoroheptanesulfonic acid (PFHpS), perfluoro-4-methoxybutanoic acid (PFMBA), perfluoro(2-ethoxyethane)sulfonic acid
(PFEESA), nonafluoro-3,6-dioxaheptanoic acid (NFDHA), perfluoro-3-methoxypropanoic acid (PFMPA), 4,8-dioxa-3H-perfluorononanoic acid
(NaDONA), 9-chlorohexadecafluoro-3-oxanonane-1-sulfonic acid (9Cl-PF3ONS), and 11-chloroeicosafluoro-3-oxaundecane-1-sulfonic acid
(11Cl-PF3ONS)) were excluded from this comparison. PFBS and PFHxS were not detected above baseline values in regional wet depositional
sources110 or from historic stack emissions at the Chemours Washington Works facility,10 and thus, our detections are likely from alternate sources.
Topographic relief maps (right) detailing potential point-source activities surrounding the three high-concentration samples (HC1, HC2, and
HC3) in this study are presented to the right (B, C, D). Dotted lines outline areas topographically upgradient of each private well.
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are an order of magnitude less than that observed through soil
sorption105,106 and have been found to be more effective for
short-chain PFAS than their long- chain counterparts.
Therefore, adsorption likely plays a greater role than either
biochemical degradation or plant uptake in limiting the
occurrence of long-chained PFAS, such as PFNA and PFDA,
in the private wells tested in this study.

Increased Occurrence of PFAS in Private Wells of
Groundwater Recharge Zones. Of the 45 groundwater
samples collected, 6 were located in upland regions, and 39
were situated in valley regions. In concurrence with the
regression model results, increases in total PFAS concen-
trations were associated with upland regions (p-value = 0.01,
Kruskal−Wallis) and Ca-dominated water types (p-value =
0.03, Kruskal−Wallis). Likewise, PFAS detections above the
LOQ were more frequent in water wells of upland regions (p-
value = 0.02, Chi-squared), where major ion chemistry was
dominated by Ca−HCO3 or a mixed Ca−Na−HCO3
groundwater (p-value = 0.04, Chi-squared). Topography
influences groundwater flow patterns within the northern
Appalachian Basin,53,107−109 and upland areas dominated by
Ca−HCO3 groundwater types correspond with recharge zones,
where comparatively young groundwater is moving downward,
away from the water table. Water wells located within these
recharge zones have been shown to be more susceptible to
contamination from surface activities, including agricultural
runoff and road salt application,53 and they may be equally
vulnerable to contamination by PFAS derived from atmos-
pheric deposition or surface releases (e.g., spills) of PFAS-
containing wastes.

That PFAS concentrations tend to be greater in upland wells
likely reflects the fact that these wells tap upgradient portions
of groundwater flow paths that are proximal to PFAS surface
sources. The short flow paths to the upland wells limit the
amount that adsorption and hydrodynamic dispersion reduce
PFAS concentrations. In contrast, water wells in valley
locations primarily capture groundwater near the termini of
long flow paths. This groundwater has interacted more
extensively with aquifer solids, thereby promoting greater
PFAS adsorption and PFAS dilution by hydrodynamic
dispersion. Our findings are consistent with those of McMahon
et al., who reported that groundwater age (as estimated by
tritium) is a good predictor of PFAS occurrence in regional
aquifers along the east coast, with younger (i.e., recently
recharged) groundwater exhibiting higher rates of PFAS
detection.3

Potential PFAS Sources Affecting Private Ground-
water Sources. Atmospheric Deposition and Subsequent
Groundwater Recharge. Six private wells in this study were
located in heavily forested regions (>90% forested land), more
than a kilometer from any known point sources, biosolid
applications, or urban development with extensive impervious
surfaces. Two of these six wells were located in upland settings
and four in valley regions. Targeted PFAS concentrations
measured in the upland wells were 5.18 and 11.27 ng/L,
respectively, while no targeted detections were made in the
four valley wells, highlighting the role of hydrologic setting
(i.e., recharge areas) in PFAS occurrence. That PFAS was
present in water wells so far removed from known PFAS
sources implicates atmospheric wet deposition and recharge as
a possible source of PFAS to private water wells. However,
rather than being restricted to remote locations, atmospheric

deposition could reasonably be expected to contribute PFAS to
groundwater across our study area.

To determine if atmospheric deposition could feasibly
account for PFAS concentrations observed in private water
supplies, we compare concentrations of individual PFAS to
those measured in regional precipitation from locations with
no known PFAS emission sources.110 Concentrations of PFAS
in 93% (n = 42) of our well water samples fall within the range
of expected values for regional precipitation in rural areas110

(Figure 4). These findings suggest that, based on magnitude
alone, wet deposition and subsequent recharge could account
for a major portion of PFAS observed in private well waters in
our study area. While additional PFAS sources are contributing
to private water supplies in the region (see below), these
results suggest that wet deposition may serve as a regionally
significant, yet overlooked, source of PFAS.
Historic Stack Emissions and North−South Trends in

PFOA Concentrations. Higher concentrations of PFOA were
observed in private wells in the southern portion of the study
region proximal to historic PFOA stack emissions and
discharges to streams at the Chemours Washington Works
facility in Parkersburg, West Virginia (Figures S5 and S9).
While results from the latent-variable modeling efforts in this
study did not identify proximity to the Chemours facility as a
significant predictor of PFAS concentrations, when considered
individually, increases in PFOA detections are associated with
distance to the facility (p-value = 0.04, Kruskal−Wallis). These
findings suggest possible influences from the Chemours facility
in the southern portion of the study area that primarily impact
PFOA concentrations.

To evaluate if historic releases from the Chemours facility
could account for the PFOA concentrations in groundwater,
we extrapolated log−linear trends in PFOA concentrations
developed from surface water samples collected by Galloway et
al.10 This extrapolation suggests that PFOA derived from the
Chemours facility would occur in groundwater at concen-
trations between 0.001 and 1 ng/L (Figure S10), and it is
reasonable to expect that this range could actually be lower
given that generally PFAS concentrations in surface water
measured here and by Galloway et al.10 exceeded those in
groundwater.

Seventeen (37%) of the well water samples tested in this
study contained PFOA at concentrations exceeding the
estimated upper threshold attributable to the Chemours
facility (Figure 4). Thus, while legacy stack emissions at the
Chemours Washington Works facility may have contributed
PFOA to groundwaters analyzed in this study, other sources
clearly play an equal or greater role in PFOA contamination,
particularly in well waters with the highest PFOA concen-
trations (i.e., >10 ng/L).
Proximity to Oil and Gas Activity. Multivariate latent-

variable regression model results identified idups to active
UOG well pads and density of COG activity within 2 km as
significant predictors of targeted PFAS concentrations in
private water wells in the region, suggesting that, in addition to
probable atmospheric sources of PFAS, proximity to oil and
gas related activities may contribute PFAS to private water
wells, though at low levels the effects of industrial sources may
be difficult to distinguish from atmospheric contributions.

Three well water samples (HC1, HC2, HC3) exhibited
concentrations of targeted PFAS (PFOA and PFBS) that could
not be explained by regional wet deposition110 alone, even
when supplemented by historic deposition from the Wash-
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ington Works facility10 (Figure 4; Supplementary Discussion
2). The high individual concentrations observed in HC1, HC2,
and HC3 and the distance between the three samples (>10
km; Figure S11) implicate the action of three distinct point
sources in contrast to a diffuse regional source. All three sites
fall within 1 km of UOG well pads with recent drilling
operations (2019−2020) and multiple active or abandoned
COG wells (Figure 4B−D). Industrial operations related to oil
and gas development were the only identifiable sources within
2 km of HC1, HC2, or HC3, even considering agricultural
activity and possible biosolids applications. Within the larger
data set, PFOA detections and concentrations in private water
wells were significantly associated with proximity to recently
drilled (2018−2020) UOG well pads (p-value = 0.04,
Kruskal−Wallis; p-value = 0.01, Spearman’s Rank). However,
with the exception of samples HC1 and HC2, observed
concentrations were indistinguishable from levels plausibly
attributable to atmospheric sources. Statistical relationships
between PFBS and specific PFAS sources in the larger data set
could not be identified because of the degree of censoring
present for PFBS.

Findings for PFOA corroborate similar associations between
PFOA and the density of oil and gas operations that were
observed by Breitmeyer et al. in Pennsylvania surface waters.
While not the largest contributor of PFAS to surface water
identified in Pennsylvania, the authors provide some evidence
of potential impacts from upstream oil and gas activities,
possibly delivered to streams through discharges from
combined sewer overflows.25 None of the groundwater sample
locations in this study are located within 5 km of a
documented combined sewer overflow111 that could serve as
a conveyance mechanism to surface water and only four are
located in proximity (2 km) to a known and documented
wastewater treatment facility suggesting that, if oil and gas
operations are a viable source of PFAS to groundwater wells in
this study, another pathway must be at play. Other pathways of
contamination (i.e., spills or accidental releases of low-salinity
PFAS-containing fluids, atmospheric releases and dry or wet
deposition, on-site herbicide applications, or emergency AFFF
discharges) remain plausible, though could not be confirmed
or rejected in light of the limited evidence available. Additional
sampling efforts in regions of dense oil and gas development
and further work to identify possible mechanisms of
contamination to private groundwater sources are necessary
to provide additional clarity on the likelihood of the impact of
PFAS use in the oil and gas industry on private water sources.
Industrial Point Sources. The latent-variable model results

identified idups to industrial NPDES permits as another
significant predictor of PFAS concentrations in private wells.
Significant associations were observed between the inverse
distance to upstream industrial NPDES source and the number
of targeted PFAS detections made in private water wells (p-
value = 0.04, Kruskal−Wallis). While the dominant ground-
water flow regimes underneath the gaining reach of streams
make it unlikely that NPDES discharges have directly impacted
groundwater supplies, discharges to losing streams may pose a
risk to groundwater sources. Local atmospheric emission and
deposition or direct groundwater contamination from site
activities are also possible and may contribute to PFAS to
nearby water wells. No individual-level associations with
specific PFAS were able to be identified, indicating that
while proximity to NPDES sources may be an important

predictor of PFAS in private water wells, PFAS mixtures from
these locations may be more variable.

Key Findings. This study investigates the distribution of
PFAS in both private well water and surface water of northern
West Virginia. We find that concentrations of targeted and
nontargeted PFAS are higher in surface water than in
groundwater and observed the highest PFAS concentrations
in a remote tributary with a lower industrial footprint than
locales along the Ohio River. These findings are contrary to
initial observations made in the state-wide study of PFAS in
West Virginia,41 which found PFAS concentrations were
generally higher in groundwater than surface water sources
and at sites along the western boundary of the state near the
Ohio River, emphasizing the importance of high-resolution
sampling efforts from a variety of sources and locales.

Although measured concentrations of PFAS are lower
overall in groundwater supplies, our results reveal that 8% of
wells exceed proposed MCLs for PFOA and, in some
instances, well water concentrations of individual PFAS
(PFOA and PFBS) surpass those found in nearby surface
waters and finished drinking water from public supplies,
emphasizing the need for expanded groundwater monitoring
efforts, particularly in regions reliant on private groundwater
sources. Individual semiquantitative concentrations from
nontargeted analysis may exceed maximum targeted concen-
trations by two to 3 orders of magnitude, highlighting the need
for inclusion of nontargeted screening in monitoring programs.

Model results reveal that well setting is an important
predictor of PFAS concentrations, with private wells located in
upland recharge zones being more vulnerable to PFAS
contamination, an observation that has implications for other
major aquifers in the US where topographically driven flows
dominate. Wet deposition is likely a frequent contributor to
private wells situated in recharge zones and expanded
monitoring efforts should include targeted and nontargeted
PFAS concentrations in precipitation as a crucial step toward
understanding risks to private wells nationally. PFAS size is
also a significant predictor of PFAS concentrations, with larger
molecules exhibiting apparently lower mobility in the organic-
rich sediments of the study region, as supported by other
investigations into PFAS mobility in groundwater.3,112

In addition to atmospheric sources, historic releases of
PFOA at the Chemours Washington Works facility may have
impacted private wells in the southern portion of the study
region, though projected contributions are estimated to be low
(<1 ng/L). Nevertheless, the extent of soil contamination from
historic deposition and related impacts on groundwater
sources remains unclear. Future work should expand
monitoring of soil and groundwater in the region surrounding
the Parkersburg facility to determine the full extent of historic
contamination and the impact of continued emissions of
shorter-chain replacement compounds, like GenX, on regional
groundwater supplies.

Significant associations between PFOA and oil and gas
operations were observed, and three private wells exhibited
individual PFAS concentrations above those likely from
atmospheric sources even when considering historic deposition
from the nearby Chemours Washington Works facility. UOG
and COG operations are identified as plausible nonhousehold-
specific point sources in proximity to these three high-
concentration samples. Our findings provide support for
further studies emphasizing source attribution efforts and
targeted sampling campaigns to provide additional clarity on
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the potential sources of PFAS to private drinking water
sources, particularly in regions where reliance on private water
wells co-occurs with spatially distributed industrial sources, like
oil and gas development.
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Flow rate
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Supplemental Information
Specific conductance is given in microsiemens per centimeter at 25 degrees Celsius (µS/cm 
at 25 °C).

Concentrations of chemical constituents in water are given in either milligram per liter (mg/L), 
microgram per liter (µg/L), or nanogram per liter (ng/L).
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Occurrence of Per- and Polyfluoroalkyl Substances and 
Inorganic Analytes in Groundwater and Surface Water 
Used as Sources for Public Water Supply in West Virginia

By Mitchell A. McAdoo, Gregory T. Connock, and Terence Messinger

Abstract
Per- and polyfluoroalkyl substances (PFAS) are widely 

observed anthropogenic compounds found in water supplies 
worldwide and increasingly linked with adverse health effects 
in humans. In 2019, the West Virginia Legislature recognized 
the contamination risk to public source-water supplies posed 
by PFAS and passed a resolution that required a statewide 
PFAS study. The purpose of the resolution was to under-
stand the occurrence and distribution of PFAS contamination 
throughout the State’s rivers, lakes, and groundwater aquifers. 
The U.S. Geological Survey has worked in cooperation with 
the West Virginia Department of Environmental Protection and 
West Virginia Department of Health and Human Resources to 
collect raw-water samples at 279 public-water systems across 
West Virginia. Public-water systems sampled for this study 
were identified by the West Virginia Department of Health and 
Human Resources and included all community water systems 
in the State and all daycares and schools that operate their own 
water systems.

Raw source water was sampled for both groundwater and 
surface-water sites at the first available tap in the public-water 
system, prior to any treatment. One hundred and seventy-
three samples were collected from groundwater sources and 
106 samples were collected from surface-water sources. 
Parameters collected at the time of sampling included pH, 
specific conductance, water temperature, dissolved oxygen, 
turbidity, and alkalinity. PFAS was analyzed at all 279 sites, 
major ions and trace elements were analyzed at 272 sites, and 
nutrients were analyzed at 270 sites.

The type of source water used for public supply in West 
Virginia is generally dependent on geology with more ground-
water sites sampled in high-yield aquifers such as karst and 
alluvium. Surface-water sites were more evenly distributed 
throughout the State and are often the only source used in 
areas underlain by lower-yielding fractured-rock aquifers. 
Twenty-four percent of the sites sampled for this study had 
at least 1 PFAS detected, 47 of which were in groundwater 
sources and 20 in surface-water sources. Five sites exceeded 
the U.S. Environmental Protection Agency’s health advisory 
for combined perfluorooctanoate and perfluorooctanesulfonate 

concentrations of 70 nanograms per liter. These sites were 
located in highly susceptible karst and alluvial groundwater 
aquifers on the east and west sides of the State.

Higher PFAS concentrations were more commonly found 
in groundwater than surface-water sources, and high concen-
trations and PFAS detections were generally concentrated in 
the Ohio River Valley and West Virginia’s eastern panhandle. 
PFAS was rarely detected in groundwater sites in fractured-
rock aquifers and abandoned underground coal-mine aquifers 
in the Appalachian Plateaus Physiographic Province had very 
little PFAS detected. These data represent a baseline summary 
of source water in West Virginia. Additional studies may be 
needed to understand exposure to private homeowners with 
domestic-water sources, variability of PFAS concentrations 
over time, and PFAS in finished drinking water as evaluated 
by current and future drinking-water regulations.

Introduction
Per- and polyfluoroalkyl substances (PFAS) are a 

class of manmade compounds that have been manufactured 
and used in a variety of industries (Interstate Technology 
Regulatory Council, 2020) around the globe since the 1940s. 
Perfluorooctanoic acid (PFOA) and perfluorooctane sulfonic 
acid (PFOS) are the most studied of several thousand PFAS 
compounds. These two compounds have been shown to be 
persistent in the human body, and PFAS is estimated to be 
present in the blood of almost all residents of the United States 
(U.S.; Calafat and others, 2007). Perfluorooctanoic acid and 
PFOS have caused tumors in animals and have been linked 
to low birth weights, disruption of the immune system, and 
thyroid disease (U.S. Environmental Protection Agency [EPA], 
2016a, b).

Source water for West Virginia’s public-water systems 
is pumped from groundwater aquifers or withdrawn from 
rivers and streams. These systems provide drinking water to a 
majority of the State’s population and require constant moni-
toring for known and emerging contaminants. Groundwater 
contamination from PFAS, in excess of the EPA’s health 
advisory (HA) levels, has occurred in West Virginia around 
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industrial facilities and military installations (Galloway and 
others, 2020; Agency for Toxic Substances and Disease 
Registry, 2022). The only health-based guideline currently 
recognized by West Virginia for PFAS in drinking water is the 
lifetime HA established by the EPA for combined concentra-
tions of PFOA and PFOS of 70 nanograms per liter (ng/L) 
(U.S. Environmental Protection Agency, 2016a, b). The EPA 
is in the process of establishing regulatory limits for PFAS 
under the Safe Drinking Water Act as it applies to public 
drinking-water systems, and several States and international 
organizations are independently and rapidly developing 
regulatory values for PFAS that vary between programs (U.S. 
Environmental Protection Agency, 2019). The West Virginia 
Legislature recognized the potential health risks associated 
with certain PFAS and passed a resolution in the 2020 legisla-
tive session (West Virginia Legislature, 2020), which required 
a statewide PFAS study conducted by the West Virginia 
Department of Environmental Protection (WVDEP) and 
West Virginia Department of Health and Human Resources 
(WVDHHR).

Purpose and Scope

This report describes the occurrence and distribution of 
inorganic analytes and PFAS in groundwater and surface water 
used as sources for public-water supply in West Virginia. 
Samples of raw, untreated water were collected at 279 public-
water systems in the State from June 2019 through May 2021. 
This study was conducted by the U.S. Geological Survey 
(USGS) in cooperation with the WVDEP and the WVDHHR 
for the purpose of meeting the requirements of West Virginia 
Senate Concurrent Resolution 46 of the 2020 regular leg-
islative session (SCR 46; West Virginia Legislature, 2020). 
This resolution required the WVDEP and the WVDHHR to 
cooperatively propose and initiate a public source-water sup-
ply study to sample PFAS for all community water systems in 
West Virginia.

Specific objectives of this study included the following: 
(1) identify the drinking-water supplies in West Virginia that 
have select PFAS compounds in raw source water; (2) deter-
mine if there are geochemical, watershed, industrial-use, land-
use, or geohydrologic factors that affect the presence of these 
compounds; (3) inform State agencies and the public of any 
need for additional PFAS investigation; and (4) assist State 
regulatory agencies in protecting public health by providing 
information on statewide PFAS distribution in source water.

Description of Per- and Polyfluoroalkyl 
Substances

Per- and polyfluoroalkyl substances are widely observed 
anthropogenic compounds found in water supplies worldwide 
and increasingly linked with adverse health effects in humans 
(Hu and others, 2016; Sunderland and others, 2019). These 

substances are highly recalcitrant and water soluble, which 
has enabled extensive environmental permeation and organ-
ismal exposure underlined by documented PFAS occurrences 
in remote polar regions (Giesy and Kannan, 2001; Young and 
others, 2007; Routti and others, 2015; Lin and others, 2020) 
and occupationally diverse human populations (Calafat and 
others, 2007; Vestergren and Cousins, 2009). It is presumed 
nearly all individuals possess detectable levels of PFAS (Kato 
and others, 2011; Centers for Disease Control and Preven-
tion, 2015), which is an artifact of both the omnipresence 
of PFAS contamination in the environment and widespread 
use in many industrial applications and consumer products 
(Kotthoff and others, 2015; Glüge and others, 2020). Unique 
physio-chemical properties, such as resistance to degradation 
and amphiphilicity, stem from the chemically inert and stable 
molecular structure inherent to all PFAS. These attributes 
often provide unmatched performance in targeted applications, 
but this intrinsic persistence has also propelled these ‘for-
ever chemicals’ to the forefront of contaminants of emerging 
concern (CEC; U.S. Environmental Protection Agency, 2017). 
Furthermore, the EPA CEC list includes only two PFAS vari-
ants, PFOS and PFOA, among the thousands populating the 
EPA PFAS Master List of PFAS substances (http s://compto 
x.epa.gov/ dashboard/ chemical- lists/ PFASMASTER) and cur-
rently in use globally (KEMI, 2015). This structural diversity 
presents a multitude of issues related to the analysis, regula-
tion, and publication of PFAS, further inhibiting comprehen-
sion of this rapidly evolving multidisciplinary field. The subse-
quent introductory sections address these intrinsic challenges 
by establishing a clear, albeit generalized, understanding of 
PFAS through a brief review of PFAS nomenclature, sources, 
and human-exposure pathways.

PFAS Nomenclature and Heterogeneity
The PFAS family consists of thousands of compounds 

comprising polymers and non-polymers of variable reactivity, 
solubility, and electric charge (for example, anionic) that span 
multiple states of matter (gas, liquid, solid; fig. 1A; Cousins 
and others, 2020). The presence of a perfluoroalkyl moiety 
(CnF2n+1-) is the unifying feature of all PFAS, which are 
generally defined as aliphatic substances where at least one, 
but typically more, carbon atoms are perfluorinated (in other 
words, fully fluorinated; fig. 1B). This yields two possible 
subclasses for nonpolymer PFAS, perfluoroalkyl and polyfluo-
roalkyl substances. Along with nonpolymer PFAS, the other 
primary class is polymer PFAS, encompassing the fluoropoly-
mer, perfluoropolyether, and side-chain fluorinated polymer 
subclasses (fig. 1A). While nonpolymer PFAS may be used as 
monomers or as processing aids for polymer PFAS production, 
polymer PFAS are significantly less prevalent at contaminated 
sites and are considered to pose a lesser threat to the environ-
ment and human health in the near future (Buck and others, 
2011; Henry and others, 2018). Therefore, further discussion 
focuses on nonpolymer PFAS.
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Most PFAS observed in environmental and biological 
samples are nonpolymer PFAS, which comprises perfluo-
roalkyl and polyfluoroalkyl substances. Both per- and poly-
fluoroalkyl molecules are composed of a ‘head’ in the form 
of a functional group, typically a carboxylic or sulfonic acid, 
and a linear or branched carbon ‘tail’ (fig. 1B). Perfluoroalkyl 
signifies the alkane tail is fully fluorinated, whereas any PFAS 
not fully fluorinated but possessing at least one perfluoroalkyl 
moiety is classified as polyfluorinated. Polyfluoroalkyl sub-
stances may degrade to perfluoroalkyl substances, however, as 
the nonfluorinated C–R bond is relatively weaker than the C–F 
bond (Buck and others, 2011).

Perfluoroalkyl acids (PFAAs) are perhaps the most 
extensively studied group of PFAS compounds. Investigations 
of PFAAs in the environment indicate these compounds are 
both persistent and widespread in water, soils, and tissues. 
These characteristics coupled with health effects have been 
the basis for PFAS regulation. Two PFAAs, PFOA and PFOS, 
are identified as CECs by the EPA (U.S. Environmental 
Protection Agency, 2017; fig. 1A). The virtually unbiodegrad-
able nature of PFAAs has led to the term ‘terminal PFAS,’ 
with PFAAs representing the endpoint of PFAS degradation 
pathways for some precursor molecules. Potential precursors 
include other perfluoroalkyl substances, such as perfluoro-
alkane sulfonamides (FASAs), as well as polyfluoroalkyl 
substances that can degrade via abiotic and biotic pathways 
to form PFAAs (Liu and Avendaño, 2013; Wang and oth-
ers, 2015). Perfluoroalkyl carboxylic acids (PFCAs) and 
sulfonic acids (PFSAs) are the two major PFAA subgroups 
(fig. 1A). However, these acronyms are used for both the 
acid and anionic forms of PFCAs and PFSAs (for example, 
PFOA = perfluorooctanoic acid and perfluorooctanoate). 
Proper reference of PFAA form is critical to interpreting labo-
ratory data, although in most cases this is not an issue, given 
the proclivity of PFAAs to exist exclusively as anions under 
normal environmental conditions.

Deciphering PFAA acronyms is relatively straightfor-
ward. The first two letters, ‘PF’, are constant and represent 
the ‘PerFluorinated’ nature of all PFAAs. The third letter 
pertains to the carbon number, based on conventional alkane 
nomenclature, and the fourth letter is related to the functional 
group (A = carboxylic acid or carboxylate, S = sulfonic acid 
or sulfonate). Thus, PerFluoroOctaneSulfonic acid is abbre-
viated PFOS because it is a PerFluorinated PFAA with an 
eight-carbon tail (in other words, octane) and a sulfonic acid 
head. PFAAs may also be referred to by chain length, with 
PFCAs bearing at least 7 perfluorinated carbons and PFSAs 
containing at least 6 perfluorinated carbons considered long-
chain PFAAs (Organization for Economic Cooperation and 
Development, 2013). These classifications are based on the 
bioaccumulation potential of PFAAs and not carbon num-
ber (fig. 1C). While chain length is not a perfect predictor of 
environmental behavior of PFAA, or any other PFAS, (Ng and 
Hungerbühler, 2014), it permits a generalized characterization 
of how a particular PFAS behaves in the environment, parti-
tions among various media, and accumulates in organisms. 

Ultrashort- and short-chain PFAS are more mobile due to 
greater aqueous solubility and volatility relative to long-chain 
PFAS, which tend to exhibit greater adsorption and bioaccu-
mulation potential. As a result, long-chain PFAS are com-
monly perceived as more toxic than ultrashort- and short-chain 
PFAS (fig. 1C). However, these short-chain homologues, now 
widely used as substitutes for long-chain PFAS, possess com-
parable persistence in the environment and may pose an even 
greater challenge to remediation efforts due to lower adsorp-
tion potential which reduces the effectiveness of granular 
activated carbon for removal (Brendel and others, 2018; Ateia 
and others, 2019). Polyfluorinated fluorotelomer substances, 
precursor molecules to PFCAs, also follow an intuitive nam-
ing convention, whereby a ratio of perfluorinated carbons to 
non-perfluorinated carbons precedes the acronym. The letters 
‘FT’ represent FluoroTelomer and the following letter(s) of the 
acronym correspond to the functional group (in other words, 
OH = alcohol; CA = carboxylic acid; SA = sulfonic acid). For 
example, 6:2 FTSA signifies a FluoroTelomer Sulfonic Acid 
with 6 perfluorinated carbons and 2 non-perfluorinated car-
bons. The anionic form, 6:2 fluorotelomersulfonate, is abbrevi-
ated 6:2 FTS (Buck and others, 2011). The preceding review 
on PFAS nomenclature provides an adequate foundation to 
discern the broader implications of this work. Additional 
information on the diverse PFAS family and pertinent nomen-
clature may be found in several comprehensive reviews (for 
example, Buck and others, 2011; Wang and others, 2017; 
Kwiatkowski and others, 2020).

PFAS Sources
Amphiphilicity and stability are the two principal attri-

butes leading to the widespread use of PFAS in manufactur-
ing processes since commencement of commercialization in 
the 1950s (Kissa, 2001). The molecular structure of PFAS 
(fig. 1B), specifically the polar hydrophilic head (in other 
words, functional group) and nonpolar hydrophobic and oleo-
phobic tail (in other words, per- or polyfluorinated alkane), 
enables these amphiphiles to impart excellent repellent and 
surfactant traits to materials fabricated from, or with, PFAS. 
Furthermore, the per- and polyfluorinated carbon backbones, 
comprising the strongest bonds in organic chemistry (C–F; 
O’Hagan, 2008), grant exceptional resistance to biological, 
chemical, and thermal degradation (Liu and Avendaño, 2013; 
Rahman and others, 2014). Usage of PFAS is seemingly 
unbound, found in nearly all industries (for example, automo-
tive, electronics, construction, agriculture), many consumer 
products (for example, textiles, cosmetics, food packaging), 
and notably form an essential component of aqueous film 
forming foams (AFFF) used in fire-fighting applications 
(fig. 2; Prevedouros and others, 2006; Glüge and others, 2020 
and references therein). Consequently, widespread PFAS use 
has led to a pervasive environmental footprint.

PFAS are ideal environmental contaminants. The 
same qualities desirable for industrial and commercial 
use, such as thermal and chemical stability, combined with 
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moderate-to-high water solubility, have simultaneously 
enabled PFAS to effectively permeate and accumulate across 
all Earth systems on a global scale (in other words, hydro-
sphere, geosphere, atmosphere, and biosphere). PFAS infil-
tration of the hydrosphere is particularly concerning, as it 
has been found in public and treated water supplies (Hu and 
others, 2016; Boone and others, 2019), as well as in the oceans 
(Yamashita and others, 2005). Major sources of PFAS con-
tamination in the environment include wastewater treatment 
plants (WWTPs), biosolids, landfills, industrial manufacturing 
sites, military bases, and airports (fig. 2; Busch and others, 
2010; Lindstrom and others, 2011; Filipovic and others, 2015; 
Hu and others, 2016). Millions of people are affected by PFAS 
contamination and more will be impacted unless technologi-
cal advancements are made in PFAS removal and replacement 
chemistry (Hu and others, 2016; Andrews and Naidenko, 
2020). Conventional wastewater- and drinking-water treat-
ment methods remain largely ineffective at PFAS and PFAS-
precursor removal (Hamid and Li, 2016; Boone and others, 
2019), which is exacerbated by the improper disposal of 
ever-increasing electronic waste, among other PFAS-bearing 
consumer products, in landfills (Garg and others, 2020). This 
leads to elevated PFAS in landfill leachates (Lang and oth-
ers, 2017) that may adversely impact proximal groundwater 
resources, and further strains WWTPs tasked with treating 
these leachates alongside industrial and household wastewater 
containing variable levels of PFAS (Guo and others, 2020). 
In some cases, treatment may produce effluents with higher 
PFAA concentrations than influents due to precursor degrada-
tion (Schultz and others, 2006), with agricultural application 

of tainted biosolids a concern (Washington and others, 2010; 
Ghisi and others, 2019). Unlike other examples, emission 
and atmospheric dispersion of volatile and non-volatile PFAS 
from manufacturing facilities, as well as other point sources, 
represents a potentially prominent PFAS sourcing mechanism 
capable of impacting both local and global environments 
(Barber and others, 2007; Young and Mabury, 2010; Galloway 
and others, 2020). Despite legislation restricting the use of 
PFAS in certain applications (for example, food packaging), 
significant sources remain, such as the ongoing use of AFFF at 
military bases and airports (fig. 2; Anderson and others, 2016; 
Houtz and others, 2016; Cousins and others, 2019) that will 
sustain [and likely increase] environmental PFAS concentra-
tions for the foreseeable future and perpetuate the attendant 
risk to public health.

PFAS Exposure Pathways
Many PFAS are readily adsorbed once ingested, spread-

ing to critical organs via the circulatory system (Pérez and oth-
ers, 2013; Kudo, 2015) where they may reside and accumulate 
for years due to their long residence time in humans (Olsen 
and Zobel, 2007). These discoveries have prompted addi-
tional investigations revealing links between PFAS exposure 
and a variety of health issues, including kidney and testicular 
cancer, autoimmunity, immune suppression, neurodevelop-
mental disorders, thyroid disease, preeclampsia, and decreased 
fertility, among others (Garg and others, 2020; Agency for 
Toxic Substances and Disease Registry, 2021 and references 
therein). Consumption of contaminated drinking water and 
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Figure 2. PFAS sources and exposure pathways. Modified from Sunderland and others (2019).
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food, inhalation of indoor air and dust, and consumer products 
represent the primary PFAS exposure pathways for the general 
population (fig. 2; Sunderland and others, 2019). However, no 
pathway is ubiquitously predominant.

Physiographic variability, cultural differences, and 
proximity to contamination sources/sites affect how PFAS are 
introduced to communities. Prolonged release of PFAS from 
common household items (for example, carpets, furniture) 
has led to elevated PFAS concentrations in dust and indoor 
air (Fraser and others, 2013), which may be a major PFAS 
exposure pathway (Haug and others, 2011). Leaching of PFAS 
from food contact materials (Schaider and others, 2017), bio-
accumulation via trophic magnification in marine food webs 
(Kelly and others, 2009) or in agricultural biosolid application 
(Navarro and others, 2017), and dietary preferences (in other 
words, seafood; Christensen and others, 2017) all predispose 
food products to elevated PFAS content (fig. 2). Thus, food is 
generally accepted as the leading PFAS exposure pathway for 
the general population (Haug and others, 2011; De Silva and 
others, 2021). However, drinking water remains a significant 
vector of PFAS transport and exposure worldwide, especially 
in communities proximal to major PFAS sources (for example, 
WWTPs) where drinking water often supplants food as the 
primary exposure pathway (Hu and others, 2016).

Nationwide surveys of the U.S. reveal that about 6 mil-
lion people are affected by drinking-water supplies exceeding 
the 70 ng/L threshold, but recent work suggests this threshold 
may be too high (Grandjean and Budtz-Jørgensen, 2013). If 
a 1 ng/L limit is adopted and no other substantial exposure 
pathways are present, then the well-being of over 200 million 
people (about 60 percent of the U.S. population) is currently 
jeopardized by elevated PFAS concentrations in drinking-
water supplies (Andrews and Naidenko, 2020). This neces-
sitates improved characterizations of PFAS distributions in 
water supplies on large spatial scales (in other words, state-
wide and larger) to delineate hot spots and potential breakout 
regions as guidelines inevitably evolve in response to this 
rapidly maturing field.

Statewide PFAS assessments of drinking-water supplies 
are critical to understanding current regulations, as determined 
by State or Federal agencies, and potential areas of concern. 
The first statewide investigation was in New Jersey (Post and 
others, 2009), which documented the occurrence of PFOA in 
59 percent of public drinking-water systems. No statewide 
study exists for West Virginia, despite the State serving as a 
catalyst for PFAS regulation. For example, the first report to 
link PFAS usage in an industrial facility with contaminated 
water supplies and elevated blood serum concentrations of 
PFOA in nearby residents was conducted in Parkersburg, West 
Virginia (Emmett and others, 2006). Parkersburg residents 
have provided the most compelling and robust evidence asso-
ciating PFAS exposure with a variety of health issues in the C8 
Health Project (http://www .c8science panel.org/ c8health.html).

The poor understanding surrounding the spatial distribu-
tion of PFAS levels in public source-water supplies across 
West Virginia is concerning and amplified by a paucity of 

statewide assessments of water quality in general. This report 
directly addresses that knowledge gap by characterizing 
statewide PFAS distributions in West Virginia public-water 
supplies to guide regulatory decisions, improve resource allo-
cation, and ultimately, safeguard the public from uncharacter-
ized source waters potentially contaminated with PFAS. The 
comprehensive statewide assessment of PFAS in public-source 
water presented in this report is a timely resource for the State 
of West Virginia as environmental and toxicological concern 
surrounding PFAS mounts.

Description of Study Area

The study area is the State of West Virginia and sample 
sites are groundwater (wells and springs) and surface-water 
(reservoirs and rivers) sources used as public supplies (fig. 3). 
Most of West Virginia is within the Appalachian Plateaus 
[19,960 square miles (mi2)] and Valley and Ridge (4,220 mi2) 
Physiographic Provinces, although a small area (20 mi2) 
at the easternmost tip of West Virginia is within the Blue 
Ridge Physiographic Province. The Appalachian Plateaus 
Physiographic Province is an area of flat-lying or gently 
folded rocks that formed when a peneplain was uplifted during 
the Appalachian Orogeny and then was dissected by stream 
erosion during the ensuing 300 million years (Fenneman, 
1938). Elevation is highest in the east, where some peaks 
are higher than 4,000 feet (ft), and lowest in the west near 
the Ohio River, where the valley is lower than 600 ft (fig. 4). 
Relief is generally greatest at highest elevations. Most of the 
Appalachian Plateaus Physiographic Province within West 
Virginia is drained by the Ohio River (19,631 mi2), and the 
rest (329 mi2) is drained by the Potomac River.

In West Virginia, the Valley and Ridge Physiographic 
Province consists of layers of folded and faulted sedimen-
tary rocks that are of Mississippian age or older (Cardwell 
and others, 1968). Rocks of the Valley and Ridge province 
were folded in the Appalachian Orogeny, the same event 
that uplifted the Appalachian Plateaus. Linear ridges that run 
from southwest to northeast alternate with valleys. Ridges 
are generally underlain by harder, more erosion-resistant rock 
than the rock underlying the valleys. Streams in this province 
drain in a trellised pattern. Generally, lithology in the Valley 
and Ridge is more complex than in the Appalachian Plateaus. 
Some of the valleys, most significantly near the eastern edge 
of the province, are underlain by karst developed in limestone 
and dolomite rocks (West Virginia Geological and Economic 
Survey, 2022).

Land use, surface geology, and soils all vary with eleva-
tion within the study area (Messinger and Hughes, 2000). 
Generally, the highest population density and concentration of 
urban land is in river valleys in the northern and western parts 
and in the eastern tip of West Virginia. Commercial agriculture 
is limited in scope, and most commercial farms are near the 
Ohio and Kanawha Rivers and throughout the Potomac and 
Greenbrier River Basins (fig. 4). Forest cover is most dense 
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in the mountains in central West Virginia. The largest cities 
in the study area, all with populations less than 50,000, are 
Charleston, on the Kanawha River; Huntington, Parkersburg, 
and Wheeling, on the Ohio River; and Morgantown, on the 
Monongahela River (U.S. Census Bureau, 2021). 

Principal economic activities include coal mining, 
forestry, and oil and gas production, which are widespread 
throughout most of the study area; manufacturing, which 
is most common in areas near the Monongahela, Ohio, and 
Kanawha Rivers; and agriculture, which is most important 
commercially near the Ohio and Kanawha Rivers and in the 
Greenbrier River Basin (Messinger and Hughes, 2000). Of 
these, forestry is nearly ubiquitous throughout West Virginia, 
the exception being urban areas. 

Aquifers discussed in this report include four basic 
hydrogeologic terranes (fig. 4), each with their own intrin-
sic susceptibility to contamination, as described by Kozar 
and Paybins (2016). A hydrogeologic terrane is a lithologic 
type of rock or rocks with distinct similar hydraulic proper-
ties and groundwater-flow processes. The aquifers consist 
of (1) alluvial aquifers bordering the Ohio River; (2) karst 
aquifers in the Valley and Ridge Physiographic Province and 
the Greenbrier River Valley in southern West Virginia; (3) 
abandoned underground coal-mine aquifers in southern West 
Virginia; and (4) fractured-rock aquifers in the Appalachian 
Plateaus Physiographic Province and Valley and Ridge 
Physiographic Province.
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Methods of Study  9

Groundwater age has been identified as a leading indica-
tor of PFAS contamination in groundwater in the eastern U.S. 
with aquifers containing recharge water less than 60-years 
old having higher rates of PFAS occurrence (McMahon and 
others, 2022). Age-tracer data from previous studies on West 
Virginia’s groundwater resources showed that all aquifers of 
West Virginia contain recharge water less than 60-years old 
(McCoy and Kozar, 2007; Plummer and others, 2013). This 
indicates that all of the groundwater aquifers in the State are 
potentially susceptible to PFAS contamination (Kozar and 
Paybins, 2016) if a source of contamination exists within the 
recharge area of the aquifer.

Previous Investigations of Water Quality and 
PFAS in West Virginia

The quality of surface and groundwater in West Virginia 
has not been extensively investigated. Surface-water quality 
is routinely monitored throughout the State, but monitoring is 
more extensive for regulated contaminants than for emerging 
contaminants (West Virginia Department of Environmental 
Protection, 2016). Groundwater quality is typically monitored 
through samples from individual wells or as part of areal 
assessments done for planning or response to local problems 
and has been infrequently reviewed at the State scale (Mathes 
and others, 1998; Chambers and others, 2012). According 
to current regulatory benchmarks, groundwater quality is 
generally acceptable for domestic and other uses, with most 
problems resulting from geology, fossil-fuel extraction and 
other industrial activities, agriculture, and improper waste 
disposal. Groundwater chemistry is strongly affected by 
topographic setting, complicating areal delineations of water 
quality based on aquifer composition and compounding the 
effects of anthropogenic activities (Ferrel, 1987). Elevated 
levels of radon-222, iron, manganese, and arsenic, relative to 
drinking-water benchmarks set by the EPA, represent the pri-
mary constituents adversely impacting water quality in West 
Virginia (Ferrel, 1987; Chambers and others, 2012; Law and 
others, 2017).

No statewide assessments of PFAS in West Virginia 
public-water supplies have been done. Several PFAS investi-
gations in West Virginia center on a fluoropolymer manufac-
turing facility situated along the Ohio River in Parkersburg, 
West Virginia. (Barton and others, 2006; Shin and others, 
2011; Galloway and others, 2020) The C8 Health Project, 
based in Parkersburg, yielded critical data linking PFAS expo-
sure to certain health conditions in humans, while the greater 
C8 Science Panel has served as a platform to better charac-
terize the behavior of PFAS in the environment (http://www 
.c8science panel.org/ c8health.html). Extensive PFAS contami-
nation of the surrounding alluvial and fractured rock aquifers 
has granted insight into the fate and transport of PFAS (Barton 
and others, 2006; Shin and others, 2011; Galloway and others, 
2020), providing a natural analog to aid remediation efforts at 
other contaminated sites. A recent PFAS exposure assessment 
conducted by the Agency for Toxic Substances and Disease 

Registry (2022) focused on Martinsburg in Berkeley County, 
West Virginia. This study assessed the exposure to the local 
population from contamination of a community water supply 
by AFFF that migrated through the groundwater from a local 
military facility. The report concluded that average blood lev-
els of perfluorohexanesulfonate (PFHxS) of study participants 
were higher than national levels and elevated blood levels of 
PFHxS may be associated with past drinking-water contami-
nation. While these studies have advanced understanding of 
PFAS contamination in the environment and at local scales, no 
insight into how PFAS are distributed in public-water supplies 
across West Virginia has been provided.

Methods of Study
Methods employed for this study followed published 

USGS protocols and procedures where available. Guidance 
for PFAS sampling and analysis is not currently available 
from USGS technical manuals, therefore sampling, cleaning, 
and data validation followed procedures established by the 
USGS National Water Quality Assessment (NAWQA) and the 
Department of Defense (DoD) Environmental Data Quality 
Workgroup. Nonparametric statistical techniques were used 
for computation of statistics for censored water-quality data.

Data Collection and Analytical Methods

Public-water systems sampled for this study were 
identified by WVDHHR and included systems classified as 
community water systems and all daycares and schools that 
operate their own water systems. Community water systems 
are defined as a public-water system that pipes water for 
human consumption to at least fifteen service connections 
used by year-round residents or one that regularly serves at 
least twenty-five residents (West Virginia Legislature, 2022). 
Raw source water was sampled for both groundwater and 
surface-water sites at the first available tap in the public-water 
system, prior to any treatment. Samples were collected to 
represent chemical concentrations of constituents at the point-
of-entry into the system and assess the baseline chemistry of 
the system at the time of sampling. Samples were collected 
at sites as they were available, and no attempt was made to 
target specific seasons or flow regimes. Data collected for this 
study do not assess variability in results over time, which may 
be important at some sites based on local conditions. Various 
water-treatment techniques were employed by many public-
water systems, and the raw-water chemistry described in this 
report may not represent the water served to the public.

Field Parameters and Inorganic Analytes
Field measurements and samples for inorganic analytes 

were processed using standard USGS protocols described by 
the USGS National Field Manual for the Collection of Water 
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Quality Data (NFM; U.S. Geological Survey, variously dated). 
Raw-water taps were identified by the operator at the public-
water system and tested with commercially available chlorine 
test strips to ensure the sample point was located before the 
system’s disinfection processes. Raw-water taps were often 
located at 3/8-inch hosebibs but came in many configurations 
including lab faucets, threaded and unthreaded plumbing con-
nections made of various metals, PVC pipes, and other plastic 
connections. Standard sample tubing was connected to raw-
water taps using a combination of nylon connectors, stainless-
steel fittings, and hose clamps to ensure an airtight connection. 
Sample tubing was connected to a flow-through chamber 
with a YSI multiparameter water-quality sonde, which was 
calibrated daily and measured temperature, pH, specific con-
ductance, dissolved oxygen, and turbidity. All samples were 
collected at high-production wells and surface-water sites and 
did not require purging based on well volume. Field param-
eters were monitored for a minimum of 25 minutes and read-
ings were recorded every 5 minutes to meet stability criteria 
according to the NFM and to collect enough data to calculate 
median values for each parameter. After field parameters were 
recorded, samples for major ions, nutrients, and trace ele-
ments were collected in recommended sample containers and 
preserved according to lab instructions. Samples were then 
chilled and shipped overnight to the USGS National Water 
Quality Laboratory (NWQL) for analysis.

PFAS

Potential sources of PFAS contamination while sam-
pling include sampling equipment, items used in or around 
the sampling environment, fluids used for decontamination, 
personal-protective equipment, personal-care products used by 
field crews, and materials that may already be in the sampling 
environment. Modifications to the standard USGS sampling 
protocol include replacing fluoropolymer sampling equip-
ment with PFAS-free materials, additional equipment cleaning 
steps, and scrutiny of cross-contamination pathways through 
field activities.

Sampling methods specific to PFAS used for this study 
were based on guidance established by NAWQA and are 
described by McMahon and others (2022). Each PFAS sample 
consisted of filling two 250-milliliter (mL) high-density 
polyethylene (HDPE) bottles, which were chilled and sent 
to a contract laboratory for analysis. Sample bottles were 
obtained directly from the contract laboratory with the two 
bottles (intended for one sample) stored in one polyethylene 
bag. Samples were collected by two personnel in the field; 
one-person donned elbow-length polyethylene gloves and 
was responsible for handling sample bottles, while the other 
person donned nitrile gloves and was responsible for provid-
ing assistance in accordance with the protocol described in the 

NFM under guidance for Clean Hands/Dirty Hands techniques 
for water-quality sampling (U.S. Geological Survey, vari-
ously dated).

The preferred method of collecting PFAS samples was to 
directly fill sample containers at the raw-water tap (McMahon 
and others, 2022). At direct-fill sites, standard sample tubing 
from inorganic sampling was disconnected, the raw-water tap 
was turned on at a rate of 500 mL per minute, and each sample 
container was rinsed once then filled, leaving some headspace. 
Where the raw-water tap was not accessible, or directly filling 
the bottles was not possible, the sample was collected in a col-
lection chamber (described in the NFM) with HDPE tubing. A 
nylon connector and various stainless-steel fittings were used 
to connect the HDPE tubing to the raw-water tap. This con-
nection was set up differently depending on the public-water 
system’s raw-water tap configuration, but in each case the 
material used for sampling PFAS was fluoropolymer-free and 
precleaned using the recommended cleaning procedure. The 
tap was turned on and water was set at a flow rate of 500 mL 
per minute. The HDPE tubing was flushed for two minutes for 
every 10 feet of tubing. Each bottle was then rinsed once and 
filled in the collection chamber, leaving some headspace.

All equipment used at raw-water taps inaccessible to 
the direct-fill method was cleaned prior to use following the 
guidance provided by NAWQA (McMahon and others, 2022). 
First, equipment was rinsed with one tubing volume of a 0.1 
percent solution of Liquinox and locally produced deionized 
water (DIW). Then the equipment was rinsed in three tubing 
volumes of DIW to remove the Liquinox solution, followed 
by rinsing in approximately one tubing volume of ACS-grade 
methanol. (ACS grade meets or exceeds purity standards set 
by the American Chemical Society (ACS).) The final step 
in the cleaning procedure included a rinse of three tubing 
volumes of Optima high performance liquid chromatography-
grade blank water. Equipment was then double bagged in 
polyethylene bags. This cleaning protocol was determined to 
be acceptable for sampling supply wells with low or non-
detectable levels of PFAS, where low-level is considered less 
than about 200 ng/L of total PFAS.

Five samples included in the dataset were collected from 
June 3, 2019, to August 15, 2019, as part of the NAWQA 
stream-valley aquifer assessment. These samples were 
analyzed at SGS Orlando by a modified version of EPA 
537.1, which is described by McMahon and others (2022). 
All other samples were analyzed by RTI Labs in Livonia, 
Michigan, according to PFAS analysis compliant with DoD 
Quality Systems Manual (QSM) table B-15 (U.S. Department 
of Defense, 2019). RTI Labs is certified by the WVDEP 
Laboratory Quality Assurance Program for analysis of extract-
able and semi-volatile organic chemicals. They are also certi-
fied under NELAC ISO 17025 and the DoD Environmental 
Laboratory Accreditation Program for the analysis of PFAS in 
aqueous matrices.
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Statistical Analysis

Nonparametric techniques were used for computing 
descriptive statistics of water-quality data that were in some 
instances censored at multiple levels. Statistical analyses were 
conducted with the R statistical computing environment ver-
sion 4.1.1 (R Core Team, 2022). Censored values are water-
quality results that are reported as less than a specified labora-
tory value and for which an exact value was not determined. 
Spearman correlation analysis was used to examine relations 
between variables. The Kaplan–Meier (KM) and Maximum 
Likelihood Estimation (MLE) models were used for estima-
tion of summary statistics for censored data following meth-
ods described by Helsel (2012). When more than 80 percent of 
a constituent was censored, the maximum concentration was 
reported, and the minimum concentration was reported as less 
than the lowest reporting level. When a sample had 50 to 80 
percent censored values, the MLE model was used. The MLE 
model was used for this range of censoring because of its abil-
ity to make accurate estimates and handle multiple censoring 
levels in datasets with greater than 50 observations. When the 
data were censored at less than 50 percent, the KM model was 
used to estimate the summary statistics. The KM estimate was 
used to account for multiple censoring levels because it does 
not depend on the assumption of a distributional shape with 
data that are censored at greater than 50 percent. When no 
values were censored, nonparametric estimates were unnec-
essary and summary statistics were computed using stan-
dard methods.

Quality Assurance and Data Validation
Quality-assurance (QA) samples were collected to instill 

confidence in analytical results and identify potential pathways 
of sample contamination. Blank samples are used to determine 
the extent to which sampling or analytical methods may con-
taminate samples, which may bias analytical results. Replicate 
samples are used to determine the variability inherent in col-
lection and analysis of environmental samples. Together, blank 
and replicate samples can be used to characterize the accuracy 
and precision of water-quality data. Results are documented in 
McAdoo and others (2022).

Data Review and Validation

Where sufficient data were available, the ionic charge 
balance error (CBE) was calculated to evaluate the electroneu-
trality of the water sample, identify transcription errors during 
field activities, and identify laboratory analytical errors. The 
CBE is calculated by the following formula:

  CBE  =  
∑ z  m  c  −∑ z  m  a    ____________  ∑ z  m  c  +∑ z  m  a  

  × 100 , (1)

where

 z is the absolute value of the ionic valence, 

 mc is the molality of the cation species, and 

 ma is the molality of the anion species.

The CBE has a positive value when the sum of cations 
exceeds the sum of anions and a negative value when the 
sum of anions is greater than the sum of cations. Calculated 
CBEs are rarely zero and values up to 10 percent are typically 
considered acceptable, but CBEs may exceed this threshold 
for waters with low-ionic strength or in acidic waters where 
hydrogen ions are significant (Fritz, 1994). Electroneutrality 
and the definition of the CBE are further discussed by Freeze 
and Cherry (1979).

Sufficient data were available to calculate CBEs for 272 
samples. Calculated CBEs generally were less than or equal to 
10 percent. Exceptions consisted of three samples, NIC03401 
collected at a surface-water site on August 8, 2020 (-42 per-
cent); Intake on J BAILEY RESERVOIR 6909475 collected 
at a surface-water site on October 10, 2020 (-22 percent); and 
Mal-0406 collected at a groundwater site on April 14, 2021 
(-20 percent). Upon review for transcription and analyti-
cal errors, low-ionic strength was identified as the probable 
reason for the high CBEs in both surface-water samples. 
Dilute samples typically have higher CBEs (Fritz, 1994), and 
these samples had the lowest values in the dataset for alkalin-
ity, sodium, calcium, and magnesium. The groundwater site, 
Mal-0406, was also scrutinized for analytical and transcrip-
tion errors that may lead to high CBEs, but none were found. 
Considering the low CBEs for the rest of the dataset, it was 
assumed that the data were of high quality and this sample was 
included in further analyses.

Data review and validation for five samples analyzed 
for PFAS by EPA method 537.1 followed guidance described 
by U.S. Environmental Protection Agency (2018a), which is 
intended to aid data reviewers in assessing the usability and 
extent of bias in laboratory results for data analyzed by EPA 
method 537. All other PFAS samples were analyzed according 
to the DoD QSM table B-15. Data validation for these samples 
followed U.S. Department of Defense (2020), which provides 
guidance for validating PFAS results generated by Liquid 
Chromatography/Tandem Mass Spectrometry compliant with 
DoD QSM table B-15 criteria in non-drinking water matrices.

Blank Samples

A combination of equipment blanks, field blanks, and 
laboratory-method blanks was used to identify and quantify 
potential sources of contamination. An equipment blank con-
sists of a volume of water of known quality that is processed 
through the sampling equipment in a laboratory environment. 
A field blank consists of a volume of water processed through 
the sampling equipment under the same field conditions in 
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which the samples were processed. A laboratory-method 
blank consists of a volume of water of known quality that 
is processed by the analytical laboratory. The qualification 
process of PFAS samples associated with blanks used for this 
study are shown in table 1 and followed recommendations 
by U.S. Environmental Protection Agency (2018a) and U.S. 
Department of Defense (2020).

Five equipment blanks, 16 field blanks, and laboratory-
method blanks batches were evaluated for possible bias caused 
by PFAS contamination. Blank samples were evaluated only 
for results detected above the reporting level. A review of esti-
mated results for PFAS detected below the reporting level is 
discussed in appendix 1. No PFAS was detected in equipment 
blanks at values above the reporting level, but 6:2 FTS was 
detected above the reporting level in 2 field blanks. The envi-
ronmental sample for Min-0177 had a detection of 16 ng/L 
and the associated field blank was detected above the report-
ing level at 8.5 ng/L. The environmental sample for Intake 
on North Branch Potomac River 14364986 had an estimated 
value of 3.6 ng/L and the associated field blank was detected 
above the reporting level at 57 ng/L. These two samples had 
concentrations less than 10 times the concentration of the 
associated field blank, so the reported concentrations for 6:2 
FTS in those samples were qualified with the remark code 
“<” in accordance with the recommended guidance in U.S. 
Department of Defense (2020).

6:2 FTS was also found above the reporting level in 
four method blank batches analyzed on February 26, 2021; 
March 9, 2021; March 18, 2021; and March 25, 2021, with 
results of 6.8, 4.3, 13, and 6.1 ng/L, respectively. During that 
time 15 associated environmental samples also had detec-
tions for 6:2 FTS above the reporting level. These 15 samples 
had concentrations less than 10 times the concentration of the 
associated laboratory blank, so the reported concentrations for 
6:2 FTS in those samples were qualified with the remark code 
“<” in accordance with the recommended guidance in U.S. 
Department of Defense (2020).

Perfluorobutanoate (PFBA) was detected above the 
reporting level in two method blank batches, one analyzed on 
November 3, 2020, and the other on November 9, 2020, with 
results of 5.9 and 12 ng/L, respectively. During that time there 
were three associated environmental samples that also had 

detections for PFBA above the reporting level: Mal-0106 (10 
ng/L), Brk-0047 (6.3 ng/L), and Grb-0189 (14 ng/L). These 
three samples had concentrations less than 10 times the con-
centration of the associated laboratory blank, so the reported 
concentrations for PFBA in those samples were qualified with 
the remark code “<” in accordance with the recommended 
guidance in U.S. Department of Defense (2020).

Replicate Samples

Variability for a replicate sample pair was quantified 
by calculating the relative percent difference (RPD) of the 
samples, using the following formula:

  RPD  =  
⎛
 ⎜ 

⎝

  
 | R  1   −  R  2  | 

 _ 

 ( 
 R  1   +  R  2   _ 

2
  ) 

 
⎞
 ⎟ 

⎠

  × 100 , (2)

where

 R1 is the concentration of the analyte in the first 
replicate sample and 

 R2  is the concentration of the analyte in the 
second replicate sample.

Generally, concentrations in replicate sample pairs dif-
fered by small amounts, typically less than 15 percent RPD for 
constituents in filtered samples and less than 20 percent RPD 
in unfiltered samples.

Replicate samples were collected at nine sites for inor-
ganic analytes, as described in McAdoo and others (2022), and 
RPDs generally showed good agreement between replicate 
pairs with most analyses within 5 percent. However, cobalt, 
copper, lead, and orthophosphate had RPDs greater than 15 
percent in some replicate pairs. Specifically, cobalt results 
for Intake on Twelve Pole Creek 3964858 and Mrg-0070 had 
RPDs of 30 and 23 percent, respectively. Absolute difference 
for cobalt in these replicate pairs was low, with 0.084 and 
0.114 micrograms per liter (µg/L) for Intake on Twelve Pole 
Creek 3964858, and 0.100 and 0.079 µg/L for Mrg-0070, at a 

Table 1. Qualification applied to sample results based on blank results.

[<, less than; RL, reporting level; ≥ greater than or equal to; 10x, ten times; ≤, less than or equal to]

Blank result Sample result Action taken

Detect Non-detect No qualification
< RL < RL Qualify with < remark and report at the RL
< RL ≥ 10x blank result No qualification
≥ RL < RL Qualify with < remark and report at the RL
≥ RL ≥ RL and ≤ 10x blank result Qualify with < remark and report at sample result value
Gross contamination Detect Sample was not used
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reporting level of 0.03 µg/L. Copper results for Ber-0856 and 
Ber-0468 had RPDs for replicate pairs of 29 and 88 percent, 
respectively. Absolute difference for copper in these replicate 
pairs was low, with 5.2 and 7.0 µg/L for Ber-0856, and 1.2 and 
3.1 µg/L for Ber-0468, at a reporting level of 0.4 µg/L. The 
replicate pair collected at Wet-0111 had an RPD for lead of 18 
percent and the replicate pair collected at Mcd-0108 had an 
RPD of 18 percent for orthophosphate. As with the previously 
described RPDs greater than 15 percent, these sample pairs 
had low absolute difference between sample results and were 
close to the reporting level.

From 12 replicate pairs sampled for PFAS, 20 RPD 
values were calculated with 2 values having greater than 20 
percent RPD. Results for Ber-0468 showed a 24 percent RPD 
between replicate pairs for PFOA. The environmental sample 
had a concentration of 11 ng/L and the replicate had a result of 
14 ng/L, with reporting levels of 5 and 5.3 ng/L, respectively. 
Results for Ber-0856 showed a 50 percent RPD between repli-
cate pairs for PFOS. The environmental sample had a concen-
tration of 5.5 ng/L, and the replicate had a result of 3.3 ng/L, 
which were close to the reporting levels of 5.3 and 5.2 ng/L, 
respectively. There were 13 instances in which detections were 
reported between the reporting level and minimum detection 
level for either the replicate or the environmental sample but 
not both. An RPD value could not be calculated for several 
replicate pairs with low-level estimated detections for PFAS. 
Estimated values between the reporting level and minimum 
detection level are further discussed in appendix 1.

Water Quality of West Virginia’s Public 
Source-Water Supplies

From June 2019 through May 2021, samples of untreated 
water were collected from raw-water supplies at 279 public-
water systems in West Virginia. One hundred seventy-three 
samples were collected from groundwater sources (wells and 
springs) and 106 samples were collected from surface-water 
sources (rivers and lakes). Parameters collected at the time of 
sampling included pH, specific conductance, water tempera-
ture, dissolved oxygen, turbidity, and alkalinity. Samples were 
analyzed at the USGS NWQL for several inorganic analytes, 
including major ions, trace elements, and nutrients. It was 
not possible to collect a representative sample for major ions, 
trace elements, and nutrients at 5 sites (Web-0239, Ran-0289, 
Mcd-0225, Mrg-0180, and Jef-0481) because of an ineffec-
tive sampling point for attaching sampling equipment or pump 
cycling issues. During transport to the analytical laboratory, 
4 sample bottles for nutrients and 2 sample bottles for major 
ions and trace metals were destroyed. This resulted in 272 sites 
with results for major ions and trace elements and 270 sites 
with results for nutrients in the dataset. These sites were not 
resampled because acquiring PFAS data was the main objec-
tive of the study. PFAS was collected at all 279 sites and 
results are documented in McAdoo and others (2022).

Water Quality in Relation to Drinking-Water 
Standards

The sites sampled for this study represent raw-water 
supplies for every community public-water system in West 
Virginia, including all daycares and schools regulated by the 
WVDHHR. Many of these sites have additional treatment after 
the point sampled, so the results outlined here represent source 
water that is not necessarily representative of supplied drink-
ing water. Nevertheless, these data were compared to human-
health benchmarks established by the U.S. Environmental 
Protection Agency (2018b) to understand source water for 
public-water systems relative to drinking-water standards 
such as maximum contaminant levels (MCLs). Other non-
regulatory EPA drinking-water guidelines used to assess this 
dataset include HA and secondary maximum contaminant lev-
els (SMCLs). Health advisories are non-enforceable and non-
regulatory but provide technical information to State agencies 
and other public health officials on health effects and are listed 
by the EPA for selected constituents that have no MCL or, 
in some cases, in addition to the MCL. SMCLs are listed for 
selected constituents that pose no known health risk but may 
have adverse aesthetic effects, such as staining or undesirable 
taste or odor.

The quality of surface water and groundwater collected 
from sources used for public supply in West Virginia gener-
ally remained within regulatory and non-regulatory guidelines 
established by EPA for measured constituents. However, 
the data presented in McAdoo and others (2022) showed 
that some samples had concentrations for certain analytes 
that exceeded MCLs, HAs, or SMCLs, which may require 
additional treatment at affected public-water systems. It is 
important to emphasize that public-water systems follow 
regulatory requirements established to protect public health 
by EPA and WVDHHR. Sites that have been identified by this 
study as exceeding benchmarks may have already installed 
mitigating treatment.

Field Parameters and Laboratory Analyses
Parameters used for general water-quality characteriza-

tion may include pH, specific conductance, temperature, 
turbidity, and alkalinity. These parameters can be unstable, 
may undergo transformation prior to chemical analysis at the 
laboratory, and are often measured in the field during sam-
pling. Other general parameters used for characterization may 
include total dissolved solids (TDS) determined at the labora-
tory and hardness which is a calculated parameter. Summary 
statistics for field parameters, laboratory analyses, and major 
ions are shown in table 2.

The only field parameter to have an established drinking-
water standard is pH. The MCL range for pH is 6.5 to 8.5. 
Water with a measured pH less than, greater than, or equal to 
7 is acidic, basic, or neutral, respectively. Water with pH less 
than 6.5 may be corrosive and have the ability to leach metals 
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14  Occurrence of Per- and Polyfluoroalkyl Substances and Inorganic Analytes in Groundwater and Surface Water, West Virginia

like copper or lead from plumbing. pH was measured at 278 
of the 279 sites sampled with a range of 4.46 to 9.23, and a 
median of 7.08. Thirty-nine samples (14 percent) were outside 
of the MCL range, with 32 samples (11 percent) lower than 
6.5, and 7 samples (3 percent) greater than 8.5. TDS is used 
as a measure of salinity, with freshwater typically having TDS 
concentrations less than 1,000 milligrams per liter (mg/L). 
Concentrations of TDS were reported for 272 sites and ranged 
from less than 8 mg/L to 2,403 mg/L. TDS at 17 sites (6 per-
cent) exceeded the SMCL of 500 mg/L.

Major Ions
Sources of major ions in West Virginia’s water supplies 

may include precipitation, dissolution of minerals, and con-
stituents introduced through various anthropogenic activities, 
such as deicing salts and septic systems. The only major ion 

with an MCL is fluoride, at 4 mg/L, and no samples exceeded 
this threshold. One sample exceeded the SMCL of 2 mg/L for 
fluoride, with a value of 3.84 mg/L. Three samples exceeded 
the SMCL of 250 mg/L for chloride. No sites exceeded the 
500 mg/L HA for sulfate, but two sites exceeded the 250 mg/L 
SMCL. Sodium was the second most prevalent contaminant in 
the study with 89 samples (33 percent) exceeding the 20 mg/L 
HA. EPA levels for sodium are a health-based drinking-water 
advisory of 20 mg/L for individuals on a sodium-restricted diet 
and taste-based drinking-water advisory of 30–60 mg/L.

Nutrients

Results of nutrient analyses of samples collected from 
270 sites are summarized in table 3. Nitrate and nitrite are 
common nutrients that can exceed drinking-water standards 
in agricultural areas of West Virginia, but the occurrence 

Table 2. Descriptive statistics of chemical properties measured in the field, and total dissolved solids and major ions measured in the laboratory, for 
samples collected in West Virginia’s source-water supplies.

[MCL, maximum contaminant level; HA, health advisory; SMCL, secondary maximum contaminant level; °C, degree Celsius; mg/L, milligram per liter; 
μS/cm, microsiemens per centimeter at 25 degrees Celsius; SU, standard unit; NTU, nephelometric turbidity unit; mg/L as CaCO3, milligram per liter as 
calcium carbonate; mg/L as SiO2, milligram per liter as silica; --, no data or not applicable; <, less than; > greater than]

Constituent Unit

Number 
of 

samples

Number 
(percent) 

above 
reporting 

level

Concentration range and median
Number 

(percent) 
exceeding 
standard

Drinking-water standard

Minimum Median Maximum MCL HA SMCL

Field Measurements

Water temperature °C 268 268 (100) 2.2 13.54 28.7 -- -- -- --

Dissolved oxygen mg/L 272 272 (100) 0 6.32 15.49 -- -- -- --

Specific conductance μS/cm 277 277 (100) 18 335 4,428 -- -- -- --

pH SU 278 278 (100) 4.46 7.08 9.23 39 (14) 6.5–8.5 -- --

Turbidity NTU 272 272 (100) 0.10 1.00 >1,000 -- -- -- --

Alkalinity mg/L as CaCO3 272 272 (100) 0.3 106 567 -- -- -- --

Laboratory Analyses and Calculated Values

pH, lab SU 272 272 (100) 4.63 7.9 9.34 -- -- -- --

Specific conductance, lab μS/cm 272 272 (100) 18 340 4,483 -- -- -- --

Total dissolved solids mg/L 272 261 (95) <8 195 2,403 17 (6) -- -- 500

Hardness mg/L as CaCO3 272 272 (100) 1.4 119 1,404 -- -- -- --

Calcium mg/L 272 272 (100) 0.31 31.24 367.20 -- -- -- --

Magnesium mg/L 272 272 (100) 0.15 7.36 117.30 -- -- -- --

Potassium mg/L 272 265 (97) <0.3 1.50 21.45 -- -- -- --

Sodium mg/L 272 271 (99) <0.4 11.21 580.40 89 (33) -- 20 --

Bicarbonate mg/L 272 272 (100) <0.1 129.40 689.60 -- -- -- --

Bromide mg/L 272 192 (70) <0.01 0.01 9.06 -- -- -- --

Chloride mg/L 272 272 (100) 0.24 8.33 1,416.26 3 (1) -- -- 250

Fluoride mg/L 272 271 (99) <0.01 0.09 3.84 1(1) 4 -- 2

Sulfate mg/L 272 272 (100) 0.21 22.05 261.09 2(1) -- 500 250

Silica mg/L as SiO2 272 272 (100) 1.13 9.17 33.10 -- -- -- --
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of nitrate and other nutrients at concentrations approaching 
drinking-water standards is uncommon for non-agricultural 
areas of the State (Chambers and others, 2012). Nitrate is 
commonly derived from agricultural fertilizers, both synthetic 
and those from animal manure, but also can be derived from 
WWTP effluent or septic systems. Nitrate was detected above 
the reporting level at 210 sites (78 percent) but was detected 
above the MCL at only 1 site (Jef-0809; 12.36 mg/L). Nitrite 
was detected above the reporting level at 92 sites (34 percent) 

but was not detected at any sites above the MCL of 1 mg/L. 
Ammonia has an HA level of 30 mg/L, but no samples 
exceeded this threshold.

Trace Elements
Concentrations of 23 trace elements, twenty of which 

have established drinking-water standards, were analyzed 
at 272 sites (table 3). Twenty-two of these analytes were 

Table 3. Descriptive statistics of nutrients and trace elements measured in the laboratory for samples collected in West Virginia’s 
source-water supplies.

[MCL, maximum contaminant level; HA, health advisory; SMCL, secondary maximum contaminant level; mg/L as N, milligram per liter as nitrogen; <, less 
than; --, no data or not applicable; mg/L as P, milligram per liter as phosphorus; μg/L, microgram per liter]

Constituent Unit

Number 
of 

samples

Number 
(percent) 

above 
reporting 

level

Concentration range and median
Number 

(percent) 
exceeding 
standard

Drinking-water standard

Minimum Median Maximum MCL HA SMCL

Nutrients, filtered

Ammonia mg/L as N 270 131 (48) <0.01 0.02 0.61 0 (0) -- 30 --

Nitrate mg/L as N 270 210 (78) <0.033 0.29 12.36 1 (1) 10 -- --

Nitrite mg/L as N 270 92 (34) <0.001 0.00 0.04 0 (0) 1 -- --

Orthophosphate mg/L as P 270 149 (55) <0.004 0.01 0.19 -- -- -- --

Trace elements, filtered

Aluminum μg/L 272 118 (44) <3 2.43 430.48 11 (4) -- -- 50‒200
Antimony μg/L 272 61 (23) <0.06 0.026 0.56 0 (0) 6 -- --

Arsenic μg/L 272 201 (74) <0.1 0.21 8.46 0 (0) 10 -- --

Barium μg/L 272 272 (100) 3.93 51.33 11,322 1 (1) 2,000 -- --

Boron μg/L 272 243 (90) <5 13.87 359.03 0 (0) -- 7,000 --

Beryllium μg/L 272 72 (27) <0.01 0.004 0.250 0 (0) 4 -- --

Cadmium μg/L 272 19 (7) <0.03 -- 0.68 0 (0) 5 -- --

Chromium μg/L 272 28 (10) <0.5 -- 15 0 (0) 100 -- --

Cobalt μg/L 272 206 (76) <0.03 0.07 6.41 -- -- -- --

Copper μg/L 272 216 (80) <0.4 1.30 69.81 0 (0) 1,300 1,000 --

Iron μg/L 272 191 (70) <5 29.51 19,540 46 (17) -- -- 300

Lead μg/L 272 212 (78) <0.02 0.07 6.78 0 (0) 15 -- --

Lithium μg/L 272 265 (98) <0.15 4.72 157.26 -- -- -- --

Manganese μg/L 272 224 (82) <0.2 21.71 6,211 96 (35) -- 300 50

Molybdenum μg/L 272 232 (86) <0.05 0.19 17.40 0 (0) -- 40 --

Nickel μg/L 272 218 (80) <0.2 0.52 38.57 0 (0) -- 100 --

Selenium μg/L 272 187 (69) <0.05 0.01 9.36 0 (0) 50 -- --

Silver μg/L 272 0 (0) <1 -- <4 0 (0) -- -- 100

Strontium μg/L 272 272 (100) 2.22 206.31 11,348 4 (1) -- 4,000 --

Thallium μg/L 272 3 (1) <0.04 -- 0.32 0 (0) 2 -- --

Vanadium μg/L 272 102 (38) <0.1 0.076 3 -- -- -- --

Uranium μg/L 272 179 (66) <0.03 0.09 3.51 0 (0) 30 20 --

Zinc μg/L 272 169 (62) <2 3.11 2,516 1 (1) -- 2,000 5,000
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16  Occurrence of Per- and Polyfluoroalkyl Substances and Inorganic Analytes in Groundwater and Surface Water, West Virginia

detected above the reporting level, with 12 analytes detected 
at greater than 70 percent of sites. Barium was the only trace 
element detected above an established MCL and was detected 
above the MCL of 2,000 mg/L at only one site (Mcd-0227). 
Dissolved aluminum concentrations exceeded the lower 
SMCL threshold of 50 μg/L in 11 samples (4 percent) and 
the upper SMCL threshold of 200 μg/L in 2 samples (1 per-
cent). Dissolved strontium concentrations exceeded the HA 
of 4,000 μg/L in 4 samples and dissolved zinc concentrations 
exceeded the HA of 2,000 μg/L in 1 sample. Manganese 
exceeded its criterion more frequently than any other constitu-
ent and iron was the constituent third most likely to exceed its 
criterion. The SMCL of 50 μg/L for manganese was exceeded 
at 96 sites (35 percent) and the HA threshold of 300 mg/L was 
exceeded in 39 samples (14 percent). The SMCL of 50 mg/L 
for iron was exceeded at 46 sites (17 percent). The HA of 
2,000 μg/L for dissolved zinc was exceeded in 1 sample.

PFAS Occurrence in West Virginia’s Source 
Water

During the study period, analytical methods for detec-
tion of PFAS were being developed and at least 23 PFAS were 
analyzed at all 279 sites with 264 sites having 28 PFAS ana-
lyzed (table 4). Additional PFAS were added as they became 
available for analysis and 15 sites sampled at the beginning of 
the project did not have 11-chloroeicosafluoro-3-oxaundecane-
1-sulfonate (11Cl-PF3OUdS) or 9-chlorohexadecafluoro-
3-oxanonane-1-sulfonate (9Cl-PF3ONS), 10 sites did not have 
8:2 fluorotelomersulfonate (8:2 FTS), eight sites did not have 
4,8-dioxa-3H-perfluorononanoate (ADONA), and five sites 
did not have perfluoro-2-propoxypropanoate (HFPO-DA). 
Summary statistics in table 4 represent values that were 
detected over the reporting level. Values estimated between the 
reporting level and minimum detection level were censored at 
the sample result level and are further discussed in appendix 1.

To date, EPA has not established MCLs for any PFAS 
under the Safe Drinking Water Act as it applies to public 
drinking-water systems. The only health-based guidelines 
that exist for PFAS in drinking water is the lifetime HA for 
combined concentrations PFOA and PFOS of 70 ng/L (U.S. 
Environmental Protection Agency, 2016a, b). Concentrations 
at five sites exceeded 70 ng/L: Woo-0215 (1,540 ng/L), 
Woo-0216 (156 ng/L), Woo-0121 (104 ng/L), Mal-0410 
(98 ng/L), and Ber-0468 (71 ng/L) (fig. 5). Overall, 37 sites 
had detections above the reporting level for PFOA, PFOS, 
or both, with specific sites and results shown in appendix 2, 
table 2.1, and table 2.4. Figure 5 shows that 18 of the 37 sites 
with detections for PFOA or PFOS were located in counties 
that border Ohio on the western side of the State in the Ohio 
River Valley and 13 sites with detections for PFOA or PFOS 
were located on the eastern side of the State in the eastern 

panhandle. Sites with detections for PFOA and PFOS were 
highest in the western counties, with 4 samples exceeding the 
HA of 70 ng/L and 3 sites with concentrations between 20 and 
40 ng/L. West Virginia’s eastern panhandle had one site that 
exceeded the HA and one site with concentrations between 
40 and 70 ng/L. Five surface-water sites and one groundwater 
site with detections for PFOA or PFOS were in counties in 
the interior of the State. All of these interior sites within the 
Appalachian Plateaus Physiographic Province (fig. 4) had 
combined PFOA and PFOS concentrations below 20 ng/L.

Out of 279 sites sampled for this study, 212 sites (76 
percent) had no PFAS detected above the reporting level. 
Detections for PFAS consisted of 67 sites (24 percent) with at 
least 1 PFAS, 27 sites (10 percent) with at least 2 PFAS, and 
16 sites (6 percent) with at least 3 PFAS detected above the 
reporting level (appendix 2; fig. 6A). Forty-seven of the sites 
with detections for PFAS were sites with groundwater sources 
and 20 were from surface-water sources. Only 3 surface-water 
sites had more than one PFAS detected above the report-
ing level and no surface-water sites had more than 5 PFAS 
detected. Total PFAS had a significant positive Spearman 
correlation (rho = 0.71, p < 0.001), with the number of PFAS 
detected per site (fig. 6A) indicating that higher concentrations 
of PFAS may be expected at sites with a higher number of 
PFAS analytes detected. The highest number of PFAS analytes 
and the highest total PFAS concentrations were detected at 
groundwater sites that had a mixture of 9 different PFAS ana-
lytes (fig. 6A). The total PFAS detected for an individual site 
was determined by calculating the sum of all PFAS detected at 
a site above the reporting level.

There were 7,796 individual results reported for PFAS 
(McAdoo and others, 2022) with 144 results over the report-
ing level. Out of the 28 PFAS analytes shown in table 4, 
only 12 were detected at least once above the reporting level. 
Detections were too infrequent for estimating median values 
with nonparametric statistics and detections were gener-
ally low with a small subset of high concentrations at spe-
cific sites (appendix 2). Ten of the 12 PFAS detected were 
PFCA and PFSA compounds in the 4 to 9 carbon range with 
PFOA (8 carbons) having the highest number of detections 
(29, fig. 6B) and also the highest concentration (1,540 ng/L, 
table 4). Other PFCA compounds that were detected included 
PFBA (4 carbons), perfluoropentanoate (PFPeA, 5 carbons), 
perfluorohexanoate (PFHxA, 6 carbons), perfluoroheptano-
ate (PFHpA, 7 carbons), and perfluorononanoate (PFNA, 
9 carbons). PFSA compounds that were detected included 
perfluorobutanesulfonate (PFBS, 4 carbons), perfluoropentane-
sulfonate (PFPeS, 5 carbons), PFHxS (6 carbons), and PFOS 
(8 carbons). Two of the 12 analytes detected were precursors 
and included 6:2 FTS, which had the second highest number 
of detections, and HFPO-DA, which was detected at only 
three sites (table 4; appendix 2).
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Table 4. Descriptive statistics of PFAS measured in the laboratory for samples collected in West Virginia’s source-water supplies.

[MCL, maximum contaminant level; HA, health advisory; SMCL, secondary maximum contaminant level; ng/L, nanogram per liter; <, less than; --, no data 
or not applicable; 11Cl-PF3OUdS, 11-chloroeicosafluoro-3-oxaundecane-1-sulfonate; ADONA, 4,8-dioxa-3H-perfluorononanoate; 4:2 FTS, 4:2 fluorotel-
omersulfonate; 6:2 FTS, 6:2 fluorotelomersulfonate; 8:2 FTS, 8:2 fluorotelomersulfonate; 9Cl-PF3ONS, 9-chlorohexadecafluoro-3-oxanonane-1-sulfonate; 
N-EtFOSAA, n-ethylperfluorooctanesulfonamidoacetate; N-MeFOSAA, n-methylperfluorooctanesulfonamidoacetate; HFPO-DA, perfluoro-2-propoxypropano-
ate; PFBS, perfluorobutanesulfonate; PFBA, perfluorobutanoate; PFDS, perfluorodecanesulfonate; PFDA, perfluorodecanoate; PFDoDA, perfluorododecanoate; 
PFHpS, perfluoroheptanesulfonate; PFHpA, perfluoropentanoate; PFHxS, perfluorohexanesulfonate; PFHxA, perfluorohexanoate; PFNS, perfluorononanesulfo-
nate; PFNA, perfluorononanoate; PFOSA, perfluorooctanesulfonamide; PFOS, perfluorooctanesulfonate; PFOA, perfluorooctanoate; PFPeS, perfluoropentane-
sulfonate; PFPeA, perfluoropentanoate; PFTeDA, perfluorotetradecanoate; PFTrDA, perfluorotridecanoate; PFUnDA, perfluoroundecanoate]

Constituent Unit
Number of 
samples

Number 
(percent) 

above 
reporting 

level

Concentration range and median
Number 

(percent) 
exceeding 
standard

Drinking-water standard

Minimum Median Maximum MCL HA SMCL

11Cl-PF3OUdS ng/L 264 0 (0) <3.8 -- <7.5 -- -- -- --

ADONA ng/L 271 0 (0) <3.8 -- <7.5 -- -- -- --

4:2 FTS ng/L 279 0 (0) <3.8 -- <9.1 -- -- -- --

6:2 FTS ng/L 279 19 (7) <3.8 -- 60 -- -- -- --

8:2 FTS ng/L 269 0 (0) <3.8 -- <9.1 -- -- -- --

9Cl-PF3ONS ng/L 264 0 (0) <3.8 -- <7.5 -- -- -- --

N-EtFOSAA ng/L 279 0 (0) <3.8 -- <23 -- -- -- --

N-MeFOSAA ng/L 279 0 (0) <3.8 -- <23 -- -- -- --

HFPO-DA ng/L 274 3 (1) <3.8 -- 9.5 -- -- -- --

PFBS ng/L 279 12 (4) <4 -- 24.5 -- -- -- --

PFBA ng/L 279 19 (6) <3.8 -- 24 -- -- -- --

PFDS ng/L 279 0 (0) <3.8 -- <7.5 -- -- -- --

PFDA ng/L 279 0 (0) <3.8 -- <7.5 -- -- -- --

PFDoDA ng/L 279 0 (0) <3.8 -- <7.5 -- -- -- --

PFHpS ng/L 279 0 (0) <3.8 -- <7.5 -- -- -- --

PFHpA ng/L 279 3 (1) <3.8 -- 58.3 -- -- -- --

PFHxS ng/L 279 15 (5) <4 -- 81.4 -- -- -- --

PFHxA ng/L 279 8 (3) <3.8 -- 37.1 -- -- -- --

PFNS ng/L 279 0 (0) <3.8 -- <7.5 -- -- -- --

PFNA ng/L 279 1 (1) <3.8 -- 8 -- -- -- --

PFOSA ng/L 279 0 (0) <3.8 -- <7.5 -- -- -- --

PFOS ng/L 279 16 (6) <3.8 -- 97.9 5 (2) -- 70 --

PFOA ng/L 279 29 (10) <3.8 -- 1,540 5 (2) -- 70 --

PFPeS ng/L 279 3 (1) <3.8 -- 12.4 -- -- -- --

PFPeA ng/L 279 16 (6) <3.8 -- 19 -- -- -- --

PFTeDA ng/L 279 0 (0) <3.8 -- <7.5 -- -- -- --

PFTrDA ng/L 279 0 (0) <3.8 -- <7.5 -- -- -- --

PFUnDA ng/L 279 0 (0) <3.8 -- <7.5 -- -- -- --
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Figure 5. Locations of combined perfluorooctanoate (PFOA) and perfluorooctanesulfonate (PFOS) concentrations detected in 
source water throughout West Virginia.
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Spatial Distribution of PFAS in West Virginia’s 
Source Water

There were 173 samples collected from groundwater 
sources (wells and springs) and 106 samples collected from 
surface-water sources (rivers and reservoirs). Groundwater 
sites were concentrated in the Ohio River alluvium in the 
west, the karst terrain in the east, and abandoned underground 
coal-mine aquifers in the south. Some groundwater sites 
were located in karst aquifers in the southeastern part of the 
State and in the Valley and Ridge Physiographic Province 
(figs. 3 and 4). All of the sites with combined PFOA and PFOS 
concentrations greater than 40 ng/L were at groundwater sites; 
only one surface-water site had a concentration greater than 
20 ng/L. This suggests that higher concentrations are more 
common in groundwater, especially in areas near a source or 
sources of PFAS.

The Ohio River Valley had groundwater and surface-
water sites with the highest total PFAS concentrations and 
several sites with multiple PFAS detected. The Ohio River 
alluvium had 34 groundwater sites, of which 18 had at least 
1 PFAS detected (fig. 7) and 4 sites were determined to exceed 
the HA for combined PFOA and PFOS (fig. 5). Four of the 
6 surface-water sites that withdraw water from the Ohio River 
had detections of at least 1 PFAS, and 2 of these sites had 
the highest number of detections (fig. 7) and highest total 
PFAS (fig. 8) for surface water in the dataset. Groundwater 

sites with the highest number of detections and highest total 
PFAS concentrations were located in Wood County, but sites 
with multiple PFAS detections and relatively high total-PFAS 
concentrations were found throughout the entire Ohio River 
Valley of West Virginia (figs. 7 and 8).

There were 66 groundwater sites in West Virginia’s east-
ern panhandle, 23 of which had detections for at least 1 PFAS. 
The primary source of water for these sites is generally from 
karst aquifers, located in Jefferson and Berkeley Counties. 
Two of these sites had greater than 6 PFAS detected. These 
two counties also had the highest total PFAS concentrations 
in the karst aquifers of West Virginia (fig. 8) with one site 
(Ber-0468) exceeding the HA for combined PFOA and PFOS 
(fig. 5). There were also 15 surface-water sites in the east, of 
which 8 sites had detections for 1 PFAS; total PFAS concen-
trations were less than 20 ng/L for all surface-water sites in 
this region (fig. 8).

Groundwater and surface water sites located in the 
Appalachian Plateaus Physiographic Province and karst 
aquifer in the southeast (fig. 4) had relatively few detections 
for PFAS. In this area, there were 73 groundwater sites, of 
which 6 sites had only one PFAS detected. Five of these sites 
had total PFAS concentrations less than 20 ng/L, and 1 site in 
southern West Virginia had a detection for 6:2 FTS of 57 ng/L 
(fig. 8). This area also had 84 surface-water sites, of which 
PFAS was detected at only 8 sites. Seven of the 8 sites in this 
region had only one PFAS detected, with 1 site with 4 PFAS 
detected and a total PFAS concentration of 21.4 ng/L.
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Figure 6. A, Total per- and polyfluoroalkyl substances (PFAS) in relation to the number of PFAS detected in samples collected in 
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the carbon number for samples collected in West Virginia.
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Figure 7. Number of per- and polyfluoroalkyl substances (PFAS) analytes detected at each site in West Virginia.
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Relations between PFAS 
Concentrations and Source-Water 
Vulnerability

Major sources of PFAS contamination in the environ-
ment that may affect nearby surface-water or groundwater 
sources for public supply include WWTPs, biosolids, landfills, 
industrial manufacturing sites, military bases, and airports 
(fig. 2; Busch and others, 2010; Lindstrom and others, 2011; 
Filipovic and others, 2015; Hu and others, 2016). At the time 
of this report’s publication, an official, definitive database of 
PFAS sources was not available, and a comparison of PFAS 
results found in this study to specific sources was not possible. 
Nevertheless, evaluation of West Virginia’s public source-
water vulnerability to PFAS contamination can be made on 
larger scales. Vulnerability of a public source-water is depen-
dent on the proximity of the contaminant to the source, con-
taminant mobility and persistence, and intrinsic susceptibility. 
Intrinsic susceptibility represents the ease with which water 
and contaminants can travel to the source. Therefore, a public 
source-water may be intrinsically susceptible to contamination 
from PFAS but may not be vulnerable because of the absence 
of PFAS contamination sources.

Groundwater age has been identified as a leading indica-
tor of PFAS contamination in groundwater in the eastern U.S. 
with aquifers containing recharge-water less than 60-years 
old having higher rates of PFAS occurrence (McMahon and 
others, 2022). Age-tracer data from previous studies on West 
Virginia’s groundwater resources showed that all aquifers of 
West Virginia contain recharge-water less than 60-years old 
(McCoy and Kozar, 2007; Plummer and others, 2013), which 
indicates that all the groundwater aquifers in the State are 
potentially susceptible to PFAS contamination (Kozar and 
Paybins, 2016) if a source of contamination exists within the 
recharge area of the aquifer. Likewise, a surface water intake 
may be vulnerable to contamination from PFAS if a source 
exists within its catchment area, but concentrations may be 
highly variable due to environmental conditions or because of 
operations at the specific source.

Alluvial aquifers bordering the Ohio River on the western 
side of the State had the highest occurrence of PFAS detec-
tions (fig. 7), the highest total PFAS concentrations (fig. 8), 
and most sites over the HA for combined PFOA and PFOS 
concentration (fig. 5). Surface-water sites that extract water 
from the Ohio River had the highest occurrence of PFAS 
detection as well as the highest total PFAS (figs. 7, 8). The 
Ohio River Valley of West Virginia has heavy industrializa-
tion and five communities with populations exceeding 10,000 
individuals, both of which provide numerous sources for 
different PFAS. The water that supplies many of the sites in 
this area comes directly from the Ohio River or is withdrawn 
from the Ohio River Alluvial Aquifer. The relatively high rate 
of PFAS detection presented in this study, coupled with known 

PFAS contamination sites and a high intrinsic susceptibility 
to contamination (Kozar and Paybins, 2016), indicates that 
the Ohio River Valley is the most vulnerable region to PFAS 
contamination in the State of West Virginia.

Karst aquifers within the State of West Virginia have 
been identified as intrinsically susceptible to anthropogenic 
contamination (Kozar and Paybins, 2016). The three counties 
of Morgan, Berkeley, and Jefferson in West Virginia’s eastern 
panhandle are dominated by karst terrane and many of the 
groundwater sites from this region are completed in limestone 
aquifers. This area has a known PFAS contamination site 
(Agency for Toxic Substances and Disease Registry, 2022), 
several different types of industry, and population centers that 
may provide sources for different PFAS. The preponderance 
of PFAS detections throughout these counties, where karst is 
the primary source for public-water supplies, confirms this 
assessment, with approximately one-third of all groundwater 
sites and one-half of all surface-water sites exhibiting PFAS 
detections. This indicates that the three counties of Morgan, 
Berkeley, and Jefferson in West Virginia’s eastern panhandle 
are also highly vulnerable to PFAS contamination.

The fractured rock aquifers of the interior and southern 
counties of West Virginia within the Appalachian Plateaus 
Physiographic Province and Valley and Ridge Physiographic 
Province do not have an abundance of detections for PFAS 
(fig. 7), suggesting contamination is not as prevalent in source-
water from this area. Results presented in this report suggest 
that higher concentrations were found in groundwater overall, 
but the southern portion of the State has numerous ground-
water sites located in abandoned underground coal-mine 
aquifers and few of these sites had detections for PFAS over 
the reporting level. This suggests that, even though abandoned 
underground coal-mine aquifers are intrinsically susceptible to 
anthropogenic contamination, they do not appear to be particu-
larly vulnerable to PFAS contamination and these aquifers in 
southern West Virginia may lack sufficient PFAS contamina-
tion sources in their recharge areas.

Fractured rock aquifers in West Virginia provide source 
water for many domestic wells in the Appalachian Plateaus 
and Valley and Ridge but generally lack sufficient yield to 
supply public-water systems, and this area of the State is 
generally dominated by surface-water sites for public sup-
ply. As there are very few public-water supplies, the focus of 
this study, using groundwater and no domestic wells sampled 
for this study, very little information was gained about PFAS 
contamination throughout the fractured rock aquifers in much 
of the State. Conversely, eighty-four surface-water sites were 
sampled in this area; 8 of these sites had detections for PFAS 
and the total PFAS concentrations for these sites were gener-
ally low suggesting the surface water sites in the Appalachian 
Plateaus and Valley and Ridge Physiographic Provinces are 
not vulnerable to PFAS contamination. This may be due to a 
lack of PFAS contamination sources but could be related to 
variability in surface-water concentrations over time.
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Limitations

Drinking-water-quality criteria were used as benchmarks 
against which to compare samples, but this study did not 
attempt to evaluate finished drinking-water quality. Many 
public- water systems employ different treatment techniques 
for specific contaminants and the raw-water results described 
here may not be directly applicable to human exposure. The 
data analyzed for this report represent a one-time sampling 
event and do not capture temporal variability in concentra-
tions. Concentrations of PFAS and other contaminants may 
be highly variable at surface-water sites, depending on flow 
conditions. Some groundwater sites may be directly influenced 
by surface water or experience changes in concentrations at 
different times of the year. The data are not uniformly dis-
tributed across the study area, with more groundwater sites 
in aquifers that produce sufficient yield for public supply 
(Ohio River alluvium, karst terrane, abandoned underground 
coal-mine aquifers). Surface-water sites were more evenly 
distributed throughout the State but may be directly impacted 
by point discharges, more variable than groundwater sites, 
and should not be used to assume PFAS concentrations in 
adjacent aquifers lacking groundwater data. Therefore, a large 
portion of fractured-rock aquifers in the Appalachian Plateaus 
Physiographic Province and Valley and Ridge Physiographic 
Province that lack groundwater samples cannot be assessed for 
the occurrence of PFAS, and PFAS exposure to private home-
owners who rely on these aquifers as a primary drinking-water 
source is currently unknown.

Future Investigations

Data collected from groundwater and surface-water sites 
for this study represent PFAS concentrations across the State 
from one moment in time. These data are useful for under-
standing the statewide distribution and occurrence of PFAS in 
the source water for public supplies but questions that could 
be considered for future studies may include the following: 
(1) what is the PFAS concentration in treated finished water 
at sites that had detections for PFAS; (2) what is the distribu-
tion of PFAS in domestic wells in areas of contamination; (3) 
what is the PFAS distribution in domestic wells where there is 
a lack of groundwater data; (4) what are the major sources and 
exposure pathways of PFAS in West Virginia; and (5) what are 
influences on transformation and change in PFAS concentra-
tions over time in surface water and groundwater. Possible 
approaches to answering these questions could include: (1) 
sampling finished water at public-water systems with detec-
tions of PFOA or PFOS over the reporting level; (2) sampling 
of domestic wells where there is a lack of data for ground-
water resources and in areas of contamination; (3) targeted 
sampling of suspected sources contributing PFAS to public-
water supplies and understanding how those PFAS sources 
affect drinking water, fish tissue, and other pathways of human 

exposure; and (4) long-term monitoring for PFAS in ground-
water and surface water to understand PFAS fate and transport 
in areas of known contamination.

Summary and Conclusions
The West Virginia Legislature recognized the poten-

tial health risks associated with PFAS and passed Senate 
Concurrent Resolution 46 in 2020, which required a statewide 
PFAS study conducted by the West Virginia Department of 
Environmental Protection and West Virginia Department of 
Health and Human Resources. To meet the requirements of 
this legislation, the U.S. Geological Survey worked in coop-
eration with these agencies to collect samples of untreated 
water from raw-water supplies at 279 public-water systems 
in West Virginia. One hundred seventy-three samples were 
collected from groundwater sources (wells and springs) and 
106 samples were collected from surface-water sources (rivers 
and reservoirs). Parameters collected at the time of sampling 
included pH, specific conductance, water temperature, dis-
solved oxygen, turbidity, and alkalinity. PFAS was analyzed 
at all 279 sites, while major ions and trace elements were 
analyzed at 272 sites, and nutrients were analyzed at 270 sites.

Analysis of inorganic constituents collected for this study 
indicated that only two sites had concentrations that exceeded 
maximum contaminant levels (MCLs), one for nitrate and 
one for barium. Manganese has a secondary maximum 
contaminant level (SMCL) for aesthetic criteria of 50 mg/L, 
which was exceeded in 35 percent of samples. Concentrations 
for manganese also exceeded the Health Advisory (HA) of 
300 mg/L, in 14 percent of samples. Sodium concentration 
exceeded the 20 mg/L HA in 33 percent of samples and iron 
exceeded its SMCL for aesthetic criteria of 300 mg/L in 17 
percent of samples.

The data presented in this report show that 76 percent 
of sampled sites had no quantifiable concentration of any 
PFAS while 24 percent of the sites had at least 1 PFAS, 10 
percent had at least 2 PFAS, and 6 percent had at least 3 PFAS 
detected above the reporting level. Samples from 5 ground-
water sites (Woo-0215, Woo-0216, Woo-0121, Mal-0410, 
and Ber-0468) exceeded the HA for combined PFOA and 
PFOS concentrations. Eighteen of the 37 sites with detections 
for PFOA or PFOS were in counties that border Ohio on the 
western side of the State in the Ohio River Valley; 13 sites 
with detections for PFOA or PFOS were in West Virginia’s 
eastern panhandle. Sites with detections for PFOA and PFOS 
were highest in the western counties, with four samples 
exceeding the HA of 70 ng/L and three sites with concentra-
tions between 20 and 40 ng/L. Samples from West Virginia’s 
eastern panhandle showed one site exceeded the HA and one 
site had combined PFOA and PFOS concentrations between 
40 and 70 ng/L. Six sites with PFAS detected above the report-
ing level were located in counties in the interior of the State 
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with 5 surface-water sites and 1 groundwater site. All sites 
in the interior of the State within the Appalachian Plateaus 
Physiographic Province had combined PFOA and PFOS con-
centrations below 20 ng/L.

Source water used for public supply in West Virginia 
is generally dependent on geology, with groundwater sites 
concentrated in high-yield aquifers and surface-water sites 
more evenly distributed throughout the State but often the 
only source used in areas with lower yielding fractured-rock-
aquifers. Twenty-four percent of the sites sampled for this 
study had at least 1 PFAS detected, with 47 sites in groundwa-
ter sources and 20 sites in surface-water sources. Higher PFAS 
concentrations with more PFAS analytes detected were found 
in groundwater sources relative to surface water, but higher 
concentrations and a greater number of PFAS compound 
detections were generally concentrated in the Ohio River 
Valley and West Virginia’s eastern panhandle. Most groundwa-
ter sites in fractured-rock aquifers and abandoned underground 
coal-mine aquifers in the Appalachian Plateaus Physiographic 
Province had little to no PFAS detected, suggesting that PFAS 
sources are absent in this area of the State, or, in the case of 
fractured-rock aquifers, may not be adequately represented by 
the distribution of public-water systems. These data represent 
a baseline summary of PFAS in West Virginia’s public source-
water supplies, and additional investigations may be needed 
to understand variability of PFAS concentrations over time, 
determine exposure to private homeowners with domestic-
water sources in contaminated areas and areas that lack suf-
ficient data, and analyze PFAS in finished drinking water as 
evaluated by current and future drinking-water regulations.
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Appendix 1. Estimated results for PFAS detected between the reporting level 
and minimum detection level

The dataset was scrutinized for utility of per- and poly-
fluoroalkyl substances (PFAS) results qualified with an “E” 
remark code, which signifies the analyte was estimated below 
the reporting level but above the method detection level. The 
reporting level is the lowest verified limit to which data is 
quantified without qualifications and may be referred to in 
other publications as the practical quantitation limit, level of 
quantitation, or minimum reporting level. The method detec-
tion level is the lowest concentration of analyte that can be 
detected by the method in the applicable matrix. The analyzing 
laboratory specifically characterizes results detected below the 
reporting level as estimated values having greater uncertainty 
and that these analytes are not routinely reviewed nor nar-
rated as to their potential for being laboratory artifacts. Results 
detected between the reporting level and minimum detection 
level can generally be reported if quality-assurance (QA) data 
meet project specifications. Looking at quality-assurance data 
(blanks and replicates) as a whole can assist in determining 
the overall quality and confidence afforded to these low-level 
results that are typically below 3 nanograms per liter (ng/L) in 
this dataset.

Review of QA data showed 13 detections in equipment 
blanks and field blanks qualified with an “E” remark code that 
are under the reporting level but above the minimum detection 
level. Values for these detections ranged from 1.1 to 3.1 ng/L 
and analytes detected below the reporting level in equipment 
and field blanks included 4,8-dioxa-3H-perfluorononanoate 
(ADONA, 1), perfluorohexanesulfonate (PFHxS, 1), per-
fluoropentanoate (PFPeA, 2), 6:2 fluorotelomersulfonate 
(6:2 FTS, 2), perfluorobutanoate (PFBA, 3), and perfluorooc-
tanoate (PFOA, 4). In replicate pairs, there were 13 instances 
in which detections below the reporting level were recorded 
for either the replicate or the environmental sample, but not 
both, suggesting detections reported between the reporting 
level and the minimum detection level were not always repro-
ducible between replicate pairs. This was especially prevalent 
for estimated detections that were below 3 ng/L. Review 
of laboratory-method blanks showed similar results, with 
several values estimated under the reporting level. According 

to acceptance criteria established by the U.S. Department of 
Defense Quality Systems Manual (DoD QSM) table B-15, 
laboratory method blanks are valid as long as they are not 
detected greater than ½ the level of quantitation (reporting 
level) or 1/10th the amount measured in any sample and detec-
tion of these analytes in QA samples does not require quali-
fication or invalidate detections above the reporting level in 
regular samples when these criteria are met (U.S. Department 
of Defense, 2019).

The inability to consistently produce replicate detec-
tions for estimated values and preponderance of detections for 
estimated values in field blanks, equipment blanks, and labora-
tory blanks throughout this dataset puts greater uncertainty in 
results reported below the reporting level. Therefore, results 
with an “E” remark code were considered to have a possible 
bias and were not used for analysis in this report. The source 
of bias is unknown but was found in laboratory blanks, equip-
ment blanks, and field blanks suggesting bias associated with 
the analytical process that may have affected blanks analyzed 
at the contract laboratory. Although low-level detections below 
the reporting level were identified to have higher uncertainty 
and were therefore not used in the analysis for this study, QA 
data show high confidence in results that were detected above 
the reporting level and these values were used for further 
analysis with minimal qualification required as described in 
the QA section of this report.
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Appendix 2. Detections for PFAS analytes over the reporting level organized 
by result with site information

The following tables show per- and polyfluoroalkyl 
substances (PFAS) results for detections over the reporting 
level from McAdoo and others (2022). Each table represents 
an individual PFAS analyte, listed from the highest to the low-
est value. The purpose of these tables is to aid users of these 
data in quick reference to the occurrence of individual PFAS 
analytes at specific sites. These data are stored in the USGS 
National Water Information System (NWIS) but are not avail-
able to the public from that platform because West Virginia 

State Law §22-26-4 and USGS policy concerning the release 
of sensitive water related information prohibits the release of 
public water system infrastructure location information. Also, 
USGS policy concerning the release of sensitive water related 
information prohibits site names or description that may con-
tain descriptive information that could indicate that a site may 
be owned by or associated with a sensitive public or private 
use. Therefore, non-descriptive site names are provided in 
McAdoo and others (2022) and this report.

Table 2.1. Sites with perfluorooctanoate detected above the reporting level for 279 
samples collected in West Virginia’s source-water supplies

[PFOA, perfluorooctanoate; ng/L, nanogram per liter; WG, groundwater; WS, surface water]

Site name
Record 
number

Medium 
code

PFOA  
(ng/L)

Woo-0215 01900120 WG 1,540

Woo-0216 01900121 WG 147

Woo-0121 02000047 WG 98

Woo-0196 02000080 WG 32

Intake on OHIO RIVER 15429832 02100289 WS 18

Intake on North Branch Potomac River 14364986 02100293 WS 18

Intake on OHIO RIVER 3370262 02000283 WS 14

Ber-0468 02100111 WG 11

Intake on Blackwater River 3774989 02100273 WS 11

Tyl-0102 02100288 WG 11

Jef-0802 02100145 WG 7.6

Intake on Parker Hollow 8433336 02100038 WS 7

Intake on LITTLE KANAWHA RIVER 19415477 02100259 WS 6.8

Mas-0958 02100260 WG 6.7

Mas-0936 01900169 WG 6.2

Jef-0807 02100170 WG 6.2

HDY01601 02100039 WS 6

Brk-0054 02100186 WG 5.8

Woo-0177 02000060 WG 5.7

Mrg-0185 02100153 WG 5.7

Intake on Tygart Valley River 4351508 02100271 WS 5.7

Intake on North Fork Hughes River 19414131 02100257 WS 5.5

Intake on MIDDLE ISLAND CREEK 15431930 02100267 WS 5.5

Mal-0418 02000291 WG 5.3

Ber-0857 02100077 WG 5.1

Brk-0049 02100129 WG 5.1

Ple-0071 02000067 WG 5

Mar-0298 02100262 WG 4.8

GRA01205 02100148 WS 4.4
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Table 2.2. Sites with 6:2 fluorotelomersulfonate detected above the reporting level for 
279 samples collected in West Virginia’s source-water supplies.

[6:2 FTS, 6:2 fluorotelomersulfonate; ng/L, nanogram per liter; WG, groundwater; WS, surface water]

Site name
Record 
number

Medium 
code

6:2 FTS  
(ng/L)

Hnc-0087 02100128 WG 60

Mcd-0042 02100088 WG 57

Mrg-0084S 02100071 WG 52

Mal-0418 02000291 WG 32

Min-0183 02100068 WG 25

Jef-0811 02100118 WG 22

JEF01905-SW 02100143 WS 20

AL1980S008 02100070 WS 19

Mrg-0180 02100067 WG 19

Jef-0807 02100170 WG 19

Ber-0857 02100077 WG 13

Jef-0810 02100119 WG 12

Jef-0481 02100144 WG 10

Ber-0865 02100078 WG 7.7

Jef-0484 02100120 WG 6.6

Ber-0855 02100116 WG 6.4

Jef-0805 02100172 WG 6.3

Intake on Patterson Creek 14368832 02100069 WS 5.5

Jef-0465 02100171 WG 4.9
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Table 2.3. Sites with perfluorobutanoate detected above the reporting level for 279 
samples collected in West Virginia’s source-water supplies.

[PFBA, perfluorobutanoate; ng/L, nanogram per liter; WG, groundwater; WS, surface water]

Site name
Record 
number

Medium 
code

PFBA  
(ng/L)

Woo-0215 01900120 WG 24

Woo-0121 02000047 WG 11

Jac-0057 02000069 WG 9.9

Grb-0271 02000199 WG 9.7

Ber-0468 02100111 WG 9.7

Woo-0216 01900121 WG 8.4

Intake on OHIO RIVER 3370262 02000283 WS 8

Intake on LITTLE KANAWHA RIVER 19415477 02100259 WS 7.7

Jef-0805 02100172 WG 7.2

Fay-0242 02000188 WG 6.6

Brk-0054 02100186 WG 6.6

Jef-0811 02100118 WG 6.5

Ber-0463 02100100 WG 6.1

Ber-0862 02100099 WG 6

Woo-0196 02000080 WG 5.7

Ber-0857 02100077 WG 5.7

Ber-0865 02100078 WG 5.3

HAN01504 02100124 WS 4.5

Intake on Hurricane Creek 19315460 02000248 WS 4.4

Table 2.4. Sites with perfluorooctanesulfonate detected above the reporting level for 
279 samples collected in West Virginia’s source-water supplies.

[PFOS, perfluorooctanesulfonate; ng/L, nanogram per liter; WG, groundwater; WS, surface water]

Site name
Record 
number

Medium 
code

PFOS  
(ng/L)

Mal-0410 01900122 WG 97.9

Ber-0468 02100111 WG 60

Ber-0857 02100077 WG 55

Brk-0054 02100186 WG 16

Mal-0418 02000291 WG 14

HAN01504 02100124 WS 14

Jef-0465 02100171 WG 10

Intake on OHIO RIVER 3370262 02000283 WS 9.8

Jef-0711 02100166 WG 9.4

Woo-0216 01900121 WG 9.2

Jef-0801 02100147 WG 7.6

Jef-0802 02100145 WG 7.2

Woo-0121 02000047 WG 6.5

Intake on SILCOTT FORK 19313070 02000214 WS 5.9

Ber-0856 02100113 WG 5.5

Intake on Hurricane Creek 19315460 02000248 WS 4.5
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Table 2.5. Sites with perfluoropentanoate detected above the reporting level for 279 
samples collected in West Virginia’s source-water supplies.

[PFPeA, perfluoropentanoate; ng/L, nanogram per liter; WG, groundwater; WS, surface water]

Site name
Record 
number

Medium 
code

PFPeA  
(ng/L)

Ber-0468 02100111 WG 19

Jac-0057 02000069 WG 17

Woo-0215 01900120 WG 11.4

Ber-0463 02100100 WG 8.9

Ber-0857 02100077 WG 8.7

Wyo-0292 02100065 WG 7.3

Jef-0802 02100145 WG 6.9

Woo-0216 01900121 WG 6.6

Intake on OHIO RIVER 3370262 02000283 WS 6.6

Jef-0801 02100147 WG 6.1

Intake on Hurricane Creek 19315460 02000248 WS 6

Jef-0803 02100146 WG 5.8

Intake on TYGART VALLEY RIVER 4352082 02100265 WS 5.7

Ber-0865 02100078 WG 5.4

Mar-0298 02100262 WG 5.2

Intake on FISHING CREEK North Fork 15429208 02100261 WS 4.9

Table 2.6. Sites with perfluorohexanesulfonate detected above the reporting level for 
279 samples collected in West Virginia’s source-water supplies.

[PFHxS, perfluorohexanesulfonate; ng/L, nanogram per liter; WG, groundwater; WS, surface water]

Site name
Record 
number

Medium 
code

PFHxS  
(ng/L)

Woo-0216 01900121 WG 81.4

Ber-0468 02100111 WG 70

Mal-0418 02000291 WG 57

Mal-0410 01900122 WG 35.7

Ber-0857 02100077 WG 31

Brk-0054 02100186 WG 22

Hnc-0043 02000062 WG 15

Mal-0106 02000289 WG 11

Ber-0856 02100113 WG 11

HAN01504 02100124 WS 11

Woo-0215 01900120 WG 8.5

Brk-0049 02100129 WG 8.1

Woo-0121 02000047 WG 6.5

Jac-0057 02000069 WG 5.9

Woo-0196 02000080 WG 5.2
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Table 2.7. Sites with perfluorobutanesulfonate detected above the reporting level for 
279 samples collected in West Virginia’s source-water supplies.

[PFBS, perfluorobutanesulfonate; ng/L, nanogram per liter; WG, groundwater; WS, surface water]

Site name
Record 
number

Medium 
code

PFBS  
(ng/L)

Woo-0216 01900121 WG 24.5

Ber-0866 02100112 WG 17

Mal-0418 02000291 WG 16

Hnc-0043 02000062 WG 8.3

Ber-0468 02100111 WG 7.6

Intake on OHIO RIVER 3824211 02100130 WS 7.3

Woo-0196 02000080 WG 6.2

Brk-0047 02000287 WG 5.9

Mas-0936 01900169 WG 5.0

HAN01504 02100124 WS 5

Mal-0106 02000289 WG 4.9

Woo-0215 01900120 WG 4.1

Table 2.8. Sites with perfluorohexanoate detected above the reporting level for 279 
samples collected in West Virginia’s source-water supplies.

[PFHxA, perfluorohexanoate; ng/L, nanogram per liter; WG, groundwater; WS, surface water]

Site name
Record 
number

Medium 
code

PFHxA  
(ng/L)

Woo-0215 01900120 WG 37.1

Ber-0468 02100111 WG 15

Woo-0216 01900121 WG 14.6

Jac-0057 02000069 WG 11

Ber-0857 02100077 WG 7.2

Intake on Hurricane Creek 19315460 02000248 WS 6.5

Jef-0802 02100145 WG 5.6

Hnc-0043 02000062 WG 4.9

Table 2.9. Sites with perfluoro-2-propoxypropanoate detected above the reporting level 
for 279 samples collected in West Virginia’s source-water supplies.

[HFPO-DA, perfluoro-2-propoxypropanoate; ng/L, nanogram per liter; WS, surface water; WG, ground-
water]

Site name
Record 
number

Medium 
code

HFPO-DA  
(ng/L)

Intake on OHIO RIVER 3370262 02000283 WS 9.5

Mer-0180 02100087 WG 8.9

Ber-0856 02100113 WG 5.8
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Table 2.10. Sites with perfluoropentanoate detected above the reporting level for 279 
samples collected in West Virginia’s source-water supplies.

[PFHpA, perfluoropentanoate; ng/L, nanogram per liter; WG, groundwater]

Site name
Record 
number

Medium 
code

PFHpA  
(ng/L)

Woo-0215 01900120 WG 58.3

Woo-0216 01900121 WG 14.6

Ber-0468 02100111 WG 7.4

Table 2.11. Sites with perfluoropentanesulfonate detected above the reporting level for 
279 samples collected in West Virginia’s source-water supplies.

[PFPeS, perfluoropentanesulfonate; ng/L, nanogram per liter; WG, groundwater; WS, surface water]

Site name
Record 
number

Medium 
code

PFPeS  
(ng/L)

Poc-0280 02100214 WG 12.4

Intake on Elk River 19323513 02000274 WS 8.1

Jef-0811 02100118 WG 5.1

Table 2.12. Sites with perfluorononanoate detected above the reporting level for 279 
samples collected in West Virginia’s source-water supplies.

[PFNA, perfluorononanoate; ng/L, nanogram per liter; WG, groundwater]

Site name
Record 
number

Medium 
code

PFNA  
(ng/L)

Jef-0802 02100145 WG 8
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For additional information, contact:
Director, Virginia and West Virginia Water Science Center 
U.S. Geological Survey
1730 East Parham Road Richmond, VA 23228

Or visit our website at: 
https://www.usgs.gov/centers/ 
virginia-and-west-virginia-water-science-center

Publishing support provided by the West Trenton Publishing 
Service Center
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H I G H L I G H T S G R A P H I C A L A B S T R A C T

• At least one PFAS was detected in 76 % of
161 Pennsylvania streams.

• Maximum PFOA & PFOS concentrations
were 16 ng/L & 23 ng/L, respectively.

• Percent development (> ~7.6 %) was a
primary driver of ∑PFAS hydrologic
yields.

• Electronics manufacturing & water pollu-
tion control facilities were top potential
PFAS sources.

• ∑PFAS yields associated to combined
sewage outfalls in oil & gas development
regions.
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The objectives of this study are to identify per- and polyfluoroalkyl substances (PFAS) in Pennsylvania surface waters,
corresponding associations with potential sources of PFAS contamination (PSOC) and other parameters, and compare
raw surface water concentrations to human and ecological benchmarks. Surface water samples from 161 streamswere
collected in September 2019 and were analyzed for 33 target PFAS and water chemistry. Land use and physical attri-
butes in upstream catchments and geospatial counts of PSOC in local catchments are summarized. The hydrologic yield
of the sum of 33 PFAS (∑PFAS) for each stream was computed by normalizing each site's load by the drainage area of
the upstream catchment. Utilizing conditional inference tree analysis, the percentage of development (>7.58 %) was
identified as a primary driver of the ∑PFAS hydrologic yields. When percentage of development was removed from
analysis, ∑PFAS yields were closely related to surface water chemistry associated with landscape alteration
(e.g., development or agricultural cropland), such as concentrations of total nitrogen, chloride, and ammonia,
but also to count of water pollution control facilities (agricultural, industrial, stormwater, and/or municipal waste
pollution abatement facilities). In oil and gas development regions, ∑PFAS yields were associated with combined
sewage outfalls. Sites surrounded by ≥2 electronic manufacturing facilities had elevated ∑PFAS yields (median =
241 ng/s/km2). Study results are critical to guide future research, regulatory policy, best practices that will mitigate
PFAS contamination, and the communication of human health and ecological risks associated with PFAS exposure
from surface waters.
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1. Introduction

Per- and polyfluoroalkyl substances (PFAS) are a broad class of chemi-
cally stable compoundsmanufactured since the 1940s, and to date, includes
thousands of chemicals used for applications including aqueous film
forming foams (AFFF), non-stick coatings, waterproof fabrics, food packag-
ing, composite wood, cosmetics, electronics manufacturing, and more
(Tansel, 2022; USEPA, 2022a; Wang et al., 2017; ITRC, 2020). The perfluo-
rocarbon moiety is the key structural characteristic that makes PFAS useful
to repel oil and water and resist heat, but consequently hinders degradation
and increases environmental persistence (Wang et al., 2017). The persis-
tence and distribution of PFAS in the environment, particularly in surface
and groundwater, is a human and environmental health concern because
it provides a major pathway of exposure to humans and biota (Ankley
et al., 2021; Sunderland et al., 2019; Lau et al., 2007).

Several adverse human health outcomes associated with exposure to
PFAS, typically perfluorooctanoic acid (PFOA) and perfluorooctanesulfonic
acid (PFOS), include decreased fertility, testicular and kidney cancers, high
cholesterol, autoimmune and thyroid problems, alterations in hormone
functioning, and developmental effects (Kwiatkowski et al., 2020). Thus,
to guide the establishment of PFAS drinking water guidelines, U.S. federal
and state regulatory agencies have prioritized research related to PFAS en-
vironmental fate and transport and land-use/water quality effects on PFAS
contamination in drinking water sources. In 2022, the U.S. Environmental
Protection Agency (USEPA) released updated interim drinking water
Health Advisory Levels (HAL) for PFOA, PFOS, hexafluoropropylene
oxide dimer acid and its ammonium salt (GenX chemicals), and
perfluorobutanesulfonate (PFBS) of 0.004 ng/L, 0.02 ng/L, 10 ng/L, and
2000 ng/L, respectively (USEPA, 2022b). In 2023, the USEPA proposed
drinking water maximum contaminant level (MCL) standards for the regu-
lation of PFOA and PFOS concentrations, in addition to an MCL Hazard
Index calculated for concentrations of GenX, PFBS, perfluorononanoate
(PFNA), and perfluorohexane sulfonate (PFHxS) (USEPA, 2023). Occur-
rences of PFAS contamination in U.S. surface waters, groundwater, and
public water supplies are commonly documented at concentrations that ex-
ceed the interimUSEPA PFOA and PFOS HAL (Hu et al., 2016; Bai and Son,
2021; Kolpin et al., 2021; McMahon et al., 2022; McAdoo et al., 2022). In
addition, PFAS have been detected in U.S. soil, sediment, and fish which
are other possible routes for human exposure (Brusseau et al., 2020;
ITRC, 2020; Bai and Son, 2021; Blazer et al., 2021).

Determining PFAS source, occurrence, and fate provides insight to envi-
ronmental sampling efforts and best land- andwaste-management practices
that monitor, remediate, and mitigate pollution. Source attribution of PFAS
is challenging because thousands of existing compounds are derived from
various manufacturing processes that cannot all be quantified with current
analytical capabilities (Wang et al., 2017). Additionally, plentiful sources,
widespread consumer use, and the environmental mobility of legacy
compounds can complicate source association with environmental PFAS
contamination (Wang et al., 2017; Kwiatkowski et al., 2020). Novel tech-
niques that elucidate sources of PFAS contamination in the environment
have utilized PFAS measurements, environmental variables, and spatial at-
tributes with a combination of regression, hierarchal clustering, and spatial
analysis to relate PFAS tofire training areas, airports, wastewater treatment
plants (WWTP), landfills, and textile mills (Hu et al., 2016; Ruyle et al.,
2021; Zhang et al., 2016; Kibbey et al., 2020; ITRC, 2020). To the best of
the authors' knowledge, this study provides the first U.S. statewide assess-
ment of streams that associates likely sources of total PFAS (analyzed
using USEPA Draft Method 1633; USEPA, 2021) to surface water hydro-
logic yields.

The overall objective of this study is to provide a baseline survey of
PFAS in Pennsylvania surface waters. A total of 193 environmental and
field quality-control sampleswere collected from 161 streams and analyzed
for 33 target PFAS and ancillary water chemistry. In addition to investigat-
ing the occurrence and spatial distribution of PFAS in Pennsylvania surface
waters, our study also explored potential sources of PFAS contamination
(PSOC) using a multivariate approach. More specifically, this study was

designed to characterize and quantify the levels of PFAS contamination
that occur in Pennsylvania stream surface waters, determine if relations
exist between PFAS and upstream catchment characteristics, physical attri-
butes, land use, local catchment PSOC, or ancillary water chemistry; and
determine if surface water concentrations of individual PFAS exceed eco-
logical benchmarks or interim USEPA HAL and proposed USEPA MCLs
for drinking water. The following hypotheses were assessed in this study:
1) statistically significant relations will exist between PFAS and ancillary
variables that are associated with sources of pollution and human-altered
landscapes, and 2) detections of PFAS will occur in a subset of streams at
levels that exceed human health guidance limits. Results from this study
can guide future research, regulatory policy, best practices that help to mit-
igate PFAS contamination, and the communication of human health and
ecological risks associated with PFAS exposure from surface waters.

2. Materials and methods

2.1. Study area

The Pennsylvania Water Quality Network (WQN) is a statewide, fixed-
station network of surface water sampling sites operated by the Pennsylva-
nia Department of Environmental Protection (PADEP) Bureau of Clean
Water (Lookenbill and Whiteash, 2021). The U.S. Geological Survey
(USGS) and PADEP have collected surface water samples at a portion of
WQN sites, starting in 2002, for the analysis of metals, nutrients, and
major ions, among others (Pennsylvania Water Science Center, 2020).
The WQN sites were selected for statewide PFAS sampling because of the
substantial amount of temporal data and robust spatial coverage provided
by the network. Active WQN sites of major streams that had an observed
median upstream catchment area of 606 km2 and ranged from 2.59 to
37,348 km2 (Lookenbill and Whiteash, 2021) were sampled to determine
the concentrations (Fig. 1) and hydrologic yields of a suite of PFAS
(Tables 1 and A1).

2.2. Sample collection and processing

In September of 2019, discrete surface water samples were collected
from 161 streams during a drought event in the Ohio Valley and Mid-
Atlantic and in southeastern Pennsylvania, United States (NOAA, 2019).
Samples were analyzed for 33 target PFAS and ancillary water chemistry
(pH, alkalinity, total dissolved solids, total nitrogen (TN), ammonia, chlo-
ride, and sulfate) (Duris et al., 2021). The PFAS and ancillary chemistry
samples were concurrently collected according to standard USGS surface
water sampling protocols (USGS, variously dated) with minor adjustments
for PFAS sampling. TheUSGS procedureswere designed to integrate the en-
tire stream channel (width and depth) into a single composite sample, via
equal-width-integrated sampling, multiple-vertical composite sampling,
or to represent the centroid-of-flow using a hand-dip method in small
streams (USGS, variously dated). The following adjustments were made
to standard USGS sampling procedures: 1) only polyethylene and polypro-
pylene equipment was used for collection; 2) equipment used for PFAS col-
lection was cleaned with one additional final methanol rinse than used for
inorganic sampling; 3) samples were collected by two individuals following
a clean-hands/dirty-hands procedure and the clean-hands sampler wore
elbow-length polyethylene gloves beneath nitrile gloves; 4) PFAS sample
bottles were processed first from the churn splitter (if used), then ancillary
chemistry were processed according to standard WQN/USGS procedures
(Lookenbill and Whiteash, 2021; USGS, variously dated).

Surface water samples were frozen and shipped on ice to SGS AXYS
Analytical Services Ltd. (British Columbia, Canada) for the extraction and
analyses of 33 target PFAS included in USEPA Draft Method 1633
(USEPA, 2021) using SGS AXYS Method MLA-110 that is based on
Taniyasu et al. (2005). Quality-assurance/quality-control (QA/QC) proto-
cols included the analyses of 16 field blanks and 16 environmental repli-
cates (Table A2). Additionally, SGS AXYS accreditation and laboratory
QA/QC comments and data qualifiers are available in Duris et al. (2021).
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Fig. 1.Map of 161Water Quality Network stream sites sampled once for surfacewater concentrations of 33 target PFAS in watersheds of Pennsylvania, September 2019. The
sum of 33 PFAS (ΣPFAS) concentrations in nanogram per liter (ng/L) at each site is displayed. Streams Strahler Order from Strahler (1952).

Table 1
PFAS family, group/subgroup, and detected substance concentrations (ng/L) and yields (ng/s/km2)measured in surfacewaters sampled once from161 streams inwatersheds
of Pennsylvania, September 2019. For full names of abbreviated groups/subgroups, substances, and all 33 target PFAS see Table A1. PFAS data from Duris et al. (2021).

Family Group or
subgroup

Detected substances (n) /target
substances (n)

Detected
substance

Concentration median
(range) in ng/L

Yield median (range) in
ng/s/km2

Streams with
detections (n)

Detection
frequency

ΣPFAS na (12/33) na 3.8 (nd–102) 11.9 (nd–833) 123 76 %
ΣPFCA (7/11) na 2.3 (nd–72) 8.9 (nd–657) 120 75 %

PFBA nd (nd–21) nd (nd–143) 47 29 %
PFPeA nd (nd–20) nd (nd–136) 68 42 %
PFHxA 0.9 (nd–12) 3.4 (nd–84.0) 97 60 %
PFHpA nd (nd–6.0) nd (nd–54.6) 53 33 %
PFOA 1.2 (nd–16) 3.6 (nd–175) 113 70 %
PFNA nd (nd–16) nd (nd–175) 21 13 %
PFDA nd (nd–1.2) nd (nd–8.2) 3 2 %

ΣPFSA (4/8) na 0.9 (nd - 40) 2.3 (nd - 197) 90 56 %
PFBS nd (nd–23) nd (nd–156) 72 45 %
PFPeS nd (nd–1.4) nd (nd–9.8) 2 1 %
PFHxS nd (nd–9.1) nd (nd–38.6) 40 25 %
PFOS nd (nd–23) nd (nd–100) 76 47 %

ΣFTSA (1/3) na nd (nd–17) nd (nd–278) 8 5 %
6:2 FTS nd (nd–17) nd (nd–278) 8 5 %

Target PFAS consisted of 33 PFAS, only detected substances are displayed. Measured compounds that were not detected include PFUnA, PFDoA, PFTrDA, PFTeDA, PFHpS,
PFNS, PFDS, PFDoDS, 4:2 FTS, 8:2 FTS, N-MeFOSAA, N-EtFOSAA, PFOSA (FOSA), N-MeFOSA, N-EtFOSA, N-MeFOSE, N-EtFOSE, HFPO-DA (Gen-X), ADONA, 9Cl-PF3ONS,
and 11Cl-PF3OUdS. n, number of; na, not applicable; nd, not detected; ng/L, nanogram per liter; ng/s/km2, nanogram per second per square kilometer; Σ, sum of PFAS in
family or group/subgroup.
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Samples for ancillary water chemistry were transported to the PADEP
Bureau of Laboratories and analyzed according to standard procedures
(Lookenbill and Whiteash, 2021). Ancillary chemistry data were retrieved
from the Water Quality Portal (NWQMC, 2022) (Table A3).

2.3. Geospatial analysis

Several land-use characteristics in the upstream catchment were in-
cluded in analysis to encompass the entire drainage areas of reaches.
Land use included 2019 USGS National Landcover Database percentages
of wetland, cropland, and developed land (the sum of open space, low-
intensity, medium-intensity, and high-intensity development) (Table A3;
Dewitz and USGS, 2021; data available in Duris et al., 2021).

Spatial data that provided counts of PSOC were obtained from PADEP
Bureau of Clean Water, Bureau of Safe Drinking Water, and Bureau of Oil
and Gas Planning; Pennsylvania Spatial Data Access (PASDA); and EPA Re-
gion 3. Spatial data layers were clipped to an approximate 16-km buffer
within each site's respective upstream catchment, to create a local catch-
ment scale that avoided potential point-source dilution and fate and trans-
port (settling) effects. Spatial layers containing facilities that have been
documented as potential sources of PFAS included water pollution control
facilities (WPCF; pollution abatement facilities that process, convey, store,
manage, treat, and/or release agricultural, industrial, stormwater, and/or
municipal waste; PADEP, 2021a),military installations (PASDA, 2009), air-
ports (GDT (Geographic Data Technology, Inc.)., 2004), fire training
schools (PADEP, 2019), combined sewer overflow outfalls (CSO) (USEPA,
2012), oil and gas (OG) wells (PADEP, 2021b), land recycling cleanup
locations (PASDA, 2021), EnviroFACTS industries (manufacturing or ser-
vice facilities with permitted discharges; PADEP, 2019), Superfund sites
(PADEP, 2019), and sinkholes (PADCNR, 2021) (Table A3). Inactive estab-
lishments, including those that had active sub-facilities, and Superfund lo-
cations that had no documented PFAS contamination were excluded from
analysis. All OG wells were included, regardless of status (i.e., active,

inactive, abandoned, plugged). The Standard Industrial Classification sys-
tem was utilized to further categorize EnviroFACTS industries into 14
major groups that were a part of the manufacturing or transportation, com-
munications, electric, gas, and sanitary services division (OSHA, 1987)
(Table A3).

2.4. Data preparation

The ancillary water chemistry non-detection (nd) values were assigned
one-half the method reporting level (RL) concentration for statistical anal-
ysis (Antweiler and Taylor, 2008). To quantify the level that non-detections
of individual PFAS could exist in surface waters, the median method RL
concentration of each PFAS is summarized in Table A1. Themedian RL con-
centrations ranged from 0.8 to 7.8 ng/L, depending on PFAS. The sum of 33
target PFAS (∑PFAS) concentrations detected at each stream are reported in
nanograms per liter (ng/L) and for statistical analysis, streams that had no
detections were assigned a random value (1.0 × 10−6 ng/L) between zero
and the method RL (Antweiler and Taylor, 2008). Individual PFAS and
∑PFAS concentrations and detection frequencies for 161 streams are sum-
marized (Table 1) and plotted (Figs. 1 and 2).

Instantaneous ∑PFAS mass load for each stream was computed follow-
ing procedures similar to Mueller and Spahr (2005) by multiplying the
∑PFAS concentration by the instantaneous streamflow (measured in the
field according to Rantz (1982)). Streams that had no PFAS detections
were assigned amass load of 1.0×10−6 nanograms per second to compute
hydrologic yield. The ∑PFAS hydrologic yield at each site was also com-
puted following procedures similar to Mueller and Spahr (2005). The in-
stantaneous ∑PFAS load for each stream was divided by the respective
drainage area of the upstream catchment to obtain the instantaneous
∑PFAS hydrologic yield at the site, hereafter referred to as ∑PFAS yield,
in units of nanograms per second per square km (ng/s/km2). Instantaneous
individual PFAS hydrologic yields at each site were also determined
(Table 1).

Fig. 2.Concentrations in nanogram per liter (ng/L) of A) 12 PFAS and B) ∑PFAS detected in surfacewaters sampled once from 161 streams in thewatersheds of Pennsylvania,
September 2019. Detection frequency (percentage) of A) individual compounds or B) ∑PFAS is displayed at the top of each box. Boxes depict interquartile ranges, thick
horizontal lines indicate medians, vertical lines extend to 5th and 95th percentiles, and dots are individual observations below 5th and above 95th percentiles.
Abbreviations are summarized in Table A1.
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2.5. Statistical analysis

Statistical analyses were computed in Windows 10 Enterprise, version
21H2 with 64-bit ISO and the R system (R Core Team, 2022) utilizing the
Hmisc (Harrell Jr, 2021), party (Hothorn et al., 2006a; Hothorn et al.,
2006b; Strobl et al., 2007), and partykit (Hothorn and Zeileis, 2015)
packages. Deviations from normality and in data typology exist in this
study, where attributes are mostly non-normal and are either discrete or
continuous. To determine relations between ∑PFAS yield and land use we
computed significant Spearman's rho correlations (Table A4). Themost sig-
nificant explanatory variables of ∑PFAS yield were determined utilizing
non-parametric conditional inference trees (ctree) that implement recur-
sive partitioning in a conditional inference framework (Hothorn et al.,
2006b). Ctree analysis can include both discrete and continuous attributes
and makes no assumptions about the underlying distribution of the data
(Hothorn et al., 2006b). Statistical results throughout the study are indi-
cated as significant at a 95 % confidence interval (alpha = 0.05).

To produce an interpretable representation of PFAS contamination
in streams, for the ∑PFAS yield ctree we included upstream catchment
physical and land-use parameters, local catchment PSOC, and site
water chemistry as independent variables (Table A3). The ctree algo-
rithm was tuned and optimized using default settings, except for the
maxsurrogate parameter (number of inner node surrogate splits) that
was set to three. Node medians for ancillary water chemistry were com-
puted to two or three decimal places, based on respective analytical pre-
cision, and are reported herein without rounding. For further details
about ∑PFAS yield ctree default tuning parameters and model perfor-
mances, including leave-one-out cross validation normalized-root
mean squared error, see Table A5.

3. Results and discussion

3.1. PFAS concentrations in surface waters of Pennsylvania

The detection of one or more PFAS occurred at 76 % of streams that
were sampled from September 3rd, 2019–September 26th, 2019. Of the
target PFAS, 36 % of compounds (12/33) were detected, including seven
perfluoroalkyl carboxylates (PFCA), four perfluoroalkane sulfonates
(PFSA), and one fluorotelomer sulfonate (FTSA) (Fig. 1 and Table 1). The
group/subgroup detection frequency (DF) among all sites was 75 % for
PFCA, 56 % for PFSA, and 5 % for FTSA (Table 1).

Thefivemost frequently detected compounds in streams includedPFOA
(DF=70%), PFHxA (DF=60%), PFOS (DF=47%), PFBS (DF=45%),
and PFPeA (DF = 42 %) (Fig. 2A). Detected compounds had relatively
lower molecular weights (MW) (median = 382 g/mol) and higher solubil-
ity than target PFAS that were not detected (median MW = 557 g/mol)
(see Table A1 for further details). Themost prevalent PFAS were consistent
with what others have observed in surface waters from the northeastern
United States and throughout the contiguous United States. More specifi-
cally, major detections of PFOA and PFOS were similar to what other stud-
ies have found in surface waters (NJDEP, 2014; McAdoo et al., 2022; Bai
and Son, 2021; Kolpin et al., 2021; Penland et al., 2020).

Throughout all sites, PFOA and PFHxAwere observed at 70% and 60%
of streams, respectively, however all other individual PFAS were observed
at<50% of streams and hadmedian concentrations that were below detec-
tion (Fig. 2A). Maximum concentrations of individual detected substances
ranged from 1.2 to 23 ng/L (Fig. 2A and Table 1). The median ∑PFAS con-
centration was 3.8 ng/L and ranged from nd–102 ng/L (Figs. 1 and 2B).
Maximum concentrations occurred in areas that had various PSOC ranging
from military bases and WPCF, to electronic/other electrical equipment
and components (except computer equipment) manufacturing facilities
(EECEF) and petroleum refining, among others (Table A6). PFAS detected
in this study are similar towhat others have detected near wastewater treat-
ment plants, military bases, and industrial facilities (Hu et al., 2016; Goode
and Senior, 2020; Filipovic et al., 2015; Lindstrom et al., 2011). Further
monitoring of PFAS exceedances in risk-based guidelines/standards could

be prioritized in these areas. Maximum concentrations of PFOA and PFOS
were 16 ng/L and 23 ng/L, respectively (Table 1).

The maximum PFOA concentration in this study was a fraction of the
maximum concentration detected in a survey of Washington state surface
waters (96 ng/L) that likely related toWWTP discharge and was several or-
ders of magnitude lower than the maximum concentration detected in Chi-
nese rivers (1590 ng/L) surrounded by extensive electronicsmanufacturing
(Kurwadkar et al., 2022). Conversely, the maximum PFOA and PFOS con-
centrations in this studywere roughly an order ofmagnitude higher in com-
parison to Brazilian rivers located near major urban and industrial centers
(Kurwadkar et al., 2022).

3.2. Urbanization and PFAS in surface waters of Pennsylvania

The median ∑PFAS yield among all streams was 11.9 ng/s/km2 and
maximum yields of individual detected substances ranged from 8.2 to
278 ng/s/km2 (Table 1). The ctree algorithm selected explanatory variables
and variable levels that led to discriminated ranges of observed∑PFAS yield
in 161 streams across Pennsylvania (Fig. 3 and Table A5). Overall, the most
statistically significant explanatory variable was percentage of develop-
ment in the upstream catchment. Streams with >23.22 % development
had the highest (Fig. 3, node 7, median = 269 ng/s/km2) and greatest dis-
persion in ∑PFAS yield. Upstream catchments that contained between ap-
proximately 7.58 % and 23.22 % development had a moderate ∑PFAS
yield (node 6 median = 58.4 ng/s/km2).

It should be noted that each ctree node only displays the most statisti-
cally significant explanatory variable. Along with percent development in
node 2 (Fig. 3), the count of karst sinkholes was also a statistically signifi-
cant explanatory variable of ∑PFAS yield (p = 0.010). Karst aquifers are
characterized by springs, caves, and sinkholes that are surrounded by a
low-permeability rockmatrix (USGS, 2021). Highly fractured karst settings
are often associated with high levels of organic contaminants due to the po-
tentially rapid infiltration of surface water and rapid movement of ground-
water through fractures and other karst terrain (Sloto, 1990; Lukač
Reberski et al., 2022). In addition to development, the ammonia concentra-
tion (≤0.07 or >0.07) was a top explanatory variable for ∑PFAS yield.
However, ammonia concentration only discriminated ∑PFAS yield in up-
stream catchments that contained ≤7.58 % development (Fig. 3).

To better characterize potential landscape sources of PFAS contamina-
tion, the percentage of development in the upstream catchment was ex-
cluded from further ctree analysis. The most statistically significant
explanatory variable that discriminated the highest ∑PFAS yields among
the 161 streams was electronics manufacturing facility (EECEF) count in
the local catchment, and 10 sites surrounded by≥2 EECEF had themost el-
evated ∑PFAS yields (median = 241 ng/s/km2) (Fig. A1, node 15 and
Tables A6 and A7).

The fabrication of electronics requires nanofabrication and photolithog-
raphy processes that utilize chemical mixtures containing various PFAS,
and in a separate study of wastewater from U.S. electronics manufacturing
facilities, PFBS and PFBA were among the dominant PFAS detected (Jacob
et al., 2021). The highest concentrations of PFBA occurred in wastewater
collected immediately after photolithography, andmaximum estimated cu-
mulative concentrations of target and nontarget PFAS concentrations were
on the order of 10,000 s of ng/L (Jacob et al., 2021). Likewise, we found
that ∑PFAS concentration at streams impacted by ≥2 EECEF discharges
in the local catchment were approximately an order of magnitude higher
(median = 42.8 ng/L) than the observed median (3.8 ng/L); however,
this site was also impacted by multiple other PSOC that could have
contributed to ∑PFAS concentration (Tables 1 and A6 and Fig. A1, node
15). Furthermore, detections of PFBS in our study occurred at streams
impacted by ≥2 EECEF discharges and the median concentration was
3.7 ng/L (Table A6). In comparison, the median PFBS concentration
among all the measured streams in this study was below detection
(0.8 ng/L) (Table 1).

In addition, the separate study of wastewater from U.S. electronics
manufacturing facilities (Jacob et al., 2021) found PFBA in photolithography
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wastewater and in down-process wastewater (consisted of photolithography,
other industrial, and/or biologically treated wastewater). In this study the
median PFBA yield at streams impacted by ≥2 EECEF discharges was
67.1 ng/s/km2, compared to a median PFBA yield among all streams that
was below detection. These results indicate that EECEF wastewater may
have been a prevalent PFAS source at Valley Creek and the other streams im-
pacted by ≥2 EECEF discharges in the local catchment (Table A6 and
Fig. A1, node 15).

To determine whether the results of the analysis would be significantly
impacted, a ctree algorithm that excluded percentage of development was
applied again to observations of ∑PFAS yield but we also excluded the
highest yielding study stream (Valley Creek). Upon exclusion, EECEF
count was no longer an explanatory variable, but all other explanatory var-
iables were retained (Figs. 4 and Table A5). Explanatory variables included
total nitrogen concentration, local catchment WPCF count, ammonia con-
centration, local catchment CSO count, and chloride concentration
(Fig. 4). To inform the understanding of source associations, the indepen-
dent variables for sites within each of the ∑PFAS yield ctree terminal
nodes in Fig. 4 were summarized (Table A7).

Elevated concentrations of chloride and total nitrogen have
been found in urban watersheds that receive wastewater discharge
(Stets et al., 2018; Sprague et al., 2007; Dubrovsky et al., 2010).

Thirty-two streams with the highest ∑PFAS yields in terminal node 13
had high percentages of upstream development (median = 22.7 %, all
site median = 6.7 %) (Fig. 4, node 13 and Tables 1, A3, and A7),
which confirms that upstream catchments with high development may
reflect more concentrated sources of contamination. However, the
drought conditions during sample collection potentially resulted in
chloride concentration as an explanatory variable because wastewater
discharges were a more prominent source of streamflow than would
be in wetter conditions. During normal hydrologic conditions or wetter
seasons, it is possible that chloride would not be an explanatory vari-
able. Further temporal monitoring could help to determine whether
PFAS relations to chloride are impacted by season and/or hydrology.

Globally, PFAS contamination in surface and groundwater has been re-
lated to industrial, military fire training areas, AFFF certified airports, land-
fills, and WWTP discharges that commonly exist in developed areas (Hu
et al., 2016; Filipovic et al., 2015; Lindstromet al., 2011). Point and/or non-
point sources of surface water contaminants are attributed to WPCF
(PADEP, 2021a). Point source WWTP discharges have been related to in-
creased PFAS in surface waters (Kolpin et al., 2021; Hu et al., 2016;
Schultz et al., 2006), and factors such as wastewater treatment technique,
population size served, and proximity ofWWTP have influenced concentra-
tions (Earnshaw et al., 2014; Podder et al., 2021).

Fig. 3. Conditional inference tree (ctree) of the instantaneous hydrologic yield of the sum of 33 PFAS (∑PFAS yield) in surface waters sampled once from 161 streams in the
watersheds of Pennsylvania, September 2019. The most statistically significant explanatory variables are displayed within ovals. The number of sites within each terminal
node (n) and the estimated median instantaneous ∑PFAS yield in nanogram per second per square kilometer (ng/s/km2) is displayed below each terminal node boxplot.
WPCF, water pollution control facility; dev_pct, percentage of development.

S.E. Breitmeyer et al. Science of the Total Environment 888 (2023) 164161

6

WG Ex. 55

2187



3.3. Agriculture and PFAS in surface waters of Pennsylvania

Concentrations of total nitrogen in large semi-wadable Pennsylvania
rivers that exhibit degraded water quality are elevated in both urban
areas and, to a greater extent, in agricultural areas that are impacted by run-
off from cropland fertilizer, manure, and animal feed lots (Clune and Capel,
2021; Clune et al., 2020; Dubrovsky et al., 2010; Shull, 2018). Surface
water chloride concentrations discriminated ∑PFAS yields in upstream
catchments with landscape alteration (development and agricultural crop-
land) that contained the highest percentages and roughly equal proportions
(about 22 %) of cropland (Fig. 4, nodes 12 and 13). Streams that had
>1.768 mg/L of total nitrogen and upstream catchments with landscape
alteration dominated by cropland (21.5 % cropland and 7.0 %
developed) had ≤33.47 mg/L of chloride and a median ∑PFAS yield of
11.9 ng/s/km2 (Fig. 4, node 12 and Table A7). However, streams that
had >1.768 mg/L of total nitrogen and catchments with landscape alter-
ation consisting of a similar portion of cropland (22.6 %), but higher devel-
opment (22.7 %), had >33.47 mg/L of chloride and the most elevated
∑PFAS yields (Fig. 4, node 13 and Table A7).

The occurrence of PFAS in surfacewater has been related to the applica-
tion of contaminated biosolids and recycled irrigation water to agricultural
cropland (Johnson, 2022; Kolpin et al., 2021; Gottschall et al., 2010). In this
study, the ∑PFAS yield in Pennsylvania streams were significantly associ-
ated with both cropland (Spearman's rho = 0.35, p < 0.001) and develop-
ment (Spearman's rho = 0.77, p < 0.001) in the upstream catchment
(Table A4). The median ∑PFAS yields were an order of magnitude apart

(11.9 or 156 ng/s/km2) for streams that had high total nitrogen levels
(>1.768 mg/L) and either a chloride concentration≤ or >33.47 mg/L, re-
spectively (Fig. 4, nodes 12 and 13). Therefore, sources of PFAS contami-
nants from cropland production may contribute to ∑PFAS yields in
Pennsylvania surface waters, although to a lesser extent than sources re-
lated to high development.

The effects of mixed landscapes (urban/suburban and agricultural
cropland) resulted in the discrimination of ∑PFAS yield by a total nitrogen
concentration ≤1.768 mg/L, WPCF count, and ammonia concentration.
Streams that had >45 WPCF in the local catchment were near urban/
suburban and, in some cases, industrial areas (median = 9.0 % develop-
ment), with portions of agricultural cropland (median = 12.1 %) outside
of the urban centers (Fig. 4, node 10 and Tables 1, A7, and A8). The esti-
matedmedian∑PFAS yieldwas 56.6 ng/s/km2 for streams that had total ni-
trogen ≤1.768 mg/L and >45 WPCF. Streams that had total nitrogen
≤1.768 mg/L, ≤45 WPCF, and ammonia >0.05 mg/L had an estimated
median ∑PFAS yield of 8.04 ng/s/km2 (Fig. 4, node 9) and had upstream
catchments with roughly equal proportions of development and cropland,
but development consisted primarily of open space (approximately 86 %,
Table A7). Elevated ammonia in surface waters is known to occur
downstream of urban areas and is often related to WWTP, stormwater dis-
charges, and runoff from the use of ammonia-rich fertilizer (Ghane et al.,
2016; Dubrovsky et al., 2010; Mueller and Helsel, 1996; Kolpin et al.,
2021). Results indicate that a suburban or transitioning-agricultural land
use may potentially affect ∑PFAS yields in some Pennsylvania upstream
catchments.

Fig. 4. Conditional inference tree (ctree) (excluding percentage of development) of the instantaneous hydrologic yield of the sum of 33 PFAS (∑PFAS yield) in surface waters
sampled once from 160 streams (highest yielding outlier site (Valley Creek) removed), in the watersheds of Pennsylvania, September 2019. The most statistically significant
explanatory variables are displayed within ovals. The number of sites within each terminal node (n) and the estimated median instantaneous ∑PFAS yield in nanogram per
second per square kilometer (ng/s/km2) is displayed below each terminal node boxplot. CSO, combined sewage overflow; mg/L, milligram per liter; WPCF, water pollution
control facility.
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3.4. Influence of rural oil and gas on PFAS in surface waters of Pennsylvania

Throughout central-western, northeastern, and southwestern Pennsylva-
nia, there are many conventional and/or unconventional OG wells (PADEP,
2022). Small rural towns (population <10,000) are spatially distributed
along major rivers or tributaries throughout oil and gas (OG) regions. Sev-
eral cities (i.e., Franklin, Oil City, Kittanning, and Punxsutawney) have com-
bined sewer overflow outfalls (CSO) but are surrounded by large portions of
forest in the Appalachian Plateau. Seven streams with≤1.768mg/L of total
nitrogen,≤45WPCF,≤0.05 mg/L of ammonia, and >1 CSO had a median
∑PFAS yield of 8.42 ng/s/km2 (Fig. 4, node 8). Although not a top explana-
tory variable in the ctree analysis, these streams contained amedian of 1548
OG wells in the local catchment (study median = 10 wells; Fig. 4 and
Tables A3, A7, node 8). The streams are located in five counties that were ei-
ther a part of the top ten Pennsylvania counties with permitted conventional
OG wells or the top three counties with unconventional OG wells (PADEP,
2022).

Pennsylvania streams near small rural towns surrounded by high OG de-
velopmentmay contain low levels of PFAS contamination, particularly PFOA,
the only compound that was above detection at node 8 sites (Tables A7 and
A8). For several decades, fluorosurfactants (i.e., perfluoroalkyl acids and
side-chain fluorinated polymers) have been used to enhance oil recovery pro-
cesses for conventional and unconventional OG drilling (Glüge et al., 2022;
Murphy and Hewat, 2008). The fluid and foams that are used for drilling
and hydraulic fracturing of gas wells can contain PFAS which increases solu-
tion wettability and emulsion formation and greatly increases petroleum hy-
drocarbon recovery (Hussain et al., 2022; Glüge et al., 2022; Murphy and
Hewat, 2008). Research documenting the impacts of OG development on
PFAS contamination in surface waters is limited, but in this study the CSO
surrounded by OG development in local catchments could be a potential
source of PFAS to surrounding streams.

3.5. Environmental and toxicology implications

Currently, there are no established ecological risk-based guidelines for
PFAS at the federal level, however, theUSEPA has draft aquatic life ambient
water quality criteria for PFOA and PFOS concentrations in freshwaters
(USEPA, 2022c; USEPA, 2022d). Additionally, Minnesota and Michigan
have established surface water thresholds (Ankley et al., 2021). In this
study, no measured PFOA and PFOS detections exceeded USEPA ecological
criteria or state thresholds. The concentration of PFOS (23 ng/L) detected
at Neshaminy Creek (at Langhorne) was slightly below the Michigan sur-
face water threshold (35 ng/L) for the protection of avian wildlife
(Ankley et al., 2021). Although no surface water PFAS concentrations in
this study exceeded these ecological thresholds, exposure pathways also in-
clude bed sediment and surface water foams, therefore, reliance on surface
water concentration thresholds may underestimate potential exposure risks
to biota, such as avian and aquatic species (Li et al., 2022; Kolpin et al.,
2021; Battelle., 2018).

The fluctuation of PFAS concentrations in surface water have been re-
lated to seasonal changes in hydrology and point source runoff (Podder
et al., 2021; Kurwadkar et al., 2022). In separate studies, inverse relations
between cumulative concentration and streamflow were observed (Kolpin
et al., 2021), however increases in riverine PFAS concentrations in the
rainy season have also been attributed to stormwater runoff as a potential
source (Kurwadkar et al., 2022). More frequent monitoring of point and
nonpoint source impacted areas, analysis of other environmental media,
and ecological benchmarks in various environmental media could
help determine whether future ecological studies at particular sites are
warranted.

A substantial source of PFAS exposure in humans occurs through the in-
gestion of contaminated drinking water (Sunderland et al., 2019; Kudo,
2015). This study did not focus on treated drinking water; however, all
Pennsylvania streams are protected for the designated use of potable
water supplies (PA Code Title 25 § 93.4., 1971). Contrary to ecological
guidelines, there are federally established interim non-enforceable human

health guidelines for PFOA, PFOS, PFBS, and GenX chemicals in drinking
water (USEPA, 2022b). In this study, both the median reporting level
(RL) for PFOA and PFOS (0.8 ng/L) were considerably higher than the
USEPA PFOA health advisory level (HAL) (0.004 ng/L) and PFOS HAL
(0.02 ng/L) (USEPA, 2022b; Table A1). Therefore, it is unknown whether
USEPA HAL exceedances occurred in surface waters that had no PFOA/
PFOS detections; however, results confirm that 70 % of streams exceeded
the USEPA PFOA HAL and detected concentrations ranged from 0.8 to
16 ng/L. Additionally, 47 % of measured streams exceeded the USEPA
PFOS HAL and detected concentrations ranged from 0.8 to 23 ng/L. In con-
trast, the median RL for PFBS (0.8 ng/L) and GenX (3.2 ng/L) were consid-
erably lower than the USEPA HAL of 2000 ng/L and 10 ng/L, respectively
(USEPA, 2022b), and there were no exceedances in Pennsylvania surface
waters and no detections of GenX in any streams. Although PFBS was
detected in 45 % of streams, the maximum concentration (23 ng/L) was
approximately two orders of magnitude lower than the USEPA HAL
(Table A1).

In contrast to the non-regulatory guidance HAL, the USEPA MCLs are
proposed standards of contaminant levels allowed in treated public drink-
ing water (USEPA, 2023). Of 161 streams that are protected for the use of
potable water (PA Code Title 25 § 93.4., 1971), 16 had exceedances in
the proposed USEPA MCL PFOA concentration (4 ng/L) and 11 had
exceedances in the proposed USEPA MCL PFOS concentration (4 ng/L)
(USEPA, 2023). Only two streams had exceedances in the proposed
USEPA Hazard Index (calculated from concentrations of Gen-X, PFBS,
PFNA, and PFHxS). The proposed USEPA Hazard Index for surface water
collected at Valley Creek (1.9) and Neshaminy Creek (1.2) exceeded the
proposed USEPA MCL Hazard Index (1.0) (USEPA, 2023; Table A9) for
drinking water.

Several conventional drinking water treatment techniques have been
documented as ineffective for the removal of major PFAS contaminants
(Xiao et al., 2013; Xiao et al., 2018). In laboratory studies of drinking
water treatment techniques, coagulation was found to remove ≤20 % of
PFOS and PFOA whereas chlorination and ozonation generated increased
levels of PFOA and ozonation generated increased levels of PFOS (Xiao
et al., 2013; Xiao et al., 2018). The potential insufficient removal of PFOA
and/or PFOS during conventional drinking water treatment techniques
could expose millions of people in Pennsylvania (i.e., roughly half of
the state's population that rely on treated drinking water sourced from sur-
face waters; PADEP, 2000) to concentrations of PFOA and/or PFOS that ex-
ceed the respective non-enforceable interim USEPA HAL. In-depth studies
that evaluate the difference in concentrations of PFOA and/or PFOS be-
tween source water and conventionally treated drinking water could pro-
vide further knowledge on the efficacy of drinking water treatment
techniques.

4. Conclusions

This study provides the first state-wide survey of PFAS concentra-
tions, yields, and association with potential contamination sources in
Pennsylvania surface waters. Statistically significant relationships
existed between PFAS and variables associated with sources of pollu-
tion and human-altered landscapes. Development in the upstream
catchment was the primary driver of ∑PFAS contamination. Water pol-
lution control and electronic manufacturing facilities in the local catch-
ment were the primary sources associated with ∑PFAS contamination in
surface waters, however for abatement efforts more targeted studies
could be designed to identify whether associations exist between PFAS
contamination and types of water pollution control or electronics
manufacturing facilities, and respective wastewater treatment tech-
niques. Information gained from this study could be used for future ex-
perimental designs that focus on PFAS trends in surface water, further
evaluate associated sources through the targeted sampling of individual
PFAS and allow for PFAS attribution from multiple sources. Addition-
ally, incorporating beyond USEPA Draft Method 1633 and utilizing a
combination of targeted (i.e., precursor) and non-targeted (i.e., total
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organic fluorine) analysis could provide better understanding of the
breadth of PFAS present and source attribution.

Surface water quality parameters that are commonly associated with
development and/or agricultural cropland, were also related to ∑PFAS con-
tamination. Sample collection in this study occurred during drought condi-
tions and further temporal monitoring could help determine whether PFAS
relations to water quality and point or diffuse contaminant sources are im-
pacted by season, hydrology, and runoff events. To the best of our knowl-
edge, this study provides the first description of ∑PFAS associations with
the local catchment sewer infrastructure in rural oil and gas development
regions. Sewage infrastructure surrounded by oil and gas development
(conventional and unconventional) in local catchments is a potential source
of PFAS to surrounding streams.

Incidence of PFOA and PFOS exceedances in interim human health
guidance limits and proposed standards for treated drinkingwater occurred
at a fraction of streams, indicating the need for effective water treatment
techniques to remove PFAS contaminants in potable water sourced from
raw surface water. Evaluating proximal sources, karst, and multiple spatial
scale effects could help further elucidate the potential effects of PFAS con-
taminant sources to surface waters.

This study adds to the limited body of literature on PFAS source as-
sociations and incidence of exceedances in human and biotic health
guidelines in surface water. This preliminary study provides a frame-
work for other studies that can enhance the understanding of the cumu-
lative effects of PFAS in surface waters to human and environmental
health. These study results are critical to determine the best practices
that can mitigate surface water contamination and potential exposure
to humans, as well as a wide range of aquatic species residing in the sur-
face waters of Pennsylvania and elsewhere as PFAS sources increase
with landscape alteration.
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I am David R. Brown Sc.D., a Public Health Toxicologist. (Cornell University BS 1 

Biochemistry, University of California at Berkeley MS Environmental Health, and Harvard 2 

University ScD in Physiology Toxicology). I organized and chaired the Toxicology programs at 3 

the University of Maryland School of Pharmacy and at Northeastern University. I was 4 

responsible for public health follow up while at the Center for Disease Controls’ Agency for 5 

Toxic Substances and Disease Registry. I also taught Ethics and the Environment at Fairfield 6 

University. My career has focused on public health and environmental exposures. My work has 7 

included analysis of the interactions between pathways of exposure and health. My Curriculum 8 

Vitae is attached as WG Ex. 56. 9 

I worked in southwest Pennsylvania with the Southwest Pennsylvania Environmental 10 

Health Project (“the Health Project”) from its inception and continued for nine years. My 11 

testimony will focus on how the Health Project came into being, the work we did, and the 12 

lessons we learned about oil and gas chemical exposures and the need for chemical disclosure 13 

from fracking sites. Last, I will provide testimony about the toxicity and health effects of 14 

exposure to perfluoroalkyl and polyfluoroalkyl substances (“PFAS”).   15 

Introduction 16 

Since 2012, the Health Project has worked to protect the health of people living in the 17 

shadow of shale gas development. We have provided guidance to global partners, extending 18 

outward from southwest Pennsylvania and across the United States to India and beyond. We 19 

have produced first-in-the-nation data on health symptoms associated with shale gas 20 

development and have presented our findings to residents, healthcare professionals and 21 

researchers, and policymakers at the local, state, and federal levels. We are also a model and 22 

featured resource at the Center for Disease Control’s Agency for Toxic Substances and Disease 23 
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Registry (ATSDR) as “an example of how public health and environmental professionals can 1 

address the physical and mental health impacts of contamination, including by providing 2 

extensive resources to local physicians" in areas affected by unconventional oil and gas 3 

development.1  4 

At the Health Project, we began by evaluating the health effects of the development of 5 

shale gas extraction in the region. Our work focused on the assessment of health effects and their 6 

causes. This report of our work is focused on the failure to disclose chemical exposures and 7 

health risks created when the public is misinformed.  8 

At the beginning, health professionals were recruited into the Health Project to meet with 9 

residents, their doctors, and consultants on nearby fracking and natural gas processing sites.  A 10 

major goal of the Health Project was to understand the pathways of human exposure to 11 

chemicals used throughout the fracking process.  Although the Health Project observed health 12 

damages in the residents near the oil and gas extractions sites from the beginning, lack of 13 

disclosure about the chemicals present and their use blocked efforts to understand the exact 14 

hazards the residents were exposed to.  Lack of disclosure presented difficulties in determining 15 

risks to local communities, diagnosis of affected people, and impacts to groundwater. For 16 

example: the industry publicly asserted that only typical household chemicals were present in 17 

fracking, such as those used in toothpaste. Years later, studies revealed that the industry used 18 

different cocktails of other, highly toxic materials in large amounts. Studies have also since 19 

demonstrated that the ultimate pathways of human exposure are contaminated drinking water and 20 

air emissions.2    21 

 
1 See WG Ex. 58 Agency for Toxic Substances and Disease Registry’s Community Stress Resource Center, 
Southwest Environmental Health Project webpage. 
2 WG Ex. 59 Weinberger, Greiner, Walleigh, Brown; Health symptoms in residents living near shale gas activity: A 
retrospective record review from the Environmental Health Project; Preventive Medicine Reports 8 (2017) 112–115. 
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We at the Health Project published some of the earliest scientific papers showing human 1 

exposure through water and inhalation of contaminated air.3  Notably, even given the intense 2 

research done, it only became revealed in recent years that PFAS has also been used in fracking 3 

fluids in Pennsylvania.4 4 

WildEarth Guardians has asked that I describe our early experiences responding to the 5 

human health risks from those chemical exposures encountered by residents in communities near 6 

oil and gas extraction.  Ours was a public health investigation modeled after ATSDR’s Health 7 

Assessment Format.  There are different phases to understanding the public health risks. They 8 

are:  9 

● 1) Determination of community concerns  10 

● 2) Determine the chemicals of concern  11 

● 3) Determine the pathways of exposures  12 

● 4) Health outcome evaluation  13 

● 5) Substance specific information  14 

● 6) Conclusions and recommendations 15 

 16 

 17 

 
3 See e.g. WG Ex. 60 Lewis C, Greiner LH, Brown DR (2018) Setback distances for unconventional oil and gas 
development: Delphi study results. PLoS ONE 13 (8): e0202462.; WG Ex. 59 Weinberger, Greiner, Walleigh, 
Brown; Health symptoms in residents living near shale gas activity: A retrospective record review from the 
Environmental Health Project; Preventive Medicine Reports 8 (2017) 112–115.; WG Ex. 61 Blinn HN, Utz RM, 
Greiner LH, Brown DR (2020) Exposure assessment of adults living near unconventional oil and natural gas 
development and reported health symptoms in southwest Pennsylvania, USA. PLoS ONE 15(8): e0237325.; WG 
Ex. 62 David R. Brown, Celia Lewis & Beth I. Weinberger (2015) Human exposure to unconventional natural gas 
development: A public health demonstration of periodic high exposure to chemical mixtures in ambient air, Journal 
of Environmental Science and Health, Part A, 50:5, 460-472.; WG Ex. 63 Rosmarin, Curtis Brown, Weather-based 
evaluation of exposure to airborne toxins to nearby residents, Environmental Advances 13 (2023) 100415. 
4 WG Exhibit 16 Dusty Horwitt and Barbara Gottlieb. Fracking with “Forever Chemicals” in Pennsylvania. 
Physicians for Social Responsibility (Oct. 2023). 
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Beginning   1 

When the chemicals and the risks are not known by either local public health officials or 2 

by those residents, the exposure and health effects cannot be understood.  3 

Background 4 

In the case of fracking in Pennsylvania, residents near extraction sites observed  5 

deaths to livestock, wild animals, and pets. Those who obtained water for domestic use from 6 

wells and springs experienced taste, smell, and appearance changes in drinking water, and 7 

unexplained headaches, rashes, and other sensory symptoms. Neither the causes or responsible 8 

chemicals were known. Specific information was not obtainable due to trade secrets, industrial 9 

practices, and public policies.  The Health Project went to health departments, but they had no 10 

information. State policy dictated that all questions about health effects associated with fracking 11 

be directed to the Governor’s office or state health department, but after questions were recorded 12 

in a file, no answers were provided. When companies were asked for information about 13 

chemicals directly, they withheld information as “trade secrets.” When companies applied for 14 

permits, only limited water testing was done. No air testing was required.  Except for explosions 15 

and fires, the residents in Pennsylvania were not even aware of the scope of unusual industrial 16 

activities in their rural neighborhoods.  17 

It was not until 2011 that Pennsylvania required that hydraulic fracturing chemicals be 18 

reported to the state.5 Even then, only partial information about chemicals in use was available to 19 

residents or their health providers. There was minimal involvement by the local or state health 20 

departments.  21 

Occasionally, an academic scientist would come by residents’ homes asking questions  22 

 
5 See WG Ex. 64 58 Pa.C.S.A. § 3222.1 
https://www.legis.state.pa.us/WU01/LI/LI/CT/HTM/58/00.032.022.001..HTM 
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about health or the environment as part of a study. The scientists would collect water samples 1 

and health data, but residents rarely heard from them again. In some cases the findings from 2 

those inquiries would appear in published academic journals two to three years later.6  3 

Impacted residents were “Doctor Shopping” as far as Chicago attempting to find 4 

treatments for their children’s emerging health conditions. When links between fracking and 5 

health problems were found, non-disclosure agreements were negotiated by the industry. These 6 

agreements prevented residents from sharing their experience or reaching out to health officials 7 

or to neighbors with similar exposures and health effects. Non-disclosure agreements also 8 

prevented the Health Project from further investigating the problem.  9 

Other NGOs 10 

About three or four years after the beginning of fracking, community-level Non-11 

Governmental Organizations (NGO’s) were being formed within impacted communities. The 12 

NGOs tried to lobby the governments for information and relief.  Some national level NGO’s 13 

also began to take interest.  The Southwest Pennsylvania Environmental Health Project was 14 

formed with assistance of major funders in the Pittsburgh area with the expectation that the 15 

health issues would be identified and ameliorated if public health agencies obtained factual data 16 

about public exposures to pollution from fracking sites. The Health Project developed an internal 17 

public health plan to address human health effects and chemical exposures.  Reduction of 18 

exposures through community education was a central component of the initial Health Project 19 

approach.  20 

Lessons learned by The Health Project 21 

 
6 See WG Ex. 65 Rabinowitz, et al., Proximity to Natural Gas Wells and Reported Health Status: Results of a 
Household Survey in Washington County, Pennsylvania, Environmental Health Perspectives, Volume 123,  Number 
1, January 2015. 
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A systematic Public Health Investigation conducted over several years identified the scope of 1 

human health risks and fracking in Southwest Pennsylvania. 2 

Community Concerns 3 

The project began with a Determination of Community Concerns. It quickly found a   4 

pattern of health effects in those living closest to fracking. Persons who drank from groundwater 5 

wells reported more clinical signs and symptoms. The health effects were consistent with higher 6 

exposures.  It appeared as if persons who showered in rural well water were having high 7 

exposures from inhalation of chemicals that had contaminated their water supplies and become 8 

airborne during showering. This suggested both potential water and air pathways of exposure. 9 

Although the specific signs and symptoms were not unique, the patterns of symptoms observed 10 

were unusual with respect to the percentage of persons reporting health effects and the range of 11 

health effects.  12 

The table on page 9 shows a comparison of health complaints between fracking  13 

communities in Pennsylvania and a similar population in New York where gas activity was 14 

planned but had not yet begun. The range of increased symptoms in the Pennsylvania 15 

communities suggested exposures to several different chemical agents. However, interpretation 16 

was complicated by the lack of information on which chemicals could be in the water or air 17 

exposures. Because industry was not required to disclose all chemicals used in the fracking 18 

process, the public health professionals working with the Health Project did not have the data 19 

needed to provide public health guidance to protect the communities in areas where fracking 20 

occurred.  21 

The public health method was applied using a process called a Needs Assessment. In that 22 

step, a survey was made of community members and agencies to determine the health effects 23 
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observed by clinicians and determine the capability of community resources.7  The health 1 

providers shared the following information on the health of residents: children experienced a 2 

‘failure to thrive’ as well as skin rashes, repeated nosebleeds at night, and other health effects. 3 

Some people mentioned that the water from faucets could be set on fire. At that time, other 4 

researchers observed an unusual level of birth issues (low birth weights and small size for 5 

gestational age) in the regions near fracking.8  6 

A systematic survey of the health of residents identified several health conditions present 7 

in the community. Air and water testing showed a pattern of chemicals present.  Subsequent 8 

reports have shown a complex combination of fracking and other chemicals at the sites.9  9 

Unexpectedly, there was no health or exposure information publicly available for workers in the 10 

shale gas extraction industry that could be used for comparisons.  11 

Determination of the chemicals of concern  12 

The Health Project next focused on identification of likely chemical exposures needed for 13 

linkage with health findings. However, incomplete chemical disclosures prevented the Health 14 

Project from making needed comparisons.  Instead, the Health Project itself had to conduct 15 

literature research and its own sampling of air and water.10 These measures slowly yielded the 16 

 
7 See WG Ex. 65 Rabinowitz et al, Proximity to Natural Gas Wells and Reported Health Status: Results of a 
Household Survey in Washington County, Pennsylvania, Environmental Health Perspectives, Volume 123, Issue 1 
Pages 21 - 26 (2015). 
8 See WG Ex. 66 Elaine L. Hill, “Shale Gas Development and Infant Health: Evidence from Pennsylvania,” Journal 
of Health Economics 61 (2018): 134–50. 
9 WG Ex. 59 Weinberger, Greiner, Walleigh, Brown; Health symptoms in residents living near shale gas activity: A 
retrospective record review from the Environmental Health Project; Preventive Medicine Reports 8 (2017) 112–115. 
10 WG Ex. 62 David R. Brown, Celia Lewis & Beth I. Weinberger (2015) Human exposure to unconventional 
natural gas development: A public health demonstration of periodic high exposure to chemical mixtures in ambient 
air, Journal of Environmental Science and Health, Part A, 50:5, 460-472.; WG Ex. 61 Blinn HN, Utz RM, Greiner 
LH, Brown DR (2020) Exposure assessment of adults living near unconventional oil and natural gas development 
and reported health symptoms in southwest Pennsylvania, USA. PLoS ONE 15(8): e0237325.; WG Ex. 59 
Weinberger, Greiner, Walleigh, Brown; Health symptoms in residents living near shale gas activity: A retrospective 
record review from the Environmental Health Project; Preventive Medicine Reports 8 (2017) 112–115. 
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information needed to begin to understand the risks and indicated ways that a resident might 1 

reduce their family’s exposures.  2 

The Health Project developed a list of chemical classes that appeared to be involved. The 3 

list is based on chemical analyses, human health responses, and the scientific literature. 4 

Subsequently, researchers have confirmed that chemicals in those classes are correct.11 It is not 5 

yet known whether the chemical lists are complete. Chemicals in the PFAS category were only 6 

found to also be present recently through the work of Physicians for Social Responsibility.12  7 

Today, in October 2024, there is more information about the chemicals used or formed in 8 

fracked oil and gas.13  However, there are still many chemicals we don’t know because of 9 

nondisclosure and uncertainty about how those chemicals react with each other to produce new 10 

chemicals. For the chemicals we do know, it is reasonably clear what health effects are present at 11 

different dose levels for each of those chemicals. But how the chemicals act on the body when 12 

inhaled or consumed as mixtures is still not known. There are 5 to 8 different classes of 13 

chemicals shown to be present in shale or oil and gas extraction and processing.14 They are: 14 

● Aromatic Hydrocarbons (Benzene toluene, xylene, ethylbenzene)  15 

● Short chain aliphatic hydrocarbons, (hexane, ethane, etc.) 16 

 
11 WG Ex. 67 Davis, C. D., Frazier, C., Guennouni, N., King, R., Mast, H., Plunkett, E. M., & Quirk, Z. J. (2023). 
Community health impacts from natural gas pipeline compressor stations. GeoHealth, 7, e2023GH000874.. 
12 See WG Exs. 13-19 
13 Health risks associated with certain oil and gas fracking chemicals are shown in the document prepared by the 
Health Project – WG Ex. 68 Environmental Health Project Summa Canister Chemical Sampling Guide 2021. 
Detailed academic publications have confirmed findings. See WG Ex. 62 David R. Brown, Celia Lewis & Beth I. 
Weinberger (2015) Human exposure to unconventional natural gas development: A public health demonstration of 
periodic high exposure to chemical mixtures in ambient air, Journal of Environmental Science and Health, Part A, 
50:5, 460-472.; WG Ex. 60 Lewis C, Greiner LH, Brown DR (2018) Setback distances for unconventional oil and 
gas development: Delphi study results. PLoS ONE 13 (8): e0202462.; WG Ex. 61 Blinn HN, Utz RM, Greiner LH, 
Brown DR (2020) Exposure assessment of adults living near unconventional oil and natural gas development and 
reported health symptoms in southwest Pennsylvania, USA. PLoS ONE 15(8): e0237325. 
14 WG Ex. 59 Weinberger, Greiner, Walleigh, Brown; Health symptoms in residents living near shale gas activity: 
A retrospective record review from the Environmental Health Project; Preventive Medicine Reports 8 (2017) 112–
115. 
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● Aldehydes irritants. (formaldehyde, acetaldehyde) 1 

● Halogenated aliphatic and aromatics (Chlorobenzene, dichloromethane) 2 

● Glycols (ethylene Glycol, propylene glycol) 3 

● Other unspecified. (radioisotopes. radon, radium)  4 

Pathways of exposure 5 

The primary exposure pathways to oil and gas chemicals were groundwater and surface 6 

water contamination15 and airborne exposures.16 There are two types of exposures, those that 7 

take place every day and the periodic episodes of extreme exposures which occur several hours a 8 

week or due to blow downs or accidents. The components of mixtures in the exposures differ 9 

depending on sources. Exposed populations range from healthy men to highly susceptible 10 

children and elderly.  11 

Even now, health workers are unable to obtain real time specific exposure information, or 12 

yearly amounts of releases in tons/year or any information at all about some chemicals such as 13 

PFAS. Lack of and misleading information is the main problem blocking determination of safety 14 

to residents and the workers.  15 

Health outcome evaluation  16 

Because of limited and undisclosed information about specific exposures, it is difficult to 17 

link the available exposure information at fracking sites with the biochemical understanding 18 

needed to establish safety guidance. The following is known about how the chemical exposures 19 

actually cause toxic (physiologic) damage in the body.  First, after entering the body by 20 

 
15 WG Ex. 34 U.S. EPA. Hydraulic Fracturing for Oil and Gas: Impacts from the Hydraulic Fracturing Water Cycle 
on Drinking Water Resources in the United States (Final Report). U.S. Environmental Protection Agency, 
Washington, DC, EPA/600/R-16/236F, 2016 
16 WG Ex. 69 Garcia-Gonzales et al., Hazardous Air Pollutants Associated with Upstream Oil and Natural Gas 
Development: A Critical Synthesis of Current Peer-Reviewed Literature, Annu. Rev. Public Health 2019. 40:283–
304. 
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inhalation, ingestion or dermal contacts, the chemical must be transported to a site sensitive to 1 

toxic injury, such as the lung, kidneys, or brain, for example. Chemical toxicity is usually 2 

understood at the level of cells and tissues and how the chemical actually acts on cells at each 3 

site. Primary actions occur at two or more locations, first on receptors by release of bioactive 4 

cellular transmitters or by interfering with a cell function such as membrane fluidity. In some 5 

cases, a critical biologic reaction is blocked. Some chemicals also bioaccumulate in lipids and 6 

other sites eventually reaching concentrations that cause injury. The chemicals frequently block 7 

actions involved with normal functions. Generally, the toxic effects stop when the chemical is 8 

removed from the body, usually eliminated thru the lung or as metabolites in urine. Some toxic 9 

effects are permanent.   10 

When reliable information about chemicals used at an oil and gas site is available, it is  11 

possible to characterize exposures and health hazards and to establish appropriate quantitative 12 

public health safety guidance. The pharmacokinetics17 of shale exposures offers a logical 13 

approach to determining the risk. Primary actions are determined by estimation of concentration 14 

at the likely receptor sites, such as eye, lungs, brain or energetics (liver metabolism).  When there 15 

is no reliable information about chemicals used at an oil and gas site, you cannot characterize the 16 

risk.                  17 

Steps in characterization of risk 18 

For example: Reliable data exists for particulate matter, which allows characterization of 19 

risk. PM 2.5 and smaller particles exacerbate asthma through a receptor mechanism in which PM 20 

2.5 increases transport of Volatile Organic Compounds (VOCs) to the deep lung and higher 21 

absorption, thus affecting upper and lower respiratory damage. 22 

 
17 Pharmacokinetics refers to the quantitative stages in exposure, uptake, actions and elimination of drugs or 
chemicals in the body.  
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Calculations of risk need to consider: 1 

● The number of exposures 2 

● The duration of the exposures 3 

● Time between exposures 4 

● The concentration of chemicals present in the mixture 5 

● The baseline of exposures 6 

 Table of health symptoms 7 

The following table from The Health Project studies shows that people near oil and gas 8 

wells have disproportionate symptoms than people in other areas. The likely explanation for 9 

difference in the rates of certain symptoms, such as headache and sore throat, suggest proximity 10 

to oil and gas wells. Other symptoms, such as ringing in the ears and numbness, appear not to be 11 

symptomatic of proximity.  The following health effects, which have been reported by residents, 12 

are characteristic of the chemicals found.  A location in New York State is shown for 13 

comparison. The Health Project and others have conducted similar comparisons that demonstrate 14 

a link between certain health effects and proximity to oil and gas operations.18 15 

 
18 WG Ex. 65 Rabinowitz, et al., Proximity to Natural Gas Wells and Reported Health Status: Results of 
aHousehold Survey in Washington County, Pennsylvania, Environmental Health Perspectives, Volume 123,  
Number 1, January 2015. 
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Symptoms 

Exposed population 
All SWPA average 
all cases 
N (77 ) 

Non exposed population 
New York Pre construction 

N (88) 
headache 42.90% 14.80% 
Sore throat 39.00% 5.70% 
cough 29.90% 5.70% 
Short of breath 28.60% 5.70% 
Sinus problems 27.30% 13.60% 
wheeze 22.10% 4.50% 
nausea 22.10% 3.40% 
Abdominal pain 19.50% 1.10% 
Eye irritation 16.90% 12.50% 
Ring ear 16.90% 15.90% 
Skin rashes 16.90% 8.00% 
weakness 14.30% 9.10% 
Speaking problems 14.30% 1.10% 
dizziness 14.30% 2.30% 
Heart palpitations 13.00% 6.80% 
numbness 13.00% 12.50% 
Nose bleed 11.70% 0.00% 
Joint pain 11.70% 15.90% 
Chest pain 10.40% 3.40% 
Hair loss 10.40% 0.00% 
Muscle ache 9.10% 11.40% 
Skin irritation 9.10% 4.50% 
Weight change 7.80% 4.50% 
Skin cysts 7.80% 3.40% 
vomiting 2.60% 0.00% 

 
Each of the actions on this list were reported to a health professional working with the 

Health Project. The effects of the chemicals listed from the scientific literature are similar to the 
effects identified by the Health Project: irritation of eyes, skin; headache, lassitude, central 
nervous system depression, poor equilibrium; dermatitis; cardiac arrhythmias; liver damage.19   
 

 
19 WG Ex. 68 Environmental Health Project Summa Canister Chemical Sampling Guide 2021. 
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In contrast to the health effects found, monitoring data from government and industrial 1 

sources assured the public that untoward exposures are not occurring.20 Health findings and air 2 

monitoring reports are in conflict with these governmental and industry sources.  Specifically, 3 

reports of acute onset sequelae in residents (respiratory, neurologic, dermal, vascular bleeding, 4 

abdominal pain, nausea, and vomiting) contrast with the assurances made by government and 5 

industry based on air monitoring data: Burnet Shale Texas (Bunch et al. 2013), Marcellus 6 

Shale Ambient Air sampling (Pennsylvania DEP 2010), City of Fort Worth Gas Air Quality 7 

Study (ERG  2011). 8 

Cancer 9 

Finally, Ewing sarcoma is a rare type of cancer that occurs in bones or in the soft tissue 10 

around the bones that has been identified at several sites in southwest Pennsylvania where 11 

fracking is present. Ewing sarcoma is more common in children and teenagers, but it can occur at 12 

any age. Ewing tumors (sarcomas) are not common. About 1% of all childhood cancers are 13 

Ewing tumors. Because only about 200 children and teens are diagnosed with Ewing tumors in 14 

the United States each year, multiple cases appearing in southwest Pennsylvania around the sme 15 

time did not seem reasonable to the public. Ewing sarcoma is one of the rarest cancers, but 16 

families in southwest Pennsylvania experienced frequent cases. About the same time, radium 17 

was found to be present in surface water downstream of facilities treating oil and gas waste.21 18 

Radium is known to cause bone cancers, and southwest Pennsylvania has a cluster of these 19 

facilities. A study conducted by the Health Department and the University of Pittsburgh School 20 

 
20 See WG Ex. 70 Report 1 of the Forty-Third Statewide Investigating Grand Jury (2020) 
21 WG Ex. 71 Lauren M. Badertscher, et al. Elevated sediment radionuclide concentrations downstream of facilities 
treating leachate from landfills accepting oil and gas waste, Ecological Indicators, Volume 154, 2023, 110616, 
ISSN 1470-160X, https://doi.org/10.1016/j.ecolind.2023.110616. 
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of Public Health did not confirm a statistical link between fracking and Ewing sarcoma, but it did 1 

find a link between fracking and leukemia.22  2 

PFAS 3 

How do these chemicals fit into the shale gas public health story?  Use in fracking, unknown 4 

until recently, thus not included in health evaluations. 5 

Per- and polyfluoroalkyl substances (PFAS) are stable in the environment, including 6 

groundwater, and enter the body where they bioaccumulates due to the chemical stability and 7 

resistance to metabolic elimination. These chemicals are highly toxic in the parts per trillion 8 

range compared to parts per million for most toxic compounds.  9 

Health actions 10 

In recent years, it was revealed that the oil and gas industry has used PFAS in fracking 11 

operations.23 It has also been confirmed that exposure to PFAS can cause hepatotoxicity, 12 

neurotoxicity, reproductive toxicity, immune toxicity, thyroid disruption, cardiovascular toxicity 13 

in humans and pulmonary toxicity, and renal toxicity in laboratory animals.24  14 

In May 2016, EPA established drinking water lifetime health advisories of 70 parts per 15 

trillion (0.07 micrograms per liter (μg/L)) for the combined concentrations of PFAS.25 16 

Subsequently, in April 2024, EPA established drinking water standards for 5 PFAS compounds 17 

as follows:  18 

 
22 WG Ex. 72 University of Pittsburgh School of Public Health, Hydraulic Fracturing Epidemiology Research 
Studies: Childhood Cancer Case-Control Study, August 3, 2023. 
23 See e.g., WG Ex. 13 Dusty Horwitt. Fracking with “Forever Chemicals.” Physicians for Social Responsibility 
(July 2021).  
24 WG. Ex. 73-A Fenton et al., Human health toxicity of per‐ and polyfluoroalkyl substances - Environmental 
Toxicology and Chemistry, 2021;40:606–630.; WG Ex. 73-B Betts, A Measure of Community Exposure: PFOA in 
Well Water Correlates with Serum Levels, Environmental Health Perspectives, Volume 119, Issue 1 
Page A35 (2011).  
25 WG Ex. 74 Federal Register, Vol. 81, No. 101 Wednesday, May 25, 2016. 
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Individual Maximum Contaminant Levels (MCLs) 1 

a. Perfluorooctanoic acid (PFOA) MCL = 4.0 nanograms per liter or parts per 2 

trillion (ng/L or ppt) 3 

b. Perfluorooctane sulfonic acid (PFOS) MCL = 4.0 ng/L 4 

c. Perfluorohexane sulfonic acid (PFHxS) MCL = 10 ng/L 5 

d. Perfluorononanoic acid (PFNA) MCL = 10 ng/L 6 

e. Hexafluoropropylene oxide dimer acid (HFPO-DA) MCL = 10 ng/L26   7 

These levels are extremely low compared to other health advisories and drinking water 8 

standards, an indication of very potent chemicals. Often, such highly toxic chemicals directly act 9 

on critical biocontrol systems in the body and bind tightly to receptors. There is accumulation in 10 

the body over time.  PFAS’s presence in the fracking fluid and the flowback water was not 11 

apparent when healthcare workers in Pennsylvania were trying to reduce the health effects for 12 

people who were consuming water near or in the gas extraction fields.  But two of three PFAS 13 

related actions were apparent, in the early screening for health effects: low birth weights and 14 

immune problems.  15 

PFAS compounds were introduced into commerce in the 1940s. Only recently, studies 16 

found that every person studied has been exposed, carrying serum PFOS levels of 2.5 PPT.  In 17 

states where there have been PFAS controls introduced, the serum levels decrease but the half 18 

life is 2.5 years. Persons studied near major sources of PFAS are at higher risks.   19 

Health concerns 20 

The National Health and Nutrition Examination Survey (NHANES) has measured PFAS 21 

levels in blood in the U.S. population since 1999. NHANES is a program of studies designed by 22 

 
26 WG Ex. 75 Federal Register, Vol. 89, No. 113 Tuesday, June 11, 2024. 
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the Centers for Disease Control and Prevention (CDC) to evaluate the health and nutrition of 1 

adults and children in the United States. NHANES data are publicly released in two-year cycles. 2 

Some toxins remain in the body for days or weeks, but PFAS remains in the body for 3 

years. As the use of some PFAS have declined, some blood PFAS levels have gone down as 4 

well. For example, since 2002 the production and use of PFOS and PFOA in the United States 5 

has declined. And, according to NHANES: 6 

● From 1999-2000 to 2017-2018, blood PFOS levels declined by more than 85%. 7 

● From 1999-2000 to 2017-2018, blood PFOA levels declined by more than 70%.27 8 

However, as PFOS and PFOA are phased out and replaced, people may be exposed to 9 

other PFAS.  10 

The average half-lives in humans for some PFAS were estimated to be 2.7 years for 11 

PFOA, 3.4 years for PFOS, and 5.3 years for PFHxS, with marked interindividual variation (Li et 12 

al. 2018).28 The estimates were in the same range as reported by others.29 Some PFOS 13 

compounds that contain additional branches from their main carbon backbone have a half-life 14 

that stretch into decades within the human body. In water, however, they can linger even longer. 15 

Some studies have suggested that PFOA has a half-life of more than 90 years, while for PFOS it 16 

is more than 41 years. 17 

 18 

 
27 WG. Ex. 76 ATSDR Website PFAS in the US population. Available at: https://www.atsdr.cdc.gov/pfas/health-
effects/us-population.html#print  
28 WG Ex. 77 Li Y, Fletcher T, Mucs D, et al., Half-lives of PFOS, PFHxS and PFOA after end of exposure to 
contaminated drinking water, Occupational and Environmental Medicine 2018;75:46-51. 
29 See e.g., Brede E, Wilhelm M, Göen T, Müller J, Rauchfuss K, Kraft M, et al. 2010. Two-year follow-up 
biomonitoring pilot study of residents’ and controls’ PFC plasma levels after PFOA reduction in public water 
system in Arnsberg, Germany. Int J. Hyg Environ Health 213(3):217–223.; and Olsen GW, Burris JM, Ehresman 
DJ, Froehlich JW, Seacat AM, Butenhoff JL, et al.2007. Half-life of serum elimination of perfluorooctanesulfonate, 
perfluorohexa-nesulfonate, and perfluorooctanoate in retired fluorochemical production work-ers. Environ Health 
Perspect 115(9):1298–1305.  
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Health implications and limitations 1 

Exposure to sufficiently elevated levels of certain PFAS may cause a variety of health 2 

effects including developmental effects in fetuses and infants, effects on the thyroid, liver, 3 

kidneys, certain hormones, and the immune system. Some studies suggest a cancer risk may also 4 

exist in people exposed to higher levels of some PFAS. Scientists and regulators are still working 5 

to study and better understand the health risks posed by exposures to PFAS. 6 

Failure to disclose PFAS chemicals in oil and gas means that public health tools, such as 7 

warning and reducing pathways of exposure, and human testing have not been considered. Yet 8 

studies in other areas have established that toxic effects occur at the extremely low parts per 9 

trillion range.  PFAS that enter the body through drinking water can stay in the body for years, 10 

affecting sensitive periods of development, reducing birth weights of children, and interfering 11 

with the immune system.  Longer exposures produce other serious health effects.     12 

In the face of such uncertainties, the standing Public Health Guidance is to “Break the 13 

Chain of Transmission” – stop the exposures because you don’t know what they are exposed to, 14 

i.e. leave the home.  In contrast, for oil and gas the argument is to comply with exposure 15 

standards and, when no standards exist, to ignore health concerns completely while waiting for 16 

peer reviewed evidence of a link between the exposure and a specific disease. 17 

 When documenting health effects in Pennsylvania, the Health Project was unaware that 18 

PFAS was present in oil and gas operations and therefore didn’t consider those specific chemical 19 

exposures. If there had been chemical disclosure, we would have known about the presence of 20 

PFAS, and we would have considered them specifically.  21 

 22 

 23 
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Community notification 1 

A core belief of the Health Project and most departments of health is respect for the 2 

autonomy of the residents exposed. In order to support the autonomy imperative, careful and 3 

timely (one month) constructed ‘Notifications’ are sent to each resident and to other persons 4 

placed at risk. Local media are included. Community meetings are an important component of 5 

community notification. 6 

PFAS releases into communities are notable because of the levels of risk indicated by 7 

high toxicity of trace amounts of the chemicals and the gaps in the expected information needed, 8 

as well as the long duration (years) the chemicals persist in soil and water. Moreover, in some 9 

cases, the people placed at high risk will not be conceived or born for decades. However, their 10 

safety is a critical part of the public health process, so data and related notifications should be 11 

accessible as long as the chemicals are present.  12 

Conclusion 13 

In summary, the human health risks from chemical exposures encountered by residents in 14 

communities near oil and gas extraction have raised widespread concerns.  There appear to be 15 

two pathways of exposure, water contamination and air contamination. Until the Environmental 16 

Health Project, there was not a systematic attempt to determine the public health risks in the 17 

region.  There are now specific studies published in the academic literature that document health 18 

hazards in populations exposed to shale gas and other activities.  Some residents have purchased 19 

monitors to test their own air and are drinking bottled water.   20 

It is my opinion, based on work in southwest Pennsylvania and other sites in the 21 

Northeast, that there are air and water exposures to a suite of chemicals that have actions 22 

consistent with those reported by residents.  Exposure to the chemicals have and will continue to 23 
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be a public health hazard for nearby residents. Lack of and misleading information is the main 1 

problem blocking determination of safety to residents and the workers.  2 

I have reviewed the proposed rule submitted by WildEarth Guardians. My understanding 3 

is that it bans the use of both PFAS and undisclosed chemicals in downhole oil and gas 4 

operations in New Mexico. Additionally, it requires community notification of chemicals used 5 

downhole in oil and gas operations.  6 

In Pennsylvania, we didn’t know the chemicals people were exposed to and therefore 7 

could not fully employ public health practices and procedures. It is my opinion, from a public 8 

health perspective, that without chemical disclosure you are in the same position in New Mexico. 9 

If you do not have thorough data from chemical disclosure, public health professionals are in the 10 

position of relying on incomplete data. 11 

This concludes my testimony, which is accurate to the best of my knowledge. 12 

/s/ David Brown                                                                      October 20, 2024 13 
David R. Brown ScD.            Date 14 
Westport, Connecticut. 15 
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Español

Community Stress Resource Center

Southwest Pennsylvania Environmental Health Project

Description:
Developed in the context of unconventional oil and gas development in Southwest Pennsylvania, this website oéers an
example of how public health and environmental professionals can address the physical and mental health impacts of
contamination, including by providing extensive resources to local physicians.

Target Situation:
Community members or local health care providers living in a community aéected by unconventional oil and gas
development who want to understand some of the potential health and stress impacts; or public health professionals who
seek an example of how to develop a comprehensive response and public-facing website page that addresses local
contamination.

Additional Reading:
Documents available on the website that may be of interest include:

1. A medical toolbox for health care providers

2. A summary pamphlet providing information about the mental health impacts of unconventional oil and gas development
for health care providers [PDF – 330 KB]

3. Proceedings from a community-facing webinar series dealing with health impacts of unconventional oil and gas
development [PDF – 734 KB]

4. A presentation that serves as an example of how to conduct focus group research on stress and resilience in a
contamination-impacted community [PDF – 1.19 MB]



 

 

 

VIEW THIS RESOURCE >> 

Resource Type:
Website

Source:
Southwest Pennsylvania Environmental Health Project

Publication Year:
2020

Target Audience(s):
Community members, physicians, public health professionals, environmental professionals

3 Keys Framework

10/18/24, 5:15 PM Southwest Pennsylvania Environmental Health Project | Resources | Community Stress Resource Center | ATSDR

https://www.atsdr.cdc.gov/stress/resources/pages/061.html 1/2

WG Ex. 58

2215

https://www.atsdr.cdc.gov/es/index.html
https://www.atsdr.cdc.gov/
https://www.atsdr.cdc.gov/stress/index.html
https://www.environmentalhealthproject.org/medical-toolbox
https://www.environmentalhealthproject.org/medical-toolbox
https://www.environmentalhealthproject.org/medical-toolbox
https://www.environmentalhealthproject.org/medical-toolbox
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/mental-health-in-communities-with-uogd_0.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/mental-health-in-communities-with-uogd_0.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/mental-health-in-communities-with-uogd_0.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/mental-health-in-communities-with-uogd_0.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/mental-health-in-communities-with-uogd_0.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/mental-health-in-communities-with-uogd_0.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/mental-health-in-communities-with-uogd_0.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/mental-health-in-communities-with-uogd_0.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/mental-health-in-communities-with-uogd_0.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/mental-health-in-communities-with-uogd_0.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/uog-webinar-proceedings-2016.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/uog-webinar-proceedings-2016.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/uog-webinar-proceedings-2016.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/uog-webinar-proceedings-2016.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/uog-webinar-proceedings-2016.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/uog-webinar-proceedings-2016.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/uog-webinar-proceedings-2016.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/uog-webinar-proceedings-2016.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/uog-webinar-proceedings-2016.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/uog-webinar-proceedings-2016.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/reducing-stress-and-enhancing-resilience-a-model.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/reducing-stress-and-enhancing-resilience-a-model.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/reducing-stress-and-enhancing-resilience-a-model.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/reducing-stress-and-enhancing-resilience-a-model.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/reducing-stress-and-enhancing-resilience-a-model.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/reducing-stress-and-enhancing-resilience-a-model.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/reducing-stress-and-enhancing-resilience-a-model.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/reducing-stress-and-enhancing-resilience-a-model.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/reducing-stress-and-enhancing-resilience-a-model.pdf
https://www.environmentalhealthproject.org/sites/default/files/assets/resources/reducing-stress-and-enhancing-resilience-a-model.pdf
https://www.environmentalhealthproject.org/health-issues
https://www.environmentalhealthproject.org/health-issues
https://www.environmentalhealthproject.org/health-issues
https://www.environmentalhealthproject.org/health-issues


Contents lists available at ScienceDirect

Preventive Medicine Reports

journal homepage: www.elsevier.com/locate/pmedr

Short communication
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A R T I C L E I N F O
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A B S T R A C T

Increasing evidence demonstrates an association between health symptoms and exposure to unconventional
natural gas development (UNGD). The purpose of this study is to describe the health of adults in communities
with intense UNGD who presented for evaluation of symptoms. Records of 135 structured health assessments
conducted between February 2012 and October 2015 were reviewed retrospectively. Publicly available data
were used to determine proximity to gas wells. Analysis was restricted to records of adults who lived within 1 km
of a well in Pennsylvania and denied employment in the gas industry (n = 51). Symptoms in each record were
reviewed by a physician. Symptoms that could be explained by pre-existing or concurrent conditions or social
history and those that began or worsened prior to exposure were excluded. Exposure was calculated using date of
well drilling within 1 km. The number of symptoms/participant ranged from 0 to 19 (mean = 6.2; SD = 5.1).
Symptoms most commonly reported were: sleep disruption, headache, throat irritation, stress or anxiety, cough,
shortness of breath, sinus problems, fatigue, nausea, and wheezing. These results are consistent with findings of
prior studies using self-report without physician review. In comparison, our results are strengthened by the
collection of health data by a health care provider, critical review of symptoms for possible alternative causes,
and confirmation of timing of exposure to unconventional natural gas well relative to symptom onset or ex-
acerbation. Our findings confirm earlier studies and add to the growing body of evidence of the association
between symptoms and exposure to UNGD.

1. Background

The public's health should be a consideration when there is wide-
spread adoption of new industrial activity such as extraction of natural
gas through hydraulic fracturing, commonly referred to as “fracking”.
Hydraulic fracturing, the injection of pressurized water, chemicals and
sand into a well bore to increase production of oil or gas, was first used
in conventional vertical wells drilled into discrete oil or gas reservoirs.
In recent years, the development of high volume, high pressure hy-
draulic fracturing, combined with directional drilling, has facilitated
the extraction of oil and gas from unconventional reservoirs, such as
shale and other “tight” geologic formations, where the oil and gas is
distributed throughout the formation rather than in defined reservoirs.
Proponents of hydraulic fracturing cite benefits such as reduced de-
pendence on foreign oil and job creation in local communities. Public
health professionals and others have raised concerns about short- and
long-term health and environmental impacts.

Hydraulic fracturing is part of a larger process of extracting, pro-
cessing and transporting natural gas. Taken together, it is referred to as
unconventional natural gas development (UNGD). UNGD sites include
well pads, where the hydraulic fracturing occurs, compressor stations,
metering stations, and processing plants, all of which release emissions.

Air and water monitoring near well pads have documented the
presence of multiple compounds with known human health effects,
both short- and long-term. Compounds of concern are volatile organic
compounds including benzene, associated with short-term effects of
headache and dizziness and long-term effects of aplastic anemia and
leukemia (ATSDR, 2015); toluene, associated with headaches, sleepi-
ness, confusion, and possible permanent neurological damage (ATSDR,
2011a) ethylbenzene, associated with symptoms of eye and throat ir-
ritation and a possible carcinogen (ATSDR, 2011b) and xylene, asso-
ciated with eye, nose, throat, and skin irritation and possible long-term
neurologic effects (CCOHS, 2017).

Other compounds with documented adverse health outcomes
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include particulate matter, associated with asthma attacks, acute
bronchitis, and reduced lung function (OSHA, 2013), methylene
chloride, associated with cancer (ATSDR, 2011c), and hydrogen sulfide,
associated with eye, nose, and throat irritation and asthma (ATSDR,
2011d). Our understanding of the human health impacts of exposure,
however, is hampered by the absence of human toxicity information on
75–80% of the chemicals used in this process (Elliott et al., 2016). In
addition to chemical emissions, UNGD produces noise and light ex-
posures at levels that may increase the risk of adverse health outcomes,
including annoyance, sleep disturbance, and cardiovascular symptoms
(Hays et al., 2017).

Self-report studies have consistently documented skin irritation and
rash; respiratory symptoms including difficulty breathing; nose, throat,
and sinus problems; gastrointestinal disturbances; headache; sleep dis-
ruption; and psychological symptoms including stress (Saberi, 2013;
Ferrar et al., 2013; Rabinowitz et al., 2015; Steinzor et al., 2013). These
studies relied on self-report of symptoms, obtained either through a
survey “check-list” that was self-administered (Saberi, 2013; Steinzor
et al., 2013) or administered by a research assistant (Rabinowitz et al.,
2015). In one study a semi-structured interview was used (Ferrar et al.,
2013). With the exception of the study conducted by Rabinowitz and
colleagues (Rabinowitz et al., 2015), these studies used convenience
samples that ranged in size from 33 to 108. Rabinowitz et al. used
randomized subject selection and did not refer explicitly to UNGD in
the survey process. Two studies included an estimate of exposure.
Steinzor et al. demonstrated compounds with known human health
effects in air and water samples; symptoms reported by participants
were consistent with these effects. Rabinowitz et al. found increased
prevalence of skin and respiratory symptoms was associated with in-
creased proximity to natural gas wells.

Limitations of the self-report studies include the use of convenience
samples and possible recall bias on the part of the participant. Onset
and/or exacerbation of self-reported symptoms may be subject to recall
bias on the part of the participant, particularly if the participants have a
high level of awareness of the risks associated with exposure and/or
understand the purpose of the study. None of the self-report studies
incorporated review of data by a health care provider.

More recently, several population-based studies using publicly
available or health system data have documented an association with
poor birth outcomes (Casey et al., 2015; McKenzie et al., 2014; Stacy
et al., 2015) asthma exacerbation (Rasmussen et al., 2016), infant
mortality (Busby and Mangano, 2017), and childhood acute lympho-
cytic leukemia.(McKenzie et al., 2017) One other study demonstrated
an association with migraine, chronic rhinosinusitis, and fatigue,
symptoms previously documented in the other self-report studies.
(Tustin et al., 2016)

The purpose of the present study is to describe the symptoms re-
ported in a sample of Pennsylvania residents who lived in close proxi-
mity to unconventional gas wells. We conducted a retrospective review
of 135 health assessment records of individuals who live in the
Marcellus Shale region of the United States. The health assessments had
been conducted by family nurse practitioners in collaboration with an
occupational medicine physician. Because available evidence suggests
that health impacts are related to proximity to wells, with symptoms
more likely in individuals who live in closer proximity to gas wells
(Rabinowitz et al., 2015; Casey et al., 2015; McKenzie et al., 2014;
Stacy et al., 2015; Rasmussen et al., 2016; McKenzie et al., 2017; Tustin
et al., 2016), this review was restricted to the records of individuals
who lived within 1 km of at least one gas well. The study was reviewed
and approved by the Duquesne University Institutional Review Board.

2. Method

Family nurse practitioners at the Southwest Pennsylvania
Environmental Health Project (EHP) have been systematically col-
lecting health data from residents of communities located near UNGD

sites since 2012. This service was developed to meet the needs of re-
sidents who were concerned about health impacts and who sought
evaluation by a health care professional. Services are advertised on the
EHP website, local media, community meetings, and word-of-mouth
and are offered at no charge. The health records of these clients provide
a dataset of health symptoms reported by those living in proximity to
UNGD sites.

Between February 1, 2012 and October 31, 2015, 135 children and
adults completed the standardized health assessment, typically con-
ducted face-to-face by a family nurse practitioner. The health assess-
ments were conducted according to standard clinical practice for col-
lecting a medical history and included current problems, review of
systems, past medical history, family history, and social history. When
indicated by the interview, a targeted physical examination was con-
ducted. Individuals who completed this health assessment did so for
their own personal health information.

All 135 records were reviewed by a team of health care providers
that included a physician who is board certified occupational medicine
(LW) and at least one nurse practitioner. Records were excluded if they
were incomplete at the time of the review (n = 2); the client was<
18 years of age (n = 21); the client reported employment in the gas
industry (n= 7); client resided in a state other than Pennsylvania
(n = 28); client did not report any symptoms at the time of the health
assessment (n = 3). After these exclusion criteria were applied, 74 re-
cords remained.

2.1. Proximity to unconventional natural gas wells

One author (BW) used publicly available data to determine the
number of unconventional natural gas wells located within 1 km of
each residence for the 74 records. Publicly available data includes lo-
cation and “SPUD” date, or date drilling began. Using ArcGIS, the home
address was used to calculate the distance from the home to the nearest
well(s). Records were excluded if it was not possible to verify at least
one gas well within 1 km of the residence (n = 23). After this criterion
was applied, 51 records remained.

2.2. Symptom inclusion criteria

Prior to review of the records, the physician (LW) and nurse prac-
titioner developed and implemented the symptom inclusion criteria.
Each symptom recorded in the health assessment was reviewed in the
context of past medical and surgical history, concurrent medical con-
ditions, family and social history, and environmental exposures un-
related to UNGD. If a plausible cause for the symptom was identified,
the symptom was not included in the analysis. For example, if the social
history indicated a ½ pack/day smoking history, the symptom of “dif-
ficulty breathing” was not included. Symptoms were included only
when there was no possible cause evident in the health assessment
record. The records were not reviewed with the intent of establishing or
confirming a diagnosis, but to determine if a plausible explanation for
the symptom could be identified.

Independently, BW determined timing of the exposure for each
symptom that met the inclusion criteria, using the SPUD date for each
unconventional natural gas well within 1 km. The earliest SPUD date
for wells within 1 km of the residence was considered the beginning of
exposure to UNGD. The date of onset/exacerbation of each symptom
was available in the health assessment record. If the date of onset/ex-
acerbation of a symptom occurred prior to the earliest SPUD date for
wells within 1 km, that symptom was not included in the analysis.
Symptoms were included only if the onset/exacerbation occurred after
the date of first exposure, estimated by the earliest SPUD date.

Descriptive statistics were used to determine frequency, distribu-
tion, and variance.
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3. Results

The 51 adults included in this record review had reported at least
one symptom on their health assessment, denied occupation exposure
related to natural gas extraction and lived in Pennsylvania within 1 km
of an unconventional natural gas well. The average age of this sample
was 57 (SD = 12.3), with a range of 24–85. More than half (56.8%)
were female and the majority (83%) were married. Each individual
lived within 1 km of a gas well; the number of wells ranged from 1 to
16, (mean 5.7, SD 3.6). A total of three counties in Pennsylvania are
represented in this sample: Washington (n = 47), Butler (n= 3), and
Bedford (n = 1) counties.

In this sample, all individuals reported at least one symptom at the
time of the health assessment. The number of symptoms reported
ranged from 1 to 19, with an average of 7.2 (SD = 4.9). Not all of the
symptoms reported met the inclusion criteria (i.e., symptoms began or
worsened after exposure to UNGD and could not be explained by a pre-
existing or concurrent health condition). Some symptoms reported by
19 individuals (37%) did not meet inclusion criteria and were excluded,
although the individuals remained in the analysis. The number of
symptoms excluded/individual ranged from 1 to 7, with an average of
2.4 symptoms. For five of the 19 individuals, all reported symptoms
were excluded.

The number of symptoms meeting inclusion criteria ranged from 0
to 19 with a mean of 6.2 (SD = 5.1) symptoms/individual. The most
frequently reported symptoms that met inclusion criteria were sleep
disturbance, headache, throat irritation, stress/anxiety, cough, short-
ness of breath, sinus, fatigue, wheezing, nausea (> 20% of sample).

Symptoms shown in Table 1 were reported by at least 10% of the
sample. Symptoms not shown on Table 1, reported by< 10% of the
sample were: weight change, hearing loss, vomiting, burning skin, and
depression.

4. Discussion

The symptoms reported by residents of southwestern Pennsylvania
who live within 1 km of an unconventional natural gas well are con-
sistent with those reported in other self-report studies. The most com-
monly reported symptoms in this sample of adults were sleep disrup-
tion, headache, throat irritation, stress/anxiety, cough, shortness of
breath, sinus problems, fatigue, nausea, and wheezing.

Limitations of this study include use of self-report data and a con-
venience sample. However, our methodology mitigates some of the
limitations typically associated with this type of data and strengthens
our results. Reported symptoms were abstracted from health records
obtained by a nurse practitioner in consultation with a physician. Each
symptom was evaluated using criteria to establish onset or exacerbation
of the symptom relative to exposure to UNGD and to rule out other
plausible explanations for the symptom. Only those symptoms that
could not be explained by evidence in the health record (i.e., medical,
surgical, or social history) and had a date of onset or exacerbation after
exposure to UNGD began were included in the analysis.

Both the collection of symptom data, and the inclusion criteria used,
distinguish this study from others that rely only on self-report. In
comparison to such studies, our results are strengthened by the col-
lection of health assessment data by a health care provider, critical
review of symptoms for possible alternative causes, and confirmation of
timing of exposure relative to symptom onset or exacerbation.

Health care providers whose clients live or work in communities
where unconventional techniques are used to extract natural gas and/or
oil should be alert to the possibility of environmental exposures.
Symptoms, particularly those that are unexplained by concurrent
medical conditions, may be related to environmental exposures.

Funding

This work was supported by Heinz Endowments (E4442),
Pittsburgh, PA. Heinz Endowments had no role in study design; col-
lection, analysis and interpretation of data; writing of the report; or the
decision to submit the article for publication.

Conflict of interest

The authors declare no conflict of interest.

References

ATSDR, 2011a. Toluene. Available at: Agency for Toxic Substances and Disease Registry
Toxic Substances Portalhttp://www.atsdr.cdc.gov/substances/toxsubstance.asp?
toxid=29, Accessed date: 13 February 2017.

ATSDR, 2011b. Ethylbenzene. Available at: Agency for Toxic Substances and Disease
Registry Toxic Substances Portalhttps://www.atsdr.cdc.gov/substances/
toxsubstance.asp?toxid=66, Accessed date: 13 February 2017.

ATSDR, 2011c. Methylene chloride. Available at: Agency for Toxic Substances and
Disease Registry Toxic Substances Portalhttp://www.atsdr.cdc.gov/substances/
toxsubstance.asp?toxid=42, Accessed date: 13 February 2017.

ATSDR, 2011d. Hydrogen sulfide carbonyl sulfide. Available at: Agency for Toxic
Substances and Disease Registry Toxic Substances Portalhttp://www.atsdr.cdc.gov/
substances/toxsubstance.asp?toxid=67, Accessed date: 13 February 2017.

ATSDR, 2015. ToxFAQsTM for benzene. Available at: Agency for Toxic Substances and
Disease Registry Toxic Substances Portalhttps://www.atsdr.cdc.gov/toxfaqs/tf.asp?
id=38&tid=14, Accessed date: 13 February 2017.

Busby, C., Mangano, J., 2017. There's a world going on underground—infant mortality
and fracking in Pennsylvania. J. Environ. Prot. 8, 381–393.

Casey, J.A., et al., 2015. Unconventional natural gas development and birth outcomes in
Pennsylvania, USA. Epidimiology. http://dx.doi.org/10.1097/EDE.
0000000000000387.

CCOHS, 2017. Xylene. Available at: Canadian Centre for Occupational Health and Safety
OSH Answers Fact Sheethttp://www.ccohs.ca/oshanswers/chemicals/chem_profiles/
xylene.html, Accessed date: 13 February 2017.

Elliott, E.G., Ettinger, A.S., Leaderer, B.P., Bracken, M.B., Deziel, N.C., 2016. A systematic
evaluation of chemicals in hydraulic-fracturing fluids and wastewater for re-
productive and developmental toxicity. J. Expo. Sci. Environ. Epidemiol. http://dx.
doi.org/10.1038/jes.2015.81.

Ferrar, K.J., et al., 2013. Assessment and longitudinal analysis of health impacts and

Table 1
Symptoms meeting inclusion criteria that were reported between February 2012 and
October 2015 by 51 adults who lived within 1 km of an unconventional natural gas well
in Pennsylvania.

Symptoms # Reporting % Reporting

Sleep disruption 22 43.1%
Headache 21 41.2%
Throat irritation 20 39.2%
Stress/anxiety 19 37.3%
Cough 17 33.3%
Shortness of breath 15 29.4%
Sinus problems 15 29.4%
Fatigue 12 23.5%
Nausea 12 23.5%
Wheezing 11 21.6%
Itchy eyes 11 21.6%
Weak/drowsy 9 17.6%
Abdominal pain 9 17.6%
Irritable moody 9 17.6%
Painful/dry eyes 8 15.7%
Painful joints 8 15.7%
Rash 8 15.7%
Dizziness 8 15.7%
Nose bleeds 7 13.7%
Tinnitus 7 13.7%
Aches 7 13.7%
Memory - short term 7 13.7%
Numbness 7 13.7%
Chest pain 6 11.8%
Hair loss 6 11.8%
Itchy skin 6 11.8%
Worry 6 11.8%
Palpitation 5 9.8%
Skin lesions/blisters 5 9.8%

B. Weinberger et al. Preventive Medicine Reports 8 (2017) 112–115

114

WG Ex. 59

2218

http://www.atsdr.cdc.gov/substances/toxsubstance.asp?toxid=29
http://www.atsdr.cdc.gov/substances/toxsubstance.asp?toxid=29
https://www.atsdr.cdc.gov/substances/toxsubstance.asp?toxid=66
https://www.atsdr.cdc.gov/substances/toxsubstance.asp?toxid=66
http://www.atsdr.cdc.gov/substances/toxsubstance.asp?toxid=42
http://www.atsdr.cdc.gov/substances/toxsubstance.asp?toxid=42
http://www.atsdr.cdc.gov/substances/toxsubstance.asp?toxid=67
http://www.atsdr.cdc.gov/substances/toxsubstance.asp?toxid=67
https://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=38&tid=14
https://www.atsdr.cdc.gov/toxfaqs/tf.asp?id=38&tid=14
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0030
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0030
http://dx.doi.org/10.1097/EDE.0000000000000387
http://dx.doi.org/10.1097/EDE.0000000000000387
http://www.ccohs.ca/oshanswers/chemicals/chem_profiles/xylene.html
http://www.ccohs.ca/oshanswers/chemicals/chem_profiles/xylene.html
http://dx.doi.org/10.1038/jes.2015.81
http://dx.doi.org/10.1038/jes.2015.81
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0050


stressors perceived to result from unconventional shale gas development in the
Marcellus Shale region. Int. J. Occup. Environ. Health 19, 104–112.

Hays, J., McCawley, M., Shonkoff, S.B.C., 2017. Public health implications of environ-
mental noise associated with unconventional oil and gas development. Sci. Total
Environ. 580, 448–456.

McKenzie, L.M., et al., 2014. Birth outcomes and maternal residential proximity to nat-
ural gas development in rural Colorado. Environ. Health Perspect. 122, 412–417.

McKenzie, L.M., et al., 2017. Childhood hematologic cancer and residential proximity to
oil and gas development. PLoS One 12, e0170423.

OSHA, 2013. Diesel exhaust. Available at: Occupational Health and Safety
Administration Safety and Health Topicshttps://www.osha.gov/SLTC/
dieselexhaust/.

Rabinowitz, P.M., et al., 2015. Proximity to natural gas wells and reported health status:
results of a household survey in Washington County, Pennsylvania. Environ. Health

Perspect. 123, 21–26.
Rasmussen, S.G., et al., 2016. Association between unconventional natural gas develop-

ment in the Marcellus Shale and asthma exacerbations. JAMA Intern. Med. http://dx.
doi.org/10.1001/jamainternmed.2016.2436.

Saberi, P., 2013. Navigating medical issues in shale territory. New Solut. J. Environ.
Occup. Health Policy 23, 209–221.

Stacy, S.L., et al., 2015. Perinatal outcomes and unconventional natural gas operations in
Southwest Pennsylvania. PLoS One 10, e0126425.

Steinzor, N., Subra, W., Sumi, L., 2013. Investigating links between shale gas develop-
ment and health impacts through a community survey project in Pennsylvania. New
Solut. J. Environ. Occup. Health Policy 23, 55–83.

Tustin, A.W., et al., 2016. Associations between unconventional natural gas development
and nasal and sinus, migraine headache, and fatigue symptoms in Pennsylvania.
Environ. Health Perspect. http://dx.doi.org/10.1289/EHP281.

B. Weinberger et al. Preventive Medicine Reports 8 (2017) 112–115

115

WG Ex. 59

2219

http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0050
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0050
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0055
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0055
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0055
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0060
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0060
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0065
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0065
https://www.osha.gov/SLTC/dieselexhaust
https://www.osha.gov/SLTC/dieselexhaust
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0075
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0075
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0075
http://dx.doi.org/10.1001/jamainternmed.2016.2436
http://dx.doi.org/10.1001/jamainternmed.2016.2436
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0085
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0085
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0090
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0090
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0095
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0095
http://refhub.elsevier.com/S2211-3355(17)30135-3/rf0095
http://dx.doi.org/10.1289/EHP281


RESEARCH ARTICLE

Setback distances for unconventional oil and

gas development: Delphi study results

Celia Lewis 1☯*, Lydia H. Greiner 2☯, David R. Brown 1☯

1 Southwest Pennsylvania Environmental Health Project, New Haven, Connecticut, United States of
America, 2 Southwest Pennsylvania Environmental Health Project, McMurray, Pennsylvania, United States
of America

☯ These authors contributed equally to this work.
* clewis@environmentalhealthproject.org

Abstract

Emerging evidence indicates that proximity to unconventional oil and gas development

(UOGD) is associated with health outcomes. There is intense debate about “How close is

too close?” for maintaining public health and safety. The goal of this Delphi study was to

elicit expert consensus on appropriate setback distances for UOGD from human activity.

Three rounds were used to identify and seek consensus on recommended setback dis-

tances. The 18 panelists were health care providers, public health practitioners, environ-

mental advocates, and researchers/scientists. Consensus was defined as agreement of

�70% of panelists. Content analysis of responses to Round 1 questions revealed four cate-

gories: recommend setback distances; do not recommend setback distances; recommend

additional setback distances for vulnerable populations; do not recommend additional set-

back distances for vulnerable populations. In Round 2, panelists indicated their level of

agreement with the statements in each category using a five-point Likert scale. Based on

emerging consensus, statements within each category were collapsed into seven state-

ments for Round 3: recommend set back distances of<¼mile;¼—½ mile; 1–1¼ mile; and

� 2 mile; not feasible to recommend setback distances; recommend additional setbacks for

vulnerable groups; not feasible to recommend additional setbacks for vulnerable groups.

The panel reached consensus that setbacks of< ¼ mile should not be recommended and

additional setbacks for vulnerable populations should be recommended. The panel did not

reach consensus on recommendations for setbacks between¼ and 2 miles. The results

suggest that if setbacks are used the distances should be greater than¼ of a mile from

human activity, and that additional setbacks should be used for settings where vulnerable

groups are found, including schools, daycare centers, and hospitals. The lack of consensus

on setback distances between 1/4 and 2 miles reflects the limited health and exposure stud-

ies and need to better define exposures and track health.

Introduction
In the oil and gas extraction industry hydraulic fracturing, the injection of a mixture of water,

chemicals, and sand under high pressure, has increased rapidly since the late 1990s. Critics
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have voiced concerns about long-term potential impacts on air, water, and soil quality that

may accompany hydraulic fracturing and all stages of the processes associated with the devel-

opment and transport of produced oil and gas (i.e. unconventional oil and gas development or

UOGD) [1–9]. Additional concerns include the significant impact on surrounding communi-

ties caused by increased traffic, light, noise, and social disruption from this type of industrial

development [10–13]. The entire process of UOGD, including oil and gas discovery, drilling,

production, processing, waste management, and transport, includes many sources of air and

water pollution, presenting risk factors for the environment, human health and community

social structure.

Health and proximity to UOGD activity

Several recent studies have documented health outcomes related to closer proximity to UOGD

activity. Steinzor, et al. [14], in their descriptive community study, documented increasing num-

bers of symptoms reported by residents as proximity to any type of UOGD facility decreased.

Rabinowitz et al. [15] conducted a cross-sectional study to investigate the relationship between

proximity to unconventional gas wells and reported health symptoms in a random sample of 429

residents of 180 households that had ground-fed water wells. GPS readings were taken at each

household as residents completed a health survey. ArcGIS was used to calculate the distance of the

home from natural gas wells. In this study, the number of symptoms reported per individual

increased with household proximity to wells. Within 1 kilometer (km) of wells, residents reported

more skin and respiratory symptoms compared to residents who lived at a greater distance.

Mckenzie et al. [16] estimated health risks for two populations in the Garfield County, Col-

orado gas fields: residents living less than or equal to 1/2 mile away from gas wells and those

greater than ½ mile. They found that the populations living closer to gas wells were at higher

risk of respiratory, neurological, and other health impacts and had a higher lifetime risk for

cancer than those who lived at farther distances. For this study ambient air samples were col-

lected from a fixed monitoring station located near unconventional natural gas development

and residences, and from locations at the perimeters of four well pads. Methodology used by

the Environmental Protection Agency were used to estimate non-cancer Hazard Indexes and

excess lifetime cancer risks for exposures to hydrocarbons.

In a retrospective cohort study of 124,842 births in Colorado between 1996 and 2009,

Mckenzie and colleagues [17] found an association between congenital heart defects and prox-

imity and density of unconventional natural gas wells within 10 miles of maternal residence,

using inverse distance weighted natural gas well counts as a measure of proximity and density.

Results also suggested a possible association between neural tube defects and proximity and

density. In another retrospective cohort study, Casey et al. [18] examined the relationship

between exposure to unconventional gas development and birth outcomes in 10,946 births in

Pennsylvania between 2009 and 2013. Unconventional gas development was modeled using

distance from residence; dates of well pad preparation, drilling and hydraulic fracturing; and

amount of production during pregnancy. Results showed an association between increased

exposure and preterm birth, but no association between low APGAR scores, small for gesta-

tional age, or low term birthweight. Stacy and colleagues [19] also used an inverse distance

weighted gas well count to examine the relationship of exposure to birth outcomes in their ret-

rospective cohort study of 15,451 births in southwestern Pennsylvania between 2007 and 2010.

Results showed increased exposure was associated with low birth weight and small for gesta-

tional age; it was not associated with preterm birth.

Tustin et al. [20] used self-reported symptoms to investigate associations between chronic

rhinosinusitis, migraine, and fatigue, three conditions frequently reported in communities
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exposed to UOGD. Responses to self-report questionnaires were reviewed using standard cri-

teria. Exposure was estimated using an “activity index” [18] derived from four exposure met-

rics to account for different phases of well construction and production: distance from the

residence; timing of well pad development, drilling, and hydraulic fracturing; and volume of

gas produced. Results of the case-control analysis indicated that the highest quartile of the

activity index was associated with increased odds of all three outcomes, when compared with

the lowest quartile.

McKenzie et al. [21] investigated the relationship between acute lymphocytic leukemia and

non-Hodgkin’s lymphoma in children ages 0–24 and residential proximity to unconventional

oil and gas development in Colorado. Cases and controls (i.e., children diagnosed with non-

hematologic cancers) were diagnosed between 2000 and 2013 during rapid expansion of

UNGD. Exposure was calculated using an inverse distance weighted (IDW) approach, first

described by McKenzie et al. [17], to count all active oil and gas wells within 16.1 miles of each

residence, giving greater weight to those that are closer. In the adjusted model, acute lympho-

cytic leukemia cases age 5–24 were 4.3 times likely to live in the highest well-count tercile as

controls, with a monotonic increase across IDW tertiles (p for trend = 0.035). No such rela-

tionship was seen in leukemia cases 0–4 years or in non-Hodgkin’s lymphoma cases of any

age.

Rasmusen and colleagues [22] conducted a nested case-control study to investigate the rela-

tionship between asthma exacerbations and exposure to unconventional natural gas develop-

ment. Using the Geisinger Clinic electronic health records, they identified cases of mild (i.e.,

new medication prescribed), moderate (i.e., emergency department visit), and severe (i.e., hos-

pitalization) asthma exacerbations (n = 20,749; 1,870; and 4,782 respectively) treated at Gei-

singer between 2005 and 2012. Exposure was measured using the activity metric previously

described by Casey [18]. In the adjusted model, mild, moderate, and severe asthma exacerba-

tions were associated with high scores in each activity metric when compared to referents.

Setback distances and UOGD

A 2013 review of state setback distances for shale gas development shows the broad range of

regulations in place at the time [23]. Of the 31 states in the review, 20 had setback restrictions

specifically from buildings, 11 had none related to buildings. The restricted distances ranged

from 100 feet (NY) to 1,000 feet (MD). California required setbacks, not from buildings but

between wells and public roads. For this type of land-based restriction, the American Petro-

leum Institute recommended that “. . .the wellsite and access road should be located as far as

practical from occupied structures and places of assembly” [24], offering a simple discretionary

guideline. Setback restrictions for water sources were found in 12 states; 18 had none and one

state had a discretionary standard. The regulated distance from water sources varied from 50

feet (OH) up to 2,000 feet (NY). A review of setback distances in urban areas of the Texas Bar-

nett Shale showed a similarly broad range of regulations [25]. While the State permitted dril-

ling within 200 feet of a dwelling, most municipalities employed longer distances; in Denton

County these ranged from 300 to 1500 feet. Fry also found that 12 out of the 26 city setback

ordinances reviewed had increased the distance over time–and none had been decreased. The

author found that setback restrictions appeared to be politically rather than technically-based

decisions and recommended greater reliance on “advanced emissions monitoring” to mini-

mize discrepancies in determining appropriate setback distances.

Several authors have examined potential exposures related to existing setback distances.

McCawley [26] conducted a study of air, noise and light impacts using the West Virginia state

setback distance of 625 feet from the center of well pads. Measurable levels of dust and volatile
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organic chemicals, including one or more of benzene, toluene, ethylbenzene, and xylene, were

found at all seven drilling sites where measurements were taken. Some benzene concentrations

were above the “minimum risk level” for no health effects. Dispersal patterns were influenced

by factors including multiple sources of emissions located throughout the well pad, local

weather, topography, and wide fluctuation in levels of contaminants. Light levels, measured as

skyglow, were zero during night time; ionizing radiation levels measured from filtered air-

borne particulate were near zero as well. While average noise levels calculated for the duration

of work at each site were not above the 70 dBA level recommended by the EPA, the noise at

some locations was above that allowed by EPA regulation for vehicles engaged in interstate

commerce and local noise ordinances. McCawley concluded that a setback distance of 625 feet

cannot assure that nearby residents would not be exposed to drill site contaminants.

Haley et al. [27] reviewed current regulations and other aspects of setback distances used

within the Marcellus, Barnett, and Niobrara shale plays. The most common setback distances

from buildings were 300 and 500 feet, with a range of 150 to 1500 feet. The authors concluded

that current setback distances are inadequate to protect residents in the case of explosions,

radiant heat, toxic gas clouds, and air pollution from hydraulic fracturing activities; and that

setback distances cannot provide absolute measures of safety, especially for vulnerable

populations.

There is an increasing number of peer-reviewed articles addressing air quality impacts

from UOGD (see for instance Physicians, Scientists and Engineers for Healthy Energy data-

base) [28]. While these studies provide valuable science-based data that can support the ratio-

nale for regulating or not regulating setback distances, there remains a concern about the

adequacy of health-based standards used to determine impacts from pollutant exposures.

In a critique of current methods of collecting air emissions data, Brown et al. [29] found

that data collection and analysis of air pollution impacts from unconventional natural gas

development cannot accurately assess human health impacts near UOGD sites. Specific find-

ings were that “1) current protocols used for assessing compliance with ambient air standards

do not adequately determine the intensity, frequency or durations of the actual human expo-

sures to the mixtures of toxic materials released at UOGD sites; 2) the typically used periodic

24 hour average measures can underestimate actual exposures by an order of magnitude; 3)

reference standards are set in a form that inaccurately determines health risk because they do

not fully consider the potential synergistic combinations of toxic air emissions; 4) air disper-

sion modeling shows that local weather conditions are strong determinates of individual expo-

sures.” The authors recommend protocols that provide continuous chemical monitoring to

show variations in exposure; modeling of local weather conditions to identify periods of high

exposures; and sampling for chemical mixtures to identify the major components.

Two examples of air modeling studies provide context for assessing the need for setback

distances. Olaguer [30] used a neighborhood scale dispersion model to simulate ozone forma-

tion resulting from emissions from UOGD in the Barnett Shale, focusing on both routine and

nonroutine emission events (flares). The model predicted that both types of UOGD operations

can have a significant impact on local ambient ozone levels. Modeled ozone levels increased at

an approximate distance of 2km or more, at enhancement levels greater than 3 parts per billion

(ppb). Modeled flare events could cause greater increases at distances >8km downwind.

Ozone causes respiratory health effects including asthma and chronic obstructive pulmonary

disease (COPD).

In another study, Brown et al. [31] describe a hypothetical case that demonstrates the direct

effect of weather on exposure patterns of particulate matter (specifically PM2.5) and volatile

organic chemicals (VOCs) from unconventional natural gas infrastructure. The authors mod-

eled the frequency and intensity of exposures to PM2.5 and VOCs at a residence surrounded by
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three UOGD facilities. The hypothetical well pad, compressor and processing plant are 1 km, 2

km and 5 km distant from the residence. Modeled peak PM2.5 and VOC exposures (defined as

2 standard deviations above the mean) during 14 months of well development occurred 83

times. Modeled compressor station emissions created 118 peak exposure levels and a gas pro-

cessing plant produced 99 peak exposures over one year. The authors emphasize that local

weather patterns combined with episodic emissions drive local exposure profiles.

While there is emerging evidence that proximity to UOGD activities is associated with

chemical exposures and health outcomes, there is intense debate about “How close is too

close?” The Delphi is an accepted method for reaching convergence of expert opinion about

a specific topic, particularly when available data are inconclusive [32]. We conducted this Del-

phi study to arrive at expert consensus on two closely related questions: 1) the relationship

between health outcomes and UOGD activities; and 2) appropriate setback distances for

UOGD from human activity including residences, schools, work places, and farms. This

paper reports the expert consensus on the question of appropriate setback distances; expert

consensus on the question of relationship between health outcomes and UOGD activities will

be presented in a subsequent report. Portions of this report on setback distances have been

issued as a technical report by Southwest Pennsylvania Environmental Health Project www.

environmentalhealthproject.org

Methods

Study design

This study used a conventional Delphi procedure [32–35], which can be viewed as a series of

rounds. In each round, the participants (called “panelists”) respond anonymously to a set of

questions and then receive information about the responses of all other participants, including

their own. Panelists are encouraged to re-assess their own responses on subsequent rounds

with a goal of reaching consensus. The first round consists of a set of open-ended questions.

Subsequent rounds consist of a set of statements to which panelists indicate their level of agree-

ment on a five-point Likert scale. Three rounds are usually sufficient to reach consensus [35].

For this study consensus was defined as agreement of 70% of panelists, a decision point that is

frequently used in Delphi studies [36–38].

Expert panel

There are few generally accepted criteria for inclusion on a Delphi panel [34] or agreement

about the number of panelists required for a Delphi [39]. Early researchers who used this tech-

nique suggested the following criteria for inclusion: background and experience with the topic,

capability to contribute, and willingness to revise their judgment to reach consensus [40].

More recent researchers suggest identifying stakeholders with interest in the topic: positional

leaders, authors of publications in the scientific literature, and those with first-hand experience

[41,42]. As Keeney et al. point out in their critical review of the technique, the definition of

“expert” ranges from informed individuals to experts in the field [43]. The number of panelists

required varies with the focus of the Delphi and the characteristics of the panelists. Generally,

the more similar the members and the more narrow the focus of the investigation, the smaller

the number, with 10–15 generally considered acceptable if the group is homogeneous; 15–30 if

it is heterogeneous [43].

For this Delphi panel, selection criteria included: researchers whose work has been pub-

lished in peer-reviewed journals and/or presented at national scientific meetings; scientists

employed in regulatory agencies; and leaders in public policy and environmental advocacy

who have been published in the grey literature. Potential panelists included representatives of
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federal and state agencies, environmental advocacy groups, health care providers, public health

practitioners, and a range of researchers in areas including environmental science, toxicology,

and social science. Invitations were sent via e-mail or the US Postal Service if no e-mail address

was publicly available. The invitation included a consent to participate and the first round

questions, along with an estimate of time commitment for participation. The study was

reviewed and approved by the Duquesne University Institutional Review Board.

A total of 57 experts were invited to participate in this Delphi; 18 agreed to be panelists and

returned the completed Round 1 questionnaire and consent form. Of those who did not partici-

pate, 23 simply did not respond to the invitation. A total of 18 provided a reason for declining,

citing lack of time (n = 7), lack of expertise (n = 8), and no longer working in UOGD (n = 2).

Round 1

In the first round, panelists were asked to respond to the open-ended questions shown in

Table 1, following these instructions:

“We are interested in both gas and oil and know that the multiple steps in the production of

these products differ. We understand that a panelist may have more expertise in one area

than the other, so have constructed questions to allow for those differences. Where possible

in your responses, please address all steps in the process from drilling site construction

through delivery of the product to the consumer (e.g., well pad construction, well drilling,

hydraulic fracturing, compressor stations, pumping stations, processing plants, impound-

ments, pipelines, and other steps in the process). In the questions below, the steps in this

process are referred to as ‘related activities’.”

Panelists were asked to return their responses within two weeks. Non-responders were sent

a reminder at the end of two weeks. For those who requested additional time due to workload,

travel, etc. the deadline was extended two weeks. The same procedure was followed in subse-

quent rounds.

Round 1 data analysis and development of Round 2 structured questionnaire

Content analysis was conducted on the qualitative responses to the open-ended questions in

Round 1, with all responses independently coded by two members of the research team (CL

Table 1. Open-ended questions used in Round 1.

1 What do you believe are appropriate set-back distances for hydraulic fracturing and related activities from places
where people live, including single homes, multiple family dwellings, etc.? Please specify if your response is related to
oil or gas extraction.

2 What do you believe are appropriate set-back distances for hydraulic fracturing and related activities from indoor
places where people work including offices, hospitals, and schools? Please specify if your response is related to oil or
gas extraction.

3 What do you believe are appropriate set-back distances for hydraulic fracturing and related activities from outdoor
places where people work such as farms? Please specify if your response is related to oil or gas extraction.

4 What do you believe are appropriate set-back distances for hydraulic fracturing and related activities from places
where people recreate or play such as parks? Please specify if your response is related to oil or gas extraction.

5 Should set-back distances differ for settings that include groups of vulnerable individuals, such as schools, day care
centers, long- term care facilities, and if so, how? Please specify if your response is related to oil or gas extraction.

Five open-ended questions were sent to all prospective panelists for their responses to initiate Round 1 of the Delphi

study.

https://doi.org/10.1371/journal.pone.0202462.t001
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and LG). Coding was compared for congruence. Similar responses were grouped into catego-

ries, for example, “Recommended setback distances” and “Cannot recommend setback dis-

tances” as shown in the Results section. Within the category “Recommended setback

distances” responses were grouped into mutually exclusive sub-categories. Responses to the

question concerning vulnerable populations were grouped into two categories; both are shown

in the Results section. All responses in each category were included on the structured question-

naire used for Round 2 and 3.

The structured questionnaire for Round 2 included all responses so that each panelist was

able to see the complete range of responses in each category, with his/her own responses

highlighted. Panelists were asked to indicate their level of agreement with each statement

using a 5-point scale: strongly agree, agree, not sure, disagree, and strongly disagree and to

provide a rationale for their decisions for those statements for which they strongly agreed or

agreed.

Round 2 data analysis and development of Round 3 structured

questionnaire

Responses to Round 2 were used to revise the structured questionnaire for Round 3. State-

ments within categories were collapsed to reflect emerging consensus within the panel. The

Round 3 questionnaire provided the aggregated panelists’ responses for each statement and

the rationales provided by the individual panelists for their responses. For this final round,

panelists were asked to review the distribution of responses and rationales provided and then

indicate their level of agreement with each statement.

Results

Characteristics of panelists

The 18 panelists who agreed to participate and completed Round 1 self-identified as research-

ers/scientists, health care providers, environmental advocates, and public health practitioners.

Self-reported areas of expertise included: medicine/health care, air quality, water quality, toxi-

cology, environmental science, environmental health, public health, epidemiology, social sci-

ence, policy, and risk analysis. The majority (83%) of the panelists hold earned doctoral

degrees and reported working in their respective fields for a mean of 17.6 years (SD = 10), with

a range of 4–35 years. In the area of UOGD specifically, they reported a mean 4.3 years (SD =

1.2), with a range of 2–6 years. The panelists represented a range of geographic regions

throughout the United States; 50% were women. None of the authors participated as panelists.

Of the 18 panelists, 14 (78%) participated in Round 2 and18 (100%) participated in Round 3.

Round 1

Responses to Questions #1- #4 were similar, with 9 panelists providing word-for-word the

same response to all four open-ended questions. An additional four panelists provided the

same response to three of the four questions. Only two panelists provided a different response

to each of the four questions of setback distances from home, places of work, and places of

recreation. Thus, all responses to these questions were considered together in the content anal-

ysis; two categories of responses, shown in Table 2, emerged.

There were 17 statements that included recommendations for specific setback distances

from homes; places of work such as schools, office buildings, and farms; and recreational

areas. Table 2 shows recommended distances ranged from 1/10 of a mile (0.1 km) to 2 miles

(3.2 km). There were 18 statements that did not include recommendations for specific setback
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distances. The exemplar statements in the Table 2 section “Cannot recommend setback dis-

tances” reflect panelist’s perspectives that there is insufficient information available to make

recommendations. As one panelist pointed out, his lack of a specific recommendation did not

imply that setback distances were not needed, just that he did not think it was possible to make

a recommendation. All statements in each category were included on the structured question-

naire used for Round 2.

The content analysis revealed that responses to the question concerning setback distances

for vulnerable populations differed from those to the first four questions. As shown in Table 3,

panelist’s responses fit into one of two categories: responses that argued for additional setback

distances and responses that focused on the difficulties of establishing setback distances for

vulnerable populations.

Eleven statements recommended additional setback distances for vulnerable populations.

Vulnerable populations were defined by panelists to include: children, neonates, fetuses,

embryos, pregnant women, elderly individuals, those with pre-existing medical or psychologi-

cal conditions, and those with pre-existing respiratory conditions. Panelists included the fol-

lowing settings as places where vulnerable populations might be concentrated: schools, day

care centers, hospitals, and long-term care facilities. Five statements focused on the difficulties

of setting additional setback distances. As shown on Table 3, the panelists focused on the dis-

tribution of vulnerable individuals throughout the population, making the determination of

setback distances to protect all vulnerable members of society difficult if not impossible.

The four categories of responses described above, and all statements within each, were used

to create a structured questionnaire for Round 2. Panelists were asked to indicate their level of

agreement on a 5-point Likert-type scale to a total of 51 statements and to provide a rationale

Table 2. A comparison of exemplar statements recommending setback distances and exemplar statements not

recommending setback distances from homes, places of work, or recreation areas.

Recommended setback distances

I defer to existing regulation: Center of well pads may not be located within 1/10 mile (0.1 km) of an occupied dwelling
structure.
2/10 mile (0.3 km) for gas operations based on industry studies of blowouts, explosions and fires from drill rigs,
compressor stations and pipelines.
Set-backs of at least 1/3 mile (0.5km) would be needed to prevent flow through documented pathways of subsurface
contamination.

½mile (0.8 km) for oil or natural gas extraction from office buildings and other indoor areas.
Minimum of 1 mile (1.6 km) for gas extraction
1 ¼ mile (2 km) from natural gas wells
At least 2 miles (3.2 km), maybe more
Cannot recommend setback distances

Due to our inability, with current information, to predict dispersal pathways accurately, I do not think safe set-back
distances can be determined.

This is something that is difficult to determine because it depends on the hydrology and air currents.
My response applies to both oil and gas. . . .do not take a position on specific distances, in large part because there is no
scientifically definitive distance beyond which health impacts would never occur. However, we believe that current
setbacks from residential areas are much too short in all states.
I do not have an opinion on an appropriate set-back distance because I don’t believe there is enough evidence to inform
an opinion.

Again the distinction between oil and gas is not important. I think there are appropriate, science based setbacks that
could be developed. I agree with the position that the ones that exist are not science based at all. . .and are based on
political compromises.
There are no appropriate set-back distances for recreation areas near oil production. Ambient air quality is affected by
VOCs. We have no proof of what constitutes a safe set-back distance. Cumulative effects have yet to be studied.

https://doi.org/10.1371/journal.pone.0202462.t002
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when they agreed with a statement. Their own statements from the first round were

highlighted.

Round 2

Based on panelist’s responses to the structured questionnaire, statements within categories

were collapsed to reflect emerging consensus.

Recommended setback distances: In this category, the 17 statements were collapsed into

four: less than ¼ mile; ¼—½ mile; 1–1¼ miles; and 2 or more miles. (See Table 2 for exemplar

statements.) All statements fit into one of these four groups, and emerging consensus in panel-

ists’ responses determined the cut-points used. These four statements were included on the

structured questionnaire for Round 3.

Cannot recommend setback distances: Fourteen of the 18 statements were collapsed into

one category which was restated as “It may not be feasible to recommend set back distances

for the general population” to more accurately reflect the content of the 14 statements. (See

Table 2 for exemplar statements.) For these 14 statements, the proportion of panelists who

agreed ranged from 54% to 92%. Four statements were excluded because they did not reflect

emerging consensus.

Panelists recommend additional considerations for vulnerable populations: Ten of the 11

statements were collapsed into one category which was restated as “Recommend additional

consideration for vulnerable groups” to more accurately reflect the content of the 10 state-

ments. (See Table 3 for exemplar statements.) The proportion of panelists who agreed with the

10 statements ranged from 58% to 83%, indicating emerging consensus. One statement was

excluded because it did not reflect emerging consensus.

Table 3. A comparison of exemplar statements recommending additional setback distances for vulnerable popu-

lations and exemplar statements not recommending additional setback distances for vulnerable populations.

Panelists recommend additional considerations for vulnerable populations

Populations that are particularly sensitive to the toxins known and suspected to be associated with fracking activities
should have special protections; this includes children, neonates, fetuses, embryos, pregnant women, elderly individuals,
and those with pre-existing medical or psychological conditions.
I would consider this a case where additional restrictions would be important. Oil and/or gas operations near hospitals
and schools should simply not be allowed. . .
Yes, greater setback distances are warranted for schools, daycare centers, long-term care facilities, etc. for both oil and
gas extraction.

Larger setback distances in gas extraction are critical to larger vulnerable groups because one must take into
consideration evacuation time and route in case of a catastrophic well or related infrastructure event.
Setbacks (gas) should definitely be farther from schools, day care centers where children are located and long-term
facilities where people who already have compromised health don't need it further compromised by poor air quality
from unconventional gas development.
Panelists do not recommend additional considerations for vulnerable populations

I am really unsure as to how to answer this because if air plumes travel and contribute to quality degradation of an
entire region, it is likely that it would impact vulnerable populations regardless of physical proximity.

Regarding different set-backs for settings with vulnerable populations: Probably not. It appears that the most vulnerable
populations are pregnant women and those with asthma, neither of which would necessarily be concentrated in specific
facilities.
Vulnerable populations are distributed throughout the environment. This is therefore an inadequate calculation to
consider.
The distances mentioned above are set to protect vulnerable persons as they are all a significant part of every society.

It makes sense to start with. . .longer setbacks on places used or inhabited by people with known vulnerabilities.
However, there may be vulnerable individuals living, working, and spending time outdoors even in locations that are
not specifically geared toward that population (for example, individuals with compromised immune systems, a history
of cancer, or asthma).

https://doi.org/10.1371/journal.pone.0202462.t003
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Panelists do not recommend additional considerations for vulnerable populations: Three of

the five statements were collapsed into one category which was restated as “It may not be feasi-

ble to recommend additional considerations (i.e., members of vulnerable populations are dis-

tributed throughout the population)” to more accurately reflect the content of the three

statements. (See Table 3 for exemplar statements.) The proportion of panelists who agreed

with the three statements ranged from 25% - 41%. Two statements were excluded because they

did not differ from the panelist’s responses to questions #1-#4.

The structured questionnaire for Round 3 included seven statements which are shown on

Table 3. The questionnaire also included the distribution of panelist’s responses and their

rationales offered in Round 2. Panelists were asked to review the statements and rationales and

then indicate their level of agreement/disagreement with each statement on the Round 3

questionnaire.

Round 3

The distribution of panelists’ responses to the structured questionnaire in Round 3, along with

the mean and standard deviation for each statement is shown in Table 4.

To determine consensus, we combined responses of “agree” and “strongly agree” to deter-

mine the % of panelist agreement with a statement and responses of “disagree” and “strongly

disagree” to determine the % panelist disagreement with a statement. Within the category “rec-

ommended setback distances”, panelists reached consensus on the statement “less than ¼
mile”. A total of 89% of panelists disagreed with that statement (i.e., 11% disagreed plus 78%

strongly disagreed for a total of 89%), reaching the 70% set for consensus in this Delphi.

Panelists did not reach consensus on the statement “¼—½ mile”. For this statement, 66%

of panelists disagreed with the statement, 22% were unsure, and only 11% of panelists agreed.

Panelists did not reach consensus on the statement “1–1¼ miles”, 50% agreed, 28% were

unsure, and 22% disagreed. Panelists did not reach consensus on the statement “at least 2

miles”; 34% agreed, 44% were unsure, and 22% disagreed. For the statement “It may not be fea-

sible to recommend setback distances for the general population”, 67% of panelists agreed, 6%

were unsure, 28% disagreed.

Regarding setback distances for vulnerable populations, panelists reached consensus on the

statement “Recommend additional consideration for vulnerable groups” with 87% agreeing.

Panelists did not reach consensus on the statement “It may not be feasible to recommend addi-

tional considerations for vulnerable groups”, with panelists nearly equally divided between

agreement and disagreement with the statement. See S1 Chart for a visual representation of

Delphi results.

Table 4. Distribution of panelists’ levels of agreement with statements used in Round 3 and median scores.

1 2 3 4 5 Mean (SD)

Recommend less than ¼ mile setback 0% 0% 11% 11% 78% 4.67 (0.65)

Recommend ¼—½ mile setback 0% 11% 22% 22% 44% 4.0 (1.03)

Recommend 1–1¼ miles setback 6% 44% 28% 11% 11% 2.78 (1.05)

Recommend at least 2 miles setback 17% 17% 44% 11% 11% 2.83 (1.14)

It may not be feasible to recommend setback distances for the general population 28% 39% 6% 22% 6% 2.17 (1.09)

Recommend additional consideration for vulnerable groups 67% 22% 11% 0% 0% 1.44 (0.67)

It may not be feasible to recommend additional considerations for vulnerable groups 6% 33% 6% 33% 22% 3.17 (1.26)

1 = strongly agree; 2 = agree; 3 = not sure; 4 = disagree; 5 = strongly disagree.

https://doi.org/10.1371/journal.pone.0202462.t004
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Discussion
There is significant public and scholarly debate about the relationship between proximity to

these industrial activities and human health. The Delphi provides a unique tool to learn how

experts on a particular topic apply their knowledge and experience to a complex problem, and

to determine whether a convergence of opinion can be established [32–35, 41–43]. In this

study we used the Delphi method to address the issue of appropriate setback distances for

UOGD from places where humans live, work, and play. The intent of this Delphi was to reach

expert consensus on appropriate setback distances from homes, workplaces, and recreation

areas in general, and for vulnerable populations in particular.

The responses to the open-ended questions in Round 1 generated a set of statements that

expanded the question of setback distances. The panelist’s responses reflected their opinions

about the adequacy of both the evidence available to answer the question and the ability of set-

back distances to protect the health of the public, rather than providing simple statements of

specific distances. Accordingly, their responses were grouped into four categories: recommen-

dations for specific setback distances from places of human activity; no recommendations for

specific setback distances from places of human activity; recommendations for additional set-

back distances for vulnerable populations; no recommendations for additional setback dis-

tances for vulnerable populations.

Round 2 responses were collapsed into seven statements, based on panelists’ responses to

the individual statements and emerging consensus. Four statements focused on specific set-

back distances from places where people live, work, or play: Recommend <¼mile; Recommend
¼—½mile; Recommend 1–1¼mile; Recommend 2 miles or more. Three additional statements

focused on feasibility and vulnerable populations: It may not be feasible to recommend setback
distances; Recommend additional considerations for vulnerable populations; It may not be feasi-
ble to recommend additional considerations for vulnerable groups.

Setbacks of <¼ mile are not sufficient

Panelists reached consensus that setback distances of <¼ mile were not sufficient but were not

able to reach consensus for the longer setback distances suggested by panelists (i.e., ¼—½
mile, 1–1¼ mile, and 2 miles or more). A total of 67% of panelist agreed with the statement

that it may not be feasible to establish setback distances, very nearly reaching consensus.

Taken together, these results suggest that while these panelists agreed that ¼ of a mile is “too

close” they did not feel able to recommend a specific distance that would protect the health of

the public. Failure to reach consensus about setback distances between ¼ and 2 miles reflects

published studies that have identified a variety of health effects and evidence of exposure at

various points within that range [14, 15, 17–22]. Nevertheless, panelists were clear that current

setback regulations of less than ¼ mile are not adequate.

Recommend additional setbacks for vulnerable populations or settings

Panelists reached consensus that additional setback distances should be established for vulnera-

ble populations or settings. Vulnerable groups were defined by the panelists as children, neo-

nates, fetuses, embryos, pregnant women, elderly individuals, those with pre-existing medical

or psychological conditions, and those with pre-existing respiratory conditions. Vulnerable set-

tings were defined as schools, day care centers, hospitals, and long-term care facilities. At the

same time, panelists were split as to whether such consideration was actually feasible, recogniz-

ing that since vulnerable people are distributed throughout the general population it would be

difficult if not impossible to give them extra consideration. Yet some suggested that where vul-

nerable individuals gather, such as in schools and playing fields, setbacks may be useful.
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Limitations and further research

The results of this Delphi should be interpreted with caution, as they reflect the expert opinion

of one panel. It is possible that another panel would reach a different consensus, and further

research is warranted. In addition, using 70% as the decision-point for consensus means that

some portion of the panel is not in agreement. Therefore, we included in the results section

the percentage of agreement and the mean and standard deviation of the Likert score for each

statement in an effort to be as transparent as possible. While the panel had a broad range of rel-

evant expertise in public and environmental health and many years of experience in a variety

of professional activities, the panel would have been strengthened by representation from the

petroleum industry. Future research should purposefully include such scientists, researchers,

and practitioners. Not all panelists participated in all rounds, however, all panelists who partic-

ipated in Round 1 participated in Round 3.

Conclusion
In conclusion, the results of this Delphi study suggest that if setbacks are used the distances

should be greater than ¼ of a mile from any area where human activity takes place, and that

additional setbacks should be used for settings where vulnerable groups are found, including

schools, daycare centers, and hospitals. The panel did not reach a consensus on setback dis-

tances between ¼ and 2 miles. While both health effects and exposures have been reported in

the literature and are consistent with scientific reports, there is uncertainty with respect to lev-

els and types of exposures and the health responses further from the wells. One report has sug-

gested that site-specific air measures are needed. Levels of exposure have been documented

based on analysis and air modeling in both air and water within ¼ of a mile. Although air

modeling indicates air exposures in the ¼ to 2-mile range, it is difficult to measure due to

localized weather variability. Health effects are reported in the peer-reviewed literature for

respiratory disease and dermatologic effects, however the health effects could be related to the

presence of other sources of pollution. Thus, failure to achieve consensus on the range of set-

back distances appears to reflect uncertainties based on limited data on real-time emissions

from UOGD, the limited scientific studies available and the presence of periods of potential

high exposures.
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Abstract

Recent research has shown relationships between health outcomes and residence proxim-

ity to unconventional oil and natural gas development (UOGD). The challenge of connecting

health outcomes to environmental stressors requires ongoing research with new methodo-

logical approaches. We investigated UOGD density and well emissions and their associa-

tion with symptom reporting by residents of southwest Pennsylvania. A retrospective

analysis was conducted on 104 unique, de-identified health assessments completed from

2012–2017 by residents living in proximity to UOGD. A novel approach to comparing esti-

mates of exposure was taken. Generalized linear modeling was used to ascertain the rela-

tionship between symptom counts and estimated UOGD exposure, while Threshold

Indicator Taxa Analysis (TITAN) was used to identify associations between individual symp-

toms and estimated UOGD exposure. We used three estimates of exposure: cumulative

well density (CWD), inverse distance weighting (IDW) of wells, and annual emission con-

centrations (AEC) from wells within 5 km of respondents’ homes. Taking well emissions

reported to the Pennsylvania Department of Environmental Protection, an air dispersion and

screening model was used to estimate an emissions concentration at residences. When

controlling for age, sex, and smoker status, each exposure estimate predicted total number

of reported symptoms (CWD, p<0.001; IDW, p<0.001; AEC, p<0.05). Akaike information cri-

terion values revealed that CWD was the better predictor of adverse health symptoms in our

sample. Two groups of symptoms (i.e., eyes, ears, nose, throat; neurological and muscular)

constituted 50% of reported symptoms across exposures, suggesting these groupings of

symptoms may be more likely reported by respondents when UOGD intensity increases.

Our results do not confirm that UOGD was the direct cause of the reported symptoms but

raise concern about the growing number of wells around residential areas. Our approach

presents a novel method of quantifying exposures and relating them to reported health

symptoms.
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Introduction

Unconventional oil and natural gas development (UOGD) may represent a health risk due to

exposure to chemicals used during the hydraulic fracturing process, on-site emissions, and/or

a lack of strict regulations [1–4]. The UOGD process involves a combination of horizontal dril-

ling across shale formations and the use of a heterogeneous fracturing fluid injected into wells

at high pressure to fracture shale and release trapped oil and gas. Evidence suggesting associa-

tions between UOGD activity and adverse health effects has emerged from multiple studies.

UOGD activity has been associated with adverse birth outcomes [5–7], increased rates of hos-

pital use [8–10], asthma [11,12], and upper respiratory and neurologic symptoms [13–15].

These studies have used a variety of approaches to estimate exposure to UOGD, including

inverse distance weighting (IDW), cumulative well count, cumulative well density (CWD),

well activity metrics, spatiotemporal models, and direct water sampling [6–8,13,16,17].

Given the associations between UOGD development and adverse health outcomes, but lack

of resolution on questions pertaining to safe proximity of residency to wells, we sought to

determine which variables related to UOGD are associated with a higher number of reported

symptoms. For this study, two proximity metrics and one exposure variable constitute our

exposure estimates and are referred to as exposure measures throughout this paper. This study

was conducted to address the following questions: 1) Which exposure measure(s) best predicts

the of number of symptoms reported? and 2) Which individual symptoms are associated with

increasing exposure as estimated by each exposure measure? Unlike prior studies, this analysis

compares three estimates of exposure: CWD, an IDW measure, and annual emission concen-

trations (AEC) derived from estimated well emissions within 5 km of a residence. CWD is

defined as the count of wells divided by a spatial scale in km2 [8], while IDW, a similar mea-

sure, weights wells according to distance from a residence [6,7]. The AEC measure used pub-

licly available data on wells to estimate concentrations of emission pollution at a residence.

Bamber at al. [18] notes that exposure to UOGD is poorly characterized, and this analysis–

comparing three estimates of exposure–attempts to address this concern. Though frequently

used proximity and density metrics are included in this analysis, the methodological approach

taken here has not been used to model emission concentrations at the home nor to predict

symptom outcomes associated with increasing levels of exposure. The use of two methodolo-

gies applied here (i.e., statistical modeling to analyze the influence of different exposures on

symptom reporting, and a technique to identify specific symptoms that might be indicative of

exposure) suggests new techniques for studying relationships between health and exposure.

Materials and methods

Study sites & health outcomes

The Southwest Pennsylvania Environmental Health Project (hereafter referred to as EHP) is a

nonprofit public health organization in Washington County, Pennsylvania (PA). Between Feb-

ruary 1, 2012 and December 31, 2017, 135 children and adults completed health assessments at

EHP. Individuals self-selected and approached EHP because of their concerns about exposure

to UOGD. Health data were abstracted as described in Weinberger et al. [19] and the same

data were used in this analysis.

As described by Weinberger et al. [19] the 135 de-identified health assessments were

reviewed retrospectively by a team of health-care providers, including a board-certified occu-

pational-health physician and at least one nurse practitioner. Records were excluded if the

respondent was under 18 years old, worked in the oil-and-gas industry, lived outside of PA, or

did not fully complete the assessment form (17 excluded). The remaining 118 health
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Facility Type. We additionally filtered by year,
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NOAA’s local climatological database. To use the
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where the airport is located. We used data from the

Pittsburgh Allegheny County Airport in Allegheny

County, PA. Once the airport has been added to

your cart, you can determine the data range you

wish to download and request a .csv of the data:

https://www.ncdc.noaa.gov/cdo-web/datatools/lcd
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assessments were reviewed. Each symptom recorded in the assessment was reviewed and those

symptoms that could be plausibly explained by co-occurring medical conditions, medical his-

tory, or work and/or social history were excluded. For this analysis, symptoms that remained

were grouped into nine categories: general; lung and heart; skin; eyes, ears, nose, and throat

(EENT); gastrointestinal (GI); nerves and muscle; reproductive; blood system; and psychologi-

cal. For this analysis, we restricted the sample to residents of southwest PA with known latitude

and longitude data for their residence (14 individuals excluded). The study population

included individuals from eight counties: Washington, Greene, Beaver, Butler, Allegheny, Bed-

ford, Fayette, and Westmoreland (Fig 1). This resulted in a convenience sample of 104 adults.

This study was approved by the New England Institutional Review Board and the Chatham

University Institutional Review Board.

Exposure measures

Cumulative well density and inverse distance weighting. Home address was collected at

the time of the health assessment. For this analysis, the address was used to determine the lati-

tude and longitude coordinate of the residence of each respondent [21].

The PA Department of Environmental Protection (PA DEP) publishes active well locations

and reported emissions on an open-access online portal [22]. The emissions inventory pro-

vides well location data in latitude and longitude coordinates and emissions data by pollutant

Fig 1. Study area and active well locations. Southwestern PA study location and active wells in 2016. No respondents lived in

Lawrence County; however, a respondent in Butler County lived near the county border. Map was made with ArcGIS Desktop [20].

https://doi.org/10.1371/journal.pone.0237325.g001
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type for each well. For assessments completed between February 1, 2012 and December 31,

2017, ArcGIS ArcMap 10.3 [20] was used to plot the latitude and longitude of each respon-

dent’s residence alongside all active, unconventional wells within a 5-km radius around the

residence during that year. A CWD was calculated for each respondent by dividing the num-

ber of wells in a 5-km radius around the home by the area of the radius.

An IDW calculation was also applied as a second method for quantifying exposure inten-

sity. This measure applies more weight to wells located closer to a residence than to those

located farther away. The inverse distance of each well within a 5-km radius of a residence was

calculated, and those values were summed into one IDW score per residence as shown in the

following equation:

IDW density ¼
Pn

i¼1

1=di ð1Þ

where distance (d) is kilometers between the well (i) and respondent’s residence, and n is the

number of wells within the 5-km radius [5,13]. For this analysis, only wells located within PA

state lines were included in the calculations due to a lack of data availability from neighboring

states. Four residences’ 5-km radius crossed into neighboring West Virginia. For these sites,

the radius percentages outside of Pennsylvania were 0.6%, 4.4%, 10.7%, and 14.3%.

Annual emissions concentration. Annual emissions inventories for 2012 through 2017

were exported from the PA DEP’s database. Sources reported on the emissions inventory

included venting and blowdown, dehydration units, drill rigs, stationary engines, pneumatic

pumps, fugitive emissions, and emissions produced during the well completion stage. Sources

of emissions that are not represented in the inventory include flaring, off-gassing from con-

taminated water, and truck traffic. A review of the PA DEP’s emissions-inventory data

revealed six compounds had the highest reported volume expressed in tons/year: carbon mon-

oxide, nitrogen oxides, particulate matter (PM2.5), aggregated volatile organic compounds

(VOCs), methane, and carbon dioxide [22]. To estimate emissions at the residence, we used

carbon monoxide, nitrogen oxides, PM2.5, and VOCs because they had known health effects at

the expected level of exposure; methane and carbon dioxide did not so were not included

despite being two of the top six compounds emitted. For this study, tons/year was converted to

grams/hour.

A complete explanation of how concentrations at a residence were estimated can be found

in Brown et al. [23] and will briefly be described here. To estimate emissions concentration at

a respondent’s residence, an atmospheric dispersion box model was used to determine air dilu-

tion downwind from emission sources (wells) and estimate the concentration of compounds

at a residence. The model assumes a theoretical box, or volume, of air carries emissions down-

wind from a well. As the box moves away from the source, the size of the box increases, and

the concentration of pollutants is proportionally diluted. The initial concentration is inversely

proportional to the rate of speed with which the box moves over the source. The vertical and

lateral expansion of the box as it moves downwind is determined by weather and wind speed.

This screening model estimates the level of air dilution during dispersion using three parame-

ters: 1) cloud cover, 2) wind speed, and 3) time of day. These parameters are taken from Pas-

quill [24]. His report identifies six stability classes and five wind speeds that characterize the

meteorological conditions that define these classes [25,26]. Using these conditions, we applied

hourly cloud cover and wind speed data retrieved from the National Oceanic and Atmospheric

Administration (NOAA) for the years 2012 through 2017. To ensure a complete set of weather

data for each year of the study, we chose to use data from one major airport in southwest PA,

the Pittsburgh Allegheny County Airport in West Mifflin, PA, in the model [27]. We were able

to establish hourly conditions over a year and apply the estimates to each residence in our
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sample, to determine an annual level of exposure for each residence. Estimates of annual aver-

age exposures were based on weather patterns for each year over the entire region.

After our screening model was established, we used the weather data to calculate hourly

concentrations from a reference well, estimated to emit 300 grams of a compound per hour, to

standardize the formula when calculating how other wells deviate from a given reference [23].

Once hourly concentrations were computed for the reference case, we calculated a 90th percen-

tile emissions concentration value (μg/m3) for distances of 0.5 km, 1 km, 2 km, 3 km, and 5

km in the four directional quadrants around the reference well. The resulting values represent

varying exposure levels experienced at a given residence living between 0.5–5 km from the ref-

erence well. The hourly emissions are assumed proportional to the 300 grams/hour reference.

Using the PA DEP data for the year corresponding to the respondent’s health assessment, the

emissions of carbon monoxide, nitrogen oxides, PM2.5, and VOCs in grams/hour were

summed into one total for each well.

Well sites are ubiquitous around residences in these counties, so we used the model to first

calculate a residence’s exposure for the four directional quadrants. Within a quadrant, the dis-

tance of each well from the residence was determined and, depending on the distance, the 90th

percentile concentration value was assigned to that well. Then, the total emissions from the

well, in grams/hour, was multiplied by the 90th percentile concentration value and divided by

300 grams/hour to derive the deviance from the reference in each quadrant. The outputs

give μg/m3 per well for each directional quadrant in a 5-km radius. The estimated emission

concentrations from each well, across all quadrants, were added together into an annual total

exposure value per residence. The total exposure value was used as the AEC measure in the

analysis.

Statistical analysis

All statistical analyses were executed in the R Project for Statistical Computing [28]. Model

comparisons were made using glmutli version 1.0.7.1 [29], and TITAN analyses with TITAN2

version 2.1 [30].

The analysis consisted of two approaches to address the research questions: generalized lin-

ear models (GLMs) to test the association between the number of symptoms reported and the

intensity of each exposure, and Threshold Indicator Taxa Analysis (TITAN) to predict which

specific symptoms were most likely to be reported with increasing intensity of each exposure

measure. Each individual symptom reported in the health assessment was binomially coded

per respondent with 1/0 for yes/no. An alpha level of < = 0.05 was used as a threshold for sig-

nificance in both tests.

Because the dependent variable followed a Poisson distribution, GLMs were used for

modeling. For each exposure GLM, a tool was used to automate statistical model selection by

generating all possible unique combinations of our demographic variables with each exposure

measure to identify the best-fit statistical model for each exposure measure against total num-

ber of symptoms. Our demographic variables included: age, sex, smoking status, and water

source. All demographic variables were included in the selection tool and, by default, 100

potential models were generated a priori to determine the best fitting models. To choose our

model, Akaike information criterion (AIC) values, with a correction for small sample sizes,

and number of terms for each output model were compared [31]. Lower AIC values are associ-

ated with simpler models that exclude irrelevant terms, so when comparing models, the model

with the lowest AIC is considered optimal [32,33]. The best model is the one with the lowest or

second-lowest AIC score and then statistically assessed for each exposure variable [34]. Inter-

actions between variables were excluded from the best model to increase model parsimony
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and only explore main effects. Zero-inflation was not required for our data as only 15% of the

sample reported no symptoms. To determine our radius distance around the home, we applied

GLM analyses using three spatial scales of cumulative well density: 1, 2, and 5 km. AIC crite-

rion was used to determine which scale to study.

To assess how individual symptoms were related to changing density (CWD and IDW) and

AEC, we applied the TITAN methodology. TITAN is a non-parametric analysis traditionally

applied in the ecological sciences, but increasingly applied in environmental science [35],

where the presence/absence of a species (also referred to as taxon) among different samples of

communities is used to assess nonlinear community-scale responses, both positive and inverse,

to changes in their environment. Environmental gradients are used in this process to express

how an exposure is increasing in the studied environment. The primary goal in TITAN is to

determine if there are levels of exposure along the gradient that influence a statistically signifi-

cant positive or inverse response and are associated with the presence or absence of one or

more specific species. The relationship of each species is assessed via an indicator value that

ranges from 0 to 100, with 100 representing a perfect indication of species-specific association

with the gradient. The TITAN analysis allows for the consideration of species that have low

occurrence frequencies to identify those that possess high sensitivity to the environmental gra-

dient. For example, Khamis et al. used the TITAN methodology to determine how reductions

in glacier melting influence the presence and absence of certain aquatic species in rivers and

lakes [36–38].

For this study, we defined communities as individual respondents and species as the spe-

cific symptoms reported to identify the degree to which each symptom represented a statisti-

cally significant indicator of UOGD exposure (CWD, IDW, and AEC). To remove symptoms

with frequencies too low to detect a pattern, we only included symptoms reported five or more

times into the TITAN analysis (n = 50) [39]. Indicator values were considered statistically sig-

nificant at an α of 0.05, and resulting symptoms were organized by those having a frequency

greater than 10 and a z-score greater than or equal to 1. To our knowledge, this is the first use

of TITAN methodology in public health research (S1 Appendix).

Results

Symptom reporting characteristics

In this convenience sample of 104 adults who presented health concerns about UOGD, 59%

were female with a median age of 57. In this predominantly rural area, only a third reported

using municipal water for household use with the majority relying on private wells, cisterns, or

springs. Smoking status was available for 78 of the 104; of those, 40% reported either current

or former smoking. The number of individual symptoms reported by individuals ranged from

0 symptoms to 36, with mean of 7 symptoms and a standard deviation of ± 7.7 symptoms per

person. Table 1 shows the most frequently reported symptoms.

Generalized linear models: Symptom total

Initial GLMs to test the three spatial scales against symptom total showed that models using 5

km as the radius had the lowest AIC value and were therefore selected in our study (1 km:

AIC = 1095.26, 2 km: AIC = 1039.73, 5 km: AIC = 1027.65). Between the three exposure mea-

sures, Pearson correlation coefficients ranged from 0.03 to 0.60; thus, all three were tested

independently against total reported symptoms. Final GLMs for each exposure measure

included sex and smoker status as statistically significant individual predictors, while age was

not found to be statistically significant. Sex and smoker status were modeled as categorical
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variables, while age was treated as continuous. Water source was excluded during the model

selection process and was not included in the final models.

When controlling for age, sex, and smoker status the exposure measures produced the fol-

lowing results: CWD, IDW, and AEC predicted total reported symptoms (p<0.001, p<0.001,

p<0.05 respectively). Based on comparisons of AIC values, CWD (AIC = 780.91) appeared to

be more closely related to adverse health symptom reporting compared to IDW

(AIC = 803.13) and AEC (AIC = 831.95; Table 2; Fig 2).

Table 2. GLM model results for each exposure variable against total reported symptoms.

Model Variable Estimate Std. Error Z statistic P value

CWD
Intercept 1.339 0.257 5.220 <0.001

Ever Smoked 0.520 0.088 5.921 <0.001

Sex 0.486 0.094 5.156 <0.001

CWD 0.840 0.102 8.267 <0.001

Age -0.002 0.004 -0.605 0.545

Residual degrees of freedom 73

AIC 780.91

IDW Score
Intercept 1.407 0.253 5.563 <0.001

Ever Smoked 0.492 0.088 5.615 <0.001

Sex 0.487 0.094 5.184 <0.001

IDW Score 0.015 0.002 6.245 <0.001

Age -0.002 0.004 -0.461 0.645

Residual degrees of freedom 73

AIC 803.13

AEC
Intercept 1.508 0.250 6.029 <0.001

Ever Smoked 0.544 0.087 6.252 <0.001

Sex 0.550 0.094 5.855 <0.001

AEC 5.74 x10-6 2.35x10-6 2.444 <0.05

Age -0.003 0.004 -0.758 0.449

Residual degrees of freedom 73

AIC 831.95

https://doi.org/10.1371/journal.pone.0237325.t002

Table 1. Ten most frequently reported symptoms by number and percent of respondents (n = 104).

Symptom n n (%)
Sore Throat 34 33

Headache 34 33

Difficulty Speaking 34 33

Cough 32 31

Itchy or Burning Eyes 30 29

Stress 30 29

Shortness of Breath/Difficulty Breathing 26 25

Anxiety/Worry 26 25

Fatigue 21 20

Sinus Infection 20 19

https://doi.org/10.1371/journal.pone.0237325.t001
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TITAN analysis

The TITAN analysis identified multiple statistically significant symptoms along gradients of

CWD, IDW, and AEC (α< = 0.05). The higher the indicator value, the more likely the symp-

tom is to be seen with an increase in exposure. Twenty-wo symptoms were associated with the

gradient of CWD (Fig 3) with itchy or burning eyes as the strongest, positive indicator value

along the gradient (indicator value = 59.31), followed by stress (indicator value = 47.17) and

dry skin (indicator value = 44.44). Headache, difficulty sleeping, sore throat, stress, and itchy

or burning eyes were the five most frequent symptoms in this gradient. Of the twenty-two sta-

tistically significant symptoms, approximately, 27% were categorized as EENT symptoms, fol-

lowed by nerve and muscle symptoms at 27% as well. Four symptoms were inversely

associated with the gradient. Although this is counterintuitive, given that 50 symptoms were

Fig 2. Exposure model plots. Poisson distributed generalized linear model for total symptoms and a) CWD, b) IDW

score, and c) AEC as the exposure measure. A 95% confidence interval was applied around the regression line.

https://doi.org/10.1371/journal.pone.0237325.g002

Fig 3. CWD TITAN results. Individual symptoms by indicator value along the gradient of CWD. Indicator values

range 0–100, with 100 being a perfect association with the gradient. Bar width represents symptom frequency.

https://doi.org/10.1371/journal.pone.0237325.g003
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assessed along each gradient, one would expect a small number of symptoms be statistically

significantly associated with gradients as type-I errors.

Twenty-four symptoms were statistically significantly associated with the gradient of IDW

(Fig 4), with difficulty sleeping as the strongest, positive indicator (indicator value = 46.6), fol-

lowed by stress (indicator value = 45.58), and headache (indicator value = 37.7), though this

particular symptom was inversely associated with the gradient. In addition to headache, diffi-

culty speaking, and rash were also inversely associated with the gradient. The top five most fre-

quent symptoms were the same as those in the gradient of CWD. Of the twenty-four

statistically significant symptoms, approximately 25% were EENT; 25% were nerves and mus-

cle symptoms; 17% were psychological symptoms.

Seventeen symptoms were statistically significantly associated with the gradient of AEC

(Fig 5). Difficulty sleeping represented the strongest, positive indicator value (indicator

Fig 4. IDW TITAN results. Individual symptoms by indicator value along the gradient of IDW. Indicator values

range 0–100, with 100 being a perfect association with the gradient. Bar width represents symptom frequency.

https://doi.org/10.1371/journal.pone.0237325.g004

Fig 5. AEC TITAN results. Individual symptoms by indicator value along gradient of AEC. Indicator values range

0–100, with 100 being a perfect association with the gradient. Bar width represents symptom frequency.

https://doi.org/10.1371/journal.pone.0237325.g005
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value = 61.58), followed by anxiety/worry (indicator value = 44.29), and depressed mood (indi-

cator value = 37.36) which were both positively associated. Two symptoms were significantly

inversely associated with the gradient of AEC. The top five most frequent symptoms of this

gradient were: difficulty sleeping, anxiety/worry, cough, stress, and shortness of breath (diffi-

culty breathing). Of the seventeen significant symptoms, roughly 29% were lung and heart

symptoms; 29% were psychological.

Discussion

Despite a high degree of inherent complexity in associations between health and UOGD, a

growing body of evidence, including our findings, suggests that the impacts of UOGD are het-

erogeneous and consistently detectable even at distances considered safe by some regulations.

Determining the best method for quantifying UOGD intensity from a health standpoint is still

unknown; however, we detected links between each exposure measure and total symptoms

reported, including effects detected at a farther range (5 km) than reported in other studies

[15,19]. Variation in UOGD operations can include the size, operation duration, and heteroge-

neity in chemicals used which adds complexity when attempting to relate operations to health

symptoms. Discerning other influences on health that are not UOGD related or interact with

UOGD in ways that have not yet been studied is an additional challenge. Other environmental

stressors compounded with UOGD, or the inclusion of other UOGD infrastructure like pipe-

lines and compressor stations, further such complexity. The use of amended IDW metrics,

such as employed in Koehler et al. [40], attempts to expand IDW by including well develop-

ment phases to better define exposure. Regardless, the consensus of studies reporting on health

impacts around UOGD infrastructure suggests consistency between variables. The aggregate

of these analyses suggests that regardless of how exposure to UOGD intensity is quantified, the

impacts may occur at broad spatial scales and using distance to just the nearest UOGD facility

may underrepresent risks to health.

The method of estimating UOGD intensity appears to affect the strength of associations

between exposure and health outcomes in our study, but overall, a positive relationship was

found between CWD, IDW, and AEC and total reported health symptoms within a 5-km

radius of respondent homes. Brown et al. [23] did not find an association with the median

AEC. This apparent inconsistency may be explained by their use of the median AEC, rather

than the 90th percentile AEC used in this study.

Our model accounts for variation in the results that may be linked to our demographic vari-

ables. By doing so, our model terms related to exposure can account for the weight of UOGD

after the variability of our demographic variables has been factored out. Relative to AEC and

IDW measures, our findings indicate that CWD in proximity to residences, which constitutes

a more simplistic measure, was more closely linked to total symptom reporting (Fig 2A). Expo-

sure measures like CWD and IDW are considered proximity metrics and do not define an

exact exposure pathway from source to residence; however, we hypothesize that adverse health

symptoms could occur through inhalation of chemicals in UOGD emissions and that an

increase in the density of wells would, together, create an exposure route. Given that both

proximity and a better-defined exposure measure of AEC were significant, future studies

should explore links between these measures on their own.

Our challenge to predict adverse health symptoms may reflect the general challenge of con-

densing well operations into a single, simple metric due to variation in each operation. Studies

often apply only one metric for exposure, which could potentially overlook effects that may be

seen if the measure were more precise and if more detailed UOGD data were readily available.

Regardless of our findings, additional inquiries that compare health outcomes associated with
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exposure magnitude coupled with real-time live air monitoring are needed to determine

which measure best quantifies exposure.

Our results also caution against limiting investigations of UOGD impacts on health

within symptom categories due to the mixed suite of effects reported by respondents. For

example, our model assessing the relationship between total symptoms and IDW, and total

symptoms with AEC, suggested relatively limited predictability (Fig 2B & 2C). However, the

respective TITAN analyses included nearly as many significant symptom associations com-

pared to the CWD model (24 and 17 statistically significant indicators, respectively). Other

studies have limited analyses to symptom categories, which may lead to underreporting of

impacts to health across the literature, as individual symptoms have been classified under

different categories [13,15,41]. A closer look at category composition in other studies

revealed that itchy or burning eyes, sinus pain, fatigue, stress, and anxiety/worry are specific

symptoms reported by individuals, consistent with our findings in the TITANs

[14,15,42,43]. Psychological symptoms, such as stress and anxiety/worry, were included in

the top five symptoms either together or separately in each of our models, with the highest

percentage of psychological symptoms found in the gradient of AEC. Studies have found

that increased air pollution can be linked to psychological distress, while others have found

that increased stress, depression, and anxiety can be experienced by people living in com-

munities with UOGD [14,15,42–44]. Furthermore, Albrecht [45] notes that environmental

change can cause human distress, which is supported by Lai [46] who found that negative

perceptions of UOGD were associated with negative psychological states. The individual

symptom counts increased along exposure gradients (Figs 3–5), suggesting subtler effects

when compared to aggregate symptom total (Fig 2).

Our results also caution against emphasizing a single symptom to represent detrimental

health in association with UOGD. Given the suite of various chemicals applied in UOGD oper-

ations and statistically significant interactions between UOGD exposures and demographic

variables as highlighted by our GLM models, substantial weight of evidence is needed to con-

clude that a single symptom is likely to increase with UOGD intensity. The TITAN analyses

identified four, three, and two symptoms that were statistically inversely related to the gradi-

ents of CWD, IDW, and AEC. Regardless of these anomalies, 18 out of 22, 21 out of 24, and 15

out of 17 statistically significant indictor symptoms were positively associated with the gradi-

ents of CWD, IDW, and AEC which contributes further evidence that UOGD impacts health

in a heterogeneous manner.

Limitations & recommendations

As with any work attempting to relate the severity of health impacts to an environmental

stressor, our study findings must be considered in the context of the study limitations. Our

convenience sample consisted of individuals who presented to EHP because they had concerns

about health effects associated with exposure to UOGD, limiting generalizability. Additionally,

the health records lacked detailed information about symptoms onset, duration, and severity,

or the nature of the symptom (i.e., episodic or chronic). Our lack of detailed information in

our symptom data is a limitation of this study. The health records are also subject to recall

bias, with the potential for over-reporting of symptoms particularly since respondents pre-

sented due to concern about health impacts of UOGD. One mitigating factor is that at the time

of reporting their symptoms the respondents did not know their records would be reviewed

for this study, nor did they know the exposure measures that would be used. Future studies

should collect detailed symptom data and exposure measures in real-time to address these

issues.

PLOS ONE Exposure to unconventional oil and natural gas development and reported health outcomes

PLOS ONE | https://doi.org/10.1371/journal.pone.0237325 August 18, 2020 11 / 16

WG Ex. 61

2245

https://doi.org/10.1371/journal.pone.0237325


A further limitation of our study concerns available exposure data. Not all sources of emis-

sions are included in data released by regulatory agencies, and activities such as flaring, off-gas-

sing from contaminated water, and truck traffic may contribute to total emission rates, but are

not currently reported [47–49]. In addition, we were limited by available emissions data,

which is reported on an annual basis. Some studies suggest that of the development and pro-

duction stages, the hydraulic fracturing phase of development and the flowback phase of pro-

duction account for the highest levels of emissions [3,40,50] and future work should include

developing exposure measures that capture and isolate these stages.

The air-and-exposure screening model may have also underestimated actual emission con-

centrations because the model assumes emissions are constant over a year for all sources and

does not factor in varying levels of emissions associated with well development phase. Further-

more, our model treats the trajectory of each well’s emissions plume equally when summed

into one AEC value. Future work should factor wind direction into the model to estimate and

correct for the influence wind direction plays on plume movement and concentration to

improve upon the AEC value. Additionally, the box model does not correct for influences of

topography [25], so we could not compare emission concentrations of various elevations.

Regarding weather data, one limitation was that weather data was only taken from one airport

for our sample.

Conclusion

This study was unique in its attempt to use an analytical tool taken from ecological research to

determine specific symptom sensitivity to changes in CWD, IDW, and AEC from UOGD. The

consistency in relationships between UOGD operations, regardless of how UOGD is quantified,

and adverse health outcomes across the literature suggests that increases in symptoms could be

related to higher exposure to emissions or chemicals used on the well pad [3,5,11,50]. The

impact of fracking on health requires ongoing research because of continued industry growth,

the relatively young age of the field, and the potential for chronic or latent illness, like cancer or

developmental health impacts, to result from long-term exposure [1,51]. Our results do not con-

firm direct causal links between UOGD exposure and reported symptoms, but they do suggest

that living in proximity to wells may be associated with health symptoms. Our findings suggest

that an estimation of exposure that relies only on proximity may be simplistic, particularly in

communities with increasing density of wells at 5-km scales, and that a deeper understanding of

emissions composition and potency at the residence level is warranted. Future research should

examine the question of how the aggregation of exposure affects health.

Supporting information

S1 Appendix. TITAN example code and explanation. Lines 7–13 prepare a sample dataset of

twenty potential symptoms and fifty individual respondents to mimic a subset of the data used

in this study. For each respondent, 1s and 0s were used randomly for each symptom. A 1

means they did have that symptom, 0 means they did not. Now we have a dataset of fifty

respondents and what symptoms they did or did not have. Line 16 creates a randomized list of

exposure, one for each of the fifty respondents. In our study, each respondent had a measure

of cumulative well density (CWD), an inverse distance weighting (IDW) score, and a measure

of estimated annual emissions concentration (AEC). Line 16 creates an exposure variable that

ranges from 0 to 50 (no units), with 0 being no exposure and 50 being representative of high

exposure, though in our sample there was no limit to how high an exposure measure could go.

Line 19 uses titan() to run the TITAN analysis, taking the reported symptoms and exposure

values to determine if certain symptoms occur more or less at different levels of exposure. For
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example, when the exposure measure reaches 12, the model is looking for any symptoms that

stand out as occurring more frequently at that exposure level. Indicator values (range 0–100)

are used to score each symptom’s relationship to that exposure level, or gradient. A high indi-

cator value shows a strong relationship with the gradient at a certain level. Then, the model

determines if that relationship is positive or inverse. In ecological studies, one might study

how changes in dissolved oxygen (DO) in a pond ecosystem cause certain species to die off or

thrive as levels of DO change. When we begin to see a certain species appear in the pond, we

can hypothesize that there may also be a change in DO as well since that species is an indicator

of a certain threshold, or level of DO. Lines 22–29 takes information from the TITAN analysis

and creates a table. For this table, the rows each represent the different symptoms, while col-

umns are information pertaining to Indicator Value, the frequency of the symptom, p-values,

whether the symptom is positively or inversely associated with the gradient, and the z-score.

Using these parameters, we begin to filter out symptoms that were infrequent (line 25) and can

also filter out insignificant symptoms or symptoms with low z-scores (lines 40–41). The latter

two were done in our study but did not make sense for this sample data. Lines 34–36 construct

the final plot we used to visualize the results of the TITAN analysis. In the plot, there are ten

symptoms positively associated with the gradient with indicator values ranging from 32 to 71.

The same goes for the inversely associated symptoms. For the plots in our study, we added

additional characteristics like colors to group symptoms into categories and using the width of

each bar to represent the frequency of symptoms being reported.
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Human exposure to unconventional natural gas development:
A public health demonstration of periodic high exposure
to chemical mixtures in ambient air

DAVID R. BROWN, CELIA LEWIS and BETH I. WEINBERGER

Southwest Pennsylvania Environmental Health Project, McMurray, Pennsylvania, USA

Directional drilling and hydraulic fracturing of shale gas and oil bring industrial activity into close proximity to residences, schools,
daycare centers and places where people spend their time. Multiple gas production sources can be sited near residences. Health
care providers evaluating patient health need to know the chemicals present, the emissions from different sites and the intensity
and frequency of the exposures. This research describes a hypothetical case study designed to provide a basic model that
demonstrates the direct effect of weather on exposure patterns of particulate matter smaller than 2.5 microns (PM2.5) and volatile
organic chemicals (VOCs). Because emissions from unconventional natural gas development (UNGD) sites are variable, a short
term exposure profile is proposed that determines 6-hour assessments of emissions estimates, a time scale needed to assist
physicians in the evaluation of individual exposures. The hypothetical case is based on observed conditions in shale gas
development in Washington County, Pennsylvania, and on estimated emissions from facilities during gas development and
production. An air exposure screening model was applied to determine the ambient concentration of VOCs and PM2.5 at
different 6-hour periods of the day and night. Hourly wind speed, wind direction and cloud cover data from Pittsburgh
International Airport were used to calculate the expected exposures. Fourteen months of daily observations were modeled. Higher
than yearly average source terms were used to predict health impacts at periods when emissions are high. The frequency and
intensity of exposures to PM2.5 and VOCs at a residence surrounded by three UNGD facilities was determined. The findings
show that peak PM2.5 and VOC exposures occurred 83 times over the course of 14 months of well development. Among the
stages of well development, the drilling, flaring and finishing, and gas production stages produced higher intensity exposures than
the hydraulic fracturing stage. Over one year, compressor station emissions created 118 peak exposure levels and a gas processing
plant produced 99 peak exposures over one year. The screening model identified the periods during the day and the specific
weather conditions when the highest potential exposures would occur. The periodicity of occurrence of extreme exposures is
similar to the episodic nature of the health complaints reported in Washington County and in the literature. This study
demonstrates the need to determine the aggregate quantitative impact on health when multiple facilities are placed near residences,
schools, daycare centers and other locations where people are present. It shows that understanding the influence of air stability
and wind direction is essential to exposure assessment at the residential level. The model can be applied to other emissions and
similar sites. Profiles such as this will assist health providers in understanding the frequency and intensity of the human exposures
when diagnosing and treating patients living near unconventional natural gas development.

Keywords:Diagnostic tools, dispersion air model, exposure patterns, health impacts, unconventional natural gas.

Introduction

Technological advances in directional drilling and hydrau-
lic fracturing have spawned the shale gas boom across the
United States and around the globe. Progress in the oil

and gas industry has brought industrial activity in close
proximity to residences, schools, day care centers and
other places where people spend their time. The short, and
even not-so-short, distances between unconventional natu-
ral gas development (UNGD) and everyday human activ-
ity allow for emissions from natural gas extraction,
processing, and transport to reach individuals in the areas
where UNGD activities take place.
The emissions that occur within several miles of resi-

dences (sometimes less than 500 feet) pose challenges
for health care providers seeing patients from these
areas. Health care providers (as well as patients
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themselves) have very little information on the contents
of UNGD emissions and the concentration of toxics
that could be reaching people where they live or work.
Currently patients go to physicians with health con-
cerns but are unable to identify chemical or particulate
exposures, if they exist. Physicians unfortunately often
find themselves with similarly imprecise exposure con-
ceptualizations. Guidance provided by public agencies
is often insufficient to protect the health of individuals,
yet, there is an increasing amount of data collected on
UNGD emissions; and there is existing research on the
toxicological and clinical effects of some substances
emitted by UNGD activities.
In the present study we consider estimates of emis-

sions from well pads, compressor stations and proc-
essing plants to gauge individuals’ possible exposures
and the health risks those exposures pose. This is nec-
essary because much of the publicly accessible emis-
sions data has been collected to provide average
exposures over a lengthy period of time and because
the data collection is intended to document compli-
ance with regional air quality standards. To assess
health impacts, it is, therefore, necessary to look at
human exposures in the short term. What matters
from a health perspective is the content and intensity
of exposures at the individual level. The critical ques-
tions are: What is a person, in a given household,
exposed to? How high do those exposures climb?
How often is that resident exposed to these high lev-
els? What happens physiologically when a particular
toxic comes in contact with the body? This set of
questions pertains to individuals living in shale gas
regions across the country and is at the core of the
public health problem of UNGD.
The objective of this article is to provide a structure

for understanding patterns of air exposures resulting
from shale gas activity. Our aim is to provide a method
for understanding the fluctuations and degree of predict-
ability of peaks in exposure. It is not to achieve precise
emissions estimates. Current emission data is too sparce
to do that level of modeling. To illustrate the patterns,
we present a case study of a hypothetical residence
located in southwestern Pennsylvania. The residence is
situated near a well pad, a compressor station and a
processing plant.
The Southwest Pennsylvania Environmental Health

Project’s ground-level experience with individuals, along
with continual assessment of the literature on UNGD
emissions, leads us to propose several essential criteria
for evaluating individual exposures. These are: 1) prox-
imity of well pads, compressor stations, production facil-
ities or other operations associated with UNGD; 2)
varied stages of operations occurring at the just the well
pads; 3) the presence of chemical mixtures in air emis-
sions; 4) the role of weather in dispersion of air pollu-
tants; 5) the resulting chemical composition and

concentrations exposing the individual; 6) the frequency
and duration of exposures.1

The present study demonstrates that households near
UNGD sites are subjected to variable particulate and
chemical air exposures that may reach potentially danger-
ous levels. Furthermore, it broadens the concern to the
whole lifetime of shale gas development rather than pri-
marily focusing on hydraulic fracturing as the predomi-
nant polluter. Hydraulic fracturing itself occurs over a
matter of weeks, while compressor stations and gas proc-
essing plants, also located near people’s homes, pollute
24 hours a day for as long as gas is flowing through the
pipeline. These parts of the process produce significant air
contaminants and deserve more attention than they have
received thus far.

Background

Emissions and the process of gas extraction and post-extrac-
tion activities. There are numerous stages to the natural
gas extraction and development process. They begin with
the development of a well site and end with the transport
of natural gas to its final destination. The well pad itself
includes multiple activities that occur prior to the gas pro-
duction phase. Once natural gas (and other substances)
flow up the well and into on-site tanks, several more stages
follow. These stages involve an array of machinery and
facilities including pipelines, condensate tanks, compressor
stations, dehydrators, and processing plants.[1] During
these stages gas is moved, filtered, compressed, and
treated. Emissions – fugitive, smokestack and accidental –
are released into the air at every stage of UNGD.

Documented air emissions from UNGD sources. As a
group, emissions from one part of the process differ from
those produced by another. The particular mix of emis-
sions from a processing plant is different in kind and quan-
tity, from that of a compressor station, which is different
from emissions produced by the drilling of a well. That
said, there are certain contaminants that are common
across many, if not all, parts of the process; two of the
most notable being VOCs and particulate matter.
Six air pollutants whose regional ambient air levels are

regulated by the Environmental Protection Agency (EPA),
are generally found at UNGD sties and are frequently dis-
cussed in the literature and identified by public agencies.
These are: ozone, particulate matter (PM), carbon

1The Southwest Pennsylvania Environmental Health Project is a
nonprofit public health organization established to respond to
individual and community needs for access to accurate health
information and health services associated with UNGD. The
southwest region of the state is among the fastest growing areas
for this industry because it lies over the Marcellus shale deposits.
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monoxide (CO), nitric oxides (NOx), sulfur oxides (SOx),
and lead. Also frequently discussed in the emerging litera-
ture on UNGD are volatile organic compounds (VOCs)
which include aromatic hydrocarbons, halogenated com-
pounds, aldehydes, alcohols, and glycols.[2-4] VOCs are
released into the atmosphere during the production and
processing of natural gas and as a component of diesel and
exhaust.[5] They also are released from gasoline, solvents,
paints and other industrial and domestic products.
The Pennsylvania Department of Environmental Protec-

tion (PA DEP) inventory of emissions from natural gas
facilities includes CO, NOx, PM10 (particulate matter less
than 10 microns), PM2.5 (less than 2.5 microns), SOx, the
VOCs, Benzene, Ethyl Benzene, Formaldehyde, n-Hexane,
Toluene, Xylenes (isomers and mixture), and 2,2,4-Trime-
thylpentane.[6] In Washington County, Pennsylvania, the
PA Department of Environmental Protection (PA DEP)
has collected data on 214 natural gas facilities. The highest
levels of emissions reported were of benzene, PM2.5, NOx,
formaldehyde, trimethyl pentene, and ethyl benzene.[7]

Additionally, a study conducted for the City of Fort Worth,
Texas found acetaldehyde, butadiene 1,3, carbon disulfide,
carbon tetrachloride, and tetrachloroethylene.[8] The Texas
Commission on Environmental Quality collects data on
NOx, VOCs and HAPs (hazardous air pollutants regulated
based on emissions rather than regional air levels).[9] There
are many other known, suspected, and as yet unknown air
emissions from UNGD.[1,8,10,11]

Fluctuations in emissions and ambient air dispersal. Well
pad emissions vary in content and concentration over
time. In the lead up to a producing well, different activities
occur: drilling, hydraulic fracturing, flowback, flaring and,
finishing. In contrast other UNGD facilities operate in a
more uniform way over time (such as compressor stations
and processing plants) but still emissions measured nearby
also vary (see Findings section). In addition to differing
releases of contaminants, emissions disperse from their
sources in varied patterns due to weather and atmospheric
conditions. Characterizing these variations– their

intensity, frequency, and duration – is critically important
from a public health perspective. Little attention has been
paid to these fluctuations, particularly the high spikes in
exposures.
Three short-term air reports from the PA DEP provide a

set of compounds found at well sites, impoundment ponds
and compressor stations.[12-14] The PA DEP developed its
list of air contaminants after consulting with the Texas
Commission on Environmental Quality, New York
Department of Environmental Conservation, data from
research in Dish, TX, the Federal Register, and TERC.[12]

As seen in Table 1, measurement data reveal the variation
in emissions even from a single source over only three
days. Such variability makes accurate exposure estimates
difficult. An examination of the compressor station meas-
urements below also illustrates the seriousness of the prob-
lem posed by averaging out emissions data.
Table 1 illustrates the information lost when combining

and averaging emissions over time. Looking at ethylben-
zene, for instance, we see that its detection varies from
zero to over 20,000 ug m¡3 in just 3 days.

Residential VOC exposures. A small number of studies
have been published documenting UNGD-generated air
exposures near residences. McKenzie et al.,[15,16] analyzing
data from Garfield County, CO, documented concentra-
tions of benzene, ethylbenzene, toluene, and m-xylene/p-
xylene 2.7, 4.5, 4.3, and 9 times higher within 0.8 km of
sites near well completion activities than were concentra-
tions further out. Also in Garfield County, Colorado, Col-
born et al.[16] sampled air outside a residence 1.1 km from
UNGD in 2010 and 2011 (and where there was no other
nearby industrial activity). Detected in 60% to 100% of the
samples were VOCs including methane, ethane, propane,
toluene, isopentane, n-butane, isobutene, acetone, n-pen-
tane, n-hexane, methylcyclohexane, methylene chloride,
m/p-xylenes: and carbonyls, including formaldehyde,
acetaldehyde, crotonaldehyde, 2-butanone (MEK) and
butyraldehyde.

Table 1. Variation in ambient air measurements of five VOCs near a compressor station in Hickory, PA, reported in ug m¡3*.

May 18 May 19 May 20

Chemical Morning Evening Morning Evening Morning Evening 3-day Average

Ethylbenzene No detect No detect 964 2015 10,553 27,088 13,540
n-Butane 385 490 326 696 12,925 915 5,246
n-Hexane No detect 536 832 11,502 33,607 No detect 15,492
2-Methyl Butane No detect 230 251 5137 14,271 No detect 6,630
Iso-butane 397 90 No detect 1481 3,817 425 2070

*The PA DEP collected data on many more chemicals than those listed above; the authors selected these chemicals specifically to highlight variation
in emissions. See Reference 12, Appendix A. p. 31.
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Researchers working with Earthworks sampled air near
residences in nine counties in Pennsylvania during 2011
and 2012. For households between 0.1 km and 8 km from
gas facilities 94% of the samples that were tested for 2-
butanone detected it; 88% of those tested for acetone and
79% of those tested for chloromethane detected it. Also
frequently but not as consistently found were 1,1,2-Tri-
chloro-1,2,2-trifluoroethane, carbon tetrachloride and
trichlorofluoromethane.[17]

In 2009, Wolf Eagle Environmental, a consulting firm
working for the town of Dish, Texas, sampled air on seven
residential properties near compressor stations. Chemicals
identified in the samples drawn included a number that
were found above Texas’s Effective Screening Levels (lev-
els which cause concern for health effects). These included
benzene, dimethyl disulfide, naphthalene, m & p xylenes,
carbonyl sulfide, carbon disulfide, methyl pyridine, and
dimethyl pyridine.[11]

Health problems identified in the literature. The onset of
the acute actions of VOCs and PM2.5 can be very brief,
within days, hours or minutes.[18] Many of the studies
listed below find illnesses reported that appear to be short
term but recurring (Table 2). For instance, burning eyes
and throat irritation were found in the research of Bam-
berger,[19] Steinzor et al.,[17] and Subra.[20,21] Episodic nau-
sea was reported by residents in studies by Ferrar et al.,[22]

Subra,[20] and Bamberger and Oswald.[19] Rabinowitz
et al. documents reports of dermatologic and upper respi-
ratory symptoms close to well sites.[23]

Rationale. To understand the potential health effects and
risks to residents, it is necessary to conceptualize the inten-
sity and patterns of residential exposures to UNGD air
emissions. To do this source term estimates needed to be
developed and then applied to a pollution dispersion
model. There is little measurement data providing emis-
sion rates for the central UNGD operations: four stages of
well development at the well pad, compressor stations,
and processing facilities. Further, there is great variability
in emissions over time and among activities and between
sites that is not captured by existing research or by the PA
DEP. The model provides estimates of exposures at differ-
ent distances from UNGD sites. The emissions estimates
used here are provisional; when accurate measurements
and estimates–which reflect the variability–are available
those could be used.

Materials and methods

Development of the case study. A model is presented for a
hypothetical residence in southwest Pennsylvania. The res-
idence has one well pad with five wells 1 km to the west, a
compressor station 2 km to the south and a processing sta-
tion 5 km to the north. This “typical” scenario is based on

a dataset of 276 households in Washington County, Penn-
sylvania.[28] 2 It includes two common UNGD facilities –
a well pad with multiple wells and a compressor station.
We chose to include a processing plant at the furthest dis-
tance (5 km) because they are less common yet large
enough to pose potentially significant health risks.

Assumptions. To move forward with a basic screening
model, we have made several assumptions:

I. Compressor stations and processing plants are assumed
to emit at constant rates and concentrations.
II. Each phase of the drill pad development is assumed to
emit at a constant rate. That is, the drilling phase is
assumed to generate constant emissions, the hydrofracking
phase is assumed to generate constant emissions, etc.
III. Terrain is assumed to be flat.
IV. Pollutants such as PM2.5 and VOCs are assumed to
travel in the same manner.

EHP exposure model. Considering a hypothetical resi-
dence with three different sources at 1 km, 2 km and
5 km, we model the movement and dilution of emissions
from each point source to the residence over a period of
14 months. We applied weather conditions reported from
the Pittsburgh International Airport from February 2011
through March 2012. The rates of dilution, based on
known weather effects and distance from the source, are
calculated in 6-h increments. Six-h increments capture the
four time periods that are generally responsive to diurnal
weather-based dilution patterns. The 6-h increments are
designated Night: 12 midnight – 6:00 am; Morning: 6:00
am – 12 noon; Afternoon: 12 noon – 6:00 pm; Evening:
6:00 pm – 12 midnight. The short time intervals also reflect
our interest in capturing the short time periods in which
onset of health reactions can occur.

Calculation of weather/diurnal effects. The exposure
model is intended to be of use to health care providers and
residents living in shale development areas. It is a basic
“box” air pollution dispersion model, based on the seminal
work of Pasquill.[29] Much more complex, accurate air dis-
persion models are available to use. Highly accurate data
on UNGD emissions is not yet available and our data is
based on estimates. The simple box model best fits our pur-
pose of providing a simple conceptual model that describes

2Two hundred and fourteen of these residences were found to
have between 1 and 77 UNGD well pads at a distance of 2–5
km. Eighty-five residences had from 1 to 17 well pads located
between 1–2 km. Thirty-one homes had from 1 to 7 well pads
within 1k km. Two hundred and sixty residences had between 1
and 5 compressor stations 2–5 km distant. Fifteen homes had 1–
2 compressor stations within 1–2 km. Five residences had one to
two compressor stations less than 1 km distant. Washington
County currently has two processing stations.
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in general how residents near UNGD are at risk of epi-
sodic exposures. See Appendix A for full discussion of the
calculation of effects.
The model posits that the emissions at the source are

released into a defined volume of air (the theoretical
“box”). We use a “box” 100 meters at the base. The length
is determined by wind speed (meters per minute) The
height is dependent on weather and other atmospheric

conditions. The box increases in volume as the air flow car-
ries it away from the site, raising the height of dilution and
the width of the plume. A new volume calculation and
emission concentration is made at each distance point
reported (in this case, at 1 km, 2 km and 5 km). The larger
the volume of the “box” the more dispersed the pollution.
In the model, emissions are assumed to be constant within
every stage. The terrain is assumed to be flat.
Cloud cover, wind speed, wind direction, and portion of

the day (day or night) are factored into the model and
affect the dilution of the contaminants and the intensity of
exposures at different distances. Pasquill categorized these
atmospheric variations into six “stability classes” A, B, C,
D, E and F, with class A being the most unstable or most
turbulent class, and class F the most stable or least turbu-
lent class (Table 3).[29] The more stable the atmosphere,
the less likely emissions will mix and dilute with the ambi-
ent air and the greater the risk that higher ambient concen-
trations will lead to exposure at the residence.
One stability class is assigned to each 6-h period. This

determines the mixing of the pollutant in the air column at
the relevant distance between a source and the residence. For
the well pad, which is 1km west of the residence, days with
winds from the west or with calm conditions are expected to
carry emissions toward the home. Winds from the south and
north are relevant for emissions moving from the compressor
and processing station, respectively. Winds reported as zero
at the airport are calculated at 0.2 mph since air movement is
always present. Further information on the EHP exposure
model can be found on the Southwest Pennsylvania Environ-
mental Health Project website.[30]

Development of source terms used in the case study

Table 4 shows the emissions estimates (in grams per min-
ute) developed for this case study. The values from the lit-
erature are adjusted to avoid underestimating the day-to-
day high levels. To develop more precise source terms it
would be necessary to collect site specific short term emis-
sions. The model is designed to be conservative in terms of
health protection and may represent an upper bound of
what is emitted.

Table 2. Evidence for health effects from UNGD found in the
literature.

Category Researcher/author

Behavioral/mood/stress Steinzor et al.[17]

Ferrar et al.[22]

Perry [24}

Resick et al.[26]

Subra[20]

Birth outcomes Hill[26]

McKenzie et al.[27]

Cancer risk McKenzie et al.[15]

Dermal Steinzor et al.[17]

Rabinowitz et al.[23]

Subra[33]

Ear, nose, mouth, throat Steinzor et al.[17]

Subra[21]

Subra[20]

Eye Bamberger and Oswald[19]

Steinzor et al.[17]

Subra[21]

Subra[20]

Gastrointestinal Bamberger and Oswald[19]

Steinzor et al.[17]

Ferrar et al.[22]

High blood pressure Subra[21]

Muscle/joint pain Steinzor et al.[17]

Subra[21]

Subra[20]

Neurological Bamberger and Oswald [19]

Subra[21]

Subra[20]

Respiratory Bamberger and Oswald[19]

Steinzor et al.[17]

Rabinowitz et al.[23]

Subra[20]

Table 3. Air stability classes as related to wind speed, cloud cover, day and night.*

Wind Speed Day Day Day Day Night Night

Clear or just
a few clouds

< 50% cloud
cover

>50% cloud
cover

Overcast >80%
cloud cover

>50% cloud
cover

< 50% cloud
cover

< 5 mph A AB B D E F
5 to 7 mph AB B C D E F
7 to 11 mph B BC C D D E
11 to 13 mph C CD D D D D
>13 mph C D D D D D

*Adapted from Pasquill.[29]
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Two of the air contaminants produced by UNGD, par-
ticulate matter (PM2.5) and volatile organic compounds
(VOCs), are used to gauge risk for an individual in the
hypothetical residence. The two pollutants pose risks, both
individually and synergistically, and they serve as surro-
gates demonstrating how other hazardous air pollutants
resulting from UNGD activity may be dispersed.

Modeling. A short averaging time, (6 h) was used as
opposed to 24-h averages. Short averaging times over long
periods allowed time specific peak concentrations of expo-
sures to be identified.
To demonstrate the impact of weather on exposure to

UNGD emissions we model the exposures from four
stages of well pad development, a compressor station, and
a processing plant using estimated source terms chosen by
EHP based on a review of UNGD emissions monitoring
research. Appendix C provides an explanation of EHP’s
choice of source terms and a table of data from the
research EHP reviewed to develop estimated emissions. As
valid and reliable emissions data become available the
source terms could be adjusted.

Modeled well pad stages using EHP estimated emissions

rates

The 11 months after the first well on a pad begins to be
drilled encompass four stages of development. We model
the first 5 months as “drilling stages”; vertical drilling
(small rig) followed by vertical drilling (large rig), horizon-
tal drilling, and preparation for hydraulic fracturing. The
next activity is hydraulic fracturing, followed by flaring
and finishing processes. Well production, when natural gas
is flowing up the well, is then modeled for three months.3

We base these stages on data provided by the industry to

New York State (Table 5).[1] For the 14-month case study,
the stages are shown in Figure 1.
For each well pad stage, the source terms for PM2.5 and

VOCs are applied to the air screening model using weather
data for the corresponding number of days and over a dis-
tance of 1 km. The same method is applied to the compres-
sor station and processing plant emissions data for
12 months over distances of 2 km and 5 km, respectively.

Results and discussion

The findings show how exposures to VOCs at a residence
will vary, in the short-term and over the course of a year
or more, due to weather and diurnal conditions. Results
for PM2.5 emissions mimic the pattern of VOC emissions
at scaled levels based on the emission rates presented in
Table 4. Not all results are presented.

Results using EHP estimated emissions source terms

Well pad development. Figures 2–5 show the patterns of
6-hour exposures to VOCs at the residence 1 km from the
well pad for four stages of development: drilling stage Feb-
ruary–June 2011 (Fig. 2): hydraulic fracturing stage July
1–15, 2011 (Fig. 3): flaring and finishing stage August –
December 2011 (Fig. 4): and producing well stage Janu-
ary–March 2012 (Fig. 5). (Note that the values on the ver-
tical axis for Fig. 3 vary from the vertical axis values on
Figs. 2, 4 and 5). Inspection of the charts shows 6-h peri-
ods of high exposures during all four stages. Differences in
intensity of exposures are related to the type of activity at
the well pad in conjunction with weather conditions for
the specified time period.
Figures 2–5 depict the ambient air concentration of well

pad emissions that reach the residence on days with west
winds or during times when the wind is calm. The figures
show that maximum VOC peaks for hydraulic fracturing
(the stage of development that often draws the most atten-
tion) reached 186 ug m¡3, compared to 465, 349 and 425 ug
m¡3 for drilling, flaring and finishing, and production. Low
values are also found at each stage. However some level of
exposure is always present albeit low compared to peaks.
A “peak” in exposure is defined as two standard deviations

above the 6-h mean for the exposure, averaged over the time
period of each stage of development. A comparison of aver-
age and maximum peaks of exposure levels is found in
Table 8. The results show that the drilling, flaring and finish-
ing, and producing stages release higher pollutant concentra-
tions than the hydraulic fracturing stage (Figs. 2, 4, 5).

Compressor station and processing plant. Unlike well pad
development, compressor station emissions are assumed to
be relatively constant over a 1-year period, operating 24 h a
day and seven days a week. The varied patterns of 6-h

Table 4. Estimated emissions in grams/minute used in the EHP
exposure model.

Source VOCs Estimate PM2.5Estimate

Drilling stages 400 125
Hydraulic fracturing 160 50
Flares and finishing 300 100
Producing well pad 80 25
Compressor Station 300 100
Processing Station 1500 500

3The very first stage of well pad development, access road and
well pad construction, is omitted from this case study, although
there are public health implications for this stage because of
truck traffic, diesel exhaust emissions and particulate matter
(PM) effects on air quality.
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exposures to VOCs at the residence 2 km from the compres-
sor station are shown in Figures 6 and 7. Figure 6 shows
the variability in exposures experienced over the period of
one year (2011) and Figure 7 shows the results for a repre-
sentative month (May 2011) to provide a closer look at the
day-to-day variability. The maximum peak exposure value
for the compressor station was 169 ug m¡3. Low values are
also found throughout the year.
Similar to compressor stations, processing plants are

assumed to have relatively constant emissions, although there
is variation depending on, among other things, the type of gas
(wet vs. dry). We use a high estimate for VOCs to reflect an
uncertainty factor we associate with the processing facility.
The gas processing plants are known to have multiple, fre-
quent, and large scale flaring. In addition, there are more
opportunities for fugitive emissions over and above those at
the smaller compressor stations. The source term we use for
the processing plant is the most complicated and potentially
problematic. See Appendix C for a full discussion of the rea-
soning behind our emissions estimate.
The varied patterns of 6-h exposures to VOCs at the res-

idence 5 km from the processing station are shown in Fig-
ures 8 and 9. Although this source is further away than the
compressor station, exposure values are higher, with maxi-
mum peaks reaching 450 ug m¡3. These findings, along
with those of the compressor station, show that even with
relatively constant emissions from a source there will be
high variability in the frequency, duration and intensity of
exposures at a nearby residence. The results also indicate
that processing station emissions will impact a broader
geographic range than well pads or compressor stations.

Frequency of peaks. Examining frequency of peaks (two
standard deviations above the mean for each stage),
Table 6 shows that during the 15-day hydraulic fracturing
stage, there would be two 6-h periods with peak exposures
at the residence. From the compressor station there would

be 118 6-h peak periods – or 708 h of peak exposures –
over the 1-year period modeled. From the processing plant
there would be 99 6-h peak periods – or 594 h. These find-
ings suggest that the residence could experience as many
as 300 6-hour peaks of VOC exposure over the course of
the modeled 14-month period. They also indicate that
average intensity over the course of a year is a poor mea-
sure for risks to individuals near facilities and operations.
Table 7 summarizes peak exposures for PM2.5.

Diurnal variation. Residents tend to be more at risk at
night when they are also less likely to be aware of the expo-
sures. At night there is usually less mixing within the air
column than during the day. The two 6-h periods at night
(6:00 pm – 12 midnight and 12 midnight – 6:00 am) tend
to carry higher exposure values. For example, in May
2011 the average values of exposure from a producing well
pad for evening, night, morning and afternoon periods
were 51 ug m¡3, 58 ug m¡3, 12 ug m¡3 and 10 ug m¡3,
respectively. This pattern indicates that residents may be
most at risk at night when they are also less likely to be
aware of the exposures.

Discussion

The findings of the case study show that residents are
exposed to air contaminants at different intensities over

Table 5. Estimated length of time per stage of development*.

Stage of Well Pad Development Number of Days or Months* VOC Source Term ug m** PM2.5 Source Term ug m**

Drilling stages 5 months 400 125
Hydraulic fracturing 15 days 160 50
Flares and finishing processes 5 months 300 100
Producing well pad Indefinite 80 25
Compressor station Indefinite 300 100
Processing station Indefinite 3,000 1,000

*Based on NY Revised Draft SGEIS 2011.[1]

**see Table 4.

Fig. 1. Stages of well pad development modeled in the case study
and corresponding dates for each stage.

Fig. 2. Changes in the modeled ambient air levels of VOCs from
the drilling stage of well pad development.
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time. Predicting and monitoring these exposures provides
important information to residents, health care providers,
and policymakers on local health impacts from UNGD.
The study shows that it is necessary to consider all nearby
sites and the activities at those sites. The effects from one
site are compounded by those of another. By bringing
together estimates of UNGD emissions, the timing of
activities, and weather patterns over a year, a more plausi-
ble prediction about an individual’s exposures to airborne
pollutants can be made.
Health care providers evaluating patients in shale devel-

opment regions are faced with complex environmental
exposures, capable of inducing multiple physiological
responses, and non-specific health complaints. It is impor-
tant for patients and providers to understand that expo-
sure levels and patterns vary predictably and, moreover,
exposures can sometimes reach levels that are immediately
dangerous to human health.
The study further suggests that the approach com-

monly taken to estimate average exposures, based on
intermittent 24-h sampling, underestimates the hazard
at residences near the sites and can mislead the health
care provider.

Implications of the Model and Findings

Intensity and variability of exposure. The intensity of
exposures during UNGD activity at the well pad is deter-
mined by 1) the process underway (e.g., drilling, hydraulic
fracturing, flaring, producing); 2) wind speed and direc-
tion; diurnal and seasonal air dilution; and 3) emission
rate from the source.
Fourteen months of modeled data using 2011-12

weather conditions reported from the Pittsburgh airport
show that the exposures to PM and VOCs at the hypothet-
ical residence are highly variable and that the variability is
predictable with regard to weather patterns.

Periods and patterns of peak exposures. The modeled data
show that exposure levels increase most often during night-
time hours when there is usually less mixing within the air
column. Residents appear to be most at risk at night when
they are also less likely to be aware of the exposures. This
is consistent with anecdotal reports from residents who
often think that nighttime air is less polluted than daytime
air. They are often inclined to open windows at night
before going to bed. Poorer air quality at night, however,
may in part explain why people complain of waking up
feeling sick, but improve as the day goes on.[31]

Fig. 3. Changes in the modeled ambient air levels of VOCs from
the hydrofracking stage of well pad development. Note variation
in vertical axes.

Fig. 4. Changes in the modeled ambient air levels of VOCs
from the producing well pad.

Fig. 5. Changes in the modeled ambient air levels of VOCs from
the flaring/finishing stage of well pad development.

Fig. 6. Changes in the modeled ambient air levels of VOCs from
a compressor station over a year.
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Tables 8a and 8b show evidence of episodic extreme
exposures. In fact, Tables 8a and b and the earlier figures
show that 10% of the time or less a peak exposure could
occur. The episodic nature of peak exposures points out
the difficulty of adequately measuring and documenting
exposures at residences and why, anecdotally, residents
note odors and symptoms of exposures but air samples
days later reveal nothing. Although there may be peaks
present, a random air sample has a 75% or more chance of
showing little impact of emissions at a residence.

VOC and PM exposures vary with the source

Well pad (Figs. 2–5). Drilling stage emissions are charac-
terized by frequent 6-h episodes of low to moderate VOC
exposures and instances of extreme exposures. The
hydraulic fracturing stage is similar but is less frequently
intense. Flaring and finishing produce high level exposures
which continue at lower levels during production. These
profiles are consistent with residents’ reports of periodic
odors and sensory and respiratory irritation. A patient

near a well pad would have periods of low exposure some
weeks, but higher, more dangerous exposures other weeks.

Compressor station (Figs. 6 and 7). In contrast to well
pads, compressor stations more consistently produce emis-
sions. Thus, variability in exposures is largely, but not
entirely, due to weather and air stability.

Processing plant (Figs. 8 and 9). The gas processing
plant, despite its being five kilometers north from the resi-
dence, produced exposures consistently higher than those
produced by well development activities or the compressor
station, which are closer. The plant has the largest toxic
footprint of the three sites and poses the most danger to
residents.
Physicians who understand the fundamental aspects of

the route of exposures will be able to communicate risks or
reassurances to the resident, explaining that he or she is
not exposed to high levels all the time. Some days are bet-
ter, some are worse. Those days that are ‘worse’ deserve
attention and over time they are numerous.

Exposures occur from multiple sources at overlapping times

Figure 10 provides a 1-week snapshot of exposures at the
hypothetical residence in September 2011. In the week fea-
tured the highest residential exposures are from the well
pad during its flaring/finishing stage. As this occurs, how-
ever, the residence is also receiving lower but still signifi-
cant emissions from the other two facilities.

Health implications of episodic exposures to shale

emissions

It is important to consider the toxic actions of periodic
exposures to high doses of these chemicals.

Fig. 7. Changes in the modeled ambient air levels of VOCs from
a compressor station over one month.

Fig. 8. Changes in the modeled ambient air levels of VOCs from
a processing plant over a year.

Fig. 9. Changes in the modeled ambient air levels of VOCs from
a processing plant over one month.
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Effects from high exposures to VOCs. VOCs are a varied
group of compounds which can range from having no
known health effects to being highly toxic. Short-term
exposure can cause eye and respiratory tract irritation,
headaches, dizziness, visual disorders, fatigue, loss of
coordination, allergic skin reaction, nausea, and mem-
ory impairment. Long-term effects include loss of coor-
dination and damage to the liver, kidney, and central
nervous system. Some VOCs, such as BTEX (benzene,
toluene, ethylbenzene and xylene, which are often emit-
ted together), have been detected near natural gas devel-
opment and specifically noted by Wolf Eagle, McKenzie
et al., Colborn et al., and Steinzor et al.[12,16-18] Acute
exposures to high levels of BTEX have been associated
with skin and sensory irritation, central nervous system
depression, and negative effects on the respiratory sys-
tem. The case for elevated risk of cancer from UNGD
VOC exposure has been made by McKenzie et al.[15]

Effects from high exposure to particulate matter. Expo-
sure to PM2.5, in conjunction with other emissions, is of
core concern. Fine particulates interact with the airborne
VOCs increasing their absorption into the lung. Reported
clinical actions resulting from PM2.5 inhalation affect both
the respiratory and cardiovascular systems. Inhalation of
PM2.5 can cause decreased lung function, aggravate
asthma symptoms, cause nonfatal heart attacks and high
blood pressure.[32] Research reviewing health effects from
highway traffic, which, like UNGD, has especially high
particulates, concludes, “[s]hort-term exposure to fine

particulate pollution exacerbates existing pulmonary and
cardiovascular disease and long-term repeated exposures
increases the risk of cardiovascular disease and death.”[33]

PM2.5, it has been suggested, “appears to be a risk factor
for cardiovascular disease via mechanisms that likely
include pulmonary and systemic inflammation, accelerated
atherosclerosis and altered cardiac autonomic function.
Uptake of particles or particle constituents in the blood
can affect the autonomic control of the heart and circula-
tory system.”[33]

High levels of diesel exhaust from engines during well pad
activity. Health consequences of diesel exposures include
immediate and long-term health effects. Diesel emissions
can irritate the eyes, nose, throat and lungs, and can cause
coughs, headaches, lightheadedness and nausea. Exposure
to diesel exhaust also causes inflammation in the lungs,
which may aggravate chronic respiratory symptoms and
increase the frequency or intensity of asthma attacks.
Long-term exposure can cause increased risk of lung
cancer.[34-37]

Mixtures increase the hazards. Mixtures of pollutants are
a critically important topic in addressing the public health
implications of UNGD. While this report has focused sep-
arately on two pollutants, in fact, a very large number of
chemicals are released together. Moreover many of the
chemicals have little or no tested health data – alone or in
conjunction with others. In fact, medical reference values
do not take the complex nature of the shale environment,

Table 6. Average intensities and peak values of VOCs in 6-hour increments.

UNGD Source Average Intensity Threshold of Peak Value* Maximum 6-h Peak Value Frequency of 6-h Peaks

Drilling 19 125 465 26/5 months
Hydraulic fracturing 13 88 186 2/15days
Flaring/finishing 19 118 349 30/5 months
Producing 21 130 425 25/3 months
Compressor 10 69.3 169 118/1 year
Proc. Station 56 318 450 99/1 year

*This represents the minimum value that is considered a “peak” – defined as 2 standard deviations above the mean. Maximum peak values represent
the highest peaks found in the analysis. All values are in ug m¡3.

Table 7. Average intensities and peak values of PM peaks are defined as 2 standard deviations above the mean, in 6-h increments.

UNGD Source Average Intensity Threshold of Peak Value* Maximum 6-h Peak Value Frequency of 6-h Peaks

Drilling 6 37 140 26/5 months
Hydr. fracturing 4 26 56 2/15days
Flaring/finishing 6 39 116 30/5 months
Producing 6 39 128 25/3 months
Compressor 3 23 56 118/1 year
Proc. Station 19 106 150 99/1 year

*This represents the minimum value that is considered a “peak” – defined as 2 standard deviations above the mean. Maximum peak values represent
the highest peaks found in the analysis. All values are in ug m¡3.
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the multiple emissions and interactions, into full consider-
ation.[38] The shale gas industry is not alone in emitting
multiple pollutants simultaneously, but this industry is
unusual in doing so as close as 500 feet from residences.

Children and pregnant women are vulnerable. Children
and pregnant women are especially sensitive to pollution
and are of high public health concern.Many studies confirm
a range of adverse effects of air pollution on children’s lung
function and respiratory symptoms, especially for asth-
matics. Studies often point, specifically, to fine particles as
having an association with respiratory symptoms.[39]

Research on PM2.5 suggests that in pregnant women, the
high particulate highway pollution (which has many com-
monalities with shale gas pollution) “may provoke oxida-
tive stress and inflammation, cause endocrine disruption,
and impair oxygen transport across the placenta, all of
which can potentially lead to or may be implicated in
some low birth weight . . . and preterm births.” These are
immediate consequences in infancy, but further on “low
birth weight and preterm birth can affect health

throughout childhood and in adulthood.”[40] Two studies
on birth outcomes and UNGD exposures find correlations
between exposures and risk to newborns. Hill found an
association between proximity to wells and low birth
weight, small for gestational age, and reduction in
APGAR scores.[26] McKenzie et al. found an association
between proximity and density of nearby wells and con-
genital heart defects and possibly neural tube defects.[27]

Limitations of the research

The study of shale gas activity emissions and their possible
health consequences is in its early stages. Thus the case
study presented has limitations. These include:

1. There is a need for comprehensive source term data
based on measurements, especially at processing stations.
EHP’s source terms were in response to the small number
of measurements currently available. Further, the limited
source data available are averaged over one year which
underestimate the peak emissions that are of particular
public health concern.
2. Full assessment of health effects is hindered by emis-
sions uncertainties in the identification of emissions, their
mixtures and consequent health impacts. We chose to look
at PM2.5 and VOCs because they are consistently found in
UNGD emissions and because there are known health
effects from human exposure. These contaminants, how-
ever, are emitted with a wide and not entirely identified
mix of other chemicals whose combined effects cannot be
determined.
3. The basic screening model was designed to be straight-
forward and understandable to the public. More complex
models would reveal more precise estimates of periods of
dangerous levels of exposure.

Tables 8a and b. Comparison of 75th and 90th percentiles for 6-h levels of VOCs and PM2.5 in ambient air at the modeled residence.

a). PM2.5

UNGD Source 75th Percentile 90th Percentile Threshold of Peak
Drilling 3 16.5 37
Hydraulic fracturing 2 7 26
Flaring/finishing 5 14 39
Producing 8 19 39
Compressor 0 9 23
Proc. Station 2.5 100 106

b). VOCs
UNGD Source 75th Percentile 90th Percentile Threshold of Peak
Drilling 10 55 125
Hydraulic fracturing 8 22 88
Flaring/finishing 15 41 118
Producing 35 81 130
Compressor 0 26 69
Proc. Station 7.5 300 318

All values are in ug m¡3.

Fig. 10. One week of estimated ambient air exposures from three
UNGD sources during a 7-day period.

470 Brown et al.

WG Ex. 62

2262



4. In providing a basic rather than more sophisticated
model, we held topography constant, flat surfaces. Failure
to account for topography may result in an underestimate
of exposures under certain circumstances.
5. We did not incorporate background levels of PM and
VOCs in our study. In the future, with precise emissions
levels, models should account for the additional back-
ground levels of air contaminants.
6. For some acute health assessments it may be necessary
to model for less than 6 h. Even shorter averaging times
would reveal the highest peak exposures, which might be
lost in 6-h averaging time.
7. The exposure model, as applied, does not account for
intermediate weather conditions nor does it account for
vacillating winds within the 6-h periods. While the model
could be extended to account for further variability, the
findings hold as the emissions reaching the residence are
still proportional to the wind direction and speed.

Conclusions

Exposures must be understood to be time- and location-
dependent; and it is important to convey this perspective
to residents and health care providers. An exposure model
of pollution dispersion provides the opportunity to evalu-
ate the intensity and frequency of exposures that are high
enough to produce acute health effects at some residences.
Moreover, assessing air quality over long stretches of time
reveal days when weather conditions are favorable for con-
taminants to rise and be diluted.
In addition to weather conditions, it is important to con-

sider the time frame for Unconventional Natural Gas
Development, which begins with the clearing of land for a
well pad and can go on indefinitely as wells produce gas
which is transported, separated, pressurized, vented, and
treated. Each stage of natural gas development produces
its own emissions and a given household can be subjected
to exposures from more than one part of the gas develop-
ment process at once.
The model and findings provide a possible explanation

for the episodic nature of health complaints and symptoms
in gas drilling and processing areas. From this conclusion,
we generate three recommendations: Our strongest recom-
mendation to the research community is to measure emis-
sions in very short time intervals while also measuring
over a long period of time. Our strongest recommendation
to the health care community is to consider the possibility
that a patient is suffering from intermittent industrial
exposures, some of which can be estimated when they live
or work near UNGD sites. And, lastly, our strongest rec-
ommendation to individuals living in shale gas areas is to
monitor weather conditions to understand when the air is
likely to be particularly polluted and when it is likely to be
less polluted. This can provide some small measure of con-
trol and warning.

The public health, medical and regulatory communities
must be vigilant in assessing risk across time, distance, and
activity.
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A B S T R A C T

Industrial sources emit airborne pollutants that impact health. Concentrations of these pollutants near emitting 
facilities vary according to local weather conditions but can frequently be high— especially at night. This study’s 
methodology used historical hourly weather data and Pasquill air dispersion calculations to quantitatively model 
the dispersion and hourly concentrations of toxins at discreet distances and directions relative to the emitting 
source. The example used in this study is a natural gas compressor station’s VOCs. This weather-based analytical 
methodology is applicable to almost any type of polluting site emitting any mix of airborne toxins. The objective 
was to estimate hourly concentration levels of airborne toxins, frequency of health-hazardous concentrations and 
therefore frequency of health risk to residents of varying sensitivities at discreet distances near an emitting 
source. A continuous air monitor confirmed the weather model’s results. Based on EPA methodology and NIOSH 
data, this study provides charts that tabulate risk levels and frequency for individuals with varying sensitivities. 
Key findings include:  

1. People in close proximity to toxin-emitting facilities are frequently exposed to health-hazardous
air.

2. EPA’s National Ambient Air Quality Standards (NAAQS) do not separately identify the high levels
of toxins in close proximity to emitting facilities and therefore do not adequately protect the tens of
millions of nearby residents.

3. A weather-based model can estimate exposure levels and the health-hazardous frequency for those
in close proximity to most polluting facilities where emissions information is available.

1. Introduction

There is a need to protect the tens of millions of residents in the US
who live, work or study near facilities with toxic emissions. According to 
the FracTracker Alliance this includes an estimated 17.3 million people 
within 1/2 mile of oil and gas facilities, of which 5.7 million are people 
of color (Oil and Gas Threat Map 2022). Another study estimated that 
17.6 million people in the US live within 1.0 mile of just active gas 
producing facilities (Czolowski et al., 2017). Many more live 1/2 mile or 
further from other facilities that also emit large quantities of toxins into 
the air and are frequently exposed to concentrations of toxins at levels 
hazardous to their health. 

This study investigates the frequency of health risk to people in close 
proximity to an emitting source and illustrates the impact of weather 
conditions on levels of airborne toxic concentration. Given that the 
methodology can be used for any location and almost any polluting 
point source, it can be a valuable tool to help residents in their efforts to 
reduce exposures. 

1.1. Limitations of the EPA’s NAAQS pollution assessments 

The EPA’s NAAQS are the basis for the federal government and most 
states’ emissions regulations but congressional directives limit them. 
While the NAAQS have reduced criteria pollutants and the EPA has 
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established an environmental risk ranking for VOCs, the EPA does not 
have a health ranking for VOCs (USEPA 2021; Bachmann, 2007; Owens 
et al., 2017; USEPA). Therefore, NAAQS VOC focus is on average 
regional air concentration levels of emissions (“emissions”) of 8 or 24 
hours (USEPA). Because the NAAQS set standards based on average 
regional air pollution averaged over time they do not reflect the toxicity 
of the air for people living in close proximity to emitting facilities. 
NAAQS’ measurements underestimate those acute health risks and 
thereby fail to identify the need to protect nearby residents and the need 
to reduce the amount of VOCs emitted. Consequently, the NAAQS and 
emission regulations based on them do not adequately protect the health 
of millions of people. 

1.2. Acute and chronic health effects of VOCs 

Experts have identified a statistically significant positive association 
between exposure to air pollution such as PM2.5, NO2, and VOCs and 
incidence, severity and mortality of Covid-19 resulting both from health 
impacts due to long term exposure as well as from level of current 
exposure (Curtis, 2021; Zang et al., 2021). One large study in 33 Euro-
pean nations linked higher outdoor VOCs with significantly higher rates 
of Covid-19 incidence and mortality (Lembo et al., 2021). 

VOC exposures are also associated with health effects impacting 
cancer, respiratory system including asthma, immune system, endocrine 
system, nervous system, circulatory system, reproductive system, eye, 
ear and mastoid process, digestion, skin and subcutaneous, genitouri-
nary: urinary, pelvis, genitals and breasts, congenital malformations and 
chromosomal abnormalities. (Liu et al., 2022; Russo and Carpenter, 
2019; Wickliffe et al., 2020; Ware et al., 1993; Brown et al., 2015; 
Martin et al., 2021; Zielinska et al., 1995). A review of VOC studies (Liu 
et al., 2022) reported that 1 µg/m3 of many VOCs including benzene, 
toluene, xylene, acetaldehyde, and p-dichlorobenzene are associated 
with significantly increased risk of specific adverse health effects 
including asthma, leukemia, cardiovascular diseases, and adverse birth 
outcomes (Liu et al., 2022). One study of three homes located from 0.8 to 
1.7 km from a natural gas compressor station reported that levels of 
many VOCs including benzene, toluene, xylenes, ethyl benzene and 1,2, 
4 trichlorobenzene were significantly elevated above the 1 µg/m3, a 
threshold of unhealthy levels (Martin et al., 2021). 

Exposures to high concentrations of VOCs have been shown to pro-
duce immediate respiratory, neurological and cardiovascular effects. A 
study of fifth grade children in Kanawha County, West Virginia reported 
that increased levels of outdoor volatile chemicals as low as 2 µg/m3 
were associated with significant increases in chronic respiratory symp-
toms (Ware et al., 1993). 

Statistical studies show exposures to low to moderate concentrations 
of VOCs are also associated with adverse health effects including res-
piratory symptoms, neuropsychiatric symptoms and increased risk of 
cancer (Alford and Kumar, 2021). A number of studies have noted that 
low level concentrations of VOCs can worsen asthma and other 
breathing problems. A representative study of 550 US adults reported 
that low level exposure of many VOCs including benzene, ethylbenzene, 
2,4 dichlorobenzene, and MTBE (methyl tetra butyl ether) were asso-
ciated with significantly higher asthma rates (Arif and Shah, 2007). 

Indoor exposures are also problematic. A meta-analysis of 49 pub-
lished studies links low level indoor VOC levels to increased risk of 
asthma and wheezing (Alford and Kumar, 2021). A case-control study 
reported that indoor exposure to many VOCs such as benzene, toluene, 
xylene and total VOCs were significantly higher in 88 young children 
(six months to three years) with asthma as compared to 104 controls 
(Rumchev et al., 2007). A study of indoor VOCs in Louisiana reported 
that levels of VOCs can affect pulmonary function in asthmatics and may 
cause unacceptable lifetime cancer risks (Wickliffe et al., 2020). 

Those who are within a few miles of the emitting facility are most at 
risk because, as this study shows, the concentration of pollutants is 
typically higher closer to the source. While there are limited health 

studies concerning health risk to high peak exposures lasting an hour or 
less, the Harvard Six Cities study and the American Cancer Society study 
(Dockery et al., 1993; Krewski et al., 2005) of particulate air pollution 
and mortality indicate that such exposures occur frequently and that 
people who live near sites emitting VOCs and other toxins and who are 
highly sensitive to short term exposures, such as those with asthma and 
COPD, are at risk. 

Although the health effects of mixtures of air pollutants including 
VOCs, NO2, PM2.5 have not been as extensively studied as studies 
analyzing health effects of individual chemicals (Peng et al., 2022), the 
synergistic health impacts of multiple toxins are established (Vardou-
lakis et al., 2020). It is probable that the health risks of mixtures of 
chemicals are greater than suggested by the majority of studies which 
only analyze one pollutant. 

Outdoor air quality has improved in many parts of the US in the 50 
years since the passing of the Clean Air Act, however, current pollutant 
levels still present major localized health risks (Fleischman and 
Franklin, 2017). In 2020, it was estimated that outdoor air pollution 
caused from between 100,000 and 200,000 premature deaths a year in 
the US (Thakrar et al., 2020). The following pollutants are estimated to 
be associated with total US premature pollution-related deaths: PM2.5 
41%, NO2 19%, NH3 17%, VOCs 12%, and sulphur oxides 10% (Thakrar 
et al., 2020). The economic cost from fossil fuel air pollution in the US is 
estimated at $600 billion per year (Farrow et al., 2020). 

1.3. Health concerns and exposures associated with natural gas facilities 

Natural gas production, transportation and use are major sources of 
airborne pollutants. VOCs and other pollutants are emitted into the air in 
large quantities annually from the power plants, compressor stations, 
processing plants, well pads, and leaking pipelines, as well as from in-
dustrial and manufacturing facilities that span the nation in urban, 
suburban and rural locations (Russo and Russo, 2017). Conventional 
and non-conventional gas production are major producers of VOCs and 
other air pollutants including CO2, PM2.5, NO2, and at least 39 known 
human carcinogens including arsenic, lead and numerous polycyclic 
aromatic hydrocarbons (PAHs) (Russo and Russo, 2017; Allen, 2014; 
Fann et al., 2018; Field et al., 2014; Moore et al., 2014). Studies have 
reported significant levels of many pollutants including VOCs located in 
gas producing regions and near natural gas facilities including 
compressor stations (Brown et al., 2015; Martin et al., 2021; Zielinska 
et al., 1995; Field et al., 2014; Bamber et al., 2019; Carpenter, 2016; 
Wollin et al., 2020). Major air pollutants produced by fracking include 
PM2.5, methane, VOCs, NO2, as well as other hazardous air pollutants 
including benzene, toluene, ethyl benzene, xylenes, formaldehyde, 
hydrogen sulfide, and polycyclic aromatic hydrocarbons (Rumchev 
et al., 2007). McKenzie reported that levels of VOCs were significantly 
increased near fracking well sites — especially within 1/2 mile. Expo-
sure to some VOCs such as 1-3 butadiene and benzene exceeded 1 per 
million lifetime cancer risk (McKenzie et al., 2012). Air emissions of 
polycyclic aromatic PAHs are often considerable (Paulik et al., 2016). 

The chemicals in the emissions from natural gas infrastructure are 
linked to 19 of 20 major categories of disease states including pulmo-
nary, cardiovascular, endocrine and neurological conditions, birth de-
fects and cancer (Russo and Russo, 2017). Studies have linked indoor or 
outdoor air exposure in areas near fracking operations to a number of 
adverse health effects (Bamber et al., 2019; Carpenter, 2016). A 2019 
review of 20 epidemiological studies reported significant positive as-
sociations with adverse health conditions and fracking in 15 studies 
(Bamber et al., 2019). This review reported positive associations be-
tween fracking and adverse birth outcomes, leukemia, and tumors CNS, 
bladder and thyroid, cardiovascular hospitalization, psychological 
problems and asthma (Bamber et al., 2019). Brown reported that in 
southwest Pennsylvania proximity to unconventional natural gas de-
velopments reported proximity-related respiratory symptoms, cough, 
and shortness of breath (Brown et al., 2019). Bushong also reported a 
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significant association between unconventional gas production and 
increased asthma hospitalizations in Pennsylvania counties (Bushong 
et al., 2022). A southwest Pennsylvania study indicated that some 
symptoms (eyes, ears, nose, throat; neurological and muscular) may be 
associated with proximity to fracking operations (Blinn et al., 2020). 
Unconventional natural gas production has been associated with a wide 
range of negative health effects including adverse birth outcomes 
(Casey et al., 2016; McKenzie et al., 2014; Stacy et al., 2015; Whitworth 
et al., 2017), childhood blood cancers (McKenzie et al., 2017), sinus-
itis/headache/ fatigue (Tustin et al., 2016), depression and disordered 
sleep (Casey et al., 2018), and increased hospitalization rates (Jemielita 
et al., 2015). 

1.4. Study objectives and hypothesis 

The hypothesis of this study is that certain local weather conditions 
determine the dispersion of airborne toxins and therefore the frequency 
of unhealthy exposure to people of different sensitivities. Thus, local 
weather patterns can be used to determine conditions that lead to high 
exposures and consequently, to potential risk to nearby residents. 

The objective of this study was to estimate the hourly concentration 
levels of airborne toxins, identify the frequency of disproportionately 
high exposures of over one hour and quantify the impact on residents of 
varying sensitivities to acute health effects at discreet distances near an 
emitting source. An additional objective was to provide a clear and 
readily understandable analysis for regulatory purposes. 

2. Materials and methods 

When pollutants are released into outdoor air, in addition to the 
amount of the pollutant emitted, five key factors determine the con-
centration of the toxins in nearby air and the resulting inhalation ex-
posures at downwind locations:  

1. The amount of time the air mass is over the source  
2. The amount of dilution that occurs downwind at various wind speeds  
3. The degree of dilution due to vertical mixing which is determined by 

degree of cloud cover and subsequent surface temperature 
differentials  

4. Wind direction  
5. Distance from the source of the emission 

To calculate the number of hours, days and nights that local weather 
conditions were such that VOC mixtures from an emitting facility would 
contaminate the air 0.1 km to 10 km from that facility, we utilized 
hourly 2020 weather data from the National Oceanic and Atmospheric 
Association (NOAA) (Table S1).That data was then overlaid onto air 
dispersion charts based on Pasquill air dispersion graphs (Kahl, 2018; 
Pasquill, 1962) that calculate toxin concentration at discreet distances. 
To develop the charts that specify the frequency at the discreet distances 
that the toxin concentration exceeds acceptable risk for people of 
varying health conditions and therefore varying sensitivities to toxins, 
we compared the weather analysis results to the health effects from the 
mixture of VOCs emitted. The Pasquill airborne chemical dispersion 
graphs that we used were developed in World War 2 so troops could 
assess the toxic concentration of chemical warfare (Pasquill, 1962; 
Wikipedia 2022). Currently they are the seminal logic extensively used 
by the nuclear, coal/gas power stations and many other industries to 
evaluate emissions’ safety (Pasquill, 1962; Wikipedia 2022). The EPA 
uses Pasquill’s information as the basis for their air quality 
measurements. 

A natural gas compressor station on the New York-Connecticut 
border was chosen as the sample source for this study. The study 
analyzed historical weather data for Danbury Airport (NOAA 2022), 
which is 3 1/2 miles E-SE from the Southeast Compressor Station 
(“compressor station”) in Brewster, NY. It plotted annual emissions of 

40,000 lbs of VOCs — the amount that this mid-sized Title V fracked gas 
compressor station emitted in 2020 (New York State) and also plotted 
annual emissions of 20,000 lbs to evaluate the extent of exposure to 
toxins from facilities with less emissions. Using the same emissions data, 
the authors also quantified the exposure frequency for a location in 
Albuquerque, NM with its very different weather patterns. 

This study presents the data in table format because, while there exist 
many excellent spatial air toxin dispersion models, the authors are not 
aware of any that provide hyper-local, hourly data in a format that would 
as clearly illustrate the exposure frequencies for the different populations. 

In a related analysis, the hours that the study identified as meeting 
the criteria for being unhealthy were compared to the hours that showed 
peak levels of VOCs as determined by a PurpleAir PA-II Bosch BME680 
sensor VOC continuous air monitor (PurpleAir). 

2.1. Exposure guidance for VOC risk 

To calculate the health risk to residents, a VOC mixture health risk 
exposure ranking is needed. The objective of EPA regulatory limits on 
VOCs, however, is to establish VOC air levels that limit concentrations of 
ground level ozone for regulatory actions rather than to evaluate direct 
VOC impact on human health. Well-referenced occupational exposure 
standards and some indoor air risk standards for specific VOCs exist. 
This information was used to develop the risk ranking for exposures to 
the actual mixture of VOC emissions evaluated in this study. (See Sec-
tion 2.6). 

2.2. Weather model basis 

In order to determine frequency of acute risk, this study calculated the 
number of times the concentration of VOCs in the air would exceed the 
health recommendations for people of varying sensitivities based on EPA 
methodology and NIOSH data for the specific mixture of VOCs present. We 
conducted the analysis utilizing publicly available hourly 2020 weather 
data. The analysis indicated the number of times in a year during the day 
and separately during the night that the weather conditions were such that 
a person living near a natural gas compressor station, power plant or other 
natural gas toxin-emitting facility at that location annually emitting 
40,000 lbs and 20,000 lbs of VOCs could be breathing air that is hazardous 
to their health. Because the facility had low stacks, (New York State 2023) 
our analysis assumed ground-level emissions (USEPA). This study assumed 
an identical hourly emissions rate for the year. Actual emissions fluctuate 
with some hours resulting in a higher concentration of toxins in the air and 
some hours a lower concentration. 

2.3. Developing exposure frequency charts 

Utilizing information from Pasquill graphs (Kahl, 2018; Pasquill, 
1962), this study’s analysis categorized in its charts the actual frequency of 
high VOC concentrations. Risks levels are expressed by color-code in the 
charts to reflect risk by resident sensitivity level. The risks are consistent 
with air quality index criteria for VOC pollution and integrate wind di-
rection, wind speed, cloud cover, day-part and distance from the emitting 
facility to estimate the toxin concentration in the air. The analysis cate-
gorized the hourly NOAA data by the factors listed in the Table 1. 

For each wind direction and day-part two charts show the study’s 
Exposure Frequency Risk. One chart reflects dispersion with less than 
50% cloud cover and one reflects dispersion with greater than 50% 
cloud cover. Since both charts are so similar and essentially tell the same 
story, except for daytime clear, the amount of cloud cover was not in-
tegrated into the data. Instead it was reflected by applying the data to 
the two charts for each direction and day part. Pasquill’s graphs also 
reflect the decreased dispersion of toxins when there is greater than 80% 
daytime cloud cover. The exposure numbers in our analysis for daytime 
greater than 50% cloud cover, however, do not reflect the increased 
exposure from greater than 80% cloud cover. Therefore, the actual 
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daytime exposure numbers are higher. 
For each of the four directions and day-part (night, day), the analysis 

calculated the number of hours that the data from two or more 
consecutive hours reached the threshold for the weather conditions 
identified in the chart and the number of days and the number of nights 
there was at least one alert-hour downwind of the emitting facility. Two 
consecutive hours with weather conditions that reach the threshold for 
an unhealthy impact is identified as one alert-hour. Using two consec-
utive hours to define an alert hour ensures that there is a minimum of 61 
minutes meeting the exposure risk threshold. Three consecutive hours 
with weather conditions that reach the threshold is identified as two 
alert-hours; four consecutive hours with weather conditions that reach 
the threshold is identified as three alert-hours, etc. 

The charts in this study show the amount of toxins from a source 
annually emitting 40,000 lbs and 20,000 lbs of VOCs at various dis-
tances from the source and at various wind speeds and cloud cover. To 
adapt Pasquill’s airborne toxin concentration analyses to VOC disper-
sion, a base case was calculated showing the expected concentration of 
VOCs during the day and during the night at less than 50% and at greater 
than 50% cloud cover at four wind speeds for seven locations ranging 
from 100 meters to 10 km downwind from a pollution source. 

2.4. Sensitivity classes and frequency of short-term serious health risk 

By color-coding (Fig. 1) by level of an individual’s sensitivity, Tables 2 
and 3, Fig. 2 and Appendix A-C show the frequency of exposure to an 
unhealthy concentration of VOCs. The numbers in the colored boxes 
indicate the number of alert-hours and the number of days or nights that 
someone of that color’s sensitivity or where noted on the charts someone 
more sensitive, living at that distance from the facility could be breathing 
air that exceeds the health recommendations for their sensitivity group. 

The numbers in the Impact by Sensitivity Group charts (Tables 2 and 
3) show the number of hours, days and nights that a person of a 
particular sensitivity group should be aware of and cautioned about the 
expected concentration of toxins. For each wind direction, the numbers 
on one line indicate greater than 50% cloud cover and the numbers on 
the other line indicate less than 50% cloud cover (which includes clear). 
The colored box for each direction is a weighted average of the fre-
quency in that wind direction that the cloud cover was greater than or 
less than 50%. The bottom line of the chart is the average of the numbers 
in the colored wind direction boxes. 

2.5. Estimation profiles of residential exposures and weather factors 

Hourly residential exposure estimates in this study are based on our 
reference air model chart and the 40,000 lbs of VOC emissions reported to 
New York State. The level, timing and frequency of the local exposures 

were determined over a one-year period based on hourly NOAA weather 
data for the location. The weather data on percent cloud cover, wind speed 
and wind direction each hour day or night was used to determine stability 
class and direction of plume impacts. The 40,000 lbs of emissions was 
compared to the reference emissions to adjust the levels of local residential 
exposures for each of the 112 categories (boxes) on each wind direction’s 
Exposure Frequency Risk chart. These were based on the source and the air 
stability category. Air stability is a function of wind speed and mixing due 
to heating by the sun or night cooling of the earth. 

The number of hours and days that the emissions would impact the 
residents were calculated at each of five hazard levels (green, yellow, 
orange, red, purple) and shown in Tables 2 and 3, Fig. 2 and Appendix A- 
C. The hazard level calculated for VOCs was patterned after the EPA 
hazard categories and are described below. 

2.6. Process for ranking exposure risks for the mixtures of VOCS in peak 
air exposures 

This study focuses on the non-cancer health effects elicited by short 
inhalation exposures to mixtures of VOCs, with exposures of a minimum 
of two consecutive hours. The health effects elicited by the mixture are a 
function of the proportion of each chemical in the mixture and its po-
tency. This study used as its basis, the mix of VOCs emitted at fracked gas 
extraction, storage and transport sites. Four categories of VOCs were 
found in the emissions: straight and branched chains that do not contain 
substitutions of active groups, substituted alkanes such as acids, alde-
hydes, glycols and ketones, halogenated compounds, and aromatic hy-
drocarbons such as benzene, toluene and PAHs. The short chain, c1 to 
c10 carbon chemicals predominate in the mixtures. 

A scale of human toxic potency for each of the chemicals in such 
mixtures has been developed for workers and current standards for both 
long-term exposures and immediate acute impact from short-term ex-
posures are published by NIOSH in the Guide to Chemical Hazards 
(Department of Health and Human Services, Centers for Disease Control 
and Prevention, National Institute for Occupational Safety and Health 
2007). This study used as its basis NIOSH’s short-term exposure guide-
lines. Qualitative and other quantitative lists of the chemicals in the 
emissions were reviewed. NIOSH’s target organ and potency recom-
mendations for each of the four categories of chemicals in the mixture 
were examined. Chemicals with similar target organs and potencies 

Table 1 
Weather factors used to quantify toxic concentrations lists the factors in the 
analysis.  

Wind Direction North South East West 

Wind Speed <5 mph 5-7 mph 8-11 mph >11 mph 
Cloud Cover Clear <50% >50%  
Day-part Day 6am-6pm Night 6pm-6am   
Date/Time Actual date/time    

Note: When there is no wind, (0 wind direction), the air is somewhat stagnant. 
Consequently, for those hours, the data were applied to all four directions. At 
night it was applied to those less than 1 km (0.6 miles) away from the emitting 
source. During the day when there was at least some cloud cover it similarly was 
applied in all four directions to those less than 1 km away from the source. 
During the day when it was clear and sunny, the toxins were assumed to dilute 
vertically and so those hours were not included in the analysis. For hours when 
wind direction data was identified by NOAA as variable, the wind direction and 
speed in the hours before and after were examined visually and the variable 
hour’s wind direction was manually attributed to the direction that appeared to 
reflect the predominant wind direction. 

Fig. 1. Risk ranking specific to natural gas VOC emissions for acute health 
impacts shows the concentration of VOCs that impact people of varying 
sensitivities. 
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were grouped together. These groups included acute risks to the eyes, 
ears, nose and throat, the respiratory system, cardiovascular system and 
central nervous system. The potencies for each of the compounds in the 
NIOSH handbook range from air concentrations of 1200 ug/m3 down to 
10 ug/m3 with toxic potencies clustered between 100 and 300 ug/m3. 

Based on this finding, a risk ranking was constructed for the different 
short-term exposures to the mixture. Chloromethane, the most toxic 
commonly identified chemical was used as a guide and surrogate. Its 
threshold guidance for workplace exposures is 100 ppm or 202 ug/m3. 
The risk was adjusted for children, the elderly and other susceptible 
persons by dividing this number by two. The scaling system used is 
similar to that used by EPA for criteria pollutants. Reference to actions of 
higher exposures to chloromethane was used to guide ranking for the 
higher exposures to the mixtures. 

Fig. 1 shows the risk ranking using EPA‘s format and descriptions for 
air quality exposure categories of individual chemicals. Thus a table was 
constructed to evaluate the immediate and short-term health risks from 
peak exposures to the specific mixture of compounds. The risk follows 

the federal workplace and indoor air guidance standards. The Exposure 
Frequency Risk charts are based on the five chemicals that according to 
the NYS DEC make up 95% of VOC emissions. There are other chemicals 
in the emissions for which this study does not account. 

2.7. Comparison of weather model estimates with actual emissions 

To determine the accuracy of the weather model results, this study 
compared the day and hour of peak VOC exposures for the four months 
March through June 2022 from a PurpleAir monitor, 1/2 km southwest 
of the compressor station, with day and hour exposures identified in the 
study’s weather model. 

3. Results 

This study’s Impact by Sensitivity Group charts (Tables 2 and 3) and 
its VOC Exposure Frequency Risk charts (Fig. 2 and Appendix A-C) show 
risk frequencies for individuals with varying sensitivities. 

Table 2 
Impact by Sensitivity Group – 40,000 lbs VOCs shows the 2020 frequency of unhealthy exposure by sensitivity level at 0.1 and 1.0 km from the emitting site for a 
natural gas compressor station annually emitting 40,000 lbs of VOCs.  

A. Rosmarin et al.                                                                                                                                                                                                                              
WG Ex. 63

2269



Environmental Advances 13 (2023) 100415

6

The short-term health impacts for exposure to natural gas VOCs are 
described in Fig. 1, the risk guideline chart. The following charts show 
frequency of short-term health hazardous exposures from a facility in 
New York annually emitting 40,000 lbs of VOCs. Although VOCs can 
cause cancer, birth defects, neurological damage and chronic health 
impacts those conditions are not considered in these short-term acute 
health effect charts. 

Tables 2 and 3 show the number of hours and nights that people in 
different sensitivity groups (very sensitive, sensitive, everyone) living 
different directions and distances from a gas facility annually emitting 
40,000 lbs of VOCs and 20,000 lbs of VOCs would be exposed to VOCs in 
concentrations considered unhealthy for them. The yellow/purple col-
umn shows the number of hours and nights that the emissions would be 
Unhealthy for a Very Sensitive person living 1 km from the emitting 
facility and the number of hours and nights it would be Very Unhealthy 

for Everyone living 0.1 km from the emitting facility. The purple column 
shows the number of hours and nights it would be Very Unhealthy for 
Everyone living 1 km from the emitting facility. The red column shows 
the number of hours and nights it would be Unhealthy for Everyone 
living 1 km from the emitting facility and the orange column shows the 
number of hours and nights it would be Unhealthy for Sensitive Groups 1 
km away. 

As shown in Tables 2 and 3, if the compressor station were to reduce 
annual VOC emissions from 40,000 lbs to 20,000 lbs, residents 1 km 
from the site would still be exposed to an unhealthy amount of toxins 
over about 250 to 280 nights and over 1270 to 1770 nighttime hours 
depending on direction relative to the emitting facility. This reduction 
would reduce frequency of risk that the nighttime air is very unhealthy 
for everyone at 1 km by about 35% but would have only a minor risk 
reduction for people who are more sensitive. When the study’s toxic 

Table 3 
Impact by Sensitivity Group – 20,000 lbs VOCs shows the 2020 frequency of unhealthy exposure by sensitivity level at 0.1 and 1.0 km from the emitting site for a 
natural gas compressor station annually emitting 20,000 lbs of VOCs.  

* The estimated average is based on the % of alert hours in each wind direction for all wind speeds that there was >50% cloud cover. 
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concentration model, using as the source term 40,000 lbs of gas 
compressor station VOCs, was applied to a comparison site in the 
southwest, Albuquerque, the findings were site specific but exposures 
were also frequent. 

3.1. Exposure frequency risk charts 

The Exposure Frequency Risk charts, Fig. 2 (west wind) and Ap-
pendix A-C (north, east and south wind), show the effect of wind speed, 
cloud cover, day part (day/night) and dilution distance on frequency 
and intensity of exposures for emissions of 40,000 lbs of VOCs to people 
with different health conditions living at distances 0.1 km to 10 km from 

the emitting facility. The colored boxes reflect the impact to each 
sensitivity level. The charts present the number of alert hours a year in 
each direction. 

3.2. Multiple hour exposures 

As shown in Fig. 3, in addition to brief exposures, there are frequent 
exposures lasting multiple hours. For example, when the wind was 
coming from the west, there were 138 times that there were eight or 
more consecutive alert hours of toxic concentrations that posed a health 
risk. When the wind was coming from the east, south and north, there 
were about 70 times for each direction that there were eight or more 

Fig. 2. Exposure Frequency Risk – Danbury West shows frequency of unhealthy exposure to people of varying sensitivities at varying distances from a compressor 
station annually emitting 40,000 lbs of VOCS when wind is from the west. 
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consecutive alert hours. The greater than 16 consecutive alert hour data 
point includes 15 periods with 17-19 consecutive alert hours; nine pe-
riods with 20-29 consecutive alert hours; three periods with 30-31 
consecutive alert hours; and, one period of 45 consecutive alert hours. 

3.3. Comparison of weather-based hourly predictions and the monitored 
data for wind from the northeast 

The high nighttime frequency of unhealthy pollution is confirmed by 
the hour-specific frequency of peak concentrations from three PurpleAir 
VOC monitors positioned 0.5 km to 3.4 km southwest of the compressor 
station. The hourly observed peak emissions from the closest monitor 
0.5 km from the compressor station was compared with the weather 
model’s hours meeting the exposure threshold for March to June. Data 
from this monitor continuously recording VOCs was used to identify 
hourly periods that were three times over baseline level. Three standard 
deviations over baseline level was used to separate the peaks from the 
average background level. 

Fig. 4 shows the observed peak frequency from the monitor (blue) 
and frequency of high exposure hours based on the weather model 
(orange). Fig. 5 compares the number of daily hourly peaks by weather 
model and monitor. 

An hour-by-hour analysis of the weather model’s alert-hours and no 

Fig. 3. 2020 Cumulative Frequency of Consecutive Alert Hours shows 
cumulatively the frequency that there are multiple consecutive alert hours 

Fig. 4. Comparison of peaks per hour by weather model and monitor for the months March to June shows how closely on an hourly basis the weather model 
and monitor indicate peaks. 

Fig. 5. Comparison of daily frequency of hourly peaks between weather model and monitor March to June compares the number of daily hourly peaks. Its R2 

value is 0.8. 
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alert hours indicated that they were the same hours as the monitor’s 
peak and no peak hours 87% of time. 

4. Discussion 

The findings from this study show that residences up to, and possibly 
over, 5 km from a gas compressor station emitting 40,000 lbs of VOCs 
experience multiple periods of high exposures to a mixture of VOCs both 
outside and inside their homes over one year. While this study used the 
VOC emissions from a natural gas compressor station in New York State 
as the basis for its analysis, this methodology can be applied to other 
pollutants or polluting facilities. 

As illustrated in the Exposure Frequency Risk charts (Fig. 2, Ap-
pendix A-C), those who live closer to an emitting site typically will more 
frequently be exposed to unhealthy air. The periods of high exposure are 
due to the five conditions, wind direction, wind speed, cloud cover, 
distance from the sources and time of day or night. Substantial cloud 
cover and low wind speeds reduce the dilution and increase the con-
centrations of pollutants at locations close to the emitting source. The 
greater concentration of pollutants in the air near the emitting facility is 
because they have not yet been dispersed by the wind and/or the sun’s 
heat. In most cases as the wind blows stronger, the density of the 
emissions in the air become more diluted. However, when the daytime 
wind blows stronger, for nearby locations the reverse occurs because 
more pollutants are carried from the emitting facility. During the day, 
cloud cover increases toxic concentration while at night there is higher 
toxic concentration when there is less cloud cover. The charts indicate 
that at night the high exposures extend further from the source than 
during the day and that the hazard is higher at low wind speeds and 
during calms. The charts also show that individuals who are more sen-
sitive are affected at distances farther from the source than those who 
are less sensitive. 

The findings in the charts show:  

• For people living close to these emitting facilities, the projected toxic 
concentration of the air at night from facility emissions frequently 
exceeds acceptable VOC risk.  

• Most nights both sensitive and non-sensitive people who are 1 km 
(0.6 miles) or less from a facility with 40,000 lbs/year of VOC 
emissions are exposed to an unhealthy amount of toxins regardless of 
wind speed or cloud cover. During the day there is greater dilution so 
unhealthy exposures are reduced in frequency and distance.  

• At night when the wind is not strong, many of those who are farther 
from the emitting site frequently are exposed to an unhealthy 
amount of toxins.  

• At night toxic concentration of air 1 km or less from facilities 
annually emitting only 20,000 lbs of VOCs exceeds acceptable VOC 
risk guidance for these chemicals for both sensitive and non-sensitive 
people the vast majority of nights. 

The analysis found that at night both sensitive and non-sensitive 
people who are 1 km from the compressor station used in this study or 
a comparable facility at this location are exposed to an unhealthy 
amount of toxins over 270 nights/year (5 out of 7 nights) and for over 
1400 to 2000 nighttime hours depending on direction relative to the 
emitting facility. 

The data used in this study on the components and amounts in the 
emissions mixture is available to the public from New York State 
Department of Environmental Conservation. NOAA provides the 
weather data. Risk-ranking scales needed to determine the acute health 
hazards from the exposure to the VOCs in mixtures are based on the 
NIOSH Guide to Chemical Hazards and peer reviewed reports. (See 
Section 2.6). 

The compressor station used in this study reported emitting 40,000 
pounds of VOCs in 2020. Classes of VOCs in the pollutants emitted 
included light weight alkanes, aldehydes, halogenated hydrocarbons, 

aromatics and PAHs. Overall there were 18 different VOCs reported in 
the mixtures. These VOCs are associated with five major acute health 
conditions: asthma, COPD, sensory and cognitive health effects and 
cardiovascular attacks. In addition, these VOCs can cause chronic effects 
including cancer, birth defects, pulmonary and endocrine system con-
ditions. The risk ranking used was based on relative concentrations, 
potencies and actions of the five predominate VOCs. PMs, CO and NOx 
were also present in the mixtures emitted but were not included in the 
risk evaluation. The weather would impact the concentration of those 
toxins and others in the same way it impacts VOCs. Consequently, the 
toxicity of the air for nearby residents is greater than that shown in the 
Exposure Frequency Risk charts. 

The Impact by Sensitivity Group chart (Table 2) shows that everyone 
at 1 km or less from the compressor station could have experienced air 
that was unhealthy for them an average of 1425–2069 nighttime hours 
and 270–301 nights depending on direction relative to the emitting 
source. Sensitive people at 1km or less would have had a risk of a health 
response 1478–2199 nighttime hours in 2020. 

Although less frequent, the model results show that periods of high 
exposures can occur up to 10 km from the compressor station, usually 
these exposures occur at night due to low air dilution. Relative to night, 
there are far fewer days and hours exceeding acceptable risk limits 
(Fig. 2 and Appendix A-C). 

In 2020 there were 3042 residents within one mile (1.2 km) of the 
compressor station and 283 within 1/2 mile who were frequently 
exposed to high levels of toxins. Nationally, there are over 17 million 
people who live within a mile of active natural gas facilities as well as 
many millions more who live near other polluting facilities who also 
experience high exposures. 

If the compressor station were to reduce emissions to only 20,000 lbs 
of VOCs annually, residents 1 km from the site would still be exposed to 
an unhealthy amount of toxins over about 250 to 280 nights and for over 
1270 to 1770 nighttime hours depending on direction relative to the 
emitting facility. Reducing emissions from 40,000 lbs to 20,000 lbs re-
duces nighttime frequency of risk at 1 km from 0% to 35% depending on 
sensitivity category. 

Acute health risks to residents near natural gas compressor stations 
and other toxin-emitting facilities have been reported (Blinn et al., 
2020). The current outdoor air quality health risk assessments 
under-estimate the acute risks. The EPA’s NAAQS are not designed to 
evaluate exposures to residents in close proximity to emitting facilities 
and thereby fail to recognize the need to protect them and the need to 
reduce the amounts of VOCs and other toxins emitted. The EPA’s 
NAAQS are the basis for the federal government and most states’ 
emissions regulations. NAAQS average the VOCs regionally and over 
time so do not reflect the toxicity of the air for people living in close 
proximity. Averaging over multiple hours and regionally masks the 
potentially toxic peaks that are shown in this study. 

The EPA has established an environmental risk ranking for VOCs, but 
has not established a health risk ranking for VOCs. While different 
mixtures in the emissions have different component chemicals, it is 
possible to systematically evaluate the risks of mixtures if the relative 
quantity and hazard of each VOC component were considered. The EPA 
recognizes the necessity of using NO2 and SO2 hourly measurements. 
The authors believe hourly measurements of VOCs are also needed. The 
EPA, however, is limited in what they can do by congressional direction. 

High exposures within houses occur due to intrusion of the VOC 
emissions from hourly exchange of outside and inside air, at a typical 
rate of about one half to two air changes per hour, which after three 
hours will approach outside concentrations (EPA, 2011). There are 
many times when the high concentration exposures last more than three 
hours (Fig. 3). In those cases, the toxic concentration inside the home 
becomes an issue. At a rate of one air change of outside and inside air per 
hour, after one hour, the concentration inside the home is 1/2 the 
concentration outside the home. After two hours, the inside concentra-
tion rises to 75% of that of the outside air. After three hours the inside 

A. Rosmarin et al.                                                                                                                                                                                                                              
WG Ex. 63

2273



Environmental Advances 13 (2023) 100415

10

concentration is nearly 88% or nearly the same as the outside. As shown 
in Fig. 3, there are multiple periods of sequential hours with high VOC 
concentrations thereby causing the inside air concentration to equal 
outside concentration and therefore being a health hazard. 

4.1. Modeled high exposures compared with monitor peak concentrations 

An air monitor 1/2 km southwest of the compressor station contin-
uously measured VOCs from March through June 2022. The PurpleAir 
monitor measures a reference VOC. While a direct quantitative com-
parison would require the monitor to measure the exact chemicals in the 
emitted mixture, the air dilutions should be the same and show when 
same peaks occur. Consequently, it was possible to compare the times 
when peaks occurred and the number of peaks per day. A comparison of 
hours when modeled high exposures occurred show similar hourly 
patterns as the monitor’s findings (Fig. 4). The peaks per day (Fig. 5) 
illustrate the high percent of times that the high exposures predicted by 
the model and the peaks observed on the monitor occurred on the same 
day. When the rate of emissions is relatively constant, this would be 
expected since high toxic concentrations are driven by weather com-
ponents. A comparison of the specific hours when the weather model 
indicated a high exposure and the monitor indicated a peak and when 
neither indicated one, had a correlation of 87%. 

4.2. Limitations  

1. The Pasquill graphs used to design this study assume flat terrain. 
Hills and valleys can modify the airflow resulting in a shift regarding 
exposure location with, for example, increased exposure at 3 km and 
less at 1 km; or, increased exposure to those living south-southeast 
and less to those living south when the wind is from the north.  

2. This study assumed identical hour emissions rate for the year. Actual 
emissions fluctuate with some hours resulting in a higher concen-
tration of toxins in the air and some hours a lower concentration.  

3. The study does not compare actual values for the monitor, only 
peaks. 

4. The study quantifies outdoor air exposure and notes the typical ex-
change rate for outdoor to indoor air. Many residences, however, 
have HVAC and air filters which reduce indoor toxin concentrations 
and the impact of this equipment was not integrated into the 
findings.  

5. The study used one monitor at one site for validation.  
6. Providing the data in graph form rather than spatially may be a 

drawback for some. 

4.3. Future directions 

More sites need to be validated. The authors are in conversation with 
several organizations to use this weather-based methodology to quantify 
unhealthy exposures from other emitting sources and compare the 
findings to continuous monitor data at those locations. 

Use this weather-based methodology to provide hourly unhealthy 
exposure data for other sites to regulatory agencies and environmental 
justice organizations since polluting facilities tend to be in lower income 
communities. 

The algorithm used in this study was based on a stack height that 
would result in ground level emissions. Since the dispersion pattern of 
chemicals differ depending on stack height and because the stack 
heights of emitting sources differ, analysis for various stack heights 
would be useful. 

5. Conclusion  

1. This study shows that archived local weather information can be 
used to characterize and show the frequency of exposure health risks 
both past and future near point sources such as compressor stations.  

2. This study shows that the frequency of high concentrations of VOCs 
in the air near an emitting facility vary with time of day and weather 
conditions.  

3. This study shows the high frequency that people living near the mid- 
sized NY compressor station evaluated would be exposed to un-
healthy air. Everyone 1 km or less from the station would have been 
exposed to air that was unhealthy for them an average of 1425 - 2069 
nighttime hours and 270 - 301 nights depending on direction of their 
home relative to the emitting source. People sensitive to lower 
concentrations who live at 1 km or less would have had a risk of a 
health response 1478 - 2199 nighttime hours in 2020 (Table 2).  

4. As noted in the references referred to in this study, on-going and 
short-term exposures to airborne toxins can cause many health im-
pacts including asthma, COPD and other pulmonary and cardiovas-
cular diseases. 

5. Currently, the predominantly used methodology for assessing expo-
sures and guiding regulations is the EPA’s NAAQS. The NAAQS’ 
methodology, however, averages VOC toxins regionally rather than 
hyper-locally and over multiple hours instead of hourly so it does not 
identify the frequent high exposures to residents near emitting 
sources and therefore does not adequately protect the millions of 
Americans who live in close proximity to these sources. 
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Purdon's Pennsylvania Statutes and Consolidated Statutes
Title 58 Pa.C.S.A. Oil and Gas (Refs & Annos)

Part III. Utilization
Chapter 32. Development (Refs & Annos)

Subchapter B. General Requirements

58 Pa.C.S.A. § 3222.1

§ 3222.1. Hydraulic fracturing chemical disclosure requirements

Effective: April 16, 2012
Currentness

(a) Applicability.--This section applies to hydraulic fracturing of unconventional wells performed on or after the effective date
of this section.

(b) Required disclosures.--

(1) Except as provided under subsection (d), a service provider who performs any part of a hydraulic fracturing treatment
and a vendor who provides hydraulic fracturing additives directly to the operator for a hydraulic fracturing treatment shall
furnish the operator with the information required under paragraph (2) not later than 60 days after the commencement of
the hydraulic fracturing.

(2) Within 60 days following the conclusion of hydraulic fracturing, the operator of the well shall complete the chemical
disclosure registry form and post the form on the chemical disclosure registry in accordance with regulations promulgated
under this chapter in a format that does not link chemicals to their respective hydraulic fracturing additive.

(3) If the vendor, service provider or operator claims that the specific identity of a chemical or the concentration of a chemical,
or both, are a trade secret or confidential proprietary information, the operator of the well must indicate that on the chemical
disclosure registry form, and the vendor, service provider or operator shall submit a signed written statement that the record
contains a trade secret or confidential proprietary information. If a chemical is a trade secret, the operator shall include in the
chemical registry disclosure form the chemical family or similar description associated with the chemical.

(4) At the time of claiming that any of the following are entitled to protection under paragraph (3), a vendor, service provider
or operator shall file a signed written statement that the record contains a trade secret or confidential proprietary information:

(i) A hydraulic fracturing additive.

(ii) A chemical.

(iii) A concentration.
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(iv) Any combination of subparagraphs (i), (ii) and (iii).

(5) Unless the information is entitled to protection as a trade secret or confidential proprietary information, information
submitted to the department or posted to the chemical disclosure registry shall be a public record.

(6) By January 1, 2013, the department shall determine whether the chemical disclosure registry allows the department and
the public to search and sort Pennsylvania chemical disclosure information by geographic area, chemical ingredient, chemical
abstract service number, time period and operator. If the department determines that there is no reasonable assurance that the
registry will allow for searches by geographic area, chemical ingredient, chemical abstract service number, time period and
operator, at a date acceptable to the department, the department shall investigate the feasibility of making the information
under paragraph (2) available on the department's Internet website in a manner that will allow the department and the public
to search and sort the information by geographic area, chemical ingredient, chemical abstract service number, time period
and operator and shall report to the General Assembly whether additional resources may be needed to implement the searches
and sorting.

(7) A vendor shall not be responsible for any inaccuracy in information that is provided to the vendor by a third-party
manufacturer.

(8) A service provider shall not be responsible for any inaccuracy in information that is provided to the service provider
by the vendor.

(9) An operator shall not be responsible for any inaccuracy in information provided to the operator by the vendor or service
provider or manufacturer.

(10) A vendor, service company or operator shall identify the specific identity and amount of any chemicals claimed to be
a trade secret or confidential proprietary information to any health professional who requests the information in writing if
the health professional executes a confidentiality agreement and provides a written statement of need for the information
indicating all of the following:

(i) The information is needed for the purpose of diagnosis or treatment of an individual.

(ii) The individual being diagnosed or treated may have been exposed to a hazardous chemical.

(iii) Knowledge of information will assist in the diagnosis or treatment of an individual.

(11) If a health professional determines that a medical emergency exists and the specific identity and amount of any chemicals
claimed to be a trade secret or confidential proprietary information are necessary for emergency treatment, the vendor, service
provider or operator shall immediately disclose the information to the health professional upon a verbal acknowledgment
by the health professional that the information may not be used for purposes other than the health needs asserted and that
the health professional shall maintain the information as confidential. The vendor, service provider or operator may request,
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and the health professional shall provide upon request, a written statement of need and a confidentiality agreement from the
health professional as soon as circumstances permit, in conformance with regulations promulgated under this chapter.

(c) Disclosures not required.--Notwithstanding any other provision of this chapter, a vendor, service provider or operator shall
not be required to do any of the following:

(1) Disclose chemicals that are not disclosed to it by the manufacturer, vendor or service provider.

(2) Disclose chemicals that were not intentionally added to the stimulation fluid.

(3) Disclose chemicals that occur incidentally or are otherwise unintentionally present in trace amounts, may be the incidental
result of a chemical reaction or chemical process or may be constituents of naturally occurring materials that become part
of a stimulation fluid.

(d) Trade secrets and confidential proprietary information.--

(1) Notwithstanding any other provision of this chapter, a vendor, service company or operator shall not be required to disclose
trade secrets or confidential proprietary information to the chemical disclosure registry.

(2) The following shall apply:

(i) If the specific identity of a chemical, the concentration of a chemical or both the specific identity and concentration of a
chemical are claimed to be a trade secret or confidential proprietary information, the vendor, service provider or operator
may withhold the specific identity, the concentration, or both the specific identity and concentration, of the chemical from
the information provided to the chemical disclosure registry.

(ii) Nothing under this paragraph shall prohibit any of the following from obtaining from a vendor, service provider or
operator information that may be needed to respond to a spill or release:

(A) The department.

(B) A public health official.

(C) An emergency manager.

(D) A responder to a spill, release or a complaint from a person who may have been directly and adversely affected or
aggrieved by the spill or release.
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(iii) Upon receipt of a written statement of need for the information under subparagraph (ii), the information shall be
disclosed by the vendor, service provider or operator to the requesting official or entity authorized under subparagraph
(ii) and shall not be a public record.

(e) Disclosure prevented.--The department shall prevent disclosure of trade secrets or confidential proprietary information

under this section pursuant to the requirements of the Right-to-Know Law1 or other applicable State law.

(f) Well reporting.--Notwithstanding any other provision of law, nothing in this section shall be construed to reduce or modify

the disclosure requirements for conventional well operators contained in 25 Pa. Code Ch. 78 Subch. E2 (relating to well
reporting).

Credits
2012, Feb. 14, P.L. 87, No. 13, § 1, effective in 60 days [April 16, 2012].

Editors' Notes

VALIDITY

<For validity of subsections (b)(10) and (b)(11), see Robinson Tp. v. Com., 147 A.3d 536, 637 Pa. 239, Sup.2016.>

Notes of Decisions (10)

Footnotes
1 65 P.S. § 67.101 et seq.

2 25 Pa. Code § 78.121 et seq.

58 Pa.C.S.A. § 3222.1, PA ST 58 Pa.C.S.A. § 3222.1
Current through Act 95 of the 2024 Regular Session. Some statute sections may be more current, see credits for details.

End of Document © 2024 Thomson Reuters. No claim to original U.S. Government Works.
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Introduction
Unconventional methods of natural gas 
extraction, including directional drilling 
and hydraulic fracturing (also known as 
“fracking”), have made it possible to reach 
natural gas reserves in shale deposits thousands 
of feet underground (Myers 2012). Increased 
drilling activity in a number of locations in 
the United States has led to growing concern 
that natural gas extraction activities could 
contaminate water supplies and ambient air, 
resulting in unforeseen adverse public health 
effects (Goldstein et al. 2012). At the same 
time, there is little peer-reviewed evidence 
regarding the public health risks of natural 
gas drilling activities (Kovats et al. 2014; 
McDermott-Levy and Kaktins 2012; Mitka 
2012), including a lack of systematic surveys 
of human health effects.

The process of natural gas extraction. 
Natural gas extraction of shale gas reserves 
may involve multiple activities occurring over 
a period of months. These include drilling 
and casing of deep wells that contain both 

vertical and horizontal components as well 
as placement of underground explosives and 
transport and injection of millions of gallons 
of water containing sand and a number of 
chemical additives into the wells at high pres-
sures to extract gas from the shale deposits 
(hydraulic fracturing) (Jackson RE et al. 2013). 
Chemicals used in the hydraulic fracturing 
process can include inorganic acids, polymers, 
petroleum distillates, anti-scaling compounds, 
microbicides, and surfactants (Vidic et al. 
2013). Although some of these fluids are 
recovered during the fracking process as 
“flowback” or “produced” water, a significant 
amount (as much as 90%) (Vidic et al. 2013) 
may remain underground. The recovered 
flowback water—which may contain chemi-
cals added to the fracking fluid as well as natu-
rally occurring chemicals such as salts, arsenic, 
and barium and naturally occurring radio-
active material originating in the geologi cal 
formations—may be stored in holding ponds 
or transported offsite for disposal and/or 
 wastewater treatment elsewhere.

Potential water exposures. Although 
much of the hydraulic fracturing process 
takes place deep underground, there are a 
number of potential mechanisms for chemi-
cals used in the fracturing process as well 
as naturally occurring minerals, petroleum 
compounds (including volatile organic 
compounds; VOCs), and other substances 
of flowback water (Chapman et al. 2012) 
to enter drinking-water supplies. These 
include spills during transport of chemicals 
and flowback water, leaks of a well casing 
(Kovats et al. 2014), leaks through under-
ground fissures in rock formations, runoff 
from drilling sites, and disposal of fracking 
flowback water (Rozell and Reaven 2012). 
Studies have reported increased levels of 
methane in drinking water wells located 
< 1 km from natural gas drilling, suggesting 
contamination of water wells from hydraulic 
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Proximity to Natural Gas Wells and Reported Health Status: Results of a 
Household Survey in Washington County, Pennsylvania
Peter M. Rabinowitz,1,2 Ilya B. Slizovskiy,1,3 Vanessa Lamers,3,4 Sally J. Trufan,1,2 Theodore R. Holford,3 
James D. Dziura,3 Peter N. Peduzzi,3 Michael J. Kane,3 John S. Reif,5 Theresa R. Weiss,1 and Meredith H. Stowe1

1Yale University School of Medicine, Yale University, New Haven, Connecticut, USA; 2University of Washington, Seattle, Washington, 
USA; 3Yale School of Public Health, and 4Yale School of Forestry & Environmental Sciences, Yale University, New Haven, Connecticut, 
USA; 5Colorado State University College of Veterinary Medicine & Biomedical Sciences, Colorado State University, Fort Collins, 
Colorado, USA

Background: Little is known about the environmental and public health impact of 
unconventional natural gas extraction activities, including hydraulic fracturing, that occur near 
residential areas.

oBjectives: Our aim was to assess the relationship between household proximity to natural gas 
wells and reported health symptoms.

Methods: We conducted a hypothesis-generating health symptom survey of 492 persons in 180 
randomly selected households with ground-fed wells in an area of active natural gas drilling. Gas 
well proximity for each household was compared with the prevalence and frequency of reported 
dermal, respiratory, gastrointestinal, cardiovascular, and neurological symptoms.

results: The number of reported health symptoms per person was higher among residents living 
< 1 km (mean ± SD, 3.27 ± 3.72) compared with > 2 km from the nearest gas well (mean ± SD, 
1.60 ± 2.14; p = 0.0002). In a model that adjusted for age, sex, household education, smoking, 
awareness of environmental risk, work type, and animals in house, reported skin conditions 
were more common in households < 1 km compared with > 2 km from the nearest gas well 
(odds ratio = 4.1; 95% CI: 1.4, 12.3; p = 0.01). Upper respiratory symptoms were also more 
frequently reported in persons living in households < 1 km from gas wells (39%) compared with 
households 1–2 km or > 2 km from the nearest well (31 and 18%, respectively) (p = 0.004). No 
equivalent correlation was found between well proximity and other reported groups of respiratory, 
neurological, cardiovascular, or gastrointestinal conditions.
conclusion: Although these results should be viewed as hypothesis generating, and the population 
studied was limited to households with a ground-fed water supply, proximity of natural gas wells 
may be associated with the prevalence of health symptoms including dermal and respiratory condi-
tions in residents living near natural gas extraction activities. Further study of these associations, 
including the role of specific air and water exposures, is warranted.

citation: Rabinowitz PM, Slizovskiy IB, Lamers V, Trufan SJ, Holford TR, Dziura JD, 
Peduzzi PN, Kane MJ, Reif JS, Weiss TR, Stowe MH. 2015. Proximity to natural gas wells and 
reported health status: results of a household survey in Washington County, Pennsylvania. Environ 
Health Perspect 123:21–26; http://dx.doi.org/10.1289/ehp.1307732
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fracturing activities (Jackson RB et al. 2013; 
Osborn et al. 2011), although natural 
movement of methane and brine from shale 
deposits into aquifers has also been suggested 
(Warner et al. 2012). If contaminants from 
hydraulic fracturing activities were able to 
enter drinking water supplies or surface water 
bodies, humans could be exposed to such 
contaminants through drinking, cooking, 
showering, and swimming.

Potential air exposures. The drilling and 
completion of natural gas wells, as well as the 
storage of waste fluids in containment ponds, 
may release chemicals into the atmosphere 
through evaporation and off-gassing. In 
Pennsylvania, flowback fluids are not usually 
disposed of in deep injection wells; therefore 
surface ponds containing flowback fluids are 
relatively common and could be sources of air 
contamination through evaporation. Flaring 
of gas wells, operation of diesel equipment and 
vehicles, and other point sources for air quality 
contamination around drilling activities 
may also pose a risk of respiratory exposures 
to nitrogen oxides, VOCs, and particulate 
matter. Release of ozone precursors into the 
environment by natural gas production 
activities may lead to increases in local ozone 
levels (Olaguer 2012). Well completion and 
gas transport may cause leakage of methane 
and other greenhouse gases into the environ-
ment (Allen 2014). Studies in Colorado have 
reported elevated air levels of VOCs including 
trimethylbenzenes, xylenes, and aliphatic 
hydrocarbons related to well drilling activities 
(McKenzie et al. 2012).

Human health impact. Concerns about 
the impact of natural gas extraction on the 
health of nearby communities have included 
exposures to contaminants in water and air 
described above as well as noise and social 
disruption (Witter et al. 2013). A published 
case series cited the occurrence of respira-
tory, skin, neurological, and gastrointestinal 
symptoms in humans living near gas wells 
(Bamberger and Oswald 2012). A conve-
nience sample survey of 108 individuals in 55 
households across 14 counties in Pennsylvania 
who were concerned about health effects from 
natural gas facilities found that a number of 
self-reported symptoms were more common in 
individuals living near gas facilities, including 
throat and nasal irritation, eye burning, sinus 
problems, headaches, skin problems, loss of 
smell, cough, nosebleeds, and painful joints 
(Steinzor et al. 2013). Similarly, a convenience 
sample survey of 53 community members 
living near Marcellus Shale development 
found that respondents attributed a number 
of health impacts and stressors to the develop-
ment. Stress was the symptom reported most 
frequently (Ferrar et al. 2013).

Here we report on the analysis of a cross-
sectional, random-sample survey of the health 

of residents who had ground-fed water wells in 
the vicinity of natural gas extraction wells to 
determine whether proximity to gas wells was 
associated with reported respiratory, dermal, 
neurological, or gastrointestinal symptoms.

Methods
Selection of study area. The Marcellus 
formation, a principal source of shale-based 
natural gas in the United States, is a Middle 
Devonian–age black, low-density, organi-
cally rich shale that has been predominantly 
horizontally drilled for gas extraction in the 
southwestern portion of Pennsylvania since 
2003 [Pennsylvania Spatial Data Access 
(PASDA) 2013]. In this study we focused 
on Washington County in southwestern 
Pennsylvania, an area of active natural gas 
drilling (Carter et al. 2011). At the time of the 
administration of the household survey during 
summer 2012, there were, according to the 
Pennsylvania Department of Environmental 
Protection, 624 active natural gas wells 
in Washington County. Of these natural 
gas wells, 95% were horizontally drilled 
(Pennsylvania Department of Environmental 
Protection 2012). The county has a highly 
rural classification with nearly 40% of the 

land devoted to agriculture (U.S. Department 
of Agriculture 2007). Washington County 
has a population of approximately 200,000 
persons with 94% self-identified as white, 90% 
having at least a high school diploma, and a 
2012 median household income of $53,545 
(Center for Rural Pennsylvania 2014). We 
selected a contiguous set of 38 rural townships 
within the center of Washington County as 
our study site in order to avoid urban areas 
bordering Pittsburgh, which would be unlikely 
to have ground-fed water wells, and areas 
near the Pennsylvania border, which might 
be  influenced by gas wells in other states 
(Figure 1).

Survey instrument. We designed a 
community environmental health assess-
ment of reported health symptoms and 
health status based on questions drawn from 
publicly available surveys. Symptom ques-
tions, covering a range of organ systems that 
had been mentioned in published reports 
(Bamberger and Oswald 2012; Steinzor 
et al. 2013), asked respondents whether they 
or any household members had experienced 
each condition during the past year (see 
Supplemental Material, “Questionnaire”). 
The health assessment also asked a number 

Figure 1. Distribution of drilled active Marcellus Shale natural gas wells (n = 624) and randomly generated 
sampling sites (n = 760) for eligible municipalities of Washington County, Pennsylvania. 
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of general yes/no questions about concerns 
of environmental hazards in the community, 
such as whether respondents were satisfied 
with air quality, water quality, soil quality, 
environmental noise and odors, and traffic, 
but did not specifically mention natural gas 
wells or hydraulic fracturing or other natural 
gas extraction activities. The survey was 
pretested with focus groups in the study area 
in collaboration with a community based 
group and revised to ensure comprehensibility 
of questions.

Selection and recruitment of households. 
Using ArcGIS Desktop 10.0 software (ESRI, 
Inc., Redlands, CA), we randomly selected 20 
geographic points from each of 38 contiguous 
townships in the study county (Figure 1). 
We identified an eligible home nearest to 
each randomly generated sampling point, 
and visited each home to determine which 
households were occupied and had ground-
fed water wells. We selected households with 
ground-fed water wells to assess possible 
health effects related to water contamination. 
From the original 760 points identified (i.e., 
20 points in each of the 38 townships), we 
excluded 12 duplicate points and 64 points 
found not to correspond to a house structure 
(see Supplemental Material, Figure S1). After 
site visits by the study team who spoke to 
residents or neighbors, we excluded house 
locations determined not to have a ground-
fed well or spring. Additional points were 
excluded if the structure was not occupied 
(n = 5) or inaccessible from the road (n = 4). 
During visits to eligible households, a study 
member invited a responding adult at least 
18 years of age to participate in the survey, 
described as a survey of community environ-
mental health that considered a number of 
environmental health factors. Three house-
holds were excluded when the respondent 
was unable to answer the questionnaire due to 
language or health problems. Eligible house-
holds were offered a small cash stipend for 
participation. 

The Yale University School of Medicine 
Human Research Protection Program deter-
mined the study to be exempt from Human 
Subjects review. Respondents provided oral 
consent but were not asked to sign consent 
forms; their names were not recorded.

Of the 255 eligible households, respon-
dents refused to complete the survey in 47 
households, and we were not able to contact 
residents in another 26 households. Reasons 
for refusal included “not interested” (n = 8), 
“no time/too busy” (n = 3), “afraid” (n = 1), 
and 35 gave no reason. The rate of refusal 
varied by distance category, with 12 of 74 
(16%) of households < 1 km from a gas 
well, 10 of 67 (15%) of households 1–2 km 
from wells, and 25 of 86 (25%) of eligible 
households > 2 km from a gas well refusing 

to participate, but the differences were not 
statistically significant. At the consenting 180 
households (71% of eligible households), 
an adult respondent completed the survey 
covering the health status of the 492 indi-
viduals living in these households.

Administration of survey at residence. 
Trained study personnel administered the 
survey in English. The responding adult at the 
participating household reported on the health 
status of all persons in the household over the 
past year. A study team member recorded the 
global positioning system (GPS) coordinates 
of the household using a Garmin GPSMAP® 
62S Series handheld GPS device (Garmin 
International, Inc., Olathe, KS). Survey 
personnel were not aware of the mapping 
results for gas well proximity to the households 
being surveyed.

Household proximity to nearest active gas 
well and age of wells. A map of 624 active 
natural gas wells in the study area, and their 
age and type, was created by utilizing gas well 
permit data publicly available at the PASDA 
(2013). Ninety five percent of the gas wells 
had “spud dates” (first date of drilling) 
between 2008 and 2012, with more than half 
of spud dates occurring in 2010 and 2011. 
We used ArcGIS to calculate the distance 
between each household location (as defined 
by the GPS reading taken during the site visit) 
and each natural gas well in the study area. 
We then classified households according to 
their distance from the nearest gas well with 
distance categories of < 1 km, 1–2 km, or 
> 2 km. We used 1 km as the initial cut point 
for distance to a nearest gas well because of 
the reported association of higher methane 
levels in drinking-water wells located < 1 km 
from natural gas wells (Osborn et al. 2011), 
and 2 km as the second cut point because it 
was close to the mean of the distances between 
households and nearest gas wells. The mean 
and median distance between a household and 
the nearest natural gas well were 2.0 km and 
1.4 km, respectively. We classified the age of 
each gas well as the time interval between spud 
date and the date that the household survey 
was conducted during summer, 2012.

Statistical analysis. Demographic vari-
ables were analyzed for differences among 
individuals between distance categories using 
chi-square, analysis of variance, or generalized 
linear mixed-model statistics as appropriate. 
Reported occupation was classified as 
either blue collar, office sales and service, 
 management/professional, or not working, 
using classifications of the U.S. Bureau of 
Labor Statistics (2014). 

The prevalence of each outcome and 
the number of symptoms reported for each 
household member included in the study 
were calculated according to the distance 
of each household (< 1, 1–2, or > 2 km) 

from the nearest gas well. To test the asso-
ciation between household distance from a 
well and the overall number of symptoms as 
well as the presence or absence of each of six 
groups of health conditions (dermal, upper 
respiratory, lower respiratory, gastro intestinal, 
neurological, and cardiovascular), we used 
SAS 9.3 in a generalized linear mixed model 
(GLMM) analysis (SAS Institute Inc., Cary, 
NC). The analysis used maximum likeli-
hood estimation with adaptive quadrature 
methods (Schabenberger 2007) including a 
random effect for household to account for the 
clustering of individuals within a household. 
The model was adjusted for age of individual 
(continuous), sex (binary), average adult house-
hold education (continuous), smoker present 
in household (yes/no), awareness of environ-
mental hazard nearby (yes/no), employment 
type (four categories), and whether animals 
were present in the home or backyard (yes/no). 
Given the exploratory nature of this study, no 
adjustments were made for multiple compari-
sons and significance was established at the 
two-sided 0.05 level. Statistical analyses were 
conducted using SAS 9.3. 

Results
Demographics. Individuals living in house-
holds < 1 km from gas wells were older 
(mean, 46.9 ± 21.9) compared with indi-
viduals in households > 2 km from a gas well 
(mean, 40.0 ± 23.5 years, p = 0.03) (Table 1). 
There was a higher proportion of children 
in the households > 2 km from a gas well 
compared with those < 1 km from a gas well 
(27% vs. 14%, p = 0.008). Families had lived 
in their homes an average of 22.8 ± 17.2 years 
at the time of the interview. Thirty-four 
percent of individuals had blue-collar jobs 
and 38% of the subjects were nonworkers 
(e.g., unemployed, students). Sixty-six 
percent reported using their ground-fed 
water (well or natural spring) for drinking 
water, and 84% reported using it for other 
activities such as bathing. The age of the 
nearest gas well was significantly greater for 
households < 1 km from a gas well (mean, 
2.3 ± 1.6) compared with those 1–2 km or 
> 2 km from a well (1.5 ± 1.3 and 1.1 ± 0.9, 
respectively, p < 0.05). Reported smoking 
was less common in households near gas 
wells, whereas reported respondent aware-
ness regarding environmental health risks was 
higher, although these differences were not 
statistically significant.

Reported health symptoms. The average 
number of reported symptoms per person 
in residents of households < 1 km from a 
gas well (3.27 ± 3.72) was greater compared 
with those living > 2 km from gas wells 
(1.60 ± 2.14, p = 0.0002).

Individuals living in households < 1 km 
from natural gas wells were more likely to 
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report having any of the queried skin condi-
tions over the past year (13%) than residents 
of households > 2 km from a well (3%; 
χ2 = 13.8, p = 0.001) (Table 2). Reported 
upper respiratory symptoms were also more 
frequent among households < 1 km (39%) 
compared with households > 2 km from gas 
wells (18%; χ2 = 17.9, p = 0.0001).

In a hierarchical model that adjusted for 
age, sex, household education level, smokers 
in household, job type, animals in house-
hold, and awareness of environmental risk 
(Table 3), household proximity to natural 
gas wells remained associated with number 
of symptoms reported per person < 1 km 
(p = 0.002) and 1–2 km (p = 0.05) compared 
with > 2 km from gas wells, respectively. In 
similar models, living in a household < 1 km 
from the nearest gas well remained associated 
with increased reporting of skin conditions 
[odds ratio (OR) = 4.13; 95% confidence 
interval (CI): 1.38, 12.3] and upper respi-
ratory symptoms (OR = 3.10; 95% CI: 
1.45, 6.65) compared with households 
> 2 km from the nearest gas well.

For  the  other  grouped symptom 
complexes examined, there was not a signifi-
cant relationship in our adjusted model 
between the prevalence of symptom reports 
and proximity to nearest gas well. In the 
multivariate model, however, environmental 
risk awareness was significantly associated with 
report of all groups of symptoms.

Age of the nearest gas well was found to be 
negatively correlated with distance (r = –0.325; 
p < 0.0001): Gas wells < 1 km from house-
holds tended to be older than the nearest 
wells in other distance categories. When age 
of wells was added to the multivariate model, 
proximity to gas wells remained significantly 
associated with respiratory symptoms, but the 
association between proximity and dermal 
symptoms lost statistical significance.

Discussion
This spatially random health survey of house-
holds with ground-fed water supply in a 
region with a large number of active natural 
gas wells is to our knowledge the largest 
study to date of the association of reported 
symptoms and natural gas drilling activities.
We found an increased frequency of reported 
symptoms over the past year in households in 
closer proximity to active gas wells compared 
with households farther from gas wells. This 
association was also seen for certain categories 
of symptoms, including skin conditions and 
upper respiratory symptoms. This association 
persisted even after adjusting for age, sex, 
smokers in household, presence of animals 
in the household, education level, work type, 
and awareness of environmental risks. Other 
groups of reported symptoms, including 
cardiac, neurological, or gastrointestinal 

symptoms, did not show a similar association 
with gas well proximity. These results support 
the need for further investigation of whether 
natural gas extraction activities are associated 
with community health impacts.

These findings are consistent with earlier 
reports of respiratory and dermal condi-
tions in persons living near natural gas wells 
(Bamberger and Oswald 2012; Steinzor et al. 
2013). Strengths of the study included the 
larger sample size compared with previously 
published surveys, and the random method of 
selecting households using geographic infor-
mation system methodology, which reduces 
the possibility of selection bias (although only 
a subset of households, those with ground-fed 
water supply, were sampled).

A limitation of the study was the reliance 
on self-report of health symptoms. On one 
hand, symptoms in other household members 
may have been underreported by the house-
hold respondent; on the other hand, aware-
ness bias in individuals concerned about the 
presence of an environmental health hazard 
would be more likely to increase reporting of 
illness symptoms, leading to recall bias of the 
results. We did not collect data on whether 
individuals were receiving financial compen-
sation for gas well drilling on their property, 
which could have affected their willingness 

to report symptoms. It is possible that differ-
ential refusal to participate could have intro-
duced potential for selection bias; for example, 
individuals who were receiving compensation 
for gas drilling on their property might be 
less willing to participate in the survey. We 
found instead that the refusal rate, though 
< 25% overall, was higher among households 
farther from gas wells, suggesting that such 
households may have been less interested in 
participating because they had less awareness 
of hazards. The study questionnaire did not 
include questions about natural gas extraction 
activities, in order to reduce awareness bias. 
At the same time, it is likely that household 
residents were aware of gas drilling activities 
in the vicinity of households; and the fact that 
reported environmental awareness by respon-
dents was associated with the prevalence of all 
groups of reported health symptoms suggests 
a correlation between heightened awareness 
of health risks and reported health conditions. 
Nevertheless, the observed association between 
gas well proximity and reported dermal and 
upper respiratory symptoms persisted in 
the multivariate model even after adjusting 
for environmental awareness. Future studies 
should attempt to medically confirm particular 
diagnoses and further assess and control for the 
effect of awareness on reported health status.

Table 1. Demographics and household characteristics by proximity to the nearest natural gas well.

Characteristic < 1 km 1–2 km > 2 km All
Individuals
n 150 150 192 492
Sex 

Male 80 (53) 78 (52) 92 (48) 250 (51)
Female 70 (47) 72 (48) 100 (52) 242 (49)

Children 21 (14)* 27 (18) 52 (27) 100 (20)
Education (years) 13.4 ± 2.0 13.5 ± 1.9 13.3 ± 2.0 13.4 ± 1.9
Age (years) 46.9 ± 21.9** 45.5 ± 22.7 40.0 ± 23.5 43.8 ± 23.0
Occupationa

M/P 29 (19) 34 (23) 33 (17) 96 (19)
O/S 17 (11) 11 (7) 14 (7) 42 (9)
BC 60 (40) 51 (34) 56 (29) 167 (34)
NW 44 (29) 54 (36) 89 (46) 187 (38)

Households
n 62 57 61 180
Smokingb 7 (11) 12 (21) 14 (23) 33 (18)
Years in household (n) 23.7 ± 16.6 23.5 ± 16.4 21.2 ± 18.6 22.8 ± 17.2
Body mass index (kg/m2) 27.9 ± 5.1 27.5 ± 5.4 27.9 ± 6.1 27.8 ± 5.5
Use ground-fed water

Drinking 39 (63) 41 (72) 38 (62) 118 (66)
Other 54 (87) 51 (89) 46 (75) 151 (84)

Water has unnatural appearance 13 (21) 7 (12) 6 (10) 26 (14)
Taste/odor prevents water use 14 (23) 10 (18) 19 (31) 43 (24)
Dissatisfied with odor in environment 7 (11) 1 (2) 1 (2) 9 (5)
Environmental risk awarenessc 16 (25) 16 (28) 9 (15) 41 (23)
Years since spud date of closest well (years) 2.3 ± 1.6# 1.5 ± 1.3 1.1 ± 0.9 1.6 ± 1.4

Values are n (%) or mean ± SD.
aParticipant occupation was categorized into six main industries according to the U.S. Bureau of Labor Statistics (2014), 
and presented here in four main groups: M/P, management or professional; O/S, office, sales, or service; BC, blue collar 
(fishing, farming, and forestry; construction, extraction, maintenance, production, transportation, and material moving); 
NW, nonworker (student, disabled, retired, or unemployed). bHousehold smoking was determined when respondents 
were asked if they or at least one member of their household smoked cigarettes in the house at the time of the survey. 
cHousehold respondents were asked if they were aware of any environmental health risks near their residence (yes/no), 
to approximate potential sources of expectation or awareness bias. *p = 0.008 compared with > 2 km households. 
**p = 0.03 compared with > 2 km households. #p < 0.05 compared with 1–2 km and > 2 km households.
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A further study limitation was the fact 
that our analysis includes multiple compari-
sons between groups of households, and the 
consequent possibility that random error 
could account for some of our findings. 
We limited such comparisons by grouping 
individual symptoms into organ system 
clusters. However, we acknowledge that the 
multiple comparisons used in the methodo-
logy mean that any such particular findings 
should be viewed as  preliminary and 
hypothesis generating.

Our use of gas well proximity as a measure 
of exposure was an indirect measure of poten-
tial water or airborne exposures. More precise 
data could come from direct monitoring and 
modeling of air and water contaminants, and 
correlating such measured exposures with 
confirmed health effects should be a focus of 
future study. Biomonitoring of individuals 
living near natural gas wells could provide 
additional information about the role and 
extent of particular chemical exposures.

There are several potential explanations 
for the finding of increased skin conditions 
among inhabitants living near gas wells. One 
is that natural gas extraction wells could have 
caused contamination of well water through 
breaks in the gas well casing or other under-
ground communication between ground 
water supplies and fracking activities. The 
geographic area studied has experienced 
petroleum and coal exploration and extrac-
tion activities in the past century, and such 
activities may increase the risk of chemicals 
in fracking fluid or flowback water entering 
ground water and contaminating wells. If 
such contamination did occur, several types 
of chemicals in fracking fluid have irritant 
properties and could potentially cause skin 
rashes or burning sensation through exposure 
during showers or baths. There are published 
reports of associations between the preva-
lence of eczema and other skin conditions 
with exposure to drinking water polluted 
with chemicals including VOCs (Chaumont 
et al. 2012; Lampi et al. 2000; Yorifuji et al. 
2012) as well as changes in water hardness 
(Chaumont et al. 2012; McNally et al. 1998).

A second possible explanation for the skin 
symptoms could be exposure to air pollut-
ants including VOCs, particulates, and ozone 
from upwind sources, such as flaring of gas 
wells (McKenzie et al. 2012) and exhaust 
from vehicles and heavy machinery.

A third possibility to explain the clustering 
of skin and other symptoms would be that 
they could be related to stress or anxiety that 
was greater for households living near gas wells. 
In this study, awareness of environ mental risk 
was independently associated with overall 
reporting of symptoms as well as reporting 
of skin problems. However, in multivariate 
models, proximity to gas wells remained a 

significant predictor of symptoms even when 
adjusting for such awareness. These results 
argue for possible air or water contaminant 
exposures, in addition to stress, contributing 
to the observed patterns of increased health 
symptoms in households near gas wells. A 
fourth possibility would be the role of allergens 
or irritant chemicals not related to natural gas 

drilling activities, such as exposure to agricul-
tural chemicals or household animals. We did 
not see a correlation between skin conditions 
and either the presence of an animal in the 
household or agricultural occupation, making 
this association less likely. At the same time, 
it is possible that other confounding could be 
present but not accounted for in our models.

Table 2. Prevalence of selected health conditions reported by individuals by proximity to the nearest gas 
well (2011–2012).a

Symptoms
< 1 km 

(n = 150)
1–2 km 
(n = 150)

> 2 km 
(n = 192)

Total number of symptoms per individual 3.27 ± 3.72 2.56 ± 3.26 1.60 ± 2.14
Dermal [n (%)] 19 (13) 7 (5) 6 (3)

Rashes/skin problems 10 (7) 7 (5) 6 (3)
Dermatitis 6 (4) 5 (3) 2 (1)
Irritation 6 (4) 2 (1) 1 (1)
Burning 8 (5) 4 (3) 1 (1)
Itching 9 (6) 5 (3) 2 (1)
Hair loss 2 (1) 0 (0) 1 (1)

Upper respiratory [n (%)] 58 (39) 46 (31) 35 (18)
Allergies/sinus problems 35 (23) 27 (18) 27 (14)
Cough/sore throat 10 (7) 3 (2) 2 (1)
Itchy eyes 19 (13) 22 (15) 10 (5)
Nose bleeds 13 (9) 8 (5) 4 (2)
Stuffy nose 16 (11) 8 (5) 4 (2)

Lower respiratory [n (%)] 29 (19) 29 (19) 27 (14)
Asthma/COPD 16 (11) 21 (14) 15 (8)
Chronic bronchitis 8 (5) 2 (1) 2 (1)
Chest wheeze/whistling 6 (4) 9 (6) 7 (4)
Shortness of breath 8 (5) 7 (5) 8 (4)
Chest tightness 4 (3) 6 (4) 5 (3)

Cardiac [n (%)] 46 (31) 39 (26) 37 (19)
High blood pressure 38 (25) 33 (22) 29 (15)
Chest pain 8 (5) 5 (3) 6 (3)
Heart palpitations 10 (7) 7 (5) 4 (2)
Ankle swelling 11 (7) 5 (3) 5 (3)

Gastrointestinal [n (%)] 15 (10) 13 (9) 11 (6)
Ulcers/stomach problems 11 (7) 7 (5) 8 (4)
Liver problems 4 (3) 0 (0) 1 (0.5)
Nausea/vomiting 1 (1) 3 (2) 1 (0.5)
Abdominal pain 4 (3) 2 (1) 2 (1)
Diarrhea 5 (3) 2 (1) 2 (1)
Bleeding 4 (3) 4 (3) 0 (0)

Neurologic [n (%)] 48 (32) 37 (25) 39 (20)
Neurologic problems 1 (0.7) 5 (3) 0 (0)
Severe headache/migraine 24 (16) 14 (9) 18 (9)
Dizziness/balance problems 11 (7) 12 (8) 11 (6)
Depression 4 (3) 3 (2) 2 (1)
Difficulty concentrating/remembering 9 (6) 9 (6) 6 (3)
Difficulty sleeping/insomnia 18 (12) 19 (13) 10 (5)
Anxiety/nervousness 11 (7) 4 (3) 11 (6)
Seizures 2 (1) 2 (1) 1 (0.5)

COPD, chronic obstructive pulmonary disease.
aSix categories representing major health conditions of a priori interest chosen to ascertain symptom prevalence 
among individuals living in proximity to the nearest gas well in 2011–2012.

Table 3. Associations of nearest gas well proximity and symptoms.

Outcome

< 1 km 1–2 km 

> 2 kmOR (95% CI) p-Value OR (95% CI) p-Value
Dermal 4.13 (1.38, 12.3) 0.011 1.44 (0.42, 4.9) 0.563 Ref
Upper respiratory 3.10 (1.45, 6.65) 0.004 1.76 (0.81, 3.76) 0.148 Ref
Lower respiratory 1.45 (0.67, 3.14) 0.339 1.40 (0.65, 3.03) 0.387 Ref
Cardiac 1.67 (0.85, 3.26) 0.135 1.28 (0.65, 2.52) 0.473 Ref
Gastrointestinal 2.01 (0.49, 8.18) 0.328 1.79 (0.43, 7.41) 0.417 Ref
Neurological 1.53 (0.89, 2.63) 0.123 1.04 (0.59, 1.82) 0.885 Ref

Ref, reference. Results are from hierarchical logistic regression that adjusted for age, household education level, sex, 
smokers in household, job type, animals in household, and awareness of environmental risk.

WG Ex. 65

2284



Rabinowitz et al.

26 volume 123 | number 1 | January 2015 • Environmental Health Perspectives

Our findings of increased reporting of 
upper respiratory symptoms among persons 
living < 1 km from a natural gas well suggests 
that airborne irritant exposures related to 
natural gas extraction activities could be playing 
a role. Such irritant exposures could result 
from a number of activities related to natural 
gas drilling, including flaring of gas wells and 
exhaust from diesel equipment. Because other 
studies have suggested that airborne exposures 
could be a significant consequence of natural 
gas drilling activity, further investigation of the 
impact of such activities on respiratory health 
of nearby communities should be investigated. 
Future studies should collect such data.

Since most of the gas wells in the study 
area had been drilled in the past 5–6 years, 
one would not yet expect to see associations 
with diseases with long latency, such as cancer. 
Furthermore, if some of the impact of natural 
gas extraction on ground water happens over a 
number of years, this initial survey could have 
failed to detect health consequences of delayed 
contamination. However, if the finding of skin 
and respiratory conditions near gas wells indi-
cates significant exposure to either fracking 
fluids and chemicals or airborne contaminants 
from natural gas wells, studies looking at such 
long-term health effects in chronically exposed 
populations would be indicated.

Conclusions
The results of this study suggest that natural 
gas drilling activities could be associated with 
increased reports of dermal and upper respira-
tory symptoms in nearby communities; these 
results support the need for further research 
into health effects of natural gas extraction 
activities. Such research could include longi-
tudinal assessment of the health of individuals 
living in proximity to natural gas drilling 
activities, medical confirmation of health 
conditions, and more precise assessment of 
contaminant exposures.
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Abstract

This research exploits the introduction of shale gas wells in Pennsylvania in response to growing 

controversy around the drilling method of hydraulic fracturing. Using de- tailed location data on 

maternal addresses and GIS coordinates of gas wells, this study examines singleton births to 

mothers residing close to a shale gas well from 2003–2010 in Pennsylvania. The introduction of 

drilling increased low birth weight and decreased term birth weight on average among mothers 

living within 2.5 km of a well compared to mothers living within 2.5 km of a future well. Adverse 

effects were also detected using measures such as small for gestational age and APGAR scores, 

while no effects on gestation periods were found. These results are robust to other measures of 

infant health, many changes in specification and falsification tests. In the intensive margin, an 

additional well is associated with a 7 percent increase in low birth weight, a 5 gram reduction in 

term birth weight and a 3 percent increase in premature birth. These findings suggest that shale gas 

development poses significant risks to human health and have policy implications for regulation of 

shale gas development.
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The United States (US) holds large unconventional gas reserves in relatively impermeable 

media such as coal beds, shale, and tight gas sands, which together with Canada account for 

virtually all commercial shale gas produced in the world (IEA, 2012).1 New technologies, 

such as hydraulic fracturing and directional drilling, have made it economically and 

practically feasible to extract natural gas from these previously inaccessible geological 

formations.2 In 2010, unconventional gas production was nearly 60% of total gas production 

in the US (IEA, 2012). Natural gas from the Marcellus formation, particularly in 

Pennsylvania, currently accounts for the majority of this production (Rahm et al., 2013).3 A 

recent assessment by The Wall Street Journal estimates that over 15 million Americans live 

within 1 mile of an oil or gas well drilled since 2000 in 11 of the 33 states where drilling is 

taking place (Gold and McGinty, 2013). With this expansion, it is becoming increasingly 

common for shale gas development to take place in close proximity to where people live, 

work and play.

The expansion of shale gas development (SGD) in the US has brought with it a national 

debate that seemingly lacks a consensus over its economic, environmental, health and social 

implications. There is growing evidence that shale gas development creates jobs and 

generates income for local residents in the short run (Allcott and Keniston, 2014; Bartik et 

al., 2016; Feyrer et al., 2017; Hausman and Kellogg, 2015; Mason et al., 2015). In addition 

to its economic benefits, many claim that a move to natural gas (and away from petroleum- 

or coal-based energy) will support U.S. energy independence and national security. Shale 

gas provides an attractive source of energy because it emits fewer pollutants (e.g., carbon 

dioxide, sulfur dioxide, nitrogen oxides, carbon monoxide and particulate matter) when 

burned than coal and other fossil-fuel energy sources per unit of heat produced (Chen et al., 

2017). Globally, the shale boom has improved ambient air quality and displaced coal-based 

electricity, especially for areas with coal-fired power plants (Johnsen et al., 2016). However, 

these benefits may come with local costs associated with drilling activity in communities 

where it takes place. These costs may include reduced environmental quality through local 

air pollution (Colborn et al., 2012; Litovitz et al., 2013; Witter et al., 2013), water 

contamination (Warner et al., 2012; Olmstead et al., 2013; Hill and Ma, 2017), increased 

truck traffic (Graham et al., 2015) and health. Concerns over perceived ground water 

contamination have caused a discount of housing prices to compensate for the risk and an 

approximately $19 million increase in bottled water purchases in 2010 in response to SGD 

in Pennsylvania (Muehlenbachs et al., 2015; Wrenn et al., 2016). This is further supported 

by a recent cost-benefit analysis that found substantial environmental costs associated with 

health damages from air pollution emitted by SGD totaling $27.2 billion (Loomis and 

Haefele, 2017).

In utero exposure to air pollution has been linked to adverse birth outcomes, lower 

educational attainment, labor market outcomes and future health problems (See Currie and 

1The International Energy Agency (IEA) defines unconventional gas as sources of gas trapped in impermeable rock deep 
underground.
2Hydraulic fracturing (popularly known as “fracking” or “fracing”) stimulates the well using a combination of large quantities of 
water (“high-volume”), fracturing chemicals (“slick water”) and sand that are injected underground at high pressure. This process 
fractures the rock and causes the resource to be released.
3Pennsylvania experienced very rapid development of shale gas, with 4,272 shale gas wells drilled from 2007–2010 (PADEP, 2010a).
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Schmieder (2009); Currie (2009); Currie et al. (2014b) for summaries of this research). In 

particular, a large literature has linked air pollution (e.g. particulate matter (PM), carbon 

monoxide (CO), sulfur dioxide (S02), nitrogen oxide (NOx)) from coal-fired power plants 

with low birth weight, premature birth and infant mortality both within the US and in the 

developing world.4 With natural gas touted as a transition fuel between coal-based 

electricity and renewable options, infant health is one way to compare costs across 

alternative options. While coal is undeniably worse than natural gas with respect to resource 

extraction and energy generation, concerns regarding emissions associated with shale gas 

should be studied (Chen et al., 2017).

The impact of shale gas development on health has become the focus of a growing body of 

literature. To my knowledge, Hill (2012) is the first study to assess the impact of shale gas 

development on infant health. Concurrent health studies include case studies (Bamberger 

and Oswald, 2012), health impact assessments (McKenzie et al., 2012), toxicological 

assessments of specific chemicals (Colborn et al., 2011), self-reported health symptoms 

(Ferrar et al., 2013) and studies exploiting administrative records such as birth certificates, 

hospital records or electronic medical records (EMR) to study asthma, pneumonia, fatigue, 

migraine, sinus effects, and birth outcomes (Hill, 2013; McKenzie et al., 2014; Stacy et al., 

2015a; Rasmussen et al., 2016; Casey et al., 2016; Tustin et al., 2017; Currie et al., 2017; 

Whitworth et al., 2017; Peng et al., 2018).5 All but one of the infant health studies find a 

positive association between drilling and poor birth outcomes measured by premature/

preterm birth (PTB) or low birth weight (LBW). Due to a lack of consistency in outcomes, 

proximity, and exposure metrics used, it is challenging to compare findings across these 

studies.

To assess the impact of shale gas development on infant health, I build a unique database 

that contains the longitude and latitude of all shale gas wells, the street address (geocoded) 

of all new mothers, and data on whether the mother’s address falls within public water 

service areas. To define a treatment variable, I exploit both the timing of drilling activity 

(using the “spud date,” or the date the drilling rig begins to drill a well) and the exact 

locations of well heads relative to residences. I then use as a comparison group mothers who 

live in proximity to future wells, as designated by well permits. The exact locations of both 

wells and mothers’ residences allow me to exploit variation in the effect of shale gas drilling 

within small, relatively homogeneous socio-economic groups, and the timing of the start of 

drilling allows me to confirm the absence of substantive pre-existing differences. Through 

this method, I am able to provide robust estimates of the impact of maternal exposure to 

shale gas development during pregnancy on birth outcomes.

The main results suggest both statistically and economically significant effects on infant 

health. I find that shale gas development increased the incidence of low birth weight and 

4See Chay and Greenstone (2003a); Currie and Neidell (2005); Jayachandran (2009); Tanaka (2015); Knittel et al. (2015); Sanders 
and Stoecker (2015); Clay et al. (2016); Arceo Eva et al. (2016); Yang et al. (2017); Yang and Chou (2017); Severnini (2017); Jha and 
Muller (2017). For example, Yang et al. (2017) found that after a power plant in PA closed down, low birth weight declined by 15 
percent and premature birth by 28 percent due to reductions in PM2.5 and S02.
5See Colborn et al. (2011) regarding health effects of fracturing chemicals; see McKenzie et al. (2012) for a review of studies 
investigating the effects of inhalation exposure; see Vengosh et al. (2014) for a review of the likely effects of water contamination from 
SGD; see Werner et al. (2015), Stacy (2017), and Balise et al. (2016) for recent reviews of SGD and health related studies.
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small for gestational age in the vicinity of a shale gas well by 25 percent and 18 percent, 

respectively. Furthermore, term birth weight and birth weight were decreased by 49.6 grams 

(1.5 percent) and 46.6 grams (1.4 percent), on average, respectively and the prevalence of 

APGAR scores less than 8 increased by 26 percent. Results for premature birth were mixed 

and sensitive to specification. The difference-indifferences research design, which relies on 

the common trends assumption, is tested by examining the observable characteristics of the 

mothers in these two groups before and after development, testing for pretrends in the 

outcome variables using the sample before drilling, permit dates only, and future wells only, 

and using a random date to define treatment. The research design is robust to these tests as 

well as a range of specifications. I examine mobility using the group of mothers with more 

than one birth and find that there is little evidence of moms moving in response to drilling. I 

perform a back of the envelope calculation on the costs of these activities using my estimates 

and the estimated population within 1 mile of drilling from the Wall Street Journal (e.g. 15 

million Americans) and estimate that drilling costs more than $230 million per year in the 11 

out of 33 gas producing states. This estimate is likely to be a lower bound given that this 

assessment doesn’t include all states with development and that I use a lower bound estimate 

of the costs associated with low birth weight.

This paper contributes to the literature using a quasi-experimental design and is a 

combination of the strengths of both the epidemiologic and economic literature described 

above. First, I improve upon the epidemiologic literature by employing a difference-in-

differences design. In particular, I exploit the exogeneity of drilling conditional on leasing 

and permitting, which results in statistically homogenous treated and comparison groups. 

This provides a more stable comparison group than in Currie et al. (2017) that compares to 

those living within 3–15km. Second, I improve upon the economics literature by using the 

strengths of the epidemiologic literature by looking at multiple measures of adverse infant 

health outcomes which may be indicative of different aspects of drilling exposure. Preterm 

birth is indicative of preterm premature rupture of membranes, which can result from 

genetics, stress or low socio-economic status (SES) (Goldenberg et al., 2008). Low birth 

weight and small for gestational age (SGA) are more related to intrauterine growth 

restriction (IUGR), which is more consistently related to air pollution (Stieb et al., 2012b; 

Sun et al., 2015; WHO, 2005). Congenital abnormalities indicate exposure to a teratogen 

during pregnancy. Given the inconsistency in measured outcomes in existing studies, I 

simultaneously estimate impacts for all outcomes within the same sample and identification 

strategy. This is particularly useful for policy given the mixed findings in the existing studies 

and that none of these studies directly test exposure mechanisms. Third, I improve upon the 

economics literature by thoroughly controlling for predictors of infant health and estimating 

the extensive and intensive margins of drilling. I include controls for insurance status, WIC, 

previous risky pregnancy, parity, and smoking status. I also measure heterogeneity across 

SES subgroups and test whether moms are moving in response to drilling. Importantly, I 

contribute to the literature by measuring the effect of an additional well on birth outcomes, 

which is perhaps more relevant to policy-making than simple binary measurements of 

exposure.

The rest of the paper proceeds as follows: section I presents background and context and 

section II describes the data. Section III presents graphical evidence and section IV describes 
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the estimation strategy. Sections V and VI presents results and robustness checks. Section 

VII provides interpretation and discussion of the results. Section VIII concludes.

I Background

I.I A Brief Shale Gas Overview for Pennsylvania

In Pennsylvania, shale gas development involves primarily high-volume hydraulically 

fractured horizontal wells drilled into the Marcellus Shale and more recently, the Utica 

Shale. Hydraulic fracturing is a process to stimulate a well that uses water to fracture the 

rock or shale beneath the ground. On average, in Pennsylvania, it involves injecting 

approximately 4–8 million gallons of water mixed with sand and fracturing chemicals into 

the well and using pressure to fracture the shale about 6,500–7,500 ft below the surface 

(Chen and Carter, 2016). Shale plays are heterogeneous and so the distance drilled and 

quantity of water required differ across varied geological formations. The entire process of 

completing a natural gas well takes, on average, 3–9 months to finish: access road and well 

pad construction occurs for a month (0–4 weeks) prior to the spud date, drilling the well 

takes about 30 days (vertical drilling for 0–2 weeks and horizontal drilling for 4–8 weeks), 

preparation for hydraulic fracturing takes 1–2 months, hydraulic fracturing takes about 7 

days, flowback occurs for 2–8 weeks and clean up and testing takes about a month before 

the well goes into production (Casey et al., 2015; Graham et al., 2015). During the first few 

months, diesel trucks bring in materials required for the drilling process, averaging 1500–

2000 truck trips per well completion in Pennsylvania. During the first 30 days after well 

stimulation, it is estimated that approximately 30–70% of the water used during the drilling 

process returns to the surface (called flowback) and is collected in ground level water 

impoundments and then taken to be treated at a waste water facility (Kondash et al., 2017).

Most wells are drilled on private property that has been leased to oil and gas companies.
1After the land is leased by the mineral owner, a company applies for a permit to drill on 

that property. The state government approves permits and once a company has a permit, the 

drilling often commences quickly thereafter. There are many layers of decision-making 

independent of the mineral owner that determine exactly which leases become permits and 

which permits become a well. This research uses only those locations that are permitted by 

the state to reduce selection bias in the estimates that follow.

The identification strategy used in this paper depends on the assumption that drilling is 

exogenous relative to locations that are permitted but not yet drilled. However, areas that are 

permitted but not drilled may be different from areas that experience active drilling. For 

example, areas without active drilling may not have as many property owners willing to 

lease mineral rights or the industry may prioritize leasing in areas with the most productive 

shale. Appendix Figure A1 overlays the parcels with leases from Drillinginfo with the strata 

of shale depth from EIA. For counties where we have lease data, the extent of leasing is 

densest along the deepest contours and more sparse along the shallower contours, except in 

the northeastern part of the state such as Bradford County. To examine this further, I linked 

the lease and depth data to the wells and permits used in these analyses to test whether there 

are substantial differences.7 There are no differences in leasing defined by the proportion of 

acres leased within Census block groups between permitted and drilled wells. The average 
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Census block group in the data is 40 percent leased for both permitted and drilled locations. 

In the top 10 drilled counties, this jumps to 60 percent, but is again the same across 

permitted and drilled locations. Permits that are drilled seem to be explained by shale depth 

as opposed to some difference in community preference as proxied for by leasing activity.

I.II Shale Gas Development As A Potential Pollution Source

Preliminary evidence indicates that shale gas development may produce waste that could 

contaminate the air, aquifers, waterways, and ecosystems that surround drilling sites or areas 

where water treatment facilities treat the waste water from the drilling process. Below I 

review the current state of the scientific evidence.

I.II.1 Water Pollution—There are a number of mechanisms by which shale gas 

development might contaminate ground and surface water sources and thereby impact either 

public or private drinking water. According to a recent assessment by EPA, these 

mechanisms include: spills of hydraulic fracturing (HF) fluids prior to mixing with large 

quantities of water or produced water after hydraulic fracturing has taken place, injection of 

hydraulic fracturing fluids into wells with inadequate mechanical integrity (e.g. faulty well 

casings), injection of HF fluids directly into groundwater sources, discharge of inadequately 

treated hydraulic fracturing wastewater to surface water, and disposal or storage of hydraulic 

fracturing wastewater in unlined pits (EPA, 2016; Osborn et al., 2011; Jackson et al., 2013; 

Olmstead et al., 2013; Warner et al., 2013).8 The EPA report identified 1,084 chemicals 

reported to be used in hydraulic fracturing fluids and 599 chemicals detected in produced 

water(EPA, 2016). Of the 599 chemicals detected in produced water, only 77 were also 

reported to be used in hydraulic fracturing fluid– which is not a great match. The report 

found that chemicals used in HF fluid varied greatly across regions, which limits external 

validity(EPA, 2016).9 Elliott et al. (2017) provides a review of these chemicals for 

reproductive and developmental toxicity.10

The lack of reliable information about what chemicals are used leaves the scientific 

community testing many different chemicals across regions, with little overlap among 

detected chemicals. Studies of groundwater contamination have primarily used private 

drinking water wells and assessed proximity to shale gas wells to assess contamination (e.g. 

within 5 km of gas wells versus larger distances) (Hildenbrand et al., 2016; Osborn et al., 

2011; Jackson et al., 2013). Studies have found increases in organics (many naturally 

occurring such as chlorides, bromides and iodides, arsenic, selenium, manganese, strontium, 

barium, heavy metals, beryllium), volatile and semivolitile organic compounds (e.g. BTEX, 

2-Butanone), diesel range organic compounds, solvents (e.g. methanol, dichloromethane), 

and methane (Drollette et al., 2015; Hildenbrand et al., 2015, 2016; Yan et al., 2016; 

7Available upon request.
8Scientists face challenges in assessing the potential for contamination due to limited baseline data on water quality, lack of publicly 
available data regarding the chemicals used in fracturing uid, the sheer number of chemicals use and naturally occurring contaminants 
returning to the surface in the process of drilling and hydraulic fracturing.
9See Chen et al. (2017) for more information about specific chemicals of concern. The EPA Report has a large appendix 
characterizing each chemical with citations.
10Toxicity information was lacking for 781 (76%) chemicals. Of the remaining 240 substances, toxicological studies suggested 
reproductive toxicity for 103 (43%), developmental toxicity for 95 (40%), and both for 41 (17%). Of these 157 chemicals, 67 had or 
were proposed for a federal water quality standard or guideline.
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Alawattegama et al., 2015; Burton et al., 2016). Some studies have not found any evidence 

of contamination, leaving whether SGD impacts water quality a hotly debated question (Li 

et al., 2016). One study assessing groundwater-sourced public water systems’ water quality 

found that SGD wells were associated with an increase in SGD-related chemicals for wells 

drilled within 1 km of the groundwater source (Hill and Ma, 2017).

Surface water impacts are more likely to be associated with the handling of shale gas waste. 

Waste water treatment and discharge is associated with elevated levels of barium, strontium, 

bromides, chlorides, benzene, and total dissolved solids exceeding the maximum 

contaminant level for drinking water (Olmstead et al., 2013; Vengosh et al., 2014; Hladik et 

al., 2014; Lester et al., 2015; Ferrar et al., 2013). Treated produced water (containing 

naturally occurring bromide and iodide) are potential sources of toxic disinfection 

byproducts (DBPs): iodinated trihalomethanes (THMs) and brominated haloacetonitriles 

(HANs) in surface water (Parker et al., 2014).11 Endocrine disrupting chemicals measured 

in surface water near waste effluent in Colorado and West Virginia are of concern for 

reproductive health (Kassotis et al., 2015).

I.II.2 Air Pollution—Despite less attention in the media, air pollution is gaining more 

recent attention by researchers. All stages of shale gas development have the potential to 

produce hazardous air pollution emissions (Kargbo et al., 2010; Schmidt, 2011). Air 

pollution has become a more immediate concern following studies in Colorado that 

discovered higher levels of volatile organic compounds (VOCs), methane and other 

hydrocarbons near drilling sites (Colborn et al., 2012; Pétron et al., 2012). Other emissions 

associated with combustion include particulate matter, poly-cyclic aromatic hydrocarbons, 

sulfur oxides and nitrogen oxides (Colborn et al., 2012). More recent studies have also 

assessed the air pollution contribution of the many truck trips necessary to build and fracture 

a well (McCawley, 2017; Goodman et al., 2016).

Studies of air pollution in Pennsylvania are suggestive of increased emissions associated 

with shale gas development, but have produced inconsistent results. For example, the 

Pennsylvania Department of Environmental Protection (PA DEP) has conducted three short-

term (1 week) air pollution studies in three regions of the state but found little evidence of 

air pollution concentrations that would likely trigger air-related health issues associated with 

Marcellus Shale drilling activities (PADEP, 2010b, 2011b, a). But the air emissions 

inventory for the unconventional natural gas industry, starting in 2011, indicates modest 

emissions of CO, NOx, PM10, SOx and VOCs (PADEP, 2013a).12 These results were 

verified by a recent RAND study that used the PA DEP data and other sources to estimate 

the emissions from shale gas in Pennsylvania (Litovitz et al., 2013). The most significant 

pollutants, according to the authors, were NOx and VOCs, which were equivalent to or 

larger than some of the largest single emitters in the state and the low-end estimates of 

nitrogen oxide emissions were 20–40 times higher than the level that would be defined as a 

“major” emissions source. During the same time period, due to the conversion of electricity 

11This is also true for groundwater public drinking water systems that treat their water prior to distribution.
12According to this emissions inventory, shale gas wells emit carbon monoxide, NOx, PM10, PM2.5, SOx, volatile organic 
compounds (VOCs), Benzene, ethylbenzene, formaldehyde, hexane, toulene, xylene, trimethylbenzene, CO2, and Methane (Author's 
calculations of wells drilled 2011–2016).
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from coal to natural gas in the state, the overall pollution for all the criteria pollutants 

measured decreased substantially and more than outweighed the new pollution related to 

shale gas development. These data, however, indicate a more nuanced picture of air 

emissions from drilling activities and show that shale gas development is now a significant 

source of air pollution in rural counties with few other point-sources of pollution. For 

example, the 2,600 tons and 2,440 tons of shale-related NOx emitted in Bradford County and 

Susquehanna County, respectively in 2011 make up one-third of the statewide shale-related 

NOx of 16,500 tons (PADEP, 2013b). These levels surpass the singlelargest industrial source 

of NOx pollution in the 11-county northeast region, a coal-fired power plant in Northampton 

County that emitted 2,000 tons in 2011 (Legere, 2013).

As mentioned above, Pennsylvania DEP began requiring companies drilling Marcellus shale 

gas wells to report annual estimates of air emission to an inventory starting in 2011. In Table 

1, I estimate the intensive margin of the number of wells in a zip code on the annual tons of 

each pollutant aggregated to that zip code from 2011 to 2015. I also estimate tertiles of wells 

to capture intensity. Each additional well contributes an average of 0.5 tons of CO, 2 tons of 

NOx, 0.07 tons of PM2.5, 0.03 tons of SOx, and 0.17 tons of VOCs per year. The average zip 

code in 2011 experienced 14 tons of CO, 41 tons of NOx, 1.4 tons of PM2.5, 0.5 tons of SOx, 

and 8 tons of VOCs. In the subset of wells that were spudded prior to 2011, the average well 

produced 2 tons of CO, 4.7 tons of NOx, 0.14 tons of PM2.5, 0.04 tons of SOx, and 0.63 tons 

of VOCs in 2011. The top tertile (14–213 wells) of zip codes experience an average of 28 

tons of carbon monoxide (CO), 90 tons of NOx, 2.6 tons of PM2.5, 1.8 tons of SOx, and 9 

tons of volatile organic compounds (VOC) per year. Babies exposed to shale gas 

development within 10 km face an average of 24 wells (max of 240) in 2010 and is fairly 

similar to the tertiles used in Table 1 Although there isn’t a direct way to measure the 

contribution of these emissions to ambient air quality, they do represent a modest and 

potentially significant amount of emissions for these rural areas.

Of interest is whether wells continue to produce emissions after drilling and entering into 

production. To test this, I estimate the amount of reported emissions per year per pollutant 

using years since spud date as the regressors for all wells reported in the emissions inventory 

from 2011–2015 (Appendix Table A1). For the most part, emissions are largest for the year 

of the spud date and the first year after drilling occurred, but emissions continue for most 

pollutants out to years 4 or 5. Due to this evidence, I estimate models using wells drilled 

from 2006–2010 and determine exposure by wells drilled prior to birth as opposed to 

restricting just to drilling activity during gestation.

I.III Pollution and Health Literature

Stillerman et al. (2008) review the epidemiological literature and find associations between 

low birth weight and maternal exposures to PM, SO2, CO, NOx, VOCs and ozone. Most of 

the studies cited looked at these pollutants in isolation, but with shale gas development 

mothers are likely exposed to many at the same time and there is little research that 

examines any compounding effects.13 All of the air pollutants emitted by shale gas 

13See Currie et al. (2009); Shah and Balkhair (2011); Stieb et al. (2012a); Glinianaia et al. (2004); Sram et al. (2005) for other reviews 
of past literature related to air pollution and birth outcomes.
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development described above have been associated with adverse birth outcomes (see Online 

Appendix for more detail). Unfortunately, many of the epidemiological studies do not take 

into account socio-economic status and so the observed relationships could reflect 

unobserved factors that may be correlated with pollution and infant health outcomes (i.e. 

urban areas). The epidemiological literature relating water pollution to reproductive health is 

more limited (see Quansah et al. (2015) and Nieuwenhuijsen et al. (2013) for recent 

reviews).

There is a growing literature within health economics that addresses the most common air 

pollutants associated with SGD described above utilizing quasi-experimental designs and 

rich controls for potential confounders to identify the infant health effects of ambient air 

pollution. See Currie et al. (2014b) for a review of the economics literature on short and long 

term impacts of early life exposure to pollution. For example, Currie and Walker (2011) 

estimate that reductions in air pollution from E-Z Pass result in reductions of low birth 

weight (LBW) between 8.5–11.3 percent and Zahran et al. (2012) utilize the natural 

experiment of benzene content in gasoline from 1996 to 1999 in the US and found exposure 

to benzene reduces birth weight by 16.5 g and increases the odds of a very low birth weight 

event by a multiplicative factor. Lavaine and Neidell (2013) use the natural experiment of a 

strike that affected oil refineries in France to explore the temporary reductions in SO2 and 

find that the reductions increased birth weight by 75 grams, on average (2.3 percent 

increase) and reduced low birth weight by 2 percentage points for residences within 8 km of 

the air pollution monitor.

With natural gas touted as a transition fuel between coal-based electricity and renewable 

options, infant health is one way to compare costs across alternative options. To date, even 

within the epidemiological literature, studies of the effects of living near coal mining 

(underground or mountain top) on birth outcomes are extremely limited. All three studies 

focus on WV: one found an increased risk of low birth weight (16 percent increase in most 

intensive areas) and one study found an increased risk of congenital anomalies with 

mountain top removal mining associated with worse outcomes, but was later refuted by the 

third study when the authors controlled for hospital of birth (Ahern et al., 2011b, a; Lamm et 

al., 2015). See Hendryx (2015) and Boyles et al. (2017) for systematic reviews of the public 

health literature. However, recent papers in the economics literature have exploited plant 

openings and closings or being downwind from a plant to identify the causal impact of coal-

fired power plants on infant health and have found adverse birth outcomes: a 5 percent 

reduction in continuous birth weight as the grid transitioned from nuclear to coal in 

Tennessee (Severnini, 2017), a 6 percent increase in low birth weight for infants 20 miles 

downwind of a power plant (Yang et al., 2017), 15 percent decreased risk for low birth 

weight once the plant closed (Yang and Chou, 2017), and 3,500 infant deaths per year as of 

1962 associated with the expansion of the power grid between 1938 and 1962 (Clay et al., 

2016). A recent paper focused on storage of coal at power plant locations found that a 10 

percent increase in PM2.5 from coal storage increased infant mortality rates by 6.6 percent 

(Jha and Muller, 2017).

I.III.1 SGD and Health Literature—Most of the studies to date that address potential 

health impacts of shale gas development measure pollutants at drilling sites or in drilling 
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fluids and then identify the health implications based upon expected exposure to these 

chemicals (e.g. toxicological assessment). For example, Colborn et al. (2011) find that more 

than 75% of the chemicals could affect the skin, eyes, and other sensory organs, and the 

respiratory and gastrointestinal systems. Chronic exposure is particularly concerning 

because approximately 40–50% could affect the brain/nervous system, immune and 

cardiovascular systems, and the kidneys; 37% could affect the endocrine system; and 25% 

could cause cancer and mutations. These may have long-term health effects that are not 

immediately expressed after a well is completed. Recent studies have found increased 

hospitalizations for cardiac conditions (Jemielita et al., 2015), increased risk of three types 

of asthma measures (Rasmussen et al., 2016), increased risk of hospitalization for 

pneumonia (Peng et al., 2018), and increased prevalence of fatigue, migraine and sinus 

effects for residents living near development (Tustin et al., 2017).

A growing body of literature has attempted to address the potential reproductive health 

effects of shale gas development. All of these studies are retrospective analyses of birth 

certificate records or electronic medical record data and focus on proximity to maternal 

residences as the definition of “exposure.” In Colorado, McKenzie et al. (2014) find an 

increased risk of congenital heart defects with the highest quartile of exposure compared 

with the absence of any gas wells within a 10-mile radius of the maternal residence. They 

also found a reduction in premature birth and low birth weight for the highest quartile of 

exposure. Hill (2013) finds an increase in the latter two measures of around 30 percent for 

oil, natural gas and coalbed methane wells. Using a similar research design in Texas, 

Whitworth et al. (2017) finds an increase in premature birth of 14 percent and an increase in 

fetal death upwards of 50 percent. Using a case-control analysis, Whitworth et al. (2199) 

find a 20 percent increase and 15 percent increase in preterm birth for any wells and 

producing wells within 0.5 miles of the maternal residence, respectively.

Focusing on the three studies in Pennsylvania, Stacy et al. (2015a) study three counties in 

Southwestern Pennsylvania from 2007–2010 and Casey et al. (2016) study two hospitals in 

the Geisinger Health System from 2009–2013.14 Currie et al. (2017) study birth records 

from Pennsylvania from 2004–2013. Stacy et al. (2015a) use inverse distance weighted 

number of wells within 10 miles of the maternal residence and create quartiles to define 

exposure (compare 4th to 1st quartiles; omitting mothers with no wells within 10 miles). 

Casey et al. (2016) create an“activity index” and use quartiles of the index (compare 4th 

(average 124 wells, median 8) to 1st quartile (average 6 wells, median 0), but include those 

with no wells within 20 km). 15Currie et al. (2017) utilize a difference-in-difference study 

design comparing close (e.g. 0–1, 1–2, 2–3km) versus further away (e.g. all PA or 3–15km) 

in Pennsylvania using county fixed effects. Stacy et al. (2015a) find a reduction in birth 

weight and an increase in small for gestational age (SGA) of 34 percent. Casey et al. (2016) 

find an increase in premature birth that ranges from 40 to 90 percent and an increase in the 

prevalence of risky pregnancies. Currie et al. (2017) find a 25 percent increase in low birth 

weight for the 0–1km group. The 2–3km buffer suggests a 16 percent increase in low birth 

14Both of these study populations are contained within the population studied in this paper.
15According to the authors, the index does not distinguish between pregnant women living near several producing wells versus well 
pads under development.

Hill Page 10

J Health Econ. Author manuscript; available in PMC 2019 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

WG Ex. 66

2295



weight. The 1–2km buffer is not as consistent or statistically precise as the 0–1 or 2–3km 

buffers. Other measures studied include continuous birth weight and a health index. Currie et 

al. (2017) further estimate their models using maternal fixed effects but these models are not 

statistically significant, nor are they consistent with all of their primary findings.

In the discussion section (Section VII), I compare and contrast my results with those cited 

above and also provide discussion of interpretation.

II Data

My analysis is based upon a data set acquired from the Pennsylvania Department of 

Environmental Protection (PA DEP) that contains GIS information for all of the wells drilled 

in the state of Pennsylvania since 2000 and define whether it is a Marcellus shale well. For 

the analysis that follows, the spud date (date when the drilling rig begins drilling the well) is 

used as the temporal identification of treatment. In total, the analysis uses 2,459 natural gas 

wells spudded between 2006 and 2010. In addition to the existing gas well data, this study 

also makes use of the permit data on the PA DEP website. This allows for the identification 

of permits that do not become a well during the sample time frame; approximately 40 

percent of permits do not become a well (author calculation from PA DEP data). This 

information is used to define a potential control group for those infants born to residences 

close to existing gas wells. The assumption is that these residences are a potential 

counterfactual group: those who have the potential to live close to a gas well in the future, 

but have not yet had a well drilled as of the timing of the data collection. Figure 1 shows 

drilled and permitted wells through 2010 along the strata of shale depth. For the most part, 

wells that are drilled are clustered along the deepest shale strata and permitting is more 

random.

My second source of data comes from restricted-access vital statistics natality and mortality 

data from Pennsylvania for the years 2003 to 2010. The restricted-access version of these 

birth certificate records contain residential addresses geocoded to latitude and longitude and 

unique identifiers for the mother, father and infant. This precision is essential to my 

identification strategy because the consequences of drilling are highly localized. To 

construct the analysis data set, I combine the spatially identified wells and maternal 

residences and calculate proximity to the nearest wells.

The vital statistics contain important maternal characteristics such as race, education, age, 

marital status, WIC status, insurance type, previous risky pregnancy and whether the mother 

smoked during her pregnancy. In the empirical analyses that follow, I control explicitly for 

these, as well as month of birth, year of birth, the interaction, and gender of the child.1I 

exclude multiple births in all analyses because plural births are more likely to have poor 

reproductive health independent of exposures to environmental pollution.

I focus on low birth weight (LBW), premature birth and term birth weight (TBW) as the 

primary outcomes of interest. Low birth weight, defined as birth weight less than 2500 

grams, and premature birth, defined as gestation length less than 37 weeks, are commonly 

used as key indicators of infant health and have been shown to predict adult health and well-
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being.1 I also present the continuous measure of term birth weight, defined as birth weight 

for infants who reach full term at 37 weeks gestation, to study whether there is an average 

effect on the birth weight distribution as opposed to these more extreme health outcomes. 

Other birth outcomes that I examine include the continuous measure of birth weight, 

gestation (measured in weeks), small for gestational age (SGA; defined as 10th percentile of 

weight distribution for the gestational week of birth), an indicator for whether the APGAR 

score is less than 8 to predict an increased need for respiratory support, congenital 

anomalies, an infant health index and infant mortality (death in the first year).18

Table 2 provides summary statistics for the universe of births in Pennsylvania from 

20032010. The first column reports characteristics of all births and the second column 

reports average characteristics of births for mothers’ residences within 2.5 km of where a 

shale gas well has been drilled or will be drilled. The localized data I use in this analysis is 

actually quite similar to the characteristics of the rest of the state. Mothers who live close to 

shale gas development are less likely to be African American and Hispanic, slightly better 

off in terms of health outcomes, younger, better educated and more likely to be married at 

the time of birth compared with the state average. The mothers in the analysis sample are 

also more likely to smoke than the average for the state. Columns (3) and (4) provide 

summary statistics for the primary difference-in-difference (DD) analysis sample; the 

sample is restricted to those mothers’ residences within 2.5 km of a gas well or permit and I 

compare residences before and after drilling. Most of the statistically significant differences 

between these two samples are arguably not very economically important. Mothers with 

infants born after drilling are less likely to be over the age of 35, more likely to receive WIC, 

and more likely to receive Medicaid, on average, likely to do with the shale gas boom 

coinciding with the Great Recession. However, Table 3 suggests no changes in these 

economic variables after shale gas development.19

III Graphical Evidence

If living close to a drilled well has a negative impact on infant health, we should see average 

prevalence of low birth weight for mother’s residences in close proximity to wells increase 

subsequent to when drilling begins. Moreover, we should observe larger impacts for homes 

closest to drilling activity (e.g. dose response). Figure 2 shows the low birth weight (LBW) 

and premature birth gradients of distance to closest well before and after drilling. LBW 

prevalence is on average higher for those residences close to drilled wells, compared with 

those who are close to permitted wells. The primary effect appears to be within 2.5 km but 

18Small for gestational age (SGA) is used to determine the immediate health care needs of the infant and is used increasingly to 
predict long-term adverse health outcomes and potential exposure to environmental pollution (Callaghan and Dietz, 2010). This paper 
uses the World Health Organization weight percentiles calculator (WHO, 2011). Another potential measure of reproductive health is 
the 5 minute American Pediatric Gross Assessment Record (APGAR) score. The physician rates the infant a 0, 1, or 2 on each of 5 
dimensions (heart rate, breathing effort, muscle tone, reex initiability, and color), and then sum the scores, giving an APGAR score of 
0–10, where 10 is best. This discrete measure is highly correlated (when the score is low) with the need for respiration support at birth 
(Almond et al., 2005). Most of these outcomes has been previously examined in both the epidemiological and economics literature 
(e.g., Currie and Walker (2011)). Following Currie et al. (2014a), I also construct a single standardized measure to address examining 
multiple outcomes and multiple hypothesis tests. I first convert each birth measure so that an increase is “adverse” and then 
standardize the measure to a mean of zero and standard deviation of 1. I then construct the summary measure by taking the mean over 
the standardized outcomes, weighting them equally.
19 An examination of fertility over time suggests a consistent number of births within 2.5 km of the well head. Muehlenbachs et al. 
(2015) do not end any changes in neighborhood composition using Census data at the tract level from 2000–2012 in Pennsylvania.
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persists out to almost 5 km (consistent with regression results). In contrast, we do not see a 

clear trend in premature birth over distance (regresion results are mixed depending on 

extensive or intensive measures).

In Figure 3, I explore pre-trends in these two outcomes across treatment (e.g. drilled wells) 

and control (e.g. permitted wells) groups, which addresses the validity of my difference-in-

difference design. Prior to drilling in 2008, trends appear parallel and indicate a diverging 

trend once drilling begins.

A primary threat to my identification strategy is that the population of mothers may change 

in response to drilling. One way to test this is to graph the gradient in observable maternal 

characteristics. In Figure 4, I graph this gradient out to 20 km.20 The gradient is very similar 

within 5 km of the nearest gas well before and after drilling. If anything, moms after drilling 

may be more college educated, which is consistent with my regression results. However, the 

characteristics change meaningfully beyond 5 km, and moms who live more than 5 km from 

a gas well before or after drilling are more likely to be college educated, less likely to have 

their birth paid for by Medicaid, less likely to participate in WIC and less likely to smoke. 

This suggests selection into living very close to drilling/future drilling and that those who 

live closer may have lower SES than those who live 15–20 km away. This could drive 

adverse outcomes related to living very close to drilling, which is why I use permitted 

locations that are similarly close to mothers’ residences since these groups are more 

homogeneous and statistically similar.

IV Empirical Strategy

I exploit the variation over time and across space in the introduction of shale gas wells in 

Pennsylvania during 2003–2010. Combining gas well data and vital statistics allows the 

comparison of infant health outcomes of those living near a gas well and those living there 

before drilling began. Rather than compare aggregated areas, I know specific locations 

where shale gas drilling has taken place and the dates of when drilling began. The specific 

location data allow me to compare reproductive health within very small areas in which 

mothers are likely to be more homogeneous in observable and unobservable characteristics 

than in aggregate comparisons.

Relying on cross-sectional variation alone, however, would be problematic if mother 

characteristics vary within the small radius of interest that are unobservable to the 

researcher. If, for example, the location of gas drilling occurs where the neighborhoods are 

already economically distressed, then the variation in health outcomes may reflect socio-

economic status, as opposed to living in close proximity to shale gas development. I 

therefore examine localized reproductive health outcomes before and after shale gas 

development exploiting permitted but not-yet-drilled wells as a comparison. I use 2.5 km 

(approximately 1.5 miles) as the primary distance of interest for the main specifications that 

20This is the largest distance used as a treated group in related studies. McKenzie et al. (2014) use 10 miles, Stacy et al. (2015b) use 
10 miles, Casey et al. (2016) uses 20km, Whitworth et al. (2017) use 10 miles and Currie et al. (2017) use 15 km.
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follow due to my graphical analyses as well as due to the precision of the effect at this 

distance for robustness checks.21

My primary model is a difference-in-difference model – in which mothers living within 2.5 

km from a shale gas well or permit before drilling are used as a control for those exposed 

after drilling began – to estimate the impact of exposure to shale gas development on birth 

outcomes. Thus, the counterfactual change in infant health for mother’s residences close to a 

shale gas well is estimated using births prior to drilling at the same distance from the well 

bore location or permitted location (e.g. those permits that become a well by 2011 are 

treated differently than those permits that are not drilled by 2011). These models take the 

following form:

Outcomeit = β1 Well ≤ X it + β2 Post it + β3 Well ≤ X it * Post it + β4Xit + γt + χc + ϵit

(1)

where Outcomeit is either low birth weight, prematurity and other measures of reproductive 

health for each infant i born in month-year t. [Well≤ X]it is either an indicator for any gas 

well or the number of gas wells within Xkm of the mother’s residence. [Post]it is an 

indicator for whether the birth occurs after the spud date of the nearest well of the maternal 

residence. The estimated impact of shale gas development on infant health is given by the 

coefficient β3 and is the difference-indifferences estimator comparing before and after 

drilling holding the distance Xkm fixed for wells, future wells and permits.22 The vector 

Xict contains mother and child characteristics including indicators for whether the mother is 

African American, Hispanic, four mother education categories (less than high school (left 

out category), high school, some college, and college or more), mother age categories (teen 

mom (left out category), 19–24, 25–34 and 35+), indicators for smoking during pregnancy, 

an indicator for receipt of Women, Infants, and Children (WIC), three health care payment 

method categories (Medicaid, private insurance, and self-pay), mother’s marital status, 

parity, previous risky pregnancy and an indicator for sex of the child. Indicators for missing 

data for each of these variables were also included. γt are indicators for the year, month and 

year*month to allow for systematic trends. χc are indicators for each mother’s county of 

residence. Standard errors are clustered at the county.23

21In Appendix Tables A3 and A4, I report different proximities to gas wells for the definition of treatment and show that for distances 
up to 5 km, the results are fairly robust.
22By including permitted wells not drilled, this estimation strategy becomes more than just a pre-post analysis. This identification 
strategy assumes that infants born within a similar distance to a permit that is a potential future
23Due to the localized nature of this estimation strategy, there is little variation within zip codes to allow for zip code fixed effects. 
Models with zip code fixed effects are qualitatively similar but less precisely estimated. Results available upon request.
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V Results

V.I Differences in Characteristics of Mothers Close to a Well

To test the validity of my research design, I estimate equation (1) and use the difference-

indifference estimator to see if there are any changes in mother characteristics after drilling 

began well would face similar ex ante conditions as those born close to a permit that did 

become a well during the period I have gas well data for (2003–2011). Infants born to 

mothers who reside close to potential wells are likely to be the most similar comparison 

group when it comes to family, geological formation and community characteristics. The 

decision for which permits become a well is arguably exogenous to the families in these 

locations. This should account for both observable characteristics, as well as unobservable 

characteristics, such as economic factors that promote gas drilling in a community and the 

unobserved geology of the shale underneath these communities. I test these assumptions and 

do not find any observable differences in the characteristics of mothers who live close to a 

future well versus a permitted and not yet drilled well.

(e.g. replace birth outcomes with indicators for maternal characteristics). In Table 3: Panel 

B, I do not find any indication that maternal characteristics are changing in response to shale 

gas development. In Appendix Table A2, I show that there are no statistically significant 

differences in maternal characteristics for any potential proximities (e.g. 2km-3.5km).

V.II The Impact of Shale Gas Development on Birth Outcomes

Table 4 shows the results from estimating (equation 1) on low birth weight, term birth 

weight and premature birth. Distance to a well, including future and permitted, is held fixed 

at 2.5 km for these models. Each coefficient represents an estimate of β3 – the difference-in-

difference estimator – from a separate regression. Columns (1), (3) and (5) show a model 

that controls only for month and year of birth, month*year and county fixed effects. Adding 

controls for observable characteristics of the mother should only reduce the sampling 

variance while leaving the coefficient estimates qualitatively unchanged. Columns (2), (4) 

and (6) add maternal characteristics and show that controlling for maternal characteristics 

has controlling for maternal characteristics has little effecton the estimated coefficients for 

low birth weight and term birth weight. I find a statistically significant increase in low birth 

weight of 1.36 percentage points and a reduction in term birth weight of 49.58 grams, on 

average. I do not find any statistically significant effect for premature birth. Thus, mothers 

who give birth after drilling are more likely to have reduced weight babies, but they come to 

term. This difference indicates an overall increase in low birth weight of 24 percent (base of 

5.7 percent) and a decrease in term birth weight of 1.5 percent (base of 3416 grams), on 

average.25

The results are qualitatively similar when I estimate equation (1) for other distances up to 5 

km from a gas well or permit (See Appendix Table A3). As the buffer of exposure expands, 

the point estimates become smaller, indicating a dose response relationship, with effects 

dissipating beyond 3.5 km. The advantage of using permits as the counterfactual is that I can 

25Overall prevalence is calculated as follows: 0.0136/0.057=23.9 percent low birth weight and 49.6/3416 = 1.5 percent reduction in 
term birth weight.
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look at only residences that are going to be very close to gas wells at some point in the 

observable future, which should account for the economic benefits for households receiving 

lease royalties from the industry.26

Table 5 presents estimates of (equation 1) for changes in birth weight, 5 minute APGAR 

scores less than 8, gestation (weeks), small for gestational age (SGA), congenital anomaly, 

and an index for infant health due to having multiple outcomes of interest.27 As before, each 

column presents estimates from a separate regression, comparing outcomes before and after 

drilling at 2.5 km from a well head or permit. I present results with maternal controls due to 

there being little appreciable difference for the models without these controls (results 

available upon request). Looking across all reproductive health measures, these estimates are 

consistent with shale gas development being detrimental to infant health. The introduction of 

shale gas development reduced birth weight by 46.6 grams (1.4 percent reduction), which is 

consistent with the findings for term birth weight. Five minute APGAR scores were also 

affected by drilling; drilling increased scores less than 8 by 2.51 percentage points or an 

overall increase of 26 percent. Small for gestational age (SGA), a strong indicator of 

intrauterine growth restriction (IUGR), increased by 1.81 percentage points or an increase of 

18 percent from the mean. Perhaps surprisingly, given that low birth weight is often 

correlated with premature birth, gestation shows no difference with the introduction of SGD 

(similar to the findings for premature birth). I do not find any impact on congenital anomaly, 

despite McKenzie et al. (2014) finding an increase in Colorado. A drilled shale gas well has 

a small and statistically significant effect on the summary index, increasing the probability 

of an adverse reproductive health outcome by 0.026 standard deviations. This result is 

consistent with the finding that living within 1 mile of an operating toxic plant increased the 

probability of a poor health outcome by 0.016–0.017 standard deviations (Currie et al., 

2014a).

V.III Well Density

Given the finding that the introduction of shale gas development adversely affects birth 

outcomes in a binary or extensive margin framework, it follows to consider how the density 

of well development might impact the main outcomes of interest. For the primary sample 

used in Table 4, the average number of wells drilled at 2.5 km prior to birth is 0.6 wells (s.d. 

2.12) with a range of 0 to 35. When limited to those who have at least one well drilled 

within 2.5 km prior to birth (the “treatment group”) the average increases to 2.98 wells (s.d. 

2.62). In Table 6, I present findings that regress infant health on well density. I find that for 

each additional shale gas well drilled prior to birth within 2.5 km, low birth weight increases 

by 0.3 percentage points and term birth weight is reduced by 5 grams. Unlike the previous 

26Permitted wells must have already gone through the leasing process and households that lease their mineral rights will have received 
signing bonuses previously. These benefits can only reach an approximate 3km buffer where horizontal drilling can reach minerals and 
would result in royalties. At very close proximities (e.g. < 1km), I see some indication that birth outcomes are improved by drilling. 
There is a large and growing literature that suggests positive income shocks can have a positive effect on birth outcomes (Almond et 
al., 2011; Hoynes et al., 2015) and so this ending would be consistent with that hypothesis. Royalties may mitigate the risks of close 
exposure.
27Following Currie et al. (2014a), I address the issue of precision using a summary index measure of infant health. I first convert each 
birth measure so that an increase is “adverse” and then standardize the measure to a mean of zero and standard deviation of 1. I then 
construct the summary measure by taking the mean over the standardized outcomes, weighting them equally.
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specification, I also find that each additional well increases premature birth by a similar 0.3 

percentage points.28

As before, these findings are consistent across proximity buffers from 2 to 5 km, as shown in 

Appendix Table A4, and also show some degree of dose response for low birth weight and 

premature birth. At 2 km, estimates for LBW and preterm birth are about 0.4 percentage 

points and drop to about 0.02 percentage points at 5 km. The relationship for term birth 

weight shows less of a dose response, but peaks at 2.5 km with 5 grams and drops to < 1 

gram at 5 km.

VI Robustness Checks and Heterogeneity of Impacts

VI.I Heterogeneity by Maternal Characteristics

The economics literature measuring health effects of pollution considers avoidance behavior 

to be an important factor to explore (Currie (2009); Neidell (2004); Currie et al. (2014b)). If 

families engage in avoidance behavior (e.g. move, use water purification or purchase bottled 

water (Wrenn et al., 2016), avoid going outside during drilling), then the health effects 

measured could be a lower bound. To assess this, the literature tests heterogeneity across 

characteristics to determine whether there are differential impacts by SES (Currie et al., 

2013b; Sanders and Stoecker, 2015). This would not reflect a biological difference, but 

would provide evidence for or against maternal behavioral responses to shale gas. Table 7 

contains estimates of heterogeneity for three primary measures of infant health: low birth 

weight, term birth weight, and premature birth (each reported as a separate panel). Each 

column and coefficient represents an estimate of β3 in equation (1) from a separate 

regression to explore whether the effects of exposure to shale gas drilling are the same for 

different subgroups of the population. For the most part, the results for low birth weight and 

term birth weight indicate that there is not much heterogeneity of impacts across 

demographic groups–shale gas development has detrimental impacts on all subgroups. 

However, high school dropouts and moms on Medicaid do experience larger impacts with 

increases in low birth weight of about 4 percentage points and college educated mothers 

have slightly smaller impacts of about 1 percentage point.29 No subgroups have statistically 

significant impacts for prematurity and similar to before, the signs of the coefficients are not 

consistently positive or negative.

In Hill (2012), I also report estimates of maternal mobility for the sample of mothers who 

have multiple singleton births and those who have ever resided within 2.5 km of a well or 

future well during 2003–2010. I found that moms may be moving in response to shale gas 

development (an increase of 2.2. percentage points), but it was not statistically significant. 

Despite some potential increased mobility of these mothers, I found that the results are 

28I also estimate models using tertiles of wells and find that the top tertile (> 3 wells) has a similar sized effect as the extensive margin 
results for low birth weight and term birth weight, however, the top tertile increases premature birth by 2 percentage points, in contrast 
to the null finding in the extensive margin results.
29The pre-drilling mean for these three groups are substantially different from the overall average. The percentchanges relative to the 
mean for both HS dropouts and Medicaid reect a 50 percent increase, while the effect for college educated moms reects a 25 percent 
increase, which is the same as the main effect. I tested the differences between these and the main results and only the results for 
Medicaid are statistically different [pvalue=0.01]
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qualitatively similar for those who stay as those who move and indicate that the main results 

are not driven by maternal mobility.

VI.II Sensitivity Analyses

Additional robustness checks were performed to make sure the main specifications are 

robust to different counterfactual groups, additional controls and subsets of counties 

associated with production and drilling. These results are reported in Appendix Table A6. 

First, I limit the sample to mothers who were born in Pennsylvania to test whether migration 

from out of state is driving the main findings. The results are very similar for the 83 percent 

of moms who were born in PA.30

Next, I report the estimates using the 10 most drilled counties and the 10 most producing 

counties (these are not the same) and find similar results indicating that it is not just drilling 

or production driving these findings.31

Another difference-in-difference model commonly used in the environmental health 

literature is to compare observed health close to a pollution source versus slightly further 

away. For example, (Currie and Walker, 2011) compared mothers within 2 km of a toll plaza 

to mothers who are 2–10 km from a toll plaza, before and after the adoption of E-Z Pass in 

Pennsylvania and New Jersey. In Hill (2012), I compared residences close to a well (a range 

of proximities as before of 2–3.5km) and residences a little further away (5, 10 and 15km), 

before and after drilling.32 The results are consistent with the main findings for low birth 

weight and term birth weight, but as described in the graphical evidence section, there may 

be selection into proximity and so this in not a preferred specification.

VI.III Falsification Tests

My analysis shows little evidence of any preexisting differences in communities located 

close to drilled wells relative to communities close to permits or future wells. It is 

theoretically possible that the increase in low birth weight after drilling is driven by 

differential trends in fertility or migration post-drilling among mothers who do not have 

multiple births during the sample. I investigate this possibility by estimating equation (1) 

using permit dates to define exposure, instead of spud dates. I also create a placebo test 

using a random date for the closest well. In these specifications, I find no evidence of a 

30This does not perfectly address this question since migration can also occur within PA.
31Other robustness checks were reported in Hill (2012). First, I showed the results for restricting the sample to infants born within 2 
years (before and after) of the spud date for the closest well. This specifcation is designed to address any possible concerns about 
unequal prior and post observation periods for each location or concerns about unobserved and differential sorting in the mothers 
living close to drilled versus permitted wells. The point estimates are somewhat smaller, but qualitatively similar to the estimates in 
Tables 4 and 5. Next I showed the results using the sample of births from 2008 to 2010, when most of the shale gas development took 
place during the sample frame. This point estimate is slightly larger for low birth weight (LBW) indicating a 1.89 percentage point 
increase. Finally, I reported the results from adding the continuous distance to the closest well, as well as the number of wells drilled 
within 5 km of the maternal residence. Again, the point estimates are very similar to those reported in Tables 4 and 5 and suggest most 
of the effect is driven by proximity to the closest well.
32In Hill (2012), I used up to 15 km as the comparison group and reported it as a lower-bound estimate; shale gas development 
increases the overall prevalence of low birth weight by 12.5 percent and reduces term birth weight by 0.6 percent, on average. 
Depending on the scale of shale gas development, it is possible that other aspects of drilling activity will inuence infant health within 
15 km of a well and could explain these smaller estimates. For example,communities with shale gas development are exposed to 
increased truck trafic, pipelines, water storage, compressor stations and general increased localized economic activity. These 
community level effects are less likely to inuence the estimates in the main results of the paper that use permitted/future wells as the 
comparison group.
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spurious effect (Table 8). I also run models on future wells and repeat the well density 

models using number of future wells. These models are also consistent with no impact and 

are consistent with the conclusion that shale gas development has an adverse impact on birth 

outcomes.

VII Discussion

My results suggest that shale gas development can have adverse effects on the health of 

people living nearby, namely that of prenatal infants. For the extensive margin, babies born 

of mothers who lived within 2.5 km of at least one gas well during pregnancy experienced 

adverse birth outcomes. I find supportive evidence that these effects persist out to 3.5 km of 

a mother’s address and are consistent across multiple specifications. For the intensive 

margin, or estimating the impact of well density, I find that each additional well drilled 

within 2.5 km of the mother’s residence increases low birth weight and premature birth by 

0.4 percentage points and reduces term birth weight by 5 grams.

These results are reasonable for three reasons. First, most areas with shale gas development 

in Pennsylvania are rural areas with relatively low prevalence of low birth weight (5.7 

percent) compared to the state average of 7 percent (for singleton births only).33 The studies 

cited in this paper that assess low birth weight impacts of air emissions from other sources 

(e.g. EZ-Pass, mountain-top coal mining) report baseline average prevalence of low birth 

weight of 9 or more percent (Currie and Walker, 2011; Ahern et al., 2011b) and therefore 

mechanically lower relative effect sizes. However, the average birth weight in this 

population is almost identical to the state average and is 1.5 percent relative to the mean, 

which is not large, and is very similar or smaller than the average impact on birth weight of 

exposure to air emissions in other studies (Severnini, 2017; Lavaine and Neidell, 2013; Yang 

and Chou, 2017). Second, most of the existing literature has studied the effects of air 

pollution on infant health on a pollutant-by-pollutant basis. In this case, I am identifying the 

health effects of exposure to the disamenity itself, which according to the air emissions 

inventory emits a wide variety of pollutants. Some, such as NOx, are much higher than the 

largest pre-drilling emitter in the region.34 Each of these contaminants have been separately 

associated with the birth outcomes measured in this paper, while SGD increases exposure to 

all of these during active drilling and production. Thus, it is not surprising that my estimates 

are larger than some of those found in the literature, especially those that are studying one 

pollutant. Finally, these results are smaller than or similar in magnitude to the existing 

literature studying the infant health impacts of shale gas development (Stacy et al., 2015b; 

Casey et al., 2016; Currie et al., 2017; Whitworth et al., 2017, 2199).

My study builds upon the existing literature measuring the infant health impacts of shale gas 

development. Due to inconsistency in measures used across existing studies, it is challenging 

to compare and interpret measured impacts. My results are consistent with Currie et al. 

(2017) for low birth weight and Stacy et al. (2015a) for small for gestational age. While I do 

33Using the pre-drilling mean of low birth weight for the analysis sample, the effect size is 24 percent relative to the mean, whereas 
the effect size is 19 percent relative to the state average.
34As mentioned in the background section of the paper, the largest industrial source of NOx in the 11-county region is a power plant 
that produces 2,000 tons per year. Shale wells in 2011 produced 16,000 tons of NOx in aggregate.
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not find an impact on premature birth in the extensive margin, my intensive margin results 

indicate that premature birth may be impacted, especially at the highest tertile of exposure. 

This most closely relates to the inverse distance weighted quartile measures used in the 

epidemiologic literature and is consistent with Casey et al. (2016) and Whitworth et al. 

(2017). Although exact mechanisms are difficult to ascertain with the data currently 

available, the increase in small for gestational age and low birth weight in the extensive 

margin without a symmetric increase in premature birth indicates that infants born to 

mothers exposed to any drilling are coming to full term, but are small, as would be the case 

where drilling persistently increases local air or water pollution. Whereas, preterm labor 

may be induced by air pollution or stress at higher intensities of drilling and therefore 

explain the symmetric intensive margin impacts on preterm birth and low birth weight (Dole 

et al., 2003; Stieb et al., 2012b; Sun et al., 2015).

These results suggest that requiring air and water pollution monitoring of drilling sites could 

assist researchers and public health officials in efforts to ascertain exposure pathways for 

residents living nearby and inform policies to mitigate any risks that are likely to be very 

localized. In 2011, PA DEP began requiring the shale gas industry to report emissions of 

these pollutants into an emissions inventory so that policy makers can better address these 

exposures in the future.

The effects of gas drilling are larger for lower SES children. There is prior evidence that in 

some cases this is explained by the fact that lower SES women take fewer measures to avoid 

pollution. I do not, however, detect heterogeneous responses as measured by mothers 

moving. As previously mentioned, early shocks to a child’s health can persist for many 

years, hence if poorer families are unable to mitigate the risks of drilling activity their 

children’s health is likely to suffer, which is reflected in literature that finds pollution to be 

one potential mechanism by which SES affects health (Neidell, 2004). Given the wealth of 

studies that identify a causal link between birth weights and long-run outcomes, these 

impacts are likely to persist throughout these children’s lives.

VII.I Cost Estimates

While the economic benefits and costs of shale gas development are quantifiable, the public 

health benefits and costs might be more difficult to assess. This paper provides evidence that 

maternal exposure within at least 1.5 miles of SGD is detrimental to fetal development. Due 

to shale gas development occurring only recently in Pennsylvania, the number of infants 

observed close to existing wells is quite small relative to other more populated areas with 

SGD. This translates to a cost of $4.1 million.35 As a back-of-the envelope estimate, there 

are more than 2.8 million American women of reproductive age with a well within a mile of 

their homes (Gold and McGinty, 2013; Howden and Meyer, 2010).36 Using the current 

fertility rate of 64 per 1,000 women in this age group nationally (Martin et al., 2012), there 

35Combining hospital costs attributable to low birth weight ($15,100 in additional hospital costs)(Russell et al., 2007), estimates for 
special education services ($5,200)(Chaikind and Corman, 1991; Augenblick et al., 2007) and decreased earnings ($76,800)(Currie et 
al., 2013a), an arguably conservative estimate is $96,500 in added cost for each low birth weight child. This figure excludes medical 
bills after the first year, parental lost earnings and other costs and is, hence, a lower bound estimate of costs.
36Using The Wall Street Journal estimate that over 15 million Americans live within 1 mile of an oil or gas welldrilled since 2000, 
and using a rough estimate that half of those people are women and forty percent of them are ages 18–44.
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are over 170,000 pregnant women living within 1 mile of a well in these states. Using the 

estimates in this paper as a benchmark, oil and gas development in these communities could 

amount to over 2,000 additional low birth weight infants each year which amounts to a cost 

of more than $230 million per year in these 11 states.

VIII Conclusions

My study seeks to understand and quantify the impacts of shale gas development on infant 

health. As a first step, I assembled a unique data set with the latitude and longitude of new 

mothers’ residences and the locations of shale gas wells and permits in Pennsylvania. I 

examine the impacts of living in close proximity to shale gas development on low birth 

weight, term birth weight and other measures of infant health.

These results suggest that shale gas wells are associated with reduced average birth weight 

among infants born to mothers living within a 2.5 km radius from a shale gas well; this 

implies a monetized cost of $4.1 million. The impacts associated with shale gas studied in 

this paper are large but not implausible given the estimates found in the literature for air 

pollution impacts on low birth weight and term birth weight. The strength of this approach is 

in exploiting a natural experiment that controls for unobservable characteristics and the 

results are robust across a variety of specifications, providing evidence on the credibility of 

the research design.

It is clear from these results that policies intended to mitigate the risks of shale gas 

development can have significant health benefits. I find detectable effects of shale gas 

development on low birth weight and term birth weight more than 3.5 km from the well head 

(more than 2 miles or over 11,000 ft). This finding is of significant independent interest and 

an important contribution of this paper.

Current required set back distances (distance between well head and nearby residences, 

hospitals and schools) range from 300 ft to 800 ft across the 33 states where shale gas 

development is taking place. With detectable infant health effects up to 2 miles away, these 

set back distances may be deemed insufficient to protect human health. The impacts of shale 

gas development estimated in this paper are independent of drinking water source and 

suggest that the mechanism by which shale gas development adversely affects reproductive 

health is through the pathway of air pollution. This finding also adds impetus for regulators 

to increase regulations that reduce air pollution emissions from drilling operations and for 

industry actors to increase voluntary action to reduce air pollution emissions.

Since I have focused on only the infant health effects of shale gas development, the total 

health effects of drilling exposure are likely to be much greater. Further research on the 

longer term health impacts of shale gas development on all members of our society –as well 

as the probable mechanisms and how best to mitigate them– is warranted.
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Figure A1: 
Map of Leasing through 2010

Table A1:

Emissions from Shale Gas Wells First 5 Years after Spud Date

(1) (2) (3) (4) (5) (6)

co nox pm10 pm25 sox voc

Year of Spud 2.188*** 7.938*** 0.282*** 0.259*** 0.107*** 0.585***

(0.0517) (0.136) (0.00614) (0.00537) (0.00538) (0.0463)

One Year Since Spud 2.241*** 6.709*** 0.225*** 0.202*** 0.0656*** 1.008***

(0.0532) (0.140) (0.00632) (0.00552) (0.00558) (0.0473)

Two Years Since Spud 0.595*** 1.351*** 0.0612*** 0.0550*** 0.00860 0.719***

(0.0577) (0.152) (0.00685) (0.00596) (0.00607) (0.0501)

Three Years Since Spud 0.378*** 0.661*** 0.0289*** 0.0256*** 0.00985 0.427***

(0.0603) (0.158) (0.00715) (0.00622) (0.00628) (0.0523)

Four Years Since Spud 0.321*** 0.438** 0.0213** 0.0172** 0.00334 0.502***

(0.0737) (0.193) (0.00874) (0.00760) (0.00765) (0.0648)

Five Years Since Spud 0.178* 0.250 0.0107 0.00882 0.00101 0.731***

(0.100) (0.264) (0.0119) (0.0104) (0.0104) (0.0892)

Observations 13,650 13,650 13,610 13,555 13,472 14,073
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(1) (2) (3) (4) (5) (6)

co nox pm10 pm25 sox voc

R-squared 0.215 0.299 0.204 0.218 0.038 0.067

Dep. Var Mean 1.242 3.805 0.136 0.123 0.0436 0.675

Table A2:

Differences in characteristics for analysis sample using DD estimator by Distance

(1) (2) (3) (4) (5) (6) (7) (8)

Teen Mom Dropout Black Smoked WIC Medicaid Born PA Moved

Within 2km * 
post-drilling

0.00464 −0.00150 0.00181 −0.00366 −0.0195 −0.0288 −0.0198 −0.00125

(0.00704) (0.00927) (0.00457) (0.0254) (0.0276) (0.0273) (0.0133) (0.0124)

Observations 14,131 14,131 14,131 14,131 14,026 14,131 14,131 14,060

R-squared 0.015 0.046 0.022 0.031 0.072 0.098 0.025 0.043

Within 2.5 
km * post-
drilling

0.000550 −0.0132 0.00343 0.00277 −0.00501 −0.0204 −0.0222 0.0191

(0.00666) (0.0118) (0.00308) (0.0196) (0.0246) (0.0282) (0.0163) (0.0131)

Observations 21646 21646 21646 21646 21469 21646 21646 21511

R-squared 0.012 0.039 0.016 0.026 0.061 0.078 0.020 0.042

Within 3km * 
post-drilling

−0.00351 −0.0206 0.00443 −0.0210 −0.0221 −0.0426 −0.0209 0.0159

(0.0108) (0.0193) (0.00550) (0.0234) (0.0304) (0.0371) (0.0139) (0.0123)

Observations 28,910 28,910 28,910 28,910 28,655 28,910 28,910 28,741

R-squared 0.010 0.032 0.016 0.025 0.061 0.073 0.017 0.041

Within 3.5km 
* post-drilling

−0.0140 −0.0258 −0.000432 −0.0234 −0.0451 −0.0451 −0.0160 0.0120

(0.0108) (0.0217) (0.00694) (0.0266) (0.0349) (0.0419) (0.0173) (0.0112)

Observations 36,447 36,447 36,447 36,447 36,100 36,447 36,447 36,228

R-squared 0.009 0.029 0.015 0.024 0.057 0.069 0.015 0.040

Notes: See Table 3 for specification details.

Significance:
*
p<0.10,

** p<0.05,

*** p<0.01.
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Table A3:

The Effect of Shale Gas Development on Infant Health by Distance

(1) (2) (3) (4) (5) (6) (7)

d < 2 km d < 2:5 km d < 3 km d < 3:5 km d < 4 km d < 4:5 km d < 5 km

Panel A: Low Birth Weight

Well in ‘d’ km * 
post-drilling

0.0127** 0.0136** 0.0115** 0.00912** 0.00533 0.00288 0.00194

(0.00512) (0.00511) (0.00510) (0.00391) (0.00406) (0.00415) (0.00428)

Observations 14,113 21,610 28,865 36,393 44,690 52,325 59,369

R-squared 0.023 0.021 0.019 0.019 0.018 0.018 0.017

Pre-drilling Mean 0.0584 0.0571 0.0579 0.0579 0.0576 0.0574 0.0575

Panel B: Term Birth Weight

Well in ‘d’ km * 
post-drilling

−38.05* −49.58*** −30.84** −29.69** −15.34 −10.25 −7.311

(21.49) (14.04) (14.20) (12.59) (9.781) (11.56) (9.457)

Observations 13028 19978 26637 33572 40,277 47,105 53,391

R-squared 0.077 0.075 0.078 0.077 0.078 0.076 0.075

Pre-drilling Mean 3415 3416 3415 3412 3412 3415 3415

Panel C: Premature

Well in ‘d’ km * 
post-drilling

−0.00962** 0.000354 0.00460 −0.00184 −0.000704 0.000242 0.00273

(0.00403) (0.00664) (0.00455) (0.00483) (0.00564) (0.00503) (0.00446)

Observations 13,843 21,189 28,309 35,661 43,741 51,139 57,981

R-squared 0.017 0.012 0.010 0.010 0.009 0.009 0.008

Pre-drilling Mean 0.0802 0.0785 0.0791 0.0791 0.0782 0.0783 0.0786

Notes: See Table 4 for specification details.

Significance:
*
p<0.10,

**
p<0.05,

***
p<0.01.

Table A4:

Impact of Number of Wells by Proximity

(1) (2) (3) (4) (5) (6) (7)

d < 2 km d < 2:5 km d < 3 km d < 3:5 km d < 4 km d < 4:5 km d < 5 km

Panel A: Low Birth Weight

Wells in ‘d‘ km * 
post-drilling

0.00410* 0.00306*** 0.00232*** 0.00122** 0.000266 0.000194 0.000209

(0.00231) (0.000931) (0.000758) (0.000509) (0.000433) (0.000302) (0.000260)
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(1) (2) (3) (4) (5) (6) (7)

d < 2 km d < 2:5 km d < 3 km d < 3:5 km d < 4 km d < 4:5 km d < 5 km

Observations 14,049 21,524 28,756 36,241 44,442 51,994 58,976

R-squared 0.023 0.021 0.020 0.019 0.018 0.018 0.017

Pre-drilling Mean 0.0583 0.0570 0.0578 0.0578 0.0575 0.0573 0.0575

Panel B: Term Birth Weight

Wells in ‘d’ km * 
post-drilling

−3.857 −5.386*** −4.716*** −3.152*** −2.429*** −1.438** −0.930**

(2.609) (1.632) (1.331) (0.818) (0.644) (0.570) (0.415)

Observations 12,694 19,463 25,969 32,692 40,067 46,822 53,049

R-squared 0.080 0.076 0.078 0.077 0.079 0.076 0.075

Pre-drilling Mean 3415 3416 3415 3412 3412 3415 3415

Panel C: Premature

Wells in ‘d’ km * 
post-drilling

0.00366* 0.00257** 0.00212** 0.000889 0.000281 0.000235 0.000406

(0.00210) (0.00123) (0.000889) (0.000718) (0.000602) (0.000398) (0.000331)

Observations 13,784 21,109 28,206 35,519 43,506 50,825 57,606

R-squared 0.017 0.011 0.010 0.010 0.009 0.008 0.008

Pre-drilling Mean 0.0803 0.0785 0.0790 0.0789 0.0781 0.0781 0.0786

Notes: See Table 6 for specification details.

Significance:
*
p<0.10,

**
p<0.05,

***
p<0.01.

Table A5:

Robustness Check: Future Number of Wells by Proximity

(1) (2) (3) (4)

d < 2 km d < 2.5 km d < 3 km d < 3.5 km

Panel A: Low Birth Weight

Wells in ‘d’ km * future −0.000223 −0.000133 8.19e-05 6.12e-06

(0.000449) (0.000341) (0.000172) (0.000139)

Observations 14,049 21,524 28,756 36,241

R-squared 0.023 0.021 0.020 0.019

Panel B: Term Birth Weight

Wells in ‘d’ km * future 0.977 0.318 0.410 0.730**

(1.342) (0.588) (0.359) (0.272)

Observations 12,694 19,463 25,969 32,692
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(1) (2) (3) (4)

d < 2 km d < 2.5 km d < 3 km d < 3.5 km

R-squared 0.080 0.076 0.078 0.077

Panel C: Premature

Wells in ‘d’ km * future 0.000394 0.000172 0.000352 0.000290

(0.000412) (0.000476) (0.000273) (0.000227)

Observations 13,784 21,109 28,206 35,519

R-squared 0.017 0.011 0.010 0.010

Notes: See Table 6 for specification details. Instead of existing wells, this table looks at future wells.

Significance:
*
p<0.10,

**
p<0.05,

*** p<0.01.

Table A6:

Robustness Checks

(1) (2) (3)

Low Birth Weight Term Birth Weight Premature Birth

Panel A: Mom Born in Pennsylvania

Within 2.5 km * post 0.0128*** −50.87*** −0.00523

(0.00466) (15.99) (0.00645)

Observations 17,491 15,814 17,155

R-squared 0.022 0.081 0.012

Pre-drilling Mean 0.0576 3415 0.0791

Panel B: Top 10 Major Production Counties

Within 2.5 km * post 0.0160* −44.52*** −0.00303

(0.00726) (12.03) (0.0104)

Observations 15,052 13,627 14,789

R-squared 0.025 0.081 0.017

Pre-drilling Mean 0.0573 3415 0.0790

Panel C: Top 10 Major Drilling Counties

Within 2.5 km * post 0.0175** −46.66*** 0.000296

(0.00576) (12.36) (0.00978)

Observations 13,208 11,951 12,957

R-squared 0.024 0.076 0.016

Pre-drilling Mean 0.0559 3423 0.0783

Notes: Each coefficient is from a different regression. The sample is limited to singleton births, the sample with a well/
permit within 2.5 km and to the panel headings listed. All regressions include indicators for month and year of birth, 
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month*year, residence county indicators, an indicator for drilling before birth (defined by closest well), an indicator for 
residence within 2.5 km of a well or future well and the interaction of interest of Within 2.5km*post-drilling. Maternal 
characteristics include mother black, mother Hispanic, mother education (hs, some college, college), mother age (19–
24,25–34, 35+), female child, WIC, smoking during pregnancy, marital status and payment type (private insurance, 
medicaid, self-pay, other). Indicators for missing data for these variables are also included. Standard errors are in 
parentheses and clustered at the mother’s residence county.

Significance:
*
p<0.10,

**
p<0.05,

***
p<0.01.
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Figure 1: 
Map of Shale Gas Development and Permitting through 2010
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Figure 2: 
Distance Gradients of Infant Health by Nearest Well Results from a local polynomial 

regressions of low birth weight on distance from closest well’s future/current location or on 

days before/after spud date. Observations within 5 km of a well.
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Figure 3: 
Time Trends of Infant Health Within 2.5 km of Drilled and Permitted Wells Results are from 

a regression with an interaction term for drilled well * year including county, birth month 

and year fixed effects. Observations are the main difference-in-differences sample or those 

mothers within 2.5 km of a drilled well or permitted well.
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Figure 4: 
Distance Gradients of Maternal Characteristics by Nearest Well Distance bins are 0.5 km, 

smoothed using “lpoly” (degree 0, bandwidth 15).
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Table 2:

Summary Statistics by Sample

All Births
Residences within 2.5 km of well T-Stat

Total Before After for difference

Characteristics of birth

Birth weight (grams) 3321 3340 3343.23 3310.30 2.70**

Term birth weight (grams) 3407 3415 3418.39 3383.15 3.30***

Gestation in weeks 38.77 38.76 38.76 38.71 1.33

Premature 0.08 0.08 0.076 0.077 −0.09

Low birth weight (LBW) 0.07 0.06 0.055 0.063 −1.52

Small for gestational age (SGA) 0.11 0.10 0.098 0.106 −1.25

APGAR 5 minute 8.81 8.89 8.886 8.885 0.07

Female 0.49 0.49 0.485 0.495 −0.95

Mother’s Characteristics

Drop Out 0.164 0.113 0.112 0.118 −0.88

High School 0.270 0.296 0.297 0.288 0.93

Some college 0.260 0.299 0.299 0.293 0.64

College plus 0.298 0.290 0.289 0.299 −1.07

Teen Mom 0.057 0.048 0.047 0.049 −0.34

Mom Aged 19–24 0.265 0.268 0.267 0.274 −0.65

Mom Aged 25–34 0.527 0.547 0.545 0.559 −1.31

Mom Aged 35 and older 0.150 0.137 0.140 0.117 3.03**

Mom Black 0.156 0.025 0.025 0.024 0.15

Mom Hispanic 0.092 0.011 0.011 0.010 0.57

Married at time of birth 0.575 0.632 0.633 0.626 0.71

Mom Smoked While Pregnant 0.227 0.299 0.299 0.300 −0.13

Received WIC 0.385 0.398 0.395 0.427 −2.94**

Medicaid 0.272 0.326 0.320 0.376 −5.45***

Private Insurance 0.576 0.567 0.569 0.549 1.84

Wells within 2.5 km

# of wells before birth 0.000 0.333 0.000 2.89 −19.30***

# of wells during gestation 0.000 0.188 0.000 1.714 −93.13***

Observations 1098884 21610 19246 2364

Notes: The samples described here include only singleton births.

Significance:

*p<0.10,

**
p<0.05,

***
p<0.01.
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Table 3:

Post- Drilling Differences in Average Characteristics of Mothers Close to Wells

(1) (2) (3) (4) (5) (6) (7) (8)

Teen Mom Dropout Black Smoked WIC Medicaid Born PA Moved

Differences in characteristics for analysis sample using DD estimator

Within 2.5 km* post-drilling 0.000550 −0.0132 0.00343 0.00277 −0.00501 −0.0204 −0.0222 0.0191

(0.00666) (0.0118) (0.00308) (0.0196) (0.0246) (0.0282) (0.0163) (0.0131)

Observations 21646 21646 21646 21646 21469 21646 21646 21511

R2 0.012 0.039 0.016 0.026 0.061 0.078 0.020 0.042

Pre-drilling Mean 0.0496 0.117 0.0243 0.307 0.404 0.323 0.815 0.0756

Notes: Each coefficient is from a different regression. Pre-drilling (post-drilling) refers to births that occur before (after) the spud date of the closest 
well. Robust standard errors are clustered at the mother’s residence county. All regressions include indicators for month and year of birth, 
birth*year and residence county fixed effects.

Significance:

*
p<0.10,

** p<0.05,

*** p<0.01.
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Table 4:

Impact of Well Location on Birth Outcomes

(1) (2) (3) (4) (5) (6)

Low Birth Weight Term Birth Weight Premature

Within 2.5 km * post-drilling 0.0144** 0.0136** ™47.82*** ™49.58*** 0.00118 0.000354

(0.00537) (0.00511) (15.12) (14.04) (0.00597) (0.00664)

Observations 21610 21610 19978 19978 21,189 21,189

R-squared 0.008 0.021 0.013 0.075 0.008 0.012

Pre-drilling Mean 0.057 0.057 3416 3416 0.079 0.079

Maternal Characteristics No Yes No Yes No Yes

Notes: Each coefficient is from a different regression. The sample is limited to singleton births and to the sample with a well/permit within 2.5 km. 
All regressions include indicators for month and year of birth, month*year, residence county indicators, an indicator for drilling before birth 
(defined by closest well), an indicator for residence within 2.5 km of a well or future well and the interaction of interest of Within 2.5km*post-
drilling. Maternal characteristics include mother black, mother Hispanic, mother education (hs, some college, college), mother age (19–24,25–34, 
35+), female child, WIC, smoking during pregnancy, marital status and payment type (private insurance, medicaid, selfpay, other). Indicators for 
missing data

Significance:

*
p < 0.10,

**
p < 0.05,

***
p < 0.01.

J Health Econ. Author manuscript; available in PMC 2019 September 01.

WG Ex. 66

2328



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Hill Page 44

Table 5:

Difference-in-Difference Estimates of the Effect of Drilling on Alternative Health Measures

(1) (2) (3) (4) (5) (6) (7)

Birth Weight APGAR < 8 Gestation SGA Congenital Anomaly Summary Index

Within 2.5 km *  post-drilling −47.02*** 0.0251** −0.0143 0.0181** −0.00193 0.0264**

(12.16) (0.0101) (0.0664) (0.00764) (0.00189) (0.0101)

Observations 21,583 21646 21,631 21524 21,646 21646

R-squared 0.061 0.029 0.020 0.040 0.008 0.045

Pre-drilling Mean 3340 0.104 38.74 0.0993 0.00562 −0.0372

Notes: Each coefficient is from a different regression. See Table 4 for details about included covariates.

Significance:

*
p<0.10,

**
p<0.05,

***
p<0.01.
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Table 6:

Impact of Well Density on Birth Outcomes

(1) (2) (3) (4) (5) (6)

Low Birth Weight Term Birth Weight Premature

Wells within 2.5 km * post 0.00308*** 0.00306*** ™4.864*** ™5.386*** 0.00266** 0.00257**

(0.000868) (0.000931) (1.783) (1.632) (0.00121) (0.00123)

Observations 21610 21610 19978 19978 21,189 21,189

R2 0.009 0.021 0.013 0.076 0.008 0.011

Pre-drilling Mean 0.057 0.057 3416 3416 0.079 0.079

Maternal Characteristics No Yes No Yes No Yes

Notes: Each coefficient is from a different regression. The sample is limited to singleton births and to having a well or permit within 2.5 km. All 
regressions include an indicator for drilling before birth (defined by closest well), number of wells within 2.5km (including future wells) and the 
interaction of interest: number of wells within 2.5km *post-drilling. See Table 4 for details about other included covariates.

Significance:

*
p<0.10,

**
p<0.05,

***
p<0.01.
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Table 7:

Shale Gas Development on Maternal Subgroups

(1) (2) (3) (4) (5) (6)

High School
dropout

Smoker Nonsmoker Medicaid WIC College

Panel A: Low Birth Weight

Within 2.5 km * post 0.0432 0.0186 0.0122** 0.0413*** 0.0138** 0.0105

(0.0268) (0.0132) (0.00470) (0.0120) (0.00645) (0.00995)

Observations 2,434 6,465 15,145 7,047 8,541 6,260

R-squared 0.072 0.034 0.018 0.029 0.024 0.029

Pre-drilling Mean 0.0847 0.0830 0.0456 0.0747 0.064 0.0414

Panel B: Term Birth Weight

Within 2.5 km * post −42.09 −56.15 −51.36** −62.97* −38.30 −49.61*

(41.26) (37.10) (19.04) (36.70) (29.02) (28.45)

Observations 2,191 5,773 13,763 6,375 7,748 5,699

R-squared 0.131 0.064 0.042 0.077 0.076 0.055

Pre-drilling Mean 3305 3272 3479 3325 3349 3494

Panel C: Premature

Within 2.5 km * post 0.0181 −0.00393 −0.000441 −0.00579 −0.00160 0.000744

(0.0233) (0.00950) (0.00753) (0.0136) (0.0142) (0.0134)

Observations 2,409 6,338 14,851 6,973 8,418 6,122

R-squared 0.070 0.026 0.015 0.027 0.021 0.030

Pre-drilling Mean 0.0896 0.0867 0.0749 0.0859 0.0782 0.0713

Notes: Each coefficient is from a different regression. See Table 4 for details about included covariates.

Significance:

*
p<0.10,

**
p<0.05,

***
p<0.01.
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Table 8:

Falsification Tests on Impact of Well Location

(1) (2) (3) (4) (5) (6)

Permit Date Random date

Low Birth
Weight

Term Birth
Weight

Premature Low Birth
Weight

Term Birth
Weight

Premature

Within 2.5 km * post −0.000106 −5.03 −0.00149 0.00103 −1.152 −0.00654

(0.00682) (12.382) (0.00897) (0.00303) (11.5) (.00789)

Sample Size 19246 17795 18854 21610 19978 21204

R2 0.009 0.013 0.009 0.021 0.075 0.012

Notes: See Table 4 for included covariates. Each panel is a separate regression. All regressions include controls for maternal characteristics and 
time trends and county fixed effects. Columns (1)- (3) use permit date to define “treatment” and the coefficient reported is the interaction between 
an indicator for whether the permit was within 2.5 km from the mother’s residence and whether the birth occurred after (post) the permit date. 
Columns (4)-(6) use a random date to define post birth.

Significance:

*
p<0.10,

**p<0.05,

***p<0.01.
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1. Introduction
1.1. What Are Compressor Stations, and Why do They Matter?

To maintain gas flow in natural gas pipelines, over 1,200 compressor stations pressurize natural gas every 50–100 
miles along pipeline routes in the United States (Messersmith, 2015; U.S. EIA Office of Oil and Gas, 2007). We 
reviewed over 100 peer-reviewed academic articles to synthesize a complete review of chemical emissions from 
compressor stations and the associated community health impacts. In this paper, we present a complete list of 
known pollutants emitted by compressors, evaluate the pollution in the context of currently available data and air 
quality standards, assess associated community impacts, and conclude with policy recommendations for state and 
federal agencies. Although necessary for natural gas pipelines, we find compressor stations significantly affect 
the well-being of local communities and thus must be regulated accordingly.

Air pollution released by compressors is known to have significant negative health and environmental impacts 
to neighboring communities. Exhaust from combustion within compressor units is the major source of the air 
pollution, emitting chemicals that include volatile organic compounds (VOCs), nitrogen oxide compounds (NOx), 
and particulate matter (PM) (D. R. Brown et al., 2015; Green & Crouch, 2021; Hendryx & Luo, 2020; Johnson 

Abstract Compressor stations maintain pressure along natural gas pipelines to sustain gas flow.
Unfortunately, they present human health concerns as they release chemical pollutants into the air, sometimes 
at levels higher than national air quality standards. Further, compressor stations are often placed in rural areas 
with higher levels of poverty and/or minority populations, contributing to environmental justice concerns. In 
this paper we investigate what chemical pollutants are emitted by compressor stations, the impacts of emitted 
pollutants on human health, and local community impacts. Based on the information gained from these 
examinations, we provide the following policy recommendations with the goal of minimizing harm to those 
affected by natural gas compressor stations: the Environmental Protection Agency (EPA) and relevant state 
agencies must increase air quality monitoring and data transparency; the EPA should direct more resources 
to monitoring programs specifically at compressor stations; the EPA should provide free indoor air quality 
monitoring to homes near compressor stations; the EPA needs to adjust its National Ambient Air Quality 
Standards to better protect communities and assess cumulative impacts; and decision-makers at all levels must 
pursue meaningful involvement from potentially affected communities. We find there is substantial evidence of 
negative impacts to strongly support these recommendations.

Plain Language Summary Compressor stations allow natural gas to run smoothly through long
pipelines. Compressor stations release several different types of pollutants; we discuss in this paper what each 
pollutant does to the human body and to communities as a whole. Compressor stations are often near socially 
vulnerable communities that are poor, non-white, or elderly, which means they more often bear the burden of 
the pollution. We examine the shortcomings of current policies and regulations surrounding compressor stations 
and offer solutions to help protect vulnerable communities. Some of these solutions include better testing of air 
quality near compressor stations, free indoor air quality testing in homes near compressor stations, and better air 
quality standards to protect all communities from air pollution.
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Key Points:
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emissions on community health
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et al., 2015; Olaguer, 2012; Russo & Carpenter, 2017; van der A et al., 2020; Walter, 2020; White et al., 2019). 
Exposure to these air pollutants can be harmful to human respiratory, cardiovascular, and neurological systems 
and increase human mortality rates (Hendryx & Luo, 2020; WHO, 2021). Additionally, NOx and VOCs react 
in the atmosphere to produce ozone, which aggravates human respiratory conditions like asthma (Grulke & 
Heath, 2020; U.S. EPA, 2020). While pollutants from compressor stations are widely known to be harmful to 
human health, there are few studies that directly link compressor station emissions to specific local community 
health outcomes (Green & Crouch, 2021; Hendryx & Luo, 2020).

Compressor stations are also significant sources of methane, a potent greenhouse gas and contributor to global 
warming (Strizhenok & Korelskiy,  2019). The majority of the methane is emitted during blowdowns, when 
compressor units are depressurized for maintenance and release large amounts of high-pressure gas to the atmos-
phere (White et al., 2019). In the U.S. in 2020, compressors were estimated to have released 420,000 metric tons 
of methane, mainly during blowdowns, which is about 10% of the methane emitted from U.S. landfills in the same 
year (U.S. EPA, 2022b).

Although compressor station air pollution can be difficult to regulate, several federal laws apply to these emis-
sions. Foremost, the Clean Air Act of 1970 (abbreviated CAA; see 42 U.S.C. §7401 et seq.) established National 
Ambient Air Quality Standards (NAAQS) to regulate air pollution from all sources, including compressor 
stations (U.S. EPA, 2021c). However, a lack of air quality monitoring near compressor stations has led to numer-
ous violations of NAAQS in nearby communities (Babich, 2018). Compressor stations are also regulated under 
the National Emission Standards for Hazardous Air Pollutants as chemical emissions sources (Babich, 2018; 
Environmental Health Project, 2015). While there is a federal permitting process to build compressor stations, 
the EPA often delegates permitting to the state level. Many states and geographic areas have developed their 
own guidelines for compressor station permitting standards (Babich, 2018; Mountain Valley Pipeline LLC & 
Equitrans LP, 2017).

1.2. Compressor Stations and Environmental Justice

Decades of work by grassroot activists and academic researchers have documented the disproportionate place-
ment of pollution-generating infrastructure in historically marginalized communities, including the natural gas 
industry and compressor stations, which has resulted in high levels of air pollution exposure (Banzhaf et al., 2019; 
Collins et al., 2016; Emanuel et al., 2021; Mohai et al., 2009). These actions raise environmental justice (EJ) 
concerns and often result in frontline communities being subject to multiple pollution sources that compound to 
a higher cumulative exposure than if each source was considered alone.

In this paper, we use a definition of EJ that closely follows that of the Environmental Protection Agency (Environ-
mental Justice, 2023), which defines EJ as: “the fair treatment and meaningful involvement of all people regardless 
of race, color, national origin, or income with respect to the development, implementation, and enforcement of 
environmental laws, regulations, and policies” (Environmental Justice, 2023). Fair treatment ensures no commu-
nity bears “a disproportionate share of negative environmental consequences resulting from industrial, govern-
mental and commercial operations or policies” (Environmental Justice, 2023). Meaningful involvement ensures 
people have an opportunity to participate in decisions that impact their lives and the decision-making body is 
influenced by the public's voiced opinion (Environmental Justice, 2023). This definition includes the three core 
components of EJ: distributive (the distribution of environmental burdens), procedural (the policies and decisions 
that lead to the distribution), and recognitional (a sense of justice among stakeholders) (Banzhaf et al., 2019; 
Clough, 2018; Menton et al., 2020; Pearsall & Pierce, 2010; Rigolon et al., 2022; Svarstad et al., 2011).

Notably, compressor stations can contribute to all three EJ components. Emissions and associated human health 
outcomes contribute to distributive EJ based on where compressor stations are located. Federal and state poli-
cies that determine where compressor stations are sited can underlie procedural EJ issues; decision-makers who 
create policy on fossil fuel infrastructure permits can make these decisions without considering the impacts 
on  community members (Clough, 2018; Paparo, 2021). Although public engagement is required by many state 
and federal agencies, a lack of incorporation of public opinion into the decision-making process can hinder recog-
nitional EJ (Buckingham v. State Air Pollution Control Board & Atlantic Coast Pipeline, 6 VA. Ct. App. (No. 
19-1152), 2020; Daley & Reames, 2015; Wortzel & De Las Casas, 2021).

In addition to higher air pollution exposure, low income populations and communities of color are more likely 
to have underlying health conditions, driven mainly by social factors, that further increase susceptibility to 
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environmental health hazards (Adler & Rehkopf, 2008; American Lung Association, 2023b; Murray et al., 2020). 
However, the interactions between pollution exposure, community vulnerability, and health outcomes remain 
under-examined, and there are major unknowns regarding the long term and cumulative impacts of compressor 
stations on socially vulnerable communities that are less resilient when facing external stresses (ATSDR, 2022). 
Nevertheless, disproportionate placement of compressor stations in communities with EJ concerns is cause for 
alarm.

1.3. Scope of Paper

This paper addresses the knowledge gap between compressor station air pollution and specific local community 
health outcomes. We provide a review of major pollutants emitted by compressor stations and associated health 
impacts, and then evaluate how these emissions impact relevant policy, data quality, and community health. 
We conclude the paper with policy recommendations that aim to minimize the community health impacts from 
compressor stations.

2. Chemical Emissions From Compressor Stations: Specific Pollutants
It is well established that air pollution has negative health effects. Short-term effects include symptoms such 
as headaches, nausea, and irritation of mucous membranes (WHO, 2021). In the long-term, air pollution expo-
sure is known to increase risk of lung cancer and cardiovascular and respiratory diseases (Thurston et al., 2017; 
WHO, 2021). Often, increased mortality rates can be directly attributed to higher air pollution exposure (Chen 
& Hoek, 2020; Hendryx & Luo, 2020; Murray et al., 2020; Orellano et al., 2020; WHO, 2021). Studies have 
also highlighted a variety of health issues affected by air pollution that may be less well-known, including 
stroke, hypertension, diabetes, mental health effects, and negative reproductive and birth effects (Downey & van 
Willigen, 2005; Malin, 2020; Thurston et al., 2017; WHO, 2021).

Natural gas compressor stations emit a variety of airborne pollutants (D. R. Brown et  al.,  2015; Green & 
Crouch, 2021; Hendryx & Luo, 2020; Johnson et al., 2015; Olaguer, 2012; Russo & Carpenter, 2017; Strizhenok 
& Korelskiy,  2019; van der A et  al.,  2020; Walter,  2020; White et  al.,  2019). Compressor stations can have 
a significant effect on local air quality; in some rural environments, emissions from compressor stations can 
account for 98%–99% of VOC ozone precursors and 57%–61% of NOx ozone precursors (Adgate et al., 2014). 
The main chemical emissions discussed below and highlighted in Table 1 are noteworthy because of their roles 
in two major forms of air pollution: smog and PM.

2.1. Atmospheric Smog

Ozone, a strong oxidant, is primarily responsible for the negative health effects associated with urban smog. 
Tropospheric ozone is formed through a series of photochemical reactions involving NO and NO2, collectively 
referred to as NOx. This photochemical pathway is the only significant source of ground-level ozone (Baird & 
Cann, 2005; Seinfeld & Pandis, 2016); many regulations and research studies use concentrations of NOx or NO2 
as an indicator for overall severity of air pollution where ozone is a concern.

NOx are consumed in radical reactions producing ozone, so local NOx concentrations become depleted over a 
timescale of a few hours. When highly reactive gas-phase VOCs are present, the VOCs also participate in photo-
chemical reactions generating radicals and producing ozone, thus extending the lifetime of a smog event from a 
few hours to throughout the day (Baird & Cann, 2005).

2.2. Particulate Matter

PM encompasses a diverse group of atmospheric particles with a vast range of sources (biogenic and anthro-
pogenic), chemical compositions, and sizes. The composition of PM is determined by its source. For exam-
ple, particulates created from combustion, like those emitted by compressor stations, often have high levels of 
hazardous polyaromatic hydrocarbons (PAHs) (Baird & Cann, 2005; Lloyd & Cackette, 2001; U.S. EPA, 2019) 
and may also contain metals (Morajkar et al., 2020; Thiruvengadam et al., 2015; U.S. EPA, 2019).

PM10, particulates with an average diameter of 10 microns or less, are generally small enough to pass through the 
nose and throat and enter the lungs (Baird & Cann, 2005; Seinfeld & Pandis, 2016). With an average diameter 

WG Ex. 67

2335



GeoHealth

DAVIS ET AL.

10.1029/2023GH000874

4 of 14

Em
is

si
on

s
H

ea
lth

 e
ffe

ct
s

Re
gu

la
to

ry
 e

xp
os

ur
e 

lim
its

N
itr

og
en

 o
xi

de
s (

N
O

x),
 in

cl
ud

in
g 

ni
tri

c 
ox

id
e 

(N
O

) a
nd

 
ni

tro
ge

n 
di

ox
id

e 
(N

O
2)

Re
sp

ira
to

ry
 ir

rit
at

io
n 

an
d 

as
th

m
a;

 e
nh

an
ce

d 
al

le
rg

ic
 re

sp
on

se
s. a  

G
ro

un
d-

le
ve

l s
m

og
; r

ea
ct

s t
o 

pr
od

uc
e 

oz
on

e.
 R

ea
ct

s t
o 

pr
od

uc
e 

ni
tri

c 
ac

id
; b  a

dv
er

se
 re

sp
ira

to
ry

 e
ffe

ct
s w

he
n 

in
ha

le
d c

N
A

A
Q

S 
pr

im
ar

y 
st

an
da

rd
: 5

3 
pp

b 
pe

r y
ea

r o
r 1

00
 p

pb
 p

er
 

ho
ur

; s
ec

on
da

ry
 st

an
da

rd
: 5

3 
pp

b 
pe

r y
ea

r. d  , e
 C

A
A

Q
S:

 
0.

18
 p

pm
 p

er
 h

ou
r o

r 0
.0

30
 p

pm
 p

er
 y

ea
r. e  , f  W

H
O

: 
5.

3 
pp

b 
pe

r y
ea

r o
r 1

3 
pp

b 
pe

r d
ay

 e  , g

O
zo

ne
 (O

3)
Re

sp
ira

to
ry

 ir
rit

at
io

n,
 d

ec
re

as
ed

 lu
ng

 fu
nc

tio
n,

 a
nd

 a
st

hm
a;

 c  , g
 , h

 p
re

m
at

ur
e 

de
at

h 
no

ta
bl

y 
lin

ke
d 

to
 w

or
se

ni
ng

 o
f r

es
pi

ra
to

ry
 d

is
ea

se
 g  , h

N
A

A
Q

S 
pr

im
ar

y 
an

d 
se

co
nd

ar
y 

st
an

da
rd

s:
 0

.0
70

 p
pm

 p
er

 
8 

hr
. d  C

A
A

Q
S:

 0
.0

70
 p

pm
 p

er
 8

 h
r o

r 0
.0

9 
pp

m
 p

er
 h

ou
r. f  

W
H

O
: 0

.0
5 

pp
m

 p
er

 8
 h

r o
r 0

.0
3 

pp
m

 in
 p

ea
k 

se
as

on
 g

Vo
la

til
e 

or
ga

ni
c 

co
m

po
un

ds
 (V

O
C

s)
G

ro
un

d-
le

ve
l s

m
og

; r
ea

ct
s t

o 
pr

od
uc

e 
oz

on
e.

 R
ea

ct
s t

o 
pr

od
uc

e 
se

co
nd

ar
y 

or
ga

ni
c 

ae
ro

so
ls

, a
 ty

pe
 o

f P
M

. i  M
an

y 
ha

ve
 n

eg
at

iv
e 

re
sp

ira
to

ry
 

ef
fe

ct
s, 

ar
e 

kn
ow

n 
or

 p
ot

en
tia

l c
ar

ci
no

ge
ns

, a
nd

 c
an

 n
eg

at
iv

el
y 

af
fe

ct
 

ne
ur

ol
og

ic
al

 a
nd

/o
r c

ar
di

ov
as

cu
la

r s
ys

te
m

s j

N
/A

Pa
rti

cu
la

te
 m

at
te

r s
m

al
le

r t
ha

n 
10

 μ
m

 (P
M

10
)

Re
sp

ira
to

ry
 ir

rit
at

io
n 

an
d 

as
th

m
a;

 c
ar

di
ov

as
cu

la
r d

is
ea

se
s;

 lu
ng

 c
an

ce
r; k  , l  

in
cr

ea
se

d 
re

sp
ira

to
ry

, c
ar

di
ov

as
cu

la
r, 

an
d 

ce
re

br
ov

as
cu

la
r m

or
ta

lit
y k  , m

 , n
N

A
A

Q
S 

pr
im

ar
y 

an
d 

se
co

nd
ar

y 
st

an
da

rd
: 1

50
 μ

 g
/m

 3  p
er

 
da

y.
 d  C

A
A

Q
S:

 5
0 

μ 
g/

m
 3  p

er
 d

ay
 o

r 2
0 

μ 
g/

m
 3  p

er
 y

ea
r. f  

W
H

O
: 4

5 
μ 

g/
m

 3  p
er

 d
ay

 o
r 1

5 
μ 

g/
m

 3  p
er

 y
ea

r g

Pa
rti

cu
la

te
 m

at
te

r s
m

al
le

r t
ha

n 
2.

5 
μm

 (P
M

2.
5)

Re
sp

ira
to

ry
 ir

rit
at

io
n 

an
d 

as
th

m
a;

 c
ar

di
ov

as
cu

la
r d

is
ea

se
s;

 lu
ng

 c
an

ce
r; k  , l  

in
cr

ea
se

d 
re

sp
ira

to
ry

, c
ar

di
ov

as
cu

la
r, 

an
d 

ce
re

br
ov

as
cu

la
r m

or
ta

lit
y k  , m

 , n
N

A
A

Q
S 

pr
im

ar
y 

st
an

da
rd

: 1
2.

0 
μ 

g/
m

 3  p
er

 y
ea

r; 
se

co
nd

ar
y 

st
an

da
rd

: 1
5.

0 
μ 

g/
m

 3  p
er

 y
ea

r; 
or

 p
rim

ar
y 

an
d 

se
co

nd
ar

y 
st

an
da

rd
s:

 3
5 

μ 
g/

m
 3  p

er
 d

ay
. d  C

A
A

Q
S:

 1
2 

μ 
g/

m
 3  p

er
 

ye
ar

. f  W
H

O
: 5

 μ
 g

/m
 3  p

er
 y

ea
r o

r 1
5 

μ 
g/

m
 3  p

er
 d

ay
 g

 a U
.S

. E
PA

 (
20

16
). 

 b S
ei

nf
el

d 
an

d 
Pa

nd
is

 (
20

16
). 

 c P
ub

C
he

m
 d

at
ab

as
e,

 s
ee

 K
im

 e
t a

l. 
(2

02
1)

.  d N
at

io
na

l A
m

bi
en

t A
ir 

Q
ua

lit
y 

St
an

da
rd

s 
(N

A
A

Q
S)

, s
ee

 U
.S

. E
PA

 (
20

22
d)

.  e S
ta

nd
ar

ds
 a

re
 s

pe
ci

fic
al

ly
 

fo
r N

O
2.
.  f C

al
ifo

rn
ia

 A
m

bi
en

t A
ir 

Q
ua

lit
y 

St
an

da
rd

s 
(C

A
A

Q
S)

, s
ee

 C
al

ifo
rn

ia
 A

ir 
Re

so
ur

ce
s 

B
oa

rd
 (2

01
6)

.  g W
or

ld
 H

ea
lth

 O
rg

an
iz

at
io

n 
(W

H
O

) g
lo

ba
l a

ir 
qu

al
ity

 g
ui

de
lin

es
, s

ee
 W

H
O

 (2
02

1)
.  h U

.S
. 

EP
A

 (2
02

0)
.  i Q

in
 e

t a
l. 

(2
02

1)
.  j H

al
io

s e
t a

l. 
(2

02
2)

.  k U
.S

. E
PA

 (2
01

9)
.  l C

he
n 

an
d 

H
oe

k 
(2

02
0)

.  m
G

ra
y 

et
 a

l. 
(2

01
5)

.  n O
re

lla
no

 e
t a

l. 
(2

02
0)

.

Ta
bl

e 
1 

At
m

os
ph

er
ic

 C
he

m
ic

al
 E

m
is

si
on

s F
ro

m
 N

at
ur

al
 G

as
 C

om
pr

es
so

r S
ta

tio
ns

, a
nd

 P
os

si
bl

e 
H

ea
lth

 E
ffe

ct
s a

nd
 R

eg
ul

at
or

y 
Ex

po
su

re
 L

im
its

 o
f T

ho
se

 C
he

m
ic

al
s

WG Ex. 67

2336



GeoHealth

DAVIS ET AL.

10.1029/2023GH000874

5 of 14

of 2.5 microns or less, PM2.5 particulates are small enough to bypass bronchial cilia and other natural respiratory 
protections and interact directly with lung tissue (Baird & Cann, 2005). Because of this, PM2.5 is associated more 
strongly with negative health effects than PM10 (U.S. EPA, 2019) and thus is generally targeted more often in 
research and policy.

Due to the complexity of PM, it has proven difficult to isolate specific properties that contribute to or correlate 
with the most significant toxicity (Gray et al., 2015; Hime et al., 2018; WHO, 2021). Despite this, the broad 
effects of PM exposure are well-understood and proven by decades of research (Chen & Hoek, 2020; Orellano 
et al., 2020; U.S. EPA, 2019; WHO, 2021). Notably, short-term exposure, even on the time scale of hours to 
days, is associated with increased respiratory, cardiovascular, and cerebrovascular mortality (Gray et al., 2015; 
Orellano et al., 2020), likely representing deaths within the most vulnerable groups of the population. This is of 
particular importance given the tendency to place natural gas infrastructure in communities with EJ concerns 
(Emanuel et al., 2021).

3. Chemical Emissions From Compressor Stations: Evaluating the Context of 
Atmospheric and Health Data
3.1. Availability and Quality of Data

Prediction and quantification of health impacts from air pollution is complicated by many factors. Generally, a 
lack of data leads to challenges for establishing baseline levels of air composition and health factors in a commu-
nity (D. Brown et al., 2014; Nathan et al., 2015). Potential chronic health effects require years of data to track and 
are therefore widely under-examined (Hendryx & Luo, 2020). Point-source emitters like compressor stations are 
also difficult to track with regards to accurate spatial and temporal fluctuations in pollutant concentrations. For 
instance, a study investigating air quality data from the Pennsylvania Department of Environmental Protection 
found that data averaged over long periods of time do not accurately capture short, high-intensity chemical emis-
sions events, such as compressor station blowdowns (D. R. Brown et al., 2015). Due to low sampling frequency 
and suboptimal siting, existing air quality monitoring may not always be representative of actual exposure for 
nearby community members (D. R. Brown et al., 2015; Transcontinental Gas Pipe Line Company LLC, 2019).

3.2. Degree of Exposure and Cumulative Health Impacts

A pollutant's mechanism of toxicity and degree of exposure are factors that affect the nature and severity of 
the pollutant's adverse health effects. The degree of exposure depends on the local concentration and atmos-
pheric lifetime of a pollutant, two behaviors that are difficult to predict. Physical factors such as local geogra-
phy and weather patterns can significantly impact pollutant concentrations (Baird & Cann, 2005; D. R. Brown 
et al., 2015; Mukerjee et al., 2019; WHO, 2021). For example, even the direction of wind can have additive or 
depleting effects on air pollution levels (Mukerjee et al., 2019).

The lifetime of an airborne pollutant also plays a role in the length of exposure. The atmospheric lifetime of a 
pollutant is terminated when the pollutant reacts to turn into a different chemical or deposits out of the atmos-
phere. Atmospheric reactions are typically complex and may vary considerably depending on the exact compo-
sition of the local chemical environment (Seinfeld & Pandis,  2016). In some cases, pollutants may undergo 
reactions to form other hazardous products. Additionally, PM can be created or modified when airborne chem-
icals aggregate, deposit onto an existing surface, or react with the chemical components of the PM (Seinfeld & 
Pandis, 2016). These factors affect the composition, lifetime, and fate of airborne pollutants, and are therefore 
important to consider when evaluating risks of chemical exposure.

There are many studies on negative health effects from exposure to one single type of pollutant or simple 
mixtures of common pollutants, but compressor stations emit more complex mixtures. A mixture of chemicals 
can change how pollutants are taken up by the body, as well as how fast the body can break them down (Löf & 
Johanson, 1998; Péry et al., 2013; WHO, 2021). This is particularly important because VOCs often react in the 
atmosphere and form different chemicals as secondary pollutants; when evaluating how a mixture of pollutants 
can change the severity of health effects, secondary pollutants also need to be considered.

Another complication is the possibility for compounding effects from other nearby polluting sources. Compres-
sor stations are often located near other industrial units and infrastructure due to more convenient zoning and 
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ease of access (Johns & Howell, 2016; Messersmith, 2015; Miles, 2016). These other infrastructure elements 
also contribute to airborne pollution (HEI Panel on the Health Effects of Traffic-Related Air Pollution, 2010; 
Henneman et al., 2021; Lloyd & Cackette, 2001; Wang et al., 1999). Further, pollutants can travel up to hundreds 
of miles depending on geographic and weather conditions, such that rural communities can be exposed to signifi-
cant amounts of urban pollutants (Baird & Cann, 2005; Mukerjee et al., 2019). It is apparent that the health risks 
of pollution combine, and may compound, with multiple exposures (Chestnut & Mills, 2005), so a complete risk 
analysis for a community must consider cumulative health risks.

3.3. National Ambient Air Quality Standards

Compressor stations are regulated by both federal and state laws. Although the EPA classifies a compressor 
station as a minor stationary emission source, numerous examples of NAAQS violations have been documented 
at compressor stations (Babich, 2018). This is often because the NAAQS specify different timescales of meas-
urement for different pollutants depending on their lifetime in the atmosphere, but these measurement timescales 
may not be relevant for compressor stations that release a significant amount of emissions in a short time period, 
especially during blowdowns.

NAAQS are enforced through state-dependent “state implementation plans” (SIPs). These SIPs are EPA-approved 
documents that define each state's approach to ensure air quality is monitored and is compliant with the NAAQS (42 
U.S.C. §7401 et seq.). Under the guidance of the EPA, each SIP outlines the requirements for sources of emissions 
to self-monitor and self-report controlled pollutants. Under this arrangement, the public must assume these sources 
will adequately monitor themselves. Although SIPs require self-reported emissions data to be available to the public, 
it is possible that emitters may falsify or fail to report data, or report data that is unreliable due to poor measurement 
practices (Babich, 2018). Such concerns highlight the importance of total transparency in the process of collecting, 
reporting, and analyzing emissions data, as well as actively alerting the public of non-compliance emissions events.

Furthermore, the NAAQS have faced criticism from experts (D. B. Brown & Rajan, 2022; Independent Particu-
late Matter Review Panel, 2020). For example, an independent EPA scientific advisory board expressed the need 
for tighter PM standards, claiming the current NAAQS for PM2.5 is not stringent enough to protect human health 
and emphasizing that any exposure to PM2.5 is harmful (Independent Particulate Matter Review Panel, 2020). 
Even the newly revised PM2.5 standards are not adequate (American Lung Association, 2023c; WHO, 2021). The 
American Lung Association also recently urged the EPA to lower its primary ozone standard, particularly empha-
sizing the health of people at higher risk (D. B. Brown & Rajan, 2022). Therefore, while there are federal regula-
tions on compressor station emissions, we find that those regulations may not be sufficient to protect community 
health from negative health outcomes, especially for communities with EJ concerns where compounding factors 
often result in more severe negative effects (Adler & Rehkopf, 2008; American Lung Association, 2023b; Murray 
et al., 2020; Simoni et al., 2015).

3.4. Indoor Air Quality

On average, Americans spend 60%–95% of their time in their homes (U.S. BLS, 2020). Residential buildings 
are typically not well ventilated and often recycle air only 0.35 times per hour. This low level of air turnover 
can lead to an accumulation of pollutants from outside the home (ASHRAE, 2019; U.S. EPA, 2021a). Studies 
show that homes near compressor stations have VOC levels that exceed NAAQS, and that indoor VOC levels are 
often higher than levels measured just outside the homes (Caron-Beaudoin et al., 2022; Martin et al., 2021). As 
suggested by current literature, we concur that current modeling of emission plumes and outdoor pollutants is 
not enough to ensure that compressor stations do not negatively affect the health of nearby residents, especially 
when considering the variability caused by weather events and on-site activities (Martin et  al.,  2021; Payne 
et al., 2017). Further, Caron-Beaudoin et al. (2022) point out that the environmental burden, and therefore the 
indoor air quality, of gas infrastructure lays heavily on communities with EJ concerns.

4. Community Impacts of Compressor Station Development
Many communities across the United States have felt the impacts of natural gas infrastructure, illustrating real 
world impacts of compressor stations on human health. The Marcellus Shale region of Pennsylvania is a hotspot 
for natural gas development. Within 10 years between 2008 and 2018, 15,939 natural gas wells were drilled in 
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this region (Jacquet et al., 2018). As of 2019, Pennsylvania contained more than 500 compressor stations (Penn-
sylvania Department of Environmental Protection (PA DEP), 2019). The monetized damages associated with 
air pollution from natural gas extraction, including compressor stations, in Pennsylvania during 2011 has been 
estimated at $7,000,000–$32,000,000 (Litovitz et al., 2013).

The Marcellus Shale region has been a model for studies focusing on how compressor stations impact human health. 
During a study in Washington County PA, the U.S. Agency for Toxic Substances and Disease Registry (ATSDR) 
and the EPA identified nine pollutants as being above the recommended exposure limit, potentially affecting 
elderly or asthmatic persons (ATSDR, 2016). Other studies in the Marcellus Shale Region report that proximity 
to unconventional natural gas activity is associated with higher risk of heart failure (McAlexander, 2019), asthma 
(Rasmussen et al., 2016), depression and anxiety (Blinn et al., 2020), and disordered sleep (Casey et al., 2018). 
Despite strong links between natural gas development and disease, compressor station chemical emissions data 
remains sparse. In order to fully understand the impacts of compressor station emissions, air quality should be 
measured in more locations with increased frequency (Long et al., 2019).

Analyzing potential health impacts on surrounding communities is an important step in the natural gas devel-
opment process, but these analyses are at risk of bias and inaccuracy. Mountain Valley Pipeline, LLC (MVP) 
planned to construct a new compressor station in Pittsylvania County VA, and commissioned Green Toxicology, 
LLC to conduct an air quality assessment. The MVP air quality permit was denied based on the report's failure to 
address EJ concerns according to the Virginia Environmental Justice Act (VA Air Pollution Control Board, 2021; 
Vogelsong, 2021). The report claims that PM from the compressor station would not aggravate asthma symptoms, 
despite clear evidence that PM irritates the respiratory system and can induce asthma (D. Brown et al., 2014; U.S. 
EPA, 2016; Volkodaeva & Kiselev, 2017).

Conflicts of interest in the consulting industry may lead to inadequate analyses of community impacts. One of the 
scientists from the MVP report has been challenged in the past on some of her claims (Wittenberg, 2021). While 
conflict of interest disclosures are required by the Federal Energy Regulatory Commission (FERC), they do not 
vet these disclosures, and other regulatory agencies may not have such requirements.

5. Policy Recommendations
The community health risks associated with living near a compressor station warrant stricter oversight by govern-
ments at the local, state and federal levels. Below, we describe several policy recommendations to limit air pollu-
tion exposure, assess community impacts, and increase transparency in the decision-making process.

5.1. Increase Air Quality Monitoring and Data Transparency

Increased air quality monitoring at compressor stations is an utmost priority to address both acute and long-term 
exposure effects. Although compressor stations are almost exclusively placed in rural areas, the EPA maintains 
most of their monitoring stations in urban areas (U.S. EPA, 2022a). Additionally, indoor air quality in homes 
near compressor stations is a concern (Martin et al., 2021). Natural gas suppliers in Pennsylvania, Ohio, and 
Louisiana have faced heavy fines for CAA violations at compressor stations, but a lack of consistent emission 
reporting makes it challenging to certify compliance at all sites (Russo & Carpenter, 2019; U.S. EPA, 2022c; 
Wright, Jr, 2022). Although emissions can be modeled, previous monitoring shows that where direct air quality 
measurements are taken, pollutant levels often exceed those produced by modeling techniques (Babich, 2018).

Ideally, monitoring should be continuous to capture the variability in air pollution emissions and blowdown peri-
ods when emissions are released in concentrated bursts. Without continuous monitoring, NAAQS violations will 
likely be missed in the data record (Babich, 2018). Continuous monitoring would also provide data for long term 
exposure studies, as prolonged exposure to lower levels of air pollution can also lead to negative health outcomes 
(Independent Particulate Matter Review Panel, 2020).

We recommend the EPA direct more resources toward monitoring programs at compressor stations and encour-
age states to incorporate monitoring into their CAA state implementation plans. Since natural gas infrastructure 
is concentrated in communities with EJ concerns, increased monitoring can also help federal and state agencies 
contribute to EJ initiatives such as Justice40 at the federal level (Emanuel et al., 2021; The White House, 2023). 
Pennsylvania has made recent progress in this area and can be a model for other states (Wolf & McDonnell, 2017). 
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The EPA should also require that data collected in air quality monitoring near compressor stations is accessible 
and transparent to the public, ideally in easy-to-read maps with downloadable files containing the full data time 
series. There are existing tools, such as the EPA's AirData Air Quality Monitors application, but these tools 
should be comprehensive, including all data available to the EPA. We also recommend that the EPA conducts free 
indoor air quality tests upon request for homes that are within about 10 miles of a compressor station to make sure 
that community members are aware of health hazards they may face.

5.2. Stricter NAAQS

Even if monitoring improves and NAAQS are more consistently met by compressor stations, these standards 
do not adequately protect human health from exposure to air pollutants (American Lung Association, 2023a; 
American Lung Association et al., 2020; D. B. Brown & Rajan, 2022; Independent Particulate Matter Review 
Panel, 2020). Moving forward, air quality standards need to change to reflect the reality of cumulative exposures 
to air pollutants that many communities with EJ concerns face (Behles, 2011). We recommend that EPA adjusts 
the following standards to match the World Health Organization (WHO) (see Table 1 and Figure 1): NO2 (5.3 ppb 
per year; 13 ppb per day), O3 (0.03 ppm in peak season; 0.05 ppm per 8 hr), PM2.5 (5 μ g/m 3 per year; 15 μ g/m 3 
per day) and PM10 (15 μ g/m 3 per year; 45 μ g/m 3 per day). We also recommend that NAAQS more strongly 
consider cumulative health impacts by evaluating a realistic mixture of air rather than a single pollutant on its 
own (Behles, 2011). Recognizing that changing the NAAQS is a challenging process, the EPA should at least 
incorporate cumulative impacts into its risk assessments. Cumulative impacts are often an issue in communities 
with EJ concerns, which makes proper evaluation all the more important.

5.3. Assess Community Impacts and Promote Community Engagement

Air pollutants often disproportionately impact communities with EJ concerns, yet air quality standards are not 
set with these communities in mind. Very little is understood about the cumulative impacts of exposure to air 
pollutants and regulations are developed assuming each exposure occurs independently when this is not often the 
case (Adgate et al., 2014). It appears that the Air Quality Index is the only metric that considers multiple exposure 
sources (U.S. EPA, 2021b). This index is based on regulation; it alerts residents of a particular area when one or 
all of the six core air pollutants exceeds recommended thresholds for human health (U.S. EPA, 2021b), but it is 
not related to control of industry emissions.

Community engagement has been recognized as a ladder of citizen participation, where at the lowest rung 
community members have little control over the decision-making process (Arnstein, 1969). These lower levels 
of engagement allow for citizens to speak their views, but with little to no impact. Others have suggested more 
meaningful forms of engagement wherein the community actively works with the decision-makers to reach a 
mutually beneficial agreement (Bidwell, 2016; Hagget, 2011). With this context in mind, we recommend that 
proposed compressor station activities require meaningful involvement from potentially affected community 
members. We define meaningful involvement based on the Virginia Environmental Justice Act (§2.2–234); this 
would require that decision-makers actively seek out feedback from affected community members. Although 
meaningful involvement may take many forms, examples include community advisory boards or workshops for 
community members; these items are explored in more detail elsewhere (Hagget, 2011; Innes & Booher, 2007; 
Luyet et  al.,  2012). Any actions taken to improve community involvement should be thoroughly critiqued to 
ensure adequate citizen participation (Rowe et al., 2004). Community involvement will help to ensure that the 
community's needs are met during the development process, and that citizens are actively included in future 
decision-making processes.

Digital rights and data transparency play important roles in ensuring meaningful community engagement in the 
decision-making process. Although open government data initiatives have been deployed across the United States 
in order to increase emissions and air quality data transparency, many state governments may lack commitment 
to implementing these initiatives for EJ policymaking (Fusi et al., 2022). Although recent work in this area has 
focused on developing user friendly data visualization (Valencia et al., 2020) and setting guidelines for Indig-
enous data sovereignty (Carroll et al., 2020), the reality of data governance in the United States reveals under-
lying challenges that may hinder efforts to expand EJ policymaking (Dosemagen & Tyson, 2020; Dosemagen 
et  al.,  2022; Vera et  al.,  2019). As part of the effort to improve data transparency in the compressor station 
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development process, we recommend that developers maintain data transparency regarding emissions and air 
quality during the review process and environmental data reporting. We suggest that data be published in an 
accessible manner that may be clearly understood by the affected communities. We recommend, however, that 
developers must respect the data sovereignty of any affected Indigenous groups, according to the CARE princi-
ples for Indigenous data governance (Carroll et al., 2020). To ensure complete transparency, we recommend that 
FERC vets conflict of interest disclosures to ensure their accuracy. We also recommend that contractors who have 
worked with pipeline companies in the past should be barred from working on FERC's behalf.

Virginia Department of Environmental Quality's (VA DEQ) Tidewater Air Monitoring Evaluation (TAME) 
Project provides an excellent example of fostering community involvement in the air monitoring process (VA 

Figure 1. Mean pollutant concentrations are shown here to give a better understanding of the differences between the 
National Ambient Air Quality Standards (NAAQS), the California Ambient Air Quality Standards (CAAQS), and the World 
Health Organization (WHO) global air quality guidelines. Data shown are the arithmetic means and standard deviations of 
measurements taken throughout 2022, sourced from the EPA Air Quality System database. Both measurement locations 
are within 25 mi of Pittsburgh, PA in the Marcellus Shale region. Data from compressor station blowdowns are not readily 
available, but these activities increase one-time concentrations significantly. Note that in (a), the WHO guideline for NO2 
exposure per hour is estimated from the 24 hr guideline, and in (b), the CAAQS for O3 is the same as the NAAQS.
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DEQ, 2023). As part of this project, the VA DEQ deployed air monitors in two communities with EJ concerns 
in the Tidewater area to track how nearby coal storage and transportation affects air quality. Real time air quality 
data is available publicly online. The data collected during this project will be used by the VA Department of 
Health to communicate potential air quality risks to community members and develop strategies to combat health 
challenges. For these reasons, the TAME Project serves as a model for programs actively involving communities 
in the decision-making process and using data transparency to facilitate public knowledge of health impacts.

It is crucial to ensure the community's health and wellbeing during compressor station development and planning. 
Implementing more stringent air quality standards and considering cumulative exposure risks will help to protect 
EJ communities that may face air quality concerns from a variety of sources. Community members should be 
well-informed regarding potential health risks, have easy access to accurate air quality data, and have the oppor-
tunity to be an active part of the decision-making process. With these changes, affected communities will have 
more power to protect citizens' health and advocate for their own needs.

Conflict of Interest
The authors declare no conflicts of interest relevant to this study.

Data Availability Statement
The pollutant concentration data used for Figure 1 in the paper are available through the EPA's AirData website 
(see U.S. EPA, n.d.), which sources information primarily from the EPA's AQS (Air Quality System) database. 
On the AirData website, concentration data can be obtained through the interactive AirData Map App by select-
ing a specific air monitor of interest, or through downloading pre-generated data files.

References
Adgate, J. L., Goldstein, B. D., & McKenzie, L. M. (2014). Potential public health hazards, exposures and health effects from unconventional 

natural gas development. Environmental Science & Technology, 48(15), 8307–8320. https://doi.org/10.1021/es404621d
Adler, N. E., & Rehkopf, D. H. (2008). US disparities in health: Descriptions, causes, and mechanisms. Annual Review of Public Health, 29(1), 

235–252. https://doi.org/10.1146/annurev.publhealth.29.020907.090852
American Lung Association, et al. (2020). Comments—docket id no. EPA-HQ-OAR-2018-0279: Review of the ozone national ambient air qual-

ity standards (Oct. 1, 2020). Retrieved from https://www.regulations.gov/comment/EPA-HQ-OAR-2018-0279-0436
American Lung Association. (2023a). Comments to EPA on the policy assessment for the reconsideration of the ozone national ambient air qual-

ity standards (Apr. 14, 2023). Retrieved from https://www.regulations.gov/comment/EPA-HQ-OAR-2018-0279-0618
American Lung Association. (2023b). Disparities in the impact of air pollution. Retrieved from https://www.lung.org/clean-air/outdoors/

who-is-at-risk/disparities
American Lung Association. (2023c). Lung association responds to proposed updates to national particle pollution standards. Retrieved from 

https://www.lung.org/media/press-releases/2023-pm-naaqs-proposal-statement
Arnstein, S. R. (1969). A ladder of citizen participation. Journal of the American Institute of Planners, 35(4), 216–224. https://doi.

org/10.1080/01944366908977225
ASHRAE. (2019). ANSI/ASHRAE standard 62.2-2019: Ventilation and acceptable indoor air quality in residential buildings. (Standards and 

Guidelines) Retrieved from https://www.ashrae.org/technical-resources/ashrae-standards-and-guidelines
ATSDR. (2016). Health consultation, exposure investigation: Natural gas ambient air quality monitoring initiative: Brigich compressor station, 

Chartiers township, Washington county, Pennsylvania. U.S. Department of Health and Human Services. Retrieved from https://www.atsdr.cdc.
gov/HAC/pha/Brigich_Compressor_Station/Brigich_Compressor_Station_EI_HC_01-29-2016_508.pdf

ATSDR. (2022). At a glance: CDC/ATSDR social vulnerability index. U.S. Department of Health and Human Services. Retrieved from https://
www.atsdr.cdc.gov/placeandhealth/svi/at-a-glance_svi.html

Babich, A. (2018). The unfulfilled promise of effective air quality and emissions monitoring. Georgetown Environmental Law Review, 30(569). 
https://papers.ssrn.com/abstract=3189038

Baird, C., & Cann, M. C. (2005). Environmental chemistry (3rd ed.). W. H. Freeman.
Banzhaf, S., Ma, L., & Timmins, C. (2019). Environmental justice: The economics of race, place, and pollution. The Journal of Economic 

Perspectives, 33(1), 185–208. https://doi.org/10.1257/jep.33.1.185
Behles, D. (2011). Examining the air we breathe: EPA should evaluate cumulative impacts when it promulgates national ambient air quality 

standards. Pace Environmental Law Review, 28(1), 200. https://doi.org/10.58948/0738-6206.1656
Bidwell, D. (2016). Thinking through participation in renewable energy decisions. Nature Energy, 1(5), 1–4. https://doi.org/10.1038/nenergy.2016.51
Blinn, H. N., Utz, R. M., Greiner, L. H., & Brown, D. R. (2020). Exposure assessment of adults living near unconventional oil and natural gas 

development and reported health symptoms in southwest Pennsylvania, USA. PLoS One, 15(8), e0237325. https://doi.org/10.1371/journal.
pone.0237325

Brown, D., Weinberger, B., Lewis, C., & Bonaparte, H. (2014). Understanding exposure from natural gas drilling puts current air standards to the 
test. Reviews on Environmental Health, 29(4). https://doi.org/10.1515/reveh-2014-0002

Brown, D. B., & Rajan, S. (2022). Comments on the draft policy assessment for the reconsideration of ozone national ambient air quality stand-
ards, docket id number: EPA-HQ-OAR-2018-0279. Retrieved from https://www.lung.org/getmedia/5101ec48-4ec2-4a19-8b64-a4c73470383b/
lung-association-comments-to-epa-on-ozone-naaqs-pa-5-31-22.pdf

Acknowledgments
We would like to thank members of the 
Virginia Scientist-Community Interface 
for their support throughout the concep-
tualization, writing, and editing of this 
paper. We are also grateful to the people 
and scholars from various institutions 
and organizations who took time to 
provide valuable feedback and review of 
paper drafts. This report was prepared by 
members of Virginia Scientist-Commu-
nity Interface. The analysis presented is 
entirely our own and does not represent 
the position of our respective affiliations; 
affiliation is for identification purposes 
only.

WG Ex. 67

2342

https://doi.org/10.1021/es404621d
https://doi.org/10.1146/annurev.publhealth.29.020907.090852
https://www.regulations.gov/comment/EPA-HQ-OAR-2018-0279-0436
https://www.regulations.gov/comment/EPA-HQ-OAR-2018-0279-0618
https://www.lung.org/clean-air/outdoors/who-is-at-risk/disparities
https://www.lung.org/clean-air/outdoors/who-is-at-risk/disparities
https://www.lung.org/media/press-releases/2023-pm-naaqs-proposal-statement
https://doi.org/10.1080/01944366908977225
https://doi.org/10.1080/01944366908977225
https://www.ashrae.org/technical-resources/ashrae-standards-and-guidelines
https://www.atsdr.cdc.gov/HAC/pha/Brigich_Compressor_Station/Brigich_Compressor_Station_EI_HC_01-29-2016_508.pdf
https://www.atsdr.cdc.gov/HAC/pha/Brigich_Compressor_Station/Brigich_Compressor_Station_EI_HC_01-29-2016_508.pdf
https://www.atsdr.cdc.gov/placeandhealth/svi/at-a-glance_svi.html
https://www.atsdr.cdc.gov/placeandhealth/svi/at-a-glance_svi.html
https://papers.ssrn.com/abstract=3189038
https://doi.org/10.1257/jep.33.1.185
https://doi.org/10.58948/0738-6206.1656
https://doi.org/10.1038/nenergy.2016.51
https://doi.org/10.1371/journal.pone.0237325
https://doi.org/10.1371/journal.pone.0237325
https://doi.org/10.1515/reveh-2014-0002
https://www.lung.org/getmedia/5101ec48-4ec2-4a19-8b64-a4c73470383b/lung-association-comments-to-epa-on-ozone-naaqs-pa-5-31-22.pdf
https://www.lung.org/getmedia/5101ec48-4ec2-4a19-8b64-a4c73470383b/lung-association-comments-to-epa-on-ozone-naaqs-pa-5-31-22.pdf


GeoHealth

DAVIS ET AL.

10.1029/2023GH000874

11 of 14

Brown, D. R., Lewis, C., & Weinberger, B. I. (2015). Human exposure to unconventional natural gas development: A public health demonstration 
of periodic high exposure to chemical mixtures in ambient air. Journal of Environmental Science and Health, Part A, 50(5), 460–472. https://
doi.org/10.1080/10934529.2015.992663

Buckingham v. state air pollution control board & Atlantic coast pipeline, 6 va. ct. app. (no. 19-1152). (2020). Retrieved from https://law.justia.
com/cases/federal/appellate-courts/ca4/19-1152/19-1152-2020-01-07.html

California Air Resources Board. (2016). California ambient air quality standards [fact sheet]. Fact Sheet. Retrieved from https://ww2.arb.ca.gov/
sites/default/files/2020-07/aaqs2.pdf

Caron-Beaudoin, É., Whyte, K. P., Bouchard, M. F., Chevrier, J., Haddad, S., Copes, R., et al. (2022). Volatile organic compounds (VOCs) in 
indoor air and tap water samples in residences of pregnant women living in an area of unconventional natural gas operations: Findings from 
the EXPERIVA study (Vol. 805). https://doi.org/10.1016/j.scitotenv.2021.150242

Carroll, S. R., Garba, I., Figueroa-Rodríguez, O. L., Holbrook, J., Lovett, R., Materecher, S., et al. (2020). The care principles for indigenous data 
governance. Data Science Journal, 19(1), 43. https://doi.org/10.5334/dsj-2020-043

Casey, J. A., Wilcox, H. C., Hirsch, A. G., Pollak, J., & Schwartz, B. S. (2018). Associations of unconventional natural gas development with 
depression symptoms and disordered sleep in Pennsylvania. Scientific Reports, 8(1), 11375. https://doi.org/10.1038/s41598-018-29747-2

Chen, J., & Hoek, G. (2020). Long-term exposure to pm and all-cause and cause-specific mortality: A systematic review and meta-analysis. 
Environment International, 143, 105974. https://doi.org/10.1016/j.envint.2020.105974

Chestnut, L. G., & Mills, D. M. (2005). A fresh look at the benefits and costs of the US acid rain program. Journal of Environmental Management, 
77(3), 252–266. https://doi.org/10.1016/j.jenvman.2005.05.014

Clough, E. (2018). Environmental justice and fracking: A review. Current Opinion in Environmental Science & Health, 3, 14–18. https://doi.
org/10.1016/j.coesh.2018.02.005

Collins, M. B., Munoz, I., & JaJa, J. (2016). Linking ‘toxic outliers’ to environmental justice communities. Environmental Research Letters, 
11(1), 015004. https://doi.org/10.1088/1748-9326/11/1/015004

Daley, D. M., & Reames, T. G. (2015). Public participation and environmental justice: Access to federal decision making. In Failed promises: 
Evaluating the federal government’s response to environmental justice (pp. 143–172). MIT Press.

Dosemagen, S., & Tyson, E. (2020). Research: Understanding the problem space. Retrieved from https://www.openenvironmentaldata.org/
research-series/understanding-the-problem-space-intro-part-i-funding

Dosemagen, S., Williams, E., Hoeberling, K., & Heidel, E. (2022). Environmental justice, climate justice, and the space of digital rights. Retrieved 
from https://www.fordfoundation.org/media/7342/oedp-and-oc-enviromental_01-07-22.pdf

Downey, L., & van Willigen, M. (2005). Environmental stressors: The mental health impacts of living near industrial activity. Journal of Health 
and Social Behavior, 46(3), 289–305. https://doi.org/10.1177/002214650504600306

Emanuel, R. E., Caretta, M. A., Rivers, L., & Vasudevan, P. (2021). Natural gas gathering and transmission pipelines and social vulnerability in 
the United States. GeoHealth, 5(6), e2021GH000442. https://doi.org/10.1029/2021GH000442

Environmental Justice. (2023). Retrieved from https://www.epa.gov/environmentaljustice
Environmental Health Project. (2015). Summary on compressor stations and health impacts (p. 23). Retrieved from https://sape2016.files.word-

press.com/2014/01/swpa-ehp-compressor-station-emissions-and-health-impacts-02-24-2015.pdf
Fusi, F., Zhang, F., & Liang, J. (2022). Unveiling environmental justice through open government data: Work in progress for most us states. 

Public Administration.
Gray, D. L., Wallace, L. A., Brinkman, M. C., Buehler, S. S., & La Londe, C. (2015). Respiratory and cardiovascular effects of metals in ambient 

particulate matter: A critical review. In Reviews of environmental contamination and toxicology (Vol. 234, pp. 135–203). Springer. https://doi.
org/10.1007/978-3-319-10638-0_3

Green, L. C., & Crouch, E. A. C. (2021). Public health assessment of expected airborne emissions from the proposed lambert compressor station 
Pittsylvania county, Virginia. Retrieved from https://www.mvpsouthgate.com/wp-content/uploads/2021/09/Public_Health_Assessment_L.pdf

Grulke, N. E., & Heath, R. L. (2020). Ozone effects on plants in natural ecosystems. Plant Biology, 22(S1), 12–37. https://doi.org/10.1111/
plb.12971

Hagget, C. (2011). Renewable energy and the public. Earthscan.
Halios, C. H., Landeg-Cox, C., Lowther, S. D., Middleton, A., Marczylo, T., & Dimitroulopoulou, S. (2022). Chemicals in European residences—

Part I: A review of emissions, concentrations and health effects of volatile organic compounds (VOCs). Science of the Total Environment, 839, 
156201. https://doi.org/10.1016/j.scitotenv.2022.156201

HEI Panel on the Health Effects of Traffic-Related Air Pollution. (2010). Traffic-related air pollution: A critical review of the literature on 
emissions, exposure, and health effects. (Technical Report No. 17). Health Effects Institute. Retrieved from https://www.healtheffects.org/
publication/traffic-related-air-pollution-critical-review-literature-emissions-exposure-and-health

Hendryx, M., & Luo, J. (2020). Natural gas pipeline compressor stations: VOC emissions and mortality rates. The Extractive Industries and 
Society, 7(3), 864–869. https://doi.org/10.1016/j.exis.2020.04.011

Henneman, L. R. F., Shen, H., Hogrefe, C., Russell, A. G., & Zigler, C. M. (2021). Four decades of United States mobile source pollutants: 
Spatial–temporal trends assessed by ground-based monitors, air quality models, and satellites. Environmental Science & Technology, 55(2), 
882–892. https://doi.org/10.1021/acs.est.0c07128

Hime, N. J., Marks, G. B., & Cowie, C. T. (2018). A comparison of the health effects of ambient particulate matter air pollution from five emission 
sources. International Journal of Environmental Research and Public Health, 15(6), 1206. Article 6. https://doi.org/10.3390/ijerph15061206

Independent Particulate Matter Review Panel. (2020). The need for a tighter particulate-matter air-quality standard. New England Journal of 
Medicine, 383(7), 680–683. https://doi.org/10.1056/NEJMsb2011009

Innes, J. E., & Booher, D. E. (2007). Reframing public participation: Strategies for the 21st century. Planning Theory & Practice, 5(4), 419–436. 
https://doi.org/10.1080/1464935042000293170

Jacquet, J. B., Junod, A. N., Bugden, D., Wildermuth, G., Fergen, J. T., Jalbert, K., et al. (2018). A decade of Marcellus shale: Impacts to people, 
policy, and culture from 2008 to 2018 in the greater mid-Atlantic region of the United States. The Extractive Industries and Society, 5(4), 
596–609. https://doi.org/10.1016/j.exis.2018.06.006

Johns, E. D., & Howell, I. (2016). Re: Atlantic coast pipeline, case no. 16-sup236. Retrieved from https://www.abralliance.org/wp-content/
uploads/2016/09/Appalmad_Compressor_SUP_Comments_20160919.pdf

Johnson, D. R., Covington, A. N., & Clark, N. N. (2015). Methane emissions from leak and loss audits of natural gas compressor stations and 
storage facilities. Environmental Science & Technology, 49(13), 8132–8138. https://doi.org/10.1021/es506163m

Kim, S., Chen, J., Cheng, T., Gindulyte, A., He, J., He, S., et al. (2021). PubChem in 2021: New data content and improved web interfaces. Nucleic 
Acids Research, 49(D1), D1388–D1395. https://doi.org/10.1093/nar/gkaa971

WG Ex. 67

2343

https://doi.org/10.1080/10934529.2015.992663
https://doi.org/10.1080/10934529.2015.992663
https://law.justia.com/cases/federal/appellate-courts/ca4/19-1152/19-1152-2020-01-07.html
https://law.justia.com/cases/federal/appellate-courts/ca4/19-1152/19-1152-2020-01-07.html
https://ww2.arb.ca.gov/sites/default/files/2020-07/aaqs2.pdf
https://ww2.arb.ca.gov/sites/default/files/2020-07/aaqs2.pdf
https://doi.org/10.1016/j.scitotenv.2021.150242
https://doi.org/10.5334/dsj-2020-043
https://doi.org/10.1038/s41598-018-29747-2
https://doi.org/10.1016/j.envint.2020.105974
https://doi.org/10.1016/j.jenvman.2005.05.014
https://doi.org/10.1016/j.coesh.2018.02.005
https://doi.org/10.1016/j.coesh.2018.02.005
https://doi.org/10.1088/1748-9326/11/1/015004
https://www.openenvironmentaldata.org/research-series/understanding-the-problem-space-intro-part-i-funding
https://www.openenvironmentaldata.org/research-series/understanding-the-problem-space-intro-part-i-funding
https://www.fordfoundation.org/media/7342/oedp-and-oc-enviromental_01-07-22.pdf
https://doi.org/10.1177/002214650504600306
https://doi.org/10.1029/2021GH000442
https://www.epa.gov/environmentaljustice
https://sape2016.files.wordpress.com/2014/01/swpa-ehp-compressor-station-emissions-and-health-impacts-02-24-2015.pdf
https://sape2016.files.wordpress.com/2014/01/swpa-ehp-compressor-station-emissions-and-health-impacts-02-24-2015.pdf
https://doi.org/10.1007/978-3-319-10638-0_3
https://doi.org/10.1007/978-3-319-10638-0_3
https://www.mvpsouthgate.com/wp-content/uploads/2021/09/Public_Health_Assessment_L.pdf
https://doi.org/10.1111/plb.12971
https://doi.org/10.1111/plb.12971
https://doi.org/10.1016/j.scitotenv.2022.156201
https://www.healtheffects.org/publication/traffic-related-air-pollution-critical-review-literature-emissions-exposure-and-health
https://www.healtheffects.org/publication/traffic-related-air-pollution-critical-review-literature-emissions-exposure-and-health
https://doi.org/10.1016/j.exis.2020.04.011
https://doi.org/10.1021/acs.est.0c07128
https://doi.org/10.3390/ijerph15061206
https://doi.org/10.1056/NEJMsb2011009
https://doi.org/10.1080/1464935042000293170
https://doi.org/10.1016/j.exis.2018.06.006
https://www.abralliance.org/wp-content/uploads/2016/09/Appalmad_Compressor_SUP_Comments_20160919.pdf
https://www.abralliance.org/wp-content/uploads/2016/09/Appalmad_Compressor_SUP_Comments_20160919.pdf
https://doi.org/10.1021/es506163m
https://doi.org/10.1093/nar/gkaa971


GeoHealth

DAVIS ET AL.

10.1029/2023GH000874

12 of 14

Litovitz, A., Curtright, A., Abramzon, S., Burger, N., & Samaras, C. (2013). Estimation of regional air-quality damages from Marcellus shale 
natural gas extraction in Pennsylvania. Environmental Research Letters, 8(1), 014017. https://doi.org/10.1088/1748-9326/8/1/014017

Lloyd, A. C., & Cackette, T. A. (2001). Diesel engines: Environmental impact and control. Journal of the Air & Waste Management Association, 
51(6), 809–847. https://doi.org/10.1080/10473289.2001.10464315

Löf, A., & Johanson, G. (1998). Toxicokinetics of organic solvents: A review of modifying factors. Critical Reviews in Toxicology, 28(6), 
571–650. https://doi.org/10.1080/10408449891344272

Long, C. M., Briggs, N. L., & Bamgbose, I. A. (2019). Synthesis and health-based evaluation of ambient air monitoring data for the Marcellus 
shale region. Journal of the Air & Waste Management Association, 69(5), 527–547. https://doi.org/10.1080/10962247.2019.1572551

Luyet, V., Schlaepfer, R., Parlange, M. B., & Buttler, A. (2012). A framework to implement stakeholder participation in environmental projects. 
Journal of Environmental Management, 111, 213–219. https://doi.org/10.1016/j.jenvman.2012.06.026

Malin, S. A. (2020). Depressed democracy, environmental injustice: Exploring the negative mental health implications of unconventional oil and 
gas production in the United States. Energy Research & Social Science, 70, 101720. https://doi.org/10.1016/j.erss.2020.101720

Martin, K. A. V., Lin, E. Z., Hilbert, T. J., Pollitt, K. J. G., & Haynes, E. N. (2021). Survey of airborne organic compounds in residential commu-
nities near a natural gas compressor station: Response to community concern. Environmental Advances, 5, 100076. https://doi.org/10.1016/j.
envadv.2021.100076

McAlexander, T. P. (2019). Associations of unconventional natural gas development with heart failure hospitalization and b-type natriuretic 
peptide and effect modification by heart failure phenotype. Thesis. Johns Hopkins University. Retrieved from https://jscholarship.library.jhu.
edu/handle/1774.2/62187

Menton, M. M., Larrea, C., Latorre, S., Martinez-Alier, J., Peck, M., Temper, L., & Walter, M. (2020). Environmental justice and the SDGs: From 
synergies to gaps and contradictions. Sustainability Science, 15(6), 1621–1636. https://doi.org/10.1007/s11625-020-00789-8

Messersmith, D. (2015). Understanding natural gas compressor stations. Penn State Extension. Retrieved from https://extension.psu.edu/
understanding-natural-gas-compressor-stations

Miles, J. (2016). Dominion seeks permit for compressor station. The Farmville Herald. Retrieved from https://www.farmvilleherald.com/2016/07/
dominion-seeks-permit-for-compressor-station/

Mohai, P., Pellow, D., & Roberts, J. T. (2009). Environmental justice. Annual Review of Environment and Resources, 34(1), 405–430. https://doi.
org/10.1146/annurev-environ-082508-094348

Morajkar, P. P., Abdrabou, M. K., Raj, A., Elkadi, M., Stephen, S., & Ibrahim Ali, M. (2020). Transmission of trace metals from fuels to soot 
particles: An ICP-MS and soot nanostructural disorder study using diesel and diesel/Karanja biodiesel blend. Fuel, 280, 118631. https://doi.
org/10.1016/j.fuel.2020.118631

Mountain Valley Pipeline LLCEquitrans LP. (2017). Mountain valley project and equitrans expansion project: Final environmen-
tal impact statement. (ferc/feis-0272f;  p.  930). Federal Energy Regulatory Commission. Retrieved from https://www.ferc.gov/
final-environmental-impact-statement-mountain-valley-project-and-equitrans-expansion-project-0

Mukerjee, S., Smith, L., Long, R., Lonneman, W., Kaushik, S., Colon, M., et al. (2019). Particulate matter, nitrogen oxides, ozone, and select 
volatile organic compounds during a winter sampling period in Logan, Utah, USA. Journal of the Air & Waste Management Association, 
69(6), 778–788. https://doi.org/10.1080/10962247.2019.1587553

Murray, C. J., Aravkin, A. Y., Zheng, P., Abbafati, C., Abbas, K. M., Abbasi-Kangevari, M., et al. (2020). Global burden of 87 risk factors in 204 
countries and territories, 1990–2019: A systematic analysis for the global burden of disease study 2019. The Lancet, 396(10258), 1223–1249. 
https://doi.org/10.1016/S0140-6736(20)30752-2

Nathan, B. J., Golston, L. M., O’Brien, A. S., Ross, K., Harrison, W. A., Tao, L., et al. (2015). Near-field characterization of methane emis-
sion variability from a compressor station using a model aircraft. Environmental Science & Technology, 49(13), 7896–7903. https://doi.
org/10.1021/acs.est.5b00705

Olaguer, E. P. (2012). The potential near-source ozone impacts of upstream oil and gas industry emissions. Journal of the Air & Waste Manage-
ment Association, 62(8), 966–977. https://doi.org/10.1080/10962247.2012.688923

Orellano, P., Reynoso, J., Quaranta, N., Bardach, A., & Ciapponi, A. (2020). Short-term exposure to particulate matter (PM10 and PM2.5), 
nitrogen dioxide (NO2), and ozone (O3) and all-cause and cause-specific mortality: Systematic review and meta-analysis. Environment Inter-
national, 142, 105876. https://doi.org/10.1016/j.envint.2020.105876

Paparo, R. (2021). Not a box to be checked: Environmental justice and friends of Buckingham v. state air pollution control board (4TH CIR. 
2020). Harvard Environmental Law Review, 45, 219.

Payne, B. F., Ackley, R., Paige Wicker, A., Hildenbrand, Z. L., Carlton, D. D., & Schug, K. A. (2017). Characterization of methane plumes 
downwind of natural gas compressor stations in Pennsylvania and New York. Science of the Total Environment, 580, 1214–1221. https://doi.
org/10.1016/j.scitotenv.2016.12.082

Pearsall, H., & Pierce, J. (2010). Urban sustainability and environmental justice: Evaluating the linkages in public planning/policy discourse. 
Local Environment, 15(6), 569–580. https://doi.org/10.1080/13549839.2010.487528

Pennsylvania Department of Environmental Protection (PA DEP). (2019). Air emission report [data and tools]. Air quality reports. Retrieved from 
https://www.dep.pa.gov/DataandTools/Reports/Pages/Air-Quality-Reports.aspx

Péry, A. R. R., Schüürmann, G., Ciffroy, P., Faust, M., Backhaus, T., Aicher, L., et al. (2013). Perspectives for integrating human and envi-
ronmental risk assessment and synergies with socio-economic analysis. Science of the Total Environment, 456–457, 307–316. https://doi.
org/10.1016/j.scitotenv.2013.03.099

Qin, M., Murphy, B. N., Isaacs, K. K., McDonald, B. C., Lu, Q., McKeen, S. A., et al. (2021). Criteria pollutant impacts of volatile chemical 
products informed by near-field modelling. Nature Sustainability, 4(2), 129–137. Article 2. https://doi.org/10.1038/s41893-020-00614-1

Rasmussen, S. G., Ogburn, E. L., McCormack, M., Casey, J. A., Bandeen-Roche, K., Mercer, D. G., & Schwartz, B. S. (2016). Association 
between unconventional natural gas development in the Marcellus shale and asthma exacerbations. JAMA Internal Medicine, 176(9), 1334. 
https://doi.org/10.1001/jamainternmed.2016.2436

Rigolon, A., Fernandez, M., Harris, B., & Stewart, W. (2022). An ecological model of environmental justice for recreation. Leisure Sciences, 
44(6), 655–676. https://doi.org/10.1080/01490400.2019.1655686

Rowe, G., Marsh, R., & Frewer, L. J. (2004). Evaluation of a deliberative conference. Science, Technology & Human Values, 29(1), 3–124. https://
doi.org/10.1177/0162243903259194

Russo, P. N., & Carpenter, D. O. (2017). Health effects associated with stack chemical emissions from NYS natural gas compressor stations: 
2008-2014. (Technical Report). Institute for Health and the Environment, University at Albany. Retrieved from https://www.albany.edu/web/
about/assets/Complete_report.pdf

Russo, P. N., & Carpenter, D. O. (2019). Air emissions from natural gas facilities in New York state. International Journal of Environmental 
Research and Public Health, 16(9), 1591. https://doi.org/10.3390/ijerph16091591

WG Ex. 67

2344

https://doi.org/10.1088/1748-9326/8/1/014017
https://doi.org/10.1080/10473289.2001.10464315
https://doi.org/10.1080/10408449891344272
https://doi.org/10.1080/10962247.2019.1572551
https://doi.org/10.1016/j.jenvman.2012.06.026
https://doi.org/10.1016/j.erss.2020.101720
https://doi.org/10.1016/j.envadv.2021.100076
https://doi.org/10.1016/j.envadv.2021.100076
https://jscholarship.library.jhu.edu/handle/1774.2/62187
https://jscholarship.library.jhu.edu/handle/1774.2/62187
https://doi.org/10.1007/s11625-020-00789-8
https://extension.psu.edu/understanding-natural-gas-compressor-stations
https://extension.psu.edu/understanding-natural-gas-compressor-stations
https://www.farmvilleherald.com/2016/07/dominion-seeks-permit-for-compressor-station/
https://www.farmvilleherald.com/2016/07/dominion-seeks-permit-for-compressor-station/
https://doi.org/10.1146/annurev-environ-082508-094348
https://doi.org/10.1146/annurev-environ-082508-094348
https://doi.org/10.1016/j.fuel.2020.118631
https://doi.org/10.1016/j.fuel.2020.118631
https://www.ferc.gov/final-environmental-impact-statement-mountain-valley-project-and-equitrans-expansion-project-0
https://www.ferc.gov/final-environmental-impact-statement-mountain-valley-project-and-equitrans-expansion-project-0
https://doi.org/10.1080/10962247.2019.1587553
https://doi.org/10.1016/S0140-6736(20)30752-2
https://doi.org/10.1021/acs.est.5b00705
https://doi.org/10.1021/acs.est.5b00705
https://doi.org/10.1080/10962247.2012.688923
https://doi.org/10.1016/j.envint.2020.105876
https://doi.org/10.1016/j.scitotenv.2016.12.082
https://doi.org/10.1016/j.scitotenv.2016.12.082
https://doi.org/10.1080/13549839.2010.487528
https://www.dep.pa.gov/DataandTools/Reports/Pages/Air-Quality-Reports.aspx
https://doi.org/10.1016/j.scitotenv.2013.03.099
https://doi.org/10.1016/j.scitotenv.2013.03.099
https://doi.org/10.1038/s41893-020-00614-1
https://doi.org/10.1001/jamainternmed.2016.2436
https://doi.org/10.1080/01490400.2019.1655686
https://doi.org/10.1177/0162243903259194
https://doi.org/10.1177/0162243903259194
https://www.albany.edu/web/about/assets/Complete_report.pdf
https://www.albany.edu/web/about/assets/Complete_report.pdf
https://doi.org/10.3390/ijerph16091591


GeoHealth

DAVIS ET AL.

10.1029/2023GH000874

13 of 14

Seinfeld, J. H., & Pandis, S. N. (2016). Atmospheric chemistry and physics: From air pollution to climate change (3rd ed.). John Wiley & Sons.
Simoni, M., Baldacci, S., Maio, S., Cerrai, S., Sarno, G., & Viegi, G. (2015). Adverse effects of outdoor pollution in the elderly. Journal of 

Thoracic Disease, 7(1), 34–45. https://doi.org/10.3978/j.issn.2072-1439.2014.12.10
Strizhenok, A. V., & Korelskiy, D. S. (2019). Estimation and reduction of methane emissions at the scheduled and repair outages of gas-compressor 

units. Journal of Ecological Engineering, 20(1), 46–51. https://doi.org/10.12911/22998993/93943
Svarstad, H., Sletten, A., Paloniemi, R., Barton, D. N., & Grieg-Gran, M. (2011). Three types of environmental justice: From concepts to empir-

ical studies of social impacts of policy instruments for conservation of biodiversity. In Policymix—assessing the role of economic instruments 
in policy mixes for biodiversity conservation and ecosystem services provision (Vol. 1, pp. 1–18).

The White House. (2023). Justice40: A whole-of-government initiative. Retrieved from https://www.whitehouse.gov/environmentaljustice/
justice40/

Thiruvengadam, A., Besch, M. C., Yoon, S., Collins, J., Kappanna, H., Carder, D. K., et al. (2015). Correction to characterization of particulate 
matter emissions from a current technology natural gas engine. Environmental Science & Technology, 49(16), 10253. https://doi.org/10.1021/
acs.est.5b03598

Thurston, G. D., Kipen, H., Annesi-Maesano, I., Balmes, J., Brook, R. D., Cromar, K., et al. (2017). A joint ERS/ATS policy statement: What 
constitutes an adverse health effect of air pollution? An analytical framework. European Respiratory Journal, 49(1), 1600419. https://doi.
org/10.1183/13993003.00419-2016

Transcontinental Gas Pipe Line Company LLC. (2019). Northeast supply enhancement project: Final environmental impact statement. 
(FERC/EIS-0280; p. 759). Retrieved from https://www.ferc.gov/final-environmental-impact-statement-northeast-supply-enhancement-project

U.S. BLS. (2020). American time use survey—2019 results (News release No. USDL-20-1275; American time use survey). U.S. Department of 
Labor. Retrieved from https://www.bls.gov/news.release/archives/atus_06252020.nr0.htm

U.S. EIA Office of Oil and Gas. (2007). Natural gas compressor stations on the interstate pipeline network: Developments since 1996. (Technical 
Report). U.S. Energy Information Administration. Retrieved from https://www.eia.gov/naturalgas/articles/compressor96index.php

U.S. EPA. (2016). Integrated science assessment for oxides of nitrogen—health criteria. Final Report, Jan 2016; Reports & Assessments 
EPA/600/R-15/068 (p. 1148). Integrated Science Assessment. Retrieved from https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=310879

U.S. EPA. (2019). Integrated science assessment for particulate matter. Final Report, Dec 2019; Reports & Assessments EPA/600/R-19/188 
(p. 1967). Integrated Science Assessment. Retrieved from https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=347534

U.S. EPA. (2020). Integrated science assessment for ozone and related photochemical oxidants. Final Report, Apr 2020; Reports & Assessments 
EPA/600/R-20/012 (p. 1468). Integrated Science Assessment. Retrieved from https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=348522

U.S. EPA. (2021a). Improving indoor air quality. ([Overviews and Factsheets]). Retrieved from https://www.epa.gov/indoor-air-quality-iaq/
improving-indoor-air-quality

U.S. EPA. (2021b). Patient exposure and the air quality index. ([Collections and Lists]). Retrieved from https://www.epa.gov/pmcourse/
patient-exposure-and-air-quality-index

U.S. EPA. (2021c). Summary of the clean air act. ([Overviews and Factsheets]). Retrieved from https://www.epa.gov/laws-regulations/
summary-clean-air-act

U.S. EPA. (2022a). Inventory of U.S. greenhouse gas emissions and sinks: 1990-2020. ([Reports and Assessments]). Retrieved from https://www.
epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2020

U.S. EPA. (2022b). Air quality system (AQS). ([Data and Tools]). Retrieved from https://www.epa.gov/aqs
U.S. EPA. (2022c). Markwest clean air act settlement information sheet. ([Overviews and Factsheets]). Retrieved from https://www.epa.gov/

enforcement/markwest-clean-air-act-settlement-information-sheet
U.S. EPA. (2022d). Naaqs table. ([Other Policies and Guidance]). Retrieved from https://www.epa.gov/criteria-air-pollutants/naaqs-table
U.S. EPA. (n.d.). Air Quality System Data Mart [internet database]. Retrieved from https://www.epa.gov/outdoor-air-quality-data
VA Air Pollution Control Board. (2021). State air pollution control board meeting. Retrieved from https://townhall.virginia.gov/L/meetings.cfm
VA DEQ. (2023). Tidewater air monitoring evaluation project. Retrieved from https://www.deq.virginia.gov/get-involved/topics-of-interest/

tidewater-air-monitoring-evaluation-project
Valencia, A., Stillwell, L., Appold, S., Arunachalam, S., Cox, S., Xu, H., et al. (2020). Translator exposure APIs: Open access to data on airborne 

pollutant exposures, roadway exposures, and socio-environmental exposures and use case application. International Journal of Environmental 
Research and Public Health, 17(4), 5243. https://doi.org/10.3390/ijerph17145243

van der A, R. J., de Laat, A. T. J., Ding, J., & Eskes, H. J. (2020). Connecting the dots: NOx emissions along a west Siberian natural gas pipeline. 
Npj Climate and Atmospheric Science, 3(1), 16. Article 1. https://doi.org/10.1038/s41612-020-0119-z

Vera, L. A., Walker, D., Murphy, M., Mansfield, B., Siad, L. M., & Ogden, J. (2019). When data justice and environmental justice meet: Formu-
lating a response to extractive logic through environmental data justice. Information, Communication & Society, 22(7), 1012–1028. https://
doi.org/10.1080/1369118X.2019.1596293

Vogelsong, S. (2021). Virginia regulatory board denies mountain valley pipeline compressor station permit. Virginia Mercury. Retrieved from 
https://www.virginiamercury.com/2021/12/03/virginia-regulatory-board-denies-mountain-valley-pipeline-compressor-station-permit/

Volkodaeva, M. V., & Kiselev, A. V. (2017). On development of system for environmental monitoring of atmospheric air quality. Journal of 
Mining Institute, 227, 589. https://doi.org/10.25515/pmi.2017.5.589

Walter, C. (2020). Air pollution from Pennsylvania shale gas compressor stations—report. Retrieved from https://www.fractracker.org/2020/03/
air-pollution-pennsylvania-compressor-stations/

Wang, Z., Fingas, M., Shu, Y. Y., Sigouin, L., Landriault, M., Lambert, P., et al. (1999). Quantitative characterization of PAHs in burn residue and 
soot samples and differentiation of pyrogenic PAHs from petrogenic PAHs-the 1994 mobile burn study. Environmental Science & Technology, 
33(18), 3100–3109. https://doi.org/10.1021/es990031y

White, B., Kreuz, T., & Talabisco, G. (2019). Chapter 2: Equipment overview. In K. Brun, & R. Kurz (Eds.), Compression machinery for oil and 
gas (pp. 13–27). Gulf Professional Publishing. https://doi.org/10.1016/B978-0-12-814683-5.00002-X

WHO. (2021). Who global air quality guidelines: Particulate matter (PM2.5 and PM10), ozone, nitrogen dioxide, sulfur dioxide and carbon 
monoxide. Retrieved from https://apps.who.int/iris/handle/10665/345329

Wittenberg, A. E. A. C. (2021). Toxicologist who belittled PFAS risks resigns from EPA role. E&E News. Retrieved from https://www.eenews.
net/articles/toxicologist-who-belittled-pfas-risks-resigns-from-epa-role/

Wolf, T., & McDonnell, P. (2017). Commonwealth of Pennsylvania department of environmental protection 2017 annual ambient air moni-
toring network plan. (Technical Report). PA Department of Environmental Protection. Retrieved from https://www.epa.gov/amtic/
pennsylvania-2017-annual-network-plan

WG Ex. 67

2345

https://doi.org/10.3978/j.issn.2072-1439.2014.12.10
https://doi.org/10.12911/22998993/93943
https://www.whitehouse.gov/environmentaljustice/justice40/
https://www.whitehouse.gov/environmentaljustice/justice40/
https://doi.org/10.1021/acs.est.5b03598
https://doi.org/10.1021/acs.est.5b03598
https://doi.org/10.1183/13993003.00419-2016
https://doi.org/10.1183/13993003.00419-2016
https://www.ferc.gov/final-environmental-impact-statement-northeast-supply-enhancement-project
https://www.bls.gov/news.release/archives/atus_06252020.nr0.htm
https://www.eia.gov/naturalgas/articles/compressor96index.php
https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=310879
https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=347534
https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=348522
https://www.epa.gov/indoor-air-quality-iaq/improving-indoor-air-quality
https://www.epa.gov/indoor-air-quality-iaq/improving-indoor-air-quality
https://www.epa.gov/pmcourse/patient-exposure-and-air-quality-index
https://www.epa.gov/pmcourse/patient-exposure-and-air-quality-index
https://www.epa.gov/laws-regulations/summary-clean-air-act
https://www.epa.gov/laws-regulations/summary-clean-air-act
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2020
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2020
https://www.epa.gov/aqs
https://www.epa.gov/enforcement/markwest-clean-air-act-settlement-information-sheet
https://www.epa.gov/enforcement/markwest-clean-air-act-settlement-information-sheet
https://www.epa.gov/criteria-air-pollutants/naaqs-table
https://www.epa.gov/outdoor-air-quality-data
https://townhall.virginia.gov/L/meetings.cfm
https://www.deq.virginia.gov/get-involved/topics-of-interest/tidewater-air-monitoring-evaluation-project
https://www.deq.virginia.gov/get-involved/topics-of-interest/tidewater-air-monitoring-evaluation-project
https://doi.org/10.3390/ijerph17145243
https://doi.org/10.1038/s41612-020-0119-z
https://doi.org/10.1080/1369118X.2019.1596293
https://doi.org/10.1080/1369118X.2019.1596293
https://www.virginiamercury.com/2021/12/03/virginia-regulatory-board-denies-mountain-valley-pipeline-compressor-station-permit/
https://doi.org/10.25515/pmi.2017.5.589
https://www.fractracker.org/2020/03/air-pollution-pennsylvania-compressor-stations/
https://www.fractracker.org/2020/03/air-pollution-pennsylvania-compressor-stations/
https://doi.org/10.1021/es990031y
https://doi.org/10.1016/B978-0-12-814683-5.00002-X
https://apps.who.int/iris/handle/10665/345329
https://www.eenews.net/articles/toxicologist-who-belittled-pfas-risks-resigns-from-epa-role/
https://www.eenews.net/articles/toxicologist-who-belittled-pfas-risks-resigns-from-epa-role/
https://www.epa.gov/amtic/pennsylvania-2017-annual-network-plan
https://www.epa.gov/amtic/pennsylvania-2017-annual-network-plan


GeoHealth

DAVIS ET AL.

10.1029/2023GH000874

14 of 14

Wortzel, A., & De Las Casas, V. (2021). State laws provide new pathways for environmental justice claims. Natural Resources and Environment, 
36(5).

Wright, W., Jr. (2022). Air enforcement: Louisiana department of environmental quality and bossier parish natural gas compressor station opera-
tor enter into settlement. Retrieved from https://www.jdsupra.com/legalnews/air-enforcement-louisiana-department-of-4328214/

WG Ex. 67

2346

https://www.jdsupra.com/legalnews/air-enforcement-louisiana-department-of-4328214/


Environmental Health Project
Summa Canister Chemical Sampling Guide 2021

This Table shows list of chemicals identified by the EPA TO-15 method of analyzing VOCs in
ambient air. The “EHP adjusted value” is EHP’s recommended health protective threshold.
*Exposure limits from NIOSH and OSHA are for an 8-hr workday schedule. EHP computes lower
thresholds for residential areas for 24 hours of exposure, and also includes a calculation for
vulnerable individuals including children, the elderly and others who may be more susceptible
to these contaminants. This is done by dividing the NIOSH threshold by 30.

Air Test Parameter Threshold
Source

Daily
8-hour
Standard
in ppm

EHP
Adjusted
Value* in
ppm

Potential Health Effects of Parameter Potential
Carcinogen

1,1,1-Trichloroethan
e

NIOSH/
OSHA

350 11 irritation eyes, skin; headache,
lassitude, central nervous system
depression, poor equilibrium;
dermatitis; cardiac arrhythmias; liver
damage

1,1,2,2-Tetrachloroet
hane

NIOSH/
OSHA

5 0.16 nausea, vomiting, abdominal pain;
tremor fingers; jaundice, hepatitis, liver
tenderness; dermatitis; leukocytosis
and kidney damage

✔

1,1,2-Trichloroethan
e

NIOSH/
OSHA

10 0.3 irritation eyes, nose; central nervous
system depression; liver, kidney
damage; dermatitis

✔

1,1-Dichloroethane NIOSH/
OSHA

100 3.3 irritation of skin; central nervous
system depression; liver, kidney, lung
damage

1,1-Dichloroethene OSHA 1 0.03 irritation eyes, skin, throat; dizziness,
headache, nausea, breathing difficulty.

✔

1,2,4-Trichlorobenze
ne

NIOSH 5 0.16 risk of eye, throat, and dermal irritation
associated with exposure to this
substance

1,2,4-Trimethylbenz
ene

NIOSH/
OSHA

25 0.83 irritation of respiratory system;
bronchitis; hypochromic anemia;
headache, drowsiness, lassitude,
dizziness, nausea, incoordination;
vomiting, confusion; chemical
pneumonitis 

1,2-Dibromoethane NIOSH
OSHA

0.045
20

0.0015 irritation eyes, skin, respiratory system;
dermatitis with vesiculation; liver,
heart, spleen, kidney damage;
reproductive effects;

✔

1,2-Dichlorobenzene NIOSH/
OSHA

50 1.66 irritation eyes, nose; liver, kidney
damage; skin blisters

1,2-Dichloroethane NIOSH
OSHA

1
50

0.03 irritation eyes, corneal opacity;
depression; nausea, vomiting;
dermatitis; liver, kidney, cardiovascular
system damage

✔

1,2-Dichloropropane OSHA 75 2.5 irritation eyes, skin, respiratory system;
drowsiness, dizziness; liver, kidney
damage.

✔
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Air Test Parameter Threshold
Source

Daily
8-hour
Standard
in ppm

EHP
Adjusted
Value* in
ppm

Potential Health Effects of Parameter Potential
Carcinogen

1,3,5-Trimethylbenz
ene

NIOSH 25 0.83 irritation skin and respiratory system;
bronchitis; hypochromic anemia;
headache, drowsiness, weakness,
exhaustion, dizziness, nausea,
incoordination; vomiting, confusion.

1,3-Butadiene OSHA 1 0.03 irritation eyes, nose, throat;
drowsiness, dizziness; liquid: frostbite;
teratogenic, reproductive effects

✔

1,3-Dichlorobenzene NIOSH
OSHA

50 1.67 Skin and eye irritation

1,4-Dichlorobenzene OSHA 75 2.5 Eye irritation, swelling periorbital;
profuse rhinitis; headache, anorexia,
nausea, vomiting; weight loss, jaundice,
cirrhosis

✔

1,4-Dioxane NIOSH
OSHA

1
100

0.03 irritation eyes, skin, nose, throat;
drowsiness, headache; nausea,
vomiting; liver damage; kidney failure

✔

2-Butanone NIOSH/
OSHA

200 6.67 irritation eyes, skin, nose; headache;
dizziness; vomiting; dermatitis

2 Hexanone NIOSH
OSHA

1
100

0.03 irritation eyes, nose; peripheral
neuropathy, weakness, exhaustion,
paresthesia; dermatitis; headache,
drowsiness

2 Propanol NIOSH/
OSHA

400 13.33 irritation eyes, nose, throat;
drowsiness, dizziness, headache; dry
cracking skin.

4-Methyl-2-pentano
ne

NIOSH
OSHA

50
100

1.67 irritation eyes, skin, mucous
membrane; headache, narcosis, coma;
dermatitis; In Animals: liver, kidney
damage

Acetone NIOSH
OSHA

250
1000

8.33 irritation eyes, nose, throat; headache,
dizziness, central nervous system
depression; dermatitis

Benzene NIOSH
OSHA

0.1
0.2 1

0.003 Eye nose and skin irritation, respiratory
problems, headache, nausea,
dermatitis, bone marrow reduction.

✔

Benzyl chloride NIOSH/
OSHA

1 0.03 irritation eyes, skin, nose; weakness,
exhaustion; irritability; headache; skin
eruption.

Bromodichlorometh
ane

NIOSH 0.5 0.02 irritation eyes, skin, respiratory system;
central nervous system depression;
liver, kidney damage

✔

Bromoform NIOSH/
OSHA

0.5 0.02 irritation eyes, skin, respiratory system;
central nervous system depression.

Bromomethane OSHA 20 0.67 irritation respiratory system;
incoordination, visual disturbance,
dizziness; nausea, vomiting, headache;
malaise; hand tremor; convulsions;
dyspnea; skin vesiculation; liquid:
frostbite

✔
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Air Test Parameter Threshold
Source

Daily
8-hour
Standard
in ppm

EHP
Adjusted
Value* in
ppm

Potential Health Effects of Parameter Potential
Carcinogen

Carbon desulphate NIOSH

OSHA

1

20

0.03 dizziness, headache, poor sleep,
anxiety, anorexia, weight loss; coronary
heart disease; gastritis; kidney, liver
injury; eye, skin burns; dermatitis;
reproductive effects

Carbon tetrachloride NIOSH

OSHA

1

10

0.03 Eye irritation, nausea, vomiting,
drowsiness, dizziness, skin irritation,
liver and kidney problems, central
nervous system problems,
incoordination

Chlorobenzene OSHA 75 2.5 irritation eyes, skin, nose; drowsiness,
incoordination; central nervous system
depression;

Chloroethane OSHA 1000 33.33 incoordination, inebriation; abdominal
cramps; cardiac arrhythmias, cardiac
arrest; liver, kidney damage

Chloroform NIOSH

OSHA

2

50

0.07 irritation eyes, skin; dizziness, mental
dullness, nausea, confusion; headache,
lassitude, enlarged liver.

✔

Chloromethane OSHA 100 3.33 dizziness, nausea, vomiting; visual
disturbance, stagger, slurred speech,
convulsions, coma; liver, kidney
damage; liquid: frostbite;

✔

cis-1,2-Dichloroethe
ne

OSHA 200 6.67 irritation eyes, respiratory system;
central nervous system depression

cis-1,3-Dichloroprop
ene

NIOSH 1 0.03 irritation eyes, skin, respiratory system

Cumene NIOSH/
OSHA

50 1.67 irritation eyes, skin, mucous
membrane; dermatitis; headache,
narcosis, coma

Cyclohexane NIOSH/
OSHA

300 10 irritation eyes, skin, respiratory system;
drowsiness; dermatitis; narcosis, coma

Dibromochlorometh
ane

EPA 0.7 0.02 Liver and kidney cancer
✔

Dichlorodifluoromet
hane

NIOSH/
OSHA

1000 33.33 dizziness, tremor, unconsciousness,
cardiac arrhythmias, cardiac arrest;
liquid: frostbite

Ethyl acetate NIOSH/
OSHA

400 13.33 irritation eyes, skin, nose, throat;
narcosis; dermatitis

Ethyl Benzene NIOSH/
OSHA

100 3.33 Eye and skin irritation, headache,
dermatitis, and respiratory problems.

Freon 113 OSHA 1000 33.33 irritation skin, throat, drowsiness,
dermatitis; central nervous system
depression.

Freon 114 NIOSH/
OSHA

1000 33.33 irritation respiratory system; asphyxia;
cardiac arrhythmias, cardiac arrest;
liquid: frostbite

Heptane NIOSH/
OSHA

85
500

2.83 dizziness, stupor, incoordination; loss of
appetite, nausea; dermatitis;
unconsciousness
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Air Test Parameter Threshold
Source

Daily
8-hour
Standard
in ppm

EHP
Adjusted
Value* in
ppm

Potential Health Effects of Parameter Potential
Carcinogen

Hexachlorobutadien
e

NIOSH 0.02 0.0006 irritation eyes, skin, respiratory system
✔

Hexane NIOSH/
OSHA

50
500

1.67 irritation eyes, nose; nausea, headache;
peripheral neuropathy: numb
extremities, muscle weakness;
dermatitis; dizziness;

p-Xylene NIOSH/
OSHA

100 3.33 irritation eyes, skin, nose, throat;
dizziness, drowsiness, incoordination,
anorexia, nausea, vomiting, abdominal
pain; dermatitis

Methylene chloride OSHA 25 0.83 irritation eyes, skin, , exhaustion,
drowsiness, dizziness; numb, tingle
limbs; nausea

✔

MTBE ACGIH 40 1.33 pm respiratory tract irritation, headache,
nausea, and dizziness

Naphthalene NIOSH/
OSHA

10 0.33 irritation eyes; headache, confusion,
excitement, malaise; nausea, vomiting,
abdominal pain; irritation bladder;
profuse sweating; jaundice; hematuria,
renal shutdown; dermatitis, optical
neuritis, corneal damage.

o-Xylene NIOSH/
OSHA

100 3.33 irritation eyes, skin, nose, throat;
dizziness, excitement, drowsiness,
incoordination, staggering gait; corneal
vacuolization; anorexia, nausea,
vomiting, abdominal pain; dermatitis

Propene OSHA 100 3.33 irritation eyes, skin, respiratory system;
skin blisters, burns

✔

Styrene NIOSH/
OSHA

50
100

1.67 irritation of respiratory system;
headache, dizziness, confusion,
malaise, drowsiness, unsteady gait;
narcosis; defatting dermatitis; possible
liver injury; reproductive effects

Tetrachloroethene OSHA 100 3.33 Irritation of skin and respiratory
system; nausea; flush face, neck;
dizziness, incoordination; headache,
drowsiness.

✔

Tetrahydrofuran NIOSH/
OSHA

200 6.67 Irritation respiratory system; nausea,
dizziness, headache, central nervous
system depression

Toluene NIOSH/
OSHA

100
200

3.33 Eye and nose irritation, exhaustion,
confusion, dizziness, watery eyes,
anxiety, insomnia, dermatitis, liver and
kidney damage

✔

trans-1,3-Dichloropr
opene

NIOSH 1 0.03 irritation eyes, skin, respiratory system;
eye, skin burns; lacrimation; headache,
dizziness.

✔

Trichloroethene OSHA 100 3.33 irritation eyes, skin; headache, visual
disturbance, lassitude, dizziness,
tremor, drowsiness, nausea, vomiting;
dermatitis; cardiac arrhythmias,
paresthesia; liver injury

✔
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Air Test Parameter Threshold
Source

Daily
8-hour
Standard
in ppm

EHP
Adjusted
Value* in
ppm

Potential Health Effects of Parameter Potential
Carcinogen

Trichlorofluorometh
ane

NIOSH/
OSHA

1000 33.33 incoordination, tremor; dermatitis;
cardiac arrhythmias, cardiac arrest.

Vinyl acetate NIOSH 4 0.13 irritation eyes, skin, nose, throat;
hoarseness, cough; loss of smell; eye
burns, skin blisters

Vinyl chloride OSHA 1 0.03 abdominal pain, gastrointestinal
bleeding; enlarged liver; pale
extremities.

✔

Formaldehyde NIOSH
OSHA

0.016
0.75

0.0005 Irritation of the respiratory system
✔

Hydrogen Sulfide NIOSH 10 0.33 Irritation of the respiratory system
✔

To convert ppm (parts per million) toppbV (parts per billion by volume) multiply by 1000 (ALS
unit of measurement in summa reports).

Exposure limits mentioned in the table above are for an 8-hour workday schedule.

*EHP adjusted threshold to consider action (24-hour value for susceptible groups). This is

calculated by dividing the NIOSH value by 30.

EHP recommends using NIOSH values as this is the United States federal agency responsible for
conducting research and making recommendations for the prevention of work-related injury
and illness

Threshold Sources
ACGIH: The American Conference of Governmental Industrial Hygienists
OSHA: Occupational Safety and Health Authority
NIOSH: National Institute for Occupational Safety and Health
EPA: Environmental Protection Agency

Acronyms
ppm: Parts per million
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Abstract

Increased energy demands and innovations in upstream oil and natural
gas (ONG) extraction technologies have enabled the United States to
become one of the world’s leading producers of petroleum and natural
gas hydrocarbons. The US Environmental Protection Agency (EPA) lists
187 hazardous air pollutants (HAPs) that are known or suspected to cause
cancer or other serious health effects. Several of these HAPs have been
measured at elevated concentrations around ONG sites, but most have not
been studied in the context of upstream development. In this review, we
analyzed recent global peer-reviewed articles that investigated HAPs near
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ONG operations to (a) identify HAPs associated with upstream ONG development, (b) identify
their specific sources in upstream processes, and (c) examine the potential for adverse health out-
comes from HAPs emitted during these phases of hydrocarbon development.

1. INTRODUCTION

Over the past several decades, as energy demands have increased contemporaneously with in-
novations in upstream oil and natural gas (ONG) extraction technologies, the United States has
become the world’s top producer of petroleum and natural gas hydrocarbons (34).The US Energy
Information Administration (104) reported that US petroleum and other liquid fuel production
reached 9.3 million barrels per day, and dry natural gas production averaged 73.6 billion cubic feet
per day in 2017, with increases projected for 2018 and 2019. In some areas, including Pennsyl-
vania, Colorado, Texas, and California, ONG extraction and development have expanded closer
to residential communities, increasing risks of population exposures to air, water, soil, noise, and
light pollution. Research suggests that current setback standards—or distances in which the ONG
industry can develop from water sources, residential structures, and other facilities—may not be
sufficient to reduce potential risks to human health from ONG activities (12, 53). A growing, yet
still relatively small body of studies has investigated the relationship between the proximity of
these facilities and human health impacts (21, 22, 31, 60, 78, 79, 96, 97, 99). With a dearth of
scientific data characterizing exposure risks, it is difficult to offer scientific guidance on specific
adequate setback requirements, despite the fact that an estimated 18 million people live within
1,600 m (∼1 mile) from an active ONG well (32). Special disclosure exemptions from the federal
Emergency Planning and Community Right-to-Know Act allow the ONG industry to withhold
information regarding chemical constituents used, produced, and emitted, further compounding
the difficulty in identifying chemical-related hazards and their associated exposure pathways (106).

The current body of scientific literature suggests that upstream ONG development pro-
cesses emit numerous air pollutants, including methane, nonmethane-volatile organic compounds
(VOCs), particulate matter (PM), aliphatic and aromatic hydrocarbons, aldehydes, and nitrogen
oxides, some of which are also precursors to tropospheric ozone and secondary organic aerosol
(SOA) production (18, 41, 89, 95, 111, 115, 122).UpstreamONG development includes all phases
and processes necessary to extract ONG hydrocarbons from subsurface reservoirs, excluding the
transportation, transmission, storage, refinement, and wholesale of refined products. Upstream
processes consist of four broad phases of operation: (a) exploration and well pad and infrastruc-
ture construction; (b) well drilling and construction of associated surface and subsurface equipment
and facilities; (c) application of well stimulation or secondary oil and gas recovery techniques (e.g.,
water flooding and steam injection) and completion, or both; and (d) hydrocarbon production
and processing. Various attempts to identify and classify all products and chemicals used or emit-
ted during the upstream ONG development process have resulted in disparate lists ranging from
343 to 1,177 unique chemicals, some classified as HAP compounds with known carcinogenic and
noncarcinogenic toxicological properties (26, 38, 82, 108). Current research on oil and gas de-
velopment provides conflicting evidence over the concentrations of various pollutants in the air
across geographic, regulatory, and corporate spaces; however, a consensus exists regarding the
presence of air pollutants that can pose human health hazards around ONG sites (19, 27, 48, 56,
68, 73, 79, 88).

Emissions of hazardous air pollutants (HAPs) from ONG are of particular concern because
they are known or suspected to cause cancer or other serious noncancer health effects. The US
Clean Air Act currently lists 187 HAPs for regulation (107), some of which have been associated
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with ONG activities. The Committee on Energy and Commerce and the Endocrine Disruption
Exchange have identifiedmore than 20 different HAPs,which have been associated with upstream
ONG activities or processes (101, 109).While the number of studies examining the human health
impacts of ONG development is growing, limited information exists on the role of HAPs in the
upstream process and the health impacts of HAP-related emissions (18, 44, 80, 114).

The purpose of this review is to summarize the research conducted to date on the associa-
tions betweenHAPs and upstreamONG development. Specifically, this article aims to (a) identify
HAP compounds that have been investigated near upstream operations within the peer-reviewed
literature; (b) determine which of these compounds has been traced to a specific upstream phase,
process, or source; and (c) examine the potential health hazards attributable to these HAPs. Our
synthesis of the science is intended to inform future research priorities and to assist in public health
protection. A list of ONG industry terms can be found in the sidebar titled Terms and Definitions.

TERMS AND DEFINITIONS

Anthropogenic: originating from human activities. With air pollution, these activities include those related to
transportation (or mobile), agriculture, or industry sources.

BTEX: the group of compounds, including benzene, toluene, ethylbenzene, and total xylenes. These compounds
occur naturally in petroleum and are released primarily through motor vehicle emissions, but they are also emitted
naturally via volcanoes and forest fires.

Condensate: broadly defined as a liquid formed by condensation.With oil and natural gas, condensate is a gas that
condenses into a liquid hydrocarbon mixture after being liberated from the high-pressure environment within a
well.

Hazardous air pollutant (HAP): the US EPA defines HAPs as pollutants that are known or suspected to cause
cancer or other serious health effects, such as reproductive effects or birth defects, or adverse environmental effects.

Oil and natural gas (ONG): describing both liquid and gas fossil fuel products. Oil refers to crude oil hydrocar-
bon mixtures that exist in liquid form, whereas natural gas consists mainly of methane (CH4), a small amount of
hydrocarbon gas liquids, and nonhydrocarbon gases. Oil, gas, and liquid gas hydrocarbons can be found in under-
ground reservoirs, sedimentary rocks, or tar sands and can be recovered in the near absence of the other forms or
simultaneously.

Polycyclic aromatic compounds (PAHs): a class of organic compounds composed of multiple aromatic rings that
occur naturally in crude oil. More than 100 different PAHs exist, including benzo[a]pyrene, benz[a]anthracene, and
chrysene, with varying degrees of toxicity.

Petrogenic: originating from hydrocarbons formed by the decomposition of organicmatter. In regard to petrogenic
air pollutants, these may be released when fuel oil and crude oil are exposed during upstream oil and natural gas
operations.

Polycyclic organic matter (POM): defines a broad class of compounds that generally includes structures con-
taining 2–7 fused aromatic rings and are present in the atmosphere mostly in particle form. PAHs are a subset of
POMs.

Proppant: a material (often sand) used to prop open cracks within fractured shale rocks to harvest oil, natural gas,
or other targeted materials. Proppant is often mixed with a chemical liquid mixture and forced into shale formations
at high pressure.

www.annualreviews.org • HAPs Near Upstream ONG Development 285
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Reference effect level (REL): a reference exposure level from the Office of Environmental Health Hazard As-
sessment (OEHHA) of the California Environmental Protection Agency (Cal/EPA). The REL is a concentration
of a single chemical at or below which adverse noncancer health effects are not anticipated to occur for a speci-
fied exposure duration. RELs have been developed for a limited number of compounds for acute, eight-hour, and
chronic exposures.

Repository for Oil and Gas Energy Research (ROGER) database: PSE’s nearly exhaustive database of
peer-reviewed literature on shale gas development, which can be found on the PSE website (http://www.
psehealthyenergy.org).

Wet gas: a natural gas that contains less than ∼85% methane and increased amounts of ethane and other hydro-
carbons, as opposed to dry gas, which occurs in the near absence of condensate or liquid hydrocarbons.

2. MATERIALS AND METHODS

2.1. Scope

We began with the inclusion of all 187 HAPs listed by the US Environmental Protection Agency
(EPA).Hydrogen sulfide (H2S) was removed from the official USEPA list in 1991 but was included
in our review owing to its toxic properties, detection at low concentrations (0.03–0.05 ppm), and
prevalence in oil and gas development operations. From this point forward, when referring to
HAPs,we include all 187 compounds listed by theUSEPA, plusH2S for a total of 188 compounds.
Given the rapid expansion of ONG development activities over the past few years, only peer-
reviewed articles published between January 1, 2012, and February 28, 2018, were included in the
current review.ManyHAPs have been measured and monitored near ONG operations as primary
pollutants; however, some HAPs—including, for example, formaldehyde and acetaldehyde—are
also secondary pollutants formed from the atmospheric transformation of precursor compounds
emitted from ONG operations (27). Although they are central to the question of HAP formation
and atmospheric concentrations, HAP precursors fall outside the scope of this review.

2.2. Keyword Search

Wedeveloped a list of keywords to assist in a comprehensive literature search of all upstreamONG
processes and target pollutants. Owing to the inconsistency of the terminology surrounding the
upstream ONG development process, we cast a wide net to be inclusive of possible iterations
when building the keyword search. These keywords included, but were not limited to, the terms
“fracking,” “fracturing,” “hydraulic fracturing,” “oil and natural gas development,” and common
acronyms including “UNGD” and “ONG.” In all, we incorporated 18 iterations and acronyms.
Additionally, we included keywords for transport media to ensure that search results encompassed
airborne compounds. We erred on the side of being overly inclusive and integrated broad group
names, including volatile organic compounds (VOCs), nonmethane hydrocarbons (NMHCs), and
hazardous air pollutants (HAPs) during the search process. Keywords and search queries are pro-
vided in Supplemental Table 1.

2.3. Electronic Database Search

We searched peer-reviewed journal articles within three electronic search databases in
March 2018. First, we searched the Clarivate Analytics Web of Science database (http://
www.webofknowledge.com) using their Advanced Search query tool. Boolean operators were
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used to narrow English language article search results by topic and by publication timeframe.
We also searched PubMed (http://www.ncbi.nlm.nih.gov) to ensure our literature review in-
cluded a comprehensive search of peer-reviewed journal articles focused on the human health di-
mensions of upstream ONG development. Results were narrowed by text words and publication
timeframe. Search queries resulted in 639 and 1,146 peer-reviewed journal articles in the Web of
Science and PubMed, respectively. After comparing databases and eliminating duplicate articles,
search results were then compared with PSE Healthy Energy’s Repository for Oil and Gas En-
ergy Research (ROGER) database (https://www.psehealthyenergy.org/our-work/shale-gas-
research-library/). Articles found in the ROGER database that were not included in searches
from the electronic databases were added to the collection, for a final count of 1,833 journal ar-
ticles. These articles were then collected, organized, and evaluated using the inclusion/exclusion
criteria.

2.4. Inclusion and Exclusion Criteria

A Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart
shows how the inclusion/exclusion criteria resulted in the final article count (Figure 1). We first
scanned titles to remove papers from our review on the bases of whether a paper met the follow-
ing criteria: (a) not written in English; (b) was a review, commentary, or response paper and not
a primary study; and (c) did not investigate air quality near ONG development. After reviewing
the abstracts and content of the remaining papers, we excluded studies that did not collect pri-
mary,modeled, or estimated HAP emissions and concentrations or did not conduct other primary
HAP analyses from secondary data sources.We focused on papers that described ground-level or
local-level pollutant concentrations and papers that focused on source attribution of HAPs to up-
stream ONG operations. Several articles using concentrations of HAP compounds to model the
formation of secondary non-HAP air pollutions were excluded if they did not directly investigate
impacts of local-scale HAP compounds or their emission sources.

3. RESULTS

A total of 37 peer-reviewed journal articles, published between January 1, 2012, and February 28,
2018, met our inclusion/exclusion criteria (Supplemental Table 2). One peer-reviewed article
focused on ONG operations in Poland, and the rest of the articles focused on operations within
the United States. Thirty-one articles (84%) included primary HAP measurements within eight
states, including Arkansas, Colorado,Ohio, Oklahoma, Pennsylvania, Texas, Utah, andWyoming.
The remaining articles included primary data analyses from secondary data sources or publicly
accessible data sets.

3.1. HAPs Identified Within Review

To enable generalization of results across all studies, we extracted the reported HAP concentra-
tions from the article content, tables, or supporting information; we did not extract concentrations
from graphs or figures. HAPs that were not found in the atmosphere above the sample limit of
detection (LOD) were labeled as “Not Detected” (for additional information on the metric of in-
terest, see the sidebar titled Metric of Interest: Sample Limits of Detection versus Health-Based
Comparison Values). Of the 37 studies we reviewed, a total of 61 unique HAP compounds were
measured near upstream ONG or investigated from secondary data sources. Forty-four HAPs
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1,536 articles excluded
after title/abstract
screen

254 articles excluded
after full text screen

6 articles excluded
during data extraction

Web of Science
Jan 2012–Feb 2018

639 citations

ROGER
Jan 2012–Feb 2018

227 citations

1,833 nonduplicate
citations screened

297 articles
retrieved

37 articles included

Inclusion/exclusion
criteria applied

Inclusion/exclusion
criteria applied

PubMed
Jan 2012–Feb 2018

1,146 citations

Figure 1

A Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram for
hazardous air pollutant (HAP) emissions near upstream oil and natural gas (ONG) development.
Abbreviation: ROGER, PSE Healthy Energy’s Repository for Oil and Gas Energy Research.

were collected and reported in more than one article as primary or in-situ data, of which 32 were
found above the sample LOD. Supplemental Figure 1 provides the full inventory of HAP com-
pounds investigated within the collected literature. HAPs collected from primary data sources
were further listed by the state in which they were investigated and included in Supplemental
Table 4.

Many of the peer-reviewed studies investigated a broad range of target analytes in ambient
air, several of which are ubiquitous in the environment and are sourced not only in upstream
ONG operations. While some of the HAP compounds listed in Supplemental Figure 1 and
Supplemental Table 4 may have a source in upstream ONG, without point source or source
attribution methodologies, their association is speculative. Therefore, in the following sections,
we have further assessed the 61 HAP compounds identified within the peer-reviewed literature to
classify pollutants assessed for contributing sources and to determine their potential association
with upstream ONG development.
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METRIC OF INTEREST: SAMPLE LIMITS OF DETECTION VERSUS HEALTH-BASED
COMPARISON VALUES

The sample limit of detection (LOD) expresses the lowest concentration of the targeted analyte that can be distin-
guished within a given sample, instrument, or method. We use the sample LOD as our metric of interest instead
of commonly referenced health-based comparison values for several reasons. First, the heterogeneity of sampling
methodologies prevents direct comparison between concentration results (6). Second, it is difficult to select a single
health-based standard exposure timeframe that adequately represents the variety of sampling durations present in
the reviewed literature (Supplemental Table 3). Finally,many health-based standards are derived from limited data
sets and inadequate conversion factors that do not appropriately define the risk threshold of sensitive populations
nor do they address the risks of exposure to multiple HAPs concurrently and, thus, may inappropriately imply the
absence of health risks.

Despite these advantages, an LOD above health-based standards may erroneously imply low exposure risk when
concentrations are not detected within the sample. To address these issues, we advise researchers to include LODs
within the results to avoid misleading the reader. Failure to supply sample LODs encumbers accurate descriptions
of atmospheric concentrations, leading to underestimations of exposure, an issue we have found rife in the ONG
literature.

3.2. Sources of HAP Emissions

The range of air pollutant emission sources identified in the reviewed literature includes equip-
ment (e.g., dehydrators, condensate tanks), activities (e.g., flashings, gauging flowback tanks), de-
velopment phases (e.g., drilling, well stimulation), and facilities (e.g., flowback and produced water
treatment and recycling center, oil storage facility). To simplify these broadly categorized emis-
sion sources, we recategorized equipment, activities, and facilities into one of the four most ap-
propriate upstream ONG phases: (a) exploration and well pad and infrastructure construction;
(b) well drilling and construction of associated facilities; (c) well stimulation, enhanced oil recovery,
and completion; and (d) ONG production and processing. For example, air quality measurements
collected from flowback were recategorized into the third phase (well stimulation, enhanced oil
recovery, and completion) because flowback is a fluid often recovered as a result of well stimula-
tion (e.g., hydraulic fracturing). Storage tanks and impoundments can be present at the well pad
through multiple phases or can be transported off-site via trucks or pipeline networks. Since the
location of storage-related equipment and associated activities varies by location,HAP compounds
identified from these sources have been recategorized into a separate storage and impoundment
phase and described in Section 3.2.4.

Point source data are collected from stationary, identifiable locations and equipment that re-
lease pollutants into the atmosphere. Studies that included the collection of on-site primary point
source air quality data, including Brantley et al. (15), Esswein et al. (39), and Hildenbrand et al.
(58), provided detailed information about the equipment and activities that occurred during their
sampling periods. On the basis of these detailed descriptions, we collected and recategorized the
reported data into one of our five phases. In the absence of identifiable emission points, source at-
tribution methods are important to estimate probable sources or categories of sources. Examples
of source attribution methods employed in the reviewed literature include factor analyses (1, 43,
90), distance decay gradients (125), and sourcing ratios (45, 46, 50, 54, 85, 99), among others. Ad-
ditional studies, including Macey et al. (73) and Colborn et al. (27), collected samples off-site and
provided information about potential emission sources by detailing the most proximate upstream
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Exploration, well 
pad, and 
infrastructure 
construction
No articles identified 
in review

1

Drilling of the well 
and construction of 
associated facilities  
POMs including:
Naphthalene 
Phenanthrene
Fluorene
Indeno(1,2,3-cd)pyrene
Benzo(g,h,i)perylene
Dibenzo(a,h)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)anthracene
Chrysene
Acenaphthylene

2

Well stimulation 
and completion 
2,2,4-trimethylpentane
Benzene
Ethylbenzene
n-Hexane
Hydrogen sulfide
Methyl chloride
Naphthalene
POMs
Toluene
Xylenes

3

ONG production 
and processing
1,3-butadiene
2,2,4-trimethylpentane
Benzene
Cumene
Ethylbenzene
Formaldehyde 
n-Hexane
Hydrogen sulfide
Mercury
Methanol
Styrene
Toluene
Xylenes

4

Storage and 
impoundments 
2,2,4-trimethylpentane 
Benzene
Ethylbenzene 
Hydrogen sulfide 
Methanol
n-Hexane
Styrene
Toluene
Xylenes 

5

Figure 2

Hazardous air pollutant (HAP) compounds collected through primary measurements and recategorized. Abbreviations: ONG, oil and
natural gas; POMs, polycyclic organic matter.

ONG equipment or activities during the data collection timeframe but did not specifically apply
commonly used source attribution techniques. Recognizing the limitations of off-site activity re-
porting in the absence of well-established source attribution analyses, we cautiously used these
descriptions as a guide for recategorization but used our best discretion for inclusion.

A complete summary of recategorized HAP emissions from primary measurements within the
reviewed literature is provided in Figure 2. We did not identify any HAPs that were sourced
to emissions during the first phase of development (exploration and well pad and infrastructure
construction).

3.2.1. HAP emissions from well drilling and construction of subsurface infrastructure.
After the site has been cleared and a well pad is established, a vertical well is drilled often using
gas-powered rigs and other ancillary equipment to reach depths of several hundred meters below
the surface. If necessary, operators will continue to drill directionally (e.g., horizontally) to increase
the surface area of the target petroleum geologic zone (e.g., in the case of shale gas development).
Drilling through intermediate geological formation on theway to the target formationmay release
trapped hydrocarbons that can migrate to the atmosphere (23, 51). Thus, both ancillary drilling
equipment and subsurface pockets of gaseous fluids within intermediate geologic formation are
a source of various HAP emissions into the ambient environment during the drilling and well
construction phase (17).

Colborn et al. (27) measured the most elevated chemical concentrations in the ambient air
from a stationary monitoring site located 1.1 km from a well pad during drilling activities in rural
Colorado. Samples identified twelve different polycyclic aromatic hydrocarbon (PAH) com-
pounds, a subset of polycyclic organic matter (POM) compounds, during a timeframe dominated
by drilling activities. Elevated carbonyl and VOC concentrations were also detected; however,
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the individual VOC species were not detailed within the paper and, thus, are not included in this
section. Source attribution using temporal patterns of PAH concentrations in the ambient en-
vironment without supplementary sourcing analyses is difficult to interpret, especially for PAHs
that lack chemical disclosures or inventories as well as PAHs commonly formed from combustion
or other anthropogenic sources. Yet, analyses of similar PAH compounds found evidence of pet-
rogenic sources during a range of upstream ONG activities in Ohio (85); thus, we have included
these within the current section. Additional mobile measurements in Pennsylvania detected ac-
etaldehyde, acetonitrile, benzene, methanol, and toluene downwind from a drilling rig; however,
concentrations were not elevated above background, suggesting that the rig was not operating at
full capacity, the emissions from this activity in this particular geographic and geologic area did
not have high emissions, or the activities and equipment associated with the drilling phase were
not the source of these pollutants and thus were not included in our sourcing analyses (51).

3.2.2. HAP emissions from well stimulation, secondary recovery, and completion. The
well completion phase encompasses all processes associated with preparing a newly drilled well
for the production of oil and gas. This phase is relatively short in duration (3–15 days) but can
include a variety of activities, including flowback collection, flaring, workovers, and completion
venting. Once the well is drilled, cement and casing are installed to stabilize the wellbore and
provide zonal isolation to minimize subsurface migration of liquid and gaseous fluids. This step is
followed by the perforation of the casing in the target hydrocarbon reservoir to allow for the stim-
ulation and other injected fluids to gain access to the petroleum reservoir and then subsequently
for the flow of hydrocarbons into the well. In low-permeability reservoirs, where hydraulic frac-
turing and other stimulation are required to extract hydrocarbons, between 0.25 and 50 million
gallons of water, chemicals, and proppant are injected down the well at a pressure high enough
to increase the permeability of the target geology. The return of these stimulation fluids to the
wellhead is referred to as “flowback.” Although chemical constituents from the geological forma-
tion are present in this flowback, these fluids are often opaquely distinguished from “produced”
water, which surfaces shortly thereafter and often throughout the lifetime of active hydrocarbon
production (13). Because flowback is limited mostly to the current phase, we include emissions
associated with flowback, and not produced water, which is reviewed in subsequent sections. It
should be noted, however, that scientific distinctions between the flowback and produced water
phases of oil and gas development are not specific and vary considerably across geological and
regulatory spaces (70).

BTEX, 1,3-butadiene, n-hexane, cumene, styrene, and 2,2,4-trimethylpentane were identified
around the perimeter of five well pads in Colorado during completion activities and, with the
exception of styrene, cumene, and 1,3-butadiene, median concentrations were higher than back-
ground in ONG area samples (79). Field sampling downwind of a well pad in Pennsylvania during
flaring activities measured benzene, toluene, and n-hexane above the sample LOD and at concen-
trations higher than the upwind direction (76).Occupational and off-site measurements identified
POMs (including naphthalene) and H2S near flowback and workover rigs (39, 73).

BTEX compounds and n-hexane are found in diesel combustion emissions from equipment
and vehicles used in ONG, drilling fluids, and fracturing additives. BTEX compounds, in particu-
lar, occur naturally in oil and gas geological formations, and emissions of these compounds during
oil and gas development are likely attributable to various processes, including those that provide an
opportunity for gas compounds to migrate to the surface and volatize into the ambient air. There-
fore, many of the HAPs identified in ambient air near ONG operations during well stimulation
and completion could be direct emissions from ancillary well pad equipment, loss of wellbore in-
tegrity, improper handling of flowback fluids, and volatilization from the chemical mixtures used
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for stimulation fluids or completion activities (61, 101, 108, 109). With the current evidence, we
cannot identify the specific source activity or equipment, although ONG development appears to
be a likely source of these compounds identified at elevated concentrations in the ambient air.

3.2.3. HAP emissions from oil and gas production and processing. During the production
phase, ONG is collected from the well and processed with various ancillary equipment, including
wellhead compressors, pneumatic devices, separators, and dehydrators. The production phase is
the longest of all the upstream phases with the potential to emit maximum peak values that ex-
ceed the stimulation and completion phase (17), and it was linked to the most varied number of
HAPs within our review.While a given shale well may be depleted within 1–5 years, migrated oil
reservoirs may produce for decades.Hydrocarbon production in geological zones richer in oil and
wet gas may be associated with HAPs and other larger-molecular-weight hydrocarbon emissions
during the production and processing phase when target alkanes are separated from heavier com-
pounds. Operational practices, the spud date, the petroleum geology, and production volumes can
also heavily impact emissions from producing wells within the same shale play (51, 98). There-
fore, without insight into reservoir composition and well pad operations, it is difficult to predict
the geography and magnitude of HAP emissions or to extrapolate results to larger areas.

Wellheads, dehydrators, and separators are important sources of elevated HAP emissions dur-
ing production and processing in regions rich in oil, wet gas, and condensate (43, 112). Dehy-
dration units account for an estimated 40% of HAP emissions (36). Point source measurements
collected on a well pad in Colorado identified BTEX compounds, styrene, n-hexane, and 2,2,4-
trimethylpentane near producing wellheads, dehydrators, and separator units (15). Off-site mea-
surements in Texas and Wyoming identified similar emissions with an addition of cumene and
H2S near wellheads, separators, and produced water tanks and discharge canals (35, 73). Com-
pressors used to maintain hydrocarbon flow were associated with emissions of BTEX compounds,
1,3-butadiene, methanol, formaldehyde, mercury, and n-hexane (35, 51, 65, 73, 75, 90). With the
exception of mercury, these compounds are commonly emitted from continuously reciprocating
natural gas–fired engines, and their presence within the collected samples was not unexpected. A
report analyzing point source emissions data from 58 compressor stations found formaldehyde to
be the fourth largest chemical released by compressors by total pounds, just after total VOCs (92).
Mercury, a trace component in natural gas condensate, is removed from the compressor process;
thus, its emission may actually be a result of ineffective mercury removal systems and therefore is
included in this phase (65).

Abnormal process conditions including control failures, design failures, and malfunctions up-
stream of the point of emission occur in only a small fraction of facilities, yet they may be responsi-
ble for a significant portion of ONG-related air pollution (16, 30, 59, 123). Flyover measurements
in the Haynesville and Marcellus Shale gas production regions found that only ∼10% of facili-
ties were responsible for up to ∼40% of the total CH4 emissions emitted from these operations
(120). Although these measurements might not be representative of all associated HAP emissions,
enhancement ratios and correlations between CH4 and benzene suggest a similar source. Further-
more, mobile measurements in the Barnett Shale area found that only 4% of measured ONG fa-
cilities were responsible for a relatively large amount of the measured atmospheric mercury (65).
Within the current review, few air quality samples were reported as collected during abnormal
ONG development process conditions, yet it is possible that off-normal events occurred without
operator knowledge or public disclosure. For example, samples collected near production phase
equipment described as “rusty” recorded HAP concentrations up to 47 times higher than those
described as being in “good” operating condition, yet neither were identified as abnormal pro-
cesses (15). In the instance where infrared video captured a clear example of a leaking natural gas
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wellhead, elevated concentrations of benzene, xylenes, n-hexane, and toluene were detected on-
and off-site and near residential homes (40).

3.2.4. HAP emissions from storage tanks and impoundments. Storage tanks and impound-
ments are often used to hold production and maintenance chemicals or condensate and recovered
fluids collected and separated during various phases. Chemicals stored at upstream ONG sites in-
clude chemical additives and mixtures for well stimulation and various well and equipment main-
tenance needs. Condensate is different from stored chemicals, flowback, and produced water in
that it has been separated from extracted crude oil or natural gas matrices in preparation for addi-
tional processing or disposal. Emissions from storage and condensate tanks have been associated
with H2S, BTEX, n-hexane, styrene, methanol, and 2,2,4-trimethylpentane (15, 67, 112). Many
of the stored liquids are volatile and enter a gaseous phase as a result of increases in temperature
and decreases in pressure.Workers in the upstream ONG industry, especially those working with
flowback and condensate tanks, are at increased risk of exposure during routine gauging,measure-
ment, and oil flashing activities, which provide an opportunity for stored liquids to volatilize and
escape into the atmosphere. A number of occupational deaths have been reported among workers
taking volume measurements of condensate tanks (55).

Such condensate tank emission events, even if brief, can be significant, which may have a sub-
stantial impact on local air quality (46), especially in oil-producing areas (72). Storage tanks can
be housed at the well site that provide additional emissions source points during the associated
phase; however, they can also be sited at different locations, far from the well pad, or piped off-site
through transmission pipeline networks (45). Many of the listed HAPs in this section were found
at well pads during production, but they were recategorized into the current separate group as the
location of storage equipment and related activities varies by well site.

3.3. Summary of Health Impacts from HAP Compounds

HAP compounds are associated with multiple cancer and noncancer health outcomes and have,
in some studies, been detected near ONG sites at levels that exceed health-based standards and
reference concentrations. The current ONG literature offers limited insights into specific etio-
logical agents and health outcomes because granular measurements of exposure have largely not
been undertaken. To better understand health risks and impacts from HAP exposures near up-
stream ONG development, we further evaluated the studies that included a health component in
the analysis. Although exposure to any of the 188 listed HAP compounds may pose reason for
concern, we identified several HAPs that were consistently found to be above sample LODs or
above health benchmarks or that posed the highest risk from inhalation exposures. A summary of
some of the key findings is provided in the following sections.

3.3.1. HAPs of highest concern. BTEX compounds are associated with several serious human
health impacts, including neurological damage, birth defects, some cancers, and hearing loss (117).
Ubiquitous in the environment, these compounds commonly exceed sample LODs in urban areas
as a result of transportation and industrial processes (11); however, many of the reviewed samples
were collected near ONG activities in rural regions, where urban emission sources are likely to
have minimal impact on local and regional ambient air quality. Several of the studies included
in this review found rural BTEX concentrations to exceed those measured in dense urban areas
and at concentrations that exceed health-based standards, with some concentrations over 2,900
ppb (parts per billion) (37, 43, 45, 46, 48, 51, 54, 73, 88, 91, 99, 102, 112). For reference, the Of-
fice of Environmental Health Hazard Assessment (OEHHA) acute reference effect level (REL)
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in nonoccupational settings for benzene is 8 ppb, and the 8-hour and chronic RELs for benzene
are 1.0 ppb (29). Studies that report ambient BTEX concentrations below existing health-based
standards have implied that upstream ONG emissions of these compounds may not have a sub-
stantial impact on human health, yet ambient BTEX concentrations, below health benchmarks,
have been associated with adverse health outcomes in numerous epidemiological studies (2, 3, 7,
33, 47, 63, 64, 69, 71, 74, 87, 119, 121, 124).

While health-based air quality standards provide a guide on which to base regulatory thresh-
olds, many standards are extrapolated from in vivo or in vitro animal studies or human-based
occupational studies that may not be appropriate for the protection of sensitive populations such
as children and pregnant women (42, 110, 113). Recognizing the possible inadequacies of exist-
ing uncertainty factors for benzene, the OEHHA in California recently applied a stricter REL
to include additional protections to sensitive populations (29), yet questions remain over whether
these updated standards are protective enough. On the basis of the existing evidence of expo-
sure risks from chronic, low-level concentrations, current noncancer health benchmarks, such
as the OEHHA RELs, may be insufficient for estimating health impacts from benzene-related
exposures near upstream ONG development. Recognizing the cancer risks associated with ben-
zene exposures, the World Health Organization states that “no level of exposure can be recom-
mended,” implying that there is likely no safe lower threshold of exposure as implied by the RELs
(116).

Formaldehyde and acetaldehyde were found to be the most abundant carbonyl species when
sampling ambient air near ONG facilities. The chronic OEHHA nonoccupational RELs for ac-
etaldehyde and formaldehyde are 80 ppb and 7 ppb, respectively (84).While many of the observed
concentrations around ONG operations were below health standards, the International Agency
for Research on Cancer has classified formaldehyde as a group 1 carcinogen, meaning it causes
cancer in humans (8) and, generally, does not have a threshold below which there is a safe level
of exposure. Furthermore, simplified health risk assessments and modeling estimates near ONG
activities have suggested that formaldehyde and acetaldehyde are the dominant contributors to
cancer risks (25, 99). The abundance of formaldehyde detection in ambient collected samples
may actually indicate secondary atmospheric formation as the dominant source and not primary
emissions released directly from an ONG point source. Mandated state inventories that focus on
primary emissions may actually lead to underreporting if secondary atmospheric formation is the
dominant pollutant source.

The natural gas and crude oil impurity H2S is a colorless and flammable toxicant easily iden-
tifiable by its rotten egg odor. H2S becomes detectable at concentrations as low as 0.5 ppb (10),
becomes chronically toxic at 8 ppb (83), and has a National Institute for Occupational Safety and
Health (NIOSH) immediately dangerous to life or health (IDLH) concentration of 100 ppm (24).
Within the current review, H2S has been measured in ambient air at various phases of upstream
ONG development, including during separation, in storage tanks, and in discharge canals at con-
centrations exceeding those known to be safe (35, 39, 67, 73). Concentrations of H2S above the
odor threshold were measured just beyond the fence line in 8% of natural gas production sites in
Texas during mobile measurements (35).

The simplest unsaturated aldehyde, acrolein, is fairly ubiquitous throughout the environment
at concentrations above chronic noncancer benchmarks (77, 81, 100, 118). Used as a biocide addi-
tive and H2S scavenger in ONG operations, acrolein is also emitted from more common sources,
including incomplete combustion of petroleum products, tobacco smoke, and cooking activities.
Owing to the current health burden of exposure in the ambient environment, the OEHHA iden-
tified acrolein as one of the top five most important pollutants of concern in California (4), and
an additional exposure from ONG operations could compound the existing public health burden.
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Acrolein is difficult to measure accurately, and controversy over prevailing sampling methods per-
sists (49, 57, 62). Exposure to acrolein may cause adverse health effects, including eye, nose, and
throat irritation, chest pain, and difficulty breathing (9). In California underground natural gas
storage facilities, acrolein is reported as the eighth highest emitted air pollutant in California and
was found at elevated levels in indoor environments near the site of the Aliso Canyon natural gas
storage blowout (66, 94). Acrolein plays a substantial role in the upstream ONG process, and yet
methodological constraints limit the availability of reliable industry-related emissions estimates
and, consequently, obscure the understanding of the potential impact to human health.

3.3.2. Gaps in health research. Recent health-based studies have uncovered a spatial relation-
ship between upstream ONG and a range of health outcomes. Epidemiological and health-based
studies have found increased risk and incidence of adverse birth outcomes near ONG activity
compared with further away (22, 31, 60, 96). Similarly, studies that utilize distance metrics as
proxies of exposure reported increased health risks for individuals living near ONG activity com-
pared with further away (21, 79, 99). These findings are corroborated by symptom surveys that
found that the number of reported symptoms was higher among residents living closer to well
pads compared with those living further away (97). Moreover, McKenzie et al. (78) paired in-
situ air quality measurements with distance and cancer risk assessment. The study found that
within 152 m (∼500 feet) of active oil and gas development, the cancer risk estimate was 8.3 cases
per 10,000 individuals, greatly exceeding the US EPA’s upper threshold for acceptable risk (1 ex-
cess case in 10,000).

Despite findings of a spatial dimension of health data near upstream ONG development, mea-
sured pollutant concentrations, including concentrations of HAPs, were generally below health-
based standards. It is unclear why ambient air samples have failed to capture concentrations above
health benchmarks while the majority of epidemiological studies continue to find incidence of
poor health outcomes increasing as distance from these operations decreases. Recent literature
provides insights into methodological shortcomings that make investigations more prone to null
air pollutant concentration findings. First, in-situ measurements of emissions collected at a dis-
tance from well pad activities are prone to effects of atmospheric degradation, dispersion, and
deposition (86), and yet they are commonly, and inappropriately, extrapolated to describe local
exposures. Studies that utilize data from standard air monitoring networks, such as the Texas Com-
mission on Environmental Quality (19, 40, 93), may fail to capture concentrations that pose actual
exposure risks as a result of such methodological biases.

Second, samples collected with short collection timeframes (e.g., “grab samples”) are capable
of detailing only conditions at a particular—and short—moment in time and often fail to capture
the episodic peaks commonly associated with many of the upstreamONG development processes
(17). Similarly, integrated concentrations derived from longer sampling timeframes may dilute
elevated concentrations during peak emission events and, thus, underestimate the full range of
potentially recurring acute exposures (54). Recent evidence suggests that abnormal process con-
ditions or uncontrolled emission events from a small proportion of wells or associated ancillary
infrastructures may better explain the complex exposure environment from local to regional scales
(123). Studies that estimate exposures on the basis of modeled emission masses and rates may miss
peak exposures from abnormal process conditions that are more accurately characterized via field
sampling. Air quality studies that focus on granular geographic estimates of exposures via continu-
ous, local-level monitoring better characterize ambient concentrations during brief peak emission
episodes, common in upstream ONG development, that may be missed using intermittent sam-
pling methods at select stages (28, 54).
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Third, the current state of toxicological data and exposure science may not adequately address
potential risks associated with long-term, chronic, lower levels of exposure, particularly whenmul-
tiple air pollutants might be implicated (18, 20, 52). Thus, available health standards developed
from inadequate uncertainty factors may not provide protection for human populations and es-
pecially for sensitive subpopulations, including infants, children, pregnant mothers, and people
with preexisting medical conditions. Using OEHHA’s conservative list of approved risk assess-
ment health values as a guide to understand the current state of available health benchmarks (5),
we found that fewer than 40% of all HAP compounds had inhalation cancer risks or noncancer
health-based exposure levels. Several compounds that lack reference values were detected in air
near, and are likely associated with,ONG sites.Other contaminants with health benchmarks, such
as benzene,may still elicit health effects at concentrations lower than theREL.Furthermore,many
HAP compounds are associated with cancer end points that, even at low atmospheric concentra-
tions, generally do not have a threshold below which there is a safe level of exposure. Therefore,
health studies that provide only comparisons to noncancer benchmarks may be misleading in their
estimates of actual long-term health impacts.

Finally, health studies that use single pollutant health-based standards may fail to provide accu-
rate risk estimates from concurrent or close-succession exposures to multiple pollutants that may
act biologically antagonistic, synergistic, or additive (105). This situation of potential exposures
to multiple air pollutants is particularly relevant for upstream ONG development where emission
inventories and air quality monitoring have identified a wide range of pollutants that are often
coemitted. Without knowledge of a specific etiological agent or exposure pathway, investigators
may find that these studies fail to sample and analyze the full range of biologically relevant ONG
pollutants or determine the most appropriate exposure pathways.

4. DISCUSSION

We identified 37 peer-reviewed journal articles that met our inclusion/exclusion criteria, of which
all but one focused on ONG operations within the United States. In our review, we found a lack
of peer-reviewed literature from outside the United States, likely owing to the growing concerns
about human health and environmental impacts, which may have slowed adoption of novel extrac-
tion methods in other countries.With the exception of Russia, the United States produced at least
twice as much natural gas compared with all other regions in the world (103). In Europe, most
exploratory shale gas extraction has occurred in Poland and the United Kingdom, but France and
Norway have some of the most promising reserves that remain largely unexploited (44). Within
the collected literature, we identified 61 HAPs, of which only 32 were collected during in-situ
monitoring. Hydraulic fracturing has received the greatest attention for its potential impact to
human and environmental health (14). In the context of HAPs, however, we did not find evidence
to support the common assumption that the discrete hydraulic fracturing phase itself is associated
with the highest risk of exposure. Instead, we found that the production phase—with its lengthy
operation timeframe, episodic peak emission events, and largest number of HAPs sourced to the
various equipment and operations—has the potential to emit the highest concentrations and the
most varied mixture of HAPs over the longest time period, especially in regions rich in oil, wet
gas, and condensate. Our review of the literature further suggests that exposure risks can be much
higher if production equipment is colocated with condensate storage and wastewater impound-
ments. ONG development does not necessarily involve hydraulic fracturing but may include a
myriad of different oil and gas development techniques, many that were not investigated within
the collected literature.
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In general, in-situ air pollutant measurements were found to be below health benchmarks, and
yet multiple health-based studies found evidence of a spatial relationship between concentrations
ofHAPs and incidence of cancer and noncancer health end points in the context of proximity to oil
and gas development operations. These findings suggest several possible explanations: (a) Spatial
sampling methodologies fail to properly characterize exposures prior to atmospheric degradation,
dispersion, and disposition of sampled pollutants; (b) ambient air sampling timeframes are inap-
propriate for capturing the episodic peak emission events characteristic of upstream ONG; and
(c) prevailing health benchmarks are inadequate to identify exposures to chronic, low levels of
pollutants, multiple chemical exposures or from multiple exposure pathways.

This review has several limitations. First, some HAPs targeted for this review include broad-
range categories (e.g., POM) that contain multiple constituents of varying degrees of toxicity, of
which some may have been overlooked during the inclusion/exclusion review. Second, some ac-
tivities and equipment are used in both upstream and midstream (e.g., hydrocarbon transport)
processes, and it was not always clear which was being measured when in-situ monitoring data
was being collected. For example, compressors can be used to transport hydrocarbons and other
compounds off the well pad during upstream activities, but the act of transportation would classify
associated releases as midstream emissions.We used our best judgment when collecting and recat-
egorizing HAP compounds; however, without clarification from the studies’ authors, we may have
included some midstream processes in our reclassification efforts. Third, several studies included
in our review suffered from methodological limitations resulting in over- or underestimated con-
centrations of summary findings.Althoughwe attempted to recognize and address these inadequa-
cies we may not have adjusted for all possible shortcomings in the reviewed literature. Fourth, we
used sample LODs as the most appropriate metric of interest because the heterogeneity of sam-
pling methodologies limited direct comparisons of measured or estimated concentrations across
studies (formore information, see the sidebar titledMetric of Interest: Sample Limits of Detection
versus Health-Based Comparison Values). While it would be helpful to consider sample LODs
when evaluating nondetected HAPs, we identified a consistent failure to supply sample detection
limits within the peer-reviewed literature in this review. Finally, our review was limited to con-
stituents classified as HAPs; non-HAP compounds were beyond the scope of this article. Similarly,
HAP compounds that were excluded from the collected literature were not extensively discussed
here. By design, this review was limited to a select group of compounds that have been previously
studied within the peer-reviewed literature. However, non-HAP compounds, HAP compounds
not measured, and HAP compounds found under the sample LOD may still have a significant
role in upstream ONG development and should be investigated in future studies.

Through our synthesis of the peer-reviewed literature, we have identified the following re-
search priorities: (a) Increase research of HAPs near upstream ONG development with an em-
phasis on those that have not been extensively measured or reported on in the peer-reviewed lit-
erature, especially those that overlap with chemicals identified in state inventories or disclosures;
(b) undertake detailed source attribution investigations of emissions using spatially and temporally
appropriate measurements; (c) conduct detailed health studies that focus on granular estimates of
exposures near upstream ONG development via personalized and community-based monitoring;
and (d) implement additional research on health impacts from chronic, low-level ambient HAP
exposures. Adoption and implementation of these research priorities will help guide future policy
aimed to implement appropriate upstream ONG development emission control measures that
will protect human and environmental health and decrease the adverse impacts of upstream oil
and gas development.
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Introduction 
 

 
The people have a right to clean air, pure water, and to the 
preservation of the natural, scenic, historic and esthetic values of 
the environment. Pennsylvania’s public natural resources are the 
common property of all the people, including generations yet to 
come. As trustee of these resources, the Commonwealth shall 
conserve and maintain them for the benefit of all the people. 

 
Pennsylvania Constitution, Article 1, Section 27: the Environmental Rights Amendment 

 
 

This Grand Jury Report assesses impacts on Pennsylvania of a new, lucrative but often 

destructive enterprise – the unconventional oil and gas industry, commonly known as “fracking.”  

Unconventional oil and gas drilling began its explosive growth in this state more than a decade 

ago.  We, the 43rd Pennsylvania Statewide Investigating Grand Jury, find by a preponderance of 

the evidence and in many instances by clear and convincing evidence, and that after 

comprehensive study in the course of our investigative duties, conclude that government 

oversight of this activity was for many years poor, and has only more recently shown signs of 

improvement.  As a result, officials often did not do enough to properly protect the health, safety 

and welfare of the thousands of Pennsylvania citizens who were affected by this industry.   

The Grand Jury began this investigation based on evidence that private companies 

engaged in unconventional oil and gas activities have committed criminal violations of 

Pennsylvania’s environmental laws.  We found such violations and we are issuing several 

presentments recommending the filing of criminal charges.  And we believe investigation of 

additional crimes should, and will, continue beyond the term of this Grand Jury.  In the course of 

our work, we found something else as well.  We saw evidence that government institutions often 

failed in their constitutional duty to act as trustee and guardian “of all the people,” as Article 1, 
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Section 27 provides.  We issue this Grand Jury Report to document our findings, and to make 

recommendations for improvements going forward. 

We are not “anti”-fracking.  The purpose of this Report is to present an account of the 

impacts of an industry that will affect Pennsylvanians for decades to come.    We are aware that 

unconventional drilling brings significant economic benefits.  But if the activity is to be 

permitted, it still must be regulated appropriately, in ways that prevent reckless harms.  Instead, 

we believe that our government often ignored the costs to the environment and to the health and 

safety of the citizens of the Commonwealth, in a rush to reap the benefits of this industry. 

At the same time, we recognize that some progress has been made in recent years. Our 

investigation engaged extensively with the Pennsylvania Department of Environmental 

Protection (DEP) and the Pennsylvania Department of Health (DOH), the two agencies whose 

responsibilities encompass oversight of unconventional oil and gas activity.  We heard testimony 

from dozens of current and former employees of these departments, and learned that at least 

some of their failings are being somewhat addressed.  But we strongly believe we have to 

examine and expose those failings, past and present, in order to illustrate the need for further 

improvement and to ensure that the mistakes of the past do not continue into the future. 

 We are also aware of continuing debate about the nature and degree of health impacts 

related to unconventional drilling.  We do not believe, however, that such uncertainty could ever 

be an excuse for inaction.  The risks of this new industry should fall on the industry and the 

regulatory agencies, not on the public.  As we see it, the purpose of government agencies like 

DEP and DOH is to proactively prevent harm, not to wait and see if the worst really happens.  

There has already been too much of that.  
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Human impact 
 
 We heard, from witness after witness, about what happens when you find yourself living 

next to a fracking site.  To understand, we had to spend a great deal of time over the last two 

years hearing testimony from experts and learning about the process.  Unconventional oil and 

gas activity is heavy industry, requiring heavy construction, heavy trucks, and heavy traffic.  

Wells are drilled thousands of feet down into the ground, through water tables, and then drilled 

laterally for thousands more feet.  The drills are lubricated with hazardous chemical compounds.  

When the holes are drilled, gas doesn’t just flow up on its own.  In order to release the gas, shale 

rock has to be fractured  – “fracked” – using explosives and even more chemicals.  There are 

thousands of wells around the state, and each one produces thousands of gallons of “flowback” 

or “produced water” – chemical-filled water that comes back up out of the well along with the 

gas.  The fluid, as well as the drill cuttings, present unique issues for storage and disposal. 

 What is most concerning about this industry is that it doesn’t happen in out-of-the-way 

industrial parks.  It happens wherever there is a deep seam of shale rock – under houses, and 

farms, and woodlands.  It’s a geological crapshoot.  Landowners who sell their mineral rights 

often have no idea what it really involves, and people who buy property after rights have already 

been sold, or who live next to someone else who sold, have no choice in the matter.   

 Wells can be drilled as close as 500 feet from your front door.  Once construction of a 

well pad begins, life changes.  We heard about the clouds of dust, the grimy film, the booming 

and the blinding lights, day and night.  The construction phase of the process is still just the 

beginning.  Next comes the drilling and the hydraulic fracturing of the wells.  These parts of the 

process bring their own nuisances, some of which are similar to what homeowners experienced 

during the construction phase.  Oftentimes, the noise is far worse than it was during the 
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construction phase and can occur 24 hours a day.  Some people had to sleep in a corner of the 

basement trying to get away from it.  The vibrations from drilling and fracking were sometimes 

so intense that all the worms were forced up out of the ground. 

 Aside from the nuisances of the process, some people, as we learned from testimony, 

began to notice changes to their water.  In many areas where unconventional oil and gas activity 

is common, there is no public water line.  People rely entirely on water wells drilled on their own 

property.  When the oil and gas operators spilled products used to fracture a well, or the storage 

facilities that held the waste water leaked, the chemicals made their way into the aquifers that fed 

those water wells.  The water started smelling like sulfur, or tasting like formaldehyde.  It burned 

the skin.  There was a black sludge in the toilet.  Some people hauled in “water buffaloes” – 

giant tanks of clean water – but the monthly cost could be more than a mortgage payment. 

 Then there was the air.  The smell from putrefying waste water in open pits was 

nauseating.  Airborne chemicals burned the throat and irritated exposed skin.  One witness had a 

name for it:  “frack rash.”  It felt like having alligator skin.  At night, children would get intense, 

sudden nosebleeds; the blood would just pour out.  But you can’t buy a water buffalo to replace 

the air you breathe. 

 Many of those living in close proximity to a well pad began to become chronically, and 

inexplicably, sick.  Pets died; farm animals that lived outside started miscarrying, or giving birth 

to deformed offspring.  But the worst was the children, who were most susceptible to the effects.  

Families went to their doctors for answers, but the doctors didn’t know what to do.  The 

unconventional oil and gas companies would not even identify the chemicals they were using, so 

that they could be studied; the companies said the compounds were “trade secrets” and 

“proprietary information.”  The absence of information created roadblocks to effective medical 
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treatment.  One family was told that doctors would discuss their hypotheses, but only if the 

information never left the room. 

 
Regulatory reaction 

 
Contamination of water and air is not supposed to happen, of course.  Environmental 

laws and regulations are supposed to prevent these very things.  The agency responsible to 

enforce those requirements is DEP.  Our investigation, however, convinced us that DEP did not 

take sufficient action in response to the fracking boom, and even now, more than a decade after it 

began, must do more to fully address the special challenges posed by the industry. 

Unconventional oil and gas activity uses completely different processes than classic oil 

drilling, or any other industry that DEP had previously regulated.  New rules were required to 

cope with these issues.  But it took the agency years to promulgate regulations specifically 

targeting this industry, and some crucial areas still haven’t been covered.  The Department says 

formal regs are subject by law to an inherently slow review process beyond DEP’s control.  But 

we’ve seen the agency issue and enforce informal rules, when it elected to do so; and on many 

occasions it hasn’t availed itself of that option either.  As a consequence, companies were free to 

continue environmentally hazardous activities that DEP had the power to stop. 

DEP employees didn’t just need new rules; they needed new knowledge.  The 

Department was faced with novel extraction technologies that no one knew anything about.  In 

the early days of the industry, DEP endeavored to better understand aspects of the process by 

performing its own study.  And yet, the agency did not effectively share the information among 

its own staff once it was acquired.  We learned that expert training is available that could assist 

DEP employees in their ability to effectively regulate this industry.  In spite of its availability, 

the agency hasn’t found a way to avail itself of many of these training opportunities.   
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More concerning, though, were the Department’s failures to enforce its existing powers.  

DEP was charged with protecting water quality.  One of the mechanisms to do so was to conduct 

water testing when a homeowner complained of contamination.  However, we learned that DEP 

was relying on old, pre-fracking criteria – meaning DEP employees weren’t even looking for the 

new compounds used in unconventional drilling, and therefore couldn’t accurately say whether it 

was causing contamination.  And the Department sometimes failed to take advantage of the 

law’s most powerful feature: the “zone of presumption.”  If water sources near a gas well 

showed contamination in the period soon after drilling and hydraulic fracturing, the burden was 

on the operator to disprove responsibility.  But that presumption was not consistently enforced. 

We were also troubled by other practices.  We learned, for example, that DEP employees 

often elected not to inspect reported violations; some employees would just call the well’s 

operator, and rely on his version of events.  And even in cases where investigation did show that 

a violation had occurred, and that ground water had been tainted, DEP employees typically chose 

not to notify neighboring landowners, who would have had no way to know there was a problem.  

Even today, there is apparently no policy that requires DEP to notify unsuspecting neighbors that 

a nearby resident’s water was found to be contaminated, and therefore that their water could be 

contaminated as well. 

The goal of regulatory oversight, moreover, is not only to discover past violations of 

environmental requirements, but to deter new ones.  And the way to do that is to punish violators 

once they are identified.  Administrative action begins with a Notice of Violation (NOV).  But 

especially in the early years, there just weren’t very many NOVs issued for fracking violations.  

In fact, in 2011, the Department issued a directive prohibiting oil and gas NOVs unless they were 

personally reviewed and approved by the Secretary himself, the top official in the Department.  

6 of 235

WG Ex. 70

2387



7 
 

The message to employees, intended or otherwise, was to leave fracking alone.  That message 

was reinforced by the Department’s failure to use another powerful tool at its disposal: referral of 

cases for possible criminal prosecution.  Even in recent years, when things have gotten better in 

some other respects, the number of criminal referrals for fracking infractions has been close to 

zero. 

We believe that some DEP employees saw the job more as serving the industry than the 

public.  We heard too many stories of complaints unanswered, or cavalierly dismissed.  Some 

employees refused to consider evidence of problems presented by citizens, while at the same 

time readily accepting and believing information supplied by operators.  Even when homeowners 

went to the trouble and expense of hiring their own experts, some DEP employees did not listen.  

We appreciate that not every complaint is founded.  But, in areas of this Commonwealth where 

fracking has taken a toll, many people do not believe that DEP is an honest broker.  Work 

remains to win back that trust.   

 
Public health response 

 
 In some ways, the Department of Health should have had an easier time dealing with the 

shale gas boom than DEP did.  Unconventional oil and gas activity was a revolutionary 

development.  Public health crises, on the other hand, were nothing new for DOH.  The 

Department, like other public health agencies, had seen plenty of newly arising health conditions, 

such as HIV, that demanded concerted action from health care officials: reaching out to doctors 

and hospitals in the affected area to gather information, tracing pathways of transmission, 

educating the public to recognize warning signs and prevent their spread. 

 Yet somehow it was different with fracking.  When reports started coming in from 

homeowners suffering the symptoms of exposure to frack-contaminated air and water, DOH was 
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suddenly hands off.  There was no special training for public health center staff in affected 

communities; no public education alerting people to the potential problem; no centralized 

collection of data that might help pin down what was making people feel sick. 

 Instead, staff were directed, in effect, to leave fracking-related complaints alone.  The 

agency actually constructed a list of approximately 20 words related to health complaints arising 

from unconventional drilling activity.  Staff were instructed that if anyone called in, and used 

one of those words, the staff member should end the call and direct the caller to a central office 

at headquarters.  After that, nothing happened.  Callers who had been transferred to the central 

office never got anywhere.  They would call back to their district office asking what happened.  

Meanwhile, DOH employees who could see that something was going on in their communities, 

and who were trying to educate themselves about it, were instructed that they could not attend 

meetings or events related to fracking without applying for and receiving special permission that 

was not required in other areas. 

 It didn’t have to be that way.  We know, because we heard from other entities about how 

they handled these health issues.  We heard evidence about a non-profit health organization 

active in southwestern Pennsylvania, and a federal agency working on this issue throughout 

Pennsylvania.  Professionals from these organizations actually investigated to try to find out 

what was happening.  They used tools to collect air specimens and to detect patterns.  They 

discovered that exposure levels varied considerably by various factors, such as distance from the 

well, time of day or night, elevation, and weather conditions.  DOH could, and should, have been 

doing the same kind of work, but never did. 

 Now the agency tells us they are enhancing their response to fracking-related health 

complaints.  They have a new centralized database, although few people call to report 
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information, because DOH has little to provide in return.  The Department says it is changing 

that; it is embarking on a new, three-year study, at a cost of one million dollars per year, to 

examine possible links between health and unconventional oil and gas activity.  We are pleased 

to hear that.  But the study is retrospective, meaning it will attempt to gather and analyze already 

existing data from prior complaints.  And because DOH effectively discouraged such complaints 

in the past, there may be little data to review. 

 We believe the Department is still in a state of denial about the potential effects of 

fracking-generated substances on human beings.  We asked DOH to share with us its opinion on 

whether fracking posed a risk to public health.  The answer was that definitive causation “has not 

been proven.”  Well, yes; you can’t prove what you don’t examine, and DOH has gone out of its 

way in the past not to look at connections between fracking and health effects.  The 

circumstantial evidence is compelling and we think it was the Department’s job to look at it.  The 

new study is a start, but is still far from the proper response of a public health agency.  

 
Recommendations 

 
 We urge the executive and legislative branches of Pennsylvania’s government to 

seriously consider the findings of this Report, and to act in favor of the common good of 

Pennsylvania and its citizens.  We think there is more that can and must be done to minimize the 

hazards arising from unconventional drilling.  Some of it is science; but it’s not rocket science.  

These are practical and available responses to the problem.   

1. Expand the no-drill zones 

Everything we’ve seen confirms that all the impacts of fracking activity are magnified 
by proximity.  The closer you live to a gas well, compressor station or pipeline the 
more likely you are to suffer ill effects.  Yet the state law minimum “set-back” for 
well construction is only 500 feet.  That is dangerously close.  An increase in the set-
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back, to 2500 feet, is far from extreme, but would do a lot to protect residents from 
risk. 

 
2. Stop the chemical cover-up 

Oil and gas companies use huge quantities of complex, man-made chemical 
compounds, which then get released into the environment.  Some of them are subject 
to disclosure requirements, but only after they’ve been used.  Some have no reporting 
requirement at all.  And some are kept hidden based on “trade secret” claims.  Let’s 
end this camouflage, provide transparency to the public, and mandate disclosure of all 
chemicals used in any aspect of unconventional drilling, so their possible hazards can 
be properly considered. 
 

3. Regulate the pipelines 
 
Fracking requires special pipelines that pose special environmental risks.  When they 
travel through less-populated areas, though, the network of smaller pipes, called 
“gathering lines,” is almost completely unregulated.  This is yet another undeserved 
exemption for elements of the unconventional drilling system.  Close that loophole. 
 

4. Add up the air pollution sources 
 
Fracking equipment regularly releases gasses into the atmosphere.  One of the culprits 
is the so-called “pigging station,” where pipeline valves are opened up for cleaning.  
DEP generally considers individual pigging stations as too small to require attention.  
But these stations are often located near each other, and so they have a cumulative 
effect that is significant.  Start adding together all the emissions producing sources in 
a specific area and treat them as one pollution source, so that the true impact on local 
residents can be properly addressed. 
 

5. Transport the toxic waste more safely 
 
The industry uses hazardous chemicals in drilling and hydraulically fracturing 
unconventional wells.  These chemicals return to the surface as waste.  This waste is 
transported around the Commonwealth in trucks labeled as non-hazardous “residual 
waste.”  That means when the public and first responders encounter this waste, they 
do not know it could be highly dangerous.  To mitigate this risk, Pennsylvania should 
require trucks carrying waste containing chemicals used in the drilling and fracturing 
process display signage specifically identifying the source of the waste they carry.  
 

6. Deliver a real public health response 
 
Let’s release DOH from its self-imposed constraints and require it to treat fracking 
like any other public health crisis.  Send out the nurses and doctors to interview health 
care professionals. Advertise in affected areas.  Collect sophisticated data and 
conduct sophisticated analysis. 
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7. End the revolving door 
 

DEP employees, once trained about fracking at government expense, are often 
poached away to much higher-paying jobs in the oil and gas industry.  That 
creates a potential conflict of interest for government workers whose duty is to 
regulate the people who may well be their future employers.  A revolving door 
rule would reduce that potential conflict by requiring a period of delay before 
taking a new job in the regulated industry. 
 

8. Use the criminal laws 
 
DEP won’t use its most powerful weapon against frackers who break the rules: 
criminal prosecution.  But there’s no reason it should only be DEP’s call to make.  
Extend jurisdiction to the Office of Attorney General, so that its environmental 
crimes section can follow the evidence and make appropriate decisions about 
criminal charges, without leaving it all up to DEP. 

 
 If we ignore history, we’re bound to repeat our mistakes.  That is why we are issuing this 

Report.  We’ve been here before in Pennsylvania.  First, we allowed the timber in our 

Commonwealth to be plundered.  Then it was our coal.  Now it’s shale.  Other industries will 

certainly come our way, for some new natural resource to exploit.  This is the time to learn our 

lesson for the future: who will bear the inevitable risks?  We say it should be those who exploit 

the resources, not those who live among them.  That means let industry pay the price of harm 

reduction, and let government take the time to get it right before we hand over the keys.  And for 

the present, let us at least do all we can to catch up.   

 

 
 
 
 
 
 
 
 
 

11 of 235

WG Ex. 70

2392



12 
 

The Realities of Shale Gas Operations 

 Pennsylvania has experienced an extraordinary oil and gas boom since the first 

unconventional well was drilled in Washington County in 2004. Today, approximately 12,500 

unconventional oil and gas wells have been drilled in Pennsylvania, and around 10,500 are 

actively producing natural gas.  Hydraulically fracturing a well is a heavy industrial operation.  

Even under ideal conditions, these operations significantly affect the environment and 

communities where they occur.  

 Fracking technology has enabled the extraction of once unobtainable oil and gas deposits 

in shale rock formations thousands of feet below the surface of Pennsylvania.  In the 

Commonwealth, unconventional drilling has targeted the Marcellus shale formation, a 575-mile 

long deposit of flat lying shale rock running beneath West Virginia, Pennsylvania, Ohio, and 

New York.  As shown in the depicted map, in Pennsylvania, the Marcellus runs from the 

southwest of the Commonwealth in an arc toward the northeastern region of the state, with 

drilling concentrated in the southwestern corner and northeast.  
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 The ability to access gas deposits in shale formations through unconventional drilling has 

revolutionized energy production in the United States, and Pennsylvania is at the center of this 

revolution.  While unconventional drilling and recovery involves impressive feats of 

engineering, it is an industrial enterprise.  It has in many cases been undertaken within a few 

hundred feet of homes and water supplies.  This close proximity between industry operations, 

homeowners, and communities results in unavoidable risks and problems.   

 The fracking industry is still in its infancy.  Experts anticipate that there will be another 

30,000 to 40,000 unconventional wells drilled in the Marcellus shale in the coming years.  These 

estimates do not reflect the drilling potential of other shale formations lying beneath 

Pennsylvania, such as the Utica shale, which also contain substantial gas deposits.  

Understanding how fracking has developed in Pennsylvania up to the present day is important 

because we are concerned about Pennsylvania’s future.  We must act now, with a clear and 

honest understanding of the reality of this industry, to avoid potentially devastating 

consequences to our environment and the health and well-being of Pennsylvania residents. 

 
The drilling process 

 The first stage requires clearing and leveling the drilling site and preparing the drilling 

infrastructure, including a well pad, an access road to the well pad, and any other required 

equipment.  Once the necessary infrastructure and large machinery are in place, drilling begins.  

The industry utilizes fluids and chemicals throughout the drilling process to manage friction, 

allow drill cuttings to move vertically up and out of the well, and to cool and lubricate the drill 

bit.  Drill cuttings can be contaminated with hazardous chemicals used in the drilling process, as 

well as naturally occurring metals previously trapped beneath the earth’s surface, which can be 

harmful and even radioactive.  
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 Drilling an unconventional well occurs in stages.  As each section is drilled, a metal pipe 

called a "casing" is inserted into the ground to stabilize the hole.  Cement is then pumped under 

pressure inside the casing and when it reaches the bottom of the drilled hole, is pushed up the 

outside of the casing to fill the area between the casing and surrounding rock and soil.  Once the 

cement hardens, the intended result is a metal casing surrounded by cement that has completely 

filled and sealed any space between the well and its surroundings.  The process is repeated with 

progressively narrower casings as the well is drilled.   

 The Marcellus formation lies from 7,000 to 9,000 feet underground and is around 100 to 

350 feet thick.  At around 1,000 feet of the targeted shale deposit, drilling goes from vertical to 

horizontal at a slight curve.  Once lateral, the well is drilled out through the shale rock for 

upwards of 25,000 feet, or approximately five miles.   

 
The hydraulic fracturing process 

Once an unconventional well is drilled and casings are in place, "perforating guns" are 

lowered into the horizontal extension of the well.  Perforating guns allow explosives to be placed 

and detonated in order to puncture hundreds of dime-size holes through the production casing 

and cement and out into the rock formation.  This is followed by hydraulic fracturing, which uses 

a high-pressure injection of fluid (generally water), "proppant" (sand or silica), and chemicals to 

fracture the shale and stimulate production.  The fracturing process requires the use of 

extraordinary amounts of fluid.  

All of those fluids do not remain underground. A portion of the fluid used in the fracking 

process returns to the surface as "flowback."  Flowback consists of the chemical composition of 

the fracking fluid plus naturally occurring substances it mixed with during the fracking process, 

such as chloride and strontium.   
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Once the flowback has exited, natural gas begins flowing upward and out of the well.  At 

this point, the well is in production.  In addition to gas, wells expel "produced water," which 

consists of fracking fluid that did not initially exit the well as flowback, but steadily exits a well 

during production.  Because produced water has remained in the subsurface far longer than 

flowback, it is more contaminated, and will typically contain high levels of sodium chloride 

(salt), bromide, lithium, boron, iron, manganese, arsenic, and radioactive radium.  An 

unconventional well can produce from half a million to over three and a half million gallons of 

flowback and produced water over the first five to ten years of production. 

 
Pipelines 

 
In Pennsylvania, natural gas is transported from well sites via a series of pipelines.  From 

the wellhead, gas first travels through "gathering lines," which are around four-to-six inches in 

diameter and can be highly pressurized at around 1,000 psi.  Gathering lines are not subject to 

safety regulations in less populated areas.  Despite the proliferation of gathering lines throughout 

the Commonwealth and the fact that they commonly leak, in underpopulated areas (less than 10 

residences within 1 linear mile of pipeline) they are not regulated or otherwise monitored by the 

federal government or the Commonwealth for safety. 

Gas transfers from gathering lines to "transmission lines," which are 36-to-42 inches in 

diameter and travel for hundreds to thousands of miles.  Transmission lines ultimately arrive at a 

"city gate," where gas is decompressed, odorized, and distributed to end use consumers through 

narrow, low-pressure "distribution lines."  

"Compressor stations" are strategically placed along gathering and transmission lines to 

add and maintain pressure in the pipeline, as well as to clean, cool, and otherwise facilitate 

movement of natural gas through the pipeline network.  It is necessary to release gas from 
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compressor stations through "blowdowns," which are required to ensure the pipeline can be 

depressurized in case of emergency.  Transmission lines, as well as gathering lines, employ 

"pigging stations," where devices called “PIGs” (pipeline inspection gadgets) are inserted and 

removed from pipelines to clean out debris and gather data to ensure the pipeline is operating 

properly.  Each time a pig is inserted or removed from a pigging station, the pipeline has to be 

depressurized and gas released through a blowdown.  As with blowdowns at compressor stations, 

release of gas from a pigging station can have an impact on the environment and those in the 

vicinity of where the blowdown occurs. 

 
Disclosure of chemicals used in drilling and hydraulic fracturing 

 Approximately 1,600 different chemicals have been detected in fracking wastewater. We 

have high quality toxicity data on only about 10% of these, however.  Among the most common 

of these chemicals are petroleum distillates, which are like diesel fuel, and act as "friction 

reducers" to sustain pressure in a pipe.  Hydrochloric acid is frequently used to keep the holes in 

a production casing clear and open to allow gas to flow into a well.  Corrosion inhibitors protect 

the inside of the casing from corroding.  We were particularly concerned to learn that petroleum 

distillates are commonly used in the fracking process because they contain "BTEX" chemicals 

like benzene, toluene, ethylbenzene, and xylene.  BTEX chemicals are extremely toxic and can 

cause serious health effects in very small doses, including cancer, neurotoxicity, kidney damage, 

liver toxicity, changes to blood chemistry, and harm to the immune system.   

 A sophisticated nationwide system, referred to as “SARA Title III,” governs the 

treatment of hazardous industrial chemicals in the workplace.  This system requires businesses to 

directly report dangerous chemicals they store on site to “Local Area Emergency Planning 

Committees,” local fire departments, and Hazmat teams.  The information is also available to the 
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public.  Notifying first responders of dangerous chemicals in their communities allows them to 

prepare for a fire or emergency at a facility where these chemicals are present.  Businesses are 

required to maintain “Safety Data Sheets” to identify the chemicals on site and allow first 

responders to quickly determine the specific risks associated with them in emergencies.  When 

dealing with dangerous chemicals such knowledge is essential – firefighters and Hazmat teams 

can only do their jobs if they know what they are dealing with.  

 Remarkably, the shale gas industry, despite using and transporting dangerous chemicals 

in their everyday operations, is largely excused from SARA Title III’s oversight regime.  No 

other industry enjoys such comparable exemptions.   

 Because of these federal exemptions, the states almost exclusively govern the fracking 

industry’s obligations to publicly disclose the dangerous chemicals it uses.  In Pennsylvania, the 

industry self-reports and publicly posts the chemicals used in hydraulically fracturing an 

unconventional well on a website called "FracFocus."  Via FracFocus, anyone can look up any 

shale gas well in Pennsylvania and see what chemicals the operator reported using in fracturing 

the well.  Operators are required to provide this information only after completing a fracturing 

job, however, with the DEP receiving notification 30 days after and a public posting occurring 

within 60 days. 

 There is a significant gap in reporting, however, because the industry is not obligated to 

identify or provide information about chemicals they classify as proprietary trade secrets.  While 

the industry must disclose trade secret chemicals to the DEP, the public and first responders 

cannot access them.  Keeping these proprietary chemicals secret leaves firefighters and Hazmat 

teams incapable of effectively or safely responding to emergencies at unconventional gas sites.  
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Communities, industry employees, and others who find themselves in close proximity are 

likewise kept in the dark.  This risk is unacceptable.  Only full public disclosure is sufficient.  

 In addition, the industry is only required to disclose chemicals used in the hydraulic 

fracturing process, but not the drilling process.  This is a serious problem because chemicals used 

in the drilling stage can come into direct contact with the water table.  We have learned that 

water contamination most frequently occurs when a well is drilled.  Yet the drilling stage, when 

water supplies are most at risk, is largely unregulated.   

 The industry argues that maintaining the confidentiality of trade secret chemicals is 

necessary to protect their competitive advantages.  We find any competitive interest of the 

industry outweighed by the need for Pennsylvanians to know all chemicals used in fracking 

operations.  In addition, we have learned that full disclosure of trade secret chemicals can occur 

without harming oil and gas operators' economic interests.   

 In 2014, a United States Department of Energy task force unanimously recommended full 

disclosure of all constituents used in hydraulic fracturing, including those containing trade secret 

information.  The task force concluded that complete disclosure can occur with nominal risk of 

revealing proprietary information if it is “organized by the chemicals rather than the additives of 

products to the fluid."  In the words of one witness, “it is like the back of the Kentucky Fried 

Chicken box . . . . Ingredients do not make a recipe.”  

 Pennsylvania should require full public disclosure of all chemicals, including trade secret 

chemicals, used in both drilling and hydraulically fracturing an unconventional well.  These 

disclosures should occur before drilling commences, and an operator should update its 

disclosures if different chemicals are used during a fracking job.  Anything other than complete 

disclosure poses an unacceptable risk to communities and first responders.   
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Hauling fracking waste 

 The dangerous chemicals used to drill and hydraulically fracture unconventional wells 

end up in drill cuttings and millions of gallons of wastewater produced by each individual well.  

Managing the millions of gallons of wastewater generated by unconventional oil and gas 

operations, in particular, presents an extremely challenging problem.  The fracking industry has 

never had a good solution for this problem, and it persists today.  

 For years following the fracking boom, the DEP permitted the industry to dispose of 

flowback and production water at municipal wastewater facilities.  However, these facilities 

could not process the various metals, chemicals, radioactive materials, and extreme salinity of 

these fluids.  Therefore, in 2012, a voluntary ban on accepting fracking fluids at wastewater 

facilities was instituted, and Pennsylvania later formally banned the practice.  

 Fracking wastewater can be permanently disposed of by pumping it into decommissioned 

oil and gas wells called "deep injection wells," or “underground injection control wells.”  There 

are currently around a dozen permitted deep injection wells in Pennsylvania, and only a few of 

these operate commercially; meaning they can accept wastewater from any operator.  Rigorous 

permitting requirements, local opposition and litigation, and the fact that Pennsylvania’s geology 

is not conducive to these wells means they are not a viable local option to the fracking industry’s 

wastewater problem.  

 There are over 200 deep injection wells in Ohio, however, so 90% to 95% of 

Pennsylvania’s fracking wastewater disposed of in deep injection wells goes to Ohio.  Given the 

cost and logistical burden of shipping wastewater to these out-of-state injection wells, this is not 

a viable solution to the industry’s wastewater problem. 
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 The industry primarily employs on-site tanks to store flowback and produced water, 

which is later "recycled" to frack other wells.  In Pennsylvania, around 90% of flowback and 

produced water is recycled, and 20% to 30% of fracturing fluids are composed of recycled 

wastewater.  This practice entails storing fluids in a series of interconnected "frac tanks," which 

hold around 20,000 gallons and are roughly the size of a shipping container.  More recently, 

companies have begun using "modular aboveground storage structures," which are temporary 

holding tanks that store massive amounts of wastewater.  

 Before flowback and produced water can be recycled, it has to be treated.  Operators use 

on-site mobile treatment units or ship their waste to the approximately 20 treatment plants 

around the Commonwealth.  Treating fracking wastewater is its own distinct industry, with costs 

ranging from $2.00 to $10.00 a barrel (42 gallons) depending on the degree of treatment 

performed.   

 Both “recycling” wastewater and disposing of it in deep injection wells requires hauling 

it around the Commonwealth and neighboring states in tanker trucks.  This wastewater may be 

composed mostly of brine and relatively harmless constituents, or it may be full of extremely 

dangerous chemicals or highly radioactive.  There is no way to tell, however, because the 

industry is not required to identify or manage its wastewater for what it actually contains.  Due to 

exemptions under federal law, trucks carrying fracking wastewater in Pennsylvania are not 

placarded as hauling hazardous waste, even though they may be carrying hazardous waste. 

Rather, they display signage indicating they are carrying “residual waste,” which fails to account 

for the serious health and environmental risks posed by fracking wastewater.     

 Hauling fracking wastewater as “residual waste” poses a serious risk to the public and 

first responders because if there is an accident and the driver of a truck hauling fracking waste is 
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incapacitated, the public and first responders at the scene won’t know that whatever may have 

spilled all over the roadway came from a fracking site.  Pennsylvania should require that trucks 

hauling solid and liquid waste containing chemicals from shale gas operations display signage 

indicating the source of the waste in question.  While this signage may not clearly state exactly 

what is in the waste in question, the public will know it came from a fracking site and can handle 

the matter appropriately given the risk that it may contain extremely dangerous chemicals. 

 Our government and the shale gas industry currently have no long-term sustainable 

solution to managing the toxic waste generated by fracking operations.  At the very least, the 

industry should be required to more safely and responsibly transport this waste around the 

Commonwealth.   
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The Effects of Shale Gas Operations on Pennsylvania Families 

 We heard testimony of the experiences of over 70 households with the shale gas industry. 

This sampling represents the limited number of complaints we as a grand jury had jurisdiction to 

investigate.  While the number of homeowners we heard from is far less than the total number of 

Pennsylvanians who have experienced harm from fracking operations, their stories provided us 

with a sound and detailed understanding of the realities of this industry and the problems 

associated with fracking in our Commonwealth.  

 We are deeply grateful to the homeowners who shared their stories with us.  We were 

moved by the profoundly emotional experiences many have endured.  Often, their pain was still 

raw, but they nevertheless testified and taught us about the sometimes harsh reality of shale gas 

operations.  While we cannot truly capture what it was like to witness their testimony, all those 

reading this report should understand that we find the testimony of these homeowners credible 

and compelling.    

 While each homeowner's experience was unique, they were in many ways similar, 

regardless of whether they lived in the same township or hundreds of miles from one another. 

Indeed, many of their accounts were remarkably consistent.  Dozens of people experienced the 

same medical symptoms in association with the same oil and gas activity.  Parents invariably 

feared what exposure to fracking operations posed to their children's health and future, as any 

parent would.  There are simply too many people who have suffered similar harms in 

communities throughout Pennsylvania where fracking occurs to disregard the damage caused by 

this industry's operations.  This reality necessitates laws and regulations capable of protecting 

those put at risk by fracking, and a government willing to enforce them.  For too long, 

Pennsylvania has failed to live up to its responsibility to its people in both respects.        
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 Fracking is a heavy industrial operation.  It requires hundreds or even thousands of trips 

by heavy trucks, coming and going from a well pad, 24 hours a day, for months.  Drilling and 

fracturing requires the use of dangerous chemicals – some known and some unknown, because 

the industry refuses to disclose them.  The use of these chemicals produces contaminated solid 

waste and hundreds of thousands of gallons of liquid waste.  The industry is exempt from 

treating the dangerous byproducts of its operations as hazardous.  Spills and accidents happen. 

Emissions are inevitable.  We examined evidence and heard testimony showing that when all this 

industrial activity occurs within a few hundred feet of someone's home, as our laws have 

allowed, harm to public health and significant disruption to people’s lives result.     

 We do not claim to have an easy solution that would allow fracking operations and 

residents to coexist in perfect harmony.  However, the recommendations we do offer are 

necessary and obvious.  Extensive testimony, hundreds of exhibits containing records, and 

technical data from leading experts and dozens of DEP and DOH employees support what we 

propose.  Ultimately, the recommendations in this Report are rooted in and validated by the 

experiences of everyday Pennsylvanians who shared with us the real world effects 

unconventional oil and gas operations can have on people’s lives.  Confronting and fixing the 

legal, regulatory, and executive-level norms that enabled the harms experienced by the 

homeowners will go a long way toward restoring some balance between fracking operations, 

public health, and the constitutional right to "clean air, pure water, and the preservation of the 

natural, scenic, historic and esthetic values of the environment."     

The vast majority of homeowners we heard from lived in rural, agricultural areas.  Some 

deliberately sought an escape from the noise of urban or suburban life when they bought 

property and built their dream homes.  They lived on small plots of land as well as on farms 
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spanning hundreds of acres.  Some entered into oil and gas leases, often under false pretenses or 

lacking a full understanding of what fracking operations would entail.  As one homeowner told 

us,  

The land manager told us that when they were finished, all that 
would be in there were a few green tanks, but we had no idea that 
it was going to be a three-year ordeal of 24-hour lights, back-up 
beepers, digging, my wall vibrating in my house.  Just had no idea. 

 
 Many did not sign leases, but that did not insulate them from the life-altering disruption 

of industry activities.  Extraction may occur on a neighboring property, or an oil and gas 

company might have obtained the mineral rights to the land from a prior owner, allowing the 

company to access the property to extract the oil and gas lying below.  So long as the operation 

was not within 500 feet of their home – the only limitation under Pennsylvania law – residents 

had no control.  
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 Families that once lived in peaceful agrarian communities suddenly found themselves 

living in something resembling an oil refinery. As one witness described it,  

It has made it an industrial zone.  There is no country living out 
there anymore.  Getting out of our driveway alone is dicey at best. 
We have a lot of fracking trucks.  We have a lot of sand trucks.  
We have a lot of construction vehicles . . . .  And there is – you 
know, when we first started building, there was one small 
compressor station.  There is two very large compressor stations. 
There are two cryogenic plants.  There are several wells, pigs, of 
course, and that is all within less than a mile from our house.  Most 
is I would say less than three quarters of a mile. . . .  So, yeah, it is 
– it is worrisome.   
 

 For homeowners who did not own the mineral rights beneath their property, the 

realization that an oil and gas operator had the right to come onto their land and set up operations 

could be traumatic: 

A:  I just got a chill.  You kind of forget some of those things.  But 
when it first happened, it was devastating to have somebody knock 
on your door and tell you we're going to come on your land, we 
have the right to do it, and we're going to use – I don't even know 
how many acres they said.  I don't even know if they knew at the 
time.  You know, beautiful wooded land, places I take trail horses 
with old tree lines with trees covered and old fence lines.  It was a 
nightmare.  I remember [my husband] and I both – I don't think I 
slept through the night for a month.  It was like a nightmare.  You 
just can't imagine somebody knocking on your door saying we 
have the right to come on your land and do such and such to the 
land.  It was like a living nightmare really. 
Q:  Ultimately, did they come on the land to start constructing well 
pads? 
A:  Ultimately, they did, yeah.   
 

 Once an operator has secured leases for mineral rights in and around the area of the 

proposed well pad, their next step would be to acquire all necessary permits.  Once the permits 

are in hand, the operator would begin the actual construction of the well pad.  The heavy 

industrial nature of fracking becomes evident to property owners from the very outset of 

constructing the well pad.  Many homeowners described the extreme disruption this process 
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caused to their lives.  Heavy truck traffic caused clouds of dust to circulate around their 

properties, blanketing their homes inside and out.  They kept their windows shut.  They stopped 

spending time outdoors.  Their children could not play in their yards.  A grimy film would 

accumulate on glass surfaces as dust and particulate matter invaded the interior of their homes.  

These sort of problems were a direct result of our laws permitting shale gas sites in such close 

proximity to people's homes.  

The industrial nature of fracking operations is apparent from just looking at a typical well 

pad. 
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Construction of the pad is only the beginning.  Next comes the drilling of the gas wells.  

This part of the process can continue for weeks on end, day and night, with the drilling pad lit up 

with blinding lights, creating extraordinary noise and vibrating the Earth around it.  The closer a 

homeowner lived to these operations, the more traumatic they were to their previously peaceful 

lives.  Homeowners described sleeping in corners of their basements in an effort to escape the 

bright lights and noise.  They could not sleep.  Their children could not sleep.  They could not 

escape the industrial activity happening so close to where they lived.  

When they sought help from local authorities, their pleas often fell on deaf ears.  For 

example, we heard testimony that when residents complained that industry operations were in 

violation of noise ordinances, local governments changed the ordinances to accommodate the 

industry rather than responding to the needs of their citizens.  In addition to finding no help from 

the local authorities, we heard from homeowners who sought help elsewhere and were equally 

frustrated.  One witness recounted calling DEP to register her complaints and being told to call 

9-1-1 instead.  When she called 9-1-1 as instructed, they did not understand why she was calling 

and were equally unhelpful.  The lack of response from agency after agency led to feelings of 

hopelessness, despair, and distrust toward the government. 

Many homeowners reported that they first experienced contamination of their drinking 

wells during the drilling process.  Drilling through the water table would turn their well water 

brown and rust-colored and fill it with sediment.  Sometimes after drilling was complete, their 

well water would eventually return to normal after constituents in the aquifer resettled or 

contaminants introduced during the drilling process dissipated or moved along in the aquifer.  

For others, contamination of their water supply was just beginning.  In some cases, homeowners 

experienced a complete loss of their water supply.   
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Below is a photo of contaminated tap water from a homeowner’s well: 

 

 For many Pennsylvanians living in rural areas, such as where shale gas drilling 

proliferates, clean drinking water is available only from wells.  Most of us take for granted the 

safe, municipally supplied water we use every day.  In rural parts of the Commonwealth, public 

water is the exception to the rule, and well water is the only option.  Thus, if industry operations 

contaminate a family's water supply, they cannot simply hook up to a public system.  When their 

water suddenly changes in taste, smell, or appearance, they can either continue drinking it and 

hope for the best or begin hauling clean water to their homes.  

 Many resort to using large water tanks called “water buffalos.”  Sometimes an oil and gas 

operator alleged to have contaminated a family’s well will supply them with a water buffalo, at 

least temporarily, while other homeowners are left to cover the cost of an alternative water 

source themselves.  One homeowner testified that paying for an alternative water supply cost her 

family $650 per week, which can easily exceed a family's monthly mortgage payment.  We heard 

testimony from some homeowners who felt that oil and gas operators would remove their water 

28 of 235

WG Ex. 70

2409



29 
 

buffalo in direct response to additional or continuing complaints that they made.  We find this 

behavior, if true, unconscionable.  

The next stage in the process of extracting natural gas is known as hydraulic fracturing.  

During this stage of the process, many homeowners described over 200 trucks coming and going 

from a well site in a single 24-hour cycle.  This traffic goes on for weeks as a well is fracked. 

These numbers are not exaggerated.  They reflect the millions of gallons of fluids, sand, and 

chemicals necessary to hydraulically fracture a well.  We heard the following account of what 

fracking-related truck traffic is like: 

It was horrific.  It was constant.  The amount of trucks going in and 
going out of there, I've never seen anything like it in my life.  You 
couldn't pull out without being behind, between or trying to 
maneuver with the trucks. . . . [T]hey made the roads go like a 
washboard.  It was rough.  
 

 Below is a screenshot from a video of fracking-related truck traffic that captures to some 

degree what such traffic looks like. 
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 Hydraulic fracturing entails pumping millions of gallons of fluid into the earth under 

enormous pressure.  This causes powerful vibrations to resonate through the earth.  These 

vibrations shake homes and crack foundations.  Several homeowners described how the earth 

around their homes would vibrate so intensely that worms would crawl out from the ground in 

their yards and basements.  A fleet of heavy trucks coming and going, day and night, to provide 

millions of gallons of fluid to the well pad, accompanies all of this fracturing activity.  The noise 

would be overwhelming.   

 Descriptions of the effects of fracking on peoples' well water were remarkably similar 

across the Commonwealth. Many described a "black film" or "black sheen" appearing in their 

water, particularly when it would sit idly in their toilets.  Some would have "cloudy" water. 

"Black sludge" or "black slime" would clog and damage the pumps and filters used to treat their 

well water.  They would find sandy, particulate matter in their water and filters.  They described 

a "sulfur" or "rotten eggs" smell.  Homeowners detailed a variety of chemical smells, as "sweet," 

"like a chemical lab," "plastic," or "like formaldehyde."  Those who ventured to taste their water 

often described it as "foul" and "metallic."  None of these conditions occurred prior to fracking 

operations near their homes.  

 Homeowners' water became unusable for not only drinking and cooking, but bathing, 

hand washing, and other basic household purposes.  Some came to realize their water was 

contaminated not because of perceptible changes such as smell or color, but through illnesses 

and health effects.  Accounts of red, itchy, burning rashes from exposure to contaminated water 

were widespread.  When people were away from their residence, their skin problems subsided. 

They were unable to safely wash their hands or bathe in their own homes.  Often these symptoms 
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would manifest without their water exhibiting noticeable problems such as intense smells or 

discoloration.  As one homeowner described her family's experience,  

We started getting sores all over us.  And we were sick to our 
stomachs and having problems with breathing whenever we were 
in the shower.  And it would burn our eyes, nose, and throat; and it 
just -- it was putrid. It was embarrassing.  If we had anyone 
coming to our home, we would have to shower and air the house 
out and then try to spray air fresheners to get rid of the smell.  It 
was bad.   
 

 We learned that part of what complicates well water testing and determinations of 

contamination is that subsurface waters are dynamic, and chemicals in an aquifer may not appear 

at detectable levels in a water supply at the same time.  Nor do they necessarily remain 

indefinitely.  This means that contaminants may be in someone's water and affecting their health, 

but they are initially unaware of it at the time, but when symptoms manifest those chemicals may 

have washed out or dissipated in the water table and been replaced by some other contaminants. 

Often a homeowner will take action to test their water only when it becomes highly salty, or 

when some other noticeable problem manifests, without realizing they have been exposed to 

contaminants over the prior months.  When testing then occurs, it may not reflect the totality of 

their exposure, and the links between their health condition and possible causes are more 

difficult to determine.  

 Water analysis is an imperfect science that cannot always provide the answers 

homeowners need.  This complexity of water testing is compounded by the fact that operators are 

not required to disclose all the chemicals used to fracture any particular well, or any chemicals 

used in the drilling process.  That makes it impossible to analyze a homeowner's water for 

sources of contamination properly, because the tester does not know what to look for.  
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 Homeowners frequently described a lingering fear that analysis of their water was not 

showing a full and accurate picture of what was happening.  When they turned to DEP for 

answers, they were often left unsatisfied because DEP’s standard water analysis was too narrow 

and would not account for the full range of potential contaminants in their water.  When results 

were provided they were difficult for the layman to understand.  Turning to the industry operator 

would bring equally unsatisfying answers.  In the midst of this anxiety-inducing situation, 

homeowners often concluded that no one was taking their concerns seriously.  They were 

ultimately left to decide whether to pay the hefty cost of an alternative water supply or complex 

treatment systems to clean their water of unknown chemicals and fracking byproducts or 

continue using their suspect well water.  

 Different homeowners described different ways in which the industry's operations 

affected their lives.  We heard many accounts of impoundments; man made ponds, several acres 

in size, where oil and gas operators stored millions of gallons of fluids.  In some instances the 

DEP permitted the use of an impoundment to hold fresh water for use in fracturing wells in the 

surrounding area.  Over time, however, the industry sometimes would use these impoundments 

to store contaminated wastewater, even though they were not designed to store toxic fluids.  

Such impoundments lacked features like double liners and leak detection zones capable of 

detecting leaks.  As a result some of these ponds of liquid waste failed, with devastating 

consequences.  Dangerous chemicals and contaminants invaded the environment and affected 

public health.  

 Families came to realize that wastewater impoundments not only contaminated their 

water, but the air they breathed.  As enormous open toxic pits, some of which were acres in size, 

impoundments would release harmful chemicals into the air.  The smell of sulfur and intense 
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chemicals smells would inundate nearby homes.  Property owners would sense a metallic taste in 

their mouths.  Contamination in the air would overwhelm homeowners with nausea, dizziness, 

and a feeling that they would pass out.  They would vomit.  Their eyes, nose, skin, and throat 

would burn. 

These were not fleeting episodes.  The air in their homes would cause persistent sores, 

nosebleeds, mouth ulcers, unexplained bruises, and extreme fatigue.  Visitors would grow ill. 

Children would become frighteningly lethargic.  Homeowners stopped going outside from fear 

of exposure.  Their children could no longer play in their yards or explore the previously bucolic 

farmland where they lived.  Nor did the inside of their homes offer an escape.  We learned that 

air quality testing inside residences confirmed the presence of dangerous chemicals that would 

not normally be in people's homes, like benzene, toluene, methylbenzene, chlorobenzene, 

xylenes, acrylonitrile, cyclohexane, and three different types of trimethylbenzene.  One 

homeowner described what it was like to live near a wastewater impoundment:  

My property had a fence around it and they put the frack pit in 200 
feet behind my property which was the size of a football field. 
Then they started filling it with chemicals.  It constantly smelled 
like gasoline and kerosene, constantly.   
 

 Homeowners processed their experiences in different ways.  In telling their stories, some 

seemed haunted and freshly traumatized, while others were stoic.  The common theme from 

every homeowner who testified before us was an all-encompassing, debilitating anxiety that 

comes from so many unknowns.  This was especially the case in the early days of the fracking 

boom, when there were more questions than answers.  While this was partially due to the 

newness of the activity, it was also a consequence of the industry having no obligation to provide 

information to families living within a stone’s throw of a well pad.  Homeowners were not 

informed that toxic chemicals were used during the drilling or fracturing of a well.  They were 
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not told that toxic waste was stored in impoundments.  They had no idea if these giant ponds of 

wastewater were leaking.  They smelled foul odors, but did not know the cause, or if the mere act 

of inhaling could cause them to become ill.  They did not know if their water was safe to drink or 

bathe in.  Almost every normal daily activity suddenly posed unknown risks.   There was little to 

no transparency.  

 

 When families would turn to the medical community their problems would often remain 

unresolved.  We heard from several homeowners who attempted to find answers to their ongoing 

health concerns and received troubling responses from medical professionals.  Too often, they 

recounted their doctors expressing reluctance to overtly link their symptoms to fracking 

operations, while also telling them it was not safe to stay in their homes.  For instance, one 

parent described receiving test results confirming that chemicals used in an adjacent fracking site 
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were poisoning her family.  When she visited a toxicologist with this information, the doctor told 

her his office could not confirm the gas industry was responsible because his practice may lose 

its government funding, but that if he were in her situation, he would leave the family home.   

 This type of account was not an anomaly.  Another homeowner described a similar 

experience with the medical community:  

. . . [W]e've kind of hit a brick wall there as well trying to relate it. 
We go to the doctor's with him and they're not allowed to talk 
about anything.  You mention one word, drilling or fracking or any 
of the key words, then you're kind of shut down.  At one point we 
met with the doctors at UPMC and they took us into an emergency 
room and brought a couple chairs in and shut the door and 
whatever happens in this room has to stay in this room.  What they 
told us is they can't put a direct link to it.  It's just that the only 
thing they can do is process of elimination, take one thing out of 
the mix at a time until they determine what's wrong.  They sent us 
to a specialist. Then it just kind of went nowhere either.  

 
Another homeowner recounted the struggle faced when trying to find answers to what 

was making her children so sick: 

…our other doctors, like our family doctor and the pulmonologist 
and the gastroenterologist that my son saw, I mean basically, they 
were just trying to help us figure this out along with us.  I mean, no 
one had any experience or expertise in this area. . . .  And so it just 
– it was hard trying to put two and two together.  And, you know, 
[the operator] wouldn't tell us what they were using up there.  You 
know, they have their proprietary chemicals, which we fought hard 
to try to get those, and so we didn't even know what else to test for. 
I mean, it was – if they would have at least given us what they 
were using, then we could have – you know, I could have had my 
kids tested for other things.  We were just trying to figure things 
out on our own, find out information from the people in Texas, 
who had already been through a lot of this.  It was – it was just 
hard, and there was no cooperation whatsoever.  
 

 For many, determining what industry operation was causing them to get sick was elusive. 

The most obvious pathway of contamination seemed to be well water, so people initially focused 

on their water.  Many would obtain alternative water sources once the quality of their well water 
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was ruined or they started getting sick.  Even though they were no longer exposed to 

contaminated water, their health would not improve, and many found themselves and their 

children getting sicker.  

 Families would then turn to the next most likely pathway of contamination: air. 

Wastewater impoundments would release repugnant airborne smells and toxins so intense 

property owners would pass out, become sick or vomit, or so overwhelming that they would 

have to be rushed to the hospital.  Many other components of this industry’s operations release 

airborne contaminants as well, which can be particularly harmful to those living close to sources 

of these emissions.  Emissions from well pads, pigging stations, compressor stations, and other 

industry operations can all contaminate the surrounding air.  Sometimes the way homeowners 

experienced emissions from well sites would change over the course of a day, with the air 

smelling “sweet and sulfur-like” at night, and like “burning hair” during the day.  We heard of 

smells like “hair dye at a salon” and “burnt electrical components.”  

 We heard of the industry performing "blowdowns" or wellhead "flaring"; or the rapid 

release of gas due to maintenance, a malfunction, emergency, or as part of regularly mandated 

safety testing.  Many homeowners described these events as sounding like a "jet engine," 

vibrating nearby homes and windows, and releasing plumes of gas that would, in some instances, 

settle like fog in the surrounding area.  One homeowner described awakening at 4:00 in the 

morning, without notification, to the "jet engine" sound of a wellhead flaring natural gas.  The 

industry employees overseeing these operations wore protective headgear, but she was not, and 

was left with a loud hissing sound in her ears.  

 Various homeowners all described emissions from compressor stations smelling like 

chlorine.  Noxious gases generated from compressor stations would permeate the interior and 
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exterior of peoples' homes, causing burning eyes, headaches, and sores in their mouths, and the 

development of serious illnesses.  Blood tests would confirm the presence of contaminants in 

people who had been exposed to these gaseous emissions. 

 Health symptoms related to exposure to routine emissions were numerous and deeply 

troubling.  Respiratory problems, headaches, dizziness, and burning eyes were commonplace. 

Children in particular experienced nosebleeds and extreme stomach pain.  People told us that 

after the industry came into their lives they experienced weight loss, neuropathy (nerve pain), 

tremors and shaking, nose and throat pain.    

 Linking the wide variety of health issues homeowners have associated with air 

contamination to specific industry operations can be difficult.  The absence of testing and lack of 

access to industry data substantially impede understanding.  What we do know is that upon 

installation of an industry operation close to a family’s home, they would begin to detect smells 

associated with the gases and chemicals emitted from these operations.  At the same time, they 

started experiencing various symptoms indicative of airborne contamination and getting sick. 

Environmental testing at their homes, when properly conducted, would confirm the presence of 

airborne contaminants.  Medical testing would likewise reveal that chemicals associated with 

industry operations were inside of their bodies. 

 One homeowner eventually saw a specialist who told him his blood revealed “chronic 

benzene exposure.”  His wife also had benzene levels in her blood. But he was particularly 

concerned for his children. As he told us, 

Q. How does it make you feel that your children were being 
exposed? 
 
A. Well, the same thing.  The worst thing about it is if you read the 
toxicologist's report, one of the last statements he makes is now 
you need to be concerned about cancer sometime in the future.   
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 For many families, exposure to contaminated air results in health anxieties and requisite 

medical monitoring becoming a routine part of their children’s lives: 

A: So there was blood work, urinalysis; and it is hard to take kids 
to have their blood taken all the time.  It is pretty terrifying.  How 
much do you torture them through that; but yet, there were things 
found in their blood. 
 
Q: Okay.  And do you have any recollection sitting here today 
what those things were or would you have to look back at the 
actual medical records? 
 
A: They said it had something to do with the ethyl benzene.    
 

We heard the same account from witness after witness about the rashes their families 

would get from exposure to air contaminants.  These rashes would appear on the frequently 

exposed parts of their bodies – their hands and arms, necks and faces – and would go away when 

they were away from home for a long enough period of time.  While a rash may not seem like a 

particularly distressing ailment, one parent’s description of a rash his son continually had 

captures the disturbing nature of this condition:   

Yes. We all call it a frack rash.  He gets like an alligator skin after 
that and becomes really sensitive after a while.  He's moved out of 
the house a couple times, moved back in.  As he moves away, he's 
gone for a month and it goes away.  If he's back in, it acts up right 
away.   
 

Another near constant account was of children frequently waking at night with sudden, 

severe nosebleeds.  As one parent testified:  

Both kids seemed to have [nosebleeds] a lot.  My daughter seemed 
to get them more at night so she would kind of just wake up and 
panic, you know, something is on my face, screaming.  She was, 
like, four or five years old.  So by the time you turn on the light, 
you see – I know kids get bloody noses.  We all do, but it was 
becoming a chronic thing.  And it was getting to the point where I 
could trace them back to when they were doing maintenance at one 
of the compressor stations or opened the lines because there was 
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too much pressure.  But it was getting really bad like she had this 
pretty little – her first princess bedspread and it was just ruined.  It 
was getting to the point where I was using hydrogen peroxide to 
get the blood out of the carpet.  That is not something normal.  The 
doctors couldn't find any reason for it.   
 

 Another mother recalled a similar experience: 

We had – my daughter had a lot of nosebleeds.  It seems like the 
nosebleeds were worse with her.  They would just be standing 
there and then all of the sudden blood would start pouring out of 
their noses.  It wasn't anything like that they had done anything to 
prompt it.   
 

 A constant theme in the stories we heard was that children suffered health effects from 

nearby oil and gas operations more than adults.  In addition to severe and chronic rashes, 

headaches, and nosebleeds, we heard accounts of children experiencing lethargy, bruising, 

intense cramping, difficulty sleeping, and painful stomach problems, including nausea and 

vomiting.  They had eye problems ranging from frequent burning sensations and conjunctivitis to 

partial blindness.  We heard of young people suffering symptoms associated with neurological 

problems, like twitching and tremors, erratic and uncontrollable eye movements, and neuropathy, 

which involves weakness, numbness, and stabbing or burning sensations throughout the body.  

 We heard clear and convincing evidence that leads us to conclude that industry 

operations in Pennsylvania have made our children sick.  That is not a reality we are willing to 

accept, and the recommendations we propose will help to alleviate this problem.  

 We learned that kids get sick from airborne contamination not just because of some faulty 

industry operation, such as a malfunctioning compressor station, or practices that are no longer 

commonplace, like the use of wastewater impoundments.  We know that air contamination is not 

limited to anomalous, outdated, or unintended industry activities.  Indeed, the exact opposite is 

true.  Standard operating procedure under Pennsylvania’s current legal and regulatory regime 
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exposes those living in close proximity to fracking operations to possible exposure and health 

risks.  Pennsylvania needs to resolve this problem by requiring industry sites be far more distant 

from where we live and work.  The current 500 foot standard is woefully inadequate.  

 Pennsylvania's laws further aggravate the problem by not accounting for the aggregate 

effects of fracking operations.  When numerous gas sites exist in a relatively small area, their 

collective effect is not measured or acknowledged in the governing regulatory scheme.  Many 

homeowners described living near a combination of well pads, pigging stations, gas processing 

plants, compressor stations, and impoundments.  The DEP regulates these sites only individually, 

however, and by each individual company associated with them.  Therefore, two oil and gas 

companies may own and operate adjacent pigging stations, but so long as each is compliant with 

emissions limits, Pennsylvania law is met.  Meanwhile, a nearby homeowner is exposed to the 

collective effect of the emissions from both pigging stations, in addition to other nearby well 

pads and industry operations, but there is no recognition of the heightened risk posed by the 

collective emissions from multiple sites.   

 When families would escape their homes, whether temporarily or permanently, many of 

their symptoms would go away.  For some the damage was permanent, however, and they 

continue to struggle with long-term problems like reduced motor faculties and sensitivity to 

chemicals.  Many parents and medical professionals fear for the long-term health of children 

who have suffered health problems related to industry activities, particularly their ability to have 

children of their own and the risk of developing cancer.  Doctors have advised that children who 

have suffered persistent health problems related to nearby fracking sites participate in regular 

cancer screening for decades to come.  
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 Additionally, we find that while families may implement measures to remediate the risks 

of living near an industry site inside their homes, such as with high-tech air filtration systems and 

alternative sources of water, they cannot remedy conditions outside the home.  As a result, pets 

and livestock would continue to face exposure.  Often, homeowners' animals first showed 

symptoms of contamination from industry activity.  Even if their owners arranged a safe water 

supply for their animals, animals instinctively drink from seeps, streams, and ponds and their 

caretakers can do little to stop this.  Family dogs got violently ill and died.  Horses were 

poisoned and died.  Many homeowners regularly bred livestock like goats, sheep, and cows. 

Some animals would become infertile, miscarry, and produce deformed offspring.  Postmortem 

blood testing consistently showed the presence of fracking-related chemicals in animals’ bodies. 

For many homeowners, the loss and harm to their animals was not strictly economic, but caused 

great emotional anguish.  

 Industry operations would ruin families’ ability to enjoy other aspects of their country 

homesteads.  For many, fishing and swimming in a pond is part of the joy of living in the 

countryside.  Several homeowners described chemical spills, impoundment failure, or well bore 

breakdowns ruining their once thriving freshwater ponds.  We heard about fish kills, ponds 

turning black, natural gas bubbling around the surface of the water, and plants and animals living 

around ponds dying off.  Trees and massive patches of grass would die on people’s land.  While 

these effects of fracking may not seem as profound or life altering as other events we have 

learned about, such as someone's child becoming terribly ill, they nevertheless constitute a 

serious impact on homeowners' lives and are indicative of the variety of ways industry 

operations can harm the environment in which they occur.  
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Additionally, we heard testimony from individuals concerned about the possible effects 

of producing food on their property in close proximity to shale gas operations.  Well pads in rural 

areas of Pennsylvania means there is a lot of industry activity near farming.  We heard from a 

homeowner whose property was surrounded by multiple well pads who grew tomatoes, grapes, 

and apples.  The owner watered the produce with potentially contaminated water and sold it to a 

local grocery chain.  We heard from another farmer with a well pad on their property who raised 

and bred livestock that drank from suspected contaminated water.  When the livestock failed to 

breed as anticipated, possibly because of the tainted water they were exposed to, the farmer sold 

them at auction to be butchered and sold to the public.  We have learned that food, like water and 
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air, is a possible pathway of contamination, and are concerned that contaminants from fracking 

may be spreading into the broader community by entering our food supply.   

 Industry operations also had effects on interpersonal relationships and sense of 

community.  Once close-knit communities unraveled over whether they supported or opposed 

fracking.  The industry perpetuated this division by rallying public support for their work and 

opposing those who spoke out against their business interests.  Formerly cordial neighbors would 

be openly hostile to one another.  People told us they no longer felt comfortable shopping and 

socializing in their own communities because of the animosity they felt.  Friendships and 

community bonds were broken.  We heard testimony from a witness who spoke about how life in 

her community changed: 

…I got some incidents where I would go to a grocery store and one 
time a guy came charging at me.  The woman with him pulled him 
back.  Other times I would be pushed pretty close to the edge of 
the road.  I had a gas tanker beep loudly their air horn every time 
they go by my house.  I went up to the [supermarket] one day and 
walked in and they had a table set up where you could get a 
subscription to the [local newspaper].  I thought about it.  I said 
maybe I should.  Then a guy came up behind me and said, you 
should, you're in it all the time.  People felt free just to say things 
to me.  Some of the neighbors that were talking to me just had to 
tell me how badly I was being spoken of.  It was very hostile. I 
actually stopped shopping in my hometown.  My family all lives a 
short distance away in [a nearby town] and I do all my shopping 
there or elsewhere.  Once in a while, I have to run over to [the 
supermarket].  I have a beautiful home in a community that is not 
my home.   
 

 As these experiences compounded, some homeowners eventually reached a breaking 

point and were left with no choice but to leave the homes they loved.  Medical professionals and 

others told them it was unsafe to stay; an obvious fact given what was happening to their family. 

They could not sell their home, however, because it was unsafe, but also could not afford the cost 

of maintaining their mortgage and paying to live somewhere else.  Thus, they were stuck with 
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the option of financial ruin or trying to carry on living in a home where they feared for their 

health and the long-term wellbeing of themselves and their children.  These were decisions born 

from desperation, and several homeowners shared with us the heartbreaking moment they 

realized they had no option but to leave: 

One day I was unpacking the car from Costco, I realized I'm now 
buying the double pack of hydrogen peroxide at Costco because 
this is strictly just to clean the carpet. This is it for me. I am done. 
This is not how kids live. So we left.  

 
Protecting one’s children is fundamental to a parent, and the realization that your own 

kids cannot experience a healthy, happy childhood is too much for anyone to bear.  A parent 

described learning from someone else that her own son would hide the fact that he was feeling 

the effects of airborne contamination from his parents just so he could play outside: 

…And she was sitting in the sandbox with him and she came back 
down with tears in her eyes and literally said to me that he told her 
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that he doesn't always tell me when he is outside and gets 
headaches and dizzy and can smell it because mommy won't let 
him come out and play with his new trucks in the sand box.   

 
 Some homeowners were able to obtain financial relief by entering into settlement 

agreements with industry operators.  This, however, brought additional issues in the form of non-

disclosure agreements that prevented homeowners from discussing with their neighbors the fact 

that their community had been contaminated by industry activity.  One homeowner described the 

way a non-disclosure agreement impacted her ability to answer her neighbors’ questions: 

And the people that just purchased the [] house down below. . . 
[S]he says tell me about your water situation and I said I'm not 
allowed.  And she says we just bought this place.  I need to know 
. . . .  So I told them, I said you need to get in touch with the DEP 
and EPA as well and that is all I can tell them.   

 
Some homeowners found themselves with no choice other than to stay where they were.  

We heard from one homeowner who testified as follows: 

I took my son [] to the doctor and he referred me to Children’s 
Hospital for his rash. . . .  I went in there and after several times 
of going to [the doctor’s] office, she said that there was nothing 
she could do for me.  Then she said her advice was to get an 
attorney or move.   
And then that’s when I thought, I can’t live – why is this 
happening?  And that’s when I thought, I can’t move.  I’m going 
to sell this house to somebody else and let this happen to 
somebody else or somebody else’s kid?  I couldn’t do it.  So that’s 
when we just decided we really have to, as a family, just watch 
out for one another and my two neighbors and just not go outside. 
 

* * * * * 

 Knowing what we know, and having heard so many Pennsylvania families experiencing 

terrifying health problems in relation to unconventional oil and gas operations, we cannot accept 

the status quo in our Commonwealth that facilitates these harms.  Every Pennsylvanian should 

ask themselves how they would feel if a fracking operation suddenly commenced near their 
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home.   Imagine waking up in the morning and knowing that when you step into the shower, it 

fills the house with a smell of rotten eggs and burns your skin.  You try to shower as quickly as 

possible with the windows open to mitigate the effects.  You try to increase the number of days 

between bathing your children to minimize their exposure to this harmful water.  

 To protect friends and family and out of embarrassment, you never allow visitors to come 

over because of the way your water looks and smells when it comes out of the tap.  You can’t 

help but wash your clothes in your now contaminated water.  You just hope you can air dry your 

clothes long enough that the odor diminishes before you have to wear them, all the while hoping 

that wearing clothes washed in unknown chemicals isn’t going to exacerbate any symptoms you 

or your children have developed since your water changed.   

 And you do have symptoms that tell you that something is wrong: headaches and nose 

bleeds and rashes that don’t go away.  Your children are tired and nauseous all the time and 

frequently sick.  You fear that something isn’t right with your water, in spite of being told it is 

safe and so you begin to spend money to buy bottled water.  You have animals to care for, but 

there is no way you can afford to give them bottled water to drink, so you continue to let them 

drink the potentially contaminated water.  You watch as some of your livestock and pets become 

sick and die.   

 You become more and more concerned for your health and the health of your children.  

You cannot get straight answers from the gas company about what chemicals might be in your 

water because they’re not required to tell you, so you’re left to try to figure it out for yourself.  

DEP tests your water but only for a handful of compounds – and not the ones you really want to 

know about.   
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 You worry that it’s not just the water that is to blame, but the air that your family is 

breathing.  You can’t buy clean air at the grocery store.  You make more frequent trips to the 

doctor.  You scour the internet for information.  You and your children do more blood tests.  The 

symptoms persist. 

 You try to spend more time away from your house than you do in it.  But you cannot 

leave permanently because your house is worthless without potable water, so you cannot sell it.  

You cannot afford to keep paying a mortgage on a house that has no value and so you just wait 

for the bank to foreclose or possibly declare bankruptcy.  No matter what, your credit is ruined, 

which makes it almost impossible to find another place to live.  You struggle to work because 

you’re feeling sick and you’re taking more time off to care for your sick children.  And even if 

you do finally manage to get away from the house and you find a new place to live, even when 

you have the opportunity to breathe clean air and drink clean water again, you are left waiting for 

a diagnosis that you hope never comes.  Because you know that the impact of drinking 

contaminated water or breathing contaminated air can show up slowly over time as a multitude 

of diseases.   

 This reality is not something that should be tolerated.  We find it unacceptable that, for 

many living in close proximity to unconventional oil and gas operations, their health is 

jeopardized and their constitutional right to “clean air” and “pure water” has been rendered a 

fiction.   
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The Pennsylvania Department of Environmental Protection 
 
 

DEP Mission Statement 
The Department of Environmental Protections’s mission is to protect Pennsylvania’s  

air, land and water from pollution and to provide for the health and safety of its citizens  
through a cleaner environment.  We will work as partners with individuals, organizations, 

governments and businesses to prevent pollution and restore our natural resources.  
 
 

 The Grand Jury heard extensive evidence about the response of the Pennsylvania 

Department of Environmental Protection (DEP) to the fracking boom.  More than 30 witnesses 

from the department testified.  They included retired and current employees, ranging from the 

ground-level inspectors up through various managers, to the people at the very top of the agency.  

We heard from water quality specialists, water quality specialist supervisors, oil and gas 

inspector supervisors, air quality specialists, air quality specialist supervisors, environmental 

program managers, environmental protection specialists, geologists, engineers, bureau directors, 

Deputy Secretaries and even former Secretaries – the top officials who ran the Department. 

 We conclude from this evidence that DEP was initially unprepared for and at times 

overwhelmed by the challenges resulting from the new technologies of unconventional drilling – 

or, as it is known in the general public, “fracking.”  To some extent, this was not the fault of 

Department employees.  They were not the people who opened the Commonwealth’s shale 

resources to industrial exploitation, or who permitted aggressive expansion before an appropriate 

regulatory framework could be enacted.  Nonetheless, we were disturbed by what we heard.  We 

believe that many DEP employees were doing the best job possible with the limited resources 

they had.  We also believe there were others who appeared to show undue deference to the 

fracking industry, and undue indifference to citizens with serious complaints about appalling 

effects they were suffering.   
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In more recent years, it appears progress has been made.  The current administration has 

responded to our requests for information, and has documented improvements.  We believe, 

however, that it remains important to highlight the past history of DEP’s management of this 

new industry, both to explain the public distrust that has built up over time, and to ensure that the 

Department’s actions going forward will fulfill its mission – to protect the environment, for all 

the citizens of Pennsylvania. 

 At the outset, we feel obligated to note concern about the role that industry influence may 

have played in DEP’s delayed reaction to the arrival of unconventional drilling.  We realize, of 

course, that government bureaucracy is inherently slow.  But we heard enough testimony during 

the course of our investigation to believe that more may have been at work.  Two former DEP 

Secretaries voiced similar opinions before the Grand Jury.  Both felt an obligation under Article 

1, Section 27 of the Constitution of the Commonwealth of Pennsylvania, known as the 

Environmental Rights Amendment. That provision, adopted by the voters in 1971, gives citizens 

the right to clean water and air, and makes the Commonwealth the trustee of the environment for 

present and future generations.  Yet both Secretaries felt that the oil and gas industry had its own 

pipeline to elected officials, and both felt pressure to permit production of shale gas. 

 As our investigation progressed, we learned of a joke circulated in Harrisburg that there 

was an oil and gas industry lobbyist for every member of the General Assembly. We assume that 

is hyperbole.  But the concern would explain a lot of what we saw, and what we heard from DEP 

employees at both high and low levels. 

 
Failure to regulate 

 When the shale gas “boom” began in Pennsylvania, DEP was still working from 

administrative regulations that were geared to a different era.  The only regulations in place were 
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those created to oversee conventional drilling – e.g., old-fashioned oil wells.  When the U.S. oil 

industry first began in the 1800s – ironically, in Pennsylvania – operators only had to dig down 

100 feet or so in the right spot, and the oil spouted up by itself.  Fracking requires an entirely 

different and more complex approach.  As one witness described it to the Grand Jury, the 

comparison was like riding in a horse and buggy while the unconventional operators were flying 

to the moon and back. 

• Impoundments 

A prime example of the outmoded regulatory approach was the use of “impoundments,” 

or pits for storing liquids at the well site.  While pits certainly existed at old-fashioned 

conventional well sites, the impoundments that were springing up around fracking sites dwarfed 

anything DEP had seen previously.  These impoundments were now being used to store tens of 

thousands of gallons of fracking fluid, which contained varieties of exotic, complex chemical 

compounds, many of which may have serious health consequences. 

The Grand Jury heard testimony about consideration of new rules for such impoundments 

that would have required permits like those for landfills.  In the end, DEP decided to let 

operators build impoundments as part of the well pad, making them exempt from permit 

requirements under the Solid Waste Management Act.  

In the mid-2010s, DEP recognized that impoundments were not safe, and they were 

phased out in favor of more secure storage methods.  But by that time, DEP had years of 

knowledge about impoundment failures.  The Grand Jury heard extensive testimony about leaks 

from impoundments that contaminated springs and wells which had served as the only source of 

water for many Pennsylvania families.  We also heard about the effects on neighbors’ living 

standards caused by the intense, rancid odors generated by the impoundments. The consequences 
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of these under-regulated impoundments ruined property values, family finances and water 

supplies in many areas, and impacts on physical health are still being assessed.  DEP’s new 

regulatory approach is welcome, but for many Pennsylvanians it came too late.  

We heard from current DEP Deputy Secretary Scott Perry, who was also with the agency 

in those early fracking days.  He testified that an initial decision made by DEP management to 

exempt impoundments from regulation under the Solid Waste Management Act was “wrong,” 

but that his position was rejected.  A former DEP employee testified that, based on his 

experience with the agency, the impoundment decision was likely made in deference to the oil 

and gas industry: “if they had to go through waste management, they were concerned that there 

were going to be delays in getting these permits issued…. [W]hat was consequential for [the 

industry] was time, not so much money.… They had a lot of resources. They could spend the 

money.” 

• Pigging stations 

We saw another example of failure to regulate in the case of pigging stations.  At these 

junctions along a gas pipeline where the gas is treated and the lines are cleaned, methane and 

other pollutants are regularly released into the air.  We know DEP knew about the issue, because 

it sent out a preliminary notice to the industry in 2011.  Yet it did not follow up for five more 

years, until 2016, when it finally began to require emissions reporting for pigging stations.  In the 

meantime, the lack of regulatory oversight in this area made it possible for operators to build 

multiple stations in close proximity, sometimes right next to a school or someone’s backyard.  

The net result, for some unlucky homeowners, has been high exposure to the kind of 

danger DEP is tasked to help protect us against.  Health data presented to the Grand Jury have 

made clear that, although fracking has caused severe water contamination in certain parts of the 
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Commonwealth, we should be equally concerned about the contaminants the industry releases 

into our air.  DEP regulation concerning pigging stations has been, in our view, insufficient and 

untimely. 

Ask the family we heard from in Washington County.  They built a home for their three 

children, and refused to grant an easement for oil and gas development.  But the company came 

anyway, laid down a pipeline next to their property, and constructed a high pressure valve 

system for “blow-downs” that showered chemical waste into the yard.  After a gas release that 

sounded “like a jet engine,” the family developed nosebleeds, dizziness, and a rash of eraser-

sized dots on exposed areas of their skin.  The family called DEP, but were told no action could 

be taken.  “I assumed by the title of their name, department of environmental, I just thought they 

were protecting the environment,” the mother told us.  “Now I really don’t know what they do.” 

• Comprehensive regulations 

 But the failure to regulate wasn’t just in one or two areas.  Testimony showed that, early 

on, people in the agency knew they needed a whole new set of regulations specific to 

unconventional drilling, and there was much discussion of the issue.  DEP helpfully prepared a 

timeline for us, showing that the Department began “developing concepts” for a comprehensive 

fracking regulation package as early as 2009-10.  But the package wasn’t formally proposed until 

2013, and it wasn’t until 2016 that full regulations were finally adopted.  John Hanger, a former 

DEP secretary, testified that in his view the delay was partly political: “the business community 

has been very, very successful in making passing regulations or enacting regulations difficult 

because they don't generally like regulations.  So the rules about how you pass a regulation in 

Pennsylvania are very, very difficult.”  But another former Secretary, Michael Krancer, testified 

that “the Department is able to move more nimbly by using policy documents and guidance 
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documents, which are not regulation,” but still provide a basis for enforcement.  Unfortunately, 

DEP for a variety of reasons failed to create a comprehensive fracking policy, whether through 

formal regulations or internal guidance documents, in a timely fashion.  

 
Failure to train 

As fracking ramped up in Pennsylvania, DEP was attempting to perform its regulatory 

responsibilities with employees whose tenures largely predated unconventional drilling, and who 

knew little about the highly complex methods used to extract natural gas from shale.  One 

employee, for example, told us he had never even seen an impoundment before.  The testimony 

we heard established that agency personnel knew they were playing catch-up; yet many were 

unsatisfied by DEP’s efforts to train employees for the new challenges they would be facing. 

Indeed, several employees testified that training opportunities that did arise seemed to be 

discouraged, both in earlier and in more recent years.  One DEP employee testified that he 

traveled out of state for training on his own initiative, and met scientists (including one from 

Penn State, which has a Center for Marcellus Shale Research) who offered to provide training 

and assistance to DEP.  The employee brought back the offer to supervisors, but nothing was 

ever done.  Other DEP employees testified that they were told not to participate in training 

provided by outside entities because attendance would violate the administration’s “gift ban” 

policy.  Another employee testified that he tried to institute bi-monthly training sessions within 

his district office, but that he was transferred after two or three sessions and the training stopped. 

The result, once again, was the absence of any comprehensive response to the new 

circumstances.  One employee told us that, when fracking began, he felt his colleagues were 

“thrown into the fire.”  Another testified that agency staff received only “on-the-job training” 

and “an occasional staff meeting.”  As he pointed out, “[w]hen you learn from someone who 
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learned from someone who learned from someone, you could have been doing it wrong the 

whole time.”  

DEP did provide us with a list of training sessions conducted by the agency over the 

years.  Many of these, however, do not appear to have focused on fracking, and in several years 

it appears there was little or no training at all.  We recognize that most government agencies lack 

significant funding for training.  Indeed, an official DEP representative acknowledged to the 

Grand Jury that this remained an item of need for the Department.  For us the point is that 

fracking was the new challenge facing DEP, and that was the subject on which agency personnel 

most required information.  As we heard from the employees who testified before us, they didn’t 

get it. 

Failure to communicate 

Testimony also established that, even when DEP employees did gain useful knowledge 

about the new industry, they failed to communicate it to others within the agency.  Some of this 

was a structural problem; sections of the Department with overlapping responsibilities did not 

talk to each other.  We learned of one case, for example, in which one DEP section – the Bureau 

of Waste Management – prepared a cease and desist order against a company that was illegally 

operating a waste storage unit without the required permit.  When inspectors arrived at the scene 

to serve the order, however, the operator produced a document provided to him by a different 

DEP section – Oil and Gas – which authorized him to use the waste storage unit without getting 

a permit.  The Oil and Gas employees had never bothered to check with Waste Management 

about its interpretation of the law it oversaw.  Oil and Gas issued similarly improper 

authorizations throughout the Commonwealth.  
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In general, we learned, DEP showed little interest in cross-training employees with 

overlapping responsibilities.  Instead, the culture was described to us as “stay in your lane.”  We 

heard testimony about another very telling case, in which DEP actually did something 

responsible early on, and yet wound up wasting the effort.  In the first days of unconventional 

drilling, starting in 2008, DEP undertook what should have been a crucial study to identify the 

precise chemicals the industry was using in frack fluid to open up shale deposits. The 

environmental engineer who led the investigation appeared before the Grand Jury.  Several 

employees were assigned to the project, as well as interns.  They took dozens of samples around 

the state, which were then analyzed by the Department’s Bureau of Labs. 

 But the results never really went anywhere.  The engineer handed off the data, but the 

study was never published within the agency, and no one received any training on it.  We asked 

other employees what they had learned from the study.  It appeared that most had barely even 

heard of it.  This was information that should have advanced DEP’s regulation efforts by years.  

But it didn’t. 

 DEP has assured us that its efforts from the beginning of the fracking boom included 

internal collaboration, and no doubt there was at least some in some form.  But the testimony of 

the agency’s own employees persuaded us that, in the opening years of unconventional oil and 

gas activity, when the need was greatest, the Department’s efforts to coordinate its widespread 

staff were not sufficient. 

 
Failure to test 

We were also disturbed by testimony about how the Department failed to test, or 

ineffectively tested, water samples to find contamination caused by fracking.  The law requires 

the Department to conduct water quality tests in response to citizen complaints.  We learned that 
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DEP performed that obligation by relying on a set list of known parameters to test for, such as 

chloride and sediment levels.  The list was called a “suite code”, and could be effective only to 

the extent that it accurately identified the appropriate factors for which to test in particular 

situations.  One of these lists, suite code 942, had been developed by DEP before fracking, for 

old-fashioned conventional drilling.  Since conventional drilling did not use the same chemicals 

or techniques as fracking, suite code 942 could not accurately indicate whether water was 

contaminated; yet many DEP employees relied upon it to the exclusion of any additional 

investigation.  Eventually, a new list was developed, suite code 946, but many employees didn’t 

know about it, and kept on using suite code 942. 

Even the new suite code, moreover, was often too narrow to catch contaminants.  And 

once again, it was used without regard to individual circumstances.  An operator might be using 

a particular compound on a specific occasion that is not universally present at fracking sites.  If 

DEP did not check the operator’s records to see what he was using when a spill occurred (if the 

chemicals were fully disclosed), the Department would never know what to test for.  Reliance on 

the standard suite code would actually be detrimental, because it would give a clean bill of health 

to water that might in fact be dangerously contaminated.  And the problem was compounded, we 

learned, by the fact that DEP did not always fully report all the substances for which it did test.  

So even those homeowners whose water was tested, and who did receive results, might never 

know what they really meant.  

 We were also disturbed to learn about DEP practices concerning “pre-drill” sampling.  

Experts in the field explained to us that impact assessment relies heavily on comparing the water 

before and after a company starts drilling in a particular area.  Some compounds occur naturally 

in water, and vary from location to location.  Pre-drill samples establish a baseline for a 
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particular water supply; if the water changes significantly after fracking operations begin, the 

reasonable conclusion is that the fracking caused the change.  DEP often lacked pre-drill data in 

the early years of fracking, but nevertheless purported to make determinations about whether a 

well site had caused contamination.  We heard testimony from one water quality specialist 

supervisor who stated that without pre-drill testing a positive determination would not be 

possible and that any additional investigation would not be helpful.  We shared that assertion 

with a higher ranking employee in the same section and the response was “that’s absurd.”   

 Moreover, even when proper samples did exist, we remained concerned about whether 

DEP knew how to properly analyze them.  We reviewed a DEP policy document from 2015 

setting forth guidelines for assessing water quality samples.  But the document makes no 

reference to established federal standards for maximum safe concentrations of various 

contaminants, nor does it identify the criteria that are most likely to indicate whether water has 

been compromised by industrial activity.  Surprisingly, this policy was adopted in 2015 – long 

after unconventional drilling began.  By that time, DEP’s water-testing policies should have been 

far more advanced. 

These concerns may sound technical; but they are not trivial.  It is important to keep in 

mind that, in most of the areas where unconventional drilling became prevalent, there are no 

public water lines to supply water to landowners.  These people rely entirely on wells that are 

dug on their property to supply their water.  So when there is a noticeable change to their water, 

whether it is a smell or a change in appearance, it is devastating.  We heard many accounts of 

landowners who literally begged and pleaded with operators to provide a temporary water supply 

so they wouldn’t have to drink, cook, clean, bathe or care for their animals using well water they 

believed was contaminated 
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We heard much testimony, however, indicating that DEP employees often approached 

these issues with less gravity than, in our view, they deserved.  In many cases, DEP water quality 

specialists, relying on outmoded or overly restrictive testing parameters, would declare water to 

be clean and would “close” the investigation in the face of a homeowner’s knowledge that 

something was wrong.  We remember one employee in particular who admitted in his testimony 

that, as he saw it, his duty prevented him from putting a “monetary hit” on an operator unless he 

could “prove that this water is being impacted by this activity.” 

As we learned, however, that is not at all how the applicable law works.  The Oil and Gas 

Act establishes a “zone of presumption.”  Within the zone, contamination from oil and gas 

activity is presumed.  DEP need not “prove” that the activity caused the contamination; rather, 

the operator must prove the opposite.  Previously, the zone of presumption was 1,000 feet from 

an oil or gas well, and applied to any contamination manifesting within six months after 

completion of drilling or subsequent alterations.  In 2012, the zone was enlarged – to 2,500 feet 

and 12 months after drilling or alteration. 

This is an absolutely essential aspect of Pennsylvania’s environmental protection system.  

But testimony established that some DEP employees have simply disregarded this safeguard.  

One, for example, stated that “I would use probably the same, you know, level of proof 

regardless” of the zone of presumption.  We find it troubling that any DEP employee was 

unaware of crucial legal guidelines that govern the Department’s testing program.  

 
Failure to inspect 

We were additionally troubled by testimony concerning the conduct of inspections, such 

as when a spill was reported.  We learned that DEP regulations require well operators to report 

spills of more than five gallons.  Several employees testified that, in order to make 
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determinations in such situations, they would simply take the operator’s word for it about the 

existence or amount of a spill.  These employees told us that they trusted the industry to follow 

the rules and self-report accurately. 

We are mindful of concerns that DEP is understaffed and employees cannot spend all 

their time making inspections.  At the same time, we are highly skeptical that operators can fairly 

or effectively police themselves, given the powerful incentives not to expose their own 

violations.  Yet we learned that it was not uncommon for DEP employees to resolve some cases 

through an “administrative file review,” meaning sitting at their desks, reviewing documentation 

submitted by the industry, without ever seeing the spill for themselves. 

On other occasions, we learned, DEP employees would investigate citizen complaints 

simply by calling the operator and asking him what happened.  “We had so many complaints,” 

testified one employee.  “It was impossible for us to respond to every one.”  So, instead, the first 

step was often to telephone the well site operator.  If the operator sent in a photo purporting to 

show that no spill had occurred, the matter could be closed without ever leaving the office.  

 
Revolving door 

The credence given to oil and gas operators by some DEP employees proved less 

surprising to us after we learned this fact: that oil and gas operators often were DEP employees 

who had recently left the public sphere for private industry.  As is typical with government work, 

they could make considerably more money by moving on.  In fact we learned of an instance in 

which an operator scooped up seven employees from the same DEP office all at one time.  This 

sort of hiring created an unfortunate talent drain for DEP – but more concerning to us was the 

potential effect on the integrity of the Department’s investigations. 
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We heard testimony, for example, concerning the improper issuance of two “plugging” 

certificates that allowed a company to shut down wells without first doing the necessary work to 

make them safe.  When we asked about the identity of the employee who had issued the 

certificates, we learned he was no longer at DEP; he was hired by the company to whom the 

certificates had been issued.  Such career progression was not uncommon.  Industry employees 

were often former employees of DEP.  In our view, this is not a recipe for restoring public 

confidence in the DEP inspection process.   

 
Failure to notify 

We should emphasize that DEP did often perform proper testing and inspection, and in 

many cases has identified contamination caused by shale gas activity.  Yet we were surprised to 

learn about what often happened, or more accurately didn’t happen, next.  We would have 

expected that DEP would have a clear practice, if not a rule, of notifying neighbors in the area 

once a positive determination had been made that water sources had been tainted.  That 

apparently is not the case. 

DEP employees testified repeatedly that notification to neighbors was not the norm, nor 

required, as far as they were aware.  As one put it, employees were reluctant to “poke a hornet’s 

nest.”  Another explained that, in his view, surrounding homeowners might not want to know, 

“because they're afraid of what it will do to their property value.”  A third simply said, “[w]e 

generally do not do that.  We address the complaint that's given to us.”  These employees were 

not against the idea that it made sense to notify neighbors if DEP determined someone’s water 

supply had been contaminated, they just understood that wasn’t the policy.  As to why – that was 

“above [their] paygrade.”   
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We asked Deputy Secretary Perry about this issue.  He stated DEP had an obligation to 

notify neighbors when a contaminating event occurred close to their homes, but that this 

obligation, and how it is carried out, depends on the circumstance of the particular event.  For 

example, when serious instances of well failure cause stray gas to migrate out of a well bore and 

into the surrounding aquifer, according to Perry, DEP has a clear half-mile notification policy, 

which can expand beyond this radius.  DEP has also required operators to notify neighbors about 

serious chemical spills in their area.  Ultimately, however, DEP’s approach to this issue depends 

on the “best judgment” of its employees in determining the need to notify nearby homeowners 

about a contaminating event.   

What we know from the DEP employees we asked about this issue – including water 

quality supervisors and those supervisors’ supervisor – is that to the extent there is some policy 

or practice about notifying homeowners in close proximity to a confirmed case of water 

contamination from shale gas activity – DEP employees are largely unaware of it.  Indeed, their 

understanding was that the policy is not to notify those living nearby.   

It is deeply troubling to us that this type of notification isn’t routinely happening at DEP.  

The need is particularly great given that many homeowners enter into non-disclosure agreements 

(NDA) with operators in order to settle water supply complaints.  If DEP doesn’t tell neighbors 

there is a potential problem and their neighbors can’t tell them because they entered into an 

NDA, there may be no way for people to find out.  We think that, whether or not DEP believes 

adjacent landowners “want” to know, they have a right to know, so that they can make their own 

decisions about how to proceed.  We recommend DEP take measures to ensure this is 

occurring—formalizing and standardizing policies and procedures to ensure consistent 

application by all regions and levels of employees.  
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Failure to issue violations 

Our investigation also revealed evidence of another manner in which DEP was not 

vigorously enforcing Pennsylvania environmental laws.  When the Department discovers that an 

operator is not in compliance with a regulation, the Department is supposed to issue a Notice of 

Violation, or “NOV.”  DEP failed to do much of that in the formative years of fracking, which is 

when oil and gas violations were much more likely to occur. 

We saw this in particular in relation to odor complaints.  In the early days of the industry, 

when impoundments were commonly used to store noxious fluids in open air, neighbors lodged 

repeated air quality complaints.  We think they should not have been that difficult to substantiate; 

the nose knows.  The Department, however, imposed such stringent requirements that violations 

could rarely be found.  A DEP air quality specialist explained, for example, that, in order to 

vindicate a complaint, the odor had to be smelled at the same time by three unrelated people in 

three different households, plus an inspector on site.  And if the operations around the 

impoundment tended to produce the odor at a particular time of day that was outside of DEP 

work hours, no violation could be brought.  The inspector testified that, in ten years in his 

position, he had never once been able to issue a “malodor” NOV. 

 We heard evidence indicating that in at least some cases DEP staff’s reluctance to issue 

oil and gas NOVs may have been a consequence of policy decisions made at the top of the 

Department.  We reviewed an email from the then-Executive Deputy Secretary of DEP, dated 

March 23, 2011.  The email directed that every single NOV had to be personally approved by the 

highest official in the agency, then-Secretary Michael Krancer.  The email stated emphatically 

that “I need to repeat no final actions are to be taken unless … with clearance from Mike.  Any 

waiver from this directive will not be acceptable.” 
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Mr. Krancer did come before this Grand Jury, and described the email as “a 

misunderstanding” based on a miscommunication between the Deputy Secretary and himself.  

Employees who learned of the email, understandably, did not take it that way.  As one put it, he 

thought the message was clear: “To leave the Marcellus alone…. Don't interfere with their 

business.” 

 DEP has provided the Grand Jury with statistics showing that, in more recent years, the 

number of NOVs has dramatically increased.  In 2015, for example, the Department issued over 

400 unconventional well NOVs, and the numbers have gone up since.  We’re encouraged to see 

that.  We do note, however, that the Department has begun, in effect, double-counting NOVs in 

some cases.  If the violation is not corrected within the year, it is carried over to the following 

year but is registered as if it were a new violation.  In addition, the Department can’t tell us what 

we would most like to know: how many NOVs have risen to the level of enforcement action?  

DEP now publishes online the status of each NOV that occurred after 2017, and whether the 

violation has been corrected or noted on a subsequent report.  DEP does not track all 
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enforcement actions and litigation that may result from an NOV.  We also find it concerning that 

the Department says that while it tracks complaints generally, it is unable to parse out which 

complaints relate solely to oil and gas activities, so we cannot tell how many citizen complaints 

in this area have been investigated and acted upon.  Still, the situation seems to be improving. 

Failure to refer 

In a related area, however, we think enforcement is still lagging, and has even been 

getting worse.  The ultimate sanction for an environmental law violation is criminal prosecution.  

The Pennsylvania Legislature has created several criminal offenses in the environmental field.  

The Office of Attorney General has a special section dedicated to environmental crimes.  But the 

office does not have the power to initiate such prosecutions on its own.  The Attorney General 

can act only if an outside agency – primarily DEP – refers the case for investigation. 

Evidence presented to the Grand Jury, however, established that, in contrast to NOVs, the 

number of criminal referrals by DEP in fracking-related cases has been declining in recent years, 

to the point where they rarely occur at all.  A number of DEP employees testified that they didn’t 

even know about the referral process.  Others, who did know, justified the absence of criminal 

referrals mostly on the grounds that such referrals simply aren’t necessary.  They testified to their 

belief that the oil and gas industry wants to do the right thing, and that the threat of civil penalties 

is sufficient to achieve compliance with the law.  As one supervisor put it, “[t]he industry is 

pretty scared of us.”   

We don’t agree.  We did not see anything in this investigation to convince us that oil and 

gas operators are running scared.  The advantages of money and power are on their side.  Given 

that reality, there will be cases on occasion in which appropriate enforcement includes 

prosecution.  DEP witnesses themselves acknowledged that guns, badges, and subpoenas can get 
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the attention of people on a drilling site.  Decisions about invoking these criminal sanctions 

should ultimately be made by experienced prosecutors, not oil and gas administrators. 

DEP has recently given us new statistics, claiming that it actually has referred hundreds 

of cases for prosecution, with yearly levels in the double digits.  We find those numbers to be 

irrelevant to the present inquiry.  What we are talking about are fracking-related referrals, for 

violations related to unconventional drilling and pipelines.  From 2008 to 2018 there were a total 

of only 17 such referrals.  From 2015 to 2018, the grand total was two.  If DEP is dedicated to 

effective use of the tools at its disposal, it should start referring appropriate cases for criminal 

prosecution.  Given what we’ve seen, we feel confident there are more cases out there that 

deserve prosecutorial review. 

 
Failure to listen 

We end with one overriding concern.  Our investigation persuaded us that DEP’s actions 

in the past, during the years that defined its reaction to the fracking phenomenon, created 

significant distrust of the agency among many members of the public.  We know that there are 

and have always been exemplary DEP employees.  But we heard of too many times when 

Department representatives, all too willing to believe operators, dismissed the concerns of 

citizens who had turned to government for assistance.  We hope that is changing, and that this 

Report, by exposing the behavior, may advance the change. 

We heard, for example, from a homeowner who personally observed a spill occurring 

into the creek near his property.  He saw the creek change color.  He took video.  He called DEP 

and described what was happening in real time.  But nothing he said would convince the 

employee to come and look for himself.  The employee said he had already talked to the 

operators of the well, that they had assured him there was no danger to the creek, and that he 
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therefore had no need of the homeowner’s evidence.  He threatened to have the homeowner 

prosecuted for filing a false report. 

 We heard testimony from other citizens who could get nowhere even when they went to 

the expense of hiring their own consultants to offer scientific analyses to DEP.  The Department 

declined to review third party data from citizens, although we know that employees often 

accepted evidence from oil and gas operators.  We heard from a DEP water quality specialist that 

he could not consider lab results provided by a homeowner, even when they came from the same 

lab regularly used by the industry.  We heard from another homeowner that DEP not only 

refused to review her lab report, but also refused to do its own analysis to look for the 

compounds her report had revealed. 

 We also heard from a hydrologist at Penn State who had been called in to investigate well 

water that was milk-colored and frothing.  The scientist performed extensive forensic lab testing 

to confirm that the foam had the same chemical signature as a drilling foam that was then being 

used at a nearby well site.  But even this expert made no progress with DEP. 

 Ironically, forensic analysis is what one DEP employee expressly disavowed.  “[T]hey 

expect my guys to be NCIS,” he testified, referring to a popular crime lab television series.  

“That’s not going to happen in reality.” 

 We don’t think the public really expects DEP to be NCIS.  We think citizens just want to 

be listened to, to be taken seriously, and to be informed.  We understand that complaints about 

fracking-related contamination are not always correct.  Sometimes the operator is not to blame. 

But unconventional drilling is different from almost all other heavy duty industrial operations in 

that it can happen virtually in people’s backyards or the playgrounds where they take their 

children.  Fracking can threaten the only water available to them to drink and the only air 
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available to them to breathe.  DEP must respond to these concerns with neutrality and 

professionalism.    

* * * * * 

 We recognize that certain actions taken by DEP as described in this report were based on 

legitimate policy decisions.  A deliberate policy decision was made to support the fracking 

industry in Pennsylvania as an important economic driver.  However, policy decisions also have 

consequences, and in this case, one consequence of the decisions made by multiple 

administrations and DEP was inadequate supervision of an industry which had – and continues to 

have – significant impacts on the Commonwealth’s citizens.  While it may not have been 

intentional or malicious, ultimately, DEP failed to meet its mission “to protect Pennsylvania’s 

air, land and water from pollution and to provide for the health and safety of its citizens.”  
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The Pennsylvania Department of Health 

DOH Mission Statement 
The mission of the Pennsylvania Department of Health is 

to promote healthy behaviors, prevent injury and disease, and to 
assure the safe delivery of quality health care for all people in Pennsylvania. 

 

For years following the outset of the fracking boom, Pennsylvania failed to sufficiently 

recognize or respond to the public health consequences of fracking.  We failed to train or 

empower our public servants to educate and help those reaching out to their government when 

they believed their health was suffering because of industry operations.  Our government devoted 

woefully insufficient resources toward gathering public health data associated with industry 

activities.  It failed to implement executive-level policies that could have improved public health 

data collection.  This absence of data crippled potential regulatory, legal, and enforcement 

actions aimed at addressing industry practices harmful to public health.   

Things have improved under the current gubernatorial administration.  Inheriting a legacy 

of inaction, the administration made a deliberate effort to gather health data associated with 

fracking operations more effectively, but the inadequate resources put toward this effort doomed 

it to failure.   Just recently, the administration has directed greater effort and resources toward the 

problem, but in our view, more should be done.  Most significantly, our government -- including 

its Department of Health (DOH) -- does not recognize that fracking operations harm public 

health, citing insufficient research on the issue.  However, the absence of such research, at least 

in part, is due to DOH's own failure to inquire into the matter over the past decade.  This "wait 

and see" approach facilitates placing the health risks of the shale gas industry's operations on 

everyday Pennsylvanians.  We find this status quo unacceptable.  The recommendations we 
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propose are in recognition of the public health risks posed by the fracking industry and seek to 

strike the right balance going forward.   

 
DOH at the beginning of the fracking boom 

We heard from a public health nurse who worked for the Pennsylvania Department of 

Health in Fayette County, in southwest Pennsylvania, for 36 years.  In 2011 and 2012, State 

Health Centers in southwest Pennsylvania began receiving complaints from people in the 

community who believed they were experiencing health problems due to shale gas activity. 

Fracking was a new phenomenon, however, and DOH employees had not received training on 

how to respond to these complaints.  As a result, they were unequipped to help members of the 

community reaching out to DOH for help.  

This was not the first time the Department of Health was confronted with an emergent 

public health event.  In such instances when communities were experiencing a broad public 

health phenomenon, such as the HIV crisis or hepatitis outbreaks, DOH responded by educating 

its staff through in-service and out-service programs.  DOH staff would then implement a 

Department-directed public education, outreach, and treatment program.  DOH would refer the 

public to resources and medical professionals for treatment and testing.   As we were told, one of 

the “ten essential services of public health” is “informing and educating and empowering people 

regarding health issues.”  

 When DOH began receiving health complaints linked to fracking activity, however, no 

such collective public outreach and education response occurred.  Rather, the Department of 

Health strictly limited its employees' activities in relation to fracking.  For instance, the public 

health nurse we heard from explained that she and her colleagues received a list of 15 to 20 

words related to the fracking industry they were to keep next to their telephones.  If someone 
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called with a health complaint and referenced these terms, they could not answer any of the 

caller’s questions.  Rather, they were to take the caller's name and information and pass it on to a 

supervisor.  While they were under the impression that someone higher up in DOH would 

respond, she and her colleagues frequently received calls from frustrated citizens who never 

received a follow-up response from DOH to their fracking-related health complaints.  The 

witness we heard from testified that in her 36 years as a public health nurse, the Department had 

never handled any other public health complaints in this manner.  

 At the same time DOH employees received instructions on how to process fracking-

related health complaints, the Department imposed other limitations on their freedom to engage 

with the public.  DOH employees were instructed that in order to participate in conferences, 

boards, task forces, or public meetings, they first had to channel a request through their 

supervisor, which would ultimately require approval from the DOH Bureau of Community 

Health in Harrisburg.  These requests entailed filling out a form specifying the date of the event, 

who would be attending, the agenda and what would be discussed, and if they would be taking 

an active or speaking role.  Staff was obligated to sign a document confirming they understood 

the limitations DOH had placed on public engagements.  Thus, although a public-facing office, 

DOH policies restrained public health employees from engaging with the public or from 

participating in events where they could learn about fracking, health concerns related to industry 

operations, or otherwise carry out the Department's public health mission.  

 The Department’s blanket muzzling of its employees at the outset of the fracking boom 

and general failure to meaningfully address the public health consequences of fracking 

operations was unprecedented.  As the witness before us confirmed, the Department had never 
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before imposed comparable restrictions on its employees in response to any other public health 

issue during her 36-year career.   

 
DOH continued to ignore the public health effects of fracking 

 The absence of any meaningful public health response from our government to the 

fracking phenomenon continued for years.  We heard testimony from a witness who served as 

the District Executive Director for the Southwest District of DOH’s Bureau of Community 

Health Services from January 2012 through April 2014 (District Director).  This District Director 

oversaw the State Health Centers in ten southwest Pennsylvania counties at the center of the 

fracking boom.  

 DOH provides public health services to local communities through its State Health 

Centers, such as those the District Director oversaw.  During his tenure with DOH, all phone 

calls or complaints involving unconventional oil and gas activity were forwarded to the Bureau 

of Epidemiology in Harrisburg.  The District Director confirmed these referrals did not go to 

some team of public health professionals specially equipped to respond to fracking-related 

issues. Rather, they went into a proverbial “black hole.”  There was no protocol, there was no 

plan, and there was no meaningful response from DOH.  The practice implemented at the 

beginning of the fracking boom continued for years thereafter. 

DOH’s approach to fracking-related health issues stood in stark contrast to the usual way 

State Health Centers respond to health outbreaks.  The District Director described how DOH 

carries out its mission when communities experience a public health event.  For instance, when 

he worked at DOH there were 74 diseases, conditions, and infections the Department was 

required to monitor and address as part of the National Electronic Disease Surveillance System, 

or “PA-NEDSS.”  The PA-NEDSS is integrated with local health providers and the federal 
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Centers for Disease Control and Prevention, and is part of a nation-wide system for monitoring 

outbreaks and risks to public health.  When a public health issue included in the PA-NEDSS 

arises, DOH takes action to address the problem.  

 The Department’s public health nurses, who work out of DOH State Health Centers, are 

its “boots on the ground” points of contact with the community.  DOH nurses carry out their 

duties according to training and protocols developed by the Department for a wide variety of 

health issues, including those in the PA-NEDSS.  These protocols include providing public 

health nurses with questionnaires to gather pertinent information from the community in 

response to an emergent health problem.  When such a problem arises, DOH does not sit idly by, 

but goes out into the community to directly figure out what is happening.  Once DOH acquires 

an understanding of the problem, it equips its staff with direction on how to advise the public 

accordingly, with the ultimate goal to figure out the source of the health issue in question and 

then execute a plan to stop the problem from continuing or spreading.   

 Despite DOH’s capacity to address a wide variety of public health problems, nothing was 

developed to address the health effects of fracking.  There were simply no resources or policies 

implemented to do so.  Early versions of Act 13 included $2 million to address the public health 

risks of fracking.  When the Act ultimately passed, however, it allocated no money for public 

health.  The District Director testified that he attended quarterly meetings in Harrisburg with the 

DOH Secretary and Department of Epidemiology leadership.  A response to fracking was never 

discussed at these meetings.  Thus, DOH’s failure to take meaningful action in response to 

fracking was established as policy from the outset of the unconventional oil and gas boom and 

continued for years, despite persistent and widespread reports and public outcry about the harms 

to health industry operations were causing to so many Pennsylvanians.  

72 of 235

WG Ex. 70

2453



73 
 

Throughout our investigation, we heard Pennsylvanians express a sense that their 

government failed to acknowledge what they were experiencing because of shale gas operations 

occurring near their homes and in their communities. Accompanying this lack of 

acknowledgment was a lack of action, which fostered a feeling of hopelessness and distrust in 

their government.  We find that DOH’s response – or rather lack of response – during the rapid 

expansion of the fracking industry contributed significantly to the pervasive sense of despair felt 

by so many people whose lives were upended, and health damaged, as a result of industry 

activities.  While better efforts by DOH are now underway, this legacy continues to pose 

substantial obstacles to mounting an adequate response to the public health implications of 

fracking.   

 
The current administration's approach 

• The "enhanced" oil and gas health registry 

 Our government’s first deliberate response to the public health harms caused by 

unconventional oil and gas operations was the development of a so-called “enhanced” oil and 

natural gas public health registry.  The development of this registry began in 2015 with the 

current administration devoting $100,000  to address the public health effects of fracking, which 

ultimately went to the enhanced registry.  “Enhancing” DOH’s fracking-related health registry 

did not mean much, however, since from 2011 on, the Department logged citizen complaints 

involving shale gas activity on a Microsoft Word document.  When the current administration 

assumed office in 2015, this Word document log was the totality of what DOH received in terms 

of fracking-related data or programs from prior administrations.   

 During our investigation, the Office of Attorney General shared evidence with DOH and 

the administration and welcomed feedback on this evidence. DOH accepted this opportunity by 
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submitting written submissions and live testimony for our consideration.  The Office of Attorney 

General "ceded the floor" to the administration and allowed it to present its own evidence 

directly to us.  With respect to the administration's public health approach to the shale gas 

industry, we heard from Dr. Rachel Levine, the current DOH Secretary.  

 Dr. Levine explained the circumstances surrounding the creation of the enhanced 

registry.  Dr. Levine, who previously served as Pennsylvania’s Physician General, testified she 

was tasked by her predecessor as DOH Secretary with developing a proposal for how to most 

effectively use the $100,000 budgeted toward the administration’s public health response to 

fracking.  DOH developed two proposals.  The money could be used for an enhanced oil and gas 

health registry, which was ultimately selected, or as “seed money” toward a more comprehensive 

health study, which would be done in partnership with a research university.  Such a 

comprehensive study, if ultimately funded, would cost millions, however.  Because there was no 

certainty more money would be budgeted toward this public health issue in the future, the 

administration opted to spend the $100,000 toward the enhanced registry.  

 Virtually all of the $100,000 in funding for the enhanced registry went toward paying the 

contract employee who administered it.  This contractor initially worked with others in the DOH 

toward developing a more detailed questionnaire for collecting health complaint data involving 

shale gas operations.  Once collected, the data is entered into a free software program provided 

by the Centers for Disease Control (CDC).   

The CDC software used for the enhanced registry is an information repository capable of 

generating reports, which DOH issues quarterly.  The software does not analyze data.  The 

dataset in the registry includes only that self-reported by a citizen complainant.  The program 

does not incorporate medical data and DOH does not engage with health providers in developing 
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the registry.  While a letter sent in response to oil and gas complaints welcomes the recipient to 

have their doctor contact DOH, the contractor stated that had never occurred.  In addition, Dr. 

Levine stated, "data reported by a doctor would be anecdotal and therefore not really useful." 

Assuming contaminants are found in the complainant's water at elevated levels indicative of a 

health risk, the contractor informs the complainant accordingly and describes the risks associated 

with the chemicals in question.  A toxicologist is available to assist the contractor in that regard. 

Otherwise, the Department does not follow-up with complainants or doctors.  

DOH has received an average of one complaint per month since establishing the 

enhanced registry in 2017.  As of DOH's last report issued for 2019, the registry includes 164 

inquiries related to fracking since March 2011. Of these 164 inquiries, only around 120 

constitute specific complaints of fracking activity affecting someone’s health.  Most of these 

registered complaints carried over from the Word document dataset maintained by prior 

administrations, which gathered less data than the current registry.  So, over three years the 

enhanced registry gathered around three dozen complaints.     

The amount of complaints received by the enhanced registry fell far below the 

Department's expectations, which was partly a consequence of DOH failing to meet community 

expectations.  As Dr. Levine acknowledged, despite DOH's concerted efforts to encourage those 

with fracking-related health complaints to participate in the enhanced registry, it was difficult to 

convince people to do so because the Department was not offering answers or solutions to their 

problems.  People were not eager to spend upwards of an hour completing a detailed health 

survey when DOH had little assistance to provide them in return.  We find that DOH’s response, 

or in reality lack of response, contributed to citizens’ feelings of hopelessness and created a lack 

of trust in the government that should have been interested in protecting them.    
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When Governor Wolf commenced his first term in 2015, he selected John Quigley to 

serve as DEP Secretary.  The Senate confirmed Quigley as Secretary in June 2015 and he 

remained in that position until May 2016.  Quigley testified that he also participated in the 

administration’s discussions on developing a fracking-related public health registry.  

Quigley had significant concerns about the harm to public health posed by shale gas 

operations.  However, he understood that without data substantiating the connections between 

fracking and public health, DEP, the administration, and other actors were hamstrung in asserting 

the need for regulatory or government action to address this problem.  In Quigley’s view, the 

$100,000 a year budgeted for such a registry was inadequate, and it would cost millions of 

dollars to build a sufficient registry.  We find it self-evident that this level of funding was 

inadequate and did not rise to the level of importance of the problem at hand.   

• Failure to work together 

 The administration’s failure to gather public health data effectively in relation to industry 

activities was further undermined by its own agencies’ inability to work effectively together 

toward that end.  DOH relies primarily on DEP referrals for oil and gas related health 

complaints.  As the contractor who administers the enhanced registry testified, it was 

“perplex[ing]” how DEP had received thousands of complaints in relation to fracking activity, 

while DOH had registered only around 120 total health complaints.  While under the current 

administration DOH and DEP have made some effort to collaborate and address this data gap, 

these efforts have fallen short.  

At the outset of the current administration, DEP and DOH initiated monthly meetings 

aimed at getting DEP and DOH to work together to gather better public health data.  The general 

approach developed during these meetings was to include health-related questions among those 
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asked when DEP takes an environmental complaint.  If someone contacted DEP to report their 

belief that fracking operations were contaminating their water, air, soil, etc., they would also be 

asked whether they were experiencing any health problems.  If so, that information could be 

shared and registered with DOH, and DOH could follow-up accordingly.  

Efforts at incorporating health questions into DEP’s environmental complaints 

culminated in a November 7, 2018 meeting between high-ranking DOH and DEP officials and 

policy experts.  DOH had proposed adding an “active” box to DEP’s water quality complaint 

form, which would require a DEP employee registering a complaint to ask the complainant 

whether they had any health concerns.  DEP, principally through Scott Perry, the Deputy 

Secretary of the Oil and Gas Management Program, opposed this request because it would 

constitute a “leading question” and was outside the area of DEP’s expertise.  Ultimately, DEP 

agreed to a “passive” box on the complaint form; meaning if the complainant mentioned a health 

issue, unprompted, a notation to that effect would occur and be passed to DOH.  

Additionally, DOH and DEP were only discussing adding a health question to water 

quality complaints, but health complaints regularly pertained to air quality, truck traffic, and 

other effects of unconventional oil and gas operations. DOH was interested in developing ways 

they could gather information about these health issues as well. So, while DEP was somewhat 

receptive to incorporating public health issues into its complaint processes, in DOH’s view, there 

was a lot more it could do. DOH representatives continued to push DEP to take further action 

aimed at gathering public health information, including adding an “active” question on health. 

Ultimately, however, Scott Perry refused to agree to more than adding the passive box to the 

water quality complaint form, and the meeting, which was contentious at times, ended.  
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After the November 2018 meeting, DEP cancelled all future regularly scheduled 

meetings with DOH. There was no discussion about this; DEP simply deleted the meetings from 

a shared Outlook calendar.   

When Dr. Levine testified before us in January 2020, she informed us that DEP and DOH 

had recently begun meeting again. That was not the case when Scott Perry testified in November 

2019, however.  Mr. Perry shared his view on the above-described meetings with DOH. 

According to Perry, it was important that DEP only provide information to DOH with the 

consent of the complainant because not all homeowners trusted the government or would 

welcome another agency reaching out to them following their interaction with DEP.  Perry 

believed DEP’s engagement with DOH accomplished that end because DEP now refers health 

complaints to DOH.  Otherwise, at the time of his testimony, Perry was open to meeting with 

DOH again, but said he would want to see what agenda they had because he saw nothing more 

on the policy development side for them to discuss.  

DOH saw a slight increase in complaint referrals from regional DEP field staff following 

the November 2018 meeting.  While the creation of the enhanced registry and DEP agreeing to 

transmit some information to DOH was an improvement over nothing, the financial resources 

devoted to this enhanced registry and collaborative effort between DEP and DOH were grossly 

inadequate and did not constitute a legitimate public health response to the realities of fracking.  

  We learned that the current administration recently budgeted $1 million a year to fund a 

study, in collaboration with a research university, of trends and clusters of acute health harms 

and cancer rates in southwest Pennsylvania.  The administration anticipates dedicating $1 million 

each year for three years.  Once gathered, this data can be analyzed to determine whether public 

health trends correlate to unconventional oil and gas activity.  While the administration has 
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finally budgeted funds sufficient to gathering and studying public health data associated with 

fracking, we are disturbed by the long-standing approach by our government to ignore or reject 

information that substantiates the health and environmental harms of shale gas operations.  

 Further, we understand that developing sound data on the health consequences of the 

unconventional oil and gas industry is important to implementing polices aimed at addressing 

this issue.  The current $1 million in funding to engage in a study of this issue may finally bring 

about some meaningful results.  We fear that the unwillingness to gather data over the past 

decade, and years it will take to develop data under the currently-envisioned plan, have and will 

continue to allow further harm to Pennsylvanians.  

 We asked DOH its position on whether unconventional oil and gas operations harm 

public health.  As the question was phrased, "Is it the DOH and administration's view that there 

is insufficient evidence proving that unconventional oil and gas operations, whether in the past or 

as they currently exist under the governing legal and regulatory scheme, harm public health?" 

DOH responded by stating, "[T]he science in this area is developing, and it is fair to say that it 

has not been proven that fracking harms public health."  The Department further noted that 

"'association' is not the equivalent to 'causation,'" and that further research was required to 

substantiate a causal connection between fracking and harms to public health.   

 We do not contend that we are qualified to dispute medical professionals over whether 

there is a sufficient body of epidemiological research establishing a connection between fracking 

and public health.  Indeed, officials at DOH co-authored a study in 2019 in which they reviewed 

the prevailing scientific literature on the issue and found it lacking.  However, we also learned 

about studies concluding that health harms increase based on how close one lives to a fracking 

operation, and that the only dispute was over how far away from the site was far enough. 
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Regardless of which view is the correct one, we reject DOH and the administration's view on this 

issue for two primary reasons. 

 First, DOH, prior gubernatorial administrations, and our government as a whole failed to 

acknowledge or inquire into the public health effects of fracking since shale gas operations 

commenced in the Commonwealth years ago.  No resources were put toward addressing this 

issue and executive level polices were implemented that prevented data gathering or a legitimate 

public health response.  Recently, the current Administration made some effort, but the $100,000 

per year put toward the enhanced registry was inadequate and that endeavor was destined to fail, 

despite efforts by those at DOH to make the most with what they were given.  

 Only now, after a decade of fracking and the drilling of over 12,000 unconventional 

wells, has our government devoted resources to study the issue that may actually bring about 

some meaningful results.  These results, assuming they do come about, are still years away. 

Thus, the absence of data and research DOH points to in saying there is insufficient evidence to 

find a connection between fracking operations and harms to public health is, in part, a 

consequence of DOH and our government's failure to look into this issue in the first place.  In 

other words, our government made no effort to gather the data and points to the lack of data as a 

reason for not concluding there is a problem.  

 Meanwhile, we know that Pennsylvania families have been crying out to their 

government, and anyone who will listen, that fracking operations have made them sick.  We 

heard many of their stories, and we find them credible.   

 Second, we do not accept that perceived inadequacies in available scientific research on 

the risks to public health posed by industry operations should result in placing those risks on 

Pennsylvania families.  Under the status quo, the industry operates in close proximity to family 
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homes without those families knowing what is happening at the industrial site next door.  They 

are exposed to harmful emissions and chemicals while we wait and see if research will 

definitively prove, and in what way, the harms to their health that may be occurring.  We are not 

guinea pigs in an epidemiological study.  If further research is necessary to understand this issue 

fully, so be it. In the meantime, our laws should protect Pennsylvania families.  The 

recommendations we propose seek to impose some sanity and safety to how this industry 

operates in Pennsylvania.  

 
Others actors fill the void 

 Given our government's failure to mount a meaningful public health response to the 

fracking phenomenon in Pennsylvania, concerned organizations have tried to fill this void.  We 

heard testimony from Dr. David Brown, a public health toxicologist with the Southwest 

Pennsylvania Environmental Health Project (EHP), a nonprofit public health organization that 

offers services to southwestern Pennsylvanians who believe their health has, or could be, 

affected by unconventional oil and gas development.  We learned from Dr. Brown's testimony 

what a typical, on-the-ground public health response looks like.    

 In approximately 2010, a philanthropic organization voicing community concerns about 

the health impacts of fracking contacted Dr. Brown.  They flew him in to meet with physicians 

and residents in Greene and Washington Counties who believed they were experiencing health 

problems because of shale and gas operations.  Dr. Brown met with multiple people living near 

unconventional gas sites who described illnesses befalling their animals and similar health 

problems they were experiencing personally; most notably headache symptoms associated with 

methane exposure.  He saw no indication these people were colluding in describing their similar 

ailments and experiences. Dr. Brown was particularly concerned upon seeing reports signed by 
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DEP employees informing people their water was safe, rather than such assurance coming from a 

public health or medical professional, which he described as a "sin."  In the doctor's view, the 

scenario looked like "a public health outbreak," and he put together a plan to mount a public 

health response, received immediate funding from a philanthropic organization, and the project 

commenced.  

 Dr. Brown had overseen responses to public health outbreaks before, for instance while 

working at the Centers for Disease Control and as the Director of Epidemiology for the 

Connecticut Department of Health.  He educated us on how a public health response is carried 

out. The first step is to perform a "needs assessment," which entails finding out what is going on 

in the local population and whether the population has the resources to deal with the problem. 

That means gathering as much information as possible from local medical professionals, the 

Department of Health, and the community.  To achieve that end, Dr. Brown hired a nurse 

practitioner and a professional to do environmental assessments at peoples' homes.  They used a 

standardized questionnaire in an effort to develop a sound dataset to understand what was going 

on and develop possible solutions to the problem.  

 The chief obstacle at the outset of this public outreach effort was the sense of 

hopelessness felt by many suffering the health effects of oil and gas activities.  Their government 

was not recognizing what they were experiencing or trying to offer some meaningful help, the 

industry continued to operate unabated, and they felt let down and abandoned as a result.  For 

these and other reasons, there was significant distrust of anyone from outside of Washington 

County.  To overcome this barrier, Dr. Brown's team brought on Raina Rippel, a local 

environmentalist and health organizer, who helped build trust with the community.  Ms. Rippel 

insisted a social worker accompany medical and technical experts on home visits because the 
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focus of the organization was to help people.  That is and remains the mission of EHP: to "do 

what public health organizations do," which is to look at health data, come up with solutions to 

the problem at hand, and educate the public on ways they can protect themselves.  

 Informing people on how to protect themselves from contaminants harmful to health 

requires determining the pathways of exposure. Cutting off these pathways is how a public 

health outbreak is stopped.  In this instance, there were three possible pathways: (1) 

groundwater, which was the most frequent mechanism; (2) air; and (3) contamination through 

plants and food.  What EHP learned about how oil and gas activity results in contamination via 

air pathways was of particular interest to us.  

 Consistent with the evidence we heard from homeowners living in close proximity to 

industry operations, people living near oil and gas operations regularly complained to EHP of 

repeated nosebleeds.  These nosebleeds most often occurred at night. Children were affected 

most frequently.  While kids getting nosebleeds is not unusual, they would also develop stomach 

distress and frequent headaches.  Local doctors could not explain what was going on. People 

were traveling as far as the Cleveland Clinic for help.  These complaints came from those with 

both well and public water supplies, so EHP looked to air emissions as a source.  

 EHP used meters to measure air quality in affected areas and determined that while 

emissions from unconventional gas sites may have been relatively constant, at night 

contamination levels would "peak," resulting in increased exposure.  This was explained by 

"vertical mixing," which refers to the upward or downward movement of air because of 

temperature differences between the surface of the Earth and overlying air.  At night, when there 

is no sunlight hitting the ground, there is less vertical mixing and air is stagnant and low-lying. 

On cloudy nights without wind, air was even more likely to stagnate and settle on the ground. 
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Under this combination of circumstances exposure levels would peak, contaminated air would 

enter homes, and symptoms like nosebleeds, stomach problems, and headaches would result. 

EHP confirmed this was occurring by monitoring air quality meters placed inside and outside of 

peoples' homes along with the health complaints experienced by those living in monitored 

homes.   

 Meanwhile, DEP's air monitoring program, which conformed to EPA's, was concerned 

with overall air emissions compliance over 24-hour periods.  While overall emission reduction 

targets were reached under this program, it did not account for how peak contamination levels 

affected health in localized instances.  As a result, when people complained to DEP about health 

problems – headaches, nosebleeds, burning eyes, etc. – they believed were caused by emissions 

from a nearby compressor station or impoundment, DEP would conclude there was no problem 

based on testing focused on emissions over 24-hour periods.  DEP would deny the claim, but the 

health problems would persist.   

 Over the decade or so EHP has operated, it has identified 77 compounds emitted from the 

approximately 350 compressor stations, gas processing plants, and well pads operating in 

Washington County.  Of these 77 compounds, five made up 90% of emissions.  The most 

frequent was nitrogen oxide, which is an eye irritant that also causes cardiovascular problems 

and damage deep in the lungs and upper respiratory system.  Carbon monoxide, which causes 

"anoxia," or reduced oxygen to the brain, headaches, and brain pain, is also common.  In Dr. 

Brown's opinion, however, detected carbon monoxide levels – which were comparable to 

smoking three cigarettes a day – were not high enough to cause the reported health problems.  

  The most frequent compounds also include microscopic particulate matter, which moves 

like a gas, releases proteins in the blood called "kinins" that cause inflammation and affect blood 
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pressure, damage the lungs, and cause heart conditions.  Particulate matter is also problematic 

because water-soluble compounds in the air can attach to it, causing it to act as a vector by which 

other toxins can travel deep into the lungs where they are far more damaging.  Among the 

compounds that can attach to particulate matter are volatile organic compounds (VOC), like 

toluene, benzene, and xylene, which are also frequently found in gas emissions.  These cause 

neurological and cardiovascular effects and intense fatigue.  Also, when VOCs like iodine, 

chlorine, and bromine attach to a chemical like methane, they become even more toxic.  Finally, 

formaldehyde, a carcinogen and irritant that results from methane as it breaks down, is also 

among the top five contaminants in oil and gas emissions.  

 The potential health risks of the remaining 72 compounds identified by EHP emitted by 

oil and gas operations are, in many cases, unknown.  

 Factors determinative of exposure risks to people living near oil and gas operations are 

necessarily nuanced and site-specific.  For instance, EHP found that in Washington County, the 

particular chemicals emitted from any one oil and gas site would vary by a factor of 10; meaning 

chemicals from one well could be 10 times greater than that emitted by another.  Whether 

someone lives uphill or downhill from oil and gas operations affects exposure.  The number of 

peak exposures experienced within a short time-period is significant because if the body has not 

processed contaminants from one exposure before another occurs, the health effects can 

compound.  

 Health impacts also increase the closer someone lives to an oil and gas operation and as 

the density of pads around their property increases.  The general range where exposure can be 

problematic is within two kilometers, or a mile-and-a-quarter, of a gas site.  And the rates of 

emissions from well pads are not the same.  Well pads emit contaminants from degassing tanks, 
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condensate tanks, and dehydrating tanks, which can emit periodically.  These inconsistent 

emission events, both in frequency and volume, add additional unpredictability.  Meanwhile, 

weather can be varied, with cloud cover, temperature, wind, and vertical mixing all having a 

significant influence on exposure risk.  All these factors make reaching some comprehensive, 

uniform approach to understanding airborne exposure risks from oil and gas operations difficult, 

if not impossible, to determine.  Risk is determined by location and constantly changing 

interactive factors.  

 Once EHP developed an understanding of the paths of airborne exposure from oil and gas 

operations and the factors influencing risk, they implemented means of educating the public on 

how to avoid these risks.  EHP can identify a Washington County homeowner’s exact latitude 

and longitude and determine their grams per hour exposure risk depending on their distance from 

the source and weather patterns.  EHP developed an informational magnet people keep on their 

refrigerators that help them predict risk levels based on weather patterns.  These are particularly 

useful to asthmatics because of their sensitivity to airborne contaminants and those with young 

children who need to avoid playing outside when the air is compromised.   

 Air quality monitoring techniques employed by EHP include providing homeowners with 

“SUMMA” canisters, which collect air over 24-hour periods for testing inside and outside of 

peoples’ homes.  Testing from SUMMA canisters has confirmed high levels of contamination 

inside residences.  EHP recommends such minor approaches as not wearing shoes in the house to 

prevent dust from oil and gas activity tracking inside to recommending installation of advanced 

home filtration systems.  Children are a particular concern with respect to airborne contamination 

because chemicals associated with oil and gas emissions can block development in their rapidly 

growing bodies, causing permanent damage.  However, health data on the long-term effects of 
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oil and gas operations to children’s health are incomplete, and likely will not be clear for years to 

come.  In instances where air contamination levels are particularly high in a home, EHP has 

recommended that families with young children move.  Dr. Brown confirmed it would be 

unethical for a public health organization, like EHP, to advise families that consistently exposing 

their children to airborne fracking contaminants is acceptable.   

 We find that EHP’s actions stand in stark contrast to DOH’s:  the government agency 

charged with protecting public health.  We further find it remarkable that a newly created 

organization like EHP swiftly gathered data and provided guidance to Pennsylvanians on how 

they could protect themselves from the effects of industry operations, while a long-established 

government entity, DOH, did not.   

 In addition to Dr. Brown's testimony on the work of EHP, we learned of efforts by the 

federal government to provide public health services to Pennsylvanians who suffered adverse 

health effects from fracking operations.  We heard testimony from Dr. Karl Markiewicz, a Senior 

Toxicologist from the Agency for Toxic Substances and Disease Registry (ATSDR), which is a 

federal public health agency within the Centers for Disease Control.  ATSDR partners with EPA 

and other agencies to provide public health oversight and responses to significant instances of 

environmental pollution or contamination.  

 As a public health agency, ATSDR works much like EHP.  When assigned to look at a 

particular incident, usually via a referral from EPA, they first perform a public health 

assessment.  In understanding the situation at hand, ATSDR most often gets data from states in 

which they work, medical records from patients, and other sources, although they gather their 

own data as well.  Dr. Markiewicz repeatedly emphasized how critically important access to 

comprehensive, quality data is to understanding the possible health risks to a community in 

87 of 235

WG Ex. 70

2468



88 
 

relation to an incident of contamination.  Like EHP, ATSDR tries to determine exposure 

pathways, with groundwater being the most likely path of exposure, but air as well, and then a 

means of interrupting that pathway to prevent ongoing harm from the given source of 

contamination.   

 ATSDR’s first contact with the fracking phenomenon in Pennsylvania was in response to 

a stray gas migration incident that resulted in the contamination of numerous drinking water 

wells.  DEP investigated the incident and determined the problem was resolved and drilling 

operations could continue.  Meanwhile, EPA and ATSDR were brought in out of concern over 

possible ongoing health risks.  ATSDR did its own independent water testing and recommended 

people not drink local groundwater pending further testing.  They were the only agency advising 

the public as such.   

 According to Dr. Markiewicz, the divergence between ATSDR’s recommendation and 

DEP’s reflected, at least in part, the agencies’ respective missions.  DEP is a regulatory agency 

that performed testing according to the governing protocols of DEP.  DEP is not specifically 

tasked with protecting public health or addressing public concerns outside its perceived 

regulatory mission.  ATSDR is a public health agency with a different perspective, and their 

focus on public health led them to view the same phenomenon in a different light.  There were 

apparent, serious risks to public health present, and ATSDR could not accept or disregard these 

risks without further understanding what was going on.  These differences in perspective 

illustrate how the absence of any meaningful involvement by the Pennsylvania Department of 

Health in the fracking phenomenon has resulted in an ineffective response by our government to 

the realities of unconventional oil and gas operations experienced by many of its citizens.  
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 ATSDR’s inability to get data from DEP and industry operators frustrated efforts at 

mounting a public health response to the stray gas migration incident in question.  ATSDR works 

most frequently with Superfund sites, where the norm is an open door policy with private 

companies and the government in sharing all available data and information.  The fracking 

industry is different, however.  The fracking industry resisted sharing information about its 

practices with ATSDR and legal mechanisms obstruct the sort of routine oversight other 

industries are subject to.  Meanwhile, DEP’s failure to collect data, and resistance to sharing 

what data they have, coupled with their narrow approach to testing when determining whether 

contamination has occurred, enables the industry to ignore residents’ claims that oil and gas 

activity has contaminated their environment, air, or water supply.  DEP’s failure to adequately 

respond to homeowners’ concerns builds distrust between the community and the government. 

That distrust has become entrenched in Pennsylvania, which further impedes a meaningful 

response to the problem.  

 With respect to the Pennsylvania Department of Health, ATSDR experienced the same 

disengaged, hands-off response consistently shown by DOH in relation to the fracking 

phenomenon.  Pennsylvania has professionals capable of doing the same work ATSDR does and 

Dr. Markiewicz was in contact with DOH employees during their work involving fracking 

operations. While DOH employees wanted to know what was going on, “they were not allowed 

to work on it,” and did not engage in an on-the-ground response to what was happening, despite 

being welcome to participate.  Dr. Markiewicz could not verify whether there was any specific 

directive within DOH preventing its employees from working with ATSDR on a public health 

response to fracking-related contamination, but he frequently heard complaints from residents 

about DOH’s absence from their community.   
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 Like EHP, ATSDR also worked on air quality contamination from fracking operations. 

They used SUMMA canisters to collect data, but emphasized a significant lack of air quality data 

in Pennsylvania on oil and gas activity.  They investigated emissions from a pigging station in 

collaboration with the criminal division of EPA, and found that when a pigging station releases 

rapidly at around 1000 psi, as opposed to gradually at 100 psi, there are significantly higher 

methane and benzene emissions.  Using high-tech cameras, they observed the massive amount of 

emissions from when a PIG was removed at the station, and the plume of gas that would waft 

over nearby residents’ homes.  

 Dr. Markiewicz expressed concerns that DEP was not looking into the combined impact 

of pigging stations, gas condensing units, and the combined effect of transporting gas from well 

pads through pipelines.  Again, more data is needed to understand the reality of how fracking 

operations affect air quality and public health.   

 Testing must reflect how oil and gas operations impact air quality and the pathways of 

contamination that can result in harm to public health.  Similar to the testimony we heard from 

Dr. Brown, Dr. Markiewicz recognized how air contamination occurs in “peaks” through a 

combination of factors, and that testing needs to reflect that reality.  ATSDR was asked to review 

data gathered by DEP pursuant to a long-term air-monitoring project conducted at four locations 

in Washington County in 2012 and 2013.  They found that because of where DEP placed air-

monitoring devices in relation to wind and weather, the devices collected pertinent data only 

20% of the time.  Again, more data is essential, and testing must account for the inherently 

localized nature of air contamination from oil and gas operations.  

 Dr. Markiewicz's testimony also reflected Dr. Brown's concern over DEP informing 

people that based on its test results, it was safe to drink their well water.  In his view, by 
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providing such assurances without consulting with medical or public health experts, they are 

putting peoples’ health at risk.  Moreover, you do not need to be an expert to see the wisdom of 

this view.  As Dr. Markiewicz described an interaction he had with a homeowner who was told 

by DEP that his water supply was safe to drink:   

He kind of looked at me and he stood up and his kids are sitting 
around. And he went over to the kitchen sink and he took a glass 
tumbler and filled it up and I mean, it looked like swamp water. 
And he said, you are telling me that I can drink this? And he didn't 
say, go ahead and drink it but he was holding it in front of me. And 
I said, [], I agree with what you are saying but based on the data -- 
and that is how I started the conversation. I said, based on the data, 
there wouldn't be any restrictions on this. It would be okay.  He 
said would you drink this or give it to your kids? I said, no, I 
wouldn't.  

 

* * * * *  

 We appreciate DOH engaging with us in this investigation.  We found their input 

extremely helpful, and the Department deserves credit for the efforts it has made in recent years 

given its available funding.  For instance, in addition to the initiatives discussed above, in 2015 

DOH hired an expert with a background in environmental health to head its Bureau of 

Epidemiology.  It brought on additional staff over the past few years, most of whom were 

responsible for overseeing the enhanced registry.  The Department also indicated it received 

funding in 2019-2020 for ten new positions dedicated to environmental health.  It has engaged in 

direct outreach to communities and stakeholder organizations in an effort to encourage 

participation in the health registry.  It provides useful information to the public via a website 

devoted to oil and gas activities.  When DOH comes in direct contact with people who believe 

fracking operations have affected their health, it offers to review any available sampling results 
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to identify potential health risks, and provides referral information for environmental health 

physicians.    

 In our view, however, more can be done.  We would like to see DOH not only fund 

research and provide feedback and referrals to those who reach out to the Department, but 

actively go out into communities and try to find solutions to the problems people are 

experiencing right now – not wait on the research.  We learned that public health work is all 

about identifying pathways of contamination and cutting off these pathways so that people stop 

getting sick.  This is what EHP has endeavored to do in Washington County, and they have had 

some success.  We know DOH does this with other public health issues, and we would like to see 

DOH put forth the type of on-the-ground effort others are making in response to the public health 

consequences of fracking.  Such an approach would provide Pennsylvanians with the kind of 

help they are looking for from their government. 

 We also understand DOH may not have the resources to do the sort of work we would 

like to see.  Perhaps the increased staffing it expects will enable it to do more.  Regardless, we 

remain troubled by the Department's belief "that it has engaged in an appropriate response to the 

potential health effects associated with fracking."  Again, DOH's perspective appears rooted in 

its view that a connection between shale gas operations and public health remains "unknown," 

and "that it has not been proven that fracking harms public health."  We know from our 

investigation what too many Pennsylvanians know from personal experience: that industry 

operations have made Pennsylvanians sick, and that the legal and regulatory regime governing 

shale gas extraction in the Commonwealth puts people's health at risk.  Our proposed 

recommendations account for this risk as we develop a better understanding and approach to 

managing the relationship between public health and fracking.    
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Recommendations of the 
Forty-Third Statewide Investigating Grand Jury 

 
 

 We, the 43rd Statewide Investigating Grand Jury, based on a preponderance of the 

evidence before us and in some cases clear and convincing evidence, make the following 

recommendations.  Our recommendations, though relevant to all living in the Commonwealth, 

are focused on the oil and gas industry, the Commonwealth of Pennsylvania’s Department of 

Environmental Protection, the Department of Health, and the General Assembly. 

 
One: Expand the No-Drill Zones 
 
 For all the arguments about the effects of fracking, we believe, and the evidence we 

gathered confirms, that there is one point that is impossible to deny.  The closer people happen to 

live to a massive, industrial drilling complex, the worse it is likely to be for them.  The more of a 

chance that their drinking, cooking, and bath water will be contaminated.  The more harmful 

emissions they will breathe into their lungs.  The more truck traffic and machinery they will have 

to hear, at all hours of the day and night.  The more the effect on the health, safety, and welfare 

of their family and children.   

 And yet, under current law, an unconventional oil and gas company can drill a well as 

close as 500 feet from a person’s home.  That’s only about 200 steps away.  That means the well 

itself can be that close; the well pad and its accompanying equipment can come even closer.  No 

one expects, when they find a place to settle, raise a family, live a life, that a steel mill might be 

constructed right next door, or a power plant.  And local zoning laws will normally make sure 

that doesn’t happen.  When it comes to unconventional drilling, though, people have seen rigs 

sprout up almost in their backyard, along with all the equipment necessary to service them.  In 

many parts of the state, local zoning practices have simply been inadequate to prevent such 
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development.  There has to be a statewide minimum “set-back” – and the current minimum, 500 

feet, just isn’t high enough. 

 We therefore recommend that the set-back statute be changed.  Considering the size and 

scale of a fracking site, the no-drill zone should be at least 2,500 feet, not 500.  Even that 

distance is still only a short stroll, within sight and sound of residences.  We do not believe such 

a modest buffer zone is too much to ask when it comes to people’s health and homes. 

 But our concern is not just for residential settings.  We were astonished to learn that the 

drilling set-back is no different even when it comes to sensitive sites, like a hospital, or an 

elementary school playground.  It is the same 500 feet.  We think the no-drill zone for schools 

and hospitals should be even bigger – 5,000 feet.  We understand that fracking has its benefits.  

We just want to give it some separation from the places we eat and sleep, treat the sick, and 

educate our children. 

 
Two: Stop the Chemical Cover-up 
 
 We heard repeatedly during this investigation the claims that there is no real danger from 

the use of complex chemical compounds manufactured for the fracking process – or at least that 

the risk is “unproven.”  The time has come to provide for proof, one way or another; and the only 

way that can happen is to require disclosure. 

 We learned that under existing law, the oil and gas companies don’t have to say what 

chemicals they are using until after they have already used them.  And even that disclosure rule 

only applies to chemicals used in the fracturing phase of the process – the stage after the well has 

been drilled, when the companies use high-pressure water and chemicals to break up 

underground rock formations in order to extract the gas.  What goes down the hole, though, must 
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come up – much of the chemical-filled fluid that is used for fracturing makes its way, sooner or 

later, back to the surface. 

 But the companies also use potentially dangerous chemicals during the drilling process 

itself, before they even start the fracturing.  And those chemicals don’t have to be publicly 

disclosed at all – even though they often drill directly through water tables, where the chemicals 

may mix with water that someone is using and drinking. 

In addition, every time these fracking chemicals are moved there is a risk of leaks or 

spills or escape onto the ground, into the water, and into the air.  And if there is any kind of 

accident, the first people at risk are the first responders, followed by everyone else in the 

vicinity. 

 But in addition to these lax rules about disclosure, there is another problem.  Companies 

also get an exception to the disclosure requirements for “trade secrets.”  So if they say they have 

created some special chemical compound that gives them a competitive advantage over other gas 

companies, they don’t have to reveal publicly what it is. 

 We find that unacceptable.  The corporate bottom line does not outweigh the lives and 

health that may be at stake.  We want the public to know the identity of all these chemicals being 

released into the environment, so their effects can be studied, and so government or individual 

citizens can choose to protect against them if they deem it necessary.  We recommend that all 

chemicals employed in any stage of the unconventional oil and gas process must be publicly 

disclosed before they can be used. 

 
Three: Regulate All Pipelines 
 
 With all the attention on pipeline problems in different parts of Pennsylvania, one would 

expect that government must have some role in how the system is operated.  And it does – up to 
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a point.  We were surprised to learn, however, that as of now regulations focus primarily on the 

big pipelines, the major “highways” that transport gas over long distances. 

 As with the road system, though, those gas highways are not the only pipelines.  The gas 

has to have some way to get to the pipeline highways from the well.  They don’t use tank trucks.  

They use a system of smaller pipelines, called “gathering lines.” 

 And those gathering lines are hardly regulated at all in the rural and semi-populated areas 

where most fracking takes place.  In effect, it is a remnant of history: they didn’t need regulation 

for gathering lines in conventional drilling days, because those lines were low pressure, low 

volume, and no real hazard.  Modern gathering lines are very different.  Yet only the gas 

highways get full government oversight. 

 This deficiency is not defensible.  These gathering lines operate under high pressure and 

can span hundreds of miles.  They are subject to leaks, erosion, and even explosion, much like 

the bigger lines.  And yet, outside of higher-population areas of the state, the companies are 

largely free to lay down whatever gathering lines they want. 

We say the Commonwealth must start regulating gathering lines from unconventional 

drilling wells.  All pipelines in all parts of Pennsylvania. 

 
Four: Add Up the Air Pollution Sources 
 
 Fracking does not entail big belching smokestacks, like some factories.  So we don’t 

think of it as a source for air pollution. 

But it is.  Fracking operations mean frequent releases of gas, not just accidental but 

intentional.  The pipes must be cleaned out regularly, and every time that is done, billowing but 

invisible clouds of gas escape into the atmosphere.  That gas can be hazardous in itself, and in 
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addition can be tainted with the man-made chemicals used to extract it from the ground, and with 

naturally occurring chemicals released from deep in the earth. 

The problem is that most of the fracking industry air pollution comes from smaller clean-

out stations, known as "pigging stations," and other sources that, individually, slip under the air 

pollution thresholds at which regulation would kick in.  And that is true even though these oil-

and-gas industry pollution sources are often clustered together; if aggregated, they would trigger 

requirements for pollution control.  But they are not aggregated, and so they are frequently not 

regulated. 

The solution is to stop looking in isolation at air pollution caused by unconventional 

drilling sources.  The state has to begin using more common sense and logical standards for 

evaluating these sources.  If air-polluting fracking facilities are stationed in close proximity, treat 

them as one source, and regulate accordingly.  After all, if people live anywhere nearby, their 

lungs aren’t going to care whether the chemicals in the air came from one large source or from 

many smaller sources all next to each other.  It is reasonable to expect our regulatory agencies to 

take that into account. 

 
Five: Transport the Toxic Waste More Safely 
 
 Among the many troubling aspects of unconventional oil and gas drilling is this one: its 

waste.  Simply put, the fracking industry generates enormous quantities of noxious by-products.  

We learned that unconventional drilling creates two categories of waste requiring special 

disposal.  The first is a significant problem; the second is an even more significant problem. 

 First, there are the drill cuttings – the rock and mud that is ground up and brought out to 

create the well.  The drill cuttings are mixed in with the sludge of industrial chemicals used for 

the drilling processes.  This is not just normal rubbish that can be tossed onto a regular garbage 
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dump.  The chemicals in drill cuttings are potentially hazardous even beyond the standards of 

landfill sites used for municipal trash.   

 Second, there is the wastewater – which is not just water at all.  The fluid injected into a 

fracking well cannot perform its function with mere H20.  Frack fluid is an elaborate and, as we 

mentioned, secret chemical cocktail of lubricants, biocides, solvents, and other agents.  And the 

issue isn’t just the composition, but the quantity.  A single well may create millions of gallons of 

contaminated water over its lifetime. 

 Yet this hazardous material is not treated as such.  We learned of a striking example of 

the problem.  When toxic chemicals are initially transported to a well, the tanker trucks are 

labeled as carrying hazardous material.  But after these chemicals are injected into the ground, 

and then return to the surface in wastewater, the contaminated water is transported from the well 

as if any danger had ceased to exist.  The very same chemicals that were identified as hazardous 

before they were used are now identified as non-hazardous “residual waste,” although their 

composition has not changed.  Thus, the transportation of fracking-generated wastewater in 

Pennsylvania does not account for the toxic nature of this waste being hauled all over the 

Commonwealth.    

 This creates a serious problem.  Fracking wastewater can be a relatively harmless briny 

concoction, an extremely dangerous combination of chemicals, or highly radioactive.  Because it 

is labeled as “residual waste” – a classification that includes many sources of waste other than 

from fracking – there is no way to know whether a tanker came from a shale gas site or carries 

something that does not carry the same potential risk. If one of these trucks overturns and spills 

all over a roadway, the signage on the truck will not provide adequate notice to those at the scene 

about what they are dealing with.  This system puts the public and first responders at risk.    
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 Presently, there is no easy long-term solution for permanently disposing of waste 

generated from shale gas operations.  And operators perform an elaborate shell game, moving 

fluid from one well to the next to fracture more shale.  The movement of this waste presents a 

risk to the public.  While regulators sort that out, at a bare minimum, Pennsylvania should 

require that trucks carrying waste from fracking sites display signage specifically identifying that 

which they are hauling as unconventional oil and gas waste.  

 
Six: Deliver a Real Public Health Response 
 
 Our investigation showed that, for the better part of a decade, there were Pennsylvania 

citizens who suffered ill effects after fracking moved into their neighborhoods, and who basically 

received a cold shoulder from their government’s official medical establishment.  Now we have 

learned that in recent years the Department of Health has made more of an effort to address the 

problem, and has allocated a million dollars a year for a three-year study.  That is encouraging.  

But it is not enough. 

 We understand the nature of the challenge.  There are many potential health issues that 

fall under the “fracking” label, and many conflicting claims about what is or is not dangerous.  

That, however, is usually the case with public health issues.  It is not always obvious up front, in 

any health crisis, what the real causes are, or what the consequences will be.  But lack of 

knowledge should be a reason to do more, not less. 

 Consider the attention being paid to vaping, which the Pennsylvania Secretary of Health 

wants declared as a public health emergency.  Consider the resources marshaled to study the 

spread and effects of a group of harmful substances known as PFAS from the former Willow 

Grove air base outside of Philadelphia.  Consider the state government’s call to arms over 

spotted lanternflies. 
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 These are all significant issues, and we have no intention of minimizing them.  But 

fracking has been going on for over a decade in Pennsylvania now.  It has potentially affected the 

short- and long-term health of tens of thousands of people.  By this point, we should know more 

than we do.  It was as if our government didn’t want to know. 

 Several other of our recommendations will serve to address the public health 

consequences of fracking, such as expanding the no-drill zone and requiring full disclosure of 

chemicals used in industry operations.  We also call on DOH to unleash the full force of the 

public health apparatus in order to gather all the data and figure out the best medical responses.  

Don’t just wait for people to report; they might not, or they might have tried repeatedly and 

given up because no one listened.  Put boots on the ground and go out into the community.  

Mobilize health centers.  Make public service announcements.  Build a better website, and 

advertise the hotline.  Reach out to doctors and hospitals in the affected areas.  Issue 

declarations. Do what we do with other public health crises. 

 
Seven: End the Revolving Door 
 
 We saw staffing issues at DEP that caused us concern.  But among the most troubling 

was the fact that DEP employees were frequently lured away to work for the oil and gas 

operators they were supposed to be regulating.  In a way, this should be no surprise.  The 

industry is far better funded than government, and can offer far better compensation to state 

employees who have developed, at state expense, an expertise in this regulatory field.  But the 

resulting potential for conflict of interest cannot be ignored.  If DEP employees know there may 

be a big paycheck waiting for them on an operator’s payroll, they may be reluctant, consciously 

or otherwise, to bring to bear the full force of the law.  The solution is to do what Pennsylvania 
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has done in other areas: impose a “cooling-off” period that would prohibit DEP employees from 

jumping directly into a job with an oil and gas company. 

 To be clear, this would not be a complete solution to the personnel issues we saw at DEP.  

We believe the agency has been understaffed and undertrained; even the Department’s own 

representative testified to the need for more resources.  DEP must have an appropriate, 

sustainable funding source in order to ensure that it can hire, train, and retain the people 

necessary to perform the challenging tasks required to regulate this complex industry. 

 In the meantime, however, a revolving door rule would be a simple and straightforward 

means of addressing at least one part of the problem.  The Ethics Act provides that former public 

employees must wait one year after leaving state government before they can engage in lobbying 

before their former agency.  And the Gaming Act provides an even more pertinent provision.  A 

former employee of the Gaming Control Board cannot accept employment, for a period of two 

years, with any company that has applied to the Board for a license.  The prohibition is 

particularly prudent in an industry awash in money, as is gambling.  We have some of the same 

concern regarding the oil and gas industry.  While energy prices may rise and fall, the profits in 

the good years are plentiful, and thus enhances the industry’s ability to pluck talent from the 

Department.  We propose that a cooling-off period, as under the Gaming Act, will protect the 

Department’s work force and at the same time enhance integrity. 

 
Eight: Use the Criminal Laws 
 
 Pennsylvania has a series of special environmental statutes that make it a crime for 

people to pollute the Commonwealth’s air or water, or dispose of industrial waste improperly.  

And yet, when it comes to unconventional drilling, these criminal statutes in effect do not exist; 

they are virtually never invoked.  We wondered why. 

101 of 235

WG Ex. 70

2482



102 
 

 As it turns out, the lack of criminal prosecution is not because no such crimes have been 

committed.  As we learned during our investigation, most of this criminal conduct cannot go 

forward unless the Department of Environmental Protection refers it to law enforcement for 

criminal investigation.  Local D.A.s have the authority to prosecute these environmental laws, 

but seldom the resources.  The Attorney General’s Office, on the other hand, has a special 

environmental crimes section for exactly this purpose – but it lacks the legal authority to 

prosecute unless DEP asks it to do so. 

 Yet, in recent years DEP has seldom asked.  DEP employees testified to various 

explanations for this lack of criminal referrals for oil and gas violations.  Some said they don’t 

need to seek criminal prosecutions, because their own internal regulations provide sufficient 

deterrence.  Some said they would refer more cases, if only prosecution didn’t take so long.  

Some said they wanted to send out cases for prosecution, but supervisors didn’t always approve. 

 Whatever the story, there is a simple fix.  The legislature should amend the 

environmental laws, in particular the Solid Waste Management Act and the Clean Streams Law, 

to give the Attorney General direct jurisdiction over environmental crimes.  That way the office 

will not have to wait for DEP to refer or not refer; it can begin an investigation on its own, 

whenever it has proper cause to do so.  There are already a number of other specialized areas, 

such as child predator and computer crimes, where the Attorney General’s Office has been given 

special jurisdiction.  It would be a straightforward matter to do the same here. 

 We think, in appropriate cases, criminal charges can provide an effective way to help 

carry out the constitutional mandate of article 1, section 27: to conserve and maintain the 

people’s right to clean air, pure water, and a healthy environment.  The three presentments issued 

by this Grand Jury serve as a first step.   
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IN THE COURT OF COMMON PLEAS  
ALLEGHENY COUNTY, PENNSYLVANIA 

 
IN RE:         :  SUPREME COURT OF PENNSYLVANIA  
          :  71 W.D. MISC. DKT. 2017 
THE FORTY-THIRD STATEWIDE     :  

:  ALLEGHENY COUNTY COURT OF COMMON 
:   PLEAS  CP-02-MD-0005947-2017 

INVESTIGATING GRAND JURY     :   
          : 
          :  NOTICE NO. 42 

 

Response on behalf of the Pennsylvania Department of Health 

 

The Pennsylvania Department of Health (“DOH”) has reviewed Report 1 of the 

Forty-Third Statewide Investigating Grand Jury (“the Report” or “the Grand Jury Report”) and 

respectfully submits this response and requests that it be attached to the Grand Jury Report. 

I. Introduction 

DOH respects the comprehensive work performed by the grand jury.  DOH has 

studied the grand jury’s report carefully and will continue to do so, and takes all of its 

observations and recommendations with the utmost seriousness.  In that regard, DOH appreciates 

the observations that “things have improved under the current gubernatorial administration,” and 

that “the Department deserves credit for the efforts it has made in recent years given its available 

funding.”   

The grand jury also recognizes the challenges that limited state resources present.  

This is made all the more challenging by the absence of any meaningful federal action, funding, 

studies or response to the many environmental and health questions raised by fracking.  That 

said, DOH must always strive to do better in realizing its vision of “a healthy Pennsylvania for 

all.”        
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  As such, DOH welcomed the opportunity to engage in the grand jury process 

with the aim that the Report would be accurate and the Report’s recommendations and 

observations would be a useful tool in examining and improving DOH’s work related to 

fracking.  To that end, when offered the opportunity by the Office of Attorney General, DOH 

provided written statements and exhibits to the grand jury.  In addition, the Secretary of Health 

welcomed the opportunity to testify before the grand jury, testified extensively, and answered all 

of the questions asked her by the grand jury.     

Unfortunately, the secret nature of the grand jury process has resulted in a Report 

that contains some factual errors and (in some instances) erroneous conclusions.  Further, DOH 

has not been provided with the transcripts of testimony or the documents or other materials 

presented to the grand jury.  These troubling times have underscored many things, including that 

transparency, objectivity, facts and science will always be among the critical pillars of effective 

public health.  It is in that spirit that the following observations are provided.  But, the ensuing 

comments are not intended in any way to detract from the important work performed by the 

grand jury here.     

In the current administration DOH has listened and will continue to listen, with 

even greater intensity, to the concerns of Pennsylvanians who express health concerns related to 

fracking.  As evidenced by the Report, fracking is a challenging and complex topic that requires 

a thoughtful, coordinated approach.  DOH therefore would like to take this opportunity to once 

more encourage Pennsylvanians to contact DOH and report their health concerns related to 

fracking by telephone at 717-787-3350 or e-mail at env.health.concern@pa.gov : 
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This is not an empty invitation.  DOH relies on these submissions to gather health data that is 

vital its work to study this topic and ensure an informed and effective approach.   

To the degree that the Grand Jury Report suggests that DOH does not share the 

grand jury’s concerns and is not invested in solutions, that is neither fair nor accurate.  While 

DOH is constantly seeking ways in which to improve its response to fracking, DOH under the 

current administration has always been committed to understanding and responding to the 

potential health effects associated with fracking.  As such, DOH would like to provide additional 

information about its programming and strategy, particularly as it relates to fracking.  

II. Overview of DOH’s Public Health Response to Fracking  

A. Background 

DOH is an agency comprised of medical professionals, policy experts, scientists, 

and staff who work to achieve DOH’s mission to: “promote healthy behaviors, prevent injury 

and disease, and to assure the safe delivery of quality health care to all people in Pennsylvania.”  

DOH is currently led by the Pennsylvania Secretary of Health, Dr. Rachel Levine.  Dr. Levine 
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first joined the Wolf administration in 2015 as Physician General.  In July 2017, Governor Wolf 

named Dr. Levine the Acting Secretary of Health.  She was confirmed as Secretary of Health in 

March 2018.    

Of course, currently, DOH is deeply engaged in addressing one of its paramount 

responsibilities – to  address acute public health emergencies.  It is, therefore, coordinating 

Pennsylvania’s comprehensive response to the COVID-19 pandemic, a public health emergency 

the like of which has not been experienced since the influenza pandemic of 1918.  Additionally, 

DOH operates many ongoing programs related to a multitude of significant public health issues.  

Among these are programs addressing environmental health issues (including fracking), the 

opioid epidemic, HIV, quality care in health care facilities, school health, emergency 

preparedness, maternal and child health, obesity, sexual violence, and many more.      

Funding for DOH programming comes from a combination of sources.  

Approximately one-third of DOH’s budget comes from state government funding, which, by 

necessity, is allocated based on a consideration of a variety of competing needs.  The remaining 

two-thirds of DOH’s budget comes from the federal government through specific program 

grants.  Unfortunately, there has not been a single grant from federal sources to address the 

health effects of fracking.   

By contrast, there are federal grants provided to study health effects associated 

with other environmental concerns, such as “PFAS” (or “poly-fluoroalkyl substances” which are 

manufactured chemicals included in many household products).  The Report highlights DOH’s 

health work on PFAS in an effort to contrast that work to fracking.  Specifically, the Report 

directs readers to compare DOH’s fracking-related program to “the resources marshaled to study 

the spread and effects of a group of harmful substances known as PFAS.”  (Report at p. 99.)   For 
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its PFAS-related program, however, DOH received funding through the Centers for Disease 

Control and Prevention (“CDC”), as well as the Association of State and Territorial Health 

Officials.  With this funding, DOH was able to implement three PFAS-related studies – the 

testing of a response toolkit, an exospore assessment project, and a multisite health study.  

However, while DOH has federal funding available for its PFAS work, there is no federal 

funding for fracking, an absence of resources which necessarily impacts DOH’s capabilities with 

regard to fracking.     

Despite these and other resource constraints, since the beginning of Governor 

Wolf’s Administration in January 2015, DOH sought to markedly change the  prior 

administration’s approach, and to bring a much greater focus to bear on both fracking and 

environmental health issues more generally.1  And these efforts are ongoing.  For example, at Dr. 

Levine’s request, in 2019, the Administration granted DOH funding of over $1 million per year 

for three years to study the health effects associated with fracking. 

B. Environmental Health Program Development 

Beginning in 2015, DOH brought in new staff to the Bureau of Epidemiology to 

reassess needs, including those related to environmental health.  Since then, DOH has continued 

to build its staff and expertise to better address existing and emerging issues in environmental 

health, such as fracking, lead, and PFAS.  Thus, DOH hired Dr. Sharon Watkins as its Director 

                                                 
1 DOH notes that much of the discussion in the Report relates to conduct that occurred before January 2015 

under the prior Administration,.  The current DOH Administration is not able to fully comment on the circumstances 
surrounding that purported conduct.  However, DOH does understand generally that, prior to 2015, DOH focused its 
epidemiology resources on disease investigations with an emphasis on pandemic flu, anthrax, emergency response, 
and food and water borne disease. While the Report makes some distinction between the prior Administration and 
the current Administration, it largely conflates time periods.  For example, certain comments and opinions voiced by 
Karl Markiewicz from the Agency for Toxic Substances and Disease Registry (“ATSDR”) and Dr. David Brown 
from the Southwest Pennsylvania Environmental Health Project (“SPEHP”) may have related in part or in whole to 
activity prior to 2015.  However, as DOH was not present for their testimony and has not had the opportunity to ask 
questions, DOH does not have sufficient information to fully respond to their observations.   
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of the Bureau of Epidemiology.  Dr. Watkins is a nationally-recognized epidemiologist who 

previously served as the Chief of the Bureau of Epidemiology for the State of Florida, and who is 

currently the president of the Council of State and Territorial Epidemiologists.  Dr. Watkins has 

a strong background in environmental health.   

DOH hired Dr. Anil Nair as the Director of the Environmental Health Division of 

the Bureau of Epidemiology.  A PhD-level consultant also has been retained by DOH to focus 

specifically on fracking.  Moreover, DOH hired a full-time toxicologist with expertise in 

reviewing environmental testing samples and  assessing the associated health risks.   

Currently, the Environmental Health Division is comprised of five staff members 

and two contractors, as well as one intern and one annuitant.  DOH has requested and received 

approval for funding in the 2019-2020 year for ten new positions dedicated to environmental 

health, including fracking.  Eight of those positions are in the Bureau of Epidemiology and two 

are in the Bureau of Laboratories.  DOH is currently recruiting for those positions. 

C. Development of the Fracking Questionnaire and Data Registry 

Starting in 2015, DOH developed a complaint questionnaire to gather and analyze 

information from individuals with health concerns related to fracking.2  DOH then contracted 

with a PhD-level consultant to be the Department’s point person on fracking.  The consultant 

refined the questionnaire so that it would gather more useful and standardized information, and 

developed the data registry so that the information can be stored and analyzed.  (See the 

questionnaire template at Exhibit A).  DOH uses this information to improve its understanding 

of the causal links that may exist between fracking and specific health effects.    

                                                 
2 DOH receives $100,000 per year in state funding to develop and operate this registry.  In 2019, the 

Administration budgeted a much larger amount, over $1 million per year for the next three years, for DOH to work 
with an academic partner to conduct two comprehensive studies on health effects associated with fracking.  
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DOH routes all health complaints related to fracking to the Bureau of 

Epidemiology.  Once routed to the Bureau of Epidemiology, staff members contact every person 

who reports a fracking-related health concern to gather additional data as well as to respond to 

the individual concern.3  DOH does not take a “wait and see” approach to fracking.  Instead, 

DOH proactively seeks to gather the information by encouraging individuals impacted by 

fracking to participate and report their concerns.  DOH’s proactive approach has taken many 

forms.  For example, DOH spoke directly with individuals within concerned communities about 

the data registry at public meetings.  DOH also met with  the Southwest Pennsylvania 

Environmental Health Project to seek their assistance in referring complaints to DOH for 

purposes of the data registry.  DOH created flyers to publicize the data registry, and placed the 

flyers at each of DOH’s six Bureau of Community Health district offices, and all 60 state health 

centers, as well as the district offices of the Department of Environmental Protection (“DEP”). 

(Flyer attached as Exhibit B).  DOH publicized the data registry on its website and publicly 

invited individuals to contact DOH to report concerns by email, phone, fax or mail.  (See 

Exhibit C; available at: https://www.health.pa.gov/topics/envirohealth/Pages/Contact-

Environmental-Health.aspx ).  DOH set up regular meetings with DEP to facilitate coordination 

between the agencies and to receive health complaint referrals.  The health complaint reporting 

information was also included on DEP’s website, and the information was shared with the 

Agency for Toxic Substances and Disease Registry and environmental health physicians to 

whom DOH refers individuals.  Additionally, DOH regularly conducts statistical analyses of the 

                                                 
3 These complaints do not go to a “black hole” as alleged in the Report. (Report at p. 71).  That allegation 

appears to refer to policies under the prior Administration rather than the current Administration.  Nonetheless, 
DOH is providing information about its current policies and practices. 
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public health data it collects, and publishes reports of that data on an anonymized basis.  These 

reports are made available on DOH’s website and provide the public with information on the 

reported health effects associated with fracking.  This includes data on the number of complaints, 

location of the complaints and wells (by county), the environmental source of concern (such as 

water or air), health symptoms reported (such as cardiovascular or dermatological), and 

demographic and other information.  (See Exhibit D; available at 

https://www.health.pa.gov/topics/Documents/Environmental%20Health/Q32019_ONGP.pdf).  

Pennsylvania is one of the few states that maintains a data registry of fracking-related health 

concerns and reports that data publicly. 

Despite these measures, the number of reports DOH received for the data registry 

was less than anticipated or desired.  As of December 2019, DOH received 125 formal health 

complaints relating to 263 individuals.  The Grand Jury Report acknowledges that DOH 

publicized its registry and encouraged participation through a variety of means (Report at p. 91), 

yet it suggests that the reason individuals did not report their concerns to DOH was because “the 

Department was not offering answers or solutions to their problems.”  (Report at p. 75).   

That conclusion is not correct.  As Secretary Levine explained in her testimony,  

DOH’s process for collecting scientifically useful information for the registry necessarily 

depended on individuals providing information in response to a detailed survey.  That 

information provides significant value to the public, as it is used by DOH to study the issue and 

to inform the public at large.  However, individuals may have been deterred from participating in 

the survey because it did not provide an immediate tangible benefit to the person on the phone.  

Rather the information gleaned from the survey was meant to provide useful data for DOH to 

study and educate the public.  Dr. Levine further explained that, in response to low participation 

168 of 235

WG Ex. 70

2549



 

9 
 

rates, DOH has since evolved its strategy, and will be conducting two comprehensive studies 

using health data maintained by an academic partner.   

D. Support and Referrals for Individuals 

In addition to gathering health information for purposes of analysis, DOH also 

directly responds to individuals who report health concerns. When DOH receives a complaint, a 

staff member of the Bureau of Epidemiology contacts the individual.  The staff member gathers 

information about the complaint and obtains any environmental sampling results in that person’s 

possession.  DOH also seeks any available sampling results from DEP.  DOH’s toxicologist 

reviews those results to determine if any potential health risks are identified.  DOH informs the 

complainant of the results, including the toxicologist’s interpretation of the results related to 

health risks, and refers the individual to physicians with particular expertise in environmental 

health issues.  Additionally, DOH provides educational resources through FAQs on fracking 

issues and the contact information to make a report related to Pennsylvania’s drinking water.  

Finally, where needed, DOH will request that DEP do further sampling.   

E. Other Public Information-Sharing, Research, and Education 

DOH has also continued to engage in scholarship, education, and information-

sharing on fracking. Like most government agencies, DOH requires that its employees seek 

approval before attending conferences or participating in speaking engagements.  Such rules are 

in place to ensure that resources are used wisely and that employees do not violate the 

Commonwealth-wide ban on gifts to public employees (such as free admission to conferences, 

compensation for speaking engagements, or other items that could be considered gifts).  It would 

be irresponsible not to have them.  However, the rules apply across the board and are neither 
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specific to fracking, nor in any way designed or utilized to chill participation in fracking related 

programs.4 

Furthermore, since 2016, DOH has been presenting fracking data at state and 

national conferences, and discussing fracking issues in connection with other state programs.  

For example, DOH staff attends the annual conference of the Council of State and Territorial 

Epidemiologists, including participating in roundtables and workshops related to fracking.  From 

2016 to 2018, DOH personnel attended the annual Shale in Public Health Conference hosted by 

the Pennsylvania League of Women Voters.  In 2017 and 2018, DOH staff attended the Shale 

Network Conference at Penn State and, in 2018, participated in a fracking-related workshop by 

the National Academy of Science.  These efforts help keep DOH up to date on the latest 

developments in public health related to fracking, and provide an opportunity for DOH attendees 

to educate others. 

DOH staff also engage in research to advance the understanding of health effects 

associated with fracking.  For example, in 2019, under Dr. Levine’s direction, DOH and the State 

of Colorado published a study titled “A Systematic Review of the Epidemiologic Literature 

Assessing Health Outcomes in Populations Living near Oil and Natural Gas Operations: Study 

Quality and Future Recommendations.”5  This piece surveyed the most in-depth peer-reviewed 

literature on health effects associated with fracking to date.  Additionally, DOH is currently 

completing a report evaluating the occurrence of a rare form of cancer, Ewing’s Sarcoma, in 

communities experiencing fracking issues.    

                                                 
4 The Grand Jury Report alleged that DOH “muzzles” its staff in relation to fracking, which was clearly a 

reference to the prior administration.  (See Report at p. 70).  Since the new administration, DOH has never muzzled 
its staff, but has engaged in the numerous efforts to educate itself and the public about ongoing fracking concerns, as 
detailed in the Response.   

5 The paper can be found at: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6616936/# 
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In Spring 2019, DOH began to develop a new initiative for fracking-related 

research, which was approved by the Administration in November 2019.  This initiative involves 

two studies based in southwestern Pennsylvania, where the most fracking activity occurs. The 

first study will focus on the potential acute effects of fracking (i.e. asthma and birth defects).  

The second study will focus on incidents of cancer in these areas.  For both studies, instead of 

relying on data that DOH collects from individual complainants, DOH will work with an 

academic partner and with existing health system databases, including the Pennsylvania Cancer 

Registry and data from regional healthcare systems.  DOH will use that data to analyze health 

trends in proximity to fracking sites.  This initiative is budgeted at just over $3 million for three 

years (approximately $1 million per year).  DOH has requested to receive this funding in its 

2020-2021 budget.  

The Grand Jury Report incorrectly claims that these upcoming studies “will 

attempt to gather and analyze already existing data from prior complaints.  And because DOH 

effectively discouraged such complaints in the past, there may be little data to review.”  (Report 

at p. 9).  To the contrary, these studies will not rely on the fracking-related health data that has 

been collected by DOH thus far.  As detailed above, the studies will rely on robust existing 

healthcare system data, which is not limited to individuals who made complaints related to 

fracking.  This misunderstanding causes the Report to erroneously imply that the studies will not 

be sufficiently useful.   

To the contrary, these studies will accomplish many of the goals for DOH 

outlined in the Report.  For example, the Report recommends that DOH “[s]end out the nurses 

and doctors to interview health care professionals.  Advertise in affected areas.  Collect 

sophisticated data and conduct sophisticated analysis.”  (Report at p. 10).  The studies described 
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above will accomplish those aims even more effectively by gathering medical data from health 

care professionals in a much more comprehensive manner, rather than through anecdotal 

interviews that may vary in accuracy or opinion.  The studies will also allow DOH to conduct 

sophisticated analyses of detailed data that will be published and made available to the general 

public. 

III. The Science of Health Effects Associated with Fracking 

 A fundamental criticism of DOH in the Report is that DOH is in a “state of 

denial” about the health effects associated with fracking and that it has taken a “wait and see” 

approach to the issue.  (See Report at p. 2, 9).  As explained above, that criticism is unfounded.  

DOH has proactively invited people to report health concerns related to fracking, collected 

scientifically-useful data, conducted research, collaborated with DEP, published data to inform 

the public, referred individuals to doctors expert in environmental health, made available other 

resources, and more.  While DOH has improved its response to fracking over time, and will 

continue to do so, it is wrong to suggest that DOH is sitting idly by or, worse, purposefully 

ignoring evidence of the health effects associated with fracking.  That suggestion is both untrue 

and damaging to the public interest.   

 The Report cites the following question posed by the grand jury to DOH: 

Is it the DOH and administration’s view that there is insufficient evidence proving 
that unconventional oil and gas operations, whether in the past or as they 
currently exist under the governing legal and regulatory scheme, harm public 
health?    
 
In response, DOH explained that “the science in this area is developing, and it is 

fair to say that it has not been proven that fracking harms public health.”  That is true, and no 

amount of grand jury investigating will change the science.  Importantly, however, what the 

Report omits is the remaining portion of DOH’s response on this point.  Immediately after this 
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statement, DOH explained:  “That said, the number of peer-reviewed epidemiological studies in 

this area has increased in recent years, and studies have shown some association between 

fracking and a limited number of health-related effects in select areas, though the strength and 

the nature of the association still requires further research.”  DOH further explained that it had 

conducted a detailed review of the existing studies, and provided a copy of that review to the 

grand jury. (See “A Systematic Review of the Epidemiologic Literature Assessing Health 

Outcomes in Populations Living near Oil and Natural Gas Operations: Study Quality and Future 

Recommendations” attached as Exhibit E).  That review concluded: 

There currently exists limited research and conflicting scientific 
information on the health risks for those living next to these 
operations.   

*** 

Twenty (20) studies met our criteria of a human health 
epidemiologic study evaluating the potential health effects 
associated with living near ONG [oil and natural gas] operations in 
the United States. Weight-of-evidence conclusions were developed 
for a total of 32 different health effects, and ranged from 
insufficient evidence to limited evidence.  Across all health 
outcomes, four of the 20 studies received a moderate level of 
certainty rating.  All others received a rating of low certainty.6 

  In further contradiction of the erroneous conclusion of the Grand Jury Report that 

DOH is “in denial” about fracking, DOH provides a summary of what is known about the 

potential health effects associated with fracking on its public website: 

Recently there has been increased interest in UONGD by academic researchers. 
When most people think of unconventional oil and natural gas development 
(UONGD) they only think of wells and well pads, but there is an entire network 
of compressor stations, natural gas processing plants and pipelines in addition to 
the drill rigs and accompanying access roads that make for several points of 

                                                 
6 “A Systematic Review of the Epidemiologic Literature Assessing Health Outcomes in Populations Living 

near Oil and Natural Gas Operations: Study Quality and Future Recommendations” at pp.1 and 6 (references 
omitted). 
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concern from a health perspective. UONGD may negatively impact water, air and 
soil quality. It may also involve excessive noise, light and vibrations from seismic 
testing and cause vehicular injuries from increased truck traffic or other injuries or 
emergencies from well explosions or flooding. What is more are the mainly 
mental health impacts related to the disruption of rural communities and the influx 
of young male workers. Together these factors may directly impact health or 
indirectly impact health through increased stress, anxiety and reduced sleep. For 
workers and their families and sensitive populations (e.g., pregnant women, 
children and elderly), the health consequences of UONGD may be more severe. 

 
Most epidemiologic research to this point has compared the health outcomes of 
those living varying distances from unconventional well sites as a substitute for 
exposure to UONGD. There have been very few studies that have measured 
exposure directly. Overall, epidemiologic work has found some limited evidence 
of relationships between living near UONGD and poor infant health and 
worsening respiratory symptoms. Infant health is unique in that the timing of 
exposure can be pinpointed (within a 9-month period) more precisely than for 
other health symptoms or outcomes.   

 
(available at: https://www.health.pa.gov/topics/envirohealth/Pages/OilGas.aspx ) 

There is no doubt that DOH relies on scientific methods and evidence to shape its 

policies and programs.  But this does not lead to inaction by DOH.  Instead, it is the reason that 

DOH’s multi-prong strategy for fracking has included a particular focus on improving the 

research and public understanding of the health effects associated with fracking.  It is also the 

reason that the Administration agreed to spend $1 million per year for three years to conduct two 

comprehensive studies on the health effects associated with fracking.   

DOH does not address every public health concern with a one-size-fits-all 

approach.  DOH’s responses differ depending on the specific disease, infection or condition, how 

deadly it is, how quickly and easily it spreads, and what is known about the causes of the disease.  

For example, DOH takes a different approach to highly-infectious diseases than it does for a 

disease that is not infectious.  Similarly, DOH takes a different approach to diseases where the 

cause or method of transmittal is known versus one that is that is subject to evolving scientific 

and medical understanding.  DOH is committed to serving the interests of Pennsylvanians, and 
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addressing the many public health issues that Pennsylvanians face including those related to 

fracking.  DOH’s response to fracking has continued to evolve and improve, and DOH will 

continue this trend into the future.    

***** 

 

 

Respectfully submitted, 

 
By: 

 
_____________________________________ 
THOMAS M. GALLAGHER 
Pa. Attorney ID No. 55984 
CHRISTEN M. TUTTLE 

      Pa. Attorney ID No. 206925 
      PEPPER HAMILTON LLP 
      3000 Two Logan Square 
      Philadelphia, PA 19103 
      (215) 981-4000 
      Counsel for Department of Health 
Dated: May 8, 2020 
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Christen M. Tuttle 
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DO YOU HAVE A HEALTH CONCERN ABOUT THE ENVIRONMENT? 

Could contaminated air, soil or water be affecting your health? 

Have questions about environmental health? The department 

has epidemiologists available to answer questions about a 

range of environmental health issues. 

Have a health concern related to oil and gas production? 

The department has a registry to track health complaints. 

Call 717-787-3350 to add your information. 

Need community resources? The department has relationships 

with state and local stakeholders that can help you address 

your environmental health concerns. 

CONTACT US: 

717-787-3350 or env.health.concern@pa.gov

VISIT OUR WEBSITE: 

https://www.health.pa.gov/topics/envirohealth
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Contact Environmental Health
Ways to Contact UsReport an Environmental Health ConcernONGP Health Registry

The Division of Environmental Health Epidemiology is part of the Bureau of Epidemiology in the

Pennsylvania Department of Health. All programs within the division – the Health Assessment

Program, Environmental Public Health Tracking Program, Adult Blood Lead Epidemiology and

Surveillance Program and Unconventional Oil and Natural Gas Development Program – can be

contacted at the bureau office.

Ways to Contact
 () 

Mail: Pennsylvania Department of Health

Division of Environmental Health Epidemiology

Bureau of Epidemiology

Room 933, Health and Welfare Building

625 Forster Street

Harrisburg, Pennsylvania 17120-0701   

Phone: 717-787-3350

Fax: 717-346-3286

Email: 

env.health.concern@pa.gov

 (mailto:env.health.concern@pa.gov)

Hours: Monday-Friday, 8 a.m. to 4 p.m.

Reporting an Environmental Health Concern
 ()  The Division of

Environmental Health Epidemiology is part of the Bureau of Epidemiology in the Pennsylvania

Department of Health (DOH). Pennsylvania residents are encouraged to report environmental

health concerns to the Division, where they will be evaluated and referred to an appropriate

program area for potential investigation and follow-up. If applicable, we will analyze

environmental sampling data and/or clinical (i.e., toxicological) data. If environmental sampling

data are not available, we will work with the Department of Environmental Protection (DEP) to

collect data, when indicated and as appropriate. Lack of environmental sampling data may limit

the department’s ability to conduct a thorough investigation.

While we do not offer primary health care services, we can provide advice based on the nature of

the complaint and work closely with the individual who filed the complaint and, if applicable,
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their healthcare providers to address health concerns. Depending on the nature of the concern,

DOH environmental health staff members will collaborate with federal, state, county and local

officials, healthcare providers and the public on a regular basis to address environmental health

issues throughout the commonwealth.

Before Contacting Us

If you have an environmental health concern, the tips below are intended to help us address your

concern in the most efficient way possible. Please be patient, as it takes time to investigate the

many variables at play in environmental health concerns and to conduct a health evaluation. You

can expedite the department’s response by having the following things in place before you file a

complaint:

Visit your healthcare provider or doctor first.

Have environmental test results available.

Be prepared to speak about your family’s current health and health history.

Be prepared to talk about your health symptoms.

Difference between DOH and DEP

Both DOH and DEP receive and respond to environmental complaints. Citizens should know that,

in matters of environmental concern, DOH is an advisory agency, not a regulatory one.

Environmental regulation concerns are primarily managed by DEP or, on a national level, the EPA.

The following is a rough guide for when to contact DEP versus DOH. It is possible that you would

contact both departments.  

DEP works to protect the state’s air, land and water from pollution and ensure a clean

environment. DEP is the agency to which you primarily direct your complaint or questions if your

concern involves drinking water or the waterways, air quality issues or potential soil pollution

believed to be related to UONGD. Additionally, DEP takes reports of spills, accidents and other

releases of hazardous substances and contaminants. DEP will test the air, water or soil to

determine if there is a problem.

DOH examines how different environments affect a person’s well-being. The health effects of

breathing air, drinking water and more are researched in relation to specific sites where they are

reviewed and investigated. Your complaint should also be directed to DOH’s Division of

Environmental Health Epidemiology if you have an environmental concern that is specific to your

health or the health of a family member or friend, which may be caused by the air, water or soil.

DEP has separate contact information for

reporting an incident
 (http://www.dep.pa.gov/About/ReportanIncident/Pages/d

efault.aspx)  (emergency) and197 of 235
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reporting an environmental complaint
 (http://www.dep.pa.gov/About/ReportanIncident/Pages/EnvironmentalComplain

ts.aspx)

.

ONGP Health Registry

 () 

The Division of Environmental Health Epidemiology manages the oil and natural gas (ONG) health

complaints registry. If you have a health concern related to the oil and gas industry in your area,

please contact the division to be included in the registry. DOH environmental health staff are also

available to answer general questions about health impacts of the oil and gas industry.

Mail: Pennsylvania Department of Health

Division of Environmental Health Epidemiology

Bureau of Epidemiology

Room 933, Health and Welfare Building

625 Forster Street

Harrisburg, Pennsylvania 17120-0701   

Phone: 717-787-3350

Fax: 717-346-3286

Email: 

env.health.concern@pa.gov

 (mailto:env.health.concern@pa.gov)

Hours: Monday-Friday, 8 a.m. to 4 p.m.
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2011 2012 2013 2014 2015 2016 2017 2018 2019

Number of 
complaints

Reason Q4 2019 2019 YTD Total since 
2011   

% of Total 
since 2011 

General inquiry 0 0 24  14.6% 

News update/alert 0 0 3  1.8% 

Information sharing 0 0 12  7.3% 

Formal health complaint
a 2 15 125  76.2% 

ONGP Quarterly Report | Quarter 4 2019 (October to December) 

Oil and Natural Gas Production (ONGP) Health Concerns 

 ONGP in Pennsylvania 
ONGP is a significant industry in 

Pennsylvania. The latest wave of ONGP 

activity in the state began in 2005 with the 

start of unconventional oil and natural gas 

development (UONGD). Unconventional 

wells are distinct from conventional wells 

by the geologic formation being tapped. 

They use horizontal and vertical drilling 

and hydraulic fracturing (“fracking”) to 

access traditionally unavailable reservoirs 

of oil and natural gas. 

As of Dec. 31, 2019, the Pennsylvania 

Department of Environmental Protection 

(DEP) reported there were 10,819 active 

unconventional wells in the state. Thirty-
four of Pennsylvania’s 67 counties had 

active unconventional wells, with 

Washington (1,772), Susquehanna (1,601) 

and Greene (1,367) counties having the 

greatest numbers of active unconventional 

wells.* 

ONGP Health Registry 
In response to growing concerns about 

UONGD, the Pennsylvania Department of 

Health (DOH) developed a confidential 

health registry to better track and respond 

to public health complaints related to 

ONGP. 

As of Dec. 31, 2019, DOH received 164 

ONGP-related health complaints, with 

Washington (41), Susquehanna (31) and 

Bradford (22) counties having the most 

health complaints. 

 
 
 
 

Figure 1. Total Health Complaints Logged by DOH Division of 

Environmental Health Epidemiology Since 2011 (N=164) 

Figure 2. Active Unconventional Oil and Natural Gas Wells in Pennsylvania, 
as of Dec. 31, 2019* 

Table 1. Reason for Contact (N=164)                                                 

Source Q4 2019 2019 YTD Total since 
2011  

% of Total 
since 2011 

Water 2 14 115  70.1% 

Air 0 5 96  58.5% 

Soil 1 7 31  18.9% 

Noise 0 2 54  32.9% 

Truck traffic 0 2 50  30.5% 

Otherb 2 3 48  29.3% 

Missing 0 0 9  5.5% 
aMore than one environmental source of concern may be selected per complaint. 
bOther category includes light, drilling mud or solid waste, vibrations or seismic testing, etc.  

Table 2. Environmental Source of Concerna (N=164)                         

*Based on the number of active wells from DEP Spud Data Report, Wells Drilled by County 

Referrals                           _   
One hundred % of Q4 2019 health 

complaints were referred by DEP. 

aGeneral inquiries, news updates/alerts and information sharing cases were no longer logged in the 
health complaints registry effective March 2017. 
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Demographic Summary 
This table summarizes the 

demographic and health insurance 

information of individuals included in 

the formal health complaints received 

for Q4 2019, YTD 2019 and total since 

2011. This does not necessarily reflect 

the demographic characteristics of the 

entire community.  

Symptom Group Q4 2019 2019 YTD Total since 
2011  

% of Total 
since 2011 

Cardiovascular 1 2 42 (11)†  16.0% 

Dermatological 2 10 100  38.0% 

Ear 0 2 32  12.2% 

Eye 1 5 54  20.5% 

Gastrointestinal 0 9 93  35.4% 

General systemica 2 10 95  36.1% 

Neurological 2 10 115 (6)†  43.7% 

Psychological 0 4 60 (8)†  22.8% 

Respiratory 0 10 (2)† 140 (22)†  53.2% 

Urogenital 0 1 26 (6)†  9.9% 

Missing 0 0 36  13.7% 

Table 4. Health Information of Individuals in ONGP Registry With a Formal Health Complaint 
(N=125 formal health complaints, 263 individuals*)                                                                                          

*Table excludes general inquiries, news updates and information sharing complaints. Each health complaint may pertain to more than one individual. 

Race/ethnicity, age and health insurance were not systematically collected until March 2017. Percentages within each group may not sum to 100% due to rounding. 

*Table excludes general inquiries, news updates and information sharing complaints. Each health complaint may pertain to more than one individual. 
aIncludes sleep disturbance, fatigue, fever, chills, night sweats, shaking, weight loss/gain, decreased appetite, muscle aches/cramps, joint pain, fainting and swelling 

†Numbers in parentheses correspond to newly diagnosed conditions relevant to that symptom group: heart disease and/or hypertension (cardiovascular group), 
neurological disease (neurological), psychological disease (psychological), asthma or COPD (respiratory), kidney disease or failure (urogenital). They do not 
represent pre-existing conditions. Therefore, someone could report that UONGD exacerbated their asthma (noted in the respiratory count) but was diagnosed 
before UONGD activity started in their area (not reflected in number of parentheses). 

Health Overview 2019 Year-to-Date Based on Formal Health Complaints (N=15 complaints, 26 individuals) 

 42% of individuals reported being in poor or fair health. 

 8% of individuals reported being disabled. 

 0% of individuals reported being diagnosed with cancer since the beginning of 2019. 

 65% of individuals visited the doctor for their health concerns. 

 Five (33%) of 2019 YTD complaint cases had concerns about animal health (livestock or pets). 

Table 3. Demographic Information of Individuals in ONGP Registry With a Formal Health Complaint 
(N=125 formal health complaints, 263 individuals*)                                                                                          

Symptom Summary 
This table summarizes the symptoms 

reported by individuals for Q4 2019, 

YTD 2019 and total since 2011. 

Characteristic Q4 2019 2019 YTD Total since 
2011  

% of Total 
since 2011 

Female 1 11 136  51.7% 

Male 2 15 123  46.8% 

Missing 0 0 4  1.5% 

Non-Hispanic white 3 22 109  41.4% 

Non-Hispanic black 0 0 0  0.0% 

Hispanic 0 0 0  0.0% 

Other 0 2 3  1.1% 

Missing 0 2 151  57.4% 

0-17 years old 0 4 43  16.3% 

18-64 years old 3 16 130  49.4% 

65+ years old 0 4 41  15.6% 

Missing 0 2 49  18.6% 

Any private insurance 3 20 79  30.0% 

Public only insurance 0 3 28  10.6% 
Uninsured 0 1 6  2.3% 

Missing 0 2 150  57.0% 
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Symptom Group Washington Susquehanna Greene Bradford Lycoming Tioga Butler 

Cardiovascular 6 8 3 12 0 1 0 

Dermatological 23 26 10 11 6 1 0 

Ear 7 5 0 3 2 1 0 

Eye 15 11 2 5 3 2 0 

Gastrointestinal 22 23 6 14 0 3 2 

General systemica 24 19 9 10 0 3 2 

Neurological 29 19 6 15 1 5 3 

Psychological 22 13 2 4 3 0 2 

Respiratory 37 29 12 15 4 6 2 

Urogenital 6 6 2 4 3 0 1 

Missing 16 2 3 8 0 0 1 

Source Washington Susquehanna Greene Bradford Lycoming Tioga Butler 

Water 24 26 7 20 2 4 3 

Air 32 17 4 6 4 2 2 

Soil 9 5 2 4 0 1 0 

Noise 21 10 4 4 0 1 1 

Truck traffic 21 9 3 4 1 2 1 

Othera 21 10 2 5 0 0 1 

Missing 3 0 0 0 1 0 0 

Table 5. Environmental Source of Concern by County (All Complaints Since 2011) 

The tables below show data for counties with more than 500 active unconventional oil and natural gas wells 

as of Dec. 31, 2019. 

Table 6. Health Symptoms by County (Individuals With a Formal Health Complaint Since 2011) 

By far, most oil and natural gas-related complaints received by DOH have been related to UONGD. We have received four 

complaints related to conventional oil and natural gas development since 2011. 

Figures in this report may slightly differ from previous reports due to the potential for ongoing data collection. Please contact the 

Division of Environmental Health Epidemiology for more details at 717-787-3350 or env.health.concern@pa.gov. 

County-specific numbers of individuals are as follows: 66 (Washington), 59 (Susquehanna), 20 (Greene), 34 (Bradford), 8 (Lycoming), 8 (Tioga) and 5 (Butler). 
aIncludes sleep disturbance, fatigue, fever, chills, night sweats, shaking, weight loss/gain, decreased appetite, muscle aches/cramps, joint pain, fainting and swelling 

County-specific numbers of complaint cases are as follows: 41 (Washington), 31 (Susquehanna), 8 (Greene), 22 (Bradford), 6 (Lycoming), 4 (Tioga) and 3 (Butler). 
More than one environmental source of concern may be selected per complaint. 
aOther category includes light, drilling mud or solid waste, vibrations or seismic testing, etc.  

Washington (1,772)    Susquehanna (1,601)    Greene (1,367) 

Bradford (1,326)    Lycoming (919)    Tioga (769)    Butler (576) 
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Figure 3. Total Number of Active Oil and Natural Gas Wells in Pennsylvania, 2012 to 2018 

Panel A: Conventional Wells Panel B: Unconventional Wells 
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Abstract: A systematic method was used to review the existing epidemiologic literature and determine
the state of the scientific evidence for potential adverse health outcomes in populations living near oil
and natural gas (ONG) operations in the United States. The review utilized adapted systematic review
frameworks from the medical and environmental health fields, such as Grading of Recommendations,
Assessment, Development and Evaluations (GRADE), the Navigation Guide, and guidance from the
National Toxicology Program’s Office of Health Assessment and Translation (OHAT). The review
included 20 epidemiologic studies, with 32 different health outcomes. Studies of populations living
near ONG operations provide limited evidence (modest scientific findings that support the outcome,
but with significant limitations) of harmful health effects including asthma exacerbations and various
self-reported symptoms. Study quality has improved over time and the highest rated studies within
this assessment have primarily focused on birth outcomes. Additional high-quality studies are
needed to confirm or dispute these correlations.

Keywords: oil and natural gas; hydraulic fracturing; fracking; unconventional oil and gas;
environmental health; epidemiology; systematic literature review

1. Introduction

The United States has significantly increased its capacity for oil and natural gas (ONG) development
through the technological advancements of directional drilling and hydraulic fracturing, with
natural gas production reaching a high in 2017 and 2018 [1]. In 2016, more than two-thirds of
the 977,000 producing ONG wells in the U.S. used these technologies to access energy reserves in shale
and tight oil sands [2]. In places like the Colorado Front Range and Dallas-Fort Worth, Texas, ONG
operations are occurring directly alongside population growth. It is estimated that 17.6 million people
in the U.S. live within 1 mile of an active ONG well [3].

There currently exists limited research and conflicting scientific information on the health risks
for those living next to these operations. The industry surrounding ONG expanded faster than
evidence-based epidemiologic research could respond [4,5]. Early community health assessments and
surveys of health symptoms in people living near ONG operations raised concerns about the potential
chemical hazards, including exposures to air and water pollution [6–8]. Additional studies pointed

Int. J. Environ. Res. Public Health 2019, 16, 2123; doi:10.3390/ijerph16122123 www.mdpi.com/journal/ijerph
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to non-chemical stressors, including psychosocial stress, from living near ONG operations [9–11].
These early hypothesis-generating studies gave way to a growing body of observational epidemiologic
literature that has quantified associations between residential proximity to ONG operations and the
potential for certain adverse human health effects. Several review articles published within the last
five years summarize this literature [5,12–14].

Our study is the first of its kind to systematically review the entirety of existing epidemiologic
literature on the associations between living near ONG development and the potential for harmful
health effects. We weigh the level of evidence for each health outcome and aim to present a clear
assessment of the methodological rigor, study strengths, and weaknesses, to identify approaches to
future research. The scholarship published to date varies in the types of ONG operations studied, the
populations of interest (e.g., based on their geography, time period, or demographic characteristics),
the health outcomes measured, and the quality of the methods used. While Saunders and colleagues
do raise important methodological concerns about many of the articles they review [14], no existing
review addresses study quality in a systematic way. In research on the health effects of potential
environmental contaminants, where randomized controlled trials are neither ethical nor appropriate,
study quality, or certainty in the study aligning with its stated objectives, is integral to interpreting
scientific results and extrapolating them for regulatory and other science-based decisions.

The need for public health scientists to systematically evaluate the body of a literature base for
an important issue, with limited resources, is necessary to assist in science-based regulatory decision
making. Often, these issues are not entirely characterized and may include multiple chemical stressors
(which are typically unknown) and variable health outcomes. The current established systematic
review frameworks focus on an in-depth evaluation of the toxicological and epidemiological literature
for a specific chemical and/or health outcome, however, this approach is unable to be applied directly
to the epidemiological literature surrounding ONG development. Therefore, we have adapted these
approaches to better answer this environmental health question.

The steps used to conduct the review were adapted from various established systematic review
frameworks for the medical and public health fields, including as Grading of Recommendations,
Assessment, Development and Evaluations (GRADE) [15] and Meta-analyses Of Observational Studies
in Epidemiology (MOOSE for observational studies) [16], and emerging methods in environmental
health as outlined by the Navigation Guide [17], and Office of Health Assessment and Translation
(OHAT) [18] guidance (Figure 1). Each study was evaluated using 14 study evaluation questions to
assess the level of certainty in, or scientific plausibility of, the study findings. The overall weight of
evidence was determined for each health outcome separately. This review is not intended to replicate
any previous frameworks nor is it to be the single word on study quality in this area of research. Our
aim is to be objective and transparent, in a way that can be understood by community members,
government and non-government public health and environmental officials and policymakers.

 

Step 4: 
 

Weigh the overall 
evidence for each 
health outcome 

Step 1: 
 

Identify 
relevant 
studies 

Step 2: 
 

Rate the level of 
certainty for the 

findings in each study 

Step 3:  
 

Group related study 
findings by health 

outcome 

Figure 1. Steps in the current systematic review of epidemiologic literature.

2. Materials and Methods

2.1. Scope of Analysis

The scope of this literature review is defined by a PECO (populations, exposures, comparators,
and outcomes) question [19]: “In humans (including unborn fetuses) living in the U.S., is exposure to
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chemicals emitted from ONG operations, compared to people who are not exposed (or who are exposed
at lower levels), associated with adverse changes in health?” (Figure 2). Unborn fetuses were included
as a population of interest to account for the possibility of ONG activities affecting fetal development
within the mother’s womb. The term “oil and natural gas operations” (or development) was defined
to include all upstream processes involved in the extraction of ONG resources using any combination
of vertical drilling, directional/horizontal drilling, and hydraulic fracturing to access energy reserves
from conventional and unconventional geologic formations. This review does not include studies
evaluating mid- and downstream processes. Since October 2011, the majority of new ONG wells in the
U.S. overall have been hydraulically fractured horizontal wells, typically referred to as unconventional
wells [2]. Study authors will often use a variety of these terms, and the distinction between conventional
and unconventional wells—in source rock, depth, or drilling technique—is muddled in practice [20].
We sought to look across a range of comparators since exposures to ONG-associated chemicals occur
along a continuum and it may not always be clear what the pathway of exposure is, how far that
pathway reaches, or whether multiple exposure pathways produce synergistic effects on health [5,19].
We then considered whether any and all adverse changes in health occur with these exposures. While
it is plausible that ONG may impact health through indirect pathways such as income (e.g., from
monetary gains from leasing land or mineral rights), or investment in community infrastructure such
as healthcare services [10,21,22], indirect effects were not included in this paper.

 
Figure 2. Populations, exposures, comparators, and outcomes (PECO) statement.

The PECO question informed our exclusion criteria and studies were excluded if one or more
of the following five criteria were met: (1) exposure to ONG chemicals was not directly measured
in, or estimated for, study subjects (i.e., excluded studies focused on indirect health effects including
community stressors such as degradation of rural life, sexually transmitted infections from newly
arrived young male workers, and traffic accidents from increased heavy truck traffic); (2) the study failed
to quantify associations between exposures and a specific health outcome (i.e., excluded studies did
not measure odds ratios, relative risk, etc.); (3) the study did not include original data or observations
(e.g., review articles, commentaries); (4) the study did not define ONG operations to include any or
all processes associated with the upstream development and production of ONG, including but not
limited to horizontal drilling and hydraulic fracturing; or (5) the study did not take place in the U.S.
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2.2. Data Search

PubMed was the primary research database used to obtain articles. We identified relevant records
using the following PubMed search terms: ((“Oil and Gas Industry”[Mesh] OR “Natural Gas”[Mesh])
AND (epidemiolog* or symptom*)) OR ((oil OR natural gas) AND (epidemiolog* OR health OR
symptom*) AND (unconventional OR drilling OR shale OR coal OR production OR development) NOT
(“Occupational Health”[Mesh] OR “Animal Experimentation”[Mesh]) AND (“2013/01/01”[PDAT]:
“2018/10/01”[PDAT])) AND Humans[Mesh]. We verified that no relevant study was published before
2013, and any studies published after our search date of October 1, 2018 were not included in the
assessment. In total, 1253 articles were returned by the search and all were screened for eligibility
(Figure 3). Review articles, risk assessments, and included studies were also screened for references
and identified six additional studies. The majority of articles (98%) did not meet our study inclusion
criteria because they were related to the fields of environmental engineering, geology, hydrology or
biomedical topics such as plant-based oil extracts/lipids. We kept the search terms broad in an effort to
capture the wide variety of terminology that has been used within the interdisciplinary ONG health
effects field.

 

Records identified through 
database searching 

(n = 1253) 

Records after duplicates removed 

(n = 1259) 

Full-text articles assessed 
for eligibility 

Studies included in 
qualitative synthesis 

(n = 20) 

Full-text articles excluded 
with reasons * 

(n = 15) 

Records excluded * 

(n = 1224) 

Additional records identified 
through other sources 

(n = 6) 

Records screened 

(n = 1259) 

Figure 3. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow
diagram for study inclusion. * Exclusion criteria is detailed within the methods.

2.3. Level of Certainty Rating and Level of Evidence Conclusions for Individual Studies

A modified systematic review framework was used to rate the level of certainty (or the certainty
in an estimate of effect) for each health outcome (Figure 4). We developed our framework based on
established methods of systematic reviews for the medical, public health and environmental health
fields. These frameworks incorporate, either explicitly or implicitly, most of Bradford Hill’s criteria
for causation such as studies with specificity and biological plausibility and that were temporal and
consistent [23]. We consulted these classic criteria to develop a meaningful scope of review (as reflected
in the PECO question) and determine criteria for study certainty and weight of evidence [24].
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1. Establish Initial Level of Certainty   2. Consider Raising 
Level of Certainty 

  3. Final Level of 
Certainty Rating 

Study design Initial certainty in an 
estimate of effect  Higher certainty if:  Certainty in an 

estimate of effect 
Randomized 

control trials * High certainty  Percentage of study 
evaluation questions 

adequately addressed 
in the study 

 High 

 Moderate certainty   Moderate 
Observational 

studies Low certainty   Low 

Figure 4. The approach used for developing level of certainty ratings for each study outcome.
* No randomized control trials were identified in this review.

We rated study findings as having low, moderate, or high certainty that the estimated effect was
close to that of the true effect. The findings of observational epidemiologic studies were initially ranked
as low certainty and were upgraded according to fourteen (14) study evaluation questions that assessed
various domains (Table 1). These criteria were based on established frameworks which specify the
domains, questions, or study limitations used to evaluate individual studies for use in a systematic
review [17,18,25–27]. We categorized the study evaluation questions into five groups: population and
sample, exposure, health outcomes, confounders, and reporting. Two or more authors reviewed each
study evaluation question with a yes-or-no response for each study (Supplementary Tables S1–S20).
Conflicting responses were resolved through discussion and additional review of the study. Studies
with greater than 50% “yes” answers (i.e., 8 “yes” answers out of 14) were considered for potential
upgrade of their findings to moderate certainty; studies with greater than 75% “yes” answers (i.e.,
11 “yes” answers out of 14) were considered for potential upgrade to high certainty [28]. All findings
of each study were ascribed the same level of certainty after evaluations were complete.

Table 1. Key study evaluation questions to determine the level of certainty ratings for health outcomes.

Study Evaluation Questions

Population and Sample
1. Does the control group match the exposed group?
2. Is the sample generalizable to the population of interest?
3. Did the study a priori quantify sample and power?
4. Were missing data addressed and tested?

Exposure
5. Was exposure directly measured and quantified?
6. Was the exposure or proxy/surrogate of exposure measured from a point location?
7. Does the proxy/surrogate adequately estimate exposure?
8. Was there a temporal relationship between exposure and outcome?

Health Outcomes
9. Was the health outcome determined by a medical provider?
10. Was a dose-response relationship seen in any outcome?

Confounders
11. Did the study design or analysis account for important confounding and modifying variables?
12. Did the study design or analysis adjust or control for other environmental exposures that were anticipated
to bias results?
13. Were sensitivity analyses attempted for population, outcome, or exposure?

Reporting
14. Did the study conclusions match the results?

Final level of certainty rating: Low/Moderate/High

We derived weight-of-evidence conclusions using standards outlined in GRADE [29], the Cochrane
Handbook [30], and developed by the Institute of Medicine [31]. For each health outcome, relevant

208 of 235

WG Ex. 70

2589



Int. J. Environ. Res. Public Health 2019, 16, 2123 6 of 20

findings from individual studies were grouped and evaluated to derive one of the following
weight-of-evidence levels: substantial, moderate, limited, mixed, failing to show an association,
or insufficient (Table 2).

Table 2. Weight-of-evidence determinations.

Evidence Level Definition

Substantial Strong scientific findings that support an association between oil and gas
exposure and the outcome, with no credible opposing scientific evidence.

Moderate Strong scientific findings that support an association between oil and gas
exposure and the outcome, but these findings have some limitations.

Limited Modest scientific findings that support an association between oil and gas
exposure and the outcome, but these findings have significant limitations.

Mixed Both supporting and opposing scientific findings for an association between oil
and gas exposure and the outcome, with neither direction dominating.

Failing to show an association
Body of research failing to show an association—indicates that the topic has been
researched without evidence of an association; is further classified as a limited,

moderate or substantial body of research failing to show an association.

Insufficient The outcome has not been sufficiently studied.

3. Results

Twenty (20) studies met our criteria of a human health epidemiologic study evaluating the
potential health effects associated with living near ONG operations in the United States (Table 3,
Supplementary Table S21). Weight-of-evidence conclusions were developed for a total of 32 different
health effects, and ranged from insufficient evidence to limited evidence (Table 4).

Across all health outcomes, four of the 20 studies received a moderate level of certainty rating.
All others received a rating of low certainty. The majority of the studies were retrospective cohort (six
studies) or ecological (six studies) study designs. There were five cross sectional studies, two nested
case controls, and two case-controls. The average score across all studies was 6, with a score range
from 2 to 9 (Supplementary Table S22).

3.1. Birth Defects and Birth Outcomes

This review identified nine studies comprising 12 low to moderate certainty findings that identified
the relationship between women who lived near ONG operations and the likelihood that their child
was born with birth defects or other types of adverse health outcomes at birth.

Two studies evaluated birth defects (congenital heart defects, oral clefts, and neural tube defects)
in infants of mothers who lived at varying proximities to ONG development during pregnancy [32,33].
These low-certainty studies resulted in insufficient evidence to determine if living near ONG operations
during pregnancy is associated with birth defects since there was only one study per outcome.

Eight studies evaluated adverse birth outcomes [32,34–40]. These studies examined commonly
used indicators of infant health status such as preterm birth, gestational age, Apgar score, birth weight,
infant mortality, and fetal death. Overall, there are conflicting findings across studies resulting in either
mixed or insufficient evidence of adverse birth outcomes associated with living near ONG operations
during pregnancy (Table 4). Three of the eight studies and their findings were upgraded to a moderate
level of certainty rating due to strength in their study designs that reduced risk-of-bias [35,37,38]. These
studies demonstrated both positive and null associations for multiple health outcomes. All three were
retrospective cohort studies that demonstrated evidence of a dose-response relationship and included a
valid exposure surrogate as taken from a point location. All other studies were ranked as low certainty
because of limitations within the study design or missing key elements. For example, most studies
failed to adequately quantify exposure either directly, or through a proxy/surrogate estimate. In many
cases, this measure of exposure was limited to either presence or absence of wells in a county or was
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solely proximity-based. Although some studies calculated inverse distance-weighted well counts, they
failed to quantify other metrics such as well development phase or total natural gas volume [39].

Birth outcomes have received the most scholarly attention for this topic, due to the relatively easy
access to birth certificate or birth health records data, and the ability to pinpoint exposures to ONG
operations during the 40-week gestation period [36]. While the overall evidence is rated as mixed or
insufficient for various outcomes, the most recently published studies on ONG and birth outcomes have
used innovative methodologies that improve or alleviate some of the weaker assumptions in early work.
For example, Hill in 2018 took advantage of the little assumed difference between pregnant women
living near permitted but not yet drilled wells and those living near active wells to define a better
comparison or control group [37]. Additionally, three of the four moderate certainty studies evaluated
birth outcomes and have identified positive associations between living near ONG operations and
these adverse health outcomes.

ONG operations can emit volatile organic compounds (VOCs) into the air and contribute to
increased particulate matter 10 micrometers or less in diameter (≤PM10) during upstream development
activities. Some of these VOCs have the potential to cause developmental effects in test animals
following high levels of exposure—generally at much higher levels than what has been observed for
individual VOCs at ONG operations [41]. Systematic reviews of a broad set of data have identified
positive associations between maternal exposures to fine particulate matter in ambient outdoor air
pollution in urban areas and adverse birth outcomes. Other studies have documented adverse
developmental and reproductive health outcomes in animals exposed to ONG-related chemicals used
as fracturing fluids in the hydraulic fracturing process [42–45]. Although these substances may be
released from operations, the exposure concentrations and complete routes of exposure have not been
well characterized.

3.2. Cancer

We identified seven low certainty study outcomes from three studies that assessed the relationship
between living near ONG operations and the likelihood of developing cancer [46–48]. The studies
examined various types of both adult-onset and childhood cancers. Specifically, they looked at the
incidence of cancers of the urinary bladder and thyroid, leukemia, all childhood cancers, childhood
leukemia (and specifically acute lymphocytic leukemia), childhood non-Hodgkin’s lymphoma, and
childhood central nervous system tumors. Overall, the weight of evidence is insufficient for all but one
of the cancer outcomes since there is only one study for each. There is mixed evidence for childhood
leukemia owing to conflicting study findings.

None of the three cancer studies and their findings were upgraded to a moderate level of certainty
rating. Two of the studies were ecological, conducted at the county level in Pennsylvania, and did not
control for potential confounding variables [46,47]. For example, it is probable that there are social
characteristics of county populations (e.g., race or ethnicity, occupation, smoking status, etc.), differing
access to medical care and screening, and other environmental exposures (e.g., major roadways,
particularly in a place like Allegheny County where Pittsburgh is located) that would explain some
of the study findings. Fryzek et al. also incorrectly interpreted their standardized incidence ratio
results, as has been noted by Saunders et al. [14]. McKenzie et al. used a case-control design to study
childhood cancers in rural Colorado [48]. However, their data source was exclusively the state’s
cancer registry and therefore there was no comparison group made up of children without cancer.
Additional research on this topic might consider incorporating a more appropriate comparison group
from household surveys [49]. For studies of cancer, it is crucial for researchers to consider what would
be an appropriate time frame from exposure to ONG operations to the potential development of cancer.
ONG operations began in earnest in the late 2000s in Pennsylvania, but Fryzek et al. used data only
through 2009; this truncated period between community exposure and cancer endpoint is a major
limitation [47]. As noted elsewhere [50], the study period was not matched to the theoretical lag period
or latency period for adult carcinogenesis.
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ONG operations may release chemicals into the air and water, such as benzene, polycyclic aromatic
hydrocarbons, and diesel exhaust [51]. Although long-term exposure to these substances, such as
benzene, may increase the risk of developing certain types of cancer, the development of cancer is
complex because many other non-environmental influences, such as genetics and lifestyle behaviors,
also contribute to cancer risk.

3.3. Respiratory Health Outcomes

There were three low to moderate rated health outcomes from six studies evaluating the associations
between living near ONG and respiratory health effects [52–57]. A single moderate certainty study
with one study outcome indicated a limited weight of evidence for an association with asthma
exacerbations [56]. The current literature provides a link between regulated air pollutants (ozone and
particulate matter) and lung, heart disease and other respiratory health effects [58]. The influence,
specifically, of ONG contributing to respiratory health outcomes is not fully understood, particularly
within the context of other behavioral/lifestyle influences (e.g., smoking) exacerbating the deleterious
effects of air pollutants. Additionally, there may be many other environmental sources of emissions for
air pollutants including vehicles and wildfires.

Five other low-rated studies evaluated the occurrence of respiratory effects (various self-reported
symptoms and hospitalizations) and found conflicting evidence for both categories. The two
hospitalization studies used ecological study design, which is limited since the estimation of exposure
is based on an average in the population. The three other studies documented self-reported symptoms.
Health outcomes were not determined by a medical provider.

3.4. Neurological Health Outcomes

We identified four studies that assessed the relationship between living near ONG
development and the likelihood of neurological health effects [52,53,55,57]. Three studies identified
self-reported neurological symptoms (Elliott et al. [52]: severe headaches, dizziness; Rabinowitz et
al. [55]: neurologic problems, severe headache/migraine, dizziness/balance problems, depression,
difficulty concentrating/remembering, difficulty sleeping/insomnia, anxiety/nervousness, seizures;
Tustin et al. [57]: migraine headache, fatigue) and yielded a limited weight of evidence for a null
association with neurological health effects. The other outcome, neurological hospitalizations, had
insufficient evidence, with only one positive study published [53]. VOCs are known to produce
neurological effects, such as central nervous system damage, headaches, dizziness, visual disorders,
loss of coordination, and memory impairment in test animals and humans [59].
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3.5. Other Health Outcomes

We found limited evidence of a positive association between general multiple self-reported
symptoms and living near ONG development, with two studies assessing this relationship [52,57].
The two studies however characterized symptoms differently: Elliott and her colleagues combined
feeling stress, fatigue, muscle or joint pain, or any other health symptom into a “general health
symptom” grouping [52]; while Tustin and his co-authors found significant effects only when at least
two of the three symptoms they considered—chronic rhinosinusitis, migraine, and fatigue—were
experienced jointly [57].

Two epidemiologic studies evaluated a variety of indicators of psychological well-being, including
depression, anxiety and sleep disturbances [60,61]. Measures of mental health are not necessarily a
result of direct exposure to substances emitted from oil and gas operations but could be indirectly
associated with non-chemical environmental stressors such as noise, light, odors, or social stress of
living near a hotly debated, politicized, and potentially risky industry. For example, studies have
shown associations between living in areas with increased noise and traffic, such as by airports, with
increased psychological symptoms [62–65].

There was mixed evidence for self-reported dermal symptoms, self-reported psychological
symptoms, and cardiovascular hospitalizations. Other health effects, including neurological and
all hospitalizations, diagnosed sleep disturbances, and self-reported cardiovascular symptoms, had
insufficient evidence due to a single low-rated study per outcome. There was a demonstrated lack
of evidence (no association) for gastrointestinal self-reported symptoms. Three studies evaluated
self-reported dermal symptoms, such as rash, irritation, burning, itching, and hair loss, in relation
to ONG in Pennsylvania, resulting in mixed evidence [52,55,61]. Skin-related health effects may be
possible due to direct exposure to soil or water. However, the routes of exposure to ONG-related
chemicals were not well characterized in these studies and encounters with other skin irritants were
not documented, making it difficult to interpret these conclusions.

4. Discussion

In this paper, we summarized the observational epidemiologic literature on the health effects
of populations living near ONG operations and assessed the methodological rigor of the studies
published to date. Specifically, we used a modified systematic review framework, adapted from
GRADE, the Navigation Guide, and guidance from OHAT, to determine the level of certainty that
the study findings represent the true effect of exposures to ONG-related substances, and to make
overarching weight-of-evidence determinations for a variety of health outcomes.

The strength of our review lies in its transparency and objectivity. We adapted previous systematic
review guidelines to make the criteria for evaluating studies as clear as possible. We considered a wide
variety of study evaluation questions to represent those domains. Our review framework can also
be applied to other research questions in environmental health. For researchers, policymakers, and
public health practitioners, this type of review can swiftly help elucidate key findings and gaps in the
knowledge base that need to be addressed.

We found 20 published epidemiologic studies that evaluate potential associations between ONG
operations and health outcomes. These studies assessed 32 different health outcomes ranging from
self-reported symptoms to confirmed disease diagnoses. Since only a few outcomes were covered
by multiple studies, there was insufficient weight of evidence for most health outcomes. We found
studies of populations living near ONG operations provide limited evidence (modest scientific findings
that support the outcome, but with significant limitations) of harmful health effects including asthma
exacerbations and various self-reported symptoms. For all other health outcomes, we found conflicting
evidence (mixed), insufficient evidence, or in some cases, a lack of evidence of the possibility for
harmful health effects.

There are important limitations to our approach. First, it is not a meta-analysis as the current
line of inquiry, including different exposure measures (and surrogates), health outcomes, and
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geographic/geologic locations, is not suited to conducting a meta-analysis. Second, although we clearly
stated our criteria for upgrading a study to a moderate or high level of certainty ranking, the number
of study evaluation questions and the ranking cutoffs may still be viewed as arbitrary since Rooney et
al. (2016) compares these systematic review methods and notes that the scoring of studies may be
influenced by the number of elements and may not account for the differences in relative importance
across the risk of bias domains [66]. Study certainty is difficult to quantify, but we used a quantifiable
framework and did not allow factors such as media coverage or other publicity (positive or negative)
to color our ranking system.

The majority of findings from the studies were ranked as low certainty, primarily due to limitations
of the study designs that make it difficult to establish clear links between exposures to substances
potentially emitted directly from ONG operations and the health outcomes evaluated. These limitations
are inherent to observational epidemiologic studies and include indirect exposure measurements,
confounding bias, and subjective methods to determine health outcomes. The field of environmental
health incorporates these types of studies along with exposure and risk assessments to inform public
health and policies. In addition to these factors, differences in the observational epidemiologic study
types (e.g., retrospective cohort, case-control, ecological) make it difficult to compare results across
studies with various health outcomes. These epidemiologic studies may also reflect the interactions
of non-chemical or chemical stressors that may or may not be related to ONG operations that can
contribute to adverse health outcomes in a population. Study quality has improved in recent years
with better exposure measures and more thorough methods to account for possible confounders.

Although these observational epidemiologic studies alone are not sufficient to determine causality,
they provide helpful information to direct further investigation into the public health implications of
ONG activity near residential areas. Taken together, these studies make it clear that the identities and
exposure levels of substances people are exposed to when living, working, or going to school near ONG
development have not been well characterized. Epidemiologic studies that include more controlled
designs with direct measurement of exposure and diagnosed health outcomes are needed to confirm
or dispute the associations published in the literature. Incorporating a health impact assessment
framework within an epidemiologic study may be useful. One such framework, developed by the
Agency for Toxic Substances and Disease Registry (ATSDR) can be used to assess the health impacts of
multiple chemicals and stressors [67].

Additionally, we have little empirically driven understanding of the factors (biological, geological,
meteorological, and social) that drive ONG-related exposure patterns and vulnerability to such
exposures. For example, there may be regional differences across the U.S., with varying technological
controls or regulatory environments. Researchers should integrate community members [68–70] and
concepts of health equity and environmental justice [69] into their research approaches. They should
also consider using policy as a starting point rather than the conclusion in order to evaluate policies
and ONG industry practices that have been implemented thus far (e.g., setback distances, number of
wells drilled per well pad, etc.). Having an understanding and familiarity with the populations at
risk for health effects from ONG development across states and regions within states is also important
to prioritize evidence-based health-protective policy interventions and to improve public health
prevention strategies [52,68–71].

ONG regulatory policy has not been informed by robust epidemiologic research literature. Now,
15–20 years since the widespread application of hydraulic fracturing and horizontal drilling in states
as diverse as Colorado, Pennsylvania, Texas, and Kansas, the epidemiologic literature on the potential
health effects of ONG operations is still inadequate to definitively guide policy, as evidenced by the
mainly low certainty and conflicting studies reviewed here. Regulators and policymakers, then, should
work with public health researchers to pose specific questions that need to be answered, and partner
with public health officials to evaluate the public’s concerns. Public health officials should continue to
monitor health concerns in areas with substantial ONG operations through centralized data collection
and analysis. Multi-state collaborations should be considered to collect consistent data from differing
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oil and gas basins across the United States with the aim to more comprehensively evaluate the potential
for adverse health effects.

Supplementary Materials: The following materials are available online at http://www.mdpi.com/1660-4601/16/12/
2123/s1, Tables S1–S20: Study evaluation individual assessments, Table S21: Full summary details of epidemiologic
studies included in systematic review, Table S22: Summary of answers to study evaluation questions.
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IN THE COURT OF COMMON PLEAS 
ALLEGHENY COUNTY, PENNSYLVANIA 

IN RE: : 
: 

SUPREME COURT OF PENNSYLVANIA 
71 W.D. MISC. DKT. 2017 

THE FORTY-THIRD STATEWIDE  :  
 
INVESTIGATING GRAND JURY 

: 
: 
: 

ALLEGHENY COUNTY COMMMON PLEAS  
CP-02-MD-5947-2017 
 

 : NOTICE NO. 42 
 

RESPONSE TO CERTAIN ALLEGATIONS  
IN INVESTIGATING GRAND JURY REPORT NO. 1 

 

Pursuant to the Court’s April 7, 2020 Order, and by his undersigned counsel, respondent 

Michael Krancer hereby responds to the allegations in the report that may be construed as 

offering constructive or critical guidance to him.  Such allegations are found at pages 6-7 and 62-

63 of the report, and state as follows. 

Mr. Krancer was the Secretary of the Department of Environmental Protection (“DEP”) 

from January 18, 2011 through April 13, 2013.  The gravamen of the allegations is that, based 

upon a March 23, 2011 email from DEP’s then Executive Deputy Secretary John Hines, “any 

actions, NOVs, and such” required approval of the Executive Deputy Secretary and Dana 

Aunkst, with “final clearance from” then Secretary Krancer. 

The report accurately and fairly states that Mr. Krancer testified before the Grand Jury 

that this was a “misunderstanding.”  However, the report unfairly omits reference to an email 

authored the very next day by Dana Aunkst, an email that was presented to the Grand Jury, in 

which Mr. Aunkst apologized for the confusion caused by the Hines email of the day before.  

Although we are unable to have access to that email because it is a Grand Jury document, that 

email, as Mr. Krancer recalls it, specifically clarified that no such “final clearance” by the 

Secretary was necessary.  Mr. Krancer was shown this email in the Grand Jury; yet no mention 

of it is made in the report.  Given (i) the immediate correction that was made to Hines’s email, 
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and (ii) the fact that the Grand Jury report specifically emphasizes that, although the 

communication was based upon a misunderstanding, “employees who learned of the email did 

not take it that way,” this omission leaves an unfair, incomplete, inaccurate, and impression.   

Even if “employees who learned of the email did not take it that way,” it was corrected the very 

next day.  In fairness, the next day email (and this Response) should be added to the report. 

 It is also important for context to note that, at the time of the Hines email, as Mr. 

Krancer recollects it now, nine years later, the Department was specifically undertaking (or was 

about to undertake) a formal consistency review regarding the different Regional Offices of DEP 

for NOVs and enforcement actions in the Oil and Gas program.  That accounts for particular 

attention’s being directed toward DEP actions at that time relating to oil and gas operations.  The 

results of that review process were released in November 2011.  This, Mr. Krancer believes, is 

the background and context of the Hines email.  

Accordingly, for the foregoing reasons, respondent Krancer respectfully requests that this 

Response, and the next day Aunkst email, be attached to the report before it is made part of the 

public record. 

Respectfully submitted, 
 
 
/s/Joseph G. Poluka                    
JAMES T. SMITH 
Pennsylvania Attorney I.D. 39933 
JOSEPH G. POLUKA 
Pennsylvania Attorney I.D. 42035 
BLANK ROME LLP 
One Logan Square 
130 North 18th Street 
Philadelphia, PA 19103 
(215) 569-5624 
 
 

Dated:  April 28, 2020 
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IN THE COURT OF COMMON PLEAS 

ALLEGHENY COUNTY, PENNSYLVANIA 

IN RE:     :   SUPREME COURT OF PENNSYLVANIA 

      :   71 W.D. MISC. DKT. 2017 

THE FORTY-THIRD STATEWIDE : 

      :   ALLEGHENY COUNTY COMMON PLEAS 

INVESTIGATING GRAND JURY  :   CP-02-MD-5947-2017    

    : 

      :    NOTICE 42 

MOTION FOR INCLUSION OF RESPONSE OF DEPARTMENT OF 
ENVIRONMENTAL PROTECTION WITNESS SCOTT PERRY  

TO GRAND JURY REPORT 
 

1. The Forty-Third Statewide Investigating Grand Jury has produced a Report that 

outlines the Commonwealth’s findings on, inter alia, the issues that Department of 

Environmental Protection (“DEP”) has had in exercising its regulatory authority against 

companies that use hydraulic fracturing (“fracking”) to harvest natural gas in Pennsylvania. That 

report has been referred to by this Court in prior orders as Investigating Grand Jury Report No. 1. 

2. DEP Deputy Secretary of the Office of Oil and Gas Management, Scott Perry, 

testified before the grand jury, and his testimony is quoted in Investigating Grand Jury Report 

No. 1.  He is also specifically named in multiple places in the Report. 

3. On April 7, 2020, this Court entered an Order stating that pursuant to 42 Pa.C.S. § 

4552(e), Mr. Perry would be permitted to prepare and submit a response to allegations made 

against him in Investigating Grand Jury Report No. 1 that “may be construed as offering 

constructive or critical guidance to him.”  

229 of 235

WG Ex. 70

2610



121467464_3 

4. On April 20, 2020, this Court entered an Order permitting disclosure of the 

transcript of Mr. Perry’s own testimony in front of the Forty-Third Grand Jury pursuant to 42 

Pa.C.S. § 4549 so that he could properly prepare his Response to the Report in accordance with 

this Court’s April 7, 2020 Order.   

5. This Court further granted Mr. Perry until May 8, 2020 to file his Response. 

6. Mr. Perry has reviewed the Report and his Grand Jury Testimony.   

7. Pages 77-78 of the Report do not provide a complete and accurate description of 

the joint efforts by the Pennsylvania Department of Health (DOH) and the Pennsylvania 

Department of Environmental Protection  (DEP) to incorporate health questions into DEP’s 

forms used when registering complaints from complainants.  Accordingly, Mr. Perry, who is 

specifically identified in an unfavorable light in those paragraphs of the Report, asks that 

Attachment A (which is the information set forth in ¶¶ 8-13 below) be appended as his Response 

to any public release of the Report, which to date, has remained under seal.   

8. The Grand Jury Report at pp. 77-78 talks about efforts at incorporating health 

questions into DEP’s environmental complaints.  At page 77, the Report states that “DOH had 

proposed adding an ‘active’ box to DEP’s water quality complaint form, which would require a 

DEP employee registering a complaint to ask the complainant whether they had any health 

concerns.”  The Report further states that this idea was opposed by “DEP, principally through 

Scott Perry, the Deputy Secretary of the Oil and Gas Management Program” because “it would 

constitute a ‘leading question’ and [a health complaint] was outside the area of DEP’s expertise.”  

The Report then states that DEP agreed to a ‘passive’ box on the complaint form; meaning if the 

complainant mentioned a health issue, unprompted, a notation to that effect would occur and be 

passed to DOH.” 
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9. The Report states at page 77 that “[a]dditionally, DOH and DEP were only 

discussing adding a health question to water quality complaints, but health complaints regularly 

pertained to air quality, truck traffic, and other effects of unconventional oil and gas 

operations[]” and “DOH was interested in developing ways they could gather information about 

these health issues as well.”  

10. The Report further states at page 77 that DOH “continued to push DEP to take 

further action aimed at gathering public health information, including adding an ‘active’ question 

on health.  Ultimately, however, Scott Perry refused to agree to more than adding the passive box 

to the water quality complaint form, and the [November 2018] meeting, which was contentious 

at times, ended.”  The Report states at page 78 that after the November 2018 meeting, DEP 

cancelled all future regularly scheduled meetings by DOH without discussion and by deleting 

meetings from a shared outlook calendar. 

11. These allegations of the Report do not accurately reflect what occurred.  The 

decision to include a “passive” box to the DEP water quality complaint form regarding health 

concerns - as opposed to an “active” box - was not a unilateral decision made by Mr. Perry or by 

DEP but rather a joint decision by DEP and DOH.  Mr. Perry and his counterpart at DOH - a 

DOH Deputy Secretary - discussed this matter and jointly agreed that the best procedure to 

employ would be the passive box, and not an active box.  The DOH Deputy Secretary told Mr. 

Perry that he did not support adding an “active” box because it would constitute a “leading 

question.”  The use of the phrase, leading question, originated with the DOH Deputy Secretary; 

not with Mr. Perry. 

12. DEP did not limit the health question to water quality complaints but expanded it 

to include all investigations conducted by DEP where the DEP employee encountered a 
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complainant with health concerns.  In all such matters, DEP would forward the complainant’s 

contact information to DOH. 

13. Moreover, the meetings between DEP and DOH stopped because DOH had not 

asked for another meeting and also because the objective of the meetings - to make sure there 

was a flow of information from DEP to the DOH registry - was accomplished.  Mr. Perry notes 

that he would be willing to meet in the future with DOH provided there was an agenda with new 

matters to discuss. 

WHEREFORE, for the reasons set forth above, Scott Perry respectfully requests that the 

Court include his Response (Attachment A) to the Investigating Grand Jury Report No. 1 if and 

when such Report is publicly released.  

Respectfully submitted, 

 /s/ Linda Dale Hoffa   

LINDA DALE HOFFA  
DILWORTH PAXSON LLP 
1500 Market Street, Suite 3500E 
Philadelphia, PA 19102 
Phone:  (267) 767-6275 (mobile) 
Email:  lhoffa@dilworthlaw.com  

 
 
Dated:  5/8/2020 
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RESPONSE OF MR. SCOTT PERRY, 

DEPUTY SECRETARY,  

PENNSYLVANIA DEPARTMENT OF ENVIRONMENTAL PRODUCTION. 

TO GRAND JURY REPORT #1 

43rd STATEWIDE INVESTIGATING GRAND JURY 

The Grand Jury Report at pp. 77-78 talks about efforts at incorporating health questions 

into DEP’s environmental complaints.  At page 77, the Report states that “DOH had proposed 

adding an ‘active’ box to DEP’s water quality complaint form, which would require a DEP 

employee registering a complaint to ask the complainant whether they had any health concerns.”  

The Report further states that this idea was opposed by “DEP, principally through Scott Perry, 

the Deputy Secretary of the Oil and Gas Management Program” because “it would constitute a 

‘leading question’ and [a health complaint] was outside the area of DEP’s expertise.”  The 

Report then states that DEP agreed to a ‘passive’ box on the complaint form; meaning if the 

complainant mentioned a health issue, unprompted, a notation to that effect would occur and be 

passed to DOH.” 

The Report states at page 77 that “[a]dditionally, DOH and DEP were only discussing 

adding a health question to water quality complaints, but health complaints regularly pertained to 

air quality, truck traffic, and other effects of unconventional oil and gas operations[]” and “DOH 

was interested in developing ways they could gather information about these health issues as 

well.”  

The Report further states at page 77 that DOH “continued to push DEP to take further 

action aimed at gathering public health information, including adding an ‘active’ question on 

health.  Ultimately, however, Scott Perry refused to agree to more than adding the passive box to 

the water quality complaint form, and the [November 2018] meeting, which was contentious at 
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times, ended.”  The Report states at page 78 that after the November 2018 meeting, DEP 

cancelled all future regularly scheduled meetings by DOH without discussion and by deleting 

meetings from a shared outlook calendar. 

These allegations of the Report do not accurately reflect what occurred.  The decision to 

include a “passive” box to the DEP water quality complaint form regarding health concerns - as 

opposed to an “active” box - was not a unilateral decision made by Mr. Perry or by DEP but 

rather a joint decision by DEP and DOH.  Mr. Perry and his counterpart at DOH - a DOH 

Deputy Secretary - discussed this matter and jointly agreed that the best procedure to employ 

would be the passive box, and not an active box.  The DOH Deputy Secretary told Mr. Perry that 

he did not support adding an “active” box because it would constitute a “leading question.”  The 

use of the phrase, leading question, originated with the DOH Deputy Secretary; not with Mr. 

Perry. 

DEP did not limit the health question to water quality complaints but expanded it to 

include all investigations conducted by DEP where the DEP employee encountered a 

complainant with health concerns.  In all such matters, DEP would forward the complainant’s 

contact information to DOH. 

Moreover, the meetings between DEP and DOH stopped because DOH had not asked for 

another meeting and also because the objective of the meetings - to make sure there was a flow 

of information from DEP to the DOH registry - was accomplished.  Mr. Perry notes that he 

would be willing to meet in the future with DOH provided there was an agenda with new matters 

to discuss. 

 

DATED: 5/8/2020 
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Original Articles 

Elevated sediment radionuclide concentrations downstream of facilities 
treating leachate from landfills accepting oil and gas waste 

Lauren M. Badertscher a, Memphis J. Hill b, Tetiana Cantlay a, John F. Stolz a, Daniel J. Bain b,*

a Center for Environmental Research and Education, Duquesne University, Pittsburgh, PA 15282, USA 
b Department of Geology and Environmental Science, University of Pittsburgh, Pittsburgh, PA 15260, USA   

A R T I C L E  I N F O

Keywords: 
Oil and Gas Waste 
Landfills 
NORM 
Stream Impacts 

A B S T R A C T

Management of oil and gas (O&G) waste streams from extraction of unconventional reservoirs challenges the 
sustainable development of these reservoirs. Landfilling of waste materials is an emerging strategy for uncon-
ventional O&G waste disposal. However, the effectiveness of effluent management systems designed for his-
torical landfill waste streams in treating O&G waste is not established. This creates the potential for 
contamination associated with landfills accepting O&G waste. Yet, tracers of O&G waste are not necessarily 
included in routine effluent monitoring and environmental surveillance monitoring is too sparse to reliably 
detect this contamination. This study reviewed administrative records and analyzed grab samples of surface 
waters and stream sediments near effluent outfalls from facilities accepting O&G waste to evaluate this potential 
contamination. Administrative records are conflicting and inadequate, with only one landfill out of twenty-five 
agreeing within a factor of two between waste delivery and receipt volume reporting in 2019. Moreover, total 
radium was enriched in sediments downstream of effluent discharges, up to 4x relative to upstream values, 
magnitudes consistent with sediment accumulations downstream of known O&G waste inputs. Water chemistry 
measurements indicate that the largest upstream to downstream changes are consistent with O&G waste 
chemistry. These findings suggest landfill effluent influenced by O&G waste should be carefully scrutinized to 
avoid potential contamination of surface waters.   

1. Introduction

The rapid development of unconventional oil and gas (O&G) reserves
has increased the flux of both solid and liquid waste, fluxes propor-
tionally much greater than those generated from traditional conven-
tional well development on a per well basis. Solid wastes include 
materials from pad development and drill cuttings. Drill cutting wastes 
from unconventional wells may contain more total naturally occurring 
radioactive materials (NORM) than conventional wells for two reasons. 
Geochemically, the shale itself contains more NORM as compared to the 
sandstone and limestone reservoirs holding conventional oil and re-
serves (Huang et al., 2017). Physically, the horizontal bore is usually 
much longer than the vertical bore and a larger proportion of the drill 
cuttings are composed of the NORM rich shale due to the directional 
drilling. The Pennsylvania Department of Environmental Protection 
(Pennsylvania Department of Environmental Protection, 2016) reported 
drill cuttings with the following ranges: 226Ra (below detection limit to 
640 Bq/kg) and 228Ra (0.37–104 Bq/kg). 

In addition, the volumes of fluids used in hydraulic fracturing are 
orders of magnitude greater than conventional O&G extraction, due to 
the increased length of the well bore, often exceeding several kilometers, 
and the substantial volume of water injected during the fracturing 
process (Stolz and Griffin, 2022). It is estimated that over 1 trillion 
gallons of waste fluids are now being generated annually in the United 
States, as a result of drilling and production (i.e., flowback, produced 
water) (Stolz and Griffin, 2022). The Marcellus Shale formation is one of 
the richest unconventional gas reservoirs in the world and underlies 
substantial portions of New York, Pennsylvania, Ohio, and West Virginia 
(Stolz and Griffin, 2022). Marcellus formation water has some of the 
highest values of gross alpha, gross beta, and radium (226Ra) reported 
for shale production waters (Huang et al., 2017). The PADEP (Penn-
sylvania Department of Environmental Protection, 2016) reported pro-
duced water samples with the following ranges: 226Ra (2.8–984 Bq/L) 
and 228Ra (0.96–70 Bq/L). 

The potential for increased fluxes of NORM through shallow terres-
trial systems due to increased fluxes of unconventional O&G brines has 

* Corresponding author.
E-mail address: dbain@pitt.edu (D.J. Bain).

Contents lists available at ScienceDirect 

Ecological Indicators 

journal homepage: www.elsevier.com/locate/ecolind 

https://doi.org/10.1016/j.ecolind.2023.110616 
Received 22 February 2023; Received in revised form 2 July 2023; Accepted 4 July 2023   

WG Ex. 71

2617

mailto:dbain@pitt.edu
www.sciencedirect.com/science/journal/1470160X
https://www.elsevier.com/locate/ecolind
https://doi.org/10.1016/j.ecolind.2023.110616
https://doi.org/10.1016/j.ecolind.2023.110616
https://doi.org/10.1016/j.ecolind.2023.110616
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ecolind.2023.110616&domain=pdf
http://creativecommons.org/licenses/by/4.0/


Ecological Indicators 154 (2023) 110616

2

been recognized for more than a decade (Kargbo et al., 2010). Produced 
water recycling can mitigate some of this increased flux, but eventually 
fluids, particularly reject materials from reverse osmosis water treat-
ment, need to be disposed of (Scanlon et al., 2020). Dedicated brine 
treatment facilities accumulate radionuclides at the facilities and in the 
surface water systems used for wastewater discharge (Lauer et al., 
2018). Class II injection well capacity (i.e., deep formation waste 
disposal capacity) is limited (Lutz et al., 2013) and substantial transport 
costs can discourage this disposal method. Sanitary landfills in several 
states (i.e., Pennsylvania (PA), New York (NY)) have accepted the liq-
uids as long as they are “immobilized” using an absorbent such as wood 
chips or sawdust. Similarly, solid wastes (i.e., drill cuttings), may be 
buried on site, sent to sanitary landfill, or a hazardous waste facility if 
necessary (Warner et al., 2022). These wastes, when deposited in a 
landfill, can leach and be reintroduced to shallow terrestrial systems via 
landfill leachate discharges. For example, leachate from the West-
moreland Sanitary Landfill (Rostraver, PA) had elevated 226Ra and 228Ra 
content (4.4 and 9.3 Bq/L respectively). When the flux of leachate to the 
Belle Vernon Publicly Owned Treatment Works (POTW) for treatment is 
considered (i.e., 400 to 1200 m3/day) this is a substantial flux of 
radioactive material. 

While there are limited data on the actual ecological impacts of 
NORM associated with unconventional gas development, O&G brines in 
offshore and coastal environments impact behavior, growth, reproduc-
tion, and immunity in ecological communities (Holdway, 2002). We 
expect similar ecological impacts in terrestrial fresh water ecosystems. 
In particular, radium is carcinogenic (Raabe, 1984) and, in freshwater 
ecosystems, accumulates in mussels (Bollhöfer et al., 2011; Jeffree and 
Simpsonf, 1984). Therefore, there is strong potential for environmental 
radium to be introduced to local foodwebs. The limited information on 
ecological impacts of radium in these ecosystems underlines the need to 
clarify patterns of radium contamination and to devise strategies to 
prevent further contamination. This study is meant to address both 
needs. 

Despite this increased flux of O&G waste and the potential for 
transfer of contaminants to natural systems, there remains limited data 
available to evaluate potential contamination from O&G waste in 
treated effluent. This study combines regulatory data and grab samples 
of sediment and water from surface waters in PA, Ohio (OH), and NY 
near outfalls of landfill leachate treatment system and POTW discharge 

outfalls to evaluate 1) the accessibility and accuracy of landfill reporting 
of O&G wastes fluxes, 2) the total flux of leachate from landfills 
accepting O&G waste, and 3) potential impacts on surface waters in 
areas downstream of treated leachate discharge outfalls. This study 
builds on previous work (Cantlay et al., 2020; Stolz et al., 2022; Stolz 
and Griffin, 2022) but focuses attention on stream sediments as a po-
tential means to evaluate and detect long-term, accumulative impacts of 
inadequate O&G waste management. 

2. Methods 

2.1. Landfill and POTW selection 

A list of landfills that had accepted unconventional and conventional 
O&G waste from Pennsylvania was compiled from the Pennsylvania 
Department of Environmental Protection’s (PADEP) Oil and Gas Well 
Waste Report between January 2010 and December 2020 (Pennsylvania 
Department of Environmental Protection, 2022a) (Fig. 1, Table S1). 
Landfills that did not accept O&G waste were not included in this list. Oil 
and gas producers are required to report the amount of waste they 
produce and disposal method to PADEP (liquid waste in barrels and solid 
waste in tons). These data are made available for each landfill in the Oil 
and Gas Well Waste Report. While reporting is required, PADEP does not 
confirm the accuracy of the reported information. 

Once these landfills were identified, their National Pollution 
Discharge Elimination Discharge System (NPDES) permits were ob-
tained to identify landfills permitted to treat and discharge their own 
effluent. In addition, we examined NPDES permits for publicly owned 
treatment works (POTWs) handling leachate from the selected landfills. 
NPDES websites for New York, Ohio, and Pennsylvania (New York 
Department of Environmental Conservation, 2022a; Ohio Environ-
mental Protection Agency, 2022; Pennsylvania Department of Envi-
ronmental Protection, 2022b) were used to access final permits. In the 
case of NY, draft permits were also available. Only five landfills in West 
Virginia took Pennsylvania O&G waste and the state’s NPDES permits 
are not available online. Therefore West Virginia landfills were excluded 
from further examination in this study. A subset of facilities in New 
York, Pennsylvania, and Ohio were selected based on travel logistics 
dictated by COVID-19 risk mitigation measures in place during the 
sampling period. Potential sample locations were prioritized by 

Fig. 1. Location of landfills in Ohio, Pennsylvania, and New York that accepted PA O&G waste between January 2010 and December 2020. Outfalls for either 
landfills or POTWs treating leachate from these landfills are symbolized based on whether or not they were sampled. 
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proximity (within a two-hour drive of Duquesne University) and then by 
the quantity of O&G waste the landfill had accepted according to the 
PADEP oil and gas waste report. 

2.2. Gathering Landfill reports 

New York regulations subpart 363–8 Recordkeeping and Reporting 
require landfills in the state to complete an annual report using an online 
form (New York Department of Environmental Conservation, 2022b) (6 
CRR-NY 363–8.2). Reports include estimates of landfill capacity used in 
the previous year, remaining capacity, any capacity to be added in the 
upcoming year, and the remaining life of the landfill. Municipal solid 
waste, industrial, and ash landfill annual reports include detailed, 
monthly records of materials accepted with specific categories for O&G 
drilling waste. In contrast, New York construction and demolition 
landfill annual reports are less specific with categories only for aggre-
gate/concrete, processed construction/demolition waste, contaminated 
soils, and other. Information on the origin of waste is also provided 
(state and county). In these annual reports, both landfill types also 
document the volume of leachate produced monthly, whether leachate 
was sent offsite, lists of offsite leachate treatment facilities used during 
the year, leachate monitoring activities and results, and landfill gas 
production and use (flared or used to create energy). 

Ohio landfills must submit annual reports to the Ohio Environmental 
Protection Agency through an online form (Ohio Environmental Pro-
tection Agency, 2023). Ohio annual reports include remaining landfill 
capacity, recently added capacity, information on tipping fees, leachate 
testing results, scrap tire disposal, and details on the waste accepted. 
Waste accepted is broken down by waste type, as well as by state and 
county of origin. In Ohio, O&G waste is not a separate waste type on the 
form. Annual reports in Ohio do provide additional information on 
leachate management including monthly records of leachate volumes 
sent to each offsite treatment facility and names and addresses of those 
facilities. 

Pennsylvania landfills submit an annual operations report to the 
PADEP (Pennsylvania Department of Environmental Protection, 2022c). 
Information reported includes landfill capacity, the amount and type of 
waste accepted, any radioactive materials detected and disposal de-
cisions on whether to accept it, acreage revegetated or seeded, 
groundwater monitoring plans and results, landfill gas production and 
use, and landfill topography. In order to accept residual waste, including 
O&G waste, municipal landfills must submit a Form U permit modifi-
cation. This form is required for every facility and every waste type from 
that facility the landfill wants to accept. Residual waste producers pro-
vide landfills with information on the nature of the waste using the Form 
U. For each Form U a landfill has, they must report the tons of waste 
taken under that permit modification in their annual report. That is, a 
landfill with multiple Form U’s from multiple facilities would have to 
separately report the waste taken under each modification, separately 
reporting on each type of waste from each facility. 

The amount of O&G waste landfills accepted was inferred from 
landfill annual reports (Table 1). Information on leachate treatment, 
especially for sites that do not handle their own waste, as well as the 
quantity of O&G waste the landfill reported taking were also compiled 
from the landfill reports. These data, when available, were compiled for 
comparison with data in the Oil and Gas Waste Reports. Annual report 
acquisition varied by state. New York landfill annual reports are 
accessed through the New York Department of Environmental Conser-
vation (NYDEC)’s File Transfer Protocol site. New York annual landfill 
reports were only available online going back to 2017, so the NYDEC 
was contacted directly for landfill reports 2010–2016. Annual reports 
for Ohio landfills were accessed online through the Ohio Environmental 
Protection Agency (OEPA)’s edocuments search webpage. In contrast, 
Pennsylvania has not made its landfill annual reports available online. 
Therefore, PADEP Bureau of Waste Management personnel were con-
tacted for information on where landfills taking O&G waste sent their 

leachate for treatment. This information was obtained for all of PA, with 
the exception of the South East Regional Office. Annual reports for 
Pennsylvania landfills were requested through the PADEP’s Informal 
File Review request system. Because of time limitations on the study and 
the time it took to receive annual reports from PADEP regional offices 
(1–4 months), only annual reports for 2019 were requested. Freedom of 
Information Act avenues were beyond the scope of available resources, 
particularly given the complicated nature of these requests during 
COVID risk mitigation periods. Informal file reviews were completed 
remotely either through file exchange sites or mailed thumb drives for 
the South West Region, North Central Region, and North East Region 
Offices. Both the North West Region and South Central Regional Offices 
refused to do remote file reviews. An in-person file review was 
completed for the North West Region Office, but the file review was not 
completed for South Central Region Office due to COVID protocols. 

2.3. Field collection details 

All landfills in New York, Pennsylvania, and Ohio taking Pennsyl-
vania O&G waste were located using outfall coordinates from NPDES for 
their landfill or POTW outfall (Fig. 1, Table S1). Some coordinates listed 
on the NPDES permits were not located in the listed waterway, rather on 
the treatment facility site or in locations not clearly associated with the 
facility or the surface water. Upstream and downstream sample sites 
were selected based on proximity to the outfall, accessibility, and public 
access. In particular, samples were not taken on private property. Up-
stream samples were treated as local controls providing a background 
measurement of sediment/stream water conditions in the absence of 
leachate inputs. 

At the sample site, specific conductivity (μS/cm) was measured with 
a YSI Professional Plus handheld multimeter with Quatro cable (Fon-
driest Environmental Products, Yellowspring OH). The sensor was left in 
the water for two to five minutes and allowed to stabilize before results 
were recorded. Total dissolved solids were estimated by multiplying 
specific conductivity by 0.65. The YSI multimeter was calibrated every 
two weeks or after twenty samples were collected. Sample coordinates 
were taken using Garmin GPSmap 62 s (Olathe, KS). 

Sediment and water samples were collected at sites upstream and 
downstream of discharge outfalls (e.g., Figure S1). Water samples for 
anion analysis were collected in a sterile 1 L French square bottle (VWR 
International, Bridgeport, NJ). Metal/metalloid samples were collected 
in a 60 mL glass bottle (VWR International, Bridgeport, NJ) with 8–10 
drops of nitric acid (10 M HNO3). Sediment samples were taken where 
possible; in some instances bed sediments could not be sampled because 
the slope of the riverbank made the area inaccessible or stream sedi-
ments were too coarse. The top 0–5 cm of stream sediments were 
sampled using a shovel or hand trowel and stored in plastic bags. This 
sediment interval is part of the hyporheic zone and we interpret Ra 
content in these sediments to reflect accumulations of Ra over years to 
decades. Both water samples and sediment samples were stored in 
coolers with ice packs while in the field, then stored in refrigerators kept 
at 4̊C in the Duquesne University lab until analysis was completed. 

2.4. Laboratory measurements of water chemistry 

Anion (Cl- and SO4
2-) concentrations were measured on a Dionex ICS- 

1100 equipped with DS6 heated conductivity cell and DAD-3000 Ulti-
Mate 3000 Diode Array programmable UV/VIS detector (Thermo Sci-
entific, Sunnyvale CA). Target analyte anions were separated using the 
Dionex IonPac AS22A Carbonate Eluent Anion-Exchange Column, 
2x250 mm, 6.5-μm particle diameter, with a Dionex IonPac AG22 Guard 
Column (2x50 mm) coupled to an anion self-regenerating Dionex ASRS 
300 suppressor (Thermo Scientific, Sunnyvale CA). A Dionex AS-DV 
autosampler (Thermo Scientific, Sunnyvale CA) was used for sample 
processing. Note, the limit of detection for bromide with the UV detector 
is 0.035 mg/L and water samples measured had concentrations lower 
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Table 1 
Landfills in Pennsylvania, New York, and Ohio that accepted Pennsylvania O&G waste between 2010 and 2020 according to the PADEP Oil and Gas Waste Report. The 
quantity of both solid waste in tons and liquid waste in barrels for that 10-year span is shown. Additionally, the amount of solid waste accepted by each facility in 2019 
according to the Oil and Gas Waste Report and the facilities annual report are shown. “NA” indicates the information was not available, further detail on availability is 
found in the notes column. Annual reports for landfills in the South Central region of Pennsylvania were not reviewed as in-person file review was required and not 
feasible given travel distance complicated by COVID risk mitigation. Landfills were grouped into sampled, water sampled only, and not sampled categories and listed 
alphabetically by name in each category.  

Landfill Tons sent to 
Landfill 2010–2020 
per the Oil and Gas 
Waste Report 

Barrels sent to 
Landfill 2010–2020 
per the Oil and Gas 
Waste Report 

Tons sent to 
landfill 2019 
per the Oil and 
Gas Waste 
Report 

Tons received 
by landfill per 
2019 Annual 
Reports 

2019 Net 
Difference in 
Tons (sent less 
received) 

Sampled in this 
project? 

Notes 

Pennsylvania        
Advanced Disposal 

Services Greentree 
Landfill 

313,100 420 5 NA 5 Y No information in 2019 
report 

Max Env Tech Inc 
Yukon Facility 
Landfill 

27,589 46,598 0 3,038 − 3,038 Y  

Max Environmental 
Technologies Inc 
Bulger Facility 

54,912 20,920 0 NA 0 Y No information in 2019 
report 

Mckean County 
Landfill 

348,726 14,334 47,703 NA 47,703 Y No information in 2019 
report 

Northwest Sanitary 
Landfill 

368,681 7,401 38,138 NA 38,138 Y No specific category for 
oil and gas waste in 
2019 report 

Phoenix Resources 
Landfill 

765,498 8,797 36,879 218,500 − 181,621 Y  

Seneca Landfill (AKA 
Vogel Landfill) 

121,485 417 0 NA 0 Y No specific category for 
oil and gas waste in 
2019 report 

Valley Landfill 15,595 88 1,150 3,719 − 2,569 Y  
Wayne Township 

Landfill 
274,395 3,248 28 NA 28 Y No information in 2019 

report 
White Pines Landfill 303,821 851 2,199 NA 2,199 Y No information in 2019 

report 
Advanced Disposal 

Service Chestnut 
Valley Landfill 

421,201 0 113 NA 113 Y – Water only No information in 2019 
report 

Arden Landfill 249,330 3,261 29,221 269,480 − 240,259 Y – Water only  
Keystone Sanitary 

Landfill 
755,199 2,737 10,603 NA 10,603 Y – Water only No information in 2019 

report 
Alliance Landfill 216,899 0 14,942 NA 14,942 N No specific category for 

oil and gas waste in 
2019 report 

Bradford County 
Landfill #2 

33,230 0 19,271 NA 19,271 N No information in 2019 
report 

Commonwealth 
Environmental 
Systems Landfill 

2,536 0 0 NA 0 N No specific category for 
oil and gas waste in 
2019 report 

Cumberland County 
Landfill 

6,573 1,449 0 not reviewed 0 N  

Evergreen Landfill 42,583 1,171 255 0 255 N  
Grand Central Sanitary 

Landfill 
0 0 0 NA 0 N Requirement to report 

oil and gas waste added 
to permit 

Greenridge 
Reclamation Landfill 

0 0 0 1,121 − 1,121 N  

Imperial Landfill 44,487 89 4,455 62,403 − 57,948 N  
J.J. Brunner, Inc. 

Landfill 
0 0 0 NA 0 N No specific category for 

oil and gas waste in 
2019 report 

Kelley Run Landfill 43,410 0 13,997 39,806 − 25,808 N  
Lake View Landfill 33 0 0 NA 0 N No specific category for 

oil and gas waste in 
2019 report 

Laurel Highlands 
Landfill 

9,369 2,078 0 0 0 N  

Modern Landfill 3 0 3 not reviewed 3 N  
Monroeville Lanfill 32,247 0 16 1,056 − 1,040 N  
Mostoller Landfill 13,823 1,048 0 NA 0 N No specific category for 

oil and gas waste in 
2019 report 

Shade Landfill 522 0 0 0 0 N  
South Hills Landfill 34,051 2,370 3,844 8,790 − 4,946 N  

(continued on next page) 
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than this limit. Therefore, Br- concentrations are not reported in this 
paper. Multielement Ion Chromatography Anion Standard Solution 
(Certified Reference Material, 10.0 mg/kg, Sigma Aldrich) and spiked 
samples were run every sequence to ensure correct analyte identifica-
tion, recovery and repeatability of the IC method. 

Multi-element analysis (i.e., Li, Na, Mg, and Ba are reported here) 
was performed on a Perkin Elmer NexION 300x ICP-MS with Perkin 
Elmer S10 Autosampler and the NexION 300x ICP-MS software. 
Analytical method EPA 200.7 was used to analyze samples by ICP-MS. 
Ground Water ERM CA 615 from the Joint Research Center Institute 
for Reference Materials and Measurements (IRMM), CRM-SW Certified 
Reference Material Sea Water, and CWW-TM-H Certified Waste Water 
(Trace Metals Solutions from High-Purity Standards) were used for in-
strument performance validation. Ground Water ERM CA 615 from the 
Joint Research Center Institute for Reference Materials and Measure-
ments (IRMM), CRM-SW Certified Reference Material Sea Water, and 
CWW-TM-H Certified Waste Water – Trace Metals Solutions from High- 
Purity Standards were used for the ICPMS method and instrument 

performance validation. A drift sample was run every 10 samples in the 
sequence to ensure analyte recovery and repeatability of ICPMS data. 

Method detection limits (MDLs) for IC and ICPMS target analytes 
were established using EPA method 40. (EPA, U. 40 CFR part 136 Ap-
pendix B, revision 1.11. 1978.). 

2.5. Measurement of radium in stream sediments 

Stream sediment samples were dried for > 24hrs at 60 ◦C. Dried 
sediments were transferred to 500 mL HDPE screw top beakers, sealed 
with vinyl tape, and allowed to equilibrate for > 21 days. While samples 
were not sieved, samples were consistent in size between samples and 
generally less than 2 mm diameter. Radioactivities of the equilibrated 
samples were measured with a broad energy germanium detector 
(Canberra BE3825), calibrated using LabSOCS procedures. To avoid 
uranium interferences, 226Ra activities were inferred from the 214Bi 
(609 keV) and 214Pb (259 keV, 351 keV) energies. 228Ra activities were 
inferred from the 228Ac daughter activity (911 keV). Activity 

Table 1 (continued ) 

Landfill Tons sent to 
Landfill 2010–2020 
per the Oil and Gas 
Waste Report 

Barrels sent to 
Landfill 2010–2020 
per the Oil and Gas 
Waste Report 

Tons sent to 
landfill 2019 
per the Oil and 
Gas Waste 
Report 

Tons received 
by landfill per 
2019 Annual 
Reports 

2019 Net 
Difference in 
Tons (sent less 
received) 

Sampled in this 
project? 

Notes 

Southern Alleghenies 
Landfill 

11,453 1,239 0 1,473 − 1,473 N  

Westmoreland Waste 
LlC Sanitary Landfill 

125,826 3,827 11,574 153,637 − 142,063 N   

New York        
Chemung County 

Landfill (two 
separate landfills 
reports at facility): 

300,155 0 1,450 1,065 385 Y  

Chemung Construction 
and Demolition    

584    

Chemung Municipal    481    
Allied Waste 73,013 21,763 0 0 0 N  
Hakes C&D Landfill 140,959 220 0 NA 0 N No information in 2019 

report- information on 
origin of waste, but not 
oil and gas category 

Hyland Facility 
Association 

73,850 797 0 0 0 N  

Seneca Meadows 
Landfill 

8,985 0 0 NA 0 N No specific category for 
oil and gas waste in 
2019 report  

Ohio        
Apex Sanitary Landfill 89,120 23,183 8,139 NA 8,139 partial (sends 

leachate to 4 
facilities, water 
collected at 2 and 
soil at 1 of those) 

No specific category for 
oil and gas waste in 
2019 report 

American Landfill, Inc 5,090 6,226 0 NA 0 Y No specific category for 
oil and gas waste in 
2019 report 

Carbon Limestone 
Landfill 

107,143 3,575 863 NA 863 Y No specific category for 
oil and gas waste in 
2019 report 

Kimble Sanitary 
Landfill 

250,842 1,445 0 NA 0 Y No specific category for 
oil and gas waste in 
2019 report 

Mahoning Landfill Inc 12,367 6,992 1,605 NA 1,605 Y No specific category for 
oil and gas waste in 
2019 report 

Suburban Rdf Landfill 29,904 0 0 NA 0 Y No specific category for 
oil and gas waste in 
2019 report 

Tunnell Hill 
Reclamation Landfill 

382,284 54,046 4,270 NA 4,270 N No specific category for 
oil and gas waste in 
2019 report  
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uncertainties are reported in Table 1. Gamma counter performance was 
evaluated with regular counts of known standards and background 
radioactivity. 

3. Results 

3.1. Waste volumes in landfills 

Annual reports were used to calculate the total quantities of O&G 
waste, by state of origin and overall, for 2019 where the information was 
available (Table 1). This was compared to the amount of waste O&G 
producers reported they sent to landfills as detailed in the PADEP Oil 
and Gas Well Waste Reports. Information on the amount of O&G waste 
accepted was only available in 14 of the 28 Pennsylvania landfills whose 
annual reports were accessible for review; the others did not report 
taking any O&G waste. (Table 1, note: two reports were not included in 
this analysis because in-person file review was required and not feasible 
given travel distance complicated by COVID risk mitigation). Landfills 
were required to add this information to their annual report as a con-
dition of their permit. No data on the amount of O&G waste accepted by 
landfills in Ohio was found in landfill annual reports or online databases. 

There is very little agreement between the PADEP Oil and Gas Well 
Waste Report and the landfill reports for 2019 (the fourth and fifth 
columns in Table 1). The closest agreement was Chemung County 
Landfill where waste reports were within roughly 30%. Valley Landfill, 
Kelly Run Landfill, and South Hills Landfill were within a factor of four. 
A substantial part of the time (17 out of 42) waste was reported as sent to 
or received by and no indication of receipt or shipment was present in 
the corresponding report. There were seventeen landfills that PADEP Oil 
and Gas Well Waste Reports had records of shipments to between 2010 
and 2020, but no activity reported (either shipment to or receipt of) 
during 2019. This means there were substantial discrepancies (>100%) 
between records of shipment to and receipt by in twenty-four of the 
landfills documented in this study. 

3.2. Water chemistry at stations upstream and downstream of facility 
outfalls 

Water chemistry in receiving waters around the sampled outfalls was 
typical of the region (Table 2). TDS ranged between 40 and 1150 mg/L 
and [Cl] ranged between 4 and 486 mg/L, with the upper end exceeding 
the USEPA chronic freshwater criteria (230 mg/L). Sulfate ranged be-
tween 6 and 588 mg/L. Both TDS and sulfate concentration ranges are in 
excess of USEPA secondary drinking water standards (500 mg/L and 
250 mg/L, respectively). Sodium concentrations ranged between 4 and 
237 mg/L, lithium between 0.001 and 0.062 mg/L, and magnesium 
between 3 and 50 mg/L. Finally, barium concentrations were between 
0.01 and 0.09 mg/L, well below the 2 mg/L drinking water standard. In 
general, concentrations of solutes were greater downstream of the 
sampled outfalls than upstream of the outfalls (Table 3). 

3.3. Sediment radium content 

Radium concentrations in the sediment ranged from 13.2 to 69.4 Bq/ 
kg 226Ra and 12.4 to 55 Bq/kg 228Ra (calculated from data in Table 2). 
On average across all measurements, downstream locations had higher 
concentrations (Downstream average 226Ra: 39.0 Bq/kg, 228Ra: 37.6 Bq/ 
kg, Upstream average 226Ra: 30.9 Bq/kg, 228Ra: 32.7 Bq/kg). The mean 
of all upstream 226Ra activities was significantly lower than the mean of 
downstream activities at the p = 0.05 level (Student’s two-sample T- 
Test, two tails). However, the differences in upstream/downstream 
mean 228Ra activities were not significant at the p = 0.05 level. 

The enrichment of downstream sediment samples relative to up-
stream samples for each outfall point were evaluated. In general, this 
downstream to upstream sediment ratio ranged from 0.6 to 4 (226Ra) 
and 0.5 to 2.8 (228Ra). 

4. Discussion 

4.1. Comparison of landfill reports and O&G waste reports 

One potential avenue for assessing the nature of potential loadings 
over time is evaluation of the magnitude of O&G waste deposited in the 
landfill. Data was initially compiled from the PADEP Oil and Gas Well 
Waste Report, where O&G producers report the amounts of waste they 
sent to specific facilities. As a check on the reliability of this data, we 
compared data from the Oil and Gas Well Waste Report to landfill annual 
reports. However, this information is woefully inadequate. Annual re-
ports were reviewed for 43 of 45 landfills Pennsylvania O&G producers 
reported sending waste to, only 18 documented the amount of O&G 
waste the facility accepted. Rates of reporting in annual reports varied 
by state. Despite a legal requirement to report the mass of O&G waste 
accepted, only 67% (4 of 6) of New York landfills clearly did so. Addi-
tionally, only 47% (14 of 30) of Pennsylvania landfills whose annual 
reports were reviewed and no Ohio landfills identified the mass of O&G 
waste they accepted. 

Even if these data were complete, it is not at all clear they would be 
reliable. There were no cases where the O&G Report figures matched the 
landfill reports (Table 1). The inability to reconcile O&G producers’ 
reports of waste disposal with landfills’ reports reveals a fundamental 
gap in our management of O&G waste. Either the landfills are in error, 
the O&G operators are in error, or both are incorrect. In any of these 
cases, this allows ambiguity in the role of O&G waste as a contributor of 
radium accumulations in downstream sediments. More importantly, it 
undermines confidence in all reporting of O&G waste disposal. 

The list of landfills for this study was compiled from PADEP Oil and 
Gas Well Waste Reports. With Pennsylvania O&G producers sending 
waste across state lines, reporting formats and access to reports varied 
(e.g., central online access in New York to informal file review requests 
and paper files in Pennsylvania). In all jurisdictions, reporting of O&G 
waste receipt in landfill reports was inconsistent and incomplete. This 
leaves a substantial gap in our life cycle understanding of contemporary 
O&G waste. Without reliable information on O&G waste volumes 
ending up in landfills, it is extremely challenging to effectively assess the 
risks this waste creates for both humans and ecosystems downstream of 
effluent treatment. 

4.2. Radium enrichment in downstream sediments 

Comparison of these sediments with other studies is challenged by 
the nature of the approach. The study was designed to be broad spatially 
and not necessarily coordinated with the facilities of interest. This 
allowed a relatively large set of sampled locations, but precluded access 
to near outfall sediments (access to these areas are controlled for secu-
rity reasons). Therefore, these observations cannot be directly compared 
to reports of sediments and waters at the outfall reported in the litera-
ture. However, these observations are placed in the context of numerous 
measurements made in downstream sediments (Lauer et al., 2018; Van 
Sice et al., 2018; Warner et al., 2013a) in this discussion and analysis. 

The radium concentrations observed in stream sediments down-
stream of some outfalls in this study were similar to concentrations 
observed downstream of centralized waste treatment facilities. Warner 
et al’s (2013b) observations of stream sediment radium concentrations 
in samples collected between 300 and 2000 m downstream of the 
Josephine Brine Treatment Facility outfall in Blacklick Creek (PA) were 
33–53 Bq/kg 226Ra and 22–34 Bq/kg 228Ra. Lauer et al. (2018) collected 
sediment samples directly at the Josephine facility outfall, making their 
observations hard to compare to ours (the Josephine outfall sediments 
are much more concentrated). Van Sice et al. (2018) sampled over much 
longer spatial domains, but reported increases ~ 1.5x above background 
for extended distances downstream (~31 km), a similar magnitude of 
enrichment observed here. In contrast, Skalak et al. (2014) did not 
observe increased Ra content downstream of publicly owned treatment 
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Table 2 
Sediment radium content and water total chemistries for sampling sites bracketing facilities sampled in this study (Table 1). Upstream and downstream sites are 
identified by the sample name. If the facility is a POTW receiving landfill leachate, both the landfill and POTW are indicated in the site name.   

SEDIMENT RADIUM ACTIVITY WATER CHEMISTRY   

Sample Bi 214 
(Bq/ 
kg) 

Bi 214 
uncertainty 
(Bq/kg) 

Pb 214 
(Bq/ 
kg) 

Pb 214 
uncertainty 
(Bq/kg) 

Average 
inferred 
Ra 226 
(Bq/kg) 

Ac 
228 
(Bq/ 
kg) 

Ac 228 
uncertainty 
(Bq/kg) 

TDS 
(mg/ 
L) 
based 
on 
SpC 

Cl 
(mg/ 
L) 

SO4 

(mg/ 
L) 

Na 
(mg/ 
L) 

Mg 
(mg/ 
L) 

Ba 
(mg/ 
L) 

Li (mg/ 
L) 

Max Env Tech 
Inc Yukon 
Facility 
Landfill- 
downstream 

39.8  2.8 42.1  4.9  41.0  39.9  3.8 496  94.2  119.1  57.4  16.2  0.05  0.013 

Max Env Tech 
Inc Yukon 
Facility 
Landfill- 
upstream 

27.6  2.5 31  3.7  29.3  32.4  3.5 492  89.7  124.6  58.4  16.3  0.05  0.013 

Brush Creek 
WWTP [Valley 
Landfill] – 
downstream 

31.1  2.6 35.9  4.2  33.5  32.7  3.4 722  161.4  187.8  99.8  20.6  0.06  0.018 

Brush Creek 
WWTP [Valley 
Landfill] – 
upstream 

35.3  2.7 39  4.5  37.2  41.7  4.0 718  157.8  200.8  99.1  20.3  0.06  0.018 

Northwest 
Sanitary 
Landfill – 
downstream 

50.3  3.6 54.6  6.3  52.5  46.0  4.3 201  13.6  88.2  8.7  10.7  0.03  0.006 

Northwest 
Sanitary 
Landfill – 
upstream 

20.9  1.8 21.9  2.6  21.4  24.7  2.6 106  8.4  37.3  5.8  5.0  0.03  0.005 

Dover WWTP – 
[Kimble 
Sanitary 
Landfill]- 
upstream 

54.3  4.7 60  7.1  57.2  52.2  5.7 404  92.6  60.6  53.3  12.5  0.04  0.005 

Dover WWTP – 
[Kimble 
Sanitary 
Landfill]- 
downstream 

34.9  2.6 38.6  4.5  36.8  26.7  2.8 406  89.9  58.0  54.2  12.9  0.05  0.005 

Canton Water 
Reclamation 
Facility 
[American 
Landfill]- 
downstream 

65.12  4.5 73.63  8.5  69.4  32.7  3.5 1152  386.4  114.1  236.7  21.7  0.04  0.009 

Canton Water 
Reclamation 
Facility 
[American 
Landfill]- 
upstream 

18.3  1.7 19.129  2.3  18.7  14.7  1.8 603  137.5  65.5  82.7  17.0  0.06  0.006 

City of Akron 
Water 
Reclamation 
Facility 
[American 
Landfill]- 
downstream 

34.7  2.8 37.4  4.4  36.1  31.4  3.4 412  112.7  31.0  63.8  11.1  0.04  0.003 

City of Akron 
Water 
Reclamation 
Facility 
[American 
Landfill]- 
upstream 

31.6  2.6 35.3  4.1  33.5  29.3  3.1 411  108.6  29.7  61.1  10.8  0.04  0.003 

Alliance 
Wastewater 
Treatment 
Plant 
[American 

12.839  1.3 13.616  1.7  13.2  12.4  1.7 376  79.1  34.5  46.3  12.6  0.04  0.002 

(continued on next page) 
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Table 2 (continued )  

SEDIMENT RADIUM ACTIVITY WATER CHEMISTRY   

Sample Bi 214 
(Bq/ 
kg) 

Bi 214 
uncertainty 
(Bq/kg) 

Pb 214 
(Bq/ 
kg) 

Pb 214 
uncertainty 
(Bq/kg) 

Average 
inferred 
Ra 226 
(Bq/kg) 

Ac 
228 
(Bq/ 
kg) 

Ac 228 
uncertainty 
(Bq/kg) 

TDS 
(mg/ 
L) 
based 
on 
SpC 

Cl 
(mg/ 
L) 

SO4 

(mg/ 
L) 

Na 
(mg/ 
L) 

Mg 
(mg/ 
L) 

Ba 
(mg/ 
L) 

Li (mg/ 
L) 

Landfill]- 
upstream 

Alliance 
Wastewater 
Treatment 
Plant 
[American 
Landfill]- 
downstream 

30.858  2.6 34.965  4.1  32.9  35.1  3.6 377  58.6  70.6  37.0  14.9  0.03  0.004 

Lowellville 
WWTP 
[Carbon 
Limestone 
Landfill]- 
upstream 

27.7  2.1 29.6  3.4  28.7  22.7  2.4 326  72.4  66.2  46.2  9.9  0.02  0.004 

Lowellville 
WWTP 
[Carbon 
Limestone 
Landfill]- 
downstream 

49.9  3.7 53.7  6.2  51.8  39.3  3.9 327  87.1  37.5  49.3  9.2  0.02  0.004 

Beaver Falls 
Sewage 
Treatment 
Plant 
[Mahoning 
Landfill, Inc.- 
Waste 
Management]- 
upstream 

24.8  2.0 25.3  3.0  25.1  22.1  2.4 355  69.8  56.0  47.0  12.7  0.04  0.005 

Beaver Falls 
Sewage 
Treatment 
Plant 
[Mahoning 
Landfill, Inc.- 
Waste 
Management]- 
downstream 

27.7  2.3 31.4  3.7  29.6  22.2  2.4 347  69.4  57.0  45.6  12.3  0.04  0.005 

Max 
Environmental 
Technologies 
Inc Bulger 
Facility- 
upstream 
racoon 

27.8  2.4 29.6  3.5  28.7  32.7  3.4 567  15.1  302.7  35.2  33.0  0.05  0.04 

Max 
Environmental 
Technologies 
Inc Bulger 
Facility- 
downstream 
little raccon 

45.9  3.4 50.6  5.8  48.3  53.9  5.1 803  199.3  304.1  27.2  34.5  0.05  0.015 

Max 
Environmental 
Technologies 
Inc Bulger 
Facility- 
upstream little 
racoon 

46.9  3.4 51.2  5.9  49.1  52.9  5.0 832  185.4  353.7  29.0  44.2  0.04  0.022 

Pine Creek 
Municipal 
Authority 
Sewage 
Treatment 
Plant [Wayne 
Township 
Landfill]- 
upstream 

31.9  2.7 37.3  4.4  34.6  34.0  3.5 81  6.7  23.0  6.5  5.3  0.02  0.003 

(continued on next page) 
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Table 2 (continued )  

SEDIMENT RADIUM ACTIVITY WATER CHEMISTRY   

Sample Bi 214 
(Bq/ 
kg) 

Bi 214 
uncertainty 
(Bq/kg) 

Pb 214 
(Bq/ 
kg) 

Pb 214 
uncertainty 
(Bq/kg) 

Average 
inferred 
Ra 226 
(Bq/kg) 

Ac 
228 
(Bq/ 
kg) 

Ac 228 
uncertainty 
(Bq/kg) 

TDS 
(mg/ 
L) 
based 
on 
SpC 

Cl 
(mg/ 
L) 

SO4 

(mg/ 
L) 

Na 
(mg/ 
L) 

Mg 
(mg/ 
L) 

Ba 
(mg/ 
L) 

Li (mg/ 
L) 

Pine Creek 
Municipal 
Authority 
Sewage 
Treatment 
Plant [Wayne 
Township 
Landfill]- 
downstream 

35.2  3.0 38.3  4.5  36.8  40.7  4.2 81  5.9  23.0  5.8  5.0  0.03  0.003 

Millville 
Municipal 
Authority 
[White Pines 
Landfill]- 
upstream 

30.3  2.4 32.2  3.8  31.3  35.4  3.5 40  4.4  6.1  4.5  3.1  0.02  <0.001 

Millville 
Municipal 
Authority 
[White Pines 
Landfill]- 
downstream 

22.6  1.9 23.7  2.8  23.2  30.6  3.0 43  6.7  7.1  6.4  3.2  0.01  0.001 

Phoenix 
Resources 
Landfill- 
downstream 

39.7  3.0 45.5  5.3  42.6  55.0  5.1 419  9.8  434.8  7.9  37.9  0.02  0.052 

Phoenix 
Resources 
Landfill- 
upstream 

20.6  2.0 23.1  2.8  21.9  28.6  3.1 575  6.2  588.3  5.2  50.4  0.01  0.062 

Advanced 
Disposal 
Services 
Greentree 
Landfill- 
upstream 

33.6  3.0 35.9  4.3  34.8  37.3  4.2 341  11.0  327.8  8.0  28.0  0.02  0.022 

Advanced 
Disposal 
Services 
Greentree 
Landfill - point 
1 – 
downstream 

39.6  3.5 42.2  5.0  40.9  45.2  4.8 434  53.7  316.4  46.3  26.5  0.03  0.022 

Advanced 
Disposal 
Services 
Greentree 
Landfill - point 
2– downstream 

29.2  2.4 32.6  3.8  30.9  37.8  3.8 367  17.7  274.1  18.4  28.5  0.03  0.021 

Chemung County 
Elmira Sewer 
District 
(Milton St) 
[Chemung 
County 
Landfill] 
downstream 

41.4  3.8 45.8  5.4  43.6  50.5  5.5 256  56.8  14.8  36.8  9.8  0.09  0.003 

Both Chemung 
County Sewer 
District No. 1 
(Lake St) 
[Chemung 
County 
Landfill] 
downstream 
and Chemung 
County Elmira 
Sewer District 
(Milton St) 
[Chemung 

36.5  3.1 40.1  4.7  38.3  40.2  4.3 287  80.4  17.0  48.3  11.6  0.09  0.003 

(continued on next page) 
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works that had historically processed unconventional O&G brines. 
If we assume the decreases in Ra concentrations with distance from 

the outfall are generally consistent among streams, we can infer infor-
mation about the nature of the Ra inputs to these stream systems. All 
samples collected in this study were from relatively similar hydro-
climatic and physiographic conditions and are also similar to conditions 
where these Ra patterns were observed (Lauer et al., 2018; Van Sice 
et al., 2018; Warner et al., 2013b). A comparison of enrichment 
(measured over background) vs. distance from the outfall in the Warner 
et al. (2013b) data (most comparable in terms of spatial scale) and the 
observations from this study (Fig. 2) suggest Ra loadings from the out-
falls are similar in distance/magnitude to the accumulations observed 
downstream of treatment facility outfalls. 

However, these inferences about decreases in Ra concentrations with 
distance downstream would also require at least similar magnitude and 
duration of loading. While we have a reasonable handle on fluxes 
through centralized treatment works in PA since the onset of the Mar-
cellus boom (Van Sice et al., 2018), the Josephine plant was in operation 
before that period and some of the observed elevated concentrations 
could result from a longer history of conventional brine treatment. This 
would be a potential explanation for the observed differences between 
centralized brine treatment facilities (Warner et al., 2013b) and publicly 
owned treatment works (Skalak et al., 2014). Therefore, the observed 
concentrations reported here could also result from a longer history of 
waste disposal in the landfills. Whether the observed enrichments re-
ported here arose from long, small but consistent releases or more recent 
but larger fluxes created by the unconventional boom would require 
more refined sampling beyond the scope of the current study. 

In addition, 228Ra/226Ra activity ratios can indicate Marcellus 
foundation radium (i.e., ratios less than 0.3) (Lauer et al., 2018). That is, 
a decrease in this ratio from upstream to downstream indicate contri-
butions of low ratio materials, potentially from the Marcellus Formation. 
In our observations, as the enrichment in radium increases from up-
stream to downstream the difference between upstream and down-
stream ratios increase (R2 = 0.53, p ~ 0.001), suggesting an increased 
contribution from low ratio materials (Fig. 3). 

4.3. Comparison of radium enrichments and changes in water chemistry 
near outfalls 

While the incomplete and unconstrained waste stream data preclude 
evaluation of O&G waste influence on radium accumulation in stream 
sediments, comparison of water chemistry upstream/downstream of 
facility outfalls can clarify potential O&G contributions to outfall 
chemistry. That is, if stream chemistry changes reflect chemistries 
associated with O&G contributions, and these changes are associated 
with the observed accumulation of radium, this is an additional, parallel 
line of evidence that O&G waste is impairing the receiving waters. 

Simple changes in single parameters are often used as sentinels of 
O&G contamination. Abrupt increases in dissolved solids are the 
cornerstone of broad scale monitoring efforts (e.g., Bowen et al (2015)). 
Proportional upstream to downstream changes in TDS are related to 
enrichment in sediment 226Ra content (R2 = 0.19, p ~ 0.08, Fig. 4a). 
This level of association is striking given the small sample size and the 
strong contrast between characteristic time scales of the two measures. 
The sediment radium ratio should reflect the integration of radium in-
puts over time scales of years to decades. In contrast, grab samples 
collected from the stream waters surrounding the outfall should reflect 
water chemistry inputs at the scale of hours to days. 

Ideally, these relationships should also hold between water chemis-
try parameters of materials indicative of O&G waste contamination. 
Bromide is an effective tracer of potential contamination as it is rela-
tively rare in regional surface waters, therefore even a small increase of 
bromide can be differentiated from background. However, with the 
exception of the Chemung County Elmira Sewer District (Milton St) 
[Chemung County Landfill] site, bromide concentrations remain below 
the detection limit, precluding examination of changes in Br concen-
trations vs changes in sediment radium concentration. Chloride is a 
potential parameter to evaluate, occurring at high concentrations in 
O&G waste, but lower concentrations in most human systems (with the 
exception of road salt runoff). However, a relationship between in-
creases in sediment radium and dissolved Cl is not apparent (R2 = 0.00, 
Fig. 4b). Part of this poor goodness of fit measure arises from a single 
outlier (Advanced Disposal Services Greentree Landfill - point 1 site, 
Fig. 4b). Regardless, these single element results remain ambiguous 
given the potential for dilution by higher flows or false positives due to 
inputs of materials from sources other than the outfalls. 

Cantlay et al (2020) lay out a set of constituent ratios that can both 
differentiate O&G waste from other potential contaminants and 
diminish the noise introduced by water dynamics (i.e., dilution during 
elevated flow). These ratios include: Mg/Na; SO4/Cl, Mg/Li, and Ba/Cl 
(the Br/SO4 ratio is not included due to limited Br measurements above 
the detection limits). When comparing the downstream/upstream dif-
ference of ratio values to the downstream/upstream ratio of sediment 
226Ra activities, the direction of evolution is mixed (Fig. 5). There are 
several cases where waters strongly diverge toward chemistries more 
characteristic of O&G waste (e.g., low values in Mg/Na and SO4/Cl). 
However, in both cases these differences could be driven by NaCl inputs 
from common practices including road de-icing. 

These grab sample measurements of water chemistry suggest that 
O&G waste like materials may be contributing to water chemistry 
downstream of the sampled outfalls. The observed shifts are not 
consistent (Fig. 5), but there are clear cases where observed changes are 
consistent with O&G waste-like contributions at the outfalls. This am-
biguity underlines the potential power of the downstream/upstream 
radium ratios, as those ratios capture accumulations of releases through 

Table 2 (continued )  

SEDIMENT RADIUM ACTIVITY WATER CHEMISTRY   

Sample Bi 214 
(Bq/ 
kg) 

Bi 214 
uncertainty 
(Bq/kg) 

Pb 214 
(Bq/ 
kg) 

Pb 214 
uncertainty 
(Bq/kg) 

Average 
inferred 
Ra 226 
(Bq/kg) 

Ac 
228 
(Bq/ 
kg) 

Ac 228 
uncertainty 
(Bq/kg) 

TDS 
(mg/ 
L) 
based 
on 
SpC 

Cl 
(mg/ 
L) 

SO4 

(mg/ 
L) 

Na 
(mg/ 
L) 

Mg 
(mg/ 
L) 

Ba 
(mg/ 
L) 

Li (mg/ 
L) 

County 
Landfill] 
downstream 

Chemung County 
Sewer District 
No. 1 (Lake St) 
[Chemung 
County 
Landfill] 
upstream 

26  2.2 29.4  3.5  27.7  35.3  3.4 216  40.1  13.0  26.9  8.0  0.07  0.003  
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Table 3 
Ratios of Downstream over Upstream values of sediment radium content, total water concentrations, and selected stoichiometric ratios for facilities sampled in this location.  

Outfall Sample 
(waste generator 
noted with 
brackets if 
different from 
sampled outfall) 

Downstream/ 
Upstream Ratio 
of 214Bi 

Downstream/ 
Upstream Ratio 
of 214Pb 

Downstream/ 
Upstream Ratio 
of Inferred 
226Ra 

Downstream/ 
Upstream Ratio 
of 228Ac 

Downstream 
sample 
distance from 
outfall (m) 

Downstream/ 
Upstream Ratio 
of TDS based on 
Specific 
Conductance 

Downstream/ 
Upstream Ratio 
of Chloride 
Concentrations 

Downstream/ 
Upstream Ratio 
of Mg/Na Ratios 
(wt/wt) 

Downstream/ 
Upstream Ratio 
of SO4/Cl 
Ratios (wt/wt) 

Downstream/ 
Upstream Ratio 
of Mg/Li Ratios 
(wt/wt) 

Downstream/ 
Upstream Ratio 
of Ba/Cl Ratios 
(wt/wt) 

Max Env Tech Inc 
Yukon Facility 
Landfill  

1.4  1.4  1.4  1.2  483.1  1.0  1.1  1.0  0.9  1.0  1.0 

Brush Creek 
WWTP – [Valley 
Landfill]  

1.1  1.1  1.1  1.3  165.8  1.0  1.0  1.0  0.9  1.0  1.0 

Northwest 
Sanitary Landfill  

2.4  2.5  2.5  1.9  14.0  1.9  1.6  1.4  1.5  1.8  0.6 

Dover WWTP – 
[Kimble 
Sanitary 
Landfill]  

0.6  0.6  0.6  0.5  598.3  1.0  1.0  1.0  1.0  1.0  1.3 

Canton Water 
Reclamation 
Facility 
[American 
Landfill]  

3.6  3.9  3.7  2.2  75.6  1.4  1.8  0.6  0.8  1.0  0.5 

City of Akron 
Water 
Reclamation 
Facility 
[American 
Landfill]  

1.1  1.1  1.1  1.1  90.2  1.0  1.0  1.0  1.0  1.0  1.0 

Alliance 
Wastewater 
Treatment Plant 
[American 
Landfill]  

2.4  2.6  2.5  2.8  94.2  1.0  0.7  1.5  2.8  0.6  1.0 

Lowellville WWTP 
[Carbon 
Limestone 
Landfill]  

1.8  1.8  1.8  1.7  19.8  1.0  1.2  0.9  0.5  0.9  0.8 

Beaver Falls 
Sewage 
Treatment Plant 
[Mahoning 
Landfill, Inc.- 
Waste 
Management]  

1.1  1.2  1.2  1.0  0.0  1.0  1.0  1.0  1.0  1.0  1.0 

Max 
Environmental 
Technologies 
Inc Bulger 
Facility  

1.0  1.0  1.0  1.0  0.0  1.0  1.1  0.8  0.8  1.1  1.2 

Pine Creek 
Municipal 
Authority 
Sewage 
Treatment Plant  

1.1  1.0  1.1  1.2  104.9  1.0  0.9  1.1  1.1  0.9  1.7 

(continued on next page) 
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Table 3 (continued ) 

Outfall Sample 
(waste generator 
noted with 
brackets if 
different from 
sampled outfall) 

Downstream/ 
Upstream Ratio 
of 214Bi 

Downstream/ 
Upstream Ratio 
of 214Pb 

Downstream/ 
Upstream Ratio 
of Inferred 
226Ra 

Downstream/ 
Upstream Ratio 
of 228Ac 

Downstream 
sample 
distance from 
outfall (m) 

Downstream/ 
Upstream Ratio 
of TDS based on 
Specific 
Conductance 

Downstream/ 
Upstream Ratio 
of Chloride 
Concentrations 

Downstream/ 
Upstream Ratio 
of Mg/Na Ratios 
(wt/wt) 

Downstream/ 
Upstream Ratio 
of SO4/Cl 
Ratios (wt/wt) 

Downstream/ 
Upstream Ratio 
of Mg/Li Ratios 
(wt/wt) 

Downstream/ 
Upstream Ratio 
of Ba/Cl Ratios 
(wt/wt) 

[Wayne 
Township 
Landfill] 

Millville 
Municipal 
Authority 
[White Pines 
Landfill]  

0.7  0.7  0.7  0.9  454.8  1.1  1.5  0.7  0.8  1.0  0.3 

Phoenix Resources 
Landfill  

1.9  2.0  2.0  1.9  0.0  0.7  1.6  0.5  0.5  0.9  1.3 

Advanced Disposal 
Services 
Greentree 
Landfill - point 1  

1.2  1.2  1.2  1.2  15.5  1.3  4.9  0.2  0.2  0.9  0.3 

Advanced Disposal 
Services 
Greentree 
Landfill - point 2  

0.9  0.9  0.9  1.0  176.5  1.1  1.6  0.4  0.5  1.1  0.9 

Chemung County 
Elmira Sewer 
District (Milton 
St) [Chemung 
County Landfill]  

1.1  1.2  1.2  1.2  624.0  0.9  0.7  1.1  1.2  0.8  1.4 

Chemung County 
Sewer District 
No. 1 (Lake St) 
[Chemung 
County Landfill]  

1.4  1.4  1.4  1.4  848.0  1.3  2.0  0.8  0.6  1.5  0.6  
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time. The water chemistry is inconsistent and cannot be used to rule out 
O&G waste influence on surface water. 

4.4. Water quality regulatory landscape at sampled facilities 

Given the observed changes in sediment and water chemistry near 
these facilities, the case for additional monitoring is strengthened. To 
evaluate the current regulatory landscape we examined the reported 
constituents for all NPDES permits associated with these facilities. 

One of the most sensitive indicators of O&G contamination is bro-
mide (Wilson et al., 2014). Only four of the 18 facilities sampled are 
required to monitor Br as part of their discharge permit. Given the five- 
year renewal cycle, this means all of these locations have renewed at 
least once since 2012, i.e., the peak of the regional unconventional O&G 
extraction boom. During this period additional relevant solutes were not 
added to the permit. This suggests a fundamental disconnect in our 
regulation of waste in the unconventional energy landscape. There are 
simple, effective means to evaluate the impact of O&G waste on outfall 
chemistry (e.g., gross alpha, bromide, etc.). The failure to include these 

constituents in discharge permits for facilities that are permitted to 
accept waste or treat effluent from facilities accepting O&G waste is a 
failing in our regulatory system that if left uncorrected, has the potential 
to result in pockets of radiological contamination across the landscape. 
It is important to note that one of the four facilities to monitor Br was 
required to start monitoring Br in 2022, suggesting these changes may 
be starting. 

5. Conclusions 

Grab sampling of stream water and sediments in areas bracketing 
outfalls of facilities treating waste from landfills accepting O&G waste 
indicate accumulation of NORM in the sediments. Given distance from 
the outfall, these accumulations are of similar magnitude to those 
downstream of brine treatment facilities reported in the literature 
(Warner et al., 2013b) and indicate additions from a low 228Ra/226Ra 
activity ratio source, consistent with Marcellus formation sources (Lauer 
et al., 2018). Examination of water chemistry, including use of charac-
teristic chemical ratios, provides further evidence for contributions from 

Fig. 2. Comparison of relative enrichments (total Ra 
measured in sediments downstream of outfall divided 
by total Ra measured in stream sediments upstream of 
outfall) observed in known releases of O&G waste at 
the Josephine treatment plant (red dots) (Warner 
et al., 2013b) and enrichments observed in sediments 
collected below outfalls of landfill leachate discharges 
(blue triangles). Orange dotted line is a power fit of 
the Josephine total Ra sediment enrichment as a 
function of distance below the outfall. This fit is for 
visualization purposes. The blue solid line is where 
the ratio between upstream and downstream Ra is 
equal to one, or the value where there is no enrich-
ment or dilution. (For interpretation of the references 
to colour in this figure legend, the reader is referred to 
the web version of this article.)   

Fig. 3. Comparison between downstream 226Ra/ upstream 226Ra ratios and the upstream/downstream differences in 228Ra/226Ra ratios. A larger difference suggests 
more input to the system from a low ratio source, potentially Marcellus sources. Note the y axis is reversed. 

L.M. Badertscher et al.                                                                                                                                                                                                                         
WG Ex. 71

2629



Ecological Indicators 154 (2023) 110616

14

O&G waste. Access to near outfall sediments and leachate samples 
curtail more precise evaluation of the impact. The continued treatment 
and discharge of O&G waste through sanitary landfills and/or landfill 
leachate by POTWs has the potential to increase radioactive loads that 
will accumulate in sediment and remain for long periods given charac-
teristic half-lives (e.g., 226Ra: t½ ~ 1600 y). 

Examination of administrative records to constrain these material 
budgets suggest wide discrepancies in mass flux reporting across juris-
diction and across bureaus within the state departments. This precludes 
our ability to assess the patterns in NORM accumulation relative to the 
volumes of O&G waste accepted and leaves the mechanisms delivering 
NORM to the streams ambiguous. These ambiguities limit efforts to 
identify surface waters at highest risk for contamination. 

The abundance of unconventional gas and oil reserves and the 
expansion of the petrochemical industry in the United States suggest 
that the development of these plays will continue (Stolz et al., 2022), 
thus, waste management will also continue to be an issue. Additions of 
parameters characteristic of O&G waste (e.g., bromide, gross alpha) to 
discharge permits for all facilities handling these materials would pro-
vide early warning of potential breakthroughs. Cross-checking of 
administration records would quickly uncover sloppy or malicious 
disposal practices, similar to early efforts to deal with challenges like 
leaking underground storage tanks. 
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CHILDHOOD CANCER CASE-
CONTROL STUDY   
I. Background 
  Hydraulic fracturing (or fracking) is a type of unconventional natural gas development (UNGD) 
used to extract natural gas from underground shale rock formations. After obtaining the necessary 
permits, the first phase of hydraulic fracturing (HF) is well pad preparation. This includes preparing a site 
for one or more fracturing wells by building access roads and clearing land to build infrastructure. The 
next phase is drilling in which a borehole is drilled vertically 1 to 2 miles into the ground then turned 
horizontally into the shale rock (Deziel et al., 2022). Then the steel casing is installed in the borehole and 
sealed with cement. 

Fracturing fluid consists of 90-97% of a base fluid, which is usually water. A fracturing well uses 
an average of 1.2 million gallons of water. A proppant, usually sand, composes 2-10% of the fracturing 
fluid. Chemical additives make up less than 2% of the fracturing fluid, though hundreds of chemicals 
have been reported (Deziel et al., 2022). More information on the chemical additives and their function 
in fracturing fluid, as well as common constituents reported by the EPA analysis of FracFocus 1.0 (2015) 
is shown in Appendix A. A number of these chemicals include known and suspected endocrine inhibitors 
and carcinogens (Deziel et al., 2022).  

Workers inject this fracturing fluid into the well under high pressure which ‘fractures’ the rock 
and releases the natural gas. Once the pressure is released, a mixture of the gas, fracturing fluid, and 
other compounds found in the rock flow back through the well to the surface. This mixture is often 
called flowback or produced water. The production phase refers to the separation of the gas from the 
flowback water, which is then transported through pipelines to a storage facility or processing plant 
(Deziel et al., 2022). See Figure 1. 

Figure 1. Hydraulic Fracturing Timeline (Adapted from: U.S. EPA 2016) 

 

Phase 1 Phase 2 Phase 3 Phase 4 
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The first recorded shale gas well in Pennsylvania was drilled in Erie County in 1860, though 
modern hydraulic fracturing began in earnest in 2005 in Southwestern Pennsylvania (PA). Currently, 
Washington County has the largest number of UNGD wells in operation in this region. As of December 
2020, there were 12,903 unconventional wells active throughout PA and 5,464 in the 8 county 
Southwestern PA area. See Figure 2. The last county to begin with UNGD drilling was Allegheny County 
in 2008. The highlighted area on the map includes Allegheny, Armstrong, Beaver, Butler, Fayette, 
Greene, Washington, and Westmoreland counties, where each had >100 active unconventional oil and 
natural gas wells in 2020. 

 
Figure 2. Distribution of Wells in Each PA County, with a Total of 12,903 Wells Throughout PA as of 
December 2020 
 

 
 
UNGD-related chemicals in the environment  

A systematic assessment of carcinogenicity of chemicals in fracturing fluid and flowback water 
was conducted by Xu et al. (2019). The group assessed 1,173 fracturing fluid-related chemicals identified 
by the US Environmental Protection Agency (EPA) (Xu et al., 2019). They then linked the fracturing fluid 
chemical data to the agent classification data from the International Agency for Research on Cancer 
(IARC) at the World Health Organization (WHO), which was evaluated for human carcinogenic risk. Using 
IARC’s database of 998 chemicals, they found information on 104 fracturing fluid-related chemicals with 
different evidence in carcinogenicity: 14 were carcinogenic to humans, 7 were probably carcinogenic, 
and 27 were possibly carcinogenic.  
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Some of these carcinogenic compounds include 1,3-butadiene, ethanol, ethylene oxide, and 
formaldehyde, which are found in fracturing fluids; benzo(a)pyrene, beryllium, cadmium, radium-226 
and -228 found in flowback; and arsenic, benzene, and chromium (VI) found in both. Additional 
assessment of the Carcinogenic Potency Database (CPDB) suggested that 66 fracturing fluid-related 
chemicals are potentially carcinogenic based on rats and mouse models (Xu et al., 2019). Xu et al.’s 
evaluation suggests that individuals with exposure to certain chemicals in fracturing fluids and 
wastewater may be at increased risk of cancer, as these chemicals can make their way into ground 
water and drinking water.   

Elliott (2017) also systematically assessed evidence for potential carcinogenicity of both air and 
water pollutants from hydraulic fracturing exposures but specific to childhood leukemia and lymphoma 
risk. They likewise evaluated 1,177 chemicals in fracturing fluids and wastewater, finding similar results 
as those described by Xu et al. They additionally considered 143 UNGD-related air pollutants by review 
of scientific papers published through 2015 using both PubMed and ProQuest Database, and assessing 
carcinogenicity evidence of increased risk of leukemia and lymphoma from these chemicals using the 
IARC monographs. See Figure 3. 

Figure 3: Graphical Abstract from Elliott, 2017

 
 
Of 143 potential air pollutants, 29 (20%) have been evaluated for carcinogenicity by IARC and 

the remaining 114 (80%) have not been evaluated (Elliot, 2017). Of the 29 air pollutants evaluated, 7 
(24%) were carcinogenic to humans, 2 (7%) were considered probably carcinogenic to humans, 11 (38%) 
were considered possibly carcinogenic to humans, and the remaining 9 (31%) could not be classified 
with respect to their carcinogenicity. Of the 20 known, probable, or possible carcinogens, there has 
been supporting evidence for 11 air pollutants that were associated with an increased risk of leukemia 
or lymphoma. These included 5 known human carcinogens (1,3-butadiene, benzene, ethanol, 
formaldehyde, diesel engine exhaust), 2 probable human carcinogens (dibenz[a,h]anthracene, 
tetrachloroethylene), and 4 possible human carcinogens (carbon tetrachloroethylene, chrysene, 
indenol[1,2,3-cd] pyrene and styrene).  

 Risk Factors for Childhood Cancer 
Although cancer in children and adolescents is rare, it is the leading cause of death by disease 

past infancy among children in the United States, according to the National Cancer Institute (NCI, 2021). 
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In 2021, it was estimated that 15,590 children and adolescents ages 0 to 19 were diagnosed with cancer 
and 1,780 died of the disease in the United States (Siegel, 2021). Overall, among children and 
adolescents (ages 0 to 19) in the United States, the most common types of cancer are leukemias, brain 
and central nervous system (CNS) tumors, and lymphomas (NCI, 2021). These are also the types of 
cancers found to be associated with various environmental exposures in both adults and children in the 
literature (NCI, 2021).  

Many childhood cancers are caused by genetic mutations that increase cancer risk. Germline 
alterations (or variants) associated with an increased risk of cancer can be passed down from parents to 
their offspring, or somatic mutations in cells can occur spontaneously in cells during development (NCI, 
2021). About 6-8% of all cancers in children are caused by an inherited pathogenic variant (harmful 
alteration) in a cancer predisposition gene (Gröbner et al., 2018, Zhang et al., 2015). For example, 
children with Li-Fraumeni syndrome, Beckwith-Wiedemann syndrome, Fanconi anemia, Noonan 
syndrome, and von Hippel-Lindau syndrome, have an increased risk of childhood cancer. 

Genomic changes that arise during development of one of the germ cells (sperm or egg) which 
unite to form the zygote that becomes a child can increase the risk of cancer in that child (NCI, 2021). 
Genomic changes can include broken, missing, rearranged, or extra chromosomes and gene variants. 
One such alteration is trisomy 21, or the presence of an extra copy of chromosome 21, which causes 
Down syndrome. Children with Down syndrome are 10 to 20 times more likely to develop leukemia than 
children without Down syndrome (Ross, 2005). However, only a small proportion of childhood leukemia 
is linked to Down syndrome (NCI, 2021). 

Genetic changes associated with cancer can also occur in different cells of the body after birth, 
as the body is actively growing and developing during early childhood (Moore et al., 2021). The extent to 
which these changes react to environmental exposures is unclear. In adults, exposure to cancer-causing 
substances in the environment, such as cigarette smoke, asbestos, and ultraviolet (UV) radiation from 
the sun is known to cause genetic changes that can lead to cancer (NCI, 2021). However, environmental 
causes of childhood cancer have been particularly difficult to identify, this is partly because cancer in 
children is rare and because it is difficult to determine what children may have been exposed to early in 
their development (NCI, 2021). 

Nevertheless, several environmental exposures, such as ionizing radiation, can lead to the 
development of leukemia and other cancers in children and adolescents (NCI, 2021). Children and 
adolescents who were exposed to radiation from the atomic bombs dropped in Japan during the Second 
World War had an elevated risk of leukemia (Hsu et al., 2013). Also, children exposed to radiation from 
the Chernobyl nuclear plant accident had an elevated risk for thyroid cancer (Cardis, 2011).  

Exposure of parents to ionizing radiation is also a concern in terms of the development of cancer 
in their future offspring. Exposure to diagnostic medical radiation from computed tomography (CT) 
scans by children whose mothers had x-rays during pregnancy (that is, children who were exposed 
before birth) and children exposed after birth has been linked to a slight increase in risk of leukemia and 
brain tumors, and possibly other cancers (Pearce et al., 2012). However, genomic analysis of children 
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born to people exposed to radiation at Chernobyl indicates that this exposure did not lead to an 
increase in new genetic changes passed from parent to child (Yeager et al., 2021). 

Several other environmental exposures have also been associated with childhood cancer; 
however, it is difficult to draw firm conclusions because of challenges in studying these exposures. For 
some types of childhood leukemia (particularly acute lymphoblastic leukemia), researchers have 
identified associations with paternal tobacco smoking (Liu, 2011, Cao, 2020); exposure to certain 
pesticides used in and around the home (Bailey et al., 2015) or by parents at their workplaces (Van 
Maele-Fabry, 2010, Vinson, 2011); use of solvents, organic chemicals found in some household 
products; and outdoor air pollution (NCI, 2021). 

Investigations of childhood brain tumors and leukemia and lymphomas have studied 
associations with exposures to pesticides in and around the home.  A meta-analysis of 277 studies found 
an increased risk of leukemia and lymphomas in children exposed to indoor residential pesticides. A 
significant increase in the odds of leukemia was also associated with herbicide exposure. Also observed 
was a positive but not statistically significant association between childhood home pesticide or herbicide 
exposure and childhood brain tumors. (Chen et al., 2015).  Johnson et al, 2014 reported an association 
of maternal consumption of cured meats and childhood brain tumors.  A recent study (Lombardi et al, 
2021) used the California cancer registry to identify childhood cases of brain tumors and linked 
residence to agricultural pesticide exposure. They noted a significant increased risk of CNS tumors and 
proximity to residences.   

Researchers have also identified factors that may be associated with reduced risk of childhood 
cancer (NCI, 2021). For example, maternal consumption of folate has been associated with reduced risks 
of both leukemia and brain tumors in children (Chiavarini, 2018). Also, being breastfed and having been 
exposed to routine childhood infections are both associated with a lowered risk of developing childhood 
leukemia (Amitay, 2015). 

Previous Hydraulic Fracturing and Childhood Cancer Studies  
Three studies have been published that examined a possible association between hydraulic 

fracturing and the risk of childhood cancer. The study populations and main findings are briefly 
summarized in Table 1. Below are more details for each of these three studies. 

Fryzek et al. (2013) were the first to investigate a potential relationship between childhood 
cancer and hydraulic fracturing in Pennsylvania. The study compared cancer incidence rates at the 
county level before and after hydraulic fracturing to determine if rates increased. The study did not find 
a significant increase in the incidence of total cancers or leukemia. It did find a slightly elevated 
incidence rate for central nervous tumors after drilling began. The ecological study design employed has 
major limitations due to a lack of individual level data. Further studies were required to draw solid 
conclusions about the relationship between hydraulic fracturing and childhood cancer.  
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Table 1: Comparison of Previous HF and Peer-Reviewed Childhood Cancer Studies 

Two case-control studies have been published in the US involving individual data on childhood 
cancer risk and hydraulic fracturing. The first was conducted between 2001-2013 in Colorado by 
McKenzie et al. (2017); and the other was conducted between 2009-2017 in Pennsylvania by Clark et al. 
(2022). 

 Fryzek et al., 2013 McKenzie et al., 2017 Clark et al. 2022 

Study area Pennsylvania Rural Colorado Pennsylvania 

Time period 

1990-2009 (stopped data 
collection 2 years after 
hydraulic fracturing began - 
latency issues) 

2001-2013 2009-2017 

Study 
population 
size/design 

Standardized incidence rates 
by county for cases of CNS 
and leukemia, age 0-20 (N 
=1,874) 

Case-control: aged 0-24, Final 
sample: 87 ALL, 50 lymphoma 
and 528 controls diagnosed with 
non-hematologic cancer sample 

Case-control study, N=405 cases of ALL 
and 2,080 controls 

Data source PA Cancer Registry, US Census 
Bureau 

Colorado Central Cancer 
Registry 

PA Cancer Registry, PA Vital Records 
(Bureau of Health Statistics and 
Registries) 

Exposure 
metrics 

Compared SIRs before and 
after drilling using spud dates 
(date drilling operations 
begin) 

Inverse distance weighted oil 
and gas well counts within a 
16.1 km radius of the residence 
at time of diagnosis 

Inverse distance-squared weighted 
well counts with buffer sizes 2, 5, and 
10 km from birth address for the 
association between residential 
proximity to UNGD and ALL in primary 
exposure and perinatal window 

Outcome Childhood cancer, childhood 
leukemia, and CNS tumors ALL and NHL ALL 

Results 

1. The observed number of 
childhood cancers both 
before and after drilling 
were as expected (based 
on SEER cancer incidence 
rates) 

2. No evidence that persons 
living in counties with HF 
experienced higher 
childhood cancer rates 
overall or for childhood 
leukemia 

1. Children aged 0-24 years 
diagnosed with NHL were 
no more likely to live in 
areas with active oil and gas 
development than children 
diagnosed with non-
hematologic cancer 

2. Children aged 5-24 years 
diagnosed with ALL were 
more likely than children 
diagnosed with non-
hematologic cancer to live 
within 16.1-km of an active 
oil and gas well 

1. Children with at least one UNGD 
well within 2 km of their birth 
residence during the primary 
window had 1.98 (95% CI: 1.06, 
3.69) times the odds of developing 
ALL in comparison with those with 
no UNGD wells 

2. Children with at least one vs. no 
UNGD wells within 2 km during 
the perinatal window had 2.80 
(95% CI: 1.11, 7.05) times the odds 
of developing ALL 
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McKenzie et al. (2017) conducted a case-control study in rural Colorado and included 
participants who were 0-24 years old and diagnosed with cancer between 2001-2013. For each child, 
they estimated exposure to hydraulic fracturing activity by calculating the distance between the 
participants’ residences and oil and gas wells within a ten-mile radius. Exposure metrics accounted for 
both the density and proximity of wells to the child. The logistic regression utilized adjusted for age, 
race, gender, income, and elevation. 

Children aged 0-24 with acute lymphoblastic leukemia (ALL) were more likely to live in areas 
with active wells. For ages 5-24, ALL cases were 4.3 times as likely to be in the highest exposure 
category. Further adjustment for year of diagnosis increased the association. The study’s limitations 
included the use of non-hematologic cancer cases as a control group, the substantial number of cancer 
cases that could not be geocoded (28%), and the sole use of residence at cancer diagnosis to calculate 
exposure, which is not static and can result in misclassification bias.  

A more recent case-control study was reported by Clark et al. (2022), which included 405 
children aged 2-7 diagnosed with ALL in Pennsylvania between 2009–2017, and 2,080 controls matched 
on birth year. They calculated a similar exposure metric to the McKenzie study (2017) but used different 
distance cutoffs to better understand how distance affects exposure levels. They investigated two time-
based exposure windows: a primary window (3 months preconception to 1 year prior to diagnosis/index 
date) and a perinatal window (3 months preconception to birth).  

Clark et al. used logistic regression to estimate odds ratios (ORs) and 95% confidence intervals 
(Cis) for the association between residential proximity to UNGD and ALL in two exposure windows. 
Children with at least one UNGD well within 2 km (1.2 mile) of their birth residence during the primary 
window had 1.98 times the odds of developing ALL in comparison with those with no UNGD wells (95% 
CI: 1.06, 3.69). This result was only based on 7 cases. After adjusting for maternal race and other 
potential confounders, the OR was no longer statistically significant (OR=1.74, 95% CI: 0.93, 3.27). 
Similar ORs were produced by models using the water pathway-specific metric. 

A major limitation of the Clark et al. study was that a considerable proportion (93-98%) of the 
study population had no exposure to any UNGD activity within a 10-mile radius. Regulations in 
metropolitan areas such as Philadelphia and Pittsburgh, or the lack of shale deposits, prohibit hydraulic 
fracturing activity in sizable portions of Pennsylvania. High proportions of unexposed participants within 
the study hindered the investigators’ ability to identify associations.   
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In addition to the three peer-reviewed studies, on February 13, 2019, the Pittsburgh-based TV 
news channel WPXI aired a story regarding a potential cluster of Ewing sarcoma, also sometimes called 
the Ewing family of tumors (EFOT), a specific type of bone or soft tissue cancer usually occurring in 
childhood or adolescence. Subsequently, the PA Department of Health received many calls concerning 
multiple children in the Canon-McMillan School District in Washington County, reporting that they had 
been diagnosed with EFOT. Several parents came forward to say that their children were also diagnosed 
with the same disease.  

This prompted a cancer incidence survey reported on April 22, 2019 (PADOH, 2019). The PA 
Department of Health analyzed cancer registry data in three time periods: 1985−1994, 1995−2004 and 
2005−2017. These three time periods were used to assess cancer incidence trends over time. This 
analysis used the mid-time period census population (1990, 2000, and 2010 census data) for age 
adjustment. Age-standardized SIRs for various childhood cancer types and their 95% CIs for Washington 
County and Canon-McMillan School District residents were calculated respectively by gender to 
determine whether the residents experienced a significant excess of cancer incidence compared to the 
rest of the Pennsylvania population.  

Study results for Canon-McMillan School District and incidence of EFOT indicated that there 
were no cases reported during the first two time periods before hydraulic fracturing. However, there 
were three cases reported during the 2005-2017 period, which coincided with hydraulic fracturing. The 
SIRs of Ewing sarcoma estimated based on this small number of cases were considered unstable and 
difficult to interpret. Overall, total childhood cancer incidence rates were also calculated, and both 
female and male childhood cancer rates were not appreciably different from the rest of the 
Commonwealth during any of the three time periods. Moreover, childhood cancer rates in the school 
district decreased over the last two time periods. The PADOH, however, stated that it would continue to 
closely monitor EFOT and pediatric cancer incidence in Pennsylvania over the next several years as new 
data becomes available through the PA cancer registry.  

Community concerns persisted, prompting a supplemental analysis reported in March 2020 in 
addition to advancing other research studies. The present case-control study was initiated by PA 
Governor Wolf’s administration due to concerns about the Ewing sarcoma cluster and a significant rise 
in hydraulic fracturing and UNGD drilling in western PA since 2005.  
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Study Aims and Objectives 

This study aims to investigate the risk for childhood cancer related to environmental exposures from 
UNGD hydraulic fracturing in Southwestern Pennsylvania.  

Objectives:   

1) We built upon previous studies of exposure to hydraulic fracturing and risk of childhood cancer 
by conducting a matched case control study using the entire sample of cancer cases identified 
within the 8-county study area and identifying one randomly selected age, gender, race, and 
county matched control. Birth records were used to extract information on the mother’s and 
newborn’s residence and their characteristics. This birth record-based /cancer registry study 
enabled comparison with earlier studies conducted by McKenzie (2017) and Clark (2022).  
 

2) An overall UNGD well activity metric was created using each of the individual phases to 
investigate the childhood cancer risk while controlling for sociodemographic, health history, and 
behaviors in the year before birth up to the child’s cancer diagnosis date. 

 
3) This study also sought to collect more detailed residential histories that can be applied to 

individual phases and overall UNGD well activity in childhood cancer cases and controls. 
 
Study Design: The study examined three populations derived from the 507 childhood cancer cases 
diagnosed from 2010-2019 in the eight-county Southwestern Pennsylvania area. The study team 
completed 234 residency interviews for cases and were able to match 213 of these cases with controls 
born in the same county, and 160 with controls born in different counties (but still in the eight-county 
area). Of the total of 507 childhood Cancer Cases, a total of 498 cases were matched to a new group of 
county-matched controls using only birth certificate data.  Nine cases were removed from the full list of 
cases during data verification. 

Figure 4. Flow Chart Describing the Three Study Populations 

 

1. Birth certificate-based means the exposure is based on the mother’s residence at birth. 
2. County-matched means controls came from the same county as the case. 
3. Non-county-matched means controls were chosen at random from the eight-county area. � 
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II. Methods 

Study Population  
 All cases and controls were born in one of the eight counties selected for this study, including 
Allegheny County (except city of Pittsburgh), Armstrong, Beaver, Butler, Fayette, Greene, Washington, 
and Westmoreland. Case children were diagnosed with any of four types of malignancies described 
below and had an address within the defined study area at the time of cancer diagnosis between the 
years of 2010-2019.  

Due to restrictions in hydraulic fracturing within city limits of Pittsburgh, it was necessary to 
exclude any cases or controls whose parents lived in a zip code located in, or part of, the City of 
Pittsburgh, as indicated on the birth record or at time of cancer diagnosis. Zip codes excluded from the 
City of Pittsburgh are shown in Appendix B. 

 

Case Inclusion Criteria 
All cases of childhood cancer in the present study were identified through the PA Cancer 

Registry diagnosed from 2010-2019. The cancer types were leukemia, lymphoma, CNS tumors, and 
malignant bone tumors diagnosed at 0-19 years of age. We extended the age range up to 29 years for 
malignant bone tumors, including EFOT, to increase sample size due to the rarity of the condition and its 
later presentation. These specific malignancy types were defined according to the International 
Classification of Childhood Cancer Recode Third Edition (ICD-O-03/IARC 2017), which is recommended 
by the NCI Surveillance, Epidemiology, and End Results (SEER) Program. See Table 2. 
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Table 2. Definition of Childhood Cancer Cases for the Case-Control Study in Western PA (International 
Classification of Childhood Cancer Recode Third Edition, ICD-O-3/IARC 2017) 

Cancer type ICCC Recode 3rd ICD-O-3/ 
IARC 2017 morphology codes 

Behavior 
codes 

ICD-O-3 primary site code 

I. Leukemias, Myeloproliferative, and Myelodysplastic Diseases (0-19 years of age) 

1. Precursor cell leukemia 
9811-9818, 9837 3 C420, C421, C423, C424, C809 

9835, 9836 3 C000-C809 

2.Mature B-cell leukemias 
9823 3 C420, C421, C423, C424, C809 

9826, 9832, 9833, 9940 3 C000-C809 

3. Mature T-cell and Natural 
Killer (NK) cell leukemias 

9827 3 C420, C421, C423, C424, C809 

9831, 9834, 9948 3 C000-C809 

4. Lymphoid leukemia, NOS 
9591 3 C420, C421, C423, C424 

9820 3 C000-C809 

5. Acute myeloid leukemias 
9840, 9861, 9865-9867, 9869-9874, 
9891, 9895-9897, 9898, 9910, 9911, 
9920, 9930, 9931 

3 C000-C809 

6. Chronic myeloproliferative 
diseases 

9863, 9875, 9876, 9950, 9960-9964 3 C000-C809 

7. Myelodysplastic syndrome 
and other myeloproliferative 
diseases 

9945, 9946, 9975, 9980, 9982-9987, 
9989, 9991, 9992 

3 C000-C809 

8. Unspecified and other 
specified leukemias 

9800, 9801, 9805-9809, 9860, 9965-
9967 

3 C000-C809 

II. Lymphoma (0-19 years of age) 

1. Precursor cell lymphomas 
9727-9729 3 C000-C809 

9811-9818, 9837 3 C000-C419, C422, C440-C779 

2. Mature B-cell lymphomas 
(except Burkitt lymphoma) 

9597, 9670, 9671, 9673, 9675, 
9678-9680, 9684, 9688-9691, 9695, 
9698, 9699, 9712, 9731-9735, 9737, 
9738, 9761, 9762, 9764-9766, 9769, 
9970, 9971 

3 C000-C809 

9823 3 C000-C419, C422, C440-C779 

3. Mature T-cell and NK-cell 
lymphomas 

9700-9702, 9705, 9708, 9709, 9714, 
9716-9719, 9724-9726, 9767, 9768 

3 C000-C809 

9827 3 C000-C419, C422, C440-C779 

4. non-Hodgkin lymphomas, 
NOS 

9591 3 C000-C419, C422, C440-C779, C809 

9760 3 C000-C809 

5. Burkitt lymphoma 9687 3 C000-C809 

6. Miscellaneous 
lymphoreticular neoplasms 

9740-9742, 9750, 9751, 9754-9759 3 C000-C809 

7. Unspecified lymphomas 9590, 9596 3 C000-C809 
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Table 2 Continued. Definition of Childhood Cancer Cases for the Case-Control Study in Western PA 
(International Classification of Childhood Cancer Recode Third Edition, ICD-O-3/IARC 2017)  

Cancer type ICCC Recode 3rd ICD-O-3 
IARC 2017 morphology codes 

Behavior 
codes 

ICD-O-3 primary site code 

III. CNS and Miscellaneous Intracranial and Intraspinal Neoplasms (0-19 years of age) 

1. Ependymomas and choroid 
plexus tumor 

9383, 9390, 9391-9394, 9396 0-1, 3 C000-C809 

2. Astrocytomas 
9380 0-1, 3 C723 

9384, 9400-9411, 9420-9424, 9425, 9440-
9442 

0-1, 3 C000-C809 

3. Intracranial and intraspinal 
embryonal tumors 

9470-9478, 9480, 9508 0-1, 3 C000-C809 

9501-9504 0-1, 3 C700-C729 

4. Other gliomas 
9381, 9382, 9385, 9430, 9431, 9444, 9445, 
9450, 9451, 9460 

0-1, 3 C000-C809 

9380 0-1, 3 C700-C722, C724-C729, C751, C753 

5. Other specified intracranial 
and intraspinal neoplasms 

9840, 9861, 9865-9867, 9869-9874, 9891, 
9895-9897, 9898, 9910, 9911, 9920, 9930, 
9931 

3 C000-C809 

8158, 8290 0-1, 3 C751 

6. Unspecified intracranial and 
intraspinal neoplasms 

8000-8005 0-1, 3 C700-C729, C751-C753 

IV. Malignant Bone Tumor (0-29 years)   

1. Osteosarcoma  9180–9187, 9191–9195, 9200 3 C400-C419, C760-C768, C809 

2.  Chondrosarcomas 

9210, 9220, 9240 3 C400-C419, C760-C768, C809 

9211-9213, 9221, 9222, 9230, 9241-9243 C000-C809 

9231 C400-C419 

3. Ewing tumor and related 
sarcomas of bone 

9260 3 C400-C419, C760-C768, C809 
9365 C000-C809 

9364 C000-C809 

4.. Other specified malignant 
bone tumors 

8810, 8811, 8818, 8823, 8830 3 C400-C419 

8812, 9262, 9370-9372, 9270-9275, 9280-
9282, 9290, 9300-9302, 9310-9312, 9320-
9322, 9330, 9340-9342, 9250, 9261 

C000-C809 

5. Unspecified malignant bone 
tumors 

8000-8005, 8800, 8801, 8803-8805 3 C400-C419 
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Exclusion of Ineligible Cases 
A total of 593 cancer cases were identified from the PA Cancer Registry between 2010-2019 

according to the case eligibility criteria described above. During the data checking and cleaning process, 
the study team identified the following number of cancer cases were ineligible, and thus were excluded 
from the final statistical analysis: 

• 41 based on the Third Edition ICD-O-3/IARC 2017 
• 25 diagnosed within the City of Pittsburgh 
• 20 born outside of the eight-county study area. 

 
After these cases were excluded, a total of 507 cancer cases were deemed eligible for the study.  

 

Control Selection   

 We referenced the birth record registry at PA Bureau of Health Statistics and Registries to select 
age-, sex- and race-matched controls for either the county-matched or non-county-matched groups. The 
details of the specific control selection algorithm are provided in Appendix B of this report.  

The following steps were followed to obtain a county-matched control:  

• A control was selected among children whose mother’s residence was recorded on the 
birth record in the same county as the index case at birth.  

• In addition to age, sex, and race, a control without matching on county was selected 
among children whose mother’s residence was within the eight counties of the study 
area.   

• Eligible controls were born within ± 45 days of the index case and were of the same sex 
and mother’s race. For each case, up to 40 county-matched controls and 40 non-county-
matched controls were randomly chosen by the PADOH without replacement.   

• If the number of eligible controls was fewer than 40 for a given index case, the PA 
Bureau of Health Statistics and Registries provided information on all eligible controls.   

• If a control was matched to multiple cases, a simple random sampling algorithm without 
replacement was used to determine the matched index case.    

  
We made attempts to locate and update the information of current and past residence history 

of all cases and 20 of the 40 eligible controls (due to time limitations) through the contact information 
tracing service Lexis Nexis (described in detail below). Additionally, we used Spokeo, an online tracing 
service that provides property records, emails, addresses, and phone numbers to confirm residential 
history and contact information when needed. A unique random number was generated during the 
control selection process for each of 40 eligible controls per case.   

The county-matched control was chosen to help adjust for both urban/rural differences within 
each county and to assure the greatest similarity of sociodemographic and environmental characteristics 
to the index cancer case. The non-county match was chosen to limit potential bias from over-matching. 
The duration of the exposure data collected for the control subject was the same as for the index case, 
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and personal history was obtained up to the index date, which was defined as the date of cancer 
diagnosis for cases.  The same date was applied to matched controls.    

Survey  
A survey questionnaire was developed based on an ATSDR (Agency for Toxic Substances and 

Disease Registry) childhood cancer cluster investigation (State of New Jersey Department of Health, 
2017) and was modified to include hydraulic fracturing, and industrial and farming activity with an 
emphasis on residential history. The objective of the survey was to capture the mother’s and child’s 
environmental exposure history, residential history, sociodemographic information, health history, and 
behaviors in the year prior to birth up to the cancer diagnosis date. The survey was then uploaded to a 
Qualtrics (Provo, UT) software platform.  If there were any questions the parent was uncomfortable 
addressing, they could decline to answer at any time. See Appendix D.   

As will be described below, the initial response rate from the PADOH recruitment brochure was 
low (20%) and it was determined that the at least 45 minutes needed to answer the survey questions 
was negatively affecting the response rate. It became necessary to shorten the questionnaire into a 
more user-friendly online version, which could be taken at any time. The revised survey included many 
of the same sections but included fewer questions.  See Table 3. 

Table 3. Main Sections of Case-control Survey 
1. Parental background and demographics 5. Maternal reproductive history 
2. Residential history, home characteristics, 
and environmental risk factors for all 
addresses 

6. Maternal medical procedures that occurred 
during pregnancy with case/control child 

3. Occupational and lifestyle histories of 
the parent(s) 

7. Child’s medical procedure and infection 
history 

4. Familial cancer history 8. Optional questions regarding household 
income, interest in future studies, opportunity 
to share any additional relevant information  

The shortened survey is included in Appendix D. The longer survey is available upon request. 
 

Overview of Recruitment and Enrollment Process  
 The Institutional Review Board (IRB)/consent application for this study (protocol number 

21020141) was approved by the University of Pittsburgh IRB on March 16, 2021. The PADOH-specific IRB 
application was approved on June 17, 2021. The University of Pittsburgh applied for and was granted 
access to protected health information in a data sharing agreement from the PADOH on April 19, and 
July 7, 2021, respectively. Parents of case and control children, not the children themselves, were asked 
to participate in the study. The information collected included residence of the mother, and both 
parents’ occupation and health behaviors, including the pregnancy period and early years of the child’s 
life. There was no assent process for children under 18. IRB materials, the timeline of study events, and 
outreach and recruitment materials are included in Appendix C.  
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PADOH leadership strongly recommended a government-approved third-party tracing agency, 
LexisNexis, to provide updated and confirmed contact information for recruitment mailings, phone calls, 
text messages, and emails. The LexisNexis contract was finalized in August 2021, and updated contact 
information was provided in September 2021, prior to the dissemination of the first round of case 
recruitment mailings. The initial case dataset was received from the PADOH in September 2021, with the 
decedent cases received in April 2022.   

The initial case recruitment protocol, beginning in late September 2021, included a letter from 
the PADOH Secretary of Health inviting families to schedule a 45–60-minute telephone interview, a 
brochure explaining the study, and an opt-in/opt-out card with a pre-addressed return envelope. The 
study team’s strategy was to prioritize case recruitment given the need for a sample of controls 
matched on age, race, gender, and county. Participants who did not respond were sent an additional 
letter. 

Telephone interviewers attempted to contact all parents who opted in using a computer–
assisted telephone interviewing (CATI) system to manage sample and call attempts.  The CATI system 
was linked to a Qualtrics-based survey which interviewers used to administer the survey instrument. The 
PADOH protected-access protocol mandated that only one phone call be made to request participation 
after receipt of the two recruitment mailings.   

Due to concern about the initial low response rate (<20%) after the two letters were sent and 
follow-up calls were made, the study team initiated a briefer questionnaire that included an online 20–
25-minute interview facilitated by co-investigator Dr. Todd Bear and the Population Survey Facility in 
Pitt School of Medicine in March 2022. In addition, in May 2022 the survey team initiated a shortened 
two-page residential questionnaire that captured a complete residential history. See Figure 5 for a 
timeline of recruitment efforts.   

To augment the study response rate and enhance communication with families, the study team 
solicited support from Dr. Jean Tersak, of UPMC Children’s Hospital of Pittsburgh, who provided a letter 
of support for the study which was subsequently included in all study recruitment mailings.  Dr. Tersak 
was added as a study co-investigator in June 2022.  
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Figure 5. Timeline of Recruitment Efforts for Cases and Controls 

 
In summer 2022, the study team worked with community nurses and supervisors at state health 

centers in Washington and Westmoreland counties to facilitate in-person informational sessions at 
respective health centers in Washington and Greensburg. The goal of these planned sessions was to 
make the study team available to answer any questions the invited case families may have had 
regarding the study and their invitation to participate, as well as to facilitate their participation. The 
study team utilized the email addresses provided by LexisNexis (up to three addresses per parent, a 
maximum of six addresses per family) to send e-vites to these events, with RSVP capabilities provided 
through Eventbrite. 

The study team sent 1,809 invitations to unique email addresses, of which 415 emails were 
found to be undeliverable or incorrect; 1,394 were successfully delivered. While 258 recipients clicked 
the link to the Eventbrite page, no confirmed responses were received for the events. One case family 
contacted the study team through the publicly available study email address to posit a question about 
the events, but no families expressed interest in attending the information sessions or completing the 
online survey. The lack of interest in attending these events was most likely due to remaining COVID 
school closures and protocols.   

Control families were sent an initial mailing between May-September 2022. The study team was 
permitted to pivot to electronic methods of contact for the second mailing, and emails were sent 
September 8-22. Priority was given to contacting matched controls of the cases who had already 
completed an interview. Once a control for each case and each group had participated, and the survey 
was deemed eligible (completing the residential history at a minimum), no more controls for that case 
were contacted. Only a few matched controls were contacted at a time to reduce the number of 
duplicate controls, and to minimize extraneous recruitment outreach efforts.   
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Control enrollment was closed on September 27, 2022, to allow the study team sufficient time 
to clean, analyze, and summarize the data. 8,355 initial recruitment letters were mailed to control 
families between May-September 2022 and 48,298 reminder letters were sent as emails. Telephone 
interviewers were given case records of anyone who had not responded to previous mail invitations. 
These individuals were contacted a maximum of five times in seven days. See Appendix B for a summary 
of activities for recruitment of controls. 

Incentives 
Incentives were provided for all participants who did not refuse payment. The study team used 

two University of Pittsburgh-approved incentive programs. Initially, the Vincent Card program was used, 
which involved sending a payment card loaded with a specified amount of money to the participant 
after the survey. The participant then called the university, reaching a member of the study team who 
would activate their card. Participants were followed-up if they did not call to activate their card. A new 
program, called the Tango Card System, was implemented halfway through the recruitment process to 
simplify the process and to be more conducive to the new online method of completing the survey 
independently. 

The Tango Card system involved the participants entering an email address at the end of the 
survey. Upon the survey's completion in the Qualtrics software platform, a link was automatically sent 
to their provided email address, giving the participants access to a site where a variety of gift cards could 
be selected. Email addresses could not be used multiple times to receive additional payments. Cases 
were provided $25 compensation, and controls were provided $15. The decrease in incentive for 
controls was due to the shortening of the survey, which preceded control participation. Case 
participants who took the shorter survey had their incentives kept at $25 to align with initial 
communications about the study. 804 participants completed the study, with 731 accepting and 
receiving paid incentives. 

 

Final Enrollment Numbers 
A total of 593 cancer cases were originally identified by the study team. A shift to the use of the 

ICD-O-3/IARC 2017 coding from an earlier version was recommended by PADOH, leading the study team 
to reclassify 41 eligible cases to ineligible. Of the 507 remaining eligible cases which the study team 
attempted to contact, 265 were excluded because 90 refused to participate,141 did not respond to 
contact attempts, and 34 mailings were “return to sender.”  An additional 8 cases were excluded from 
post-data collection; 5 cases were unmatched to a control, and 3 cases were excluded due to low data 
quality. These exclusions resulted in 234 eligible case interviews.  

The research team attempted to contact 8,355 controls, with a priority for interviews with 
controls whose matched case had already been interviewed. Multiple potential controls for each case 
were contacted, with the first control who had an eligible response used as the match. 7,798 controls 
were excluded during recruitment: 7,092 did not respond, 510 were unable to be traced after the letter 
returned as return to sender, 100 declined interviews, and 96 consented to participate but did not 
complete the survey. 557 controls were interviewed, but 184 either had low quality data or were second 
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responses for cases who already had a matched control interview completed for that group (county-
matched or non-county-matched). 373 controls were included in the analysis. See Figure 6 for the final 
enrollment diagram of the case-control study. 

Of the 234 eligible case interviews, 147 cases had both county-match and non-county-match 
controls. A total of 13 cases only had a non-county-matched control and 66 cases only had a county-
matched control. After excluding those who refused and the study team was unable to contact, the 
cooperation rate was 63%. 

Figure 6. Enrollment Diagram: Childhood Cancer Case-Control Study 
 

 
 

Cases: 593 
Diagnosed with Leukemia, Lymphoma, central 
nervous system tumors between ages 0-19; Or 
Malignant bone tumors including Ewing family of 
tumor, Osteosarcomas between ages 0-29. 
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Exposure Measures 
UNGD Activity Overview 

The primary exposure measure for this study was an inverse distance-weighted index of UNGD 
activity within 5 miles of parent and child residence. The study team also considered additional buffers: 
0.5, 1, and 2 miles. There were four phases of UNGD, including well pad preparation, drilling, hydraulic 
fracturing, and production, which varied in duration and exposures to potential carcinogens. Therefore, 
the UNGD activity metric was calculated separately for each of the four phases, for each study subject. 
Additionally, the study team created an overall activity metric structured the same way as the phase 
specific metrics, but the duration of activity spanned from the start date of well pad construction until 
the end of the production phase for each relevant well. Due to the way the phase metrics were 
structured, the overall activity metric was also equivalent to the sum of the 4-phase metrics. Lastly, the 
study team calculated well count and inverse distance weighting (IDW) well count to measure the 
density of and proximity to well sites without integrating duration of exposure. These two metrics were 
used to align with previous studies.  

For wells located in Pennsylvania, data required to calculate the UNGD activity metric were 
obtained from the Pennsylvania Department of Environmental Protection and the Pennsylvania 
Department of Conservation and Natural Resources. For wells in Ohio and West Virginia, data were 
obtained from the Ohio Department of Natural Resources and the West Virginia Department of 
Environmental Protection, respectively. Due to the difference in the reported data in Ohio and West 
Virginia (provided annually, rather than daily), the study team was unable to incorporate these data into 
analyses. Although the analyses focus on residences within the bounds of the eight-county study, the 
study team had to account for residences located on the geopolitical borders of the study region. To 
account for this, buffer regions that extended five miles into adjacent counties were included and 
exposure data within these buffer regions were captured. UNGD phase descriptions are below:  
 
1. Well pad preparation – the process of preparing a site where one or more wells were located. It is 

defined as the period beginning 30 days before the first well on the pad is spudded and ending when 
the first well is spudded. 

2. Drilling – the creation of the wellbore. This phase begins on the well’s spud date and ends on the 
drilling completion date; the median for the wells was 104 days.  

3. Hydraulic fracturing – the process of injecting large volumes of water at high pressure into the 
wellbore to fracture the shale layer. This period is defined as beginning on the stimulation 
commencement date and ending on the stimulation completion date. Hydraulic fracturing may be 
repeated over time for a given well. The median for the wells was 12 days.  

4. Production – the process of collecting natural gas or oil that—following hydraulic fracturing—travels 
through the wellbore to the surface. Production durations are variable. A well was defined as being 
in production for reporting periods when production was indicated and reported production volume 
was non-zero. The minimum amount of time in the production phase was 30 days (as per how the 
data were reported). The maximum number of days was 8,769 days. The mean number of days was 
2,239 and the median was 2,193 days. An individual well could have had multiple production 
periods with gaps in which the well was inactive. Calculations include all production period 
durations but not the gaps between them.  
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UNGD Exposure Metrics Calculation 
Inverse distance weighting (IDW) is a metric used to account for both the proximity and density 

of wells within a designated buffer distance from a participant’s residence. It is a commonly used metric 
in environmental epidemiological studies. The metric includes a numerator value which is typically 1 but 
can also take on other quantifying values, such as daily volume of gas production or well depth, adding 
further information to the metric. The denominator is a measure of distance, typically the distance 
measured squared. Then these individual fractions are summed across all wells located within a 
designated buffer distance. See Figure 7. 

In previous studies, a well was included in the IDW metric if it was both within the designated 
buffer and there was at least one day of overlap between the well’s activity and the participant’s study 
period of interest. This kind of metric did not account for the duration of overlap. For example, two 
wells that were equidistant from a participant’s residence would have made the same contribution to 
their exposure metric, even if one well was active for one day, whereas the other for one year during 
the participant’s study period. The study team created this metric because it was commonly used in 
existing literature. To account for duration of exposure, the study team also created an overall activity 
metric that integrated both the distance and duration of every active well.  

To include a duration element, the numerator for the IDW overall activity metric, as well as the 
well pad construction, drilling metrics were the sum of days of activity overlap, over the distance 
squared of each well.  This number was summed across all wells within the designated buffer distance. 
The numerator for IDW hydraulic fracturing and production metrics was well depth in meters and daily 
average volume of gas production in cubic meters (m3), respectively, summed over the days of overlap 
between each respective phase and the participant’s study period, then summed across all wells within 
the designated buffer distance. These two metrics were calculated with additional information to 
examine how well depth and gas production volume contributed to exposure metric for a given 
participant.  

An IDW overall activity metric and well count metric was calculated as the primary exposure 
variables. Additionally, 4 IDW metrics corresponding to each phase were calculated as secondary 
exposure variables. An additional metric of well count (without the use of IDW) was calculated.  While 
examining each phase alone may introduce some issues because many individuals can be exposed to 
more than one phase simultaneously, the analysis can still contribute to the study's overall conclusions. 
These 7 metrics were calculated for each residence of the case or control subject. Because each 
participant could move multiple times during the period of exposure, these metrics were first calculated 
by residence and then aggregated to create one metric per participant. Further description about how 
metrics were aggregated provided in the Data Processing section.  
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Figure 7. Inverse Distance Weighting Example 

 

Definition of Time Periods 
A participant’s study period of interest included two time periods. Pregnancy (exposure time 

window 1, or T1) was defined as conception through date of birth. Date of conception was calculated by 
subtracting gestational age (in weeks) from the date of birth. Total exposure (exposure time window 2, 
or T2) was defined as date of birth through the index date, which was date of cancer diagnosis for cases. 
The same date was applied to controls so the period for both cases and controls was identical.  

UNGD activities for a given well had 4 phases as described previously. The duration of each 
phase was defined in Table 4. Each of the data was found, or calculated, using datasets from the 
Pennsylvania Department of Environmental Protection and the Pennsylvania Department of 
Conservation and Natural Resources. If a phase for well or well pad overlapped with the case’s study 
exposure time windows T1 and/or T2, all or in part, the overlapping portion of that phase contributed to 
the calculation of the activity metric for that individual case. See Tables 5a and 5b for the equations of 
these metrics with an explanation of each term. 
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Table 4. Definition of UNGD Activity Metric Phase Durations 
Metric Variable name Definition of Duration  
1 Overall Activity Production period end date minus start date of the well pad 

preparation variable minus (if applicable) periods of inactivity 
between production periods 

2 IDW Well Count Numerator was 1 if there were any days overlap between spud date 
until the most recent production period end date (wells can have 
multiple production periods), and the participant’s exposure period 

3 Well Count Count of 1 if there were any days overlap between spud date until 
the most recent production period end date (wells can have multiple 
production periods over time), and the participant’s exposure period 

4 Well Pad Preparation Spud date minus 30 days  
5 Drilling Stimulation commencement date minus spud date +1 day 
6 Hydraulic Fracturing Stimulation completion date minus the commencement date + 1 day 
7 Production Production period end date minus production period start date 
*Spud date is a fracking industry term meaning the first day of drilling.  
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Table 5a. Definition of Primary UNGD Activity Metrics 
Metric Variable 

Name 
Calculation of phase-specific activity metric 

1 Overall 
Activity 

 
Where: 

• n was the number of wells within 0.5, 1, 2, or 5 miles of maternal residence j  
• k was equal to the date of the beginning of conception and l the date of 

birth (for T1), or k was equal to date of birth and l the index date (for T2)  
• IA(K) was equal to 1 when dij ≤ 0.5, 1, 2, or 5 miles, respectively, and the 

overall activity (from well pad construction to the end of production not 
including any inactive periods of production for a given well) overlapped 
with the defined exposure time window (T1 or T2), or equal to 0 otherwise  

• d2ij  was the squared distance (m2) between well i and maternal residence j    
2 Well Count 

IDW 
 

Where: 
• n was the number of wells within 0.5, 1, 2, or 5 miles of maternal residence j  
• k was equal to the date of the beginning of gestation and l the date of birth, 

or k was equal to date of birth and l the index date for maternal residence j  
• IA(K) was equal to 1 when dij ≤ 0.5, 1, 2, or 5 miles, respectively, and the 

activity of a well (between spud date and the end date of the last production 
period) overlapped with the defined exposure time window (T1 or T2), or 
equal to 0 otherwise  

• d2ij was the squared distance (m2) between well i and maternal residence j   
3 Well Count* 

*(Results for 
this metric 
presented in 
Supplement) 

 

Where: 
• n was the number of wells within 0.5, 1, 2, or 5 miles of maternal residence j 
• k was equal to the date of the beginning of gestation and l the date of birth, 

or k was equal to date of birth and l the index date for maternal residence j 
• IA(K) was equal to 1 when dij ≤ 0.5, 1, 2, or 5 miles, respectively, and the 

activity of a well (between spud date and the last production period end 
date) overlapped with the defined exposure time window (T1 or T2), or 
equal to 0 otherwise 
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Table 5b. Definition of secondary phase specific UNGD activity metrics 
Phase  Phase name Calculation of phase-specific activity metric 
4 Well pad 

preparation 

 
Where: 

• n was the number of well pads within 0.5, 1, 2, or 5 miles of maternal residence j   
• k was equal to the date of the beginning of gestation and l the date of birth (T1), or k was equal to 

date of birth and l the index date (T2) 
• IA(K) was equal to 1 when dij ≤ 0.5, 1, 2 or 5 miles, respectively, and the phase overlapped with the 

defined exposure time window (T1 or T2), or equal to 0 otherwise  
• d2ij was the squared distance (m2) between well pad i and maternal residence j    

5 Drilling 

 
Where: 

• n was the number of wells within 0.5, 1, 2, 5 miles of maternal residence j  
• k was equal to the date of the beginning of gestation and l the date of birth (T1), or k was equal to 

date of birth and l the index date (T2)  
• IA(K) was equal to 1 when dij ≤ 0.5, 1, 2, or 5 miles, respectively, and the phase overlapped with the 

defined exposure time window (T1 or T2), or equal to 0 otherwise  
• d2ij was the squared distance (m2) between well i and maternal residence j    

6 Hydraulic 
fracturing 

 
Where: 

• n was the number of wells within 0.5, 1, 2, or 5 miles of maternal residence j  
• k was equal to the date of the beginning of gestation and l the date of birth (T1), or k was equal to 

date of birth and l the index date (T2)  
• wi was the depth in meters of well i  
• IA(K) was equal to 1 when dij ≤ 0.5, 1, 2, or 5 miles, respectively, and the phase overlapped with the 

defined exposure time window (T1 or T2), or equal to 0 otherwise  
• d2ij was the squared distance (m2) between well i and maternal residence j   

7 Production 

 
Where: 

• n was the number of wells within 0.5, 1, 2, or 5 miles of maternal residence j  
• k was equal to the date of the beginning of gestation and l the date of birth (T1), or k was equal to 

date of birth and l the index date (T2)  
• vi was the daily average produced gas volume (m3) of well i , which was calculated as the reported 

produced gas volume during the reporting period divided by the number of days the well was 
actively producing during that reporting period. 

• IA(K) was equal to 1 when dij ≤ 0.5, 1, 2, or 5 miles, respectively, and the phase overlapped with the 
defined exposure time window (T1 or T2), or equal to 0 otherwise  

• d2ij was the squared distance (m2) between well i and maternal residence j  
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Calculating IDW Metrics  
Addresses were geocoded using ArcMap 10.6 to calculate distances between the wells and 

residences. Distances were calculated between every residence and well within the study area in MySQL 
server. Once distances were calculated, data was filtered to include only those that were closer than, or 
equal to, each respective buffer distance 0.5, 1, 2, and 5 miles. Unexposed individuals were those who 
had never lived within 5 miles of any UNGD site. Time spent in each residence was truncated for each 
person to ensure that the dates were within the study periods of interest for each person (T1 – 
conception to birth, and T2 – birth to the diagnosis/index date). Subsequently, the days that overlapped 
between time spent in each residence and well activity was calculated. For the hydraulic fracturing and 
production metrics, the days of overlap were multiplied by well depth and average daily gas volume 
production, respectively. IDW metrics were built by dividing these numerators by the distance in meters 
squared for all wells located within each residence's buffer distance. These numbers were then 
aggregated across all wells for one metric per residence. For those who did not remain consistently 
within the study area, the study team developed methods to handle lapses in exposure estimation. To 
aggregate exposure metrics across residences for each case and control, a dataset representing 
individual participants was used.  See Appendix B for in-depth descriptions of the geocoding process and 
methods used to handle incomplete data, as well as calculation methods. 

Other UNGD-Related Exposures  

Impoundment Ponds 
Impoundment ponds store water and other fluids from the hydraulic fracturing process. Using 

SkyTruth, a nonprofit that uses satellite imagery to identify the locations of possible environmental 
exposure sites, locations and proximity measures were located and created using the same process 
described above.  

Compressor Stations 
Compressor stations are facilities where natural gas is received, repressurized, and sent back out 

in pipelines. Compressor station data was obtained from the PADEP. Their database was used to identify 
locations of compressor stations and create inverse distance-weighted proximity measures described 
above.  

Waste Facilities 
Waste facilities store waste from the hydraulic fracturing process. Waste facility data was 

obtained from the PADEP. Their database was used to identify locations of waste facilities and create 
inverse distance-weighted proximity measures described above. 

Other Environmental Exposures  
In addition to the UNGD activity metrics, the study team also considered additional sources of 

environmental exposures in the study area during the study period. These included additional 
components of oil and gas-related activity (e.g., impoundment ponds, compressor stations, waste 
disposal facilities), other industrial activities (e.g., toxic release inventory sites), and water source 
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measures. Inverse distance-weighting and other modeling approaches were used, as appropriate, to 
quantify exposure to these additional sources using the same defined buffer zones. 

The study team utilized the following environmental exposures including Uranium Mill Tailing 
Remedial Action (UMTRA) sites, Toxic Release Inventory (TRI) sites, and Superfund sites. The exposure 
variables created for UMTRA, TRI, Superfund sites were IDW metrics where the numerator was 1 and 
denominator was the distance in meters squared summed across each respective site. There was no 
duration component included. The same buffer distances for UNGD activity metrics were considered. 
The water source variable was a dichotomous variable with public or private source of water. Below are 
detailed descriptions of these environmental exposures. 

UMTRA Sites 
There were four UMTRA sites in the study area. Mill tailings are defined as the sandy waste 

material from a conventional uranium mill. Milling is the first step in making fuel for nuclear reactors 
from natural uranium ore. UMTRA sites are areas designated by the US Department of Energy who 
monitor the clean-up of these mills and prevent further contamination of ground water. The IDW was 
calculated for the four sites in the study area, as well as the eleven sites outside of Pennsylvania, in case 
the participants’ residential history included areas near those sites.  

TRI Sites 
Facilities in the United States must report toxic chemical releases to the EPA through the TRI 

program. For the present analysis, the study team downloaded the 2015 data on all TRI inventory sites 
for the eight-county study area and all surrounding counties. The year 2015 was chosen as a 
representative time-point based on the midpoint of the diagnosis time (i.e., 2010 -2019) of cancer cases 
included in the study. For more information on TRI, visit https://www.epa.gov/toxics-release-inventory-
tri-program.  

Superfund Sites 
Superfund is an environmental remediation program established by the EPA. The program is 

designed to investigate, and clean-up sites contaminated with hazardous substances and include seven 
EPA PA sites within the eight-country area, and several sites within the study area. 

Other Covariates 
In the present analysis, in addition to matching factors on age, sex, race, and county of 

residence between cases and controls, the following set of variables were considered as potential 
confounders derived from birth records.  These covariates are included in all of the logistic regression 
models.  

1. Maternal age at childbirth  
2. Maternal education level (a measure of socioeconomical status)  
3. Maternal smoking status (any time during pregnancy) reported at childbirth  
4. Gestational age in weeks at birth 
5. Birth weight of the study subject 
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Definition of Exposed and Unexposed 
IDW metrics are commonly summarized into levels of exposure for increased ability to 

meaningfully interpret results. Means and standard deviations (SDs), and medians and inter-quartile 
values were calculated for each of 7 UNGD activities metric for T1 and T2 time periods for all buffer 
distances. The distributions of all UNGD activity metrics were used to determine dichotomous exposure 
or exposure by tertiles or quartiles. Cut points in these variables (between exposed and unexposed or 
between levels of exposure) are set specifically to increase the contrast.  

Few participants in any one level of exposure may yield unstable risk estimates with wide 95% 
CIs. Beyond this practice, there is currently no agreement in the literature on the best way to summarize 
IDW variables. The study team chose to display results for several distinct kinds of summary variables 
where appropriate to see how results may have shifted between options. Four different summary 
variables were provided for all IDW metrics when there were appropriate numbers of participants 
within exposure levels as described below: 

1. Dichotomous Exposure – This variable takes on values of either an exposed or unexposed 
category. The exposed category was defined for individuals who had any history of residence 
that was located within 5 miles of any UNGD activity, whereas unexposed category was those 
who did not have a history of residence within 5 miles of UNGD activity. The unexposed group 
was used for all analyses for different UNGD-derived metrics described below. 

2. Exposure levels within 5-mile  or 2-mile buffer zone – Exposed individuals were further divided 
by level of cumulative exposure to UNGD activities over time within the defined buffer zone. The 
median value among the control group was used to classify individuals into high or low 
category— tertiles classified individuals into the lowest, middle, and highest-thirds of exposure, 
and the quartiles classified individuals into the lowest, middle-low, middle-high, and highest- 
quarters of exposure. In the risk modeling, the unexposed group (defined above) was always 
used as the reference group. 

3. Proximity measure of UNGD activity – The proximity measure (i.e., buffer zone) was defined as 
the shortest distance from a residence to any UNGD activity. Conventional cut-off values [0-0.5], 
(0.5-1], (1-2] and (2-5] miles were used when appropriate. The reference group consisted of 
individuals who did not have any wells within 5 miles as defined above. When there were too 
few subjects in each category, the cut points were set as [0-2], and (2-5]. A square bracket 
indicates that the value was included within the bound, whereas a parenthesis indicates the 
value was not included within the bound.  

4.  Standardized exposure using phase specific z-score values – IDW metrics for each phase (well 
pad construction, drilling, hydraulic fracturing, and production) were calculated and 
standardized by the standard deviation (i.e. the z-score). The phase-specific z-scores were 
summed using the following formula: ∑ !!""#."

$."
%
&' , where 𝑖 is for subject; 𝑗, specific phases of 

UNGD activities (k=4); 𝑥, individual measurement of phase-specific UNGD activity; 𝜇, mean; and 
𝜎, standard deviation. The summed z-score was another measure of total UNGD activities per 
individual exposure. The z-score was unitless and accounted for different values and units of all 
phase-specific UNGD activities.     
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Statistical Analysis 
Primary Strategy 

Descriptive statistics were computed and assessed for all outcome and exposure measures, 
covariates, and characteristics of the study participants. For continuous variables, mean/standard 
deviation and median/inter quartile range were used; for categorical variables, frequency/percentiles 
were used. These variables were estimated for the total population and for the birth record-based and 
survey-based populations separately and stratified by case-control status and various covariates. Chi-
square testing was used to compare differences in percentages for social/demographic and maternal 
characteristics between groups (e.g., cases vs. controls) when categorical; t-tests were used to evaluate 
differences in means between groups when continuous. When appropriate, nonparametric tests were 
used. 

The study's main aim was to examine the link between UNGD activity and childhood cancer. As 
such, logistic regression modeling was used to assess this relationship. To preserve the matched study 
design, conditional logistic regression modeling was done whenever possible. However, some analyses 
were performed using an unconditional model including the matching variables as covariates. 

Separate conditional logistic regression models were used to estimate ORs and the 95% CIs for 
all four types of cancer combined (i.e., leukemia, lymphoma, CNS tumors, and bone cancer) comparing 
exposed with unexposed, as well as comparing various levels of exposure by buffer zone and/or levels of 
overall UNGD activity.  The regression analyses were performed, with and without adjustment for 
additional covariates. In addition to the primary exposure (UNGD metrics) variable, the multivariable-
adjusted models included the following covariates: maternal age at childbirth (continuous), maternal 
education level (≤ 8th grade, high school, some college, or college degree or higher), maternal smoking 
status at childbirth (yes/no), gestational  age (continuous in weeks), birthweight (continuous in grams), 
TRI (delineated as non-exposed or exposed within 5 miles), UMTRA (non-exposed or exposed within 5 
miles), as well as for Superfund sites (non-exposed or exposed within 5 miles).  

Significance testing was performed for individual ORs, as well for evaluation of linear trend for 
increasing level of UNGD activities using an ordinal variable (i.e., 0 for non-exposed and 1, 2 and 3 for 
tertiles or 1, 2, 3, 4 for quartiles) with the risk of disease of interest. Similar logistic models were used for 
the decreasing buffer zone (non-exposed, 2-5 miles, 1-2 miles, 0.5-1.0 miles, and 0-0.5 miles) with the 
risk of disease of interest. All ORs in this report are shown with 95% CIs for UNGD activities and other 
exposure variables with adjustment for additional covariates. These models were used to analyze data 
for all three study populations (two survey-based and one birth record-based). 

Although underpowered, regression modeling was done for each of the four individual cancer 
types. The study team believed it was important to separately examine them due to their different 
biological characteristics. For EFOT (n=20), unconditional logistic regression modeling was performed 
separately from other malignant bone tumor cases by including all controls in both survey- and birth 
record-based studies with adjustment for matching variables (i.e., age at diagnosis, sex, race/ethnicity, 
and county of residence). 
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Primary Study Population:  Use of the Birth Record Study 
The primary study population for analysis was the 498 cancer cases and their county-matched 

controls. Information on the mothers’ and newborns’ residence and characteristics from birth 
certificates was extracted from both cancer registry and birth certificates.  For analyses of all 
malignancies combined, this samples (i.e., 498 cases and 498 matched controls) has sufficient statistical 
power (>80%) to detect odds ratio of 1.5 and greater assuming 25% UNGD exposure within the control 
group; when exposure among controls is 20%, there is high power (>90%) to detect odds ratios of 1.75 
and greater. Furthermore, this sample had sufficient power to detect odds ratios of 1.75 and greater 
when exposure among controls is 10%. (Table 6A). For analyses of site-specific cancers, power is shown 
in Table 6B-D can detect odds ratios of 2.0 for leukemia and CNS and 2.25 for lymphoma with 80% 
power within the exposure ranges shown. Power estimates assume a two-sided test with alpha = 0.05, a 
value of 0.20 for the correlation of exposure status in the matches. Power estimates were calculated 
using �https://sampsize.sourceforge.net/iface/s3.html#ccp). 
 

Table 6: Estimated Power to Detect a Specified Odds Ratio and Probability of Exposure in the Control 
Sample: (Based on Sample Size Available for Study) 
6A. 498 case control pairs  

 Odds Ratio 
Probability of exposure in controls 1.5 1.75 2.0 2.25 2.5 
0.05 0.326 0.582 0.796 0.922 0.977 
0.10 0.543 0.841 0.966 0.996 1.0 
0.15 0.684 0.935 0.993 1.0 1.0 
0.20 0.772 0.970 0.998 1.0 1.0 
0.25 0.826 0.983 0.999 1.0 1.0 

 
 
6B. Leukemia 157 case control pairs for the Birth Record Study of 498 Cancer Cases  

 Odds Ratio 
Probability of exposure in controls 1.5 1.75 2.0 2.25 2.5 
0.05 0.129 0.219 0.327 0.447 0.567 
0.10 0.207 0.37 0.546 0.705 0.827 
0.15 0.272 0.483 0.683 0.832 0.922 
0.20 0.323 0.564 0.765 0.893 0.958 
0.25 0.363 0.619 0.814 0.924 0.974 
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6C. Lymphoma 105 case control pairs for Birth Record Study of 498 Cancer Cases  
 Odds Ratio 
Probability of 
exposure in controls 1.5 1.75 2.0 2.25 2.5 

0.05 0.0988 0.157 0.228 0.31 0.398 
0.10 0.151 0.2599 0.388 0.521 0.646 
0.15 0.195 0.342 0.504 0.655 0.778 
0.20 0.2299 0.405 0.584 0.736 0.846 
0.25 0.2578 0.451 0.637 0.784 0.883 

 

6D. CNS 193 case control pairs for the Birth Record Study of 498 Cancer Cases  
 Odds Ratio 
Probability of 
exposure in controls 1.5 1.75 2.0 2.25 2.5 

0.05 0.15 0.261 0.394 0.533 0.664 
0.10 0.246 0.441 0.639 0.796 0.899 
0.15 0.324 0.569 0.774 0.903 0.965 
0.20 0.386 0.655 0.848 0.946 0.984 
0.25 0.433 0.712 0.888 0.966 0.991 

 
In contrast and as shown in Table 6E, the resulting sample size of the survey 213 cases and 213 

matched controls would not provide sufficient power to consider individual cancer specific sites (e.g.  
leukemia).  For all sites combined, however, the resultant sample size is powered to detect an odds ratio 
2.00 or greater with 80% power. Power estimates assume a two-sided test with alpha = 0.05, a value of 
0.20 for the correlation of exposure status in the matches. Please see Supplementary Tables S3-5 for 
the overall four malignancies combined risk estimates involving the survey-based population and a few 
descriptive tables for this second arm of the study. 

 
6E. 213 case control pairs with two-sided test (Survey Sample size) Overall Combined Cancer Risk 

 Odds Ratio 
Probability of exposure in 
controls 1.5 1.75 2.0 2.25 2.5 

0.05 0.162 0.285 0.439 0.577 0.71 
0.10 0.267 0.479 0.684 0.836 0.927 
0.15 0.353 0.612 0.815 0.929 0.98 
0.20 0.419 0.699 0.882 0.964 0.991 
0.25 0.469 0.755 0.917 0.978 0.996 
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The decision to use birth residence as the primary location for determining UNGD activity until 
diagnosis comes into question if the case or control moves during the time from birth until diagnosis.  
This can lead to misclassification of the exposure and can affect exposure estimates. We carried out a 
cross tabulation of the county of birth residence for the 498 cases using birth records and the residence 
county at time of diagnosis using PA Cancer registry. Shown in Table 7A, there is high agreement within 
this study population in that over 85% of cases’ parents remained in SW PA counties and the majority 
also remained within the same county over this period. Likewise shown in Table 7B are the results for 
the controls interviewed for their residential history as part of the survey study. Similarly, the cross 
tabulation indicates that there is high concordance of residence of controls remaining in the same 
county of their child’s birth and maternal residence.  

 
 Table 7A. County of the mother’s residence when giving birth, vs. County at diagnosis for the 498 
childhood cancer cases 

Child’s Birth 
County 

Child’s Diagnosis County   

 Alleghen
y* 

Armstrong Beaver Butle
r 

Fayet
te 

Greene Wash
ing 
ton 

West
more 
land 

Total % 

Allegheny-
**outPGH 

188 0 1 8 1 0 6 9 213 88.3 

Armstrong 0 13 0 0 0 0 0 3 16 81.3 
Beaver 1 1 30 3 0 0 0 0 37 81.1 
Butler 0 0 1 55 0 0 0 0 58 94.8 
Fayette 2 0 0 0 23 1 2 1 29 79.3 
Greene 0 0 0 0 0 9 3 0 12 75.0 
Washington 4 0 0 0 0 2 49 0 55 89.1 
Westmorelan
d 

7 0 0 0 1 0 1 78 87 89.7 

Total 204 14 32 68 25 12 61 91 507   

 
Table 7B. County of the mother’s residence when giving birth vs county at diagnosis for 213 controls 

Child’s Birth 
County 

Child’s Diagnosis County   

 Allegheny Armstron
g 

Beaver Butle
r 

Fayet
te 

Greene Was
hing
ton 

West
morela
nd 

Total % 

Allegheny 92 0 1 1 0 0 4 1 99 92.9 
Armstrong 0 4 0 0 0 0 0 0 4 100 
Beaver 2 0 14 2 0 0 0 0 18 77.8 
Butler 2 0 0 16 0 0 0 0 18 88.9 
Fayette 0 0 0 0 6 0 0 1 7 85.7 
Greene 0 0 0 0 0 6 1 0 7 85.7 
Washington 1 0 0 1 0 0 24 0 26 92.3 
Westmorelan
d 

0 1 0 0 0 0 0 39 40 97.5 

Total 97 5 15 20 6 6 29 41 219*   
*Six controls were excluded due to low data quality or did not meet the resident location requirements 
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Birth Record Sample Characteristics 
Table 8 presents the distribution of the 507 

childhood cancer cases by primary site for the Birth 
Record Study. These are newly diagnosed cases 
excluding relapses and secondary diagnoses. CNS and 
miscellaneous intracranial and intraspinal neoplasms 
comprised the largest group, with 38.3% of all cases, 
followed by leukemias and myeloproliferative diseases 
accounting for 32.5%, lymphomas (20.7%), and 
malignant bone tumors including EFOT (8.5%). (See 
Supplementary Table S1 for more details).  

Table 9 presents the number of total 
childhood cancer cases for the birth record study by 
county, year of birth, age group and year of diagnosis 
(2010-2019). Among the 507 childhood cancer cases 
eligible for the study, Allegheny County, being the 
most populous, contributed 204 (40.2%) of these 
cases followed by Westmoreland, Washington, and 
Butler counties with 90, 68, and 61 cases, respectively. 
Fewer cases were included in the 1990-1994 birth 
cohort as some of children “aged out”, (i.e., older than 
19 years for the period of cancer diagnosis from 2010-
2019). The number of cases by year at diagnosis 
appears to be evenly distributed from 2010 to 2019. 
The distribution for the four childhood cancers for 
ages 0 to 19 years was similar within the total study 
population, as well as for the two survey populations. 
They were also similar to the national data recorded 
by the NCI SEER Program (Cronin et al, 2022).  

Table 8 Primary Classes of Childhood Cancer  
Included in the Birth Record Study (2010-2019) 

Primary Cancer Classes 
All Cases 

N (%) 
I. Leukemias, myeloproliferative 

diseases, and myelodysplastic 
diseases 

165 (32.5) 

II. Lymphomas and 
reticuloendothelial neoplasms 

105 (20.7) 

III. CNS and miscellaneous 
intracranial and intraspinal 
neoplasms  

194 (38.3) 

IV. Malignant bone tumors including 
EFOT 

43 (8.5)† 

TOTAL  507 (100) 
† Including 20 cases of Ewing tumor and related sarcomas of bone. 
 

III. Results 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

Table 9. Characteristics of Childhood Cancer  
Cases in the Birth Record study, South 
Western PA 2010-2019 

 Total cases 
(N=507) 

N (%) 
Year of Birth  

1990-1994  46 (9.1) 
1995-1999  107 (21.1) 
2000-2004  115 (22.7) 
2005-2009  104 (20.5) 
2010-2014  96 (18.9) 
2015-2018  39 (7.3) 

County of Residence 
Allegheny† 204 (40.2) 
Armstrong 14 (2.8) 
Beaver 32 (6.3) 
Butler 68 (13.4) 
Fayette 25 (4.9) 
Greene 12 (2.4) 
Washington 61 (12.0) 
Westmoreland 91 (18.0) 

Year of Diagnosis  
2010  60 (11.8) 
2011  63 (12.4) 
2012  45 (8.9) 
2013  52 (10.2) 
2014  47 (9.3) 
2015  51 (10.1) 
2016  52 (10.2) 
2017  41 (8.1) 
2018  51 (10.1) 
2019 45 (8.9) 

Age Group at Diagnosis 
0-4  149 (29.4) 
5-9  98 (19.3) 
10-14  111 (21.9) 
15-19  146 (28.8) 
20-24‡ 2 (0.4) 
25-29‡ 1 (0.2) 

 
† Excluding the City of Pittsburgh where UNGD is not permitted. 
‡ Applicable for malignant bone tumors only.  
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Maternal and Birth Characteristics of 
Birth Record Based Study 

  

Table 10 presents characteristics of cancer 
cases and their matched controls for the birth- 
record based study. Childhood cancer cases and 
their matched controls were 56.6% male, and 
approximately 96% of the maternal study population 
reported a race of white. Case mothers reported an 
educational level of some college (24.9%) or 
completed college degree or higher (37.4%). The 
control distribution of education was similar (24.7% 
and 39.8%, respectively). There was also a similar 
proportion of cases and county-matched controls 
with a birth weight between 2501-4000g (82.5% and 
85.5%, respectively). The proportion of mothers who 
reported never smoking during pregnancy was 
similar for cases and county-matched controls 
(79.7% and 81.9%, respectively). The birth weight of 
case infants versus control infants between 2501-
4000g was also similar (82.3% and 85.6%, 
respectively). Similarly, 79.7% of mothers of cases 
and 82% of mothers of controls reported never 
having smoked cigarettes during their pregnancy.  
The average gestational age was 38 weeks for both 
groups. 

Supplementary Table S2 presents the 
distributions of the eight UNGD activities metrics 
within a 5-mile radius of the residence among all 498 
cancer cases and their 498 county-matched birth 
certificate controls for the two exposure time 
windows. 

  

Table 10. Distributions of Sociodemographic 
Characteristics of Childhood Cancer Cases Using Birth 
Record Information in the Birth Record-Based Studies 
with County-Matched Controls  

Sociodemographic 
Characteristic 

Birth Record-Based Study 
Cases (%) Controls (%) 

Total number 498 (100) 498 (100) 
Sex at Birth   
Female 216 (43.4) 216 (43.4) 
Male 282 (56.6) 282 (56.6) 
Maternal Age (years)    
<20 33 (6.6) 25 (5.0) 
20-24 79 (15.9) 83 (16.7) 
25-29 132 (26.5) 124 (24.9) 
30-34 146 (29.3) 160 (32.1) 
≥35 108 (21.7) 106 (21.3) 
Maternal Race    
White 480 (96.4) 480 (96.4) 
Black 12 (2.4) 12 (2.4) 
Other 5 (1) 6 (1.2) 
Maternal Education 1   
≤ 8th Grade 2 (0.4) 3 (0.6) 
Some High School 36 (7.2) 25 (5) 
High School Diploma 145 (29.1) 141 (28.3) 
Some College 124 (24.9) 123 (24.7) 
College Degree or Higher 186 (37.4) 198 (39.8) 
Unknown 5 (1) 8 (1.6) 
Number of Prenatal 
Visits 

  

0-7 41 (8.2) 48 (9.6) 
8-12 241 (48.4) 245 (49.2) 
13-16 177 (35.5) 176 (35.3) 
≥17 20 (4.0) 17 (3.4) 
Unknown 19 (3.8) 12 (2.4) 
Birth weight   
≤2500 g 28 (5.4) 23 (4.6) 
2501- 4000 g 411 (82.5) 426 (85.5) 
>4000 g 60 (12.1) 49 (9.8) 
Unknown 28 (5.4) 23 (4.6) 
Smoking during 
pregnancy2 

  

Never 397 (79.7) 408 (81.9) 
Ever 92 (18.5) 89 (17.9) 
Unknown 9 (1.8) 1 (0.2) 
Gestation in weeks   
Mean (±S.D.)  38.7 (1.8)  38.8(1.6) 

1  p value=.08 survey based education >college;  p value<.01 for 
birth record based> college 
2  p value=.28 survey based ever smoked during pregnancy ;  p 
value<.026 for birth record based  smoking 
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Exposure to UNGD Activity and Risk of Childhood Cancer 
The study team analyzed the association between UNGD exposures and risk of four childhood 

malignancies (lymphoma, leukemia, CNS tumor and malignant bone tumor) combined for all 498 cases 
and their matched controls based on the information on birth records. 

 In the birth record-based analyses, the study team presented the results for two exposure time 
windows separately: T1 was mother’s pregnancy period and T2 was from birth to the index date. The 
index date was the date of malignancy diagnosis for cases and the corresponding date for the matched 
controls. In addition to matching factors (date of birth, sex, and race), results presented were adjusted 
for maternal age at childbirth, education level, smoking status at childbirth, as well as gestation age, 
birthweight, TRI, UMTRA, and superfund site. 

Four Malignancy Types Combined  
Table 11 presents UNGD activities related to the risk of childhood malignancies. During 

pregnancy, mothers of 39 (18.3%) cases and of 41 (19.2%) county-matched controls in the survey-based 
study (213 pairs) reported a history of residence within 5 miles of a UNGD site. In the birth record-based 
study (498 pairs), the corresponding numbers were 94 (18.9%) cases and 99 (19.9%) controls. Compared 
with non-exposed group, there was no evidence to support an association between exposure to UNGD 
activity during mother’s pregnancy and risk of malignancy in childhood and adolescence.  

 In the birth record-based analysis (498 case-control pairs), children diagnosed with any of the 
four malignancies included in the study were about four times more likely to live in a house within 0.5 
miles of a UNGD site than controls (OR=3.94, 95% CI [1.66-9.30], P=0.002). There was a statistically 
significant linear trend for close-proximity and risk of childhood malignancy (p=0.004) When the subjects 
were divided into quartiles of overall UNGD activities, increasing levels of these were associated with 
increased risk of the four childhood malignancies. For example, children diagnosed with any of the four 
malignancies were more than two times more likely to be in the highest quartile of overall UNGD 
activities within 2 miles (OR=2.16, 95% CI [1.10-4.25], p=0.026) than their matched controls, and the 
linear trend for the overall UNGD activities with risk of these malignancies was statistically significant (p 
for trend=0.032).    
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Table 11. Overall Unconventional Natural Gas Drilling 
Activities and Risk of Four Childhood/Adolescent 
Malignances Combined During Two Exposure Periods in 
Southwestern PA 2010-2019 

Overall UNGD activities 
by exposure period 

Birth Record-Based Study with 
County-Matched Controls 

(498 case-control pairs) 

Controls Cases OR (95% CI)† 
T1: During Mother’s Pregnancy 

Non-exposed 399 404 1.00 

Exposed* 99 94 0.82 (0.47-1.41) 

By buffer zone 

  Non-exposed 399 404 1.00 

    (2-5] miles 64 63 0.84 (0.48-1.46) 

    (1-2] miles 24 22 0.72 (0.31-1.67) 

    (0.5-1] miles 9 7 0.65 (0.19-2.26) 

    [0-0.5] miles 2 2 0.81 (0.05-14.62) 

    P trend‡   0.3817 

By overall UNGD activities within 5 miles   

  Non-exposed 399 404 1.00 

    Lowest (1st) quartile 24 17 0.63 (0.29-1.34) 

    Low-middle (2nd) quartile 25 22 0.77 (0.37-1.64) 

    High-middle (3rd) quartile 25 36 1.40 (0.63-3.14) 

    Highest (4th) quartile 25 19 0.75 (0.31-1.83) 

    P trend‡   0.7587 
* Exposed included  individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date 
(i.e., date of cancer diagnosis for cases or the same date for matched controls) (T2); non-exposed otherwise. 
† All ORs and their 95% CIs for different buffer zones or levels of exposures against non-exposed group were derived from unconditional logistic 
regression models with adjustment for matching factors (age, sex, race, and county of residence) and the following variables, including 
maternal age at childbirth (years), maternal education level, maternal smoking status at childbirth (no, yes), gestation age (weeks), birthweight 
(g), toxics release inventory (TRI) (no, yes), uranium mill tailings remedial action sites {UMTRA} (no, yes), and Superfund site (no, yes). Odds 
ratios and confidence ratios which are bolded are significant at P < .05. 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that 
also included non-exposed individuals (coded as 0) to maintain the case-control matched pairs.  
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Table 11 Continued. Overall Unconventional Natural Gas Drilling Activities 
and Risk of Four Childhood/Adolescent Malignances Combined During 
Two Exposure Periods in Southwestern PA  2010-2019 

Overall UNGD activities 
by exposure period 

Birth Record-based Study with County-matched 
Controls 

(498 case-control pairs) 

Controls Cases OR (95% CI)† 
T2: From Birth to Index Date§ 
Non-exposed 201 187 1.00 
Exposed* 297 311 1.24 (0.87-1.78) 
By buffer zone    
   Non-exposed 201 187 1.00 
    (2-5] miles 178 170 1.18 (0.82-1.71) 
    (1-2] miles 72 77 1.49 (0.89-2.51) 
    (0.5-1] miles 37 38 1.61 (0.85-3.03) 
    [0-0.5] miles 10 26 3.94 (1.66-9.39) 
    P trend‡   P=0.0041 
By overall UNGD activities within 5 miles 
   Non-exposed 201 187 1.00 
    Lowest (1st) quartile 74 86 1.40 (0.91-2.14) 
    Low-middle (2nd) quartile 74 50 0.76 (0.46-1.25) 
    High-middle (3rd) quartile 74 88 1.69 (1.01-2.82) 
    Highest (4th) quartile 75 87 1.79 (1.00-3.19) 
    P trend‡   0.0975 
By overall UNGD activities within 2 miles** 
   Non-exposed 201 187 1.00 
    Lowest (1st) quartile 29 37 1.74 (0.93-3.27) 
    Low-middle (2nd) quartile 30 32 1.48 (0.77-2.84) 
    High-middle (3rd) quartile 30 30 1.41 (0.72-2.77) 
    Highest (4th) quartile 30 42 2.16 (1.10-4.25) 
    P trend‡   P=0.0321 

* Exposed included individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date 
(i.e., date of cancer diagnosis for cases or the same date for matched controls) (T2); non-exposed otherwise. 
† All ORs and their 95% CIs for different buffer zones or levels of exposures against non-exposed group were derived from unconditional logistic 
regression models with adjustment for matching factors (age, sex, race, and county of residence) and the following variables, including 
maternal age at childbirth (years), maternal education level, maternal smoking status at childbirth (no, yes), gestation age (weeks), birthweight 
(g), toxics release inventory (TRI) (no, yes), uranium mill tailings remedial action sites {UMTRA} (no, yes), and Superfund site (no, yes). Odds 
ratios and confidence ratios which are bolded are significant at P < .05. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls.  
** The same data for those with UNGD exposure within 2-5 miles of buffer zone were included in this modelling but not presented repeatedly.  
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Lymphoma  
An analysis was carried out on the 105 lymphoma cases and their matched controls using the overall 
UNGD activity metric with consideration by exposure within five miles versus no exposure within five 
miles. See Table 12. The analysis is shown for both T1 (based on residence during pregnancy till birth) 
and T2 periods (residency from birth till index date). There is no significant relationship between overall 
UNGD activity and lymphoma risk for the T1 period.  However, for the T2 period involving UNGD activity 
from birth to date of diagnosis, the point estimate for exposure to UNGD activity was (OR=2.24, 95% CI 
[0.92-5.47], p=0.076). The data were analyzed by buffer zone, the ORs (95% CIs) of lymphoma for the 
distance of 2-5, 1-2, 0.5-1, and <0.5 miles from residence to a UNGD site were 2.06 (0.83-5.13), 2.45 
(0.77-7.83), 5.05 (1.09-23.39), and 7.71 (1.01-59.00), respectively, compared with non-exposed group (p 
value for trend=0.015). When the subjects were grouped by the overall UNGD activities over time, the 
ORs for lymphoma increased with greater levels of UNGD activities within both 5 and 2 miles of buffer 
zones. For example, the ORs (95% CIs) of lymphoma for children with the first, second, and third tertile 
of overall UNGD activities limited to two miles of radius surrounding their residences were 2.12 (0.51-
8.79), 2.66 (0.66-10.72), and 7.73 (1.63-36.87), respectively, compared with non-exposed individuals (p 
value for trend=0.020).  

 When the UNGD activities were summed over the number of standard deviations for each of 
the four phase-specific UNGD activities, ORs (95% CIs) of lymphoma for children in the first, second, 
third, and fourth quartile of summed scores were 1.39 (0.44-4.37), 1.89 (0.62-5.80), 4.35 (1.26-15.01), 
and 5.15 (1.35-19.63), respectively (p values for trend = 0.011), compared with the non-exposed group 
in the birth record-based analysis.  
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Table 12. Overall Unconventional Natural Gas Drilling Activities and 
Risk of Childhood Lymphoma During Two Exposure Periods in 
Southwestern PA 2010-2019 

Overall UNGD activities 
by exposure period 

Birth Record-based Study with 
County-matched Controls  

(105 Lymphoma case-control pairs) 
Controls Cases OR (95% CI)† 

Period T1: During Mother’s Pregnancy 
Non-exposed 89 90 1.00 

Exposed* 16 15 0.91 (0.26-3.12) 
By buffer zone 

Non-exposed 89 90 1.00 

    (2-5] miles 10 9 0.96 (0.27-3.48) 
    (1-2] miles 3 2 0.77 (0.09-6.34) 

    (0.5-1] miles 1 2 1.82 (0.11-30.83) 
    [0-0.5] miles 2 2 2.26 (0.06-85.26) 

    P trend‡   0.6818 

By overall UNGD activities within 5 miles 
Non-exposed 89 90 1.00 

     Lowest (1st) quartile 5 1 0.28 (0.03-2.60) 
     Low-middle (2nd) quartile 5 5 0.82 (0.13-5.06) 

     High-middle (3rd) quartile 3 6 4.83 (0.4-58.83) 
     Highest (4th) quartile 3 3 3.59 (0.25-50.69) 

     P trend‡   0.4023 
* Exposed included individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date 
(i.e., date of cancer diagnosis for cases or the same date for matched controls) (T2); non-exposed otherwise. 
† All ORs and their 95% CIs for different buffer zones or levels of exposures against non-exposed group were derived from unconditional logistic 
regression models with adjustment for matching factors (age, sex, race, and county of residence) and the following variables, including 
maternal age at childbirth (years), maternal education level, maternal smoking status at childbirth (no, yes), gestation age (weeks), birthweight 
(g), toxics release inventory (TRI) (no, yes), uranium mill tailings remedial action sites {UMTRA} (no, yes), and Superfund site (no, yes). Odds 
ratios and confidence ratios which are bolded are significant at P < .05. 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that 
also included non-exposed individuals (coded as 0) to maintain the case-control matched pairs. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls.  
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Table 12. Continued. Overall Unconventional Natural Gas Drilling Activities and Risk of 
Childhood Lymphoma During Two Exposure Periods in Southwestern PA 2010-2019 

Overall UNGD activities 
by exposure period 

Birth Record-based Study with County-matched 
Controls  

(105 Lymphoma case-control pairs) 
Controls Cases OR (95% CI)† 

Period T2: From Birth to Index Date§  

Non-exposed 40 32 1.00 

Exposed* 65 73 2.24 (0.92-5.47) 

By buffer zone 
  Non-exposed 40 32 1.00 

    (2-5] miles 39 39 2.06 (0.83-5.13) 
    (1-2] miles 17 16 2.45 (0.77-7.83) 

    (0.5-1] miles 6 12 5.05 (1.09-23.39) 
    [0-0.5] miles 3 6 7.71 (1.01-59.00) 
    P trend‡   0.0149 

By overall UNGD activities within 5 miles 
   Non-exposed 40 32 1.00 

    Lowest (1st) quartile 13 15 1.74 (0.53-5.77) 
    Low-middle (2nd) quartile 18 11 1.14 (0.35-3.72) 

    High-middle (3rd) quartile 15 24 5.68 (1.58-20.48) 
    Highest (4th) quartile 19 23 3.96 (1.01-15.49) 
    P trend‡   0.0155 

By overall UNGD activities within 2 miles** 
       Non-exposed 40 32 1.00 

Lowest (1st) tertile 8 7 2.12 (0.51-8.79) 
Middle (2nd) tertile  10 12 2.66 (0.66-10.72) 
Highest (3rd) tertile 8 15 7.73 (1.63-36.67) 
P trend‡   0.0201 

* Exposed included individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date 
(i.e., date of cancer diagnosis for cases or the same date for matched controls) (T2); non-exposed otherwise. 
† All ORs and their 95% (CIs for different buffer zones or levels of exposures against non-exposed group were derived from unconditional 
logistic regression models with adjustment for matching factors (age, sex, race, and county of residence) and the following variables including 
maternal age at childbirth (years), maternal education level, maternal smoking status at childbirth (no, yes), gestation age (weeks), birthweight 
(g), toxics release inventory (TRI) (no, yes), uranium mill tailings remedial action sites {UMTRA} (no, yes), and Superfund site (no, yes). Odds 
ratios and confidence ratios which are bolded are significant at P < .05. 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that 
also included non-exposed individuals (coded as 0) to maintain the case-control matched pairs. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls. 
 ** The same data for those with UNGD exposure within 2-5 mile of buffer zone were included in this modelling but not presented repeatedly. 
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Leukemia 
During both the mother’s pregnancy and postnatal period, there was no elevated risk of 

childhood leukemia noted with exposure to any UNGD activities (or overall cumulative activities) or 
proximity to UNGD sites, in the birth record analysis.  In the birth record-based analysis, for the 
postnatal (T2) period overall, any exposure to UNGD was not associated with the risk of leukemia (OR = 
0.79, 95% CI = 0.35-1.79, P = 0.574).   See Table 13.  

 
Table 13. Overall Unconventional Natural Gas Drilling Activities and Risk of 
Childhood Leukemia During Two Exposure Periods in Southwestern PA 2010-2019 

Overall UNGD activities 
by exposure period 

Birth Record-based Study with County-
matched Controls 

(157 Leukemia case-control pairs) 
Controls Cases OR (95% CI)† 

Period T1: During Mother’s Pregnancy 
Non-exposed 120 122 1.00 
Exposed* 37 35 0.73 (0.25-2.10) 
By buffer zone 
   Non-exposed 120 122 1.00 
    (2-5] miles 21 25 0.77 (0.27-2.24) 
    [0-2] miles 16 10 0.27 (0.05-1.36) 
    P trend‡   0.1288 
By overall UNGD activities within 5 miles 
   Non-exposed 120 122 1.00 
    Lowest (1st) quartile 8 8 0.89 (0.24-3.27) 
    Low-middle (2nd) quartile 10 6 0.44 (0.10-1.90) 
    High-middle (3rd) quartile 9 14 1.12 (0.24-5.25) 
    Highest (4th) quartile 10 7 0.47 (0.08-2.64) 
    P trend‡   0.4337 

 
* Exposed included individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date (i.e., date of cancer 
diagnosis for cases or the same date for matched controls) (T2); non-exposed otherwise. 
† All ORs and their 95% CIs for different buffer zones or levels of exposures against non-exposed group were derived from unconditional logistic regression models 
with adjustment for matching factors (age, sex, race, and county of residence) and the  following variables, including maternal age at childbirth (years), maternal 
education level, maternal smoking status at childbirth (no, yes), gestation age (weeks), birthweight (g), toxics release inventory (TRI) (no, yes), uranium mill tailings 
remedial action sites {UMTRA} (no, yes), and Superfund site (no, yes). Odds ratios and confidence ratios which are bolded are significant at P < .05. 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that also included non-
exposed individuals (coded as 0) to maintain the case-control matched pairs. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls.  
** The same data for those with UNGD exposure within 2-5 mile of buffer zone were included in this modelling but not presented repeatedly. 
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Table 13 Continued. Overall Unconventional Natural Gas Drilling Activities and Risk of 
Childhood Leukemia During Two Exposure Periods in Southwestern PA 2010-2019 

Overall UNGD activities 
by exposure period 

Birth Record-based Study with County-
matched Controls 

(157 Leukemia case-control pairs) 
Controls Cases OR (95% CI) † 

Period T2: From Birth to Index Date§  
Non-exposed 67 69 1.00 
Exposed* 90 88 0.79 (0.35-1.79) 
By buffer zone 
   Non-exposed 67 69 1.00 
    (2-5] miles 56 50 0.77 (0.34-1.75) 
    (1-2] miles 21 20 0.97 (0.28-3.33) 
    (0.5-1] miles 12 10 0.92 (0.24-3.46) 
    [0-0.5] miles 1 8 7.69 (0.70-83.91) 
    P trend‡   0.3203 
By overall UNGD activities within 5 miles 
   Non-exposed 67 69 1.00 
    Lowest (1st) quartile 25 31 1.16 (0.46-2.90) 
    Low-middle (2nd) quartile 23 9 0.38 (0.13-1.16) 
    High-middle (3rd) quartile 26 25 0.98 (0.29-3.27) 
    Highest (4th) quartile 16 23 1.51 (0.35-6.42) 
    P trend‡   0.7676 
By overall UNGD activities within 2 miles** 
   Non-exposed 67 69 1.00 
    Lowest (1st) tertile 14 11 0.62 (0.16-2.4 
    Middle (2nd) tertile  14 12 0.77 (0.20-2.92) 

    Highest (3rd) tertile 6 15 3.97 (0.66-23.95) 

    P trend‡   0.2648 
* Exposed included  individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date (i.e., date of cancer 
diagnosis for cases or the same date for matched controls) (T2); non-exposed otherwise. 
† All ORs and their 95% CIs for different buffer zones or levels of exposures against non-exposed group were derived from unconditional logistic regression models 
with adjustment for matching factors (age, sex, race, and county of residence) and the  following variables, including maternal age at childbirth (years), maternal 
education level, maternal smoking status at childbirth (no, yes), gestation age (weeks), birthweight (g), toxics release inventory (TRI) (no, yes), uranium mill tailings 
remedial action sites {UMTRA} (no, yes), and Superfund site (no, yes). Odds ratios and confidence ratios which are bolded are significant at P < .05. 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that also included non-
exposed individuals (coded as 0) to maintain the case-control matched pairs. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls.  
** The same data for those with UNGD exposure within 2-5 mile of buffer zone were included in this modelling but not presented repeatedly. 
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Central Nervous System (CNS) Tumor  
Similarly, analyses for the risk of CNS tumor from exposure to UNGD during the mother’s pregnancy and 
the period from birth to the index date were conducted separately. There was no association between 
any measure of UNGD exposure and risk of childhood CNS among the 193 pairs of cases and county-
matched controls studied. See Table 14. In this birth record-based analysis, any exposure to UNGD 
within five miles of the mother’s residence at birth was not associated with the risk of CNS tumor either 
during pregnancy or from birth to the index date, (OR = 0.85, 85% CI = 0.35-2.03) and OR = 1.28, 95% CI= 
0.74-2.22), respectively. There was one occurrence of a significant increase in risk of CNS tumor in the 
T2 period from birth to the index date in the lowest tertile of exposure by overall UNGD activities within 
two miles (OR= 2.79, 95% CI:1.08-7.24). 

 

Table 14. Overall Unconventional Natural Gas Drilling Activities and Risk of Childhood Central 
Nervous System Tumor During Two Exposure Periods in Southwestern PA 2010-2019 

Overall UNGD activities 
by exposure period 

Birth Record-based Study with County-matched 
Controls 

(193 CNS case-control pairs) 
Controls Cases OR (95% CI)† 

Period T1: During Mother’s Pregnancy  
Non-exposed 151 152 1.00 
Exposed* 42 41 0.85 (0.35-2.03) 
By buffer zone 
   Non-exposed 151 152 1.00 
    (2-5] miles 29 28 0.84 (0.34-2.06) 
    (1-2] miles 7 8 1.07 (0.26-4.46) 
    [0-1] miles 6 5 0.68 (0.13-3.59) 
    P trend‡   0.7712 
By overall UNGD activities within 5 miles 
   Non-exposed 151 152 1.00 
    Lowest (1st) quartile 9 8 0.77 (0.18-3.30) 
    Low-middle (2nd) quartile 10 10 0.99 (0.28-3.47) 
    High-middle (3rd) quartile 11 14 1.09 (0.34-3.53) 
    Highest (4th) quartile 12 9 0.56 (0.15-2.03) 
    P trend‡   0.5827 

* Exposed included individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date (i.e., date of cancer 
diagnosis for cases or the same date for matched controls) (T2); non-exposed otherwise. 
† All ORs and their 95% CIs for different buffer zones or levels of exposures against non-exposed group were derived from unconditional logistic regression models 
with adjustment for matching factors (age, sex, race, and county of residence) and the following variables, including maternal age at childbirth (years), maternal 
education level, maternal smoking status at childbirth (no, yes), gestation age (weeks), birthweight (g), toxics release inventory (TRI) (no, yes), uranium mill tailings 
remedial action sites {UMTRA} (no, yes), and Superfund site (no, yes). Odds ratios and confidence ratios which are bolded are significant at P < .05. 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that also included non-
exposed individuals (coded as 0) to maintain the case-control matched pairs. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls.  
** The same data for those with UNGD exposure within 2-5 mile of buffer zone were included in this modelling but not presented repeatedly. 
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Table 14 continued. Overall Unconventional Natural Gas Drilling Activities and Risk of 
Childhood Central Nervous System Tumor During Two Exposure Periods in Southwestern PA 
2010-2019 

Overall UNGD activities 
by exposure period 

Birth Record-based Study with County-matched 
Controls 

(193 CNS case-control pairs) 
Controls Cases OR (95% CI)† 

Period T2: From Birth to Index Date§  
Non-exposed 83 74 1.00 
Exposed* 110 119 1.28 (0.74-2.22) 
By buffer zone 
   Non-exposed 83 74 1.00 

(2-5] miles 62 62 1.23 (0.71-2.16) 
(1-2] miles 28 30 1.54 (0.69-3.47) 
(0.5-1] miles 15 15 1.38 (0.49-3.89) 
[0-0.5] miles 5 8 1.96 (0.53-7.26) 
P trend‡   0.2818 

By overall UNGD activities within 5 miles 
   Non-exposed 83 74 1.00 

Lowest (1st) quartile 29 34 1.32 (0.69-2.50) 
Low-middle (2nd) quartile 24 24 1.06 (0.48-2.33) 
High-middle (3rd) quartile 24 30 1.55 (0.71-3.35) 
Highest (4th) quartile 33 31 1.15 (0.47-2.79) 
P trend‡   0.6205 

By overall UNGD activities within 2 miles** 
  Non-exposed 83 74 1.00 

Lowest (1st) tertile 13 24 2.79 (1.08-7.24) 
Middle (2nd) tertile  14 11 0.84 (0.29-2.49) 
Highest (3rd) tertile 21 18 1.06 (0.39-2.87) 
P trend‡   0.9850 

* Exposed included individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date (i.e., date of cancer 
diagnosis for cases or the same date for matched controls) (T2); non-exposed otherwise. 
† All ORs and their 95% CIs for different buffer zones or levels of exposures against non-exposed group were derived from unconditional logistic regression models 
with adjustment for matching factors (age, sex, race, and county of residence) and the following variables, including maternal age at childbirth (years), maternal 
education level, maternal smoking status at childbirth (no, yes), gestation age (weeks), birthweight (g), toxics release inventory (TRI) (no, yes), uranium mill tailings 
remedial action sites {UMTRA} (no, yes), and Superfund site (no, yes). Odds ratios and confidence ratios which are bolded are significant at P < .05. 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that also included non-
exposed individuals (coded as 0) to maintain the case-control matched pairs. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls.  
** The same data for those with UNGD exposure within 2-5 mile of buffer zone were included in this modelling but not presented repeatedly.  
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Malignant Bone tumors 
 
In the birth record-based study (43 case-control pairs), 3 mothers in the cases and 4 in the 

controls reported a similar exposure to UNGD activities. No risk of malignant bone tumor was associated 
with exposure to UNGD activities during mother’s pregnancy.  See Table 15. However, the small sample 
size of malignant bone tumors provided limited statistical power. 

Table 15. Overall Unconventional Natural Gas Drilling 
Activities and Risk of Childhood/Adolescent Malignant Bone 
Tumor During Two Exposure Periods in Southwestern PA 
2010-2019 

Overall UNGD 
activities 
by exposure period 

Birth Record-based Study with County-
matched Controls 

(43 case-control pairs) 
Controls Cases OR (95% CI)† 

T1: During Mother’s Pregnancy 
Non-exposed 39 40 1.00 

Exposed* 4 3 0.22 (0.01-8.58) 

T2: From Birth to Index Date§ 
Non-exposed 11 12 1.00 

Exposed* 32 31 1.01 (0.25-4.15) 

By Buffer zone  

(2-5] miles 21 15 1.02 (0.25-4.12) 

[0-2] miles 11 16 3.32 (0.42-26.24) 

 P trend     0.2550 
By overall UNGD activities within 5 miles 
Lowest (1st) tertile 11 9 1.20 (0.25-5.85) 

Middle (2nd) tertile  12 9 0.63 (0.1-4.03) 
Highest (3rd) tertile 9 13 3.52 (0.30-40.73) 

P trend‡     0.5410 
* Exposed included individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date (i.e., date of cancer 
diagnosis for cases or the same date for matched controls) (T2); non-exposed otherwise. 
† All ORs and their 95% CIs for different buffer zones or levels of exposures against non-exposed group were derived from unconditional logistic regression models 
with adjustment for matching factors (age, sex, race, and county of residence) and the following variables, including maternal age at childbirth (years), maternal 
education level, maternal smoking status at childbirth (no, yes), gestation age (weeks), birthweight (g), toxics release inventory (TRI) (no, yes), uranium mill tailings 
remedial action sites {UMTRA} (no, yes), and Superfund site (no, yes). Odds ratios and confidence ratios which are bolded are significant at P < .05. 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that also included non-
exposed individuals (coded as 0) to maintain the case-control matched pairs. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls.  
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Ewing Family of Tumor  
   In the birth record-based study, Ewings cases, which numbered only 20 in the present study, 
were compared using unconditional logistic regression to the total sample of 498 controls. This was 
done to increase the power to assess the relationship of UNGD activities with adjustment by matching 
variables, age, race, sex and county of birth as well as the other covariates.  There were no significant 
findings from this analysis. See Table 16.   Additional analysis did not reveal any dose-response 
relationships for different buffer zones and overall UNGD activities with risk of EFOT (both p values for 
trend >0.48).  To align with previous studies in UNGD and childhood cancer risk in the literature, similar 
UNGD exposure metrics were created using well counts and IDW well counts. Overall, the associations 
between these well count measures and risk of childhood malignancies were like those of the newly 
created UNGD measurements described above. For example, levels of well counts and IDW well counts 
were associated with higher ORs for lymphoma, CNS tumor, and malignant bone tumor and EFOT. 
However, none of the point estimates or linear trend tests were statistically significant.  

Table 16. Overall Unconventional Natural Gas Drilling Activities 
and Risk of Childhood/Adolescent Ewing Family of Tumor 
During Two Exposure Periods in Southwestern PA 2010-2019 

Overall UNGD 
activities 
by exposure period 

Birth Record-based Study with County-
matched Controls 

(20 cases vs. 498 controls) 
Controls Cases OR (95% CI)† 

T1: During Mother’s Pregnancy 
Non-exposed 399 18 1.00 
Exposed* 99 2 0.55 (0.10-2.86) 

T2: From Birth to Index Date§  
Non-exposed 201 6 1.00 
Exposed* 297 14 1.55 (0.46-5.17) 
By Buffer zone 
   Non-exposed 201 6 1.00 

(2-5] miles 178 9 1.50 (0.43-5.21 
[0-2] miles 119 5 1.72 (0.36-8.36) 
 P trend   0.4879 

By overall UNGD activities within 5 miles 
   Non-exposed 201 6 1.00 

Low (below median) 148 8 1.62 (0.46-5.7)  
High (above median) 149 6 1.39 (0.32-5.96) 
P trend‡   0.6763 

* Exposed included individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date 
(i.e., date of cancer diagnosis for cases or the same date for matched controls) (T2); non-exposed otherwise. 
† All ORs and their 95% CIs for different buffer zones or levels of exposures against non-exposed group were derived from unconditional logistic 
regression models with adjustment for matching factors (age, sex, race, and county of residence) and the following variables, including 
maternal age at childbirth (years), maternal education level, maternal smoking status at childbirth (no, yes), gestation age (weeks), birthweight 
(g), toxics release inventory (TRI) (no, yes), uranium mill tailings remedial action sites {UMTRA} (no, yes), and Superfund site (no, yes). Odds 
ratios and confidence ratios which are bolded are significant at P < .05. 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that 
also included non-exposed individuals (coded as 0) to maintain the case-control matched pairs. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls.  
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Exposure to Other Environmental Risk Sites and Risk of Childhood Cancer  
We examined the association for risk of childhood malignancies with exposures to TRI, UMTRA, 

and Superfund sites using the case and control mothers’ residence for the birth-record study. These 
analyses were adjusted for age at childbirth, maternal education level, maternal smoking, gestational 
age, and birth weight. Overall, 86.7% of the children diagnosed with any of the 4 malignancies studied 
and 84.7% of their matched controls had a birth residence within 5 miles of a TRI site. Compared with 
non-exposed groups, living close to a TRI site was not associated with an elevated risk of 4 childhood 
malignancies combined. The malignancy-specific analysis revealed that children with leukemia were no 
more likely to have lived within 0.5-1 miles of a TRI site, (Table 17), and no consistent dose-response 
relationship was observed for proximity and level of exposure to TRI with risk of leukemia (both Ps for 
trend >0.32).  No association with elevated risk of other childhood malignancy types including 
lymphoma, CNS tumor and osteosarcoma was observed for exposure to TRI site.  (Table 17). 

The proportions of children who were exposed to UMTRA and superfund sites within 5 miles of 
residence from birth to the index date were low. Overall, 8.4-10.6% of children in the study had a history 
of residence within 5 miles of UMTRA and superfund site. There was no increased risk in children for the 
four childhood malignancies combined nor for leukemia, lymphoma, and osteosarcoma. However, the 
risk of childhood CNS Tumors was significantly elevated OR=2.68 (1.11-6.44) p=.028) (Table 18.)  

The proportions of children who were exposed to a Superfund site within five miles of residence 
from birth to index date was 8.8% for cases and 7.8% for controls. For the overall combined four 
malignancies, the odds ratio of 1.12 (95% CI: .71-1.76) was not significant. Moreover, leukemia, 
lymphoma, and osteosarcoma showed no significant results. However, the risk of CNS associated with 
proximity to a superfund site was OR=2.16 (0.96-4.86), p=.06 after adjustment for all covariates. (Table 
19). 
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Table 17. Birth Record Exposure to Inverse-Distanced Weighed (IDW) Toxic Release Inventory (TRI) (US 
EPA) and Risk of Childhood Malignancies in Western Pennsylvania 2010-2019   
Exposure to IDW TRI   Controls   Cases   OR (95% CI)†   P    P for trend‡   
4 Cancer types combined  (498 Pairs)  
    Non exposed/[5-10] miles   76 66 1 (reference) - .5368 
    [2-5] miles   194 197 1.23 (.81-1.86) 0.3432 - 
    [1-2] miles   125 132 1.27 (0.8-2.01) 0.3179 - 
    [.5-1] miles   72 69 1.15 (0.69-1.92) 0.5845 - 
    [0-.5] miles   31 34 1.31 (0.71-2.42) 0.3909 - 
Leukemia (157 pairs)    
    Non exposed/[5-10] miles   20 19 1 (reference) -  0.3228 
    [2-5] miles   64 61 1.23 (0.55-2.74) 0.6209 - 
    [1-2] miles   46 43 1.12 (0.48-2.63) 0.7932 - 
    [.5-1] miles   17 24 1.86 (0.68-5.05) 0.2252 - 
    [0-.5] miles   10 10 1.61 (0.47-5.55) 0.4535 - 
Lymphoma (105 pairs)    
    Non exposed/[5-10] miles   16 15 1 (reference) - 0.3916 
    [2-5] miles   38 36 1.14 (0.37-3.44) 0.8226    - 
    [1-2] miles   30 34 1.45 (0.46-4.51)   0.5237    - 
    [.5-1] miles   17 10 0.59 (0.14-2.51)   0.4749    - 
    [0-.5] miles   4 10 3.89 (0.71-21.41) 0.1187    - 
CNS tumor (193 pairs)    
    Non exposed/[5-10] miles   29 29 1 (reference) - 0.8641 
    [2-5] miles   82 78 0.99 (0.52-1.91) 0.9844 - 
    [1-2] miles   40 44 1.16 (0.54-2.46) 0.7096 - 
    [.5-1] miles   29 31 1.11 (0.51-2.4) 0.8019 - 
    [0-.5] miles   13 11 0.92 (0.36-2.34) 0.8564 - 
Malignant bone tumor (43 pairs)    
    Non exposed/[5-10] miles   11 3 1 (reference) - 0.7340 
    [2-5] miles   10 22 10.51 (1.47-75.37) 0.0193 - 
    [0-2] miles   22 18 2.82 (0.52-15.43) 0.2312 - 
† Odds ratios (ORs) were adjusted for maternal age at childbirth, maternal education level, maternal smoking status at 

childbirth, gestation age, and birthweight.    
‡ Linear trend test for the exposure variable in ordinal values (1, 2, 3, 4 for quartile) that also included non-exposed.  
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Table 18. Birth Record Exposure to Inverse-Distance Weighted (IDW) Uranium Mill Tailings Remedial 
Action (UMTRA) (US DOE) and Risk of Childhood Malignancies in Western Pennsylvania 2010-2019   
Exposure to IDW UMTRA  Controls   Cases   OR (95% CI)†   P    P for trend‡   
4 Cancer types combined  (498 Pairs)  
    Non exposed/[5-10] miles   456 445 1 (reference) - .1884 
    [0-5] miles   42 53 1.37 (0.86-2.2) .1884 - 
Leukemia (157 pairs)    
    Non exposed/[5-10] miles   140 140 1 (reference) - .9098 
    [0-5] miles   17 17 .95 (.37-2.43) .9098 - 
Lymphoma (105 pairs)    
    Non exposed/[5-10] miles   95 97 1 (reference) - 0.5978 
    [0-5] miles   10 8 0.75 (0.25-2.2) 0.5978 - 
CNS tumor (193 pairs)    
    Non exposed/[5-10] miles   184 172 1 (reference) - 0.0281 
    [0-5] miles   9 21 2.68 (1.11-6.44) 0.0281 - 
Malignant bone tumor (43 pairs)    
    Non exposed/[5-10] miles   37 36 1 (reference) - 0.6164 
    [0-5] miles   6 7 1.40 (0.38-5.13) 0.6164 - 
† Odds ratios (ORs) were adjusted for maternal age at childbirth, maternal education level, maternal smoking status at 
childbirth, gestation age, and birthweight.    
‡ Linear trend test for the exposure variable in ordinal values (1, 2, 3, 4 for quartile) that also included non-exposed.   
 
Table 19. Birth Record Exposure to Inverse-Distance Weighted (IDW) Superfund Site (US EPA) and Risk of 
Childhood Malignancies in Western Pennsylvania 2010-2019   
Exposure to IDW TRI   Controls   Cases   OR (95% CI)†   P    P for trend‡   
4 Cancer types combined  (498 Pairs)  
    Non exposed/[5-10] miles   459 454 1 (reference) - 0.6403 
    [0-5] miles   39 44 1.12 (0.71-1.76) 0.6403 - 
Leukemia (157 pairs)    
    Non exposed/[5-10] miles   139 142 1 (reference) - 0.2679 
    [0-5] miles   18 15 0.64 (0.29-1.41) 0.2679 - 
Lymphoma (105 pairs)    
    Non exposed/[5-10] miles   97 99 1 (reference) - 0.7097 
    [0-5] miles   8 6 0.82 (0.28-2.4) 0.7097 - 
CNS tumor (193 pairs)    
    Non exposed/[5-10] miles   182 172 1 (reference) - .0545 
    [0-5] miles   11 21 2.16 (0.96-4.86) .0612 - 
Malignant Bone Tumor (43 pairs)    
    Non exposed/[5-10] miles   41 41 1 (reference) - 0.0612 
    [0-5] miles   2 2 0.77 (0.1-6.01) 0.8055 - 
† Odds ratios (ORs) were adjusted for maternal age at childbirth, maternal education level, maternal smoking status at 
childbirth, gestation age, and birthweight.    
‡ Linear trend test for the exposure variable in ordinal values (1, 2, 3, 4 for quartile) that also included non-exposed.   
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IV. Discussion    
The present study performed three separate analyses derived from 507 cases with childhood 

cancer newly identified throughout eight counties within Southwestern Pennsylvania between 2010 – 
2019, a period of extensive hydraulic fracturing activity. The primary analyses were focused on 498 case-
control pairs based on birth certificate data.  

The following criteria were used to summarize results:  
1. There are no data to suggest/support an increased risk 

a. No statistically significantly elevated odds ratios 
b. Odds ratios at or near 1 
c. Odds ratios below 1 (with or without statistical significance) 

2. There are limited data to suggest/support an increased risk 
a. Statistically significantly elevated odds ratios in a low or moderate tertile 
b. Not statistically significant elevated odds ratios in multiple tertiles 

3. There are moderate data to suggest/support an increased risk  
a. Statistically significantly elevated odds ratios in multiple low or moderate tertiles 
b. Statistically significantly elevated odds ratios in a high tertile 

4. There are strong data to suggest/support an increased risk 
a. Statistically significantly elevated odds ratios in multiple tertiles 
b. Statistically significantly elevated odds ratios that increase across low, moderate, 

and high tertiles 
 
Table 20. Summary of Results of Association Between UNGD Activities and Childhood Cancer in 
Southwestern PA 2010-2019  

Analysis Exposure 

Four 
Malignancy 

Types 
Combined 

Lymphoma  
Leukemia 

CNS 
Tumor 

Malignant 
Bone 

Tumor 

Ewing 
Family 

of 
Tumor 

Birth-record based study 
with county matched 
controls (498 pairs) 

Overall 
UNGD  

Moderate 
evidence 

Moderate 
evidence None Limited 

evidence None None 

 
Four Childhood Malignancies Combined 

In the birth record-based analyses with county-matched controls, there was limited to moderate 
evidence in support of an association between overall UNGD exposure and the combined four 
malignancies studied.  See Table 20. No evidence was observed that exposure to other UNGD-related 
sites (i.e., compressor station, impoundment pond, and wastewater facility sites) or to other 
environmental risk sites (i.e., TRI, UMTRA and superfund site) was associated with the risk. 

Childhood Lymphoma 
This study provided moderate evidence suggesting an association between UNGD activity and 

childhood lymphoma. Analyses revealed statistically significant elevated ORs in multiple higher levels of 
overall UNGD activities. ORs for lymphoma increased as residential distances from UNGD sites 
decreased. These odds also increased as overall UNGD activities within both five miles and two miles of 
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buffer zone increased. respectively.  See Table 12. Although these positive associations between UNGD 
activities and risk of lymphoma were stronger in the birth record-based analysis than the survey-based 
analysis, size of the risk estimates and their direction and magnitude wee similar among the two 
analyses.  

Childhood Leukemia  
There was no evidence in support of an association between exposure to UNGD activities and 

other environmental factors with the risk of childhood leukemia was found in this study. See Table 13.  

Childhood CNS 
Limited data suggesting an association between exposure to overall UNGD activities and risk of 

childhood CNS was found in this study.  See Table 14.  Analyses revealed a significantly elevated risk of 
CNS in the lowest tertile of the overall UNGD activities during the primary study period, but no elevated 
risk estimates were observed for higher exposure levels, nor was there a dose-response relationship. 

Malignant Bone Tumor and Ewing Family of Tumor  
In this study, no evidence was found to support an association between exposures to UNGD 

activities and other environmental factors and the risk of malignant bone tumors, including EFOT.   
Given the small sample size of children with malignant bone tumor, particularly EFOT, additional studies 
with a larger sample size may be warranted. 

Previous Studies 
One investigation thus far (McKenzie et al., 2017) considered the association of hydraulic 

fracturing and the risk of childhood lymphoma and included only non-Hodgkin’s lymphoma (N=50) cases 
which were matched to other cancer controls without “environmentally mediated” cancers.  

Within a ten-mile buffer, the researchers observed no statistically significant associations 
between density of oil and gas development and NHL in either model, based on trend analysis across 
categorical IDW well counts adjusted for age, race, gender, socioeconomic status, elevation, and year of 
diagnosis. Of the 50 cases, 18 were unexposed and 32 were within 8 km or a five-mile buffer with UNGD 
activity exposure.  McKenzie et al. noted odds ratios of 1.5 (95% CI; 0.72, 3.3) in the lowest tertile of 
exposure, 0.91 (95% CI; 0.37, 2.2) in the medium tertile, and 1.6 (95% CI; 0.77, 3.4) in the highest tertile 
with the closest buffer.  They did, however, note an association of increased risk of Leukemia with UNGD 
in Colorado in ages 5-24, Acute lymphoblastic leukemia cases were 4.3 times as likely to be in the 
highest exposure category. 

The current study team considered all forms of lymphoma (52 Hodgkin’s, 22 NHL, 5 Burkitt's 
lymphoma, 25 miscellaneous lymphoreticular neoplasm, and 5 unspecified), and were able to consider 
multiple buffer distances and individual hydraulic fracturing phases as well as an overall metric that 
considered birth residence. In contrast, McKenzie et al. used geocoded addresses at time of cancer 
diagnosis as the only residence.  

Lymphoma is more likely to emerge in the presence of infectious stimuli, chemical toxicity, or an 
immune system that has lost the ability for self-regulation (Skrabek, 2013). There are several studies 
investigating possible environmental risk factors for lymphoma in children and adults. Some of the 
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environmental risk factors investigated include polychlorinated biphenyls, organophosphate and 
organochlorine pesticides, benzene, nitrogen dioxide, and in utero exposure to smoking. Many of these 
chemicals are in the IARC carcinogen list and are also found in hydraulic fracturing fluids (Mcnally, 2006). 
Future studies with biomarkers for exposure to UNGD activities may clarify the current study’s observed 
association between hydraulic fracturing and risk of lymphoma. 

Strengths and Limitations  
This study has many strengths. It is only the second population-based study on UNGD activities 

and childhood cancer risk randomly sampling age, race, and sex matched controls from birth records.  
The study population was restricted to Western Pennsylvania counties which permitted UNGD activities 
since 2005. As such, the City of Pittsburgh was excluded due to a ban on hydraulic fracturing.  This 
minimized potential confounding and bias due to other environmental risk factors. The rigid matching 
criteria (less than 45 days of difference in birth dates between a case and matched control) eliminated 
potential confounding effect by age. The collection of other environmental exposure data through 
publicly available sources provided additional information on factors (e.g., TRI, UMTRA, Superfund sites, 
impoundment ponds, compressor stations, and facilities accepting oil and gas waste), which were 
adjusted for through multivariable logistic models. 

In addition to conventionally used well counts and IDW well counts as exposure variables, the 
study team was able to create a new metric called “overall activity” in estimates to evaluate cancer risk. 
The challenge in considering the health effects of individual hydraulic fracturing phases is that they may 
be occurring simultaneously in the background with other co-located wells. This overall metric 
accounted for the duration of UNGD activity and IDW components for each phase during the period of 
exposure studied. Moreover, phases of hydraulic fracturing and other potential environmental 
covariates including proximity to TRI, UMTRA, and Superfund sites were included in the overall analysis. 
An additional strength was the application of multiple buffers for proximity of residences within < 0.5, 
0.5-1.0, 1-2, and 2-5 miles of these sites, which allowed for the assessment of cancer risk with UNGD 
proximity. The increased risk of childhood cancer with decreasing residential distance from UNGD sites 
suggests a probable link between UNGD activities and childhood cancer risk.  

This comprehensive analysis also revealed consistent associations for various metrics of UNGD 
activities, which were highly correlated with each other and the risk of childhood cancer outcomes, 
further strengthening a probable link between UNGD activities in general and risk of childhood cancer.  

This is the first study to include the four most common childhood cancers – leukemia, 
lymphoma, CNS tumors and malignant bone tumors. The inclusion of multiple cancer types provided a 
larger sample size for the study and allowed for the assessment of cancer-specific risk with UNGD 
activities. The strongest association was observed between UNGD activities and risk of childhood 
lymphoma, which are novel findings and warrant assessment by future studies.    

The present study also has some limitations. The chief limitation is using distance as a proxy 
exposure measurement for UNGD activities. Exposure may be affected by many factors such as the 
nearby topography and geological formations, weather patterns, and water sources, and the behaviors 
of individuals residing near UNGD activity. It is possible that using distance as a proxy has resulted in 
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exposure misclassification, which may identify an association where there is not one or vice versa. In 
addition, although the study team focused much attention on data cleaning and geocoding, the accuracy 
and completeness of the UNGD activity data used for the calculation of UNGD metrics cannot be certain.  
In addition, the use of residence from the birth records as a proxy for UNGD exposure from birth until 
index date to increase sample size also introduces the possibility of misclassification bias.  However as 
shown in previous Table 8, there was an extremely high concordance (85%) with cases’ residence at 
birth compared to their residence at diagnosis remaining in SW PA and an almost 80% of cases 
remaining in the same county. This adds validity to the use of birth certificates as a proxy for UNGD 
metrics for this study.  Another limitation of the study was the small sample size particularly for Bone 
Cancer and Ewing Family of Tumor which resulted in large variations in risk estimates and wider 
confidence intervals.   

V. Conclusion  
 There were no associations between unconventional natural gas development activities and 

childhood leukemia, brain and bone cancers, including Ewing’s family of tumors. Results indicated that 
children who lived within 1 mile of a well had approximately 5 to 7 times the chance of developing 
lymphoma, a relatively rare type of cancer, compared to children who lived in a place with no wells 
within 5 miles. Data suggests that those who lived closer, especially in areas with greater intensity of 
unconventional natural gas development activities, had the highest risk. There was also a strong dose-
response relationship between the overall UNGD activities over the four phases and risk of lymphoma. 
In addition, the closer the proximity of a residence to an UNGD site, the higher the risk of lymphoma, 
which further supports a possible link between UNGD activity and risk of childhood lymphoma. 

 For perspective, the incidence of lymphoma is, on average, 0.0012% in U.S. children under 20 
years of age. Our study estimates that rate would be 0.006% to 0.0084% for children living within 1 mile 
of a well.  

No evidence was observed for exposures to other environmental sites (i.e., TRI, UMTRA and 
Superfund sites), and any childhood cancers.  

In this study, no evidence was found to support an association between exposures to UNGD 
activities and other environmental factors and the risk of leukemia, CNS tumors, and malignant bone 
tumors, including EFOT. Given the small sample size of malignant bone tumors, due to a very low 
incidence rate in the population, especially for EFOT, additional studies with a larger sample size are 
warranted. 
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Appendices 
Appendix A: Background Reference Materials 
Common Hydraulic Fracturing Fluid Constituents (U.S. EPA 2015, Hurley 2015, 
Wollin 2020) 

Additive Common Chemical 
Constituents 

Function 

Acid Hydrochloric acid Cleans casing and formation prior to injection; dissolves 
cement, minerals, and clays to reduce clogging of pore 
space 

Antibacterial 
agent/biocide 

Glutaraldehyde Controls or eliminates bacterial growth that may reduce 
well productivity 

Breaker Peroxydisulfuric acid 
diammonium salt, 
sodium chloride 

Reduces viscosity of gels and foams and promotes 
recovery of fracturing fluid 

Clay controller Choline Chloride, 
potassium chloride 

Prevents mobilization of formation clays 

Corrosion 
inhibiter  

Methanol, propargyl 
alcohol, isopropanol 

Protects steel tubing and other equipment from corrosion 

Crosslinker Ethylene glycol, 
potassium hydroxide, 
sodium hydroxide, 
borate salts 

Increases gel viscosity by connecting polymer molecules 

Friction reducer Hydrotreated light 
petroleum distillates, 
mineral oil 

Minimizes friction when pumping fluids to optimize fluid 
injection 

Gelling agent Guar gum, hydrotreated 
light petroleum 
distillates 

Increases fluid viscosity to promote proppant transport 
and reduce fluid loss 

Iron controller Citric acid Prevents precipitation of iron compounds 
pH control Carbonic acid, 

dipotassium salt, 
potassium hydroxide, 
sodium hydroxide, acetic 
acid 

Regulates pH of a solution by either inducing a change (pH 
adjuster) or stabilizing and resisting change (buffer) to 
achieve desired qualities 

Scale controller Ethylene glycol, 
methanol 

Controls or prevents scale deposits in production conduit 
or completion system 

Solvent Hydrochloric acid Controls wettability of contact surfaces or prevents or 
breaks emulsions 

Surfactant Naphthalene Decrease fluid surface tension, promote injection, and fluid 
recovery 
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Appendix B: Methods Reference Materials 
 

City of Pittsburgh Zip Codes Excluded from the Study Area 
Zip code  All or part City of 

Pittsburgh  
Zip code  All or part City of 

Pittsburgh  
Zip code  All or part City 

of Pittsburgh  

15106  Part City  15212  Part City  15224  All City  
15120  Part City  15213  All City  15226  Part City  
15201  All City  15214  Part City  15227  Part City  
15203  All City  15215  Part City  15230  All City  
15204  Part City  15216  Part City  15232  All City  
15205  Part City  15217  All City  15233  All City  
15206  All City  15218  Part City  15234  Part City  
15207  All City  15219  All City  15235  Part City  
15208  All City  15220  Part City  15240  Part City  
15210  Part City  15221  Part City  15260  All City  
15211  All City  15222  All City  15282  All City  
 

Summary Activities for Recruitment of Controls 
Mode Number 

of 
control 
mothers 
and 
fathers 

Number 
of 
invitations 
sent/calls 
to control 
mothers 
and 
fathers 

Number of 
calls/reminders 
sent 

Total 
calls/messages 
sent 

Bounced/ 
spam/ 
duplicate 

Started Finished Completion 
Rate 

Response 
Rate 

US 
Mail 

8355 8355         357   4.3% 

Email 7062 16198 32096 48294 15235 179 167 93.0% 2.4% 

SMS 
Text 

4832 8991 2612 11603 0 394 84 21.0% 1.7% 

Phone 
follow-
up 

1091 831 280 1111     32   2.9% 

Totals 8355 34375 34988 61008 15235 573 640 89.8% 7.7% 

The Population Survey Facility (PSF) at the University of Pittsburgh assisted the research team in 
recruiting matched controls. Following the initial mailing to 8,355 potential controls, the PSF employed a 
multimode approach for recruiting controls which entailed a combination of email, text message, and 
follow-up phone calls. Before data cleaning and across all modes the response rate was 7.7%. Contact 
information was obtained from Lexis-Nexus and consisted of up to 6 emails for each control (i.e., up to 3 
emails for both mothers and fathers) and 4 cell phone numbers (i.e., up to 2 for both mothers and 
fathers). Approximately 61,000 total calls or electronic messages were sent to recruit matched controls, 
resulting in 640 completed surveys prior to data cleaning. 
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The IRB Approval Letter 
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Steps for Selection of County-Matched and Non-County-Matched Controls by 
PADOH Bureau of Health Statistics and Registries  
Step 1) Import birth data for all Pennsylvania Cancer Registry (PCR) patients eligible for this study.  

Step 2) To prepare for control selection, two fields were created for every patient – “Patient_Bin_1” for 
resident county-matched controls and “Patient_Bin_2” for those controls not matched to resident 
county. “Patient_Bin_1” was created by concatenating the mother’s Race, the patient’s sex per the birth 
record, and the mother’s resident County at time of the patient’s birth. “Patient_Bin_2” was created by 
concatenating the mother’s race and the patient’s sex per the birth record. The mother’s race as 
reported on the birth record was recoded as the field “Moth_Race_Bin”.  The following logic was used to 
recode the mother’s race: 

Mother’s Reported Race (“Moth_Race” via Birth 
data) 

Recoded Field (“Moth_Race_Bin”) 

White Whi 
Black/African-American Bla 
All other entries Oth 

 

Step 3) To create the pool of potential controls, birth records from 1990-2019 (inclusive) were imported. 
Due to differences in the layout of these data, three separate data sets were created based on the 
following years of birth: 1990-2002, 2003-2012, and 2013-2019. Births that did not occur in one of the 
eight counties of interest for this study were removed from the pool of potential controls.  Additionally, 
certain birth records were removed if, based on the mother’s residence zip code, the mother resided in 
the City of Pittsburgh at the time of the birth.  Two bins were created for each potential control: 
“Control_Bin_1” and “Control_Bin_2”. “Control_Bin_1” leveraged the same methodology as described 
in Step 2 to create the “Patient_Bin_1” field, and “Control_Bin_2” leveraged the same methodology as 
described in Step 2 to create the “Patient_Bin_2” field.  

Step 4) Prior to selecting the controls, all years of birth data were combined into one data set containing 
the respective bins used as part of the matching criteria, a unique ID for the birth record, and the 
potential control’s date of birth. A random number was also associated with each respective birth 
record for use later in the selection process. A comprehensive data set was also created for the eligible 
patients that only included the respective bins used as part of the matching criteria, a unique ID for the 
birth record, and the patient’s date of birth.  

Step 5) County-matched controls were identified for all patients in a single Procedure in SAS SQL 
(Structure Query Language) step. This initial group of record pairings, “Control Group 1”, contain 
patient-control record pairings that were matched on sex, race, and mother’s residence county 
(contained in the “Control_Bin_1” field). Additionally, the matching criteria also included logic to only 
retain record pairings where the patient’s date of birth was within 45 days of the control’s date of birth. 
Controls that matched to multiple patients were isolated, and a single patient-control pairing was 
selected using simple random sampling (without replacement) via the SAS procedure Proc SurveySelect. 
Controls identified for “Control Group 1” were sorted by the random number assigned to the respective 
record during Step 4. A maximum of 40 controls were selected for each patient. Final checks were made 
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to ensure all eligible patients matched to a set of controls, verify there were no duplicate controls 
represented in the final data set, and determine the final frequency of patient-control pairings.  

 Step 6) The selection process for “Control Group 2” followed the same logic as described in Step 5 for 
“Control Group 1”, however, controls identified in Step 5 were removed from the pool of eligible birth 
records prior to the selection process, and the residence county parity requirement was removed from 
the matching criteria. Sex, race, and date of birth proximity (i.e., controls born within 45 days of the 
respective patient) were leveraged during the record matching process. The sex and race fields were 
contained in the “Control_Bin_2” field. 

Step 7) The final release files were created for the study group using the controls selected for “Control 
Group 1” and “Control Group 2”.  

Dated Summary of Protocol Modifications.  
Modification  Summary Date Approved 
Pitt IRB Modification #1  Revision of consent methodology from verbal to written 

Addition of osteosarcoma and EFOT cases aged 20-29 
(previously restricted to 0-19) 

September 20, 2021  

Pitt IRB Modification #2  Addition of QR code for ease of obtaining (electronic) 
written consent 
Revision of LexisNexis contract to allow for phone number 
and email address tracing  
Approval of text and email-based recruitment strategies 
Revision of phone call script for non-response follow-up 

February 2, 2022  

Pitt IRB Modification #3  Revision of survey mode from 45-60 minutes by phone to 
20-25 minutes by phone or online 
Revision of recruitment flyer to be included in 
recruitment emails 
Inclusion of Qualtrics-based online survey link in 
recruitment emails 

February 23, 2022  

Pitt IRB Modification #4  Addition of Dr. Jean Tersak as study co-investigator 
Survey staff personnel updates 

May 5, 2022  

Pitt IRB Modification #5  Addition of paper-based residential history for eligible 
case families 
Addition of Qualtrics-based text message and email 
recruitment methodology 
Revision of postcard to indicate survey mode preference 

May 16, 2022  

Pitt IRB Modification #6 Approval of Dr. Jean Tersak’s letter of support for case 
recruitment materials 
Approval to host in-person informational sessions for 
eligible case families at State Health Centers  

June 6, 2022  

Pitt IRB Modification #7  Revision of Control Incentive to $15; Updated verbiage to 
reflect shortened survey length (20-25 min) 

July 22, 2022  

DOH IRB Modification #1 Verbal consent approved for cases and controls (double 
check) 

August 21, 2022 
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Timeline of Study Activities 
Action Date 
DOH Contract Effective Date September 1, 2020 
Study activities commenced by Pitt Study Team (kick-off meeting) November 20, 2020 
Study funding received by Pitt Public Health December 8, 2020 
Initial Pitt IRB Submission February 23, 2021 
Pitt IRB Approval  March 16, 2021 
DOH Protected Use Agreement submission April 19, 2021 
Initial DOH IRB submission June 14, 2021 
DOH IRB Approval June 17, 2021 
DOH Protected Use Agreement Approval July 7, 2021 
External Advisory Board Inaugural Meeting August 5, 2021 
Initial case dataset received from DOH (survivors only) September 2, 2021 
Pitt IRB Modification #1 Approval September 20, 2021 
LexisNexis Contract Finalized September 21, 2021 
Case recruitment period commenced September 28, 2021 
Conclusion of 1st quarter of recruitment efforts: n= 71 case interviews December 31, 2021 
Revised case dataset received from DOH includes corrected classification of cancer cases) January 15, 2022 
Pitt IRB Modification #2 Approval February 2, 2022 
Pitt IRB Modification #3 Approval February 23, 2022 
Revised case dataset received from DOH (includes decedents) February 25, 2022 
Conclusion of 2nd quarter recruitment efforts: n= 107 case interviews March 31, 2022 
Complete control dataset received from DOH April 21, 2022 
Pitt IRB Modification #4 Approval May 5, 2022 
Pitt IRB Modification #5 Approval May 16, 2022 
Control recruitment period commenced May 18, 2022 
Pitt IRB Modification #6 Approval June 6, 2022 
Conclusion of 3rd quarter of recruitment: n= 140 case interviews, n=126 control interviews  June 30, 2022 
Pitt IRB Modification #7 Approval July 22, 2022 
SMS text message recruitment of control families commenced September 8, 2022 
Email recruitment of control families commenced September 14, 2022 
Electronic recruitment of control families (Emails and Texts) done  September 22, 2022 
Conclusion of 4th quarter of recruitment efforts: n= 234 case interviews, n= 640 Controls in September 27th, 2022 
Case/control recruitment period closure September 27th, 2022 
Data cleaning phase commencement August 2022 
Data cleaning phase closure: n= 234 case interviews, n= 373 Control interviews October 2022 
Data analysis phase commencement September 2022 
Data analysis phase closure October 2022 
Report writing phase commencement October 2022 
Report writing phase complete November 2022 
Report 1A submitted to DOH, Report 1B submitted to DOH 11/16 &11/23 2022 
Final report submitted to DOH March 1, 2023 
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Geocoding Addresses 
Addresses of cases and controls were geocoded in ArcMap 10.6, using ArcGIS World Geocoding 

Service (WCS). All addresses were matched to a set of geocoordinates. WCS included a percentage of 
accuracy for each match that it found. A decrease in percentage could be due to a typo in the address 
such as “Street” versus “Avenue” or a misspelling of street name. Sometimes WCS returned a match for 
a street, but the number provided by the participant was not a currently recognized address along with 
that street. WCS then identified the centroid of the street. Lastly, it was possible that WCS was not able 
to find a street with the same name that matched the city and zip code. In that case, WCS defaulted to 
selecting the centroid of the zip code. In some scenarios, WCS finds multiple potential matches with 
varying levels in the percentage of accuracy. The analyst can review these other potential matches and 
evaluate if another one could fit better to the information provided by a participant. If an alternative 
match was better, the analyst can manually match that set of geocoordinates instead of what was 
originally selected by WCS. If the other options are less well fitting, the analyst keeps the match the 
same. 

A total of 892, or 78%, of addresses were matched with 100% accuracy, and 257 of the 
remaining addresses had certainty scores below 100%. However, upon review of these 257, 163 
addresses were correctly matched to point addresses. In these instances, typos or inclusions of unit 
numbers, etc. caused a decrease in the accuracy percentage, but the correct point was identified. Of the 
remaining addresses with accuracy below 100%, 74 were matched to the centroid of the street and 19 
used a zip code centroid where no street could be identified. Only 6 of the centroid addresses were 
manually rematched with a potential match not originally selected by WCS. In all other cases, the analyst 
agreed with the choice of geocoordinate selected by WCS. Once the review was done, the geocoding 
results were exported into a csv file to be uploaded to GCP to the data programmer for exposure 
metrics calculation. ArcMap was not used to calculate the IDW exposure metrics due to the computing 
power required to measure distances between all houses and wells.  
 

Aggregating Exposure Metrics Across Residential History 
To have a dataset representing individual participants as opposed to houses, exposure metrics 

were then aggregated across residences for each case and control. Metrics were first calculated by 
house and by time period as described above. Inverse distance weighted metrics were then summed 
across houses for all time periods.  

Since IDW Well counts cannot appropriately be summed across residences, as this would 
artificially inflate the counts of individuals who moved often, a different method was used for 
aggregation.  Proportions were calculated for time spent in each individual house as part of the total 
time period of all residences listed per person. IDW well counts were multiplied by the proportion and 
then summed to get a time-weighted sum of wells for each person and time period. This potential 
inflation only occurs with this IDW well count variable but would not occur with the other metrics as 
they include a duration element. This is how the additional metrics calculated in this study improve 
upon metrics in the existing literature. For the other environmental exposure variables, the same 
procedure was used.  
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Addressing Issues with Incomplete Data  
The study team anticipated incomplete data in exposure metrics and well data for the entire 

exposure period. To address these issues, the following protocol was used:  
 

• For gaps in residency: If residency or well data were missing for some of the exposure period, 
the metric was based on available data. For each metric computed, a companion variable was 
calculated indicating the proportion of the time period with available data (variable name: data 
completeness). For example, the value ranges from 0 to 1 (depending on the proportion of 
residential history provided), a value of 1 indicates data was provided for the 100% of the 
participant’s time period, while a value of 0.94 indicates data residential history was provided 
for 94% of the participant’s time period. In the complete analysis, only 7 of 213 cases and 7 of 
213 controls had less than 100% completion. A sensitivity analysis found that excluding these 
pairs did not change the results. 

• For study participants who relocated to residences outside the eight-county study area: A 
buffering zone of 5 miles from all borders of the eight-county study area extending into the 
surrounding counties has been considered when downloading exposure data. Data within the 
buffering zone or of the adjacent counties that the buffering zone was in were downloaded.  

• For study participants who relocated outside of the study area and its buffering area to another 
hydraulic fracturing county within Pennsylvania: DEP data was used to determine if the 
participant lived within ten miles of an area with hydraulic fracturing. If the participant lived 
within an area where hydraulic fracturing occurred, their exposure was considered unknown for 
that residence, which is accounted for in the data completeness variable described above. 
Residential histories for study participants who relocated outside of the study area and its 
buffering area to other states with hydraulic fracturing (West Virginia, Ohio, Texas, etc.) were 
flagged based on whether a hydraulic fracturing timeline and estimated exposure was able to be 
shown. If unable to be shown we their exposure was considered to be unknown for that 
residence, which is accounted for in the data completeness variable described above. 

• Residential histories for study participants who relocated outside of the study area and its 
buffering area to other states without hydraulic fracturing were considered to have no exposure 
to hydraulic fracturing.  

• For missing date information: 
o If the day of the month was missing: the 15th of the month was used 
o If the month was missing: the 7th month and 1st day was used 
o If the end date (move-out date) for a residence was missing: the date 1 day prior to the 

next listed residence was used 
• For missing GIS information which could not be resolved to house number and street name: 

o If data had only street name, GIS coordinates corresponding to the centroid of the 
street were used 

o If data had only town/city, GIS coordinates corresponding to centroid of town/city used 
o If data had only zip code, GIS coordinates corresponding to centroid of zip code used 
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Appendix C. Outreach and Subject Recruitment Materials 
Letter from the Secretary of Health 
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Case Letter from the Pitt Study Team 
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Control Letter from the Pitt Study Team 
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Opt-In/Opt-Out Postcard  
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Case Brochure 
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Control Brochure 
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Recruitment Text Message Scripts  
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Recruitment Letter from Dr. Tersak 
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Eventbrite Email Invitation 
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2-Page Residential Questionnaire  
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Appendix D. Medium-Length Qualtrics Survey (20-25 min) 
SWPA Child Cancer - Shortened  
  
Thank you, for participating in our study.  
  
Childhood Cancer is the third leading cause of death among children in the US and yet there are very 
few known risk factors. This study will examine some risks that may play a role. These include 
environmental exposures, residential history, and lifestyle behaviors during childhood and early life. You 
will receive $25 for your time completing the survey. If there are any questions that you are 
uncomfortable about, you may decline to answer at any time.   
  
Please do not hesitate to contact our project office at 412-648-5185 or email paenv@pitt.edu, if you have 
any questions.  
 

1. What is your full name?  
 
First Name ________________________________________________ 
Last Name ________________________________________________  
  

2. What is your child's name? This is your child that was diagnosed with cancer between the 
ages of 0-29, in the years of 2010-2019.  

 
First Name ________________________________________________  
Last Name ________________________________________________  
  

3. If you remember your four digit study ID number included in our enrollment materials 
please enter it here. _______________________________  

  
4. What is your relationship to the child?  

 
a) Biological Mother   
b) Biological Father  
c) Step Mother  
d) Step Father   
e) Other ________________________________________________  

 
5. What is the child's date of birth? ______________________________  

 
6. Confirm your child's gender.  

 

a) Male   
b) Female   
c) Child is Non-binary/third gender   
d) Prefer not to say   

  
7. Would you describe the child as being of Hispanic origin?  

 
a) Yes    
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b) No   
c) Unknown   
8. Which of the following terms best describes the child’s racial background? Check all that 

apply.  
  

a) White   
b) Black or African American   
c) Native American/American Indian or Alaska Native   
d) Asian or Pacific Islander   
e) Other ______________________________  
f) Unknown   

 
9. Now we would like to ask what daycares and schools the child has attended, beginning 

with their first daycare or school and continuing in order:    
 
Please include ANY address outside the home where the child spent long periods of time during 
the day.   
     
   

  
  
MOTHER'S BACKGROUND  
 

10. What was the highest grade or year of school you / the mother had completed at the time 
that the child was born?  

 
a) No formal schooling 
b) Less than high school 
c) 12 years, completed high school or equivalent  
d) 1-3 years of college 
e) Completed technical college 
f) Associates degree 
g) 4 years of college or Bachelors degree 
h) Advanced degree 
i) Don’t know 

  
11. What was your / the mother's marital status at the time the child was born?  
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a) Married or living with partner 
b) Separated 
c) Divorced 
d) Widowed 
e) Never married and not living with partner 
f) Other ______________________________________  

 

FATHER'S BACKGROUND  
  

12. What was the highest grade or year of school you / the father had completed at the time 
that the child was born?   

  
a) No formal schooling 
b) Less than high school 
c) 12 years, completed high school or equivalent  
d) 1-3 years of college 
e) Completed technical college 
f) Associates degree 
g) 4 years of college or Bachelors degree 
h) Advanced degree 
i) Don’t know 

 
13. What was your / the father's marital status at the time the child was born?  

    
a) Married or living with partner 
b) Separated 
c) Divorced 
d) Widowed 
e) Never married and not living with partner 
f) Other ______________________________________  

 
RESIDENTIAL HISTORY  
 
How many residences did you live in starting from one year before the conception of the child and 
ending with the date of the child's first cancer diagnosis?  
  

14. How many residences did the biological mother live in starting from one year before the 
conception of the child and ending with the date of the child's first cancer diagnosis? 
__________________________  
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15. How many residences did you live in starting from one year before the conception of the 
child and ending with the date of the child's first cancer diagnosis? 

 
 
 
Now we are going to ask question about your house at Address 1. 
  

16. What year was this residence built? ____________________________ 
 

17. Which PRIMARY FORM of heating fuel do/did you use at this residence? (choose all that 
apply) 

 
a) Natural Gas   
b) Electricity   
c) Propane   

d) Kerosene   
e) Wood   
f) Coal   
g) Solar   
h) Don't know   

  
18. What type of air conditioning did you use at this residence?  

 
a) Central air conditioning 
b) Window/wall air conditioning units   
c) No air conditioning   
d) Other - Please describe ____________________________________ 
e) Don't know   

  
19. Did you or a family member/other resident operate a business out of this home, such as 

an auto mechanic shop or hair salon?  
 

a) Yes (Please describe business) _________________________________  
b) No  
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c) Don't know   
  

I am now going to ask you some questions about pesticide, herbicide, and insecticide use for your residence 
at Address 1. 
  

20. Was this residence ever exterminated for insects and pests so that you had to leave the 
house for a few hours?  

 
a) Yes   
b) No   
c) Don't know   

 
Display This Question:  
 
If: Was this residence ever exterminated for insects and pests so that you had to leave the house for... = 
Yes  
 

21. How often was this residence treated for pests?  
 

a) Once a week   
b) Once a month   
c) Once every 2-3 months   
d) Once a year   
e) Don't know   
f) Other, please specify _______________________________________  
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22. Was the yard or garden around this residence ever treated with insecticides or herbicides 
to control insects or weeds?  

 
a) Yes   
b) No   
c) Don't know   

 
Display This Question:  
 
If: Was the yard or garden around this residence ever treated with insecticides or herbicides to cont... = 
Yes  
  

23. How often was this yard or garden treated for pests?  
 

a) Once a week   
b) Once a month   
c) Once every 2-3 months   
d) Once a year   
e) Don't know    
f) Other, please specify ____________________________________  

  
24. What was the primary source of water for drinking and cooking at this residence?  

Please check all that apply:  
 

a) City or township water supply   
b) Well   
c) Bottled water (for cooking and drinking only, not for showering)   
d) Don't know   

  
25. Did you ever have your water tested at this residence?  

 
a) Yes   
b) No   
c) Don't know   

  
26. Did you ever have this residence tested for radon?  

 
a) Yes   
b) No   
c) Don't know   

 

27. Did this residence ever require radon remediation?  
a) Yes   
b) No   
c) Don’t know   

 
Display This Question:  
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If: Did you ever have this residence tested for radon? = Yes  
  

28. If you can recall, what were the approximate levels of radon detected?  
________________________________________________________________  

 
29. Did this residence have an attached garage?  

 
a) Yes   
b) No   
c) Don't know    

 
I am now going to ask you some questions about the proximity of Address 1 to some facility types.  
 

30. Was this residence located within 1 mile of a MAJOR INDUSTRIAL FACILITY?  
 Examples of these are: a factory, agricultural site or farm, power plant, steel mill, cement factory, chemical 
plant, etc.  
 

a) Yes   
b) No   
c) Don't know   

  
Display This Question:  
 
If was this residence located within 1 mile of a MAJOR INDUSTRIAL FACILITY? = Yes  
  

31. Were there more than one MAJOR INDUSTRIAL facility within 1 mile of this residence?  
 

a) Yes. If yes, how many? ________________________________________________  
b) No   
c) Don't know   

  
Display This Question:  
 
If was this residence located within 1 mile of a MAJOR INDUSTRIAL FACILITY? = Yes  
  

32. If YES, can you describe all of these facilities?  
________________________________________________________________  
 

33. Was this residence located within 1 mile of any OIL & GAS ACTIVITY or FACILITY    
 

a) Yes   
b) No   
c) Don't know   

  
Display This Question:  
 
If Loop current: Was this residence located within 1 mile of any OIL & GAS ACTIVITY or  
FACILITY... = Yes 
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34. Was there considerable noise at this residence due to OIL & GAS ACTIVITIES?  

 
a) Yes   
b) No   
c) Don't know   

 
Display This Question:  
 
If Loop current: Was this residence located within 1 mile of any OIL & GAS ACTIVITY or  
FACILITY... = Yes 
 

35. Did you or any of your household members notice excessive dust generated from the OIL 
& GAS ACTIVITIES?  

 
a) Yes   
b) No   
c) Don't know   

  
36. Was this residence located within 1 mile of a FARM or AGRICULTURAL facility? 

 
a) Yes   
b) No   
c) Don't know   

  
Display This Question:  
 
If Loop current: Was this residence located within 1 mile of a FARM or AGRICULTURAL facility? = Yes 
 

37. Did you or any of your household members notice excessive dust, noise, odors, or other 
irritants generated from the agricultural activities that impacted your daily quality of life? 
___________________________________  

        
MOTHER'S OCCUPATIONAL HISTORY  
 
How many jobs did you/the mother have in the period starting one year before the conception of the child 
and ending 2 years after the child's birth.  
  

38. During the year before you were/the mother was pregnant with the child, did you work 
outside of the home?  

 
a) Yes   
b) No   
c) Other ___________________________________  
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39. How many jobs did you / the Mother have in the period starting one year before the 
conception of the child and ending 2 years after the child‘s birth. ______________  

  
Please tell me all of the different jobs you/the mother had outside of the home during this period - from 1 
year before conception to 2 years post the birth of the child.  
  
Please give the job title and month and year when you started and stopped working at that job.  
 

40. How many jobs did you/the mother have in the period starting one year before the 
conception of the child and ending 2 years after the child's birth.  

 

  
 

41. For the first job you listed – as first job title, which of these categories are most similar to 
your occupational category?  

 
11 = Agriculture, Forestry, Fishing and Hunting ... Refused  
 

42. For the first job you listed - as first job title, which of these occupations are most similar to 
your occupation?  

 
1 = Accountant, auditor, or bookkeeper... Refused 
 
Display This Question: 
 
If For the first job you listed -- as first job title, which of these occupations a... = 27 = Other (specify):  
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43. You said "Other" for job title. Please specify: 
____________________________________ 

 

For the first job you listed - - as first job title, - please answer the questions below.  
   

44. Did/do you/the mother work at this job part time or full time?  
 

a) Part time   
b) Full Time   
c) Don't Know   

  
45. Did you/the mother continue to work at this job while pregnant? 

 
a) Yes   
b) No   
c) Don't Know   

  
46. If you were / the mother was at this job at the time you gave birth, did you / the mother 

take maternity leave? 
 

d) Yes   
e) No   
f) Don't Know   

 
Now I would like to ask you more about the chemicals or substances that you/the mother may have used 
at work. Some of the names may not sound familiar to you, but please answer as best you can.  
  

47. Did you/the mother work with any of the following materials?  
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FATHER'S OCCUPATIONAL HISTORY  
  
How many jobs did you / the father have in the period starting one year before the conception of the child 
and ending 2 years after the child‘s birth.  
 
Please tell me all of the different jobs you/the father had outside of the home during this period - from 1 
year before conception with the child to 2 years after the birth of the child.  
  

48. Please give the job title and month and year when you/ the father started and stopped 
working at that job.  
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49. For the first job you listed – as first job title, which of these categories are most similar to 
your occupational category?  

 
11 = Agriculture, Forestry, Fishing and Hunting ... Refused  
 

50. For the first job you listed - as first job title, which of these occupations are most similar to 
your occupation?  

 
1 = Accountant, auditor, or bookkeeper... Refused 
 
Display This Question: 
 
If For the first job you listed -- as first job title, which of these occupations a... = 27 = Other (specify):  
 

51. You said "Other" for job title. Please specify: 
____________________________________ 

  
For the first job you listed - - as first job title, - please answer the questions below.  
  

52. Did/do you/the father work at this job part time or full time?  
 

a) Part time   
b) Full Time   
c) Don't Know   
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Now I would like to ask you more about the chemicals or substances that you/the father may have used at 
work. Some of the names may not sound familiar to you, but please answer as best you can.  
  

53. Did you/the father work with any of the following materials?  
  

  
 
MOTHER'S SMOKING HISTORY  
 

54. Have you/ has the mother smoked more than 100 cigarettes in your lifetime?  
 

a) Yes   
b) No   
c) Don't know   

 
 
Display this Question: 
 
If Have you/ has the mother smoked more than 100 cigarettes in your lifetime? = Yes 
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55. How many cigarettes a day did you / the mother usually smoke during the following time 
periods?  

One pack is usually 20 cigarettes.  
     

56. What about e-cigarettes (like vaping) or other tobacco products like a cigar or hookah?  
  

57. During what time periods did you / the mother smoke, vape or use other tobacco products?  
 

   
Family Cancer History 
 
Now I would like to ask you some questions about your family’s medical history. Please take your time and 
focus on the blood relatives of the child. Please try to recall whether any of the relatives were ever 
diagnosed with cancer. Leukemia, brain tumors, lymphomas, and Hodgkin’s disease are all types of cancer 
and should be included. 
  

58. Please record any relatives that have had cancer, and what kinds of cancer they had?  
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59. During pregnancy, did you/ the mother ever have any of the following medical procedures?  

 

 
 
  

60. Did the child ever have any of the following procedures, prior to their first cancer 
diagnosis?  
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The following questions focus on your child’s medical history before their first cancer diagnosis.  
  

61. Did the child ever have any of the following infections?  

  
 
 

62. At the time the child was born, what was your estimated total household income before 
taxes?  

 
Please include income such as Medicaid, Social Security, and Unemployment payments.  

a) Less than 10 Thousand Dollars per year   

b) 10 to 30 Thousand Dollars   

c) 30 to 50 Thousand Dollars   

d) 50 to 70 Thousand Dollars   

e) 70 to 90 Thousand Dollars   

f) 90 to 110 Thousand Dollars   

g) More than 110 Thousand Dollars  

h) Don't know   
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63. Is there anything else you would like to share with the research team regarding your 

residence, occupation, exposures, or anything else addressed in this questionnaire that 
you feel is relevant to this study?  

  
Please describe here: ____________________________________________________  
 
Thank you for completing this questionnaire. Now that you have completed the survey, the research 
team will be mailing your $25 payment card to the address you provided on your postcard.  
  
We send out the payment cards every Thursday, so you can likely expect to receive it within two weeks 
of this date. If you don't receive it within 2 weeks, please call the project office at 412-648-5185, and we 
can investigate.  
  
Upon receipt, you will need to call a project staff member to activate your card. These instructions will be 
included with the card mailing.  
  
Thank you again for your participation in this research study. Your information could be used to further 
other studies in this area.  
  

1. Would you be willing to participate in follow-up studies or to give us additional information after the 
survey has concluded? (not including studies with specimen collections - like blood, saliva, etc.)   

 
a) Yes   
b) No   
c) Don't know   

 
2. Would you be willing to participate in follow-up studies to give us biosamples after the survey 

has concluded? Some examples of these may include blood sample, buccal swabs, other 
specimens.  

 
a) Yes   
b) No   
c) Don't know   
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Supplementary Tables 
Supplementary Table S1. Distribution of Cases by Fine Categories of Childhood Malignancies in 
Southwestern PA 2010-2019)  

Class (most detailed) Frequency Percent 

(a.1) Precursor cell leukemias 112 22.1 
(a.2) Mature B-cell leukemias 2 .4 
(b) Acute myeloid leukemias 30 5.9 
(c) Chronic myeloproliferative diseases 14 2.8 
(d) Myelodysplastic syndrome and other myeloproliferative diseases 5 1.0 
(e) Unspecified and other specified leukemias 2 .4 
(a) Hodgkin lymphomas 52 10.3 
(b.1) Precursor cell lymphomas 5 1.0 
(b.2) Mature B-cell lymphomas (except Burkitt lymphoma) 12 2.4 
(b.3) Mature T-cell and NK-cell lymphomas 5 1.0 
(c) Burkitt lymphoma 5 1.0 
(d) Miscellaneous lymphoreticular neoplasms 25 4.9 
(e) Unspecified lymphomas 1 .2 
(a.1) Ependymomas 9 1.8 
(a.2) Choroid plexus tumor 5 1.0 
(b) Astrocytomas 87 17.2 
(c.1) Medulloblastomas 13 2.6 
(c.2) PNET 1 .2 
(d.1) Oligodendrogliomas 3 .6 
(d.2) Mixed and unspecified gliomas 31 6.1 
(e.1) Pituitary adenomas and carcinomas 12 2.4 
(e.2) Tumors of the sellar region (craniopharyngiomas) 7 1.4 
(e.3) Pineal parenchymal tumors 1 .2 
(e.4) Neuronal and mixed neuronal-glial tumors 20 3.9 
(e.5) Meningiomas 3 .6 
(f) Unspecified intracranial and intraspinal neoplasms 2 .4 
(a) Osteosarcomas 18 3.6 
(b) Chondrosarcomas 2 .4 
(c.1) Ewing tumor and Askin tumor of bone 20 3.9 
(d.2) Malignant chordomas 2 .4 
(d.4) Miscellaneous malignant bone tumors 1 .2 
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Supplementary Table S2. Distributions of UNGD Activities Metric Within 5 Miles of Buffer Zone among 
Children with Any of the Four Malignancies and their County-Matched Controls by Different Time Periods 
of Exposure in the Birth Record-Based Analysis (n=498) 

Exposure 
Metrics 
within 5 
miles*  

Group  Time period†  
Exposed 
N‡  

Mean  Std Dev  Minimum  Maximum 10th Pctl  25th Pctl  Median  75th Pctl  90th Pctl  

Overall 
UNGD 
activities  

Cases  Pregnancy (T1)  
Postnatal (T2)  

94  
311  

3.50E-5  
30.2E-5  

5.8E-5  
74.3E-5  

6.06E-7  
7.21E-7  

4.22E-4  
79.5E-4  

4.71E-6  
8.91E-6  

6.31E-6  
24.0E-6  

12.0E-6  
82.0E-6  

3.30E-5  
21.7E-5  

10.9E-5  
65.0E-5  

County-
Matched 
Controls  

Pregnancy (T1)  
Postnatal (T2)  

99  
297  

3.70E-5  
24.3E-5  

8.40E-5  
67.1E-5  

1.43E-7  
8.99E-7  

7.60E-4  
71.6E-4  

2.73E-6  
10.0E-6  

5.42E-6  
28.0E-6  

10.0E-6  
61.0E-6  

4.5E-5  
20.2E-5  

7.80E-5  
54.5E-5  

Well pad 
constructio
n 
(counts/m2)
  

Cases  Pregnancy (T1)  
Postnatal (T2)  

48  
287  

4.54E-6  
39.0E-6  

5.90E-6  
105.0E-6  

4.32E-7  
4.70E-7  

2.40E-5  
125.0E-5  

6.04E-7  
7.71E-7  

7.91E-7  
23.1E-7  

2.03E-6  
7.54E-6  

5.74E-6  
28.0E-6  

1.60E-5  
9.30E-5  

County-
Matched 
Controls  

Pregnancy (T1)  
Postnatal (T2)  

50  
272  

9.06E-6  
26.0E-6  

22.0E-6  
55.0E-6  

1.28E-7  
0.61E-7  

12.8E-5  
43.6E-5  

5.59E-7  
6.41E-7  

7.50E-7  
16.4E-7  

1.87E-6  
6.18E-6  

6.57E-6  
22.0E-6  

1.8E-5  
6.2E-5  

Drilling 
(counts/m2)
  

Cases  Pregnancy (T1)  
Postnatal (T2)  

60  
295  

3.20E-5  
22.7E-5  

5.00E-5  
64.1E-5  

3.36E-8  
10.21E-8  

2.88E-4  
74.8E-4  

8.96E-7  
23.3E-7  

2.81E-6  
9.49E-6  

8.86E-6  
49.0E-6  

4.50E-5  
16.2E-5  

10.0E-5  
47.6E-5  

County-
Matched 
Controls  

Pregnancy (T1)  
Postnatal (T2)  

62  
280  

3.40E-5  
18.1E-5  

7.00E-5  
58.7E-5  

7.69E-8  
12.98E-8  

5.02E-4  
65.0E-4  

3.61E-7  
18.5E-7  

1.58E-6  
9.37E-6  

13.0E-6  
37.0E-6  

3.90E-5  
12.5E-5  

7.00E-5  
43.3E-5  

Hydraulic 
fracturing 
(depth in 
m/m2)  

Cases  Pregnancy (T1)  
Postnatal (T2)  

60  
283  

0.019  
0.084  

0.060  
0.202  

3.60E-5  
4.90E-5  

0.445  
1.331  

1.83E-4  
9.51E-4  

7.59E-4  
30.9E-4  

3.82E-3  
16.1E-3  

0.012  
0.059  

0.031  
0.197  

County-
Matched 
Controls  

Pregnancy (T1)  
Postnatal (T2)  

60  
268  

0.016  
0.077  

0.042  
0.249  

6.40E-5  
7.00E-5  

0.309  
3.150  

1.31E-4  
9.46E-4  

9.28E-4  
42.2E-4  

3.57E-3  
15.3E-3  

0.018  
0.052  

0.033  
0.201  

Production 
(volume in 
m3/m2)  

Cases  Pregnancy (T1)  
Postnatal (T2)  

88  
279  

0.787  
2.741  

4.64  
14.85  

20.0E-5  
6.70E-5  

43.12  
190.9  

2.35E-3  
6.93E-3  

0.013  
0.048  

0.075  
0.348  

0.316  
1.347  

0.813  
3.540  

County-
Matched 
Controls  

Pregnancy (T1)  
Postnatal (T2)  

88  
269  

0.302  
2.145  

0.857  
12.30  

5.58E-6  
1.43E-6  

7.40  
154.8  

1.46E-3  
9.59E-3  

0.011  
0.072  

0.046  
0.445  

0.321  
1.225  

0.725  
2.621  

Summed Z 
score§  

Cases  Pregnancy (T1)  
Postnatal (T2)  

94  
311  

2.251  
0.817  

4.518  
3.806  

-0.476  
-1.001  

33.49  
25.90  

-0.075  
-0.942  

0.082  
-0.819  

0.681  
-0.481  

2.249  
0.656  

6.944  
3.091  

County-
Matched 
Controls  

Pregnancy (T1)  
Postnatal (T2)  

99  
297  

2.569  
0.463  

7.219  
3.368  

-0.565  
-0.999  

64.86  
29.02  

-0.270  
-0.923  

0.004  
-0.807  

0.366  
-0.560  

2.920  
0.238  

5.274  
2.178  

Well 
counts  

Cases  Pregnancy (T1)  
Postnatal (T2)  

97  
306  

27.48  
39.26  

35.82  
46.82  

1.00  
1.00  

154.00  
296.00  

1.00  
2.00  

4.00  
7.00  

9.00  
21.50  

34.00  
59.00  

85.00  
103.00  

County-
Matched 
Controls  

Pregnancy (T1)  
Postnatal (T2)  

99  
293  

22.31  
37.97  

29.05  
47.26  

1.00  
1.00  

117.00  
333.00  

1.00  
2.00  

2.00  
6.00  

10.00  
18.00  

28.00  
58.00  

67.00  
101.00  

IDW well 
counts 
(counts/m2)
  

Cases  Pregnancy (T1)  
Postnatal (T2)  

97  
306  

1.44E-6  
3.09E-6  

2.44E-6  
5.74E-6  

1.68E-8  
1.56E-8  

1.40E-5  
4.30E-5  

4.49E-8  
6.40E-8  

1.08E-7  
2.02E-7  

3.26E-7  
8.94E-7  

1.86E-6  
3.38E-6  

3.98E-6  
7.84E-6  

County-
Matched 
Controls  

Pregnancy (T1)  
Postnatal (T2)  

99  
293  

1.31E-6  
2.47E-6  

2.37E-6  
4.70E-6  

1.56E-8  
1.65E-8  

1.40E-5  
4.40E-5  

2.44E-8  
5.04E-8  

6.76E-8  
18.45E-8  

3.55E-7  
6.48E-7  

1.23E-6  
2.81E-6  

4.29E-6  
6.68E-6  

* See the formulas for calculation of all metrics in Table 14a.  
† The pregnancy period was defined from the conception to birth using the gestation age on the birth records whereas the postnatal period 
from birth to the index date, which was the date of cancer diagnosis for cases and the corresponding date for the matched controls.   
‡ The difference between total N and Exposed N was the number of subjects with non-exposure (not shown).  

§ calculated as∑ !!""#."
$."

%
&' ;	where 𝑖 is for subject; 𝑗, specific phases of UNGD activities (=k); 𝑥, individual measurement of UNGD activity; 𝜇, 

mean; and 𝜎, standard deviation.   
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Supplementary Table S3. Distributions of Sociodemographic Characteristics of Childhood Cancer Cases 
Using Birth Record Information: 213 County-Matched Case-Control pairs 

Sociodemographic 
Characteristic 

Cases (N=213) County-Matched Controls (N=213) 
Frequency Percent Frequency Percent 

Sex at Birth     
Female 99 46.5 99 46.5 

Male 114 53.5 114 53.5 
Maternal Age (years)      

<20 7 3.3 7 3.3 
20-24 25 11.7 24 11.3 

25-29 54 25.4 60 28.2 
30-34 74 34.7 81 38.0 
≥35 53 24.9 41 19.2 

Maternal Race      
White 209 98.1 209 98.1 

Black 2 0.9 2 0.9 
Other 2 0.9 2 0.9 
Maternal Education      

≤ 8th Grade 0 0.0 1 0.5 
Some High School 10 4.7 10 4.7 

High School Diploma 50 23.5 30 14.1 
Some College 43 20.2 45 21.1 

College Degree or Higher 108 50.7 127 59.6 
Unknown 2 0.9 0 0.0 
Number of Prenatal Visits     

0-7 13 6.1 16 7.5 

8-12 106 49.8 111 52.1 

13-16 77 36.1 77 36.1 
≥17 10 4.7 5 2.4 

Unknown 7 3.3 4 1.9 
Birth weight     

≤2500 g 12 5.6 10 4.7 
2501- 4000 g 173 81.2 180 84.5 
>4000 g 28 13.2 22 10.3 

Unknown 0 0.0 1 0.5 
Smoking during pregnancy     

Never 184 86.4 192 90.1 

Ever 25 11.7 20 9.4 

Unknown 4 1.9 1 0.5 
Gestation in weeks     
Mean (S.D.) 38.9(1.66)  38.7(2.02)  
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 Supplementary Table S4. Descriptives of Residential History Characteristics for Cases and County-
Matched Controls 

Variable   Cases (N=213) * County Matched Controls (N=213) ** 
Frequency Percent  Frequency  Percent  

Pre-1970s Housing              
Ever  71 58.2 102 62.6 
Never 51 41.8 61 37.4 
Missing/dk 27  8  
Item not presented    64  42  

Residence Exterminated              
Ever 19 15.2 26 17.8 
Never 106 84.8 120 82.2 
Missing/dk 24  25  
Item not presented 64  42  
Pesticide/Herbicide Used in Yard   
Ever 54 45.0 82 55.4 
Never 66 55.0 66 44.6 
Missing/dk 29  23  
Item not presented 64  42  
Water Tested             
Ever 26 23.4 29 27.6 
Never 85 76.6 76 72.4 
Missing/dk 38  46  
Item not presented 64  42  
Radon Tested             
Ever   66  58.4 75 63.0 
Never 47 41.6 44 37.0 
Missing/dk  36  52  
Item not presented 64  42  
Radon Remediation             
Ever 26  22.2 25 19.5 
Never 91 77.8 103 80.5 
Missing/dk  32  43  
Item not presented 64  42  

*Out of 213 cases, a total of 149 cases had the opportunity to respond to surveys with a complete survey/residential history, 64 
additional participants answered the short residential questionnaire without these items  
**Out of 213 county-matched controls, a total of 171 county-matched controls had the opportunity to respond to surveys with 
a complete residential history, 42 filled out the short residential questionnaire without these items  
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Supplementary Table S4 Continued. Residential History Characteristics for Cases and County-Matched 
Controls 

Variable   Cases (N=213) * County-matched Controls 
(N=213) ** 

Frequency Percent  Frequency  Percent  
Attached Garage     
Ever 80 62.5 85 49.7 
Never 48 37.5 86 50.3 
Missing/dk 21  0  

Item not presented 64  42  
Well Water at Home     
Ever 20 14.8 18 10.4 
Never 109 85.2 155 89.6 
Missing/dk 20    

Item not presented 64  42  
1Perception – Residence within 1 mile of Industrial Facility   
Ever  36 25.0 46 30.1 
Never 108 75.0 107 69.9 
Missing/dk 5  18  
1Perception – Residence within 1 mile of Farm   
Ever   40 27.6 37 25.9 
Never 105 72.4 106 74.1 
Missing/dk  4  28  
1Perception – Residence within 1 mile of Oil and Gas Industry   
Ever   23  17.4 23 18.1 
Never 109 82.6 104 81.9 
Missing/dk  15  44  

*Out of 213 cases, a total of 149 cases had the opportunity to respond to surveys with a complete survey/residential history, 64 
additional participants answered the short residential questionnaire only 
**Out of 213 county-matched controls, a total of 171 county-matched controls had the opportunity to respond to surveys with 
a complete residential history, 42 filled out the short residential questionnaire only 

1 item presented to all 213 cases and control survey respondents 
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Supplementary Table S5. Total overall unconventional natural gas drilling (UNGD) activities and 
risk of four childhood/adolescent 4 malignances combined during two exposure periods in 
Southwestern Pennsylvania 2010-2019 

Overall UNGD 
activities 
by exposure period 

Survey-based Study with 
County-matched Controls  
(213 case-control pairs) 

Birth Record-based Study with 
County-matched Controls 

(498 case-control pairs) 

Controls Cases OR (95% CI)† Controls Cases OR (95% CI)† 
T1: During Mother’s Pregnancy 
Non-exposed 172 174 1.00 399 404 1.00 
Exposed* 41 39 0.76 (0.30-1.89) 99 94 0.82 (0.47-1.41) 
By buffer zone 
  Non-exposed 172 174 1.00 399 404 1.00 
    (2-5] miles 26 30 0.80 (0.32-2.03) 64 63 0.84 (0.48-1.46) 
    (1-2] miles 6 6 0.46 (0.08-2.47) 24 22 0.72 (0.31-1.67) 
    (0.5-1] miles 

9 3 0.16 (0.02-1.08) 
9 7 0.65 (0.19-2.26) 

    [0-0.5] miles 2 2 0.81 (0.05-14.62) 
    P trend‡   0.0643   0.3817 
By overall UNGD activities within 5 miles   
  Non-exposed 172 174 1.00 399 404 1.00 
    Lowest (1st) quartile 10 14 1.17 (0.37-3.68) 24 17 0.63 (0.29-1.34) 
    Low-middle (2nd) 
quartile 

10 8 0.51 (0.11-2.36) 25 22 0.77 (0.37-1.64) 

    High-middle (3rd) 
quartile 

10 12 0.72 (0.20-2.58) 25 36 1.40 (0.63-3.14) 

    Highest (4th) quartile 11 5 0.26 (0.05-1.29) 25 19 0.75 (0.31-1.83) 
    P trend‡   0.1443   0.7587 

* Exposed were individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date (i.e., 
date of cancer diagnosis for cases or the same date for matched controls); non-exposed otherwise. 
† All odds ratios (ORs) and their 95% confidence intervals (CIs) for different buffer zones or levels of exposures against non-exposed group were 
derived from unconditional logistic regression models with adjustment for matching factors (age, sex, race, and county of residence) and 
following variables including maternal age at childbirth (years), maternal education level, maternal smoking status at childbirth (no, yes), 
gestation age (weeks), birthweight (g), toxics release inventory (TRI) (no, yes), uranium mill tailings remedial action sites {UMTRA} (no, yes), and 
superfund site (no, yes). 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that 
also included non-exposed individuals (coded as 0) to maintain the case-control matched pairs. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls.  
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Supplementary Table S5 Continued. Total overall unconventional natural gas drilling (UNGD) 
activities and risk of four childhood/adolescent 4 malignances combined during two exposure 
periods in Southwestern Pennsylvania 2010-2019 

Overall UNGD 
activities 
by exposure period 

Survey-based Study with 
County-matched Controls  
(213 case-control pairs) 

Birth Record-based Study with 
County-matched Controls 

(498 case-control pairs) 

Controls Cases OR (95% CI)† Controls Cases OR (95% CI)† 
T2: From Birth to Index Date§ 

Non-exposed 84 74 1.00 201 187 1.00 

Exposed* 129 139 1.48 (0.88-2.5) 297 311 1.24 (0.87-1.78) 

By buffer zone       

   Non-exposed 84 74 1.00 201 187 1.00 

    (2-5] miles 72 75 1.43 (0.83-2.46) 178 170 1.18 (0.82-1.71) 

    (1-2] miles 24 38 2.09 (0.97-4.49) 72 77 1.49 (0.89-2.51) 

    (0.5-1] miles 21 14 0.82 (0.32-2.11) 37 38 1.61 (0.85-3.03) 

    [0-0.5] miles 12 12 1.47 (0.56-3.86) 10 26 3.94 (1.66-9.39) 

    P trend‡   0.6289   0.0041 

By overall UNGD activities within 5 miles 

   Non-exposed 84 74 1.00 201 187 1.00 

    Lowest (1st) quartile 32 48 2.24 (1.14-4.41) 74 86 1.40 (0.91-2.14) 

    Low-middle (2nd) quartile 32 16 0.70 (0.33-1.49) 74 50 0.76 (0.46-1.25) 

    High-middle (3rd) quartile 32 39 1.55 (0.79-3.04) 74 88 1.69 (1.01-2.82) 

    Highest (4th) quartile 33 36 1.40 (0.61-3.21) 75 87 1.79 (1.00-3.19) 

    P trend‡   0.4496   0.0975 

By overall UNGD activities within 2 miles** 

   Non-exposed 84 74 1.00 201 187 1.00 

    Lowest (1st) quartile 14 17 1.84 (0.74-4.61) 29 37 1.74 (0.93-3.27) 

    Low-middle (2nd) quartile 14 23 2.07 (0.84-5.08) 30 32 1.48 (0.77-2.84) 

    High-middle (3rd) quartile 14 9 0.72 (0.25-2.11) 30 30 1.41 (0.72-2.77) 

    Highest (4th) quartile 15 15 1.87 (0.66-5.3) 30 42 2.16 (1.10-4.25) 

    P trend‡   0.4837   0.0321 
* Exposed were individuals who lived within 5 miles of any UNGD activity during mother’s pregnancy (T1) or from birth to the index date (i.e., 
date of cancer diagnosis for cases or the same date for matched controls); non-exposed otherwise. 
† All odds ratios (ORs) and their 95% confidence intervals (CIs) for different buffer zones or levels of exposures against non-exposed group were 
derived from unconditional logistic regression models with adjustment for matching factors (age, sex, race, and county of residence) and 
following variables including maternal age at childbirth (years), maternal education level, maternal smoking status at childbirth (no, yes), 
gestation age (weeks), birthweight (g), toxics release inventory (TRI) (no, yes), uranium mill tailings remedial action sites {UMTRA} (no, yes), and 
superfund site (no, yes). 
‡ The same unconditional logistic models were used for linear trend test for the exposure variable in ordinal values (1, 2 for high or low) that 
also included non-exposed individuals (coded as 0) to maintain the case-control matched pairs. 
§ The index date was the date of malignancy diagnosis for cases and the same corresponding date for matched controls.  
** The same data for those with UNGD exposure within 2-5 mile of buffer zone were included in this modelling but not presented repeatedly. 
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Abstract: Reports of environmental and human health impacts of per‐ and polyfluoroalkyl substances (PFAS) have greatly
increased in the peer‐reviewed literature. The goals of the present review are to assess the state of the science regarding
toxicological effects of PFAS and to develop strategies for advancing knowledge on the health effects of this large family of
chemicals. Currently, much of the toxicity data available for PFAS are for a handful of chemicals, primarily legacy PFAS such
as perfluorooctanoic acid and perfluorooctane sulfonate. Epidemiological studies have revealed associations between ex-
posure to specific PFAS and a variety of health effects, including altered immune and thyroid function, liver disease, lipid and
insulin dysregulation, kidney disease, adverse reproductive and developmental outcomes, and cancer. Concordance with
experimental animal data exists for many of these effects. However, information on modes of action and adverse outcome
pathways must be expanded, and profound differences in PFAS toxicokinetic properties must be considered in under-
standing differences in responses between the sexes and among species and life stages. With many health effects noted for a
relatively few example compounds and hundreds of other PFAS in commerce lacking toxicity data, more contemporary and
high‐throughput approaches such as read‐across, molecular dynamics, and protein modeling are proposed to accelerate the
development of toxicity information on emerging and legacy PFAS, individually and as mixtures. In addition, an appropriate
degree of precaution, given what is already known from the PFAS examples noted, may be needed to protect human health.
Environ Toxicol Chem 2021;40:606–630. © 2020 SETAC

Keywords: Per‐ and polyfluoroalkyl substances; Perfluorooctane sulfonate; Perfluorooctanoic acid; Persistent compounds;
Contaminants of emerging concern

INTRODUCTION
Per‐ and polyfluoroalkyl substances (PFAS) are ubiquitous in

environmental media because of their prolific use in a variety
of industrial and consumer products and processes (Jian
et al. 2018; Sunderland et al. 2019). Widespread human

exposure to PFAS in water, food, and air coupled with the
lengthy environmental persistence and biological half‐lives of
some PFAS have led to measurable PFAS in the blood of nearly
the entire population in developed countries, with health ef-
fects reported globally (Kato et al. 2011; Khalil et al. 2016;
Stubleski et al. 2016; Jian et al. 2018). Information needed to
evaluate the potential risk of harm from PFAS includes the
types of adverse health effects that might occur at environ-
mentally relevant exposures, especially in sensitive life stages.
Information is also needed regarding the mode(s) of action for

* Address correspondence to smroberts@ufl.edu
Published online 5 October 2020 in Wiley Online Library
(wileyonlinelibrary.com).
DOI: 10.1002/etc.4890
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PFAS toxicity, PFAS toxicokinetics in both humans and labo-
ratory animal models, and dose–response relationships. Risk
estimates can be used to inform public health exposure limits
that will determine the need for exposure mitigation and
environmental cleanup.

There are several challenges in obtaining the information
needed to assess human health risk from the large number of
PFAS with a wide range of structures and chemical properties
(Buck et al. 2011; Wang Z et al. 2017; Organisation for
Economic Co‐operation Development 2018). Data on the
identity, composition, and quantity of PFAS used in products
and processes are often treated as confidential business in-
formation, hampering efforts to estimate exposure sources and
routes. The Organisation for Economic Co‐operation and
Development's (OECD's) chemical inventory reports over 4000
substances that contain at least one perfluoroalkyl (–CnF2n–)
moiety (Organisation for Economic Co‐operation Development
2018), and the US Environmental Protection Agency (USEPA)
has a curated list of over 8000 PFAS included, based on
structure (US Environmental Protection Agency 2018) from the
CompTox Chemicals Dashboard (Williams et al. 2017). The
USEPA estimates that more than 600 PFAS are currently in
commercial use (US Environmental Protection Agency 2019).
Experimental studies of PFAS have been limited by funding and
the availability of analytical standards, confounded by the
prevalence of background contamination in laboratory mate-
rials, and challenged by physicochemical properties such as
high surface activity that can interfere with and complicate
measurements. Consequently, sufficient information to conduct
quantitative risk assessment is currently available for only a
relative few PFAS (Post 2020). Further, although typical human
exposures involve various combinations of PFAS (Centers for
Disease Control and Prevention 2017), only a few efforts ad-
dress interactions of PFAS mixtures; and a well‐founded, sci-
entific basis on which to evaluate their combined toxic potential
does not yet exist (Carr et al. 2013; Wolf et al. 2014; Zhou
et al. 2017; Hoover et al. 2019; US Environmental Protection
Agency 2020).

The Society of Environmental Toxicology and Chemistry
(SETAC) North America held the focused topic meeting and
workshop “Environmental Risk Assessment of PFAS” on 12 to
15 August 2019, covering a wide range of topics related to the
characterization of health risks posed by PFAS. The overarching
purpose of the meeting was to begin a scientific discussion on
how best to approach studying, grouping, and regulating the
large number of PFAS to which people and other species are
potentially exposed (for charge questions and other details,
see Johnson et al. 2020). We refer to these PFAS as “legacy”
(those perfluoroalkyl acids for which there are accumulating
health data but that may be phased out or decreased in use)
and “emerging” (those which are being used as replacements,
often with minimal health effects data). The objectives of the
Human Health Toxicity section were to provide an assessment
of the state of the science in understanding toxicological
effects of PFAS and to explore and discuss strategies for ad-
vancing knowledge on the toxicity of individual and groups
of PFAS.

CURRENT KNOWLEDGE OF PFAS TOXICITY
IN HUMANS

Like other chemicals, PFAS are potentially capable of pro-
ducing a wide range of adverse health effects depending on
the circumstances of exposure (magnitude, duration, and route
of exposures, etc.) and factors associated with the individuals
exposed (e.g., age, sex, ethnicity, health status, and genetic
predisposition). Aspects to consider when establishing the
health effects of greatest concern are 1) effects for which evi-
dence is the strongest (strength of evidence can come from
consistency of effect across studies, strength of effect associ-
ations in epidemiological studies, and species concordance, as
examples), and 2) effects for which potential impact is greatest
(factors contributing to impact can include severity of effect,
functional impairment, persistence, and specific age groups
that are susceptible, as examples). Brief summaries of candi-
date PFAS health effects from human and experimental reports
are provided in this section (Figure 1).

Immune function
Epidemiological studies have explored relationships be-

tween PFAS exposure and laboratory biomarkers of im-
munomodulation, such as vaccine responses. A doubling of
perfluorooctane sulfonate (PFOS) in maternal serum was asso-
ciated with a 39% (p< 0.001) reduction in diphtheria antibody
concentration in children (age 5 yr), with increased odds of
falling below clinically protective values against diphtheria and
tetanus at age 7 yr. The authors noted that a “2‐fold greater
concentration of major PFCs [perfluorinated compounds] in child
serum was associated with a difference of −49% (95% CI, −67%
to −23%) in the overall antibody concentration” (Grandjean
et al. 2012). Decreased immunological response persisted at
age 13 yr (Grandjean et al. 2017). Adverse associations were also
noted for responses to rubella, mumps, and Hemophilus influ-
enza vaccinations in children and to vaccinations in adults
(Granum et al. 2013; Looker et al. 2014; Stein et al. 2016;
Abraham et al. 2020). In a single study, modest down‐regulation
of C‐reactive protein response, a marker of human systemic in-
flammation, was also reported to be associated with per-
fluorooctanoic acid (PFOA) blood levels (Genser et al. 2015).

Disease outcomes linked with immunosuppression such as
clinician‐recorded diagnoses of childhood infections have also
been associated with prenatal exposures to PFOS and per-
fluorohexane sulfonate (PFHxS) (Goudarzi et al. 2017). A
pregnancy cohort study prospectively detected increased risk
of airway and throat infections and diarrhea in children through
age 10 yr, correlated with cord‐blood PFAS measurements
(Impinen et al. 2018, 2019). A recent review concluded that
exposure to PFAS in infancy and childhood resulted in an im-
munosuppressive effect characterized by an increased in-
cidence of atopic dermatitis and lower respiratory tract
infections (Kvalem et al. 2020). Some of the immunological
effects were sex‐specific, but the authors cautioned that there
were inconsistencies across studies (Kvalem et al. 2020).
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Overall, available data provide strong evidence that PFAS
exposure can suppress the human immune response.

Population studies of immune hyperreactive diseases have
resulted in mixed findings. Studies on childhood allergy and
asthma outcomes have shown no association with PFAS
(Impinen et al. 2018, 2019), whereas others have found sub-
stantial effects, including provocative evidence that subgroups
of individuals not adequately immunized may be at an in-
creased risk for disease a priori (Qin et al. 2017; Timmermann
et al. 2017a). For example, a case–control study of Taiwanese
children compared the first and fourth quartiles of serum
measurements for 11 PFAS with asthma and other immune
markers and reported confidence intervals well above 1.0 for
PFOA and others (Qin et al. 2017). However, review articles
concerning PFAS and childhood allergy and asthma offer
nuanced, age‐ and sex‐specific interpretations and advise
against firm conclusions (Kvalem et al. 2020).

Chronic autoimmune outcomes, including thyroid disease
(see section Thyroid function) and inflammatory bowel disease

(IBD), have also been considered. A study in contaminated
communities (n= 32 254) detected an association between
both prevalence and incidence of ulcerative colitis (UC) and
PFOA exposure (linear trend p= 0.0001 [Steenland et al.
2013]). A worker study (n= 3713) found a higher prevalence
(p= 0.01) and incidence (p< 0.05) of UC with increasing log
PFOA serum concentrations (Steenland et al. 2015). A case–
control study of children and young adults from a background
exposure community in Atlanta, Georgia, USA, also found
higher serum PFOA levels in patients with UC (Steenland
et al. 2018b). In contrast to PFOA‐related associations in US
populations, a study of a contaminated community in Sweden
(n= 63 074) did not show a consistent association of IBD with
any PFAS exposure (Xu et al. 2020b).

Recent, thorough reviews (National Toxicology Program
2016; DeWitt et al. 2019; Pachkowski et al. 2019) emphasize
some key concepts: 1) there is concordance between animal
studies and human epidemiological observations that PFAS
modify the immune response, and 2) there are noted

FIGURE 1: Effects of per‐ and polyfluoroalkyl substances on human health. Used with permission from European Environment Agency (2019).
Original sources for this figure: National Toxicology Program (2016), C8 Science Panel (2012), IARC Working Group on the Evaluation of
Carcinogenic Risks to Humans (2017), Barry et al. (2013), Fenton et al. (2009), and White et al. (2011b).
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complexities in assuming dose–response continuums, in-
cluding possible differences in life‐stage vulnerability. Authors
of these reviews note uncertainty about which outcome will be
of most importance but agree that immunotoxicity should be
included among sensitive human PFAS toxicity endpoints.

Thyroid function
The C8 Science Panelists concluded that there is a

“probable link” of PFOA exposure to thyroid disease, with sex‐
specific outcomes in women (for hyperthyroid disease) versus
men (hypothyroid disease) (C8 Science Panel 2012). Sub-
sequent reviews drew attention to hypothyroid outcomes in
women and children and to the possibility that populations with
a priori circulating antithyroid peroxidase antibodies may be at
additional risk (Coperchini et al. 2017). A broad childhood
disease review noted “some evidence” that PFAS cause
childhood hypothyroidism and characterized the number of
studies as “limited” for childhood disease conclusions (Rap-
pazzo et al. 2017). A meta‐analysis of 12 child and adult studies
that excluded populations with higher exposures noted that
PFAS exposure is negatively associated with serum total thy-
roxine levels and that “PFAS could induce thyroid dysfunction
and disease” (Lee and Choi 2017).

Human thyroid disease is mostly the result of an autoimmune
response and is 5 to 10 times more prevalent in women than
men (Tadic et al. 2018). Concerning PFAS and clinically diag-
nosed outcomes, women in the highest quartile of PFOA ex-
posure (>5.7 ng/mL) reported clinical hypothyroid disease (odds
ratio 2.2, 95% confidence interval [CI] 1.4–3.7) over 3 cycles of
National Health and Nutrition Examination Survey (NHANES)
data (1999–2006, n= 3974 adults), with similar findings in men
(Melzer et al. 2010). The C8 Science Panel studies (median
serum PFOA 26.1 ng/mL) found thyroid disease hazard ratios
of 1.00, 1.24, 1.27, 1.36, and 1.37 across cumulative exposure
quintiles in women (log‐linear trend p= 0.03 [Winquist and
Steenland 2014b]), with parallel hypothyroid findings in children
aged 1 to 17 yr (Lopez‐Espinosa et al. 2012). The Ronneby,
Sweden, population experienced excess risk of thyroid disease
in a discrete time period (1984–2005) among women (hazard
ratio 1.29, 95% CI 1.05–1.57) that did not persist over time
despite higher cumulative PFAS exposure (Andersson et al.
2019). The authors did not link exposure to hypothyroid
outcome, noting a nonmonotonic dose–response relationship
(Andersson et al. 2019).

Human population studies augment experimental data that
PFAS interact with thyroid hormone binding proteins (Berg
et al. 2015; Ren et al. 2016; Zhang J et al. 2016), one of several
mechanisms by which PFAS can perturb feedback relationships
between free thyroid hormone and the hypothalamic–
pituitary–thyroid axis. Exposures to PFAS also interfere with
thyroid peroxidase (TPO) enzyme activity in vitro (Song et al.
2012). Several PFAS studies have pursued this putative mech-
anism, finding that maternal and neonatal thyroid hormone
outcomes were more readily detected in those with a priori
abnormally high circulating anti‐TPO antibodies (Webster

et al. 2014, 2016). One case–control study investigated con-
genital hypothyroidism, a rare condition. Serum concentrations
of PFOA (5.40 vs 2.12 ng/mL; p< 0.01), perfluorononanoic acid
(PFNA; 1.93 vs 0.63 ng/mL; p< 0.001), perfluorodecanoic acid
(PFDA; 0.52 vs 0.30 ng/mL; p< 0.005), and perfluoroundecanoic
acid (0.98 vs 0.44 ng/mL; p< 0.005) were higher in the diag-
nosed newborns; and levels of several PFAS, including PFOA
and PFHxS, were correlated with thyroid autoantibodies (Kim
et al. 2016).

Thyroid disease is not the only concern. Clinicians are
concerned about subclinically elevated thyroid‐stimulating
hormone (TSH) in early pregnancy because it may be asso-
ciated with several possible adverse maternal and fetal out-
comes (Forhead and Fowden 2014). This general concern has
prompted numerous PFAS‐exposure evaluations of corre-
sponding TSH in maternal serum, cord blood, and newborns. A
review of maternal and child biomarkers with PFAS exposure
noted that higher TSH has been reported in 4 second‐trimester
studies (Ballesteros et al. 2017), but there are also conflicting
findings. Studies measuring PFAS in the first trimester have also
found associations between PFAS exposure and altered TSH
levels in newborns, including nonmonotonic patterns of dose
response that mirror the marked alterations of thyroid hormone
levels during pregnancy (Inoue et al. 2019).

From the available studies, PFAS definitively alter human
thyroid hormones and potentially contribute to thyroid auto-
immunity but do not so far appear to be a cause of thyroid
cancer (Barry et al. 2013; Vieira et al. 2013). Also, thyroid cancer
is usually survived; thus, morbidity rather than mortality studies
are useful.

Liver disease and cancer
The liver is a primary target organ for long‐chain PFAS

storage, and accompanying experimental evidence of toxicity
includes hepatocyte fat infiltration, specific P450 (CYP) pathway
induction, apoptosis, hepatocellular adenomas and carci-
nomas, and disrupted fatty acid trafficking that can be perox-
isome proliferator–activated receptor alpha (PPARα)–
dependent or –independent and present across species
(Maestri et al. 2006; Cui et al. 2009; Wan et al. 2012; Huang
et al. 2013; Perez et al. 2013; Filgo et al. 2015; Xu et al.
2016, 2020a; Yao et al. 2016; Zhang L et al. 2016b; Hui et al.
2017; Li et al. 2017a; Guillette et al. 2020; National Toxicology
Program 2020a).

Population studies demonstrate significant associations of
long‐chain PFAS (>6 fluorinated carbons) exposure to higher
liver enzymes, such as alanine aminotransferase in adults and
adolescents (Sakr et al. 2007a; Gallo et al. 2012; Yamaguchi
et al. 2013; Gleason et al. 2015; Attanasio 2019; Nian
et al. 2019), including in longitudinal studies (Sakr et al. 2007b;
Darrow et al. 2016). Following low‐dose exposures, these as-
sociations may be more evident in obese participants (Lin
et al. 2010; Gallo et al. 2012; Jain and Ducatman 2019e).

Based on experimental data (Martin et al. 2007; Wan
et al. 2012; Wang et al. 2013; Das et al. 2017), nonalcoholic
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fatty liver disease (NAFLD) has been investigated as a clinical
outcome of PFAS exposure mediating consistent population
PFAS‐altered liver enzyme findings. Studies with NAFLD
cytokeratin C18 biomarkers have provided supportive evidence
for PFAS inducing steatosis (Bassler et al. 2019). Metabolomic
studies have been directed at potentially explanatory human
glycerophosphocholine and fatty acid profiles (Kingsley et al.
2019; Salihovic et al. 2019; Wahlang et al. 2019). Processes
which favor steatosis promote advanced liver disease including
liver cancer in humans (Massoud and Charlton 2018; National
Toxicology Program 2020a). Associations of PFAS with ad-
vanced human liver disease and liver cancer are technically
hard to study for reasons including (and not limited to) lethality,
selection of comparison populations, and alterations of
excretion mechanics associated with disease states. In a
clinic‐based study, mostly obese (85%) children aged 7 to 19 yr
with biopsy‐proven NAFLD had more advanced disease asso-
ciated with PFOS and PFHxS exposure as well as associations
with lipid and amino acid pathways linked to NAFLD patho-
genesis (Jin et al. 2020). However, an adult study reported that
serum PFHxS was inversely associated with hepatic lobular
inflammation in morbidly obese bariatric surgery patients
(Rantakokko et al. 2015). A study of heavily exposed workers
(n= 462, geometric mean serum PFOA of 4048 ng/mL) de-
tected significantly increased incident mortality for cirrhosis
(relative risk= 3.87, 95% CI 1.18–12.7) and liver cancer (relative
risk= 6.69, 95% CI 1.71–26.2) compared to a regional
population (Girardi and Merler 2019), whereas no PFAS asso-
ciation to cancer or advanced liver disease was reported in a
3M worker cohort or in the C8 Health study population (Lundin
et al. 2009; Barry et al. 2013; Vieira et al. 2013).

Emerging animal toxicology and histology and human
population data provide mechanistic clues that PFAS disrupt
hepatic metabolism, leading to increased bile acid reuptake and
lipid accumulation in liver (Salihovic et al. 2020; Schlezinger et al.
2020). A review of NAFLD and toxicant exposure concluded that
PFAS are associated with early steatosis (“fatty liver”), the
preclinical stage of NAFLD (Armstrong and Guo 2019).

Lipid and insulin dysregulation
Cross‐sectional and longitudinal investigations indicate that

PFAS increase serum total and low‐density lipoprotein choles-
terol in adults and children (Steenland et al. 2009; Frisbee et al.
2010; Nelson et al. 2010; Eriksen et al. 2013; Fisher et al. 2013;
Fitz‐Simon et al. 2013; Geiger et al. 2013; Fu et al. 2014;
Starling et al. 2014; Winquist and Steenland 2014a; Skuladottir
et al. 2015; Zeng et al. 2015; Koshy et al. 2017; Convertino
et al. 2018; He et al. 2018; Seo et al. 2018; Dong et al. 2019; Lin
et al. 2019; Li et al. 2020; Liu G et al. 2020), including clinically
defined high cholesterol (Steenland et al. 2009; Winquist and
Steenland 2014a; Lin et al. 2019). Studies of large populations,
featuring wide exposure ranges, demonstrate that serum lipids
rapidly increase beginning at background (1–10 ng/mL)
serum concentration and then are followed by attenuating
(“plateaued”) cholesterol measurements as (log‐transformed)

exposures to long‐chain PFAS increase (Steenland et al. 2009;
Frisbee et al. 2010; Li et al. 2020). These findings suggest
partially saturable mechanisms; thus, the cholesterol dose re-
sponse at pharmacologic or acutely toxic doses should be
viewed with caution; associations can be missed or may be
misleading when an environmental range of exposure is ab-
sent. At background exposure levels, residual associations may
be more detectable in obese participants (Timmermann
et al. 2014; Jain and Ducatman 2019d), a finding congruent
with experimental PFAS outcomes in rodents fed “Western” or
high‐fat diets (Tan et al. 2013; Quist et al. 2015; Rebholz
et al. 2016). Human gene expression pathways provide support
for an interaction of obesity and PFAS exposures and suggest
possible sex differences (Fletcher et al. 2013). A pharmacoki-
netic model predicts that approximately half of the PFOS‐
exposed population would experience a >20% rise in serum
cholesterol (Chou and Lin 2020). Risk‐assessment implications
for low‐PFAS dose increases in cholesterol have been noted
(New Jersey Drinking Water Quality Institute Health Effects
Subcommittee 2017; Li et al. 2020), and a review of population
and toxicity data concluded that dyslipidemia is the strongest
metabolic outcome of PFAS exposure (Sunderland et al. 2019).

Human PFAS lipid findings may be related to experimental
findings of induced adipogenesis, impaired bile acid metabolism/
synthesis, strongly decreased CYP7A1 enzyme activity, altered
fatty acid transport, and intracellular lipid accumulation with
steatosis, including in PPAR‐α‐null or PPAR‐α‐humanized animals
(Guruge et al. 2006; Lau et al. 2007; Bijland et al. 2011; Bjork
et al. 2011; Wang et al. 2014; Filgo et al. 2015; Das et al. 2017;
Salihovic et al. 2019; Zhang et al. 2019; Behr et al. 2020a; Liu S
et al. 2020b; Schlezinger et al. 2020). Independent of PFAS ex-
posure, similar alterations in metabolic pathways have been re-
lated to disrupted fatty acid beta‐oxidation and increased free
cholesterol in toxicology studies (Perla et al. 2017).

Cross‐sectional studies of diabetes outcomes can be mis-
leading for reasons discussed in the renal section (see section
Kidney disease, uric acid, and kidney cancer). Emerging longi-
tudinal and diabetes clinical trial data indicate that PFAS may
increase human insulin resistance, associated with dysregulated
lipogenesis activity (Alderete et al. 2019; Lin et al. 2019).
Longitudinal studies of clinically diagnosed diabetes patients
have sometimes associated PFAS exposures with diabetes (Sun
et al. 2018) or with small changes in glycemic markers (Cardenas
et al. 2017); however, diabetes associations to date are not
consistent (Karnes et al. 2014; Cardenas et al. 2017; Donat‐Vargas
et al. 2019). Future studies should consider whether PFAS may
instigate autoimmune diabetic outcomes in humans, as shown in
experimental studies (Bodin et al. 2016). Experimental data reveal
that PFAS activate G protein–coupled receptor 40, a free fatty
acid–regulated membrane receptor on islet ß cells, stimulating
insulin secretion (Qin et al. 2020; Zhang L et al. 2020).

Kidney disease, uric acid, and kidney cancer
Extended human half‐lives of long‐chain PFAS are attributed

to active renal tubular reabsorption. Of concern, legacy PFAS
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such as PFOA and PFOS are concentrated in renal tissues, and
histopathologic, molecular, oxidative stress, and epigenetic
studies provide evidence of potential nephrotoxicity (Wen
et al. 2016; Stanifer et al. 2018; Sakuma et al. 2019; Rashid
et al. 2020). In addition, the strong influence of kidney re-
absorption on the extended half‐lives of long‐chain PFAS is
consistent with both human protein binding and experimental
PFAS excretion data.

Human studies have associated legacy PFAS exposure to
diminished glomerular filtration and/or defined chronic kidney
disease in adults and children (Shankar et al. 2011; Watkins
et al. 2013; Kataria et al. 2015; Blake et al. 2018). However, this
outcome may be due to reverse causation (Watkins et al. 2013;
Dhingra et al. 2017). Some reviews of the available epidemio-
logic and toxicologic evidence suggest causative links between
PFAS and diminished kidney function and chronic kidney dis-
ease (Stanifer et al. 2018; Ferrari et al. 2019); these authors also
note several knowledge gaps and uncertainty about which
proposed mechanisms of action are most important. A pro-
pensity score approach to NHANES data (Jain and Ducatman
2019c; Zhao et al. 2020) and a study with repeated PFAS and
health measures over an 18‐yr period (Blake et al. 2018) re-
cently concluded that PFAS exposure likely causes diminished
renal glomerular filtration.

Uric acid, a biomarker of increased risk for renal disease
(Obermayr et al. 2008), is also consistently associated with
PFAS exposure in adults and children (Steenland et al. 2010;
Geiger et al. 2013; Gleason et al. 2015; Kataria et al. 2015; Qin
et al. 2016; Zeng et al. 2019), including a visible dose–response
curve that begins at or near historic background levels in
human populations (Steenland et al. 2010; Zeng et al. 2019).
Serum PFAS concentrations exhibit an inverted U‐shaped pat-
tern related to glomerular filtration, initially exhibiting a modest
accumulation as glomerular filtration begins to decrease and
then decreasing in advancing renal disease, likely due to failure
of normal strong reabsorption mechanisms in moderate to
severe kidney disease (Jain and Ducatman 2019c). This finding
is more dramatic across stages of glomerular filtration when
there is also albuminuria (Jain and Ducatman 2019b). Studies
suggest that the association of PFAS to uric acid is not due to
reverse causation and is underestimated because the failing
kidney excretes long‐chain PFAS but retains uric acid. An im-
plication is that population outcomes that occur in the pres-
ence of either albuminuria or moderate to severe renal disease
such as hypertension (Jain 2020) increasing presence of and
uric acid (a biomarker of renal disease; Jain and Ducatman
2019a; Zeng et al. 2019) can be underestimated in cross‐
sectional studies; in other words, the link between these health
outcomes and PFAS exposure is obscured in these studies
because of enhanced PFAS excretion patterns in the presence
of either albuminuria or moderate to severe kidney disease.
Furthermore, the strong influence of renal reabsorption on the
long half‐lives of long chain PFAS is consistent with both human
protein binding of PFAS and experimental PFAS excretion rates
in high‐dose rodent studies (Cheng and Ng 2017).

Kidney cancer diagnoses have been increasing since 1975, a
finding that is partially independent of improved detection, with

5‐yr cancer‐specific survival of approximately 80% (Gandaglia
et al. 2014). The C8 Health studies noted longitudinal
(n= 32 254) increases of kidney cancer (hazard ratio= 1.10, 95%
CI 0.98–1.24) and kidney cancer mortality (Steenland and
Woskie 2012; Barry et al. 2013; Vieira et al. 2013). A review of
6 published studies found long‐chain PFAS exposure associated
with kidney cancer or kidney cancer mortality, with risks ranging
from 1.07 to 12.8 (Stanifer et al. 2018). Subsequent preliminary
data from the heavily exposed Veneto, Italy, population also
suggest a significant increase in kidney cancer mortality with
PFAS exposure (Mastrantonio et al. 2018). Evidence is accu-
mulating for PFAS as a cause of chronic disease and kidney
cancer. Study designs must consider the peculiar PFAS ex-
cretion mechanics involved in and associated with kidney
disease.

Reproductive and developmental outcomes
Exposure to PFOA impairs human sperm motility and sperm

penetration into viscous media (Sabovic et al. 2020; Yuan
et al. 2020) and is longitudinally associated with lower sperm
concentration and count and higher adjusted levels of lutei-
nizing and follicle‐stimulating hormones in young men (Joensen
et al. 2009; Vested et al. 2013; Song et al. 2018). Serum con-
centrations of PFAS are also cross‐sectionally associated with
deleterious markers of semen quality (Louis et al. 2015; Pan
et al. 2019).

Legacy and emerging PFAS have been found in follicular
fluid (Kang et al. 2020). They appear to alter endometrial reg-
ulation such as progesterone activity in young women (Di Nisio
et al. 2020b) and possibly menstrual cycle length (Lum
et al. 2017). Associations with menarche and menopause may
be substantially due to reverse causation because menstruation
is a route by which women eliminate PFAS (Dhingra et al.
2017), partially explaining why men have higher PFAS levels
than women in the same communities. Women on birth control
and who do not menstruate or with poor cyclicity because of
age, activity level, or disease may have elevated PFAS levels in
comparison with menstruating women. Exposure to PFAS has
been associated with endometriosis in the United States and
in China (Louis et al. 2012; Campbell et al. 2016; Wang B
et al. 2017a), but the specific PFAS associated with this effect
vary among studies.

Time‐to‐pregnancy (fecundity) studies provide indirect evi-
dence of changes in fertility. Methodologic considerations in-
clude maternal and paternal age, parity (which in turn affects
serum PFAS), and health status. Among 1240 women in the
Danish National Birth Cohort, PFOS exposure was associated
with decreased fecundity (median serum PFOS 35.5 ng/mL;
Fei et al. 2009). Reverse causation may explain this finding
because it is duplicated in parous, but not among nonparous,
women (Whitworth et al. 2012; Bach et al. 2015). Prospective
odds of actual infertility in the Maternal–Infant Research on
Environmental Chemicals cohort (n= 1743) at low‐dose ex-
posures were associated with PFOA (geometric mean
1.66 ng/mL; odds ratio= 1.31, 95% CI 1.11–1.53) and PFHxS

Human health toxicity of per‐ and polyfluoroalkyl substances—Environmental Toxicology and Chemistry, 2021;40:606–630 611

wileyonlinelibrary.com/ETC © 2020 SETAC

 15528618, 2021, 3, D
ow

nloaded from
 https://setac.onlinelibrary.w

iley.com
/doi/10.1002/etc.4890, W

iley O
nline L

ibrary on [15/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

WG Ex. 73-A

2744



(odds ratio= 1.27, 95% CI 1.09–1.48; Velez et al. 2015). The
reported fertility rate improved following water filtration in a
PFAS‐contaminated community (incidence rate ratio 0.73, 95%
CI 0.69–0.77 prior to filtration) along with measures of birth
weight (Waterfield et al. 2020).

Per‐ and polyfluoroalkyl substances reliably move across the
placenta and enter breast milk (Gyllenhammar et al. 2018;
VanNoy et al. 2018); serum PFAS levels in young children
generally exceed maternal serum concentrations (Fromme et al.
2010; Papadopoulou et al. 2016; Eryasa et al. 2019). Population
studies provide evidence that breastfeeding duration and milk
quantity are adversely affected by PFAS exposure (Romano
et al. 2016; Timmermann et al. 2017b; Rosen et al. 2018).

A systematic review reported that PFOA exposure was
associated with a small decrease in infant birth weight; the
meta‐analysis estimated that a 1‐ng/mL increase in PFOA was
associated with an approximately 19‐g reduction (95% CI −29.8
to −7.9 g) in birth weight (Lam et al. 2014). The authors noted
similarities in experimental studies (Johnson et al. 2014;
Koustas et al. 2014) and concluded that there was “sufficient”
human and corroborative toxicology evidence of a detrimental
effect of PFOA on birth weight (Johnson et al. 2014; Koustas
et al. 2014; Lam et al. 2014). However, another meta‐
subpopulation analysis, focused on early pregnancy or the
time shortly before conception, detected only a small and
nonsignificant association, which was less subject to bias
(Steenland et al. 2018a). Different approaches to the possible
confounding role of shifting glomerular filtration rates in
pregnancy can affect interpretations; evidence suggests this
consideration can, at most, only partially explain associations
of PFAS exposure to decreased birth weight (Interstate
Technology and Regulatory Council 2020; Wikstrom et al.
2020). A recent review of mostly prospective cohort studies
(n= 24 studies) noted PFAS associated with altered fetal and
postnatal growth measures, such as lower birth weight. Many
(n= 22) of the relevant studies suggest developmental and
childhood immunomodulatory effects, whereas 21 studies
concerning neurodevelopment were inconclusive (Liew et al.
2018). The authors of the review noted methodologic
challenges of developmental and newborn epidemiology,
including consideration of critical exposure windows for
developmental effects, the effects of breastfeeding and parity
on maternal PFAS levels, and the variety of possible mecha-
nistic explanations for growth outcomes, such as disruption of
glucocorticoid and thyroid hormone metabolism in utero (Liew
et al. 2018). Recent Faroe Island studies report that prenatal
PFAS effects on thyroid hormone status do not support a causal
relationship (Xiao et al. 2020).

Review articles suggest that prenatal exposure to PFOA may
increase risk of subsequent childhood adiposity, noting that
steroid hormones, retinoid X receptor, and other pathways may
be contributing to this effect (Halldorsson et al. 2012; Hall and
Greco 2019). Prospective evidence supports this relationship in
adults with a high risk of diabetes (Cardenas et al. 2017).
However, some well‐performed community studies do not
support this outcome in adults or children (Barry et al. 2014;
Martinsson et al. 2020).

Based on several preliminary findings, supported by longi-
tudinal follow‐up studies (Stein et al. 2009; Savitz et al. 2012;
Darrow et al. 2013; Avanasi et al. 2016a, 2016b), the C8
Science Panel concluded that PFOA is probably linked to
pregnancy‐induced hypertension or preeclampsia. Population‐
level evidence implicating additional PFAS having this effect
has included studies with longitudinal designs (Huang et al.
2019; Wikstrom et al. 2019; Borghese et al. 2020). Experimental
support includes PFAS effects on human trophoblast migration
in vitro (Szilagyi et al. 2020) and recent evidence of PFOA and
GenX (or hexafluoropropylene oxide dimer acid) effects on
mouse placenta, as well as excessive gestational weight gain
(Blake et al. 2020). However, a recent longitudinal study did
not find an association of PFAS with pregnancy‐associated
hypertension (Huo et al. 2020).

The possibility that circulating PFAS may reduce bone min-
eral density has been investigated. Cross‐sectional and prac-
tical trial associations have been found in adults (Lin et al. 2014;
Hu et al. 2019; Di Nisio et al. 2020a), and there is emerging
longitudinal evidence from a mother and child pair study in-
dicating that children may also be affected (Cluett et al. 2019).

Testicular cancer diagnoses are increasing steadily, a trend
unrelated to improved detection (Cheng et al. 2018; Park
et al. 2018). Most patients diagnosed (>90%) will be cured and
die of other causes; mortality studies therefore provide little
help in understanding disease risk factors. The C8 Science
Panel detected longitudinal evidence for increased testicular
cancer risk (1.35, 95% CI 1.00–1.79) for cumulative PFOA ex-
posure (Barry et al. 2013). There are ample supportive data of
testicular damage following PFAS exposure, including strong
evidence of endocrine disruption; but the cell‐specific associ-
ations are different in humans (germ cell) than the outcomes in
rodents (stromal).

Per‐ and polyfluoroalkyl substances have deleterious effects
on conception, pregnancy, and infant development. The un-
derlying birth weight data are mostly supportive, although the
subsequent growth and adiposity literature is mixed. The most
sensitive reproductive and developmental outcomes are a
topic of ongoing discussion.

Outcomes replicated across populations, such as per-
fluorocarboxylate (PFCA) and perfluorosulfonate (PFSA) ex-
posures associated with down‐regulation of immune response;
increases in cholesterol, liver enzymes, and uric acid; alterations
in thyroid hormone binding proteins; growth deficits; and ef-
fects on breast milk and lactation, indicate priority areas for
understanding mechanisms and health implications.

CURRENT KNOWLEDGE OF PFAS TOXICITY
IN EXPERIMENTAL MODELS

Animal studies have focused most intensely on PFOA and
PFOS, using laboratory rodents and, more recently, zebrafish
as models. Perfluoroalkyl acids of varied carbon‐chain lengths
as well as a few replacement chemicals with ether linkages in
the carbon backbone (such as GenX and 3H‐perfluoro‐3‐
[(3‐methoxy‐propoxy)propanoic acid], or ADONA) have also

612 Environmental Toxicology and Chemistry, 2021;40:606–630—S.E. Fenton et al.

© 2020 SETAC wileyonlinelibrary.com/ETC

 15528618, 2021, 3, D
ow

nloaded from
 https://setac.onlinelibrary.w

iley.com
/doi/10.1002/etc.4890, W

iley O
nline L

ibrary on [15/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

WG Ex. 73-A

2745



been examined, with outcome profiles thus far generally con-
sistent with legacy chemicals. The varying extent of responses
is likely related to toxicokinetic disposition (excretion or half‐
life) and relative potency and affinity of the individual chemical
for binding to receptor proteins. Some PFAS (i.e., PFHxS,
PFOA, and PFNA) have longer half‐lives in mice than rats and
typically much longer half‐lives in humans (Table 1). These
differences in elimination kinetics complicate the cross‐species
evaluation of toxicity. In addition, some PFAS (such as PFOA
and PFNA) exhibit a profound sex difference in the rate of
chemical elimination and bioaccumulation in the rat: females
eliminate them much faster than males (Table 1). Sex differ-
ences in half‐lives, although important, are much smaller in
humans and have a different explanation. The mouse also
typically has more limited sex‐based PFAS elimination differ-
ences, making this species more amenable for extrapolation to
humans, especially for mechanistic and toxicity evaluations.

In general, human health effects associated with PFOA
and PFOS exposure (described in section Current Knowledge
of PFAS Toxicity in Humans) have also been reported in
animal models: hepatic/lipid metabolic toxicity, devel-
opmental toxicity, immune suppression, tumor induction,
endocrine disruption, and obesity. These findings are often
derived from well‐controlled laboratory experiments in more
than one species using wide dose ranges that are often orders
of magnitude higher than typical human exposure, to account
for differences in half‐life across species. Some of the pheno-
typic findings are supported by in vitro mechanistic inves-
tigation and/or molecular queries on target tissues. Our
understanding of the toxicologic properties of PFAS other
than PFOA and PFOS is notably less advanced and, in the
case of emerging replacements and by‐products, completely
unexplored.

Hepatic and metabolic toxicity
In rodent studies, dose‐dependent increases in liver

weight, in hepatocellular hypertrophy associated with vacuole
formation, and with or without increased peroxisome pro-
liferation have been observed with a significant body burden
of PFAS, especially for the most persistent and potent long‐
chain homologs. Hepatocyte proliferation, necrosis, and
apoptosis are outcomes occurring at relatively low doses. This
is also true for a new replacement chemical, GenX, which
altered liver histopathology and function and increased
apoptosis in mice and fish (Blake et al. 2020; Guillette
et al. 2020). Correspondingly, transcriptional activation of
mouse and, to a lesser extent, human PPARα‐related genes in
liver was detected in adult‐exposed models; activation of
other nuclear receptors such as PPARγ, constitutive an-
drostane receptor (CAR), and pregnane X‐receptor (PXR) has
also been reported. These nuclear receptors, metabolic sen-
sors that regulate lipid and glucose metabolism and transport
and inflammation, tend to be more responsive in tissues of
rodents than in humans (Wolf et al. 2012; Rosen et al. 2017).
Recent work using developmental models reports that TA
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mitochondrial dysfunction is associated with hepatocellular
hypertrophy in young adult mice (Quist et al., 2015) and that
other fatty acid metabolism pathways are activated (Jones
et al. 2003; Shabalina et al. 2016). Steatosis is also a common
feature of PFAS chronic exposure in rodents. Exposure in
rodent models typically decreases serum cholesterol, whereas
elevations of circulating cholesterol levels have been reported
in humans. The mode of action concerning serum cholesterol
is debatable. For example, PFOA exposure increased liver
weight, increased liver enzymes, and led to persistent histo-
pathological changes (particularly damage to the bile duct) in
livers of wild‐type and PPARα‐null rodent strains (reviewed in
Division of Science and Research, New Jersey Department of
Environmental Protection 2019). Many of these effects are
reversible on cessation of PFAS exposure, and this ob-
servation has been interpreted by some as evidence of
“adaptive” responses to exposure. However, this reversibility
is irrelevant to ongoing environmental PFAS exposure (for
instance, from drinking water) because exposure will persist
until contamination is remediated. In summary, there is a
strong confluence of animal toxicology and histology and
human population data that PFAS disrupt hepatic metabolism
and lead to lipid accumulation in liver, although the mechanism(s)
is unclear. Effects on bile acid metabolism, mitochondrial
perturbation, and cholestatic mechanisms deserve further
investigation at human‐relevant exposures.

Reproductive and developmental toxicity
Only a few reproductive toxicity studies of males and

females are available, primarily focusing on long‐chain PFAS.
Profound developmental toxicity has been described following
gestational and lactational exposure to PFOS, PFOA, and
PFNA in mice (Thibodeaux et al. 2003; Lau et al. 2006; Das
et al. 2015) and in mice and rats gestationally exposed to GenX
(Conley et al. 2019; Blake et al. 2020). Neonatal morbidity and
mortality were seen with exposure to high doses of legacy
PFAS; growth deficits and developmental delays were noted in
offspring exposed to lower doses. Evidence of lactation im-
pairment was seen in mice at doses of 5mg PFOA/kg body
weight (White et al. 2007), leading to increased offspring
mortality (Lau et al. 2006); recent studies have indicated a role
of placental dysfunction in these adverse developmental out-
comes (Blake et al. 2020). Deficits of mammary gland devel-
opment were also observed in mice exposed to PFOA (doses
of 1mg/kg body wt and lower) during gestation, which per-
sisted into adulthood, although these exposure levels did not
alter body weight, lactational function, or neonatal growth of
offspring (F1 or F2 mice; Macon et al. 2011; White et al. 2011b;
Tucker et al. 2015). Systematic reviews support a relationship
between in utero exposure to PFOA and PFOS and reduced
fetal growth in animals and humans, and the relationship be-
tween PFOA and reduced fetal growth in mice was recently
validated (Koustas et al. 2014; Blake et al. 2020). Also, PFAS are
reported to have reproductive effects such as ovulation failure
in mice (Zhang Y et al. 2020).

Immunotoxicity
A few long‐chain PFAS (PFOS, PFOA, PFNA, and PFDA)

have been shown to alter immune status in rodents and non-
human primates. Effects are predominantly immunosuppressive
and include reductions in thymus and spleen weights and as-
sociated immune cell populations, in numbers of circulating
immune cells, in certain aspects of innate immunity (i.e., natural
killer cell cytotoxicity), in infectious disease resistance, and
in antibodies produced in response to an antigen (i.e., analo-
gous to the vaccine response in humans). In their 2018
draft Toxicological Profile for Perfluoroalkyls, the US Agency for
Toxic Substances and Disease Registry (ATSDR) noted
changes to the aforementioned immune parameters observed
in experimental rodents exposed to PFOA, PFOS, PFNA,
PFHxS, PFDA, perfluorobutanesulfonic acid (PFBS), or per-
fluorobutanoic acid (PFBA; Agency for Toxic Substances and
Disease Registry 2018). The US National Toxicology Program
conducted a systematic review of the immunotoxicological lit-
erature for PFOA and PFOS and concluded that PFOA and
PFOS were presumed to be immune hazards to humans based
on a high level of evidence for suppression of antibody re-
sponses in experimental animals and a moderate level of evi-
dence for suppression of antibody responses in humans
(National Toxicology Program 2016). The ATSDR (Agency for
Toxic Substances and Disease Registry 2018) also included a
decreased antibody response to vaccines (PFOA, PFOS, PFHxS,
and PFDA) and increased risk of asthma diagnosis (PFOA)
among the list of adverse health effects in PFAS‐exposed hu-
mans. Reduction in the antibody response to a vaccine, an
adaptive immune function, is a well‐accepted measure of im-
munotoxicity, is consistent with the mode of action for the ef-
fects of fatty acids on immune system function (Fritsche 2006),
and is compelling evidence that the immune system is a
sensitive target of PFAS.

Tumor induction
Per‐ and polyfluoroalkyl substances are not known to be

directly mutagenic; PFOA, PFOS, and other tested PFAS show
little or no evidence for induction of gene mutation, clastoge-
nicity, or aneuploidy in vitro or in vivo by a direct mode of
action (see EFSA Panel on Contaminants in the Food Chain
[2020] for details). There is evidence that PFAS can induce DNA
damage, such as strand breaks, and other genotoxic effects,
secondary to oxidative stress (EFSA Panel on Contaminants in
the Food Chain 2020). This occurs at concentrations or doses
that are high relative to human environmental exposures to
PFAS, and the mechanism is such that their dose–response will
be sublinear. Hence, PFAS are unlikely to be of mutagenic
concern in exposed populations.

In adult‐exposed rodents and fish, PFOA and PFOS have been
shown to induce tumors. Liver adenomas, pancreatic acinar cell
tumors, and testicular Leydig cell adenomas have been detected
in rats treated chronically with PFOA (IARC Working Group
on the Evaluation of Carcinogenic Risks to Humans 2017) as
well as its replacement, GenX (Caverly Rae et al. 2015). Following
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gestational and chronic exposure to PFOA, 58% of male rats
demonstrated pancreatic tumors at the lowest dose administered
(National Toxicology Program 2020b). This finding has spurred
Minnesota and California policymakers to consider cancer as an
endpoint in risk assessment, whereas the European Food Safety
Authority (EFSA Panel on Contaminants in the Food Chain 2020)
has the opinion that there is not adequate evidence for a link
between exposure to PFAS and cancer risk in humans. This
“tumor triad” profile has been associated with the PPARα‐
mediated molecular signaling pathway in rats exposed to high
doses of PFAS. Consequently, liver tumors involving this mode of
action are not considered relevant to humans at equivalent
PFAS exposures (Post et al. 2017). The human relevance of
PPARα‐mediated pancreatic tumors in rodents remains to be
determined. Liver lesions evident in PPARα‐null mice exposed to
PFOA during pregnancy and lactation (Filgo et al. 2015) suggest
a non‐PPARα‐mediated liver response. Induction of liver tumors
mediated by estrogen receptor (ER) activation has also been
reported in fish (Tilton et al. 2008), and several non‐PPARα‐
mediated hypotheses, including increased reactive oxygen
species formation, oxidative stress, and mitochondrial dysfunc-
tion; decreased tumor cell surveillance by the immune system;
and diminished gap junction cellular communication, are docu-
mented (IARC Working Group on the Evaluation of Carcinogenic
Risks to Humans 2017; New Jersey Drinking Water Quality
Institute Health Effects Subcommittee 2017).

Endocrine disruption
The primary evidence for the endocrine‐disrupting potential

of PFAS involves induction of hypothyroxinemia and reduction
of serum testosterone in rats. An early review of PFAS
endocrine‐disrupting properties in humans concluded that the
“thyroid may be one axis significantly affected by PFOA ex-
posure while the animal toxicology literature is less certain due
to technical issues” (White et al. 2011a).

The effects of PFAS on thyroid hormone status detected in
animal studies differ from classical hypothyroidism, in that re-
duction of circulating total thyroxine is not accompanied by a
compensatory increase of TSH. A possible mechanism for these
effects may be related to the propensity of protein binding of
legacy PFAS, which could lead to displaced total thyroxine
binding to its carrier proteins (transthyretin and thyroxine‐
binding globulin). Human population studies augment animal
data showing that PFAS interact with thyroid hormone binding
proteins (Berg et al. 2015; Ren et al. 2016; Zhang J et al. 2016a),
one of several mechanisms by which PFAS can perturb feed-
back relationships between free thyroid hormone available to
cells (free total thyroxine) and the hypothalamic–pituitary axis.
Some estrogenic effects of PFAS have also been illustrated by
in vitro studies, although there is no evidence of direct trans-
activation of estrogen, androgen, or glucocorticoid receptors
(Behr et al. 2018, 2020b).

The evidence for PFAS affecting ER signaling in humans and
animals is mixed. Although studies have identified some PFAS
as being without estrogenic activity (Behr et al. 2018; Borghoff

et al. 2018; Gogola et al. 2019), others suggest an ability of
PFAS to modulate or even activate ER‐mediated effects
(Benninghoff et al. 2010; Kjeldsen and Bonefeld‐Jørgensen
2013; Wang et al. 2018; Bjerregaard‐Olesen et al. 2019; Qiu
et al. 2020), with some effects only observed in aquatic or-
ganisms (Wei et al. 2009; Chen et al. 2016, 2018). Microarray
analyses of human primary hepatocytes confirmed that PFOA
activated the ER pathway (Buhrke et al. 2015).

Neurotoxicity
Potential adverse effects of PFAS on the nervous system and

functions have not been widely investigated. A few studies
reported neurotoxicity of PFOS, PFHxS, and PFOA in cell cul-
ture systems (Slotkin et al. 2008), as well as altered behavioral
responses (Goulding et al. 2017) and deficits in learning and
memory ability in rodents (Viberg et al. 2013). In contrast, no
significant developmental neurotoxic effects were seen from
prenatal exposure to PFOS in USEPA guideline–based studies
with rats (Butenhoff et al. 2009).

Obesity
Numerous cell‐based assays in human and mouse pre-

adipocytes and animal studies with and without high‐fat diets
have consistently shown that some PFAS have the potential to
increase lipid production by adipocytes and fat pads (van
Esterik et al. 2016). Exposure of pregnant mice to low doses of
PFOA produced obesity in young adult female offspring (Hines
et al. 2009; van Esterik et al. 2016), a finding that was re-
capitulated in Danish women exposed in utero to PFOA
(Halldorsson et al. 2012). Both PFOA and GenX increased
weight gain of pregnant mice (Blake et al. 2020), an effect also
seen in women during pregnancy (Ashley‐Martin et al. 2016),
although discordant results have been reported in other
studies (Barry et al. 2014; Ngo et al. 2014). These apparently
disparate findings in experimental models may be associated
with differences among mouse strains examined, exposure
periods, statistical methodology, and/or the rodent diets used.

There are specific differences in human and rodent health
outcomes that deserve further investigation: 1) cholesterol
metabolism, 2) thyroid effects, 3) mode of action for liver ef-
fects (different or same), and 4) kidney transporter or other
mode of action leading to large differences in half‐life. How-
ever, species concordance in the 6 human health effects dis-
cussed in the present review supports a weight of evidence for
these effect for the handful of extensively studied PFAS.

Human health advisory and guidance values for a few PFAS
have been issued to date by the USEPA, the ATSDR, several
individual state environmental agencies or health departments,
as well as regulatory agencies in Canada and Europe that are
largely (but not exclusively) based on toxicological findings in
animal models. However, risk‐assessment scientists have not
reached consensus in selecting a singular apical endpoint as
the basis for a point of departure for assessments. Three
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toxicological features of PFAS that have been commonly
highlighted, based on their sensitivity (low dose effect),
strength of evidence (robust corroborating studies with mech-
anistic support for human relevance), and corresponding find-
ings noted in epidemiological investigation, are hepatotoxicity
(and alterations in lipid metabolism), developmental toxicity,
and immunotoxicity. It should be noted that apical endpoints
that drive risk assessments often differ among individual PFAS,
perhaps highlighting the complexity of these chemicals and the
family of PFAS, in general.

IMPORTANCE OF TOXICOKINETICS
IN UNDERSTANDING PFAS TOXICITY
Species and sex differences

Few of the substantial number of structurally diverse PFAS
have been tested for toxicological effects. Some available
toxicological information has come from studies in animals,
where marked species and (in rat) sex differences in half‐life for
some PFAS (Table 1) have been observed and the relevance to
humans is uncertain. These differences are due to toxicokinetic
and toxicodynamic factors. There are also differences in mean
PFAS serum levels between men and women in the same
communities. Children may have elevated serum levels com-
pared to parents, even with the same exposures (Emmett
et al. 2006; Daly et al. 2018; Graber et al. 2019), for reasons
relating to transplacental transfer, breastfeeding, and body
mass (Emmett et al. 2006; Daly et al. 2018; Graber et al. 2019;
Blake et al. 2020). Transplacental transfer of PFAS confers a
substantial burden to the newborn infant. Because the infant
has a smaller overall mass and blood volume, PFAS are con-
centrated, increasing PFAS per volume (Koponen et al. 2018).
In addition, transfer of PFAS is common through lactation,
and the longer a child breastfeeds, the higher the body burden
(Gyllenhammar et al. 2018; VanNoy et al. 2018).

Effects of comorbidity on PFAS toxicokinetics
Factors affecting renal function can influence PFAS tox-

icokinetics. As discussed, opposing types of causation should
be considered. Human toxicokinetics appear to vary bidirec-
tionally with changing renal function, leading to nonmonotonic
dose–response relationships and, depending on the study
goal, possibly to errors in estimating disease associations. As
progress is made in the field of PFAS toxicokinetics, new
chemistries may have different clearance factors and nuances
that vary by PFAS group or structures, and that will need to be
investigated to accurately model half‐lives in different exposure
subgroups.

Sources of information on toxicokinetics in
humans: strengths and limitations of studies

Some PFAS half‐life data in humans were obtained from
retired industry workers, particularly those who worked with
PFOS, PFOA, and PFHxS (Olsen et al. 2007). Since then, these

estimates have been modified slightly or confirmed with lon-
gitudinal data and modeling from contaminated communities
once uncontaminated water options were provided (Bartell
et al. 2010; Li et al. 2018). Other contemporary PFAS estimates
are derived from biomonitoring studies of production workers,
blood donors, study participants, and/or occupationally ex-
posed cohorts (Olsen et al. 2009, 2017; Russell et al. 2013;
Zhang et al. 2013). Some caution must be taken in using these
data because variables affecting PFAS clearance may not be
taken into consideration (age, sex, menstruation, disease, and
medication status) and may contribute to confounding.

The challenge in determining a reliable human half‐life in
these types of studies is that exposure does not end with a
clean water source, retirement, or a change of job and that
continued exposures vary over potential depuration periods.
Model components may also vary in subclasses. Children (small
blood volumes and a large fraction of exposures comes from
drinking), pregnant women (large increase in blood volume and
water intake), parous women (transfer to fetus and breast milk),
and athletes (water intake elevated) are examples of sub-
populations with expected variation in half‐life compared to
adult men (Post et al. 2017). There will be more human esti-
mates of PFAS forthcoming that involve variations in half‐life
(Post et al. 2017). Realistic computational modeling can help,
so long as it clearly characterizes exposures and applicable
populations. The continued goal should be to provide pre-
dictive values for those PFAS lacking actual measurements,
based on chemical structures and trusted physiological
parameters.

Physiologically based pharmacokinetic/
toxicokinetic modeling in different‐aged
populations

In the blood and other tissues, PFAS toxicokinetics are
influenced by their interactions with proteins (Andersen
et al. 2006; Katakura et al. 2007; Nakagawa et al. 2008; Weaver
et al. 2009; Figure 2). Certain toxicokinetic features are satu-
rable, and thus dosing in toxicokinetic studies is of profound
importance. Studies of renal reabsorption mechanisms in
mammals show that reduced activity of transporters such as
organic anion transporting polypeptide 1a1, through in-
activation (e.g., genetic manipulation, castration, treatment
with estrogen) or by saturation at increasing doses, leads to
substantial reductions in half‐lives of PFOA and PFOS
(Andersen et al. 2006; Nakagawa et al. 2008; Weaver et al.
2009; Yang et al. 2009).

These protein‐associated toxicokinetic processes were re-
cently incorporated into a model for PFOA in the male
Sprague‐Dawley rat (Cheng and Ng 2017), which provides a
useful platform to explore how changes in protein interactions
might affect estimates of PFAS half‐life (Figure 3). At high
doses, it is typical to see clear biphasic behavior with rapid
initial clearance, during which the serum half‐life appears to be
shorter especially at high enough doses that processes such as
renal reabsorption are saturated, followed by a much longer tail
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(Figure 3A). In a similar fashion, the magnitude of internal dose
and rate of serum clearance can be profoundly influenced by
proteins known to bind PFAS, such as serum albumin
(Figure 3B). Increasing and decreasing the extent of re-
absorption in the kidney increases and decreases the serum
half‐life, respectively (Figure 3C). Finally, the effect of saturating
reabsorption is magnified when the half‐life is longer because

of increased serum binding (Figure 3D). In this case, taking an
initial slope to calculate the serum half‐life at high doses would
lead to a profound underestimation.

Differences in protein expression, circulating levels, and
even protein type across populations, sex, and species could
lead to important species and sex differences in PFAS bio-
logical half‐lives (Han et al. 2012); such differences should be

FIGURE 2: Example of proteins that are known to influence per‐ and polyfluoroalkyl substance toxicokinetics through binding (which affects tissue
distribution and accumulation) and facilitation of membrane transport (which affects clearance and reabsorption). Illustrated for kidney and blood.
L‐FABP= liver fatty acid binding protein; Oat1= organic anion transporting 1; Oatp1a1= organic anion transporting polypeptide 1a1; Ost= organic
solute transporter.

(A) (B)

(C) (D)

FIGURE 3: Simulations based on Cheng and Ng (2017), perfluorooctanoic acid (PFOA) toxicokinetic model for Sprague‐Dawley rats. (A) Effect of
dose on initial half‐life. (B) Effect of higher and lower levels of serum albumin, which binds to PFOA, on serum clearance dynamics. (C) Effect of
extent of reabsorption in kidney on serum half‐life, based on organic anion transporting polypeptide 1a1 activity. (D) Effect of dose on elimination
kinetics when half‐life is longer because of higher albumin binding. Oat1= organic anion transporting 1; Oat3= organic anion transporting 3;
Ost= organic solute transporter.
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investigated and taken into account in the extrapolation to
human equivalent doses. Because expression of proteins may
change at different life stages, clearance factors and tox-
icokinetics may also change.

Given the large number of species‐, sex‐, and age‐specific
differences that have been observed, coupled with the lack of
data for many PFAS, the parameterization of complex physio-
logically based toxicokinetic models remains a persistent
challenge. Therefore, lower‐resolution models (e.g., one‐
compartment or few‐compartment models) may be more ap-
propriate for species and settings where insufficient data are
available for reasonably accurate parameterization. Alter-
natively, in silico and in vitro methods are under development
that could aid in parameterization in the absence of in vivo
data, as discussed in the section New approaches for devel-
oping PFAS toxicity information.

SO MANY PFAS, SO LITTLE TIME:
ACCELERATING THE PACE OF DISCOVERY
Importance of determining mode of action
and adverse outcome pathways

Information on modes of action and/or adverse outcome
pathways (AOPs) is invaluable in 1) establishing human rele-
vance of experimental evidence, 2) assessing causality in epi-
demiological studies, 3) applying “read‐across” to PFAS for
which there is little toxicological information, 4) assessing risks
from mixtures, 5) guiding development and interpretation of
new approach methodologies, 6) informing the development
of biomarkers in epidemiologic investigation, and 7) identifying
potentially vulnerable subpopulations and life stage–specific
effects (Meek et al. 2014; LaLone et al. 2017). Verified modes
of action and AOPs can inform risk assessment based on
intermediate effects and enable development of new
methodology‐based approaches to assess PFAS safety (Meek
et al. 2014).

Postulated modes of action/AOPs for PFAS
Mechanistic studies have been performed on only a few

PFAS. These have been shown to activate a range of putative
molecular initiating targets, among which are the nuclear re-
ceptors PPARα, PPARγ, PPARβ/δ, CAR, PXR, liver X receptor α,
and ERα (Bijland et al. 2011; Bjork et al. 2011; Rosen et al. 2017;
Li et al. 2019). However, modes of action verified by agreed
procedures (World Health Organization 2020) have been es-
tablished for few reported effects of PFAS, and those that have
been interrogated involve activation of PPARα and, at higher
doses, CAR as molecular initiating events (Klaunig et al. 2012;
Rosen et al. 2017). Several AOPs involving these molecular
targets are in various stages of development (Organisation for
Economic Co‐operation Development 2020), but few have
been endorsed by the OECD following its agreed procedures
(Organisation for Economic Co‐operation Development 2017).
Demonstration of receptor activation alone is insufficient to
establish involvement of a mode of action or AOP in an

observed effect, for which an overall weight‐of‐evidence ap-
proach is necessary (World Health Organization 2020).

Andersen et al. (2007) provide a useful, albeit dated, review
of possible PFAS modes of action. Established modes of action
are restricted largely to the liver and include species‐specific
hepatic hyperplasia and liver tumors (Butenhoff et al. 2012;
Elcombe et al. 2012; Corton et al. 2018). Available studies on
PFBS, PFHxS, perfluorohexanoic acid, PFNA and PFDA suggest
that they share molecular targets with similar consequences,
albeit with differences in potency, in part due to differences in
their excretion and protein‐interaction kinetics (Zeilmaker et al.
2018). However, studies in vitro have established intrinsic dif-
ferences in potency among PFAS analogues. Potency in acti-
vating PPARα showed some relationship with PFAS chain length
(Wolf et al. 2008). A mode of action or AOP provides a causal
chain of key events between chemical exposure and outcome.
The established modes of action for PFOS and PFOA provide a
causal explanation for development of liver tumors observed in
rodents on exposure to these compounds, through activation of
PPARα, and the possible relevance to humans. However, this
does not mean that other effects of PFAS are due to activation
of PPARα or that other pathways might not lead to liver tumors
in humans, such as secondary to the primary effect of steatosis.

Until recently, there has been little study of modes of action/
AOPs for effects of PFAS other than hepatic outcomes in ro-
dents, particularly for critical effects, such as immunosuppression
and developmental toxicity, and from PFAS other than PFOS
and PFOA (EFSA Panel on Contaminants in the Food
Chain 2020; Temkin et al. 2020). The ability of various PFAS to
interact with and modify lipid metabolism is, however, an in-
triguing hypothesis (Xu et al. 1999; Jones et al. 2003; Andersen
et al. 2007; Tan et al. 2013; Pouwer et al. 2019). Other putative
molecular initiating/key events for PFAS, in addition to nuclear
receptor activation, include gap junctional inhibition to disrupt
cell–cell communication, mitochondrial dysfunction, interference
of protein binding, partitioning into lipid bilayers, oxidative
stress, altered calcium homeostasis, and inappropriate activation
of molecular signals controlling cell functions. Many of these
effects are consistent with a nonspecific action of PFAS on the
cellular lipid membrane (Spector and Yorek 1985; Bourre
et al. 1989; Dodes Traian et al. 2012; Casares et al. 2019).
However, these alternative events lack robust evidence to sup-
port a specific pathophysiological role in the multifaceted effects
of PFAS. A better characterization of the modes of action/AOPs
for PFAS toxicities remains an important area of future inves-
tigation, necessary to improve our understanding of PFAS
impacts on human health.

At present, there is insufficient evidence to determine which
of, and to what extent, these molecular interactions play a
pathophysiological role in observed adverse outcomes of PFAS
(Michigan PFAS Science Advisory Panel 2018). Hence, there is a
need to integrate such mechanistic information into a weight‐
of‐evidence framework, first by establishing the mode of action
or AOP linking a proposed chain of key events to an adverse
outcome and then by demonstrating that at human exposure
levels of PFAS the established AOP or mode of action is causal
in the adverse outcome observed. The substantial advantage
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offered by such an approach is the ability to read across from
representative members of appropriate PFAS groupings,
based on quantitative information from new approach meth-
odologies and exposure estimates. Hence, better character-
ization of the modes of action/AOPs for PFAS toxicities remains
a critical area of future investigation and will allow us to
understand which adversely PFAS‐modified pathways must
be interrogated prior to new chemicals joining this class.
Predicting PFAS activity in the body should be the goal prior to
approving novel PFAS for use.

New approaches for developing PFAS toxicity
information

When it comes to determining which PFAS should be pri-
oritized for further testing, there are too many chemicals, even
in one subclass, for traditional approaches. Numerous creative
and high‐throughput methodologies are being developed and
tested to provide valuable data on PFAS with no toxicity data.

Collaborative approaches. Problem formulation and ap-
proach must be guided by available equipment, funds, and
technical staff, and important principles: 1) What biological
activity and toxicology information can be generated in a
responsive time frame? 2) Can this information be used to
make public health decisions? 3) What are appropriate tools
to bring to this problem (platforms, species/sex of cells
used, metabolic competency of the model system, and data
analysis)? 4) How do we organize, and what are the best
mechanisms to report useful biological activity/toxicological
information?

Developing “how” to evaluate potential health effects of
new PFAS requires some thought to PFAS heterogeneity.
Although subclass names have been suggested by several
investigators (Buck et al. 2011; Wang Z et al. 2017; Sha
et al. 2019), there is still disagreement on those groupings. In
addition, half‐lives and biological persistence are not predict-
able based on structure, and exposure routes may be complex.
Given that traditional approaches to generate toxicity in-
formation are resource‐intensive, new approach method-
ologies, which may include in vitro high‐throughput toxicity
screening and toxicokinetic testing, will be needed to inform
further (in vivo) testing of PFAS.

One example of how agencies/institutes are collaborating to
prioritize a list of PFAS needing further study is the REACT
Program (Responsive Evaluation and Assessment of Chemical
Toxicity). Scientists from the USEPA and the National Institute of
Environmental Health Sciences (NIEHS) National Toxicology
Program have joined forces to determine if read‐across ap-
proaches would work. Essentially, they will use existing data for
a data‐rich substance (the source, e.g., PFOA or PFOS) as an
anchor for a data‐poor substance (the target, a novel PFAS),
which is considered similar enough to the source substance to
use the same data as a basis for the safety assessment. For
example, the US National Toxicology Program 28‐d PFAS or
chronic PFOA data set (National Toxicology Program 2020c)
could be used as an anchor. The goal is to group PFAS by
biological activities and then use in vitro to in vivo extrapolation
data and models to estimate oral equivalent exposures for
PFAS. For example, multiple biological endpoints (Table 2) were
chosen to generate data on 150 PFAS (Patlewicz et al. 2019),
representing several structural subclasses for use in read‐across.

Selecting assays shown in Table 2 based on PFOA and
PFOS health effects covers a broad range of biology. However,
because of the structural diversity of PFAS, biological activity of
subclasses of PFAS may be missed; but this can be addressed
in 2 ways. First, using transcriptomics as a screen, similar and
unique pathways altered by different PFAS can be identified.
Second, structure–activity relationships may predict potentially
missing biological activities. As an example, Leadscope model
predictions conducted at the NIEHS predicted biology that was
covered in assays already chosen for evaluation, which in-
creased confidence in the approaches chosen. Because model
predictions are only as robust as data sets from which they are
generated, these outputs should be used to identify assays for
screening efforts and not as synonymous with toxicities in-
duced by PFAS. Ultimately, the REACT program aims to pri-
oritize PFAS for additional targeted testing and follow‐up with
in vivo studies as needed.

Molecular dynamics and protein interactions. Advances in
computational tools, many developed for drug discovery, allow
environmental and public health researchers to better antici-
pate some impacts of emerging contaminants even in the ab-
sence of substantial experimental data (Rabinowitz et al. 2008).
For example, molecular docking and molecular dynamics to
predict strengths of interactions between biomolecules and

TABLE 2: Fit‐for purpose assays proposed in the REACT program

Endpoint of interest Assay proposed

High‐throughput transcriptomics Metabolically competent human liver cells/MCF‐7 (Tempo‐Seq®)
Hepatotoxicity 2D HepaRG® cells
Developmental toxicity Zebrafish embryo assay
Developmental neurotoxicity Multielectrode array in neonatal cortical cells and neurite outgrowth
Immunotoxicity Cytokine alterations in human vascular endothelial cells (BioSeek®)
Hepatic clearance Metabolic clearance in 50 donor‐pooled hepatocyte suspensions
Plasma protein binding Serum protein binding assay using human serum
Enterohepatic recirculation Qualyst B‐CLEAR® hepatocyte transporter assay
In vitro disposition In vitro disposition in cell lines under study

REACT= Responsive Evaluation and Assessment of Chemical Toxicity.
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contaminants can be an in vitro screening tool for assessing
legacy and emerging PFAS for bioaccumulation potential, to
identify potential sites of toxic action (Salvalaglio et al. 2010; Ng
and Hungerbuehler 2015; Cheng and Ng 2018; Li et al. 2019)
and to gain insights into toxic mechanisms (Sheng et al. 2018).
Relatively strong binding with particular proteins (e.g., serum
albumin, liver fatty acid binding protein) has already proven
useful in correlating PFAS structure with potential for
bioaccumulation (Ng and Hungerbühler 2014; Cheng and
Ng 2017). Tools including molecular docking and molecular
dynamics can correlate relative binding affinities of emerging
PFAS with these target proteins and subsequently compare with
affinities of legacy chemicals with known bioaccumulation
potentials, thus providing a first‐tier rapid screening mechanism
(Luebker et al. 2002; Cheng and Ng 2018).

The use of fluorinated substances in pharmaceutical prod-
ucts has led to an unexpected data source for discovery of
structural features in PFAS associated with various types of
bioactivity. These data were recently used to train machine
learning models to predict potential bioactivity for thousands
of untested PFAS (Cheng and Ng 2019). Classification ap-
proaches such as these serve as preliminary screening tools for
identifying PFAS as a first step in a tiered assessment when
detailed mechanistic information is not available.

Addressing mixtures. Based on their potential for complex
exposure patterns, PFAS are a mixtures issue. Communities
with water‐monitoring programs reporting PFAS concen-
trations demonstrated that they are exposed to mixtures of
PFAS. This mixture may be from one or more point sources
releasing multiple PFAS and/or PFAS by‐products into the air
and water, such as a Chemours plant in North Carolina, and
suggest that exposures may be substantial (McCord and
Strynar 2019). However, numerous other PFAS sources are
known to impact community exposure to PFAS mixtures, such
as landfill leachate, biosolids recycling, and aqueous
film–forming foam contamination of drinking water sources,
among others (Sunderland et al. 2019; Solo‐Gabriele et al.
2020). Aqueous film–forming foam and other mixtures evident
in drinking water, food packaging, health and beauty products,
and food‐based sources are often poorly characterized
(Sunderland et al. 2019; Susmann et al. 2019).

Discussions on whether PFAS may be addressed using
a relative potency framework or toxic equivalency factor
approach are ongoing. Substances could be grouped by
bioaccumulation and persistence (toxicokinetics), function (bi-
ology), molecular initiating events, with potency factors derived
from several assays, or subclass (structural similarity).

SPECIAL CONSIDERATIONS IN FUTURE
STUDY DESIGNS
Future epidemiological studies

Future human studies need to characterize immune out-
comes including (and not limited to) immune effects from ex-
posure in early pregnancy and possible roles of PFAS in

initiating allergic and autoimmune processes, conditions for
which a dose response is hard to predict. Interactions of im-
mune pathways with liver and lipid toxicity deserve additional
consideration.

Liver and lipid studies have reasonably characterized asso-
ciations between PFAS and effects and should now address
why and what to do about it. Characterization of possible a
priori susceptibility, such as in the obese, is important. Human
and animal lipid data suggest that future experimental studies
should focus on mitochondrial toxicity, alterations in bile acid
metabolism, cholestasis, and resultant steatosis. These out-
comes are already known to be associated with altered serum
lipids, liver enzymes, and uric acid in the human population
regardless of PFAS (Cohen and Fisher 2013; Sattar et al. 2014;
Arguello et al. 2015; Jensen et al. 2018).

Studies of human kidney markers related to PFAS exposures
illustrate the importance of understanding physiology to inform
study design choices and reasonable interpretations. These
substances have complex excretion mechanics that vary with
dose, state of the healthy or progressively diseased kidney, as
well as a potentially additional causative effect on kidney dis-
ease outcome(s). Appropriate definition of biological and
mechanistic targets and more precise investigation of PFAS
subclasses will better inform study designs and research
questions. For example, consistent reports of disrupted cho-
lesterol metabolism should prompt mechanistic studies evalu-
ating effects on steroid hormones that may influence cancer,
fecundity, lactation, and developmental signals seen in human
population data. More attention could be given to effects of
PFAS on the hypothalamic–pituitary–gonadal axis and then
reconsidered based on life stages.

The history of long‐chain PFAS studies indicates that col-
laborative team approaches featuring clinical, epidemiologic,
computational modeling, and laboratory toxicological ex-
pertise are needed. Future population designs and more sen-
sitive analytical methodologies should address replacement
chemicals, typically found as mixtures; study designs must
account for shorter PFAS half‐lives and unpredictable PFAS
detection in exposed individuals/communities. Innovative use
of biomarkers in specifically designated risk subpopulations
(obesity, immune) will likely be important.

Sex differences, nonmonotonic dose responses,
sensitive subpopulations

Although serum‐level differences exist between men and
women similarly exposed to individual PFAS, sex‐dependent
differences in half‐life have not been reported in human pop-
ulations for short‐chain (PFBS, PFBA) or long‐chain per-
fluoroalkyl acids thus far (Li et al. 2017b). Perhaps the half‐life
differences between the sexes is similar to interindividual var-
iability and cannot be detected above background, or studies
deriving data sets used to model half‐lives were not designed
to detect sex differences (convenience sampling or workers
were mostly male, etc.). However, sex‐specific elimination half‐
lives are defined (Table 1) for some PFAS in rodent models.
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In addition, developmental exposure studies in experimental
models have consistently shown effects at lower doses than
adult‐only exposures and should be given priority in testing
replacement chemicals. In vitro and alternative models that
capture developmental susceptibility are encouraged. In sum-
mary, care should be taken in testing replacement PFAS in
rodent or alternative (cell‐based or zebrafish, for example)
models to consider 1) the possibilities of sex‐based differences
in elimination half‐lives, 2) dose range used (to include human
relevant exposures), 3) life stage represented in the model
system, and 4) variability of the response to enable the use of
data generated for risk assessment.

Future experimental model studies
Experimental rodent studies have been essential in con-

firming PFAS health effects (liver and thyroid disease, lipid
homeostasis), even when effects were not identical to those in
humans; in some cases, novel targets (mammary and immune
changes) were identified in animals. Future animal, cell‐
based, and high‐throughput toxicity screening should
enhance transparency in reporting to include blinded dose
allocation, reporting of all data, adherence to Animal
Research Reporting In Vivo Experiments (ARRIVE) guidelines
(Kilkenny et al. 2010), and dose ranges that approach human
relevance (adjusted to reflect the differences in elimination
between species and potentially chronic exposures) so that
they suitably inform systematic reviews that may be used in
chemical regulation.

Model selection for health effects evaluation is critical. An
appropriate model should be sensitive, be susceptible to the
outcome(s) of interest (obesity, immune), and produce out-
comes that will inform human health effects. Alternative research
models, such as transgenic mice, zebrafish, developmental
models for most affected target tissues, and diet‐challenged
designs in susceptible rodent strains, will strengthen our
knowledge of PFAS‐related health effects. Validation of fish
neurobehavior models to inform mammalian, including human,
developmental responses is needed.

Finally, advanced human cell‐based platforms—that have
been validated for relevant outcomes in humans—will facilitate
concurrent screening of larger numbers of PFAS, but bioavail-
ability of PFAS in the culture system needs to be understood
because binding to media proteins or labware, the instability of
some PFAS in some vehicles, and altered metabolism may exist
in some cases (Gaballah et al. 2020; Liberatore et al. 2020).

Future alternative approaches
One way to determine the toxicity of the large number of

PFAS compounds currently used in commerce is to develop
quantitative structure–activity relationships (QSAR). Such
QSAR attempt to define relationships between a PFAS com-
pound structure with a specific biological activity or response
that identifies or is a biomarker for toxicity. Few data are
available for receptor binding of PFAS, mainly limited to a few

PFCAs and PFSAs; and even between carboxylates and sulfo-
nates of similar chain length substantial differences have been
observed (Cheng and Ng 2017, 2018). If there are substantial
differences between perfluoroalkyl carboxylic and sulfonic
acids, which differ only in their acid head group, construction
of successful QSAR for the large and diverse class of all PFAS
will be particularly challenging. Several QSAR may be devel-
oped, each predictive of toxicity of a distinct class or subclass
of PFAS, based on a unique functional moiety or other feature.
Although this brings additional challenges in finding sufficient
data for QSAR training and validation, big data approaches,
such as the recently developed machine learning models
to predict PFAS bioactivity (Cheng and Ng 2019), show
promise for advancing these computational approaches at the
screening level.

For example, it may be determined by affinity for receptor‐
specific binding and nonspecific interactions with cellular
membranes that the specific toxic effect exhibits a multiphasic
dose response reflecting 2 potential modes of action. In ad-
dition, the critical effect may change with levels of PFAS ex-
posure. Add to this that people are typically exposed to PFAS
mixtures, each of which may have a different affinity for a
binding site and ability to impact cellular membrane fluidity,
and the potential to predict PFAS toxicity becomes extremely
complicated. In the foreseeable future, we may be limited to
assessing PFAS toxicity using high‐throughput assays designed
to inform regulators as to the relative toxicity of PFAS mixtures
or compounds. Such approaches are suited to the use of arti-
ficial intelligence (i.e., machine learning approaches) that in-
tegrate data from multiple sources to identify bioaccumulation
potential, relevant pathways triggered, protein binding affin-
ities, and modes of action involved in the development of
individual and mixture toxicity of PFAS.

The utility of any future approach to determining PFAS
toxicity must consider tissue‐specific modes of action. Such an
approach may rely on molecular interactions with specific
binding sites on enzymes/storage/transport proteins or the
nonspecific ability to alter cell membrane fluidity by which
membrane‐bound protein activities are altered within a par-
ticular organ/system. Regardless of the mode of action, model,
and/or simulation, the predictive result should be biologically
plausible and represent dose–effect responses across species.

CONCLUSION
Future research on the health effects of replacement PFAS

and mechanistic studies on legacy PFAS must apply “lessons
learned” such as those highlighted in the present review. There
are only a handful of PFAS with enough health effects data for
use in decision‐making, as evidenced by state‐led standard
setting. There are numerous health effects reported for those
PFAS tested, which sets this family of chemicals apart from
many others and elevates the need for precautionary action.
With hundreds of PFAS lacking health effects data, translational
research teams using innovative methodologies and carefully
designed studies will be critical to our state of knowledge on
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PFAS‐related health effects and our enhanced strategies for
informing risk assessment of this large family of chemicals.
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Separating People from 
Pollution 
Individual and Community Interventions to 
Mitigate Health Effects of Air Pollutants
Efforts to minimize people’s exposure to air pollution historically 
have focused on curbing emissions from tailpipes and smokestacks. 
But increases in vehicle-kilometers traveled—that is, more cars 
spending more time on the road—have 
tempered that effect. Moreover, residential 
areas, hospitals, and schools often are built 
adjacent to main traffic arteries, where 
emissions are highest. An international 
group of public health researchers now 
says it’s time to start separating people 
from sources of air pollution as a means of 
protecting public health [EHP 119(1):29–
36; Giles et al.]. 

Air pollution can cause myriad cardio-
vascular and respiratory problems includ-
ing asthma, bronchitis, and heart disease. 
Outdoor air pollutants can easily migrate 
indoors, and most exposure to ambient air 
pollution occurs inside buildings. Recent 
research indicates that people living near 
congested highways face a greater risk of 
such diseases and that moving to a less-
polluted neighborhood lowers their risk. 

The authors describe “promising and 
largely unexplored” approaches to reducing 
the health impact of air pollution through 
interventions targeted at communities and 

at indivi duals. They base their recommendations on published 
studies and discussions from a 2009 workshop on this topic held in 
Vancouver, Canada. 

The authors argue that cities can improve residents’ health by 
considering air quality during land-use planning. For example, 
creating high-density, mixed-use areas would enable more people to 
walk or bicycle to work, school, and shops, thereby reducing emis-
sions and encouraging more exercise; ideally, safe pedestrian and 
cycling greenways would be located away from traffic. For longer-
distance travel, the authors suggest low-emission public transit. 

And in areas where wood burning is an 
important heating method, woodstove 
exchange programs can help residents 
acquire cleaner-burning stoves affordably.

Risk factors for heart disease include 
a sedentary lifestyle, obesity, and a 
high-sodium diet. Therefore, the authors 
posit that another approach to reducing a 
person’s risk of being affected by air pol-
lution is to minimize one’s overall risk of 
heart disease. This could involve interven-
tions that encourage people to eat a diet 
rich in omega-3 fatty acids and antioxi-
dants and to get regular exercise. However, 
because pollution levels vary even within 
cities, exercise should be planned to mini-
mize exposure. Variations occur by season, 
with ozone being higher in the summer 
and particulates from woodstoves higher 
in the winter, for example. Traffic-related 
pollutants also spike during rush hour and 
are higher in heavily traveled areas. 
Cynthia Washam writes for EHP, Oncology Times, and 
other science and medical publications from South Florida.
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Estrogens from the Outside In
Alkylphenols, BPA Disrupt ERK Signaling in Vitro
The body produces estrogens—including estrone (E1), estradiol 
(E2), and estriol (E3)—that direct reproductive system processes and 
contribute to the normal function of tissues including the brain, 
bone, and cardiovascular system. Certain xenoestrogens (estrogenic 
compounds introduced from outside the body) are suspected of dis-
rupting these activities. In a new study, xenoestrogenic alkylphenols 
and bisphenol A (BPA) interfered with normal estrogenic signaling in 
vitro, which suggests they could disrupt normal physiologic function 
at critical life stages [EHP 119(1):104–112; Jeng and Watson].

Different estrogen receptors control different functions: receptors 
in the cell nucleus direct gene transcription, whereas receptors in the 
cell membrane direct signaling pathways via extracellular signal–
regulated kinases (ERKs). ERK-controlled pathways respond to 
many biochemical stimuli and integrate these signals to direct a cell 
toward division, differentiation, death, or malignant transformation. 
The structurally related alkylphenols and BPA interact weakly with 
nuclear estrogen receptors, but they can have pronounced effects 
on signaling pathways mediated by estrogen receptors in the cell 
membrane. 

In the current study, a rat pituitary cancer cell line was used 
to study the effect of alkylphenols and BPA on ERK1 and ERK2 
activation (measured as phosphorylation), both alone and in com-
bination with each physiologic estrogen. After treatment with each 
physiologic and environmental estrogen, the researchers measured 
time-dependent surges in ERK activation. In most cases, E1 and E2 

prompted early, intermediate, and late surges in ERK activation at 
5, 10–30, and >  30 min, respectively; alkylphenols and E3 typically 
triggered early and late surges. Interestingly, a very low concentra-
tion of BPA (10−14 M) yielded a similar two-peak response, but 
a higher concentration (1 nM) induced a three-peak response 
like that of E1 and E2. Both BPA concentrations were typical of 
environmental exposures and, along with ineffective midrange 
doses, also illustrated the nonmonotonic dose–response relationship 
characteristic of many estrogenic compounds.

When physiologic estrogens and xenoestrogens were combined, 
the response pattern generally shifted to a single major peak at an 
intermediate time. Xenoestrogens that caused a strong response when 
administered alone at a particular point in time or concentration 
tended to inhibit ERK activation in response to a physiologic estrogen. 
But at other times or concentrations, the same xenoestrogen might 
cause a weak response on its own, in which case it would tend to 
enhance ERK phosphorylation in response to physiologic estrogens.

There were exceptions to these general patterns, however, which 
highlights the need to study effects of individual xenoestrogens at 
different points in time, at varying concentrations, and in different 
tissues. The effect of shifts in the patterns of ERK activation are only 
just beginning to be explored, although it is known that these pat-
terns constitute an important component of information flow within 
a cell. The correct flow of information is likely to be especially critical 
during windows of vulnerability that are based in part on life stage.

Julia R. Barrett, MS, ELS, a Madison, WI–based science writer and editor, has written for 
EHP since 1996. She is a member of the National Association of Science Writers and the Board of 
Editors in the Life Sciences.

Time of day and location 
affect air pollution exposure 

during exercise.
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A Measure of Community 
Exposure
PFOA in Well Water Correlates with Serum Levels
The first detailed investigation into contamination of private wells 
with perfluorooctanoic acid (PFOA) and levels of the compound in 
human blood serum suggests that drinking water was the dominant 
source of exposure to PFOA in a community industrially exposed 
to the compound [EHP 119(1):92–97; Hoffman et al.]. The study, 
conducted in 2005 and 2006, included only people who obtained 
their drinking water from private wells. The results showed that each 
1-µg/L increase of the compound in the participants’ water supply 
was associated with a 141.5-µg/L increase in people’s serum PFOA 
concentrations.

The participants lived around DuPont’s Washington Works 
facility in Parkersburg, West Virginia, where PFOA (also known as 
C8) is used in the manufacture of Teflon® nonstick polymers. PFOA 
has been shown to increase risk of cancer, reproductive problems, and 
liver damage in laboratory animals, although human health effects 
are less clear. Many of the water monitoring data used in this study 
were collected as part of an agreement between DuPont and the U.S. 
Environmental Protection Agency (EPA) to conduct a human health 
risk assessment for PFOA.

The groundwater in the Parkersburg area had been contami-
nated by DuPont’s releases of PFOA into the nearby Ohio River. A 
second source of contamination was PFOA that was released into 
the atmosphere and deposited onto soils, which then leached into the 
groundwater.

Previous research in this study area linked drinking water sup-
plied by six local water districts and consumption of home-grown 
vegetables to PFOA levels in participants’ serum [EHP 118(8):1100–
1108; Steenland et al.]. The new study provides a quantitative esti-
mate of the relationship between drinking water and serum PFOA 
levels based on exposure to a wider range of PFOA levels in drinking 
water from 62 wells. It also corroborates the earlier finding about 
consumption of home-grown vegetables.

Many of the wells in the study had PFOA concentrations that 
exceeded the EPA’s 0.4-µg/L advisory level, although the median 
concentration in the well water samples was half that level. The 
concentrations of PFOA in participants’ serum ranged from 0.9 to 
4,751 µg/L, with a median of 75.7 µg/L, approximately 20 times the 
average level in the U.S. general population.

The association between PFOA in drinking water and serum was 
similar for both shorter- and longer-term residents of the area. The 
researchers found the associations held after excluding participants 
who reported drinking bottled water and those who worked at the 
DuPont facility. Compared with other factors (including age, sex, 
body weight, cigarette smoking, and alcohol consumption), drinking 
water was consistently the strongest predictor of serum PFOA levels.

The 141.5:1 ratio estimated for drinking water to serum PFOA 
concentrations is close to the 114:1 ratio predicted by a steady-state 
pharmacokinetic model employed by the authors. These findings 
may be useful in developing drinking water guidelines and studying 
other communities where PFOA is manufactured.

Kellyn S. Betts has written about environmental contaminants, hazards, and technology for 
solving environmental problems for publications including EHP and Environmental Science & 
Technology for more than a dozen years.

Lead Doesn’t Spare the Rod
Low-Level Exposure Supercharges Retinal Cell 
Production in Mice
Low-level gestational lead exposure has been shown to increase the elec-
trical response of the rod signaling pathway in the retinas of children, 
monkeys, and rats, which could in turn contribute to retinal disease. 
Now researchers demonstrate the phenomenon underlying this effect: 
increased proliferation of retinal progeni-
tor cells, which give rise to function-
ally differentiated retinal cells that sense 
and transmit visual information [EHP 
119(1):71–77; Giddabasappa et al.].

Using a previously described mouse 
model of low-level gestational lead expo-
sure, the researchers set out to test the 
hypothesis that such exposure selectively 
increases rod photoreceptors and bipolar 
cells in the rod signaling pathway. (The 
rod signaling pathway detects grada-
tions of light, as opposed to the cone 
signaling pathways, which detect colors.) 
Female mice were given water containing 
varying concentrations of lead: 0 ppm 
(control), 27 ppm (“low” dose), 55 ppm 
(“moderate” dose), or 109 ppm (“high” 
dose). The exposures were administered for 
2 weeks before mating, during pregnancy, 
and through postnatal day 10—a model 
for the human gestation period. On post-
natal day 10, unspiked water replaced the 
water–lead mixtures for all groups.

The adult mammalian retina consists of six types of neurons and 
a Müller glial cell. These cell types develop in one of two distinct 
phases: primarily in utero (“early-born”) or primarily after birth 
(“late-born”). In examining controls and exposed mice at postnatal 
day 60, the researchers found that late-born rod photoreceptors and 
rod and cone bipolar cells increased by 16–30% in exposed offspring, 
whereas Müller glial cells (also classified as late-born retinal cells) 
did not increase. Low and moderate lead doses showed the greatest 
effects. Gestational lead exposure also increased and prolonged 

retinal progenitor cell proliferation but 
did not alter developmental apoptosis 
(programmed cell death), indicating 
that the higher numbers of rods and 
bipolar cells were due to increased pro-
duction, not decreased apoptosis.

These results demonstrate that 
gestational lead exposure resulting in 
blood lead levels of 10 µg/dL alters 
retinal development by selectively pro-
moting the development of rod photo-
receptor cells and bipolar cells. The 
authors speculate that the increased 
number of rods and bipolar cells in the 
lead-exposed animals could accelerate 
age-related retinal degeneration. These 
nonmonotonic dose–response results 
raise complex issues for neurotoxicol-
ogy, risk assessment, public health, and 
children’s health.

Angela Spivey writes from North Carolina about 
science, medicine, and higher education. She has 
written for EHP since 2001 and is a member of the 
National Association of Science Writers.
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The retina comprises several layers; among them, the ONL is 
composed of rod and cone nuclei, while the INL is composed 
of bipolar cells that transmit signals from the rods and cones 
to retinal nerve cells as well as numerous other cell types. 
Gestational lead exposure selectively increased the number of 
rods and bipolar cells.

Rhodopsin = rod nuclei; PKCα = rod bipolar cells; 
Chx10 = rod and cone bipolar cell nuclei; ONL = outer nuclear layer; 

INL = inner nuclear layer; IPL = inner plexiform layer; scale bar = 20 µm
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respondents into groups that align with 
the source categories identified in the 
rule. 

Reporting facilities include, but are 
not limited to, those operating one or 
more units that exceed the CO2e 
threshold for the industry sectors listed 
in Table A–4 of 40 CFR 98.2(a)(2) or 
those in the categories in which all must 
report, such as petroleum refining 
facilities and all other large emitters 
listed in Table A–3 of 40 CFR 98.2(a)(1). 
Additionally, the GHGRP requires 
reporting of GHGs from certain 
suppliers as listed in Table A–5 of 40 
CFR 98.2(a)(4) and of certain emissions 
information associated with mobile 
sources (e.g., for permit applications or 
emissions control certification testing 
procedures). 

Respondent’s Obligation To Respond: 
Mandatory (Sections 114 and 208 of the 
Clean Air Act provide EPA authority to 
require the information mandated by the 
Greenhouse Gas Reporting Program 
because such data will inform and are 
relevant to future policy decisions). 

Estimated Number of Respondents: 
11,080 (total). 

Frequency of Response: Annual. 
Total Estimated Burden: 739,187 

hours (per year). Burden is defined at 5 
CFR 1320.03(b). 

Total Estimated Cost: $99,831,931 per 
year, which includes $30,621,791 for 
capital investment and operation and 
maintenance costs for respondents, 
labor cost of $57,210,010 for 
respondents, and $12,000,130 for the 
EPA. 

Changes in the Estimates: This change 
in burden reflects an update in the 
number of respondents, an adjustment 
of labor rates to 2014 Bureau of Labor 
and Statistics (BLS) labor rates, an 
adjustment of capital costs to reflect 
2013 dollars, a re-evaluation of the costs 
to monitor and report combustion 
emissions across the entire program, a 
re-evaluation of the activities and costs 
associated with Petroleum and Natural 
Gas Systems (Subpart W) and Geologic 
Sequestration of Carbon Dioxide 
(Subpart RR), and the addition of new 
segments and new reporters under 
Subpart W. 

Courtney Kerwin, 
Acting Director, Collection Strategies 
Division. 
[FR Doc. 2016–12310 Filed 5–24–16; 8:45 am] 

BILLING CODE 6560–50–P 

ENVIRONMENTAL PROTECTION 
AGENCY 

[EPA–HQ–OW–2014–0138; FRL–9946–91– 
OW] 

Lifetime Health Advisories and Health 
Effects Support Documents for 
Perfluorooctanoic Acid and 
Perfluorooctane Sulfonate 

AGENCY: Environmental Protection 
Agency (EPA). 
ACTION: Notice of availability. 

SUMMARY: The Environmental Protection 
Agency (EPA) announces the release of 
lifetime health advisories (HAs) and 
health effects support documents for 
Perfluorooctanoic Acid (PFOA) and 
Perfluorooctane Sulfonate (PFOS). EPA 
developed the HAs to assist federal, 
state, tribal and local officials, and 
managers of drinking water systems in 
protecting public health when these 
chemicals are present in drinking water. 
EPA’s HAs, which identify the 
concentration of PFOA and PFOS in 
drinking water at or below which 
adverse health effects are not 
anticipated to occur over a lifetime of 
exposure, are: 0.07 parts per billion (70 
parts per trillion) for PFOA and PFOS. 
HAs are non-regulatory and reflect 
EPA’s assessment of the best available 
peer-reviewed science. These HAs 
supersede EPA’s 2009 provisional HAs 
for PFOA and PFOS. 
FOR FURTHER INFORMATION CONTACT: 
Jamie Strong, Health and Ecological 
Criteria Division, Office of Water (Mail 
Code 4304T), Environmental Protection 
Agency, 1200 Pennsylvania Avenue 
NW., Washington, DC 20460; telephone 
number: (202) 566–0056; email address: 
strong.jamie@epa.gov. 
SUPPLEMENTARY INFORMATION: 

I. General Information

A. How can I get copies of this
document and other related
information?

1. Docket. EPA has established a
docket for this action under Docket ID 
No. EPA–HQ–OW–2014–0138. Publicly 
available docket materials are available 
either electronically through 
www.regulations.gov or in hard copy at 
the Water Docket in the EPA Docket 
Center, (EPA/DC) EPA West, Room 
3334, 1301 Constitution Ave. NW., 
Washington, DC. The EPA Docket 
Center Public Reading Room is open 
from 8:30 a.m. to 4:30 p.m., Monday 
through Friday, excluding legal 
holidays. The telephone number for the 
Public Reading Room is (202) 566–1744, 
and the telephone number for the Water 
Docket is (202) 566–2426. 

2. Electronic Access. You may access
this Federal Register document 
electronically from the Government 
Printing Office under the ‘‘Federal 
Register’’ listings FDSys (http://
www.gpo.gov/fdsys/browse/
collection.action?collectionCode=FR). 

II. What are perfluorooctanoic acid and
perfluorooctane sulfonate and why is
EPA concerned about them?

PFOA and PFOS are fluorinated 
organic chemicals that are part of a 
larger group of chemicals referred to as 
perfluoroalkyl substances. They were 
used to make carpets, clothing, fabrics 
for furniture, paper packaging for food 
and other materials (e.g., cookware) that 
are resistant to water, grease or stains. 
They are also used for firefighting at 
airfields and in a number of industrial 
processes. Both PFOA and PFOS are 
persistent in the environment and in the 
human body. Over time both chemicals 
have become widely distributed in the 
environment and have accumulated in 
the blood of humans, wildlife, and fish. 
Studies indicate that exposure to PFOA 
and PFOS over certain levels may result 
in adverse health effects, including 
developmental effects to fetuses during 
pregnancy or to breast-fed infants (e.g., 
low birth weight, accelerated puberty, 
skeletal variations), cancer (e.g., 
testicular, kidney), liver effects (e.g., 
tissue damage), immune effects (e.g., 
antibody production and immunity), 
and other effects (e.g., cholesterol 
changes). 

III. What are health advisories?

Under the Safe Drinking Water Act,
EPA may publish HAs for contaminants 
that are not subject to any national 
primary drinking water regulation. 
SDWA section 1412(b)(1)(F). EPA 
develops HAs to provide information on 
the chemical and physical properties, 
occurrence and exposure, health effects, 
quantification of toxicological effects, 
other regulatory standards, analytical 
methods, and treatment technology for 
drinking water contaminants. HAs 
describe concentrations of drinking 
water contaminants at which adverse 
health effects are not anticipated to 
occur over specific exposure durations 
(e.g., one-day, ten-days, and a lifetime). 
HAs serve as informal technical 
guidance to assist federal, state and 
local officials, as well as managers of 
public or community water systems in 
protecting public health. They are not 
regulations and should not be construed 
as legally enforceable federal standards. 
HAs may change as new information 
becomes available. 
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IV. Information on the Drinking Water 
Health Advisories for PFOA and PFOS 

EPA’s HA levels, which identify the 
concentration of PFOA and PFOS in 
drinking water at or below which 
adverse health effects are not 
anticipated to occur over a lifetime of 
exposure, are: 0.07 parts per billion (70 
parts per trillion) for PFOA and PFOS. 
Because these two chemicals cause 
similar types of adverse health effects, 
EPA recommends that when both PFOA 
and PFOS are found in drinking water 
the combined concentrations of PFOA 
and PFOS be compared with the 0.07 
part per billion HA level. 

EPA’s lifetime HAs are based on peer- 
reviewed toxicological studies of 
exposure of animals to PFOA and PFOS, 
applying scientifically appropriate 
uncertainty factors. The development of 
the HAs was also informed by 
epidemiological studies of human 
populations that have been exposed to 
PFOA and PFOS. The HAs are set at 
levels that EPA concluded will not 
result in adverse developmental effects 
to fetuses during pregnancy or to breast- 
fed infants, who are the groups most 
sensitive to the potential harmful effects 
of PFOA and PFOS. EPA’s analysis 
indicates that exposure to these same 
levels will not result in adverse health 
effects (including cancer and non- 
cancer) to the general population over a 
lifetime (or any shorter period) of 
exposure to these chemicals. 

EPA’s HAs for PFOA and PFOS are 
supported by peer-reviewed health 
effects support documents that 
summarize and analyze available peer- 
reviewed studies on toxicokinetics, 
human epidemiology, animal toxicity, 
and provide a cancer classification and 
a dose response assessment for 
noncancer effects. On February 28, 
2014, EPA released draft versions of 
these health effects support documents 
for a 60-day public comment period and 
initiated a contractor-led, independent 
public panel peer review process (79 FR 
11429). The peer review panel meeting 
occurred on August 21–22, 2014, and 
included seven experts in the following 
areas: Epidemiology, toxicology (liver, 
immune, neurological and reproductive 
and developmental effects), membrane 
transport, risk assessment, 
pharmacokinetic models, and mode-of- 
action for cancer and noncancer effects 
(79 FR 39386). Comments submitted to 
EPA’s public docket during the 60-day 
public comment period were provided 
to the peer reviewers ahead of the 
meeting for their consideration. A peer 
review summary report and other 
supporting documents may be found at: 

http://www.regulations.gov under the 
docket EPA–HQ–OW–2014–0138. 

Dated: May 19, 2016. 
Joel Beauvais, 
Deputy Assistant Administrator, Office of 
Water. 
[FR Doc. 2016–12361 Filed 5–24–16; 8:45 am] 

BILLING CODE 6560–50–P 

ENVIRONMENTAL PROTECTION 
AGENCY 

[EPA–HQ–OPP–2015–0021; FRL–9946–40] 

Pesticide Product Registration; 
Receipt of Applications for New Active 
Ingredients 

AGENCY: Environmental Protection 
Agency (EPA). 
ACTION: Notice. 

SUMMARY: EPA has received applications 
to register pesticide products containing 
active ingredients not included in any 
currently registered pesticide products. 
Pursuant to the Federal Insecticide, 
Fungicide, and Rodenticide Act 
(FIFRA), EPA is hereby providing notice 
of receipt and opportunity to comment 
on these applications. 
DATES: Comments must be received on 
or before June 24, 2016. 
ADDRESSES: Submit your comments, 
identified by docket identification (ID) 
number and the File Symbol of interest 
as shown in the body of this document, 
by one of the following methods: 

• Federal eRulemaking Portal: http:// 
www.regulations.gov. Follow the online 
instructions for submitting comments. 
Do not submit electronically any 
information you consider to be 
Confidential Business Information (CBI) 
or other information whose disclosure is 
restricted by statute. 

• Mail: OPP Docket, Environmental 
Protection Agency Docket Center (EPA/ 
DC), (28221T), 1200 Pennsylvania Ave. 
NW., Washington, DC 20460–0001. 

• Hand Delivery: To make special 
arrangements for hand delivery or 
delivery of boxed information, please 
follow the instructions at http://
www.epa.gov/dockets/contacts.html. 

Additional instructions on 
commenting or visiting the docket, 
along with more information about 
dockets generally, is available at http:// 
www.epa.gov/dockets. 
FOR FURTHER INFORMATION CONTACT: 
Robert McNally, Biopesticides and 
Pollution Prevention Division (7511P), 
Office of Pesticide Programs, 
Environmental Protection Agency, 1200 
Pennsylvania Ave. NW., Washington, 
DC 20460–0001; main telephone 

number: (703) 305–7090; email address: 
BPPDFRNotices@epa.gov. 
SUPPLEMENTARY INFORMATION: 

I. General Information 

A. Does this action apply to me? 

You may be potentially affected by 
this action if you are an agricultural 
producer, food manufacturer, or 
pesticide manufacturer. The following 
list of North American Industrial 
Classification System (NAICS) codes is 
not intended to be exhaustive, but rather 
provides a guide to help readers 
determine whether this document 
applies to them. Potentially affected 
entities may include: 

• Crop production (NAICS code 111). 
• Animal production (NAICS code 

112). 
• Food manufacturing (NAICS code 

311). 
• Pesticide manufacturing (NAICS 

code 32532). 

B. What should I consider as I prepare 
my comments for EPA? 

1. Submitting CBI. Do not submit this 
information to EPA through 
regulations.gov or email. Clearly mark 
the part or all of the information that 
you claim to be CBI. For CBI 
information in a disk or CD–ROM that 
you mail to EPA, mark the outside of the 
disk or CD–ROM as CBI and then 
identify electronically within the disk or 
CD–ROM the specific information that 
is claimed as CBI. In addition to one 
complete version of the comment that 
includes information claimed as CBI, a 
copy of the comment that does not 
contain the information claimed as CBI 
must be submitted for inclusion in the 
public docket. Information so marked 
will not be disclosed except in 
accordance with procedures set forth in 
40 CFR part 2. 

2. Tips for preparing your comments. 
When preparing and submitting your 
comments, see the commenting tips at 
http://www.epa.gov/dockets/
comments.html. 

II. Registration Applications 

EPA has received applications to 
register pesticide products containing 
active ingredients not included in any 
currently registered pesticide products. 
Pursuant to the provisions of FIFRA 
section 3(c)(4) (7 U.S.C. 136a(c)(4)), EPA 
is hereby providing notice of receipt and 
opportunity to comment on these 
applications. Notice of receipt of these 
applications does not imply a decision 
by the Agency on these applications. 

1. File Symbol: 91197–E. Docket ID 
number: EPA–HQ–OPP–2016–0251. 
Applicant: AFS009 Plant Protection, 

VerDate Sep<11>2014 20:19 May 24, 2016 Jkt 238001 PO 00000 Frm 00054 Fmt 4703 Sfmt 4703 E:\FR\FM\25MYN1.SGM 25MYN1m
st

oc
ks

til
l o

n 
D

S
K

3G
9T

08
2P

R
O

D
 w

ith
 N

O
T

IC
E

S

WG Ex. 74

2767



49101 Federal Register / Vol. 89, No. 113 / Tuesday, June 11, 2024 / Rules and Regulations 

Regulations from the Michigan SIP, 
which is incorporated by reference in 
accordance with the requirements of 1 
CFR 51.5. 

V. Statutory and Executive Order
Reviews

Under the CAA, the Administrator is 
required to approve a SIP submission 
that complies with the provisions of the 
CAA and applicable Federal regulations. 
42 U.S.C. 7410(k); 40 CFR 52.02(a). 
Thus, in reviewing SIP submissions, 
EPA’s role is to approve state choices, 
provided that they meet the criteria of 
the CAA. Accordingly, this action 
merely approves state law as meeting 
Federal requirements and does not 
impose additional requirements beyond 
those imposed by state law. For that 
reason, this action: 

• Is not a significant regulatory action
subject to review by the Office of 
Management and Budget under 
Executive Orders 12866 (58 FR 51735, 
October 4, 1993), 13563 (76 FR 3821, 
January 21, 2011), and 14094 (88 FR 
21879, April 11, 2023); 

• Does not impose an information
collection burden under the provisions 
of the Paperwork Reduction Act (44 
U.S.C. 3501 et seq.); 

• Is certified as not having a
significant economic impact on a 
substantial number of small entities 
under the Regulatory Flexibility Act (5 
U.S.C. 601 et seq.); 

• Does not contain any unfunded
mandate or significantly or uniquely 
affect small governments, as described 
in the Unfunded Mandates Reform Act 
of 1995 (Pub. L. 104–4); 

• Does not have Federalism
implications as specified in Executive 
Order 13132 (64 FR 43255, August 10, 
1999); 

• Is not subject to Executive Order
13045 (62 FR 19885, April 23, 1997) 
because it approves a state program; 

• Is not a significant regulatory action
subject to Executive Order 13211 (66 FR 
28355, May 22, 2001); 

• Is not subject to requirements of
Section 12(d) of the National 
Technology Transfer and Advancement 
Act of 1995 (15 U.S.C. 272 note) because 
application of those requirements would 
be inconsistent with the CAA; and 

• Does not provide EPA with the
discretionary authority to address, as 
appropriate, disproportionate human 
health or environmental effects, using 
practicable and legally permissible 
methods, under Executive Order 12898 
(59 FR 7629, February 16, 1994). 

In addition, the SIP is not approved 
to apply on any Indian reservation land 
or in any other area where EPA or an 
Indian tribe has demonstrated that a 

tribe has jurisdiction. In those areas of 
Indian country, the rule does not have 
tribal implications and will not impose 
substantial direct costs on tribal 
governments or preempt tribal law as 
specified by Executive Order 13175 (65 
FR 67249, November 9, 2000). 

Executive Order 12898 (Federal 
Actions To Address Environmental 
Justice in Minority Populations and 
Low-Income Populations, 59 FR 7629, 
February 16, 1994) directs Federal 
agencies to identify and address 
‘‘disproportionately high and adverse 
human health or environmental effects’’ 
of their actions on minority populations 
and low-income populations to the 
greatest extent practicable and 
permitted by law. EPA defines 
environmental justice (EJ) as ‘‘the fair 
treatment and meaningful involvement 
of all people regardless of race, color, 
national origin, or income with respect 
to the development, implementation, 
and enforcement of environmental laws, 
regulations, and policies.’’ EPA further 
defines the term fair treatment to mean 
that ‘‘no group of people should bear a 
disproportionate burden of 
environmental harms and risks, 
including those resulting from the 
negative environmental consequences of 
industrial, governmental, and 
commercial operations or programs and 
policies.’’ 

EGLE did not evaluate EJ 
considerations as part of its SIP 
submittal; the CAA and applicable 
implementing regulations neither 
prohibit nor require such an evaluation. 
EPA did not perform an EJ analysis and 
did not consider EJ in this action. Due 
to the nature of the action being taken 
here, this action is expected to have a 
neutral to positive impact on the air 
quality of the affected area. 
Consideration of EJ is not required as 
part of this action, and there is no 
information in the record inconsistent 
with the stated goal of E.O. 12898 of 
achieving EJ for people of color, low- 
income populations, and Indigenous 
peoples. 

This action is subject to the 
Congressional Review Act, and EPA will 
submit a rule report to each House of 
the Congress and to the Comptroller 
General of the United States. This action 
is not a ‘‘major rule’’ as defined by 5 
U.S.C. 804(2). 

Under section 307(b)(1) of the CAA, 
petitions for judicial review of this 
action must be filed in the United States 
Court of Appeals for the appropriate 
circuit by August 12, 2024. Filing a 
petition for reconsideration by the 
Administrator of this final rule does not 
affect the finality of this action for the 
purposes of judicial review nor does it 

extend the time within which a petition 
for judicial review may be filed and 
shall not postpone the effectiveness of 
such rule or action. Parties with 
objections to this direct final rule are 
encouraged to file a comment in 
response to the parallel notice of 
proposed rulemaking for this action 
published in the proposed rules section 
of this Federal Register, rather than file 
an immediate petition for judicial 
review of this direct final rule, so that 
EPA can withdraw this direct final rule 
and address the comment in the 
proposed rulemaking. This action may 
not be challenged later in proceedings to 
enforce its requirements. (See section 
307(b)(2).) 

List of Subjects in 40 CFR Part 52 
Environmental protection, Air 

pollution control, Incorporation by 
reference. 

Dated: June 3, 2024. 
Debra Shore, 
Regional Administrator, Region 5. 

For the reasons stated in the 
preamble, 40 CFR part 52 is amended as 
follows: 

PART 52—APPROVAL AND 
PROMULGATION OF 
IMPLEMENTATION PLANS 

■ 1. The authority citation for part 52 
continues to read as follows:

Authority: 42 U.S.C. 7401 et seq. 

§ 52.1170 [Amended]

■ 2. In § 52.1170, the table in paragraph 
(c) is amended by removing the section
heading entitled, ‘‘Hazardous Waste
Management’’ and the entry for ‘‘R
299.9109(p)’’.
[FR Doc. 2024–12519 Filed 6–10–24; 8:45 am] 

BILLING CODE 6560–50–P 

ENVIRONMENTAL PROTECTION 
AGENCY 

40 CFR Parts 141 

[EPA–HQ–OW–2022–0114; FRL 8543–04– 
OW] 

RIN 2040–AG18 

PFAS National Primary Drinking Water 
Regulation; Correction 

AGENCY: Environmental Protection 
Agency (EPA). 
ACTION: Final rule; correction. 

SUMMARY: The U.S. Environmental 
Protection Agency (EPA) is correcting 
formatting and entry designations in a 
final rule that was published in the 
Federal Register on April 26, 2024. The 
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rule finalized National Primary Drinking 
Water Regulations under the Safe 
Drinking Water Act for five individual 
per- and polyfluoroalkyl substances 
(PFAS): perfluorooctanoic acid (PFOA), 
perfluorooctane sulfonic acid (PFOS), 
perfluorohexane sulfonic acid (PFHxS), 
perfluorononanoic acid (PFNA), 
hexafluoropropylene oxide dimer acid 
(HFPO–DA, commonly known as GenX 
Chemicals). The rule finalized a 
NPDWR for two or more mixtures of 
PFNA, PFHXs, HFPO–DA and 
perfluorobutane sulfonic acid (PFBS). 
This document corrects formatting and 
entry designations in the final 
regulation. 

DATES: Effective on June 25, 2024. 

ADDRESSES: The EPA has established a 
docket for this action under Docket ID 
No. EPA–HQ–OW–2022–0114. All 
documents in the docket are listed on 
the https://www.regulations.gov 
website. Although listed in the index, 
some information is not publicly 
available, e.g., Confidential Business 
Information (CBI) or other information 
whose disclosure is restricted by statute. 
Certain other material, such as 
copyrighted material, is not placed on 
the internet and will be publicly 
available only in hard copy form. 
Publicly available docket materials are 
available electronically through https:// 
www.regulations.gov. 

FOR FURTHER INFORMATION CONTACT: 
Alexis Lan, Office of Ground Water and 
Drinking Water, Standards and Risk 
Management Division (Mail Code 
4607M), Environmental Protection 
Agency, 1200 Pennsylvania Avenue 
NW, Washington, DC 20460; telephone 
number 202–564–0841; email address: 
PFASNPDWR@epa.gov. 

SUPPLEMENTARY INFORMATION: The EPA 
is making several corrections for 
inadvertent errors in the regulatory text 
for the final rule: 

I. Does this action apply to me? 

This action makes formatting changes 
for the incorporation of the April 26, 
2024, final PFAS National Primary 
Drinking Water Regulation into the 
Code of Federal Regulations. The agency 
included in the April 26, 2024, final 
rule a list of those entities that may be 
potentially affected by the final PFAS 
National Primary Drinking Water 
Regulation. 

II. What does this correction do? 

The EPA issued a final rule in the 
Federal Register on April 26, 2024 (89 
CFR 32532) (FRL 8543–02–OW), 
finalizing National Primary Drinking 
Water Regulations under the Safe 
Drinking Water Act for PFAS: PFOA, 
PFOS, PFHxS, PFNA, HFPO–DA, and as 
well as two or more mixtures of PFNA, 
PFHXs, HFPO–DA and PFBS. The EPA 
inadvertently listed incorrect entry 
designations in § 141.61. This document 
corrects the designation of entries in the 
tables in § 141.61(c)(1) and 
§ 141.61(c)(2). With the corrections to 
§ 141.61(c)(1) and § 141.61(c)(2), the 
subsequent tables in § 141.61(c) are also 
renumbered; tables 5 and 6 are changed 
to tables 3 and 4. These corrections to 
§ 141.61 are also now reflected 
appropriately in amendatory 
instructions 7 and 8. This document 
corrects the final regulation. 

III. Why is this correction issued as 
final rule? 

Section 553 of the Administrative 
Procedure Act (APA) (5 U.S.C. 
553(b)(3)(B)) provides that, when an 
agency for good cause finds that notice 
and public procedure are impracticable, 
unnecessary, or contrary to the public 
interest, the agency may issue a final 
rule without providing notice and an 
opportunity for public comment. The 
EPA has determined that there is a good 
cause for making this correction final 
without prior proposal and opportunity 
for comment, because the EPA 
inadvertently listed the designation of 
entries incorrectly in § 141.61 in the 
document published in the Federal 
Register. The EPA finds that this 
constitutes good cause under 5 U.S.C. 
553(b)(3)(B). 

Corrections 

In FR Doc. 2024–07773 beginning on 
page 32532 in the Federal Register of 
April 26, 2024, the EPA is making the 
following corrections: 

§ 141.60 [Corrected] 

■ 1. On page 32744, in the third column, 
in § 141.60, in paragraph (a)(4), ‘‘The 
effective date for paragraphs (c)(34) 
through (40) of § 141.61 (listed in table 
4 to paragraph (c)) is April 26, 2029.’’ 
is corrected to read ‘‘The effective date 
for § 141.61(c)(2)(i) through (vii) is April 
26, 2029.’’ 

■ 2. On page 32744, starting in the third 
column, amendatory instruction 8 for 
§ 141.61 and the accompanying 
regulatory text are corrected to read as 
follows: 

8. Amend § 141.61 by: 
a. In paragraph (a), revising the 

introductory text and adding a table 
heading; 

b. In paragraph (b), revising the 
introductory text and the table heading; 

c. Revising and republishing 
paragraph (c); and 

d. Adding paragraphs (d) and (e). 
The revisions and additions read as 

follows: 

§ 141.61 Maximum contaminant levels for 
organic contaminants. 

(a) The following maximum 
contaminant levels for volatile organic 
contaminants apply to community and 
non-transient, non-community water 
systems. 

Table 1 to Paragraph (a)—Maximum 
Contaminant Levels for Volatile 
Organic Contaminants 

* * * * * 
(b) The Administrator, pursuant to 

section 1412 of the Act, hereby 
identifies as indicated in table 2 to this 
paragraph (b) granular activated carbon 
(GAC), packed tower aeration (PTA), or 
oxidation (OX) as the best technology, 
treatment technique, or other means 
available for achieving compliance with 
the maximum contaminant level for 
organic contaminants identified in 
paragraphs (a) and (c) of this section, 
except for per- and polyfluoroalkyl 
substances (PFAS). 

Table 2 to Paragraph (b)—BAT for 
Organic Contaminants in Paragraphs 
(a) and (c) of This Section, Except for 
PFAS 

* * * * * 
(c) The following maximum 

contaminant levels (MCLs) in 
paragraphs (c)(1) and (2) of this section 
for synthetic organic contaminants 
apply to community water systems and 
non-transient, non-community water 
systems; paragraph (c)(2) of this section 
also contains health-based water 
concentrations (HBWCs) for selected 
per- and poly-fluoroalkyl substances 
(PFAS) used in calculating the Hazard 
Index. 

(1) MCLs for Synthetic Organic 
Contaminants, Except for PFAS. 
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CAS No. Contaminant MCL 
(mg/l) 

(i) 15972–60–8 ........................................................................... Alachlor ....................................................................................... 0.002 
(ii) 116–06–3 ............................................................................... Aldicarb ....................................................................................... 0.003 
(iii) 1646–87–3 ............................................................................ Aldicarb sulfoxide ....................................................................... 0.004 
(iv) 1646–87–4 ............................................................................ Aldicarb sulfone .......................................................................... 0.002 
(v) 1912–24–9 ............................................................................ Atrazine ...................................................................................... 0.003 
(vi) 1563–66–2 ............................................................................ Carbofuran .................................................................................. 0.04 
(vii) 57–74–9 ............................................................................... Chlordane ................................................................................... 0.002 
(viii) 96–12–8 .............................................................................. Dibromochloropropane ............................................................... 0.0002 
(ix) 94–75–7 ................................................................................ 2,4-D ........................................................................................... 0.07 
(x) 106–93–4 .............................................................................. Ethylene dibromide ..................................................................... 0.00005 
(xi) 76–44–8 ................................................................................ Heptachlor .................................................................................. 0.0004 
(xii) 1024–57–3 ........................................................................... Heptachlor epoxide .................................................................... 0.0002 
(xiii) 58–89–9 .............................................................................. Lindane ....................................................................................... 0.0002 
(xiv) 72–43–5 .............................................................................. Methoxychlor .............................................................................. 0.04 
(xv) 1336–36–3 ........................................................................... Polychlorinated biphenyls ........................................................... 0.0005 
(xvi) 87–86–5 .............................................................................. Pentachlorophenol ...................................................................... 0.001 
(xvii) 8001–35–2 ......................................................................... Toxaphene .................................................................................. 0.003 
(xviii) 93–72–1 ............................................................................ 2,4,5-TP ...................................................................................... 0.05 
(xix) 50–32–8 .............................................................................. Benzo[a]pyrene .......................................................................... 0.0002 
(xx) 75–99–0 ............................................................................... Dalapon ...................................................................................... 0.2 
(xxi) 103–23–1 ............................................................................ Di(2-ethylhexyl) adipate .............................................................. 0.4 
(xxii) 117–81–7 ........................................................................... Di(2-ethylhexyl) phthalate ........................................................... 0.006 
(xxiii) 88–85–7 ............................................................................ Dinoseb ...................................................................................... 0.007 
(xxiv) 85–00–7 ............................................................................ Diquat ......................................................................................... 0.02 
(xxv) 145–73–3 ........................................................................... Endothall ..................................................................................... 0.1 
(xxvi) 72–20–8 ............................................................................ Endrin ......................................................................................... 0.002 
(xvii) 1071–53–6 ......................................................................... Glyphosate ................................................................................. 0.7 
(xxviii) 118–74–1 ........................................................................ Hexacholorbenzene .................................................................... 0.001 
(xxix) 77–47–4 ............................................................................ Hexachlorocyclopentadiene ........................................................ 0.05 
(xxx) 23135–22–0 ....................................................................... Oxamyl (Vydate) ......................................................................... 0.2 
(xxxi) 1918–02–1 ........................................................................ Picloram ...................................................................................... 0.5 
(xxxii) 122–34–9 ......................................................................... Simazine ..................................................................................... 0.004 
(xxxiii) 1746–01–6 ...................................................................... 2,3,7,8-TCDD (Dioxin) ................................................................ 3 × 10¥8 

(2) MCLs and HBWCs for PFAS. 

CAS. No. Contaminant 
MCL 

(mg/l) (unless otherwise 
noted) 

HBWC 
(mg/l) for Hazard 
Index calculation 

(i) Not applicable ................... Hazard Index PFAS (HFPO–DA, PFBS, PFHxS, and 
PFNA).

1 (unitless) 1 ........................... Not applicable. 

(ii) 122499–17–6 ................... HFPO–DA .............................................................................. 0.00001 .................................. 0.00001. 
(iii) 45187–15–3 ..................... PFBS ..................................................................................... No individual MCL ................. 0.002. 
(iv) 108427–53–8 .................. PFHxS ................................................................................... 0.00001 .................................. 0.00001. 
(v) 72007–68–2 ..................... PFNA ..................................................................................... 0.00001 .................................. 0.00001. 
(vi) 45285–51–6 .................... PFOA ..................................................................................... 0.0000040 .............................. Not applicable. 
(vii) 45298–90–6 .................... PFOS ..................................................................................... 0.0000040 .............................. Not applicable. 

1 The PFAS Mixture Hazard Index (HI) is the sum of component hazard quotients (HQs), which are calculated by dividing the measured com-
ponent PFAS concentration in water by the relevant health-based water concentration when expressed in the same units (shown in ng/l for sim-
plification). The HBWC for PFHxS is 10 ng/l; the HBWC for HFPO–DA is 10 ng/l; the HBWC for PFNA is 10 ng/l; and the HBWC for PFBS is 
2000 ng/l. 

Hazard Index = ([HFPO–DAwater ng/l]/ 
[10 ng/l]) + ([PFBSwater ng/l]/[2000 
ng/l]) + ([PFNAwater ng/l]/[10 ng/l]) 
+ ([PFHxSwater ng/l]/[10 ng/l]) 

HBWC = health-based water 
concentration 

HQ = hazard quotient 

ng/l = nanograms per liter 
PFASwater = the concentration of a 

specific PFAS in water 

(d) The Administrator, pursuant to 
section 1412 of the Act, hereby 
identifies in table 3 to this paragraph (d) 

the best technology, treatment 
technique, or other means available for 
achieving compliance with the 
maximum contaminant levels for all 
regulated PFAS identified in paragraph 
(c) of this section: 

TABLE 3 TO PARAGRAPH (d)—BEST AVAILABLE TECHNOLOGIES FOR PFAS LISTED IN PARAGRAPH (c) OF THIS SECTION 

Contaminant BAT 

Hazard Index PFAS (HFPO–DA, PFBS, PFHxS, and PFNA) ................. Anion exchange, GAC, reverse osmosis, nanofiltration. 
HFPO–DA ................................................................................................. Anion exchange, GAC, reverse osmosis, nanofiltration. 
PFHxS ...................................................................................................... Anion exchange, GAC, reverse osmosis, nanofiltration. 
PFNA ........................................................................................................ Anion exchange, GAC, reverse osmosis, nanofiltration. 
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TABLE 3 TO PARAGRAPH (d)—BEST AVAILABLE TECHNOLOGIES FOR PFAS LISTED IN PARAGRAPH (c) OF THIS SECTION— 
Continued 

Contaminant BAT 

PFOA ........................................................................................................ Anion exchange, GAC, reverse osmosis, nanofiltration. 
PFOS ........................................................................................................ Anion exchange, GAC, reverse osmosis, nanofiltration. 

(e) The Administrator, pursuant to 
section 1412 of the Act, hereby 
identifies in table 4 to this paragraph (e) 
the affordable technology, treatment 
technique, or other means available to 
systems serving 10,000 persons or fewer 
for achieving compliance with the 
maximum contaminant levels for all 
regulated PFAS identified in paragraph 
(c) of this section: 

TABLE 4 TO PARAGRAPH (e)—SMALL 
SYSTEM COMPLIANCE TECH-
NOLOGIES (SSCTS) FOR PFAS 

Small system 
compliance 
technology 1 

Affordable for listed 
small system 
categories 2 

Granular Activated 
Carbon.

All size categories. 

Anion Exchange ........ All size categories. 
Reverse Osmosis, 

Nanofiltration 3.
3,301–10,000. 

1 Section 1412(b)(4)(E)(ii) of SDWA speci-
fies that SSCTs must be affordable and tech-
nically feasible for small systems. 

2 The Act (ibid.) specifies three categories of 
small systems: (i) those serving 25 or more, 
but fewer than 501, (ii) those serving more 
than 500, but fewer than 3,301, and (iii) those 
serving more than 3,300, but fewer than 
10,001. 

3 ‘‘Technologies reject a large volume of 
water and may not be appropriate for areas 
where water quantity may be an issue. 

Bruno Pigott, 
Assistant Administrator. 
[FR Doc. 2024–12645 Filed 6–10–24; 8:45 am] 

BILLING CODE 6560–50–P 

DEPARTMENT OF COMMERCE 

National Oceanic and Atmospheric 
Administration 

50 CFR Part 622 

[Docket No. 200124–0029; RTID 0648– 
XD967] 

Fisheries of the Caribbean, Gulf of 
Mexico, and South Atlantic; Reef Fish 
Fishery of the Gulf of Mexico; 2024 
Red Snapper Private Angling 
Component Accountability Measure in 
Federal Waters Off Alabama, Florida, 
and Mississippi 

AGENCY: National Marine Fisheries 
Service (NMFS), National Oceanic and 

Atmospheric Administration (NOAA), 
Commerce. 
ACTION: Temporary rule, accountability 
measure. 

SUMMARY: Through this temporary rule, 
NMFS implements accountability 
measures for the red snapper 
recreational sector private angling 
component in the Gulf of Mexico (Gulf) 
off Alabama, Florida, and Mississippi 
for the 2024 fishing year. Based on 
information provided by the Alabama 
Department of Conservation and Natural 
Resources (ADCNR), the Florida Fish 
and Wildlife Conservation Commission 
(FWC), and the Mississippi Department 
of Marine Resources (MDMR), NMFS 
has determined that landings in each of 
these States exceeded the State’s 2023 
regional management area private 
angling component annual catch limits 
(ACL) for Gulf red snapper. Therefore, 
NMFS reduces the Alabama, Florida, 
and Mississippi 2024 private angling 
component ACLs. This reduction will 
remain in effect through the remainder 
of the current fishing year on December 
31, 2024. 
DATES: This temporary rule is effective 
from 12:01 a.m., local time, on June 13, 
2024, until 12:01 a.m., local time, on 
January 1, 2025. 
FOR FURTHER INFORMATION CONTACT: 
Frank Helies, NMFS Southeast Regional 
Office, 727–824–5305, frank.helies@
noaa.gov. 
SUPPLEMENTARY INFORMATION: NMFS 
manages the Gulf reef fish fishery, 
which includes red snapper, under the 
Fishery Management Plan for the Reef 
Fish Resources of the Gulf of Mexico 
(FMP). The Gulf of Mexico Fishery 
Management Council prepared the FMP, 
which was approved by the Secretary of 
Commerce, and NMFS implements the 
FMP through regulations at 50 CFR part 
622 under the authority of the 
Magnuson-Stevens Fishery 
Conservation and Management Act 
(Magnuson-Stevens Act). All red 
snapper weights discussed in this 
temporary rule are in round weight. 

In 2015, Amendment 40 to the FMP 
established two components within the 
recreational sector fishing for red 
snapper: the private angling component, 
and the Federal charter vessel and 
headboat (for-hire) component (80 FR 

22422, April 22, 2015). In 2020, NMFS 
implemented Amendments 50 A–F to 
the FMP, which delegated authority to 
the Gulf States (Alabama, Florida, 
Louisiana, Mississippi, and Texas) to 
establish specific management measures 
for the harvest of red snapper in Federal 
waters of the Gulf by the private angling 
component of the recreational sector (85 
FR 6819, February 6, 2020). These 
amendments allocated a portion of the 
private angling ACL to each State, and 
each State is required to constrain 
landings to its allocation as part of State 
management. 

As described at 50 CFR 622.39(a)(2)(i), 
the Gulf red snapper recreational sector 
quota (ACL) is 7,991,900 pounds (lb) 
(3,625,065 kilograms(kg)) and the 
recreational private angling component 
quota (ACL) is 4,611,326 lb (2,091,662 
kg). These catch limits are based, in 
part, on landings estimates generated by 
the Marine Recreational Information 
Program (MRIP) and, prior to the 2023 
fishing year, the State-specific ACLs for 
Alabama, Florida, Louisiana, 
Mississippi were also MRIP-based. 
These MRIP-based State ACLs are not 
directly comparable to the landings 
estimates produced by each State’s 
survey. Therefore, in 2023, NMFS 
implemented a framework action under 
the FMP to calibrate the red snapper 
ACLs for Alabama, Florida, Louisiana, 
and Mississippi so they could be 
directly compared to the landings 
estimates produced by each of those 
State’s data collection program 
(Calibration Framework)(87 FR 74014, 
December 2, 2022). This framework 
action established State-specific 
calibration ratios that NMFS applied to 
the MRIP-based ACLs to establish State- 
survey based ACLs, which allow a 
direct comparison to the landings 
estimates produced by each State. 

On May 14, 2024, NMFS published a 
final rule for a framework action to the 
FMP that modified the State-specific 
ratios for Alabama, Florida, and 
Mississippi and modified each of these 
State’s private angling component ACL 
based on the new ratios (89 FR 41896). 
That final rule will be effective on June 
13, 2024, and adjusts the State-survey 
based ACLs as follows: the Alabama 
regional management area private 
angling component ACL will be 664,552 
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Per- and Polyëuoroalkyl Substances (PFAS) and Your Health
Per- and Polyëuoroalkyl Substances (PFAS) and Your Health Home

PFAS in the U.S. Population

Most people in the United States have been exposed to PFAS and have PFAS in their blood.

The National Health and Nutrition Examination Survey (NHANES) has measured PFAS-levels in blood in the U.S. population
since 1999. NHANES is a program of studies designed by the Centers for Disease Control and Prevention (CDC) to evaluate the
health and nutrition of adults and children in the United States. NHANES data are publicly released in 2-year cycles.

Since 2002, the production and use of PFOS and PFOA in the United States has declined. As the use of some PFAS have
declined, some blood PFAS levels have gone down as well.

From 1999-2000 to 2017-2018, blood PFOS levels declined by more than 85%.

From 1999-2000 to 2017-2018, blood PFOA levels declined by more than 70%.

However, as PFOS and PFOA are phased out and replaced, people may be exposed to other PFAS. 

Biomonitoring Studies
Biomonitoring studies have measured PFAS levels in other groups including:

Workers in PFAS manufacturing facilities

Communities with contaminated drinking water

The general U.S. population

Blood Levels of the Most Common PFAS in People in the United States Over Time

10/16/24, 11:35 AM PFAS in the US population | ATSDR

https://www.atsdr.cdc.gov/pfas/health-effects/us-population.html#print 1/4
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Data Source
Centers for Disease Control and Prevention. National Report on Human Exposure to Environmental Chemicals,
Biomonitoring Data Tables for Environmental Chemicals. Atlanta, GA: U.S. Department of Health and Human Services,
Centers for Disease Control and Prevention.

The êgures below show PFOA, PFOS, and PFHxS blood levels measured in diéerent exposed populations, compared to levels
CDC measured in the general U.S. population in 1999-2000, 2015-2016, and 2017-2018. ATSDR biomonitoring information is
also available through PFAS exposure assessments.

10/16/24, 11:35 AM PFAS in the US population | ATSDR

https://www.atsdr.cdc.gov/pfas/health-effects/us-population.html#print 2/4
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blood_testing 

For more information about PFAS visit:

ATSDR: https://www.atsdr.cdc.gov/pfas/

EPA: https://www.epa.gov/chemical-research/research-and-polyëuoroalkyl-substances-pfas 
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ABSTRACT
Background Municipal drinking water contaminated 
with perfluorinated alkyl acids had been distributed to 
one-third of households in Ronneby, Sweden. The source 
was firefighting foam used in a nearby airfield since the 
mid-1980s. Clean water was provided from 16 December 
2013.
Objective To determine the rates of decline in serum 
perfluorohexane sulfonate (PFHxS), perfluorooctane 
sulfonate (PFOS) and perfluorooctanoate (PFOA), and 
their corresponding half-lives.
Methods Up to seven blood samples were collected 
between June 2014 and September 2016 from 106 
participants (age 4–84 years, 53% female).
Results Median initial serum concentrations were 
PFHxS, 277 ng/mL (range 12–1660); PFOS, 345 ng/mL 
(range 24–1500); and PFOA, 18 ng/mL (range 2.4–92). 
The covariate-adjusted average rates of decrease in 
serum were PFHxS, 13% per year (95% CI 12% to 15%); 
PFOS, 20% per year (95% CI 19% to 22%); and PFOA, 
26% per year (95% CI 24% to 28%). The observed 
data are consistent with a first-order elimination model. 
The mean estimated half-life was 5.3 years (95% CI 
4.6 to 6.0) for PFHxS, 3.4 years (95% CI 3.1 to 3.7) for 
PFOS and 2.7 years (95% CI 2.5 to 2.9) for PFOA. The 
interindividual variation of half-life was around threefold 
when comparing the 5th and 95th percentiles. There 
was a marked sex difference with more rapid elimination 
in women for PFHxS and PFOS, but only marginally for 
PFOA.
Conclusions The estimated half-life for PFHxS was 
considerably longer than for PFOS and PFOA. For PFHxS 
and PFOS, the average half-life is shorter than the 
previously published estimates. For PFOA the half-life is 
in line with the range of published estimates.

INTRODUCTION
Perfluorinated and polyfluorinated substances 
(PFASs) comprise a group of many different 
synthetic substances that have been produced and 
widely used for approximately 50 years. They are 
found in industrial applications and household 
products mainly due to their properties of with-
standing heat, oil, dirt and water. PFASs are also 
used as surfactants in firefighting foam of the 
aqueous film forming foam (AFFF) type.1 

In the general population, the dominating 
sources of exposure are through diet and consumer 
products.2 However, during the past decade it has 
become apparent that localised PFAS contamina-
tion to surface and groundwater occurs around 

military and civilian firefighting training facilities, 
where large quantities of AFFF foams have been 
used. These substances are further disseminated by 
means of groundwater flows, and may also reach 
drinking water wells.

PFASs are excreted via urine and faeces. In 
animals half-lives (T½) for PFASs vary markedly 
between species and are usually much shorter 
than in humans, with elimination half-life counted 
in hours or days.3 Reabsorption by organic anion 
transporters (OATs) in the kidneys and extensive 
uptake from enterohepatic circulation for PFASs 
are believed to be more active processes in humans, 
slowing down the excretion of these substances. 
In observational studies, based on observations 
in individuals followed over time, T½ between 2 
and 3 years was reported for perfluorooctanoic acid 
(PFOA), while longer half-lives for perfluorooctane 
sulfonic acid (PFOS) and perfluorohexane sulfonic 
acid (PFHxS), 4 and 7 years, respectively, have been 
observed (table 1). Time-trend general population 
studies during periods of observed decay have 
reported half-lives in similar ranges.

However, it should be noted that the interin-
dividual variation in elimination of PFASs can be 
substantial in both high and low exposure ranges, 
as observed in retired fluorochemical workers and 
after drinking water exposure.4 5 Observational 
data and pharmacokinetical modelling indicate 
that PFAS half-life is likely to be shorter in women, 
explained partly by menstrual blood losses, but 
there may also be other sex-specific elimination 
mechanisms.6 Except for perfluorobutane sulfonic 
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What this paper adds

 ► Limited information on the elimination of
perfluorinated alkyl acids in humans after end
of exposure has suggested half-lives of several
years.

 ► This study provides refined estimates of half-
lives of perfluorohexane sulfonate (PFHxS)
and perfluorooctane sulfonate (PFOS) from a
highly exposed general population after end of
exposure. There is substantial interindividual
variability and slower excretion for men than
women, for PFHxS and PFOS.

 ► Future research to understand the determinants
of elimination is needed in order to guide
risk assessment and regulatory measures for
perfluorinated chemicals.
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Table 2 Perfluorinated and polyfluorinated substance levels (ng/L) 
in outgoing drinking water from the two waterworks in Ronneby, 
Sweden, on 10 December 2013

Brantafors Kärragården

Perfluoropentanoic acid 38 10

Perfluorohexanoic acid 320 3.6

Perfluoroheptanoic acid 32 1.4

Perfluorooctanoic acid 100 1.0

Perfluorononanoic acid <1 <1

Perfluorodecanoic acid <1 <1

Perfluoroundecanoic acid <10 <10

Perfluorododecanoic acid <10 <10

Perfluorobutane sulfonic acid 130 <2.6

Perfluorohexane sulfonic acid 1700 4.6

Perfluoroheptane sulfonic acid 60 <1

Perfluorooctane sulfonic acid 8000 27

Exposure assessment

acid, which has a much shorter half-life, around 1 month,7 there 
are no human data after end of exposure for other PFASs.

Ronneby: a case study from Sweden
In autumn 2013 a survey of groundwater quality in Blekinge 
county in southern Sweden showed alarmingly high levels of 
PFASs in groundwater from a glaciofluvial water reservoir, the 
Bredåkra delta, which has a military and civil airfield located 
in its centre. Extended water sampling revealed very high levels 
of PFASs in outgoing drinking water from Brantafors, one of 
the two municipal waterworks in Ronneby, a municipality with 
28 000 inhabitants (table 2). This waterworks provided drinking 
water to one-third of the households in Ronneby. The contami-
nated waterworks was closed on 16 December 2013, and clean 
water was promptly provided by Kärragården, the second water-
works in the municipality. After a few days no elevated levels of 
PFASs could be detected in the distribution network. Brantafors 
waterworks was reopened in May 2014, supplied with new coal 
filters and using water only from wells with low PFASs levels, 
but the trial was ended in October 2014. During this trial the 
levels of PFASs (sum of 11) were closely monitored, reaching at 
most 40 ng/L (ie, well below 90 ng/L, the present Swedish recom-
mended action level).

It was soon confirmed that the fire drill site at the nearby mili-
tary airport localised within the aquifer area had leached PFASs 
to the environment. Despite considerable efforts from the Armed 
Forces, it has not been possible to reconstruct the detailed histor-
ical use of AFFF at the airfield, but the best estimate as to the 
start of the use of these foams is the mid-1980s. Very little infor-
mation on past or current PFAS content in the foams used at 
the facility was available, only that PFOS-containing foams were 
not purchased since 2004. For a general overview of AFFFs, 
see refs 1 and 8.

Extensive biomonitoring in the municipality population 
started in June 2014, approximately 6 months after end of expo-
sure through drinking water, by open invitations and free of 
cost. Subjects living and working in the contaminated as well as 
in the uncontaminated district were invited. During the period 
2014–2016 a  total of 3418 persons from Ronneby partici-
pated. Considerable efforts were made to recruit persons with 
little exposure to the contaminated water, in order to ensure a 
broad range of serum PFASs levels for further research on health 
effects. A reference group of 242 subjects from a nearby unex-
posed municipality (Karlshamn) was also examined in 2016.
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Table 3 Summary statistics of PFAS concentrations (ng/mL) in 106 
participants in a panel study 6 months after end of exposure through 
contaminated drinking water (baseline investigation)

PFAS Group
Participants 
(n) Mean±SD (Min, median, max)

PFHxS Panel study 106 353±260 (12.3, 277, 1660)

Main Ronneby 3418 228±232 (<0.5*, 152, 1790)

Karlshamn 
reference 242 1.91±5.27 (<0.5*, 0.84, 60.1)

PFOS Panel study 106 387±259 (24.1, 345, 1500)

Main Ronneby 3418 245±234 (0.58, 176, 1870)

Karlshamn 
reference 242 5.68±6.19 (<0.5*, 4.21, 55.3)

PFOA Panel study 106 21.1±14.7 (2.38, 17.5, 92)

Main Ronneby 3418 13.7±12.0 (<0.4*, 10.4, 91.9)

Karlshamn 
reference 242 1.77±0.81 (<0.4*, 1.59, 4.98)

*Limit of detection.
PFAS, perfluorinated and polyfluorinated substance; PFHxS, perfluorohexane 
sulfonate; PFOA, perfluorooctanoate; PFOS, perfluorooctane sulfonate. 

Exposure assessment

METHODS
Study group
From among the first participants in the screening programme, 
volunteers were invited to participate in the half-life study until 
the target of 100 subjects, evenly split by gender, was achieved. 
The panel study group (n=106) with a large age span, 4–83 
years at baseline, was established in June 2014. The propor-
tion of women was 53%. There were 20 men aged 15–50, and 
30 women (menstruating ages). The participants have donated 
blood regularly, initially every third month, then with longer 
intervals. Analysis of PFASs in serum is performed after each 
sampling round and the individual results are immediately 
reported back to the participants.

We here report findings from the first seven sampling rounds (in 
June 2014, October 2014, January 2015, April 2015, September 
2015, March 2016 and September 2016). The median number 
of samples per person was 6. Continued sampling twice a year is 
planned for several years to come.

Chemical analysis
Plasma concentrations of PFHxS, PFOS and PFOA were analysed 
at the Department of Occupational and Environmental Medi-
cine in Lund, Sweden, using liquid chromatography-tandem 
mass spectrometry (LC/MS/MS). The samples were analysed 
according to a modified method9 and determined as the total, 
non-isomer-specific compounds. The aliquots of 25 µL serum 
were added with 75 µL of water. A solution containing labelled 
internal standards were added and the proteins were precipi-
tated using acetonitrile followed by vigorous shaking for 30 min. 
The samples were then centrifuged and 1 µL of the supernatant 
was analysed using an LC (UFLCXR, Shimadzu Corporation, 
Kyoto, Japan) connected to the MS/MS (QTRAP 5500, AB 
Sciex, Foster City, California, USA). Limits of detection deter-
mined as the concentrations corresponding to three times the SD 
of the responses in chemical blanks were 0.5 ng/mL for PFHxS 
and PFOS, and 0.4 ng/mL for PFOA. Coefficients of variation of 
quality control (QC)  samples at 100 ng/mL were 6% for PFHxS 
and PFOS, and 8% for PFOA. The analyses of PFOS and PFOA 
are part of a quality control programme between analytical labo-
ratories coordinated by Professor Hans Drexler, Institute and 
Outpatient Clinic for Occupational, Social and Environmental 
Medicine, University of Erlangen-Nuremberg, Germany.

Modelling of half-life
A linear mixed-effect model was used to assess predictors of 
subject-specific serum PFAS concentrations over time, from 
which we derive excretion rate and serum elimination half-lives 
of each PFAS. The following mixed model was used to fit the 
panel data:
In Cij = αi + tijki + Xiβ + εij,

where Cij is the serum PFAS concentrations for individual i and 
sampling round j, αi is the subject-specific intercept, tij is the 
time elapsed between the clean water was provided and the 
blood sample collection, ki is the subject-specific slope, Xi is a 
vector of fixed covariates for individual i, including age, gender 
and body mass index (BMI), β is the fixed effect coefficient and 
εij is the random error term. The subject-specific intercept αi, 
the subject-specific slope ki and the random error term εij were 
modelled as random with normal distribution; others were 
treated as fixed effects.

The slope (ki) is the excretion rate constant, and the mean 
value of ki derived from the model was converted to half-life 
(ln2/mean(ki)). The values of ki were predicted using the best 

linear unbiased prediction method.10 To examine the variability 
of the half-life, the predicted ki values were converted to half-
lives. A small number of observations were however excluded, 
with negative values (apparently increasing serum levels) or 
extremely high half-life (with minimal ki). Summary half-life 
values have been presented as either a mean half-life (calculated 
from the mean elimination rate constant k) or as median half-life 
(the median value of the individually modelled half-life values). 
The 95% CI for mean(ki) from the regression was used to derive 
the CI for the half-life, by converting as for the mean.

The analyses were repeated for the age group 15–50 (at the 
start), stratified by gender. An interaction term for gender and 
excretion rate constant was used to test the significance of a sex 
difference in excretion rate.

The general background exposure was not subtracted when 
modelling the half-life, since the PFAS levels of the last sample 
for all the individuals were far above what is expected in the 
background.

RESULTS
Serum levels at baseline
The median serum level of PFHxS was 180 times higher in the 
investigated Ronneby population compared with the referents 
from a neighbouring municipality, 42 times higher for PFOS 
and 6 times higher for PFOA (table 3). In the main Ronneby 
study group 98% of the 3418 participants had PFHxS levels over 
the 90th centile (2.58 ng/mL) of PFHxS levels observed in the 
Karlshamn group. A similar pattern was seen for PFOS, where 
90% of the main Ronneby group had levels in excess of the 90th 
centile (9.85 ng/mL) in the Karlshamn group, and PFOA, where 
85% of the main Ronneby group had levels in excess of the 90th 
centile (2.91 ng/mL).

The participants in the panel study initially had serum levels of 
PFHxS, PFOS and PFOA that were somewhat higher than in the 
main Ronneby study population. This difference reflected the 
fact that the main population, but not the panel group, included 
persons living in the non-exposed area of Ronneby. The base-
line serum levels in the panel study group ranged from 12.3 to 
1660 ng/mL for PFHxS, 24.1 to 1500 ng/mL for PFOS, and 2.38 
to 92 ng/mL for PFOA (table 3).
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Table 4 Excretion rate and half-lives for serum PFAS concentrations in 106 participants in a panel study after end of exposure through 
contaminated drinking water

All Men aged 15–50 Women aged 15–50

Mean 95% CI Mean 95% CI Mean 95% CI p*

Excretion rate constant (per year)†

PFHxS 0.13 0.12 to 0.15 0.09 0.07 to 0.11 0.15 0.12 to 0.18 0.008

PFOS 0.20 0.19 to 0.22 0.15 0.11 to 0.18 0.22 0.19 to 0.26 0.004

PFOA 0.26 0.24 to 0.28 0.25 0.19 to 0.26 0.29 0.23 to 0.34 0.29

Half-life (years)‡

PFHxS 5.3 4.6 to 6.0 7.4 6.0 to 9.7 4.7 3.9 to 5.9 0.008

PFOS 3.4 3.1 to 3.7 4.6 3.7 to 6.1 3.1 2.7 to 3.7 0.004

PFOA 2.7 2.5 to 2.9 2.8 2.4 to 3.4 2.4 2.0 to 3.0 0.29

The subgroup aged 15–50 includes 20 men and 30 women.
*p Values for the difference between genders in the model for excretion rate.
†The estimates in the table are adjusted for age, gender and body mass index in a mixed-effects model.
‡Half-life values are all calculated from excretion rate constant.
PFAS, perfluorinated and polyfluorinated substance; PFHxS, perfluorohexane sulfonate; PFOA, perfluorooctanoate; PFOS, perfluorooctane sulfonate.

Figure 1 The interindividual variation of half-lives for perfluorinated 
and polyfluorinated substances in 106 participants in a panel study after 
end of exposure through contaminated drinking water, excluding outliers. 
PFHxS, perfluorohexane sulfonate; PFOA, perfluorooctanoate; PFOS, 
perfluorooctane sulfonate. 

Exposure assessment

Age at baseline had a strong effect on serum PFHxS, PFOS 
and PFOA concentrations with average increases of 1.5%, 1.4% 
and 1.1% per year of age, respectively. Gender and BMI were 
not associated with any of the PFAS at baseline.

Decline of serum levels during follow-up
The average decreases in serum level were for PFHxS 25%, for 
PFOS 35% and for PFOA 38% from June 2014 to September 
2016.

Table 4 shows the results for each excretion rate constant and 
the corresponding half-life in models for each PFAS. The mean 
excretion rate constant for PFHxS was 0.13, which is the annual 
change in log concentration, equivalent to the concentration of 
PFHxS in serum reducing by 13% per year since clear water was 
provided. This excretion rate constant is equivalent to a mean 
half-life of 5.3 (95% CI 4.6 to 6.0) years. For PFOS, the annual 
decrease was 20%, and the mean half-life was 3.4 years (95% CI 
3.1 to 3.7 years). The average decrease in PFOA was 26% of its 
previous value each year, corresponding to a mean half-life of 
2.7 years (95% CI 2.5 to 2.9 years).

The distributions of half-lives are shown in figure 1, after 
exclusion of outliers for the fitted estimated half-life as follows: 
one with a negative half-life (n=1 for PFHxS) and nine over 10 
years (n=8 for PFHxS, n=1 for PFOS). The median value of the 
remaining half-lives for PFHxS was 5.5 years (5%–95% range: 
3.0–9.2 years). For PFOS, the median half-life was 3.5 years 
(5%–95% range: 2.2–6.2 years). For PFOA, the median half-life 
for PFOA was 2.7 years (5%–95% range: 1.8–5.1 years).

Women aged 15–50 had a considerably shorter mean half-
life for PFHxS compared with men (table 3), with men 1.6-fold 
longer. For PFOS the pattern was similar, with men 1.5-fold 
longer. For PFOA the difference was small. The distributions 
of half-lives in women and men aged 15–50 are illustrated in 
online supplementary figure S1.

DISCUSSION
Among 106 persons observed between 6 and 33 months after 
end of exposure to PFAS-contaminated drinking water, the 
shortest half-life was observed for PFOA with a mean of 2.7 
years. The half-life for PFHxS was twice as long, 5.3 years, and 
for PFOS the mean was 3.4 years. These results are somewhat 
shorter than the prior results for PFOS and PFHxS, based on 
observations in 24 retired fluorocarbon workers, to our knowl-
edge the only other study that hitherto has reported apparent 
half-lives for PFOS and PFHxS after end of exposure that was 
substantially higher than the general population background.4 
The retired workers, all but two men, were older than our 
population, had higher serum levels of PFOA and PFOS, and 
were followed for a longer period, 5 years. For PFHxS, the 
apparent half-life has been estimated to be 15.5 years in a recent 
study from a community with residential exposure to PFAS.11 
The PFHxS levels in serum in that study were much lower than 
in our study, that is, 6.4 ng/mL vs 152 ng/mL. Furthermore, 
their population still had ongoing exposure, and a pharma-
cokinetic modelling approach based only on water intake was 
used to account for ongoing exposure. In our study, the back-
ground exposure was not subtracted when modelling half-life 
since the exposure levels in the general population from all 
sources were negligible compared with earlier drinking water 
intake in the study population. Our estimate of apparent half-
life, which was obtained after a documented abrupt end of the 
dominating source of exposure, is thus a reliable estimate of 
the actual half-life of PFHxS.
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Exposure assessment

Our estimate of apparent half-life for PFOA is in the range 
of values reported from five studies with averages ranging from 
2.3 to 3.94 years, observed in fluorocarbon workers4; studies in 
populations living in PFOA-polluted areas around production 
plants, followed for 1–2 years after provision of clean drinking 
water5 12; occupationally exposed ski waxers13; and a study in 
a community exposed residentially to PFAS.11 For PFOS, the 
population half-life has been estimated to be 4.3 years from 
studies in US blood donors reflecting general population reduc-
tion in exposure.14 After an abrupt end of a dominating source 
of exposure, as in Ronneby, the finding of a shorter apparent 
half-life is as expected.

The interindividual variation in half-life was substantial, 
with a threefold difference between the 5th and 95th percen-
tiles in each of the three PFAS, plus a few extreme outliers 
with extremely long half-lives. Large interindividual differ-
ences were also observed in retired fluorocarbon workers4 and 
in the general population after end of drinking water expo-
sure.5 12 The variability between individuals, and between men 
and women, has not yet been adequately explained.

Blood loss due to menstruation accounts partly for a shorter 
elimination half-life in women, and was estimated to account 
for 30% of the discrepancy in elimination of PFOS between 
men and women.6 In this respect, the marked gender differ-
ence in elimination of PFHxS, as observed in our study and by 
Brede et al5 but not for PFOA (our study and Bartell et al12), 
with PFOS in between, is intriguing. Elimination pathways 
that are sex-specific and substance-specific appear to exist.

Reabsorption by OATs in the kidneys and extensive uptake 
from enterohepatic circulation for PFOS and PFOA are active 
processes that may differ between individuals, but also between 
different PFASs. An increased renal PFAS elimination at high 
doses indicates a capacity-limited, saturable renal resorp-
tion process via high-efficiency OATs,15 16 which may have 
sex-different expression.17 Moreover, in a PFOA-exposed US 
population, the excretion rate was related to polymorphisms 
(single-nucleotide polymorphisms; SNPs) in tubular transporter 
proteins.18 Faecal elimination is little studied in humans, with the 
exception of some case reports that indicate that cholestyramine, 
a lipid-lowering pharmaceutical, may enhance elimination.19

In addition to differences between individuals as to excre-
tion capacity, recent data using paired human serum and urine 
samples for estimation of T½ have indicated marked differ-
ences between excretion of PFASs with different chain-length 
and isomers.20 It is likely that linear isomers are preferentially 
retained,21 but observational longitudinal human data on the 
excretion of linear versus branched chain isomers are absent. 
Thus, variation of T½ between populations and between indi-
viduals using total PFOS, PFOA and PFHxS determinations (as 
in this study) may in part reflect body burdens with different 
isomer composition.

Such differences are likely to be found in humans, given the 
varying production methods of PFAS over time. Synthesis of 
PFAS is by electrochemical fluorination or fluorotelomerisa-
tion. Electrochemical fluorination was used from the 1950s 
until the early 2000s and yielded branched and linear isomers. 
By contrast, fluorotelomerisation, which was later introduced, 
produces almost exclusively linear compounds.22 The fire-
fighting foams used over time have differed in composition, 
but there may also be varying fate of different PFAS struc-
tural isomers during soil and groundwater transportation. 
Thus, it is of importance to include determination of both 
linear and branched isomers of PFOS, PFHxS and PFOA 
in order to understand differences in observed half-lives. 

Refined estimates of the half-lives of PFAS compounds and the 
important denominators of variance are needed to reconstruct 
historical exposure for epidemiological studies as well as to 
project future exposures for risk assessment.

Out of the hundreds of PFAS compounds now available, only 
PFOS is internationally regulated according to the Stockholm 
Convention, and PFOA is on the candidate list. The human data 
on PFHxS uptake and elimination are hitherto very limited. 
The present observations confirm the long persistence of this 
compound after end of external exposure—a rough extrapo-
lation based on the mean half-life indicates that 10-year-old 
children from the contaminated water district cannot expect 
to attain the same PFHxS levels as their peers in the neigh-
bouring town of Karlshamn until the age of 60–70. Thus, even 
after prompt end of external exposure, AFFF contamination 
of drinking water can result in very high exposure levels in 
a life-course perspective in local general populations. Hence, 
the need for precautionary regulations for classes of PFASs is 
imperative.

Limitation
The main limitation of the present first analysis is that the 
serum samples were analysed during a 2-year period and each 
individual’s samples were not analysed in the same batch. All 
samples were analysed at the same laboratory with the same 
methods and work-up procedure. However, there is a need to 
reanalyse all samples from each individual in the same batch 
to reduce laboratory variation, especially when determinants 
for variation in half-lives are investigated. This is planned as a 
next step in our studies.
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My name is John Spear, and I am professor of Civil and Environmental Engineering at the 1 

Colorado School of Mines in Golden, Colorado (Mines). I specialize in environmental 2 

microbiology, specifically, subsurface environmental microbiology. I have a B.A. in Animal 3 

Physiology from U.C. San Diego and M.S. and Ph.D. degrees in Environmental Science and 4 

Engineering with a focus on environmental microbiology from Mines. I also completed a 6-year 5 

long postdoctoral fellowship with Dr. Norman Pace at the University of Colorado, Boulder, prior 6 

to becoming a faculty member at Mines. At CU Boulder I became a specialist in the 7 

environmental microbiology of ‘extreme’ environments (e.g., life in the hot springs of 8 

Yellowstone National Park, Wyoming) and in subsurface environments; in caves, mines, and 9 

bore holes around the United States. One of the primary focus areas of our department at 10 

Mines considers PFAS compounds in the environment with a specific focus on their removal 11 

from PFAS-containing waters. 12 

WildEarth Guardians’ application for rulemaking asks this Commission to ban the use of 13 

PFAS in downhole oil and gas operations and to require the disclosure of all chemicals used in 14 

downhole operations. My testimony relates to this rulemaking proposal by focusing on the 15 

following: 16 

1. How deep reservoirs can impact groundwater strata 17 

2. Fate and transport 18 

3. Microbial influenced corrosion (“MIC”) 19 

4. Multigenerational knowledge & science (need to know all chemicals, forever, because 20 

wells/plugs deteriorate over time) 21 

My brief curriculum vitae is attached as WG Exhibit 78. 22 
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Background 1 

Believe it or not, most of the subsurface of the Earth is fully alive, down to miles in 2 

depth—and it is little understood. To me, this entire subsurface environment is part of the 3 

“Organism of Earth,” whereby the atmosphere, lithosphere and hydrosphere are all biotically 4 

highly linked, and the subsurface biome provides ecosystem services that sustain all of us. The 5 

terrestrial subsurface is estimated to be the largest reservoir of microorganisms on the planet. 6 

WG Ex. 80  (Amundson, et al., 2024). 7 

To consider more responsible ways to obtain the oil and gas energy we use every day is to 8 

better consider the Organism of Earth. PFOS and PFOA compounds, the forever chemicals, can 9 

now be found in many surface and groundwaters in my state of Colorado, New Mexico and 10 

across the country. They are in our bodies at measurable concentrations of ng/L or μg/L in 11 

blood serum and other bodily fluids. WG Ex. 81 (ATSDR PFAS Information for Clinicians 2024). 12 

They are in snow and rain (personal data). They are in our streams WG Ex. 82 (Jarvis, et al., 13 

2021; see Figure 1 for sampling locations in New Mexico). They are in our drinking waters WG 14 

Ex. 82 (Jarvis, et al., 2021). Purely manmade compounds, PFOS and PFOA and hundreds or 15 

thousands of related compounds, are extremely difficult to breakdown due to the strength of 16 

the carbon (C) fluorine (F) bond into constituent components, thus they have high recalcitrance 17 

in the environment. 18 

Because PFOS / PFOA come in so many different chemical forms, the need for disclosure 19 

of what is being used in oil and gas operations (O&G) is paramount to understanding how we 20 

are affecting the subsurface biosphere. We know from other inputs to the subsurface (e.g., 21 

leaking underground gasoline storage tanks) that new environments are created that shift 22 
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subsurface microbiomes markedly WG Ex. 80 (Amundson, et al., 2024). Such shifts have 1 

unintended consequences that then change entire ecosystems that can be particularly hard to 2 

manage in subsurface environments. It is one thing to manage and extinguish a burning 3 

Cuyahoga River, Ohio fire in 1969 that is at least accessible, it is orders of magnitude harder to 4 

‘clean-up’ or remedy a subsurface. Knowledge of what is going in to the-hole-of-the-unknown 5 

that we are digging (figuratively and literally), will help us better understand and potentially 6 

mitigate damage. 7 

From my own published research into subsurface microbial influenced corrosion (MIC) 8 

of steel, I know that subsurface separation of aquifers is near impossible in the O&G industry 9 

over longer timeframes (years). WG Ex. 83 (Sowards, et al., 2014). Therefore, subsurface 10 

deposition of PFAS compounds such as PTFE presents a problem, because the injection of 11 

recalcitrant compounds that are both chemically and biologically hard to break down directly 12 

into a subsurface biosphere, has to date, a completely unknown fate. To me, an environmental 13 

rule of reason would be to do no harm to an environment that we do not even understand. The 14 

O&G industry is doing this with PFOS / PFOA and other trade-secret compounds on a daily 15 

basis. 16 

We do not know what is really happening in the deep subsurface with the metric ton-17 

amounts of mass of PTFE or other trade-secret compounds being deposited by O&G operations 18 

in New Mexico WG Ex. 19 (Horwitt and Gottlieb, 2023). The O&G industry would also have you 19 

believe that a near surface aquifer for drinking water is not impacted by deeper O&G 20 

operations and contaminations. The O&G industry is making a deep subsurface minestrone of 21 

compounds that could become a more dilute and still dangerous minestrone across a wider 22 

2787



WG Ex. 79 
 

 5 

area when and if subsurface connections happen. And they can and do happen. Such 1 

connections could come from seismic events (natural, or, man-made via subsurface fracking, 2 

for example) that increase subsurface fractures for water / contaminant flows. They can also 3 

come from MIC, where microbial biofilms on subsurface metals consume the metal, weakening 4 

pipes and drill casings to the point of full failure, increasing the porosity and chance of leakage 5 

of compounds and connectivity between a drill hole and the subsurface environment. 6 

Subsurface Life 7 

The precautionary principle dictates that we should ban known harmful substances and 8 

at least know what is being used in O&G production. PFAS can harm the subsurface ecosystem 9 

which humans rely on and can also be transported to aquifers and to the air where it can 10 

directly harm humans. We do not understand how the ‘organism of the Earth’ that is the 11 

subsurface even functions, much less metabolizes foreign, man-made compounds like PFAS, or 12 

for that matter, any other subsurface amendment of trade-secret compounds used to get oil 13 

and/or gas out of the Earth WG Ex. 19 (Horwitt and Gottlieb, 2023). We could very well be 14 

killing this subsurface organism that we depend upon for economic, industrial and 15 

environmental resources not to mention its potential for storage reservoirs and carbon dioxide 16 

sequestration for climate change mitigation. 17 

Microbes, lifeforms that can only be seen by microscope, are everywhere, in every 18 

environment. With one exception, inside of a flame, which is far above the known upper 19 

temperature limit for life of 120°C / 248°F, microbes are found in all niches of the 20 

compartments of the Earth; the atmosphere, the lithosphere and the hydrosphere. They have 21 

tremendous ecological benefit from making the oxygen in the air we breathe to treating and 22 
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cleaning up spills of man-made compounds like gasoline. They also have tremendous capability 1 

to benefit humanity through their natural products, e.g., enzymes and antibiotics. The 2 

subsurface remains a vast untapped oasis for both, where it is estimated there are 1 x 1030 (a 3 

one with 30 zeros after it) cells in this realm. As an example, a single organism from a 4 

subsurface source hot spring in Yellowstone National Park, Thermus aquaticus, has an enzyme 5 

that polymerizes DNA at 95°C /203°F. This enzyme has allowed for the copying of DNA to 6 

revolutionize biology (Madigan, et al., 2021) for things like the human genome and the rapid 7 

development of a vaccine for SARS-CoV-2, the virus that gave us the current Covid-19 8 

pandemic. 9 

The life of subsurface microorganisms is so unknown that it is full of surprise. I have 10 

shown that subsurface organisms in Yellowstone hot springs use hydrogen (H2) as their 11 

dominant source of energy rather than the apparent odiferous compound of Yellowstone, 12 

hydrogen sulfide (H2S). WG Ex. 84 (Spear, et al., 2005). This likely ties to the notion that 13 

subsurface life in the form of chemolithoautotrophs (use chemical energy from inorganic 14 

sources (instead of light) to fix carbon from CO2) are ubiquitous on this planet and tied to a 15 

“Deep Hot Biosphere.” WG Ex. 85 (Gold, 1992). We have also found the existence of wholly-16 

unknown subsurface ecosystems where microbes, methanogens, produce methane from H2 17 

and CO2 that then fuels the entirety of a subsurface ecosystem. WG Ex. 86 (Kraus, et al., 2021). 18 

Because of the immense unknowns of subsurface life across the planet, care and 19 

caution must be applied to any compound applied to the subsurface, PFAS application in the 20 

O&G industry being of primary concern. But of course, being that there are a number of trade-21 

secret compounds applied to the subsurface by the O&G industry on a daily basis, often in 22 

2789



WG Ex. 79 
 

 7 

mega-ton amounts, the same thought applies to all compounds entering the subsurface 1 

environment—how do you better apply care and caution when you do not even understand the 2 

affected subsurface biosphere? PFAS compounds, trade secret compounds, and all other 3 

compounds get injected, brought back to the surface, surface discharged and/or treated via 4 

produced water treatment processes, may or may not be reinjected, thus affecting not only the 5 

subsurface biosphere but the surface and water ecosystems as well. Society needs to know 6 

what is going down hole in O&G operations. 7 

The ultimate fate of these compounds will hinge upon microbial life’s ability to evolve 8 

an enzymatic way to break them down, making them less-recalcitrant and less of a problem. 9 

This is a hard proposition. All PFAS compounds are known for their strong bonds between C and 10 

F atoms. Microbes would have to break those bonds to either absorb energy (i.e., electron 11 

acceptance) or fuel energy (i.e., electron donation), and so far, there is only one known 12 

organism that can do this, Acidimicrobium sp. Stain A6. WG Ex. 87 (Huang and Jaffé, 2019). 13 

Though controversial (C.P. Higgins, personal communication), A6 can defluorinate PFOA/PFOS 14 

while reducing iron with ammonium or hydrogen as the electron donor, the fuel electrons for 15 

the reaction. A6 is an anaerobe and does not need oxygen to survive, thus it could be an 16 

organism that could work to detoxify PFAS compounds in anoxic, oxygen free, subsurface 17 

environments. But there is so little known of both this organism and what may be possible 18 

and/or naturally exist in subsurface environments where PFAS compounds may be present 19 

and/or in high enough concentration for a subsurface microbe to evolve the ability to 20 

degrade—such an environment could be a subsurface O&G location with applied PFAS. It would 21 

not surprise me to find such a microbe in the subsurface that breaks down PFAS into less 22 

2790



WG Ex. 79 
 

 8 

harmful compounds, but to rely upon that possibility for the O&G industry to continue to inject 1 

PFAS into subsurface environments is not a valid argument. It may take generations of human-2 

time for subsurface microbiota to evolve the ability to degrade these compounds. Decades of 3 

potential negative impact to the subsurface biosphere is thus a major concern.  4 

In plain terms, if I was to inject mayonnaise into my thigh, hoping that my cells will 5 

metabolize that mayonnaise so that I can continue with more injections to obtain some 6 

unknown benefit—would likely kill me. We do not understand how the ‘organism of me’ would 7 

handle this foreign compound of mayonnaise bathing my thigh-tissue. It is likely fine in my 8 

stomach and intestines (where my microbiome digests the mayonnaise) but not in my thigh 9 

where there is no ability to digest this complex substance. Similarly, we do not understand how 10 

the ‘organism of the Earth’ that is the subsurface even functions, much less metabolizes 11 

foreign, man-made compounds like PFAS, or for that matter, any other subsurface amendment 12 

of trade-secret compounds used to get oil and/or gas out of the Earth WG Ex. 19 (Horwitt and 13 

Gottlieb, 2023). We could very well be killing this subsurface organism that we depend on with 14 

too many mayonnaise injections. And as a subsurface microbiologist, that scares me. 15 

Fate and Transport 16 

All elements and all chemicals have a beginning (e.g., mineral or laboratory, 17 

respectively) and an end. What happens in between is their fate and a transport to their end. 18 

Typically, fate and transport describes the behavior of compounds following their release into a 19 

receiving environment. Typically, this involves physical, chemical and biological processes that 20 

influence the ultimate distribution of, for example, PFAS compounds in a given media such as 21 

soil, sediment or rock-type. That fate and transport can happen within a specific compartment 22 
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of the Earth, or mixed between compartments, such as air and water. Because there is a huge 1 

variety of kinds of PFAS molecules, migration within / between compartments is wide-ranging 2 

dependent upon the different physical and chemical characteristics that affect a particular 3 

molecule’s behavior and thus ultimate fate. 4 

When I see an image like that on Page 19 of the “Fracking with Forever Chemicals in 5 

New Mexico” report WG Ex. 19 (Horwitt and Gottlieb, 2023) my immediate questions for the 6 

surface deposited fluids in an unlined pit are: for the air compartment—what will volatilize; 7 

what will evaporate; what will be added (e.g., rain, snow, more and/or different kinds of fluids, 8 

etc.); and for the subsurface compartment—what will sink down; where will it go in 3-9 

dimensions; what will adsorb (stick to surfaces) or absorb (permeate something)(taken 10 

together I use sorption) to subsurface soils, minerals, rocks; what will be the impact to the 11 

subsurface biosphere; and can microbiota play a role in the degradation of the compounds in 12 

the fluid. Thus, one image such as that on Page 19 provides a wealth of things to think about as 13 

we have learned much from former and existing Superfund Sites in the U.S. (CERCLA, 1980; 14 

codified at 42 USCA § 9601 et seq.). 15 

Surface Fate and Transport 16 

Importantly, fate and transport can be broken down in to several parts. Each compound 17 

and chemical have their own properties that facilitates or retards movement. Most elements 18 

from the periodic table of the elements are subjected to oxidation – reduction reactions that 19 

facilitate, retard, increase or decrease their interaction with microbes, for example. Compounds 20 

and / or elements being added to an unlined pit as that on Page 19 in the report are subject to 21 

surface-based fate and transport by mechanisms such as over filling, over flow from rain/snow 22 
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events or an otherwise breached pond. The fate of the compounds in the pond will then by 1 

affected by the volatility of the compound, the kinds of soils present, the sorption of 2 

compounds onto surfaces and the kinds of microbes present on the local surface. These fates 3 

then combine to affect transport that can then determine the end-result to a receiving 4 

environment with surface waters being primary, as surface waters can maximize a detrimental 5 

spread.  6 

Surface Spills 7 

It is one thing to have surface ‘spills’ of O&G related products on an accessible, surface 8 

to then mitigate and clean-up the spill. As we learned from the Exxon Valdez marine spill in 9 

Prince William Sound, Alaska in 1989, it is magnitudes of difficulty harder to clean surface 10 

waters, water column waters, sediments and beaches. Same was true for the Macondo blowout 11 

in the Gulf of Mexico in 2010. For subsurface spills such as leaking underground storage tanks, 12 

they are invisible. Much is now known for how to map, model and mitigate leak-plumes that 13 

migrate in all three dimensions in a subsurface. But typically, these are shallow subsurface 14 

problems.15 
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Figure 1A, top; State of New Mexico with O&G related activity indicated as purple dots. Zooming in, the 
extent of O&G-related activity, and the potential impacts of PFAS to subsurface environments can be 
remarkable.1 Figure 1B, bottom; documented O&G surface spills are in green dots.2  

 
1 FracTracker Map: https://ft.maps.arcgis.com/apps/webappviewer/index.html?appid=f9fc12c0bee348db8b02fa7dc24d1f38 
2 Spill Map: https://ft.maps.arcgis.com/apps/webappviewer/index.html?appid=f8097faf022b41fe861465352dba3fc5 
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The Fractracker Alliance catalogs and maps O&G activity across the U.S. (Fractracker, 1 

2024). The two most active O&G operational units in New Mexico lie in the San Juan Basin in 2 

the state’s northwest and in the southeast for the western extent of the greater Permian Basin. 3 

Figure 1A shows the state map with large purple areas. Zooming in, each purple dot is an O&G 4 

related activity, oil well, gas well, injection well, etc. For subsurface impact, one can only 5 

imagine subsurface biosphere impact plumes spreading in all directions. A concern for the 6 

southeast corner of New Mexico underlying the large purple area is the extent of subsurface, 7 

highly permeable, limestone karst. This area is home to the Carlsbad Caverns National Park, 8 

Lechuguilla Cave and thousands of others on Park Service, Forest Service and Bureau of Land 9 

Management lands. Karst is best thought of as a porous sponge and the overlay of O&G 10 

operations with injected subsurface compounds is a worry for immediate impact to subsurface 11 

caves, waters and an extensive microbial biosphere. Figure 1B shows surface spills associated 12 

with the O&G operations in these regions as green dots, they range in size of impact and are 13 

best interpreted with the interactive website map. 14 

Subsurface Fate and Transport 15 

Perhaps even more important is the fate and transport of compounds seeping into the 16 

subsurface. For chemicals and compounds such as PFAS-containing fluids, typically a 3-D plume 17 

forms that is highly dependent on the chemical nature of the compounds, underlying rock type 18 

and local hydrology—subsurface water flow. The mapping, modeling and mitigation of PFAS 19 

and trade-secret compounds used in deep subsurface O&G extraction, that can then 20 

contaminate shallower subsurface biospheres and waters has little information in the 21 

literature. Importantly, the effects of what may be done today for energy extraction may not be 22 
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known for generations until science catches up with knowledge of those effects on the 1 

subsurface microbiome. Subsurface plumes have the potential to ‘go and grow’ in all directions 2 

and are at best, difficult to treat and remediate on a spectrum of effectiveness. In addition, 3 

local geology is particularly important. If initiated on the surface of a karst environment, 4 

limestone, a plume can spread through subsurface caves and porous karst rapidly. As example, 5 

not far from the image in Hobbs, New Mexico on Page 19 of the Fracking with Forever 6 

Chemicals in New Mexico report, lies the Capitan Reef limestone complex where Carlsbad 7 

Caverns National Park resides. That reef complex contains hundreds of known caves, but most 8 

are not known. The impact of chemical deposition into a karst environment is a source of worry 9 

for both increased transport concern and detriment to delicate cave systems both known and 10 

unknown. Caves provide an accessible and visual representation of groundwater processes that 11 

can serve as a model for groundwater processes in any subsurface. Though flow and fate may 12 

be different in a sandstone or granite than that of porous limestone, the environmental impact 13 

can be the same or worse. 14 

MIC, Seismicity and Subsurface Fate and Transport 15 

The effects of MIC on subsurface infrastructure is well-known in the O&G industry. Well 16 

casings, engineered to protect and extend the lifespan of production wells are made of many 17 

materials, steel, concrete, some plastics and some additives. Steel is thought to have long life-18 

spans, but in subsurface environments, it becomes a nutrient for microbiota that then consume 19 

the steel making it porous to the subsurface environment and sharing whatever is in the pipe 20 

with particular points outside of the pipe in the subsurface downhole. In lay terms, the steel 21 

casing extending down hole can be thought of as a drinking straw; with a paper drinking straw 22 
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in a milk shake, the paper can degrade and become permeable to the shake, then failing to 1 

convey fluid from the bottom of the milkshake. Given enough time, the same thing happens 2 

with steel in just about any subsurface environment, and the contents of the fluids within the 3 

casing, including PFAS and trade-secret compounds, then migrate out, contaminating the 4 

subsurface biosphere to unknown effect. 5 

Similar to the effects on well casings via MIC, seismic activity, either natural or man-6 

made (e.g., via fracking-associated or injection processes), is known to greatly change porosity 7 

of subsurface rock. Seismic alteration of geologic bodies happens all of the time as part of the 8 

rock cycle of the Earth. Since the 1960’s humans have been altering the subsurface enough to 9 

induce man-made earthquakes that will change the porosity of the rock. No matter the source, 10 

seismic activity can alter and/or damage emplaced infrastructure, like O&G well casings, alter 11 

subsurface fluid flow and likely alter the subsurface biosphere. 12 

PFAS Fate, Transport and Subsurface Microbiology 13 

PFAS are used to make fluoropolymer coatings and products that are heat, oil, stain, 14 

grease and water—resistant. As a class of compounds, they have amazing chemical properties. 15 

They are on/in non-stick cookware, clothing, adhesives, food packaging, ski wax, insulation on 16 

electrical wire, a component of lithium ion batteries in electric cars and in flurosurfactants, 17 

commonly used in subsurface drilling operations to float cuttings out of a hole. PFAS containing 18 

lubricants minimize friction and adhesion coefficients in steel-steel and steel-plastic joints. This 19 

is why O&G operations use them to ease operation and associated costs. There are 100’s to 20 

1000’s of different PFAS compounds and generally they: 21 

● Do not breakdown in the environment 22 
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● Are recalcitrant across time 1 

● Can move through soils and contaminate water sources 2 

● Bioaccumulate and biomagnify across food webs 3 

A surface plume of PFAS containing fluids, such as O&G frac-flowback waters can be a 4 

problem, depending on size, but it is at least accessible and potentially treatable, both acutely 5 

and long-term. In general, PFAS in surface waters are an increasing problem, with for example, 6 

being found in >120 streams in Pennsylvania WG Ex. 55  (Breitmeyer, et al., 2023), which serves 7 

as another indication of how prolifically PFAS moves around in waters, now well documented. A 8 

bigger concern are subsurface 3-D plumes where what goes down hole, may not come back. 9 

However, if they do, they could be source tracked to the molecular level. In fact, recent 10 

produced water characterization efforts revealed PFAS compounds in produced water samples. 11 

WG Ex. 88 (Jiang et al).  PFAS compounds also likely sorb to subsurface minerals and stay in the 12 

subsurface (USGS, personal communication), making them hard if not impossible to remove via 13 

chemical and/or pump and treat schemes. Granted, O&G operations are operating at depth, 14 

often below potential, shallower groundwater sources, but the subsurface is a connected 15 

matrix. One small seismic event induces fracture, which alters hydrologic flow and changes 16 

connectivity, fate and transport. The potential for such events occurring and the resultant 17 

finding of widespread PFAS compounds in private well waters is concerning as recently 18 

documented in West Virginia WG Ex. 53 (Siegel, et al., 2023). In New Mexico, there is worry 19 

about water injection (that likely contains all kinds of compounds) increasing seismic activity 20 

that has been documented in the Permian Basin around the high O&G area of Carlsbad, some 21 
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even causing oil well blowouts (Redfern, 2024); WG Ex. 89-A (Fuge, 2024); WG Ex. 89-B 1 

(Karanam, et al., 2024). 2 

PFAS compounds can be chemically broken down into less harmful breakdown products 3 

via advanced treatment processes that employ chemical and physical means of destruction. But 4 

such systems require time, energy and money that can likely only treat the worst waters, not 5 

the lower concentration bulk waters of a subsurface, for example. Thus, as mentioned above, 6 

the ultimate fate of subsurface PFAS may depend on the evolution of microbial pathways to 7 

break PFAS down into smaller breakdown products and ultimately to weak fluoric acids, water 8 

and CO2. How long it takes for subsurface microbiology to evolve mechanisms of PFAS 9 

consumption is unknown, but we do refer to life in the subsurface as ‘life in the slow lane.’ 10 

PFAS are just one family of the hundreds of industrial chemicals used as surfactants, 11 

biocides, proppants, anti-foaming ingredients and other compounds injected into fracking 12 

operations for O&G wells, many are trade-secret compounds. From what we now know of PFAS 13 

compounds, and at least 1600 other chemical compounds associated with fracking fluids, I think 14 

we need to know the amounts and concentrations of these now legally, secretively placed 15 

compounds into the subsurface biome of the Earth by O&G operations. Such knowledge will aid 16 

future research in better understanding the subsurface biosphere, environmental health and 17 

protection, and even the how microbial life evolves the ability to consume these compounds. A 18 

federal advisory board has recommended less secrecy for subsurface compounds WG Ex. 19 19 

(Horwitt and Gottlieb, 2023). It is as needed in New Mexico as it was in Colorado where the 20 

Colorado Legislature passed State House Bill 22-1348 banning PFAS in O&G operations. WG Ex. 21 

4, WG Ex. 20. 22 

2799



WG Ex. 79 
 

 16 

Summary Statement 1 

The ‘forever chemicals’ PFOS and PFOA compounds as applied to subsurface 2 

environments of the Earth in O&G operations are a major environmental and human health 3 

concern. There is little known of how the largest microbiome on the planet, the subsurface, 4 

metabolizes introduced compounds. Subsurface porosity can and does increase or decrease at 5 

any time via natural or man-made seismic activity. An additional source of porosity and the 6 

sharing of compound-containing fluids is O&G infrastructure itself, which can rapidly decay with 7 

time via microbial influenced corrosion that consumes the hardest of steel casings. It is for 8 

these reasons that we must be better mindful of the potential harm PFOS / PFOA and other 9 

trade-secret compounds and additives have on the subsurface, and our own human, 10 

biospheres. 11 

This concludes my testimony, which is accurate to the best of my knowledge. 12 

 13 

/s/ John Spear     October 21, 2024 14 

John Spear15 

2800



WG Ex. 79 
 

 11 

Definitions 
PFAS: Per- and Poly- fluoroalkyl substances  
Example PFAS Compounds: 
 PFOS: Perfluorooctane sulfonic acid 
 PFOA: Perfluorooctanoic acid 
 PFHxS: Perflurohexane sulfonic acid 
 PFNA: Perfluorononanoic acid 
 PTFE: Polytetrafluoroethylene (marketed as Teflon) 
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Abstract

The terrestrial subsurface is estimated to be the largest reservoir 
of microbial life on Earth. However, the subsurface also harbours 
economic, industrial and environmental resources, on which humans 
heavily rely, including diverse energy sources and formations for the 
storage of industrial waste and carbon dioxide for climate change 
mitigation. As a result of this anthropogenic activity, the subsurface 
landscape is transformed, including the subsurface biosphere. 
Through the creation of new environments and the introduction 
of substrates that fuel microbial life, the structure and function of 
subsurface microbiomes shift markedly. These microbial changes 
often have unintended effects on overall ecosystem function and are 
frequently challenging to manage from the surface of the Earth. In this 
Review, we highlight emerging research that investigates the impacts 
of anthropogenic activity on the terrestrial subsurface biosphere. 
We explore how humans alter the constraints on microbial life in the 
subsurface through drilling, mining, contamination and resource 
extraction, along with the resulting impacts of microorganisms on 
resource recovery and subsurface infrastructure.
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which ensures that cells retain their shape and structure, and allows 
enzymes to function. Although microorganisms have been observed 
across diverse pristine subsurface habitats11,12, in situ environmental 
constraints limit the microbial diversity and metabolisms that are 
sufficient to sustain life. Such constraints include elevated tempera-
ture and pressure, limited nutrient and water availability, reduced 
pore space sizes, limited or complete lack of oxygen and elevated 
salt concentrations due to dissolution of minerals from water–rock 
interactions2. Adaptations to many of these conditions (that is, the 
synthesis of osmolytes for tolerating elevated salinity) are energeti-
cally costly and can thus limit the metabolisms that support microbial 
life13,14. Furthermore, the vast majority of subsurface microorganisms 
probably exist in biofilms15, a form of growth that protects against 
environmental stress while also aiding beneficial metabolic exchanges 
between microorganisms. Strategies like these are essential for 
microorganisms to cope with the environmental stress of the deep 
subsurface (Box 1).

Human activity in the subsurface has been increasing over the past 
several decades and may alleviate some constraints on microbial life 
(Fig. 2a). The most common examples of anthropogenic changes to 
subsurface environments are drilling, mining and extracting material, 
as well as injecting different wastes into subsurface fractures and cavi-
ties. These interventions cause biological and chemical disturbances in 
natural subsurface environments, which may lead to shifts in microbial 
activity and diversity (Fig. 2b). For example, many of these processes 
introduce oxygen to the subsurface environment, which may temporar-
ily alter redox conditions and thus the thermodynamic favourability 
of different microbial metabolisms. Additionally, the introduction of  
organic compounds can fuel microbial life in ecosystems that are 
typically nutrient limited. Pristine subsurface ecosystems are thus  
inherently affected by anthropogenic activities that induce changes 
in the structure and function of the subsurface biosphere. Although 
methodologies, inputs and target lithology vary across engineered 
systems, all anthropogenic processes influence the deep subsurface 
biosphere by introducing new microorganisms and organic carbon 
that may fuel microbial life and, in many cases, alleviate or alter the 
environmental pressures on the subsurface biosphere.

Commonalities among engineered  
subsurface ecosystems
Given the shared constraints on life across subsurface ecosystems, it 
is unsurprising that many engineered systems also share many of the 
same microbially induced challenges. The most frequently observed 
problems include biofilms, microbially induced corrosion and bio-
logical sulfidogenesis, or, more frequently, a combination of these 
interconnected processes. Together, these microbial processes can 
have a profound effect on the functioning of the system by decreasing 
infrastructure integrity or directly decreasing resource quality. Over 
time, the methodologies used to study subsurface microorganisms 
have advanced, leading to new discoveries and a better understanding 
of the microbial roles in the subsurface (Box 2).

Microbially induced corrosion (or biocorrosion) represents 
a challenge across various subsurface engineered systems where 
metal structures are exposed to microorganisms10,16. Biofilms con-
tribute to bioclogging, and they also play a key role in biocorrosion 
by providing a protective and nutrient-rich environment that fosters 
microbial life while attached to a metal surface17. Additionally, micro-
organisms within biofilms can drive local decreases in pH through 
the production of corrosive acids that lead to the deterioration of 

Introduction
The abundant microbial life present within the deep biosphere only 
received widespread attention towards the end of the twentieth cen-
tury, with a series of studies highlighting diverse microbiomes that 
could persist under physical and chemical conditions distinct from 
surface environments1–3. Although subsurface conditions limit most 
multicellular eukaryotic life, these environments are dominated by 
microorganisms that can survive under strong environmental pres-
sures, such as elevated temperature and pressure, and lack of oxygen, 
light and a steady supply of key nutrients2,4 (Box 1). Although knowledge 
of the subsurface biosphere has been limited by challenges in accessing 
these environments, active microorganisms have been found up to 
3.2 km deep in natural or ‘pristine’ subsurface ecosystems5–7.

Although easy to overlook from the Earth’s surface, it is important 
to recognize that the deep subsurface is not one homogeneous envi-
ronment. A mosaic of lithologies with differing chemical and physical 
characteristics exists throughout the terrestrial subsurface (Fig. 1 
and Box 1). Similarly, these natural subsurface environments contain 
oil, gas and groundwater, along with void space that could function 
as storage for industrial wastes. The highly heterogeneous physico-
chemical conditions across these environments, including variability 
in porosity, permeability, temperature, pressure and salinity, are likely 
to dictate the abundance, diversity and metabolic activity of micro-
organisms in these systems3. For example, groundwater aquifers are 
frequently highly permeable and saturated with water, whereas deep 
subsurface shales harbouring oil and gas generally have extremely low 
permeability, limited water, and pore sizes smaller than the average 
bacterial cell8 (Fig. 1).

Human activity alters the terrestrial subsurface landscape and 
inherently changes these environmental conditions, often stimulating 
microbial life. Through mining, drilling and accessing the subsurface 
for resources, anthropogenic activities can introduce new microor-
ganisms to otherwise isolated systems and add new substrates that 
may fuel the growth and activity of indigenous microbial life. In many 
cases, the resulting stimulated microbial activity can have unintended 
consequences that negatively affect the function of the engineered 
system through the degradation of target materials9 or infrastructure10.

Given the current human dependency on subsurface resources 
and the likelihood that the terrestrial subsurface will be increasingly 
leveraged in the future, understanding the factors that influence the 
activity and persistence of microorganisms in these systems is of 
utmost importance. In this Review, we highlight recent research on 
the role of microorganisms in subsurface engineered systems, such 
as unconventional energy systems, deep geologic storage of carbon 
dioxide (CO2) and radioactive waste, and microbial–metal interactions 
in underground aquifers. We discuss the effects of anthropogenic activ-
ity on subsurface ecosystems, examining how these human impacts 
can stimulate microbial life. Additionally, we consider how microor-
ganisms may present challenges in harnessing subsurface resources. 
Finally, we emphasize that future energy and environmental needs 
are likely to increase human activity in the subsurface and underscore 
the importance of studying anthropogenically induced changes in the 
subsurface biosphere.

Constraints on microbial life in the subsurface
Despite their remarkable metabolic diversity, all microorganisms 
share specific physicochemical requirements for life. Microbial 
life requires a source of energy, carbon and other macronutrients 
and micronutrients, as well as water to maintain positive turgor, 
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the metal surface18. Other by-products of microbial metabolism can 
also contribute to biocorrosion; in this context, the production of 
hydrogen sulfide (H2S) via microbial reduction of sulfate, thiosul-
fate and other sulfur-containing compounds is a primary concern19. 
Specifically, H2S can react with metal surfaces directly and lead to the 
formation of metal sulfides. Microorganisms can also source electrons 
from the metal surface20–22, further leading to degradation and cor-
rosion. Thus, biocorrosion is a complex process that poses a consid-
erable threat to subsurface infrastructure and equipment across all  
engineered systems.

In addition to biocorrosion, H2S production, which is often 
referred to as biological sulfidogenesis or biological ‘souring’, can 
pose additional challenges across subsurface engineered systems. 
Sulfate-reducing bacteria (SRB) are ubiquitous across many subsurface 
ecosystems and generate H2S via the reduction of sulfate naturally 
present in the subsurface23. In oil and gas wells, this can lead to well 
souring and necessitate costly mitigation measures, owing to H2S 
toxicity and the associated safety hazards to personnel working with 
fluids produced from these wells9. Additionally, souring of produced  
hydrocarbons often requires costly refinery steps to remove this con-
tamination before distribution9. Beyond issues associated with the pro-
duction of H2S, SRB can also contribute to bioclogging through the 
formation of biofilm and the precipitation of insoluble sulfide phases 
(for example mackinawite and ferrous sulfide). These precipitates can 
accumulate within fractures, pipelines and other equipment, leading 
to reduced flow to the surface24. Highlighting the challenges associated 
with these microbially mediated reactions, SRB-catalysed souring 
and mineral precipitation have been observed in diverse engineered 
subsurface systems, including oil and gas wells9, geothermal systems25 
and underground storage facilities26.

Effective management of microorganisms is a considerable finan-
cial consideration across subsurface systems27. One common approach 
aims to prevent microbial growth in situ by injecting biocides directly 
into the subsurface system or treating input materials before they are 
used. However, many biocides become chemically inactive under the 
elevated temperatures and pressures in the subsurface, rendering this 
treatment ineffective against microorganisms in situ28,29. In energy sys-
tems especially, thermodynamic inhibition of deleterious metabolisms 
has been trialled. For example, the injection of nitrate and subsequent  
enrichment of nitrate-reducing bacteria can act to inhibit the activity 
of SRB, which perform a less thermodynamically favourable form of 
respiration9,30. Recently, research has also focused on different types 
of corrosion inhibitors and their efficacy under extreme environmental 
conditions and with microbial-specific processes31. However, consid-
erable challenges remain in the long-term management of microbial 
growth and activity in the subsurface, underscoring the need for a 
deeper mechanistic understanding of deleterious microbial behaviour 
and the implementation of effective microbial controls in engineered 
systems.

Microbial roles in energy systems
Arguably, some of the most valued subsurface resources are those that 
power modern society. Until the late twentieth century, coal and crude 
oil were the dominant subsurface targets for hydrocarbon extraction, 
and extensive work has characterized the microorganisms in conven-
tional oil and gas systems and their effects on subsurface infrastructure 
and resources32–34. However, advances in drilling and other technologies 
over the past several decades have shifted the focus to other energy 
resources and the methods used for their recovery (Fig. 3).

Box 1 | The subsurface biosphere
 

Underneath layers of soil and beyond the vegetative rooting zone 
lies the subsurface of the Earth. Over geological timescales, Earth 
processes have shaped the subsurface beneath the Critical Zone153 
into layers of different lithologies, chemistries, porosities and 
water content. These physiochemical differences have resulted in 
many different subsurface ecosystems, which together have been 
recognized as an important microbially dominated biosphere since 
the late twentieth century1. Universally, temperature and pressure 
increase with depth into the subsurface, with temperatures 
exceeding the upper limit of microbial life2,4. Although some 
organic material may have originated from ancient photosynthesis 
(that is, hydrocarbon deposits) or may percolate from the surface, 
subsurface microorganisms do not have direct access to solar 
radiation from the Sun and therefore are constrained to chemical 
energy sourced from the migration of fluids through the subsurface 
or the host rock itself2. Thus, the abundance and diversity of 
microbial life throughout the myriad subsurface layers is likely to 
be dictated by temperature, physical space, water content, and 
available energy and carbon sources154.

Subsurface microorganisms persist under these conditions 
through several physiological and metabolic strategies. For 
example, most subsurface microorganisms probably exist 
in biofilms that can help to protect cells from environmental 
conditions15 and to form syntrophic partnerships that support 
microbial life in nutrient-limited ecosystems through metabolic 
exchanges that lower thermodynamic constraints. At elevated 
temperatures, enzymatic degradation within cells increases, 
requiring subsurface microorganisms to replace cellular proteins 
at higher rates to counteract this damage155. In severely isolated 
or nutrient-limited environments, microorganisms may only be 
maintaining cellular structures but not replicating, leading to the 
assumption they are dead or dormant156. Finally, in subsurface 
regions with limited organic carbon (for instance, igneous rock 
formations), microbial communities are probably supported by 
autotrophic microorganisms that fix carbon dioxide using inorganic 
electron sources such as hydrogen, iron(II) and hydrogen sulfide 
(H2S). Other formations (such as sedimentary sandstones and 
shales) generally have a higher organic carbon content and may 
foster more diverse heterotrophic microbial communities157.

Subsurface ecosystems across variable depths and lithologies 
have been studied to understand the role, activity and diversity of 
indigenous microorganisms3. Insights from a shallow groundwater 
aquifer in Rifle, Colorado, led to the expansion of the tree of life 
through the discovery of an important bacterial phylum, known as 
the candidate phyla radiation158. Moreover, fractures within igneous 
rock of more than 1 km deep were shown to harbour subsurface 
lithoautotrophic microbial ecosystems7,159, and fracture water 
within an even deeper (2.8 km) gold mine was shown to support an 
ecosystem of a single sulfate-reducing chemoautotrophic species, 
Candidatus Desulforudis audaxviator6. Although our understanding 
of microbial roles in the subsurface remains limited relative to more 
easily accessible surface ecosystems, increasing interest in the 
subsurface, along with complementary advances in microbiological 
tools and sampling methods, is likely to lead to new critical insights 
in the coming decades.
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Hydraulic fracturing systems
Hydraulic fracturing (or ‘fracking’) of subsurface black shales is con-
sidered an ‘unconventional’ system for recovering natural gas and 
oil from the subsurface. This process involves drilling vertically to 
the target rock formation and then horizontally through it, followed 
by injection of chemicals at high pressure to fracture the rock matrix 
and release hydrocarbons trapped in the pore spaces35. The target 
rocks — black shales — are organic-rich sedimentary formations that 
are characterized by extremely low permeability, little meteoric water 
and small disconnected pore spaces36. Thus, abundant and active native 
microbial life in pristine subsurface shale formations is limited because 
of the small pore sizes and lack of access to water and other nutrients8. 
The process of hydraulic fracturing, however, creates physical space 
while fluid and sand inputs introduce new microorganisms and organic 
carbon that can promote microbial life. In this way, hydraulic fracturing 
forms a new ecosystem in the subsurface where a subset of introduced 
microorganisms are able to colonize and persist13 (Fig. 3a).

Microorganisms are ubiquitous in hydraulic fracturing systems 
across continents37,38 and can persist in shale wells several years 
after fracturing and colonization39. Early studies of shale systems 
focused on the Appalachian Basin (Utica and Marcellus formations) 
in the eastern United States, where fluids from these wells reach high 
salinities (more than 35,000 milligrams per litre of total dissolved 

solids)8,40–47. The high salinity in this basin probably explained the low 
taxonomic diversity of the shale microbiome13. Indeed, many strains 
of one microbial species, Halanaerobium congolense, were found to 
account for more than 99% of the community in time-series sampling 
from one Appalachian Basin well48. Additional studies revealed that 
Marinobacter and Arcobacter species were observed initially less than 
50 days post-hydraulic fracturing, owing to their inferred ability to 
break down aromatic and aliphatic hydrocarbons in the presence of 
introduced oxygen49. At later time points, laboratory and field inves-
tigations revealed that the cycling of osmoprotectants14 probably 
played a central role in supporting the energy needs of the persisting 
microbial community13,50.

Although Halanaerobium species have been detected across 
geographically diverse shale basins51–55, additional studies have dem-
onstrated that these microorganisms are not dominant in all shales. 
Analyses of fluids from other basins have revealed variability in salinity 
and increased taxonomic and functional diversity of the shale microbi-
ome relative to the Utica and Marcellus formations51,56–58. For example, 
Thermotogota, Desulfovibrio and Shewanella species, as well as some 
Clostridial species, have been detected across other shale basins38,51,57,58. 
Higher-salinity basins, such as the Appalachian and Bakken, tend to 
harbour lower-diversity microbiomes, whereas relatively lower-salinity 
conditions, such as those encountered in the Permian, Powder River and 

Increasing 
temperature
and pressure

Igneous rock

Low organic carbon and 
low porosity

Shale
(sedimentary rock)

Very small pore spaces, 
microbial life is limited by 
physical space

Sandstone
(sedimentary rock)

Elevated organic carbon 
and pore spaces support 
microbial growth

Aquifers
(unconsolidated sediment)

Highly porous and water 
saturated

Fig. 1 | Physicochemical and microbial features of the subsurface biosphere. 
The subsurface is composed of many layers of differing lithology, chemistries, 
porosities and native microorganisms. For example, aquifers tend to be shallower 
in the subsurface and are saturated with water, have higher levels of dissolved 
oxygen and carbon and host more diverse microbial communities. Sedimentary 

layers, such as sandstone and shales, have varying but elevated levels of organic 
carbon compared to igneous rock, but porosity and microbial diversity and 
composition vary. Throughout the subsurface, temperature, pressure and rock 
compaction increase with depth.
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Denver–Julesburg basins, tend to lead to increased microbial diversity 
likely due to lower osmotic stress and the reduced energy demands 
needed to counteract this14,59. Notably, microorganisms encoding the 
genomic potential for dissimilatory sulfate reduction58 and known 

SRB taxa57 have been reported in lower-salinity basins, in contrast to 
the Appalachian Basin.

Like all oil and gas systems, hydraulic fracturing infrastructure 
faces many of the same microbially induced challenges (for example, 
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Fig. 2 | Impact of anthropogenic activity on the subsurface biosphere of 
the Earth. a, A cross section of the terrestrial subsurface shows the different 
types of subsurface engineered systems and the impact of anthropogenic activity 
on the subsurface biosphere. These systems include geothermal energy, which 
shows fluctuations in temperature and redox conditions in groundwater systems; 
coalbed methane, where native and introduced microorganisms are stimulated 
by an increase in nutrients and greater physical space within coal seams; 
radioactive waste storage, which leads to increased microorganisms and more 
available electron acceptors across a range of subsurface formations; hydrogen 
storage, which shows more available electron donors and pH in formations such 
as depleted oil and gas reservoirs; carbon dioxide sequestration, which results in 
more metal cations and lower pH in basalt formations; hydraulic fracturing, where 
organic carbon is increased, microorganisms are introduced, and there is more 
physical space in deep shales; groundwater withdrawal, resulting in enhanced 

organic carbon and arsenic mobilization in alluvial aquifers; and agricultural 
runoff, which affects groundwater chemistry by increasing nitrate and uranium 
concentrations in subsurface aquifers. b, The impact of anthropogenic activity 
in the subsurface on native and introduced microbial communities generates 
three main types of microbial responses that are not mutually exclusive. 
Of these responses, colonization occurs where a low-abundance or low-activity 
native microbial community is outcompeted by introduced microorganisms, 
as seen in hydraulic fractured shale systems. Turnover occurs when an active 
microbial community is replaced by microorganisms that are introduced to 
the subsurface, as may be observed in coalbed methane systems. Stimulation 
occurs when additives, chemicals or infrastructure used during anthropogenic 
activity stimulate both native and introduced microbial communities, such as in 
groundwater microorganism–metal interactions.
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bioclogging of fractures due to biofilms and precipitation of minerals, 
as well as souring of the well from the production of toxic H2S). High 
salinities in some shale basins can limit the thermodynamic feasibility 
of dissimilatory sulfate reduction, therefore limiting SRB growth14. 
However, other metabolic pathways that produce H2S as a by-product 
or through respiration, such as thiosulfate reduction, can also contrib-
ute to challenges in these engineered environments, highlighting the 
diversity of metabolic pathways and microorganisms that may lead to 
the production of H2S, even in the absence of SRB.

Hydraulically fractured shales are the deepest terrestrial sub-
surface ecosystem where viruses have been studied. Although their 
role in shale ecosystems remains unclear, metagenomic analyses 
of produced fluids (Box 2) have revealed the diversity of viruses in 
three North American shale basins (Appalachian48,50, Anadarko58 and 
Denver–Julesburg39). Results from these studies indicate that viral 
predation is widespread within the persisting microbiome, and in 
response, many diverse microorganisms in shale ecosystems encode 
CRISPR–Cas and other viral defence systems. Viruses may affect 

community dynamics through both bottom-up (that is, encoding 
auxiliary metabolic genes to complement host metabolism, perform-
ing cell lysis and the release of labile metabolites) and top-down (that 
is, viral predation) processes, ultimately influencing the overall func-
tion of the shale microbial community through time48. Laboratory 
experiments showed that prophage induced lysis of Halanaerobium 
spp. released intracellular metabolites that could sustain key fermen-
tative metabolisms, supporting the persistence of microorganisms 
in this ecosystem48. Together, these studies highlight the potential 
for research in anthropogenically created subsurface ecosystems 
to address both applied research questions and more fundamental 
studies into community interactions in the deep biosphere.

Subsurface hydrogen storage
In recent years, hydrogen gas (H2) has gained attention as an energy 
source that may help in transitioning dependence from fossil fuels 
to renewable energy sources60. Currently, most H2 is produced from 
natural gas and other light hydrocarbons during refinery or industrial 

Box 2 | Methods and tools for studying and characterizing the deep subsurface 
microbiome
 

Early studies of subsurface microbiomes relied on cultivation- 
dependent techniques to uncover the biochemical and physiological 
state of microorganisms extracted from these systems. Challenges 
in replicating subsurface conditions, such as pressure, limited our 
understanding of in situ subsurface microbial activity but have 
been overcome in recent studies46,47. Early methods also included 
phospholipid fatty acid (PLFA) analysis, which estimates biomass 
and physiological state, and determines the relative abundance of 
taxonomic groups. This approach resulted in extensive foundational 
research on subsurface systems160,161, including the discovery 
of intact phospholipids from native bacteria in deep petroleum 
reservoirs162

With the rise of sequencing technologies, we are now able 
to analyse deep subsurface microbiomes more readily. Marker 
gene sequencing, such as the 16S ribosomal RNA gene, is the 
most common sequencing technique used40,104,163 and provides 
insights into taxonomic diversity and community structure. Use of 
this method in a basalt system with CO2 injection revealed rapid 
changes in community membership and structure with change 
in carbon availability104. In contrast to marker gene sequencing, 
metagenomic sequencing reveals the metabolic potential of entire 
microbial communities. This method has been used extensively in 
hydraulically fractured shale systems, highlighting the metabolic 
potential of bacteria, archaea and viruses13,39,48,50,58. Similarly, 
sequencing messenger RNA (known as ‘metatranscriptomes’) 
identifies and quantifies active genes and expression levels within 
microbial communities, and has been used to show active yet 
episodic lifestyles of microorganisms derived from subsurface 
fracture fluids164. Metaproteomics further complements these 
methodologies by identifying and quantifying expressed proteins, 
although it poses additional challenges such as low biomass and 
intricate extractions165. A study successfully dissected hydrogen 
(H2)-fuelled microbial metabolic networks in the Opalinus clay using 
metaproteomics, which underscores the potential for this technique 
in unravelling complex microbial interactions112.

Beyond omics technologies, methods targeting microbial cells 
and chemistry of the system have proved useful in the deep 
subsurface. For example, bioorthogonal non-canonical amino acid 
tagging (BONCAT) labels and identifies metabolically active cells 
within complex environmental samples, enabling the identification 
of active microbial populations in coal seams that indirectly 
convert aromatic hydrocarbons to methane (CH4)166. For chemistry 
analysis, stable isotope tracing infers carbon pools or microbial 
activity potential, relying on standard processes101,167. For example, 
isotope signals in carbon capture and storage systems showed that 
microbial methanogenesis converted injected CO2 to CH4 (ref. 101), 
demonstrating the powerful applications of isotope tracing to 
determine in situ microbial activity.

Although this range of microbial techniques has enabled a 
broader understanding of subsurface ecosystems, contamination  
is an ever-present challenge. Given that native subsurface microbial 
biomass concentrations are generally low, biological contamination 
introduced from anthropogenic activity is of concern168,169. Quantifying 
contamination of pristine subsurface samples typically involves using 
chemical, microbiological and particle tracers, or microspheres169,170. 
Additionally, low biomass concentrations and chemical factors 
such as carbonate precipitates and brine minerals or fluids can 
affect the quantity and quality of extractable DNA and RNA171,172. 
Likewise, DNA sorption onto mineral surfaces is a significant problem 
with low biomass samples; blocking agents or carrier molecules 
have been shown to help overcome this challenge173. Various DNA 
extraction protocols173,174 tailored for specific sample types exist, 
yet for sample types without established methods it is advised 
to use multiple approaches as there is no universal extraction 
protocol.

Overall, these diverse methodologies contribute to a 
comprehensive understanding of subsurface microbial communities 
and their ecological roles, with many studies integrating several of 
these methods to uncover the larger picture of microbial subsurface 
life in these systems13,50,175.
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Fig. 3 | Microbial feedback and interactions in subsurface energy systems. 
a, Microorganisms in hydraulic fracturing systems cause many challenges, 
including bioclogging of the system flow through the production of biofilms, 
scaling caused by the precipitation of metal sulfides, corrosion from production 
of organic acids, and the generation of toxic hydrogen sulfide (H2S) through 
microbial sulfate (SO4

2−) and thiosulfate (S2O3
2−) reduction metabolism. Toxic 

H2S can return to the surface. b, Microorganisms may harness hydrogen gas 
(H2) storage in the subsurface through various microbial metabolisms. For 
instance, microorganisms can use hydrogen and carbon dioxide (CO2) via 
hydrogenotrophic methanogenesis, or use H2 to reduce sulfate into toxic H2S, 
leading to the depletion of H2 stored in these systems. c, Organic compounds 

released from coal, or methoxylated aromatic compounds, may fuel 
methanogenic microorganisms in this system and lead to increased methane 
(CH4) production. Stimulation of native microorganisms and introduction 
of microorganisms from the surface increases microbial activity and thus 
enhances coalbed methane production. d, Redox conditions are altered by 
the infrastructure used to harness subsurface aquifers for geothermal energy. 
Temperature fluctuations also occur in both deep and shallow geothermal 
systems. Redox and temperature conditions cause varying responses by the 
microbial communities present in the geothermal system, including corrosion, 
bioclogging, scaling and production of toxic H2S. e−, electron; Fe2+, ferrous iron; 
FeS, ferrous sulfide; H+, proton; S2−, sulfide.
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processes61. Hydrogen can also be produced through various abi-
otic and biotic processes, including those from renewable energy 
sources, and generates minimal levels of greenhouse gases when 
combusted62. However, the generation of H2 does not always align with 
the energy demand63. To address this challenge, excess H2 from renew-
able sources or fossil fuels may be stored, providing a viable solution 
to achieve a secure and constant energy supply64.

Subsurface cavities are an alternative to costly, large-scale H2 
storage tanks on the surface of the Earth and are currently being used 
for temporary storage of natural gas from energy systems, as well 
as for permanent storage of CO2 in carbon sequestration65,66. Promis-
ing locations for underground H2 storage include depleted oil and gas 
reservoirs, salt caverns and deep aquifers62,67, as they are highly stable 
and not subject to changing weather conditions, wildfires, military 
activities and other long-term shifts in climate. However, microbial life 
in these subsurface ecosystems and its likely interactions with stored 
H2 increase the complexity of obtaining long-term secure storage of H2 
(ref. 68) (Fig. 3b).

Thermodynamically, H2 is a highly favourable electron donor 
that can be coupled to the reduction of diverse electron acceptors in 
many different microbial metabolisms. Indeed, hydrogenase enzymes 
are present across phylogenetically distinct microorganisms in many 
environments69,70. In the terrestrial subsurface, H2 can fuel a range of 
common microbial metabolisms such as iron reduction, sulfate reduc-
tion, methanogenesis and acetogenesis, allowing some microorgan-
isms to thrive under these conditions and leading to H2 depletion6,71. 
SRB are of special interest as they are frequently present in oil and gas 
reservoirs and may be established prior to H2 injection19, leading to 
rapid H2 oxidation given sufficient availability of sulfate, and probably 
contributing to operational challenges such as the generation of H2S. 
For this reason, salt caverns have been proposed as more effective 
long-term storage solutions, as high-salinity conditions may limit 
microbial life, particularly for sulfate-reducing microorganisms72. 
Although H2 storage in depleted hydrocarbon reservoirs has been theo-
rized for several decades73,74, very few field studies have been executed 
to understand the large-scale feasibility of this process.

Laboratory experiments examining the feasibility of H2 storage 
have indicated microbially mediated loss of H2 (refs. 72,75), suggest-
ing that the overall impact of microorganisms in underground H2 
storage may be non-trivial on larger scales. However, one labora-
tory study simulating saline H2 storage conditions with a halophilic 
sulfate-reducing microorganism (Desulfohalobium retbaense) and a 
halophilic methanogen (Methanocalculus halotolerans) reported that 
the consumption of H2 led to increased pH, which in turn decreased 
microbial activity72. These findings suggest that microbial interactions 
with H2 in underground storage may be a self-limiting process that 
decreases long-term, although this depends on the buffering capa-
bilities specific to each site. So far, the most comprehensive practical 
study of microbial interactions in underground H2 storage facilities76 
noted the conversion of H2 to CH4 by the native microbial commu-
nity, a result that is consistent with laboratory studies77,78. Finally, this 
research is of critical importance as natural (geological or native) H2 
generated within the subsurface is increasingly recognized as a prom-
ising new energy source79. Although it was once thought that H2 was 
not freely available in the subsurface owing to its small molecular size 
and rapid consumption in redox reactions, subsurface environments 
where certain abiotic reactions occur (for example, serpentinization 
of mafic rock, or water radiolysis) have been shown to accumulate high 
concentrations of H2 (ref. 61). While efforts to access this naturally 

occurring subsurface H2 are an ongoing and exciting area of research 
in the energy sector79, the roles of microbial communities during the 
extraction of this resource are currently unclear. Thus, results gained 
from other high-H2 systems80, underground H2 storage, and other 
subsurface engineered systems may help to provide additional insights 
into microbial interactions with H2 in natural reservoirs following 
anthropogenic intervention.

Coalbed methane
Within coal reserves, the detection of active, ongoing microbial CH4 
generation has stimulated interest in coalbed methane (CBM) as a 
long-term energy source (Fig. 3c). Given that up to 40%81,82 of CBM is 
of microbial origin, there is particular interest in microbially enhanc-
ing CBM through a variety of engineering techniques. These include 
stimulating microbial communities for methanogenesis83, introduc-
ing microorganisms to the subsurface (microbial augmentation), 
physically increasing microbial access to coal and the distribution 
of amendments, and chemically increasing the bioavailability of coal 
organics. Microbially mediated production of CH4 in coal seams occurs 
through both indirect and direct mechanisms. Microorganisms can 
indirectly degrade organic compounds released from coal to produce 
acetate, H2 and CO2 as substrates for methanogens84, with acetoclastic 
methanogens such as Methanothrix spp. (formerly Methanosaeta) and 
Methanosarcina spp. being the main drivers of methanogenesis84,85. 
Directly, specific groups of ‘methoxydotrophic’ methanogens86 dem-
ethylate methoxylated aromatic compounds from coal. In particular, 
Methermicoccus spp. has been shown to produce CH4 from more than 30 
types of methoxylated aromatic compounds, some derived from coal86. 
The coupling of high-resolution genomic tools with new metabolic 
labelling techniques such as BONCAT83 (Box 2) has shown potential 
for uncovering the complex metabolic networks responsible for sup-
porting methanogenesis in CBM locations84. Thus, future efforts to 
harness CBM resources more effectively should leverage these new 
insights for increasingly targeted stimulation approaches.

Geothermal systems
Geothermal energy is a regenerative energy source that can be har-
nessed from the subsurface through naturally heated aquifers. Shallow 
(400 m) and lower-temperature geothermal energy (more than 60 °C) 
is generally used to heat private residences, whereas deep (2,000–
4,000 m) and warmer (more than 100 °C) geothermal energy is often 
harnessed for electricity production. This is achieved by extracting 
warm water from the subsurface and circulating it through a heat 
exchanger before reinjecting it into the reservoir87. As of 2020, over 
80 different countries had begun harnessing geothermal energy to 
some extent88. Although several studies of shallow geothermal sys-
tems have noted the impact of temperature fluctuations on micro-
bial communities89–92, relatively little research has been conducted on 
deep geothermal systems. Geothermal systems access natural aquifers 
with native microbial communities. Harnessing these aquifers relies 
on drilling and introducing infrastructure that can cause consider-
able shifts in temperature and redox conditions, altering these native 
microbial communities and potentially leading to corrosion, biofilm 
formation and bioclogging93 (Fig. 3d). A laboratory study simulat-
ing a shallow geothermal system reported that the large temperature 
variation (5–80 °C) inherent to shallow geothermal systems probably 
explained the observed shift from iron-reducing to sulfate-reducing 
microorganisms91, while another noted the coexistence of SRB with 
sulfur-oxidizing bacteria and showed significant shifts in microbial 
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community composition associated with elevated temperatures and 
increased organic carbon92. Despite elevated temperatures and salini-
ties in deep geothermal systems, diverse sulfate-reducing microorgan-
isms have been reported94, although production issues associated with 
SRB may increase as water temperatures cool in different parts of the 
geothermal system25. Together, these findings underscore the com-
plexity of managing microorganisms to prevent potential problems 
in geothermal system functioning while continuing to harness this 
type of energy technology. As renewable energy sources continue to 
increase in popularity and are recognized as solutions in the face of 
ongoing climate change, longer-term assessments of microbial risks 
to geothermal systems should enable the development of effective 
and proportionate microbial control strategies.

Microbial effects on subsurface waste storage
Besides providing energy resources, the terrestrial subsurface also con-
tains cavities or deep geological space that can be used for subsurface 
waste storage. Certain subsurface formations have been recognized as 
potential targets for CO2 injection as a method of carbon sequestration, 
as well as safe locations for long-term storage of radioactive waste. 
Understanding how the microorganisms in these systems, whether 
introduced or native, interact with the injected materials, the host 

geologic formation and the surrounding infrastructure is critically 
important for the secure and effective storage of wastes (Fig. 4).

Carbon dioxide injection for carbon sequestration
The injection of CO2 from power plants and industrial processes such as 
steel, aluminium and cement production into the deep subsurface (‘car-
bon capture and storage’) has been presented as one possible long-term 
approach to remove carbon from the atmosphere and mitigate rising 
greenhouse gas concentrations. Carbon dioxide can be sequestered 
in the subsurface via a range of mechanisms, including trapping in 
stable geological formations, carbonate mineralization95, adsorp-
tion onto mineral surfaces or dissolution into pore fluids96. However, 
these processes can greatly shift the physicochemical environment 
and associated microbiomes (Fig. 4a), often driven by the formation 
of supercritical CO2 (scCO2), a fluid state of CO2 existing when it is held 
at or above its critical temperature and pressure. Although scCO2 has 
been shown to inactivate bacteria in laboratory investigations97, numer-
ous studies have reported the persistence of microbial communities 
following CO2 injection, potentially owing to the formation of biofilms 
that confer increased resilience to this stress98. At a test site in Australia, 
CO2 injection into a sandstone aquifer resulted in the increased relative 
abundances of Comamonadaceae and Sphingomonadaceae species 
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Fig. 4 | Role of microorganisms in subsurface waste storage systems. a, In 
carbon capture and storage systems, the injection of carbon dioxide (CO2) into 
subsurface reservoirs can cause rapid decreases in local pH, directly affecting 
microbial activity and composition. While some studies have noted the 
potential for the added CO2 to stimulate hydrogenotrophic methanogenesis, 
the increasingly acidic conditions can drive mineral dissolution in basaltic 
formations, liberating metal cations such as calcium (Ca), magnesium (Mg) 
and iron (Fe) that could support microbial activity either as enzyme cofactors 
or electron donors for chemolithoautotrophic metabolisms. b, Microbial 
metabolism interacts with engineered systems for radioactive waste storage 

through diverse mechanisms. Microorganisms can directly alter the mobility of 
soluble and insoluble radionuclides through redox reactions, biomineralization 
pathways, and biosorption and intracellular bioaccumulation. Mineral phases 
(for example, smectite and bentonite) used during the construction of these 
engineered systems can also be altered by microbial activity, potentially leading 
to altered physical behaviours. Finally, microbially stimulated corrosion of 
steel storage canisters is a common concern, similar to many other engineered 
subsurface systems. Fe2+, ferrous iron; H2, hydrogen gas; H2S, hydrogen 
sulfide; scCO2, supercritical carbon dioxide; U4+, uranium(IV); U6+, uranium(VI); 
U-phosphate, uranyl-phosphate.
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and the persistence of Carboxydocella spp.99, and follow-up studies 
highlighted shifting metabolisms that catalysed oxidation of carbon 
monoxide following CO2 injection100. Depleted hydrocarbon reservoirs 
represent promising target formations for CO2 storage; indeed, at a 
site in Louisiana, USA, stable isotope analyses coupled with microbial 
community characterization suggested that nearly 20% of the CO2 
injected into the oil reservoir had been converted into CH4, while the 
remainder had mostly dissolved into groundwater101. Deep basalt for-
mations offer unique opportunities for geological CO2 sequestration, 
as (ultra)mafic rocks have a high potential for secure and long-term 
carbonation (that is, CO2 mineralization to insoluble carbonates)102,103. 
Research at a site for carbon capture and storage in Iceland revealed 
the enrichment of both autotrophic and heterotrophic metabolisms 
in response to CO2 injection into a basalt formation. The dissolution of 
rock following CO2 injection was hypothesized to liberate metal cati-
ons (for example, iron(II), magnesium(II) and calcium(II)) that could 
serve as energy sources for CO2-assimilating chemolithoautotrophs 
such as iron oxidizers, or critical enzyme cofactors for diverse micro-
bial taxa. Indeed, in addition to the enrichment of taxa affiliated with 
autotrophic Gallionellaceae and Thiobacillus, sulfate-reducing and 
fermentative species also responded positively to the post-injection 
physicochemical environment104. These studies in engineered systems 
may be complemented by insights from subsurface environments 
naturally enriched in CO2. For example, Crystal Geyser in Utah, USA, is 
a CO2-driven geyser that offers an opportunity to retrieve fluids from 
nearly 1 km in the terrestrial subsurface. Microbial research at this 
site has revealed some commonalities with observations from carbon 
capture and storage studies, such as the dominance of autotrophic 
iron-oxidizing and sulfur-oxidizing bacteria (for example, members 
of the Gallionellaceae family). However, the considerable microbial 
diversity observed, including bacterial candidate phyla radiation and 
archaeal DPANN members, suggests diverse biogeochemical processes 
that can occur in CO2-enriched environments105.

These studies have highlighted the complex microbial and geo-
chemical interdependencies that exist in CO2-enriched systems, par-
ticularly in subsurface formations where CO2 injection drives host-rock 
dissolution. The effective adoption of carbon capture and storage will 
require an increased understanding of how subsurface microbial activ-
ity influences the efficacy of CO2 immobilization. For example, although 
the microbial uptake of metal cations may enhance enzyme activity 
and subsequent alkalinizing metabolisms (thus favouring carbonate 
precipitation), the immobilization of these same cations in microbial 
biomass could also limit the precipitation of calcium–magnesium–
iron-bearing carbonates104. Similarly, the microbial conversion of CO2 
to CH4 represents an attractive approach that yields economically 
important products, provided that CH4 can also be sequestered within 
the formation and leakage to the atmosphere can be minimized. The 
characterization of these biogeochemical trade-offs will help us better 
understand the behaviour of carbon capture and storage reservoirs 
following CO2 injection.

Deep geological storage for radioactive waste
With nuclear energy providing 10% of the world’s power from over 
400 active power reactors106,107, understanding the risks associated 
with the long-term storage of the resulting waste is crucial. Nuclear 
energy, although not emitting greenhouse gases, generates about 
30 tonnes of high-level waste per reactor annually107. Among the radio-
nuclides present in radioactive waste, selenium (79Se isotope, half-life: 
3.3 × 105 years), uranium (238U isotope, half-life: 4.5 × 109 years), and 

curium (247Cm isotope, half-life: 1.6 × 107 years; 248Cm isotope, half-life: 
3.5 × 106 years) are common components of the spent nuclear fuel. 
For these types of waste, the proposed safest options for storage until 
toxicity decreases to natural levels are deep geological repositories, 
or multi-barrier systems placed below ground at 500–1,000 m depths 
that encapsulate containers of radioactive waste108,109. Specifically, 
these systems are built with a combination of engineered and natural 
barriers (rock, salt and clay) and designed to contain hazardous radio-
active materials for thousands of years, so that there is no obligation 
to actively maintain the facility in future generations109. Within these 
systems, microorganisms have the potential to interact with both 
the waste materials and the engineered barriers designed to contain 
them, ultimately threatening the long-term integrity and safety of deep 
geological storage facilities (Fig. 4b).

Similar to other engineered systems, corrosion of copper and 
steel-based waste containers110 and production of H2, CH4 and CO2 gases 
by microorganisms108,111,112 are critical concerns for the long-term safety 
of deep geological storage facilities. Additionally, microorganisms 
have impacts on clay-based filling and sealing barriers for backfilling 
carbon steel canisters of radioactive waste113–115. As such, considerable 
research has been performed on the occurrence of viable indigenous 
and introduced microorganisms in these clays and in host-rock for-
mations (for example, Callovo-Oxfordian clay, France, and Opalinus 
clay, Switzerland)111,114,115. Specifically, bacteria have been profiled and 
cultured from natural bentonite deposits, commercial bentonites, 
and candidate host-rock formations, highlighting the potential for 
microorganisms to proliferate if high pressure and small pore size 
conditions are not consistently imposed113,116,117. Dry density is the main 
factor considered by waste management organizations when assessing 
microbial survival for sealing materials. As such, bentonite is com-
monly used as a clay-based fill owing to its low porosity118. Long-term 
studies have shown that microorganisms are cultivable from ben-
tonite with a dry density of 1.6 g cm−3 (resulting in a swelling pressure 
above 20,000 kilopascal, water activity below 0.96 and an average pore 
size of less than 0.02 µm) up to 8 years later119,120. Simulation of these 
conditions in the laboratory favoured spore-forming bacteria, with 
viable nitrate reducers and other heterotrophic aerobes and anaerobes 
cultured from bentonite plugs after 8 years of incubation119. Notably, 
some microorganisms identified in bentonite have mechanisms for 
interacting with radionuclides, including a bentonite isolate, Steno-
trophomonas bentonitica, that encodes the potential to interact with 
selenium(IV) through reduction121, curium(III) through biosorption 
or bioaccumulation122 and uranium(VI) through generation of extra-
cellular uranium-phosphate precipitates123. Of particular interest are 
other microbial metabolisms, such as iron reduction, that can cause 
weathering and dissolution of bentonite. Culturing investigations have 
shown that both H2S and iron(II) could lead to the transformation of 
smectite to illite (a process known as illitization), which would alter 
the swelling properties of bentonite124. Furthermore, a combination of 
microscopic and spectroscopic methods was used to confirm the ability 
of the Shewanella oneidensis strain MR-1 to promote the dissolution of 
smectite through the reduction of structural iron(III)125. Understanding 
the mechanisms by which microorganisms can affect the integrity of 
storage infrastructure is essential for designing robust storage systems 
that can withstand microbial activity over extended periods.

Microbial metabolism has both positive and negative implica-
tions for altering radionuclide speciation and mobility in the case 
of radionuclide escape. Microorganisms can contribute to the 
immobilization of radionuclides through various mechanisms such 
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as biosorption, biomineralization and enzymatic reduction108. For 
instance, Gram-positive bacteria including Pseudomonas fluorescens 
and Sporomusa sp. MT-2.99 have been shown to effectively biosorb 
curium onto their cell surfaces through binding with carboxyl and 
phosphate groups of the plasma membrane, reducing their mobil-
ity in the environment126–128. Furthermore, the microbial reduction 
of soluble forms of selenium to insoluble elemental selenium (and 
uranium described below) has been shown in many organisms with 
a few able to respire selenium(VI), including Thauera selenatiis and 
Seleniivibrio woodruffii129,130. Notably, bentonite-derived isolates are 
able to reduce selenium(VI) to elemental selenium nanostructures121,131. 
Such microbial processes could enhance the containment effectiveness 
of these repositories, reducing the risk of environmental contamina-
tion and promoting long-term safety. Conversely, microbial interac-
tions with radionuclides also present challenges in these systems. The 
complexity of microbial behaviour introduces uncertainty into safety 
assessments, making it difficult to predict the long-term effects of 
microbial processes within deep geological repository environments. 
For example, although microbial reduction of soluble uranium(VI) 
to insoluble uranium(IV) can aid containment, resulting alterations to 
geochemical conditions (for example, pH) could potentially affect 
repository performance. Finally, microbial metabolism within these 
storage systems may be additionally influenced by radiolytic reactions 
(that is, radiolysis of water). These reactions can drive the formation 
of myriad reactive species that catalyse downstream abiotic redox 
reactions in addition to H2 production. Indeed, studies on fracture 
fluids within a South African gold mine determined that the radiolysis 
of water and subsequent production of diverse chemical compounds 
could support the native microbial community6. In engineered waste 
systems, the potential for analogous processes may exist and could 
further contribute to deleterious microbial activity.

Research efforts focused on understanding microbial processes in 
deep geological environments and developing innovative mitigation 
strategies will be instrumental in ensuring the safe and secure contain-
ment of hazardous waste over extended periods of time. By integrating 
microbial management strategies into the design and operation of 
storage facilities, we can minimize the risks associated with microbial 
activity and enhance the long-term sustainability of hazardous-waste 
disposal practices.

Microbially mediated metal mobilization
Human activities can influence the redox state of naturally occurring 
subsurface metals, in some instances altering their solubility with 
downstream impacts on water resources. Through the intensive use 
of fertilizers and other anthropogenic sources, nitrate is a common 
global contaminant in groundwater132,133. In aquifers across the United 
States and Europe, groundwater analyses have revealed aqueous ura-
nium concentrations above the US Environmental Protection Agency 
maximum contaminant level (30 µg l−1), and moderately strong cor-
relations between uranium and nitrate species134,135. Complementary 
bioreactor investigations have revealed that groundwater nitrate con-
tamination enriches nitrate-reducing microbial populations affiliated 
with Firmicutes, Proteobacteria and Actinobacteria. These bacteria 
are subsequently able to oxidize and mobilize naturally occurring ura-
nium (primarily as uranium(IV)) within the aquifer, potentially through 
both direct microbial oxidation (coupled to nitrate reduction) and the 
production of nitrite intermediates, which catalyse abiotic uranium 
oxidation136. Moving forward, agricultural management strategies 
that favour a more targeted application of nitrogen fertilizers may 

limit the extent of groundwater nitrate contamination137, with subse-
quent impacts on uranium mobilization. Moreover, the persistence 
of anoxic conditions in these aquifer systems can play a key role in 
the re-precipitation of reduced uranium phases (for example, uranin-
ite). Studies have demonstrated that uranium can be immobilized as 
uranium(IV) via a range of biotic and abiotic mechanisms under anoxic 
conditions138,139. Given this, groundwater management strategies that 
minimize the introduction of oxygen into the subsurface (for instance, 
limiting direct injection of reclaimed water) may be an approach for 
enhancing uranium immobilization.

In Bangladesh and parts of southeast Asia, the widespread adop-
tion of tube wells for access to drinking water (~10 million sunk in 
Bangladesh by 2000)140 has resulted in an unforeseen public health 
emergency: the exposure of large swaths of the population to ground-
water arsenic contamination. In 2000, the World Health Organization 
Bulletin called this exposure to naturally occurring inorganic arsenic 
“the largest mass poisoning of a population in history”141. Although 
there are complex interconnected biological and physicochemical 
drivers behind increasing groundwater arsenic concentrations, it is 
likely that the activity of subsurface microorganisms plays a key role 
in catalysing biogeochemical transformations that mobilize arsenic. 
Throughout this affected region, it has been speculated that groundwa-
ter withdrawal for irrigation has led to the transport of organic carbon 
into unconfined sediments142,143, acting to stimulate metal-reducing 
bacteria, which can directly reduce arsenic(V) to the more soluble 
arsenic(III) species144 and release adsorbed arsenic from iron oxides fol-
lowing reductive dissolution of these mineral phases143,145. Similarly, the 
release of organic carbon from confining clay layers in the subsurface 
has been proposed as a mechanism driving microbial metabolism and 
associated arsenic mobilization146 (Fig. 5). Moving beyond the role of 
organic carbon, recent genomic analyses have indicated that anaerobic 
ammonium oxidation coupled to iron(III) reduction (a reaction referred 
to as ‘Feammox’) drives reductive dissolution of iron oxides and arse-
nic mobilization in affected regions147. Given these identified link-
ages between hydrological management (for example, groundwater 
withdrawal and groundwater recharge with surface water) and stimu-
lated microbial activity that affects arsenic mobility, future research 
should determine how bio–hydro feedbacks can be altered and even 
manipulated for reducing toxic metal groundwater contamination.

Conclusions and future perspectives
Over the past several decades, human activity in the subsurface has 
steadily increased. Indeed, it is likely that subsurface anthropogenic 
intervention will further increase in the coming years as technological 
advances allow humans greater access to subsurface resources and 
as demand for these resources continues to rise. The subsurface may 
be increasingly required for the storage of industrial wastes, such as 
those associated with the production of military weapons and nuclear 
energy, as well as carbon sequestration in the face of ongoing climate 
change. Other sources of energy, such as underground H2 storage and 
natural H2 reservoirs, are promising subsurface resources that may 
help to bridge the gap from a dependency on fossil fuels to renewable 
energy sources and are therefore of critical importance. Although 
this Review has focused on engineered environments in the terrestrial 
subsurface, microbial life in the marine subsurface is governed by many 
of the same physical and chemical constraints. Given that the marine 
subsurface is also used for anthropogenic activities such as gas stor-
age and hydrocarbon extraction, ongoing microbial research across 
terrestrial and marine subsurface systems will continue to uncover the 
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effects of these activities on the subsurface biosphere, further tailoring 
how humans leverage these ecosystems in the future.

Various microbial techniques (Box 2) have enabled a broader under-
standing of terrestrial subsurface ecosystems, such as the diversity of 
native microbial life, the effects of human activity on the subsurface 
biosphere and consequently the roles of microorganisms in engineered 
subsurface systems. However, studying microorganisms in the deep 
terrestrial subsurface is not without challenges. Early microbial stud-
ies of the deep subsurface relied on cell counts and cultivation-based 
methods148,149. The development of cultivation-independent molecu-
lar methods and increased access through anthropogenic interven-
tion has allowed us to expand our view of the deep subsurface13,150 
(Box 2). Emerging methods such as machine learning applications for 
predictive analyses or ‘personalized medicine’151 may be a promising 
approach to successfully mitigate deleterious microbial processes in 
engineered subsurface ecosystems. Additionally, our current under-
standing of subsurface systems is dependent on physical intervention 
through drilling, placing infrastructure, or removal of fluids or rock 
cores at a very limited number of locations relative to the expansive 
size of the terrestrial subsurface. As technology advances, less invasive 
methods to observe microbial dynamics in real time and with high spa-
tial resolution would allow for a more comprehensive understanding 
of natural and anthropogenically affected subsurface microbiomes. 
For example, the application of a suite of non-invasive geophysical 
analyses enabled researchers to identify subsurface zones of microbial 
sulfate reduction152. Although this study was performed in a shallow 
alluvial aquifer, analogous approaches could be applied in the deeper 
terrestrial subsurface, offering insights into the distribution of specific 
microbial metabolisms.

Many subsurface ecosystems targeted for anthropogenic activity 
are isolated environments with limited microbial immigration and 
lower community diversity, and thus can be used as natural bioreac-
tors within the deep subsurface. These systems may be leveraged to 
investigate fundamental processes governing community interactions 
and dynamics that are more challenging to identify in ecosystems with 
greater community diversity (for example, soils) and are subject to 
greater external drivers of community assembly (for example, climate). 
In subsurface shales, multiomic analyses have uncovered metabolic 
networks supporting the persisting microbiome50 while also revealing 
the complex temporal interplay between viruses and their microbial 

hosts39. Similarly, research in CBM systems has identified microbial 
community interactions that mediate the complex processes of hydro-
carbon degradation84. Moving forward, the terrestrial subsurface could 
be used to develop mechanistic understandings of microbial processes, 
assessing their importance across diverse ecosystems.

Much research on subsurface microbiomes has highlighted the 
deleterious processes that microbial activity can catalyse within an 
ecosystem, but it is worth noting that microbial life may also provide 
positive benefits to these systems. Such examples include microbially 
enhanced oil recovery through the production of biosurfactants and 
other polymers and CH4 production through stimulation of methano-
genesis in existing or depleted hydrocarbon reservoirs. Additionally, 
microorganisms from the subsurface may be harnessed for techno-
logical advances, such as the development of environmentally cleaner 
approaches to biomining or bioleaching of rare earth elements. Further 
research into subsurface systems and their microbiomes is necessary 
to assess the extent of these positive contributions across different 
engineered environments and the potential to successfully manipu-
late such processes, especially given the challenges of working in the 
deep subsurface. Finally, research emerging from terrestrial subsur-
face systems continues to contribute to our understanding of life 
on Earth. As human activity and research on subsurface engineered 
systems increase, additional studies may provide a new understanding 
of the constraints on microbial life, offering insights into the range of 
environmental conditions that microorganisms can withstand and, 
consequently, where microorganisms may exist beyond Earth.

Published online: xx xx xxxx
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PFAS
Information for Clinicians

Key Points

• Communities around the United States have been concerned about possible
health effects from PFAS exposure and have been looking to healthcare
providers for counseling and support related to PFAS exposure.

• Ingestion of contaminated food and water is a main route of PFAS exposure.

• Health effects potentially associated with PFAS exposure include increases in
cholesterol levels, decreases in birth weight, lower antibody response to vaccines,
kidney and testicular cancer, pregnancy-induced hypertension, preeclampsia, and
changes in liver enzymes.

• An exposure history can help clinicians determine the duration, magnitude, and routes of
patients’ PFAS exposures and reveal opportunities for exposure reduction.

• In deciding whether to order PFAS testing, clinicians can consider

− an individual’s exposure history,

− results of PFAS testing from the patient’s water supply, food sources, or other exposure routes,
and

− whether results can inform exposure reduction and health promotion.

• PFAS blood testing results do not provide information for treatment or predict future health problems.

• Patients and clinicians can discuss the potential risks and benefits of using PFAS blood testing
results to guide clinical management. Considerations include

− factors unique to the patient, including the patient’s risk for disease,

− whether health screening beyond the usual standards of care is appropriate, and

− the potential for unnecessary further testing and treatment related to false positives from
additional screening tests.

• No approved medical treatments are available to reduce PFAS in the body.

• ATSDR will continue to review the science and periodically update this information.

Properties of PFAS
Per- and polyfluoroalkyl substances (PFAS) are a family of thousands of synthetic chemicals that all contain a 
partially or fully fluorinated carbon chain. Their chemical properties allow them to reduce friction and resist oil 
and water. As a result, they have been widely used in industry and consumer products since the 1940s. Major 
applications include surfactants used in industrial processes and firefighting foams, and protectants for paper 
packaging products, carpets, and textiles that enhance water, grease, and soil repellency. 

Last updated 1/18/2024
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PFAS are widespread and persistent in the environment. The carbon-fluorine bonds are strong, so these 
compounds do not fully break down in the environment or human body. In humans, properties of the most 
well-studied PFAS include the following:

• Absorption: Absorbed in the intestines and lungs; limited dermal absorption

• Distribution: Bind to serum proteins; to a lesser extent, also bind to tissue proteins (e.g., liver, kidneys,  
and brain)

• Metabolism: Most not metabolized; some metabolized to other PFAS

• Elimination: Mainly in urine (clearance rate can vary by sex and kidney function); also, through defecation, 
menstruation, breastfeeding, and placental transfer

• Half-life: A few days to 8 years or more, depending on the specific PFAS

Human Exposure to PFAS

Epidemiology
Nearly all people in the United States have measurable amounts of PFAS in their blood. Researchers often 
use people’s blood PFAS levels as a proxy for exposure. Since 1999, the National Health and Nutrition 
Examination Survey (NHANES) has been measuring certain PFAS (e.g., PFOS, PFOA, PFHxS, and PFNA) in 
blood samples from people living in the United States. The data show declining levels of three prevalent PFAS 
(PFOA, PFOS, and PFHxS), in part because the U.S. Environmental Protection Agency (EPA) enlisted major 
manufacturers to phase out production and reduce facility emissions of PFOA, PFOS, PFHxS, and PFNA. 
Population blood levels of substitute PFAS (e.g., GenX) are not well studied. Blood levels of these shorter-
chain PFAS do not necessarily reflect total cumulative exposure because they tend to have relatively short 
half-lives. 
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Geometric Mean PFAS Blood Levels in the United StatesIn 2017-2018, NHANES reported 
geometric mean blood levels of

• PFOS: 4.25 ng/mL*, with 95% of the 
general population ≤14.6 ng/mL,

• PFOA: 1.42 ng/mL, with 95% of the 
general population ≤3.77 ng/mL,

• PFHxS: 1.08 ng/mL, with 95% of the 
general population ≤3.70 ng/mL, and 

• PFNA: 0.411 ng/mL, with 95% of the 
general population ≤1.40 ng/mL.

* Nanograms per milliliter (ng/mL) is 
equivalent to micrograms per liter (µg/L) 
and to parts per billion (ppb).

Some communities can have higher 
geometric mean levels of blood PFAS 
than NHANES. 
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Exposure Sources and Routes
Communities with documented PFAS contamination in drinking water supplies or food are often near 
facilities that have manufactured, used, or handled PFAS; these include some factories, airports, military 
bases, wastewater treatment plants, farms where sewage sludge was used for fertilizer, landfills, or 
incinerators. Other PFAS exposure sources include PFAS-containing consumer products and workplaces that 
manufacture, use, or handle PFAS. 

Routes of exposure to PFAS include ingestion, placental transfer, and inhalation. Dermal absorption of PFAS 
is limited and does not appear to be a significant route of exposure for the general population. For more 
information on occupational exposures, please visit the National Institute for Occupational Safety and Health 
(NIOSH) PFAS webpage.

Ingestion
Ingestion of contaminated food and water is a main route of PFAS exposure. In communities affected by 
PFAS-contaminated drinking water, water can be the main source of exposure. For other communities, the 
relative contribution of exposure sources can vary.

Ingestion of PFAS can occur through

• drinking water from PFAS-contaminated municipal sources or private wells,

• eating food (e.g., meat, dairy, and vegetables) produced near places where PFAS were used or made, 

• eating fish caught from water contaminated by PFAS (PFOS, in particular), 

• eating food from some types of grease-resistant paper or packaging (e.g., popcorn bags, fast food 
containers, pizza boxes, and candy wrappers), and

• swallowing contaminated soil.

Ingestion of residue and dust from PFAS-containing consumer products is another way people are exposed 
to PFAS. Research has suggested that exposure to PFOA and PFOS from today’s consumer products is 
generally lower than exposures from PFAS-contaminated drinking water. Some products that might contain 
PFAS include

• stain resistant carpets, upholstery, and other fabrics, 

• water resistant clothing,

• cleaning products, 

• personal care products and cosmetics (e.g., shampoo, dental floss, nail polish, and eye makeup), and 

• paints, varnishes, and sealants.

Children can have higher PFAS exposures through ingestion than adults. Children eat and drink more relative 
to their body weight and can ingest dust or dirt containing PFAS through mouthing objects and hand to 
mouth behaviors. Children can also be exposed by

• drinking formula mixed with PFAS-contaminated water, and

• drinking breastmilk from persons exposed to PFAS.

Placental Transfer
Some PFAS cross the placenta and enter umbilical cord blood. The permeability of the placental barrier varies 
for different PFAS. 
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Inhalation
Most PFAS are not volatile, so inhalation is not a typical exposure route for the general population. People 
living near facilities that incinerate PFAS and PFAS-containing materials can be exposed to PFAS through 
inhalation. 

In the workplace, handling of PFAS and PFAS-containing materials and breathing associated dust, aerosols, 
or fumes can also result in exposure to PFAS through inhalation. Inhalation is not a typical route of exposure 
for the general population but can occur with use of some PFAS-containing consumer products.

Drinking Water Standards, Regulations, and Health Advisories
Federal and state PFAS drinking water standards as well as health advisories for PFAS may differ and can be 
expected to change over time. In general, PFAS drinking water standards, regulations, and health advisories 
are not intended for use in assessing an individual patient’s health risks, but following these can help reduce 
drinking water exposures to PFAS. 

Health Effects

Pathophysiology
The pathophysiology of PFAS toxicity is an area of active research. Many studies of populations have 
examined possible relationships between levels of PFAS in blood and rates of harmful health effects (see 
section below), but research has not yet confirmed mechanisms for each health effect. Complicating 
this challenge is that PFAS are sometimes examined as a class and other times examined as individual 
compounds. 

Health Effects Associated with PFAS
The Agency for Toxic Substances and Disease Registry (ATSDR)’s 2021 Toxicological Profile for 
Perfluoroalkyls provides a comprehensive review of toxicological information for 12 different PFAS. ATSDR 
evaluated the available epidemiological data and found that the preponderance of the evidence suggested 
associations between exposure to individual PFAS and certain health effects. 

Additionally, ATSDR and the National Institute of Environmental Health Sciences (NIEHS) funded the 
National Academies of Science, Engineering, and Medicine (The National Academies or NASEM) to provide 
an objective review of the current evidence regarding human health effects of PFAS. In its 2022 report 
Guidance on PFAS Testing and Health Outcomes, NASEM categorized the strength of evidence for various 
health effects for PFAS as a class. In addition to the health effects listed by ATSDR, NASEM also found 
epidemiologically-based associations with additional health effects. 

Some animal and human studies find positive associations between PFAS exposure and a much wider range 
of health effects. For example, they identify associations with serum uric acid concentrations, reproductive 
health, diabetes, kidney effects, asthma, and neurobehavioral outcomes. Results of animal studies do not 
always correlate with human health effects because of physiologic differences between species. Inconsistent 
findings among human studies and study design limitations are some reasons why other potential health 
effects are not identified as associated with PFAS.  

WG Ex. 81

2821

https://www.atsdr.cdc.gov/toxprofiles/tp200.pdf
https://www.atsdr.cdc.gov/toxprofiles/tp200.pdf
https://www.nationalacademies.org/our-work/guidance-on-pfas-testing-and-health-outcomes


PFAS Information for Clinicians • 5

Health Effect
ATSDR Review of Associations 

(PFAS Associated with  
Health Effects)*

NASEM Category of 
Association†

NASEM and ATSDR Health Effects

Increases in cholesterol 
levels

Evidence of an association (PFOA, 
PFOS, PFNA, PFDA) 

Sufficient evidence of an 
association

Small decreases in birth 
weight (<0.7-ounce 
decrease per 1 ng/mL 
blood PFOA/PFOS 
increase)

Evidence of an association (PFOA, 
PFOS)

Sufficient evidence of an 
association

Lower antibody response 
to vaccines

Evidence of an association (PFOA, 
PFOS, PFHxS, PFDA)

Sufficient evidence of an 
association

Kidney and testicular 
cancer

Evidence of an association (PFOA) Sufficient evidence for kidney 
cancer / Limited or suggestive 
evidence for testicular cancer

Pregnancy-induced 
hypertension or 
preeclampsia

Evidence of an association (PFOA, 
PFOS)

Limited or suggestive evidence 
of an association

Changes in liver enzymes Evidence of an association (PFOA, 
PFOS, PFHxS)

Limited or suggestive evidence 
of an association

Additional Health Effects Considered

Thyroid disease and 
dysfunction

No consistent evidence of an 
association  

Limited or suggestive evidence 
of an association

Breast cancer No consistent evidence of an 
association 

Limited or suggestive evidence 
of an association

Ulcerative colitis No consistent evidence of an 
association 

Limited or suggestive evidence 
of an association

ATSDR and NASEM use different language to describe the strength of an association.

Many newer PFAS have properties, such as a shorter half-life, that limit the ability to use blood levels as a proxy for 
long-term exposure. This makes it more challenging to study whether exposure to these PFAS could cause health 
effects.

* ATSDR’s approach took into consideration the consistency of the findings across studies, the quality of the 
studies, dose-response, and plausibility. Although the data may provide evidence for an association, it does not 
always imply that the observed effect is biologically relevant because the magnitude of the change may be within 
the normal limits or not indicative of an adverse health effect. Causal relationships have not been established for 
these health effects.

† NASEM reviewed associations with PFAS as a class rather than by specific PFAS. 
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Factors Impacting the Risk of Health Effects
The risk of health effects associated with environmental exposures, including PFAS, depends on exposure 
factors (e.g., dose, frequency, route, and duration), individual factors (e.g., sensitivity to exposure and chronic 
disease burden), and other determinants of health (e.g., access to safer water and quality healthcare).

Clinical Evaluation and Management
When patients have concerns about PFAS or other environmental exposures, clinicians can help address 
these concerns by actively listening and providing practical advice. Clinicians play an important role in helping 
patients identify and reduce exposures and in promoting standard age-appropriate preventive care measures 
for physical health, mental health, and wellness (e.g., Bright Futures and U.S. Preventive Services Task Force 
recommendations). 

No approved medical treatments are available to remove PFAS from the body. Based on information from 
both a patient’s PFAS exposure history and the patient’s health history, clinicians can collaborate with patients 
to develop individualized care plans.

Clinical Presentation
PFAS toxicity is not associated with characteristic signs or symptoms. Patients with concerns about PFAS 
can present with a known exposure and be asymptomatic; they may have signs, symptoms, or a diagnosis of 
a disease or health issue (e.g., high cholesterol); or they may live in a community with exposure concerns but 
not know if they were exposed.

Exposure History
The goals of an exposure history are to 

• identify current and past PFAS exposures, 

• assess the duration, magnitude, and routes of exposure, 

• help patients understand how they have been exposed, and 

• determine if current exposures can be reduced. 

A PFAS exposure history asks about the following:

• Documented PFAS contamination in the home, workplace, or community.

• Water, dietary, and consumer product exposure from 

 9 contaminated drinking water (public water supplies or private well),

 9 fish from contaminated water,

 9 food wrapped or contained in grease-resistant paper or packaging, and 

 9 PFAS-containing consumer products (see “Exposure Sources and Routes” 
section). 

• Proximity to places that may manufacture, handle, or use PFAS, such as

 9 factories,

 9 airports, 

 9 military bases,

 9 wastewater treatment plants,

 9 farms where sewage sludge was 
used for fertilizer,

 9 landfills, and

 9 incinerators.
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• Occupational or recreational exposures to

 9 fluorochemical manufacturing processes,

 9 firefighting foams,

 9 ski wax, and

 9 other PFAS-containing materials.

• Past exposures.

• PFAS testing and results (e.g., drinking water or blood test results).

• Prenatal and infancy/childhood exposures including 

 9 transplacental exposures and

 9 breastmilk from a person exposed to PFAS or formula mixed with PFAS-contaminated water.

For any identified exposure, it is helpful to seek more detailed information about the route, dose, 
duration, and frequency of the exposure. 

For more information, see ATSDR’s educational materials on Taking an Exposure History.

Exposure Reduction
An exposure history can inform how to reduce exposure, which is a central goal with any toxic exposure. At 
this time, it is not possible to eliminate all sources of PFAS exposure. With PFAS, the patient’s exposure might 
have come from contaminated drinking water or from other sources in their diet, home, or workplace. Local 
health departments may have information about area PFAS contamination concerns and can often provide 
additional resources and risk reduction strategies. 

Exposure Source Example Exposure Reduction Strategies to Consider
Drinking water • Install a water filtration system or use a pitcher type filter shown to 

reduce PFAS levels.*

• Use an alternative water source tested for PFAS for drinking, food 
preparation (including infant formula), cooking, brushing teeth, or other 
activities that can result in ingestion of water.

• Test private well water. Consult local health or environmental agencies 
for guidance on how to get a private well tested, how to interpret 
results, and whether retesting is warranted. Consider installing a home 
water treatment system if needed. 

Fish, meat, eggs, or dairy • Limit or avoid fish, meat, eggs, or dairy known to be contaminated with 
PFAS. Use local health advisories and EPA's fish advisory list to guide 
choices.

Food from contaminated fields 
or gardens

• Consume a wide variety of foods.

• For gardens, consider raised beds with alternate sources of soil and 
water.

Dust in the home • Clean surfaces and floors frequently if soil around home is 
contaminated or if household members have occupational exposure to 
PFAS.

Consumer products • When possible, choose products without PFAS (see “Exposure Routes 
and Sources” section). 

Workplace • Consult with an occupational and environmental medicine specialist.
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* If monitored, maintained, and used properly, a water filter can reduce PFAS levels. How much PFAS are removed 
by filtration is determined by the PFAS contaminant levels, the type of filter, and how well the filter is maintained. 
The global public health organization NSF International has developed a test method to verify a water filter’s 
ability to reduce PFOA and PFOS to below the health advisory levels set by the EPA or individual states. See NSF 
International’s list of approved devices.

For additional steps to reduce exposure, see EPA’s Meaningful and Achievable Steps You Can Take to Reduce 
Your Risk.

PFAS Blood Testing
Systematic, community-wide blood testing can enable public health officials to investigate and respond to 
community-wide exposures. Results from these tests can assess the types and blood levels of PFAS in the 
community. (Blood PFAS is the accepted biomarker of exposure for PFAS studies, but some investigations 
have also included urine testing.)

Clinicians can order PFAS blood levels through CLIA-certified* 
commercial clinical laboratories. Results (current levels of PFAS in the 
blood) could reflect recent exposures or past exposures in the case of 
PFAS with long half-lives. 

In deciding whether to order PFAS testing, clinicians can consider

• 

ATSDR developed a PFAS 
Blood Level Estimation Tool 
for community members with 
exposure to PFAS through 
drinking water—in particular, 
for people who would like 
more information about how 
this exposure might affect 
blood PFAS levels. Estimates 
from this tool might be helpful 
when discussing potential 
PFAS exposures with patients. 

an individual’s exposure history,

• results of PFAS testing from the patient’s water supply, food 
sources, or other exposure routes, and 

• whether results can inform exposure reduction and health 
promotion. 

Benefits of PFAS blood testing might include

• information that could guide exposure reduction, 

• greater recognition of PFAS-associated health effects, and

• possible psychological relief from knowing one’s PFAS blood level.

Limitations of PFAS blood testing include 

• PFAS blood test results do not identify sources of exposure, 

• only certain PFAS can be tested in blood and these PFAS might not represent the PFAS to which a patient 
has been exposed, 

• results do not indicate whether a current illness can be attributed to PFAS exposure,

• PFAS blood test results do not predict future health outcomes,

• comparison of PFAS results across laboratories can be difficult (e.g., due to differences in assays used and 
PFAS tested),

• how long test results remain clinically meaningful is not known, and

• neither the utility of repeat PFAS testing nor the optimum interval for testing is known.

* For quality assurance, Clinical Laboratory Improvement Amendments (CLIA) regulate laboratory testing and require 
clinical laboratories to be certified by federal agencies before they can accept human samples
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Clinical Management Based on PFAS Blood Levels 
Patients and clinicians can discuss the potential risks and benefits of using PFAS blood testing results to 
guide clinical management. Considerations include

• factors unique to the patient, including the patient’s risk for disease,

• whether health screening beyond the usual standards of care is appropriate, and

• the potential for unnecessary further testing and treatment related to false positives from additional 
screening tests.

ATSDR has not developed health-based screening based on PFAS blood levels and encourages clinicians to 
follow usual standards of care for health concerns.

For additional consideration, NASEM has proposed health screenings for patients exposed to PFAS based 
on the sum of certain PFAS (MeFOSAA, PFHxS, PFDA, PFUnDA, PFOS, PFOA, and PFNA) levels.† Providers 
who rely on NASEM thresholds for making decisions about further testing can consider that many people in 
the U.S. will exceed NASEM’s proposed thresholds for additional screening. Application of suggested cutoff 
levels based on PFAS blood testing could create changes in clinical care that differ from current preventive 
care guidelines.

Pregnancy, Breastfeeding, and Children
Pregnancy – Exposure to PFAS can be associated with pregnancy-induced hypertension, preeclampsia, 
and small decreases in birth weight. These conditions can occur in many pregnancies, independent of PFAS 
exposure. Usual prenatal care, including monitoring a patient’s blood pressure closely, is appropriate.

Breastfeeding – PFAS can be found in human breast milk. Clinicians can assist patients in deciding 
whether to breastfeed based on factors specific to the patient and the child. Due to the many benefits of 
breastfeeding, the Centers for Disease Control and Prevention (CDC) and American Academy of Pediatrics 
recommend that most nursing people continue to breastfeed. More information on breastfeeding is available 
at Breastfeeding: Why It Matters.

Children – Studies have reported that exposure to certain PFAS is associated with a slightly lower immune 
response to some vaccines. The data do not suggest a need to reevaluate the usual immunization schedule 
(e.g., to repeat vaccinations).

† For additional consideration, NASEM has proposed using levels developed by the German Human Biomonitoring 
(HBM) Commission for PFOA and PFOS. The HBM Commission reviewed studies that did not include cancer as an 
outcome. NASEM incorporated the European Food Safety Authority (EFSA) methodology that used the sum of PFOS, 
PFOA, PFHxS, and PFNA to define a risk level and added other PFAS measured by NHANES into the summation. For 
patients with a sum of blood PFAS levels <2 ng/mL, NASEM recommends the usual standard of care. For blood PFAS 
levels 2 to <20 ng/mL, they encourage exposure reduction and screening for dyslipidemia, hypertension in pregnancy, 
and breast cancer. For blood PFAS levels ≥20 ng/mL, they suggest adding the following tests at all well visits: thyroid 
function testing with serum TSH for patients >18 years; an assessment for signs and symptoms of kidney cancer, 
including urinalysis, for patients >45 years; and an assessment for signs and symptoms of testicular cancer and 
ulcerative colitis in patients >15 years. NASEM estimated that for the U.S. population represented by NHANES in 
2017–2018, 98% of people had PFAS levels ≥2 ng/mL; 9% had PFAS levels ≥20 ng/mL.
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Additional Expertise
For patients with PFAS exposure concerns, other professionals can help gather useful exposure information, 
evaluate the patients, recommend exposure reduction methods, and develop a patient monitoring or 
treatment plan. For example,

• Board-certified clinicians specializing in occupational and environmental medicine, medical toxicology, 
or pediatric environmental health can assist in evaluating and managing patients exposed or potentially 
exposed to hazardous substances.

• Occupational health clinicians (often at work sites) have knowledge about workplace exposures and 
health issues and can provide context or guidance to workers and clinicians.

• State or local health/environmental departments have knowledge about documented environmental 
contamination and associated health issues. They can help determine whether/how to assess health risks. 
They can also assist with identifying water quality reports and how to get private wells tested.

ATSDR will continue to review the science and periodically update PFAS information for clinicians.

More Resources
Additional Information
ATSDR Toxicological Profile for PFAS

ATSDR PFAS and Your Health

ATSDR PFAS Blood Level Estimation Tool

ATSDR Minimal Risk Levels for PFAS

CDC’s Breastfeeding: Why it Matters

CDC National Report on Human Exposure to Environmental Chemicals

EPA’s Meaningful and Achievable Steps You Can Take to Reduce Your Risk

NASEM Guidance on PFAS Testing and Health Outcomes

National Institute for Occupational Safety and Health PFAS webpage

American Academy of Pediatrics’ Bright Futures in Clinical Practice 

U.S. Preventive Services Task Force 

Clinical Resources
American College of Medical Toxicology

American College of Occupational and Environmental Medicine

Pediatric Environmental Health Specialty Units

Abbreviations
AFFF Aqueous film forming foam

ATSDR Agency for Toxic Substances and Disease Registry

CDC Centers for Disease Control and Prevention

CLIA Clinical Laboratory Improvement Amendments

EFSA European Food Safety Authority 
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EPA U.S. Environmental Protection Agency

GenX [Not an abbreviation; this is a trade name for a type of PFAS]

HBM Human Biomonitoring

MeFOSAA 2-(N-Methyl-perfluorooctane sulfonamido) acetic acid

NASEM National Academies of Sciences, Engineering, and Medicine

NHANES National Health and Nutrition Examination Survey

NIEHS National Institute of Environmental Health Sciences

NIOSH National Institute for Occupational Safety and Health

NSF National Science Foundation

PFAS Per- and polyfluoroalkyl substances

PFBS Perfluorobutane sulfonic acid

PFDA Perfluorodecanoic acid

PFHxS Perfluorohexane sulfonic acid

PFNA Perfluorononanoic acid

PFOA Perfluorooctanoic acid

PFOS Perfluorooctane sulfonic acid

PFUnDA Perfluoroundecanoic acid
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Critical Review

Perfluorooctane Sulfonate in US Ambient SurfaceWaters:
A Review of Occurrence in Aquatic Environments and
Comparison to Global Concentrations

Amanda L. Jarvis,* James R. Justice, Michael C. Elias, Brian Schnitker, and Kathryn Gallagher

US Environmental Protection Agency, Office of Water, Office of Science and Technology, Health and Ecological Criteria Division, Ecological Risk Assessment Branch,
Washington, DC

Abstract: Perfluorooctane sulfonate (PFOS) is one of the dominant perfluoroalkyl substances (PFAS) detected in aquatic
ecosystems. It has been used in a wide range of industrial and consumer products for decades. The unique properties of
PFOS, including its stability and resistance to degradation, have made it highly persistent in the aquatic environment.
Because of its persistence, potential toxicity, and occurrence in aquatic ecosystems, interest in PFOS has increased in recent
decades. Despite this interest, current information on the environmental distribution of PFOS in ambient surface waters of
the United States is fairly limited. This critical review summarizes the currently available literature on PFOS occurrence in
surface waters across the United States and highlights existing data gaps. Available data are largely from a handful of study
areas with known PFAS manufacturing or industrial uses, with much of the data collected from freshwater systems in eastern
states and the upper Midwest. Measured PFOS concentrations in surface waters vary widely, over 8 orders of magnitude,
with the highest concentrations occurring downstream from manufacturing and industrial use plants, areas near aqueous
film‐forming foam–use sites, and sites where PFOS precursors were used in textile treatment. Non–point source–related
occurrences are highest near urbanized areas with high population densities. Current data illustrate the occurrence of PFOS
in surface waters across multiple US states. Additional data are needed to better understand PFOS occurrence in US aquatic
ecosystems, particularly in estuarine and marine systems and where monitoring data are not available (e.g., southwestern,
central, and western United States). Additional PFOS occurrence data would provide valuable information on potential
spatial and temporal variability in surface waters and possible risks posed to aquatic ecosystems. Environ Toxicol Chem
2021;40:2425–2442. Published 2021. This article is a U.S. Government work and is in the public domain in the USA.

Keywords: Perfluoroalkyl substances; Perfluorooctane sulfonate; Fate and transport; Occurrence; Surface waters

BACKGROUND
Perfluorooctane sulfonate (PFOS) and its salts belong to the

per‐ and polyfluoroalkyl substances (PFAS) group of chemicals,
which are synthetic, organic compounds that consist of a carbon
backbone and a unique functional group, such as sulfonate or
carboxylic acid (CnF2n+1‐R; Ahrens 2011; Buck et al. 2011;
Lindstrom et al. 2011; Wang et al. 2017). Specifically, PFOS con-
sists of an 8‐carbon backbone and a sulfonate functional group
(formula is C8F17SO3

–; Chemical Abstracts Service number 45298‐
90‐6 for anionic form). For decades PFOS and its salts have been
incorporated into a wide range of consumer and industrial

products (since the 1950s), including surface treatments for soil and
stain resistance of textiles, paper, metals, and pesticides, and are
used in applications such as aqueous film–forming foam (AFFF;
Ahrens 2011; Buck et al. 2011; Lindstrom et al. 2011; Ahrens and
Bundschuh 2014); and by 2002 the use of PFOS was phased out
with the exception of a few small applications (i.e., AFFF and hard
chrome plating mist suppression; Lindstrom et al. 2011.

The manufacture of PFOS started in 1949 with the 3M
Company (Paul et al. 2009). Prior to 2000, the 3M Company
was the major producer of perfluorooctanesulfonyl fluoride
(PFOSF also known as POSF), the raw material that undergoes
base‐catalyzed hydrolysis in the electrochemical fluorination
process to make PFOS, with smaller producers in Europe
and Asia (Paul et al. 2009; Lehmler 2005; Lindstrom et al. 2011).
In 2000, the 3M Company manufactured approximately 78%
of the estimated global PFOSF (∼3665 of 4650 tons; Organ-
isation for Economic Co‐operation and Development 2002).
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The estimated total cumulative production of PFOSF from the
3M Company and other Western companies through 2002 is
between 44 000 and 96 000 tons. Information on previous and
current production of PFOSF from Asia and other production
sources is limited (Prevedourous et al. 2006; Smithwick et al.
2006; Paul et al. 2009).

In May 2000, following negotiations between the US Envi-
ronmental Protection Agency (USEPA) and 3M, the 3M Com-
pany agreed to a voluntary phaseout and to find substitutes for
PFOS chemistry used to produce all but a few small applica-
tions (i.e., AFFF and hard chrome plating mist suppression)
across their range of products by 2002 (Lindstrom et al. 2011).
Starting at approximately the same time, a series of significant
new use rules were put into place by the USEPA to restrict the
production and use of chemicals that contain PFOS and its
precursors in the United States (Lindstrom et al. 2011). In ad-
dition, Canada phased out PFOS, its salts, and its precursors
(Environment and Climate Change Canada 2018). In 2009,
PFOS and related compounds were listed under Annex B of the
Stockholm Convention on Persistent Organic Pollutants, re-
stricting global manufacturing and use of PFOS (Organisation
for Economic Co‐operation and Development 2002; Ahrens
2011). Homologs, neutral precursor compounds, and new
classes of PFAS continue to be produced and, therefore, are
potential sources of PFOS (Ahrens 2011). The production of
PFOS was estimated to be approximately 1000 tons from 2002
onward (Paul et al. 2009). However, although industrialized
countries, like the United States, phased out the use of PFOS
and its precursors, producers in other countries, such as China
and Brazil, have scaled up their production to fill remaining
demand (Wang et al. 2013). Despite the wide use in an array of
industrial and consumer products globally, information on the
sources, volumes, and emission of PFOS and its precursors is
and has been limited (Paul et al. 2009; Zhang et al. 2016;
Ankley et al. 2020).

Perfluorooctane sulfonate is resistant to hydrolysis, photol-
ysis, microbial degradation, and metabolism, making it persis-
tent in aquatic environments (Organisation for Economic
Co‐operation and Development 2002; Ahrens et al. 2011; Buck
et al. 2011; Lindstrom et al. 2011). It has been detected in
tissues of aquatic organisms, and both field and laboratory data
show a propensity of PFOS to bioaccumulate and move
through aquatic food webs (Houde et al. 2006b, 2011; Giesy
et al. 2010). Current toxicity literature reports that PFOS ex-
posure can have adverse effects on a diversity of aquatic or-
ganisms (Beach et al. 2006; Giesy et al. 2010). Despite the
persistence, toxicity, and potential bioaccumulation of PFOS in
the aquatic environment, current information on the environ-
mental distribution of PFOS in surface waters of the United
States is relatively limited (Ankley et al. 2020).

SOURCES OF PFOS TO AQUATIC
ENVIRONMENTS

Aquatic environments and soil are thought to serve as a
reservoir of PFOS, with 42 000 tons emitted to aquatic envi-
ronments compared to 235 tons released globally into air

between 1980 and 2002 (Paul et al. 2009; Rankin et al. 2016).
Unlike other contaminants commonly found in aquatic eco-
systems, such as metals, PFAS are synthetic compounds with
no natural source. Thus, the occurrence of any PFAS compound
in the environment is an indication of anthropogenic sources
(Ahrens 2011). The occurrence of PFOS in aquatic environ-
ments can be attributed to both point and nonpoint sources,
entering aquatic environments from industrial and consumer
products during manufacturing, along supply chains, and
during product use and/or disposal (Paul et al. 2009; Ahrens
2011; Kannan 2011; Ahrens and Bundschuh 2014). However,
quantitative assessments of PFOS production, point and non-
point source discharges, and environmental measurements are
limited compared to other persistent bioaccumulative pollu-
tants (Ahrens and Bundschuh 2014; Zhang et al. 2016).

Potential point sources of PFOS to the aquatic environment
include both industrial facilities and municipal wastewater‐
treatment plants (WWTPs). Additional point sources may in-
clude surface water runoff from industrial use sites such has
metal plating facilities, areas that have received AFFF appli-
cations, landfills, and contaminated soils. Of these, industrial
facilities, specifically those for fluorochemical manufacturing
and other use facilities, are a primary source of PFOS to aquatic
systems (Ahrens et al. 2011; Houtz et al. 2016; Sedlak et al.
2017). Estimated total global releases to water arising from
discharge of PFOS during manufacturing from 1970 to 2002
ranged between 230 and 1450 tons (Paul et al. 2009). Several
studies have found increased concentrations of PFOS in mu-
nicipal WWTP effluent compared to influent (Schultz et al.
2006; Sinclair and Kannan 2006). Schultz et al. (2006) observed
an increase of PFOS concentrations following treatment of
wastewater using standard technologies in a municipal WWTP.
Similarly, Sinclair and Kannan (2006) observed a statistically
significant increase (by 227 times ±119%) of PFOS measured in
effluent compared to influent from a municipal WWTP that
received industrial inputs in New York. These studies indicate
that conventional municipal WWTP processes (i.e., primary and
secondary treatment) may not be effective at removing PFOS
and that the degradation of other PFAS may be contributing to
the increased concentrations of PFOS in effluent (Schultz et al.
2006; Sinclair and Kannan 2006; Ahrens 2011).

Potential nonpoint PFOS sources to aquatic environments
include dry and wet atmospheric deposition, discharge of
contaminated groundwater from manufacturing sites, runoff
from impervious surfaces in urban environments, discharge of
contaminated groundwater from use of AFFF, and land appli-
cation of contaminated biosolids (Organisation for Economic
Co‐operation and Development 2002; Paul et al. 2009; Ahrens
et al. 2011; Kannan 2011). Identification of nonpoint PFOS
sources and understanding their relative contribution to
aquatic ecosystems can be difficult (Paul et al. 2009; Ahrens
2011). Overall, the presence of nonpoint PFOS sources and
their relative contributions are dependent on the aquatic
system; air, groundwater, and soil levels; and nearby land uses.
For example, concentrations of PFAS, including PFOS, have
been influenced by urban land use (Ahrens 2011; Zhang et al.
2016), and overall PFAS concentrations in the environment

2426 Environmental Toxicology and Chemistry, 2021;40:2425–2442—A.L. Jarvis et al.
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have been positively correlated with human population
density. In densely populated areas of the United States and
Europe, PFOS has been detected in aquatic systems at
elevated concentrations (ranging between 97 and 1371 ng/L;
Loos et al. 2009; Zhang et al. 2016, respectively). Paul et al.
(2009) estimated the total global PFOS emissions to air and
water from 1970 to 2009 resulting from consumer use and
disposal to be between 420 and 2100 tons.

In addition, PFAS are still produced that can transform or
degrade into compounds belonging to the perfluoroalkane
sulfonic acids (PFSA) family of PFAS, including PFOS (Ahrens
2011). The metabolic transformation of PFAS precursors such
as fluorotelomer sulfonates and perfluoroalkyl sulfonamido-
acetic acids and the degradation of volatile PFAS such as
perfluoroalkyl sulfonamidoethanols are known to degrade to
PFOS (Lange 2000; Boulanger et al. 2005; Rhoads et al. 2008;
Benskin et al. 2009; Plumlee et al. 2009; Buck et al. 2011; Liu
and Avendaño 2013; Ahrens and Bundschuh 2014; Wang et al.
2017). However, understanding of these transformation proc-
esses is limited, and additional work is needed to fully under-
stand these processes and their role as a source of PFOS to
aquatic environments (Lau et al. 2007; Buck et al. 2011; Liu and
Avendaño 2013; Wang et al. 2017). The contribution of pre-
cursors to the presence of PFOS in the environment is unknown
and difficult to quantify. However, these precursors can be a
continuous source of PFOS. Particularly, the degradation of
precursors may represent a potentially significant known source
of PFOS to the aquatic environment, especially because PFOS
production within the United States has not occurred since
2002 (Buck et al. 2011; Liu and Avendaño 2013). Nevertheless,
PFOS‐treated articles, such as fabrics, paper, and other treated
materials, are still being imported into the United States and
end up being released into the environment (Liu et al. 2014;
Allred et al. 2015; Lang et al. 2016; Wang et al. 2014a, 2014b).
The importation of PFOS‐treated articles is considered as
production under the Toxic Substances Control Act (US Envi-
ronmental Protection Agency 2020).

Also, PFOS can be reemitted to aquatic environments from
PFOS sinks such as soil, groundwater, ice, and sediment.
Sediment is an important sink of PFOS in the aquatic environ-
ment (Ahrens et al. 2011). Like other persistent organic pollu-
tants, the movement of PFOS between groundwater, surface
water, and sediment is complex and depends on the chemical
properties of PFOS and site‐specific physiochemical charac-
teristics (including pH, temperature, organic carbon content,
and salinity) of the aquatic environment. In general, PFOS may
adsorb to sediments (with a dissociation constant >1mL/g;
Giesy et al. 2010). However, this sorption to sediments is lim-
ited, and PFOS has an organic–carbon partition coefficient of
2.57, indicating that PFOS is relatively mobile in water and that
the physicochemical characteristics of the sediment ultimately
influence the sorption of PFOS (Ahrens et al. 2011; Higgins and
Luthy 2006). Although the release of PFOS from the trans-
formation of other PFAS and the historical products still in use
(e.g., consumer goods manufactured, imported and/or ob-
tained before the PFOS discontinuation and regulations) will
continue into the future, the reemissions of PFOS from existing

sinks are assumed to be slowly decreasing because the
restrictions and regulations of PFOS have come into place
(Paul et al. 2009; Ahrens 2011; Ahrens and Bundschuh 2014;
Washington and Jenkins 2015; Washington et al. 2015).

METHODS
An understanding of the occurrence of PFOS in ambient

surface waters across the United States is needed to better
identify the environmental relevance of concentrations re-
ported in the PFOS toxicity literature. In the present review,
PFOS occurrence data in US ambient surface waters were ob-
tained from publicly available literature, including peer‐
reviewed journal articles, theses, and government and industry
reports. Searches for such literature were conducted by de-
veloping a series of search terms related to the chemicals an-
alyzed (e.g., perfluorooctane sulfonate or PFOS and its salts),
water body type sampled (e.g., ambient water bodies such as
rivers, streams, wetlands, or lakes), and location of sampled
water body (which was specific to the United States). Databases
searched were Science Direct, Google Scholar, and the
USEPA's ECOTOX Database (which includes ambient water
concentrations for calculation of bioconcentration and bio-
accumulation factors such as those in Burkhard [2021]). In ad-
dition, it should be noted that many US states have conducted
monitoring of PFOS. However, most of the state monitoring
data for PFOS are currently not publicly available. Thus, after
extensive literature searches (including searches by individual
states and on state monitoring databases/websites) and
reaching out to individual states, the data presented in the
present review appear to be inclusive of all publicly available
relevant PFOS data.

The identified citations were reviewed for reported ambient
surface water concentrations of PFOS, including relevant
summary statistics (e.g., minimum, maximum, mean, and me-
dian concentrations) reported by the individual study authors.
Citations without PFOS data and/or with only drinking or
ground water data were not included. Measured PFOS con-
centrations in ambient surface waters from the identified cita-
tions with appropriate information were extracted into a
database (Supplemental Data, Table S2). For the purposes of
this overview and comparison, all concentrations are reported
in nanograms per liter. Additional data extracted from the
identified citations included the location of the water body
sampled (as the location by state, water body name, and
Global Positioning System coordinates), specific site name or
description (if provided in the paper), identification of possible
previous exposure to PFOS (as stated by the study authors of
the individual papers), the date the sample was collected, the
number of samples collected and/or analyzed, and analytical
methods used to measure PFOS (including reported limits of
quantification and limits of detection). Beyond the extraction of
the aforementioned data, the identified citations were not
further evaluated for data quality. Instead, all relevant PFOS
occurrence data for ambient surface waters in the United States
were captured in the present review to provide an overview of

PFOS in US ambient surface waters—Environmental Toxicology and Chemistry, 2021;40:2425–2442 2427
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PFOS occurrence in ambient surface waters across the
United States.

The extracted PFOS occurrence data were included to un-
derstand the current distribution, frequency of detection, and
summary statistics (specifically both arithmetic and geometric
means, median, and overall range) of reported PFOS concen-
trations in ambient surface waters across the United States. The
PFOS occurrence data were also evaluated for potential spatial
and/or temporal variability of PFOS in ambient surface waters.
And lastly, the occurrence and concentrations of PFOS in am-
bient surface waters across the United States were generally
compared to those reported globally.

RESULTS OF PFOS OCCURRENCE IN US
SURFACE WATERS

Along with perfluorooctanoate (PFOA), PFOS is one
of the most commonly detected PFAS in aquatic ecosystems
(Ahrens 2011; Benskin et al. 2012; Zareitalabad et al. 2013;
Dinglasan‐Panlilio et al. 2014; Nakayama et al. 2017; Remucal
2019). Despite its wide use and persistence in the aquatic

environment, current information on the distribution of PFOS in
ambient surface waters of the United States is relatively limited.
Available data are largely collected from freshwater systems
in eastern states, with most of the current, published PFOS
occurrence data focused on a handful of study areas with
known manufacturing or industrial uses of PFAS, such as the
Mississippi River near a 3M facility, the Great Lakes, the Cape
Fear drainage basin, and water bodies near Decatur, Alabama,
and northern Georgia, along with areas of known AFFF use,
such as fire‐training areas on military bases (Anderson et al.
2016; Figure 1 and Table 1; Supplemental Data, Figure S1 and
Table S1).

Concentrations of PFOS in surface waters vary widely, with
observed concentrations ranging over 8 orders of magnitude
and detected generally between picograms and nanograms
per liter. Some sites reported concentrations in the microgram
and milligram per liter ranges (Ahrens 2011; Zareitalabad et al.
2013). Measured surface water concentrations of PFOS in peer‐
reviewed journal articles and publicly available industry and
government reports range between 0.074 and 8 970 000 ng/L,
with an arithmetic mean concentration of 786.77 ng/L, a

FIGURE 1: Map indicating sampling locations for perfluorooctane sulfonate (PFOS) measured in surface waters across the United States based on
data reported in the current, publicly available literature. Sampling locations for the Colorado data were not available, and these data are
represented by dash marks to indicate that measured PFOS surface water concentrations are available. Detailed information on sampling locations,
including references, coordinates, and sampling site identification numbers and names, provided in Supplemental Data, Figure S1 and Table S1.

2428 Environmental Toxicology and Chemistry, 2021;40:2425–2442—A.L. Jarvis et al.
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TABLE 1: Current publicly available measured perfluorooctane sulfonate concentrations in surface waters across the United Statesa

State Water bodyb

Arithmetic mean
PFOS concentration

(ng/L)c

Median PFOS
concentration

(ng/L)c

Range of PFOS
concentration

(ng/L) Reference

Lake Erie 3.77 3 2.8–5.5 Sinclair et al. (2006)
31.3 32.5 21.5–38.5 Boulanger et al. (2004)
2.84 2.63 2.49–3.41 De Silva et al. (2011)
4.5 4.2 4.0–5.3 Furdui et al. (2008)

Lake Huron 2.25 1.96 0.239–5.46 De Silva et al. (2011)
1.73 1.5 1.2–2.7 Furdui et al. (2008)

Lake Michigan 2.03 2.03 0.93–3.13 Simcik and
Dorweiler (2005)

2.00 1.96 1.73–2.36 De Silva et al. (2011)
Lake Ontario Not provided 4.9 2.9–30 Sinclair et al. (2006)

55.4 59.8 16.5–85.5 Boulanger et al. (2004)
5.96 5.63 2.60–9.48 De Silva et al. (2011)
8.69 6.6 3.6–37.6 Furdui et al. (2008)
2.20 Not provided Not provided Houde et al. (2006a)

Lake Superior 0.255 0.236 0.095–0.395 De Silva et al. (2011)
0.233 0.3 0.1–0.3 Furdui et al. (2008)
0.246 0.124 0.074–0.996 Scott et al. (2010)

Alabama Water body near Decatur 58 016 41 027 9–150 000 Organisation for
Economic Co‐operation
and Development (2002)

Water body in Decatur 2.5< x< 25 2.5< x< 25 2.5< x< 25 3M Environmental
Laboratory (2001)Pond in Decatur 111 111 111

Water body in Mobile 30.3 35.5 <25–41.5 3M Environmental
Laboratory (2001)Pond in Mobile 32.5 32.5 32.5

Tennessee River (upstream
of Baker's Creek)

30.85 29.80 16.0–52.6 Hansen et al. (2002)

Tennessee River
(downstream of Baker's

Creek)

103.9 107.0 30.3–144 Hansen et al. (2002)

California Upper Silver Creek Not provided Not provided 27–56 Plumlee et al. (2008)
Coyote Creek Not provided Not provided 4.8–25

Colorado Animas River <0.48 <0.48 <0.48 Colorado Department of
Public Health and the
Environment (2020)

Arkansas River 1.96 0.62 0.23–5.00
Arvada Blunn Reservoir 0.77 0.77 0.77

Barker Reservoir <0.49 <0.49 <0.49
Bessemer Ditch 14.0 14.0 14.0

Big Thompson River 3.90 3.90 3.90
Blue River 1.20 1.20 1.20

Boulder Feeder Canal <0.45 <0.45 <0.45
Boyd Lake 1.00 1.00 1.00

Cache la Poudre River 5.61 5.61 <0.45–11.0
Clear Creek 7.95 7.95 7.20–8.70

Colorado River 0.67 0.66 0.65–0.69
Coon Creek <0.48 <0.48 <0.48
Eagle River 0.68 0.68 0.68

East Plum Creek <0.43 <0.43 <0.43
Erie Lake 3.70 3.70 3.70

Fairmount Reservoir <2.50 <2.50 <2.50
Fountain Creek 16.9 20.0 3.50–24.0
Fraser River 1.00 1.00 1.00
Gore Creek 0.98 0.98 0.98

Gunnison River 0.71 0.71 0.71
Horsetooth Reservoir 0.51 0.51 0.51

Jackson Creek <0.44 <0.44 <0.44
Jerry Creek <0.485 <0.485 <0.48–<0.49

Kannah Creek Flowline <0.49 <0.49 <0.49
Lakewood Reservoir <0.45 <0.45 <0.45
Little Fountain Creek <0.46 <0.46 <0.46
Maple Grove Reservoir 10.0 10.0 10.0
Marstron Reservoir 0.48 0.48 0.48
McBroom Ditch 4.90 4.90 4.90

McLellen Reservoir 1.30 1.30 1.30
Mesa Creek <0.49 <0.49 <0.49

(Continued )
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TABLE 1: (Continued )

State Water bodyb

Arithmetic mean
PFOS concentration

(ng/L)c

Median PFOS
concentration

(ng/L)c

Range of PFOS
concentration

(ng/L) Reference

Michigan River <0.46 <0.46 <0.46
Molina Power Plant Tail <0.50 <0.50 <0.50

North Fork Gunnison River <0.47 <0.47 <0.47
Purdy Mesa Flowline <0.49 <0.49 <0.49

Purgatoire River 0.47 0.47 0.47
Ralston Reservoir <0.46 <0.46 <0.46

Rio Grande <0.47 <0.47 <0.47
Roaring Fork River <0.50 <0.50 <0.50
San Juan River <0.44 <0.44 <0.44
Sand Creek 30.3 30.3 6.50–54.0
Severy Creek <0.47 <0.47 <0.47

Somerville Flowline <0.48 <0.48 <0.48
South Boulder Creek 0.50 0.50 0.50
South Platte River 10.5 11.5 3.80–16.0
St. Vrain River 3.90 3.90 3.90
Strontia Springs <0.51 <0.51 <0.51
Taylor River <0.45 <0.45 <0.45

Uncompahgre River (delta) 0.54 0.54 0.54
Welton Reservoir 2.60 2.60 2.60

White River <0.46 <0.46 <0.46
Yampa River <0.47 <0.47 <0.47

Delaware, New Jersey,
Pennsylvania

Delaware River 3.98 3.5 0.97–6.92 Pan et al. (2018)

Florida Waterbody in Pensacola 16.29 2.5< x< 25 <25–29 3M Environmental
Laboratory (2001)Pond in Pensacola 2.5< x< 25 2.5< x< 25 2.5< x< 25

Waterbody in Port St. Lucie 50.83 2.5< x< 25 <2.5–137.5
Small pond in Port St.

Lucied
9784 1945 1830–48 200

Sarasota Bay 0.90 Not provided Not provided Houde et al. (2006b)
Georgia Water body in Columbus 59.9 55 44.6–80 3M Environmental

Laboratory (2001)Pond in Columbus <2.5 <2.5 <2.5
Conasauga River 162.1 192 <1.5–321 Konwick et al. (2008)
Altamaha River 2.63 2.6 2.6–2.7

Streams and ponds in
Dalton

70.36 70.73 10.5–119.5

Oostanaula River 150.3 151 148–152 Lasier et al. (2011)
Louisiana Water bodies (locations of

concern) near
Barksdale AFB

776.7 195.0 <10–7070 Cochran (2015); Lanza
et al. (2017)

Reference waterbodies
near Barksdale AFB

<10 <10 <10

Michigan Raisin River 3.5 3.5 3.5 Kannan et al. (2005)
St. Clair River 2.6 2 1.9–3.9
Siskiwit Lake 0.283 0.283 0.277–0.289 Scott et al. (2010)

Minnesota Upper Mississippi River 528 l.9 <2 <2–18 200 Newsted et al. (2017)
Lake of the Isles 2.47 2.47 2.47 Simcik and

Dorweiler (2005)Lake Calhoun 50.4 50.4 50.4
Lake Harriet 22.1 22.1 22.1

Minnesota River 9.21 9.21 9.21
Lake Tettegouche 0.23 0.23 0.23
Lake Nipisiquit <0.27 <0.27 <0.27
Lake Loiten <0.27 <0.27 <0.27

Little Trout Lake 1.2 1.2 1.2
New Jersey Echo Lake Reservoir <2 <2 <2 New Jersey Department

of Environmental
Protection (2019)

Passaic River 13.1 13.1 13.0–13.2
Raritan River 6.9 6.9 6.9

Metedeconk River 1.65 1.65 <2–2.8
Pine Lake 102 102 102

Horicon Lake 10 10 10
Little Pine Lake 100 100 100
Mirror Lake 72.9 72.9 72.9

Woodbury Creek 6.4 6.4 6.4
Fenwick Creek 3.1 3.1 3.1

(Continued )
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TABLE 1: (Continued )

State Water bodyb

Arithmetic mean
PFOS concentration

(ng/L)c

Median PFOS
concentration

(ng/L)c

Range of PFOS
concentration

(ng/L) Reference

Cohansey River <2 <2 <2
Harbortown Road 1.93 1.93 1.93 Zhang et al. (2016)

Passaic River 4.59 4.07 0.244–9.99
New Mexico Alamogordo Domestic

Water System
<1 <1 <1 New Mexico

Environment
Department (2020)Animas River 0.799 0.625 <0.89–1.5

Canadian River 0.848 0.9 <0.89–1.2
Cloud Country
Estates WUA

<0.93 <0.93 <0.93

Gila River <0.93 <0.93 <0.93
Holloman AFB Golf Course

Pond 1
1220 1220 1220

Holloman AFB Golf Course
Pond 2

878 878 878

Holloman AFB Lagoon G 310 310 310
Holloman AFB Outfall 951 951 951
Holloman AFB Sewage

Lagoon
2200 2200 2200

Karr Canyon Estates <0.93 <0.93 <0.93
La Luz MDWCA <1.3 <1.3 <1.3
Lake Holloman 4033 4500 1700–5900

Mountain Orchard
MDWCA

<0.93 <0.93 <0.93

Pecos River 1.223 1.50 <0.94–1.70
Rio Chama <0.98 <0.98 <0.96–<1
Rio Grande 1.052 0.474 <0.465–2.90
Rio Puerco 4.35 4.35 3.10–5.60

San Juan River <1.15 <1.15 <1.06–<1.24
Tularosa Water System 0.723 0.723 <0.89–1.0

New York Washington Park Lake 1.67 1.77 <0.25–2.88 Kim and Kannan (2007)
Rensselaer Lake 7.11 6.58 5.85–9.3
Iroquois Lake Not provided Not provided Not provided

Unnamed lake 1 outside
Albany, NY

Not provided Not provided Not provided

Unnamed lake 2 outside
Albany, NY

Not provided Not provided Not provided

Niagara River 5.17 5.5 3.3–6.7 Sinclair et al. (2006)
Finger Lakes Not provided 1.6 1.3–2.6

Lake Onondaga 681 756 198–1090
Lake Oneida 3.5 3.5 3.5
Erie Canal 8.37 6.4 5.7–13

Hudson River Not provided 1.7 1.5–3.4
Lake Champlain Not provided 2.7 0.8–7.7
Lower NY Harbor 0.755 0.755 0.755 Zhang et al. (2016)

Staten Island 1.66 1.66 1.66
Hudson River 1.81 1.81 0.79–2.84

North Carolina Cape Fear River 31.2 28.9 <1–132 Nakayama et al. (2007)
Rhode Island Narragansett Bay 2.2 2.2 2.2 Benskin et al. (2012)

Allen Cove Inflow 1.20 1.20 1.20 Zhang et al. (2016)
Bristol Harbor 0.508 0.46 0.437–0.626

Brook at Mill Cove 9.80 9.80 9.80
Buckeye Brook 4.13 4.13 4.13

Chickasheen Brook <0.05 <0.05 <0.05
EG Town Dock 0.735 0.735 0.735

Fall River 0.238 0.238 0.238
Green Falls River 0.291 0.291 0.29–0.292

Hunt River 1.48 1.48 1.48
Mill Brook 3.94 3.94 3.94

Narrow River 0.298 0.264 0.176–0.488
Pawcatuck River 0.561 0.561 0.509–0.612
Pawtuxet River 2.19 2.19 2.19
Queens River 0.334 0.334 0.334
Sand Hill Brook 1.82 1.82 1.82

(Continued )
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geometric mean concentration of 5.468 ng/L, and a median
concentration of 3.6 ng/L. However, it should be noted that the
mean and median concentrations were calculated from the
reported concentrations for individual samples. And therefore,
these mean and median concentrations are not fully repre-
sentative of all the measured PFOS concentrations in US sur-
face waters. In particular, it should be noted that some of the
papers (6 papers total without individual concentration data;

see Supplemental Data, Table S2) only reported summary in-
formation such as minimum and maximum concentrations and
did not provide more detailed data (e.g., individual sample
concentrations or sample site means; Figure 2 and Table 1;
Supplemental Data, Table S2).

Consistent with the calculated median of 3.6 ng/L, a majority
(90.99%) of measured PFOS concentrations in the current
literature fall below 300 ng/L, with fewer (9.01%) observed

TABLE 1: (Continued )

State Water bodyb

Arithmetic mean
PFOS concentration

(ng/L)c

Median PFOS
concentration

(ng/L)c

Range of PFOS
concentration

(ng/L) Reference

Secret Lake–Oak Hill Brook <0.05 <0.05 <0.05
Slack's Tributary 0.777 0.777 0.777

South Ferry Road Pier 0.161 0.161 0.161
Southern Creek 3.74 3.74 3.74

Woonasquatucket River 14.6 14.6 5.87–23.2
South Carolina Charleston Harbor 12.0 Not provided Not provided Houde et al. (2006b)
Tennessee Water body near Cleveland 2.5< x< 25 2.5< x< 25 <2.5–<25 3M Environmental

Laboratory (2001)
Conasauga River <0.009e <0.009e <0.009e Lasier et al. (2011)

Texas Rio Grande 4.17 4.1 2.0–6.5 New Mexico
Environment

Department (2020)
Washington Puget Sound 2.3 1.45 0.2–5.9 Dinglasan‐Panlilio

et al. (2014)Clayoquot Sound 0.32 0.3 0.25–0.4
Barkley Sound 0.7 0.7 0.7

Multiple states (10 air
force bases across
the continental
United States)

Surface waters impacted
by aqueous film–forming

foam use

Not provided 2170 8 970 000
(maximum)

Anderson et al. (2016)

aAdditional details, including study‐specific sampling dates, number of measurements, and limits of detection and quantification, provided in Supplemental Data,
Table S2.
bName of water body sampled for PFOS. Name or description of water body is consistent with that provided in cited reference.
cCalculation of arithmetic mean and median includes lower of one‐half LOD or one‐half LOQ, depending on information provided. See full occurrence table in
Supplemental Data, Table S2 for water body–specific details.
dStudy authors conducted additional sampling of this water body but were unable to detect the initial high PFOS concentrations in any of the additional samples.
eReported as nanograms per gram by the study authors.
Less than values based on study‐specific limit of detection (LOD) and limit of quantitation (LOQ) values that the study authors reported.
PFOS= perfluorooctane sulfonate; AFB= air force base; WUA=water utility authority; MDWCA=mutual domestic water consumers association.

FIGURE 2: Distribution of the minimum and maximum concentrations of perfluorooctane sulfonate (PFOS) measured in surface waters for each
state or water body (excluding the Great Lakes) with reported data in the current, publicly available literature and not necessarily comprehensive of
PFOS concentrations in surface waters across each state. The distribution is arranged alphabetically by state and water body.

2432 Environmental Toxicology and Chemistry, 2021;40:2425–2442—A.L. Jarvis et al.
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concentrations >300 ng/L (Figure 3). As mentioned above
(Sources of PFOS to Aquatic Environments), in contrast with
other contaminants commonly found in aquatic ecosystems,
PFOS is a synthetic compound with no natural source. Thus, the
occurrence of PFOS in surface water is an indication of an-
thropogenic sources, including consumer and industrial use,
long‐range transport, atmospheric deposition, surface water
runoff, and general persistence in the environment (Ahrens
2011).The higher frequency of PFOS concentrations <300 ng/L
can likely be attributed to 1) the increased tendency of study
designs found in the current literature to include sites with no
known previous exposures to PFAS to compare results to sites
with known previous exposure to PFAS, which is depicted in
Figure 4, and 2) the sites with unspecified PFAS exposures
could be classified as relatively pristine sites with no known
PFOS inputs because the reported measured concentrations
indicate that the PFOS concentrations are generally similar to
those observed in sites noted to have no known PFOS inputs
(Table 2).

Numerous available studies report measured PFOS con-
centrations in surface waters across the United States (Figure 2
and Table 1), some of which are summarized in the following
Occurrence and concentrations sections for geographic re-
gions in the US; however, more detailed information on PFOS
occurrence in areas not previously sampled and spatial and
temporal variability of PFOS remains limited. Prior to the
present review, there were few current analyses of spatial
variability of PFOS concentrations in surface water across the
United States (Remucal 2019). The present review indicates
that PFOS occurrence is widely reported in areas where sam-
pling has been conducted and that the presence and measured
concentrations of PFOS in surface waters are similar between

lotic and lentic and freshwater and estuarine/marine systems,
based on the limited data available (Supplemental Data,
Table S2). Higher PFOS concentrations in surface water tend to
be dependent on the presence of a nearby source and gen-
erally increase with levels of urbanization. Across the Great
Lakes region, PFOS concentrations were higher in the more
southern lakes of Erie and Ontario compared to the upstream
lakes of Superior, Michigan, and Huron (Table 1; Remucal
2019). Similarly, Zhang et al. (2016) observed that measured
PFOS surface water concentrations in urban areas (with mean
PFOS concentrations of 4.21 ng/L in urban sites within Rhode
Island, New York, and New Jersey) were an order of magnitude
higher than those at rural sites (with a mean PFOS concen-
tration of 0.42 ng/L).

Currently, there are insufficient data to quantitatively
evaluate temporal trends of PFOS in surface waters across the
United States (Remucal 2019). However, recent studies have
suggested that PFOS concentrations in surface waters with
limited sampling sites in northeastern states appear to have
generally decreased since the voluntary phaseout of PFOS in
2002 (Zhang et al. 2016; Pan et al. 2018). Although these more
recent studies observed lower measured PFOS concentrations
in surface waters compared to those reported earlier (Hansen
et al. 2002; Nakayama et al. 2007), few studies have measured
PFOS concentrations from the same sampling locations over
time. However, it appears that 8 studies (6 focused on
the Great Lakes and 2 in New York on the Hudson River
[Table 1]) measured PFOS in the same water body over time
(Supplemental Data, Table S2 and Figure S1). Thus, the ob-
served lower concentrations reported in recent literature
could be due to trends of PFOS concentrations decreasing
since the 2002 PFOS phaseout, differences in sampling site

FIGURE 3: Number of individual observations of measured perfluorooctane sulfonate (PFOS) concentrations that are very low (<30 ng/L), low
(30–<300 ng/L), middle (300–<3000 ng/L), high (3000–<30 0000 ng/L), and very high (>30 000 ng/L) in ambient surface waters across the United
States. The bins of PFOS concentrations were determined from the currently available toxicity literature for PFOS.

PFOS in US ambient surface waters—Environmental Toxicology and Chemistry, 2021;40:2425–2442 2433
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locations, and/or advances in analytical methods for detecting
PFOS that reduced detection limits. If the data set is limited
to Lake Ontario, which is one of the best‐studied water
bodies for PFOS occurrence in the United States, data from
2002 to 2010 indicate an apparent decrease in PFOS con-
centrations over time. This and any future decreases would be

likely due to the reduction in PFOS use in manufacturing.
However, this downward trend of PFOS concentrations in
Lake Ontario surface waters was not statistically significant
(p > 0.05 [Remucal 2019]).

PFOS occurrence and concentrations in the
Great Lakes region

The Great Lakes are among the most widely studied water
bodies in the United States for PFOS occurrence. However,
occurrence data are still relatively limited for this system and
were largely collected between 2003 and 2010. Comparisons
across the Great Lakes system indicate that PFOS concen-
trations are higher in Lakes Erie and Ontario, ranging between
2.8 and 38.5 ng/L and 2.9 and 85.5 ng/L, respectively (Figure 5;
Boulanger et al. 2004; Sinclair et al. 2006; Furdui et al. 2008; De
Silva et al. 2011), compared to the more northern Great Lakes,
which have a maximum reported concentration of 5.46 ng/L in
Lake Huron. However, current measured PFOS concentrations
in Lakes Huron, Michigan, and Superior were not from sam-
pling sites around urbanized areas (such as Chicago and De-
troit) and may not be representative of the potential sources of
PFOS related to these areas. The measured concentrations of
PFOS in the surface waters of Lakes Huron and Michigan range
between 0.24 and 5.46 ng/L (Table 1; Furdui et al. 2008;
De Silva et al. 2011; Remucal 2019) and 0.93 and 3.13 ng/L

FIGURE 4: Distribution of individual observations among sites with no known previous exposure to perfluoroalkyl substances (PFAS; identified as
reference sites by individual study authors), exposed (sites with known previous exposure to PFAS and identified as such by individual study
authors), and unidentified (sites in which the study authors did not specify sites as reference or potential exposure to PFAS) ambient surface water
sites in the current, publicly available literature for perfluorooctane sulfonate (PFOS) occurrence data and not necessarily comprehensive of PFOS
concentrations in surface waters across each state. The distribution is arranged from highest to lowest number of individual observations and
grouped by state or water body.

TABLE 2: Measured perfluorooctane sulfonate concentrations in ref-
erence, exposed, and unidentified surface waters sites across the
United Statesa

Site
classification

Mean PFOS
concentration

(ng/L)

Median PFOS
concentration

(ng/L)

Range of PFOS
concentration

(ng/L)

Exposed 1746 76 <LOD–8 970 000
Reference 776.94 (7.43)b 1 <LOD–51100

(<LOD–138)c
Unidentified 5.91 1.28 <LOD–121
aAdditional details, including site type based on classification provided in the
individual paper, number of measurements, and limits of detection and quanti-
fication, provided in Supplemental Data, Table S2.
bMean including concentrations for pond in Port St. Lucie, Florida, which was
classified as a reference site by the study authors. The mean concentration ex-
cluding these concentrations (total of 13 individual observations excluded) pre-
sented in parentheses.
cRange including concentrations for pond in Port St. Lucie, Florida, which was
classified as a reference site by the study authors. The range excluding these
concentrations (total of 13 individual observations excluded) presented in pa-
rentheses.
PFOS= perfluorooctane sulfonate; LOD= limit of detection.

2434 Environmental Toxicology and Chemistry, 2021;40:2425–2442—A.L. Jarvis et al.

© 2021 SETAC wileyonlinelibrary.com/ETC

 15528618, 2021, 9, D
ow

nloaded from
 https://setac.onlinelibrary.w

iley.com
/doi/10.1002/etc.5147, W

iley O
nline L

ibrary on [19/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

WG Ex. 82

2838



(Simcik and Dorweiler 2005; De Silva et al. 2011), respectively.
In contrast measured PFOS concentrations observed in Lake
Superior were considerably lower and range between 0.074
and 0.996 ng/L (Furdui et al. 2008; Scott et al. 2010; De Silva
et al. 2011). The higher PFOS concentrations in Lakes Erie and
Ontario are likely due to higher levels of industrial activities and
urbanization around these lakes (Boulanger et al. 2004;
Remucal 2019) and could also be associated with the sampling
locations. A mass balance constructed for Lake Ontario by
Boulanger et al. (2004) indicated that wastewater effluent was
the major source of PFOS to the lake. In contrast, inputs from
Canadian tributaries and atmospheric deposition of PFOS, and
other PFAS that may be transformed into PFOS, were the major
contributing sources of PFOS to Lake Superior. Inputs from
Canadian tributaries and atmospheric deposition were esti-
mated to contribute 57 and 32% of PFOS inputs into Lake
Superior, respectively (Scott et al. 2010).

PFOS occurrence and concentrations in the
southeastern United States

Measured PFOS concentrations in southeastern US surface
waters were similar to those measured in Lakes Erie and
Ontario, with the exception of some of the highest concentrations
detected in water bodies near areas with PFOS manufacturing
(Figure 6 and Table 1). In 1999, the 3M Company conducted a
multicity study measuring PFOS concentrations across water
bodies with known manufacturing and/or industrial uses of PFOS
(3M Environmental Laboratory 2001). In the 3M Company's 2001
report, PFOS concentrations from sites with known PFOS dis-
charges were compared to PFOS concentrations measured in
water bodies with no known sources of any PFAS chemical (3M
Environmental Laboratory 2001). In this comparison study, cities
with known PFOS exposure were Mobile and Decatur, Alabama;
Columbus, Georgia; and Pensacola, Florida. Measured PFOS
concentrations ranged from not detected (reported detection limit
of 2.5 ng/L [3M Environmental Laboratory 2001]) to 41.5 ng/L in the
cities with known PFOS discharges (Table 1). These PFOS con-
centrations were compared to those measured in control cities.

These study control cities were Cleveland, Tennessee, and Port St.
Lucie, Florida; and PFOS concentrations ranged from not detected
to 137.5 ng/L (3M Environmental Laboratory 2001). The PFOS
concentrations measured in Cleveland, Tennessee, were below the
limit of detection (2.5 ng/L) and lower than the PFOS concen-
trations observed in the cities with known PFOS exposure, as was
expected in the report for the control cities. (Limits of detection
and quantification differ across the PFOS occurrence literature and
are dependent on the specific lab and the analytical methods used
in a particular study. Specific limits of detection and quantification
are provided in the subsequent text for each individual study.)
However, PFOS concentrations around Port St. Lucie, Florida, the
other control city, were unexpectedly similar to and at times higher
than those in the water bodies with known PFOS discharges. The
sources of PFOS near Port St. Lucie, Florida, remain unknown;
however, observed PFOS concentrations suggest the presence of
a potential manufacturing/industrial source or the use of AFFF in
this area (3M Environmental Laboratory 2001).

Water samples were collected from ponds near all of the
sampling sites except those in Cleveland, Tennessee. As re-
ported in Table 1, PFOS concentrations in these additional
pond sites were similar to those measured in Mobile, Alabama
(ranging between 32 and 33 ng/L); lower than those observed
in Columbus, Georgia (PFOS was not detected with a detection
limit of 2.5 ng/L); and higher than those measured in Decatur,
Alabama (ranging between 108 and 111 ng/L), and in Port St.
Lucie, Florida (ranging between 1830 and 48 200 ng/L). Sam-
ples collected from the pond site near Port St. Lucie, Florida,
had some of the highest measured PFOS concentrations in
publicly available literature with the maximum concentration of
48 200 ng/L. In the report, the 3M Company conducted addi-
tional sampling at the pond site in Port St. Lucie, Florida, and
determined that the measured PFOS concentrations at this site
were more variable than the initial measurements alone in-
dicated and lower than the previous measurements, ranging
between below detection (i.e., <2.5 ng/L) and 2340 ng/L. Aside
from the samples collected in Port St. Lucie, Florida, this report
demonstrated that measured PFOS concentrations in surface
waters tend to be higher in areas with PFOS manufacturing
and/or industrial use (3M Environmental Laboratory 2001).

In separate studies, PFOS and PFOA concentrations were
measured in surface waters by Hansen et al. (2002) near
Decatur, Alabama, and Konwick et al. (2008) in Georgia.
Hansen et al. (2002) studied a stretch of the Tennessee River
near Decatur, Alabama, and Konwick et al. (2008) focused on
the Conasauga River in Georgia, both areas with known PFOS
discharge and use. In Hansen et al. (2002), discharge from a
fluorochemical manufacturing facility entered the Tennessee
River toward the middle of the study area. In contrast, Konwick
et al. (2008) compared the PFOS concentrations measured in
the Conasauga River with those from sites with no known ex-
posure along the Altamaha River. In both studies, mean PFOS
concentrations were higher in the study areas with PFOS
sources. Specifically, Hansen et al. (2002) observed that mean
PFOS concentrations upstream of the fluorochemical manu-
facturing facility were 30.85 ng/L (ranging between 16.0 and
52.6 ng/L) and 103.9 ng/L (ranging between 30.3 and 144 ng/L)

FIGURE 5: Distribution of the minimum and maximum concentrations
of perfluorooctane sulfonate (PFOS) measured in surface water samples
collected from the Great Lakes as reported in the current, publicly
available literature and not necessarily comprehensive of PFOS con-
centrations in surface waters across each state. This distribution is ar-
ranged alphabetically by water body.
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downstream of the fluorochemical manufacturing facility. Sim-
ilarly, Konwick et al. (2008) observed higher measured PFOS
concentrations in the Conasauga River, which ranged from
below limit of detection (with a limit of detection of 1.5 ng/L) to
321 ng/L compared to those in the Altamaha River, ranging
between 2.6 and 2.7 ng/L. Consistent with the report from
the 3M Company, effluents from manufacturing facilities,
WWTPs, and carpet mill effluents were determined to be
the source of increased PFOS concentrations in both the
Tennessee and Conasauga Rivers (Hansen et al. 2002; Konwick
et al. 2008, respectively). These PFOS concentrations are rel-
atively consistent with those measured in Alabama and Georgia
as reported (3M Environmental Laboratory 2001).

Nakayama et al. (2007) and Cochran (2015) measured PFAS,
including PFOS, in the Cape Fear drainage basin in North
Carolina and water bodies on Barksdale Air Force Base in
Bossier City, Louisiana, respectively. In both studies, PFOA and
PFOS were found to be the dominant PFAS. Nakayama et al.
(2007) detected PFOS in 97.5% of all samples above the limit of
quantification (LOQ) of 1 ng/L. In the Cape Fear drainage basin,
PFOS concentrations ranged between <1 (the lower LOQ)
and 132 ng/L, with a mean concentration of 31.2 ng/L. As in

the other studies summarized, lower PFAS concentrations, in-
cluding PFOS, were found in the upland tributaries; and con-
centrations were highest in the middle reaches of the Cape
Fear drainage basin, near expected sources. Municipal WWTP
effluents were identified as a source of PFAS to the study area.
Usage of AFFF at the Department of Defense base in Fayet-
teville, North Carolina; and the land application of biosolids
likely contributed as well (Nakayama et al. 2007). Cochran
(2015) detected PFOS in 79% of all water samples collected,
and concentrations ranged between below the LOQ (i.e.,
10 ng/L) and 7070 ng/L, with an average concentration of
776.7 ng/L. Concentrations of PFOS varied in samples collected
on Barksdale Air Force Base based on proximity to fire‐training
areas. Cochran (2015) attributed the elevated PFOS concen-
trations to runoff and ground infiltration of AFFF formally used
on the base during firefighting and/or training.

PFOS occurrence and concentrations in the
midwestern United States

Similar PFOS concentrations were reported in the publicly
available literature for water bodies in urban areas across the

FIGURE 6: Comparison of relatively high (A;>30 ng/L) and low (B;<30 ng/L) maximum perfluorooctane sulfonate (PFOS) concentrations measured
in surface water samples collected across the United States as reported in the current, publicly available literature and not necessarily compre-
hensive of PFOS concentrations in surface waters across each state. The relatively high PFOS concentrations were associated with specific nearby
consumer and/or industrial sources. Both distributions are arranged alphabetically by water body or state.

2436 Environmental Toxicology and Chemistry, 2021;40:2425–2442—A.L. Jarvis et al.

© 2021 SETAC wileyonlinelibrary.com/ETC

 15528618, 2021, 9, D
ow

nloaded from
 https://setac.onlinelibrary.w

iley.com
/doi/10.1002/etc.5147, W

iley O
nline L

ibrary on [19/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

WG Ex. 82

2840



midwestern United States. Lower PFOS concentrations were
reported in areas with no previous PFAS exposure (identified as
remote areas by the individual study authors) in the same states
(Simcik and Dorweiler 2005; Oliaei et al. 2013; Newsted et al.
2017). In Minnesota, Simcik and Dorweiler (2005) observed
PFOS concentrations ranging between 2.4 and 50.4 ng/L in
urban areas near Minneapolis, and concentrations ranging
between less than the LOQ of 0.29 and 1.2 ng/L were observed
in remote areas in northern Minnesota (Table 1). In addition,
Newsted et al. (2017) reported an average PFOS concentration
of 528.9 ng/L (ranging between below LOQ and 18 200 ng/L;
LOQ not provided) in surface waters collected from the Upper
Mississippi River near the Minneapolis/St. Paul, Minnesota,
metropolitan area, with a maximum concentration of 18 200 ng/
L. The occurrence of PFOS at these urban sites was attributed
to the presence of a manufacturing source, runoff, and waste-
water discharge (Simcik and Dorweiler 2005; Newsted
et al. 2017).

PFOS occurrence and concentrations in the
northeastern United States

Several studies have measured PFOS concentrations in
surface waters in the northeastern United States that are
comparable to those reported in Minnesota (Sinclair et al.
2006; New Jersey Department of Environmental Protection
2019). Sinclair et al. (2006) measured PFOS in various water
bodies across New York State; they observed a median con-
centration of 756 ng/L in surface waters collected from a
Superfund site at Lake Onondaga (ranging between 198 and
1090 ng/L; Table 1) and attributed these elevated concen-
trations to several industries located along Lake Onondaga. All
other observed concentrations of PFOS in New York, including
sites along the Niagara River, the Finger Lakes, Lakes Oneida
and Champlain, the Erie Canal, and the Hudson River, had
lower median PFOS concentrations, ranging between 0.8 and
13 ng/L (Table 1 [Sinclair et al. 2006]).

The New Jersey Department of Environmental Protection
(2019) measured PFOS in surface water samples collected from
14 different sites across New Jersey. Concentrations of PFOS
ranged from below the detection limit of 1.0 to 102 ng/L. In-
dividual samples collected along Pine, Little Pine, and Mirror
Lakes had measured PFOS concentrations of 102, 100, and
72.9 ng/L, respectively. All other observed concentrations of
PFOS in New Jersey freshwaters were <15 ng/L (Table 1). The
New Jersey Department of Environmental Protection (2019)
attributed the elevated concentrations of PFOS observed at
Pine, Little Pine, and Mirror Lakes to the use of AFFF in training
and/or firefighting on the Department of Defense Joint Base
McGuire‐Dix‐Lakehurst.

PFOS occurrence and concentrations in the
western United States

Concentrations of PFOS in surface waters of western US
states are generally consistent with the lower‐end concen-
trations (<100 ng/L) measured in eastern states; however, the
monitoring data for PFOS were limited in the western United

States. Plumlee et al. (2008) measured PFOS and PFOA in
Coyote Creek and a tributary of Upper Silver Creek in San Jose,
California, and determined PFOS concentrations in both
Coyote and Upper Silver Creeks to be similar to those meas-
ured in eastern states (Figure 6). Concentrations of PFOS in
Coyote Creek ranged from 4.8 to 25 ng/L, and concentrations
in Upper Silver Creek ranged from 27 to 56 ng/L. The source of
PFOS to these aquatic systems was unknown; however,
Plumlee et al. (2008) stated that both atmospheric deposition
of volatile precursors and surface runoff were likely sources of
PFOS to both Coyote and Upper Silver Creeks.

State‐level data are currently available for Colorado and
New Mexico. In particular, the Colorado Department of Public
Health and the Environment (2020) measured PFOS in surface
water samples collected from 71 different sampling locations
across Colorado. Concentrations of PFOS ranged from below
the detection limit (which varied between 0.42 and 2.50 ng/L
across sites) to 54 ng/L. The New Mexico Environment De-
partment (2020) also measured PFOS concentrations collected
from 67 surface water sampling sites across the state. These
PFOS concentrations ranged from below detection limit (which
varied between 0.86 and 1.9 ng/L across sites, with some limits
not reported) to 5900 ng/L. The elevated concentrations of
PFOS were observed in sampling locations near Holloman Air
Force Base (New Mexico Environment Department 2020).

Lastly, Dinglasan‐Panlilio et al. (2014) measured PFOS
concentrations in surface waters along Puget Sound in
Washington, as well as Clayoquot and Barkley Sounds in British
Columbia, Canada. Concentrations of PFOS measured by
Dinglasan‐Panlilio et al. (2014) were lower than those observed
from sites in eastern states (such as those summarized
for Alabama, Florida, and North Carolina with known manu-
facturing and/or industrial use of PFOS; Table 1). Concen-
trations ranged from 0.2 to 5.9 ng/L in Puget Sound and from
0.25 to 0.7 ng/L in Clayoquot and Barkley Sounds, British
Columbia. These concentrations are consistent with those re-
ported in the publicly available literature for areas identified as
remote by individual study authors, such as in Minnesota
(Simcik and Dorweiler 2005) and in New York (Sinclair et al.
2006). The study authors indicated that specific regional
sources and atmospheric deposition were likely PFOS
sources to these areas with no previous PFAS exposure
(Dinglasan‐Panlilio et al. 2014).

Summary of PFOS occurrence and
concentrations across the United States

Despite the wide use and persistence of PFOS in aquatic
ecosystems and unlike the sampling of PFOS in drinking water
sources (the USEPA's database for the Unregulated Con-
taminant Monitoring Rule includes data for treated surface
waters [US Environmental Protection Agency n.d.b]), ground-
water, and fish tissue monitoring (the USEPA's National Rivers
and Streams Assessment and the Great Lakes Human Health
Fish Tissue Study component of the USEPA National Coastal
Condition Assessment [US Environmental Protection Agency
2010]), current information on the environmental distribution of
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PFOS in ambient surface waters across the United States re-
mains very limited. In addition, sampling efforts in other media
corroborate that that PFOS occurrence in aquatic ecosystems is
relatively widespread, particularly in urban areas with detection
frequencies of 73% in fish tissue samples from urban rivers and
100% in fish tissue samples from the Great Lakes (Stahl et al.
2014). Similar conclusions were reached in a sampling effort
across Canada by Gewurtz et al. (2013), which demonstrated
that distribution of PFOS detected in multiple media types (i.e.,
air, water, sediment, and fish and bird tissue) generally related
to urbanization, with PFOS concentrations reported in surface
water for 23 out of 31 sampling locations.

Present surface water occurrence data are largely collected
from freshwater systems in eastern states and in the upper
Midwest and focused on a handful of study areas with known
manufacturing or industrial uses of PFAS or use of AFFF. Current
data indicate that PFOS concentrations measured in US surface
waters vary widely, across 8 orders of magnitude (Table 1).
Concentrations of PFOS in areas with little to no PFAS manu-
facturing and/or industrial use range between 0.074 and
23.23 ng/L (Figure 4 and Table 1). This contrasts with PFOS
concentrations measured in areas with known PFAS manu-
facturing, industrial use, and/or application of AFFF, which vary
widely and reach the maximum observed concentration of
8 970 000 ng/L at a site impacted by AFFF (Figure 6 and
Table 1). Whereas current PFAS occurrence data illustrate the
prevalence and quantify concentrations of PFOS in ambient
surface waters across the United States, additional data, partic-
ularly in central, southwestern, and western freshwaters as well
as saltwater systems, are needed to better understand PFOS
occurrence in aquatic ecosystems across the United States.

COMPARISON OF PFOS OCCURRENCE IN
THE UNITED STATES TO GLOBAL AMBIENT
SURFACE WATERS

Similar to surface waters in the United States, generally
PFOS and PFOA were the most commonly detected PFAS in
surface waters around the world (Ahrens 2011). However, it
should be noted that the frequency of PFOS and PFOA de-
tection may be an artifact resulting from regulation of these
compounds and the lack of available standardized analytical
methods for other PFAS. Generally, on a global scale PFOS
concentrations in surface waters range between picograms per
liter and nanograms per liter, with some concentrations in the
milligrams per liter range. Concentrations of PFOS in the
United States were comparable to those reported in studies
with sampling sites in other countries. Global surface water
PFOS concentrations reported in the public literature ranged
between not detected and 2 100 000 ng/L. These global sur-
face water concentrations are summarized in this section to
provide a comparison with those observed in the United States.

In Canada elevated PFOS concentrations in surface waters
generally occurred in urbanized areas, suggesting that urban
areas with high population densities contributed to the ele-
vated PFOS concentrations, similar to indications from US data
(Scott et al. 2009; Gewurtz et al. 2013). From 2006 through

2011, PFOS was monitored and assessed for locations across
Canada, and it was concluded that PFOS posed a risk to the
aquatic environment (Environment and Climate Change
Canada 2018). Concentrations of PFOS measured by Gewurtz
et al. (2013) ranged between not detected (with a detection
limit of 2 ng/L) and 10 ng/L in surface waters across Canada. It
was rarely detected in surface water samples collected from
nonurban areas (Gewurtz et al. 2013). In a systematic, cross‐
Canada study of PFAS in surface waters, Scott et al. (2009)
observed PFOS and PFOA as the dominant PFAS detected
and that generally PFOS concentrations were higher, overall
ranging between <0.02 and 34.6 ng/L, than PFOA concen-
trations, which ranged between 0.044 and 9.9 ng/L. These
studies indicated that PFOS concentrations in Canadian surface
waters were lower than those in the United States, Europe, and
Asia (Scott et al. 2009). However, PFOS ranged from not de-
tected (with a detection limit of 4 ng/L) to 2 100 000 ng/L in
Etobicoke Creek, a tributary to Lake Ontario, after an acci-
dental spill of a fire‐retardant foam containing perfluorinated
surfactants at L.B. Pearson International Airport in Toronto,
Ontario, Canada, in June 2000 (Moody et al. 2002). The ele-
vated concentrations of PFOS measured by Moody et al. (2002)
were higher than those measured in US surface waters and are
consistent with the presence of elevated concentrations in
surface waters near a source of PFOS (Ahrens 2011).

Concentrations of PFOS measured in surface waters across
Europe were similar to those observed in the United States.
Specifically, in a European Union–wide study of polar organic
persistent pollutants, Loos et al. (2009) observed a median
PFOS concentration of 6 ng/L in surface waters sampled across
a wide range of sampling sites (including contaminated and
pristine rivers and streams of various sizes). However, relatively
high median PFOS concentrations between 32 (from the Rhine
River in Germany) and 1371 ng/L (from the Krka River in
Slovenia) were also observed. Mean PFOS concentrations ob-
served by Pan et al. (2018) were similar to those reported in
Loos et al. (2009) and across the United States, with mean
surface water concentrations from water bodies across western
Europe, specifically the Thames River, Mälaren Lake, and the
Rhine River, ranging between 3.15 and 13.8 ng/L, with a max-
imum concentration of 18.8 ng/L measured in the Thames
River. Kwadijk et al. (2010) reported PFOS concentrations be-
tween 4.7 and 32 ng/L in surface water samples collected from
20 sampling locations across The Netherlands. Lastly, similar
and some slightly higher PFOS concentrations, with averages
ranging between 16 and 449 ng/L, were observed by Huset
et al. (2008) in the Glatt Valley Watershed in Switzerland. Like in
the United States and Canada, concentrations of PFOS in sur-
face waters across Europe were higher in urbanized areas, and
sources have been attributed to municipal WWTP effluent,
AFFF spills, and fluorochemical manufacturing facilities (Loos
et al. 2007, 2009; Huset et al. 2008; Kwadijk et al. 2010; Ahrens
2011; Pan et al. 2018).

Lastly, like PFOS concentrations observed in Canada and
Europe, PFOS occurrence in surface waters across Asia were
generally similar to those reported in the United States, with
lower reported maximum concentrations being observed in
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Asia compared to the United States (Xu et al. 2013). In Japan,
Saito et al. (2003) observed PFOS concentrations ranging be-
tween 0.3 and 157 ng/L, with a median of 1.68 ng/L in 142
surface water samples collected from various locations. Sim-
ilarly, Nguyen et al. (2011) reported PFOS concentrations
ranging between 1 and 156 ng/L collected from an urbanized
section of the Marina catchment in Singapore. However, PFOS
concentrations in more recently collected surface water sam-
ples reported by Pan et al. (2018) were lower than those pre-
viously reported in Asia from publicly available literature.
Median surface water PFOS concentrations from samples col-
lected from the Yangtze (sample size n= 35), Yellow (n= 15),
Pearl (n= 13), Liao (n= 6), Han (n= 6), and Huai (n= 9) Rivers
and Chao (n= 13) and Tai (n= 15) Lakes ranged between 1.41
and 8.56 ng/L, with an overall maximum PFOS concentration of
29.7 ng/L in Chao Lake (Pan et al. 2018). Overall, the PFOS
concentrations observed in Asia were similar to the lower end
of those reported in the United States.

Overall, these studies show the widespread distribution
and variability of PFOS concentrations in surface waters
around the world and demonstrate that surrounding land use
has a large influence on PFOS concentrations in ambient
surface waters. Urbanized areas with high population den-
sities tended to have elevated PFOS concentrations in surface
waters (Loos et al. 2007, 2009; Scott et al. 2009; Ahrens 2011;
Gewurts et al. 2013). Like in the United States, PFOS con-
centrations in surface waters around the world vary widely,
and current information on the environmental distribution of
PFOS in ambient surface waters around the world is relatively
limited.

CONCLUSIONS
Currently, PFOS is one of the most commonly observed

PFAS detected in surface waters (Ahrens 2011; Benskin et al.
2012; Zareitalabad et al. 2013; Dinglasan‐Panlilio et al. 2014;
Nakayama et al. 2017; Remucal 2019). As demonstrated in this
review, PFOS has been detected in a number of ambient surface
waters across the United States, and concentrations of PFOS
vary widely (over 8 orders of magnitude). The occurrence of
PFOS in surface waters indicates the presence of an anthro-
pogenic source (e.g., consumer and/or industrial use and/or at-
mospheric deposition), surface water runoff, or groundwater
discharge and results from the general persistence and mobility
of these chemicals in the environment (Ahrens 2011). The
present review indicates that elevated PFOS concentrations
are generally associated with a nearby source or urbanization
(Table 2). Concentrations of PFOS measured in areas with known
PFAS sources varied widely, with a maximum observed con-
centration of 8 970 000 ng/L (Table 1 and Figure 6A) in com-
parison to detected PFOS concentrations measured in areas
with little or no PFAS sources, which ranged between 0.074 and
23.23 ng/L (Figure 6B). In addition, some ambient surface water
concentrations in the United States are within the range of ob-
served toxicity values reported in the current literature (with ef-
fect concentrations ranging between 28 and 500 000 000 ng/L
[US Environmental Protection Agency n.d.b).

As restrictions of PFOS have gone into place, concen-
trations in ambient surface waters are expected to decrease.
Several studies have suggested that PFOS concentrations in
US surface waters have decreased since 2002 (Zhang et al.
2016; Pan et al. 2018). Although these studies observed lower
PFOS concentrations in surface waters compared to those
reported in earlier literature (Hansen et al. 2002; Nakayama
et al. 2007), to the authors' knowledge, there has not been a
systematic sampling effort to measure PFOS concentrations in
sites previously sampled or a comparison between analytical
methods to confirm the decrease in PFOS concentrations.
Recent studies have reported a shift in the PFAS compounds
reported in the aquatic environment. Concentrations of
shorter‐chain PFAS, particularly PFSAs and perfluoroalkyl
carboxylic acids, have increased compared to those of PFOS
and PFOA (Möller et al. 2009; Pan et al. 2018) as use has
switched to shorter‐chain PFAS. Although the shift in PFAS
use and manufacturing may result in a decrease in PFOS
concentrations entering aquatic environments, it will likely
take decades or longer for existing sources of PFOS to be
reduced to the point that they do not impact water quality in
aquatic systems.

Despite the historical wide use, high persistence, and in-
creased public interest in PFAS generally (including PFOS,
which is one of the most commonly detected PFAS in surface
waters), current information on the distribution of PFOS in
aquatic environments across the United States is fairly limited
and largely based on studies that have targeted sites where
PFAS were known to have been used. However, it should be
noted that many US states have conducted monitoring of
PFOS, and most of the state monitoring data for PFOS are
currently not publicly available. Thus, the current data set
contains sampling location and study design bias (Figures 1, 3,
and 4). Currently, PFOS occurrence data are limited in western
US states, with the existing data set only including data for
California and Washington (Figure 1). In addition, PFOS oc-
currence data are limited in marine and estuarine environ-
ments. Therefore, both of these areas continue to be PFOS
occurrence data gaps in the United States. Future PFOS sam-
pling efforts should include consideration of filling these data
gaps. In addition, many of the current PFOS occurrence studies
in the public literature include numerous sites with no known
PFAS exposure to compare PFOS concentrations to exposed
sites. This general study design may result in a higher fre-
quency of measured PFOS concentrations <300 ng/L com-
pared to middle, high, and very high concentrations. This
tendency may skew the median and mean concentrations of
PFOS in ambient surface waters across the United States to the
lower end of the concentrations. However, based on the great
difference between the arithmetic mean concentration of
786.77 ng/L, a geometric mean concentration of 5.468 ng/L,
and the median concentration of 3.6 ng/L for measured PFOS
concentrations across the United States in the currently avail-
able public literature, the measured PFOS concentrations in
ambient surface waters occur over a wide range. Also, the in-
creased frequency of measured PFOS concentrations at sites
with no known previous PFAS exposure or sites that were not
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identified by the individual study authors as either sites with or
without previous exposure (Table 2 and Figure 4) may skew the
measured PFOS concentrations in US ambient surface waters
toward the lower end of the wide range of measured concen-
trations. To better understand the occurrence of PFOS in am-
bient surface waters across the United States, additional data
from previously exposed sites and in urban areas, particularly
those in areas where little or no data are available, are needed.
Specifically, a systematic study focused on measuring PFAS
(including PFOS, PFOA, their precursors, and shorter‐chain
PFAS) in ambient surface waters across the United States is
needed to eliminate potential bias from differences in ana-
lytical methods, sample collection, and/or location and to fill in
existing data gaps. Filling these data gaps would provide a
more robust understanding of the spatial and temporal varia-
bility of PFOS occurrence in US ambient surface waters. Given
the widespread use of PFAS and the persistence of PFOS in the
aquatic environment, a thorough understanding of the total
environmental distribution of PFAS in surface waters (partic-
ularly of PFOS itself and the volatile compounds that can
transform PFSA) is needed to fully understand the occurrence
of PFOS in the environment and any potential risks it may pose
in aquatic ecosystems.

Supplemental Data—The Supplemental Data are available on
the Wiley Online Library at https://doi.org/10.1002/etc.5147.
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a b s t r a c t

This paper evaluates the effects of microbiologically influenced corrosion (MIC) on fatigue-crack growth
of candidate materials useful in expanding bio-ethanol usage, including a storage-tank steel (ASTM A36)
and two pipeline steels (API 5L X52 and X70). The microbiological species sampled and cultivated from an
ethanol fuel production stream are responsible for both acetic acid and hydrogen sulfide production that
lead to significant increases in fatigue-crack growth rate across a wide range of stress-intensity-factor
amplitudes (DK). The mechanism for increased fatigue damage is hydrogen uptake through adsorption
into the steel, which embrittles material ahead of the growing fatigue crack.

Published by Elsevier Ltd.

1. Introduction

Understanding the corrosive effects of alternative fuel environ-
ments on fuel storage and transport infrastructure is important for
predicting mechanical integrity of various components of the fuel
delivery infrastructure. At a minimum, these components include
pipelines, valves, storage tanks, ships, trucks and railcars. The
existing infrastructure in the U.S., and throughout many other
countries, was designed to handle fossil fuels but could be repur-
posed to handle emerging alternative fuels. A major concern is that
the corrosive effects of alternative fuels are not well known for
existing transport and storage scenarios.

Fuel-grade ethanol (FGE) is one particular alternative that is
seeing significant increases in consumption rates throughout
much of the world where biomass that is conducive for ethanol
fuel production is available. FGE is a desirable alternative to fossil
fuels since it can be blended with gasoline fuels already in use, as
well as serve as an oxygenator to reduce particulate emissions
during the combustion process [1]. However, the sources of
biomass for FGE are typically located in rural areas where the fuel
is produced. The fuel then needs to be transported long distances

into existing infrastructure by railroad, truck, and barge tankers
to primarily coastal regions where consumption rates are very
high [2]. Pipelines offer significant safety advantages and im-
proved cost-effectiveness compared to other shipping methods
if the corrosive effects are predictable, especially with respect to
their mechanical integrity. However, degradation of the mechan-
ical integrity of ethanol piping and steel tanks is established due
to the well-known phenomenon of ethanol stress corrosion crack-
ing [3–6].

Microbiologically influenced corrosion (MIC) can be a
significant problem in the material systems that handle, store,
transport, and distribute fuels [7–15]. MIC of oil and gas
pipelines has been reported in multiple instances [14,16–26].
The onset of MIC in pipeline systems is a result of many causes,
from inadequate water handling practices during hydrostatic
testing of pipelines to lack of water chemistry control, lack of
biocide usage and oxygen scavenging, all of which can lead to
the premature degradation of alloys [27]. Aside from pipelines,
fuel storage tanks are also susceptible to MIC, which can take
the form of general corrosion and pitting, when exposed to a
variety of fuel systems [11–13,18,20]. Biocides are frequently ap-
plied to storage tank systems as part of an anti-microbial strat-
egy, but both the presence of microbial species and microbial
biocide resistance may vary with the fuel source. Sulfate-
reducing bacteria (SRB) and acid-producing bacteria (APB) in
particular have both been known to contribute to the MIC of
engineered alloys including steels [7].

0010-938X/$ - see front matter Published by Elsevier Ltd.
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SRB species have been the focus of many corrosion studies and
are known to cause corrosion in pipeline systems associated with
fossil fuels and be particularly problematic due to the production
of corrosive hydrogen sulfide [16,19,23,26,28,29]. The presence of
molecular hydrogen (H2), and SRB-produced hydrogen sulfides en-
hance anodic dissolution, and have an embrittling effect on steels.
The hydrogen sulfides in particular slow the recombination of
molecular hydrogen so that its uptake into the steel has more time
to proceed. In contrast, APB induce corrosion by metabolism of an
organic substance, such as a carbon source and H2 as an electron
donor resulting in secretion of corrosive organic acids [7]. Studies
have shown that APB influence corrosion of pipeline steels [19]
and that microbial production of acetic acid enhances corrosion
[30]. Pope et al. show that the observed corrosion damage by
APB was distinct from corrosion produced by protic acid of the
same pH, including that produced by SRB [30]. Though SRB and
APB have been implicated in corrosion of steels, often, different
types of microbes with various metabolic capabilities inhabit steel
surfaces as biofilms and impact corrosion processes. Microbial bio-
films, which are communities of microbes immobilized by an
organically produced extracellular polymeric substance (EPS), can
influence corrosion processes because they produce environments
at the metal/biofilm interface that can have low values of pH and
dissolved oxygen, and since they produce electrochemical reac-
tions that significantly differ from those in the bulk solution [7].

Mechanical degradation in biologically active environments has
been considered in several studies [26,31–38]. Pipelines and even
fuel storage tanks (e.g., in railcars, barges, and tanker ships) under-
go cyclic loading due to e.g., fluctuations of internal pressure and
wave loading, respectively. The combination of pitting and cyclic
loading can readily have the undesired effect of fatigue crack initi-
ation [39]. Environmentally assisted fatigue-crack propagation and
stress-corrosion cracking (SCC) become a concern since both lead
to eventual mechanical degradation, reduced component life, or
worse, failure and the associated environmental consequences. In
regard to SRB in particular, fatigue-crack propagation rates in
high-strength steels have increased by a factor of 50–1000 when
freely corroding or when placed under applied cathodic potential
[31,33,38]. These studies, which have focused on several offshore
environments, have shown that the extensive damage accumu-
lated in test materials was related to sulfide-enhanced hydrogen
uptake. Mechanical testing in inoculated media can be problem-
atic, since transient crack propagation behavior has been caused
by increases in metabolically produced species, which can compro-
mise structural life prediction with the fatigue data produced in
the test [31].

Given that cyclic mechanical loading occurs in fuel transport
systems and that microbial species sampled from a FGE production
stream (including Desulfosporosinus sp. and Acetobacter sp.) have
reportedly influenced corrosion of structural and pipeline steels
[40,41], further investigation is needed on the effect of microbial
contamination of ethanol fuel environments on fatigue crack prop-
agation. Specifically, the effect of the SRB Desulfosporosinus sp. [42]
and the APB Acetobacter sp. [43] on corrosion has been demon-
strated in other systems and warrants further study. There is no
description available of the effects that SRB and APB have on the
cracking of steels used for ethanol pipelines and storage tank alloys

under fatigue loading. This study evaluates the effect of these two
types of microbes on the fatigue crack propagation in three steels
that would be encountered in the storage and transport of alterna-
tive fuels such as fuel-grade ethanol. Our results may have more
broad implications because similar species are found throughout
the oil and gas industry.

2. Experimental procedures

2.1. Materials

Two grades of pipeline steel (API 5L X52 and X70) and a plate
steel (ASTM A36) used for storage tank fabrication were obtained
for this study from an oil & gas transmission company and a steel
tank fabricator, respectively. The X52 pipe was 324 mm diameter
with 9.53 mm wall thickness, and the X70 pipe was 508 mm diam-
eter with 6.60 mm wall thickness. The A36 plate was 6.35 mm in
thickness. Chemical compositions are shown in Table 1. Represen-
tative microstructures of the two pipeline materials are shown in
Fig. 1. Metallographic specimens were sectioned from the pipeline
materials and prepared with standard polishing methods for opti-
cal microscopy (1 lm final polish and 2% nital etch). The A36 and
X52 steel alloys have similar microstructure and contain a mixture
of polygonal ferrite and pearlite. The X70 material contains a finer-
grained polygonal ferrite and bainitic structure. Note that the finer
grain size in the X70 material, relative to A36 and X52, is a result of
the higher microalloying content (Ti and Nb), which aids in grain
refinement during thermo-mechanical controlled processing.
Tensile tests of the three steels were performed in air according
to ASTM E8/E8M Standard Test Methods for Tension Testing of
Metallic Materials [44] by use of a 250 kN servohydraulic test
frame. The average mechanical properties from three tests, and
the corresponding standard deviations of the measured properties
are shown in Table 2.

2.2. Fatigue crack propagation measurements

Baseline tests performed in air and simulated fuel-grade
ethanol with the test procedure summarized here are reported in
greater detail elsewhere [45]. Compact tension C(T) specimens
(Fig. 2) were machined from the three steels (in the LT orientation)
in accordance with ASTM E647 Standard Test Method for Measure-
ment of Fatigue Crack Growth Rates [46]. The pipeline steel speci-
mens were machined from curved pipe sections that were not
flattened prior to specimen sectioning. The X70 pipe wall section
(6.60 mm) limited the ‘‘B’’ dimension (specimen thickness) to
5.715 mm due to pipe curvature. All specimens were made to this
thickness so that the stress state of the crack would be consistent
among the tests. Fatigue precracking and crack propagation mea-
surements were performed with the compliance technique. Crack
mouth opening displacements (CMOD) were used for compliance
measurements. Displacement was measured in the load line with
a coated 6.35 mm gauge length crack-opening displacement gauge
attached to integral knife edges machined at the crack mouth. An
RTV coating was applied to prevent degradation of the clip gauge
in the corrosive test environments. Calibration of the gauge was
performed after application of the coating and verified between

Table 1
Chemical compositions (wt.%) of steel alloys.

Alloy C Si Cr Ni Mn Cu Mo Nb Ti Al V S P

A36 0.22 0.04 0.08 0.08 0.9 0.23 0.02 <0.01 <0.01 0.03 <0.01 0.01 0.01
X52 0.070 0.195 0.030 0.020 1.050 0.050 0.004 0.021 0.001 0.029 0.003 0.008 0.008
X70 0.050 0.185 0.043 0.017 1.505 0.030 0.01 0.084 0.015 0.032 0.01 0.006 0.012
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tests. Precracking was performed in air at 20 Hz, and loads were
incrementally shed so that initial loads during crack propagation
studies were greater than final loads during fatigue precracking.
Tests were performed in a 100 kN closed loop servohydraulic test
frame with a sinusoidal waveform and constant force (P) ratio
R = Pmin/Pmax = 0.1. Environmental testing was performed with a
loading frequency (f) of 0.1 Hz. Liquid pipelines likely experience
higher R and lower loading frequency than those reported here;
however, we selected a particular mechanical condition to evaluate
the effect of bacteria under accelerated conditions. Stress-intensity
amplitude was controlled by software and continually increased
during testing at a rate, C = 0.15 mm�1, which is the normalized
K-gradient.

2.3. Biological culturing and fatigue testing

Microbiological species including Acetobacter sp. and a
sulfate-reducing consortium that included Desulfosporosinus sp.
and Clostridia sp. were cultivated from industrial ethanol contain-
ment-tank samples [47]. These tanks contained fuel-grade ethanol
and water. Acetobacter sp. were maintained in a medium contain-
ing yeast extract (0.5 g L�1), peptone (0.3 g L�1), and sodium chlo-
ride (1 g L�1) in distilled water (adapted from Lisdiyanti et al. [48]).

Ethanol (5% by volume) was added as a carbon source. Acetobacter
sp. are aerobic bacteria that metabolically oxidize ethanol into ace-
tic acid. The sulfate-reducing consortium was maintained in a
modified Postgate B medium that included potassium dihydrogen
phosphate (0.5 g L�1), ammonium chloride (1 g L�1), calcium sul-
fate (1 g L�1), magnesium sulfate 7-hydrate (2 g L�1), yeast extract
(1 g L�1), ascorbic acid (0.1 g L�1), thioglycollic acid (0.1 g L�1), and
iron sulfate 7-hydrate (0.5 g L�1) [49]. Ethanol (2% by volume) was
added as a carbon source after 0.2 lm filtering. The SRB consor-
tium was maintained under a nitrogen headspace. This consortium
included Desulfosporosinus sp. and Clostridia sp. Desulfosporosinus
sp. are anaerobic spore-forming bacteria capable of reducing
sulfate to sulfide in an eight electron energy transfer, and these mi-
crobes have been associated with fuel-contaminated environments
as well as iron transformations [42,50]. Clostridia sp. are anaerobic,
spore-forming bacteria capable of various metabolisms [51]. It is
expected that APB and SRB could be found together as a consor-
tium in a biofilm on a steel surface since aerobic species (APB)
could thrive in an oxic environment and consume oxygen, thereby
providing an anoxic environment suitable for anaerobic SRB.

In this study, the impact of APB and SRB metabolisms on crack
growth were examined. Cultures were inoculated into test solu-
tions in a controlled laboratory environment. Test solutions were

Fig. 1. Optical micrographs showing representative microstructures of (a) X52 and (b) X70 pipeline steels.

Table 2
Mechanical properties of steel alloys.

Alloy 0.2% Offset yield strength (MPa) Ultimate tensile strength (MPa) Total elongation (%)

A36 292 ± 3.1 451 ± 0.5 37.8 ± 1.8
X52 397 ± 4.2 491 ± 1.0 21.3 ± 0.2
X70 561 ± 14.5 655 ± 9.1 17.2 ± 0.8

Ø12.70

30.48

30.48

5.715

13.97

13.971.52

1.52

10.16

63.50
50.80

Chevron Notch

Clip Gauge
Opening
And Notch

Fig. 2. Schematic drawing showing compact tension specimen configuration and nominal dimensions (mm).
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poured into a 6 L test vessel, and a mechanical reaction frame con-
taining the C(T) specimen was lowered into the test environments.
Care was taken when preparing the testing environment, because
past work has demonstrated that metabolic transients can affect
the applicability of fatigue test results based on the concept of
similitude [31]. To avoid such transients in this study, microbial
cultures were maintained in the stationary phase, i.e., the growth
rate and death rate of bacterial cultures are equal. Cells were
counted with a Petroff-Hausser cell counting chamber and a
phase-contrast microscope before and after fatigue-crack propaga-
tion testing. Cell densities were maintained on the order of 107

cells per mL of media for inoculated tests. Solution acidity was
measured with a pH probe at the beginning and end of fatigue test-
ing. Relevant conditions of the test solution, including pH and cell
counts, are reported in Table 3.

Fig. 3 shows a schematic of the mechanical reaction frame that
was implemented to completely submerge C(T) specimens into
test environments. The reaction frame, which was made of high-
strength stainless steel, was electrically isolated from the C(T)
specimen with Teflon washers and ceramic loading pins to prevent
galvanic interactions. The test chamber and seals were made of
polymeric materials with good chemical resistance to ethanol.
Air-tight seals were maintained throughout testing to maintain
relatively constant test conditions, namely to prevent solution
evaporation or contamination. Precracked C(T) specimens were
submerged in the test environment under free-corrosion condi-
tions. The precrack was grown for a period of �24 h before com-
mencing data collection. APB test solutions were exposed to air
in the headspace above the test solutions, but were not mechani-
cally aerated. SRB test solutions were covered with approximately
25 mm of vegetable oil and purged with high purity N2 gas to
maintain anaerobic conditions. Anaerobic conditions were con-
firmed in the test chamber by the redox indicator resazurin. This
compound is an oxygen-reduction indicator that turns solutions
to a reddish hue if proper deaeration is not maintained. Fatigue
testing in the APB and SRB environments last �5 days per
experiment.

2.4. Characterization procedures

C(T) specimens were sonicated in 200 proof ethanol immedi-
ately following fatigue propagation testing. Fracture surfaces were
liberated in liquid nitrogen after cleaning and then stored in a des-
iccated container. A scanning electron microscope (SEM) coupled
with energy dispersive X-ray spectroscopy (EDS) was used to
evaluate fracture surfaces and remnants of biological activity
(e.g., mineral deposits). An accelerating voltage of 15 kV and a
light-element detector window were used for chemical analyses.
EDS spectra were not quantitative due to the unavailability of
appropriate spectrographic material standards used for chemical
analysis of corrosion product and biological materials. Fracture

specimens were not coated (e.g., with carbon or gold sputter coat)
prior to examination.

3. Results and discussion

This study builds on a previous study that reported effects of
simulated fuel-grade ethanol (SFGE) on the fatigue crack propaga-
tion in A36, X52, and X70 tank and pipeline steels [45]. That study
showed that each of these steels may experience degradation due
to superimposed mechanical fatigue and ethanol stress-corrosion
cracking by fatigue loading during transport of FGE. Jain [41] found
through electrochemical studies that MIC produced accelerated
corrosion rates and localized corrosion on A36, X52, and X70 steels
in FGE environments using the same culture strains and material
heats studied here. That study also suggested that MIC may occur
simultaneous to fatigue and stress-corrosion cracking and these
findings formed the basis of the research questions addressed
herein.

Due to the hygroscopic nature of ethanol, water-rich phases
that could harbor microbiological life are generally not expected.
However, upset conditions such as those experienced during
hydrostatic testing are conducive to microbiological growth [27].
In addition, the presence of any significant or remnant water layer
(i.e., the Helmholtz Layer) on a steel surface can provide an essen-
tial need for microbial/biofilm life. The introduction of water (arti-
ficially and/or otherwise) into a pipeline or tank that contain

Table 3
Test solution cell counts and acidity at the beginning and end of fatigue tests.

Test number Initial cell count (#/mL) Final cell count (#/mL) Initial solution acidity (pH) Final solution acidity (pH)

X70–5 (Control Test Solution) 0 9 � 106 6.60 4.82
X70–6 (APB + Test Solution) 2 � 107 3 � 107 3.60 3.58
X70–7 (SRB + Test Solution) 8 � 107 6 � 107 6.5–7.0a 6.5–7.0a

X52-6 (Control Test Solution + 1 g L�1 glutaraldehyde) 0 – 6.0–6.5a 6.0–6.5a

X52-5 (APB + Test Solution) 2 � 107 3 � 107 3.35 3.36
X52-7 (SRB + Test Solution) 7 � 107 6 � 107 6.5–7.0a 6.5–7.0a

A36-5 (APB + Test Solution) 6 � 107 5 � 107 3.15 3.12
A36-4 (SRB + Test Solution) 4 � 107 5 � 107 6.5–7.0a 6.5–7.0a

APB Test Solution: 5% ethanol (vol), 1 g L�1 NaCl, 0.5 g L�1 yeast extract, 0.3 g L�1 peptone, balance H2O.
SRB Test Solution: 2% ethanol (vol), balance Postgate B medium, Purged with N2.

a Values are approximate and were measured with pH paper. Other values were measured with pH probe.
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SPECIMEN
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MEDIUM

Fig. 3. Fatigue crack propagation testing apparatus used for ethanol fuel
environments.
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remnants of FGE establishes an ideal situation for MIC since water
and a carbon source (ethanol) are necessary. Electron donors and
acceptors are also needed for metabolic processes and can be pro-
vided by trace contaminants and H2 found in the host steel and in
the fuel and water in the pipelines. Therefore, if biofilms are estab-
lished during the hydrostatic testing, there is a possibility that they
remain intact after fuel transport recommences. The biofilms may
harbor localized environments significantly different from those in
the pipeline and result in surface pitting [7], for example. Given
that pits are likely sites for fatigue crack initiation [39], and that
microbiological species living within biofilms can produce
chemical species that degrade the mechanical integrity of steel,
the following results are applicable for describing upset conditions
in the presence of APB (e.g., Acetobacter sp.) and SRB (e.g., Desulfosp-
orosinus sp.) in ethanol environments where water contents are
initially high enough to promote and sustain microbiological life.
However, the chemical species produced by these bacteria are
not specific to ethanol, virtually any hydrocarbon makes for an
ideal carbon source for a diversity of microbiota, and thus these re-
sults may have broader applicability to other biofuels and the oil
and gas industry.

3.1. Crack growth in APB environment

A drastic increase in fatigue-crack propagation rates is induced
by APB (shown in Fig. 4) for all three of the steel alloys tested here
when compared to air and simulated FGE environments [45]. Note
that at low levels of DK (the stress-intensity-factor amplitude)
there is a strong dependence of crack growth rate on DK. At a DK
level of 20 MPa m1/2 there is an approximate 25-fold increase in
the rate of crack propagation, relative to air, in the two pipeline
steels. Crack growth data of all three materials tested in the APB
solution essentially overlay one another below DK values of
approximately 25 MPa m1/2. A significant transition in the slope
of da/dN vs. DK occurs near this level, indicating a wide variation
in Paris Law exponents and DK-independent crack growth rates.
The presence of this plateau region is explained as being related
to mass transport limitations of chemical species at the crack tip
[38]. The plateau limits crack growth at intermediate levels of
DK to approximately 2 � 10�6 m/cycle in the A36, and

1.5 � 10�6 m/cycle in the two pipeline steels. Note that the pH
was lowest in the A36 APB test (due to APB-produced organic
acids), which may contribute to the higher observed crack growth
rates in the plateau region, although the increase in crack growth,
relative to air, is still lowest in A36. As DK values increase beyond
the plateau, the da/dN values resume the increasing trend in each
material, where they converge towards the crack growth rate data
measured in air. This behavior can be explained as the purely
mechanical damage component begins to dominate at the higher
DK levels.

Acidity values and results of bacterial cell counts of the APB test
solutions are included in Table 3, which represent test solution
conditions at the start and end of each fatigue test. Acetobacter
sp. oxidized ethanol into acetic acid and lowered the pH of the test
solutions from an initial ‘‘control’’ solution pH of approximately 6.6
to pH levels of 3.1 to 3.6. Note that pH changed very little during
the course of the tests in APB solutions and that bacterial cell
counts remained on the order of 107 cells per mL. Thus, significant
transients in crack growth behavior were not expected due to the
relative constancy of the cell counts, and their subsequent meta-
bolic reactions.

Crack-growth rates were measured in X70 in an ethanol test
solution ‘‘control’’ that was not inoculated with microbiological
species as shown in Fig. 4(c). Differentiation between the effect
of the high water content in the ethanol solutions, which promotes
rapid microbiological growth, and the effect of the microbes them-
selves is the basis for a control test. The control solution contained
ethanol, water, chloride, yeast extract, and peptone, just as the test
solution (essentially a minimum microbial growth medium). A
previous report indicated that increases in the water content of
ethanol increases fatigue crack growth rates in steel [52]. While
it is known that aqueous chloride solutions can influence crack
growth, an effect of yeast extract and peptone is not expected.
However, contamination of the X70 control (test X70-5 in Table 3)
became evident as microbes, including APB, are ubiquitous
throughout soils and any number of environments in nature. This
natural abundance made it difficult to run a true control solution.
Cell counting in this control test showed a significant concentra-
tion of putative APB cells in the solution (�106 cells per mL) albeit
at concentration levels significantly lower than that of the inocu-
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lated solutions maintained in the stationary phase. This concentra-
tion was enough to lower pH from 6.60 (control condition) to 4.82
after contamination. Still, the crack growth rates in this solution
are significantly lower than in the inoculated APB solution. This
suggests that decreases in pH shift the plateau up and to the left,
i.e., to promote the apparent effect of increasing crack growth rates
at significantly lower DK values.

A powerful protein cross-linker, glutaraldehyde is often used as
an effective biocide in industrial operations in the oil and gas
industry. It was included in a control test of X52, at a concentration
of 1 g/L, to determine its effectiveness in preventing growth of the
APB; though, no APB were added to the test solution. Crack growth
rates in this solution are shown in Fig. 4(b). The experiment that
contained glutaraldehyde additions (test X52-6 in Table 3) showed
the lowest crack growth rates of all tests in the biological test med-
ia. Acidity level did not change significantly during the control test
containing the biocide glutaraldehyde even though microbes such
as APB are ubiquitous and readily contaminated the X70-5 control
test. Also, test solutions did not become cloudy as in other test
solutions. The effect of this biocide appears promising in control
of the APB species, but effects would have to be weighed upon
the pipeline and tank-stored fluids as well. It is also unclear how
glutaraldehyde would affect other microbes. Note also that the pla-
teau effect had significantly lower crack growth rates in this test.
This test likely represents the combined effect of corrosion fatigue
and possible environmental embrittlement of steel by the aqueous

ethanol solutions used to grow the bacteria. Increases in environ-
mental crack growth beyond this must have been due to bacteria
metabolic products.

3.2. Crack growth in SRB environment

In general, the highest increase in fatigue-crack propagation
rates in the pipeline steels was induced by the SRB, as shown in
Fig. 4. Crack growth was accelerated by over 40-fold at the lower
stress intensities. However, the effect of SRB was not as potent in
increasing crack growth rates in the A36 steel, which may have
lower hydrogen damage susceptibility due to its inherently lower
strength compared to that of the two pipeline steels (Table 2).
The SRB produced higher crack growth rates at lower stress inten-
sity values than the APB environments in all three materials, which
indicates a significantly lower threshold DK level for the active
damage mechanism. The crack growth data of X52 and X70 overlay
one another below 20 MPa m1/2. Note that in the A36 steel how-
ever, the most distinct environmental cracking threshold is appar-
ent where the SRB sharply increased crack growth at a DK value of
approximately 15 MPa m1/2. Such a sharp increase in crack growth
is not observed in any of the other tests. This distinct threshold on
a plot of da/dN versus DK is normally associated with activation of
either an SCC damage mechanism [53] or hydrogen-assisted dam-
age mechanism [54]. In the present case, it would likely be a
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hydrogen-damage mechanism related to biotic H2S production, as
discussed below.

The increase of crack growth rate in SRB environments exam-
ined here exhibit the plateau behavior described by Thomas et al.
[38] at intermediate stress intensities much like the APB environ-
ments. Crack growth rates peak in the region between DK levels
of approximately 30 MPa m1/2 to 35 MPa m1/2. Thomas et al. dem-
onstrated that the plateau behavior was related to the H2S content
in high-strength microalloyed steels [38]. This plateau was shown
to shift to higher crack growth rates and lower stress intensity lev-
els as the H2S content increased, and eventually reached a behavior
where a steep threshold sharply transitioned into a linear variation
of da/dN with DK as H2S became saturated. Based on that model,
H2S saturation was not realized in the SRB environments here,
which probably have concentrations well below 600 ppm (level
established in [38]), although measurements would be required
to substantiate the actual concentrations. There is some consensus
that 50–200 ppm H2S is representative of SRB at the surface of me-
tal [55], which would be well below the apparent values for
saturation.

3.3. Fracture behavior

The fracture behavior was evaluated by examining crack
surfaces with SEM. In a benign air environment these materials
exhibit the typical flat transgranular fracture where indications of
fatigue striations associated with each da/dN cycle are clearly evi-
dent. Fig. 5 shows the fracture appearance of X52 tested in the
APB and SRB environments. The images are orientated so that the
crack growth direction is from right to left and the crack front from
top to bottom. The plane of the crack is perpendicular to the image.
Fracture-surface locations corresponding to low and intermediate
levels of DK were selected for analysis due to the differences in

crack-growth rate behavior observed in Fig. 4. Low DK values corre-
spond to the behavior of rapid crack-growth rate increases with
increasing DK, i.e., less than approximately 20 MPa m1/2. Intermedi-
ate DK values correspond to the plateau region.

In comparison to the fracture appearance in air, at the low lev-
els of DK, the embrittling effect is quite clear in both APB and SRB
environments. The intergranular nature of the environmental frac-
ture is apparent. Qualitative estimates of the fracture in these low
DK regions suggest that approximately half of the fracture surface
area is intergranular and half transgranular in an APB environment.
Fractures appear to have more of an intergranular component in
the SRB environment as indicated qualitatively by a greater overall
surface ratio. Note that the intergranular facets have a corroded
appearance after exposure to the APB solution whereas they are
relatively undamaged after exposure in the SRB solution. This sug-
gests that the anodic dissolution occurred along the fracture in the
APB solution, although it is not apparent at what point this oc-
curred during the test, since the low DK portion of the crack was
exposed to test solution for several days after the crack propagated
through this region. Chemical analyses in the intergranular regions
suggest that Cl and S are enriched in the corrosion product on the
fractures. Fractures have an entirely different appearance at the
intermediate DK levels within the plateau region. The fracture
appearance is exclusively transgranular. The features are again
mottled on surfaces exposed to the APB environment, whereas
they are clearly serrated in the SRB environment. The fracture sur-
faces of DK levels above the plateau are also transgranular in both
environments. In the SRB environment, the fatigue striations grew
with the level of DK, as expected by the increase in da/dN.

3.4. Biofilms associated with APB and SRB environments

Upon removal of the C(T) specimens from the testing environ-
ments, biofilms were readily apparent on the specimen surfaces
and were quite extensive. Corrosion product was also apparent
and was associated with the biofilms. If the biofilms were not re-
moved before drying out, they became firmly adhered to the spec-
imen surfaces quite rapidly. Fig. 6 shows the typical appearance of
two specimens immediately following removal from the test solu-
tions. The APB biofilm had a light-colored opaque appearance, and
the steel beneath it had begun to oxidize rapidly upon removal,
which is evident by the apparent rusty color under the biofilm.
The SRB biofilm was black in color and appeared to be deposited
in a layer much thicker than the APB film. This biofilm became
quite tenacious after drying, even to the extent that sonication in
pure ethanol solution would not remove it from the specimen sur-
face. The top half of the SRB test specimen shown in Fig. 6 was
wiped with ethanol immediately after removal and shows exten-
sive oxidation under the location of the biofilm. The tenacity of
the SRB biofilm in pure ethanol is of concern. If such a biofilm were
to form under upset conditions where water may be present, the
flow of ethanol fuel following the upset may not necessarily dis-
solve the biofilm, based on the experience with sonication in pure
ethanol. Also given that the SRB species here are spore formers,
they may go dormant until conditions are more conducive for them
to begin growing again.

It is noteworthy that on the crack plane near the external sur-
face of the C(T) specimen, biological debris resulting from the
APB biofilm was apparent, as shown in the SEM micrograph in
Fig. 7. Similar debris was apparent all along the fracture surface,
as indicated in EDS analysis locations in Fig. 5. Survivability of
microbiological species is unclear in a crack that fully unloads
and closes, and should be a topic for prospective investigations
on the relationship between MIC and growing tight fatigue cracks.
Though given the micron size nature of most microbes, combined
with possible formed pits in the steel, survivability is likely not an

Acid Producing Bacteria Sulfate Reducing Bacteria

20 mm

Fig. 6. Photographs showing biofilms on specimen surfaces following environmen-
tal testing.

Fig. 7. Secondary electron SEM image showing (with arrows) biological debris
adjacent to crack mouth of X70 specimen tested in APB solution.
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issue across the unload and closure regime. Mass-transport condi-
tions at a submerged fatigue-crack mouth have been described in
numerous studies, but the effect of flow on the ingress and egress
of bacteria from the crack is not apparent.

This study did not consider the important aspect of corrosion
fatigue-crack initiation. The likely fatigue-crack initiation sites
can be proposed based on evaluation of the biofilms on the exter-
nal surfaces of the C(T) specimens, i.e., not the crack plane. Figs. 8
and 9 characterize the regions in the immediate vicinity of the
crack on the external surface of the X52 C(T) specimens tested in
APB and SRB solutions, respectively. Pitting susceptibility of steel
in simulated FGE decreases if water content becomes higher than
about 10% [56]. Based on that finding, and the fact that APB solu-
tions in this study had high water and low ethanol concentrations,
the pitting behavior observed on C(T) specimens (shown in Fig. 8)
can likely be attributed to the presence of acetic acid secreted by
the APB. Acetic acid produced by bacteria has been shown to attack
the matrix of pipeline steel at inclusion sites, resulting in a
deep-pitting corrosion [30]. The secondary electron image in
Fig. 8 reveals significant corrosion pitting in the central location
of the image. The chemical analyses qualitatively show that the
regions surrounding the pits have elevated carbon, oxygen, and
chlorine content, whereas analysis at the center of the pits reveals
mainly iron. The apparent organic debris also appears enriched in
those elements. The presence of differential aeration cells likely
resulted in some of the pitting, since the biofilms were not neces-
sarily continuous on the surface. Deep pitting appeared to be

related to some of the APB biofilms. The apparently organic residue
associated with the SRB biofilm shown in Fig. 9 is enriched in
carbon, oxygen, and chlorine and devoid of iron. Some sulfur
enrichment is also notable, as would be expected with sulfate
reducing species. The composition maps also show that Mn enrich-
ment may coincide with the sulfur, indicating the presence of MnS
inclusions. A pit was apparent at one location of elevated Mn and S.
The organic residue along the bottom of the image tends to align
itself along the surface scratches. Areas of increased surface rough-
ness, which are quite common, would be expected to be ideal
attachment points for the biofilms inside a pipe or tank, as
reviewed elsewhere [7]. Jain has developed electrochemical-based
models that describe pit formation on these materials in the tested
culture media [41]. That study was performed on bulk specimens
and the electrochemical measurements would have less relevance
to the sharp fatigue crack tip tested here due to polarization,
migration, and advection–diffusion behavior.

The possibility of both APB and SRB coexisting in a biofilm
should be considered. Both types of microbes were present in
the tanks from which our samples were acquired [47]. Also,
other work has shown that an increase in metabolic products
that lower pH, such as acetic acid, also increase the levels of
H2S and HS� by increasing Fe2+ availability for SRB [57]. Based
on that finding, we suggest that mixed cultures of APB and
SRB in ethanol fuels such as those tested individually here,
may in fact promote an even worse case for inducing fatigue
damage. Culturing a mixture of species was difficult in the
present study and requires further development before fatigue
testing can be conducted.

3.5. Hydrogen damage mechanisms

The APB and SRB environments tested here resulted in a typical
crack growth behavior that is characterized by: (1) a steep increase
in crack growth rate at low DK followed by (2) a plateau region of
DK-independent crack growth rate across the intermediate values
of DK. The behavior has been described for low-alloy steels sub-
jected to fatigue loading in biotically produced H2S environments
[38] and an X70 pipeline steel subjected to fatigue loading with im-
pressed cathodic protection [58]. Fig. 10 shows the latter case, be-
cause an X70 grade steel was also evaluated in the current work.
The data set at �1.03 VSCE provides an environment where the test
specimen is cathodically charged with abiotic hydrogen. The APB
data here coincide very well with the abiotic source of hydrogen,
as do the SRB data, although the crack growth rates are higher in
the latter case. Both the APB and SRB provide a source of hydrogen,
which causes embrittlement of steel through hydrogen adsorption
(Hads) followed by hydrogen entering into solution (Hsol), where it
will diffuse to the plastic zone ahead of the crack where stress tri-
axiality is high. The slowest (rate-limiting) step in this process con-
trols the rate of crack propagation. The adsorption and absorption
of hydrogen into the iron lattice are governed by Reactions (1) and
(2):

H2ðadsÞ ! Hads þHads ð1Þ

Hads ! Hsol ð2Þ
The APB inoculated in the ethanol solutions in this work pro-

duce acetic acid by nature. Acetic acid is a weak acid, and a poten-
tial source of hydrogen to embrittle the crack tip upon adsorption
on the crack tip, dissociation, and finally absorption into the iron
lattice, where it can migrate to the plastic zone. The cathodic reac-
tions on pipeline steel in the presence of acetic acid have been re-
viewed in Ref. [59], and are described by Reactions (3) and (4):

2Hþ þ 2e� ! H2 ð3Þ
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Fig. 8. Secondary electron SEM image showing APB biofilm residue and corrosion
pits on external C(T) surface of X70 near the crack. Composition differences of pit
regions are indicated by the spectra, and element maps show composition
variations in the secondary electron image.
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2HAcþ 2e� ! H2 þ 2Ac� ð4Þ
The embrittling effect of the dissociation of molecular hydrogen

into adsorbed atomic hydrogen on steel is well known and is
apparently readily available based on Reactions (3) and (4). How-
ever, acetic acid in the presence of hydrated ethanol can have an
inhibiting effect related to the surface adsorption of the acetate
ion [60]. The adsorption of acetate along the advancing fatigue
crack may play a role in the hydrogen uptake process and may also
decrease contribution of the anodic dissolution to the overall rate
of crack advance. Additions of sodium can accelerate the adsorp-
tion on steel and increase the hydrogen evolution reaction [61].
The test solutions used here contained 1 g L�1 NaCl, which may
have participated in advancing the hydrogen evolution to a greater
extent than merely cathodic charging (abiotic H2 charging at �1.03
VSCE in Fig. 10). This is supported by the observation of extensive
chloride deposition on the fracture surfaces reported in Fig. 5.
The kinetics of the acetate adsorption on newly exposed metal dur-
ing fatigue loading would govern the contribution of dissolution to
the true corrosion fatigue. A pH-dependent behavior in APB envi-
ronments is also shown in Fig. 10. Note that the lower pH condition
still does not compare favorably with a case of true corrosion fati-
gue (X70 in 3.5% NaCl at �0.7 VSCE potential), and the apparent

threshold (sharp increase in crack growth rate) and plateau effect
are still noted. The line of true corrosion fatigue runs approxi-
mately parallel to air data, indicating that dissolution is a relatively
constant contribution to enhanced crack growth irrespective of DK.
Therefore, it appears that decreasing pH increases available hydro-
gen for adsorption, and that crack tip embrittlement is the mecha-
nism, rather than increasing the crack advance by an anodic
dissolution mechanism.

Based on the relative similarity in the observed plateau behav-
ior in both the APB and SRB solutions, the effect of the SRB on ano-
dic dissolution and its resulting contribution to the crack growth is
minimal. The obvious explanation for the increased crack growth
in SRB environments relative to APB environments is the presence
of sulfur in the cathodic reaction. The SRB, when present in neutral
anaerobic environments, induces the cathodic reaction according
to Reaction (5) [7] or more appropriately for the adsorption into
steel by Reaction (6) [55]:

H2Sþ e� ! HS� þ 1=2H2 ð5Þ

H2Sþ 2e� ! HS� þHads ð6Þ
H2S has greater thermodynamic stability than HS� at pH values be-
low 7 [55] which corresponds to the SRB solutions here (Table 3).
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The corrosion reaction becomes poisoned by the presence of sulfide,
i.e., the rate of hydrogen recombination according to Reaction (3) is
reduced. The presence of the hydrogen sulfide on the specimens is
indicated by the overall higher sulfur intensity on the surfaces near
the biofilms tested in the SRB solution (Fig. 8) relative to the sur-
faces of those specimens tested in APB solution (Fig. 9).

4. Conclusions

(1) Microbiological species, including a sulfate-reducing bacte-
rial consortium (Desulfosporosinus sp. and Clostridia sp.)
and Acetobacter sp., were cultivated from a FGE environment
and inoculated into test media where fatigue testing shows
marked increases in the fatigue crack propagation rates in
the storage tank and pipeline steels evaluated here.

(2) The acid producing bacteria produced acetic acid, which dis-
sociates, and provides a source of hydrogen for fatigue-crack
tip embrittlement. Increases in solution acidity increase the
rate of crack growth and decreases the apparent threshold
stress intensity for environmental cracking. The hydrogen
can also serve as a strong electron donor for microbiota pres-
ent to further propagate both metabolism and MIC.

(3) Glutaraldehyde may inhibit growth of the Acetobacter sp.
and other microbial species. The compound prevented APB
contamination of the control test; thus, eliminating their
embrittling effect during testing of X52 pipeline steel. Fur-
ther testing is required to determine the efficacy of this
compound.

(4) Sulfate reducing bacteria evaluated here produced the high-
est observed crack growth rates as a result of sulfide-
enhanced hydrogen embrittlement.

(5) The environmentally assisted fracture morphologies associ-
ated with the acid producing bacteria and sulfate reducing
bacteria vary, depending on stress-intensity amplitude.
Low values of stress-intensity amplitude result in predomi-

nantly intergranular fracture, whereas intermediate and
high values of stress-intensity amplitude result in a trans-
granular fracture mode.
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The geochemical energy budgets for high-temperature microbial
ecosystems such as occur at Yellowstone National Park have been
unclear. To address the relative contributions of different geo-
chemistries to the energy demands of these ecosystems, we draw
together three lines of inference. We studied the phylogenetic
compositions of high-temperature (>70°C) communities in Yellow-
stone hot springs with distinct chemistries, conducted parallel
chemical analyses, and carried out thermodynamic modeling. Re-
sults of extensive molecular analyses, taken with previous results,
show that most microbial biomass in these systems, as reflected by
rRNA gene abundance, is comprised of organisms of the kinds that
derive energy for primary productivity from the oxidation of
molecular hydrogen, H2. The apparent dominance by H2-metabo-
lizing organisms indicates that H2 is the main source of energy for
primary production in the Yellowstone high-temperature ecosys-
tem. Hydrogen concentrations in the hot springs were measured
and found to range up to >300 nM, consistent with this hypothesis.
Thermodynamic modeling with environmental concentrations of
potential energy sources also is consistent with the proposed
microaerophilic, hydrogen-based energy economy for this geo-
thermal ecosystem, even in the presence of high concentrations of
sulfide.

geothermal springs � phylogenetic study � primary productivity �
Yellowstone National Park � hydrogen metabolism

M icrobial communities associated with volcanic hot springs
have attracted broad interest because of the unique ther-

mophilic properties of the constituent organisms. However, little
attention has been given to hot spring communities as whole
microbial ecosystems. One fundamental consideration in under-
standing any ecosystem is the energy budget: the relative
contributions of different energy sources that fuel primary
productivity, the conversion of carbon dioxide into biomass.
Most of Earth’s biomass is considered to be the product of
photosynthesis. However, at temperatures higher than �70°C,
photosynthesis is not known to occur,§ but thermophilic micro-
bial communities develop well beyond that temperature (1–5).
Consequently, high-temperature primary productivity must de-
rive from chemosynthesis based on the oxidation of reduced
inorganic or organic sources. A variety of lithotrophic microor-
ganisms (which use inorganic energy sources) and heterotrophic
organisms (which use reduced carbon) have been cultured from
hot spring communities (6–11). However, the relative contribu-
tions of different potential energy sources to particular commu-
nities have not been systematically addressed.

Previous chemical analyses of Yellowstone hot springs have not
provided satisfactory explanations of the energy sources that fuel
the communities. Potential energy sources detected in different hot
springs included sulfide, CH4 and other short-chain hydrocarbons,
and reduced metals such as As[III], Fe[II], and Mn[II] (12, 13).
However, none of these chemicals is ubiquitous in the hot springs,
and robust microbial communities occur in some hot springs with
little or none of these potential energy sources.

We propose that one way to gain insight into the relative
contributions of potential energy sources available to microbial

habitats is to assess the relative abundances of organisms that
make up the communities. Microorganisms that engage in
primary productivity are expected to be conspicuous in an
autotrophic system. If the relative abundances of particular
physiological types of organisms are taken to reflect the relative
amounts of different energy sources that are drawn on for
primary productivity, then a census of the physiologies that
comprise a microbial community would correspond to a biolog-
ical assessment of the energy demands of the particular ecosys-
tem. The phenotypes of different microbes often are revealed by
their phylogenetic associations, so a phylogenetic survey of the
organisms that comprise a microbial community is expected to
yield information on the community bioenergetics. Such a survey
cannot be achieved with traditional culture-based methods,
because most naturally occurring microbes resist cultivation with
standard techniques (14). With the advent of molecular methods
for the phylogenetic identification of organisms without the
requirement for culture, the relative abundances of microbial
community constituents can be estimated (15).

In the most commonly used culture-independent analysis of
microbial community composition, small subunit rRNA genes are
amplified by PCR from natural community DNA and then cloned
and sequenced for phylogenetic identifications. The collection of
rRNA gene sequences is a census of the phylogenetic types of
organisms that comprise the community. If the organisms indicated
by the sequences fall into relatedness groups with predictable forms
of energy metabolism, based on cultured representatives, then the
probable energy sources for the environmental organisms can be
inferred. Microbial communities associated with high-temperature
hot springs in Yellowstone National Park and elsewhere have been
analyzed to some extent using these culture-independent methods
(10, 11, 16–22). One finding of all studies has been the abundant
occurrence of microorganisms from the Aquificales bacterial phy-
logenetic division (8, 10, 18, 20, 21, 23). All known representatives
of Aquificales exclusively or preferentially use molecular hydrogen,
H2, as an energy source. This dominance by Aquificales members
suggested that H2 could be a main energy source in these hot spring
ecosystems. However, the occurrence of H2 in Yellowstone hot
springs had not been documented, and the few communities
previously analyzed were from settings with limited variation in
chemical composition.

To explore further the bioenergetics that underpin Yellow-
stone hot spring communities, we conducted extensive addi-
tional characterizations of microbial communities that thrive at
�70°C in different chemical regimes. In parallel, we determined
the chemical compositions of the hot springs, including the first
systematic measurements of aqueous molecular hydrogen in the
Yellowstone geothermal system. We then used thermodynamic
modeling based on the hot spring chemistries to evaluate the

Data deposition: Nucleotide sequences have been deposited in the GenBank database
(accession nos. AY861719–AY862082).
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bioenergetic potentials of the available fuels. The results collec-
tively provide new perspective on the energetics of high-
temperature ecosystems.

Materials and Methods
Molecular Phylogenetic Analyses. Microbial communities associ-
ated with hot springs with high H2 concentrations were surveyed
with molecular phylogenetic methods previously described (19).
Sediment samples were collected from Washburn Spring 1
(WB1), Washburn Spring 3 (WB3), and Cinder Pool (CPC) and
frozen immediately on liquid nitrogen. In springs with little or no
sediment, we collected and froze biomass that colonized glass
growth slides placed in hot springs for periods of time from 48 h
[Obsidian Pool Prime (OPP) Mud Volcano region] to 2 months
[West Thumb Pool (WTP), 44°25�26��, W 110°34�36��]. Com-
munity DNA was extracted from �1 g of sample by bead beating
(24), which yielded an average of �18 �g of DNA per g of
sample. For OPP and WB1, we used the UltraClean fecal DNA
extraction kit (MoBio Laboratories, Carlsbad, CA); for Cinder
Pool, we used the 10-g UltraClean Mega Soil DNA extraction kit
(MoBio Laboratories).

PCR primers used in this study included 515F, 1391R, 27F,
1492R, 4Fa, 333Fa (25), 360Fe, 82Fe, and 1391Re (26). PCRs
were incubated at 94°C for 2 min followed by 29 cycles at 94°C
for 30 sec, 55.5°C for 1 min, and 72°C for 1.5 min, followed by
a single 72°C step for 12 min. Each 30-�l reaction contained 1�
PCR buffer, 0.2 mM each dNTP, 2.5 mM MgCl2, �0.2 �M each
primer, 1 mg�ml BSA, 1 M betaine, 0.5 units of Taq polymerase,
and �200 ng of template. PCR products were gel-purified with
the QIAquick Gel Extraction Kit (Qiagen) and cloned with the
TOPO TA Cloning Kit for Sequencing (Invitrogen). Unique
clones were identified by restriction fragment-length polymor-
phism (24) and sequenced on a MegaBACE 1000 DNA Se-
quencer (Amersham Pharmacia). Sequences were aligned and
analyzed with the ARB software package (www.mikro.biologie.
tu-muenchen.de).

Nucleotide sequences have been deposited in the GenBank
database under accession nos. AY861719–AY862082. Clone
sequences deposited are coded for site (CPC, OPP, WB1, and
WB3), PCR primer pair used (A, 515F and 1391R; B, 8F and
1492R; C, 333Fa and 1391R; D, 4Fa and 1391R; E, 360Fe
and 1391R; F, 82Fe and 1391R), and three-digit clone number
(e.g., OPPD012 � Obsidian Pool Prime, archaeal primer pair
4Fa&1391R, clone number 12).

Hydrogen and Water Chemistry. We measured aqueous H2 con-
centrations in Yellowstone waters [hot springs, streams, geo-
thermal vents, and a well (27)] with a modified bubble-stripping
method (28). Source waters were pumped with a 12-V portable
peristaltic pump through insulated, H2-impermeable polyethyl-
ene tubing for 20 min at a flow rate of 200 ml�min, through a
250-ml glass bottle bubble stripping device (28). Twenty milli-
liters of atmospheric air was introduced into the water-filled
bottle. The temperature of the bubble was measured with a
thermister. Bubbles were collected with an air-tight syringe and
transferred to nitrogen-charged, H2-impermeable, glass septum
vials and sent to Microseeps (Pittsburgh) for analysis of H2, CH4,
CO2, and light hydrocarbons on a RGA3 reduction gas analyzer
(Trace Analytical, Newark, DE) (28).

To determine the actual H2 concentration in hot springs, we
adjusted the measured values to account for the solubility of H2 at
high temperatures with Henry’s law: CW � CgHc where CW is the
concentration of the gas in the water, Cg is the concentration (partial
pressure) of the gas in the bubble, and Hc is Henry’s constant for
that gas (the solubility of a gas at a given temperature). The
temperature effect on Henry’s constant is relatively small for most
gases. However, for hydrogen, Henry’s constant decreases by 28%
from 0 to 100°C. Values of Hc at high temperature were estimated

with Ostwald’s expression: Hc � PH2�RTCW, where PH2 is 1.22 �
10�5 atm (1 atm � 101.3 kPa), R is the gas constant (0.0821 liters
atm mol�1 K�1), T is the measured bubble temperature (K), and CW
is 1 � 10�8 mol�liter.

Sulfide measurements were conducted with a colorimetric assay
(CHEMetrics, Calverton, VA). Samples for water chemistry were
filtered by syringe through a 0.2-�m filter, acidified with ultrapure
nitric acid, and stored at 4°C until analysis. Anions, cations, and
elemental analyses were conducted on a Series 4500I IC (Dionex,
Sunnyvale, CA), an ARL 3410� ICP-AES (Thermo Electron), and
a Varian ICP-MS (Varian, Palo Alto, CA).

Thermodynamic Modeling. The amounts of chemical energy avail-
able from lithoautotrophic reactions were quantified with the
Gibbs free energy equation: �Gr � �Gr

o � RT ln Q, where �Gr
is the change in free energy of the reaction, �Gr

o is the standard
Gibbs free energy, and Q is the activity quotient of compounds
involved in the reaction. Values of �Gr

o were calculated with the
computer program SUPCRT92 and thermodynamic data con-
tained therein (29). Values of Q were determined with the
measured composition of hot spring fluids. Because these are
dilute solutions, activity coefficients were assumed to equal one
for all dissolved compounds. Distributions of dissolved CO2 and
sulfide were calculated from the measured concentrations of
these compounds, appropriate dissociation constants, and the
measured pH, assuming the species were in equilibrium.

Results
Chemistry of Yellowstone Hot Springs. To provide a chemical
context for interpretation of the results of microbiological
studies, we conducted chemical analyses of selected hot springs
in geologically distinct areas of Yellowstone with evidence of
significant biomass (Fig. 1). The results of these analyses and
other available data are presented in Tables 1 and 2. Collectively,
the sites analyzed are representative of geothermal springs
worldwide. Hot springs in Upper Geyser Basin, for instance,
contain little sulfide and tend toward alkalinity (pH 8–9), with
high concentrations of silica. Hot springs in Norris Geyser Basin
and the Mud Volcano area contain relatively high concentra-
tions of sulfides and low-to-neutral pH.

Concentrations of potential energy sources other than H2,

Fig. 1. Site locations. A map of Yellowstone National Park shows locations
of hydrogen measurements indicated by site number (Tables 1 and 2). Boxed
numbers identify sites with associated phylogenetic analyses.
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such as sulfide and reduced metals, are highly variable in
different hot springs (12, 13). Particularly notable, however, is
our finding of ubiquitous H2 at concentrations appropriate for
energy metabolism, �5–10 nM (30–33). H2 concentrations
ranged to � 300 nM and were spring-dependent but seasonally
constant in three springs tested (Queens Laundry, Octopus
Spring, and Cinder Pool) (see Tables 1 and 2). Other potential
energy sources, such as Fe[II], Mn[II], and NH4, occur variably
(Table 2 and refs. 12 and 13). However, the energy yield from
microbial oxidation of such compounds is low relative to other
sources, so they probably do not contribute substantially to the
overall energy budget of these communities. Moreover, deposits
of iron and manganese oxide�hydroxide minerals, the products
of microbial oxidation of Fe[II] and Mn[II], although sometimes
present in the hot springs, are not conspicuous.

Microbiological Analyses. We determined the composition of
microbial communities from hot springs �70°C with high H2
concentrations. To test the impact of reduced sulfur compounds
on community composition, we examined hot springs with a

range of sulfide concentrations (Table 1). The presence or
absence of sulfide might influence the composition of a com-
munity if significant in the energy budget of that community.
Hydrogen concentrations varied among the springs, generally
with higher concentrations in springs with higher concentrations
of Fe[II] and sulfide (Tables 1 and 2). To determine the
composition of microbial communities associated with these
chemical settings, we amplified, cloned, and sequenced rRNA
genes from crust and sediment communities as well as pioneer
communities scraped from glass slides incubated in hot springs.
Overall, �2,500 randomly chosen rRNA gene clones were
surveyed by restriction fragment-length polymorphism, and
�400 new sequences were determined and submitted to the
GenBank database.

To determine the phylogenetic types of organisms present, we
compared the sequences to sequences of known organisms in
public databases. We also compared the compositions of the
communities. Although the detail of compositions varied, all of
the communities contained sequences representative of the
same phylogenetic groups. Samples obtained on artificial growth

Table 1. Hydrogen in Yellowstone National Park hot springs

Location Site
Temp.,

°C pH Eh, V
D.O.,

mg�liter SSU* source
Sulfide,

�M
Sulfate,

�M H2, nM CH4, �M CO2, mM
CnHn,

ng�liter

2X Distilled Water (Control)† — 23 — 0 0 2.1 	 0.00 0.0 	 0.00 0.0 	 0.00 0
Dragon Pool, (Norris Basin) 1 72 3.1 21 5.8 ND 2.9 	 0.17 1.1 	 0.14 22.5 	 2.0 164
Well Y-7, Biscuit Basin 2 55 7 27 ND ND 3.8 	 0.15 8.6 	 1.10 2.7 	 0.36 673
Yellowstone Lake 3 9 7 Several 0 ND 4.3 	 0.00 0.1 	 0.00 0.1 	 0.00 20
Canary Spring, Mammoth 5 68 8.5 ND ND 11.0 	 3.80 0.0 	 0.00 8.1 	 0.39 19
Octopus Spring

Fall 2000 6 92 8.5 0.018‡ 0.92‡ 44 
0.47‡ 0.22‡ 15.0 	 0.28 1.9 	 0.15 1.5 	 0.08 175
Summer 2001 92 8.5 14.0 	 0.25 1.7 	 0.15 1.5 	 0.08 183

West Thumb Pool 7 89 7.3 This study 0 0.25 15.5 	 0.00 7.8 	 0.41 7.9 	 0.27 524
Washburn Spring #3 8 86 6.2 0.223§ ND§ This study 167§ 44§ 18.5 	 0.60 5.8 	 0.30 9.75 	 0.54 436
Queen’s Laundry

Fall 2000 9 89 8 18 2.2¶ 0.042¶ 28.0 	 0.59 0.73 	 0.03 1.7 	 0.21 604
Summer 2001 89 8 30.4 	 0.40 0.95 	 0.04 2.2 	 0.27 525

Cinder Pool
Fall 2000 11 88 4.2 0.022§ 0.5§ This study 47§ 1.0§ 77.6 	 27.8 1.2 	 0.21 16.6 	 3.80 241
Summer 2001 88 4.3 13.7 	 0.23 1.85 	 0.18 24.5 	 3.18 362

Washburn Spring 1 12 76 6.7 0.067§ 0.3§ This study 235§ 32.5§ 103.1 	 1.10 8.3 	 0.36 17.2 	 0.40 436
Obsidian Pool 13 80 6.5 19 17.6 0.33 133.2 	 5.80 0.1 	 0.00 14.9 	 0.66 63
Obsidian Pool Prime 14 74 5.7 This study 17.6 0.52 325.3 	 40.0 0.1 	 0.01 12.8 	 0.13 21

D.O., dissolved oxygen; Temp., temperature; ND, not determined; CnHn, totaled ethane, ethene, propane, propene, n-butane, isobutene.
*Small subunit rRNA gene analysis.
†We take these values as baseline for assays.
‡All values are from ref. 13.
§All values are from ref. 12.
¶Data are from ref. 53.

Table 2. Limited water chemistry for springs examined phylogenetically

Location Site Al, �g�liter As, �g�liter Cl, mg�liter Li, �g�liter Mn, �g�liter Fe(II), mg�liter

Octopus Spring* 6 512 1,380 262 3,420 3.4 0.0014†

West Thumb Pool 7 66 1,265 153 1,384 13.2 DL
Washburn Spring 3‡ 8 68,000 
1 6.7 
70 340 65
Queen’s Laundry 9 282 1,313 239 1,996 0.87 DL
Cinder Pool‡ 11 1,130 2,400 601 4,700 
6 0.088
Washburn Spring 1‡ 12 34,000 
1 
10 50 510 23.6
Obsidian Pool 13 349 DL 25 199 427 0.11
Obsidian Pool Prime 14 206 526 305 1,171 50 0.26

DL, detection limit.
*All values are from ref. 13.
†Unfiltered and lab-extracted.
‡All values are from ref. 12.

Spear et al. PNAS Early Edition � 3 of 6

M
IC

RO
BI

O
LO

G
Y

A
PP

LI
ED

PH
YS

IC
A

L
SC

IE
N

CE
S

WG Ex. 84

2861



surfaces generally overlapped with the environmental sediment
samples. Fig. 2 summarizes the census results.

The phylogenetic distribution of rRNA genes amplified with
the universal PCR primers (Fig. 2 A) provides some perspective

on the overall microbial composition of the Yellowstone geo-
thermal ecosystem. Communities were dominated by bacterial
rRNA genes. Archaea are considered common in geothermal
and other ‘‘extreme’’ environments, but these and all previous
surveys indicate that such organisms are not more abundant than
bacteria (19). Most of the archaeal sequences encountered were
related to environmental crenarchaeote sequences previously
observed in Obsidian Pool (16, 17), none with a specific rela-
tionship to a cultured organism (Fig. 2B).

Fig. 3 shows the main phylogenetic groups identified in springs
with five different chemical compositions. Although several
hundred unique bacterial sequences were determined, these fell
into only a few phylogenetic groups. Sequences representative of
Aquificales were most abundant in the communities, and se-
quences representative of Thermotogales, Thermus�Deinococcus,
and Thermodesulfobacteria also were common.

Collectively, �90% of sequences obtained were representa-
tives of these phylogenetic groups. These results are consistent
with earlier findings from more limited studies (16–20). Most
Aquificales sequences were closely related to cultured organisms
that rely on H2 as an energy source, including Thermocrinus ruber
(8), Hydrogenobacter spp. (34), Hydrogenobaculum spp. (35), and
Hydrogenothermus spp. (36). Because representatives of a relat-
edness group are expected to have properties that are uniformly
present in known members of the group, the environmental hot
spring organisms represented by the dominant sequences are
predicted to engage in hydrogen oxidation.

Comparison of community compositions in low- and high-sulfide
samples (Fig. 4) indicates that organisms recognized for sulfur
oxidation, such as relatives of Thiobacillus spp., do not dominate.
Instead, �-proteobacterial sequences emerge in communities with
higher sulfide concentrations. Many of these sequences are specif-
ically related to �-proteobacteria known for sulfate reduction and
commonly use H2 as a reductant. Sulfate is often present in the hot
springs (Table 1). Our results suggest that, when sulfate is present,
sulfate-reducing bacteria can contribute significantly to the energy
budget of the community.

Thermodynamic Modeling. We modeled the potential energy avail-
able to the microbial communities in hot springs. Because
photosynthesis does not occur above �70°C,§ most microbes in

Fig. 2. Cumulative rRNA gene analyses. (A) Distribution of sequences by
phylogenetic group as identified with ARB. Universal PCR primers (515F and
1391R) were used with environmental DNA templates from five hot springs,
and resultant sequences were compiled for the assemblage. Five percent of
the sequences are from one potentially new candidate bacterial division
encountered in this study. (B) Distribution of archaeal sequences in three hot
springs with two archaeal-specific PCR primer pairs. The majority, 77% of the
sequences, are identified as crenarchaeotes. Eighteen percent fall within
Euryarchaeota, and 5% fall within Korarchaeota. OPA-2, OPA-4 , and OPA-
Like represent environmental DNA sequences from a previous study of Ob-
sidian Pool (16); FCG-1 represents sequences from marine�hydrothermal vent
benthic archaea; and SEGMEG-1 represents sequences from deep South Afri-
can mines.

Fig. 3. Bacterial rRNA gene clone libraries. Bacterial sequences (ARB phylogenetic assignment) for five previously unexamined hot springs are shown as pie
charts. At least two PCR primer pairs and as many as eight (Obsidian Pool Prime) were used to determine the compositions for each hot spring.
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Yellowstone hot spring environments must obtain their energy
from reduced compounds in geothermal fluids. Dissolved sul-
fides, CH4, and H2 are the principal potential energy sources
available to these communities. The relative potential energy
yields of available energy sources can be estimated from the
measured chemical compositions of the hot springs. This poten-
tial energy depends on available O2, which is difficult to measure
but is low because of the reduced nature of hot springs and the
poor solubility of O2 in hot water (12, 13). Therefore, we
modeled potential energy available in four springs for oxygen-
consuming lithoautotrophic reactions over a range of O2 con-
centrations (Fig. 5) (37). Results show that H2 oxidation was
favored under oxygen-limited conditions observed in hot springs,
which is consistent with the apparent dominance of putative
hydrogen metabolizers in this study. The dominant abundance of
predicted hydrogen-oxidizing organisms occurs in hot springs
with high sulfide concentrations (e.g., Washburn Spring 1, site
12; see Fig. 1) and low sulfide concentrations (e.g., Obsidian Pool
Prime, site 14, and West Thumb Pool, site 7).

Discussion
Microbiology historically has focused on single organisms, with
limited attention to microbial ecosystems. Indeed, it is a chal-
lenge even to identify a microbial ‘‘ecosystem,’’ in the sense of
an ecological unit. Microbial ecosystems are constrained not by
geography or climate, but rather by local chemical and physical
conditions. Innumerable microbial ecosystems collectively un-
derpin and mold our biosphere, so it is important to strive to
understand their biochemical webs.

In this study we considered a relatively simple and confined
ecosystem setting, Yellowstone geothermal springs �70°C, and we

posed a simple question: What is the main source of metabolic
energy that drives such communities? We draw together three lines
of inference to propose that the main energy source for these
communities is H2. O2 and, to a lesser extent, oxidized sulfur species
serve as the main terminal electron acceptors. Sulfide, long con-
sidered an important energy source for hot spring communities,
seems to play a minor role. Microbial sulfide oxidation may play a
more prominent role further away from hot spring sources, where
cooler waters allow higher O2 solubility.

The phylogenetic composition of these communities is the first
line of inference that leads us to the conclusion that hydrogen is
their main energy source. These and previous molecular analyses of
hot springs with varied chemistries show that the dominant rRNA
genes are derived from close relatives of species known for hydro-
gen metabolism. The second line of inference, which corroborates
the molecular results, is the finding of ubiquitous H2 in Yellowstone
hot springs, at concentrations sufficient for microbial bioenergetics.
Finally, thermodynamic calculations based on O2 limitation show
that H2 metabolism is favored in this ecosystem.

Our conclusions are based on several assumptions about the
molecular approach to microbial community analysis. In principal,
rRNA clone libraries provide a snapshot of the relative proportions
of phylogenetic types in a community, and some properties of those
individuals can be inferred from phylogenetic information. Repre-
sentatives of a relatedness group are expected to have properties
that are common to the group (38). However, we acknowledge that
potential experimental artifacts can bias how well clone libraries
represent the actual proportions of phylogenetic types in a sample
(reviewed in refs. 39 and 40). Such artifacts include variable PCR
amplification due to primer selectivity and differential extraction of
genomic DNA from samples. Nonetheless, comparisons of results
obtained from clone libraries and other methods, such as fluores-
cent in situ hybridization (41) and rRNA hybridization (42), show
that careful application of molecular methods accurately identifies
the abundant organisms in a sample.

We endeavored to minimize potential experimental artifacts
by analysis of clone libraries prepared using different suites of
PCR primers with broad specificities, an approach used success-
fully in other studies (43). Obsidian Pool Prime, for example, was

Fig. 4. Low- and high-sulfide communities compilation. (A) The phyloge-
netic distribution of rRNA gene sequences obtained from the two low-sulfide
springs of this study (West Thumb Pool and Obsidian Pool Prime) combined
with the five low-sulfide springs studied by Blank et al. in ref. 18 (Octopus
Spring, Queens Laundry, Eclipse Geyser, Spindle Spring, and Boulder Spring).
(B) The phylogenetic distribution of rRNA gene sequences obtained from the
three high-sulfide springs in this study (Cinder Pool, Washburn Spring 1, and
Washburn Spring 3).

Fig. 5. Results of thermodynamic models. Shown are the amounts of energy
available from O2-consuming metabolic reactions, expressed in terms of avail-
able energy per mole of limiting O2 for comparative purposes. The available
energy is shown for a range of hypothetical O2 concentrations because
accurate O2 concentrations in hot waters are difficult to assess.
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examined with eight different PCR primer pairs. Although
different libraries always contained some unique sequences not
seen in other libraries from the same environmental DNA, we
see no significant difference in the proportions of phylogenetic
groups in the libraries. Regardless of potential biases, �93% of
rRNA sequences characteristic of H2-oxidizing microbes domi-
nate both low- and high-sulfide springs. This finding provides
strong evidence that such organisms constitute the main com-
ponent of these communities. Also, each of the communities is
probably more complex than we detect. At most, we analyzed
several hundred randomly chosen clones, and in no case did we
exhaust the diversity in a library. Thus, our analysis captures only
the most abundant rRNA genes. Substantial diversity remains to
be uncovered in these and other geothermal systems.

The Yellowstone hot spring communities are relatively simple
from the perspective of rRNA gene sequences. However, mi-
crobes that have even identical rRNA sequences may not be
entirely identical. Because hot spring geochemistry varies, or-
ganisms are expected to evolve adaptations to local conditions.
For instance, organisms in settings with little reduced iron (e.g.,
Octopus Spring) may have mechanisms for the acquisition or
utilization of iron that are not required in high-iron hot springs
(e.g., Obsidian Pool). Previous studies have shown genetic
variation among microbes with identical rRNA sequences from
different hot springs, indicated by variation in sequences of
rRNA internal transcribed spacers (18, 44).

The importance of H2-metabolizing organisms in environmental
microbiology has long been recognized (1). The nM concentrations
of H2 reported here are consistent with those reported for other
oxygen-poor environments such as lake sediment (36 nM), rice
paddies (28 nM), and sewage sludge (203 nM) (30). Hydrogen in
Yellowstone geothermal waters is likely geochemical in origin.
Sources of geochemical H2 are not well understood in general (45),
but in the Yellowstone environment they probably derive from
subsurface interaction of water with Fe[II] (46–51). Life in the
subsurface probably is limited more by the availability of oxidant
than of fuels such as H2 (52). This theme of hydrogen as a main fuel
in Yellowstone hot springs likely resonates to other geohydrother-
mal ecosystems, where H2 probably is common in anoxic water.

This article is dedicated to the memory of Tommy Gold, a pioneer in
thought on carbon and energy sources in the Earth’s crust. We gratefully
acknowledge the help and assistance of the Yellowstone Center for
Resources. Dr. Kirk Nordstrom (U.S. Geological Survey, Boulder, CO)
provided useful insight and feedback throughout the life of the project.
We thank members of the N.R.P. laboratory for collegiality, review, and
thoughtful comments on the manuscript. Funds for this work have been
provided by National Science Foundation Life in Extreme Environments
Grant DEB-9870880 (to N.R.P.) the National Aeronautics and Space
Administration Astrobiology Institute (to N.R.P.), a National Science
Foundation Microbial Biology Postdoctoral fellowship (to J.R.S.), and
an Agouron Institute Postdoctoral Fellowship (to J.R.S.).
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ABSTRACT There are strong indications that microbial
life is widespread at depth in the crust of the Earth, just as such
life has been identified in numerous ocean vents. This life is not
dependent on solar energy and photosynthesis for its primary
energy supply, and it is essentially independent of the surface
circumstances. Its energy supply comes from chemical sources,
due to fluids that migrate upward from deeper levels in the
Earth. In mass and volume it may be comparable with all
surface life. Such microbial life may account for the presence
of biological molecules in all carbonaceous materials in the
outer crust, and the inference that these materials must have
derived from biological deposits accumulated at the surface is
therefore not necessarily valid. Subsurface life may be wide-
spread among the planetary bodies of our solar system, since
many of them have equally suitable conditions below, while
having totally inhospitable surfaces. One may even speculate
that such life may be widely disseminated in the universe, since
planetary type bodies with similar subsurface conditions may
be common as solitary objects in space, as well as in other
solar-type systems.

We are familiar with two domains of life on the Earth: the
surface of the land and the body of the oceans. Both domains
share the same energy source-namely, sunlight, used in the
process of photosynthesis in green plants and microorga-
nisms. In this process the molecules of water and of CO2 are
dissociated, and the products of this then provide chemical
energy that supports all the other forms of life. Most of this
energy is made available through the recombination ofcarbon
and hydrogen compounds concentrated in the plants with the
oxygen that became distributed into the atmosphere and
oceans by the same photosynthetic process. The end product
is again largely water and CO2, thereby closing the cycle.

This was the general concept about life and the sources of
its energy until -12 years ago, when another domain of life
was discovered (1). This domain, the "ocean vents", found
first in some small regions of the ocean floor, but now found
to be widespread (2), proved to have an energy supply for its
life that was totally independent of sunlight and all surface
energy sources. There the energy for life was derived from
chemical processes, combining fluids-liquids and gasses-
that came up continuously from cracks in the ocean floor with
substances available in the local rocks and in the ocean water.
Such sources of chemical energy still exist on the Earth,
because the materials here have never been able to reach the
condition of the lowest chemical energy. The Earth was
formed by the accumulation of solid materials, condensed in
a variety ofcircumstances from a gaseous nebula surrounding
the sun. Much of this material had never been hot after its
condensation, and it contained substances that would be
liquid or gaseous when heated. In the interior of the Earth,
heat is liberated by radioactivity, by compression, and by
gravitational sorting; and this caused partial liquefaction and

gasification. As liquids, gases, and solids make new contacts,
chemical processes can take place that represent, in general,
an approach to a lower chemical energy condition. Some of
the energy so liberated will increase the heating of the
locality, and this in turn will liberate more fluids there and so
accelerate the processes that release more heat. Hot regions
will become hotter, and chemical activity will be further
stimulated there. This may contribute to, or account for, the
active and hot regions in the Earth's crust that are so sharply
defined.
Where such liquids or gases stream up to higher levels into

different chemical surroundings, they will continue to repre-
sent a chemical disequilibrium and therefore a potential
energy source. There will often be circumstances where
chemical reactions with surrounding materials might be pos-
sible and would release energy, but where the temperature is
too low for the activation of the reactions. This is just the
circumstance where biology can successfully draw on chem-
ical energy. The life in the ocean vents is one example of this.
There it is bacterial life that provides the first stage in the
process of drawing on this form of chemical energy; for
example, methane and hydrogen are oxidized to CO2 and
water, with oxygen available from local sulfates and metal
oxides. Hydrogen sulfide is also frequently present and leads
to the production of water and metal sulfides; there may be
many other reactions of which we are not yet aware. Of all
the forms of life that we now know, bacteria appear to
represent the one that can most readily utilize energy from a
great variety of chemical sources.
How widespread is life based on such internal energy

sources of the Earth? Are the ocean vents the sole represen-
tatives of this, or do they merely represent the examples that
were discovered first? After all, the discovery of these is
recent, and we may well expect that other locations that are
harder to investigate would have escaped detection so far.

Bacteria can live at higher temperatures than any other
known organisms; 110'C has been verified, and some biolo-
gists consider that the upper temperature limit may be as high
as 150'C (providing always that the pressure is sufficient to
raise the boiling point of water above this temperature).
There can be little doubt that venting of liquids and gases

from areas of the Earth's mantle beneath the crust is not
limited to a few cracks in the ocean floor. Indeed fossilized
"dead" ocean vents have already been discovered (3), show-
ing that the phenomenon is widespread and occurred in
different geologic epochs. A similar supply of fluids seems to
be widespread also in land areas, where it is much harder to
investigate, but it has been noted that many areas of base-
ment rocks contain methane and other hydrocarbons. This
has been seen in numerous mining and tunneling operations
for a long time. Major fault lines have been noted to be high
spots of hydrocarbon seepage (4). Hydrocarbons have also
been encountered in deep drilling in basement rocks, as in the
Soviet superdeep well in the Kola peninsula and in the pilot
hole of the German Continental Deep Drilling Project. The
large quantities of methane hydrates (methane/water ices)
found in many areas ofthe ocean floor, and thought to contain
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more methane than all other known methane deposits (5, 6),
suggest a widely distributed methane supply from below.

In land areas, deep in the rocks, it would be much harder
to discover and investigate biological activity than in the
ocean vents. The pore spaces in the rocks are quite sufficient
to accommodate bacterial life, and the rocks themselves may
contain many of the chemicals that can be nutrients together
with the ascending fluids. But, of course, there would be no
space for larger life forms. Just as bacterial life in the ocean
vents would not have been discovered had the secondary
larger life forms not drawn attention to it, so any active
bacterial life deep in the solid crust could have gone largely
unnoticed.
The remains of bacteria in the form of molecules-

"hopanoids" (derived from hopanes)-a material coming
from bacterial cell walls, have however been found in all of
the several hundred samples of oil, coal, and kerogen (dis-
tributed carbonaceous material in the crust) examined by
Ourisson et al. (7). These authors note the widespread or
apparently ubiquitous presence of these molecules in the
sedimentary rocks, and they give an estimate of the total
quantity as of the order of 1013 or 1014 tons, more than the
estimated 1012 tons of organic carbon in all living organisms
on or near the surface. They also note the virtually identical
pattern of the chromatogram of these molecules in oil and in
coal. Further they note that some of the molecules most
commonly used to identify the presence of biological material
in petroleum, such as pristane and phytane, are not neces-
sarily derived from plant chlorophyll as is commonly be-
lieved, but could well be products of the same bacterial
cultures as those that gave rise to the hopanoids. The
presence of these biomolecules can therefore not be taken to
prove a derivation of the bulk substance from surface bio-
logical debris.
What are the depths to which active bacterial life may have

penetrated? Could bacteria get down into the deep rocks?
Would this represent just a minor branch of all the surface
biological activity, or could it be comparable with it in the
total amount of chemical processing caused by it? How
important would such life have been for the chemical evo-
lution of the crust of the Earth?
An upper limit of the temperature of 110-150'C would

place a limit on the depth of between 5 and 10 km in most
areas ofthe crust. The mere question of access to such depths
for bacteria would be no problem. Even just the rate of
growth of bacterial colonies along cracks and pore spaces in
which the requisite nutrients are available would take them
down in a few thousand years-a very small fraction of the
time span available. In fact, fluid movements in pore spaces
would provide still much faster transport. The tidal pumping
of ground water alone would be sufficient to distribute
bacteria down to 10 km in less than a thousand years.
Probably longer times would have been required to allow for
the adaptation to the high temperatures.
The total pore space available in the land areas of the Earth

down to 5 km depth can be estimated as 2 x 1022 cm3 (taking
3% porosity as an average value). If material of the density
of water fills these pore spaces, then this would represent a
mass of 2 x 1016 tons. What fraction of this might be bacterial
mass? If it were 1% or 2 x 1014 tons, it would still be
equivalent to a layer of the order of 1.5 m thick of living
material if spread out over all of the land surface. This would
indeed be more than the existing surface flora and fauna. We
do not know at present how to make a realistic estimate of the
subterranean mass of material now living, but all that can be
said is that one must consider it possible that it is comparable
to all the living mass at the surface.
Together with this consideration would go the consider-

ation of the cumulative amount of chemical activity that
could be ascribed to this deep biosphere and with that the

importance it may have had for the chemical evolution of the
crust, the oceans, and atmosphere and the development of
the surface biology.
The remarkable degree of chemical selection leading to

concentrated deposits of certain minerals has long been an
enigma. How can processes in the crust lead to the produc-
tion ofa nugget ofgold or a crystal ofgalena when the refining
process had to concentrate these materials by a factor of
more than 1011 from the original elemental mix? How much
of the concentrated metal minerals found have so far been
explained satisfactorily? What energy sources were available
to produce such large local decreases of entropy, and how
was the necessary energy applied? Is this not a field where the
complexity of carbon chemistry and biology, with their
ability to be highly selective and to mediate chemical pro-
cesses, may have had a much larger share than had previ-
ously been thought? It is characteristic, after all, for biology
to generate important local decreases of entropy at the
expense of energy absorbed and entropy rejected elsewhere.

If there exists this deep, hot biosphere, it will become a
central item in the discussion of many, or indeed most,
branches of the Earth sciences. How much of the biological
imprint of material in the sediments is due to surface life and
how much to life at depth? Do the biological molecules of
petroleum and coal indicate now merely the additions from
the deep biosphere to materials of primordial origin, rather
than indicate a biological origin of the bulk of the substances
themselves?* Many deductions that are firmly in the geolog-
ical thinking ofthe present time may have to be reconsidered,
if there is indeed such an abundance of life at depth.
One cannot discuss these possibilities without connecting

them with the questions of the origin of life. Photosynthesis
is an extremely complex process, which must lie some
considerable way down on the path of evolution. Energy
sources that were simpler to tap had to sustain life for all the
time from its origin to the perfection of the photosynthetic
process. Presumably these were chemical energy sources,
provided by the substances of the Earth. Now one will want
to examine whether these were perhaps the same as the
chemical energy sources providing the life in the ocean vents
and possibly the bacterial life in the rocks about which we are
speculating here.
The rocks that have hydrogen, methane, and other fluids

percolating upward would seem to be the most favorable
locations for the first generation of self-replicating systems
(9). Deep in the rocks the temperature, pressure, and chem-
ical surroundings are constant for geologically long periods of
time, and, therefore, no rapid response to changing circum-
stances is needed. Ionizing radiations are low and unchang-
ing. No defense is needed against all the photochemical
changes induced by ultraviolet light or even by the broad
spectrum of visible sunlight.

Bacteriologists have speculated that, since a large sub-
group ofarchaebacteria-the most primitive andjudged to be
the most ancient bacteria-are thermophiles, this may indi-
cate that primitive life evolved at such high temperatures in
the first place (10). If it did and if the archaebacteria are the

*Robert Robinson, after studying the composition of natural petro-
leum, considered this possibility as likely. He wrote, "Actually it
cannot be too strongly emphasized that petroleum does not present
the composition picture expected from modified biogenic products,
and all the arguments from the constituents of ancient oils fit equally
well, or better, with the conception of a primordial hydrocarbon
mixture to which bioproducts have been added" (8). Although there
has been much detailed work since, demonstrating the variety of
biological molecules that exist in most petroleum, none of this can
make the distinction between the two opposing viewpoints. This
work was frequently cited to support the bioorigin theory rather
than the bioaddition, as a widespread microbiology at depth was not
put under consideration.
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earliest forms of bacteria, evolved at some depth in the rocks,
they may have spread laterally at depth, and they may have
evolved and progressed upwards to survive at lower temper-
atures nearer the surface. Some combination of lateral spread
at depth and spread over the surface with subsequent read-
aptation to the conditions at depth will have allowed them to
populate all the deep areas that provided suitable conditions
to support such life. Of course now, when the surface is
replete with bacteria of all kinds, it may be difficult to unravel
the evolution in each of the domains.

If the deep, hot biosphere of microbial life exists in the
rocks as well as at the ocean vents, what would be the
consequences? Could we expect to have seen any evidence
already?
Many reports have been published in recent times describ-

ing the discovery of bacteria in deep locations where they
were not expected. The most striking example is the discov-
ery deep in the granitic rock of Sweden. While drilling to a
depth of 6.7 km in an ancient meteorite impact crater called
the Siljan Ring, very large quantities of a fine-grained mag-
netite were encountered. Magnetite, a magnetic iron oxide,
exists normally in the granite in the form of large crystals (-1
mm) and at a low mean concentration. What was found was
quite different from this. Grains in the micrometer size range
were found in a thick sludge or paste, with a liquid binder that
was a light oil. This was seen first at a time when the drilling
fluid was water, with only occasional small additions of a
plant oil as a lubricant. This sludge contained oil to the
complete exclusion of water, and the oil was largely a simple,
light, hydrogen-saturated petroleum, completely different
from plant oils. (It is worth noting that no sediments of any
kind had been encountered in the drilling, only granitic and
igneous rock.) The magnetic grains were not only particularly
small, but also had a different trace element content from the
coarse magnetite grains in the granite. Neither the magnetite
nor the oil had a simple explanation in terms of the material
of the formation or of any of the drilling additives. The
quantities of this sludge found in this first discovery were not
small-60 kg of it filled a drillpipe to the almost complete
exclusion of the water-based drilling fluid. Later a pump
pumped up 15 tons of a similar oil, together with about 12 tons
of the magnetite (11). Similar oil-magnetite pastes have been
reported in several other oil drilling operations, and micro-
organisms have been identified that mediate the reduction of
local ferric iron of the formation to the lesser oxidized
magnetite, using the hydrocarbons as the reducing agent
(12-14).

Later, when oil-based drilling fluid had been in use for
several months, it was discovered that this had become
loaded with many tons, at least 15 and possibly 30, of this
fine-grained magnetite. It became clear that there was a
phenomenon that occurred on a large scale and that was a
major process in the rocks at a depth of between 5.5 and 6.7
km.

It is very difficult to see how concentrations of this material
could occur without bacterial action; indeed, samples of it
taken from a depth of 4 km or deeper have allowed several
strains of previously unknown thermophilic, anaerobic bac-
teria to be cultured.t It will therefore be worthwhile to search
for the presence of microorganisms in many other deep
locations in the rocks where chemical energy is known to be
available. The obvious locations for this are the deep oil or
gas wells. Bacterial cultures can be attempted from samples

tU. Szewzyk at the National Bacteriological Laboratory (Stock-
holm) has cultured several strains of anaerobic, thermophilic bac-
teria from samples taken below 4000 m in the Gravberg borehole,
Siljan Ring, Central Sweden (personal communication). Also K.
Pedersen at the Department of Marine Biology of the University of

Goteborg reports about deep ground water microbiology (15).

taken with the necessary precautions (maintenance of tem-
perature, pressure, and exclusion of oxygen) and using
culturing media similar to the local chemical surroundings at
the places of origin.
Although it had often been said that the presence of

bacteria in oil can be identified by the chemical signs of
"biodegradation" of that oil, we believe that this is mislead-
ing. Oil showing none of the known signs of biodegradation
may still be coming from a region rich in bacterial life, and the
oil may still have gained biological molecules from this
without, however, having suffered any other changes. The
reason for this is that microbial attack at depth is likely to be
limited by the availability of oxygen and not by that of
hydrocarbons; in that case, it seems to be the general rule that
bacteria would first use the light hydrocarbons, the molecules
from methane to pentane, before attacking any of the heavier
hydrocarbons. If the light hydrocarbons are present in suf-
ficient quantity to exhaust the locally available oxygen
sources (iron oxides, sulfates, and perhaps other oxides with
sufficiently low oxygen binding energy), then the liquid oils
will not suffer any biodegradation. Under these circum-
stances, which are probably common at depth in petroleum
provinces, oil will then commonly exist with additions of
biomolecules and yet without any signs of biodegradation. It
is the finding of apparently undegraded oil that nevertheless
contained biomolecules that had been considered as the most
compelling evidence for a biological origin of the oil itself.
This consideration would no longer be valid, and a nonbio-
logical origin for the bulk of the terrestrial hydrocarbons,just
as for all the abundant hydrocarbons on the other planetary
bodies, then seems probable. This is one example where the
recognition of the existence of abundant microbial life at
depth may change major considerations in geology and
geochemistry.
Where we find "biodegraded" oil, it must have been

subjected to conditions of greater availability of oxygen and
lesser availability of the hydrocarbon gases; presumably, this
occurs generally nearer the surface where atmospheric ox-
ygen is available in ground water and where the concentra-
tion of the light hydrocarbons is low, as these are gases at the
low ambient pressure.

It may be that we shall find a simple general rule to apply:
that microbial life exists in all the locations where microbes
can survive, that would mean all the locations that have a
chemical energy supply and that are at a temperature below
the maximum one to which microbes can adapt. There would
be no locations on the Earth that have been protected from
"infection" for the long periods of geologic time.
Chemical energy must be available, but it must not be

liberated spontaneously without the intervention of the or-
ganisms. That means we have to be concerned with regions
in which the chemical processes that can release energy
would not run spontaneously; the temperature must be below
the activation temperature for the reactions, or a set of
reactions must be involved that give out energy on comple-
tion, but that require intermediate steps that absorb energy.
Research on the deep microbial life would allow one to

judge the extent of it on the Earth, and with that one can

expect to gain an insight into the extent to which microbial
activity has contributed to the chemical evolution of the crust
and its various mineral deposits. Prospecting techniques for
minerals and for petroleum may be improved. The derivation
of petroleum is a subject of great economic importance, and
new information may profoundly influence the prospecting
techniques and the estimates of the quantities of petroleum
and natural gas that remain to be discovered.
The other planetary bodies in our solar system do not have

favorable circumstances for surface life. The numerous bod-
ies that have solid surfaces all have conditions of atmospheric
pressure and temperature unfavorable for the presence of

Microbiology: Gold
WG Ex. 85

2867



Proc. Natl. Acad. Sci. USA 89 (1992)

liquid water. Mars, deemed the least unfavorable in this
respect, has been investigated (by the Viking landers), and no
indications of any biological activity have been found. With
this, it seemed that there was little or no chance offinding any
other life in the solar system.
With the possibility of subsurface life, the outlook is quite

different. Many planetary bodies will have temperature and
pressure regimes in their interiors that would allow liquid
water to exist. Hydrocarbons clearly are plentiful not only on
all the gaseous major planets but also on the solid bodies (the
large satellites, numerous asteroids, the planet Pluto, comets
and meteorites); and there is every reason to believe that
hydrocarbon compounds were incorporated in all of the
planetary bodies at their formation. The circumstances in the
interior of most of the solid planetary bodies will not be too
different from those at a depth of a few kilometers in the
Earth. The depth at which similar pressures and temperatures
will be reached will be deeper, as the bodies are smaller than
the Earth, but this fact itself does not constitute any handicap
for microbial life. If in fact such life originated at depth in the
Earth, there are at least 10 other planetary bodies in our solar
system that would have had a similar chance for originating
microbial life.
Could the space program ever discover this? Is there a

possibility of finding life of an independent origin on some of
the other planetary bodies?
We shall have to see whether microorganisms exist at

depths on the moon, on Mars, in the asteroids, and in the
satellites of the major planets. Such investigations may
become central to that great question of the origin of life, and
with that they may become a central subject in future space
programs.
There is a chance that an independent origin could indeed

be identified by a number of criteria: the discovery of
opposite chiral asymmetries (50-50 chance in case of an
independent origin, while the observation of the same chi-
rality in just one other case would be uninformative); a
different choice of basic molecules, or any of the criteria that
have been used to show that all terrestrial life has one
common origin. (Incidentally, as has often been discussed,
this does not imply that there has been only one occurrence
leading to an origin of life: if there had been several, the most
successful would have supplanted all others, and after that
there would be no possibility for a fresh start in competition
with evolved biology).

It is difficult to foresee at the present time that the space
program could proceed to the sophistication and power to
perform very deep drilling operations on distant planets.
However, there are other options. Deep rifts, such as the
Valley Marinera on Mars, expose terrain that was at one time
several kilometers below the surface. Samples from there,
from the massive landslides in that valley, could be returned
to Earth and analyzed for chemical evidence that living
materials have existed there in the past. Similarly, one may
sample lunar craters that have exposed deep materials fairly
late in the lunar history or deep rifts and young craters on any
of the other solid planetary bodies.

Since we recognize that even the seemingly most inhospi-
table bodies may harbor life, care would now be necessary to
avoid contamination by terrestrial organisms. Manned expe-
ditions, whatever other difficulties there might be with them,
can certainly not be kept sterile and would therefore spoil
such researches for all future times. Only very clean un-
manned space vehicles going to planetary bodies that have
not previously been visited by contaminated vehicles would
qualify to bring back meaningful samples of a biology that
resembles that of the Earth.

If life was restricted to the proximity of the surface of
planetary bodies, then "panspermia," the transport of living
material through space over astronomical distances, would

be very improbable, as such living material would have to
remain viable in a dormant form for very long times; in most
of the suggested forms of panspermia, it would not be
protected sufficiently well against the cumulative effects of
the cosmic rays. Meteoritic impacts could well have exploded
large chunks of rock from one planet, and such chunks may
have escaped complete vaporization and excessive heating
both during expulsion from one body and accretion on
another. But unless the living organisms were deep inside of
a rock, so as to be shielded by many meters of solids from the
cosmic ray bombardment of space, there would be little
chance of transferring functional living materials. Pansper-
mia becomes a much more realistic possibility if there is
abundant life at depth in the planetary bodies. There would
have been a vastly greater number of opportunities for a
transfer between planets in earlier epochs, when the rates of
bombardment were much higher than they are now.

Meteorites are being collected at the present time that are
thought to have derived from Mars (16) and indeed are found
to contain carbonaceous material. Can one find traces of
biological substances in them?
The surface life on the Earth, based on photosynthesis for

its overall energy supply, may be just one strange branch of
life, an adaptation specific to a planet that happened to have
such favorable circumstances on its surface as would occur
only very rarely: a favorable atmosphere, a suitable distance
from an illuminating star, a mix of water and rock surface,
etc. The deep, chemically supplied life, however, may be
very common in the universe. Astronomical considerations
make it seem probable that planetary-sized, cold bodies have
formed in many locations from the materials of molecular
clouds, even in the absence ofa central star, and such objects
may be widespread and common in our and in other galaxies.
It is therefore a possibility that they mostly support this or
similar forms of life. Panspermia not only over interplanetary
but over interstellar distances would then be a possibility,
and it would take the form of the distribution from one body
carrying active living forms for indefinite periods of time and
in a protected environment to another body capable of
supporting similar life.
There is one further consideration that needs to be men-

tioned: the upper temperature limit of bacterial life may well
be in the region of 120-1500C. But the availability ofchemical
energy sources will go down to much greater depths and
much higher temperatures. Many chemical mixtures will not
spontaneously run down to chemical equilibrium until tem-
peratures more in the neighborhood of a 10000C are reached.
Therefore, underneath the type of biosphere that we have
discussed here, there will generally lie a large domain that is
too hot for the bacterial life we know, but that is nevertheless
capable of supporting other systematic chemical processing
systems that can mediate those energy reactions. Could there
be such higher temperature systems that act in a way similar
to life, even ifwe may not identify them as life? Perhaps their
chemistry would not be based on carbon, like the life forms
we know; the element silicon comes to mind as an element
that can also form molecules of some complexity and fre-
quently with a higher temperature stability than similar
carbon-based molecules. Perhaps there are chemical systems
that lack some of the properties we use in our present
definition of life. Self-replication is a property possessed by
simple crystal growth: it is only when self-replication is
associated with an adaptive capability that the complex forms
develop that we identify as life. In the case of unfamiliar
circumstances and materials, we may fail to recognize these
properties.
There is a lot ofdistance between plain crystallography and

life. It is the bridging of this distance that forms the central
piece of the theories of the origin of life. Should we perhaps
look at this deeper, hotter domain to find the clues? This is
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a region where the conditions have remained constant for the
longest periods and where the chemical energy sources have
perhaps been most plentiful. Thermodynamics teaches us
that a high degree of organization can develop only where
there is a supply of energy, but we do not yet understand
whether the availability of energy will itself promote the
formation of such organized systems.

Cairns-Smith (17), writing about the origin of life, has
pointed out that, once self-replicating adaptive systems have
formed, they may well adapt gradually and change to a totally
different chemistry. The chemistry of life we now know need
not be the one associated with its essential origin. Thus if a
higher temperature life (or pre-life) exists, based on a differ-
ent chemistry, it may still have an evolutionary relationship
with ours, and one cannot presume to know in which sense
such an evolution may have taken place.
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ABSTRACT Serpentinization can generate highly reduced fluids replete with hydro-
gen (H2) and methane (CH4), potent reductants capable of driving microbial metha-
nogenesis and methanotrophy, respectively. However, CH4 in serpentinized waters is
thought to be primarily abiogenic, raising key questions about the relative impor-
tance of methanogens and methanotrophs in the production and consumption of
CH4 in these systems. Herein, we apply molecular approaches to examine the func-
tional capability and activity of microbial CH4 cycling in serpentinization-impacted
subsurface waters intersecting multiple rock and water types within the Samail
Ophiolite of Oman. Abundant 16S rRNA genes and transcripts affiliated with the
methanogenic genus Methanobacterium were recovered from the most alkaline (pH,
�10), H2- and CH4-rich subsurface waters. Additionally, 16S rRNA genes and tran-
scripts associated with the aerobic methanotrophic genus Methylococcus were de-
tected in wells that spanned varied fluid geochemistry. Metagenomic sequencing
yielded genes encoding homologs of proteins involved in the hydrogenotrophic
pathway of microbial CH4 production and in microbial CH4 oxidation. Transcripts of
several key genes encoding methanogenesis/methanotrophy enzymes were identi-
fied, predominantly in communities from the most hyperalkaline waters. These re-
sults indicate active methanogenic and methanotrophic populations in waters with
hyperalkaline pH in the Samail Ophiolite, thereby supporting a role for biological
CH4 cycling in aquifers that undergo low-temperature serpentinization.

IMPORTANCE Serpentinization of ultramafic rock can generate conditions favorable
for microbial methane (CH4) cycling, including the abiotic production of hydrogen
(H2) and possibly CH4. Systems of low-temperature serpentinization are geobiologi-
cal targets due to their potential to harbor microbial life and ubiquity throughout
Earth’s history. Biomass in fracture waters collected from the Samail Ophiolite of
Oman, a system undergoing modern serpentinization, yielded DNA and RNA signa-
tures indicative of active microbial methanogenesis and methanotrophy. Intriguingly,
transcripts for proteins involved in methanogenesis were most abundant in the most
highly reacted waters that have hyperalkaline pH and elevated concentrations of H2 and
CH4. These findings suggest active biological methane cycling in serpentinite-hosted
aquifers, even under extreme conditions of high pH and carbon limitation. These ob-
servations underscore the potential for microbial activity to influence the isotopic
composition of CH4 in these systems, which is information that could help in identi-
fying biosignatures of microbial activity on other planets.
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Life in deep subsurface environments is dependent on lithosphere-derived nutrients
to drive metabolism and biosynthesis (i.e., chemosynthesis). Water-rock interactions

are one potential source of nutrients that can be used by biological systems to generate
chemical energy. During the hydration of olivine and/or pyroxene in ultramafic rocks,
the oxidation of ferrous iron coupled with the reduction of water can generate
molecular hydrogen (H2) through the geological process of serpentinization (1, 2).
Elevated dissolved H2 concentrations can drive the reduction of inorganic carbon (CO2)
to generate formate (HCOO�) and carbon monoxide (CO) (3), as well as methane (CH4)
and additional light hydrocarbons, through abiotic reactions at low temperature
(�100°C) (4, 5). Serpentinization-impacted waters often have very low oxidation-
reduction potentials, have pH values of 8 to greater than 12, and can have nM to mM
concentrations of H2 and CH4 that can serve as electron donors to fuel microbial
metabolism (6–12). Zones of active, low-temperature serpentinization exist beneath the
water table within ophiolites, portions of the oceanic crust and upper mantle that have
been tectonically emplaced onto a continent. Ophiolites, such as the Samail Ophiolite
in the Sultanate of Oman, provide an accessible venue to study the subsurface
biosphere in bedrock environments undergoing serpentinization (7, 13).

Current data suggest CH4 in ophiolites is generated abiotically at low temperatures
or is primarily relict from early high-temperature water/rock reactions that trapped
fluids and gases in fluid inclusions, which are later released during weathering (5, 14).
The abiotic sources of CH4 in these systems are inferred by studies of stable isotope
compositions showing CH4 enriched in 13C (5). Alternatively, several types of microor-
ganisms can produce CH4, including methanogenic Archaea that can generate CH4

from a variety of substrates, including H2/CO2, CO, formate, a variety of methylated
substrates, and acetate (15), of which many have been detected in waters that have
been subjected to serpentinization (7, 9, 16–18). Although methanogens differ in their
substrate use, all require the methyl-coenzyme M reductase (MCR) enzyme complex
(encoded by mcrABG) for the terminal step of methanogenesis. Some H2-dependent
methanogens can also use formate as a source of electrons to reduce CO2 instead of H2

via the activity of formate dehydrogenase (encoded by fdhAB) (19). Conversely, anaer-
obic methanotrophs oxidize CH4 with a variety of terminal electron acceptors, including
sulfate (SO4

2�), nitrate (NO3
�), nitrite (NO2

�), and metals, likely via the reverse metha-
nogenesis pathway (20). In addition to anaerobes, aerobic methanotrophs catalyze the
oxidation of CH4 (to methanol) using the particulate or soluble methane monooxygen-
ase enzymes, encoded by the pmoABC and mmoXYZ genes, respectively (21, 22). In the
second step of CH4 oxidation, methanol dehydrogenases (MDH) oxidize methanol to
formaldehyde. The mxaF gene encodes the large subunit of the NAD-independent
MDH known to proteobacterial methanotrophs (23). These genes, therefore, can serve
as key putative markers of methanogenesis and methanotrophy in natural systems. The
presence of genes that encode [NiFe]-hydrogenases and carbon cycling processes can
provide further insight into the specific electron donors capable of fueling these cells
in an environment.

Several environments impacted by the process of serpentinization show evidence of
microbial methanogenesis and methanotrophy. For example, the detection of key
genes required for methanogenesis and/or methanotrophy from the Voltri Massif
(Italy), the Samail Ophiolite (Oman), and the Santa Elena Ophiolite (Costa Rica) suggests
that these processes are active in these systems (9, 18, 24). The case for the presence
of these organisms in ophiolites is bolstered by the detection of 16S rRNA genes
affiliated with known CH4 cycling organisms (6, 7, 9, 25). Methanotrophic ANME-1
archaea have been detected via high-throughput sequencing methods in the Voltri
Massif and Cabeço de Vide aquifers of Italy and Portugal, respectively (17, 18). Further-
more, the composition and 13C enrichment of archaeal lipids from the Chimaera
ophiolite of Turkey provides evidence of archaeal methanogenesis under inorganic
carbon limitation at that site (26). Organisms collected from the Samail Ophiolite and
the Cedars (California) show CH4 production when amended with 14C- or 13C-labeled
substrates in activity assays, respectively (11, 24), and the incubations conducted with
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organisms from the Samail Ophiolite also show labeled substrate assimilation into
biomass (24). Additionally, an enrichment culture of a methanogen of the genus
Methanobacterium grown from alkaline waters of the Samail Ophiolite was active over
a pH range of 6.9 to 10.1 and showed an ability to use HCO3

� and CaCO3 as a C source
(27). Yet, other sites, including the Coast Range Ophiolite Microbial Observatory
(CROMO) (California) and the Tablelands Ophiolite (Newfoundland, Canada), show no
evidence of microbial methanogenesis, suggesting the presence of unknown factors
that limit the distribution of CH4 metabolisms at these sites (28, 29). Therefore, while
incubation and cultivation studies show microbial activity when amended with sub-
strate, they may not be representative of activity in the modern subsurface of ophio-
lites. Consequently, the environmental conditions conducive to methanogenic activity
require further investigation.

The Samail Ophiolite is the largest (approximately 15,000 km3) and best-exposed
ophiolite on Earth, with zones in the mantle peridotite section currently undergoing
serpentinization largely below 60°C (7, 30–34). In 1983 to 1985 and 2004 to 2005, the
Sultanate of Oman drilled several wells into the ophiolite, making it an accessible
location to sample subsurface fracture waters and to investigate the microbial contri-
bution to CH4 cycling in a low-temperature continental serpentinizing environment.
Previous work has detected �M to mM concentrations of dissolved H2 and CH4 in
aquifer waters, with the CH4 in hyperalkaline waters displaying unusually high �13C
values (up to �3‰ VPDB [Vienna Pee Dee Belemnite]) that do not fall within typical
ranges of microbial CH4 (7, 27, 32, 35). This suggests either an abiotic origin for CH4 or
extensive biological production and/or consumption of CH4 that is already enriched in
�13C. Here, we apply genomic and transcriptomic sequencing approaches to biomass
collected from these same sites to better define the distribution and putative activity
of microbial methanogens and methanotrophs within the Samail Ophiolite.

RESULTS
Geochemical characterization of subsurface fracture waters. Fracture waters

from five preexisting wells in the Samail Ophiolite, Oman (Fig. 1), were sampled in
February of 2017 for planktonic biomass for use in geochemical (Table 1) and DNA- and
RNA-based-analyses. Well NSHQ14 was sampled at a depth of 50 m (NSHQ14B) and 85
m (NSHQ14C). Waters recovered from wells drilled in peridotite bedrock (NSHQ14 and
WAB71) had hyperalkaline pH (pH, �10), with waters from NSHQ14C at a 85-meter
depth exhibiting the highest measured pH (11.3) and H2 concentration (253 �M) of any
of the sampled wells. The waters recovered from wells drilled near the “contact” or
subsurface faulted boundary between gabbro and peridotite bedrock (NSHQ04 and
WAB55) had alkaline pH, with values of 10 for NSHQ04 and 9.2 for WAB55. The pH of
gabbro-hosted well WAB188 was not measured in 2017, but previous observations
recorded values of 8.7 and 7.6 in 2015 and 2016, respectively (6).

CH4 was detected in every well, with the highest concentration (483 �M) measured
in contact well NSHQ04. Dissolved inorganic carbon (DIC) was detected in low
(�0.2 mM) concentrations in the hyperalkaline wells and in greater concentrations (up
to 3 mM) in WAB188 and WAB55. Peridotite wells had lower concentrations of potential
electron acceptors (e.g., SO4

2�, NO3
�, and NO2

�) than the contact wells (Table 1). Trace
metal and nonmetal elemental concentrations for all wells are in Table S1 in the
supplemental material.

Previous studies grouped the waters in each of the wells sampled herein as either
type I, type II, or crust/mantle contact waters based on water geochemistry, specifically
water pH and concentrations of Ca and Mg (31, 33, 36–39). In agreement with prior
classifications, NSHQ14, WAB71, and NSHQ04 were dominated by Ca/OH� waters
typical of closed-system serpentinization (termed type II waters), WAB55 intersects
Mg/HCO3

� waters more typical of open-system serpentinization (termed type I waters),
and gabbro-hosted WAB188 contains waters typical of a contact well near the crust/
mantle boundary.
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Diversity of 16S rRNA genes and transcripts in subsurface fracture waters.
Biomass was concentrated from subsurface type I and II waters by filtration (0.22 �m)
and processed for DNA and RNA; the RNA was converted to cDNA. The V4/5 hyper-
variable regions of both 16S rRNA genes and their transcripts (cDNA) were amplified,
sequenced, and clustered into amplicon sequence variants (ASVs). An overview of the
most abundant ASVs from each well (see Fig. S1 in the supplemental material),
sequencing metrics (see Table S2 in the supplemental material), and rarefaction curves
of observed species richness (see Fig. S2 in the supplemental material) are in the
supplemental information. DNA/RNA extraction, PCR, and the reverse transcriptase
(RT)-negative controls produced low numbers of sequence reads and did not resemble
sampled well community 16S rRNA gene compositions (see Fig. S3 in the supplemental
material). Eukaryotic 18S rRNA sequence counts were low (0.11% of all sequences from
all wells), and these sequences were deemed contaminants in this investigation due to
the low read counts and compositional similarity to laboratory controls.

Numerous sequences were detected with close affiliation to known CH4-producing
and -consuming organisms. Based on homology to cultivars, the most abundant
sequences corresponding to methanogenic taxa were those affiliated with the genus
Methanobacterium, a methanogen within the Euryarchaeota phylum (40). This Metha-
nobacterium 16S rRNA gene ASV was one of the most abundant sequences detected in
both type I and type II well waters (Fig. S1). Other lesser abundant ASVs showed
homology to other characterized methanogenic archaea. The most abundant se-

FIG 1 Geological map of a portion of the Samail Ophiolite (created in the program qGIS using data from Nicolas
et al. [30]) showing sampling locations in the Wadi Tayin massif (adapted from Nothaft et al. [91] with permission).
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quences related to methanotrophs were those showing homology to Methylococcus, an
aerobic methanotroph within Gammaproteobacteria (41). Less abundant ASVs affiliated
with putative anaerobic CH4-oxidizing taxa were also detected in well water commu-
nities, including ANME-1 (20) and “Candidatus Methylomirabilis” of the NC10 group (42).

Stark differences in ASV abundance were apparent between the DNA and cDNA
fractions within samples. The mean abundance of 16S rRNA genes (DNA) and tran-
scripts (cDNA) of two taxa putatively involved in CH4 cycling is shown in Fig. 2. The
mean percentage of sequences of ASVs affiliated with the most abundant methanogen
Methanobacterium was greater in the cDNA fraction for NSHQ14 (Fig. 2A). At the 85-m
depth for NSHQ14, 47.1% of the cDNA reads were attributed to Methanobacterium
compared with 13.3% of the DNA reads. Similarly, Methanobacterium constituted 34.5%
of the cDNA and 10.7% of the DNA reads at the 50-m depth. The proportion of
Methanobacterium reads in NSHQ14 varied more widely in the cDNA (19.9% to 62.9%)
than in the DNA (6.9% to 18.6%) (Fig. 2B). In contrast to NSHQ14, the Methanobacterium
ASVs represented less than 5% of the reads in any sample from other wells. Similarly,
the Methylococcus-affiliated ASV comprised a greater mean percentage of the cDNA
(6.6%, 2.8%) compared with the DNA (1.0%, 0.4%) in NSHQ14 at 50 m and 85 m. In
hyperalkaline contact well NSHQ04, Methylococcus was 41.4% of the cDNA and 17.4%
of the DNA. The anaerobic methanotroph-affiliated ASVs (ANME-1, “Ca. Methylomira-
bilis”) had low read abundances (�0.5%) in both the DNA fractions in hyperalkaline
peridotite water samples.

Metagenomic characterization of subsurface fracture water communities. Key
genes encoding proteins involved in methanogenesis were detected in assembled
metagenomic sequences from the type II hyperalkaline waters of the peridotite-hosted
wells NSHQ14 and WAB71 (Fig. 3A). Metagenomic assemblies from both depth intervals
at NSHQ14 harbored genes coding for MCR (mcrABCDG) and tetrahydromethanopterin
S-methyltransferase (MTR; mtrABCDEFGH) operons. The MCR and MTR homologs were
colocalized on the same contigs recovered from both 50-m and 85-m depth intervals

TABLE 1 Geochemical composition of waters sampled from wells that intersect peridotites or that lie at the boundary of peridotites and
gabbros in the Samail Ophiolite in 2017a

Parameter

Data for well/condition (pump depth [m])

LOQ

NSHQ14

WAB71 (70) NSHQ04 (5.8) WAB55 (30) WAB188 (78) Rain50 85

Well type Peridotite Peridotite Peridotite Contact Contact Contact
pH 11.05 11.28 10.59 10 9.22 NA -
Temp (°C) 34.4 36.3 - - - - -
Eh (mV) �415 �253 - - - 214 -
H2 (�M) 32.5 253 0.59 BLOQ BLOQ 0.99 - 0.05
CH4 (�M) 53.5 106 14.8 483 0.106 1.83 - 0.015
DIC (mM) 0.05 0.13 0.12 0.04 2.90 3.00 - 0.02
CO (�M) BLOQ BLOQ BLOQ BLOQ BLOQ BLOQ - 0.28
� Na (mM) 8.35 10.21 4.95 10.40 4.12 3.49 0.25 5.85 � 10�3

� Ca (mM) 3.66 4.34 4.07 7.79 0.05 1.33 0.52 1.6 � 10�4

� Mg (mM) 0.01 0.02 BLOQ 0.02 2.75 1.44 0.15 5.9 � 10�5

� Mn (�M) 7.83 � 10�3 3.3 � 10�2 BLOQ 0.03 0.02 0.14 1.0 � 10�4 7.38 � 10�4

� Al (mM) BLOQ 2.0 � 10�3 1.8 � 10�3 2.0 � 10�3 BLOQ BLOQ 1.0 � 10�3 7.6 � 10�4

� Fe (mM) 1.5 � 10�4 1.8 � 10�3 1.6 � 10�4 8.2 � 10�4 2.5 � 10�3 3.8 � 10�4 3.6 � 10�4 6 � 10�6

� Si (mM) 8 � 10�3 6 � 10�3 2.1 � 10�2 3.6 � 10�2 3 � 10�3 0.37 0.08 4 � 10�4

� K (mM) 0.20 0.25 0.25 0.29 0.21 3.9 � 10�2 7.1 � 10�2 8.3 � 10�4

NH4
� (�M) 14.2 13.0 100.0 55.5 BLOQ BLOQ - 1.0

SO4
2� (mM) 0.13 2 � 10�3 0.04 0.68 0.88 1.13 0.17 1.04 � 10�3

NO3
� (mM) BLOQ BLOQ BLOQ BLOQ 0.14 0.12 0.26 1.61 � 10�3

Cl� (mM) 14.28 16.20 11.59 BLOQ 7.24 5.04 0.40 2.82 � 10�3

Br� (mM) 0.02 2.5 � 10�2 1.2 � 10�2 2.7 � 10�2 5 � 10�3 2 � 10�3 BLOQ 1.79 � 10�4

aFor comparison, data are presented on the geochemical composition of a single sample of rainwater collected from the Samail Ophiolite in 2017. � indicates the
value is the sum of all species of an element. Values below the limit of quantification (BLOQ) are indicated, and dashes (-) indicate that measurements were not
taken. Concentrations of PO4

2� were below the limit of quantification in all samples. The pH of NSHQ04 was taken with a colorimetric indicator strip. Measurement
of the pH of WAB188 was not possible in 2017 and previous measurements recorded in 2015 and 2016 were 8.7 and 7.6, respectively (7).
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in NSHQ14, and the McrA sequences were most closely affiliated with McrA from a
cultivated Methanobacterium sp. (GenBank accession TMS43336.1). Genes for various
[NiFe]-hydrogenases involved in supplying reductant or balancing osmotic potential
in methanogens (15) were also identified. These include active site subunits of
membrane-bound, ion translocating [NiFe]-hydrogenases (mbhJL), putative bifurcating
hydrogenases (mvhADG), and F420- or cytochrome-reducing hydrogenases (frhABG and
vhcD, respectively) (43). Like MCR and MTR, these homologs were detected in assem-
blies from both depths of NSHQ14 and showed close homology to various cultivated
Methanobacterium sp. CH4 cycling genes identified in metagenomes with homology to
proteins from Methanobacterium sp. (with an E value of �1 � 10�6, �30% amino acid
identity over �50% of the length) are shown in Fig. 3B.

In metagenomic assemblies from the peridotite-hosted well WAB71, only an amino
acid sequence for mcrG was detected, and it exhibited homology to mcrG of a
Methanophagales sp. of the ANME-1 group (GenBank accession RZN33282.1). Among

FIG 2 (A) Mean relative abundance of the most abundant taxa putatively involved in CH4 production and consumption in the cDNA and DNA
of biomass collected from well waters of the Samail Ophiolite. (B) Percentage of the top putative methanogenic and methanotrophic organisms
inferred by SSU rRNA sequence abundance of ASVs with homology to Methanobacterium (red/orange) and Methylococcus (blue). Each point
represents a biological replicate.
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the communities in type I well waters, those from WAB188 showed the greatest
capability for hydrogenotrophic methanogenesis (Fig. 3A). The operons encoding MCR
(mcrABCDG) and MTR (mtrABCDEFGH) were colocalized on a single contig, while the
MCR II (mrtBDGA) operon was found on a separate contig, and homologs of [NiFe]-
hydrogenases (mvhDG, frhABG, vhcG, and mbhJL) were detected. Homologs of each
protein were closely related to cultivated Methanobacterium sp. (mcrA, GenBank ac-

FIG 3 (A) Fragments per kilobase of exon per million reads (FPKM) of key functional genes of interest for CH4

cycling metabolisms. The methyl-coenzyme M I (mcrABGCD), methyl-coenzyme M II (mrtABGD), formate dehydro-
genase (fdhAB), carbonic anhydrase (CA), particulate methane monooxygenase (pmoABC), and methanogenic
[NiFe]-hydrogenase (frh, mvh, mbh, and vhc) enzymes from assembled metagenomes are shown. Notably, FPKM
values are comparable within each sample (shown by color) but not across samples. Wells are ordered by
decreasing fluid pH. (B) FPKM of CH4 cycling genes that are homologous to proteins from Methanobacterium sp.
(E value of � 1 � 10�6; �30% amino acid identity over �50% of the length).
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cession WP_048081846.1; mrtA, GenBank accession AXV36901.1). In comparison, met-
agenomic assemblies from WAB55 (type I) were found to contain only homologs of
mcrCG (related to Methanobacterium; GenBank accession WP_048081846.1), and as-
semblies from NSHQ04 encoded only mtbB homologs most closely related to halophilic
methanogenic taxa (Methanonatronarchaeum thermophilum, GenBank accession
OUJ19070; and Methanohalophilus sp., GenBank accession OBZ35607.1). These findings
point to methanogens being less abundant in WAB55 and NSHQ04 than in WAB188
and NSHQ14, thereby leading to incomplete representation of pathways involved in
their energy metabolism in metagenomic assemblies.

Homologs of fdhAB encoding the subunits of the formate dehydrogenase enzyme
were detected in all well metagenomes, with some sequences homologous to Metha-
nobacterium strains (Fig. 3). Homologs of carbonic anhydrase (CA) genes (can, cynT, and
cah) were detected in all metagenomes. Most CA sequences were identified most
closely to nonmethanogenic/methanotrophic organisms, but CA sequences from
NSHQ14 and WAB188 were found to be most closely related to methanogens and
methanotrophs, including Methanobacterium and Methylococcus strains.

Homologs of protein-coding genes associated with methanotrophy were detected
in metagenomic sequences, consistent with 16S rRNA gene and transcript data sug-
gesting the potential importance of methanotrophy in the Samail Ophiolite. Homologs
of pmoABC were detected in every well (Fig. 3A), often with one or more slightly
divergent copies. These homologs were most closely related to those identified in
previously characterized aerobic Methylococcus sp. Homologs of protein-coding genes
affiliated with soluble methane monooxygenases (mmoXYZ) or of the large subunit of
methanol dehydrogenase (mxaF) were not detected in any metagenome from the
subsurface water communities.

Metatranscriptomic characterization of subsurface fracture water communi-
ties. Transcripts of genes involved in various CH4-cycling processes were detected in
subsurface waters from the Samail Ophiolite. Transcript abundances were normalized
to counts per million reads (CPM) and lowly expressed transcripts (�1 CPM in all
samples) were removed as possible contaminants. The results for all transcripts inves-
tigated are in Table 2.

The abundances of transcripts in CPM for MCR (mcrABG), [NiFe]-hydrogenases
(mvhADG, frhABG, vhcADG, vhuADGU, and mbhJL), pmoABC, CA, and fdhAB are shown in
Fig. 4. MCR was expressed in NSHQ14, WAB188, and WAB71. NSHQ14 extracts con-
tained the greatest expression of MCR transcripts, with 510.6 CPM at the 50-m depth
interval. To further evaluate the energy metabolism of putative methanogens in the
Samail Ophiolite, the abundance of transcripts affiliated with [NiFe]-hydrogenases was
examined. After filtering out transcripts with low normalized expression (�1 CPM),
homologs of [NiFe]-hydrogenases common to characterized methanogens were de-
tected primarily in NSHQ14C and NSHQ14B with CPM of 21.7 and 16.1, respectively
(Table 2; Fig. 4). No transcription of energy-converting [NiFe]-hydrogenases was de-
tected. Transcripts for formate dehydrogenases (fdhAB) were most abundant in
NSHQ04 (103.7 CPM) and NSHQ14C (55 CPM). Transcripts for fdhAB and [NiFe]-
hydrogenases were not highly expressed relative to MCR in NSHQ14.

The carbon monoxide dehydrogenase (CODH) and carbonic anhydrase (CA) en-
zymes could generate inorganic carbon from CO or carbonates as another source of
CO2 for H2-dependent methanogens and autotrophs under carbon limitation in ser-
pentinizing environments. Transcripts affiliated with Ni-containing CODH and Mo-
containing CODH homologs were detected throughout the ophiolite waters. NSHQ14C
contained the largest CPM of both Ni-CODH and Mo-CODH with 32.8 and 29.7 CPM,
respectively. CA transcripts were similarly observed across all well extracts, with the
greatest expression at the 85-m depth interval (757 CPM) and 50-m depth interval (363
CPM) of NSHQ14.

Aligned with the presence of genes encoding the three subunits of particulate
methane monooxygenases (pmoABC) in metagenomic assemblies from all wells exam-
ined, transcripts for pmoABC were detected in extracts from all wells, with the greatest
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expression in NSHQ04 (1,650.9 CPM) and NSHQ14C (72.2 CPM). Transcripts for mxaF
were similarly expressed with 513.1 CPM in NSHQ04 and 18.3 CPM in NSHQ14C. No
transcripts of soluble CH4 monooxygenase subunit genes (mmoXYZ) were detected in
transcriptomes from any well.

DISCUSSION
Active microbial methanogenesis in subsurface waters of the Samail Ophiolite.

The enrichment of Methanobacterium in the cDNA fraction relative to the DNA fraction
of 16S rRNA in extracts from NSHQ14 suggests this organism is active. This finding
agrees with previous studies of planktonic communities from this well showing 14CH4

production from 14C-labeled bicarbonate (24) and the detection of Methanobacterium-
affiliated 16S rRNA genes (6, 7). However, cDNA and DNA comparisons can be impacted by
differences in sequencing library sizes, affecting the ratio of Methanobacterium-affiliated
small subunit (SSU) rRNA genes. In addition to SSU rRNA, genes for the biosynthesis of
MCR were detected on single contigs assembled from NSHQ14 and WAB188 metag-
enomes that share close homology to Methanobacterium sp. The homology of this MCR
to Methanobacterium sp. was previously reported by Fones et al. (24), where the authors
found low homolog counts per Mbp assembled for MCR. In this work, these single
contigs of Methanobacterium MCR have �2,000 fragments per kilobase of exon per
million reads (FPKM), indicating adequate sequencing coverage and Methanobacterium
as the primary methanogenic strain. Metagenomic sequences can offer evidence of
functional capability but not cellular activity, as these genes may be from dormant or
dead organisms. Microbial methanogenic activity was evidenced by the detection of
MCR transcripts in NSHQ14. Transcription of mcr genes has been correlated with
methanogenic activity in other environments and incubation experiments containing
Methanobacterium (44–46). Collectively, these molecular observations suggest Metha-
nobacterium to be an active organism in the hyperalkaline (pH 11.3) waters of NSHQ14
and thus represent an important extension of the pH spectrum (4.5 to 10.2) (47) where
methanogenesis is commonly observed.

SSU rRNA gene sequencing from other deep subsurface ecosystems (e.g., references
6, 18, and 48–50) that have geochemical similarity to NSHQ14 and WAB188 suggests
Methanobacterium is a cosmopolitan organism in other highly reduced, high pH
environments. For example, in the pH 9.1, H2- and CH4-containing waters of a deep

FIG 4 Transcript counts per million reads (CPM) for genes of interest in CH4 cycling normalized by the
TMM method. Reads with homology to transcripts for methyl-coenzyme M reductase (mcrABGCD) and
the colocalized tetrahydromethanopterin S-methyltransferase subunits (mtrACDEH), particulate CH4

monooxygenase (pmoABC), formate dehydrogenase alpha subunit (fdhA), and carbonic anhydrase (CA)
are shown. A negative control wherein no reverse transcriptase was added to the PCR (NoRT) had no
transcripts for any gene within this subset.
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fault within the Driefontein Mine of South Africa, Methanobacterium codominate the
microbial community with a sulfate-reducing bacterium (50). SSU rRNA sequences
affiliated with members of the family Methanobacteriaceae (of which Methanobacterium
belongs to) have also been identified in pH 11.5 springs of the Santa Elena ophiolite;
yet, ANME-1 organisms dominate the archaeal communities in these waters (9). Like-
wise, 16S rRNA gene and metagenomic data suggest the presence of Methanobacte-
rium in hyperalkaline waters (pH 11.8 to 12.3) in the Voltri Massif of Italy; however,
subsequent incubation experiments did not confirm methanogenic activity (18). The
transcriptional evidence presented herein confirms methanogenic metabolic activity at
pH 11.3, a unit above the pH of 10.2 at which methanogenesis is typically observed (47).
In the context of previous observations of a biological reduction of HCO3

� to CH4 in
incubations from NSHQ14C (24), these data strongly point to a microbial contribution
to CH4 in waters impacted by serpentinization in the Samail Ophiolite, in particular in
hyperalkaline, highly reacted waters with dissolved inorganic carbon levels below
detection.

Genes and transcripts of the energy-converting [NiFe]-hydrogenases Eha/Ehb typical
of Methnobacterium sp. were not detected. However, genes for another energy-
converting [NiFe]-hydrogenase (mbhJL) and a subtype of the hydrogenase Mvh (vhcD)
displayed homology to Methanobacterium sp., although these genes are not found in
this cytochrome-lacking methanogen (15). This finding may indicate an annotation
mischaracterization for Mbh and Vhc in our study. Interestingly, while [NiFe]-
hydrogenase genes were identified in metagenomic assemblies in Samail Ophiolite
waters, transcripts corresponding to these genes were not in high abundance. [NiFe]-
hydrogenases are requisite for hydrogenotrophic methanogenesis (15), and thus, the
evidence for their low transcription CPM is surprising. It is possible that this observation
is attributable to limitations and/or sequencing biases imposed by the low biomass
associated with these samples or that [NiFe]-hydrogenase transcripts are inherently less
stable and thus degrade rapidly.

A subset of methanogens can use the formate dehydrogenase enzyme (encoded by
fdhAB) to use formate as a methanogenic substrate as an alternative to using hydro-
genases to activate H2 as a source of electrons for methanogenesis (19). Furthermore,
Fones et al. (24) found that life in alkaline Samail Ophiolite waters is likely carbon
limited rather than energy limited, and formate may be a favored carbon source in
alkaline waters. The hydrogenotrophic Methanobacterium sp. may therefore use for-
mate instead of H2/CO2 as a methanogenic substrate under carbon limitation and
abundant H2 in this environment. Transcripts of fdhAB had higher CPM than [NiFe]-
hydrogenases in hyperalkaline NSHQ14 but were not highly expressed relative to MCR
transcripts in this well. This finding suggests formate marginally augments the energy
metabolism of methanogens in NSHQ14 and may point to a different and yet-to-be-
defined mechanism of generating reductant in methanogens (51).

Other compounds, such as CO or mineral carbonates, might be a source of inorganic
carbon for autotrophs in serpentinizing environments. Homologs of CODH were de-
tected in NSHQ14 metagenomes previously (24), but low abundances of transcripts for
these genes in the communities examined indicate that CO is not a predominant source
of carbon or energy for the microbial populations. Alternatively, mineral carbonates
may provide a source of carbon for autotrophs. Mineral carbonate dissolution in
seawater has been correlated with activity of microbial carbonic anhydrase (CA) (52), an
enzyme that catalyzes the interconversion of carbonic acid with HCO3

� and H� (53). CA
may therefore play a role in liberating inorganic carbon from mineral carbonates to
make it bioavailable by shifting the equilibrium dissolution of carbonate toward
HCO3

�. Of the three (�, �, and �) classes of CA, genes for the � and � types have been
identified in strains of the hydrogenotrophic methanogen Methanobacterium ther-
moautotrophicum and acetoclastic methanogen Methanosarcina thermophila, respec-
tively (54). In M. thermoautotrophicum, where CO2 is in demand for hydrogenotrophic
methanogenesis, the � CA could be used to interconvert HCO3

� and CO2 and/or
concentrate CO2 near the formylmethanofuran dehydrogenase for the first step of
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methanogenesis, analogous to � CA and the CO2-fixing enzyme in the photosynthetic
organism (55).

In NSHQ14, the CPM of CA transcripts increased with increasing depth and pH,
indicating CA may be generating the carbon needed by autotrophic methanogens as
the water becomes more alkaline. Consistent with a potential for CA in mitigating
inorganic carbon limitation for autotrophs in serpentinizing systems, homologs of this
gene were detected in genomes of Serpentinomonas strains isolated from a hyperal-
kaline serpentinization site in The Cedars, California (56). Indeed, this strain was shown
to be capable of autotrophic growth on solid calcium carbonate (CaCO3), H2, and O2

(56). Furthermore, Miller et al. (27) observed a Methanobacterium strain cultured from
the Samail Ophiolite to be capable of growth on H2 and solid CaCO3 as the sole carbon
source. Collectively, these observations and CA transcription suggest that the dissolu-
tion of carbonates may be a source of inorganic carbon for methanogens in high pH,
carbon-limited environments such as NSHQ14.

Alternatively, carbonic anhydrase activity may be driven by microorganisms scav-
enging bicarbonate introduced into NSHQ14 via limited mixing of type I and II waters
within the aquifer or small amounts of atmospheric CO2 introduced during sample
collection. Zwicker et al. (26) describes this scenario where a mixture of type I and II
fluids with minimal CO2 is the carbon source for methanogens in the Chimaera
ophiolite of Turkey. Furthermore, the isotopic composition of archaeal lipid biomarkers
from the C-limited conditions of the Chimaera ophiolite show enrichment in 13C, and
the authors conclude that microbially produced CH4 may contribute to the abiotic CH4

pool in that system (26). Similarly, the high H2 concentrations in NSHQ14 likely make
scavenging any available bicarbonate via CA favorable for autotrophs and methano-
gens.

Methanotrophy in subsurface waters of the Samail Ophiolite. All well waters

contained SSU rRNA gene sequences affiliated with the aerobic bacterial methanotroph
Methylococcus, with the greatest relative abundance observed in the CH4-rich ground-
waters of NSHQ04. This finding is consistent with the detection of pmo genes and their
transcripts in NSHQ04 and, to a lesser extent, NSHQ14. Notably, NSHQ04 was sampled
shallowly at 6 m due to blockage within the well. Waters sampled from this depth
might have been infused with atmospheric oxygen to a greater extent than waters from
other wells that were sampled much deeper, and this may have led to the increased
relative proportions of aerobic methanotrophs relative to methanogens in samples
collected in NSHQ04. Consistent with this hypothesis, previous sequencing work on 16S
rRNA genes recovered from deeper within this well, prior to the blockage, detected
sequences affiliated with Methanobacterium (7, 27). Thus, aerobic methanotrophs are
components of communities in subsurface waters of Oman, most notably in more
oxidizing waters near zones of mixing between aquifer waters and/or the atmosphere.

In addition to aerobic methanotrophy, DNA sequencing suggests the possibility of
anaerobic CH4-oxidizing organisms in several of the communities sampled from the
Samail Ophiolite. Several sequences with homology to the ANME-1 group of Archaea,
organisms putatively involved in anaerobic oxidation of CH4 (AOM) (20), were detected
in the hyperalkaline wells WAB71 and NSHQ14. Likewise, mcrG sequences with homol-
ogy to ANME-1 were also detected in WAB71. The lack of a full complement of MCR
homologs for putative ANME-1 organisms in these wells is likely attributable to their
low abundance, as gauged by 16S rRNA gene and transcript sequencing, which likely
limited their representation in our metagenomic sequences. Nonetheless, the presence
of ANME in serpentinization-impacted waters is consistent with previous reports of the
evidence of these guilds in Chimaera, Santa Elena, and Cabeço de Vide serpentinizing
environments (9, 17, 26). However, the lack of detected transcripts affiliated with these
organisms and their genes and their limited representation in metagenomic sequences,
together, suggest that AOM is of minimal importance in the waters in the Samail
Ophiolite.
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A subsurface CH4 cycle impacted by microbial activity. Dissolved CH4 in ophiolite

waters is often enriched in 13C, and this evidence has been used to suggest that CH4

is primarily abiogenic (57, 58). However, methanogens can produce CH4 enriched in 13C
under inorganic C-limited conditions. For example, a Methanobacterium strain isolated
from NSHQ04 (pH 10) was shown to generate CH4 that was markedly enriched in 13C
(�28‰ VPDB) when using calcium carbonate mineral (�0.1‰ VPDB) as the sole C
source, in particular when cultivated in medium with pH values greater than 9 (27).
Previous CH4 isotopic measurements of NSHQ14 waters reported a �13Cof up to �3‰
VPDB (7), and our study found transcription of carbonic anhydrase specific to this well.
The dominance of Methanobacterium in our analysis of SSU rRNA genes and MCR
transcripts in NSHQ14 (pH 11.3) indicates that methanogenesis is occurring at high
environmental pH values in this system, and it is possible that these cells are using C
liberated from carbonate minerals as a carbon source. The use of carbon liberated from
carbonate minerals by methanogens under hyperalkaline, DIC-limited conditions may
thus be contributing to the environmental CH4 pool; yet, their contribution may be
obscured by the unusual isotopic signatures associated with this environment.

The opposing process of microbial methanotrophy can impact the C isotopic
composition of CH4 by preferentially using 12CH4 leading to 13C enrichment (59). Like
the Samail Ophiolite waters, those of the Santa Elena Ophiolite host CH4 that is
unusually enriched in 13C and contain methanogenic and methanotrophic microorgan-
isms, including ANME-1 and Methanobacterium sp. (9). The detection of CH4 that is
enriched in 13C combined with evidence for potential methanogens/methanotrophs in
geographically distinct ophiolites warrants further studies focused on the interplay
between organisms involved in CH4 cycling and their effect on the �13C of CH4 in
environments influenced by serpentinization.

Additional work is also needed to better understand potential electron donors that
fuel methanogenesis in environments that are impacted by the process of serpentini-
zation. The high concentration of H2 in some serpentinizing environments has been
used to suggest that these systems not only are conducive to hosting robust commu-
nities of hydrogenotrophic methanogens but also may have been prime environments
for the origin of this process (60). This argument was based on the extremely low
reduction potentials associated with waters in active serpentinizing systems, a feature
that should allow for the facile reduction of low potential ferredoxin (Fd) with H2.
Reduced, low-potential Fd is required during the reduction of CO2 to formylmethano-
furan during the first step of autotrophic methanogenesis (61). However, transcripts for
[NiFe]-hydrogenases that can catalyze the reduction of Fd with H2 in Methanobacterium
(group 4 Eha/Ehb or group 3c Mvh) (43) were detected in low abundance in our analysis
of the NSHQ14 RNA pool, pointing toward the potential importance of other electron
donors (e.g., formate and CO) capable of fueling methanogenesis in environments
impacted by serpentinization.

The process of serpentinization creates additional challenges for autotrophs, includ-
ing methanogens. Serpentinization generates waters with high pH and Ca, which leads
to low-aqueous DIC in systems closed to atmospheric CO2. Nonetheless, the data
presented here indicate that autotrophic Methanobacterium members are active under
such conditions, which indirectly shows that they are meeting demands for cytoplasmic
CO2 in a yet-to-be-defined mechanism. Carbonic anhydrase transcripts within NSHQ14
indicate that cells may be capable of interconverting bicarbonate introduced from fluid
mixing or liberated from dissolution of carbonate minerals to meet CO2 demands.
However, the source of bicarbonate remains unknown, and it is unclear whether
carbonate dissolution rates are sufficient to meet this CO2 demand through equilibra-
tion or if cells actively promote dissolution. These possibilities are likely to have an
influence on the isotopic composition of CH4 produced during methanogenesis. Ad-
ditional physiological studies of these organisms and their mechanisms of acquiring
cytoplasmic CO2 need to be conducted.
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MATERIALS AND METHODS
Site description and geochemical characterization of subsurface waters. Five preexisting water

wells drilled in the mantle section of the Samail Ophiolite by the Oman Ministry of Regional Municipal-
ities and Water Resources were sampled in February of 2017. Well waters were collected for geochemistry
and cellular biomass from borehole NSHQ14 at 50 m (NSHQ14B) and 85 m (NSHQ14C); and from
boreholes WAB188, WAB71, and WAB55 using a Grundfos SQ2-85 submersible pump (Grundfos Pumps
Corp., Denmark, Netherlands) and a splitting manifold with field-washed Tygon tubing. Borehole
NSHQ04 was sampled with a small Typhoon pump (Proactive Env. Products, Bradenton, FL).

At each well, the pump, manifold, tubing, and filter housing were field washed by running the pump
for 20 to 30 minutes (approximately �100-liter throughput). Well waters were then passed through a
0.22-�m polycarbonate filter (MilliporeSigma, Burlington, MA) and collected in 15-ml Falcon tubes
(Corning Inc., Corning, NY) for analyses of anion and cation concentrations, with the latter acidified with
nitric acid (for a solution with pH of �2) in the field at the time of collection. Cations and anions were
quantified using inductively coupled plasma atomic emission spectroscopy (ICP-AES; Optima 5300,
Perkin-Elmer, Fremont, CA) and ion chromatography (IC; ICS-90; Dionex, Sunnyvale, CA), respectively, at
the Colorado School of Mines. For DIC analyses, 6-ml aliquots of water were transferred from the sample
collection vials (blue butyl-stoppered borosilicate glass) to 12.0-ml helium-purged Labco Exetainer tubes.
To convert DIC species to CO2 for analysis, 0.5 ml of boiled 85% H3PO4 was added to the samples while
still hot. Standards were made by weighing out CaCO3 in various amounts to Exetainer tubes, which were
subsequently flushed with He and injected with 6 ml of boiled Milli-Q water while still hot. Acidification
was performed at the same time and using the same methods for standards and samples. Standards and
samples were centrifuged and then mixed on a shaker table for 12 to 18 hours to homogenize and
equilibrate CO2. Headspace CO2 was then introduced via a Thermo Fisher GasBench II system to a
Thermo Delta V Plus isotope ratio mass spectrometer for analysis.

Gas sampling was conducted using the bubble strip method (modified from reference 62). Details on
bubble strip gas sampling are available online at https://doi.org/10.17504/protocols.io.2x5gfq6. Gas
concentrations were measured using an SRI 8610C gas chromatograph (GC) with N2 as the carrier gas.
H2, CO, CH4, and CO2 were separated with a 2-m by 1-mm ID micropacked ShinCarbon ST column. Peak
intensities were measured concurrently using a thermal conductivity detector (TCD) and a flame
ionization detector (FID) and calibrated with standard gas mixes (accuracy, �2%; Supelco Analytical,
Bellefonte, PA, USA). Measurement repeatability expressed as relative standard deviation is 5% over most
of the calibrated range. We define the limit of quantitation as the signal at which the relative standard
deviation increases to 20%.

Biomass collection, DNA/RNA extraction, quantification, and SSU rRNA gene and transcript
sequencing. Biomass was collected onto 0.22-�m polycarbonate filters. Once filters began to clog or
appeared to hold particulates, they were removed from the housing and suspended in bead tubes with
DNA/RNA shield lysis/stabilization solution (Zymo Research, Inc., Irvine, CA), which stabilizes nucleic acids
at room temperature over several weeks. Samples were shipped to the Colorado School of Mines where
cells were lysed by bead beating for a total of 5 minutes with rests (in intervals of 1 min for lysis and 1
min for rest) to cool the sample tubes to prevent RNA degradation. DNA and RNA were extracted in
parallel using the microbiomics soil/fecal DNA miniprep extraction kit (Zymo Research, Inc.) following the
manufacturer’s protocol. DNA was quantified postextraction by the Qubit double-stranded DNA (dsDNA)
high-sensitivity (HS) assay (ThermoFisher Scientific, Waltham, MA). Recovered DNA and RNA were stored
at �80°C.

A portion of the extracted RNA from each sample was converted to cDNA via reverse transcription-
PCR (RT-PCR) with the qScript XLT one-step RT-PCR kit (Quanta Biosciences, Beverly, MA). Each 25-�l PCR
mix contained one-step HiFi PCR ToughMix (1� concentration), one-step RT master mix (1�), 200 nM of
the forward primer and 200 nM of the reverse primer (described below), nuclease-free water, and 10 �l
of RNA sample template. A reaction in which no one-step RT master mix was added served as a negative
control for the activity of the reverse transcriptase to ensure no extraneous DNA was being amplified.
Reactions were run in a thermocycler with the lid preheated to 105°C; two initial steps of 48°C for 20
minutes and 94°C for 3 minutes; followed by 30 cycles of 94°C for 45 seconds, 50°C for 45 seconds, and
68°C for 90 seconds; and ending with a final extension of 68°C for 5 minutes and a hold at 4°C until
removal from the thermocycler.

SSU rRNA genes were amplified from each DNA and cDNA sample via PCR with primers that span the
V4 and V5 hypervariable regions of the 16S rRNA to produce gene fragments of �400 bp and �600 bp
for Bacteria/Archaea and Eukarya, respectively. The 515-Y M13 and 926R primer set (modified from
reference 63) most evenly amplifies this region of SSU rRNA from all three domains of life. The primers
and PCR conditions used in this study are described previously (64). Technical replicate reactions for each
sample, five extraction negative controls, and three negative PCR controls (no sample added) were
amplified as well. Technical replicates were pooled and purified using Pure beads (Kapa Biosystems,
Wilmington, MA) at a 1.0� ratio of beads to sample volume to retain any fragments of �250 bp long.
Barcoding of sequences was carried out on the purified PCR products using a limited 6-cycle PCR (64).
Replicate barcode reactions were pooled and purified with Kapa beads before quantification with the
Qubit dsDNA HS assay. Final products were pooled in equimolar amounts before being concentrated to
a final volume of 80 �l on an Ultracel-30K membrane (Millipore Sigma, Billerica, MA) within an Amicon
Ultra 0.5-ml centrifugal filter (Millipore Sigma). Extraction blanks (no sample added) and negative PCR
control reactions (no template added) were included in this sequenced pool. The prepared DNA/cDNA
library was sequenced on a MiSeq instrument (Illumina Inc., San Diego, CA) at the Duke Center for
Genomic and Computational Biology (https://www.genome.duke.edu) using V2 PE250 chemistry. Se-
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quences produced from this effort are available on the Sequence Read Archive (NCBI) database under
accession PRJNA560313.

Resultant FASTQ sequence files were demultiplexed and trimmed with Cutadapt (65). Reads were
filtered by error rates, amplicon sequence variants (ASVs) were identified, and read pairs were merged
to construct a sequence table with DADA2 in R (66, 67). Chimeric sequences were removed before
taxonomic assignment against the SILVA r138 database (68). The protocol and resultant files for this
effort are available online at https://github.com/danote/Samail_16S_compilation as “OM17.” The phylo-
seq and ggplot2 software packages were used for analysis and visualization of the sequence table
(69, 70).

Metagenomic and metatranscriptomic library preparation and sequencing. Metagenomic and
metatranscriptomic libraries were prepared from six DNA samples from the five wells examined, namely,
WAB55, WAB188, WAB71, NSHQ04, and NSHQ14, with separate libraries made for two different depths
(50 m and 85 m) of NSHQ14. Metagenomic library preparation was conducted using the NexteraXT
library preparation kit (Illumina Inc.) according to manufacturer’s instructions with 1-ng template DNA as
the input. Metatranscriptomic libraries were generated by first incubating 10 �l of RNA templates in a
reaction mix of 12.5 �l qScript XLT one-step RT-quantitative PCR (RT-qPCR) ToughMix (1� final concen-
tration) (Qiagen, Beverly MA), 200 nM random hexamer primers, 1 �l of 25� qScript XLT one-step reverse
transcriptase (RT), and 1.25 �l of nuclease-free water. An RT-negative control was run with the same
components, but an additional 1 �l of nuclease-free water was added instead of the RT enzyme.
Technical replicate reactions of 25 �l were produced for each sample and RT-negative control and were
pooled after reverse transcription and amplification in separate thermocyclers with preheated bonnets.
The reaction steps were 20 minutes at 48°C; 3 minutes at 94°C; followed by 30 cycles of 94°C for 45
seconds, 50°C for 45 seconds, and 68°C for 90 seconds; and ending with a final extension of 5 minutes
at 68°C and a short 4°C hold. Library amplification and fragment size distribution were confirmed on a
2100 bioanalyzer with the DNA 7500 assay (Agilent Technologies, Santa Clara CA) for all libraries. Libraries
were then pooled at an equimolar ratio and sequenced on an Illumina HiSeq 2500 instrument using V2
PE250 Rapid Run chemistry at the Duke Center for Genomic and Computational Biology. Metagenomic
sequences are available in the MG-RAST database under accession numbers mgm4795805.3 to
mgm4795809.3 and mgm4795811.3.

Raw metagenomic sequence read adapters were removed using PEAT (71), and individual samples
were assembled using MEGAHIT (72) with a maximum kmer of 141. This work used the Extreme Science
and Engineering Discovery Environment (XSEDE) (73) resource Comet at the San Diego Supercomputer
Center through allocation TG-BIO180010. Protein-coding regions were identified and annotated with
Prokka v1.12 and Prodigal v.2.6.3 with an E value threshold of 1 � 10�6 (74, 75), and the output
translated protein files were also annotated with GHOSTX (76) to search for homologs involved in various
methanogenesis and methanotrophic pathways (described in detail below). Protein sequences with
homology to those involved in methanogenesis and methanotrophic pathways were subjected to
reciprocal BLASTp analysis (77) to check annotation accuracy and homology to known methanogens/
methanotrophs. Homology was determined if the query amino acid sequence was �30% identical over
�50% of its length, with an E value below 1 � 10�6. Homolog counts were normalized by exon length
and sequencing depth to fragments per kilobase of exon per million reads (FPKM) to ensure adequate
coverage indicating a noncontaminant.

Metatranscriptomic sequences were trimmed and de novo coassembled into transcripts with Trinity
v2.8.6 (78–80). Sequence reads from each sample were aligned to the assembled transcripts with RSEM
and counted to generate an expression matrix (81). Coding regions of transcripts were identified with
Transdecoder and annotated with Trinotate against the NCBI and Swiss-Prot databases and against the
Pfam database with HMMER v3.3 (hmmer.org) using default parameters and an E value threshold of
1 � 10�6 (80, 82–84). Top hits were used as transcript identities. Exploratory analyses of transcript
expression used R with the “edgeR” and “limma” packages (66, 85, 86). Transcript counts were normalized
by the trimmed mean of M-values method (TMM). Transcripts with less than or equal to 10 counts per
million (CPM) were removed, and transcript counts were renormalized by the TMM method for a
comparison of counts across samples (87). Metatranscriptomic sequences are available at the Sequence
Read Archive (NCBI) database under accession PRJNA560313 (SRR12816294 to SRR12816299).

Metagenome and metatranscriptomes were queried for key genes associated with methanogenesis
and methanotrophic pathways, including genes for methyl coenzyme M reductases (mcrABGCD and
mcrIIABGCD) (88), the subunits of [NiFe]-hydrogenases (15), formate dehydrogenase (fdhAB) (19), acetate
kinase and phosphate acetyltransferase (ackA and pta) for acetoclastic methanogenesis (89), methyl-
otrophic methanogenesis genes (mtaA, mtbB, mtmB, mttB, and mtsA) (9, 90), particulate and soluble
methane monooxygenases (pmoABC and mmoXYZ, respectively) (21, 22), and the large subunit of
methanol dehydrogenase (mxaF) (23). Transcripts of genes potentially involved in producing alternative
inorganic carbon sources for methanogens, including carbonic anhydrases (can, cynT, and cah) (54) and
carbon monoxide dehydrogenases (cooS, cdhAB, coxL, and cutL) (24) were also examined.

Data availability. Unprocessed demultiplexed sequences produced for the SSU rRNA and meta-
transcriptomic analyses are available at the Sequence Read Archive (NCBI) database under BioProject
accession PRJNA560313. SSU rRNA sequences are accessions SRR12495563 to SRR12495576, and meta-
transcriptomic sequences are accessions SRR12816294 to SRR12816299 in the SRA. Metagenomic
sequences are available in the MG-RAST database under accession numbers mgm4795805.3 to
mgm4795809.3 and mgm4795811.3 (https://www.mg-rast.org/linkin.cgi?project	mgp85625).
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ABSTRACT: Incubations with pure and enrichment cultures
of Acidimicrobium sp. strain A6 (A6), an autotroph that
oxidizes ammonium to nitrite while reducing ferric iron, were
conducted in the presence of PFOA or PFOS at 0.1 mg/L and
100 mg/L. Buildup of fluoride, shorter-chain perfluorinated
products, and acetate was observed, as well as a decrease in
Fe(III) reduced per ammonium oxidized. Incubations with
hydrogen as a sole electron donor also resulted in the
defluorination of these PFAS. Removal of up to 60% of PFOA
and PFOS was observed during 100 day incubations, while
total fluorine (organic plus fluoride) remained constant
throughout the incubations. To determine if PFOA/PFOS
or some of their degradation products were metabolized, and
since no organic carbon source except these PFAS was added, dissolved organic carbon (DOC) was tracked. At concentrations
of 100 mg/L, PFOA/PFOS were the main contributors to DOC, which remained constant during the pure A6 culture
incubations. Whereas in the A6 enrichment culture, DOC decreased slightly with time, indicating that as defluorination of
PFOS/PFOA occurred, some of the products were being metabolized by heterotrophs present in this culture. Results show that
A6 can defluorinate PFOA/PFOS while reducing iron, using ammonium or hydrogen as the electron donor.

■ INTRODUCTION

PFAS (per- and polyfluoroalkyl substances) are known to be
among the most challenging organic pollutants to remediate in
aquatic and terrestrial environments.1 PFAS are found in a
wide range of consumer products, they are ubiquitous in the
environment, and are extremely recalcitrant. Among them,
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate
(PFOS), which have been manufactured widely and can also
be formed via degradation of precursors, are the most common
PFAS present in many environmental settings and are of
increasing concern.2,3 Studies indicate that PFOA and PFOS
pose considerable threats to the natural environment and
human health because of their wide distribution, extraordinary
persistence, bioaccumulation tendencies, and potential toxico-
logical effects.4−7 Therefore, identifying methods to mineralize
these PFAS is a topic of growing urgency.
The carbon−fluorine (C−F) bond is the strongest covalent

bond in organic chemistry,8 hence biodegradation of
perfluoroalkyl chemicals is difficult and usually limited to
molecules, or regions of molecules, that are not fully
fluorinated3 such as fluorobenzene,9 fluoroacetate,10 perfluor-
ohexylethanol,11,12 and perfluorohexylsulfonate.13 Fluoro-
telomer compounds, which have an ethyl group between the
perfluoroalkyl chain and the rest of the nonfluorinated
functional groups, can undergo extensive transformations,
resulting in a partial defluorination or shortening of the
perfluoroalkyl chain.14 These findings on fluorotelomer

transformation are consistent with those on degradations of
difluoromethane sulfonate (DFMS) and 2,2,2-trifluoroethane
sulfonate (TES), all of which contain C−H bonds,15 indicating
that the lack of C−H bonds in perfluorinated compounds like
PFOA and PFOS makes them more diffcult to degrade.
Studies of successful PFOA and PFOS biodegradation,

especially mineralization, are limited. It has been reported that
PFOS and PFOA can be eliminated using activated sludge as a
seed and incubated under anaerobic conditions, although the
buildup of fluoride ion (F−) was not observed.16,17 In studies
by single cultures, a decrease of about 32% of PFOA was
observed after a 96 h incubation with Pseudomonas parafulva,18

and 67% of PFOS was biologically decomposed by
Pseudomonas aeruginosa over 48 h.19 The degradation of
PFOS by Pseudomonas plecoglossicida was studied, which
showed that this strain can use PFOS as a carbon source,
transforming it to perfluoroheptanoic acid and releasing F−.20

Although reductive defluorination has been shown to be
energetically favorable,1 up to date, no bioreductive defluori-
nation of perfluorinated compounds such as PFOA and PFOS
has been reported in the literature.
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Anaerobic oxidation of ammonium (NH4
+) under iron-

reducing conditions, referred to as Feammox, is a relatively
novel pathway in the nitrogen cycle. Here, NH4

+ is oxidized to
nitrite (NO2

−) coupled to the reduction of ferric iron [Fe(III)]
to ferrous iron [Fe(II)].21 An autotrophic microorganism
responsible for this process, Acidimicrobium sp. strain A6
(ATCC, PTA-122488; referred to as A6 from here on), has
been identified21 and isolated.22 The environmental conditions
at sites where the Feammox process occurs and A6 is present
have been described and show that the organism is common at
sites where the pH is <7 and soils are iron rich.23 The
Feammox process has been reported to occur by many
investigators in many different environmental settings.24−28

The Feammox stoichiometry when ferrihydrite is the Fe(III)
source can be written as:21

O H H

H

3 Fe 0.5 O 10 NH

6 Fe 8.5 O NO
2 3 2 4

2
2 2

· + +

→ + +

+ +

+ ‐
(1)

For this reaction and environmental/incubation conditions
described previously,21 the change in Gibbs free energy (ΔGr)
is 145.08 kJ/mol NH4

+. Although oxidation of NH4
+ to N2 has

been reported for the Feammox process,25 incubations with A6
have shown that NO2

− is the product of the NH4
+ oxidation by

this organism.21,22 It was also shown that in addition to NH4
+,

A6 is capable of using H2 as an electron donor while reducing
Fe(III).22 Furthermore, it was shown that A6 is unable to
utilize common organic electron donors as its carbon source,
but that it does incorporate CO2 into its biomass.22 Given that
it has been shown that A6 can cometabolically degrade TCE
and PCE,29 the objective of this research was to determine if
PFAS, specifically PFOA and PFOS, can be biodegraded/
defluorinated by either the pure A6 and/or an A6 enrichment
culture while oxidizing NH4

+ or H2 under iron-reducing
conditions.

■ MATERIALS AND METHODS
Feammox Incubation Experiments. Two hundred

milliliters of either a pure A6 culture22 or an A6 enrichment
culture, obtained from a Feammox laboratory-scale continu-
ous-flow membrane reactor,21 which has been operated for 180
days, were mixed with 500 mL of an anoxic inorganic Fe(III)−
NH4

+ enrichment medium.22 This medium consisted of 7.5
mM 6-line ferrihydrite (Fe2O3·0.5H2O, prepared according to
Cornell and Schwertmann30), 2.81 mM NH4Cl, 0.19 mM
(NH4)2SO4, 0.24 mM NaHCO3, 0.71 mM KHCO3, 0.07 mM
KH2PO4, 0.41 mM MgSO4·7H2O, and 0.40 mM CaCl2·2H2O,
in addition to 1 mL/L of a trace element solution31 and 1 mL/
L of a vitamin solution (ATCC MD-VS). The mixture of
medium and culture was then shaken in an anaerobic chamber
for 24 h to be homogenized prior to the incubations. An
electron shuttling compound, 9,10-anthraquinone-2,7-disul-
phonic acid (AQDS), was added to the pure A6 culture at 25
μM, which was shown to be needed to grow the pure A6
culture.22 These mixtures were evenly distributed into multiple
10 mL serum vials in an anaerobic chamber and were sealed
with butyl rubber stoppers. The headspace (2 mL) of each vial
was vacuumed and then flushed with a N2/CO2 (80:20)
mixture to achieve anoxic conditions and provide additional
CO2 to the vials, which is required by A6 for its growth. All
steps for the inoculation and isolation were carried out under
sterilized conditions (autoclaved vials, and the media filtered
through a 0.2 μm membrane). The Eh in the vials was −135 ±

17 mV, and the initial pH was 4.5 ± 0.2 and increased to 5.0 ±
0.2 during the incubations.
Effects of PFOA and PFOS on the growth of A6 and its

Feammox activity were evaluated via incubations at initial
concentrations of 0.24 μM, 2.4 μM, 0.024 mM, and 0.24 mM
PFOA and 0.20 μM, 2.0 μM, 0.02 mM, and 0.20 mM PFOS
(equivalent to 0.1 mg/L, 1.0 mg/L, 10 mg/L, 100 mg/L, and
200 mg/L PFOA/PFOS).

PFOA and PFOS Incubations with NH4
+ as Electron

Donor. Incubations as described above were conducted with
initial concentrations of both 0.24 μM and 0.24 mM (0.1 mg/
L and 100 mg/L) PFOA as well as 0.20 μM and 0.20 mM (0.1
mg/L and 100 mg/L) PFOS. The high concentration (0.24
mM PFOA and 0.20 mM PFOS), much higher than what is
most often found in contaminated environments, was selected
to allow for more accurate F− and sulfate (SO4

2−) analyses,
fluorine and carbon balance, and to evaluate the effect of
defluorination on the reduction of Fe(III). For each set of
experiments, several controls were prepared, including a
positive control that was identical as described above but
without PFAS to compare the Feammox activity in their
absence. One set was prepared as described above with the
PFAS and was autoclaved. One set was prepared as above with
the PFAS and no NH4

+ to link the PFAS degradation to
Feammox activity (or lack thereof in the absence of NH4

+).
One set was prepared as described above but without adding a
Fe(III) source. Finally, one set was prepared with the PFAS,
but instead of seeding the vials with A6, they were seeded with
Geobacter sulfurreducens ATCC 51573 (with an initial
concentration of 0.12 × 107 copies/mL) and augmented
with 0.5 mM acetate to determine if the iron reduction and
buildup of Fe(II) might be responsible for the degradation of
these PFAS. All vials were placed on a rotary shaker at 150 rpm
at 30 °C for the incubations. On days 0, 7, 35, 60, and 100,
three vials were destructively sampled for Fe(II), NH4

+,
PFOA/PFOS, dissolved organic carbon (DOC), and microbial
analyses. An additional three vials were sacrificed, filtered, and
stored at 4 °C to be available if required for further analyses.
Given the large time interval between analyzing the data
collected on day 60 and day 100, and since data from day 100
are key to assess how much a chemical constituent has changed
during the incubations, samples from three stored vials
collected on day 60 were analyzed for all compounds measured
at the same time as the 100 day samples to ascertain that the
accuracy of the various analytical techniques had not changed
over time. Hence, n = 6 for day 60.

PFOA and PFOS Incubations with H2 as Electron
Donor. Hydrogen (H2) was tested as an alternate electron
donor to NH4

+ for A6 to conduct PFAS degradation/
defluorination. For this purpose, pure A6 and A6 enrichment
cultures were incubated with the same medium plus PFAS, but
without NH4

+, and with H2 in the headspace of the vials. A
small amount of NH4

+ (0.15−0.20 mM) was still present in the
vials to which no NH4

+ was added, which originated from the
transfer of cells from the inoculum and was the nitrogen source
required for bacterial growth in these incubations. Five
incubation sets were conducted in parallel for both the pure
A6 and the A6 enrichment cultures including (1) PFOA/
PFOS + Fe(III) + NH4

+, (2) PFOA/PFOS + Fe(III) + H2, (3)
PFOA/PFOS + H2, (4) PFOA/PFOS + Fe(III) + NH4

+ + H2,
and (5) autoclaved control of PFOA/PFOS + Fe(III) + H2.
With the exception of the samples to which no NH4

+ was
added, the concentrations of PFOA/PFOS, Fe(III), and NH4

+
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were the same as for the experiments with NH4
+ as electron

donor. The incubations with NH4
+ instead of H2 as electron

donor were run in parallel to compare the effects of these two
electron donors on the degradation of PFAS, under the exact
same initial culture activity, bacterial numbers, and incubation
conditions.
For each incubation, 2 mL of either a pure A6 or an A6

enrichment culture was mixed with 18 mL of the medium

including 0.24 mM PFOA or 0.20 mM PFOS in a 50 mL vial.
The headspace of each vial was vacuumed and then, for the
incubations with H2 as electron donor, was filled with a N2/H2

(80:20) mixture, while for those with NH4
+ as electron donor

vials were filled with a N2/CO2 mixture (80:20). Vials were
then placed on a rotary shaker at 150 rpm at 30 °C for a 35 day
incubation period. Three subsamples were collected destruc-

Figure 1. Results of PFOA 0.24 mM (100 mg/L) incubations with pure A6 and A6 enrichment cultures and NH4
+ as electron donor [av. (SD), n =

3 for all samples, except for day 60 for which n = 6].
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tively on day 0, 7, 21, and 35 for Fe(II), NH4
+, F−, DOC, and

PFOA/PFOS analyses.
Chemical and Microbiological Analyses. PFAS were

analyzed commercially by the Guangdong Institute of
Microbiology (China) and Eurofins (USA) via ultraperform-
ance liquid chromatography−tandem mass spectrometry
(UPLC-MS−MS: Agilent 1290-6430A) following well-estab-
lished methods.32,33 All compounds were quantified with a
standard curve in the range of 0.5−100 μg/L, after making
appropriate dilutions with methanol. A blank control was also
included in each sample sequence to ascertain that the target
compounds were not detected in their absence. A Zorbax SB-
C18 (10 mm × 2.1 mm, 1.7 μm) column was used at 50 °C,
with an isocratic mobile phase composed of (A) (32:0.15% (v/
v) acetic acid in water) and (B) (68:0.15% (v/v) acetic acid in
methanol) with a flow rate of 0.4 mL/min. The eluent gradient
started with 25% (B) for 0.5 min, and then was lineally
increased to 95% (B) in 6 mins and held at that gradient for 5
min, and eventually returned to the initial conditions within 1
min and held for 2 mins for equilibration during the injection
interval. Detection was done by negative electrospray
ionization (ESI) mass spectrometry in a multiple reaction
monitoring mode (MRM) (more detailed information is
provided in Section S1.1 and Table S1 of the Supporting
Information).
Redox potential and pH in the incubation vials were

measured using a Hach HQ40d multi-probe meter (Hach,
Loveland, CO, USA). DOC and POC (particulate organic
carbon) were analyzed using a Shimadzu TOC-5000A analyzer
for samples filtered through or retained by 0.2 μm aperture
filters.21,34 Fe(II) was analyzed via the ferrozine assay
method.35 Different ions were analyzed for filtered samples
(0.2 μm) via an ion chromatograph (IC) with a conductivity
detector (ICS-3000, Dionex Co., USA), with an AS18 column
(4 mm i.d. × 200 mm) for anions and a CS16 column (4 mm
i.d. × 200 mm) for cations.21,23

Since precise F− analyses are key in this research, and since
they can be affected by various interferences, multiple QA
precautions were taken. The analytical method for F− was
modified based on methodologies described in the liter-
ature.36,37 Two separate IC analyses were conducted. The first
one used an AS-18 column with a KOH solution (20 mM) as
the eluent, flow rate = 0.80 mL min−1, and the suppressor
current was set at 85 mA. The other one used an AS12A
column (4 mm i.d. × 200 mm), with 7.5 mM NaHCO3/22.5
mM Na2CO3 as the eluent, flow rate = 1.00 mL min−1, and the
suppressor current was set at 50 mA. Dionex retention time
standards were used as external calibration curves, which
contained F− at seven equal-increment dilutions up to a
concentration of 5.2 mM. There was no significant difference
(p < 0.05) in the measured F− concentration between IC
methods, hence the values reported here for all incubations
with the higher PFAS concentrations, and used for the fluoride
balances, are for the AS-18 column with KOH as the eluent.
Retention times and the chromatograms of the analysis of F−

and other ions are shown in Table S2. As an additional
confirmation, F− was also analyzed using a perfectION
combination electrode (Mettler-Toledo, USA). The concen-
trations measured with the F−-specific electrode were within
10% of those measured via IC and were not significantly
different (p < 0.05). F− measurements for the low-
concentration PFAS incubations were somewhat higher using

the electrode, and the difference between the IC and the
electrode measurements was significant.
Total DNA was extracted from samples of the 100 day

incubations with 0.24 mM PFOA and 0.20 mM PFOS
(Section S1.2, Supporting Information). Sequencing of the 16S
rRNA genes from the A6 enrichment cultures over the
incubation period was performed on an Illumina MiSeq
platform (Section S1.3, Supporting Information). The 16S
rRNA genes of A6 were quantified through quantitative PCR
(qPCR) analyses (Section S1.4, Supporting Information).21,23

Statistical Analysis. The normality and homoscedasticity
of the data was examined. Significance for all tests was
accepted at the 0.05 level. All the analyses were performed
using SPSS v12.

■ RESULTS AND DISCUSSION
Degradation of PFOA with NH4

+ as Electron Donor.
Effects of PFOA on the Feammox activity (in terms of NH4

+

removed and Fe(III) produced, as well as on A6 numbers)
were found to be negligible within the concentration of interest
over a 2 week incubation and are discussed in Section S2 and
Figure S1 of the Supporting Information. Figure 1 shows
results for incubations with an initial PFOA concentration of
0.24 mM (100 mg/L) for the pure A6 and the A6 enrichment
cultures. Comparable NH4

+ removal, Fe(II) and NO2
−

production, and A6-16S rRNA gene numbers during the
incubations (Figure 1c, d, f and Figure S3a) show that both
cultures had very similar Feammox activity. While all
incubations were set up without adding organic carbon,
buildup of acetate (Figure 1e) was detected in both cultures
during incubations with PFOA, and to higher levels than in the
positive control without PFOA (Figures S4c and S6c).
Over the 100 day incubations, a 0.12 mM (50%) decrease of

PFOA was detected in the A6 enrichment culture and 0.08
mM (33%) in the pure A6 culture (Figure 1a). Four
intermediate products, including perfluorobutanoic acid
(HFBA), perfluoropentanoic acid (PFPeA), perfluorohexanoic
acid (PFHxA), and perfluoroheptanoic acid (PFHpA) (Figure
1g) were detected in the A6 enrichment culture incubations,
neither of which was present initially nor in any control. Only
perfluorohexanoic acid (PFHxA) was detected in the
incubation with the pure A6 culture, and at much lower
concentrations (0.12 ± 0.05 μM) than in the A6 enrichment
culture. After the incubation, 1.36 mM of F− was detected in
the A6 enrichment culture, and 0.42 mM in the pure A6
culture incubations (Figure 1b).
During the same period, the 16S rRNA gene numbers of A6

increased from 1.15 × 106 to 3.57 × 106 copies/mL in the pure
culture and from 0.87 × 106 to 4.02 × 106 copies/mL in the
enrichment culture (Figure 1f).
There were no changes in concentration of any of the

chemical species monitored in the autoclaved controls, and
there was no PFOA removal or F− generation in the cultures
without Fe(III) or NH4

+, nor in the incubations with G.
sulfurreducens (Figures S4 and S6). Over the 100 day
incubations, Geobacter increased from 0.12 × 107 to 2.12 ×
107 copies/mL and produced 6.98 mM Fe(II) (Figure S6).
Results for the incubations with an initial concentration of

0.24 μM (0.1 mg/L) show a 0.15 μM (63%) PFOA removal
for both the pure A6 and the A6 enrichment cultures (Figure
S8). Due to the low concentrations, neither the intermediate
nor end products were analyzed. The higher relative error of
the F− analysis at this concentration and lack of quantified
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intermediates does not allow for an accurate fluorine balance.
Acetate concentrations in the incubations with 0.24 μM PFOA
(Figure S8e) are somewhat higher than those in the positive
control (Figure S4c) but not significantly different.
Degradation of PFOS with NH4

+ as Electron Donor.
Similar to the results for PFOA, effects of PFOS on Feammox
activity were negligible as discussed in Section S2 and Figure
S2 in the Supporting Information. As shown in Figure 2, 0.045
mM (23%) of PFOS was removed by the pure A6 culture over
100 days of incubation, and 0.093 mM (47%) by the A6

enrichment culture. Intermediates detected in the A6 enrich-
ment culture include HFBA and perfluorobutane sulfonate
(PFBS) (Figure 2h), while the only intermediate detected in
the pure A6 culture incubation, and at a much lower
concentration, is PFBS.
As for the incubations with PFOA, comparable NH4

+

oxidation, and Fe(III) and NO2
− production were found in

both cultures during these incubations (Figure 2c, d and Figure
S3b). The number of A6-16S rRNA genes in the pure culture
increased from 0.70 × 106 to 3.32 × 106 copies/mL, and from

Figure 2. Results of PFOS 0.20 mM (100 mg/L) incubations with pure A6 and A6 enrichment cultures and NH4
+ as electron donor [av. (SD), n =

3 for all samples, except for day 60 for which n = 6].
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0.85 × 106 to 3.51 × 106 copies/mL in the enrichment culture
(Figure 2f). The F− measurements show that 1.07 mM of F−

was produced during the 100 day incubation with the A6
enrichment culture, which is almost 10 times higher than the
amount of F− produced in the pure A6 culture incubation
(Figure 2b). An increase of 0.13 mM SO4

2− was observed in
the pure A6 culture during the PFOS incubations (Figure 2g),
which was not observed in the incubations with PFOA.
Autoclaving the medium in the presence of ferrihydrite
resulted in a decrease in the dissolved SO4

2− concentration
as can be seen in Figure 2g. The noisier baseline of the
autoclaved control makes it harder to state conclusively that
there was a significant increase in the SO4

2− concentration in
the A6 enrichment culture. Furthermore, the presence of
sulfate reducers (see microbial community discussions below),
decrease in SO4

2− over time in the positive control (Figure
S7g), and coupled to the decrease in DOC vs time in the A6
enrichment culture (see dissolved carbon balance section
below) indicate that sulfate reduction could have occurred in
the A6 enrichment culture incubations, which makes it difficult
to determine if sulfate was produced from the degradation of
PFOS in these incubations.
There were no changes in concentration of any of the

chemical species monitored in the autoclaved controls where
there was no PFOS removal or F− generation in the cultures
without Fe(III) or NH4

+ and neither was there PFOS removal
in the incubations with G. sulfurreducens (Figures S5 and S7).
Over the incubation period, G. sulf urreducens numbers
increased from 0.12 × 107 to 1.98 × 107 copies/mL, producing
6.24 mM Fe(II) (Figure S7).
Results for the incubations with an initial concentration of

0.20 μM (100 μg/L) PFOS shown in Figure S9 show that the
pure A6 culture removed 0.07 μM (35%) PFOS and the A6
enrichment culture removed 0.12 μM (60%) over the
incubation period.
It is interesting to note that, in general, the fraction of

PFOA/PFOS removed by each culture was similar for the
incubations with the high and the low PFOA/PFOS
concentration.
Degradation of PFOA and PFOS with H2 as Electron

Donor. A comparable amount of PFOA removal was observed
during 35 days of incubation in both the pure A6 and the A6
enrichment cultures when either Fe(III) + NH4

+ or Fe(III) +
H2 were present (Figure S10a). Similar results were observed
for the PFOS incubations (Figure S11a). No PFAS removal
was observed in the autoclaved controls (Figures S10a and
S11a), nor in any of the other controls discussed above.
A noticeable increase over time of fluorinated degradation

products (HBFA, PFPeA, PFHxA, and PFHxA for the PFOA
incubations and HBFA and PFBS for the PFOS incubations)
was detected in the A6 enrichment culture incubations
(Figures S10g,h and S11g,h). A buildup of fluorinated

degradation products was not observed in the pure A6 culture
incubations.
Sulfate buildup in the PFOS incubations (Figure S11g) was

significant for the pure A6 culture incubations when either
NH4

+ or H2 was the electron acceptor, while for the
enrichment culture the increase in sulfate was only significant
when NH4

+ was the electron donor.
Characteristics of the Microbial Community during

Incubations with and without PFOA/PFOS. The microbial
community analysis reveals the presence of denitrifiers
(Ralstonia and Bacillus),38,39 iron reducers (Acidimicrobium
and Aciditerrimonas),40 and sulfate reducers (Desulfosporosi-
nus).41,42 These organisms might have been using the NO2

−

generated from the Feammox process, Fe(III), and SO4
2−

present in the medium as electron acceptors to oxidize the
defluorinated or partially defluorinated products from the
PFOS/PFOA defluorination, resulting in the decreasing DOC
vs time in the A6 enrichment culture.
Although the short term effects of PFOA and PFOS were

negligible on the Feammox activity, the microbial community
analysis from the A6 enrichment culture of samples collected
on day 0 and day 60 shows that the composition of the
community with PFOA diverged over time from that with
PFOS, while the change of the composition in samples without
PFAS was much smaller (Figure S12).
It is also interesting to note that Acidimicrobium was

dominant at the onset of the incubations (Figure S12).
Although copy numbers of A6 increased during the 60 day
incubations (more in the presence of PFOA than PFOS) the
relative population of the Acidimicrobium decreased in the
positive control incubations, more so in the presence of PFAS,
and most in the presence of PFOS. The larger relative
Acidimicrobium population in the PFOA incubations (22.6%)
vs the PFOS incubations (10.4%) is consistent with the higher
16S rRNA gene numbers of A6 in that incubation, and a higher
Feammox activity in terms of NH4

+ removal (39% higher than
in the PFOS incubation) and Fe(II) production (47% higher
than in the PFOS incubation) over the same time period. The
higher Feammox activity in the PFOA A6 enrichment culture
incubations also corresponds to a higher PFOA removal and
F− production vs PFOS removal and F− production in the
PFOS incubations. Hence, it appears that, at these rather high
concentrations, PFOS has a more detrimental effect on A6
than PFOA. Further work is needed to explore the threshold
concentrations where this effect becomes less marked, and if it
may have an impact on long-term PFOS bioremediation
schemes with A6.

Fluorine Balance. The results for PFOA/PFOS degrada-
tion allow for a fluorine balance during each incubation, which
for the A6 enrichment culture is shown in Table 1 for PFOA
and in Table S3 for PFOS. Results show a good fluorine
balance, which gives confidence in the accuracy of the analyses
shown in Figures 1 and 2.

Table 1. Fluorine Balance for the PFOA Degradation Experiment with the A6 Enrichment Culturea

times (days) F in PFOA (mM) F in HFBA (mM) F in PFPeA (mM) F in PFH × A (mM) F in PFHpA (mM) F− (mM) total F (mM)

0 3.72 (0.49) 0 (<0.001) 0 (<0.001) 0 (<0.001) 0 (<0.001) 0 (<0.001) 3.72
7 3.21 (0.36) 0.0034 (<0.001) 0 (<0.001) 0.04 (0.001) 0.19 (0.01) 0.25 (0.01) 3.69
35 2.10 (0.20) 0.036 (0.002) 0.064 (0.001) 0.06 (0.025) 0.30 (0.01) 0.95 (0.08) 3.51
60 2.07 (0.19) 0.050 (0.004) 0.095 (0.002) 0.19 (0.031) 0.27 (0.01) 1.10 (0.12) 3.77
100 1.87 (0.14) 0.024 (0.011) 0.01 (0.004) 0.30 (0.022) 0.27 (0.02) 1.36 (0.19) 3.83

a[av (SD), n = 3 for all samples, except for day 60 for which n = 6]
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The same fluorine balances for incubations with the pure A6
culture are shown in Table S4 for PFOA and in Table S5 for
PFOS. The fluorine balance for the pure A6 culture
incubations shows a slight decreasing trend in total quantified
fluorine over time for both the incubation with PFOA and with
PFOS, indicating that some fluorinated intermediates might
have been present but were not detected. Standards for
partially fluorinated intermediates were not available and, if
present, such compounds were not detected.
Effect of Defluorination on Fe(III) Reduction. As shown

by Equation 1, the expected molar ratio of Fe(II) produced to
NH4

+ oxidized is 6:1. If during the defluorination process,
some electrons from the oxidation of NH4

+ are transferred to
the PFAS to free F− instead of being transferred to Fe(III) to
produce Fe(II), one should expect a commensurate decrease in
Fe(III) reduction. Results of the Fe(II)/NH4

+ ratio vs time
during the A6 enrichment culture incubations with PFOA and
PFOS are shown in Table 2 and in Table S6, respectively, and

in Table S7 and in Table S8 for the pure A6 culture with
PFOA and PFOS, respectively. The first column in each table
shows the observed Fe(II)/NH4

+ ratio for incubations with
PFOA/PFOS, the second column shows the ratio of [Fe(II) +
F−]/NH4

+ for incubations with PFOA/PFOS, while the third
column shows the Fe(II)/NH4

+ ratio of the positive controls
that were incubated in parallel without PFOA/PFOS. The
actual Fe(II)/NH4

+ ratio observed during Feammox incuba-
tions is usually less than 6:1, which is attributed to (i) a less
efficient Fe(II) extraction especially early on during the
incubations, (ii) when AQDS is present, the reduction of
AQDS and buildup of AH2QDS, which accumulates early on
during incubations,43 and (iii) the possible oxidation of Fe(II)
by NO2

−, especially when the pH is >6.44

By day 100, the Fe(II)/NH4
+ ratio in the controls without

PFOA and PFOS was between 4.6 and 4.8 in the A6
enrichment culture and between 4.8 and 5.1 in the pure A6
culture. In contrast, the respective Fe(II)/NH4

+ ratio in the
presence of these PFAS was lower (3.4 to 4.0 in the A6
enrichment culture and 4.6 and 4.8 in the pure A6 culture),
while the [Fe(II) + F−]/NH4

+ was closer to the positive
controls. These analyses suggest that these PFAS may be acting
as alternative electron acceptors to Fe(III), and hence, that the
F− production could be due to reductive defluorination.
Incubations without Fe(III) (Figures S6a and S7a) did not
result in defluorination, indicating that these PFAS, at the
experimental conditions described here, cannot be used as sole
electron acceptors for the growth of A6 using NH4

+ or H2 as
electron donors. Results also show that in the presence of these
PFAS, even at the high concentrations used here, the large
majority of electrons were transferred to Fe(III).
Dissolved Organic Carbon Balance. DOC analyses were

performed immediately after sampling during the 35 day

incubations, and DOC balances were performed on these 0.24
mM PFOA and 0.20 mM PFOS incubations with both NH4

+

and H2 as electron donors.
As A6 numbers increased during the incubations, with CO2

as the carbon source (Figure 1f and Figure 2f), the particulate
organic carbon (POC) increased from 1.42 mM to 2.05 mM
and from 1.29 mM to 1.78 mM in the 100 day PFOA and
PFOS pure A6 culture incubations, respectively. In contrast,
DOC remained constant over the incubation time in the pure
A6 culture (Table 3 and Table S9 as well as Figures S10f and

S11f). Although no organic carbon (except the PFAS) was
supplied to any vials, there was a background DOC in the
positive control (without PFAS), ranging from 0.18 ± 0.02 to
0.36 ± 0.03 mM over the 35 day incubations for the pure A6
and the A6 enrichment culture, respectively, which is
attributed to the long-term fixation of organic carbon by this
autotroph. At 0.24 mM PFOA and 0.20 mM PFOS, their
contribution to the total DOC is an order of magnitude higher
than that of the background DOC. Given that the DOC fixed
during the 35 day incubation period is negligible in comparison
to the DOC from the PFAS added, a constant DOC vs time in
the pure A6 culture incubations indicates that none of the
PFAS that were being degraded nor their degradation products
were oxidized to CO2.
DOC was measured as described above as well as estimated.

DOC as a function of incubation time was estimated based on
the concentration and molecular formula of the initial PFAS,
fluorinated intermediates, and acetate for each timepoint. The
background DOC from the positive control (no PFAS) was
then added to these estimated DOC values (for the pure A6
culture: 0.18 mM for PFOA and 0.17 mM for PFOS; for the
A6 enrichment culture: 0.35 mM for PFOA and 0.38 mM for
PFOS incubations). Hence, a close match between the
measured and estimated DOC indicates that the major
dissolved organic compounds, which includes the original
PFAS and their degradation products (fluorinated and
nonfluorinated organics), have been properly quantified.
Table 4 and Table S10 show the measured and estimated

DOC vs time for the incubations with the A6 enrichment
culture when either NH4

+ or H2 is used as electron donor, for
incubations with PFOA and PFOS, respectively. Results show
that the DOC decreased at a rate of ∼5.7 μM day−1, which is
attributed to the presence of heterotrophic bacteria that can
grow on PFOA/PFOS degradation products such as acetate
while using electron acceptors such as NO2

− (Figure S3),
Fe(III), or SO4

2−. The measured and estimated DOC values
are in close agreement, indicating that the key degradation

Table 2. Molar Ratio of Fe(II) Produced to NH4
+ Removed

for PFOA Incubations with the A6 Enrichment Culturea

time with PFOA with PFOA control without PFOA

day Fe(II)/NH4
+ [Fe(II) + F-]/NH4

+ Fe(II)/NH4
+

7 2.37 (0.36) 2.90 (0.45) 3.21 (0.41)
35 3.40 (0.21) 4.22 (0.19) 4.28 (0.15)
60 3.49 (0.16) 4.25 (0.11) 4.49 (0.16)
100 3.41 (0.15) 4.24 (0.17) 4.62 (0.11)

a[av (SD), n = 3 for all samples, except for day 60 for which n = 6]

Table 3. DOC Balance for Incubations with PFOA−A6 Pure
Culturea

parameters day 0 day 7 day 21 day 35

measured DOC, with NH4
+

(mM)
1.96
(0.09)

1.98
(0.09)

1.94
(0.09)

1.93
(0.08)

estimated DOC with NH4
+

(mM)
2.04 2.04 2.01 2.03

% difference 4.1% 3.1% 3.6% 5.2%
measured DOC, with H2
(mM)

1.95
(0.08)

1.97
(0.08)

1.96
(0.08)

2.00
(0.08)

estimated DOC with H2
(mM)

2.06 2.03 1.96 1.77

% difference 5.6% 3.1% 0% 11.5%
a[av (SD), n = 3]
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intermediates contributing to the DOC have been identified
and properly quantified.
Table 3 and Table S9 show the measured and estimated

DOC vs time for the incubations with the pure A6 culture with
NH4

+ or H2 as an electron donor for incubations with PFOA
and PFOS, respectively. In contrast to the A6 enrichment
culture, here the DOC remains constant with time, indicating
that, as expected, A6 does not utilize PFOA or PFOS nor any
of their degradation products as carbon source. Results again
show a good agreement between measured and estimated
DOC.
Production of Shorter Chain Fluorinated Com-

pounds. The production during incubations with the A6
enrichment culture of shorter-chain fluorinated compounds
such as HFBA, PFPeA, PFHxA, and PFHpA during the
degradation of PFOA, and the production of PFBS and HFBA
during the degradation of PFOS show that in addition to
defluorination, the C−C bond of these molecules was oxidized.
Production of SO4

2− in the PFOS incubations indicates that
the C−S bond was oxidized.
Concentrations of shorter carbon chain−perfluorinated

intermediates and of acetate in the incubations with the pure
A6 culture were much lower than those in the A6 enrichment
culture and not detected when H2 was the electron donor. As
mentioned above, the decrease over time in total fluorine
quantified (0.56 mM for PFOA and 0.58 mM for PFOS over
100 days, Tables S4 and S5) indicates the possibility of the
formation and accumulation of other fluorinated organics in
the pure A6 culture that were not detected. Hence, further
research is needed to determine what fluorinated intermediates
that have not been identified here might be produced, and
when and to what degree the pure A6 culture is capable of
breaking the C−C bond.
Although the Feammox activity in the pure and enriched A6

culture was similar in terms of NH4
+ removed and Fe(II)

produced as well as A6 numbers, the A6 enrichment culture
had a higher overall PFOA and PFOS removal and production
of smaller perfluorinated compounds, acetate, and F−. This
indicates the possibility of a synergistic interaction between A6
and other organisms in the A6 enrichment culture during the
degradation of these PFAS, where once a perfluorinated
compound has been partially defluorinated by A6, hetero-
trophs in the A6 enrichment culture are capable of further
degrading these intermediates. Since A6 is an autotroph and no
organic carbon was added to the incubations, the increase in
acetate above that in the positive control during the
incubations with the PFAS, coupled with the carbon balance,
indicates that complete defluorination of PFOA and PFOS

may be achieved by these cultures. Incubations with 13C-
labeled PFAS will have to be conducted to confirm that the
acetate is a product from the PFAS degradation.

Possible Environmental Settings for PFAS Remedia-
tion via Feammox. Given that the Feammox process has
been reported in many environmental settings, as long as the
pH is acidic and soils are iron rich, the results presented here
indicate that under the right conditions, the Feammox process
could be stimulated to achieve PFAS biodegradation in
contaminated sediments and groundwater systems. The
Feammox process has been stimulated successfully in
constructed wetland mesocosms45 and microbial electrolysis
cells46 for the removal of NH4

+ and in soil columns for the
removal of TCE.29
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• Comprehensive analyses of produced
water (PW) quality in the Permian
Basin.

• Temporal characterization of PW and
river water quality in the Permian Basin.

• Quantitatively analyzed > 300 analytes
for organics, inorganics, and
radionuclides.

• Provide baseline analytical information
to advance PW research for potential
reuse.

• Filled knowledge gap regarding PW
quality to support science-based deci-
sion making.
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A B S T R A C T

A thorough understanding of produced water (PW) quality is critical to advance the knowledge and tools for 
effective PW management, treatment, risk assessment, and feasibility for beneficial reuse outside the oil and gas 
industry. This study provides the first step to better understand PW quality to develop beneficial reuse programs 
that are protective of human health and the environment. In total, 46 PW samples from unconventional oper-
ations in the Permian Basin and ten surface water samples from the Pecos River in New Mexico were collected for 
quantitative target analyses of more than 300 constituents. Water quality analyses of Pecos River samples could 
provide context and baseline information for the potential discharge and reuse of treated PW in this area. 
Temporal PW and river water quality changes were monitored for eight months in 2020. PW samples had total 
dissolved solids (TDS) concentrations ranging from 100,800–201,500 mg/L. Various mineral salts, metals, oil 
and grease, volatile and semi-volatile organic compounds, radionuclides, ammonia, hydraulic fracturing addi-
tives, and per- and polyfluoroalkyl substances were detected at different concentrations. Chemical character-
ization of organic compounds found in Pecos River water showed no evidence of PW origin. Isometric log-ratio 
Na-Cl-Br analysis showed the salinity in the Pecos River samples appeared to be linked to an increase in natural 
shallow brine inputs. This study outlines baseline analytical information to advance PW research by describing 
PW and surrounding surface water quality in the Permian Basin that will assist in determining management 
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strategies, treatment methods, potential beneficial reuse applications, and potential environmental impacts 
specific to intended beneficial use of treated PW.   

1. Introduction

The rapid development of the unconventional oil and gas (O&G)
industry has promoted economic growth and generated large volumes of 
produced water (PW) in the southwestern United States (U.S.EIA, 2021). 
PW is primarily naturally occurring water that emerges from the ground 
during the production of oil or gas (also known as formation water). 
Additionally, PW may include water injected into the formation during 
well treatment or enhanced O&G recovery (EOR), as well as flowback 
water that returns to the surface after hydraulic fracturing (HF) (GWPC, 
2019; Scanlon et al., 2017). An estimated 3180 × 106 m3 (20 billion
barrels) of PW will be generated by onshore O&G activities in the United 
States in 2022 (IHS Markit, 2020). Such large volumes of PW require 
appropriate management to reduce disposal costs and environmental 
impacts. Currently, major PW management methods include saltwater 
disposal (SWD) well injection, reinjection for EOR, and reuse for HF; 
only a very small percentage of PW (1.3% in 2017) is used outside the 
O&G field for irrigation and dust control on roads (Jiang et al., 2021b; U. 
S.EPA, 2020; Veil, 2020).

Following appropriate treatment, treated PW could prove to be an
alternative water supply for other industrial applications as well thus 
serving to reduce stress on local water supplies. PW recycling for HF has 
been implemented as an economically attractive and environmentally 
friendly method by the O&G industry (Scanlon et al., 2020a). One 
challenge for PW recycling is temporally and geographically matching 
water demand for HF with PW supply (Jiang et al., 2021b), and that PW 
volume may exceed HF water demand in some areas, such as in the 
Permian Basin (Scanlon et al., 2020a). PW could also be treated and 
beneficially reused outside the O&G field to alleviate local water stress. 
For example, the Permian Basin is in a semi-arid region where treated 
PW can be used as an alternative water source to replace and augment 
freshwater supplies. Scanlon et al. estimated that PW, if treated and 
used, could represent < 1%, 5%, and 11% of irrigation water demand in 
Eddy, Lea, and Pecos counties, respectively, (the highest irrigation 
counties in the Permian Delaware Basin) after meeting the HF water 
demand (Scanlon et al., 2020b). 

Use of treated PW for agriculture or wildlife is currently allowed west 
of the 98th meridian under the Oil and Gas Extraction Effluent Guide-
lines and Standards (40 CFR Part 435 Subpart E) in the United States. 
PW reuse outside the O&G field for agriculture and wildlife propagation 
primarily occurs in California and Wyoming because some PW in these 
regions has lower total dissolved solids (TDS) and may only need 
moderate treatment (Navarro et al., 2016; U.S.EPA, 2020). Constituents 
in PW vary with geographic location, reservoir lithology, geologic his-
tory, the type of hydrocarbon product being produced, and well age, 
which makes it difficult to fully characterize PW composition, including 
adequately understanding spatial and temporal variability in the pro-
duction (volumes) and composition (Oetjen et al., 2018; Wang et al., 
2019). Typically, PW is highly saline and could contain many different 
constituents such as suspended particles, dissolved mineral salts, organic 
compounds (e.g., volatile and semi-volatile organics (VOCs and SVOCs), 
petroleum hydrocarbons, organic acids, and oils), naturally-occurring 
radioactive material (NORM), other inorganic constituents (e.g., sul-
fide and ammonia), chemical additives and their transformational 
byproducts during well treatment or from the interactions with forma-
tion water (Jiang et al., 2021a; Rodriguez et al., 2020). Extensive 
treatment is required to remove these constituents for safe reuse of 
treated PW, which can include settling, media filtration, coagulation, 
chemical precipitation, adsorption, biological treatment, membrane 
desalination, thermal distillation, and advanced oxidation processes 
(Chen et al., 2021, 2022; Geza et al., 2018; Hickenbottom et al., 2013; 

Hu et al., 2020; Lin et al., 2020; Ma et al., 2018; Xu and Drewes, 2006; 
Xu et al., 2008a, 2008b). 

One of the barriers to use treated PW as an alternative water source is 
the lack of comprehensive chemical characterization of PW quality 
(Scanlon et al., 2020b). To date, most studies devoted to PW charac-
terization are focused on the Appalachian Basin (Danforth et al., 2020). 
Some previous research on the Niobrara (Oetjen et al., 2018), the Bar-
nett (Wang et al., 2019), the Bakken (Shrestha et al., 2018), and the 
Eagle Ford (Hildenbrand et al., 2018) also exists. The Permian Basin in 
southeastern New Mexico and western Texas (Fig. 1(a)) is the most 
productive oil province in the U.S., which accounted for almost 60% of 
onshore oil production in July 2021 (U.S.EIA, 2021). However, there are 
limited studies focused on the characterization of PW in the Permian 
Basin, especially the PW from unconventional wells. Most PW samples 
from the Permian Basin in the United States Geological Survey (USGS) 
database (approximately 3800 datasets for the Permian out of 114,993 
total datasets in the ‘USGSPWDBv 2.3 n.csv’ file) were collected before 
2002, and primarily from conventional wells. Only 39 samples (out of 
3800 datasets) are from 2016 with limited inorganic information 
(Chaudhary et al., 2019; Engle et al., 2016; USGS, 2021). Our previous 
research identified VOCs in eight unconventional PW samples; however, 
it was limited in scope to the Midland Basin (the eastern portion of the 
Permian Basin, Texas) and did not fully characterize PW samples to a 
level sufficient to support hazard and risk assessment. The same limited 
scope of analysis and sampling is reflected in the broader literature (Hu 
et al., 2020; Rodriguez et al., 2020; Thacker et al., 2015). Thus, 
comprehensive chemical characterization and risk assessment of PW is 
necessary for potential treatment and beneficial use outside the O&G 
field in the Permian Basin. 

In this study, we conducted a target analysis of physical and chemical 
water quality characteristics on PW samples from five locations in the 
Permian Basin and water samples from one location on the Pecos River 
(the river flowing through the Permian Basin) location in Carlsbad, New 
Mexico (Fig. 1(a)). Twenty-four PW samples were collected from the 
Permian Basin in New Mexico and Texas - 14 samples (PW-NM) from 
Sampling Point 2 and 10 samples (PW-TX) from Sampling Point 5 as 
shown in Fig. 1(a). Samples were analyzed for wet chemistry, in-
organics, organics, microbial community, and toxicity. This paper re-
ports results of physicochemical analyses, while microbial community 
and toxicity analyses are reported in a separate paper (Hu et al., 2022). 
Among these 24 samples, ten samples were collected from an SWD fa-
cility (PW-NM-SWD) from January 2020 to September 2020 to monitor 
the temporal change of PW quality (Point 2 in Fig. 1(a)). Along with 
these ten PW samples (PW-NM-SWD), ten Pecos River samples (RW-NM) 
were collected within the same period to characterize the background 
surface water quality (Point 2 in Fig. 1(a)). These temporal samples (ten 
PW-NM-SWD and ten RW-NM samples from Point 2 in Fig. 1(a)) were 
quantitatively analyzed for more than 300 targeted analytes, including 
wet chemistry, inorganics, radionuclides, organics such as VOCs, SVOCs, 
total petroleum hydrocarbons, organic acids, oil and grease, pesticide-
s/herbicides, dioxins, and tentatively identified compounds. We also 
analyzed per- and polyfluoroalkyl substances (PFAS) in one 
PW-NM-SWD sample and one Pecos RW-NM sample. This is the first 
study that investigated PFAS in PW samples to the best of our knowl-
edge. We also obtained data (wet chemistry and inorganics) from 
additional 22 PW samples from SWD wells (Points 1, 3, and 4 in Fig. 1 
(a)) and then combined all the data (in total 46 samples) for statistical 
analyses. This study is a first step toward a better understanding of PW 
quality in the Permian Basin; the objective of this study and our future 
research is to support the O&G industry, regulators, and stakeholders 
with information for risk-based assessment and designing optimal 
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methods for treatment and potential beneficial use of treated PW outside 
the O&G industry. 

2. Materials and methods

2.1. Water sample collection

This study included 46 PW samples from the Permian Basin. Fig. 1(a) 
identifies sampling locations. Fig. 1(b) describes the TDS distribution for 
samples from each sampling point with mean, max, min, and standard 
deviation of TDS concentrations. Twenty-four PW samples (14 from the 
Delaware Basin in NM; and 10 from the Midland Basin in TX) were 
collected from unconventional reservoirs and analyzed by the authors. 
The information (wet chemistry and inorganics) for the other 22 PW 
samples was provided by industry collaborators in the Permian Basin. 
Samples were all from unconventional wells and collected from the 
wellhead, separator, PW storage tank/pond, and the back end of the 
SWD tank battery system. To track the temporal change of general water 
quality, ten PW-NM-SWD samples from the back end of a SWD tank 
battery system and ten Pecos RW-NM samples (Point 2 in Fig. 1(a)) were 
collected between January to September 2020 from the Delaware Basin 
(western subbasin of the Permian Basin), near Carlsbad, New Mexico. 

Samples for wet chemistry, inorganic, and radionuclide analyses 
were collected in sterile plastic bottles. Samples for organic analyses 
were collected in method-specific bottles provided by the analytical 
laboratories. All samples were stored at 4 ◦C and transported to the labs 
on the same day under chain of custody. All sample collection, preser-
vation, shipping, and analyses followed the United States Environmental 
Protection Agency (EPA) guidance and standard practices. 

2.2. Wet chemistry, inorganic, and radionuclides analyses 

Total dissolved solids (TDS) and total suspended solids (TSS) were 
measured by EPA standard methods 2540 C and 2540D (gravimetric 
method) using 0.15 µm filters. Total organic carbon (TOC) and dissolved 
organic carbon (DOC, using 0.45 µm filters) were measured using a TOC- 
V CSH Total Organic Carbon Analyzer (Shimadzu, Japan), following 
EPA method 415.3. The TOC procedure allows for removal of settleable 
solids and any free oil layer to prevent the clogging of valves, tubing, and 
injection needles. The suspended particles are included in the TOC 
measurement. pH was measured using a benchtop multi-parameter 

meter (pH/con 300 Meter, Oakton Instruments, IL, USA). Ammonia 
was measured using a Hach DR6000 spectrophotometer with salicylate 
method 10031 (Hach, CO, USA). Chemical oxygen demand (COD) was 
measured using Hach COD test kits (Hach, CO, USA). Alkalinity was 
measured using Hach alkalinity test kits (Hach, CO, USA). Major anions 
were measured using ion chromatography (IC; Dionex ICS-2100, 
Thermo Fisher Scientific, CA, USA) following EPA method 300.0. 
Unfiltered, acidified water samples were used to measure the total 
metals and trace elements using an inductively coupled plasma optical 
emission spectroscopy (ICP-OES; Optima 4300 DV, PerkinElmer, MA, 
USA) and an inductively coupled plasma mass spectroscopy (ICP-MS; 
Elan DRC-e, PerkinElmer, MA, USA), using EPA method 200.7 and 
200.8, respectively. Methylene blue active substances (surfactants) were 
analyzed based on EPA method 425.1. Radium-226 and Radium-228 
were measured based on EPA methods 903.0 and 904.0, respectively, 
utilizing gamma spectroscopy. Gross Alpha and Gross Beta counts were 
based on EPA method 900.0. 

2.3. Fluorescence excitation emission matrices (FEEM) analyses 

FEEM was used to analyze the composition of dissolved organic 
matter (DOM) in the PW and river water samples. Spectra were obtained 
using a spectrofluorometer (Aqualog-UV-800-C, Horiba Instruments, 
NJ, USA). Excitation wavelengths were from 240 to 400 nm in 10 nm 
steps, and emission wavelengths were from 300 to 550 nm in 2 nm steps. 
Spectrum of deionized water at the wavelength of 350 nm was recorded 
as blank, and the equipment was auto zeroed before each analysis. In 
general, FEEM spectra can be divided into five regions (Jiang et al., 
2020): Region I (Ex/Em 240–250/300–330 nm) and Region II (Ex/Em 
240–250/330–380 nm): aromatic hydrocarbons; Region III (Ex/Em 
240–250/380–550 nm): fulvic acid-like substances; Region IV (Ex/Em 
250–400/300–380 nm): Microbial byproduct-like materials, such as 
carbohydrates, aldehydes, and alcohols; and Region V (Ex/Em 
250–400/380–550 nm): humic acid-like organics. All spectra were 
corrected to 1 mg/L DOC using a suitable scale range. 

2.4. Organic analyses 

Organic analyses were performed by Eurofins Test America. Unfil-
tered water samples were collected in the method-specific bottles pro-
vided by the laboratory and shipped at 4 ◦C for analyses. VOCs were 

Fig. 1. (a) Sampling points of PW and Pecos River water in this study. (b) TDS distribution of PW at different sampling points. “x” represents Mean value, “–” from 
top to bottom represent Max, Median, and Min values, respectively. Two dots in Sampling Point 5 are outliers during the statistical analysis using the box and whisker 
plot. For PW samples: Point 1 (7 samples) TDS: 140,891 ± 38,516 mg/L; Point 2 (12 samples) TDS: 123,298 ± 8752 mg/L; Point 3 (5 samples) TDS: 
122,440 ± 14,217 mg/L; Point 4 (12 samples) TDS: 132,044 ± 15,933 mg/L; Point 5 (10 samples) TDS: 125,439 ± 25,368 mg/L. Detailed TDS data for each 
sampling point are in Data in Brief. Permian Basin County map is cited from (Shaleexperts, 2021). 
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isolated via purge and trap, and SVOCs were subject to liquid-liquid 
extraction. They were analyzed using gas chromatography (GC, Agi-
lent 6890) coupled with a quadrupole mass spectrometer (MS, Agilent 
5973), following EPA method 8260 C and EPA method 8270D, respec-
tively. Total petroleum hydrocarbons (TPH) and organic acids were 
analyzed using GC coupled with a flame ionization detector (Agilent 
5890) following EPA method 8015D. Pesticides/herbicides were 
analyzed using GC (Agilent 5890) coupled with an electron capture 
detector following EPA method 8081B. PFAS were analyzed using solid- 
phase extraction and liquid chromatography-tandem mass spectrometry 
(LC/MS/MS, SCIEX 5500) following a modification of EPA method 537. 
The method detection limits and reporting limits for each PFAS in PW 
and river water samples are listed in Table 4. Dioxins analyses were 
performed via high-resolution GC/MS (Thermo DFS) in accordance with 
EPA method 1613B. Blank sample and external/internal standard cali-
bration were used for quantification. Isotopic dilution was used to aid in 
quantitation for both PFAS and dioxin analyses. 

3. Results and discussion

To check data quality in this study, charge balance (or anion-cation
balance) was calculated for each sample, including samples measured by 
the authors and samples from other sources. All the samples had a 
percent error lower than 10%, except for three PW samples that had 
errors of 10.6%, 10.4%, and 11.0%, which might be caused by sample 
dilution factors and analytical errors when analyzing highly saline PW 
samples. 

3.1. Chemical characterizations of PW samples 

Tables 1 and 2 summarize the statistical results of general water 
quality parameters and element analyses (including radionuclides) of 
the total 46 PW samples. Detailed data for each sample can be found in 
Data in Brief. Concentrations of TDS, TOC, and ammonia have mean 
values of 128,423 mg/L, 104 mg/L, and 432 mg/L, respectively. These 
results are similar to previously reported PW quality from the Permian 
Basin (Jiang et al., 2021b; Rodriguez et al., 2020). TDS has a wide range 
from 100,000 to 201,000 mg/L, and the concentration of Cl- and Na+

(Table 2) correspond to 62.1% and 31.3 wt% of the TDS. These results 
are consistent with previous reports that nearly all basin waters with 
TDS concentrations above 10,000 mg/L are dominated by Na and Cl 
(Hanor, 1994) and that PW from the tight O&G plays is dominated by Na 
(median: 15,000–76,000 mg/L) and Cl (median: 22,000–150,000 mg/L) 
(Scanlon et al., 2020b). The median TDS in the Permian Basin (122, 
000 mg/L) is lower than in the Bakken tight oil (244,000 mg/L) and the 
Appalachian Basin Marcellus and Utica shale gas plays (166,000 mg/L) 
but higher than in the Eagle Ford shale play (57,000 mg/L) (Scanlon 
et al., 2020b). 

TDS provides an indication of the PW mineral content, which is a 
major concern for PW management, treatment, and reuse. High salinity 
water corrodes metal pipes and tanks, which could be problematic for 

PW transport, storage, and treatment. In addition, high concentrations 
of scale-forming ions, such as Ca2+ (mean concentration of 3821 mg/L), 
Mg2+ (745 mg/L), Sr2+ (450 mg/L), SO4

2- (496 mg/L), and SiO2 
(108 mg/L), can cause scaling and decrease the performance of man-
agement/treatment systems. The SO4

2- ion can also be reduced to H2S by 
sulfate-reducing bacteria, which is a safety hazard to workers in addition 
to being corrosive. 

High TDS limits the choice of treatment technologies. Reverse 
osmosis (RO) can be used to treat water with TDS < 30,000–45,000 mg/ 
L (Chang et al., 2019). For unconventional PW with higher TDS con-
centration found across the Permian Basin, thermal techniques are 
required for treatment, such as thermal distillation and solar still (Chen 
et al., 2021; Liden et al., 2019, 2018). Resource and mineral recovery 
from PW has also been reported in a previous study which simulta-
neously recovered NH4

+, K+, and Mg2+ from PW by struvite precipita-
tion after calcium pretreatment (Hu et al., 2021). Following mineral 
recovery, softened PW can be further treated for different fit-for-purpose 
applications. 

PW may contain naturally occurring radioactive material (NORM), 
and the high concentration of Cl- enhances the solubility of NORM 
(Fisher, 1998). Currently, there is limited data or information regarding 
the presence of NORM in Permian Basin PW. The ten PW-NM-SWD 
temporal samples collected from Sampling Point 2 (Fig. 1(a)) were 
analyzed for the NORM. Radium-226 + 228, uranium-234 + 238, 
thorium-228 + 230, polonium-210, and plutonium-238 were detected 
in the samples. In contrast, neptunium-237, americium-241, 
uranium-235, thorium-232, and plutonium-239 + 240 were not detec-
ted (Data in Brief). Ra-226 (half-lives of 1600 yr) and Ra-228 (half-lives 
of 5.75 yr) were chosen for comparison because they are the most 
abundant and most widely detected in other basins and represent the 
first soluble daughter product in the uranium-238 and thorium-232 
decay chains, respectively. Results show total Ra (Ra-226 + Ra-228) 
has a mean level of 469.3 pCi/L (pico curies/L). As references, the re-
sults in this study are similar to a previous study for the Permian Basin 
(535 pCi/L), lower than other major O&G production basins such as 
Marcellus shale (median: 1980 pCi/L) and Bakken (1200 pCi/L), and 
higher than Eagle Ford (284 pCi/L) (Scanlon et al., 2020b). These results 
also show a large temporal variance between PW samples from 2.56 to 
576 pCi/L for Ra-228 and from 0.74 to 970 pCi/L for Ra-226 in Sampling 
Point 2. 

While the focus is primarily on the quantitation of Ra-226 and Ra- 
228, both exist as parts of the uranium-238 and thorium-232 decay 
chains, respectively. Parent and daughter isotopes have been identified 
in PW, although the various long-lived parent products (e.g., thorium- 
230 and thorium-228, respectively) are largely insoluble and both 
decay into gases (radon-222 and radon-224), which can be transported 
elsewhere. 

Table 1 
Statistical results of general quality parameters of the total 46 PW samples.    

Mean Max Min 25th percentile 50th percentile 75th percentile 

Alkalinity mg/L as CaCO3 272 870 100 128 207 336 
Ammonia mg/L 432 750 320 330 400 495 
COD mg/L 1626 3100 930 1250 1400 1950 
pH SU 6.6 8.1 3.9 6.3 6.7 7.0 
TDS mg/L 128,641 201,474 100,830 113,441 122,280 134,525 
TOC mg/L 103.5 248.1 2.4 28 90.6 173.3 
TSS mg/L 342.9 790 85 142.5 375 422.5 
Turbidity NTU 116.4 200 23 36 110 200 
MBAS mg/L 1.10 2.1 0.047 0.92 0.97 1.33 

Note: COD: Chemical Oxygen Demand; TDS: Total Dissolved Solids; TOC: Total Organic Carbon; TSS: Total Suspended Solids; MBAS: Methylene Blue Active 
Substances. 
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3.2. Dissolved organic matter (DOM) in PW-NM-SWD characterized by 
FEEM analyses 

It is costly and time-consuming to analyze the whole profile of 
organic compounds in PW samples because they contain numerous 
anthropogenic and natural organics (Section 3.3). 3D-FEEM can provide 
pragmatic information for the DOM in PW based on the phenomenon 
that a large portion of organic compounds, such as proteins and bacterial 
metabolites (fulvic and humic substances), have fluorescent emission 
characteristics (Jiang et al., 2021a). Although FEEM lacks quantitative 
information on specific compounds, it provides low cost and real-time 
results compared to GC/LC-MS, and the advantages of higher selec-
tivity and a wider range compared to conventional fluorescence. 

In this study, FEEM was used to characterize DOM in three PW-NM- 
SWD samples collected from three different SWD facilities in the Dela-
ware Basin and one Pecos RW-NM sample from Carlsbad, NM (all 
samples were collected from Sampling Point 2 in Fig. 1(a)). All three PW 
samples have similar peaks in regions I, II, III, and IV (Fig. 2). However, 
intensities varied between peaks. PW3 has more peaks compared to PW1 
and PW2. PW1 and PW2 have the strongest peaks in region IV, indi-
cating a high concentration of microbial byproduct-like materials asso-
ciated with the activity of microbial metabolism. If these PWs are to be 

reused for HF, more biocides may be required. PW3 has the strongest 
peak in regions I, II, III, and IV that represent high concentrations of 
aromatic hydrocarbon, fulvic acid-like substances, and microbial 
byproduct-like materials (Dahm et al., 2013). PW1 and PW2 showed 
relatively lower peak intensity in region III, fulvic acid-like substances. 
All samples had low-intensity peaks in region V, which are humic 
acid-like materials. Such quick FEEM analyses could be performed in a 
field lab as a real-time indicator of organic substances and petroleum 
hydrocarbons to assist in on-site evaluation of PW treatment perfor-
mance. The Pecos River sample showed much lower intensity (0–0.025) 
of DOM compared with PW samples (0–0.7). The major peaks for the 
Pecos River sample represent aromatic carbon (regions I and II) and 
fulvic acid-like substances (region III). 

The FEEM results, however, do not provide more information 
regarding the specific organic compounds and their quantity. Some 
compounds may cause negative environmental and health impacts in 
very low concentrations. Thus, targeted organic compound analyses 
were performed in this study to investigate the organic profile in PW 
samples. 

Table 2 
Statistical results of comprehensive elements analyses of the 46 PW samples.    

Mean Max Min 25th percentile 50th percentile 75th percentile 

Cations        
Aluminum mg/L 1.09 3.95 0.37 0.63 0.76 1.25 
Arsenic mg/L 3.17 6.04 1.62 1.74 2.64 4.61 
Barium mg/L 2.21 12.00 0.10 0.45 1.69 3.00 
Beryllium mg/L 0.03 0.04 0.01 0.01 0.03 0.04 
Bismuth mg/L 1.02 1.77 0.71 0.72 0.81 1.55 
Boron mg/L 42.34 76.50 17.20 33.29 40.65 51.03 
Cadmium mg/L 0.47 0.81 0.04 0.08 0.63 0.77 
Calcium mg/L 3821 8186 880 1705 3531 5744 
Chromium µg/L 1.7 2.2 1.3 1.3 1.6 2.2 
Cobalt µg/L 7.7 7.8 7.5 7.5 7.7 7.8 
Copper mg/L 0.65 1.46 0.24 0.24 0.45 1.26 
Ferrous iron mg/L 3.09 6.70 0.57 0.73 3.00 5.50 
Iron mg/L 19.35 65.20 0.50 4.60 14.00 25.70 
Lithium mg/L 22.39 52.28 11.74 20.00 21.02 23.40 
Magnesium mg/L 745.0 1877 295.3 472.7 621.3 959.1 
Manganese µg/L 488 1239 10 116 427 781 
Molybdenum mg/L 0.21 0.38 0.10 0.11 0.18 0.35 
Potassium mg/L 923 3637 222 449 808 1171 
Selenium mg/L 2.5 2.5 2.5 n/a 2.5 n/a 
Silica mg/L 107.7 195.4 4.0 29.2 115.7 178.2 
Sodium mg/L 40,896 68,985 25,080 37,000 39,673 42,967 
Strontium mg/L 449.9 1404 28.9 116.4 325.3 816.5 
Thallium mg/L 0.83 0.84 0.82 n/a 0.83 n/a 
Thorium mg/L 0.048 0.054 0.035 0.035 0.054 0.054 
Uranium mg/L 0.303 0.5 0.19 0.19 0.22 0.5 
Vanadium µg/L 79.6 94.5 61.4 61.4 83.0 94.5 
Zinc mg/L 1.14 1.81 0.17 0.17 1.45 1.81 
Anions        
Sulfate mg/L 496 965 151 243 510 690 
Phosphorus as P mg/L 8.5 36.0 1.7 2.5 6.4 8.9 
Nitrite as N mg/L n/a 16 n/a n/a n/a n/a 
Iodide mg/L 88 94 77 82 90 94 
Chloride mg/L 78,648 120,200 57,543 69,269 75,658 86,979 
Bromide mg/L 431 960 95 238 289 608 
Radionuclides        
Gross Alpha pCi/L 1105.6 1630 660 745 863 1630 
Gross Beta pCi/L 874.6 1230 456 748 889 1050 
Radium-226 pCi/L 237.6 970.0 0.7 19.1 72.8 415.5 
Radium-228 pCi/L 231.7 576.0 2.6 137.5 273.0 285.0 
Uranium-234 pCi/L 0.33 0.76 0.20 0.24 0.24 0.24 
Uranium-238 pCi/L 0.17 0.17 0.17 n/a n/a n/a 
Thorium-228 pCi/L 21.5 52.1 3.4 3.7 21.5 30.5 
Thorium-230 pCi/L 0.22 0.39 0.09 0.17 0.21 0.24 
Polonium-210 pCi/L 3.28 5.38 1.75 2.24 2.72 4.05 
Plutonium-238 pCi/L 0.17 0.17 0.17 n/a n/a n/a 

Note: n/a: not available. 
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3.3. Target organic analyses 

As discussed in Sections 2.4 and 3.2, advanced analytical in-
struments/methods were used for the targeted analysis of organic 
compounds in the ten temporal PW-NM-SWD samples from Sampling 
Point 2 in Fig. 1(a). In summary, 28 organic compounds, PFAS, diesel 
range organics (DRO), gasoline range organics (GRO), and motor oil 
range organics (MRO), were quantitatively identified in these PW-NM- 
SWD samples, while other 218 constituents were not detected. The list 
of undetected compounds can be found in Data in Brief. 

Table 3 shows the statistical results of organic compounds quantified 
during the analyses of the ten PW-NM-SWD samples. Detected VOCs of 
high relative abundances include benzene (min – max: 1900 – 4900 µg/ 
L), toluene (1700 – 3700 µg/L), ethylbenzene (72 – 160 µg/L), and 
xylene (710 – 1600 µg/L). Results are consistent with other studies and 
are anticipated because these compounds are closely related to O&G 
production (Lester et al., 2015). BTEX constituents usually have the 
highest concentrations during the HF flowback period (Luek and Gon-
sior, 2017). No other VOCs were detected, which may be because 
samples were collected at an SWD, and volatilization might occur during 
transportation (piping and trucking) and storage before sampling. 

For general SVOCs, phenol (170–250 µg/L) and pyridine 
(120–300 µg/L) have the highest relative abundances. Phenol has been 

reported as being used in HF fluid to help coat sand proppants and as a 
disinfectant to eliminate bacteria (Jackson, 2014). The leaching of 
phenol and formaldehyde (detected in the range of 53–210 µg/L in this 
study) depends on the temperature in the formation (Mazerov, 2013; 
Schenk et al., 2019). Pyridine is the most frequently detected SVOC in 
HF fluids, which may be due to its use as a precursor for one of the HF 
additives (U.S.EPA, 2011), and it has been reported as naturally occur-
ring in oil shales (Roper, 1992). Alcohols are also used for several 
functions in HF fluids, production chemistry, and SWD treatment 
chemistry. They are routinely used as solvents, surfactants, gelling 
agents, friction reducer, and corrosion inhibitors. This study detected 
the mostly frequently used alcohols including methanol (5.6–52 mg/L), 
ethanol (0.14–0.98 mg/L), ethylene glycol (ND–27 mg/L), and phenols 
(FracFocus, 2021). The alcohols detected in this study are likely from 
production and SWD treatment chemistry, not HF chemistry. Other 
SVOCs such as 1,4-dioxane (ND – 21 µg/L), 1-methylnaphthalene 
(15–36 µg/L), and 2,4-dimethylphenol (29–42 µg/L) were detected in 
this study and reported in other studies (Luek and Gonsior, 2017). 

Biocides are often added to HF fluids and fluids associated with 
production operation for unconventional O&G development and SWD 
treatment to inactivate bacteria that are ubiquitous in the environment 
and cause problems during HF, including biofouling, production of toxic 
H2S, and corrosion of metal equipment (Jiang et al., 2021a). In this 

Fig. 2. FEEM spectra of three PW-NM-SWD samples from the Delaware Basin and one Pecos RW-NM sample from Carlsbad, New Mexico. All spectra are normalized 
to 1 mg/L DOC with a suitable scale for fluorescence intensity (PW: 0–0.7; Pecos RW: 0–0.025). 
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study, the commonly used biocides, including quaternary ammonium 
chloride and glutaraldehyde for HF (FracFocus, 2021), were not detec-
ted. Detected biocides at very low concentrations include three orga-
nochloride insecticides: alpha-benzene hexachloride (0.009 – 
0.027 µg/L), endosulfan I (0.73 – 0.98 µg/L), and endrin (ND – 
0.004 µg/L). Reasons for these results may include, firstly, the biocides 
can react with microbes and other chemicals during the HF and be 
degraded to other organic compounds. Secondly, biocides can undergo 
chemical changes in the subsurface, which has different temperatures, 
salinity, and pH. A study simulated the transformation of glutaraldehyde 
during HF and found that the fate of glutaraldehyde depended on 
downhole conditions. It can undergo rapid auto-polymerization and 
sorb onto shale and then remain underground, or it can remain stable 
and return to the surface with a half-life of 20 days (Kahrilas et al., 
2016). Thirdly, samples collected in this study were mainly PW, in 
which biocides may have a lower concentration than in HF flowback 
water. 

Acids are used as iron controllers and pH adjusting agents during 
O&G production. This study found the concentrations of organic acids 
were highly variable from non-detect to a maximum concentration of 
89 mg/L for acetic acid, 7.1 mg/L for butyric acid, and 5.7 mg/L for 
propionic acid. They may correspond with SWD treatment chemistry. 
However, it may also come from anaerobic microbial metabolism by 
degrading the biopolymers during HF (Olsson et al., 2013) or degrada-
tion of organic matter in the reservoir at temperatures above 80 ◦C 

(Carothers and Kharaka, 1978). Better control of bacteria in PW may 
decrease the concentrations organic acids. 

Polycyclic aromatic hydrocarbons (PAHs) are a large class of cancer- 
causing chemicals and occur naturally in coal, crude oil, and gasoline. 
They have been quantitatively reported in several studies, including in 
Denver-Julesburg Basin flowback samples (Lester et al., 2015) and in 
Marcellus PW samples (Jackson, 2014). According to the United States 
Centers for Disease Control and Prevention, the health effects of people 
exposed to low levels of PAHs are unknown; large amounts of PAHs can 
cause blood and liver abnormalities (Centers for Disease Control and 
Prevention, 2019). The PAHs detected in this study are in low µg/L 
range, including anthracene (min – max: ND – 1.1 µg/L), naphthalene 
(11 – 24 µg/L), phenanthrene (2.7 – 6.6 µg/L), and fluorene (3.1 – 
5.6 µg/L). As anticipated for PW samples, oil and grease were detected 
in relatively high concentrations in the PW samples with diesel range 
organics (22 – 130 mg/L), gasoline range organics (13 – 46 mg/L), and 
motor oil range organics (12 – 97 mg/L). 

Tentatively identified compounds (TICs) with a mean of 531 µg/L 
were detected in the PW-NM-SWD samples. TIC refers to a compound 
that can be detected by the analysis method, but its identity cannot be 
confirmed without further investigation. All VOC and SVOC samples 
analyzed by the commercial laboratory were subject to TIC searches 
using the National Institute of Standards and Technology (NIST) mass 
spectra library, which consists of hundreds of thousands of identified 
compounds. To improve hazard and risk assessment, and reduce concern 

Table 3 
Statistical results of the detected organic compounds in the ten PW-NM-SWD samples.    

Mean Max Min 25th percentile 50th percentile 75th percentile 

VOC        
Benzene µg/L 2611.1 4900 1900 2200 2200 2600 
Ethylbenzene µg/L 112.2 160 72 93 110 130 
Toluene µg/L 2533 3700 1700 2000 2400 2900 
Xylenes, Total µg/L 1185.6 1600 710 1100 1300 1400 
SVOC - General        
1,1′-Biphenyl µg/L 5.9 8.5 3.8 4.6 5.2 7.2 
1,4-Dioxane µg/L n/a 21 ND n/a n/a n/a 
1-Methylnaphthalene µg/L 22.7 36 15 18 21 26 
2-Methylnaphthalene µg/L 38.3 65 26 29 36 45 
2-Methylphenol µg/L 81.8 98 68 77 80 85 
2,4-Dimethylphenol µg/L 34.1 42 29 31.5 33 36 
Ethylene glycol mg/L n/a 27 ND n/a 27 n/a 
Ethanol mg/L 0.51 0.98 0.14 0.21 0.57 0.67 
Methanol mg/L 24.5 52 5.6 12 26 27 
Methylphenol, 3 & 4 µg/L 90.4 110 72 85 91 96 
Phenol µg/L 203.3 250 170 170 210 220 
Pyridine µg/L 237.5 300 120 235 240 260 
Pesticides/Herbicides
alpha-BHC (benzene hexachloride) µg/L 0.018 0.027 0.009 n/a n/a n/a 
Endosulfan I µg/L 0.855 0.98 0.73 n/a n/a n/a 
Endrin µg/L n/a 0.004 ND n/a 0.004 n/a 
Organic Acids
Acetic acid mg/L n/a 89 n/a n/a n/a n/a 
Butyric acid mg/L n/a 7.1 n/a n/a 7.1 n/a 
Propionic acid mg/L n/a 5.7 n/a n/a 5.7 n/a 
SVOC-PAH
Anthracene µg/L n/a 1.1 ND n/a n/a n/a 
Naphthalene µg/L 15 24 11 12 16 16 
Phenanthrene µg/L 3.76 6.6 2.7 3.18 3.4 4.03 
Fluorene µg/L 4.35 5.6 3.1 n/a 4.7 n/a 
Carbonyl Compounds 
Formaldehyde mg/L 0.14 0.21 0.053 0.11 0.15 0.18 
SVOC-TPH
n-Decane µg/L 556.7 890 340 390 530 610 
Oil and Grease
DRO (C10-C20) mg/L 49 130 22 26 35 52 
GRO (C6-C10) mg/L 23.5 46 13 15 19.5 28 
MRO (C20-C34) mg/L 32.4 97 12 16 26 32 
Tributyl phosphate µg/L 34.6 74 3.3 12 30.5 53 
Tentatively Identified Compounds (TIC) µg/L 531.1 1000 280 320 350 840 

Note: n/a: data not available; ND: not detected. PAH: polycyclic aromatic hydrocarbon; TPH: total petroleum hydrocarbons; DRO: diesel range organics; GRO: gasoline 
range organics; MRO: motor oil range organics. 
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for reuse of treated PW, an effort should be made to identify compounds 
of concern within this unresolved fraction (U.S.EPA, 2020). A TIC can be 
converted to a target analyte if the method is developed to include the 
compound. This can be done by including reference standards for the 
chemical in calibration and quality control samples. Our future research 
will focus on the non-target analysis of these unknown chemicals in 
raw/untreated and treated PW using high-resolution LC/MS. 

3.4. PFAS analyses 

PFAS have been widely used in a variety of consumer products and in 
industrial applications. At the time of this study, they are considered 
recalcitrant in the environment due to the limited and/or slow break-
down of the perfluorocarbon moieties although additional research is 
ongoing (Ghisi et al., 2019). Further, PFAS can accumulate or concen-
trate in the environment and may have the potential to cause adverse 
health effects (Kwiatkowski et al., 2020). The U.S. EPA established the 
lifetime health advisory levels at 70 ng/L for combined per-
fluorooctanesulfonic acid (PFOS) and perfluorooctanoic acid (PFOA) 
concentrations in the drinking water (U.S.EPA, 2016). Currently, there is 
limited testing of PFAS in public water sources in the Permian Basin, and 
no published study investigated PFAS in PW to the best of our knowl-
edge. Hence, PFAS analyses were performed on one PW-NM-SWD 
sample from an SWD facility in Sampling Point 2 (Fig. 1(a)) and one 
Pecos RW-NM sample (Table 4). Despite the limited sample size, this is 
the first step towards the characterization of PFAS in PW and Pecos River 
water. 

For the analyses, each sample was spiked with isotopically labeled 
homologs of target analytes to monitor matrix interference, extraction 
efficiency, and analytical precision and accuracy. For the data reported, 
there is a difference between reporting limits (RL) and method detection 
limits (MDL). The RL generally corresponds with the lowest range of 
calibration, while the MDL is a statistical calculation of the lowest 
possible concentration that can be detected above background noise. 
Detections above the MDL but below the RL are designated with a “J” 

flag to indicate that the value is an estimate since it is below the lowest 
point of the calibration curve. 

There is also a need to analyze method blank and laboratory control 
samples because of the potential for trace level detection of the PFAS, 
even with reagent-grade purified water in cleanroom conditions. If re-
sults were detected above the RL, the entire analytical batch would have 
to be re-extracted. If method blanks and/or laboratory control samples 
were detected, even with a J flag value (i.e., MDL<detection<RL), 
samples associated with this analytical batch that were detected for the 
same analytes were designated with a “B” flag to denote potential 
detection in a blank. 

In total 34 PFAS compounds were analyzed in this study (Table 4). 
Five PFAS compounds were detected in the PW sample including PFBS 
(0.17 J ng/L, full names are listed in Table 4 note), PFBA (0.31 J B ng/ 
L), PFHxS (0.25 J B ng/L), NEtFOSE (0.98 J ng/L), and PFTeA 
(0.24 J ng/L). These PFAS were estimated in very low concentrations 
with “J” flag values - slightly above MDL but below RL. In addition, 
PFBA and PFHxS had estimated values with a “B” flag, indicating they 
were detected in the blank samples. 

More PFAS compounds were detected in the Pecos RW-NM sample 
(10 compounds) and at higher concentrations than the PW-NM sample 
(5 compounds). PFAS detected in the Pecos River sample include PFBS 
(2.0 ng/L), PFBA (1.3 J B ng/L), PFHpA (0.35 J ng/L), PFHxS (1.0 J B 
ng/L), PFHxA (1.2 J ng/L), FOSA (0.54 J B ng/L), PFOS (1.2 J ng/L), 
PFOA (1.0 J ng/L), PFPeS (0.24 J ng/L), and PFPeA (1.8 ng/L). In 
general, trace PFAS may be expected in the Pecos River samples as these 
compounds are ubiquitous in the environment. It is not expected to find 
PFAS in the formation water that has been geologically sequestered from 
synthetic organic chemicals. According to the FracFocus, no PFAS were 
used in HF chemical additives in the Permian Basin (FracFocus, 2021). 
However, fluoropolymers and fluorinated surfactants are reported in 
FracFocus for HF in the Permian Basin and other basins (FracFocus, 
2021). Identification of these substances is challenging due to trade 
secret or proprietary information; further non-target and target analyt-
ical methods can be utilized to characterize these substances in PW. 

Table 4 
PFAS analyses results of a PW-NM-SWD and a Pecos RW-NM sample (unit: ng/L).   

PW/ Pecos PW MDL/RL Pecos MDL/RL  PW/ Pecos PW MDL/RL Pecos MDL/RL 

PFBS 0.17 J/2.0 0.15/1.5 0.16/1.6 PFNS ND/ND 0.12/1.5 0.13/1.6 
PFBA 0.31 J B/ 1.3 J B 0.25/1.5 0.28/1.6 PFNA ND/ND 0.2/1.5 0.21/1.6 
PFDS ND/ND 0.23/1.5 0.25/1.6 FOSA ND/ 0.54 J B 0.25/1.5 0.28/1.6 
PFDA ND/ND 0.23/1.5 0.24/1.6 PFOS ND/1.2 J 0.39/1.5 0.42/1.6 
PFDoS ND/ND 0.33/1.6 0.35/1.6 PFOA ND/1.0 J 0.62/1.5 0.67/1.6 
PFDoA ND/ND 0.4/1.6 0.43/1.6 PFPeS ND/0.24 J 0.22/1.5 0.24/1.6 
PFHpS ND/ND 0.14/1.6 0.15/1.6 PFPeA ND/1.8 0.36/1.5 0.39/1.6 
PFHpA ND/0.35 J 0.18/1.5 0.2/1.6 PFTeA 0.24 J/ND 0.21/1.5 0.23/1.6 
PFHxS 0.25 J B/ 1.0 J B 0.12/1.5 0.13/1.6 PFTriA ND/ND 0.94/1.5 1/1.6 
PFHxA ND /1.2 J 0.42/1.5 0.46/1.6 PFUnA ND/ND 0.8/1.5 0.87/1.6 
NEtFOSA ND/ND 0.63/1.5 0.68/1.6 NMeFOSA ND/ND 0.31/1.5 0.34/1.6 
NEtFOSE 0.98 J/ND 0.62/1.5 0.67/1.6 NMeFOSAA ND/ND 2.3/15 2.4/16 
NEtFOSAA ND/ND 1.4/15 1.5/16 NMeFOSE ND/ND 1/2.9 1.1/3.1 
4:2 FTS ND/ND 3.8/15 4.1/16 6:2 FTS ND/ND 1.5/15 1.6/16 
8:2 FTS ND/ND 1.5/15 1.6/16 10:2 FTS ND/ND 0.14/1.5 0.15/1.6 
DONA ND/ND 0.13/1.5 0.14/1.6 HFPO-DA (GenX) ND/ND 1.1/2.9 1.2/3.0 
F-53B Major ND/ND 0.17/1.5 0.19/1.6 F-53B Minor ND/ND 0.23/1.5 0.25/1.6 

Note: ND: not detected; MDL: minimal detection limit (U.S.EPA, 2022); RL: reporting limit. 
J: below reporting limit but above minimal detection limit; B: potential blank contamination. 
PFBS: Perfluorobutanesulfonic acid; PFBA: Perfluorobutanoic acid; PFDS: Perfluorodecanesulfonic acid; PFDA: Perfluorodecanoic acid; PFDoS: Per-
fluorododecanesulfonic acid; PFDoA: Perfluorododecanoic acid; PFHpS: Perfluoroheptanesulfonic acid; PFHpA: Perfluoroheptanoic acid; PFHxS: Per-
fluorohexanesulfonic acid; PFHxA: Perfluorohexanoic acid; PFNS: Perfluorononanesulfonic acid; PFNA: Perfluorononanoic acid; FOSA: Perfluorooctanesulfonamide; 
PFOS: Perfluorooctanesulfonic acid; PFOA: Perfluorooctanoic acid; PFPeS: Perfluoropentanesulfonic acid; PFPeA: Perfluoropentanoic acid; PFTeA: Per-
fluorotetradecanoic acid; PFTriA: Perfluorotridecanoic acid; PFUnA: Perfluoroundecanoic acid; NEtFOSA: N-ethyl perfluorooctane sulfonamide; NMeFOSA: N-methyl 
fluorooctane sulfonamide; NEtFOSE: N-ethyl perfluorooctane sulfonamido ethanol; NMeFOSAA: N-Methylperfluorooctane sulfonamidoacetic acid; NEtFOSAA: 
N-ethyl perfluorooctanesulfonamidoacetic acid; NMeFOSE: N-methyl perfluorooctane sulfonamidoethanol; 4:2 FTS: 4:2 Fluorotelomer sulfonic acid; 6:2 FTS: 6:2
Fluorotelomer Sulfonate; 8:2 FTS: 8:2 Fluorotelomer sulfonic acid; 10:2 FTS: 10:2 Fluorotelomer sulfonic acid; DONA: 4,8-dioxa-3 h-perfluorononanoic acid; PO-DA
(GenX): 2,3,3,3-tetrafluoro-2-(heptafluoropropoxy)propanoate; F-53B Major: 9-Chlorohexadecafluoro-3-oxanonane-1-sulfonate; F-53B Minor: 11-Chlororeicosafluor-
o-3-oxaundecane-1-sulfonic acid.
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It should be noted that the PFAS data presented in this study were
estimated using only one PW sample collected from an SWD facility and 
one river water sample. More analyses of diverse samples are needed to 
identify the spatial and/or temporal variability. It is also important to 
elucidate the sources of PFAS in PW with the elimination of any po-
tential cross-contamination during PW transportation in pipelines, 
trucking, storage, sampling, or a legacy from the source water intro-
duced into the formation during fracturing. 

3.5. Temporal variability of PW-NM-SWD water quality 

Fig. 3 shows the temporal change of the major constituents in the 
Permian Basin PW-NM-SWD samples in 2020. The means and relative 
standard deviations (RSD) for the major constituents are TDS 
(122,500 mg/L and 7.6%), alkalinity (129 mg/L as CaCO3 and 12.1%), 
Na+ (35,000 mg/L and 4.9%), Cl- (78,200 mg/L and 9.3%), Ca2+

(5800 mg/L and 13.1%), and SO4
2- (528.6 mg/L and 17.2%). Results 

show a stable trend for the major constituents except for the SO4
2-, 

which may be related to bacterial activity and sulfate mineral solubility 
(or scaling potential) in PW. Tracking the quality change would assist 
operators in evaluating process performance. With more data collected, 
machine learning techniques, such as time series analysis, can be used to 
predict the water quality to assist downstream companies or treatment 
facilities to better treat the PW and prevent unanticipated events (Jiang 
et al., 2021b). 

3.6. Analyses of the nearby river water (RW-NM) 

Discharge or reuse of treated PW outside the O&G field is not pres-
ently permitted in the Permian Basin. Characterization of water quality 
of nearby water bodies provides background analytical information and 
baseline data for potential discharge and reuse of treated PW. Tables 5–7 
summarize the statistical results for the analyses of ten Pecos RW-NM 
samples (01/2020–09/2020); PFAS analyses are shown in Table 4. 
Detailed information for each sample can be found in Data in Brief 
(Pecos River). Fig. 4 shows the temporal change of major constituents in 
the Pecos River samples in 2020. Results show the quality of Pecos River 
samples varied seasonally with means and RSDs for the major constit-
uents are TDS (4591 mg/L and 17.7%), alkalinity (140.8 mg/L as CaCO3 
and 14.6%), Na+ (881 mg/L and 29.3%), Cl- (1453 mg/L and 17.3%), 
Ca2+ (570 mg/L and 19.5%), and SO4

2- (1720.5 mg/L and 17%). There 
are multiple possible sources that may contribute to the variations in 

salinity in the river such as PW and shallow brines that are known to be 
presented across much of the region. 

To distinguish between various potential Na+ and Cl- sources to the 
Pecos, Na-Cl-Br systematics were utilized (Fig. 5). Most unconventional 
oil and gas formations in the basin contain ancient, evaporated seawater 
that exhibits a particular relationship between ratios of Br-, Cl-, and Na+

concentrations, depending on the degree of local evaporation that 
occurred in the geologic past (Engle et al., 2016; Nicot et al., 2020). 
Conversely, shallow brine that gains its salinity from the dissolution of 
halite follows a different trajectory, depending on the degree of disso-
lution (Engle et al., 2016). Fig. 5 compares isometric log-ratio trans-
formed Na, Cl, and Br data (see (Engle and Rowan, 2013) for further 
details) of samples from the Permian Basin PW, the Pecos River, and four 
shallow brine samples from immediately above the salt layers in the 
Rustler aquifer, near Carlsbad, New Mexico (Siegel et al., 1991). The 
data are compared against modeled pathways for ancient seawater 
evaporation and halite dissolution as described in Engle et al. (2016). 
Correspondence between Pecos River samples and shallow brine from 
the Rustler aquifer (located stratigraphically above the O&G producing 
formations) suggest that shallow brines from evaporite mineral disso-
lution are the dominant source of salinity to the Pecos River samples. A 
potential reason for the increasing salinity in the Pecos River observed in 
the data is from widespread groundwater withdrawal due to severe 
droughts in the region, allowing for upward migration of shallow brines. 

Radionuclides were detected in the river samples (Table 6). The 
combined Ra-226 and Ra-228 activity was measured as 3.98 pCi/L, 
below the maximum contaminant level (MCL) of EPA’s regulation (5 
pCi/L) for drinking water. However, the maximum of Ra-226 reached 
29.9 pCi/L during the monitoring, reflecting that Ra-226 activity in the 
Pecos River can pass the regulatory limit at some point, which indicates 
more measurements and treatment are required for safe use of Pecos 
River water. Gross Beta is 14.08 pCi/L, below the MCL of 50 pCi/L; 
however, Gross Alpha of 24.6 pCi/L exceeded the MCL of 15 pCi/L. 

There are fewer organic compounds detected in Pecos RW-NM 
samples (6 compounds) compared with PW-NM-SWD samples (28 
compounds). Table 7 shows the quantified organics while the unde-
tected compounds can be found in Data in Brief. No VOCs were found in 
the Pecos River, which is reasonable because of their volatile nature. 
Other detected organics, including pesticides (endosulfan I: 0.004 – 
0.004 µg/L, 4,4′-DDD: ND – 0.01 µg/L, and 4,4′-DDT: ND – 0.006 µg/L), 
PAHs (naphthalene: ND – 6 µg/L and fluorene: ND – 1.2 µg/L), and di-
oxins (2,3,7,8-tetrachlorodibenzodioxin, ND – 0.14 pg/L), were in low 

Fig. 3. Temporal change of the major constituents in ten Permian Basin PW-NM-SWD samples.  
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concentrations. Only motor oil range organics (180 – 310 µg/L) had a 
relatively high concentration, which may be caused by the heavy 
automobile traffic in the Carlsbad area where RW-NM samples were 
collected. Gasoline range organics (ND – 54 µg/L) and TICs (max: 55 µg/ 
L) both had relatively low concentrations compared to the PW samples.
There were fewer methylene blue active substances (MBAS) detected in
the river water (0.04–0.12 mg/L) than in the PW samples (0.047 – 
2.1 mg/L). The MBAS measurement indicates that there were anionic
surfactants present in PW, which is related to the chemicals used in HF
and well treatment.

Increased TDS, metal ions, radionuclides, and organics may be of 
concern when using Pecos River water for agriculture, industry, and 
municipal applications. Calcium, barium, and strontium may increase 
scaling, while other heavy metals and unknown organics may cause 
health concerns for humans and animals. High concentrations of sodium 
may deteriorate soil quality, and the sodium adsorption ratio (SAR) of 
the Pecos River water reached 11.8 (Max) in 2020; water with SAR > 9 
may cause severe limitations to soil properties (Flynn, 2009). Thus, it is 
important to continuously monitor the Pecos River water quality and 
evaluate potential risks of beneficial reuse of treated PW such as surface 

Table 5 
Statistical results of general quality parameters of the Pecos RW-NM samples.    

Mean Max Min 25% percentile 50% percentile 75% percentile 

Alkalinity mg/L 140.8 170 118 120 135 162.5 
Ammonia mg/L 0.15 0.2 0.12 0.13 0.14 0.17 
TDS mg/L 4591 6200 3210 4125 4550 5050 
TOC mg/L 4.2 12.3 1.9 2.3 3.1 4.7 
TSS mg/L 43 57 26 32 45 54 
Turbidity NTU 7.5 16.0 1.1 3.9 6.7 11.5 
COD mg/L 28 39 13 22 30 35 
Nitrate as N mg/L 1.2 1.8 0.7 0.8 1.1 1.6 
Nitrite as N mg/L 0.2 0.2 0.2 n/a 0.2 n/a 
pH SU 8.1 8.2 7.7 8.0 8.1 8.2 
SAR  8.5 11.8 5.6 n/a 8.4 n/a 
MBAS mg/L 0.07 0.12 0.04 0.05 0.06 0.08 

Note: n/a: data not available. COD: Chemical Oxygen Demand; TDS: Total Dissolved Solids; TOC: Total Organic Carbon; TSS: Total Suspended Solids; SAR: sodium 
adsorption ratio; MBAS: Methylene Blue Active Substances. 

Table 6 
Statistical results of comprehensive elements analyses of the Pecos RW-NM samples.    

Mean Max Min 25% percentile 50% percentile 75% percentile 

Cations        
Aluminum µg/L 84 84 84 n/a 84 n/a 
Arsenic µg/L 26 26 26 n/a 26 n/a 
Barium µg/L 27 38 18 24 25 32 
Boron µg/L 271 271 271 n/a 271 n/a 
Cadmium µg/L 0.4 0.8 0.0 n/a 0.4 n/a 
Calcium mg/L 570.2 820.0 402.0 512.5 555.0 615.0 
Chromium µg/L 3.2 3.2 3.2 n/a 3.2 n/a 
Cobalt µg/L 5.1 5.1 5.1 n/a 5.1 n/a 
Iron µg/L 518 890 190 270 510 759 
Lead µg/L 1.1 1.1 1.1 n/a 1.1 n/a 
Lithium µg/L 95.2 140.0 58.4 80.8 96.0 110.0 
Magnesium mg/L 150.0 150.0 150.0 n/a 150.0 n/a 
Manganese µg/L 17.1 17.6 16.6 n/a 17.1 n/a 
Mercury µg/L 0.2 0.2 0.2 n/a 0.2 n/a 
Molybdenum µg/L 2.7 2.9 2.4 2.4 2.7 2.9 
Potassium µg/L 8.2 12.0 5.9 7.1 7.8 9.3 
Selenium mg/L 8.2 16.2 2.2 2.2 6.2 16.2 
Silica mg/L 12.9 12.9 12.9 n/a 12.9 n/a 
Sodium mg/L 881 1400 520 668 870 983 
Strontium mg/L 9.5 14.0 5.9 8.8 9.4 10.1 
Uranium µg/L 6.0 6.0 6.0 n/a 6.0 n/a 
Vanadium µg/L 35.6 35.6 35.6 n/a 35.6 n/a 
Anions        
Chloride mg/L 1454 1700 936 1200 1600 1600 
Sulfate mg/L 1721 2100 1205 1475 1750 2000 
Fluoride mg/L 0.7 0.9 0.5 0.7 0.8 0.8 
Bromide mg/L 0.7 0.8 0.5 0.6 0.7 0.8 
Radionuclides        
Gross Alpha pCi/L 24.6 39.8 7.7 12.9 27.4 35.1 
Gross Beta pCi/L 14.1 24.2 1.4 4.2 14.6 23.8 
Radium-226 pCi/L 0.3 1.1 0.1 0.1 0.2 0.3 
Radium-228 pCi/L 3.4 29.9 0.2 0.3 0.4 0.6 
Uranium-234 pCi/L 6.6 7.6 5.5 n/a 6.6 n/a 
Uranium-235 pCi/L 0.4 0.5 0.3 n/a 0.4 n/a 
Uranium-238 pCi/L 3.2 3.5 2.8 n/a 3.2 n/a 
Thorium-228 pCi/L 2.9 3.4 2.4 n/a 2.9 n/a 
Thorium-230 pCi/L 0.1 0.1 0.1 n/a 0.1 n/a 
Polonium-210 pCi/L 0.9 0.9 0.9 n/a 0.9 n/a 

Note: n/a: data not available; ND: not detected. 
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water discharge and irrigation. 

4. Conclusions

This study provides the physicochemical analyses of 46 PW samples
and 10 Pecos River samples from the Permian Basin in New Mexico and 
Texas. For PW-NM-SWD samples, 91 analytes were detected and 218 
analytes were not detected (309 in total). For Pecos RW-NM samples, 67 
analytes were detected and 242 analytes were not detected (309 in 
total). Such analyses help better understand the PW and the Pecos River 
water quality in the Permian Basin. The PW data can be used in selecting 
PW treatment and management approaches, identifying the potential for 
mineral recovery (e.g., ammonia, potassium, magnesium), and assisting 
in evaluating PW beneficial reuse feasibility and associated risks. Sur-
face water data will be essential for establishing baseline information for 
potential discharge of treated PW, such as to conduct risks assessment 
and determine total maximum daily loading criteria for constituents of 
concern. Primary research findings are listed below.  

(1) PW samples from unconventional O&G operations in the Permian
Basin have an average TDS of 128,423 mg/L, TOC of 103 mg/L,
and ammonia of 432 mg/L. The total Ra has an average level of
469 pCi/L. Major constituents in the PW showed relatively stable
temporal trends sampled between January 2020 and September
2020.

(2) A variety of organic compounds were detected in PW-NM-SWD
samples, such as VOCs, SVOCs, pesticides, organic acids, PAH,
TPH, oil and grease, and unidentified compounds. The majority
of the organic compounds originate from O&G development;
some might be related to chemical additives, potential trans-
formation and degradation products, and the constituents in
makeup water for HF.

(3) The Pecos RW-NM samples had more PFAS detected and at higher
concentrations than the PW-NM samples, albeit 8 of 10 PFAS
detected in the Pecos River and all 5 PFAS detected in the PW
sample were approximations at low ng/L range (below reporting
limits). This study is the first step to characterize PFAS in PW.
More studies are needed to identify the temporal and spatial
distribution of PFAS and the potential sources of PFAS in PW. It is
also important to eliminate the PFAS cross-contamination during
PW transportation, storage, sampling, analytical methodologies,
or source water used for HF.

(4) Na-Cl-Br systematics of Pecos River samples match naturally
occurring shallow brine rather than unconventional PW, sug-
gesting higher shallow brine inputs contributed to river water
salinity. This interpretation is consistent with the chemical
analysis results that the organic compounds detected in the Pecos
River were not associated with PW origins.
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State of New Mexico  
Energy, Minerals and Natural Resources Department  

 
NOTICE 

SEISMICITY RESPONSE PROTOCOL  
Cancellation of Pending Permit Applications  

for Underground Injection Control Class II Disposal Wells 
Within the County Line Seismic Response Area 

 
July 11, 2024 

 

After a comprehensive internal review, which included consultation with Oil Conservation Division 
(“OCD”) internal and external industry experts, the OCD recently enacted a Management Plan 
Revision (Revision No. 1 dated December 1, 2023) which increased injection volumes for some 
of the approved Underground Injection Control (“UIC”) Class II disposal wells within County Line 
Seismic Response Area (“SRA”). Due to the occurrence of induced seismicity within the 
described area, OCD has worked with operators of active disposal wells to temporarily curtail 
injection and investigate the conditions contributing to induced seismicity. The Revision offers the 
opportunity for identifying an optimal capacity of disposal using existing wells within the SRA 
while mitigating induced seismicity. Existing permits already authorize significant disposal 
volumes that are well above the levels currently authorized under our seismic response protocol.  

Consistent with its efforts to find a balance and manage seismicity with the SRA and considering 
the disposal authorized under current approved permits, OCD has determined that any increase 
in injection volumes with the completion of new disposal wells in the Devonian and Silurian 
intervals would likely contribute directly to the observed induced seismicity. OCD also believes 
that additional injection volumes would complicate the assessment effort and possibly result in 
greater reductions of injection capacity for existing operations.   

Therefore, OCD has identified (75) UIC Class II permit applications within the 10-mile radii that 
are to be administratively cancelled unless and until such time that the OCD our proponents of 
those wells are able to demonstrate that additional disposal capacity with the SRA can be 
accommodated without increasing seismic activity. The cancellations are to be effective 
immediately. Applications to be cancelled shall include pending applications and protested 
applications. The injection authority of UIC Class II wells for Devonian and Silurian disposal that 
are within the SRA, which are only authorized under a UIC Permit and do not have an approved 
APD, shall not be extended. Applications which are part of Division hearing cases shall be 
addressed through the OCD adjudication process including OCD filings for dismissal of the cases. 

A map showing the SRA and the applications and UIC permits to be impacted follows this notice 
(Appendix A). Along with the map, OCD has compiled a list of applications to be cancelled. OCD 
will also provide written notice through electronic mail to the individual operators or their 
representatives that submitted the applications. 

OCD will continue testing operational conditions and restrictions according to its Seismic 
Response Protocol and pursuant to 1978 NMSA 70-2-12 until such time as sufficient data is 

  

        Dylan M. Fuge, Division Director (Acting) 
Oil Conservation Division   

Michelle Lujan Grisham     
Governor     
  
Melanie A. Kenderdine   
Cabinet Secretary-Designate    
  
Dylan M. Fuge    
Deputy Secretary 
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acquired to map related faulting and establish permissible injection rates which protect correlative 
rights and ensure confinement of injected water in the appropriate strata.  

With this action, OCD is also announcing that it shall not be accepting new applications within 
the SRA until it has been demonstrated that approval of new disposal wells will not result in 
increased seismic activity. 

For more information or questions regarding this matter, please contact Justin Wrinkle, 
Engineering Bureau Chief, justin.wrinkle@emnrd.nm.gov , (505) 670-0802.  
 
 
Approved by the Director 
 
 
 
___________________ 
Dylan Fuge 
Acting Director 
EMNRD Deputy Secretary 
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SEISMICITY RESPONSE PROTOCOL 
Cancellation of Pending Permit Applications 

for Underground Injection Control Class II Disposal Wells
Within the County Line Seismic Response Area

Assigned SWD No. Admin App ID API Well Name Applicant Status Date Received

1 SWD-1776 pMAM1828851695 30-025-Pending Linda SWD No. 1 Mesquite SWD Inc. Protested 10/16/2018

2 SWD-1780 pMAM1827553727 30-015-Pending Baker SWD No. 1 Mesquite SWD Inc. In Progress 10/3/2018

3 SWD-1782 pMAM1826355651 30-015-Pending Dillinger Fed SWD No. 1 Solaris Water Midstream, LLC Protested 9/20/2018

4 SWD-1855 pLEL1832554216 30-015-Pending Red Bellied Cooter SWD No. 1 Mesquite SWD Inc. In Progress 11/9/2018

5 SWD-1896 pMAM1820056178 30-015-44569 Poker Lake Unit Big Sinks 32 State SWD No. 11 XTO Permian Operating LLC [BOPCO LP] In Progress 7/10/2018

6 SWD-1901 pMAM1903649827 30-015-Pending Ross Draw SWD No. 1 Judah Oil LLC Protested 11/28/2018

7 SWD-1911 pPRG1903935330 30-015-24724 Poker Lake Unit State SWD No. 63 POCO Resources LLC Protested 12/30/2018

8 SWD-1978 pMAM1905931295 30-025-Pending Columbus Fee SWD No. 1 ConocoPhillips Approved; term extension 2/25/2019

9 SWD-1982 pMAM1906346538 30-025-Pending Bottomless Pit Federal SWD No. 1 Permian Oilfield Partners, LLC Protested 2/26/2019

10 SWD-1989 pMAM1903248173 30-015-45239 Ross Draw SWD No. 1 Solaris Water Midstream, LLC In Progress 2/1/2019

11 SWD-1991 pMAM1907140751 30-025-Pending Guzzler Federal SWD No. 1 Permian Oilfield Partners, LLC Protested 3/12/2019

12 SWD-2002 pMAM1907956968 30-015-45434 Jesse Spano State SWD No. 1 Solaris Water Midstream, LLC In Progress 3/20/2019

13 SWD-2006 pMAM1908150633 30-015-Pending Crazy Ant Federal SWD No. 1 Blackbuck Resources, LLC Protested 3/22/2019

14 SWD-2012 pMAM1908534167 30-015-Pending WLC M Federal SWD No. 4 Trove Energy and Water, LLC Protested 3/25/2019

15 SWD-2029 pMAM1909252903 30-015-Pending Poker Lake Unit  TWR 21 SWD No. 9 XTO Permian Operating LLC [BOPCO LP] Protested 3/28/2019

16 SWD-2033 pMAM1909356332 30-015-Pending Delta SWD No. 1 Delaware Energy, LLC Protested 4/3/2019

17 SWD-2049 pSD1910641452 30-015-Pending Echo SWD No. 1 Delaware Energy, LLC In Progress 4/5/2019

18 SWD-2050 pSD1910642942 30-015-Pending Sierra SWD No. 1 Delaware Energy, LLC In Progress 4/5/2019

19 SWD-2084 pMAM1912728873 30-025-Pending Bullseye Federal SWD No. 1 Permian Oilfield Partners, LLC Approved; extension requested 4/30/2019

20 SWD-2085 pMAM1912729599 30-025-Pending Screaming Vacuum Fed SWD No. 2 Permian Oilfield Partners, LLC Protested 4/30/2019

21 SWD-2088 pMAM1912736099 30-025-Pending Tidal Wave Federal SWD No. 1 Permian Oilfield Partners, LLC Protested 4/30/2019

22 SWD-2090 pMAM1912738972 30-025-Pending Chugger State SWD No. 1 Permian Oilfield Partners, LLC In Progress 5/7/2019

23 SWD-2095 pLEL1912752463 30-025-Pending Caltrops State SWD No. 1 Solaris Water Midstream, LLC Protested 4/26/2019

24 SWD-2097 pMAM1912757315 30-025-Pending Salvo Federal SWD No. 1 Permian Oilfield Partners, LLC Protested 4/29/2019

25 SWD-2102 pMAM1912859652 30-025-Pending Crossfire Federal SWD No. 1 Permian Oilfield Partners, LLC In Progress 4/30/2019

26 SWD-2102 pLEL1912859561 30-025-Pending Mind The Gap Federal SWD No. 1 Permian Oilfield Partners, LLC In Progress 4/30/2019

27 SWD-2103 pMAM1912860008 30-025-Pending Straight Shooter State SWD No. 1 Permian Oilfield Partners, LLC Approved; extension requested 4/30/2019

28 SWD-2105 pLEL1912862262 30-025-Pending Deep Thirst Federal SWD No. 2 Permian Oilfield Partners, LLC In Progress 4/30/2019

29 SWD-2106 pMAM1912938819 30-025-Pending Bottomless Pit Federal SWD No. 2 Permian Oilfield Partners, LLC Protested 4/30/2019

30 SWD-2113 pMAM1913547282 30-025-Pending Threaded Needle Federal SWD No. 1 Permian Oilfield Partners, LLC Protested 5/6/2019

31 SWD-2117 pMAM1913552521 30-025-Pending FLC South Federal SWD No. 1 Trove Energy and Water, LLC In Progress 5/13/2019

32 SWD-2118 pMAM1913553333 30-025-Pending Jack Hammack Federal No. 1 Longwood Water Management Company, LLC In Progress 5/15/2019

33 SWD-2119 pMAM1914335024 30-025-Pending Waterfall Federal SWD No. 1 Permian Oilfield Partners, LLC In Progress 5/16/2019

34 SWD-2123 pMAM1914345314 30-015-Pending Big Blue Federal SWD No. 1 Permian Oilfield Partners, LLC Protested 5/23/2019

35 SWD-2124 pMAM1914345832 30-015-Pending White Cap Federal SWD No. 1 Permian Oilfield Partners, LLC Protested 5/22/2019

TABLE OF CANCELLED APPLICATIONS FOR UIC CLASS II SILURO-DEVONIAN DISPOSAL WELLS

1
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SEISMICITY RESPONSE PROTOCOL 
Cancellation of Pending Permit Applications 

for Underground Injection Control Class II Disposal Wells
Within the County Line Seismic Response Area

Assigned SWD No. Admin App ID API Well Name Applicant Status Date Received

TABLE OF CANCELLED APPLICATIONS FOR UIC CLASS II SILURO-DEVONIAN DISPOSAL WELLS

36 SWD-2135 pMAM1914436200 30-015-Pending SEC SE Federal SWD No. 3 Trove Energy and Water, LLC In Progress 5/23/2019

37 SWD-2144 pMAM1915657846 30-015-Pending CC SR 26 Salisbury SWD XTO Energy, Inc. In Progress 5/29/2019

38 SWD-2145 pMAM1915658350 30-025-Pending Jupiter Federal SWD No. 1 Solaris Water Midstream, LLC Protested 5/29/2019

39 SWD-2174 pMAM1917853144 30-015-Pending Cahill Fed SWD No. 1 Solaris Water Midstream, LLC Protested 6/27/2019

40 SWD-2177 pMAM1918231216 30-015-Pending Poker Lake Unit 14 Gin SWD No. 1 XTO Permian Operating LLC In Progress 6/28/2019

41 SWD-2182 pMAM1919032787 30-025-Pending Big Swig Federal SWD No. 1 Permian Oilfield Partners, LLC In Progress 7/9/2019

42 SWD-2195 pMAM1919855982 30-015-Pending Osprey State SWD No. 1 Solaris Water Midstream, LLC Protested 7/17/2019

43 SWD-2210 pMAM1920731682 30-015-Pending Cordell Federal SWD No. 1 Solaris Water Midstream, LLC Protested 7/22/2019

44 SWD-2215 pMAM1921148076 30-025-Pending Renegade Federal SWD No. 1 Permian Oilfield Partners, LLC Protested 7/30/2019

45 SWD-2216 pMAM1921149386 30-015-Pending Rebel Federal SWD No. 1 Permian Oilfield Partners, LLC Protested 7/30/2019

46 SWD-2220 pMAM1921257860 30-015-Pending Trivette  Fed SWD No. 1 Solaris Water Midstream, LLC Protested 7/30/2019

47 SWD-2223 pMAM1921350099 30-015-Pending PLU 34 Cleveland Federal SWD No. 1 XTO Permian Operating LLC In Progress 7/31/2019

48 SWD-2225 pMAM1921434360 30-015-Pending Pluto Federal SWD No. 1 Solaris Water Midstream, LLC Protested 8/2/2019

49 SWD-2260 pMAM1924046473 30-025-Pending MESA 8105 SWD No. 2 BTA Oil Producers, LLC Protested 8/27/2019

50 SWD-2270 pKAM1925556844 30-005-Pending Poker Lake Unit 18 Rummy Fed SWD No. 1 XTO Permian Operating LLC In Progress 9/10/2019

51 SWD-2283 pLEL1926127912 30-025-Pending WLC South Federal SWD No. 2 Trove Energy and Water, LLC In Progress 8/19/2019

52 SWD-2285 pLEL1926759694 30-025-Pending Bran 1 Federal SWD No. 1 Select Energy Services, LLC Protested 9/23/2019

53 SWD-2286 pLEL1926936398 30-025-Pending Bran 2 Federal SWD No. 1 Select Energy Services, LLC In Progress; suspended 9/23/2019

54 SWD-2297 pDM1926960462 30-015-Pending Glacier Federal SWD No. 1 Permian Oilfield Partners, LLC Protested 9/25/2019

55 SWD-2303 pKAM1928134119 30-015-Pending Lark State SWD No. 1 Solaris Water Midstream, LLC In Progress 6/27/2019

56 SWD-2311 pDHR1930947870 30-015-Pending Poker Lake Unit 19 Madison Fed SWD No. 1 XTO Permian Operating LLC In Progress 10/9/2019

57 SWD-2313 pDHR1931750310 30-015-Pending Cersei Federal SWD No. 1 Select Energy Services, LLC Protested 11/4/2019

58 SWD-2316 pBL1932658509 30-015-Pending Cersei State SWD No. 3 Select Energy Services, LLC Protested 11/4/2019

59 SWD-2323 pBL1932959960 30-025-Pending Bran 1 Federal SWD No. 1 Select Energy Services, LLC Protested 11/25/2019

60 SWD-2324 pBL1933029868 30-025-Pending Bran 2 Federal SWD No. 2 Select Energy Services, LLC Protested 11/25/2019

61 SWD-2325 pBL1933031231 30-025-Pending Bran 2 Federal SWD No. 3 Select Energy Services, LLC Protested 11/25/2019

62 SWD-2326 pBL1933032216 30-015-Pending Cersei Federal SWD No. 2 Select Energy Services, LLC In Progress 11/25/2019

63 SWD-2330 pBL1933036293 30-025-Pending Sansa 1 Federal SWD No. 1 Select Energy Services, LLC In Progress 11/25/2019

64 SWD-2339 pBL1933153543 30-015-Pending Ghost Rider Federal SWD No. 1 Trove Energy and Water, LLC In Progress 11/27/2019

65 SWD-2340 pBL1933635804 30-015-Pending Snowman Federal SWD No. 1 Trove Energy and Water, LLC In Progress 11/27/2019

66 SWD-2342 pBL1934051302 30-015-Pending Flowers SWD No. 3 Longwood Water Management Company, LLC In Progress 12/6/2019

67 SWD-2348 pBL1934437882 30-025-Pending Colt State SWD No. 1 Solaris Water Midstream, LLC In Progress 6/27/2019

68 SWD-2355 pBL1934643155 30-015-Pending Midnight Flyer Fed SWD No.1 Trove Energy and Water, LLC In Progress 12/12/2019

69 SWD-2367 pJAG2001553829 30-015-Pending Poker Lake Unit 29 Canasta Fed SWD No. 1 XTO Permian Operating LLC In Progress 1/15/2020

70 SWD-2428 pBL2116953045 30-015-Pending Killdeer 292531 Federal SWD No.1 Anthem Water Solutions, LLC In Progress 6/11/2021
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SEISMICITY RESPONSE PROTOCOL 
Cancellation of Pending Permit Applications 

for Underground Injection Control Class II Disposal Wells
Within the County Line Seismic Response Area

Assigned SWD No. Admin App ID API Well Name Applicant Status Date Received

TABLE OF CANCELLED APPLICATIONS FOR UIC CLASS II SILURO-DEVONIAN DISPOSAL WELLS

71 SWD-2429 pBL2116953697 30-015-Pending Montezuma Quail 302631 Federal SWD No.1 Anthem Water Solutions, LLC Protested 6/11/2021

72 SWD-2432 pBL2116955909 30-015-Pending Roadrunner 182630 Federal SWD No. 1 Anthem Water Solutions, LLC In Progress 6/16/2021

73 SWD-2440 pBL2120442414 30-025-47934 Deep Hole Federal SWD No.1 Permian Oilfield Partners, LLC In Progress 7/21/2021

74 SWD-2455 pBL2124636920 30-025-Pending Blue Heron 042629 Federal SWD No. 1 Anthem Water Solutions, LLC In Progress 9/3/2021

75 SWD-2518 pAZS2300354936 30-025-Pending Ironside State SWD No. 1 Solaris Water Midstream, LLC In Progress 4/25/2019
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Investigation of Oil Well Blowouts Triggered by Wastewater
Injection in the Permian Basin, USA
Vamshi Karanam1 , Zhong Lu1 , and Jin‐Woo Kim1

1Roy M. Huffington Department of Earth Sciences, Southern Methodist University, Dallas, TX, USA

Abstract Aged hydrocarbon wells, if proper care is not ensured, can crack, get corroded, and leak
subsurface fluids. Permian Basin in Texas, home to thousands of such wells, has seen numerous blowouts and
wastewater leaks. Our study employs surface deformation derived from satellite observations, and injection well
records to investigate these events. The results reveal an over‐pressurized wastewater aquifer producing a
surface uplift of 20 cm/yr, likely due to wastewater being injected tens of kilometers away. Focusing on a
January 2022 blowout resulting in 3 cm subsidence in 2 weeks, our geophysical model suggests aquifer over‐
pressurization as the cause. With an excess pressure of over 3 MPa in the aquifer, several more such blowouts
are possible in the near future. This research highlights the urgent need to better understand the impact of
subsurface fluid injection and calls for prompt action to mitigate the environmental effects of oil and gas
production.

Plain Language Summary Wastewater, a byproduct during oil extraction, is generally injected back
into the ground. Permian Basin has witnessed several incidents of leakage of wastewater in the last 3 years.
Recently in January 2022, huge amounts of wastewater were expelled at a high pressure from an old well. We
used satellite data and wastewater injection data to understand the cause of these events. We found that the
wastewater injection happening nearly several kilometers away is responsible for these leakages. We also
discovered a highly pressurized wastewater lake below the surface in this region using geophysical modeling.
Due to high pressures, the land in this region rose by 40 cm in just 2 years. Meanwhile, a part of this region sunk
by 3 cm because of the leakage in January 2022. Our findings raise concerns about the potential for more
leakages in the near future if action is not taken.

1. Introduction
The accelerated expansion of hydrocarbon production in recent years, especially the associated wastewater in-
jection, resulted in frequent disturbances to the environment intensified by the complex nature of the subsurface,
leading to unintended consequences such as wastewater leakage, fault slips, and sinkhole subsidence (Denlinger
& R. H. O'Connell, 2020; J. W. Kim & Lu, 2018). Addressing such issues promptly is vital, as they can pose
serious risks to lives, infrastructure, and local to regional ecosystems. In particular, more attention is required to
managing the produced wastewater and ensuring proper care of aged and abandoned oil wells (Zheng et al., 2019).

The Permian Basin (PB) is home to huge oil reserves and has been exploited for over a century with the Central
Basin Platform (CBP) currently being used as an injection sink of the saline wastewater, a byproduct of the
hydrocarbon production (Enverus, 2023; Popova & Long, 2022). This injected water is expected to diffuse within
the injected formation (Rubinstein &Mahani, 2015). While this is an economically viable approach, the diffusion
process may be disrupted due to the complex subsurface in the CBP, the presence of many aged wells, and an
increase in injection volumes (Deng et al., 2020). This can lead to various hazards including groundwater
contamination, increased fault slips, and the flow of injected water back into surface reservoirs via old and
abandoned oil wells (Lustgarten, 2012; Zhai et al., 2021; Zheng et al., 2019). CBP is home to many such aged and
abandoned oil wells, intensifying the need for careful management of these potential risks. The leakage of
subsurface water through aged wells resulted in the formation of the Boehmer Lake in the CBP in 2002 which has
steadily expanded to occupy an area of over 0.25 km2, as of 2023 (J. W. Kim & Lu, 2021). Another hazard
associated with hydrocarbon production activities involves the emergence of two sinkholes, named after the
nearby city of Wink, due to the intense hydrocarbon production followed by severe droughts (J.‐W. Kim
et al., 2019). Such instances underscore the consequences and need for proactive measures to mitigate the po-
tential risks of unmanaged wastewater injection.
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In this study, we discuss another serious issue in the CBP, near Wink sinkholes and Boehmer Lake. In January
2022, an aged well near Tubbs Corner in Crane County failed, resulting in an eruption of the pressurized
wastewater from the subsurface reaching nearly 30 m into the sky for 2 weeks (hereinafter referred to as Tubbs
Corner Blowout) (Gold, 2022a). Several similar incidents of lesser intensity were also reported over neighboring
wells (Gold, 2022b). However, the specific injection wells and subsurface processes driving these well blowouts
remain unknown. In this study, we discuss how the complex subsurface geology characterized by high perme-
ability passages in the CBP facilitated the flow of injected wastewater to farther distances, ultimately inducing
well blowouts. This study presents a compelling case highlighting the amplified hazards in the CBP resulting
from the interplay of natural and anthropogenic processes.

2. Study Area
The CBP, with an elevated zone of basement rock, separates the Delaware Basin and Midland Basins within the
larger PB spanning West Texas and Southeast New Mexico (Figure S1 in Supporting Information S1) (E. A.
Horne et al., 2021). This study focuses on the southern part of the CBP, specifically on the Crane and Ward
counties in Texas (Figure 1a). The study area falls within the Pecos River valley (Meyer et al., 2012). The
prevailing groundwater trend within the study area is from north to south, toward the Pecos River (Meyer
et al., 2012).

The subsurface stratigraphy is illustrated in Figure 1b. In the CBP, carbonate deposition took place between the
Wolfcampian and Guadalupian ages followed by cyclic deposition of sandstone, anhydrite, and halite during the
middle Guadalupian (Ward et al., 1986). San Andres, Grayburg, and Queen formations which are composed of
shelf carbonates of Guadalupian age account for most of the hydrocarbon production from the CBP. Seven Rivers,
Yates, and Tansill formations are stratigraphically above and have similar depositions. Above the Tansill For-
mation are the Salado Formation composed of halite with thin beds of anhydrite and the Rustler Formation
composed of red beds and sand from the Ochoan age. Conventional production from carbonate formations lasted
for decades in the mid‐1900s. Between 1950 and 1990, a few oil companies drilled several wells to produce water

Figure 1. Study Area. (a) Map of the affected area (dark violet rectangle) showing the blowout well and Boehmer Lake. The
oil well locations are color‐coded for age. Most of the wells are older than 10 years with some of them older than 50 years. A
few wells along the northern edge were recently drilled (<10 years). The older wells have a high probability of failure due to
wear and tear, maintenance issues, and lack of proper records. The blue star in the inset marks the location of the study are
within Texas, US. (b) Subsurface stratigraphy of the study area generated from the well logs and their deposition periods. The
figure also shows the number of injection wells at different depths in red. Most of the wells inject wastewater into the San
Andres, Glorieta, and Tubb formations.

Geophysical Research Letters 10.1029/2024GL109435

KARANAM ET AL. 2 of 9

 19448007, 2024, 14, D
ow

nloaded from
 https://agupubs.onlinelibrary.w

iley.com
/doi/10.1029/2024G

L
109435, W

iley O
nline L

ibrary on [10/10/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

WG Ex. 89-B

2917



used for enhanced oil recovery. Currently, most of the injection wells are more than 1 km deep, injecting into the
San Andres, Glorieta, and Tubb formations.

The hydrocarbon extraction activities in the study area are limited and the land is primarily used for ranching.
Meanwhile, reports of several well blowouts that resulted in wastewater leakage onto the surface have emerged in
the past (Gold, 2022b). The Tubbs Corner blowout occurred on 01 January 2022, at an abandoned well near Tubbs
Corner in Crane County ejecting saltwater up to 30 m high at a rate of 4,000 m3/day. The bottom of the aged well
responsible for the blowout is in the Yates Formation at around 425 m below the surface (Gold, 2022a; Ward
et al., 1986). This continued for nearly 14 days before the well was cemented. There are no active injection wells
in the vicinity with injection volumes large enough to explain such a blowout event. Also, the processes
contributing to such elevated pressure zones in the subsurface remain unknown.

3. Methods
To understand the temporal evolution of the deformation, we performed an Interferometric Synthetic Aperture
Radar (InSAR) analysis of 97 Sentinel 1 A/B Single Look Complex (SLC) data sets acquired in descending
geometry from January 2020 to May 2023. First, we generated an optimized set of 520 Interferograms with a
maximum temporal baseline of 60 days (Figure S2 in Supporting Information S1). We derived the deformation
time series by inverting the interferogram network using the Small Baseline Subset (SBAS) method (Yunjun
et al., 2019). Subsequently, assuming that the deformation due to fluid extraction is primarily vertical and
ignoring horizontal deformation, the line of sight (LOS) displacements were converted into vertical deformation
results (Karanam et al., 2021). Complete details of the processing workflow are provided in Text S1 of Supporting
Information S1. Further, we have estimated the deformation between successive acquisitions to understand its
evolution between individual timesteps in the time series. Data from ascending tracks were not used here as there
were gaps in the data acquisition. However, we have used the available data from the ascending data sets for
validation purposes (Figures S3 and S4 in Supporting Information S1). We used high‐resolution (3 m) satellite
imagery acquired by the PlanetScope Constellation system from Planet Labs to visualize the surface changes
during and after the well blowouts (PBC, 2018). Further, we have modeled the surface deformation using the
penny‐shaped crack modeling method to estimate the source depth and geometry (Fialko et al., 2001). To
correlate the deformation results with the wastewater injection activities, we obtained data on injection well
locations within the study area, their depths, and monthly injection volumes from the Form H‐10 filing system in
the Railroad Commission of Texas (RRC) database. We calculated the cumulative deformation volumes by
multiplying each pixel's area by its corresponding cumulative uplift value and then summing these products for all
pixels within the study area. These cumulative uplift volumes are compared to the cumulative injection volumes
to find the correlation between the two. The TexNet seismology database did not record any earthquakes in the
study area (Savvaidis, 2021).

4. Results
4.1. Surface Deformation Observations

The time‐series deformation results from InSAR offer a compelling insight into the dynamic subsurface processes
in the region. The deformation, primarily uplift, exhibits both temporal and spatial variability, occasionally
accompanied by localized subsidence. The most prominent observation from the annual surface deformation rate
map is an uplift pattern extending linearly from the northwest (NW) to the southeast (SE) (Figure 2a). The time‐
series graphs show that the uplift initially started in the NW corner of the study area and slowly propagated to the
SE corner (Figure 2b). Location A experienced an uplift of around 1 cm/yr throughout the study period. At
location B, the sharper and more localized uplift signal in the middle of a broader, and gentler uplift hints at a
shallow source depth, in comparison to location A (Zheng et al., 2019). The deformation in this region accelerated
between January 2021 and July 2021 before slowing down. The deformation at location Cwas initiated in January
2021, producing an uplift of 4 cm in the next 6 months before decelerating. Meanwhile, at location D, an uplift
started after July 2021, registering a substantial uplift of more than 40 cm in the next 2 years. Interestingly, the
uplift signal did not extend south of location D during the same period. The time series maps show a notable
increase in the uplift in locations A, B, C, and D, gradually connecting through a series of smaller uplift signals
(Figure S5 in Supporting Information S1).
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Figure 2.
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We analyzed distinct epochs in more detail by differencing consecutive acquisitions to highlight the frequent
changes in deformation patterns. The resulting maps show the occasional emergence of localized subsidence
signals that stand out against the broader inflation background (Figure 2c). Numerous instances of such subsi-
dence signals were observed across the deforming area at different periods (Figure S6 in Supporting Informa-
tion S1). Most importantly, a subsidence event between 02 January 2022, and 14 January 2022, can be observed
from these deformation maps that produced a subsidence of 3 cm in 12 days (Figure 2c). The same is also evident
in the time series graph and stands in contrast to the general uplift trend observed in the region (Figure 2b). The
location and timing of the subsidence signal align with the Tubbs Corner blowout (Gold, 2022a). It can be inferred
from the spatial extent of the subsidence signal that the source geometry for the blowout correlates with the
general uplift trend. A wastewater aquifer in an over‐pressurized state may be responsible for the uplift trend. The
wastewater ejected at high pressures during the blowout also supports this inference. A comprehensive view of the
blowout showing the ejected water is provided by the PlanetScope Constellation system (Figure S7 in Supporting
Information S1) (PBC, 2018). Further, several instances of wastewater leakage were reported in the region along
the pathway (Gold, 2022b). It is possible that the subsidence signals observed over a few other epochs are linked
to such blowout events (Figure 2c). The wastewater volume ejected during these blowouts is reportedly much
lower than the magnitude observed during the Tubbs Corner blowout, which can also be inferred from the smaller
magnitudes of subsidence. Therefore, these blowout events could not be observed in the Planet imagery. Details
of these blowouts are not available for further analysis. Figure 2d shows the temporal evolution of the surface
deformation over the region, with each contour line representing the extent of deformation at a particular time,
indicated by its color. The contour lines are separated by a 60‐day time interval, and a minimum deformation
threshold of 2 cm is chosen to classify the pixels as deforming. The results show a distinctive pattern of the
expansion of two elliptical patterns. Until May 2021, the uplift was limited to the upper circle. Over the next
2 months, another deformation feature emerged over the lower circle, eventually merging with the upper circle in
the subsequent 4 months, resembling a dumbbell. In the later months, while the uplift in the lower part expanded
radially, the upper circle showed less expansion. In the last few months, the deformation pattern has seen limited
spatial expansion, while no change was observed in the deformation rate. Similar maps for the remaining parts of
the study area are provided (Figure S8 in Supporting Information S1).

4.2. Injection Activities

The reported injection data available up to mid‐2023 reveals no active injection wells directly over the regions
experiencing significant deformation. A cluster of injection wells toward the NW of the study area contributed to
most of the wastewater injection in the study area (Figure 2a). Given its proximity to the affected regions, we
obtained the well depths and injection volumes for these wells for further analysis. We observed that these in-
jection wells fall within the extent of the deformation feature at location A, which is experiencing an uplift of
about 1 cm/yr. The cumulative deformation volumes calculated by multiplying the pixel area with the cumulative
uplift for each pixel strongly correlate with the cumulative wastewater volumes injected into the group of wells in
the NW (Figure 2e). The injection started in late 2018 and continued at a rate of 0.5 M m3/y until late 2019 before
accelerating to a rate of 1 M m3/y till late 2020. This further accelerated to a rate of 2 M m3/y beginning in late
2020, which also coincides with the onset of significant surface deformation. The remaining wells surrounding
the study area inject comparatively negligible amounts of wastewater. These observations suggest that this group

Figure 2. Surface deformation results from interferometric synthetic aperture radar. (a) Map showing the annual surface deformation rate over the study area between
January 2020 and May 2023. Positive values in the map (blue) indicate the uplift. Cross marks over the map indicate the active injection wells. Wells with high average
monthly wastewater injection volumes, indicated by green circles, are expected to be responsible for the increase in pore pressure in the region. TC stands for Tubbs
Corner. (b) The time series of the deformation over points A, B, C, and D whose locations are shown in the deformation map in (a). Dashed lines indicate the start of the
deformation at the respective points. The subsidence observed during the Tubbs Corner blowout period is highlighted in the time series D. (c) Deformation between
consecutive acquisitions over a section of the region outlined with a black rectangle in (a). The variation in the spatial patterns of the deformation is evident with
occasional subsidence signals over the general uplift trend. (d) Temporal evolution of the surface deformation over the region outlined with a black rectangle in (a). Each
contour line represents the extent of deformation at the time indicated by the color of the contour lines. Each contour line is separated by a 60‐day time interval, and a
minimum deformation threshold of 2 cm is chosen to classify the deforming pixels. (e) Cumulative injection volumes of all wells in the NW cluster versus cumulative
surface deformation volume over the study period. We calculated the cumulate deformation volumes by multiplying each pixel's area by its cumulative uplift value and
then summing these products for all pixels. The dashed gray lines represent the changes in injection rates. The injection rates are labeled within the graph. The graph
shows a clear increase in the injection in late 2020 followed by the surface uplift after a time lag of a few months.
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of injection wells to the NW of the study area, injecting into the San Andres and Glorieta formations, is
responsible for the surface deformation in the region.

4.3. Geodetic Modeling

Inversion of these InSAR results could help us confirm the source geometry of the Tubbs Corner blowout and the
uplift signal. For this, we used the Penny‐shaped crack model, also referred to as the penny‐shaped sill model. The
deformation pattern, as evident in Figure 2d, suggests the presence of two circular sources connected in a
dumbbell‐shaped pattern as they evolved. Therefore, we used two circular sills for the inversion. The results
provided the best fit for the observations at a depth of around 400–500 m, which is matching with the depth of the
blowout well. Therefore, we assumed two circular sills fixed at the bottom of the blowout well, which is
approximately 425 m below the surface. A summary of the best‐fit results and their uncertainties are provided in
(Tables S1 and S2 in Supporting Information S1).

The model shows a strong correlation with the observed data, yielding a root mean square error (RMSE) value of
2 mm (Figure 3a). The radius estimated from the inverse modeling is 916 m for sill α and 905 m for sill β.
Assuming a typical shear modulus of 10 GPa, the pressure drop is about 0.16MPa for sill α and 0.04MPa for sill β
in just 12 days (Baechle et al., 2009). The blowout well was above the sill α, which explains the higher pressure
drop for sill α compared to sill β. The blowout event in January 2022 expelled approximately 56,000 m3 of
wastewater from the aquifer below the well, producing subsidence of the equivalent volume. This is consistent
with the assumption that, for sill‐like source geometries, the volume of the displaced material at the surface is
always equal to the volume change at the source for incompressible fluids (Fialko et al., 2001).

We then used the cumulative deformation from the InSAR analysis, and the source geometry estimated from the
blowout event to estimate the cumulative pressure increase in the aquifer during the study period (Figure 3b). The
modeled results align closely with the observations, with an RMSE value of 2 cm. This confirms the idea that the
over‐pressurization that resulted in uplift and the blowout that resulted in subsidence have the same source

Figure 3. Results from the penny‐shaped crack model (a) Tubbs Corner blowout event (02 January 2022 to 14 January 2022)
and (b) Cumulative deformation (January 2020 to May 2023). The centers of the two sills, α, and β are marked. The location
of the blowout well is also marked with a “+” sign. The results show that the modeled deformation strongly correlates with
the interferometric synthetic aperture radar observations.
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geometry. Overall, we estimated an excessive pressure of 2.16 MPa in source α, and 0.94 MPa in source β in the
aquifer. Pressure estimates derived from a range of shear moduli are provided in Table S3 of Supporting
Information S1.

5. Discussion
Based on the observations from InSAR analysis, the injection data, penny‐shaped crack modeling, and other
ancillary data sets, we will explore the most likely explanation for the source of the uplift and the subsurface
structures facilitating the fluid flow in this section.

First, we infer that the injection wells in the NW of the study area are likely responsible for the uplift. Several
factors support this inference. The injection into the NW injection well cluster exhibits spatial proximity and
temporal correlation with the surface deformation (Figures 2a and 2e). Meanwhile, no significant uplift is
observed (∼1 cm/yr) right above the injection wells, suggesting rapid diffusion of injected water. The pore
pressure accumulation along the surface flow path is much lower at B or C than D. This can also be inferred from
lower uplift values along the path (∼6 cm at B and ∼8 cm at C) compared to the uplift at the blowout well
(∼40 cm) (Figure 2b). However, several incidents of wastewater leakage of smaller magnitudes have been re-
ported over the subsurface flow paths since 2020 (Gold, 2022b). Details of these blowouts are not available for
further analysis. The injection depths are around 1–1.3 km, while the source of observed deformation over
location B close to injection wells as estimated from the spatial patterns, is around 500–700 m. This suggests the
leakage of wastewater from the San Andres or Glorieta formations to the shallow formations, either Yates or
Seven Rivers formations.

Further, the wastewater is likely transported from the injection wells to the blowout site through highly permeable
subsurface flow paths (such as preexisting groundwater pathways). The surface deformation maps show the
deformation along a narrow path possibly due to the pressure diffusion along this path, propagated southward,
indicating a narrow high permeability zone within the shallow formation (Figure 2a). This inference is supported
by the absence of any strictly linear deformation patterns that represent fault traces similar to those observed in the
Delaware Basin (Karanam & Lu, 2023). Moreover, the general groundwater trend in the region corresponds with
the deduced wastewater flow direction (Anaya & Jones, 2009; Bruun et al., 2016). High‐resolution subsurface
formation maps can help strengthen this inference.

The presence of a highly pressurized shallow aquifer at the blowout site, accumulating the wastewater transported
from injection wells, is evident from the deformation results and the incidents of well blowouts. Based on the
assumptions of the penny‐shaped crack model, the total wastewater volume responsible for the uplift should be
equivalent to the total uplift volume at the end of the study period, which is approximately 2.5 million m3. Out of
this, close to 1 million m3 of wastewater is stored in the aquifer. The remaining two‐thirds of the total injected
water of more than 6 million m3 may have diffused away in other directions, depending on the permeability of the
formation. Additionally, well logs reveal that the depth to the top of the San Andres formation is anomalously
high over the uplifting region (Figure S9 in Supporting Information S1) (Enverus, 2023). This can provide further
strength to the hypothesis that a thick, and shallow aquifer is present here and is accumulating significant amounts
of wastewater. However, we do not exclude the possibility of human errors, such as inaccuracies during well‐log
interpretation.

While the water is restricted from diffusing further south, possibly by a low permeability barrier, the inflow of
wastewater from the north continues, increasing the pressure inside the aquifer over time. A high uplift gradient
(25 cm/km) is observed over the aquifer providing further strength to this inference (Figure S10 in Supporting
Information S1). As the pressure in the aquifer increased, it may have led to the failure of the aged wells, resulting
in well blowouts. The occurrence of these blowouts can be attributed to various factors. Firstly, over time, the
plugs may have worn out and failed, possibly due to the excess pressure exerted by the wastewater. It is also
possible that the wells were not plugged adequately in the first place. Some reports also suggest that the casing of
the wells got corroded, allowing the water to enter from the sides of the well (Gold, 2022b). Salt dissolution may
also have occurred in the Salado Formation during the blowouts, as previously observed at Boehmer Lake. If this
continues, in addition to more well blowouts and wastewater leakage, this area may also experience sinkhole
subsidence, similar to Wink sinkholes (J.‐W. Kim et al., 2019). Further investigations should include a
geochemical analysis of blowout water to confirm the source of this wastewater. Seismic reflection studies or
ambient noise analyses can help identify subsurface structures, including those facilitating wastewater migration
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and the barriers restricting water flow. As underground reservoirs increasingly serve as storage sites for captured
carbon dioxide in efforts to mitigate the effects of climate change, these monitoring techniques also hold sig-
nificant potential for use in monitoring the pressure changes and potential leakage of CO2 and ensuring the
integrity and safety of these sequestration efforts (e.g., Yang et al., 2015).

6. Conclusions
This study combines InSAR analysis with geodetic modeling to reveal the source of oil well blowouts in Crane
County, West Texas. The results suggest that the injected wastewater leaked to shallower formations and
propagated through subsurface flow paths. The water then accumulated in an aquifer several kilometers away
resulting in excess pressure that was manifested as a surface uplift exceeding 40 cm in less than 3 years. The
failure of aged oil well casings under this pressure led to wastewater blowouts over the aquifer and along the path.
The sealing of the failed wells offered only a temporary solution, and the persistent pressurization in the sub-
surface poses an ongoing risk of future blowouts. The proximity of the highly pressurized area to the Pecos River,
less than 5 km away, raises significant environmental concerns. Our findings highlight the need for stricter
regulations on wastewater injection practices and proper management of abandoned wells to prevent environ-
mental risks such as well failures, surface subsidence, and potential groundwater contamination.

Data Availability Statement
Sentinel 1 A/B Single Look Complex (SLC) data sets were acquired in descending geometry for Path 85 from
January 2020 to May 2023 via the Alaska Satellite Facility (ASF) Vertex System (https://search.asf.alaska.edu/)
(European Space Agency, 2023). Injection well locations and monthly injection volumes can be obtained from the
Railroad Commission of Texas (https://gis.rrc.texas.gov/GISViewer/). A Digital Elevation Model used for
removing the topographic effects in InSAR results can be obtained from https://spacedata.copernicus.eu/en/web/
guest/collections/copernicus‐digital‐elevation‐model (European Space Agency & Airbus, 2022). Basement‐
rooted fault maps were sourced from the Bureau of Economic Geology (BEG), University of Texas at Austin
database (E.Horne, 2020). GAMMA software package, used for pre‐processing the InSAR data, can be obtained
from https://www.gamma‐rs.ch/software.MintPy is available for free download from https://github.com/insarlab/
MintPy (Yunjun, 2024). Geodetic Bayesian Inversion Software (GBIS) is available for free download from https://
comet.nerc.ac.uk/gbis/ (Fialko, 2018). High‐resolution optical imagery data can be obtained from the Planet Labs
(https://www.planet.com/explorer/?s=u5Q7S6lDROeqNr_pSNemRw), with an appropriate commercial license,
and are not accessible to the public (PBC, 2018). To access the data for education and research purposes, register for
a free license using a university email at https://www.planet.com/markets/education‐and‐research/#apply‐now. If
the URLs to the commercial news publications cited in the manuscript are inaccessible, their archived versions can
be accessed via the Wayback Machine (https://wayback‐api.archive.org/) using the provided URLs. The defor-
mation rate map, injection volumes, Stratigraphy data interpreted from well logs, and best‐fit model results can be
accessed from Zenodo (https://zenodo.org/records/12192401) (Karanam et al., 2024).
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Background and Experience 1 

My name is Melissa Troutman and my business address is the office of WildEarth 2 

Guardians, 301 N. Guadalupe St., Suite 201, Santa Fe, NM 87501.  3 

I am testifying on behalf of WildEarth Guardians and have served as their Climate & 4 

Energy Advocate since 2022. 5 

I have a BA in English Literature and Education with an emphasis on literary research 6 

and analysis (2002) from Indiana University of Pennsylvania. I earned a teaching license in 7 

Secondary English and Language Arts (2006) from Virginia Wesleyan College and graduate 8 

certificates in Systems Thinking (2021) and Plant Medicine (2022) from Cornell University.  9 

Between 2011 and 2017 I led research and reporting teams as an investigative journalist 10 

for multi-year investigations of water contamination due to oil and gas operations in 11 

Pennsylvania, guided by an Advisory Board that included nationally-renowned scientists from 12 

Duquesne University (Dr. John Stolz) and Cornell University (Dr. Anthony Ingraffea) who 13 

collectively specialize in water quality assessment, oil and gas waste field sampling and 14 

laboratory analysis, and oil and gas engineering.  15 

In 2018, I served on Pennsylvania Representative Sara Innamorato’s water protection 16 

and oil and gas waste management policy drafting team.  17 

I am currently a member of the New Mexico Produced Water Research Consortium and 18 

have served on several Working Groups, including Treatment Technology, Risk and Toxicology, 19 

and Public Outreach, since first joining the consortium in 2020.  20 

A more complete description of my background, qualifications, and the work in which I 21 

have been involved is included in my C.V. as Exhibit WG-90. 22 

Spills Reported to NM Oil Conservation Division 23 
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 1 

In New Mexico, oil and gas companies report spills resulting from their operations to the 1 

Oil Conservation Division (OCD), and these incidents are publicly available on the division’s 2 

Incident Database.1 Spills are also reported in the Spill Database.2   3 

Even though both the Incident and Spill databases compile spill reports, they do so in 4 

different ways which can lead to respective data reports that don’t seem to match at first glance. 5 

This is because searching the Incident Database produces a number of spill incidents, whereas 6 

searching the Spill Database produces all separate materials spilled, some of which share the 7 

same incident number. One spill incident in OCD’s Incident Database can include multiple 8 

material spills, each of which are reported separately in OCD’s Spill Database.  For example, a 9 

well blowout at one well site could result in both crude oil and produced water being spilled. The 10 

blowout would appear as one report in the Incident Database, but two reports in the Spills 11 

Database – one report for the oil spilled during the blowout, and one report for the produced 12 

water. Therefore, the number of reports in the Spill Database can outnumber the number of 13 

reports in the Incident Database.  14 

It is important to use both datasets. The Incident report tells us the number of spills by 15 

location and date. But only the Spill Database reveals the volumes of the materials spilled and 16 

whether groundwater or any waterways were impacted by the spill.  17 

Incident Database: 16,622 fluid spill incidents, Jan. 1, 2010 - Oct. 15, 2024 18 

An October 16, 2024 search of OCD’s Incident Database for all spill “releases - not 19 

vents/flares” that companies reported to the state between January 1, 2010 and October 15, 20 

2024 produced 18,991 results.  However, these initial results still included several gaseous 21 

releases despite pre-filtering for non-vent/flare incidents.  22 

 
1 See NM Oil Conservation Division Incident Database, accessed online October 16, 2024 at 
https://wwwapps.emnrd.nm.gov/OCD/OCDPermitting/Data/Incidents/Incidents.aspx. 
2 See NM Oil Conservation Division Spill Database, accessed online October 16, 2024 at 
https://wwwapps.emnrd.nm.gov/ocd/ocdpermitting/data/spills/spills.aspx. 
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 2 

Filtering these 18,991 results again to remove gaseous categories – “natural gas 1 

vented”/“other”, “natural gas flared”/“other”, “carbon dioxide”, “hydrogen sulfide” and “methane” 2 

categories in the “Materials” column (R) – left 16,618 fluid spill incidents remaining that 3 

included: acid, brine water, crude oil, chemical, condensate, diesel, gelled brine (frac fluid), 4 

gasoline, motor oil, produced water, and more.3  5 

Of these filtered 16,618 fluid spill incidents, 10,657 identified produced water as a 6 

material spilled. 7 

Spill Database: 4,789,952 Bbl spilled, Jan. 1, 2010 - Oct. 15, 2024 8 

An October 16, 2024 search of OCD’s Spill Database for all spilled materials between 9 

January 1, 2010 and October 15, 2024 produced 164,072 spills reported in this date range, 10 

of which 19,812 reports identified liquids or fluid materials spilled, including produced water, 11 

crude oil, condensate, drilling/fracturing fluids, chemicals, acids, natural gas liquids, and more.  12 

This list of 19,812 liquid spills was obtained by filtering OCD’s spill data to remove 13 

“incident types” (column I) that indicated gaseous releases, specifically “flares,” “vents,” and 14 

“vents with flaring.” Spills marked “other” or “blank” were included because they can include 15 

liquid materials. To further eliminate potential gaseous spills beyond “incident type,” gaseous 16 

categories were eliminated from the “material” column (column O) as well – “[obsolete] natural 17 

gas (methane),” “carbon dioxide,” “hydrogen sulfide,” “natural gas flared,” and “natural gas 18 

vented.” Lastly, “MCF” was removed from the Unit of Volume (column S).4  19 

The filtered 19,812 fluid spills totalled 4,789,952 barrels (Bbls) of spilled fluids, and 20 

companies reported losing (not recovering) 1,768,867 Bbls. Of the total volume of spilled fluids, 21 

1,236,574 Bbls were produced water, of which 507,5517 Bbls were lost.  22 

 
3 WG Ex. 92 - INCIDENTS (fluid) 1.1.10_10.15.24. Original Excel spreadsheet downloaded from OCD Incident 
Database condensed to create a readable PDF version by removing columns: B-D, F-I, L-O, Q, S, U-Z. 
4 WG Ex. 93 - SPILLS (all fluid) 1.1.10_10.15.24. Original Excel spreadsheet downloaded from OCD Spill Database 
condensed to create a readable PDF version by removing columns: B-F, J-K, M-N, U-V, X-AD, AG. 

2930



WG Ex. 91 

 3 

In the list of fluid spills from OCD’s Spill Database, some are marked “yes” for impacting 1 

water resources. 187 spills were identified as having reached a watercourse, and 99 spills 2 

were identified as having affected groundwater.  3 

The spills reportedly affecting groundwater include a produced water spill in 2023 and a 4 

chemical spill in 2017. According to New Mexico Environment Department (NMED): 5 

Approximately 78% of New Mexicans depend on ground water for drinking water. 6 

81% of New Mexicans are served by public systems with water derived from 7 

ground water sources and over 170,000 New Mexicans depend on private wells 8 

for drinking water. Ground water makes up nearly half of the total water annually 9 

withdrawn for all uses in New Mexico, including agriculture and industry, and is 10 

the only practicable source of water in many areas of the state.5  11 

Conclusion 12 

 In conclusion, according to OCD’s Incident and Spill databases, between January 1, 13 

2010 and October 15, 2024 oil and gas companies have reported to OCD:  14 

● 16,618 oil and gas fluid-related spill incidents (Incident Database) 15 

● 10,657 oil and gas produced water spill incidents 16 

● 19,812 spills of separate oil and gas fluids (Spill Database) 17 

● 4,789,952 barrels (Bbls) of spilled fluids, losing (not recovering) 1,768,867 Bbls 18 

● 187 spills that reached a watercourse 19 

● 99 spills that affected groundwater 20 

This concludes my testimony, which is accurate to the best of my knowledge.21 

 
5 WG Ex. 3 NMED Water Resources & Management - percentage of drinking water from freshwater.pdf 
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/s/ Melissa Troutman        October 20, 2024 
 
Melissa Troutman 
WildEarth Guardians 
Santa Fe, New Mexico 
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Incident Id Operator Occurred Severity Type Description Materials Causes County Name

nAPP2429033179 DEVON ENERGY PRODUCTION COMPANY, LP 10/15/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2428942483 Spur Energy Partners LLC 10/15/24 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2428860040 COG OPERATING LLC 10/14/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2429033943 OXY USA INC 10/13/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2428859784 COG OPERATING LLC 10/13/24 Major Oil Release Crude Oil Other Lea (25)
nAPP2428740038 Spur Energy Partners LLC 10/13/24 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2428834682 XTO ENERGY, INC 10/12/24 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2428738425 DEVON ENERGY PRODUCTION COMPANY, LP 10/12/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2428730359 DEVON ENERGY PRODUCTION COMPANY, LP 10/12/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2428855971 BTA OIL PRODUCERS, LLC 10/12/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2428739646 Spur Energy Partners LLC 10/12/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2428842762 XTO ENERGY, INC 10/11/24 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2428555252 XTO ENERGY, INC 10/11/24 Major Produced Water Release Produced Water Human Error Eddy (15)

nAPP2428555191 FRONTIER FIELD SERVICES, LLC 10/11/24 Major Fire

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Fire Eddy (15)

nAPP2428835246 XTO ENERGY, INC 10/10/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2428554079 CIMAREX ENERGY CO. 10/10/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2428552848 GOODNIGHT MIDSTREAM PERMIAN, LLC 10/10/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2428369219 XTO ENERGY, INC 10/9/24 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2428858798 ENDURING RESOURCES, LLC 10/9/24 Minor Oil Release Crude Oil Equipment Failure Sandoval (43)
nAPP2428259758 XTO ENERGY, INC 10/8/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2428330737 DEVON ENERGY PRODUCTION COMPANY, LP 10/8/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2428840796 OXY USA INC 10/8/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2428245356 XTO ENERGY, INC 10/7/24 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2428155987 MARATHON OIL PERMIAN LLC 10/7/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2428065285 DEVON ENERGY PRODUCTION COMPANY, LP 10/6/24 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2429239515 MEWBOURNE OIL CO 10/6/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2428841649 OXY USA INC 10/6/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2428239471 COG OPERATING LLC 10/6/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2428539636 RILEY PERMIAN OPERATING COMPANY, LLC 10/6/24 Major Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2428149257 XTO ENERGY, INC 10/5/24 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2428033681 XTO ENERGY, INC 10/5/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2428849677 MEWBOURNE OIL CO 10/5/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2428225024 HILCORP ENERGY COMPANY 10/5/24 Minor Oil Release Condensate Human Error San Juan (45)
nAPP2427862444 DEVON ENERGY PRODUCTION COMPANY, LP 10/4/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2427863203 Enterprise Field Services, LLC 10/4/24 Minor Release Other Condensate Equipment Failure Eddy (15)
nAPP2427745812 DEVON ENERGY PRODUCTION COMPANY, LP 10/3/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2427837267 HF Sinclair Navajo Refining LLC 10/3/24 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2427735134 Permian Resources Operating, LLC 10/3/24 Major Oil Release Crude Oil Normal Operations Eddy (15)
nAPP2427841184 ENDURING RESOURCES, LLC 10/3/24 Major Oil Release Crude Oil Equipment Failure Sandoval (43)
nAPP2427861348 DEVON ENERGY PRODUCTION COMPANY, LP 10/2/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2427725929 DEVON ENERGY PRODUCTION COMPANY, LP 10/2/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2427744064 Enterprise Field Services, LLC 10/2/24 Minor Other Condensate, Natural Gas Vented Other Eddy (15)
nAPP2427743659 Enterprise Field Services, LLC 10/2/24 Minor Other Condensate, Natural Gas Vented Other Eddy (15)
nAPP2427743308 Enterprise Field Services, LLC 10/2/24 Minor Other Condensate, Natural Gas Vented Other Eddy (15)
nAPP2427632313 COG OPERATING LLC 10/1/24 Major Produced Water Release Produced Water Other Lea (25)
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nAPP2427635747 Enterprise Field Services, LLC 10/1/24 Minor Other Condensate, Natural Gas Vented Other Eddy (15)
nAPP2427635231 Enterprise Field Services, LLC 10/1/24 Minor Other Condensate, Natural Gas Vented Other Eddy (15)
nAPP2427633945 Enterprise Field Services, LLC 10/1/24 Minor Other Condensate, Natural Gas Vented Other Eddy (15)
nAPP2427549504 Enterprise Field Services, LLC 10/1/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Rio Arriba (39)
nAPP2427622152 MARATHON OIL PERMIAN LLC 10/1/24 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2427451370 XTO ENERGY, INC 9/30/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2427461130 DEVON ENERGY PRODUCTION COMPANY, LP 9/30/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2427534650 Enterprise Field Services, LLC 9/30/24 Major Other Other (Specify) Human Error San Juan (45)
nAPP2427552444 TEAM OPERATING, L.L.C. 9/30/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2428231844 ENDURING RESOURCES, LLC 9/30/24 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nAPP2427431240 DEVON ENERGY PRODUCTION COMPANY, LP 9/29/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2427834245 OXY USA INC 9/29/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2427440858 LONGFELLOW ENERGY, LP 9/29/24 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2427649926 RILEY PERMIAN OPERATING COMPANY, LLC 9/29/24 Major Produced Water Release Produced Water Equipment Failure Roosevelt (41)
nAPP2427529587 COG OPERATING LLC 9/28/24 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2427052436 DEVON ENERGY PRODUCTION COMPANY, LP 9/26/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2427157652 Maverick Permian LLC 9/26/24 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2427125865 DCP OPERATING COMPANY, LP 9/25/24 Major Blow Out Condensate, Natural Gas Vented Blow Out Lea (25)
nAPP2426952037 MATADOR PRODUCTION COMPANY 9/25/24 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2427521789 MARATHON OIL PERMIAN LLC 9/25/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2426951682 Permian Resources Operating, LLC 9/25/24 Minor Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2426879090 CHEVRON U S A INC 9/24/24 Produced Water Release Crude Oil, Produced Water Repair and Maintenance Eddy (15)
nAPP2427041103 DEVON ENERGY PRODUCTION COMPANY, LP 9/24/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2426746146 APACHE CORPORATION 9/23/24 Major Oil Release Crude Oil Normal Operations Lea (25)
nAPP2426749652 Permian Resources Operating, LLC 9/23/24 Major Produced Water Release Crude Oil, Produced Water Normal Operations Eddy (15)
nAPP2427138071 DCP OPERATING COMPANY, LP 9/22/24 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAPP2426745334 COG OPERATING LLC 9/22/24 Major Fire Produced Water Fire Eddy (15)
nAPP2428350349 APACHE CORPORATION 9/21/24 Minor Oil Release Crude Oil Power Failure Lea (25)
nAPP2426848904 FRONTIER FIELD SERVICES, LLC 9/21/24 Minor Natural Gas Release Condensate, Natural Gas Vented High Line Pressure Lea (25)
nAPP2426943509 BTA OIL PRODUCERS, LLC 9/21/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2426476658 DEVON ENERGY PRODUCTION COMPANY, LP 9/20/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2426430978 Permian Resources Operating, LLC 9/20/24 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2426427757 XTO ENERGY, INC 9/19/24 Minor Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2426430668 DEVON ENERGY PRODUCTION COMPANY, LP 9/19/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2426347970 CIMAREX ENERGY CO. 9/19/24 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2426463181 CHEVRON U S A INC 9/18/24 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2426446424 BTA OIL PRODUCERS, LLC 9/18/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2426443293 BTA OIL PRODUCERS, LLC 9/18/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2426162492 CHEVRON U S A INC 9/17/24 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2426227740 XTO ENERGY, INC 9/17/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2426227823 DEVON ENERGY PRODUCTION COMPANY, LP 9/17/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2426172029 CIMAREX ENERGY CO. 9/17/24 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2426152565 Enterprise Field Services, LLC 9/17/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2426141700 DEVON ENERGY PRODUCTION COMPANY, LP 9/16/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2426054969 CIMAREX ENERGY CO. 9/16/24 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2426127476 FRONTIER FIELD SERVICES, LLC 9/16/24 Minor Release Other Condensate, Natural Gas Vented Corrosion Chaves (05)
nAPP2426245843 BTA OIL PRODUCERS, LLC 9/16/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2426130122 Blackbuck New Mexico LLC 9/16/24 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2426027791 XTO ENERGY, INC 9/15/24 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2426039329 OXY USA INC 9/15/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2426027074 XTO ENERGY, INC 9/14/24 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2425876097 CIMAREX ENERGY CO. 9/14/24 Minor Produced Water Release Brine Water Human Error Eddy (15)
nAPP2425933523 XTO ENERGY, INC 9/13/24 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2425748224 XTO ENERGY, INC 9/13/24 Major Fire Unknown Fire Eddy (15)
nAPP2425751540 DEVON ENERGY PRODUCTION COMPANY, LP 9/13/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2427026341 OXY USA INC 9/13/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2426025036 Maverick Permian LLC 9/13/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2425732593 XTO ENERGY, INC 9/12/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2425727179 XTO ENERGY, INC 9/12/24 Major Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2425666588 XTO ENERGY, INC 9/12/24 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2426028631 Spur Energy Partners LLC 9/12/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2425735479 XTO ENERGY, INC 9/11/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2425643948 HF Sinclair Navajo Refining LLC 9/11/24 Minor Release Other Other (Specify) Other Eddy (15)
nAPP2425553609 Enterprise Field Services, LLC 9/11/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2425624438 Spur Energy Partners LLC 9/11/24 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2425544205 MARATHON OIL PERMIAN LLC 9/11/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2425636992 WPX Energy Permian, LLC 9/10/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nAPP2425557196 OWL SWD OPERATING, LLC 9/10/24 Major Produced Water Release Produced Water
Midstream Scheduled 
Maintenance Lea (25)

nAPP2425638152 LH Operating, LLC 9/10/24 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2425352259 DEVON ENERGY PRODUCTION COMPANY, LP 9/9/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2425430482 HF Sinclair Navajo Refining LLC 9/9/24 Major Release Other Other (Specify) Human Error Eddy (15)
nAPP2425452465 COG OPERATING LLC 9/9/24 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2425456080 MorningStar Operating LLC 9/9/24 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2425352986 DEVON ENERGY PRODUCTION COMPANY, LP 9/8/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2425343251 Spur Energy Partners LLC 9/8/24 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2425341702 DEVON ENERGY PRODUCTION COMPANY, LP 9/7/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2425236568 MATADOR PRODUCTION COMPANY 9/7/24 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2425329209 Enterprise Field Services, LLC 9/7/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Rio Arriba (39)
nAPP2425328865 Enterprise Field Services, LLC 9/7/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Rio Arriba (39)
nAPP2426029063 FRONTIER FIELD SERVICES, LLC 9/6/24 Minor Natural Gas Release Condensate High Line Pressure Eddy (15)
nAPP2425041943 MATADOR PRODUCTION COMPANY 9/6/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2424955027 DEVON ENERGY PRODUCTION COMPANY, LP 9/5/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2424855704 DEVON ENERGY PRODUCTION COMPANY, LP 9/4/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2424846665 Enterprise Field Services, LLC 9/4/24 Major Natural Gas Release Condensate, Natural Gas Vented Corrosion Rio Arriba (39)
nAPP2425330146 WPX Energy Permian, LLC 9/4/24 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2424938520 CAZA OPERATING, LLC 9/4/24 Minor Blow Out Crude Oil Equipment Failure Lea (25)
nAPP2424928034 DCP OPERATING COMPANY, LP 9/3/24 Major Natural Gas Release Condensate Human Error Lea (25)
nAPP2424850463 Spur Energy Partners LLC 9/3/24 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2424736669 XTO ENERGY, INC 9/2/24 Major Fire Unknown Fire Eddy (15)
nAPP2424953647 DJR OPERATING, LLC 9/2/24 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2424656984 Spur Energy Partners LLC 9/1/24 Major Oil Release Crude Oil Human Error Eddy (15)
nAPP2424476743 DEVON ENERGY PRODUCTION COMPANY, LP 8/31/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2424378052 CHEVRON U S A INC 8/30/24 Major Produced Water Release Crude Oil, Produced Water High Line Pressure Eddy (15)
nAPP2425757674 MEWBOURNE OIL CO 8/30/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAPP2424750109 OXY USA INC 8/30/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2424334807 CIMAREX ENERGY CO. 8/30/24 Major Oil Release Drilling Mud/Fluid Equipment Failure Eddy (15)
nAPP2424355183 Enterprise Field Services, LLC 8/30/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2424738940 XTO ENERGY, INC 8/28/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2424242355 OXY USA INC 8/28/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2424237514 TARGA MIDSTREAM SERVICES LLC 8/28/24 Major Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2426033046 COG OPERATING LLC 8/28/24 Minor Release Other Unknown Other Lea (25)
nAPP2424231917 Targa Northern Delaware, LLC. 8/28/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion, Equipment Failure Eddy (15)
nAPP2424734929 XTO ENERGY, INC 8/27/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2424054089 DEVON ENERGY PRODUCTION COMPANY, LP 8/27/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2425330502 COG PRODUCTION, LLC 8/27/24 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)

nAPP2425946348 Copper Ridge Resources, LLC 8/27/24 Major Oil Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Normal Operations Lea (25)

nAPP2424045887 XTO ENERGY, INC 8/26/24 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2424048501 DEVON ENERGY PRODUCTION COMPANY, LP 8/26/24 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2423965135 DEVON ENERGY PRODUCTION COMPANY, LP 8/26/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2423964720 DEVON ENERGY PRODUCTION COMPANY, LP 8/26/24 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2423962613 DEVON ENERGY PRODUCTION COMPANY, LP 8/26/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2424037623 CIMAREX ENERGY CO. 8/26/24 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nAPP2423945301 Enterprise Field Services, LLC 8/26/24 Major Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2423950632 Permian Resources Operating, LLC 8/26/24 Minor Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2424159147 ENDURING RESOURCES, LLC 8/25/24 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2423747322 DEVON ENERGY PRODUCTION COMPANY, LP 8/24/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2423744223 CIMAREX ENERGY CO. 8/23/24 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2424223470 SCM Operations, LLC 8/23/24 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2423924084 MARATHON OIL PERMIAN LLC 8/22/24 Minor Oil Release Crude Oil Other Lea (25)
nAPP2424331935 APACHE CORPORATION 8/21/24 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2423527011 XTO ENERGY, INC 8/21/24 Minor Other Glycol Other Eddy (15)
nAPP2423455892 XTO ENERGY, INC 8/21/24 Major Oil Release Crude Oil Human Error Eddy (15)
nAPP2423454602 COG OPERATING LLC 8/21/24 Major Oil Release Crude Oil Other Lea (25)
nAPP2423922793 MARATHON OIL PERMIAN LLC 8/21/24 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2424855148 MEWBOURNE OIL CO 8/20/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2423430255 Spur Energy Partners LLC 8/20/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2424035474 XTO ENERGY, INC 8/19/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2423338910 XTO ENERGY, INC 8/19/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2423359451 ENDURING RESOURCES, LLC 8/19/24 Minor Release Other Crude Oil, Produced Water Equipment Failure San Juan (45)
nAPP2424034618 XTO ENERGY, INC 8/18/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2423424961 WPX Energy Permian, LLC 8/18/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2423129926 Civitas Permian Operating, LLC 8/18/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2423269798 HILCORP ENERGY COMPANY 8/18/24 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2423268736 HILCORP ENERGY COMPANY 8/18/24 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2423061774 DEVON ENERGY PRODUCTION COMPANY, LP 8/17/24 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2423226373 MARATHON OIL PERMIAN LLC 8/17/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2423246904 XTO ENERGY, INC 8/16/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2422958386 XTO ENERGY, INC 8/16/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2423235108 OXY USA INC 8/16/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2422957740 Spur Energy Partners LLC 8/16/24 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
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nAPP2423230210 Maverick Permian LLC 8/16/24 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2423433990 APACHE CORPORATION 8/15/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2422877091 DEVON ENERGY PRODUCTION COMPANY, LP 8/15/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2424258898 MEWBOURNE OIL CO 8/15/24 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nAPP2424249029 MEWBOURNE OIL CO 8/15/24 Major Produced Water Release Produced Water Lightning Eddy (15)
nAPP2424137423 MEWBOURNE OIL CO 8/15/24 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2422844490 PLAINS MARKETING L.P. 8/15/24 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2423222600 WPX Energy Permian, LLC 8/15/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2423238572 Spur Energy Partners LLC 8/15/24 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2422957948 XTO ENERGY, INC 8/14/24 Major Fire Crude Oil Fire Eddy (15)
nAPP2424030602 MEWBOURNE OIL CO 8/14/24 Major Produced Water Release Produced Water Lightning Eddy (15)
nAPP2422766341 CIMAREX ENERGY CO. 8/14/24 Major Produced Water Release Produced Water Lightning Eddy (15)
nAPP2422763744 COG OPERATING LLC 8/14/24 Major Oil Release Crude Oil Repair and Maintenance Lea (25)
nAPP2422836475 Enterprise Field Services, LLC 8/14/24 Minor Other Diesel Equipment Failure Torrance (57)
nAPP2422964658 RILEY PERMIAN OPERATING COMPANY, LLC 8/14/24 Major Other (Specify) Eddy (15)
nAPP2422734945 OXY USA INC 8/13/24 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
nAPP2422727571 CIMAREX ENERGY CO. 8/13/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2422623967 MATADOR PRODUCTION COMPANY 8/12/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2422558840 Enterprise Field Services, LLC 8/12/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2422537242 Permian Resources Operating, LLC 8/12/24 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2422462227 Enterprise Field Services, LLC 8/11/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Rio Arriba (39)
nAPP2422545957 WPX Energy Permian, LLC 8/11/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2422964181 RILEY PERMIAN OPERATING COMPANY, LLC 8/11/24 Major Other (Specify) Eddy (15)
nAPP2423431878 APACHE CORPORATION 8/10/24 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2422531153 SELECT WATER SOLUTIONS, LLC 8/10/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2422260664 XTO ENERGY, INC 8/9/24 Minor Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2422556072 DEVON ENERGY PRODUCTION COMPANY, LP 8/9/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2422256945 DEVON ENERGY PRODUCTION COMPANY, LP 8/8/24 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2422230686 HF Sinclair Navajo Refining LLC 8/8/24 Major Other Other (Specify) Power Failure Eddy (15)
nAPP2422863783 COG OPERATING LLC 8/8/24 Major Fire Crude Oil Fire Eddy (15)
nAPP2422233771 COG OPERATING LLC 8/8/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2422152453 Blackbuck New Mexico LLC 8/8/24 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2422072363 DEVON ENERGY PRODUCTION COMPANY, LP 8/7/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2422045419 COG OPERATING LLC 8/7/24 Major Produced Water Release Produced Water Other Lea (25)
nAPP2422046249 Permian Resources Operating, LLC 8/7/24 Major Produced Water Release Crude Oil, Produced Water Normal Operations Lea (25)
nAPP2422538949 GOODNIGHT MIDSTREAM PERMIAN, LLC 8/7/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2422030924 DEVON ENERGY PRODUCTION COMPANY, LP 8/6/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2422029229 DEVON ENERGY PRODUCTION COMPANY, LP 8/6/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2421836877 CHEVRON U S A INC 8/5/24 Major Other (Specify) Lea (25)
nAPP2421864304 XTO ENERGY, INC 8/5/24 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2421847577 DEVON ENERGY PRODUCTION COMPANY, LP 8/5/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2422124658 DCP OPERATING COMPANY, LP 8/5/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nAPP2421946322 RIDGEWAY ARIZONA OIL CORP. 8/5/24 Major Oil Release
Condensate, Crude Oil, Produced 
Water Equipment Failure Roosevelt (41)

nAPP2422043099 COG OPERATING LLC 8/5/24 Major Other Produced Water Other Eddy (15)
nAPP2421837149 Enterprise Field Services, LLC 8/5/24 Minor Natural Gas Release Condensate Corrosion Rio Arriba (39)
nAPP2421941185 CAZA OPERATING, LLC 8/5/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2421858718 BTA OIL PRODUCERS, LLC 8/5/24 Major Produced Water Release Produced Water Corrosion Lea (25)
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nAPP2421852910 Whiptail Gallup Gathering, LLC 8/5/24 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2422154552 MARATHON OIL PERMIAN LLC 8/5/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2422651676 XTO ENERGY, INC 8/4/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2421753870 DEVON ENERGY PRODUCTION COMPANY, LP 8/4/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2421846554 CIMAREX ENERGY CO. 8/4/24 Major Fire Produced Water Equipment Failure Eddy (15)
nAPP2426831113 COG OPERATING LLC 8/4/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2422547586 Spur Energy Partners LLC 8/4/24 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2421837094 XTO ENERGY, INC 8/2/24 Minor Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2421550522 XTO ENERGY, INC 8/2/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2422537504 Spur Energy Partners LLC 8/2/24 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2421542116 San Mateo Black River Water Management Compan 8/2/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2421530638 Spur Energy Partners LLC 8/1/24 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2422232824 APACHE CORPORATION 7/31/24 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2421435828 OXY USA INC 7/31/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2421335621 BTA OIL PRODUCERS, LLC 7/31/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2421427061 DKL Energy - Cottonwood, LLC 7/31/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2422659329 MEWBOURNE OIL CO 7/30/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2421238188 MARATHON OIL PERMIAN LLC 7/30/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2421842943 OXY USA INC 7/29/24 Major Blow Out Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2421237546 MARATHON OIL PERMIAN LLC 7/29/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2421252361 Blackbuck New Mexico LLC 7/29/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2421149787 XTO ENERGY, INC 7/28/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2421124014 DEVON ENERGY PRODUCTION COMPANY, LP 7/27/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2421123414 DEVON ENERGY PRODUCTION COMPANY, LP 7/27/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2421529493 XTO ENERGY, INC 7/26/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2421528352 XTO ENERGY, INC 7/26/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2420945437 DEVON ENERGY PRODUCTION COMPANY, LP 7/26/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2420927733 MATADOR PRODUCTION COMPANY 7/26/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2422131656 WESTERN REFINING PIPELINE LLC 7/26/24 Minor Oil Release Crude Oil Normal Operations Lea (25)
nAPP2420871904 Maverick Permian LLC 7/26/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2422243094 NGL WATER SOLUTIONS PERMIAN, LLC 7/26/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2420822690 DEVON ENERGY PRODUCTION COMPANY, LP 7/25/24 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2420822342 DEVON ENERGY PRODUCTION COMPANY, LP 7/25/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2420747415 DUGAN PRODUCTION CORP 7/25/24 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2421148011 DCP OPERATING COMPANY, LP 7/25/24 Major Fire Other (Specify) Eddy (15)

nAPP2421842514 XTO ENERGY, INC 7/24/24 Minor Other
Natural Gas Vented, Crude Oil, 
Produced Water Corrosion Eddy (15)

nAPP2421536034 XTO ENERGY, INC 7/24/24 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2420658284 DUGAN PRODUCTION CORP 7/24/24 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2420732177 Extex Operating Company 7/24/24 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2421554026 MEWBOURNE OIL CO 7/23/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2420452024 DEVON ENERGY PRODUCTION COMPANY, LP 7/22/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2420451000 DEVON ENERGY PRODUCTION COMPANY, LP 7/22/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2420443181 Spur Energy Partners LLC 7/22/24 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2420533198 NGL WATER SOLUTIONS PERMIAN, LLC 7/22/24 Minor Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2420544315 GOODNIGHT MIDSTREAM PERMIAN, LLC 7/21/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2420727981 CHEVRON U S A INC 7/20/24 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2420431165 XTO ENERGY, INC 7/20/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAPP2420440081 OXY USA INC 7/20/24 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2420535238 SOLARIS WATER MIDSTREAM, LLC 7/19/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2420155421 Permian Resources Operating, LLC 7/19/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2420035294 DEVON ENERGY PRODUCTION COMPANY, LP 7/18/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2420059937 MATADOR PRODUCTION COMPANY 7/18/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2420128041 WPX Energy Permian, LLC 7/18/24 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2421839212 XTO ENERGY, INC 7/17/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2420657335 XTO ENERGY, INC 7/17/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2420056258 DCP OPERATING COMPANY, LP 7/17/24 Minor Blow Out Produced Water Blow Out Eddy (15)
nAPP2420029251 Enterprise Field Services, LLC 7/17/24 Major Fire Other (Specify) Eddy (15)
nAPP2419947182 Enterprise Field Services, LLC 7/17/24 Major Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2419952531 Permian Resources Operating, LLC 7/17/24 Major Oil Release Crude Oil, Produced Water Normal Operations Eddy (15)
nAPP2419855786 ROVER OPERATING, LLC 7/16/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2419952876 CHEVRON U S A INC 7/15/24 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)

nAPP2420133937 XTO ENERGY, INC 7/15/24 Major Fire
Condensate, Crude Oil, Produced 
Water, Unknown Fire Eddy (15)

nAPP2419756826 MARATHON OIL PERMIAN LLC 7/15/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2419842748 RILEY PERMIAN OPERATING COMPANY, LLC 7/15/24 Major Produced Water Release
Condensate, Crude Oil, Produced 
Water Normal Operations Eddy (15)

nAPP2420826436 MEWBOURNE OIL CO 7/13/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2419429665 DEVON ENERGY PRODUCTION COMPANY, LP 7/12/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2419431964 MorningStar Operating LLC 7/11/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2419442584 ENDURING RESOURCES, LLC 7/11/24 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2419441188 ENDURING RESOURCES, LLC 7/11/24 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nAPP2419831640 HILCORP ENERGY COMPANY 7/10/24 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2419254767 XTO ENERGY, INC 7/9/24 Major Fire Unknown Fire Eddy (15)

nAPP2420037116 ADVANCED WIRELESS COMMUNICATIONS, L.L.C. 7/9/24 Major Other
Condensate, Crude Oil, Other 
(Specify), Produced Water Other, Normal Operations Rio Arriba (39)

nAPP2419056244 CHEVRON U S A INC 7/8/24 Major Oil Release Crude Oil Blow Out Eddy (15)
nAPP2419252577 XTO ENERGY, INC 7/8/24 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2419138444 OXY USA INC 7/8/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2420734164 COG OPERATING LLC 7/8/24 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2419132456 Spur Energy Partners LLC 7/8/24 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2419022958 DEVON ENERGY PRODUCTION COMPANY, LP 7/7/24 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2419036870 COG OPERATING LLC 7/4/24 Major Produced Water Release Produced Water Other Lea (25)
nAPP2420069339 NGL Waste Services, LLC 7/4/24 Major Fire Crude Oil, Produced Water Lightning Lea (25)
nAPP2418556332 Spur Energy Partners LLC 7/2/24 Major Produced Water Release Produced Water High Line Pressure Lea (25)
nAPP2418459729 ETC Texas Pipeline, Ltd. 7/2/24 Major Fire Other (Specify) Fire Lea (25)
nAPP2419048390 DJR OPERATING, LLC 7/2/24 Major Oil Release Crude Oil Equipment Failure San Juan (45)
nAPP2418443905 SOLARIS WATER MIDSTREAM, LLC 7/1/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2419428272 APACHE CORPORATION 6/30/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2419856400 OXY USA INC 6/30/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2418241081 COG OPERATING LLC 6/30/24 Major Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2418357364 BTA OIL PRODUCERS, LLC 6/30/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2418172227 DEVON ENERGY PRODUCTION COMPANY, LP 6/29/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2418335391 DCP OPERATING COMPANY, LP 6/29/24 Minor Blow Out Condensate, Natural Gas Vented Blow Out Eddy (15)

nAPP2420136803 XTO ENERGY, INC 6/28/24 Minor Release Other
Condensate, Crude Oil, Produced 
Water Corrosion Eddy (15)
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nAPP2419336478 XTO ENERGY, INC 6/28/24 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2418460531 XTO ENERGY, INC 6/28/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2418140217 DEVON ENERGY PRODUCTION COMPANY, LP 6/28/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2418344201 OXY USA INC 6/28/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2418437320 COG PRODUCTION, LLC 6/28/24 Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2418559790 COG OPERATING LLC 6/28/24 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2418041946 Spur Energy Partners LLC 6/28/24 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2418326753 Maverick Permian LLC 6/28/24 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2418341742 Whiptail Midstream LLC 6/28/24 Minor Oil Release Crude Oil, Produced Water Corrosion Sandoval (43)
nAPP2418335205 Blackbuck New Mexico LLC 6/28/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2418530973 Harvest Four Corners, LLC 6/28/24 Minor Other Other (Specify) Equipment Failure San Juan (45)
nAPP2418053192 XTO ENERGY, INC 6/27/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2419334815 DEVON ENERGY PRODUCTION COMPANY, LP 6/27/24 Major Produced Water Release Produced Water Fire Lea (25)
nAPP2418540539 DEVON ENERGY PRODUCTION COMPANY, LP 6/27/24 Major Fire Produced Water Fire Lea (25)
nAPP2418024950 San Mateo RB Pipeline, LLC 6/27/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2417936595 Permian Resources Operating, LLC 6/27/24 Major Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2418050972 XTO ENERGY, INC 6/26/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2418049577 XTO ENERGY, INC 6/26/24 Major Release Other Crude Oil, Produced Water Vandalism Eddy (15)
nAPP2417929598 DEVON ENERGY PRODUCTION COMPANY, LP 6/26/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2417853179 DEVON ENERGY PRODUCTION COMPANY, LP 6/26/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2417960425 DUGAN PRODUCTION CORP 6/26/24 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2422154572 DCP OPERATING COMPANY, LP 6/26/24 Major Fire Condensate Fire Lea (25)
nAPP2417834917 DEVON ENERGY PRODUCTION COMPANY, LP 6/25/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2417749853 DEVON ENERGY PRODUCTION COMPANY, LP 6/25/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2417870294 CIMAREX ENERGY CO. 6/25/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2417872718 MATADOR PRODUCTION COMPANY 6/25/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2417854945 SELECT WATER SOLUTIONS, LLC 6/25/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2417953983 Silverback Operating II, LLC 6/25/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2424058732 CHI OPERATING INC 6/24/24 Minor Other
Condensate, Crude Oil, Produced 
Water Other Eddy (15)

nAPP2417652485 OXY USA INC 6/24/24 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
nAPP2417646570 Maverick Permian LLC 6/24/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2417634720 MARATHON OIL PERMIAN LLC 6/24/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2417743733 DCP OPERATING COMPANY, LP 6/23/24 Minor Blow Out Produced Water Blow Out Lea (25)
nAPP2417631084 COG OPERATING LLC 6/23/24 Major Oil Release Crude Oil Human Error Eddy (15)

nAPP2417651378 RILEY PERMIAN OPERATING COMPANY, LLC 6/23/24 Major Oil Release
Condensate, Crude Oil, Produced 
Water Corrosion Eddy (15)

nAPP2418055651 XTO ENERGY, INC 6/22/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2418043567 XTO ENERGY, INC 6/21/24 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2417440880 DEVON ENERGY PRODUCTION COMPANY, LP 6/21/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2417439748 DEVON ENERGY PRODUCTION COMPANY, LP 6/21/24 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2418546373 MEWBOURNE OIL CO 6/21/24 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2417751874 OXY USA INC 6/21/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2418342470 COG OPERATING LLC 6/21/24 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2419132894 Enterprise Field Services, LLC 6/21/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2418538604 EOG RESOURCES INC 6/20/24 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2417323765 MATADOR PRODUCTION COMPANY 6/20/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2417236946 TEXLAND PETROLEUM-HOBBS, LLC 6/19/24 Major Produced Water Release Produced Water Other Lea (25)
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nAPP2417353525 ENERDYNE, LLC 6/19/24 Major Oil Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Other, Vandalism McKinley (31)

nAPP2417738244 XTO ENERGY, INC 6/18/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2417060670 DEVON ENERGY PRODUCTION COMPANY, LP 6/18/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2424335058 Murchison Oil and Gas, LLC 6/18/24 Major Other Crude Oil, Produced Water Other Eddy (15)
nAPP2417051919 Targa Northern Delaware, LLC. 6/18/24 Major Fire Other (Specify) Eddy (15)
nAPP2417050147 Permian Resources Operating, LLC 6/18/24 Minor Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2416957653 DEVON ENERGY PRODUCTION COMPANY, LP 6/17/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2417749308 OXY USA INC 6/17/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2417748409 OXY USA INC 6/17/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2426254839 GRAND BANKS ENERGY CO 6/17/24 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2417032594 FRONTIER FIELD SERVICES, LLC 6/17/24 Major Other Condensate Human Error Lea (25)
nAPP2417650822 OXY USA INC 6/16/24 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
nAPP2417344898 Maverick Permian LLC 6/16/24 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2416936979 NGL WATER SOLUTIONS PERMIAN, LLC 6/16/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2417645305 Whiptail Midstream LLC 6/16/24 Minor Oil Release Crude Oil, Produced Water Corrosion Sandoval (43)
nAPP2416931728 CHEVRON U S A INC 6/15/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2419849771 XTO ENERGY, INC 6/15/24 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2417077386 XTO ENERGY, INC 6/15/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2416940193 DEVON ENERGY PRODUCTION COMPANY, LP 6/15/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2416945222 DCP OPERATING COMPANY, LP 6/15/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2416931381 DEVON ENERGY PRODUCTION COMPANY, LP 6/14/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2416929229 DEVON ENERGY PRODUCTION COMPANY, LP 6/14/24 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2416663643 MACK ENERGY CORP 6/14/24 Major Produced Water Release Produced Water Vehicular Accident Chaves (05)
nAPP2416942284 DCP OPERATING COMPANY, LP 6/14/24 Major Natural Gas Release Condensate Blow Out Lea (25)
nAPP2417653578 OXY USA INC 6/13/24 Minor Produced Water Release Produced Water Equipment Failure Union (59)
nAPP2417752286 COG OPERATING LLC 6/13/24 Major Fire Crude Oil Fire Eddy (15)
nAPP2419856452 XTO ENERGY, INC 6/12/24 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2417336593 XTO ENERGY, INC 6/12/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2416525018 DEVON ENERGY PRODUCTION COMPANY, LP 6/12/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2416435573 HF Sinclair Navajo Refining LLC 6/12/24 Minor Other Other (Specify) Equipment Failure Eddy (15)
nAPP2416637261 OXY USA INC 6/12/24 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2417750053 COG OPERATING LLC 6/12/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2416548667 BTA OIL PRODUCERS, LLC 6/12/24 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2416454087 Spur Energy Partners LLC 6/12/24 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2416452944 MARATHON OIL PERMIAN LLC 6/12/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2416532213 HILCORP ENERGY COMPANY 6/12/24 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2416538865 AMEREDEV OPERATING, LLC 6/12/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2418355674 XTO ENERGY, INC 6/10/24 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2416351391 Spur Energy Partners LLC 6/10/24 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2416358411 Maverick Permian LLC 6/10/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2416338300 CONOCOPHILLIPS COMPANY 6/9/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2416457692 OXY USA INC 6/8/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2416239042 K P KAUFFMAN COMPANY INC 6/8/24 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2416148867 AMEREDEV OPERATING, LLC 6/8/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2415972085 DEVON ENERGY PRODUCTION COMPANY, LP 6/7/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2415971627 DEVON ENERGY PRODUCTION COMPANY, LP 6/7/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)

WG Ex. 92

2941



nAPP2418343772 COG PRODUCTION, LLC 6/7/24 Other Condensate Corrosion Lea (25)
nAPP2415949754 Spur Energy Partners LLC 6/7/24 Major Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2416233211 OXY USA INC 6/6/24 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)

nAPP2417937839 WALSH & WATTS INC 6/6/24 Major Oil Release
Condensate, Crude Oil, Produced 
Water, Unknown Other Lea (25)

nAPP2415878197 CIMAREX ENERGY CO. 6/6/24 Major Oil Release Drilling Mud/Fluid Human Error Eddy (15)
nAPP2415854482 COG OPERATING LLC 6/6/24 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2415849000 BTA OIL PRODUCERS, LLC 6/6/24 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2416135052 AMEREDEV OPERATING, LLC 6/6/24 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2415731979 CIMAREX ENERGY CO. OF COLORADO 6/4/24 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2421258466 SELECT WATER SOLUTIONS, LLC 6/4/24 Major Produced Water Release Produced Water Human Error Lea (25)

nAPP2419839147 NNOGC EXPLORATION AND PRODUCTION, LLC 6/4/24 Other

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Other San Juan (45)

nAPP2416548536 WPX Energy Permian, LLC 6/3/24 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2415641016 Spur Energy Partners LLC 6/3/24 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2415939361 CHEVRON U S A INC 6/1/24 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2415524417 DEVON ENERGY PRODUCTION COMPANY, LP 6/1/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2415374810 CIMAREX ENERGY CO. OF COLORADO 6/1/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2415266733 CHEVRON U S A INC 5/31/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2415638717 Spur Energy Partners LLC 5/31/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2415052060 Enterprise Field Services, LLC 5/29/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)

nAPP2415150648 ETC Texas Pipeline, Ltd. 5/29/24 Major Fire

Condensate, Natural Gas Vented, 
Crude Oil, Produced Water, 
Unknown Exploratory Well, Fire Eddy (15)

nAPP2415554959 XTO ENERGY, INC 5/28/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2415023984 DEVON ENERGY PRODUCTION COMPANY, LP 5/28/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2414950978 DEVON ENERGY PRODUCTION COMPANY, LP 5/28/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2414938333 DUGAN PRODUCTION CORP 5/28/24 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2415647355 Maverick Permian LLC 5/28/24 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2414869489 CHEVRON U S A INC 5/27/24 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2415554067 XTO ENERGY, INC 5/27/24 Major Fire Chemical (Specify) Equipment Failure Eddy (15)
nAPP2415552477 XTO ENERGY, INC 5/27/24 Major Fire Unknown Other Eddy (15)
nAPP2415049012 OXY USA INC 5/27/24 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2416339425 COG PRODUCTION, LLC 5/27/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2414929260 WPX Energy Permian, LLC 5/26/24 Major Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2414845352 AMEREDEV OPERATING, LLC 5/26/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2415551510 XTO ENERGY, INC 5/25/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2414653793 San Mateo DLK Black River Midstream, LLC 5/25/24 Minor Release Other Glycol Equipment Failure Eddy (15)
nAPP2415550610 XTO ENERGY, INC 5/24/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2414543825 DEVON ENERGY PRODUCTION COMPANY, LP 5/24/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2415148822 TARGA MIDSTREAM SERVICES LLC 5/24/24 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAPP2417728388 TEXLAND PETROLEUM-HOBBS, LLC 5/24/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2414639800 SELECT WATER SOLUTIONS, LLC 5/24/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2414552321 MARATHON OIL PERMIAN LLC 5/23/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2414957843 CHEVRON U S A INC 5/22/24 Major Fire Lube Oil Fire Lea (25)
nAPP2414353519 DUGAN PRODUCTION CORP 5/22/24 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2414369183 MARATHON OIL PERMIAN LLC 5/22/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2414341172 XTO ENERGY, INC 5/21/24 Major Fire Unknown Equipment Failure Eddy (15)
nAPP2414324163 CIMAREX ENERGY CO. OF COLORADO 5/21/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2415175014 K P KAUFFMAN COMPANY INC 5/21/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2416338856 COG OPERATING LLC 5/21/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2415057335 XTO ENERGY, INC 5/20/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2414340598 XTO ENERGY, INC 5/20/24 Major Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2414228862 DEVON ENERGY PRODUCTION COMPANY, LP 5/20/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2414236032 Spur Energy Partners LLC 5/20/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2414237602 Silverback Operating II, LLC 5/20/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2414241608 MARATHON OIL PERMIAN LLC 5/20/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2414147581 TEXLAND PETROLEUM-HOBBS, LLC 5/19/24 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2414240102 MARATHON OIL PERMIAN LLC 5/19/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2413960082 CHEVRON U S A INC 5/18/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2414124712 DEVON ENERGY PRODUCTION COMPANY, LP 5/18/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2413925956 MATADOR PRODUCTION COMPANY 5/18/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2413950856 Enterprise Field Services, LLC 5/18/24 Major Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2415234797 XTO ENERGY, INC 5/17/24 Major Produced Water Release Crude Oil Equipment Failure Eddy (15)
nAPP2413952028 TARGA MIDSTREAM SERVICES LLC 5/17/24 Major Natural Gas Release Condensate, Natural Gas Vented Equipment Failure Lea (25)
nAPP2414153051 CIMAREX ENERGY CO. 5/17/24 Major Fire Crude Oil Fire Eddy (15)
nAPP2413873165 ETC Texas Pipeline, Ltd. 5/17/24 Minor Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2413859640 MARATHON OIL PERMIAN LLC 5/17/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2414137102 XTO ENERGY, INC 5/16/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2415233132 XTO ENERGY, INC 5/15/24 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2414143487 EOG RESOURCES INC 5/15/24 Major Release Other Crude Oil Other Lea (25)
nAPP2413630318 Spur Energy Partners LLC 5/15/24 Major Produced Water Release Produced Water High Line Pressure Lea (25)
nAPP2413560797 BTA OIL PRODUCERS, LLC 5/14/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2414132464 CROSS TIMBERS ENERGY, LLC 5/14/24 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2413542400 MATADOR PRODUCTION COMPANY 5/13/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2416253712 COG OPERATING LLC 5/13/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2413560044 Maverick Permian LLC 5/13/24 Major Oil Release Crude Oil Separation Flowback Lea (25)
nAPP2413458571 Maverick Permian LLC 5/13/24 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2413458189 MARATHON OIL PERMIAN LLC 5/13/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2415841931 COG OPERATING LLC 5/11/24 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2413450148 XTO ENERGY, INC 5/10/24 Minor Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2413449503 XTO ENERGY, INC 5/10/24 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2413433429 DCP OPERATING COMPANY, LP 5/10/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2413629655 OXY USA INC 5/9/24 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2413155712 ENDURING RESOURCES, LLC 5/9/24 Major Release Other Other (Specify) Equipment Failure Sandoval (43)
nAPP2414346647 OCCIDENTAL PERMIAN LTD 5/8/24 Minor Other Brine Water Downhole Well Maintenance Lea (25)
nAPP2413036737 MATADOR PRODUCTION COMPANY 5/8/24 Major Produced Water Release Produced Water High Line Pressure Lea (25)
nAPP2413052574 BTA OIL PRODUCERS, LLC 5/8/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2412958102 Maverick Permian LLC 5/8/24 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2413031273 XTO ENERGY, INC 5/7/24 Major Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2412853086 PLAINS MARKETING L.P. 5/7/24 Major Oil Release Crude Oil Other Eddy (15)
nAPP2412848939 COG OPERATING LLC 5/7/24 Major Fire Crude Oil Fire Eddy (15)
nAPP2412818139 TARGA MIDSTREAM SERVICES LLC 5/6/24 Major Natural Gas Release Condensate Corrosion Lea (25)
nAPP2415840835 COG OPERATING LLC 5/6/24 Major Fire Crude Oil Equipment Failure Eddy (15)
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nAPP2412763262 Permian Resources Operating, LLC 5/6/24 Major Release Other Crude Oil, Produced Water Normal Operations Lea (25)
nAPP2412576675 CIMAREX ENERGY CO. OF COLORADO 5/4/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2412634297 MARATHON OIL PERMIAN LLC 5/4/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2414129527 MEWBOURNE OIL CO 5/3/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2413732369 COG PRODUCTION, LLC 5/3/24 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2412451499 Enterprise Field Services, LLC 5/3/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)

nAPP2412643284 ETC Texas Pipeline, Ltd. 5/3/24 Major Natural Gas Release
Condensate, Crude Oil, Produced 
Water Other Eddy (15)

nAPP2412749555 XTO ENERGY, INC 5/2/24 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2412747517 XTO ENERGY, INC 5/2/24 Major Fire Motor Oil Fire Lea (25)
nAPP2412354447 MATADOR PRODUCTION COMPANY 5/2/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2413547190 COG OPERATING LLC 5/2/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2412348563 San Mateo Stebbins Water Management, LLC 5/2/24 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2412428329 DEVON ENERGY PRODUCTION COMPANY, LP 5/1/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2412240179 HF Sinclair Navajo Refining LLC 5/1/24 Major Fire Other (Specify) Fire Eddy (15)
nAPP2412242049 Enterprise Field Services, LLC 5/1/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2412336586 DKL Energy - Cottonwood, LLC 5/1/24 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2412237579 CHEVRON U S A INC 4/30/24 Major Fire Motor Oil Equipment Failure Eddy (15)
nAPP2412148467 DEVON ENERGY PRODUCTION COMPANY, LP 4/30/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2412150813 DUGAN PRODUCTION CORP 4/30/24 Major Produced Water Release Produced Water Human Error San Juan (45)
nAPP2413552773 PHILLIPS PETROLEUM CO 4/30/24 Major Oil Release Crude Oil Repair and Maintenance Lea (25)
nAPP2415830580 COG OPERATING LLC 4/30/24 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2412154752 OWL SWD OPERATING, LLC 4/30/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2412451900 SIMCOE LLC 4/30/24 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2412132684 Permian Resources Operating, LLC 4/30/24 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2412352170 XTO ENERGY, INC 4/29/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2412138138 XTO ENERGY, INC 4/29/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2412336815 OXY USA INC 4/29/24 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2412248274 OXY USA INC 4/29/24 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2412442807 PLAINS MARKETING L.P. 4/29/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2412045238 COG OPERATING LLC 4/29/24 Major Oil Release Crude Oil Other Lea (25)
nAPP2412157442 FAE II Operating LLC 4/29/24 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2412163811 MARATHON OIL PERMIAN LLC 4/29/24 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2412026782 MATADOR PRODUCTION COMPANY 4/28/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2412029367 Enterprise Field Services, LLC 4/28/24 Major Fire Other (Specify) Lea (25)
nAPP2412351243 XTO ENERGY, INC 4/26/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2411733155 DEVON ENERGY PRODUCTION COMPANY, LP 4/26/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2411866719 COG OPERATING LLC 4/26/24 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2412141144 Maverick Permian LLC 4/26/24 Minor Oil Release Crude Oil, Produced Water Vandalism Lea (25)
nAPP2412148368 ENDURING RESOURCES, LLC 4/26/24 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2411761274 Whiptail Midstream LLC 4/26/24 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2411666919 DEVON ENERGY PRODUCTION COMPANY, LP 4/25/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2415831092 COG OPERATING LLC 4/25/24 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2411660109 COG OPERATING LLC 4/25/24 Major Oil Release Crude Oil Other Eddy (15)
nAPP2411724780 BTA OIL PRODUCERS, LLC 4/25/24 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nAPP2411761305 Crestwood New Mexico Pipeline LLC 4/25/24 Major Fire Other (Specify) Eddy (15)
nAPP2411745248 Maverick Permian LLC 4/25/24 Major Produced Water Release Produced Water Other Lea (25)
nAPP2412349065 XTO ENERGY, INC 4/24/24 Major Fire Lube Oil Equipment Failure Lea (25)
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nAPP2411643477 DEVON ENERGY PRODUCTION COMPANY, LP 4/24/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2411647420 CIMAREX ENERGY CO. 4/24/24 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2411548875 Permian Resources Operating, LLC 4/24/24 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2411547802 CHEVRON U S A INC 4/23/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2411558459 XTO ENERGY, INC 4/23/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2411453943 DUGAN PRODUCTION CORP 4/23/24 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2411548364 COG OPERATING LLC 4/23/24 Major Oil Release Crude Oil Other Lea (25)
nAPP2411463396 AMEREDEV OPERATING, LLC 4/23/24 Major Fire Natural Gas Vented, Crude Oil Fire Lea (25)
nAPP2414438251 OXY USA INC 4/22/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2415831559 COG OPERATING LLC 4/22/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2411435836 XTO ENERGY, INC 4/21/24 Major Release Other Crude Oil, Produced Water Normal Operations Eddy (15)
nAPP2411337548 MACK ENERGY CORP 4/21/24 Major Fire Crude Oil, Produced Water Fire Chaves (05)
nAPP2411327945 MATADOR PRODUCTION COMPANY 4/21/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2411129556 COG OPERATING LLC 4/18/24 Major Fire Crude Oil Other Eddy (15)
nAPP2411049662 FAE II Operating LLC 4/18/24 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2411332796 OXY USA INC 4/17/24 Produced Water Release Produced Water Other Harding (21)
nAPP2410946300 TARGA MIDSTREAM SERVICES LLC 4/17/24 Minor Natural Gas Release Condensate Equipment Failure Lea (25)
nAPP2415832103 COG PRODUCTION, LLC 4/17/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2410959069 PHX Energy, LLC 4/17/24 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2412253528 XTO ENERGY, INC 4/16/24 Major Fire Other (Specify) Other Eddy (15)
nAPP2410758305 DEVON ENERGY PRODUCTION COMPANY, LP 4/16/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2410747253 DEVON ENERGY PRODUCTION COMPANY, LP 4/16/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2410854853 MATADOR PRODUCTION COMPANY 4/16/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2410932444 COG OPERATING LLC 4/16/24 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2410749827 COG OPERATING LLC 4/16/24 Major Oil Release Crude Oil Other Lea (25)
nAPP2410851745 FAE II Operating LLC 4/16/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2410759719 LONGFELLOW ENERGY, LP 4/16/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2410737986 NGL WATER SOLUTIONS PERMIAN, LLC 4/16/24 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2410655775 DEVON ENERGY PRODUCTION COMPANY, LP 4/15/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2410734401 COG OPERATING LLC 4/15/24 Major Fire Crude Oil Other Eddy (15)
nAPP2410633112 DEVON ENERGY PRODUCTION COMPANY, LP 4/14/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2410540758 MATADOR PRODUCTION COMPANY 4/13/24 Minor Oil Release Crude Oil Normal Operations Lea (25)
nAPP2410358636 HILCORP ENERGY COMPANY 4/12/24 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2410349074 Harvest Four Corners, LLC 4/12/24 Major Natural Gas Release Glycol, Natural Gas Vented Equipment Failure Rio Arriba (39)
nAPP2410837698 Northwind Midstream Partners LLC 4/11/24 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2410253099 3R Operating, LLC 4/11/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2410829165 HILCORP ENERGY COMPANY 4/11/24 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nAPP2410231723 EOG RESOURCES INC 4/10/24 Major Other Unknown Human Error Eddy (15)
nAPP2410234931 CAZA OPERATING, LLC 4/10/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2410158196 MorningStar Operating LLC 4/10/24 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2415757870 3R Operating, LLC 4/10/24 Major Other Crude Oil Normal Operations Eddy (15)
nAPP2411739118 XTO ENERGY, INC 4/9/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2411738138 XTO ENERGY, INC 4/9/24 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2411631990 XTO ENERGY, INC 4/9/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2410855489 MEWBOURNE OIL CO 4/9/24 Major Release Other Drilling Mud/Fluid Human Error Eddy (15)
nAPP2410047011 NGL WATER SOLUTIONS PERMIAN, LLC 4/9/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2410037098 OXY USA INC 4/8/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2410039249 BTA OIL PRODUCERS, LLC 4/8/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)

nAPP2410350023 3R Operating, LLC 4/8/24 Minor Other
Condensate, Crude Oil, Produced 
Water Other Eddy (15)

nAPP2409940657 DEVON ENERGY PRODUCTION COMPANY, LP 4/7/24 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2409932604 DEVON ENERGY PRODUCTION COMPANY, LP 4/7/24 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2410045507 XTO ENERGY, INC 4/6/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2409770106 PLAINS MARKETING L.P. 4/6/24 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2409940115 COG OPERATING LLC 4/6/24 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2412835625 HILCORP ENERGY COMPANY 4/6/24 Major Produced Water Release Produced Water Human Error Rio Arriba (39)
nAPP2409859045 LONGFELLOW ENERGY, LP 4/6/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2410024170 DEVON ENERGY PRODUCTION COMPANY, LP 4/5/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2409945367 DEVON ENERGY PRODUCTION COMPANY, LP 4/5/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2409671242 Silverback Operating II, LLC 4/5/24 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2409554213 COG OPERATING LLC 4/4/24 Major Produced Water Release Produced Water Other Lea (25)
nAPP2409950483 Blackbuck New Mexico LLC 4/4/24 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2410138519 OXY USA INC 4/3/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2410136920 OXY USA INC 4/3/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2409552342 OXY USA INC 4/3/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2410037551 Spur Energy Partners LLC 4/3/24 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2409464457 MARATHON OIL PERMIAN LLC 4/3/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2409552203 GOODNIGHT MIDSTREAM PERMIAN, LLC 4/3/24 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2410737428 XTO ENERGY, INC 4/2/24 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2410735798 XTO ENERGY, INC 4/2/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2409465640 DEVON ENERGY PRODUCTION COMPANY, LP 4/2/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2410636699 Spur Energy Partners LLC 4/2/24 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2410048454 Spur Energy Partners LLC 4/2/24 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2409532196 HILCORP ENERGY COMPANY 4/2/24 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nAPP2409948979 COG PRODUCTION, LLC 4/1/24 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2409228474 DEVON ENERGY PRODUCTION COMPANY, LP 3/31/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2409337860 Maverick Permian LLC 3/31/24 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2409342189 ENDURING RESOURCES, LLC 3/31/24 Major Oil Release Crude Oil Corrosion Sandoval (43)
nAPP2409236022 Blackbuck New Mexico LLC 3/31/24 Major Produced Water Release Condensate, Produced Water Equipment Failure Eddy (15)
nAPP2410043663 APACHE CORPORATION 3/30/24 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2409949509 XTO ENERGY, INC 3/30/24 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2409146069 TAP ROCK OPERATING, LLC 3/30/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2426256273 GRAND BANKS ENERGY CO 3/29/24 Minor Oil Release Crude Oil Normal Operations Lea (25)
nAPP2426161980 CAMBRIAN MANAGEMENT LTD 3/29/24 Minor Oil Release Crude Oil, Produced Water Normal Operations Lea (25)
nAPP2409952956 XTO ENERGY, INC 3/28/24 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2426159828 CAMBRIAN MANAGEMENT LTD 3/28/24 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2426158921 CAMBRIAN MANAGEMENT LTD 3/28/24 Major Oil Release Crude Oil, Produced Water Normal Operations Lea (25)
nAPP2426157644 CAMBRIAN MANAGEMENT LTD 3/28/24 Major Release Other Crude Oil Corrosion Lea (25)
nAPP2408932632 DCP OPERATING COMPANY, LP 3/27/24 Major Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2409948527 XTO ENERGY, INC 3/26/24 Minor Oil Release Crude Oil Human Error Eddy (15)

nAPP2408637670 Enterprise Field Services, LLC 3/26/24 Minor Natural Gas Release Condensate, Natural Gas Vented
Corrosion, Commissioning to 
Purge San Juan (45)

nAPP2409947565 XTO ENERGY, INC 3/25/24 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2408624331 DEVON ENERGY PRODUCTION COMPANY, LP 3/25/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2408551309 SELECT ENERGY SERVICES, LLC 3/24/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2409454303 MEWBOURNE OIL CO 3/22/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2408657051 DCP OPERATING COMPANY, LP 3/22/24 Minor Natural Gas Release Condensate Equipment Failure Lea (25)
nAPP2410135571 FRONTIER FIELD SERVICES, LLC 3/22/24 Release Other Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2408253314 Enterprise Field Services, LLC 3/22/24 Major Fire Other (Specify) Other San Juan (45)
nAPP2408531365 Spur Energy Partners LLC 3/22/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2408179114 ARMSTRONG ENERGY CORP 3/21/24 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2409551506 XTO ENERGY, INC 3/21/24 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2409247597 XTO ENERGY, INC 3/21/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2408244633 MARATHON OIL PERMIAN LLC 3/21/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2415648236 EOG RESOURCES INC 3/20/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2408543583 Spur Energy Partners LLC 3/20/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2409248851 XTO ENERGY, INC 3/19/24 Major Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2407953672 DEVON ENERGY PRODUCTION COMPANY, LP 3/19/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2415666595 EOG RESOURCES INC 3/19/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2407964074 San Mateo Stebbins Water Management, LLC 3/19/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2408038089 SCOUT ENERGY MANAGEMENT LLC 3/19/24 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2408626644 Maverick Permian LLC 3/19/24 Major Produced Water Release Produced Water Power Failure Lea (25)
nAPP2408227792 FORTY ACRES ENERGY, LLC 3/18/24 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2409931184 COG OPERATING LLC 3/17/24 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2407827868 WPX Energy Permian, LLC 3/17/24 Major Oil Release Crude Oil Power Failure Eddy (15)
nAPP2408932392 XTO ENERGY, INC 3/15/24 Minor Oil Release Crude Oil Normal Operations Eddy (15)
nAPP2407561521 DEVON ENERGY PRODUCTION COMPANY, LP 3/15/24 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2408651560 MEWBOURNE OIL CO 3/15/24 Major Produced Water Release Produced Water Lightning Lea (25)
nAPP2407637319 COG OPERATING LLC 3/15/24 Major Fire Crude Oil Fire Eddy (15)
nAPP2407540038 Enterprise Field Services, LLC 3/15/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2408539690 WESTERN REFINING PIPELINE LLC 3/15/24 Minor Oil Release Crude Oil Normal Operations Lea (25)
nAPP2407828285 Spur Energy Partners LLC 3/15/24 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2407542571 MARATHON OIL PERMIAN LLC 3/15/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2408649824 XTO ENERGY, INC 3/13/24 Minor Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2408649530 XTO ENERGY, INC 3/13/24 Minor Release Other Crude Oil, Produced Water Normal Operations Eddy (15)
nAPP2408638426 OXY USA INC 3/13/24 Blow Out Crude Oil, Produced Water Blow Out Eddy (15)

nAPP2407441462 Permian Resources Operating, LLC 3/13/24 Major Unknown
Midstream Emergency 
Maintenance Lea (25)

nAPP2408643618 OXY USA INC 3/12/24 Release Other Crude Oil Equipment Failure Lea (25)
nAPP2408630430 COG OPERATING LLC 3/12/24 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2407342232 COLGATE OPERATING, LLC 3/12/24 Major Unknown High Line Pressure Eddy (15)

nAPP2407342633 Permian Resources Operating, LLC 3/12/24 Major Unknown
Midstream Emergency 
Maintenance Lea (25)

nAPP2407342480 Permian Resources Operating, LLC 3/12/24 Major Unknown High Line Pressure Eddy (15)
nAPP2408553359 XTO ENERGY, INC 3/11/24 Minor Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2407243592 Permian Resources Operating, LLC 3/11/24 Major Unknown High Line Pressure Eddy (15)
nAPP2408137233 SPC RESOURCES, LLC 3/11/24 Minor Unknown Equipment Failure Eddy (15)
nAPP2407138431 CHEVRON U S A INC 3/10/24 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2408136720 DCP OPERATING COMPANY, LP 3/10/24 Major Fire Condensate Fire Eddy (15)
nAPP2407128665 Contango Resources, LLC 3/10/24 Major Produced Water Release Crude Oil, Produced Water Blow Out Lea (25)
nAPP2407141867 COLGATE OPERATING, LLC 3/10/24 Major Unknown High Line Pressure Eddy (15)
nAPP2407142451 Permian Resources Operating, LLC 3/10/24 Major Unknown High Line Pressure Eddy (15)
nAPP2407142243 SPC RESOURCES, LLC 3/10/24 Major Unknown Equipment Failure Eddy (15)
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nAPP2406964143 DEVON ENERGY PRODUCTION COMPANY, LP 3/9/24 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2407042530 Permian Resources Operating, LLC 3/9/24 Major Unknown High Line Pressure Eddy (15)
nAPP2407042336 SPC RESOURCES, LLC 3/9/24 Major Unknown Equipment Failure Eddy (15)
nAPP2408034878 XTO ENERGY, INC 3/8/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2406945199 SPC RESOURCES, LLC 3/8/24 Major Unknown Equipment Failure Eddy (15)
nAPP2406874805 Harvest Four Corners, LLC 3/8/24 Major Produced Water Release Produced Water Other San Juan (45)
nAPP2407444539 APACHE CORPORATION 3/7/24 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2407137317 CHEVRON U S A INC 3/7/24 Minor Produced Water Release Crude Oil, Produced Water Liquids Unloading Eddy (15)
nAPP2406837717 MATADOR PRODUCTION COMPANY 3/7/24 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2406751590 ETC Texas Pipeline, Ltd. 3/7/24 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2406843318 SPC RESOURCES, LLC 3/7/24 Major Unknown Equipment Failure Eddy (15)
nAPP2408036299 DEVON ENERGY PRODUCTION COMPANY, LP 3/6/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2406734751 DEVON ENERGY PRODUCTION COMPANY, LP 3/6/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2406733462 OXY USA INC 3/6/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2406675705 OXY USA INC 3/6/24 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2406649307 Harvest Four Corners, LLC 3/6/24 Minor Release Other Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2406642629 DEVON ENERGY PRODUCTION COMPANY, LP 3/5/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2406623089 DEVON ENERGY PRODUCTION COMPANY, LP 3/5/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2407356057 MEWBOURNE OIL CO 3/5/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2407545309 OXY USA INC 3/5/24 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2406626875 MATADOR PRODUCTION COMPANY 3/5/24 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2407256657 Permian Resources Operating, LLC 3/5/24 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2406447416 DEVON ENERGY PRODUCTION COMPANY, LP 3/4/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2406517742 BTA OIL PRODUCERS, LLC 3/4/24 Major Produced Water Release Produced Water Other Lea (25)
nAPP2406454812 LOGOS OPERATING, LLC 3/4/24 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2406456265 CROSS TIMBERS ENERGY, LLC 3/4/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2406531926 Harvest Four Corners, LLC 3/4/24 Major Natural Gas Release Other (Specify) San Juan (45)
nAPP2407533604 XTO ENERGY, INC 3/3/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2406528831 WPX Energy Permian, LLC 3/3/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2406527330 WPX Energy Permian, LLC 3/3/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2406421795 BTA OIL PRODUCERS, LLC 3/3/24 Major Produced Water Release Produced Water High Line Pressure Lea (25)
nAPP2407331882 Spur Energy Partners LLC 3/3/24 Major Release Other Crude Oil, Produced Water Fire Eddy (15)
nAPP2407532550 XTO ENERGY, INC 3/2/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2406532229 OXY USA INC 3/2/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2406276831 CIMAREX ENERGY CO. OF COLORADO 3/2/24 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2406265359 MATADOR PRODUCTION COMPANY 3/2/24 Minor Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2406241127 MATADOR PRODUCTION COMPANY 3/2/24 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2407252087 EOR OPERATING COMPANY 3/2/24 Minor Produced Water Release Crude Oil, Produced Water High Line Pressure Roosevelt (41)
nAPP2406225921 DEVON ENERGY PRODUCTION COMPANY, LP 3/1/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2406175802 DEVON ENERGY PRODUCTION COMPANY, LP 3/1/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2406628203 LOGOS OPERATING, LLC 3/1/24 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2406257576 ETC Texas Pipeline, Ltd. 3/1/24 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2407444295 APACHE CORPORATION 2/29/24 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2406128105 CIMAREX ENERGY CO. 2/29/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2406051763 MATADOR PRODUCTION COMPANY 2/29/24 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2406119660 HILCORP ENERGY COMPANY 2/29/24 Minor Release Other Condensate, Produced Water Corrosion San Juan (45)
nAPP2407350900 XTO ENERGY, INC 2/28/24 Major Produced Water Release Produced Water Normal Operations Eddy (15)
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nAPP2406036995 DEVON ENERGY PRODUCTION COMPANY, LP 2/28/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2406542880 DCP OPERATING COMPANY, LP 2/28/24 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2406046944 COG OPERATING LLC 2/28/24 Major Fire Crude Oil Fire Eddy (15)
nAPP2405979324 SELECT WATER SOLUTIONS, LLC 2/28/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2407438506 XTO ENERGY, INC 2/27/24 Minor Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2405840050 DKL Energy - Cottonwood, LLC 2/27/24 Other Other (Specify) Other Eddy (15)
nAPP2405737852 Enterprise Field Services, LLC 2/26/24 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2406026361 WPX Energy Permian, LLC 2/26/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2405820567 BTA OIL PRODUCERS, LLC 2/26/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2405840706 CROSS TIMBERS ENERGY, LLC 2/26/24 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2406465047 DJR OPERATING, LLC 2/26/24 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2407254241 Permian Resources Operating, LLC 2/26/24 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2407338357 XTO ENERGY, INC 2/25/24 Minor Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2406135810 OXY USA INC 2/25/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2405741200 DCP OPERATING COMPANY, LP 2/25/24 Major Fire Other (Specify) Lea (25)
nAPP2405734182 RIDGEWAY ARIZONA OIL CORP. 2/25/24 Minor Produced Water Release Produced Water Other Chaves (05)
nAPP2405746227 OWL SWD OPERATING, LLC 2/25/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2407257682 XTO ENERGY, INC 2/24/24 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2405622437 CIMAREX ENERGY CO. OF COLORADO 2/24/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2405570668 MARATHON OIL PERMIAN LLC 2/24/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2406731234 MEWBOURNE OIL CO 2/23/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2405851767 DCP OPERATING COMPANY, LP 2/23/24 Minor Blow Out Produced Water Blow Out Lea (25)
nAPP2406461829 XTO ENERGY, INC 2/22/24 Minor Other Crude Oil, Produced Water Other Eddy (15)
nAPP2405447618 OXY USA INC 2/22/24 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2405936804 FAE II Operating LLC 2/22/24 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2405445786 Maverick Permian LLC 2/22/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2405856306 FORTY ACRES ENERGY, LLC 2/22/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2405256649 COG OPERATING LLC 2/21/24 Major Oil Release Crude Oil Other Lea (25)
nAPP2405260692 SELECT WATER SOLUTIONS, LLC 2/21/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2405353367 Spur Energy Partners LLC 2/21/24 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2406120215 HILCORP ENERGY COMPANY 2/21/24 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2406163532 XTO ENERGY, INC 2/20/24 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2405266585 ETC Texas Pipeline, Ltd. 2/20/24 Natural Gas Release Produced Water Corrosion Lea (25)
nAPP2405157748 ETC Texas Pipeline, Ltd. 2/20/24 Major Release Other Condensate Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2405038607 MATADOR PRODUCTION COMPANY 2/19/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2406735085 COG OPERATING LLC 2/19/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2405328548 Spur Energy Partners LLC 2/19/24 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2404951211 COG OPERATING LLC 2/18/24 Major Oil Release Crude Oil Other Lea (25)
nAPP2406161820 XTO ENERGY, INC 2/16/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2406159589 XTO ENERGY, INC 2/16/24 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2405854952 MEWBOURNE OIL CO 2/16/24 Major Fire Condensate, Produced Water Fire Eddy (15)
nAPP2404672954 DEVON ENERGY PRODUCTION COMPANY, LP 2/15/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2404637666 Enterprise Field Services, LLC 2/15/24 Minor Oil Release Condensate Equipment Failure San Juan (45)
nAPP2404721450 BTA OIL PRODUCERS, LLC 2/15/24 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2412321969 Earthstone Operating, LLC 2/15/24 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2404715996 HILCORP ENERGY COMPANY 2/15/24 Major Release Other Condensate, Produced Water Equipment Failure San Juan (45)
nAPP2405971517 XTO ENERGY, INC 2/14/24 Major Produced Water Release Produced Water Other Eddy (15)
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nAPP2405961992 XTO ENERGY, INC 2/14/24 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2404655074 CONOCOPHILLIPS COMPANY 2/14/24 Major Produced Water Release Produced Water Other Lea (25)
nAPP2404624980 Targa Northern Delaware, LLC. 2/14/24 Minor Release Other Chemical (Specify) Equipment Failure Lea (25)
nAPP2404555068 ENDURING RESOURCES, LLC 2/13/24 Major Oil Release Crude Oil Human Error San Juan (45)
nAPP2404354589 CHEVRON U S A INC 2/12/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2404355956 DEVON ENERGY PRODUCTION COMPANY, LP 2/12/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2404353463 DEVON ENERGY PRODUCTION COMPANY, LP 2/12/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2404728286 OXY USA INC 2/12/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2404743759 Whiptail Midstream LLC 2/12/24 Minor Oil Release Crude Oil Corrosion Sandoval (43)
nAPP2404351081 DEVON ENERGY PRODUCTION COMPANY, LP 2/11/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2404348731 San Mateo RB Pipeline, LLC 2/11/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2405454990 XTO ENERGY, INC 2/10/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2404265437 COG OPERATING LLC 2/9/24 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2404035912 GOODNIGHT MIDSTREAM PERMIAN, LLC 2/9/24 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2405336143 XTO ENERGY, INC 2/8/24 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2404051181 DEVON ENERGY PRODUCTION COMPANY, LP 2/8/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2403957544 DEVON ENERGY PRODUCTION COMPANY, LP 2/8/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2403967865 CONOCOPHILLIPS COMPANY 2/8/24 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2404347124 TARGA MIDSTREAM SERVICES LLC 2/7/24 Major Fire Other (Specify) Lea (25)
nAPP2404334116 HILCORP ENERGY COMPANY 2/7/24 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nAPP2405152557 XTO ENERGY, INC 2/6/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2403753706 DEVON ENERGY PRODUCTION COMPANY, LP 2/6/24 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nAPP2403733035 Enterprise Field Services, LLC 2/6/24 Minor Natural Gas Release
Natural Gas Vented, Produced 
Water Other Eddy (15)

nAPP2403855479 Contango Resources, LLC 2/6/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2405057797 XTO ENERGY, INC 2/5/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2403748550 HF Sinclair Navajo Refining LLC 2/5/24 Major Fire Other (Specify) Eddy (15)
nAPP2403731760 MATADOR PRODUCTION COMPANY 2/5/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2404426444 COG OPERATING LLC 2/5/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2415048014 RAM ENERGY LLC 2/5/24 Major Complaint Crude Oil Other Lea (25)
nAPP2403629407 DEVON ENERGY PRODUCTION COMPANY, LP 2/4/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2403637444 CONOCOPHILLIPS COMPANY 2/4/24 Major Fire Other (Specify) Eddy (15)
nAPP2403642782 MARATHON OIL PERMIAN LLC 2/4/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2403644942 NGL WATER SOLUTIONS PERMIAN, LLC 2/4/24 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2403444329 Franklin Mountain Energy 3, LLC 2/3/24 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2404750539 XTO ENERGY, INC 2/2/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2404750069 XTO ENERGY, INC 2/2/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2404633635 OXY USA INC 2/2/24 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2413046728 FOUNDATION ENERGY MANAGEMENT, LLC 2/2/24 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2403723976 HILCORP ENERGY COMPANY 2/2/24 Minor Produced Water Release Condensate, Produced Water Other San Juan (45)
nAPP2403435112 HILCORP ENERGY COMPANY 2/2/24 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2403355380 Spur Energy Partners LLC 2/1/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2404472013 FORTY ACRES ENERGY, LLC 2/1/24 Major Produced Water Release Crude Oil, Produced Water Corrosion, Equipment Failure Lea (25)
nAPP2403356285 ENDURING RESOURCES, LLC 2/1/24 Minor Oil Release Crude Oil Corrosion Rio Arriba (39)
nAPP2403238666 OXY USA INC 1/31/24 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2403133055 BTA OIL PRODUCERS, LLC 1/31/24 Major Fire Produced Water Fire Lea (25)
nAPP2410837062 BXP Operating, LLC 1/31/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2403227304 Contango Resources, LLC 1/31/24 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
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nAPP2403157821 HILCORP ENERGY COMPANY 1/31/24 Major Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nAPP2403357992 ENDURING RESOURCES, LLC 1/31/24 Major Release Other Crude Oil, Produced Water Corrosion Sandoval (43)
nAPP2404456492 XTO ENERGY, INC 1/30/24 Major Fire Crude Oil Other Eddy (15)
nAPP2404634562 OXY USA INC 1/30/24 Produced Water Release Produced Water Human Error Eddy (15)
nAPP2403051892 COG OPERATING LLC 1/30/24 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2403152749 MARATHON OIL PERMIAN LLC 1/30/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2404359783 XTO ENERGY, INC 1/29/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2403040271 MARATHON OIL PERMIAN LLC 1/29/24 Major Produced Water Release Produced Water Other Lea (25)
nAPP2403034973 HILCORP ENERGY COMPANY 1/29/24 Major Release Other Condensate Corrosion Rio Arriba (39)
nAPP2410137232 DEVON ENERGY PRODUCTION COMPANY, LP 1/28/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2402926765 DEVON ENERGY PRODUCTION COMPANY, LP 1/28/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2403055120 DEVON ENERGY PRODUCTION COMPANY, LP 1/27/24 Major Release Other Produced Water Equipment Failure Lea (25)
nAPP2402659188 DEVON ENERGY PRODUCTION COMPANY, LP 1/26/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2402645140 COG OPERATING LLC 1/26/24 Major Oil Release Crude Oil Other Lea (25)
nAPP2402549174 OSBORN HEIRS CO 1/25/24 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2403059066 OXY USA INC 1/25/24 Minor Produced Water Release Produced Water Corrosion Union (59)
nAPP2403039770 LH Operating, LLC 1/25/24 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nAPP2402543775 DEVON ENERGY PRODUCTION COMPANY, LP 1/24/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2402540660 Whiptail Midstream LLC 1/24/24 Major Oil Release Crude Oil Equipment Failure Sandoval (43)
nAPP2402456040 OXY USA INC 1/23/24 Major Release Other Crude Oil, Produced Water Human Error Lea (25)
nAPP2403657069 XTO ENERGY, INC 1/22/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2402461657 OXY USA INC 1/22/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2402351357 Spur Energy Partners LLC 1/22/24 Major Release Other Crude Oil, Produced Water High Line Pressure Eddy (15)
nAPP2402250064 TAP ROCK OPERATING, LLC 1/22/24 Major Fire Crude Oil Fire Lea (25)
nAPP2403353247 XTO ENERGY, INC 1/21/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2402241037 OXY USA INC 1/21/24 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2402251893 SPECIAL ENERGY CORP 1/21/24 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2402219489 BTA OIL PRODUCERS, LLC 1/21/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2402229898 Targa Northern Delaware, LLC. 1/21/24 Major Fire Other (Specify) Lea (25)
nAPP2402256900 ETC Texas Pipeline, Ltd. 1/21/24 Major Other Natural Gas Liquids Other Lea (25)
nAPP2402057643 HF Sinclair Navajo Refining LLC 1/20/24 Major Fire Other (Specify) Eddy (15)
nAPP2402156989 CIMAREX ENERGY CO. 1/20/24 Major Fire Crude Oil Fire Lea (25)
nAPP2402054344 COG OPERATING LLC 1/20/24 Major Oil Release Crude Oil Other Eddy (15)
nAPP2402167703 CROSS TIMBERS ENERGY, LLC 1/20/24 Major Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2401963204 Enterprise Field Services, LLC 1/19/24 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2402032332 SELECT WATER SOLUTIONS, LLC 1/19/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2403257469 Permian Resources Operating, LLC 1/19/24 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2402322534 DCP OPERATING COMPANY, LP 1/18/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2401857794 MATADOR PRODUCTION COMPANY 1/18/24 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2401856462 MATADOR PRODUCTION COMPANY 1/18/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2402940801 COG OPERATING LLC 1/18/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2401953748 WPX Energy Permian, LLC 1/18/24 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2401932449 HILCORP ENERGY COMPANY 1/18/24 Major Produced Water Release Condensate, Produced Water Equipment Failure Rio Arriba (39)
nAPP2402449008 XTO ENERGY, INC 1/17/24 Minor Oil Release Crude Oil Freeze Eddy (15)
nAPP2401854801 MATADOR PRODUCTION COMPANY 1/17/24 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2402939826 COG OPERATING LLC 1/17/24 Minor Release Other Crude Oil, Produced Water Freeze Lea (25)
nAPP2401967365 Maverick Permian LLC 1/17/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nAPP2401752221 Targa Northern Delaware, LLC. 1/17/24 Major Release Other Other (Specify) Equipment Failure Lea (25)
nAPP2402238689 HILCORP ENERGY COMPANY 1/17/24 Major Release Other Crude Oil, Produced Water Equipment Failure San Juan (45)
nAPP2401671977 MATADOR PRODUCTION COMPANY 1/16/24 Major Oil Release Crude Oil Freeze Lea (25)
nAPP2401670338 MATADOR PRODUCTION COMPANY 1/16/24 Major Oil Release Crude Oil Freeze Lea (25)
nAPP2401758024 CROSS TIMBERS ENERGY, LLC 1/16/24 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2401756651 CROSS TIMBERS ENERGY, LLC 1/16/24 Major Produced Water Release Produced Water Freeze Lea (25)
nAPP2401938016 Spur Energy Partners LLC 1/16/24 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2401730414 FOUNDATION ENERGY MANAGEMENT, LLC 1/16/24 Major Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2401730098 FOUNDATION ENERGY MANAGEMENT, LLC 1/16/24 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2401734282 DJR OPERATING, LLC 1/16/24 Minor Produced Water Release Crude Oil, Produced Water Freeze San Juan (45)
nAPP2403253624 Permian Resources Operating, LLC 1/16/24 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2401660821 HILCORP ENERGY COMPANY 1/16/24 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nAPP2401651819 Harvest Four Corners, LLC 1/16/24 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nAPP2402643356 XTO ENERGY, INC 1/15/24 Major Oil Release Crude Oil Freeze Eddy (15)
nAPP2402633992 XTO ENERGY, INC 1/15/24 Major Oil Release Natural Gas Vented, Crude Oil Freeze Eddy (15)
nAPP2402630186 XTO ENERGY, INC 1/15/24 Minor Oil Release Crude Oil Freeze Eddy (15)
nAPP2401553812 DUGAN PRODUCTION CORP 1/15/24 Minor Produced Water Release Produced Water Freeze San Juan (45)
nAPP2401640502 RED WILLOW PRODUCTION COMPANY 1/15/24 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nAPP2402936868 COG OPERATING LLC 1/15/24 Minor Release Other Crude Oil, Produced Water Freeze Lea (25)
nAPP2401634411 COG OPERATING LLC 1/15/24 Major Other Crude Oil Other Eddy (15)
nAPP2401652485 Maverick Permian LLC 1/15/24 Major Oil Release Crude Oil Separation Flowback Lea (25)
nAPP2402418125 HILCORP ENERGY COMPANY 1/15/24 Minor Oil Release Condensate Corrosion San Juan (45)
nAPP2401724871 HILCORP ENERGY COMPANY 1/15/24 Major Produced Water Release Produced Water Freeze San Juan (45)
nAPP2401651809 LONGFELLOW ENERGY, LP 1/15/24 Major Oil Release Crude Oil Freeze Eddy (15)
nAPP2401635107 GOODNIGHT MIDSTREAM PERMIAN, LLC 1/15/24 Major Produced Water Release Produced Water Freeze Lea (25)

nAPP2401664896 Harvest Four Corners, LLC 1/15/24 Major Other
Natural Gas Vented, Produced 
Water Freeze San Juan (45)

nAPP2402531902 XTO ENERGY, INC 1/14/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2402531559 XTO ENERGY, INC 1/14/24 Major Oil Release Natural Gas Vented, Crude Oil Freeze Eddy (15)
nAPP2402931812 COG OPERATING LLC 1/14/24 Minor Release Other Crude Oil, Produced Water Freeze Lea (25)
nAPP2401533040 CAZA OPERATING, LLC 1/14/24 Major Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2401531615 CAZA OPERATING, LLC 1/14/24 Minor Produced Water Release Produced Water Freeze Lea (25)
nAPP2402475049 CIMAREX ENERGY CO. OF COLORADO 1/13/24 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2401523877 DEVON ENERGY PRODUCTION COMPANY, LP 1/12/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2425546136 Targa Northern Delaware, LLC. 1/12/24 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2401645721 XTO ENERGY, INC 1/11/24 Major Other Other (Specify) Vandalism Eddy (15)
nAPP2402930822 COG OPERATING LLC 1/11/24 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2401127879 WPX Energy Permian, LLC 1/11/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2401044016 DEVON ENERGY PRODUCTION COMPANY, LP 1/10/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2405352829 EOG RESOURCES INC 1/10/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2401946483 MEWBOURNE OIL CO 1/10/24 Major Fire Produced Water Fire Lea (25)
nAPP2401146074 TARGA MIDSTREAM SERVICES LLC 1/10/24 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2404471333 FORTY ACRES ENERGY, LLC 1/10/24 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2401035055 DEVON ENERGY PRODUCTION COMPANY, LP 1/9/24 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2402226359 MEWBOURNE OIL CO 1/9/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2401128986 Maverick Permian LLC 1/9/24 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)

nAPP2401641673 XTO ENERGY, INC 1/8/24 Minor Oil Release
Natural Gas Vented, Crude Oil, 
Produced Water Corrosion Eddy (15)
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nAPP2401043023 XTO ENERGY, INC 1/8/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2400939448 CHEVRON U S A INC 1/7/24 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2401640490 XTO ENERGY, INC 1/7/24 Minor Other Other (Specify) Vandalism Eddy (15)
nAPP2401652735 MEWBOURNE OIL CO 1/7/24 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2400854443 BTA OIL PRODUCERS, LLC 1/7/24 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2401636864 XTO ENERGY, INC 1/6/24 Major Release Other Other (Specify) Human Error Eddy (15)
nAPP2401050043 XTO ENERGY, INC 1/6/24 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2401247161 OXY USA INC 1/5/24 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2401247250 XTO ENERGY, INC 1/3/24 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2400430858 DCP OPERATING COMPANY, LP 1/3/24 Minor Blow Out Produced Water Blow Out Eddy (15)
nAPP2400362480 SELECT ENERGY SERVICES, LLC 1/3/24 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2400348147 Crestwood New Mexico Pipeline LLC 1/3/24 Major Fire Other (Specify) Eddy (15)
nAPP2401048010 XTO ENERGY, INC 1/2/24 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2400253283 DEVON ENERGY PRODUCTION COMPANY, LP 1/2/24 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2401776510 V-F PETROLEUM INC 1/2/24 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2400255408 SELECT WATER SOLUTIONS, LLC 1/2/24 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2400436500 ETC Texas Pipeline, Ltd. 1/2/24 Major Other Natural Gas Liquids Other Lea (25)
nAPP2400235949 COG OPERATING LLC 1/1/24 Major Oil Release Crude Oil Other Lea (25)
nAPP2400330251 OXY USA INC 12/31/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2400331378 COG OPERATING LLC 12/31/23 Major Oil Release Crude Oil Other Lea (25)
nAPP2400147139 SELECT ENERGY SERVICES, LLC 12/31/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2400434204 WPX Energy Permian, LLC 12/29/23 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2336429577 HILCORP ENERGY COMPANY 12/29/23 Minor Oil Release Condensate Equipment Failure San Juan (45)
nAPP2336370553 GOODNIGHT MIDSTREAM PERMIAN, LLC 12/29/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2336323068 DEVON ENERGY PRODUCTION COMPANY, LP 12/28/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2409342259 OXY USA INC 12/28/23 Produced Water Release Produced Water Other Lea (25)
nAPP2336338288 OXY USA INC 12/28/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2400432622 WPX Energy Permian, LLC 12/28/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2400933895 XTO ENERGY, INC 12/27/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2400930382 XTO ENERGY, INC 12/27/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2336321872 DEVON ENERGY PRODUCTION COMPANY, LP 12/27/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2400929341 MEWBOURNE OIL CO 12/27/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2400243867 COG OPERATING LLC 12/27/23 Major Oil Release Crude Oil Other Lea (25)
nAPP2336154100 COG OPERATING LLC 12/27/23 Major Fire Crude Oil Fire Eddy (15)
nAPP2336154693 Spur Energy Partners LLC 12/27/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2400951374 FAE II Operating LLC 12/27/23 Major Produced Water Release Produced Water Power Failure Lea (25)
nAPP2336227880 DJR OPERATING, LLC 12/27/23 Major Oil Release Crude Oil Equipment Failure San Juan (45)
nAPP2336273011 TAP ROCK OPERATING, LLC 12/27/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2400824944 APACHE CORPORATION 12/26/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2336158873 CHEVRON U S A INC 12/26/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2336146606 CHEVRON U S A INC 12/26/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2336140713 DEVON ENERGY PRODUCTION COMPANY, LP 12/26/23 Major Fire Crude Oil Fire Eddy (15)
nAPP2336151910 OXY USA INC 12/26/23 Major Blow Out Crude Oil, Produced Water Blow Out Eddy (15)
nAPP2336062739 COG OPERATING LLC 12/25/23 Major Fire Condensate Fire Eddy (15)
nAPP2335982392 Whiptail Midstream LLC 12/25/23 Major Oil Release Crude Oil Equipment Failure San Juan (45)
nAPP2336158617 CHEVRON U S A INC 12/24/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2402529595 COG OPERATING LLC 12/24/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
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nAPP2336063904 COG OPERATING LLC 12/24/23 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2400849152 XTO ENERGY, INC 12/23/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2336333754 FAE II Operating LLC 12/22/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2335632633 DEVON ENERGY PRODUCTION COMPANY, LP 12/21/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2335641154 TARGA MIDSTREAM SERVICES LLC 12/21/23 Major Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2400930878 COG OPERATING LLC 12/21/23 Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2335628341 MARATHON OIL PERMIAN LLC 12/21/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2400450611 XTO ENERGY, INC 12/20/23 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2335450194 3R Operating, LLC 12/20/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2335425467 DEVON ENERGY PRODUCTION COMPANY, LP 12/19/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2335431615 XTO ENERGY, INC 12/18/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2400929512 CONOCOPHILLIPS COMPANY 12/18/23 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2335221159 DEVON ENERGY PRODUCTION COMPANY, LP 12/17/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2335435491 XTO ENERGY, INC 12/16/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2335444051 WPX Energy Permian, LLC 12/16/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2335329533 WPX Energy Permian, LLC 12/16/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2335248817 Contango Resources, LLC 12/15/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2335018887 HILCORP ENERGY COMPANY 12/15/23 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2334934553 CHEVRON U S A INC 12/14/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2334854098 DUGAN PRODUCTION CORP 12/14/23 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2412980058 EOG RESOURCES INC 12/13/23 Major Produced Water Release Produced Water High Line Pressure Lea (25)
nAPP2400529349 SAHARA OPERATING CO 12/13/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2334825158 COG OPERATING LLC 12/13/23 Major Fire Crude Oil Fire Eddy (15)
nAPP2334748371 Spur Energy Partners LLC 12/13/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2335243694 XTO ENERGY, INC 12/12/23 Major Produced Water Release Crude Oil, Produced Water Liquids Unloading Lea (25)
nAPP2334722258 DEVON ENERGY PRODUCTION COMPANY, LP 12/12/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2334721488 DEVON ENERGY PRODUCTION COMPANY, LP 12/12/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2335429970 TARGA MIDSTREAM SERVICES LLC 12/12/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2336240076 COG OPERATING LLC 12/12/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2334734959 NGL WATER SOLUTIONS PERMIAN, LLC 12/12/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2334646536 APACHE CORPORATION 12/11/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2335329764 XTO ENERGY, INC 12/11/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2334572940 DEVON ENERGY PRODUCTION COMPANY, LP 12/11/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nAPP2334858089 DCP OPERATING COMPANY, LP 12/11/23 Minor Blow Out
Natural Gas Vented, Produced 
Water Blow Out Lea (25)

nAPP2334638669 Earthstone Operating, LLC 12/11/23 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAPP2334650001 Maverick Permian LLC 12/11/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2334846848 XTO ENERGY, INC 12/10/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2334554944 CONOCOPHILLIPS COMPANY 12/10/23 Major Release Other Drilling Mud/Fluid Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2420545876 EOG RESOURCES INC 12/9/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2334533286 Spur Energy Partners LLC 12/9/23 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2335250734 XTO ENERGY, INC 12/8/23 Minor Produced Water Release Produced Water Other Eddy (15)

nAPP2334550060 CONOCOPHILLIPS COMPANY 12/8/23 Major Release Other
Condensate, Crude Oil, Produced 
Water Other Lea (25)

nAPP2334532088 COG OPERATING LLC 12/8/23 Major Oil Release Crude Oil Other Eddy (15)
nAPP2334530152 Spur Energy Partners LLC 12/8/23 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2334849928 XTO ENERGY, INC 12/7/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2334634962 DCP OPERATING COMPANY, LP 12/7/23 Minor Blow Out Produced Water Blow Out Eddy (15)
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nAPP2334153994 BTA OIL PRODUCERS, LLC 12/7/23 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2334152485 XTO ENERGY, INC 12/6/23 Major Other Crude Oil, Produced Water Other Eddy (15)
nAPP2334138591 HARVARD PETROLEUM COMPANY, LLC 12/5/23 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2333940968 OXY USA INC 12/5/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2334069465 SELECT WATER SOLUTIONS, LLC 12/5/23 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2333952697 Spur Energy Partners LLC 12/5/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2334731328 XTO ENERGY, INC 12/4/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2334143989 CHEVRON U S A INC 12/3/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2334251764 MEWBOURNE OIL CO 12/3/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2333673165 CIMAREX ENERGY CO. 12/2/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2333949663 Spur Energy Partners LLC 12/2/23 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2333849051 SIMCOE LLC 12/2/23 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2333431605 Enterprise Field Services, LLC 11/30/23 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2334844888 HILCORP ENERGY COMPANY 11/30/23 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2334254324 XTO ENERGY, INC 11/29/23 Minor Release Other Glycol Equipment Failure Eddy (15)
nAPP2334252183 XTO ENERGY, INC 11/29/23 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2334564703 Permian Resources Operating, LLC 11/29/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2334726230 MEWBOURNE OIL CO 11/28/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2333350254 COG OPERATING LLC 11/28/23 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2333156643 DEVON ENERGY PRODUCTION COMPANY, LP 11/27/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2333351276 DUGAN PRODUCTION CORP 11/27/23 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2400842400 CAZA OPERATING, LLC 11/27/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2333337407 LH Operating, LLC 11/27/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2333829905 DKL Energy - Cottonwood, LLC 11/27/23 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2333159777 HILCORP ENERGY COMPANY 11/27/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Rio Arriba (39)
nAPP2334249809 XTO ENERGY, INC 11/26/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2333333570 DEVON ENERGY PRODUCTION COMPANY, LP 11/26/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2333038378 MATADOR PRODUCTION COMPANY 11/26/23 Major Release Other Drilling Mud/Fluid Other Eddy (15)
nAPP2334345415 Pinon Midstream LLC 11/26/23 Major Emergency Other (Specify) Lea (25)
nAPP2333127536 DEVON ENERGY PRODUCTION COMPANY, LP 11/25/23 Major Produced Water Release Produced Water Exploratory Well Eddy (15)
nAPP2333127555 Spur Energy Partners LLC 11/25/23 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2333256523 Maverick Permian LLC 11/25/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2333234964 NGL WATER SOLUTIONS PERMIAN, LLC 11/25/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2332872331 CIMAREX ENERGY CO. OF COLORADO 11/24/23 Major Produced Water Release Produced Water Vandalism Eddy (15)
nAPP2332871879 CIMAREX ENERGY CO. 11/24/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2332850054 MATADOR PRODUCTION COMPANY 11/24/23 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2332849245 MATADOR PRODUCTION COMPANY 11/24/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2333233247 NGL WATER SOLUTIONS PERMIAN, LLC 11/24/23 Major Produced Water Release Produced Water Blow Out Lea (25)
nAPP2334060921 XTO ENERGY, INC 11/22/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2333538592 MEWBOURNE OIL CO 11/22/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2333321552 DCP OPERATING COMPANY, LP 11/22/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2333127239 BTA OIL PRODUCERS, LLC 11/22/23 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2332840084 ETC Texas Pipeline, Ltd. 11/22/23 Major Release Other Natural Gas Liquids High Line Pressure Lea (25)

nAPP2332626767 Blackbuck New Mexico LLC 11/22/23 Major Produced Water Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Equipment Failure Eddy (15)

nAPP2333958723 XTO ENERGY, INC 11/21/23 Major Fire Other (Specify) Eddy (15)
nAPP2332557077 MATADOR PRODUCTION COMPANY 11/21/23 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
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nAPP2333850967 WPX Energy Permian, LLC 11/21/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2333139449 WPX Energy Permian, LLC 11/21/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2332560159 San Mateo Stebbins Water Management, LLC 11/21/23 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2332538575 Franklin Mountain Energy 3, LLC 11/21/23 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2332464197 DEVON ENERGY PRODUCTION COMPANY, LP 11/20/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2332441886 Enterprise Field Services, LLC 11/20/23 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2332543477 J R OIL, LTD. CO. 11/20/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2332359193 Enterprise Field Services, LLC 11/19/23 Major Fire Other (Specify) Eddy (15)
nAPP2333245367 COG OPERATING LLC 11/18/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2333335903 LH Operating, LLC 11/18/23 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nAPP2333753362 Pinon Midstream LLC 11/18/23 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2334057478 APACHE CORPORATION 11/17/23 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2333240255 XTO ENERGY, INC 11/17/23 Minor Produced Water Release Lube Oil, Produced Water Equipment Failure Eddy (15)
nAPP2333243662 COG PRODUCTION, LLC 11/17/23 Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2332025304 DEVON ENERGY PRODUCTION COMPANY, LP 11/15/23 Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2332146686 Maverick Permian LLC 11/15/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2332639557 XTO ENERGY, INC 11/14/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2331946750 HF Sinclair Navajo Refining LLC 11/14/23 Major Release Other Other (Specify) Equipment Failure Lea (25)
nAPP2333157003 Permian Resources Operating, LLC 11/14/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2332638099 XTO ENERGY, INC 11/13/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2332135027 XTO ENERGY, INC 11/13/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2331745754 Enterprise Field Services, LLC 11/13/23 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2333028833 MEWBOURNE OIL CO 11/11/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2331737978 OXY USA INC 11/11/23 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2333835289 COG OPERATING LLC 11/11/23 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2332635838 XTO ENERGY, INC 11/10/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2331731081 DEVON ENERGY PRODUCTION COMPANY, LP 11/10/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2331931887 WPX Energy Permian, LLC 11/10/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2331464718 MARATHON OIL PERMIAN LLC 11/10/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2332134094 XTO ENERGY, INC 11/9/23 Minor Oil Release Crude Oil Exploratory Well Lea (25)
nAPP2331753750 RHOMBUS OPERATING CO LTD 11/9/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2331346586 MARATHON OIL PERMIAN LLC 11/9/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2332456051 XTO ENERGY, INC 11/8/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2331323834 DEVON ENERGY PRODUCTION COMPANY, LP 11/8/23 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2333151428 CONOCOPHILLIPS COMPANY 11/8/23 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2331841013 JAY MANAGEMENT COMPANY, LLC 11/8/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2331331325 Spur Energy Partners LLC 11/8/23 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2331720576 HILCORP ENERGY COMPANY 11/8/23 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2331355540 AMEREDEV OPERATING, LLC 11/8/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2331222132 DCP OPERATING COMPANY, LP 11/7/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2331253847 FASKEN OIL & RANCH LTD 11/7/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2331253089 CIMAREX ENERGY CO. 11/7/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2331157991 MATADOR PRODUCTION COMPANY 11/7/23 Minor Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2331134890 San Mateo Stebbins Water Management, LLC 11/7/23 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2331047418 Enterprise Field Services, LLC 11/6/23 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2331056887 Maverick Permian LLC 11/6/23 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2331023017 GOODNIGHT MIDSTREAM PERMIAN, LLC 11/5/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2331143394 OXY USA INC 11/4/23 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2331245162 CROSS TIMBERS ENERGY, LLC 11/4/23 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2331050245 Spur Energy Partners LLC 11/4/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2331037699 Spur Energy Partners LLC 11/4/23 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2331839299 MEWBOURNE OIL CO 11/3/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2331132684 DCP OPERATING COMPANY, LP 11/3/23 Major Fire Other (Specify) Lea (25)
nAPP2331047481 BTA OIL PRODUCERS, LLC 11/3/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2330838716 RILEY PERMIAN OPERATING COMPANY, LLC 11/3/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2330725341 DEVON ENERGY PRODUCTION COMPANY, LP 11/2/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2330654822 DEVON ENERGY PRODUCTION COMPANY, LP 11/2/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2330724607 SELECT WATER SOLUTIONS, LLC 11/2/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2330733832 Spur Energy Partners LLC 11/2/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2331719355 HILCORP ENERGY COMPANY 11/2/23 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2331951753 XTO ENERGY, INC 11/1/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2330747660 DEVON ENERGY PRODUCTION COMPANY, LP 11/1/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2330624700 DEVON ENERGY PRODUCTION COMPANY, LP 11/1/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2330623246 DEVON ENERGY PRODUCTION COMPANY, LP 11/1/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2330548120 MorningStar Operating LLC 11/1/23 Minor Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nAPP2331052760 Maverick Permian LLC 11/1/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2331050146 Maverick Permian LLC 11/1/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2330624175 DEVON ENERGY PRODUCTION COMPANY, LP 10/31/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2330528533 DEVON ENERGY PRODUCTION COMPANY, LP 10/31/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2415850336 SAHARA OPERATING CO 10/31/23 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2331855166 SAHARA OPERATING CO 10/31/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2330461091 MATADOR PRODUCTION COMPANY 10/31/23 Major Fire Crude Oil, Produced Water Fire Lea (25)
nAPP2330435930 Enterprise Field Services, LLC 10/31/23 Major Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2330435418 DKL Energy - Cottonwood, LLC 10/31/23 Major Fire Other (Specify) Lea (25)

nAPP2333528114 N M & O OPERATING CO 10/30/23 Major Release Other
Condensate, Crude Oil, Produced 
Water Equipment Failure, Other Rio Arriba (39)

nAPP2331717075 HILCORP ENERGY COMPANY 10/30/23 Minor Oil Release Condensate Equipment Failure San Juan (45)
nAPP2330544013 MARATHON OIL PERMIAN LLC 10/29/23 Minor Oil Release Produced Water Equipment Failure Eddy (15)
nAPP2330354066 DEVON ENERGY PRODUCTION COMPANY, LP 10/28/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2331135655 DEVON ENERGY PRODUCTION COMPANY, LP 10/27/23 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2332450264 MATADOR PRODUCTION COMPANY 10/27/23 Other Other (Specify) Other Lea (25)
nAPP2330333240 CROSS TIMBERS ENERGY, LLC 10/27/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2330627962 HILCORP ENERGY COMPANY 10/27/23 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2331041267 XTO ENERGY, INC 10/26/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2329840472 DEVON ENERGY PRODUCTION COMPANY, LP 10/25/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2330352576 CHEVRON U S A INC 10/24/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2331054136 COG PRODUCTION, LLC 10/24/23 Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2333132247 COG OPERATING LLC 10/24/23 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2329746361 Enterprise Field Services, LLC 10/24/23 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2331049960 XTO ENERGY, INC 10/23/23 Major Fire Condensate Equipment Failure Lea (25)
nAPP2329823348 DEVON ENERGY PRODUCTION COMPANY, LP 10/23/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2329739162 KAISER-FRANCIS OIL CO 10/23/23 Major Fire Produced Water Fire Eddy (15)
nAPP2329731764 Spur Energy Partners LLC 10/23/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2329935465 Maverick Permian LLC 10/23/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2329757736 MARATHON OIL PERMIAN LLC 10/23/23 Major Produced Water Release Produced Water Corrosion Lea (25)
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nAPP2329756151 EPIC ENERGY, L.L.C. 10/23/23 Major Fire Other (Specify) Rio Arriba (39)
nAPP2330748084 XTO ENERGY, INC 10/22/23 Major Oil Release Crude Oil Liquids Unloading Eddy (15)
nAPP2330047546 DCP OPERATING COMPANY, LP 10/22/23 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2329651775 MATADOR PRODUCTION COMPANY 10/22/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2422050186 PRODUCTION WASTE SOLUTIONS LLC 10/22/23 Major Fire
Condensate, Crude Oil, Produced 
Water Fire Eddy (15)

nAPP2330651127 XTO ENERGY, INC 10/21/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2329764387 MARATHON OIL PERMIAN LLC 10/21/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2329622562 DEVON ENERGY PRODUCTION COMPANY, LP 10/20/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2330638542 HILCORP ENERGY COMPANY 10/20/23 Minor Release Other Crude Oil, Produced Water Corrosion Rio Arriba (39)
nAPP2329632113 PLAINS MARKETING L.P. 10/19/23 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2329636934 COG OPERATING LLC 10/18/23 Major Fire Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2329249487 TARGA MIDSTREAM SERVICES LLC 10/17/23 Natural Gas Release Condensate Corrosion Lea (25)
nAPP2329035104 Enterprise Field Services, LLC 10/17/23 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2329041721 MorningStar Operating LLC 10/17/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2329631879 COG OPERATING LLC 10/16/23 Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2329051186 BTA OIL PRODUCERS, LLC 10/16/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2328944050 Spur Energy Partners LLC 10/16/23 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2329341186 SIMCOE LLC 10/16/23 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2329127081 Permian Resources Operating, LLC 10/16/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2330049344 XTO ENERGY, INC 10/15/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2328832490 Targa Northern Delaware, LLC. 10/15/23 Major Fire Condensate, Natural Gas Flared Fire Lea (25)
nAPP2329024748 Permian Resources Operating, LLC 10/15/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2330047859 XTO ENERGY, INC 10/13/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2328635425 DEVON ENERGY PRODUCTION COMPANY, LP 10/13/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2328639888 Spur Energy Partners LLC 10/13/23 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2329332460 SIMCOE LLC 10/13/23 Minor Oil Release Condensate Corrosion San Juan (45)
nAPP2329249507 MorningStar Operating LLC 10/13/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2329950159 XTO ENERGY, INC 10/12/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2329851014 XTO ENERGY, INC 10/12/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2329251609 OXY USA INC 10/12/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2329334259 DEVON ENERGY PRODUCTION COMPANY, LP 10/11/23 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2329041834 GRAND BANKS ENERGY CO 10/11/23 Minor Oil Release Crude Oil, Produced Water Lightning Lea (25)
nAPP2328520901 BTA OIL PRODUCERS, LLC 10/11/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2328556508 DEVON ENERGY PRODUCTION COMPANY, LP 10/10/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2331734334 OXY USA INC 10/10/23 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2328352085 OXY USA INC 10/10/23 Minor Produced Water Release Produced Water Equipment Failure Union (59)
nAPP2328531507 CIMAREX ENERGY CO. OF COLORADO 10/10/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2328424619 BTA OIL PRODUCERS, LLC 10/10/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2328444194 MARATHON OIL PERMIAN LLC 10/10/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2328443918 MARATHON OIL PERMIAN LLC 10/10/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2328943035 AMEREDEV OPERATING, LLC 10/10/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2427846610 EPIC ENERGY, L.L.C. 10/10/23 Major Produced Water Release Crude Oil, Produced Water Normal Operations Rio Arriba (39)
nAPP2328543797 NOVO OIL & GAS NORTHERN DELAWARE, LLC 10/10/23 Major Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2328644007 XTO ENERGY, INC 10/9/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2328431599 DEVON ENERGY PRODUCTION COMPANY, LP 10/9/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2328350431 OXY USA INC 10/9/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2328269861 CIMAREX ENERGY CO. OF COLORADO 10/8/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nAPP2328229062 CIMAREX ENERGY CO. 10/8/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2328328023 BTA OIL PRODUCERS, LLC 10/8/23 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2328619341 Maverick Permian LLC 10/8/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2328062321 DEVON ENERGY PRODUCTION COMPANY, LP 10/7/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2328241339 MARATHON OIL PERMIAN LLC 10/7/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2328044406 DEVON ENERGY PRODUCTION COMPANY, LP 10/6/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2328544895 OXY USA INC 10/6/23 Minor Blow Out Crude Oil, Produced Water Blow Out Eddy (15)
nAPP2327931302 Enterprise Field Services, LLC 10/6/23 Minor Oil Release Condensate Corrosion Eddy (15)
nAPP2328249207 NGL WATER SOLUTIONS PERMIAN, LLC 10/6/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2327933516 DEVON ENERGY PRODUCTION COMPANY, LP 10/5/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2327932405 DEVON ENERGY PRODUCTION COMPANY, LP 10/5/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2329060653 OXY USA INC 10/5/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2328624522 Maverick Permian LLC 10/5/23 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2331753209 HILCORP ENERGY COMPANY 10/5/23 Minor Release Other Produced Water Other San Juan (45)
nAPP2327859661 OXY USA INC 10/4/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2327858634 OXY USA INC 10/4/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2327748187 SELECT ENERGY SERVICES, LLC 10/4/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2328256144 CHEVRON U S A INC 10/3/23 Minor Oil Release Crude Oil, Produced Water Power Failure Lea (25)
nAPP2328646222 XTO ENERGY, INC 10/3/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2327725137 EOG RESOURCES INC 10/3/23 Major Other (Specify) Lea (25)
nAPP2327653628 HF Sinclair Navajo Refining LLC 10/3/23 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2327753740 CIMAREX ENERGY CO. 10/3/23 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nAPP2328949244 XTO ENERGY, INC 10/2/23 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2327624998 DEVON ENERGY PRODUCTION COMPANY, LP 10/2/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2327627266 DCP OPERATING COMPANY, LP 10/2/23 Major Fire Other (Specify) Lea (25)
nAPP2330529870 COG OPERATING LLC 10/2/23 Major Fire Other (Specify) Lightning Lea (25)
nAPP2327650736 SELECT WATER SOLUTIONS, LLC 10/2/23 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nAPP2327749668 FAE II Operating LLC 10/2/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2327553474 FAE II Operating LLC 10/2/23 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2327744458 Silverback Operating II, LLC 10/2/23 Major Produced Water Release Produced Water Lightning Eddy (15)
nAPP2327550031 MARATHON OIL PERMIAN LLC 10/2/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2327653102 HF Sinclair Navajo Refining LLC 10/1/23 Minor Release Other Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2328339883 OXY USA INC 10/1/23 Minor Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2328936576 COG OPERATING LLC 10/1/23 Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2328254347 CROSS TIMBERS ENERGY, LLC 9/30/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2328641933 XTO ENERGY, INC 9/28/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2327226475 DEVON ENERGY PRODUCTION COMPANY, LP 9/28/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2327225644 DEVON ENERGY PRODUCTION COMPANY, LP 9/28/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2328340352 COG OPERATING LLC 9/28/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2328339761 COG OPERATING LLC 9/28/23 Major Produced Water Release Other (Specify), Produced Water Corrosion Lea (25)
nAPP2327835089 COG OPERATING LLC 9/28/23 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2327248298 WPX Energy Permian, LLC 9/28/23 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2327526699 BTA OIL PRODUCERS, LLC 9/28/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2405454076 FORTY ACRES ENERGY, LLC 9/28/23 Minor Oil Release Crude Oil Normal Operations Lea (25)
nAPP2327027386 Enterprise Field Services, LLC 9/26/23 Minor Natural Gas Release Condensate Corrosion Rio Arriba (39)
nAPP2326946647 Enterprise Field Services, LLC 9/26/23 Minor Natural Gas Release Condensate Corrosion Rio Arriba (39)
nAPP2327052874 CAZA OPERATING, LLC 9/26/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nAPP2328334367 APACHE CORPORATION 9/25/23 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2407957565 MACK ENERGY CORP 9/25/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2407931464 MACK ENERGY CORP 9/25/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2328345879 Earthstone Operating, LLC 9/25/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2326965347 MARATHON OIL PERMIAN LLC 9/25/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2326837037 DEVON ENERGY PRODUCTION COMPANY, LP 9/24/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2326832122 CIMAREX ENERGY CO. 9/24/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2421961487 MACK ENERGY CORP 9/23/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2421960512 MACK ENERGY CORP 9/23/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2407838506 MACK ENERGY CORP 9/23/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2400837065 MACK ENERGY CORP 9/23/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2400530656 MACK ENERGY CORP 9/23/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2400442429 MACK ENERGY CORP 9/23/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2334028785 MACK ENERGY CORP 9/23/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2333434076 MACK ENERGY CORP 9/23/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2333431733 MACK ENERGY CORP 9/23/23 Produced Water Release Produced Water Human Error Chaves (05)
nAPP2327649891 COG OPERATING LLC 9/23/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2326847671 WPX Energy Permian, LLC 9/23/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2330340352 MACK ENERGY CORP 9/22/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2330042370 MACK ENERGY CORP 9/22/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2330039589 MACK ENERGY CORP 9/22/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2329953814 MACK ENERGY CORP 9/22/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2329950220 MACK ENERGY CORP 9/22/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2329948573 MACK ENERGY CORP 9/22/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2329938319 MACK ENERGY CORP 9/22/23 Produced Water Release Produced Water Human Error Chaves (05)
nAPP2329853274 MACK ENERGY CORP 9/22/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2329852272 MACK ENERGY CORP 9/22/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2326848623 MARATHON OIL PERMIAN LLC 9/22/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2326550561 NOVO OIL & GAS NORTHERN DELAWARE, LLC 9/22/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2329832291 MACK ENERGY CORP 9/21/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2329756915 MACK ENERGY CORP 9/21/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2329737108 MACK ENERGY CORP 9/21/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2329735127 MACK ENERGY CORP 9/21/23 Major Produced Water Release Produced Water Human Error Chaves (05)
nAPP2327027493 DCP OPERATING COMPANY, LP 9/21/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2327050986 Civitas Permian Operating, LLC 9/21/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2327751376 XTO ENERGY, INC 9/20/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2326452170 KAISER-FRANCIS OIL CO 9/20/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2329733486 MACK ENERGY CORP 9/20/23 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nAPP2329156011 MACK ENERGY CORP 9/20/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2329138800 MACK ENERGY CORP 9/20/23 Minor Produced Water Release Produced Water Human Error Chaves (05)
nAPP2327834535 MACK ENERGY CORP 9/20/23 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nAPP2327759229 MACK ENERGY CORP 9/20/23 Minor Produced Water Release Produced Water Equipment Failure Chaves (05)
nAPP2327756575 MACK ENERGY CORP 9/20/23 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nAPP2327028967 TARGA MIDSTREAM SERVICES LLC 9/20/23 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAPP2327146621 XTO ENERGY, INC 9/19/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2326224545 DEVON ENERGY PRODUCTION COMPANY, LP 9/19/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2326847902 COG OPERATING LLC 9/19/23 Major Natural Gas Release Other (Specify) Lea (25)
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nAPP2327037534 Civitas Permian Operating, LLC 9/19/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2326153849 DEVON ENERGY PRODUCTION COMPANY, LP 9/18/23 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2326255232 Spur Energy Partners LLC 9/18/23 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2326849143 ENDURING RESOURCES, LLC 9/18/23 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2327648916 COG OPERATING LLC 9/17/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2326129420 Spur Energy Partners LLC 9/17/23 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2326344306 KAISER-FRANCIS OIL CO 9/16/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2325965529 MATADOR PRODUCTION COMPANY 9/16/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2326145212 BTA OIL PRODUCERS, LLC 9/16/23 Major Release Other Other (Specify) Equipment Failure Lea (25)
nAPP2326256394 Silverback Operating II, LLC 9/16/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2326254488 Silverback Operating II, LLC 9/16/23 Major Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2326124379 DEVON ENERGY PRODUCTION COMPANY, LP 9/15/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2325857402 DCP OPERATING COMPANY, LP 9/15/23 Major Fire Other (Specify) Fire Lea (25)
nAPP2326134968 CROSS TIMBERS ENERGY, LLC 9/15/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2325726558 DEVON ENERGY PRODUCTION COMPANY, LP 9/14/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2326353635 MACK ENERGY CORP 9/14/23 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nAPP2326234826 OXY USA INC 9/14/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2325760799 CIMAREX ENERGY CO. 9/14/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2326833391 WPX Energy Permian, LLC 9/14/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2325851229 SELECT ENERGY SERVICES, LLC 9/14/23 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2326146090 COG OPERATING LLC 9/13/23 Major Fire Other (Specify) Lightning Lea (25)
nAPP2325638370 NGL WATER SOLUTIONS PERMIAN, LLC 9/13/23 Major Fire Produced Water Lightning Eddy (15)
nAPP2325556213 DEVON ENERGY PRODUCTION COMPANY, LP 9/12/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2327755366 MACK ENERGY CORP 9/12/23 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nAPP2326145141 DKL Energy - Cottonwood, LLC 9/12/23 Minor Oil Release Crude Oil Other Lea (25)
nAPP2325554538 Maverick Permian LLC 9/12/23 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2326841759 XTO ENERGY, INC 9/11/23 Major Fire Condensate Equipment Failure Eddy (15)
nAPP2325835983 EOG RESOURCES INC 9/11/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2326960582 MEWBOURNE OIL CO 9/11/23 Major Release Other Drilling Mud/Fluid Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2325425842 BTA OIL PRODUCERS, LLC 9/10/23 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2325748815 DCP OPERATING COMPANY, LP 9/9/23 Minor Blow Out Produced Water Blow Out Lea (25)
nAPP2327650601 COG OPERATING LLC 9/9/23 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2325258066 Enterprise Field Services, LLC 9/9/23 Major Fire Other (Specify) Eddy (15)
nAPP2325449295 WPX Energy Permian, LLC 9/9/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2325637510 Silverback Operating II, LLC 9/9/23 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2325147041 DEVON ENERGY PRODUCTION COMPANY, LP 9/8/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2327753701 MACK ENERGY CORP 9/8/23 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nAPP2325464608 MACK ENERGY CORP 9/8/23 Major Produced Water Release Produced Water Other Chaves (05)
nAPP2325449632 WPX Energy Permian, LLC 9/8/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2326151503 XTO ENERGY, INC 9/7/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2325073485 DEVON ENERGY PRODUCTION COMPANY, LP 9/7/23 Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2325072650 DEVON ENERGY PRODUCTION COMPANY, LP 9/7/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2325135212 LOGOS OPERATING, LLC 9/7/23 Minor Produced Water Release Produced Water Other Rio Arriba (39)
nAPP2326441262 OWL SWD OPERATING, LLC 9/7/23 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2325539044 Spur Energy Partners LLC 9/7/23 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2325041552 DEVON ENERGY PRODUCTION COMPANY, LP 9/6/23 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2326829702 COG OPERATING LLC 9/6/23 Produced Water Release Produced Water Corrosion Lea (25)
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nAPP2325041967 LOGOS OPERATING, LLC 9/6/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Rio Arriba (39)
nAPP2324949642 MARATHON OIL PERMIAN LLC 9/6/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2325020061 GOODNIGHT MIDSTREAM PERMIAN, LLC 9/6/23 Major Produced Water Release Produced Water Repair and Maintenance Lea (25)
nAPP2326150172 XTO ENERGY, INC 9/5/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2326357438 SIMCOE LLC 9/5/23 Minor Produced Water Release Produced Water Other San Juan (45)
nAPP2325637059 Silverback Operating II, LLC 9/5/23 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2324854246 MARATHON OIL PERMIAN LLC 9/5/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nCS2326950878 Energy Acumen LLC 9/4/23 Major Blow Out Produced Water Blow Out Eddy (15)
nAPP2324744996 SOLARIS WATER MIDSTREAM, LLC 9/3/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2326247449 COG PRODUCTION, LLC 9/2/23 Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2324830573 Spur Energy Partners LLC 9/2/23 Major Other Other (Specify), Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2325469169 EOG RESOURCES INC 9/1/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2324454223 KAISER-FRANCIS OIL CO 9/1/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2324835257 Spur Energy Partners LLC 9/1/23 Minor Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2324856755 WaterBridge Stateline LLC 8/30/23 Major Release Other Produced Water Equipment Failure Eddy (15)
nAPP2324253643 Targa Northern Delaware, LLC. 8/30/23 Major Fire Condensate Fire Eddy (15)
nAPP2324225435 DEVON ENERGY PRODUCTION COMPANY, LP 8/29/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2325659451 MEWBOURNE OIL CO 8/29/23 Major Produced Water Release Produced Water Human Error Eddy (15)

nAPP2324234412 DCP OPERATING COMPANY, LP 8/29/23 Minor Produced Water Release
Natural Gas Flared, Produced 
Water Corrosion Lea (25)

nAPP2324237500 Enterprise Field Services, LLC 8/29/23 Minor Natural Gas Release Condensate Corrosion Rio Arriba (39)
nAPP2324151130 Enterprise Field Services, LLC 8/29/23 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2324127250 DEVON ENERGY PRODUCTION COMPANY, LP 8/28/23 Major Produced Water Release Produced Water Power Failure Eddy (15)
nAPP2324344852 RICHARDSON OPERATING CO 8/28/23 Major Other Crude Oil, Produced Water Other San Juan (45)
nAPP2324131406 BTA OIL PRODUCERS, LLC 8/28/23 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2324038155 Spur Energy Partners LLC 8/28/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2324355629 Earthstone Operating, LLC 8/28/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2324043455 PLAINS MARKETING L.P. 8/27/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2324044414 DEVON ENERGY PRODUCTION COMPANY, LP 8/26/23 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2324024755 DEVON ENERGY PRODUCTION COMPANY, LP 8/26/23 Minor Release Other Condensate Equipment Failure Eddy (15)
nAPP2325141309 MEWBOURNE OIL CO 8/26/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2325255948 CHEVRON U S A INC 8/25/23 Minor Other Diesel Vandalism Eddy (15)
nAPP2324951631 XTO ENERGY, INC 8/25/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2325743880 COG OPERATING LLC 8/25/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2325138536 Earthstone Operating, LLC 8/25/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2326152006 OXY USA INC 8/24/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2324144714 Targa Northern Delaware, LLC. 8/24/23 Natural Gas Release Condensate High Line Pressure Lea (25)
nAPP2328341435 OXY USA INC 8/23/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2324239214 DCP OPERATING COMPANY, LP 8/23/23 Minor Blow Out Produced Water Blow Out Eddy (15)
nAPP2323641677 DCP OPERATING COMPANY, LP 8/23/23 Minor Blow Out Produced Water Blow Out Lea (25)
nAPP2323622755 ETC Texas Pipeline, Ltd. 8/22/23 Major Fire Other (Specify) Eddy (15)
nAPP2325555870 DUGAN PRODUCTION CORP 8/21/23 Minor Oil Release Crude Oil Other Sandoval (43)
nAPP2323439876 DUGAN PRODUCTION CORP 8/21/23 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2323357024 DUGAN PRODUCTION CORP 8/21/23 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2323343342 DUGAN PRODUCTION CORP 8/21/23 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2326930743 COG PRODUCTION, LLC 8/21/23 Major Release Other Other (Specify) Equipment Failure Lea (25)
nAPP2323425169 MATADOR PRODUCTION COMPANY 8/21/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2323430246 Franklin Mountain Energy 3, LLC 8/21/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
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nAPP2323265433 DEVON ENERGY PRODUCTION COMPANY, LP 8/20/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2323350212 CIMAREX ENERGY CO. OF COLORADO 8/20/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2323338801 DUGAN PRODUCTION CORP 8/19/23 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2326441585 EOG RESOURCES INC 8/19/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2323446753 OXY USA INC 8/19/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2323237413 SOLARIS WATER MIDSTREAM, LLC 8/19/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2323328856 FRONTIER FIELD SERVICES, LLC 8/18/23 Minor Release Other Condensate Other Eddy (15)
nAPP2323049703 Targa Northern Delaware, LLC. 8/18/23 Major Fire Condensate Fire Lea (25)
nAPP2323063169 MATADOR PRODUCTION COMPANY 8/17/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2323530370 Enterprise Field Services, LLC 8/17/23 Major Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2412231923 Spur Energy Partners LLC 8/17/23 Major Fire Crude Oil, Produced Water Lightning Eddy (15)
nAPP2323353540 3R Operating, LLC 8/17/23 Minor Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAPP2323051316 ENDURING RESOURCES, LLC 8/17/23 Major Produced Water Release Condensate, Produced Water Equipment Failure Rio Arriba (39)
nAPP2324234725 XTO ENERGY, INC 8/16/23 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2324233432 XTO ENERGY, INC 8/16/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2322926937 DEVON ENERGY PRODUCTION COMPANY, LP 8/16/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2324032362 MEWBOURNE OIL CO 8/16/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2324349262 HF Sinclair Navajo Refining LLC 8/16/23 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2322956610 MATADOR PRODUCTION COMPANY 8/16/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2324233216 COG OPERATING LLC 8/16/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2322931994 Enterprise Field Services, LLC 8/16/23 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2323030159 WPX Energy Permian, LLC 8/16/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2324051517 XTO ENERGY, INC 8/15/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2322828575 DEVON ENERGY PRODUCTION COMPANY, LP 8/15/23 Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2324230589 COG OPERATING LLC 8/15/23 Major Fire Unknown Lightning Eddy (15)
nAPP2322846505 Spur Energy Partners LLC 8/15/23 Minor Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2322658221 WPX Energy Permian, LLC 8/14/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2322844129 CHEVRON U S A INC 8/13/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2324041792 XTO ENERGY, INC 8/13/23 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2322634457 CIMAREX ENERGY CO. OF COLORADO 8/13/23 Major Produced Water Release Produced Water Lightning Eddy (15)
nAPP2324132069 COG OPERATING LLC 8/13/23 Major Fire Unknown Lightning Eddy (15)
nAPP2322723783 MARATHON OIL PERMIAN LLC 8/13/23 Minor Release Other Other (Specify) Human Error Eddy (15)
nAPP2322622446 BTA OIL PRODUCERS, LLC 8/12/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2322647988 Spur Energy Partners LLC 8/12/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2323653065 XTO ENERGY, INC 8/11/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2325552971 Whiptail Midstream LLC 8/11/23 Oil Release Crude Oil Corrosion San Juan (45)
nAPP2322742848 XTO ENERGY, INC 8/10/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2322332538 FRONTIER FIELD SERVICES, LLC 8/10/23 Minor Other Natural Gas Liquids Other Eddy (15)
nAPP2322333827 CROSS TIMBERS ENERGY, LLC 8/10/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2323449490 XTO ENERGY, INC 8/9/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2322224845 DEVON ENERGY PRODUCTION COMPANY, LP 8/8/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2322050850 DUGAN PRODUCTION CORP 8/8/23 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2323353212 OXY USA INC 8/8/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2322072885 MATADOR PRODUCTION COMPANY 8/8/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2322328121 LH Operating, LLC 8/8/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2322022867 DEVON ENERGY PRODUCTION COMPANY, LP 8/7/23 Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2323429712 OXY USA INC 8/7/23 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
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nAPP2322146971 DCP OPERATING COMPANY, LP 8/7/23 Minor Blow Out Produced Water Blow Out Lea (25)
nAPP2322937964 SPECIAL ENERGY CORP 8/7/23 Major Fire Produced Water Lightning Eddy (15)
nAPP2322029113 FRONTIER FIELD SERVICES, LLC 8/7/23 Minor Other Condensate Other Eddy (15)
nAPP2322350630 LOGOS OPERATING, LLC 8/7/23 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2325559441 LM Touchdown LLC 8/7/23 Major Oil Release Crude Oil Other Eddy (15)
nAPP2322752841 XTO ENERGY, INC 8/6/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2321838929 DEVON ENERGY PRODUCTION COMPANY, LP 8/6/23 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2321929306 DEVON ENERGY PRODUCTION COMPANY, LP 8/5/23 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2321947531 DCP OPERATING COMPANY, LP 8/4/23 Major Natural Gas Release Condensate Overflow - Tank, Pit, Etc. Lea (25)
nAPP2321951634 ENDEAVOR ENERGY RESOURCES, LP 8/4/23 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2321651067 Maverick Permian LLC 8/4/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2322234733 TAP ROCK OPERATING, LLC 8/4/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2321651804 GOODNIGHT MIDSTREAM PERMIAN, LLC 8/4/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2321580132 HILCORP ENERGY COMPANY 8/3/23 Natural Gas Release Produced Water Corrosion Rio Arriba (39)
nAPP2322648859 XTO ENERGY, INC 8/2/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2322229631 COG OPERATING LLC 8/2/23 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2323540131 RAYBAW Operating, LLC 8/2/23 Minor Release Other Crude Oil Other Lea (25)
nAPP2321460560 Maverick Permian LLC 8/2/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2321459457 Maverick Permian LLC 8/2/23 Minor Other Condensate Equipment Failure Lea (25)
nAPP2321458559 Maverick Permian LLC 8/2/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2322751480 XTO ENERGY, INC 8/1/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2321431668 DEVON ENERGY PRODUCTION COMPANY, LP 8/1/23 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2321445606 HARVARD PETROLEUM COMPANY, LLC 8/1/23 Major Fire Produced Water Fire Eddy (15)
nAPP2322237396 MEWBOURNE OIL CO 8/1/23 Major Fire Produced Water Lightning Eddy (15)
nAPP2321553613 GRAND BANKS ENERGY CO 8/1/23 Major Fire Crude Oil, Produced Water Fire Lea (25)
nAPP2321360002 MATADOR PRODUCTION COMPANY 8/1/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2321441318 Spur Energy Partners LLC 8/1/23 Major Fire Produced Water Lightning Eddy (15)
nAPP2321432080 Spur Energy Partners LLC 8/1/23 Minor Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2321440405 SOLARIS WATER MIDSTREAM, LLC 8/1/23 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2326846143 RILEY PERMIAN OPERATING COMPANY, LLC 8/1/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2322646789 XTO ENERGY, INC 7/31/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2322645119 XTO ENERGY, INC 7/31/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2321320663 CIMAREX ENERGY CO. 7/31/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2321319143 CIMAREX ENERGY CO. 7/31/23 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2322554757 MR NM Operating LLC 7/31/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2321344482 MARATHON OIL PERMIAN LLC 7/31/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2321226989 MARATHON OIL PERMIAN LLC 7/31/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2322348507 XTO ENERGY, INC 7/30/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2321162164 DEVON ENERGY PRODUCTION COMPANY, LP 7/30/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2321953140 EOG RESOURCES INC 7/30/23 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nAPP2321222850 BTA OIL PRODUCERS, LLC 7/30/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2321226634 MARATHON OIL PERMIAN LLC 7/30/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2322346891 XTO ENERGY, INC 7/29/23 Major Fire Other (Specify) Fire Lea (25)
nAPP2321066405 DEVON ENERGY PRODUCTION COMPANY, LP 7/29/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2321435751 TARGA MIDSTREAM SERVICES LLC 7/29/23 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAPP2321242410 DCP OPERATING COMPANY, LP 7/29/23 Minor Produced Water Release Produced Water Blow Out Lea (25)
nAPP2321152013 Spur Energy Partners LLC 7/29/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2321948496 Permian Resources Operating, LLC 7/29/23 Major Produced Water Release Crude Oil, Produced Water Separation Flowback Lea (25)
nAPP2322350092 XTO ENERGY, INC 7/28/23 Major Fire Condensate Fire Eddy (15)
nAPP2322361445 EOG RESOURCES INC 7/28/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2322240710 HF Sinclair Navajo Refining LLC 7/28/23 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2322232076 COG OPERATING LLC 7/28/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2320969364 Enterprise Field Services, LLC 7/28/23 Minor Natural Gas Release Condensate Human Error Eddy (15)
nAPP2320959879 Maverick Permian LLC 7/28/23 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2322335101 EOG RESOURCES INC 7/27/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2320940667 SOLARIS WATER MIDSTREAM, LLC 7/27/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2322141858 XTO ENERGY, INC 7/26/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2320752842 DEVON ENERGY PRODUCTION COMPANY, LP 7/26/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2320923553 CIMAREX ENERGY CO. 7/26/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2321447226 FRONTIER FIELD SERVICES, LLC 7/26/23 Minor Release Other Condensate Other Chaves (05)
nAPP2320734440 Enterprise Field Services, LLC 7/26/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Rio Arriba (39)
nAPP2320724218 CIMAREX ENERGY CO. OF COLORADO 7/25/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2320661320 MATADOR PRODUCTION COMPANY 7/25/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2320959193 FAE II Operating LLC 7/25/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2320628649 Enterprise Field Services, LLC 7/24/23 Major Fire Other (Specify) Rio Arriba (39)
nAPP2320620970 MARATHON OIL PERMIAN LLC 7/24/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2320551953 BTA OIL PRODUCERS, LLC 7/23/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2321332789 OWL SWD OPERATING, LLC 7/23/23 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2320640601 3R Operating, LLC 7/23/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2320576371 CIMAREX ENERGY CO. OF COLORADO 7/22/23 Other Drilling Mud/Fluid Equipment Failure Lea (25)
nAPP2320533965 DEVON ENERGY PRODUCTION COMPANY, LP 7/21/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2320560659 Maverick Permian LLC 7/21/23 Major Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2320559406 Maverick Permian LLC 7/21/23 Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2320532534 Blackbuck New Mexico LLC 7/21/23 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2320174300 DEVON ENERGY PRODUCTION COMPANY, LP 7/20/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2320173651 DEVON ENERGY PRODUCTION COMPANY, LP 7/20/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2320157819 DEVON ENERGY PRODUCTION COMPANY, LP 7/20/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2325057792 MULLOY OPERATING, INC. 7/20/23 Minor Oil Release Crude Oil Equipment Failure Chaves (05)
nAPP2320228954 Enterprise Field Services, LLC 7/20/23 Minor Oil Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2320227959 Enterprise Field Services, LLC 7/20/23 Minor Natural Gas Release Condensate Corrosion Rio Arriba (39)
nAPP2321341641 GRAMA RIDGE DISPOSAL, LLC 7/20/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2320152321 GOODNIGHT MIDSTREAM PERMIAN, LLC 7/20/23 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2321343603 APACHE CORPORATION 7/19/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2320133653 DEVON ENERGY PRODUCTION COMPANY, LP 7/19/23 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2320749536 OXY USA INC 7/19/23 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nAPP2320236514 FRONTIER FIELD SERVICES, LLC 7/19/23 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2320046214 Enterprise Field Services, LLC 7/19/23 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2320048988 EOG RESOURCES INC 7/18/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nAPP2320830711 SEELY OIL CO 7/18/23 Major Oil Release Crude Oil, Produced Water
Normal Operations, Overflow - 
Tank, Pit, Etc. Lea (25)

nAPP2320054062 SANDLOTT ENERGY (JACKIE BREWER DBA) 7/18/23 Produced Water Release
Condensate, Crude Oil, Produced 
Water Other Eddy (15)

nAPP2319952763 FRONTIER FIELD SERVICES, LLC 7/18/23 Minor Natural Gas Release Condensate High Line Pressure Eddy (15)
nAPP2319835371 EOG RESOURCES INC 7/17/23 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2319922603 Enterprise Field Services, LLC 7/17/23 Major Fire Glycol Fire Eddy (15)

WG Ex. 92

2965



nAPP2320854077 WPX Energy Permian, LLC 7/17/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2319920953 MARATHON OIL PERMIAN LLC 7/17/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2320839776 Permian Resources Operating, LLC 7/17/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2320851728 COG OPERATING LLC 7/16/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2320536236 DKL Energy - Cottonwood, LLC 7/16/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2319853388 Contango Resources, LLC 7/16/23 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2320850638 COG PRODUCTION, LLC 7/15/23 Major Oil Release Crude Oil Fire Eddy (15)
nAPP2320849651 COG OPERATING LLC 7/15/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2325759516 DEVON ENERGY PRODUCTION COMPANY, LP 7/14/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2319663541 MATADOR PRODUCTION COMPANY 7/14/23 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2320649763 WESTERN REFINING PIPELINE LLC 7/14/23 Minor Oil Release Crude Oil Normal Operations Lea (25)
nAPP2320840457 XTO ENERGY, INC 7/13/23 Minor Release Other Other (Specify) Other Eddy (15)
nAPP2319780461 DEVON ENERGY PRODUCTION COMPANY, LP 7/13/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2319455890 STEPHENS & JOHNSON OP CO 7/13/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2320554259 CONOCOPHILLIPS COMPANY 7/13/23 Major Release Other Other (Specify) Equipment Failure Lea (25)
nAPP2319477477 MATADOR PRODUCTION COMPANY 7/13/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2320634792 XTO ENERGY, INC 7/12/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2319455228 MATADOR PRODUCTION COMPANY 7/12/23 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2320632087 Enterprise Field Services, LLC 7/12/23 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2319533826 Enterprise Field Services, LLC 7/12/23 Major Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2319529764 Enterprise Field Services, LLC 7/12/23 Major Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2319449479 SELECT WATER SOLUTIONS, LLC 7/12/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2319275316 DEVON ENERGY PRODUCTION COMPANY, LP 7/11/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2319260257 DEVON ENERGY PRODUCTION COMPANY, LP 7/11/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2320253083 HF Sinclair Navajo Refining LLC 7/11/23 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2319359955 DCP OPERATING COMPANY, LP 7/11/23 Minor Blow Out Produced Water Blow Out Eddy (15)
nAPP2319335941 Enterprise Field Services, LLC 7/11/23 Major Release Other Other (Specify) Normal Operations Eddy (15)
nAPP2319227547 Enterprise Field Services, LLC 7/11/23 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2319244521 Spur Energy Partners LLC 7/11/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2319273619 Targa Northern Delaware, LLC. 7/11/23 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2319246735 CHEVRON U S A INC 7/10/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2319259018 DEVON ENERGY PRODUCTION COMPANY, LP 7/10/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)

nAPP2319337648 DCP OPERATING COMPANY, LP 7/10/23 Minor Produced Water Release Produced Water
Midstream Scheduled 
Maintenance Eddy (15)

nAPP2319848031 COG OPERATING LLC 7/10/23 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2319233055 Enterprise Field Services, LLC 7/10/23 Minor Natural Gas Release Condensate Corrosion Rio Arriba (39)
nAPP2319562381 FORTY ACRES ENERGY, LLC 7/10/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2319832978 TAP ROCK OPERATING, LLC 7/10/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2319355921 CHEVRON U S A INC 7/9/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2319063808 DEVON ENERGY PRODUCTION COMPANY, LP 7/9/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2319061278 DEVON ENERGY PRODUCTION COMPANY, LP 7/9/23 Major Fire Crude Oil Fire Eddy (15)
nAPP2319154352 STAKEHOLDER MIDSTREAM CRUDE OIL PIPELINE, LLC 7/9/23 Major Oil Release Crude Oil Other Lea (25)
nAPP2318936793 MARATHON OIL PERMIAN LLC 7/8/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2319837257 EOR OPERATING COMPANY 7/7/23 Produced Water Release Produced Water Corrosion Roosevelt (41)
nAPP2319140184 WaterBridge Stateline LLC 7/7/23 Produced Water Release Produced Water Blow Out Eddy (15)

nAPP2319437518 3R Operating, LLC 7/7/23 Major Produced Water Release Condensate, Produced Water
Equipment Failure, Human 
Error Eddy (15)

nAPP2320149908 XTO ENERGY, INC 7/6/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
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nAPP2320042853 EOG RESOURCES INC 7/6/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2319235328 FRONTIER FIELD SERVICES, LLC 7/6/23 Minor Natural Gas Release Condensate Other Eddy (15)
nAPP2319954265 XTO ENERGY, INC 7/5/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2318663772 DEVON ENERGY PRODUCTION COMPANY, LP 7/5/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2319223832 MATADOR PRODUCTION COMPANY 7/5/23 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2319153053 COG OPERATING LLC 7/5/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2318644889 Enterprise Field Services, LLC 7/5/23 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2318733876 Spur Energy Partners LLC 7/5/23 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2319251025 HILCORP ENERGY COMPANY 7/5/23 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nAPP2318554934 DEVON ENERGY PRODUCTION COMPANY, LP 7/4/23 Major Oil Release Crude Oil Fire Eddy (15)
nAPP2320839459 OXY USA INC 7/4/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2318630086 MATADOR PRODUCTION COMPANY 7/4/23 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2318835968 Spur Energy Partners LLC 7/4/23 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2319837015 Targa Northern Delaware, LLC. 7/4/23 Major Fire Other (Specify) Lea (25)
nAPP2319852543 XTO ENERGY, INC 7/3/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2318737964 DUGAN PRODUCTION CORP 7/3/23 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2318729948 EOG RESOURCES INC 7/3/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2319833354 MEWBOURNE OIL CO 7/3/23 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2320034513 HF Sinclair Navajo Refining LLC 7/3/23 Major Release Other Diesel Other Eddy (15)
nAPP2318426095 CIMAREX ENERGY CO. OF COLORADO 7/2/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2318374902 MATADOR PRODUCTION COMPANY 7/2/23 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2318327445 DEVON ENERGY PRODUCTION COMPANY, LP 7/1/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2319143291 COG PRODUCTION, LLC 7/1/23 Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2319250183 APACHE CORPORATION 6/30/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2318123847 MATADOR PRODUCTION COMPANY 6/29/23 Major Oil Release Crude Oil Other Lea (25)
nAPP2320528331 COG OPERATING LLC 6/29/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2318831816 XTO ENERGY, INC 6/28/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2317939002 DEVON ENERGY PRODUCTION COMPANY, LP 6/28/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2318638414 FRONTIER FIELD SERVICES, LLC 6/28/23 Minor Other Condensate Equipment Failure Lea (25)
nAPP2318030017 FRONTIER FIELD SERVICES, LLC 6/28/23 Minor Natural Gas Release Produced Water Other Eddy (15)
nAPP2318130041 Spur Energy Partners LLC 6/28/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2317925175 DEVON ENERGY PRODUCTION COMPANY, LP 6/27/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2321557100 OXY USA INC 6/27/23 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2317847012 Enterprise Field Services, LLC 6/27/23 Major Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2317851907 Spur Energy Partners LLC 6/27/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2317958480 Maverick Permian LLC 6/27/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2317952227 Maverick Permian LLC 6/27/23 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2317871070 MARATHON OIL PERMIAN LLC 6/27/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2317950053 Franklin Mountain Energy LLC 6/27/23 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2317746199 DEVON ENERGY PRODUCTION COMPANY, LP 6/26/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2318749749 EOG RESOURCES INC 6/26/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2323352221 OXY USA INC 6/26/23 Major Release Other Crude Oil Corrosion Eddy (15)
nAPP2317850710 OXY USA INC 6/26/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2317840368 WPX Energy Permian, LLC 6/26/23 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2317839684 HILCORP ENERGY COMPANY 6/26/23 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nAPP2318741823 COG OPERATING LLC 6/25/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2317952646 TEAM OPERATING, L.L.C. 6/25/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
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nAPP2317941970 TEAM OPERATING, L.L.C. 6/25/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2317643976 MARATHON OIL PERMIAN LLC 6/25/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2318139530 XTO ENERGY, INC 6/23/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2319459655 HF Sinclair Navajo Refining LLC 6/23/23 Major Release Other Other (Specify) Other Eddy (15)
nAPP2319140286 CONOCOPHILLIPS COMPANY 6/23/23 Minor Other Produced Water Equipment Failure Lea (25)
nAPP2318734399 COG PRODUCTION, LLC 6/23/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2317735881 UPLAND PRODUCTION COMPANY 6/23/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2317446018 CIMAREX ENERGY CO. 6/22/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2319138455 COG OPERATING LLC 6/22/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2319134670 COG OPERATING LLC 6/22/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2317423800 WPX Energy Permian, LLC 6/22/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2318865605 Enchantment Water, LLC 6/22/23 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2317325635 DEVON ENERGY PRODUCTION COMPANY, LP 6/21/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2318438389 MEWBOURNE OIL CO 6/21/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2319132381 COG PRODUCTION, LLC 6/21/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2318846991 Maverick Permian LLC 6/21/23 Major Oil Release Crude Oil Equipment Failure Lea (25)

nAPP2319523778 Permian Resources Operating, LLC 6/21/23 Major Produced Water Release Crude Oil, Produced Water
Midstream Emergency 
Maintenance Lea (25)

nAPP2323338300 HILCORP ENERGY COMPANY 6/21/23 Major Other Other (Specify) Other San Juan (45)
nAPP2317316485 GOODNIGHT MIDSTREAM PERMIAN, LLC 6/21/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2317850727 XTO ENERGY, INC 6/20/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2317832586 XTO ENERGY, INC 6/20/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nAPP2412850861 BC & D OPERATING INC. 6/20/23 Major Oil Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Other McKinley (31)

nAPP2317229661 Spur Energy Partners LLC 6/20/23 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2317146882 Spur Energy Partners LLC 6/20/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2317136107 Spur Energy Partners LLC 6/20/23 Major Release Other Crude Oil, Produced Water High Line Pressure Eddy (15)
nAPP2317133379 Spur Energy Partners LLC 6/20/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2317251245 FAE II Operating LLC 6/20/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2317136603 DEVON ENERGY PRODUCTION COMPANY, LP 6/19/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2317059223 DEVON ENERGY PRODUCTION COMPANY, LP 6/19/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2317049912 WPX Energy Permian, LLC 6/19/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2317023604 DEVON ENERGY PRODUCTION COMPANY, LP 6/18/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2317048587 Spur Energy Partners LLC 6/18/23 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2317038502 Spur Energy Partners LLC 6/17/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2316766795 DEVON ENERGY PRODUCTION COMPANY, LP 6/16/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2316775818 CIMAREX ENERGY CO. 6/16/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2316618457 DEVON ENERGY PRODUCTION COMPANY, LP 6/15/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2317145382 COG OPERATING LLC 6/15/23 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2317143514 COG OPERATING LLC 6/15/23 Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2316732214 BTA OIL PRODUCERS, LLC 6/15/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2317055972 XTO ENERGY, INC 6/14/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2317052998 XTO ENERGY, INC 6/14/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2316553894 DEVON ENERGY PRODUCTION COMPANY, LP 6/14/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2316528547 Enterprise Field Services, LLC 6/14/23 Major Fire Condensate Fire Eddy (15)
nAPP2316652967 FORTY ACRES ENERGY, LLC 6/14/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2316651719 FORTY ACRES ENERGY, LLC 6/14/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2319139283 COG OPERATING LLC 6/13/23 Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2317142248 COG OPERATING LLC 6/13/23 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2316451217 Spur Energy Partners LLC 6/13/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2317142256 XTO ENERGY, INC 6/12/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2316355602 DEVON ENERGY PRODUCTION COMPANY, LP 6/12/23 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2317326766 MEWBOURNE OIL CO 6/12/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2320137142 COG PRODUCTION, LLC 6/12/23 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2316425574 Enterprise Field Services, LLC 6/12/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2316342880 DEVON ENERGY PRODUCTION COMPANY, LP 6/11/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2316340275 DEVON ENERGY PRODUCTION COMPANY, LP 6/11/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2316555696 EOG RESOURCES INC 6/11/23 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2316553511 EOG RESOURCES INC 6/11/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2317843434 OXY USA INC 6/11/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2317132356 CONOCOPHILLIPS COMPANY 6/11/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2317133599 COG OPERATING LLC 6/11/23 Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2317131365 COG OPERATING LLC 6/11/23 Major Oil Release Crude Oil Equipment Failure Lea (25)

nAPP2416262088 CONOCOPHILLIPS COMPANY 6/10/23 Minor Produced Water Release
Condensate, Crude Oil, Produced 
Water Other, Normal Operations Eddy (15)

nAPP2316443375 Spur Energy Partners LLC 6/10/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2316039814 FASKEN OIL & RANCH LTD 6/8/23 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2316649435 COG OPERATING LLC 6/8/23 Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2316445941 WPX Energy Permian, LLC 6/8/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2316056793 Maverick Permian LLC 6/8/23 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2315863475 CIMAREX ENERGY CO. OF COLORADO 6/7/23 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2315862127 CIMAREX ENERGY CO. 6/7/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2316442083 WPX Energy Permian, LLC 6/7/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2315843731 DEVON ENERGY PRODUCTION COMPANY, LP 6/6/23 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2315827454 MARATHON OIL PERMIAN LLC 6/6/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2321447499 Permian Resources Operating, LLC 6/6/23 Major Produced Water Release Crude Oil, Produced Water Separation Flowback Lea (25)
nAPP2315947275 EOG RESOURCES INC 6/5/23 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2317129194 MEWBOURNE OIL CO 6/5/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2315837844 FRONTIER FIELD SERVICES, LLC 6/5/23 Minor Oil Release Condensate Other Eddy (15)
nAPP2329050957 HILCORP ENERGY COMPANY 6/5/23 Release Other Produced Water Other San Juan (45)
nAPP2315653565 Harvest Four Corners, LLC 6/5/23 Major Produced Water Other Rio Arriba (39)
nAPP2315623222 DEVON ENERGY PRODUCTION COMPANY, LP 6/4/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2316653907 COG OPERATING LLC 6/4/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2315626272 WPX Energy Permian, LLC 6/4/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2316627313 MEWBOURNE OIL CO 6/3/23 Minor Oil Release Crude Oil Lightning Lea (25)
nAPP2316439349 Spur Energy Partners LLC 6/3/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2315645279 Spur Energy Partners LLC 6/3/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2315523168 GOODNIGHT MIDSTREAM PERMIAN, LLC 6/3/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2316446382 XTO ENERGY, INC 6/2/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2317029661 COG OPERATING LLC 6/2/23 Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2315932501 Enterprise Field Services, LLC 6/2/23 Minor Release Other Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2315745302 CART HILL ENERGY, LLC 6/2/23 Other Condensate Human Error Lea (25)
nAPP2315459005 TEAM OPERATING, L.L.C. 6/2/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2316570980 MEWBOURNE OIL CO 6/1/23 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2315330894 CIMAREX ENERGY CO. 6/1/23 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
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nAPP2315731307 CONOCOPHILLIPS COMPANY 6/1/23 Major Oil Release Other (Specify) Lea (25)
nAPP2319434216 FRONTIER FIELD SERVICES, LLC 6/1/23 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2317029121 COG OPERATING LLC 6/1/23 Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2315734307 COG OPERATING LLC 6/1/23 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2315638497 COG OPERATING LLC 6/1/23 Major Oil Release Other (Specify) Lea (25)
nAPP2315236756 SELECT ENERGY SERVICES, LLC 6/1/23 Major Produced Water Release Other (Specify) Lea (25)
nAPP2315653837 Maverick Permian LLC 6/1/23 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2315344281 SOLARIS WATER MIDSTREAM, LLC 6/1/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2316042324 MEWBOURNE OIL CO 5/31/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2315237212 CIMAREX ENERGY CO. OF COLORADO 5/31/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2316640406 Maverick Permian LLC 5/31/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2315258609 NGL WATER SOLUTIONS PERMIAN, LLC 5/31/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2315143206 BURNETT OIL CO INC 5/30/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2315059153 EOG RESOURCES INC 5/30/23 Major Other Other (Specify) Eddy (15)
nAPP2315150992 Spur Energy Partners LLC 5/30/23 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2315139771 Spur Energy Partners LLC 5/30/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2316638385 Maverick Permian LLC 5/30/23 Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2315050079 MARATHON OIL PERMIAN LLC 5/30/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2316047464 XTO ENERGY, INC 5/29/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2315046961 KAISER-FRANCIS OIL CO 5/29/23 Major Other (Specify) Eddy (15)
nAPP2315350925 FRONTIER FIELD SERVICES, LLC 5/29/23 Minor Other Condensate, Natural Gas Vented Other Eddy (15)
nAPP2316327282 COG OPERATING LLC 5/29/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2315635182 COG OPERATING LLC 5/29/23 Major Produced Water Release Other (Specify) Lea (25)
nAPP2315042050 Spur Energy Partners LLC 5/29/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2315041512 Spur Energy Partners LLC 5/29/23 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2315844404 HARVARD PETROLEUM COMPANY, LLC 5/28/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2315233794 Enterprise Field Services, LLC 5/28/23 Minor Natural Gas Release Condensate, Natural Gas Vented Other Eddy (15)
nAPP2315039507 Civitas Permian Operating, LLC 5/28/23 Produced Water Release Lea (25)
nAPP2314932128 SOLARIS WATER MIDSTREAM, LLC 5/28/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2315045211 TAP ROCK OPERATING, LLC 5/28/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2315034480 Blackbuck New Mexico LLC 5/28/23 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2316046257 XTO ENERGY, INC 5/27/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2316045229 XTO ENERGY, INC 5/27/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2317028374 COG OPERATING LLC 5/27/23 Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2315048206 Civitas Permian Operating, LLC 5/27/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2315057768 DEVON ENERGY PRODUCTION COMPANY, LP 5/26/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2315760661 MEWBOURNE OIL CO 5/26/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2314650185 Maverick Permian LLC 5/26/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2316654395 FORTY ACRES ENERGY, LLC 5/26/23 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2314547818 DEVON ENERGY PRODUCTION COMPANY, LP 5/25/23 Oil Release Crude Oil Human Error Lea (25)
nAPP2314544750 DEVON ENERGY PRODUCTION COMPANY, LP 5/25/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2315656545 Maverick Permian LLC 5/25/23 Major Release Other Produced Water Equipment Failure Lea (25)
nAPP2314552586 MARATHON OIL PERMIAN LLC 5/25/23 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2314452425 DCP OPERATING COMPANY, LP 5/24/23 Minor Natural Gas Release Condensate Blow Out Lea (25)
nAPP2314462488 MATADOR PRODUCTION COMPANY 5/24/23 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2315638319 Earthstone Operating, LLC 5/24/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2314649548 Maverick Permian LLC 5/24/23 Oil Release Crude Oil Other Lea (25)
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nAPP2315258317 MEWBOURNE OIL CO 5/23/23 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2314448299 Maverick Permian LLC 5/22/23 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2315334597 XTO ENERGY, INC 5/21/23 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2314456374 MARALEX RESOURCES INC 5/21/23 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nAPP2314227400 DEVON ENERGY PRODUCTION COMPANY, LP 5/20/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2315849467 MEWBOURNE OIL CO 5/20/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2313976458 CIMAREX ENERGY CO. 5/19/23 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2315142829 WPX Energy Permian, LLC 5/19/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2314234153 NGL WATER SOLUTIONS PERMIAN, LLC 5/19/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2315058592 MEWBOURNE OIL CO 5/18/23 Major Produced Water Release Other (Specify) Lea (25)
nAPP2314432477 Spur Energy Partners LLC 5/18/23 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2315148242 XTO ENERGY, INC 5/17/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2313826393 DEVON ENERGY PRODUCTION COMPANY, LP 5/17/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2315046261 OXY USA INC 5/17/23 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nAPP2313769629 MATADOR PRODUCTION COMPANY 5/17/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2314434816 Whiptail Midstream LLC 5/17/23 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2315067140 Enchantment Water, LLC 5/16/23 Major Oil Release Crude Oil Human Error Eddy (15)
nAPP2315133557 XTO ENERGY, INC 5/15/23 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2314255077 COG OPERATING LLC 5/15/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2314969734 WPX Energy Permian, LLC 5/15/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2313654813 EOG RESOURCES INC 5/13/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2314538444 COG OPERATING LLC 5/13/23 Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2314544467 XTO ENERGY, INC 5/12/23 Major Fire Condensate Other Eddy (15)
nAPP2313239469 TARGA MIDSTREAM SERVICES LLC 5/12/23 Major Fire Crude Oil, Produced Water Fire Lea (25)
nAPP2313247620 MATADOR PRODUCTION COMPANY 5/12/23 Major Produced Water Release Produced Water Repair and Maintenance Eddy (15)
nAPP2314239454 COG OPERATING LLC 5/12/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2313222791 DEVON ENERGY PRODUCTION COMPANY, LP 5/11/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2314453161 MEWBOURNE OIL CO 5/11/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2314253030 COG OPERATING LLC 5/11/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2313240173 TAP ROCK OPERATING, LLC 5/11/23 Major Other Condensate Equipment Failure Lea (25)
nAPP2314348004 XTO ENERGY, INC 5/10/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2313055690 DEVON ENERGY PRODUCTION COMPANY, LP 5/10/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2313557273 DUGAN PRODUCTION CORP 5/10/23 Minor Produced Water Release Produced Water Other San Juan (45)
nAPP2313060635 MATADOR PRODUCTION COMPANY 5/10/23 Major Oil Release Other (Specify) Lea (25)
nAPP2313058428 BTA OIL PRODUCERS, LLC 5/10/23 Major Other Crude Oil Other Lea (25)
nAPP2313025409 DEVON ENERGY PRODUCTION COMPANY, LP 5/9/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2314436782 EOG RESOURCES INC 5/9/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2314251680 EOG RESOURCES INC 5/9/23 Major Release Other Drilling Mud/Fluid Equipment Failure Lea (25)
nAPP2314537018 COG OPERATING LLC 5/9/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2312930063 DEVON ENERGY PRODUCTION COMPANY, LP 5/8/23 Major Fire Crude Oil Fire Eddy (15)
nAPP2315047465 SIMCOE LLC 5/8/23 Minor Produced Water Release Produced Water Other San Juan (45)
nAPP2314353244 HILCORP ENERGY COMPANY 5/8/23 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2312824558 DEVON ENERGY PRODUCTION COMPANY, LP 5/7/23 Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2313141665 COG OPERATING LLC 5/7/23 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2313135384 Spur Energy Partners LLC 5/7/23 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2317353546 NOVO OIL & GAS NORTHERN DELAWARE, LLC 5/7/23 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2313648339 CHEVRON U S A INC 5/6/23 Minor Produced Water Release Produced Water Human Error Eddy (15)
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nAPP2312868675 CIMAREX ENERGY CO. 5/6/23 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2313140440 COG OPERATING LLC 5/6/23 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2313637124 EOG RESOURCES INC 5/5/23 Minor Produced Water Release Produced Water Vehicular Accident Eddy (15)
nAPP2313656375 BTA OIL PRODUCERS, LLC 5/5/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2313723174 CHEVRON U S A INC 5/4/23 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2312548979 DEVON ENERGY PRODUCTION COMPANY, LP 5/4/23 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2312950489 Spur Energy Partners LLC 5/4/23 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2312421275 DEVON ENERGY PRODUCTION COMPANY, LP 5/3/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2314451527 EOG RESOURCES INC 5/3/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2312340712 EOG RESOURCES INC 5/3/23 Major Release Other Other (Specify) Eddy (15)
nAPP2312353978 OXY USA INC 5/3/23 Major Produced Water Release Crude Oil, Produced Water Normal Operations Eddy (15)
nAPP2316652713 COG OPERATING LLC 5/3/23 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2313138369 COG OPERATING LLC 5/3/23 Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2312845934 WPX Energy Permian, LLC 5/3/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2314257831 Maverick Permian LLC 5/3/23 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2315035246 Blackbuck New Mexico LLC 5/3/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2312327064 DEVON ENERGY PRODUCTION COMPANY, LP 5/2/23 Release Other Chemical (Specify) Equipment Failure Lea (25)
nAPP2314533364 COG OPERATING LLC 5/2/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2314531100 COG OPERATING LLC 5/2/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2313136415 COG OPERATING LLC 5/2/23 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2313632890 SOLARIS WATER MIDSTREAM, LLC 5/2/23 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2314255181 EOG RESOURCES INC 5/1/23 Major Oil Release Crude Oil Other Eddy (15)
nAPP2312333253 DCP OPERATING COMPANY, LP 5/1/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2312244897 MATADOR PRODUCTION COMPANY 5/1/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2328936503 WaterBridge Stateline LLC 5/1/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2312126971 DEVON ENERGY PRODUCTION COMPANY, LP 4/30/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2312834075 Silverback Operating II, LLC 4/30/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2312129418 DEVON ENERGY PRODUCTION COMPANY, LP 4/29/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2312128151 DEVON ENERGY PRODUCTION COMPANY, LP 4/29/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2312266930 CAZA OPERATING, LLC 4/29/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2312137141 CROSS TIMBERS ENERGY, LLC 4/29/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2312438149 LOGOS OPERATING, LLC 4/28/23 Major Natural Gas Release Other (Specify) Sandoval (43)
nAPP2312129778 Extex Operating Company 4/28/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2311851512 New Horizon Resources LLC 4/28/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2314251662 COG OPERATING LLC 4/27/23 Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2313130641 COG OPERATING LLC 4/27/23 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2313555368 BTA OIL PRODUCERS, LLC 4/27/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2313055442 BTA OIL PRODUCERS, LLC 4/27/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2311832849 Spur Energy Partners LLC 4/27/23 Major Release Other Other (Specify) Eddy (15)
nAPP2314536168 New Horizon Resources LLC 4/27/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2311842691 HILCORP ENERGY COMPANY 4/27/23 Major Other Crude Oil Equipment Failure San Juan (45)
nAPP2311745706 DEVON ENERGY PRODUCTION COMPANY, LP 4/26/23 Minor Release Other Condensate Equipment Failure Lea (25)
nAPP2313133324 EOG RESOURCES INC 4/26/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2311648928 CIMAREX ENERGY CO. OF COLORADO 4/26/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2312327651 TAP ROCK OPERATING, LLC 4/26/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2320232652 CAZA OPERATING, LLC 4/25/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2321657306 FAE II Operating LLC 4/25/23 Major Produced Water Release Produced Water Other Lea (25)
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nAPP2311551955 DCP OPERATING COMPANY, LP 4/24/23 Major Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2311452362 GOODNIGHT MIDSTREAM PERMIAN, LLC 4/24/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2311424960 DEVON ENERGY PRODUCTION COMPANY, LP 4/23/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2311422596 DEVON ENERGY PRODUCTION COMPANY, LP 4/23/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2312933596 MATADOR PRODUCTION COMPANY 4/23/23 Major Produced Water Release Other (Specify) Lea (25)
nAPP2313128320 COG OPERATING LLC 4/22/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2312934730 COG OPERATING LLC 4/22/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2311343030 SOLARIS WATER MIDSTREAM, LLC 4/22/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2311239328 MARATHON OIL PERMIAN LLC 4/22/23 Major Fire Crude Oil Fire Lea (25)
nAPP2311348527 DEVON ENERGY PRODUCTION COMPANY, LP 4/21/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2311754224 XTO ENERGY, INC 4/20/23 Major Other Other (Specify) Eddy (15)
nAPP2312357379 MEWBOURNE OIL CO 4/20/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2311056287 DCP OPERATING COMPANY, LP 4/20/23 Minor Natural Gas Release Condensate Human Error Eddy (15)
nAPP2311541774 COG OPERATING LLC 4/20/23 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2311541081 COG OPERATING LLC 4/20/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2311048689 Enterprise Field Services, LLC 4/20/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2313635015 FAE II Operating LLC 4/20/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2313634226 FAE II Operating LLC 4/20/23 Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2313632338 FAE II Operating LLC 4/20/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2313546854 FAE II Operating LLC 4/20/23 Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2313543757 FAE II Operating LLC 4/20/23 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2311751602 Maverick Permian LLC 4/20/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2310953928 DEVON ENERGY PRODUCTION COMPANY, LP 4/19/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2314235805 COG OPERATING LLC 4/19/23 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2311052984 Spur Energy Partners LLC 4/19/23 Major Release Other Crude Oil, Produced Water Human Error Lea (25)
nAPP2311043712 Spur Energy Partners LLC 4/19/23 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2311032273 Spur Energy Partners LLC 4/19/23 Minor Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2312251224 HILCORP ENERGY COMPANY 4/19/23 Major Oil Release Condensate Equipment Failure San Juan (45)
nAPP2313129153 COG OPERATING LLC 4/18/23 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2311029282 Spur Energy Partners LLC 4/18/23 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2310834343 Spur Energy Partners LLC 4/18/23 Major Oil Release Crude Oil Human Error Eddy (15)

nAPP2310877079 ETC Texas Pipeline, Ltd. 4/18/23 Major Fire
Natural Gas Liquids, Other 
(Specify) Other Lea (25)

nAPP2312345903 HILCORP ENERGY COMPANY 4/18/23 Major Release Other
Natural Gas Vented, Crude Oil, 
Produced Water Equipment Failure San Juan (45)

nAPP2310935343 HILCORP ENERGY COMPANY 4/18/23 Major Release Other Unknown Other San Juan (45)
nAPP2311446508 DEVON ENERGY PRODUCTION COMPANY, LP 4/17/23 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2310778836 DEVON ENERGY PRODUCTION COMPANY, LP 4/17/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2312128083 MEWBOURNE OIL CO 4/17/23 Major Other Other (Specify) Eddy (15)
nAPP2312236467 COG OPERATING LLC 4/17/23 Major Produced Water Release Other (Specify) Lea (25)
nAPP2311841663 WPX Energy Permian, LLC 4/17/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2310931339 Harvest Four Corners, LLC 4/17/23 Minor Release Other Condensate Other San Juan (45)
nAPP2310779984 DEVON ENERGY PRODUCTION COMPANY, LP 4/15/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2311157492 MEWBOURNE OIL CO 4/15/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2310735633 Spur Energy Partners LLC 4/15/23 Major Release Other Crude Oil, Produced Water Human Error Eddy (15)
nAPP2311640670 CHEVRON U S A INC 4/13/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2311029101 MEWBOURNE OIL CO 4/13/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2311028982 COG OPERATING LLC 4/13/23 Major Fire Crude Oil Equipment Failure Lea (25)

WG Ex. 92

2973



nAPP2310326139 Enterprise Field Services, LLC 4/13/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2310731906 CROSS TIMBERS ENERGY, LLC 4/13/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2310426369 DCP OPERATING COMPANY, LP 4/12/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2310135941 Wapiti Operating, LLC 4/11/23 Major Produced Water Release Other (Specify), Produced Water High Line Pressure Colfax (07)
nAPP2310329856 Spur Energy Partners LLC 4/11/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2310253642 ENDURING RESOURCES, LLC 4/11/23 Major Fire Crude Oil Fire San Juan (45)
nAPP2311556474 Harvest Four Corners, LLC 4/11/23 Major Other Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nAPP2310145343 DCP OPERATING COMPANY, LP 4/10/23 Minor Natural Gas Release Condensate Equipment Failure Lea (25)
nAPP2310061125 Silverback Operating II, LLC 4/10/23 Major Produced Water Release Produced Water Lightning Eddy (15)
nAPP2310140455 Maverick Permian LLC 4/10/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2310130251 SOLARIS WATER MIDSTREAM, LLC 4/10/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2310037542 Spur Energy Partners LLC 4/9/23 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2311056555 Landmark Energy Partners, LLC 4/9/23 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2309739369 DEVON ENERGY PRODUCTION COMPANY, LP 4/7/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2310140563 TEAM OPERATING, L.L.C. 4/7/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2311039037 Permian Resources Operating, LLC 4/7/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2310842169 EOG RESOURCES INC 4/5/23 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2310050120 XTO ENERGY, INC 4/4/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2309726350 DEVON ENERGY PRODUCTION COMPANY, LP 4/4/23 Major Fire Crude Oil Fire Eddy (15)
nAPP2310024728 HARVARD PETROLEUM COMPANY, LLC 4/4/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2310336531 WPX Energy Permian, LLC 4/4/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2310335212 WPX Energy Permian, LLC 4/4/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2310736718 HILCORP ENERGY COMPANY 4/4/23 Major Produced Water Release Produced Water Human Error San Juan (45)
nAPP2309535706 GOODNIGHT MIDSTREAM PERMIAN, LLC 4/4/23 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2310828665 APACHE CORPORATION 4/3/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2309422704 DEVON ENERGY PRODUCTION COMPANY, LP 4/3/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2310536499 EOG RESOURCES INC 4/3/23 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nAPP2310456005 MEWBOURNE OIL CO 4/3/23 Major Oil Release Crude Oil Human Error Eddy (15)
nAPP2310831128 HILCORP ENERGY COMPANY 4/3/23 Minor Produced Water Release Produced Water Vandalism San Juan (45)
nAPP2310735838 HILCORP ENERGY COMPANY 4/2/23 Minor Other Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2310044397 XTO ENERGY, INC 4/1/23 Major Fire Crude Oil Other Eddy (15)
nAPP2310331771 COG OPERATING LLC 4/1/23 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2310143956 COG OPERATING LLC 4/1/23 Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2310400709 Harvest Four Corners, LLC 4/1/23 Minor Other Glycol Equipment Failure San Juan (45)
nAPP2310445778 XTO ENERGY, INC 3/31/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2310426386 MEWBOURNE OIL CO 3/31/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2310337528 COG OPERATING LLC 3/31/23 Major Fire Crude Oil Fire Lea (25)
nAPP2309654900 SELECT ENERGY SERVICES, LLC 3/31/23 Major Release Other Other (Specify) Normal Operations Lea (25)
nAPP2309131946 DEVON ENERGY PRODUCTION COMPANY, LP 3/30/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2310336759 COG OPERATING LLC 3/30/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2309434596 COG OPERATING LLC 3/30/23 Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2308951540 Spur Energy Partners LLC 3/30/23 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2310045769 XTO ENERGY, INC 3/29/23 Major Produced Water Release Other (Specify) Equipment Failure Eddy (15)
nAPP2308926215 SOLARIS WATER MIDSTREAM, LLC 3/29/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2310247349 HILCORP ENERGY COMPANY 3/29/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure San Juan (45)
nAPP2309134922 DEVON ENERGY PRODUCTION COMPANY, LP 3/28/23 Minor Complaint Unknown Normal Operations Lea (25)
nAPP2309133942 DEVON ENERGY PRODUCTION COMPANY, LP 3/28/23 Minor Complaint Unknown Normal Operations Lea (25)
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nAPP2308855433 DUGAN PRODUCTION CORP 3/28/23 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2309648281 MEWBOURNE OIL CO 3/28/23 Major Produced Water Release Other (Specify) Equipment Failure Eddy (15)
nAPP2308872530 CIMAREX ENERGY CO. 3/28/23 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2308946629 COG OPERATING LLC 3/28/23 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2308835013 Spur Energy Partners LLC 3/28/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2308664488 DCP OPERATING COMPANY, LP 3/27/23 Minor Other Condensate Other Eddy (15)
nJXK1520829957 OCCIDENTAL PERMIAN LTD 3/27/23 Other Lea (25)
nAPP2308623958 DEVON ENERGY PRODUCTION COMPANY, LP 3/26/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2309431095 COG OPERATING LLC 3/26/23 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2309458730 HF Sinclair Navajo Refining LLC 3/25/23 Major Release Other Other (Specify) Freeze Lea (25)
nAPP2308646763 WPX Energy Permian, LLC 3/25/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2308529277 SOLARIS WATER MIDSTREAM, LLC 3/25/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2308334216 DEVON ENERGY PRODUCTION COMPANY, LP 3/24/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2310047413 EOG RESOURCES INC 3/24/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2308648014 TEAM OPERATING, L.L.C. 3/24/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2308346645 TARGA MIDSTREAM SERVICES LLC 3/23/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2308634551 DCP OPERATING COMPANY, LP 3/23/23 Minor Natural Gas Release Condensate Human Error Eddy (15)
nAPP2308225219 Enterprise Field Services, LLC 3/23/23 Major Natural Gas Release Condensate, Natural Gas Vented Other Eddy (15)
nAPP2308628236 WPX Energy Permian, LLC 3/23/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2308125349 DEVON ENERGY PRODUCTION COMPANY, LP 3/21/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2308331487 GOODNIGHT MIDSTREAM PERMIAN, LLC 3/21/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2308045929 PLAINS MARKETING L.P. 3/20/23 Oil Release Crude Oil Corrosion Eddy (15)
nAPP2307927327 Enterprise Field Services, LLC 3/20/23 Major Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2415825479 3R Operating, LLC 3/20/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2307923797 DEVON ENERGY PRODUCTION COMPANY, LP 3/19/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2307949749 DEVON ENERGY PRODUCTION COMPANY, LP 3/18/23 Major Fire Crude Oil Fire Eddy (15)
nAPP2307925651 DEVON ENERGY PRODUCTION COMPANY, LP 3/18/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2307924732 DEVON ENERGY PRODUCTION COMPANY, LP 3/18/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2307966624 NOVO OIL & GAS NORTHERN DELAWARE, LLC 3/18/23 Minor Release Other Crude Oil, Produced Water Normal Operations Eddy (15)
nAPP2308139864 APACHE CORPORATION 3/17/23 Major Oil Release Crude Oil Fire Lea (25)
nAPP2307639252 EOG RESOURCES INC 3/17/23 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2307930900 WPX Energy Permian, LLC 3/16/23 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2307454854 ARMSTRONG ENERGY CORP 3/15/23 Minor Oil Release Crude Oil Equipment Failure Roosevelt (41)
nAPP2308136642 XTO ENERGY, INC 3/15/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2308628700 COG OPERATING LLC 3/15/23 Produced Water Release Produced Water Other Eddy (15)
nAPP2307342352 ARMSTRONG ENERGY CORP 3/14/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2307447383 CHEVRON U S A INC 3/14/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2307273821 CIMAREX ENERGY CO. 3/13/23 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2307437229 TAP ROCK OPERATING, LLC 3/13/23 Minor Oil Release Crude Oil Other Lea (25)
nAPP2307548956 APACHE CORPORATION 3/12/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2307549642 OXY USA INC 3/12/23 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2307532299 OXY USA INC 3/12/23 Major Produced Water Release Produced Water Exploratory Well Eddy (15)
nAPP2307271623 CIMAREX ENERGY CO. OF COLORADO 3/12/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2307228945 Spur Energy Partners LLC 3/12/23 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2308137936 CHEVRON U S A INC 3/11/23 Major Fire Condensate Equipment Failure Lea (25)
nAPP2308049811 COG OPERATING LLC 3/11/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2307224977 DEVON ENERGY PRODUCTION COMPANY, LP 3/10/23 Minor Produced Water Release Produced Water Human Error Eddy (15)
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nAPP2306960210 DCP OPERATING COMPANY, LP 3/10/23 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAPP2308233918 COG OPERATING LLC 3/10/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2307231629 Spur Energy Partners LLC 3/10/23 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2411639976 ENERGEX, LLC 3/9/23 Major Oil Release Crude Oil Other Chaves (05)
nAPP2307935303 MARATHON OIL PERMIAN LLC 3/9/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2307355788 APACHE CORPORATION 3/8/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2308056133 OXY USA INC 3/8/23 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
nAPP2306753080 DCP OPERATING COMPANY, LP 3/8/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2308234964 COG OPERATING LLC 3/8/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2308046609 COG OPERATING LLC 3/8/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2308124076 HILCORP ENERGY COMPANY 3/8/23 Major Release Other Condensate, Produced Water Equipment Failure San Juan (45)
nAPP2306752819 OXY USA INC 3/7/23 Major Oil Release Crude Oil Human Error Eddy (15)
nAPP2306837567 FRONTIER FIELD SERVICES, LLC 3/7/23 Minor Natural Gas Release Condensate Corrosion Chaves (05)
nAPP2306830269 WPX Energy Permian, LLC 3/7/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2306640670 DEVON ENERGY PRODUCTION COMPANY, LP 3/6/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2308026482 MEWBOURNE OIL CO 3/6/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2307633795 J & J Investments, LLC 3/6/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2306657585 OXY USA INC 3/5/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2306545596 FRONTIER FIELD SERVICES, LLC 3/5/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2310750452 TEAM OPERATING, L.L.C. 3/5/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2308028560 COG OPERATING LLC 3/4/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2307232497 Enterprise Field Services, LLC 3/4/23 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2307943408 XTO ENERGY, INC 3/3/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2306844555 XTO ENERGY, INC 3/3/23 Major Fire Crude Oil Other Eddy (15)
nAPP2307442828 CENTURION PIPELINE L.P. 3/3/23 Major Oil Release Crude Oil Corrosion Eddy (15)

nAPP2322275801 BOBBY MCKAY DBA 5 A OIL COMPANY 3/2/23 Oil Release
Condensate, Crude Oil, Produced 
Water Equipment Failure Roosevelt (41)

nAPP2306238104 FRONTIER FIELD SERVICES, LLC 3/2/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2307544597 COG OPERATING LLC 3/2/23 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2306158863 BLACK RIVER WATER MANAGEMENT COMPANY, LLC 3/2/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2306155392 Harvest Four Corners, LLC 3/2/23 Major Natural Gas Release Other (Specify) San Juan (45)
nAPP2408837611 MAR OIL & GAS CORP. 3/1/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2306635043 MATADOR PRODUCTION COMPANY 3/1/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2306051909 MATADOR PRODUCTION COMPANY 3/1/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2306058624 DUGAN PRODUCTION CORP 2/28/23 Major Produced Water Release Produced Water Other San Juan (45)
nAPP2306024427 FRONTIER FIELD SERVICES, LLC 2/28/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2305944258 Enterprise Field Services, LLC 2/28/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2306653673 XTO ENERGY, INC 2/27/23 Major Fire Crude Oil Liquids Unloading Eddy (15)
nAPP2306049630 DCP OPERATING COMPANY, LP 2/27/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2305949229 FRONTIER FIELD SERVICES, LLC 2/27/23 Major Release Other Condensate Corrosion Eddy (15)
nAPP2307522509 ACD OILFIELD SERVICES, LLC 2/27/23 Major Release Other Produced Water Vehicular Accident Lea (25)
nAPP2305960928 BTA OIL PRODUCERS, LLC 2/27/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2305834071 Spur Energy Partners LLC 2/27/23 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2305855170 Extex Operating Company 2/27/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2307357709 HILCORP ENERGY COMPANY 2/27/23 Major Release Other Condensate, Produced Water Corrosion San Juan (45)
nAPP2305945615 Whiptail Midstream LLC 2/27/23 Major Produced Water Release Produced Water Other Rio Arriba (39)
nAPP2305851873 CIMAREX ENERGY CO. 2/26/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2306935471 LONGFELLOW ENERGY, LP 2/26/23 Minor Oil Release Crude Oil Power Failure Eddy (15)
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nAPP2306160789 AMEREDEV OPERATING, LLC 2/26/23 Minor Oil Release Crude Oil Power Failure Lea (25)
nAPP2306235620 MEWBOURNE OIL CO 2/25/23 Major Fire Crude Oil, Produced Water Fire Lea (25)
nAPP2306952144 OXY USA INC 2/25/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2306851971 Permian Resources Operating, LLC 2/25/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2306936047 XTO ENERGY, INC 2/24/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2306745564 XTO ENERGY, INC 2/24/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2305843365 OXY USA INC 2/24/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2310150208 Maverick Permian LLC 2/24/23 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2306046595 APACHE CORPORATION 2/23/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2305842371 OXY USA INC 2/23/23 Major Produced Water Release Produced Water Equipment Failure Harding (21)
nAPP2307558601 Maverick Permian LLC 2/23/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2305455294 TEAM OPERATING, L.L.C. 2/23/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2305931418 Enterprise Field Services, LLC 2/22/23 Major Oil Release Condensate, Natural Gas Vented Corrosion Rio Arriba (39)
nAPP2305947643 Earthstone Operating, LLC 2/22/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2305367608 MARATHON OIL PERMIAN LLC 2/22/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2306544797 XTO ENERGY, INC 2/21/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2305351774 DEVON ENERGY PRODUCTION COMPANY, LP 2/21/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2305331692 DEVON ENERGY PRODUCTION COMPANY, LP 2/21/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2305346278 EOG RESOURCES INC 2/21/23 Major Release Other Other (Specify) Lea (25)

nAPP2305245917 EOG RESOURCES INC 2/21/23 Major Produced Water Release Produced Water Pipeline Quality Specifications Eddy (15)
nAPP2305851255 OXY USA INC 2/21/23 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
nAPP2306543550 COG OPERATING LLC 2/21/23 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2305337359 Spur Energy Partners LLC 2/21/23 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2307356662 Silverback Operating II, LLC 2/21/23 Major Release Other Other (Specify) Human Error Eddy (15)
nAPP2306757137 Maverick Permian LLC 2/21/23 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2305350943 SOLARIS WATER MIDSTREAM, LLC 2/21/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2306042664 APACHE CORPORATION 2/20/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2305325528 CIMAREX ENERGY CO. 2/20/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2305115463 Enterprise Field Services, LLC 2/20/23 Major Fire Other (Specify) Fire Eddy (15)
nAPP2305933356 WPX Energy Permian, LLC 2/20/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2305552333 SCO PERMIAN, LLC 2/20/23 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2305256984 SOLARIS WATER MIDSTREAM, LLC 2/20/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2305130549 DEVON ENERGY PRODUCTION COMPANY, LP 2/19/23 Minor Oil Release Crude Oil Other Lea (25)
nAPP2305129533 FRONTIER FIELD SERVICES, LLC 2/19/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2305044453 FRONTIER FIELD SERVICES, LLC 2/19/23 Major Natural Gas Release Condensate Corrosion Chaves (05)
nAPP2305060824 MarkWest Energy West Texas Gas Company, L.L.C 2/19/23 Major Release Other Glycol Other Lea (25)
nAPP2305139262 CROSS TIMBERS ENERGY, LLC 2/18/23 Major Oil Release Crude Oil Freeze Lea (25)
nAPP2306152871 XTO ENERGY, INC 2/17/23 Major Oil Release Crude Oil Normal Operations Eddy (15)
nAPP2304851705 TARGA MIDSTREAM SERVICES LLC 2/17/23 Major Release Other Condensate Equipment Failure Lea (25)
nAPP2305143488 WPX Energy Permian, LLC 2/17/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2305150872 CROSS TIMBERS ENERGY, LLC 2/17/23 Minor Oil Release Crude Oil Freeze Lea (25)
nAPP2304837015 Spur Energy Partners LLC 2/17/23 Major Release Other Crude Oil, Produced Water High Line Pressure Eddy (15)
nAPP2310154072 Maverick Permian LLC 2/17/23 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nSCW2311457655 HILCORP ENERGY COMPANY 2/17/23 Other San Juan (45)
nAPP2305144115 TLT SWD, LLC 2/16/23 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2305143618 TLT SWD, LLC 2/16/23 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2305143079 TLT SWD, LLC 2/16/23 Major Produced Water Release Produced Water Normal Operations Lea (25)
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nAPP2305142296 TLT SWD, LLC 2/16/23 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2305139315 TLT SWD, LLC 2/16/23 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2305138533 TLT SWD, LLC 2/16/23 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2305331202 CROSS TIMBERS ENERGY, LLC 2/16/23 Minor Produced Water Release Produced Water Freeze Lea (25)
nAPP2406444170 3R Operating, LLC 2/16/23 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2405837459 3R Operating, LLC 2/16/23 Major Produced Water Release Produced Water Other Lea (25)
nAPP2313243978 HILCORP ENERGY COMPANY 2/16/23 Major Release Other Other (Specify) Other San Juan (45)
nAPP2306054654 XTO ENERGY, INC 2/15/23 Minor Release Other Other (Specify) Equipment Failure Lea (25)
nAPP2304957943 FAE II Operating LLC 2/15/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2304638400 DKL Energy - Cottonwood, LLC 2/15/23 Major Oil Release Crude Oil Other Lea (25)
nAPP2304657101 Silverback Operating II, LLC 2/15/23 Major Other Other (Specify) Human Error Eddy (15)
nAPP2305348650 EOG RESOURCES INC 2/14/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2304533224 Enterprise Field Services, LLC 2/14/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2305131821 WPX Energy Permian, LLC 2/14/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2305129100 WPX Energy Permian, LLC 2/14/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2305933526 Earthstone Operating, LLC 2/14/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2304726995 TEAM OPERATING, L.L.C. 2/14/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2305833429 XTO ENERGY, INC 2/13/23 Minor Oil Release Crude Oil Normal Operations Eddy (15)
nAPP2305942242 MEWBOURNE OIL CO 2/13/23 Major Fire Produced Water Fire Eddy (15)
nAPP2304525840 MATADOR PRODUCTION COMPANY 2/13/23 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2305838205 Contango Resources, LLC 2/13/23 Major Other Crude Oil Other Eddy (15)
nAPP2305455050 Maverick Permian LLC 2/13/23 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2304652927 OXY USA INC 2/11/23 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2304431462 DCP OPERATING COMPANY, LP 2/11/23 Minor Natural Gas Release Condensate Equipment Failure Eddy (15)
nAPP2304647925 TEAM OPERATING, L.L.C. 2/11/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2304339443 NOVO OIL & GAS NORTHERN DELAWARE, LLC 2/11/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2305452388 XTO ENERGY, INC 2/10/23 Major Fire Produced Water Fire Eddy (15)
nAPP2304155265 DEVON ENERGY PRODUCTION COMPANY, LP 2/10/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2305139488 COG OPERATING LLC 2/10/23 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2320149561 HILCORP ENERGY COMPANY 2/10/23 Minor Release Other Condensate Other San Juan (45)
nAPP2304132273 FRONTIER FIELD SERVICES, LLC 2/9/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2427380239 BXP Operating, LLC 2/9/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2320155626 DEVON ENERGY PRODUCTION COMPANY, LP 2/8/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2305359369 MEWBOURNE OIL CO 2/8/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2304036127 FRONTIER FIELD SERVICES, LLC 2/8/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2427382332 BXP Operating, LLC 2/8/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2304742070 Maverick Permian LLC 2/8/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2303937491 CIMAREX ENERGY CO. OF COLORADO 2/7/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2305453661 Maverick Permian LLC 2/7/23 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2304651019 TEAM OPERATING, L.L.C. 2/7/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2305153347 SOLARIS WATER MIDSTREAM, LLC 2/7/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2303755349 DEVON ENERGY PRODUCTION COMPANY, LP 2/6/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2303839212 CIMAREX ENERGY CO. 2/6/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2304175781 CAZA OPERATING, LLC 2/6/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2304441722 Contango Resources, LLC 2/6/23 Major Blow Out
Crude Oil, Other (Specify), 
Produced Water Blow Out Lea (25)

nAPP2303756344 DEVON ENERGY PRODUCTION COMPANY, LP 2/5/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2303737335 BTA OIL PRODUCERS, LLC 2/5/23 Major Produced Water Release Produced Water Fire Lea (25)
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nAPP2303929522 CHEVRON U S A INC 2/4/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2303731028 FRONTIER FIELD SERVICES, LLC 2/4/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2303627366 MATADOR PRODUCTION COMPANY 2/4/23 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2304744550 Maverick Permian LLC 2/4/23 Minor Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2304648171 XTO ENERGY, INC 2/3/23 Major Fire Crude Oil Normal Operations Eddy (15)
nAPP2303730420 DEVON ENERGY PRODUCTION COMPANY, LP 2/3/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2303832120 CIMAREX ENERGY CO. 2/3/23 Major Fire Condensate Fire Lea (25)
nAPP2306133645 COG OPERATING LLC 2/3/23 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2304554912 COG OPERATING LLC 2/3/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2303837689 Enterprise Field Services, LLC 2/3/23 Major Fire Natural Gas Liquids High Line Pressure San Juan (45)
nAPP2303722645 MARATHON OIL PERMIAN LLC 2/3/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2303347848 DEVON ENERGY PRODUCTION COMPANY, LP 2/2/23 Minor Other Produced Water Equipment Failure Lea (25)
nAPP2304055016 MEWBOURNE OIL CO 2/2/23 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2304537144 OXY USA INC 2/2/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2305140243 COG OPERATING LLC 2/2/23 Major Fire Condensate Freeze Lea (25)
nAPP2304554173 COG OPERATING LLC 2/2/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2304448906 XTO ENERGY, INC 2/1/23 Minor Oil Release Crude Oil Exploratory Well Eddy (15)
nAPP2303432794 HARVARD PETROLEUM COMPANY, LLC 2/1/23 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nAPP2303463674 DCP OPERATING COMPANY, LP 2/1/23 Major Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2303345440 FRONTIER FIELD SERVICES, LLC 2/1/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2304144689 ETC Texas Pipeline, Ltd. 2/1/23 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2303232636 OXY USA INC 1/31/23 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
nAPP2303129562 MARATHON OIL PERMIAN LLC 1/31/23 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2304529797 CHEVRON U S A INC 1/30/23 Minor Release Other Chemical (Specify) Blow Out Lea (25)
nAPP2303239586 WPX Energy Permian, LLC 1/30/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2303736433 BTA OIL PRODUCERS, LLC 1/30/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2303054522 CIMAREX ENERGY CO. OF COLORADO 1/29/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2303130162 Spur Energy Partners LLC 1/29/23 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2302957665 Silverback Operating II, LLC 1/29/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2303040186 TAP ROCK OPERATING, LLC 1/29/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2304148392 XTO ENERGY, INC 1/28/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2304147175 XTO ENERGY, INC 1/28/23 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2303854000 XTO ENERGY, INC 1/28/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2304133508 MEWBOURNE OIL CO 1/28/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2302952170 CIMAREX ENERGY CO. OF COLORADO 1/28/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2304550164 COG OPERATING LLC 1/28/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2304136368 XTO ENERGY, INC 1/27/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2303348121 XTO ENERGY, INC 1/27/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2303022343 DEVON ENERGY PRODUCTION COMPANY, LP 1/27/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2304532508 EOG RESOURCES INC 1/27/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2303742113 COG OPERATING LLC 1/27/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2302734734 CAZA OPERATING, LLC 1/27/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2304056216 Earthstone Operating, LLC 1/27/23 Minor Oil Release Crude Oil Separation Flowback Eddy (15)
nAPP2302743693 DEVON ENERGY PRODUCTION COMPANY, LP 1/26/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2303971933 NAVAJO REFINING COMPANY, L.L.C. 1/26/23 Major Release Other Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2302727428 FRONTIER FIELD SERVICES, LLC 1/26/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2303039766 COG OPERATING LLC 1/26/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2303037207 COG OPERATING LLC 1/26/23 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2302728147 Spur Energy Partners LLC 1/26/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2304051094 XTO ENERGY, INC 1/25/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2306044595 EOG RESOURCES INC 1/25/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2302640564 OXY USA INC 1/25/23 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
nAPP2302559989 DCP OPERATING COMPANY, LP 1/25/23 Major Fire Other (Specify) Eddy (15)
nAPP2302639601 Whiptail Midstream LLC 1/25/23 Major Oil Release Crude Oil Other San Juan (45)
nAPP2302456413 SAN JUAN RESOURCES, INC. 1/24/23 Major Oil Release Crude Oil, Produced Water Other Rio Arriba (39)
nAPP2302448038 Enterprise Field Services, LLC 1/24/23 Minor Release Other Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPM2303746352 CANYON E & P COMPANY 1/24/23 Major Oil Release Crude Oil Corrosion Chaves (05)
nAPP2302535216 OXY USA INC 1/23/23 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2302469132 CIMAREX ENERGY CO. 1/23/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2303730067 COG OPERATING LLC 1/23/23 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2302534751 WPX Energy Permian, LLC 1/23/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2302747128 TEAM OPERATING, L.L.C. 1/23/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2303434415 XTO ENERGY, INC 1/22/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2307052908 EOG RESOURCES INC 1/22/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2402333573 SOLARIS WATER MIDSTREAM, LLC 1/22/23 Major Produced Water Release Produced Water Repair and Maintenance Eddy (15)
nAPP2302365358 TAP ROCK OPERATING, LLC 1/22/23 Major Release Other Condensate Equipment Failure Lea (25)
nAPP2303652118 CHEVRON U S A INC 1/21/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2302642924 EOG RESOURCES INC 1/21/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2303444414 XTO ENERGY, INC 1/20/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2302324687 DEVON ENERGY PRODUCTION COMPANY, LP 1/20/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2303741458 COG OPERATING LLC 1/20/23 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2302541480 Silverback Operating II, LLC 1/19/23 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2301930383 DEVON ENERGY PRODUCTION COMPANY, LP 1/18/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2301854079 EOG RESOURCES INC 1/18/23 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2303048815 CONOCOPHILLIPS COMPANY 1/18/23 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2301926781 MATADOR PRODUCTION COMPANY 1/18/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2303048107 COG OPERATING LLC 1/18/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2401951801 Maverick Permian LLC 1/18/23 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2301860476 SOLARIS WATER MIDSTREAM, LLC 1/18/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2301946401 GOODNIGHT MIDSTREAM PERMIAN, LLC 1/18/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2301754624 Enterprise Field Services, LLC 1/17/23 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2301947855 SOLARIS WATER MIDSTREAM, LLC 1/17/23 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2302744797 MEWBOURNE OIL CO 1/16/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2303047441 COG OPERATING LLC 1/16/23 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2302337150 PRODUCTION WASTE SOLUTIONS LLC 1/16/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2301660630 Franklin Mountain Energy LLC 1/16/23 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2302756140 XTO ENERGY, INC 1/15/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2305244923 DEVON ENERGY PRODUCTION COMPANY, LP 1/15/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2301740764 WPX Energy Permian, LLC 1/15/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2401533380 CAZA OPERATING, LLC 1/15/23 Minor Oil Release Crude Oil Freeze Lea (25)
nAPP2302545515 XTO ENERGY, INC 1/14/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2303046725 COG OPERATING LLC 1/14/23 Major Release Other Brine Water Equipment Failure Lea (25)
nAPP2302847724 CHEVRON U S A INC 1/13/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2301424910 DEVON ENERGY PRODUCTION COMPANY, LP 1/13/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2302439496 COG OPERATING LLC 1/13/23 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2301731619 Spur Energy Partners LLC 1/13/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2301536710 Spur Energy Partners LLC 1/13/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2302538491 Silverback Operating II, LLC 1/13/23 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2302742810 CHEVRON U S A INC 1/12/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2302355577 XTO ENERGY, INC 1/12/23 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2302432694 COG OPERATING LLC 1/12/23 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2301628129 WPX Energy Permian, LLC 1/12/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2301740961 Spur Energy Partners LLC 1/12/23 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2301367245 3R Operating, LLC 1/12/23 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2301252275 OXY USA INC 1/11/23 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2301335904 FRONTIER FIELD SERVICES, LLC 1/11/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2301125598 DEVON ENERGY PRODUCTION COMPANY, LP 1/10/23 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2301231426 FRONTIER FIELD SERVICES, LLC 1/10/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Chaves (05)
nAPP2301143019 EOR OPERATING COMPANY 1/10/23 Minor Produced Water Release Crude Oil, Produced Water Repair and Maintenance Roosevelt (41)
nAPP2303273838 Maverick Permian LLC 1/10/23 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2303271574 Maverick Permian LLC 1/10/23 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2301138983 OXY USA INC 1/9/23 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2300971099 CIMAREX ENERGY CO. 1/9/23 Major Other Drilling Mud/Fluid Human Error Lea (25)
nAPP2301736973 CONOCOPHILLIPS COMPANY 1/9/23 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2300955113 MATADOR PRODUCTION COMPANY 1/9/23 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2301134965 Spur Energy Partners LLC 1/9/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2301130080 Spur Energy Partners LLC 1/9/23 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2300953706 SIMCOE LLC 1/9/23 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nAPP2302353614 Earthstone Operating, LLC 1/9/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2303272686 Maverick Permian LLC 1/9/23 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)

nAPP2301243193 TEAM OPERATING, L.L.C. 1/9/23 Major Release Other
Crude Oil, Other (Specify), 
Produced Water Equipment Failure Lea (25)

nAPP2300869795 DEVON ENERGY PRODUCTION COMPANY, LP 1/8/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2301137932 OXY USA INC 1/8/23 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2301735698 COG OPERATING LLC 1/8/23 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2300948844 Spur Energy Partners LLC 1/8/23 Minor Release Other Crude Oil, Produced Water Blow Out Eddy (15)
nAPP2300928340 LM Touchdown LLC 1/8/23 Oil Release Crude Oil Other Eddy (15)
nAPP2300761990 DEVON ENERGY PRODUCTION COMPANY, LP 1/7/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2300874707 CIMAREX ENERGY CO. 1/7/23 Major Fire Crude Oil Fire Lea (25)
nAPP2301030161 FRONTIER FIELD SERVICES, LLC 1/7/23 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2301934442 COG OPERATING LLC 1/7/23 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2301881992 Maverick Permian LLC 1/7/23 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2401146720 FORTY ACRES ENERGY, LLC 1/7/23 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2300944751 NOVO OIL & GAS NORTHERN DELAWARE, LLC 1/7/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2302353335 APACHE CORPORATION 1/6/23 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2300654469 DEVON ENERGY PRODUCTION COMPANY, LP 1/6/23 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2300653555 DEVON ENERGY PRODUCTION COMPANY, LP 1/6/23 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2301630287 AMEREDEV OPERATING, LLC 1/6/23 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2301837404 CHEVRON U S A INC 1/5/23 Major Fire Condensate Fire Eddy (15)
nAPP2300631557 CIMAREX ENERGY CO. 1/5/23 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2301933240 COG OPERATING LLC 1/5/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2300636521 Spur Energy Partners LLC 1/5/23 Minor Oil Release Crude Oil, Produced Water Other Eddy (15)
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nAPP2302036818 Maverick Permian LLC 1/5/23 Major Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2300530365 EOG RESOURCES INC 1/4/23 Major Other Produced Water Other Eddy (15)
nAPP2300446864 MARATHON OIL PERMIAN LLC 1/4/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2300937786 HILCORP ENERGY COMPANY 1/4/23 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2300423557 DEVON ENERGY PRODUCTION COMPANY, LP 1/3/23 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2301249641 COG OPERATING LLC 1/3/23 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2300454499 SOLARIS WATER MIDSTREAM, LLC 1/3/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2300352954 MARATHON OIL PERMIAN LLC 1/3/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2301046373 WPX Energy Permian, LLC 1/2/23 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2300334023 Spur Energy Partners LLC 1/2/23 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2300332370 Spur Energy Partners LLC 1/2/23 Minor Other Crude Oil Human Error Eddy (15)
nAPP2302035947 Maverick Permian LLC 1/2/23 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2302034681 Maverick Permian LLC 1/2/23 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2300161700 DEVON ENERGY PRODUCTION COMPANY, LP 1/1/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2300160892 DEVON ENERGY PRODUCTION COMPANY, LP 1/1/23 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2300170453 CIMAREX ENERGY CO. 12/30/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2301334575 COG OPERATING LLC 12/30/22 Minor Other Unknown Equipment Failure Eddy (15)
nAPP2300344477 WPX Energy Permian, LLC 12/30/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2300439852 HOLLY ENERGY PARTNERS - OPERATING, LP 12/30/22 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2300442977 OXY USA INC 12/29/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2301044820 TARGA MIDSTREAM SERVICES LLC 12/29/22 Minor Other Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2236454640 CIMAREX ENERGY CO. 12/29/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2300348916 Silverback Operating II, LLC 12/29/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2301152626 XTO ENERGY, INC 12/28/22 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2300933098 XTO ENERGY, INC 12/28/22 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2303956064 EOG RESOURCES INC 12/28/22 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nAPP2301160380 HF Sinclair Navajo Refining LLC 12/28/22 Major Release Other Diesel Equipment Failure Eddy (15)
nAPP2301245030 COG OPERATING LLC 12/28/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2300347524 BTA OIL PRODUCERS, LLC 12/28/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2301649023 DKL Energy - Cottonwood, LLC 12/28/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2300944487 CHEVRON U S A INC 12/27/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2300641362 XTO ENERGY, INC 12/27/22 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2300639887 XTO ENERGY, INC 12/27/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2307047906 EOG RESOURCES INC 12/27/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2301170136 MEWBOURNE OIL CO 12/27/22 Minor Oil Release Crude Oil, Produced Water Freeze Eddy (15)
nAPP2300634192 WPX Energy Permian, LLC 12/27/22 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2300554472 Wapiti Operating, LLC 12/27/22 Minor Produced Water Release Produced Water Freeze Colfax (07)
nAPP2300553070 Wapiti Operating, LLC 12/27/22 Minor Produced Water Release Produced Water Freeze Colfax (07)
nAPP2236229593 Spur Energy Partners LLC 12/27/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2301160771 HILCORP ENERGY COMPANY 12/27/22 Major Oil Release Condensate Corrosion Rio Arriba (39)
nAPP2300448092 XTO ENERGY, INC 12/26/22 Major Fire Crude Oil Other Eddy (15)
nAPP2236074851 CIMAREX ENERGY CO. OF COLORADO 12/26/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2300343271 CONOCOPHILLIPS COMPANY 12/26/22 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2300551151 CROSS TIMBERS ENERGY, LLC 12/26/22 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2236257126 Civitas Permian Operating, LLC 12/26/22 Major Release Other Condensate Equipment Failure Lea (25)
nAPP2300450334 CHEVRON U S A INC 12/25/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2300442748 XTO ENERGY, INC 12/25/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAPP2300341479 CONOCOPHILLIPS COMPANY 12/25/22 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2300550705 CROSS TIMBERS ENERGY, LLC 12/25/22 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2300550368 CROSS TIMBERS ENERGY, LLC 12/25/22 Minor Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2300652445 Earthstone Operating, LLC 12/25/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2300453446 CENTENNIAL RESOURCE PRODUCTION, LLC 12/25/22 Major Oil Release Crude Oil Freeze Lea (25)
nAPP2236334835 CENTENNIAL RESOURCE PRODUCTION, LLC 12/25/22 Major Oil Release Crude Oil Freeze Lea (25)
nAPP2235917969 DEVON ENERGY PRODUCTION COMPANY, LP 12/24/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2236340573 OXY USA INC 12/24/22 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2236339688 OXY USA INC 12/24/22 Minor Produced Water Release Produced Water Freeze Lea (25)
nAPP2300551652 CROSS TIMBERS ENERGY, LLC 12/24/22 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2300549844 CROSS TIMBERS ENERGY, LLC 12/24/22 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2300441385 XTO ENERGY, INC 12/23/22 Major Fire Condensate Freeze Eddy (15)
nAPP2235754003 DEVON ENERGY PRODUCTION COMPANY, LP 12/23/22 Major Oil Release Crude Oil Freeze Lea (25)
nAPP2301228975 COG OPERATING LLC 12/23/22 Major Produced Water Release Produced Water Freeze Lea (25)
nAPP2300658682 Earthstone Operating, LLC 12/23/22 Minor Oil Release Crude Oil Freeze Eddy (15)
nAPP2236034089 Civitas Permian Operating, LLC 12/23/22 Major Release Other Condensate Equipment Failure Lea (25)
nAPP2300343666 MARATHON OIL PERMIAN LLC 12/23/22 Minor Release Other Condensate Other Lea (25)
nAPP2300550897 ENDURING RESOURCES, LLC 12/23/22 Major Release Other Crude Oil, Produced Water Equipment Failure San Juan (45)
nAPP2300343390 XTO ENERGY, INC 12/22/22 Minor Oil Release Crude Oil Freeze Eddy (15)
nAPP2235723421 DEVON ENERGY PRODUCTION COMPANY, LP 12/22/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2235658335 DEVON ENERGY PRODUCTION COMPANY, LP 12/22/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2235779084 BTA OIL PRODUCERS, LLC 12/22/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2236235169 Spur Energy Partners LLC 12/22/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2235742302 Whiptail Midstream LLC 12/22/22 Major Produced Water Release Produced Water Other San Juan (45)
nAPP2235630779 DEVON ENERGY PRODUCTION COMPANY, LP 12/21/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2236160739 OXY USA INC 12/21/22 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2235636397 Spur Energy Partners LLC 12/21/22 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2300554747 HILCORP ENERGY COMPANY 12/21/22 Major Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nAPP2235736440 NOVO OIL & GAS NORTHERN DELAWARE, LLC 12/21/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2300333064 APACHE CORPORATION 12/20/22 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2235646436 XTO ENERGY, INC 12/20/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2235558643 BTA OIL PRODUCERS, LLC 12/20/22 Major Produced Water Release Produced Water Fire Lea (25)
nAPP2235436061 APACHE CORPORATION 12/19/22 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2235631785 OXY USA INC 12/19/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2236129464 COG OPERATING LLC 12/18/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2235638568 XTO ENERGY, INC 12/17/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2235163169 DEVON ENERGY PRODUCTION COMPANY, LP 12/17/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2236429003 MEWBOURNE OIL CO 12/17/22 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2236449532 Earthstone Operating, LLC 12/17/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2236358312 Permian Resources Operating, LLC 12/17/22 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2235047407 DEVON ENERGY PRODUCTION COMPANY, LP 12/16/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2236337962 COG OPERATING LLC 12/16/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2235437856 COG OPERATING LLC 12/16/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2235437148 COG OPERATING LLC 12/16/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2235329560 Enterprise Field Services, LLC 12/16/22 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2235342254 Spur Energy Partners LLC 12/16/22 Minor Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2236251070 Avant Operating, LLC 12/16/22 Minor Produced Water Release Produced Water Normal Operations Lea (25)
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nAPP2235642838 XTO ENERGY, INC 12/15/22 Major Fire Crude Oil Other Eddy (15)
nAPP2235358408 DEVON ENERGY PRODUCTION COMPANY, LP 12/15/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2235028505 DEVON ENERGY PRODUCTION COMPANY, LP 12/15/22 Minor Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2234939378 EOG RESOURCES INC 12/15/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2234938641 EOG RESOURCES INC 12/15/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2236031213 MEWBOURNE OIL CO 12/15/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2235337608 CROSS TIMBERS ENERGY, LLC 12/15/22 Minor Produced Water Release Produced Water Vandalism Lea (25)
nAPP2235054891 Flat Creek Resources, LLC 12/15/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2236140625 COG OPERATING LLC 12/14/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2236030437 MEWBOURNE OIL CO 12/13/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2235377174 Maverick Permian LLC 12/13/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2235068529 NOVO OIL & GAS NORTHERN DELAWARE, LLC 12/13/22 Major Other Crude Oil, Produced Water Other Eddy (15)
nAPP2234734667 Spur Energy Partners LLC 12/12/22 Major Produced Water Release Produced Water High Line Pressure Lea (25)
nAPP2234945264 3 Bear Energy-Cottonwood, LLC 12/12/22 Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2234746945 Harvest Four Corners, LLC 12/12/22 Major Oil Release Condensate, Natural Gas Vented Fire Rio Arriba (39)
nAPP2234640296 DEVON ENERGY PRODUCTION COMPANY, LP 12/11/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2234549727 DEVON ENERGY PRODUCTION COMPANY, LP 12/11/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2235350956 EOG RESOURCES INC 12/11/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2234944718 DKL Energy - Cottonwood, LLC 12/11/22 Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2234658668 Permian Resources Operating, LLC 12/11/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2234532856 CIMAREX ENERGY CO. 12/10/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2234733155 FASKEN OIL & RANCH LTD 12/9/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2234658509 TEAM OPERATING, L.L.C. 12/9/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2234725189 FORTY ACRES ENERGY, LLC 12/9/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2234634359 NGL WATER SOLUTIONS PERMIAN, LLC 12/9/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2234143414 KAISER-FRANCIS OIL CO 12/7/22 Major Fire Crude Oil, Produced Water Fire Lea (25)
nAPP2301141577 OXY USA INC 12/7/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2234728789 PREMIER OIL & GAS INC 12/7/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2234143030 MATADOR PRODUCTION COMPANY 12/6/22 Minor Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2236141484 COG OPERATING LLC 12/6/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2235376218 Maverick Permian LLC 12/6/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2234144689 SOLARIS WATER MIDSTREAM, LLC 12/6/22 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2234052806 MARATHON OIL PERMIAN LLC 12/6/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2234045568 MARATHON OIL PERMIAN LLC 12/6/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2233949873 DEVON ENERGY PRODUCTION COMPANY, LP 12/5/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2234037824 EOG RESOURCES INC 12/5/22 Major Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2233957598 EOG RESOURCES INC 12/5/22 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2235452716 MEWBOURNE OIL CO 12/5/22 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2234043341 OXY USA INC 12/5/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2234737098 COG OPERATING LLC 12/5/22 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2234736505 COG OPERATING LLC 12/5/22 Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2234029508 SOLARIS WATER MIDSTREAM, LLC 12/5/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2233940190 BC & D OPERATING INC. 12/4/22 Major Produced Water Release Produced Water Vehicular Accident Lea (25)
nAPP2233842937 Targa Northern Delaware, LLC. 12/4/22 Major Other Condensate Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2235044514 XTO ENERGY, INC 12/3/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2235375291 Maverick Permian LLC 12/3/22 Major Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2234836277 APACHE CORPORATION 12/2/22 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
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nAPP2235037964 EOG RESOURCES INC 12/2/22 Major Oil Release Condensate Human Error Lea (25)
nAPP2234956510 MEWBOURNE OIL CO 12/2/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2234636400 COG OPERATING LLC 12/2/22 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2235373931 Maverick Permian LLC 12/2/22 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2233936203 DUGAN PRODUCTION CORP 12/1/22 Minor Produced Water Release Produced Water Freeze San Juan (45)
nAPP2233950650 OXY USA INC 12/1/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2234832761 XTO ENERGY, INC 11/30/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2233951574 XTO ENERGY, INC 11/30/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2233946889 COG OPERATING LLC 11/30/22 Major Oil Release Crude Oil High Line Pressure Lea (25)
nAPP2233445626 Enterprise Field Services, LLC 11/30/22 Minor Release Other Chemical (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2234031246 WPX Energy Permian, LLC 11/30/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2235036890 SIMCOE LLC 11/30/22 Minor Produced Water Release Produced Water Other San Juan (45)
nAPP2235372941 Maverick Permian LLC 11/30/22 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2235371799 Maverick Permian LLC 11/30/22 Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2234158858 Maverick Permian LLC 11/30/22 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2233531466 EPIC ENERGY, L.L.C. 11/30/22 Major Oil Release Crude Oil, Produced Water Freeze San Juan (45)
nAPP2233440335 FRONTIER FIELD SERVICES, LLC 11/29/22 Minor Natural Gas Release Condensate, Natural Gas Flared Corrosion Lea (25)
nAPP2233426987 Harvest Four Corners, LLC 11/29/22 Major Release Other Condensate Corrosion Rio Arriba (39)
nAPP2233245515 DEVON ENERGY PRODUCTION COMPANY, LP 11/28/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2234073696 OXY USA INC 11/28/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2234630749 COG OPERATING LLC 11/27/22 Oil Release Crude Oil Corrosion Eddy (15)
nAPP2233136946 MARATHON OIL PERMIAN LLC 11/27/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2233243493 DEVON ENERGY PRODUCTION COMPANY, LP 11/26/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2233326239 FRONTIER FIELD SERVICES, LLC 11/26/22 Minor Natural Gas Release Condensate, Natural Gas Flared Corrosion Lea (25)
nAPP2233229843 NNOGC EXPLORATION AND PRODUCTION, LLC 11/26/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2233441918 Civitas Permian Operating, LLC 11/26/22 Major Other Condensate Power Failure Lea (25)
nAPP2232955889 MARATHON OIL PERMIAN LLC 11/25/22 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2232980823 BTA OIL PRODUCERS, LLC 11/24/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2234635594 COG OPERATING LLC 11/23/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2233652589 Earthstone Operating, LLC 11/23/22 Minor Release Other Crude Oil, Produced Water Vandalism Lea (25)
nAPP2234034728 CHEVRON U S A INC 11/22/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2233950022 XTO ENERGY, INC 11/22/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nAPP2234164180 MEWBOURNE OIL CO 11/22/22 Major Release Other
Natural Gas Vented, Crude Oil, 
Produced Water Equipment Failure Eddy (15)

nAPP2234659605 FAIR OIL LTD 11/22/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2232827658 CIMAREX ENERGY CO. 11/22/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2232679528 Spur Energy Partners LLC 11/22/22 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2316539496 FOUNDATION ENERGY MANAGEMENT, LLC 11/22/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2232650778 OXY USA INC 11/21/22 Major Oil Release Crude Oil, Produced Water Blow Out Lea (25)
nAPP2233951077 CONOCOPHILLIPS COMPANY 11/21/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2232633250 Civitas Permian Operating, LLC 11/21/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2234053441 Permian Resources Operating, LLC 11/21/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2233645942 XTO ENERGY, INC 11/20/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2233351770 XTO ENERGY, INC 11/20/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2233262667 FRONTIER FIELD SERVICES, LLC 11/20/22 Major Natural Gas Release Condensate, Natural Gas Flared Other Lea (25)
nAPP2232557359 LH Operating, LLC 11/20/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2233947938 Maverick Permian LLC 11/20/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2233946698 Maverick Permian LLC 11/20/22 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
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nAPP2233226355 FRONTIER FIELD SERVICES, LLC 11/19/22 Major Natural Gas Release Condensate, Natural Gas Flared Equipment Failure Eddy (15)
nAPP2306128457 COG OPERATING LLC 11/19/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2233239048 COG OPERATING LLC 11/18/22 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2233351431 WPX Energy Permian, LLC 11/18/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2232225056 DEVON ENERGY PRODUCTION COMPANY, LP 11/17/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2233339274 WPX Energy Permian, LLC 11/17/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2233349315 XTO ENERGY, INC 11/16/22 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2232043824 DEVON ENERGY PRODUCTION COMPANY, LP 11/16/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2232125330 MATADOR PRODUCTION COMPANY 11/16/22 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2232045496 Enterprise Field Services, LLC 11/16/22 Minor Natural Gas Release Condensate, Natural Gas Flared Corrosion San Juan (45)
nAPP2232057099 Spur Energy Partners LLC 11/16/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2233339417 XTO ENERGY, INC 11/15/22 Major Fire Produced Water Equipment Failure Eddy (15)
nAPP2232025163 DEVON ENERGY PRODUCTION COMPANY, LP 11/15/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2233359733 MEWBOURNE OIL CO 11/15/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2233451639 NAVAJO REFINING COMPANY, L.L.C. 11/15/22 Minor Release Other Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2231923999 DEVON ENERGY PRODUCTION COMPANY, LP 11/14/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2232043831 WPX Energy Permian, LLC 11/14/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2231844500 Spur Energy Partners LLC 11/14/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2427363629 BXP Operating, LLC 11/14/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2231924026 RAYBAW Operating, LLC 11/14/22 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2308945772 OXY USA INC 11/13/22 Minor Release Other Other (Specify) Human Error Lea (25)
nAPP2231648351 DEVON ENERGY PRODUCTION COMPANY, LP 11/12/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2231834930 COLGATE OPERATING, LLC 11/12/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2231658827 TAP ROCK OPERATING, LLC 11/12/22 Major Release Other Condensate Freeze Lea (25)
nAPP2231558297 DEVON ENERGY PRODUCTION COMPANY, LP 11/11/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2231557230 DEVON ENERGY PRODUCTION COMPANY, LP 11/11/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2232635485 EOG RESOURCES INC 11/11/22 Minor Other Other (Specify) Pipeline Quality Specifications Eddy (15)
nAPP2231952023 OXY USA INC 11/11/22 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nAPP2233236609 COG OPERATING LLC 11/11/22 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2231932450 Spur Energy Partners LLC 11/11/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2232537823 XTO ENERGY, INC 11/10/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2231850149 WPX Energy Permian, LLC 11/10/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2307235324 CAZA OPERATING, LLC 11/10/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2231476257 BTA OIL PRODUCERS, LLC 11/10/22 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2427366734 BXP Operating, LLC 11/10/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2427350106 BXP Operating, LLC 11/10/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2232251876 XTO ENERGY, INC 11/9/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2232250506 XTO ENERGY, INC 11/9/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2231370856 MATADOR PRODUCTION COMPANY 11/9/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2231359751 MATADOR PRODUCTION COMPANY 11/9/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2232132392 Earthstone Operating, LLC 11/9/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2231954757 Maverick Permian LLC 11/9/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2231350425 Permian Resources Operating, LLC 11/9/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2231843027 MEWBOURNE OIL CO 11/8/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2231250350 FRONTIER FIELD SERVICES, LLC 11/8/22 Minor Natural Gas Release Condensate, Natural Gas Liquids Corrosion Eddy (15)
nAPP2231149319 EOG RESOURCES INC 11/7/22 Major Other Drilling Mud/Fluid Overflow - Tank, Pit, Etc. Sandoval (43)
nAPP2231458632 OXY USA INC 11/7/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nAPP2232629340 CONOCOPHILLIPS COMPANY 11/7/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2231848433 COG OPERATING LLC 11/7/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2427437224 BXP Operating, LLC 11/7/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2231158832 Targa Northern Delaware, LLC. 11/7/22 Major Release Other Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2231130402 DEVON ENERGY PRODUCTION COMPANY, LP 11/6/22 Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2231438880 OXY USA INC 11/6/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2231242659 WPX Energy Permian, LLC 11/6/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2230965621 DEVON ENERGY PRODUCTION COMPANY, LP 11/5/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2232543938 EOG RESOURCES INC 11/5/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2232138798 Earthstone Operating, LLC 11/5/22 Minor Oil Release Crude Oil Other Lea (25)
nAPP2231946665 Maverick Permian LLC 11/5/22 Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2230964903 DEVON ENERGY PRODUCTION COMPANY, LP 11/4/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2230983706 BTA OIL PRODUCERS, LLC 11/4/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2231459478 OXY USA INC 11/3/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2231544488 Maverick Permian LLC 11/3/22 Oil Release Crude Oil Corrosion Lea (25)
nAPP2230656230 DEVON ENERGY PRODUCTION COMPANY, LP 11/2/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2232130962 COG OPERATING LLC 11/2/22 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2230731453 Spur Energy Partners LLC 11/2/22 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2230630561 DEVON ENERGY PRODUCTION COMPANY, LP 11/1/22 Major Produced Water Release Produced Water Repair and Maintenance Lea (25)
nAPP2231537638 COG OPERATING LLC 11/1/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2231139799 COG OPERATING LLC 11/1/22 Other Crude Oil, Produced Water Other Lea (25)
nAPP2231338400 ETC Texas Pipeline, Ltd. 11/1/22 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2230454572 MATADOR PRODUCTION COMPANY 10/31/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2230460513 Silverback Operating II, LLC 10/31/22 Major Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2231335331 ETC Texas Pipeline, Ltd. 10/31/22 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2231551182 XTO ENERGY, INC 10/30/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2230425901 DEVON ENERGY PRODUCTION COMPANY, LP 10/30/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2231848987 COG OPERATING LLC 10/30/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2231335938 Spur Energy Partners LLC 10/30/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2230640215 Silverback Operating II, LLC 10/30/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2230440633 TEAM OPERATING, L.L.C. 10/30/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2231542675 Harvest Four Corners, LLC 10/30/22 Minor Release Other Other (Specify) Equipment Failure San Juan (45)
nAPP2231554934 CONOCOPHILLIPS COMPANY 10/29/22 Major Produced Water Release Produced Water Human Error Lea (25)

nAPP2231148750 COG OPERATING LLC 10/29/22 Produced Water Release
Natural Gas Flared, Produced 
Water Corrosion Lea (25)

nAPP2231142903 COG OPERATING LLC 10/29/22 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2230831509 XTO ENERGY, INC 10/28/22 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2230437260 BTA OIL PRODUCERS, LLC 10/28/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2230148030 RIDGEWAY ARIZONA OIL CORP. 10/27/22 Major Oil Release Crude Oil, Produced Water Other Roosevelt (41)
nAPP2230130314 FRONTIER FIELD SERVICES, LLC 10/27/22 Major Natural Gas Release Natural Gas Liquids Other Eddy (15)
nAPP2231535960 COG OPERATING LLC 10/27/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2230627956 Enterprise Field Services, LLC 10/27/22 Minor Natural Gas Release Condensate, Natural Gas Vented Other Eddy (15)
nAPP2231448981 Maverick Permian LLC 10/27/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2230057252 FORTY ACRES ENERGY, LLC 10/27/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2230832832 XTO ENERGY, INC 10/26/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2231362043 MEWBOURNE OIL CO 10/26/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2231428942 HF Sinclair Navajo Refining LLC 10/26/22 Major Release Other Diesel Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2231361836 OXY USA INC 10/26/22 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
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nAPP2231926701 COG OPERATING LLC 10/26/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2229934603 MARATHON OIL PERMIAN LLC 10/26/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2230546063 Franklin Mountain Energy LLC 10/26/22 Minor Release Other Other (Specify) Human Error Lea (25)
nAPP2230826747 XTO ENERGY, INC 10/25/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nAPP2229945497 DEVON ENERGY PRODUCTION COMPANY, LP 10/25/22 Major Oil Release
Condensate, Crude Oil, Produced 
Water Human Error Lea (25)

nAPP2231359896 HF Sinclair Navajo Refining LLC 10/25/22 Major Release Other Diesel Equipment Failure Eddy (15)
nAPP2229871535 SCM Operations, LLC 10/25/22 Major Fire Lube Oil Fire Eddy (15)
nAPP2230752440 Maverick Permian LLC 10/25/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2229929598 TAP ROCK OPERATING, LLC 10/25/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2229930971 FRONTIER FIELD SERVICES, LLC 10/24/22 Minor Natural Gas Release Condensate, Natural Gas Flared Corrosion Lea (25)
nAPP2308354642 MANZANO LLC 10/24/22 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2232236458 MANZANO LLC 10/24/22 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2229845741 Spur Energy Partners LLC 10/24/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2229832774 EPIC ENERGY, L.L.C. 10/24/22 Major Fire Other (Specify) San Juan (45)
nAPP2229740011 FRONTIER FIELD SERVICES, LLC 10/23/22 Minor Natural Gas Release Natural Gas Liquids Corrosion Eddy (15)
nAPP2229759498 Sierra Madre Oil & Gas, LLC 10/23/22 Major Oil Release Crude Oil Vandalism Lea (25)
nAPP2230755507 XTO ENERGY, INC 10/22/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2230729294 COG OPERATING LLC 10/22/22 Minor Produced Water Release Produced Water Other Lea (25)

nAPP2229837104 Spur Energy Partners LLC 10/22/22 Major Oil Release
Condensate, Crude Oil, Produced 
Water Corrosion Eddy (15)

nAPP2229739197 Spur Energy Partners LLC 10/22/22 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2231665655 KEY ENERGY SERVICES, LLC 10/21/22 Other Brine Water Equipment Failure Lea (25)
nAPP2229734031 BTA OIL PRODUCERS, LLC 10/21/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2230526211 CHEVRON U S A INC 10/20/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2230551957 XTO ENERGY, INC 10/20/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2229363998 MATADOR PRODUCTION COMPANY 10/20/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2229333053 MATADOR PRODUCTION COMPANY 10/20/22 Major Other Produced Water Vandalism Eddy (15)
nAPP2230548752 XTO ENERGY, INC 10/19/22 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2230032326 WPX Energy Permian, LLC 10/19/22 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2229253656 PLAINS MARKETING L.P. 10/18/22 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2230542080 COG OPERATING LLC 10/18/22 Major Other Crude Oil, Produced Water Other Eddy (15)
nAPP2230442646 COG OPERATING LLC 10/18/22 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2230739779 DKL Energy - Cottonwood, LLC 10/18/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2229947721 Maverick Permian LLC 10/18/22 Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2231934031 SOLARIS WATER MIDSTREAM, LLC 10/18/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2229147743 MARATHON OIL PERMIAN LLC 10/18/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2229127298 DEVON ENERGY PRODUCTION COMPANY, LP 10/17/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2229757547 EOG RESOURCES INC 10/17/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2230536562 COG OPERATING LLC 10/17/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2229125179 Enterprise Field Services, LLC 10/17/22 Minor Natural Gas Release Condensate, Natural Gas Vented Other Eddy (15)
nAPP2230034708 WPX Energy Permian, LLC 10/17/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2229054130 Artesia PTU LLC 10/17/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2229057488 ARMSTRONG ENERGY CORP 10/16/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2229333460 CHEVRON U S A INC 10/16/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2229747498 EOG RESOURCES INC 10/16/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2228953679 CIMAREX ENERGY CO. OF COLORADO 10/15/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2228848285 MATADOR PRODUCTION COMPANY 10/15/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nAPP2230026026 COG OPERATING LLC 10/15/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2229038558 WPX Energy Permian, LLC 10/15/22 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nAPP2230128101 DCP OPERATING COMPANY, LP 10/14/22 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2229049089 FRONTIER FIELD SERVICES, LLC 10/14/22 Minor Natural Gas Release Natural Gas Liquids Corrosion Eddy (15)
nAPP2229251344 ETC Texas Pipeline Ltd., Limited Partnership 10/14/22 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2231259277 Spur Energy Partners LLC 10/14/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2229338426 Spur Energy Partners LLC 10/14/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2228752318 MorningStar Operating LLC 10/14/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2229469315 Maverick Permian LLC 10/14/22 Major Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2228659547 DEVON ENERGY PRODUCTION COMPANY, LP 10/13/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2228654422 EOG RESOURCES INC 10/13/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2236142226 COG OPERATING LLC 10/13/22 Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2229052016 CROSS TIMBERS ENERGY, LLC 10/13/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2228734147 FORTY ACRES ENERGY, LLC 10/13/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2229832296 APACHE CORPORATION 10/12/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2229848274 APACHE CORPORATION 10/11/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2228457571 DEVON ENERGY PRODUCTION COMPANY, LP 10/11/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2229034224 SIMCOE LLC 10/11/22 Minor Produced Water Release Produced Water Pipeline Quality Specifications Rio Arriba (39)
nAPP2229860485 MEWBOURNE OIL CO 10/10/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2228450506 Enterprise Field Services, LLC 10/10/22 Minor Natural Gas Release Condensate, Natural Gas Vented Other Eddy (15)
nAPP2228430992 Enterprise Field Services, LLC 10/10/22 Major Natural Gas Release Condensate, Natural Gas Flared Corrosion San Juan (45)
nAPP2228348113 Enterprise Field Services, LLC 10/10/22 Minor Natural Gas Release Condensate, Natural Gas Flared Corrosion San Juan (45)
nAPP2230754633 Maverick Permian LLC 10/10/22 Minor Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2229444382 ETC Texas Pipeline, Ltd. 10/10/22 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2228347524 Permian Resources Operating, LLC 10/10/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2228550179 EOG RESOURCES INC 10/9/22 Major Fire Crude Oil, Produced Water Lightning Lea (25)
nAPP2228549538 EOG RESOURCES INC 10/9/22 Major Fire Crude Oil, Produced Water Lightning Lea (25)
nAPP2301956199 OXY USA INC 10/9/22 Minor Oil Release Drilling Mud/Fluid Human Error Eddy (15)
nAPP2233947666 SELECT ENERGY SERVICES, LLC 10/9/22 Major Produced Water Release Produced Water Vandalism Eddy (15)
nAPP2228046778 DEVON ENERGY PRODUCTION COMPANY, LP 10/7/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2228347919 BTA OIL PRODUCERS, LLC 10/7/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2228028246 SEELY OIL CO 10/6/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2228036861 CIMAREX ENERGY CO. 10/6/22 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2228055393 FAE II Operating LLC 10/6/22 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2228027933 Earthstone Operating, LLC 10/6/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2228036562 ENDURING RESOURCES, LLC 10/6/22 Minor Produced Water Release Produced Water Equipment Failure Sandoval (43)
nAPP2229033410 COG OPERATING LLC 10/5/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2227852472 Enterprise Field Services, LLC 10/5/22 Minor Natural Gas Release Condensate, Natural Gas Vented Other Eddy (15)
nAPP2229145683 XTO ENERGY, INC 10/4/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2227954604 OXY USA INC 10/4/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2228544134 FASKEN OIL & RANCH LTD 10/4/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2228038497 Civitas Permian Operating, LLC 10/4/22 Major Release Other Drilling Mud/Fluid Human Error Eddy (15)
nAPP2227825687 DEVON ENERGY PRODUCTION COMPANY, LP 10/3/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2227742172 Enterprise Field Services, LLC 10/3/22 Major Natural Gas Release Condensate, Natural Gas Flared Corrosion Rio Arriba (39)
nAPP2229441341 ETC Texas Pipeline, Ltd. 10/3/22 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2228045595 DCP OPERATING COMPANY, LP 10/2/22 Major Fire Unknown Fire Eddy (15)
nAPP2228349573 AMEREDEV OPERATING, LLC 10/2/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2228753314 XTO ENERGY, INC 10/1/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2233661040 OXY USA INC 10/1/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2227857321 Earthstone Operating, LLC 10/1/22 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2227628237 Enterprise Field Services, LLC 9/30/22 Minor Natural Gas Release Condensate, Natural Gas Flared Corrosion San Juan (45)
nAPP2228369308 CHEVRON U S A INC 9/29/22 Minor Release Other Chemical (Specify) Other Lea (25)
nAPP2235556172 MR NM Operating LLC 9/29/22 Minor Produced Water Release Produced Water Downhole Well Maintenance Eddy (15)
nAPP2227253344 CIMAREX ENERGY CO. 9/28/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2227236596 SIMCOE LLC 9/28/22 Major Release Other Crude Oil Equipment Failure San Juan (45)
nAPP2227144903 Silverback Operating II, LLC 9/28/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2227256196 TEAM OPERATING, L.L.C. 9/28/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2228367490 CHEVRON U S A INC 9/27/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2228439685 COG OPERATING LLC 9/27/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2227139978 MorningStar Operating LLC 9/27/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nAPP2226955170 DEVON ENERGY PRODUCTION COMPANY, LP 9/26/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2226953758 Enterprise Field Services, LLC 9/26/22 Minor Release Other Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2227338450 ETC Texas Pipeline Ltd., Limited Partnership 9/26/22 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2227029679 Spur Energy Partners LLC 9/26/22 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2228051555 XTO ENERGY, INC 9/25/22 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2226926129 DEVON ENERGY PRODUCTION COMPANY, LP 9/25/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2227130121 WPX Energy Permian, LLC 9/25/22 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2227339158 ETC Texas Pipeline Ltd., Limited Partnership 9/25/22 Natural Gas Release Produced Water Corrosion Eddy (15)
nAPP2227031465 Spur Energy Partners LLC 9/24/22 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2226731199 MARATHON OIL PERMIAN LLC 9/24/22 Major Oil Release Crude Oil Other Lea (25)
nAPP2226924595 DEVON ENERGY PRODUCTION COMPANY, LP 9/23/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2227129446 WPX Energy Permian, LLC 9/23/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2228376108 Maverick Permian LLC 9/23/22 Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2226669494 MARATHON OIL PERMIAN LLC 9/23/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2226738084 GOODNIGHT MIDSTREAM PERMIAN, LLC 9/23/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2227232374 COG OPERATING LLC 9/22/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2226449010 DEVON ENERGY PRODUCTION COMPANY, LP 9/21/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2227855363 MEWBOURNE OIL CO 9/21/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2226554892 DCP OPERATING COMPANY, LP 9/21/22 Major Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2226445914 Enterprise Field Services, LLC 9/21/22 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2226427597 BURNETT OIL CO INC 9/20/22 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2226431261 EOG RESOURCES INC 9/20/22 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2226544614 AMEREDEV OPERATING, LLC 9/20/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2227880032 CHEVRON U S A INC 9/19/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2227750429 EOG RESOURCES INC 9/19/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2226933411 EOG RESOURCES INC 9/19/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2226329911 Spur Energy Partners LLC 9/19/22 Minor Blow Out Produced Water Blow Out Eddy (15)
nAPP2226353908 Silverback Operating II, LLC 9/19/22 Major Fire Crude Oil, Produced Water Lightning Eddy (15)
nAPP2227877195 CHEVRON U S A INC 9/18/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2227351943 XTO ENERGY, INC 9/18/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2226085276 Enterprise Field Services, LLC 9/17/22 Major Natural Gas Release Condensate, Natural Gas Vented Other Eddy (15)
nAPP2226128925 GOODNIGHT MIDSTREAM PERMIAN, LLC 9/17/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2226328962 Spur Energy Partners LLC 9/16/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2226243053 DJR OPERATING, LLC 9/16/22 Major Produced Water Release Crude Oil, Produced Water Human Error San Juan (45)
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nAPP2226344597 AMEREDEV OPERATING, LLC 9/16/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2227367047 CHEVRON U S A INC 9/15/22 Major Release Other Other (Specify) Other Eddy (15)
nAPP2227365249 CHEVRON U S A INC 9/15/22 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2227244441 XTO ENERGY, INC 9/15/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2225931874 DEVON ENERGY PRODUCTION COMPANY, LP 9/15/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2226327719 Spur Energy Partners LLC 9/15/22 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2226533583 CHEVRON U S A INC 9/14/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2226346738 XTO ENERGY, INC 9/14/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2225860406 CIMAREX ENERGY CO. 9/14/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2225859009 CIMAREX ENERGY CO. 9/14/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2228024433 OWL SWD OPERATING, LLC 9/14/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2228544924 3 Bear Energy-Cottonwood, LLC 9/14/22 Minor Release Other Crude Oil Equipment Failure Lea (25)
nAPP2225823991 DEVON ENERGY PRODUCTION COMPANY, LP 9/13/22 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2225822313 DEVON ENERGY PRODUCTION COMPANY, LP 9/13/22 Minor Produced Water Release Crude Oil Equipment Failure Lea (25)
nAPP2225673950 DEVON ENERGY PRODUCTION COMPANY, LP 9/13/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2225758075 HARVARD PETROLEUM COMPANY, LLC 9/13/22 Minor Oil Release Crude Oil Normal Operations Eddy (15)
nAPP2226542565 OXY USA INC 9/13/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2225849782 OXY USA INC 9/13/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2225731786 MARALEX DISPOSAL, LLC 9/13/22 Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2225757560 AMERICO ENERGY RESOURCES LLC 9/13/22 Minor Oil Release Crude Oil Normal Operations Eddy (15)
nAPP2225654450 FAE II Operating LLC 9/13/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2225654053 FAE II Operating LLC 9/13/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2226350546 APACHE CORPORATION 9/12/22 Major Produced Water Release Produced Water Other Lea (25)
nAPP2225629246 Spur Energy Partners LLC 9/12/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2227023993 SIMCOE LLC 9/12/22 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2226241849 TAP ROCK OPERATING, LLC 9/12/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2225551350 GOODNIGHT MIDSTREAM PERMIAN, LLC 9/12/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2225734681 Whiptail Midstream LLC 9/12/22 Major Release Other Other (Specify) Equipment Failure Rio Arriba (39)
nAPP2226646920 XTO ENERGY, INC 9/11/22 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2226341236 XTO ENERGY, INC 9/11/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2225529718 DEVON ENERGY PRODUCTION COMPANY, LP 9/11/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2225473915 OWL SWD OPERATING, LLC 9/11/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2225535716 Silverback Operating II, LLC 9/11/22 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2226628060 XTO ENERGY, INC 9/10/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2226339427 XTO ENERGY, INC 9/10/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2225627853 TEAM OPERATING, L.L.C. 9/10/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2225849972 OXY USA INC 9/9/22 Major Produced Water Release Crude Oil, Produced Water Blow Out Lea (25)
nAPP2225376858 BTA OIL PRODUCERS, LLC 9/9/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2225631487 J & J Investments, LLC 9/9/22 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nAPP2225258382 FORTY ACRES ENERGY, LLC 9/9/22 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2226254935 CHEVRON U S A INC 9/8/22 Major Produced Water Release Produced Water Power Failure Eddy (15)
nAPP2226247996 CHEVRON U S A INC 9/8/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2225225752 DEVON ENERGY PRODUCTION COMPANY, LP 9/8/22 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2225829654 Spur Energy Partners LLC 9/8/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2226358026 XTO ENERGY, INC 9/7/22 Major Produced Water Release Other (Specify), Produced Water Corrosion Eddy (15)
nAPP2226337852 XTO ENERGY, INC 9/7/22 Minor Release Other Other (Specify) Human Error Eddy (15)
nAPP2227253809 H L BROWN OPERATING, LLC 9/7/22 Minor Oil Release Crude Oil Normal Operations Roosevelt (41)
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nAPP2227234168 H L BROWN OPERATING, LLC 9/7/22 Minor Oil Release Crude Oil Normal Operations Roosevelt (41)
nAPP2227233744 H L BROWN OPERATING, LLC 9/7/22 Minor Oil Release Crude Oil Normal Operations Roosevelt (41)
nAPP2227233275 H L BROWN OPERATING, LLC 9/7/22 Minor Oil Release Crude Oil Normal Operations Roosevelt (41)
nAPP2227232943 H L BROWN OPERATING, LLC 9/7/22 Minor Oil Release Crude Oil Normal Operations Roosevelt (41)
nAPP2227232562 H L BROWN OPERATING, LLC 9/7/22 Minor Oil Release Crude Oil Normal Operations Roosevelt (41)
nAPP2227230997 H L BROWN OPERATING, LLC 9/7/22 Minor Oil Release Crude Oil Normal Operations Roosevelt (41)
nAPP2227230643 H L BROWN OPERATING, LLC 9/7/22 Minor Oil Release Crude Oil Normal Operations Roosevelt (41)
nAPP2227229728 H L BROWN OPERATING, LLC 9/7/22 Minor Oil Release Crude Oil Normal Operations Roosevelt (41)
nAPP2227228730 H L BROWN OPERATING, LLC 9/7/22 Minor Oil Release Crude Oil Normal Operations Roosevelt (41)
nAPP2225848830 MATADOR PRODUCTION COMPANY 9/7/22 Minor Produced Water Release Produced Water Separation Flowback Lea (25)
nAPP2225141826 CAZA OPERATING, LLC 9/7/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2225142019 Spur Energy Partners LLC 9/7/22 Minor Blow Out Crude Oil, Produced Water Blow Out Eddy (15)
nAPP2225025834 DEVON ENERGY PRODUCTION COMPANY, LP 9/6/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2224933522 DEVON ENERGY PRODUCTION COMPANY, LP 9/5/22 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2225530722 COG OPERATING LLC 9/5/22 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2231454863 CAZA OPERATING, LLC 9/5/22 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2225936815 SELECT ENERGY SERVICES, LLC 9/5/22 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2225232054 Transwestern Pipeline Company, LLC 9/5/22 Minor Produced Water Release Condensate, Produced Water Other Lea (25)
nAPP2225136402 DEVON ENERGY PRODUCTION COMPANY, LP 9/4/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2224926102 DEVON ENERGY PRODUCTION COMPANY, LP 9/4/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2225531487 COG OPERATING LLC 9/4/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2225024897 DEVON ENERGY PRODUCTION COMPANY, LP 9/2/22 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2224945226 EOG RESOURCES INC 9/2/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2225936945 MEWBOURNE OIL CO 9/2/22 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2225935775 SELECT ENERGY SERVICES, LLC 9/2/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2225832817 XTO ENERGY, INC 9/1/22 Major Fire Other (Specify) Fire Eddy (15)
nAPP2224439131 EOG RESOURCES INC 9/1/22 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2224457572 PITTS ENERGY CO 9/1/22 Major Oil Release Crude Oil Other Roosevelt (41)
nAPP2224527974 Enterprise Field Services, LLC 9/1/22 Major Fire Condensate, Natural Gas Vented Fire Eddy (15)
nAPP2224931263 Spur Energy Partners LLC 9/1/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2224928619 Spur Energy Partners LLC 9/1/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2225231205 Maverick Permian LLC 9/1/22 Major Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2225752449 HILCORP ENERGY COMPANY 9/1/22 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2225757547 XTO ENERGY, INC 8/31/22 Major Oil Release Crude Oil, Other (Specify) Other Eddy (15)
nAPP2224356841 OXY USA INC 8/30/22 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2225553712 XTO ENERGY, INC 8/29/22 Major Oil Release Crude Oil, Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2225255046 MEWBOURNE OIL CO 8/29/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2224124129 MARATHON OIL PERMIAN LLC 8/29/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2224125510 Enterprise Field Services, LLC 8/28/22 Major Natural Gas Release Condensate, Natural Gas Vented Other Eddy (15)
nAPP2225428183 CHEVRON U S A INC 8/27/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2224538235 AMEREDEV OPERATING, LLC 8/27/22 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2223845468 FAIR OIL LTD 8/26/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2224129422 FRONTIER FIELD SERVICES, LLC 8/26/22 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2225128826 COG OPERATING LLC 8/26/22 Minor Release Other Brine Water Equipment Failure Lea (25)
nAPP2224945459 HILCORP ENERGY COMPANY 8/26/22 Major Release Other Condensate, Produced Water Corrosion San Juan (45)
nAPP2224534981 AMEREDEV OPERATING, LLC 8/26/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2224139385 EOG RESOURCES INC 8/25/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)

WG Ex. 92

2992



nAPP2225058687 OXY USA INC 8/25/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2223829555 FRONTIER FIELD SERVICES, LLC 8/25/22 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2224440316 WESTERN REFINING PIPELINE LLC 8/25/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2321636998 FORTY ACRES ENERGY, LLC 8/25/22 Major Produced Water Release Other (Specify) Lea (25)
nAPP2224436644 HILCORP ENERGY COMPANY 8/25/22 Minor Release Other Condensate, Produced Water Corrosion San Juan (45)
nAPP2223773926 Harvest Four Corners, LLC 8/25/22 Major Natural Gas Release Other (Specify) San Juan (45)
nAPP2223771768 Harvest Four Corners, LLC 8/25/22 Major Natural Gas Release Other (Specify) San Juan (45)
nAPP2223724372 FRONTIER FIELD SERVICES, LLC 8/24/22 Major Natural Gas Release Condensate, Natural Gas Vented Corrosion Eddy (15)
nAPP2223663597 Harvest Four Corners, LLC 8/24/22 Major Natural Gas Release Other (Specify) San Juan (45)
nAPP2223652721 OXY USA INC 8/23/22 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2223621082 CIMAREX ENERGY CO. 8/23/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2223534793 Enterprise Field Services, LLC 8/23/22 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2223659355 Extex Operating Company 8/23/22 Minor Produced Water Release Produced Water Downhole Well Maintenance Lea (25)
nAPP2227746276 Earthstone Operating, LLC 8/23/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2223655772 DEVON ENERGY PRODUCTION COMPANY, LP 8/22/22 Major Fire Crude Oil Fire Eddy (15)
nAPP2223452565 EOG RESOURCES INC 8/22/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)

nAPP2303360598 Contango Resources, LLC 8/22/22 Major Release Other
Condensate, Crude Oil, Produced 
Water Other Eddy (15)

nAPP2223551130 Silverback Operating II, LLC 8/22/22 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2224233813 EOG RESOURCES INC 8/21/22 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2223636403 WPX Energy Permian, LLC 8/21/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2224527297 XTO ENERGY, INC 8/20/22 Major Release Other Other (Specify) Other Eddy (15)
nAPP2224245831 Transwestern Pipeline Company, LLC 8/20/22 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2223530289 DKL Energy - Cottonwood, LLC 8/20/22 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2223257659 KAISER-FRANCIS OIL CO 8/19/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2224337462 HF Sinclair Navajo Refining LLC 8/19/22 Major Release Other Other (Specify) Overflow - Tank, Pit, Etc. Lea (25)
nAPP2223549434 VINTAGE DRILLING LLC 8/19/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2224360294 HPOC, LLC 8/19/22 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. McKinley (31)
nAPP2223164253 Harvest Four Corners, LLC 8/19/22 Major Natural Gas Release Other (Specify) San Juan (45)
nAPP2223138504 EOG RESOURCES INC 8/18/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2223032387 EOG RESOURCES INC 8/18/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2223126700 Enterprise Field Services, LLC 8/18/22 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2223055117 CROSS TIMBERS ENERGY, LLC 8/18/22 Major Oil Release Crude Oil, Produced Water Corrosion Rio Arriba (39)
nAPP2223063600 DKL Energy - Cottonwood, LLC 8/18/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2223452247 Targa Northern Delaware, LLC. 8/18/22 Minor Natural Gas Release Condensate, Natural Gas Vented High Line Pressure Eddy (15)
nAPP2224144740 HILCORP ENERGY COMPANY 8/18/22 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2224236187 XTO ENERGY, INC 8/17/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2222956552 EOG RESOURCES INC 8/17/22 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2222956138 EOG RESOURCES INC 8/17/22 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2222975069 CIMAREX ENERGY CO. OF COLORADO 8/17/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2224130893 COG OPERATING LLC 8/17/22 Minor Release Other Other (Specify) Equipment Failure Lea (25)
nAPP2222836453 ARMSTRONG ENERGY CORP 8/16/22 Major Oil Release Crude Oil Equipment Failure Chaves (05)
nAPP2224153289 XTO ENERGY, INC 8/16/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2222925201 CIMAREX ENERGY CO. 8/16/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2224256412 BTA OIL PRODUCERS, LLC 8/16/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2222853195 Spur Energy Partners LLC 8/16/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2222844442 MARATHON OIL PERMIAN LLC 8/16/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2223550380 ADVANCE ENERGY PARTNERS HAT MESA, LLC 8/16/22 Minor Produced Water Release Produced Water Other Lea (25)
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nAPP2222849508 Harvest Four Corners, LLC 8/16/22 Major Other Condensate Corrosion Rio Arriba (39)
nAPP2223049852 APACHE CORPORATION 8/15/22 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2223832773 XTO ENERGY, INC 8/15/22 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2225058146 OXY USA INC 8/15/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2223043122 DCP OPERATING COMPANY, LP 8/15/22 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion Lea (25)
nAPP2222755859 WPX Energy Permian, LLC 8/15/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2222750606 WPX Energy Permian, LLC 8/15/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2222751966 Spur Energy Partners LLC 8/15/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2222751098 Spur Energy Partners LLC 8/15/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2223853178 XTO ENERGY, INC 8/14/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2222753156 BTA OIL PRODUCERS, LLC 8/14/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2222729913 Spur Energy Partners LLC 8/14/22 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2223139151 TEAM OPERATING, L.L.C. 8/14/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2223831434 XTO ENERGY, INC 8/13/22 Minor Oil Release Lube Oil Equipment Failure Eddy (15)
nAPP2223749353 COG OPERATING LLC 8/13/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2223440579 Ameredev New Mexico, LLC 8/13/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2223437408 AMEREDEV OPERATING, LLC 8/13/22 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2222756518 NOVO OIL & GAS NORTHERN DELAWARE, LLC 8/13/22 Minor Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2222961063 CHEVRON U S A INC 8/12/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2222724957 DEVON ENERGY PRODUCTION COMPANY, LP 8/12/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2222482504 DEVON ENERGY PRODUCTION COMPANY, LP 8/12/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2222463832 DEVON ENERGY PRODUCTION COMPANY, LP 8/12/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2222451485 DEVON ENERGY PRODUCTION COMPANY, LP 8/12/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2222824753 FRONTIER FIELD SERVICES, LLC 8/12/22 Minor Natural Gas Release Condensate, Natural Gas Liquids Corrosion Eddy (15)
nAPP2222749455 FRONTIER FIELD SERVICES, LLC 8/12/22 Minor Natural Gas Release Condensate, Natural Gas Liquids Corrosion Eddy (15)
nAPP2222748228 FRONTIER FIELD SERVICES, LLC 8/12/22 Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2222735338 Enterprise Field Services, LLC 8/12/22 Minor Natural Gas Release Condensate, Natural Gas Vented Corrosion San Juan (45)
nAPP2223455396 J R OIL, LTD. CO. 8/12/22 Major Oil Release Condensate, Crude Oil Corrosion Lea (25)
nAPP2222728274 Spur Energy Partners LLC 8/12/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2223751933 XTO ENERGY, INC 8/11/22 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2223744815 EOG RESOURCES INC 8/11/22 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2222440612 EOG RESOURCES INC 8/11/22 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2321641080 FORTY ACRES ENERGY, LLC 8/11/22 Major Produced Water Release Other (Specify) Lea (25)
nAPP2222351759 CENTENNIAL RESOURCE PRODUCTION, LLC 8/11/22 Minor Release Other Brine Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2222242315 Silverback Operating II, LLC 8/10/22 Major Release Other Other (Specify) Other Eddy (15)
nAPP2222254057 FORTY ACRES ENERGY, LLC 8/10/22 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2222156995 FORTY ACRES ENERGY, LLC 8/10/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2222151153 DEVON ENERGY PRODUCTION COMPANY, LP 8/9/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2224442035 PENROC OIL CORP 8/9/22 Major Other Crude Oil, Produced Water Other Lea (25)
nAPP2222224473 CIMAREX ENERGY CO. 8/9/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2222152181 North Fork Operating, LP 8/9/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2222236588 GOODNIGHT MIDSTREAM PERMIAN, LLC 8/9/22 Major Produced Water Release Produced Water Other Lea (25)
nAPP2223049065 APACHE CORPORATION 8/8/22 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nAPP2223450771 XTO ENERGY, INC 8/8/22 Major Fire Condensate Liquids Unloading Eddy (15)
nAPP2222152069 CIMAREX ENERGY CO. OF COLORADO 8/8/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2222822822 FRONTIER FIELD SERVICES, LLC 8/8/22 Major Fire Condensate, Natural Gas Flared Fire Eddy (15)
nAPP2223750058 COG OPERATING LLC 8/8/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
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nAPP2222130109 WPX Energy Permian, LLC 8/8/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2223528506 DKL Energy - Cottonwood, LLC 8/8/22 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2226281123 MEWBOURNE OIL CO 8/7/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2223528168 COG OPERATING LLC 8/7/22 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2222016504 Enterprise Field Services, LLC 8/7/22 Major Fire Other (Specify) Eddy (15)
nAPP2223836786 Spur Energy Partners LLC 8/7/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2222229110 Spur Energy Partners LLC 8/7/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2222056421 Permian Resources Operating, LLC 8/7/22 Major Produced Water Release Produced Water Other Lea (25)
nAPP2222034006 DEVON ENERGY PRODUCTION COMPANY, LP 8/6/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2221974411 SOLARIS WATER MIDSTREAM, LLC 8/6/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2223044639 COG OPERATING LLC 8/5/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2222026306 DEVON ENERGY PRODUCTION COMPANY, LP 8/4/22 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2221684787 MATADOR PRODUCTION COMPANY 8/4/22 Major Oil Release Crude Oil Blow Out Eddy (15)
nAPP2222032322 Enterprise Field Services, LLC 8/4/22 Major Natural Gas Release Other (Specify) Rio Arriba (39)
nAPP2221727230 Enterprise Field Services, LLC 8/4/22 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2221627302 Spur Energy Partners LLC 8/4/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2221629565 EOG RESOURCES INC 8/3/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2221556302 OWL SWD OPERATING, LLC 8/3/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2221554238 OWL SWD OPERATING, LLC 8/3/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2221627025 Spur Energy Partners LLC 8/3/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2221659499 LH Operating, LLC 8/3/22 Minor Produced Water Release Crude Oil, Produced Water Normal Operations Eddy (15)
nAPP2221639776 Silverback Operating II, LLC 8/3/22 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2221541006 MARATHON OIL PERMIAN LLC 8/3/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2222951347 CHEVRON U S A INC 8/2/22 Major Other Acid Other Eddy (15)
nAPP2222741514 XTO ENERGY, INC 8/2/22 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2222251300 EOG RESOURCES INC 8/2/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2222982853 MEWBOURNE OIL CO 8/2/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2222982481 MEWBOURNE OIL CO 8/2/22 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2221573389 CIMAREX ENERGY CO. OF COLORADO 8/2/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2222037147 FRONTIER FIELD SERVICES, LLC 8/2/22 Minor Natural Gas Release Condensate, Natural Gas Liquids Corrosion Lea (25)
nAPP2321654246 FORTY ACRES ENERGY, LLC 8/2/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2321448004 FORTY ACRES ENERGY, LLC 8/2/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2221532955 SOLARIS WATER MIDSTREAM, LLC 8/2/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2222328858 XTO ENERGY, INC 8/1/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2221429648 DEVON ENERGY PRODUCTION COMPANY, LP 8/1/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2221348013 DEVON ENERGY PRODUCTION COMPANY, LP 8/1/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2221442731 Permian Resources Operating, LLC 8/1/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2221355633 Harvest Four Corners, LLC 8/1/22 Major Release Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2221347735 Harvest Four Corners, LLC 8/1/22 Major Release Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2221329700 DEVON ENERGY PRODUCTION COMPANY, LP 7/31/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2221327186 DEVON ENERGY PRODUCTION COMPANY, LP 7/31/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2222742172 COG OPERATING LLC 7/31/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2222449592 COG OPERATING LLC 7/31/22 Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2221353055 TEAM OPERATING, L.L.C. 7/31/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2221328160 DEVON ENERGY PRODUCTION COMPANY, LP 7/30/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2235445306 COG OPERATING LLC 7/30/22 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2222347897 COG OPERATING LLC 7/30/22 Major Oil Release Crude Oil Corrosion Lea (25)
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nAPP2221331654 DEVON ENERGY PRODUCTION COMPANY, LP 7/29/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2222341136 COG OPERATING LLC 7/29/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2221323678 Enterprise Field Services, LLC 7/29/22 Natural Gas Release Condensate Other Eddy (15)
nAPP2315954357 HILCORP ENERGY COMPANY 7/29/22 Minor Release Other Other (Specify) Other San Juan (45)
nAPP2221356449 DKL Field Services, LLC 7/29/22 Major Fire Other (Specify) Lea (25)
nAPP2221026056 DEVON ENERGY PRODUCTION COMPANY, LP 7/28/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2222448202 MEWBOURNE OIL CO 7/28/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2221039834 DCP OPERATING COMPANY, LP 7/28/22 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2222252231 RIDGEWAY ARIZONA OIL CORP. 7/28/22 Major Natural Gas Release Other (Specify) Union (59)
nAPP2222251439 RIDGEWAY ARIZONA OIL CORP. 7/28/22 Major Natural Gas Release Other (Specify) Chaves (05)
nAPP2223850551 Empire New Mexico LLC 7/28/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2222242522 XTO ENERGY, INC 7/27/22 Major Fire Other (Specify) Power Failure Eddy (15)
nAPP2222044186 XTO ENERGY, INC 7/27/22 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2220943960 DEVON ENERGY PRODUCTION COMPANY, LP 7/27/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2220942751 DEVON ENERGY PRODUCTION COMPANY, LP 7/27/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2221061094 PLAINS MARKETING L.P. 7/27/22 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2310847119 RIDGEWAY ARIZONA OIL CORP. 7/27/22 Other Crude Oil Other Roosevelt (41)
nAPP2220866101 WESTERN REFINING PIPELINE LLC 7/27/22 Major Oil Release Crude Oil Normal Operations Lea (25)
nAPP2220925832 Spur Energy Partners LLC 7/27/22 Minor Blow Out Crude Oil, Produced Water Blow Out Eddy (15)
nAPP2220851186 Spur Energy Partners LLC 7/27/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2222156433 FORTY ACRES ENERGY, LLC 7/27/22 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2222238377 MEWBOURNE OIL CO 7/26/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2222041885 XTO ENERGY, INC 7/25/22 Minor Oil Release Crude Oil Normal Operations Eddy (15)
nAPP2220652462 DEVON ENERGY PRODUCTION COMPANY, LP 7/25/22 Major Release Other Drilling Mud/Fluid Equipment Failure Lea (25)
nAPP2220731238 Enterprise Field Services, LLC 7/25/22 Major Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2220850033 WPX Energy Permian, LLC 7/25/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2412243417 OWL SWD OPERATING, LLC 7/25/22 Major Fire Crude Oil Fire Eddy (15)
nAPP2220727296 Spur Energy Partners LLC 7/25/22 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2221672740 Maverick Permian LLC 7/25/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2220628172 Enterprise Field Services, LLC 7/24/22 Natural Gas Release Produced Water Other Eddy (15)

nAPP2220641740 3R Operating, LLC 7/24/22 Major Oil Release
Condensate, Crude Oil, Produced 
Water Corrosion Eddy (15)

nAPP2220632306 DEVON ENERGY PRODUCTION COMPANY, LP 7/23/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2220629483 DEVON ENERGY PRODUCTION COMPANY, LP 7/23/22 Major Produced Water Release Produced Water Lightning Eddy (15)
nAPP2220566580 Spur Energy Partners LLC 7/23/22 Major Fire Diesel Fire Eddy (15)
nAPP2220450363 MARATHON OIL PERMIAN LLC 7/23/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2220849585 OXY USA INC 7/22/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2220829302 MATADOR PRODUCTION COMPANY 7/22/22 Major Fire Crude Oil, Produced Water Lightning Lea (25)
nAPP2221629896 COG OPERATING LLC 7/22/22 Major Release Other Produced Water Equipment Failure Lea (25)
nAPP2222146766 FAE II Operating LLC 7/22/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2222148803 FORTY ACRES ENERGY, LLC 7/22/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2220456089 Permian Resources Operating, LLC 7/22/22 Major Fire Crude Oil Other Lea (25)
nAPP2221531873 HILCORP ENERGY COMPANY 7/22/22 Minor Produced Water Release Produced Water Vandalism San Juan (45)
nAPP2220641450 NGL WATER SOLUTIONS PERMIAN, LLC 7/22/22 Major Fire Produced Water Fire Eddy (15)
nAPP2221447309 XTO ENERGY, INC 7/21/22 Major Fire Other (Specify) Fire Eddy (15)
nAPP2222431222 DEVON ENERGY PRODUCTION COMPANY, LP 7/21/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2220947571 DEVON ENERGY PRODUCTION COMPANY, LP 7/21/22 Minor Oil Release Crude Oil Other Lea (25)
nAPP2220359187 KEVIN O BUTLER & ASSOC INC 7/21/22 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
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nAPP2222341899 COG OPERATING LLC 7/21/22 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2221053760 MorningStar Operating LLC 7/21/22 Minor Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAPP2220355675 SOLARIS WATER MIDSTREAM, LLC 7/21/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2220223048 CIMAREX ENERGY CO. OF COLORADO 7/20/22 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2220135929 Spur Energy Partners LLC 7/20/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2220239047 Franklin Mountain Energy LLC 7/20/22 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2228545175 EOG RESOURCES INC 7/19/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2220160296 OXY USA INC 7/19/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2221360832 BTA OIL PRODUCERS, LLC 7/19/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2221454459 SOLARIS WATER MIDSTREAM, LLC 7/19/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2219927062 DEVON ENERGY PRODUCTION COMPANY, LP 7/18/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2220227137 PLAINS MARKETING L.P. 7/18/22 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2220252604 COG OPERATING LLC 7/18/22 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2220653679 HF Sinclair Navajo Refining LLC 7/17/22 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2220161298 OXY USA INC 7/17/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2219950730 MATADOR PRODUCTION COMPANY 7/17/22 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2221332553 COG OPERATING LLC 7/17/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2220143976 Spur Energy Partners LLC 7/17/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2220231375 Kratos Operating, LLC 7/17/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2220044047 Civitas Permian Operating, LLC 7/17/22 Major Produced Water Release Produced Water Other Lea (25)
nAPP2220251954 XTO ENERGY, INC 7/16/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2220224382 XTO ENERGY, INC 7/16/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2221331648 COG OPERATING LLC 7/16/22 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2220760390 DKL Field Services, LLC 7/16/22 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2220753651 EOG RESOURCES INC 7/15/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2220159690 OXY USA INC 7/15/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2220054936 MARATHON OIL PERMIAN LLC 7/15/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2219550049 DEVON ENERGY PRODUCTION COMPANY, LP 7/14/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2221330757 COG OPERATING LLC 7/13/22 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2220147039 XTO ENERGY, INC 7/12/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2228547127 EOG RESOURCES INC 7/12/22 Major Produced Water Release Produced Water Other Lea (25)
nAPP2219630766 MARSHALL & WINSTON INC 7/12/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2222438377 COG OPERATING LLC 7/12/22 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2220244157 COG OPERATING LLC 7/12/22 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2219534654 Enterprise Field Services, LLC 7/12/22 Minor Natural Gas Release Crude Oil Corrosion Rio Arriba (39)
nAPP2219450906 Harvest Four Corners, LLC 7/12/22 Natural Gas Release Produced Water Corrosion Rio Arriba (39)
nAPP2219649599 XTO ENERGY, INC 7/11/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2219362184 CIMAREX ENERGY CO. 7/11/22 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2219259709 CIMAREX ENERGY CO. 7/11/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2220044012 CONOCOPHILLIPS COMPANY 7/11/22 Major Other Diesel Vandalism Eddy (15)
nAPP2219350300 SCM Operations, LLC 7/11/22 Major Fire Other (Specify) Eddy (15)
nAPP2219648561 XTO ENERGY, INC 7/10/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2219226827 DEVON ENERGY PRODUCTION COMPANY, LP 7/9/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2219263776 MATADOR PRODUCTION COMPANY 7/9/22 Major Fire Produced Water Fire Eddy (15)
nAPP2220644089 COG OPERATING LLC 7/9/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2220251441 COG OPERATING LLC 7/9/22 Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2219133248 MARATHON OIL PERMIAN LLC 7/9/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAPP2218940551 ARMSTRONG ENERGY CORP 7/8/22 Major Produced Water Release Produced Water Lightning Lea (25)
nAPP2219646774 XTO ENERGY, INC 7/8/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2219245302 DCP OPERATING COMPANY, LP 7/8/22 Minor Natural Gas Release Condensate Corrosion Chaves (05)
nAPP2221537537 COG OPERATING LLC 7/8/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2219542744 WPX Energy Permian, LLC 7/8/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2219631614 SCM Operations, LLC 7/8/22 Minor Release Other Lube Oil Other Lea (25)
nAPP2219045002 Permian Resources Operating, LLC 7/8/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2219531141 APACHE CORPORATION 7/7/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2218855796 DEVON ENERGY PRODUCTION COMPANY, LP 7/7/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2220137198 MEWBOURNE OIL CO 7/7/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2220029489 COG OPERATING LLC 7/7/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2218938856 WPX Energy Permian, LLC 7/7/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2219253256 MorningStar Operating LLC 7/7/22 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2219254494 MARATHON OIL PERMIAN LLC 7/7/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2220225509 CHEVRON U S A INC 7/6/22 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2218756324 DEVON ENERGY PRODUCTION COMPANY, LP 7/6/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2218939473 OXY USA INC 7/6/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2218844672 DCP OPERATING COMPANY, LP 7/6/22 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2220232207 COG OPERATING LLC 7/6/22 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2218767546 SCM Operations, LLC 7/6/22 Major Fire Condensate Fire Eddy (15)
nAPP2219644709 XTO ENERGY, INC 7/5/22 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2220230521 DEVON ENERGY PRODUCTION COMPANY, LP 7/5/22 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2218633840 DEVON ENERGY PRODUCTION COMPANY, LP 7/5/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2218940420 OXY USA INC 7/5/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2218656677 MATADOR PRODUCTION COMPANY 7/5/22 Major Produced Water Release Produced Water Other Lea (25)
nAPP2227246284 DEVON ENERGY PRODUCTION COMPANY, LP 7/4/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2218625686 DEVON ENERGY PRODUCTION COMPANY, LP 7/4/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2219337009 OXY USA INC 7/4/22 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2218848721 COG OPERATING LLC 7/4/22 Major Produced Water Release Produced Water Lightning Lea (25)
nAPP2218628423 Spur Energy Partners LLC 7/4/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2218631423 Spur Energy Partners LLC 7/3/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2218649153 DEVON ENERGY PRODUCTION COMPANY, LP 7/2/22 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2220231664 COG OPERATING LLC 7/2/22 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2218850477 COG OPERATING LLC 7/2/22 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2218524223 CAZA OPERATING, LLC 7/2/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2314526721 Tascosa Energy Partners, L.L.C 7/2/22 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2218665812 TAP ROCK OPERATING, LLC 7/2/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2218626863 DEVON ENERGY PRODUCTION COMPANY, LP 7/1/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2218749539 FRONTIER FIELD SERVICES, LLC 7/1/22 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2218249051 MARATHON OIL PERMIAN LLC 7/1/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2218630621 DEVON ENERGY PRODUCTION COMPANY, LP 6/30/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2218654480 EOG RESOURCES INC 6/30/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2219452897 MEWBOURNE OIL CO 6/30/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2218232509 DCP OPERATING COMPANY, LP 6/30/22 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2219360589 MEWBOURNE OIL CO 6/29/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2218930647 XTO ENERGY, INC 6/28/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2218642544 XTO ENERGY, INC 6/27/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nAPP2217930382 DEVON ENERGY PRODUCTION COMPANY, LP 6/27/22 Minor Oil Release Crude Oil Normal Operations Lea (25)
nAPP2218655703 HF Sinclair Navajo Refining LLC 6/27/22 Major Release Other Other (Specify) Other Eddy (15)
nAPP2218849935 COG OPERATING LLC 6/27/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2217938749 CAZA OPERATING, LLC 6/27/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2219254668 Western Refining Southwest LLC 6/27/22 Minor Release Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2218026857 Spur Energy Partners LLC 6/27/22 Minor Produced Water Release Produced Water Corrosion Lea (25)

nAPP2217930240 Harvest Four Corners, LLC 6/27/22 Major Other
Natural Gas Vented, Produced 
Water Other San Juan (45)

nAPP2217839045 DEVON ENERGY PRODUCTION COMPANY, LP 6/26/22 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2217770034 CIMAREX ENERGY CO. OF COLORADO 6/26/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2218150766 APACHE CORPORATION 6/25/22 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2218943007 XTO ENERGY, INC 6/25/22 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2217833526 DEVON ENERGY PRODUCTION COMPANY, LP 6/25/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2218240126 XTO ENERGY, INC 6/24/22 Major Fire Lube Oil Fire Eddy (15)
nJMB2221342915 HILCORP ENERGY COMPANY 6/24/22 Produced Water Release San Juan (45)
nAPP2218238639 XTO ENERGY, INC 6/23/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2218929337 MEWBOURNE OIL CO 6/23/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2217520534 CAZA OPERATING, LLC 6/23/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2217429592 APACHE CORPORATION 6/22/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2218236445 XTO ENERGY, INC 6/22/22 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2217931599 XTO ENERGY, INC 6/22/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2217429521 FRONTIER FIELD SERVICES, LLC 6/22/22 Major Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2217440482 Targa Northern Delaware, LLC. 6/22/22 Major Fire Other (Specify) Eddy (15)
nAPP2217329066 DEVON ENERGY PRODUCTION COMPANY, LP 6/21/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2217327250 DEVON ENERGY PRODUCTION COMPANY, LP 6/21/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2218849433 COG OPERATING LLC 6/21/22 Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2217225569 DEVON ENERGY PRODUCTION COMPANY, LP 6/20/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2218128367 COG OPERATING LLC 6/20/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2217321612 CAZA OPERATING, LLC 6/20/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2217126388 Spur Energy Partners LLC 6/19/22 Minor Blow Out Produced Water Blow Out Eddy (15)
nAPP2218031159 HILCORP ENERGY COMPANY 6/19/22 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2217238502 CHEVRON U S A INC 6/18/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2216854617 MATADOR PRODUCTION COMPANY 6/17/22 Major Release Other Diesel Equipment Failure Eddy (15)
nAPP2218936989 COG OPERATING LLC 6/17/22 Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2216838692 Spur Energy Partners LLC 6/17/22 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)

nAPP2216931454 Extex Operating Company 6/17/22 Major Other
Gelled Brine (Frac Fluid), Produced 
Water Other Lea (25)

nAPP2218030491 HILCORP ENERGY COMPANY 6/17/22 Major Oil Release Crude Oil, Produced Water Equipment Failure San Juan (45)
nAPP2216845872 DCP OPERATING COMPANY, LP 6/16/22 Major Natural Gas Release Condensate Normal Operations Lea (25)
nAPP2216837219 Spur Energy Partners LLC 6/16/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2216740058 TEAM OPERATING, L.L.C. 6/16/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2218129279 COG OPERATING LLC 6/15/22 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2216732906 WPX Energy Permian, LLC 6/15/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2216725109 BTA OIL PRODUCERS, LLC 6/15/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2216556542 DEVON ENERGY PRODUCTION COMPANY, LP 6/14/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2217964415 MEWBOURNE OIL CO 6/14/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2216632989 MATADOR PRODUCTION COMPANY 6/14/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2217252876 Enterprise Field Services, LLC 6/14/22 Major Natural Gas Release Condensate Corrosion San Juan (45)
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nAPP2216651297 LH Operating, LLC 6/14/22 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2216652508 MARATHON OIL PERMIAN LLC 6/14/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2216659830 RILEY PERMIAN OPERATING COMPANY, LLC 6/14/22 Major Produced Water Release Produced Water Corrosion Roosevelt (41)
nAPP2216454871 RAY WESTALL OPERATING, INC. 6/13/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2216527460 Spur Energy Partners LLC 6/13/22 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2216440244 MARATHON OIL PERMIAN LLC 6/13/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2217546910 XTO ENERGY, INC 6/12/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2216423721 FRONTIER FIELD SERVICES, LLC 6/12/22 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2216444793 K P KAUFFMAN COMPANY INC 6/12/22 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2217836904 COG OPERATING LLC 6/12/22 Major Other Condensate Equipment Failure Lea (25)
nAPP2216744540 Avant Operating, LLC 6/12/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2216652453 AMEREDEV OPERATING, LLC 6/12/22 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2216550789 CHEVRON U S A INC 6/10/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2217544243 XTO ENERGY, INC 6/10/22 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2216427127 DEVON ENERGY PRODUCTION COMPANY, LP 6/10/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2216235265 DCP OPERATING COMPANY, LP 6/10/22 Major Natural Gas Release Condensate Corrosion Lea (25)
nAPP2217430297 COG OPERATING LLC 6/10/22 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2217138691 Enterprise Field Services, LLC 6/10/22 Major Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2216550022 CHEVRON U S A INC 6/9/22 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2216522711 DEVON ENERGY PRODUCTION COMPANY, LP 6/9/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2216142798 EOG RESOURCES INC 6/9/22 Major Oil Release Crude Oil, Produced Water Other Sandoval (43)
nAPP2216142252 EOG RESOURCES INC 6/9/22 Major Oil Release Crude Oil, Produced Water Other Sandoval (43)
nAPP2216138632 BTA OIL PRODUCERS, LLC 6/9/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2217349908 EOG RESOURCES INC 6/8/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2216455852 LH Operating, LLC 6/8/22 Minor Produced Water Release Crude Oil, Produced Water Normal Operations Eddy (15)
nAPP2216151197 LH Operating, LLC 6/8/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2216530933 DEVON ENERGY PRODUCTION COMPANY, LP 6/7/22 Major Fire Crude Oil Fire Lea (25)
nAPP2215947203 DCP OPERATING COMPANY, LP 6/7/22 Minor Blow Out Condensate Blow Out Lea (25)
nAPP2215933441 Spur Energy Partners LLC 6/7/22 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2215933340 MARATHON OIL PERMIAN LLC 6/7/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2216548978 CHEVRON U S A INC 6/6/22 Major Release Other Produced Water Equipment Failure Lea (25)
nAPP2215863582 CIMAREX ENERGY CO. 6/6/22 Minor Release Other Drilling Mud/Fluid Equipment Failure Lea (25)
nAPP2216436957 COG OPERATING LLC 6/6/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2215750109 Spur Energy Partners LLC 6/6/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2218944584 Dupree Energy LLC 6/6/22 Other Crude Oil, Produced Water Other Eddy (15)
nAPP2221675703 Maverick Permian LLC 6/6/22 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2216839215 XTO ENERGY, INC 6/5/22 Minor Release Other Brine Water Equipment Failure Eddy (15)
nAPP2215736863 Spur Energy Partners LLC 6/5/22 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2216547933 CHEVRON U S A INC 6/4/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2216138431 XTO ENERGY, INC 6/4/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2215947887 XTO ENERGY, INC 6/4/22 Minor Release Other Other (Specify) Human Error Eddy (15)
nAPP2215725364 DEVON ENERGY PRODUCTION COMPANY, LP 6/4/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2215575572 CIMAREX ENERGY CO. 6/4/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2216438339 COG OPERATING LLC 6/4/22 Major Fire Chemical (Specify) Equipment Failure Lea (25)
nAPP2216547154 CHEVRON U S A INC 6/3/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2217848858 OXY USA INC 6/3/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2216633752 DCP OPERATING COMPANY, LP 6/3/22 Minor Natural Gas Release Condensate Corrosion Eddy (15)
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nAPP2215951311 HOLLY ENERGY PARTNERS - OPERATING, LP 6/3/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2216545859 CHEVRON U S A INC 6/2/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2216749561 XTO ENERGY, INC 6/2/22 Minor Release Other Other (Specify) Human Error Eddy (15)
nAPP2215951900 XTO ENERGY, INC 6/2/22 Major Fire Crude Oil Equipment Failure Eddy (15)
nRH2320728098 DEVON ENERGY PRODUCTION COMPANY, LP 6/2/22 Produced Water Release Lea (25)
nAPP2215432080 DEVON ENERGY PRODUCTION COMPANY, LP 6/2/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2215430133 Spur Energy Partners LLC 6/2/22 Major Produced Water Release Crude Oil, Produced Water Corrosion, Other Eddy (15)
nAPP2215935656 HILCORP ENERGY COMPANY 6/2/22 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2216544707 CHEVRON U S A INC 6/1/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2216151153 XTO ENERGY, INC 6/1/22 Major Fire Other (Specify) Equipment Failure Eddy (15)
nAPP2215848746 XTO ENERGY, INC 6/1/22 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2215335874 EOG RESOURCES INC 6/1/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2215229801 Enterprise Field Services, LLC 5/31/22 Natural Gas Release Condensate Other Eddy (15)
nAPP2216152113 XTO ENERGY, INC 5/30/22 Major Fire Produced Water Fire Eddy (15)
nAPP2215230911 Spur Energy Partners LLC 5/29/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2215233815 EOG RESOURCES INC 5/27/22 Major Oil Release Crude Oil, Produced Water Other Sandoval (43)
nAPP2216134591 CONOCOPHILLIPS COMPANY 5/27/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2216037138 CONOCOPHILLIPS COMPANY 5/27/22 Minor Oil Release Crude Oil Corrosion Lea (25)
nJMB2221057499 HILCORP ENERGY COMPANY 5/27/22 Produced Water Release San Juan (45)
nAPP2215443701 HILCORP ENERGY COMPANY 5/27/22 Major Natural Gas Release Other (Specify) San Juan (45)
nAPP2214845877 NGL WATER SOLUTIONS PERMIAN, LLC 5/27/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2214759497 ARMSTRONG ENERGY CORP 5/26/22 Major Produced Water Release Produced Water Normal Operations Roosevelt (41)
nAPP2215449179 XTO ENERGY, INC 5/26/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2214650299 EOG RESOURCES INC 5/26/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2214652359 ASPEN OPERATING COMPANY LLC 5/26/22 Major Produced Water Release Produced Water Other Lea (25)
nAPP2215732821 WPX Energy Permian, LLC 5/26/22 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2214738823 RAYBAW Operating, LLC 5/26/22 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2216838221 Maverick Permian LLC 5/26/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2216836777 Maverick Permian LLC 5/26/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMB2221341687 HILCORP ENERGY COMPANY 5/26/22 Produced Water Release San Juan (45)
nAPP2214628682 DEVON ENERGY PRODUCTION COMPANY, LP 5/25/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2214536837 EOG RESOURCES INC 5/25/22 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2215950306 MEWBOURNE OIL CO 5/25/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2222430401 OXY USA INC 5/25/22 Minor Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2214733218 OXY USA INC 5/25/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2214665474 CIMAREX ENERGY CO. 5/25/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2216035049 COG OPERATING LLC 5/25/22 Major Release Other Other (Specify) Equipment Failure Lea (25)
nAPP2216033564 COG OPERATING LLC 5/25/22 Major Release Other Other (Specify) Equipment Failure Lea (25)
nAPP2215251908 LUCID ENERGY DELAWARE, LLC 5/25/22 Minor Natural Gas Release Natural Gas Liquids Other Eddy (15)
nAPP2214445599 DEVON ENERGY PRODUCTION COMPANY, LP 5/24/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2214572431 OWL SWD OPERATING, LLC 5/24/22 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2214546643 LH Operating, LLC 5/24/22 Major Oil Release Crude Oil, Produced Water Vandalism Eddy (15)
nAPP2214425411 MARATHON OIL PERMIAN LLC 5/24/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2215750930 EOG RESOURCES INC 5/23/22 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2215827276 CONOCOPHILLIPS COMPANY 5/23/22 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2214547419 Contango Resources, LLC 5/23/22 Major Oil Release Crude Oil Other Eddy (15)
nAPP2214322703 DEVON ENERGY PRODUCTION COMPANY, LP 5/22/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)

WG Ex. 92

3001



nAPP2214330261 FRONTIER FIELD SERVICES, LLC 5/22/22 Natural Gas Release Condensate Equipment Failure Eddy (15)
nAPP2214553570 Enterprise Field Services, LLC 5/22/22 Major Natural Gas Release Condensate Human Error San Juan (45)
nAPP2214277394 Enterprise Field Services, LLC 5/22/22 Natural Gas Release Condensate Other Eddy (15)
nAPP2214632298 ADVANCE ENERGY PARTNERS HAT MESA, LLC 5/21/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2214356019 Permian Resources Operating, LLC 5/20/22 Major Fire Crude Oil Other Lea (25)
nAPP2214154635 Permian Resources Operating, LLC 5/20/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2215147527 XTO ENERGY, INC 5/19/22 Minor Release Other Other (Specify) Human Error Eddy (15)
nAPP2214449767 Spur Energy Partners LLC 5/19/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213936364 EOG RESOURCES INC 5/18/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2213935679 EOG RESOURCES INC 5/18/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2215352060 MEWBOURNE OIL CO 5/18/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2213974111 CIMAREX ENERGY CO. 5/18/22 Major Fire Crude Oil Fire Lea (25)
nAPP2213973514 CIMAREX ENERGY CO. 5/18/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2215228772 COG OPERATING LLC 5/18/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213748461 DUGAN PRODUCTION CORP 5/17/22 Minor Other Crude Oil Corrosion San Juan (45)
nAPP2213834095 EOG RESOURCES INC 5/17/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2213839032 FRONTIER FIELD SERVICES, LLC 5/17/22 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAPP2214451613 High River Resources Operating, LLC 5/17/22 Major Release Other Condensate, Produced Water Equipment Failure Rio Arriba (39)
nAPP2213836141 NGL WATER SOLUTIONS PERMIAN, LLC 5/17/22 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2213858200 Harvest Four Corners, LLC 5/17/22 Major Natural Gas Release Condensate, Produced Water Equipment Failure Rio Arriba (39)
nAPP2213835736 OXY USA INC 5/16/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2213935065 DCP OPERATING COMPANY, LP 5/16/22 Major Natural Gas Release Condensate Blow Out Eddy (15)
nAPP2213664988 CIMAREX ENERGY CO. OF COLORADO 5/16/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2214735696 XTO ENERGY, INC 5/15/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2214734717 XTO ENERGY, INC 5/15/22 Major Oil Release Crude Oil Human Error Eddy (15)
nAPP2213648985 DEVON ENERGY PRODUCTION COMPANY, LP 5/15/22 Major Produced Water Release Produced Water Fire Lea (25)
nAPP2213830227 WPX Energy Permian, LLC 5/15/22 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2214547737 XTO ENERGY, INC 5/14/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2214544127 XTO ENERGY, INC 5/13/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2213648339 DEVON ENERGY PRODUCTION COMPANY, LP 5/13/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213647597 DEVON ENERGY PRODUCTION COMPANY, LP 5/13/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2213625034 DEVON ENERGY PRODUCTION COMPANY, LP 5/13/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2223445319 DUGAN PRODUCTION CORP 5/13/22 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2222355993 DUGAN PRODUCTION CORP 5/13/22 Major Produced Water Release Produced Water Other San Juan (45)
nAPP2213734490 KAISER-FRANCIS OIL CO 5/13/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2213333484 CIMAREX ENERGY CO. 5/12/22 Major Fire Crude Oil Human Error Lea (25)
nAPP2213330681 FRONTIER FIELD SERVICES, LLC 5/12/22 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2213248307 FRONTIER FIELD SERVICES, LLC 5/12/22 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2213737452 OWL SWD OPERATING, LLC 5/12/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213629900 APACHE CORPORATION 5/11/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2214342255 XTO ENERGY, INC 5/11/22 Minor Release Other Other (Specify) Other Eddy (15)
nAPP2214657587 DAVIS GAS PROCESSING CO 5/11/22 Other Condensate Corrosion Lea (25)
nAPP2213148781 Enterprise Field Services, LLC 5/11/22 Minor Release Other Condensate Corrosion San Juan (45)
nAPP2213140472 DEVON ENERGY PRODUCTION COMPANY, LP 5/10/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2214557040 MEWBOURNE OIL CO 5/10/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2213171033 CIMAREX ENERGY CO. 5/10/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2213168675 CIMAREX ENERGY CO. 5/10/22 Minor Oil Release Crude Oil Human Error Lea (25)
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nAPP2213335346 FRONTIER FIELD SERVICES, LLC 5/10/22 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAPP2214431010 COG OPERATING LLC 5/10/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2213324254 CAZA OPERATING, LLC 5/10/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213741252 OWL SWD OPERATING, LLC 5/10/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2213130408 AMEREDEV OPERATING, LLC 5/10/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213353279 ADVANCE ENERGY PARTNERS HAT MESA, LLC 5/10/22 Release Other Other (Specify) Human Error Lea (25)
nAPP2213351816 ADVANCE ENERGY PARTNERS HAT MESA, LLC 5/10/22 Other Other (Specify) Human Error Lea (25)
nAPP2215132849 OXY USA INC 5/9/22 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2213134490 CIMAREX ENERGY CO. 5/9/22 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2214535072 FRONTIER FIELD SERVICES, LLC 5/9/22 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2213738552 OWL SWD OPERATING, LLC 5/9/22 Major Produced Water Release Produced Water Blow Out Lea (25)
nAPP2213229527 LH Operating, LLC 5/9/22 Minor Produced Water Release Crude Oil, Produced Water Repair and Maintenance Eddy (15)
nAPP2213020388 MARATHON OIL PERMIAN LLC 5/9/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2213024415 DEVON ENERGY PRODUCTION COMPANY, LP 5/8/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2217928680 EOG RESOURCES INC 5/8/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2212931075 DEVON ENERGY PRODUCTION COMPANY, LP 5/7/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2212926148 DEVON ENERGY PRODUCTION COMPANY, LP 5/7/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2212769524 KAISER-FRANCIS OIL CO 5/7/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2212768697 KAISER-FRANCIS OIL CO 5/7/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2212936670 Spur Energy Partners LLC 5/7/22 Major Produced Water Release Produced Water Blow Out Lea (25)
nAPP2212771896 Spur Energy Partners LLC 5/7/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2212641852 DEVON ENERGY PRODUCTION COMPANY, LP 5/6/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2212637790 DEVON ENERGY PRODUCTION COMPANY, LP 5/6/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213957876 MEWBOURNE OIL CO 5/6/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2212661694 CIMAREX ENERGY CO. 5/6/22 Major Produced Water Release Produced Water Other Lea (25)
nAPP2213643210 CONOCOPHILLIPS COMPANY 5/6/22 Major Oil Release Crude Oil Fire Lea (25)
nAPP2212777868 BTA OIL PRODUCERS, LLC 5/6/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2212742533 Permian Resources Operating, LLC 5/6/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJMB2221340308 HILCORP ENERGY COMPANY 5/6/22 Produced Water Release San Juan (45)
nAPP2213941404 XTO ENERGY, INC 5/5/22 Major Oil Release Crude Oil Other Eddy (15)
nAPP2213745923 COG OPERATING LLC 5/5/22 Major Release Other Other (Specify) Other Eddy (15)
nAPP2213957732 Maverick Permian LLC 5/5/22 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2217150365 ADVANCE ENERGY PARTNERS HAT MESA, LLC 5/5/22 Release Other Other (Specify) Human Error Lea (25)
nAPP2213642290 Maverick Permian LLC 5/4/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2213134092 EOG RESOURCES INC 5/3/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2213054038 EOG RESOURCES INC 5/3/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2212458439 EOG RESOURCES INC 5/3/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2212419463 CIMAREX ENERGY CO. OF COLORADO 5/3/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2213645395 XTO ENERGY, INC 5/2/22 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2213659921 MEWBOURNE OIL CO 5/2/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2213659126 MEWBOURNE OIL CO 5/2/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2212226375 Spur Energy Partners LLC 5/2/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2212329098 CHEVRON U S A INC 5/1/22 Minor Oil Release Crude Oil, Produced Water Blow Out Eddy (15)
nAPP2212223374 DEVON ENERGY PRODUCTION COMPANY, LP 5/1/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2215134499 OXY USA INC 5/1/22 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2213031396 COG OPERATING LLC 5/1/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2212227380 WPX Energy Permian, LLC 5/1/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAPP2212223025 CAZA OPERATING, LLC 5/1/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2212228018 DEVON ENERGY PRODUCTION COMPANY, LP 4/30/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213029810 COG OPERATING LLC 4/30/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2212238312 FRONTIER FIELD SERVICES, LLC 4/29/22 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2212251851 Ameredev New Mexico, LLC 4/29/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213346771 SAHARA OPERATING CO 4/28/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2211849527 TARGA MIDSTREAM SERVICES LLC 4/28/22 Major Other Condensate Other Lea (25)
nAPP2211937838 CIMAREX ENERGY CO. OF COLORADO 4/28/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2212531906 CONOCOPHILLIPS COMPANY 4/28/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213029034 COG OPERATING LLC 4/28/22 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2211951806 Titus Oil & Gas Production, LLC 4/28/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213151424 XTO ENERGY, INC 4/27/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2213148421 XTO ENERGY, INC 4/27/22 Major Oil Release Crude Oil Repair and Maintenance Eddy (15)
nAPP2211830910 KAISER-FRANCIS OIL CO 4/27/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2211737422 DUGAN PRODUCTION CORP 4/26/22 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2211728385 CIMAREX ENERGY CO. 4/26/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2212649502 HILCORP ENERGY COMPANY 4/26/22 Minor Release Other Condensate, Produced Water Corrosion San Juan (45)
nAPP2212962315 MEWBOURNE OIL CO 4/25/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2211539844 Enterprise Field Services, LLC 4/25/22 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2211550639 Civitas Permian Operating, LLC 4/24/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2212627880 APACHE CORPORATION 4/23/22 Major Fire Crude Oil, Produced Water Fire Lea (25)
nAPP2211531680 DEVON ENERGY PRODUCTION COMPANY, LP 4/23/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2212446966 ETC Texas Pipeline, Ltd. 4/23/22 Major Release Other Natural Gas Liquids Other Lea (25)
nAPP2211549633 KAISER-FRANCIS OIL CO 4/22/22 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2213027095 COG OPERATING LLC 4/22/22 Major Produced Water Release Produced Water Fire Eddy (15)
nAPP2211547100 Spur Energy Partners LLC 4/22/22 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2212681299 DEVON ENERGY PRODUCTION COMPANY, LP 4/21/22 Oil Release Crude Oil Other Eddy (15)
nAPP2212348289 MEWBOURNE OIL CO 4/21/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2211236521 CIMAREX ENERGY CO. 4/21/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2211937856 AMERICO ENERGY RESOURCES LLC 4/21/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2427440694 BXP Operating, LLC 4/21/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2212552070 HILCORP ENERGY COMPANY 4/21/22 Minor Produced Water Release Produced Water Other San Juan (45)
nAPP2212350967 XTO ENERGY, INC 4/20/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2212344322 XTO ENERGY, INC 4/20/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2212534201 EOG RESOURCES INC 4/20/22 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2212529806 COG OPERATING LLC 4/20/22 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2211065721 BTA OIL PRODUCERS, LLC 4/20/22 Major Oil Release Crude Oil Blow Out Lea (25)
nAPP2211831361 APACHE CORPORATION 4/19/22 Major Oil Release Crude Oil Other Lea (25)
nAPP2212446112 EOG RESOURCES INC 4/19/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2212530446 COG OPERATING LLC 4/19/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2211249169 DEVON ENERGY PRODUCTION COMPANY, LP 4/18/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2210924425 DEVON ENERGY PRODUCTION COMPANY, LP 4/18/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2210922563 DEVON ENERGY PRODUCTION COMPANY, LP 4/18/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2211060378 OXY USA INC 4/18/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2231664335 KEY ENERGY SERVICES, LLC 4/18/22 Major Other Brine Water Equipment Failure Lea (25)
nAPP2210958044 KEY ENERGY SERVICES, LLC 4/18/22 Major Other Brine Water Bradenhead Test Lea (25)
nAPP2210932844 Enterprise Field Services, LLC 4/18/22 Minor Produced Water Release Produced Water Other Eddy (15)
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nAPP2210967015 BTA OIL PRODUCERS, LLC 4/18/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2210941542 Avant Operating, LLC 4/18/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJMB2221052791 HILCORP ENERGY COMPANY 4/18/22 Produced Water Release San Juan (45)
nAPP2211260998 HILCORP ENERGY COMPANY 4/18/22 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2211133489 Spur Energy Partners LLC 4/17/22 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2211947872 XTO ENERGY, INC 4/16/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2211651017 XTO ENERGY, INC 4/15/22 Minor Release Other Other (Specify) Other Eddy (15)
nAPP2210823181 FRONTIER FIELD SERVICES, LLC 4/15/22 Minor Natural Gas Release Produced Water Corrosion Eddy (15)
nAPP2211856195 EOG RESOURCES INC 4/14/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2211046720 Enterprise Field Services, LLC 4/14/22 Minor Natural Gas Release Condensate Corrosion Rio Arriba (39)
nAPP2211732512 CHEVRON U S A INC 4/13/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2211654411 XTO ENERGY, INC 4/13/22 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2211851010 EOG RESOURCES INC 4/13/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2210346161 EOG RESOURCES INC 4/13/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2214534062 FRONTIER FIELD SERVICES, LLC 4/13/22 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2211730678 CHEVRON U S A INC 4/12/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2210353939 DUGAN PRODUCTION CORP 4/12/22 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2210326434 WPX Energy Permian, LLC 4/12/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2210224954 MARATHON OIL PERMIAN LLC 4/12/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2210251385 CENTENNIAL RESOURCE PRODUCTION, LLC 4/12/22 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2210243991 EOG RESOURCES INC 4/11/22 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2211534054 MEWBOURNE OIL CO 4/11/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2210450731 FRONTIER FIELD SERVICES, LLC 4/11/22 Minor Natural Gas Release Produced Water High Line Pressure Eddy (15)
nAPP2210340949 MATADOR PRODUCTION COMPANY 4/11/22 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2211638804 COG OPERATING LLC 4/11/22 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2211531225 COG OPERATING LLC 4/11/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2212953979 Silverback Operating II, LLC 4/11/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2210148928 CIMAREX ENERGY CO. OF COLORADO 4/10/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2210134300 TEAM OPERATING, L.L.C. 4/10/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2210128681 MARATHON OIL PERMIAN LLC 4/10/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2210935265 APACHE CORPORATION 4/9/22 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2211527047 CHEVRON U S A INC 4/9/22 Minor Release Other Other (Specify) Other Lea (25)
nAPP2211150068 XTO ENERGY, INC 4/9/22 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2211638306 COG OPERATING LLC 4/9/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2215340726 Spur Energy Partners LLC 4/9/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2211151438 XTO ENERGY, INC 4/8/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2209837669 DEVON ENERGY PRODUCTION COMPANY, LP 4/8/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2211143447 CONOCOPHILLIPS COMPANY 4/8/22 Oil Release Crude Oil Equipment Failure Lea (25)
nJMB2221035114 HILCORP ENERGY COMPANY 4/8/22 Other San Juan (45)
nAPP2211045082 COG OPERATING LLC 4/7/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2209658720 DEVON ENERGY PRODUCTION COMPANY, LP 4/6/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2210343535 OXY USA INC 4/6/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2210146054 OXY USA INC 4/6/22 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2210953241 CONOCOPHILLIPS COMPANY 4/6/22 Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2211035638 COG OPERATING LLC 4/6/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2209736302 High River Resources Operating, LLC 4/6/22 Major Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nAPP2210950771 Maverick Permian LLC 4/6/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
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nAPP2210942764 XTO ENERGY, INC 4/5/22 Major Release Other Other (Specify) Power Failure Eddy (15)
nAPP2210937085 XTO ENERGY, INC 4/5/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2209639601 EOG RESOURCES INC 4/5/22 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2211630786 COG OPERATING LLC 4/4/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2209453022 Permian Resources Operating, LLC 4/4/22 Oil Release Other (Specify) High Line Pressure Lea (25)
nAPP2209754122 EOG RESOURCES INC 4/3/22 Major Produced Water Release Produced Water Vehicular Accident Lea (25)
nAPP2210440709 MEWBOURNE OIL CO 4/3/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2210333658 FASKEN OIL & RANCH LTD 4/3/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2209436536 GOODNIGHT MIDSTREAM PERMIAN, LLC 4/3/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2211047151 COG OPERATING LLC 4/2/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2210152427 SCM Operations, LLC 4/2/22 Major Fire Other (Specify) Fire Eddy (15)
nAPP2209827356 AMEREDEV OPERATING, LLC 4/2/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2210553504 XTO ENERGY, INC 4/1/22 Minor Release Other Other (Specify) Corrosion Eddy (15)
nAPP2209139282 DEVON ENERGY PRODUCTION COMPANY, LP 4/1/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2209227305 CIMAREX ENERGY CO. OF COLORADO 4/1/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2209526360 Enterprise Field Services, LLC 4/1/22 Natural Gas Release Condensate Other Eddy (15)
nAPP2209150614 TAP ROCK OPERATING, LLC 4/1/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2209051047 DEVON ENERGY PRODUCTION COMPANY, LP 3/31/22 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2209140162 EOG RESOURCES INC 3/31/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2209133003 EOG RESOURCES INC 3/31/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2209132598 EOG RESOURCES INC 3/31/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2209659942 NAVAJO REFINING COMPANY, L.L.C. 3/31/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2209078912 BTA OIL PRODUCERS, LLC 3/31/22 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2209141509 HILCORP ENERGY COMPANY 3/31/22 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nAPP2209746512 CHEVRON U S A INC 3/29/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2210143304 XTO ENERGY, INC 3/29/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2209066395 OXY USA INC 3/29/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2211951146 AMERICO ENERGY RESOURCES LLC 3/29/22 Oil Release Crude Oil Other Eddy (15)
nAPP2208741123 DEVON ENERGY PRODUCTION COMPANY, LP 3/28/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2211046142 COG OPERATING LLC 3/28/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2210135897 TEAM OPERATING, L.L.C. 3/28/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2208738461 MARATHON OIL PERMIAN LLC 3/28/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2209041864 NOVO OIL & GAS NORTHERN DELAWARE, LLC 3/28/22 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2208726415 DEVON ENERGY PRODUCTION COMPANY, LP 3/27/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2209732674 EOG RESOURCES INC 3/26/22 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2209038474 SELECT ENERGY SERVICES, LLC 3/26/22 Produced Water Release Produced Water Human Error Lea (25)
nAPP2208851274 SELECT ENERGY SERVICES, LLC 3/26/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2209736479 XTO ENERGY, INC 3/25/22 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2208733407 DEVON ENERGY PRODUCTION COMPANY, LP 3/25/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2209836962 COG OPERATING LLC 3/25/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2208453065 North Fork Operating, LP 3/25/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2209040079 ETC Texas Pipeline, Ltd. 3/25/22 Minor Release Other Natural Gas Liquids Corrosion Lea (25)
nAPP2209731445 XTO ENERGY, INC 3/24/22 Minor Other Other (Specify) Other Eddy (15)
nAPP2208340802 DEVON ENERGY PRODUCTION COMPANY, LP 3/24/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2209756555 MEWBOURNE OIL CO 3/24/22 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2209755705 MEWBOURNE OIL CO 3/24/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2208336723 Enterprise Field Services, LLC 3/24/22 Minor Natural Gas Release Condensate Corrosion Rio Arriba (39)
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nAPP2208459113 Prima Exploration, Inc. 3/24/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2208441897 MARATHON OIL PERMIAN LLC 3/24/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2209048568 EOG RESOURCES INC 3/23/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2208340165 EOG RESOURCES INC 3/23/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2208339578 EOG RESOURCES INC 3/23/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2208337232 EOG RESOURCES INC 3/23/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2209759646 MEWBOURNE OIL CO 3/23/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2209067808 OXY USA INC 3/23/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2208434860 CIMAREX ENERGY CO. 3/23/22 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2209649365 COG OPERATING LLC 3/23/22 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2209549874 COG OPERATING LLC 3/23/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2208451567 NAVAJO REFINING COMPANY, L.L.C. 3/22/22 Minor Other Other (Specify) Equipment Failure Eddy (15)
nAPP2208136392 OXY USA INC 3/22/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2209531688 CONOCOPHILLIPS COMPANY 3/22/22 Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2209548837 COG OPERATING LLC 3/22/22 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2208157216 Ring Energy, Inc 3/22/22 Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2209446613 XTO ENERGY, INC 3/21/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2208125818 DEVON ENERGY PRODUCTION COMPANY, LP 3/21/22 Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2208846424 WPX Energy Permian, LLC 3/21/22 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2208844411 WPX Energy Permian, LLC 3/21/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2208841146 WPX Energy Permian, LLC 3/21/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2208051921 CENTENNIAL RESOURCE PRODUCTION, LLC 3/21/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2209137379 XTO ENERGY, INC 3/19/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2209039217 XTO ENERGY, INC 3/19/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2208052877 DEVON ENERGY PRODUCTION COMPANY, LP 3/19/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2208155134 DCP OPERATING COMPANY, LP 3/18/22 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2209137585 COG OPERATING LLC 3/18/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2208337396 HILCORP ENERGY COMPANY 3/18/22 Release Other Unknown Other San Juan (45)
nAPP2209060000 AMEREDEV OPERATING, LLC 3/18/22 Major Other Condensate Other Lea (25)
nAPP2209041753 XTO ENERGY, INC 3/17/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2207748537 EOG RESOURCES INC 3/17/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2209076202 BTA OIL PRODUCERS, LLC 3/17/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2207649081 North Fork Operating, LP 3/16/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2207536482 DEVON ENERGY PRODUCTION COMPANY, LP 3/15/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2207524538 DEVON ENERGY PRODUCTION COMPANY, LP 3/15/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2207544436 DUGAN PRODUCTION CORP 3/15/22 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2208750257 MEWBOURNE OIL CO 3/15/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2208350357 MEWBOURNE OIL CO 3/15/22 Major Oil Release Crude Oil Human Error Eddy (15)
nAPP2207629179 CIMAREX ENERGY CO. 3/15/22 Major Fire Other (Specify) Fire Lea (25)
nAPP2209136398 COG OPERATING LLC 3/15/22 Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2208944359 LH Operating, LLC 3/15/22 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2208247093 CHEVRON U S A INC 3/14/22 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAPP2208351954 XTO ENERGY, INC 3/14/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2208253120 MEWBOURNE OIL CO 3/14/22 Minor Release Other Condensate Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2209135688 COG OPERATING LLC 3/14/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2207346984 Enterprise Field Services, LLC 3/14/22 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2210830092 COG OPERATING LLC 3/13/22 Oil Release Crude Oil Equipment Failure Eddy (15)
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nAPP2207369076 Spur Energy Partners LLC 3/13/22 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2207368796 Spur Energy Partners LLC 3/13/22 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2207346885 Spur Energy Partners LLC 3/13/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2208043246 Silverback Operating II, LLC 3/13/22 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2207325055 DEVON ENERGY PRODUCTION COMPANY, LP 3/12/22 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2207347201 PLAINS MARKETING L.P. 3/12/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2208435708 COG OPERATING LLC 3/12/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2208945302 LH Operating, LLC 3/12/22 Oil Release Crude Oil, Produced Water High Line Pressure Eddy (15)
nAPP2207118254 CIMAREX ENERGY CO. OF COLORADO 3/11/22 Major Fire Motor Oil Fire Lea (25)
nAPP2207260043 OXY USA INC 3/10/22 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nAPP2307435923 ETC Texas Pipeline Ltd., Limited Partnership 3/10/22 Major Release Other Other (Specify) Eddy (15)
nAPP2206954187 ETC Texas Pipeline, Ltd. 3/10/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2207030984 MARATHON OIL PERMIAN LLC 3/10/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2208349430 XTO ENERGY, INC 3/9/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2207560537 EOG RESOURCES INC 3/9/22 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2206969867 CIMAREX ENERGY CO. OF COLORADO 3/9/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2208248869 CONOCOPHILLIPS COMPANY 3/9/22 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2209031636 COG OPERATING LLC 3/9/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)

nAPP2307233858 ETC Texas Pipeline Ltd., Limited Partnership 3/9/22 Major Release Other
Natural Gas Vented, Produced 
Water Other Lea (25)

nAPP2207561363 EOG RESOURCES INC 3/8/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2208054520 MEWBOURNE OIL CO 3/8/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2207739235 COG OPERATING LLC 3/7/22 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2206753386 BTA OIL PRODUCERS, LLC 3/7/22 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2206666393 TAP ROCK OPERATING, LLC 3/7/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2206624122 MARATHON OIL PERMIAN LLC 3/7/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2207743395 XTO ENERGY, INC 3/5/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2206735499 DEVON ENERGY PRODUCTION COMPANY, LP 3/5/22 Minor Release Other Glycol Equipment Failure Eddy (15)
nAPP2209134486 LH Operating, LLC 3/5/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2207746719 XTO ENERGY, INC 3/4/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2206374276 CIMAREX ENERGY CO. 3/4/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2207444703 COG OPERATING LLC 3/4/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2206348945 Avant Operating, LLC 3/4/22 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2206346222 LONGFELLOW ENERGY, LP 3/4/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2206272830 CIMAREX ENERGY CO. 3/3/22 Minor Other Produced Water Equipment Failure Eddy (15)
nAPP2206640765 MATADOR PRODUCTION COMPANY 3/3/22 Major Fire Crude Oil Fire Eddy (15)
nAPP2206268683 MATADOR PRODUCTION COMPANY 3/3/22 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nAPP2207642850 COG OPERATING LLC 3/3/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2427443503 BXP Operating, LLC 3/3/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2207638776 ROVER OPERATING, LLC 3/3/22 Minor Oil Release Crude Oil Blow Out Eddy (15)
nAPP2206234310 TAP ROCK OPERATING, LLC 3/3/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2206131713 DEVON ENERGY PRODUCTION COMPANY, LP 3/2/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2207259562 OXY USA INC 3/2/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2206234416 CIMAREX ENERGY CO. OF COLORADO 3/2/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2206337228 Enterprise Field Services, LLC 3/2/22 Minor Release Other Condensate Corrosion Rio Arriba (39)
nAPP2207343782 ETC Texas Pipeline, Ltd. 3/2/22 Minor Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nAPP2206125036 CIMAREX ENERGY CO. OF COLORADO 3/1/22 Major Oil Release Condensate Equipment Failure Lea (25)
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nAPP2208959497 WESPAC ENERGY, LLC 3/1/22 Major Produced Water Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Normal Operations Chaves (05)

nAPP2208957138 WESPAC ENERGY, LLC 3/1/22 Major Produced Water Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Normal Operations Chaves (05)

nAPP2206746908 WESPAC ENERGY, LLC 3/1/22 Major Other Crude Oil Normal Operations Chaves (05)
nAPP2206153404 CENTENNIAL RESOURCE PRODUCTION, LLC 3/1/22 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2206131795 Permian Resources Operating, LLC 3/1/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2233344921 LYNX OPERATING CO., INC. 2/28/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2206028617 Franklin Mountain Energy LLC 2/28/22 Minor Release Other Diesel Human Error Lea (25)
nAPP2206149096 EOG RESOURCES INC 2/27/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2206048902 EOG RESOURCES INC 2/27/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2207331663 CONOCOPHILLIPS COMPANY 2/27/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2206950640 COG OPERATING LLC 2/26/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2205837214 BTA OIL PRODUCERS, LLC 2/26/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2205753600 TAP ROCK OPERATING, LLC 2/26/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2205655153 DEVON ENERGY PRODUCTION COMPANY, LP 2/25/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2205757047 KAISER-FRANCIS OIL CO 2/25/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2207432785 WESPAC ENERGY, LLC 2/25/22 Major Other Other (Specify) Other Chaves (05)
nAPP2206853301 XTO ENERGY, INC 2/24/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2205645858 PLAINS MARKETING L.P. 2/24/22 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2207049431 CONOCOPHILLIPS COMPANY 2/24/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2207742550 FRONTIER FIELD SERVICES, LLC 2/24/22 Minor Natural Gas Release Condensate Other Eddy (15)
nAPP2205652777 CHEVRON U S A INC 2/23/22 Major Other Condensate Human Error Eddy (15)
nAPP2205538099 MACK ENERGY CORP 2/23/22 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nAPP2205617791 CIMAREX ENERGY CO. 2/23/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2208453912 WESPAC ENERGY, LLC 2/23/22 Major Oil Release Crude Oil Normal Operations Chaves (05)
nAPP2206827379 APACHE CORPORATION 2/22/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2206336120 XTO ENERGY, INC 2/22/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2205351635 DEVON ENERGY PRODUCTION COMPANY, LP 2/22/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2206251094 El Paso Natural Gas Company, L.L.C 2/22/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2206947126 COG OPERATING LLC 2/21/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2205638843 XTO ENERGY, INC 2/20/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2205532048 DEVON ENERGY PRODUCTION COMPANY, LP 2/19/22 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2305136153 DJR OPERATING, LLC 2/19/22 Major Oil Release Crude Oil Human Error San Juan (45)
nAPP2206232853 COG OPERATING LLC 2/17/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2205926232 FE-NM, LLC 2/17/22 Minor Produced Water Release Produced Water Freeze Eddy (15)
nAPP2205537428 Mustang Resources LLC 2/17/22 Minor Other Lube Oil Other San Juan (45)
nAPP2205975241 Harvest Four Corners, LLC 2/17/22 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nAPP2205943754 AMEREDEV OPERATING, LLC 2/16/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2205939051 DEVON ENERGY PRODUCTION COMPANY, LP 2/15/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2205446342 EOG RESOURCES INC 2/15/22 Major Oil Release Crude Oil Other Chaves (05)
nAPP2205442406 EOG RESOURCES INC 2/15/22 Major Oil Release Crude Oil Other Chaves (05)
nAPP2205354026 CENTENNIAL RESOURCE PRODUCTION, LLC 2/15/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2205954078 DEVON ENERGY PRODUCTION COMPANY, LP 2/14/22 Produced Water Release Produced Water Other Eddy (15)
nAPP2204725407 DEVON ENERGY PRODUCTION COMPANY, LP 2/14/22 Minor Release Other Lube Oil Equipment Failure Eddy (15)
nAPP2204560256 DEVON ENERGY PRODUCTION COMPANY, LP 2/14/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2204733624 PLAINS MARKETING L.P. 2/14/22 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2204566669 MATADOR PRODUCTION COMPANY 2/14/22 Major Other Crude Oil Other Eddy (15)
nAPP2206056316 HILCORP ENERGY COMPANY 2/14/22 Major Other Condensate Vandalism San Juan (45)
nAPP2204639890 ENDURING RESOURCES, LLC 2/14/22 Minor Release Other Condensate Equipment Failure Rio Arriba (39)
nAPP2205930007 COG OPERATING LLC 2/13/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2204529130 MARATHON OIL PERMIAN LLC 2/13/22 Major Fire Crude Oil Fire Lea (25)
nAPP2204524145 MARATHON OIL PERMIAN LLC 2/13/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2205439646 XTO ENERGY, INC 2/12/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2205649749 XTO ENERGY, INC 2/11/22 Major Fire Crude Oil Other Eddy (15)
nAPP2205641685 XTO ENERGY, INC 2/11/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2204536959 DCP OPERATING COMPANY, LP 2/10/22 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAPP2205928781 COG OPERATING LLC 2/10/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2205633098 CHEVRON U S A INC 2/9/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2205254615 XTO ENERGY, INC 2/9/22 Major Fire Crude Oil Fire Eddy (15)
nAPP2205252935 XTO ENERGY, INC 2/9/22 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2204058257 DEVON ENERGY PRODUCTION COMPANY, LP 2/9/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2204174051 CIMAREX ENERGY CO. OF COLORADO 2/9/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2205440227 CONOCOPHILLIPS COMPANY 2/9/22 Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2205439117 CONOCOPHILLIPS COMPANY 2/9/22 Oil Release Crude Oil Human Error Lea (25)
nAPP2204135436 Enterprise Field Services, LLC 2/9/22 Major Oil Release Condensate Freeze Rio Arriba (39)
nAPP2320646612 BTA OIL PRODUCERS, LLC 2/9/22 Major Fire Other (Specify) Other Lea (25)
nAPP2204151142 BTA OIL PRODUCERS, LLC 2/9/22 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2204152352 CROSS TIMBERS ENERGY, LLC 2/9/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2205227171 HILCORP ENERGY COMPANY 2/9/22 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nAPP2205343597 XTO ENERGY, INC 2/8/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2204058110 MACK ENERGY CORP 2/8/22 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2205935207 COG OPERATING LLC 2/8/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2204058713 BTA OIL PRODUCERS, LLC 2/8/22 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2204056995 BTA OIL PRODUCERS, LLC 2/8/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2203953141 CROSS TIMBERS ENERGY, LLC 2/8/22 Major Oil Release Crude Oil Freeze Lea (25)
nAPP2204136156 Contango Resources, LLC 2/8/22 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2204057502 DEVON ENERGY PRODUCTION COMPANY, LP 2/7/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2205249980 KAISER-FRANCIS OIL CO 2/7/22 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2203941818 FRONTIER FIELD SERVICES, LLC 2/7/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2205336907 COG OPERATING LLC 2/7/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2205233399 COG OPERATING LLC 2/7/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2204537247 WPX Energy Permian, LLC 2/7/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2205336186 Maverick Permian LLC 2/7/22 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2204848293 APACHE CORPORATION 2/6/22 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2204533451 HF Sinclair Navajo Refining LLC 2/6/22 Major Release Other Other (Specify) Freeze Eddy (15)
nAPP2205234848 COG OPERATING LLC 2/6/22 Major Oil Release Crude Oil Other Lea (25)
nAPP2203943715 GEORGE A CHASE JR DBA G AND C SERVICE 2/6/22 Minor Oil Release Condensate, Crude Oil Freeze Lea (25)
nAPP2203840132 MARATHON OIL PERMIAN LLC 2/6/22 Major Fire Crude Oil Fire Eddy (15)
nAPP2203942460 CHEVRON U S A INC 2/5/22 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2203738955 DEVON ENERGY PRODUCTION COMPANY, LP 2/5/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2203669803 MATADOR PRODUCTION COMPANY 2/5/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2207443537 COG OPERATING LLC 2/5/22 Major Release Other Drilling Mud/Fluid Equipment Failure Lea (25)
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nAPP2203851688 BTA OIL PRODUCERS, LLC 2/5/22 Major Fire Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2204058162 CROSS TIMBERS ENERGY, LLC 2/5/22 Major Produced Water Release Produced Water Freeze Lea (25)
nAPP2203957996 TEAM OPERATING, L.L.C. 2/5/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2204945328 XTO ENERGY, INC 2/4/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2204943884 XTO ENERGY, INC 2/4/22 Major Release Other Condensate Freeze Eddy (15)
nAPP2204137742 DEVON ENERGY PRODUCTION COMPANY, LP 2/4/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2205354378 OXY USA INC 2/4/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2205341397 OXY USA INC 2/4/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2203769738 CIMAREX ENERGY CO. 2/4/22 Major Fire Other (Specify) Equipment Failure Lea (25)
nAPP2204938905 COG OPERATING LLC 2/4/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2204841206 COG OPERATING LLC 2/4/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2204053699 CROSS TIMBERS ENERGY, LLC 2/4/22 Major Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2204953590 LH Operating, LLC 2/4/22 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2203562421 DJR OPERATING, LLC 2/4/22 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2204530872 GOODNIGHT MIDSTREAM PERMIAN, LLC 2/4/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2204526979 Enterprise Field Services, LLC 2/3/22 Minor Release Other Condensate Corrosion Rio Arriba (39)
nAPP2203551328 NGL WATER SOLUTIONS PERMIAN, LLC 2/3/22 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2204835360 XTO ENERGY, INC 2/2/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2204828827 COG OPERATING LLC 2/2/22 Major Oil Release Crude Oil Other Eddy (15)
nAPP2203540352 NGL WATER SOLUTIONS PERMIAN, LLC 2/2/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2226554118 ARMSTRONG ENERGY CORP 2/1/22 Major Produced Water Release Produced Water Other Roosevelt (41)
nAPP2203328692 DEVON ENERGY PRODUCTION COMPANY, LP 2/1/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2203247689 MATADOR PRODUCTION COMPANY 2/1/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2206638414 Empire New Mexico LLC 2/1/22 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2203550000 DJR OPERATING, LLC 2/1/22 Major Natural Gas Release Other (Specify) San Juan (45)
nAPP2203539945 OXY USA INC 1/31/22 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
nAPP2203539020 OXY USA INC 1/31/22 Minor Produced Water Release Produced Water Equipment Failure Union (59)
nAPP2203171755 LOGOS OPERATING, LLC 1/31/22 Major Fire Unknown Fire Rio Arriba (39)
nAPP2204142065 SIMCOE LLC 1/31/22 Minor Produced Water Release Produced Water Freeze San Juan (45)
nAPP2205339098 OXY USA INC 1/30/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2203141931 OXY USA INC 1/30/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2204742524 COG OPERATING LLC 1/30/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2204125212 XTO ENERGY, INC 1/29/22 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2203240100 DEVON ENERGY PRODUCTION COMPANY, LP 1/29/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2204740361 COG OPERATING LLC 1/29/22 Major Fire Other (Specify) Eddy (15)
nAPP2203933589 Enterprise Field Services, LLC 1/29/22 Minor Release Other Condensate Equipment Failure San Juan (45)
nAPP2204545095 COG OPERATING LLC 1/28/22 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2203131958 Enterprise Field Services, LLC 1/28/22 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2203253510 EOG RESOURCES INC 1/27/22 Major Release Other Brine Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2202845563 BTA OIL PRODUCERS, LLC 1/27/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2202759509 EOG RESOURCES INC 1/26/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2202758401 EOG RESOURCES INC 1/26/22 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2204546363 COG OPERATING LLC 1/26/22 Major Fire Condensate Equipment Failure Eddy (15)
nAPP2202747264 Enterprise Field Services, LLC 1/26/22 Minor Produced Water Release Produced Water Freeze San Juan (45)
nAPP2202733896 EOG RESOURCES INC 1/25/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2202733281 EOG RESOURCES INC 1/25/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2202655097 CIMAREX ENERGY CO. OF COLORADO 1/25/22 Minor Release Other Other (Specify) Vandalism Lea (25)
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nAPP2204737123 COG OPERATING LLC 1/25/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2203854400 BURNETT OIL CO INC 1/24/22 Minor Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2203964271 MEWBOURNE OIL CO 1/24/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2211536378 OXY USA INC 1/24/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2202752696 OXY USA INC 1/24/22 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
nAPP2202747647 OXY USA INC 1/24/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2202543765 TEAM OPERATING, L.L.C. 1/24/22 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2202947197 AMEREDEV OPERATING, LLC 1/24/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2202638605 NGL WATER SOLUTIONS PERMIAN, LLC 1/24/22 Major Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2202552560 CHEVRON U S A INC 1/23/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2202551635 CHEVRON U S A INC 1/23/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2203252026 DEVON ENERGY PRODUCTION COMPANY, LP 1/23/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2202659785 MATADOR PRODUCTION COMPANY 1/23/22 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2203830124 COG OPERATING LLC 1/22/22 Major Fire Crude Oil Fire Lea (25)
nAPP2203453168 XTO ENERGY, INC 1/21/22 Major Fire Crude Oil Freeze Eddy (15)
nAPP2202656832 NAVAJO REFINING COMPANY, L.L.C. 1/21/22 Minor Oil Release Other (Specify) High Line Pressure Eddy (15)
nAPP2202158025 MATADOR PRODUCTION COMPANY 1/21/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2202345845 TAP ROCK OPERATING, LLC 1/21/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2202749506 OXY USA INC 1/20/22 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2203434215 COG OPERATING LLC 1/20/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2202549943 CHEVRON U S A INC 1/19/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2204047138 OXY USA INC 1/19/22 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2202557399 OXY USA INC 1/19/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2202055934 Whiptail Gallup Gathering, LLC 1/19/22 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2202443225 DJR OPERATING, LLC 1/19/22 Major Oil Release Crude Oil Equipment Failure Sandoval (43)
nAPP2202839974 EOG RESOURCES INC 1/18/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2202132776 CIMAREX ENERGY CO. OF COLORADO 1/18/22 Major Fire Unknown Fire Eddy (15)
nAPP2201957333 BTA OIL PRODUCERS, LLC 1/18/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2201956795 BTA OIL PRODUCERS, LLC 1/18/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2201862045 MARATHON OIL PERMIAN LLC 1/18/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2201746802 DUGAN PRODUCTION CORP 1/17/22 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2201838002 MATADOR PRODUCTION COMPANY 1/17/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2203337365 COG OPERATING LLC 1/17/22 Major Fire Condensate Fire Lea (25)
nAPP2202760686 CROSS TIMBERS ENERGY, LLC 1/17/22 Minor Produced Water Release Produced Water Freeze Lea (25)
nAPP2202759368 CROSS TIMBERS ENERGY, LLC 1/17/22 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2202753960 CROSS TIMBERS ENERGY, LLC 1/17/22 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2202757204 MorningStar Operating LLC 1/17/22 Minor Produced Water Release Produced Water Freeze Lea (25)
nAPP2202534347 XTO ENERGY, INC 1/15/22 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2201947871 XTO ENERGY, INC 1/15/22 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2201725592 DEVON ENERGY PRODUCTION COMPANY, LP 1/15/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2202848888 Spur Energy Partners LLC 1/15/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2202135124 Scorpion Oil & Gas, LLC 1/15/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2201726174 DEVON ENERGY PRODUCTION COMPANY, LP 1/14/22 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2201531463 DEVON ENERGY PRODUCTION COMPANY, LP 1/14/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2201542933 CIMAREX ENERGY CO. OF COLORADO 1/14/22 Major Release Other Unknown Vandalism Lea (25)
nAPP2202755160 COG OPERATING LLC 1/14/22 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2202754237 COG OPERATING LLC 1/14/22 Major Oil Release Crude Oil Fire Lea (25)
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nAPP2202752480 COG OPERATING LLC 1/14/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2202849030 BTA OIL PRODUCERS, LLC 1/14/22 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2202554721 OXY USA INC 1/13/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2201742024 WPX Energy Permian, LLC 1/13/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2202535253 EOG RESOURCES INC 1/12/22 Major Oil Release Crude Oil Freeze Chaves (05)
nAPP2201335979 Enterprise Field Services, LLC 1/12/22 Natural Gas Release Condensate Other Eddy (15)
nAPP2201434268 DEVON ENERGY PRODUCTION COMPANY, LP 1/11/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2201155587 DEVON ENERGY PRODUCTION COMPANY, LP 1/11/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2202535435 COG OPERATING LLC 1/10/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2202556015 OXY USA INC 1/9/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2217442660 Spur Energy Partners LLC 1/9/22 Major Produced Water Release Condensate, Produced Water Human Error Eddy (15)
nAPP2201142115 COG OPERATING LLC 1/8/22 Major Fire Crude Oil Equipment Failure Lea (25)

nAPP2201934969 Earthstone Operating, LLC 1/8/22 Major Produced Water Release
Condensate, Crude Oil, Produced 
Water Equipment Failure Lea (25)

nAPP2200942890 Whiptail Gallup Gathering, LLC 1/8/22 Major Produced Water Release Produced Water Normal Operations San Juan (45)
nAPP2202447336 COG OPERATING LLC 1/7/22 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2218824341 CAZA OPERATING, LLC 1/7/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2202454738 CROSS TIMBERS ENERGY, LLC 1/7/22 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2200758512 SOLARIS WATER MIDSTREAM, LLC 1/7/22 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2201859426 MEWBOURNE OIL CO 1/6/22 Major Oil Release Crude Oil Freeze Eddy (15)
nAPP2201349532 MEWBOURNE OIL CO 1/6/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2200737787 CIMAREX ENERGY CO. 1/6/22 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2202041846 COG OPERATING LLC 1/6/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2201143320 COG OPERATING LLC 1/6/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2217445520 Spur Energy Partners LLC 1/6/22 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2200760556 SOLARIS WATER MIDSTREAM, LLC 1/6/22 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2201459944 LUCID ENERGY DELAWARE, LLC 1/6/22 Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nAPP2201944299 XTO ENERGY, INC 1/5/22 Minor Release Other Other (Specify) Corrosion Eddy (15)
nAPP2201433330 DEVON ENERGY PRODUCTION COMPANY, LP 1/5/22 Minor Produced Water Release Produced Water Freeze Eddy (15)
nAPP2200646019 KAISER-FRANCIS OIL CO 1/5/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2201747464 XTO ENERGY, INC 1/4/22 Major Fire Motor Oil Equipment Failure Eddy (15)
nAPP2201436236 DEVON ENERGY PRODUCTION COMPANY, LP 1/4/22 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2201435462 DEVON ENERGY PRODUCTION COMPANY, LP 1/4/22 Minor Produced Water Release Produced Water Freeze Eddy (15)
nAPP2200452193 DEVON ENERGY PRODUCTION COMPANY, LP 1/4/22 Major Produced Water Release Crude Oil Freeze Eddy (15)
nAPP2200543737 MACK ENERGY CORP 1/4/22 Minor Oil Release Crude Oil Freeze Eddy (15)
nAPP2200630825 MARSHALL & WINSTON INC 1/4/22 Minor Oil Release Crude Oil Freeze Lea (25)
nAPP2201258253 HF Sinclair Navajo Refining LLC 1/4/22 Major Release Other Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2200553732 OXY USA INC 1/4/22 Major Produced Water Release Produced Water Other Union (59)
nAPP2200629053 CIMAREX ENERGY CO. OF COLORADO 1/4/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2201136360 COG OPERATING LLC 1/4/22 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2200730406 WPX Energy Permian, LLC 1/4/22 Minor Oil Release Crude Oil, Produced Water Freeze Eddy (15)
nAPP2200728755 WPX Energy Permian, LLC 1/4/22 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2201745910 XTO ENERGY, INC 1/3/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2201432068 DEVON ENERGY PRODUCTION COMPANY, LP 1/3/22 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2200428221 DEVON ENERGY PRODUCTION COMPANY, LP 1/3/22 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2207746767 FRONTIER FIELD SERVICES, LLC 1/3/22 Major Natural Gas Release Condensate Corrosion Lea (25)
nAPP2201142906 COG OPERATING LLC 1/3/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2200729617 WPX Energy Permian, LLC 1/3/22 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
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nAPP2200455573 BTA OIL PRODUCERS, LLC 1/3/22 Major Produced Water Release Produced Water Freeze Eddy (15)
nAPP2200484096 OWL SWD OPERATING, LLC 1/3/22 Major Produced Water Release Produced Water Freeze Lea (25)
nAPP2202454641 3R Operating, LLC 1/3/22 Major Oil Release Condensate, Produced Water Freeze Eddy (15)
nAPP2202451213 3R Operating, LLC 1/3/22 Major Oil Release Condensate, Produced Water Freeze Eddy (15)
nAPP2201444794 XTO ENERGY, INC 1/2/22 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2201441915 XTO ENERGY, INC 1/2/22 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2201840215 DEVON ENERGY PRODUCTION COMPANY, LP 1/2/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2200425612 DEVON ENERGY PRODUCTION COMPANY, LP 1/2/22 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2200321420 CIMAREX ENERGY CO. 1/2/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2201143682 COG OPERATING LLC 1/2/22 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2200318703 CIMAREX ENERGY CO. OF COLORADO 1/2/22 Major Oil Release Crude Oil Equipment Failure Chaves (05)
nAPP2200270715 Spur Energy Partners LLC 1/2/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2201043390 Opal Operating Company LLC 1/2/22 Minor Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2200343814 SOLARIS WATER MIDSTREAM, LLC 1/2/22 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2202446534 COG OPERATING LLC 1/1/22 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2200166298 NGL WATER SOLUTIONS PERMIAN, LLC 1/1/22 Major Produced Water Release Produced Water Blow Out Lea (25)
nAPP2201364627 DEVON ENERGY PRODUCTION COMPANY, LP 12/31/21 Minor Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2200154337 Spur Energy Partners LLC 12/31/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2201362323 DEVON ENERGY PRODUCTION COMPANY, LP 12/30/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2136542269 DEVON ENERGY PRODUCTION COMPANY, LP 12/30/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2136454686 MorningStar Operating LLC 12/30/21 Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2201254527 XTO ENERGY, INC 12/29/21 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2201252570 XTO ENERGY, INC 12/29/21 Major Release Other Other (Specify) Corrosion Eddy (15)
nAPP2201354511 DEVON ENERGY PRODUCTION COMPANY, LP 12/29/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2200551171 OXY USA INC 12/29/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2200550799 OXY USA INC 12/29/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2136430670 MATADOR PRODUCTION COMPANY 12/29/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2136344432 Enterprise Field Services, LLC 12/29/21 Major Fire Other (Specify) Fire San Juan (45)
nAPP2201046595 CHEVRON U S A INC 12/28/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2201348579 DEVON ENERGY PRODUCTION COMPANY, LP 12/28/21 Minor Oil Release Crude Oil Other Lea (25)
nAPP2136338719 SOLARIS WATER MIDSTREAM, LLC 12/28/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2200648092 Permian Resources Operating, LLC 12/28/21 Major Fire Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2136340518 EPIC ENERGY, L.L.C. 12/28/21 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2201145173 DEVON ENERGY PRODUCTION COMPANY, LP 12/27/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2136249082 PLAINS MARKETING L.P. 12/27/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2201131030 COG OPERATING LLC 12/27/21 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2200659729 DEVON ENERGY PRODUCTION COMPANY, LP 12/26/21 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2136350118 OXY USA INC 12/26/21 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2136349132 OXY USA INC 12/26/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2200461719 J R OIL, LTD. CO. 12/26/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2200746777 XTO ENERGY, INC 12/24/21 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2200753107 MEWBOURNE OIL CO 12/24/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2201128189 COG OPERATING LLC 12/23/21 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2135745913 DEVON ENERGY PRODUCTION COMPANY, LP 12/22/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2200444836 Earthstone Operating, LLC 12/22/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2135656116 GRAND BANKS ENERGY CO 12/21/21 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2200644754 COG OPERATING LLC 12/21/21 Major Fire Crude Oil Equipment Failure Lea (25)

WG Ex. 92

3014



nAPP2200643457 COG OPERATING LLC 12/21/21 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2200560379 HILCORP ENERGY COMPANY 12/21/21 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2200356328 XTO ENERGY, INC 12/20/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2136356951 NAVAJO REFINING COMPANY, L.L.C. 12/20/21 Minor Release Other Crude Oil Other Eddy (15)
nAPP2135553448 DCP OPERATING COMPANY, LP 12/20/21 Minor Other Other (Specify) Equipment Failure Lea (25)
nAPP2200641724 COG OPERATING LLC 12/20/21 Major Release Other Produced Water Corrosion Lea (25)
nAPP2200639375 COG OPERATING LLC 12/20/21 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2135653210 HOLLY ENERGY PARTNERS - OPERATING, LP 12/20/21 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2135543093 SOLARIS WATER MIDSTREAM, LLC 12/20/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2200359627 XTO ENERGY, INC 12/19/21 Minor Release Other Other (Specify) Other Eddy (15)
nAPP2200258650 MEWBOURNE OIL CO 12/19/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2202148700 COG OPERATING LLC 12/18/21 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2136132623 NOVO OIL & GAS NORTHERN DELAWARE, LLC 12/18/21 Minor Release Other Drilling Mud/Fluid Equipment Failure Eddy (15)
nAPP2136452653 XTO ENERGY, INC 12/17/21 Minor Release Other Other (Specify) Other Eddy (15)
nAPP2135263418 DEVON ENERGY PRODUCTION COMPANY, LP 12/17/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2135438366 CIMAREX ENERGY CO. OF COLORADO 12/17/21 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2135426735 CIMAREX ENERGY CO. 12/17/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2135134919 Civitas Permian Operating, LLC 12/17/21 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2136455950 XTO ENERGY, INC 12/16/21 Minor Release Other Other (Specify) Human Error Eddy (15)
nAPP2200551359 DEVON ENERGY PRODUCTION COMPANY, LP 12/16/21 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2135135752 SOLARIS WATER MIDSTREAM, LLC 12/16/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2134858003 DUGAN PRODUCTION CORP 12/14/21 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2135057740 EOG RESOURCES INC 12/14/21 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2136442801 COG OPERATING LLC 12/14/21 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2136138685 LUCID ENERGY DELAWARE, LLC 12/13/21 Minor Oil Release Lube Oil Human Error Lea (25)
nAPP2134945825 XTO ENERGY, INC 12/12/21 Major Fire Condensate Equipment Failure Eddy (15)
nAPP2134834158 DEVON ENERGY PRODUCTION COMPANY, LP 12/12/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2136351824 COG OPERATING LLC 12/11/21 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2134850486 WPX Energy Permian, LLC 12/11/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2134435120 CROSS TIMBERS ENERGY, LLC 12/9/21 Minor Produced Water Release Produced Water High Line Pressure San Juan (45)
nAPP2134439976 MorningStar Operating LLC 12/9/21 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2134755985 XTO ENERGY, INC 12/8/21 Major Release Other Other (Specify), Produced Water Equipment Failure, Other Eddy (15)
nAPP2135430342 FASKEN OIL & RANCH LTD 12/8/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2135052895 SELECT ENERGY SERVICES, LLC 12/8/21 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2134831697 DJR OPERATING, LLC 12/8/21 Major Other Unknown Other Luna (29)
nAPP2134830510 DJR OPERATING, LLC 12/8/21 Major Other Unknown Other San Juan (45)
nAPP2134345504 XTO ENERGY, INC 12/7/21 Major Fire Condensate Equipment Failure Eddy (15)
nAPP2135557224 EOG RESOURCES INC 12/7/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2202640097 MEWBOURNE OIL CO 12/7/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2135156642 MEWBOURNE OIL CO 12/7/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2134156373 Enterprise Field Services, LLC 12/7/21 Major Release Other
Gelled Brine (Frac Fluid), Produced 
Water Human Error, Other Eddy (15)

nAPP2134444397 WPX Energy Permian, LLC 12/7/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2135032531 XTO ENERGY, INC 12/6/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2134754672 XTO ENERGY, INC 12/6/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2135442784 COG OPERATING LLC 12/6/21 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2134728952 OWL SWD OPERATING, LLC 12/6/21 Minor Produced Water Release Produced Water High Line Pressure Lea (25)
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nAPP2134844762 Talon LPE 12/6/21 Major Produced Water Release
Natural Gas Vented, Crude Oil, 
Produced Water Corrosion Eddy (15)

nAPP2134051416 OXY USA INC 12/4/21 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2201126212 COG OPERATING LLC 12/4/21 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2134740531 COG OPERATING LLC 12/4/21 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2134127547 Spur Energy Partners LLC 12/4/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2134437552 XTO ENERGY, INC 12/3/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2134155628 DEVON ENERGY PRODUCTION COMPANY, LP 12/3/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2136244641 DUGAN PRODUCTION CORP 12/3/21 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Sandoval (43)
nAPP2135430959 COG OPERATING LLC 12/3/21 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2135033062 COG OPERATING LLC 12/3/21 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2135033453 WPX Energy Permian, LLC 12/3/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2135425883 CAZA OPERATING, LLC 12/3/21 Major Other Crude Oil, Produced Water Other Lea (25)
nAPP2134857286 DJR OPERATING, LLC 12/3/21 Minor Oil Release Crude Oil Human Error San Juan (45)
nAPP2133854148 TAP ROCK OPERATING, LLC 12/3/21 Minor Other Produced Water Human Error Lea (25)
nAPP2134240645 Permian Resources Operating, LLC 12/2/21 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2136150657 LUCID ENERGY DELAWARE, LLC 12/2/21 Minor Oil Release Natural Gas Liquids Corrosion Eddy (15)
nAPP2134242630 OXY USA INC 12/1/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2134137036 WPX Energy Permian, LLC 12/1/21 Minor Produced Water Release Produced Water Power Failure Eddy (15)
nAPP2134739368 COG OPERATING LLC 11/30/21 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2134029025 Enterprise Field Services, LLC 11/30/21 Minor Release Other Condensate Corrosion Rio Arriba (39)
nAPP2133653220 Enterprise Field Services, LLC 11/30/21 Minor Natural Gas Release Condensate Corrosion Rio Arriba (39)
nAPP2134428244 MEWBOURNE OIL CO 11/29/21 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2133533688 OXY USA INC 11/29/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2134442133 WPX Energy Permian, LLC 11/29/21 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2133730153 SUNDOWN ENERGY LP 11/28/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2133655230 EOG RESOURCES INC 11/26/21 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2133323491 Enterprise Field Services, LLC 11/26/21 Natural Gas Release Condensate Other Eddy (15)
nAPP2134057483 WPX Energy Permian, LLC 11/26/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2133355460 DEVON ENERGY PRODUCTION COMPANY, LP 11/25/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2133052225 HARVARD PETROLEUM COMPANY, LLC 11/25/21 Major Produced Water Release Produced Water Vandalism Eddy (15)
nAPP2134852620 DJR OPERATING, LLC 11/25/21 Oil Release Crude Oil Equipment Failure Sandoval (43)
nAPP2134251177 DEVON ENERGY PRODUCTION COMPANY, LP 11/24/21 Minor Oil Release Crude Oil Other Lea (25)
nAPP2133354428 DEVON ENERGY PRODUCTION COMPANY, LP 11/24/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2132902756 SCOUT ENERGY MANAGEMENT LLC 11/24/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2133439841 CHEVRON U S A INC 11/23/21 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2132738630 MATADOR PRODUCTION COMPANY 11/23/21 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2132760865 Enterprise Field Services, LLC 11/23/21 Major Natural Gas Release Condensate Corrosion Rio Arriba (39)
nAPP2133638083 EOG RESOURCES INC 11/22/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2133649315 MEWBOURNE OIL CO 11/22/21 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2132732633 MARATHON OIL PERMIAN LLC 11/22/21 Major Produced Water Release Produced Water Corrosion Eddy (15)

nAPP2134161203 AMEREDEV OPERATING, LLC 11/22/21 Major Fire
B.S. & W., Condensate, Crude Oil, 
Produced Water Fire Lea (25)

nAPP2132634860 NGL WATER SOLUTIONS PERMIAN, LLC 11/22/21 Major Produced Water Release Produced Water Fire Lea (25)
nAPP2132572870 CIMAREX ENERGY CO. 11/21/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2133735817 EOG RESOURCES INC 11/20/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2132430838 MARATHON OIL PERMIAN LLC 11/20/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2132562482 NOVO OIL & GAS NORTHERN DELAWARE, LLC 11/20/21 Major Produced Water Release Produced Water Blow Out Eddy (15)
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nAPP2133448368 APACHE CORPORATION 11/18/21 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2134254895 EOG RESOURCES INC 11/18/21 Major Produced Water Release Produced Water Normal Operations Lea (25)
nAPP2132758836 OXY USA INC 11/18/21 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2133541017 COG OPERATING LLC 11/18/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2132628487 Enterprise Field Services, LLC 11/18/21 Natural Gas Release Condensate Other Eddy (15)
nAPP2133477894 Spur Energy Partners LLC 11/18/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2132339581 CENTENNIAL RESOURCE PRODUCTION, LLC 11/18/21 Major Oil Release Crude Oil Separation Flowback Lea (25)
nAPP2133445985 XTO ENERGY, INC 11/17/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2207335360 EOG RESOURCES INC 11/17/21 Major Complaint Produced Water Repair and Maintenance Eddy (15)
nAPP2132655533 HF Sinclair Navajo Refining LLC 11/17/21 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2133649705 Silverback Operating II, LLC 11/17/21 Major Other Other (Specify) Other Eddy (15)

nAPP2132245281 GOODNIGHT MIDSTREAM PERMIAN, LLC 11/17/21 Major Produced Water Release Crude Oil, Produced Water
Other, Overflow - Tank, Pit, 
Etc. Lea (25)

nAPP2133426492 CHEVRON U S A INC 11/16/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2133436240 XTO ENERGY, INC 11/16/21 Major Fire Motor Oil Equipment Failure Eddy (15)
nAPP2132126541 CIMAREX ENERGY CO. 11/16/21 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2133451536 COG OPERATING LLC 11/16/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2132227694 Enterprise Field Services, LLC 11/16/21 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2133435614 EOR OPERATING COMPANY 11/16/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Roosevelt (41)
nAPP2132057088 MARATHON OIL PERMIAN LLC 11/16/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2133326844 HILCORP ENERGY COMPANY 11/16/21 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2132259675 MEWBOURNE OIL CO 11/15/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2132248577 XTO ENERGY, INC 11/14/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2132035437 NGL WATER SOLUTIONS PERMIAN, LLC 11/14/21 Major Produced Water Release Produced Water Blow Out Lea (25)
nAPP2132339622 XTO ENERGY, INC 11/13/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2132241976 XTO ENERGY, INC 11/13/21 Minor Release Other Other (Specify) Other Eddy (15)
nAPP2133331588 OXY USA INC 11/13/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2135744772 COG OPERATING LLC 11/13/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2133540189 COG OPERATING LLC 11/13/21 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2132757712 COG OPERATING LLC 11/13/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2131951276 NGL WATER SOLUTIONS PERMIAN, LLC 11/13/21 Minor Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2131947608 Franklin Mountain Energy LLC 11/13/21 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2132244500 XTO ENERGY, INC 11/12/21 Major Fire Condensate Equipment Failure Eddy (15)
nAPP2132258941 MEWBOURNE OIL CO 11/12/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2131670294 Enterprise Field Services, LLC 11/12/21 Other Produced Water Other Eddy (15)
nAPP2208047071 GEORGE A CHASE JR DBA G AND C SERVICE 11/12/21 Major Oil Release Crude Oil Other Lea (25)
nAPP2133331019 OXY USA INC 11/11/21 Major Produced Water Release Produced Water Corrosion Eddy (15)

nAPP2131443131 DUGAN PRODUCTION CORP 11/10/21 Major Oil Release Crude Oil, Produced Water
Corrosion, Overflow - Tank, 
Pit, Etc. San Juan (45)

nAPP2131555241 MATADOR PRODUCTION COMPANY 11/10/21 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2132756247 COG OPERATING LLC 11/10/21 Major Oil Release Crude Oil Other Lea (25)
nAPP2131540910 CAZA OPERATING, LLC 11/10/21 Major Fire Crude Oil, Produced Water Fire Lea (25)
nAPP2131437130 MARATHON OIL PERMIAN LLC 11/10/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2131355991 EOG RESOURCES INC 11/8/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2131330323 MARATHON OIL PERMIAN LLC 11/8/21 Major Oil Release Crude Oil Fire Lea (25)
nAPP2132240471 XTO ENERGY, INC 11/7/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2132755069 COG OPERATING LLC 11/7/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2131553617 DEVON ENERGY PRODUCTION COMPANY, LP 11/5/21 Minor Produced Water Release Produced Water Other Lea (25)

WG Ex. 92

3017



nAPP2132143945 COG OPERATING LLC 11/5/21 Major Fire Crude Oil Fire Eddy (15)
nAPP2130941255 BTA OIL PRODUCERS, LLC 11/4/21 Major Oil Release Other (Specify) Eddy (15)
nAPP2130938365 BTA OIL PRODUCERS, LLC 11/4/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2130931509 MARATHON OIL PERMIAN LLC 11/4/21 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2130930832 MARATHON OIL PERMIAN LLC 11/4/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2131928286 MEWBOURNE OIL CO 11/3/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2132239130 OXY USA INC 11/3/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2132239558 OXY USA INC 11/2/21 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2130741101 Spur Energy Partners LLC 11/2/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2131945480 HILCORP ENERGY COMPANY 11/2/21 Release Other Unknown Other Rio Arriba (39)
nAPP2130837821 XTO ENERGY, INC 11/1/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2405246233 OXY USA INC 11/1/21 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2405245671 OXY USA INC 11/1/21 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2405245333 OXY USA INC 11/1/21 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2405245162 OXY USA INC 11/1/21 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2405245028 OXY USA INC 11/1/21 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2405244889 OXY USA INC 11/1/21 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2405244585 OXY USA INC 11/1/21 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2405244372 OXY USA INC 11/1/21 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2405244149 OXY USA INC 11/1/21 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2405243873 OXY USA INC 11/1/21 Major Oil Release Crude Oil, Produced Water Other Chaves (05)
nAPP2324337500 SAHARA OPERATING CO 11/1/21 Major Other Produced Water Other Lea (25)
nAPP2130647997 Enterprise Field Services, LLC 11/1/21 Major Natural Gas Release Condensate Corrosion Rio Arriba (39)
nAPP2131935400 Maverick Permian LLC 11/1/21 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2131944889 ETC Texas Pipeline, Ltd. 11/1/21 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2131933625 COG OPERATING LLC 10/31/21 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2130547657 Spur Energy Partners LLC 10/31/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2131347236 EOG RESOURCES INC 10/30/21 Major Release Other Other (Specify) Other Eddy (15)
nAPP2132141822 COG OPERATING LLC 10/30/21 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2130548119 Spur Energy Partners LLC 10/30/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS2131439117 NEW MEXICO ENERGY MINERALS & NATURAL RESOURCE 10/29/21 Major Release Other Unknown Equipment Failure Eddy (15)
nAPP2131450559 Earthstone Operating, LLC 10/29/21 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2130249417 HF Sinclair Navajo Refining LLC 10/28/21 Major Other Other (Specify) Other Eddy (15)
nAPP2207654154 EASTLAND OIL CO 10/28/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2218145440 DCP OPERATING COMPANY, LP 10/28/21 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAPP2131550016 EOG RESOURCES INC 10/27/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2130138079 Enterprise Field Services, LLC 10/27/21 Natural Gas Release Condensate Other Eddy (15)
nAPP2130548866 Spur Energy Partners LLC 10/27/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2131359766 MEWBOURNE OIL CO 10/26/21 Minor Oil Release Condensate Equipment Failure Eddy (15)
nAPP2132773092 COG OPERATING LLC 10/26/21 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2131927902 COG OPERATING LLC 10/26/21 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2130548510 Spur Energy Partners LLC 10/26/21 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2131358531 DEVON ENERGY PRODUCTION COMPANY, LP 10/25/21 Minor Oil Release Crude Oil Other Lea (25)
nAPP2131254853 EOG RESOURCES INC 10/25/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2129832628 EOG RESOURCES INC 10/25/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2129935504 PLAINS MARKETING L.P. 10/25/21 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2130843704 CONOCOPHILLIPS COMPANY 10/25/21 Major Release Other Crude Oil, Produced Water Human Error Lea (25)
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nAPP2129853690 LM Touchdown LLC 10/25/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2130054846 XTO ENERGY, INC 10/24/21 Minor Release Other Other (Specify) Other Eddy (15)
nAPP2130053365 XTO ENERGY, INC 10/24/21 Major Fire Crude Oil Fire Lea (25)
nAPP2129845429 DEVON ENERGY PRODUCTION COMPANY, LP 10/24/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2129771036 CIMAREX ENERGY CO. 10/24/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2129826922 BTA OIL PRODUCERS, LLC 10/24/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2129824469 CENTENNIAL RESOURCE PRODUCTION, LLC 10/24/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2129542385 DUGAN PRODUCTION CORP 10/22/21 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2129567623 MARATHON OIL PERMIAN LLC 10/22/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2130833627 MEWBOURNE OIL CO 10/21/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2130853724 COG OPERATING LLC 10/21/21 Major Fire Crude Oil Human Error Lea (25)
nAPP2130844927 COG OPERATING LLC 10/21/21 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2130844221 Maverick Permian LLC 10/21/21 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2129459399 MARATHON OIL PERMIAN LLC 10/21/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2129432622 CIMAREX ENERGY CO. 10/20/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2129351684 Roughhouse Operating, LLC 10/20/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2129253819 Enterprise Field Services, LLC 10/19/21 Minor Release Other Condensate Corrosion San Juan (45)
nAPP2129255688 MARATHON OIL PERMIAN LLC 10/19/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2130051391 DEVON ENERGY PRODUCTION COMPANY, LP 10/18/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2130843614 COG OPERATING LLC 10/18/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2132162317 OXY USA INC 10/17/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2129339302 CENTENNIAL RESOURCE PRODUCTION, LLC 10/17/21 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2129040886 DEVON ENERGY PRODUCTION COMPANY, LP 10/16/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2129846784 ASCENT ENERGY, LLC. 10/16/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2129540554 XTO ENERGY, INC 10/15/21 Minor Release Other Other (Specify) Power Failure Eddy (15)
nAPP2129353745 EOG RESOURCES INC 10/15/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2130229949 COG OPERATING LLC 10/15/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2129151549 TAP ROCK OPERATING, LLC 10/15/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2129853619 XTO ENERGY, INC 10/14/21 Minor Release Other Other (Specify) Other Eddy (15)
nAPP2128843899 HF Sinclair Navajo Refining LLC 10/14/21 Major Release Other Other (Specify) Other Eddy (15)
nAPP2129837754 Spur Energy Partners LLC 10/14/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2128846984 KAISER-FRANCIS OIL CO 10/13/21 Major Fire Lube Oil Fire Eddy (15)
nAPP2129527589 MEWBOURNE OIL CO 10/13/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2129840452 XTO ENERGY, INC 10/12/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2129846676 COG OPERATING LLC 10/12/21 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2129936218 Maverick Permian LLC 10/12/21 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2129851001 Maverick Permian LLC 10/12/21 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2128538179 DEVON ENERGY PRODUCTION COMPANY, LP 10/11/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2128551283 PLAINS MARKETING L.P. 10/11/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2131262448 J R OIL, LTD. CO. 10/11/21 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAPP2128532809 SCOUT ENERGY MANAGEMENT LLC 10/11/21 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2128544986 MARATHON OIL PERMIAN LLC 10/11/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2128401176 NAVAJO REFINING COMPANY, L.L.C. 10/10/21 Minor Other Other (Specify) Equipment Failure Eddy (15)
nAPP2200536812 MATADOR PRODUCTION COMPANY 10/8/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2129845041 COG OPERATING LLC 10/8/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nCS2129551635 HILCORP ENERGY COMPANY 10/8/21 Major Other Other (Specify) Other Rio Arriba (39)
nAPP2132163826 OXY USA INC 10/7/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
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nAPP2128133962 DCP OPERATING COMPANY, LP 10/7/21 Minor Natural Gas Release Condensate Corrosion Eddy (15)
nAPP2129146666 Lucid Artesia Company 10/7/21 Major Natural Gas Release Natural Gas Liquids Corrosion Eddy (15)
nAPP2129830369 COG OPERATING LLC 10/7/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2128135738 MARATHON OIL PERMIAN LLC 10/7/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2129343823 COG OPERATING LLC 10/6/21 Major Fire Crude Oil, Produced Water Human Error Eddy (15)
nAPP2128130644 Enterprise Field Services, LLC 10/6/21 Minor Oil Release Condensate Corrosion San Juan (45)
nAPP2129428378 HILCORP ENERGY COMPANY 10/6/21 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2128435279 HILCORP ENERGY COMPANY 10/5/21 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2128059178 EOG RESOURCES INC 10/4/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2128552872 COG OPERATING LLC 10/4/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2127930986 Civitas Permian Operating, LLC 10/4/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2128451743 XTO ENERGY, INC 10/3/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2130049855 DEVON ENERGY PRODUCTION COMPANY, LP 10/3/21 Minor Oil Release Crude Oil Other Lea (25)
nAPP2129940931 OXY USA INC 10/3/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2129847651 DEVON ENERGY PRODUCTION COMPANY, LP 10/2/21 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2128746862 COG OPERATING LLC 10/2/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2127437122 MARATHON OIL PERMIAN LLC 10/1/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2200549704 ENDEAVOR ENERGY RESOURCES, LP 9/30/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2127459566 CIMAREX ENERGY CO. 9/30/21 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2128751635 J R OIL, LTD. CO. 9/30/21 Major Other Crude Oil, Produced Water High Line Pressure Lea (25)
nAPP2128447688 XTO ENERGY, INC 9/29/21 Major Fire Motor Oil Fire Eddy (15)
nAPP2127937408 EOG RESOURCES INC 9/29/21 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2127935396 EOG RESOURCES INC 9/29/21 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2127345557 Avant Operating, LLC 9/29/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2127943847 XTO ENERGY, INC 9/28/21 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2129171458 DEVON ENERGY PRODUCTION COMPANY, LP 9/28/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2127146416 DEVON ENERGY PRODUCTION COMPANY, LP 9/28/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2128557106 EOG RESOURCES INC 9/28/21 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2127753495 DCP OPERATING COMPANY, LP 9/28/21 Major Natural Gas Release Condensate Human Error Eddy (15)
nAPP2127263561 LUCID ENERGY DELAWARE, LLC 9/28/21 Major Fire Other (Specify) Eddy (15)

nAPP2127262628 LUCID ENERGY DELAWARE, LLC 9/28/21 Major Natural Gas Release
Natural Gas Vented, Natural Gas 
Liquids Vehicular Accident Eddy (15)

nAPP2127936884 XTO ENERGY, INC 9/27/21 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2128047535 MEWBOURNE OIL CO 9/27/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2128043375 MEWBOURNE OIL CO 9/27/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2127347137 WPX Energy Permian, LLC 9/27/21 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2127147753 APACHE CORPORATION 9/25/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2127146876 APACHE CORPORATION 9/25/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2128035834 COG OPERATING LLC 9/24/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2127430680 EOG RESOURCES INC 9/23/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2127232527 EOG RESOURCES INC 9/23/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2127158509 EOG RESOURCES INC 9/23/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2127245561 DJR OPERATING, LLC 9/23/21 Minor Oil Release Crude Oil Other Rio Arriba (39)
nAPP2127156622 EOG RESOURCES INC 9/22/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2127156073 EOG RESOURCES INC 9/22/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2126643846 MATADOR PRODUCTION COMPANY 9/22/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2126633610 BTA OIL PRODUCERS, LLC 9/22/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2127835608 XTO ENERGY, INC 9/21/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAPP2127857190 DEVON ENERGY PRODUCTION COMPANY, LP 9/21/21 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAPP2126438023 DUGAN PRODUCTION CORP 9/21/21 Major Oil Release Crude Oil Corrosion San Juan (45)
nAPP2127158905 EOG RESOURCES INC 9/21/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2127157023 EOG RESOURCES INC 9/21/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2127053309 EOG RESOURCES INC 9/21/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2127159445 Silverback Operating II, LLC 9/21/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2127243983 EPIC ENERGY, L.L.C. 9/21/21 Major Other Crude Oil Other Rio Arriba (39)
nAPP2127433772 MEWBOURNE OIL CO 9/20/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2126756387 OXY USA INC 9/20/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2127251809 SAHARA OPERATING CO 9/20/21 Produced Water Release Produced Water Other Lea (25)
nAPP2126749790 EPIC ENERGY, L.L.C. 9/20/21 Release Other Other (Specify) Normal Operations San Juan (45)
nAPP2126755564 OXY USA INC 9/19/21 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2126350975 CIMAREX ENERGY CO. OF COLORADO 9/19/21 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2128034104 COG OPERATING LLC 9/19/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2127753984 DEVON ENERGY PRODUCTION COMPANY, LP 9/18/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2126532858 GOODNIGHT MIDSTREAM PERMIAN, LLC 9/18/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2127755919 Spur Energy Partners LLC 9/17/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2126650216 DJR OPERATING, LLC 9/17/21 Major Other Crude Oil Other San Juan (45)
nAPP2127753131 Spur Energy Partners LLC 9/16/21 Major Produced Water Release Produced Water Repair and Maintenance Eddy (15)
nAPP2127258434 HARVARD PETROLEUM COMPANY, LLC 9/15/21 Minor Oil Release Crude Oil Normal Operations Eddy (15)
nAPP2126753999 OXY USA INC 9/15/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2125861315 TEAM OPERATING, L.L.C. 9/15/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2126336687 MEWBOURNE OIL CO 9/14/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2125935727 TARGA MIDSTREAM SERVICES LLC 9/14/21 Minor Oil Release Condensate, Crude Oil Corrosion Lea (25)
nAPP2132140928 MATADOR PRODUCTION COMPANY 9/14/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2125948567 Enterprise Field Services, LLC 9/14/21 Major Fire Condensate Other San Juan (45)

nAPP2126347976 HILCORP ENERGY COMPANY 9/14/21 Minor Produced Water Release
Condensate, Crude Oil, Other 
(Specify), Produced Water

Other, Overflow - Tank, Pit, 
Etc. Rio Arriba (39)

nCZW2128138085 DUGAN PRODUCTION CORP 9/13/21 Release Other San Juan (45)
nAPP2130052167 DUGAN PRODUCTION CORP 9/13/21 Major Other Produced Water Normal Operations San Juan (45)
nAPP2125728285 BTA OIL PRODUCERS, LLC 9/13/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2126754519 OXY USA INC 9/12/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2125634577 CENTENNIAL RESOURCE PRODUCTION, LLC 9/12/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2125651649 DEVON ENERGY PRODUCTION COMPANY, LP 9/11/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2126739634 DEVON ENERGY PRODUCTION COMPANY, LP 9/10/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2125655405 EOG RESOURCES INC 9/10/21 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAPP2127234076 COG OPERATING LLC 9/10/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2127147322 COG OPERATING LLC 9/10/21 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2125652492 Whiptail Midstream LLC 9/10/21 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nAPP2126639352 XTO ENERGY, INC 9/9/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2125340763 HF Sinclair Navajo Refining LLC 9/9/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2127342251 COG OPERATING LLC 9/9/21 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2126345192 WPX Energy Permian, LLC 9/9/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2126062202 Silverback Operating II, LLC 9/9/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2127444223 SOLARIS WATER MIDSTREAM, LLC 9/9/21 Major Produced Water Release Produced Water High Line Pressure Lea (25)
nAPP2126542912 3BEAR FIELD SERVICES, LLC 9/9/21 Minor Oil Release Crude Oil Other Lea (25)
nAPP2126346304 BURNETT OIL CO INC 9/8/21 Produced Water Release Produced Water Other Eddy (15)
nAPP2126049753 EOG RESOURCES INC 9/8/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAPP2125156256 TEAM OPERATING, L.L.C. 9/8/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2125149254 DEVON ENERGY PRODUCTION COMPANY, LP 9/7/21 Minor Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2126456727 EOG RESOURCES INC 9/7/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2125960064 MEWBOURNE OIL CO 9/7/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2125264556 OXY USA INC 9/7/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2127034861 COG OPERATING LLC 9/7/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2125845353 ETC Texas Pipeline, Ltd. 9/7/21 Major Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nAPP2126356732 XTO ENERGY, INC 9/6/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2125731884 APACHE CORPORATION 9/5/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2126045826 XTO ENERGY, INC 9/5/21 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2125042984 MATADOR PRODUCTION COMPANY 9/4/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2126447227 COG OPERATING LLC 9/4/21 Major Fire Produced Water Lightning Eddy (15)
nAPP2126026738 J R OIL, LTD. CO. 9/4/21 Major Other Crude Oil, Produced Water Lightning Lea (25)
nAPP2125946236 XTO ENERGY, INC 9/3/21 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2124639107 DEVON ENERGY PRODUCTION COMPANY, LP 9/3/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2125956676 EOG RESOURCES INC 9/3/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2126444907 COG OPERATING LLC 9/3/21 Major Fire Crude Oil Fire Lea (25)
nAPP2125738506 SOLARIS WATER MIDSTREAM, LLC 9/3/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2125353154 XTO ENERGY, INC 9/2/21 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2125849386 DEVON ENERGY PRODUCTION COMPANY, LP 9/2/21 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2124569685 Enterprise Field Services, LLC 9/2/21 Major Fire Other (Specify) Eddy (15)
nAPP2125350293 XTO ENERGY, INC 9/1/21 Major Fire Crude Oil Fire Eddy (15)
nAPP2127734737 HOLLYFRONTIER REFINING & MARKETING LLC 9/1/21 Major Oil Release Crude Oil Vehicular Accident Lea (25)
nAPP2128531481 COG OPERATING LLC 9/1/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2125739917 Enterprise Field Services, LLC 9/1/21 Minor Oil Release Condensate Corrosion San Juan (45)
nAPP2125037885 Enterprise Field Services, LLC 9/1/21 Minor Oil Release Condensate Corrosion San Juan (45)
nAPP2125035140 Enterprise Field Services, LLC 9/1/21 Minor Oil Release Condensate Corrosion San Juan (45)
nAPP2124533703 Enterprise Field Services, LLC 9/1/21 Major Oil Release Condensate Corrosion San Juan (45)
nAPP2124634903 CROSS TIMBERS ENERGY, LLC 9/1/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2124834029 TAP ROCK OPERATING, LLC 9/1/21 Major Produced Water Release Produced Water Blow Out Lea (25)
nAPP2124428964 MARATHON OIL PERMIAN LLC 9/1/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2124632147 MEWBOURNE OIL CO 8/30/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2124627967 MEWBOURNE OIL CO 8/30/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2124561009 MEWBOURNE OIL CO 8/30/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2124558682 MEWBOURNE OIL CO 8/30/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2129931373 COG OPERATING LLC 8/30/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2124531124 WPX Energy Permian, LLC 8/30/21 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2124349541 WPX Energy Permian, LLC 8/30/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2125640335 EOG RESOURCES INC 8/29/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2124538146 EOG RESOURCES INC 8/29/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2129931777 Spur Energy Partners LLC 8/29/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2124237477 WPX Energy Permian, LLC 8/28/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2129344498 COG OPERATING LLC 8/27/21 Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2125058409 APACHE CORPORATION 8/26/21 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2125162939 EOG RESOURCES INC 8/26/21 Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2125154572 EOG RESOURCES INC 8/26/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2125031738 MEWBOURNE OIL CO 8/26/21 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
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nAPP2124433001 FRONTIER FIELD SERVICES, LLC 8/26/21 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2124457634 MATADOR PRODUCTION COMPANY 8/26/21 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2134747863 COG OPERATING LLC 8/26/21 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2125630520 COG OPERATING LLC 8/26/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2125049675 COG OPERATING LLC 8/26/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2130550702 Spur Energy Partners LLC 8/26/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2123947918 ETC Texas Pipeline, Ltd. 8/26/21 Major Oil Release Crude Oil Other Lea (25)
nAPP2123941052 NGL WATER SOLUTIONS PERMIAN, LLC 8/26/21 Major Produced Water Release Produced Water Blow Out Lea (25)
nAPP2125143187 XTO ENERGY, INC 8/25/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2125262626 OXY USA INC 8/25/21 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2129930991 Spur Energy Partners LLC 8/25/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2124432801 EOG RESOURCES INC 8/24/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2127254916 SAHARA OPERATING CO 8/24/21 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2123824305 Enterprise Field Services, LLC 8/24/21 Natural Gas Release Condensate Other Eddy (15)
nAPP2125263485 Silverback Operating II, LLC 8/24/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2124435578 Silverback Operating II, LLC 8/24/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2125046010 ETC Texas Pipeline, Ltd. 8/24/21 Major Release Other Natural Gas Liquids Corrosion Lea (25)
nAPP2123850791 LUCID ENERGY DELAWARE, LLC 8/24/21 Minor Natural Gas Release Natural Gas Liquids High Line Pressure Lea (25)
nAPP2123555001 BTA OIL PRODUCERS, LLC 8/23/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2123554329 BTA OIL PRODUCERS, LLC 8/23/21 Major Produced Water Release Other (Specify) Lea (25)
nAPP2123851435 ENDURING RESOURCES, LLC 8/23/21 Minor Produced Water Release Produced Water Equipment Failure Sandoval (43)
nAPP2124239175 Harvest Four Corners, LLC 8/23/21 Major Release Other Other (Specify) Other San Juan (45)
nAPP2124346388 COG OPERATING LLC 8/22/21 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2125030589 COG OPERATING LLC 8/21/21 Major Fire Crude Oil Equipment Failure Lea (25)
nAPP2124347654 COG OPERATING LLC 8/21/21 Minor Release Other Crude Oil, Produced Water Human Error Lea (25)
nAPP2123361366 WPX Energy Permian, LLC 8/21/21 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2125246807 DEVON ENERGY PRODUCTION COMPANY, LP 8/20/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2125141291 DEVON ENERGY PRODUCTION COMPANY, LP 8/20/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2124247509 Redwood Operating LLC 8/20/21 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2124337960 DEVON ENERGY PRODUCTION COMPANY, LP 8/19/21 Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAPP2125628290 COG OPERATING LLC 8/19/21 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2123156473 BTA OIL PRODUCERS, LLC 8/19/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2123153867 MARATHON OIL PERMIAN LLC 8/19/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2124629937 AMEREDEV OPERATING, LLC 8/19/21 Major Produced Water Release Produced Water Blow Out Lea (25)
nAPP2123650648 GOODNIGHT MIDSTREAM PERMIAN, LLC 8/19/21 Minor Produced Water Release Produced Water Repair and Maintenance Lea (25)
nAPP2123158626 EOG RESOURCES INC 8/18/21 Major Oil Release Crude Oil, Produced Water Equipment Failure Chaves (05)
nAPP2124350596 COG OPERATING LLC 8/18/21 Major Fire Crude Oil, Produced Water Fire Lea (25)
nAPP2123124717 MARATHON OIL PERMIAN LLC 8/18/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2124341745 COG OPERATING LLC 8/17/21 Major Fire Unknown Fire Eddy (15)
nAPP2123047003 BTA OIL PRODUCERS, LLC 8/17/21 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2123047534 EOG RESOURCES INC 8/16/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2124345032 WHITING OIL AND GAS CORPORATION 8/16/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2124238725 COG OPERATING LLC 8/16/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2123630210 Enterprise Field Services, LLC 8/16/21 Minor Oil Release Condensate Corrosion San Juan (45)
nAPP2122854136 WPX Energy Permian, LLC 8/16/21 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2124236054 MEWBOURNE OIL CO 8/14/21 Major Fire Produced Water Lightning Eddy (15)
nAPP2123232747 Permian Resources Operating, LLC 8/14/21 Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
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nAPP2123733579 XTO ENERGY, INC 8/13/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2123654922 EOG RESOURCES INC 8/13/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2122535332 MARATHON OIL PERMIAN LLC 8/13/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2202752082 COG OPERATING LLC 8/12/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2125634309 COG OPERATING LLC 8/12/21 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2123840629 ETC Texas Pipeline, Ltd. 8/12/21 Minor Release Other Natural Gas Liquids Other Lea (25)
nAPP2123537909 APACHE CORPORATION 8/11/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2123134861 CHEVRON U S A INC 8/11/21 Major Oil Release Other (Specify) Lea (25)
nAPP2122452744 EOG RESOURCES INC 8/11/21 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2122371336 CONOCOPHILLIPS COMPANY 8/11/21 Major Release Other Crude Oil, Produced Water Power Failure Lea (25)
nAPP2129840173 COG OPERATING LLC 8/11/21 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2124242761 COG OPERATING LLC 8/11/21 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2123634554 XTO ENERGY, INC 8/10/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2122449769 CIMAREX ENERGY CO. 8/10/21 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2123840609 COG OPERATING LLC 8/10/21 Major Fire Unknown Fire Eddy (15)
nAPP2122429670 WPX Energy Permian, LLC 8/10/21 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nAPP2123935327 FASKEN OIL & RANCH LTD 8/9/21 Major Fire
Condensate, Crude Oil, Produced 
Water Fire Lea (25)

nAPP2122368078 CONOCOPHILLIPS COMPANY 8/9/21 Major Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2122260724 TEAM OPERATING, L.L.C. 8/9/21 Major Oil Release Crude Oil Other Lea (25)
nAPP2122348940 ENDURING RESOURCES, LLC 8/9/21 Release Other Crude Oil Corrosion Rio Arriba (39)
nAPP2123839552 COG OPERATING LLC 8/8/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2122431964 COG OPERATING LLC 8/8/21 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2123250737 Spur Energy Partners LLC 8/8/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2123231376 XTO ENERGY, INC 8/7/21 Minor Oil Release Condensate Equipment Failure Eddy (15)
nAPP2123638914 DEVON ENERGY PRODUCTION COMPANY, LP 8/7/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2123650338 COG OPERATING LLC 8/7/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2123141845 DEVON ENERGY PRODUCTION COMPANY, LP 8/6/21 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2127258746 EOG RESOURCES INC 8/5/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2122123399 CIMAREX ENERGY CO. OF COLORADO 8/5/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2123028668 Spur Energy Partners LLC 8/5/21 Minor Produced Water Release Crude Oil Corrosion Eddy (15)
nAPP2121858121 Civitas Permian Operating, LLC 8/5/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2121753231 HILCORP ENERGY COMPANY 8/4/21 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nAPP2122137759 DEVON ENERGY PRODUCTION COMPANY, LP 8/3/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2122360674 MEWBOURNE OIL CO 8/3/21 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2121620119 CIMAREX ENERGY CO. OF COLORADO 8/3/21 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2122257026 CONOCOPHILLIPS COMPANY 8/3/21 Minor Release Other Crude Oil, Produced Water Human Error Lea (25)
nAPP2121534442 DEVON ENERGY PRODUCTION COMPANY, LP 8/2/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2121527146 DELAWARE BASIN MIDSTREAM, LLC 8/2/21 Other Condensate Equipment Failure Eddy (15)
nAPP2121456443 APACHE CORPORATION 8/1/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2121429384 CIMAREX ENERGY CO. 8/1/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2121431578 MARATHON OIL PERMIAN LLC 8/1/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2122432860 XTO ENERGY, INC 7/31/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2122432744 COG OPERATING LLC 7/30/21 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2122448965 ETC Texas Pipeline, Ltd. 7/30/21 Minor Release Other Natural Gas Liquids Corrosion Lea (25)
nAPP2121443886 CENTENNIAL RESOURCE PRODUCTION, LLC 7/30/21 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2122430566 COG OPERATING LLC 7/29/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2121054964 Enterprise Field Services, LLC 7/29/21 Major Natural Gas Release Other (Specify) San Juan (45)
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nAPP2121445477 Harvest Four Corners, LLC 7/28/21 Minor Release Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2121443113 Harvest Four Corners, LLC 7/28/21 Minor Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2121847095 Franklin Mountain Energy LLC 7/28/21 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2121530174 DEVON ENERGY PRODUCTION COMPANY, LP 7/27/21 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2122331745 EOG RESOURCES INC 7/27/21 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2120918798 CIMAREX ENERGY CO. 7/27/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2121158260 LUCID ENERGY DELAWARE, LLC 7/27/21 Natural Gas Release Natural Gas Liquids High Line Pressure Eddy (15)
nAPP2121474442 APACHE CORPORATION 7/26/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2120856974 ARMSTRONG ENERGY CORP 7/26/21 Major Other Produced Water Lightning Roosevelt (41)
nAPP2121445163 XTO ENERGY, INC 7/26/21 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2120958120 EOG RESOURCES INC 7/26/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2120869635 CONOCOPHILLIPS COMPANY 7/26/21 Major Release Other Brine Water Other Lea (25)
nAPP2121444389 OWL SWD OPERATING, LLC 7/26/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2120935687 CENTENNIAL RESOURCE PRODUCTION, LLC 7/26/21 Minor Release Other Produced Water Human Error Lea (25)
nAPP2120957757 LUCID ENERGY DELAWARE, LLC 7/26/21 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2122429613 COG OPERATING LLC 7/25/21 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2121639500 CHEVRON U S A INC 7/24/21 Major Produced Water Release Produced Water Blow Out Lea (25)
nAPP2124163825 OXY USA INC 7/24/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2122427101 COG OPERATING LLC 7/24/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2122238000 COG OPERATING LLC 7/24/21 Major Other Drilling Mud/Fluid Human Error Eddy (15)
nAPP2120648257 MARATHON OIL PERMIAN LLC 7/24/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2123626228 COG OPERATING LLC 7/23/21 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2123027043 Spur Energy Partners LLC 7/23/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2122152433 Spur Energy Partners LLC 7/23/21 Major Fire Produced Water Lightning Lea (25)
nAPP2121552254 Opal Operating Company LLC 7/23/21 Major Fire Produced Water Fire Lea (25)
nAPP2123242125 Maverick Permian LLC 7/23/21 Minor Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2122239037 COG OPERATING LLC 7/22/21 Major Fire Other (Specify) Fire Eddy (15)
nAPP2127838505 LOGOS OPERATING, LLC 7/22/21 Produced Water Release Produced Water Repair and Maintenance Rio Arriba (39)
nAPP2120230800 MARATHON OIL PERMIAN LLC 7/21/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2120338177 HILCORP ENERGY COMPANY 7/21/21 Minor Release Other Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2121819612 CONOCOPHILLIPS COMPANY 7/20/21 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2120836640 MEWBOURNE OIL CO 7/19/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nAPP2120154058 FRONTIER FIELD SERVICES, LLC 7/19/21 Major Blow Out
Condensate, Crude Oil, Produced 
Water Blow Out Eddy (15)

nAPP2121164390 XTO ENERGY, INC 7/18/21 Major Produced Water Release Produced Water Lightning Eddy (15)
nAPP2120956595 DEVON ENERGY PRODUCTION COMPANY, LP 7/17/21 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2120242149 EOG RESOURCES INC 7/17/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2120237986 EOG RESOURCES INC 7/17/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2121533263 COG OPERATING LLC 7/16/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2121048517 COG OPERATING LLC 7/16/21 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2121134139 HILCORP ENERGY COMPANY 7/16/21 Minor Produced Water Release Produced Water Human Error San Juan (45)
nAPP2120846562 XTO ENERGY, INC 7/15/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2119735894 EOR OPERATING COMPANY 7/15/21 Minor Produced Water Release Crude Oil, Produced Water Other Roosevelt (41)
nAPP2121030753 ETC Texas Pipeline, Ltd. 7/15/21 Minor Release Other Natural Gas Liquids Corrosion Lea (25)
nAPP2119662143 MARATHON OIL PERMIAN LLC 7/15/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2119623369 MARATHON OIL PERMIAN LLC 7/14/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2120830900 MEWBOURNE OIL CO 7/13/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2126572377 OXY USA INC 7/13/21 Major Natural Gas Release Other (Specify) Eddy (15)
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nAPP2125629124 COG OPERATING LLC 7/13/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2120041782 MEWBOURNE OIL CO 7/12/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2119654358 OXY USA INC 7/12/21 Minor Produced Water Release Produced Water Equipment Failure Union (59)
nAPP2120765301 FRONTIER FIELD SERVICES, LLC 7/12/21 Natural Gas Release Natural Gas Liquids Corrosion Eddy (15)
nAPP2120347062 COG OPERATING LLC 7/12/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2119636692 Enterprise Field Services, LLC 7/11/21 Natural Gas Release Condensate Other Eddy (15)
nAPP2119226446 CIMAREX ENERGY CO. 7/10/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2120345496 COG OPERATING LLC 7/10/21 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2121527498 DELAWARE BASIN MIDSTREAM, LLC 7/10/21 Other Condensate Equipment Failure Eddy (15)
nAPP2119561140 Spur Energy Partners LLC 7/10/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2119343016 MARATHON OIL PERMIAN LLC 7/10/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2119627474 Enterprise Field Services, LLC 7/9/21 Natural Gas Release Condensate Equipment Failure Rio Arriba (39)

nAPP2121448951 Safety & Environmental Solutions, Inc. 7/9/21 Major Oil Release
Condensate, Crude Oil, Produced 
Water Corrosion Eddy (15)

nAPP2119047914 KAISER-FRANCIS OIL CO 7/8/21 Major Fire Crude Oil, Produced Water Fire Lea (25)
nAPP2120038621 MEWBOURNE OIL CO 7/8/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2120037259 MEWBOURNE OIL CO 7/8/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2118957811 HF Sinclair Navajo Refining LLC 7/8/21 Other Other (Specify) Equipment Failure Eddy (15)
nAPP2120034052 XTO ENERGY, INC 7/7/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2118956975 DUGAN PRODUCTION CORP 7/7/21 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2120042296 MEWBOURNE OIL CO 7/7/21 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2118933045 MARATHON OIL PERMIAN LLC 7/7/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2118765970 OXY USA INC 7/6/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2120334576 COG OPERATING LLC 7/6/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2119560689 Spur Energy Partners LLC 7/6/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2119742289 SIMCOE LLC 7/6/21 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)

nAPP2118726438 ARMSTRONG ENERGY CORP 7/5/21 Major Other
Condensate, Crude Oil, Produced 
Water Fire Lea (25)

nAPP2120344991 COG OPERATING LLC 7/5/21 Major Fire Crude Oil Lightning Eddy (15)
nAPP2119633013 Spur Energy Partners LLC 7/5/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2118652287 CIMAREX ENERGY CO. 7/4/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2118934484 XTO ENERGY, INC 7/3/21 Major Fire Crude Oil, Produced Water Lightning Eddy (15)
nAPP2118760927 STRATA PRODUCTION CO 7/3/21 Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2118732162 Earthstone Operating, LLC 7/3/21 Major Release Other Acid Equipment Failure Lea (25)
nAPP2119541625 MEWBOURNE OIL CO 7/1/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2118277509 BTA OIL PRODUCERS, LLC 7/1/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2119556223 EOG RESOURCES INC 6/30/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2118727790 MEWBOURNE OIL CO 6/30/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2127934644 COG OPERATING LLC 6/30/21 Major Release Other Crude Oil, Produced Water Blow Out Lea (25)
nAPP2118237380 GOODNIGHT MIDSTREAM PERMIAN, LLC 6/30/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2118234253 DUGAN PRODUCTION CORP 6/29/21 Minor Oil Release Crude Oil Corrosion San Juan (45)
nAPP2119332043 OWL SWD OPERATING, LLC 6/29/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2118253474 CHEVRON U S A INC 6/28/21 Major Release Other Condensate Equipment Failure Lea (25)
nAPP2120855353 OXY USA INC 6/28/21 Major Blow Out Produced Water Blow Out Eddy (15)
nAPP2120130933 COG OPERATING LLC 6/28/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2118235102 SELECT ENERGY SERVICES, LLC 6/28/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2120131881 COG OPERATING LLC 6/27/21 Major Fire Produced Water Lightning Eddy (15)
nAPP2117840055 CIMAREX ENERGY CO. OF COLORADO 6/26/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
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nAPP2117751546 MARATHON OIL PERMIAN LLC 6/26/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2117649736 ASCENT ENERGY, LLC. 6/25/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2118733135 COG OPERATING LLC 6/23/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2117631510 WPX Energy Permian, LLC 6/23/21 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2117927564 CAZA OPERATING, LLC 6/23/21 Major Produced Water Release Produced Water High Line Pressure Lea (25)
nAPP2118959759 HILCORP ENERGY COMPANY 6/23/21 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2118732077 COG OPERATING LLC 6/22/21 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2118841297 Spur Energy Partners LLC 6/22/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2117536430 SOLARIS WATER MIDSTREAM, LLC 6/22/21 Minor Produced Water Release Produced Water Vandalism Eddy (15)
nAPP2118226017 XTO ENERGY, INC 6/21/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2117334227 DEVON ENERGY PRODUCTION COMPANY, LP 6/21/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2117330665 EOG RESOURCES INC 6/21/21 Major Oil Release Crude Oil Corrosion Roosevelt (41)
nAPP2117360890 STRATA PRODUCTION CO 6/21/21 Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2119557530 Spur Energy Partners LLC 6/21/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2118337590 SIMCOE LLC 6/21/21 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nAPP2119559000 Spur Energy Partners LLC 6/20/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2118356504 Transwestern Pipeline Company, LLC 6/20/21 Major Natural Gas Release Other (Specify) Cibola (06)
nAPP2118039585 XTO ENERGY, INC 6/19/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2117355493 PLAINS MARKETING L.P. 6/19/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2117217765 CIMAREX ENERGY CO. 6/19/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2116940090 DEVON ENERGY PRODUCTION COMPANY, LP 6/17/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2116933662 EOG RESOURCES INC 6/17/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2119558081 Spur Energy Partners LLC 6/17/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2118847775 Spur Energy Partners LLC 6/17/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2117330276 Civitas Permian Operating, LLC 6/17/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2116851562 MARATHON OIL PERMIAN LLC 6/17/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2118853816 DEVON ENERGY PRODUCTION COMPANY, LP 6/16/21 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2117457235 MEWBOURNE OIL CO 6/16/21 Major Produced Water Release Produced Water High Line Pressure Eddy (15)
nAPP2117455077 MEWBOURNE OIL CO 6/16/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2116756033 MARATHON OIL PERMIAN LLC 6/16/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2117355043 APACHE CORPORATION 6/15/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2116846090 DUGAN PRODUCTION CORP 6/15/21 Minor Release Other Crude Oil Other San Juan (45)
nAPP2116941928 EOG RESOURCES INC 6/15/21 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2117456525 CONOCOPHILLIPS COMPANY 6/15/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2116770257 Maverick Permian LLC 6/15/21 Major Other Brine Water Other Lea (25)
nAPP2118152809 DEVON ENERGY PRODUCTION COMPANY, LP 6/14/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2118148550 DEVON ENERGY PRODUCTION COMPANY, LP 6/14/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2120148457 OXY USA INC 6/14/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2116730492 CIMAREX ENERGY CO. OF COLORADO 6/14/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2116660324 SELECT ENERGY SERVICES, LLC 6/14/21 Major Produced Water Release Produced Water Blow Out Chaves (05)
nAPP2116844400 DUGAN PRODUCTION CORP 6/13/21 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2118156288 EOG RESOURCES INC 6/13/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2120155246 M & G DRLG CO INC 6/13/21 Other Produced Water Other San Juan (45)
nAPP2116548791 WPX Energy Permian, LLC 6/13/21 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2116441032 DEVON ENERGY PRODUCTION COMPANY, LP 6/12/21 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2116429491 KAISER-FRANCIS OIL CO 6/12/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2116745753 ETC Texas Pipeline, Ltd. 6/12/21 Minor Release Other Natural Gas Liquids Other Lea (25)
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nAPP2117561837 XTO ENERGY, INC 6/10/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2117560835 OXY USA INC 6/10/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2116533180 OXY USA INC 6/10/21 Major Produced Water Release Produced Water Pipeline Quality Specifications Eddy (15)
nAPP2117946158 COG OPERATING LLC 6/10/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2117239041 Enterprise Field Services, LLC 6/10/21 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2118844603 Spur Energy Partners LLC 6/10/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2125144350 Empire New Mexico LLC 6/10/21 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2116636311 Silverback Operating II, LLC 6/10/21 Major Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2116655568 OXY USA INC 6/9/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2128040988 COG OPERATING LLC 6/9/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2116941247 Silverback Operating II, LLC 6/9/21 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2116130627 Permian Resources Operating, LLC 6/9/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2117244241 XTO ENERGY, INC 6/8/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2118258685 EOG RESOURCES INC 6/8/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2119654955 OXY USA INC 6/8/21 Minor Produced Water Release Produced Water Equipment Failure Union (59)
nAPP2116234581 CONOCOPHILLIPS COMPANY 6/8/21 Major Release Other Brine Water, Natural Gas Vented Other, Normal Operations Lea (25)
nAPP2116049360 CENTENNIAL RESOURCE PRODUCTION, LLC 6/8/21 Major Fire Crude Oil Fire Lea (25)
nAPP2116853715 XTO ENERGY, INC 6/7/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2115853630 DUGAN PRODUCTION CORP 6/7/21 Major Produced Water Release Produced Water Other San Juan (45)
nAPP2123839504 EOG RESOURCES INC 6/7/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2115848436 GOODNIGHT MIDSTREAM PERMIAN, LLC 6/7/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2117352353 COG OPERATING LLC 6/6/21 Minor Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2116655071 OXY USA INC 6/5/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2118846106 Spur Energy Partners LLC 6/5/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2115675131 Spur Energy Partners LLC 6/5/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2116739947 XTO ENERGY, INC 6/4/21 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2115632145 BTA OIL PRODUCERS, LLC 6/4/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2115537843 MARATHON OIL PERMIAN LLC 6/4/21 Produced Water Release Produced Water Corrosion Lea (25)
nAPP2118133220 DEVON ENERGY PRODUCTION COMPANY, LP 6/3/21 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2117237696 Enterprise Field Services, LLC 6/3/21 Natural Gas Release Condensate Other Eddy (15)
nAPP2115533694 WPX Energy Permian, LLC 6/3/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2115532091 MARATHON OIL PERMIAN LLC 6/3/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2116745318 XTO ENERGY, INC 6/2/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2115527946 COG OPERATING LLC 6/2/21 Minor Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2115531696 BTA OIL PRODUCERS, LLC 6/2/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2115940919 Contango Resources, Inc. 6/2/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2116546260 XTO ENERGY, INC 6/1/21 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2116253030 LOGOS OPERATING, LLC 6/1/21 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nAPP2115544725 Spur Energy Partners LLC 6/1/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2116633532 EOG RESOURCES INC 5/30/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2116529154 COG OPERATING LLC 5/29/21 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2116527874 COG OPERATING LLC 5/29/21 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2116653102 OXY USA INC 5/28/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2114859102 STRATA PRODUCTION CO 5/28/21 Other Crude Oil, Produced Water Other Eddy (15)
nAPP2115824205 CONOCOPHILLIPS COMPANY 5/28/21 Major Other Crude Oil, Produced Water Other Lea (25)
nAPP2115441445 LEASE HOLDERS ACQUISITIONS, INCORPORATED 5/28/21 Major Oil Release Crude Oil Other Lea (25)
nAPP2115338163 Harvest Four Corners, LLC 5/28/21 Major Natural Gas Release Other (Specify) Rio Arriba (39)
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nAPP2116139707 DEVON ENERGY PRODUCTION COMPANY, LP 5/27/21 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2115336154 EOG RESOURCES INC 5/27/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2117534750 MARK L SHIDLER INC 5/27/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2116525600 COG OPERATING LLC 5/27/21 Major Oil Release Crude Oil Other Lea (25)

nAPP2117254270 Oryx Delaware Oil Transport LLC 5/27/21 Major Oil Release Crude Oil
Midstream Scheduled 
Maintenance Eddy (15)

nAPP2118861503 Pima Environmental Services, LLC 5/27/21 Minor Produced Water Release Produced Water Other 0
nAPP2116030736 XTO ENERGY, INC 5/26/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2115335796 EOG RESOURCES INC 5/26/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2116967684 OXY USA INC 5/26/21 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2116654064 OXY USA INC 5/26/21 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2114748831 CIMAREX ENERGY CO. 5/26/21 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2115930633 XTO ENERGY, INC 5/25/21 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2114636364 DEVON ENERGY PRODUCTION COMPANY, LP 5/25/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2114632553 DEVON ENERGY PRODUCTION COMPANY, LP 5/25/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2115335335 EOG RESOURCES INC 5/25/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2115333378 EOG RESOURCES INC 5/25/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2114767185 STRATA PRODUCTION CO 5/25/21 Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2114651818 CIMAREX ENERGY CO. OF COLORADO 5/25/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2115525504 COG OPERATING LLC 5/25/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2115225467 MARATHON OIL PERMIAN LLC 5/25/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2114558209 GOODNIGHT MIDSTREAM PERMIAN, LLC 5/25/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2114637240 CIMAREX ENERGY CO. 5/24/21 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)

nAPP2114534777 Enterprise Field Services, LLC 5/24/21 Minor Natural Gas Release
Natural Gas Vented, Natural Gas 
Liquids Corrosion, Other Eddy (15)

nAPP2114755987 ENDURING RESOURCES, LLC 5/24/21 Major Other Crude Oil, Produced Water Equipment Failure San Juan (45)
nAPP2114536249 ENDURING RESOURCES, LLC 5/24/21 Major Release Other Crude Oil, Produced Water Equipment Failure San Juan (45)

nAPP2115330772 Prima Exploration, Inc. 5/23/21 Minor Oil Release
Condensate, Crude Oil, Produced 
Water Equipment Failure Lea (25)

nAPP2114437936 MARATHON OIL PERMIAN LLC 5/23/21 Major Produced Water Release Other (Specify), Produced Water Equipment Failure Eddy (15)
nAPP2115932981 COG OPERATING LLC 5/22/21 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2116630183 SELECT ENERGY SERVICES, LLC 5/22/21 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2115326053 Enterprise Field Services, LLC 5/21/21 Minor Natural Gas Release Condensate Corrosion San Juan (45)
nAPP2114445036 CENTENNIAL RESOURCE PRODUCTION, LLC 5/21/21 Minor Oil Release Crude Oil Human Error Lea (25)
nAPP2115327353 XTO ENERGY, INC 5/20/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2114639707 DEVON ENERGY PRODUCTION COMPANY, LP 5/20/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2114127159 DEVON ENERGY PRODUCTION COMPANY, LP 5/20/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nAPP2114129297 OCCIDENTAL PERMIAN LTD 5/20/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2114128731 OCCIDENTAL PERMIAN LTD 5/20/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2115532100 COG OPERATING LLC 5/20/21 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2218244166 DCP OPERATING COMPANY, LP 5/19/21 Minor Natural Gas Release Condensate Corrosion Lea (25)

nAPP2114045461 OCCIDENTAL PERMIAN LTD 5/19/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Normal Operations Lea (25)

nAPP2114055133 CIMAREX ENERGY CO. OF COLORADO 5/19/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2113973789 BTA OIL PRODUCERS, LLC 5/19/21 Major Produced Water Release Other (Specify) Lea (25)
nAPP2113945611 Spur Energy Partners LLC 5/19/21 Minor Oil Release Crude Oil Corrosion Eddy (15)
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nAPP2115330967 DEVON ENERGY PRODUCTION COMPANY, LP 5/18/21 Minor Oil Release Crude Oil Other Lea (25)
nAPP2114140005 OXY USA INC 5/18/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2113950981 MARATHON OIL PERMIAN LLC 5/18/21 Major Produced Water Release Other (Specify), Produced Water Corrosion Lea (25)
nAPP2113949125 MARATHON OIL PERMIAN LLC 5/18/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2113958726 Permian Resources Operating, LLC 5/18/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2114845563 XTO ENERGY, INC 5/17/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2113941916 XTO ENERGY, INC 5/17/21 Major Oil Release Crude Oil Other Eddy (15)

nAPP2113826916 OCCIDENTAL PERMIAN LTD 5/17/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2113850378 CONOCOPHILLIPS COMPANY 5/17/21 Major Fire Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2115338013 COG OPERATING LLC 5/17/21 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)

nAPP2113754970 KAISER-FRANCIS OIL CO 5/16/21 Major Fire
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Fire Lea (25)

nAPP2200431730 DCP OPERATING COMPANY, LP 5/16/21 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAPP2113934267 Spur Energy Partners LLC 5/16/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2114647684 EOG RESOURCES INC 5/15/21 Major Produced Water Release Produced Water Lightning Lea (25)

nAPP2113773681 OCCIDENTAL PERMIAN LTD 5/15/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2113932518 Spur Energy Partners LLC 5/15/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2113931748 Spur Energy Partners LLC 5/15/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2114634145 ETC Texas Pipeline, Ltd. 5/15/21 Major Fire Natural Gas Liquids Fire Eddy (15)
nAPP2114741269 DEVON ENERGY PRODUCTION COMPANY, LP 5/14/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2114835719 COG OPERATING LLC 5/14/21 Major Fire Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2113437743 Enterprise Field Services, LLC 5/14/21 Major Other Condensate Equipment Failure Rio Arriba (39)
nAPP2114135390 OWL SWD OPERATING, LLC 5/14/21 Major Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2113932942 Spur Energy Partners LLC 5/14/21 Major Other Other (Specify) Eddy (15)
nAPP2114756542 APACHE CORPORATION 5/13/21 Major Produced Water Release Produced Water Corrosion Eddy (15)

nAPP2113772773 OCCIDENTAL PERMIAN LTD 5/13/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Normal Operations Lea (25)

nAPP2113373373 CIMAREX ENERGY CO. 5/13/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2114538791 Enterprise Field Services, LLC 5/13/21 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2113930112 Spur Energy Partners LLC 5/13/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2114542940 XTO ENERGY, INC 5/11/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2114636311 EOG RESOURCES INC 5/11/21 Major Produced Water Release Produced Water Lightning Eddy (15)

nAPP2114545604 ETC Texas Pipeline, Ltd. 5/11/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Normal Operations Eddy (15)

nAPP2113730351 EOG RESOURCES INC 5/10/21 Minor Release Other Brine Water Equipment Failure Eddy (15)
nAPP2113129816 EOG RESOURCES INC 5/10/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2113341851 OXY USA INC 5/10/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2113945264 XTO ENERGY, INC 5/9/21 Major Fire Produced Water Fire Eddy (15)
nAPP2113833620 XTO ENERGY, INC 5/9/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2113050638 MARATHON OIL PERMIAN LLC 5/9/21 Major Produced Water Release Other (Specify), Produced Water Equipment Failure Eddy (15)
nAPP2113830327 XTO ENERGY, INC 5/7/21 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2113056455 OXY USA INC 5/7/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2113027250 OCCIDENTAL PERMIAN LTD 5/7/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Other Lea (25)

nAPP2113026320 OCCIDENTAL PERMIAN LTD 5/7/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Normal Operations Lea (25)
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nAPP2113124547 Spur Energy Partners LLC 5/7/21 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2113758637 EOG RESOURCES INC 5/6/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2112637926 WPX Energy Permian, LLC 5/6/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2113132295 BTA OIL PRODUCERS, LLC 5/5/21 Minor Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAPP2113744367 CHEVRON U S A INC 5/4/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2113030252 COG OPERATING LLC 5/4/21 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nCS2125149220 LOGOS OPERATING, LLC 5/4/21 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nAPP2113750980 XTO ENERGY, INC 5/3/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2113059831 OXY USA INC 5/3/21 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2113044711 DCP OPERATING COMPANY, LP 5/3/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2112553874 OCCIDENTAL PERMIAN LTD 5/3/21 Major Natural Gas Release Other (Specify), Produced Water Equipment Failure Lea (25)
nAPP2112443837 WPX Energy Permian, LLC 5/3/21 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2112356681 LOGOS OPERATING, LLC 5/3/21 Minor Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nAPP2112436870 MARATHON OIL PERMIAN LLC 5/3/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2113936128 DEVON ENERGY PRODUCTION COMPANY, LP 5/2/21 Major Produced Water Release Other (Specify) Lea (25)

nAPP2112553589 OCCIDENTAL PERMIAN LTD 5/1/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Other Lea (25)

nAPP2112355045 CIMAREX ENERGY CO. 5/1/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2131930937 COG OPERATING LLC 4/30/21 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2113148964 Spur Energy Partners LLC 4/30/21 Minor Produced Water Release Produced Water Corrosion Lea (25)

nAPP2113333790 ETC Texas Pipeline, Ltd. 4/30/21 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion, Other Lea (25)

nAPP2112029675 DEVON ENERGY PRODUCTION COMPANY, LP 4/29/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2112553241 OCCIDENTAL PERMIAN LTD 4/29/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Normal Operations Lea (25)

nAPP2112046184 BTA OIL PRODUCERS, LLC 4/29/21 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)

nAPP2112733807 OCCIDENTAL PERMIAN LTD 4/28/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Other Lea (25)

nAPP2112053741 EOG RESOURCES INC 4/27/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2113128972 MARK L SHIDLER INC 4/27/21 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)

nAPP2112552850 OCCIDENTAL PERMIAN LTD 4/27/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Normal Operations Lea (25)

nAPP2112327080 Enterprise Field Services, LLC 4/27/21 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nAPP2112326263 Enterprise Field Services, LLC 4/27/21 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nAPP2114556912 Spur Energy Partners LLC 4/27/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2111747629 CIMAREX ENERGY CO. 4/26/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2111631859 CIMAREX ENERGY CO. 4/25/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2111859050 Spur Energy Partners LLC 4/25/21 Major Release Other Crude Oil, Produced Water Normal Operations Eddy (15)
nAPP2111648575 MARATHON OIL PERMIAN LLC 4/25/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2112639992 APACHE CORPORATION 4/24/21 Major Fire Crude Oil, Produced Water Fire Lea (25)
nAPP2113158013 DEVON ENERGY PRODUCTION COMPANY, LP 4/24/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2111531178 CIMAREX ENERGY CO. 4/24/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2111646040 BTA OIL PRODUCERS, LLC 4/24/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2111658280 Spur Energy Partners LLC 4/24/21 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)

nAPP2112552554 OCCIDENTAL PERMIAN LTD 4/23/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)
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nAPP2111755446 OCCIDENTAL PERMIAN LTD 4/23/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2111652890 Spur Energy Partners LLC 4/22/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2113741693 CHEVRON U S A INC 4/21/21 Major Other Other (Specify) Other Lea (25)

nAPP2112546247 OCCIDENTAL PERMIAN LTD 4/21/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Normal Operations Lea (25)

nAPP2109256031 CIMAREX ENERGY CO. 4/21/21 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2111251356 San Mateo Stateline Water Management Company, 4/21/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2112525706 HILCORP ENERGY COMPANY 4/21/21 Minor Produced Water Release Produced Water Human Error San Juan (45)
nAPP2111855003 XTO ENERGY, INC 4/20/21 Major Fire Other (Specify) Eddy (15)
nAPP2112624430 HF Sinclair Navajo Refining LLC 4/20/21 Major Release Other Diesel Corrosion Eddy (15)
nAPP2113043641 OXY USA INC 4/20/21 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nAPP2111755092 OCCIDENTAL PERMIAN LTD 4/20/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2112340262 WPX Energy Permian, LLC 4/20/21 Minor Produced Water Release Crude Oil, Produced Water Normal Operations Eddy (15)
nAPP2111336915 JFJ LANDFARM LLC 4/20/21 Major Complaint B.S. & W. Other San Juan (45)
nAPP2112033828 XTO ENERGY, INC 4/19/21 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2112353281 EOG RESOURCES INC 4/19/21 Major Other Crude Oil, Produced Water Other Eddy (15)
nAPP2112053226 EOG RESOURCES INC 4/19/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2111044488 EOG RESOURCES INC 4/19/21 Major Oil Release Crude Oil Other Eddy (15)

nAPP2111754780 OCCIDENTAL PERMIAN LTD 4/19/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2111331003 COG OPERATING LLC 4/19/21 Major Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2111343684 APACHE CORPORATION 4/18/21 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2111341246 DEVON ENERGY PRODUCTION COMPANY, LP 4/18/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nAPP2110951225 STRATA PRODUCTION CO 4/18/21 Major Produced Water Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Eddy (15)

nAPP2112349869 HILCORP ENERGY COMPANY 4/18/21 Major Produced Water Release Produced Water Human Error San Juan (45)
nAPP2111853419 XTO ENERGY, INC 4/17/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2111754474 OCCIDENTAL PERMIAN LTD 4/17/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2111950687 CONOCOPHILLIPS COMPANY 4/17/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCZW2120855678 SIMCOE LLC 4/17/21 Other San Juan (45)
nAPP2111342465 APACHE CORPORATION 4/16/21 Major Oil Release Crude Oil, Produced Water Blow Out Lea (25)
nAPP2111230058 EOG RESOURCES INC 4/16/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2111046250 EOG RESOURCES INC 4/16/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2110648325 Franklin Mountain Energy LLC 4/16/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2111852118 XTO ENERGY, INC 4/15/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2111754139 OCCIDENTAL PERMIAN LTD 4/15/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Normal Operations Lea (25)

nAPP2110632433 Enterprise Field Services, LLC 4/15/21 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Rio Arriba (39)

nAPP2111850266 XTO ENERGY, INC 4/14/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2110529316 CIMAREX ENERGY CO. 4/14/21 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2111334890 COG OPERATING LLC 4/14/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nAPP2111740970 Enterprise Field Services, LLC 4/14/21 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Eddy (15)

nAPP2110953917 OWL SWD OPERATING, LLC 4/14/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2112055203 EOG RESOURCES INC 4/13/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2111329254 COG OPERATING LLC 4/13/21 Major Produced Water Release Produced Water Fire Lea (25)
nAPP2111252587 MorningStar Operating LLC 4/13/21 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)

nAPP2111733548 ETC Texas Pipeline, Ltd. 4/13/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion, Normal Operations Lea (25)

nAPP2111644292 XTO ENERGY, INC 4/12/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2110638995 EOG RESOURCES INC 4/12/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2110638434 EOG RESOURCES INC 4/12/21 Major Oil Release Crude Oil Other Eddy (15)

nAPP2111739546 Enterprise Field Services, LLC 4/12/21 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Eddy (15)

nAPP2110325623 MARATHON OIL PERMIAN LLC 4/12/21 Major Produced Water Release Other (Specify), Produced Water Other Lea (25)
nAPP2110639937 Spur Energy Partners LLC 4/11/21 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2110650720 Pima Environmental Services, LLC 4/11/21 Major Produced Water Release Other (Specify), Produced Water Equipment Failure Eddy (15)
nAPP2110232460 MARATHON OIL PERMIAN LLC 4/11/21 Major Produced Water Release Other (Specify), Produced Water Equipment Failure Eddy (15)
nAPP2110232030 MARATHON OIL PERMIAN LLC 4/11/21 Major Produced Water Release Other (Specify), Produced Water Human Error Eddy (15)
nAPP2110248840 PLAINS MARKETING L.P. 4/10/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2111148844 MATADOR PRODUCTION COMPANY 4/10/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2110950963 CHEVRON U S A INC 4/9/21 Major Produced Water Release Produced Water Fire Lea (25)
nAPP2111755677 EOG RESOURCES INC 4/9/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2111332917 COG OPERATING LLC 4/9/21 Minor Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2110942033 WPX Energy Permian, LLC 4/9/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2111233052 EOG RESOURCES INC 4/8/21 Major Oil Release Crude Oil Other Eddy (15)

nAPP2109929807 OCCIDENTAL PERMIAN LTD 4/8/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2109929389 OCCIDENTAL PERMIAN LTD 4/8/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2110553681 CHISHOLM ENERGY OPERATING, LLC 4/8/21 Minor Produced Water Release Produced Water Normal Operations Eddy (15)

nAPP2109938981 Harvest Four Corners, LLC 4/8/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Other Rio Arriba (39)

nAPP2111040373 EOG RESOURCES INC 4/7/21 Major Oil Release Crude Oil Other Eddy (15)

nAPP2109856543 DCP OPERATING COMPANY, LP 4/7/21 Major Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Vehicular Accident Lea (25)

nAPP2109838298 OCCIDENTAL PERMIAN LTD 4/7/21 Minor Natural Gas Release Other (Specify) Equipment Failure Lea (25)
nAPP2111734773 EOG RESOURCES INC 4/6/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)

nAPP2109735541 OCCIDENTAL PERMIAN LTD 4/6/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2109735004 OCCIDENTAL PERMIAN LTD 4/6/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Normal Operations Lea (25)

nAPP2111334133 COG OPERATING LLC 4/6/21 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2110947284 XTO ENERGY, INC 4/5/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2110945707 XTO ENERGY, INC 4/5/21 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2112043668 DEVON ENERGY PRODUCTION COMPANY, LP 4/5/21 Minor Produced Water Release Produced Water Other Eddy (15)

nAPP2109636839 OCCIDENTAL PERMIAN LTD 4/5/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2109634565 OCCIDENTAL PERMIAN LTD 4/5/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2110534368 CONOCOPHILLIPS COMPANY 4/5/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2110641182 COG OPERATING LLC 4/5/21 Major Produced Water Release Other (Specify), Produced Water Human Error Eddy (15)
nAPP2110463633 XTO ENERGY, INC 4/4/21 Major Fire Crude Oil Other Eddy (15)
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nAPP2111849120 EOG RESOURCES INC 4/4/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2110643330 COG OPERATING LLC 4/4/21 Major Produced Water Release Other (Specify), Produced Water Equipment Failure Lea (25)
nAPP2110931060 COG OPERATING LLC 4/3/21 Major Oil Release Crude Oil, Other (Specify) Corrosion Lea (25)

nAPP2110642327 COG OPERATING LLC 4/3/21 Major Release Other
Crude Oil, Other (Specify), 
Produced Water Human Error Lea (25)

nAPP2109517682 CIMAREX ENERGY CO. 4/2/21 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2109639512 WPX Energy Permian, LLC 4/2/21 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)

nAPP2110656396 HILCORP ENERGY COMPANY 4/2/21 Major Produced Water Release
Condensate, Crude Oil, Produced 
Water Corrosion, Human Error San Juan (45)

nAPP2203347230 CHEVRON U S A INC 4/1/21 Minor Other Other (Specify) Other Lea (25)
nAPP2110461994 XTO ENERGY, INC 4/1/21 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2111132670 DEVON ENERGY PRODUCTION COMPANY, LP 4/1/21 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2112743674 BTA OIL PRODUCERS, LLC 4/1/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2109236046 CART HILL ENERGY, LLC 4/1/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2110566130 DJR OPERATING, LLC 4/1/21 Major Release Other Condensate Freeze Rio Arriba (39)
nAPP2109843401 Permian Resources Operating, LLC 4/1/21 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPP2110654878 HILCORP ENERGY COMPANY 4/1/21 Minor Oil Release Condensate Equipment Failure San Juan (45)
nAPP2110460622 XTO ENERGY, INC 3/31/21 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2109532718 WPX Energy Permian, LLC 3/31/21 Major Oil Release Crude Oil Human Error Eddy (15)
nAPP2112744758 BTA OIL PRODUCERS, LLC 3/31/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2109640281 MARATHON OIL PERMIAN LLC 3/31/21 Major Produced Water Release Other (Specify), Produced Water Corrosion Eddy (15)
nAPP2110358845 XTO ENERGY, INC 3/30/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2112039086 DEVON ENERGY PRODUCTION COMPANY, LP 3/30/21 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)

nAPP2109029956 OCCIDENTAL PERMIAN LTD 3/29/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2108946838 EOR OPERATING COMPANY 3/29/21 Major Produced Water Release Crude Oil, Produced Water Other Roosevelt (41)
nAPP2110462828 OWL SWD OPERATING, LLC 3/29/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2109842296 CENTENNIAL RESOURCE PRODUCTION, LLC 3/29/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2109036288 Permian Resources Operating, LLC 3/29/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2108844866 OCCIDENTAL PERMIAN LTD 3/27/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Other Lea (25)

nAPP2109642047 BAM Permian Operating, LLC 3/27/21 Minor Oil Release Crude Oil Equipment Failure Chaves (05)
nAPP2112649963 APACHE CORPORATION 3/25/21 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2109651124 CHEVRON U S A INC 3/25/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2108523564 MARATHON OIL PERMIAN LLC 3/25/21 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2109549534 RILEY PERMIAN OPERATING COMPANY, LLC 3/25/21 Minor Blow Out Gelled Brine (Frac Fluid) Blow Out Eddy (15)
nAPP2109735302 XTO ENERGY, INC 3/24/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2111347695 DEVON ENERGY PRODUCTION COMPANY, LP 3/24/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2109157267 OXY USA INC 3/24/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)

nAPP2108435767 OCCIDENTAL PERMIAN LTD 3/24/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2108435569 OCCIDENTAL PERMIAN LTD 3/24/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2117632006 CONOCOPHILLIPS COMPANY 3/24/21 Minor Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2108361251 WPX Energy Permian, LLC 3/24/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2108360703 WPX Energy Permian, LLC 3/24/21 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2108537918 Earthstone Operating, LLC 3/24/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2109535887 RAW OIL & GAS, INC. 3/24/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nAPP2108435370 OCCIDENTAL PERMIAN LTD 3/23/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2109135314 COG OPERATING LLC 3/23/21 Major Produced Water Release Other (Specify), Produced Water Corrosion Eddy (15)

nAPP2109535682 Enterprise Field Services, LLC 3/23/21 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Eddy (15)

nAPP2108339251 OCCIDENTAL PERMIAN LTD 3/22/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2108232108 OCCIDENTAL PERMIAN LTD 3/22/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Other Lea (25)

nAPP2108248771 SOLARIS WATER MIDSTREAM, LLC 3/22/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2111048003 EOG RESOURCES INC 3/21/21 Major Oil Release Crude Oil Other Eddy (15)
nAPP2109158557 OXY USA INC 3/21/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nAPP2108338828 OCCIDENTAL PERMIAN LTD 3/21/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2108337775 OCCIDENTAL PERMIAN LTD 3/21/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2108338262 OCCIDENTAL PERMIAN LTD 3/20/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2108357665 WPX Energy Permian, LLC 3/20/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2108544357 XTO ENERGY, INC 3/19/21 Major Fire Condensate Equipment Failure Eddy (15)
nAPP2108543210 XTO ENERGY, INC 3/19/21 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2207867565 DEVON ENERGY PRODUCTION COMPANY, LP 3/19/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2109157967 OXY USA INC 3/19/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2111128863 LUCID ENERGY DELAWARE, LLC 3/19/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Blow Out Lea (25)

nAPP2108546355 XTO ENERGY, INC 3/18/21 Major Fire Condensate Equipment Failure Eddy (15)

nAPP2108338026 OCCIDENTAL PERMIAN LTD 3/18/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2109156710 XTO ENERGY, INC 3/17/21 Minor Release Other Acid Equipment Failure Eddy (15)
nAPP2109159441 OXY USA INC 3/17/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2108428119 COG OPERATING LLC 3/17/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2108949980 HILCORP ENERGY COMPANY 3/17/21 Minor Oil Release Crude Oil Corrosion San Juan (45)
nAPP2108354432 DINERO OPERATING CO 3/16/21 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2107743055 WPX Energy Permian, LLC 3/16/21 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2107740815 Prima Exploration, Inc. 3/16/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2108858520 XTO ENERGY, INC 3/15/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2107457594 KAISER-FRANCIS OIL CO 3/15/21 Major Release Other Acid Equipment Failure Lea (25)
nAPP2121626624 STRATA PRODUCTION CO 3/15/21 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2107643896 CIMAREX ENERGY CO. 3/15/21 Minor Oil Release Crude Oil Human Error Eddy (15)
nAPP2107540700 CONOCOPHILLIPS COMPANY 3/15/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2108432291 COG OPERATING LLC 3/15/21 Major Produced Water Release Other (Specify), Produced Water Corrosion Lea (25)
nAPP2108428978 COG OPERATING LLC 3/15/21 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)

nAPP2109046512 Enterprise Field Services, LLC 3/15/21 Minor Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nAPP2107450435 BTA OIL PRODUCERS, LLC 3/15/21 Minor Oil Release
Condensate, Crude Oil, Produced 
Water Normal Operations Eddy (15)

nAPP2107449356 MARATHON OIL PERMIAN LLC 3/15/21 Major Produced Water Release Other (Specify), Produced Water Human Error Eddy (15)
nAPP2108540573 XTO ENERGY, INC 3/13/21 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2107347735 MARATHON OIL PERMIAN LLC 3/13/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
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nAPP2107344761 MARATHON OIL PERMIAN LLC 3/13/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2111338900 DEVON ENERGY PRODUCTION COMPANY, LP 3/12/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2108334273 HILCORP ENERGY COMPANY 3/12/21 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2113858469 HF Sinclair Navajo Refining LLC 3/11/21 Major Other Other (Specify) Eddy (15)
nAPP2107445051 MATADOR PRODUCTION COMPANY 3/11/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2107730944 APACHE CORPORATION 3/9/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2108246073 XTO ENERGY, INC 3/9/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2107043534 KAISER-FRANCIS OIL CO 3/9/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2107747725 XTO ENERGY, INC 3/8/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2111053055 DEVON ENERGY PRODUCTION COMPANY, LP 3/8/21 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2110326244 DEVON ENERGY PRODUCTION COMPANY, LP 3/8/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2106961705 Spur Energy Partners LLC 3/8/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2107529251 Civitas Permian Operating, LLC 3/8/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2107554265 WPX Energy Permian, LLC 3/7/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2107531606 Tascosa Energy Partners, L.L.C 3/7/21 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2107748612 XTO ENERGY, INC 3/6/21 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2109857614 DEVON ENERGY PRODUCTION COMPANY, LP 3/6/21 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2107757650 DEVON ENERGY PRODUCTION COMPANY, LP 3/6/21 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2107050367 OCCIDENTAL PERMIAN LTD 3/5/21 Major Natural Gas Release Natural Gas Liquids Equipment Failure Lea (25)
nAPP2106748013 OCCIDENTAL PERMIAN LTD 3/5/21 Major Natural Gas Release Other (Specify) Lea (25)
nAPP2107443361 SOUTHWEST ROYALTIES INC 3/4/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2106452441 CIMAREX ENERGY CO. 3/4/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2107046560 CONOCOPHILLIPS COMPANY 3/4/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)

nAPP2107728692 Enterprise Field Services, LLC 3/4/21 Minor Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Eddy (15)

nAPP2106441019 CROSS TIMBERS ENERGY, LLC 3/4/21 Major Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2107435382 CHEVRON U S A INC 3/3/21 Minor Release Other Other (Specify) Human Error Eddy (15)

nAPP2106327801 OCCIDENTAL PERMIAN LTD 3/3/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Other Lea (25)

nAPP2106927983 BTA OIL PRODUCERS, LLC 3/3/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2106424970 CROSS TIMBERS ENERGY, LLC 3/3/21 Major Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2106331446 GOODNIGHT MIDSTREAM PERMIAN, LLC 3/3/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2107849827 NOVO OIL & GAS NORTHERN DELAWARE, LLC 3/3/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2109836159 ETC Texas Pipeline, Ltd. 3/2/21 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2107446638 XTO ENERGY, INC 3/1/21 Minor Release Other Glycol Equipment Failure Eddy (15)
nAPP2107442906 OCCIDENTAL PERMIAN LTD 2/28/21 Minor Natural Gas Release Other (Specify) Other Lea (25)
nAPP2106847112 BTA OIL PRODUCERS, LLC 2/28/21 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)

nAPP2106356132 TARGA MIDSTREAM SERVICES LLC 2/27/21 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other Lea (25)

nAPP2106051446 WPX Energy Permian, LLC 2/27/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2112752878 HF Sinclair Navajo Refining LLC 2/25/21 Major Release Other Other (Specify) Eddy (15)
nAPP2106359677 XTO ENERGY, INC 2/24/21 Major Fire Other (Specify) Eddy (15)
nAPP2112753249 HF Sinclair Navajo Refining LLC 2/24/21 Major Other Other (Specify) Eddy (15)
nAPP2106153207 OXY USA INC 2/24/21 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2105655800 OXY USA INC 2/24/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2106648279 EOG RESOURCES INC 2/23/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2105530312 MATADOR PRODUCTION COMPANY 2/23/21 Minor Produced Water Release Produced Water Freeze Eddy (15)
nAPP2105529838 MATADOR PRODUCTION COMPANY 2/23/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
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nAPP2105753887 ENDURING RESOURCES, LLC 2/23/21 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAPP2106357887 XTO ENERGY, INC 2/22/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2106355755 XTO ENERGY, INC 2/22/21 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2105648807 OXY USA INC 2/22/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)

nAPP2107044763 OCCIDENTAL PERMIAN LTD 2/22/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Lea (25)

nAPP2106443275 COG OPERATING LLC 2/22/21 Major Produced Water Release Other (Specify), Produced Water Equipment Failure Eddy (15)
nAPP2105635743 CHEVRON U S A INC 2/21/21 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2106151044 HARVARD PETROLEUM COMPANY, LLC 2/21/21 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2107043884 OCCIDENTAL PERMIAN LTD 2/21/21 Minor Natural Gas Release Other (Specify) Other Lea (25)

nAPP2105646145 Spur Energy Partners LLC 2/21/21 Major Produced Water Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane), Produced Water Freeze Eddy (15)

nAPP2105350868 Spur Energy Partners LLC 2/21/21 Major Produced Water Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane), Produced Water Other Eddy (15)

nAPP2105646718 MorningStar Operating LLC 2/21/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2105352187 MARATHON OIL PERMIAN LLC 2/21/21 Minor Oil Release Crude Oil Freeze Lea (25)
nAPP2105427620 OCCIDENTAL PERMIAN LTD 2/20/21 Natural Gas Release Lea (25)
nAPP2106246595 RAW OIL & GAS, INC. 2/20/21 Major Oil Release Crude Oil Freeze Lea (25)
nAPP2106443694 DEVON ENERGY PRODUCTION COMPANY, LP 2/19/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2105639817 OXY USA INC 2/19/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Union (59)
nAPP2105554245 WPX Energy Permian, LLC 2/19/21 Major Oil Release Crude Oil, Produced Water Freeze Eddy (15)
nAPP2105332930 Spur Energy Partners LLC 2/19/21 Major Produced Water Release Produced Water Freeze Lea (25)
nAPP2105135414 Maverick Permian LLC 2/19/21 Major Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2106743129 CENTENNIAL RESOURCE PRODUCTION, LLC 2/19/21 Major Oil Release Crude Oil Freeze Lea (25)
nAPP2105050187 Harvest Four Corners, LLC 2/19/21 Major Natural Gas Release Condensate, Produced Water Freeze San Juan (45)
nAPP2105553172 XTO ENERGY, INC 2/18/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2112751264 HF Sinclair Navajo Refining LLC 2/18/21 Major Other Other (Specify) Eddy (15)
nAPP2112749752 HF Sinclair Navajo Refining LLC 2/18/21 Major Other Other (Specify) Eddy (15)
nAPP2105646400 OXY USA INC 2/18/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nAPP2105732466 ETC Texas Pipeline, Ltd. 2/18/21 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Lea (25)

nAPP2106659781 CHEVRON U S A INC 2/17/21 Major Release Other Condensate, Crude Oil Freeze Eddy (15)
nAPP2104927763 Spur Energy Partners LLC 2/17/21 Minor Produced Water Release Crude Oil, Produced Water Freeze Eddy (15)
nAPP2105330972 MARATHON OIL PERMIAN LLC 2/17/21 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2105355033 DEVON ENERGY PRODUCTION COMPANY, LP 2/16/21 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)

nAPP2106057623 DCP OPERATING COMPANY, LP 2/16/21 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other Lea (25)

nAPP2106147760 WPX Energy Permian, LLC 2/16/21 Minor Oil Release Crude Oil Other Lea (25)
nAPP2104859748 Spur Energy Partners LLC 2/16/21 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAPP2104849757 Spur Energy Partners LLC 2/16/21 Minor Oil Release Crude Oil Freeze Eddy (15)
nAPP2105539984 XTO ENERGY, INC 2/15/21 Minor Produced Water Release Produced Water Blow Out Eddy (15)
nAPP2106343455 HANSON OPERATING CO INC 2/15/21 Minor Oil Release Crude Oil Freeze Chaves (05)
nAPP2105550809 COG OPERATING LLC 2/15/21 Major Release Other Crude Oil, Produced Water Freeze Lea (25)
nAPP2104725446 CAZA OPERATING, LLC 2/15/21 Minor Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2104946107 Spur Energy Partners LLC 2/15/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2104839453 Spur Energy Partners LLC 2/15/21 Major Produced Water Release Crude Oil, Produced Water Freeze Eddy (15)
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nAPP2105537640 XTO ENERGY, INC 2/14/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2105547882 COG OPERATING LLC 2/14/21 Major Release Other Crude Oil, Produced Water Freeze Lea (25)
nAPP2105535211 XTO ENERGY, INC 2/13/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2104550719 CIMAREX ENERGY CO. 2/13/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2106732690 BTA OIL PRODUCERS, LLC 2/13/21 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2105343466 XTO ENERGY, INC 2/12/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2105422276 Enterprise Field Services, LLC 2/11/21 Minor Release Other Produced Water Other San Juan (45)
nAPP2106930621 BTA OIL PRODUCERS, LLC 2/11/21 Major Produced Water Release Other (Specify) Lea (25)
nAPP2105360892 ADVANCE ENERGY PARTNERS HAT MESA, LLC 2/11/21 Minor Produced Water Release Produced Water Human Error Lea (25)
nAPP2108857845 BTA OIL PRODUCERS, LLC 2/10/21 Major Release Other Produced Water Other Lea (25)
nAPP2105340662 XTO ENERGY, INC 2/9/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2104360123 CIMAREX ENERGY CO. 2/9/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2105058281 LOGOS OPERATING, LLC 2/9/21 Minor Other Condensate Normal Operations Rio Arriba (39)
nAPP2104347351 XTO ENERGY, INC 2/8/21 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2104851838 DEVON ENERGY PRODUCTION COMPANY, LP 2/8/21 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2105550009 COG OPERATING LLC 2/8/21 Major Oil Release Crude Oil Vandalism Lea (25)
nAPP2105548725 COG OPERATING LLC 2/8/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2104051288 MARATHON OIL PERMIAN LLC 2/8/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2104059237 MEWBOURNE OIL CO 2/7/21 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2105442084 COG OPERATING LLC 2/7/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2104043158 Spur Energy Partners LLC 2/7/21 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2104949432 APACHE CORPORATION 2/6/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2104348535 XTO ENERGY, INC 2/5/21 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2105647257 OXY USA INC 2/5/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2103564128 CONOCOPHILLIPS COMPANY 2/4/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2103550799 OXY USA INC 2/3/21 Major Produced Water Release Crude Oil, Produced Water Blow Out Lea (25)
nAPP2103949024 BURNETT OIL CO INC 2/2/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2103557511 Spur Energy Partners LLC 2/2/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2105431539 COG OPERATING LLC 2/1/21 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)

nAPP2104229910 Enterprise Field Services, LLC 2/1/21 Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nAPP2103923727 Enterprise Field Services, LLC 2/1/21 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other San Juan (45)

nAPP2104354470 LOGOS OPERATING, LLC 2/1/21 Other Rio Arriba (39)
nAPP2103256004 LOGOS OPERATING, LLC 2/1/21 Other Crude Oil Freeze Sandoval (43)
nAPP2103452303 MARATHON OIL PERMIAN LLC 2/1/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2104831006 DEVON ENERGY PRODUCTION COMPANY, LP 1/31/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2103261042 MEWBOURNE OIL CO 1/31/21 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nAPP2103930331 COG OPERATING LLC 1/31/21 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)

nAPP2103447746 BTA OIL PRODUCERS, LLC 1/31/21 Major Produced Water Release Crude Oil, Produced Water
Equipment Failure, Overflow - 
Tank, Pit, Etc. Lea (25)

nAPP2103458246 LONGFELLOW ENERGY, LP 1/30/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2103256332 EOG RESOURCES INC 1/29/21 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2103224474 MATADOR PRODUCTION COMPANY 1/29/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2103237910 MARATHON OIL PERMIAN LLC 1/29/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2103534879 EPIC ENERGY, L.L.C. 1/29/21 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nAPP2103549356 OXY USA INC 1/28/21 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2102870829 LOGOS OPERATING, LLC 1/28/21 Major Oil Release Crude Oil Freeze Rio Arriba (39)
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nAPP2102851174 APACHE CORPORATION 1/27/21 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2105353729 EOG RESOURCES INC 1/27/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2104034508 XTO ENERGY, INC 1/26/21 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2104135238 DEVON ENERGY PRODUCTION COMPANY, LP 1/26/21 Major Produced Water Release Produced Water Other Lea (25)
nAPP2103945261 RHOMBUS OPERATING CO LTD 1/26/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2102856493 HOLLY ENERGY PARTNERS - OPERATING, LP 1/26/21 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2102732858 DJR OPERATING, LLC 1/26/21 Minor Oil Release Crude Oil Equipment Failure Sandoval (43)
nAPP2104155952 HILCORP ENERGY COMPANY 1/26/21 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAPP2103632350 XTO ENERGY, INC 1/25/21 Major Fire Condensate Fire Eddy (15)
nAPP2104052594 DEVON ENERGY PRODUCTION COMPANY, LP 1/25/21 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2102817135 CIMAREX ENERGY CO. OF COLORADO 1/25/21 Major Produced Water Release Produced Water Human Error Eddy (15)
nAPP2106141780 PHX Energy, LLC 1/25/21 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2103538364 DEVON ENERGY PRODUCTION COMPANY, LP 1/24/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2204534331 SCM Operations, LLC 1/24/21 Major Natural Gas Release Other (Specify) Eddy (15)
nAPP2103630448 XTO ENERGY, INC 1/23/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2102934064 XTO ENERGY, INC 1/23/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2104140937 DEVON ENERGY PRODUCTION COMPANY, LP 1/23/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2102551487 Spur Energy Partners LLC 1/23/21 Major Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2103627149 XTO ENERGY, INC 1/22/21 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAPP2103630209 COG OPERATING LLC 1/22/21 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2102648780 Spur Energy Partners LLC 1/22/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2102253370 Spur Energy Partners LLC 1/22/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2102628107 CENTENNIAL RESOURCE PRODUCTION, LLC 1/22/21 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2103458288 DEVON ENERGY PRODUCTION COMPANY, LP 1/21/21 Major Produced Water Release Other (Specify) Eddy (15)
nAPP2102629238 PLAINS MARKETING L.P. 1/21/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2102234735 MARATHON OIL PERMIAN LLC 1/21/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2102841286 APACHE CORPORATION 1/20/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2103556268 OXY USA INC 1/20/21 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2102626563 XTO ENERGY, INC 1/19/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2103332595 DEVON ENERGY PRODUCTION COMPANY, LP 1/19/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2102146660 CIMAREX ENERGY CO. OF COLORADO 1/19/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2102053788 Maverick Permian LLC 1/19/21 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2102250126 XTO ENERGY, INC 1/18/21 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2102246632 XTO ENERGY, INC 1/18/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2102239584 XTO ENERGY, INC 1/18/21 Minor Release Other Other (Specify) Other Eddy (15)
nAPP2102148591 XTO ENERGY, INC 1/18/21 Minor Natural Gas Release Other (Specify) Other Eddy (15)
nAPP2102951723 DEVON ENERGY PRODUCTION COMPANY, LP 1/18/21 Minor Produced Water Release Produced Water Other Eddy (15)
nOY1704650251 Opal Operating Company LLC 1/18/21 Minor Oil Release Crude Oil, Produced Water Equipment Failure Chaves (05)
nAPP2101936895 ENDURING RESOURCES, LLC 1/18/21 Minor Release Other Crude Oil, Produced Water Equipment Failure Rio Arriba (39)

nAPP2102540540 Harvest Four Corners, LLC 1/18/21 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Rio Arriba (39)

nAPP2102039553 MEWBOURNE OIL CO 1/17/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2101857967 CIMAREX ENERGY CO. OF COLORADO 1/17/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2103541864 Spur Energy Partners LLC 1/17/21 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2101829061 MARATHON OIL PERMIAN LLC 1/17/21 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2101841481 Spur Energy Partners LLC 1/16/21 Produced Water Release Crude Oil, Produced Water Other, Normal Operations Eddy (15)
nAPP2102237559 XTO ENERGY, INC 1/15/21 Major Fire Condensate Other Eddy (15)
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nAPP2102651517 DEVON ENERGY PRODUCTION COMPANY, LP 1/15/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2102726578 COG OPERATING LLC 1/15/21 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2101561606 MARATHON OIL PERMIAN LLC 1/15/21 Produced Water Release Eddy (15)

nAPP2102244223 HILCORP ENERGY COMPANY 1/15/21 Major Release Other Condensate, Produced Water
Corrosion, Overflow - Tank, 
Pit, Etc. San Juan (45)

nAPP2102831345 XTO ENERGY, INC 1/14/21 Major Release Other Other (Specify) Equipment Failure Lea (25)
nAPP2102727891 COG OPERATING LLC 1/14/21 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2102543043 CROSS TIMBERS ENERGY, LLC 1/14/21 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2102235706 XTO ENERGY, INC 1/13/21 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2103557979 OXY USA INC 1/12/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2102534956 MATADOR PRODUCTION COMPANY 1/12/21 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2101937359 COG OPERATING LLC 1/12/21 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2102229242 XTO ENERGY, INC 1/11/21 Major Fire Crude Oil Equipment Failure Eddy (15)
nAPP2101935216 COG OPERATING LLC 1/11/21 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2102637490 DEVON ENERGY PRODUCTION COMPANY, LP 1/10/21 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2109059735 ADVANCE ENERGY PARTNERS HAT MESA, LLC 1/9/21 Major Release Other Other (Specify), Produced Water Human Error Lea (25)
nAPP2109058640 ADVANCE ENERGY PARTNERS HAT MESA, LLC 1/9/21 Major Release Other Other (Specify), Produced Water Human Error Lea (25)
nAPP2109056450 ADVANCE ENERGY PARTNERS HAT MESA, LLC 1/9/21 Major Release Other Other (Specify), Produced Water Human Error Lea (25)
nAPP2101335437 XTO ENERGY, INC 1/8/21 Major Fire Condensate Equipment Failure Eddy (15)
nAPP2102141155 COG OPERATING LLC 1/8/21 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAPP2102140342 COG OPERATING LLC 1/8/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2100846063 MARATHON OIL PERMIAN LLC 1/8/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2100832430 CENTENNIAL RESOURCE PRODUCTION, LLC 1/8/21 Major Other Diesel Fire Lea (25)
nAPP2101050782 HILCORP ENERGY COMPANY 1/8/21 Minor Oil Release Condensate Human Error San Juan (45)
nAPP2101333095 XTO ENERGY, INC 1/7/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2101331137 XTO ENERGY, INC 1/7/21 Major Fire Condensate Equipment Failure Eddy (15)
nAPP2101237632 XTO ENERGY, INC 1/7/21 Minor Release Other Other (Specify) Other Lea (25)
nAPP2101836808 FRONTIER FIELD SERVICES, LLC 1/7/21 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAPP2101539528 OWL SWD OPERATING, LLC 1/7/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2101445248 Empire New Mexico LLC 1/7/21 Minor Release Other Other (Specify) Other Lea (25)
nAPP2101444732 Empire New Mexico LLC 1/7/21 Minor Release Other Other (Specify) Other Lea (25)
nAPP2101444318 Empire New Mexico LLC 1/7/21 Minor Release Other Other (Specify) Other Lea (25)
nAPP2101443976 Empire New Mexico LLC 1/7/21 Minor Release Other Other (Specify) Other Lea (25)
nAPP2101443508 Empire New Mexico LLC 1/7/21 Minor Release Other Other (Specify) Other Lea (25)
nAPP2101551720 DJR OPERATING, LLC 1/7/21 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2100835352 MARATHON OIL PERMIAN LLC 1/7/21 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2101926047 XTO ENERGY, INC 1/6/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2100817721 CIMAREX ENERGY CO. 1/6/21 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2102530060 COG OPERATING LLC 1/6/21 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2101549413 DJR OPERATING, LLC 1/6/21 Minor Oil Release Crude Oil Equipment Failure Sandoval (43)
nAPP2101437181 DEVON ENERGY PRODUCTION COMPANY, LP 1/5/21 Major Fire Crude Oil Other Lea (25)
nAPP2100548611 MARATHON OIL PERMIAN LLC 1/5/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2101938171 COG OPERATING LLC 1/4/21 Major Oil Release Crude Oil Corrosion Lea (25)

nAPP2100625669 CAZA OPERATING, LLC 1/4/21 Major Fire

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Eddy (15)

nAPP2101041762 Spur Energy Partners LLC 1/4/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2101242104 HILCORP ENERGY COMPANY 1/4/21 Major Release Other Crude Oil Corrosion San Juan (45)
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nAPP2100455356 CENTENNIAL RESOURCE PRODUCTION, LLC 1/3/21 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2100847227 XTO ENERGY, INC 1/2/21 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2100838523 XTO ENERGY, INC 1/2/21 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2102942727 OXY USA INC 12/31/20 Major Oil Release Crude Oil Human Error Eddy (15)
nAPP2100441738 RAY WESTALL OPERATING, INC. 12/31/20 Minor Oil Release Condensate Equipment Failure Eddy (15)
nAPP2101535199 COG OPERATING LLC 12/31/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2101256274 COG OPERATING LLC 12/31/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)

nAPP2101553249 Tamaroa Operating, LLC 12/31/20 Major Oil Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Chaves (05)

nAPP2100636827 Tamaroa Operating, LLC 12/31/20 Major Oil Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane), Produced Water

Equipment Failure, Normal 
Operations Chaves (05)

nAPP2100849943 ETC Texas Pipeline, Ltd. 12/31/20 Major Oil Release Crude Oil Corrosion Lea (25)
nAPP2036536104 MARATHON OIL PERMIAN LLC 12/30/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2100442670 APACHE CORPORATION 12/29/20 Minor Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nAPP2100834529 XTO ENERGY, INC 12/29/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2101257748 SIMCOE LLC 12/29/20 Major Produced Water Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure, Freeze San Juan (45)

nAPP2036443181 MARATHON OIL PERMIAN LLC 12/29/20 Major Oil Release Crude Oil Other Lea (25)
nAPP2100832034 XTO ENERGY, INC 12/28/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAPP2101551338 EOG RESOURCES INC 12/28/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2101236034 COG OPERATING LLC 12/28/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2100543121 Spur Energy Partners LLC 12/28/20 Minor Produced Water Release Produced Water Other Eddy (15)
nAPP2036353918 MARATHON OIL PERMIAN LLC 12/28/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2100441900 APACHE CORPORATION 12/27/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2101238142 DEVON ENERGY PRODUCTION COMPANY, LP 12/27/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2036429245 ADVANCED WIRELESS COMMUNICATIONS, L.L.C. 12/26/20 Major Produced Water Release Produced Water Human Error San Juan (45)
nAPP2036347592 CHEVRON U S A INC 12/25/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPM2410953350 CHEVRON U S A INC 12/25/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2100733648 EOG RESOURCES INC 12/25/20 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2036561497 MATADOR PRODUCTION COMPANY 12/24/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2100735068 COG OPERATING LLC 12/24/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)

nAPP2100423987 Enterprise Field Services, LLC 12/24/20 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other San Juan (45)

nAPP2036338293 Spur Energy Partners LLC 12/24/20 Major Produced Water Release Produced Water Normal Operations Eddy (15)
nAPP2105050332 DEVON ENERGY PRODUCTION COMPANY, LP 12/23/20 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2103557478 OXY USA INC 12/23/20 Minor Produced Water Release Produced Water Corrosion Union (59)
nAPP2100744121 LOGOS OPERATING, LLC 12/23/20 Minor Other Condensate Equipment Failure Rio Arriba (39)
nAPP2110253617 Spur Energy Partners LLC 12/23/20 Major Release Other Brine Water Other Eddy (15)

nAPP2100630427 ETC Texas Pipeline, Ltd. 12/23/20 Major Natural Gas Release

Natural Gas Vented, [OBSOLETE] 
Natural Gas (Methane), Natural 
Gas Liquids Corrosion, Other Lea (25)

nAPP2100547196 XTO ENERGY, INC 12/22/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2100546416 XTO ENERGY, INC 12/22/20 Major Fire Glycol Equipment Failure Eddy (15)
nAPP2101345491 EOG RESOURCES INC 12/22/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2036337003 PLAINS MARKETING L.P. 12/22/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

WG Ex. 92

3041



nRM2014358600 RAYBAW Operating, LLC 12/22/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2035932766 CENTENNIAL RESOURCE PRODUCTION, LLC 12/22/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2100428768 XTO ENERGY, INC 12/21/20 Major Fire Crude Oil Fire Eddy (15)
nAPP2036459251 Extex Operating Company 12/21/20 Minor Oil Release Crude Oil Other Lea (25)
nAPP2100449115 Maverick Permian LLC 12/21/20 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2100438243 DJR OPERATING, LLC 12/21/20 Major Oil Release Crude Oil Equipment Failure San Juan (45)
nAPP2035750544 Harvest Four Corners, LLC 12/21/20 Major Natural Gas Release Crude Oil Equipment Failure San Juan (45)
nAPP2036555459 XTO ENERGY, INC 12/20/20 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2035543036 MARATHON OIL PERMIAN LLC 12/20/20 Major Oil Release Other (Specify) Equipment Failure Eddy (15)
nAPP2036554434 XTO ENERGY, INC 12/19/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2036552621 XTO ENERGY, INC 12/19/20 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2101458051 EOG RESOURCES INC 12/19/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2107740702 OXY USA INC 12/19/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2100652976 OXY USA INC 12/19/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2035648546 CIMAREX ENERGY CO. OF COLORADO 12/18/20 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2036148166 COG OPERATING LLC 12/18/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)

nAPP2100420454 Enterprise Field Services, LLC 12/18/20 Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nAPP2035734383 Pima Environmental Services, LLC 12/18/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2035756355 TAP ROCK OPERATING, LLC 12/18/20 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2036551506 XTO ENERGY, INC 12/17/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAPP2036546170 Enterprise Field Services, LLC 12/17/20 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other Lea (25)

nAPP2036549855 XTO ENERGY, INC 12/16/20 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2100645694 DEVON ENERGY PRODUCTION COMPANY, LP 12/16/20 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2035233416 GRAND BANKS ENERGY CO 12/15/20 Major Oil Release Crude Oil Equipment Failure Lea (25)

nAPP2036546984 Enterprise Field Services, LLC 12/15/20 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Human Error Eddy (15)

nAPP2102858169 OXY USA INC 12/14/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2109053577 Extex Operating Company 12/14/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2106853422 OXY USA INC 12/13/20 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2100653714 OXY USA INC 12/13/20 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2124535531 EOG RESOURCES INC 12/12/20 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nAPP2034925913 MARATHON OIL PERMIAN LLC 12/12/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nAPP2109649049 CONOCOPHILLIPS COMPANY 12/11/20 Major Produced Water Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Lea (25)

nAPP2107741194 OXY USA INC 12/9/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2034638606 MARATHON OIL PERMIAN LLC 12/9/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2103643602 Harvest Four Corners, LLC 12/9/20 Major Natural Gas Release Condensate, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAPP2100743548 HARVARD PETROLEUM COMPANY, LLC 12/8/20 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAPP2102858723 OXY USA INC 12/8/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2035256502 APACHE CORPORATION 12/7/20 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPP2035332473 CHEVRON U S A INC 12/7/20 Minor Oil Release Crude Oil, Produced Water Other Lea (25)
nAPP2036146879 COG OPERATING LLC 12/7/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2035151755 CROSS TIMBERS ENERGY, LLC 12/7/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2035146846 Spur Energy Partners LLC 12/7/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
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nAPP2035647738 Avant Operating, LLC 12/7/20 Major Natural Gas Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure, Fire Lea (25)

nAPP2035221813 GOODNIGHT MIDSTREAM PERMIAN, LLC 12/7/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2035646158 DEVON ENERGY PRODUCTION COMPANY, LP 12/6/20 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2035256230 XTO ENERGY, INC 12/4/20 Major Fire Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2036563650 MATADOR PRODUCTION COMPANY 12/4/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2035649889 COG OPERATING LLC 12/4/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2035137305 HILCORP ENERGY COMPANY 12/4/20 Major Produced Water Release Condensate, Produced Water Freeze San Juan (45)
nAPP2035326198 APACHE CORPORATION 12/3/20 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAPP2035254726 XTO ENERGY, INC 12/3/20 Major Fire Condensate Fire Eddy (15)
nAPP2034962750 CHEVRON U S A INC 12/2/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2035052288 OCCIDENTAL PERMIAN LTD 12/2/20 Natural Gas Release Lea (25)
nAPP2035757045 LOGOS OPERATING, LLC 12/2/20 Other Other (Specify) Equipment Failure Rio Arriba (39)
nRM2035042548 EOG RESOURCES INC 12/1/20 Minor Release Other Condensate, Produced Water Corrosion Eddy (15)
nRM2035039644 EOG RESOURCES INC 12/1/20 Minor Release Other Condensate Corrosion Eddy (15)
nAPP2035167923 OXY USA INC 12/1/20 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)

nRM2035349510 ENTERPRISE FIELD SERVICES L.L.C. 12/1/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nRM2034561113 CIMAREX ENERGY CO. 11/30/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2036441453 Spur Energy Partners LLC 11/30/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2034952669 EPIC ENERGY, L.L.C. 11/30/20 Minor Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nRM2035052334 APACHE CORPORATION 11/29/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2035244659 DEVON ENERGY PRODUCTION COMPANY, LP 11/29/20 Minor Oil Release Crude Oil Human Error Lea (25)
nCS2008743133 SIMCOE LLC 11/29/20 Oil Release San Juan (45)
nRM2034629187 MARATHON OIL PERMIAN LLC 11/29/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2034638293 XTO ENERGY, INC 11/28/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2035043476 COG OPERATING LLC 11/28/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2034960665 BTA OIL PRODUCERS, LLC 11/28/20 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2035138293 DEVON ENERGY PRODUCTION COMPANY, LP 11/27/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2035158646 XTO ENERGY, INC 11/26/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2034559088 MARATHON OIL PERMIAN LLC 11/26/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2106151803 OXY USA INC 11/25/20 Minor Oil Release Crude Oil Other Eddy (15)
nAPP2035047416 COG OPERATING LLC 11/25/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAPP2034753885 COG OPERATING LLC 11/25/20 Produced Water Release Lea (25)

nRM2035342531 Enterprise Field Services, LLC 11/25/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nRM2034932546 WPX Energy Permian, LLC 11/25/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2035044372 BTA OIL PRODUCERS, LLC 11/25/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2034259537 Spur Energy Partners LLC 11/25/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2034254162 Spur Energy Partners LLC 11/25/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2034258716 WPX Energy Permian, LLC 11/24/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2035141458 EL PASO NATURAL GAS CO 11/23/20 Major Release Other Other (Specify) Normal Operations Dona Ana (13)
nRM2033924296 WPX Energy Permian, LLC 11/23/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2034247342 Spur Energy Partners LLC 11/23/20 Minor Produced Water Release Produced Water Other Eddy (15)
nRM2034257903 3BEAR FIELD SERVICES, LLC 11/20/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2034929754 XTO ENERGY, INC 11/19/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2034645955 XTO ENERGY, INC 11/19/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2035060074 COG OPERATING LLC 11/19/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nRM2034957931 LOGOS OPERATING, LLC 11/18/20 Major Release Other Crude Oil, Produced Water Equipment Failure Rio Arriba (39)
nRM2033742638 CHEVRON U S A INC 11/17/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2032957547 LH Operating, LLC 11/16/20 Minor Produced Water Release Produced Water Vehicular Accident Eddy (15)
nRM2035144227 Silverback Operating II, LLC 11/16/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2033535013 MARATHON OIL PERMIAN LLC 11/16/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2034630572 XTO ENERGY, INC 11/15/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2034558291 COG OPERATING LLC 11/15/20 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM2033543713 CENTENNIAL RESOURCE PRODUCTION, LLC 11/15/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2201529787 DEVON ENERGY PRODUCTION COMPANY, LP 11/14/20 Major Produced Water Release Produced Water Other Eddy (15)
nRM2033632817 OXY USA INC 11/14/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2033557420 CIMAREX ENERGY CO. 11/14/20 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM2034955878 CHEVRON U S A INC 11/13/20 Major Natural Gas Release Produced Water Equipment Failure Lea (25)
nRM2033631417 XTO ENERGY, INC 11/13/20 Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2033629312 XTO ENERGY, INC 11/13/20 Major Fire Other (Specify) Fire Eddy (15)
nRM2033747232 DEVON ENERGY PRODUCTION COMPANY, LP 11/13/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2033530478 MARATHON OIL PERMIAN LLC 11/13/20 Major Produced Water Release Natural Gas Liquids Equipment Failure Eddy (15)
nRM2032954682 MARATHON OIL PERMIAN LLC 11/13/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2033657348 DEVON ENERGY PRODUCTION COMPANY, LP 11/12/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2033639744 DEVON ENERGY PRODUCTION COMPANY, LP 11/12/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2034557149 COG OPERATING LLC 11/12/20 Major Produced Water Release Produced Water Human Error Lea (25)

nRM2032953121 ENTERPRISE FIELD SERVICES L.L.C. 11/11/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other San Juan (45)

nRM2033843685 COG OPERATING LLC 11/11/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2032954014 MARATHON OIL PERMIAN LLC 11/11/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2032857772 Grizzly Operating, LLC 11/9/20 Minor Produced Water Release Produced Water Vehicular Accident Lea (25)
nRM2032948402 WPX Energy Permian, LLC 11/8/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2032940170 OXY USA INC 11/7/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2103559332 OXY USA INC 11/7/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAPP2100654537 OXY USA INC 11/7/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2033752202 DAVIS GAS PROCESSING CO 11/7/20 Minor Release Other Condensate, Produced Water Human Error Lea (25)
nRM2032831768 CIMAREX ENERGY CO. OF COLORADO 11/6/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2036555739 CAMERON OIL & GAS INC 11/6/20 Major Release Other Crude Oil, Produced Water Other Lea (25)

nRM2032958391 Enterprise Field Services, LLC 11/6/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Sandoval (43)

nRM2033654298 SIMCOE LLC 11/6/20 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nRM2033528219 Spur Energy Partners LLC 11/5/20 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2032861231 CHEVRON U S A INC 11/4/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2032543233 CIMAREX ENERGY CO. 11/4/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2032949553 COG OPERATING LLC 11/4/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2034260587 EOG RESOURCES INC 11/3/20 Produced Water Release Lea (25)
nRM2033660390 OXY USA INC 11/3/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2033538690 SUNOCO PARTNERS MARKETING & TERMINALS L.P 11/3/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2032955840 DEVON ENERGY PRODUCTION COMPANY, LP 11/2/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2113042718 OXY USA INC 11/2/20 Minor Produced Water Release Produced Water Corrosion Union (59)
nRM2032137935 RAYBAW Operating, LLC 11/2/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2033536188 Permian Resources Operating, LLC 11/2/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS2035753482 EPIC ENERGY, L.L.C. 11/2/20 Major Other Other (Specify) Other San Juan (45)
nRM2035059346 MACK ENERGY CORP 11/1/20 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
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nRM2032136743 MARATHON OIL PERMIAN LLC 10/31/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2109549390 OXY USA INC 10/30/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2100651883 OXY USA INC 10/30/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2104650946 CHEVRON U S A INC 10/29/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2104630028 CHEVRON U S A INC 10/29/20 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2007835710 EOG RESOURCES INC 10/29/20 Minor Release Other Other (Specify) Equipment Failure Lea (25)
nRM2033659759 OXY USA INC 10/29/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2031143688 OXY USA INC 10/29/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2031037118 OXY USA INC 10/29/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2032829991 APACHE CORPORATION 10/28/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2032941533 DEVON ENERGY PRODUCTION COMPANY, LP 10/28/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nRM2030857815 DCP OPERATING COMPANY, LP 10/28/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Lea (25)

nRM2032945645 COG OPERATING LLC 10/27/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2031144413 NGL WATER SOLUTIONS PERMIAN, LLC 10/27/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2030944647 CIMAREX ENERGY CO. 10/26/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2033658364 OXY USA INC 10/25/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2032854992 ENTERPRISE FIELD SERVICES L.L.C. 10/25/20 Major Release Other Crude Oil, Lube Oil Equipment Failure San Juan (45)
nRM2030937304 CIMAREX ENERGY CO. 10/25/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2032857078 COG OPERATING LLC 10/25/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2231126594 WPX Energy Permian, LLC 10/25/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2034954593 EOG RESOURCES INC 10/23/20 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2032547162 COG OPERATING LLC 10/23/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2032141310 EOG RESOURCES INC 10/22/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2032858637 SIMCOE LLC 10/22/20 Minor Produced Water Release Produced Water Human Error San Juan (45)
nRM2032540707 CHISHOLM ENERGY OPERATING, LLC 10/22/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2032538822 HILCORP ENERGY COMPANY 10/22/20 Major Release Other Condensate Corrosion Rio Arriba (39)
nRM2032541640 COG OPERATING LLC 10/21/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2032853982 APACHE CORPORATION 10/20/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2105452489 APACHE CORPORATION 10/20/20 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2030932103 EOG RESOURCES INC 10/20/20 Major Oil Release Crude Oil Corrosion Lea (25)
nRM2030230289 MEWBOURNE OIL CO 10/19/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nRM2030456172 LUCID ENERGY DELAWARE, LLC 10/19/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Lea (25)

nRM2031147310 XTO ENERGY, INC 10/18/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2033659038 OXY USA INC 10/18/20 Minor Produced Water Release Produced Water Other Eddy (15)
nRM2029455049 WPX Energy Permian, LLC 10/18/20 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2030933548 COG OPERATING LLC 10/17/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2030929244 COG OPERATING LLC 10/17/20 Major Oil Release Crude Oil Fire Lea (25)
nRM2031141854 OXY USA INC 10/16/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2034533903 CAMERON OIL & GAS INC 10/16/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2034455815 CAMERON OIL & GAS INC 10/16/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2034453708 CAMERON OIL & GAS INC 10/16/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2029437008 CIMAREX ENERGY CO. 10/16/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2030860417 Silverback Operating II, LLC 10/16/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nRM2032828643 DCP OPERATING COMPANY, LP 10/15/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Lea (25)

nRM2030232861 COG OPERATING LLC 10/15/20 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
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nCZW2127960310 ENDURING RESOURCES, LLC 10/15/20 Release Other Rio Arriba (39)
nAPP2035738261 ENDURING RESOURCES, LLC 10/15/20 Major Produced Water Release Produced Water Other Rio Arriba (39)
nRM2030956450 DEVON ENERGY PRODUCTION COMPANY, LP 10/14/20 Minor Produced Water Release Crude Oil Other Lea (25)
nRM2029646692 EOG RESOURCES INC 10/14/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2030160759 COG OPERATING LLC 10/14/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2030032952 COG OPERATING LLC 10/14/20 Minor Oil Release Crude Oil Human Error Lea (25)
nRM2029344863 BXP Operating, LLC 10/14/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2029432483 MARATHON OIL PERMIAN LLC 10/14/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2030836976 XTO ENERGY, INC 10/13/20 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nRM2030159878 COG OPERATING LLC 10/13/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2030731626 ETC Texas Pipeline, Ltd. 10/13/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2028830995 MARATHON OIL PERMIAN LLC 10/12/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nRM2029531904 ENTERPRISE FIELD SERVICES L.L.C. 10/10/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other San Juan (45)

nRM2030442941 XTO ENERGY, INC 10/9/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2028762234 Grizzly Operating, LLC 10/9/20 Minor Oil Release Crude Oil Other Eddy (15)
nRM2028947382 Earthstone Operating, LLC 10/9/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2030234533 XTO ENERGY, INC 10/8/20 Oil Release Crude Oil Other Eddy (15)
nRM2030954654 OXY USA INC 10/8/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2029653030 RAYBAW Operating, LLC 10/8/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2028765004 MARATHON OIL PERMIAN LLC 10/8/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2030042354 XTO ENERGY, INC 10/7/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2030035945 XTO ENERGY, INC 10/7/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2030058093 DEVON ENERGY PRODUCTION COMPANY, LP 10/7/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2029641459 DEVON ENERGY PRODUCTION COMPANY, LP 10/7/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2123949031 Lucid Artesia Company 10/7/20 Major Natural Gas Release Natural Gas Liquids Corrosion Eddy (15)
nRM2029631183 COG OPERATING LLC 10/7/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2029649621 XTO ENERGY, INC 10/6/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2029656359 DEVON ENERGY PRODUCTION COMPANY, LP 10/6/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2030056773 EOG RESOURCES INC 10/6/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2029540644 DEVON ENERGY PRODUCTION COMPANY, LP 10/5/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2029341496 EOG RESOURCES INC 10/5/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2029059910 COG OPERATING LLC 10/5/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2028946301 Earthstone Operating, LLC 10/5/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2028334152 OWL SWD OPERATING, LLC 10/4/20 Major Produced Water Release Produced Water Vehicular Accident Lea (25)
nRM2030951151 Silverback Operating II, LLC 10/4/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2112765886 OXY USA INC 10/3/20 Minor Produced Water Release Produced Water Equipment Failure Harding (21)
nRM2029045243 COG OPERATING LLC 10/3/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2028154760 DEVON ENERGY PRODUCTION COMPANY, LP 10/2/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2028132851 DEVON ENERGY PRODUCTION COMPANY, LP 10/1/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS2032243681 HILCORP ENERGY COMPANY 10/1/20 Major Produced Water Release Other (Specify) Other San Juan (45)
nRM2028760472 APACHE CORPORATION 9/30/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2028948451 XTO ENERGY, INC 9/30/20 Minor Produced Water Release Produced Water Vehicular Accident Eddy (15)
nRM2027948375 MARATHON OIL PERMIAN LLC 9/30/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2028258931 EOG RESOURCES INC 9/29/20 Produced Water Release Lea (25)
nRM2027443562 Murchison Oil and Gas, LLC 9/29/20 Major Oil Release Condensate, Produced Water Corrosion Eddy (15)
nRM2028361748 COG OPERATING LLC 9/29/20 Major Oil Release Crude Oil Human Error Eddy (15)
nRM2028764155 XTO ENERGY, INC 9/28/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

WG Ex. 92

3046



nRM2028763451 DEVON ENERGY PRODUCTION COMPANY, LP 9/28/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2029543600 EOG RESOURCES INC 9/28/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2027940748 ENDURING RESOURCES, LLC 9/28/20 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nRM2028130276 DEVON ENERGY PRODUCTION COMPANY, LP 9/27/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2027247695 CIMAREX ENERGY CO. 9/27/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2028336147 XTO ENERGY, INC 9/26/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2100740038 DEVON ENERGY PRODUCTION COMPANY, LP 9/26/20 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAPP2100739991 DEVON ENERGY PRODUCTION COMPANY, LP 9/26/20 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nRM2028361120 COG OPERATING LLC 9/26/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)

nRM2032830684 LUCID ENERGY DELAWARE, LLC 9/26/20 Minor Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Lea (25)

nRM2027648241 WPX Energy Permian, LLC 9/25/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2028029792 Maverick Permian LLC 9/25/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2028059512 DEVON ENERGY PRODUCTION COMPANY, LP 9/24/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2028241966 XTO ENERGY, INC 9/23/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2028239353 XTO ENERGY, INC 9/23/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2034536402 OXY USA INC 9/23/20 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM2028042882 XTO ENERGY, INC 9/22/20 Major Fire Other (Specify) Fire Eddy (15)
nRM2027531899 HARVARD PETROLEUM COMPANY, LLC 9/22/20 Major Oil Release Crude Oil Corrosion Eddy (15)
nRM2028955593 OXY USA INC 9/22/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2027439414 DEVON ENERGY PRODUCTION COMPANY, LP 9/21/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2026954807 CIMAREX ENERGY CO. OF COLORADO 9/21/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2027645649 COG OPERATING LLC 9/21/20 Minor Produced Water Release Produced Water Other Eddy (15)
nRM2026856616 WPX Energy Permian, LLC 9/21/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2026946157 APACHE CORPORATION 9/20/20 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM2027962353 CONOCOPHILLIPS COMPANY 9/19/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2027646489 COG OPERATING LLC 9/19/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2026945362 BTA OIL PRODUCERS, LLC 9/19/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2026942891 APACHE CORPORATION 9/17/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2027437922 DEVON ENERGY PRODUCTION COMPANY, LP 9/17/20 Minor Oil Release Crude Oil Corrosion Eddy (15)
nRM2027647311 COG OPERATING LLC 9/17/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2026944105 MARATHON OIL PERMIAN LLC 9/17/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2026855480 ADVANCE ENERGY PARTNERS HAT MESA, LLC 9/17/20 Minor Release Other Other (Specify) Other Lea (25)
nRM2028960708 OXY USA INC 9/16/20 Minor Oil Release Crude Oil Other Eddy (15)
nRM2026943478 MARATHON OIL PERMIAN LLC 9/16/20 Major Oil Release Crude Oil Human Error Eddy (15)
nRM2026957367 XTO ENERGY, INC 9/15/20 Minor Oil Release Crude Oil Corrosion Eddy (15)
nRM2026952175 XTO ENERGY, INC 9/15/20 Major Release Other Other (Specify) Fire Eddy (15)
nRM2026951300 XTO ENERGY, INC 9/15/20 Minor Oil Release Crude Oil Corrosion Eddy (15)
nRM2027643824 COG OPERATING LLC 9/15/20 Major Oil Release Crude Oil Corrosion Lea (25)
nRM2026942243 APACHE CORPORATION 9/14/20 Minor Release Other Crude Oil, Produced Water Vandalism Lea (25)
nRM2026949931 Earthstone Operating, LLC 9/14/20 Minor Produced Water Release Produced Water Blow Out Eddy (15)
nCE2026241343 GOODNIGHT MIDSTREAM PERMIAN, LLC 9/14/20 Produced Water Release Lea (25)
nRM2126347439 EOG RESOURCES INC 9/13/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2026849288 SOLARIS WATER MIDSTREAM, LLC 9/13/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2026529539 DEVON ENERGY PRODUCTION COMPANY, LP 9/12/20 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM2028960047 OXY USA INC 9/12/20 Minor Oil Release Crude Oil Other Eddy (15)
nRM2027951383 CHEVRON U S A INC 9/11/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2026250365 Maverick Permian LLC 9/11/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
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nRM2026852563 XTO ENERGY, INC 9/10/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2026532878 DEVON ENERGY PRODUCTION COMPANY, LP 9/10/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2027234034 EOG RESOURCES INC 9/10/20 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2026258957 CONOCOPHILLIPS COMPANY 9/10/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2026851853 DJR OPERATING, LLC 9/9/20 Major Produced Water Release Produced Water Human Error San Juan (45)
nRM2026546692 XTO ENERGY, INC 9/8/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2026956565 COG OPERATING LLC 9/8/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2025450470 WPX Energy Permian, LLC 9/8/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2025560181 Spur Energy Partners LLC 9/8/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2025526797 MARATHON OIL PERMIAN LLC 9/8/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2026031628 ADVANCE ENERGY PARTNERS HAT MESA, LLC 9/8/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2026850554 MATADOR PRODUCTION COMPANY 9/7/20 Major Produced Water Release Produced Water Other Lea (25)
nRM2025440337 RIDGEWAY ARIZONA OIL CORP. 9/6/20 Major Produced Water Release Produced Water Corrosion Roosevelt (41)
nRM2025431515 RIDGEWAY ARIZONA OIL CORP. 9/6/20 Major Produced Water Release Produced Water Corrosion Roosevelt (41)
nRM2025355988 RIDGEWAY ARIZONA OIL CORP. 9/6/20 Minor Oil Release Crude Oil Corrosion Roosevelt (41)
nRM2025438936 CIMAREX ENERGY CO. 9/6/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2026543414 DEVON ENERGY PRODUCTION COMPANY, LP 9/5/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2026938804 BTA OIL PRODUCERS, LLC 9/5/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2026056833 Spur Energy Partners LLC 9/5/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2025464451 MARATHON OIL PERMIAN LLC 9/4/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2026531591 XTO ENERGY, INC 9/3/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2025463747 MARATHON OIL PERMIAN LLC 9/3/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2026231125 GULF EXPLORATION, L.L.C. 9/3/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2026260964 XTO ENERGY, INC 9/2/20 Minor Release Other Gelled Brine (Frac Fluid) Equipment Failure Eddy (15)
nRM2028959394 OXY USA INC 9/1/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2025344424 CIMAREX ENERGY CO. 9/1/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2026545948 COG OPERATING LLC 9/1/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2026545354 COG OPERATING LLC 9/1/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2024759404 Spur Energy Partners LLC 9/1/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2027550461 OLEUM Energy LLC 9/1/20 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2025347740 CIMAREX ENERGY CO. 8/31/20 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2024556000 ADVANCE ENERGY PARTNERS HAT MESA, LLC 8/31/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2024553731 ADVANCE ENERGY PARTNERS HAT MESA, LLC 8/31/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2027235655 EOG RESOURCES INC 8/30/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2027235402 EOG RESOURCES INC 8/30/20 Release Other Lea (25)
nRM2025262192 WPX Energy Permian, LLC 8/30/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2025261215 WPX Energy Permian, LLC 8/30/20 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM2025348983 CIMAREX ENERGY CO. 8/29/20 Minor Oil Release Crude Oil Human Error Lea (25)
nRM2025346674 CIMAREX ENERGY CO. 8/29/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2026238329 XTO ENERGY, INC 8/28/20 Minor Release Other Gelled Brine (Frac Fluid) Equipment Failure Eddy (15)
nRM2026236628 XTO ENERGY, INC 8/28/20 Minor Release Other Gelled Brine (Frac Fluid) Human Error Eddy (15)
nRM2026232828 COG OPERATING LLC 8/28/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2024742676 BTA OIL PRODUCERS, LLC 8/28/20 Major Oil Release Crude Oil Corrosion Eddy (15)
nAPP2105549244 EPIC ENERGY, L.L.C. 8/28/20 Minor Release Other Produced Water Normal Operations San Juan (45)
nRM2025334934 DEVON ENERGY PRODUCTION COMPANY, LP 8/27/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2025455396 COG OPERATING LLC 8/26/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2024530079 APACHE CORPORATION 8/25/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
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nRM2024436143 RILEY PERMIAN OPERATING COMPANY, LLC 8/25/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2024528755 APACHE CORPORATION 8/24/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2024463389 APACHE CORPORATION 8/24/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2025437436 DEVON ENERGY PRODUCTION COMPANY, LP 8/24/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2024823071 OXY USA INC 8/24/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2023855625 Spur Energy Partners LLC 8/24/20 Major Oil Release Crude Oil Corrosion Eddy (15)
nRM2024540841 CENTENNIAL RESOURCE PRODUCTION, LLC 8/24/20 Minor Oil Release Crude Oil Other Lea (25)
nRM2026629853 HILCORP ENERGY COMPANY 8/24/20 Major Release Other Condensate, Produced Water Corrosion Rio Arriba (39)
nRM2025343118 COG OPERATING LLC 8/23/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2024462399 APACHE CORPORATION 8/22/20 Major Oil Release Crude Oil Corrosion Eddy (15)
nRM2025332771 XTO ENERGY, INC 8/22/20 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2023854055 CIMAREX ENERGY CO. 8/22/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2023854921 Spur Energy Partners LLC 8/22/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2023737035 MARATHON OIL PERMIAN LLC 8/22/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2025263987 XTO ENERGY, INC 8/21/20 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nRM2028958680 OXY USA INC 8/21/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2024464298 ENTERPRISE FIELD SERVICES L.L.C. 8/21/20 Minor Release Other Condensate Other San Juan (45)
nAPP2315345752 HALLIBURTON ENERGY SERVICES, INC. 8/21/20 Major Release Other Unknown Equipment Failure Eddy (15)
nAPP2315345709 HALLIBURTON ENERGY SERVICES, INC. 8/21/20 Major Release Other Unknown Equipment Failure Eddy (15)
nAPP2315345615 HALLIBURTON ENERGY SERVICES, INC. 8/21/20 Major Release Other Unknown Equipment Failure Eddy (15)
nAPP2227928778 HALLIBURTON ENERGY SERVICES, INC. 8/21/20 Major Release Other Unknown Equipment Failure Eddy (15)
nAPP2227928224 HALLIBURTON ENERGY SERVICES, INC. 8/21/20 Major Release Other Unknown Equipment Failure Eddy (15)
nAPP2227734406 HALLIBURTON ENERGY SERVICES, INC. 8/21/20 Major Release Other Unknown Equipment Failure Eddy (15)
nRM2025237907 XTO ENERGY, INC 8/20/20 Minor Release Other Produced Water Equipment Failure Eddy (15)
nRM2025443324 ROBERT H FORREST JR OIL LLC 8/20/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2025239946 Maverick Permian LLC 8/20/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nAPP2105740019 EPIC ENERGY, L.L.C. 8/20/20 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nRM2024854885 XTO ENERGY, INC 8/19/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2025258098 COG OPERATING LLC 8/19/20 Minor Oil Release Crude Oil Corrosion Eddy (15)
nRM2024539915 Permian Resources Operating, LLC 8/19/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2024828793 CHEVRON U S A INC 8/18/20 Release Other Brine Water Equipment Failure Eddy (15)
nRM2024758361 XTO ENERGY, INC 8/18/20 Major Oil Release Crude Oil Fire Lea (25)
nRM2024756871 XTO ENERGY, INC 8/18/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2024827513 OXY USA INC 8/18/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2023241399 MARATHON OIL PERMIAN LLC 8/18/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2024753227 COG OPERATING LLC 8/17/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2024760291 Avant Operating, LLC 8/17/20 Major Oil Release Crude Oil Other Lea (25)
nRM2030132715 HILCORP ENERGY COMPANY 8/17/20 Major Release Other Other (Specify) Other Rio Arriba (39)
nRM2023331895 Whiptail Midstream LLC 8/17/20 Major Release Other Crude Oil, Produced Water Corrosion San Juan (45)
nRM2024822114 CHEVRON U S A INC 8/16/20 Release Other Brine Water Other Eddy (15)
nRM2024537991 CENTENNIAL RESOURCE PRODUCTION, LLC 8/16/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2024533344 COG OPERATING LLC 8/15/20 Major Release Other Crude Oil, Produced Water Lightning Eddy (15)
nRM2022758107 HILCORP ENERGY COMPANY 8/14/20 Major Release Other Condensate Other San Juan (45)
nRM2022755502 HILCORP ENERGY COMPANY 8/14/20 Major Release Other Condensate Other San Juan (45)
nRM2024826423 OXY USA INC 8/13/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2025461364 CAZA OPERATING, LLC 8/13/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)

nRM2027337168 Harvest Four Corners, LLC 8/13/20 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion, Equipment Failure San Juan (45)
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nRM2024461471 XTO ENERGY, INC 8/12/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2026547329 EOG RESOURCES INC 8/12/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2022745673 BTA OIL PRODUCERS, LLC 8/12/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2023238865 APACHE CORPORATION 8/11/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2023455850 XTO ENERGY, INC 8/11/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2023851251 WPX Energy Permian, LLC 8/11/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2023360724 Prima Exploration, Inc. 8/11/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2023059703 EOG RESOURCES INC 8/10/20 Major Oil Release Crude Oil Other Eddy (15)
nRM2028956396 OXY USA INC 8/10/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2023462122 OXY USA INC 8/10/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2023948022 COG OPERATING LLC 8/10/20 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nRM2022558133 Grizzly Operating, LLC 8/10/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2022457016 Spur Energy Partners LLC 8/10/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2023853293 COG OPERATING LLC 8/9/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2025328272 DEVON ENERGY PRODUCTION COMPANY, LP 8/8/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2022644767 CIMAREX ENERGY CO. 8/8/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2022641716 CIMAREX ENERGY CO. 8/8/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2023455067 COG OPERATING LLC 8/8/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2023345085 CENTENNIAL RESOURCE PRODUCTION, LLC 8/8/20 Minor Oil Release Crude Oil Other Lea (25)
nRM2023460138 Earthstone Operating, LLC 8/7/20 Minor Oil Release Crude Oil Corrosion Lea (25)
nRM2023050058 DEVON ENERGY PRODUCTION COMPANY, LP 8/6/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2023057625 SOUTHWEST ROYALTIES INC 8/6/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2022646950 MARATHON OIL PERMIAN LLC 8/6/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2022646119 MARATHON OIL PERMIAN LLC 8/6/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2023138718 XTO ENERGY, INC 8/5/20 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2023247721 COG OPERATING LLC 8/5/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2023247124 COG OPERATING LLC 8/5/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2023245536 COG OPERATING LLC 8/5/20 Major Oil Release Crude Oil Other Lea (25)
nRM2023460796 Permian Resources Operating, LLC 8/5/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2023249231 LOGOS OPERATING, LLC 8/4/20 Release Other Crude Oil, Produced Water Equipment Failure Rio Arriba (39)
nRM2021853352 Spur Energy Partners LLC 8/4/20 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2027448549 SIMCOE LLC 8/4/20 Major Oil Release Crude Oil Equipment Failure San Juan (45)
nRM2025449421 AMEREDEV OPERATING, LLC 8/4/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2022638776 GOODNIGHT MIDSTREAM PERMIAN, LLC 8/4/20 Minor Produced Water Release Produced Water Other Lea (25)
nRM2022150038 PLAINS PIPELINE, LP 8/4/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2022758966 XTO ENERGY, INC 8/3/20 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2022554489 TARGA MIDSTREAM SERVICES LLC 8/3/20 Natural Gas Release Lea (25)
nRM2022645367 CIMAREX ENERGY CO. 8/3/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2021932931 OWL SWD OPERATING, LLC 8/3/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2030432128 Extex Operating Company 8/3/20 Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2023131751 COG OPERATING LLC 8/2/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2035042855 Enterprise Field Services, LLC 8/2/20 Major Oil Release Condensate Fire Eddy (15)
nRM2023056666 CHEVRON U S A INC 8/1/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2022848592 CHEVRON U S A INC 8/1/20 Minor Produced Water Release Sulphuric Acid Equipment Failure Lea (25)
nAPP2113151109 EOG RESOURCES INC 8/1/20 Major Other Other (Specify) Human Error Eddy (15)
nRM2025256283 COG OPERATING LLC 8/1/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2022559973 COG OPERATING LLC 8/1/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
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nRM2022544683 COG OPERATING LLC 8/1/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2101065907 Spur Energy Partners LLC 8/1/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2022151323 COG OPERATING LLC 7/31/20 Major Release Other Crude Oil, Produced Water Lightning Eddy (15)
nRM2022648125 NGL WATER SOLUTIONS PERMIAN, LLC 7/31/20 Major Produced Water Release Produced Water Lightning Eddy (15)
nRM2022649226 XTO ENERGY, INC 7/30/20 Major Produced Water Release Produced Water Corrosion Eddy (15)

nRM2022148950 Enterprise Field Services, LLC 7/30/20 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Corrosion Eddy (15)

nRM2030337321 ENDEAVOR ENERGY RESOURCES, LP 7/29/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2023058280 MorningStar Operating LLC 7/29/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2021737058 MARATHON OIL PERMIAN LLC 7/29/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2025557321 ENDURING RESOURCES, LLC 7/29/20 Major Produced Water Release Produced Water Other San Juan (45)
nRM2024761631 ENDURING RESOURCES, LLC 7/29/20 Major Produced Water Release Produced Water Other San Juan (45)
nRM2022346184 APACHE CORPORATION 7/28/20 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM2021348350 PLAINS PIPELINE, LP 7/28/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2026257113 OXY USA INC 7/27/20 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM2021650802 CIMAREX ENERGY CO. 7/27/20 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM2026959173 EOG RESOURCES INC 7/25/20 Minor Oil Release Crude Oil Vehicular Accident Lea (25)
nRM2022459251 OXY USA INC 7/25/20 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2022151947 XTO ENERGY, INC 7/24/20 Minor Release Other Crude Oil, Produced Water Blow Out Lea (25)

nRM2021851662 ENTERPRISE FIELD SERVICES L.L.C. 7/24/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other San Juan (45)

nAPP2107038671 Enterprise Field Services, LLC 7/24/20 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nRM2021223307 APACHE CORPORATION 7/23/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2021847858 XTO ENERGY, INC 7/23/20 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2021219593 CIMAREX ENERGY CO. 7/23/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2022150712 COG OPERATING LLC 7/23/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2021222458 APACHE CORPORATION 7/22/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)

nRM2022555694 TARGA MIDSTREAM SERVICES LLC 7/22/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Corrosion Lea (25)

nRM2021235744 ENTERPRISE FIELD SERVICES L.L.C. 7/22/20 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nRM2021328541 Maverick Permian LLC 7/22/20 Minor Release Other Crude Oil, Produced Water Corrosion, Equipment Failure Lea (25)
nRM2021857585 ETC Texas Pipeline, Ltd. 7/22/20 Release Other Lea (25)
nRM2021936507 ARMSTRONG ENERGY CORP 7/21/20 Minor Oil Release Crude Oil Equipment Failure Roosevelt (41)
nRM2021833146 XTO ENERGY, INC 7/21/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2020934174 WPX Energy Permian, LLC 7/21/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2022556970 Spur Energy Partners LLC 7/21/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2020938550 CHEVRON U S A INC 7/20/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2021359962 XTO ENERGY, INC 7/20/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2021933979 COG OPERATING LLC 7/20/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2020535132 Spur Energy Partners LLC 7/20/20 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2020631097 PLAINS PIPELINE, LP 7/20/20 Major Oil Release Crude Oil Other Eddy (15)
nRM2020943565 EPIC ENERGY, L.L.C. 7/19/20 Minor Release Other Lube Oil, Produced Water Corrosion Rio Arriba (39)
nRM2021846438 XTO ENERGY, INC 7/18/20 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nRM2020438914 DEVON ENERGY PRODUCTION COMPANY, LP 7/18/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2023139695 MATADOR PRODUCTION COMPANY 7/18/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2021139031 COG OPERATING LLC 7/18/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
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nRM2022458517 OXY USA INC 7/17/20 Major Produced Water Release Produced Water Equipment Failure Harding (21)

nCE2025939679 DCP MIDSTREAM, LP 7/17/20 Major Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other Lea (25)

nRM2028852747 HILCORP ENERGY COMPANY 7/16/20 Major Release Other Condensate Vandalism San Juan (45)
nRM2021354649 HILCORP ENERGY COMPANY 7/16/20 Major Produced Water Release Produced Water Corrosion San Juan (45)
nRM2021220681 HILCORP ENERGY COMPANY 7/16/20 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nRM2023462739 OXY USA INC 7/15/20 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2020922085 COG OPERATING LLC 7/15/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2020945060 HILCORP ENERGY COMPANY 7/15/20 Major Release Other Condensate Vandalism San Juan (45)
nRM2023461379 OXY USA INC 7/14/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2022460278 OXY USA INC 7/14/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2020929828 OXY USA INC 7/14/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2020920990 COG OPERATING LLC 7/13/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2020657799 WPX Energy Permian, LLC 7/13/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2126455144 BTA OIL PRODUCERS, LLC 7/13/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2020531357 BXP Operating, LLC 7/13/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2020936197 MorningStar Operating LLC 7/13/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2020229771 ENTERPRISE FIELD SERVICES L.L.C. 7/12/20 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nRM2020233512 DEVON ENERGY PRODUCTION COMPANY, LP 7/11/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2020922956 COG OPERATING LLC 7/11/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2020456890 COG OPERATING LLC 7/11/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2019959765 WPX Energy Permian, LLC 7/11/20 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2020935007 CHEVRON U S A INC 7/10/20 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2020924128 XTO ENERGY, INC 7/10/20 Major Produced Water Release Produced Water Corrosion Eddy (15)

nRM2019958440 Lucid Artesia Company 7/10/20 Minor Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Eddy (15)

nRM2020633456 ENTERPRISE FIELD SERVICES L.L.C. 7/10/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other Rio Arriba (39)

nRM2019948612 BXP Operating, LLC 7/10/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2019942640 Water Energy Services, LLC 7/10/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2109954143 V-F PETROLEUM INC 7/9/20 Major Produced Water Release Produced Water Vandalism Lea (25)
nJK1133930350 MorningStar Operating LLC 7/9/20 Other San Juan (45)
nRM2024823786 DEVON ENERGY PRODUCTION COMPANY, LP 7/8/20 Minor Oil Release Crude Oil, Produced Water Corrosion, Equipment Failure Eddy (15)
nRM2020234834 DEVON ENERGY PRODUCTION COMPANY, LP 7/8/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2020928148 OXY USA INC 7/8/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2114055591 OXY USA INC 7/8/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2020635561 RAY WESTALL OPERATING, INC. 7/8/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2019634169 WPX Energy Permian, LLC 7/7/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2020356139 Spur Energy Partners LLC 7/7/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2019860183 DEVON ENERGY PRODUCTION COMPANY, LP 7/6/20 Major Produced Water Release Produced Water Other Lea (25)
nRM2019950272 CIMAREX ENERGY CO. OF COLORADO 7/6/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2019560813 WPX Energy Permian, LLC 7/6/20 Major Oil Release Crude Oil Corrosion Eddy (15)
nRM2019631840 MARATHON OIL PERMIAN LLC 7/6/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2020355146 XTO ENERGY, INC 7/5/20 Minor Oil Release Condensate Equipment Failure Eddy (15)
nRM2022559242 HF Sinclair Navajo Refining LLC 7/5/20 Major Release Other Other (Specify) Corrosion Eddy (15)
nRM2019951589 COG OPERATING LLC 7/5/20 Major Fire Other (Specify) Lightning Eddy (15)
nRM2019548894 WPX Energy Permian, LLC 7/5/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2019546745 DEVON ENERGY PRODUCTION COMPANY, LP 7/4/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nRM2019950921 CIMAREX ENERGY CO. 7/4/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2019952683 COG OPERATING LLC 7/4/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2020232730 XTO ENERGY, INC 7/3/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2020236260 COG OPERATING LLC 7/3/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2020636542 SENDERO CARLSBAD MIDSTREAM LLC 7/3/20 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM2019635761 PLAINS PIPELINE, LP 7/3/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2028954312 EOG RESOURCES INC 7/2/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2019932835 EOG RESOURCES INC 7/2/20 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2020931353 OXY USA INC 7/2/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2019931908 MATADOR PRODUCTION COMPANY 7/1/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2019524383 CHEVRON MIDCONTINENT, L.P. 7/1/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2019758820 APACHE CORPORATION 6/30/20 Major Oil Release Crude Oil Corrosion Lea (25)
nRM2019859240 DEVON ENERGY PRODUCTION COMPANY, LP 6/30/20 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2333071200 EOG RESOURCES INC 6/30/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2020352997 BTA OIL PRODUCERS, LLC 6/30/20 Oil Release Crude Oil Corrosion Lea (25)
nRM2019533126 Spur Energy Partners LLC 6/30/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2019640815 HPPC, INC. 6/30/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2024747616 DEVON ENERGY PRODUCTION COMPANY, LP 6/29/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2018244476 MEWBOURNE OIL CO 6/29/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2019933917 CONOCOPHILLIPS COMPANY 6/29/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2019955119 COG OPERATING LLC 6/29/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2019550825 WPX Energy Permian, LLC 6/29/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2019550034 WPX Energy Permian, LLC 6/29/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2018253989 DEVON ENERGY PRODUCTION COMPANY, LP 6/28/20 Major Produced Water Release Produced Water Other Lea (25)
nRM2019629912 KAISER-FRANCIS OIL CO 6/28/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2018232278 RIDGEWAY ARIZONA OIL CORP. 6/28/20 Major Release Other Crude Oil, Produced Water Other Roosevelt (41)
nRM2019526726 CIMAREX ENERGY CO. OF COLORADO 6/26/20 Major Oil Release Crude Oil Human Error Eddy (15)
nRM2018256434 Spur Energy Partners LLC 6/26/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2019860925 SOLARIS WATER MIDSTREAM, LLC 6/26/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2019757991 APACHE CORPORATION 6/25/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2019643192 APACHE CORPORATION 6/25/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS2026629266 HILCORP ENERGY COMPANY 6/25/20 Major Oil Release Other (Specify) Other San Juan (45)
nRM2019555862 ENDURING RESOURCES, LLC 6/25/20 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nRM2019525477 XTO ENERGY, INC 6/24/20 Major Produced Water Release Produced Water Other Eddy (15)
nRM2017850577 MEWBOURNE OIL CO 6/24/20 Minor Release Other Crude Oil, Produced Water Lightning Eddy (15)
nRM2017852330 SOLARIS WATER MIDSTREAM, LLC 6/24/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2019636591 RILEY PERMIAN OPERATING COMPANY, LLC 6/24/20 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2019755640 APACHE CORPORATION 6/23/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2035146148 EOG RESOURCES INC 6/23/20 Minor Release Other Other (Specify) Equipment Failure Lea (25)
nRM2019638426 MATADOR PRODUCTION COMPANY 6/23/20 Major Produced Water Release Produced Water Human Error Lea (25)
nAPP2209030874 CLEARWATER SWD, LLC 6/23/20 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nRM2017750863 SOLARIS WATER MIDSTREAM, LLC 6/23/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2017555009 MEWBOURNE OIL CO 6/21/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2018258355 DEVON ENERGY PRODUCTION COMPANY, LP 6/20/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2017854640 CIMAREX ENERGY CO. OF COLORADO 6/20/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2019534227 EOG RESOURCES INC 6/19/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2019630782 APACHE CORPORATION 6/18/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
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nRM2017527514 MEWBOURNE OIL CO 6/18/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2017853957 CIMAREX ENERGY CO. OF COLORADO 6/18/20 Minor Release Other Crude Oil, Produced Water Human Error Lea (25)
nRM2017752399 Spur Energy Partners LLC 6/18/20 Minor Produced Water Release Produced Water Other Eddy (15)
nRM2018233009 SIMCOE LLC 6/17/20 Major Release Other Condensate, Produced Water Equipment Failure San Juan (45)
nRM2017856312 CONOCOPHILLIPS COMPANY 6/16/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2017643736 WPX Energy Permian, LLC 6/16/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2019529311 CENTENNIAL RESOURCE PRODUCTION, LLC 6/16/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2017557881 ENDURING RESOURCES, LLC 6/16/20 Minor Oil Release Crude Oil Vandalism San Juan (45)
nRM2017054610 CIMAREX ENERGY CO. 6/15/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2017855476 JUDAH OIL LLC 6/15/20 Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2017635527 WPX Energy Permian, LLC 6/15/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2017052769 WPX Energy Permian, LLC 6/15/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2019558816 Western Refining Southwest LLC 6/15/20 Major Release Other Chemical (Specify), Crude Oil Other San Juan (45)
nRM2017461850 SOLARIS WATER MIDSTREAM, LLC 6/15/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2018242652 BTA OIL PRODUCERS, LLC 6/14/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2024746183 DEVON ENERGY PRODUCTION COMPANY, LP 6/13/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2025241810 OXY USA INC 6/13/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2022461212 OXY USA INC 6/13/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2017851403 COG OPERATING LLC 6/13/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2017041629 Spur Energy Partners LLC 6/13/20 Minor Produced Water Release Produced Water Other Lea (25)
nRM2017849943 COG OPERATING LLC 6/12/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2017849298 COG OPERATING LLC 6/12/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2017440778 Spur Energy Partners LLC 6/12/20 Major Produced Water Release Produced Water Other Lea (25)
nRM2018237619 OXY USA INC 6/11/20 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPM2319949038 ADVANCE ENERGY PARTNERS HAT MESA, LLC 6/11/20 Release Other Lea (25)
nRM2018236487 OXY USA INC 6/10/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2018235623 OXY USA INC 6/10/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2017725462 COG OPERATING LLC 6/10/20 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2209041780 OXY USA INC 6/9/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2017549520 APACHE CORPORATION 6/8/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2016454695 CIMAREX ENERGY CO. 6/8/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2017058536 DEVON ENERGY PRODUCTION COMPANY, LP 6/7/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2030426190 ENDEAVOR ENERGY RESOURCES, LP 6/7/20 Minor Release Other Crude Oil, Produced Water Corrosion Chaves (05)
nRM2016453805 ADVANCE ENERGY PARTNERS HAT MESA, LLC 6/7/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2017437201 XTO ENERGY, INC 6/6/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2017458969 COG OPERATING LLC 6/6/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2016456845 WPX Energy Permian, LLC 6/6/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2017839486 COG OPERATING LLC 6/5/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2017547777 APACHE CORPORATION 6/4/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2016457766 SIMCOE LLC 6/3/20 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nRM2017055850 DEVON ENERGY PRODUCTION COMPANY, LP 6/2/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2016062209 MARATHON OIL PERMIAN LLC 6/2/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2016460654 XTO ENERGY, INC 6/1/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2016135686 CIMAREX ENERGY CO. OF COLORADO 6/1/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2015754726 CIMAREX ENERGY CO. 6/1/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2017057120 LOGOS OPERATING, LLC 6/1/20 Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nRM2017035633 GOODNIGHT MIDSTREAM PERMIAN, LLC 6/1/20 Minor Produced Water Release Produced Water Human Error Lea (25)
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nRM2016027552 LIME ROCK RESOURCES II-A, L.P. 5/31/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2016059706 Spur Energy Partners LLC 5/31/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2016048371 Maverick Permian LLC 5/31/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2017141758 CHEVRON U S A INC 5/30/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2015753993 MEWBOURNE OIL CO 5/30/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2016949793 COG OPERATING LLC 5/30/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2015742721 CIMAREX ENERGY CO. OF COLORADO 5/29/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2017061148 COG OPERATING LLC 5/29/20 Minor Oil Release Crude Oil Corrosion Lea (25)
nRM2015736485 APACHE CORPORATION 5/28/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2015449989 MEWBOURNE OIL CO 5/28/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2016730091 COG OPERATING LLC 5/27/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2015737274 APACHE CORPORATION 5/26/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2014958679 CIMAREX ENERGY CO. 5/26/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2014839790 Blackbuck New Mexico LLC 5/26/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2014961908 Grizzly Operating, LLC 5/25/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2016146439 DEVON ENERGY PRODUCTION COMPANY, LP 5/24/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2015542482 OXY USA INC 5/24/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2015743815 CIMAREX ENERGY CO. 5/24/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2015753153 Spur Energy Partners LLC 5/24/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2015735208 DJR OPERATING, LLC 5/23/20 Major Oil Release Crude Oil Human Error Sandoval (43)
nRM2015337417 PLAINS PIPELINE, LP 5/23/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2015326612 PLAINS PIPELINE, LP 5/23/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2016049766 XTO ENERGY, INC 5/22/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2018239303 OXY USA INC 5/22/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2016046152 Maverick Permian LLC 5/22/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2017059937 GIBSON ENERGY MARKETING, LLC 5/22/20 Major Oil Release Crude Oil Corrosion Eddy (15)
nRM2016045357 BTA OIL PRODUCERS, LLC 5/21/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2017030695 OWL SWD OPERATING, LLC 5/21/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2014856222 MARATHON OIL PERMIAN LLC 5/21/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2014568830 DEVON ENERGY PRODUCTION COMPANY, LP 5/20/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2015755611 COG OPERATING LLC 5/20/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2016448841 SIMCOE LLC 5/20/20 Major Release Other Other (Specify), Produced Water Human Error San Juan (45)
nRM2015733359 DJR OPERATING, LLC 5/19/20 Minor Release Other Crude Oil, Produced Water Corrosion Rio Arriba (39)
nRM2014259078 MARATHON OIL PERMIAN LLC 5/19/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2015756964 BTA OIL PRODUCERS, LLC 5/18/20 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2014255492 SOLARIS WATER MIDSTREAM, LLC 5/18/20 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nRM2015454866 XTO ENERGY, INC 5/17/20 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nRM2015757595 COG OPERATING LLC 5/17/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2014052691 WPX Energy Permian, LLC 5/17/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2015546715 OXY USA INC 5/16/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2015059528 XTO ENERGY, INC 5/15/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2015553076 OXY USA INC 5/15/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2014053299 CIMAREX ENERGY CO. 5/15/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2014056076 BTA OIL PRODUCERS, LLC 5/15/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2014147987 WPX Energy Permian, LLC 5/14/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2014854518 Whiptail Midstream LLC 5/14/20 Major Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nRM2014058428 PLAINS PIPELINE, LP 5/14/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nRM2015533063 APACHE CORPORATION 5/13/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2014054256 MACK ENERGY CORP 5/13/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2015439540 MEWBOURNE OIL CO 5/13/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2013953582 Spur Energy Partners LLC 5/13/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2015053388 DEVON ENERGY PRODUCTION COMPANY, LP 5/12/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2013961658 CIMAREX ENERGY CO. 5/12/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2013640481 BTA OIL PRODUCERS, LLC 5/12/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2013659360 Spur Energy Partners LLC 5/12/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAPP2106449127 Spur Energy Partners LLC 5/12/20 Minor Produced Water Release Produced Water Other Eddy (15)
nRM2014030538 MARATHON OIL PERMIAN LLC 5/12/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2014056966 CENTENNIAL RESOURCE PRODUCTION, LLC 5/12/20 Major Oil Release Produced Water Fire Lea (25)
nRM2014755309 GOODNIGHT MIDSTREAM PERMIAN, LLC 5/12/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2014570121 DEVON ENERGY PRODUCTION COMPANY, LP 5/11/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2013943521 Spur Energy Partners LLC 5/11/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2014558079 XTO ENERGY, INC 5/10/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2014569455 DEVON ENERGY PRODUCTION COMPANY, LP 5/10/20 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2013931703 Spur Energy Partners LLC 5/10/20 Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2014564602 Maverick Permian LLC 5/10/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2014565278 Maverick Permian LLC 5/9/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2013442282 ENTERPRISE FIELD SERVICES L.L.C. 5/8/20 Major Release Other Condensate, Other (Specify) Other San Juan (45)
nRM2014567967 COG OPERATING LLC 5/8/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2017443134 Spur Energy Partners LLC 5/8/20 Release Other Eddy (15)
nRM2013949677 Spur Energy Partners LLC 5/8/20 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2013945547 Spur Energy Partners LLC 5/8/20 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM2014262411 XTO ENERGY, INC 5/7/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2013964055 DEVON ENERGY PRODUCTION COMPANY, LP 5/7/20 Minor Release Other Crude Oil, Produced Water Other Lea (25)
nRM2013250898 BTA OIL PRODUCERS, LLC 5/7/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2015458367 OXY USA INC 5/6/20 Major Oil Release Crude Oil Other Eddy (15)
nRM2014566661 COG OPERATING LLC 5/6/20 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2014565933 COG OPERATING LLC 5/6/20 Oil Release Lea (25)
nRM2015551293 OXY USA INC 5/5/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2015533864 OXY USA INC 5/5/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2013950819 Spur Energy Partners LLC 5/5/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2013250166 APACHE CORPORATION 5/4/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2014048215 XTO ENERGY, INC 5/4/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2014332937 DEVON ENERGY PRODUCTION COMPANY, LP 5/4/20 Major Produced Water Release Produced Water Other Eddy (15)
nRM2015531569 OXY USA INC 5/4/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2015544573 OXY USA INC 5/3/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2012930770 MATADOR PRODUCTION COMPANY 5/3/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2013660346 XTO ENERGY, INC 5/2/20 Minor Release Other Crude Oil, Produced Water Vehicular Accident Eddy (15)
nRM2013962666 COG OPERATING LLC 5/2/20 Major Produced Water Release Produced Water Other Lea (25)
nRM2013960463 DEVON ENERGY PRODUCTION COMPANY, LP 5/1/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2024859961 ROBERT H FORREST JR OIL LLC 5/1/20 Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2013952120 Spur Energy Partners LLC 5/1/20 Produced Water Release Produced Water Corrosion Eddy (15)
nRM2012560155 PLAINS PIPELINE, LP 5/1/20 Minor Oil Release Crude Oil Human Error Lea (25)
nRM2013358062 CONOCOPHILLIPS COMPANY 4/30/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2014059324 DEVON ENERGY PRODUCTION COMPANY, LP 4/29/20 Major Produced Water Release Produced Water Vehicular Accident Lea (25)
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nRM2013955347 DEVON ENERGY PRODUCTION COMPANY, LP 4/29/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2013658524 TARGA MIDSTREAM SERVICES LLC 4/29/20 Minor Release Other Other (Specify) Corrosion Lea (25)
nRM2030243926 ENDEAVOR ENERGY RESOURCES, LP 4/29/20 Major Release Other Crude Oil, Produced Water Equipment Failure Chaves (05)
nRM2013929857 COG OPERATING LLC 4/29/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2012169218 MATADOR PRODUCTION COMPANY 4/28/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2012240751 MARATHON OIL PERMIAN LLC 4/28/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2015541340 J R OIL, LTD. CO. 4/27/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2012750397 Grizzly Operating, LLC 4/27/20 Minor Oil Release Crude Oil Corrosion Lea (25)
nRM2012239937 MARATHON OIL PERMIAN LLC 4/26/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2012164856 CENTENNIAL RESOURCE PRODUCTION, LLC 4/26/20 Release Other Other (Specify) Equipment Failure Lea (25)
nRM2012953444 XTO ENERGY, INC 4/25/20 Major Oil Release Crude Oil Other Eddy (15)
nRM2012238948 MARATHON OIL PERMIAN LLC 4/25/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2012242719 DEVON ENERGY PRODUCTION COMPANY, LP 4/24/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2012747223 COG OPERATING LLC 4/24/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2012853960 FOUNDATION ENERGY MANAGEMENT, LLC 4/24/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2012535502 CENTENNIAL RESOURCE PRODUCTION, LLC 4/24/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)

nRM2011555732 Transwestern Pipeline Company, LLC 4/23/20 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Normal Operations Eddy (15)

nRM2012229921 XTO ENERGY, INC 4/22/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2012241818 DEVON ENERGY PRODUCTION COMPANY, LP 4/22/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2012827824 COG OPERATING LLC 4/20/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2011334979 SOLARIS WATER MIDSTREAM, LLC 4/20/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2015534932 OXY USA INC 4/19/20 Minor Oil Release Crude Oil Corrosion Eddy (15)
nRM2012235693 COG OPERATING LLC 4/18/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2011948951 COG OPERATING LLC 4/18/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2012229165 XTO ENERGY, INC 4/17/20 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nRM2011449161 DEVON ENERGY PRODUCTION COMPANY, LP 4/17/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2011329998 DEVON ENERGY PRODUCTION COMPANY, LP 4/17/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2015552273 OXY USA INC 4/16/20 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2015535581 OXY USA INC 4/16/20 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2012234129 CIMAREX ENERGY CO. OF COLORADO 4/16/20 Minor Produced Water Release Produced Water Human Error Eddy (15)

nRM2012051816 WPX Energy Permian, LLC 4/15/20 Major Release Other
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Eddy (15)

nRM2011458318 DEVON ENERGY PRODUCTION COMPANY, LP 4/14/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2011557540 DUGAN PRODUCTION CORP 4/14/20 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nRM2012232928 COG OPERATING LLC 4/14/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2011138650 WPX Energy Permian, LLC 4/14/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2012166326 SIMCOE LLC 4/14/20 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nRM2016043944 CENTENNIAL RESOURCE PRODUCTION, LLC 4/14/20 Minor Release Other Other (Specify) Human Error Lea (25)
nRM2010753767 GOODNIGHT MIDSTREAM PERMIAN, LLC 4/14/20 Major Oil Release Crude Oil Other Lea (25)
nAPP2105437946 EOG RESOURCES INC 4/13/20 Major Oil Release Other (Specify) Other Eddy (15)
nRM2010634337 Spur Energy Partners LLC 4/13/20 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2012548982 OXY USA INC 4/12/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2010752258 MARATHON OIL PERMIAN LLC 4/12/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2011559899 XTO ENERGY, INC 4/10/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2011537308 XTO ENERGY, INC 4/10/20 Major Release Other Condensate Other Eddy (15)
nRM2011435695 MEWBOURNE OIL CO 4/10/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2011862082 COG OPERATING LLC 4/10/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
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nRM2015758423 HILCORP ENERGY COMPANY 4/10/20 Minor Release Other Condensate, Produced Water Corrosion San Juan (45)
nRM2010836658 HILCORP ENERGY COMPANY 4/10/20 Minor Release Other Condensate, Produced Water Corrosion San Juan (45)
nRM2020237398 EPIC ENERGY, L.L.C. 4/10/20 Major Release Other Other (Specify) Other San Juan (45)
nRM2011535196 XTO ENERGY, INC 4/9/20 Minor Produced Water Release Produced Water Other Eddy (15)
nRM2019531190 LIVELY EXPLORATION CO 4/9/20 Major Release Other Condensate, Produced Water Corrosion, Equipment Failure San Juan (45)
nRM2010837524 APACHE CORPORATION 4/8/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2010158449 CIMAREX ENERGY CO. OF COLORADO 4/8/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2010834974 APACHE CORPORATION 4/7/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2011445697 XTO ENERGY, INC 4/7/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2010735527 Enterprise Field Services, LLC 4/7/20 Major Release Other Other (Specify) Other San Juan (45)
nRM2010157543 MARATHON OIL PERMIAN LLC 4/7/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2010659709 DEVON ENERGY PRODUCTION COMPANY, LP 4/6/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2011345278 ENTERPRISE FIELD SERVICES L.L.C. 4/6/20 Major Release Other Condensate Other Sandoval (43)
nRM2010648431 OWL SWD OPERATING, LLC 4/6/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2030434227 North Fork Operating, LP 4/5/20 Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2011141809 XTO ENERGY, INC 4/4/20 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nRM2010460118 KAISER-FRANCIS OIL CO 4/4/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2011140918 COG OPERATING LLC 4/4/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2010649724 DEVON ENERGY PRODUCTION COMPANY, LP 4/3/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2010632321 Spur Energy Partners LLC 4/3/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2009842331 SOLARIS WATER MIDSTREAM, LLC 4/3/20 Major Produced Water Release Produced Water Human Error Lea (25)
nRM2010853797 XTO ENERGY, INC 4/2/20 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2009840225 CART HILL ENERGY, LLC 4/2/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2009747391 CIMAREX ENERGY CO. OF COLORADO 3/31/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2010731078 COG OPERATING LLC 3/31/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2010541885 XTO ENERGY, INC 3/30/20 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nRM2012539093 OXY USA INC 3/30/20 Major Produced Water Release Produced Water Human Error Lea (25)
nRM2012537816 OXY USA INC 3/30/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2012859198 MATADOR PRODUCTION COMPANY 3/30/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2010833956 COG OPERATING LLC 3/30/20 Major Oil Release Crude Oil Human Error Eddy (15)
nRM2009830410 BXP Operating, LLC 3/30/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2010059368 Franklin Mountain Energy 3, LLC 3/30/20 Major Produced Water Release Produced Water Human Error Lea (25)
nRM2010150294 XTO ENERGY, INC 3/28/20 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2010143902 XTO ENERGY, INC 3/28/20 Major Produced Water Release Produced Water Other Eddy (15)
nRM2009066157 MARATHON OIL PERMIAN LLC 3/28/20 Major Produced Water Release Produced Water Other Lea (25)
nRM2009059361 MARATHON OIL PERMIAN LLC 3/28/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2009056532 MARATHON OIL PERMIAN LLC 3/28/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2009254898 PLAINS PIPELINE, LP 3/28/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2009734927 CIMAREX ENERGY CO. OF COLORADO 3/27/20 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM2009054594 Spur Energy Partners LLC 3/27/20 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nRM2026544514 DJR OPERATING, LLC 3/27/20 Produced Water Release Produced Water Corrosion San Juan (45)
nRM2008733329 DEVON ENERGY PRODUCTION COMPANY, LP 3/26/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2009745985 CIMAREX ENERGY CO. OF COLORADO 3/26/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2009256692 CIMAREX ENERGY CO. 3/26/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2009253961 CIMAREX ENERGY CO. 3/26/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2010050612 XTO ENERGY, INC 3/25/20 Major Produced Water Release Other (Specify) Equipment Failure Eddy (15)
nRM2019957626 MATADOR PRODUCTION COMPANY 3/25/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nRM2009032079 MATADOR PRODUCTION COMPANY 3/25/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2009250299 HOLLY ENERGY PARTNERS 3/25/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2009962193 COG OPERATING LLC 3/24/20 Minor Oil Release Crude Oil Human Error Lea (25)
nRM2012547984 J R OIL, LTD. CO. 3/24/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2009841041 XTO ENERGY, INC 3/23/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nRM2009252076 Enterprise Field Services, LLC 3/23/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Human Error San Juan (45)

nRM2008658076 APACHE CORPORATION 3/22/20 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2009255828 CIMAREX ENERGY CO. 3/22/20 Major Produced Water Release Produced Water Other Eddy (15)
nRM2009455956 ETC Texas Pipeline, Ltd. 3/21/20 Major Release Other Condensate Equipment Failure Lea (25)
nRM2009458386 XTO ENERGY, INC 3/20/20 Release Other Crude Oil Human Error Eddy (15)
nRM2009048752 EOG RESOURCES INC 3/20/20 Minor Oil Release Crude Oil Other Lea (25)
nRM2012543729 OXY USA INC 3/20/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2014959813 Fluid Delivery Solutions, LLC 3/20/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2008553248 DEVON ENERGY PRODUCTION COMPANY, LP 3/19/20 Major Oil Release Crude Oil Other Lea (25)
nRM2008551917 Spur Energy Partners LLC 3/18/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2008550802 HILCORP ENERGY COMPANY 3/18/20 Minor Release Other Condensate Equipment Failure San Juan (45)
nRM2010843574 CHEVRON U S A INC 3/16/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2008052559 DEVON ENERGY PRODUCTION COMPANY, LP 3/16/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2007947298 RIDGEWAY ARIZONA OIL CORP. 3/16/20 Major Release Other Crude Oil, Produced Water Corrosion Roosevelt (41)
nRM2007952227 CONOCOPHILLIPS CO. 3/16/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2008348428 Maverick Permian LLC 3/16/20 Major Release Other Crude Oil, Produced Water Corrosion, Equipment Failure Lea (25)
nRM2008663010 MACK ENERGY CORP 3/15/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2008045508 RAYBAW Operating, LLC 3/13/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2008631179 Franklin Mountain Energy LLC 3/13/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2008635903 XTO ENERGY, INC 3/12/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2008648000 COG OPERATING LLC 3/12/20 Minor Oil Release Crude Oil Other Eddy (15)
nRM2008555443 WPX Energy Permian, LLC 3/12/20 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM2008459060 NNOGC EXPLORATION AND PRODUCTION, LLC 3/12/20 Minor Produced Water Release Produced Water Other San Juan (45)
nRM2007248990 ENTERPRISE FIELD SERVICES L.L.C. 3/11/20 Major Release Other Condensate Other Rio Arriba (39)
nRM2008641847 COG OPERATING LLC 3/11/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2008756964 SELECT ENERGY SERVICES, LLC 3/11/20 Major Produced Water Release Produced Water Human Error Lea (25)
nRM2008543296 Spur Energy Partners LLC 3/11/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2007645132 Prima Exploration, Inc. 3/11/20 Major Oil Release Crude Oil Equipment Failure Lea (25)

nRM2008557549 ETC Texas Pipeline, Ltd. 3/11/20 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Corrosion Lea (25)

nRM2009441119 ENTERPRISE FIELD SERVICES L.L.C. 3/10/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other San Juan (45)

nRM2007659740 ENTERPRISE FIELD SERVICES L.L.C. 3/10/20 Major Release Other Condensate, Other (Specify) Equipment Failure San Juan (45)
nRM2007857235 Blackbuck New Mexico LLC 3/10/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2012536459 OXY USA INC 3/9/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2008651744 COG OPERATING LLC 3/9/20 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2009457208 STAKEHOLDER MIDSTREAM CRUDE OIL PIPELINE, LLC 3/9/20 Minor Oil Release Crude Oil Human Error Lea (25)

nRM2008534250 Harvest Four Corners, LLC 3/9/20 Major Release Other
[OBSOLETE] Natural Gas 
(Methane), Lube Oil Human Error San Juan (45)

nRM2007957117 SIMCOE LLC 3/8/20 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nRM2008461126 XTO ENERGY, INC 3/5/20 Minor Release Other Produced Water Human Error Eddy (15)
nRM2008460163 XTO ENERGY, INC 3/5/20 Minor Release Other Produced Water Human Error Eddy (15)
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nRM2012856003 3BEAR FIELD SERVICES, LLC 3/5/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2030333188 ENDEAVOR ENERGY RESOURCES, LP 3/4/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Chaves (05)
nRM2008341796 SIMCOE LLC 3/4/20 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nRM2007959815 SIMCOE LLC 3/4/20 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nRM2006560641 HILCORP ENERGY COMPANY 3/4/20 Major Release Other Condensate, Produced Water Freeze Rio Arriba (39)
nRM2009061396 CHEVRON U S A INC 3/3/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2007850252 CIMAREX ENERGY CO. OF COLORADO 3/3/20 Major Release Other Condensate Equipment Failure Eddy (15)
nRM2006942419 Grizzly Operating, LLC 3/3/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2008344774 SIMCOE LLC 3/3/20 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nRM2007843906 CIMAREX ENERGY CO. 3/2/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nRM2007937583 ETC Texas Pipeline, Ltd. 3/2/20 Minor Release Other

[OBSOLETE] Natural Gas 
(Methane), Other (Specify), 
Produced Water Corrosion Lea (25)

nRM2006559088 DJR OPERATING, LLC 3/2/20 Major Release Other Crude Oil, Produced Water Other Rio Arriba (39)
nRM2011949780 CHEVRON U S A INC 3/1/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2009064906 CHEVRON U S A INC 3/1/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2009062305 CHEVRON U S A INC 3/1/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2007859922 XTO ENERGY, INC 3/1/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2007849006 CIMAREX ENERGY CO. 3/1/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2006557173 MATADOR PRODUCTION COMPANY 3/1/20 Major Oil Release Crude Oil Human Error Lea (25)
nRM2006661276 Wapiti Operating, LLC 3/1/20 Major Produced Water Release Produced Water Freeze Colfax (07)
nRM2007860939 XTO ENERGY, INC 2/29/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2007254419 XTO ENERGY, INC 2/29/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2006556242 Franklin Mountain Energy LLC 2/29/20 Major Oil Release Crude Oil Other Lea (25)
nRM2008456960 OXY USA INC 2/28/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2006235833 MULLOY OPERATING, INC. 2/28/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2006948383 COG OPERATING LLC 2/28/20 Minor Oil Release Crude Oil Human Error Eddy (15)
nRM2006956859 WPX Energy Permian, LLC 2/28/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2006557992 DJR OPERATING, LLC 2/28/20 Oil Release Crude Oil Corrosion Rio Arriba (39)
nRM2006541507 DJR OPERATING, LLC 2/28/20 Major Oil Release Crude Oil Other Rio Arriba (39)
nRM2006956155 SUNDOWN ENERGY LP 2/27/20 Minor Produced Water Release Produced Water Freeze Lea (25)

nRM2006951654 Enterprise Field Services, LLC 2/27/20 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Eddy (15)

nRM2007037866 Maverick Permian LLC 2/27/20 Minor Produced Water Release Produced Water Other Lea (25)
nRM2007252730 XTO ENERGY, INC 2/26/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2005959104 DEVON ENERGY PRODUCTION COMPANY, LP 2/26/20 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2009941553 OXY USA INC 2/26/20 Major Oil Release Crude Oil Other Eddy (15)
nRM2005958318 RAYBAW Operating, LLC 2/26/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2006341765 MARATHON OIL PERMIAN LLC 2/26/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2006340822 MARATHON OIL PERMIAN LLC 2/26/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2005941614 APACHE CORPORATION 2/24/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2006936118 XTO ENERGY, INC 2/24/20 Major Oil Release Crude Oil Equipment Failure Lea (25)

nRM2007031081 DEVON ENERGY PRODUCTION COMPANY, LP 2/24/20 Major Release Other
[OBSOLETE] Natural Gas 
(Methane), Produced Water Other Eddy (15)

nRM2005653696 DEVON ENERGY PRODUCTION COMPANY, LP 2/24/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2007640658 EOG RESOURCES INC 2/24/20 Major Release Other Other (Specify) Corrosion Lea (25)
nRM2005959916 LONGWOOD RB PIPELINE, LLC 2/24/20 Release Other Eddy (15)
nRM2005560297 SOLARIS WATER MIDSTREAM, LLC 2/22/20 Major Produced Water Release Produced Water Human Error Eddy (15)
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nRM2006934872 XTO ENERGY, INC 2/21/20 Oil Release Crude Oil Other Lea (25)
nRM2006337694 COG OPERATING LLC 2/21/20 Minor Oil Release Crude Oil Human Error Eddy (15)
nRM2006941316 BP AMERICA PRODUCTION COMPANY 2/20/20 Release Other Condensate Corrosion San Juan (45)
nRM2006457917 XTO ENERGY, INC 2/20/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2006231703 ENDURING RESOURCES, LLC 2/20/20 Minor Oil Release Crude Oil Equipment Failure Sandoval (43)
nRM2006453458 CHEVRON U S A INC 2/19/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2005656589 HARVARD PETROLEUM COMPANY, LLC 2/19/20 Major Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2008458177 OXY USA INC 2/19/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2005655333 ASCENT ENERGY, LLC. 2/19/20 Major Release Other Other (Specify) Fire Lea (25)
nRM2005651912 RAYBAW Operating, LLC 2/19/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2005554490 APACHE CORPORATION 2/18/20 Minor Oil Release Crude Oil Human Error Lea (25)
nRM2006432204 XTO ENERGY, INC 2/18/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2009935289 OXY USA INC 2/18/20 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2005549668 CIMAREX ENERGY CO. 2/18/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS2034632180 LOGOS OPERATING, LLC 2/18/20 Oil Release Sandoval (43)
nRM2005838212 MARATHON OIL PERMIAN LLC 2/18/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2005736272 COG OPERATING LLC 2/17/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2006939989 SIMCOE LLC 2/17/20 Release Other Condensate Corrosion San Juan (45)
nRM2006358923 3BEAR FIELD SERVICES, LLC 2/17/20 Oil Release Lea (25)
nRM2006336502 COG OPERATING LLC 2/16/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2004957805 Spur Energy Partners LLC 2/16/20 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAPP2106257147 Spur Energy Partners LLC 2/16/20 Minor Produced Water Release Produced Water Other Lea (25)
nRM2007255539 Transwestern Pipeline Company, LLC 2/16/20 Natural Gas Release Chaves (05)
nRM2006430999 Stanolind Permian LLC 2/16/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2005558733 APACHE CORPORATION 2/15/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2005560993 HARVARD PETROLEUM COMPANY, LLC 2/13/20 Release Other Eddy (15)
nRM2004952392 Spur Energy Partners LLC 2/13/20 Minor Oil Release Crude Oil Corrosion Eddy (15)
nRM2004932296 MARATHON OIL PERMIAN LLC 2/13/20 Minor Oil Release Crude Oil Other Eddy (15)
nRM2008455073 OXY USA INC 2/12/20 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2005641003 ENTERPRISE FIELD SERVICES L.L.C. 2/12/20 Minor Natural Gas Release Condensate Other San Juan (45)
nRM2004549559 BTA OIL PRODUCERS, LLC 2/12/20 Major Release Other Crude Oil, Produced Water Freeze Lea (25)
nRM2005839143 XTO ENERGY, INC 2/11/20 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nRM2005230899 Wapiti Operating, LLC 2/11/20 Major Produced Water Release Produced Water Freeze Colfax (07)
nRM2004350563 CHEVRON U S A INC 2/10/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2004459546 DEVON ENERGY PRODUCTION COMPANY, LP 2/10/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2004857141 MARATHON OIL PERMIAN LLC 2/10/20 Produced Water Release Eddy (15)
nRM2004841653 MARATHON OIL PERMIAN LLC 2/10/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2005154141 COG OPERATING LLC 2/9/20 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nRM2004557969 RILEY PERMIAN OPERATING COMPANY, LLC 2/9/20 Minor Release Other Crude Oil, Produced Water Human Error Eddy (15)
nRM2005548076 XTO ENERGY, INC 2/8/20 Major Release Other Condensate Equipment Failure Eddy (15)
nRM2004436043 MEWBOURNE OIL CO 2/8/20 Minor Produced Water Release Produced Water Other Eddy (15)
nRM2004550944 Grizzly Operating, LLC 2/8/20 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2004537466 APACHE CORPORATION 2/7/20 Minor Release Other Crude Oil, Produced Water Freeze Lea (25)
nRM2005546770 XTO ENERGY, INC 2/7/20 Major Release Other Condensate Equipment Failure Eddy (15)
nRM2004352168 CIMAREX ENERGY CO. OF COLORADO 2/7/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2005650487 CIMAREX ENERGY CO. 2/7/20 Major Produced Water Release Produced Water Freeze Lea (25)

nRM2005731060 Enterprise Field Services, LLC 2/7/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other Rio Arriba (39)
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nRM2005259001 HILCORP ENERGY COMPANY 2/7/20 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nRM2011358419 MATADOR PRODUCTION COMPANY 2/6/20 Release Other Lea (25)
nRM2004833416 Spur Energy Partners LLC 2/6/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2004156228 DJR OPERATING, LLC 2/6/20 Major Produced Water Release Produced Water Equipment Failure Sandoval (43)
nRM2011453506 XTO ENERGY, INC 2/5/20 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nRM2005160694 XTO ENERGY, INC 2/5/20 Major Release Other Drilling Mud/Fluid Human Error Eddy (15)
nRM2005157600 COG OPERATING LLC 2/5/20 Major Oil Release Crude Oil Other Lea (25)
nRM2004438802 OXY USA INC 2/4/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2004956954 XTO ENERGY, INC 2/3/20 Major Release Other Crude Oil, Produced Water Human Error Eddy (15)
nRM2004149681 HARVARD PETROLEUM COMPANY, LLC 2/3/20 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)

nRM2012860521 Enterprise Field Services, LLC 2/3/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other San Juan (45)

nRM2003849084 Spur Energy Partners LLC 2/3/20 Minor Oil Release Crude Oil Corrosion Eddy (15)
nRM2004938133 XTO ENERGY, INC 2/2/20 Major Release Other Other (Specify) Other Eddy (15)
nRM2005030364 OXY USA INC 2/2/20 Major Produced Water Release Produced Water Other Eddy (15)
nRM2003750457 CIMAREX ENERGY CO. 2/2/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2004840589 MARATHON OIL PERMIAN LLC 2/2/20 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2004837732 XTO ENERGY, INC 2/1/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2003849891 Contango Resources, Inc. 1/31/20 Minor Oil Release Crude Oil Corrosion Lea (25)
nRM2004834379 Silverback Operating II, LLC 1/31/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2003745665 ADVANCE ENERGY PARTNERS HAT MESA, LLC 1/31/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2004836746 XTO ENERGY, INC 1/30/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2004536277 XTO ENERGY, INC 1/29/20 Major Release Other Condensate Other Eddy (15)
nRM2004460443 XTO ENERGY, INC 1/29/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2007643671 EOG RESOURCES INC 1/29/20 Major Release Other Other (Specify) Equipment Failure Lea (25)
nRM2004437525 OXY USA INC 1/29/20 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2004458711 CONOCOPHILLIPS COMPANY 1/29/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)

nRM2004431707 Enterprise Field Services, LLC 1/29/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Lea (25)

nRM2004446696 XTO ENERGY, INC 1/28/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2004445859 XTO ENERGY, INC 1/28/20 Minor Produced Water Release Produced Water Liquids Unloading Eddy (15)
nRM2019551541 EOG RESOURCES INC 1/28/20 Major Release Other Other (Specify) Equipment Failure Lea (25)
nRM2004539713 MATADOR PRODUCTION COMPANY 1/28/20 Minor Oil Release Crude Oil Human Error Lea (25)
nRM2004838884 RAYBAW Operating, LLC 1/27/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2003758680 ETC Texas Pipeline, Ltd. 1/27/20 Minor Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nRM2004839548 MARATHON OIL PERMIAN LLC 1/27/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2004157714 XTO ENERGY, INC 1/25/20 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2004351427 CHEVRON U S A INC 1/24/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2003860041 DEVON ENERGY PRODUCTION COMPANY, LP 1/24/20 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2008758101 MATADOR PRODUCTION COMPANY 1/24/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2003757362 MATADOR PRODUCTION COMPANY 1/24/20 Major Produced Water Release Produced Water Human Error Lea (25)
nRM2004151391 COG OPERATING LLC 1/24/20 Minor Oil Release Crude Oil Human Error Eddy (15)
nRM2004353184 DEVON ENERGY PRODUCTION COMPANY, LP 1/23/20 Minor Produced Water Release Produced Water Corrosion Lea (25)
nCE2003556136 DEVON ENERGY PRODUCTION COMPANY, LP 1/23/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCE2003755647 ENTERPRISE FIELD SERVICES L.L.C. 1/23/20 Major Fire Condensate Fire San Juan (45)
nVV2003154113 CIMAREX ENERGY CO. OF COLORADO 1/23/20 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCE2003555083 Spur Energy Partners LLC 1/23/20 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2003759623 KAISER-FRANCIS OIL CO 1/22/20 Minor Produced Water Release Produced Water Human Error Eddy (15)
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nCE2003652970 MATADOR PRODUCTION COMPANY 1/22/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2003848171 COG OPERATING LLC 1/22/20 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2003846111 COG OPERATING LLC 1/22/20 Minor Oil Release Crude Oil Other Eddy (15)
nRM2003760594 COG OPERATING LLC 1/22/20 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nCE2003752717 HOLLY ENERGY PARTNERS - OPERATING, LP 1/22/20 Major Oil Release Crude Oil Other Eddy (15)
nCE2003552253 Earthstone Operating, LLC 1/22/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2003744725 CONOCOPHILLIPS COMPANY 1/21/20 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nVV2003433576 WPX Energy Permian, LLC 1/21/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nVV2003029246 WPX Energy Permian, LLC 1/21/20 Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Eddy (15)

nCE2003754052 STEPHENS & JOHNSON OP CO 1/20/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVV2003151969 CIMAREX ENERGY CO. 1/19/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCE2003758951 XTO ENERGY, INC 1/18/20 Oil Release Lea (25)
nRM2005137772 SOLARIS WATER MIDSTREAM, LLC 1/18/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCE2003749394 MARATHON OIL PERMIAN LLC 1/17/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCE2003747970 MARATHON OIL PERMIAN LLC 1/17/20 Major Release Other Other (Specify) Equipment Failure Lea (25)
nCE2003651156 HILCORP ENERGY COMPANY 1/17/20 Minor Produced Water Release Produced Water Freeze San Juan (45)
nRM2003837115 LOGOS OPERATING, LLC 1/16/20 Minor Oil Release Crude Oil Other Sandoval (43)
nCE2003739901 MARATHON OIL PERMIAN LLC 1/16/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2004158967 HILCORP ENERGY COMPANY 1/16/20 Minor Release Other Condensate, Produced Water Corrosion Rio Arriba (39)
nCE2003757811 HILCORP ENERGY COMPANY 1/16/20 Major Release Other Condensate, Produced Water Freeze Rio Arriba (39)
nCE2003553560 Spur Energy Partners LLC 1/15/20 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCE2003739249 MARATHON OIL PERMIAN LLC 1/15/20 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCE2003738053 MARATHON OIL PERMIAN LLC 1/15/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCE2003650476 HILCORP ENERGY COMPANY 1/15/20 Major Oil Release Condensate Corrosion San Juan (45)

nRM2004430562 ENTERPRISE FIELD SERVICES L.L.C. 1/14/20 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other San Juan (45)

nVV2002829022 WPX Energy Permian, LLC 1/14/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVV2003149447 CAZA OPERATING, LLC 1/14/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCE2003737116 Natural Gas Pipeline Company of America LLC 1/14/20 Major Other Other (Specify) Human Error Eddy (15)
nRM2008360715 OXY USA INC 1/13/20 Major Produced Water Release Produced Water Corrosion Harding (21)
nVV2003435771 XTO ENERGY, INC 1/12/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVV2002831233 WPX Energy Permian, LLC 1/12/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2004358654 AMEREDEV OPERATING, LLC 1/12/20 Major Produced Water Release Produced Water Human Error Lea (25)
nCE2003550956 OXY USA INC 1/11/20 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nVV2003536983 PLAINS PIPELINE, LP 1/11/20 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nVV2003550444 OXY USA INC 1/10/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCE2003757295 CIMAREX ENERGY CO. 1/10/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCE2003542701 CONOCOPHILLIPS COMPANY 1/10/20 Major Produced Water Release Crude Oil, Produced Water Blow Out Lea (25)
nVV2003730081 COG OPERATING LLC 1/10/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2008547914 Spur Energy Partners LLC 1/10/20 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVV2003155809 XTO ENERGY, INC 1/9/20 Major Produced Water Release Produced Water Corrosion Eddy (15)

nRM2003552129 ENTERPRISE FIELD SERVICES L.L.C. 1/8/20 Major Release Other
[OBSOLETE] Natural Gas 
(Methane), Produced Water Other San Juan (45)

nCE2003538771 ENTERPRISE FIELD SERVICES L.L.C. 1/8/20 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nVV2003557031 CONOCOPHILLIPS COMPANY 1/8/20 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2004941164 LIME ROCK RESOURCES II-A, L.P. 1/8/20 Major Oil Release Crude Oil Human Error Eddy (15)
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nCE2003540506 ADVANCE ENERGY PARTNERS HAT MESA, LLC 1/8/20 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2014359631 DEVON ENERGY PRODUCTION COMPANY, LP 1/6/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2014240786 DEVON ENERGY PRODUCTION COMPANY, LP 1/6/20 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS2003751715 ENTERPRISE FIELD SERVICES L.L.C. 1/6/20 Major Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nRH2003737979 Enterprise Field Services, LLC 1/6/20 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Eddy (15)

nVV2002439696 WPX Energy Permian, LLC 1/6/20 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2004958378 Spur Energy Partners LLC 1/6/20 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2008755249 Blue Quail Energy Services, LLC 1/6/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVV2003542379 XTO ENERGY, INC 1/5/20 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVV2003532487 APACHE CORPORATION 1/3/20 Major Fire Other (Specify) Fire Eddy (15)
nCS2003153919 WPX Energy Permian, LLC 1/3/20 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVV2003150585 J R OIL, LTD. CO. 1/2/20 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRH2003532478 Maverick Permian LLC 1/2/20 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nVV2002832621 XTO ENERGY, INC 1/1/20 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2014559127 DEVON ENERGY PRODUCTION COMPANY, LP 12/30/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2003546219 OXY USA INC 12/30/19 Minor Produced Water Release Produced Water Freeze Harding (21)
nRM2003534693 CONOCOPHILLIPS COMPANY 12/30/19 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)

nRM2006237844 FRONTIER FIELD SERVICES, LLC 12/30/19 Minor Release Other
Condensate, Crude Oil, Produced 
Water Human Error Lea (25)

nVV2002451789 XTO ENERGY, INC 12/28/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2003458859 WPX Energy Permian, LLC 12/28/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS2003155814 Harvest Petroleum Partners, LLC 12/28/19 Major Oil Release Crude Oil Human Error Lea (25)
nVV2003747417 SOLARIS WATER MIDSTREAM, LLC 12/28/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVV2003455784 OXY USA INC 12/27/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nVV2003748397 COG OPERATING LLC 12/27/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVV2003729185 COG OPERATING LLC 12/27/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM2004951274 Spur Energy Partners LLC 12/27/19 Major Release Other Crude Oil, Produced Water Vandalism Eddy (15)
nVV2003728036 COG OPERATING LLC 12/26/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2003460102 WPX Energy Permian, LLC 12/26/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVV2002732637 OXY USA INC 12/25/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2008650013 COG OPERATING LLC 12/25/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2014357698 DEVON ENERGY PRODUCTION COMPANY, LP 12/24/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRH2003736394 3BEAR FIELD SERVICES, LLC 12/24/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2014559902 DEVON ENERGY PRODUCTION COMPANY, LP 12/23/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRH2003539571 Empire New Mexico LLC 12/23/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS2003539060 Empire New Mexico LLC 12/23/19 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nCS2002354093 XTO ENERGY, INC 12/22/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS2003552462 COG OPERATING LLC 12/22/19 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS2003143122 ENDURING RESOURCES, LLC 12/22/19 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nRH2002849703 Spur Energy Partners LLC 12/21/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nVV2003456745 OXY USA INC 12/20/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2003457957 FRONTIER FIELD SERVICES, LLC 12/20/19 Minor Release Other Condensate Freeze Chaves (05)
nRM2003533617 WPX Energy Permian, LLC 12/19/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS2003542654 EOG RESOURCES INC 12/18/19 Major Oil Release Crude Oil Freeze Eddy (15)
nAPP2333137302 EOG RESOURCES INC 12/18/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2104237072 OXY USA INC 12/18/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
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nRM2003454868 MARATHON OIL PERMIAN LLC 12/18/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS2003549670 AMEREDEV OPERATING, LLC 12/18/19 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM2003131467 CHEVRON U S A INC 12/17/19 Natural Gas Release Lea (25)
nCS2004435470 HILCORP ENERGY COMPANY 12/17/19 Major Produced Water Release Other (Specify) Other Rio Arriba (39)
nCS2003551447 COG OPERATING LLC 12/15/19 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRH2003457418 Avant Operating, LLC 12/15/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRH2003454759 Grizzly Operating, LLC 12/14/19 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nRH2003443103 Spur Energy Partners LLC 12/14/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS2003151765 Spur Energy Partners LLC 12/14/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRH2002732419 XTO ENERGY, INC 12/13/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2014560913 DEVON ENERGY PRODUCTION COMPANY, LP 12/13/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2003539361 DUGAN PRODUCTION CORP 12/13/19 Major Oil Release Crude Oil Corrosion Rio Arriba (39)
nRM2002759285 MERRION OIL & GAS CORP 12/13/19 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nRH2002933063 Spur Energy Partners LLC 12/13/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2003051375 ETC Texas Pipeline, Ltd. 12/13/19 Minor Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nRM2002936332 MARATHON OIL PERMIAN LLC 12/13/19 Major Oil Release Crude Oil Corrosion Eddy (15)
nRM2002758392 MATADOR PRODUCTION COMPANY 12/12/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRH2002854238 Spur Energy Partners LLC 12/12/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2002935153 MARATHON OIL PERMIAN LLC 12/12/19 Major Oil Release Crude Oil Other Lea (25)
nRM2002950544 Enterprise Field Services, LLC 12/11/19 Minor Release Other Other (Specify) Other Eddy (15)
nRM2014356678 RAYBAW Operating, LLC 12/11/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2014355591 RAYBAW Operating, LLC 12/11/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRH2002829957 XTO ENERGY, INC 12/10/19 Major Oil Release Crude Oil Fire Eddy (15)
nRM2014353985 DEVON ENERGY PRODUCTION COMPANY, LP 12/10/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2002732527 CONOCOPHILLIPS COMPANY 12/10/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2003537752 COG OPERATING LLC 12/10/19 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2014354986 RAYBAW Operating, LLC 12/10/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2003049447 XTO ENERGY, INC 12/9/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2014352847 DEVON ENERGY PRODUCTION COMPANY, LP 12/9/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2002444840 OXY USA INC 12/9/19 Minor Natural Gas Release Natural Gas Liquids Corrosion Harding (21)
nRM2003030771 COG OPERATING LLC 12/9/19 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2014556971 DEVON ENERGY PRODUCTION COMPANY, LP 12/8/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2014360340 DEVON ENERGY PRODUCTION COMPANY, LP 12/7/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2003445187 SOLARIS WATER MIDSTREAM, LLC 12/7/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2002459486 CONOCOPHILLIPS COMPANY 12/6/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2002940977 COG OPERATING LLC 12/6/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2003058419 Natural Gas Pipeline Company of America LLC 12/6/19 Minor Release Other Other (Specify) Blow Out Lea (25)
nRH2003548427 Opal Operating Company LLC 12/6/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRH2003551820 Silverback Operating II, LLC 12/6/19 Minor Other Drilling Mud/Fluid Vehicular Accident Eddy (15)
nRM2002447363 Salt Creek Midstream, LLC 12/6/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM2002731369 CONOCOPHILLIPS COMPANY 12/5/19 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2002460448 CONOCOPHILLIPS COMPANY 12/5/19 Minor Oil Release Crude Oil Human Error Lea (25)
nRM2002458606 RAYBAW Operating, LLC 12/5/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2002948523 XTO ENERGY, INC 12/4/19 Major Oil Release Condensate, Produced Water Other Eddy (15)
nRM2002760210 MEWBOURNE OIL CO 12/4/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2002938385 COG OPERATING LLC 12/4/19 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM2002841887 COG OPERATING LLC 12/4/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nRM2003032458 HOLLY ENERGY PARTNERS 12/4/19 Minor Oil Release Crude Oil Corrosion Eddy (15)
nRM2003036134 CROSS TIMBERS ENERGY, LLC 12/4/19 Minor Oil Release Crude Oil Corrosion Lea (25)
nRM2014561795 DEVON ENERGY PRODUCTION COMPANY, LP 12/3/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2002942397 MACK ENERGY CORP 12/3/19 Minor Oil Release Crude Oil Other Eddy (15)
nRM2003033015 BAM Permian Operating, LLC 12/3/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2002949710 3 Bear Energy-Cottonwood, LLC 12/2/19 Major Produced Water Release Produced Water Other Eddy (15)
nRM2002943377 LUCID ENERGY DELAWARE, LLC 12/2/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2014562444 DEVON ENERGY PRODUCTION COMPANY, LP 12/1/19 Major Oil Release Crude Oil Corrosion Eddy (15)
nRM2002932685 COG OPERATING LLC 12/1/19 Minor Oil Release Crude Oil Human Error Eddy (15)
nRM2003439614 DEVON ENERGY PRODUCTION COMPANY, LP 11/29/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2018133740 FASKEN OIL & RANCH LTD 11/29/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nCS2003132855 FASKEN OIL & RANCH LTD 11/29/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2002959765 COG OPERATING LLC 11/29/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nRM2002748780 COG OPERATING LLC 11/29/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2002736245 COG OPERATING LLC 11/28/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2002747253 XTO ENERGY, INC 11/27/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2003435592 RAYBAW Operating, LLC 11/27/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2002457662 MARATHON OIL PERMIAN LLC 11/27/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nCS2003553676 CHEVRON U S A INC 11/26/19 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM2002750398 OXY USA INC 11/26/19 Minor Release Other Crude Oil, Produced Water Human Error Eddy (15)
nRM2002735293 COG OPERATING LLC 11/26/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2002733872 COG OPERATING LLC 11/26/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRH2003450480 Spur Energy Partners LLC 11/26/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2003448627 XTO ENERGY, INC 11/25/19 Oil Release Crude Oil Other Eddy (15)
nRM2003447245 XTO ENERGY, INC 11/25/19 Oil Release Crude Oil Equipment Failure Eddy (15)
nCS2003140148 ENDEAVOR ENERGY RESOURCES, LP 11/25/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Chaves (05)
nCE2002452675 CONOCOPHILLIPS COMPANY 11/25/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCE2002946094 Grizzly Operating, LLC 11/25/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS2007753085 HILCORP ENERGY COMPANY 11/25/19 Major Other Other (Specify) Other Rio Arriba (39)
nRM2003159278 DEVON ENERGY PRODUCTION COMPANY, LP 11/24/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2002843138 DEVON ENERGY PRODUCTION COMPANY, LP 11/24/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nCE2002741028 MEWBOURNE OIL CO 11/24/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCE2002850204 DEVON ENERGY PRODUCTION COMPANY, LP 11/23/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2002751267 OXY USA INC 11/23/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2003442781 XTO ENERGY, INC 11/22/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS2002730188 NAVAJO REFINING COMPANY, L.L.C. 11/22/19 Release Other Diesel Other Lea (25)
nCE2002755660 Avant Operating, LLC 11/22/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2006234452 EPIC ENERGY, L.L.C. 11/22/19 Produced Water Release Produced Water Corrosion San Juan (45)
nCS2012255368 EPIC ENERGY, L.L.C. 11/22/19 Major Oil Release Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS2010541371 EPIC ENERGY, L.L.C. 11/22/19 Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nCE2026733719 SOUTHWEST ROYALTIES INC 11/21/19 Produced Water Release Lea (25)
nRM2003149358 COG OPERATING LLC 11/21/19 Major Oil Release Crude Oil Other Eddy (15)
nRM2006950449 BLACK RIVER TRUCKING & HOT SHOT SERVICES LLC 11/21/19 Major Release Other Crude Oil, Produced Water Human Error Eddy (15)
nCE2002739109 RAYBAW Operating, LLC 11/21/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1935739033 EPIC ENERGY, L.L.C. 11/21/19 Major Release Other Other (Specify) Other San Juan (45)
nCE2002455549 APACHE CORPORATION 11/20/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nCS2003139174 CHEVRON U S A INC 11/20/19 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
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nCE2002937020 XTO ENERGY, INC 11/20/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS2004449525 SIMCOE LLC 11/20/19 Other Other (Specify) Other San Juan (45)
nCE2002857417 XTO ENERGY, INC 11/19/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2002944242 SEELY OIL CO 11/19/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nCE2002937949 COG OPERATING LLC 11/19/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2003455806 HILCORP ENERGY COMPANY 11/19/19 Minor Release Other Condensate Corrosion San Juan (45)
nCS1935342644 HILCORP ENERGY COMPANY 11/19/19 Minor Oil Release Condensate Corrosion San Juan (45)
nCE2002756541 XTO ENERGY, INC 11/18/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCE2002450037 XTO ENERGY, INC 11/18/19 Major Other Crude Oil, Other (Specify) Human Error Eddy (15)
nCE2002438464 XTO ENERGY, INC 11/18/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2002160255 KEY ENERGY SERVICES, LLC 11/17/19 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nCE2002752615 XTO ENERGY, INC 11/16/19 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nCE2002749344 XTO ENERGY, INC 11/16/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCE2002748719 XTO ENERGY, INC 11/16/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2003156306 DEVON ENERGY PRODUCTION COMPANY, LP 11/16/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCE2002733364 COG OPERATING LLC 11/16/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRH2003535484 CENTENNIAL RESOURCE PRODUCTION, LLC 11/16/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCE2002734453 COG OPERATING LLC 11/15/19 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nRM2002145380 WPX Energy Permian, LLC 11/15/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nCE2002428762 North Fork Operating, LP 11/15/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPP2135151141 Franklin Mountain Energy 3, LLC 11/15/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVV2002851160 CAZA OPERATING, LLC 11/14/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nRM2003054617 ETC Texas Pipeline, Ltd. 11/14/19 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion Lea (25)

nCE2002754520 XTO ENERGY, INC 11/13/19 Oil Release Crude Oil Equipment Failure Eddy (15)
nCE2002750164 XTO ENERGY, INC 11/13/19 Minor Release Other Other (Specify) Human Error Eddy (15)
nCE2002742193 XTO ENERGY, INC 11/13/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nRM2002752967 OXY USA INC 11/13/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1935340298 ENTERPRISE FIELD SERVICES L.L.C. 11/13/19 Major Oil Release Condensate Corrosion Rio Arriba (39)
nRM2002952961 HOLLY ENERGY PARTNERS - OPERATING, LP 11/13/19 Major Oil Release Crude Oil Human Error Eddy (15)
nRM2004831561 APACHE CORPORATION 11/12/19 Major Oil Release Crude Oil Corrosion Lea (25)
nCE2002458592 XTO ENERGY, INC 11/12/19 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nRM2002151575 MACK ENERGY CORP 11/12/19 Major Produced Water Release Produced Water Corrosion Chaves (05)
nCS1935342095 ENTERPRISE FIELD SERVICES L.L.C. 11/12/19 Major Oil Release Condensate Corrosion Rio Arriba (39)
nRM2001060253 CIMAREX ENERGY CO. OF COLORADO 11/12/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVV2003540716 MATADOR PRODUCTION COMPANY 11/12/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2003446060 JUDAH OIL LLC 11/12/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS2002754182 EOG RESOURCES INC 11/11/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nNV2202857516 OXY USA INC 11/11/19 Produced Water Release Union (59)
nRM2001345972 CONOCOPHILLIPS COMPANY 11/11/19 Major Produced Water Release Produced Water Other Lea (25)
nRM2001639275 COG OPERATING LLC 11/11/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1935242554 SIMCOE LLC 11/11/19 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nRM2003155394 DEVON ENERGY PRODUCTION COMPANY, LP 11/10/19 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1936437481 EPIC ENERGY, L.L.C. 11/10/19 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nCS1935249968 ENTERPRISE FIELD SERVICES L.L.C. 11/9/19 Major Oil Release Condensate Corrosion Rio Arriba (39)
nRM2001038937 WPX Energy Permian, LLC 11/9/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS2002756416 HF Sinclair Navajo Refining LLC 11/8/19 Major Other Other (Specify) Corrosion Lea (25)
nRM2002149351 COG OPERATING LLC 11/8/19 Minor Oil Release Crude Oil Corrosion Eddy (15)
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nRM2000357132 GOODNIGHT MIDSTREAM PERMIAN, LLC 11/8/19 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2017833698 MEWBOURNE OIL CO 11/7/19 Major Release Other Crude Oil, Produced Water Lightning Lea (25)
nRM2002157860 MARATHON OIL PERMIAN LLC 11/6/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2003154559 DEVON ENERGY PRODUCTION COMPANY, LP 11/5/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2117549767 OXY USA INC 11/5/19 Major Produced Water Release Produced Water Initial Flowback Eddy (15)
nRM2002143101 COG OPERATING LLC 11/5/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2001633860 COG OPERATING LLC 11/5/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2008661323 Extex Operating Company 11/5/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2002150698 XTO ENERGY, INC 11/4/19 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2002147574 XTO ENERGY, INC 11/4/19 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM2000635221 Contango Resources, Inc. 11/4/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2003452782 3R Operating, LLC 11/4/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1932438454 HILCORP ENERGY COMPANY 11/4/19 Minor Oil Release Natural Gas Liquids Corrosion San Juan (45)
nRM2001534588 COG OPERATING LLC 11/3/19 Minor Release Other Crude Oil, Produced Water Human Error Eddy (15)
nRM2001058690 Empire New Mexico LLC 11/3/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM2003153740 DEVON ENERGY PRODUCTION COMPANY, LP 11/2/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2003152959 DEVON ENERGY PRODUCTION COMPANY, LP 11/2/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2001337531 COG OPERATING LLC 11/2/19 Minor Produced Water Release Produced Water Other Eddy (15)
nRM2000659184 ENLINK MIDSTREAM OPERATING, LP 11/2/19 Major Oil Release Crude Oil Human Error Eddy (15)
nRM2001055679 XTO ENERGY, INC 11/1/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2001040198 XTO ENERGY, INC 11/1/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1936553967 APACHE CORPORATION 10/31/19 Minor Release Other Crude Oil, Produced Water Other Lea (25)
nRM2003151742 DEVON ENERGY PRODUCTION COMPANY, LP 10/31/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2003147859 DEVON ENERGY PRODUCTION COMPANY, LP 10/31/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1932548346 ENTERPRISE FIELD SERVICES L.L.C. 10/31/19 Major Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nRM2001034798 COG OPERATING LLC 10/31/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2000356004 WPX Energy Permian, LLC 10/31/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2101347620 EXXONMOBIL CORPORATION 10/31/19 Major Release Other Other (Specify) Other Lea (25)
nRM2000654625 MorningStar Operating LLC 10/31/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2000248431 Opal Operating Company LLC 10/31/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS2002455215 HILCORP ENERGY COMPANY 10/31/19 Major Produced Water Release Produced Water Human Error San Juan (45)
nRM1936555409 APACHE CORPORATION 10/30/19 Major Produced Water Release Produced Water Human Error Lea (25)
nCE2002839139 APACHE CORPORATION 10/30/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2000240058 EOG RESOURCES INC 10/30/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM1935836141 MARATHON OIL PERMIAN LLC 10/30/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCE2002457077 MARATHON OIL PERMIAN LLC 10/30/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2000354631 ADVANCE ENERGY PARTNERS HAT MESA, LLC 10/30/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM1935734669 APACHE CORPORATION 10/29/19 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2007652972 EOG RESOURCES INC 10/29/19 Major Release Other Other (Specify) Equipment Failure Lea (25)
nRM2013359652 MEWBOURNE OIL CO 10/29/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1935733118 CONOCOPHILLIPS COMPANY 10/29/19 Minor Release Other Crude Oil, Produced Water Other Lea (25)
nRM1935448024 CONOCOPHILLIPS COMPANY 10/29/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1935358727 CONOCOPHILLIPS COMPANY 10/29/19 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2000853067 COG OPERATING LLC 10/28/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2000851241 COG OPERATING LLC 10/28/19 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2000849639 COG OPERATING LLC 10/28/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM1935759505 MARATHON OIL PERMIAN LLC 10/28/19 Major Oil Release Crude Oil Human Error Lea (25)
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nRM1935232619 MARATHON OIL PERMIAN LLC 10/28/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2003146585 DEVON ENERGY PRODUCTION COMPANY, LP 10/27/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nRM2000360009 MATADOR PRODUCTION COMPANY 10/27/19 Major Release Other Other (Specify) Fire Lea (25)
nRM1935447155 CONOCOPHILLIPS COMPANY 10/26/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM1935238930 WPX Energy Permian, LLC 10/26/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVV2003739963 CHEVRON U S A INC 10/25/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2000237294 XTO ENERGY, INC 10/25/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2000235975 XTO ENERGY, INC 10/25/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2000253304 OXY USA INC 10/25/19 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1932353377 ENTERPRISE FIELD SERVICES L.L.C. 10/25/19 Major Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1929852454 ENTERPRISE FIELD SERVICES L.L.C. 10/25/19 Major Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1933652674 ENDURING RESOURCES, LLC 10/25/19 Other Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nRM1936535354 XTO ENERGY, INC 10/24/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM2000246798 OXY USA INC 10/24/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2000839524 COG OPERATING LLC 10/24/19 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAPP2111150780 Spur Energy Partners LLC 10/24/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nRM1935441690 Earthstone Operating, LLC 10/24/19 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1932437061 EPIC ENERGY, L.L.C. 10/24/19 Major Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nVV2003555031 CHEVRON U S A INC 10/23/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM1936458232 XTO ENERGY, INC 10/23/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2002132226 COG PRODUCTION, LLC 10/23/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRM2005551440 RILEY PERMIAN OPERATING COMPANY, LLC 10/23/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM1936556814 CHEVRON U S A INC 10/22/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM1935840155 XTO ENERGY, INC 10/22/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM1935837820 XTO ENERGY, INC 10/22/19 Minor Release Other Other (Specify) Equipment Failure Lea (25)
nRM2000245428 OXY USA INC 10/22/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2000832896 COG PRODUCTION, LLC 10/22/19 Minor Oil Release Crude Oil Corrosion Lea (25)
nRM2000836739 COG OPERATING LLC 10/22/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1935343091 BTA OIL PRODUCERS, LLC 10/22/19 Major Produced Water Release Produced Water Other Eddy (15)
nRM1935746562 CHEVRON U S A INC 10/21/19 Release Other Lea (25)
nRM1935430604 XTO ENERGY, INC 10/21/19 Minor Release Other Crude Oil, Produced Water Other Lea (25)
nRM1935738385 MARATHON OIL PERMIAN LLC 10/21/19 Minor Oil Release Crude Oil Human Error Eddy (15)
nRM1935349656 DEVON ENERGY PRODUCTION COMPANY, LP 10/20/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nRM1935344790 DEVON ENERGY PRODUCTION COMPANY, LP 10/20/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRH2003528584 CENTENNIAL RESOURCE PRODUCTION, LLC 10/20/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2210139687 Harvest Four Corners, LLC 10/20/19 Natural Gas Release San Juan (45)
nAPP2104231346 OXY USA INC 10/19/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2000759768 COG OPERATING LLC 10/19/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2000756162 COG OPERATING LLC 10/19/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2008542121 WPX Energy Permian, LLC 10/19/19 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM1935242300 RAYBAW Operating, LLC 10/19/19 Oil Release Crude Oil Equipment Failure Eddy (15)
nRM1934740110 APACHE CORPORATION 10/18/19 Major Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1935433078 XTO ENERGY, INC 10/18/19 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nCS2023227884 DUGAN PRODUCTION CORP 10/18/19 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nRM1935231032 COG OPERATING LLC 10/18/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM2000358734 ADVANCE ENERGY PARTNERS HAT MESA, LLC 10/18/19 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
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nVV2002841074 XTO ENERGY, INC 10/17/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1936537422 CIMAREX ENERGY CO. OF COLORADO 10/17/19 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM1929634447 MATADOR PRODUCTION COMPANY 10/17/19 Minor Produced Water Release Produced Water Other Lea (25)
nRM1935157445 COG OPERATING LLC 10/17/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nRM1935252319 WPX Energy Permian, LLC 10/17/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM1935243374 WPX Energy Permian, LLC 10/17/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM1932253587 WPX Energy Permian, LLC 10/17/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nVV2003738492 CHEVRON U S A INC 10/16/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1935354566 XTO ENERGY, INC 10/16/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1935034632 ENTERPRISE FIELD SERVICES L.L.C. 10/16/19 Major Oil Release Natural Gas Liquids Corrosion San Juan (45)
nRM1935736827 WAGNER OIL CO. 10/16/19 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM1931856084 CONOCOPHILLIPS COMPANY 10/16/19 Minor Produced Water Release Produced Water Other Eddy (15)
nRM1935235986 XTO ENERGY, INC 10/15/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM1929152027 DEVON ENERGY PRODUCTION COMPANY, LP 10/15/19 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM1935137204 COG PRODUCTION, LLC 10/15/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM1935156339 Enterprise Field Services, LLC 10/15/19 Major Produced Water Release Other (Specify) Human Error Eddy (15)
nRM1935240293 MARATHON OIL PERMIAN LLC 10/15/19 Minor Release Other Brine Water Equipment Failure Lea (25)
nRM2005142715 HILCORP ENERGY COMPANY 10/15/19 Major Produced Water Release Produced Water Other Rio Arriba (39)
nCS1934552153 ENDURING RESOURCES, LLC 10/15/19 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nRM1935041942 XTO ENERGY, INC 10/14/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM1935138654 Enterprise Field Services, LLC 10/14/19 Major Release Other Other (Specify) Other Eddy (15)
nCS1928833906 SIMCOE LLC 10/14/19 Major Oil Release Condensate Corrosion San Juan (45)
nRM2026239512 OXY USA INC 10/13/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2000250426 OXY USA INC 10/13/19 Major Oil Release Crude Oil Other Eddy (15)
nRM2000244253 OXY USA INC 10/13/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM1935150492 SOLARIS WATER MIDSTREAM, LLC 10/13/19 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM1933741261 APACHE CORPORATION 10/12/19 Release Other Lea (25)
nRM1932652661 DEVON ENERGY PRODUCTION COMPANY, LP 10/12/19 Major Oil Release Crude Oil Corrosion Eddy (15)
nCS2005837120 BP AMERICA PRODUCTION COMPANY 10/11/19 Oil Release Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nRM2004432535 APACHE CORPORATION 10/11/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM1932357560 APACHE CORPORATION 10/11/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM1932255004 EOG RESOURCES INC 10/11/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1934553275 SIMCOE LLC 10/11/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCS1934449094 DUGAN PRODUCTION CORP 10/10/19 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nRM1930958355 CONOCOPHILLIPS COMPANY 10/10/19 Major Release Other Crude Oil, Produced Water Blow Out Lea (25)
nRM1931859826 WPX Energy Permian, LLC 10/10/19 Minor Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2006451912 SELECT ENERGY SERVICES, LLC 10/10/19 Major Produced Water Release Produced Water Other Eddy (15)
nRM2006451315 SELECT ENERGY SERVICES, LLC 10/10/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM1933057616 CHEVRON U S A INC 10/9/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1934534730 ENTERPRISE FIELD SERVICES L.L.C. 10/9/19 Minor Other Glycol Equipment Failure San Juan (45)
nRM1932257155 COG OPERATING LLC 10/9/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nCS1932435664 ADVANCED WIRELESS COMMUNICATIONS, L.L.C. 10/9/19 Major Produced Water Release Other (Specify) Other Rio Arriba (39)
nCS1932355872 ADVANCED WIRELESS COMMUNICATIONS, L.L.C. 10/9/19 Major Produced Water Release Other (Specify) Other Rio Arriba (39)
nCS1932436155 DJR OPERATING, LLC 10/9/19 Major Other Other (Specify) Other Rio Arriba (39)
nRM1932350962 XTO ENERGY, INC 10/8/19 Major Release Other Crude Oil, Produced Water Human Error Eddy (15)
nRM2008359201 EOG RESOURCES INC 10/8/19 Major Release Other Other (Specify) Equipment Failure Lea (25)
nCS1935239780 ENTERPRISE FIELD SERVICES L.L.C. 10/8/19 Minor Oil Release Condensate Corrosion Rio Arriba (39)
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nRM1928436172 RIDGEWAY ARIZONA OIL CORP. 10/8/19 Major Release Other Crude Oil, Produced Water Corrosion Roosevelt (41)
nRM1931858285 XTO ENERGY, INC 10/7/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM1931755792 POGO OIL & GAS OPERATING, INC 10/7/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1929555165 HILCORP ENERGY COMPANY 10/7/19 Major Produced Water Release Produced Water Corrosion San Juan (45)
nRM1933039312 HARVARD PETROLEUM COMPANY, LLC 10/6/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM1935055582 OXY USA INC 10/6/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM1929034626 COG OPERATING LLC 10/6/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1931853815 Spur Energy Partners LLC 10/6/19 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nCE2002743791 DEVON ENERGY PRODUCTION COMPANY, LP 10/5/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1929031912 COG OPERATING LLC 10/5/19 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nRM1932238401 XTO ENERGY, INC 10/4/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM1930943618 CONOCOPHILLIPS COMPANY 10/4/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1929049253 CONOCOPHILLIPS COMPANY 10/4/19 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1929040936 COG OPERATING LLC 10/4/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1935037233 XTO ENERGY, INC 10/3/19 Major Release Other Other (Specify) Other Eddy (15)
nRM1935250077 WPX Energy Permian, LLC 10/3/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1930131452 WPX Energy Permian, LLC 10/3/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1929429521 WPX Energy Permian, LLC 10/3/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM2006937434 EOG RESOURCES INC 10/2/19 Major Release Other Other (Specify) Equipment Failure Lea (25)
nRM1930950727 CONOCOPHILLIPS COMPANY 10/2/19 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1932335844 COG OPERATING LLC 10/2/19 Major Release Other Crude Oil, Produced Water Lightning Eddy (15)

nRM1931851486 Enterprise Field Services, LLC 10/2/19 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other Eddy (15)

nAB1929430314 WPX Energy Permian, LLC 10/2/19 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nRM1927736783 3R Operating, LLC 10/2/19 Major Produced Water Release Produced Water Lightning Lea (25)
nRM1927743918 PLAINS PIPELINE, LP 10/2/19 Major Oil Release Crude Oil Human Error Lea (25)
nRM1931848817 XTO ENERGY, INC 10/1/19 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nRM2003158355 DEVON ENERGY PRODUCTION COMPANY, LP 10/1/19 Major Produced Water Release Produced Water Other Lea (25)
nRM1935739461 JUDAH OIL LLC 10/1/19 Major Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nRM2002455319 XTO ENERGY, INC 9/30/19 Major Release Other Other (Specify) Other Eddy (15)
nRM2002453577 XTO ENERGY, INC 9/30/19 Major Release Other Other (Specify) Other Eddy (15)
nRM2002451973 XTO ENERGY, INC 9/30/19 Major Other Other (Specify) Other Eddy (15)
nRM1928434706 Empire New Mexico LLC 9/30/19 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCS1929552375 ENDURING RESOURCES, LLC 9/30/19 Minor Other Other (Specify) Human Error San Juan (45)
nAB1928853045 Diamond In The Rough LLC 9/30/19 Major Oil Release Crude Oil Corrosion Eddy (15)
nRM2003157418 DEVON ENERGY PRODUCTION COMPANY, LP 9/29/19 Major Release Other Crude Oil, Produced Water Lightning Lea (25)
nCE2002743035 DEVON ENERGY PRODUCTION COMPANY, LP 9/29/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAPP2312445915 DEVON ENERGY PRODUCTION COMPANY, LP 9/29/19 Major Fire Crude Oil, Produced Water Lightning Eddy (15)
nRM1935056894 OXY USA INC 9/29/19 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1930130116 WPX Energy Permian, LLC 9/29/19 Major Produced Water Release Produced Water Other Eddy (15)
nAB1929437980 WPX Energy Permian, LLC 9/28/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM1929147277 DCP MIDSTREAM 9/28/19 Minor Other Other (Specify) Equipment Failure Lea (25)
nRM1928149276 Empire New Mexico LLC 9/28/19 Major Oil Release Crude Oil, Produced Water Lightning Lea (25)
nRM1927750734 APACHE CORPORATION 9/27/19 Release Other Crude Oil, Produced Water Other Lea (25)
nRM1927739144 APACHE CORPORATION 9/27/19 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nRM1935059907 OXY USA INC 9/27/19 Major Produced Water Release Produced Water Other Lea (25)
nCE2002448579 OXY USA INC 9/27/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nRM1932656659 COG OPERATING LLC 9/27/19 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
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nRM1931842050 COG OPERATING LLC 9/27/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM1928431106 COG OPERATING LLC 9/27/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1929162506 XTO ENERGY, INC 9/26/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1523135103 LOGOS OPERATING, LLC 9/26/19 Other Rio Arriba (39)
nRM1931654826 XTO ENERGY, INC 9/25/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1929060813 XTO ENERGY, INC 9/25/19 Minor Produced Water Release Other (Specify) Equipment Failure Eddy (15)
nCS1929541151 HILCORP ENERGY COMPANY 9/25/19 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nCS2001742271 BP AMERICA PRODUCTION COMPANY 9/24/19 Major Other Other (Specify) Other San Juan (45)
nAB1929160071 3 Bear Energy-Cottonwood, LLC 9/24/19 Major Produced Water Release Produced Water Lightning Eddy (15)
nRM1930848978 Maverick Permian LLC 9/24/19 Major Other Crude Oil, Other (Specify) Other Lea (25)
nRM1928237767 ENTERPRISE CRUDE OIL LLC 9/23/19 Minor Oil Release Crude Oil Corrosion Lea (25)
nRM2004946873 LIME ROCK RESOURCES II-A, L.P. 9/23/19 Minor Oil Release Crude Oil Corrosion Eddy (15)
nRM1929060324 SELECT ENERGY SERVICES, LLC 9/23/19 Major Produced Water Release Produced Water Human Error Lea (25)
nRM1927748764 COG OPERATING LLC 9/21/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1929042698 COG OPERATING LLC 9/21/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM1933642770 WPX Energy Permian, LLC 9/19/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1934431572 ENTERPRISE FIELD SERVICES L.L.C. 9/18/19 Major Oil Release Natural Gas Liquids Corrosion San Juan (45)
nAB1928159228 WPX Energy Permian, LLC 9/18/19 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nRM1927360423 POGO OIL & GAS OPERATING, INC 9/18/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM1927632000 NGL WATER SOLUTIONS PERMIAN, LLC 9/18/19 Major Produced Water Release Produced Water Lightning Lea (25)
nRM1929540709 DEVON ENERGY PRODUCTION COMPANY, LP 9/17/19 Minor Produced Water Release Produced Water Other Lea (25)
nAPP2110635348 EOG RESOURCES INC 9/17/19 Major Produced Water Release Produced Water Other Eddy (15)
nAB1928157540 WPX Energy Permian, LLC 9/17/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1928851161 Spur Energy Partners LLC 9/17/19 Minor Produced Water Release Produced Water Other Eddy (15)
nCS1929536500 ENDURING RESOURCES, LLC 9/17/19 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nVV2008637816 NGL WATER SOLUTIONS PERMIAN, LLC 9/17/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1928848517 XTO ENERGY, INC 9/16/19 Oil Release Crude Oil Equipment Failure Eddy (15)
nRM1927535848 COG OPERATING LLC 9/16/19 Major Oil Release Crude Oil, Produced Water Lightning Lea (25)
nAB1928156715 MARATHON OIL PERMIAN LLC 9/16/19 Produced Water Release Produced Water Other Eddy (15)
nRM1931658715 XTO ENERGY, INC 9/15/19 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1928842829 XTO ENERGY, INC 9/15/19 Major Release Other Other (Specify), Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1928155859 WPX Energy Permian, LLC 9/15/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1928833879 XTO ENERGY, INC 9/14/19 Minor Oil Release Crude Oil Other Eddy (15)
nAB1928443363 COG OPERATING LLC 9/14/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1928155096 WPX Energy Permian, LLC 9/14/19 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1929455199 ENDURING RESOURCES, LLC 9/14/19 Minor Produced Water Release Produced Water Human Error San Juan (45)
nAB1928832272 COG PRODUCTION, LLC 9/13/19 Minor Produced Water Release Produced Water Other Eddy (15)
nCS1927552019 LOGOS OPERATING, LLC 9/13/19 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nRM1927460517 Spur Energy Partners LLC 9/13/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM1927531903 3BEAR FIELD SERVICES, LLC 9/13/19 Minor Oil Release Crude Oil Other Lea (25)
nAB1929041495 XTO ENERGY, INC 9/12/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nCE2002442568 OXY USA INC 9/12/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1928442677 COG OPERATING LLC 9/12/19 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1927729912 WPX Energy Permian, LLC 9/12/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1928444103 SOLARIS WATER MIDSTREAM, LLC 9/12/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1927553042 ENDURING RESOURCES, LLC 9/12/19 Minor Oil Release Other (Specify) Human Error San Juan (45)
nAB1928446318 XTO ENERGY, INC 9/11/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
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nAB1928444850 XTO ENERGY, INC 9/11/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1928439961 XTO ENERGY, INC 9/10/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRM1932958098 DEVON ENERGY PRODUCTION COMPANY, LP 9/10/19 Major Produced Water Release Produced Water Other Eddy (15)
nRM1927451654 COG OPERATING LLC 9/10/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1928441049 COG OPERATING LLC 9/10/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nRM1927438604 Empire New Mexico LLC 9/10/19 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nCS1932334740 EPIC ENERGY, L.L.C. 9/10/19 Major Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nAB1927729096 WPX Energy Permian, LLC 9/9/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1930554576 VANGUARD OPERATING, LLC 9/9/19 Major Oil Release Crude Oil Other Lea (25)
nRM1927035828 BTA OIL PRODUCERS, LLC 9/9/19 Major Produced Water Release Produced Water Other Lea (25)
nRM1931137670 DEVON ENERGY PRODUCTION COMPANY, LP 9/8/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM1929549356 DEVON ENERGY PRODUCTION COMPANY, LP 9/8/19 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM1927331412 COG OPERATING LLC 9/8/19 Major Produced Water Release Produced Water Other Lea (25)
nAB1928154373 WPX Energy Permian, LLC 9/8/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1927635987 LIME ROCK RESOURCES II-A, L.P. 9/8/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM1927034019 Earthstone Operating, LLC 9/8/19 Minor Oil Release Crude Oil Blow Out Lea (25)
nCS1928253438 HILCORP ENERGY COMPANY 9/8/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1927639983 XTO ENERGY, INC 9/7/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1928438660 OXY USA INC 9/7/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1928437573 MARATHON OIL PERMIAN LLC 9/7/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nCS1932439585 OXY USA INC 9/6/19 Minor Produced Water Release Produced Water Corrosion Union (59)
nCS1929540748 LOGOS OPERATING, LLC 9/6/19 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nCS1929540332 LOGOS OPERATING, LLC 9/6/19 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nCS1929538744 LOGOS OPERATING, LLC 9/6/19 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nRM1927358476 MARATHON OIL PERMIAN LLC 9/5/19 Minor Oil Release Crude Oil Other Lea (25)
nAB1928436477 MARATHON OIL PERMIAN LLC 9/5/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1927160599 WPX Energy Permian, LLC 9/4/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1931135747 RAYBAW Operating, LLC 9/4/19 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1929455844 DJR OPERATING, LLC 9/4/19 Major Oil Release Other (Specify) Other San Juan (45)
nRM1933049719 DEVON ENERGY PRODUCTION COMPANY, LP 9/3/19 Major Release Other Condensate, Produced Water Other Eddy (15)
nRM1931140600 DEVON ENERGY PRODUCTION COMPANY, LP 9/3/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM1935054043 OXY USA INC 9/3/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1926654070 RIDGEWAY ARIZONA OIL CORP. 9/3/19 Major Produced Water Release Produced Water Corrosion Roosevelt (41)
nCS1927552565 LOGOS OPERATING, LLC 9/3/19 Major Produced Water Release Produced Water Other Rio Arriba (39)
nAB1930148648 Spur Energy Partners LLC 9/3/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nCS1926052330 Mustang Resources LLC 9/3/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nRM1927343544 COG OPERATING LLC 9/2/19 Minor Other Crude Oil, Produced Water Other Lea (25)
nRM1926756372 ARMSTRONG ENERGY CORP 9/1/19 Major Produced Water Release Produced Water Lightning Roosevelt (41)
nAPP2121549676 ARMSTRONG ENERGY CORP 9/1/19 Major Fire Produced Water Lightning Roosevelt (41)
nRM2003436831 DEVON ENERGY PRODUCTION COMPANY, LP 9/1/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1927059983 BTA OIL PRODUCERS, LLC 9/1/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1927727945 XTO ENERGY, INC 8/31/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1927636964 COG OPERATING LLC 8/31/19 Minor Produced Water Release Produced Water Other Eddy (15)
nRM1927058375 BTA OIL PRODUCERS, LLC 8/31/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1927633805 MARATHON OIL PERMIAN LLC 8/31/19 Major Produced Water Release Produced Water Other Eddy (15)
nVV2003554062 CHEVRON U S A INC 8/30/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM1927331340 CHEVRON U S A INC 8/30/19 Major Produced Water Release Produced Water Corrosion Lea (25)
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nRM1933052987 DEVON ENERGY PRODUCTION COMPANY, LP 8/30/19 Major Produced Water Release Produced Water Lightning Lea (25)
nRM1930454167 CIMAREX ENERGY CO. OF COLORADO 8/30/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM1930839312 COG OPERATING LLC 8/30/19 Major Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1927341646 COG OPERATING LLC 8/30/19 Major Other Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1933641104 EPIC ENERGY, L.L.C. 8/30/19 Other Other (Specify) Other Rio Arriba (39)
nAB1927634651 XTO ENERGY, INC 8/29/19 Major Release Other Other (Specify) Other Eddy (15)
nRM1933056018 DEVON ENERGY PRODUCTION COMPANY, LP 8/29/19 Major Produced Water Release Produced Water Other Eddy (15)
nRM2005141013 OXY USA INC 8/29/19 Minor Release Other Crude Oil, Produced Water Other Eddy (15)
nRM1927340130 COG PRODUCTION, LLC 8/29/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM1927338634 COG OPERATING LLC 8/29/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nRM1927056483 BTA OIL PRODUCERS, LLC 8/29/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCE2003549412 OXY USA INC 8/28/19 Minor Oil Release Crude Oil Human Error Lea (25)
nCS1933737748 ENTERPRISE FIELD SERVICES L.L.C. 8/28/19 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nRM2003454039 MATADOR PRODUCTION COMPANY 8/28/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM1927441864 3BEAR FIELD SERVICES, LLC 8/28/19 Minor Produced Water Release Produced Water Other Lea (25)
nAB1927543242 BURNETT OIL CO INC 8/27/19 Major Produced Water Release Produced Water Other Eddy (15)
nRM1926958728 CHEVRON U S A INC 8/27/19 Major Produced Water Release Produced Water Other Lea (25)
nRM1927041882 OXY USA INC 8/27/19 Major Other Produced Water Other Lea (25)
nRM1926960363 Empire New Mexico LLC 8/27/19 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nCE2002837982 Franklin Mountain Energy 3, LLC 8/27/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1925355225 ENDURING RESOURCES, LLC 8/27/19 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nRM1926049522 RIDGEWAY ARIZONA OIL CORP. 8/26/19 Minor Produced Water Release Produced Water Corrosion Roosevelt (41)

nRM1926647540 TARGA RESOURCES INC 8/26/19 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Other Lea (25)

nRM1926751506 Maverick Permian LLC 8/26/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1926257229 SPECIAL ENERGY CORP 8/25/19 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1927545548 Spur Energy Partners LLC 8/24/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1926954907 XTO ENERGY, INC 8/23/19 Oil Release Lea (25)
nRM1926054913 DEVON ENERGY PRODUCTION COMPANY, LP 8/23/19 Major Produced Water Release Produced Water Other Lea (25)
nAB1927637713 HARVARD PETROLEUM COMPANY, LLC 8/23/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1927155176 WPX Energy Permian, LLC 8/23/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1928360966 MARATHON OIL PERMIAN LLC 8/23/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM1927335058 OXY USA INC 8/22/19 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1927058916 MARATHON OIL PERMIAN LLC 8/22/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1927332462 XTO ENERGY, INC 8/21/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1927053782 OXY USA INC 8/21/19 Minor Oil Release Crude Oil, Produced Water Other Lea (25)

nCS1925348083 Enterprise Field Services, LLC 8/21/19 Major Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1927162165 Natural Gas Pipeline Company of America LLC 8/21/19 Major Other Condensate, Crude Oil Equipment Failure Eddy (15)
nRM1926833778 ETC Texas Pipeline, Ltd. 8/21/19 Major Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nCS1927539202 ENDURING RESOURCES, LLC 8/21/19 Minor Oil Release Crude Oil Vandalism San Juan (45)
nAB1927156651 XTO ENERGY, INC 8/20/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2000935403 DEVON ENERGY PRODUCTION COMPANY, LP 8/20/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2003134504 KEM Ventures, LP 8/20/19 Release Other Lea (25)
nAB1927148239 ETC Texas Pipeline, Ltd. 8/20/19 Natural Gas Release Eddy (15)
nRM1932537495 DEVON ENERGY PRODUCTION COMPANY, LP 8/19/19 Major Produced Water Release Produced Water Lightning Eddy (15)
nRM1926231914 COG PRODUCTION, LLC 8/18/19 Minor Release Other Produced Water Corrosion Lea (25)
nRM1926133467 COG OPERATING LLC 8/18/19 Minor Produced Water Release Produced Water Other Lea (25)
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nRM1926057000 COG OPERATING LLC 8/18/19 Minor Oil Release Crude Oil Other Lea (25)
nAB1926639738 COG OPERATING LLC 8/18/19 Minor Produced Water Release Produced Water Other Eddy (15)
nRM1926257418 OXY USA INC 8/17/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nRM1926352539 APACHE CORPORATION 8/16/19 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nRM2000933033 DEVON ENERGY PRODUCTION COMPANY, LP 8/16/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1927331299 WPX Energy Permian, LLC 8/16/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM1926041019 XTO ENERGY, INC 8/15/19 Minor Other Crude Oil, Produced Water Other Lea (25)
nCS1923947897 ENTERPRISE FIELD SERVICES L.L.C. 8/15/19 Major Oil Release Natural Gas Liquids Corrosion Rio Arriba (39)
nRM1925659370 CONOCOPHILLIPS COMPANY 8/15/19 Major Other Crude Oil, Produced Water Corrosion Lea (25)
nVV2003451829 SELECT AGUA LIBRE MIDSTREAM, LLC 8/15/19 Major Produced Water Release Produced Water Other Lea (25)
nRM1934553443 CENTENNIAL RESOURCE PRODUCTION, LLC 8/15/19 Major Produced Water Release Produced Water Other Lea (25)
nRM2000942346 DEVON ENERGY PRODUCTION COMPANY, LP 8/14/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2008531986 EOG RESOURCES INC 8/14/19 Major Release Other Produced Water Equipment Failure Lea (25)
nRM1933644528 COG OPERATING LLC 8/14/19 Major Produced Water Release Produced Water Other Eddy (15)
nAB1926638462 XTO ENERGY, INC 8/13/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1929428497 DEVON ENERGY PRODUCTION COMPANY, LP 8/13/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1924044206 CONOCOPHILLIPS COMPANY 8/13/19 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1926742112 COG OPERATING LLC 8/13/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1926640794 COG OPERATING LLC 8/13/19 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1926339226 COG OPERATING LLC 8/13/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1923948481 DJR OPERATING, LLC 8/13/19 Minor Produced Water Release Produced Water Human Error Rio Arriba (39)
nAB1923530526 RAY WESTALL OPERATING, INC. 8/12/19 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1927150046 SPECIAL ENERGY CORP 8/11/19 Minor Produced Water Release Produced Water Lightning Eddy (15)
nAB1925936463 TRINITY ENVIRONMENTAL SWD I, L.L.C. 8/11/19 Major Produced Water Release Produced Water Lightning Eddy (15)
nRM1931831123 APACHE CORPORATION 8/10/19 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAB1925934668 XTO ENERGY, INC 8/10/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1924846150 COG OPERATING LLC 8/10/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1925943066 COG OPERATING LLC 8/9/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2005749421 ENDURING RESOURCES, LLC 8/9/19 Major Produced Water Release Produced Water Equipment Failure Sandoval (43)
nRM2001531075 DEVON ENERGY PRODUCTION COMPANY, LP 8/8/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1924840999 COG PRODUCTION, LLC 8/8/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1924837885 COG OPERATING LLC 8/8/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nCE2002435751 Spur Energy Partners LLC 8/8/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM1926831738 SOLARIS WATER MIDSTREAM, LLC 8/8/19 Minor Release Other Crude Oil, Produced Water Other Lea (25)
nAB1925435038 XTO ENERGY, INC 8/7/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM1929839706 LUCID ENERGY DELAWARE, LLC 8/7/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCE2002836856 DEVON ENERGY PRODUCTION COMPANY, LP 8/6/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM1926658760 OXY USA INC 8/6/19 Major Release Other Crude Oil, Produced Water Other Lea (25)
nVV2003741819 DEVON ENERGY PRODUCTION COMPANY, LP 8/5/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1933138367 El Paso Natural Gas Company, L.L.C 8/5/19 Minor Oil Release Crude Oil, Produced Water Other Lea (25)
nRM1925934871 COG OPERATING LLC 8/5/19 Minor Release Other Crude Oil, Produced Water Other Lea (25)
nAB1923555175 XTO ENERGY, INC 8/4/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM2000939800 DEVON ENERGY PRODUCTION COMPANY, LP 8/4/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM1927430793 BTA OIL PRODUCERS, LLC 8/4/19 Minor Produced Water Release Produced Water Other Lea (25)
nAB1923352846 WPX Energy Permian, LLC 8/3/19 Oil Release Eddy (15)
nRM1926660633 OXY USA INC 8/2/19 Major Release Other Produced Water Other Lea (25)
nAB1923556267 COG PRODUCTION, LLC 8/2/19 Major Produced Water Release Produced Water Other Eddy (15)
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nRM1929842058 SOLARIS WATER MIDSTREAM, LLC 8/2/19 Major Produced Water Release Produced Water Other Lea (25)
nAPP2132155516 OXY USA INC 7/31/19 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1927150997 OXY USA INC 7/31/19 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1923552658 MARATHON OIL PERMIAN LLC 7/31/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM1925542327 ADVANCE ENERGY PARTNERS HAT MESA, LLC 7/31/19 Major Produced Water Release Produced Water Other Lea (25)
nAB1923455770 XTO ENERGY, INC 7/30/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nRM1926253494 OWL SWD OPERATING, LLC 7/30/19 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1922541102 Spur Energy Partners LLC 7/30/19 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1923458333 XTO ENERGY, INC 7/29/19 Major Oil Release Crude Oil Fire Eddy (15)
nRM1925536016 DEVON ENERGY PRODUCTION COMPANY, LP 7/29/19 Major Release Other Crude Oil, Produced Water Other Lea (25)
nCE2002758973 DEVON ENERGY PRODUCTION COMPANY, LP 7/29/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1926151422 COG OPERATING LLC 7/29/19 Major Produced Water Release Produced Water Human Error Lea (25)
nDHR1922533133 Empire New Mexico LLC 7/28/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1923358230 Silverback Operating II, LLC 7/28/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1923453967 XTO ENERGY, INC 7/27/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1923435984 XTO ENERGY, INC 7/27/19 Minor Release Other Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nRM1933637862 DEVON ENERGY PRODUCTION COMPANY, LP 7/27/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1922139305 3R Operating, LLC 7/27/19 Major Produced Water Release Condensate, Produced Water Human Error, Other Eddy (15)
nAB1923355170 XTO ENERGY, INC 7/26/19 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nDHR1922159847 OXY USA INC 7/26/19 Natural Gas Release Lea (25)
nAB1927164551 OXY USA INC 7/26/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1921029977 ENTERPRISE FIELD SERVICES L.L.C. 7/26/19 Major Fire Rio Arriba (39)
nCS1921029796 ENTERPRISE FIELD SERVICES L.L.C. 7/26/19 Major Fire San Juan (45)
nRM1925327699 PLAINS PIPELINE, LP 7/26/19 Major Release Other Crude Oil Other Lea (25)
nRM1936551112 DEVON ENERGY PRODUCTION COMPANY, LP 7/25/19 Major Release Other Crude Oil, Produced Water Other Lea (25)
nRM2003441849 DEVON ENERGY PRODUCTION COMPANY, LP 7/24/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1922455897 WPX Energy Permian, LLC 7/24/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1922051374 HILCORP ENERGY COMPANY 7/24/19 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAB1923252742 WPX Energy Permian, LLC 7/23/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1922539866 COG OPERATING LLC 7/22/19 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1922141352 COG OPERATING LLC 7/22/19 Minor Produced Water Release Produced Water Lightning Eddy (15)
nAB1923250266 XTO ENERGY, INC 7/21/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1923244202 XTO ENERGY, INC 7/20/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1923158858 XTO ENERGY, INC 7/20/19 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAB1625327814 XTO ENERGY, INC 7/20/19 Oil Release Crude Oil Other Eddy (15)
nAB1922741034 COG OPERATING LLC 7/20/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nRM2003858408 Spur Energy Partners LLC 7/20/19 Minor Produced Water Release Produced Water Other Eddy (15)
nCE2002851831 Ridge Runner Resources Operating, LLC 7/20/19 Minor Oil Release Crude Oil Normal Operations Eddy (15)
nAB1923158033 XTO ENERGY, INC 7/19/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nRM1924058785 OXY USA INC 7/19/19 Major Produced Water Release Produced Water Human Error Lea (25)

nRM2016955206 DCP OPERATING COMPANY, LP 7/19/19 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nRM2016954249 DCP OPERATING COMPANY, LP 7/19/19 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nRM2016953070 DCP OPERATING COMPANY, LP 7/19/19 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nAB1922537310 COG PRODUCTION, LLC 7/19/19 Minor Oil Release Crude Oil, Produced Water Other Eddy (15)
nCS1921756251 LOGOS OPERATING, LLC 7/19/19 Minor Produced Water Release Produced Water Human Error Rio Arriba (39)
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nAB1922428005 RAYBAW Operating, LLC 7/19/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1923157056 XTO ENERGY, INC 7/18/19 Minor Release Other Other (Specify) Other Eddy (15)
nRM1929831879 OXY USA INC 7/18/19 Major Release Other Crude Oil, Produced Water Human Error Lea (25)
nCS1920332423 ENTERPRISE FIELD SERVICES L.L.C. 7/18/19 Oil Release Sandoval (43)
nRM1925457772 ETC Texas Pipeline, Ltd. 7/18/19 Major Oil Release Crude Oil Corrosion Lea (25)
nAB1924836726 ARMSTRONG ENERGY CORP 7/17/19 Minor Produced Water Release Produced Water Lightning Eddy (15)
nAB1922453260 XTO ENERGY, INC 7/17/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1922143961 Lucid Artesia Company 7/17/19 Minor Release Other Condensate Corrosion Eddy (15)
nRM1925529962 COG OPERATING LLC 7/17/19 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)

nAB1922152263 Enterprise Field Services, LLC 7/17/19 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Corrosion Eddy (15)

nDHR1923135777 MorningStar Operating LLC 7/17/19 Major Release Other Crude Oil, Produced Water Lightning Lea (25)
nRM1923951846 SELECT ENERGY SERVICES, LLC 7/16/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1921736522 3R Operating, LLC 7/16/19 Major Produced Water Release Produced Water Other Eddy (15)
nDHR1922131644 MARATHON OIL PERMIAN LLC 7/16/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1920539720 LOGOS OPERATING, LLC 7/15/19 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nCS1920352860 DJR OPERATING, LLC 7/15/19 Produced Water Release Produced Water Other Sandoval (43)

nAB1922059305 LUCID ENERGY DELAWARE, LLC 7/15/19 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Other Eddy (15)

nDHR1922141227 APACHE CORPORATION 7/14/19 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nDHR1922134717 APACHE CORPORATION 7/14/19 Minor Release Other Brine Water Equipment Failure Lea (25)
nAB1921234575 XTO ENERGY, INC 7/14/19 Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)

nCS1923943013 Enterprise Field Services, LLC 7/14/19 Major Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nRM1926639762 Avant Operating, LLC 7/14/19 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nCS1920352349 DJR OPERATING, LLC 7/14/19 Oil Release Sandoval (43)
nAB1921934485 XTO ENERGY, INC 7/13/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM1924158933 OXY USA INC 7/13/19 Major Release Other Crude Oil, Produced Water Equipment Failure, Other Lea (25)
nDHR1921342505 MARATHON OIL PERMIAN LLC 7/13/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1922035506 COG OPERATING LLC 7/12/19 Major Produced Water Release Produced Water Other Eddy (15)
nRM1925434195 OWL SWD OPERATING, LLC 7/12/19 Major Produced Water Release Produced Water Fire Lea (25)
nAB1921931865 XTO ENERGY, INC 7/11/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM1933738026 DEVON ENERGY PRODUCTION COMPANY, LP 7/11/19 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nDHR1922041664 COG OPERATING LLC 7/11/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1919752577 EPIC ENERGY, L.L.C. 7/11/19 Minor Oil Release Crude Oil Corrosion Rio Arriba (39)
nAB1921756537 XTO ENERGY, INC 7/10/19 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1921754897 XTO ENERGY, INC 7/10/19 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1923156332 OXY USA INC 7/10/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nDHR1921448574 COG PRODUCTION, LLC 7/10/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nDHR1922129784 COG OPERATING LLC 7/10/19 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1922033443 COG OPERATING LLC 7/10/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1921958014 COG OPERATING LLC 7/10/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nDHR1922629730 J R OIL, LTD. CO. 7/10/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1921340463 SIMCOE LLC 7/10/19 Minor Produced Water Release Produced Water Human Error Rio Arriba (39)
nCS1919130200 DJR OPERATING, LLC 7/10/19 Major Oil Release Sandoval (43)
nAB1921751473 XTO ENERGY, INC 7/9/19 Minor Release Other Other (Specify) Other Eddy (15)
nRM1924248710 OXY USA INC 7/9/19 Major Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2135153330 Franklin Mountain Energy 3, LLC 7/9/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
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nAPP2135152879 Franklin Mountain Energy 3, LLC 7/9/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2135152045 Franklin Mountain Energy 3, LLC 7/9/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1924833062 OXY USA INC 7/8/19 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1921935906 COG PRODUCTION, LLC 7/8/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1920043436 SOLARIS WATER MIDSTREAM, LLC 7/8/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1921742793 XTO ENERGY, INC 7/7/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nDHR1921439865 Spur Energy Partners LLC 7/7/19 Major Oil Release Crude Oil Corrosion Lea (25)
nDHR1921754782 MARATHON OIL PERMIAN LLC 7/7/19 Major Release Other Gelled Brine (Frac Fluid) Equipment Failure Lea (25)
nAB1922535253 DEVON ENERGY PRODUCTION COMPANY, LP 7/6/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1923155619 OXY USA INC 7/6/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1921257196 COG PRODUCTION, LLC 7/6/19 Oil Release Crude Oil Equipment Failure Lea (25)
nDHR1921140098 COG PRODUCTION, LLC 7/6/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nDHR1921042795 COG PRODUCTION, LLC 7/6/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1922057574 COG OPERATING LLC 7/6/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1921456214 COG OPERATING LLC 7/6/19 Minor Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nRM1928031990 ETC Texas Pipeline, Ltd. 7/6/19 Minor Natural Gas Release Natural Gas Liquids Other Lea (25)
nRM1928438565 EOG RESOURCES INC 7/5/19 Major Produced Water Release Produced Water Human Error Lea (25)
nDHR1919358834 COG PRODUCTION, LLC 7/5/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1922036104 COG OPERATING LLC 7/5/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nRM2008363692 Grizzly Operating, LLC 7/5/19 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1921740575 XTO ENERGY, INC 7/4/19 Major Oil Release Crude Oil Fire Eddy (15)
nAB1921735097 COG PRODUCTION, LLC 7/4/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1924857066 MEWBOURNE OIL CO 7/3/19 Major Produced Water Release Produced Water Other Eddy (15)
nCS1918927061 ENTERPRISE FIELD SERVICES L.L.C. 7/3/19 Other San Juan (45)
nDHR1919360581 COG PRODUCTION, LLC 7/3/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS2002452136 Wapiti Operating, LLC 7/3/19 Minor Produced Water Release Produced Water Corrosion Colfax (07)
nCS1919242369 Whiptail Midstream LLC 7/3/19 Major Oil Release Crude Oil Other Rio Arriba (39)
nDHR1921034782 PLAINS PIPELINE, LP 7/3/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1919942542 RAY WESTALL OPERATING, INC. 7/2/19 Major Produced Water Release Produced Water Lightning Eddy (15)
nDHR1921234950 CONOCOPHILLIPS COMPANY 7/2/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM1927332784 Avant Operating, LLC 7/2/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM1930258857 BREITBURN OPERATING LP 7/2/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1918948878 SOLARIS WATER MIDSTREAM, LLC 7/1/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2227033082 OCCIDENTAL PERMIAN LTD 6/30/19 Major Natural Gas Release Other (Specify) Lea (25)
nRM1935051494 OXY USA INC 6/29/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nDHR1919352242 COG OPERATING LLC 6/29/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1921728529 MARATHON OIL PERMIAN LLC 6/29/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1922039043 GOODNIGHT MIDSTREAM PERMIAN, LLC 6/29/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1920536036 ENTERPRISE FIELD SERVICES L.L.C. 6/28/19 Minor Oil Release Condensate Corrosion San Juan (45)
nRM1927432818 Landmark Energy Partners, LLC 6/28/19 Minor Produced Water Release Produced Water Other Lea (25)
nDHR1918953059 GOODNIGHT MIDSTREAM PERMIAN, LLC 6/28/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1921727653 XTO ENERGY, INC 6/27/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1922156572 DEVON ENERGY PRODUCTION COMPANY, LP 6/27/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1919838442 MACK ENERGY CORP 6/27/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1922430070 OXY USA INC 6/27/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nDHR1917956574 MATADOR PRODUCTION COMPANY 6/27/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1917957292 APACHE CORPORATION 6/26/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
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nAB1921729330 MACK ENERGY CORP 6/26/19 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1922432657 OXY USA INC 6/26/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1921037218 RIDGEWAY ARIZONA OIL CORP. 6/26/19 Minor Release Other Crude Oil, Produced Water Corrosion Roosevelt (41)
nDHR1918656325 COG PRODUCTION, LLC 6/26/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1920034975 XTO ENERGY, INC 6/25/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1918652622 MEWBOURNE OIL CO 6/25/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCE2002433553 OXY USA INC 6/25/19 Major Blow Out Produced Water Blow Out Eddy (15)
nDHR1922763393 J R OIL, LTD. CO. 6/25/19 Major Release Other Crude Oil, Produced Water Human Error Lea (25)
nCS1931842879 Harvest Four Corners, LLC 6/25/19 Major Produced Water Release Rio Arriba (39)
nAB1919839431 OXY USA INC 6/24/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nDHR1918658476 GOODNIGHT MIDSTREAM PERMIAN, LLC 6/24/19 Major Produced Water Release Produced Water Fire Lea (25)
nCS1917537260 EPIC ENERGY, L.L.C. 6/24/19 Major Other Other (Specify) Overflow - Tank, Pit, Etc. Sandoval (43)
nAB1920031105 XTO ENERGY, INC 6/23/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1919836650 EOG RESOURCES INC 6/23/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1921457241 WPX Energy Permian, LLC 6/23/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1919955454 XTO ENERGY, INC 6/21/19 Minor Produced Water Release Crude Oil Equipment Failure Eddy (15)
nCS1919034097 ENTERPRISE FIELD SERVICES L.L.C. 6/21/19 Major Oil Release Condensate Vandalism San Juan (45)
nAB1919048994 WPX Energy Permian, LLC 6/21/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1927548967 Harvest Four Corners, LLC 6/21/19 Major Oil Release Natural Gas Liquids Corrosion Rio Arriba (39)
nDHR1918947061 XTO ENERGY, INC 6/20/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2010741614 DEVON ENERGY PRODUCTION COMPANY, LP 6/20/19 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1922527739 DEVON ENERGY PRODUCTION COMPANY, LP 6/20/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1919157408 OXY USA INC 6/20/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1918362280 PLAINS PIPELINE, LP 6/20/19 Oil Release Unknown Other Lea (25)
nDHR1918228923 PLAINS PIPELINE, LP 6/20/19 Oil Release Lea (25)
nDHR1917859000 APACHE CORPORATION 6/19/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1919837430 CHEVRON U S A INC 6/19/19 Major Release Other Drilling Mud/Fluid Equipment Failure Eddy (15)
nAB1919156072 OXY USA INC 6/19/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1923939969 ENTERPRISE FIELD SERVICES L.L.C. 6/19/19 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nJEG1922759656 CONOCOPHILLIPS COMPANY 6/19/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nRM1926861979 BREITBURN OPERATING LP 6/19/19 Major Produced Water Release Produced Water Other Lea (25)
nAB1917554536 MARATHON OIL PERMIAN LLC 6/19/19 Produced Water Release Eddy (15)
nDHR1918660089 XTO ENERGY, INC 6/18/19 Major Fire Crude Oil Fire Lea (25)
nAB1919235168 OXY USA INC 6/18/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1920054958 RUBICON OIL & GAS, LLC 6/18/19 Major Produced Water Release Crude Oil Lightning Eddy (15)
nAB1919233794 COG OPERATING LLC 6/17/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1919042046 WPX Energy Permian, LLC 6/17/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1917960136 PLAINS PIPELINE, LP 6/17/19 Oil Release Crude Oil Other Lea (25)
nDHR1922632030 OXY USA INC 6/16/19 Major Produced Water Release Produced Water Human Error Lea (25)
nDHR1917833403 3BEAR FIELD SERVICES, LLC 6/16/19 Major Produced Water Release Produced Water Human Error Lea (25)
nDHR1917930656 CHEVRON U S A INC 6/15/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1920435846 OXY USA INC 6/15/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nDHR1918443284 OXY USA INC 6/15/19 Major Release Other Produced Water Equipment Failure Lea (25)
nAB1917737111 COG OPERATING LLC 6/15/19 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nCS1917731471 DJR OPERATING, LLC 6/15/19 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nCS1916928446 HILCORP ENERGY COMPANY 6/14/19 Major Produced Water Release Produced Water Corrosion San Juan (45)
nDHR1917860607 APACHE CORPORATION 6/13/19 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
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nAB1918650901 XTO ENERGY, INC 6/13/19 Major Release Other Chemical (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nDHR1917764187 MATADOR PRODUCTION COMPANY 6/12/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1918642355 COG OPERATING LLC 6/12/19 Minor Produced Water Release Produced Water Other Eddy (15)
nDHR1917955649 CROSS TIMBERS ENERGY, LLC 6/12/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1919234395 Spur Energy Partners LLC 6/12/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1917850726 DJR OPERATING, LLC 6/12/19 Major Fire San Juan (45)
nAB1918643207 XTO ENERGY, INC 6/11/19 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nDHR1917948711 COG OPERATING LLC 6/11/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nDHR1917954446 CHEVRON U S A INC 6/10/19 Minor Other Drilling Mud/Fluid Equipment Failure Lea (25)
nAB1919037981 OXY USA INC 6/10/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1917955124 WPX Energy Permian, LLC 6/10/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1916431017 MARATHON OIL PERMIAN LLC 6/10/19 Major Produced Water Release Produced Water Other Eddy (15)
nAB1917856866 XTO ENERGY, INC 6/9/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1917938878 COG OPERATING LLC 6/9/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1918641109 WPX Energy Permian, LLC 6/9/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1918640375 WPX Energy Permian, LLC 6/9/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1918637049 OWL SWD OPERATING, LLC 6/9/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1917241997 OWL SWD OPERATING, LLC 6/9/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1917761087 CHEVRON U S A INC 6/8/19 Minor Natural Gas Release Natural Gas Liquids Equipment Failure Lea (25)
nAB1917835106 XTO ENERGY, INC 6/8/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1917158019 DEVON ENERGY PRODUCTION COMPANY, LP 6/8/19 Major Produced Water Release Produced Water Other Eddy (15)
nAPP2112555381 EOG RESOURCES INC 6/8/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1918944904 OXY USA INC 6/8/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1917133761 OXY USA INC 6/8/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nDHR1917132016 COG OPERATING LLC 6/8/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1917131966 COG OPERATING LLC 6/8/19 Produced Water Release Lea (25)
nAB1916430115 BTA OIL PRODUCERS, LLC 6/8/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nDHR1917230576 MARATHON OIL PERMIAN LLC 6/8/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1917837202 XTO ENERGY, INC 6/7/19 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAB1917653641 DEVON ENERGY PRODUCTION COMPANY, LP 6/7/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1917738478 WPX Energy Permian, LLC 6/7/19 Major Release Other Other (Specify) Other Eddy (15)
nCS1917731979 DJR OPERATING, LLC 6/7/19 Produced Water Release Produced Water Other Sandoval (43)
nDHR1917159396 SOLARIS WATER MIDSTREAM, LLC 6/6/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nDHR1917248566 MARATHON OIL PERMIAN LLC 6/6/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1916433920 MARATHON OIL PERMIAN LLC 6/6/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1917854937 EPIC ENERGY, L.L.C. 6/6/19 Produced Water Release San Juan (45)
nDHR1917936822 APACHE CORPORATION 6/5/19 Major Fire Other (Specify) Fire Lea (25)
nDHR1917851938 CHEVRON U S A INC 6/5/19 Minor Release Other Produced Water Equipment Failure Lea (25)
nDHR1917862601 EOG RESOURCES INC 6/5/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1916849922 ENTERPRISE FIELD SERVICES L.L.C. 6/5/19 Other San Juan (45)
nDHR1917156677 CIMAREX ENERGY CO. 6/5/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nCS1926728108 ADVANCED WIRELESS COMMUNICATIONS, L.L.C. 6/5/19 Produced Water Release Produced Water Equipment Failure San Juan (45)
nDHR1917233146 DEVON ENERGY PRODUCTION COMPANY, LP 6/4/19 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nDHR1918363633 OXY USA INC 6/4/19 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1917539741 Spur Energy Partners LLC 6/4/19 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nCS1917729302 DJR OPERATING, LLC 6/4/19 Major Oil Release San Juan (45)
nAB1917541454 DEVON ENERGY PRODUCTION COMPANY, LP 6/3/19 Major Produced Water Release Condensate, Produced Water Lightning Eddy (15)
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nAB1916437520 DEVON ENERGY PRODUCTION COMPANY, LP 6/3/19 Major Produced Water Release Condensate, Produced Water Lightning Eddy (15)
nDHR1917849099 Maverick Permian LLC 6/3/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1915527449 HILCORP ENERGY COMPANY 6/3/19 Oil Release Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nDHR1917057690 ADVANCE ENERGY PARTNERS HAT MESA, LLC 6/3/19 Major Produced Water Release Produced Water Human Error Lea (25)
nCS1915538225 Whiptail Midstream LLC 6/3/19 Major Oil Release Crude Oil Other Sandoval (43)
nAB1917140472 XTO ENERGY, INC 6/2/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1916435152 DEVON ENERGY PRODUCTION COMPANY, LP 6/2/19 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1917151415 Spur Energy Partners LLC 6/2/19 Minor Oil Release Crude Oil Other Eddy (15)
nAB1916829975 XTO ENERGY, INC 6/1/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nDHR1917155056 CIMAREX ENERGY CO. OF COLORADO 6/1/19 Minor Produced Water Release Produced Water Human Error Lea (25)
nRM2009845600 APACHE CORPORATION 5/31/19 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)
nAB1916438263 DEVON ENERGY PRODUCTION COMPANY, LP 5/31/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1916436300 DEVON ENERGY PRODUCTION COMPANY, LP 5/31/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1919137314 OXY USA INC 5/31/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1916831357 XTO ENERGY, INC 5/30/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1916850253 HILCORP ENERGY COMPANY 5/30/19 Minor Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nAB1916448581 XTO ENERGY, INC 5/29/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1915061568 DCP MIDSTREAM L.P. 5/29/19 Major Natural Gas Release Natural Gas Liquids Human Error Lea (25)
nCS1916853082 HILCORP ENERGY COMPANY 5/29/19 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAB1916855015 OXY USA INC 5/28/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)

nAB1919240550 Enterprise Field Services, LLC 5/28/19 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Corrosion Eddy (15)

nDHR1917160774 Empire New Mexico LLC 5/28/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1919939309 XTO ENERGY, INC 5/27/19 Major Release Other B.S. & W., Chemical (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nAB1916838903 MARATHON OIL PERMIAN LLC 5/27/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1922029014 Earthstone Operating, LLC 5/26/19 Major Produced Water Release Produced Water Other Eddy (15)
nAB1916254884 XTO ENERGY, INC 5/25/19 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)

nCS1916850662 ENTERPRISE FIELD SERVICES L.L.C. 5/25/19 Major Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nAB1916835666 MATADOR PRODUCTION COMPANY 5/25/19 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1917652490 BTA OIL PRODUCERS, LLC 5/25/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1915755680 CHEVRON U S A INC 5/23/19 Release Other Condensate Equipment Failure Eddy (15)

nAB1917639944 XTO ENERGY, INC 5/22/19 Minor Release Other
Chemical (Specify), Produced 
Water Human Error Lea (25)

nAB1916254098 XTO ENERGY, INC 5/22/19 Minor Release Other Acid Equipment Failure Eddy (15)
nDHR1917150279 EOG RESOURCES INC 5/22/19 Minor Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAB1924042811 OXY USA INC 5/22/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1917556863 Empire New Mexico LLC 5/22/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRM2004152170 COLGATE OPERATING, LLC 5/21/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1914840406 MEWBOURNE OIL CO 5/20/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1916946808 Spur Energy Partners LLC 5/20/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nDHR1916841247 COG OPERATING LLC 5/19/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1915542160 COG OPERATING LLC 5/19/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1916935288 XTO ENERGY, INC 5/18/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1915441034 XTO ENERGY, INC 5/18/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1915735032 COG OPERATING LLC 5/18/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1914256886 LIME ROCK RESOURCES II-A, L.P. 5/18/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1915139341 SOLARIS WATER MIDSTREAM, LLC 5/18/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAB1916238377 COG PRODUCTION, LLC 5/17/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1915531667 COG OPERATING LLC 5/17/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1915450728 XTO ENERGY, INC 5/16/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1915140568 MEWBOURNE OIL CO 5/16/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nDHR1918343002 Enterprise Field Services, LLC 5/16/19 Major Natural Gas Release Natural Gas Liquids Blow Out Lea (25)

nCS1915551167 Enterprise Field Services, LLC 5/16/19 Major Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nDHR1915659759 PLAINS PIPELINE, LP 5/16/19 Minor Oil Release Crude Oil Human Error Eddy (15)
nAB1915130679 CHEVRON U S A INC 5/15/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1916828170 XTO ENERGY, INC 5/15/19 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nDHR1917147896 DEVON ENERGY PRODUCTION COMPANY, LP 5/15/19 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1914253627 WPX Energy Permian, LLC 5/15/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1915042752 XTO ENERGY, INC 5/14/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1915041303 DEVON ENERGY PRODUCTION COMPANY, LP 5/14/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1915746595 CIMAREX ENERGY CO. 5/14/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1915042001 DEVON ENERGY PRODUCTION COMPANY, LP 5/13/19 Major Produced Water Release Produced Water Lightning Eddy (15)
nCS1915541940 ENTERPRISE FIELD SERVICES L.L.C. 5/13/19 Oil Release Rio Arriba (39)
nAB1916832522 COG OPERATING LLC 5/13/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1914934715 COG OPERATING LLC 5/13/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1914957336 RAYBAW Operating, LLC 5/13/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1914935384 WPX Energy Permian, LLC 5/12/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1916851647 HILCORP ENERGY COMPANY 5/12/19 Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nAB1916244311 OXY USA INC 5/11/19 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nDHR1918260393 J R OIL, LTD. CO. 5/11/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nDHR1914435909 OWL SWD OPERATING, LLC 5/11/19 Major Produced Water Release Produced Water Fire Lea (25)
nAB1914841996 XTO ENERGY, INC 5/10/19 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAB1915738719 DEVON ENERGY PRODUCTION COMPANY, LP 5/10/19 Produced Water Release Crude Oil Corrosion Lea (25)
nDHR1915553717 EOG RESOURCES INC 5/10/19 Major Produced Water Release Produced Water Fire Lea (25)
nAB1914356527 DCP OPERATING COMPANY LP 5/10/19 Minor Release Other Condensate Other Eddy (15)
nAB1914252088 DEVON ENERGY PRODUCTION COMPANY, LP 5/9/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1914254865 MACK ENERGY CORP 5/9/19 Minor Release Other Brine Water Equipment Failure Eddy (15)
nAB1922428736 OXY USA INC 5/9/19 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1914255662 XTO ENERGY, INC 5/8/19 Major Release Other Acid Corrosion Eddy (15)
nAB1914250102 DEVON ENERGY PRODUCTION COMPANY, LP 5/8/19 Minor Produced Water Release Produced Water Other Eddy (15)
nDHR1915636223 BCP Resources, LLC 5/8/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1915032392 OXY USA INC 5/7/19 Minor Oil Release Crude Oil Corrosion Lea (25)
nAB1915432422 COG OPERATING LLC 5/7/19 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1915142523 Earthstone Operating, LLC 5/7/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nDHR1915649039 SOLARIS WATER MIDSTREAM, LLC 5/7/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1914044657 DEVON ENERGY PRODUCTION COMPANY, LP 5/6/19 Produced Water Release Eddy (15)
nAB1917555844 EOG RESOURCES INC 5/6/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1915037612 MEWBOURNE OIL CO 5/6/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1917554582 MARALEX DISPOSAL, LLC 5/6/19 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nVV2002839011 CIMAREX ENERGY CO. 5/6/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nDHR1915840346 CIMAREX ENERGY CO. 5/6/19 Natural Gas Release Lea (25)
nDHR1915839539 CIMAREX ENERGY CO. 5/6/19 Natural Gas Release Lea (25)
nDHR1915838743 CIMAREX ENERGY CO. 5/6/19 Natural Gas Release Lea (25)
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nDHR1915828817 CIMAREX ENERGY CO. 5/6/19 Natural Gas Release Lea (25)
nAB1915028224 MARATHON OIL PERMIAN LLC 5/6/19 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1914334905 XTO ENERGY, INC 5/5/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1914252909 EOG RESOURCES INC 5/5/19 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nCS1913740860 ENDURING RESOURCES, LLC 5/5/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Sandoval (43)
nAB1917256423 OXY USA INC 5/4/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1916854049 ENTERPRISE FIELD SERVICES L.L.C. 5/3/19 Major Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nAB1918654291 OXY USA INC 5/2/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1913741281 HILCORP ENERGY COMPANY 5/2/19 Major Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nCS1912332788 EPIC ENERGY, L.L.C. 5/2/19 Minor Produced Water Release Other (Specify) Equipment Failure Rio Arriba (39)
nAB1914056348 XTO ENERGY, INC 5/1/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1914240573 Spur Energy Partners LLC 5/1/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1914836701 XTO ENERGY, INC 4/30/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1915740015 DEVON ENERGY PRODUCTION COMPANY, LP 4/30/19 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAB1914057197 DEVON ENERGY PRODUCTION COMPANY, LP 4/30/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1915449842 EOG RESOURCES INC 4/30/19 Minor Produced Water Release Produced Water Other Lea (25)
nDHR1913451383 OCCIDENTAL PERMIAN LTD 4/30/19 Natural Gas Release Lea (25)
nDHR1913541694 FULFER OIL & CATTLE CO., LLC 4/30/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1912948727 OWL SWD OPERATING, LLC 4/30/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1915156850 MorningStar Operating LLC 4/30/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1913444872 PERCUSSION PETROLEUM OPERATING, LLC 4/30/19 Major Oil Release Crude Oil Human Error Eddy (15)
nCS1912055883 HILCORP ENERGY COMPANY 4/30/19 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nDHR1915541584 COG OPERATING LLC 4/29/19 Minor Produced Water Release Produced Water Human Error Lea (25)
nDHR1913441028 Avant Operating, LLC 4/29/19 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nDHR1914958657 DEVON ENERGY PRODUCTION COMPANY, LP 4/28/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1914055435 XTO ENERGY, INC 4/27/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1914043668 DEVON ENERGY PRODUCTION COMPANY, LP 4/27/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1914038438 Silverback Operating II, LLC 4/27/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1913658267 XTO ENERGY, INC 4/26/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1914836751 OXY USA INC 4/26/19 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1914042684 OXY USA INC 4/26/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1915033752 COG OPERATING LLC 4/26/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nDHR1912859321 BTA OIL PRODUCERS, LLC 4/26/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nCS1912055512 HILCORP ENERGY COMPANY 4/26/19 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nAB1913737942 XTO ENERGY, INC 4/25/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1913729531 XTO ENERGY, INC 4/25/19 Major Oil Release Crude Oil Human Error Eddy (15)
nAPP2333056395 EOG RESOURCES INC 4/25/19 Major Produced Water Release Produced Water Human Error Lea (25)
nCS1913740101 ENTERPRISE FIELD SERVICES L.L.C. 4/25/19 Oil Release Condensate Corrosion Rio Arriba (39)
nAB1915035343 COG OPERATING LLC 4/24/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1913445231 Extex Operating Company 4/24/19 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nCS1912342947 DJR OPERATING, LLC 4/24/19 Oil Release San Juan (45)
nDHR1914242978 EOG RESOURCES INC 4/23/19 Major Oil Release Crude Oil Other Eddy (15)
nAB1919853853 HARVARD PETROLEUM COMPANY, LLC 4/23/19 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nDHR1914358479 COG PRODUCTION, LLC 4/23/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nDHR1913349625 COG PRODUCTION, LLC 4/23/19 Major Produced Water Release Produced Water Human Error Lea (25)
nDHR1912732011 APACHE CORPORATION 4/22/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1913736899 XTO ENERGY, INC 4/22/19 Minor Produced Water Release Produced Water Other Eddy (15)
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nAB1913037162 HARVARD PETROLEUM COMPANY, LLC 4/22/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nDHR1912652904 COG PRODUCTION, LLC 4/22/19 Major Oil Release Crude Oil Fire Lea (25)
nCS1913036817 ENDURING RESOURCES, LLC 4/22/19 Minor Oil Release Crude Oil Human Error San Juan (45)
nAB1913358171 XTO ENERGY, INC 4/21/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1913738839 MATADOR PRODUCTION COMPANY 4/20/19 Major Produced Water Release Produced Water Blow Out Eddy (15)
nDHR1912935260 MARATHON OIL PERMIAN LLC 4/20/19 Minor Release Other Gelled Brine (Frac Fluid) Equipment Failure Lea (25)
nAPP2135150329 Franklin Mountain Energy 3, LLC 4/19/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1913355937 XTO ENERGY, INC 4/18/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nDHR1916832374 OXY USA INC 4/18/19 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1912335405 Enterprise Field Services, LLC 4/18/19 Minor Other Other (Specify) Equipment Failure San Juan (45)
nCS1917149081 LOGOS OPERATING, LLC 4/18/19 Natural Gas Release San Juan (45)
nAB1913656894 ROVER OPERATING, LLC 4/18/19 Minor Oil Release Crude Oil Lightning Eddy (15)
nCS1911540069 HILCORP ENERGY COMPANY 4/18/19 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAB1913655872 COG OPERATING LLC 4/17/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1913558566 COG OPERATING LLC 4/17/19 Produced Water Release Produced Water Corrosion Eddy (15)
nCS1912639200 HILCORP ENERGY COMPANY 4/17/19 Major Oil Release Condensate Corrosion Rio Arriba (39)
nCS1910830387 HILCORP ENERGY COMPANY 4/17/19 Major Oil Release Crude Oil Corrosion Rio Arriba (39)
nAB1913654520 Spur Energy Partners LLC 4/16/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1929537483 HILCORP ENERGY COMPANY 4/16/19 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nCS1911233278 HILCORP ENERGY COMPANY 4/16/19 Major Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nDHR1912632480 GOODNIGHT MIDSTREAM PERMIAN, LLC 4/16/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1913056417 XTO ENERGY, INC 4/15/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1913041640 XTO ENERGY, INC 4/15/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1912953094 MATADOR PRODUCTION COMPANY 4/15/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1913345254 DEVON ENERGY PRODUCTION COMPANY, LP 4/14/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1925350725 COG OPERATING LLC 4/14/19 Minor Produced Water Release Produced Water Human Error Lea (25)
nDHR1912756170 RIDGEWAY ARIZONA OIL CORP. 4/13/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Roosevelt (41)
nDHR1912738190 Empire New Mexico LLC 4/13/19 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1913356829 MARATHON OIL PERMIAN LLC 4/13/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1912653924 CIMAREX ENERGY CO. OF COLORADO 4/12/19 Major Release Other Condensate Corrosion Eddy (15)
nDHR1912031991 Wapiti Operating, LLC 4/12/19 Major Produced Water Release Produced Water Equipment Failure Colfax (07)
nCS1913035653 DJR OPERATING, LLC 4/12/19 Other San Juan (45)
nAB1912753854 XTO ENERGY, INC 4/11/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1913036331 DEVON ENERGY PRODUCTION COMPANY, LP 4/11/19 Major Produced Water Release Produced Water Other Eddy (15)
nAB1912656083 LIME ROCK RESOURCES II-A, L.P. 4/11/19 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nDHR1912231725 OWL SWD OPERATING, LLC 4/11/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1913031174 OWL SWD OPERATING, LLC 4/11/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1912751753 COG OPERATING LLC 4/10/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1912738712 XTO ENERGY, INC 4/9/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1912737412 EOG RESOURCES INC 4/8/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1912927808 CIMAREX ENERGY CO. OF COLORADO 4/8/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1912958012 Extex Operating Company 4/8/19 Major Oil Release Crude Oil Corrosion Lea (25)
nDHR1910939620 Empire New Mexico LLC 4/7/19 Major Release Other Crude Oil, Produced Water Corrosion, Equipment Failure Lea (25)
nAB1912736236 XTO ENERGY, INC 4/6/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1912858744 FOUNDATION ENERGY MANAGEMENT, LLC 4/6/19 Major Oil Release Crude Oil Corrosion Lea (25)
nCS1915551675 DUGAN PRODUCTION CORP 4/5/19 Produced Water Release San Juan (45)
nRM1926758725 OSBORN HEIRS CO 4/5/19 Minor Release Other Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
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nCS1912353188 Harvest Four Corners, LLC 4/5/19 Other Rio Arriba (39)
nDHR1912143128 XTO ENERGY, INC 4/4/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1912759510 CONOCOPHILLIPS COMPANY 4/4/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1910929492 ENDURING RESOURCES, LLC 4/4/19 Minor Produced Water Release Crude Oil Overflow - Tank, Pit, Etc. Sandoval (43)
nCS1917554179 SIMCOE LLC 4/3/19 Oil Release Other (Specify) Other San Juan (45)
nAB1912661013 XTO ENERGY, INC 4/2/19 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1919056676 OXY USA INC 4/2/19 Minor Oil Release Crude Oil Human Error Eddy (15)
nAB1919055677 OXY USA INC 4/2/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1911539620 ENTERPRISE FIELD SERVICES L.L.C. 4/2/19 Minor Other Glycol Other San Juan (45)
nAB1912843973 BTA OIL PRODUCERS, LLC 4/2/19 Major Produced Water Release Produced Water Other Lea (25)
nAB1911230564 BTA OIL PRODUCERS, LLC 4/2/19 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1913437796 SIMCOE LLC 4/2/19 Minor Produced Water Release Produced Water Other San Juan (45)
nCS1909331514 HILCORP ENERGY COMPANY 4/2/19 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAB1912657858 XTO ENERGY, INC 4/1/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1912056434 DEVON ENERGY PRODUCTION COMPANY, LP 4/1/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1910935399 EOG RESOURCES INC 4/1/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nDHR1912650143 OXY USA INC 4/1/19 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAB1915530465 OXY USA INC 4/1/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2005744201 RAY WESTALL OPERATING, INC. 4/1/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1911241645 COG OPERATING LLC 4/1/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1911652112 BTA OIL PRODUCERS, LLC 4/1/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRM2003541143 TEAM OPERATING, L.L.C. 4/1/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1911228176 PERCUSSION PETROLEUM OPERATING, LLC 3/31/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1910934590 LONGFELLOW ENERGY, LP 3/31/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1912642030 XTO ENERGY, INC 3/30/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1912639192 XTO ENERGY, INC 3/30/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1909944395 DEVON ENERGY PRODUCTION COMPANY, LP 3/30/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nDHR1912053791 COG OPERATING LLC 3/30/19 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1912955644 COG OPERATING LLC 3/30/19 Oil Release Crude Oil, Produced Water Other Lea (25)
nAB1912954924 COG OPERATING LLC 3/30/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1912937200 COG OPERATING LLC 3/30/19 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAB1911244023 COG OPERATING LLC 3/30/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1910757671 RAYBAW Operating, LLC 3/30/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1909942607 DEVON ENERGY PRODUCTION COMPANY, LP 3/27/19 Major Oil Release Produced Water Equipment Failure Eddy (15)
nAB1911245351 COG OPERATING LLC 3/27/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1911242727 COG OPERATING LLC 3/27/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1910937075 PERCUSSION PETROLEUM OPERATING, LLC 3/27/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1908734762 Harvest Four Corners, LLC 3/27/19 Produced Water Release San Juan (45)
nAB1910938398 EOG RESOURCES INC 3/26/19 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)

nCS1912334835 ENTERPRISE FIELD SERVICES L.L.C. 3/26/19 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nAB1911534215 Permian Resources Operating, LLC 3/26/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1913733507 HILCORP ENERGY COMPANY 3/26/19 Minor Other Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nAB1909943420 DEVON ENERGY PRODUCTION COMPANY, LP 3/25/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1912852370 EOG RESOURCES INC 3/25/19 Major Produced Water Release Produced Water Other Lea (25)
nVF1908736099 ENTERPRISE FIELD SERVICES L.L.C. 3/25/19 Release Other San Juan (45)
nCS1910928416 ENTERPRISE FIELD SERVICES L.L.C. 3/25/19 Major Other Other (Specify) Equipment Failure San Juan (45)
nAB1912758567 CONOCOPHILLIPS COMPANY 3/25/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nVF1908732743 HILCORP ENERGY COMPANY 3/25/19 Release Other San Juan (45)
nAB1912752873 DKL Field Services, LLC 3/25/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1917152290 OXY USA INC 3/24/19 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1912953307 OXY USA INC 3/24/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1909540096 Spur Energy Partners LLC 3/23/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1909557213 MARATHON OIL PERMIAN LLC 3/23/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1912855636 HARVARD PETROLEUM COMPANY, LLC 3/22/19 Minor Oil Release Crude Oil Human Error Lea (25)
nCS1909440233 ENDURING RESOURCES, LLC 3/22/19 Minor Oil Release Crude Oil Equipment Failure Sandoval (43)
nAB1910936277 PERCUSSION PETROLEUM OPERATING, LLC 3/21/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1909136893 SOLARIS WATER MIDSTREAM, LLC 3/20/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1912661773 LLJ VENTURES, LLC DBA MARKER OIL & GAS 3/20/19 Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1909559201 XTO ENERGY, INC 3/19/19 Minor Release Other Chemical (Specify) Equipment Failure Eddy (15)
nAB1909554024 XTO ENERGY, INC 3/18/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1909249238 COG OPERATING LLC 3/18/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1910753863 Extex Operating Company 3/18/19 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nCS1909448080 ENDURING RESOURCES, LLC 3/18/19 Minor Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nCS1909439826 ENDURING RESOURCES, LLC 3/18/19 Minor Oil Release Condensate Corrosion San Juan (45)
nCS1909439218 ENDURING RESOURCES, LLC 3/17/19 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nAB1911229410 XTO ENERGY, INC 3/16/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1909543185 XTO ENERGY, INC 3/16/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1909133556 MARATHON OIL PERMIAN LLC 3/16/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1911236406 OXY USA INC 3/15/19 Minor Produced Water Release Produced Water Other Eddy (15)
nDHR1911338772 CHEVRON U S A INC 3/14/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1909545089 XTO ENERGY, INC 3/14/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1909140764 MARATHON OIL PERMIAN LLC 3/14/19 Major Produced Water Release Produced Water Other Eddy (15)
nCS1907754469 HILCORP ENERGY COMPANY 3/14/19 Minor Produced Water Release Produced Water Human Error San Juan (45)
nAB1909539458 BURNETT OIL CO INC 3/13/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1909139455 XTO ENERGY, INC 3/13/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1909135211 DEVON ENERGY PRODUCTION COMPANY, LP 3/13/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1909438305 SIMCOE LLC 3/13/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1910738927 MARATHON OIL PERMIAN LLC 3/13/19 Major Produced Water Release Produced Water Other Lea (25)
nAB1908057694 RILEY PERMIAN OPERATING COMPANY, LLC 3/13/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1912935342 ADVANCE ENERGY PARTNERS HAT MESA, LLC 3/13/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nDHR1913360865 EOG RESOURCES INC 3/12/19 Major Produced Water Release Crude Oil Equipment Failure Lea (25)
nAB1913354837 MATADOR PRODUCTION COMPANY 3/12/19 Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1907233330 Harvest Four Corners, LLC 3/12/19 Major Other

[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids, 
Produced Water Corrosion Rio Arriba (39)

nAB1913544961 EOG RESOURCES INC 3/11/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1908430075 LOGOS OPERATING, LLC 3/11/19 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nDHR1910836261 MARATHON OIL PERMIAN LLC 3/11/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1909527986 XTO ENERGY, INC 3/10/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1909351591 DEVON ENERGY PRODUCTION COMPANY, LP 3/10/19 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1914835687 OXY USA INC 3/10/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1909138734 COG PRODUCTION, LLC 3/10/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1908731950 HILCORP ENERGY COMPANY 3/10/19 Minor Release Other Produced Water Human Error San Juan (45)
nAB1909532167 XTO ENERGY, INC 3/9/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1909530725 XTO ENERGY, INC 3/9/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
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nAB1917549482 OXY USA INC 3/9/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nVF1908136109 ENTERPRISE FIELD SERVICES L.L.C. 3/8/19 Major Release Other Other (Specify) Corrosion San Juan (45)
nAB1910842310 COG OPERATING LLC 3/8/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1909350393 COG OPERATING LLC 3/8/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nVF1907335094 SIMCOE LLC 3/8/19 Major Release Other Condensate Corrosion San Juan (45)
nCS1907753213 ENDURING RESOURCES, LLC 3/8/19 Minor Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nAB1908842114 MATADOR PRODUCTION COMPANY 3/7/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1911541687 COG OPERATING LLC 3/7/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1907837006 BTA OIL PRODUCERS, LLC 3/7/19 Major Fire Other (Specify) Fire Lea (25)
nCS1916949750 SIMCOE LLC 3/7/19 Produced Water Release Produced Water Other San Juan (45)
nDHR1913653465 EOG RESOURCES INC 3/6/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1908835620 ETC Texas Pipeline, Ltd. 3/6/19 Minor Release Other Other (Specify) Corrosion Lea (25)
nDHR1910842311 OXY USA INC 3/5/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1908833577 OXY USA INC 3/5/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1909249979 COG OPERATING LLC 3/5/19 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1907931810 APACHE CORPORATION 3/4/19 Major Produced Water Release Crude Oil, Produced Water Freeze Eddy (15)
nAB1908046533 DEVON ENERGY PRODUCTION COMPANY, LP 3/4/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1907844046 Earthstone Operating, LLC 3/4/19 Minor Oil Release Crude Oil Freeze Lea (25)
nAB1908038039 XTO ENERGY, INC 3/3/19 Major Release Other Condensate Corrosion Eddy (15)

nCS1913036332 ENTERPRISE FIELD SERVICES L.L.C. 3/3/19 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1909451657 CONOCOPHILLIPS COMPANY 3/3/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1907841837 Earthstone Operating, LLC 3/3/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1908653898 GIBSON ENERGY MARKETING, LLC 3/3/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1908055942 XTO ENERGY, INC 3/2/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1907957890 XTO ENERGY, INC 3/2/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1907953961 DEVON ENERGY PRODUCTION COMPANY, LP 3/2/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1907942557 DEVON ENERGY PRODUCTION COMPANY, LP 3/2/19 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nDHR1912962703 OXY USA INC 3/2/19 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1908554066 COG OPERATING LLC 3/2/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1907936927 DELAWARE BASIN MIDSTREAM, LLC 3/2/19 Major Release Other Condensate Other Eddy (15)
nAB1908030562 XTO ENERGY, INC 3/1/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1907958805 XTO ENERGY, INC 3/1/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1908551437 COG OPERATING LLC 3/1/19 Minor Produced Water Release Produced Water Other Lea (25)
nAB1907955404 XTO ENERGY, INC 2/28/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1907953086 DEVON ENERGY PRODUCTION COMPANY, LP 2/28/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1905937101 HILCORP ENERGY COMPANY 2/28/19 Major Release Other Condensate Corrosion San Juan (45)
nAB1913546928 EOG RESOURCES INC 2/27/19 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1906729465 BURNETT OIL CO INC 2/26/19 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1907954530 COG OPERATING LLC 2/26/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1907952115 LLJ VENTURES, LLC DBA MARKER OIL & GAS 2/26/19 Oil Release Chaves (05)
nAB1906544688 LLJ VENTURES, LLC DBA MARKER OIL & GAS 2/26/19 Oil Release Crude Oil Other Chaves (05)
nAB1906556520 CIMAREX ENERGY CO. OF COLORADO 2/25/19 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1906751888 CIMAREX ENERGY CO. 2/25/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1908658110 Roughhouse Operating, LLC 2/25/19 Major Produced Water Release Produced Water Other Lea (25)
nCS1907752578 HILCORP ENERGY COMPANY 2/25/19 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nVF1907733404 ENTERPRISE FIELD SERVICES L.L.C. 2/24/19 Minor Release Other Condensate Vandalism San Juan (45)
nCS1905925901 GOLDEN OIL HOLDING CORPORATION 2/24/19 Major Oil Release Crude Oil Vandalism Rio Arriba (39)
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nCS1905633306 GOLDEN OIL HOLDING CORPORATION 2/24/19 Major Oil Release Other (Specify) Other Rio Arriba (39)
nAB1908839567 XTO ENERGY, INC 2/23/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1908655364 RAYBAW Operating, LLC 2/23/19 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nAB1908656592 SOLARIS WATER MIDSTREAM, LLC 2/23/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1913455115 COG PRODUCTION, LLC 2/22/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1907830479 Avant Operating, LLC 2/22/19 Major Produced Water Release Crude Oil, Produced Water Blow Out Lea (25)
nAB1907040267 MARATHON OIL PERMIAN LLC 2/22/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1907758382 XTO ENERGY, INC 2/21/19 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1907254118 XTO ENERGY, INC 2/21/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1907140526 XTO ENERGY, INC 2/21/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1907138392 XTO ENERGY, INC 2/21/19 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1914946859 DEVON ENERGY PRODUCTION COMPANY, LP 2/21/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)

nCS1907433625 ENTERPRISE FIELD SERVICES L.L.C. 2/21/19 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1906550300 ENDURING RESOURCES, LLC 2/21/19 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nAB1909160291 CHEVRON U S A INC 2/20/19 Release Other Other (Specify) Other Eddy (15)
nAB1907935395 XTO ENERGY, INC 2/20/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1907834716 BTA OIL PRODUCERS, LLC 2/20/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nCS1905249044 ENDURING RESOURCES, LLC 2/20/19 Major Fire Sandoval (43)

nAB1907136158 XTO ENERGY, INC 2/19/19 Minor Produced Water Release
Gelled Brine (Frac Fluid), Produced 
Water Other Eddy (15)

nAB1906754904 MATADOR PRODUCTION COMPANY 2/19/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1906632805 DEVON ENERGY PRODUCTION COMPANY, LP 2/18/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1907829070 MATADOR PRODUCTION COMPANY 2/18/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1905641336 SIMCOE LLC 2/18/19 Release Other Other (Specify) Other San Juan (45)
nVF1906649078 Harvest Four Corners, LLC 2/18/19 Major Release Other Other (Specify) Other Rio Arriba (39)
nAB1907037609 XTO ENERGY, INC 2/17/19 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1907237265 MARATHON OIL PERMIAN LLC 2/17/19 Minor Produced Water Release Produced Water Other Eddy (15)
nCS1905249442 ENDURING RESOURCES, LLC 2/17/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Sandoval (43)
nAB1905231031 EOG RESOURCES INC 2/16/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1907151493 COG OPERATING LLC 2/16/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1906434503 HOLCOMB OIL & GAS INC 2/15/19 Minor Release Other Produced Water Corrosion San Juan (45)
nAB1912734781 MARATHON OIL PERMIAN LLC 2/15/19 Major Produced Water Release Produced Water Corrosion Eddy (15)

nVF1906550862 ENTERPRISE FIELD SERVICES L.L.C. 2/14/19 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Rio Arriba (39)

nAB1907831312 MARATHON OIL PERMIAN LLC 2/14/19 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1907760128 APACHE CORPORATION 2/13/19 Oil Release Crude Oil Corrosion Lea (25)
nAB1906733787 XTO ENERGY, INC 2/13/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1906042331 RIDGEWAY ARIZONA OIL CORP. 2/13/19 Major Produced Water Release Produced Water Equipment Failure Roosevelt (41)
nCS1912336224 SIMCOE LLC 2/13/19 Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nAB1906554479 DEVON ENERGY PRODUCTION COMPANY, LP 2/12/19 Minor Produced Water Release Crude Oil Equipment Failure Lea (25)
nAB1905044037 MEWBOURNE OIL CO 2/12/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1906058323 XTO ENERGY, INC 2/11/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1906054852 XTO ENERGY, INC 2/11/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1906557741 MARATHON OIL PERMIAN LLC 2/11/19 Major Produced Water Release Produced Water Other Lea (25)
nAB1906335986 XTO ENERGY, INC 2/10/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nDHR1913430561 DEVON ENERGY PRODUCTION COMPANY, LP 2/10/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1906056927 COG OPERATING LLC 2/10/19 Major Fire Unknown Fire Lea (25)
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nAB1906639764 MARATHON OIL PERMIAN LLC 2/10/19 Major Release Other Condensate Overflow - Tank, Pit, Etc. Eddy (15)
nAB1906339301 XTO ENERGY, INC 2/9/19 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nDHR1911437545 SOUTHWEST ROYALTIES INC 2/9/19 Major Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAB1906551740 BTA OIL PRODUCERS, LLC 2/9/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1905157822 Franklin Mountain Energy 3, LLC 2/9/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1904955555 DEVON ENERGY PRODUCTION COMPANY, LP 2/8/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1907956816 OXY USA INC 2/8/19 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nVF1906555554 ENTERPRISE FIELD SERVICES L.L.C. 2/8/19 Minor Release Other Natural Gas Liquids Equipment Failure Rio Arriba (39)

nAB1905046526 COG PRODUCTION, LLC 2/8/19 Minor Produced Water Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Equipment Failure Lea (25)

nAB1904556243 COG OPERATING LLC 2/8/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1906552791 BTA OIL PRODUCERS, LLC 2/8/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nDHR1912241075 BREITBURN OPERATING LP 2/8/19 Minor Oil Release Crude Oil Vandalism Lea (25)
nAB1905943420 BTA OIL PRODUCERS, LLC 2/7/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1905232937 BTA OIL PRODUCERS, LLC 2/7/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1904453396 BREITBURN OPERATING LP 2/7/19 Minor Oil Release Crude Oil Vandalism Lea (25)
nAB1905229182 APACHE CORPORATION 2/6/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCH1903862333 MATADOR PRODUCTION COMPANY 2/6/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1904952756 MARATHON OIL PERMIAN LLC 2/6/19 Minor Produced Water Release Produced Water Other Chaves (05)
nAB1905153070 DEVON ENERGY PRODUCTION COMPANY, LP 2/5/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1904633339 OXY USA INC 2/5/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1905253504 DJR OPERATING, LLC 2/5/19 Other Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nAB1906456898 Summit Midstream Permian, LLC 2/5/19 Natural Gas Release Eddy (15)
nAB1906651499 OXY USA INC 2/4/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1904538436 COG PRODUCTION, LLC 2/4/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1904554978 COG OPERATING LLC 2/4/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1904944479 XTO ENERGY, INC 2/3/19 Major Oil Release Crude Oil Fire Eddy (15)
nAB1911254304 HARVARD PETROLEUM COMPANY, LLC 2/3/19 Produced Water Release Produced Water Corrosion Eddy (15)
nAB1906650087 OXY USA INC 2/3/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1904456976 COG OPERATING LLC 2/3/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1907856636 OXY USA INC 2/2/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1912052621 3R Operating, LLC 2/2/19 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1906052173 CHEVRON U S A INC 2/1/19 Minor Release Other Brine Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1904454557 MATADOR PRODUCTION COMPANY 2/1/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1904456184 COG OPERATING LLC 2/1/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1905150506 DEVON ENERGY PRODUCTION COMPANY, LP 1/30/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1904357971 SOUTHWEST ROYALTIES INC 1/30/19 Major Produced Water Release Produced Water Corrosion Lea (25)

nCS1903148079 Harvest Four Corners, LLC 1/30/19 Major Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Corrosion Rio Arriba (39)

nAB1904653072 XTO ENERGY, INC 1/29/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1904949664 DEVON ENERGY PRODUCTION COMPANY, LP 1/29/19 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCH1903863397 CROSS TIMBERS ENERGY, LLC 1/29/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1904941837 DEVON ENERGY PRODUCTION COMPANY, LP 1/28/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1904428527 COG OPERATING LLC 1/28/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1904353759 ENDURING RESOURCES, LLC 1/27/19 Minor Produced Water Release Produced Water Human Error Sandoval (43)
nAB1905047681 DEVON ENERGY PRODUCTION COMPANY, LP 1/26/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nAB1904637119 BTA OIL PRODUCERS, LLC 1/26/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1902954401 THREE RIVERS TRUCKING, INC. 1/26/19 Major Produced Water Release Produced Water Vehicular Accident San Juan (45)
nCS1904254723 DEVON ENERGY PRODUCTION COMPANY, LP 1/25/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1907044557 CIMAREX ENERGY CO. OF COLORADO 1/25/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1903952174 COG OPERATING LLC 1/25/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1904238109 AMERICO ENERGY RESOURCES LLC 1/24/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1904255873 XTO ENERGY, INC 1/23/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1905233180 HOLCOMB OIL & GAS INC 1/23/19 Produced Water Release San Juan (45)
nRH2007238489 OXY USA INC 1/23/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1906727934 OXY USA INC 1/23/19 Major Produced Water Release Produced Water Fire Eddy (15)
nCH1903953335 COG OPERATING LLC 1/23/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1904342789 COG OPERATING LLC 1/23/19 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1904341765 Spur Energy Partners LLC 1/23/19 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1911934008 Tascosa Energy Partners, L.L.C 1/23/19 Minor Produced Water Release Produced Water Human Error Lea (25)
nCH1903942116 MorningStar Operating LLC 1/23/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1909454481 MorningStar Operating LLC 1/23/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1904243351 XTO ENERGY, INC 1/22/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1903659101 OXY USA INC 1/22/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1904239077 XTO ENERGY, INC 1/21/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1906658390 OXY USA INC 1/21/19 Major Produced Water Release Produced Water Fire Eddy (15)
nCH1903864587 CROSS TIMBERS ENERGY, LLC 1/21/19 Minor Produced Water Release Crude Oil, Produced Water Vandalism Lea (25)
nCH1903662255 OXY USA INC 1/20/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1903642966 OXY USA INC 1/20/19 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1904234306 XTO ENERGY, INC 1/19/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nCH1903652641 COG PRODUCTION, LLC 1/19/19 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1903559424 COG PRODUCTION, LLC 1/19/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1902457070 COG OPERATING LLC 1/19/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1904237033 XTO ENERGY, INC 1/18/19 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1912860106 MARK L SHIDLER INC 1/17/19 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1903737518 OXY USA INC 1/17/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1903256343 COG OPERATING LLC 1/17/19 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1912635236 MAVERICK OPERATING, LLC 1/17/19 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1912245309 MAVERICK OPERATING, LLC 1/17/19 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1903257266 Spur Energy Partners LLC 1/17/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1902552365 XTO ENERGY, INC 1/16/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1902551172 XTO ENERGY, INC 1/16/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nVF1904252204 DEVON ENERGY PRODUCTION COMPANY, LP 1/16/19 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nDHR1910738928 DEVON ENERGY PRODUCTION COMPANY, LP 1/16/19 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1913032899 DEVON ENERGY PRODUCTION COMPANY, LP 1/16/19 Minor Produced Water Release Produced Water Other Lea (25)
nAB1902539450 XTO ENERGY, INC 1/15/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nCS1901728239 MARALEX RESOURCES INC 1/15/19 Major Oil Release Crude Oil Other San Juan (45)
nCS1901626708 CROSS TIMBERS ENERGY, LLC 1/15/19 Major Oil Release Condensate Other Rio Arriba (39)
nCH1903656501 OWL SWD OPERATING, LLC 1/15/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nCH1903646164 ETC Texas Pipeline, Ltd. 1/15/19 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Lea (25)

nCS1901627746 HILCORP ENERGY COMPANY 1/15/19 Major Oil Release Condensate Corrosion Rio Arriba (39)
nAB1906653179 OXY USA INC 1/14/19 Major Produced Water Release Produced Water Fire Eddy (15)
nCS1903152646 HILCORP ENERGY COMPANY 1/14/19 Minor Produced Water Release Produced Water Corrosion San Juan (45)
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nCH1903556990 CIMAREX ENERGY CO. OF COLORADO 1/13/19 Major Produced Water Release Produced Water Human Error Lea (25)
nCH1903558400 CIMAREX ENERGY CO. 1/13/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1903939966 GOODNIGHT MIDSTREAM PERMIAN, LLC 1/13/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1911436921 GOODNIGHT MIDSTREAM PERMIAN, LLC 1/13/19 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1901155075 HILCORP ENERGY COMPANY 1/11/19 Major Oil Release Condensate, Produced Water Freeze Rio Arriba (39)
nAB1902541117 CHEVRON U S A INC 1/10/19 Minor Release Other Other (Specify) Equipment Failure Eddy (15)
nAB1904557511 OXY USA INC 1/10/19 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nVF1904250458 ENTERPRISE FIELD SERVICES L.L.C. 1/10/19 Minor Natural Gas Release Condensate Equipment Failure San Juan (45)

nCS1904355294 ENTERPRISE FIELD SERVICES L.L.C. 1/10/19 Major Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nAB1903040759 COG OPERATING LLC 1/10/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1902953547 COG OPERATING LLC 1/10/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1903832832 Harvest Four Corners, LLC 1/10/19 Release Other San Juan (45)
nAB1902458364 XTO ENERGY, INC 1/9/19 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1903153382 ENTERPRISE FIELD SERVICES L.L.C. 1/9/19 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nDHR1913358110 DEVON ENERGY PRODUCTION COMPANY, LP 1/8/19 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1903245326 OXY USA INC 1/8/19 Major Oil Release Crude Oil Other Eddy (15)

nAB1902335282 FRONTIER FIELD SERVICES, LLC 1/8/19 Minor Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Eddy (15)

nCH1903548008 BTA OIL PRODUCERS, LLC 1/8/19 Major Fire Crude Oil Equipment Failure Lea (25)
nCH1903648978 XTO ENERGY, INC 1/7/19 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1911933224 DEVON ENERGY PRODUCTION COMPANY, LP 1/7/19 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1902352677 MATADOR PRODUCTION COMPANY 1/7/19 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1902538014 COG OPERATING LLC 1/7/19 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1902442612 HOLLY TRANSPORTATION, LLC 1/7/19 Major Oil Release Crude Oil Human Error Eddy (15)
nDHR1913352202 RAYBAW Operating, LLC 1/7/19 Major Produced Water Release Produced Water Fire Lea (25)
nAB1902455642 XTO ENERGY, INC 1/6/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1902338957 XTO ENERGY, INC 1/5/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1901739559 XTO ENERGY, INC 1/5/19 Oil Release Eddy (15)
nAB1901756010 COG OPERATING LLC 1/5/19 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCH1903552558 PLAINS PIPELINE, LP 1/5/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCH1903643010 XTO ENERGY, INC 1/4/19 Minor Produced Water Release Produced Water Human Error Lea (25)

nAB1902341675 XTO ENERGY, INC 1/4/19 Major Produced Water Release
Chemical (Specify), Produced 
Water Equipment Failure Eddy (15)

nVF1908531497 Harvest Four Corners, LLC 1/4/19 Natural Gas Release San Juan (45)
nAB1902354564 XTO ENERGY, INC 1/3/19 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1918455038 DEVON ENERGY PRODUCTION COMPANY, LP 1/3/19 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAB1901757193 XTO ENERGY, INC 1/2/19 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1911936996 DEVON ENERGY PRODUCTION COMPANY, LP 1/2/19 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1904257393 DEVON ENERGY PRODUCTION COMPANY, LP 1/2/19 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCH1903630061 COG OPERATING LLC 1/2/19 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nVF1902432312 Harvest Four Corners, LLC 1/2/19 Release Other Rio Arriba (39)
nAB1901752217 XTO ENERGY, INC 1/1/19 Major Other Unknown Fire Eddy (15)
nCH1903651025 MEWBOURNE OIL CO 1/1/19 Major Produced Water Release Produced Water Other Lea (25)
nAB1901744628 COG OPERATING LLC 1/1/19 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1903133324 AGUA MOSS, LLC 12/31/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCS1901529402 ENDURING RESOURCES, LLC 12/31/18 Produced Water Release Rio Arriba (39)
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nCS1901528176 ENDURING RESOURCES, LLC 12/31/18 Minor Oil Release Crude Oil Equipment Failure Sandoval (43)
nAB1901459750 OXY USA INC 12/30/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1900441468 TRANSWESTERN PIPELINE CO 12/30/18 Natural Gas Release San Juan (45)
nCH1903555607 MULLOY OPERATING, INC. 12/30/18 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1901458964 OXY USA INC 12/29/18 Minor Oil Release Crude Oil Human Error Eddy (15)
nCH1903546669 COG OPERATING LLC 12/29/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1901655746 COG OPERATING LLC 12/29/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCH1903533348 MARATHON OIL PERMIAN LLC 12/29/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1912642547 XTO ENERGY, INC 12/28/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCH1903541789 EOG RESOURCES INC 12/28/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1901460462 COG OPERATING LLC 12/28/18 Oil Release Eddy (15)
nCH1903550822 BTA OIL PRODUCERS, LLC 12/28/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCH1903536308 Avant Operating, LLC 12/28/18 Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1903545128 SOLARIS WATER MIDSTREAM, LLC 12/27/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1903157889 OXY USA INC 12/26/18 Minor Oil Release Crude Oil Human Error Eddy (15)
nCS1900850599 ENDURING RESOURCES, LLC 12/26/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Sandoval (43)
nAB1901654690 XTO ENERGY, INC 12/25/18 Major Produced Water Release Crude Oil, Produced Water Corrosion, Equipment Failure Eddy (15)
nAB1901652206 XTO ENERGY, INC 12/25/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1903733353 HARVARD PETROLEUM COMPANY, LLC 12/25/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1901731305 MEWBOURNE OIL CO 12/24/18 Major Oil Release Crude Oil Corrosion Eddy (15)

nCH1903539236 ETC Texas Pipeline, Ltd. 12/24/18 Major Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Lea (25)

nCH1903543329 COG OPERATING LLC 12/23/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1900951790 XTO ENERGY, INC 12/22/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nDHR1914456327 DEVON ENERGY PRODUCTION COMPANY, LP 12/22/18 Major Fire Chemical (Specify) Fire Lea (25)
nDHR1913647054 DEVON ENERGY PRODUCTION COMPANY, LP 12/22/18 Major Release Other Other (Specify) Fire Lea (25)
nAB1900954066 COG OPERATING LLC 12/22/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1903363086 GOODNIGHT MIDSTREAM PERMIAN, LLC 12/22/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1903537449 COG OPERATING LLC 12/21/18 Major Produced Water Release Crude Oil, Produced Water Fire Lea (25)
nAB1900950198 COG OPERATING LLC 12/21/18 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1900945074 COG OPERATING LLC 12/21/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1903640405 DEVON ENERGY PRODUCTION COMPANY, LP 12/20/18 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAB1901827794 DEVON ENERGY PRODUCTION COMPANY, LP 12/19/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1903638862 DEVON ENERGY PRODUCTION COMPANY, LP 12/18/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1836050592 HILCORP ENERGY COMPANY 12/17/18 Major Release Other Condensate Corrosion San Juan (45)
nAB1836256582 COG OPERATING LLC 12/16/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1903150945 OXY USA INC 12/15/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1836140880 XTO ENERGY, INC 12/14/18 Major Oil Release Crude Oil Fire Eddy (15)
nAB1836137253 XTO ENERGY, INC 12/14/18 Major Produced Water Release Produced Water Vandalism Eddy (15)
nAB1901441004 MATADOR PRODUCTION COMPANY 12/14/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCH1903358776 JAY MANAGEMENT COMPANY, LLC 12/14/18 Minor Release Other Other (Specify) Human Error Lea (25)
nCH1903264560 BTA OIL PRODUCERS, LLC 12/14/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1903361737 Contango Resources, Inc. 12/14/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1900731813 Harvest Four Corners, LLC 12/14/18 Minor Release Other Condensate Overflow - Tank, Pit, Etc. Rio Arriba (39)
nAB1906537471 XTO ENERGY, INC 12/13/18 Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1836035634 SIMCOE LLC 12/13/18 Minor Release Other Condensate Equipment Failure San Juan (45)

nVF1900853946 ENTERPRISE FIELD SERVICES L.L.C. 12/12/18 Minor Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)
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nAB1907833391 COG OPERATING LLC 12/12/18 Oil Release Crude Oil Equipment Failure Lea (25)
nCH1903364312 Spur Energy Partners LLC 12/12/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1903257528 Extex Operating Company 12/12/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1900758424 Extex Operating Company 12/12/18 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1903143107 OXY USA INC 12/11/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1903142535 OXY USA INC 12/11/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1836228602 ENTERPRISE FIELD SERVICES L.L.C. 12/11/18 Release Other Natural Gas Liquids Equipment Failure San Juan (45)
nVF1836228041 ENTERPRISE FIELD SERVICES L.L.C. 12/11/18 Other Natural Gas Liquids Equipment Failure San Juan (45)
nCH1903857581 RIDGEWAY ARIZONA OIL CORP. 12/11/18 Minor Produced Water Release Produced Water Corrosion Roosevelt (41)
nRM2030743512 DKS Transport LLC 12/11/18 Minor Oil Release Crude Oil Human Error Eddy (15)
nCH1903360398 Contango Resources, Inc. 12/11/18 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nVF1900749627 DJR OPERATING, LLC 12/11/18 Minor Release Other Other (Specify) Other San Juan (45)
nAB1914933694 DEVON ENERGY PRODUCTION COMPANY, LP 12/10/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1903240708 Maverick Permian LLC 12/10/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1901741056 HILCORP ENERGY COMPANY 12/10/18 Minor Release Other Condensate Equipment Failure San Juan (45)
nCH1903357465 APACHE CORPORATION 12/9/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1836255128 XTO ENERGY, INC 12/9/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1918631481 HARVARD PETROLEUM COMPANY, LLC 12/9/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1911252641 XTO ENERGY, INC 12/8/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1903355030 MATADOR PRODUCTION COMPANY 12/8/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1836130754 COG OPERATING LLC 12/8/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1903349971 MARATHON OIL PERMIAN LLC 12/8/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1835134267 CHEVRON U S A INC 12/7/18 Major Release Other Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nAB1836043541 COG OPERATING LLC 12/7/18 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nCH1903263128 BTA OIL PRODUCERS, LLC 12/7/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1835433252 PERCUSSION PETROLEUM OPERATING, LLC 12/7/18 Produced Water Release Eddy (15)
nAB1835232380 PERCUSSION PETROLEUM OPERATING, LLC 12/7/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1903352778 MULLOY OPERATING, INC. 12/6/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1835458775 COG OPERATING LLC 12/6/18 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1903140169 DEVON ENERGY PRODUCTION COMPANY, LP 12/5/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1836051744 ENTERPRISE FIELD SERVICES L.L.C. 12/5/18 Natural Gas Release San Juan (45)
nCH1902835814 CIMAREX ENERGY CO. OF COLORADO 12/5/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1835435334 COG PRODUCTION, LLC 12/5/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1835453016 COG OPERATING LLC 12/5/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1903249514 Avant Operating, LLC 12/5/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1909829288 DEVON ENERGY PRODUCTION COMPANY, LP 12/4/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1835433825 COG OPERATING LLC 12/4/18 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1835836675 MARATHON OIL PERMIAN LLC 12/4/18 Minor Oil Release Crude Oil Equipment Failure Chaves (05)
nAB1918457124 DEVON ENERGY PRODUCTION COMPANY, LP 12/3/18 Major Oil Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1900849847 HALLADOR PETROLEUM LLP 12/3/18 Release Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nAB1901644767 OXY USA INC 12/3/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1835129741 COG OPERATING LLC 12/3/18 Oil Release Eddy (15)
nAB1835128740 COG OPERATING LLC 12/3/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1834651412 PERCUSSION PETROLEUM OPERATING, LLC 12/3/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1901157134 OXY USA INC 12/2/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1836251271 BTA OIL PRODUCERS, LLC 12/2/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1900435050 MACK ENERGY CORP 12/1/18 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
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nCH1836256201 CONOCOPHILLIPS COMPANY 12/1/18 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1835339580 RILEY PERMIAN OPERATING COMPANY, LLC 12/1/18 Natural Gas Release Eddy (15)
nAB1909857043 DEVON ENERGY PRODUCTION COMPANY, LP 11/30/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCH1902844286 EOG RESOURCES INC 11/30/18 Produced Water Release Lea (25)
nAB1836157608 IACX Production LLC 11/30/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Chaves (05)
nCH1903254965 ETC Texas Pipeline, Ltd. 11/30/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1900451270 MARATHON OIL PERMIAN LLC 11/30/18 Major Other Unknown Other Eddy (15)

nVF1836031460 ENTERPRISE FIELD SERVICES L.L.C. 11/29/18 Minor Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nCH1902838556 Spur Energy Partners LLC 11/29/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1836354752 ETC Texas Pipeline, Ltd. 11/28/18 Minor Natural Gas Release Natural Gas Liquids Blow Out Lea (25)
nAB1901038306 XTO ENERGY, INC 11/27/18 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1903735236 OXY USA INC 11/27/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1901650213 OXY USA INC 11/27/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1901057784 OXY USA INC 11/27/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1901048817 OXY USA INC 11/27/18 Oil Release Eddy (15)
nAB1911942690 DEVON ENERGY PRODUCTION COMPANY, LP 11/26/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1834851697 MATADOR PRODUCTION COMPANY 11/26/18 Minor Produced Water Release Produced Water Vandalism Eddy (15)
nCH1836234042 V-F PETROLEUM INC 11/25/18 Major Produced Water Release Produced Water Vandalism Lea (25)
nCH1835540209 BTA OIL PRODUCERS, LLC 11/25/18 Major Oil Release Crude Oil Human Error Lea (25)
nCH1836352690 COG OPERATING LLC 11/24/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1903261125 JAY MANAGEMENT COMPANY, LLC 11/24/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1835547953 BTA OIL PRODUCERS, LLC 11/24/18 Major Produced Water Release Condensate, Sulphuric Acid Equipment Failure Lea (25)
nCH1836353684 ETC Texas Pipeline, Ltd. 11/24/18 Minor Natural Gas Release Condensate, Natural Gas Liquids Human Error Lea (25)
nAB1834856505 CHEVRON U S A INC 11/23/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1834731727 MARATHON OIL PERMIAN LLC 11/23/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1901141510 OXY USA INC 11/22/18 Produced Water Release Eddy (15)

nAB1834730382 ETC Texas Pipeline, Ltd. 11/22/18 Major Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion Eddy (15)

nAB1835359072 DEVON ENERGY PRODUCTION COMPANY, LP 11/21/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1901039878 OXY USA INC 11/21/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1836051792 Maverick Permian LLC 11/21/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1909351682 HILCORP ENERGY COMPANY 11/21/18 Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nAB1912032237 DEVON ENERGY PRODUCTION COMPANY, LP 11/20/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1900239191 SIMCOE LLC 11/20/18 Release Other San Juan (45)
nAB1834656162 XTO ENERGY, INC 11/19/18 Oil Release Eddy (15)
nAB1834557744 XTO ENERGY, INC 11/19/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1918455869 DEVON ENERGY PRODUCTION COMPANY, LP 11/19/18 Minor Oil Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nRM2007953992 Spur Energy Partners LLC 11/19/18 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1833832851 SIMCOE LLC 11/19/18 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nVF1833333426 HILCORP ENERGY COMPANY 11/19/18 Major Release Other Condensate Corrosion San Juan (45)
nAB1905758309 PHX Energy, LLC 11/19/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1834736043 XTO ENERGY, INC 11/18/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nCH1836147495 DEVON ENERGY PRODUCTION COMPANY, LP 11/18/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1901857035 OXY USA INC 11/18/18 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1834753277 COG OPERATING LLC 11/18/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1834529793 MARATHON OIL PERMIAN LLC 11/18/18 Major Oil Release Crude Oil Fire Eddy (15)
nAB1832750616 MARATHON OIL PERMIAN LLC 11/18/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
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nCH1836163926 Franklin Mountain Energy 3, LLC 11/17/18 Minor Produced Water Release Produced Water Corrosion Lea (25)

nCS1833939663 ENTERPRISE PRODUCTS OPERATING LLC 11/16/18 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCH1835354607 Maverick Permian LLC 11/16/18 Minor Release Other Crude Oil, Produced Water Human Error Lea (25)
nCS1833331001 HILCORP ENERGY COMPANY 11/16/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCH1836146384 DEVON ENERGY PRODUCTION COMPANY, LP 11/15/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1613933289 GREAT WESTERN DRILLING CO 11/15/18 Produced Water Release Crude Oil, Produced Water Lea (25)
nJXK1613932012 GREAT WESTERN DRILLING CO 11/15/18 Produced Water Release Crude Oil, Produced Water Lea (25)
nJXK1613930931 GREAT WESTERN DRILLING CO 11/15/18 Produced Water Release Crude Oil, Produced Water Lea (25)
nCOH0804948817 EOG Y RESOURCES, INC. 11/15/18 Other Lea (25)
nAB1832754183 COG OPERATING LLC 11/15/18 Major Produced Water Release Produced Water Other Eddy (15)
nCS1833149167 ENTERPRISE PRODUCTS OPERATING LLC 11/15/18 Minor Oil Release Condensate Equipment Failure San Juan (45)
nVF1833048464 MERRION OIL & GAS CORP 11/14/18 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1901458187 OXY USA INC 11/14/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCH1835350412 COG OPERATING LLC 11/14/18 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1900756452 LEGACY RESERVES OPERATING, LP 11/14/18 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1900453128 SELECT AGUA LIBRE MIDSTREAM, LLC 11/14/18 Major Oil Release Crude Oil Other Eddy (15)
nCH1835138161 XTO ENERGY, INC 11/13/18 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1912031438 DEVON ENERGY PRODUCTION COMPANY, LP 11/13/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1900739710 DEVON ENERGY PRODUCTION COMPANY, LP 11/13/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1834454137 EOG Y RESOURCES, INC. 11/13/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nCH1903859708 FRONTIER FIELD SERVICES, LLC 11/13/18 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Lea (25)

nCH1834763224 BTA OIL PRODUCERS, LLC 11/13/18 Major Oil Release Produced Water Equipment Failure Lea (25)
nAB1904938358 Extex Operating Company 11/13/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1834549736 Earthstone Operating, LLC 11/13/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1833942096 HILCORP ENERGY COMPANY 11/13/18 Major Other Rio Arriba (39)
nCH1835433141 APACHE CORPORATION 11/12/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1902549189 OXY USA INC 11/12/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1832752379 COG OPERATING LLC 11/12/18 Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nCH1835251206 J R OIL, LTD. CO. 11/12/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1835254557 Avant Operating, LLC 11/12/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1832458041 XTO ENERGY, INC 11/11/18 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1833955064 RAYBAW Operating, LLC 11/11/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1900959144 DEVON ENERGY PRODUCTION COMPANY, LP 11/10/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1833954243 RKI EXPLORATION & PRODUCTION, LLC 11/10/18 Natural Gas Release Eddy (15)
nAB1834548251 NOVO OIL & GAS NORTHERN DELAWARE, LLC 11/10/18 Major Produced Water Release Crude Oil, Produced Water Blow Out Eddy (15)
nAB1834044196 CHEVRON U S A INC 11/9/18 Minor Release Other Diesel Human Error Eddy (15)
nAPM2315744702 HILCORP ENERGY COMPANY 11/9/18 Other San Juan (45)
nCH1903659124 OXY USA INC 11/8/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1835338787 COG OPERATING LLC 11/8/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1831937668 HADAWAY CONSULTING AND ENGINEERING, LLC 11/8/18 Release Other Brine Water Equipment Failure Chaves (05)
nAB1831736353 APACHE CORPORATION 11/7/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1835528827 DEVON ENERGY PRODUCTION COMPANY, LP 11/7/18 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1833044068 EOG Y RESOURCES, INC. 11/7/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1835456427 RAYBAW Operating, LLC 11/7/18 Major Produced Water Release Produced Water Human Error Lea (25)
nCH1834758704 Maverick Permian LLC 11/7/18 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1833042496 MARATHON OIL PERMIAN LLC 11/7/18 Oil Release Crude Oil Equipment Failure Eddy (15)
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nCH1835357590 MATADOR PRODUCTION COMPANY 11/6/18 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1901036530 EL PASO NATURAL GAS CO 11/5/18 Minor Oil Release Lube Oil Equipment Failure Luna (29)
nCH1834660473 FASKEN OIL & RANCH LTD 11/5/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1835257708 COG OPERATING LLC 11/5/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1900956626 DEVON ENERGY PRODUCTION COMPANY, L.P. 11/5/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nCH1835260295 SOLARIS WATER MIDSTREAM, LLC 11/5/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1832755462 MARATHON OIL PERMIAN LLC 11/5/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1831248591 HILCORP ENERGY COMPANY 11/5/18 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1900938845 LONGFELLOW ENERGY, LP 11/5/18 Major Produced Water Release Produced Water Lightning Eddy (15)
nCH1834663774 FASKEN OIL & RANCH LTD 11/4/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1835145746 MATADOR PRODUCTION COMPANY 11/4/18 Minor Produced Water Release Produced Water Other Eddy (15)

nCH1834529236 TAP ROCK OPERATING, LLC 11/4/18 Major Release Other
[OBSOLETE] Natural Gas 
(Methane), Produced Water Fire Lea (25)

nAB1834536769 EOG RESOURCES INC 11/3/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1832456131 Spur Energy Partners LLC 11/3/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nDHR1913638361 DEVON ENERGY PRODUCTION COMPANY, LP 11/2/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nDHR1913635865 DEVON ENERGY PRODUCTION COMPANY, LP 11/2/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1900944059 PERCUSSION PETROLEUM OPERATING, LLC 11/2/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1831938444 ENDURING RESOURCES, LLC 11/2/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Sandoval (43)
nCH1834760902 Permian Water Solutions, LLC 11/2/18 Produced Water Release Lea (25)
nAB1834553041 DEVON ENERGY PRODUCTION COMPANY, LP 11/1/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMAP1831035468 XTO ENERGY, INC 10/31/18 Produced Water Release Eddy (15)
nAB1832747678 OXY USA INC 10/31/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1836158635 WPX Energy Permian, LLC 10/31/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure 0
nAB1832536550 OXY USA INC 10/30/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1902951984 WPX Energy Permian, LLC 10/30/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1831841169 HILCORP ENERGY COMPANY 10/30/18 Minor Produced Water Release Produced Water Human Error San Juan (45)
nCH1834434260 COG OPERATING LLC 10/29/18 Release Other Lea (25)
nOY1831236288 Contango Resources, LLC 10/29/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1831734509 SOLARIS WATER MIDSTREAM, LLC 10/29/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1900732571 PERCUSSION PETROLEUM OPERATING, LLC 10/29/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1835359008 OXY USA INC 10/28/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nCH1834657063 Enterprise Field Services, LLC 10/28/18 Major Release Other
Natural Gas Liquids, Other 
(Specify) Human Error Lea (25)

nAB1832354684 XTO ENERGY, INC 10/27/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1832445534 COG OPERATING LLC 10/27/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1912055185 3R Operating, LLC 10/27/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1912053531 3R Operating, LLC 10/27/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1832058269 CHEVRON U S A INC 10/26/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1832358581 XTO ENERGY, INC 10/26/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1914258619 DEVON ENERGY PRODUCTION COMPANY, LP 10/26/18 Major Produced Water Release Produced Water Human Error Eddy (15)

nCH1831954977 ETC Texas Pipeline, Ltd. 10/26/18 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Lea (25)

nDHR1914832559 DEVON ENERGY PRODUCTION COMPANY, LP 10/25/18 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1831835563 Harvest Four Corners, LLC 10/25/18 Minor Release Other Other (Specify) Human Error Rio Arriba (39)
nAB1832749722 OXY USA INC 10/24/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1830948336 ENTERPRISE FIELD SERVICES L.L.C. 10/24/18 Natural Gas Release San Juan (45)
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nCH1830572329 CIMAREX ENERGY CO. 10/24/18 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1830935907 CONOCOPHILLIPS COMPANY 10/24/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1833433973 VANGUARD OPERATING, LLC 10/24/18 Natural Gas Release Eddy (15)
nVF1831937257 HILCORP ENERGY COMPANY 10/24/18 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nOY1830928183 APACHE CORPORATION 10/23/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1831239751 COG OPERATING LLC 10/23/18 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1831237980 COG OPERATING LLC 10/23/18 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1831230353 COG OPERATING LLC 10/23/18 Minor Release Other Crude Oil, Produced Water Corrosion Eddy (15)

nOY1831160155 BTA OIL PRODUCERS, LLC 10/23/18 Major Oil Release Crude Oil, Produced Water
Equipment Failure, Human 
Error Lea (25)

nAB1832748518 Permian Resources Operating, LLC 10/23/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1830938217 COG OPERATING LLC 10/22/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1830954484 APACHE CORPORATION 10/21/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1830957030 COG OPERATING LLC 10/21/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1831140454 Earthstone Operating, LLC 10/21/18 Major Produced Water Release Produced Water Human Error Lea (25)
nDHR1913560513 DEVON ENERGY PRODUCTION COMPANY, LP 10/20/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1918442369 DEVON ENERGY PRODUCTION COMPANY, LP 10/20/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1909832421 HARVARD PETROLEUM COMPANY, LLC 10/20/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1831040549 MARATHON OIL PERMIAN LLC 10/20/18 Major Produced Water Release Produced Water Vandalism Eddy (15)
nVF1831839225 ENTERPRISE FIELD SERVICES L.L.C. 10/19/18 Minor Natural Gas Release Condensate Equipment Failure San Juan (45)
nCS1831935656 SIMCOE LLC 10/19/18 Produced Water Release Rio Arriba (39)
nOY1830932050 COG OPERATING LLC 10/18/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nOY1830941911 RAYBAW Operating, LLC 10/18/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1830940011 MARATHON OIL PERMIAN LLC 10/18/18 Major Fire Crude Oil Fire Lea (25)
nJYH2305951807 MARATHON OIL PERMIAN LLC 10/18/18 Major Fire Crude Oil Fire Lea (25)
nMAP1830966107 XTO ENERGY, INC 10/17/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1831238090 OXY USA INC 10/17/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1903138297 OXY USA INC 10/17/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1831958409 OXY USA INC 10/17/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1831944630 OXY USA INC 10/17/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMAP1830767009 COG OPERATING LLC 10/16/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1830630434 ETC Texas Pipeline, Ltd. 10/16/18 Major Blow Out Other (Specify) Blow Out Lea (25)
nCH1830561516 ETC Texas Pipeline, Ltd. 10/16/18 Blow Out Lea (25)
nVF1830934126 HILCORP ENERGY COMPANY 10/16/18 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nMAP1830765843 XTO ENERGY, INC 10/14/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMAP1829561319 Spur Energy Partners LLC 10/13/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1829553198 Scorpion Oil & Gas, LLC 10/12/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMAP1830762934 XTO ENERGY, INC 10/11/18 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1829627459 MERRION OIL & GAS CORP 10/11/18 Major Oil Release Crude Oil Equipment Failure San Juan (45)
nOY1829049280 COG OPERATING LLC 10/11/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1911943617 DEVON ENERGY PRODUCTION COMPANY, LP 10/10/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1829558271 EOG RESOURCES INC 10/10/18 Major Produced Water Release Produced Water Human Error Lea (25)
nOY1828949839 CONOCOPHILLIPS COMPANY 10/10/18 Minor Produced Water Release Produced Water Other Lea (25)
nAB1912030785 Permian Resources Operating, LLC 10/10/18 Minor Oil Release Crude Oil Corrosion Eddy (15)
nMAP1828862538 COG PRODUCTION, LLC 10/9/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1828929406 ENCANA OIL & GAS (USA) INC. 10/9/18 Major Other Other (Specify) Vehicular Accident San Juan (45)
nCH1830568497 FOUNDATION ENERGY MANAGEMENT, LLC 10/9/18 Major Release Other Other (Specify) Equipment Failure Lea (25)
nMAP1830759028 XTO ENERGY, INC 10/8/18 Major Other Drilling Mud/Fluid Human Error Eddy (15)
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nOY1829044135 COG OPERATING LLC 10/8/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1828542146 COG OPERATING LLC 10/8/18 Major Release Other Other (Specify) Equipment Failure Lea (25)
nAB1909938183 Roughhouse Operating, LLC 10/8/18 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nMAP1829543220 COG OPERATING LLC 10/6/18 Produced Water Release Lea (25)
nMAP1829837341 XTO ENERGY, INC 10/5/18 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMAP1829563750 OXY USA INC 10/5/18 Major Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nMAP1828834586 COG OPERATING LLC 10/5/18 Oil Release Crude Oil, Produced Water Vandalism Eddy (15)
nMAP1829770394 XTO ENERGY, INC 10/4/18 Minor Other Other (Specify) Human Error Eddy (15)
nMAP1828469051 COG OPERATING LLC 10/4/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1829542961 BTA OIL PRODUCERS, LLC 10/4/18 Major Oil Release Crude Oil Fire Lea (25)
nMAP1831864367 XTO ENERGY, INC 10/3/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMAP1829649787 XTO ENERGY, INC 10/3/18 Major Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nOY1828934361 CONOCOPHILLIPS COMPANY 10/3/18 Major Release Other Drilling Mud/Fluid Human Error Lea (25)
nMAP1829538517 XTO ENERGY, INC 10/2/18 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1828944685 APACHE CORPORATION 10/1/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nCH1829036262 BTA OIL PRODUCERS, LLC 10/1/18 Produced Water Release Lea (25)
nCS1828940855 LOGOS RESOURCES, LLC 10/1/18 Minor Produced Water Release Produced Water Other Rio Arriba (39)
nCH1828530607 CENTENNIAL RESOURCE PRODUCTION, LLC 10/1/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nVF1829149123 WILLIAMS FOUR CORNERS, LLC 9/30/18 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure San Juan (45)

nOY1828955692 DCP MIDSTREAM, LP 9/30/18 Minor Release Other Condensate Other Lea (25)
nCH1828533458 Contango Resources, Inc. 9/30/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1831950965 HILCORP ENERGY COMPANY 9/30/18 Release Other Other (Specify) Human Error San Juan (45)
nVF1828341427 Hilcorp San Juan L.P. 9/30/18 Release Other Motor Oil Equipment Failure San Juan (45)
nOY1828940305 EOG RESOURCES INC 9/29/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1828540930 COG OPERATING LLC 9/29/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1828930229 DUGAN PRODUCTION CORP 9/28/18 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nOY1827449098 PHILLIPS 66 COMPANY 9/28/18 Major Oil Release Crude Oil Other Lea (25)
nMAP1828471400 COG OPERATING LLC 9/28/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMAP1828466301 COG OPERATING LLC 9/28/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1828941804 DUGAN PRODUCTION CORP 9/27/18 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nMAP1828470405 XTO ENERGY, INC 9/26/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1911250576 XTO ENERGY, INC 9/26/18 Major Other Other (Specify) Fire Eddy (15)
nVF1829629660 MERRION OIL & GAS CORP 9/26/18 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nCH1828539404 COG OPERATING LLC 9/26/18 Major Other Other (Specify) Equipment Failure Lea (25)
nMAP1828465158 XTO ENERGY, INC 9/25/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1827137381 SOUTHWEST ROYALTIES INC 9/25/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nMAP1828463427 WPX Energy Permian, LLC 9/25/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1828443859 RILEY PERMIAN OPERATING COMPANY, LLC 9/25/18 Natural Gas Release Eddy (15)
nCH1828463241 PLAINS PIPELINE, LP 9/25/18 Minor Oil Release Crude Oil Human Error Lea (25)
nMAP1831166285 XTO ENERGY, INC 9/24/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMAP1829562807 OXY USA INC 9/24/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nOY1827054957 COG OPERATING LLC 9/24/18 Major Oil Release Crude Oil Human Error Lea (25)
nAB1909834775 DEVON ENERGY PRODUCTION COMPANY, LP 9/23/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1828535092 Empire New Mexico LLC 9/22/18 Minor Other Other (Specify) Corrosion Lea (25)
nVF1828338890 SIMCOE LLC 9/21/18 Release Other Condensate Equipment Failure San Juan (45)
nOY1827131341 PLAINS PIPELINE, LP 9/21/18 Minor Oil Release Crude Oil Corrosion Lea (25)
nOY1827052264 COG OPERATING LLC 9/20/18 Major Oil Release Crude Oil Human Error Lea (25)

WG Ex. 92

3098



nMAP1826967267 COG OPERATING LLC 9/20/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1826757876 Avant Operating, LLC 9/20/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nVF1826951457 DJR OPERATING, LLC 9/20/18 Major Oil Release San Juan (45)
nOY1827142978 APACHE CORPORATION 9/19/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1827057150 DEVON ENERGY PRODUCTION COMPANY, LP 9/19/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1828467837 OXY USA INC 9/19/18 Major Produced Water Release Produced Water Lightning Lea (25)
nCH1828465579 OXY USA INC 9/19/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMAP1828226742 MATADOR PRODUCTION COMPANY 9/19/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1827050714 COG OPERATING LLC 9/19/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nMAP1827453150 COG OPERATING LLC 9/19/18 Minor Produced Water Release Produced Water Human Error Eddy (15)
nMAP1827469186 XTO ENERGY, INC 9/18/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMAP1829627500 OXY USA INC 9/18/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMAP1826960229 COG OPERATING LLC 9/18/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1826835919 BTA OIL PRODUCERS, LLC 9/18/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1826848178 APACHE CORPORATION 9/17/18 Produced Water Release Produced Water Vandalism Lea (25)
nAB1911934844 DEVON ENERGY PRODUCTION COMPANY, LP 9/17/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1828939730 HARVEST ENERGY COMPANY 9/17/18 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion Rio Arriba (39)

nVF1828255280 HUNTINGTON ENERGY, LLC 9/17/18 Minor Release Other Produced Water Equipment Failure Rio Arriba (39)

nCS1827631854 WILLIAMS FOUR CORNERS 9/17/18 Major Oil Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion San Juan (45)

nMAP1826970471 WPX Energy Permian, LLC 9/17/18 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nMAP1826165680 APACHE CORPORATION 9/16/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1826433815 COG OPERATING LLC 9/16/18 Major Oil Release Crude Oil Human Error Lea (25)
nMAP1827464486 ROCKCLIFF OPERATING NEW MEXICO LLC 9/16/18 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1831858193 CHEVRON U S A INC 9/15/18 Major Produced Water Release Produced Water Other Eddy (15)
nOY1827440597 COG OPERATING LLC 9/15/18 Minor Produced Water Release Produced Water Corrosion Lea (25)
nCS1828935731 ENTERPRISE FIELD SERVICES, LLC 9/14/18 Minor Oil Release Condensate, Produced Water Corrosion San Juan (45)
nAB1911941733 DEVON ENERGY PRODUCTION COMPANY, LP 9/13/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1826748976 MESQUITE SWD, INC 9/13/18 Major Produced Water Release Produced Water Other Lea (25)
nCH1827850988 ONSHORE ROYALTIES, LLC 9/13/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nOY1827453039 Empire New Mexico LLC 9/13/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1827457034 XTO ENERGY, INC 9/12/18 Major Fire Crude Oil Other Lea (25)
nOY1829759181 KEVIN O BUTLER & ASSOC INC 9/12/18 Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nMAP1826856458 HUDSON OIL COMPANY OF TEXAS 9/12/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMAP1828467764 EOG Y RESOURCES, INC. 9/12/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMAP1827465907 LIME ROCK RESOURCES II-A, L.P. 9/12/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMAP1826855996 HUDSON OIL COMPANY OF TEXAS 9/11/18 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1826826475 BTA OIL PRODUCERS, LLC 9/11/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nMAP1826969177 Contango Resources, Inc. 9/11/18 Major Oil Release Crude Oil Other Eddy (15)
nCS1828855421 DJR OPERATING, LLC 9/11/18 Major Oil Release Condensate, Crude Oil Corrosion San Juan (45)
nMAP1826375984 APACHE CORPORATION 9/10/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMAP1826932726 XTO ENERGY, INC 9/8/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1829050741 WESTERN REFINING PIPELINE, LLC 9/8/18 Major Release Other Crude Oil Equipment Failure McKinley (31)
nMAP1825639448 BREITBURN OPERATING LP 9/8/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMAP1825443431 COG OPERATING LLC 9/6/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMAP1826381249 DEVON ENERGY PRODUCTION COMPANY, LP 9/5/18 Produced Water Release Eddy (15)
nOY1825042840 COG PRODUCTION, LLC 9/5/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nCS1828938721 ENTERPRISE FIELD SERVICES, LLC 9/5/18 Major Oil Release Condensate Equipment Failure San Juan (45)
nMAP1825433366 Silverback Operating II, LLC 9/5/18 Major Produced Water Release Produced Water Human Error Eddy (15)
nMAP1826378405 XTO ENERGY, INC 9/4/18 Minor Produced Water Release Crude Oil, Produced Water Blow Out Eddy (15)
nAB1911927632 DEVON ENERGY PRODUCTION COMPANY, LP 9/4/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1825057115 PHILLIPS 66 COMPANY 9/4/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nVF1828256057 HUNTINGTON ENERGY, LLC 9/4/18 Minor Release Other Produced Water Equipment Failure Rio Arriba (39)
nMAP1825431112 Spur Energy Partners LLC 9/4/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1826741395 ENDURING RESOURCES, LLC 9/4/18 Produced Water Release Produced Water Corrosion Rio Arriba (39)
nCH1826249228 OXY USA INC 9/3/18 Major Produced Water Release Produced Water Lightning Lea (25)
nCH1826343790 Contango Resources, Inc. 9/3/18 Major Fire Produced Water Lightning Lea (25)
nOY1826745008 Earthstone Operating, LLC 9/3/18 Major Fire Produced Water Lightning Lea (25)
nCH1825442282 Franklin Mountain Energy 3, LLC 9/3/18 Major Fire Other (Specify) Lightning Lea (25)
nOY1826852450 DEVON ENERGY PRODUCTION COMPANY, LP 9/2/18 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1918632678 DEVON ENERGY PRODUCTION COMPANY, LP 9/2/18 Major Produced Water Release Produced Water Lightning Lea (25)
nCH1825355191 MARATHON OIL PERMIAN LLC 9/2/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1826229752 MorningStar Operating LLC 9/1/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nOY1826754554 Ameredev New Mexico, LLC 9/1/18 Minor Oil Release Crude Oil Human Error Lea (25)
nCH1827843022 DEVON ENERGY PRODUCTION COMPANY, LP 8/31/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1827837754 DEVON ENERGY PRODUCTION COMPANY, LP 8/31/18 Major Produced Water Release Produced Water Human Error Lea (25)
nMAP1826042805 HARVARD PETROLEUM COMPANY, LLC 8/31/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1827829338 SOUTHWEST ROYALTIES INC 8/31/18 Oil Release Crude Oil Equipment Failure Lea (25)
nCH1824355963 Spur Energy Partners LLC 8/31/18 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nMAP1825437296 COG OPERATING LLC 8/30/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1825038685 OXY USA INC 8/29/18 Minor Oil Release Crude Oil Human Error Lea (25)
nMAP1826380135 OXY USA INC 8/29/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1824358314 COG OPERATING LLC 8/29/18 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1826154989 ETC Texas Pipeline, Ltd. 8/29/18 Blow Out Lea (25)
nMAP1825553144 XTO ENERGY, INC 8/28/18 Minor Other Acid Equipment Failure Eddy (15)
nCH1824254451 CART HILL ENERGY, LLC 8/28/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1825051444 MARATHON OIL PERMIAN LLC 8/28/18 Major Fire Crude Oil Equipment Failure Lea (25)
nMAP1825459428 XTO ENERGY, INC 8/27/18 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nCH1830627946 J R OIL, LTD. CO. 8/27/18 Major Fire Other (Specify) Lightning Lea (25)
nCS1907738902 HILCORP ENERGY COMPANY 8/27/18 Produced Water Release Rio Arriba (39)
nMAP1823955554 COG OPERATING LLC 8/26/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1825351115 CHEVRON U S A INC 8/24/18 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1909833450 DEVON ENERGY PRODUCTION COMPANY, LP 8/24/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1828937011 HARVEST ENERGY COMPANY 8/24/18 Major Oil Release Produced Water Corrosion San Juan (45)
nMAP1829546514 CONOCOPHILLIPS COMPANY 8/24/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1825340581 SIMCOE LLC 8/24/18 Minor Produced Water Release Condensate, Produced Water Equipment Failure San Juan (45)
nVF1834753017 HILCORP ENERGY COMPANY 8/24/18 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nOY1825032205 APACHE CORPORATION 8/23/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1826928236 OXY USA INC 8/23/18 Minor Oil Release Crude Oil Other Lea (25)
nMAP1825442403 COG OPERATING LLC 8/23/18 Major Produced Water Release Produced Water Human Error Eddy (15)
nMAP1825434208 IACX Production LLC 8/23/18 Minor Produced Water Release Produced Water Vandalism Chaves (05)
nCS1825433658 DJR OPERATING, LLC 8/23/18 Other Other (Specify) Other Rio Arriba (39)
nAB1905955402 COG OPERATING LLC 8/22/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1823936420 HILCORP ENERGY COMPANY 8/22/18 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
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nMAP1825437863 XTO ENERGY, INC 8/21/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMAP1825436823 OXY USA INC 8/21/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCH1823548255 PLAINS MARKETING, L.P. 8/21/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nMAP1823450982 HOLLY ENERGY PARTNERS 8/21/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1829836440 SIMCOE LLC 8/21/18 Release Other Produced Water Other San Juan (45)
nMAP1825441890 MACK ENERGY CORP 8/20/18 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nCH1823427905 COG OPERATING LLC 8/20/18 Minor Produced Water Release Produced Water Human Error Lea (25)
nCH1825045841 XTO ENERGY, INC 8/19/18 Major Other Other (Specify) Human Error Lea (25)
nCH1823364998 PLAINS MARKETING, L.P. 8/19/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nMAP1825438878 XTO ENERGY, INC 8/18/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMAP1823934988 OXY USA INC 8/18/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMAP1823333271 COG OPERATING LLC 8/18/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMAP1823331695 COG OPERATING LLC 8/18/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1823355359 LEGACY RESERVES OPERATING, LP 8/18/18 Major Oil Release Crude Oil Human Error Lea (25)
nMAP1825439764 RAYBAW Operating, LLC 8/18/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMAP1827468378 APACHE CORPORATION 8/17/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1823336566 CAMBRIAN MANAGEMENT LTD 8/17/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nMAP1823236654 COG OPERATING LLC 8/16/18 Major Produced Water Release Produced Water Eddy (15)
nMAP1823560032 LG&S OIL COMPANY, LLC 8/16/18 Major Oil Release Crude Oil Vandalism Eddy (15)
nCH1825035503 MARATHON OIL PERMIAN LLC 8/16/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMAP1825435574 OXY USA INC 8/15/18 Major Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nAPP2314344835 OXY USA INC 8/15/18 Major Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1831038467 OXY USA INC 8/15/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1831034687 OXY USA INC 8/15/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1823346680 PHILLIPS PIPELINE CO 8/15/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nMAP1822955161 COG PRODUCTION, LLC 8/15/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1823348438 COG OPERATING LLC 8/15/18 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAB1914855976 DEVON ENERGY PRODUCTION COMPANY, LP 8/14/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1911658680 DEVON ENERGY PRODUCTION COMPANY, LP 8/14/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1825431333 ENTERPRISE FIELD SERVICES L.L.C. 8/14/18 Minor Oil Release Condensate Equipment Failure Rio Arriba (39)
nVF1825428620 ENTERPRISE FIELD SERVICES, LLC 8/14/18 Minor Release Other Condensate Other San Juan (45)
nOY1823242582 COG OPERATING LLC 8/13/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1823241508 COG OPERATING LLC 8/13/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMAP1823936240 XTO ENERGY, INC 8/12/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1918633605 DEVON ENERGY PRODUCTION COMPANY, LP 8/12/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1914858909 DEVON ENERGY PRODUCTION COMPANY, LP 8/12/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1823238365 COG OPERATING LLC 8/12/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMAP1823042322 COG OPERATING LLC 8/12/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1823634114 NNOGC EXPLORATION AND PRODUCTION, LLC 8/12/18 Oil Release San Juan (45)
nVF1824055063 LOGOS OPERATING, LLC 8/11/18 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nMAP1822870620 Spur Energy Partners LLC 8/11/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1823935024 DEVON ENERGY PRODUCTION COMPANY, LP 8/10/18 Major Fire Lea (25)
nCH1823931703 DEVON ENERGY PRODUCTION COMPANY, LP 8/10/18 Major Other Produced Water Fire Lea (25)
nOY1822228131 COG PRODUCTION, LLC 8/10/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1823239315 COG OPERATING LLC 8/10/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nMAP1822950996 COG OPERATING LLC 8/10/18 Major Oil Release Crude Oil Human Error Eddy (15)
nMAP1822925828 COG OPERATING LLC 8/10/18 Produced Water Release Crude Oil Lightning Eddy (15)
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nVF1829738401 ENTERPRISE FIELD SERVICES, LLC 8/10/18 Release Other Natural Gas Liquids Equipment Failure Rio Arriba (39)
nMAP1829860317 CIMAREX ENERGY CO. 8/9/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nCS1829551947 ENTERPRISE FIELD SERVICES, LLC 8/9/18 Minor Oil Release Condensate, Produced Water Corrosion San Juan (45)
nMAP1823448856 XTO PERMIAN OPERATING LLC. 8/9/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMAP1822260952 OXY USA INC 8/8/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1825436405 WILLIAMS FOUR CORNERS 8/8/18 Major Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion San Juan (45)

nCS1833038312 ENDURING RESOURCES, LLC 8/8/18 Other Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS1833036572 ENDURING RESOURCES, LLC 8/8/18 Oil Release Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS1833036318 ENDURING RESOURCES, LLC 8/8/18 Other Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nOY1823250139 RILEY PERMIAN OPERATING COMPANY, LLC 8/8/18 Major Oil Release Crude Oil, Produced Water Lightning Roosevelt (41)
nMAP1822343714 Spur Energy Partners LLC 8/7/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1826738059 HILCORP ENERGY COMPANY 8/7/18 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nCH1825456054 DEVON ENERGY PRODUCTION COMPANY, LP 8/6/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1821952830 OXY USA INC 8/6/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1821950108 CAMBRIAN MANAGEMENT LTD 8/6/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1823344288 OWL SWD OPERATING, LLC 8/6/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1823237447 COG OPERATING LLC 8/5/18 Major Produced Water Release Produced Water Human Error Lea (25)
nOY1821947752 COG OPERATING LLC 8/5/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nOY1822157537 Maverick Permian LLC 8/5/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPM2315756635 EOG Y RESOURCES, INC. 8/4/18 Produced Water Release Eddy (15)
nOY1822153891 PHILLIPS 66 COMPANY 8/4/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCH1821863599 COG OPERATING LLC 8/4/18 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nMAP1823050748 XTO ENERGY, INC 8/3/18 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nMAP1823047252 XTO ENERGY, INC 8/3/18 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1822130944 MEWBOURNE OIL CO 8/3/18 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nMAP1823048577 XTO PERMIAN OPERATING LLC. 8/3/18 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1822157193 OXY USA INC 8/2/18 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1821441320 COG OPERATING LLC 8/2/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1821430086 Spur Energy Partners LLC 8/2/18 Major Fire Other (Specify) Fire Lea (25)
nDHR1913453298 RAYBAW Operating, LLC 8/2/18 Major Release Other Crude Oil, Produced Water Fire Lea (25)
nCH1823545305 RAYBAW Operating, LLC 8/2/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1822152341 OXY USA WTP LIMITED PARTNERSHIP 8/1/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMAP1829767907 EOG RESOURCES INC 7/31/18 Major Other Drilling Mud/Fluid Human Error Eddy (15)
nMAP1822868861 OXY USA INC 7/31/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1821837673 COG PRODUCTION, LLC 7/31/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1823632945 MULLOY OPERATING, INC. 7/31/18 Major Produced Water Release Produced Water Lightning Lea (25)
nCS1822228702 SIMCOE LLC 7/31/18 Minor Oil Release Other (Specify) Other San Juan (45)
nMAP1822348621 Extex Operating Company 7/31/18 Major Produced Water Release Produced Water Lightning Eddy (15)
nOY1822249746 APACHE CORPORATION 7/30/18 Major Fire Crude Oil, Produced Water Fire Lea (25)
nOY1823248863 DEVON ENERGY PRODUCTION COMPANY, LP 7/30/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nMAP1822865238 OXY USA INC 7/30/18 Major Produced Water Release Produced Water Fire Eddy (15)
nAB1821838160 OXY USA INC 7/30/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1821448734 COG OPERATING LLC 7/30/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1823544435 RAYBAW Operating, LLC 7/30/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1821147754 DJR OPERATING, LLC 7/30/18 Oil Release San Juan (45)
nCH1821237385 COG OPERATING LLC 7/29/18 Minor Other Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1821833189 Maverick Permian LLC 7/29/18 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
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nAB1821441824 COG OPERATING LLC 7/28/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1821833715 ENCANA OIL & GAS (USA) INC. 7/28/18 Major Release Other Crude Oil, Produced Water Lightning Rio Arriba (39)

nMAP1822263454 XTO ENERGY, INC 7/27/18 Major Release Other
Chemical (Specify), Produced 
Water Overflow - Tank, Pit, Etc. Eddy (15)

nOY1823231809 DEVON ENERGY PRODUCTION COMPANY, LP 7/27/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1822243840 STEPHENS & JOHNSON OP CO 7/27/18 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1821232087 COG OPERATING LLC 7/27/18 Minor Oil Release Crude Oil Human Error Lea (25)

nMAP1822252494 XTO ENERGY, INC 7/26/18 Major Produced Water Release
Chemical (Specify), Produced 
Water Overflow - Tank, Pit, Etc. Eddy (15)

nOY1823236138 DEVON ENERGY PRODUCTION COMPANY, LP 7/26/18 Minor Produced Water Release Produced Water Lea (25)
nAB1822240516 STEPHENS & JOHNSON OP CO 7/26/18 Oil Release B.S. & W., Crude Oil Equipment Failure Eddy (15)
nCH1821152832 DCP OPERATING COMPANY, LP 7/26/18 Natural Gas Release Lea (25)
nAB1821839619 OXY USA WTP LIMITED PARTNERSHIP 7/26/18 Produced Water Release Produced Water Lightning Eddy (15)
nAB1821442233 COG OPERATING LLC 7/26/18 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nAB1821440875 COG OPERATING LLC 7/26/18 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nMAP1822339617 BOPCO, L.P. 7/26/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMAP1822267131 BOPCO, L.P. 7/26/18 Minor Oil Release Crude Oil Human Error Eddy (15)
nCS1828336993 SIMCOE LLC 7/26/18 Oil Release Other (Specify) Other San Juan (45)
nCH1822641737 RAYBAW Operating, LLC 7/26/18 Major Produced Water Release Produced Water Lightning Lea (25)
nMAP1822341832 XTO ENERGY, INC 7/25/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nMAP1822337753 XTO ENERGY, INC 7/25/18 Major Produced Water Release
Chemical (Specify), Produced 
Water Overflow - Tank, Pit, Etc. Eddy (15)

nAB1821838855 OXY USA WTP LIMITED PARTNERSHIP 7/25/18 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1821442601 COG OPERATING LLC 7/25/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1820751135 LOGOS OPERATING, LLC 7/25/18 Major Produced Water Release Other (Specify) Human Error San Juan (45)
nAB1821156895 OXY USA INC 7/24/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1821441378 COG OPERATING LLC 7/24/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1822249538 DEVON ENERGY PRODUCTION COMPANY, LP 7/23/18 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMAP1822256231 Redwood Operating LLC 7/23/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMAP1823045057 BLACK RIVER WATER MANAGEMENT COMPANY, LLC 7/23/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1822127797 DEVON ENERGY PRODUCTION COMPANY, LP 7/21/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1822056547 CIMAREX ENERGY CO. OF COLORADO 7/21/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMAP1822350673 MARATHON OIL PERMIAN LLC 7/21/18 Minor Produced Water Release Produced Water Human Error Eddy (15)
nOY1820627443 JOHN H HENDRIX CORP 7/20/18 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAB1821155064 POGO PRODUCING CO 7/20/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1833139619 LLJ VENTURES, LLC DBA MARKER OIL & GAS 7/20/18 Oil Release Crude Oil Equipment Failure Chaves (05)
nAB1821836616 XTO PERMIAN OPERATING LLC. 7/20/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1822248773 DEVON ENERGY PRODUCTION COMPANY, LP 7/19/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPM2316029362 JR CONE OPERATING, LLC 7/19/18 Produced Water Release Lea (25)
nAB1821141715 BURNETT OIL CO INC 7/18/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)

nAB1821830790 WPX Energy Permian, LLC 7/18/18 Major Produced Water Release
Chemical (Specify), Crude Oil, 
Produced Water Fire Eddy (15)

nAB1821343703 DEVON ENERGY PRODUCTION COMPANY, LP 7/17/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1820128945 COG OPERATING LLC 7/17/18 Major Oil Release Crude Oil Corrosion Lea (25)
nVF1820036683 FOUR CORNERS EXPLORATION CO 7/16/18 Release Other Unknown San Juan (45)
nAB1819932821 COG OPERATING LLC 7/16/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1821456053 PILOT TRAVEL CENTERS LLC 7/16/18 Major Oil Release Crude Oil Vehicular Accident Lea (25)
nVF1826739940 SIMCOE LLC 7/16/18 Release Other Produced Water Equipment Failure San Juan (45)
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nAB1821234289 Silverback Operating II, LLC 7/16/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1819932369 COG OPERATING LLC 7/15/18 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1820737351 Earthstone Operating, LLC 7/15/18 Major Produced Water Release Produced Water Lightning Eddy (15)
nOY1820639331 MARATHON OIL PERMIAN LLC 7/15/18 Major Fire Other (Specify) Fire Lea (25)
nAB1821142197 CHEVRON U S A INC 7/14/18 Major Oil Release Crude Oil, Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nOY1819836612 CONOCOPHILLIPS COMPANY 7/14/18 Major Fire Unknown Fire Lea (25)
nAB1821238272 XTO PERMIAN OPERATING LLC. 7/13/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1819840745 EOG RESOURCES INC 7/12/18 Major Produced Water Release Produced Water Lea (25)
nAB1820736673 COG OPERATING LLC 7/12/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1821433850 MARATHON OIL PERMIAN LLC 7/12/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1821157574 XTO PERMIAN OPERATING LLC. 7/12/18 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nCH1820539073 SOUTHWEST ROYALTIES INC 7/11/18 Major Produced Water Release Produced Water Lightning Lea (25)
nOY1822242858 HOLLYFRONTIER REFINING & MARKETING LLC 7/11/18 Major Oil Release Crude Oil Corrosion Lea (25)
nAB1821234959 PERCUSSION PETROLEUM OPERATING, LLC 7/11/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1820054975 DJR OPERATING, LLC 7/11/18 Oil Release Other (Specify) Other Rio Arriba (39)
nMAP1827471408 LLJ VENTURES, LLC DBA MARKER OIL & GAS 7/11/18 Oil Release Crude Oil Equipment Failure Chaves (05)
nOY1819834791 Earthstone Operating, LLC 7/10/18 Major Oil Release Crude Oil, Produced Water Lightning Lea (25)
nAB1821837248 PERCUSSION PETROLEUM OPERATING, LLC 7/10/18 Major Produced Water Release Brine Water Human Error Eddy (15)
nOY1822234517 NAVAJO REFINING COMPANY, L.L.C. 7/9/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1821154360 COG OPERATING LLC 7/9/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1820533323 VANGUARD OPERATING, LLC 7/9/18 Minor Oil Release Crude Oil Other Lea (25)
nAB1819057179 RAYBAW Operating, LLC 7/9/18 Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1819027249 Empire New Mexico LLC 7/9/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nCS1901152000 DJR OPERATING, LLC 7/9/18 Other Other (Specify) Other San Juan (45)
nCH1819250370 Maverick Permian LLC 7/8/18 Major Oil Release Crude Oil Lea (25)
nAB1821139914 XTO ENERGY, INC 7/7/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1821942916 OXY USA INC 7/7/18 Major Fire Other (Specify) Lightning Lea (25)
nAB1819154956 COG OPERATING LLC 7/7/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1820743403 BOPCO, L.P. 7/7/18 Major Produced Water Release Produced Water Corrosion Eddy (15)

nCS1829554181 ENTERPRISE FIELD SERVICES, LLC 7/6/18 Minor Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nCS1821455684 EPIC ENERGY, L.L.C. 7/6/18 Oil Release Other (Specify) Other San Juan (45)
nAB1819153807 COG PRODUCTION, LLC 7/5/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1820557978 WPX Energy Permian, LLC 7/5/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1819156522 ENERGY TRANSFER PARTNERS, LP 7/5/18 Minor Other B.S. & W., Condensate Equipment Failure Eddy (15)
nAB1821142740 DEVON ENERGY PRODUCTION COMPANY, LP 7/3/18 Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1820036296 RICE OPERATING COMPANY 7/3/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1820657601 EOG Y RESOURCES, INC. 7/3/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1821930400 ENTERPRISE FIELD SERVICES L.L.C. 7/3/18 Major Produced Water Release Produced Water San Juan (45)
nOY1819735702 MULLOY OPERATING, INC. 7/3/18 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1819455479 Silverback Operating II, LLC 7/3/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1818333932 DEVON ENERGY PRODUCTION COMPANY, LP 7/2/18 Minor Release Other Chemical (Specify) Equipment Failure Lea (25)

nAB1819933371 DEVON ENERGY PRODUCTION COMPANY, LP 7/2/18 Major Produced Water Release
Crude Oil, Other (Specify), 
Produced Water Lightning Eddy (15)

nOY1818650462 COG OPERATING LLC 7/2/18 Minor Produced Water Release Produced Water Lightning Lea (25)
nCH1819853444 RAYBAW Operating, LLC 7/2/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1819839414 RAYBAW Operating, LLC 7/2/18 Major Fire Crude Oil Human Error Lea (25)
nAB1821141249 MATADOR PRODUCTION COMPANY 7/1/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nOY1818647322 MATADOR PRODUCTION COMPANY 6/30/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1819157134 Spur Energy Partners LLC 6/30/18 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nBGB1914851556 PERCUSSION PETROLEUM OPERATING, LLC 6/30/18 Major Release Other Produced Water Equipment Failure Eddy (15)
nCS1826750131 BP AMERICA PRODUCTION COMPANY 6/29/18 Major Produced Water Release San Juan (45)
nOY1818055458 XTO ENERGY, INC 6/29/18 Minor Oil Release Crude Oil Corrosion Lea (25)
nMAP1825641927 Lucid Artesia Company 6/29/18 Natural Gas Release Eddy (15)
nAB1819142351 MATADOR PRODUCTION COMPANY 6/29/18 Produced Water Release Produced Water Eddy (15)
nVF1824031286 BP AMERICA PRODUCTION COMPANY 6/28/18 Release Other Unknown San Juan (45)
nAB1819447611 BOPCO, L.P. 6/28/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1819743006 MARATHON OIL PERMIAN LLC 6/28/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1819935373 RILEY PERMIAN OPERATING COMPANY, LLC 6/28/18 Major Produced Water Release Produced Water Vandalism Eddy (15)

nVF1819842440 Williams Four Corners, LLC 6/28/18 Release Other
[OBSOLETE] Natural Gas 
(Methane), Unknown Rio Arriba (39)

nAB1819453408 DEVON ENERGY PRODUCTION COMPANY, LP 6/27/18 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1819452446 DEVON ENERGY PRODUCTION COMPANY, LP 6/27/18 Minor Release Other Drilling Mud/Fluid Equipment Failure Eddy (15)
nOY1718453425 EOG RESOURCES INC 6/27/18 Major Produced Water Release Produced Water Other Lea (25)
nAB1818441259 COG OPERATING LLC 6/27/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1826734170 SIMCOE LLC 6/27/18 Release Other Produced Water Equipment Failure San Juan (45)
nAB1821237456 NGL WATER SOLUTIONS PERMIAN, LLC 6/27/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1819450649 CHEVRON U S A INC 6/26/18 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1819750865 OCCIDENTAL PERMIAN LTD 6/26/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1817843722 COG OPERATING LLC 6/26/18 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1819450088 OLEUM Energy LLC 6/26/18 Major Produced Water Release Crude Oil, Other (Specify) Equipment Failure Eddy (15)
nVF1824047287 BP AMERICA PRODUCTION COMPANY 6/25/18 Release Other San Juan (45)
nOY1818639026 MACK ENERGY CORP 6/25/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1819454364 OXY USA INC 6/25/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1817630244 ENTERPRISE FIELD SERVICES, LLC 6/25/18 Minor Oil Release Condensate Equipment Failure San Juan (45)
nAB1819449392 BOPCO, L.P. 6/25/18 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nVF1819936548 ENDURING RESOURCES,LLC 6/25/18 Release Other Produced Water Sandoval (43)
nAB1817955890 SOLARIS WATER MIDSTREAM, LLC 6/25/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1820455071 ENDURING RESOURCES, LLC 6/25/18 Minor Produced Water Release Crude Oil Equipment Failure San Juan (45)
nVF1817739157 Tacitus, LLC 6/25/18 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nAB1819157630 XTO PERMIAN OPERATING LLC. 6/25/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1818056471 PLAINS PIPELINE, LP 6/25/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1819054040 STEPHENS & JOHNSON OP CO 6/24/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1818442568 COG OPERATING LLC 6/23/18 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1819143391 DEVON ENERGY PRODUCTION COMPANY, LP 6/22/18 Minor Release Other Drilling Mud/Fluid Equipment Failure Eddy (15)
nOY1818436853 EOG RESOURCES INC 6/22/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCH1818338056 SOUTHWEST ROYALTIES INC 6/22/18 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)

nVF1818428423 ENTERPRISE FIELD SERVICES L.L.C. 6/22/18 Minor Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nAB1820738071 XTO PERMIAN OPERATING LLC. 6/22/18 Major Oil Release Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nVF1826735802 BP AMERICA PRODUCTION COMPANY 6/21/18 Release Other Produced Water Corrosion San Juan (45)
nAB1819142828 DEVON ENERGY PRODUCTION COMPANY, LP 6/21/18 Minor Oil Release B.S. & W., Crude Oil Equipment Failure Eddy (15)
nCH1821239639 CAMBRIAN MANAGEMENT LTD 6/20/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1817143344 CIMAREX ENERGY CO. 6/20/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1817956367 BOPCO, L.P. 6/20/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMAP1827854358 MEWBOURNE OIL CO 6/19/18 Produced Water Release Eddy (15)
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nAB1817351077 OXY USA INC 6/19/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1819053650 CHEVRON MIDCONTINENT, L.P. 6/19/18 Major Oil Release Crude Oil Fire Eddy (15)
nVF1820429779 HILCORP ENERGY COMPANY 6/19/18 Release Other Produced Water San Juan (45)
nAB1818434831 LUCID ENERGY DELAWARE, LLC 6/19/18 Major Other Condensate Corrosion Eddy (15)
nAB1818039937 XTO PERMIAN OPERATING LLC. 6/19/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1817237904 COG OPERATING LLC 6/17/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1818461132 MARATHON OIL PERMIAN LLC 6/17/18 Major Release Other Other (Specify) Human Error Lea (25)
nCH1817230233 COG PRODUCTION, LLC 6/15/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1818054280 XTO ENERGY, INC 6/14/18 Minor Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAB1818431669 DEVON ENERGY PRODUCTION COMPANY, LP 6/14/18 Oil Release Crude Oil Other Eddy (15)
nOY1818433709 EOG RESOURCES INC 6/14/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1819252942 MEWBOURNE OIL CO 6/14/18 Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1816554389 SOUTHWEST ROYALTIES INC 6/14/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1927632580 BUCKEYE DISPOSAL, L.L.C. 6/14/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1816641500 COG OPERATING LLC 6/14/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1816446096 ARMSTRONG ENERGY CORP 6/13/18 Major Release Other Other (Specify) Other Lea (25)
nAPP2210256558 ARMSTRONG ENERGY CORP 6/13/18 Major Other Crude Oil, Produced Water Other Lea (25)
nOY1817149360 OXY USA INC 6/13/18 Major Fire Crude Oil Fire Lea (25)
nAB1817142364 CAMBRIAN MANAGEMENT LTD 6/13/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1817150139 COG PRODUCTION, LLC 6/13/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1816431555 DJR OPERATING, LLC 6/13/18 Other Other (Specify) Other San Juan (45)
nOY1816448589 GOODNIGHT MIDSTREAM PERMIAN, LLC 6/13/18 Oil Release Crude Oil Other Lea (25)
nAB1817955420 XTO ENERGY, INC 6/12/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1816557522 JOHN H HENDRIX CORP 6/12/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1817332649 OXY USA INC 6/12/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1817139837 PLAINS MARKETING L.P. 6/12/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1819057637 RAYBAW Operating, LLC 6/12/18 Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1819054736 RAYBAW Operating, LLC 6/12/18 Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1829639239 CHEVRON U S A INC 6/11/18 Natural Gas Release Lea (25)
nAB1817954837 DEVON ENERGY PRODUCTION COMPANY, LP 6/11/18 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1816439718 KAISER-FRANCIS OIL CO 6/9/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1817133937 OXY USA INC 6/8/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1816458094 Spur Energy Partners LLC 6/8/18 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nCH1815929821 PERCUSSION PETROLEUM OPERATING, LLC 6/8/18 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1817134432 XTO PERMIAN OPERATING LLC. 6/8/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1815958994 JOHN H HENDRIX CORP 6/7/18 Minor Produced Water Release Produced Water Lightning Lea (25)
nCH1815829199 MEWBOURNE OIL CO 6/7/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1816657191 MATADOR PRODUCTION COMPANY 6/7/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1817629711 ENTERPRISE FIELD SERVICES, LLC 6/7/18 Minor Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nCH1815754671 MorningStar Operating LLC 6/7/18 Release Other Lea (25)
nOY1815955832 MEWBOURNE OIL CO 6/6/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1816947247 OXY USA INC 6/6/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1817256263 POGO PRODUCING CO 6/6/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1815956558 CIMAREX ENERGY CO. OF COLORADO 6/6/18 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1816358563 COG OPERATING LLC 6/6/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nVF1816448793 Whiptail Midstream LLC 6/6/18 Release Other Crude Oil San Juan (45)
nCH1817040776 HARVARD PETROLEUM COMPANY, LLC 6/5/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
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nCH1816553841 OXY USA INC 6/5/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1815850484 DCP OPERATING COMPANY, LP 6/5/18 Major Fire Crude Oil Fire Eddy (15)
nCH1816238890 COG PRODUCTION, LLC 6/5/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1817239803 OWL SWD OPERATING, LLC 6/5/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1816438422 BURNETT OIL CO INC 6/4/18 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nDEV1815700000 CHEVRON U S A INC 6/4/18 Release Other Lea (25)
nAB1816337739 EOG Y RESOURCES, INC. 6/4/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1815961139 BC OPERATING, INC. 6/4/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1817350327 BOPCO, L.P. 6/4/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1817335919 XTO PERMIAN OPERATING LLC. 6/4/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1817145696 DEVON ENERGY PRODUCTION COMPANY, LP 6/3/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1816949521 DEVON ENERGY PRODUCTION COMPANY, LP 6/3/18 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1817236303 BOPCO, L.P. 6/3/18 Major Fire Unknown Lightning Eddy (15)
nAB1815957772 MEWBOURNE OIL CO 6/2/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1816358019 COG OPERATING LLC 6/2/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1816348523 ENCANA OIL & GAS (USA) INC. 6/2/18 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nAB1816355013 LONGFELLOW ENERGY, LP 6/2/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1821829822 BP AMERICA PRODUCTION COMPANY 6/1/18 Release Other Unknown San Juan (45)
nAPM2316346908 DEVON ENERGY PRODUCTION COMPANY, LP 6/1/18 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1817140869 DEVON ENERGY PRODUCTION COMPANY, LP 6/1/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nCH1815552862 ENERGEN RESOURCES CORPORATION 6/1/18 Major Oil Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water, Unknown Corrosion Lea (25)

nOY1815252840 COG OPERATING LLC 6/1/18 Major Fire Lea (25)
nOY1815251344 COG OPERATING LLC 6/1/18 Major Fire Lea (25)
nCH1815539068 Maverick Permian LLC 6/1/18 Minor Release Other Brine Water Equipment Failure Lea (25)
nAB1817256738 XTO ENERGY, INC 5/31/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCH1816634490 DEVON ENERGY PRODUCTION COMPANY, LP 5/31/18 Major Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nCH1816631112 DEVON ENERGY PRODUCTION COMPANY, LP 5/31/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1822659460 PLAINS MARKETING L.P. 5/31/18 Produced Water Release Lea (25)
nAB1817138256 WPX Energy Permian, LLC 5/31/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1815841730 COG PRODUCTION, LLC 5/30/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1816355653 LIME ROCK RESOURCES II-A, L.P. 5/30/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1815239274 Maverick Permian LLC 5/30/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1816556237 MARATHON OIL PERMIAN LLC 5/30/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nVF1821439810 SIMCOE LLC 5/29/18 Release Other Unknown San Juan (45)
nOY1815237113 Maverick Permian LLC 5/29/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1816336550 COG OPERATING LLC 5/28/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1816432279 DEVON ENERGY PRODUCTION COMPANY, LP 5/27/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1815840399 OXY USA INC 5/27/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1816336922 COG PRODUCTION, LLC 5/27/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1817350699 BOPCO, L.P. 5/27/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1815837940 MEWBOURNE OIL CO 5/26/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1815838491 OXY USA INC 5/26/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1816337337 COG PRODUCTION, LLC 5/26/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1815234060 COG OPERATING LLC 5/26/18 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nVF1816655680 HILCORP ENERGY COMPANY 5/25/18 Release Other Condensate Rio Arriba (39)
nOY1814330385 MATADOR PRODUCTION COMPANY 5/23/18 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
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nCS1814339938 DJR OPERATING, LLC 5/23/18 Other Other (Specify) Other Rio Arriba (39)

nCS1814341942 ENDURING RESOURCES, LLC 5/23/18 Produced Water Release
Natural Gas Liquids, Produced 
Water Other San Juan (45)

nAB1815956090 DEVON ENERGY PRODUCTION COMPANY, LP 5/22/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1815955393 DEVON ENERGY PRODUCTION COMPANY, LP 5/22/18 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1814336863 DCP OPERATING COMPANY, LP 5/22/18 Other Other (Specify) Lightning Eddy (15)
nOY1815134158 MATADOR PRODUCTION COMPANY 5/22/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCH1815942247 PERCUSSION PETROLEUM OPERATING, LLC 5/22/18 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1814352844 MARATHON OIL PERMIAN LLC 5/22/18 Major Fire Other (Specify) Fire Eddy (15)
nAB1815842325 RILEY PERMIAN OPERATING COMPANY, LLC 5/22/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1815954382 DEVON ENERGY PRODUCTION COMPANY, LP 5/21/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1814158094 MARSHALL & WINSTON INC 5/21/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1816335022 WILLAMS FOUR CORNERS, LLC 5/21/18 Natural Gas Release Other (Specify) Other Rio Arriba (39)
nOY1814132589 Contango Resources, Inc. 5/21/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1814341650 Earthstone Operating, LLC 5/21/18 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1815755244 XTO ENERGY, INC 5/20/18 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1814258390 COG PRODUCTION, LLC 5/20/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1815939152 PERCUSSION PETROLEUM OPERATING, LLC 5/20/18 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1815756705 XTO ENERGY, INC 5/19/18 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nOY1815137332 CAZA OPERATING, LLC 5/19/18 Major Produced Water Release Produced Water Fire Lea (25)
nOY1814159045 MARSHALL & WINSTON INC 5/18/18 Major Fire Produced Water Fire Lea (25)
nCH1815257339 OXY USA INC 5/18/18 Major Produced Water Release Produced Water Other Lea (25)
nAB1814332430 COG PRODUCTION, LLC 5/18/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1815757186 BOPCO, L.P. 5/18/18 Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1425241401 RAYBAW Operating, LLC 5/18/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1815841229 DEVON ENERGY PRODUCTION COMPANY, LP 5/17/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1814233509 MARSHALL & WINSTON INC 5/17/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1817349925 WESTERN REFINING COMPANY, L.P. 5/17/18 Release Other Crude Oil San Juan (45)
nOY1814228433 BTA OIL PRODUCERS, LLC 5/17/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1814335949 APACHE CORPORATION 5/16/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1814139837 XTO ENERGY, INC 5/16/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1814251661 NEARBURG PRODUCING CO 5/16/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nVF1814953858 ENTERPRISE FIELD SERVICES L.L.C. 5/16/18 Release Other Other (Specify) San Juan (45)
nOY1814332779 VANGUARD OPERATING, LLC 5/16/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nAB1816327517 DEVON ENERGY PRODUCTION COMPANY, LP 5/15/18 Minor Natural Gas Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Human Error Eddy (15)

nVF1821454841 ENTERPRISE FIELD SERVICES L.L.C. 5/15/18 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Produced Water Rio Arriba (39)

nVF1821453521 ENTERPRISE FIELD SERVICES L.L.C. 5/15/18 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Produced Water San Juan (45)

nAB1817952933 FRONTIER FIELD SERVICES, LLC 5/15/18 Minor Release Other Condensate Equipment Failure Eddy (15)
nOY1814154301 COG OPERATING LLC 5/15/18 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCH1816253396 M&M ENERGY, LLC 5/15/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1814131834 CHEVRON U S A INC 5/14/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1816335023 DEVON ENERGY PRODUCTION COMPANY, LP 5/14/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1813733262 PLAINS MARKETING L.P. 5/14/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1813656158 COG PRODUCTION, LLC 5/14/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1814130699 BTA OIL PRODUCERS, LLC 5/14/18 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
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nOY1814150716 Maverick Permian LLC 5/14/18 Minor Oil Release Crude Oil, Produced Water Other Lea (25)
nCS1814340171 HILCORP ENERGY COMPANY 5/14/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1815749653 XTO PERMIAN OPERATING LLC. 5/14/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1820436722 Williams Four Corners, LLC 5/14/18 Release Other Glycol Rio Arriba (39)

nVF1818641787 Williams Four Corners, LLC 5/14/18 Release Other
Glycol, [OBSOLETE] Natural Gas 
(Methane) Rio Arriba (39)

nVF1814950127 Williams Four Corners, LLC 5/14/18 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids San Juan (45)

nAB1815749066 BOPCO, L.P. 5/13/18 Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1815049566 MARATHON OIL PERMIAN LLC 5/13/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1813150941 COG PRODUCTION, LLC 5/11/18 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nOY1814139756 J R OIL, LTD. CO. 5/11/18 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nCS1814340629 ENDURING RESOURCES, LLC 5/11/18 Major Produced Water Release Produced Water Other San Juan (45)
nAB1815052591 DEVON ENERGY PRODUCTION COMPANY, LP 5/10/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1816331051 ENTERPRISE FIELD SERVICES L.L.C. 5/10/18 Major Other Condensate, Other (Specify) Human Error San Juan (45)
nOY1814237868 Water Energy Services, LLC 5/10/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1815050182 DEVON ENERGY PRODUCTION COMPANY, LP 5/9/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1814134895 MEWBOURNE OIL CO 5/9/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1812935128 COG OPERATING LLC 5/9/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1814334286 DEVON ENERGY PRODUCTION COMPANY, LP 5/8/18 Major Release Other Other (Specify) Overflow - Tank, Pit, Etc. Lea (25)
nAB1814352277 DEVON ENERGY PRODUCTION COMPANY, LP 5/8/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1812933982 Maverick Permian LLC 5/8/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1814129241 Petroleum Exploration Company Ltd., Limited P 5/8/18 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1814139729 DEVON ENERGY PRODUCTION COMPANY, LP 5/7/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1812939986 Spur Energy Partners LLC 5/7/18 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1814253510 XTO ENERGY, INC 5/6/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1814140713 DEVON ENERGY PRODUCTION COMPANY, LP 5/6/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nOY1812829129 MARSHALL & WINSTON INC 5/6/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1813753842 OXY USA INC 5/6/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1813057406 COG PRODUCTION, LLC 5/6/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1812938015 COG OPERATING LLC 5/6/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nOY1814239451 MARATHON OIL PERMIAN LLC 5/6/18 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1814330841 MARATHON OIL PERMIAN LLC 5/6/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1812845470 QUATRO OSOS E&P, LLC 5/6/18 Major Oil Release Crude Oil Corrosion Chaves (05)
nOY1814137425 RAZ OIL AND GAS L.L.C. 5/5/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1813053140 EOG Y RESOURCES, INC. 5/4/18 Release Other Condensate Other Eddy (15)
nOY1812454041 FASKEN OIL & RANCH LTD 5/4/18 Major Release Other Brine Water Human Error Lea (25)
nOY1812440478 FASKEN OIL & RANCH LTD 5/4/18 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)

nCS1814339445 ENTERPRISE FIELD SERVICES L.L.C. 5/4/18 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nAB1814128830 BOPCO, L.P. 5/4/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1813753221 OXY USA INC 5/3/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1813441720 COG OPERATING LLC 5/3/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1814231747 TEAM OPERATING, L.L.C. 5/3/18 Major Produced Water Release Other (Specify) Equipment Failure Lea (25)
nOY1812928883 ETC FIELD SERVICES LLC 5/3/18 Minor Release Other Crude Oil, Produced Water Normal Operations Lea (25)
nOY1812226987 DEVON ENERGY PRODUCTION COMPANY, LP 5/2/18 Major Release Other Other (Specify) Human Error Lea (25)
nAB1813756670 DEVON ENERGY PRODUCTION COMPANY, LP 5/2/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1814156697 HARVARD PETROLEUM COMPANY, LLC 5/2/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
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nOY1812228758 COG OPERATING LLC 5/2/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1814128371 XTO PERMIAN OPERATING LLC. 5/2/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1813149173 APACHE CORPORATION 5/1/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1813754884 XTO ENERGY, INC 5/1/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1811757152 PLAINS PIPELINE, LP 5/1/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1813754317 XTO ENERGY, INC 4/30/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVF1812833301 ENTERPRISE FIELD SERVICES L.L.C. 4/30/18 Major Release Other Other (Specify) San Juan (45)
nAB1812343928 CIMAREX ENERGY CO. 4/30/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1813437455 DEVON ENERGY PRODUCTION COMPANY, LP 4/29/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1813442138 HARVARD PETROLEUM COMPANY, LLC 4/29/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1812149013 COG OPERATING LLC 4/29/18 Major Oil Release Crude Oil Human Error Lea (25)
nAB1813057990 SOLARIS WATER MIDSTREAM, LLC 4/29/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1814342584 ENDURING RESOURCES, LLC 4/29/18 Minor Oil Release Crude Oil Equipment Failure Sandoval (43)
nAB1813452794 XTO PERMIAN OPERATING LLC. 4/29/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1812342754 MEWBOURNE OIL CO 4/28/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1816332174 DUGAN PRODUCTION CORP 4/27/18 Other Other (Specify) Other San Juan (45)
nOY1811746325 BURNS XPRESS, LLC 4/27/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1813054688 ROCKCLIFF OPERATING NEW MEXICO LLC 4/27/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1813432784 ENTERPRISE PRODUCTS OPERATING, LLC 4/27/18 Other Lube Oil Other San Juan (45)
nVF1815828768 Williams Four Corners, LLC 4/27/18 Release Other Unknown Rio Arriba (39)
nAB1813451687 DEVON ENERGY PRODUCTION COMPANY, LP 4/26/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1813152090 BUCKEYE DISPOSAL, L.L.C. 4/26/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1813056113 ROCKCLIFF OPERATING NEW MEXICO LLC 4/26/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1812332827 CHESTNUT EXPLORATION AND PRODUCTION, INC. 4/25/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1813452382 XTO PERMIAN OPERATING LLC. 4/25/18 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1811639878 COG OPERATING LLC 4/24/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1814235729 New Horizon Resources LLC 4/24/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1812234317 MARATHON OIL PERMIAN LLC 4/24/18 Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1811336341 PLAINS MARKETING, L.P. 4/23/18 Oil Release Crude Oil Other Lea (25)
nOY1811450014 EOG RESOURCES INC 4/22/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1811448112 TEXLAND PETROLEUM-HOBBS, LLC 4/22/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1811533585 Spur Energy Partners LLC 4/22/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1811736727 COG OPERATING LLC 4/21/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nOY1811735138 COG OPERATING LLC 4/21/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nOY1812737111 MARATHON OIL PERMIAN LLC 4/21/18 Minor Oil Release Crude Oil Other Lea (25)
nAB1811536893 COG OPERATING LLC 4/20/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nVF1815134159 Williams Four Corners, LLC 4/20/18 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nOY1812734046 DEVON ENERGY PRODUCTION COMPANY, LP 4/19/18 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1811555350 BEACH EXPLORATION INC 4/18/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1812846489 XTO ENERGY, INC 4/18/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1810828420 COG PRODUCTION, LLC 4/18/18 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1810839459 COG OPERATING LLC 4/18/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1810731931 CHEVRON U S A INC 4/17/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1811530255 MERRION OIL & GAS CORP 4/17/18 Other Other (Specify) Other San Juan (45)
nAB1811350661 MEWBOURNE OIL CO 4/17/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1812231599 CIMAREX ENERGY CO. 4/17/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1811530150 COG PRODUCTION, LLC 4/17/18 Oil Release Crude Oil Equipment Failure Eddy (15)

WG Ex. 92

3110



nAB1813451123 MATADOR PRODUCTION COMPANY 4/17/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1810741596 COG OPERATING LLC 4/17/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1810850717 3R Operating, LLC 4/17/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1812233389 MARATHON OIL PERMIAN LLC 4/17/18 Minor Produced Water Release Produced Water Other Eddy (15)
nCS1814342365 ENDURING RESOURCES, LLC 4/17/18 Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1810841643 CIMAREX ENERGY CO. OF COLORADO 4/16/18 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1812237802 DEVON ENERGY PRODUCTION COMPANY, LP 4/15/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1812338789 WPX Energy Permian, LLC 4/13/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1811743481 XTO ENERGY, INC 4/12/18 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)

nOY1811741390 XTO ENERGY, INC 4/12/18 Major Release Other
Chemical (Specify), Other 
(Specify) Other Lea (25)

nCS1810244457 LOGOS OPERATING, LLC 4/12/18 Oil Release Other (Specify) Other San Juan (45)
nOY1810354180 Prima Exploration, Inc. 4/12/18 Major Oil Release Crude Oil Human Error Lea (25)
nAB1814127566 Silverback Operating II, LLC 4/12/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1811639863 ENTERPRISE PRODUCTS OPERATING, LLC 4/12/18 Natural Gas Release Lube Oil San Juan (45)
nCS1827633977 ENTERPRISE FIELD SERVICES L.L.C. 4/11/18 Oil Release Rio Arriba (39)
nAB1811556120 RAYBAW Operating, LLC 4/11/18 Minor Oil Release Crude Oil Other Eddy (15)
nAB1811537754 OXY USA INC 4/10/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1811727725 SCOUT ENERGY MANAGEMENT LLC 4/10/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCS1817352824 HALLADOR PETROLEUM LLP 4/9/18 Oil Release Other (Specify) Other San Juan (45)
nOY1809929352 PLAINS MARKETING L.P. 4/9/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1811530564 BOPCO, L.P. 4/9/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1810829550 MARATHON OIL PERMIAN LLC 4/9/18 Minor Oil Release Crude Oil Corrosion Lea (25)
nVF1811549550 Williams Four Corners, LLC 4/9/18 Natural Gas Release Unknown Rio Arriba (39)
nAB1811339356 WPX Energy Permian, LLC 4/8/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nOY1810735319 SOLARIS WATER MIDSTREAM, LLC 4/8/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1811432375 Williams Four Corners, LLC 4/8/18 Natural Gas Release Natural Gas Liquids Other San Juan (45)
nOY1810151905 Ameredev New Mexico, LLC 4/7/18 Minor Oil Release Crude Oil, Produced Water Human Error Lea (25)
nOY1809656258 OXY USA INC 4/6/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1809926643 Franklin Mountain Energy 3, LLC 4/4/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1811557328 PERCUSSION PETROLEUM OPERATING, LLC 4/4/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1810850031 XTO PERMIAN OPERATING LLC. 4/4/18 Major Produced Water Release Other (Specify) Equipment Failure Eddy (15)
nVF1809550523 SIMCOE LLC 4/3/18 Release Other Unknown San Juan (45)
nOY1810742559 CHEVRON U S A INC 4/2/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1810737237 DCP OPERATING COMPANY, LP 4/2/18 Minor Oil Release Other (Specify) Normal Operations Lea (25)
nOY1809352378 MESQUITE SWD, INC 4/1/18 Minor Oil Release Crude Oil Normal Operations Eddy (15)
nAB1810729251 MARATHON OIL PERMIAN LLC 4/1/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1810729925 XTO PERMIAN OPERATING LLC. 4/1/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nVF1810231591 WILLAMS FOUR CORNERS, LLC 3/31/18 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Human Error San Juan (45)

nCS1812056496 ENTERPRISE FIELD SERVICES L.L.C. 3/31/18 Major Oil Release Other (Specify) Other San Juan (45)
nOY1809347988 COG OPERATING LLC 3/31/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1810156106 RAYBAW Operating, LLC 3/30/18 Major Oil Release Crude Oil Human Error Lea (25)
nAB1810728671 Silverback Operating II, LLC 3/29/18 Minor Produced Water Release Condensate, Produced Water Corrosion Eddy (15)

nVF1810233495 WILLAMS FOUR CORNERS, LLC 3/28/18 Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids San Juan (45)

nOY1808751646 COG OPERATING LLC 3/28/18 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1808734284 COG OPERATING LLC 3/28/18 Major Oil Release Crude Oil Corrosion Lea (25)
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nCS1814355430 SIMCOE LLC 3/28/18 Release Other Other (Specify) Other San Juan (45)
nOY1808747895 LUCID ENERGY DELAWARE, LLC 3/28/18 Major Release Other Other (Specify) Equipment Failure Lea (25)
nCS1909251923 HILCORP ENERGY COMPANY 3/28/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1808940940 COG PRODUCTION, LLC 3/27/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCH1823943024 ETC FIELD SERVICES LLC 3/27/18 Major Release Other Condensate, Produced Water Equipment Failure Lea (25)
nCS1812055995 DJR OPERATING, LLC 3/26/18 Other Other (Specify) Other 0
nAB1808939025 PERCUSSION PETROLEUM OPERATING, LLC 3/25/18 Major Produced Water Release Produced Water Eddy (15)
nOY1809932713 DEVON ENERGY PRODUCTION COMPANY, LP 3/24/18 Major Produced Water Release Produced Water Lea (25)
nAB1812258307 OXY USA INC 3/24/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1809257328 APACHE CORPORATION 3/23/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1810145936 DEVON ENERGY PRODUCTION COMPANY, LP 3/23/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1810136347 DEVON ENERGY PRODUCTION COMPANY, LP 3/23/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1808739586 EOG RESOURCES INC 3/23/18 Major Produced Water Release Produced Water Human Error Lea (25)
nOY1808227525 EOG Y RESOURCES, INC. 3/23/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nOY1808227092 EOG Y RESOURCES, INC. 3/23/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1808234893 BAM Permian Operating, LLC 3/23/18 Produced Water Release Produced Water Lightning Lea (25)
nOY1809928098 DEVON ENERGY PRODUCTION COMPANY, LP 3/22/18 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1810139599 EOG Y RESOURCES, INC. 3/22/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1810236154 ENTERPRISE PRODUCTS OPERATING LLC 3/22/18 Release Other Unknown San Juan (45)
nOY1808740822 EOG RESOURCES INC 3/21/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1809355913 MACK ENERGY CORP 3/21/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1808059772 COG OPERATING LLC 3/21/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1808050655 COG OPERATING LLC 3/21/18 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1809931276 Water Energy Services, LLC 3/21/18 Major Oil Release Crude Oil Corrosion Lea (25)
nOY1808052038 Franklin Mountain Energy 3, LLC 3/21/18 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1808053684 MARATHON OIL PERMIAN LLC 3/21/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1813052492 MARATHON OIL PERMIAN LLC 3/21/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1809349107 CAZA OPERATING, LLC 3/20/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nVF1812347519 SIMCOE LLC 3/20/18 Release Other Condensate Equipment Failure San Juan (45)
nAB1810133480 DEVON ENERGY PRODUCTION COMPANY, LP 3/19/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1809439206 DEVON ENERGY PRODUCTION COMPANY, LP 3/19/18 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nOY1809350940 RAYBAW Operating, LLC 3/19/18 Minor Oil Release Crude Oil Normal Operations Lea (25)
nAB1809357021 DEVON ENERGY PRODUCTION COMPANY, LP 3/18/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2134056706 Permian Resources Operating, LLC 3/18/18 Major Produced Water Release Produced Water Other Eddy (15)
nAB1809357602 DEVON ENERGY PRODUCTION COMPANY, LP 3/17/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1807950988 COG OPERATING LLC 3/17/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1808242819 WESTERN REFINING COMPANY, L.P. 3/17/18 Major Release Other Chemical (Specify) Fire Eddy (15)
nOY1809255038 DEVON ENERGY PRODUCTION COMPANY, LP 3/16/18 Minor Oil Release Crude Oil Normal Operations Lea (25)
nAB1808237997 COG OPERATING LLC 3/16/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1808256599 Spur Energy Partners LLC 3/16/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1813434986 BP AMERICA PRODUCTION COMPANY 3/15/18 Other Other (Specify) Other San Juan (45)
nOY1807545896 APACHE CORPORATION 3/15/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1809356513 XTO ENERGY, INC 3/15/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1807357386 EOG Y RESOURCES, INC. 3/14/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1807353035 EOG Y RESOURCES, INC. 3/14/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nOY1809252064 MARATHON OIL PERMIAN LLC 3/14/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1809249211 MARATHON OIL PERMIAN LLC 3/14/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nVF1811356016 HILCORP SAN JUAN, L.P. 3/14/18 Release Other Unknown San Juan (45)
nCS1808942753 Enterprise Crude Pipeline LLC 3/14/18 Major Natural Gas Release Natural Gas Liquids Equipment Failure Rio Arriba (39)
nAB1808528967 XTO ENERGY, INC 3/13/18 Major Produced Water Release Crude Oil, Produced Water Vandalism Eddy (15)
nAB1807456505 EOG Y RESOURCES, INC. 3/13/18 Other Unknown Other Eddy (15)
nAB1807452941 EOG Y RESOURCES, INC. 3/13/18 Release Other Unknown Other Eddy (15)
nCS1808030855 DJR OPERATING, LLC 3/13/18 Minor Oil Release Other (Specify) Vandalism San Juan (45)
nCS1808940558 XTO ENERGY, INC 3/12/18 Other Other (Specify) Other San Juan (45)
nVF1807152438 SIMCOE LLC 3/12/18 Release Other Unknown San Juan (45)
nCS1813033980 SIMCOE LLC 3/12/18 Oil Release Other (Specify) Other San Juan (45)
nOY1807150797 FORTY ACRES ENERGY, LLC 3/12/18 Major Produced Water Release Produced Water Lea (25)
nAB1808253927 DEVON ENERGY PRODUCTION COMPANY, LP 3/11/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1808251008 DEVON ENERGY PRODUCTION COMPANY, LP 3/11/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1808829924 BOPCO, L.P. 3/11/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1807152908 Contango Resources, Inc. 3/10/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1807840428 PLAINS MARKETING L.P. 3/9/18 Minor Oil Release Crude Oil Human Error Eddy (15)
nCS1807451828 HILCORP ENERGY COMPANY 3/9/18 Oil Release Other (Specify) Other Rio Arriba (39)

nCS1808647791 ENTERPRISE PRODUCTS OPERATING, LLC 3/9/18 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1807829722 COG OPERATING LLC 3/8/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1808241369 BOPCO, L.P. 3/8/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nCS1813030556 SIMCOE LLC 3/8/18 Oil Release Other (Specify) Other San Juan (45)
nAB1806827959 Extex Operating Company 3/8/18 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1808526921 DEVON ENERGY PRODUCTION COMPANY, LP 3/7/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1806555033 BP AMERICA PRODUCTION COMPANY 3/6/18 Other Other (Specify) Other San Juan (45)
nOY1806831882 COG OPERATING LLC 3/6/18 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1806739186 COG OPERATING LLC 3/6/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1808242167 RAYBAW Operating, LLC 3/6/18 Major Oil Release Crude Oil Corrosion Eddy (15)
nOY1806635695 Earthstone Operating, LLC 3/6/18 Major Fire Other (Specify) Fire Lea (25)
nVF1807954320 HILCORP ENERGY COMPANY 3/6/18 Minor Release Other Other (Specify) Corrosion San Juan (45)
nVF1808952359 Williams Four Corners, LLC 3/6/18 Release Other Natural Gas Liquids San Juan (45)
nOY1808046334 DEVON ENERGY PRODUCTION COMPANY, LP 3/5/18 Major Produced Water Release Chemical (Specify) Human Error Lea (25)
nOY1806431293 COG OPERATING LLC 3/5/18 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1909337981 COG OPERATING LLC 3/5/18 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1807950341 BOPCO, L.P. 3/4/18 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1806740932 LUCID ENERGY DELAWARE, LLC 3/4/18 Major Release Other Chemical (Specify) Equipment Failure Eddy (15)
nAB1808251376 WPX Energy Permian, LLC 3/3/18 Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1808043902 DEVON ENERGY PRODUCTION COMPANY, LP 3/2/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1807543780 DEVON ENERGY PRODUCTION COMPANY, LP 3/2/18 Minor Release Other Other (Specify) Other Lea (25)
nVF1815131868 WILLAMS FOUR CORNERS, LLC 3/2/18 Release Other Unknown San Juan (45)
nOY1806158874 M&M ENERGY, LLC 3/2/18 Minor Produced Water Release Produced Water Blow Out Lea (25)
nOY1808048202 EOG RESOURCES INC 3/1/18 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nVF1807230692 BENSON-MONTIN-GREER DRILLING CORP 2/28/18 Release Other Condensate Rio Arriba (39)
nOY1806156320 BC OPERATING, INC. 2/28/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1806429548 COG OPERATING LLC 2/28/18 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1806433315 COG OPERATING LLC 2/28/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1807555191 DEVON ENERGY PRODUCTION COMPANY, LP 2/27/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1806032261 EOG M RESOURCES, INC. 2/27/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1807332612 OXY USA INC 2/27/18 Minor Release Other Diesel Equipment Failure Lea (25)
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nAB1806434208 COG OPERATING LLC 2/27/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1812137578 SIMCOE LLC 2/27/18 Release Other Unknown San Juan (45)
nAB1806541396 PERCUSSION PETROLEUM OPERATING, LLC 2/27/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1807549449 PHX Energy, LLC 2/27/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1805732116 COG PRODUCTION, LLC 2/26/18 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1805731125 COG PRODUCTION, LLC 2/26/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nVF1811642088 SIMCOE LLC 2/26/18 Release Other Unknown San Juan (45)

nAB1806440992 LUCID ENERGY DELAWARE, LLC 2/26/18 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Eddy (15)

nOY1805743100 MARATHON OIL PERMIAN LLC 2/26/18 Major Fire Other (Specify) Fire Lea (25)
nAB1806438251 COG OPERATING LLC 2/24/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1813642773 EOG Y RESOURCES, INC. 2/23/18 Produced Water Release Produced Water Other Eddy (15)
nAB1805849987 LONGFELLOW ENERGY, LP 2/23/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1807451078 BOPCO, L.P. 2/21/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1805228848 Spur Energy Partners LLC 2/21/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1805254211 Williams Four Corners, LLC 2/21/18 Other Other (Specify) Other San Juan (45)
nOY1806632744 DEVON ENERGY PRODUCTION COMPANY, LP 2/19/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1805141771 COG OPERATING LLC 2/19/18 Minor Oil Release Crude Oil Corrosion Eddy (15)
nVF1812133333 SIMCOE LLC 2/19/18 Release Other Unknown San Juan (45)
nAB1807828569 XTO PERMIAN OPERATING LLC. 2/19/18 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1805340347 COG OPERATING LLC 2/18/18 Minor Oil Release Crude Oil Human Error Eddy (15)
nAB1805142690 COG OPERATING LLC 2/17/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1806435465 XTO PERMIAN OPERATING LLC. 2/17/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1806435193 ENTERPRISE PRODUCTS OPERATING, LLC 2/17/18 Natural Gas Release Unknown San Juan (45)
nAB1806434910 XTO ENERGY, INC 2/16/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1804734766 COG OPERATING LLC 2/16/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1808848992 XTO ENERGY, INC 2/14/18 Other Other (Specify) Other San Juan (45)
nAB1805028326 OXY USA INC 2/14/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1804539030 MCELVAIN ENERGY, INC 2/14/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1806031311 MR NM Operating LLC 2/14/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1804546888 SOLARIS WATER MIDSTREAM, LLC 2/14/18 Minor Produced Water Release Produced Water Human Error Lea (25)
nOY1805230371 APACHE CORPORATION 2/13/18 Major Produced Water Release Other (Specify) Corrosion Lea (25)
nAB1805851923 DEVON ENERGY PRODUCTION COMPANY, LP 2/13/18 Oil Release Crude Oil Equipment Failure Eddy (15)

nAB1805129860 ENTERPRISE PRODUCTS OPERATING, LLC 2/13/18 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Other Eddy (15)

nOY1804347038 CART HILL ENERGY, LLC 2/12/18 Major Produced Water Release Produced Water Corrosion Lea (25)

nOY1804329900 MARATHON OIL PERMIAN LLC 2/12/18 Major Fire
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other Lea (25)

nOY1804335493 PLAINS PIPELINE, LP 2/12/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nOY1804333422 PLAINS PIPELINE, LP 2/12/18 Major Oil Release Crude Oil Other Lea (25)
nAB1805736171 XTO ENERGY, INC 2/11/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1805734034 TARGA MIDSTREAM SERVICES LLC 2/11/18 Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nAB1804535878 COG OPERATING LLC 2/11/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nBGB2103251010 XTO ENERGY INC 2/10/18 Other 0
nOY1805356223 EOG RESOURCES INC 2/9/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1805448077 MARALEX DISPOSAL, LLC 2/9/18 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nVF1811427122 SIMCOE LLC 2/9/18 Release Other Unknown San Juan (45)
nOY1805827904 Empire New Mexico LLC 2/9/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
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nVF1811428975 BP AMERICA PRODUCTION COMPANY 2/8/18 Release Other Unknown San Juan (45)
nOY1806428200 DCP OPERATING COMPANY, LP 2/8/18 Release Other Condensate Equipment Failure Lea (25)
nOY1804740772 J R OIL, LTD. CO. 2/8/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nCS1808531600 DJR OPERATING, LLC 2/8/18 Other Other (Specify) Other Rio Arriba (39)
nOY1805357830 DEVON ENERGY PRODUCTION COMPANY, LP 2/7/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1804533312 COG OPERATING LLC 2/7/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1805347926 WPX Energy Permian, LLC 2/7/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAPM2320648479 ARP PRODUCTION COMPANY, LLC 2/7/18 Produced Water Release Colfax (07)
nOY1803828562 MARATHON OIL PERMIAN LLC 2/7/18 Major Fire Condensate, Natural Gas Liquids Other Lea (25)

nVF1805452753 ENTERPRISE PRODUCTS OPERATING, LLC 2/7/18 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1803942588 Spur Energy Partners LLC 2/6/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1803957364 COG OPERATING LLC 2/5/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1804748816 DEVON ENERGY PRODUCTION COMPANY, LP 2/4/18 Minor Produced Water Release Produced Water Other Lea (25)
nAB1804027953 COG PRODUCTION, LLC 2/4/18 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1805036031 BOPCO, L.P. 2/3/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1803353939 DEVON ENERGY PRODUCTION COMPANY, LP 2/2/18 Minor Produced Water Release Produced Water Human Error Lea (25)
nCS1807955057 HALLADOR PETROLEUM LLP 2/2/18 Other Other (Specify) Other San Juan (45)
nAB1803951001 COG OPERATING LLC 2/2/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1805034957 BOPCO, L.P. 2/2/18 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1809438477 MARATHON OIL PERMIAN LLC 2/2/18 Major Oil Release Crude Oil Human Error Eddy (15)
nOY1803750274 OXY USA INC 2/1/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nOY1804337684 ASPEN OPERATING COMPANY LLC 2/1/18 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1803638110 COG OPERATING LLC 2/1/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1803734582 OXY USA INC 1/31/18 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nOY1803834027 CAMBRIAN MANAGEMENT LTD 1/31/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCW1810944287 MATADOR PRODUCTION COMPANY 1/31/18 Major Produced Water Release Produced Water Eddy (15)
nAB1805132291 MATADOR PRODUCTION COMPANY 1/31/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1804355471 ENTERPRISE FIELD SERVICES, LLC 1/31/18 Minor Release Other Lube Oil Equipment Failure San Juan (45)
nOY1804327005 RAM ENERGY LLC 1/31/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1803127644 Spur Energy Partners LLC 1/31/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1803830175 RAYBAW Operating, LLC 1/31/18 Major Release Other Condensate, Produced Water Equipment Failure Lea (25)
nOY1803748737 COG OPERATING LLC 1/30/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1803356383 COG OPERATING LLC 1/30/18 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1804548640 XTO PERMIAN OPERATING LLC. 1/30/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1805147732 WPX ENERGY PRODUCTION, LLC 1/29/18 Major Fire Unknown Rio Arriba (39)
nVF1804353286 WPX ENERGY PRODUCTION, LLC 1/29/18 Major Fire Unknown San Juan (45)
nAB1805055785 DEVON ENERGY PRODUCTION COMPANY, LP 1/28/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1806442185 OXY USA INC 1/28/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1803635240 OXY USA INC 1/28/18 Major Produced Water Release Produced Water Fire Eddy (15)
nAB1803253706 COG OPERATING LLC 1/28/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1803252715 ENTERPRISE FIELD SERVICES, LLC 1/28/18 Major Release Other Other (Specify) Fire San Juan (45)
nOY1803031043 Maverick Permian LLC 1/27/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nOY1804328649 CHEVRON U S A INC 1/26/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1804053671 OXY USA INC 1/26/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1802640704 COG OPERATING LLC 1/26/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1805335187 Williams Four Corners, LLC 1/26/18 Release Other Condensate, Produced Water San Juan (45)
nAB1804757183 EOG Y RESOURCES, INC. 1/25/18 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
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nAB1804435837 EOG Y RESOURCES, INC. 1/25/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1804536396 CAZA OPERATING, LLC 1/25/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1804331810 OWL SWD OPERATING, LLC 1/25/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1809434279 MARATHON OIL PERMIAN LLC 1/25/18 Minor Release Other Condensate Other Eddy (15)
nVF1803252078 ENTERPRISE PRODUCTS OPERATING, LLC 1/25/18 Major Release Other Other (Specify) Equipment Failure San Juan (45)
nVF1802526589 ROBERT L BAYLESS PRODUCER LLC 1/24/18 Release Other Motor Oil San Juan (45)
nOY1803738762 ADVANCE ENERGY PARTNERS HAT MESA, LLC 1/24/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1803250755 ENTERPRISE PRODUCTS OPERATING, LLC 1/24/18 Release Other Condensate San Juan (45)

nCS1803829147 ENTERPRISE PRODUCTS OPERATING, LLC 1/24/18 Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Other San Juan (45)

nVF1804426090 XTO ENERGY, INC 1/23/18 Minor Produced Water Release Produced Water San Juan (45)
nAB1803838673 HARVARD PETROLEUM COMPANY, LLC 1/23/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1802649672 MATADOR PRODUCTION COMPANY 1/23/18 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1803029522 Spur Energy Partners LLC 1/23/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nVF1802648729 SIMCOE LLC 1/23/18 Release Other Other (Specify) Other San Juan (45)
nAB1803252742 Permian Resources Operating, LLC 1/23/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1803753824 DUGAN PRODUCTION CORP 1/22/18 Minor Other Other (Specify) Equipment Failure San Juan (45)
nOY1802250981 COG OPERATING LLC 1/22/18 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1803358243 J R OIL, LTD. CO. 1/22/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1803756772 ROCKCLIFF OPERATING NEW MEXICO LLC 1/22/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1803741279 DEVON ENERGY PRODUCTION COMPANY, LP 1/21/18 Major Produced Water Release Produced Water Other Lea (25)
nAB1803749983 DEVON ENERGY PRODUCTION COMPANY, LP 1/21/18 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1803639691 DEVON ENERGY PRODUCTION COMPANY, LP 1/21/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1803742692 OXY USA INC 1/21/18 Major Oil Release Crude Oil Other Lea (25)
nOY1802651575 APACHE CORPORATION 1/20/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1802933590 COG OPERATING LLC 1/20/18 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1802648272 Spur Energy Partners LLC 1/20/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nVF1802648183 SIMCOE LLC 1/20/18 Release Other Condensate San Juan (45)
nAB1803736033 CHEVRON U S A INC 1/19/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1802932650 Spur Energy Partners LLC 1/19/18 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nCS1803751908 HILCORP ENERGY COMPANY 1/19/18 Minor Oil Release Other (Specify) Corrosion Rio Arriba (39)
nVF1803151735 Williams Four Corners, LLC 1/19/18 Release Other Condensate San Juan (45)
nKJ1602726266 OXY USA INC 1/18/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1807257806 CIMAREX ENERGY CO. OF COLORADO 1/18/18 Major Oil Release Crude Oil, Produced Water Freeze Lea (25)
nCS1803748358 HILCORP ENERGY COMPANY 1/18/18 Minor Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nAB1803638613 XTO PERMIAN OPERATING LLC. 1/18/18 Oil Release Crude Oil Other Eddy (15)
nAB1803634813 XTO ENERGY, INC 1/17/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1804534391 EOG Y RESOURCES, INC. 1/17/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1803753364 WPX ENERGY PRODUCTION, LLC 1/17/18 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nOY1801736002 COG PRODUCTION, LLC 1/17/18 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1803756053 CCC OIL & GAS LLC 1/17/18 Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1803054013 DEVON ENERGY PRODUCTION COMPANY, LP 1/16/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nRM2017435952 GRAND BANKS ENERGY CO 1/16/18 Oil Release Crude Oil Corrosion Lea (25)
nOY1805241827 GRAND BANKS ENERGY CO 1/16/18 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1803254347 WPX Energy Permian, LLC 1/16/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1803732121 SIMCOE LLC 1/16/18 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1803053553 RAYBAW Operating, LLC 1/16/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1801735085 HILCORP ENERGY COMPANY 1/16/18 Other Other (Specify) Other San Juan (45)
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nOY1803033936 DEVON ENERGY PRODUCTION COMPANY, LP 1/15/18 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1803054540 DEVON ENERGY PRODUCTION COMPANY, LP 1/15/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1801748389 Maverick Permian LLC 1/15/18 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1802537084 ROCKCLIFF OPERATING NEW MEXICO LLC 1/15/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1801852910 EOG RESOURCES INC 1/13/18 Minor Produced Water Release Crude Oil Equipment Failure Eddy (15)
nOY1801252654 CONOCOPHILLIPS COMPANY 1/12/18 Major Fire Other (Specify) Fire Lea (25)
nAB1802926862 XTO PERMIAN OPERATING LLC. 1/12/18 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1801256925 STAKEHOLDER MIDSTREAM LLC 1/12/18 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1801737259 MARATHON OIL PERMIAN LLC 1/11/18 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1802650840 BOPCO, L.P. 1/10/18 Major Oil Release Crude Oil Fire Eddy (15)
nAB1802927873 XTO ENERGY, INC 1/9/18 Minor Other Other (Specify) Other Eddy (15)
nOY1802642217 DEVON ENERGY PRODUCTION COMPANY, LP 1/9/18 Minor Release Other Drilling Mud/Fluid Overflow - Tank, Pit, Etc. Lea (25)
nOY1801734759 OXY USA INC 1/9/18 Major Oil Release Crude Oil, Produced Water Blow Out Lea (25)
nOY1801732984 OCCIDENTAL PERMIAN LTD 1/9/18 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nOY1801728169 OCCIDENTAL PERMIAN LTD 1/9/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nOY1801657371 OCCIDENTAL PERMIAN LTD 1/9/18 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1806737490 FRONTIER FIELD SERVICES, LLC 1/9/18 Minor Release Other Condensate Corrosion Eddy (15)
nAB1802928387 DEVON ENERGY PRODUCTION COMPANY, LP 1/8/18 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1803253192 OXY USA INC 1/8/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1800851743 SOUTHWEST ROYALTIES INC 1/8/18 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nOY1800841704 CONOCOPHILLIPS COMPANY 1/8/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1800858320 COG OPERATING LLC 1/8/18 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1800857073 COG OPERATING LLC 1/8/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1801849650 MARATHON OIL PERMIAN LLC 1/8/18 Oil Release Crude Oil Other Eddy (15)
nCS1800849211 HILCORP ENERGY COMPANY 1/8/18 Other Other (Specify) Other Rio Arriba (39)
nOY1802255368 DEVON ENERGY PRODUCTION COMPANY, LP 1/7/18 Minor Oil Release Diesel Equipment Failure Lea (25)
nOY1802252498 DEVON ENERGY PRODUCTION COMPANY, LP 1/7/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1802929248 BOPCO, L.P. 1/7/18 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1801851398 Spur Energy Partners LLC 1/7/18 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1802638956 CHEVRON U S A INC 1/6/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1802258801 SOUTHWEST ROYALTIES INC 1/6/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1801742400 COG OPERATING LLC 1/6/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1803042916 XTO ENERGY, INC 1/5/18 Other Other (Specify) Other San Juan (45)
nOY1800840250 OXY USA INC 1/5/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1800952343 POGO PRODUCING CO 1/5/18 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nOY1800827396 Contango Resources, Inc. 1/5/18 Major Release Other Other (Specify) Lea (25)
nAB1802538319 Silverback Operating II, LLC 1/5/18 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1800533693 Water Energy Services, LLC 1/5/18 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1801936658 EOG Y RESOURCES, INC. 1/4/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1800955828 CONOCOPHILLIPS COMPANY 1/4/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1800838187 J R OIL, LTD. CO. 1/4/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1800849426 Spur Energy Partners LLC 1/4/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1805438565 DJR OPERATING, LLC 1/4/18 Minor Oil Release Condensate Equipment Failure Rio Arriba (39)
nAB1801651958 MARATHON OIL PERMIAN LLC 1/4/18 Major Other Other (Specify) Equipment Failure Eddy (15)
nOY1801242067 APACHE CORPORATION 1/3/18 Major Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAB1800947656 BURNETT OIL CO INC 1/3/18 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1801942978 CHEVRON U S A INC 1/3/18 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
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nOY1800527921 JOHN H HENDRIX CORP 1/3/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1800853345 SOUTHWEST ROYALTIES INC 1/3/18 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1800830737 STRATA PRODUCTION CO 1/3/18 Minor Oil Release Crude Oil Freeze Lea (25)
nOY1800855479 COG OPERATING LLC 1/3/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1800356604 CAZA OPERATING, LLC 1/3/18 Major Oil Release Crude Oil Fire Eddy (15)
nOY1801653359 Empire New Mexico LLC 1/3/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMAP1827460454 Earthstone Operating, LLC 1/3/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1801253775 FOUNDATION ENERGY MANAGEMENT, LLC 1/3/18 Major Oil Release Crude Oil Freeze Lea (25)
nAB1800955279 Permian Resources Operating, LLC 1/3/18 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1801055905 APACHE CORPORATION 1/2/18 Major Produced Water Release Produced Water Lea (25)
nOY1800836161 OCCIDENTAL PERMIAN LTD 1/2/18 Major Produced Water Release Produced Water Corrosion Lea (25)
nOY1800234672 COG OPERATING LLC 1/2/18 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1802249990 SIMCOE LLC 1/2/18 Other Other (Specify), Unknown Equipment Failure, Other San Juan (45)
nAB1801850918 MARATHON OIL PERMIAN LLC 1/2/18 Oil Release Crude Oil Other Eddy (15)
nAB1800954389 Permian Resources Operating, LLC 1/2/18 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1801851852 XTO PERMIAN OPERATING LLC. 1/2/18 Oil Release Crude Oil Freeze Eddy (15)
nOY1801243926 APACHE CORPORATION 1/1/18 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1812336028 CHESTNUT EXPLORATION AND PRODUCTION, INC. 1/1/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1800329215 Maverick Permian LLC 1/1/18 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1801849148 DEVON ENERGY PRODUCTION COMPANY, LP 12/31/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1801941807 WPX Energy Permian, LLC 12/31/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1736334624 DEVON ENERGY PRODUCTION COMPANY, LP 12/29/17 Release Other Crude Oil Lea (25)
nOY1800336980 COG OPERATING LLC 12/29/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nVF1805933768 SIMCOE LLC 12/29/17 Other Unknown San Juan (45)
nVF1805932639 SIMCOE LLC 12/29/17 Release Other Unknown San Juan (45)
nAPP2116142694 CHEVRON U S A INC 12/28/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1801755995 MATADOR PRODUCTION COMPANY 12/28/17 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1801255310 MorningStar Operating LLC 12/28/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1801035692 CHEVRON U S A INC 12/27/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1801757352 DEVON ENERGY PRODUCTION COMPANY, LP 12/27/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1736149956 COG OPERATING LLC 12/27/17 Minor Oil Release Crude Oil Freeze Lea (25)
nOY1801032219 DEVON ENERGY PRODUCTION COMPANY, LP 12/26/17 Minor Oil Release B.S. & W., Crude Oil Human Error Lea (25)
nOY1800341697 DEVON ENERGY PRODUCTION COMPANY, LP 12/26/17 Major Fire Unknown Fire Lea (25)
nOY1800231197 OXY USA INC 12/26/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1800934638 OXY USA INC 12/26/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1736038566 CONOCOPHILLIPS COMPANY 12/26/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1811641153 SIMCOE LLC 12/26/17 Release Other Unknown Other San Juan (45)
nAB1800552891 MEWBOURNE OIL CO 12/25/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1800556999 DCP OPERATING COMPANY, LP 12/25/17 Natural Gas Release Condensate Equipment Failure Eddy (15)
nOY1800227485 OCCIDENTAL PERMIAN LTD 12/25/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1736035740 CAZA OPERATING, LLC 12/24/17 Major Oil Release Crude Oil Fire Lea (25)
nAB1800929918 MARATHON OIL PERMIAN LLC 12/24/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1800947208 XTO PERMIAN OPERATING LLC. 12/24/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1801157482 NAVAJO REFINING COMPANY, L.L.C. 12/23/17 Major Oil Release Crude Oil Human Error Lea (25)
nVF1736037352 BP AMERICA PRODUCTION COMPANY 12/22/17 Release Other Produced Water San Juan (45)
nAB1800555602 DEVON ENERGY PRODUCTION COMPANY, LP 12/21/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1800557573 WPX Energy Permian, LLC 12/21/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAB1800936367 BOPCO, L.P. 12/21/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1735449817 WPX ENERGY PRODUCTION, LLC 12/20/17 Major Produced Water Release Produced Water Rio Arriba (39)
nAB1736141298 COG OPERATING LLC 12/20/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1735456975 Contango Resources, Inc. 12/20/17 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nVF1801029165 HILCORP ENERGY COMPANY 12/20/17 Release Other Unknown San Juan (45)
nVF1800248261 HILCORP ENERGY COMPANY 12/20/17 Minor Release Other Condensate San Juan (45)
nVF1800240565 HILCORP ENERGY COMPANY 12/20/17 Release Other Condensate San Juan (45)
nVF1735626321 HILCORP ENERGY COMPANY 12/20/17 Release Other Condensate San Juan (45)
nCS1735527211 HILCORP ENERGY COMPANY 12/20/17 Major Oil Release Condensate Corrosion San Juan (45)
nCS1801657017 ENTERPRISE PRODUCTS OPERATING, LLC 12/20/17 Oil Release Other (Specify) Corrosion San Juan (45)
nCS1803830440 DUGAN PRODUCTION CORP 12/19/17 Other Other (Specify) Other San Juan (45)
nAB1736133674 COG OPERATING LLC 12/19/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1736028838 ETC Texas Pipeline, Ltd. 12/19/17 Major Natural Gas Release Condensate Corrosion Lea (25)
nOY1735234214 XTO ENERGY, INC 12/18/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
nVF1735237319 WPX ENERGY PRODUCTION, LLC 12/18/17 Release Other Unknown Rio Arriba (39)
nVF1735234620 WPX ENERGY PRODUCTION, LLC 12/18/17 Major Fire Unknown San Juan (45)
nOY1801057914 PURVIS OPERATING CO 12/18/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1736131701 COG PRODUCTION, LLC 12/18/17 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1735231495 MARATHON OIL PERMIAN LLC 12/18/17 Major Fire Other (Specify) Fire Lea (25)
nAB1800932994 QUATRO OSOS E&P, LLC 12/18/17 Minor Oil Release Crude Oil Vandalism Chaves (05)
nOY1736032564 DEVON ENERGY PRODUCTION COMPANY, LP 12/17/17 Minor Produced Water Release Produced Water Human Error Lea (25)
nOY1800232956 OXY USA INC 12/17/17 Minor Oil Release Crude Oil, Produced Water Lea (25)
nAB1800541215 BOPCO, L.P. 12/17/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1735252600 COG OPERATING LLC 12/16/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1734952327 THOMPSON ENGR & PROD CORP 12/15/17 Major Fire Other (Specify) Fire San Juan (45)
nAB1808655218 ENERGY TRANSFER PARTNERS, LP 12/15/17 Minor Release Other Condensate Freeze Eddy (15)
nOY1735437002 APACHE CORPORATION 12/14/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1812351756 DUGAN PRODUCTION CORP 12/14/17 Release Other Lube Oil Other San Juan (45)
nVF1802642247 WPX ENERGY PRODUCTION, LLC 12/14/17 Release Other Produced Water San Juan (45)
nAB1735229901 COG OPERATING LLC 12/14/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1736138526 BOPCO, L.P. 12/14/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1800540643 MARATHON OIL PERMIAN LLC 12/14/17 Major Natural Gas Release Natural Gas Liquids Fire Eddy (15)
nAB1736136697 XTO ENERGY, INC 12/13/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1736030513 DEVON ENERGY PRODUCTION COMPANY, LP 12/13/17 Produced Water Release Produced Water Lea (25)
nAB1735258505 COG OPERATING LLC 12/13/17 Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1735241593 Franklin Mountain Energy 3, LLC 12/13/17 Major Oil Release Crude Oil Human Error Lea (25)
nAB1913054056 XTO ENERGY, INC 12/12/17 Major Oil Release Crude Oil Human Error Eddy (15)
nVF1734934906 PRIDE ENERGY COMPANY 12/12/17 Major Release Other Produced Water Sandoval (43)
nVF1805333405 SIMCOE LLC 12/12/17 Release Other Unknown San Juan (45)
nVF1805137023 SIMCOE LLC 12/12/17 Release Other Unknown San Juan (45)
nAB1735335003 SOLARIS WATER MIDSTREAM, LLC 12/12/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1801657884 DJR OPERATING, LLC 12/12/17 Other Glycol Other 0
nCS1807132797 Williams Four Corners, LLC 12/12/17 Other Other (Specify) Other San Juan (45)
nCS1734851807 Williams Four Corners, LLC 12/12/17 Oil Release Condensate Other Rio Arriba (39)
nCS1801656251 BP AMERICA PRODUCTION COMPANY 12/11/17 Oil Release Other (Specify) Corrosion San Juan (45)
nOY1735236012 COG OPERATING LLC 12/11/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1801742031 Silverback Operating II, LLC 12/11/17 Other Unknown Other Eddy (15)
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nCS1801654367 DJR OPERATING, LLC 12/11/17 Oil Release Other (Specify) Other San Juan (45)
nCS1801652190 Williams Four Corners, LLC 12/11/17 Oil Release Other (Specify) Other Rio Arriba (39)
nAB1736130254 EOG Y RESOURCES, INC. 12/10/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1735236555 WPX ENERGY PRODUCTION, LLC 12/9/17 Release Other Unknown San Juan (45)
nVF1735236218 WPX ENERGY PRODUCTION, LLC 12/9/17 Release Other Unknown San Juan (45)
nVF1734527615 WPX ENERGY PRODUCTION, LLC 12/9/17 Produced Water Release Produced Water Rio Arriba (39)
nAB1735335460 COG OPERATING LLC 12/9/17 Minor Oil Release Crude Oil Other Eddy (15)
nRM2210232566 CHEVRON U S A INC 12/8/17 Major Other Crude Oil Other Eddy (15)
nVF1735236036 WPX ENERGY PRODUCTION, LLC 12/8/17 Release Other Produced Water Rio Arriba (39)
nAB1736055339 WPX Energy Permian, LLC 12/8/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1800247774 Williams Four Corners, LLC 12/8/17 Release Other Other (Specify) San Juan (45)
nAB1908534289 OXY USA INC 12/7/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1735248031 PURVIS OPERATING CO 12/7/17 Oil Release Crude Oil Equipment Failure Lea (25)
nOY1734133250 CIMAREX ENERGY CO. 12/7/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nOY1734134824 COG PRODUCTION, LLC 12/7/17 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1734129187 CAZA OPERATING, LLC 12/7/17 Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1734132118 MARATHON OIL PERMIAN LLC 12/7/17 Major Fire Crude Oil Lea (25)
nAB1800933700 DEVON ENERGY PRODUCTION COMPANY, LP 12/6/17 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAB1734834805 OXY USA INC 12/6/17 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nOY1735238080 COG OPERATING LLC 12/6/17 Major Fire Crude Oil Fire Lea (25)
nOY1734227772 COG OPERATING LLC 12/6/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1736044200 BOPCO, L.P. 12/6/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1801657373 SIMCOE LLC 12/5/17 Other Other (Specify) Other San Juan (45)
nVF1734229687 HILCORP ENERGY COMPANY 12/5/17 Major Fire Other (Specify) Other Rio Arriba (39)
nAB1736039110 XTO ENERGY, INC 12/4/17 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1736056440 DEVON ENERGY PRODUCTION COMPANY, LP 12/4/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1800931617 EOG RESOURCES INC 12/3/17 Produced Water Release Produced Water Eddy (15)
nAB1735229292 WPX Energy Permian, LLC 12/2/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1735239411 BAM Permian Operating, LLC 12/2/17 Major Produced Water Release Produced Water Corrosion Chaves (05)
nAB1736140332 ROVER OPERATING, LLC 12/2/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1735334560 EOG Y RESOURCES, INC. 12/1/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1734228360 COG PRODUCTION, LLC 12/1/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1734230847 COG OPERATING LLC 12/1/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1736038289 BOPCO, L.P. 12/1/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1734038101 COG OPERATING LLC 11/30/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1800255653 SIMCOE LLC 11/30/17 Oil Release Other (Specify) Other San Juan (45)
nVF1800537607 Williams Four Corners, LLC 11/30/17 Release Other Natural Gas Liquids San Juan (45)
nOY1734058030 GRAND BANKS ENERGY CO 11/29/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1803335205 SIMCOE LLC 11/29/17 Other Other (Specify) Other San Juan (45)
nCS1733529093 HILCORP ENERGY COMPANY 11/29/17 Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nOY1734146233 DCP OPERATING COMPANY, LP 11/28/17 Minor Release Other Other (Specify) Overflow - Tank, Pit, Etc. Lea (25)
nOY1733347591 HOLLY ENERGY PARTNERS - OPERATING, LP 11/28/17 Major Oil Release Crude Oil Human Error Lea (25)
nVF1735542081 SIMCOE LLC 11/28/17 Release Other Unknown San Juan (45)
nVF1734230051 HILCORP ENERGY COMPANY 11/28/17 Release Other Unknown San Juan (45)
nCS1735235018 HILCORP ENERGY COMPANY 11/28/17 Major Other Other (Specify) Other San Juan (45)
nOY1733156897 COG OPERATING LLC 11/27/17 Major Produced Water Release Produced Water Corrosion Lea (25)
nOY1733135499 LIME ROCK RESOURCES II-A, L.P. 11/27/17 Major Release Other Unknown Other Lea (25)
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nCS1803333248 SIMCOE LLC 11/27/17 Other Other (Specify) Other San Juan (45)
nVF1733227051 ENTERPRISE PRODUCTS OPERATING, LLC 11/27/17 Release Other Condensate San Juan (45)
nOY1733235874 COG OPERATING LLC 11/26/17 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1733957999 MEWBOURNE OIL CO 11/25/17 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1734059505 OXY USA INC 11/25/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1733436487 COG OPERATING LLC 11/25/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1735250845 Opal Operating Company LLC 11/25/17 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1734534005 DEVON ENERGY PRODUCTION COMPANY, LP 11/24/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1733234682 COG OPERATING LLC 11/24/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1733432507 COG OPERATING LLC 11/24/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1733332623 SOUTHWEST ROYALTIES INC 11/23/17 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1734231291 MATADOR PRODUCTION COMPANY 11/23/17 Major Other Other (Specify) Equipment Failure Eddy (15)
nAB1733957568 APACHE CORPORATION 11/22/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1734238642 WPX ENERGY PRODUCTION, LLC 11/22/17 Minor Produced Water Release Produced Water Rio Arriba (39)
nAB1734036870 Silverback Operating II, LLC 11/22/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1733855987 PERCUSSION PETROLEUM OPERATING, LLC 11/22/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1734230353 ROCKCLIFF OPERATING NEW MEXICO LLC 11/20/17 Minor Oil Release Crude Oil Corrosion Eddy (15)
nOY1732438128 SOLARIS WATER MIDSTREAM, LLC 11/20/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1732657426 STEWARD ENERGY II, LLC 11/20/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1733352349 MARATHON OIL PERMIAN LLC 11/20/17 Produced Water Release Produced Water Other Lea (25)
nVF1735233522 ENTERPRISE PRODUCTS OPERATING, LLC 11/20/17 Release Other Other (Specify) Other San Juan (45)
nCS1801655901 Enterprise Crude Oil LLC 11/20/17 Minor Oil Release Other (Specify) Freeze San Juan (45)
nOY1732453631 Spur Energy Partners LLC 11/19/17 Major Oil Release Crude Oil Corrosion Lea (25)
nVF1733856387 Williams Four Corners, LLC 11/19/17 Release Other Produced Water Other San Juan (45)
nAB1734038480 DEVON ENERGY PRODUCTION COMPANY, LP 11/18/17 Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1733228951 COG OPERATING LLC 11/18/17 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1733333295 COG OPERATING LLC 11/18/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1734036542 BOPCO, L.P. 11/18/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1732133962 DEVON ENERGY PRODUCTION COMPANY, LP 11/17/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1733430085 MACK ENERGY CORP 11/17/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1805735651 LINN OPERATING, LLC. 11/17/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nOY1732147683 LUCID ENERGY DELAWARE, LLC 11/17/17 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Lea (25)

nAB1733430713 El Paso Natural Gas Company, L.L.C 11/16/17 Major Other Other (Specify) Overflow - Tank, Pit, Etc. Hidalgo (23)
nOY1732456293 EOG RESOURCES INC 11/16/17 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1733254794 OXY USA INC 11/16/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1732034091 COG PRODUCTION, LLC 11/16/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)

nCS1801655315 ENTERPRISE PRODUCTS OPERATING, LLC 11/16/17 Minor Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nOY1731938780 COG PRODUCTION, LLC 11/15/17 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1731928768 HESS CORPORATION 11/15/17 Other Unknown Other Lea (25)
nOY1731927386 HESS CORPORATION 11/15/17 Other Unknown Other Lea (25)
nOY1732441110 DEVON ENERGY PRODUCTION COMPANY, LP 11/14/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1801736987 DEVON ENERGY PRODUCTION COMPANY, LP 11/14/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1731949846 THOMPSON ENGR & PROD CORP 11/14/17 Release Other Crude Oil Rio Arriba (39)
nVF1734047736 ENTERPRISE FIELD SERVICES L.L.C. 11/14/17 Release Other Rio Arriba (39)
nOY1731852751 COG OPERATING LLC 11/14/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1734231833 Silverback Operating II, LLC 11/14/17 Major Produced Water Release Condensate, Produced Water Equipment Failure Eddy (15)
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nCS1801652609 DJR OPERATING, LLC 11/14/17 Other Other (Specify) Other 0

nCS1801655622 ENTERPRISE PRODUCTS OPERATING, LLC 11/14/17 Minor Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nAB1733253521 COG OPERATING LLC 11/13/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1732042024 Spur Energy Partners LLC 11/13/17 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1732449577 HARVARD PETROLEUM COMPANY, LLC 11/12/17 Oil Release Crude Oil Other Eddy (15)
nOY1732439307 DEVON ENERGY PRODUCTION COMPANY, LP 11/10/17 Major Other Other (Specify) Fire Lea (25)
nAB1732444101 OXY USA INC 11/10/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1732026849 COG OPERATING LLC 11/10/17 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1732059674 Contango Resources, Inc. 11/9/17 Major Oil Release Crude Oil, Produced Water Blow Out Lea (25)
nAB1732027423 EOG Y RESOURCES, INC. 11/8/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCW1810943434 COG OPERATING LLC 11/8/17 Major Produced Water Release Crude Oil, Produced Water Eddy (15)
nAB1732037933 COG OPERATING LLC 11/8/17 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nVF1804454014 SIMCOE LLC 11/8/17 Release Other Unknown San Juan (45)
nVF1804449774 SIMCOE LLC 11/8/17 Release Other Unknown San Juan (45)
nAB1733336819 El Paso Natural Gas Company, L.L.C 11/7/17 Minor Natural Gas Release Other (Specify) Equipment Failure Hidalgo (23)
nAB1801741002 OXY USA INC 11/7/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1731752853 SIMCOE LLC 11/7/17 Oil Release Crude Oil Equipment Failure San Juan (45)
nAB1733938231 AGUA SUCIA LLC 11/6/17 Minor Other Other (Specify) Equipment Failure Eddy (15)
nAPM2321248396 SIMCOE LLC 11/6/17 Major Release Other San Juan (45)
nAB1801736296 DEVON ENERGY PRODUCTION COMPANY, LP 11/4/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1733252075 POGO PRODUCING CO 11/4/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1731258240 COG OPERATING LLC 11/4/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1731937275 CAZA OPERATING, LLC 11/4/17 Major Oil Release Crude Oil Fire Lea (25)
nOY1732146179 JOHN H HENDRIX CORP 11/3/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1732450165 WPX Energy Permian, LLC 11/2/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1732041425 BOPCO, L.P. 11/2/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1731257717 Spur Energy Partners LLC 11/2/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1802649693 SIMCOE LLC 11/2/17 Release Other Unknown San Juan (45)
nCS1730656004 HILCORP ENERGY COMPANY 11/2/17 Oil Release Other (Specify) Other San Juan (45)
nOY1730540026 MARK L SHIDLER INC 11/1/17 Oil Release B.S. & W., Crude Oil Other Lea (25)
nAB1732448434 OXY USA INC 11/1/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1731251644 OXY USA INC 11/1/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1730642856 EOG Y RESOURCES, INC. 11/1/17 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1730558248 WESTERN REFINING COMPANY, L.P. 11/1/17 Minor Oil Release Crude Oil Human Error Lea (25)
nVF1736032516 BP AMERICA PRODUCTION COMPANY 10/31/17 Produced Water Release Produced Water San Juan (45)
nOY1732449643 CIMAREX ENERGY CO. OF COLORADO 10/31/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1731952204 COG PRODUCTION, LLC 10/31/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1730640894 HILCORP ENERGY COMPANY 10/31/17 Release Other Natural Gas Liquids San Juan (45)
nAB1800553465 OXY USA INC 10/30/17 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nVF1730729019 WPX ENERGY PRODUCTION, LLC 10/30/17 Minor Produced Water Release Produced Water San Juan (45)
nAB1731243780 COG OPERATING LLC 10/30/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1732430277 MARATHON OIL PERMIAN LLC 10/30/17 Major Produced Water Release Produced Water Human Error Lea (25)
nOY1730532363 CIMAREX ENERGY CO. OF COLORADO 10/29/17 Major Release Other B.S. & W. Lea (25)
nAB1730536043 COG OPERATING LLC 10/29/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1731955602 MARATHON OIL PERMIAN LLC 10/29/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nOY1805352581 CAMBRIAN MANAGEMENT LTD 10/28/17 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAB1731042349 BOPCO, L.P. 10/28/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nAB1730649817 COG OPERATING LLC 10/27/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1730542511 COG OPERATING LLC 10/27/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1730055065 Contango Resources, Inc. 10/27/17 Major Produced Water Release Produced Water Corrosion Lea (25)
nOY1730029665 MARATHON OIL PERMIAN LLC 10/27/17 Major Release Other Other (Specify) Fire Lea (25)
nAB1732026330 DEVON ENERGY PRODUCTION COMPANY, LP 10/26/17 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1731254633 El Paso Natural Gas Company, L.L.C 10/26/17 Major Other Other (Specify) Equipment Failure Hidalgo (23)
nVF1730025606 WPX ENERGY PRODUCTION, LLC 10/26/17 Minor Release Other Produced Water Rio Arriba (39)
nAB1731257230 DEVON ENERGY PRODUCTION COMPANY, LP 10/25/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1800930594 OXY USA INC 10/25/17 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1731252071 OXY USA INC 10/25/17 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAB1801735905 DEVON ENERGY PRODUCTION COMPANY, LP 10/24/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1811352263 COG OPERATING LLC 10/24/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1730338961 SIMCOE LLC 10/24/17 Release Other Unknown San Juan (45)
nAB1731041742 XTO ENERGY, INC 10/23/17 Major Release Other Condensate Overflow - Tank, Pit, Etc. Eddy (15)
nOY1732130408 DEVON ENERGY PRODUCTION COMPANY, LP 10/23/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1729656856 MARATHON OIL PERMIAN LLC 10/23/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nOY1731932745 DEVON ENERGY PRODUCTION COMPANY, LP 10/22/17 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1730556564 OWL SWD OPERATING, LLC 10/22/17 Major Produced Water Release Produced Water Blow Out Lea (25)
nOY1731934969 Opal Operating Company LLC 10/22/17 Minor Oil Release Crude Oil, Produced Water Corrosion Chaves (05)
nAB1729756827 EOG RESOURCES INC 10/21/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1729756399 COG OPERATING LLC 10/21/17 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1730542781 Enterprise Field Services, LLC 10/21/17 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1730640185 WPX Energy Permian, LLC 10/21/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1731152496 BOPCO, L.P. 10/21/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1730048212 COG OPERATING LLC 10/20/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nOY1730547039 TANDEM ENERGY CORPORATION 10/20/17 Major Oil Release Crude Oil, Produced Water Lightning Lea (25)
nOY1730032818 CONOCOPHILLIPS COMPANY 10/19/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1735635350 SIMCOE LLC 10/19/17 Other Other (Specify) Other San Juan (45)
nOY1732141384 DEVON ENERGY PRODUCTION COMPANY, LP 10/18/17 Major Produced Water Release Produced Water Human Error Lea (25)
nOY1732138560 DEVON ENERGY PRODUCTION COMPANY, LP 10/18/17 Major Produced Water Release Produced Water Human Error Lea (25)
nOY1730058924 CAMBRIAN MANAGEMENT LTD 10/18/17 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nOY1730036268 ETC Texas Pipeline, Ltd. 10/18/17 Minor Release Other Condensate Equipment Failure Lea (25)
nVF1706732355 XTO HOLDINGS, LLC 10/17/17 Release Other Unknown San Juan (45)
nCS1731129456 ELM RIDGE EXPLORATION COMPANY LLC 10/16/17 Oil Release Other (Specify) Other Rio Arriba (39)
nOY1728956226 COG PRODUCTION, LLC 10/16/17 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1728955376 COG PRODUCTION, LLC 10/16/17 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1730536457 BOPCO, L.P. 10/16/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nOY1730346906 BXP Operating, LLC 10/16/17 Minor Produced Water Release Produced Water Other Lea (25)
nAB1729856477 MARATHON OIL PERMIAN LLC 10/16/17 Major Fire Other (Specify) Fire Eddy (15)
nAB1729158101 MACK ENERGY CORP 10/15/17 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nVF1731238911 ELM RIDGE EXPLORATION COMPANY LLC 10/15/17 Minor Oil Release Crude Oil Rio Arriba (39)
nAB1729754125 COG OPERATING LLC 10/15/17 Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1728952379 WALSH & WATTS INC 10/12/17 Oil Release Crude Oil Equipment Failure Lea (25)
nOY1728441681 XTO ENERGY, INC 10/11/17 Minor Oil Release Crude Oil Corrosion Lea (25)
nOY1728437700 SOUTHWEST ROYALTIES INC 10/11/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1728439782 FASKEN OIL & RANCH LTD 10/11/17 Major Oil Release Crude Oil Vandalism Lea (25)
nAB1728932701 COG OPERATING LLC 10/11/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nCS1735633477 SIMCOE LLC 10/11/17 Other Other (Specify) Other San Juan (45)
nCS1735432076 SIMCOE LLC 10/11/17 Other Other (Specify) Other San Juan (45)
nOY1730057049 DEVON ENERGY PRODUCTION COMPANY, LP 10/10/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1729847986 DEVON ENERGY PRODUCTION COMPANY, LP 10/10/17 Other Other (Specify) Other Eddy (15)
nOY1728953770 COG OPERATING LLC 10/10/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1728633177 Contango Resources, Inc. 10/10/17 Produced Water Release Produced Water Other Eddy (15)
nAB1729753198 HARVARD PETROLEUM COMPANY, LLC 10/9/17 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1728950208 COG OPERATING LLC 10/9/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1731132012 HILCORP ENERGY COMPANY 10/9/17 Minor Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nAB1729752650 DEVON ENERGY PRODUCTION COMPANY, LP 10/7/17 Oil Release Crude Oil Other Eddy (15)
nOY1729155061 APACHE CORPORATION 10/6/17 Major Oil Release Crude Oil, Produced Water Fire Lea (25)
nOY1727957654 DEVON ENERGY PRODUCTION COMPANY, LP 10/6/17 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nOY1727953960 COG OPERATING LLC 10/6/17 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1728636945 COG OPERATING LLC 10/6/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1730043331 RAYBAW Operating, LLC 10/6/17 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nOY1727947865 MARATHON OIL PERMIAN LLC 10/6/17 Minor Oil Release Crude Oil Corrosion Lea (25)
nAPP2401144454 MOMENTUM OPERATING CO INC 10/5/17 Oil Release Crude Oil, Produced Water Normal Operations Lea (25)
nAB1728637871 COG PRODUCTION, LLC 10/5/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1801657157 RAYBAW Operating, LLC 10/5/17 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1729626631 Harvest Four Corners, LLC 10/5/17 Other Other (Specify) Other San Juan (45)
nOY1728435865 DCP OPERATING COMPANY LP 10/5/17 Minor Produced Water Release Condensate, Produced Water Human Error Lea (25)
nOY1727733936 CHEVRON U S A INC 10/4/17 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCS1735439803 SIMCOE LLC 10/4/17 Other Other (Specify) Other San Juan (45)
nOY1727656272 COG OPERATING LLC 10/3/17 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1727735399 Maverick Permian LLC 10/3/17 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1731055411 HARVARD PETROLEUM COMPANY, LLC 10/2/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1728635377 WPX Energy Permian, LLC 10/2/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1728637411 RAYBAW Operating, LLC 10/2/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1732448948 Extex Operating Company 10/1/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1728551205 WPX Energy Permian, LLC 9/30/17 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1728549561 WPX Energy Permian, LLC 9/30/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1727253282 COG OPERATING LLC 9/29/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1727834995 COG OPERATING LLC 9/29/17 Minor Oil Release Crude Oil Other Eddy (15)
nOY1729129537 J R OIL, LTD. CO. 9/29/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1727250616 COG PRODUCTION, LLC 9/28/17 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)

nVF1733148730 Williams Four Corners, LLC 9/28/17 Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids San Juan (45)

nAB1728558608 CHEVRON U S A INC 9/27/17 Other Diesel Equipment Failure Eddy (15)
nAB1728628311 DEVON ENERGY PRODUCTION COMPANY, LP 9/27/17 Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1727031593 EOG Y RESOURCES, INC. 9/27/17 Major Release Other Condensate Corrosion Lea (25)
nAB1727252951 COG OPERATING LLC 9/27/17 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1727251108 Spur Energy Partners LLC 9/27/17 Minor Oil Release Crude Oil Corrosion Eddy (15)
nVF1907133835 HILCORP ENERGY COMPANY 9/27/17 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nVF1728530935 ENTERPRISE PRODUCTS OPERATING, LLC 9/27/17 Release Other Condensate Rio Arriba (39)
nOY1726958109 COG OPERATING LLC 9/26/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1727251523 Spur Energy Partners LLC 9/26/17 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1805740117 ADVANCED WIRELESS COMMUNICATIONS, L.L.C. 9/26/17 Other Other (Specify) Other Rio Arriba (39)
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nVF1727054995 ENTERPRISE PRODUCTS OPERATING, LLC 9/26/17 Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Rio Arriba (39)

nOY1726826668 MATADOR PRODUCTION COMPANY 9/25/17 Oil Release Crude Oil Equipment Failure Lea (25)
nVF1811648144 SIMCOE LLC 9/25/17 Release Other Unknown San Juan (45)
nOY1727954743 DEVON ENERGY PRODUCTION COMPANY, LP 9/24/17 Major Produced Water Release Produced Water Other Lea (25)
nAB1728634157 Silverback Operating II, LLC 9/24/17 Minor Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nOY1726956579 COG OPERATING LLC 9/23/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1727731380 Pilot Water Solutions SWD LLC 9/23/17 Produced Water Release Produced Water Human Error Lea (25)
nAB1726948587 COG OPERATING LLC 9/22/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1727856881 MARATHON OIL PERMIAN LLC 9/22/17 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1727856058 CHEVRON U S A INC 9/21/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1729752251 XTO ENERGY, INC 9/21/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1727251573 OXY USA INC 9/21/17 Minor Oil Release Crude Oil, Produced Water Blow Out Lea (25)
nOY1726456366 COG OPERATING LLC 9/21/17 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1727952679 WPX Energy Permian, LLC 9/21/17 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1728553778 WPX Energy Permian, LLC 9/21/17 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1729751689 BOPCO, L.P. 9/21/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1727658004 COBALT OPERATING, LLC 9/21/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAPM2315752753 ARP PRODUCTION COMPANY, LLC 9/21/17 Produced Water Release Colfax (07)
nOY1726455140 Contango Resources, Inc. 9/21/17 Produced Water Release Produced Water Other Lea (25)
nOY1727250040 XTO ENERGY, INC 9/20/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1727247823 XTO ENERGY, INC 9/20/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1727842978 DEVON ENERGY PRODUCTION COMPANY, LP 9/19/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1727827603 DEVON ENERGY PRODUCTION COMPANY, LP 9/19/17 Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1728633686 Contango Resources, Inc. 9/19/17 Produced Water Release Produced Water Other Eddy (15)
nCS1729630119 ENTERPRISE PRODUCTS OPERATING, LLC 9/19/17 Minor Other Other (Specify) Corrosion Sandoval (43)
nOY1726140783 COG OPERATING LLC 9/18/17 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nOY1726138990 COG OPERATING LLC 9/18/17 Minor Produced Water Release Produced Water Other Lea (25)
nOY1726135147 COG OPERATING LLC 9/18/17 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1726137462 Spur Energy Partners LLC 9/18/17 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nVF1733134875 SIMCOE LLC 9/18/17 Release Other Unknown Rio Arriba (39)
nAB1727131830 DEVON ENERGY PRODUCTION COMPANY, LP 9/16/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1728629417 BRIDGER TRANSFER SERVICES LLC 9/16/17 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1726357492 Spur Energy Partners LLC 9/16/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1729751209 W J SWEATT 9/15/17 Other Other (Specify) Other Eddy (15)
nOY1727654713 JAY MANAGEMENT COMPANY, LLC 9/15/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS1729355513 HILCORP ENERGY COMPANY 9/15/17 Major Oil Release Condensate Vandalism San Juan (45)
nAB1726356914 NOVO OIL & GAS NORTHERN DELAWARE, LLC 9/15/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1727243107 DEVON ENERGY PRODUCTION COMPANY, LP 9/14/17 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1726250114 MACK ENERGY CORP 9/14/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1727244301 RAYBAW Operating, LLC 9/14/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1726532992 CHEVRON U S A INC 9/13/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1727241068 DEVON ENERGY PRODUCTION COMPANY, LP 9/13/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1725638943 BIYA OPERATORS INC. 9/13/17 Oil Release Crude Oil Other San Juan (45)
nCS1725638584 BIYA OPERATORS INC. 9/13/17 Oil Release Other (Specify) Other San Juan (45)
nCS1725637484 BIYA OPERATORS INC. 9/13/17 Oil Release Other (Specify) Other San Juan (45)
nOY1725827729 MARATHON OIL PERMIAN LLC 9/13/17 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAB1725735960 MARATHON OIL PERMIAN LLC 9/13/17 Major Produced Water Release Produced Water Fire Eddy (15)
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nAB1727057447 HARVARD PETROLEUM COMPANY, LLC 9/12/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1726252637 COG OPERATING LLC 9/12/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1726355011 Spur Energy Partners LLC 9/12/17 Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAB1727254031 Silverback Operating II, LLC 9/12/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1725759088 Water Energy Services, LLC 9/12/17 Minor Oil Release Crude Oil Corrosion Lea (25)
nAB1727056684 OXY USA INC 9/11/17 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1729341656 High River Resources Operating, LLC 9/11/17 Oil Release Other (Specify) Other Rio Arriba (39)
nVF1735437434 SIMCOE LLC 9/11/17 Release Other Unknown San Juan (45)
nAB1726352969 MARATHON OIL PERMIAN LLC 9/11/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2401144227 MOMENTUM OPERATING CO INC 9/10/17 Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1726353778 COG OPERATING LLC 9/10/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1727253476 BOPCO, L.P. 9/10/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1806553657 EOG Y RESOURCES, INC. 9/9/17 Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1726144138 PLAINS MARKETING L.P. 9/8/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1725456752 CIMAREX ENERGY CO. 9/8/17 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1727056966 ROCKCLIFF OPERATING NEW MEXICO LLC 9/8/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1726352240 MARATHON OIL PERMIAN LLC 9/8/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1727033052 EOG Y RESOURCES, INC. 9/7/17 Minor Oil Release Crude Oil Corrosion Lea (25)
nOY1725755233 COG OPERATING LLC 9/7/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1725456286 Spur Energy Partners LLC 9/7/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1725051906 3R Operating, LLC 9/7/17 Minor Produced Water Release Produced Water Corrosion Lea (25)
nOY1724949101 DCP OPERATING COMPANY, LP 9/6/17 Major Release Other Lube Oil Other Lea (25)
nOY1725753975 CONOCOPHILLIPS COMPANY 9/6/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1732039551 RDL EXCAVATION AND CONSTRUCTION, LLC 9/6/17 Major Produced Water Release Produced Water Other Eddy (15)
nOY1725829416 ROVER OPERATING, LLC 9/6/17 Major Release Other B.S. & W. Vandalism Lea (25)
nAB1726336521 APACHE CORPORATION 9/5/17 Major Release Other Brine Water Equipment Failure Eddy (15)
nVF1731231821 XTO ENERGY, INC 9/5/17 Release Other Produced Water San Juan (45)
nOY1726147176 DEVON ENERGY PRODUCTION COMPANY, LP 9/5/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1724829870 DEVON ENERGY PRODUCTION COMPANY, LP 9/5/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1726355760 DEVON ENERGY PRODUCTION COMPANY, LP 9/5/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1729340045 ELM RIDGE EXPLORATION COMPANY LLC 9/5/17 Oil Release Condensate, Produced Water Corrosion 0
nAB1725440089 COG OPERATING LLC 9/5/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1725439628 COG OPERATING LLC 9/4/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1726254421 AGUA SUCIA LLC 9/4/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1727638427 Williams Four Corners, LLC 9/4/17 Release Other Unknown San Juan (45)
nOY1726356779 XTO ENERGY, INC 9/3/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1725436494 LINN OPERATING, LLC. 9/2/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1725731840 DEVON ENERGY PRODUCTION COMPANY, LP 9/1/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1726351804 OXY USA INC 9/1/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1724953955 COG OPERATING LLC 9/1/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1726257962 CAZA OPERATING, LLC 9/1/17 Major Oil Release Crude Oil Fire Eddy (15)
nVF1727640072 Williams Four Corners, LLC 9/1/17 Release Other Natural Gas Liquids San Juan (45)
nOY1724438625 DCP OPERATING COMPANY LP 9/1/17 Release Other Unknown Other Lea (25)
nCS1725651681 WPX ENERGY PRODUCTION, LLC 8/31/17 Minor Produced Water Release Produced Water Vehicular Accident Sandoval (43)
nOY1724332913 CIMAREX ENERGY CO. OF COLORADO 8/31/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nOY1724328004 COG OPERATING LLC 8/31/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1724842576 SIMCOE LLC 8/31/17 Other Other (Specify) Other San Juan (45)
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nOY1724249940 COG OPERATING LLC 8/30/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1727236014 ROCKCLIFF OPERATING NEW MEXICO LLC 8/30/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1726358316 OXY USA INC 8/29/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1805034361 OXY USA INC 8/29/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1726250913 OXY USA INC 8/29/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1725029111 EOG Y RESOURCES, INC. 8/29/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1725028171 Spur Energy Partners LLC 8/29/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1728430267 CENTENNIAL RESOURCE PRODUCTION, LLC 8/29/17 Major Release Other Other (Specify) Other Lea (25)
nVF1724252804 DUGAN PRODUCTION CORP 8/28/17 Produced Water Release San Juan (45)
nAB1726255695 AGUA SUCIA LLC 8/28/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nVF1726539900 ENTERPRISE PRODUCTS OPERATING, LLC 8/28/17 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Lube Oil San Juan (45)

nAB1725731304 WPX Energy Permian, LLC 8/27/17 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1803730428 ENTERPRISE PRODUCTS OPERATING, LLC 8/27/17 Minor Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nOY1723754488 CIMAREX ENERGY CO. 8/25/17 Oil Release Lea (25)
nAB1724233985 COG OPERATING LLC 8/25/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1725435822 OLEUM Energy LLC 8/25/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1724126728 Maverick Permian LLC 8/25/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1725058256 Water Energy Services, LLC 8/25/17 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1725455368 DEVON ENERGY PRODUCTION COMPANY, LP 8/24/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1724233484 COG PRODUCTION, LLC 8/24/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1726535181 PENROC OIL CORP 8/23/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1724945103 PENROC OIL CORP 8/23/17 Minor Oil Release Crude Oil Corrosion Lea (25)
nCS1723537128 SIMCOE LLC 8/23/17 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1724135283 Permian Water Solutions, LLC 8/23/17 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1724035823 COG PRODUCTION, LLC 8/22/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1723755762 COG OPERATING LLC 8/22/17 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAB1725454826 WPX Energy Permian, LLC 8/22/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1724033483 COG OPERATING LLC 8/21/17 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nAB1724034504 Spur Energy Partners LLC 8/21/17 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nVF1726326264 ENTERPRISE PRODUCTS OPERATING, LLC 8/21/17 Release Other Unknown San Juan (45)
nCS1723627123 ENTERPRISE PRODUCTS OPERATING, LLC 8/21/17 Oil Release Condensate Corrosion San Juan (45)
nAB1729227196 LINN OPERATING, LLC. 8/20/17 Minor Oil Release Crude Oil Corrosion Lea (25)
nAB1524328793 EOG Y RESOURCES, INC. 8/19/17 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nVF1728540486 XTO ENERGY, INC 8/18/17 Minor Release Other Produced Water San Juan (45)
nOY1723064014 EOG Y RESOURCES, INC. 8/18/17 Minor Produced Water Release Produced Water Vandalism Chaves (05)
nAB1726332553 BOPCO, L.P. 8/18/17 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1724034099 Spur Energy Partners LLC 8/18/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1724827524 DEVON ENERGY PRODUCTION COMPANY, LP 8/17/17 Minor Release Other Drilling Mud/Fluid Human Error Lea (25)
nOY1724030412 DEVON ENERGY PRODUCTION COMPANY, LP 8/17/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1724042193 DEVON ENERGY PRODUCTION COMPANY, LP 8/17/17 Minor Oil Release Crude Oil Other Eddy (15)
nAB1733255518 OXY USA INC 8/17/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1724042769 OXY USA INC 8/17/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1724955558 MESQUITE SWD, INC 8/17/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1723328585 COG OPERATING LLC 8/17/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVF1731732272 BP AMERICA PRODUCTION COMPANY 8/16/17 Release Other Unknown San Juan (45)
nOY1724028511 PLAINS MARKETING L.P. 8/16/17 Major Release Other Other (Specify) Equipment Failure Lea (25)
nAB1726334149 BOPCO, L.P. 8/16/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nOY1727027595 SOUTHWEST ROYALTIES INC 8/15/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1723327658 COG PRODUCTION, LLC 8/15/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1724140145 CENTURION PIPELINE L.P. 8/15/17 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1723538706 HILCORP ENERGY COMPANY 8/15/17 Other Other (Specify) Other San Juan (45)
nOY1723065162 Spur Energy Partners LLC 8/14/17 Minor Oil Release Crude Oil Normal Operations Lea (25)
nOY1723062483 BTA OIL PRODUCERS, LLC 8/13/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1722833194 MACK ENERGY CORP 8/12/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1724041654 DEVON ENERGY PRODUCTION COMPANY, LP 8/11/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1723061120 COG OPERATING LLC 8/11/17 Release Other Crude Oil Equipment Failure Lea (25)
nOY1726845335 DEVON ENERGY PRODUCTION COMPANY, LP 8/10/17 Major Oil Release Crude Oil Corrosion Lea (25)
nOY1724031524 DEVON ENERGY PRODUCTION COMPANY, LP 8/10/17 Major Oil Release Crude Oil Corrosion Lea (25)
nAB1722833617 OXY USA INC 8/10/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1722354800 COG OPERATING LLC 8/10/17 Oil Release Crude Oil Other Lea (25)
nVF1727637643 Williams Four Corners, LLC 8/10/17 Release Other Natural Gas Liquids San Juan (45)
nOY1722038403 DEVON ENERGY PRODUCTION COMPANY, LP 8/8/17 Minor Oil Release Crude Oil Normal Operations Lea (25)
nOY1722348017 OXY USA INC 8/8/17 Major Produced Water Release Produced Water Lightning Lea (25)
nOY1722043297 OXY USA INC 8/8/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1723349152 HOLLY ENERGY PARTNERS - OPERATING, LP 8/8/17 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1723536168 Silverback Operating II, LLC 8/8/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1722049031 HILCORP ENERGY COMPANY 8/8/17 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nAB1722848412 MEWBOURNE OIL CO 8/7/17 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1722836268 MEWBOURNE OIL CO 8/7/17 Minor Oil Release Crude Oil Lightning Eddy (15)
nAB1723329504 COG OPERATING LLC 8/7/17 Major Produced Water Release Produced Water Other Eddy (15)
nAB1726253867 JUDAH OIL LLC 8/7/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1726335399 XTO PERMIAN OPERATING LLC. 8/6/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1722351241 OXY USA INC 8/5/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1722640005 OXY USA INC 8/5/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nOY1722353505 TARGA MIDSTREAM SERVICES LLC 8/5/17 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Lea (25)

nAB1722928340 Diamond In The Rough LLC 8/5/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1723539529 ROBINSON OIL INC 8/4/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1730429294 SIMCOE LLC 8/4/17 Release Other Unknown San Juan (45)
nOY1721655739 Opal Operating Company LLC 8/4/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1721640324 RILEY EXPLORATION OPERATING COMPANY, LLC 8/4/17 Release Other Other (Specify) Lea (25)
nOY1721639826 RILEY EXPLORATION OPERATING COMPANY, LLC 8/4/17 Release Other Other (Specify) Lea (25)
nAB1722132401 CONOCOPHILLIPS COMPANY 8/3/17 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1722040965 MATADOR PRODUCTION COMPANY 8/3/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1725730519 RAYBAW Operating, LLC 8/2/17 Minor Oil Release Crude Oil Corrosion Eddy (15)

nVF1726327940 ENTERPRISE PRODUCTS OPERATING, LLC 8/2/17 Minor Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) San Juan (45)

nOY1721331314 PLAINS MARKETING L.P. 8/1/17 Oil Release Crude Oil Vehicular Accident Lea (25)
nVF1724340995 WPX ENERGY PRODUCTION, LLC 8/1/17 Minor Produced Water Release Produced Water San Juan (45)
nAB1724230909 CIMAREX ENERGY CO. OF COLORADO 8/1/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1722953239 WPX Energy Permian, LLC 8/1/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1722630437 WPX Energy Permian, LLC 8/1/17 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1726329571 ENTERPRISE PRODUCTS OPERATING, LLC 8/1/17 Release Other Natural Gas Liquids Rio Arriba (39)
nAB1722628161 OXY USA INC 7/31/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1721456546 COG OPERATING LLC 7/31/17 Major Produced Water Release Produced Water Lightning Eddy (15)
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nOY1722340557 Avant Operating, LLC 7/31/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1721257101 SIMCOE LLC 7/30/17 Minor Oil Release Crude Oil Other San Juan (45)
nVF1724347186 Williams Four Corners, LLC 7/30/17 Natural Gas Release Unknown Rio Arriba (39)
nAB1722948770 XTO ENERGY, INC 7/29/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1722934653 DEVON ENERGY PRODUCTION COMPANY, LP 7/29/17 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1721345137 Maverick Permian LLC 7/29/17 Oil Release Crude Oil Normal Operations Lea (25)
nAB1722640567 OXY USA INC 7/28/17 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1721950923 OXY USA INC 7/28/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1722939399 WPX ENERGY PRODUCTION, LLC 7/28/17 Major Produced Water Release Produced Water San Juan (45)
nVF1721251872 WPX ENERGY PRODUCTION, LLC 7/28/17 Major Produced Water Release Produced Water San Juan (45)
nAB1721454768 COG OPERATING LLC 7/28/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1726256810 AGUA SUCIA LLC 7/28/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1722936962 HILCORP ENERGY COMPANY 7/28/17 Major Release Other Condensate Corrosion Rio Arriba (39)
nVF1724339796 Williams Four Corners, LLC 7/28/17 Release Other Glycol San Juan (45)
nAB1722951832 MESQUITE SWD, INC 7/27/17 Produced Water Release Produced Water Other Eddy (15)
nCS1725638225 BIYA OPERATORS INC. 7/27/17 Oil Release Crude Oil Other San Juan (45)
nAB1722252378 COG OPERATING LLC 7/27/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1721339685 BXP Operating, LLC 7/27/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1811647691 SIMCOE LLC 7/27/17 Release Other Unknown San Juan (45)
nOY1720838727 Water Energy Services, LLC 7/27/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1720837272 Civitas Permian Operating, LLC 7/27/17 Release Other Condensate Equipment Failure Lea (25)
nAB1721951563 COG PRODUCTION, LLC 7/26/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1721930866 COG OPERATING LLC 7/26/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1721341353 DKD Production, LLC 7/26/17 Minor Produced Water Release Produced Water Equipment Failure Chaves (05)
nAB1721457000 EOG RESOURCES INC 7/25/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1721451368 CAMBRIAN MANAGEMENT LTD 7/25/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1720651396 CONOCOPHILLIPS COMPANY 7/25/17 Major Fire Other (Specify) Fire San Juan (45)
nOY1721336457 COG OPERATING LLC 7/25/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1720829830 APACHE CORPORATION 7/24/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nVF1722937809 DUGAN PRODUCTION CORP 7/24/17 Produced Water Release San Juan (45)
nAB1721931286 MESQUITE SWD, INC 7/24/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nOY1722030579 RAYBAW Operating, LLC 7/24/17 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1722026431 XTO PERMIAN OPERATING LLC. 7/24/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1721952285 DEVON ENERGY PRODUCTION COMPANY, LP 7/23/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1720628182 MEWBOURNE OIL CO 7/22/17 Minor Oil Release Crude Oil Lightning Eddy (15)
nOY1726850834 ONEOK PERMIAN NGL OPERATING COMPANY, L.L.C. 7/22/17 Release Other Other (Specify) Equipment Failure Lea (25)
nOY1720251270 COG OPERATING LLC 7/21/17 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1730641092 BOPCO, L.P. 7/21/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1720249942 Prima Exploration, Inc. 7/21/17 Oil Release Lea (25)
nOY1720257038 MARATHON OIL PERMIAN LLC 7/21/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1722627793 Permian Resources Operating, LLC 7/21/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1720226042 WPX ENERGY PRODUCTION, LLC 7/20/17 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nOY1722334178 CAMERON OIL & GAS INC 7/20/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1722028370 CANO PETRO OF NEW MEXICO, INC. 7/20/17 Produced Water Release Brine Water Equipment Failure Chaves (05)
nOY1720760173 FORTY ACRES ENERGY, LLC 7/20/17 Major Oil Release Crude Oil Lightning Lea (25)
nAB1722628748 OXY USA INC 7/18/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1720537352 CIMAREX ENERGY CO. 7/18/17 Major Produced Water Release Produced Water Human Error Eddy (15)
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nAB1727254664 Spur Energy Partners LLC 7/18/17 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1722641387 MARATHON OIL PERMIAN LLC 7/18/17 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nAB1721253362 MARATHON OIL PERMIAN LLC 7/18/17 Major Other Chemical (Specify) Equipment Failure Eddy (15)
nVF1811648700 HILCORP ENERGY COMPANY 7/18/17 Release Other Unknown San Juan (45)
nVF1722934356 Williams Four Corners, LLC 7/18/17 Major Fire Rio Arriba (39)
nAB1720535005 PLAINS MARKETING L.P. 7/17/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1721958769 MATADOR PRODUCTION COMPANY 7/17/17 Produced Water Release Brine Water Equipment Failure Lea (25)
nOY1717452765 COG OPERATING LLC 7/17/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1722634368 BOPCO, L.P. 7/17/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nVF1729736723 SIMCOE LLC 7/17/17 Release Other Produced Water San Juan (45)
nOY1721648204 MARATHON OIL PERMIAN LLC 7/17/17 Natural Gas Release Natural Gas Liquids Equipment Failure Lea (25)
nAB1721634426 APACHE CORPORATION 7/16/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1721929878 HARVARD PETROLEUM COMPANY, LLC 7/16/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1726136370 KEVIN O BUTLER & ASSOC INC 7/16/17 Oil Release Crude Oil Equipment Failure Lea (25)
nOY1720630819 OXY USA INC 7/16/17 Oil Release Lea (25)
nAB1722257112 OXY USA WTP LIMITED PARTNERSHIP 7/15/17 Major Produced Water Release Produced Water Fire Eddy (15)
nOY1804732368 CAMBRIAN MANAGEMENT LTD 7/15/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1721657722 DEVON ENERGY PRODUCTION COMPANY, LP 7/14/17 Produced Water Release Produced Water Eddy (15)
nOY1719547079 MEWBOURNE OIL CO 7/14/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nOY1719549649 MARATHON OIL PERMIAN LLC 7/14/17 Major Fire Other (Specify) Fire Lea (25)
nVF1725729285 ENTERPRISE PRODUCTS OPERATING, LLC 7/14/17 Release Other Unknown San Juan (45)
nOY1720946955 XTO ENERGY, INC 7/13/17 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nAB1722641022 OXY USA INC 7/13/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1720539234 COG OPERATING LLC 7/13/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1720827033 Franklin Mountain Energy 3, LLC 7/13/17 Oil Release Crude Oil Equipment Failure Lea (25)
nVF1724836056 XTO ENERGY, INC 7/12/17 Release Other Unknown Rio Arriba (39)

nVF1726538484 ENTERPRISE PRODUCTS OPERATING, LLC 7/12/17 Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids San Juan (45)

nCS1719331960 Williams Four Corners, LLC 7/12/17 Produced Water Release Condensate, Produced Water Corrosion Rio Arriba (39)
nAB1720538801 OXY USA INC 7/11/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1720532956 EOG Y RESOURCES, INC. 7/11/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1720247725 COG OPERATING LLC 7/11/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1720539749 COG OPERATING LLC 7/11/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1723639426 MERRION OIL & GAS CORP 7/10/17 Release Other San Juan (45)
nVF1719441627 WPX ENERGY PRODUCTION, LLC 7/10/17 Produced Water Release Produced Water San Juan (45)
nOY1719153910 CONOCOPHILLIPS COMPANY 7/10/17 Minor Release Other Other (Specify) Human Error Lea (25)
nOY1719144520 MATADOR PRODUCTION COMPANY 7/10/17 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1719148031 COG OPERATING LLC 7/10/17 Other Crude Oil Other Lea (25)
nOY1719142159 COG OPERATING LLC 7/10/17 Other Crude Oil, Produced Water Other Lea (25)
nOY1719135190 COG OPERATING LLC 7/10/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1721651816 COG OPERATING LLC 7/10/17 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1721228266 WPX Energy Permian, LLC 7/10/17 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nOY1719147175 JAY MANAGEMENT COMPANY, LLC 7/10/17 Produced Water Release Produced Water Corrosion Lea (25)
nOY1719146216 JAY MANAGEMENT COMPANY, LLC 7/10/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1729154789 Spur Energy Partners LLC 7/10/17 Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1719143340 SCOUT ENERGY MANAGEMENT LLC 7/10/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1719554100 COG OPERATING LLC 7/9/17 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1720842760 WPX Energy Permian, LLC 7/9/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nAB1720651031 OXY USA INC 7/8/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1719928941 OXY USA INC 7/8/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1718841409 COG OPERATING LLC 7/7/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1719857760 OXY USA INC 7/6/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nVF1719440860 WPX ENERGY PRODUCTION, LLC 7/6/17 Minor Produced Water Release Produced Water Rio Arriba (39)
nAB1719853161 MATADOR PRODUCTION COMPANY 7/6/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1719127651 Spur Energy Partners LLC 7/6/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1719126925 Spur Energy Partners LLC 7/5/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1730029024 SIMCOE LLC 7/5/17 Release Other Unknown San Juan (45)
nOY1720547847 DEVON ENERGY PRODUCTION COMPANY, LP 7/4/17 Major Produced Water Release Produced Water Lightning Lea (25)
nOY1720746925 MARATHON OIL CO 7/4/17 Minor Oil Release Crude Oil, Produced Water Other Lea (25)
nAB1719137895 COG OPERATING LLC 7/4/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAPM2316334911 ARP PRODUCTION COMPANY, LLC 7/4/17 Produced Water Release Colfax (07)
nOY1720741763 Extex Operating Company 7/4/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1720652142 DEVON ENERGY PRODUCTION COMPANY, LP 7/3/17 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nOY1718456180 COG OPERATING LLC 7/3/17 Oil Release Crude Oil Equipment Failure Lea (25)
nOY1718450752 COG OPERATING LLC 7/3/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRAB1727552961 ARP PRODUCTION COMPANY, LLC 7/3/17 Produced Water Release Produced Water Colfax (07)
nVF1724848623 XTO ENERGY, INC 7/2/17 Minor Produced Water Release Produced Water San Juan (45)
nOY1719139935 EOG RESOURCES INC 7/2/17 Major Produced Water Release Crude Oil, Produced Water Normal Operations Lea (25)
nOY1720255014 RAYBAW Operating, LLC 7/2/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1719134376 COG PRODUCTION, LLC 7/1/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1719551654 CENTURION PIPELINE L.P. 7/1/17 Major Oil Release Crude Oil Corrosion Lea (25)
nCS1723536261 CCI SAN JUAN LLC 7/1/17 Minor Other Other (Specify) Other San Juan (45)
nAB1730648046 COG OPERATING LLC 6/30/17 Major Oil Release Crude Oil Fire Eddy (15)
nAB1718739385 COG OPERATING LLC 6/30/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nOY1720745390 MARATHON OIL CO 6/29/17 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nAB1719937736 WPX Energy Permian, LLC 6/29/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nVF1724334039 ENTERPRISE PRODUCTS OPERATING, LLC 6/29/17 Release Other Rio Arriba (39)
nAB1718733399 DEVON ENERGY PRODUCTION COMPANY, LP 6/28/17 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1718454674 EOG RESOURCES INC 6/28/17 Major Produced Water Release Produced Water Other Lea (25)
nVF1728535005 ELM RIDGE EXPLORATION COMPANY LLC 6/28/17 Release Other Other (Specify) Other San Juan (45)
nAB1719137473 CIMAREX ENERGY CO. OF COLORADO 6/28/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1718654938 COG OPERATING LLC 6/28/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1721457413 PHX Energy, LLC 6/28/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1719936703 APACHE CORPORATION 6/27/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1718639055 COG PRODUCTION, LLC 6/27/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1718652813 COG OPERATING LLC 6/27/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRAB1727847272 ARP PRODUCTION COMPANY, LLC 6/27/17 Produced Water Release Colfax (07)
nRAB1718437524 ARP PRODUCTION COMPANY, LLC 6/27/17 Produced Water Release Colfax (07)
nAB1718735670 Blackbuck New Mexico LLC 6/27/17 Major Produced Water Release Produced Water Other Eddy (15)
nCS1725641856 Williams Four Corners, LLC 6/27/17 Other Other (Specify) Other Rio Arriba (39)
nCS1724152886 Williams Four Corners, LLC 6/27/17 Oil Release Other (Specify) Other Rio Arriba (39)
nVF1717840711 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/26/17 Release Other Condensate Rio Arriba (39)
nAB1725729419 OXY USA INC 6/26/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1718640510 COG PRODUCTION, LLC 6/26/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1718449237 COG OPERATING LLC 6/26/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
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nOY1717734718 COG OPERATING LLC 6/26/17 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1717733854 COG OPERATING LLC 6/26/17 Minor Oil Release Crude Oil Human Error Lea (25)
nOY1717732965 COG OPERATING LLC 6/26/17 Oil Release Crude Oil Other Lea (25)
nAB1719940724 WPX Energy Permian, LLC 6/26/17 Major Oil Release Crude Oil Corrosion Eddy (15)
nOY1717738191 ETC FIELD SERVICES LLC 6/26/17 Minor Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nVF1718155324 HILCORP ENERGY COMPANY 6/26/17 Release Other Unknown San Juan (45)
nAB1718649427 DEVON ENERGY PRODUCTION COMPANY, LP 6/25/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1721931827 SOUTHWEST ROYALTIES INC 6/25/17 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1719856812 MARATHON OIL PERMIAN LLC 6/25/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1718054313 Spur Energy Partners LLC 6/24/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1718451495 DEVON ENERGY PRODUCTION COMPANY, LP 6/23/17 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1717951624 OXY USA INC 6/23/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1719148989 OXY USA INC 6/22/17 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1718138066 ENERGY TRANSFER PARTNERS, LP 6/22/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1717839189 BP AMERICA PRODUCTION COMPANY 6/21/17 Release Other Unknown San Juan (45)
nAB1718027001 OXY USA INC 6/21/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1718155633 ELM RIDGE EXPLORATION COMPANY LLC 6/21/17 Release Other Unknown 0
nOY1718156469 BASIC ENERGY SERVICES, LP 6/21/17 Major Oil Release Crude Oil, Produced Water Lightning Lea (25)
nAB1718140592 BRIDGER LOGISTICS, LLC 6/21/17 Minor Oil Release Crude Oil Human Error Eddy (15)
nVF1717251653 XTO ENERGY, INC 6/20/17 Major Produced Water Release Produced Water San Juan (45)
nOY1718132063 OXY USA INC 6/20/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1718129503 SAMSON RESOURCES CO 6/20/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1717158167 DCP OPERATING COMPANY, LP 6/20/17 Minor Natural Gas Release Condensate Equipment Failure Eddy (15)
nVF1717252126 WPX ENERGY PRODUCTION, LLC 6/20/17 Major Fire Unknown San Juan (45)
nAB1718137369 CIMAREX ENERGY CO. OF COLORADO 6/20/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1717739878 DCP OPERATING COMPANY LP 6/20/17 Minor Produced Water Release Condensate, Produced Water Equipment Failure Lea (25)
nOY1719150884 OXY USA INC 6/19/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1718634277 COG PRODUCTION, LLC 6/19/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1718029380 BOPCO, L.P. 6/18/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1718133621 COG OPERATING LLC 6/17/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1716731471 COG OPERATING LLC 6/16/17 Major Oil Release Crude Oil Human Error Lea (25)
nAB1717157175 COG OPERATING LLC 6/16/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nOY1718028593 PLAINS PIPELINE, LP 6/16/17 Major Oil Release Crude Oil Human Error Lea (25)
nCS1804456519 PROVIDENCE ENERGY SERVS INC.-KELTON OP CORP 6/15/17 Oil Release Other (Specify) Other McKinley (31)
nAB1717251561 OXY USA INC 6/15/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1716660093 COG OPERATING LLC 6/15/17 Minor Oil Release Crude Oil Other Lea (25)
nOY1716658907 COG OPERATING LLC 6/15/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1716650897 SIMCOE LLC 6/15/17 Major Produced Water Release Produced Water Human Error San Juan (45)
nOY1716634012 Franklin Mountain Energy 3, LLC 6/15/17 Major Oil Release Crude Oil Lightning Lea (25)
nOY1717743266 ROCKCLIFF OPERATING NEW MEXICO LLC 6/15/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Roosevelt (41)
nBC1716641855 SOLARIS WATER MIDSTREAM, LLC 6/15/17 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nAB1717131002 XTO ENERGY, INC 6/14/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1717052439 CONOCOPHILLIPS COMPANY 6/13/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
nOY1726537402 OWL SWD OPERATING, LLC 6/13/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1717255221 Williams Four Corners, LLC 6/13/17 Major Release Other Lube Oil Rio Arriba (39)
nOY1716340918 DEVON ENERGY PRODUCTION COMPANY, LP 6/12/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1716342941 COG OPERATING LLC 6/12/17 Release Other Crude Oil, Produced Water Other Lea (25)
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nOY1716650629 COG OPERATING LLC 6/11/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1716632697 BXP Operating, LLC 6/11/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1722358518 XTO ENERGY, INC 6/9/17 Major Produced Water Release Produced Water Corrosion Lea (25)
nOY1717830382 MARATHON OIL CO 6/9/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1716657762 COG OPERATING LLC 6/9/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1716438277 COG OPERATING LLC 6/9/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1716027653 FORTY ACRES ENERGY, LLC 6/9/17 Release Other Crude Oil, Produced Water Lea (25)
nVF1718149913 CONOCOPHILLIPS COMPANY 6/8/17 Major Release Other Condensate Rio Arriba (39)
nAB1716429454 COG OPERATING LLC 6/8/17 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1718029845 DEVON ENERGY PRODUCTION COMPANY, LP 6/7/17 Major Oil Release Crude Oil, Produced Water Fire Eddy (15)
nAB1717131551 OXY USA INC 6/7/17 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nOY1716040816 Avant Operating, LLC 6/7/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1717057887 MARATHON OIL CO 6/6/17 Major Oil Release Produced Water Lea (25)
nAB1716430337 COG PRODUCTION, LLC 6/6/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1717736160 DEVON ENERGY PRODUCTION COMPANY, LP 6/4/17 Major Produced Water Release Produced Water Lightning Lea (25)
nOY1716446999 XTO ENERGY, INC 6/3/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1715649419 WPX ENERGY PRODUCTION, LLC 6/3/17 Oil Release Other (Specify) Corrosion San Juan (45)
nAB1717138268 ROCKCLIFF OPERATING NEW MEXICO LLC 6/3/17 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1715955207 CONOCOPHILLIPS COMPANY 6/2/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
nOY1715340682 COG OPERATING LLC 6/2/17 Oil Release Crude Oil Lightning Lea (25)
nOY1715340129 COG OPERATING LLC 6/2/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1715332052 COG OPERATING LLC 6/2/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1715329154 COG OPERATING LLC 6/2/17 Release Other Crude Oil Other Lea (25)
nOY1715763763 JAY MANAGEMENT COMPANY, LLC 6/2/17 Major Oil Release Crude Oil Vandalism Lea (25)
nAB1716442141 LINN OPERATING, LLC. 6/2/17 Minor Oil Release Crude Oil Lightning Eddy (15)
nAB1717150080 DEVON ENERGY PRODUCTION COMPANY, LP 6/1/17 Major Fire Crude Oil Lightning Eddy (15)
nVF1715828006 ELM RIDGE EXPLORATION COMPANY LLC 6/1/17 Release Other Unknown San Juan (45)
nOY1716753543 J R OIL, LTD. CO. 6/1/17 Produced Water Release Produced Water Lightning Lea (25)
nCS1723452433 High River Resources Operating, LLC 6/1/17 Oil Release Other (Specify) Other Rio Arriba (39)
nOY1715125956 GRAND BANKS ENERGY CO 5/31/17 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1715650778 ROGER SLAYTON DBA ESCUDILLA OIL COMPANY 5/31/17 Minor Oil Release Crude Oil Other Chaves (05)
nOY1715329950 COG OPERATING LLC 5/31/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1716637417 RAYBAW Operating, LLC 5/31/17 Major Produced Water Release Produced Water Lightning Lea (25)
nCS1725633499 XTO ENERGY, INC 5/30/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure San Juan (45)
nCS1723647436 XTO ENERGY, INC 5/30/17 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nOY1715047175 COG OPERATING LLC 5/30/17 Oil Release Crude Oil Equipment Failure Lea (25)
nOY1715033875 COG OPERATING LLC 5/30/17 Release Other Crude Oil Equipment Failure Lea (25)
nOY1715032436 COG OPERATING LLC 5/30/17 Release Other Crude Oil Other Lea (25)
nAB1716457777 CHI OPERATING INC 5/28/17 Oil Release Crude Oil Vandalism Eddy (15)
nAB1715756927 COG OPERATING LLC 5/28/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1715239278 WPX ENERGY PRODUCTION, LLC 5/27/17 Minor Release Other Crude Oil, Produced Water Corrosion San Juan (45)
nAB1715757481 COG PRODUCTION, LLC 5/27/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1715742101 COG OPERATING LLC 5/27/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1715928206 BOPCO, L.P. 5/27/17 Major Oil Release Crude Oil, Produced Water Fire Eddy (15)
nOY1716526342 CHEVRON U S A INC 5/26/17 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1902343484 Murchison Oil and Gas, LLC 5/26/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1715735749 Earthstone Operating, LLC 5/26/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAB1715733412 BREITBURN OPERATING LP 5/26/17 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1716538799 El Paso Natural Gas Company, L.L.C 5/25/17 Major Release Other Other (Specify) Equipment Failure Dona Ana (13)
nVF1715138138 WPX ENERGY PRODUCTION, LLC 5/25/17 Produced Water Release Produced Water San Juan (45)
nAB1715655876 COG OPERATING LLC 5/25/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1716457160 XTO PERMIAN OPERATING LLC. 5/25/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1714554320 COG OPERATING LLC 5/23/17 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1716629707 COFER & CO LLC 5/23/17 Minor Produced Water Release Produced Water Normal Operations Lea (25)
nVF1714537549 WILLIAMS FOUR CORNERS, LLC 5/23/17 Release Other Unknown San Juan (45)
nOY1714232459 COG OPERATING LLC 5/22/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1714230138 JAY MANAGEMENT COMPANY, LLC 5/22/17 Major Produced Water Release Produced Water Vandalism Lea (25)
nAB1718134992 Silverback Operating II, LLC 5/22/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1715039165 Earthstone Operating, LLC 5/22/17 Major Produced Water Release Produced Water Lightning Lea (25)
nVF1717335633 Williams Four Corners, LLC 5/22/17 Release Other Unknown Rio Arriba (39)
nAB1714639317 Targa Northern Delaware, LLC. 5/21/17 Major Release Other Condensate Equipment Failure Eddy (15)
nAB1714649151 DEVON ENERGY PRODUCTION COMPANY, LP 5/20/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1714231657 Spur Energy Partners LLC 5/19/17 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1718135920 Silverback Operating II, LLC 5/19/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1714551609 XTO ENERGY, INC 5/18/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1713836844 JAY MANAGEMENT COMPANY, LLC 5/18/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1713835168 JAY MANAGEMENT COMPANY, LLC 5/18/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1713832314 JAY MANAGEMENT COMPANY, LLC 5/18/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1713827497 Spur Energy Partners LLC 5/18/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1715651492 ROGER SLAYTON DBA ESCUDILLA OIL COMPANY 5/17/17 Oil Release Crude Oil Equipment Failure Chaves (05)
nAB1714536076 LINN OPERATING, LLC. 5/17/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1714350484 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/16/17 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1713850012 OXY USA INC 5/16/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1715032245 BURLINGTON RESOURCES OIL & GAS CO 5/16/17 Release Other Unknown Rio Arriba (39)
nOY1805141426 GRAND BANKS ENERGY CO 5/16/17 Minor Produced Water Release Crude Oil Equipment Failure Lea (25)
nOY1715054791 Extex Operating Company 5/16/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1714233085 Permian Resources Operating, LLC 5/16/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1713648251 HILCORP ENERGY COMPANY 5/16/17 Produced Water Release Produced Water San Juan (45)
nVF1716342197 Williams Four Corners, LLC 5/16/17 Release Other Natural Gas Liquids Rio Arriba (39)
nOY1716334892 DCP OPERATING COMPANY LP 5/16/17 Minor Natural Gas Release Natural Gas Liquids Equipment Failure Lea (25)
nVF1715137805 WPX ENERGY PRODUCTION, LLC 5/15/17 Release Other Unknown San Juan (45)
nOY1713545743 DKD,LLC 5/15/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1714233695 COG PRODUCTION, LLC 5/15/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1714231263 SOLARIS WATER MIDSTREAM, LLC 5/15/17 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nOY1715030366 EOG Y RESOURCES, INC. 5/14/17 Major Produced Water Release Produced Water Other Chaves (05)
nCS1716332757 WPX ENERGY PRODUCTION, LLC 5/14/17 Major Produced Water Release Produced Water Human Error San Juan (45)
nCS1716331462 WPX ENERGY PRODUCTION, LLC 5/14/17 Minor Produced Water Release Produced Water Human Error San Juan (45)
nAB1713735321 DCP OPERATING COMPANY, LP 5/13/17 Minor Natural Gas Release Natural Gas Liquids Other Eddy (15)
nOY1713829831 COG OPERATING LLC 5/13/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1713849324 OXY USA INC 5/12/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1713734661 COG OPERATING LLC 5/11/17 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1714540286 Redwood Operating LLC 5/11/17 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1716441175 PLAINS MARKETING L.P. 5/10/17 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1713049930 COG OPERATING LLC 5/10/17 Oil Release Crude Oil Equipment Failure Lea (25)
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nOY1713037518 COG OPERATING LLC 5/10/17 Major Produced Water Release Produced Water Human Error Lea (25)
nOY1713035931 COG OPERATING LLC 5/10/17 Release Other Crude Oil Other Lea (25)
nVF1724850584 SIMCOE LLC 5/10/17 Release Other Unknown San Juan (45)
nCS1720656041 ENTERPRISE PRODUCTS OPERATING, LLC 5/10/17 Major Fire Other (Specify) Lightning Rio Arriba (39)
nOY1713041830 COG OPERATING LLC 5/9/17 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1713157779 ROCKCLIFF OPERATING NEW MEXICO LLC 5/9/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1715040414 El Paso Natural Gas Company, L.L.C 5/8/17 Minor Release Other Other (Specify) Equipment Failure Dona Ana (13)
nVF1722237662 SIMCOE LLC 5/8/17 Release Other San Juan (45)
nAB1713235838 LINN OPERATING, LLC. 5/7/17 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1713227047 Spur Energy Partners LLC 5/7/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1713034300 CIMAREX ENERGY CO. 5/6/17 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nOY1713048453 COG OPERATING LLC 5/6/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1712539926 MARSHALL & WINSTON INC 5/5/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1714648527 EOG Y RESOURCES, INC. 5/5/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1723637053 ELM RIDGE EXPLORATION COMPANY LLC 5/5/17 Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure 0

nOY1713032483 NOBLE ENERGY INC 5/5/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1713548928 Water Energy Services, LLC 5/5/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1719256960 Williams Four Corners, LLC 5/5/17 Oil Release Other (Specify) Other Rio Arriba (39)
nCS1715651932 ADVANCED WIRELESS COMMUNICATIONS, L.L.C. 5/4/17 Oil Release Other (Specify) Other Rio Arriba (39)
nAB1714650799 EOG Y RESOURCES, INC. 5/3/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1713127225 HARVARD PETROLEUM COMPANY, LLC 5/2/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1712952339 WPX Energy Permian, LLC 5/2/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1717732490 Williams Four Corners, LLC 5/2/17 Release Other Produced Water Rio Arriba (39)
nAB1715654915 DEVON ENERGY PRODUCTION COMPANY, LP 5/1/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1712530649 OXY USA INC 5/1/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1713733931 EOG Y RESOURCES, INC. 5/1/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1712940845 Spur Energy Partners LLC 5/1/17 Minor Oil Release Crude Oil Corrosion Eddy (15)
nOY1712347134 COG OPERATING LLC 4/29/17 Major Produced Water Release Produced Water Blow Out Lea (25)
nAB1713227626 3R Operating, LLC 4/29/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1712953618 OXY USA INC 4/27/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1713250153 COG OPERATING LLC 4/27/17 Minor Other Chemical (Specify) Human Error Lea (25)

nAB1713230240 ENTERPRISE PRODUCTS OPERATING, LLC 4/27/17 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Other Eddy (15)

nOY1712541751 J R OIL, LTD. CO. 4/26/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1724048362 OCCIDENTAL PERMIAN LTD 4/25/17 Release Other Crude Oil Other Lea (25)
nVF1714348687 SIMCOE LLC 4/25/17 Release Other Unknown San Juan (45)
nAB1713158268 APACHE CORPORATION 4/24/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1711829670 COG OPERATING LLC 4/24/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1711549133 COG OPERATING LLC 4/24/17 Oil Release Crude Oil Other Eddy (15)
nOY1711437340 BTA OIL PRODUCERS, LLC 4/24/17 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nOY1711439346 SOLARIS WATER MIDSTREAM, LLC 4/24/17 Major Produced Water Release Produced Water Corrosion Lea (25)
nVF1713151792 ENTERPRISE PRODUCTS OPERATING, LLC 4/24/17 Release Other Natural Gas Liquids San Juan (45)
nAB1712940035 COG OPERATING LLC 4/23/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1711829191 Permian Resources Operating, LLC 4/23/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPM2330349325 ARP PRODUCTION COMPANY, LLC 4/22/17 Natural Gas Release Colfax (07)
nVF1711537866 BENSON-MONTIN-GREER DRILLING CORP 4/21/17 Release Other Unknown Rio Arriba (39)
nVF1711138761 XTO ENERGY, INC 4/21/17 Release Other Unknown San Juan (45)
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nAB1711542359 COG OPERATING LLC 4/21/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nCS1719247835 SIMCOE LLC 4/21/17 Other Other (Specify) Other San Juan (45)
nOY1711843020 DEVON ENERGY PRODUCTION COMPANY, LP 4/20/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1712951426 WPX Energy Permian, LLC 4/20/17 Major Oil Release Crude Oil Human Error Eddy (15)
nVF1714532459 XTO ENERGY, INC 4/19/17 Minor Produced Water Release Produced Water San Juan (45)
nAB1711042670 OXY USA WTP LIMITED PARTNERSHIP 4/18/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1711048403 Permian Resources Operating, LLC 4/18/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1713154243 CHEVRON U S A INC 4/17/17 Major Oil Release Drilling Mud/Fluid Equipment Failure Eddy (15)
nOY1710733991 EOG RESOURCES INC 4/17/17 Major Oil Release Crude Oil Human Error Lea (25)
nAB1711836365 JIM PIERCE 4/17/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1711830411 WPX Energy Permian, LLC 4/17/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1710748487 Maverick Permian LLC 4/17/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1710729384 Franklin Mountain Energy 3, LLC 4/17/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1711547925 PHX Energy, LLC 4/17/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1712152502 DEVON ENERGY PRODUCTION COMPANY, LP 4/16/17 Minor Oil Release Produced Water Equipment Failure Eddy (15)
nAB1712857034 DEVON ENERGY PRODUCTION COMPANY, LP 4/15/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1711041252 OXY USA INC 4/14/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1710442350 COG OPERATING LLC 4/14/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1710433344 COG OPERATING LLC 4/14/17 Release Other Crude Oil Equipment Failure Lea (25)
nOY1710443560 ROCKCLIFF OPERATING NEW MEXICO LLC 4/14/17 Major Produced Water Release Produced Water Other Roosevelt (41)
nAB1711050211 Permian Resources Operating, LLC 4/14/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAPM2330349537 ARP PRODUCTION COMPANY, LLC 4/13/17 Natural Gas Release Colfax (07)
nAB1711830029 XTO ENERGY, INC 4/12/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1710857518 MEWBOURNE OIL CO 4/12/17 Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nVF1722235058 SIMCOE LLC 4/12/17 Release Other San Juan (45)
nCS1720638873 BP AMERICA PRODUCTION COMPANY 4/11/17 Produced Water Release Produced Water Other San Juan (45)
nAB1711552007 DEVON ENERGY PRODUCTION COMPANY, LP 4/11/17 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nVF1714250443 WPX ENERGY PRODUCTION, LLC 4/11/17 Minor Produced Water Release Produced Water San Juan (45)
nAB1711542974 CIMAREX ENERGY CO. OF COLORADO 4/11/17 Major Produced Water Release Produced Water Fire Eddy (15)
nAB1710737733 COG OPERATING LLC 4/11/17 Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1710435180 PLAINS PIPELINE, L.P. 4/11/17 Major Release Other Other (Specify) Human Error Lea (25)
nAB1710736363 Spur Energy Partners LLC 4/11/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nAB1710853071 Targa Northern Delaware, LLC. 4/11/17 Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nCS1720652064 Williams Four Corners, LLC 4/11/17 Major Fire Other (Specify) Human Error Rio Arriba (39)
nCS1712155828 XTO ENERGY, INC 4/10/17 Other Other (Specify) Other San Juan (45)
nAB1711551324 DEVON ENERGY PRODUCTION COMPANY, LP 4/10/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1710040532 NEARBURG PRODUCING CO 4/10/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1713235327 RILEY PERMIAN OPERATING COMPANY, LLC 4/10/17 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1712856461 Williams Four Corners, LLC 4/10/17 Minor Oil Release Condensate, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1710736826 OXY USA INC 4/9/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1710238086 DCP OPERATING COMPANY, LP 4/9/17 Minor Natural Gas Release Natural Gas Liquids Equipment Failure Eddy (15)
nOY1710428581 OCCIDENTAL PERMIAN LTD 4/9/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1710234614 EOG RESOURCES INC 4/8/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nOY1710042657 MARATHON OIL PERMIAN LLC 4/8/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1711053488 Permian Resources Operating, LLC 4/8/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1709739977 MEWBOURNE OIL CO 4/7/17 Minor Oil Release Crude Oil, Produced Water Vandalism Lea (25)
nOY1709759344 FRONTIER FIELD SERVICES, LLC 4/7/17 Minor Release Other Condensate Corrosion 0
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nOY1709757773 COG OPERATING LLC 4/7/17 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1709756862 Spur Energy Partners LLC 4/7/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1711838821 DEVON ENERGY PRODUCTION COMPANY, LP 4/6/17 Minor Oil Release Crude Oil Corrosion Lea (25)
nVF1711849918 SIMCOE LLC 4/6/17 Release Other Other (Specify) Other San Juan (45)
nVF1711852166 Williams Four Corners, LLC 4/6/17 Release Other Natural Gas Liquids San Juan (45)
nAB1710851677 DEVON ENERGY PRODUCTION COMPANY, LP 4/5/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1711528570 CIMAREX ENERGY CO. OF COLORADO 4/5/17 Major Produced Water Release Produced Water Corrosion Lea (25)
nOY1709559710 PALADIN ENERGY CORP 4/5/17 Produced Water Release Crude Oil, Produced Water Corrosion, Equipment Failure Lea (25)
nOY1711156109 COG PRODUCTION, LLC 4/5/17 Minor Produced Water Release Produced Water Lea (25)
nOY1711428756 Roughhouse Operating, LLC 4/5/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1711147510 DEVON ENERGY PRODUCTION COMPANY, LP 4/4/17 Major Release Other Drilling Mud/Fluid Normal Operations Lea (25)
nOY1709754375 BTA OIL PRODUCERS, LLC 4/4/17 Produced Water Release Lea (25)
nMLB1709434277 MARATHON OIL PERMIAN LLC 4/4/17 Natural Gas Release Eddy (15)
nAB1710735309 WPX Energy Permian, LLC 4/2/17 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1710041956 OXY USA INC 3/31/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1709030572 COG OPERATING LLC 3/31/17 Release Other Crude Oil Other Lea (25)
nOY1709028319 COG OPERATING LLC 3/31/17 Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1709737693 J R OIL, LTD. CO. 3/31/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1710431737 CHEVRON U S A INC 3/30/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1709731177 COG OPERATING LLC 3/29/17 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nCS1713152930 ENTERPRISE PRODUCTS OPERATING, LLC 3/29/17 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nVF1710935741 BURLINGTON RESOURCES OIL & GAS CO 3/28/17 Major Release Other Condensate, Produced Water Corrosion Rio Arriba (39)
nVF1724325975 HILCORP ENERGY COMPANY 3/28/17 Release Other Rio Arriba (39)
nVF1711435283 ENTERPRISE PRODUCTS OPERATING, LLC 3/28/17 Release Other Unknown San Juan (45)

nCS1713151655 ENTERPRISE PRODUCTS OPERATING, LLC 3/27/17 Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Human Error Sandoval (43)

nCJC1726950727 Western Refining Southwest LLC 3/26/17 Minor Release Other Chemical (Specify) Corrosion McKinley (31)
nAB1709342160 MEWBOURNE OIL CO 3/25/17 Major Oil Release Crude Oil Vandalism Eddy (15)
nAB1709438962 COG OPERATING LLC 3/25/17 Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1720637542 SIMCOE LLC 3/24/17 Release Other Unknown San Juan (45)

nCS1716330864 Williams Four Corners, LLC 3/24/17 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1709340790 BURNETT OIL CO INC 3/23/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1709040047 DEVON ENERGY PRODUCTION COMPANY, LP 3/23/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1709440714 DEVON ENERGY PRODUCTION COMPANY, LP 3/23/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1709036161 HOLLY ENERGY PARTNERS, LP 3/23/17 Minor Oil Release Crude Oil Other Lea (25)
nAB1708633822 Spur Energy Partners LLC 3/23/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1710038346 Avant Operating, LLC 3/23/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1720652600 CONOCOPHILLIPS COMPANY 3/22/17 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nOY1708130851 CENTENNIAL RESOURCE PRODUCTION, LLC 3/22/17 Major Release Other Drilling Mud/Fluid Other Lea (25)
nOY1708059305 SMITH & MARRS INC 3/21/17 Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1708628146 COG PRODUCTION, LLC 3/21/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1708628222 Avant Operating, LLC 3/21/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
nOY1709038420 DEVON ENERGY PRODUCTION COMPANY, LP 3/20/17 Minor Produced Water Release Produced Water Human Error Lea (25)
nOY1708248387 CONOCOPHILLIPS COMPANY 3/20/17 Major Produced Water Release Produced Water Corrosion Lea (25)
nOY1707931963 Avant Operating, LLC 3/20/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nVF1708736231 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/19/17 Minor Produced Water Release Produced Water Rio Arriba (39)
nOY1708155887 OCCIDENTAL PERMIAN LTD 3/19/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
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nVF1708736692 CONOCOPHILLIPS COMPANY 3/19/17 Minor Produced Water Release Produced Water San Juan (45)
nOY1708128133 Spur Energy Partners LLC 3/19/17 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nOY1708157566 COG OPERATING LLC 3/18/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1722631479 WPX Energy Permian, LLC 3/18/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1709441204 WPX Energy Permian, LLC 3/18/17 Minor Produced Water Release Produced Water Human Error Eddy (15)
nCS1708632189 CHEVRON MIDCONTINENT, L.P. 3/17/17 Minor Natural Gas Release Other (Specify) Corrosion Rio Arriba (39)
nAB1718027627 PREMIER OIL & GAS INC 3/16/17 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1710427115 EOG Y RESOURCES, INC. 3/16/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1710035441 OXY USA WTP LIMITED PARTNERSHIP 3/16/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1708657790 OXY USA INC 3/15/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1708250488 SOUTHWEST ROYALTIES INC 3/15/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1710730038 EOG Y RESOURCES, INC. 3/15/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1710036047 OXY USA WTP LIMITED PARTNERSHIP 3/15/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVF1708735245 CONOCOPHILLIPS COMPANY 3/15/17 Major Produced Water Release Produced Water Rio Arriba (39)
nOY1707428250 ETC FIELD SERVICES LLC 3/15/17 Major Release Other Crude Oil, Natural Gas Liquids Corrosion Lea (25)
nOY1709752298 ABO EMPIRE, LLC 3/14/17 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nOY1708631119 SOUTHWEST ROYALTIES INC 3/13/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1707247923 TEXLAND PETROLEUM-HOBBS, LLC 3/13/17 Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1707233865 COG OPERATING LLC 3/13/17 Release Other Crude Oil Equipment Failure Lea (25)
nVF1707256194 Pineland Operating Company, LLC 3/13/17 Minor Oil Release Crude Oil San Juan (45)
nOY1707658025 BREITBURN OPERATING LP 3/13/17 Major Oil Release Crude Oil, Produced Water Vandalism Lea (25)
nAB1707439417 COG OPERATING LLC 3/12/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1707636998 PLAINS MARKETING L.P. 3/11/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1707439864 COG OPERATING LLC 3/11/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1708726143 ENTERPRISE PRODUCTS OPERATING, LLC 3/11/17 Other Unknown San Juan (45)
nAB1708242274 COG OPERATING LLC 3/10/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1708347409 ENCANA OIL & GAS (USA) INC. 3/10/17 Major Fire Other (Specify) Fire San Juan (45)
nCS1706937255 ENCANA OIL & GAS (USA) INC. 3/10/17 Major Fire Other (Specify) Fire San Juan (45)
nOY1706954734 ETC FIELD SERVICES LLC 3/10/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1706954187 ETC Texas Pipeline, Ltd. 3/10/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1720640095 Williams Four Corners, LLC 3/10/17 Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nRAB1707256417 OXY USA INC 3/9/17 Release Other Harding (21)
nRAB1707249988 OXY USA INC 3/9/17 Release Other Harding (21)
nAB1709533325 Silverback Operating II, LLC 3/9/17 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1708241432 DEVON ENERGY PRODUCTION COMPANY, LP 3/8/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1707237630 Grizzly Operating, LLC 3/8/17 Produced Water Release Produced Water Other Lea (25)
nVF1707656452 ENTERPRISE PRODUCTS OPERATING, LLC 3/8/17 Release Other Unknown San Juan (45)
nCS1802428252 SYNERGY OIL & GAS INC 3/7/17 Other Other (Specify) Other Sandoval (43)
nVF1708927987 Williams Four Corners, LLC 3/7/17 Natural Gas Release Unknown San Juan (45)
nVF1707630248 Williams Four Corners, LLC 3/7/17 Produced Water Release Unknown Rio Arriba (39)
nOY1706934033 APACHE CORPORATION 3/6/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1709336310 MEWBOURNE OIL CO 3/6/17 Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1707430714 DEVON ENERGY PRODUCTION COMPANY, LP 3/5/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1706927950 LEGACY RESERVES OPERATING, LP 3/4/17 Major Produced Water Release Produced Water Fire Lea (25)
nAB1708931596 MATADOR PRODUCTION COMPANY 3/3/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1706941748 COG OPERATING LLC 3/3/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVF1710949748 Williams Four Corners, LLC 3/3/17 Major Fire Unknown Rio Arriba (39)
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nOY1706246315 LUCID ENERGY DELAWARE, LLC 3/3/17 Natural Gas Release Natural Gas Liquids Equipment Failure Lea (25)
nOY1706631442 FOUNDATION ENERGY MANAGEMENT, LLC 3/2/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1706931789 APACHE CORPORATION 3/1/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1708235590 OXY USA INC 3/1/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1707452602 JUDAH OIL LLC 3/1/17 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1706257746 Spur Energy Partners LLC 3/1/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPM2322737378 BREITBURN OPERATING LP 3/1/17 Other Harding (21)
nOY1710033721 COG OPERATING LLC 2/28/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1710031400 COG OPERATING LLC 2/28/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1707232069 COG OPERATING LLC 2/28/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1705926467 ETC FIELD SERVICES LLC 2/28/17 Minor Oil Release Crude Oil, Natural Gas Liquids Corrosion 0
nOY1706035716 PRIDE ENERGY COMPANY 2/27/17 Oil Release Crude Oil Other Lea (25)
nOY1706258917 COG OPERATING LLC 2/27/17 Release Other Crude Oil Equipment Failure Lea (25)
nVF1706229109 SIMCOE LLC 2/27/17 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1707232926 XTO PERMIAN OPERATING LLC. 2/27/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1706936784 MAVERICK OPERATING, LLC 2/26/17 Major Produced Water Release B.S. & W. Equipment Failure Eddy (15)
nOY1705553282 COG OPERATING LLC 2/24/17 Minor Produced Water Release Produced Water Equipment Failure 0
nAB1707234362 BOPCO, L.P. 2/24/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1706152357 SIMCOE LLC 2/24/17 Other Unknown San Juan (45)
nVF1706731924 XTO ENERGY, INC 2/23/17 Major Produced Water Release Produced Water San Juan (45)
nVF1707428979 CONOCOPHILLIPS COMPANY 2/23/17 Other Unknown San Juan (45)
nAB1705938685 COG OPERATING LLC 2/23/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1707239776 Extex Operating Company 2/23/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1706627456 Kratos Operating, LLC 2/23/17 Major Oil Release Crude Oil, Produced Water Fire Lea (25)
nOY1706630747 FOUNDATION ENERGY MANAGEMENT, LLC 2/23/17 Major Produced Water Release Produced Water Corrosion Lea (25)
nVF1707942538 Burlington Resources Oil & Gas Company, LP 2/23/17 Minor Produced Water Release Produced Water Rio Arriba (39)
nOY1705537162 SPECIAL ENERGY CORP 2/22/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1721255504 SIMCOE LLC 2/22/17 Other Other (Specify) Other San Juan (45)
nVF1705349202 THOMPSON ENGR & PROD CORP 2/21/17 Major Release Other Other (Specify), Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nAB1706944236 WPX Energy Permian, LLC 2/21/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVF1706733883 XTO ENERGY, INC 2/20/17 Minor Produced Water Release Produced Water San Juan (45)
nOY1705556439 SOUTHWEST ROYALTIES INC 2/20/17 Minor Produced Water Release Produced Water Normal Operations Lea (25)
nAB1705937661 XTO PERMIAN OPERATING LLC. 2/20/17 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1706938037 EOG Y RESOURCES, INC. 2/19/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1707941341 CONOCOPHILLIPS COMPANY 2/19/17 Produced Water Release Produced Water 0
nAB1706249163 CHEVRON U S A INC 2/18/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1705527752 RAYBAW Operating, LLC 2/18/17 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1705528281 XTO PERMIAN OPERATING LLC. 2/18/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1705136693 WPX ENERGY PRODUCTION, LLC 2/17/17 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nOY1704829079 COG OPERATING LLC 2/17/17 Oil Release Crude Oil Equipment Failure Lea (25)
nVF1707334470 ENTERPRISE FIELD SERVICES LLC 2/17/17 Release Other Unknown San Juan (45)
nVF1704838030 XTO ENERGY, INC 2/16/17 Major Produced Water Release Produced Water San Juan (45)
nOY1704741302 CONOCOPHILLIPS COMPANY 2/16/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1706235407 WPX Energy Permian, LLC 2/16/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1706039430 DEVON ENERGY PRODUCTION COMPANY, LP 2/15/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRAB1704850616 OXY USA INC 2/15/17 Minor Produced Water Release Produced Water Union (59)
nOY1704637529 DCP OPERATING COMPANY, LP 2/15/17 Major Produced Water Release Condensate, Produced Water Normal Operations Lea (25)
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nOY1704657862 COG OPERATING LLC 2/15/17 Release Other Crude Oil Other Lea (25)
nOY1704656913 COG OPERATING LLC 2/15/17 Release Other Crude Oil Other Lea (25)
nOY1704654982 COG OPERATING LLC 2/15/17 Minor Oil Release Crude Oil Other Lea (25)

nOY1705232245 CART HILL ENERGY, LLC 2/15/17 Minor Release Other
Crude Oil, Natural Gas Liquids, 
Produced Water Equipment Failure Lea (25)

nOY1704531597 COG PRODUCTION, LLC 2/14/17 Release Other Crude Oil Other Lea (25)
nOY1704530664 COG PRODUCTION, LLC 2/14/17 Release Other Crude Oil Other Lea (25)
nOY1704529255 COG PRODUCTION, LLC 2/14/17 Release Other Crude Oil Other Lea (25)
nOY1704528259 COG PRODUCTION, LLC 2/14/17 Release Other Crude Oil Equipment Failure Lea (25)
nAB1704751648 OLEUM Energy LLC 2/14/17 Major Produced Water Release Crude Oil, Produced Water Vandalism Eddy (15)
nVF1707338055 SIMCOE LLC 2/14/17 Release Other Unknown San Juan (45)
nAB1705246718 DEVON ENERGY PRODUCTION COMPANY, LP 2/13/17 Major Produced Water Release Produced Water Lightning Eddy (15)
nOY1705231783 CART HILL ENERGY, LLC 2/12/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2116668297 STRATA PRODUCTION CO 2/11/17 Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2116667607 STRATA PRODUCTION CO 2/11/17 Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2116666757 STRATA PRODUCTION CO 2/11/17 Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2116666048 STRATA PRODUCTION CO 2/11/17 Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2116661617 STRATA PRODUCTION CO 2/11/17 Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2116660414 STRATA PRODUCTION CO 2/11/17 Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2116657653 STRATA PRODUCTION CO 2/11/17 Release Other Crude Oil, Produced Water Other Lea (25)
nAPP2114763615 STRATA PRODUCTION CO 2/11/17 Release Other Crude Oil, Produced Water Other Eddy (15)
nAPP2114757670 STRATA PRODUCTION CO 2/11/17 Major Other Crude Oil Other Eddy (15)
nCS1704531637 ENTERPRISE PRODUCTS OPERATING, LLC 2/11/17 Minor Oil Release Produced Water Corrosion San Juan (45)
nCS1710239315 XTO ENERGY, INC 2/10/17 Other Other (Specify) Other San Juan (45)
nAB1705939804 EOG Y RESOURCES, INC. 2/10/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1704127181 WPX ENERGY PRODUCTION, LLC 2/10/17 Major Release Other Crude Oil, Produced Water San Juan (45)
nAB1706053151 WPX Energy Permian, LLC 2/10/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1704734619 APACHE CORPORATION 2/8/17 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1705132791 EOG RESOURCES INC 2/8/17 Major Produced Water Release Produced Water Corrosion Eddy (15)
nOY1704158265 RAM ENERGY LLC 2/8/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1703753612 SOUTHWEST ROYALTIES INC 2/6/17 Minor Produced Water Release Produced Water Freeze Lea (25)
nOY1703732185 OCCIDENTAL PERMIAN LTD 2/6/17 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nOY1703730753 OCCIDENTAL PERMIAN LTD 2/6/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1704742539 COG OPERATING LLC 2/6/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1704738312 BURNETT OIL CO INC 2/4/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1704050620 COG OPERATING LLC 2/4/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1704736400 APACHE CORPORATION 2/3/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nOY1704747768 FRONTIER FIELD SERVICES, LLC 2/3/17 Minor Release Other Condensate Corrosion Lea (25)
nAB1704436889 MATADOR PRODUCTION COMPANY 2/3/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1703350518 BURLINGTON RESOURCES OIL & GAS CO 2/2/17 Oil Release Crude Oil Equipment Failure San Juan (45)
nVF1708631561 XTO ENERGY, INC 2/1/17 Minor Release Other Produced Water San Juan (45)
nAB1703856615 EOG RESOURCES INC 2/1/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1704134446 OCCIDENTAL PERMIAN LTD 2/1/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1704645272 BTA OIL PRODUCERS, LLC 2/1/17 Release Other Crude Oil Equipment Failure Lea (25)
nOY1704058292 Spur Energy Partners LLC 2/1/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1705454171 SIMCOE LLC 2/1/17 Minor Release Other Lube Oil San Juan (45)
nOY1704038129 Water Energy Services, LLC 2/1/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1703748825 CONOCOPHILLIPS COMPANY 1/31/17 Release Other Unknown San Juan (45)
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nCS1715851705 CONOCOPHILLIPS COMPANY 1/31/17 Other Other (Specify) Other San Juan (45)
nCS1719256342 Williams Four Corners, LLC 1/31/17 Produced Water Release Other (Specify) Other Rio Arriba (39)
nAB1703951412 DEVON ENERGY PRODUCTION COMPANY, LP 1/30/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1706028741 KEVIN O BUTLER & ASSOC INC 1/30/17 Oil Release Crude Oil Other Lea (25)
nOY1706027706 KEVIN O BUTLER & ASSOC INC 1/30/17 Oil Release Crude Oil Freeze Lea (25)
nOY1705229038 DCP OPERATING COMPANY, LP 1/30/17 Minor Produced Water Release Condensate, Produced Water Equipment Failure Lea (25)
nAB1704831420 WPX Energy Permian, LLC 1/30/17 Major Oil Release Crude Oil Corrosion Eddy (15)
nOY1706256193 NORTHERN PACIFIC OIL AND GAS INCORPORATED 1/29/17 Oil Release Crude Oil Blow Out Roosevelt (41)
nAB1703948537 HARVARD PETROLEUM COMPANY, LLC 1/28/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1703253156 COG PRODUCTION, LLC 1/28/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1703326324 CONOCOPHILLIPS COMPANY 1/27/17 Other Other (Specify) Other San Juan (45)
nTO1703852711 Nitro Oil & Gas, LLC 1/27/17 Major Produced Water Release Produced Water Human Error Lea (25)

nAB1704752388 LUCID ENERGY DELAWARE, LLC 1/27/17 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Eddy (15)

nAB1703851902 DEVON ENERGY PRODUCTION COMPANY, LP 1/26/17 Minor Produced Water Release Produced Water Human Error Eddy (15)
nVF1705229548 CONOCOPHILLIPS COMPANY 1/26/17 Release Other Unknown San Juan (45)
nOY1704056954 OXY USA INC 1/25/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1703336139 OXY USA INC 1/25/17 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1702748717 COG OPERATING LLC 1/24/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1703831549 3R Operating, LLC 1/24/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1702338545 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/23/17 Minor Produced Water Release Produced Water Rio Arriba (39)
nOY1704640119 DCP OPERATING COMPANY, LP 1/23/17 Minor Release Other Condensate Equipment Failure Eddy (15)
nOY1704055427 OCCIDENTAL PERMIAN LTD 1/23/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1704456898 XTO PERMIAN OPERATING LLC. 1/22/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1703949379 DEVON ENERGY PRODUCTION COMPANY, LP 1/20/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1703330360 OXY USA INC 1/20/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1710228572 CONOCOPHILLIPS COMPANY 1/20/17 Major Fire Other (Specify) Equipment Failure San Juan (45)
nVF1703235219 SIMCOE LLC 1/20/17 Release Other Unknown San Juan (45)
nOY1703727487 Extex Operating Company 1/20/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1703949838 BURNETT OIL CO INC 1/19/17 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1701834485 COG OPERATING LLC 1/19/17 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1703330992 OXY USA INC 1/18/17 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nVF1703233142 ENTERPRISE FIELD SERVICES L.L.C. 1/18/17 Release Other Other (Specify) San Juan (45)
nOY1703839769 HENRY PETROLEUM LP 1/18/17 Major Oil Release Crude Oil, Natural Gas Liquids Corrosion Lea (25)
nRM2003450092 CONOCOPHILLIPS COMPANY 1/18/17 Minor Release Other Crude Oil, Produced Water Other Lea (25)
nOY1701848679 COG OPERATING LLC 1/18/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
nOY1701847566 COG OPERATING LLC 1/18/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1701837929 CHEVRON MIDCONTINENT, L.P. 1/18/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1703138218 SIMCOE LLC 1/18/17 Other Other (Specify) Other San Juan (45)
nVF1702340900 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/17/17 Release Other Unknown Rio Arriba (39)
nAB1701956337 COG OPERATING LLC 1/17/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1701753606 FAE II Operating LLC 1/17/17 Major Oil Release Crude Oil, Produced Water Lightning Lea (25)
nAB1702442185 Solis Partners, L.L.C. 1/17/17 Major Oil Release Crude Oil Lightning Chaves (05)
nOY1704044285 Maverick Permian LLC 1/17/17 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nVF1702438735 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/16/17 Release Other Unknown Rio Arriba (39)
nAB1702741728 OXY USA INC 1/16/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nCS1701827868 CONOCOPHILLIPS COMPANY 1/16/17 Other Other (Specify) Other San Juan (45)
nOY1701756691 COG OPERATING LLC 1/16/17 Minor Produced Water Release Produced Water Human Error Lea (25)

WG Ex. 92

3141



nAB1702027150 Spur Energy Partners LLC 1/16/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1703748127 TAP ROCK OPERATING, LLC 1/16/17 Major Oil Release Crude Oil Human Error Lea (25)
nOY1704032211 J R OIL, LTD. CO. 1/15/17 Major Oil Release Crude Oil, Produced Water Lightning Lea (25)
nOY1703843861 DEVON ENERGY PRODUCT. CO.,LP 1/15/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1702443626 Acacia Operating Company, LLC 1/15/17 Major Produced Water Release Produced Water Lightning Eddy (15)
nOY1701857210 Water Energy Services, LLC 1/15/17 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1706058214 WPX Energy Permian, LLC 1/14/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1706036769 PRIDE ENERGY COMPANY 1/13/17 Major Oil Release Crude Oil Other Lea (25)
nOY1701357753 COG OPERATING LLC 1/13/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nOY1717055453 SUNDOWN ENERGY LP 1/12/17 Major Oil Release Crude Oil Human Error Lea (25)
nAB1703950705 WPX Energy Permian, LLC 1/12/17 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1701342809 RILEY PERMIAN OPERATING COMPANY, LLC 1/12/17 Major Oil Release Crude Oil Fire Eddy (15)
nAB1701355694 COG PRODUCTION, LLC 1/11/17 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nAB1702749185 WPX Energy Permian, LLC 1/11/17 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nOY1704029358 BTA OIL PRODUCERS, LLC 1/11/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1701351977 Spur Energy Partners LLC 1/11/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1701942443 SOLARIS WATER MIDSTREAM, LLC 1/11/17 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1701354472 BURNETT OIL CO INC 1/10/17 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1701129985 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/10/17 Major Fire Unknown San Juan (45)
nAB1702737974 OXY USA WTP LIMITED PARTNERSHIP 1/10/17 Minor Produced Water Release Produced Water Human Error Eddy (15)

nAB1701954977 JUDAH OIL LLC 1/10/17 Minor Oil Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Equipment Failure Eddy (15)

nOY1701038068 BTA OIL PRODUCERS, LLC 1/10/17 Major Produced Water Release Condensate, Produced Water Equipment Failure Lea (25)
nVF1702449270 ENTERPRISE PRODUCTS OPERATING, LLC 1/10/17 Release Other Unknown San Juan (45)
nOY1703754520 SOUTHWEST ROYALTIES INC 1/9/17 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1702743179 OXY USA INC 1/8/17 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1701738882 APACHE CORPORATION 1/7/17 Minor Produced Water Release Produced Water Freeze Lea (25)
nAB1701950999 APACHE CORPORATION 1/7/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1701331626 DEVON ENERGY PRODUCTION COMPANY, LP 1/7/17 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1701250969 DEVON ENERGY PRODUCTION COMPANY, LP 1/7/17 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1703751016 SOUTHWEST ROYALTIES INC 1/7/17 Major Produced Water Release Produced Water Vandalism Lea (25)
nAB1702442641 OXY USA WTP LIMITED PARTNERSHIP 1/7/17 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1704027394 J R OIL, LTD. CO. 1/7/17 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1701352947 RAYBAW Operating, LLC 1/7/17 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1702454101 WPX Energy Permian, LLC 1/6/17 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1700543694 CIMAREX ENERGY CO. OF COLORADO 1/5/17 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1700528077 CONCHO RESOURCES, INC. 1/5/17 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1700628270 XTO ENERGY, INC 1/4/17 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAB1701754616 Lucid Artesia Company 1/4/17 Minor Natural Gas Release Condensate Equipment Failure Eddy (15)
nCS1700531572 CONOCOPHILLIPS COMPANY 1/4/17 Other Other (Specify) Other San Juan (45)
nOY1700455286 Scorpion Oil & Gas, LLC 1/4/17 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1701353660 OXY USA INC 1/2/17 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1702351915 ROVER OPERATING, LLC 1/2/17 Minor Oil Release Brine Water, Crude Oil Equipment Failure Eddy (15)
nAPP2320031997 STEPHENS & JOHNSON OP CO 1/1/17 Major Other Crude Oil, Produced Water Other Eddy (15)
nAB1700455308 COG PRODUCTION, LLC 1/1/17 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1702341069 ROVER OPERATING, LLC 1/1/17 Minor Produced Water Release Brine Water Equipment Failure Eddy (15)
nAB1705356234 AMERICO ENERGY RESOURCES LLC 12/29/16 Oil Release Crude Oil Equipment Failure Eddy (15)
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nOY1700949500 COG OPERATING LLC 12/29/16 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1700442167 XTO PERMIAN OPERATING LLC. 12/28/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1700941174 Water Energy Services, LLC 12/26/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1700441546 SOLARIS WATER MIDSTREAM, LLC 12/26/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCW1708045132 MATADOR PRODUCTION COMPANY 12/25/16 Minor Oil Release Crude Oil Eddy (15)
nAB1708850091 MATADOR PRODUCTION COMPANY 12/25/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1635844828 CHEVRON MIDCONTINENT, L.P. 12/23/16 Produced Water Release Produced Water Other San Juan (45)
nOY1701241641 OCCIDENTAL PERMIAN LTD 12/22/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1701052774 BOPCO, L.P. 12/22/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1700438955 Spur Energy Partners LLC 12/22/16 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1705938555 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/21/16 Release Other Unknown San Juan (45)
nOY1700943437 KEY ENERGY SERVICES, LLC 12/21/16 Minor Release Other Brine Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1700454394 WPX Energy Permian, LLC 12/21/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nOY1701257662 CROSS TIMBERS ENERGY, LLC 12/21/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1700630102 Empire New Mexico LLC 12/21/16 Major Oil Release Crude Oil, Produced Water Freeze Lea (25)
nVF1636440386 ENTERPRISE PRODUCTS OPERATING, LLC 12/21/16 Release Other Unknown San Juan (45)
nCS1703130034 XTO ENERGY, INC 12/20/16 Other Other (Specify) Other San Juan (45)
nAB1636455805 COG PRODUCTION, LLC 12/20/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1701252341 Grizzly Operating, LLC 12/20/16 Produced Water Release Produced Water Equipment Failure Chaves (05)
nOY1703953124 APACHE CORPORATION 12/19/16 Major Oil Release Crude Oil, Produced Water Freeze Lea (25)
nOY1700951265 OXY USA INC 12/19/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1701247972 OXY USA WTP LIMITED PARTNERSHIP 12/19/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nOY1701844321 CHEVRON MIDCONTINENT, L.P. 12/19/16 Major Produced Water Release Produced Water Freeze Lea (25)
nOY1701143273 J R OIL, LTD. CO. 12/19/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1636351931 Spur Energy Partners LLC 12/19/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1701352055 BXP Operating, LLC 12/19/16 Minor Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAB1636457789 BXP Operating, LLC 12/19/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1636439168 Maverick Permian LLC 12/19/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nOY1700536013 Scorpion Oil & Gas, LLC 12/19/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1635834282 BURNETT OIL CO INC 12/18/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1635739534 BURNETT OIL CO INC 12/18/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1700455878 MACK ENERGY CORP 12/18/16 Major Produced Water Release Crude Oil, Produced Water Fire Lea (25)
nAB1636346190 OXY USA INC 12/18/16 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1701239884 SOUTHWEST ROYALTIES INC 12/18/16 Major Oil Release Crude Oil Freeze Lea (25)
nAB1636435554 TARGA MIDSTREAM SERVICES LLC 12/18/16 Minor Oil Release Natural Gas Liquids Equipment Failure Lea (25)
nAB1701043105 EOG Y RESOURCES, INC. 12/18/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1701125801 OCCIDENTAL PERMIAN LTD 12/18/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1636344622 COG OPERATING LLC 12/18/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1635756020 COG OPERATING LLC 12/18/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1636536488 LEGACY RESERVES OPERATING LP 12/18/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1636358002 Redwood Operating LLC 12/18/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1700453702 Permian Resources Operating, LLC 12/18/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2328651429 OXY USA INC 12/16/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1700440047 OCCIDENTAL PERMIAN LTD 12/16/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVF1636441086 CONOCOPHILLIPS COMPANY 12/16/16 Minor Produced Water Release Produced Water Rio Arriba (39)
nAB1636345615 COG OPERATING LLC 12/16/16 Major Oil Release Crude Oil Corrosion Eddy (15)
nVF1705240597 SIMCOE LLC 12/16/16 Release Other Unknown San Juan (45)
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nAB1636456292 RAYBAW Operating, LLC 12/16/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1702339660 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/15/16 Release Other Unknown Rio Arriba (39)
nVF1702029893 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/15/16 Minor Produced Water Release Produced Water San Juan (45)
nAB1636457055 TEAM OPERATING, L.L.C. 12/15/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1635555232 Spur Energy Partners LLC 12/14/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1701039363 BURLINGTON RESOURCES OIL & GAS CO 12/13/16 Other Other (Specify) Other San Juan (45)
nCS1703334024 ELM RIDGE EXPLORATION COMPANY LLC 12/13/16 Other Other (Specify) Other 0
nOY1703847407 COG OPERATING LLC 12/13/16 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1635642799 COG OPERATING LLC 12/13/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1701040616 LOGOS OPERATING, LLC 12/13/16 Minor Oil Release Crude Oil Corrosion Rio Arriba (39)
nCS1701038368 BURLINGTON RESOURCES OIL & GAS CO 12/12/16 Other Other (Specify) Other San Juan (45)
nTO1634751726 CONCHO EXPLORATION 12/12/16 Major Blow Out Crude Oil Fire Lea (25)
nAB1700440434 OXY USA INC 12/11/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1634951483 COG OPERATING LLC 12/11/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1636431146 WPX Energy Permian, LLC 12/11/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1636537482 HOLLY TRANSPORATON, LLC 12/11/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1700457334 HOLLYFRONTIER TRANSPORTATION LLC 12/11/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1634937547 COG OPERATING LLC 12/10/16 Major Oil Release Crude Oil Corrosion Eddy (15)
nVF1634454652 WPX ENERGY PRODUCTION, LLC 12/9/16 Major Produced Water Release Produced Water Rio Arriba (39)
nAB1635657231 WPX Energy Permian, LLC 12/9/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1701231371 Opal Operating Company LLC 12/9/16 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nTO1634242180 MARSHALL & WINSTON INC 12/7/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1634341163 CONOCOPHILLIPS COMPANY 12/6/16 Release Other Unknown Rio Arriba (39)
nAB1635555991 COG PRODUCTION, LLC 12/6/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1711447215 BP AMERICA PRODUCTION COMPANY 12/5/16 Release Other Other (Specify) Other San Juan (45)
nAB1635551037 CHEVRON U S A INC 12/5/16 Minor Produced Water Release Brine Water Equipment Failure Eddy (15)
nAB1634429601 MACK ENERGY CORP 12/5/16 Major Oil Release Crude Oil Fire Eddy (15)

nAB1635435498 ETC Texas Pipeline, Ltd. 12/5/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1634938164 WPX Energy Permian, LLC 12/4/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1700931264 BURNETT OIL CO INC 12/3/16 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1633753872 BIYA OPERATORS INC. 12/2/16 Other Other (Specify) Other San Juan (45)
nCS1633751858 BIYA OPERATORS INC. 12/2/16 Other Other (Specify) Other San Juan (45)
nCS1633749661 BIYA OPERATORS INC. 12/2/16 Oil Release Other (Specify) Other San Juan (45)
nAB1634449033 Silverback Operating II, LLC 12/2/16 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1703432582 PENROC OIL CORP 12/1/16 Minor Oil Release Crude Oil, Produced Water Human Error Lea (25)
nAB1635656725 XTO PERMIAN OPERATING LLC. 12/1/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1701039773 Williams Four Corners, LLC 12/1/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Lube Oil Freeze San Juan (45)

nAB1635557047 MANZANO LLC 11/30/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1701349940 CROSS TIMBERS ENERGY, LLC 11/30/16 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nCS1634251546 BP AMERICA PRODUCTION COMPANY 11/29/16 Other Other (Specify) Other San Juan (45)
nOY1722047147 COG OPERATING LLC 11/29/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1633737079 COG OPERATING LLC 11/29/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1634136647 HOLLY ENERGY PARTNERS, LP 11/29/16 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1633656353 DEVON ENERGY PRODUCTION COMPANY, LP 11/28/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1634435620 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/28/16 Major Other Condensate, Produced Water San Juan (45)
nAB1633655690 Spur Energy Partners LLC 11/28/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAB1706649042 ENTERPRISE PRODUCTS OPERATING, LLC 11/28/16 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1635457735 MACK ENERGY CORP 11/26/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Chaves (05)
nAB1633656856 BOPCO, L.P. 11/26/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1634038388 COG OPERATING LLC 11/25/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1633649257 COG OPERATING LLC 11/24/16 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1633655179 Spur Energy Partners LLC 11/23/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1632851443 SIMCOE LLC 11/23/16 Major Release Other Condensate, Produced Water San Juan (45)
nAB1633632758 MATADOR PRODUCTION COMPANY 11/22/16 Major Produced Water Release Produced Water Other Eddy (15)
nAB1633730261 OXY USA INC 11/21/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nAB1632654737 DCP MIDSTREAM, L.P. 11/21/16 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nAB1633636464 SOLARIS WATER MIDSTREAM, LLC 11/21/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1632841630 CIMAREX ENERGY CO. OF COLORADO 11/20/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1632849626 COG OPERATING LLC 11/20/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1633633401 DEVON ENERGY PRODUCTION COMPANY, LP 11/19/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1632838439 Spur Energy Partners LLC 11/19/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1634428709 OXY USA INC 11/18/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1632848695 CAMBRIAN MANAGEMENT LTD 11/18/16 Produced Water Release Produced Water Human Error Lea (25)
nKL1632835278 COG OPERATING LLC 11/18/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1633734299 OXY USA INC 11/17/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1634335321 EOG Y RESOURCES, INC. 11/17/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1632638243 BURNETT OIL CO INC 11/16/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1632625720 CONOCOPHILLIPS COMPANY 11/16/16 Minor Produced Water Release Produced Water Rio Arriba (39)
nVF1632131303 CONOCO INC 11/15/16 Major Release Other Condensate, Produced Water Rio Arriba (39)
nKL1632836420 COG PRODUCTION, LLC 11/13/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nKL1632837247 COG OPERATING LLC 11/13/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1633639499 WPX Energy Permian, LLC 11/13/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1633729723 BAM Permian Operating, LLC 11/13/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Chaves (05)
nKL1632035139 COG OPERATING LLC 11/12/16 Major Oil Release Chemical (Specify) Equipment Failure Lea (25)
nAB1633642335 EOG Y RESOURCES, INC. 11/11/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1821258273 CONOCOPHILLIPS COMPANY 11/11/16 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKL1632826386 COG OPERATING LLC 11/11/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1702337427 CONOCOPHILLIPS COMPANY 11/10/16 Release Other Unknown San Juan (45)
nAB1631930558 BOPCO, L.P. 11/10/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nKL1632037666 DCP OPERATING COMPANY, LP 11/9/16 Minor Release Other Condensate Equipment Failure Lea (25)
nKL1632144179 MATADOR PRODUCTION COMPANY 11/9/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1632133942 DEVON ENERGY PRODUCTION COMPANY, LP 11/8/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1632651085 COG OPERATING LLC 11/8/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1703457016 JUDAH OIL LLC 11/8/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1631954628 CHUZA OIL COMPANY 11/8/16 Oil Release Unknown San Juan (45)
nVF1631952275 ENTERPRISE PRODUCTS OPERATING, LLC 11/8/16 Minor Release Other Lube Oil San Juan (45)
nAB1631947928 COG OPERATING LLC 11/7/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1634135658 LINN OPERATING, LLC. 11/7/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKL1632846296 ETC Texas Pipeline, Ltd. 11/7/16 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAB1631956422 DEVON ENERGY PRODUCTION COMPANY, LP 11/6/16 Minor Produced Water Release Crude Oil, Produced Water Vandalism Eddy (15)
nAB1631957692 EOG RESOURCES INC 11/6/16 Major Produced Water Release Produced Water Lightning Eddy (15)
nKL1632135044 CIMAREX ENERGY CO. 11/6/16 Major Produced Water Release Produced Water Lightning Lea (25)
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nKL1631937235 COG OPERATING LLC 11/6/16 Minor Oil Release Crude Oil Corrosion Lea (25)
nAB1631936319 COG OPERATING LLC 11/6/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1631935527 COG OPERATING LLC 11/6/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKL1632742801 Scorpion Oil & Gas, LLC 11/6/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nAB1632137183 ENTERPRISE PRODUCTS OPERATING, LLC 11/6/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Normal Operations Eddy (15)

nAB1632647780 WPX Energy Permian, LLC 11/5/16 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1632648516 WPX Energy Permian, LLC 11/4/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKL1632847540 ETC Texas Pipeline, Ltd. 11/4/16 Minor Natural Gas Release Condensate Corrosion Lea (25)
nAB1631955174 DEVON ENERGY PRODUCTION COMPANY, LP 11/3/16 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1631951165 DEVON ENERGY PRODUCTION COMPANY, LP 11/3/16 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1631455601 DEVON ENERGY PRODUCTION COMPANY, LP 11/3/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1631435420 BOPCO, L.P. 11/3/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKL1632750446 OXY USA INC 11/2/16 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nAB1633449255 WPX Energy Permian, LLC 11/2/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKL1631253063 OWL SWD OPERATING, LLC 11/2/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1631328056 Silverback Operating II, LLC 11/2/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1631440104 DEVON ENERGY PRODUCTION COMPANY, LP 11/1/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1632145208 OXY USA INC 11/1/16 Produced Water Release Lea (25)
nAB1630656558 CIMAREX ENERGY CO. OF COLORADO 10/31/16 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1634440863 AGUA MOSS, LLC 10/31/16 Release Other Unknown San Juan (45)
nAB1631949226 WPX Energy Permian, LLC 10/30/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1705547650 COG OPERATING LLC 10/29/16 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKL1631349572 COG OPERATING LLC 10/29/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)

nAB1630846067 Lucid Artesia Company 10/28/16 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nAB1630657394 COG OPERATING LLC 10/28/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1631251331 OWL SWD OPERATING, LLC 10/28/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1631344306 ETC Texas Pipeline, Ltd. 10/28/16 Oil Release Lea (25)
nVF1631254194 ENTERPRISE PRODUCTS OPERATING, LLC 10/28/16 Release Other Unknown San Juan (45)
nAB1630929291 XTO ENERGY, INC 10/27/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKL1632029646 MATADOR PRODUCTION COMPANY 10/27/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKL1631339992 ETC Texas Pipeline, Ltd. 10/27/16 Minor Oil Release Crude Oil Corrosion 0
nCS1631339855 SIMCOE LLC 10/26/16 Oil Release Other (Specify) Other San Juan (45)
nKL1630528364 HRC INC 10/25/16 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1630555506 COG OPERATING LLC 10/25/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1630655768 OWL SWD OPERATING, LLC 10/25/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1630731712 RAYBAW Operating, LLC 10/25/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1630550334 Empire New Mexico LLC 10/25/16 Major Fire Lea (25)
nKL1631935158 EOG Y RESOURCES, INC. 10/23/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1630645041 EOG Y RESOURCES, INC. 10/23/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1630526579 HRC INC 10/23/16 Major Produced Water Release Produced Water Other Lea (25)
nKL1630853155 COG OPERATING LLC 10/23/16 Major Oil Release Crude Oil Human Error Lea (25)
nKL1632146897 Scorpion Oil & Gas, LLC 10/22/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1630550781 OXY USA INC 10/21/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1705551768 COG OPERATING LLC 10/21/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nOY1705546710 COG OPERATING LLC 10/21/16 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1630554955 Spur Energy Partners LLC 10/21/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nKL1629833610 Contango Resources, Inc. 10/21/16 Minor Oil Release Crude Oil Corrosion Lea (25)
nKL1631427772 HARVARD PETROLEUM COMPANY, LLC 10/20/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1629437422 SIMCOE LLC 10/20/16 Other Other (Specify) Other San Juan (45)
nKL1630726490 COG OPERATING LLC 10/19/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nKL1631347882 Extex Operating Company 10/19/16 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1630540429 COG OPERATING LLC 10/18/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKL1629238893 SUNDOWN ENERGY LP 10/18/16 Other Other (Specify) Lea (25)
nAB1629556325 BOPCO, L.P. 10/18/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKL1631248077 Prima Exploration, Inc. 10/18/16 Major Produced Water Release Crude Oil, Produced Water Normal Operations Lea (25)
nCS1701037312 Williams Four Corners, LLC 10/18/16 Minor Oil Release Natural Gas Liquids Overflow - Tank, Pit, Etc. San Juan (45)
nKL1630645973 COG OPERATING LLC 10/17/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1629842400 COG OPERATING LLC 10/17/16 Produced Water Release Crude Oil, Produced Water Eddy (15)
nVF1703236847 SIMCOE LLC 10/17/16 Release Other Unknown San Juan (45)
nKL1629443451 EOG RESOURCES INC 10/16/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1630641999 EOG Y RESOURCES, INC. 10/16/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1631234452 DEVON ENERGY PRODUCTION CO. 10/16/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1702340326 CONOCOPHILLIPS COMPANY 10/15/16 Release Other Unknown Rio Arriba (39)
nKL1630650239 COG PRODUCTION, LLC 10/15/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1630539441 COG OPERATING LLC 10/15/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1628851398 DCP MIDSTREAM, L.P. 10/14/16 Minor Other Condensate Equipment Failure Eddy (15)
nAB1627457037 DCP MIDSTREAM, L.P. 10/14/16 Minor Produced Water Release Condensate Equipment Failure Eddy (15)
nAB1629841939 COG OPERATING LLC 10/14/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1630550256 Spur Energy Partners LLC 10/14/16 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1629541723 Redwood Operating LLC 10/14/16 Minor Other Condensate Equipment Failure Eddy (15)

nAB1629934570 ENTERPRISE PRODUCTS OPERATING, LLC 10/14/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Eddy (15)

nAB1629848897 BURNETT OIL CO INC 10/13/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKL1630953119 DCP OPERATING COMPANY, LP 10/13/16 Natural Gas Release Lea (25)
nAB1629855846 OXY USA INC 10/12/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1634936868 CIMAREX ENERGY CO. OF COLORADO 10/12/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1628854271 CIMAREX ENERGY CO. OF COLORADO 10/12/16 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1629838248 OXY USA INC 10/11/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1630650258 COG OPERATING LLC 10/11/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1629453480 BAM Permian Operating, LLC 10/11/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Chaves (05)
nKL1630634840 ETC Texas Pipeline, Ltd. 10/11/16 Minor Other Condensate Corrosion Eddy (15)
nAB1629936433 APACHE CORPORATION 10/10/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKL1632730937 APACHE CORP 10/10/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nLEL1629133587 OXY USA INC 10/10/16 Produced Water Release Union (59)
nAB1629933529 HOLLY ENERGY PARTNERS, LP 10/10/16 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1628728258 BOPCO, L.P. 10/10/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1722937973 SIMCOE LLC 10/10/16 Other Other (Specify) Other San Juan (45)
nKL1629442582 Maverick Permian LLC 10/10/16 Oil Release Lea (25)
nAB1630232710 EOG Y RESOURCES, INC. 10/9/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1629841253 OXY USA INC 10/8/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1629438158 Enterprise Field Services, LLC 10/8/16 Minor Release Other Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nAB1628542275 BOPCO, L.P. 10/7/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nVF1628134439 CONOCOPHILLIPS COMPANY 10/6/16 Release Other Unknown Rio Arriba (39)
nAB1628631014 Spur Energy Partners LLC 10/6/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
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nKL1629437630 Maverick Permian LLC 10/6/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1629852112 XTO PERMIAN OPERATING LLC. 10/6/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1628633203 COG OPERATING LLC 10/5/16 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1628632716 COG OPERATING LLC 10/5/16 Minor Oil Release Crude Oil Other Eddy (15)
nAB1629941525 APACHE CORPORATION 10/4/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1634056588 CONOCOPHILLIPS COMPANY 10/4/16 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nHMP1633626381 COG OPERATING LLC 10/4/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1629534007 Enterprise Field Services, LLC 10/4/16 Minor Release Other Other (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nCS1630028823 SIMCOE LLC 10/4/16 Oil Release Other (Specify) Other San Juan (45)
nAB1629856823 XTO PERMIAN OPERATING LLC. 10/4/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1629542376 OXY USA INC 10/3/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1630233488 EOG Y RESOURCES, INC. 10/3/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1630228658 EOG Y RESOURCES, INC. 10/3/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1627750035 EOG Y RESOURCES, INC. 10/3/16 Major Produced Water Release Crude Oil, Produced Water Lightning Chaves (05)
nCS1634035847 CONOCOPHILLIPS COMPANY 10/3/16 Other Other (Specify) Other Rio Arriba (39)
nAB1629852573 XTO PERMIAN OPERATING LLC. 10/3/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1627849311 COG OPERATING LLC 10/2/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nCS1702339470 SIMCOE LLC 10/2/16 Other Other (Specify) Other San Juan (45)
nAB1629540737 OCCIDENTAL PERMIAN LTD 10/1/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nVF1636231694 CONOCOPHILLIPS COMPANY 10/1/16 Release Other Unknown San Juan (45)
nAB1628631827 COG OPERATING LLC 9/30/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1627852804 Spur Energy Partners LLC 9/30/16 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1628854810 Roughhouse Operating, LLC 9/30/16 Other Other (Specify), Produced Water Corrosion Eddy (15)

nVF1630034993 Williams Four Corners, LLC 9/30/16 Major Release Other
[OBSOLETE] Natural Gas 
(Methane), Produced Water San Juan (45)

nAB1627849950 DEVON ENERGY PRODUCTION COMPANY, LP 9/29/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKL1627945337 CONOCOPHILLIPS COMPANY 9/29/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKL1629450522 MATADOR PRODUCTION COMPANY 9/29/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1627756897 COG OPERATING LLC 9/29/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVF1632249181 Williams Four Corners, LLC 9/29/16 Natural Gas Release Unknown San Juan (45)
nKL1628135037 COG OPERATING LLC 9/28/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1629448329 Earthstone Operating, LLC 9/28/16 Other Lea (25)
nVF1632248865 Williams Four Corners, LLC 9/28/16 Release Other Unknown Rio Arriba (39)
nAB1627751561 IACX Production LLC 9/27/16 Major Produced Water Release Crude Oil, Produced Water Lightning Chaves (05)
nVF1632238319 Williams Four Corners, LLC 9/27/16 Natural Gas Release Unknown Rio Arriba (39)
nVF1627334967 KIMBELL OIL CO OF TEXAS 9/26/16 Release Other Condensate Rio Arriba (39)
nAB1627154193 BOPCO, L.P. 9/26/16 Major Oil Release Crude Oil Fire Eddy (15)
nAB1627152955 COG OPERATING LLC 9/25/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nKL1629444790 RAYBAW Operating, LLC 9/25/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKL1628137019 CHEVRON U S A INC 9/24/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1627737279 DEVON ENERGY PRODUCTION COMPANY, LP 9/24/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nKL1629252081 COG OPERATING LLC 9/24/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nKL1629436032 Spur Energy Partners LLC 9/24/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1627852244 COG OPERATING LLC 9/23/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nKL1631244705 OCCIDENTAL PERMIAN LTD 9/22/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1626549360 BURLINGTON RESOURCES OIL & GAS CO 9/21/16 Other Produced Water Other San Juan (45)
nCS1630030024 PRIDE ENERGY COMPANY 9/21/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Sandoval (43)
nCS1626554994 PRIDE ENERGY COMPANY 9/21/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Sandoval (43)
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nKL1627235834 COG PRODUCTION, LLC 9/21/16 Major Oil Release Crude Oil Equipment Failure 0
nKL1627936926 COG OPERATING LLC 9/21/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1626755648 Silverback Operating II, LLC 9/21/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1627041521 BURNETT OIL CO INC 9/20/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1627037088 BURNETT OIL CO INC 9/20/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1626756642 DEVON ENERGY PRODUCTION COMPANY, LP 9/20/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1626655966 MATADOR PRODUCTION COMPANY 9/20/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1634053860 SIMCOE LLC 9/20/16 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nCS1634053119 BP AMERICA PRODUCTION COMPANY 9/19/16 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nKL1627234719 APACHE CORP 9/19/16 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nKL1627238045 COG OPERATING LLC 9/19/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1627451198 XTO PERMIAN OPERATING LLC. 9/19/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1626357136 FAIR OIL LTD 9/18/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1626756917 DEVON ENERGY PRODUCTION COMPANY, LP 9/17/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1627227078 CIMAREX ENERGY CO. OF COLORADO 9/17/16 Major Produced Water Release Produced Water Lightning Lea (25)
nKL1627151743 CIMAREX ENERGY CO. OF COLORADO 9/17/16 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1626354324 COG OPERATING LLC 9/17/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1634154826 SIMCOE LLC 9/17/16 Release Other Unknown San Juan (45)
nAB1627150011 MEWBOURNE OIL CO 9/16/16 Major Produced Water Release Produced Water Fire Eddy (15)
nKL1626554017 DCP OPERATING COMPANY, LP 9/16/16 Release Other Lea (25)
nKL1629928867 OCCIDENTAL PERMIAN LTD 9/16/16 Natural Gas Release Lea (25)
nVF1720729104 SIMCOE LLC 9/16/16 Release Other Unknown San Juan (45)
nKL1627131848 Contango Resources, Inc. 9/16/16 Major Fire Produced Water Lightning Lea (25)
nKL1626534300 DEVON ENERGY PRODUCT. CO.,LP 9/15/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1627130051 Contango Resources, Inc. 9/15/16 Major Fire Produced Water Lightning Lea (25)
nAB1626342939 DEVON ENERGY PRODUCTION COMPANY, LP 9/14/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1625933734 EOG RESOURCES INC 9/14/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1627146114 OXY USA INC 9/14/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1626656439 COG OPERATING LLC 9/14/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nKL1627139171 OXY USA INC 9/13/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1625750166 JIM PIERCE 9/13/16 Other Condensate Equipment Failure Eddy (15)
nAB1625934302 BOPCO, L.P. 9/13/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKL1627239908 RAYBAW Operating, LLC 9/13/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKL1629927133 OCCIDENTAL PERMIAN LTD 9/12/16 Natural Gas Release Lea (25)
nKL1625631567 PRE-ONGARD WELL OPERATOR 9/12/16 Oil Release Eddy (15)
nAB1625930251 ALAMO PERMIAN RESOURCES, LLC 9/12/16 Major Produced Water Release B.S. & W., Crude Oil Equipment Failure Eddy (15)
nKL1626431517 CONCHO RESOURCES, INC. 9/11/16 Produced Water Release Lea (25)
nCS1626053365 Williams Four Corners, LLC 9/11/16 Major Fire Other (Specify) Lightning Rio Arriba (39)
nAB1625955713 DEVON ENERGY PRODUCTION COMPANY, LP 9/9/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKL1627136640 EOG Y RESOURCES, INC. 9/9/16 Produced Water Release Lea (25)
nAB1626355901 DEVON ENERGY PRODUCTION COMPANY, LP 9/8/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1627133614 OXY USA INC 9/8/16 Oil Release Lea (25)
nKL1625827670 CONOCOPHILLIPS COMPANY 9/8/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1625628815 COG OPERATING LLC 9/8/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1625629266 Empire New Mexico LLC 9/8/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1626654019 OXY USA INC 9/7/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1625630190 SOGO III LLC 9/7/16 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
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nJXK1625946612 RAYBAW Operating, LLC 9/7/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1627453796 BEACH EXPLORATION INC 9/6/16 Produced Water Release Condensate Other Eddy (15)
nKL1625635514 COG OPERATING LLC 9/6/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1625749235 COG OPERATING LLC 9/6/16 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1627853512 CHEVRON U S A INC 9/5/16 Major Oil Release Crude Oil Other Eddy (15)
nJXK1625144979 CONOCOPHILLIPS COMPANY 9/5/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1625226595 COG PRODUCTION, LLC 9/5/16 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nAB1625241913 COG OPERATING LLC 9/5/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1627042576 XTO ENERGY, INC 9/4/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1626638297 OXY USA INC 9/4/16 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAB1625349236 COG OPERATING LLC 9/4/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1625632553 APACHE CORP 9/3/16 Oil Release Crude Oil Equipment Failure Lea (25)
nKL1625631073 APACHE CORP 9/3/16 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1626350406 RILEY PERMIAN OPERATING COMPANY, LLC 9/3/16 Major Other Condensate Equipment Failure Eddy (15)
nAB1626336866 COG OPERATING LLC 9/2/16 Minor Oil Release Condensate Eddy (15)
nKL1626333807 OCCIDENTAL PERMIAN LTD 9/1/16 Oil Release Lea (25)
nKL1625650802 OCCIDENTAL PERMIAN LTD 9/1/16 Natural Gas Release Lea (25)
nAB1626340038 COG PRODUCTION, LLC 9/1/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKL1626334547 J R OIL, LTD. CO. 9/1/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1625145538 DEVON ENERGY PRODUCTION COMPANY, L.P. 9/1/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nKL1632028510 OXY USA INC 8/31/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1625826606 OXY USA INC 8/31/16 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nVF1624333042 NM&O 8/30/16 Release Other Unknown Rio Arriba (39)
nAB1625929012 EOG Y RESOURCES, INC. 8/29/16 Minor Produced Water Release Produced Water Lightning Eddy (15)
nAB1626351435 COG OPERATING LLC 8/29/16 Major Oil Release Crude Oil Lightning Eddy (15)
nJXK1625144313 DEVON ENERGY PRODUCTION COMPANY, LP 8/28/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nKL1626442703 Opal Operating Company LLC 8/28/16 Produced Water Release Produced Water Lightning Roosevelt (41)
nAB1626650110 Silverback Operating II, LLC 8/28/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1625739587 OXY USA INC 8/27/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1624447673 COG OPERATING LLC 8/27/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1627152334 CHEVRON U S A INC 8/26/16 Minor Oil Release B.S. & W., Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nKL1625042800 OXY USA INC 8/26/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nKL1625033547 POGO PRODUCING CO 8/26/16 Oil Release Lea (25)
nKL1623927947 OCCIDENTAL PERMIAN LTD 8/26/16 Lea (25)
nAB1624442573 COG PRODUCTION, LLC 8/26/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1624352162 COG PRODUCTION, LLC 8/26/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1625130938 BOPCO, L.P. 8/26/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1624355277 Spur Energy Partners LLC 8/26/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1625130275 XTO PERMIAN OPERATING LLC. 8/26/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1624425919 CIMAREX ENERGY CO. OF COLORADO 8/25/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1624241470 CIMAREX ENERGY CO. OF COLORADO 8/25/16 Major Produced Water Release Produced Water Lightning Eddy (15)
nKL1625629753 ETC Texas Pipeline, Ltd. 8/25/16 Natural Gas Release Lea (25)
nKL1623928950 MATADOR OPERATING CO 8/24/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1624427112 MEWBOURNE OIL CO 8/24/16 Major Produced Water Release Produced Water Lightning Lea (25)
nJXK1624427625 APACHE CORP 8/24/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1625146605 SOUTHWEST ROYALTIES INC 8/24/16 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCS1634154946 WPX ENERGY PRODUCTION, LLC 8/24/16 Produced Water Release Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
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nAB1624239751 COG OPERATING LLC 8/24/16 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nJXK1624426331 ROBINSON OIL INC 8/23/16 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nVF1623627003 CONOCOPHILLIPS COMPANY 8/23/16 Release Other Unknown Rio Arriba (39)
nCS1626052050 CONOCOPHILLIPS COMPANY 8/23/16 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nAB1624551987 COG OPERATING LLC 8/23/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1624550893 COG OPERATING LLC 8/23/16 Minor Oil Release Crude Oil Lightning Eddy (15)
nAB1625254125 North Fork Operating, LP 8/23/16 Major Produced Water Release Condensate, Produced Water Lightning Eddy (15)
nJXK1623732065 Empire New Mexico LLC 8/23/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1623634458 COFER & CO LLC 8/23/16 Oil Release Lea (25)
nAB1625342050 OXY USA INC 8/22/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1624240297 ETC Texas Pipeline, Ltd. 8/22/16 Minor Other Other (Specify) Equipment Failure Lea (25)
nAB1624449653 EOG Y RESOURCES, INC. 8/21/16 Major Produced Water Release Produced Water Lightning Eddy (15)
nCS1626049200 WPX ENERGY PRODUCTION, LLC 8/21/16 Minor Oil Release Crude Oil Equipment Failure Sandoval (43)
nAB1627731519 Extex Operating Company 8/21/16 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1624448261 KERSEY & COMPANY 8/20/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1624240510 CIMAREX ENERGY CO. OF COLORADO 8/20/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1623634146 OXY USA INC 8/19/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1624240980 COG OPERATING LLC 8/19/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1634057425 ENDURING RESOURCES, LLC 8/19/16 Other Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nAB1624448865 KERSEY & COMPANY 8/18/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKL1623251322 DCP OPERATING COMPANY, LP 8/18/16 Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1623933636 AGUA SUCIA LLC 8/18/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1623931348 AGUA SUCIA LLC 8/18/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1623929530 AGUA SUCIA LLC 8/18/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1625154910 SIMCOE LLC 8/18/16 Minor Produced Water Release Produced Water San Juan (45)
nAB1625156773 OXY USA INC 8/17/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1634436312 CONOCOPHILLIPS COMPANY 8/17/16 Release Other Unknown San Juan (45)
nVF1623130608 CONOCOPHILLIPS COMPANY 8/17/16 Major Produced Water Release Produced Water San Juan (45)
nVF1625142047 ENTERPRISE PRODUCTS OPERATING, LLC 8/17/16 Release Other Unknown San Juan (45)
nCS1626049708 Williams Four Corners, LLC 8/17/16 Produced Water Release Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJXK1623226641 MESQUITE SWD, INC 8/16/16 Minor Produced Water Release Produced Water Equipment Failure 0
nKL1625134663 BUCKEYE DISPOSAL, L.L.C. 8/16/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nKL1622838269 HESS CORPORATION 8/15/16 Other Crude Oil Human Error 0
nJXK1623528218 Extex Operating Company 8/15/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1623031839 Maverick Permian LLC 8/15/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1623228218 SOLARIS WATER MIDSTREAM, LLC 8/15/16 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1624239074 WPX Energy Permian, LLC 8/14/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nAB1623157474 ENTERPRISE PRODUCTS OPERATING, LLC 8/14/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1623155857 ENTERPRISE PRODUCTS OPERATING, LLC 8/14/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1623154893 COG OPERATING LLC 8/12/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1623754744 EL PASO NATURAL GAS CO 8/11/16 Major Other Other (Specify) Equipment Failure Lea (25)
nAB1625132482 OXY USA INC 8/11/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1622538722 SIMCOE LLC 8/11/16 Produced Water Release Produced Water Corrosion San Juan (45)
nJXK1623555033 OXY USA INC 8/10/16 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1623951563 EOG Y RESOURCES, INC. 8/10/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1624354668 GRAND BANKS ENERGY CO 8/10/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
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nKL1622537497 DEVON ENERGY PRODUCTION COMPANY, LP 8/9/16 Major Produced Water Release Produced Water Lightning Lea (25)
nJXK1623753510 EL PASO NATURAL GAS CO 8/9/16 Major Other Other (Specify) Equipment Failure Lea (25)
nJXK1623030543 JOHN H HENDRIX CORP 8/9/16 Produced Water Release Produced Water Lightning Lea (25)
nAB1622831057 OXY USA INC 8/9/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1623631164 EOG Y RESOURCES, INC. 8/9/16 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1622826979 COG OPERATING LLC 8/9/16 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nJXK1622955163 HARVARD PETROLEUM COMPANY, LLC 8/8/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1622832817 OXY USA INC 8/8/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKL1623253256 PLAINS PETROLEUM OPER CO 8/8/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1623627936 BXP Operating, LLC 8/8/16 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1622225939 RELIABLE PRODUCTION LLC 8/8/16 Minor Produced Water Release Produced Water San Juan (45)
nCS1631238745 XTO ENERGY, INC 8/7/16 Other Other (Specify) Other San Juan (45)
nJXK1623546860 EL PASO NATURAL GAS CO 8/5/16 Major Other Other (Specify) Equipment Failure Lea (25)
nAB1622839080 EOG RESOURCES INC 8/5/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1623250530 OXY USA INC 8/5/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1622956040 RICE OPERATING COMPANY 8/5/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1623927383 OCCIDENTAL PERMIAN LTD 8/5/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1622536836 BOPCO, L.P. 8/5/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1623033848 MorningStar Operating LLC 8/5/16 Minor Natural Gas Release Other (Specify) Equipment Failure Lea (25)
nAB1623249915 Silverback Operating II, LLC 8/5/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1622549584 DEVON ENERGY PRODUCTION COMPANY, LP 8/4/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1623546377 EL PASO NATURAL GAS CO 8/4/16 Major Other Other (Specify) Equipment Failure Lea (25)
nJXK1622956731 OXY USA INC 8/4/16 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1622828727 Spur Energy Partners LLC 8/4/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJXK1621825385 Maverick Permian LLC 8/4/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKL1623633095 COFER & CO LLC 8/4/16 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1622538922 OXY USA INC 8/3/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nKL1623637834 MULLOY OPERATING, INC. 8/3/16 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1621834653 COG OPERATING LLC 8/3/16 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJXK1623534870 ETC Texas Pipeline, Ltd. 8/3/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1623542776 BP AMERICA PRODUCTION COMPANY 8/2/16 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nKL1623028989 EL PASO NATURAL GAS CO 8/2/16 Major Other Other (Specify) Equipment Failure Lea (25)
nAB1622228886 Acacia Operating Company, LLC 8/2/16 Minor Oil Release Crude Oil Other Eddy (15)
nVF1623237479 ENTERPRISE PRODUCTS OPERATING, LLC 8/2/16 Release Other Unknown Other Rio Arriba (39)
nVF1621627797 ENTERPRISE PRODUCTS OPERATING, LLC 8/2/16 Release Other Unknown Rio Arriba (39)
nJXK1621836104 OCCIDENTAL PERMIAN LTD 8/1/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nVF1626434753 SIMCOE LLC 8/1/16 Release Other Unknown Rio Arriba (39)
nCS1724148311 Williams Four Corners, LLC 8/1/16 Minor Other Lube Oil Equipment Failure San Juan (45)
nAB1621828696 DEVON ENERGY PRODUCTION COMPANY, LP 7/31/16 Major Produced Water Release Produced Water Lightning Eddy (15)
nVF1703831979 SG INTERESTS I LTD 7/31/16 Release Other Unknown San Juan (45)
nJXK1622248135 COG PRODUCTION, LLC 7/31/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1622838616 CHEVRON U S A INC 7/30/16 Major Release Other Brine Water Equipment Failure Eddy (15)
nAB1622536318 OXY USA INC 7/30/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1621833883 COG OPERATING LLC 7/29/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1621756389 XTO PERMIAN OPERATING LLC. 7/29/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1622552004 ENTERPRISE PRODUCTS OPERATING, LLC 7/29/16 Release Other Unknown San Juan (45)
nKL1623026362 EL PASO NATURAL GAS CO 7/28/16 Major Other Other (Specify) Equipment Failure Lea (25)
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nVF1621528344 BURLINGTON RESOURCES OIL & GAS CO 7/28/16 Produced Water Release Produced Water Rio Arriba (39)
nAB1622531873 WPX Energy Permian, LLC 7/28/16 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nKL1622852905 OCCIDENTAL PERMIAN LTD 7/27/16 Major Produced Water Release Produced Water Human Error Lea (25)
nJXK1621554732 Contango Resources, Inc. 7/27/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1621430855 DEVON ENERGY PRODUCTION COMPANY, LP 7/26/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1622135529 HANLEY PETROLEUM INC 7/26/16 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1621555223 MATADOR PRODUCTION COMPANY 7/26/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1621456729 BOPCO, L.P. 7/26/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nCS1620935695 Williams Four Corners, LLC 7/26/16 Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion San Juan (45)

nKL1624447858 EL PASO NATURAL GAS CO 7/25/16 Major Other Other (Specify) Equipment Failure Lea (25)
nAB1622530649 MACK ENERGY CORP 7/25/16 Minor Produced Water Release Condensate Equipment Failure Eddy (15)
nCS1620926898 BURLINGTON RESOURCES OIL & GAS CO 7/25/16 Other Other (Specify) Other San Juan (45)
nAB1621441144 CIMAREX ENERGY CO. OF COLORADO 7/25/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1621435551 CIMAREX ENERGY CO. OF COLORADO 7/25/16 Minor Produced Water Release Produced Water Equipment Failure 0
nAB1621056944 DEVON ENERGY PRODUCTION COMPANY, LP 7/24/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1621055488 HARVARD PETROLEUM COMPANY, LLC 7/24/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1621833103 COG OPERATING LLC 7/24/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1621454089 SOLARIS WATER MIDSTREAM, LLC 7/24/16 Major Produced Water Release Produced Water Other Eddy (15)
nAB1621456328 BOPCO, L.P. 7/23/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1622849135 EL PASO NATURAL GAS CO 7/22/16 Major Other Other (Specify) Equipment Failure Lea (25)
nVF1636228739 CONOCOPHILLIPS COMPANY 7/22/16 Release Other Unknown Rio Arriba (39)
nJXK1621433922 J R OIL, LTD. CO. 7/22/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1621656998 SIMCOE LLC 7/22/16 Major Release Other Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nVF1636230299 CONOCOPHILLIPS COMPANY 7/21/16 Release Other Unknown San Juan (45)
nVF1634343040 CONOCOPHILLIPS COMPANY 7/21/16 Release Other Unknown Rio Arriba (39)
nAB1625335026 XTO ENERGY, INC 7/20/16 Oil Release Crude Oil Other Eddy (15)
nAB1625332986 XTO ENERGY, INC 7/20/16 Oil Release Crude Oil, Produced Water Other Eddy (15)
nAB1625332286 XTO ENERGY, INC 7/20/16 Oil Release Crude Oil Other Eddy (15)
nAB1625328377 XTO ENERGY, INC 7/20/16 Oil Release Crude Oil Other Eddy (15)
nAB1625327393 XTO ENERGY, INC 7/20/16 Oil Release Crude Oil Other Eddy (15)
nAB1621452433 COG OPERATING LLC 7/20/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1625257659 XTO ENERGY, INC 7/19/16 Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nJXK1620248051 EOG RESOURCES INC 7/19/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1621026490 COG OPERATING LLC 7/19/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1621650179 FAE II Operating LLC 7/19/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJXK1620136648 Maverick Permian LLC 7/19/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1621054550 BURNETT OIL CO INC 7/18/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1621528875 BURLINGTON RESOURCES OIL & GAS CO 7/18/16 Release Other Unknown Rio Arriba (39)
nJXK1622250867 OCCIDENTAL PERMIAN LTD 7/18/16 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nAB1620452870 DEVON ENERGY PRODUCTION COMPANY, LP 7/17/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1620740008 Lucid Artesia Company 7/17/16 Minor Natural Gas Release Natural Gas Liquids Equipment Failure Eddy (15)
nVF1703430579 CONOCOPHILLIPS COMPANY 7/17/16 Release Other Unknown Rio Arriba (39)
nJXK1620026839 HARVARD PETROLEUM COMPANY, LLC 7/16/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Chaves (05)
nJXK1621028606 Lucid Artesia Company 7/16/16 Minor Oil Release Condensate Equipment Failure Lea (25)
nAB1621050720 COG OPERATING LLC 7/16/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1620451784 COG OPERATING LLC 7/16/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1620449814 BOPCO, L.P. 7/16/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
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nJXK1620845910 RAYBAW Operating, LLC 7/16/16 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Fire Lea (25)

nAB1632135662 BTA OIL PRODUCERS, LLC 7/15/16 Minor Other Brine Water Equipment Failure Eddy (15)
nJXK1620126153 DEVON ENERGY PRODUCTION COMPANY, L.P. 7/15/16 Major Produced Water Release Produced Water Lightning Lea (25)
nKL1626529955 DEVON ENERGY PRODUCT. CO.,LP 7/15/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1630849999 SIMCOE LLC 7/15/16 Release Other Unknown San Juan (45)
nAB1715035797 DEVON ENERGY PRODUCTION COMPANY, LP 7/14/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1620235992 APACHE CORP 7/14/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1620727144 OXY USA INC 7/14/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1620444442 BOPCO, L.P. 7/14/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1619738827 LINN OPERATING, LLC. 7/14/16 Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1620034005 RAYBAW Operating, LLC 7/14/16 Minor Produced Water Release Brine Water, Crude Oil Equipment Failure Eddy (15)
nCS1623540499 BP AMERICA PRODUCTION COMPANY 7/13/16 Major Produced Water Release Produced Water Corrosion 0
nAB1621453181 WPX Energy Permian, LLC 7/13/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1620428707 J R OIL, LTD. CO. 7/13/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nVF1619626494 ENCANA OIL & GAS (USA) INC. 7/13/16 Minor Oil Release Crude Oil Rio Arriba (39)
nVF1634438435 SIMCOE LLC 7/13/16 Major Produced Water Release Produced Water San Juan (45)
nVF1621827245 BURLINGTON RESOURCES OIL & GAS CO 7/12/16 Minor Release Other Crude Oil Rio Arriba (39)
nAB1623027628 EOG Y RESOURCES, INC. 7/11/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1619341679 EOG Y RESOURCES, INC. 7/11/16 Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1628627659 WPX ENERGY PRODUCTION, LLC 7/11/16 Major Fire
Crude Oil, Other (Specify), 
Produced Water Fire San Juan (45)

nAB1620449034 COG OPERATING LLC 7/11/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1619750175 COG OPERATING LLC 7/11/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1627953913 SIMCOE LLC 7/11/16 Other Other (Specify) Other Rio Arriba (39)
nVF1621728758 ENTERPRISE PRODUCTS OPERATING, LLC 7/11/16 Release Other Unknown San Juan (45)
nJXK1619344888 OXY USA INC 7/10/16 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJXK1619336071 ENTERPRISE PRODUCTS OPERATING, L.P. 7/10/16 Minor Oil Release Crude Oil Human Error Lea (25)
nJXK1619355827 DEVON ENERGY PRODUCTION COMPANY, L.P. 7/10/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1625328642 XTO ENERGY, INC 7/9/16 Oil Release Crude Oil Other Eddy (15)
nVF1621729117 ENTERPRISE PRODUCTS OPERATING, LLC 7/9/16 Release Other Unknown San Juan (45)
nAB1621049514 WPX Energy Permian, LLC 7/8/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1620727724 BREITBURN OPERATING LP 7/8/16 Major Fire Produced Water Fire Eddy (15)
nVF1621727535 ENTERPRISE PRODUCTS OPERATING, LLC 7/8/16 Release Other Unknown San Juan (45)
nJXK1619047751 DCP OPERATING COMPANY, LP 7/7/16 Major Fire Diesel Lea (25)
nVF1618842967 BURLINGTON RESOURCES OIL & GAS CO 7/6/16 Release Other Unknown Rio Arriba (39)
nCS1623037463 BURLINGTON RESOURCES OIL & GAS CO 7/6/16 Oil Release Other (Specify) Other Rio Arriba (39)
nJXK1619028625 ENTERPRISE PRODUCTS OPERATING, L.P. 7/6/16 Major Oil Release Crude Oil Human Error Lea (25)
nAB1619044689 BOPCO, L.P. 7/6/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1619757075 Spur Energy Partners LLC 7/6/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1702033589 CONOCOPHILLIPS COMPANY 7/5/16 Release Other Unknown Rio Arriba (39)
nVF1618848228 ENTERPRISE PRODUCTS OPERATING, LLC 7/5/16 Release Other Unknown San Juan (45)
nAB1619027282 DEVON ENERGY PRODUCTION COMPANY, LP 7/4/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1619442597 EOG Y RESOURCES, INC. 7/4/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1619442445 EOG Y RESOURCES, INC. 7/4/16 Oil Release Eddy (15)
nJXK1619033991 PLAINS MARKETING L.P. 7/3/16 Minor Oil Release Crude Oil Corrosion Lea (25)
nAB1619432451 COG OPERATING LLC 7/3/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1619335364 Opal Operating Company LLC 7/3/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
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nAB1619028356 DEVON ENERGY PRODUCTION COMPANY, LP 7/1/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1619027879 DEVON ENERGY PRODUCTION COMPANY, LP 7/1/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1620027656 EOG Y RESOURCES, INC. 7/1/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1621053945 APACHE CORP 6/30/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1618248307 BURLINGTON RESOURCES OIL & GAS CO 6/30/16 Release Other Unknown Rio Arriba (39)
nVF1618247899 BURLINGTON RESOURCES OIL & GAS CO 6/30/16 Release Other Produced Water San Juan (45)
nVF1618248744 WPX ENERGY PRODUCTION, LLC 6/30/16 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nVF1701948247 ENTERPRISE PRODUCTS OPERATING, LLC 6/30/16 Release Other Unknown San Juan (45)
nJXK1619345474 OCCIDENTAL PERMIAN LTD 6/29/16 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1619727136 CIMAREX ENERGY CO. OF COLORADO 6/29/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1619032425 Spur Energy Partners LLC 6/29/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1618730416 EOG RESOURCES INC 6/28/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1618149833 WPX ENERGY PRODUCTION, LLC 6/28/16 Oil Release Other (Specify) Other San Juan (45)
nAB1619656595 WPX Energy Permian, LLC 6/28/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1618834005 Maverick Permian LLC 6/28/16 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nKL1627250228 BTA OIL PRODUCERS 6/27/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1618834549 COG OPERATING LLC 6/27/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1617930730 EOG RESOURCES INC 6/26/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1618835036 COG OPERATING LLC 6/26/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1619349425 OXY USA WTP LIMITED PARTNERSHIP 6/25/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1625239134 ENTERPRISE PRODUCTS OPERATING, LLC 6/25/16 Major Natural Gas Release Natural Gas Liquids Equipment Failure Eddy (15)
nAB1618849965 ENTERPRISE PRODUCTS OPERATING, LLC 6/25/16 Major Natural Gas Release Natural Gas Liquids Other Eddy (15)
nVF1617953104 ENTERPRISE PRODUCTS OPERATING, LLC 6/24/16 Release Other Unknown San Juan (45)
nAB1621830356 DCP OPERATING COMPANY, LP 6/22/16 Other Chemical (Specify) Other Chaves (05)
nJXK1618731061 COG PRODUCTION, LLC 6/22/16 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1618836105 XTO PERMIAN OPERATING LLC. 6/22/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1617954385 ENTERPRISE PRODUCTS OPERATING, LLC 6/22/16 Release Other Unknown San Juan (45)
nJXK1619032050 OXY USA INC 6/21/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1634428261 CONOCOPHILLIPS COMPANY 6/21/16 Release Other Unknown San Juan (45)
nCS1629337377 CONOCOPHILLIPS COMPANY 6/21/16 Oil Release Other (Specify) Other San Juan (45)
nCS1618829024 CONOCOPHILLIPS COMPANY 6/21/16 Minor Oil Release Crude Oil, Produced Water Corrosion Rio Arriba (39)
nAB1618838854 Permian Resources Operating, LLC 6/21/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nCS1618848322 DUGAN PRODUCTION CORP 6/20/16 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1617627149 CIMAREX ENERGY CO. OF COLORADO 6/20/16 Major Oil Release Crude Oil Other Eddy (15)
nJXK1618732025 FOUNDATION ENERGY MANAGEMENT, LLC 6/20/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1625740715 ENTERPRISE PRODUCTS OPERATING, LLC 6/20/16 Release Other Unknown Rio Arriba (39)
nHMP1619047263 OXY USA WTP LIMITED PARTNERSHIP 6/19/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1617354810 Extex Operating Company 6/19/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1617246815 Acacia Operating Company, LLC 6/19/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Chaves (05)
nAB1617549348 MEWBOURNE OIL CO 6/18/16 Minor Oil Release Crude Oil, Produced Water Other Eddy (15)
nJXK1618731493 COG OPERATING LLC 6/18/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1617548689 OXY USA INC 6/17/16 Major Oil Release Crude Oil Other Eddy (15)
nJXK1617935663 OCCIDENTAL PERMIAN LTD 6/17/16 Major Fire Lea (25)
nAB1617326472 COG OPERATING LLC 6/17/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVF1617448436 ENTERPRISE PRODUCTS OPERATING, LLC 6/17/16 Release Other Unknown San Juan (45)
nOY1806142302 DCP OPERATING COMPANY, LP 6/16/16 Natural Gas Release Condensate, Natural Gas Liquids Normal Operations Lea (25)
nKJ1517340705 BC OPERATING, INC. 6/16/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
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nAB1617331258 CONOCOPHILLIPS CO. 6/15/16 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1617650027 COG OPERATING LLC 6/15/16 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1616927054 BOPCO, L.P. 6/15/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1617236605 ALPHA CRUDE CONNECTOR, LLC 6/15/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nVF1624635197 CF&M OIL FIELD SERVICE, INC. 6/15/16 Minor Release Other Other (Specify) 0
nVF1616830109 ENTERPRISE PRODUCTS OPERATING, LLC 6/15/16 Release Other Unknown San Juan (45)
nJXK1617631887 EOG RESOURCES INC 6/14/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1617548017 EOG Y RESOURCES, INC. 6/14/16 Oil Release Crude Oil Equipment Failure Eddy (15)

nVF1621527651 ENTERPRISE FIELD SERVICES, LLC 6/14/16 Minor Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Rio Arriba (39)

nAB1616930688 DEVON ENERGY PRODUCTION COMPANY, LP 6/13/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1616738647 DEVON ENERGY PRODUCTION COMPANY, LP 6/13/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1617935848 OCCIDENTAL PERMIAN LTD 6/13/16 Major Fire Lea (25)
nJXK1617927873 OCCIDENTAL PERMIAN LTD 6/13/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1617527493 COG OPERATING LLC 6/13/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nVF1618251117 ENTERPRISE PRODUCTS OPERATING, L.P. 6/13/16 Release Other Unknown Rio Arriba (39)
nAB1620155851 LONGFELLOW ENERGY, LP 6/13/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1618833006 LONGFELLOW ENERGY, LP 6/13/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1616740309 DEVON ENERGY PRODUCTION COMPANY, LP 6/12/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1616636453 MATADOR PRODUCTION COMPANY 6/12/16 Minor Release Other Condensate Equipment Failure Eddy (15)
nJXK1617931164 SOUTHWEST ROYALTIES INC 6/11/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1616628121 CIMAREX ENERGY CO. OF COLORADO 6/11/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1617531149 EL PASO NATURAL GAS COMPANY 6/11/16 Major Other Other (Specify) Equipment Failure Dona Ana (13)
nJXK1616547061 CONOCOPHILLIPS COMPANY 6/11/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1617326344 COG OPERATING LLC 6/11/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nVF1618251848 Williams Four Corners, LLC 6/11/16 Minor Natural Gas Release Natural Gas Liquids San Juan (45)
nOY1708636444 COG OPERATING LLC 6/10/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1617631317 BTA OIL PRODUCERS 6/9/16 Major Oil Release Crude Oil Lightning Lea (25)
nCS1616944090 MARALEX RESOURCES INC 6/9/16 Produced Water Release Other (Specify) Other San Juan (45)
nAB1616633332 CIMAREX ENERGY CO. OF COLORADO 6/9/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1616736197 COG OPERATING LLC 6/9/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1616628496 WPX Energy Permian, LLC 6/9/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1616741171 BOPCO, L.P. 6/9/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1616635458 Petroleum Exploration Company Ltd., Limited P 6/9/16 Minor Release Other Condensate Equipment Failure Eddy (15)
nVF1616039616 WPX ENERGY PRODUCTION, LLC 6/8/16 Minor Release Other Crude Oil San Juan (45)
nJXK1616154408 COG OPERATING LLC 6/8/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1617955140 ENTERPRISE PRODUCTS OPERATING, LLC 6/8/16 Release Other Unknown San Juan (45)
nVF1616732247 ENTERPRISE PRODUCTS OPERATING, LLC 6/8/16 Release Other Unknown San Juan (45)
nVF1615934123 CONOCOPHILLIPS COMPANY 6/7/16 San Juan (45)
nJXK1616035049 Acacia Operating Company, LLC 6/7/16 Minor Produced Water Release Produced Water Other Chaves (05)
nAB1616056900 DEVON ENERGY PRODUCTION COMPANY, LP 6/6/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1627447592 OXY USA INC 6/6/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1616238361 COG OPERATING LLC 6/5/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1616633908 EOG Y RESOURCES, INC. 6/3/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1616539232 COG OPERATING LLC 6/3/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1616737278 BOPCO, L.P. 6/3/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1617332805 APACHE CORPORATION 6/2/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1616231629 DEVON ENERGY PRODUCTION COMPANY, LP 6/2/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAB1616237940 COG OPERATING LLC 6/2/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1616029669 BOPCO, L.P. 6/2/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1615435824 SIMCOE LLC 6/2/16 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1616634866 EOG Y RESOURCES, INC. 6/1/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1615534761 DEVON ENERGY PRODUCTION COMPANY, L.P. 6/1/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1615827006 DEVON ENERGY PRODUCTION COMPANY, LP 5/31/16 Major Produced Water Release Produced Water Lightning Lea (25)
nJXK1616129779 COG OPERATING LLC 5/31/16 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nVF1615934984 SIMCOE LLC 5/31/16 Release Other Unknown San Juan (45)
nVF1615253786 Williams Four Corners, LLC 5/31/16 Minor Release Other Condensate San Juan (45)
nHMP1615537888 EOG RESOURCES INC 5/30/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1616041012 BOPCO, L.P. 5/30/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1615353185 FASKEN OIL & RANCH LTD 5/28/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAPP2213950465 FASKEN OIL & RANCH LTD 5/28/16 Major Produced Water Release Produced Water Other Lea (25)
nJXK1615331372 CIMAREX ENERGY CO. 5/28/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1616053915 COG OPERATING LLC 5/28/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nHMP1615534611 ALAMO PERMIAN RESOURCES, LLC 5/28/16 Major Oil Release Crude Oil Vandalism Eddy (15)
nAB1616054652 SOLARIS WATER MIDSTREAM, LLC 5/27/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1616127076 XTO PERMIAN OPERATING LLC. 5/27/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1616126496 BOPCO, L.P. 5/26/16 Minor Oil Release Crude Oil Other Eddy (15)
nAB1616039402 Spur Energy Partners LLC 5/26/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1616035683 Saguaro Petroleum, LLC 5/26/16 Minor Other Other (Specify) Equipment Failure Eddy (15)
nJXK1614627849 BTA OIL PRODUCERS 5/24/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1615449481 OXY USA INC 5/24/16 Major Produced Water Release Produced Water Corrosion Lea (25)
nJXK1615452993 COG OPERATING LLC 5/24/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1623630403 Williams Four Corners, LLC 5/24/16 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJXK1614632749 EOG RESOURCES INC 5/23/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1614737515 MATADOR PRODUCTION COMPANY 5/23/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1616735651 Williams Four Corners, LLC 5/23/16 Release Other Unknown San Juan (45)
nJXK1614550217 MATADOR PRODUCTION COMPANY 5/22/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1614428808 Maverick Permian LLC 5/22/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1616126766 Ameredev New Mexico, LLC 5/22/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)

nHMP1615523982 XTO ENERGY, INC 5/21/16 Major Fire
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Eddy (15)

nAB1614733144 COG OPERATING LLC 5/21/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1621045462 EOG Y RESOURCES, INC. 5/19/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1703137147 SIMCOE LLC 5/19/16 Other Other (Specify) Other San Juan (45)
nCS1703135122 SIMCOE LLC 5/19/16 Other Other (Specify) Other San Juan (45)
nAB1614734572 RAYBAW Operating, LLC 5/19/16 Minor Produced Water Release Produced Water Other Eddy (15)
nVF1626538178 XTO ENERGY, INC 5/18/16 Release Other Unknown San Juan (45)
nJXK1613929245 GREAT WESTERN DRILLING CO 5/18/16 Produced Water Release Crude Oil, Produced Water Lea (25)
nCS1613938856 CONOCOPHILLIPS COMPANY 5/18/16 Other Other (Specify) Other San Juan (45)

nJXK1614628853 ETC FIELD SERVICES LLC 5/18/16 Minor Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Lea (25)

nJXK1614531308 OXY USA INC 5/17/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nVF1621641559 BURLINGTON RESOURCES OIL & GAS CO 5/17/16 Release Other Other (Specify) Other Rio Arriba (39)
nAB1614432551 BOPCO, L.P. 5/17/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1616127644 PYOTE WELL SERVICE, LLC 5/17/16 Major Produced Water Release Produced Water Lightning Lea (25)
nVF1613853425 SIMCOE LLC 5/16/16 Minor Release Other Produced Water San Juan (45)
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nJXK1614546028 EOG Y RESOURCES, INC. 5/12/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nOY1703851131 OCCIDENTAL PERMIAN LTD 5/12/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1613337497 CONOCOPHILLIPS COMPANY 5/11/16 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJXK1613337088 Maverick Permian LLC 5/11/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1613445286 BP AMERICA PRODUCTION COMPANY 5/10/16 Other Other (Specify) Other San Juan (45)
nJXK1613255168 OXY USA INC 5/9/16 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCS1613230147 BURLINGTON RESOURCES OIL & GAS CO 5/9/16 Minor Produced Water Release Produced Water San Juan (45)
nAB1613952026 COG OPERATING LLC 5/9/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1613953134 Spur Energy Partners LLC 5/9/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJXK1614028144 MATADOR PRODUCTION COMPANY 5/8/16 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1613135790 WPX Energy Permian, LLC 5/8/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1613948420 SOLARIS WATER MIDSTREAM, LLC 5/8/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1614429643 BOPCO, L.P. 5/7/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1613250820 CHEVRON U S A INC 5/6/16 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1613135426 DEVON ENERGY PRODUCTION COMPANY, LP 5/6/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1613950758 COG OPERATING LLC 5/6/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1613949519 SOLARIS WATER MIDSTREAM, LLC 5/6/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1613743288 OXY USA INC 5/5/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1613738486 OCCIDENTAL PERMIAN LTD 5/5/16 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1614431484 COG OPERATING LLC 5/5/16 Major Produced Water Release Produced Water Fire Eddy (15)
nAB1613951663 COG OPERATING LLC 5/5/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1613847910 ENTERPRISE PRODUCTS OPERATING, LLC 5/5/16 Major Fire Unknown San Juan (45)
nAB1613133871 DEVON ENERGY PRODUCTION COMPANY, LP 5/4/16 Minor Release Other Condensate Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1615340414 HOLLY ENERGY PARTNERS, LP 5/4/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1613035815 WPX Energy Permian, LLC 5/4/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1613239824 BOPCO, L.P. 5/4/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1703132376 SIMCOE LLC 5/4/16 Oil Release Other (Specify) Other San Juan (45)
nAB1613041771 XTO ENERGY, INC 5/3/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1613742363 OXY USA INC 5/3/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1613735990 COG OPERATING LLC 5/3/16 Minor Oil Release Crude Oil Other Eddy (15)
nVF1618241350 ENTERPRISE PRODUCTS OPERATING, LLC 5/3/16 Major Release Other Other (Specify) San Juan (45)
nJXK1613156899 OXY USA INC 5/2/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1612333821 BURLINGTON RESOURCES OIL & GAS CO 5/2/16 Release Other Unknown San Juan (45)
nAB1635538475 CAZA OPERATING, LLC 5/2/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1613157015 PYOTE WELL SERVICE, LLC 5/2/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1613042587 DEVON ENERGY PRODUCTION COMPANY, LP 5/1/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1709047454 TARGA MIDSTREAM SERVICES LLC 5/1/16 Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nOY1709044723 TARGA MIDSTREAM SERVICES LLC 5/1/16 Major Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nJXK1612554118 OXY USA INC 4/29/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1613027690 COG OPERATING LLC 4/29/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1612029745 EOG RESOURCES INC 4/28/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1612431874 EOG RESOURCES INC 4/28/16 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJXK1613732455 EOG Y RESOURCES, INC. 4/28/16 Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1612329283 WPX ENERGY PRODUCTION, LLC 4/28/16 Release Other Unknown Rio Arriba (39)
nVF1612329068 WPX ENERGY PRODUCTION, LLC 4/28/16 Release Other Unknown Rio Arriba (39)
nCS1612328817 CONOCOPHILLIPS COMPANY 4/27/16 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nAPM2325452979 LH Operating, LLC 4/27/16 Produced Water Release Eddy (15)
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nAB1626736693 DEVON ENERGY PRODUCTION COMPANY, LP 4/26/16 Minor Produced Water Release Produced Water Vandalism Eddy (15)
nJXK1613727210 KEY ENERGY SERVICES, LLC 4/26/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1627036854 MATADOR PRODUCTION COMPANY 4/26/16 Natural Gas Release Eddy (15)
nAB1613058084 COG OPERATING LLC 4/26/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1619352674 CHEVRON U S A INC 4/25/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1611755817 EOG RESOURCES INC 4/24/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1611835288 MATADOR PRODUCTION COMPANY 4/24/16 Minor Produced Water Release Condensate Equipment Failure Eddy (15)
nCS1612331407 ENTERPRISE PRODUCTS OPERATING, LLC 4/24/16 Oil Release Other (Specify) Other San Juan (45)
nAB1612654732 BURNETT OIL CO INC 4/23/16 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1611836857 CONOCOPHILLIPS CO. 4/23/16 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1613057348 Spur Energy Partners LLC 4/23/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1612534247 OXY USA INC 4/22/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1619735083 OXY USA INC 4/22/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1612652794 OXY USA INC 4/22/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1612652299 OXY USA INC 4/22/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nVF1618252440 ENTERPRISE PRODUCTS OPERATING, LLC 4/22/16 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nVF1614137666 Williams Four Corners, LLC 4/22/16 Minor Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) San Juan (45)

nAB1611652682 BURNETT OIL CO INC 4/21/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1612037209 EOG Y RESOURCES, INC. 4/21/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1612530398 BURLINGTON RESOURCES OIL & GAS CO 4/21/16 Oil Release Other (Specify) Other San Juan (45)
nAB1611933379 BOPCO, L.P. 4/21/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nAB1627034758 ENTERPRISE PRODUCTS OPERATING, LLC 4/21/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1611654086 BEACH EXPLORATION INC 4/20/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1612653656 Spur Energy Partners LLC 4/20/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1630955492 ENTERPRISE PRODUCTS OPERATING, LLC 4/20/16 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nJXK1613338108 PLAINS MARKETING L.P. 4/19/16 Major Oil Release Crude Oil Human Error Lea (25)
nVF1613942281 THOMPSON ENGR & PROD CORP 4/19/16 Major Release Other Crude Oil San Juan (45)
nJXK1611925577 CONOCOPHILLIPS CO. 4/19/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1612352920 ENTERPRISE PRODUCTS OPERATING, LLC 4/19/16 Natural Gas Release Other (Specify) Other San Juan (45)
nJXK1611028795 LIME ROCK RESOURCES II-A, L.P. 4/18/16 Oil Release Crude Oil, Produced Water Lea (25)
nJXK1611027253 LIME ROCK RESOURCES II-A, L.P. 4/18/16 Oil Release Crude Oil, Produced Water Lea (25)
nJXK1611026294 LIME ROCK RESOURCES II-A, L.P. 4/18/16 Oil Release Crude Oil, Produced Water Lea (25)
nJXK1611628108 BXP Operating, LLC 4/18/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1611226146 DEVON ENERGY PRODUCTION COMPANY, LP 4/17/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1612430979 COG OPERATING LLC 4/17/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1611050323 CAZA OPERATING, LLC 4/17/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1612340908 COG OPERATING LLC 4/16/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1614039576 WPX Energy Permian, LLC 4/15/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1611035243 WPX Energy Permian, LLC 4/15/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1613132460 Williams Four Corners, LLC 4/15/16 Minor Release Other Condensate San Juan (45)
nAB1612340054 COG OPERATING LLC 4/14/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1611033145 CONOCOPHILLIPS CO. 4/14/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1610548494 SIMCOE LLC 4/14/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1611035718 EOG Y RESOURCES, INC. 4/12/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nJXK1611249401 Lucid Artesia Company 4/12/16 Major Produced Water Release Produced Water Lightning Lea (25)
nJXK1611926089 COG OPERATING LLC 4/12/16 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1612429261 COG OPERATING LLC 4/12/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1612354415 COG OPERATING LLC 4/12/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1610431258 MorningStar Operating LLC 4/12/16 Minor Natural Gas Release Other (Specify) Equipment Failure Lea (25)
nAB1610536837 OXY USA INC 4/10/16 Other Other (Specify) Lightning Eddy (15)
nAB1610537909 MATADOR PRODUCTION COMPANY 4/9/16 Minor Release Other Condensate Equipment Failure Eddy (15)
nJXK1611726253 COG OPERATING LLC 4/9/16 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1610331296 DEVON ENERGY PRODUCTION COMPANY, LP 4/7/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1611040253 EOG Y RESOURCES, INC. 4/7/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1609832033 SIANA OPERATING LLC 4/7/16 Produced Water Release Crude Oil, Produced Water Lea (25)
nJXK1609831783 SIANA OPERATING LLC 4/7/16 Produced Water Release Crude Oil, Produced Water Lea (25)
nJXK1609831456 SIANA OPERATING LLC 4/7/16 Produced Water Release Crude Oil, Produced Water Lea (25)
nJXK1610331780 J R OIL, LTD. CO. 4/7/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1611653621 APACHE CORPORATION 4/6/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1609835241 WPX Energy Permian, LLC 4/6/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1611653204 Spur Energy Partners LLC 4/6/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1609941598 DEVON ENERGY PRODUCTION COMPANY, LP 4/5/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1609935347 MATADOR PRODUCTION COMPANY 4/5/16 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1610550608 RICE OPERATING COMPANY 4/4/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1610631827 Spur Energy Partners LLC 4/4/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1611652207 Spur Energy Partners LLC 4/4/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1609752883 Maverick Permian LLC 4/4/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1611133725 BTA OIL PRODUCERS 4/3/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1609648622 TEAM OPERATING, L.L.C. 4/3/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1609733254 BP AMERICA PRODUCTION COMPANY 4/2/16 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJXK1609828269 XTO ENERGY, INC 4/2/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1609926539 DEVON ENERGY PRODUCTION COMPANY, LP 4/2/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1630850920 SIMCOE LLC 4/2/16 Minor Produced Water Release Produced Water San Juan (45)
nJXK1609650742 FASKEN OIL & RANCH LTD 4/1/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1631354154 SIMCOE LLC 4/1/16 Release Other Unknown San Juan (45)
nVF1724338605 MERRION OIL & GAS CORP 3/31/16 Release Other Unknown San Juan (45)
nAB1610356566 BXP Operating, LLC 3/31/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1609648244 Extex Operating Company 3/31/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS1618255556 BP AMERICA PRODUCTION COMPANY 3/30/16 Other Other (Specify) Other San Juan (45)
nAB1610356886 CHEVRON U S A INC 3/30/16 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1610547062 COG OPERATING LLC 3/30/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS1629854256 Harvest Four Corners, LLC 3/30/16 Major Other Other (Specify) Other San Juan (45)
nJXK1609645266 DUGAN PRODUCTION CORP 3/28/16 Minor Oil Release Crude Oil Equipment Failure Chaves (05)
nKL1626348510 EOG RESOURCES INC 3/28/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1610356060 COG PRODUCTION, LLC 3/28/16 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1609149408 MEWBOURNE OIL CO 3/27/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1609732516 HILCORP ENERGY COMPANY 3/27/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJXK1608840214 RAYBAW Operating, LLC 3/26/16 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1609150946 Roughhouse Operating, LLC 3/26/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1609647186 TEAM OPERATING, L.L.C. 3/26/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)

nCS1611654834 ENTERPRISE PRODUCTS OPERATING, LLC 3/25/16 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Rio Arriba (39)
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nVF1613849299 ENTERPRISE FIELD SERVICES L.L.C. 3/24/16 Major Fire Unknown Rio Arriba (39)
nJXK1620253226 SIANA OPERATING LLC 3/24/16 Produced Water Release Crude Oil, Produced Water Lea (25)
nVF1624439411 CONOCOPHILLIPS COMPANY 3/24/16 Release Other Unknown Rio Arriba (39)
nJXK1609929026 COG OPERATING LLC 3/24/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1621642505 CONOCOPHILLIPS COMPANY 3/23/16 Release Other Unknown San Juan (45)
nJXK1608939056 CHEVRON MIDCONTINENT, L.P. 3/23/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1608235105 BURLINGTON RESOURCES OIL & GAS CO 3/22/16 Minor Release Other Crude Oil San Juan (45)
nVF1608232977 BURLINGTON RESOURCES OIL & GAS CO 3/22/16 Major Release Other Condensate, Produced Water Rio Arriba (39)
nVF1608232061 WPX ENERGY PRODUCTION, LLC 3/22/16 San Juan (45)
nJXK1610545915 AMERICO ENERGY RESOURCES LLC 3/22/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1608941608 BOPCO, L.P. 3/22/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nVF1608236449 SIMCOE LLC 3/22/16 Release Other Unknown San Juan (45)
nJXK1612649578 TEAM OPERATING, L.L.C. 3/22/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1608235753 Williams Four Corners, LLC 3/22/16 Release Other Unknown San Juan (45)

nVF1608234490 Williams Four Corners, LLC 3/22/16 Major Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) San Juan (45)

nVF1624442475 CONOCOPHILLIPS COMPANY 3/21/16 Release Other Unknown Rio Arriba (39)
nAB1609639712 COG OPERATING LLC 3/20/16 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1608426520 CROSS BORDER RESOURCES, INC. 3/18/16 Major Produced Water Release Crude Oil, Produced Water Vandalism Chaves (05)
nJXK1608427547 NORTHERN PACIFIC OIL AND GAS INCORPORATED 3/18/16 Major Produced Water Release Crude Oil, Produced Water Vandalism Chaves (05)
nJXK1608427167 NORTHERN PACIFIC OIL AND GAS INCORPORATED 3/18/16 Major Oil Release Crude Oil Vandalism Chaves (05)
nJXK1608141111 Maverick Permian LLC 3/18/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1609640449 BOPCO, L.P. 3/17/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1621150501 SIMCOE LLC 3/17/16 Major Oil Release Condensate San Juan (45)

nCS1609729035 WILLAMS FOUR CORNERS, LLC 3/14/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Human Error Rio Arriba (39)

nJXK1608450635 Maverick Permian LLC 3/13/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAPP2415825281 Murchison Oil and Gas, LLC 3/12/16 Major Other Crude Oil Normal Operations Eddy (15)
nJXK1608134606 CONOCOPHILLIPS COMPANY 3/12/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1607136068 HARVARD PETROLEUM COMPANY, LLC 3/11/16 Minor Oil Release Crude Oil Equipment Failure Roosevelt (41)
nKJ1607137299 Opal Operating Company LLC 3/11/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1607137202 Opal Operating Company LLC 3/11/16 Produced Water Release Lea (25)
nJXK1608327229 COG OPERATING LLC 3/9/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1606856119 BURLINGTON RESOURCES OIL & GAS CO 3/8/16 Minor Release Other Produced Water San Juan (45)
nVF1606849299 BURLINGTON RESOURCES OIL & GAS CO 3/8/16 Major Release Other Condensate, Produced Water San Juan (45)
nJXK1609533146 OCCIDENTAL PERMIAN LTD 3/8/16 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nKJ1606828423 SIANA OPERATING LLC 3/8/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1607039688 LINN OPERATING, LLC. 3/8/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAB1606931625 REGENCY FIELD SERVICES LLC 3/7/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Lea (25)

nVF1606847635 SIMCOE LLC 3/7/16 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1606852186 BURNETT OIL CO INC 3/6/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1608940306 OXY USA INC 3/6/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1608135560 COG PRODUCTION, LLC 3/6/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1607446389 COG OPERATING LLC 3/5/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1607854829 Silverback Operating II, LLC 3/4/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1608336451 ENTERPRISE PRODUCTS OPERATING, LLC 3/4/16 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

WG Ex. 92

3161



nAB1608941057 OXY USA INC 3/3/16 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1616055207 JIM PIERCE 3/3/16 Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1606253828 XTO ENERGY, INC 3/2/16 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nJXK1606352748 KEY ENERGY SERVICES, LLC 3/2/16 Major Other Brine Water Human Error Lea (25)
nJXK1611631525 Extex Operating Company 3/2/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1608528209 ELM RIDGE EXPLORATION COMPANY LLC 3/1/16 Major Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nAB1606354205 CIMAREX ENERGY CO. 3/1/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1607437905 COG OPERATING LLC 3/1/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1606433868 EOG RESOURCES INC 2/29/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1607042880 OXY USA INC 2/28/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1606955579 EOG Y RESOURCES, INC. 2/28/16 Major Produced Water Release Produced Water Vandalism Lea (25)
nJXK1606227470 CIMAREX ENERGY CO. 2/28/16 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1607447305 Spur Energy Partners LLC 2/28/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1606239294 BOPCO, L.P. 2/27/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nAB1606938247 ENTERPRISE PRODUCTS OPERATING, LLC 2/27/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1606426877 BURNETT OIL CO INC 2/26/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1606356768 BURNETT OIL CO INC 2/26/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1606850915 Maverick Permian LLC 2/26/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1606055123 DEVON ENERGY PRODUCTION COMPANY, LP 2/25/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1606057005 APACHE CORPORATION 2/24/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1605537569 EOG RESOURCES INC 2/24/16 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1607041077 COG OPERATING LLC 2/24/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nCS1605638706 HILCORP ENERGY COMPANY 2/24/16 Major Oil Release Condensate Corrosion Rio Arriba (39)
nVF1605434357 ENCANA OIL & GAS (USA) INC. 2/23/16 Major Release Other Crude Oil Rio Arriba (39)
nJXK1606032003 STEWARD ENERGY II, LLC 2/23/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nVF1605435211 BURLINGTON RESOURCES OIL & GAS CO 2/22/16 Minor Release Other Produced Water Freeze San Juan (45)
nAPM2327852708 XTO ENERGY, INC. 2/22/16 Major Other San Juan (45)
nAB1607446890 COG OPERATING LLC 2/22/16 Minor Oil Release Crude Oil Other Eddy (15)
nKJ1605338209 BXP Operating, LLC 2/22/16 Minor Release Other Drilling Mud/Fluid Normal Operations Lea (25)
nAB1605729044 XTO PERMIAN OPERATING LLC. 2/22/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1605654667 WPX Energy Permian, LLC 2/20/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nDEV1605300000 FAE II Operating LLC 2/20/16 Oil Release Lea (25)
nCS1610550582 SIMCOE LLC 2/20/16 Major Produced Water Release Produced Water Freeze San Juan (45)
nJXK1606026742 OXY USA INC 2/19/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1605336774 BURLINGTON RESOURCES OIL & GAS CO 2/19/16 Release Other Unknown San Juan (45)
nVF1605041801 BURLINGTON RESOURCES OIL & GAS CO 2/19/16 Major Release Other Condensate, Produced Water San Juan (45)

nJXK1606926695 DCP OPERATING COMPANY, LP 2/19/16 Minor Release Other
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Lea (25)

nKJ1605040769 CIMAREX ENERGY CO. OF COLORADO 2/19/16 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1605654091 BOPCO, L.P. 2/19/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nKJ1605037313 CROSS TIMBERS ENERGY, LLC 2/19/16 Minor Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Lea (25)

nKJ1605041878 BXP Operating, LLC 2/19/16 Lea (25)
nAB1605638032 COLGATE OPERATING, LLC 2/19/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1606355513 COG PRODUCTION, LLC 2/18/16 Major Produced Water Release Crude Oil, Produced Water Vandalism Eddy (15)
nVF1604950350 CONOCOPHILLIPS CO. 2/18/16 Release Other Unknown San Juan (45)
nVF1604925992 SIMCOE LLC 2/18/16 Major Release Other Condensate, Produced Water San Juan (45)
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nJXK1610932972 ECHO PRODUCTION INC 2/17/16 Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nLEL1605641435 OXY USA INC 2/17/16 Release Other Harding (21)
nCS1629241395 BURLINGTON RESOURCES OIL & GAS CO 2/17/16 Other Other (Specify) Other San Juan (45)
nTO1604852035 SIANA OPERATING LLC 2/17/16 Produced Water Release Lea (25)
nVF1636232176 CONOCOPHILLIPS COMPANY 2/17/16 Release Other Unknown San Juan (45)
nJXK1606239324 MATADOR PRODUCTION COMPANY 2/17/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1606428170 OXY USA INC 2/16/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1605326467 BURLINGTON RESOURCES OIL & GAS CO 2/16/16 Major Release Other Condensate, Produced Water Corrosion San Juan (45)
nAB1605635112 Lucid Artesia Company 2/16/16 Other Condensate Equipment Failure Eddy (15)
nAB1606240035 COG OPERATING LLC 2/16/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1605653625 ENCANA OIL & GAS (USA) INC. 2/16/16 Produced Water Release Other (Specify) Freeze Rio Arriba (39)
nVF1604749779 SIMCOE LLC 2/16/16 Release Other Unknown San Juan (45)
nCS1610542560 HILCORP ENERGY COMPANY 2/16/16 Produced Water Release Other (Specify) Other Rio Arriba (39)
nJXK1604933416 DEVON ENERGY PRODUCTION COMPANY, LP 2/15/16 Major Produced Water Release Produced Water Human Error Lea (25)
nVF1626436628 XTO ENERGY, INC. 2/15/16 Release Other Unknown San Juan (45)
nTO1604852253 SIANA OPERATING LLC 2/15/16 Produced Water Release Produced Water Lea (25)
nAB1606436308 DUKE ENERGY FIELD SERVICES SOUTHWEST, INC. 2/15/16 Release Other Condensate Equipment Failure Eddy (15)
nJXK1611630540 TEAM OPERATING, L.L.C. 2/15/16 Major Produced Water Release Crude Oil Equipment Failure Lea (25)
nJXK1604944268 OXY USA INC 2/14/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1605636909 EOG Y RESOURCES, INC. 2/14/16 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1604938284 PHX Energy, LLC 2/14/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1604825469 Maverick Permian LLC 2/13/16 Minor Produced Water Release Produced Water Human Error Lea (25)
nJXK1604649303 HARVARD PETROLEUM COMPANY, LLC 2/12/16 Minor Produced Water Release Produced Water Other Lea (25)
nAB1605735051 EOG Y RESOURCES, INC. 2/12/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1606954822 Lucid Artesia Company 2/12/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1606240430 Spur Energy Partners LLC 2/12/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1604628469 WPX ENERGY PRODUCTION, LLC 2/11/16 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nAB1606056506 COG OPERATING LLC 2/11/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1604937472 ALPHA CRUDE CONNECTOR, LLC 2/11/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1604739873 RAYBAW Operating, LLC 2/11/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1604254774 Williams Four Corners, LLC 2/11/16 Natural Gas Release Unknown Rio Arriba (39)
nVF1604128680 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/10/16 Release Other Unknown San Juan (45)
nKJ1604046284 APACHE CORPORATION 2/9/16 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1604045967 APACHE CORPORATION 2/9/16 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nKJ1604044567 APACHE CORPORATION 2/9/16 Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1604043906 APACHE CORPORATION 2/9/16 Major Produced Water Release Brine Water Other Lea (25)
nKJ1604043585 APACHE CORPORATION 2/9/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1604043516 APACHE CORPORATION 2/9/16 Oil Release Lea (25)
nKJ1604043031 APACHE CORPORATION 2/9/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1604042753 APACHE CORPORATION 2/9/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1604042451 APACHE CORPORATION 2/9/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1604042162 APACHE CORPORATION 2/9/16 Minor Produced Water Release Produced Water Other Lea (25)
nKJ1604040500 APACHE CORPORATION 2/9/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nVF1608855555 ENTERPRISE FIELD SERVICES L.L.C. 2/9/16 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nVF1606928645 CONOCOPHILLIPS COMPANY 2/9/16 Minor Release Other Produced Water San Juan (45)
nJXK1606034056 MATADOR PRODUCTION COMPANY 2/9/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1604034482 BAM Permian Operating, LLC 2/9/16 Minor Oil Release Crude Oil Other Chaves (05)
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nKJ1603935987 APACHE CORPORATION 2/8/16 Produced Water Release Produced Water Lea (25)
nVF1603939780 BURLINGTON RESOURCES OIL & GAS CO 2/8/16 Minor Produced Water Release Produced Water San Juan (45)
nVF1603929025 BURLINGTON RESOURCES OIL & GAS CO 2/8/16 Release Other Unknown Rio Arriba (39)
nKJ1603939539 CIMAREX ENERGY CO. OF COLORADO 2/8/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1603945641 LEGACY RESERVES OPERATING, LP 2/8/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1603935415 LINN OPERATING, LLC. 2/8/16 Major Produced Water Release Produced Water Human Error Lea (25)
nKJ1603934764 LINN OPERATING, LLC. 2/8/16 Oil Release Crude Oil Lea (25)
nKJ1603934443 LINN OPERATING, LLC. 2/8/16 Minor Produced Water Release Produced Water Human Error Lea (25)
nKJ1603942080 NMR ENERGY LLC 2/8/16 Produced Water Release Produced Water Normal Operations Lea (25)
nCS1604633530 SIMCOE LLC 2/8/16 Oil Release Other (Specify) Other San Juan (45)
nKJ1603948284 Empire New Mexico LLC 2/8/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1603938218 Maverick Permian LLC 2/8/16 Minor Oil Release Crude Oil, Produced Water Freeze Lea (25)
nJXK1604126938 MATADOR PRODUCTION COMPANY 2/6/16 Major Produced Water Release Produced Water Fire Lea (25)
nKJ1603654211 MACK ENERGY CORP 2/5/16 Produced Water Release Lea (25)
nVF1603633033 FOUR STAR OIL & GAS CO 2/5/16 Oil Release Unknown San Juan (45)
nJXK1603952431 SPECIAL ENERGY CORP 2/5/16 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1605635917 AGAVE ENERGY CO 2/5/16 Minor Natural Gas Release Natural Gas Liquids Equipment Failure Eddy (15)
nAB1604026777 CIMAREX ENERGY CO. OF COLORADO 2/5/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1604027744 CIMAREX ENERGY CO. 2/5/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1603654241 COG OPERATING LLC 2/5/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1805133508 WPX Energy Permian, LLC 2/5/16 Minor Produced Water Release Produced Water Vandalism Eddy (15)

nKJ1603631736 CROSS TIMBERS ENERGY, LLC 2/5/16 Minor Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Lea (25)

nCS1723653622 Williams Four Corners, LLC 2/5/16 Natural Gas Release Other (Specify) Other San Juan (45)
nKJ1603527440 OXY USA INC 2/4/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1603525960 OXY USA INC 2/4/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1604933977 OXY USA WTP LIMITED PARTNERSHIP 2/4/16 Major Oil Release Crude Oil Corrosion Eddy (15)
nKJ1603535776 QUANTUM RESOURCES MANAGEMENT, LLC 2/4/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS1603556147 SIMCOE LLC 2/4/16 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nJXK1604153386 Contango Resources, Inc. 2/4/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1609239708 BURNETT OIL CO INC 2/3/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1603459254 OXY USA INC 2/3/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1603450349 TARGA MIDSTREAM SERVICES LLC 2/3/16 Major Produced Water Release Produced Water Human Error Lea (25)
nKJ1603456335 PLAINS MARKETING L.P. 2/3/16 Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1603455732 PLAINS MARKETING L.P. 2/3/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1622246085 COG PRODUCTION, LLC 2/3/16 Minor Oil Release Crude Oil Human Error Lea (25)

nVF1604753732 SIMCOE LLC 2/3/16 Major Release Other
Natural Gas Liquids, Produced 
Water Corrosion San Juan (45)

nKJ1603459822 FOUNDATION ENERGY MANAGEMENT, LLC 2/3/16 Oil Release Lea (25)
nVF1603331450 XTO ENERGY, INC 2/2/16 Minor Oil Release Crude Oil San Juan (45)
nAB1603649137 DEVON ENERGY PRODUCTION COMPANY, LP 2/2/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1603329645 OXY USA INC 2/2/16 Minor Produced Water Release Produced Water Corrosion Lea (25)
nKJ1603330905 SOUTHERN UNION EXPLORATION CO 2/2/16 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1604233227 Ad Astra Resources LLC 2/2/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1603253349 WPX ENERGY PRODUCTION, LLC 2/1/16 Major Produced Water Release Crude Oil, Produced Water Human Error Rio Arriba (39)
nJXK1604156258 OCCIDENTAL PERMIAN LTD 2/1/16 Minor Produced Water Release Crude Oil, Produced Water Other Lea (25)
nAB1608139873 BOPCO, L.P. 2/1/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1607837012 BOPCO, L.P. 2/1/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
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nJXK1603449874 MorningStar Operating LLC 2/1/16 Natural Gas Release Lea (25)
nJXK1604637004 Water Energy Services, LLC 2/1/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1603628068 DEVON ENERGY PRODUCTION COMPANY, LP 1/31/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1603327792 DEVON ENERGY PRODUCTION COMPANY, LP 1/29/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1604626856 COG OPERATING LLC 1/29/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1604126187 APACHE CORP 1/28/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1604626468 COG OPERATING LLC 1/28/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1608142079 COG OPERATING LLC 1/27/16 Minor Oil Release Crude Oil Freeze Lea (25)
nVF1603356354 SIMCOE LLC 1/26/16 Oil Release Unknown San Juan (45)
nKJ1602626321 Extex Operating Company 1/26/16 Produced Water Release Produced Water Equipment Failure Roosevelt (41)
nAB1602937059 DEVON ENERGY PRODUCTION COMPANY, LP 1/25/16 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1602733517 CIMAREX ENERGY CO. 1/25/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1602730866 LINN OPERATING, LLC. 1/25/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nLEL1604638885 ARP PRODUCTION COMPANY, LLC 1/25/16 Release Other Colfax (07)
nJXK1602952866 CART HILL ENERGY, LLC 1/25/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nVF1602830702 SIMCOE LLC 1/25/16 Minor Produced Water Release Produced Water San Juan (45)
nAB1602736761 DEVON ENERGY PRODUCTION COMPANY, LP 1/24/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1603651917 OXY USA INC 1/24/16 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1603925859 Empire New Mexico LLC 1/24/16 Major Produced Water Release Produced Water Human Error Lea (25)
nVF1604129228 ENTERPRISE PRODUCTS OPERATING, LLC 1/24/16 Release Other Unknown Rio Arriba (39)
nJXK1603950602 EOG Y RESOURCES, INC. 1/23/16 Minor Produced Water Release Crude Oil, Produced Water Vandalism Lea (25)
nJXK1604645791 COG OPERATING LLC 1/23/16 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1604030046 COG OPERATING LLC 1/23/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1602628821 DEVON ENERGY PRODUCTION COMPANY, LP 1/22/16 Major Produced Water Release Produced Water Human Error Lea (25)
nVF1602250315 WPX ENERGY PRODUCTION, LLC 1/22/16 Major Produced Water Release Produced Water Rio Arriba (39)
nCS1621739255 WPX ENERGY PRODUCTION, LLC 1/22/16 Oil Release Rio Arriba (39)
nVF1602248453 CONOCOPHILLIPS CO. 1/22/16 Major Produced Water Release Produced Water San Juan (45)
nVF1602239524 HILCORP ENERGY COMPANY 1/22/16 Major Produced Water Release Produced Water San Juan (45)
nAB1602633193 DEVON ENERGY PRODUCTION COMPANY, LP 1/21/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1602130459 CONOCOPHILLIPS COMPANY 1/21/16 Major Release Other Produced Water San Juan (45)
nAB1602955379 BOPCO, L.P. 1/21/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1602634997 BOPCO, L.P. 1/21/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1602526481 DEVON ENERGY PRODUCTION COMPANY, LP 1/20/16 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1603654698 OXY USA INC 1/20/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1602127288 DEVON ENERGY PRODUCTION COMPANY, LP 1/19/16 Major Oil Release Crude Oil Corrosion Eddy (15)
nVF1602039767 WPX ENERGY PRODUCTION, LLC 1/19/16 Major Fire Unknown San Juan (45)

nKJ1602948451 ENTERPRISE FIELD SERVICES L.L.C. 1/19/16 Major Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Lea (25)

nVF1602039091 HILCORP ENERGY COMPANY 1/19/16 Major Oil Release Crude Oil, Produced Water San Juan (45)
nJXK1603554978 COG PRODUCTION, LLC 1/18/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1602952102 BOPCO, L.P. 1/18/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1601942853 ENERGY TRANSFER PARTNERS, LP 1/17/16 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1604256697 EOG RESOURCES INC 1/16/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1604036671 COG OPERATING LLC 1/16/16 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1602155505 BOPCO, L.P. 1/16/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1602041148 BP AMERICA PRODUCTION COMPANY 1/15/16 Major Release Other Condensate, Produced Water Corrosion San Juan (45)
nVF1602040557 WPX ENERGY PRODUCTION, LLC 1/15/16 Minor Produced Water Release Produced Water Rio Arriba (39)
nAB1602154960 XTO PERMIAN OPERATING LLC. 1/15/16 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
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nVF1636449671 ENTERPRISE PRODUCTS OPERATING, LLC 1/15/16 Release Other Unknown San Juan (45)

nAB1502335947 ENTERPRISE PRODUCTS OPERATING, LLC 1/15/16 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Fire Eddy (15)

nCS1601542022 BP AMERICA PRODUCTION COMPANY 1/14/16 Major Oil Release Condensate, Produced Water San Juan (45)
nKJ1602727260 OXY USA INC 1/14/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1601443446 OXY USA INC 1/14/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1601541581 WPX ENERGY PRODUCTION, LLC 1/14/16 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nKJ1601430708 CIMAREX ENERGY CO. OF COLORADO 1/14/16 Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1602956542 ANADARKO E&P ONSHORE LLC 1/14/16 Minor Natural Gas Release Condensate Equipment Failure Eddy (15)
nKJ1601432456 Kratos Operating, LLC 1/14/16 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1602943337 APACHE CORPORATION 1/13/16 Minor Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAB1602156653 BURNETT OIL CO INC 1/13/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1603556079 EOG RESOURCES INC 1/13/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1602732604 BOPCO, L.P. 1/13/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nKL1629827273 ETC Texas Pipeline, Ltd. 1/13/16 Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Lea (25)

nAB1604335172 DEVON ENERGY PRODUCTION COMPANY, LP 1/12/16 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1601251971 HARVARD PETROLEUM COMPANY, LLC 1/12/16 Minor Oil Release Crude Oil Equipment Failure Chaves (05)
nAB1601931572 BOPCO, L.P. 1/12/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1601927715 XTO PERMIAN OPERATING LLC. 1/12/16 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1601927284 BURNETT OIL CO INC 1/11/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1601426766 HARVARD PETROLEUM COMPANY, LLC 1/11/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1601157221 MEWBOURNE OIL CO 1/11/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1601540259 BOPCO, L.P. 1/11/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nLEL1601156048 ARP PRODUCTION COMPANY, LLC 1/11/16 Major Produced Water Release Produced Water Colfax (07)
nAB1604035918 COG OPERATING LLC 1/10/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1603955604 ENTERPRISE PRODUCTS OPERATING, LLC 1/10/16 Release Other Unknown San Juan (45)
nAB1602734980 OXY USA INC 1/9/16 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1601930235 DEVON ENERGY PRODUCTION COMPANY, LP 1/8/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1601536561 BOPCO, L.P. 1/8/16 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1601925922 Silverback Operating II, LLC 1/8/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1600734216 XTO ENERGY, INC 1/7/16 Major Oil Release Crude Oil Corrosion Lea (25)
nKJ1600733522 XTO ENERGY, INC 1/7/16 Oil Release Lea (25)
nVF1600837175 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/7/16 Minor Oil Release Crude Oil San Juan (45)
nKJ1600746112 STEPHENS & JOHNSON OP CO 1/7/16 Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1600745441 STEPHENS & JOHNSON OP CO 1/7/16 Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1600743333 STEPHENS & JOHNSON OP CO 1/7/16 Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1701055320 EOG RESOURCES INC 1/6/16 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nKJ1600653087 COG OPERATING LLC 1/6/16 Major Oil Release Crude Oil Lea (25)
nTO1500629575 JOHN H HENDRIX CORP 1/5/16 Major Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAB1601541742 OXY USA INC 1/5/16 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1600655552 CONOCOPHILLIPS COMPANY 1/5/16 Minor Oil Release Crude Oil Other Lea (25)
nKJ1600530262 BOPCO, L.P. 1/5/16 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1603629420 Spur Energy Partners LLC 1/5/16 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1600727134 DEVON ENERGY PRODUCTION COMPANY, LP 1/4/16 Minor Oil Release Crude Oil Freeze Lea (25)
nAB1601137117 DEVON ENERGY PRODUCTION COMPANY, LP 1/4/16 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1601529499 OXY USA INC 1/4/16 Major Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nJXK1606850185 ROBINSON OIL INC 1/4/16 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
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nAB1604042514 SOLARIS WATER MIDSTREAM, LLC 1/4/16 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1600726055 BTA OIL PRODUCERS, LLC 1/3/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1600826804 DEVON ENERGY PRODUCTION COMPANY, LP 1/2/16 Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1601928710 EOG Y RESOURCES, INC. 1/1/16 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1600428977 BURLINGTON RESOURCES OIL & GAS CO 1/1/16 Major Produced Water Release Produced Water Corrosion San Juan (45)
nKJ1601429563 OCCIDENTAL PERMIAN LTD 1/1/16 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1601155099 OXY USA INC 12/31/15 Major Produced Water Release Produced Water Human Error Eddy (15)
nVF1536540194 WPX ENERGY PRODUCTION, LLC 12/31/15 Major Fire Crude Oil San Juan (45)
nAB1613733064 CIMAREX ENERGY CO. OF COLORADO 12/31/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1536539728 XTO ENERGY, INC 12/30/15 Major Oil Release Crude Oil, Produced Water Equipment Failure San Juan (45)
nJXK1600847408 OXY USA INC 12/30/15 Minor Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nCS1536454543 BURLINGTON RESOURCES OIL & GAS CO 12/30/15 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nKJ1600527628 SUNDANCE SERVICES, INC. 12/30/15 Release Other Drilling Mud/Fluid Other Lea (25)
nAB1601532070 COG OPERATING LLC 12/30/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1600528926 CAZA OPERATING, LLC 12/30/15 Minor Oil Release Crude Oil Freeze Lea (25)
nJXK1600648555 LINN OPERATING, LLC. 12/30/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1600730224 BXP Operating, LLC 12/30/15 Major Oil Release Crude Oil Freeze Lea (25)
nHMP1503735305 MEWBOURNE OIL CO 12/29/15 Major Produced Water Release Produced Water Human Error Eddy (15)
nVF1600835828 WPX ENERGY PRODUCTION, LLC 12/29/15 Major Produced Water Release Produced Water Rio Arriba (39)
nAB1536448194 CIMAREX ENERGY CO. OF COLORADO 12/29/15 Major Oil Release Crude Oil Fire Eddy (15)
nAB1602527566 APACHE CORPORATION 12/28/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1601230258 COG OPERATING LLC 12/28/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1600754607 Redwood Operating LLC 12/28/15 Major Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1536550370 SUNDOWN ENERGY LP 12/26/15 Major Produced Water Release Produced Water Lightning Lea (25)
nKJ1600727914 DEVON ENERGY PRODUCTION COMPANY, LP 12/24/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1535733981 DEVON ENERGY PRODUCTION COMPANY, LP 12/23/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1601139679 DEVON ENERGY PRODUCTION COMPANY, LP 12/23/15 Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1600846920 OXY USA INC 12/23/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1600760400 APACHE CORPORATION 12/22/15 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nAB1535735405 APACHE CORPORATION 12/22/15 Major Release Other Condensate Fire Eddy (15)
nAB1535837018 DEVON ENERGY PRODUCTION COMPANY, LP 12/22/15 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1600756275 EOG Y RESOURCES, INC. 12/22/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nVF1535834306 CONOCOPHILLIPS COMPANY 12/22/15 Major Release Other Condensate Rio Arriba (39)
nAB1601135921 EOG Y RESOURCES, INC. 12/21/15 Minor Other Condensate Equipment Failure Eddy (15)
nAB1601227198 Spur Energy Partners LLC 12/21/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1600557588 OXY USA INC 12/20/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1600631853 HERMAN L. LOEB LLC 12/20/15 Major Oil Release Crude Oil Freeze Lea (25)
nAB1535126930 BURNETT OIL CO INC 12/18/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1600435187 DEVON ENERGY PRODUCTION COMPANY, LP 12/18/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1536547358 RAYBAW Operating, LLC 12/18/15 Major Produced Water Release Produced Water Corrosion Lea (25)
nVF1536540681 M & M PRODUCTION & OPERATION 12/17/15 Minor Release Other Crude Oil San Juan (45)
nAB1535753747 BOPCO, L.P. 12/17/15 Major Produced Water Release Condensate Fire Eddy (15)
nAB1535130616 BURNETT OIL CO INC 12/16/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1601348735 FRONTIER FIELD SERVICES, LLC 12/16/15 Minor Other Condensate Equipment Failure Lea (25)
nAB1610626594 DEVON ENERGY PRODUCTION COMPANY, LP 12/15/15 Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1534929074 PRE-ONGARD WELL OPERATOR 12/15/15 Oil Release Roosevelt (41)
nKJ1534929178 CIMAREX ENERGY CO. 12/15/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nAB1535131870 TANDEM ENERGY CORPORATION 12/15/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1534931388 CHEVRON MIDCONTINENT, L.P. 12/15/15 Other Unknown Other Lea (25)
nJXK1534930223 CHEVRON MIDCONTINENT, L.P. 12/15/15 Other Unknown Other Lea (25)
nJXK1603927080 EOG Y RESOURCES, INC. 12/14/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1535032176 CIMAREX ENERGY CO. 12/14/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)

nJXK1534849827 MANZANO LLC 12/14/15 Minor Produced Water Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Equipment Failure Lea (25)

nKJ1534838882 HOLLY ENERGY PARTNERS, LP 12/14/15 Oil Release Crude Oil Other Lea (25)
nAB1535832134 BOPCO, L.P. 12/14/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1535754357 BOPCO, L.P. 12/14/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1534851898 SIMCOE LLC 12/14/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1534957748 BURNETT OIL CO INC 12/12/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1534531167 APACHE CORPORATION 12/11/15 Major Produced Water Release Produced Water Corrosion Lea (25)
nVF1535740316 XTO ENERGY, INC 12/11/15 Major Produced Water Release Produced Water San Juan (45)
nKJ1534531959 DEVON ENERGY PRODUCTION COMPANY, LP 12/11/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1534548184 DEVON ENERGY PRODUCTION COMPANY, LP 12/11/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1535131213 DEVON ENERGY PRODUCTION COMPANY, LP 12/11/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1534544732 MEWBOURNE OIL CO 12/11/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)

nKJ1600656867 TARGA MIDSTREAM SERVICES LLC 12/11/15 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Vehicular Accident Lea (25)

nJXK1535535758 EOG Y RESOURCES, INC. 12/11/15 Oil Release Lea (25)
nAB1535756628 RILEY PERMIAN OPERATING COMPANY, LLC 12/11/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1534557219 BURNETT OIL CO INC 12/10/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1534428787 CHEVRON U S A INC 12/10/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1535240852 CHEVRON U S A INC 12/10/15 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1534436515 WPX ENERGY PRODUCTION, LLC 12/10/15 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nAB1534957206 BOPCO, L.P. 12/10/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1534354072 OXY USA INC 12/9/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1600554655 OXY USA WTP LIMITED PARTNERSHIP 12/9/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nGVG1600639522 SIMCOE LLC 12/9/15 Produced Water Release Other (Specify) Other San Juan (45)
nJXK1616246996 Opal Operating Company LLC 12/9/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1601156120 SOLARIS WATER MIDSTREAM, LLC 12/9/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1508252180 ENTERPRISE PRODUCTS OPERATING, LLC 12/9/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1534555029 NADEL AND GUSSMAN PERMIAN, LLC 12/8/15 Major Produced Water Release Crude Oil, Produced Water Vandalism Eddy (15)
nJK1534846034 EPIC ENERGY, L.L.C. 12/8/15 Oil Release Sandoval (43)

nAB1534853014 ENTERPRISE PRODUCTS OPERATING, LLC 12/8/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nJXK1534254232 APACHE CORPORATION 12/7/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nVF1535653963 WPX ENERGY PRODUCTION, LLC 12/7/15 Major Produced Water Release Produced Water Rio Arriba (39)
nVF1534254479 WPX ENERGY PRODUCTION, LLC 12/7/15 Oil Release Unknown Rio Arriba (39)
nAB1534455140 BOPCO, L.P. 12/7/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1601134671 EOG Y RESOURCES, INC. 12/5/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1535651850 WPX ENERGY PRODUCTION, LLC 12/5/15 Major Produced Water Release Condensate, Produced Water Rio Arriba (39)
nJXK1600738164 COG OPERATING LLC 12/5/15 Major Oil Release Crude Oil Human Error Lea (25)
nAB1534526462 BOPCO, L.P. 12/5/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1534854006 Acacia Operating Company, LLC 12/5/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAB1536455073 OXY USA WTP LIMITED PARTNERSHIP 12/4/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1534452923 HARVARD PETROLEUM COMPANY, LLC 12/3/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1534151784 BOPCO, L.P. 12/2/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1534854818 Acacia Operating Company, LLC 12/2/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1609935974 Permian Resources Operating, LLC 12/2/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1535545760 XTO ENERGY, INC 12/1/15 Major Oil Release Crude Oil Blow Out Lea (25)
nJXK1624239277 TARGA MIDSTREAM SERVICES LLC 12/1/15 Minor Other Other (Specify) Corrosion Lea (25)
nJXK1624238519 TARGA MIDSTREAM SERVICES LLC 12/1/15 Minor Other Other (Specify) Corrosion Lea (25)
nJXK1533437832 CHEVRON U S A INC 11/30/15 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nAB1534451906 DEVON ENERGY PRODUCTION COMPANY, LP 11/30/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1533729411 DEVON ENERGY PRODUCTION COMPANY, LP 11/30/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1624337437 BURLINGTON RESOURCES OIL & GAS CO 11/30/15 Other Other (Specify) Other Rio Arriba (39)
nKJ1533429480 Kratos Operating, LLC 11/30/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)

nAB1534358008 ENTERPRISE PRODUCTS OPERATING, LLC 11/30/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1534350655 DEVON ENERGY PRODUCTION COMPANY, LP 11/29/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1533831844 DEVON ENERGY PRODUCTION COMPANY, LP 11/27/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1534840797 PHX Energy, LLC 11/27/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1533726746 ALAMO PERMIAN RESOURCES, LLC 11/26/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1604236407 JUDAH OIL LLC 11/25/15 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAB1533752388 DEVON ENERGY PRODUCTION COMPANY, LP 11/24/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1532857426 OXY USA INC 11/24/15 Major Release Other Other (Specify) Equipment Failure Harding (21)
nAB1534956719 COG OPERATING LLC 11/24/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1533439781 Avant Operating, LLC 11/24/15 Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1533436131 Empire New Mexico LLC 11/24/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1532737675 DEVON ENERGY PRODUCTION COMPANY, LP 11/23/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1532944122 Maverick Permian LLC 11/23/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1534450839 DEVON ENERGY PRODUCTION COMPANY, LP 11/22/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1533737057 BOPCO, L.P. 11/22/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1601533272 Spur Energy Partners LLC 11/22/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1533733067 PHX Energy, LLC 11/22/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1534439159 KEY ENERGY SERVICES, LLC 11/21/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1533734250 BOPCO, L.P. 11/21/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1535242436 APACHE CORPORATION 11/21/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1533430359 DEVON ENERGY PRODUCTION COMPANY, LP 11/20/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1533634149 TRANSWESTERN PIPELINE COMPANY 11/20/15 Minor Natural Gas Release Natural Gas Liquids Equipment Failure Chaves (05)
nAB1533753032 EOG Y RESOURCES, INC. 11/20/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1532349151 GRAND BANKS ENERGY CO 11/19/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1532751453 DEVON ENERGY PRODUCTION COMPANY, LP 11/18/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1536448566 BURLINGTON RESOURCES OIL & GAS CO 11/18/15 Other Other (Specify) Other San Juan (45)
nCS1536449369 CONOCOPHILLIPS COMPANY 11/18/15 Other Other (Specify) Other San Juan (45)
nAB1532742191 RAYBAW Operating, LLC 11/18/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1532152826 NADEL AND GUSSMAN PERMIAN, LLC 11/17/15 Oil Release Crude Oil Equipment Failure Lea (25)
nAB1532440540 Spur Energy Partners LLC 11/17/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1532330117 DEVON ENERGY PRODUCTION COMPANY, LP 11/16/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1532733082 DEVON ENERGY PRODUCTION COMPANY, LP 11/16/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1532349846 MEWBOURNE OIL CO 11/16/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1533638558 COG OPERATING LLC 11/16/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
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nAB1608152771 JUNIPER TANKS, LLC 11/15/15 Produced Water Release Produced Water Human Error Eddy (15)
nAB1534338732 DEVON ENERGY PRODUCTION COMPANY, LP 11/14/15 Major Other Other (Specify) Equipment Failure Eddy (15)
nAB1534836824 ANADARKO E&P ONSHORE LLC 11/13/15 Minor Natural Gas Release Condensate Equipment Failure Eddy (15)
nKL1622234021 Extex Operating Company 11/13/15 Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1531650506 PENROC OIL CORP 11/12/15 Produced Water Release Produced Water Lea (25)
nAB1621048815 EOG Y RESOURCES, INC. 11/12/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1532049700 DEVON ENERGY PRODUCTION COMPANY, LP 11/11/15 Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1531740296 DEVON ENERGY PRODUCTION COMPANY, LP 11/11/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1534548986 OXY USA INC 11/11/15 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nAB1532356189 CIMAREX ENERGY CO. OF COLORADO 11/11/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1532038901 COG OPERATING LLC 11/11/15 Major Oil Release Crude Oil Other Lea (25)
nAB1532451502 3R Operating, LLC 11/11/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1531634840 MEWBOURNE OIL CO 11/10/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1531430666 COG PRODUCTION, LLC 11/10/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nKJ1532351773 Scorpion Oil & Gas, LLC 11/10/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1532855046 KEY ENERGY SERVICES, LLC 11/9/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1532034732 SOUTHWEST ROYALTIES INC 11/9/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1532257576 EOG Y RESOURCES, INC. 11/9/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1611956774 BURLINGTON RESOURCES OIL & GAS CO 11/9/15 Oil Release Other (Specify) Other San Juan (45)
nJXK1600736292 COG OPERATING LLC 11/9/15 Major Oil Release Crude Oil Human Error Lea (25)
nCS1531357297 SIMCOE LLC 11/9/15 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nAPM2326531483 POCO Resources LLC 11/9/15 Oil Release Eddy (15)
nAPM2326531192 POCO Resources LLC 11/9/15 Other Eddy (15)

nAB1532029638 ENTERPRISE PRODUCTS OPERATING, LLC 11/7/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nJXK1531753790 COG PRODUCTION, LLC 11/6/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1531628794 BOPCO, L.P. 11/5/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1531348567 Empire New Mexico LLC 11/5/15 Minor Produced Water Release Produced Water Corrosion Lea (25)
nCS1534130251 WPX ENERGY PRODUCTION, LLC 11/4/15 Minor Oil Release Crude Oil Human Error Rio Arriba (39)
nJXK1530834348 CIMAREX ENERGY CO. OF COLORADO 11/4/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1532256123 COG OPERATING LLC 11/4/15 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1532031688 COG OPERATING LLC 11/4/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1531437308 MorningStar Operating LLC 11/4/15 Natural Gas Release Lea (25)
nAB1532335112 Silverback Operating II, LLC 11/4/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1530828913 SOLARIS WATER MIDSTREAM, LLC 11/4/15 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nAB1531455437 MEWBOURNE OIL CO 11/3/15 Major Oil Release Crude Oil Corrosion Eddy (15)
nCS1536449662 CONOCOPHILLIPS COMPANY 11/3/15 Other Other (Specify) Other San Juan (45)
nVF1535751494 WILLIAMS FOUR CORNERS 11/3/15 Minor Release Other Condensate San Juan (45)
nCS1534129391 Williams Four Corners, LLC 11/3/15 Oil Release Condensate Corrosion San Juan (45)
nVF1535750113 WPX ENERGY PRODUCTION, LLC 11/2/15 Major Produced Water Release Produced Water Rio Arriba (39)
nVF1535749478 WPX ENERGY PRODUCTION, LLC 11/2/15 Minor Produced Water Release Produced Water Rio Arriba (39)
nKJ1531636939 J R OIL, LTD. CO. 11/2/15 Major Produced Water Release Produced Water Corrosion Lea (25)
nJXK1531729159 SOLARIS WATER MIDSTREAM, LLC 11/2/15 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1531427526 DEVON ENERGY PRODUCTION COMPANY, LP 10/31/15 Minor Release Other Brine Water Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1531449814 PLAINS PETROLEUM OPER CO 10/31/15 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1532454325 APACHE CORPORATION 10/30/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1530637430 Maverick Permian LLC 10/30/15 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nAB1531453445 APACHE CORPORATION 10/29/15 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nKJ1530247171 DAKOTA RESOURCES INC (I) 10/29/15 Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1531457125 Acacia Operating Company, LLC 10/29/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1531429598 EOG Y RESOURCES, INC. 10/28/15 Major Produced Water Release Produced Water Fire Lea (25)
nAB1532026992 COG OPERATING LLC 10/28/15 Major Produced Water Release Produced Water Human Error Eddy (15)
nKJ1532736778 J R OIL, LTD. CO. 10/28/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1530236164 MEMORIAL PRODUCTION OPERATING, LLC 10/28/15 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nVF1535747613 SIMCOE LLC 10/28/15 Minor Produced Water Release Produced Water San Juan (45)
nTO1530147335 SCOUT ENERGY MANAGEMENT LLC 10/28/15 Other Lea (25)
nKJ1530051855 CHEVRON U S A INC 10/27/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1530829829 DEVON ENERGY PRODUCTION COMPANY, LP 10/27/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1532132872 EOG Y RESOURCES, INC. 10/27/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1536357487 BURLINGTON RESOURCES OIL & GAS CO 10/27/15 Oil Release Other (Specify) Other San Juan (45)
nAB1532036596 Silverback Operating II, LLC 10/27/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1536448880 BURLINGTON RESOURCES OIL & GAS CO 10/26/15 Oil Release Other (Specify) Other San Juan (45)
nJXK1600735633 COG OPERATING LLC 10/26/15 Minor Produced Water Release Produced Water Corrosion Lea (25)
nCS1605631683 AGUA MOSS, LLC 10/26/15 Other Other (Specify) Other San Juan (45)
nJXK1530955218 GLOBE ENERGY SERVICES LLC 10/26/15 Produced Water Release Produced Water Other Lea (25)
nJXK1532855980 HOLLY ENERGY PARTNERS, LP 10/26/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nVF1535752030 SIMCOE LLC 10/26/15 Major Fire San Juan (45)
nAB1530834217 XTO PERMIAN OPERATING LLC. 10/26/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1530835676 BOPCO, L.P. 10/25/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1530048797 MEMORIAL PRODUCTION OPERATING, LLC 10/25/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1535827539 WPX ENERGY PRODUCTION, LLC 10/23/15 Minor Produced Water Release Produced Water Rio Arriba (39)
nKJ1531641073 OXY USA WTP LIMITED PARTNERSHIP 10/23/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1600735217 COG OPERATING LLC 10/23/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1529941728 DEVON ENERGY PRODUCTION COMPANY, LP 10/22/15 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1530137297 PHX Energy, LLC 10/22/15 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1531639135 COG OPERATING LLC 10/21/15 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nAB1531633297 COG OPERATING LLC 10/21/15 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nJXK1530033136 REGENCY FIELD SERVICES LLC 10/21/15 Minor Oil Release Crude Oil Other Lea (25)
nKJ1529337362 MEWBOURNE OIL CO 10/20/15 Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1531754606 Silverback Operating II, LLC 10/20/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1533455576 ELM RIDGE EXPLORATION COMPANY LLC 10/19/15 Other Other (Specify) Other San Juan (45)
nAB1529538052 NADEL AND GUSSMAN PERMIAN, LLC 10/19/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1529542546 COG OPERATING LLC 10/19/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1529428370 BXP Operating, LLC 10/19/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1533531914 SIMCOE LLC 10/19/15 Other Other (Specify) Other San Juan (45)
nAB1530148267 MACK ENERGY CORP 10/18/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1535739536 WILLIAMS FOUR CORNERS 10/18/15 Natural Gas Release Rio Arriba (39)
nJXK1529350342 BXP Operating, LLC 10/17/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1531448902 RICE OPERATING COMPANY 10/16/15 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nCS1530827044 WPX ENERGY PRODUCTION, LLC 10/16/15 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nKJ1528938943 OWL SWD OPERATING, LLC 10/16/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1532852949 SIMCOE LLC 10/16/15 Produced Water Release Other (Specify) Other San Juan (45)
nAB1531456099 Spur Energy Partners LLC 10/15/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1528944722 Maverick Permian LLC 10/15/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1529336845 BURNETT OIL CO INC 10/14/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nKJ1528936186 EOG RESOURCES INC 10/14/15 Major Produced Water Release Produced Water Human Error Lea (25)
nJXK1531631413 OXY USA INC 10/14/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1528754138 WPX ENERGY PRODUCTION, LLC 10/14/15 Major Fire Diesel Fire San Juan (45)
nJXK1529427257 LINN OPERATING, LLC. 10/14/15 Major Oil Release Crude Oil, Produced Water Lea (25)
nVF1536250331 XTO ENERGY, INC 10/13/15 Minor Produced Water Release Produced Water San Juan (45)
nJXK1608139275 DCP OPERATING COMPANY, LP 10/13/15 Minor Oil Release Condensate Equipment Failure Lea (25)
nAPP2125731425 DCP OPERATING COMPANY, LP 10/13/15 Minor Natural Gas Release Condensate Corrosion Lea (25)
nKJ1528655869 SPECIAL ENERGY CORP 10/13/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1528728650 BXP Operating, LLC 10/13/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1528644642 Benton Crude Oil LLC 10/13/15 Other Lea (25)
nJXK1528644263 Benton Crude Oil LLC 10/13/15 Other Lea (25)
nVF1601334408 ENTERPRISE PRODUCTS OPERATING, LLC 10/13/15 Release Other Rio Arriba (39)
nAB1529339864 BURNETT OIL CO INC 10/12/15 Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1529337640 BURNETT OIL CO INC 10/12/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1531633406 OXY USA INC 10/12/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1531626415 COG OPERATING LLC 10/12/15 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1528832613 Acacia Operating Company, LLC 10/12/15 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1531631260 OXY USA INC 10/11/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1602154064 EOG Y RESOURCES, INC. 10/11/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1529528784 COG OPERATING LLC 10/11/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1604836153 BTA OIL PRODUCERS, LLC 10/9/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1528631221 CENTURION PIPELINE L.P. 10/9/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1528639231 BXP Operating, LLC 10/9/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1528634487 DEVON ENERGY PRODUCTION COMPANY, LP 10/8/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1528628444 MACK ENERGY CORP 10/8/15 Minor Produced Water Release Produced Water Lightning Lea (25)
nKJ1528636155 CHISOS, LTD 10/8/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1600736723 COG OPERATING LLC 10/8/15 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nJXK1531428928 FAE II Operating LLC 10/8/15 Major Produced Water Release Produced Water Lightning Lea (25)
nJXK1528728064 BXP Operating, LLC 10/8/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1529347766 DEVON ENERGY PRODUCTION COMPANY, LP 10/7/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1530928829 COG OPERATING LLC 10/7/15 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nAB1532052911 COG OPERATING LLC 10/7/15 Minor Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nCS1535240215 WESTERN REFINING PIPELINE LLC 10/7/15 Minor Other Other (Specify) Equipment Failure 0
nJXK1528632099 BXP Operating, LLC 10/7/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1528052281 Contango Resources, Inc. 10/7/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1529550692 Silverback Operating II, LLC 10/7/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1528240224 WPX Energy Permian, LLC 10/6/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1528051927 XTO PERMIAN OPERATING LLC. 10/6/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1531632637 OCCIDENTAL PERMIAN LTD 10/5/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1527849102 BAM Permian Operating, LLC 10/5/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Chaves (05)
nCS1535230259 WESTERN REFINING PIPELINE LLC 10/4/15 Major Other Other (Specify) Equipment Failure 0
nCS1535230059 WESTERN REFINING PIPELINE LLC 10/4/15 Other Other (Specify) Other 0
nJXK1530936457 DKD,LLC 10/3/15 Major Produced Water Release Produced Water Lightning Lea (25)
nJXK1530830092 COG OPERATING LLC 10/3/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCS1535229044 WESTERN REFINING PIPELINE LLC 10/3/15 Major Other Other (Specify) Equipment Failure 0
nAB1529340702 Earthstone Operating, LLC 10/3/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1528047930 APACHE CORPORATION 10/2/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nAB1530056126 COG PRODUCTION, LLC 10/2/15 Major Oil Release Crude Oil Corrosion Eddy (15)
nCS1535229678 WESTERN REFINING PIPELINE LLC 10/2/15 Major Other Other (Specify) Equipment Failure 0
nAB1528134977 XTO PERMIAN OPERATING LLC. 10/2/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1528841728 DEVON ENERGY PRODUCTION COMPANY, LP 10/1/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1527856976 BOPCO, L.P. 10/1/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1535230589 WESTERN REFINING PIPELINE LLC 10/1/15 Major Other Other (Specify) Equipment Failure 0
nAB1528133563 BURNETT OIL CO INC 9/30/15 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nKJ1531346514 DEVON ENERGY PRODUCTION COMPANY, LP 9/30/15 Minor Produced Water Release Produced Water Corrosion Lea (25)
nVF1536349241 DEVON ENERGY OPERATING COMPANY LP 9/30/15 Minor Produced Water Release Produced Water Rio Arriba (39)
nJXK1527829848 DCP OPERATING COMPANY, LP 9/30/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1530137746 COG OPERATING LLC 9/30/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1536436176 Enterprise Field Services, LLC 9/30/15 Other San Juan (45)

nCS1534126354 ENTERPRISE PRODUCTS OPERATING, LLC 9/30/15 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nJK1528056792 XTO ENERGY, INC 9/29/15 Oil Release San Juan (45)
nJXK1527232783 OXY USA INC 9/29/15 Other Lea (25)
nAB1527326452 MARATHON OIL PERMIAN LLC 9/29/15 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1528056332 XTO ENERGY, INC 9/28/15 Oil Release San Juan (45)
nAB1528640433 BAM Permian Operating, LLC 9/28/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1531329518 Williams Four Corners, LLC 9/28/15 Major Other Other (Specify) Equipment Failure San Juan (45)
nAB1527329788 MATADOR PRODUCTION COMPANY 9/27/15 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1529955581 COG PRODUCTION, LLC 9/26/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1531355786 COG OPERATING LLC 9/26/15 Major Oil Release Crude Oil Human Error Lea (25)
nAB1527452541 REGENCY FIELD SERVICES LLC 9/26/15 Major Natural Gas Release Condensate Equipment Failure Eddy (15)
nAB1527234118 MEWBOURNE OIL CO 9/25/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1527926509 MEMORIAL PRODUCTION OPERATING, LLC 9/25/15 Major Produced Water Release Produced Water Corrosion Eddy (15)
nCS1626753218 WPX ENERGY PRODUCTION, LLC 9/24/15 Minor Other Drilling Mud/Fluid Other Rio Arriba (39)
nJXK1526849729 CIMAREX ENERGY CO. 9/24/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1528130514 J R OIL, LTD. CO. 9/24/15 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1529255081 EOG Y RESOURCES, INC. 9/23/15 Minor Produced Water Release Produced Water Lightning Eddy (15)
nJK1526728987 ENERGEN RESOURCES CORPORATION 9/23/15 Major Fire Rio Arriba (39)
nJXK1531355123 COG PRODUCTION, LLC 9/23/15 Major Oil Release Crude Oil Human Error Lea (25)
nJXK1526427508 COG OPERATING LLC 9/21/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nVF1601335253 Enterprise Field Services, LLC 9/21/15 Minor Release Other
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Rio Arriba (39)

nAB1526726050 BOPCO, L.P. 9/21/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1531330513 ENTERPRISE PRODUCTS OPERATING, LLC 9/21/15 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nTO1706131573 APACHE CORPORATION 9/19/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1526131134 EOG Y RESOURCES, INC. 9/18/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1531452136 Spur Energy Partners LLC 9/18/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1526753593 XTO PERMIAN OPERATING LLC. 9/18/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526657039 XTO PERMIAN OPERATING LLC. 9/18/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526743306 EOG Y RESOURCES, INC. 9/17/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1535239119 WPX ENERGY PRODUCTION, LLC 9/17/15 Minor Other Drilling Mud/Fluid Other Rio Arriba (39)
nCS1531337618 WPX ENERGY PRODUCTION, LLC 9/17/15 Oil Release Crude Oil Other Rio Arriba (39)
nAB1526627950 WPX Energy Permian, LLC 9/17/15 Major Other Drilling Mud/Fluid Equipment Failure Eddy (15)
nKJ1526054099 COG OPERATING LLC 9/17/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
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nKJ1526053120 COG OPERATING LLC 9/17/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1526631778 Acacia Operating Company, LLC 9/17/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1526428548 MATADOR PRODUCTION COMPANY 9/16/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1525928160 COG OPERATING LLC 9/16/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1535241015 ENCANA OIL & GAS (USA) INC. 9/16/15 Oil Release Other (Specify) Other Rio Arriba (39)
nAB1530626926 CIMAREX ENERGY CO. OF COLORADO 9/15/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1530149816 CIMAREX ENERGY CO. OF COLORADO 9/15/15 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1526436708 BOPCO, L.P. 9/15/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526537306 DEVON ENERGY PRODUCTION COMPANY, LP 9/14/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1527250376 OCCIDENTAL PERMIAN LTD 9/14/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1526633315 LINN OPERATING, LLC. 9/14/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526632852 LINN OPERATING, LLC. 9/14/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526142024 Acacia Operating Company, LLC 9/14/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1526850236 Water Energy Services, LLC 9/14/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1526655993 OXY USA INC 9/13/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1529948530 COG OPERATING LLC 9/13/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526127389 Acacia Operating Company, LLC 9/13/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nAB1526433985 BOPCO, L.P. 9/11/15 Major Release Other
Chemical (Specify), Gelled Brine 
(Frac Fluid) Overflow - Tank, Pit, Etc. Eddy (15)

nCS1528730338 SIMCOE LLC 9/11/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nVF1536436941 ELM RIDGE EXPLORATION COMPANY LLC 9/10/15 Release Other 0

nCS1531334905 ELM RIDGE EXPLORATION COMPANY LLC 9/10/15 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion 0

nAB1526632314 LINN OPERATING, LLC. 9/10/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1525445337 EOG RESOURCES INC 9/9/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1526426536 EOG Y RESOURCES, INC. 9/9/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1526542586 EOG Y RESOURCES, INC. 9/9/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526651732 OXY USA INC 9/8/15 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1526642235 EOG Y RESOURCES, INC. 9/8/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1526633868 Scorpion Oil & Gas, LLC 9/8/15 Minor Oil Release Crude Oil Corrosion Lea (25)
nJXK1525247959 MEWBOURNE OIL CO 9/6/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1526557088 FAE II Operating LLC 9/6/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1531332890 WPX ENERGY PRODUCTION, LLC 9/5/15 Minor Other Drilling Mud/Fluid Equipment Failure Rio Arriba (39)
nCS1528741646 WPX ENERGY PRODUCTION, LLC 9/5/15 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nAB1525234198 DEVON ENERGY PRODUCTION COMPANY, LP 9/4/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1526556571 J R OIL, LTD. CO. 9/4/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1525251410 BXP Operating, LLC 9/4/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCS1528741396 SIMCOE LLC 9/4/15 Major Release Other Other (Specify) Other San Juan (45)

nAB1526726825 ENTERPRISE PRODUCTS OPERATING, LLC 9/4/15 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1526655307 OXY USA INC 9/3/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526628668 COG PRODUCTION, LLC 9/3/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526056410 BOPCO, L.P. 9/3/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1524749389 BOPCO, L.P. 9/3/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1525734392 LINN OPERATING, LLC. 9/3/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1528729601 CONOCOPHILLIPS COMPANY 9/2/15 Minor Oil Release Condensate Vandalism San Juan (45)
nJXK1524531722 COG OPERATING LLC 9/2/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1526631197 COG OPERATING LLC 9/2/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nCS1528730054 SIMCOE LLC 9/2/15 Produced Water Release Other (Specify) Other San Juan (45)
nJXK1524532304 SOLARIS WATER MIDSTREAM, LLC 9/2/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1524531624 HARVARD PETROLEUM COMPANY, LLC 9/1/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1525748822 EOG Y RESOURCES, INC. 9/1/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1602154539 COG OPERATING LLC 9/1/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1528742272 SIMCOE LLC 9/1/15 Major Oil Release Condensate Corrosion San Juan (45)
nAB1611033115 Acacia Operating Company, LLC 9/1/15 Major Produced Water Release Condensate Overflow - Tank, Pit, Etc. Chaves (05)
nCS1536356199 BURLINGTON RESOURCES OIL & GAS CO 8/31/15 Oil Release Crude Oil Other Rio Arriba (39)
nAB1526548218 COG OPERATING LLC 8/31/15 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1524652333 WPX Energy Permian, LLC 8/31/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1534836019 RESOLUTE NATURAL RESOURCES CO., LLC 8/31/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1524351515 OWL SWD OPERATING, LLC 8/31/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1526033765 8/30/15 Natural Gas Release 0
nAB1526538998 OXY USA INC 8/30/15 Major Oil Release Crude Oil Corrosion Eddy (15)
nCS1535138472 WILLAMS FOUR CORNERS, LLC 8/30/15 Minor Other Other (Specify) Normal Operations San Juan (45)
nAB1526541627 COG OPERATING LLC 8/30/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1525445963 OCCIDENTAL PERMIAN LTD 8/29/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1525227809 EOG RESOURCES INC 8/28/15 Major Produced Water Release Produced Water Lightning Lea (25)
nJXK1524055566 EOG RESOURCES INC 8/28/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1524053994 JOHN H HENDRIX CORP 8/28/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1524557021 PLAINS MARKETING L.P. 8/28/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1524035348 CAMERON OIL & GAS INC 8/28/15 Major Oil Release Crude Oil Lightning Lea (25)
nAB1526540870 COG OPERATING LLC 8/28/15 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1526729204 DE LA SIERRA TRUCKING, INC. 8/28/15 Other Produced Water Other Eddy (15)
nKJ1528038998 Acacia Operating Company, LLC 8/28/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Chaves (05)
nJXK1523955612 DEVON ENERGY PRODUCTION COMPANY, LP 8/27/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1526650929 EOG Y RESOURCES, INC. 8/27/15 Minor Produced Water Release Produced Water Other Eddy (15)
nCS1527333955 SIMCOE LLC 8/27/15 Minor Produced Water Release Produced Water Other San Juan (45)
nJXK1523953591 Avant Operating, LLC 8/27/15 Major Oil Release Crude Oil Lightning Lea (25)
nCS1526630430 Williams Four Corners, LLC 8/27/15 Other Other (Specify) Other San Juan (45)
nKJ1524345298 HARVARD PETROLEUM COMPANY, LLC 8/26/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1526650216 EOG Y RESOURCES, INC. 8/25/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1525948927 COG OPERATING LLC 8/25/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1525735703 BOPCO, L.P. 8/25/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526751237 DEVON ENERGY PRODUCTION COMPANY, LP 8/24/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1526432988 OXY USA INC 8/24/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1526429388 OXY USA INC 8/24/15 Produced Water Release Produced Water Corrosion Eddy (15)
nAB1606352559 CIMAREX ENERGY CO. OF COLORADO 8/24/15 Minor Produced Water Release Produced Water Lightning Eddy (15)
nAB1526142679 COG OPERATING LLC 8/24/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1525928641 SOLARIS WATER MIDSTREAM, LLC 8/24/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1527333726 XTO ENERGY, INC 8/23/15 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJXK1523948079 DUGAN PRODUCTION CORP 8/23/15 Major Oil Release Crude Oil Corrosion Chaves (05)
nJXK1523950930 PENROC OIL CORP 8/23/15 Minor Oil Release Crude Oil Human Error Lea (25)
nJXK1524027116 CONOCO INC 8/22/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJXK1524337760 FULFER OIL & CATTLE LLC 8/22/15 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1523931622 DEVON ENERGY PRODUCTION COMPANY, LP 8/21/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1525749961 BC OPERATING, INC. 8/21/15 Major Oil Release Crude Oil, Produced Water Lightning Lea (25)
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nAB1526136452 Spur Energy Partners LLC 8/21/15 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nAB1526427767 Silverback Operating II, LLC 8/21/15 Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1535534069 ENTERPRISE PRODUCTS OPERATING, LLC 8/21/15 Other Condensate Equipment Failure Eddy (15)
nKJ1523250276 KEVIN O BUTLER & ASSOC INC 8/20/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1523247438 OXY USA INC 8/20/15 Other Lea (25)
nAB1530131232 Spur Energy Partners LLC 8/20/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1524727150 Spur Energy Partners LLC 8/20/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1525234798 EOG Y RESOURCES, INC. 8/19/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1523148502 CONOCOPHILLIPS COMPANY 8/19/15 Oil Release Condensate Vandalism Rio Arriba (39)
nCS1523147692 CONOCOPHILLIPS COMPANY 8/19/15 Oil Release Crude Oil Vandalism Rio Arriba (39)
nJXK1523028211 CHEVRON U S A INC 8/18/15 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nKJ1523125777 KEVIN O BUTLER & ASSOC INC 8/18/15 Minor Produced Water Release Produced Water Equipment Failure Chaves (05)
nVF1535655886 CONOCOPHILLIPS COMPANY 8/18/15 Produced Water Release San Juan (45)
nCS1524540640 CONOCOPHILLIPS COMPANY 8/18/15 Major Oil Release Condensate Vandalism Rio Arriba (39)
nCS1524540525 CONOCOPHILLIPS COMPANY 8/18/15 Major Condensate, Produced Water Vandalism Rio Arriba (39)
nJXK1526649867 COG OPERATING LLC 8/18/15 Major Oil Release Crude Oil, Produced Water Lightning Lea (25)
nCS1524540401 BURLINGTON RESOURCES OIL & GAS CO 8/17/15 Minor Oil Release Condensate, Produced Water Vandalism Rio Arriba (39)
nCS1535239962 ENCANA OIL & GAS (USA) INC. 8/17/15 Oil Release Other (Specify) Other Rio Arriba (39)
nAB1524437916 ENTERPRISE PRODUCTS OPERATING, LLC 8/17/15 Minor Release Other Drilling Mud/Fluid Equipment Failure Eddy (15)
nAB1525131343 CHEVRON U S A INC 8/16/15 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1524339508 EOG RESOURCES INC 8/16/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1524332349 EOG Y RESOURCES, INC. 8/15/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1525936588 FAE II Operating LLC 8/15/15 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nJXK1523052658 RAYBAW Operating, LLC 8/15/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1523135389 K&M RESOURCES LLC 8/15/15 Produced Water Release Produced Water Equipment Failure Eddy (15)
nLEL1522657268 OXY USA INC 8/14/15 Major Produced Water Release Produced Water Corrosion Harding (21)
nCS1524541786 CONOCOPHILLIPS COMPANY 8/14/15 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1523130328 BOPCO, L.P. 8/14/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1523231936 LINN OPERATING, LLC. 8/14/15 Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1523046568 DEVON ENERGY PRODUCTION COMPANY, LP 8/13/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1522937617 BTA OIL PRODUCERS, LLC 8/13/15 Major Produced Water Release Brine Water, Crude Oil Equipment Failure Eddy (15)
nAB1523233540 BOPCO, L.P. 8/13/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1523155412 BOPCO, L.P. 8/13/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1523029751 BOPCO, L.P. 8/13/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1523231042 XTO PERMIAN OPERATING LLC. 8/13/15 Minor Oil Release Crude Oil Corrosion Eddy (15)
nCS1524538849 Williams Four Corners, LLC 8/13/15 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nKJ1522656396 Franklin Mountain Energy 3, LLC 8/12/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1523643297 EOG Y RESOURCES, INC. 8/11/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1524540741 CONOCOPHILLIPS COMPANY 8/11/15 Minor Oil Release Condensate, Produced Water Vandalism Rio Arriba (39)
nAB1524533692 COG OPERATING LLC 8/11/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1534338852 CHEVRON U S A INC 8/10/15 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1522935565 OXY USA INC 8/10/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1526153781 COG OPERATING LLC 8/10/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1522341642 WPX Energy Permian, LLC 8/10/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1524039752 BOPCO, L.P. 8/10/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1522527938 BOPCO, L.P. 8/10/15 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1522439496 BOPCO, L.P. 8/10/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
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nAB1523150769 FRONTIER FIELD SERVICES, LLC 8/10/15 Minor Other Condensate Equipment Failure Eddy (15)
nJXK1523037497 MorningStar Operating LLC 8/10/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1531340624 Pilot Water Solutions SWD LLC 8/10/15 Major Produced Water Release Produced Water Lightning Lea (25)
nKJ1522351787 MATADOR PRODUCTION COMPANY 8/8/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1524552463 COG OPERATING LLC 8/8/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1523133089 BOPCO, L.P. 8/8/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1521954165 PLAINS MARKETING L.P. 8/7/15 Oil Release De Baca (11)
nCS1524540865 CONOCOPHILLIPS COMPANY 8/7/15 Major Oil Release Condensate Vandalism Rio Arriba (39)
nAB1524338360 COG OPERATING LLC 8/7/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1521850090 XTO ENERGY, INC 8/6/15 Natural Gas Release Lea (25)
nAB1522442205 DEVON ENERGY PRODUCTION COMPANY, LP 8/6/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1524541170 WPX ENERGY PRODUCTION, LLC 8/6/15 Minor Produced Water Release Produced Water Human Error Rio Arriba (39)
nCS1524541028 CONOCOPHILLIPS COMPANY 8/6/15 Major Oil Release Condensate, Produced Water Vandalism Rio Arriba (39)
nAB1525130189 Acacia Operating Company, LLC 8/6/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1521753429 EOG Y RESOURCES, INC. 8/5/15 Produced Water Release Lea (25)
nJXK1521729623 EOG Y RESOURCES, INC. 8/5/15 Minor Produced Water Release Produced Water Lea (25)
nCS1524540246 BURLINGTON RESOURCES OIL & GAS CO 8/5/15 Major Oil Release Condensate Vandalism San Juan (45)
nKJ1521954222 PLAINS MARKETING L.P. 8/5/15 Major Oil Release Crude Oil Corrosion Lea (25)
nJXK1526153319 COG OPERATING LLC 8/4/15 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1522226346 BOPCO, L.P. 8/4/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1521626690 Maverick Permian LLC 8/3/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1522926657 OXY USA INC 8/2/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1521847267 OCCIDENTAL PERMIAN LTD 8/2/15 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nJXK1526151802 COG OPERATING LLC 8/2/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1521756095 MEMORIAL PRODUCTION OPERATING, LLC 8/2/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1524429236 Spur Energy Partners LLC 8/2/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1523128352 WPX ENERGY PRODUCTION, LLC 8/1/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS1523127958 WPX ENERGY PRODUCTION, LLC 8/1/15 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Sandoval (43)
nJXK1524327112 COG OPERATING LLC 8/1/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJXK1524743275 KEY ENERGY SERVICES, LLC 7/31/15 Major Oil Release Crude Oil Lea (25)
nCS1523128248 WPX ENERGY PRODUCTION, LLC 7/31/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)

nCS1523031446 ENTERPRISE PRODUCTS OPERATING, LLC 7/31/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1523031141 ENTERPRISE PRODUCTS OPERATING, LLC 7/31/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1522432237 ENTERPRISE PRODUCTS OPERATING, LLC 7/31/15 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nJXK1521133280 MEWBOURNE OIL CO 7/30/15 Major Produced Water Release Produced Water Lightning Lea (25)

nJXK1522333787 EOG Y RESOURCES, INC. 7/30/15 Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Lea (25)

nKJ1522339621 OCCIDENTAL PERMIAN LTD 7/30/15 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nKJ1522339226 OCCIDENTAL PERMIAN LTD 7/30/15 Produced Water Release Lea (25)
nAB1524435232 COG OPERATING LLC 7/30/15 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1521548538 BOPCO, L.P. 7/30/15 Other Other (Specify) Equipment Failure Eddy (15)
nAB1521727876 LONGFELLOW ENERGY, LP 7/30/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1521741553 ENTERPRISE PRODUCTS OPERATING, LLC 7/30/15 Minor Natural Gas Release Natural Gas Liquids Equipment Failure Eddy (15)
nJXK1521026765 OXY USA INC 7/29/15 Other Lea (25)
nJXK1521147061 CIMAREX ENERGY CO. OF COLORADO 7/29/15 Minor Produced Water Release Produced Water Blow Out Lea (25)
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nAB1524437242 COG OPERATING LLC 7/29/15 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1521257588 BOPCO, L.P. 7/29/15 Major Produced Water Release Condensate, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1521255814 ALAMO PERMIAN RESOURCES, LLC 7/29/15 Major Oil Release Crude Oil Lightning Eddy (15)
nAB1521734382 DEVON ENERGY PRODUCTION COMPANY, LP 7/28/15 Major Produced Water Release Produced Water Lightning Eddy (15)
nJXK1521643794 OCCIDENTAL PERMIAN LTD 7/28/15 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1522939771 OXY USA WTP LIMITED PARTNERSHIP 7/28/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1524331109 COG PRODUCTION, LLC 7/28/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1522340496 RILEY PERMIAN OPERATING COMPANY, LLC 7/28/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1523031703 ENTERPRISE PRODUCTS OPERATING, LLC 7/28/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Rio Arriba (39)

nAB1522226828 ENTERPRISE PRODUCTS OPERATING, LLC 7/28/15 Major Other Produced Water Equipment Failure Eddy (15)
nJXK1522927214 OXY USA INC 7/27/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1520849031 OXY USA INC 7/27/15 Natural Gas Release Lea (25)
nAB1526132368 EOG Y RESOURCES, INC. 7/27/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1521256674 CIMAREX ENERGY CO. OF COLORADO 7/27/15 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1521535958 BOPCO, L.P. 7/27/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1528227608 EOG Y RESOURCES, INC. 7/26/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1530140875 CIMAREX ENERGY CO. 7/26/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1520953746 XTO PERMIAN OPERATING LLC. 7/25/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1520955287 DEVON ENERGY PRODUCTION COMPANY, LP 7/24/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1528742881 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/24/15 Other Other (Specify) Other San Juan (45)
nCS1521554890 ENERVEST OPERATING L.L.C. 7/24/15 Minor Oil Release Condensate Corrosion Rio Arriba (39)
nJXK1523026786 COG OPERATING LLC 7/24/15 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1520927462 MEMORIAL PRODUCTION OPERATING, LLC 7/24/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1601935719 OXY USA INC 7/23/15 Other Unknown Other Lea (25)
nJXK1527357407 OXY USA INC 7/23/15 Other Lea (25)
nAB1522941536 OXY USA INC 7/23/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1808232773 EOG Y RESOURCES, INC. 7/23/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1521549139 EOG Y RESOURCES, INC. 7/23/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1520452131 CIMAREX ENERGY CO. OF COLORADO 7/23/15 Major Oil Release Crude Oil Corrosion Lea (25)
nCS1522435760 ENERGEN RESOURCES CORPORATION 7/23/15 Major Fire Lube Oil Equipment Failure Rio Arriba (39)
nCS1520529033 ENTERPRISE PRODUCTS OPERATING, LLC 7/23/15 Natural Gas Release Other (Specify) Other San Juan (45)
nAB1521536722 APACHE CORPORATION 7/22/15 Major Other Acid Equipment Failure Eddy (15)
nJXK1520328322 EOG RESOURCES INC 7/22/15 Major Produced Water Release Produced Water Vandalism Lea (25)
nKJ1523032398 OXY USA INC 7/22/15 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1522951031 COG OPERATING LLC 7/22/15 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1521040274 LINN OPERATING, LLC. 7/22/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1521551196 DOMINION PRODUCTION COMPANY, LLC 7/22/15 Oil Release Other (Specify) Other McKinley (31)
nKJ1523033395 OXY USA INC 7/21/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1521756768 EOG Y RESOURCES, INC. 7/21/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1523125630 COG OPERATING LLC 7/21/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nCS1521552884 High River Resources Operating, LLC 7/21/15 Oil Release Other (Specify) Other Rio Arriba (39)
nJXK1520828061 MEWBOURNE OIL CO 7/20/15 Major Produced Water Release Produced Water Lightning Lea (25)
nJXK1525954951 EOG Y RESOURCES, INC. 7/20/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1523932511 COG OPERATING LLC 7/20/15 Produced Water Release Produced Water Eddy (15)
nAB1521254720 BOPCO, L.P. 7/20/15 Major Oil Release Condensate, Crude Oil Corrosion Eddy (15)
nAB1520553647 BOPCO, L.P. 7/20/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1524750307 DEVON ENERGY PRODUCTION COMPANY, LP 7/19/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
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nJXK1520354698 EOG RESOURCES INC 7/19/15 Major Produced Water Release Produced Water Blow Out Lea (25)
nAB1520442349 MACK ENERGY CORP 7/19/15 Produced Water Release Produced Water Lightning Eddy (15)
nKJ1528657041 CIMAREX ENERGY CO. OF COLORADO 7/19/15 Major Other Condensate Corrosion Lea (25)
nAB1522950454 Permian Resources Operating, LLC 7/19/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1531342931 XTO ENERGY, INC 7/18/15 Natural Gas Release Other (Specify) Other San Juan (45)
nAB1520256930 BOPCO, L.P. 7/18/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1520255917 MEWBOURNE OIL CO 7/17/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1520227540 OXY USA INC 7/17/15 Major Oil Release Crude Oil Human Error Lea (25)
nAB1529331964 BOPCO, L.P. 7/17/15 Produced Water Release Produced Water Other Eddy (15)
nAB1520255168 RAYBAW Operating, LLC 7/17/15 Minor Produced Water Release Produced Water Vandalism Eddy (15)
nJK1528127258 XTO ENERGY, INC 7/16/15 Produced Water Release San Juan (45)
nCS1531343072 XTO ENERGY, INC 7/16/15 Other Other (Specify) Other San Juan (45)
nAB1520435108 DEVON ENERGY PRODUCTION COMPANY, LP 7/16/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1520432614 DEVON ENERGY PRODUCTION COMPANY, LP 7/16/15 Minor Oil Release Crude Oil Corrosion Eddy (15)
nAB1520938509 CIMAREX ENERGY CO. OF COLORADO 7/16/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1522953242 COG OPERATING LLC 7/16/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1523031981 ENTERPRISE PRODUCTS OPERATING, LLC 7/16/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1524737817 Williams Four Corners, LLC 7/16/15 Natural Gas Release Produced Water Corrosion Rio Arriba (39)
nCS1523032924 NM&O 7/16/15 Oil Release Condensate, Crude Oil Equipment Failure Rio Arriba (39)
nAB1520434156 DEVON ENERGY PRODUCTION COMPANY, LP 7/15/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1520254468 EOG RESOURCES INC 7/15/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1535129942 HARVARD PETROLEUM COMPANY, LLC 7/15/15 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nJXK1519638250 OXY USA INC 7/15/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1521538288 COG OPERATING LLC 7/15/15 Major Oil Release Crude Oil Corrosion Eddy (15)
nAB1520253667 BOPCO, L.P. 7/15/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1519752626 Maverick Permian LLC 7/15/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1519747622 Maverick Permian LLC 7/15/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1519547670 COG OPERATING LLC 7/14/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1521253720 COG OPERATING LLC 7/13/15 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1520128523 BOPCO, L.P. 7/13/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1520127947 BOPCO, L.P. 7/13/15 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1520244218 LINN OPERATING, LLC. 7/13/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1520543397 SIMCOE LLC 7/13/15 Major Produced Water Release Produced Water San Juan (45)
nCS1519452678 ADVANCED WIRELESS COMMUNICATIONS, L.L.C. 7/13/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Sandoval (43)

nCS1521555302 ENTERPRISE PRODUCTS OPERATING, LLC 7/13/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1519827440 DEVON ENERGY PRODUCTION COMPANY, LP 7/12/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1520828694 Silverback Operating II, LLC 7/12/15 Minor Oil Release Crude Oil Human Error Eddy (15)
nAB1519733009 HARVARD PETROLEUM COMPANY, LLC 7/11/15 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nAB1520952625 EOG Y RESOURCES, INC. 7/11/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1520932221 EOG Y RESOURCES, INC. 7/11/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1519748730 OCCIDENTAL PERMIAN LTD 7/11/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1521757398 LINN OPERATING, LLC. 7/11/15 Major Oil Release Crude Oil Fire Eddy (15)
nAB1521052096 SOLARIS WATER MIDSTREAM, LLC 7/11/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1521048843 SOLARIS WATER MIDSTREAM, LLC 7/11/15 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1521040816 OXY USA INC 7/10/15 Major Oil Release Crude Oil Corrosion Eddy (15)
nCS1520542780 WPX ENERGY PRODUCTION, LLC 7/10/15 Major Other Other (Specify) Equipment Failure Rio Arriba (39)
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nVF1536436422 Enterprise Field Services, LLC 7/10/15 Other San Juan (45)
nAB1519857428 BOPCO, L.P. 7/10/15 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJXK1520329895 SOUTHWEST ROYALTIES INC 7/9/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1520542383 RODDY PRODUCTION CO INC 7/9/15 Major Fire Crude Oil Lightning Sandoval (43)
nAB1520238826 CIMAREX ENERGY CO. OF COLORADO 7/9/15 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nKJ1519049010 RAYBAW Operating, LLC 7/9/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1520454469 EOG Y RESOURCES, INC. 7/8/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1520958553 COG PRODUCTION, LLC 7/8/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1520954622 COG OPERATING LLC 7/8/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1519632574 BOPCO, L.P. 7/8/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1521042859 OXY USA INC 7/7/15 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJXK1520127211 BRIDGER LOGISTICS, LLC 7/7/15 Minor Oil Release Crude Oil Human Error Lea (25)
nTO1519037598 BXP Operating, LLC 7/7/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1520834022 COG OPERATING LLC 7/6/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1521552026 CCI SAN JUAN LLC 7/6/15 Oil Release Other (Specify) Corrosion San Juan (45)
nTO1518757703 Maverick Permian LLC 7/6/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1520836176 COG OPERATING LLC 7/5/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1519853006 BOPCO, L.P. 7/5/15 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1519652275 ROGER SLAYTON DBA ESCUDILLA OIL COMPANY 7/4/15 Oil Release Crude Oil Equipment Failure Chaves (05)
nAB1519651612 ROGER SLAYTON DBA ESCUDILLA OIL COMPANY 7/4/15 Oil Release Crude Oil Equipment Failure Chaves (05)
nAB1519854325 BOPCO, L.P. 7/4/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1519648727 XTO PERMIAN OPERATING LLC. 7/4/15 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nHMP1519124904 LINN OPERATING, LLC. 7/3/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1531336960 CONOCOPHILLIPS COMPANY 7/2/15 Other Other (Specify) Other Rio Arriba (39)
nAB1520842661 COG OPERATING LLC 7/2/15 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nAB1519640448 BOPCO, L.P. 7/2/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nAB1519449044 ENTERPRISE PRODUCTS OPERATING, LLC 7/2/15 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nCS1521538451 DUGAN PRODUCTION CORP 7/1/15 Produced Water Release Produced Water Other 0
nAPM2319528263 OXY USA INC 7/1/15 Release Other Harding (21)
nAB1525129391 W J SWEATT 7/1/15 Minor Produced Water Release Condensate Lightning Eddy (15)
nAB1520236531 EOG Y RESOURCES, INC. 7/1/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1518233413 OWL SWD OPERATING, LLC 7/1/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nKJ1518138274 EOG RESOURCES INC 6/30/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1520238865 COG OPERATING LLC 6/30/15 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1520549326 COG OPERATING LLC 6/30/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1518155255 BTA OIL PRODUCERS, LLC 6/30/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS1521538651 WESTERN REFINING PIPELINE LLC 6/30/15 Major Oil Release Crude Oil Human Error 0
nAB1520240307 Spur Energy Partners LLC 6/30/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1518951740 SIMCOE LLC 6/30/15 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAB1519556419 XTO PERMIAN OPERATING LLC. 6/30/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1518050170 DEVON ENERGY PRODUCTION COMPANY, LP 6/29/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1519647154 OWL SWD OPERATING, LLC 6/28/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1518142937 Redwood Operating LLC 6/28/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1520254514 COG OPERATING LLC 6/26/15 Major Produced Water Release Produced Water Eddy (15)
nKJ1518948690 XTO PERMIAN OPERATING LLC. 6/26/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1518054044 CIMAREX ENERGY CO. OF COLORADO 6/25/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1517633237 COG OPERATING LLC 6/25/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)

WG Ex. 92

3180



nJXK1520930187 TANDEM ENERGY CORPORATION 6/25/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1520929866 TANDEM ENERGY CORPORATION 6/25/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1518055891 BXP Operating, LLC 6/25/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1523153309 Extex Operating Company 6/25/15 Major Other Diesel Vandalism Eddy (15)
nKJ1517632386 SOLARIS WATER MIDSTREAM, LLC 6/25/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1518149184 RILEY PERMIAN OPERATING COMPANY, LLC 6/25/15 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nKJ1517541266 DEVON ENERGY PRODUCTION COMPANY, LP 6/24/15 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1519848541 OXY USA INC 6/24/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1519828986 OXY USA INC 6/24/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1611932980 CIMAREX ENERGY CO. OF COLORADO 6/24/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1535827090 CONOCOPHILLIPS COMPANY 6/24/15 Produced Water Release San Juan (45)
nJXK1520128433 COG OPERATING LLC 6/24/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1519631494 COG OPERATING LLC 6/24/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1519629103 COG OPERATING LLC 6/24/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1517447251 EOG RESOURCES INC 6/23/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1533528324 BURLINGTON RESOURCES OIL & GAS CO 6/23/15 Release Other Other (Specify) Other San Juan (45)
nCS1532150764 BURLINGTON RESOURCES OIL & GAS CO 6/23/15 Produced Water Release Other (Specify) Other San Juan (45)
nKJ1517428532 COG PRODUCTION, LLC 6/23/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1517434094 FRONTIER FIELD SERVICES, LLC 6/23/15 Minor Natural Gas Release Condensate Equipment Failure Eddy (15)
nAB1518136975 WPX Energy Permian, LLC 6/23/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1518051848 BOPCO, L.P. 6/23/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1519050456 GREAT LAKES PET. TRANS. LLC 6/23/15 Major Oil Release Crude Oil Human Error Lea (25)
nCS1522434321 CONOCOPHILLIPS COMPANY 6/22/15 Oil Release Condensate Other San Juan (45)
nAB1520158982 BAM Permian Operating, LLC 6/22/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1517453233 MorningStar Operating LLC 6/22/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1518142271 XTO PERMIAN OPERATING LLC. 6/22/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1518056243 CIMAREX ENERGY CO. OF COLORADO 6/21/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1518055632 CIMAREX ENERGY CO. OF COLORADO 6/21/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1518141553 CIMAREX ENERGY CO. 6/21/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nJXK1519633884 MATADOR PRODUCTION COMPANY 6/20/15 Minor Oil Release

Condensate, Natural Gas Flared, 
Natural Gas Vented, Crude Oil, 
Produced Water Equipment Failure Lea (25)

nAB1519554769 COG OPERATING LLC 6/20/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1518236508 EOG Y RESOURCES, INC. 6/19/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1519433156 EOG Y RESOURCES, INC. 6/19/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1517037532 COG PRODUCTION, LLC 6/19/15 Oil Release Lea (25)
nHMP1518934319 Civitas Permian Operating, LLC 6/19/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1517357601 MEWBOURNE OIL CO 6/18/15 Major Other Acid Equipment Failure Eddy (15)
nAB1518050116 EOG Y RESOURCES, INC. 6/18/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1522428668 WPX ENERGY PRODUCTION, LLC 6/18/15 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nAB1517441768 CIMAREX ENERGY CO. 6/18/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1518950756 APACHE CORPORATION 6/17/15 Minor Oil Release Crude Oil Human Error Eddy (15)
nKJ1517548438 DEVON ENERGY PRODUCTION COMPANY, LP 6/17/15 Major Produced Water Release Produced Water Human Error Lea (25)
nHMP1518725850 COG OPERATING LLC 6/17/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1517455620 DEVON ENERGY PRODUCTION COMPANY, LP 6/16/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1520940005 DINERO OPERATING CO 6/16/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1519429994 COG OPERATING LLC 6/16/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1517349041 WESTERN REFINING COMPANY, L.P. 6/16/15 Minor Oil Release Crude Oil Human Error Lea (25)
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nAB1517443063 RAYBAW Operating, LLC 6/16/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1518950799 ENTERPRISE PRODUCTS OPERATING, LLC 6/16/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1517027966 DEVON ENERGY PRODUCTION COMPANY, LP 6/15/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nVF1535827984 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/15/15 Produced Water Release San Juan (45)
nCS1531337976 BURLINGTON RESOURCES OIL & GAS CO 6/15/15 Oil Release Other (Specify) Other Rio Arriba (39)
nAB1516756346 CIMAREX ENERGY CO. OF COLORADO 6/15/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1517339929 LINN OPERATING, LLC. 6/15/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1517337233 LINN OPERATING, LLC. 6/15/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1516639322 OWL SWD OPERATING, LLC 6/15/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1516743465 Maverick Permian LLC 6/15/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1517658124 XTO PERMIAN OPERATING LLC. 6/15/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1517037576 WESTERN REFINING COMPANY, L.P. 6/14/15 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1517742106 BURNETT OIL CO INC 6/13/15 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nAB1520554210 XTO ENERGY, INC 6/13/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1516742526 HARVARD PETROLEUM COMPANY, LLC 6/13/15 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1522256800 MEWBOURNE OIL CO 6/13/15 Major Produced Water Release Produced Water Lightning Eddy (15)
nKJ1517351773 OCCIDENTAL PERMIAN LTD 6/13/15 Minor Produced Water Release Produced Water Corrosion Lea (25)

nKJ1517335905 BASIN ALLIANCE LLC 6/13/15 Major Fire
Crude Oil, Produced Water, 
Unknown Lightning Lea (25)

nAB1518157994 Spur Energy Partners LLC 6/13/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1518152971 COG OPERATING LLC 6/12/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1516650966 Maverick Permian LLC 6/12/15 Major Oil Release Crude Oil Equipment Failure Lea (25)

nCS1518952081 ENTERPRISE PRODUCTS OPERATING, LLC 6/12/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nAB1516757810 DEVON ENERGY PRODUCTION COMPANY, LP 6/11/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1518954239 BURLINGTON RESOURCES OIL & GAS CO 6/11/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)

nKJ1517628654 CROWNQUEST OPERATING, LLC 6/11/15 Oil Release Crude Oil
Human Error, Normal 
Operations Lea (25)

nKJ1516252913 DEVON ENERGY PRODUCTION COMPANY, LP 6/10/15 Minor Release Other Gelled Brine (Frac Fluid) Human Error Lea (25)
nKJ1516034806 ARMSTRONG ENERGY CORP 6/9/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nTO1519055552 OWL SWD OPERATING, LLC 6/9/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)

nCS1518952955 ENTERPRISE PRODUCTS OPERATING, LLC 6/9/15 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1535153159 Williams Four Corners, LLC 6/9/15 Major Other Other (Specify) Normal Operations San Juan (45)
nAB1519755043 OXY USA INC 6/8/15 Minor Produced Water Release Crude Oil, Produced Water Vehicular Accident Eddy (15)
nAB1516652299 BOPCO, L.P. 6/8/15 Major Other Brine Water Equipment Failure Eddy (15)
nCS1515956344 DOMINION PRODUCTION COMPANY, LLC 6/8/15 Oil Release Crude Oil Other McKinley (31)
nAB1519833437 Silverback Operating II, LLC 6/8/15 Minor Oil Release Crude Oil Corrosion Eddy (15)

nAB1516226673 ENTERPRISE PRODUCTS OPERATING, LLC 6/8/15 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1517555063 XTO PERMIAN OPERATING LLC. 6/7/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1519757326 OXY USA INC 6/6/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1518126122 CIMAREX ENERGY CO. 6/6/15 Major Produced Water Release Produced Water Other Lea (25)
nAB1516026655 LLJ VENTURES, LLC DBA MARKER OIL & GAS 6/6/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1515645289 COG PRODUCTION, LLC 6/5/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1515642156 COG PRODUCTION, LLC 6/5/15 Major Oil Release Crude Oil Human Error Lea (25)
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nCS1518952648 HILCORP ENERGY COMPANY 6/5/15 Major Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure San Juan (45)

nCS1515555628 MARALEX DISPOSAL, LLC 6/4/15 Produced Water Release Produced Water Other San Juan (45)
nAB1516732273 BOPCO, L.P. 6/4/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1516728054 BOPCO, L.P. 6/4/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1518127937 D J SIMMONS INC 6/3/15 Other Other (Specify) Other San Juan (45)
nAB1515927960 DEVON ENERGY PRODUCTION COMPANY, LP 6/3/15 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1517355354 EOG Y RESOURCES, INC. 6/3/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1516651332 EOG Y RESOURCES, INC. 6/3/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1518038360 6/2/15 Oil Release Eddy (15)
nAB1515656252 MEWBOURNE OIL CO 6/2/15 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nCS1522431099 CONOCOPHILLIPS COMPANY 6/2/15 Oil Release Crude Oil Other Rio Arriba (39)
nAB1518039035 CENTURION PIPELINE L.P. 6/2/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1515356262 Franklin Mountain Energy 3, LLC 6/2/15 Minor Produced Water Release Produced Water Lightning Lea (25)
nAB1515649061 DEVON ENERGY PRODUCTION COMPANY, LP 6/1/15 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1517027403 EOG Y RESOURCES, INC. 6/1/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1518054548 CIMAREX ENERGY CO. OF COLORADO 6/1/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1515255177 FRONTIER FIELD SERVICES, LLC 6/1/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJK1515255965 DUGAN PRODUCTION CORP 5/31/15 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nKJ1516634143 PLAINS MARKETING L.P. 5/31/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS1517350477 WPX ENERGY PRODUCTION, LLC 5/31/15 Minor Produced Water Release Produced Water Human Error San Juan (45)
nAB1515657345 LINN OPERATING, LLC. 5/31/15 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1517753678 COG OPERATING LLC 5/30/15 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nAB1517750812 COG OPERATING LLC 5/30/15 Major Produced Water Release Produced Water Lightning Eddy (15)
nKJ1517026496 OWL SWD OPERATING, LLC 5/30/15 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nAB1516952580 Silverback Operating II, LLC 5/30/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1516653298 DEVON ENERGY PRODUCTION COMPANY, LP 5/29/15 Major Produced Water Release Produced Water Lightning Eddy (15)
nKJ1516031732 DWIGHT A TIPTON 5/29/15 Major Produced Water Release Produced Water Lightning Lea (25)
nKJ1516850129 EOG Y RESOURCES, INC. 5/29/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1516753933 COG OPERATING LLC 5/29/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1517028912 Extex Operating Company 5/29/15 Major Oil Release Crude Oil Lightning Roosevelt (41)
nKJ1518127096 MERIT ENERGY COMPANY, LLC 5/28/15 Major Oil Release Crude Oil Lightning Lea (25)
nAB1519836566 OXY USA INC 5/28/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1517429879 OXY USA INC 5/28/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1520543180 BURLINGTON RESOURCES OIL & GAS CO 5/28/15 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nAB1515334420 CIMAREX ENERGY CO. OF COLORADO 5/28/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1514928914 SUNDOWN ENERGY LP 5/28/15 Oil Release Crude Oil Other Lea (25)
nJXK1519550074 BOPCO, L.P. 5/28/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)

nCS1517350068 ENTERPRISE PRODUCTS OPERATING, LLC 5/28/15 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1516030165 OXY USA WTP LIMITED PARTNERSHIP 5/26/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1514856330 BURLINGTON RESOURCES OIL & GAS CO 5/25/15 Major Oil Release Condensate Equipment Failure San Juan (45)
nKJ1514927842 PRE-ONGARD WELL OPERATOR 5/25/15 Oil Release De Baca (11)
nAB1519652699 ROGER SLAYTON DBA ESCUDILLA OIL COMPANY 5/25/15 Oil Release Crude Oil Equipment Failure Chaves (05)
nAB1515234386 XTO PERMIAN OPERATING LLC. 5/25/15 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nKJ1515231550 DEVON ENERGY PRODUCTION COMPANY, LP 5/24/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1519658495 ROGER SLAYTON DBA ESCUDILLA OIL COMPANY 5/24/15 Oil Release Crude Oil Equipment Failure Chaves (05)
nKJ1517626295 JAY MANAGEMENT COMPANY, LLC 5/24/15 Minor Oil Release Crude Oil, Unknown Equipment Failure Lea (25)
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nMLB1523726911 EOG Y RESOURCES, INC. 5/23/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1516030684 CIMAREX ENERGY CO. 5/23/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1515654190 CIMAREX ENERGY CO. 5/23/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1520541804 BURLINGTON RESOURCES OIL & GAS CO 5/22/15 Major Other Condensate Vandalism San Juan (45)
nKJ1514238259 COG OPERATING LLC 5/22/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1515235015 BOPCO, L.P. 5/22/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1531337454 CONOCOPHILLIPS COMPANY 5/21/15 Oil Release Other (Specify) Other Rio Arriba (39)
nJXK1519650093 OXY USA INC 5/20/15 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1519757987 OXY USA INC 5/20/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1515926763 EOG Y RESOURCES, INC. 5/20/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1514737541 RUBICON OIL & GAS, LLC 5/20/15 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1514635341 BOPCO, L.P. 5/20/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1514047962 Opal Operating Company LLC 5/20/15 Major Produced Water Release Produced Water Lightning Chaves (05)
nKJ1514133492 MEWBOURNE OIL CO 5/19/15 Minor Oil Release Crude Oil Vandalism Lea (25)
nKJ1514128176 MEWBOURNE OIL CO 5/19/15 Minor Oil Release Crude Oil Vandalism Lea (25)
nAB1514250277 MEWBOURNE OIL CO 5/19/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1514143696 Maverick Permian LLC 5/19/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1514252440 RILEY PERMIAN OPERATING COMPANY, LLC 5/19/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1514636338 BOPCO, L.P. 5/18/15 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1514042375 Acacia Operating Company, LLC 5/18/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1514730107 SCOUT ENERGY MANAGEMENT LLC 5/18/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1514042254 RICE OPERATING COMPANY 5/16/15 Major Produced Water Release Produced Water Lightning Lea (25)
nCS1516029888 WPX ENERGY PRODUCTION, LLC 5/16/15 Major Produced Water Release Drilling Mud/Fluid Equipment Failure Rio Arriba (39)
nAB1515229894 LINN OPERATING, LLC. 5/16/15 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1514727866 MorningStar Operating LLC 5/16/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nKJ1514142477 J & J Investments, LLC 5/14/15 Major Oil Release Crude Oil Other Lea (25)
nAB1515955677 RILEY PERMIAN OPERATING COMPANY, LLC 5/14/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1513833261 NADEL AND GUSSMAN PERMIAN, LLC 5/13/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nHMP1515426491 RILEY PERMIAN OPERATING COMPANY, LLC 5/13/15 Produced Water Release Eddy (15)
nAB1514654493 RILEY PERMIAN OPERATING COMPANY, LLC 5/13/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1514151763 ENTERPRISE PRODUCTS OPERATING, LLC 5/12/15 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1516030163 BURLINGTON RESOURCES OIL & GAS CO 5/11/15 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAB1514648735 COG OPERATING LLC 5/11/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1514253266 LINN OPERATING, LLC. 5/11/15 Produced Water Release Crude Oil, Produced Water Vandalism Eddy (15)
nAB1515951992 DEVON ENERGY PRODUCTION COMPANY, LP 5/10/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1514934862 OCCIDENTAL PERMIAN LTD 5/10/15 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1514651908 COG OPERATING LLC 5/9/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1513450970 XTO PERMIAN OPERATING LLC. 5/9/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1518142947 DOMINION PRODUCTION COMPANY, LLC 5/8/15 Oil Release Crude Oil Other McKinley (31)
nCS1518954485 T-N-T ENVIRONMENTAL INC. 5/8/15 Major Fire Crude Oil Human Error Rio Arriba (39)
nAB1514733807 COG OPERATING LLC 5/7/15 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1514727487 COG OPERATING LLC 5/7/15 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1525849193 SIMCOE LLC 5/7/15 Oil Release Other (Specify) Other San Juan (45)
nAB1513157754 DEVON ENERGY PRODUCTION COMPANY, LP 5/6/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1513440441 MACK ENERGY CORP 5/6/15 Major Produced Water Release Produced Water Lightning Lea (25)
nKJ1513251046 FASKEN OIL & RANCH LTD 5/6/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1512636803 EOR OPERATING COMPANY 5/5/15 Major Oil Release Crude Oil Lightning Roosevelt (41)
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nAB1513555180 Spur Energy Partners LLC 5/5/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1512549954 SIMCOE LLC 5/5/15 Release Other Condensate Corrosion San Juan (45)
nAB1513452903 BOPCO, L.P. 5/4/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1513152308 Civitas Permian Operating, LLC 5/4/15 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nKJ1512639867 APACHE CORPORATION 5/3/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1513333641 MorningStar Operating LLC 5/3/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1512630688 Maverick Permian LLC 5/3/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1512627727 Maverick Permian LLC 5/3/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1513441350 XTO PERMIAN OPERATING LLC. 5/3/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nBGB2102934583 CHEVRON E&P 5/2/15 Release Other Lea (25)
nKJ1515451683 CHEVRON U S A INC 5/1/15 Oil Release Crude Oil, Produced Water Normal Operations Lea (25)
nKJ1515353221 CHEVRON U S A INC 5/1/15 Oil Release Crude Oil, Produced Water Normal Operations Lea (25)
nCS1512552805 WESTERN REFINING COMPANY, L.P. 5/1/15 Minor Release Other Other (Specify) Human Error Sandoval (43)
nKJ1512130095 Maverick Permian LLC 4/30/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJK1524538189 BP AMERICA PRODUCTION COMPANY 4/29/15 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1515228638 DEVON ENERGY PRODUCTION COMPANY, LP 4/29/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1512439250 Acacia Operating Company, LLC 4/29/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1512558249 XTO PERMIAN OPERATING LLC. 4/29/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)

nMLB1521930490 ENTERPRISE PRODUCTS OPERATING, LLC 4/29/15 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Normal Operations Eddy (15)

nCS1535237248 BURLINGTON RESOURCES OIL & GAS CO 4/28/15 Oil Release Other (Specify) Other Rio Arriba (39)
nAB1512455138 WPX Energy Permian, LLC 4/28/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1513153734 EOG Y RESOURCES, INC. 4/27/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1513939539 COG OPERATING LLC 4/27/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1512540539 BOPCO, L.P. 4/26/15 Major Produced Water Release Produced Water Vandalism Eddy (15)
nAB1512741077 EOG Y RESOURCES, INC. 4/25/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1513238534 BENSON-MONTIN-GREER DRILLING CORP 4/24/15 Major Oil Release Condensate Corrosion Rio Arriba (39)
nTO1511448139 EOG Y RESOURCES, INC. 4/24/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1512041707 PYOTE WELL SERVICE, LLC 4/24/15 Major Produced Water Release Produced Water Human Error Lea (25)

nCS1513237509 ENTERPRISE PRODUCTS OPERATING, LLC 4/24/15 Major Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1512437681 BOPCO, L.P. 4/23/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nWVJ1511456092 BREITBURN OPERATING LP 4/23/15 Other Other (Specify) Equipment Failure Harding (21)
nCS1517756885 HILCORP ENERGY COMPANY 4/23/15 Oil Release Condensate Other San Juan (45)

nCS1513237838 ENTERPRISE PRODUCTS OPERATING, LLC 4/23/15 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1512650361 ENTERPRISE PRODUCTS OPERATING, LLC 4/23/15 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1512434491 OXY USA INC 4/22/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1513848299 COG PRODUCTION, LLC 4/22/15 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nTO1511353679 MEWBOURNE OIL CO 4/21/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1513155433 EOG Y RESOURCES, INC. 4/21/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1514942480 OXY USA INC 4/20/15 Minor Produced Water Release Produced Water Vandalism Eddy (15)
nTO1511051850 FRONTIER FIELD SERVICES, LLC 4/20/15 Natural Gas Release Lea (25)
nTO1511050783 FRONTIER FIELD SERVICES, LLC 4/20/15 Natural Gas Release Lea (25)
nAB1513453879 COG OPERATING LLC 4/20/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1512157315 BOPCO, L.P. 4/20/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1521548695 DOMINION PRODUCTION COMPANY, LLC 4/20/15 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. McKinley (31)
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nAB1511936338 SOUTHWEST ROYALTIES INC 4/19/15 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1513456141 COG PRODUCTION, LLC 4/19/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1512554868 BOPCO, L.P. 4/19/15 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nTO1511034459 JOHN H HENDRIX CORP 4/18/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1511055057 PHILLIPS PETROLEUM CO 4/17/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKJ1511947406 FRONTIER FIELD SERVICES, LLC 4/17/15 Oil Release Crude Oil Lea (25)
nCS1602631162 HILCORP ENERGY COMPANY 4/17/15 Major Other Other (Specify) Other San Juan (45)
nAB1511437834 DEVON ENERGY PRODUCTION COMPANY, LP 4/16/15 Natural Gas Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1516138730 EOG Y RESOURCES, INC. 4/16/15 Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAB1513137846 COG OPERATING LLC 4/16/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1511729624 DEVON ENERGY PRODUCTION COMPANY, LP 4/15/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nTO1510556739 EOG RESOURCES INC 4/15/15 Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1512134515 OXY USA INC 4/15/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1512155495 OXY USA INC 4/15/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1519658193 ROGER SLAYTON DBA ESCUDILLA OIL COMPANY 4/15/15 Oil Release Crude Oil Equipment Failure Chaves (05)
nAB1519653557 ROGER SLAYTON DBA ESCUDILLA OIL COMPANY 4/15/15 Oil Release Crude Oil Equipment Failure Chaves (05)
nAB1512628954 WESTERN REFINING PIPELINE, LLC 4/15/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1511038592 DEVON ENERGY PRODUCTION COMPANY, LP 4/14/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1511033543 DEVON ENERGY PRODUCTION COMPANY, LP 4/14/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1522352087 BURLINGTON RESOURCES OIL & GAS CO 4/14/15 Other Other (Specify) Other Rio Arriba (39)
nTO1510452746 REGENCY FIELD SERVICES LLC 4/14/15 Other Lea (25)
nCS1512029802 SIMCOE LLC 4/14/15 Oil Release Condensate Other San Juan (45)
nCS1517349609 BURLINGTON RESOURCES OIL & GAS CO 4/13/15 Minor Oil Release Condensate Corrosion Rio Arriba (39)
nAB1511430388 LARRY MARKER DBA MARKER OIL 4/13/15 Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nTO1510344256 OWL SWD OPERATING, LLC 4/13/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS1517452574 SIMCOE LLC 4/13/15 Minor Other Produced Water Vehicular Accident San Juan (45)
nTO1510334242 Maverick Permian LLC 4/13/15 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1511957258 APACHE CORPORATION 4/12/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1528146835 DEVON ENERGY PRODUCTION COMPANY, LP 4/12/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1510542386 DEVON ENERGY PRODUCTION COMPANY, LP 4/11/15 Major Produced Water Release Produced Water Human Error Lea (25)
nJXK1535028737 CIMAREX ENERGY CO. OF COLORADO 4/11/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1510047799 HARVARD PETROLEUM COMPANY, LLC 4/10/15 Minor Produced Water Release Produced Water Corrosion Lea (25)
nTO1510035819 HORSESHOE OPERATING INC. 4/10/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1510651955 BOPCO, L.P. 4/10/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1510042858 G & G OIL AND GAS, LLC 4/10/15 Oil Release 0
nTO1510048955 HOLLY TRANSPORATON, LLC 4/10/15 Major Oil Release Crude Oil Human Error Lea (25)
nTO1510035013 UPLAND PRODUCTION COMPANY 4/10/15 Oil Release Lea (25)
nTO1510028800 OWL SWD OPERATING, LLC 4/10/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nTO1510339826 Empire New Mexico LLC 4/10/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1509933643 DCP OPERATING COMPANY, LP 4/9/15 Minor Natural Gas Release Condensate Equipment Failure Lea (25)
nAB1511738138 Silverback Operating II, LLC 4/9/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1510331239 BOPCO, L.P. 4/8/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1516831333 North Fork Operating, LP 4/8/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1511748740 RILEY PERMIAN OPERATING COMPANY, LLC 4/8/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1722338404 WPX ENERGY PRODUCTION, LLC 4/7/15 Release Other Sandoval (43)
nAB1511048472 CIMAREX ENERGY CO. OF COLORADO 4/7/15 Minor Produced Water Release Produced Water Vandalism Eddy (15)
nHMP1528724853 LINN OPERATING, LLC. 4/7/15 Oil Release Crude Oil, Produced Water Eddy (15)
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nTO1511057106 FAE II Operating LLC 4/7/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)

nCS1518756338 Williams Four Corners, LLC 4/7/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Rio Arriba (39)

nCS1517442299 Williams Four Corners, LLC 4/7/15 Minor Oil Release Condensate Corrosion San Juan (45)
nAB1510028480 DEVON ENERGY PRODUCTION COMPANY, LP 4/6/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1509642813 CIMAREX ENERGY CO. OF COLORADO 4/6/15 Major Oil Release Crude Oil Corrosion Lea (25)
nTO1510449969 APACHE CORPORATION 4/3/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1509335039 CIMAREX ENERGY CO. 4/3/15 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1512854061 COG OPERATING LLC 4/3/15 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1509842223 DEVON ENERGY PRODUCTION COMPANY, LP 4/2/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1512436764 BOPCO, L.P. 4/2/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1515238883 Acacia Operating Company, LLC 4/2/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKL1631933484 EOG RESOURCES INC 4/1/15 Produced Water Release Condensate, Produced Water Vandalism Lea (25)
nAB1509254187 DEVON ENERGY PRODUCTION COMPANY, LP 3/30/15 Produced Water Release Crude Oil, Produced Water Vandalism Eddy (15)
nAB1509249056 DEVON ENERGY PRODUCTION COMPANY, LP 3/30/15 Major Release Other Other (Specify) Eddy (15)
nAB1512156316 OXY USA INC 3/30/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1512056213 OXY USA INC 3/30/15 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1512856211 COG OPERATING LLC 3/30/15 Major Oil Release Crude Oil Fire Eddy (15)
nAB1509336521 BOPCO, L.P. 3/30/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1512035046 LINN OPERATING, LLC. 3/30/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1513456865 COG OPERATING LLC 3/29/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)

nAB1509851503 ENTERPRISE PRODUCTS OPERATING, LLC 3/29/15 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1601151990 EOG Y RESOURCES, INC. 3/28/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1512133049 J R OIL, LTD. CO. 3/28/15 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nKJ1514942919 DEVON ENERGY PRODUCTION COMPANY, LP 3/27/15 Major Release Other Unknown Lea (25)
nTO1508953224 ASPEN OPERATING COMPANY LLC 3/27/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1512029966 BURLINGTON RESOURCES OIL & GAS CO 3/26/15 Major Oil Release Condensate Corrosion Rio Arriba (39)
nCS1509731333 SIMCOE LLC 3/26/15 Oil Release Other (Specify) Other San Juan (45)
nKJ1516249669 Finaly Resources LLC 3/26/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nTO1511157987 OXY USA INC 3/25/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nTO1508438056 COG OPERATING LLC 3/25/15 Minor Oil Release Crude Oil Normal Operations Lea (25)
nTO1508931669 Franklin Mountain Energy 3, LLC 3/25/15 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1509038016 APACHE CORPORATION 3/24/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1508339028 OXY USA INC 3/24/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1509731577 BURLINGTON RESOURCES OIL & GAS CO 3/24/15 Minor Oil Release Condensate Corrosion Rio Arriba (39)
nCS1517442914 WPX ENERGY PRODUCTION, LLC 3/24/15 Minor Produced Water Release Produced Water Human Error Rio Arriba (39)
nAB1509857794 COG OPERATING LLC 3/24/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1508551060 WPX Energy Permian, LLC 3/24/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1508333883 J R OIL, LTD. CO. 3/24/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1508346950 REGENCY FIELD SERVICES LLC 3/24/15 Produced Water Release Lea (25)
nTO1508344498 Maverick Permian LLC 3/24/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1523340857 JFJ LANDFARM LLC 3/24/15 Oil Release Other (Specify) Other San Juan (45)
nAB1510631004 BOPCO, L.P. 3/23/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1508354702 ANADARKO E&P ONSHORE LLC 3/23/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1508257826 OWL SWD OPERATING, LLC 3/23/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)

nCS1512030409 ENTERPRISE PRODUCTS OPERATING, LLC 3/23/15 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

WG Ex. 92

3187



nJXK1520955061 OCCIDENTAL PERMIAN LTD 3/22/15 Major Produced Water Release Produced Water Corrosion Lea (25)
nTO1509142499 J R OIL, LTD. CO. 3/22/15 Minor Oil Release Crude Oil Vandalism Lea (25)

nCS1512030215 ENTERPRISE PRODUCTS OPERATING, LLC 3/22/15 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nJXK1529930426 EOG RESOURCES INC 3/20/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS1522427984 BURLINGTON RESOURCES OIL & GAS CO 3/20/15 Other Other (Specify) Other San Juan (45)
nAB1508251701 DEVON ENERGY PRODUCTION COMPANY, LP 3/19/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)

nAB1509329645 EOG Y RESOURCES, INC. 3/19/15 Minor Produced Water Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Eddy (15)

nAB1509855020 COG OPERATING LLC 3/19/15 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1510636750 BOPCO, L.P. 3/19/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1507836825 OWL SWD OPERATING, LLC 3/19/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1507836361 OWL SWD OPERATING, LLC 3/19/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1509732098 Williams Four Corners, LLC 3/19/15 Minor Oil Release Condensate Equipment Failure Rio Arriba (39)
nAB1508234541 DEVON ENERGY PRODUCTION COMPANY, LP 3/18/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1507942715 DEVON ENERGY PRODUCTION COMPANY, LP 3/18/15 Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1811529351 EOG Y RESOURCES, INC. 3/18/15 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1509055438 Lucid Artesia Company 3/18/15 Minor Other Chemical (Specify) Overflow - Tank, Pit, Etc. Eddy (15)
nTO1507746867 MATADOR PRODUCTION COMPANY 3/18/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nTO1507751303 THREE RIVERS OPERATING COMPANY LLC 3/18/15 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)

nAB1508436016 ENTERPRISE PRODUCTS OPERATING, LLC 3/18/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nTO1507838087 DEVON ENERGY PRODUCTION COMPANY, LP 3/17/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1507653923 EOG Y RESOURCES, INC. 3/17/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nTO1507637256 OWL SWD OPERATING, LLC 3/17/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1509336586 Spur Energy Partners LLC 3/16/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1509747584 BXP Operating, LLC 3/16/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS1512151323 SIMCOE LLC 3/16/15 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1509134562 Extex Operating Company 3/16/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1507941546 XTO PERMIAN OPERATING LLC. 3/16/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1509748369 BXP Operating, LLC 3/15/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1512527460 Permian Resources Operating, LLC 3/15/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1509049752 DEVON ENERGY PRODUCTION COMPANY, LP 3/14/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1507246125 OXY USA INC 3/13/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1507654823 DCP OPERATING COMPANY, LP 3/13/15 Minor Natural Gas Release Condensate Equipment Failure Eddy (15)
nTO1507238089 FAE II Operating LLC 3/13/15 Natural Gas Release Condensate Equipment Failure Lea (25)
nAB1507948548 DEVON ENERGY PRODUCTION COMPANY, LP 3/12/15 Other Other (Specify) Eddy (15)
nCS1509731112 DUGAN PRODUCTION CORP 3/12/15 Minor Oil Release Crude Oil Human Error San Juan (45)
nAB1509054050 EOG Y RESOURCES, INC. 3/12/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1507931084 EOG Y RESOURCES, INC. 3/12/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1512150815 Williams Four Corners, LLC 3/12/15 Major Fire Other (Specify) Human Error San Juan (45)
nAB1507827746 DEVON ENERGY PRODUCTION COMPANY, LP 3/11/15 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1507552530 CLAYTON WILLIAMS ENERGY INC 3/11/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1507554274 BOPCO, L.P. 3/11/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nAB1518227106 ENTERPRISE PRODUCTS OPERATING, LLC 3/11/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1507735960 ENTERPRISE PRODUCTS OPERATING, LLC 3/11/15 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)
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nTO1508342153 EOG RESOURCES INC 3/10/15 Major Produced Water Release Crude Oil Fire Lea (25)
nAB1508555462 COG PRODUCTION, LLC 3/10/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1508345662 Maverick Permian LLC 3/10/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nTO1508255461 APACHE CORPORATION 3/9/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1506934810 MEWBOURNE OIL CO 3/9/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1507730700 CIMAREX ENERGY CO. OF COLORADO 3/9/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1508552342 COG OPERATING LLC 3/8/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1507734844 CIMAREX ENERGY CO. OF COLORADO 3/7/15 Major Produced Water Release Produced Water Corrosion Eddy (15)
nTO1510335664 CHEVRON U S A INC 3/6/15 Minor Produced Water Release Produced Water Lea (25)
nCS1512754741 MERRION OIL & GAS CORP 3/6/15 Release Other Crude Oil Other San Juan (45)

nTO1506431874 EOG Y RESOURCES, INC. 3/5/15 Major Oil Release
Condensate, Crude Oil, Produced 
Water Freeze Lea (25)

nTO1506435580 OCCIDENTAL PERMIAN LTD 3/5/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1508554476 COG OPERATING LLC 3/5/15 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1509037020 APACHE CORPORATION 3/4/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1508646811 BURGUNDY OIL & GAS OF N M INC 3/4/15 Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nTO1508238969 OXY USA INC 3/4/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1508252431 OXY USA INC 3/4/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1506932197 BOPCO, L.P. 3/4/15 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1506928926 BOPCO, L.P. 3/4/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1507736514 DEVON ENERGY PRODUCTION COMPANY, LP 3/3/15 Minor Produced Water Release Produced Water Human Error Lea (25)
nTO1506254261 DEVON ENERGY PRODUCTION COMPANY, LP 3/3/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1506942905 Lucid Artesia Company 3/3/15 Minor Natural Gas Release Natural Gas Liquids Equipment Failure Eddy (15)
nAB1506936841 CIMAREX ENERGY CO. OF COLORADO 3/3/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1506942816 CIMAREX ENERGY CO. 3/3/15 Natural Gas Release Eddy (15)
nAB1506538521 Spur Energy Partners LLC 3/3/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1508333382 Acacia Operating Company, LLC 3/3/15 Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1506431098 Maverick Permian LLC 3/3/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1506430213 Maverick Permian LLC 3/3/15 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)

nCS1509730925 ENTERPRISE PRODUCTS OPERATING, LLC 3/3/15 Major Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure San Juan (45)

nAB1507128737 XTO ENERGY, INC 3/2/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1506440513 EOG RESOURCES INC 3/2/15 Major Produced Water Release Gasoline, Produced Water Equipment Failure Eddy (15)
nTO1506153848 SOUTHERN UNION EXPLORATION CO 3/2/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1506127863 OCCIDENTAL PERMIAN LTD 3/2/15 Major Fire Crude Oil Fire Lea (25)
nTO1506130194 COG PRODUCTION, LLC 3/2/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nTO1508529636 ERNMAR INVESTMENTS, INC. 3/2/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1508334759 Spur Energy Partners LLC 3/2/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1506150812 BXP Operating, LLC 3/2/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1506255588 Maverick Permian LLC 3/2/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1509034470 APACHE CORPORATION 3/1/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1506837856 OXY USA WTP LIMITED PARTNERSHIP 3/1/15 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKJ1514839370 Empire New Mexico LLC 3/1/15 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1506929643 BOPCO, L.P. 2/28/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1505832595 EOG Y RESOURCES, INC. 2/27/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1506838749 OXY USA WTP LIMITED PARTNERSHIP 2/27/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1507940497 COG PRODUCTION, LLC 2/27/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1505836213 CML EXPLORATION, LLC 2/27/15 Minor Oil Release Crude Oil Other Lea (25)
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nTO1506543862 GREAT WESTERN DRILLING CO 2/26/15 Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1506842111 OXY USA WTP LIMITED PARTNERSHIP 2/26/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1505734888 FRONTIER FIELD SERVICES, LLC 2/26/15 Natural Gas Release Condensate Equipment Failure Lea (25)
nAB1703857503 OWL SWD OPERATING, LLC 2/26/15 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nTO1508256061 APACHE CORPORATION 2/25/15 Produced Water Release Lea (25)
nTO1506540337 OXY USA INC 2/25/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1530234949 DEVON ENERGY PRODUCTION COMPANY, LP 2/24/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1505733333 CIMAREX ENERGY CO. OF COLORADO 2/24/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1505731193 CIMAREX ENERGY CO. OF COLORADO 2/24/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1505640182 Maverick Permian LLC 2/24/15 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1516753239 HARVARD PETROLEUM COMPANY, LLC 2/23/15 Major Oil Release Produced Water Equipment Failure Eddy (15)
nAB1507934317 COG OPERATING LLC 2/23/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1506354133 XTO PERMIAN OPERATING LLC. 2/23/15 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1506443259 OXY USA INC 2/22/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1508239951 PLAINS MARKETING L.P. 2/21/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1505130661 EOG RESOURCES INC 2/20/15 Major Produced Water Release Produced Water Vandalism Lea (25)
nKJ1513827926 J & J SERVICE INC 2/20/15 Major Oil Release Crude Oil Vandalism Lea (25)
nCS1528729859 CONOCOPHILLIPS COMPANY 2/20/15 Other Other (Specify) Other San Juan (45)
nCS1527330498 CONOCOPHILLIPS COMPANY 2/20/15 Other Other (Specify) Other 0
nAB1506430295 BOPCO, L.P. 2/20/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1512654537 Permian Resources Operating, LLC 2/20/15 Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1506536208 EOG Y RESOURCES, INC. 2/19/15 Major Release Other Drilling Mud/Fluid Equipment Failure Eddy (15)
nTO1505043618 Avant Operating, LLC 2/19/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)

nCS1507252576 ENTERPRISE PRODUCTS OPERATING, LLC 2/19/15 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nAB1515240134 MACK ENERGY CORP 2/18/15 Minor Produced Water Release Produced Water Human Error Eddy (15)
nTO1504936591 MEWBOURNE OIL CO 2/18/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1504944113 OXY USA INC 2/18/15 Minor Release Other Crude Oil, Produced Water Corrosion Lea (25)
nAB1621048244 EOG Y RESOURCES, INC. 2/18/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1507250108 BURLINGTON RESOURCES OIL & GAS CO 2/18/15 Major Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nCS1524735560 ENTERPRISE PRODUCTS OPERATING, LLC 2/18/15 Minor Oil Release Condensate Corrosion San Juan (45)

nCS1507253264 ENTERPRISE PRODUCTS OPERATING, LLC 2/18/15 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1507252901 ENTERPRISE PRODUCTS OPERATING, LLC 2/18/15 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nTO1506253131 DEVON ENERGY PRODUCTION COMPANY, LP 2/17/15 Minor Produced Water Release Produced Water Vehicular Accident Lea (25)
nAB1505630079 EOG Y RESOURCES, INC. 2/17/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1506442486 OXY USA WTP LIMITED PARTNERSHIP 2/17/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1508254498 APACHE CORPORATION 2/16/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1505133366 EOG Y RESOURCES, INC. 2/16/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nAB1506228797 ENTERPRISE PRODUCTS OPERATING, LLC 2/15/15 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure Eddy (15)

nAB1506955408 Lucid Artesia Company 2/13/15 Minor Natural Gas Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nTO1504427248 SCOUT ENERGY MANAGEMENT LLC 2/13/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1504333287 OXY USA INC 2/12/15 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1504840608 CIMAREX ENERGY CO. 2/12/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1507249843 CONOCOPHILLIPS COMPANY 2/12/15 Minor Oil Release Condensate, Produced Water Corrosion San Juan (45)
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nAB1504355361 COG OPERATING LLC 2/12/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1504835072 WPX Energy Permian, LLC 2/12/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1504834000 WPX Energy Permian, LLC 2/12/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1504841263 BOPCO, L.P. 2/12/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1505026725 LINN OPERATING, LLC. 2/12/15 Major Produced Water Release Produced Water Human Error Eddy (15)
nTO1504249642 EOG Y RESOURCES, INC. 2/11/15 Major Oil Release Crude Oil Human Error Lea (25)
nAB1505531580 EOG Y RESOURCES, INC. 2/11/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1504443216 CROWNQUEST OPERATING, LLC 2/11/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1504443134 CROWNQUEST OPERATING, LLC 2/11/15 Produced Water Release Lea (25)
nCS1522434933 CONOCOPHILLIPS COMPANY 2/11/15 Oil Release Other (Specify) Other San Juan (45)
nAB1504950684 HOLLY ENERGY PARTNERS, LP 2/11/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1504757628 WPX Energy Permian, LLC 2/11/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1504136893 CHEVRON U S A INC 2/10/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1504155429 EOG Y RESOURCES, INC. 2/10/15 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1504255907 DCP OPERATING COMPANY, LP 2/10/15 Major Natural Gas Release Condensate Human Error Lea (25)
nTO1504037080 XTO ENERGY, INC 2/9/15 Major Natural Gas Release Other (Specify) Other Eddy (15)
nAB1504328090 HARVEY E YATES CO 2/9/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1504752023 BOPCO, L.P. 2/9/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1505630869 OWL SWD OPERATING, LLC 2/9/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1723633666 CONOCOPHILLIPS COMPANY 2/8/15 Other Other (Specify) Other San Juan (45)
nAB1505131025 APACHE CORPORATION 2/7/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1506156322 Spur Energy Partners LLC 2/7/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1505734713 Spur Energy Partners LLC 2/7/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1505033265 COG OPERATING LLC 2/6/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1505127312 APACHE CORPORATION 2/5/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1503642450 OXY USA INC 2/5/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1504038900 COG OPERATING LLC 2/5/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1507556864 BXP Operating, LLC 2/5/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1513254193 SIMCOE LLC 2/5/15 Oil Release Other (Specify) Other San Juan (45)
nAB1505030280 Silverback Operating II, LLC 2/5/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1507252223 ENTERPRISE PRODUCTS OPERATING, LLC 2/5/15 Major Oil Release Natural Gas Liquids Corrosion San Juan (45)
nAB1504130316 DEVON ENERGY PRODUCTION COMPANY, LP 2/4/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1505034171 EOG Y RESOURCES, INC. 2/4/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1505530090 Permian Resources Operating, LLC 2/4/15 Minor Other Condensate Equipment Failure Eddy (15)
nAB1504136865 BOPCO, L.P. 2/3/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1505853407 LINN OPERATING, LLC. 2/3/15 Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1522442640 SIMCOE LLC 2/3/15 Oil Release Other (Specify) Other San Juan (45)
nTO1504331017 OCCIDENTAL PERMIAN LTD 2/2/15 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1504139930 BOPCO, L.P. 2/2/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1504353807 EOG Y RESOURCES, INC. 2/1/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1504332592 EOG Y RESOURCES, INC. 2/1/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1503440420 WPX Energy Permian, LLC 2/1/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1503438578 BOPCO, L.P. 2/1/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1503439598 BOPCO, L.P. 1/31/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1504241164 EOG A RESOURCES, INC. 1/30/15 Minor Produced Water Release Produced Water Corrosion Lea (25)
nTO1505736310 FRONTIER FIELD SERVICES, LLC 1/30/15 Natural Gas Release Condensate Equipment Failure Lea (25)
nAB1505628052 Spur Energy Partners LLC 1/30/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nTO1502931100 SOUTHWEST ROYALTIES INC 1/29/15 Oil Release Lea (25)
nTO1502928610 SOUTHWEST ROYALTIES INC 1/29/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1505532992 COG PRODUCTION, LLC 1/29/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1502931220 FRONTIER FIELD SERVICES, LLC 1/29/15 Oil Release Condensate Equipment Failure Chaves (05)
nAB1504838529 COG OPERATING LLC 1/29/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1504756925 COG OPERATING LLC 1/29/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1507241822 DOMINION PRODUCTION COMPANY, LLC 1/29/15 Major Oil Release Crude Oil Equipment Failure McKinley (31)
nAB1503431252 BXP Operating, LLC 1/29/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1510348506 BURLINGTON RESOURCES OIL & GAS CO 1/28/15 Major Oil Release Condensate Corrosion Rio Arriba (39)
nCS1507249176 BURLINGTON RESOURCES OIL & GAS CO 1/28/15 Major Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nAB1503643409 PLAINS MARKETING L.P. 1/28/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1504426150 COG OPERATING LLC 1/28/15 Major Produced Water Release Crude Oil, Produced Water Fire Lea (25)
nTO1502937249 BXP Operating, LLC 1/28/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1502934434 BXP Operating, LLC 1/28/15 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1506439255 DEVON ENERGY PRODUCTION COMPANY, LP 1/27/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1503058380 DEVON ENERGY PRODUCTION COMPANY, LP 1/27/15 Oil Release Crude Oil Other Eddy (15)
nCS1510341635 BURLINGTON RESOURCES OIL & GAS CO 1/27/15 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nCS1507249715 BURLINGTON RESOURCES OIL & GAS CO 1/27/15 Major Oil Release Condensate Corrosion Rio Arriba (39)
nCS1510351984 XTO ENERGY, INC 1/26/15 Major Produced Water Release Produced Water Corrosion San Juan (45)
nTO1502933261 CIMAREX ENERGY CO. OF COLORADO 1/26/15 Major Produced Water Release Produced Water Human Error Lea (25)
nTO1503529184 FRONTIER FIELD SERVICES, LLC 1/26/15 Minor Natural Gas Release Condensate Equipment Failure Lea (25)

nCS1507249522 ENTERPRISE PRODUCTS OPERATING, LLC 1/26/15 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nTO1503728357 APACHE CORPORATION 1/24/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1504348421 COG OPERATING LLC 1/24/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1502726789 BOPCO, L.P. 1/24/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1503448770 Water Energy Services, LLC 1/24/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1504431334 JAY MANAGEMENT COMPANY, LLC 1/23/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1502727312 BOPCO, L.P. 1/23/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1503036705 ENTERPRISE PRODUCTS OPERATING, LLC 1/23/15 Major Release Other Condensate Equipment Failure Lea (25)
nAB1506157520 DEVON ENERGY PRODUCTION COMPANY, LP 1/22/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1507242760 BURLINGTON RESOURCES OIL & GAS CO 1/22/15 Major Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nAB1504054780 WPX Energy Permian, LLC 1/22/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1532334246 HARVARD PETROLEUM COMPANY, LLC 1/21/15 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1504156159 EOG Y RESOURCES, INC. 1/21/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1510053148 FASKEN OIL & RANCH LTD 1/21/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1504133437 MATADOR PRODUCTION COMPANY 1/20/15 Natural Gas Release Eddy (15)
nTO1502938832 RUBEN PEREZ DBA RGS TRUCKING 1/20/15 Major Produced Water Release Produced Water Other Lea (25)
nAB1502840360 BURNETT OIL CO INC 1/19/15 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nTO1503655515 OCCIDENTAL PERMIAN LTD 1/19/15 Major Produced Water Release Produced Water Corrosion Lea (25)
nTO1503643982 TANDEM ENERGY CORPORATION 1/19/15 Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1507248615 ENTERPRISE PRODUCTS OPERATING, LLC 1/19/15 Minor Oil Release Natural Gas Liquids Freeze Rio Arriba (39)
nTO1503042807 EOG RESOURCES INC 1/18/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1507248091 CONOCOPHILLIPS COMPANY 1/17/15 Major Oil Release Condensate Corrosion Rio Arriba (39)
nTO1503426996 SOLARIS WATER MIDSTREAM, LLC 1/17/15 Major Produced Water Release Produced Water Lea (25)
nAB1502026861 MACK ENERGY CORP 1/16/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1504127715 EOG Y RESOURCES, INC. 1/16/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1501556382 APACHE CORPORATION 1/15/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nAB1502034968 DEVON ENERGY PRODUCTION COMPANY, LP 1/15/15 Release Other Condensate Equipment Failure Eddy (15)
nCS1507241529 BURLINGTON RESOURCES OIL & GAS CO 1/15/15 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nTO1501536749 COG OPERATING LLC 1/15/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAB1502354916 BOPCO, L.P. 1/15/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1502248625 APACHE CORPORATION 1/14/15 Major Produced Water Release Produced Water Other Lea (25)
nTO1502927174 PYOTE WELL SERVICE, LLC 1/14/15 Minor Produced Water Release Produced Water Human Error Lea (25)
nTO1501356776 EOG Y RESOURCES, INC. 1/13/15 Major Produced Water Release Produced Water Freeze Lea (25)
nTO1501330484 CONOCOPHILLIPS COMPANY 1/13/15 Major Fire 0
nTO1501329253 Spur Energy Partners LLC 1/13/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1501441507 DEVON ENERGY PRODUCTION COMPANY, LP 1/12/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1502633538 BOPCO, L.P. 1/12/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1503428101 REGENCY FIELD SERVICES LLC 1/11/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1501549726 OXY USA INC 1/10/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1510348095 BURLINGTON RESOURCES OIL & GAS CO 1/10/15 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nAB1503649290 OXY USA WTP LIMITED PARTNERSHIP 1/10/15 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1503426578 REGENCY FIELD SERVICES LLC 1/10/15 Other Condensate Human Error Eddy (15)

nAB1503038538 Spur Energy Partners LLC 1/10/15 Minor Produced Water Release
Drilling Mud/Fluid, Produced 
Water Equipment Failure Eddy (15)

nAB1501435160 EOG Y RESOURCES, INC. 1/9/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1500927885 COG PRODUCTION, LLC 1/9/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nTO1500939888 MorningStar Operating LLC 1/9/15 Major Oil Release Crude Oil Freeze Lea (25)
nTO1501240426 Maverick Permian LLC 1/9/15 Minor Oil Release Crude Oil Freeze Lea (25)
nTO1500934484 Maverick Permian LLC 1/9/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1500834175 HARVEY E YATES CO 1/8/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1500855933 TEXLAND PETROLEUM-HOBBS, LLC 1/8/15 Major Produced Water Release Produced Water Freeze 0
nTO1500855155 TEXLAND PETROLEUM-HOBBS, LLC 1/8/15 Minor Produced Water Release Produced Water Freeze 0
nTO1501548835 CIMAREX ENERGY CO. OF COLORADO 1/8/15 Major Produced Water Release Produced Water Equipment Failure, Freeze Lea (25)
nTO1500835173 CIMAREX ENERGY CO. 1/8/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nTO1500829839 REGENCY FIELD SERVICES LLC 1/8/15 Produced Water Release Produced Water 0
nTO1500732418 CHEVRON U S A INC 1/7/15 Minor Oil Release Lube Oil Vehicular Accident 0
nAB1503433547 OXY USA INC 1/7/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1501539722 EOG Y RESOURCES, INC. 1/7/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1500730943 CIMAREX ENERGY CO. 1/7/15 Major Oil Release Crude Oil Human Error Lea (25)
nAB1501655607 WPX Energy Permian, LLC 1/7/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1500941037 Spur Energy Partners LLC 1/7/15 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1500729893 J & J Investments, LLC 1/7/15 Major Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1600630012 DEVON ENERGY PRODUCTION COMPANY, LP 1/6/15 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1503551225 Lucid Artesia Company 1/6/15 Major Other Condensate Equipment Failure Chaves (05)
nTO1500937000 FASKEN OIL & RANCH LTD 1/6/15 Major Release Other Condensate Freeze Lea (25)
nTO1500638938 CIMAREX ENERGY CO. 1/6/15 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAB1500755995 LINN OPERATING, LLC. 1/6/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1500728058 ZIA WATER, LLLP 1/6/15 Produced Water Release Produced Water Vandalism Lea (25)
nAB1503352699 Spur Energy Partners LLC 1/6/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1502637829 MR NM Operating LLC 1/6/15 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1500942741 OXY USA WTP LIMITED PARTNERSHIP 1/5/15 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1507241048 HPOC, LLC 1/5/15 Minor Produced Water Release Produced Water Equipment Failure Sandoval (43)
nTO1500556648 BXP Operating, LLC 1/5/15 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1502037424 Permian Resources Operating, LLC 1/5/15 Minor Oil Release Crude Oil Freeze Eddy (15)
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nAB1503626650 DUKE ENERGY FIELD SERVICES SOUTHWEST, INC. 1/4/15 Minor Other Condensate Equipment Failure Eddy (15)
nAB1503341472 COG OPERATING LLC 1/4/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1501550854 ROSWELL OPERATING, LLC 1/4/15 Major Fire Produced Water Fire Lea (25)
nTO1501432357 BAM Permian Operating, LLC 1/4/15 Minor Oil Release Crude Oil Freeze Chaves (05)
nTO1500935732 Maverick Permian LLC 1/4/15 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nTO1500757228 APACHE CORPORATION 1/3/15 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1510339643 DUGAN PRODUCTION CORP 1/3/15 Major Produced Water Release Produced Water Freeze San Juan (45)
nCS1623236862 ROBERT L BAYLESS PRODUCER LLC 1/3/15 Other Other (Specify) Other San Juan (45)
nAB1501328737 BOPCO, L.P. 1/3/15 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1503741750 ENCANA OIL & GAS (USA) INC. 1/2/15 Minor Oil Release Crude Oil Freeze San Juan (45)
nAB1506435605 DEVON ENERGY PRODUCTION COMPANY, LP 1/1/15 Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1502141294 COG OPERATING LLC 1/1/15 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1502140468 Spur Energy Partners LLC 1/1/15 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1501233524 BXP Operating, LLC 1/1/15 Minor Produced Water Release Produced Water Freeze Lea (25)
nVF1907328394 SIMCOE LLC 1/1/15 Other Produced Water Other San Juan (45)
nAB1500934959 Silverback Operating II, LLC 1/1/15 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1500738416 APACHE CORPORATION 12/31/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1500828256 EOG Y RESOURCES, INC. 12/31/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1500542439 TEXLAND PETROLEUM-HOBBS, LLC 12/31/14 Major Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nAB1501438658 COG OPERATING LLC 12/31/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1500738356 Maverick Permian LLC 12/31/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1510349261 ELM RIDGE EXPLORATION COMPANY LLC 12/30/14 Minor Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nCS1503739598 ELM RIDGE EXPLORATION COMPANY LLC 12/30/14 Minor Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nTO1500534087 GRAND BANKS ENERGY CO 12/30/14 Major Oil Release Other (Specify) Equipment Failure Lea (25)

nCS1512033866 ENTERPRISE PRODUCTS OPERATING, LLC 12/30/14 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1507241314 ENTERPRISE PRODUCTS OPERATING, LLC 12/30/14 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1506434756 DEVON ENERGY PRODUCTION COMPANY, LP 12/29/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1501440160 EOG Y RESOURCES, INC. 12/29/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1507240705 BURLINGTON RESOURCES OIL & GAS CO 12/29/14 Major Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nAPM2321239049 REGENCY FIELD SERVICES, LLC 12/29/14 Natural Gas Release Lea (25)
nTO1500735303 Maverick Permian LLC 12/29/14 Minor Oil Release Crude Oil Lea (25)
nCS1508235627 WPX ENERGY PRODUCTION, LLC 12/27/14 Major Produced Water Release Produced Water Human Error Rio Arriba (39)
nTO1500655577 CAZA OPERATING, LLC 12/25/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1501255875 BOPCO, L.P. 12/25/14 Major Produced Water Release Produced Water Human Error Eddy (15)

nCS1503751813 CONOCOPHILLIPS COMPANY 12/22/14 Minor Natural Gas Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Vandalism Rio Arriba (39)

nAB1435729198 COG OPERATING LLC 12/22/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1436357039 HARVARD PETROLEUM COMPANY, LLC 12/21/14 Major Other Other (Specify) Fire Eddy (15)
nAB1436354278 BOPCO, L.P. 12/21/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1502857017 MEMORIAL PRODUCTION OPERATING, LLC 12/21/14 Oil Release Eddy (15)
nAB1501442511 Spur Energy Partners LLC 12/21/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1500736485 DEVON ENERGY PRODUCTION COMPANY, LP 12/20/14 Major Fire Unknown Fire Eddy (15)
nVF1600840113 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/20/14 Release Other San Juan (45)
nTO1435327826 PLAINS PETROLEUM OPER CO 12/19/14 Minor Oil Release Crude Oil Corrosion Lea (25)
nTO1435326446 EOG Y RESOURCES, INC. 12/19/14 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2134932726 Enterprise Field Services, LLC 12/19/14 Major Release Other Condensate Other Eddy (15)
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nTO1500535870 NADEL AND GUSSMAN HEYCO, LLC 12/19/14 Major Produced Water Release Produced Water Vandalism Lea (25)
nAB1501227217 ENTERPRISE PRODUCTS OPERATING, LLC 12/19/14 Minor Release Other Condensate Equipment Failure Lea (25)
nAB1501242084 OXY USA INC 12/18/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1435249721 SOUTHWEST ROYALTIES INC 12/18/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1435727714 COG OPERATING LLC 12/18/14 Major Fire Other (Specify) Fire Eddy (15)
nCS1503741454 ENCANA OIL & GAS (USA) INC. 12/18/14 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nAB1501254630 Spur Energy Partners LLC 12/18/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1435733652 BURNETT OIL CO INC 12/17/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1435156547 MARK L SHIDLER INC 12/17/14 Major Produced Water Release Condensate, Produced Water Equipment Failure Lea (25)
nTO1435150405 XOG OPERATING LLC 12/17/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1435153856 LEGACY RESERVES OPERATING, LP 12/17/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1435143438 Spur Energy Partners LLC 12/17/14 Major Oil Release Crude Oil Fire Lea (25)
nCS1503639908 XTO ENERGY, INC 12/16/14 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nTO1435029870 EOG RESOURCES INC 12/16/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1435040833 SOUTHWEST ROYALTIES INC 12/16/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1435036614 BOPCO, L.P. 12/16/14 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1501541211 OXY USA INC 12/15/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1434937343 PLAINS PETROLEUM OPER CO 12/15/14 Minor Oil Release Crude Oil Equipment Failure 0
nTO1434951716 READ & STEVENS INC 12/15/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1434944429 SOUTHERN UNION EXPLORATION CO 12/15/14 Minor Produced Water Release Produced Water Equipment Failure 0
nCS1533529070 BURLINGTON RESOURCES OIL & GAS CO 12/15/14 Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nAB1435732889 BOPCO, L.P. 12/15/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1434945623 RESOLUTE NATURAL RESOURCES CO., LLC 12/15/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1503738901 ENTERPRISE PRODUCTS OPERATING, LLC 12/15/14 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nAB1435357246 APACHE CORPORATION 12/14/14 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1502058269 Blackbuck New Mexico LLC 12/14/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1411848696 ENTERPRISE PRODUCTS OPERATING, LLC 12/13/14 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure San Juan (45)

nAB1435049621 OXY USA INC 12/12/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1434643354 ECLIPSE OIL & GAS, INC. 12/12/14 Produced Water Release Produced Water Human Error Lea (25)
nTO1501231968 COG OPERATING LLC 12/12/14 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1435036006 BOPCO, L.P. 12/12/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nTO1434544342 DEVON ENERGY PRODUCTION COMPANY, LP 12/11/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1435728275 Spur Energy Partners LLC 12/11/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1501255135 SIMCOE LLC 12/11/14 Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1500649924 Silverback Operating II, LLC 12/11/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1511738822 Williams Four Corners, LLC 12/11/14 Minor Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion San Juan (45)

nCS1501332454 Williams Four Corners, LLC 12/11/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion San Juan (45)

nTO1434433356 MATADOR PRODUCTION COMPANY 12/10/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1434438865 COG OPERATING LLC 12/10/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1434436685 COG OPERATING LLC 12/10/14 Produced Water Release Lea (25)
nTO1434428621 COG OPERATING LLC 12/10/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nCS1501339487 CCI SAN JUAN LLC 12/10/14 Minor Natural Gas Release Natural Gas Liquids Corrosion San Juan (45)
nTO1434429856 CENTENNIAL RESOURCE PRODUCTION, LLC 12/10/14 Minor Oil Release Crude Oil Freeze Lea (25)
nTO1434354362 COG PRODUCTION, LLC 12/9/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
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nTO1434352664 REGENCY FIELD SERVICES LLC 12/9/14 Produced Water Release Produced Water Lea (25)
nCS1501242807 ARP PRODUCTION COMPANY, LLC 12/9/14 Minor Produced Water Release Produced Water Freeze Colfax (07)

nCS1503738704 ENTERPRISE PRODUCTS OPERATING, LLC 12/9/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nTO1434234516 APACHE CORPORATION 12/8/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1434242046 SOUTHERN UNION EXPLORATION CO 12/8/14 Natural Gas Release Natural Gas Liquids 0
nTO1434252950 MATADOR PRODUCTION COMPANY 12/8/14 Major Oil Release Crude Oil Freeze Lea (25)
nAB1435050931 BOPCO, L.P. 12/8/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1435354373 Spur Energy Partners LLC 12/7/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1506153395 SOUTHERN UNION EXPLORATION CO 12/5/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1434929438 SOUTHERN UNION EXPLORATION CO 12/5/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1434929045 SOUTHERN UNION EXPLORATION CO 12/5/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1434432040 DCP OPERATING COMPANY, LP 12/5/14 Minor Natural Gas Release Condensate Equipment Failure Lea (25)
nCS1501231748 ENTERPRISE PRODUCTS OPERATING, LLC 12/5/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1500639675 LINN OPERATING, LLC. 12/4/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1434450914 Earthstone Operating, LLC 12/4/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1435042878 XTO PERMIAN OPERATING LLC. 12/4/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1434452409 XTO ENERGY, INC 12/3/14 Natural Gas Release Other (Specify) Other Eddy (15)
nAB1433855615 DEVON ENERGY PRODUCTION COMPANY, LP 12/3/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1435037409 BOPCO, L.P. 12/3/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1433955125 Spur Energy Partners LLC 12/2/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1434346107 Maverick Permian LLC 12/1/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1434239189 COG OPERATING LLC 11/30/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1434631735 Copper Ridge Resources, LLC 11/29/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1502248962 APACHE CORPORATION 11/28/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1434939612 EOG Y RESOURCES, INC. 11/28/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1500554461 COG OPERATING LLC 11/26/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1434436724 COG OPERATING LLC 11/26/14 Major Produced Water Release Crude Oil, Produced Water Fire Lea (25)
nAB1433955644 COG OPERATING LLC 11/26/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1504231427 WESTERN REFINING COMPANY, L.P. 11/25/14 Major Oil Release Crude Oil Equipment Failure 0
nAB1435732150 DEVON ENERGY PRODUCTION COMPANY, LP 11/24/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1432841496 EOG Y RESOURCES, INC. 11/24/14 Minor Produced Water Release Produced Water Freeze Lea (25)
nAB1433649950 COG OPERATING LLC 11/24/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1433051541 BOPCO, L.P. 11/24/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1433629834 SIMCOE LLC 11/24/14 Oil Release Condensate Equipment Failure San Juan (45)
nAB1433035436 BURNETT OIL CO INC 11/23/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1506437854 DEVON ENERGY PRODUCTION COMPANY, LP 11/23/14 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1433727704 EOG Y RESOURCES, INC. 11/22/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1433941085 COG OPERATING LLC 11/22/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1432936692 WPX Energy Permian, LLC 11/22/14 Major Produced Water Release Produced Water Other Eddy (15)
nTO1432537403 CIMAREX ENERGY CO. 11/21/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1433049483 BOPCO, L.P. 11/21/14 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nTO1432553976 RAYBAW Operating, LLC 11/21/14 Minor Other Drilling Mud/Fluid Equipment Failure Lea (25)
nAB1433649200 Silverback Operating II, LLC 11/21/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1434354515 COG OPERATING LLC 11/20/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1434629323 OXY USA INC 11/19/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1432552641 DEVON ENERGY PRODUCTION COMPANY, LP 11/18/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nTO1432253685 MEWBOURNE OIL CO 11/18/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
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nTO1432233868 OXY USA INC 11/18/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nAB1432551444 CIMAREX ENERGY CO. OF COLORADO 11/18/14 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nAB1433050646 BOPCO, L.P. 11/18/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1432550182 Spur Energy Partners LLC 11/18/14 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1433654072 APACHE CORPORATION 11/17/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1432826765 DEVON ENERGY PRODUCTION COMPANY, LP 11/17/14 Minor Other Drilling Mud/Fluid Overflow - Tank, Pit, Etc. Eddy (15)
nAB1510640722 FAIR OIL LTD 11/17/14 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1435032750 CIMAREX ENERGY CO. OF COLORADO 11/17/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1434455362 Permian Resources Operating, LLC 11/17/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1433751685 EOG Y RESOURCES, INC. 11/16/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)

nCS1500854295 WPX ENERGY PRODUCTION, LLC 11/16/14 Major Produced Water Release
Chemical (Specify), Produced 
Water Human Error Rio Arriba (39)

nAB1432439096 BOPCO, L.P. 11/16/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1431853536 HARVARD PETROLEUM COMPANY, LLC 11/14/14 Major Produced Water Release Produced Water Corrosion Chaves (05)
nCS1503656045 RODDY PRODUCTION CO INC 11/14/14 Major Oil Release Crude Oil Human Error Sandoval (43)

nMLB1433052969 Lucid Artesia Company 11/14/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Eddy (15)

nTO1431853076 CIMAREX ENERGY CO. OF COLORADO 11/14/14 Major Produced Water Release Produced Water Human Error Lea (25)
nTO1431831520 CONOCOPHILLIPS COMPANY 11/14/14 Minor Release Other Drilling Mud/Fluid Human Error Lea (25)
nAB1432442278 BOPCO, L.P. 11/14/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1432357675 BOPCO, L.P. 11/14/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1431854073 Stanolind Permian LLC 11/14/14 Minor Oil Release Crude Oil Corrosion Lea (25)
nTO1431754207 APACHE CORPORATION 11/13/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1433539845 APACHE CORPORATION 11/13/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1501253527 XTO ENERGY, INC 11/13/14 Oil Release
Natural Gas Liquids, Produced 
Water Overflow - Tank, Pit, Etc. San Juan (45)

nAB1433652494 COG OPERATING LLC 11/13/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nTO1433042361 J R OIL, LTD. CO. 11/13/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1431855525 BOPCO, L.P. 11/13/14 Major Oil Release Crude Oil Fire Eddy (15)
nAB1435357865 APACHE CORPORATION 11/12/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1431647649 EOG RESOURCES INC 11/12/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1510341073 Williams Four Corners, LLC 11/12/14 Oil Release Condensate, Produced Water Other San Juan (45)
nTO1431630731 LINN OPERATING, LLC. 11/11/14 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1432451664 KEY ENERGY SERVICES, LLC 11/10/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1431737250 V-F PETROLEUM INC 11/10/14 Minor Oil Release Crude Oil Corrosion Eddy (15)
nTO1431455585 OXY USA WTP LIMITED PARTNERSHIP 11/10/14 Major Oil Release Crude Oil Equipment Failure 0
nTO1431443052 CAMBRIAN MANAGEMENT LTD 11/10/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1431650115 WPX Energy Permian, LLC 11/10/14 Major Produced Water Release Produced Water Other Eddy (15)
nTO1431449048 J R OIL, LTD. CO. 11/10/14 Minor Oil Release Crude Oil Corrosion Lea (25)
nTO1431629657 DEVON ENERGY PRODUCTION COMPANY, LP 11/9/14 Minor Release Other Drilling Mud/Fluid Blow Out Lea (25)
nAB1432353445 DEVON ENERGY PRODUCTION COMPANY, LP 11/9/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1434553064 Franklin Mountain Energy 3, LLC 11/9/14 Minor Oil Release Crude Oil Human Error Lea (25)
nAB1431649266 RILEY PERMIAN OPERATING COMPANY, LLC 11/9/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nAB1508236840 ENTERPRISE PRODUCTS OPERATING, LLC 11/9/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1431643048 MEWBOURNE OIL CO 11/8/14 Major Oil Release Crude Oil Other Eddy (15)
nTO1431439557 MorningStar Operating LLC 11/8/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
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nAB1532130874 ENTERPRISE PRODUCTS OPERATING, LLC 11/8/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nAB1508235820 ENTERPRISE PRODUCTS OPERATING, LLC 11/8/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nTO1431146814 EOG Y RESOURCES, INC. 11/7/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1434456341 OXY USA WTP LIMITED PARTNERSHIP 11/7/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1432355958 BOPCO, L.P. 11/7/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1601334131 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/6/14 Release Other Rio Arriba (39)
nAB1432250434 OXY USA INC 11/6/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1431046660 CONOCOPHILLIPS COMPANY 11/6/14 Minor Oil Release Crude Oil Corrosion 0
nCS1508235105 XTO ENERGY, INC 11/5/14 Other Other (Specify) Other San Juan (45)
nAB1433650924 COG PRODUCTION, LLC 11/5/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1430850577 DEVON ENERGY PRODUCTION COMPANY, LP 11/4/14 Minor Other Drilling Mud/Fluid Human Error Lea (25)
nAB1432326800 OXY USA INC 11/4/14 Minor Produced Water Release Crude Oil, Produced Water Blow Out Eddy (15)
nTO1430851126 ZACHARY OIL OPERATING CO 11/4/14 Produced Water Release Lea (25)
nTO1430835587 BXP Operating, LLC 11/4/14 Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1501334438 SIMCOE LLC 11/4/14 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)

nAB1430835790 ENTERPRISE PRODUCTS OPERATING, LLC 11/4/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Eddy (15)

nTO1430737767 APACHE CORPORATION 11/3/14 Release Other Lea (25)
nAB1431051803 APACHE CORPORATION 11/3/14 Minor Produced Water Release Produced Water Other Eddy (15)
nAB1432249850 OXY USA INC 11/3/14 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nTO1430749936 SOUTHERN UNION GAS COMPANY 11/3/14 Minor Oil Release Crude Oil Equipment Failure 0
nAB1520937991 CIMAREX ENERGY CO. OF COLORADO 11/3/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1432352004 CIMAREX ENERGY CO. OF COLORADO 11/3/14 Major Produced Water Release Produced Water Corrosion Eddy (15)

nAB1431639646 CONOCOPHILLIPS COMPANY 11/3/14 Major Other
Crude Oil, Other (Specify), 
Produced Water Equipment Failure Eddy (15)

nAB1431856658 BOPCO, L.P. 11/3/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1434248801 DLJ EQUIPMENT LEASING LTD. CO. 11/3/14 Major Produced Water Release Produced Water Lightning Lea (25)
nTO1430753798 CROSS TIMBERS ENERGY, LLC 11/3/14 Minor Other Crude Oil Human Error Lea (25)
nTO1430736266 REGENCY FIELD SERVICES LLC 11/3/14 Produced Water Release Produced Water 0
nTO1431128762 MorningStar Operating LLC 11/2/14 Major Produced Water Release Produced Water Lea (25)
nAB1430856630 MEWBOURNE OIL CO 11/1/14 Major Oil Release Crude Oil Vandalism Eddy (15)
nAB1430854045 MEWBOURNE OIL CO 11/1/14 Major Oil Release Crude Oil Vandalism Eddy (15)
nTO1430727085 MorningStar Operating LLC 10/31/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1430726307 MorningStar Operating LLC 10/31/14 Major Produced Water Release Produced Water Lea (25)
nTO1430450720 Maverick Permian LLC 10/31/14 Major Produced Water Release Produced Water Lea (25)
nTO1430434559 Maverick Permian LLC 10/31/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1430728488 CENTENNIAL RESOURCE PRODUCTION, LLC 10/31/14 Major Oil Release Crude Oil Human Error Lea (25)
nJK1425429811 WESTERN REFINING COMPANY, L.P. 10/30/14 Minor Release Other Other (Specify) Equipment Failure Sandoval (43)
nTO1430248950 APACHE CORPORATION 10/29/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1432342160 COG OPERATING LLC 10/29/14 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1432327599 COG OPERATING LLC 10/29/14 Produced Water Release Eddy (15)
nAB1432352627 OWL SWD OPERATING, LLC 10/29/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1430728086 RAYBAW Operating, LLC 10/29/14 Minor Oil Release Crude Oil Corrosion Eddy (15)

nCS1508252724 ENTERPRISE PRODUCTS OPERATING, LLC 10/29/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)
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nCS1500530451 ENTERPRISE PRODUCTS OPERATING, LLC 10/29/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nTO1431643418 COG OPERATING LLC 10/28/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1503648346 ENTERPRISE PRODUCTS OPERATING, LLC 10/28/14 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1500549752 ENTERPRISE PRODUCTS OPERATING, LLC 10/28/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nJK1431655652 XTO ENERGY, INC 10/27/14 Major Fire Condensate Vandalism San Juan (45)
nCS1500854882 XTO ENERGY, INC 10/27/14 Major Fire Condensate Vandalism San Juan (45)
nTO1430053203 CONOCOPHILLIPS COMPANY 10/27/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1500832261 XTO ENERGY, INC 10/24/14 Produced Water Release Produced Water Other San Juan (45)
nAB1430737555 EOG Y RESOURCES, INC. 10/24/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1429748421 CIMAREX ENERGY CO. 10/24/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1510342996 CONOCOPHILLIPS COMPANY 10/24/14 Other Other (Specify) Other Rio Arriba (39)
nTO1429631664 OXY USA INC 10/23/14 Produced Water Release Produced Water Lea (25)
nTO1429629273 OXY USA INC 10/23/14 Produced Water Release 0
nAB1432234636 OXY USA INC 10/23/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1429655452 BURNETT OIL CO INC 10/22/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1430942578 HUNT CIMARRON LIMITED PARTNERSHIP 10/22/14 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nTO1430454461 TANDEM ENERGY CORPORATION 10/22/14 Produced Water Release Produced Water Lea (25)
nCS1500829235 XTO ENERGY, INC 10/21/14 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nTO1429725844 SHACKELFORD OIL CO 10/21/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nTO1429357089 APACHE CORPORATION 10/20/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1432239370 OXY USA INC 10/20/14 Major Produced Water Release Produced Water Corrosion Lea (25)
nTO1429333147 OXY USA INC 10/20/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1429439811 DCP OPERATING COMPANY, LP 10/20/14 Minor Other Condensate Equipment Failure Lea (25)
nTO1429544827 BXP Operating, LLC 10/20/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1430326579 TRINITY ENVIRONMENTAL SWD, L.L.C. 10/19/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1433953640 CHEVRON U S A INC 10/18/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1430956690 XTO ENERGY, INC 10/17/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1432335728 RODDY PRODUCTION CO INC 10/17/14 Major Oil Release Crude Oil Human Error Sandoval (43)
nTO1511453543 Headington Royalty, Inc. 10/17/14 Oil Release Crude Oil Chaves (05)
nTO1429055929 FOUNDATION ENERGY MANAGEMENT, LLC 10/17/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1431448197 COG OPERATING LLC 10/16/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1431053789 COG OPERATING LLC 10/16/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1428829925 EOG Y RESOURCES, INC. 10/15/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1430936021 COG OPERATING LLC 10/15/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nAB1429333358 BOPCO, L.P. 10/15/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1428740497 EOG Y RESOURCES, INC. 10/14/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1428752202 C&J WELL SERVICES, INC. 10/14/14 Release Other Other (Specify) Lea (25)
nTO1428749837 Roughhouse Operating, LLC 10/14/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1428735124 Scorpion Oil & Gas, LLC 10/14/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1430032224 DEVON ENERGY PRODUCTION COMPANY, LP 10/13/14 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1428950747 MEWBOURNE OIL CO 10/13/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1431756001 OXY USA INC 10/13/14 Major Oil Release Crude Oil Human Error Lea (25)
nCS1432335948 ELM RIDGE EXPLORATION COMPANY LLC 10/13/14 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nAB1428930204 RILEY PERMIAN OPERATING COMPANY, LLC 10/13/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1429334642 OXY USA INC 10/12/14 Major Produced Water Release Gelled Brine (Frac Fluid) Other Eddy (15)
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nAB1428827191 MEMORIAL PRODUCTION OPERATING, LLC 10/12/14 Major Produced Water Release Produced Water Other Eddy (15)
nTO1428950452 KAISER-FRANCIS OIL CO 10/10/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1428727889 OXY USA INC 10/10/14 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1507953989 EOG Y RESOURCES, INC. 10/10/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1430948520 EOG Y RESOURCES, INC. 10/10/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1430049948 COG OPERATING LLC 10/10/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1430052012 Spur Energy Partners LLC 10/10/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1428742057 Spur Energy Partners LLC 10/10/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1428339529 BXP Operating, LLC 10/10/14 Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1428341974 Nitro Oil & Gas, LLC 10/10/14 Minor Oil Release Crude Oil Vandalism Lea (25)

nCS1500531249 ENTERPRISE PRODUCTS OPERATING, LLC 10/10/14 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1436341744 ENTERPRISE PRODUCTS OPERATING, LLC 10/10/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1431632492 ENTERPRISE PRODUCTS OPERATING, LLC 10/10/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1431632295 ENTERPRISE PRODUCTS OPERATING, LLC 10/10/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1428733041 WPX Energy Permian, LLC 10/9/14 Minor Produced Water Release Produced Water Other Eddy (15)
nTO1428052621 TEXLAND PETROLEUM-HOBBS, LLC 10/7/14 Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1428946944 COG OPERATING LLC 10/7/14 Major Produced Water Release Produced Water Human Error Lea (25)
nCS1507242551 DOMINION PRODUCTION COMPANY, LLC 10/7/14 Minor Oil Release Crude Oil Equipment Failure McKinley (31)
nAB1428740298 OXY USA INC 10/6/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1428335556 North Fork Operating, LP 10/6/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1428334971 Acacia Operating Company, LLC 10/6/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1427939918 EOG Y RESOURCES, INC. 10/5/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1428154809 DEVON ENERGY PRODUCTION COMPANY, LP 10/4/14 Major Produced Water Release Produced Water Human Error Eddy (15)

nMLB1428155982 DCP OPERATING COMPANY, LP 10/3/14 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nAB1428734057 WPX Energy Permian, LLC 10/3/14 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nTO1427529744 EOG RESOURCES INC 10/2/14 Major Produced Water Release Produced Water Vandalism Lea (25)
nAB1428156408 MEWBOURNE OIL CO 10/2/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1500932681 BURLINGTON RESOURCES OIL & GAS CO 10/2/14 Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1519726856 ROGER SLAYTON DBA ESCUDILLA OIL COMPANY 10/2/14 Oil Release Crude Oil Equipment Failure Chaves (05)
nAB1428339023 Extex Operating Company 10/2/14 Minor Natural Gas Release Natural Gas Liquids Equipment Failure Eddy (15)
nAB1428137122 BOPCO, L.P. 10/1/14 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1428140200 LINN OPERATING, LLC. 10/1/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nTO1427526420 JOHN H HENDRIX CORP 9/30/14 Minor Produced Water Release Produced Water Equipment Failure 0
nTO1428728904 OXY USA INC 9/30/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1428136417 BOPCO, L.P. 9/30/14 Major Produced Water Release Produced Water Other Eddy (15)
nTO1428831519 APACHE CORPORATION 9/29/14 Major Release Other Drilling Mud/Fluid Human Error Lea (25)
nAB1427530587 Spur Energy Partners LLC 9/29/14 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nTO1427254875 TEAM OPERATING, L.L.C. 9/29/14 Major Release Other Lea (25)
nTO1427256224 PERCUSSION PETROLEUM OPERATING, LLC 9/29/14 Major Produced Water Release Produced Water Corrosion Lea (25)

nAB1432850987 ENTERPRISE PRODUCTS OPERATING, LLC 9/29/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Eddy (15)

nAB1428148585 MEWBOURNE OIL CO 9/28/14 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1428134622 BOPCO, L.P. 9/28/14 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
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nAB1435334641 XTO ENERGY, INC 9/27/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1432450261 EOG Y RESOURCES, INC. 9/27/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1430952844 OWL SWD OPERATING, LLC 9/27/14 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nAB1429526532 Spur Energy Partners LLC 9/27/14 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nAB1428748755 Spur Energy Partners LLC 9/27/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1428749671 DEVON ENERGY PRODUCTION COMPANY, LP 9/26/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1426941788 MATADOR PRODUCTION COMPANY 9/26/14 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1428741156 COG OPERATING LLC 9/26/14 Major Oil Release Crude Oil Corrosion Eddy (15)
nTO1426943423 Spur Energy Partners LLC 9/26/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1428141332 DEVON ENERGY PRODUCTION COMPANY, LP 9/25/14 Minor Oil Release Crude Oil Corrosion Eddy (15)
nTO1426829295 EOG Y RESOURCES, INC. 9/25/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1426828689 EOG Y RESOURCES, INC. 9/25/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1428353661 CAZA OPERATING, LLC 9/25/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1426827611 BAM Permian Operating, LLC 9/25/14 Minor Oil Release Crude Oil Equipment Failure Chaves (05)
nCS1432549116 SIMCOE LLC 9/25/14 Oil Release Other (Specify) Other San Juan (45)
nTO1426829775 Opal Operating Company LLC 9/25/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1426828151 Opal Operating Company LLC 9/25/14 Major Produced Water Release Produced Water Lightning Lea (25)
nTO1426756875 EOG Y RESOURCES, INC. 9/24/14 Major Produced Water Release Produced Water Lightning Lea (25)
nTO1426756258 EOG Y RESOURCES, INC. 9/24/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1426736270 EOG Y RESOURCES, INC. 9/24/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1429339093 NADEL AND GUSSMAN PERMIAN, LLC 9/24/14 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1428139099 BOPCO, L.P. 9/24/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1428133861 BOPCO, L.P. 9/24/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1426757435 BAM Permian Operating, LLC 9/24/14 Minor Produced Water Release Produced Water Equipment Failure Chaves (05)
nTO1426755048 BAM Permian Operating, LLC 9/24/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1428256423 Acacia Operating Company, LLC 9/24/14 Major Produced Water Release Produced Water Other Eddy (15)
nAB1428249323 Silverback Operating II, LLC 9/24/14 Minor Produced Water Release Produced Water Other Eddy (15)

nCS1431742228 ENTERPRISE PRODUCTS OPERATING, LLC 9/24/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1431637657 EOG Y RESOURCES, INC. 9/23/14 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1426633035 PLAINS MARKETING L.P. 9/23/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1427548232 PPC OPERATING COMPANY LLC 9/23/14 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1427652866 Spur Energy Partners LLC 9/23/14 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nTO1427352689 BXP Operating, LLC 9/23/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1431138073 Permian Resources Operating, LLC 9/23/14 Major Natural Gas Release Produced Water Equipment Failure Eddy (15)
nTO1426548770 EOG RESOURCES INC 9/22/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1426543524 OXY USA INC 9/22/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1426541802 OXY USA INC 9/22/14 Major Oil Release Crude Oil Equipment Failure 0
nTO1426534112 OXY USA INC 9/22/14 Major Produced Water Release Produced Water Equipment Failure 0
nTO1426539360 EOG Y RESOURCES, INC. 9/22/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1429431624 COG OPERATING LLC 9/22/14 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nTO1426537125 J R OIL, LTD. CO. 9/22/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1428257242 MEMORIAL PRODUCTION OPERATING, LLC 9/22/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1426545252 FAE II Operating LLC 9/22/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1427550488 Spur Energy Partners LLC 9/21/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1428137738 BOPCO, L.P. 9/20/14 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1426629023 APACHE CORPORATION 9/19/14 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1506436616 DEVON ENERGY PRODUCTION COMPANY, LP 9/19/14 Major Produced Water Release Produced Water Fire Eddy (15)

WG Ex. 92

3201



nAB1430851048 COG PRODUCTION, LLC 9/19/14 Major Produced Water Release Produced Water Fire Eddy (15)
nAB1426550986 BUCKEYE DISPOSAL, L.L.C. 9/19/14 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1507736778 COG OPERATING LLC 9/19/14 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1429432526 COG OPERATING LLC 9/19/14 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1428737173 OXY USA INC 9/18/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1426026254 APACHE CORPORATION 9/17/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1426056146 Maverick Permian LLC 9/17/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nTO1425938845 OXY USA INC 9/16/14 Major Produced Water Release Produced Water Equipment Failure 0
nAB1428734858 OXY USA INC 9/16/14 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nTO1425926117 MATADOR PRODUCTION COMPANY 9/16/14 Major Oil Release Crude Oil Human Error Lea (25)
nTO1425936548 BXP Operating, LLC 9/16/14 Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1425951303 Extex Operating Company 9/16/14 Oil Release Crude Oil Equipment Failure Lea (25)
nTO1425937021 Kratos Operating, LLC 9/16/14 Major Produced Water Release Produced Water Freeze Lea (25)
nCS1432839609 BP AMERICA PRODUCTION COMPANY 9/15/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure San Juan (45)

nCS1426652410 BP AMERICA PRODUCTION COMPANY 9/15/14 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Corrosion San Juan (45)

nTO1425853993 CONOCOPHILLIPS COMPANY 9/15/14 Major Produced Water Release Produced Water Human Error 0
nAB1426628081 BOPCO, L.P. 9/15/14 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1427548938 Spur Energy Partners LLC 9/15/14 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1425926900 COG PRODUCTION, LLC 9/14/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1425954810 BOPCO, L.P. 9/14/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1425955901 OXY USA INC 9/13/14 Major Natural Gas Release Gasoline Equipment Failure Eddy (15)
nAB1426551694 EOG Y RESOURCES, INC. 9/13/14 Major Produced Water Release Crude Oil, Produced Water Blow Out Eddy (15)

nCS1431732145 ENTERPRISE PRODUCTS OPERATING, LLC 9/13/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1431652763 ENTERPRISE PRODUCTS OPERATING, LLC 9/13/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1427528113 EOG Y RESOURCES, INC. 9/12/14 Major Produced Water Release Produced Water Lightning Eddy (15)
nCS1426949869 WPX ENERGY PRODUCTION, LLC 9/12/14 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nTO1426027526 OXY USA INC 9/11/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nAB1426252850 OXY USA INC 9/11/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1425857071 Maverick Permian LLC 9/11/14 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1432937763 DEVON ENERGY PRODUCTION COMPANY, LP 9/10/14 Major Other Acid Equipment Failure Eddy (15)
nAB1426853142 Spur Energy Partners LLC 9/10/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1432550333 XTO ENERGY, INC 9/9/14 Produced Water Release Produced Water Other San Juan (45)
nAB1425532950 CLAYTON WILLIAMS ENERGY INC 9/9/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1425953776 BOPCO, L.P. 9/9/14 Major Produced Water Release Produced Water Other Eddy (15)
nTO1428147597 CHEVRON U S A INC 9/8/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1428133621 EOG RESOURCES INC 9/8/14 Produced Water Release Lea (25)
nTO1426037274 EOG Y RESOURCES, INC. 9/8/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1425255724 OXY USA INC 9/6/14 Minor Natural Gas Release Gasoline Equipment Failure Eddy (15)
nAB1425250469 OXY USA INC 9/6/14 Natural Gas Release Gasoline Equipment Failure Eddy (15)
nAB1425249077 OXY USA INC 9/6/14 Minor Natural Gas Release Gasoline Equipment Failure Eddy (15)
nAB1425952396 BOPCO, L.P. 9/6/14 Major Produced Water Release Produced Water Other Eddy (15)
nAB1425450652 RAYBAW Operating, LLC 9/6/14 Produced Water Release Produced Water Lightning Eddy (15)
nCS1432147527 CONOCOPHILLIPS COMPANY 9/5/14 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nCS1426136928 CONOCOPHILLIPS COMPANY 9/5/14 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1426852183 COG OPERATING LLC 9/5/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
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nCS1430837302 ARP PRODUCTION COMPANY, LLC 9/5/14 Minor Produced Water Release Produced Water Equipment Failure Colfax (07)
nCS1426131865 ARP PRODUCTION COMPANY, LLC 9/5/14 Minor Produced Water Release Produced Water Human Error Colfax (07)
nTO1425527008 Acacia Operating Company, LLC 9/5/14 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nTO1424743640 DEVON ENERGY PRODUCTION COMPANY, LP 9/4/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1426251591 EOG Y RESOURCES, INC. 9/4/14 Major Produced Water Release Brine Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1424728784 PLAINS MARKETING L.P. 9/4/14 Major Oil Release Crude Oil Human Error Lea (25)
nTO1424654752 APACHE CORPORATION 9/3/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424654460 APACHE CORPORATION 9/3/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424654156 APACHE CORPORATION 9/3/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424653803 APACHE CORPORATION 9/3/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424653403 APACHE CORPORATION 9/3/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424626337 BURGUNDY OIL & GAS OF N M INC 9/3/14 Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424649295 DEVON ENERGY PRODUCTION COMPANY, LP 9/3/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1432547761 WPX ENERGY PRODUCTION, LLC 9/3/14 Minor Oil Release Crude Oil Human Error Sandoval (43)
nCS1426948950 WPX ENERGY PRODUCTION, LLC 9/3/14 Oil Release Crude Oil Human Error Sandoval (43)
nTO1424747857 CONOCOPHILLIPS COMPANY 9/3/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1426626945 BOPCO, L.P. 9/3/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1428828724 APACHE CORPORATION 9/2/14 Major Produced Water Release Produced Water Human Error Lea (25)
nTO1424554451 APACHE CORPORATION 9/2/14 Major Produced Water Release Produced Water Corrosion Lea (25)
nAB1425529738 OXY USA INC 9/2/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nTO1424550997 Extex Operating Company 9/2/14 Oil Release Crude Oil Equipment Failure Lea (25)
nTO1424526180 TAP ROCK OPERATING, LLC 9/2/14 Major Oil Release Crude Oil Human Error Lea (25)
nCS1432848864 Williams Four Corners, LLC 9/1/14 Minor Produced Water Release Produced Water Human Error Rio Arriba (39)
nTO1425244502 EOG RESOURCES INC 8/31/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1424538884 BOPCO, L.P. 8/31/14 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nCS1432151418 WPX ENERGY PRODUCTION, LLC 8/30/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nOY1825457626 JAY MANAGEMENT COMPANY, LLC 8/29/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424030058 OXY USA INC 8/28/14 Major Produced Water Release Produced Water Equipment Failure 0
nTO1424030001 OXY USA INC 8/28/14 Produced Water Release 0
nTO1424039951 HESS CORP & TEXACO PROD INC 8/28/14 Other 0
nTO1424726719 CONOCOPHILLIPS & ATOFINA PETROCHEMICALS,INC 8/28/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1510342550 WPX ENERGY PRODUCTION, LLC 8/28/14 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nAB1425828616 COG PRODUCTION, LLC 8/28/14 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nTO1424041693 COG OPERATING LLC 8/28/14 Major Produced Water Release Produced Water Lea (25)
nTO1426028855 J R OIL, LTD. CO. 8/28/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1426651825 High River Resources Operating, LLC 8/28/14 Oil Release Crude Oil, Produced Water Corrosion Rio Arriba (39)

nCS1500550245 ENTERPRISE PRODUCTS OPERATING, LLC 8/28/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1500541899 ENTERPRISE PRODUCTS OPERATING, LLC 8/28/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1436342223 ENTERPRISE PRODUCTS OPERATING, LLC 8/28/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1426136249 ENTERPRISE PRODUCTS OPERATING, LLC 8/28/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1426135850 ENTERPRISE PRODUCTS OPERATING, LLC 8/28/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1431450505 EOG Y RESOURCES, INC. 8/27/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1424647196 SOUTHWEST ROYALTIES INC 8/27/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
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nAB1424733253 DEVON ENERGY PRODUCTION COMPANY, LP 8/26/14 Minor Release Other Drilling Mud/Fluid Human Error Eddy (15)
nTO1423851890 OXY USA INC 8/26/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1423829108 V-F PETROLEUM INC 8/26/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424150643 WPX Energy Permian, LLC 8/26/14 Major Oil Release Crude Oil Corrosion Lea (25)
nTO1423843706 J R OIL, LTD. CO. 8/26/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1424135597 LINN OPERATING, LLC. 8/26/14 Minor Produced Water Release Produced Water Human Error Eddy (15)
nAB1424134595 LINN OPERATING, LLC. 8/26/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nTO1423838365 ONSHORE ROYALTIES, LLC 8/26/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424157009 Ameredev New Mexico, LLC 8/26/14 Minor Oil Release Crude Oil Human Error Lea (25)
nCS1432151563 XTO ENERGY, INC 8/25/14 Minor Oil Release Condensate, Produced Water Corrosion San Juan (45)
nCS1426139827 XTO ENERGY, INC 8/25/14 Minor Oil Release Condensate, Produced Water Corrosion San Juan (45)
nCS1426139723 XTO ENERGY, INC 8/25/14 Minor Oil Release Condensate, Produced Water Corrosion San Juan (45)
nAB1425128333 DEVON ENERGY PRODUCTION COMPANY, LP 8/25/14 Major Other Acid Equipment Failure Eddy (15)
nAB1425342247 EOG Y RESOURCES, INC. 8/25/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1424649543 COG OPERATING LLC 8/25/14 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nTO1423853270 BXP Operating, LLC 8/25/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1425833935 Extex Operating Company 8/25/14 Minor Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nAB1424127656 MEWBOURNE OIL CO 8/24/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1426252903 FAE II Operating LLC 8/24/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1426153667 J & J Investments, LLC 8/23/14 Oil Release Crude Oil Human Error Eddy (15)
nAB1424726788 OXY USA WTP LIMITED PARTNERSHIP 8/22/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1423729763 MARATHON OIL PERMIAN LLC 8/22/14 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1424653393 LONGFELLOW ENERGY, LP 8/22/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1508232107 ENTERPRISE PRODUCTS OPERATING, LLC 8/22/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1432147748 ENTERPRISE PRODUCTS OPERATING, LLC 8/22/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nTO1500651974 OCCIDENTAL PERMIAN LTD 8/21/14 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nTO1423254419 8/20/14 Minor Produced Water Release Produced Water Corrosion 0
nTO1423026423 COG OPERATING LLC 8/20/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1424633443 BOPCO, L.P. 8/20/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1423248678 Spur Energy Partners LLC 8/20/14 Minor Produced Water Release Produced Water Human Error Eddy (15)
nTO1423255378 MorningStar Operating LLC 8/20/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nMLB1432957741 EOG Y RESOURCES, INC. 8/19/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1424128975 EOG Y RESOURCES, INC. 8/19/14 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1423351012 OXY USA WTP LIMITED PARTNERSHIP 8/19/14 Minor Natural Gas Release Gasoline Other Eddy (15)

nCS1512031303 ELM RIDGE EXPLORATION COMPANY LLC 8/18/14 Major Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1509853507 ELM RIDGE EXPLORATION COMPANY LLC 8/18/14 Major Oil Release Condensate Corrosion Rio Arriba (39)
nTO1423148453 FRONTIER FIELD SERVICES, LLC 8/18/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1424627897 COG OPERATING LLC 8/18/14 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1424641822 BOPCO, L.P. 8/18/14 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nAB1423341637 LINN OPERATING, LLC. 8/18/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1432147925 ENTERPRISE PRODUCTS OPERATING, LLC 8/18/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1423731369 APACHE CORPORATION 8/17/14 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nTO1424050065 OXY USA INC 8/17/14 Major Oil Release Crude Oil Human Error Lea (25)
nAB1426849862 EOG Y RESOURCES, INC. 8/17/14 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
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nAB1423954629 CLAYTON WILLIAMS ENERGY INC 8/17/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1426247512 PLAINS MARKETING L.P. 8/17/14 Oil Release Eddy (15)
nTO1500652354 OCCIDENTAL PERMIAN LTD 8/17/14 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nAB1426251119 CIMAREX ENERGY CO. 8/17/14 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)

nCS1436357386 ENTERPRISE PRODUCTS OPERATING, LLC 8/17/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1432148225 ENTERPRISE PRODUCTS OPERATING, LLC 8/17/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nTO1425244082 EOG RESOURCES INC 8/16/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1423227481 MEWBOURNE OIL CO 8/16/14 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1423354263 DEVON ENERGY PRODUCTION COMPANY, LP 8/15/14 Major Produced Water Release Produced Water Eddy (15)
nTO1423036398 PRE-ONGARD WELL OPERATOR 8/15/14 Oil Release De Baca (11)
nTO1424527320 Spur Energy Partners LLC 8/15/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424546749 MorningStar Operating LLC 8/15/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1422756133 MorningStar Operating LLC 8/15/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1423756733 DEVON ENERGY PRODUCTION COMPANY, LP 8/14/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1422631220 COG PRODUCTION, LLC 8/14/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1422632639 COG OPERATING LLC 8/14/14 Major Produced Water Release Produced Water Fire Lea (25)
nTO1422629053 COG OPERATING LLC 8/14/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1422628009 COG OPERATING LLC 8/14/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1425242216 COG OPERATING LLC 8/14/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1424536124 BOPCO, L.P. 8/14/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1430837177 ARP PRODUCTION COMPANY, LLC 8/14/14 Minor Produced Water Release Produced Water Equipment Failure Colfax (07)
nCS1423840505 ARP PRODUCTION COMPANY, LLC 8/14/14 Minor Produced Water Release Produced Water Equipment Failure Colfax (07)
nCS1521539662 CCI SAN JUAN LLC 8/14/14 Major Oil Release Crude Oil Corrosion San Juan (45)
nTO1422631952 Spur Energy Partners LLC 8/14/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nTO1422630067 Spur Energy Partners LLC 8/14/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nTO1422647809 Enterprise Crude Pipeline LLC 8/14/14 Minor Oil Release Crude Oil Corrosion Lea (25)
nAB1422635536 RILEY PERMIAN OPERATING COMPANY, LLC 8/13/14 Major Other Acid Equipment Failure Eddy (15)
nAB1423031875 COG OPERATING LLC 8/12/14 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1422637219 BOPCO, L.P. 8/12/14 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nCS1430836937 ARP PRODUCTION COMPANY, LLC 8/12/14 Minor Produced Water Release Produced Water Equipment Failure Colfax (07)
nCS1423840322 ARP PRODUCTION COMPANY, LLC 8/12/14 Minor Produced Water Release Produced Water Equipment Failure Colfax (07)
nTO1422453234 Maverick Permian LLC 8/12/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1423254873 BP AMERICA PRODUCTION COMPANY 8/11/14 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nTO1422338954 SOUTHERN UNION EXPLORATION CO 8/11/14 Major Other Other (Specify) Equipment Failure Lea (25)
nAB1426848949 EOG Y RESOURCES, INC. 8/11/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1431731792 BURLINGTON RESOURCES OIL & GAS CO 8/11/14 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nAB1425435299 CIMAREX ENERGY CO. OF COLORADO 8/11/14 Minor Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1423254576 SIMCOE LLC 8/11/14 Major Release Other Other (Specify) Other San Juan (45)
nTO1422352458 Maverick Permian LLC 8/11/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1422350777 Maverick Permian LLC 8/11/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1426052450 EOG Y RESOURCES, INC. 8/9/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1423756686 COG OPERATING LLC 8/9/14 Major Oil Release Crude Oil Human Error Eddy (15)
nTO1422042757 OXY USA INC 8/8/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1424040289 HESS CORP & TEXACO PROD INC 8/8/14 Other Lea (25)
nCS1432151260 WPX ENERGY PRODUCTION, LLC 8/8/14 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nCS1431650366 WPX ENERGY PRODUCTION, LLC 8/8/14 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
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nTO1422027291 COG OPERATING LLC 8/8/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1422039130 J R OIL, LTD. CO. 8/8/14 Major Produced Water Release Crude Oil Corrosion Lea (25)
nAB1422639350 BOPCO, L.P. 8/8/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1431652742 LOGOS OPERATING, LLC 8/8/14 Release Other Rio Arriba (39)
nVF1535733622 SIMCOE LLC 8/8/14 Release Other San Juan (45)
nTO1422751031 RAYBAW Operating, LLC 8/8/14 Minor Produced Water Release Produced Water Human Error Eddy (15)
nTO1421957670 DEVON ENERGY PRODUCTION COMPANY, LP 8/7/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1422337133 MEWBOURNE OIL CO 8/7/14 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nTO1421955934 OXY USA INC 8/7/14 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nTO1421950851 EOG Y RESOURCES, INC. 8/7/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1421831023 BURGUNDY OIL & GAS OF N M INC 8/6/14 Produced Water Release Produced Water Lea (25)
nAB1422627735 EOG Y RESOURCES, INC. 8/6/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1421855587 BOPCO, L.P. 8/6/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1423833833 Empire New Mexico LLC 8/6/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1421947378 Maverick Permian LLC 8/6/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1424651768 MEWBOURNE OIL CO 8/5/14 Natural Gas Release Condensate Equipment Failure Eddy (15)
nCS1500828688 SIMCOE LLC 8/5/14 Other Condensate, Crude Oil Other San Juan (45)
nCS1423255776 SIMCOE LLC 8/5/14 Oil Release Other (Specify) Other San Juan (45)

nCS1431649929 ENTERPRISE PRODUCTS OPERATING, LLC 8/5/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Other Rio Arriba (39)

nCS1425152473 ENTERPRISE PRODUCTS OPERATING, LLC 8/5/14 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Other Rio Arriba (39)

nCS1426138806 BURLINGTON RESOURCES OIL & GAS CO 8/4/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nTO1421626676 CIMAREX ENERGY CO. OF COLORADO 8/4/14 Major Release Other Condensate Vandalism Lea (25)
nTO1421627977 CIMAREX ENERGY CO. 8/4/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAB1423248613 COG OPERATING LLC 8/4/14 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAB1423028456 COG OPERATING LLC 8/4/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1421650114 FAE II Operating LLC 8/4/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1421955949 Acacia Operating Company, LLC 8/4/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1421853830 Kratos Operating, LLC 8/4/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1436341187 ENTERPRISE PRODUCTS OPERATING, LLC 8/4/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1425152285 ENTERPRISE PRODUCTS OPERATING, LLC 8/4/14 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Other Rio Arriba (39)

nAB1422441858 OXY USA WTP LIMITED PARTNERSHIP 8/3/14 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1423249455 COG PRODUCTION, LLC 8/3/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1506432906 Acacia Operating Company, LLC 8/3/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1429437298 Acacia Operating Company, LLC 8/3/14 Major Produced Water Release Produced Water Other Eddy (15)
nAB1421934621 J & J Investments, LLC 8/3/14 Major Produced Water Release Produced Water Eddy (15)
nCS1431631097 ELM RIDGE EXPLORATION COMPANY LLC 8/1/14 Major Produced Water Release Crude Oil, Other (Specify) Other Sandoval (43)
nTO1421353906 OXY USA WTP LIMITED PARTNERSHIP 8/1/14 Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1421339361 CIMAREX ENERGY CO. 8/1/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nTO1421336966 COG OPERATING LLC 8/1/14 Major Produced Water Release Produced Water Lightning Lea (25)
nTO1421343560 Crockett Operating, LLC 8/1/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1503640545 XTO ENERGY, INC 7/31/14 Produced Water Release
Natural Gas Liquids, Produced 
Water Other San Juan (45)

nTO1422336509 EOG Y RESOURCES, INC. 7/31/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1509841838 ELM RIDGE EXPLORATION COMPANY LLC 7/31/14 Natural Gas Release Condensate Corrosion 0
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nCS1509841659 ELM RIDGE EXPLORATION COMPANY LLC 7/31/14 Natural Gas Release Condensate Corrosion 0
nCS1422425348 ELM RIDGE EXPLORATION COMPANY LLC 7/31/14 Major Oil Release Other (Specify) Equipment Failure Sandoval (43)
nTO1421233728 COG OPERATING LLC 7/31/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1423757884 LINN OPERATING, LLC. 7/31/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1423226757 LINN OPERATING, LLC. 7/31/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1434440417 Lucid Artesia Company 7/30/14 Produced Water Release Other (Specify), Produced Water Equipment Failure Eddy (15)
nAB1422341439 WPX Energy Permian, LLC 7/30/14 Major Produced Water Release Gelled Brine (Frac Fluid) Equipment Failure Eddy (15)
nAB1422452843 Silverback Operating II, LLC 7/30/14 Major Produced Water Release Produced Water Fire Eddy (15)
nTO1421140434 Maverick Permian LLC 7/30/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1422049326 FOUNDATION ENERGY MANAGEMENT, LLC 7/30/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1422730577 APACHE CORPORATION 7/29/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1421024363 EOG Y RESOURCES, INC. 7/29/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1422450046 EOG Y RESOURCES, INC. 7/29/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1422430329 EOG Y RESOURCES, INC. 7/29/14 Major Produced Water Release Produced Water Lightning Chaves (05)
nCS1509847604 ELM RIDGE EXPLORATION COMPANY LLC 7/29/14 Other Other (Specify) Equipment Failure 0
nCS1509847490 ELM RIDGE EXPLORATION COMPANY LLC 7/29/14 Other Other (Specify) Equipment Failure 0
nCS1509842967 ELM RIDGE EXPLORATION COMPANY LLC 7/29/14 Other Other (Specify) Equipment Failure 0
nCS1509842833 ELM RIDGE EXPLORATION COMPANY LLC 7/29/14 Other Other (Specify) Equipment Failure 0
nTO1421030203 LEGACY RESERVES OPERATING, LP 7/29/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1421328179 TRINITY RIVER ENERGY, LLC 7/29/14 Major Fire Crude Oil, Produced Water Fire Eddy (15)
nMLB1421728940 Diamond In The Rough LLC 7/29/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nVF1601333937 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/28/14 Release Other San Juan (45)
nCS1500529948 BURLINGTON RESOURCES OIL & GAS CO 7/28/14 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nAB1421832563 BOPCO, L.P. 7/28/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1425937487 Kratos Operating, LLC 7/28/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1421854563 BOPCO, L.P. 7/27/14 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nTO1420949510 LINN OPERATING, LLC. 7/27/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1422333946 Silverback Operating II, LLC 7/27/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nJK1425156766 ENTERPRISE PRODUCTS OPERATING, LLC 7/26/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nTO1420642845 MULLOY OPERATING, INC. 7/25/14 Major Produced Water Release Produced Water Lightning Lea (25)
nCS1512129597 SIMCOE LLC 7/25/14 Oil Release Other (Specify) Other San Juan (45)
nCS1425136828 SIMCOE LLC 7/25/14 Release Other Other (Specify) Other San Juan (45)
nAB1420653324 Acacia Operating Company, LLC 7/25/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1724331201 BP AMERICA PRODUCTION COMPANY 7/24/14 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nCS1436330413 XTO ENERGY, INC 7/24/14 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nAB1422335222 EOG Y RESOURCES, INC. 7/24/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1430728876 DCP OPERATING COMPANY, LP 7/24/14 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nTO1420541317 MULLOY OPERATING, INC. 7/24/14 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1422350097 LINN OPERATING, LLC. 7/24/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1421142051 FOUNDATION ENERGY MANAGEMENT, LLC 7/24/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1420943147 MEWBOURNE OIL CO 7/23/14 Produced Water Release Eddy (15)
nAB1420930472 MEWBOURNE OIL CO 7/23/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1700654657 EOG Y RESOURCES, INC. 7/23/14 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nCS1501342219 BURLINGTON RESOURCES OIL & GAS CO 7/23/14 Oil Release Condensate, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nTO1420454261 CONOCOPHILLIPS COMPANY 7/23/14 Major Produced Water Release Brine Water Equipment Failure Lea (25)
nTO1420451793 CONOCOPHILLIPS COMPANY 7/23/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1421351497 COG OPERATING LLC 7/23/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
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nAB1421929514 BOPCO, L.P. 7/23/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1422650317 LINN OPERATING, LLC. 7/23/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1628649823 SIMCOE LLC 7/23/14 Oil Release San Juan (45)
nAB1524653994 CONOCOPHILLIPS COMPANY 7/22/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1431740818 ENTERPRISE PRODUCTS OPERATING, LLC 7/22/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nAB1422437538 OXY USA INC 7/21/14 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nAB1422327702 Silverback Operating II, LLC 7/21/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1420537731 DEVON ENERGY PRODUCTION COMPANY, LP 7/20/14 Minor Oil Release Crude Oil Corrosion Eddy (15)
nTO1420654186 LEGACY RESERVES OPERATING, LP 7/20/14 Major Produced Water Release Produced Water Lightning Chaves (05)
nAB1420555912 Spur Energy Partners LLC 7/20/14 Major Produced Water Release Produced Water Lightning Eddy (15)
nAB1422326758 Silverback Operating II, LLC 7/20/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1421952242 CONOCOPHILLIPS COMPANY 7/19/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1420954722 LINN OPERATING, LLC. 7/19/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1419947500 APACHE CORPORATION 7/18/14 Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1420440018 DEVON ENERGY PRODUCTION COMPANY, LP 7/18/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1420427160 DEVON ENERGY PRODUCTION COMPANY, LP 7/18/14 Minor Produced Water Release Produced Water Human Error Eddy (15)
nCS1432553568 BURLINGTON RESOURCES OIL & GAS CO 7/18/14 Oil Release Condensate Other San Juan (45)
nCS1425131272 WPX ENERGY PRODUCTION, LLC 7/18/14 Minor Oil Release Other (Specify) Human Error Sandoval (43)
nTO1419955162 J R OIL, LTD. CO. 7/18/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nAB1421931641 BOPCO, L.P. 7/18/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1421930575 BOPCO, L.P. 7/18/14 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1419945562 OWL SWD OPERATING, LLC 7/18/14 Major Produced Water Release Produced Water Human Error Lea (25)
nTO1421354232 OXY USA INC 7/17/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1422438444 OXY USA INC 7/17/14 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nTO1419839714 PLAINS MARKETING L.P. 7/17/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nTO1419836835 CONOCOPHILLIPS COMPANY 7/17/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAB1421233681 COG OPERATING LLC 7/17/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1422436346 OXY USA INC 7/16/14 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1514928615 LINN OPERATING, LLC. 7/16/14 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1426854825 LINN OPERATING, LLC. 7/16/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1419740700 ONSHORE ROYALTIES, LLC 7/16/14 Produced Water Release Lea (25)
nCS1425132762 WPX ENERGY PRODUCTION, LLC 7/15/14 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nTO1419828899 MESQUITE SWD, INC 7/15/14 Minor Produced Water Release Produced Water Other Lea (25)
nTO1419639129 Maverick Permian LLC 7/15/14 Minor Release Other Other (Specify) Corrosion Lea (25)
nTO1419629338 Maverick Permian LLC 7/15/14 Major Other Other (Specify) Human Error Lea (25)
nTO1419729073 Scorpion Oil & Gas, LLC 7/15/14 Produced Water Release Lea (25)
nTO1419728469 Scorpion Oil & Gas, LLC 7/15/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1419538933 CHEVRON U S A INC 7/14/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1419736653 OXY USA INC 7/14/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1431734857 BURLINGTON RESOURCES OIL & GAS CO 7/14/14 Minor Oil Release Lube Oil Equipment Failure San Juan (45)
nCS1424852021 BURLINGTON RESOURCES OIL & GAS CO 7/14/14 Minor Release Other Lube Oil Equipment Failure San Juan (45)
nAB1421241224 COG OPERATING LLC 7/14/14 Major Fire Produced Water Fire Eddy (15)
nTO1419533007 LINN OPERATING, LLC. 7/14/14 Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1419640644 Patriot Production LLC 7/14/14 Produced Water Release Produced Water Other Lea (25)
nAB1421242205 Spur Energy Partners LLC 7/13/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1422648223 Enterprise Crude Pipeline LLC 7/13/14 Major Oil Release Crude Oil Corrosion Lea (25)
nAB1435252734 DUKE ENERGY FIELD SERVICES SOUTHWEST, INC. 7/12/14 Natural Gas Release Condensate Equipment Failure Eddy (15)
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nAB1420952742 BOPCO, L.P. 7/12/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1420952684 BOPCO, L.P. 7/12/14 Produced Water Release Eddy (15)
nTO1515655708 Patriot Production LLC 7/12/14 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nTO1423831009 Maverick Permian LLC 7/12/14 Minor Release Other Other (Specify) Human Error Lea (25)
nTO1419531901 DEVON ENERGY PRODUCTION COMPANY, LP 7/11/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1419945153 EOG RESOURCES INC 7/11/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1419632202 LINN OPERATING, LLC. 7/11/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1428751624 BXP Operating, LLC 7/11/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nTO1419729516 Scorpion Oil & Gas, LLC 7/11/14 Produced Water Release Lea (25)
nHMP1420226008 OXY USA INC 7/10/14 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nTO1419737634 EOG Y RESOURCES, INC. 7/10/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1432334411 BURLINGTON RESOURCES OIL & GAS CO 7/10/14 Other Other (Specify) Other San Juan (45)
nAB1421039130 BOPCO, L.P. 7/10/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1430750891 LIME ROCK RESOURCES II-A, L.P. 7/10/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1419056161 CHEVRON U S A INC 7/9/14 Produced Water Release Lea (25)
nTO1419041914 EOG Y RESOURCES, INC. 7/9/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1419850419 PLAINS MARKETING L.P. 7/9/14 Minor Oil Release Crude Oil Corrosion Lea (25)
nCS1424853797 WPX ENERGY PRODUCTION, LLC 7/9/14 Major Produced Water Release Produced Water Human Error Rio Arriba (39)
nJK1431654981 Ovintiv USA Inc. 7/9/14 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Sandoval (43)
nAB1420529940 Spur Energy Partners LLC 7/9/14 Major Oil Release Condensate, Produced Water Equipment Failure Eddy (15)
nHMP1420229161 Roughhouse Operating, LLC 7/9/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1420230933 MEWBOURNE OIL CO 7/8/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1422641434 WPX Energy Permian, LLC 7/8/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1420957230 Grizzly Operating, LLC 7/8/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1419937403 BOPCO, L.P. 7/8/14 Major Oil Release Crude Oil Human Error Eddy (15)
nTO1418843109 DEVON ENERGY PRODUCTION COMPANY, LP 7/7/14 Oil Release Lea (25)
nHMP1420227087 OXY USA WTP LIMITED PARTNERSHIP 7/7/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1418849318 BOPCO, L.P. 7/7/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1434250908 Maverick Permian LLC 7/7/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1419949741 DEVON ENERGY PRODUCTION COMPANY, LP 7/6/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nHMP1420234601 BURNETT OIL CO INC 7/5/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1424854260 DUGAN PRODUCTION CORP 7/5/14 Minor Produced Water Release Produced Water Human Error San Juan (45)
nHMP1420224891 DEVON ENERGY PRODUCTION COMPANY, LP 7/4/14 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1419932334 BOPCO, L.P. 7/4/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1627456271 M&M OIL, LLC 7/4/14 Major Oil Release Crude Oil Corrosion Eddy (15)
nTO1419736214 OXY USA INC 7/3/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1418832057 SOUTHWEST ROYALTIES INC 7/3/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1430038837 CIMAREX ENERGY CO. OF COLORADO 7/3/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nHMP1419935641 BOPCO, L.P. 7/3/14 Minor Oil Release Crude Oil Other Eddy (15)
nHMP1419926107 BOPCO, L.P. 7/3/14 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nCS1425157222 XTO ENERGY, INC 7/2/14 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nCS1425132379 XTO ENERGY, INC 7/2/14 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nTO1419057472 DEVON ENERGY PRODUCTION COMPANY, LP 7/2/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1424856283 ENTERPRISE PRODUCTS OPERATING, LLC 7/2/14 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1420655420 ENTERPRISE PRODUCTS OPERATING, LLC 7/2/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1510352685 BP AMERICA PRODUCTION COMPANY 7/1/14 Oil Release Other (Specify) Other San Juan (45)
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nCS1425139806 BP AMERICA PRODUCTION COMPANY 7/1/14 Oil Release Other (Specify) Other San Juan (45)
nHMP1420232194 COG OPERATING LLC 7/1/14 Produced Water Release Condensate, Produced Water Equipment Failure Eddy (15)
nHMP1420430499 BURNETT OIL CO INC 6/30/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1434330582 XTO ENERGY, INC 6/30/14 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nTO1418156001 EOG Y RESOURCES, INC. 6/30/14 Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1418250897 MULLOY OPERATING, INC. 6/30/14 Major Produced Water Release Produced Water Lightning Lea (25)
nTO1419649933 Acacia Operating Company, LLC 6/30/14 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nAB1420527240 APACHE CORPORATION 6/27/14 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nTO1417833544 DEVON ENERGY PRODUCTION COMPANY, LP 6/27/14 Major Produced Water Release Produced Water Lightning Lea (25)
nTO1417832391 DEVON ENERGY PRODUCTION COMPANY, LP 6/27/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1418830372 DUGAN PRODUCTION CORP 6/27/14 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Sandoval (43)
nTO1417841637 EOG Y RESOURCES, INC. 6/27/14 Major Oil Release Crude Oil Human Error Lea (25)
nAB1420648311 EOG Y RESOURCES, INC. 6/27/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1417840742 OWL SWD OPERATING, LLC 6/27/14 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1420552744 MARATHON OIL PERMIAN LLC 6/27/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1418827777 DCP MIDSTREAM 6/26/14 Natural Gas Release Other (Specify) Equipment Failure Lea (25)
nTO1421642257 Maverick Permian LLC 6/26/14 Major Produced Water Release Produced Water Lightning Lea (25)
nTO1418157309 Maverick Permian LLC 6/26/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1430839284 Williams Four Corners, LLC 6/26/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure, Other San Juan (45)

nCS1425130111 Williams Four Corners, LLC 6/26/14 Release Other Other (Specify) Other San Juan (45)
nTO1417648330 SOUTHERN UNION EXPLORATION CO 6/25/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nHMP1420233750 COG OPERATING LLC 6/25/14 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nAB1503036865 BOPCO, L.P. 6/24/14 Other Condensate Overflow - Tank, Pit, Etc. Eddy (15)
nAB1603630990 LINN OPERATING, LLC. 6/24/14 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1603629976 LINN OPERATING, LLC. 6/24/14 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1422733550 Acacia Operating Company, LLC 6/24/14 Minor Release Other Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1418350244 APACHE CORPORATION 6/23/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1418349165 APACHE CORPORATION 6/23/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1424851687 XTO ENERGY, INC 6/23/14 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nTO1419554275 OXY USA INC 6/23/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1419553950 OXY USA INC 6/23/14 Minor Oil Release Crude Oil Corrosion Lea (25)
nCS1426139125 BURLINGTON RESOURCES OIL & GAS CO 6/23/14 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nCS1418830113 BURLINGTON RESOURCES OIL & GAS CO 6/23/14 Minor Produced Water Release Produced Water Corrosion San Juan (45)

nCS1418832453 ELM RIDGE EXPLORATION COMPANY LLC 6/23/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion 0

nTO1419554662 J R OIL, LTD. CO. 6/23/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1436332943 ENTERPRISE PRODUCTS OPERATING, LLC 6/23/14 Minor Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nHMP1418430504 COG OPERATING LLC 6/22/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1419931221 BOPCO, L.P. 6/22/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1424549491 XTO ENERGY, INC 6/20/14 Produced Water Release Produced Water Other San Juan (45)
nTO1418953144 COG OPERATING LLC 6/20/14 Major Produced Water Release Produced Water Lightning Lea (25)
nAB1421240032 CAPSTONE NATURAL RESOURCES, LLC 6/20/14 Other Lube Oil Equipment Failure Eddy (15)
nCS1418829881 XTO ENERGY, INC 6/19/14 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nTO1417636911 DEVON ENERGY PRODUCTION COMPANY, LP 6/19/14 Major Produced Water Release Produced Water Human Error Lea (25)
nAB1436458160 OXY USA WTP LIMITED PARTNERSHIP 6/19/14 Minor Natural Gas Release Gasoline Other Eddy (15)
nTO1417530164 J R OIL, LTD. CO. 6/19/14 Major Produced Water Release Produced Water Other Lea (25)
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nJK1516249720 BP AMERICA PRODUCTION COMPANY 6/18/14 Oil Release Other (Specify) Other San Juan (45)
nTO1417835298 DEVON ENERGY PRODUCTION COMPANY, LP 6/18/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nTO1423848911 BXP Operating, LLC 6/18/14 Produced Water Release Produced Water Corrosion Lea (25)
nTO1417835965 DEVON ENERGY PRODUCTION COMPANY, LP 6/17/14 Minor Produced Water Release Produced Water Human Error Lea (25)
nCS1432554162 BURLINGTON RESOURCES OIL & GAS CO 6/17/14 Other Other (Specify) Other San Juan (45)
nAB1421036589 BOPCO, L.P. 6/17/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nAB1624526757 LINN OPERATING, LLC. 6/17/14 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1418156731 Maverick Permian LLC 6/17/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nHMP1418339156 EOG Y RESOURCES, INC. 6/16/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1418338115 EOG Y RESOURCES, INC. 6/16/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1419929757 BOPCO, L.P. 6/16/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1418340931 K&M RESOURCES LLC 6/16/14 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1418431356 Maverick Permian LLC 6/16/14 Minor Oil Release Crude Oil Other Lea (25)
nTO1417752105 Maverick Permian LLC 6/16/14 Major Release Other Crude Oil Corrosion Lea (25)
nMLB1419127797 CHEVRON U S A INC 6/14/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1417841745 EOG Y RESOURCES, INC. 6/13/14 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nAB1420950822 Grizzly Operating, LLC 6/13/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1417837073 MEWBOURNE OIL CO 6/11/14 Minor Oil Release Crude Oil Corrosion Eddy (15)
nHMP1417534282 CLAYTON WILLIAMS ENERGY INC 6/11/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1418434009 Kratos Operating, LLC 6/11/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1418829056 XTO ENERGY, INC 6/10/14 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nHMP1417536558 DEVON ENERGY PRODUCTION COMPANY, LP 6/10/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1418837870 FAE II Operating LLC 6/10/14 Oil Release Other (Specify) Normal Operations Lea (25)

nCS1432332839 ENTERPRISE PRODUCTS OPERATING, LLC 6/10/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1418831998 ENTERPRISE PRODUCTS OPERATING, LLC 6/10/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nJK1425151033 Williams Four Corners, LLC 6/10/14 Major Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion San Juan (45)

nCS1418831393 Williams Four Corners, LLC 6/10/14 Major Oil Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure San Juan (45)

nTO1416034604 CHEVRON U S A INC 6/9/14 Minor Release Other Other (Specify) Equipment Failure Lea (25)
nHMP1416429096 DEVON ENERGY PRODUCTION COMPANY, LP 6/9/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1417639384 OXY USA INC 6/9/14 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nHMP1417637439 OWL SWD OPERATING, LLC 6/9/14 Minor Produced Water Release Produced Water Lightning Eddy (15)

nAB1421238393 EOG Y RESOURCES, INC. 6/8/14 Minor Produced Water Release
Gasoline, Crude Oil, Produced 
Water Equipment Failure Eddy (15)

nTO1417529635 FAE II Operating LLC 6/8/14 Minor Oil Release Crude Oil Corrosion Lea (25)
nHMP1417630538 COG OPERATING LLC 6/7/14 Major Produced Water Release Produced Water Corrosion Eddy (15)

nJK1425129381 Williams Four Corners, LLC 6/7/14 Major Natural Gas Release
Chemical (Specify), [OBSOLETE] 
Natural Gas (Methane) Normal Operations San Juan (45)

nLEL1429653000 OXY USA INC 6/6/14 Release Other Union (59)
nCS1416156641 SIMCOE LLC 6/6/14 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nTO1417752893 Acacia Operating Company, LLC 6/6/14 Produced Water Release Produced Water Equipment Failure Chaves (05)
nAB1700652208 EOG Y RESOURCES, INC. 6/5/14 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nTO1415629045 COG OPERATING LLC 6/5/14 Release Other Lea (25)
nHMP1417541514 APACHE CORPORATION 6/4/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nHMP1416430522 DEVON ENERGY PRODUCTION COMPANY, LP 6/4/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nTO1418358353 EOG RESOURCES INC 6/4/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1418358258 EOG RESOURCES INC 6/4/14 Major Produced Water Release Produced Water Lea (25)
nTO1417748295 KINNEY INCORPORATED 6/4/14 Produced Water Release Produced Water Other Lea (25)
nAB1422453864 CONOCOPHILLIPS COMPANY 6/4/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1416331258 BOPCO, L.P. 6/4/14 Minor Produced Water Release Produced Water Human Error Eddy (15)
nHMP1416340619 LINN OPERATING, LLC. 6/4/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1415652289 BXP Operating, LLC 6/4/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1418834631 XTO ENERGY, INC 6/3/14 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nHMP1417639885 OXY USA INC 6/3/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1426951612 WPX ENERGY PRODUCTION, LLC 6/3/14 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nHMP1416329456 BOPCO, L.P. 6/3/14 Major Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nHMP1417549415 LINN OPERATING, LLC. 6/3/14 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nTO1415556756 BXP Operating, LLC 6/3/14 Minor Produced Water Release Produced Water Other Lea (25)
nCS1508256107 Williams Four Corners, LLC 6/3/14 Major Release Other Other (Specify) Equipment Failure Rio Arriba (39)
nCS1426135329 Williams Four Corners, LLC 6/3/14 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nHMP1419941498 HARVARD PETROLEUM COMPANY, LLC 6/2/14 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1417633704 EOG Y RESOURCES, INC. 6/2/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nSAD1417735270 PLAINS MARKETING L.P. 6/2/14 Oil Release Crude Oil Corrosion Lea (25)
nHMP1416348099 CIMAREX ENERGY CO. OF COLORADO 6/2/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1416342050 Spur Energy Partners LLC 6/2/14 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nTO1417528697 FAE II Operating LLC 6/2/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nTO1418354709 ENTERPRISE PRODUCTS OPERATING, LLC 6/2/14 Major Produced Water Release Produced Water Equipment Failure 0
nHMP1417634904 EOG Y RESOURCES, INC. 6/1/14 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1415734365 LINN OPERATING, LLC. 6/1/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1416332467 COG OPERATING LLC 5/31/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1416434560 Acacia Operating Company, LLC 5/31/14 Major Release Other Unknown Equipment Failure Eddy (15)
nCS1510355134 BP AMERICA PRODUCTION COMPANY 5/30/14 Oil Release Condensate Other San Juan (45)
nCS1416149716 BP AMERICA PRODUCTION COMPANY 5/30/14 Oil Release Condensate Other San Juan (45)
nTO1415447716 DEVON ENERGY PRODUCTION COMPANY, LP 5/30/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nJK1416941370 ENTERPRISE PRODUCTS OPERATING, LLC 5/30/14 Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Vehicular Accident San Juan (45)

nCS1433852671 ENTERPRISE PRODUCTS OPERATING, LLC 5/30/14 Natural Gas Release Other (Specify) Other San Juan (45)

nCS1430841973 ENTERPRISE PRODUCTS OPERATING, LLC 5/30/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Human Error San Juan (45)

nHMP1415738305 APACHE CORPORATION 5/29/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1416337003 High River Resources Operating, LLC 5/29/14 Oil Release Crude Oil Corrosion Rio Arriba (39)
nTO1415352475 Empire New Mexico LLC 5/29/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1415447019 PHX Energy, LLC 5/29/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1415736813 APACHE CORPORATION 5/28/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1415024377 CIMAREX ENERGY CO. 5/28/14 Major Other Drilling Mud/Fluid Equipment Failure Eddy (15)
nHMP1414842575 Acacia Operating Company, LLC 5/28/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1417642575 OXY USA INC 5/27/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1416336438 Spur Energy Partners LLC 5/27/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1501341095 SIMCOE LLC 5/27/14 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nHMP1415745556 BURNETT OIL CO INC 5/24/14 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nTO1414750957 DEVON ENERGY PRODUCTION COMPANY, LP 5/24/14 Major Produced Water Release Produced Water Lightning Lea (25)
nHMP1415023493 DEVON ENERGY PRODUCTION COMPANY, LP 5/24/14 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nHMP1416339071 SOUTHWEST ROYALTIES INC 5/24/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1418937492 CROWNQUEST OPERATING, LLC 5/24/14 Major Other Other (Specify) Lightning Lea (25)
nCS1431633795 SG INTERESTS I LTD 5/23/14 Oil Release Crude Oil Other San Juan (45)
nCS1431633245 SG INTERESTS I LTD 5/23/14 Oil Release Crude Oil Other San Juan (45)
nCS1425136052 BURLINGTON RESOURCES OIL & GAS CO 5/23/14 Minor Produced Water Release Other (Specify) Human Error San Juan (45)
nCS1416343060 BURLINGTON RESOURCES OIL & GAS CO 5/23/14 Minor Produced Water Release Produced Water Human Error San Juan (45)
nHMP1415740123 PYOTE WELL SERVICE, LLC 5/23/14 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1414724396 Empire New Mexico LLC 5/23/14 Other Other (Specify) Other Lea (25)
nTO1414928380 DEVON ENERGY PRODUCTION COMPANY, LP 5/22/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1414739530 DEVON ENERGY PRODUCTION COMPANY, LP 5/22/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1414923401 MEWBOURNE OIL CO 5/22/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1414927893 RAYBAW Operating, LLC 5/22/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1423330445 HARVARD PETROLEUM COMPANY, LLC 5/21/14 Major Release Other Produced Water Human Error Eddy (15)
nHMP1414925203 MEWBOURNE OIL CO 5/21/14 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1418954357 APACHE CORPORATION 5/20/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1417552387 J R OIL, LTD. CO. 5/20/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nTO1414727748 LINN OPERATING, LLC. 5/20/14 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nTO1418855194 MEWBOURNE OIL CO 5/19/14 Other Other (Specify) Equipment Failure Lea (25)
nTO1415737328 COG OPERATING LLC 5/19/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1416835695 3R Operating, LLC 5/19/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1414235682 ELM RIDGE EXPLORATION COMPANY LLC 5/18/14 Minor Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nTO1414036875 BOPCO, L.P. 5/18/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nTO1415653374 COG OPERATING LLC 5/17/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1414939095 EOG Y RESOURCES, INC. 5/16/14 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1413644295 QUANTUM RESOURCES MANAGEMENT, LLC 5/16/14 Produced Water Release Crude Oil, Produced Water Eddy (15)
nHMP1414847917 BOPCO, L.P. 5/16/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1426638913 Silverback Operating II, LLC 5/16/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nTO1414252709 Energy Acumen LLC 5/16/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nCS1425156063 ENTERPRISE PRODUCTS OPERATING, LLC 5/16/14 Major Oil Release Crude Oil Human Error Rio Arriba (39)

nCS1415353393 ENTERPRISE PRODUCTS OPERATING, LLC 5/16/14 Major Oil Release
Condensate, Crude Oil, Produced 
Water Human Error Rio Arriba (39)

nTO1414330264 DEVON ENERGY PRODUCTION COMPANY, LP 5/15/14 Major Produced Water Release Produced Water Lea (25)
nTO1414738096 BTA OIL PRODUCERS, LLC 5/15/14 Minor Oil Release Crude Oil Other Lea (25)

nCS1431637900 ENTERPRISE PRODUCTS OPERATING, LLC 5/15/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nAB1432853576 ENTERPRISE PRODUCTS OPERATING, LLC 5/15/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Eddy (15)

nAB1432841786 ENTERPRISE PRODUCTS OPERATING, LLC 5/15/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Eddy (15)

nAB1430835103 ENTERPRISE PRODUCTS OPERATING, LLC 5/15/14 Natural Gas Release 0
nCS1417535762 XTO ENERGY, INC 5/14/14 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nTO1418857162 Maverick Permian LLC 5/14/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1418852147 Maverick Permian LLC 5/14/14 Minor Other Other (Specify) Equipment Failure Lea (25)
nHMP1414850392 MEWBOURNE OIL CO 5/13/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nAB1700654007 EOG Y RESOURCES, INC. 5/13/14 Minor Produced Water Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Eddy (15)

nAB1423751598 EOG Y RESOURCES, INC. 5/13/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1520539684 BURLINGTON RESOURCES OIL & GAS CO 5/13/14 Other Other (Specify) Other Rio Arriba (39)
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nTO1415652865 COG OPERATING LLC 5/13/14 Major Produced Water Release Produced Water Human Error Lea (25)
nHMP1413434751 ALAMO PERMIAN RESOURCES, LLC 5/13/14 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1414945835 OWL SWD OPERATING, LLC 5/13/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1414935465 EOG Y RESOURCES, INC. 5/12/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1413926220 CONOCOPHILLIPS COMPANY 5/12/14 Other Eddy (15)
nJK1431028360 CONOCOPHILLIPS COMPANY 5/12/14 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nTO1414050282 FAE II Operating LLC 5/12/14 Major Produced Water Release Produced Water Lea (25)
nTO1416156038 MorningStar Operating LLC 5/12/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1414727065 RAYBAW Operating, LLC 5/12/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)

nCS1432329863 ENTERPRISE PRODUCTS OPERATING, LLC 5/12/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Rio Arriba (39)

nCS1414757334 ENTERPRISE PRODUCTS OPERATING, LLC 5/12/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Rio Arriba (39)

nHMP1415732350 CHEVRON U S A INC 5/11/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1426544121 FAE II Operating LLC 5/11/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1415729251 EOG Y RESOURCES, INC. 5/10/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1415458561 LIME ROCK RESOURCES II-A, L.P. 5/10/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1416432355 EOG Y RESOURCES, INC. 5/9/14 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1414052020 CHEVRON U S A INC 5/8/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1414947988 DEVON ENERGY PRODUCTION COMPANY, LP 5/8/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1418842770 DEVON ENERGY PRODUCTION COMPANY, LP 5/7/14 Oil Release Lea (25)
nHMP1413432969 EOG RESOURCES INC 5/7/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nSAD1413251253 CELERO ENERGY II, LP 5/7/14 Other Other (Specify) Other Lea (25)
nHMP1415747700 Spur Energy Partners LLC 5/7/14 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nCS1527156822 SIMCOE LLC 5/7/14 Other Other (Specify) Other San Juan (45)
nCS1416348209 Williams Four Corners, LLC 5/7/14 Major Release Other Other (Specify) Equipment Failure San Juan (45)
nCS1416348889 Williams Four Corners, LLC 5/6/14 Major Other Other (Specify) Equipment Failure San Juan (45)
nHMP1413429654 DEVON ENERGY PRODUCTION COMPANY, LP 5/5/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nHMP1414933630 EOG Y RESOURCES, INC. 5/5/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1413438664 RAY WESTALL OPERATING, INC. 5/5/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1418941914 CIMAREX ENERGY CO. 5/5/14 Minor Oil Release Crude Oil Human Error Lea (25)
nTO1414725188 J R OIL, LTD. CO. 5/5/14 Major Oil Release Crude Oil Corrosion Lea (25)
nAB1613253591 LINN OPERATING, LLC. 5/5/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nVF1703333740 HILCORP ENERGY COMPANY 5/5/14 Release Other Rio Arriba (39)
nCS1416349269 Williams Four Corners, LLC 5/5/14 Major Other Other (Specify) Equipment Failure San Juan (45)
nCS1416348661 Williams Four Corners, LLC 5/5/14 Major Other Other (Specify) Equipment Failure San Juan (45)
nHMP1413239479 CIMAREX ENERGY CO. OF COLORADO 5/4/14 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1413238288 CIMAREX ENERGY CO. OF COLORADO 5/4/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1414931417 COG OPERATING LLC 5/4/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1414053060 FAE II Operating LLC 5/4/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nHMP1413233154 LINN OPERATING, LLC. 5/3/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1418955309 DEVON ENERGY PRODUCTION COMPANY, LP 5/2/14 Major Oil Release Crude Oil Human Error Lea (25)
nTO1418830370 SOUTHWEST ROYALTIES INC 5/2/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1412246584 JOHN CRAVEY DBA JRC PETROLEUM 5/2/14 Produced Water Release Produced Water Other Eddy (15)
nTO1425428176 EOG RESOURCES INC 5/1/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1424842845 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/1/14 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nHMP1416433238 EOG Y RESOURCES, INC. 5/1/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1516255463 SIMCOE LLC 5/1/14 Oil Release San Juan (45)
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nHMP1413247637 BOPCO, L.P. 4/30/14 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nCS1413554601 SIMCOE LLC 4/30/14 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nCS1414728567 Williams Four Corners, LLC 4/30/14 Minor Other Chemical (Specify) Equipment Failure San Juan (45)
nHMP1413435475 CHEVRON U S A INC 4/29/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nSAD1413436037 CHEVRON U S A INC 4/28/14 Minor Other Other (Specify) Normal Operations Lea (25)
nHMP1412133862 OXY USA INC 4/28/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1413235805 Silverback Operating II, LLC 4/28/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1413240586 BOPCO, L.P. 4/27/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1425227035 EOG RESOURCES INC 4/26/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1430837558 BURLINGTON RESOURCES OIL & GAS CO 4/26/14 Minor Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nCS1412953121 BURLINGTON RESOURCES OIL & GAS CO 4/26/14 Minor Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nCS1413430847 RODDY PRODUCTION CO INC 4/26/14 Oil Release Unknown Other San Juan (45)
nJK1424848611 HILCORP ENERGY COMPANY 4/26/14 Oil Release Crude Oil Other San Juan (45)
nHMP1413246670 BOPCO, L.P. 4/25/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1413536397 PYOTE WELL SERVICE, LLC 4/25/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1412152422 BURLINGTON RESOURCES OIL & GAS CO 4/24/14 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nMLB1417848148 HOLLY ENERGY PARTNERS, LP 4/24/14 Major Oil Release Crude Oil Human Error Eddy (15)
nTO1418956668 Franklin Mountain Energy 3, LLC 4/24/14 Minor Oil Release Crude Oil Human Error Lea (25)
nHMP1413237203 EOG Y RESOURCES, INC. 4/23/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1413234669 EOG Y RESOURCES, INC. 4/23/14 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nGRL1413438172 DEVON ENERGY PRODUCTION COMPANY, LP 4/22/14 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nTO1426546598 OXY USA INC 4/22/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nHMP1411840425 OXY USA INC 4/22/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1417059518 OWL SWD OPERATING, LLC 4/22/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1411828179 BOPCO, L.P. 4/21/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1411829494 BOPCO, L.P. 4/20/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nSAD1411345431 Maverick Permian LLC 4/20/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nSAD1412248881 CART HILL ENERGY, LLC 4/19/14 Major Produced Water Release Produced Water Corrosion Lea (25)
nCS1424853204 CONOCOPHILLIPS COMPANY 4/16/14 Release Other Other (Specify) Other Rio Arriba (39)
nHMP1411844251 OXY USA INC 4/14/14 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nHMP1411836637 BOPCO, L.P. 4/14/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1412141687 LINN OPERATING, LLC. 4/14/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1412136548 LINN OPERATING, LLC. 4/13/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1421937182 Silverback Operating II, LLC 4/13/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1423342356 XTO ENERGY, INC 4/11/14 Produced Water Release Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nTO1422333460 OXY USA INC 4/11/14 Major Oil Release Crude Oil Human Error Lea (25)
nCS1411151357 SIMCOE LLC 4/11/14 Oil Release Other (Specify) Other San Juan (45)
nAPM2319950239 RICE OPERATING COMPANY 4/10/14 Release Other Lea (25)
nSAD1411541300 EOG Y RESOURCES, INC. 4/10/14 Major Oil Release Crude Oil Human Error Lea (25)
nJXK1535150868 J R OIL, LTD. CO. 4/10/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nHMP1410423587 ALAMO PERMIAN RESOURCES, LLC 4/10/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1410530854 MEWBOURNE OIL CO 4/9/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nHMP1412149243 APACHE CORPORATION 4/8/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1425148342 DUGAN PRODUCTION CORP 4/8/14 Oil Release Lube Oil Other Rio Arriba (39)
nJK1424838229 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/8/14 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nHMP1412239433 EOG Y RESOURCES, INC. 4/8/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1412132501 OXY USA WTP LIMITED PARTNERSHIP 4/8/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
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nHMP1411832156 BOPCO, L.P. 4/8/14 Minor Oil Release Crude Oil Human Error Eddy (15)
nSAD1411542622 CART HILL ENERGY, LLC 4/8/14 Major Produced Water Release Produced Water Other Lea (25)
nCS1415353157 SIMCOE LLC 4/8/14 Oil Release Condensate, Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nHMP1412226568 Spur Energy Partners LLC 4/7/14 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nSAD1411345933 V-F PETROLEUM INC 4/6/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1412224328 COG OPERATING LLC 4/6/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1418357347 Spur Energy Partners LLC 4/6/14 Minor Release Other Other (Specify) Equipment Failure Lea (25)
nHMP1412135045 RILEY PERMIAN OPERATING COMPANY, LLC 4/5/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1410424987 HARVARD PETROLEUM COMPANY, LLC 4/4/14 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nHMP1412232021 EOG Y RESOURCES, INC. 4/4/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1412230449 Spur Energy Partners LLC 4/4/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1411554051 SIMCOE LLC 4/3/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nHMP1409742947 APACHE CORPORATION 4/2/14 Oil Release Crude Oil Blow Out Eddy (15)
nHMP1410431814 EOG Y RESOURCES, INC. 4/2/14 Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nAB1530734930 PLAINS MARKETING L.P. 4/2/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1426952954 WPX ENERGY PRODUCTION, LLC 4/2/14 Minor Produced Water Release Produced Water Rio Arriba (39)
nCS1411150279 BP AMERICA PRODUCTION COMPANY 4/1/14 Oil Release Condensate, Crude Oil Other San Juan (45)
nAPM2318631962 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318630883 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318453821 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318453195 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318452234 RICE OPERATING COMPANY 4/1/14 Produced Water Release Lea (25)
nAPM2318451652 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318451379 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318451165 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318450914 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318450711 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318450294 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318450067 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318449737 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2318031785 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2317856021 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2317854763 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2317854281 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2317853375 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2317846152 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2317845964 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2317845290 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2317845036 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nAPM2317844794 RICE OPERATING COMPANY 4/1/14 Release Other Lea (25)
nHMP1412225422 COG OPERATING LLC 4/1/14 Major Oil Release Crude Oil Vandalism Eddy (15)
nTO1422532945 Maverick Permian LLC 4/1/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1419031274 XTO ENERGY, INC 3/31/14 Major Produced Water Release Produced Water Human Error Lea (25)
nCS1426952690 WPX ENERGY PRODUCTION, LLC 3/31/14 Major Produced Water Release Produced Water Human Error Rio Arriba (39)
nCS1418832248 ELM RIDGE EXPLORATION COMPANY LLC 3/31/14 Oil Release Condensate Equipment Failure San Juan (45)
nCS1510342272 SIMCOE LLC 3/31/14 Oil Release Condensate Other San Juan (45)
nCS1426954827 WPX ENERGY PRODUCTION, LLC 3/30/14 Major Produced Water Release Produced Water Equipment Failure San Juan (45)

WG Ex. 92

3216



nCS1424842869 WESTERN REFINING COMPANY, L.P. 3/30/14 Minor Release Other Other (Specify) Overflow - Tank, Pit, Etc. Sandoval (43)
nCS1417533025 WESTERN REFINING COMPANY, L.P. 3/30/14 Minor Release Other Chemical (Specify) Equipment Failure Sandoval (43)
nHMP1410429665 EOG Y RESOURCES, INC. 3/29/14 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1432149377 XTO ENERGY, INC 3/28/14 Produced Water Release Produced Water Other San Juan (45)
nCS1423255209 XTO ENERGY, INC 3/28/14 Oil Release Other (Specify) Other San Juan (45)
nTO1418841834 EOG RESOURCES INC 3/28/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1425149002 XTO ENERGY, INC 3/27/14 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCS1432149676 XTO ENERGY, INC 3/27/14 Produced Water Release Produced Water Other San Juan (45)
nHMP1410140947 MEWBOURNE OIL CO 3/27/14 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1426953366 WPX ENERGY PRODUCTION, LLC 3/27/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nTO1419030269 MATADOR PRODUCTION COMPANY 3/27/14 Major Release Other Drilling Mud/Fluid Equipment Failure Lea (25)
nTO1419029688 COG OPERATING LLC 3/27/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1410542326 COG OPERATING LLC 3/27/14 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nHMP1410129629 BOPCO, L.P. 3/27/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1410127289 BOPCO, L.P. 3/27/14 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1419028541 Spur Energy Partners LLC 3/27/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1501353729 SIMCOE LLC 3/27/14 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nCS1501353625 SIMCOE LLC 3/27/14 Oil Release Other (Specify) Other San Juan (45)
nJK1424847073 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/26/14 Minor Produced Water Release Crude Oil, Produced Water Corrosion Rio Arriba (39)
nCS1424540927 BURLINGTON RESOURCES OIL & GAS CO 3/26/14 Other Crude Oil Rio Arriba (39)
nCS1411126896 BURLINGTON RESOURCES OIL & GAS CO 3/26/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Rio Arriba (39)
nCS1411136640 ENERGEN RESOURCES CORPORATION 3/26/14 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nHMP1409029298 LINN OPERATING, LLC. 3/26/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1424855412 ENTERPRISE PRODUCTS OPERATING, LLC 3/26/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure San Juan (45)

nCS1424850174 ENTERPRISE PRODUCTS OPERATING, LLC 3/25/14 Oil Release Natural Gas Liquids Human Error San Juan (45)

nCS1413531395 ENTERPRISE PRODUCTS OPERATING, LLC 3/25/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Human Error San Juan (45)

nHMP1409230091 BURNETT OIL CO INC 3/24/14 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nSAD1411339909 RICE OPERATING COMPANY 3/24/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1418853404 SOUTHWEST ROYALTIES INC 3/24/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1512454101 DEVON ENERGY PRODUCTION COMPANY, LP 3/23/14 Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1419048147 RICE OPERATING COMPANY 3/22/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1422448322 BXP Operating, LLC 3/22/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1500538754 ENTERPRISE PRODUCTS OPERATING, LLC 3/22/14 Major Produced Water Release Produced Water Human Error Lea (25)
nCS1411140794 DUGAN PRODUCTION CORP 3/21/14 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nHMP1409023168 BURNETT OIL CO INC 3/20/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1426952044 WPX ENERGY PRODUCTION, LLC 3/20/14 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nHMP1409045328 COG OPERATING LLC 3/20/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1410757383 SIMCOE LLC 3/20/14 Oil Release Other (Specify) Corrosion San Juan (45)

nAB1528756480 ENTERPRISE PRODUCTS OPERATING, LLC 3/20/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Eddy (15)

nCS1432335558 CONOCOPHILLIPS COMPANY 3/19/14 Major Fire Condensate Fire Rio Arriba (39)
nCS1411127802 CONOCOPHILLIPS COMPANY 3/19/14 Major Fire Condensate Other Rio Arriba (39)
nTO1418952499 BREITBURN OPERATING LP 3/19/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)

nAB1528755438 ENTERPRISE PRODUCTS OPERATING, LLC 3/19/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Eddy (15)
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nAB1528743402 ENTERPRISE PRODUCTS OPERATING, LLC 3/19/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nHMP1408631594 DEVON ENERGY PRODUCTION COMPANY, LP 3/18/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1519036460 OCCIDENTAL PERMIAN LTD 3/18/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nHMP1416349902 OCCIDENTAL PERMIAN LTD 3/18/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nHMP1411843120 OXY USA WTP LIMITED PARTNERSHIP 3/18/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1412241998 WPX Energy Permian, LLC 3/18/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1424840431 ENTERPRISE PRODUCTS OPERATING, LLC 3/18/14 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nHMP1408548600 OXY USA INC 3/17/14 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1409047345 EOG Y RESOURCES, INC. 3/17/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1426547353 J R OIL, LTD. CO. 3/17/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1426545976 OXY USA INC 3/14/14 Minor Oil Release Crude Oil Human Error Lea (25)
nHMP1410539495 CIMAREX ENERGY CO. OF COLORADO 3/14/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1407731743 BOPCO, L.P. 3/14/14 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nGRL1411842333 CART HILL ENERGY, LLC 3/14/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nHMP1409037187 Spur Energy Partners LLC 3/14/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1422438684 Maverick Permian LLC 3/14/14 Produced Water Release Lea (25)

nCS1509842522 ELM RIDGE EXPLORATION COMPANY LLC 3/13/14 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion 0

nCS1509842340 ELM RIDGE EXPLORATION COMPANY LLC 3/13/14 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion 0

nCS1432335055 CONOCOPHILLIPS COMPANY 3/13/14 Other Other (Specify) Other Rio Arriba (39)

nSAD1412252264 COG OPERATING LLC 3/13/14 Minor Other
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Lea (25)

nCS1432148756 XTO ENERGY, INC 3/12/14 Produced Water Release Crude Oil, Produced Water Other San Juan (45)
nHMP1409041462 COG OPERATING LLC 3/12/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nHMP1408623289 OXY USA INC 3/11/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1410755727 SIMCOE LLC 3/10/14 Release Other Other (Specify) Other San Juan (45)
nTO1430349896 Maverick Permian LLC 3/10/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nMLB1418931959 HOLLY ENERGY PARTNERS, LP 3/9/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nHMP1407241549 LINN OPERATING, LLC. 3/9/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1410427341 BAM Permian Operating, LLC 3/9/14 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nHMP1407326842 CIMAREX ENERGY CO. OF COLORADO 3/8/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nHMP1408449795 COG OPERATING LLC 3/8/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nHMP1408738739 COG OPERATING LLC 3/7/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nHMP1408523814 COG OPERATING LLC 3/7/14 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nHMP1408441789 COG OPERATING LLC 3/7/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nHMP1408639979 EOG Y RESOURCES, INC. 3/6/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nAB1523929225 DCP OPERATING COMPANY, LP 3/6/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Lea (25)

nHMP1407733945 BOPCO, L.P. 3/6/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1507744583 LINN OPERATING, LLC. 3/6/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1408436341 Spur Energy Partners LLC 3/6/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nHMP1407325518 WPX Energy Permian, LLC 3/5/14 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCS1519754205 DOMINION PRODUCTION COMPANY, LLC 3/5/14 Other Other (Specify) Other McKinley (31)

nAB1525329617 ENTERPRISE PRODUCTS OPERATING, LLC 3/5/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)
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nTO1418128670 SOUTHWEST ROYALTIES INC 3/4/14 Major Produced Water Release Produced Water Human Error Lea (25)
nTO1418127097 SOUTHWEST ROYALTIES INC 3/4/14 Major Produced Water Release Produced Water Human Error Lea (25)
nCS1412731422 HUNTINGTON ENERGY, LLC 3/4/14 Major Fire Crude Oil Fire Rio Arriba (39)

nCS1414848517 ENTERPRISE PRODUCTS OPERATING, LLC 3/4/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Human Error Rio Arriba (39)

nCS1413529955 ENTERPRISE PRODUCTS OPERATING, LLC 3/4/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Human Error Rio Arriba (39)

nGRL1416137202 CONOCO INC 3/3/14 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nHMP1413231517 OXY USA INC 3/3/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1407330329 OXY USA INC 3/3/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nHMP1408538763 COG OPERATING LLC 3/1/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1419043007 EOG RESOURCES INC 2/28/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1423942822 WPX ENERGY PRODUCTION, LLC 2/28/14 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nHMP1410125196 BOPCO, L.P. 2/28/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1410122419 BOPCO, L.P. 2/28/14 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nKJ1603954129 APACHE CORPORATION 2/27/14 Produced Water Release Produced Water Human Error Lea (25)

nJK1424842057 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/27/14 Natural Gas Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nCS1430954580 BURLINGTON RESOURCES OIL & GAS CO 2/27/14 Other Other (Specify) Other Rio Arriba (39)

nCS1411448010 BURLINGTON RESOURCES OIL & GAS CO 2/27/14 Natural Gas Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nCS1412954171 High River Resources Operating, LLC 2/27/14 Major Oil Release Condensate Freeze Rio Arriba (39)
nCS1410653347 High River Resources Operating, LLC 2/27/14 Major Oil Release Condensate Equipment Failure Rio Arriba (39)
nJXK1610235685 BXP Operating, LLC 2/27/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nHMP1407632629 APACHE CORPORATION 2/26/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nHMP1408736178 EOG RESOURCES INC 2/26/14 Minor Oil Release Crude Oil Human Error Eddy (15)
nHMP1406629354 EOG RESOURCES INC 2/26/14 Minor Oil Release Crude Oil Human Error Eddy (15)
nJK1407025206 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/26/14 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nCS1414930212 BURLINGTON RESOURCES OIL & GAS CO 2/26/14 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nKJ1512049586 NORTHERN PACIFIC OIL AND GAS INCORPORATED 2/26/14 Major Oil Release Crude Oil Equipment Failure Chaves (05)
nKJ1603435582 OXY USA INC 2/25/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)

nHMP1412750858 BXP Operating, LLC 2/25/14 Major Produced Water Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Fire Eddy (15)

nTO1420439275 OXY USA INC 2/24/14 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nKJ1603438023 J R OIL, LTD. CO. 2/24/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nAB1521253192 Blackbuck New Mexico LLC 2/24/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1408433913 Spur Energy Partners LLC 2/22/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1423942377 BURLINGTON RESOURCES OIL & GAS CO 2/21/14 Major Oil Release Crude Oil, Produced Water Rio Arriba (39)
nJK1425132861 CONOCOPHILLIPS COMPANY 2/20/14 Minor Oil Release Condensate Corrosion Rio Arriba (39)

nCS1416151119 ENTERPRISE PRODUCTS OPERATING, LLC 2/20/14 Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Human Error Rio Arriba (39)

nCS1411229109 ENTERPRISE PRODUCTS OPERATING, LLC 2/20/14 Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Human Error Rio Arriba (39)

nMLB1624442516 EOG Y RESOURCES, INC. 2/19/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1624438994 EOG Y RESOURCES, INC. 2/19/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nCS1416151739 ENTERPRISE PRODUCTS OPERATING, LLC 2/19/14 Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nCS1414849222 ENTERPRISE PRODUCTS OPERATING, LLC 2/19/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)
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nCS1411453775 ENTERPRISE PRODUCTS OPERATING, LLC 2/19/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1411453495 ENTERPRISE PRODUCTS OPERATING, LLC 2/19/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nKJ1603526248 OXY USA INC 2/18/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1411825249 STEPHENS & JOHNSON OP CO 2/18/14 Produced Water Release Produced Water Eddy (15)
nHMP1407226243 LINN OPERATING, LLC. 2/18/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1432150186 CHUZA OIL COMPANY 2/18/14 Major Oil Release Crude Oil Equipment Failure San Juan (45)
nCS1411834772 CHUZA OIL COMPANY 2/18/14 Oil Release Crude Oil Corrosion San Juan (45)
nAPM2336050179 Enterprise Field Services, LLC 2/16/14 Other Lea (25)
nHMP1408642078 EOG Y RESOURCES, INC. 2/15/14 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nCS1411842417 CONOCOPHILLIPS COMPANY 2/14/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nHMP1407133956 BOPCO, L.P. 2/14/14 Major Produced Water Release Produced Water Vandalism Eddy (15)
nCS1410652223 High River Resources Operating, LLC 2/14/14 Major Oil Release Condensate Equipment Failure Rio Arriba (39)
nCS1416152988 BURLINGTON RESOURCES OIL & GAS CO 2/13/14 Minor Oil Release Glycol, Natural Gas Liquids San Juan (45)
nHMP1406924194 COG OPERATING LLC 2/13/14 Major Oil Release Crude Oil, Produced Water Fire Eddy (15)
nHMP1407641879 Spur Energy Partners LLC 2/13/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1406634399 Silverback Operating II, LLC 2/13/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1411833436 ENTERPRISE PRODUCTS OPERATING, LLC 2/12/14 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nHMP1406951035 DEVON ENERGY PRODUCTION COMPANY, LP 2/11/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1423330959 HARVARD PETROLEUM COMPANY, LLC 2/11/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nHMP1406625703 NADEL AND GUSSMAN HEYCO, LLC 2/11/14 Major Oil Release Crude Oil, Produced Water Freeze Eddy (15)
nJK1424839459 ENTERPRISE PRODUCTS OPERATING, LLC 2/11/14 Major Release Other Other (Specify) Corrosion San Juan (45)
nCS1411836125 ENTERPRISE PRODUCTS OPERATING, LLC 2/11/14 Major Release Other Other (Specify) Equipment Failure Rio Arriba (39)
nJK1424737989 XTO ENERGY, INC 2/10/14 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1406241835 XTO ENERGY, INC 2/10/14 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCS1414952883 BURLINGTON RESOURCES OIL & GAS CO 2/10/14 Major Oil Release Crude Oil Corrosion San Juan (45)
nCS1411841877 BURLINGTON RESOURCES OIL & GAS CO 2/10/14 Major Oil Release Crude Oil Equipment Failure San Juan (45)
nCS1411854984 ENERGEN RESOURCES CORPORATION 2/10/14 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nHMP1407130197 BOPCO, L.P. 2/10/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1416150725 ENTERPRISE PRODUCTS OPERATING, LLC 2/10/14 Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nCS1411838781 ENTERPRISE PRODUCTS OPERATING, LLC 2/10/14 Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Rio Arriba (39)

nTO1502237885 APACHE CORPORATION 2/8/14 Major Produced Water Release Produced Water Freeze Lea (25)

nAB1434442192 OXY USA INC 2/8/14 Minor Natural Gas Release
Gasoline, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nCS1411841635 ENTERPRISE PRODUCTS OPERATING, LLC 2/8/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1411141725 ENTERPRISE PRODUCTS OPERATING, LLC 2/8/14 Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Sandoval (43)

nCS1418828224 BURLINGTON RESOURCES OIL & GAS CO 2/6/14 Oil Release Condensate Other San Juan (45)
nJXK1604137715 HIGH SIERRA CRUDE OIL AND MARKETING, LLC 2/6/14 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nHMP1408430529 OLEUM Energy LLC 2/6/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1411843264 ENTERPRISE PRODUCTS OPERATING, LLC 2/6/14 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)

nAB1510438546 ENTERPRISE PRODUCTS OPERATING, LLC 2/6/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nJK1424838788 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/5/14 Produced Water Release Crude Oil Corrosion San Juan (45)
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nHMP1407233282 WPX Energy Permian, LLC 2/5/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1406637338 EOG Y RESOURCES, INC. 2/4/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1603438778 J R OIL, LTD. CO. 2/4/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nHMP1406939926 COG OPERATING LLC 2/3/14 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1411851126 SIMCOE LLC 2/2/14 Other Other (Specify) Other San Juan (45)
nHMP1406936771 Spur Energy Partners LLC 2/1/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nHMP1406640288 Saguaro Petroleum, LLC 2/1/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1412528089 XTO ENERGY, INC 1/31/14 Major Produced Water Release Produced Water Corrosion San Juan (45)
nMLB1403537703 KAISER-FRANCIS OIL CO 1/30/14 Major Release Other Gelled Brine (Frac Fluid) Human Error Eddy (15)
nCS1412953471 CONOCOPHILLIPS COMPANY 1/30/14 Major Produced Water Release Produced Water Corrosion San Juan (45)
nCS1411856041 CONOCOPHILLIPS COMPANY 1/30/14 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nCS1425139269 SIMCOE LLC 1/30/14 Major Oil Release Condensate, Produced Water Freeze San Juan (45)
nCS1412526512 SIMCOE LLC 1/30/14 Major Oil Release Condensate, Produced Water Freeze San Juan (45)
nJK1424739881 CONOCOPHILLIPS COMPANY 1/29/14 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nHMP1407127759 CONOCOPHILLIPS COMPANY 1/29/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1417750844 Flat Top Operating, LLC 1/29/14 Oil Release Crude Oil Equipment Failure Lea (25)
nTO1417749187 Flat Top Operating, LLC 1/29/14 Oil Release Lea (25)
nSAD1416136981 Flat Top Operating, LLC 1/29/14 Oil Release Crude Oil Freeze Lea (25)
nJXK1601452637 CHEVRON U S A INC 1/28/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nMLB1405827737 OXY USA INC 1/28/14 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nVF1535837838 CONOCOPHILLIPS COMPANY 1/28/14 Produced Water Release San Juan (45)
nMLB1403656094 LINN OPERATING, LLC. 1/27/14 Minor Produced Water Release Produced Water Human Error Eddy (15)

nCS1414850180 ENTERPRISE PRODUCTS OPERATING, LLC 1/27/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure San Juan (45)

nHMP1407332688 LINN OPERATING, LLC. 1/26/14 Major Oil Release Crude Oil Fire Eddy (15)
nHMP1406931715 BOPCO, L.P. 1/25/14 Minor Produced Water Release Produced Water Vandalism Eddy (15)
nCS1524739234 BURLINGTON RESOURCES OIL & GAS CO 1/24/14 Produced Water Release Other (Specify) Other San Juan (45)
nTO1422038706 J R OIL, LTD. CO. 1/24/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nHMP1406929753 BOPCO, L.P. 1/24/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1407035850 LINN OPERATING, LLC. 1/24/14 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1535047339 EOG Y RESOURCES, INC. 1/23/14 Major Produced Water Release Produced Water Lea (25)
nCS1418835501 CONOCOPHILLIPS COMPANY 1/23/14 Minor Oil Release Crude Oil Corrosion Rio Arriba (39)
nCS1412528489 CONOCOPHILLIPS COMPANY 1/23/14 Minor Oil Release Condensate Corrosion Rio Arriba (39)
nJXK1535047243 COG OPERATING LLC 1/23/14 Produced Water Release Lea (25)
nHMP1406527038 BOPCO, L.P. 1/23/14 Major Produced Water Release Produced Water Eddy (15)
nMLB1405255956 Silverback Operating II, LLC 1/23/14 Major Release Other Other (Specify) Human Error Eddy (15)

nCS1414933231 ENTERPRISE PRODUCTS OPERATING, LLC 1/23/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1411855417 ENTERPRISE PRODUCTS OPERATING, LLC 1/23/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1416351257 BURLINGTON RESOURCES OIL & GAS CO 1/22/14 Oil Release Condensate, Crude Oil Rio Arriba (39)
nTO1419041259 PLAINS MARKETING L.P. 1/22/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nTO1418956052 PLAINS MARKETING L.P. 1/22/14 Major Oil Release Crude Oil Equipment Failure Lea (25)
nCS1430842934 CONOCOPHILLIPS COMPANY 1/22/14 Other Other (Specify) Equipment Failure Rio Arriba (39)
nHMP1406531419 COG OPERATING LLC 1/22/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nCS1508231006 ENTERPRISE PRODUCTS OPERATING, LLC 1/22/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)
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nCS1411856475 ENTERPRISE PRODUCTS OPERATING, LLC 1/22/14 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion San Juan (45)

nKJ1603530031 OCCIDENTAL PERMIAN LTD 1/21/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJK1416942396 CONOCOPHILLIPS COMPANY 1/21/14 Minor Produced Water Release Produced Water Other Rio Arriba (39)
nCS1412951744 CONOCOPHILLIPS COMPANY 1/21/14 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nHMP1406539248 COG OPERATING LLC 1/21/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1413430598 BURLINGTON RESOURCES OIL & GAS CO 1/20/14 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nCS1413430052 BURLINGTON RESOURCES OIL & GAS CO 1/20/14 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nCS1414949793 ENTERPRISE PRODUCTS OPERATING, LLC 1/20/14 Minor Oil Release Condensate, Produced Water Freeze Rio Arriba (39)
nCS1412257265 ENTERPRISE PRODUCTS OPERATING, LLC 1/20/14 Oil Release Condensate, Produced Water Freeze Rio Arriba (39)
nMLB1406342981 BURNETT OIL CO INC 1/18/14 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1404935190 EASTLAND OIL CO 1/18/14 Major Produced Water Release Crude Oil, Produced Water Freeze Eddy (15)
nHMP1409239389 Spur Energy Partners LLC 1/18/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1407146471 COG OPERATING LLC 1/17/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nHMP1409237474 Spur Energy Partners LLC 1/17/14 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nCS1412528765 DUGAN PRODUCTION CORP 1/16/14 Major Produced Water Release Produced Water Freeze 0
nHMP1409130181 EOG Y RESOURCES, INC. 1/16/14 Major Release Other Brine Water Blow Out Eddy (15)
nHMP1409245865 COG OPERATING LLC 1/16/14 Major Produced Water Release Produced Water Human Error Eddy (15)
nBGB2103248980 XTO ENERGY INC 1/15/14 Release Other Eddy (15)
nJMW1403055003 COG OPERATING LLC 1/15/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nHMP1407144649 EOG Y RESOURCES, INC. 1/14/14 Major Produced Water Release Produced Water Human Error Eddy (15)

nJK1416956720 ENTERPRISE PRODUCTS OPERATING, LLC 1/14/14 Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nCS1413434716 ENTERPRISE PRODUCTS OPERATING, LLC 1/14/14 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure San Juan (45)

nSAD1402255331 DEVON ENERGY PRODUCTION COMPANY, LP 1/13/14 Minor Produced Water Release Produced Water Lea (25)
nJXK1534948142 DEVON ENERGY PRODUCTION COMPANY, LP 1/13/14 Minor Produced Water Release Produced Water Corrosion Lea (25)
nCS1501348363 WPX ENERGY PRODUCTION, LLC 1/13/14 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nCS1412730662 CONOCOPHILLIPS COMPANY 1/13/14 Produced Water Release Crude Oil, Produced Water San Juan (45)
nHMP1412240947 BOPCO, L.P. 1/13/14 Minor Release Other Diesel Human Error Eddy (15)
nTO1418850785 ENERGEN RESOURCES CORPORATION 1/12/14 Major Oil Release Crude Oil Equipment Failure Roosevelt (41)
nJK1424825715 SIMCOE LLC 1/12/14 Major Oil Release Condensate, Produced Water Freeze San Juan (45)
nSAD1402256091 PURVIS OPERATING CO 1/11/14 Oil Release Crude Oil Corrosion Lea (25)
nCS1425137836 SIMCOE LLC 1/11/14 Major Oil Release Condensate, Produced Water Freeze San Juan (45)
nCS1426950871 WPX ENERGY PRODUCTION, LLC 1/10/14 Minor Produced Water Release Produced Water Human Error Rio Arriba (39)
nJMW1402938083 CIMAREX ENERGY CO. OF COLORADO 1/10/14 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nHMP1411838237 OXY USA WTP LIMITED PARTNERSHIP 1/10/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1402853427 BOPCO, L.P. 1/10/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1402941819 COG OPERATING LLC 1/9/14 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1402135403 LINN OPERATING, LLC. 1/9/14 Minor Produced Water Release Produced Water Other Eddy (15)
nJMW1402340623 Spur Energy Partners LLC 1/9/14 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1603944479 SELECT AGUA LIBRE MIDSTREAM, LLC 1/9/14 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1402942895 COG OPERATING LLC 1/8/14 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJXK1535150428 J R OIL, LTD. CO. 1/8/14 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1402348985 ALAMO PERMIAN RESOURCES, LLC 1/8/14 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nJK1424750531 ENTERPRISE PRODUCTS OPERATING, LLC 1/8/14 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)
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nCS1411455301 ENTERPRISE PRODUCTS OPERATING, LLC 1/8/14 Minor Natural Gas Release

[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids, 
Other (Specify) Equipment Failure, Other San Juan (45)

nGRL1403735975 APACHE CORPORATION 1/7/14 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nJMW1403053252 OXY USA INC 1/7/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1406549483 EOG Y RESOURCES, INC. 1/7/14 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1402336326 OXY USA WTP LIMITED PARTNERSHIP 1/7/14 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1402928174 BOPCO, L.P. 1/7/14 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJMW1402435163 LINN OPERATING, LLC. 1/7/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1424728933 Pineland Operating Company, LLC 1/7/14 Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nJMW1403048842 OXY USA INC 1/6/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1402429852 LINN OPERATING, LLC. 1/6/14 Minor Oil Release Crude Oil Human Error Eddy (15)
nTO1426741065 Maverick Permian LLC 1/6/14 Minor Oil Release Crude Oil Freeze Lea (25)
nKJ1605034869 OXY USA INC 1/5/14 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJMW1402855518 BOPCO, L.P. 1/5/14 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1402854370 BOPCO, L.P. 1/5/14 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1402351821 EOG Y RESOURCES, INC. 1/4/14 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nHMP1409135761 EOG Y RESOURCES, INC. 1/3/14 Minor Oil Release Crude Oil Human Error Eddy (15)
nJMW1402956756 Spur Energy Partners LLC 1/2/14 Major Produced Water Release Produced Water Human Error Eddy (15)

nCS1411450148 ENTERPRISE PRODUCTS OPERATING, LLC 1/2/14 Natural Gas Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nJMW1402142800 OXY USA WTP LIMITED PARTNERSHIP 1/1/14 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1409350654 JOHN H HENDRIX CORP 12/31/13 Major Oil Release Crude Oil Corrosion Lea (25)
nGRL1401527030 RICE OPERATING COMPANY 12/31/13 Major Produced Water Release Produced Water Freeze Lea (25)
nHMP1409234972 OWL SWD OPERATING, LLC 12/31/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1401633911 Spur Energy Partners LLC 12/31/13 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1416931138 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/30/13 Minor Oil Release Crude Oil, Produced Water Freeze San Juan (45)
nVF1600840786 BURLINGTON RESOURCES OIL & GAS CO 12/30/13 Release Other San Juan (45)
nCS1424852465 BURLINGTON RESOURCES OIL & GAS CO 12/30/13 Minor Oil Release Condensate, Produced Water Freeze San Juan (45)
nJMW1401630480 SOLARIS WATER MIDSTREAM, LLC 12/30/13 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nJK1424756324 ENTERPRISE PRODUCTS OPERATING, LLC 12/30/13 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Rio Arriba (39)

nCS1426847986 ENTERPRISE PRODUCTS OPERATING, LLC 12/30/13 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nJMW1402931073 Permian Resources Operating, LLC 12/29/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1402151156 Silverback Operating II, LLC 12/28/13 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJK1425156343 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/27/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1424826772 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/27/13 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nJXK1535046286 EOG Y RESOURCES, INC. 12/27/13 Major Produced Water Release Produced Water Other Lea (25)
nCS1424837712 BURLINGTON RESOURCES OIL & GAS CO 12/27/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCS1411540964 BURLINGTON RESOURCES OIL & GAS CO 12/27/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1400848180 LINN OPERATING, LLC. 12/27/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1401637206 Spur Energy Partners LLC 12/27/13 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1425426813 SIMCOE LLC 12/27/13 Major Oil Release Condensate, Produced Water Freeze San Juan (45)
nCS1424730720 SIMCOE LLC 12/27/13 Major Oil Release Condensate, Produced Water Freeze San Juan (45)
nJMW1402356052 EOG Y RESOURCES, INC. 12/26/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1509654675 LOGOS OPERATING, LLC 12/26/13 Produced Water Release Other (Specify) Equipment Failure Sandoval (43)
nJK1416931595 LOGOS OPERATING, LLC 12/26/13 Produced Water Release Produced Water Other Sandoval (43)
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nTO1419256262 Maverick Permian LLC 12/26/13 Major Other Other (Specify) Equipment Failure Lea (25)
nJMW1402934481 OXY USA WTP LIMITED PARTNERSHIP 12/25/13 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1400340759 BOPCO, L.P. 12/25/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1401753430 Spur Energy Partners LLC 12/25/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1402129082 COG OPERATING LLC 12/24/13 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1400327833 ALAMO PERMIAN RESOURCES, LLC 12/24/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1806648204 HILCORP SAN JUAN, LP 12/23/13 Natural Gas Release Rio Arriba (39)
nJMW1400335161 BOPCO, L.P. 12/22/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1402138673 OXY USA INC 12/21/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1411135662 WESTERN REFINING COMPANY, L.P. 12/21/13 Minor Oil Release Crude Oil Equipment Failure Sandoval (43)
nJMW1402149370 OXY USA WTP LIMITED PARTNERSHIP 12/20/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1424738670 CONOCOPHILLIPS COMPANY 12/20/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJK1410142647 CONOCOPHILLIPS COMPANY 12/20/13 Minor Oil Release Condensate Corrosion San Juan (45)
nJMW1400742612 APACHE CORPORATION 12/19/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1603528944 OXY USA INC 12/19/13 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nTO1422031463 Maverick Permian LLC 12/19/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1412626611 DUGAN PRODUCTION CORP 12/18/13 Produced Water Release Produced Water Equipment Failure San Juan (45)
nJMW1400740827 APACHE CORPORATION 12/17/13 Major Produced Water Release Brine Water, Crude Oil Normal Operations Eddy (15)
nHMP1409224400 BURNETT OIL CO INC 12/17/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1410139416 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/17/13 Major Produced Water Release Produced Water Corrosion San Juan (45)
nCS1411556685 BURLINGTON RESOURCES OIL & GAS CO 12/17/13 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nCS1411556646 BURLINGTON RESOURCES OIL & GAS CO 12/17/13 Produced Water Release San Juan (45)
nCS1426835272 CONOCOPHILLIPS COMPANY 12/17/13 Release Other Other (Specify) Other San Juan (45)
nJMW1335356548 Spur Energy Partners LLC 12/17/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nJK1416930295 ENTERPRISE PRODUCTS OPERATING, LLC 12/17/13 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Freeze Rio Arriba (39)

nJK1416929917 ENTERPRISE PRODUCTS OPERATING, LLC 12/17/13 Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Other (Specify) Freeze San Juan (45)

nCS1433853136 ENTERPRISE PRODUCTS OPERATING, LLC 12/17/13 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1411853607 ENTERPRISE PRODUCTS OPERATING, LLC 12/17/13 Oil Release Crude Oil, Other (Specify) Freeze San Juan (45)

nCS1411850131 ENTERPRISE PRODUCTS OPERATING, LLC 12/17/13 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Freeze Rio Arriba (39)

nCS1510354816 XTO ENERGY, INC 12/16/13 Other Other (Specify) Other San Juan (45)
nJMW1400241816 BOPCO, L.P. 12/16/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nJK1416933715 ENTERPRISE PRODUCTS OPERATING, LLC 12/16/13 Natural Gas Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane) Corrosion Rio Arriba (39)

nCS1414932061 ENTERPRISE PRODUCTS OPERATING, LLC 12/16/13 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Freeze Rio Arriba (39)

nJMW1400255460 APACHE CORPORATION 12/15/13 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1410139035 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/14/13 Major Oil Release Crude Oil, Produced Water Freeze San Juan (45)
nCS1417456050 BURLINGTON RESOURCES OIL & GAS CO 12/14/13 Major Oil Release Crude Oil, Produced Water Freeze San Juan (45)

nCS1411448874 ENTERPRISE PRODUCTS OPERATING, LLC 12/14/13 Natural Gas Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nJMW1400251866 EOG Y RESOURCES, INC. 12/13/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1412626394 BURLINGTON RESOURCES OIL & GAS CO 12/13/13 Oil Release San Juan (45)
nCS1412626230 BURLINGTON RESOURCES OIL & GAS CO 12/13/13 Oil Release Crude Oil San Juan (45)
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nTO1428343576 CONOCOPHILLIPS COMPANY 12/13/13 Major Produced Water Release Produced Water Human Error Lea (25)
nJMW1400348209 Permian Resources Operating, LLC 12/13/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)

nJK1416934603 ENTERPRISE PRODUCTS OPERATING, LLC 12/13/13 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nJK1416934063 ENTERPRISE PRODUCTS OPERATING, LLC 12/13/13 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nCS1433850624 ENTERPRISE PRODUCTS OPERATING, LLC 12/13/13 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1411452037 ENTERPRISE PRODUCTS OPERATING, LLC 12/13/13 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nJMW1335338341 GERONIMO SWD LLC 12/12/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1410148554 SIMCOE LLC 12/12/13 Major Produced Water Release Produced Water Freeze San Juan (45)
nTO1428340432 Maverick Permian LLC 12/12/13 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1335341610 RILEY PERMIAN OPERATING COMPANY, LLC 12/12/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1424751603 ENTERPRISE PRODUCTS OPERATING, LLC 12/12/13 Major Oil Release Condensate Human Error San Juan (45)

nJK1416934372 ENTERPRISE PRODUCTS OPERATING, LLC 12/12/13 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nGRL1404153601 EXXON MOBIL CORPORATION 12/11/13 Major Oil Release Crude Oil Normal Operations Lea (25)
nGRL1404153249 EXXON MOBIL CORPORATION 12/11/13 Major Oil Release Crude Oil Normal Operations Lea (25)
nJK1410139603 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/11/13 Major Oil Release Crude Oil Corrosion San Juan (45)
nCS1413527971 BURLINGTON RESOURCES OIL & GAS CO 12/11/13 Major Oil Release Crude Oil Corrosion San Juan (45)
nTO1423935780 BXP Operating, LLC 12/11/13 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1416934944 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/10/13 Minor Oil Release Lube Oil Overflow - Tank, Pit, Etc. San Juan (45)
nTO1422334385 J R OIL, LTD. CO. 12/10/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1335433872 FRONTIER FIELD SERVICES, LLC 12/10/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nCS1424729700 ENTERPRISE PRODUCTS OPERATING, LLC 12/10/13 Major Fire Glycol Fire San Juan (45)
nJMW1335350738 EOG Y RESOURCES, INC. 12/9/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1535156357 OCCIDENTAL PERMIAN LTD 12/9/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJK1424748692 CHUZA OIL COMPANY 12/9/13 Oil Release Crude Oil, Produced Water Freeze San Juan (45)
nCS1424540272 CHUZA OIL COMPANY 12/9/13 Minor Oil Release Crude Oil Freeze San Juan (45)
nCS1423940637 ENTERPRISE PRODUCTS OPERATING, LLC 12/9/13 Natural Gas Release San Juan (45)

nCS1421136422 ENTERPRISE PRODUCTS OPERATING, LLC 12/9/13 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1412253118 ENTERPRISE PRODUCTS OPERATING, LLC 12/9/13 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nJMW1334452660 OXY USA INC 12/8/13 Major Release Other Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAB1431435268 OXY USA WTP LIMITED PARTNERSHIP 12/8/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1431430652 OXY USA WTP LIMITED PARTNERSHIP 12/8/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1400247338 COG OPERATING LLC 12/8/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1416929497 Ovintiv USA Inc. 12/8/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1400249936 OXY USA INC 12/7/13 Minor Oil Release Crude Oil Human Error Eddy (15)
nTO1423043689 CONOCOPHILLIPS COMPANY 12/7/13 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJMW1334339872 BOPCO, L.P. 12/6/13 Major Oil Release Crude Oil Human Error Eddy (15)
nJMW1334450049 BURNETT OIL CO INC 12/5/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1410147977 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/5/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS1415329057 BURLINGTON RESOURCES OIL & GAS CO 12/5/13 Minor Produced Water Release Condensate, Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1335337210 COG OPERATING LLC 12/5/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1335256451 Spur Energy Partners LLC 12/5/13 Minor Produced Water Release Produced Water Corrosion Eddy (15)
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nCS1415329037 HILCORP ENERGY COMPANY 12/5/13 Natural Gas Release Rio Arriba (39)
nJMW1334342099 BOPCO, L.P. 12/4/13 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1409454633 BP AMERICA PRODUCTION COMPANY 12/3/13 Major Fire Lube Oil Fire San Juan (45)
nJMW1400232920 CHEVRON U S A INC 12/3/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1404152428 EXXON MOBIL CORPORATION 12/3/13 Major Oil Release Crude Oil Normal Operations Lea (25)
nJMW1334731295 EOG Y RESOURCES, INC. 12/3/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1334440905 CHEVRON U S A INC 12/2/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1335253463 COG OPERATING LLC 12/2/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1410533966 WESTERN REFINING COMPANY, L.P. 12/2/13 Minor Release Other Other (Specify) Equipment Failure Sandoval (43)
nJMW1334442350 CHEVRON U S A INC 12/1/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1335334951 COG OPERATING LLC 11/30/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1335332670 Spur Energy Partners LLC 11/30/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1334728810 Spur Energy Partners LLC 11/30/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1424538247 MorningStar Operating LLC 11/30/13 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1334655913 COG OPERATING LLC 11/29/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1410138797 BP AMERICA PRODUCTION COMPANY 11/27/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nSAD1416836408 APACHE CORPORATION 11/27/13 Major Other Brine Water Human Error Lea (25)

nJMW1334640687 ENTERPRISE PRODUCTS OPERATING, LLC 11/27/13 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Eddy (15)

nJK1410137996 DUGAN PRODUCTION CORP 11/26/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJK1409456320 DUGAN PRODUCTION CORP 11/26/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1334732534 CIMAREX ENERGY CO. 11/26/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1334648160 COG OPERATING LLC 11/26/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1531025558 WESTERN REFINING PIPELINE LLC 11/26/13 Major Release Other Other (Specify) Human Error Sandoval (43)
nTO1422557350 Maverick Permian LLC 11/26/13 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1333053660 BOPCO, L.P. 11/25/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1334331071 COG PRODUCTION, LLC 11/24/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1403735137 OCCIDENTAL PERMIAN LTD 11/23/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJMW1333051310 BOPCO, L.P. 11/22/13 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1410535135 XTO ENERGY, INC 11/21/13 Oil Release Condensate Corrosion San Juan (45)
nJMW1334329814 OXY USA INC 11/20/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1402352588 DOMINION PRODUCTION COMPANY, LLC 11/20/13 Major Produced Water Release Produced Water Equipment Failure McKinley (31)
nJK1402352195 DOMINION PRODUCTION COMPANY, LLC 11/20/13 Minor Produced Water Release Produced Water Equipment Failure McKinley (31)
nGRL1403734829 FAE II Operating LLC 11/20/13 Minor Oil Release Crude Oil Corrosion Lea (25)
nJMW1333732040 APACHE CORPORATION 11/19/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1334328333 COG OPERATING LLC 11/19/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1333652776 Spur Energy Partners LLC 11/19/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nSAD1416839341 APACHE CORPORATION 11/18/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJMW1333031416 BOPCO, L.P. 11/18/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1334052817 OXY USA INC 11/17/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1333029835 DEVON ENERGY PRODUCTION COMPANY, LP 11/16/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)

nAB1530752119 ENTERPRISE PRODUCTS OPERATING, LLC 11/15/13 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Eddy (15)

nJMW1332356226 APACHE CORPORATION 11/14/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nJMW1333037772 ENTERPRISE PRODUCTS OPERATING, LLC 11/14/13 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion Eddy (15)

nJMW1332952476 NEARBURG PRODUCING CO 11/13/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1424541014 CHEVRON MIDCONTINENT, L.P. 11/13/13 Minor Produced Water Release Produced Water Blow Out Lea (25)
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nCS1431638463 ENTERPRISE PRODUCTS OPERATING, LLC 11/13/13 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1423940245 ENTERPRISE PRODUCTS OPERATING, LLC 11/13/13 Natural Gas Release Rio Arriba (39)
nCS1510348739 BURLINGTON RESOURCES OIL & GAS CO 11/12/13 Oil Release Other (Specify) Other Rio Arriba (39)
nJK1333055256 CONOCOPHILLIPS COMPANY 11/12/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCS1424733420 CONOCOPHILLIPS COMPANY 11/12/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1331842147 ALAMO PERMIAN RESOURCES, LLC 11/12/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1431653643 SIMCOE LLC 11/12/13 Oil Release Crude Oil Other San Juan (45)
nJMW1334048783 OXY USA INC 11/11/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nJMW1333735580 ENTERPRISE PRODUCTS OPERATING, LLC 11/11/13 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Eddy (15)

nJMW1332340616 MESQUITE SWD, INC 11/10/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1332342975 Spur Energy Partners LLC 11/9/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1424537473 MorningStar Operating LLC 11/9/13 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJMW1333029059 BXP Operating, LLC 11/8/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nCS1430839939 ENTERPRISE PRODUCTS OPERATING, LLC 11/8/13 Major Natural Gas Release San Juan (45)
nJMW1331839481 BXP Operating, LLC 11/7/13 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJK1421756319 XTO ENERGY, INC 11/6/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1331940873 DEVON ENERGY PRODUCTION COMPANY, LP 11/6/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1333033975 EOG Y RESOURCES, INC. 11/6/13 Major Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nMLB1407029586 LINN OPERATING, LLC. 11/6/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1518246003 OXY USA INC 11/4/13 Major Other B.S. & W. Equipment Failure Eddy (15)
nJMW1333639525 EOG Y RESOURCES, INC. 11/4/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1424750350 CONOCOPHILLIPS COMPANY 11/4/13 Oil Release Condensate San Juan (45)
nJK1333053739 Ovintiv USA Inc. 11/4/13 Release Other Diesel Overflow - Tank, Pit, Etc. Sandoval (43)
nJMW1331933586 REMUDA ENERGY TRANSPORTATION, LLC 11/4/13 Major Oil Release Crude Oil Vehicular Accident Eddy (15)
nJMW1331828390 Spur Energy Partners LLC 11/4/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1424754534 HILCORP ENERGY COMPANY 11/4/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nTO1420556723 PRIMEXX OPERATING CORPORATION 11/2/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1331831899 Silverback Operating II, LLC 11/2/13 Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1331740377 Spur Energy Partners LLC 11/1/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1423953370 MorningStar Operating LLC 11/1/13 Major Fire San Juan (45)
nJK1423953641 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/31/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJK1410142071 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/31/13 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nJMW1332641132 EOG Y RESOURCES, INC. 10/31/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1335329102 RILEY PERMIAN OPERATING COMPANY, LLC 10/31/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1331951983 EOG Y RESOURCES, INC. 10/30/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1416928984 XTO ENERGY, INC 10/29/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1331739314 COG PRODUCTION, LLC 10/29/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1330549623 BOPCO, L.P. 10/29/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1331827039 BAM Permian Operating, LLC 10/29/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1331755617 BAM Permian Operating, LLC 10/29/13 Produced Water Release Eddy (15)
nJK1424826036 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/28/13 Minor Produced Water Release Produced Water Human Error San Juan (45)
nJK1333054347 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/28/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJXK1535155338 OXY USA INC 10/28/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1424743236 CONOCOPHILLIPS COMPANY 10/28/13 Oil Release Rio Arriba (39)
nCS1424743151 CONOCOPHILLIPS COMPANY 10/28/13 Oil Release Rio Arriba (39)
nJMW1330829263 BOPCO, L.P. 10/28/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nJMW1330950433 EOG Y RESOURCES, INC. 10/27/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1331729774 Spur Energy Partners LLC 10/27/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1424742797 WESTERN REFINING COMPANY, L.P. 10/26/13 Minor Release Other Other (Specify) Other Sandoval (43)
nJMW1334333986 Spur Energy Partners LLC 10/26/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1331649742 Spur Energy Partners LLC 10/26/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1416055632 APACHE CORPORATION 10/25/13 Minor Produced Water Release Produced Water Corrosion Lea (25)
nCS1512041396 BURLINGTON RESOURCES OIL & GAS CO 10/25/13 Produced Water Release San Juan (45)
nJMW1330440701 Spur Energy Partners LLC 10/25/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1603531131 Empire New Mexico LLC 10/25/13 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJK1510055970 ELM RIDGE EXPLORATION COMPANY LLC 10/24/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Sandoval (43)
nJK1333852316 ELM RIDGE EXPLORATION COMPANY LLC 10/24/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1330447653 OXY USA WTP LIMITED PARTNERSHIP 10/24/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1331048065 CHEVRON U S A INC 10/22/13 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJK1423953933 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/22/13 Produced Water Release Produced Water Other Rio Arriba (39)
nCS1416350344 BURLINGTON RESOURCES OIL & GAS CO 10/22/13 Produced Water Release Produced Water Other Rio Arriba (39)
nJMW1332352410 CIMAREX ENERGY CO. OF COLORADO 10/22/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1423952566 SIMCOE LLC 10/22/13 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nCS1416350332 HILCORP ENERGY COMPANY 10/22/13 Produced Water Release Rio Arriba (39)
nJK1410142875 CONOCOPHILLIPS COMPANY 10/21/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1331130981 CONOCOPHILLIPS COMPANY 10/21/13 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJMW1330251135 Spur Energy Partners LLC 10/21/13 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1330530079 EOG Y RESOURCES, INC. 10/20/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nSAD1416835750 APACHE CORPORATION 10/19/13 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJMW1329539444 HOLLY ENERGY PARTNERS, LP 10/18/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nCS1425133417 ENTERPRISE PRODUCTS OPERATING, LLC 10/18/13 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nCS1423939939 ENTERPRISE PRODUCTS OPERATING, LLC 10/18/13 Natural Gas Release San Juan (45)
nJK1331132684 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/17/13 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nCS1423941540 BURLINGTON RESOURCES OIL & GAS CO 10/17/13 Minor Oil Release Natural Gas Liquids Corrosion Rio Arriba (39)
nJMW1330538809 Spur Energy Partners LLC 10/17/13 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1329151283 CIMAREX ENERGY CO. OF COLORADO 10/16/13 Major Oil Release Crude Oil Corrosion Eddy (15)
nJXK1535043449 BC OPERATING, INC. 10/15/13 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nJK1424754079 CONOCOPHILLIPS COMPANY 10/14/13 Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1329034197 LINN OPERATING, LLC. 10/14/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1329535062 CENTURION PIPELINE L.P. 10/14/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nSAD1417753775 APACHE CORPORATION 10/11/13 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nGRL1416057420 APACHE CORPORATION 10/11/13 Oil Release Crude Oil Lea (25)
nTO1421946491 Maverick Permian LLC 10/11/13 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1421946190 Maverick Permian LLC 10/11/13 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1330453408 Silverback Operating II, LLC 10/10/13 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1535554603 COG OPERATING LLC 10/9/13 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nHMP1413427828 LINN OPERATING, LLC. 10/9/13 Minor Produced Water Release Crude Oil, Produced Water Eddy (15)
nJMW1332348624 BAM Permian Operating, LLC 10/9/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1330834781 OLEUM Energy LLC 10/9/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1431650615 SIMCOE LLC 10/9/13 Major Oil Release Crude Oil Human Error San Juan (45)
nJK1331133640 SIMCOE LLC 10/9/13 Major Oil Release Crude Oil Human Error San Juan (45)
nSAD1416434773 APACHE CORPORATION 10/8/13 Produced Water Release Lea (25)
nKJ1603534622 APACHE CORPORATION 10/8/13 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nJMW1331056081 OXY USA INC 10/8/13 Minor Other Acid Equipment Failure Eddy (15)
nGRL1402731023 CRAIN HOT OIL SERVICE, LLC 10/8/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Chaves (05)
nJK1329049819 SIMCOE LLC 10/8/13 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)

nCS1413437400 ENTERPRISE PRODUCTS OPERATING, LLC 10/8/13 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nJMW1328339979 Spur Energy Partners LLC 10/7/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1329050035 SIMCOE LLC 10/7/13 Major Oil Release Condensate, Lube Oil Overflow - Tank, Pit, Etc. San Juan (45)
nCS1414152336 SIMCOE LLC 10/7/13 Major Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nSAD1417754308 APACHE CORPORATION 10/6/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nCS1628046397 WPX ENERGY PRODUCTION, LLC 10/4/13 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJMW1331041969 LINN OPERATING, LLC. 10/4/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1508241540 SIMCOE LLC 10/4/13 Other Other (Specify) Other San Juan (45)
nJMW1328128519 HARVARD PETROLEUM COMPANY, LLC 10/3/13 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1328150819 AMERICO ENERGY RESOURCES LLC 10/2/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1425152668 SIMCOE LLC 10/2/13 Major Oil Release Condensate Equipment Failure San Juan (45)
nJK1329539679 SIMCOE LLC 10/2/13 Major Oil Release Condensate, Produced Water Human Error San Juan (45)
nJMW1329035080 OXY USA INC 10/1/13 Minor Oil Release Crude Oil, Produced Water Other Eddy (15)
nJK1424754312 CONOCOPHILLIPS COMPANY 10/1/13 Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nTO1424026230 Contango Resources, LLC 10/1/13 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nSAD1327651507 Contango Resources, LLC 10/1/13 Minor Oil Release Crude Oil Corrosion Lea (25)
nJK1416956144 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/30/13 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1329039762 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/30/13 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1329041044 PARKO OIL 9/30/13 Major Oil Release Crude Oil, Other (Specify) Other Sandoval (43)
nJK1329042602 WPX ENERGY PRODUCTION, LLC 9/30/13 Minor Oil Release Condensate Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1334652230 COG OPERATING LLC 9/30/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1328034788 COG OPERATING LLC 9/30/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAB1428257945 LINN OPERATING, LLC. 9/30/13 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1328038365 DEVON ENERGY PRODUCTION COMPANY, LP 9/29/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1327756448 DEVON ENERGY PRODUCTION COMPANY, LP 9/29/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1328229748 EOG Y RESOURCES, INC. 9/28/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nSAD1327749512 DEVON ENERGY PRODUCTION COMPANY, LP 9/27/13 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKJ1607050831 PPC OPERATING COMPANY LLC 9/27/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nCS1518150466 BP AMERICA PRODUCTION COMPANY 9/26/13 Oil Release Crude Oil, Produced Water Other San Juan (45)
nJMW1328235186 OXY USA INC 9/26/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1329031870 EOG Y RESOURCES, INC. 9/26/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1327630022 AMERICO ENERGY RESOURCES LLC 9/26/13 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nSAD1327748443 COG OPERATING LLC 9/26/13 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nKJ1604045170 APACHE CORPORATION 9/24/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nSAD1327746916 OXY USA INC 9/24/13 Major Other Produced Water Equipment Failure Lea (25)
nSAD1327747566 COG OPERATING LLC 9/24/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJMW1327537083 BXP Operating, LLC 9/24/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1327753065 EOG Y RESOURCES, INC. 9/23/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1423954360 SIMCOE LLC 9/23/13 Minor Produced Water Release Produced Water Other San Juan (45)
nJMW1328031435 EOG Y RESOURCES, INC. 9/22/13 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJMW1327554238 COG OPERATING LLC 9/22/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nSAD1327742772 BAM Permian Operating, LLC 9/22/13 Minor Oil Release Crude Oil Equipment Failure Chaves (05)
nJK1329655530 Pineland Operating Company, LLC 9/21/13 Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nCS1424728750 Pineland Operating Company, LLC 9/21/13 Oil Release Crude Oil, Produced Water Corrosion San Juan (45)

WG Ex. 92

3229



nCS1424754491 BURLINGTON RESOURCES OIL & GAS CO 9/19/13 Oil Release Condensate Rio Arriba (39)
nJMW1332428471 BOPCO, L.P. 9/19/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1327540609 LINN OPERATING, LLC. 9/19/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1326731985 NADEL AND GUSSMAN HEYCO, LLC 9/18/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1327548720 BXP Operating, LLC 9/18/13 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJMW1327531915 EOG Y RESOURCES, INC. 9/17/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1424055143 CONOCOPHILLIPS COMPANY 9/17/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1411850493 SIMCOE LLC 9/17/13 Oil Release San Juan (45)
nJK1329652447 CONOCOPHILLIPS COMPANY 9/16/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS1426836051 CONOCOPHILLIPS COMPANY 9/16/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS1426835854 CONOCOPHILLIPS COMPANY 9/16/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1401431049 SIMCOE LLC 9/16/13 Major Produced Water Release Produced Water Other San Juan (45)
nJMW1326348784 COG OPERATING LLC 9/14/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPM2326134114 BXP Operating, LLC 9/14/13 Major Oil Release Crude Oil Other Lea (25)

nJMW1326633972 MEWBOURNE OIL CO 9/12/13 Major Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Eddy (15)

nJMW1328948353 OXY USA INC 9/12/13 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nCS1424732145 BURLINGTON RESOURCES OIL & GAS CO 9/12/13 Oil Release Condensate Rio Arriba (39)
nJMW1327640141 OXY USA WTP LIMITED PARTNERSHIP 9/12/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1604139044 TORO MINING & MINERALS, INC. 9/12/13 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJMW1326339551 HOLLY ENERGY PARTNERS, LP 9/12/13 Minor Oil Release Crude Oil Human Error Eddy (15)
nCS1424732132 HILCORP ENERGY COMPANY 9/12/13 Oil Release Rio Arriba (39)
nSAD1326256192 CIMAREX ENERGY CO. OF COLORADO 9/11/13 Oil Release Crude Oil Equipment Failure Lea (25)
nJMW1326350530 LINN OPERATING, LLC. 9/11/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1329652721 SIMCOE LLC 9/11/13 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nSAD1416132675 APACHE CORPORATION 9/10/13 Major Produced Water Release Produced Water Other Lea (25)
nJMW1326254699 SOUTHWEST ROYALTIES INC 9/10/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1326133841 EOG Y RESOURCES, INC. 9/10/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nCS1424748155 CONOCOPHILLIPS COMPANY 9/10/13 Other Other (Specify) Rio Arriba (39)

nJK1331056464 ENTERPRISE PRODUCTS OPERATING, LLC 9/10/13 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Corrosion Rio Arriba (39)

nJXK1606054350 APACHE CORPORATION 9/9/13 Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1329654427 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/9/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1328952516 OXY USA INC 9/9/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1331132877 CONOCOPHILLIPS COMPANY 9/9/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1329654643 CONOCOPHILLIPS COMPANY 9/9/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1325656033 BOPCO, L.P. 9/9/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1326347736 LINN OPERATING, LLC. 9/9/13 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJK1402351299 DOMINION PRODUCTION COMPANY, LLC 9/9/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure McKinley (31)
nCS1410650913 SIMCOE LLC 9/9/13 Oil Release Condensate Corrosion San Juan (45)
nCS1410650169 SIMCOE LLC 9/9/13 Oil Release Condensate Corrosion San Juan (45)
nSAD1326250540 Benton Crude Oil LLC 9/9/13 Minor Produced Water Release Produced Water Other Lea (25)
nSAD1327648542 VPR OPERATING, LLC 9/8/13 Major Oil Release Crude Oil Corrosion Lea (25)
nBP1329148089 Ovintiv USA Inc. 9/8/13 Major Produced Water Release Other (Specify), Produced Water Equipment Failure Sandoval (43)
nJMW1326252893 BXP Operating, LLC 9/8/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1326238433 Spur Energy Partners LLC 9/7/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1410654311 BURLINGTON RESOURCES OIL & GAS CO 9/6/13 Oil Release Crude Oil Other Rio Arriba (39)
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nJK1329654156 WPX ENERGY PRODUCTION, LLC 9/6/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Sandoval (43)
nJK1325436597 WPX ENERGY PRODUCTION, LLC 9/6/13 Oil Release Crude Oil Other Rio Arriba (39)
nJMW1326331941 ENTERPRISE PRODUCTS OPERATING, LLC 9/6/13 Major Oil Release Condensate Corrosion Eddy (15)
nAB1507042062 ENTERPRISE PRODUCTS OPERATING, LLC 9/6/13 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nJK1329654855 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/5/13 Major Produced Water Release Crude Oil, Produced Water Corrosion San Juan (45)
nCS1412731025 BURLINGTON RESOURCES OIL & GAS CO 9/5/13 Major Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nJMW1326048925 COG OPERATING LLC 9/5/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1326040559 COG OPERATING LLC 9/5/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1326036361 COG OPERATING LLC 9/5/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1325437610 DUGAN PRODUCTION CORP 9/4/13 Oil Release Crude Oil Equipment Failure San Juan (45)
nJMW1325654006 LINN OPERATING, LLC. 9/4/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nJK1329541249 ENTERPRISE PRODUCTS OPERATING, LLC 9/4/13 Minor Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion San Juan (45)

nCS1411142604 ENTERPRISE PRODUCTS OPERATING, LLC 9/4/13 Minor Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nJMW1326251610 COG PRODUCTION, LLC 9/3/13 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nJMW1324738438 DCP OPERATING COMPANY, LP 9/2/13 Minor Natural Gas Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nJMW1326354450 EOG RESOURCES INC 9/1/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1324938778 CIMAREX ENERGY CO. OF COLORADO 8/30/13 Major Oil Release Crude Oil, Produced Water Blow Out Eddy (15)
nJMW1325447866 DEVON ENERGY PRODUCTION COMPANY, LP 8/29/13 Major Release Other Acid Equipment Failure Eddy (15)
nMLB1401534243 Spur Energy Partners LLC 8/29/13 Produced Water Release Eddy (15)
nJK1325440340 Ovintiv USA Inc. 8/28/13 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nJMW1326329033 PYOTE WELL SERVICE, LLC 8/28/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1326328854 PYOTE WELL SERVICE, LLC 8/28/13 Produced Water Release Eddy (15)
nJMW1324937466 LINN OPERATING, LLC. 8/27/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1423952975 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/26/13 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1325439826 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/26/13 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1324847819 COG OPERATING LLC 8/26/13 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1323949781 LINN OPERATING, LLC. 8/25/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1326653626 BOPCO, L.P. 8/24/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nTO1424536438 MorningStar Operating LLC 8/24/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1424732749 BURLINGTON RESOURCES OIL & GAS CO 8/22/13 Oil Release Condensate Other Rio Arriba (39)
nJMW1324630653 BAM Permian Operating, LLC 8/21/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1325536299 XTO PERMIAN OPERATING LLC. 8/21/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1325449742 BOPCO, L.P. 8/20/13 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1324856149 FRONTIER FIELD SERVICES, LLC 8/20/13 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nJXK1621536016 COFER & CO LLC 8/20/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJMW1323850297 MEWBOURNE OIL CO 8/19/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1325533286 OXY USA INC 8/19/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1402353951 CONOCOPHILLIPS COMPANY 8/19/13 Major Oil Release Crude Oil Corrosion San Juan (45)
nJK1325438757 CONOCOPHILLIPS COMPANY 8/19/13 Major Oil Release Crude Oil Corrosion San Juan (45)
nJMW1323840505 LINN OPERATING, LLC. 8/18/13 Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1323831822 LINN OPERATING, LLC. 8/18/13 Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1323541848 EOG Y RESOURCES, INC. 8/17/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1323553187 Spur Energy Partners LLC 8/17/13 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nSAD1326255401 CIMAREX ENERGY CO. OF COLORADO 8/16/13 Major Oil Release Crude Oil Human Error Lea (25)
nJMW1323837931 LINN OPERATING, LLC. 8/16/13 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nJMW1323833294 LINN OPERATING, LLC. 8/16/13 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1323841579 LINN OPERATING, LLC. 8/15/13 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1426956592 WPX ENERGY PRODUCTION, LLC 8/14/13 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJMW1323548346 COG OPERATING LLC 8/14/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1419835553 LINN OPERATING, LLC. 8/14/13 Produced Water Release Lea (25)
nTO1418943997 LINN OPERATING, LLC. 8/14/13 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJMW1322841395 LINN OPERATING, LLC. 8/14/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1724941773 OWL SWD OPERATING, LLC 8/14/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1601145473 Spur Energy Partners LLC 8/14/13 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJMW1322834078 Spur Energy Partners LLC 8/14/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1325451371 ENTERPRISE PRODUCTS OPERATING, LLC 8/14/13 Oil Release Condensate, Produced Water Corrosion San Juan (45)
nJMW1323450909 EOG Y RESOURCES, INC. 8/13/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1325456115 SIMCOE LLC 8/13/13 Release Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nCS1508241775 SIMCOE LLC 8/13/13 Other Other (Specify) Other San Juan (45)
nJK1401536138 ENTERPRISE PRODUCTS OPERATING, LLC 8/13/13 Oil Release Condensate, Produced Water Corrosion San Juan (45)
nJK1325450693 ENTERPRISE PRODUCTS OPERATING, LLC 8/13/13 Oil Release Condensate, Produced Water Corrosion San Juan (45)

nCS1501336993 ENTERPRISE PRODUCTS OPERATING, LLC 8/13/13 Oil Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nKJ1603436640 OXY USA INC 8/12/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJMW1323951606 OXY USA INC 8/12/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1323454934 EOG Y RESOURCES, INC. 8/12/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1603439368 J R OIL, LTD. CO. 8/12/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJMW1324632667 Spur Energy Partners LLC 8/12/13 Major Release Other Other (Specify) Equipment Failure Eddy (15)
nCS1628650832 SIMCOE LLC 8/12/13 Other Condensate Other San Juan (45)
nJK1531026250 ENTERPRISE PRODUCTS OPERATING, LLC 8/12/13 Oil Release Crude Oil Other Rio Arriba (39)
nJMW1322842248 SLAYTON RESOURCES INC 8/9/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Chaves (05)
nJMW1322839757 COG OPERATING LLC 8/9/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1322838466 COG OPERATING LLC 8/9/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1322640868 Targa Northern Delaware, LLC. 8/9/13 Major Produced Water Release Condensate Equipment Failure Eddy (15)
nJK1325452365 Harvest Four Corners, LLC 8/9/13 Major Release Other Chemical (Specify) Equipment Failure San Juan (45)
nJK1323156416 XTO ENERGY, INC 8/8/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1322437067 SOUTHWEST ROYALTIES INC 8/8/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1325438812 EOG Y RESOURCES, INC. 8/8/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1325435386 EOG Y RESOURCES, INC. 8/8/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1333057002 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/7/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCS1424735411 BURLINGTON RESOURCES OIL & GAS CO 8/7/13 Oil Release Condensate Other Rio Arriba (39)
nJMW1322455789 DAKOTA RESOURCES INC (I) 8/6/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1323448295 EOG Y RESOURCES, INC. 8/6/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1333835063 CAMBRIAN MANAGEMENT LTD 8/6/13 Other Drilling Mud/Fluid Other Eddy (15)
nJK1322841490 WPX ENERGY PRODUCTION, LLC 8/5/13 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJMW1322432760 LINN OPERATING, LLC. 8/5/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1322836003 Spur Energy Partners LLC 8/5/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1323539109 Lucid Artesia Company 8/2/13 Major Natural Gas Release Produced Water Equipment Failure Eddy (15)
nKJ1603433941 OCCIDENTAL PERMIAN LTD 8/2/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1431651157 BP AMERICA PRODUCTION COMPANY 8/1/13 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJK1322841083 BP AMERICA PRODUCTION COMPANY 8/1/13 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1323449477 BOPCO, L.P. 8/1/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1322830932 Spur Energy Partners LLC 8/1/13 Minor Produced Water Release Produced Water Human Error Eddy (15)
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nJK1325440095 WPX ENERGY PRODUCTION, LLC 7/31/13 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nCS1501348973 WPX ENERGY PRODUCTION, LLC 7/31/13 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJMW1321853027 MATADOR PRODUCTION COMPANY 7/31/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1322828129 COG OPERATING LLC 7/31/13 Major Produced Water Release Produced Water Lightning Eddy (15)
nCS1424731279 CONOCOPHILLIPS COMPANY 7/30/13 Oil Release Condensate, Produced Water Rio Arriba (39)
nJMW1321250772 LINN OPERATING, LLC. 7/30/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1620948770 Earthstone Operating, LLC 7/30/13 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJMW1321130865 CHEVRON U S A INC 7/29/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1322840633 SIMCOE LLC 7/29/13 Oil Release Condensate Other San Juan (45)
nTO1424535400 CHEVRON U S A INC 7/27/13 Major Produced Water Release Produced Water Vandalism Lea (25)
nJK1401341105 XTO ENERGY, INC 7/27/13 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJMW1326352687 BOAZ ENERGY, LLC 7/27/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1321848019 Spur Energy Partners LLC 7/27/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1325453287 XTO ENERGY, INC 7/26/13 Release Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1321937948 EOG Y RESOURCES, INC. 7/26/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1323156205 XTO ENERGY, INC 7/25/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1321055692 HARVARD PETROLEUM COMPANY, LLC 7/25/13 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJMW1321251559 DEVON ENERGY PRODUCTION COMPANY, LP 7/24/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1908044051 DEVON ENERGY PRODUCTION COMPANY, LP 7/24/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1325454533 ENTERPRISE PRODUCTS OPERATING, LLC 7/24/13 Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nJMW1321849579 COG OPERATING LLC 7/23/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1607047086 CAMERON OIL & GAS INC 7/22/13 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJMW1320730512 LINN OPERATING, LLC. 7/22/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1320729010 Spur Energy Partners LLC 7/22/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nSAD1326254300 JUDAH OIL LLC 7/21/13 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nJXK1535154146 J R OIL, LTD. CO. 7/21/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJK1333832572 Ovintiv USA Inc. 7/21/13 Release Other Other (Specify) Equipment Failure San Juan (45)
nJMW1322534364 CLAYTON WILLIAMS ENERGY INC 7/19/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1320433355 Spur Energy Partners LLC 7/19/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1331625520 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/18/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1331134248 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/18/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1321240590 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/18/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1322838724 XTO ENERGY, INC 7/17/13 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1323841575 CONOCOPHILLIPS COMPANY 7/17/13 Oil Release Lube Oil Other San Juan (45)
nJMW1320654769 LIME ROCK RESOURCES II-A, L.P. 7/17/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1320031699 SOUTHWEST ROYALTIES INC 7/16/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1321937220 OXY USA INC 7/15/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1535150048 J R OIL, LTD. CO. 7/15/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1319951069 LINN OPERATING, LLC. 7/15/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nSAD1402252978 CIMAREX ENERGY CO. OF COLORADO 7/14/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nJMW1319932108 LINN OPERATING, LLC. 7/13/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1409453195 BP AMERICA PRODUCTION COMPANY 7/12/13 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1326033731 OXY USA INC 7/12/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1321934810 OXY USA INC 7/12/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1321054344 EOG Y RESOURCES, INC. 7/12/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1321241832 ENERGEN RESOURCES CORPORATION 7/11/13 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJMW1321049818 OXY USA WTP LIMITED PARTNERSHIP 7/11/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nJK1431652321 SIMCOE LLC 7/11/13 Oil Release Crude Oil Other San Juan (45)

nJK1326739977 ENTERPRISE PRODUCTS OPERATING, LLC 7/11/13 Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Corrosion San Juan (45)

nJK1325455314 FOUR STAR OIL & GAS CO 7/10/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1319737837 North Fork Operating, LP 7/9/13 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1329540082 CONOCOPHILLIPS COMPANY 7/8/13 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJK1319253365 CONOCOPHILLIPS COMPANY 7/8/13 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJMW1319739260 COG OPERATING LLC 7/8/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1320428744 GP II ENERGY INC 7/6/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1319653044 COG OPERATING LLC 7/6/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1321048564 OXY USA WTP LIMITED PARTNERSHIP 7/4/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1319734649 MEWBOURNE OIL CO 7/3/13 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1319752748 BOPCO, L.P. 7/3/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1319752423 BOPCO, L.P. 7/3/13 Produced Water Release Eddy (15)
nSAD1416134935 APACHE CORPORATION 7/2/13 Minor Oil Release Crude Oil Human Error Lea (25)

nJK1319253707 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/2/13 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nJMW1319953552 LINN OPERATING, LLC. 7/2/13 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJMW1319733310 Silverback Operating II, LLC 7/2/13 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJK1321238828 ENTERPRISE PRODUCTS OPERATING, LLC 7/2/13 Minor Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nCS1430840639 ENTERPRISE PRODUCTS OPERATING, LLC 7/2/13 Oil Release Condensate Corrosion San Juan (45)
nJMW1319237133 APACHE CORPORATION 7/1/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1319335555 LINN OPERATING, LLC. 7/1/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)

nJMW1320652453 ENTERPRISE PRODUCTS OPERATING, LLC 7/1/13 Minor Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion Eddy (15)

nJK1319254042 SG INTERESTS I LTD 6/30/13 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nJMW1319235492 CIMAREX ENERGY CO. OF COLORADO 6/30/13 Major Produced Water Release Produced Water Other Eddy (15)
nJMW1319238930 EOG Y RESOURCES, INC. 6/28/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1318237822 BASIC ENERGY SERVICES, LP 6/28/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1318431031 FASKEN OIL & RANCH LTD 6/27/13 Produced Water Release Lea (25)

nJMW1319730283 COG OPERATING LLC 6/27/13 Minor Produced Water Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Eddy (15)

nTO1424540359 CHEVRON MIDCONTINENT, L.P. 6/26/13 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJMW1319840879 BOPCO, L.P. 6/26/13 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1329035963 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/25/13 Major Produced Water Release Condensate, Produced Water Corrosion Rio Arriba (39)
nJK1321334065 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/25/13 Major Produced Water Release Condensate, Produced Water Corrosion Rio Arriba (39)

nJMW1319241147 SOUTHERN UNION GAS SERVICES LTD 6/25/13 Minor Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Eddy (15)

nJMW1318354748 DEVON ENERGY PRODUCTION COMPANY, LP 6/24/13 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1319650906 EOG Y RESOURCES, INC. 6/24/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1319340874 COG OPERATING LLC 6/24/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1319233299 J & J Investments, LLC 6/24/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1318431721 RILEY PERMIAN OPERATING COMPANY, LLC 6/24/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1319349423 DEVON ENERGY PRODUCTION COMPANY, LP 6/21/13 Major Oil Release Crude Oil Human Error Eddy (15)
nJMW1318449639 OWL SWD OPERATING, LLC 6/21/13 Major Produced Water Release Produced Water Lightning Eddy (15)
nJMW1318440622 DEVON ENERGY PRODUCTION COMPANY, LP 6/20/13 Major Oil Release Crude Oil, Produced Water Lightning Eddy (15)
nJK1325452856 CONOCOPHILLIPS COMPANY 6/20/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
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nJK1321335668 CONOCOPHILLIPS COMPANY 6/20/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCS1609855712 CONOCOPHILLIPS COMPANY 6/20/13 Other San Juan (45)
nJMW1319637807 Permian Resources Operating, LLC 6/20/13 Major Produced Water Release Produced Water Lightning Eddy (15)
nJK1431653944 CONOCOPHILLIPS COMPANY 6/19/13 Produced Water Release Produced Water Corrosion San Juan (45)
nJK1321240922 XTO ENERGY, INC 6/18/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1317739925 Silverback Operating II, LLC 6/18/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1324055529 XTO ENERGY, INC 6/17/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1329728119 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/17/13 Produced Water Release Produced Water Human Error Rio Arriba (39)
nJMW1318352908 OXY USA INC 6/17/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1734539130 EOG Y RESOURCES, INC. 6/17/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1319736064 LINN OPERATING, LLC. 6/17/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1329052550 XTO ENERGY, INC 6/16/13 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1321347329 XTO ENERGY, INC 6/16/13 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJMW1317737425 CIMAREX ENERGY CO. OF COLORADO 6/16/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1318452944 COG OPERATING LLC 6/16/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1416054033 APACHE CORPORATION 6/15/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nJK1323156685 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/14/13 Oil Release Lube Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1318353692 OXY USA INC 6/13/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1416935561 CONOCOPHILLIPS COMPANY 6/13/13 Oil Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1321336280 CONOCOPHILLIPS COMPANY 6/13/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJMW1317034502 HARVARD PETROLEUM COMPANY, LLC 6/12/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1325442269 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/12/13 Major Oil Release Condensate Vandalism San Juan (45)
nJK1319049513 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/12/13 Major Oil Release Condensate Vandalism San Juan (45)
nJMW1318351553 EOG Y RESOURCES, INC. 6/12/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nOY1724932244 OWL SWD OPERATING, LLC 6/12/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1423954821 SIMCOE LLC 6/12/13 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1323953381 APACHE CORPORATION 6/11/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1323127218 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/10/13 Major Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nJK1319051750 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/10/13 Major Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nJMW1318429370 MEWBOURNE OIL CO 6/10/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1316837652 CIMAREX ENERGY CO. OF COLORADO 6/9/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1318334952 COG OPERATING LLC 6/9/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1317031601 EOG Y RESOURCES, INC. 6/8/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1318349474 Spur Energy Partners LLC 6/8/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1318346994 Spur Energy Partners LLC 6/8/13 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nJMW1318336125 Spur Energy Partners LLC 6/8/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1318332900 EOG Y RESOURCES, INC. 6/7/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1319847781 BOPCO, L.P. 6/7/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1319847754 BOPCO, L.P. 6/7/13 Produced Water Release Eddy (15)
nJK1319049715 SIMCOE LLC 6/6/13 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1319956378 BTA OIL PRODUCERS, LLC 6/5/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1316852390 EOG Y RESOURCES, INC. 6/4/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1318439398 Spur Energy Partners LLC 6/4/13 Major Oil Release Crude Oil, Produced Water Fire Eddy (15)
nJK1321356078 SIMCOE LLC 6/4/13 Oil Release Motor Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1316839427 LINN OPERATING, LLC. 6/3/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1316554192 Spur Energy Partners LLC 6/1/13 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1315847592 Spur Energy Partners LLC 6/1/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nJK1316228048 SIMCOE LLC 6/1/13 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nAB1700653091 DEVON ENERGY PRODUCTION COMPANY, LP 5/31/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1320431669 BXP Operating, LLC 5/31/13 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJK1323157135 CONOCOPHILLIPS COMPANY 5/30/13 Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1315528465 CAPSTONE NATURAL RESOURCES, LLC 5/29/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1316549942 Spur Energy Partners LLC 5/29/13 Minor Oil Release Crude Oil Human Error Eddy (15)
nJK1321930607 XTO ENERGY, INC 5/28/13 Major Oil Release Crude Oil Vandalism San Juan (45)
nJK1319048051 XTO ENERGY, INC 5/28/13 Oil Release Other (Specify) Normal Operations San Juan (45)
nJK1317927822 XTO ENERGY, INC 5/28/13 Major Produced Water Release Produced Water Vandalism San Juan (45)
nJMW1317738331 EOG Y RESOURCES, INC. 5/28/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1315832620 Acacia Operating Company, LLC 5/27/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1318440851 Diamond In The Rough LLC 5/27/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1535049239 ARMSTRONG ENERGY CORP 5/26/13 Major Produced Water Release Produced Water Equipment Failure Roosevelt (41)
nJMW1329450065 OXY USA INC 5/25/13 Minor Release Other Acid Equipment Failure Eddy (15)
nJMW1315051978 HARVARD PETROLEUM COMPANY, LLC 5/24/13 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nJK1323127523 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/23/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1316342289 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/23/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)

nCS1413441243 ENTERPRISE PRODUCTS OPERATING, LLC 5/23/13 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nJMW1318435070 GERONIMO SWD LLC 5/22/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1326748902 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/21/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1401341629 BURLINGTON RESOURCES OIL & GAS CO 5/21/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1431839704 SIMCOE LLC 5/21/13 Oil Release Condensate Other San Juan (45)
nJMW1330439030 LINN OPERATING, LLC. 5/20/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1319929753 BOPCO, L.P. 5/19/13 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1326753555 SIMCOE LLC 5/18/13 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJMW1319931142 BOPCO, L.P. 5/17/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1315050599 LINN OPERATING, LLC. 5/17/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1424038926 Maverick Permian LLC 5/17/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1315042556 Scorpion Oil & Gas, LLC 5/17/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJMW1324151567 LINN OPERATING, LLC. 5/16/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1319741357 LINN OPERATING, LLC. 5/16/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1326752096 CONOCOPHILLIPS COMPANY 5/15/13 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJK1322837799 CONOCOPHILLIPS COMPANY 5/15/13 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJMW1314049143 LINN OPERATING, LLC. 5/15/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1314049107 LINN OPERATING, LLC. 5/15/13 Produced Water Release Eddy (15)
nJMW1315048005 Silverback Operating II, LLC 5/15/13 Minor Produced Water Release Produced Water Corrosion Eddy (15)

nCS1412154852 ENTERPRISE PRODUCTS OPERATING, LLC 5/15/13 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion Rio Arriba (39)

nCS1501349249 WPX ENERGY PRODUCTION, LLC 5/14/13 Major Other Drilling Mud/Fluid Equipment Failure Rio Arriba (39)
nJK1524536073 SIMCOE LLC 5/14/13 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJK1326749076 DUGAN PRODUCTION CORP 5/13/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1318437317 OXY USA INC 5/13/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1314937818 COG OPERATING LLC 5/12/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1315429438 DEVON ENERGY PRODUCTION COMPANY, LP 5/11/13 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nSAD1416848234 APACHE CORPORATION 5/10/13 Major Produced Water Release Produced Water Lightning Lea (25)
nTO1424539904 CHEVRON MIDCONTINENT, L.P. 5/10/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nSAD1416138414 APACHE CORPORATION 5/9/13 Major Oil Release Crude Oil Equipment Failure Lea (25)
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nJMW1317039231 CHEVRON U S A INC 5/9/13 Major Produced Water Release Produced Water Lightning Eddy (15)
nJMW1314941264 Spur Energy Partners LLC 5/9/13 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1326752340 ENTERPRISE PRODUCTS OPERATING, LLC 5/8/13 Major Oil Release Condensate Human Error Rio Arriba (39)
nCS1423254125 ENTERPRISE PRODUCTS OPERATING, LLC 5/8/13 Major Oil Release Condensate Human Error Rio Arriba (39)
nJMW1314132027 BOPCO, L.P. 5/7/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1314129892 BOPCO, L.P. 5/7/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1321836233 DEVON ENERGY PRODUCTION COMPANY, LP 5/6/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1314040088 COG OPERATING LLC 5/6/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJK1329747612 Pineland Operating Company, LLC 5/6/13 Minor Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nJK1323942954 Pineland Operating Company, LLC 5/6/13 Minor Oil Release Condensate Corrosion San Juan (45)
nJXK1600436243 COG OPERATING LLC 5/5/13 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJK1323842550 XTO ENERGY, INC 5/3/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1314047263 Spur Energy Partners LLC 5/3/13 Major Oil Release Crude Oil Human Error Eddy (15)
nJMW1314042520 Spur Energy Partners LLC 5/3/13 Oil Release Eddy (15)
nJK1329655969 SIMCOE LLC 5/3/13 Oil Release Condensate Equipment Failure San Juan (45)
nJK1324032776 ENTERPRISE PRODUCTS OPERATING, LLC 5/3/13 Oil Release Condensate Corrosion San Juan (45)
nJK1319038604 ENTERPRISE PRODUCTS OPERATING, LLC 5/3/13 Oil Release Condensate Corrosion San Juan (45)
nGRL1313056354 Roughhouse Operating, LLC 5/2/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1331252205 ENTERPRISE PRODUCTS OPERATING, LLC 5/2/13 Oil Release Condensate, Produced Water Corrosion San Juan (45)
nJMW1312748135 CHEVRON U S A INC 5/1/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1314855706 EOG Y RESOURCES, INC. 5/1/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1314852969 COG OPERATING LLC 5/1/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1312939518 OXY USA INC 4/30/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1313754595 MARATHON OIL PERMIAN LLC 4/30/13 Minor Oil Release Crude Oil Normal Operations Chaves (05)
nJK1331250911 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/29/13 Minor Produced Water Release Lube Oil, Produced Water Human Error San Juan (45)
nJK1319048547 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/29/13 Minor Produced Water Release Motor Oil, Produced Water Human Error San Juan (45)
nGRL1312942081 OXY USA INC 4/29/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1312639654 FASKEN OIL & RANCH LTD 4/29/13 Minor Produced Water Release Produced Water Corrosion Lea (25)
nGRL1312940374 CELERO ENERGY II, LP 4/29/13 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJMW1312739545 LINN OPERATING, LLC. 4/29/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1331251250 ENTERPRISE PRODUCTS OPERATING, LLC 4/29/13 Minor Oil Release Condensate Vandalism Rio Arriba (39)
nJK1326753116 ENERGEN RESOURCES CORPORATION 4/28/13 Produced Water Release Produced Water Other Rio Arriba (39)
nJMW1312735817 EOG Y RESOURCES, INC. 4/27/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1312742172 EOG Y RESOURCES, INC. 4/26/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1316228440 ENERGEN RESOURCES CORPORATION 4/26/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Sandoval (43)
nJMW1314127699 XTO PERMIAN OPERATING LLC. 4/26/13 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1329743151 XTO ENERGY, INC 4/25/13 Oil Release Other (Specify) Normal Operations San Juan (45)
nJMW1314055065 BOPCO, L.P. 4/25/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nGRL1312640364 SOUTHWEST ROYALTIES INC 4/24/13 Minor Oil Release Crude Oil Corrosion Lea (25)
nJK1316342881 CONOCOPHILLIPS COMPANY 4/24/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1312340607 COG OPERATING LLC 4/24/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1314034086 APACHE CORPORATION 4/22/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1315836886 OXY USA INC 4/22/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1311447152 EOG Y RESOURCES, INC. 4/21/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1331253734 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/20/13 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1316342586 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/20/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1311335700 BURNETT OIL CO INC 4/18/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nJMW1311331406 EOG Y RESOURCES, INC. 4/18/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1400834541 WPX ENERGY PRODUCTION, LLC 4/16/13 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nAPP2415754364 3R Operating, LLC 4/16/13 Major Other Crude Oil Normal Operations Eddy (15)
nCS1523032530 N M & O OPERATING CO 4/15/13 Major Oil Release Crude Oil Corrosion Rio Arriba (39)
nJK1400832447 CONOCOPHILLIPS COMPANY 4/15/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1314140865 CONOCOPHILLIPS COMPANY 4/15/13 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJMW1312749580 COG OPERATING LLC 4/15/13 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1312338061 COG OPERATING LLC 4/15/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1312751961 DEVON ENERGY PRODUCTION COMPANY, LP 4/14/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1312335660 Spur Energy Partners LLC 4/14/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nJK1329728610 ENTERPRISE PRODUCTS OPERATING, LLC 4/14/13 Major Fire
Glycol, [OBSOLETE] Natural Gas 
(Methane) Fire San Juan (45)

nJMW1310752365 BOPCO, L.P. 4/12/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1312328817 OXY USA INC 4/11/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nTO1418257163 OXY USA WTP LIMITED PARTNERSHIP 4/11/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1418256848 OXY USA WTP LIMITED PARTNERSHIP 4/11/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1311940799 OXY USA WTP LIMITED PARTNERSHIP 4/11/13 Major Produced Water Release Produced Water Corrosion Lea (25)

nJK1331253958 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/10/13 Minor Natural Gas Release

[OBSOLETE] Natural Gas 
(Methane), Lube Oil, Produced 
Water Equipment Failure Rio Arriba (39)

nMLB1310829726 TRINITY RIVER ENERGY, LLC 4/9/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1326750421 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/8/13 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJK1314149035 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/8/13 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJK1313631693 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/8/13 Minor Produced Water Release Produced Water Other Rio Arriba (39)
nJMW1310834973 Silverback Operating II, LLC 4/5/13 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1310754297 BOPCO, L.P. 4/4/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1310629812 COG OPERATING LLC 4/3/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nTO1424026931 SAHARA OPERATING CO 4/1/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nJMW1311355182 EOG Y RESOURCES, INC. 4/1/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1725738890 SIMCOE LLC 4/1/13 Oil Release San Juan (45)
nJMW1315529807 APACHE CORPORATION 3/31/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1310242708 LINN OPERATING, LLC. 3/30/13 Major Oil Release Crude Oil Corrosion Eddy (15)
nJK1316229395 ENERGEN RESOURCES CORPORATION 3/28/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS1522442320 SIMCOE LLC 3/28/13 Oil Release Other (Specify) Other San Juan (45)
nJK1314147710 XTO ENERGY, INC 3/27/13 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nJK1331252440 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/26/13 Minor Oil Release Condensate Corrosion Rio Arriba (39)
nJK1321334526 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/26/13 Minor Oil Release Condensate Corrosion Rio Arriba (39)
nJK1331055855 Williams Four Corners, LLC 3/26/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1310251448 CHEVRON U S A INC 3/25/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1310129322 OXY USA INC 3/25/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1309950663 EOG Y RESOURCES, INC. 3/25/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1314838096 OXY USA WTP LIMITED PARTNERSHIP 3/25/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1331252721 ENTERPRISE PRODUCTS OPERATING, LLC 3/25/13 Oil Release Condensate Equipment Failure Rio Arriba (39)
nJK1326732072 ENTERPRISE PRODUCTS OPERATING, LLC 3/25/13 Oil Release Condensate Equipment Failure Rio Arriba (39)
nJMW1310239402 OXY USA INC 3/24/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1310234975 Spur Energy Partners LLC 3/24/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1310131572 MR NM Operating LLC 3/24/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1310156415 Spur Energy Partners LLC 3/23/13 Minor Produced Water Release Produced Water Human Error Eddy (15)
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nJMW1310637345 EOG Y RESOURCES, INC. 3/22/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1424538938 MorningStar Operating LLC 3/22/13 Minor Produced Water Release Produced Water Normal Operations Lea (25)
nJK1321333350 CONOCOPHILLIPS COMPANY 3/21/13 Minor Produced Water Release Crude Oil, Produced Water Other San Juan (45)
nJK1309438441 CONOCOPHILLIPS COMPANY 3/21/13 Minor Produced Water Release Crude Oil, Produced Water Corrosion San Juan (45)
nJMW1310155445 COG OPERATING LLC 3/21/13 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nJK1311549315 SG INTERESTS I LTD 3/20/13 Minor Oil Release Crude Oil Corrosion San Juan (45)
nCS1501348678 WPX ENERGY PRODUCTION, LLC 3/20/13 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nCS1501349541 WPX ENERGY PRODUCTION, LLC 3/19/13 Minor Produced Water Release Produced Water Freeze Rio Arriba (39)
nJMW1310139275 Spur Energy Partners LLC 3/19/13 Minor Oil Release Crude Oil Human Error Eddy (15)

nGRL1312039965 North Lea Energy Co., LLC 3/19/13 Major Release Other Gelled Brine (Frac Fluid), Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nJK1331255409 XTO ENERGY, INC 3/18/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1431650293 CONOCOPHILLIPS COMPANY 3/18/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)

nJMW1320537050 AGAVE ENERGY CO 3/17/13 Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Eddy (15)

nJMW1312855239 Permian Resources Operating, LLC 3/17/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1310755257 BOPCO, L.P. 3/16/13 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1309439698 EOG Y RESOURCES, INC. 3/15/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1322838281 CONOCOPHILLIPS COMPANY 3/15/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1319252877 CONOCOPHILLIPS COMPANY 3/15/13 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nJK1311548006 CONOCOPHILLIPS COMPANY 3/15/13 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1326741691 HILCORP ENERGY COMPANY 3/15/13 Major Produced Water Release Condensate, Produced Water Corrosion San Juan (45)
nJK1331251612 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/14/13 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJK1311548928 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/14/13 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nGRL1403734469 OXY USA INC 3/14/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1312948714 PURVIS OPERATING CO 3/14/13 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJK1309926964 XTO ENERGY, INC 3/13/13 Major Oil Release Condensate Corrosion San Juan (45)
nCS1608838927 BURLINGTON RESOURCES OIL & GAS CO 3/13/13 Other San Juan (45)
nJMW1308551933 AMERICO ENERGY RESOURCES LLC 3/13/13 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1309552562 COG OPERATING LLC 3/12/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1309539213 COG OPERATING LLC 3/12/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1314848582 APACHE CORPORATION 3/11/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1308635962 DEVON ENERGY PRODUCTION COMPANY, LP 3/11/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nOY1812452058 FASKEN OIL & RANCH LTD 3/11/13 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nJMW1314038799 MESQUITE SWD, INC 3/11/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1309541502 COG OPERATING LLC 3/11/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1326157216 ENTERPRISE PRODUCTS OPERATING, LLC 3/11/13 Oil Release Condensate Other Rio Arriba (39)

nCS1433934641 ENTERPRISE PRODUCTS OPERATING, LLC 3/11/13 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Other Rio Arriba (39)

nJMW1309548780 COG OPERATING LLC 3/10/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1308633738 DEVON ENERGY PRODUCTION COMPANY, LP 3/9/13 Major Produced Water Release Brine Water Equipment Failure Eddy (15)
nJK1410147109 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/9/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1329653911 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/9/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1326742910 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/8/13 Minor Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nJK1308537008 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/8/13 Minor Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nJMW1315033805 MEWBOURNE OIL CO 3/7/13 Oil Release Crude Oil Normal Operations Eddy (15)
nJK1309836231 CONOCOPHILLIPS COMPANY 3/7/13 Produced Water Release Condensate, Produced Water Freeze Rio Arriba (39)
nJK1323126326 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/6/13 Major Produced Water Release Produced Water Corrosion San Juan (45)
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nJK1311551873 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/6/13 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJK1321341913 CONOCOPHILLIPS COMPANY 3/6/13 Major Produced Water Release Condensate, Produced Water Corrosion Rio Arriba (39)
nJK1308536513 CONOCOPHILLIPS COMPANY 3/6/13 Major Produced Water Release Condensate, Produced Water Corrosion Rio Arriba (39)
nJMW1309542382 COG OPERATING LLC 3/6/13 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJK1310129422 XTO ENERGY, INC 3/5/13 Oil Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1307252124 OXY USA INC 3/5/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1321355271 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/4/13 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1314154066 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/4/13 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1315752269 CONOCOPHILLIPS COMPANY 3/4/13 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nJK1314141350 CONOCOPHILLIPS COMPANY 3/4/13 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nJMW1307033093 BTA OIL PRODUCERS, LLC 3/4/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1312640830 MCDONNOLD OPERATING INC 3/3/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nJMW1315735533 CIMAREX ENERGY CO. OF COLORADO 3/3/13 Major Release Other Condensate Equipment Failure Eddy (15)
nGRL1313726492 BREITBURN OPERATING LP 3/3/13 Major Produced Water Release Produced Water Human Error Lea (25)
nJMW1308640545 COG OPERATING LLC 3/2/13 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1535149166 OCCIDENTAL PERMIAN LTD 3/1/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1325438462 CONOCOPHILLIPS COMPANY 3/1/13 Release Other Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1307042041 AMERICO ENERGY RESOURCES LLC 3/1/13 Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1514738018 PLAINS PIPELINE, L.P. 3/1/13 Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1306435875 ENDURANCE RESOURCES LLC 3/1/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1427326413 REGENCY FIELD SERVICES LLC 3/1/13 Produced Water Release Lea (25)
nJMW1307255340 Spur Energy Partners LLC 3/1/13 Minor Oil Release Crude Oil Human Error Eddy (15)
nJK1315753389 SIMCOE LLC 2/28/13 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1331250718 XTO ENERGY, INC 2/27/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1311547415 XTO ENERGY, INC 2/27/13 Produced Water Release Produced Water Corrosion San Juan (45)
nJMW1306452402 EOG Y RESOURCES, INC. 2/27/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1320648824 ENTERPRISE PRODUCTS OPERATING, LLC 2/27/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1620046307 HESS CORPORATION 2/26/13 Oil Release Crude Oil Lea (25)
nJMW1307040625 COG OPERATING LLC 2/26/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1307035810 COG OPERATING LLC 2/26/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1307034882 COG OPERATING LLC 2/26/13 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1423952198 XTO ENERGY, INC 2/25/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1306548182 CHEVRON U S A INC 2/24/13 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJMW1306550350 Spur Energy Partners LLC 2/24/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1306453884 Spur Energy Partners LLC 2/24/13 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nJMW1306541179 Spur Energy Partners LLC 2/22/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1305731546 COG OPERATING LLC 2/21/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1306551742 Spur Energy Partners LLC 2/21/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJK1401339064 XTO ENERGY, INC 2/20/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1331253492 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/20/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1305851618 OXY USA WTP LIMITED PARTNERSHIP 2/20/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPM2321329713 Kratos Operating, LLC 2/20/13 Release Other Lea (25)
nJK1313630501 XTO ENERGY, INC 2/19/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJXK1600447927 COG OPERATING LLC 2/19/13 Major Oil Release Crude Oil Human Error Lea (25)
nCS1518152354 SIMCOE LLC 2/19/13 Oil Release Other (Specify) Other San Juan (45)
nJK1321334843 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/18/13 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nGRL1305935949 OCCIDENTAL PERMIAN LTD 2/18/13 Minor Produced Water Release Produced Water Corrosion Lea (25)

WG Ex. 92

3240



nJXK1606752589 SOUTHERN UNION GAS SERVICES LTD 2/18/13 Major Oil Release Crude Oil Equipment Failure Lea (25)
nAPM2401733817 ENTERPRISE PRODUCTS OPERATING LLC 2/18/13 Major Other Rio Arriba (39)
nGRL1305754224 ETC Texas Pipeline, Ltd. 2/18/13 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nJMW1305955423 CAPSTONE NATURAL RESOURCES, LLC 2/17/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1318655178 CRAIN HOT OIL SERVICE, LLC 2/15/13 Minor Release Other Gelled Brine (Frac Fluid) Overflow - Tank, Pit, Etc. Chaves (05)
nJXK1521752406 EOG Y RESOURCES, INC. 2/13/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJMW1305647967 COG PRODUCTION, LLC 2/13/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJXK1521752838 EOG Y RESOURCES, INC. 2/12/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJMW1309537661 OXY USA WTP LIMITED PARTNERSHIP 2/12/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1603943158 LEGACY RESERVES OPERATING, LP 2/12/13 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1308741532 CETANE ENERGY 2/12/13 Oil Release Crude Oil Human Error Eddy (15)
nJK1314142296 CONOCOPHILLIPS COMPANY 2/11/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1305841239 CONOCOPHILLIPS COMPANY 2/11/13 Minor Natural Gas Release Produced Water Corrosion San Juan (45)

nJK1315756975 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/10/13 Minor Natural Gas Release

[OBSOLETE] Natural Gas 
(Methane), Other (Specify), 
Produced Water Equipment Failure San Juan (45)

nJMW1308553143 OXY USA INC 2/8/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1603431485 OCCIDENTAL PERMIAN LTD 2/8/13 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJMW1305636263 COG OPERATING LLC 2/8/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1325451089 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/7/13 Release Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nCS1524742721 BURLINGTON RESOURCES OIL & GAS CO 2/7/13 Produced Water Release Other (Specify) Other San Juan (45)
nJMW1305630303 COG OPERATING LLC 2/6/13 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJMW1305355697 COG OPERATING LLC 2/6/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1313631467 XTO ENERGY, INC 2/5/13 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1308549874 XTO ENERGY, INC 2/5/13 Produced Water Release Produced Water Corrosion San Juan (45)
nJMW1304533693 JUDAH OIL LLC 2/5/13 Major Oil Release Crude Oil Human Error Eddy (15)
nSAD1326739155 TARGA MIDSTREAM SERVICES LLC 2/4/13 Natural Gas Release Lea (25)
nJMW1305352806 COG OPERATING LLC 2/3/13 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1304237519 COG OPERATING LLC 1/31/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1324954645 LINN OPERATING, LLC. 1/31/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1304234477 COG OPERATING LLC 1/30/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1304233988 COG OPERATING LLC 1/30/13 Produced Water Release Eddy (15)
nJMW1311340135 1/29/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1312141023 HOLLY ENERGY PARTNERS, LP 1/29/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1618954823 BXP Operating, LLC 1/29/13 Produced Water Release Crude Oil, Produced Water Lea (25)
nJMW1305641244 Permian Resources Operating, LLC 1/29/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1303834128 MARATHON OIL PERMIAN LLC 1/28/13 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJK1321335949 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/26/13 Major Oil Release Lube Oil Vandalism San Juan (45)
nJMW1303948269 COG OPERATING LLC 1/26/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1303829836 Contango Resources, Inc. 1/26/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1303940453 Permian Resources Operating, LLC 1/26/13 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1401351927 CONOCOPHILLIPS COMPANY 1/25/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1304233843 CONOCOPHILLIPS COMPANY 1/25/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nGRL1315035826 BTA OIL PRODUCERS, LLC 1/25/13 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1305850519 ENTERPRISE PRODUCTS OPERATING, LLC 1/25/13 Major Natural Gas Release Condensate Corrosion San Juan (45)
nJK1314142433 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/24/13 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nJK1302947602 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/24/13 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nJMW1305850658 LINN OPERATING, LLC. 1/24/13 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
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nJMW1303932155 OXY USA INC 1/23/13 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1303938125 COG OPERATING LLC 1/23/13 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nHMP1409228272 BURNETT OIL CO INC 1/22/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1314141690 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/22/13 Major Oil Release Condensate Corrosion San Juan (45)
nJK1302947299 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/22/13 Major Oil Release Condensate Corrosion San Juan (45)
nJK1308540999 ENTERPRISE PRODUCTS OPERATING, LLC 1/22/13 Major Produced Water Release Other (Specify) Corrosion San Juan (45)

nJK1305853226 ENTERPRISE PRODUCTS OPERATING, LLC 1/22/13 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Freeze San Juan (45)

nJMW1309854309 APACHE CORPORATION 1/21/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1309442661 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/21/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1302947926 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/21/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1302354738 Spur Energy Partners LLC 1/20/13 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1303841712 COG OPERATING LLC 1/19/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1303838979 Spur Energy Partners LLC 1/18/13 Minor Oil Release Crude Oil Human Error Eddy (15)
nJMW1307241610 MEWBOURNE OIL CO 1/17/13 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1620849420 Murchison Oil and Gas, LLC 1/17/13 Produced Water Release Crude Oil, Produced Water Lea (25)
nGRL1306529666 ASPEN OPERATING COMPANY LLC 1/17/13 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJK1326750687 CONOCOPHILLIPS COMPANY 1/17/13 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1306642891 CONOCOPHILLIPS COMPANY 1/17/13 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1326751095 DUGAN PRODUCTION CORP 1/16/13 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1306639760 DUGAN PRODUCTION CORP 1/16/13 Minor Oil Release Crude Oil Corrosion San Juan (45)
nJK1305853714 DUGAN PRODUCTION CORP 1/16/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1311542743 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/16/13 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1309443031 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/16/13 Minor Produced Water Release Produced Water Human Error San Juan (45)
nJK1306647062 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/16/13 Minor Produced Water Release Produced Water Other San Juan (45)
nJK1306646838 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/16/13 Major Produced Water Release Produced Water Freeze San Juan (45)
nJMW1302430767 MEWBOURNE OIL CO 1/16/13 Oil Release Crude Oil Equipment Failure Eddy (15)
nKL1629827253 PRE-ONGARD WELL OPERATOR 1/16/13 Oil Release De Baca (11)
nJMW1303836273 COG OPERATING LLC 1/16/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJK1424850772 NOBLE ENERGY INC 1/16/13 Minor Oil Release Crude Oil Freeze San Juan (45)
nJK1303027463 Ovintiv USA Inc. 1/16/13 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1308551562 SIMCOE LLC 1/16/13 Major Fire Condensate Fire San Juan (45)
nJK1323841956 XTO ENERGY, INC 1/15/13 Major Release Other Other (Specify) Freeze San Juan (45)
nJK1306640537 XTO ENERGY, INC 1/15/13 Produced Water Release San Juan (45)
nJK1311547640 DUGAN PRODUCTION CORP 1/15/13 Oil Release Crude Oil Corrosion San Juan (45)
nJK1302940002 DUGAN PRODUCTION CORP 1/15/13 Minor Oil Release Crude Oil Corrosion San Juan (45)
nJMW1302348852 OXY USA WTP LIMITED PARTNERSHIP 1/15/13 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1302346831 OXY USA WTP LIMITED PARTNERSHIP 1/15/13 Minor Produced Water Release Produced Water Freeze Eddy (15)
nJK1313630890 ENDURING RESOURCES, LLC 1/15/13 Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1305346221 Saguaro Petroleum, LLC 1/15/13 Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1331254933 DUGAN PRODUCTION CORP 1/14/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1302939051 DUGAN PRODUCTION CORP 1/14/13 Major Oil Release Produced Water Corrosion San Juan (45)
nJK1321355869 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/14/13 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1306646632 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/14/13 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJMW1303854425 OXY USA INC 1/14/13 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1305853515 ENERGEN RESOURCES CORPORATION 1/14/13 Major Oil Release Condensate Freeze San Juan (45)
nGVG1322135855 ENERGEN RESOURCES CORPORATION 1/14/13 Major Oil Release Condensate Freeze San Juan (45)
nGVG1321756538 ENERGEN RESOURCES CORPORATION 1/14/13 Major Condensate San Juan (45)
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nJMW1302341241 TANDEM ENERGY CORPORATION 1/14/13 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nSAD1417751726 APACHE CORPORATION 1/13/13 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1302251869 DEVON ENERGY PRODUCTION COMPANY, LP 1/13/13 Major Oil Release Crude Oil Human Error Eddy (15)
nJMW1302255636 OLEUM Energy LLC 1/13/13 Minor Produced Water Release Produced Water Freeze Eddy (15)
nJK1401430750 SIMCOE LLC 1/13/13 Minor Produced Water Release Condensate, Produced Water Freeze San Juan (45)
nCS1412735514 SIMCOE LLC 1/13/13 Minor Produced Water Release Condensate, Produced Water Equipment Failure San Juan (45)
nJMW1303853348 MEWBOURNE OIL CO 1/11/13 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nGRL1302252241 PRIMEXX OPERATING CORPORATION 1/10/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nCS1510349816 ENTERPRISE PRODUCTS OPERATING, LLC 1/10/13 Minor Oil Release Condensate Freeze Sandoval (43)
nJK1306640080 DUGAN PRODUCTION CORP 1/9/13 Minor Produced Water Release Produced Water Freeze San Juan (45)
nJK1305851793 DUGAN PRODUCTION CORP 1/9/13 Minor Produced Water Release Produced Water Freeze San Juan (45)
nJK1322839470 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/9/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1304233703 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/9/13 Produced Water Release San Juan (45)
nJK1309447956 CONOCOPHILLIPS COMPANY 1/9/13 Minor Produced Water Release Produced Water Freeze San Juan (45)
nJK1304238652 CONOCOPHILLIPS COMPANY 1/9/13 Minor Produced Water Release Produced Water Freeze San Juan (45)
nJMW1302248821 RILEY PERMIAN OPERATING COMPANY, LLC 1/9/13 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1306647575 NOBLE ENERGY INC 1/8/13 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1301753978 LINN OPERATING, LLC. 1/8/13 Major Produced Water Release Other (Specify), Produced Water Equipment Failure Eddy (15)
nJMW1302351885 Spur Energy Partners LLC 1/8/13 Major Produced Water Release Produced Water Human Error Eddy (15)
nJXK1620047362 HESS CORPORATION 1/7/13 Oil Release Crude Oil Lea (25)
nJMW1302429089 CHEVRON U S A INC 1/7/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1309435309 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/7/13 Minor Oil Release Condensate Vandalism San Juan (45)
nJK1304237114 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/7/13 Minor Oil Release Condensate Vandalism San Juan (45)
nJK1314147195 TRIPLE S TRUCKING CO., INC. 1/6/13 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nKJ1603453376 TEAM OPERATING, L.L.C. 1/6/13 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1301749383 DEVON ENERGY PRODUCTION COMPANY, LP 1/5/13 Minor Oil Release Crude Oil Corrosion Eddy (15)
nJK1306642620 XTO ENERGY, INC 1/4/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1304234630 XTO ENERGY, INC 1/4/13 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1302939499 DUGAN PRODUCTION CORP 1/4/13 Minor Oil Release Crude Oil Equipment Failure San Juan (45)
nJK1308549630 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/4/13 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nKJ1603432159 OCCIDENTAL PERMIAN LTD 1/4/13 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJK1304233411 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/3/13 Produced Water Release Rio Arriba (39)
nJMW1302240439 Spur Energy Partners LLC 1/3/13 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1310753323 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/2/13 Major Oil Release Crude Oil Corrosion San Juan (45)
nJK1303028373 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/2/13 Minor Oil Release Condensate Other Rio Arriba (39)
nJK1319255434 ENERVEST OPERATING L.L.C. 1/2/13 Major Oil Release Crude Oil Freeze Rio Arriba (39)
nJK1303126113 ENERVEST OPERATING L.L.C. 1/2/13 Major Oil Release Crude Oil Freeze Rio Arriba (39)
nJMW1302350423 COG OPERATING LLC 1/2/13 Major Oil Release Crude Oil Human Error Eddy (15)

nJK1305851155 ENTERPRISE PRODUCTS OPERATING, LLC 1/2/13 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Freeze San Juan (45)

nCS1725739883 SIMCOE LLC 1/1/13 Release Other San Juan (45)
nJMW1302241995 COG PRODUCTION, LLC 12/31/12 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1301854979 COG OPERATING LLC 12/31/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1301851859 Spur Energy Partners LLC 12/30/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1302230992 CONOCOPHILLIPS COMPANY 12/29/12 Minor Oil Release Crude Oil, Produced Water Freeze Eddy (15)
nJMW1302332891 RANGE OPERATING NEW MEXICO LLC 12/29/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nSAD1417750328 APACHE CORPORATION 12/27/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nJMW1301552456 OXY USA WTP LIMITED PARTNERSHIP 12/27/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nJMW1301731657 LINN OPERATING, LLC. 12/27/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1308549345 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/26/12 Major Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nJK1304233557 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/26/12 Produced Water Release San Juan (45)
nJMW1301740270 Spur Energy Partners LLC 12/25/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1301739647 Spur Energy Partners LLC 12/25/12 Oil Release Eddy (15)

nJK1333854228 ENTERPRISE PRODUCTS OPERATING, LLC 12/24/12 Major Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Freeze San Juan (45)

nJK1304237868 ENTERPRISE PRODUCTS OPERATING, LLC 12/24/12 Major Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Freeze San Juan (45)

nJMW1301656219 CAZA OPERATING, LLC 12/23/12 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1301735558 LINN OPERATING, LLC. 12/23/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1301734412 Spur Energy Partners LLC 12/23/12 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1301648983 COG OPERATING LLC 12/22/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1301738512 LINN OPERATING, LLC. 12/21/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1300436879 JALAPENO CORPORATION 12/20/12 Major Produced Water Release Crude Oil, Produced Water Other Chaves (05)
nJMW1300435637 JALAPENO CORPORATION 12/20/12 Major Produced Water Release Crude Oil, Produced Water Other Chaves (05)
nJK1325437905 CONOCOPHILLIPS COMPANY 12/20/12 Release Other Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1301454433 LINN OPERATING, LLC. 12/19/12 Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nJK1303155739 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/18/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1301750998 EOG Y RESOURCES, INC. 12/18/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1301549685 Spur Energy Partners LLC 12/18/12 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJK1302230928 SIMCOE LLC 12/18/12 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJK1302331905 ENTERPRISE PRODUCTS OPERATING, LLC 12/18/12 Oil Release Condensate Corrosion San Juan (45)
nJK1304231716 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/17/12 Produced Water Release San Juan (45)
nJK1305852804 CONOCOPHILLIPS COMPANY 12/17/12 Oil Release Motor Oil Other San Juan (45)
nJMW1301453324 LINN OPERATING, LLC. 12/17/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1301541975 Spur Energy Partners LLC 12/14/12 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJMW1301556273 OXY USA WTP LIMITED PARTNERSHIP 12/13/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1314153305 CONOCOPHILLIPS COMPANY 12/13/12 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nJK1304238849 CONOCOPHILLIPS COMPANY 12/13/12 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nJK1326153306 High River Resources Operating, LLC 12/13/12 Major Oil Release Crude Oil Freeze Rio Arriba (39)
nJK1302231290 High River Resources Operating, LLC 12/13/12 Major Oil Release Crude Oil, Produced Water Freeze Rio Arriba (39)

nKJ1605630608 SOUTHERN UNION GAS SERVICES LTD 12/12/12 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Human Error Lea (25)

nJK1314146774 CONOCOPHILLIPS COMPANY 12/12/12 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nJK1304239084 CONOCOPHILLIPS COMPANY 12/12/12 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nJMW1301529923 Spur Energy Partners LLC 12/12/12 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJK1331254484 ENTERPRISE PRODUCTS OPERATING, LLC 12/12/12 Minor Oil Release Condensate Vandalism San Juan (45)

nJK1326741165 ENTERPRISE PRODUCTS OPERATING, LLC 12/12/12 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nJK1308548391 ENTERPRISE PRODUCTS OPERATING, LLC 12/12/12 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Freeze San Juan (45)

nJK1306642269 ENTERPRISE PRODUCTS OPERATING, LLC 12/12/12 Oil Release Other (Specify) Vandalism San Juan (45)
nJK1301156965 ENTERPRISE PRODUCTS OPERATING, LLC 12/12/12 Minor Oil Release Condensate Vandalism San Juan (45)
nJMW1235551480 DEVON ENERGY PRODUCTION COMPANY, LP 12/11/12 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJMW1235541896 DEVON ENERGY PRODUCTION COMPANY, LP 12/11/12 Produced Water Release Eddy (15)
nGRL1318653988 CRAIN HOT OIL SERVICE, LLC 12/11/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Chaves (05)
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nJK1323839307 ENTERPRISE PRODUCTS OPERATING, LLC 12/11/12 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Freeze San Juan (45)

nJK1323838831 ENTERPRISE PRODUCTS OPERATING, LLC 12/11/12 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Freeze San Juan (45)

nJK1301156691 ENTERPRISE PRODUCTS OPERATING, LLC 12/11/12 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nJK1301156131 ENTERPRISE PRODUCTS OPERATING, LLC 12/11/12 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nGRL1234643076 MERIT ENERGY COMPANY, LLC 12/10/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1302332619 CONOCOPHILLIPS COMPANY 12/10/12 Minor Oil Release Crude Oil Corrosion Rio Arriba (39)
nJK1302330562 CONOCOPHILLIPS COMPANY 12/10/12 Minor Oil Release Crude Oil Corrosion Rio Arriba (39)
nMLB1235552413 RAYBAW Operating, LLC 12/10/12 Major Oil Release Crude Oil, Produced Water Freeze Eddy (15)
nJMW1309850960 APACHE CORPORATION 12/9/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1314153656 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/7/12 Oil Release Motor Oil Normal Operations San Juan (45)
nJMW1235536374 OXY USA INC 12/7/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1234855700 LINN OPERATING, LLC. 12/7/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1329732432 MorningStar Operating LLC 12/7/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1235234054 Silverback Operating II, LLC 12/7/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1234647379 Benton Crude Oil LLC 12/7/12 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJK1305841476 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/6/12 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJK1235540941 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/6/12 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJK1310755955 CONOCOPHILLIPS COMPANY 12/6/12 Oil Release Other (Specify) Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1300838151 Silverback Operating II, LLC 12/6/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPM2321245048 ETC Texas Pipeline, Ltd. 12/6/12 Release Other Lea (25)
nJMW1302238706 COLGATE OPERATING, LLC 12/6/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1423243723 CHEVRON U S A INC 12/5/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1300851642 EOG RESOURCES INC 12/5/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1300849841 EOG Y RESOURCES, INC. 12/5/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1234647882 DCP OPERATING COMPANY, LP 12/5/12 Minor Release Other Condensate Corrosion Eddy (15)
nJK1304232358 CONOCOPHILLIPS COMPANY 12/5/12 Produced Water Release San Juan (45)
nJMW1234853152 OWL SWD OPERATING, LLC 12/5/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1234530690 OXY USA WTP LIMITED PARTNERSHIP 12/4/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1304231060 CONOCOPHILLIPS COMPANY 12/4/12 Produced Water Release Rio Arriba (39)
nJXK1600435173 Spur Energy Partners LLC 12/4/12 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nGRL1234652017 Spur Energy Partners LLC 12/4/12 Major Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nGRL1234647972 Spur Energy Partners LLC 12/4/12 Minor Oil Release Crude Oil Corrosion Lea (25)
nJMW1235238684 CHEVRON U S A INC 12/3/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1321355625 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/3/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1304231878 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/3/12 Produced Water Release San Juan (45)
nJK1235541162 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/3/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1235241050 CIMAREX ENERGY CO. OF COLORADO 12/3/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1324155325 LINN OPERATING, LLC. 12/3/12 Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1235229835 LINN OPERATING, LLC. 12/3/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1301853525 BXP Operating, LLC 12/2/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1302234481 CHEVRON U S A INC 12/1/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1235448462 XTO ENERGY, INC 11/30/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1324726402 SOUTHERN UNION EXPLORATION CO 11/30/12 Minor Oil Release Crude Oil Human Error Lea (25)
nJMW1234534095 EOG Y RESOURCES, INC. 11/30/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nGRL1312127798 BLUE RUBY OPERATING, LLC 11/30/12 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nJK1306651500 ENTERPRISE PRODUCTS OPERATING, LLC 11/30/12 Natural Gas Release Natural Gas Liquids Corrosion San Juan (45)
nJK1304232026 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/29/12 Produced Water Release San Juan (45)
nJK1321356764 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/28/12 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJK1319826150 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/28/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1304241459 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/28/12 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJK1304232735 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/28/12 Produced Water Release Rio Arriba (39)
nJK1304231529 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/28/12 Produced Water Release Rio Arriba (39)
nJK1304231353 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/28/12 Produced Water Release Rio Arriba (39)
nJK1303156490 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/28/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nBGB2031148421 EOG Y RESOURCES, INC. 11/28/12 Other Eddy (15)
nJK1325440980 CONOCOPHILLIPS COMPANY 11/28/12 Release Other Other (Specify) Other Rio Arriba (39)
nJMW1234851101 COG OPERATING LLC 11/28/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1233952627 OWL SWD OPERATING, LLC 11/28/12 Major Produced Water Release Crude Oil, Produced Water Fire Lea (25)
nBGB2028755827 OWL SWD OPERATING, LLC 11/28/12 Major Fire Eddy (15)
nJK1304232201 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/27/12 Produced Water Release San Juan (45)
nJMW1235328868 BOPCO, L.P. 11/27/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1312235979 ENERGEN RESOURCES CORPORATION 11/26/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1312235594 ENERGEN RESOURCES CORPORATION 11/26/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1235332604 BOPCO, L.P. 11/26/12 Produced Water Release Produced Water Human Error Eddy (15)
nJMW1234253807 Spur Energy Partners LLC 11/25/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1300355354 APACHE CORPORATION 11/24/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1234241521 CIMAREX ENERGY CO. OF COLORADO 11/23/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nGRL1233947490 Benton Crude Oil LLC 11/23/12 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJK1319825969 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/21/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1305846873 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/21/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nKJ1603529547 J R OIL, LTD. CO. 11/21/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1234825879 EOG Y RESOURCES, INC. 11/20/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1233239870 EOG Y RESOURCES, INC. 11/20/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1601129610 COG OPERATING LLC 11/20/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJXK1601128949 COG OPERATING LLC 11/20/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nKJ1607049050 CART HILL ENERGY, LLC 11/20/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nSAD1326256586 MOREXCO INC 11/19/12 Minor Oil Release Crude Oil Human Error Lea (25)
nJMW1234247553 COG OPERATING LLC 11/17/12 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJMW1234250637 Spur Energy Partners LLC 11/17/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1233232139 CHEVRON U S A INC 11/16/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1233942777 COG OPERATING LLC 11/15/12 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJK1306653503 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/14/12 Minor Produced Water Release Produced Water Human Error San Juan (45)
nVF1536341447 CONOCOPHILLIPS COMPANY 11/14/12 Produced Water Release Rio Arriba (39)
nJMW1231955577 LINN OPERATING, LLC. 11/14/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1305841815 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/13/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1302951396 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/12/12 Other San Juan (45)
nJMW1233333603 OXY USA WTP LIMITED PARTNERSHIP 11/12/12 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nJMW1231953973 LINN OPERATING, LLC. 11/12/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1232050706 Silverback Operating II, LLC 11/11/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nGRL1231851112 Maverick Permian LLC 11/10/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1302943057 XTO ENERGY, INC 11/9/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
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nMLB1300932604 MACK ENERGY CORP 11/9/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1233251058 SAN JUAN RESOURCES, INC. 11/9/12 Minor Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1231941077 LINN OPERATING, LLC. 11/9/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1232155041 COG PRODUCTION, LLC 11/8/12 Major Oil Release Crude Oil Human Error Eddy (15)
nJMW1232055488 Spur Energy Partners LLC 11/7/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1232052348 MACK ENERGY CORP 11/6/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nGRL1231839015 MEWBOURNE OIL CO 11/6/12 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJK1304234094 CONOCOPHILLIPS COMPANY 11/6/12 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1233252851 CONOCOPHILLIPS COMPANY 11/6/12 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1322839209 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/5/12 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJK1233254051 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/5/12 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nCS1522439198 SIMCOE LLC 11/5/12 Oil Release Other (Specify) Other San Juan (45)
nGRL1231452632 Maverick Permian LLC 11/4/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1231241803 FOREST OIL CORPORATION 11/3/12 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1619637333 DEVON ENERGY PRODUCTION COMPANY, L.P. 11/3/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)

nJMW1320641831 SOUTHERN UNION GAS SERVICES LTD 11/2/12 Minor Produced Water Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Eddy (15)

nJMW1231949449 Spur Energy Partners LLC 11/2/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1303054398 Spur Energy Partners LLC 11/1/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1233551675 SIMCOE LLC 11/1/12 Release Other Rio Arriba (39)
nGRL1231037337 MorningStar Operating LLC 11/1/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1315038560 10/31/12 Oil Release Other (Specify) Normal Operations San Juan (45)
nJK1315755246 XTO ENERGY, INC 10/31/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Rio Arriba (39)
nJK1302953677 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/31/12 Other San Juan (45)
nJK1314147993 ENERGEN RESOURCES CORPORATION 10/31/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1314148299 MorningStar Operating LLC 10/31/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1302951728 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/29/12 Other San Juan (45)
nJMW1232053733 OXY USA WTP LIMITED PARTNERSHIP 10/29/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nJK1400840623 ENTERPRISE PRODUCTS OPERATING, LLC 10/29/12 Minor Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nJK1304235362 ENTERPRISE PRODUCTS OPERATING, LLC 10/29/12 Minor Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nGRL1232156873 CHESAPEAKE OPERATING, INC. 10/28/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nBGB2102933682 CHEVRON E&P 10/28/12 Produced Water Release 0
nJMW1231254060 Spur Energy Partners LLC 10/28/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1231249801 Spur Energy Partners LLC 10/28/12 Minor Release Other Brine Water Human Error Eddy (15)

nJK1326732714 ENTERPRISE PRODUCTS OPERATING, LLC 10/28/12 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure San Juan (45)

nCS1433938925 ENTERPRISE PRODUCTS OPERATING, LLC 10/28/12 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure San Juan (45)

nJMW1231348430 EASTLAND OIL CO 10/26/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1231348365 EASTLAND OIL CO 10/26/12 Produced Water Release Eddy (15)
nGRL1231239819 COG OPERATING LLC 10/26/12 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1231252031 Spur Energy Partners LLC 10/25/12 Minor Produced Water Release Produced Water Human Error Eddy (15)
nGRL1230034049 Maverick Permian LLC 10/23/12 Minor Produced Water Release Produced Water Corrosion Lea (25)

nJK1233249557 ENTERPRISE PRODUCTS OPERATING, LLC 10/23/12 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Corrosion San Juan (45)

nJK1331133354 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/22/12 Oil Release Crude Oil Other Rio Arriba (39)
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nJK1302953501 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/22/12 Other Rio Arriba (39)
nCS1606838794 BURLINGTON RESOURCES OIL & GAS CO 10/22/12 Other Other (Specify) Other Rio Arriba (39)
nMLB1233957652 DCP OPERATING COMPANY, LP 10/22/12 Oil Release Eddy (15)
nJK1302954281 CONOCOPHILLIPS COMPANY 10/22/12 Other Rio Arriba (39)
nJMW1231141071 COG OPERATING LLC 10/21/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1231134517 Acacia Operating Company, LLC 10/19/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1231137859 Permian Resources Operating, LLC 10/19/12 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJK1304232871 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/18/12 Produced Water Release San Juan (45)
nJK1302954915 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/18/12 Other San Juan (45)
nJK1302954465 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/18/12 Other San Juan (45)
nJXK1602649785 Avant Operating, LLC 10/17/12 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJK1319250720 XTO ENERGY, INC 10/16/12 Oil Release Crude Oil Corrosion San Juan (45)
nGRL1306351314 XTO ENERGY, INC 10/16/12 Minor Oil Release Crude Oil Corrosion Lea (25)
nTO1423255747 MorningStar Operating LLC 10/16/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1306649599 ENERGEN RESOURCES CORPORATION 10/15/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1229741733 LINN OPERATING, LLC. 10/15/12 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nGRL1231440193 ETC Texas Pipeline, Ltd. 10/15/12 Release Other Other (Specify) Corrosion Lea (25)
nGRL1231442039 CHEVRON U S A INC 10/13/12 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nJMW1231131067 HARVARD PETROLEUM COMPANY, LLC 10/13/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1315751494 CONOCOPHILLIPS COMPANY 10/11/12 Minor Oil Release Crude Oil Corrosion Lea (25)
nJMW1229729836 Blackbuck New Mexico LLC 10/11/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1300431832 APACHE CORPORATION 10/10/12 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJK1400839711 XTO ENERGY, INC 10/10/12 Major Produced Water Release Crude Oil, Produced Water Corrosion San Juan (45)
nMLB1229156469 EOG Y RESOURCES, INC. 10/10/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1229354304 OXY USA WTP LIMITED PARTNERSHIP 10/10/12 Minor Oil Release Crude Oil Eddy (15)
nJMW1232528040 AMERICO ENERGY RESOURCES LLC 10/10/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1600437573 COG OPERATING LLC 10/10/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1231150890 COG OPERATING LLC 10/10/12 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nGRL1230034462 COG OPERATING LLC 10/10/12 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJK1302956248 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/9/12 Other San Juan (45)
nJMW1231139384 COG OPERATING LLC 10/9/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1303751618 Spur Energy Partners LLC 10/9/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nJK1302955232 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/8/12 Other San Juan (45)
nJMW1229830645 OXY USA INC 10/8/12 Major Oil Release Crude Oil Human Error Eddy (15)
nJMW1229349116 DEVON ENERGY PRODUCTION COMPANY, LP 10/6/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nGRL1232155930 MARATHON OIL PERMIAN LLC 10/6/12 Minor Produced Water Release Produced Water Human Error Lea (25)
nJMW1236129623 OXY USA INC 10/5/12 Natural Gas Release Eddy (15)
nJK1318349182 CONOCOPHILLIPS COMPANY 10/5/12 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nJMW1228653676 LINN OPERATING, LLC. 10/5/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1315754964 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/4/12 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1235450034 XTO ENERGY, INC 10/3/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1400836436 DUGAN PRODUCTION CORP 10/3/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure San Juan (45)
nGRL1229347018 RUTHCO OIL, LLC 10/3/12 Major Produced Water Release Crude Oil, Produced Water Normal Operations Lea (25)
nJK1306649305 LOGOS OPERATING, LLC 10/3/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS1532356002 CONOCOPHILLIPS COMPANY 10/2/12 Produced Water Release Other (Specify) Other San Juan (45)
nJMW1231147960 OXY USA INC 10/1/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1228655527 HARVARD PETROLEUM COMPANY, LLC 9/28/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nJK1304240310 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/28/12 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nSAD1416734222 APACHE CORPORATION 9/27/12 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1403842324 GRAND BANKS ENERGY CO 9/27/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nJXK1600446160 Spur Energy Partners LLC 9/27/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1229054865 LH Operating, LLC 9/27/12 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nSAD1416837551 APACHE CORPORATION 9/26/12 Major Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nJMW1229739867 EOG Y RESOURCES, INC. 9/26/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1305847391 CONOCOPHILLIPS COMPANY 9/26/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1303142685 ENTERPRISE PRODUCTS OPERATING, LLC 9/26/12 Produced Water Release Condensate, Produced Water Normal Operations San Juan (45)
nJK1229736458 ENTERPRISE PRODUCTS OPERATING, LLC 9/26/12 Produced Water Release Produced Water Other San Juan (45)
nJMW1309842142 APACHE CORPORATION 9/25/12 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1310253120 OWL SWD OPERATING, LLC 9/25/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1304240829 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/24/12 Produced Water Release Rio Arriba (39)
nJMW1228642037 Permian Resources Operating, LLC 9/24/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nGRL1227125428 EOG Y RESOURCES, INC. 9/23/12 Major Produced Water Release Produced Water Chaves (05)
nJMW1228931739 EOG Y RESOURCES, INC. 9/22/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1229047587 Spur Energy Partners LLC 9/22/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1400839377 XTO ENERGY, INC 9/21/12 Minor Oil Release Condensate, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1304233106 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/21/12 Produced Water Release San Juan (45)
nJK1302955928 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/21/12 Other San Juan (45)
nGRL1227127458 PLAINS MARKETING L.P. 9/21/12 Minor Oil Release Crude Oil Lea (25)
nJMW1228938969 OXY USA WTP LIMITED PARTNERSHIP 9/21/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1229053290 COG OPERATING LLC 9/21/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nJMW1320637280 SOUTHERN UNION GAS SERVICES LTD 9/20/12 Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nJK1306632658 CONOCOPHILLIPS COMPANY 9/20/12 Oil Release Crude Oil Other San Juan (45)
nJMW1228952965 COG OPERATING LLC 9/20/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1229041186 North Fork Operating, LP 9/20/12 Major Produced Water Release Produced Water Fire Eddy (15)
nJK1400835887 ENTERPRISE PRODUCTS OPERATING, LLC 9/20/12 Major Release Other Other (Specify) Corrosion San Juan (45)
nJK1306648899 ENERGEN RESOURCES CORPORATION 9/19/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1309449086 ENCANA OIL & GAS (USA) INC. 9/19/12 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1229737616 Ovintiv USA Inc. 9/19/12 Produced Water Release 0
nJMW1231129593 XTO PERMIAN OPERATING LLC. 9/19/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1302953917 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/18/12 Other San Juan (45)
nJMW1229736540 EOG Y RESOURCES, INC. 9/18/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1229735530 NOBLE ENERGY INC 9/17/12 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJMW1228553129 LINN OPERATING, LLC. 9/17/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1228452026 LINN OPERATING, LLC. 9/17/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1228948228 COG OPERATING LLC 9/16/12 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nJMW1229051242 COG PRODUCTION, LLC 9/14/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1711856373 CONOCOPHILLIPS COMPANY 9/12/12 Oil Release Rio Arriba (39)
nJK1314152203 ENTERPRISE PRODUCTS OPERATING, LLC 9/12/12 Major Oil Release Condensate Corrosion San Juan (45)
nJK1229739562 ENTERPRISE PRODUCTS OPERATING, LLC 9/12/12 Major Oil Release Condensate Corrosion San Juan (45)
nJMW1300356374 APACHE CORPORATION 9/11/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1228449908 LINN OPERATING, LLC. 9/11/12 Minor Produced Water Release Produced Water Human Error Eddy (15)
nJK1311548314 CONOCOPHILLIPS COMPANY 9/10/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1303055280 CONOCOPHILLIPS COMPANY 9/10/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1226551383 COG OPERATING LLC 9/10/12 Major Oil Release Crude Oil Human Error Eddy (15)
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nJMW1228431520 CIMAREX ENERGY CO. OF COLORADO 9/9/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1228937789 OXY USA INC 9/8/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1315752583 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/6/12 Produced Water Release Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nJXK1601131872 COG OPERATING LLC 9/6/12 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJK1400835644 ENTERPRISE PRODUCTS OPERATING, LLC 9/6/12 Natural Gas Release Condensate Corrosion San Juan (45)
nJK1229732624 ENTERPRISE PRODUCTS OPERATING, LLC 9/6/12 Oil Release Condensate Corrosion San Juan (45)
nJK1400837470 ENERGEN RESOURCES CORPORATION 9/5/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1304241658 CONOCOPHILLIPS COMPANY 9/4/12 Produced Water Release Rio Arriba (39)
nJMW1228440835 Contango Resources, Inc. 9/4/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1300342111 APACHE CORPORATION 9/3/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1225739545 CIMAREX ENERGY CO. OF COLORADO 9/2/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1228428008 BOPCO, L.P. 9/2/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1225753966 BOPCO, L.P. 9/2/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1231347033 EASTLAND OIL CO 9/1/12 Minor Oil Release Crude Oil Human Error Eddy (15)
nJMW1228433415 COG OPERATING LLC 9/1/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1226552292 Spur Energy Partners LLC 9/1/12 Minor Oil Release Produced Water Equipment Failure Eddy (15)
nJMW1225653954 CIMAREX ENERGY CO. OF COLORADO 8/31/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1225750374 LINN OPERATING, LLC. 8/31/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1226438559 CHEVRON U S A INC 8/30/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1233542244 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/29/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nTO1423256491 MorningStar Operating LLC 8/29/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nJMW1225642162 LINN OPERATING, LLC. 8/28/12 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1401430906 XTO ENERGY, INC 8/27/12 Produced Water Release Eddy (15)
nJMW1228436276 KERSEY & COMPANY 8/27/12 Major Oil Release Crude Oil Human Error Eddy (15)
nCS1512041889 BURLINGTON RESOURCES OIL & GAS CO 8/27/12 Produced Water Release Other (Specify) Other San Juan (45)
nGRL1305848107 EOG Y RESOURCES, INC. 8/26/12 Major Release Other Brine Water Other Lea (25)
nKJ1607052432 BXP Operating, LLC 8/25/12 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nJK1232456130 ENERGEN RESOURCES CORPORATION 8/24/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1229733658 ENERGEN RESOURCES CORPORATION 8/24/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1229733416 ENERGEN RESOURCES CORPORATION 8/24/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1225751991 LINN OPERATING, LLC. 8/24/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1225552363 Silverback Operating II, LLC 8/24/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1229738492 XTO ENERGY, INC 8/23/12 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJMW1225554250 EOG Y RESOURCES, INC. 8/23/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1225650461 LINN OPERATING, LLC. 8/23/12 Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1225640874 LINN OPERATING, LLC. 8/23/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1225550869 Silverback Operating II, LLC 8/23/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1225455843 DEVON ENERGY PRODUCTION COMPANY, LP 8/22/12 Minor Oil Release Crude Oil Human Error Eddy (15)
nJMW1225440827 J & J Investments, LLC 8/22/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1225055848 DUGAN PRODUCTION CORP 8/21/12 Minor Oil Release Crude Oil Blow Out San Juan (45)
nCS1522441528 SIMCOE LLC 8/21/12 Oil Release Other (Specify) Other San Juan (45)
nJMW1225651459 Roughhouse Operating, LLC 8/21/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nSAD1326256905 EOG RESOURCES INC 8/20/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1226546393 COG OPERATING LLC 8/20/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1225449137 LH Operating, LLC 8/20/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nVF1906434193 SIMCOE LLC 8/20/12 Release Other Produced Water Equipment Failure San Juan (45)
nJMW1224938010 JUDAH OIL LLC 8/19/12 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
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nMLB1224858324 Spur Energy Partners LLC 8/19/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1226536191 PLAINS MARKETING L.P. 8/18/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1226549180 Spur Energy Partners LLC 8/18/12 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1225450335 Spur Energy Partners LLC 8/18/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1228429248 XTO PERMIAN OPERATING LLC. 8/18/12 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1311952883 SIANA OPERATING LLC 8/17/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nJMW1224848668 MEWBOURNE OIL CO 8/16/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1329038557 OXY USA INC 8/16/12 Minor Release Other Acid Lightning Eddy (15)
nJK1315756500 CONOCOPHILLIPS COMPANY 8/16/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Rio Arriba (39)
nJK1314153050 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/15/12 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJMW1224841937 EOG Y RESOURCES, INC. 8/15/12 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1233252076 CONOCOPHILLIPS COMPANY 8/15/12 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nBP1235440110 AGUA MOSS, LLC 8/15/12 Produced Water Release Other (Specify), Produced Water San Juan (45)
nJMW1224852275 Spur Energy Partners LLC 8/15/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nJMW1228934070 OXY USA INC 8/14/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nJXK1600433196 COG OPERATING LLC 8/14/12 Minor Produced Water Release Produced Water Other Lea (25)
nJMW1225639143 Permian Resources Operating, LLC 8/14/12 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1306648475 HILCORP ENERGY COMPANY 8/14/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1225452591 Silverback Operating II, LLC 8/13/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1225053997 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/12/12 Oil Release Lube Oil Vandalism San Juan (45)
nJMW1225740956 LINN OPERATING, LLC. 8/12/12 Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1223639425 BXP Operating, LLC 8/12/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1224942822 MEWBOURNE OIL CO 8/11/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1224942755 MEWBOURNE OIL CO 8/11/12 Produced Water Release Eddy (15)
nJMW1309937035 CIMAREX ENERGY CO. OF COLORADO 8/10/12 Major Produced Water Release Condensate, Produced Water Equipment Failure Eddy (15)
nJMW1225542006 OXY USA WTP LIMITED PARTNERSHIP 8/10/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1225055697 High River Resources Operating, LLC 8/9/12 Other Rio Arriba (39)
nJK1326742513 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/8/12 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJMW1224150735 BOPCO, L.P. 8/8/12 Major Produced Water Release Produced Water Corrosion Eddy (15)

nJXK1620947520 CROSS TIMBERS ENERGY, LLC 8/8/12 Produced Water Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Lea (25)

nJMW1223633670 COG PRODUCTION, LLC 8/7/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1224853958 Spur Energy Partners LLC 8/7/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1222254957 LH Operating, LLC 8/7/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1400833265 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/6/12 Produced Water Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1226548013 CIMAREX ENERGY CO. OF COLORADO 8/6/12 Minor Release Other Acid Human Error Eddy (15)
nJK1229736233 ENERGEN RESOURCES CORPORATION 8/6/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS1524739419 CONOCOPHILLIPS COMPANY 8/6/12 Produced Water Release Other (Specify) Other Rio Arriba (39)

nJK1308546889 ENTERPRISE PRODUCTS OPERATING, LLC 8/6/12 Oil Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane) Corrosion Rio Arriba (39)

nJK1229736800 ENTERPRISE PRODUCTS OPERATING, LLC 8/6/12 Oil Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane) Corrosion Rio Arriba (39)

nJXK1535138305 COG OPERATING LLC 8/5/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJMW1310133762 Blackbuck New Mexico LLC 8/3/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1302953257 BURLINGTON RESOURCES OIL & GAS CO 8/2/12 Other San Juan (45)
nJK1229732381 ENERGEN RESOURCES CORPORATION 8/2/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
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nMLB1413952527 CIMAREX ENERGY CO. OF COLORADO 8/1/12 Produced Water Release Eddy (15)
nJMW1222239520 BXP Operating, LLC 8/1/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1319250078 XTO ENERGY, INC 7/31/12 Oil Release Crude Oil Normal Operations San Juan (45)
nJK1225050581 XTO ENERGY, INC 7/31/12 Release Other Unknown Normal Operations San Juan (45)
nJK1319249739 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/31/12 Produced Water Release Produced Water Other Rio Arriba (39)
nJMW1224153124 BOPCO, L.P. 7/30/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1222252929 Silverback Operating II, LLC 7/30/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1224147936 APACHE CORPORATION 7/29/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1222233804 LH Operating, LLC 7/29/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1224149562 APACHE CORPORATION 7/28/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1228554583 EOG Y RESOURCES, INC. 7/28/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1222231509 LINN OPERATING, LLC. 7/28/12 Major Oil Release Crude Oil Fire Eddy (15)
nJMW1222235649 LINN OPERATING, LLC. 7/27/12 Produced Water Release Produced Water Human Error Eddy (15)
nJK1306650299 HILCORP ENERGY COMPANY 7/27/12 Major Produced Water Release Lube Oil, Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nKJ1603945932 APACHE CORPORATION 7/26/12 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJK1229731864 DUGAN PRODUCTION CORP 7/26/12 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1222030133 DUGAN PRODUCTION CORP 7/26/12 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1222029774 DUGAN PRODUCTION CORP 7/26/12 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1314148570 CONOCOPHILLIPS COMPANY 7/26/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJXK1600431310 COG OPERATING LLC 7/26/12 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1234256339 COG OPERATING LLC 7/26/12 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nJMW1223641037 BOPCO, L.P. 7/26/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJK1233254810 CONOCOPHILLIPS COMPANY 7/24/12 Produced Water Release Produced Water Other Rio Arriba (39)
nJMW1220954469 ROVER OPERATING, LLC 7/24/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nAB1610237475 Spur Energy Partners LLC 7/22/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1222241854 SM ENERGY COMPANY 7/21/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1221556317 COG OPERATING LLC 7/21/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1320640063 DCP OPERATING COMPANY, LP 7/19/12 Minor Produced Water Release Condensate Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1221451087 LINN OPERATING, LLC. 7/19/12 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nJMW1309933732 APACHE CORPORATION 7/18/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1222347996 XTO ENERGY, INC 7/18/12 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1400841301 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/18/12 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nJMW1222229678 COG OPERATING LLC 7/18/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1224035731 Spur Energy Partners LLC 7/18/12 Major Oil Release Crude Oil Fire Eddy (15)
nJK1305848221 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/17/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1224040442 EOG Y RESOURCES, INC. 7/17/12 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1221441921 EOG Y RESOURCES, INC. 7/17/12 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nJK1221353337 CONOCOPHILLIPS COMPANY 7/17/12 Major Oil Release Lube Oil Other San Juan (45)
nJK1326749584 ENTERPRISE FIELD SERVICES, LLC 7/17/12 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1221549479 LINN OPERATING, LLC. 7/17/12 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nKJ1605632834 Extex Operating Company 7/17/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1302330775 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/16/12 Produced Water Release Produced Water Other Rio Arriba (39)
nMLB1224032768 EOG Y RESOURCES, INC. 7/16/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1224029790 EOG Y RESOURCES, INC. 7/16/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1221254150 BOPCO, L.P. 7/15/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1223742023 PLAINS MARKETING L.P. 7/14/12 Oil Release Eddy (15)
nJMW1221433751 BOPCO, L.P. 7/14/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nJMW1219555249 EOG Y RESOURCES, INC. 7/13/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1221453896 LH Operating, LLC 7/13/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nSAD1416440974 APACHE CORPORATION 7/12/12 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1320734698 CHEVRON U S A INC 7/12/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1220730566 High River Resources Operating, LLC 7/12/12 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1221437921 APACHE CORPORATION 7/11/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1304242335 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/11/12 Produced Water Release Rio Arriba (39)
nJMW1221551189 COG OPERATING LLC 7/11/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1221430661 BOPCO, L.P. 7/11/12 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1424853555 XTO ENERGY, INC 7/10/12 Produced Water Release Produced Water Corrosion San Juan (45)
nJMW1221554747 COG OPERATING LLC 7/9/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1219552251 COG OPERATING LLC 7/9/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1221452878 LINN OPERATING, LLC. 7/9/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1233542776 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/7/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1221429082 LINN OPERATING, LLC. 7/7/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1219531844 LINN OPERATING, LLC. 7/6/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1219254870 LH Operating, LLC 7/6/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1225056404 ENERGEN RESOURCES CORPORATION 7/5/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1225056221 ENERGEN RESOURCES CORPORATION 7/5/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1219534727 Spur Energy Partners LLC 7/5/12 Major Oil Release Crude Oil, Produced Water Fire Eddy (15)
nJK1220729755 HILCORP ENERGY COMPANY 7/4/12 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1218853093 DUGAN PRODUCTION CORP 7/3/12 Minor Produced Water Release Produced Water Other San Juan (45)
nJMW1219530371 SPECIAL ENERGY CORP 7/3/12 Major Oil Release Crude Oil Corrosion Eddy (15)
nJMW1220955726 LINN OPERATING, LLC. 7/3/12 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1218832259 Prima Exploration, Inc. 7/3/12 Major Produced Water Release Produced Water Lightning Lea (25)
nJXK1620049259 MorningStar Operating LLC 7/3/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1229735356 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/2/12 Minor Release Other Drilling Mud/Fluid Equipment Failure Rio Arriba (39)
nJK1229734139 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/2/12 Minor Release Other Drilling Mud/Fluid Equipment Failure Rio Arriba (39)
nAPP2118435612 GOODNIGHT MIDSTREAM PERMIAN, LLC 7/2/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJK1220730996 ENTERPRISE PRODUCTS OPERATING, LLC 7/1/12 Major Release Other Other (Specify) Other San Juan (45)
nJK1309828924 XTO ENERGY, INC 6/29/12 Other San Juan (45)
nJMW1219453469 Spur Energy Partners LLC 6/29/12 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJMW1219437558 BXP Operating, LLC 6/29/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1218733690 Benton Crude Oil LLC 6/28/12 Produced Water Release Produced Water Corrosion Lea (25)
nJXK1606056611 APACHE CORPORATION 6/27/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1219451259 Silverback Operating II, LLC 6/27/12 Minor Produced Water Release Produced Water Vehicular Accident Eddy (15)
nGRL1218451651 ETC Texas Pipeline, Ltd. 6/27/12 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nJMW1219441657 COG OPERATING LLC 6/26/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1219434376 COG OPERATING LLC 6/26/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1219431677 COG OPERATING LLC 6/25/12 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1516255751 SIMCOE LLC 6/25/12 Oil Release Other (Specify) Other San Juan (45)
nJMW1221250140 Acacia Operating Company, LLC 6/25/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nGRL1218452215 ETC Texas Pipeline, Ltd. 6/25/12 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nJMW1219447848 EOG Y RESOURCES, INC. 6/24/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1219538987 COG OPERATING LLC 6/24/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1219343081 BOPCO, L.P. 6/24/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1620036436 TEAM OPERATING, L.L.C. 6/24/12 Major Produced Water Release Crude Oil, Produced Water Lea (25)
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nJK1400840295 CONOCOPHILLIPS COMPANY 6/23/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1303027709 CONOCOPHILLIPS COMPANY 6/23/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1219528557 BOPCO, L.P. 6/23/12 Major Produced Water Release Produced Water Vehicular Accident Eddy (15)
nJMW1218036666 APACHE CORPORATION 6/22/12 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1219356088 COG OPERATING LLC 6/22/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1219549113 Spur Energy Partners LLC 6/22/12 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1218050566 EOG Y RESOURCES, INC. 6/21/12 Major Produced Water Release Produced Water Equipment Failure Chaves (05)
nJMW1219348842 BOPCO, L.P. 6/21/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1219354336 Spur Energy Partners LLC 6/21/12 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1218041549 SELECT AGUA LIBRE MIDSTREAM, LLC 6/21/12 Major Produced Water Release Produced Water Fire Eddy (15)
nJMW1219439454 POGO OIL & GAS OPERATING, INC 6/21/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1218853794 BP AMERICA PRODUCTION COMPANY 6/20/12 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJMW1219436244 POGO OIL & GAS OPERATING, INC 6/20/12 Oil Release Crude Oil Corrosion Eddy (15)
nJXK1604134770 SOUTHWEST ROYALTIES INC 6/19/12 Major Produced Water Release Produced Water Equipment Failure Lea (25)

nBBB1219857347 ENTERPRISE PRODUCTS OPERATING LP 6/19/12 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nJK1218854095 ENTERPRISE PRODUCTS OPERATING, LLC 6/19/12 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nJMW1218053031 APOLLO ENERGY, L.P. 6/18/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1218029159 Spur Energy Partners LLC 6/17/12 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nJMW1218032938 COG OPERATING LLC 6/15/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1217336844 LINN OPERATING, LLC. 6/15/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1224940265 OXY USA INC 6/14/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1217347760 ALAMO PERMIAN RESOURCES, LLC 6/14/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nDSM1217219944 EOG Y RESOURCES, INC. 6/12/12 Oil Release Chaves (05)
nJK1221357005 ENERGEN RESOURCES CORPORATION 6/12/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1217353333 LH Operating, LLC 6/12/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nCJC1217839769 NAVAJO REFINING COMPANY, L.L.C. 6/11/12 Major Fire Lube Oil Equipment Failure Eddy (15)
nGRL1218454296 CIMAREX ENERGY CO. OF COLORADO 6/11/12 Minor Oil Release Crude Oil Corrosion Lea (25)
nJMW1217332007 MATADOR PRODUCTION COMPANY 6/11/12 Major Oil Release Crude Oil Corrosion Eddy (15)
nJMW1218035376 APACHE CORPORATION 6/10/12 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1423256144 MorningStar Operating LLC 6/10/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1218037975 APACHE CORPORATION 6/9/12 Minor Oil Release Crude Oil, Produced Water Other Eddy (15)
nJMW1217351696 Spur Energy Partners LLC 6/9/12 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nMLB1216748367 DEVON ENERGY PRODUCTION COMPANY, LP 6/8/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1400837675 CONOCOPHILLIPS COMPANY 6/8/12 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1304242654 CONOCOPHILLIPS COMPANY 6/8/12 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1223336188 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/7/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCJC1217837789 NAVAJO REFINING COMPANY, L.L.C. 6/7/12 Major Oil Release Other (Specify) Equipment Failure 0
nJMW1217356345 LINN OPERATING, LLC. 6/7/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1217341655 PHX Energy, LLC 6/7/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1401726927 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/6/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1302352976 OXY USA WTP LIMITED PARTNERSHIP 6/6/12 Produced Water Release Produced Water Other Eddy (15)
nJMW1217338587 COG OPERATING LLC 6/6/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1216746727 ROVER OPERATING, LLC 6/6/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1424854911 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/5/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nDSM1217142221 YATES PET CORP 6/5/12 Produced Water Release Lea (25)
nJK1312236446 ENERGEN RESOURCES CORPORATION 6/5/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
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nMLB1216750452 OXY USA WTP LIMITED PARTNERSHIP 6/5/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1221356851 MorningStar Operating LLC 6/5/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1217334502 3R Operating, LLC 6/5/12 Major Oil Release Crude Oil Corrosion Eddy (15)
nJMW1217354614 LINN OPERATING, LLC. 6/4/12 Produced Water Release Produced Water Corrosion Eddy (15)
nCJC1218048270 NAVAJO REFINING COMPANY, L.L.C. 6/3/12 Major Release Other Diesel Equipment Failure Eddy (15)
nMLB1216457027 Spur Energy Partners LLC 6/1/12 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1703952493 SIMCOE LLC 5/31/12 Oil Release Other (Specify) Other San Juan (45)
nJMW1310042235 OXY USA INC 5/30/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1219345739 BOPCO, L.P. 5/30/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1215938834 EOG Y RESOURCES, INC. 5/29/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1216749260 OXY USA WTP LIMITED PARTNERSHIP 5/29/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1225053163 CONOCOPHILLIPS COMPANY 5/29/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1219346973 BOPCO, L.P. 5/29/12 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)

nJK1216741051 ENTERPRISE PRODUCTS OPERATING, LLC 5/29/12 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion San Juan (45)

nJMW1219334159 BOPCO, L.P. 5/28/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1219331428 BOPCO, L.P. 5/28/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1618951854 DEVON ENERGY PRODUCTION COMPANY, L.P. 5/28/12 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nMLB1216747427 PHX Energy, LLC 5/28/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1216446153 LINN OPERATING, LLC. 5/27/12 Oil Release Crude Oil Equipment Failure Eddy (15)
nGRL1215131548 Maverick Permian LLC 5/27/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nMLB1217938056 BOPCO, L.P. 5/26/12 Major Produced Water Release Crude Oil, Produced Water Lightning Eddy (15)
nJMW1328451130 OXY USA INC 5/25/12 Minor Release Other Acid Equipment Failure Eddy (15)
nJMW1219352653 BOPCO, L.P. 5/25/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1218048947 BOPCO, L.P. 5/25/12 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nCJC1215327037 HF Sinclair Navajo Refining LLC 5/24/12 Major Other Other (Specify) Equipment Failure Eddy (15)
nMLB1216754459 BOPCO, L.P. 5/24/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1309930190 APACHE CORPORATION 5/23/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1215941646 DEVON ENERGY PRODUCTION COMPANY, LP 5/23/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJMW1231248032 HARVARD PETROLEUM COMPANY, LLC 5/23/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1303028012 CONOCOPHILLIPS COMPANY 5/23/12 Minor Produced Water Release Lube Oil, Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1216755873 BOPCO, L.P. 5/23/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJMW1219350779 BOPCO, L.P. 5/23/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nMLB1215956999 Spur Energy Partners LLC 5/23/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nGRL1215036944 TARGA MIDSTREAM SERVICES LLC 5/22/12 Minor Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nMLB1216757185 BOPCO, L.P. 5/22/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1215846960 APACHE CORPORATION 5/21/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1232455329 XTO ENERGY, INC 5/21/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1216740707 XTO ENERGY, INC 5/21/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1225053755 CONOCOPHILLIPS COMPANY 5/21/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1217232193 BOPCO, L.P. 5/21/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1217228658 BOPCO, L.P. 5/21/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1215932390 ALAMO PERMIAN RESOURCES, LLC 5/21/12 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1217248142 SIMCOE LLC 5/21/12 Oil Release Condensate Corrosion San Juan (45)
nMLB1215853411 LINN OPERATING, LLC. 5/19/12 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1400840990 CONOCOPHILLIPS COMPANY 5/18/12 Major Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nJMW1217242281 BOPCO, L.P. 5/18/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1216449449 Spur Energy Partners LLC 5/18/12 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
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nJK1215637839 ENTERPRISE PRODUCTS OPERATING, LLC 5/18/12 Oil Release Condensate Equipment Failure Rio Arriba (39)
nMLB1216745741 GP II ENERGY INC 5/17/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1215928550 SOUTHERN UNION GAS SERVICES, LTD 5/17/12 Major Oil Release Crude Oil Corrosion Eddy (15)
nJXK1535251114 Spur Energy Partners LLC 5/17/12 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJK1216740175 XTO ENERGY, INC 5/16/12 Minor Produced Water Release Motor Oil, Produced Water Corrosion San Juan (45)
nJK1215639670 XTO ENERGY, INC 5/16/12 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1424853798 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/16/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1222837336 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/16/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1216455608 COG OPERATING LLC 5/16/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1216453044 Spur Energy Partners LLC 5/16/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1215638174 SIMCOE LLC 5/16/12 Oil Release Motor Oil Overflow - Tank, Pit, Etc. San Juan (45)
nCS1503647916 SIMCOE LLC 5/16/12 Oil Release Condensate, Produced Water Other San Juan (45)
nJK1215638617 DUGAN PRODUCTION CORP 5/15/12 Oil Release Crude Oil Other Rio Arriba (39)
nCJC1215758394 LOS LOBOS RENEWABLE POWER LLC 5/15/12 Minor Release Other Diesel Human Error Hidalgo (23)
nCJC1215757434 LOS LOBOS RENEWABLE POWER LLC 5/15/12 Release Other Diesel Human Error 0
nJK1215637545 SIMCOE LLC 5/15/12 Minor Oil Release Condensate Equipment Failure San Juan (45)
nTO1423036919 CHEVRON U S A INC 5/13/12 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nGRL1215029869 OWL SWD OPERATING, LLC 5/13/12 Major Produced Water Release Crude Oil, Produced Water Lightning Lea (25)
nMLB1215845535 DEVON ENERGY PRODUCTION COMPANY, LP 5/11/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1225055429 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/11/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1215858916 CIMAREX ENERGY CO. OF COLORADO 5/11/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1424854353 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/10/12 Produced Water Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJK1233253562 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/10/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nKJ1603649731 CIMAREX ENERGY CO. OF COLORADO 5/10/12 Major Oil Release Crude Oil, Produced Water Lea (25)
nJK1214629160 SIMCOE LLC 5/10/12 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nMLB1215347504 3R Operating, LLC 5/10/12 Major Oil Release Crude Oil, Produced Water Lightning Eddy (15)
nDSM1217139233 EOG Y RESOURCES, INC. 5/8/12 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Chaves (05)
nCS1735233258 PETRO MEX LLC 5/8/12 Oil Release Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nJK1229739126 Williams Four Corners, LLC 5/8/12 Produced Water Release Lube Oil, Produced Water Normal Operations San Juan (45)
nJK1233254346 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/7/12 Minor Oil Release Condensate Vandalism San Juan (45)
nMLB1213841592 EOG Y RESOURCES, INC. 5/7/12 Oil Release Condensate Corrosion Eddy (15)
nMLB1215645880 LINN OPERATING, LLC. 5/7/12 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nKJ1605035543 CROSS TIMBERS ENERGY, LLC 5/7/12 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Lea (25)

nJK1215636534 ENERGEN RESOURCES CORPORATION 5/4/12 Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1306648087 CONOCOPHILLIPS COMPANY 5/3/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1500854605 SIMCOE LLC 5/3/12 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJK1215638420 SIMCOE LLC 5/3/12 Oil Release Motor Oil Overflow - Tank, Pit, Etc. San Juan (45)
nCS1503641185 SIMCOE LLC 5/3/12 Oil Release Condensate, Produced Water Other San Juan (45)
nJK1235541677 HILCORP ENERGY COMPANY 5/3/12 Minor Produced Water Release Condensate, Produced Water Corrosion San Juan (45)
nCS1512730205 BP AMERICA PRODUCTION COMPANY 5/2/12 Release Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nJXK1621536579 HPPC, INC. 5/2/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1215840445 Spur Energy Partners LLC 5/1/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPM2321948886 BXP Operating, LLC 5/1/12 Produced Water Release Lea (25)

nJK1214556532 ENTERPRISE PRODUCTS OPERATING, LLC 5/1/12 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Corrosion San Juan (45)

nJK1216739986 XTO ENERGY, INC 4/30/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1212450919 BASIC ENERGY SERVICES, LP 4/30/12 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
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nMLB1215334891 BOPCO, L.P. 4/30/12 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1215638132 LINN OPERATING, LLC. 4/30/12 Oil Release Crude Oil Equipment Failure Eddy (15)
nCJC1214542300 NAVAJO REFINING COMPANY, L.L.C. 4/29/12 Major Fire Other (Specify) Fire Eddy (15)
nCJC1214452973 NAVAJO REFINING COMPANY, L.L.C. 4/29/12 Major Fire Other (Specify) Fire Eddy (15)
nMLB1215338324 Spur Energy Partners LLC 4/28/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1215753175 CHESAPEAKE OPERATING, INC. 4/27/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1215054656 ALAMO PERMIAN RESOURCES, LLC 4/27/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1215057156 ROVER OPERATING, LLC 4/27/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1215740218 AGAVE ENERGY CO 4/26/12 Minor Produced Water Release Produced Water Human Error Eddy (15)
nMLB1215052644 DEVON ENERGY PRODUCTION COMPANY, LP 4/25/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1217254125 OXY USA INC 4/25/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nDSM1217156398 EOG Y RESOURCES, INC. 4/25/12 Produced Water Release Lea (25)
nJK1217247573 ENERGEN RESOURCES CORPORATION 4/25/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1215341006 COG PRODUCTION, LLC 4/25/12 Major Produced Water Release Produced Water Fire Eddy (15)
nTO1434537071 MANZANO LLC 4/25/12 Major Produced Water Release Produced Water Other Lea (25)
nMLB1215332003 Spur Energy Partners LLC 4/25/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1215627448 BXP Operating, LLC 4/25/12 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nJK1401033330 ENTERPRISE PRODUCTS OPERATING, LLC 4/25/12 Major Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJK1309927584 ENTERPRISE PRODUCTS OPERATING, LLC 4/25/12 Major Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJK1212853114 ENTERPRISE PRODUCTS OPERATING, LLC 4/25/12 Major Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nVF1807231359 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/24/12 Release Other San Juan (45)
nJK1211548821 ENTERPRISE PRODUCTS OPERATING, LLC 4/24/12 Minor Release Other Other (Specify) Equipment Failure San Juan (45)
nMLB1214553770 DEVON ENERGY PRODUCTION COMPANY, LP 4/22/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1423253772 MorningStar Operating LLC 4/22/12 Minor Produced Water Release Produced Water Human Error Lea (25)
nAB1502329969 ENTERPRISE PRODUCTS OPERATING, LLC 4/21/12 Natural Gas Release Eddy (15)
nJK1213233301 XTO ENERGY, INC 4/20/12 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1213233011 ENERGEN RESOURCES CORPORATION 4/20/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1400835445 CONOCOPHILLIPS COMPANY 4/20/12 Minor Oil Release Condensate Corrosion San Juan (45)
nJK1211548546 NACOGDOCHES OIL AND GAS, INC 4/20/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion McKinley (31)
nMLB1215336744 BOPCO, L.P. 4/20/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1213130912 NAVAJO REFINING COMPANY, L.L.C. 4/19/12 Oil Release 0
nGRL1313752945 Maverick Permian LLC 4/19/12 Major Oil Release Crude Oil, Produced Water Normal Operations Lea (25)
nMLB1215255011 COG OPERATING LLC 4/18/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nGRL1216655362 BOPCO, L.P. 4/18/12 Minor Oil Release Crude Oil Corrosion Lea (25)
nJK1212231434 SIMCOE LLC 4/18/12 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJK1225051058 CONOCOPHILLIPS COMPANY 4/17/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1215031855 LINN OPERATING, LLC. 4/17/12 Produced Water Release Produced Water Human Error Eddy (15)
nMLB1214532030 Spur Energy Partners LLC 4/17/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1212852299 Silverback Operating II, LLC 4/17/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1214437340 LINN OPERATING, LLC. 4/16/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1215051611 APACHE CORPORATION 4/15/12 Major Release Other Drilling Mud/Fluid Human Error Eddy (15)
nMLB1214431811 COG OPERATING LLC 4/14/12 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1215637371 MorningStar Operating LLC 4/13/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1213129035 Acacia Operating Company, LLC 4/13/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1211657104 Silverback Operating II, LLC 4/13/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1211036090 SIMCOE LLC 4/12/12 Oil Release Condensate San Juan (45)
nMLB1212858264 Spur Energy Partners LLC 4/11/12 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
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nJK1211036789 ENTERPRISE PRODUCTS OPERATING, LLC 4/11/12 Oil Release Condensate Corrosion San Juan (45)
nKJ1603954339 APACHE CORPORATION 4/10/12 Minor Oil Release Crude Oil Lightning Lea (25)
nMLB1211627407 Murchison Oil and Gas, LLC 4/9/12 Minor Release Other Drilling Mud/Fluid Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1211533555 BOPCO, L.P. 4/9/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1214555251 EOG Y RESOURCES, INC. 4/8/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nBBB1219848468 ENTERPRISE FIELD SERVICES L.L.C. 4/6/12 Major Other Condensate Rio Arriba (39)
nJK1211037422 ENTERPRISE PRODUCTS OPERATING, LLC 4/6/12 Oil Release Condensate Corrosion Rio Arriba (39)

nMLB1213048130 EOG Y RESOURCES, INC. 4/5/12 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Human Error Eddy (15)

nJK1211037846 Enterprise Field Services, LLC 4/5/12 Major Oil Release Condensate Corrosion Rio Arriba (39)
nJK1215636999 MorningStar Operating LLC 4/5/12 Oil Release Crude Oil Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1225054928 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/4/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1212856542 LINN OPERATING, LLC. 4/4/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1211140403 ALAMO PERMIAN RESOURCES, LLC 4/4/12 Major Oil Release Crude Oil Corrosion Eddy (15)
nJXK1620948052 NMR ENERGY LLC 4/4/12 Produced Water Release Crude Oil, Produced Water Lea (25)
nMLB1212855396 Spur Energy Partners LLC 4/4/12 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nCJC1214541526 NAVAJO REFINING COMPANY, L.L.C. 4/3/12 Major Fire Other (Specify) Fire Eddy (15)
nCJC1214452328 NAVAJO REFINING COMPANY, L.L.C. 4/3/12 Major Fire Other (Specify) Fire Eddy (15)
nMLB1212853714 EOG Y RESOURCES, INC. 4/3/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1211535730 BOPCO, L.P. 4/3/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1218438359 CROSS TIMBERS ENERGY, LLC 4/3/12 Major Oil Release Crude Oil Corrosion Lea (25)
nBBB1219851015 SIMCOE LLC 4/3/12 Release Other Condensate Other Rio Arriba (39)
nJK1211036634 BP AMERICA PRODUCTION COMPANY 4/2/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1225054297 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/2/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCS1503741156 SIMCOE LLC 4/2/12 Oil Release Condensate, Crude Oil Other San Juan (45)
nMLB1211629479 EOG Y RESOURCES, INC. 4/1/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nKJ1603954720 APACHE CORPORATION 3/31/12 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJK1309347744 ENTERPRISE PRODUCTS OPERATING, LLC 3/31/12 Major Oil Release Natural Gas Liquids Corrosion Rio Arriba (39)

nJK1211048312 ENTERPRISE PRODUCTS OPERATING, LLC 3/31/12 Oil Release

Condensate, Crude Oil, 
[OBSOLETE] Natural Gas 
(Methane) Corrosion Rio Arriba (39)

nJK1211547512 XTO ENERGY, INC 3/30/12 Produced Water Release Produced Water Corrosion San Juan (45)
nMLB1210241047 ALAMO PERMIAN RESOURCES, LLC 3/30/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1225052053 CONOCOPHILLIPS COMPANY 3/28/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1210949851 COG OPERATING LLC 3/28/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1211658784 LINN OPERATING, LLC. 3/28/12 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1211038487 XTO ENERGY, INC 3/27/12 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nMLB1211546451 CHESAPEAKE OPERATING, INC. 3/27/12 Major Oil Release Crude Oil Fire Eddy (15)
nMLB1211538712 BOPCO, L.P. 3/27/12 Minor Oil Release Crude Oil Human Error Eddy (15)

nMLB1211158154 BOPCO, L.P. 3/27/12 Minor Produced Water Release Crude Oil, Produced Water
Equipment Failure, Human 
Error Eddy (15)

nMLB1210252213 LINN OPERATING, LLC. 3/27/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nJK1211549981 SIMCOE LLC 3/27/12 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nCJC1214540466 NAVAJO REFINING COMPANY, L.L.C. 3/26/12 Minor Release Other Other (Specify) Human Error Eddy (15)
nJK1401431792 CONOCOPHILLIPS COMPANY 3/26/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1212251956 SIMCOE LLC 3/26/12 Oil Release Condensate Corrosion San Juan (45)
nTO1423253315 CHEVRON U S A INC 3/25/12 Minor Produced Water Release Produced Water Corrosion Lea (25)
nMLB1210941467 Spur Energy Partners LLC 3/25/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nJK1215638989 ENTERPRISE PRODUCTS OPERATING, LLC 3/25/12 Minor Oil Release Condensate, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nCJC1214540934 NAVAJO REFINING COMPANY, L.L.C. 3/24/12 Minor Release Other Other (Specify) Human Error Eddy (15)
nCJC1214451218 NAVAJO REFINING COMPANY, L.L.C. 3/24/12 Minor Release Other Other (Specify) Human Error Eddy (15)
nMLB1209754628 EOG Y RESOURCES, INC. 3/24/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1211632350 Spur Energy Partners LLC 3/24/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1607051231 BXP Operating, LLC 3/24/12 Major Produced Water Release Produced Water Human Error Lea (25)
nMLB1211138800 APACHE CORPORATION 3/23/12 Minor Release Other Brine Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1210938738 COG OPERATING LLC 3/23/12 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nVF1806850649 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/22/12 Release Other San Juan (45)
nJXK1621536413 BC OPERATING, INC. 3/22/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1210940060 Spur Energy Partners LLC 3/22/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1215037627 APACHE CORPORATION 3/21/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1209756587 Spur Energy Partners LLC 3/21/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1208746796 EOG Y RESOURCES, INC. 3/20/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nCS1609853838 BURLINGTON RESOURCES OIL & GAS CO 3/20/12 Other San Juan (45)
nJMW1229731685 OXY USA WTP LIMITED PARTNERSHIP 3/20/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1228438943 OXY USA WTP LIMITED PARTNERSHIP 3/20/12 Produced Water Release Eddy (15)
nMLB1208738740 Silverback Operating II, LLC 3/19/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1208736097 REMUDA ENERGY TRANSPORTATION, LLC 3/18/12 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1210253813 Spur Energy Partners LLC 3/17/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1208755888 EOG Y RESOURCES, INC. 3/16/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1209750617 Spur Energy Partners LLC 3/16/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1225055251 CONOCOPHILLIPS COMPANY 3/15/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1210247392 COG OPERATING LLC 3/15/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1208658510 ALAMO PERMIAN RESOURCES, LLC 3/15/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1208654631 ALAMO PERMIAN RESOURCES, LLC 3/15/12 Major Oil Release Crude Oil Corrosion Eddy (15)
nMLB1209753414 Spur Energy Partners LLC 3/15/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1513253743 BP AMERICA PRODUCTION COMPANY 3/13/12 Release Other Other (Specify) Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1208730557 LINN OPERATING, LLC. 3/13/12 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nMLB1209749312 Spur Energy Partners LLC 3/13/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nOY1826948482 MorningStar Operating LLC 3/13/12 Minor Produced Water Release Produced Water Corrosion Lea (25)
nSAD1416455714 TEAM OPERATING, L.L.C. 3/13/12 Major Oil Release Crude Oil Corrosion Lea (25)
nMLB1215050616 APACHE CORPORATION 3/12/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nBGB2105455665 APACHE CORPORATION 3/12/12 Other Eddy (15)
nJMW1309431762 OXY USA WTP LIMITED PARTNERSHIP 3/12/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1735233719 PETRO MEX LLC 3/12/12 Oil Release San Juan (45)
nMLB1209641725 Spur Energy Partners LLC 3/12/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1208751469 Spur Energy Partners LLC 3/12/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1208748492 Spur Energy Partners LLC 3/12/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nAHV1221955139 NEW MEXICO SALT WATER DISPOSAL COMPANY 3/11/12 Major Produced Water Release Produced Water Lea (25)
nMLB1208651788 EOG Y RESOURCES, INC. 3/8/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1208055446 LINN OPERATING, LLC. 3/7/12 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1206930443 RAYBAW Operating, LLC 3/7/12 Major Blow Out Produced Water Blow Out Eddy (15)
nJK1214628716 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/6/12 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nMLB1208732359 Spur Energy Partners LLC 3/6/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1208647838 Spur Energy Partners LLC 3/5/12 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1208649804 Extex Operating Company 3/5/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nGRL1206654832 DCP OPERATING COMPANY, LP 3/4/12 Major Release Other Condensate, Crude Oil Corrosion Lea (25)
nJMW1328354686 OXY USA INC 3/3/12 Minor Release Other Acid Equipment Failure Eddy (15)
nJK1211049345 DUGAN PRODUCTION CORP 2/29/12 Other San Juan (45)
nMLB1212851135 LINN OPERATING, LLC. 2/29/12 Minor Produced Water Release Produced Water Other Eddy (15)
nJK1208128286 SIMCOE LLC 2/29/12 Oil Release Motor Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJK1208141997 XTO ENERGY, INC 2/28/12 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nMLB1208349702 APACHE CORPORATION 2/26/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1208339775 COG OPERATING LLC 2/26/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nMLB1208351539 APACHE CORPORATION 2/25/12 Minor Release Other Drilling Mud/Fluid Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1328427454 OXY USA INC 2/24/12 Minor Release Other Acid Equipment Failure Eddy (15)
nMLB1208056604 COG OPERATING LLC 2/24/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1225052930 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/23/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCJC1214448287 NAVAJO REFINING COMPANY, L.L.C. 2/23/12 Major Fire Crude Oil Fire Eddy (15)
nJK1208153998 CONOCOPHILLIPS COMPANY 2/23/12 Minor Produced Water Release Produced Water Human Error San Juan (45)
nJK1208127883 NACOGDOCHES OIL AND GAS, INC 2/23/12 Major Produced Water Release Produced Water Equipment Failure McKinley (31)
nJK1208127690 NACOGDOCHES OIL AND GAS, INC 2/23/12 Major Produced Water Release Produced Water Equipment Failure McKinley (31)
nJK1208127495 NACOGDOCHES OIL AND GAS, INC 2/23/12 Major Produced Water Release Produced Water Equipment Failure McKinley (31)
nMLB1206052766 CHI OPERATING INC 2/22/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1208128089 NACOGDOCHES OIL AND GAS, INC 2/22/12 Minor Produced Water Release Produced Water Equipment Failure McKinley (31)
nMLB1208048539 COG OPERATING LLC 2/21/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nJK1205850162 DUGAN PRODUCTION CORP 2/20/12 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Human Error San Juan (45)

nMLB1205449275 CIMAREX ENERGY CO. OF COLORADO 2/20/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRM2025448240 AGUA MOSS, LLC 2/20/12 Major Release Other Other (Specify) Other San Juan (45)
nMLB1219327946 EOG Y RESOURCES, INC. 2/19/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKJ1603630738 CIMAREX ENERGY CO. OF COLORADO 2/19/12 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1621154334 CIMAREX ENERGY CO. 2/19/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1205850443 DUGAN PRODUCTION CORP 2/18/12 Major Produced Water Release Produced Water Normal Operations San Juan (45)
nMLB1205447578 EOG Y RESOURCES, INC. 2/17/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nSAD1417751080 APACHE CORPORATION 2/15/12 Major Oil Release Crude Oil Corrosion Lea (25)
nSAD1416849019 APACHE CORPORATION 2/15/12 Major Oil Release Crude Oil Corrosion Lea (25)
nMLB1204633695 EOG Y RESOURCES, INC. 2/15/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1205436624 DCP OPERATING COMPANY, LP 2/15/12 Minor Oil Release Crude Oil Normal Operations Eddy (15)
nCJC1215757833 LOS LOBOS RENEWABLE POWER LLC 2/15/12 Release Other Diesel Human Error Hidalgo (23)
nJK1211048710 DUGAN PRODUCTION CORP 2/14/12 Oil Release Crude Oil, Produced Water Normal Operations San Juan (45)
nMLB1205441784 EOG Y RESOURCES, INC. 2/14/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)

nJK1233552156 CONOCOPHILLIPS COMPANY 2/14/12 Produced Water Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Corrosion San Juan (45)

nGRL1211155826 TARGA MIDSTREAM SERVICES LLC 2/13/12 Major Release Other Natural Gas Liquids Corrosion Lea (25)
nJK1214628531 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/12/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nTO1424533890 CHEVRON U S A INC 2/10/12 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1208053839 COG OPERATING LLC 2/10/12 Major Produced Water Release Produced Water Fire Eddy (15)

nJK1301155688 ENTERPRISE PRODUCTS OPERATING, LLC 2/10/12 Minor Oil Release
Condensate, Lube Oil, Produced 
Water Freeze San Juan (45)

nJK1206532040 ENTERPRISE PRODUCTS OPERATING, LLC 2/10/12 Minor Produced Water Release
Condensate, Lube Oil, Produced 
Water Freeze San Juan (45)

nTO1419128354 CHEVRON U S A INC 2/9/12 Major Oil Release Crude Oil Equipment Failure Lea (25)
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nMLB1205450496 DEVON ENERGY PRODUCTION COMPANY, LP 2/9/12 Major Oil Release Crude Oil Normal Operations Eddy (15)
nMLB1205232067 DEVON ENERGY PRODUCTION COMPANY, LP 2/9/12 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nJK1211038666 ENTERPRISE PRODUCTS OPERATING, LLC 2/9/12 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nJK1206531422 ENTERPRISE PRODUCTS OPERATING, LLC 2/9/12 Major Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion San Juan (45)

nJK1225052407 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/8/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1205242397 BOPCO, L.P. 2/8/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1206132854 LINN OPERATING, LLC. 2/8/12 Major Produced Water Release Produced Water Human Error Eddy (15)
nJK1205853705 ENTERPRISE PRODUCTS OPERATING, LLC 2/8/12 Major Fire San Juan (45)
nJK1205852722 ENERGEN RESOURCES CORPORATION 2/7/12 Minor Oil Release Crude Oil Corrosion Rio Arriba (39)
nMLB1206131638 LINN OPERATING, LLC. 2/7/12 Minor Produced Water Release Condensate, Produced Water Equipment Failure Eddy (15)
nMLB1204646257 SMITH & MARRS INC 2/6/12 Minor Produced Water Release Produced Water Human Error Eddy (15)
nMLB1204751315 COG OPERATING LLC 2/6/12 Major Fire Eddy (15)
nMLB1205958333 Tascosa Energy Partners, L.L.C 2/6/12 Minor Oil Release Crude Oil Corrosion Eddy (15)
nMLB1205238462 MR NM Operating LLC 2/5/12 Minor Release Other Brine Water Human Error Eddy (15)
nJXK1604132379 CIMAREX ENERGY CO. OF COLORADO 2/4/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nMLB1204738638 EOG Y RESOURCES, INC. 2/2/12 Minor Produced Water Release Produced Water Normal Operations Eddy (15)
nMLB1205233552 Spur Energy Partners LLC 2/2/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1204749715 RAYBAW Operating, LLC 2/2/12 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1209650453 OXY USA INC 1/30/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1204741107 EOG Y RESOURCES, INC. 1/30/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nVF1821837253 BURLINGTON RESOURCES TRADING INC. 1/30/12 Release Other Unknown San Juan (45)
nMLB1204731721 Spur Energy Partners LLC 1/30/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nGRL1203242623 Nitro Oil & Gas, LLC 1/30/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)

nMLB1204541954 Silverback Operating II, LLC 1/30/12 Minor Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Eddy (15)

nMLB1206641849 QUANTUM RESOURCES MANAGEMENT, LLC 1/29/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1204742414 EOG Y RESOURCES, INC. 1/28/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Chaves (05)
nMLB1213136420 LINN OPERATING, LLC. 1/27/12 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJK1205830617 XTO ENERGY, INC 1/26/12 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1203128671 Maverick Permian LLC 1/26/12 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1204437755 DEVON ENERGY PRODUCTION COMPANY, LP 1/25/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nJXK1621534557 CROSS TIMBERS ENERGY, LLC 1/25/12 Major Produced Water Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Lea (25)

nJK1205854501 SIMCOE LLC 1/25/12 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJK1205828492 SIMCOE LLC 1/25/12 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1204435189 NAVAJO REFINING COMPANY, L.L.C. 1/24/12 Oil Release Eddy (15)
nMLB1209648301 OXY USA INC 1/24/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1304553260 LINN OPERATING, LLC. 1/24/12 Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1304537252 LINN OPERATING, LLC. 1/24/12 Produced Water Release Produced Water Corrosion Eddy (15)
nAPM2424842274 LINN OPERATING, LLC. 1/24/12 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1204438942 Spur Energy Partners LLC 1/24/12 Minor Oil Release Crude Oil Human Error Eddy (15)
nTO1419155310 RAYBAW Operating, LLC 1/24/12 Oil Release Lea (25)
nMLB1204429708 NOVO OIL & GAS NORTHERN DELAWARE, LLC 1/24/12 Major Fire Fire Eddy (15)
nSAD1417752725 APACHE CORPORATION 1/21/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1621134758 JAY MANAGEMENT COMPANY, LLC 1/21/12 Minor Produced Water Release Produced Water Vandalism Lea (25)
nMLB1204638693 LINN OPERATING, LLC. 1/21/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nJXK1604133336 RAM ENERGY LLC 1/21/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1204547383 EOG Y RESOURCES, INC. 1/20/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1212228108 Williams Four Corners, LLC 1/20/12 Release Other Other (Specify) Other San Juan (45)
nJK1205830234 Williams Four Corners, LLC 1/20/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1204637182 COG OPERATING LLC 1/19/12 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)

nMLB1204534263 BOPCO, L.P. 1/19/12 Major Oil Release Crude Oil, Produced Water
Other, Overflow - Tank, Pit, 
Etc. Eddy (15)

nMLB1206050652 Spur Energy Partners LLC 1/17/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1204539125 Spur Energy Partners LLC 1/17/12 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1220736658 CONOCOPHILLIPS COMPANY 1/16/12 Major Release Other Other (Specify) Equipment Failure San Juan (45)
nMLB1204427397 RAYBAW Operating, LLC 1/16/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nSAD1417752243 APACHE CORPORATION 1/15/12 Major Other Brine Water Vandalism Lea (25)
nMLB1204536486 Spur Energy Partners LLC 1/15/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1203929447 EOG Y RESOURCES, INC. 1/14/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1205828695 WESTERN REFINING COMPANY, L.P. 1/14/12 Major Oil Release Crude Oil San Juan (45)
nMLB1204430922 PLAINS MARKETING L.P. 1/13/12 Oil Release Eddy (15)
nJK1208154398 CONOCOPHILLIPS COMPANY 1/13/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1204529710 COG OPERATING LLC 1/13/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nJK1211050017 ENTERPRISE PRODUCTS OPERATING, LLC 1/13/12 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Corrosion San Juan (45)

nGRL1229952725 COG OPERATING LLC 1/12/12 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1203927842 BEPCO, LP 1/11/12 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nGRL1201740392 OCCIDENTAL PERMIAN LTD 1/11/12 Major Produced Water Release Produced Water Corrosion Lea (25)
nMLB1204747359 EOG Y RESOURCES, INC. 1/10/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1204153894 EOG Y RESOURCES, INC. 1/10/12 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1213135036 LINN OPERATING, LLC. 1/10/12 Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1201951404 SIMCOE LLC 1/10/12 Oil Release Condensate Other San Juan (45)
nJK1204643007 QEP ENERGY COMPANY 1/9/12 Minor Oil Release Crude Oil Freeze San Juan (45)
nMLB1204139894 EOG Y RESOURCES, INC. 1/9/12 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1205829526 SIMCOE LLC 1/9/12 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1208154651 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/6/12 Major Produced Water Release Produced Water Corrosion San Juan (45)
nHMP1412146336 LINN OPERATING, LLC. 1/6/12 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1217841498 XTO ENERGY, INC 1/5/12 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1206130327 LINN OPERATING, LLC. 1/5/12 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1204158549 Spur Energy Partners LLC 1/5/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1205451925 DCP OPERATING COMPANY, LP 1/4/12 Natural Gas Release Eddy (15)
nJXK1620849670 CONOCOPHILLIPS COMPANY 1/4/12 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nMLB1205237387 AMERICO ENERGY RESOURCES LLC 1/4/12 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1203337597 BEPCO, LP 1/3/12 Minor Oil Release Crude Oil Corrosion Eddy (15)
nMLB1204149632 Spur Energy Partners LLC 1/3/12 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1621129027 SCOUT ENERGY MANAGEMENT LLC 1/3/12 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJK1309157411 CONOCOPHILLIPS COMPANY 1/2/12 Produced Water Release Unknown Other Rio Arriba (39)
nMLB1209747032 OXY USA INC 1/1/12 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nVF1906652819 SIMCOE LLC 1/1/12 Release Other San Juan (45)
nMLB1203331448 Spur Energy Partners LLC 12/31/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1204640896 GREAT WESTERN DRILLING CO 12/30/11 Major Oil Release Condensate Freeze Eddy (15)
nMLB1203329834 Spur Energy Partners LLC 12/30/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nGRL1202433158 LeaCo Operating, LLC 12/28/11 Minor Oil Release Crude Oil Other Lea (25)
nJXK1620045728 CROSS TIMBERS ENERGY, LLC 12/27/11 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nJK1200948963 XTO ENERGY, INC 12/26/11 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nTO1419154449 G and C Operating, LLC 12/26/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1535249884 Spur Energy Partners LLC 12/26/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nMLB1203332867 RAYBAW Operating, LLC 12/26/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)

nJK1201952419 ENTERPRISE PRODUCTS OPERATING, LLC 12/26/11 Major Oil Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Blow Out San Juan (45)

nMLB1203328453 Spur Energy Partners LLC 12/24/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1327342297 OXY USA INC 12/20/11 Minor Release Other Acid Equipment Failure Eddy (15)
nMLB1203326646 SOUTHWEST ROYALTIES INC 12/19/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nMLB1203247890 COG OPERATING LLC 12/16/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1135532203 LINN OPERATING, LLC. 12/16/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nGRL1136247515 Spur Energy Partners LLC 12/16/11 Major Oil Release Crude Oil, Produced Water Other Lea (25)
nMLB1203249519 LINN OPERATING, LLC. 12/15/11 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1201046235 XTO ENERGY, INC 12/14/11 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1201048492 XTO ENERGY, INC 12/13/11 Major Produced Water Release Produced Water Human Error San Juan (45)
nJK1201042132 XTO ENERGY, INC 12/13/11 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nMLB1210352937 HF Sinclair Navajo Refining LLC 12/13/11 Major Oil Release Crude Oil Human Error Eddy (15)
nMLB1204137747 BOPCO, L.P. 12/13/11 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1135448710 BOPCO, L.P. 12/13/11 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1135446814 BOPCO, L.P. 12/13/11 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1135357544 BOPCO, L.P. 12/13/11 Minor Oil Release Crude Oil Corrosion Eddy (15)
nMLB1135451995 LINN OPERATING, LLC. 12/13/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nGRL1136133154 BXP Operating, LLC 12/13/11 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1201046660 SIMCOE LLC 12/12/11 Major Natural Gas Release Produced Water Blow Out San Juan (45)
nJK1401026031 ENTERPRISE PRODUCTS OPERATING, LLC 12/12/11 Major Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nCJC1214457095 HF Sinclair Navajo Refining LLC 12/10/11 Release Other Lea (25)
nMLB1201931042 DEVON ENERGY PRODUCTION COMPANY, LP 12/9/11 Minor Produced Water Release Crude Oil, Produced Water Freeze Eddy (15)
nMLB1135450699 COG OPERATING LLC 12/9/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1303056064 CHEVRON U S A INC 12/8/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1401334851 CONOCOPHILLIPS COMPANY 12/8/11 Major Oil Release Condensate Corrosion San Juan (45)
nJK1205827464 ENTERPRISE PRODUCTS OPERATING, LLC 12/8/11 Major Oil Release Condensate Freeze San Juan (45)
nMLB1135535450 EOG Y RESOURCES, INC. 12/7/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nVF1901530473 ENTERPRISE FIELD SERVICES L.L.C. 12/7/11 Release Other San Juan (45)
nJK1400842702 ENTERPRISE PRODUCTS OPERATING, LLC 12/7/11 Minor Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nSAD1416834752 APACHE CORPORATION 12/6/11 Minor Oil Release Crude Oil Other Lea (25)
nSAD1416830919 APACHE CORPORATION 12/6/11 Minor Produced Water Release Produced Water Freeze Lea (25)
nSAD1416448053 APACHE CORPORATION 12/6/11 Minor Produced Water Release Produced Water Freeze Lea (25)
nSAD1416052284 APACHE CORPORATION 12/6/11 Minor Produced Water Release Produced Water Freeze Lea (25)
nMLB1215034852 APACHE CORPORATION 12/6/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1235456418 OXY USA INC 12/6/11 Major Oil Release Crude Oil Human Error Eddy (15)
nMLB1135553303 EOG Y RESOURCES, INC. 12/6/11 Minor Produced Water Release Produced Water Freeze Eddy (15)
nJMW1303130777 AMERICO ENERGY RESOURCES LLC 12/6/11 Produced Water Release Produced Water Human Error Eddy (15)
nJMW1303130443 AMERICO ENERGY RESOURCES LLC 12/6/11 Produced Water Release Eddy (15)
nTO1423255009 CHEVRON MIDCONTINENT, L.P. 12/6/11 Minor Produced Water Release Produced Water Freeze Lea (25)
nGRL1134226238 CHEVRON MIDCONTINENT, L.P. 12/6/11 Minor Oil Release Crude Oil, Produced Water Freeze Lea (25)
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nCJC1215755591 LOS LOBOS RENEWABLE POWER LLC 12/6/11 Release Other Diesel Human Error Hidalgo (23)
nMLB1211540365 LINN OPERATING, LLC. 12/6/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1503740403 SIMCOE LLC 12/6/11 Oil Release Condensate, Crude Oil Other San Juan (45)
nGRL1209351075 Opal Operating Company LLC 12/6/11 Minor Produced Water Release Produced Water Corrosion Lea (25)
nMLB1135453652 LINN OPERATING, LLC. 12/5/11 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1205456845 HOLLY TRANSPORTATION, LLC 12/3/11 Oil Release 0
nMLB1135350565 Spur Energy Partners LLC 12/3/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nJK1200433017 XTO ENERGY, INC 12/1/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1201233309 DUGAN PRODUCTION CORP 12/1/11 Major Produced Water Release Produced Water Corrosion San Juan (45)
nAB1510641866 LINN OPERATING, LLC. 12/1/11 Minor Produced Water Release Crude Oil, Produced Water Other Eddy (15)
nMLB1135353926 Spur Energy Partners LLC 12/1/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nAPM2400248120 HILCORP ENERGY COMPANY 12/1/11 Major Other Other (Specify) Other San Juan (45)
nGRL1134152467 RAM ENERGY LLC 11/29/11 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nMLB1134134340 CHESAPEAKE OPERATING, INC. 11/28/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1134136889 LINN OPERATING, LLC. 11/28/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1213133647 LINN OPERATING, LLC. 11/25/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nTO1419153301 MATADOR PRODUCTION COMPANY 11/24/11 Oil Release Crude Oil Equipment Failure Lea (25)
nMLB1134055996 LINN OPERATING, LLC. 11/23/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1134139502 OWL SWD OPERATING, LLC 11/23/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1134057565 Spur Energy Partners LLC 11/21/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1201951791 WPX ENERGY PRODUCTION, LLC 11/19/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1133942446 LINN OPERATING, LLC. 11/18/11 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1603648565 LeaCo Operating, LLC 11/18/11 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nGRL1132633024 LeaCo Operating, LLC 11/18/11 Major Oil Release Crude Oil Corrosion Lea (25)
nMLB1215033035 APACHE CORPORATION 11/17/11 Major Produced Water Release Produced Water Normal Operations Eddy (15)

nGRL1136351694 ETC Texas Pipeline, Ltd. 11/16/11 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Corrosion Lea (25)

nJK1212231835 NACOGDOCHES OIL AND GAS, INC 11/15/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure McKinley (31)
nJK1201239198 NACOGDOCHES OIL AND GAS, INC 11/15/11 Major Produced Water Release Produced Water Equipment Failure McKinley (31)
nMLB1133634980 LINN OPERATING, LLC. 11/15/11 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1202030273 DEVON ENERGY PRODUCTION COMPANY, LP 11/13/11 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1201240524 DEVON ENERGY PRODUCTION COMPANY, LP 11/13/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1133655005 COG OPERATING LLC 11/13/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1133639798 DEVON ENERGY PRODUCTION COMPANY, LP 11/11/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1133641464 Spur Energy Partners LLC 11/11/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1416127491 APACHE CORPORATION 11/10/11 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJK1201239660 XTO ENERGY, INC 11/10/11 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nTO1423251161 MorningStar Operating LLC 11/10/11 Minor Produced Water Release Produced Water Corrosion Lea (25)
nGRL1132125951 MorningStar Operating LLC 11/10/11 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJK1208142812 XTO ENERGY, INC 11/7/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1131355245 OCCIDENTAL PERMIAN LTD 11/7/11 Major Produced Water Release Produced Water Corrosion Lea (25)
nMLB1204625555 HOLLY ENERGY PARTNERS, LP 11/7/11 Oil Release 0
nJK1201047274 ENTERPRISE PRODUCTS OPERATING, LLC 11/7/11 Minor Produced Water Release Produced Water Other San Juan (45)
nTO1423031518 MorningStar Operating LLC 11/5/11 Major Produced Water Release Produced Water Human Error Lea (25)
nGRL1132155015 MorningStar Operating LLC 11/5/11 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJK1201235625 XTO ENERGY, INC 11/4/11 Produced Water Release Produced Water Corrosion San Juan (45)
nJK1200948180 XTO ENERGY, INC 11/4/11 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJK1200434366 XTO ENERGY, INC 11/4/11 Major Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
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nMLB1133637925 COG OPERATING LLC 11/4/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1131929673 RAM ENERGY LLC 11/4/11 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nSAD1416451069 APACHE CORPORATION 11/3/11 Major Produced Water Release Brine Water Equipment Failure Lea (25)
nKJ1603938813 APACHE CORPORATION 11/3/11 Major Produced Water Release Produced Water Other Lea (25)
nMLB1133940457 LINN OPERATING, LLC. 11/3/11 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1235457560 OXY USA INC 11/2/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1131230023 EOG Y RESOURCES, INC. 11/2/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1133555360 LINN OPERATING, LLC. 11/2/11 Oil Release Crude Oil Human Error Eddy (15)
nMLB1133541595 LINN OPERATING, LLC. 11/2/11 Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1131448507 BXP Operating, LLC 11/2/11 Major Produced Water Release Produced Water Vandalism Eddy (15)
nJK1201238485 XTO ENERGY, INC 11/1/11 Oil Release Condensate Corrosion San Juan (45)
nMLB1131440213 COG OPERATING LLC 11/1/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1204739947 APACHE CORPORATION 10/29/11 Minor Other Drilling Mud/Fluid Human Error Eddy (15)
nMLB1131135151 LINN OPERATING, LLC. 10/28/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1131129093 LINN OPERATING, LLC. 10/28/11 Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1131133116 LINN OPERATING, LLC. 10/27/11 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nMLB1131126791 LINN OPERATING, LLC. 10/27/11 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1130855162 LINN OPERATING, LLC. 10/27/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1131127965 LINN OPERATING, LLC. 10/26/11 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1603348491 ETC Texas Pipeline, Ltd. 10/26/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1131131198 LINN OPERATING, LLC. 10/25/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nGRL1131428247 Maverick Permian LLC 10/25/11 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)

nJK1201237146 Enterprise Field Services, LLC 10/24/11 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Corrosion San Juan (45)

nMLB1133631261 JUDAH OIL LLC 10/24/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1201140974 SIMCOE LLC 10/24/11 Minor Oil Release Condensate Corrosion San Juan (45)

nBBB1219837368 ENTERPRISE PRODUCTS OPERATING, LLC 10/24/11 Release Other
Condensate, Natural Gas Liquids, 
Produced Water San Juan (45)

nBBB1219830954 ENTERPRISE PRODUCTS OPERATING, LLC 10/24/11 Natural Gas Release Natural Gas Liquids Corrosion San Juan (45)
nMLB1129953811 HOLLY ENERGY PARTNERS, LP 10/22/11 Oil Release Eddy (15)
nGRL1209056121 OWL SWD OPERATING, LLC 10/21/11 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1129955961 DEVON ENERGY PRODUCTION COMPANY, LP 10/20/11 Minor Produced Water Release Produced Water Corrosion San Juan (45)

nGRL1131831802 DCP OPERATING COMPANY, LP 10/20/11 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Corrosion Lea (25)

nJK1201142605 XTO ENERGY, INC 10/19/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1129454400 CIMAREX ENERGY CO. OF COLORADO 10/19/11 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1129941392 SOUTHERN UNION GAS SERVICES, LTD 10/19/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1131137545 Spur Energy Partners LLC 10/19/11 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nSAD1416831709 APACHE CORPORATION 10/18/11 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJK1129952872 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/18/11 Minor Produced Water Release Condensate, Produced Water Corrosion San Juan (45)
nGRL1202440967 LeaCo Operating, LLC 10/18/11 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nMLB1129950667 MEWBOURNE OIL CO 10/16/11 Minor Oil Release Crude Oil Human Error Eddy (15)
nMLB1129949056 Silverback Operating II, LLC 10/16/11 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1129437031 LINN OPERATING, LLC. 10/14/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1534947666 DEVON ENERGY PRODUCTION COMPANY, LP 10/13/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1201233596 XTO ENERGY, INC 10/12/11 Oil Release Condensate Human Error San Juan (45)
nJK1129956375 ELM RIDGE EXPLORATION COMPANY LLC 10/12/11 Major Produced Water Release Condensate, Produced Water Equipment Failure Sandoval (43)
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nJXK1535245608 Spur Energy Partners LLC 10/12/11 Minor Produced Water Release Crude Oil, Produced Water Human Error Lea (25)
nMLB1129349585 DCP OPERATING COMPANY, LP 10/11/11 Major Oil Release Condensate Equipment Failure Eddy (15)
nVF1807232251 HILCORP SAN JUAN, LP 10/11/11 Release Other San Juan (45)
nMLB1129356355 LINN OPERATING, LLC. 10/10/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1621139853 NEW MEXICO SALT WATER DISPOSAL COMPANY 10/6/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1129948229 EOG Y RESOURCES, INC. 10/6/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1129354803 LINN OPERATING, LLC. 10/6/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1204656583 MorningStar Operating LLC 10/6/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1129155036 Silverback Operating II, LLC 10/6/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1215035862 APACHE CORPORATION 10/4/11 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1620956728 JAY MANAGEMENT COMPANY, LLC 10/4/11 Major Oil Release Crude Oil Equipment Failure Lea (25)
nGRL1131356325 Contango Resources, Inc. 10/3/11 Major Release Other Drilling Mud/Fluid Corrosion Lea (25)
nJK1129856090 WESTERN REFINING COMPANY, L.P. 10/2/11 Major Other Other (Specify) Equipment Failure San Juan (45)
nMLB1129240104 DEVON ENERGY PRODUCTION COMPANY, LP 10/1/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1129939712 LINN OPERATING, LLC. 10/1/11 Minor Produced Water Release Produced Water Human Error Eddy (15)
nMLB1129357570 LINN OPERATING, LLC. 10/1/11 Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1129338833 Spur Energy Partners LLC 9/29/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1521538542 SIMCOE LLC 9/29/11 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJK1129138688 SIMCOE LLC 9/29/11 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1129145257 Silverback Operating II, LLC 9/29/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1128725300 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/28/11 Other Unknown Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1129440331 LINN OPERATING, LLC. 9/28/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1129439301 LINN OPERATING, LLC. 9/28/11 Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1129434965 LINN OPERATING, LLC. 9/28/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1209053313 EOG Y RESOURCES, INC. 9/27/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nMLB1129341285 COG OPERATING LLC 9/27/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1130852870 CHESAPEAKE OPERATING, INC. 9/26/11 Minor Release Other Drilling Mud/Fluid Human Error Eddy (15)
nMLB1129337355 Spur Energy Partners LLC 9/26/11 Major Oil Release Crude Oil Human Error Eddy (15)
nGRL1210048391 CENTURION PIPELINE L.P. 9/25/11 Minor Oil Release Crude Oil Corrosion Lea (25)
nMLB1128647110 LINN OPERATING, LLC. 9/25/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJMW1303153512 Spur Energy Partners LLC 9/24/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1217349902 Permian Resources Operating, LLC 9/24/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nCS1512041661 CONOCOPHILLIPS COMPANY 9/23/11 Other Other (Specify) Other San Juan (45)
nMLB1128653078 LINN OPERATING, LLC. 9/23/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1128648672 LINN OPERATING, LLC. 9/23/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1128657788 COG OPERATING LLC 9/21/11 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJK1527850454 SIMCOE LLC 9/21/11 Oil Release San Juan (45)
nMLB1128636288 DEVON ENERGY PRODUCTION COMPANY, LP 9/20/11 Major Oil Release Condensate Lightning Eddy (15)
nJK1129139798 ELM RIDGE EXPLORATION COMPANY LLC 9/20/11 Produced Water Release Crude Oil Equipment Failure 0
nJK1129955573 CONOCOPHILLIPS COMPANY 9/20/11 Other Unknown Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1129255541 High River Resources Operating, LLC 9/20/11 Minor Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nJK1129955294 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/19/11 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1128638295 TANDEM ENERGY CORPORATION 9/19/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nMLB1126434762 EOG Y RESOURCES, INC. 9/18/11 Major Produced Water Release Produced Water Lightning Eddy (15)
nMLB1128654724 TEAM OPERATING, L.L.C. 9/17/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1128054989 LINN OPERATING, LLC. 9/16/11 Minor Produced Water Release Produced Water Normal Operations Eddy (15)
nJMW1303653409 Spur Energy Partners LLC 9/16/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nJMW1303155794 Spur Energy Partners LLC 9/16/11 Produced Water Release Eddy (15)
nMLB1128550642 EOG Y RESOURCES, INC. 9/14/11 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJK1129140965 SIMCOE LLC 9/13/11 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nSAD1416456132 APACHE CORPORATION 9/12/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1129137070 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/12/11 Minor Produced Water Release Produced Water Human Error Rio Arriba (39)
nMLB1125646592 EOG Y RESOURCES, INC. 9/10/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1129855524 ELM RIDGE EXPLORATION COMPANY LLC 9/10/11 Major Oil Release Crude Oil, Produced Water Corrosion San Juan (45)
nMLB1135338620 LINN OPERATING, LLC. 9/9/11 Major Oil Release Crude Oil, Produced Water Other Eddy (15)
nMLB1135330781 LINN OPERATING, LLC. 9/9/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1129330213 LINN OPERATING, LLC. 9/9/11 Major Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nJK1129848249 High River Resources Operating, LLC 9/9/11 Other Rio Arriba (39)
nJK1129233406 SIMCOE LLC 9/9/11 Major Release Other Condensate Equipment Failure San Juan (45)
nJK1129236769 XTO ENERGY, INC 9/8/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1129236617 XTO ENERGY, INC 9/7/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1128656862 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/7/11 Oil Release Unknown Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1327337229 OXY USA INC 9/7/11 Minor Release Other Acid Normal Operations Eddy (15)
nJK1129137746 CONOCOPHILLIPS COMPANY 9/7/11 Other San Juan (45)
nJXK1535553864 COG OPERATING LLC 9/7/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1126429414 COG OPERATING LLC 9/7/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nSAD1416454346 APACHE CORPORATION 9/6/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)

nKJ1603451563 TARGA MIDSTREAM SERVICES LLC 9/6/11 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids Equipment Failure Lea (25)

nJK1129854057 CONOCOPHILLIPS COMPANY 9/6/11 Minor Produced Water Release Produced Water Human Error San Juan (45)
nJK1129255849 CONOCOPHILLIPS COMPANY 9/6/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1125631198 J & J Investments, LLC 9/6/11 Major Produced Water Release Produced Water Vandalism Eddy (15)
nGRL1125855156 BXP Operating, LLC 9/5/11 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nMLB1125557019 RAYBAW Operating, LLC 9/4/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nJK1201139517 XTO ENERGY, INC 9/1/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1129142695 XTO ENERGY, INC 8/31/11 Major Produced Water Release Produced Water Corrosion San Juan (45)
nMLB1126431709 EOG Y RESOURCES, INC. 8/31/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1620849990 RAM ENERGY LLC 8/31/11 Major Produced Water Release Produced Water Corrosion Lea (25)
nMLB1125555543 Silverback Operating II, LLC 8/31/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nGRL1208254320 PLAINS MARKETING L.P. 8/30/11 Minor Oil Release Crude Oil Corrosion Lea (25)
nMLB1125548842 ALAMO PERMIAN RESOURCES, LLC 8/30/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1600756473 Spur Energy Partners LLC 8/30/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1126433494 Extex Operating Company 8/30/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1129252912 XTO ENERGY, INC 8/29/11 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1129234849 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/29/11 Major Produced Water Release Produced Water Corrosion San Juan (45)
nSAD1416432198 APACHE CORPORATION 8/26/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1604136243 CHESAPEAKE OPERATING, INC. 8/26/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1126427973 BOPCO, L.P. 8/26/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1125240199 Silverback Operating II, LLC 8/26/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1129252406 XTO ENERGY, INC 8/25/11 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nMLB1125628040 COG OPERATING LLC 8/25/11 Major Produced Water Release Produced Water Vandalism Eddy (15)
nAB1510656362 APACHE CORPORATION 8/24/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1129855228 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/24/11 Major Produced Water Release Produced Water Human Error Rio Arriba (39)
nJK1129235420 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/24/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1125754115 BOPCO, L.P. 8/23/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nMLB1128633884 GERONIMO SWD LLC 8/23/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1135340848 LINN OPERATING, LLC. 8/23/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1125551313 EOG Y RESOURCES, INC. 8/22/11 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1125648273 BOPCO, L.P. 8/22/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1330255005 LINN OPERATING, LLC. 8/22/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1123850893 BOPCO, L.P. 8/20/11 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nSAD1416852101 APACHE CORPORATION 8/19/11 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nJK1123748845 XTO ENERGY, INC 8/19/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1129954935 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/19/11 Other Unknown Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1125255813 OXY USA WTP LIMITED PARTNERSHIP 8/19/11 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nTO1419156096 MATADOR PRODUCTION COMPANY 8/19/11 Oil Release Crude Oil Equipment Failure Lea (25)
nJK1129249823 XTO ENERGY, INC 8/18/11 Major Produced Water Release Produced Water Corrosion San Juan (45)
nMLB1125533264 OXY USA WTP LIMITED PARTNERSHIP 8/18/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1125539112 LINN OPERATING, LLC. 8/18/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1125535532 LINN OPERATING, LLC. 8/18/11 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1128632533 JUDAH OIL LLC 8/17/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1125755674 BOPCO, L.P. 8/17/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1125547490 LINN OPERATING, LLC. 8/17/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1423252842 MorningStar Operating LLC 8/17/11 Major Produced Water Release Produced Water Corrosion Lea (25)
nJXK1534946451 DEVON ENERGY PRODUCTION COMPANY, LP 8/16/11 Major Other Drilling Mud/Fluid Human Error Lea (25)
nCS1605437988 BURLINGTON RESOURCES OIL & GAS CO 8/16/11 Oil Release Other (Specify) Other San Juan (45)
nMLB1123849462 BOPCO, L.P. 8/16/11 Major Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1125229542 ALAMO PERMIAN RESOURCES, LLC 8/16/11 Minor Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nMLB1123851975 BOPCO, L.P. 8/15/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nTO1423250128 MorningStar Operating LLC 8/15/11 Major Produced Water Release Produced Water Corrosion Lea (25)
nMLB1125234270 ALAMO PERMIAN RESOURCES, LLC 8/14/11 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nGRL1125856403 QUANTUM RESOURCES MANAGEMENT, LLC 8/12/11 Minor Produced Water Release Produced Water Corrosion Lea (25)
nMLB1125230955 Spur Energy Partners LLC 8/12/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nTO1423251928 CHEVRON U S A INC 8/11/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1125549978 AMERICO ENERGY RESOURCES LLC 8/11/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1123846521 COG OPERATING LLC 8/11/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1123836874 LONGFELLOW ENERGY, LP 8/11/11 Major Produced Water Release Produced Water Lightning Eddy (15)
nCS1703237034 BURLINGTON RESOURCES OIL & GAS CO 8/10/11 Other Other (Specify) Other Rio Arriba (39)
nMLB1123835522 SM ENERGY COMPANY 8/9/11 Major Produced Water Release Produced Water Other Eddy (15)
nJMW1303135005 SM ENERGY COMPANY 8/9/11 Major Produced Water Release Produced Water Human Error Eddy (15)
nMLB1125155040 TEAM OPERATING, L.L.C. 8/9/11 Major Produced Water Release Produced Water Corrosion Chaves (05)
nMLB1130027993 NOVO OIL & GAS NORTHERN DELAWARE, LLC 8/9/11 Major Produced Water Release Produced Water Human Error Eddy (15)
nAB1614049119 COG OPERATING LLC 8/8/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nJMW1327332759 OXY USA INC 8/7/11 Minor Release Other Acid Lightning Eddy (15)
nMLB1125151291 EOG Y RESOURCES, INC. 8/7/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1125257154 OXY USA INC 8/6/11 Major Produced Water Release Produced Water Vandalism Eddy (15)
nMLB1125156113 Spur Energy Partners LLC 8/6/11 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)

nJK1201248544 ENTERPRISE PRODUCTS OPERATING, LLC 8/5/11 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Human Error San Juan (45)

nMLB1122937050 APACHE CORPORATION 8/4/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1123758018 EOG Y RESOURCES, INC. 8/4/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1229750010 Amalgamated Sludge NM, LLC 8/4/11 Major Produced Water Release Produced Water Fire Eddy (15)
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nMLB1122942048 EOG Y RESOURCES, INC. 8/3/11 Major Produced Water Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Eddy (15)

nMLB1135334597 LINN OPERATING, LLC. 8/3/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nKJ1603452629 Maverick Permian LLC 8/3/11 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nMLB1123838518 PLAINS MARKETING L.P. 8/2/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nGRL1404157250 APACHE CORPORATION 8/1/11 Major Produced Water Release Crude Oil, Produced Water Normal Operations Lea (25)
nGRL1134151880 TARGA MIDSTREAM SERVICES LLC 8/1/11 Minor Natural Gas Release Other (Specify) Corrosion Lea (25)
nMLB1123747076 EOG Y RESOURCES, INC. 8/1/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1129250942 CONOCOPHILLIPS COMPANY 8/1/11 Minor Other Glycol San Juan (45)
nHMP1407231538 LINN OPERATING, LLC. 8/1/11 Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1127128416 ENDURING RESOURCES, LLC 8/1/11 Produced Water Release Produced Water Normal Operations San Juan (45)
nMLB1125249455 OXY USA INC 7/30/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nMLB1122932473 EOG Y RESOURCES, INC. 7/30/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1601145870 COG OPERATING LLC 7/30/11 Major Produced Water Release Produced Water Lightning Lea (25)
nTO1423249612 CHEVRON U S A INC 7/29/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1122939663 LONGFELLOW ENERGY, LP 7/29/11 Produced Water Release Produced Water Lightning Eddy (15)

nJXK1620946554 CROSS TIMBERS ENERGY, LLC 7/28/11 Produced Water Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Lea (25)

nJXK1621150666 RAM ENERGY LLC 7/28/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1122854480 RILEY PERMIAN OPERATING COMPANY, LLC 7/28/11 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1122937897 COG OPERATING LLC 7/27/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1122858011 Spur Energy Partners LLC 7/27/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1129429381 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/26/11 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nJK1123154818 XTO ENERGY, INC 7/25/11 Major Produced Water Release Condensate, Produced Water Corrosion San Juan (45)
nMLB1122852054 HARVARD PETROLEUM COMPANY, LLC 7/25/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nJK1123747450 ELM RIDGE EXPLORATION COMPANY LLC 7/25/11 Minor Blow Out

[OBSOLETE] Natural Gas 
(Methane), Natural Gas Liquids, 
Produced Water Corrosion Rio Arriba (39)

nJK1122340172 ENERGEN RESOURCES CORPORATION 7/25/11 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1123154575 XTO ENERGY, INC 7/24/11 Major Produced Water Release Produced Water Human Error San Juan (45)

nKJ1605630126 CROSS TIMBERS ENERGY, LLC 7/24/11 Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Lea (25)

nMLB1122839220 OWL SWD OPERATING, LLC 7/24/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1123427797 XTO ENERGY, INC 7/22/11 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nCS1533530738 BURLINGTON RESOURCES OIL & GAS CO 7/22/11 Produced Water Release Other (Specify) Other San Juan (45)
nJK1128655877 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/21/11 Oil Release Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1122742820 EOG Y RESOURCES, INC. 7/21/11 Major Produced Water Release Produced Water Human Error Eddy (15)
nMLB1121540352 Contango Resources, Inc. 7/21/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1122339944 XTO ENERGY, INC 7/19/11 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nMLB1122728809 BAM Permian Operating, LLC 7/19/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKJ1602529701 OXY USA INC 7/18/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1129955735 ENERGEN RESOURCES CORPORATION 7/18/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nGRL1209340191 BAM Permian Operating, LLC 7/18/11 Major Natural Gas Release Crude Oil, Produced Water Corrosion Lea (25)
nGRL1209339294 BAM Permian Operating, LLC 7/18/11 Oil Release Lea (25)
nMLB1122730397 EOG Y RESOURCES, INC. 7/17/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1122746582 HOLLY TRANSPORTATION, LLC 7/17/11 Oil Release Eddy (15)
nSAD1416853994 APACHE CORPORATION 7/15/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1122433065 CIMAREX ENERGY CO. OF COLORADO 7/13/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
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nMLB1122847758 Spur Energy Partners LLC 7/13/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1129854942 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/12/11 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nJK1206724857 FOUR STAR OIL & GAS CO 7/12/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1206635299 OWL SWD OPERATING, LLC 7/12/11 Major Produced Water Release Produced Water Corrosion Lea (25)
nMLB1122445702 OLEUM Energy LLC 7/12/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1123748605 SIMCOE LLC 7/12/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122340381 SIMCOE LLC 7/12/11 Release Other Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1122228231 COG OPERATING LLC 7/11/11 Major Release Other Condensate Corrosion Eddy (15)
nMLB1122741907 Silverback Operating II, LLC 7/11/11 Minor Produced Water Release Produced Water Human Error Eddy (15)
nMLB1122436063 Silverback Operating II, LLC 7/11/11 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1122439938 3R Operating, LLC 7/11/11 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1129356205 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/8/11 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nJK1129355870 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/8/11 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1122740837 EOG Y RESOURCES, INC. 7/8/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1122450611 COG OPERATING LLC 7/7/11 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1122449475 Spur Energy Partners LLC 7/7/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1122447125 EXXON MOBIL CORPORATION 7/6/11 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1122354640 DCP OPERATING COMPANY, LP 7/6/11 Oil Release Eddy (15)
nMLB1121329960 BURNETT OIL CO INC 7/5/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nGRL1211156666 EOG Y RESOURCES, INC. 7/5/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1122336083 OXY USA WTP LIMITED PARTNERSHIP 7/5/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1122437327 COG OPERATING LLC 7/2/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1122247479 OXY USA INC 7/1/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nGRL1208253680 PLAINS MARKETING L.P. 7/1/11 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nMLB1122956012 APACHE CORPORATION 6/30/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1125247767 OXY USA INC 6/30/11 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1122338019 OXY USA WTP LIMITED PARTNERSHIP 6/30/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1122232511 Spur Energy Partners LLC 6/30/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1121427160 DEVON ENERGY PRODUCTION COMPANY, LP 6/29/11 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1122341485 DUGAN PRODUCTION CORP 6/29/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122341136 SIMCOE LLC 6/29/11 Produced Water Release Condensate, Produced Water Equipment Failure San Juan (45)
nSAD1416853494 APACHE CORPORATION 6/28/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1118835601 APACHE CORPORATION 6/28/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nMLB1124339195 DCP OPERATING COMPANY, LP 6/28/11 Minor Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Human Error Eddy (15)

nMLB1118832873 CHESAPEAKE OPERATING, INC. 6/28/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nJXK1604730330 SOUTHERN UNION GAS SERVICES LTD 6/27/11 Major Produced Water Release Produced Water Corrosion Lea (25)
nMLB1122256946 OXY USA WTP LIMITED PARTNERSHIP 6/27/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1121352991 COG OPERATING LLC 6/27/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJMW1330230589 LINN OPERATING, LLC. 6/27/11 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1122357921 ALAMO PERMIAN RESOURCES, LLC 6/27/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1122849738 HARVARD PETROLEUM COMPANY, LLC 6/24/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1604731079 SOUTHERN UNION GAS SERVICES LTD 6/24/11 Oil Release Crude Oil Equipment Failure Lea (25)
nJK1129939623 ENERVEST OPERATING L.L.C. 6/24/11 Produced Water Release Condensate Corrosion Rio Arriba (39)
nMLB1121355059 CIMAREX ENERGY CO. OF COLORADO 6/24/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJMW1305330428 LINN OPERATING, LLC. 6/24/11 Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPM2327030516 CHEVRON ENVIRONMENTAL MANAGEMENT CO 6/24/11 Major Other Lea (25)
nMLB1121358700 OWL SWD OPERATING, LLC 6/24/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nMLB1118837272 EOG Y RESOURCES, INC. 6/23/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1604729880 SOUTHERN UNION GAS SERVICES LTD 6/23/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nSAD1416441595 APACHE CORPORATION 6/22/11 Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1122347686 ADVANCED WIRELESS COMMUNICATIONS, L.L.C. 6/22/11 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Sandoval (43)
nJK1122340944 XTO ENERGY, INC 6/21/11 Produced Water Release Produced Water Equipment Failure San Juan (45)
nJMW1327052747 OXY USA INC 6/21/11 Major Release Other Acid Equipment Failure Eddy (15)
nJMW1327050662 OXY USA INC 6/21/11 Minor Release Other Acid Equipment Failure Eddy (15)
nJK1129255118 CONOCOPHILLIPS COMPANY 6/21/11 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nGRL1124239441 Maverick Permian LLC 6/21/11 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nMLB1132039932 MARSHALL & WINSTON INC 6/19/11 Release Other Other (Specify) Equipment Failure Eddy (15)
nJXK1604135632 CHESAPEAKE OPERATING, INC. 6/18/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1121351343 COG OPERATING LLC 6/16/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1125149183 GEORGE A CHASE JR DBA G AND C SERVICE 6/15/11 Produced Water Release Produced Water Corrosion Eddy (15)
nJK1122352151 DUGAN PRODUCTION CORP 6/14/11 Major Produced Water Release Produced Water Other San Juan (45)
nJK1129138175 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/13/11 Major Produced Water Release Produced Water Human Error San Juan (45)
nJK1122342967 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/13/11 Major Produced Water Release Sulphuric Acid Human Error San Juan (45)
nMLB1125153802 TOM R CONE 6/13/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nKJ1603533242 CROSS TIMBERS ENERGY, LLC 6/13/11 Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nGRL1232131699 ETC Texas Pipeline, Ltd. 6/13/11 Other Other (Specify) Corrosion Lea (25)
nGRL1232131248 ETC Texas Pipeline, Ltd. 6/13/11 Other Lea (25)
nJXK1620850326 JAY MANAGEMENT COMPANY, LLC 6/11/11 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJXK1620944774 CANO PETRO OF NEW MEXICO, INC. 6/11/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Chaves (05)
nMLB1122340260 Contango Resources, Inc. 6/10/11 Major Release Other Acid Equipment Failure Eddy (15)
nAPP2415757665 3R Operating, LLC 6/10/11 Major Other Crude Oil Normal Operations Eddy (15)
nAPP2415757342 3R Operating, LLC 6/10/11 Major Other Crude Oil Normal Operations Eddy (15)
nMLB1122137670 DEVON ENERGY PRODUCTION COMPANY, LP 6/9/11 Major Release Other Other (Specify) Human Error Chaves (05)
nMLB1122236644 EOG Y RESOURCES, INC. 6/9/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1122141620 BASIC ENERGY SERVICES, LP 6/9/11 Produced Water Release Equipment Failure Eddy (15)
nJK1311551550 XTO ENERGY, INC 6/8/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1208142537 XTO ENERGY, INC 6/8/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122351329 XTO ENERGY, INC 6/8/11 Major Produced Water Release Condensate, Produced Water Corrosion San Juan (45)
nMLB1122148873 EOG Y RESOURCES, INC. 6/8/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1129256506 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/7/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1129256041 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/7/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1122342739 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/7/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1122147865 EOG Y RESOURCES, INC. 6/7/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1122348831 COG OPERATING LLC 6/7/11 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1122352326 BOPCO, L.P. 6/7/11 Minor Produced Water Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1122352824 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/5/11 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJXK1621529304 OWL SWD OPERATING, LLC 6/5/11 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nMLB1122146796 EOG Y RESOURCES, INC. 6/4/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1122240834 BOPCO, L.P. 6/4/11 Major Produced Water Release Condensate, Produced Water Lightning Eddy (15)
nMLB1116737296 DCP OPERATING COMPANY, LP 6/3/11 Minor Oil Release Crude Oil Corrosion Eddy (15)
nMLB1122253079 Silverback Operating II, LLC 6/3/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1205831469 XTO ENERGY, INC 6/2/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1122138961 EOG Y RESOURCES, INC. 6/2/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1122353281 CONOCOPHILLIPS COMPANY 6/2/11 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
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nJK1122340707 SIMCOE LLC 6/2/11 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nMLB1122342381 Saguaro Petroleum, LLC 6/2/11 Major Produced Water Release Produced Water Lightning Eddy (15)
nJK1215640070 XTO ENERGY, INC 6/1/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122353011 BURLINGTON RESOURCES OIL & GAS COMPANY LP 6/1/11 Minor Produced Water Release Condensate, Produced Water Equipment Failure Rio Arriba (39)
nCS1510355450 BURLINGTON RESOURCES OIL & GAS CO 6/1/11 Produced Water Release Produced Water Other San Juan (45)
nGRL1132042213 KEY ENERGY SERVICES, LLC 5/30/11 Major Produced Water Release Produced Water Human Error Lea (25)
nMLB1116755122 CIMAREX ENERGY CO. OF COLORADO 5/30/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nJK1122352521 WPX ENERGY PRODUCTION, LLC 5/28/11 Major Produced Water Release Produced Water Human Error Rio Arriba (39)
nGRL1116056155 Contango Resources, LLC 5/28/11 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nMLB1115441096 Spur Energy Partners LLC 5/27/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nJK1127125557 ELM RIDGE EXPLORATION COMPANY LLC 5/26/11 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure San Juan (45)

nJXK1621156674 Opal Operating Company LLC 5/26/11 Major Oil Release Crude Oil Equipment Failure Lea (25)

nJK1129254494 DJR OPERATING, LLC 5/26/11 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Blow Out San Juan (45)

nJK1122351718 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/25/11 Major Produced Water Release Crude Oil, Produced Water Corrosion Rio Arriba (39)
nJMW1327038132 OXY USA INC 5/25/11 Minor Release Other Acid Normal Operations Eddy (15)
nGRL1404156713 APACHE CORPORATION 5/24/11 Major Produced Water Release Crude Oil, Produced Water Normal Operations Lea (25)
nMLB1115233698 RILEY PERMIAN OPERATING COMPANY, LLC 5/24/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1307950640 XTO ENERGY, INC 5/23/11 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1122353551 NOBLE ENERGY INC 5/23/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)

nMLB1121650284 DCP OPERATING COMPANY, LP 5/19/11 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Equipment Failure Eddy (15)

nJXK1621155132 DRIFTWOOD OIL, LLC 5/19/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1313055462 BOPCO, L.P. 5/17/11 Major Release Other Condensate Corrosion Lea (25)
nJK1129856623 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/16/11 Minor Produced Water Release Produced Water Human Error San Juan (45)
nJK1129854329 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/16/11 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nMLB1114655855 BXP Operating, LLC 5/16/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nMLB1114658611 BOPCO, L.P. 5/15/11 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1307953291 XTO ENERGY, INC 5/13/11 Produced Water Release Produced Water Normal Operations San Juan (45)

nJK1200942539 CONOCOPHILLIPS COMPANY 5/13/11 Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure San Juan (45)

nMLB1116757436 DEVON ENERGY PRODUCTION COMPANY, LP 5/11/11 Major Produced Water Release Produced Water Human Error Eddy (15)
nJXK1621129408 JAY MANAGEMENT COMPANY, LLC 5/11/11 Major Oil Release Crude Oil Lightning Lea (25)
nMLB1113254815 BOPCO, L.P. 5/11/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1122254373 Spur Energy Partners LLC 5/11/11 Major Release Other Chemical (Specify) Equipment Failure Eddy (15)
nJK1129428853 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/10/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1113026590 OXY USA INC 5/10/11 Oil Release Eddy (15)
nMLB1129352724 ALAMO PERMIAN RESOURCES, LLC 5/9/11 Minor Produced Water Release Produced Water Human Error Eddy (15)
nSAD1416442035 APACHE CORPORATION 5/8/11 Major Oil Release Crude Oil Equipment Failure Lea (25)
nMLB1114036003 EOG Y RESOURCES, INC. 5/8/11 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1113257470 Spur Energy Partners LLC 5/6/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1420938191 High River Resources Operating, LLC 5/6/11 Other Rio Arriba (39)
nMLB1114038361 EOG Y RESOURCES, INC. 5/5/11 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1122355963 HILCORP ENERGY COMPANY 5/5/11 Major Fire Condensate Fire San Juan (45)
nMLB1115448747 CRW-SWD INC 5/4/11 Major Produced Water Release Produced Water Equipment Failure 0
nMLB1113050834 DEVON ENERGY PRODUCTION COMPANY, LP 5/4/11 Major Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nMLB1115156695 L&J OIL, LLC. 5/4/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
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nMLB1114046571 EOG Y RESOURCES, INC. 5/3/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1113255844 BOPCO, L.P. 5/2/11 Major Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nMLB1112540973 BOPCO, L.P. 5/2/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKJ1603434794 OXY USA INC 5/1/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1126631648 TEAM OPERATING, L.L.C. 5/1/11 Major Produced Water Release Produced Water Other Chaves (05)
nMLB1122948592 APACHE CORPORATION 4/29/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1112932046 OLEUM Energy LLC 4/29/11 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1114652317 YATES ENERGY CORP 4/28/11 Oil Release Condensate Corrosion Eddy (15)
nJK1129355223 CONOCOPHILLIPS COMPANY 4/28/11 Minor Oil Release Condensate Equipment Failure Rio Arriba (39)
nJXK1601130571 Spur Energy Partners LLC 4/28/11 Minor Produced Water Release Produced Water Human Error Lea (25)
nJK1122354413 XTO ENERGY, INC 4/26/11 Major Produced Water Release Crude Oil, Produced Water Corrosion San Juan (45)
nJK1129429530 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/26/11 Other Unknown Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1112351669 TEAM OPERATING, L.L.C. 4/25/11 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nKMW1111741926 EOG Y RESOURCES, INC. 4/22/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1621139406 NEW MEXICO SALT WATER DISPOSAL COMPANY 4/21/11 Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJK1122754663 Williams Four Corners, LLC 4/21/11 Major Other Other (Specify) Equipment Failure San Juan (45)
nJK1122428638 XTO ENERGY, INC 4/20/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1111850987 OLEUM Energy LLC 4/20/11 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1112542397 BOPCO, L.P. 4/19/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1112350511 TEAM OPERATING, L.L.C. 4/19/11 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nGRL1130529773 MCDONNOLD OPERATING INC 4/18/11 Produced Water Release Lea (25)
nKMW1111750924 COG OPERATING LLC 4/18/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKMW1111648481 Extex Operating Company 4/16/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1111035693 EOG Y RESOURCES, INC. 4/15/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1111852407 QUANTUM RESOURCES MANAGEMENT, LLC 4/15/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1313432658 CROSS TIMBERS ENERGY, LLC 4/14/11 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nJXK1619640428 NORTHERN PACIFIC OIL AND GAS INCORPORATED 4/13/11 Produced Water Release Crude Oil, Produced Water Chaves (05)
nKMW1111131124 EOG Y RESOURCES, INC. 4/12/11 Minor Produced Water Release Drilling Mud/Fluid Equipment Failure Eddy (15)
nJK1122354713 WPX ENERGY PRODUCTION, LLC 4/12/11 Major Produced Water Release Produced Water Human Error Rio Arriba (39)
nKMW1111741279 LINN OPERATING, LLC. 4/12/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nGRL1229955824 COG OPERATING LLC 4/11/11 Minor Produced Water Release Produced Water Corrosion Lea (25)
nKMW1111034072 Silverback Operating II, LLC 4/11/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1619728978 NEW MEXICO SALT WATER DISPOSAL COMPANY 4/10/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1122954397 APACHE CORPORATION 4/9/11 Major Produced Water Release Produced Water Human Error Eddy (15)
nJK1201141841 XTO ENERGY, INC 4/6/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nKJ1606831742 NEW MEXICO SALT WATER DISPOSAL COMPANY 4/6/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1621148996 NEW MEXICO SALT WATER DISPOSAL COMPANY 4/6/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1112327166 OXY USA INC 4/6/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1111656409 OXY USA WTP LIMITED PARTNERSHIP 4/6/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1111034919 COG OPERATING LLC 4/6/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1111032371 COG OPERATING LLC 4/6/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1122428357 CONOCOPHILLIPS COMPANY 4/4/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJXK1621146876 NEW MEXICO SALT WATER DISPOSAL COMPANY 4/3/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1201154670 SIMCOE LLC 4/3/11 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nKMW1109628560 DEVON ENERGY PRODUCTION COMPANY, LP 3/31/11 Minor Produced Water Release Produced Water Human Error Eddy (15)
nMLB1110433805 LINN OPERATING, LLC. 3/30/11 Produced Water Release Eddy (15)
nMLB1110431190 LINN OPERATING, LLC. 3/30/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nKMW1109738665 APACHE CORPORATION 3/29/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nGRL1207330656 EOG Y RESOURCES, INC. 3/29/11 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1116854671 EOG Y RESOURCES, INC. 3/29/11 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1201026048 SIMCOE LLC 3/29/11 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1200952028 SIMCOE LLC 3/29/11 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1200949239 SIMCOE LLC 3/29/11 Produced Water Release Produced Water San Juan (45)
nJK1122430111 SIMCOE LLC 3/29/11 Minor Produced Water Release Condensate, Produced Water Equipment Failure San Juan (45)
nKMW1110338012 LINN OPERATING, LLC. 3/28/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1110148125 COG OPERATING LLC 3/27/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1110339259 LINN OPERATING, LLC. 3/27/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1110132884 OXY USA WTP LIMITED PARTNERSHIP 3/25/11 Major Fire Condensate Fire Eddy (15)
nKMW1110132779 BOPCO, L.P. 3/25/11 Major Fire Eddy (15)
nJXK1535249247 Spur Energy Partners LLC 3/25/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nTO1425140168 MorningStar Operating LLC 3/25/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKMW1111130005 Silverback Operating II, LLC 3/25/11 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJK1122356928 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/24/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nKMW1110131655 Silverback Operating II, LLC 3/24/11 Minor Oil Release Crude Oil Corrosion Eddy (15)
nKMW1108928830 NADEL AND GUSSMAN PERMIAN, LLC 3/23/11 Minor Oil Release Crude Oil Human Error Eddy (15)
nMLB1113027936 WPX Energy Permian, LLC 3/22/11 Major Oil Release Gelled Brine (Frac Fluid) Equipment Failure Eddy (15)
nJK1201136974 ELM RIDGE EXPLORATION COMPANY LLC 3/21/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nKMW1109629398 BOPCO, L.P. 3/21/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1108731535 Spur Energy Partners LLC 3/20/11 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nSAD1416833920 APACHE CORPORATION 3/18/11 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJK1122147116 CONOCOPHILLIPS COMPANY 3/17/11 Minor Blow Out Drilling Mud/Fluid Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1107727767 DC ENERGY LLC 3/17/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1122754290 ENTERPRISE PRODUCTS OPERATING, LLC 3/17/11 Major Fire Condensate Fire San Juan (45)
nKMW1108329001 BURNETT OIL CO INC 3/16/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1512640621 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/15/11 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1122429494 MorningStar Operating LLC 3/15/11 Minor Oil Release Condensate Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1122756130 DUGAN PRODUCTION CORP 3/14/11 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1122339774 ENERGEN RESOURCES CORPORATION 3/14/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1122131149 XTO ENERGY, INC. 3/14/11 Oil Release Crude Oil Other San Juan (45)
nMLB1112934885 CIMAREX ENERGY CO. OF COLORADO 3/13/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nKMW1107536284 RILEY PERMIAN OPERATING COMPANY, LLC 3/11/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1122146497 CONOCOPHILLIPS COMPANY 3/10/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nKMW1111033388 SPECIAL ENERGY CORP 3/9/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nJK1129139097 XTO ENERGY, INC 3/7/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122147922 ENERGEN RESOURCES CORPORATION 3/7/11 Major Oil Release Condensate Corrosion Rio Arriba (39)
nJK1122355215 XTO ENERGY, INC 3/6/11 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1122339546 XTO ENERGY, INC 3/5/11 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1122339516 XTO ENERGY, INC 3/5/11 Produced Water Release San Juan (45)
nKMW1107440401 Spur Energy Partners LLC 3/5/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1122357163 CONOCOPHILLIPS COMPANY 3/4/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122147313 CONOCOPHILLIPS COMPANY 3/4/11 Minor Produced Water Release Produced Water Human Error San Juan (45)
nKMW1107452338 Spur Energy Partners LLC 3/4/11 Minor Oil Release Crude Oil Corrosion Eddy (15)
nJK1122139832 XTO ENERGY, INC 3/1/11 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nKMW1107634608 EOG Y RESOURCES, INC. 3/1/11 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
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nKMW1109548918 LINN OPERATING, LLC. 3/1/11 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1107538700 Spur Energy Partners LLC 3/1/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKMW1106830638 Spur Energy Partners LLC 3/1/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1106636511 M&M OIL, LLC 2/28/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nKMW1106741082 TEAM OPERATING, L.L.C. 2/26/11 Major Oil Release Crude Oil Corrosion Eddy (15)
nJK1122142206 XTO ENERGY, INC 2/25/11 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1200948624 SIMCOE LLC 2/25/11 Minor Oil Release Condensate Normal Operations San Juan (45)
nJK1129234406 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/24/11 Major Oil Release Condensate Equipment Failure San Juan (45)

nJK1122754987 ENTERPRISE PRODUCTS OPERATING, LLC 2/24/11 Minor Produced Water Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure San Juan (45)

nJK1122755497 DEVON ENERGY OPERATING COMPANY LP 2/23/11 Produced Water Release Produced Water Equipment Failure San Juan (45)
nGRL1107731351 ETC Texas Pipeline, Ltd. 2/23/11 Minor Release Other Natural Gas Liquids Corrosion Lea (25)
nJK1129429169 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/22/11 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122148384 WPX ENERGY PRODUCTION, LLC 2/22/11 Minor Produced Water Release Produced Water Freeze Rio Arriba (39)
nJK1122141448 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/21/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nKMW1106740251 TEAM OPERATING, L.L.C. 2/21/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1107540712 EOG Y RESOURCES, INC. 2/20/11 Minor Oil Release Other (Specify) Equipment Failure Eddy (15)
nKMW1106041532 COG OPERATING LLC 2/20/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1108929104 Silverback Operating II, LLC 2/20/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1106136997 EOG Y RESOURCES, INC. 2/19/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKMW1105551643 CHESAPEAKE OPERATING, INC. 2/18/11 Major Oil Release Condensate Corrosion Eddy (15)

nJXK1621534154 CROSS TIMBERS ENERGY, LLC 2/18/11 Major Produced Water Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Equipment Failure Lea (25)

nKMW1106139339 RILEY PERMIAN OPERATING COMPANY, LLC 2/18/11 Major Release Other Acid Equipment Failure Eddy (15)
nKMW1105550129 CHEVRON U S A INC 2/17/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1122146793 XTO ENERGY, INC 2/17/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nKMW1106148970 OXY USA INC 2/17/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1115336524 BASIC ENERGY SERVICES, LP 2/17/11 Major Produced Water Release Produced Water Vehicular Accident 0
nKMW1108838071 LINN OPERATING, LLC. 2/17/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1110228909 OWL SWD OPERATING, LLC 2/17/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1122146660 CONOCOPHILLIPS COMPANY 2/16/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nKMW1106629393 BOPCO, L.P. 2/16/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1129356552 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/15/11 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122141596 SIMCOE LLC 2/15/11 Minor Produced Water Release Condensate, Produced Water Corrosion San Juan (45)
nJK1122142524 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/14/11 Other Unknown Equipment Failure San Juan (45)
nKMW1106146398 OXY USA WTP LIMITED PARTNERSHIP 2/11/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nJK1129429681 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/10/11 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nKMW1110158655 EOG Y RESOURCES, INC. 2/10/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1110157946 EOG Y RESOURCES, INC. 2/10/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1106132675 COG OPERATING LLC 2/10/11 Minor Produced Water Release Produced Water Freeze Eddy (15)
nGRL1105629119 Contango Resources, LLC 2/10/11 Minor Oil Release Crude Oil Freeze Lea (25)
nKJ1604044255 APACHE CORPORATION 2/9/11 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nKMW1105941469 DEVON ENERGY PRODUCTION COMPANY, LP 2/9/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nJK1122140764 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/9/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nBGB2032246572 CONCHO EXPLORATION 2/9/11 Other Lea (25)
nBGB2032248547 CONOCO INC 2/9/11 Other Lea (25)
nBGB2032247106 CONOCO INC 2/9/11 Other Lea (25)
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nKMW1105542842 Spur Energy Partners LLC 2/9/11 Minor Produced Water Release Produced Water Freeze Eddy (15)
nGRL1107637076 Maverick Permian LLC 2/9/11 Minor Oil Release Crude Oil, Produced Water Freeze Lea (25)
nJXK1535630801 Spur Energy Partners LLC 2/8/11 Major Produced Water Release Produced Water Freeze Lea (25)
nKMW1104632384 Acacia Operating Company, LLC 2/8/11 Major Oil Release Crude Oil Freeze Eddy (15)
nJK1529342587 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/7/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1122150916 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/7/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nKMW1106140515 OXY USA INC 2/7/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1110232707 EOG Y RESOURCES, INC. 2/7/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1110156737 EOG Y RESOURCES, INC. 2/7/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1106035351 OXY USA WTP LIMITED PARTNERSHIP 2/7/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1105539976 Spur Energy Partners LLC 2/7/11 Minor Oil Release Crude Oil Freeze Eddy (15)
nKMW1106023820 EOG A RESOURCES, INC. 2/6/11 Produced Water Release Chaves (05)
nJK1122153281 XTO ENERGY, INC 2/6/11 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nKMW1106147231 OXY USA WTP LIMITED PARTNERSHIP 2/6/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1106025650 Spur Energy Partners LLC 2/6/11 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nJK1129853009 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/5/11 Major Produced Water Release Crude Oil, Produced Water Freeze San Juan (45)
nKMW1110155950 EOG Y RESOURCES, INC. 2/5/11 Minor Produced Water Release Produced Water Freeze Eddy (15)
nKMW1106142126 OXY USA WTP LIMITED PARTNERSHIP 2/5/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1111140740 BAM Permian Operating, LLC 2/5/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nJK1122140345 XTO ENERGY, INC 2/4/11 Minor Produced Water Release Produced Water Freeze San Juan (45)
nKMW1106029918 OXY USA INC 2/4/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nMLB1223549251 EOG Y RESOURCES, INC. 2/4/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1106148214 OXY USA WTP LIMITED PARTNERSHIP 2/4/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1106735785 JUDAH OIL LLC 2/4/11 Minor Oil Release Crude Oil, Produced Water Human Error Eddy (15)
nJXK1535131562 XTO ENERGY, INC 2/3/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)

nKMW1111749256 EOG Y RESOURCES, INC. 2/3/11 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Freeze Eddy (15)

nKMW1105937886 DEVON ENERGY PRODUCTION COMPANY, LP 2/2/11 Minor Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nKMW1105935618 HARVARD PETROLEUM COMPANY, LLC 2/2/11 Minor Produced Water Release Produced Water Freeze Eddy (15)
nJK1129428491 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/2/11 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nKMW1111141403 EOG Y RESOURCES, INC. 2/2/11 Minor Oil Release Crude Oil Freeze Eddy (15)
nKMW1104637980 PARALLEL PETROLEUM LLC 2/2/11 Minor Produced Water Release Produced Water Freeze Chaves (05)
nKMW1109627455 LINN OPERATING, LLC. 2/1/11 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1109625845 LINN OPERATING, LLC. 2/1/11 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1109558264 LINN OPERATING, LLC. 2/1/11 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1109555366 LINN OPERATING, LLC. 2/1/11 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1109554591 LINN OPERATING, LLC. 2/1/11 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1109553848 LINN OPERATING, LLC. 2/1/11 Produced Water Release Crude Oil, Produced Water Freeze Eddy (15)
nKMW1109552874 LINN OPERATING, LLC. 2/1/11 Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1104635091 Spur Energy Partners LLC 2/1/11 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1620054899 PRIDE ENERGY COMPANY 1/31/11 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKMW1104140605 COG OPERATING LLC 1/31/11 Minor Oil Release Crude Oil Corrosion Eddy (15)
nKMW1104139783 CHESAPEAKE OPERATING, INC. 1/29/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1104633635 OLEUM Energy LLC 1/27/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1122336327 XTO ENERGY, INC 1/26/11 Major Produced Water Release Condensate, Produced Water Equipment Failure San Juan (45)
nJK1122148788 XTO ENERGY, INC 1/26/11 Major Produced Water Release Condensate, Produced Water Equipment Failure San Juan (45)
nKMW1103249928 CHEVRON U S A INC 1/25/11 Major Produced Water Release Produced Water Corrosion Eddy (15)
nGRL1324640794 SOUTHERN UNION EXPLORATION CO 1/25/11 Minor Oil Release Crude Oil Corrosion Lea (25)
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nVF1624641683 CONOCOPHILLIPS COMPANY 1/25/11 Release Other Rio Arriba (39)
nJK1122751552 NOBLE ENERGY INC 1/25/11 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1122339314 BLACK HILLS GAS RESOURCES, INC. 1/24/11 Minor Produced Water Release Produced Water Freeze Rio Arriba (39)
nJK1122152283 CONOCOPHILLIPS COMPANY 1/24/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nKMW1103241386 COG OPERATING LLC 1/24/11 Major Oil Release Crude Oil Human Error Eddy (15)
nKMW1109530108 DEVON ENERGY PRODUCTION COMPANY, LP 1/23/11 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1103247021 COG OPERATING LLC 1/22/11 Major Produced Water Release Produced Water Human Error Eddy (15)
nKMW1104138072 QUANTUM RESOURCES MANAGEMENT, LLC 1/21/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1122337513 SIMCOE LLC 1/21/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122337245 SIMCOE LLC 1/21/11 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122336709 MorningStar Operating LLC 1/21/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1122335638 MorningStar Operating LLC 1/21/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nJYH2311636047 HAL J RASMUSSEN OPER INC 1/20/11 Release Other Lea (25)
nKMW1111036455 EOG Y RESOURCES, INC. 1/20/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1122751815 Williams Four Corners, LLC 1/20/11 Minor Produced Water Release Condensate, Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1122152566 CONOCOPHILLIPS COMPANY 1/19/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nKMW1102555534 EOG Y RESOURCES, INC. 1/18/11 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1125554041 RILEY PERMIAN OPERATING COMPANY, LLC 1/18/11 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJK1122153143 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/17/11 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nKMW1103248436 Spur Energy Partners LLC 1/14/11 Minor Oil Release Crude Oil Human Error Eddy (15)
nJK1122750432 DUGAN PRODUCTION CORP 1/13/11 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1122354239 DUGAN PRODUCTION CORP 1/13/11 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1122354081 DUGAN PRODUCTION CORP 1/13/11 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1122137995 DUGAN PRODUCTION CORP 1/13/11 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1122132012 DUGAN PRODUCTION CORP 1/13/11 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1129355572 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/13/11 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122150707 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/13/11 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nKMW1102626712 MATADOR PRODUCTION COMPANY 1/13/11 Major Release Other Drilling Mud/Fluid Blow Out Eddy (15)
nKMW1102551026 Spur Energy Partners LLC 1/13/11 Minor Produced Water Release Produced Water Freeze Eddy (15)
nSAD1416851378 APACHE CORPORATION 1/12/11 Major Produced Water Release Produced Water Human Error Lea (25)
nKMW1102549914 Spur Energy Partners LLC 1/12/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1529351794 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/11/11 Release Other San Juan (45)
nJK1122356749 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/11/11 Release Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nKMW1110234177 EOG Y RESOURCES, INC. 1/11/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1122337644 NOBLE ENERGY INC 1/11/11 Major Oil Release Crude Oil Freeze San Juan (45)
nJK1133951958 MARALEX RESOURCES INC 1/10/11 Minor Oil Release Condensate Freeze San Juan (45)
nJK1133949619 CONOCOPHILLIPS COMPANY 1/9/11 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1122141910 CONOCOPHILLIPS COMPANY 1/9/11 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nKMW1104136620 COLGATE OPERATING, LLC 1/8/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1102547860 EOG Y RESOURCES, INC. 1/7/11 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1133951470 CONOCOPHILLIPS COMPANY 1/7/11 Minor Release Other Drilling Mud/Fluid Human Error Rio Arriba (39)
nJXK1530333917 MorningStar Operating LLC 1/6/11 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKMW1101934205 DEVON ENERGY PRODUCTION COMPANY, LP 1/5/11 Major Other Drilling Mud/Fluid Blow Out Chaves (05)
nKMW1102635414 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1102635132 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1102634788 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1102634424 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
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nKMW1102634036 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1102633534 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1102632886 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1102632540 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1102632104 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1102631411 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1102630437 LINN OPERATING, LLC. 1/5/11 Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1102539479 Silverback Operating II, LLC 1/5/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1134032922 XTO ENERGY, INC 1/4/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1529342863 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/4/11 Release Other San Juan (45)
nJK1133950710 CONOCOPHILLIPS COMPANY 1/4/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1133950290 CONOCOPHILLIPS COMPANY 1/4/11 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1122152791 CONOCOPHILLIPS COMPANY 1/4/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nKMW1102537654 MR NM Operating LLC 1/4/11 Major Oil Release Crude Oil Human Error Eddy (15)
nJK1201230303 Williams Four Corners, LLC 1/4/11 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1134033410 XTO ENERGY, INC 1/3/11 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1133951041 CONOCOPHILLIPS COMPANY 1/3/11 Minor Release Other Drilling Mud/Fluid Human Error Rio Arriba (39)
nKMW1105441349 M&M OIL, LLC 1/3/11 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1101930578 Silverback Operating II, LLC 1/3/11 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1102548961 Oso Perdido Services LLC 1/3/11 Minor Oil Release Crude Oil Freeze Eddy (15)
nKMW1102548490 EOG Y RESOURCES, INC. 1/2/11 Minor Produced Water Release Crude Oil, Produced Water Freeze Eddy (15)
nKMW1101931286 COG OPERATING LLC 1/2/11 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1101937662 COG OPERATING LLC 12/31/10 Major Produced Water Release Produced Water Freeze Eddy (15)
nKMW1111749957 APACHE CORPORATION 12/28/10 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1122354994 ENERGEN RESOURCES CORPORATION 12/27/10 Major Oil Release Condensate Equipment Failure Rio Arriba (39)
nKMW1102635770 LINN OPERATING, LLC. 12/27/10 Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1122153574 DUGAN PRODUCTION CORP 12/26/10 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1201130967 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/26/10 Major Produced Water Release Produced Water Corrosion San Juan (45)
nKMW1101938479 OXY USA WTP LIMITED PARTNERSHIP 12/26/10 Minor Oil Release Crude Oil Human Error Eddy (15)
nKMW1101941341 COG OPERATING LLC 12/22/10 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1100537959 EOG Y RESOURCES, INC. 12/21/10 Major Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJK1133434887 CONOCOPHILLIPS COMPANY 12/21/10 Oil Release Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nJK1429431814 NOBLE ENERGY INC 12/21/10 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nMLB1102540101 XTO ENERGY, INC 12/20/10 Minor Oil Release Crude Oil Human Error Eddy (15)
nCS1524742574 BURLINGTON RESOURCES OIL & GAS CO 12/20/10 Produced Water Release Other (Specify) Other San Juan (45)
nJK1133642242 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/18/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1134242182 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/16/10 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1129253187 CONOCOPHILLIPS COMPANY 12/16/10 Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122356474 CONOCOPHILLIPS COMPANY 12/16/10 Release Other Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nJXK1620130282 BAM Permian Operating, LLC 12/16/10 Minor Oil Release Crude Oil Equipment Failure Chaves (05)
nKMW1101939461 OXY USA WTP LIMITED PARTNERSHIP 12/15/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1101950199 COG OPERATING LLC 12/15/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nLWJ1035455016 MorningStar Operating LLC 12/15/10 Major Other Brine Water Human Error Lea (25)
nJK1201149521 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/13/10 Minor Oil Release Condensate Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJXK1620133939 EOG Y RESOURCES, INC. 12/12/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nKMW1101936672 LINN OPERATING, LLC. 12/10/10 Minor Oil Release Crude Oil Freeze Eddy (15)
nMLB1101152629 BTA OIL PRODUCERS, LLC 12/9/10 Oil Release Eddy (15)
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nJK1201150145 XTO ENERGY, INC 12/8/10 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1133640978 ELM RIDGE EXPLORATION COMPANY LLC 12/8/10 Major Produced Water Release Condensate, Produced Water Corrosion Rio Arriba (39)
nLWJ1035530750 FOUNDATION ENERGY MANAGEMENT, LLC 12/8/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nMLB1114048031 QUANTUM RESOURCES MANAGEMENT, LLC 12/7/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nJK1201131510 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/6/10 Minor Produced Water Release
[OBSOLETE] Natural Gas 
(Methane), Produced Water Equipment Failure Rio Arriba (39)

nGRL1324641204 SOUTHERN UNION EXPLORATION CO 12/6/10 Oil Release Lea (25)
nMLB1035430698 MELROSE OPERATING COMPANY 12/6/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nLWJ1034740711 ETC Texas Pipeline, Ltd. 12/6/10 Minor Oil Release B.S. & W. Corrosion Lea (25)
nMLB1035134439 COG OPERATING LLC 12/4/10 Major Produced Water Release Produced Water Human Error Eddy (15)
nGRL1115737588 CIMAREX ENERGY CO. OF COLORADO 12/3/10 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nGRL1115735811 CIMAREX ENERGY CO. OF COLORADO 12/3/10 Minor Oil Release Crude Oil, Other (Specify) Corrosion Lea (25)
nJK1122137355 CONOCOPHILLIPS COMPANY 12/3/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1122152984 BURLINGTON RESOURCES OIL & GAS COMPANY LP 12/2/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1111631331 MARSHALL & WINSTON INC 12/1/10 Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1107725223 TARGA MIDSTREAM SERVICES LLC 12/1/10 Major Natural Gas Release Natural Gas Liquids Corrosion Lea (25)
nJK1122336941 WPX ENERGY PRODUCTION, LLC 12/1/10 Major Produced Water Release Condensate, Produced Water Freeze Rio Arriba (39)
nJK1123157121 ENERGEN RESOURCES CORPORATION 12/1/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1201152785 CONOCOPHILLIPS COMPANY 12/1/10 Major Oil Release Condensate Human Error San Juan (45)
nGRL1034928884 Spur Energy Partners LLC 12/1/10 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nMLB1034347624 EOG RESOURCES INC 11/30/10 Major Produced Water Release Produced Water Human Error Eddy (15)
nJK1201137320 CONOCOPHILLIPS COMPANY 11/29/10 Major Produced Water Release Produced Water Freeze Rio Arriba (39)
nMLB1034126733 Silverback Operating II, LLC 11/29/10 Minor Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nMLB1034847080 Acacia Operating Company, LLC 11/28/10 Major Oil Release Crude Oil Corrosion Eddy (15)
nKMW1101946238 Acacia Operating Company, LLC 11/28/10 Major Oil Release Crude Oil Corrosion Eddy (15)
nMLB1034337841 MELROSE OPERATING COMPANY 11/26/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1034139240 COG OPERATING LLC 11/26/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1133652546 NOBLE ENERGY INC 11/26/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1133651859 XTO ENERGY, INC 11/25/10 Minor Oil Release Condensate Equipment Failure San Juan (45)
nJK1133650894 ENERGEN RESOURCES CORPORATION 11/24/10 Major Oil Release Condensate Equipment Failure Rio Arriba (39)
nJK1132629623 CONOCOPHILLIPS COMPANY 11/24/10 Release Other Unknown Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1201130594 XTO ENERGY, INC 11/23/10 Oil Release Condensate Freeze San Juan (45)
nMLB1034031929 COG OPERATING LLC 11/22/10 Minor Oil Release Crude Oil Other Eddy (15)
nJK1206637462 MorningStar Operating LLC 11/22/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1034838137 OXY USA INC 11/20/10 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nLWJ1032639357 Maverick Permian LLC 11/18/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJXK1610227079 CHEVRON U S A INC 11/17/10 Major Produced Water Release Produced Water Other Lea (25)
nLWJ1032156590 PLAINS MARKETING L.P. 11/17/10 Minor Oil Release Crude Oil Human Error Lea (25)
nMLB1032735832 EOG Y RESOURCES, INC. 11/16/10 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nBP1035428343 ENERGEN RESOURCES CORPORATION 11/16/10 Produced Water Release Other (Specify), Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1133929219 MorningStar Operating LLC 11/16/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)

nJK1201227280 ENTERPRISE PRODUCTS OPERATING, LLC 11/16/10 Minor Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane) Corrosion Rio Arriba (39)

nKJ1603535039 BREITBURN OPERATING LP 11/15/10 Other Other Lea (25)
nMLB1032731552 EOG Y RESOURCES, INC. 11/14/10 Produced Water Release Eddy (15)
nMLB1032738383 EOG Y RESOURCES, INC. 11/13/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1034155127 Spur Energy Partners LLC 11/13/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJK1134040398 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/12/10 Other Unknown Overflow - Tank, Pit, Etc. Rio Arriba (39)
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nMLB1034046865 COG OPERATING LLC 11/11/10 Major Produced Water Release Crude Oil, Produced Water Fire Eddy (15)
nMLB1032728595 Silverback Operating II, LLC 11/11/10 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1206651186 DUGAN PRODUCTION CORP 11/10/10 Minor Oil Release Crude Oil Human Error Rio Arriba (39)
nMLB1032050254 COG OPERATING LLC 11/10/10 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nCS1510352309 BP AMERICA PRODUCTION COMPANY 11/9/10 Produced Water Release Produced Water Other San Juan (45)
nJK1206052869 BP AMERICA PRODUCTION COMPANY 11/8/10 Major Produced Water Release Produced Water Other San Juan (45)
nJK1206036802 BURLINGTON RESOURCES OIL & GAS COMPANY LP 11/8/10 Major Produced Water Release Produced Water Corrosion San Juan (45)
nGRL1116055538 TARGA MIDSTREAM SERVICES LLC 11/8/10 Minor Release Other Natural Gas Liquids Corrosion Lea (25)
nKMW1109556052 LINN OPERATING, LLC. 11/8/10 Produced Water Release Crude Oil, Produced Water Human Error Eddy (15)
nJK1133928229 ENERGEN RESOURCES CORPORATION 11/5/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1032046152 COG OPERATING LLC 11/4/10 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1122753237 Williams Four Corners, LLC 11/4/10 Natural Gas Release Natural Gas Liquids Equipment Failure San Juan (45)
nMLB1032036643 Spur Energy Partners LLC 11/3/10 Major Produced Water Release Produced Water Human Error Eddy (15)
nJK1132542068 ENERGEN RESOURCES CORPORATION 11/2/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1129847833 WPX ENERGY PRODUCTION, LLC 11/1/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nLWJ1030656199 Spur Energy Partners LLC 11/1/10 Major Produced Water Release B.S. & W. Equipment Failure Lea (25)
nTO1422730654 MorningStar Operating LLC 10/30/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nLWJ1031248783 MorningStar Operating LLC 10/30/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nKMW1109737985 OXY USA WTP LIMITED PARTNERSHIP 10/29/10 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1031351382 COG OPERATING LLC 10/29/10 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nGRL1200638411 APACHE CORPORATION 10/27/10 Major Release Other Drilling Mud/Fluid Corrosion Lea (25)
nLWJ1031927029 PLAINS MARKETING L.P. 10/27/10 Major Oil Release Crude Oil Equipment Failure Lea (25)
nLWJ1031630801 PLAINS MARKETING L.P. 10/27/10 Major Oil Release Crude Oil Equipment Failure Lea (25)
nJK1206636876 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/26/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1122143137 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/26/10 Release Other Unknown Equipment Failure San Juan (45)
nMLB1033435200 CHESAPEAKE OPERATING, INC. 10/26/10 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1031240514 COG OPERATING LLC 10/26/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1206649708 DUGAN PRODUCTION CORP 10/25/10 Oil Release Crude Oil Other San Juan (45)
nKMW1101947788 LINN OPERATING, LLC. 10/23/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1031349224 Spur Energy Partners LLC 10/23/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1206649886 SIMCOE LLC 10/22/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1209048619 EOG Y RESOURCES, INC. 10/21/10 Produced Water Release Lea (25)
nGRL1032257126 EOG Y RESOURCES, INC. 10/21/10 Major Produced Water Release Produced Water Lightning Lea (25)
nJK1133455374 DUGAN PRODUCTION CORP 10/20/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1133455174 DUGAN PRODUCTION CORP 10/20/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1133454941 DUGAN PRODUCTION CORP 10/20/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1133446678 DUGAN PRODUCTION CORP 10/20/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1134034601 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/20/10 Other Unknown Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1206651737 CONOCOPHILLIPS COMPANY 10/20/10 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1206650340 CONOCOPHILLIPS COMPANY 10/20/10 Minor Release Other Drilling Mud/Fluid Human Error San Juan (45)
nLWJ1030556022 Spur Energy Partners LLC 10/20/10 Minor Oil Release Crude Oil Corrosion Lea (25)
nJK1206651591 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/18/10 Minor Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nMLB1030952075 OXY USA INC 10/17/10 Major Oil Release Crude Oil Corrosion Eddy (15)
nJK1206651424 CONOCOPHILLIPS COMPANY 10/17/10 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nMLB1031340286 COG OPERATING LLC 10/17/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nTO1419040759 Roughhouse Operating, LLC 10/17/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1206649525 NOBLE ENERGY INC 10/15/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
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nGRL1032257748 BAM Permian Operating, LLC 10/15/10 Release Other Lea (25)
nJK1206642040 XTO ENERGY, INC 10/14/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1032258479 JUDAH OIL LLC 10/13/10 Produced Water Release Eddy (15)
nMLB1030037762 JUDAH OIL LLC 10/13/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1031339070 Spur Energy Partners LLC 10/13/10 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1133925658 MorningStar Operating LLC 10/13/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1206651904 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/12/10 Major Produced Water Release Lube Oil, Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1203134887 WPX ENERGY PRODUCTION, LLC 10/12/10 Release Other Drilling Mud/Fluid Human Error Rio Arriba (39)
nMLB1030934407 CIMAREX ENERGY CO. OF COLORADO 10/12/10 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nJK1206636603 ENERGEN RESOURCES CORPORATION 10/12/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1206640495 MorningStar Operating LLC 10/12/10 Major Fire Rio Arriba (39)
nJK1206641349 Williams Four Corners, LLC 10/12/10 Minor Oil Release Condensate Other San Juan (45)
nJK1206640130 XTO ENERGY, INC 10/11/10 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1206647046 DUGAN PRODUCTION CORP 10/11/10 Major Produced Water Release Produced Water Corrosion San Juan (45)
nJK1206637142 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/11/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJMW1224849818 CIMAREX ENERGY CO. OF COLORADO 10/11/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1133436487 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/10/10 Other Unknown Overflow - Tank, Pit, Etc. Rio Arriba (39)
nGRL1132237703 Spur Energy Partners LLC 10/10/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nJXK1535234239 Spur Energy Partners LLC 10/9/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1103430316 Stanolind Permian LLC 10/9/10 Major Oil Release Crude Oil Other Lea (25)
nLWJ1028851962 PLAINS MARKETING L.P. 10/8/10 Major Oil Release Crude Oil Human Error Lea (25)
nAPP2108849308 PLAINS MARKETING L.P. 10/8/10 Major Oil Release Crude Oil Human Error Lea (25)
nJK1206642624 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/7/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1206637006 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/7/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1133456088 DUGAN PRODUCTION CORP 10/6/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1206642389 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/6/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1206637266 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/6/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1031249564 BOPCO, L.P. 10/6/10 Minor Oil Release Crude Oil Corrosion Eddy (15)
nJK1133435721 BURLINGTON RESOURCES OIL & GAS COMPANY LP 10/4/10 Major Produced Water Release Produced Water Human Error San Juan (45)
nJK1122136853 ENERGEN RESOURCES CORPORATION 10/4/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1206641681 NOBLE ENERGY INC 10/4/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJXK1621138900 NEW MEXICO SALT WATER DISPOSAL COMPANY 10/3/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nGRL1034949415 NEW MEXICO SALT WATER DISPOSAL COMPANY 10/3/10 Produced Water Release Lea (25)
nMLB1031250766 Spur Energy Partners LLC 10/3/10 Minor Oil Release Crude Oil Corrosion Eddy (15)
nJK1203130992 XTO ENERGY, INC 10/1/10 Oil Release Crude Oil Normal Operations San Juan (45)
nJK1206639200 SIMCOE LLC 10/1/10 Major Produced Water Release Produced Water Corrosion San Juan (45)

nCS2103335776 HILCORP ENERGY COMPANY 10/1/10 Major Other
[OBSOLETE] Natural Gas 
(Methane), Produced Water Other San Juan (45)

nJK1133446896 DUGAN PRODUCTION CORP 9/30/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nLWJ1028752990 APACHE CORPORATION 9/29/10 Major Oil Release Crude Oil Corrosion Lea (25)
nLWJ1028751329 APACHE CORPORATION 9/28/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1120248026 SUMMIT RESOURCES MANAGEMENT LLC 9/28/10 Oil Release Crude Oil, Produced Water Corrosion Roosevelt (41)
nGRL1120247147 SUMMIT RESOURCES MANAGEMENT LLC 9/28/10 Oil Release Crude Oil, Produced Water Corrosion Roosevelt (41)
nJK1206641878 CONOCOPHILLIPS COMPANY 9/28/10 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nJK1206638846 ENTERPRISE PRODUCTS OPERATING, LLC 9/28/10 Minor Oil Release Condensate Corrosion San Juan (45)
nJK1206650598 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/27/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nJK1206054111 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/27/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1133648234 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/27/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
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nMLB1027335047 ENDURANCE RESOURCES LLC 9/27/10 Major Fire Produced Water Lightning Eddy (15)
nJK1206638622 ENTERPRISE PRODUCTS OPERATING, LLC 9/27/10 Minor Oil Release Condensate Corrosion Rio Arriba (39)
nMLB1028149328 EOG Y RESOURCES, INC. 9/26/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nBP1027134635 MARALEX RESOURCES INC 9/23/10 Major Produced Water Release Other (Specify), Produced Water Human Error San Juan (45)
nMLB1027141361 EOG Y RESOURCES, INC. 9/23/10 Major Oil Release Crude Oil Other Chaves (05)
nAB1535235369 Spur Energy Partners LLC 9/23/10 Major Produced Water Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJK1206640932 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/22/10 Minor Produced Water Release Condensate, Produced Water Corrosion Rio Arriba (39)
nJK1134039273 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/22/10 Minor Produced Water Release Condensate, Produced Water Corrosion Rio Arriba (39)
nJK1206636463 ENERGEN RESOURCES CORPORATION 9/22/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1206636316 ENERGEN RESOURCES CORPORATION 9/22/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1133640514 DUGAN PRODUCTION CORP 9/21/10 Produced Water Release Produced Water Normal Operations San Juan (45)

nBP1027131226 ENERGEN RESOURCES CORPORATION 9/21/10 Minor Oil Release
Condensate, Other (Specify), 
Produced Water Equipment Failure Rio Arriba (39)

nJK1206053948 CHEVRON MIDCONTINENT, L.P. 9/21/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nLWJ1028753839 APACHE CORPORATION 9/20/10 Major Produced Water Release Produced Water Other Lea (25)
nJK1206055151 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/20/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1031338564 SUN OIL CO 9/20/10 Other Unknown Other Lea (25)
nMLB1028151150 CHESAPEAKE OPERATING, INC. 9/20/10 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nJK1206641117 XTO ENERGY, INC 9/18/10 Oil Release Crude Oil Other San Juan (45)
nJK1206639642 BURLINGTON RESOURCES OIL & GAS COMPANY LP 9/18/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure San Juan (45)
nMLB1027339144 EOG Y RESOURCES, INC. 9/18/10 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nGRL1026741116 HARVARD PETROLEUM COMPANY, LLC 9/17/10 Minor Oil Release Crude Oil Corrosion Chaves (05)
nKMW1101947259 LINN OPERATING, LLC. 9/17/10 Minor Oil Release Crude Oil Blow Out Eddy (15)
nMLB1030938472 Spur Energy Partners LLC 9/17/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1026537759 ETC Texas Pipeline, Ltd. 9/17/10 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nLWJ1028752350 APACHE CORPORATION 9/16/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1026332369 BRIDWELL OIL CO 9/16/10 Major Produced Water Release Produced Water Lightning Lea (25)
nMLB1027040333 MEWBOURNE OIL CO 9/16/10 Major Produced Water Release Produced Water Lightning Eddy (15)
nJK1202635400 WPX ENERGY PRODUCTION, LLC 9/16/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1134034057 WPX ENERGY PRODUCTION, LLC 9/16/10 Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nJK1206640733 CONOCOPHILLIPS COMPANY 9/16/10 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJK1133647610 CONOCOPHILLIPS COMPANY 9/16/10 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nGRL1026735254 ADVANCE ENERGY PARTNERS HAT MESA, LLC 9/16/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJK1206636727 ENERGEN RESOURCES CORPORATION 9/15/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1206053571 CHEVRON MIDCONTINENT, L.P. 9/14/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nJK1206636182 MorningStar Operating LLC 9/13/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1206635993 MorningStar Operating LLC 9/13/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1209055373 EOG RESOURCES INC 9/11/10 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nMLB1030947646 EOG Y RESOURCES, INC. 9/10/10 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nBP1026438558 SIMCOE LLC 9/10/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure San Juan (45)

nLWJ1028649103 APACHE CORPORATION 9/9/10 Minor Oil Release Produced Water Corrosion Lea (25)
nLWJ1028750024 APACHE CORPORATION 9/8/10 Major Oil Release B.S. & W. Other Lea (25)
nMLB1030648225 EOG Y RESOURCES, INC. 9/8/10 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1027138848 EOG Y RESOURCES, INC. 9/8/10 Major Produced Water Release Produced Water Vandalism Eddy (15)

nBP1027134221 BURLINGTON RESOURCES OIL & GAS CO 9/8/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure San Juan (45)

nGRL1026538999 SALTY DOG INC 9/8/10 Major Release Other Brine Water, Other (Specify) Equipment Failure Lea (25)
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nJK1206529563 DUGAN PRODUCTION CORP 9/7/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1201148690 DUGAN PRODUCTION CORP 9/7/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1133453197 DUGAN PRODUCTION CORP 9/7/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nMLB1031337060 EOG Y RESOURCES, INC. 9/7/10 Minor Oil Release Crude Oil Equipment Failure Eddy (15)

nBP1026439652 ENTERPRISE PRODUCTS OPERATING, LLC 9/7/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Corrosion San Juan (45)

nBP1026432862 SIMCOE LLC 9/5/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure San Juan (45)

nMLB1030754436 COG OPERATING LLC 9/4/10 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1030835699 Spur Energy Partners LLC 9/3/10 Major Produced Water Release B.S. & W. Other Eddy (15)
nGRL1115749356 TEAM OPERATING, L.L.C. 9/3/10 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nMLB1027934773 Spur Energy Partners LLC 9/2/10 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nLWJ1035453632 NORTHERN PACIFIC OIL AND GAS INCORPORATED 9/2/10 Major Oil Release B.S. & W. Other Chaves (05)

nBP1026439348 ENTERPRISE PRODUCTS OPERATING, LLC 9/2/10 Major Natural Gas Release
Condensate, [OBSOLETE] Natural 
Gas (Methane), Other (Specify) Human Error San Juan (45)

nGRL1115752169 CIMAREX ENERGY CO. OF COLORADO 9/1/10 Major Oil Release Crude Oil Corrosion Lea (25)
nMLB1030752888 Spur Energy Partners LLC 9/1/10 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1535537258 Spur Energy Partners LLC 9/1/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1035035948 Spur Energy Partners LLC 9/1/10 Major Produced Water Release Produced Water Other Lea (25)
nMLB1031439617 COG OPERATING LLC 8/31/10 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1031445980 Spur Energy Partners LLC 8/31/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1606052455 APACHE CORPORATION 8/30/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nKMW1110241496 XTO ENERGY, INC 8/30/10 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Eddy (15)
nJMW1303140115 XTO ENERGY, INC 8/30/10 Major Oil Release Crude Oil Human Error Eddy (15)
nKMW1106054103 CIMAREX ENERGY CO. OF COLORADO 8/30/10 Produced Water Release Produced Water Eddy (15)
nMLB1032257423 GERONIMO SWD LLC 8/30/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nMLB1031448887 G and C Operating, LLC 8/30/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nBP1026432531 Williams Four Corners, LLC 8/30/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure San Juan (45)

nGRL1035125915 RIDGEWAY ARIZONA OIL CORP. 8/29/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Roosevelt (41)
nMLB1031450923 COG OPERATING LLC 8/29/10 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nLWJ1036438085 ETC Texas Pipeline, Ltd. 8/29/10 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nMLB1025631696 Spur Energy Partners LLC 8/28/10 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPM2327234353 SUNOCO INC (R&M) 8/27/10 Other Lea (25)
nGRL1035041047 DCP OPERATING COMPANY, LP 8/27/10 Minor Release Other Natural Gas Liquids Corrosion Lea (25)
nBP1026536319 ENERGEN RESOURCES CORPORATION 8/26/10 Produced Water Release Other (Specify), Produced Water Other Rio Arriba (39)
nJXK1618952634 BXP Operating, LLC 8/26/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1904241144 HILCORP ENERGY COMPANY 8/26/10 Major Release Other Rio Arriba (39)
nBP1025042002 XTO ENERGY, INC 8/25/10 Major Produced Water Release Other (Specify), Produced Water Corrosion San Juan (45)
nMLB1024346039 EOG Y RESOURCES, INC. 8/25/10 Eddy (15)

nBP1026432333 SIMCOE LLC 8/23/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure San Juan (45)

nBP1025042654 XTO ENERGY, INC 8/18/10 Minor Produced Water Release Other (Specify), Produced Water Corrosion San Juan (45)
nBP1025126231 DUGAN PRODUCTION CORP 8/18/10 Produced Water Release Other (Specify), Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nMLB1027336691 EOG Y RESOURCES, INC. 8/17/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1206649196 WPX ENERGY PRODUCTION, LLC 8/17/10 Release Other Drilling Mud/Fluid Other Rio Arriba (39)
nJK1132542425 ENERGEN RESOURCES CORPORATION 8/17/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
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nBP1026536104 ENERGEN RESOURCES CORPORATION 8/17/10 Produced Water Release Other (Specify), Produced Water Other Rio Arriba (39)
nBP1025042507 ENERGEN RESOURCES CORPORATION 8/17/10 Produced Water Release Other (Specify), Produced Water Other Rio Arriba (39)
nBP1025042287 ENERGEN RESOURCES CORPORATION 8/17/10 Produced Water Release Other (Specify), Produced Water Other Rio Arriba (39)
nBP1025140125 SIMCOE LLC 8/17/10 Minor Oil Release Condensate, Other (Specify) Equipment Failure San Juan (45)
nMLB1031452817 Extex Operating Company 8/17/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJK1122138255 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/16/10 Oil Release Condensate Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1030850419 EOG Y RESOURCES, INC. 8/16/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1035437441 Spur Energy Partners LLC 8/16/10 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1023125538 Permian Resources Operating, LLC 8/16/10 Major Oil Release Condensate Corrosion Eddy (15)
nBP1026430655 HART OIL & GAS INC 8/15/10 Minor Produced Water Release Other (Specify), Produced Water Equipment Failure 0
nLWJ1028826646 JUDAH OIL LLC 8/15/10 Minor Other Crude Oil Other Lea (25)
nJK1133648567 BURLINGTON RESOURCES OIL & GAS COMPANY LP 8/11/10 Major Oil Release Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)

nBP1025138139 BURLINGTON RESOURCES OIL & GAS CO 8/11/10 Major Produced Water Release
Crude Oil, Other (Specify), 
Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)

nGRL1031456492 TARGA MIDSTREAM SERVICES LLC 8/9/10 Release Other Natural Gas Liquids Corrosion Lea (25)
nKMW1035448054 IACX Production LLC 8/8/10 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Chaves (05)

nBP1025141318 SIMCOE LLC 8/7/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure San Juan (45)

nBP1026447406 ENTERPRISE PRODUCTS OPERATING, LLC 8/7/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Corrosion San Juan (45)

nBP1025042822 ENTERPRISE PRODUCTS OPERATING, LLC 8/7/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Corrosion San Juan (45)

nJK1201147994 DUGAN PRODUCTION CORP 8/6/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1133452304 DUGAN PRODUCTION CORP 8/6/10 Oil Release Crude Oil Normal Operations San Juan (45)
nJK1201148415 DUGAN PRODUCTION CORP 8/5/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1122138710 DUGAN PRODUCTION CORP 8/5/10 Produced Water Release Produced Water Normal Operations San Juan (45)

nBP1026429281 BURLINGTON RESOURCES OIL & GAS CO 8/5/10 Minor Produced Water Release
Condensate, Other (Specify), 
Produced Water Corrosion San Juan (45)

nBP1025148705 SIMCOE LLC 8/5/10 Minor Produced Water Release Other (Specify), Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJXK1535547751 Maverick Permian LLC 8/5/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1206529820 DUGAN PRODUCTION CORP 8/4/10 Oil Release Crude Oil Normal Operations San Juan (45)
nJK1201148280 DUGAN PRODUCTION CORP 8/4/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1122139249 DUGAN PRODUCTION CORP 8/4/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nGRL1103236874 CIMAREX ENERGY CO. 8/4/10 Major Oil Release Crude Oil Corrosion Lea (25)
nGRL1212440129 Spur Energy Partners LLC 8/4/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1206531200 DUGAN PRODUCTION CORP 8/3/10 Oil Release Crude Oil Normal Operations San Juan (45)
nGRL1116041179 FAE II Operating LLC 8/3/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nGRL1033351404 SOUTHWEST ROYALTIES INC 8/2/10 Major Fire Other (Specify) Fire Lea (25)
nBP1026430389 BURLINGTON RESOURCES OIL & GAS CO 8/2/10 Produced Water Release Other (Specify), Produced Water Other Rio Arriba (39)
nKMW1035533259 COG OPERATING LLC 8/2/10 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1035626626 Spur Energy Partners LLC 8/2/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1029539506 Contango Resources, Inc. 8/2/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1030755977 SPECIAL ENERGY CORP 8/1/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1035540015 Spur Energy Partners LLC 8/1/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1035535474 Spur Energy Partners LLC 8/1/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)

nBP1025148504 SIMCOE LLC 8/1/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure San Juan (45)

nBGB2105454494 APACHE CORPORATION 7/31/10 Produced Water Release Lea (25)
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nJK1201149375 DUGAN PRODUCTION CORP 7/30/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nJK1201149158 DUGAN PRODUCTION CORP 7/30/10 Produced Water Release Produced Water Normal Operations San Juan (45)

nBP1025149578 SIMCOE LLC 7/30/10 Major Produced Water Release

[OBSOLETE] Natural Gas 
(Methane), Other (Specify), 
Produced Water Equipment Failure San Juan (45)

nBP1025147732 SIMCOE LLC 7/30/10 Major Natural Gas Release

[OBSOLETE] Natural Gas 
(Methane), Other (Specify), 
Produced Water Equipment Failure San Juan (45)

nJK1206650118 ENERVEST OPERATING L.L.C. 7/29/10 Other Rio Arriba (39)
nJK1206650093 ENERVEST OPERATING L.L.C. 7/29/10 Minor Release Other Diesel Equipment Failure Rio Arriba (39)
nBP1025954141 ENERVEST OPERATING L.L.C. 7/29/10 Minor Oil Release Diesel, Other (Specify) Equipment Failure Rio Arriba (39)
nMLB1027341078 EOG Y RESOURCES, INC. 7/28/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1035542428 FE-NM, LLC 7/28/10 Major Oil Release Condensate Lightning Eddy (15)
nAPM2321334165 APACHE CORPORATION 7/27/10 Oil Release Lea (25)
nJK1133648970 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/27/10 Minor Oil Release Condensate, Produced Water Corrosion San Juan (45)
nMLB1027952232 COG OPERATING LLC 7/27/10 Major Oil Release Crude Oil Other Eddy (15)
nJK1206528367 XTO ENERGY, INC 7/26/10 Oil Release Crude Oil Corrosion Rio Arriba (39)
nJK1206639907 WPX ENERGY PRODUCTION, LLC 7/26/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)

nBP1025954381 Williams Four Corners, LLC 7/26/10 Minor Natural Gas Release
[OBSOLETE] Natural Gas 
(Methane), Other (Specify) Equipment Failure San Juan (45)

nJXK1606054660 APACHE CORPORATION 7/25/10 Minor Produced Water Release Produced Water Human Error Lea (25)
nGRL1033350412 BURGUNDY OIL & GAS OF N M INC 7/23/10 Major Release Other Crude Oil, Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nMLB1021653123 BURNETT OIL CO INC 7/23/10 Major Fire Crude Oil Blow Out Eddy (15)
nGRL1031641062 EOG Y RESOURCES, INC. 7/23/10 Minor Oil Release Crude Oil Human Error Chaves (05)
nBP1025139233 CONOCOPHILLIPS COMPANY 7/23/10 Minor Produced Water Release Other (Specify), Produced Water Equipment Failure Rio Arriba (39)
nGRL1033349437 Maverick Permian LLC 7/23/10 Minor Release Other Crude Oil, Produced Water Equipment Failure Lea (25)
nJK1133649889 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/22/10 Minor Produced Water Release Condensate, Produced Water Corrosion Rio Arriba (39)
nBP1025139961 BURLINGTON RESOURCES OIL & GAS CO 7/22/10 Minor Produced Water Release Other (Specify), Produced Water Corrosion Rio Arriba (39)
nBP1025139044 BURLINGTON RESOURCES OIL & GAS CO 7/22/10 Minor Produced Water Release Other (Specify), Produced Water Corrosion Rio Arriba (39)
nBP1025953856 ENERGEN RESOURCES CORPORATION 7/22/10 Produced Water Release Other (Specify), Produced Water Other Rio Arriba (39)
nJK1203039687 BP AMERICA PRODUCTION COMPANY 7/21/10 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1202630981 BP AMERICA PRODUCTION COMPANY 7/21/10 Minor Produced Water Release Produced Water San Juan (45)
nJK1123156181 WPX ENERGY PRODUCTION, LLC 7/21/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJMW1302353868 OXY USA WTP LIMITED PARTNERSHIP 7/21/10 Produced Water Release Produced Water Other Eddy (15)
nMLB1028134092 DORAL ENERGY CORP. 7/21/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nJXK1604731618 BURGUNDY OIL & GAS OF N M INC 7/20/10 Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1031636294 OCCIDENTAL PERMIAN LTD 7/20/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nMLB1101830357 OXY USA WTP LIMITED PARTNERSHIP 7/20/10 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nBP1026431667 CONOCOPHILLIPS COMPANY 7/20/10 Minor Produced Water Release Other (Specify), Produced Water Corrosion Rio Arriba (39)
nBP1025149413 CONOCOPHILLIPS COMPANY 7/20/10 Minor Produced Water Release Other (Specify), Produced Water Corrosion Rio Arriba (39)
nMLB1030139782 Spur Energy Partners LLC 7/20/10 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1023151336 Spur Energy Partners LLC 7/20/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1033352223 APACHE CORPORATION 7/19/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nJK1206055695 BURLINGTON RESOURCES OIL & GAS COMPANY LP 7/19/10 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nAPM2406440066 RICE OPERATING COMPANY 7/19/10 Produced Water Release Lea (25)

nBP1026430134 BURLINGTON RESOURCES OIL & GAS CO 7/19/10 Major Produced Water Release
Crude Oil, Other (Specify), 
Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
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nBP1025149085 BURLINGTON RESOURCES OIL & GAS CO 7/19/10 Major Produced Water Release
Crude Oil, Other (Specify), 
Produced Water Overflow - Tank, Pit, Etc. San Juan (45)

nJXK1535638800 Extex Operating Company 7/18/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1229951208 COG OPERATING LLC 7/17/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nBP1026431336 CONOCOPHILLIPS COMPANY 7/16/10 Major Produced Water Release Other (Specify), Produced Water Equipment Failure Rio Arriba (39)
nBP1025148893 CONOCOPHILLIPS COMPANY 7/16/10 Major Produced Water Release Other (Specify), Produced Water Equipment Failure Rio Arriba (39)
nMLB1204133036 7/15/10 Major Produced Water Release Produced Water Human Error Eddy (15)
nKMW1035631836 EOG Y RESOURCES, INC. 7/15/10 Major Produced Water Release Produced Water Corrosion Eddy (15)
nBP1027134859 MorningStar Operating LLC 7/15/10 Produced Water Release Other (Specify), Produced Water Other Rio Arriba (39)
nGRL1031631004 TARGA MIDSTREAM SERVICES LLC 7/14/10 Minor Release Other Natural Gas Liquids Corrosion Lea (25)
nKMW1035630971 ENERVEST OPERATING L.L.C. 7/14/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nBP1025126843 ENERGEN RESOURCES CORPORATION 7/14/10 Produced Water Release Other (Specify), Produced Water Other Rio Arriba (39)
nLWJ1019732835 ETC Texas Pipeline, Ltd. 7/14/10 Minor Oil Release Crude Oil Other Lea (25)
nBP1026428962 HALLADOR PETROLEUM LLP 7/13/10 Produced Water Release Produced Water Other San Juan (45)
nBP1026428855 HALLADOR PETROLEUM LLP 7/13/10 Produced Water Release San Juan (45)
nBP1025955039 HALLADOR PETROLEUM LLP 7/13/10 Produced Water Release Produced Water Other San Juan (45)
nBP1025954777 HALLADOR PETROLEUM LLP 7/13/10 Produced Water Release Produced Water Other San Juan (45)
nGRL1031639493 CONOCOPHILLIPS COMPANY 7/13/10 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nGRL1022148309 BXP Operating, LLC 7/13/10 Major Release Other Drilling Mud/Fluid Human Error Lea (25)
nGRL1031637736 OCCIDENTAL PERMIAN LTD 7/12/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nJXK1535553288 Spur Energy Partners LLC 7/12/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1601148529 Spur Energy Partners LLC 7/11/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1033354603 APACHE CORPORATION 7/10/10 Minor Release Other Other (Specify) Other Lea (25)
nGRL1031634517 OXY USA WTP LIMITED PARTNERSHIP 7/10/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nJK1133640729 DUGAN PRODUCTION CORP 7/9/10 Produced Water Release Produced Water Normal Operations San Juan (45)
nGRL1404936195 LINN OPERATING, LLC. 7/9/10 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nGRL1032629503 LINN OPERATING, LLC. 7/9/10 Minor Release Other Drilling Mud/Fluid Normal Operations Lea (25)
nGRL1035155336 COBALT OPERATING, LLC 7/9/10 Other Other (Specify) Other Lea (25)
nGRL1035154954 COBALT OPERATING, LLC 7/9/10 Other Lea (25)
nGRL1022257052 CART HILL ENERGY, LLC 7/9/10 Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nLWJ1019741781 Spur Energy Partners LLC 7/9/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJXK1610238678 BXP Operating, LLC 7/9/10 Other Unknown Other Lea (25)
nBP1026448466 SIMCOE LLC 7/9/10 Minor Oil Release Crude Oil Equipment Failure San Juan (45)

nGRL1022142200 DCP OPERATING COMPANY, LP 7/8/10 Minor Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane) Corrosion Lea (25)

nKMW1035543921 TANDEM ENERGY CORPORATION 7/7/10 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nLWJ1019648397 CANO PETRO OF NEW MEXICO, INC. 7/7/10 Other Other (Specify) Other Chaves (05)
nKMW1035628897 BOPCO, L.P. 7/7/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1106134361 Spur Energy Partners LLC 7/7/10 Major Produced Water Release Produced Water Other Eddy (15)
nLWJ1019429623 ETC Texas Pipeline, Ltd. 7/7/10 Minor Oil Release Crude Oil Human Error Lea (25)
nGRL1027456969 CELERO ENERGY II, LP 7/6/10 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nLWJ1019530957 FASKEN OIL & RANCH LTD 7/5/10 Major Produced Water Release B.S. & W. Corrosion Lea (25)
nKMW1035627612 BOPCO, L.P. 7/5/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1035625301 BOPCO, L.P. 7/5/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1031436824 DEVON ENERGY PRODUCTION COMPANY, LP 7/4/10 Major Oil Release Crude Oil Corrosion Lea (25)
nMLB1030158102 Spur Energy Partners LLC 7/4/10 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1115432886 ARAPAHOE OILFIELD SERVICES, LLC 7/3/10 Major Produced Water Release Produced Water Human Error Eddy (15)
nGRL1031437678 CHEVRON U S A INC 7/2/10 Minor Oil Release Crude Oil Human Error Lea (25)
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nKMW1110153254 EOG Y RESOURCES, INC. 7/2/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1028134966 DORAL ENERGY CORP. 7/2/10 Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1035633291 Spur Energy Partners LLC 7/2/10 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nKMW1035634128 BXP Operating, LLC 7/2/10 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1028134674 DORAL ENERGY CORP. 7/1/10 Produced Water Release Produced Water Equipment Failure Eddy (15)
nLWJ1019432769 ETC Texas Pipeline, Ltd. 7/1/10 Minor Oil Release B.S. & W. Corrosion Lea (25)
nBP1026447665 KOCH EXPLORATION COMPANY, LLC 6/30/10 Produced Water Release Produced Water Other San Juan (45)
nBP1026438355 KOCH EXPLORATION COMPANY, LLC 6/30/10 Produced Water Release Produced Water Other San Juan (45)
nBP1025127363 ENERGEN RESOURCES CORPORATION 6/30/10 Produced Water Release Produced Water Other Sandoval (43)
nMLB1033638700 Silverback Operating II, LLC 6/30/10 Major Oil Release Crude Oil Corrosion Eddy (15)
nGRL1033432578 APACHE CORPORATION 6/29/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nBP1025149763 NOBLE ENERGY INC 6/29/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nBP1026532232 WPX ENERGY PRODUCTION, LLC 6/28/10 Produced Water Release Produced Water Other Rio Arriba (39)
nBP1026531322 WPX ENERGY PRODUCTION, LLC 6/28/10 Produced Water Release Produced Water Other San Juan (45)
nBP1026439853 CONOCOPHILLIPS COMPANY 6/28/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1021156848 CART HILL ENERGY, LLC 6/28/10 Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nKMW1035645320 Spur Energy Partners LLC 6/28/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1027261323 Maverick Permian LLC 6/28/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nMLB1020852567 3R Operating, LLC 6/28/10 Minor Release Other Diesel Human Error Eddy (15)
nGRL1027455920 SOUTHWEST ROYALTIES INC 6/27/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nBGB2102934320 CHEVRON E&P 6/27/10 Produced Water Release Lea (25)
nMLB1023942085 MELROSE OPERATING COMPANY 6/26/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Eddy (15)
nBP1026531891 WPX ENERGY PRODUCTION, LLC 6/25/10 Produced Water Release Produced Water Other San Juan (45)
nGRL1021156218 CART HILL ENERGY, LLC 6/25/10 Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nKMW1110154023 EOG Y RESOURCES, INC. 6/24/10 Minor Produced Water Release Produced Water Human Error Eddy (15)
nKMW1035725961 COG OPERATING LLC 6/24/10 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nJXK1535130509 ENERVEST OPERATING L.L.C. 6/23/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1018856703 BXP Operating, LLC 6/23/10 Minor Oil Release Crude Oil, Produced Water Human Error Lea (25)
nKMW1110142039 EOG Y RESOURCES, INC. 6/22/10 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJK1215225503 WPX ENERGY PRODUCTION, LLC 6/22/10 Oil Release Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nBP1026531097 BURLINGTON RESOURCES OIL & GAS CO 6/21/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nBP1025126445 BURLINGTON RESOURCES OIL & GAS CO 6/21/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nKMW1035641356 COG OPERATING LLC 6/21/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1018852944 COG OPERATING LLC 6/21/10 Major Produced Water Release Produced Water Human Error Lea (25)
nBP1026533061 SIMCOE LLC 6/21/10 Major Oil Release Condensate Corrosion San Juan (45)
nBP1025140321 SIMCOE LLC 6/21/10 Major Oil Release Condensate Equipment Failure San Juan (45)
nLWJ1017951562 TARGA MIDSTREAM SERVICES LLC 6/20/10 Minor Other Lube Oil Other Lea (25)
nKMW1035726814 Spur Energy Partners LLC 6/19/10 Minor Oil Release Crude Oil Equipment Failure Eddy (15)
nLWJ1019732255 ETC Texas Pipeline, Ltd. 6/19/10 Minor Oil Release Crude Oil Corrosion Lea (25)
nGRL1018855882 POGO OIL & GAS OPERATING, INC 6/19/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1606056143 APACHE CORPORATION 6/18/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nJK1201152040 WPX ENERGY PRODUCTION, LLC 6/18/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nKMW1035648988 OXY USA WTP LIMITED PARTNERSHIP 6/18/10 Major Produced Water Release Produced Water Corrosion Eddy (15)
nJXK1620134734 OWL SWD OPERATING, LLC 6/18/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nLWJ1017649753 Spur Energy Partners LLC 6/18/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nJXK1535532182 Spur Energy Partners LLC 6/18/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKMW1035650831 DEVON ENERGY PRODUCTION COMPANY, LP 6/17/10 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
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nLWJ1017254245 RICE OPERATING COMPANY 6/17/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nLWJ1017254061 RICE OPERATING COMPANY 6/17/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1027258183 SIANA OPERATING LLC 6/16/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nAPP2132751407 DJR OPERATING, LLC 6/15/10 Major Produced Water Release Produced Water Other San Juan (45)
nKMW1035646177 BOPCO, L.P. 6/14/10 Major Oil Release Crude Oil Corrosion Eddy (15)
nKMW1035650013 OXY USA WTP LIMITED PARTNERSHIP 6/13/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1027259693 MorningStar Operating LLC 6/13/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nLWJ1017649117 Spur Energy Partners LLC 6/12/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nBP1025147529 XTO ENERGY, INC 6/11/10 Produced Water Release Crude Oil Other San Juan (45)
nLWJ1016256531 STEPHENS & JOHNSON OP CO 6/11/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nLWJ1016951614 ENERGEN RESOURCES CORPORATION 6/11/10 Minor Produced Water Release Produced Water Other Lea (25)
nGRL1031434848 SIANA OPERATING LLC 6/11/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nLWJ1017252763 Spur Energy Partners LLC 6/11/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nBP1026532673 XTO ENERGY, INC 6/10/10 Minor Oil Release Condensate Overflow - Tank, Pit, Etc. Rio Arriba (39)
nLWJ1016954547 CHEVRON MIDCONTINENT, L.P. 6/10/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1016137418 APOLLO ENERGY, L.P. 6/10/10 Produced Water Release Produced Water Other Eddy (15)
nKMW1035729870 Spur Energy Partners LLC 6/10/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nLWJ1016132531 Contango Resources, LLC 6/9/10 Minor Produced Water Release Produced Water Human Error Lea (25)
nJK1206037466 XTO ENERGY, INC 6/8/10 Oil Release Other (Specify) Normal Operations San Juan (45)
nBP1026531655 XTO ENERGY, INC 6/8/10 Produced Water Release Produced Water Other San Juan (45)
nGRL1027256596 SIANA OPERATING LLC 6/8/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1018142777 CART HILL ENERGY, LLC 6/8/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nBP1026534170 XTO ENERGY, INC 6/7/10 Produced Water Release Produced Water Corrosion San Juan (45)
nJXK1604733259 APACHE CORP 6/7/10 Major Produced Water Release Produced Water Human Error Lea (25)
nLWJ1015941346 RICE OPERATING COMPANY 6/7/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJMW1231341442 CHEVRON MIDCONTINENT, L.P. 6/7/10 Major Produced Water Release Produced Water Corrosion Eddy (15)
nLWJ1015933599 RICE OPERATING COMPANY 6/6/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nKMW1035732429 Silverback Operating II, LLC 6/6/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nBP1026540730 XTO ENERGY, INC 6/4/10 Oil Release Crude Oil Equipment Failure San Juan (45)
nBP1026533833 XTO ENERGY, INC 6/4/10 Oil Release Condensate Equipment Failure San Juan (45)
nLWJ1015932854 RICE OPERATING COMPANY 6/4/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nLWJ1015928303 TARGA MIDSTREAM SERVICES LLC 6/4/10 Minor Oil Release Crude Oil Corrosion Lea (25)
nBP1026530273 WPX ENERGY PRODUCTION, LLC 6/3/10 Major Produced Water Release Produced Water Human Error Rio Arriba (39)
nSAD1417755224 APACHE CORPORATION 6/2/10 Major Produced Water Release Produced Water Human Error Lea (25)
nKMW1035731740 EOG Y RESOURCES, INC. 6/2/10 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nBP1026540475 XTO ENERGY, INC 6/1/10 Produced Water Release Produced Water Other San Juan (45)
nGRL1031435971 DEVON ENERGY PRODUCTION COMPANY, LP 6/1/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nLWJ1031634211 PLAINS MARKETING L.P. 6/1/10 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nLWJ1016934914 Extex Operating Company 5/31/10 Major Produced Water Release Produced Water Lightning Lea (25)
nJXK1535236298 Spur Energy Partners LLC 5/29/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1016045970 DEVON ENERGY PRODUCTION COMPANY, LP 5/27/10 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1026542051 TARGA MIDSTREAM SERVICES LLC 5/27/10 Major Release Other Brine Water, Other (Specify) Human Error Lea (25)
nBP1026535154 BURLINGTON RESOURCES OIL & GAS CO 5/25/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nBP1026535376 NOBLE ENERGY INC 5/25/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1020035774 Acacia Operating Company, LLC 5/25/10 Major Oil Release Crude Oil Corrosion Lea (25)
nJK1206054357 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/24/10 Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1020038313 BC OPERATING, INC. 5/24/10 Produced Water Release Produced Water Human Error Lea (25)
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nBP1027141615 HUNTINGTON ENERGY, LLC 5/24/10 Major Oil Release Condensate Equipment Failure San Juan (45)
nBP1026534414 CONOCOPHILLIPS COMPANY 5/24/10 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nGRL1021441704 NEW MEXICO SALT WATER DISPOSAL COMPANY 5/23/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nJXK1535545321 Spur Energy Partners LLC 5/23/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nLWJ1015956699 Contango Resources, LLC 5/22/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nJK1133647924 BURLINGTON RESOURCES OIL & GAS COMPANY LP 5/21/10 Major Oil Release Condensate Vandalism San Juan (45)
nBP1027141134 BURLINGTON RESOURCES OIL & GAS CO 5/21/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. San Juan (45)
nBP1027140528 BURLINGTON RESOURCES OIL & GAS CO 5/21/10 Major Oil Release Condensate Vandalism San Juan (45)
nGRL1021442772 OCCIDENTAL PERMIAN LTD 5/21/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nBP1027140731 CONOCOPHILLIPS COMPANY 5/20/10 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nJK1530349074 BP AMERICA PRODUCTION COMPANY 5/19/10 Release Other San Juan (45)
nCS1532929763 BP AMERICA PRODUCTION COMPANY 5/19/10 Other Other (Specify) Other San Juan (45)
nBGB2028955511 YATES ENERGY CORP 5/19/10 Produced Water Release Lea (25)
nAPM2325732950 EOG Y RESOURCES, INC. 5/19/10 Produced Water Release Lea (25)
nCS1524750103 BURLINGTON RESOURCES OIL & GAS CO 5/19/10 Produced Water Release Other (Specify) Other San Juan (45)
nJK1132541318 CONOCOPHILLIPS COMPANY 5/19/10 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nBP1026635683 CONOCOPHILLIPS COMPANY 5/19/10 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nMLB1014041598 BAM Permian Operating, LLC 5/19/10 Major Release Other Condensate Corrosion Eddy (15)
nKMW1035742614 BAM Permian Operating, LLC 5/19/10 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nLWJ1014442480 Spur Energy Partners LLC 5/19/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nMLB1016047459 PHX Energy, LLC 5/19/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1108239438 CIMAREX ENERGY CO. OF COLORADO 5/18/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1035736062 CONOCOPHILLIPS COMPANY 5/18/10 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1013260977 REMNANT OIL OPERATING, LLC 5/18/10 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nBP1027051711 BURLINGTON RESOURCES OIL & GAS CO 5/17/10 Major Produced Water Release Produced Water Corrosion San Juan (45)
nLWJ1014441972 Spur Energy Partners LLC 5/17/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nLWJ1014456827 FAE II Operating LLC 5/17/10 Minor Produced Water Release B.S. & W. Other Lea (25)
nKMW1035743228 BAM Permian Operating, LLC 5/16/10 Major Produced Water Release Produced Water Corrosion Eddy (15)
nOY1735442692 EOG Y RESOURCES, INC. 5/15/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nGRL1013942583 OCCIDENTAL PERMIAN LTD 5/15/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nBP1027141308 ENERGEN RESOURCES CORPORATION 5/13/10 Produced Water Release Produced Water Other Rio Arriba (39)
nKMW1035734744 BOPCO, L.P. 5/13/10 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1035733871 BOPCO, L.P. 5/13/10 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nBP1026627665 XTO ENERGY, INC 5/12/10 Major Produced Water Release Produced Water Corrosion San Juan (45)
nBP1025138360 XTO ENERGY, INC 5/12/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nBP1027139254 ENERGEN RESOURCES CORPORATION 5/12/10 Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nKMW1035743946 COG OPERATING LLC 5/12/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nLWJ1013052063 WARREN AMERICAN OIL CO 5/10/10 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nLWJ1014030073 TANDEM ENERGY CORPORATION 5/10/10 Major Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nAPM2334049114 Enterprise Field Services, LLC 5/10/10 Minor Oil Release Crude Oil Corrosion Lea (25)
nKMW1035747007 BOPCO, L.P. 5/8/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nJXK1535637207 Spur Energy Partners LLC 5/7/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1013948809 Spur Energy Partners LLC 5/7/10 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nKMW1107641950 Spur Energy Partners LLC 5/6/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1035538024 Spur Energy Partners LLC 5/6/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nLWJ1012757011 CONOCOPHILLIPS COMPANY 5/5/10 Major Other B.S. & W. Other Lea (25)
nKMW1035746429 BOPCO, L.P. 5/5/10 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
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nBP1026552932 XTO ENERGY, INC 5/4/10 Major Produced Water Release Produced Water Corrosion San Juan (45)
nBP1026550437 CONOCOPHILLIPS COMPANY 5/4/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nMLB1001137919 XOG OPERATING LLC 5/4/10 Oil Release Drilling Mud/Fluid Eddy (15)
nLWJ1013834596 Spur Energy Partners LLC 5/4/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nBP1026550614 XTO ENERGY, INC 5/3/10 Minor Oil Release Condensate Overflow - Tank, Pit, Etc. San Juan (45)
nBP1026635520 BURLINGTON RESOURCES OIL & GAS CO 5/3/10 Major Produced Water Release Produced Water Corrosion San Juan (45)
nBP1026533278 BURLINGTON RESOURCES OIL & GAS CO 5/3/10 Major Produced Water Release Produced Water Corrosion San Juan (45)
nKMW1035745612 G and C Operating, LLC 5/3/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1013332423 CONOCOPHILLIPS COMPANY 5/2/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nLWJ1013032892 CHEVRON U S A INC 5/1/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nLWJ1031633770 PLAINS MARKETING L.P. 5/1/10 Oil Release Lea (25)
nGRL1013051775 TEAM OPERATING, L.L.C. 5/1/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nKMW1110138117 OXY USA WTP LIMITED PARTNERSHIP 4/30/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1107650803 SANDRIDGE EXPLORATION AND PRODUCTION, LLC 4/28/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nLWJ1011849290 MARATHON OIL CO 4/27/10 Major Other Lea (25)
nBP1027051915 BURLINGTON RESOURCES OIL & GAS CO 4/27/10 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nLWJ1020437206 CIMAREX ENERGY CO. OF COLORADO 4/27/10 Other Lea (25)
nBP1027232453 SIMCOE LLC 4/27/10 Minor Produced Water Release Produced Water Human Error San Juan (45)
nSAD1417755936 APACHE CORPORATION 4/26/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nMLB1022134929 EOG Y RESOURCES, INC. 4/26/10 Oil Release Crude Oil Corrosion Eddy (15)
nSEB1012548834 RILEY PERMIAN OPERATING COMPANY, LLC 4/26/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1013259660 J R OIL, LTD. CO. 4/25/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nGRL1013838489 Opal Operating Company LLC 4/25/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nGRL1013257172 SCOUT ENERGY MANAGEMENT LLC 4/25/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nKMW1035747830 EOG Y RESOURCES, INC. 4/23/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nAPP2110356466 RICE OPERATING COMPANY 4/22/10 Major Produced Water Release Other (Specify) Lea (25)
nAPM2406440830 RICE OPERATING COMPANY 4/22/10 Major Produced Water Release Lea (25)
nMLB1017346079 EOG Y RESOURCES, INC. 4/22/10 Major Oil Release Crude Oil Corrosion Eddy (15)
nMLB1011352696 CONOCOPHILLIPS COMPANY 4/22/10 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nBP1026635344 CONOCOPHILLIPS COMPANY 4/21/10 Minor Produced Water Release Condensate, Produced Water Corrosion Rio Arriba (39)
nBP1026533484 CONOCOPHILLIPS COMPANY 4/21/10 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nGRL1011727164 HERMAN L. LOEB LLC 4/21/10 Oil Release Crude Oil Other Lea (25)
nGRL1013130127 CART HILL ENERGY, LLC 4/21/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nSEB1011259221 RAYBAW Operating, LLC 4/21/10 Major Produced Water Release Produced Water Lightning Eddy (15)
nJK1206055019 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/20/10 Oil Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nLWJ1012053090 Spur Energy Partners LLC 4/20/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1011656306 ETC Texas Pipeline, Ltd. 4/20/10 Minor Crude Oil, Produced Water Corrosion Lea (25)
nGRL1013135677 DEVON ENERGY PRODUCTION COMPANY, LP 4/19/10 Minor Produced Water Release Produced Water Freeze Lea (25)
nBP1026550754 ENERGEN RESOURCES CORPORATION 4/19/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nCS1525853335 SIMCOE LLC 4/19/10 Oil Release San Juan (45)
nGRL1106654277 Extex Operating Company 4/19/10 Major Produced Water Release Crude Oil, Produced Water Other Lea (25)
nGRL1018341744 Extex Operating Company 4/19/10 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nBP1026635170 BURLINGTON RESOURCES OIL & GAS CO 4/16/10 Minor Produced Water Release Produced Water Corrosion Rio Arriba (39)
nGRL1013351539 Maverick Permian LLC 4/16/10 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nGRL1023738266 Kratos Operating, LLC 4/16/10 Minor Release Other Drilling Mud/Fluid Other Lea (25)
nGRL1023736764 Kratos Operating, LLC 4/16/10 Minor Release Other Drilling Mud/Fluid Other Lea (25)
nMLB1029554194 COG OPERATING LLC 4/15/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
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nLWJ1010449406 DCP OPERATING COMPANY, LP 4/14/10 Major Oil Release Natural Gas Liquids Other Lea (25)
nBP1027052092 BURLINGTON RESOURCES OIL & GAS CO 4/13/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nBP1026539852 BURLINGTON RESOURCES OIL & GAS CO 4/13/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nJK1133649474 CONOCOPHILLIPS COMPANY 4/13/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nBP1027139456 CONOCOPHILLIPS COMPANY 4/13/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nBP1027237856 ENTERPRISE PRODUCTS OPERATING, LLC 4/13/10 Minor Oil Release Condensate Corrosion Rio Arriba (39)
nKMW1101249539 SANDRIDGE EXPLORATION AND PRODUCTION, LLC 4/12/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1101250493 OWL SWD OPERATING, LLC 4/12/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1531332164 BURLINGTON RESOURCES OIL & GAS CO 4/9/10 Oil Release Other (Specify) Other San Juan (45)
nBP1027140247 WPX ENERGY PRODUCTION, LLC 4/9/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nBP1026549893 XTO ENERGY, INC 4/8/10 Minor Oil Release Condensate Freeze San Juan (45)
nBP1027140000 WPX ENERGY PRODUCTION, LLC 4/8/10 Minor Produced Water Release Produced Water Human Error Rio Arriba (39)
nKMW1101239955 Spur Energy Partners LLC 4/7/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1012056577 Spur Energy Partners LLC 4/7/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nLWJ1015526311 FAE II Operating LLC 4/7/10 Other Other (Specify) Other Lea (25)
nAPM2325449763 BXP Operating, LLC 4/7/10 Produced Water Release Lea (25)
nJK1206054885 BURLINGTON RESOURCES OIL & GAS COMPANY LP 4/6/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nBP1026550170 ENERGEN RESOURCES CORPORATION 4/6/10 Major Oil Release Condensate Freeze Rio Arriba (39)
nAPM2330350245 CENTURION PIPELINE L.P. 4/6/10 Oil Release Lea (25)
nLWJ1011835665 APACHE CORPORATION 4/5/10 Major Oil Release B.S. & W. Equipment Failure Lea (25)
nBP1026628544 ENTERPRISE PRODUCTS OPERATING, LLC 4/5/10 Minor Produced Water Release Glycol Equipment Failure San Juan (45)
nMLB1025648019 OXY USA INC 4/4/10 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nLWJ1014531934 TARGA MIDSTREAM SERVICES LLC 4/3/10 Minor Other Lube Oil Other Lea (25)
nGRL1013837522 EOG Y RESOURCES, INC. 4/2/10 Minor Oil Release Crude Oil Corrosion Lea (25)
nBP1026550920 XTO ENERGY, INC 3/31/10 Produced Water Release Produced Water Equipment Failure San Juan (45)
nLWJ1012754630 HARVARD PETROLEUM COMPANY, LLC 3/31/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nLWJ1012657164 HARVARD PETROLEUM COMPANY, LLC 3/31/10 Major Produced Water Release Produced Water Human Error Lea (25)
nRMD1010235050 WPX ENERGY PRODUCTION, LLC 3/31/10 Major Produced Water Release Produced Water Human Error Rio Arriba (39)
nBP1027141490 ENERGEN RESOURCES CORPORATION 3/31/10 Produced Water Release Produced Water Other Rio Arriba (39)
nLWJ1009639651 CHEVRON U S A INC 3/30/10 Major Fire Produced Water Fire Lea (25)
nJK1133646983 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/30/10 Major Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nBP1025141158 SIMCOE LLC 3/30/10 Major Oil Release Condensate Equipment Failure San Juan (45)
nRMD1010234433 BP AMERICA PRODUCTION COMPANY 3/29/10 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nJK1134040118 BURLINGTON RESOURCES OIL & GAS COMPANY LP 3/29/10 Major Produced Water Release Produced Water Corrosion Rio Arriba (39)
nGRL1012741965 J R OIL, LTD. CO. 3/29/10 Major Oil Release Crude Oil Corrosion Lea (25)
nLWJ1011835118 APACHE CORPORATION 3/28/10 Major Other B.S. & W. Other Lea (25)
nBP1026549126 CONOCOPHILLIPS COMPANY 3/28/10 Major Other Drilling Mud/Fluid Equipment Failure San Juan (45)
nBP1026537839 CONOCOPHILLIPS COMPANY 3/28/10 Major Oil Release Condensate, Produced Water Corrosion Rio Arriba (39)
nGRL1009942513 CART HILL ENERGY, LLC 3/27/10 Major Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nMLB1029356140 Extex Operating Company 3/27/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nLWJ1009941344 FULFER OIL & CATTLE LLC 3/26/10 Minor Oil Release Crude Oil Corrosion Lea (25)
nLWJ1010339858 Spur Energy Partners LLC 3/26/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nCS1512855624 BP AMERICA PRODUCTION COMPANY 3/25/10 Produced Water Release San Juan (45)
nLWJ1010460306 TARGA MIDSTREAM SERVICES LLC 3/23/10 Minor Oil Release Crude Oil Corrosion Lea (25)
nLWJ1028748615 DCP OPERATING COMPANY, LP 3/23/10 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nLWJ1010449859 DCP OPERATING COMPANY, LP 3/23/10 Minor Oil Release Crude Oil Corrosion Lea (25)
nGRL1027252693 LYNX OPERATING CO., INC. 3/23/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
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nGRL1018342490 Extex Operating Company 3/23/10 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nRMD1010948402 BLACK HILLS GAS RESOURCES, INC. 3/22/10 Major Produced Water Release Produced Water Equipment Failure Rio Arriba (39)
nRMD1010238344 CONOCOPHILLIPS COMPANY 3/22/10 Minor Produced Water Release Condensate, Produced Water Equipment Failure Rio Arriba (39)
nBP1025141028 SIMCOE LLC 3/22/10 Major Oil Release Condensate Equipment Failure San Juan (45)
nRMD1010235437 XTO ENERGY, INC 3/21/10 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nKMW1101255576 CHESAPEAKE OPERATING, INC. 3/21/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1101252818 BOPCO, L.P. 3/21/10 Major Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nLWJ1010338690 Spur Energy Partners LLC 3/20/10 Major Other Produced Water Equipment Failure Lea (25)
nJK1211050321 SIMCOE LLC 3/20/10 Minor Produced Water Release Produced Water Corrosion San Juan (45)
nGRL1011656924 Empire New Mexico LLC 3/20/10 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nLWJ1009035055 WARREN AMERICAN OIL CO 3/19/10 Minor Oil Release Crude Oil Vandalism Lea (25)
nGRL1012336561 MCDONNOLD OPERATING INC 3/18/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1012057698 MCDONNOLD OPERATING INC 3/18/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nGRL1012056000 BXP Operating, LLC 3/18/10 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nLWJ1011834641 APACHE CORPORATION 3/17/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRMD1010238705 XTO ENERGY, INC 3/16/10 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nRM2005844490 RICE OPERATING COMPANY 3/16/10 Produced Water Release Lea (25)
nKMW1101257328 STEPHENS & JOHNSON OP CO 3/16/10 Oil Release Crude Oil Equipment Failure Eddy (15)
nLWJ1011834174 APACHE CORPORATION 3/15/10 Major Oil Release B.S. & W. Human Error Lea (25)
nAPM2325435291 PLAINS PETROLEUM OPER CO 3/15/10 Other Roosevelt (41)
nAPM2320034327 PLAINS PETROLEUM OPER CO 3/15/10 Other Roosevelt (41)
nAPM2409247760 SAGA PETROLEUM LIMITED LIABILITY CO. 3/15/10 Other Roosevelt (41)
nGRL1013255165 Maverick Permian LLC 3/14/10 Minor Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nGRL1011653431 Maverick Permian LLC 3/14/10 Minor Oil Release Crude Oil, Other (Specify) Corrosion Lea (25)
nLWJ1011833368 APACHE CORPORATION 3/13/10 Major Oil Release B.S. & W. Equipment Failure Lea (25)
nLWJ1015834563 Spur Energy Partners LLC 3/13/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nKMW1107652510 Spur Energy Partners LLC 3/13/10 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nMLB1100555124 OXY USA INC 3/12/10 Major Oil Release Crude Oil, Produced Water Corrosion Eddy (15)
nCS1525853214 SIMCOE LLC 3/12/10 Oil Release San Juan (45)
nSEB1009835014 BOPCO, L.P. 3/10/10 Minor Oil Release Crude Oil, Produced Water Equipment Failure Eddy (15)

nCS1503740084 BP AMERICA PRODUCTION COMPANY 3/9/10 Oil Release
Condensate, Crude Oil, Produced 
Water Other San Juan (45)

nRMD1010949468 CONOCOPHILLIPS COMPANY 3/9/10 Major Oil Release Condensate, Produced Water Equipment Failure Rio Arriba (39)

nJK1206638221 CONOCOPHILLIPS COMPANY 3/9/10 Major Oil Release
Crude Oil, [OBSOLETE] Natural 
Gas (Methane), Produced Water Corrosion Rio Arriba (39)

nSEB1009830326 BOPCO, L.P. 3/9/10 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nKMW1101253579 BOPCO, L.P. 3/9/10 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nRMD1010951686 ELM RIDGE EXPLORATION COMPANY LLC 3/8/10 Major Fire Other (Specify) Lightning Rio Arriba (39)
nSEB1009829661 BOPCO, L.P. 3/8/10 Major Oil Release Crude Oil Human Error Eddy (15)
nGRL1013131535 SOUTHWEST ROYALTIES INC 3/7/10 Minor Produced Water Release Crude Oil, Produced Water Corrosion Lea (25)
nGRL1011654694 OCCIDENTAL PERMIAN LTD 3/5/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nJK1122337987 CONOCOPHILLIPS COMPANY 3/3/10 Oil Release Unknown Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1006727265 CHEVRON U S A INC 3/2/10 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Lea (25)
nBP1027232905 XTO ENERGY, INC 3/2/10 Major Oil Release Condensate Equipment Failure San Juan (45)
nLWJ1028848163 PLAINS MARKETING L.P. 3/1/10 Oil Release Other (Specify) Other Lea (25)
nGRL1006252016 CART HILL ENERGY, LLC 2/26/10 Major Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nGRL1035035494 Spur Energy Partners LLC 2/26/10 Minor Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nGRL1034954579 Spur Energy Partners LLC 2/26/10 Produced Water Release Lea (25)
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nRMD1010950890 BURLINGTON RESOURCES OIL & GAS CO 2/25/10 Produced Water Release Produced Water Other San Juan (45)
nBP1026539335 BURLINGTON RESOURCES OIL & GAS CO 2/25/10 Produced Water Release Produced Water Overflow - Tank, Pit, Etc. San Juan (45)
nGRL1006237466 COBALT OPERATING, LLC 2/25/10 Other Other (Specify) Normal Operations Lea (25)
nMLB1035136241 Spur Energy Partners LLC 2/25/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1011652936 Spur Energy Partners LLC 2/25/10 Minor Oil Release Crude Oil Equipment Failure Lea (25)
nRMD1010954818 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/24/10 Minor Oil Release Condensate Corrosion San Juan (45)
nBP1026538151 BURLINGTON RESOURCES OIL & GAS CO 2/24/10 Minor Oil Release Condensate Corrosion San Juan (45)
nGRL1007040354 Opal Operating Company LLC 2/24/10 Minor Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2119557775 Opal Operating Company LLC 2/24/10 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nRMD1010953872 XTO ENERGY, INC 2/23/10 Minor Oil Release Condensate, Produced Water Equipment Failure Rio Arriba (39)
nLWJ1005728998 COBALT OPERATING, LLC 2/22/10 Other Other (Specify) Other Lea (25)
nRMD1010955756 SIMCOE LLC 2/22/10 Oil Release Condensate Other San Juan (45)
nBP1025140597 SIMCOE LLC 2/22/10 Oil Release Crude Oil Equipment Failure San Juan (45)
nGRL1013254754 OXY USA INC 2/17/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nRMD1010956904 CONOCOPHILLIPS COMPANY 2/17/10 Minor Oil Release Condensate Equipment Failure Rio Arriba (39)
nBP1026538294 CONOCOPHILLIPS COMPANY 2/17/10 Minor Oil Release Condensate Corrosion Rio Arriba (39)
nRMD1010253274 XTO ENERGY, INC 2/16/10 Major Oil Release Condensate, Produced Water Corrosion San Juan (45)
nRMD1010956374 BURLINGTON RESOURCES OIL & GAS COMPANY LP 2/15/10 Minor Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nBP1026540291 BURLINGTON RESOURCES OIL & GAS CO 2/15/10 Minor Oil Release Crude Oil Equipment Failure Rio Arriba (39)
nKMW1101258082 SPECIAL ENERGY CORP 2/15/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nKMW1107638685 Spur Energy Partners LLC 2/15/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nBGB2103941074 MorningStar Operating LLC 2/15/10 Other Lea (25)
nGRL1010531939 SIANA OPERATING LLC 2/14/10 Major Release Other Crude Oil, Produced Water Corrosion Lea (25)
nLWJ1009949624 TARGA MIDSTREAM SERVICES LLC 2/12/10 Minor Oil Release Crude Oil Corrosion Lea (25)
nLWJ1005036838 Spur Energy Partners LLC 2/12/10 Major Other Produced Water Human Error Lea (25)
nGRL1006057666 Spur Energy Partners LLC 2/12/10 Major Produced Water Release Produced Water Human Error Lea (25)
nKMW1101256251 Silverback Operating II, LLC 2/11/10 Major Oil Release Condensate, Produced Water Freeze Eddy (15)
nMLB1005336396 LINN OPERATING, LLC. 2/9/10 Major Oil Release Crude Oil Equipment Failure Eddy (15)
nGRL1004056899 ARMSTRONG ENERGY CORP 2/8/10 Release Other Produced Water Lea (25)
nJXK1620138458 EOG Y RESOURCES, INC. 2/8/10 Minor Oil Release Crude Oil Overflow - Tank, Pit, Etc. Lea (25)
nRMD1011036310 CONOCOPHILLIPS COMPANY 2/8/10 Minor Produced Water Release Lube Oil, Produced Water Human Error Rio Arriba (39)
nJK1134040777 CONOCOPHILLIPS COMPANY 2/8/10 Minor Produced Water Release Lube Oil, Produced Water Overflow - Tank, Pit, Etc. Rio Arriba (39)
nSEB1004749255 ENTERPRISE PRODUCTS OPERATING, LLC 2/7/10 Natural Gas Release Eddy (15)
nKMW1110134604 OXY USA WTP LIMITED PARTNERSHIP 2/6/10 Major Produced Water Release Produced Water Corrosion Eddy (15)
nMLB1009655670 B&D Operating LLC 2/6/10 Major Oil Release Crude Oil Corrosion Eddy (15)
nGRL1010539051 HARVARD PETROLEUM COMPANY, LLC 2/5/10 Major Release Other Gelled Brine (Frac Fluid) Equipment Failure Chaves (05)
nGRL1006256838 CHESAPEAKE OPERATING, INC. 2/5/10 Major Produced Water Release Produced Water Overflow - Tank, Pit, Etc. Lea (25)
nMLB1004831009 Spur Energy Partners LLC 2/5/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1007747102 POCO Resources LLC 2/5/10 Oil Release Crude Oil, Produced Water Corrosion Lea (25)
nJXK1620130557 BAM Permian Operating, LLC 2/4/10 Major Produced Water Release Crude Oil, Produced Water Freeze Chaves (05)
nRMD1011036809 XTO ENERGY, INC 2/3/10 Minor Produced Water Release Produced Water Equipment Failure San Juan (45)
nKMW1101259064 COG OPERATING LLC 2/2/10 Minor Produced Water Release Produced Water Corrosion Eddy (15)
nGRL1003233195 XTO ENERGY, INC 2/1/10 Oil Release Crude Oil, Produced Water Normal Operations Lea (25)
nMLB1030833036 EOG Y RESOURCES, INC. 2/1/10 Major Release Other Condensate Corrosion Eddy (15)
nLWJ1003251419 CONOCOPHILLIPS COMPANY 2/1/10 Major Crude Oil Corrosion Lea (25)
nLWJ1014734223 CHEVRON U S A INC 1/29/10 Minor Oil Release B.S. & W. Freeze Lea (25)
nGRL1012338608 CHEVRON U S A INC 1/29/10 Minor Oil Release Crude Oil Equipment Failure Lea (25)
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nGRL1003635562 CONOCOPHILLIPS COMPANY 1/29/10 Minor Oil Release Crude Oil Corrosion Lea (25)
nMLB1004233399 Extex Operating Company 1/29/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nRMD1010253710 XTO ENERGY, INC 1/27/10 Major Oil Release Condensate Equipment Failure Rio Arriba (39)
nRMD1011038196 DUGAN PRODUCTION CORP 1/27/10 Major Oil Release Condensate Corrosion San Juan (45)
nGRL1012337068 ETC Texas Pipeline, Ltd. 1/27/10 Release Other Glycol Other Lea (25)
nRMD1010254247 XTO ENERGY, INC 1/25/10 Major Oil Release Condensate Human Error Rio Arriba (39)
nRMD1011036993 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/25/10 Major Produced Water Release Produced Water Freeze San Juan (45)
nBP1026539643 BURLINGTON RESOURCES OIL & GAS CO 1/25/10 Major Produced Water Release Produced Water Freeze San Juan (45)
nBP1026552413 XTO ENERGY, INC 1/24/10 Major Oil Release Condensate Human Error Rio Arriba (39)
nJXK1600454312 COG OPERATING LLC 1/23/10 Minor Produced Water Release Produced Water Equipment Failure Lea (25)
nGRL1003158975 APACHE CORPORATION 1/22/10 Minor Produced Water Release Produced Water Corrosion Lea (25)
nKMW1108031601 EOG Y RESOURCES, INC. 1/22/10 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nGRL1007048574 LEGACY RESERVES OPERATING, LP 1/22/10 Major Oil Release Crude Oil, Produced Water Freeze Lea (25)
nGRL1007053727 CART HILL ENERGY, LLC 1/22/10 Produced Water Release Produced Water Freeze Lea (25)
nRMD1011040391 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/20/10 Minor Oil Release Other (Specify) Freeze San Juan (45)
nAPM2325644472 TARGA MIDSTREAM SERVICES LLC 1/19/10 Other Lea (25)
nLWJ1030950140 OXY USA WTP LIMITED PARTNERSHIP 1/19/10 Minor Oil Release B.S. & W. Normal Operations Lea (25)
nGRL1003234956 Empire New Mexico LLC 1/19/10 Oil Release Crude Oil, Produced Water Normal Operations Lea (25)
nGRL1003233859 Empire New Mexico LLC 1/19/10 Oil Release Crude Oil, Produced Water Normal Operations Lea (25)
nGRL1013253291 SCOUT ENERGY MANAGEMENT LLC 1/19/10 Major Produced Water Release Produced Water Corrosion Lea (25)
nLWJ1017531529 JAY MANAGEMENT COMPANY, LLC 1/18/10 Major Produced Water Release Produced Water Human Error Lea (25)
nLWJ1017530415 JAY MANAGEMENT COMPANY, LLC 1/18/10 Other Lea (25)
nLWJ1009650935 JAY MANAGEMENT COMPANY, LLC 1/18/10 Major Produced Water Release Produced Water Human Error Lea (25)
nLWJ1003249653 Contango Resources, Inc. 1/18/10 Minor Other Brine Water Human Error Lea (25)
nMLB1004242112 DEVON ENERGY PRODUCTION COMPANY, LP 1/16/10 Major Produced Water Release Crude Oil, Produced Water Freeze Eddy (15)
nKMW1111143297 DEVON ENERGY PRODUCTION COMPANY, LP 1/14/10 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nMLB1110436673 MEWBOURNE OIL CO 1/14/10 Oil Release Eddy (15)
nLWJ1008530833 FULFER OIL & CATTLE LLC 1/14/10 Oil Release Crude Oil Other Lea (25)
nAPP2217233972 El Paso Natural Gas Company, L.L.C 1/13/10 Major Other Other (Specify) Normal Operations Hidalgo (23)
nGRL1003156977 OCCIDENTAL PERMIAN LTD 1/13/10 Major Oil Release Crude Oil, Produced Water Normal Operations Lea (25)
nAPM2409235374 HOLLY ENERGY PARTNERS, LP 1/13/10 Oil Release Lea (25)
nSEB1002032581 CHEVRON U S A INC 1/11/10 Minor Produced Water Release Produced Water Freeze Eddy (15)
nGRL1003640324 PRIDE ENERGY COMPANY 1/11/10 Produced Water Release Produced Water Corrosion Lea (25)
nRMD1010240968 ENERGEN RESOURCES CORPORATION 1/11/10 Produced Water Release Produced Water Other Rio Arriba (39)
nGRL1003631883 CONOCOPHILLIPS COMPANY 1/11/10 Major Oil Release Crude Oil, Produced Water Human Error Lea (25)
nMLB1004338184 OXY USA WTP LIMITED PARTNERSHIP 1/10/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1610447747 CONOCOPHILLIPS PIPELINE COMPANY 1/10/10 Major Oil Release Crude Oil Freeze Lea (25)
nKMW1101324750 OXY USA WTP LIMITED PARTNERSHIP 1/9/10 Major Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nMLB1025941828 Spur Energy Partners LLC 1/9/10 Minor Produced Water Release Produced Water Equipment Failure Eddy (15)
nJXK1620955943 MorningStar Operating LLC 1/9/10 Minor Produced Water Release Crude Oil, Produced Water Freeze Lea (25)
nRMD1011040704 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/8/10 Minor Oil Release Other (Specify), Produced Water Freeze Rio Arriba (39)
nJK1134041144 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/8/10 Minor Produced Water Release Other (Specify), Produced Water Freeze Rio Arriba (39)
nKMW1101327569 OXY USA WTP LIMITED PARTNERSHIP 1/8/10 Major Oil Release Crude Oil Corrosion Eddy (15)
nKMW1101325849 OXY USA WTP LIMITED PARTNERSHIP 1/8/10 Minor Produced Water Release Crude Oil, Produced Water Equipment Failure Eddy (15)
nGRL1001160523 TEAM OPERATING, L.L.C. 1/7/10 Produced Water Release Crude Oil, Produced Water Other Lea (25)
nRMD1011040102 CONOCOPHILLIPS COMPANY 1/6/10 Major Produced Water Release Produced Water Freeze San Juan (45)
nJK1134041738 CONOCOPHILLIPS COMPANY 1/6/10 Major Produced Water Release Motor Oil, Produced Water Freeze San Juan (45)
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nGRL1003552704 CART HILL ENERGY, LLC 1/6/10 Oil Release Crude Oil Corrosion Lea (25)
nGRL1001159648 TEAM OPERATING, L.L.C. 1/6/10 Major Oil Release Crude Oil, Produced Water Equipment Failure Lea (25)
nRMD1011039863 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/5/10 Major Produced Water Release Produced Water Freeze San Juan (45)
nBP1026538449 BURLINGTON RESOURCES OIL & GAS CO 1/4/10 Minor Oil Release Motor Oil Freeze San Juan (45)
nMLB1106931205 Spur Energy Partners LLC 1/4/10 Major Produced Water Release Produced Water Equipment Failure Eddy (15)
nCS1510353271 SIMCOE LLC 1/4/10 Oil Release Condensate Other San Juan (45)
nGRL1000852783 FASKEN OIL & RANCH LTD 1/3/10 Major Produced Water Release Produced Water Equipment Failure Lea (25)
nRMD1011041027 BURLINGTON RESOURCES OIL & GAS COMPANY LP 1/2/10 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nKMW1101328629 YATES ENERGY CORP 1/2/10 Minor Produced Water Release Produced Water Human Error Eddy (15)
nBP1026539130 BURLINGTON RESOURCES OIL & GAS CO 1/2/10 Major Produced Water Release Produced Water Freeze San Juan (45)
nBP1026538936 BURLINGTON RESOURCES OIL & GAS CO 1/2/10 Major Produced Water Release Produced Water Equipment Failure San Juan (45)
nGRL1013134687 J R OIL, LTD. CO. 1/2/10 Minor Oil Release Crude Oil, Produced Water Freeze Lea (25)
nAPP2220136579 OXY USA INC 1/1/10 Major Release Other Crude Oil, Produced Water Other Eddy (15)
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Incident Number Operator Name Severity Incident Type Incident Date Material
Volume 

Released
Volume 

Recovered
Volume 

Lost
Unit Of 
Volume

Spill Cause County
Waterway 

Affected

Ground 
Water 
Impact

nAPP2429033179 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/15/24 Produced Water 40 40 0 BBL Equipment Failure Lea (25) No No
nAPP2428942483 Spur Energy Partners LLC Minor Oil Release 10/15/24 Crude Oil 23 23 0 BBL Corrosion Eddy (15) No No
nAPP2428860040 COG OPERATING LLC Major Produced Water Release 10/14/24 Produced Water 45 45 0 BBL Corrosion Lea (25) No No
nAPP2428859784 COG OPERATING LLC Major Oil Release 10/13/24 Crude Oil 62 59 3 BBL Other Lea (25) No No
nAPP2429033943 OXY USA INC Major Produced Water Release 10/13/24 Produced Water 50 40 10 BBL Equipment Failure Eddy (15) No No
nAPP2428740038 Spur Energy Partners LLC Major Produced Water Release 10/13/24 Produced Water 30 30 0 BBL High Line Pressure Eddy (15) No No
nAPP2428739646 Spur Energy Partners LLC Major Produced Water Release 10/12/24 Produced Water 48 48 0 BBL Corrosion Eddy (15) No No
nAPP2428834682 XTO ENERGY, INC Minor Produced Water Release 10/12/24 Produced Water 22 21 1 BBL Human Error Eddy (15) No No
nAPP2428730359 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/12/24 Produced Water 21 20 1 BBL Equipment Failure Lea (25) No No
nAPP2428738425 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/12/24 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2428855971 BTA OIL PRODUCERS, LLC Minor Produced Water Release 10/12/24 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2428555252 XTO ENERGY, INC Major Produced Water Release 10/11/24 Produced Water 36 0 36 BBL Human Error Eddy (15) No No
nAPP2428842762 XTO ENERGY, INC Minor Release Other 10/11/24 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAPP2428842762 XTO ENERGY, INC Minor Release Other 10/11/24 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2428555191 FRONTIER FIELD SERVICES, LLC Major Fire 10/11/24 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2428555191 FRONTIER FIELD SERVICES, LLC Major Fire 10/11/24 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nAPP2428555191 FRONTIER FIELD SERVICES, LLC Major Fire 10/11/24 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2428835246 XTO ENERGY, INC Minor Produced Water Release 10/10/24 Produced Water 8 5 3 BBL Corrosion Eddy (15) No No
nAPP2428554079 CIMAREX ENERGY CO. Major Produced Water Release 10/10/24 Produced Water 86 86 0 BBL Corrosion Eddy (15) No No
nAPP2428552848 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 10/10/24 Produced Water 228 0 228 BBL Equipment Failure Lea (25) No No
nAPP2428858798 ENDURING RESOURCES, LLC Minor Oil Release 10/9/24 Crude Oil 21 21 0 BBL Equipment Failure Sandoval (43) No No
nAPP2428369219 XTO ENERGY, INC Major Release Other 10/9/24 Crude Oil 28 0 28 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2428369219 XTO ENERGY, INC Major Release Other 10/9/24 Produced Water 863 80 783 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2428259758 XTO ENERGY, INC Major Produced Water Release 10/8/24 Produced Water 187 0 187 BBL Equipment Failure Eddy (15) No No
nAPP2428330737 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/8/24 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2428840796 OXY USA INC Major Produced Water Release 10/8/24 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nAPP2428245356 XTO ENERGY, INC Minor Produced Water Release 10/7/24 Produced Water 13 1 12 BBL Corrosion Eddy (15) No No
nAPP2428245356 XTO ENERGY, INC Minor Produced Water Release 10/7/24 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2428155987 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/7/24 Produced Water 172 172 0 BBL Equipment Failure Lea (25) No No
nAPP2428841649 OXY USA INC Major Produced Water Release 10/6/24 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nAPP2428539636 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 10/6/24 Crude Oil 20 17 3 BBL Human Error Eddy (15) No No
nAPP2428539636 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 10/6/24 Produced Water 5 3 2 BBL Human Error Eddy (15) No No
nAPP2428239471 COG OPERATING LLC Major Produced Water Release 10/6/24 Produced Water 60 0 60 BBL Equipment Failure Eddy (15) No No
nAPP2428065285 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/6/24 Crude Oil 10 10 0 BBL Human Error Lea (25) No No
nAPP2428225024 HILCORP ENERGY COMPANY Minor Oil Release 10/5/24 Condensate 14 14 0 BBL Human Error San Juan (45) No No
nAPP2428849677 MEWBOURNE OIL CO Major Produced Water Release 10/5/24 Produced Water 305 250 55 BBL Equipment Failure Eddy (15) No No
nAPP2428149257 XTO ENERGY, INC Minor Produced Water Release 10/5/24 Produced Water 20 1 19 BBL Other Eddy (15) No No
nAPP2428033681 XTO ENERGY, INC Major Produced Water Release 10/5/24 Produced Water 90 90 0 BBL Equipment Failure Lea (25) No No
nAPP2427863203 Enterprise Field Services, LLC Minor Release Other 10/4/24 Condensate 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2427862444 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/4/24 Crude Oil 20 10 10 BBL Equipment Failure Eddy (15) No No
nAPP2427745812 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/3/24 Produced Water 17 11 6 BBL Equipment Failure Eddy (15) No No
nAPP2427841184 ENDURING RESOURCES, LLC Major Oil Release 10/3/24 Crude Oil 41 41 0 BBL Equipment Failure Sandoval (43) No No
nAPP2427735134 Permian Resources Operating, LLC Major Oil Release 10/3/24 Crude Oil 49 0 49 BBL Normal Operations Eddy (15) No No
nAPP2427837267 HF Sinclair Navajo Refining LLC Minor Release Other 10/3/24 Other (Specify) 7 6 1 BBL Equipment Failure Eddy (15) No No
nAPP2427743308 Enterprise Field Services, LLC Minor Other 10/2/24 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2427743659 Enterprise Field Services, LLC Minor Other 10/2/24 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2427744064 Enterprise Field Services, LLC Minor Other 10/2/24 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2427725929 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/2/24 Crude Oil 11 0 11 BBL Equipment Failure Eddy (15) No No
nAPP2427861348 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/2/24 Produced Water 7 4 3 BBL Equipment Failure Eddy (15) No No
nAPP2427633945 Enterprise Field Services, LLC Minor Other 10/1/24 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2427549504 Enterprise Field Services, LLC Minor Natural Gas Release 10/1/24 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2427635747 Enterprise Field Services, LLC Minor Other 10/1/24 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2427635231 Enterprise Field Services, LLC Minor Other 10/1/24 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2427622152 MARATHON OIL PERMIAN LLC Minor Produced Water Release 10/1/24 Produced Water 19 19 0 BBL Human Error Lea (25) No No
nAPP2427632313 COG OPERATING LLC Major Produced Water Release 10/1/24 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2427552444 TEAM OPERATING, L.L.C. Major Produced Water Release 9/30/24 Produced Water 60 30 30 BBL Equipment Failure Lea (25) No No
nAPP2427461130 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/30/24 Produced Water 8 5 3 BBL Equipment Failure Eddy (15) No No
nAPP2428231844 ENDURING RESOURCES, LLC Major Produced Water Release 9/30/24 Produced Water 152 25 127 BBL Corrosion Rio Arriba (39) No No
nAPP2427534650 Enterprise Field Services, LLC Major Other 9/30/24 Other (Specify) 67 25 42 BBL Human Error San Juan (45) No No
nAPP2427451370 XTO ENERGY, INC Major Produced Water Release 9/30/24 Produced Water 262 260 2 BBL Equipment Failure Eddy (15) No No
nAPP2427431240 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/29/24 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAPP2427440858 LONGFELLOW ENERGY, LP Major Produced Water Release 9/29/24 Produced Water 70 65 5 BBL Blow Out Eddy (15) No No
nAPP2427834245 OXY USA INC Minor Produced Water Release 9/29/24 Produced Water 23 10 13 BBL Equipment Failure Eddy (15) No No
nAPP2427649926 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 9/29/24 Produced Water 50 50 0 BBL Equipment Failure Roosevelt (41) No No
nAPP2427529587 COG OPERATING LLC Major Produced Water Release 9/28/24 Produced Water 38 35 3 BBL Normal Operations Lea (25) No No
nAPP2427157652 Maverick Permian LLC Minor Produced Water Release 9/26/24 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2427052436 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/26/24 Produced Water 75 75 0 BBL Equipment Failure Eddy (15) No No
nAPP2427157652 Maverick Permian LLC Minor Produced Water Release 9/26/24 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nAPP2426951682 Permian Resources Operating, LLC Minor Other 9/25/24 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2426951682 Permian Resources Operating, LLC Minor Other 9/25/24 Produced Water 18 0 18 BBL Equipment Failure Eddy (15) No No
nAPP2426952037 MATADOR PRODUCTION COMPANY Major Oil Release 9/25/24 Crude Oil 393 290 103 BBL Equipment Failure Lea (25) No No
nAPP2427521789 MARATHON OIL PERMIAN LLC Minor Produced Water Release 9/25/24 Produced Water 9 9 0 BBL Equipment Failure Lea (25) No No
nAPP2427125865 DCP OPERATING COMPANY, LP Major Blow Out 9/25/24 Condensate 27 0 27 BBL Blow Out Lea (25) No No
nAPP2427041103 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/24/24 Produced Water 20 20 0 BBL Equipment Failure Lea (25) No No
nAPP2426879090 CHEVRON U S A INC Produced Water Release 9/24/24 Crude Oil 0 0 0 BBL Repair and Maintenance Eddy (15) No No
nAPP2426879090 CHEVRON U S A INC Produced Water Release 9/24/24 Produced Water 1 1 0 BBL Repair and Maintenance Eddy (15) No No
nAPP2426749652 Permian Resources Operating, LLC Major Produced Water Release 9/23/24 Crude Oil 5 0 5 BBL Normal Operations Eddy (15) No No
nAPP2426746146 APACHE CORPORATION Major Oil Release 9/23/24 Crude Oil 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2426749652 Permian Resources Operating, LLC Major Produced Water Release 9/23/24 Produced Water 40 0 40 BBL Normal Operations Eddy (15) No No
nAPP2427138071 DCP OPERATING COMPANY, LP Minor Natural Gas Release 9/22/24 Condensate 12 0 12 BBL Corrosion Lea (25) No No
nAPP2426745334 COG OPERATING LLC Major Fire 9/22/24 Produced Water 50 0 50 BBL Fire Eddy (15) No No
nAPP2428350349 APACHE CORPORATION Minor Oil Release 9/21/24 Crude Oil 7 7 0 BBL Power Failure Lea (25) No No
nAPP2426848904 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 9/21/24 Condensate 8 6 2 BBL High Line Pressure Lea (25) No No
nAPP2426943509 BTA OIL PRODUCERS, LLC Minor Produced Water Release 9/21/24 Produced Water 18 18 0 BBL Equipment Failure Lea (25) No No
nAPP2426430978 Permian Resources Operating, LLC Major Produced Water Release 9/20/24 Produced Water 40 0 40 BBL Normal Operations Lea (25) No No
nAPP2426476658 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/20/24 Produced Water 5 2 3 BBL Equipment Failure Lea (25) No No
nAPP2426430668 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/19/24 Crude Oil 13 5 8 BBL Equipment Failure Lea (25) No No
nAPP2426427757 XTO ENERGY, INC Minor Produced Water Release 9/19/24 Produced Water 10 10 0 BBL Normal Operations Eddy (15) No No
nAPP2426347970 CIMAREX ENERGY CO. Major Produced Water Release 9/19/24 Produced Water 23 23 0 BBL Human Error Eddy (15) No No
nAPP2426347970 CIMAREX ENERGY CO. Major Produced Water Release 9/19/24 Crude Oil 13 13 0 BBL Human Error Eddy (15) No No
nAPP2426443293 BTA OIL PRODUCERS, LLC Major Produced Water Release 9/18/24 Produced Water 71 50 21 BBL Equipment Failure Lea (25) No No
nAPP2426446424 BTA OIL PRODUCERS, LLC Major Produced Water Release 9/18/24 Produced Water 27 27 0 BBL Equipment Failure Lea (25) No No
nAPP2426463181 CHEVRON U S A INC Minor Produced Water Release 9/18/24 Produced Water 4 0 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
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nAPP2426463181 CHEVRON U S A INC Minor Produced Water Release 9/18/24 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2426227740 XTO ENERGY, INC Major Produced Water Release 9/17/24 Produced Water 1029 790 239 BBL Corrosion Eddy (15) No No
nAPP2426152565 Enterprise Field Services, LLC Minor Natural Gas Release 9/17/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2426172029 CIMAREX ENERGY CO. Major Produced Water Release 9/17/24 Produced Water 39 39 0 BBL Equipment Failure Lea (25) No No
nAPP2426172029 CIMAREX ENERGY CO. Major Produced Water Release 9/17/24 Crude Oil 28 26 2 BBL Equipment Failure Lea (25) No No
nAPP2426227823 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/17/24 Produced Water 566 566 0 BBL Equipment Failure Lea (25) No No
nAPP2426162492 CHEVRON U S A INC Major Produced Water Release 9/17/24 Produced Water 34 21 13 BBL Equipment Failure Lea (25) No No
nAPP2426162492 CHEVRON U S A INC Major Produced Water Release 9/17/24 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nAPP2426130122 Blackbuck New Mexico LLC Major Produced Water Release 9/16/24 Produced Water 200 0 200 BBL Other Eddy (15) No No
nAPP2426141700 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/16/24 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nAPP2426127476 FRONTIER FIELD SERVICES, LLC Minor Release Other 9/16/24 Condensate 6 4 2 BBL Corrosion Chaves (05) No No
nAPP2426245843 BTA OIL PRODUCERS, LLC Minor Produced Water Release 9/16/24 Produced Water 21 20 1 BBL Equipment Failure Lea (25) No No
nAPP2426054969 CIMAREX ENERGY CO. Major Oil Release 9/16/24 Crude Oil 26 26 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2426039329 OXY USA INC Minor Produced Water Release 9/15/24 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2426027791 XTO ENERGY, INC Minor Produced Water Release 9/15/24 Produced Water 10 10 0 BBL Other Eddy (15) No No
nAPP2426039329 OXY USA INC Minor Produced Water Release 9/15/24 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nAPP2426027074 XTO ENERGY, INC Minor Produced Water Release 9/14/24 Produced Water 20 20 0 BBL Other Eddy (15) No No
nAPP2425876097 CIMAREX ENERGY CO. Minor Produced Water Release 9/14/24 Brine Water 11 4 7 BBL Human Error Eddy (15) No No
nAPP2427026341 OXY USA INC Major Produced Water Release 9/13/24 Produced Water 50 40 10 BBL Equipment Failure Lea (25) No No
nAPP2425933523 XTO ENERGY, INC Major Produced Water Release 9/13/24 Produced Water 120 120 0 BBL Other Eddy (15) No No
nAPP2426025036 Maverick Permian LLC Minor Produced Water Release 9/13/24 Produced Water 20 8 12 BBL Equipment Failure Lea (25) No No
nAPP2425751540 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/13/24 Produced Water 17 16 1 BBL Equipment Failure Lea (25) No No
nAPP2425727179 XTO ENERGY, INC Major Other 9/12/24 Crude Oil 15 7 8 BBL Corrosion Eddy (15) No No
nAPP2425727179 XTO ENERGY, INC Major Other 9/12/24 Produced Water 15 7 8 BBL Corrosion Eddy (15) No No
nAPP2426028631 Spur Energy Partners LLC Major Produced Water Release 9/12/24 Produced Water 44 44 0 BBL Corrosion Lea (25) No No
nAPP2425666588 XTO ENERGY, INC Major Produced Water Release 9/12/24 Produced Water 683 663 20 BBL Human Error Eddy (15) No No
nAPP2425732593 XTO ENERGY, INC Minor Produced Water Release 9/12/24 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2425735479 XTO ENERGY, INC Minor Produced Water Release 9/11/24 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2425643948 HF Sinclair Navajo Refining LLC Minor Release Other 9/11/24 Other (Specify) 15 14 1 BBL Other Eddy (15) No No
nAPP2425624438 Spur Energy Partners LLC Major Produced Water Release 9/11/24 Produced Water 55 0 55 BBL High Line Pressure Eddy (15) No No
nAPP2425553609 Enterprise Field Services, LLC Minor Natural Gas Release 9/11/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2425544205 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/11/24 Produced Water 37 14 23 BBL Equipment Failure Eddy (15) No No
nAPP2425638152 LH Operating, LLC Major Oil Release 9/10/24 Crude Oil 20 11 9 BBL Equipment Failure Eddy (15) No No
nAPP2425636992 WPX Energy Permian, LLC Minor Produced Water Release 9/10/24 Produced Water 12 12 0 BBL Corrosion Eddy (15) No No

nAPP2425557196 OWL SWD OPERATING, LLC Major Produced Water Release 9/10/24 Produced Water 230 30 200 BBL
Midstream Scheduled 
Maintenance Lea (25) No No

nAPP2425638152 LH Operating, LLC Major Oil Release 9/10/24 Produced Water 30 20 10 BBL Equipment Failure Eddy (15) No No
nAPP2425352259 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/9/24 Crude Oil 8 2 6 BBL Equipment Failure Lea (25) No No
nAPP2425456080 MorningStar Operating LLC Major Oil Release 9/9/24 Crude Oil 35 25 10 BBL Equipment Failure Lea (25) No No
nAPP2425452465 COG OPERATING LLC Major Release Other 9/9/24 Crude Oil 59 58 1 BBL Equipment Failure Lea (25) No No
nAPP2425430482 HF Sinclair Navajo Refining LLC Major Release Other 9/9/24 Other (Specify) 30 25 5 BBL Human Error Eddy (15) No Yes
nAPP2425452465 COG OPERATING LLC Major Release Other 9/9/24 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2425352986 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/8/24 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2425343251 Spur Energy Partners LLC Minor Produced Water Release 9/8/24 Produced Water 18 1 17 BBL Human Error Eddy (15) No No
nAPP2425236568 MATADOR PRODUCTION COMPANY Major Oil Release 9/7/24 Crude Oil 134 134 0 BBL Corrosion Eddy (15) No No
nAPP2425341702 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/7/24 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nAPP2425328865 Enterprise Field Services, LLC Minor Natural Gas Release 9/7/24 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2425329209 Enterprise Field Services, LLC Minor Natural Gas Release 9/7/24 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2425041943 MATADOR PRODUCTION COMPANY Minor Produced Water Release 9/6/24 Produced Water 11 2 9 BBL Equipment Failure Eddy (15) No No
nAPP2426029063 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 9/6/24 Condensate 5 0 5 BBL High Line Pressure Eddy (15) No No
nAPP2424955027 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/5/24 Crude Oil 5 1 4 BBL Equipment Failure Lea (25) No No
nAPP2425330146 WPX Energy Permian, LLC Minor Produced Water Release 9/4/24 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nAPP2424855704 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/4/24 Produced Water 123 123 0 BBL Equipment Failure Lea (25) No No
nAPP2425330146 WPX Energy Permian, LLC Minor Produced Water Release 9/4/24 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2424846665 Enterprise Field Services, LLC Major Natural Gas Release 9/4/24 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) Yes No
nAPP2424938520 CAZA OPERATING, LLC Minor Blow Out 9/4/24 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2424928034 DCP OPERATING COMPANY, LP Major Natural Gas Release 9/3/24 Condensate 133 35 98 BBL Human Error Lea (25) No No
nAPP2424850463 Spur Energy Partners LLC Major Release Other 9/3/24 Produced Water 71 70 1 BBL Corrosion Eddy (15) No No
nAPP2424850463 Spur Energy Partners LLC Major Release Other 9/3/24 Crude Oil 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2424736669 XTO ENERGY, INC Major Fire 9/2/24 Unknown 0 0 0 BBL Fire Eddy (15) No No
nAPP2424953647 DJR OPERATING, LLC Minor Produced Water Release 9/2/24 Produced Water 10 10 0 BBL Equipment Failure San Juan (45) No No
nAPP2424656984 Spur Energy Partners LLC Major Oil Release 9/1/24 Crude Oil 305 305 0 BBL Human Error Eddy (15) No No
nAPP2424476743 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/31/24 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nAPP2424750109 OXY USA INC Minor Produced Water Release 8/30/24 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nAPP2424334807 CIMAREX ENERGY CO. Major Oil Release 8/30/24 Drilling Mud/Fluid 72 72 0 BBL Equipment Failure Eddy (15) No No
nAPP2425757674 MEWBOURNE OIL CO Major Produced Water Release 8/30/24 Produced Water 392 0 392 BBL Equipment Failure Eddy (15) No No
nAPP2424378052 CHEVRON U S A INC Major Produced Water Release 8/30/24 Crude Oil 3 3 0 BBL High Line Pressure Eddy (15) No No
nAPP2424750109 OXY USA INC Minor Produced Water Release 8/30/24 Produced Water 8 3 5 BBL Equipment Failure Eddy (15) No No
nAPP2424378052 CHEVRON U S A INC Major Produced Water Release 8/30/24 Produced Water 51 50 1 BBL High Line Pressure Eddy (15) No No
nAPP2424355183 Enterprise Field Services, LLC Minor Natural Gas Release 8/30/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2424231917 Targa Northern Delaware, LLC. Minor Natural Gas Release 8/28/24 Condensate 6 0 6 BBL Equipment Failure Eddy (15) No No
nAPP2424738940 XTO ENERGY, INC Minor Oil Release 8/28/24 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2424242355 OXY USA INC Major Produced Water Release 8/28/24 Produced Water 190 170 20 BBL Equipment Failure Lea (25) No No
nAPP2424237514 TARGA MIDSTREAM SERVICES LLC Major Natural Gas Release 8/28/24 Condensate 51 38 13 BBL Corrosion Lea (25) No No
nAPP2426033046 COG OPERATING LLC Minor Release Other 8/28/24 Unknown 5 0 5 BBL Other Lea (25) No No
nAPP2425946348 Copper Ridge Resources, LLC Major Oil Release 8/27/24 Crude Oil 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2424054089 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 8/27/24 Crude Oil 12 6 6 BBL Equipment Failure Lea (25) No No
nAPP2425946348 Copper Ridge Resources, LLC Major Oil Release 8/27/24 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2425330502 COG PRODUCTION, LLC Minor Release Other 8/27/24 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nAPP2425946348 Copper Ridge Resources, LLC Major Oil Release 8/27/24 Condensate 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2425330502 COG PRODUCTION, LLC Minor Release Other 8/27/24 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2424734929 XTO ENERGY, INC Minor Produced Water Release 8/27/24 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2424037623 CIMAREX ENERGY CO. Major Produced Water Release 8/26/24 Crude Oil 3 3 0 BBL Human Error Lea (25) No No
nAPP2424048501 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 8/26/24 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2423964720 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/26/24 Produced Water 6 5 1 BBL Human Error Eddy (15) No No
nAPP2424037623 CIMAREX ENERGY CO. Major Produced Water Release 8/26/24 Produced Water 124 124 0 BBL Human Error Lea (25) No No
nAPP2424048501 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 8/26/24 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2423965135 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/26/24 Produced Water 12 5 7 BBL Equipment Failure Eddy (15) No No
nAPP2423962613 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/26/24 Produced Water 92 90 2 BBL Equipment Failure Lea (25) No No
nAPP2424045887 XTO ENERGY, INC Major Oil Release 8/26/24 Crude Oil 83 80 3 BBL Equipment Failure Eddy (15) No No
nAPP2423945301 Enterprise Field Services, LLC Major Natural Gas Release 8/26/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2423950632 Permian Resources Operating, LLC Minor Produced Water Release 8/26/24 Produced Water 19 0 19 BBL Normal Operations Lea (25) No No
nAPP2424159147 ENDURING RESOURCES, LLC Major Produced Water Release 8/25/24 Produced Water 132 132 0 BBL Equipment Failure San Juan (45) No No
nAPP2423747322 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 8/24/24 Crude Oil 14 0 14 BBL Equipment Failure Eddy (15) No No
nAPP2424223470 SCM Operations, LLC Minor Oil Release 8/23/24 Crude Oil 6 0 6 BBL Human Error Lea (25) No No
nAPP2423744223 CIMAREX ENERGY CO. Major Oil Release 8/23/24 Crude Oil 64 64 0 BBL Equipment Failure Eddy (15) No No
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nAPP2423744223 CIMAREX ENERGY CO. Major Oil Release 8/23/24 Produced Water 27 27 0 BBL Equipment Failure Eddy (15) No No
nAPP2423924084 MARATHON OIL PERMIAN LLC Minor Oil Release 8/22/24 Crude Oil 6 6 0 BBL Other Lea (25) No No
nAPP2423455892 XTO ENERGY, INC Major Oil Release 8/21/24 Crude Oil 26 15 11 BBL Human Error Eddy (15) No No
nAPP2423454602 COG OPERATING LLC Major Oil Release 8/21/24 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2423922793 MARATHON OIL PERMIAN LLC Minor Produced Water Release 8/21/24 Produced Water 6 6 0 BBL Corrosion Lea (25) No No
nAPP2423527011 XTO ENERGY, INC Minor Other 8/21/24 Glycol 7 0 7 BBL Other Eddy (15) No No
nAPP2424331935 APACHE CORPORATION Minor Produced Water Release 8/21/24 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2424331935 APACHE CORPORATION Minor Produced Water Release 8/21/24 Produced Water 7 2 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2423430255 Spur Energy Partners LLC Major Produced Water Release 8/20/24 Produced Water 65 65 0 BBL Corrosion Lea (25) No No
nAPP2424855148 MEWBOURNE OIL CO Major Produced Water Release 8/20/24 Produced Water 65 20 45 BBL Equipment Failure Eddy (15) No No
nAPP2424035474 XTO ENERGY, INC Minor Produced Water Release 8/19/24 Produced Water 21 20 1 BBL Equipment Failure Eddy (15) No No
nAPP2423359451 ENDURING RESOURCES, LLC Minor Release Other 8/19/24 Crude Oil 10 10 0 BBL Equipment Failure San Juan (45) No No
nAPP2423359451 ENDURING RESOURCES, LLC Minor Release Other 8/19/24 Produced Water 5 5 0 BBL Equipment Failure San Juan (45) No No
nAPP2423338910 XTO ENERGY, INC Minor Produced Water Release 8/19/24 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2423424961 WPX Energy Permian, LLC Minor Produced Water Release 8/18/24 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2423269798 HILCORP ENERGY COMPANY Major Produced Water Release 8/18/24 Produced Water 35 35 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2423268736 HILCORP ENERGY COMPANY Major Produced Water Release 8/18/24 Produced Water 35 35 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2423424961 WPX Energy Permian, LLC Minor Produced Water Release 8/18/24 Produced Water 5 1 4 BBL Equipment Failure Eddy (15) No No
nAPP2423129926 Civitas Permian Operating, LLC Major Produced Water Release 8/18/24 Produced Water 294 170 124 BBL Corrosion Eddy (15) No No
nAPP2424034618 XTO ENERGY, INC Minor Produced Water Release 8/18/24 Produced Water 8 3 5 BBL Corrosion Eddy (15) No No
nAPP2423226373 MARATHON OIL PERMIAN LLC Minor Produced Water Release 8/17/24 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nAPP2423061774 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/17/24 Produced Water 180 180 0 BBL Human Error Eddy (15) No No
nAPP2422958386 XTO ENERGY, INC Minor Produced Water Release 8/16/24 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2422957740 Spur Energy Partners LLC Major Produced Water Release 8/16/24 Produced Water 348 40 308 BBL High Line Pressure Eddy (15) No No
nAPP2423246904 XTO ENERGY, INC Minor Produced Water Release 8/16/24 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nAPP2423230210 Maverick Permian LLC Minor Release Other 8/16/24 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nAPP2423230210 Maverick Permian LLC Minor Release Other 8/16/24 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nAPP2423235108 OXY USA INC Major Produced Water Release 8/16/24 Produced Water 140 138 2 BBL Equipment Failure Lea (25) No No
nAPP2424137423 MEWBOURNE OIL CO Major Produced Water Release 8/15/24 Produced Water 49 20 29 BBL Human Error Eddy (15) No No
nAPP2423238572 Spur Energy Partners LLC Major Produced Water Release 8/15/24 Produced Water 30 30 0 BBL High Line Pressure Eddy (15) No No
nAPP2422844490 PLAINS MARKETING L.P. Major Oil Release 8/15/24 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2423433990 APACHE CORPORATION Major Produced Water Release 8/15/24 Produced Water 80 10 70 BBL Corrosion Lea (25) No No
nAPP2424249029 MEWBOURNE OIL CO Major Produced Water Release 8/15/24 Produced Water 108 0 108 BBL Lightning Eddy (15) Yes No
nAPP2424258898 MEWBOURNE OIL CO Major Produced Water Release 8/15/24 Produced Water 35 0 35 BBL Vehicular Accident Eddy (15) No No
nAPP2423222600 WPX Energy Permian, LLC Minor Produced Water Release 8/15/24 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nAPP2422877091 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/15/24 Produced Water 361 360 1 BBL Equipment Failure Eddy (15) No No
nAPP2422766341 CIMAREX ENERGY CO. Major Produced Water Release 8/14/24 Produced Water 47 10 37 BBL Lightning Eddy (15) No No
nAPP2422763744 COG OPERATING LLC Major Oil Release 8/14/24 Crude Oil 1 0 1 BBL Repair and Maintenance Lea (25) No No
nAPP2422964658 RILEY PERMIAN OPERATING COMPANY, LLC Major 8/14/24 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2422957948 XTO ENERGY, INC Major Fire 8/14/24 Crude Oil 70 0 70 BBL Fire Eddy (15) No No
nAPP2422836475 Enterprise Field Services, LLC Minor Other 8/14/24 Diesel 21 21 0 BBL Equipment Failure Torrance (57) No No
nAPP2424030602 MEWBOURNE OIL CO Major Produced Water Release 8/14/24 Produced Water 81 0 81 BBL Lightning Eddy (15) No No
nAPP2422727571 CIMAREX ENERGY CO. Minor Produced Water Release 8/13/24 Produced Water 9 9 0 BBL Equipment Failure Lea (25) No No
nAPP2422734945 OXY USA INC Minor Produced Water Release 8/13/24 Produced Water 19 0 19 BBL Equipment Failure Harding (21) No No
nAPP2422623967 MATADOR PRODUCTION COMPANY Minor Produced Water Release 8/12/24 Produced Water 24 20 4 BBL Equipment Failure Eddy (15) No No
nAPP2422558840 Enterprise Field Services, LLC Minor Natural Gas Release 8/12/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2422537242 Permian Resources Operating, LLC Major Produced Water Release 8/12/24 Produced Water 93 45 48 BBL Normal Operations Lea (25) No No
nAPP2422964181 RILEY PERMIAN OPERATING COMPANY, LLC Major 8/11/24 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2422545957 WPX Energy Permian, LLC Minor Produced Water Release 8/11/24 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nAPP2422462227 Enterprise Field Services, LLC Minor Natural Gas Release 8/11/24 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2423431878 APACHE CORPORATION Major Oil Release 8/10/24 Crude Oil 125 124 1 BBL Corrosion Lea (25) No No
nAPP2422531153 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 8/10/24 Produced Water 178 150 28 BBL Human Error Lea (25) No No
nAPP2422260664 XTO ENERGY, INC Minor Other 8/9/24 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2422556072 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/9/24 Produced Water 113 80 33 BBL Equipment Failure Lea (25) No No
nAPP2422260664 XTO ENERGY, INC Minor Other 8/9/24 Produced Water 6 2 4 BBL Corrosion Eddy (15) No No
nAPP2422863783 COG OPERATING LLC Major Fire 8/8/24 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nAPP2422256945 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 8/8/24 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2422152453 Blackbuck New Mexico LLC Major Produced Water Release 8/8/24 Produced Water 287 0 287 BBL High Line Pressure Eddy (15) No No
nAPP2422230686 HF Sinclair Navajo Refining LLC Major Other 8/8/24 Other (Specify) 92 50 42 BBL Power Failure Eddy (15) No No
nAPP2422233771 COG OPERATING LLC Major Produced Water Release 8/8/24 Produced Water 161 161 0 BBL Equipment Failure Eddy (15) No No
nAPP2422538949 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 8/7/24 Produced Water 12 1 11 BBL Equipment Failure Lea (25) No No
nAPP2422072363 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/7/24 Produced Water 250 250 0 BBL Equipment Failure Eddy (15) No No
nAPP2422045419 COG OPERATING LLC Major Produced Water Release 8/7/24 Produced Water 55 54 1 BBL Other Lea (25) No No
nAPP2422046249 Permian Resources Operating, LLC Major Produced Water Release 8/7/24 Produced Water 129 0 129 BBL Normal Operations Lea (25) No No
nAPP2422046249 Permian Resources Operating, LLC Major Produced Water Release 8/7/24 Crude Oil 6 0 6 BBL Normal Operations Lea (25) No No
nAPP2422030924 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/6/24 Produced Water 17 16 1 BBL Equipment Failure Lea (25) No No
nAPP2422029229 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/6/24 Produced Water 200 200 0 BBL Equipment Failure Lea (25) No No
nAPP2421858718 BTA OIL PRODUCERS, LLC Major Produced Water Release 8/5/24 Produced Water 43 43 0 BBL Corrosion Lea (25) No No
nAPP2422124658 DCP OPERATING COMPANY, LP Minor Produced Water Release 8/5/24 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nAPP2421864304 XTO ENERGY, INC Minor Other 8/5/24 Produced Water 12 3 9 BBL Corrosion Lea (25) No No
nAPP2421864304 XTO ENERGY, INC Minor Other 8/5/24 Crude Oil 7 2 5 BBL Corrosion Lea (25) No No
nAPP2422154552 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/5/24 Produced Water 49 49 0 BBL Equipment Failure Lea (25) No No
nAPP2421946322 RIDGEWAY ARIZONA OIL CORP. Major Oil Release 8/5/24 Crude Oil 3 2 1 BBL Equipment Failure Roosevelt (41) No No
nAPP2421946322 RIDGEWAY ARIZONA OIL CORP. Major Oil Release 8/5/24 Condensate 0 0 0 BBL Equipment Failure Roosevelt (41) No No
nAPP2421946322 RIDGEWAY ARIZONA OIL CORP. Major Oil Release 8/5/24 Produced Water 40 15 25 BBL Equipment Failure Roosevelt (41) No No
nAPP2421836877 CHEVRON U S A INC Major 8/5/24 Other (Specify) 0 0 0 Lea (25) No No
nAPP2421837149 Enterprise Field Services, LLC Minor Natural Gas Release 8/5/24 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2421847577 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/5/24 Produced Water 29 20 9 BBL Equipment Failure Eddy (15) No No
nAPP2422043099 COG OPERATING LLC Major Other 8/5/24 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2421852910 Whiptail Gallup Gathering, LLC Major Produced Water Release 8/5/24 Produced Water 80 60 20 BBL Equipment Failure San Juan (45) No No
nAPP2421941185 CAZA OPERATING, LLC Minor Produced Water Release 8/5/24 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2422547586 Spur Energy Partners LLC Major Release Other 8/4/24 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
nAPP2422651676 XTO ENERGY, INC Minor Oil Release 8/4/24 Crude Oil 14 8 6 BBL Equipment Failure Lea (25) No No
nAPP2422547586 Spur Energy Partners LLC Major Release Other 8/4/24 Crude Oil 3 3 0 BBL Corrosion Eddy (15) No No
nAPP2421753870 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/4/24 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nAPP2426831113 COG OPERATING LLC Minor Produced Water Release 8/4/24 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2421846554 CIMAREX ENERGY CO. Major Fire 8/4/24 Produced Water 4 4 0 BBL Equipment Failure Eddy (15) No No
nAPP2421550522 XTO ENERGY, INC Major Produced Water Release 8/2/24 Produced Water 28 0 28 BBL Equipment Failure Eddy (15) No No
nAPP2422537504 Spur Energy Partners LLC Minor Oil Release 8/2/24 Crude Oil 22 22 0 BBL Corrosion Eddy (15) No No

nAPP2421542116
San Mateo Black River Water Management 
Compan Major Produced Water Release 8/2/24 Produced Water 94 94 0 BBL Equipment Failure Eddy (15) No No

nAPP2421837094 XTO ENERGY, INC Minor Other 8/2/24 Produced Water 3 3 0 BBL Equipment Failure Eddy (15) No No
nAPP2421837094 XTO ENERGY, INC Minor Other 8/2/24 Crude Oil 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2421530638 Spur Energy Partners LLC Major Release Other 8/1/24 Produced Water 48 48 0 BBL Corrosion Eddy (15) No No
nAPP2421530638 Spur Energy Partners LLC Major Release Other 8/1/24 Crude Oil 3 2 1 BBL Corrosion Eddy (15) No No
nAPP2421435828 OXY USA INC Major Produced Water Release 7/31/24 Produced Water 400 350 50 BBL Corrosion Lea (25) No No
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nAPP2421335621 BTA OIL PRODUCERS, LLC Minor Produced Water Release 7/31/24 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2422232824 APACHE CORPORATION Minor Oil Release 7/31/24 Crude Oil 10 10 0 BBL Corrosion Lea (25) No No
nAPP2421427061 DKL Energy - Cottonwood, LLC Major Produced Water Release 7/31/24 Produced Water 185 185 0 BBL Equipment Failure Lea (25) No No
nAPP2421238188 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/30/24 Produced Water 519 519 0 BBL Equipment Failure Eddy (15) No No
nAPP2422659329 MEWBOURNE OIL CO Major Produced Water Release 7/30/24 Produced Water 543 66 477 BBL Equipment Failure Eddy (15) No No
nAPP2421842943 OXY USA INC Major Blow Out 7/29/24 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2421842943 OXY USA INC Major Blow Out 7/29/24 Crude Oil 30 0 30 BBL Equipment Failure Eddy (15) No No
nAPP2421237546 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/29/24 Produced Water 28 28 0 BBL Equipment Failure Eddy (15) No No
nAPP2421252361 Blackbuck New Mexico LLC Major Produced Water Release 7/29/24 Produced Water 35 15 20 BBL Corrosion Eddy (15) No No
nAPP2421149787 XTO ENERGY, INC Minor Produced Water Release 7/28/24 Produced Water 22 0 22 BBL Corrosion Eddy (15) No No
nAPP2421123414 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/27/24 Produced Water 153 150 3 BBL Equipment Failure Lea (25) No No
nAPP2421124014 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/27/24 Produced Water 52 47 5 BBL Equipment Failure Lea (25) No No
nAPP2421529493 XTO ENERGY, INC Minor Produced Water Release 7/26/24 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAPP2420871904 Maverick Permian LLC Major Produced Water Release 7/26/24 Produced Water 50 30 20 BBL Human Error Lea (25) No No
nAPP2422243094 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 7/26/24 Produced Water 454 100 354 BBL Corrosion Lea (25) No No
nAPP2422131656 WESTERN REFINING PIPELINE LLC Minor Oil Release 7/26/24 Crude Oil 8 0 8 BBL Normal Operations Lea (25) No No
nAPP2420945437 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/26/24 Produced Water 330 330 0 BBL Equipment Failure Eddy (15) No No
nAPP2421528352 XTO ENERGY, INC Minor Produced Water Release 7/26/24 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nAPP2420927733 MATADOR PRODUCTION COMPANY Major Produced Water Release 7/26/24 Produced Water 71 20 51 BBL Corrosion Eddy (15) No No
nAPP2420822690 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 7/25/24 Crude Oil 9 9 0 BBL Equipment Failure Lea (25) No No
nAPP2420822690 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 7/25/24 Produced Water 7 7 0 BBL Equipment Failure Lea (25) No No
nAPP2421148011 DCP OPERATING COMPANY, LP Major Fire 7/25/24 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2420747415 DUGAN PRODUCTION CORP Major Produced Water Release 7/25/24 Produced Water 73 0 73 BBL Corrosion San Juan (45) No No
nAPP2420822342 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/25/24 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2421842514 XTO ENERGY, INC Minor Other 7/24/24 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2420658284 DUGAN PRODUCTION CORP Major Produced Water Release 7/24/24 Produced Water 31 0 31 BBL Corrosion San Juan (45) No No
nAPP2421842514 XTO ENERGY, INC Minor Other 7/24/24 Produced Water 8 5 3 BBL Corrosion Eddy (15) No No
nAPP2421536034 XTO ENERGY, INC Minor Release Other 7/24/24 Produced Water 8 5 3 BBL Corrosion Eddy (15) No No
nAPP2421536034 XTO ENERGY, INC Minor Release Other 7/24/24 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2420732177 Extex Operating Company Major Oil Release 7/24/24 Crude Oil 120 110 10 BBL Equipment Failure Lea (25) No No
nAPP2421554026 MEWBOURNE OIL CO Major Produced Water Release 7/23/24 Produced Water 145 0 145 BBL Corrosion Eddy (15) No No
nAPP2420533198 NGL WATER SOLUTIONS PERMIAN, LLC Minor Produced Water Release 7/22/24 Produced Water 10 0 10 BBL Blow Out Eddy (15) No No
nAPP2420452024 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/22/24 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nAPP2420443181 Spur Energy Partners LLC Major Release Other 7/22/24 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAPP2420443181 Spur Energy Partners LLC Major Release Other 7/22/24 Crude Oil 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2420451000 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/22/24 Crude Oil 9 9 0 BBL Equipment Failure Lea (25) No No
nAPP2420544315 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 7/21/24 Produced Water 18 15 3 BBL Equipment Failure Eddy (15) No No
nAPP2420431165 XTO ENERGY, INC Major Produced Water Release 7/20/24 Produced Water 49 5 44 BBL Equipment Failure Eddy (15) No No
nAPP2420440081 OXY USA INC Minor Oil Release 7/20/24 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2420727981 CHEVRON U S A INC Minor Produced Water Release 7/20/24 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2420440081 OXY USA INC Minor Oil Release 7/20/24 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAPP2420727981 CHEVRON U S A INC Minor Produced Water Release 7/20/24 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nAPP2420535238 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 7/19/24 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2420155421 Permian Resources Operating, LLC Major Produced Water Release 7/19/24 Produced Water 1581 100 1481 BBL Equipment Failure Lea (25) No No
nAPP2420059937 MATADOR PRODUCTION COMPANY Major Produced Water Release 7/18/24 Produced Water 529 525 4 BBL Human Error Lea (25) No No
nAPP2420128041 WPX Energy Permian, LLC Major Produced Water Release 7/18/24 Produced Water 50 50 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2420035294 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/18/24 Crude Oil 15 3 12 BBL Equipment Failure Eddy (15) No No
nAPP2420029251 Enterprise Field Services, LLC Major Fire 7/17/24 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2420056258 DCP OPERATING COMPANY, LP Minor Blow Out 7/17/24 Produced Water 7 0 7 BBL Blow Out Eddy (15) No No
nAPP2420657335 XTO ENERGY, INC Minor Produced Water Release 7/17/24 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2421839212 XTO ENERGY, INC Major Produced Water Release 7/17/24 Produced Water 45 45 0 BBL Equipment Failure Eddy (15) No No
nAPP2419947182 Enterprise Field Services, LLC Major Natural Gas Release 7/17/24 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2419952531 Permian Resources Operating, LLC Major Oil Release 7/17/24 Crude Oil 64 0 64 BBL Normal Operations Eddy (15) No No
nAPP2419952531 Permian Resources Operating, LLC Major Oil Release 7/17/24 Produced Water 320 0 320 BBL Normal Operations Eddy (15) No No
nAPP2419855786 ROVER OPERATING, LLC Major Produced Water Release 7/16/24 Produced Water 180 100 80 BBL Equipment Failure Eddy (15) No No
nAPP2420133937 XTO ENERGY, INC Major Fire 7/15/24 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2419756826 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/15/24 Produced Water 180 180 0 BBL Equipment Failure Eddy (15) No No
nAPP2420133937 XTO ENERGY, INC Major Fire 7/15/24 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2419842748 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 7/15/24 Crude Oil 0 0 0 BBL Normal Operations Eddy (15) No No
nAPP2420133937 XTO ENERGY, INC Major Fire 7/15/24 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nAPP2419842748 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 7/15/24 Produced Water 200 160 40 BBL Normal Operations Eddy (15) No No
nAPP2419842748 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 7/15/24 Condensate 0 0 0 BBL Normal Operations Eddy (15) No No
nAPP2419952876 CHEVRON U S A INC Minor Produced Water Release 7/15/24 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nAPP2419952876 CHEVRON U S A INC Minor Produced Water Release 7/15/24 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2420826436 MEWBOURNE OIL CO Major Produced Water Release 7/13/24 Produced Water 90 75 15 BBL Human Error Lea (25) No No
nAPP2419429665 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/12/24 Produced Water 95 50 45 BBL Equipment Failure Eddy (15) No No
nAPP2419431964 MorningStar Operating LLC Major Produced Water Release 7/11/24 Produced Water 500 450 50 BBL Corrosion Lea (25) No No
nAPP2419442584 ENDURING RESOURCES, LLC Minor Produced Water Release 7/11/24 Produced Water 8 0 8 BBL Equipment Failure San Juan (45) No No
nAPP2419441188 ENDURING RESOURCES, LLC Minor Produced Water Release 7/11/24 Produced Water 8 0 8 BBL Corrosion Rio Arriba (39) No No
nAPP2419831640 HILCORP ENERGY COMPANY Minor Produced Water Release 7/10/24 Produced Water 18 8 10 BBL Equipment Failure San Juan (45) No No

nAPP2420037116
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Other 7/9/24 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No

nAPP2420037116
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Other 7/9/24 Condensate 0 0 0 BBL Other Rio Arriba (39) No No

nAPP2420037116
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Other 7/9/24 Crude Oil 0 0 0 BBL Normal Operations Rio Arriba (39) No No

nAPP2420037116
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Other 7/9/24 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No

nAPP2419254767 XTO ENERGY, INC Major Fire 7/9/24 Unknown 0 0 0 BBL Fire Eddy (15) No No
nAPP2419056244 CHEVRON U S A INC Major Oil Release 7/8/24 Crude Oil 26 4 22 BBL Blow Out Eddy (15) No No
nAPP2419132456 Spur Energy Partners LLC Minor Release Other 7/8/24 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2419132456 Spur Energy Partners LLC Minor Release Other 7/8/24 Produced Water 17 16 1 BBL Equipment Failure Eddy (15) No No
nAPP2420734164 COG OPERATING LLC Major Release Other 7/8/24 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2420734164 COG OPERATING LLC Major Release Other 7/8/24 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2419252577 XTO ENERGY, INC Minor Release Other 7/8/24 Crude Oil 4 0 4 BBL Corrosion Eddy (15) No No
nAPP2419252577 XTO ENERGY, INC Minor Release Other 7/8/24 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nAPP2419138444 OXY USA INC Minor Produced Water Release 7/8/24 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2419022958 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/7/24 Produced Water 16 15 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2419036870 COG OPERATING LLC Major Produced Water Release 7/4/24 Produced Water 60 60 0 BBL Other Lea (25) No No
nAPP2420069339 NGL Waste Services, LLC Major Fire 7/4/24 Crude Oil 370 370 0 BBL Lightning Lea (25) No No
nAPP2420069339 NGL Waste Services, LLC Major Fire 7/4/24 Produced Water 730 730 0 BBL Lightning Lea (25) No No
nAPP2418556332 Spur Energy Partners LLC Major Produced Water Release 7/2/24 Produced Water 218 210 8 BBL High Line Pressure Lea (25) No No
nAPP2419048390 DJR OPERATING, LLC Major Oil Release 7/2/24 Crude Oil 60 60 0 BBL Equipment Failure San Juan (45) No No
nAPP2418443905 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/1/24 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) No No
nAPP2419428272 APACHE CORPORATION Major Produced Water Release 6/30/24 Produced Water 79 78 1 BBL Corrosion Lea (25) No No
nAPP2418241081 COG OPERATING LLC Major Release Other 6/30/24 Crude Oil 29 29 0 BBL Other Lea (25) No No
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nAPP2419856400 OXY USA INC Minor Produced Water Release 6/30/24 Produced Water 4 4 0 BBL Equipment Failure Lea (25) No No
nAPP2418241081 COG OPERATING LLC Major Release Other 6/30/24 Produced Water 48 47 1 BBL Other Lea (25) No No
nAPP2419856400 OXY USA INC Minor Produced Water Release 6/30/24 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nAPP2418357364 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/30/24 Produced Water 90 90 0 BBL Human Error Lea (25) No No
nAPP2418335391 DCP OPERATING COMPANY, LP Minor Blow Out 6/29/24 Condensate 14 0 14 BBL Blow Out Eddy (15) No No
nAPP2418172227 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/29/24 Produced Water 23 20 3 BBL Equipment Failure Eddy (15) No No
nAPP2420136803 XTO ENERGY, INC Minor Release Other 6/28/24 Crude Oil 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2418559790 COG OPERATING LLC Major Produced Water Release 6/28/24 Produced Water 53 45 8 BBL Other Eddy (15) No No
nAPP2418460531 XTO ENERGY, INC Minor Produced Water Release 6/28/24 Produced Water 24 5 19 BBL Equipment Failure Eddy (15) No No
nAPP2418140217 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/28/24 Produced Water 12 10 2 BBL Equipment Failure Lea (25) No No
nAPP2420136803 XTO ENERGY, INC Minor Release Other 6/28/24 Produced Water 11 0 11 BBL Corrosion Eddy (15) No No
nAPP2418530973 Harvest Four Corners, LLC Minor Other 6/28/24 Other (Specify) 512 0 512 GAL Equipment Failure San Juan (45) No No
nAPP2418341742 Whiptail Midstream LLC Minor Oil Release 6/28/24 Crude Oil 16 0 16 BBL Corrosion Sandoval (43) No No
nAPP2420136803 XTO ENERGY, INC Minor Release Other 6/28/24 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2418335205 Blackbuck New Mexico LLC Major Produced Water Release 6/28/24 Produced Water 76 0 76 BBL Equipment Failure Eddy (15) No No
nAPP2418341742 Whiptail Midstream LLC Minor Oil Release 6/28/24 Produced Water 7 0 7 BBL Corrosion Sandoval (43) No No
nAPP2418437320 COG PRODUCTION, LLC Release Other 6/28/24 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2418344201 OXY USA INC Major Produced Water Release 6/28/24 Produced Water 100 97 3 BBL Corrosion Eddy (15) No No
nAPP2419336478 XTO ENERGY, INC Minor Release Other 6/28/24 Produced Water 2 1 1 BBL Corrosion Eddy (15) No No
nAPP2418437320 COG PRODUCTION, LLC Release Other 6/28/24 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nAPP2419336478 XTO ENERGY, INC Minor Release Other 6/28/24 Crude Oil 9 4 5 BBL Corrosion Eddy (15) No No
nAPP2418041946 Spur Energy Partners LLC Minor Oil Release 6/28/24 Crude Oil 15 15 0 BBL Corrosion Lea (25) No No
nAPP2418326753 Maverick Permian LLC Major Oil Release 6/28/24 Crude Oil 30 27 3 BBL Corrosion Lea (25) No No
nAPP2418024950 San Mateo RB Pipeline, LLC Major Produced Water Release 6/27/24 Produced Water 291 43 248 BBL Equipment Failure Eddy (15) No No
nAPP2419334815 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/27/24 Produced Water 2 0 2 BBL Fire Lea (25) No No
nAPP2418053192 XTO ENERGY, INC Major Produced Water Release 6/27/24 Produced Water 37 0 37 BBL Corrosion Eddy (15) No No
nAPP2418540539 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 6/27/24 Produced Water 0 0 0 BBL Fire Lea (25) No No
nAPP2417936595 Permian Resources Operating, LLC Major Produced Water Release 6/27/24 Produced Water 25 10 15 BBL Normal Operations Eddy (15) No No
nAPP2417853179 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/26/24 Produced Water 13 13 0 BBL Equipment Failure Lea (25) No No
nAPP2418050972 XTO ENERGY, INC Minor Produced Water Release 6/26/24 Produced Water 7 2 5 BBL Corrosion Eddy (15) No No
nAPP2418049577 XTO ENERGY, INC Major Release Other 6/26/24 Produced Water 26 0 26 BBL Vandalism Eddy (15) No No
nAPP2418049577 XTO ENERGY, INC Major Release Other 6/26/24 Crude Oil 26 0 26 BBL Vandalism Eddy (15) No No
nAPP2422154572 DCP OPERATING COMPANY, LP Major Fire 6/26/24 Condensate 0 0 0 BBL Fire Lea (25) No No
nAPP2417929598 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/26/24 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2417960425 DUGAN PRODUCTION CORP Minor Produced Water Release 6/26/24 Produced Water 16 0 16 BBL Corrosion San Juan (45) No No
nAPP2417854945 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 6/25/24 Produced Water 89 46 43 BBL Human Error Lea (25) No No
nAPP2417870294 CIMAREX ENERGY CO. Major Produced Water Release 6/25/24 Produced Water 110 10 100 BBL Equipment Failure Eddy (15) No No
nAPP2417872718 MATADOR PRODUCTION COMPANY Minor Produced Water Release 6/25/24 Produced Water 16 8 8 BBL Equipment Failure Eddy (15) No No
nAPP2417749853 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/25/24 Produced Water 31 31 0 BBL Equipment Failure Lea (25) No No
nAPP2417953983 Silverback Operating II, LLC Minor Produced Water Release 6/25/24 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAPP2417834917 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/25/24 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No
nAPP2417646570 Maverick Permian LLC Major Produced Water Release 6/24/24 Produced Water 444 0 444 BBL Corrosion Lea (25) No No
nAPP2417652485 OXY USA INC Minor Produced Water Release 6/24/24 Produced Water 7 4 3 BBL Equipment Failure Harding (21) No No
nAPP2417634720 MARATHON OIL PERMIAN LLC Minor Produced Water Release 6/24/24 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2424058732 CHI OPERATING INC Minor Other 6/24/24 Produced Water 10 0 10 BBL Other Eddy (15) No No
nAPP2424058732 CHI OPERATING INC Minor Other 6/24/24 Condensate 0 0 0 BBL Other Eddy (15) No No
nAPP2424058732 CHI OPERATING INC Minor Other 6/24/24 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAPP2417651378 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 6/23/24 Crude Oil 45 45 0 BBL Corrosion Eddy (15) No No
nAPP2417651378 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 6/23/24 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2417651378 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 6/23/24 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2417631084 COG OPERATING LLC Major Oil Release 6/23/24 Crude Oil 0 0 0 BBL Human Error Eddy (15) No No
nAPP2417743733 DCP OPERATING COMPANY, LP Minor Blow Out 6/23/24 Produced Water 7 0 7 BBL Blow Out Lea (25) No No
nAPP2418055651 XTO ENERGY, INC Major Produced Water Release 6/22/24 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nAPP2418342470 COG OPERATING LLC Minor Release Other 6/21/24 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nAPP2418342470 COG OPERATING LLC Minor Release Other 6/21/24 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2418043567 XTO ENERGY, INC Minor Release Other 6/21/24 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nAPP2418043567 XTO ENERGY, INC Minor Release Other 6/21/24 Produced Water 9 3 6 BBL Equipment Failure Eddy (15) No No
nAPP2419132894 Enterprise Field Services, LLC Minor Natural Gas Release 6/21/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2417751874 OXY USA INC Major Produced Water Release 6/21/24 Produced Water 50 0 50 BBL Equipment Failure Lea (25) No No
nAPP2417439748 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/21/24 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2417439748 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/21/24 Produced Water 50 50 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2418546373 MEWBOURNE OIL CO Major Produced Water Release 6/21/24 Produced Water 125 36 89 BBL Human Error Eddy (15) No No
nAPP2417440880 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/21/24 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAPP2417323765 MATADOR PRODUCTION COMPANY Major Produced Water Release 6/20/24 Produced Water 62 15 47 BBL Equipment Failure Eddy (15) No No
nAPP2418538604 EOG RESOURCES INC Minor Produced Water Release 6/20/24 Produced Water 19 5 14 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2417353525 ENERDYNE, LLC Major Oil Release 6/19/24 Crude Oil 140 0 140 BBL Vandalism McKinley (31) No No
nAPP2417353525 ENERDYNE, LLC Major Oil Release 6/19/24 Condensate 0 0 0 BBL Other McKinley (31) No No
nAPP2417353525 ENERDYNE, LLC Major Oil Release 6/19/24 Produced Water 0 0 0 BBL Other McKinley (31) No No
nAPP2417236946 TEXLAND PETROLEUM-HOBBS, LLC Major Produced Water Release 6/19/24 Produced Water 40 20 20 BBL Other Lea (25) No No
nAPP2417353525 ENERDYNE, LLC Major Oil Release 6/19/24 Crude Oil 140 0 140 BBL Vandalism McKinley (31) No No
nAPP2417738244 XTO ENERGY, INC Minor Oil Release 6/18/24 Crude Oil 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2417051919 Targa Northern Delaware, LLC. Major Fire 6/18/24 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2417050147 Permian Resources Operating, LLC Minor Produced Water Release 6/18/24 Produced Water 15 5 10 BBL Normal Operations Lea (25) No No
nAPP2417060670 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/18/24 Produced Water 17 16 1 BBL Equipment Failure Eddy (15) No No
nAPP2424335058 Murchison Oil and Gas, LLC Major Other 6/18/24 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2424335058 Murchison Oil and Gas, LLC Major Other 6/18/24 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2417032594 FRONTIER FIELD SERVICES, LLC Major Other 6/17/24 Condensate 30 30 0 BBL Human Error Lea (25) No No
nAPP2416957653 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/17/24 Produced Water 23 20 3 BBL Equipment Failure Lea (25) No No
nAPP2417749308 OXY USA INC Minor Oil Release 6/17/24 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2426254839 GRAND BANKS ENERGY CO Major Oil Release 6/17/24 Crude Oil 38 0 38 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2417748409 OXY USA INC Minor Produced Water Release 6/17/24 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2417748409 OXY USA INC Minor Produced Water Release 6/17/24 Produced Water 9 5 4 BBL Equipment Failure Eddy (15) No No
nAPP2417650822 OXY USA INC Minor Produced Water Release 6/16/24 Produced Water 8 8 0 BBL Equipment Failure Harding (21) No No
nAPP2417344898 Maverick Permian LLC Minor Produced Water Release 6/16/24 Produced Water 20 10 10 BBL Corrosion Lea (25) No No
nAPP2417645305 Whiptail Midstream LLC Minor Oil Release 6/16/24 Produced Water 7 0 7 BBL Corrosion Sandoval (43) No No
nAPP2417645305 Whiptail Midstream LLC Minor Oil Release 6/16/24 Crude Oil 15 0 15 BBL Corrosion Sandoval (43) No No
nAPP2416936979 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 6/16/24 Produced Water 85 70 15 BBL Corrosion Eddy (15) No No
nAPP2416940193 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/15/24 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2416945222 DCP OPERATING COMPANY, LP Major Produced Water Release 6/15/24 Produced Water 34 15 19 BBL Corrosion Lea (25) No No
nAPP2416931728 CHEVRON U S A INC Minor Produced Water Release 6/15/24 Produced Water 13 3 10 BBL Equipment Failure Eddy (15) No No
nAPP2416931728 CHEVRON U S A INC Minor Produced Water Release 6/15/24 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2417077386 XTO ENERGY, INC Minor Produced Water Release 6/15/24 Produced Water 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2419849771 XTO ENERGY, INC Major Produced Water Release 6/15/24 Produced Water 57 0 57 BBL Human Error Eddy (15) No No
nAPP2416942284 DCP OPERATING COMPANY, LP Major Natural Gas Release 6/14/24 Condensate 55 0 55 BBL Blow Out Lea (25) No No
nAPP2416929229 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/14/24 Produced Water 11 10 1 BBL Human Error Eddy (15) No No
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nAPP2416663643 MACK ENERGY CORP Major Produced Water Release 6/14/24 Produced Water 257 25 232 BBL Vehicular Accident Chaves (05) No No
nAPP2416931381 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/14/24 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2417653578 OXY USA INC Minor Produced Water Release 6/13/24 Produced Water 9 0 9 BBL Equipment Failure Union (59) No No
nAPP2417752286 COG OPERATING LLC Major Fire 6/13/24 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2416452944 MARATHON OIL PERMIAN LLC Minor Produced Water Release 6/12/24 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nAPP2416637261 OXY USA INC Major Oil Release 6/12/24 Crude Oil 30 25 5 BBL Corrosion Eddy (15) No No
nAPP2417750053 COG OPERATING LLC Minor Produced Water Release 6/12/24 Produced Water 8 7 1 BBL Equipment Failure Lea (25) No No
nAPP2416454087 Spur Energy Partners LLC Minor Release Other 6/12/24 Crude Oil 2 2 0 BBL Corrosion Eddy (15) No No
nAPP2416454087 Spur Energy Partners LLC Minor Release Other 6/12/24 Produced Water 13 13 0 BBL Corrosion Eddy (15) No No
nAPP2416435573 HF Sinclair Navajo Refining LLC Minor Other 6/12/24 Other (Specify) 13 11 2 BBL Equipment Failure Eddy (15) No No
nAPP2416538865 AMEREDEV OPERATING, LLC Major Produced Water Release 6/12/24 Produced Water 435 0 435 BBL Equipment Failure Lea (25) No No
nAPP2417336593 XTO ENERGY, INC Major Produced Water Release 6/12/24 Produced Water 29 15 14 BBL Equipment Failure Eddy (15) No No
nAPP2416532213 HILCORP ENERGY COMPANY Major Produced Water Release 6/12/24 Produced Water 37 0 37 BBL Corrosion San Juan (45) No No
nAPP2416525018 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/12/24 Crude Oil 14 2 12 BBL Equipment Failure Eddy (15) No No
nAPP2416548667 BTA OIL PRODUCERS, LLC Minor Produced Water Release 6/12/24 Produced Water 15 7 8 BBL Human Error Eddy (15) No No
nAPP2419856452 XTO ENERGY, INC Major Release Other 6/12/24 Crude Oil 7 4 3 BBL Corrosion Eddy (15) No No
nAPP2419856452 XTO ENERGY, INC Major Release Other 6/12/24 Produced Water 83 56 27 BBL Corrosion Eddy (15) No No
nAPP2416351391 Spur Energy Partners LLC Major Release Other 6/10/24 Crude Oil 5 5 0 BBL Corrosion Lea (25) No No
nAPP2416351391 Spur Energy Partners LLC Major Release Other 6/10/24 Produced Water 65 65 0 BBL Corrosion Lea (25) No No
nAPP2416358411 Maverick Permian LLC Major Produced Water Release 6/10/24 Produced Water 55 40 15 BBL Corrosion Lea (25) No No
nAPP2418355674 XTO ENERGY, INC Minor Release Other 6/10/24 Crude Oil 4 1 3 BBL Corrosion Eddy (15) No No
nAPP2418355674 XTO ENERGY, INC Minor Release Other 6/10/24 Produced Water 12 4 8 BBL Corrosion Eddy (15) No No
nAPP2416338300 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/9/24 Produced Water 16 10 6 BBL Corrosion Eddy (15) No No
nAPP2416239042 K P KAUFFMAN COMPANY INC Major Oil Release 6/8/24 Crude Oil 67 66 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2416148867 AMEREDEV OPERATING, LLC Major Produced Water Release 6/8/24 Produced Water 65 60 5 BBL Human Error Lea (25) No No
nAPP2416457692 OXY USA INC Major Produced Water Release 6/8/24 Produced Water 2100 60 2040 BBL Equipment Failure Eddy (15) No No
nAPP2415971627 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/7/24 Produced Water 1125 1125 0 BBL Equipment Failure Lea (25) No No
nAPP2415972085 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/7/24 Produced Water 23 22 1 BBL Equipment Failure Lea (25) No No
nAPP2415949754 Spur Energy Partners LLC Major Other 6/7/24 Crude Oil 4 4 0 BBL Corrosion Eddy (15) No No
nAPP2415949754 Spur Energy Partners LLC Major Other 6/7/24 Produced Water 100 100 0 BBL Corrosion Eddy (15) No No
nAPP2418343772 COG PRODUCTION, LLC Other 6/7/24 Condensate 0 0 0 BBL Corrosion Lea (25) No No
nAPP2415849000 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/6/24 Produced Water 155 150 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2416233211 OXY USA INC Minor Oil Release 6/6/24 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2416233211 OXY USA INC Minor Oil Release 6/6/24 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2416135052 AMEREDEV OPERATING, LLC Minor Produced Water Release 6/6/24 Produced Water 7 6 1 BBL Human Error Lea (25) No No
nAPP2415854482 COG OPERATING LLC Major Produced Water Release 6/6/24 Produced Water 25 0 25 BBL Other Eddy (15) No No
nAPP2417937839 WALSH & WATTS INC Major Oil Release 6/6/24 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAPP2415878197 CIMAREX ENERGY CO. Major Oil Release 6/6/24 Drilling Mud/Fluid 72 72 0 BBL Human Error Eddy (15) Yes No
nAPP2417937839 WALSH & WATTS INC Major Oil Release 6/6/24 Condensate 0 0 0 BBL Other Lea (25) No No
nAPP2417937839 WALSH & WATTS INC Major Oil Release 6/6/24 Unknown 0 0 0 BBL Other Lea (25) No No
nAPP2417937839 WALSH & WATTS INC Major Oil Release 6/6/24 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2421258466 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 6/4/24 Produced Water 116 10 106 BBL Human Error Lea (25) No No
nAPP2415731979 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 6/4/24 Crude Oil 5 1 4 BBL Equipment Failure Eddy (15) No No
nAPP2415731979 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 6/4/24 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nAPP2419839147 NNOGC EXPLORATION AND PRODUCTION, LLC Other 6/4/24 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nAPP2419839147 NNOGC EXPLORATION AND PRODUCTION, LLC Other 6/4/24 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAPP2419839147 NNOGC EXPLORATION AND PRODUCTION, LLC Other 6/4/24 Condensate 0 0 0 BBL Other San Juan (45) No No
nAPP2416548536 WPX Energy Permian, LLC Minor Produced Water Release 6/3/24 Produced Water 10 9 1 BBL Human Error Eddy (15) No No
nAPP2415641016 Spur Energy Partners LLC Major Produced Water Release 6/3/24 Produced Water 30 30 0 BBL High Line Pressure Eddy (15) No No
nAPP2415939361 CHEVRON U S A INC Minor Produced Water Release 6/1/24 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2415524417 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/1/24 Produced Water 7 5 2 BBL Equipment Failure Lea (25) No No
nAPP2415939361 CHEVRON U S A INC Minor Produced Water Release 6/1/24 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2415374810 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/1/24 Produced Water 18 18 0 BBL Equipment Failure Eddy (15) No No
nAPP2415266733 CHEVRON U S A INC Minor Produced Water Release 5/31/24 Produced Water 23 1 22 BBL Corrosion Eddy (15) No No
nAPP2415638717 Spur Energy Partners LLC Minor Produced Water Release 5/31/24 Produced Water 24 22 2 BBL Equipment Failure Eddy (15) No No
nAPP2415150648 ETC Texas Pipeline, Ltd. Major Fire 5/29/24 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2415150648 ETC Texas Pipeline, Ltd. Major Fire 5/29/24 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2415150648 ETC Texas Pipeline, Ltd. Major Fire 5/29/24 Produced Water 0 0 0 BBL Exploratory Well Eddy (15) No No
nAPP2415052060 Enterprise Field Services, LLC Minor Natural Gas Release 5/29/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2414950978 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/28/24 Produced Water 11 10 1 BBL Equipment Failure Lea (25) No No
nAPP2415647355 Maverick Permian LLC Minor Produced Water Release 5/28/24 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nAPP2415647355 Maverick Permian LLC Minor Produced Water Release 5/28/24 Produced Water 17 0 17 BBL Corrosion Lea (25) No No
nAPP2414938333 DUGAN PRODUCTION CORP Major Produced Water Release 5/28/24 Produced Water 54 0 54 BBL Corrosion San Juan (45) No No
nAPP2415023984 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/28/24 Produced Water 259 254 5 BBL Equipment Failure Lea (25) No No
nAPP2415554959 XTO ENERGY, INC Minor Oil Release 5/28/24 Crude Oil 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2415554067 XTO ENERGY, INC Major Fire 5/27/24 Chemical (Specify) 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2415049012 OXY USA INC Minor Oil Release 5/27/24 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAPP2415049012 OXY USA INC Minor Oil Release 5/27/24 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nAPP2416339425 COG PRODUCTION, LLC Minor Produced Water Release 5/27/24 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAPP2415552477 XTO ENERGY, INC Major Fire 5/27/24 Unknown 0 0 0 BBL Other Eddy (15) No No
nAPP2414869489 CHEVRON U S A INC Major Produced Water Release 5/27/24 Crude Oil 12 1 11 BBL Corrosion Eddy (15) No No
nAPP2414869489 CHEVRON U S A INC Major Produced Water Release 5/27/24 Produced Water 59 4 55 BBL Corrosion Eddy (15) No No
nAPP2414845352 AMEREDEV OPERATING, LLC Major Produced Water Release 5/26/24 Produced Water 150 75 75 BBL Equipment Failure Lea (25) No No
nAPP2414929260 WPX Energy Permian, LLC Major Produced Water Release 5/26/24 Produced Water 60 60 0 BBL Normal Operations Eddy (15) No No
nAPP2414653793 San Mateo DLK Black River Midstream, LLC Minor Release Other 5/25/24 Glycol 19 3 16 BBL Equipment Failure Eddy (15) No No
nAPP2415551510 XTO ENERGY, INC Minor Oil Release 5/25/24 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2415550610 XTO ENERGY, INC Minor Oil Release 5/24/24 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2414639800 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 5/24/24 Produced Water 295 5 290 BBL Equipment Failure Lea (25) No No
nAPP2414543825 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/24/24 Produced Water 40 40 0 BBL Equipment Failure Lea (25) No No
nAPP2415148822 TARGA MIDSTREAM SERVICES LLC Minor Natural Gas Release 5/24/24 Condensate 16 15 1 BBL Corrosion Lea (25) No No
nAPP2417728388 TEXLAND PETROLEUM-HOBBS, LLC Major Produced Water Release 5/24/24 Produced Water 400 20 380 BBL Equipment Failure Lea (25) No No
nAPP2414552321 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/23/24 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nAPP2414957843 CHEVRON U S A INC Major Fire 5/22/24 Lube Oil 0 0 0 GAL Fire Lea (25) No No
nAPP2414353519 DUGAN PRODUCTION CORP Major Produced Water Release 5/22/24 Produced Water 84 0 84 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2414369183 MARATHON OIL PERMIAN LLC Minor Produced Water Release 5/22/24 Produced Water 9 9 0 BBL Equipment Failure Lea (25) No No
nAPP2415175014 K P KAUFFMAN COMPANY INC Major Produced Water Release 5/21/24 Produced Water 75 10 65 BBL Equipment Failure Eddy (15) No No
nAPP2416338856 COG OPERATING LLC Minor Oil Release 5/21/24 Crude Oil 9 8 1 BBL Equipment Failure Eddy (15) No No
nAPP2414324163 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 5/21/24 Produced Water 13 0 13 BBL Equipment Failure Eddy (15) No No
nAPP2414341172 XTO ENERGY, INC Major Fire 5/21/24 Unknown 0 0 0 GAL Equipment Failure Eddy (15) No No
nAPP2414340598 XTO ENERGY, INC Major Other 5/20/24 Produced Water 26 26 0 BBL Equipment Failure Eddy (15) No No
nAPP2414237602 Silverback Operating II, LLC Major Produced Water Release 5/20/24 Produced Water 30 10 20 BBL Equipment Failure Eddy (15) No No
nAPP2414340598 XTO ENERGY, INC Major Other 5/20/24 Crude Oil 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2414236032 Spur Energy Partners LLC Minor Produced Water Release 5/20/24 Produced Water 12 12 0 BBL Corrosion Eddy (15) No No
nAPP2414228862 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/20/24 Produced Water 8 4 4 BBL Equipment Failure Lea (25) No No
nAPP2415057335 XTO ENERGY, INC Major Produced Water Release 5/20/24 Produced Water 34 10 24 BBL Equipment Failure Eddy (15) No No
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nAPP2414241608 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/20/24 Produced Water 90 90 0 BBL Equipment Failure Lea (25) No No
nAPP2414240102 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/19/24 Produced Water 121 120 1 BBL Equipment Failure Eddy (15) No No
nAPP2414147581 TEXLAND PETROLEUM-HOBBS, LLC Major Oil Release 5/19/24 Crude Oil 52 40 12 BBL Equipment Failure Lea (25) No No
nAPP2414124712 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/18/24 Produced Water 23 0 23 BBL Equipment Failure Lea (25) No No
nAPP2413925956 MATADOR PRODUCTION COMPANY Major Produced Water Release 5/18/24 Produced Water 61 0 61 BBL Human Error Lea (25) No No
nAPP2413950856 Enterprise Field Services, LLC Major Natural Gas Release 5/18/24 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2413960082 CHEVRON U S A INC Major Produced Water Release 5/18/24 Produced Water 35 35 0 BBL Equipment Failure Lea (25) No No
nAPP2414153051 CIMAREX ENERGY CO. Major Fire 5/17/24 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2413873165 ETC Texas Pipeline, Ltd. Minor Release Other 5/17/24 Produced Water 15 0 15 BBL Other Lea (25) No No
nAPP2413873165 ETC Texas Pipeline, Ltd. Minor Release Other 5/17/24 Crude Oil 4 0 4 BBL Other Lea (25) No No
nAPP2413859640 MARATHON OIL PERMIAN LLC Minor Produced Water Release 5/17/24 Produced Water 22 18 4 BBL Equipment Failure Lea (25) No No
nAPP2413952028 TARGA MIDSTREAM SERVICES LLC Major Natural Gas Release 5/17/24 Condensate 32 0 32 BBL Equipment Failure Lea (25) No No
nAPP2415234797 XTO ENERGY, INC Major Produced Water Release 5/17/24 Crude Oil 35 10 25 BBL Equipment Failure Eddy (15) No No
nAPP2414137102 XTO ENERGY, INC Minor Produced Water Release 5/16/24 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2415233132 XTO ENERGY, INC Minor Release Other 5/15/24 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2415233132 XTO ENERGY, INC Minor Release Other 5/15/24 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nAPP2414143487 EOG RESOURCES INC Major Release Other 5/15/24 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2413630318 Spur Energy Partners LLC Major Produced Water Release 5/15/24 Produced Water 1786 1785 1 BBL High Line Pressure Lea (25) No No
nAPP2414132464 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 5/14/24 Crude Oil 2 1 1 BBL Corrosion Lea (25) No No
nAPP2414132464 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 5/14/24 Produced Water 7 5 2 BBL Corrosion Lea (25) No No
nAPP2413560797 BTA OIL PRODUCERS, LLC Major Produced Water Release 5/14/24 Produced Water 59 59 0 BBL Equipment Failure Eddy (15) No No
nAPP2413458189 MARATHON OIL PERMIAN LLC Minor Oil Release 5/13/24 Crude Oil 11 11 0 BBL Equipment Failure Eddy (15) No No
nAPP2413458571 Maverick Permian LLC Minor Produced Water Release 5/13/24 Produced Water 12 8 4 BBL Corrosion Lea (25) No No
nAPP2413458571 Maverick Permian LLC Minor Produced Water Release 5/13/24 Crude Oil 3 2 1 BBL Corrosion Lea (25) No No
nAPP2413560044 Maverick Permian LLC Major Oil Release 5/13/24 Crude Oil 45 40 5 BBL Separation Flowback Lea (25) No No
nAPP2416253712 COG OPERATING LLC Minor Oil Release 5/13/24 Crude Oil 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2413542400 MATADOR PRODUCTION COMPANY Major Produced Water Release 5/13/24 Produced Water 165 100 65 BBL Equipment Failure Lea (25) No No
nAPP2415841931 COG OPERATING LLC Major Fire 5/11/24 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2413449503 XTO ENERGY, INC Minor Produced Water Release 5/10/24 Produced Water 6 6 0 BBL Corrosion Lea (25) No No
nAPP2413433429 DCP OPERATING COMPANY, LP Major Produced Water Release 5/10/24 Produced Water 28 0 28 BBL Corrosion Eddy (15) No No
nAPP2413450148 XTO ENERGY, INC Minor Produced Water Release 5/10/24 Produced Water 6 6 0 BBL Normal Operations Lea (25) No No
nAPP2413155712 ENDURING RESOURCES, LLC Major Release Other 5/9/24 Other (Specify) 96 0 96 BBL Equipment Failure Sandoval (43) No No
nAPP2413629655 OXY USA INC Minor Oil Release 5/9/24 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2413629655 OXY USA INC Minor Oil Release 5/9/24 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2412958102 Maverick Permian LLC Major Produced Water Release 5/8/24 Crude Oil 7 5 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2413052574 BTA OIL PRODUCERS, LLC Major Produced Water Release 5/8/24 Produced Water 130 130 0 BBL Equipment Failure Lea (25) No No
nAPP2412958102 Maverick Permian LLC Major Produced Water Release 5/8/24 Produced Water 38 25 13 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2413036737 MATADOR PRODUCTION COMPANY Major Produced Water Release 5/8/24 Produced Water 105 5 100 BBL High Line Pressure Lea (25) No No
nAPP2412848939 COG OPERATING LLC Major Fire 5/7/24 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2412853086 PLAINS MARKETING L.P. Major Oil Release 5/7/24 Crude Oil 27 0 27 BBL Other Eddy (15) No No
nAPP2413031273 XTO ENERGY, INC Major Other 5/7/24 Produced Water 42 41 1 BBL Corrosion Eddy (15) No No
nAPP2413031273 XTO ENERGY, INC Major Other 5/7/24 Crude Oil 9 9 0 BBL Corrosion Eddy (15) No No
nAPP2412818139 TARGA MIDSTREAM SERVICES LLC Major Natural Gas Release 5/6/24 Condensate 28 12 16 BBL Corrosion Lea (25) No No
nAPP2412763262 Permian Resources Operating, LLC Major Release Other 5/6/24 Crude Oil 7 5 2 BBL Normal Operations Lea (25) No No
nAPP2412763262 Permian Resources Operating, LLC Major Release Other 5/6/24 Produced Water 22 10 12 BBL Normal Operations Lea (25) No No
nAPP2415840835 COG OPERATING LLC Major Fire 5/6/24 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2412576675 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 5/4/24 Produced Water 28 0 28 BBL Equipment Failure Lea (25) No No
nAPP2412634297 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/4/24 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nAPP2413732369 COG PRODUCTION, LLC Produced Water Release 5/3/24 Produced Water 4 0 4 BBL Corrosion Lea (25) No No
nAPP2412643284 ETC Texas Pipeline, Ltd. Major Natural Gas Release 5/3/24 Crude Oil 5 0 5 BBL Other Eddy (15) No No
nAPP2412643284 ETC Texas Pipeline, Ltd. Major Natural Gas Release 5/3/24 Condensate 0 0 0 BBL Other Eddy (15) No No
nAPP2412643284 ETC Texas Pipeline, Ltd. Major Natural Gas Release 5/3/24 Produced Water 21 0 21 BBL Other Eddy (15) No No
nAPP2412451499 Enterprise Field Services, LLC Minor Natural Gas Release 5/3/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2414129527 MEWBOURNE OIL CO Major Produced Water Release 5/3/24 Produced Water 204 65 139 BBL Equipment Failure Lea (25) No No
nAPP2412354447 MATADOR PRODUCTION COMPANY Major Produced Water Release 5/2/24 Produced Water 54 15 39 BBL Equipment Failure Lea (25) No No
nAPP2412749555 XTO ENERGY, INC Major Produced Water Release 5/2/24 Crude Oil 3 1 2 BBL Equipment Failure Lea (25) No No
nAPP2413547190 COG OPERATING LLC Minor Produced Water Release 5/2/24 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nAPP2412749555 XTO ENERGY, INC Major Produced Water Release 5/2/24 Produced Water 23 4 19 BBL Equipment Failure Lea (25) No No
nAPP2412348563 San Mateo Stebbins Water Management, LLC Minor Produced Water Release 5/2/24 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2412747517 XTO ENERGY, INC Major Fire 5/2/24 Motor Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2412428329 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/1/24 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAPP2412240179 HF Sinclair Navajo Refining LLC Major Fire 5/1/24 Other (Specify) 0 0 0 GAL Fire Eddy (15) No No
nAPP2412242049 Enterprise Field Services, LLC Minor Natural Gas Release 5/1/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2412336586 DKL Energy - Cottonwood, LLC Major Oil Release 5/1/24 Crude Oil 110 50 60 BBL Corrosion Lea (25) No No
nAPP2412132684 Permian Resources Operating, LLC Major Produced Water Release 4/30/24 Produced Water 74 60 14 BBL Normal Operations Lea (25) No No
nAPP2412451900 SIMCOE LLC Minor Produced Water Release 4/30/24 Produced Water 7 0 7 BBL Corrosion San Juan (45) No No
nAPP2412154752 OWL SWD OPERATING, LLC Major Produced Water Release 4/30/24 Produced Water 350 0 350 BBL Equipment Failure Eddy (15) No No
nAPP2415830580 COG OPERATING LLC Major Fire 4/30/24 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2413552773 PHILLIPS PETROLEUM CO Major Oil Release 4/30/24 Crude Oil 38 10 28 BBL Repair and Maintenance Lea (25) No No
nAPP2412237579 CHEVRON U S A INC Major Fire 4/30/24 Motor Oil 0 0 0 GAL Equipment Failure Eddy (15) No No
nAPP2412148467 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/30/24 Produced Water 9 5 4 BBL Equipment Failure Lea (25) No No
nAPP2412150813 DUGAN PRODUCTION CORP Major Produced Water Release 4/30/24 Produced Water 60 0 60 BBL Human Error San Juan (45) No No
nAPP2412248274 OXY USA INC Major Produced Water Release 4/29/24 Produced Water 25 5 20 BBL Equipment Failure Eddy (15) No No
nAPP2412157442 FAE II Operating LLC Major Oil Release 4/29/24 Crude Oil 150 145 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2412442807 PLAINS MARKETING L.P. Minor Oil Release 4/29/24 Crude Oil 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2412163811 MARATHON OIL PERMIAN LLC Major Oil Release 4/29/24 Crude Oil 36 36 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2412352170 XTO ENERGY, INC Major Produced Water Release 4/29/24 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAPP2412248274 OXY USA INC Major Produced Water Release 4/29/24 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2412336815 OXY USA INC Minor Oil Release 4/29/24 Produced Water 3 3 0 BBL Equipment Failure Lea (25) No No
nAPP2412336815 OXY USA INC Minor Oil Release 4/29/24 Crude Oil 7 7 0 BBL Equipment Failure Lea (25) No No
nAPP2412138138 XTO ENERGY, INC Major Produced Water Release 4/29/24 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAPP2412045238 COG OPERATING LLC Major Oil Release 4/29/24 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2412029367 Enterprise Field Services, LLC Major Fire 4/28/24 Other (Specify) 0 0 0 Lea (25) No No
nAPP2412026782 MATADOR PRODUCTION COMPANY Major Produced Water Release 4/28/24 Produced Water 117 70 47 BBL Equipment Failure Lea (25) No No
nAPP2411761274 Whiptail Midstream LLC Major Produced Water Release 4/26/24 Produced Water 200 0 200 BBL Corrosion San Juan (45) No No
nAPP2412351243 XTO ENERGY, INC Minor Oil Release 4/26/24 Crude Oil 12 10 2 BBL Equipment Failure Eddy (15) No No
nAPP2411866719 COG OPERATING LLC Major Oil Release 4/26/24 Crude Oil 375 350 25 BBL Other Lea (25) No No
nAPP2412141144 Maverick Permian LLC Minor Oil Release 4/26/24 Crude Oil 4 2 2 BBL Vandalism Lea (25) No No
nAPP2411866719 COG OPERATING LLC Major Oil Release 4/26/24 Produced Water 375 350 25 BBL Other Lea (25) No No
nAPP2412141144 Maverick Permian LLC Minor Oil Release 4/26/24 Produced Water 17 10 7 BBL Vandalism Lea (25) No No
nAPP2411733155 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/26/24 Produced Water 10 6 4 BBL Equipment Failure Eddy (15) No No
nAPP2412148368 ENDURING RESOURCES, LLC Major Produced Water Release 4/26/24 Produced Water 339 0 339 BBL Corrosion San Juan (45) No No
nAPP2411666919 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/25/24 Crude Oil 6 6 0 BBL Equipment Failure Lea (25) No No
nAPP2415831092 COG OPERATING LLC Major Oil Release 4/25/24 Crude Oil 231 231 0 BBL Equipment Failure Eddy (15) No No
nAPP2411724780 BTA OIL PRODUCERS, LLC Major Fire 4/25/24 Crude Oil 580 0 580 BBL Fire Eddy (15) No No
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nAPP2411724780 BTA OIL PRODUCERS, LLC Major Fire 4/25/24 Produced Water 1200 0 1200 BBL Fire Eddy (15) No No
nAPP2411761305 Crestwood New Mexico Pipeline LLC Major Fire 4/25/24 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2411745248 Maverick Permian LLC Major Produced Water Release 4/25/24 Produced Water 33 0 33 BBL Other Lea (25) No No
nAPP2411660109 COG OPERATING LLC Major Oil Release 4/25/24 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2412349065 XTO ENERGY, INC Major Fire 4/24/24 Lube Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2411647420 CIMAREX ENERGY CO. Major Oil Release 4/24/24 Crude Oil 93 86 7 BBL Equipment Failure Eddy (15) No No
nAPP2411548875 Permian Resources Operating, LLC Major Produced Water Release 4/24/24 Produced Water 34 4 30 BBL Normal Operations Lea (25) No No
nAPP2411643477 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/24/24 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAPP2411548364 COG OPERATING LLC Major Oil Release 4/23/24 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2411453943 DUGAN PRODUCTION CORP Major Produced Water Release 4/23/24 Produced Water 85 0 85 BBL Corrosion San Juan (45) No No
nAPP2411547802 CHEVRON U S A INC Minor Produced Water Release 4/23/24 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2411547802 CHEVRON U S A INC Minor Produced Water Release 4/23/24 Produced Water 11 5 6 BBL Equipment Failure Eddy (15) No No
nAPP2411463396 AMEREDEV OPERATING, LLC Major Fire 4/23/24 Crude Oil 1 0 1 BBL Fire Lea (25) No No
nAPP2411558459 XTO ENERGY, INC Minor Oil Release 4/23/24 Crude Oil 8 8 0 BBL Equipment Failure Lea (25) No No
nAPP2414438251 OXY USA INC Major Produced Water Release 4/22/24 Produced Water 1000 940 60 BBL Equipment Failure Lea (25) No No
nAPP2415831559 COG OPERATING LLC Minor Produced Water Release 4/22/24 Produced Water 12 10 2 BBL Corrosion Eddy (15) No No
nAPP2411435836 XTO ENERGY, INC Major Release Other 4/21/24 Crude Oil 6 6 0 BBL Normal Operations Eddy (15) No No
nAPP2411327945 MATADOR PRODUCTION COMPANY Major Produced Water Release 4/21/24 Produced Water 2631 150 2481 BBL Human Error Lea (25) No No
nAPP2411435836 XTO ENERGY, INC Major Release Other 4/21/24 Produced Water 54 54 0 BBL Normal Operations Eddy (15) No No
nAPP2411337548 MACK ENERGY CORP Major Fire 4/21/24 Crude Oil 40 0 40 BBL Fire Chaves (05) No No
nAPP2411337548 MACK ENERGY CORP Major Fire 4/21/24 Produced Water 99 0 99 BBL Fire Chaves (05) No No
nAPP2411049662 FAE II Operating LLC Minor Produced Water Release 4/18/24 Produced Water 23 20 3 BBL Corrosion Lea (25) No No
nAPP2411129556 COG OPERATING LLC Major Fire 4/18/24 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2410959069 PHX Energy, LLC Major Oil Release 4/17/24 Crude Oil 165 100 65 BBL Equipment Failure Lea (25) No No
nAPP2410946300 TARGA MIDSTREAM SERVICES LLC Minor Natural Gas Release 4/17/24 Condensate 6 1 5 BBL Equipment Failure Lea (25) No No
nAPP2411332796 OXY USA INC Produced Water Release 4/17/24 Produced Water 0 0 0 BBL Other Harding (21) No No
nAPP2415832103 COG PRODUCTION, LLC Minor Produced Water Release 4/17/24 Produced Water 13 13 0 BBL Corrosion Eddy (15) No No
nAPP2410747253 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/16/24 Produced Water 21 10 11 BBL Equipment Failure Lea (25) No No
nAPP2412253528 XTO ENERGY, INC Major Fire 4/16/24 Other (Specify) 0 0 0 BBL Other Eddy (15) No No
nAPP2410932444 COG OPERATING LLC Major Oil Release 4/16/24 Crude Oil 132 130 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2410854853 MATADOR PRODUCTION COMPANY Minor Oil Release 4/16/24 Crude Oil 23 7 16 BBL Equipment Failure Lea (25) No No
nAPP2410851745 FAE II Operating LLC Major Produced Water Release 4/16/24 Produced Water 70 60 10 BBL Equipment Failure Lea (25) No No
nAPP2410758305 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/16/24 Produced Water 38 30 8 BBL Equipment Failure Eddy (15) No No
nAPP2410759719 LONGFELLOW ENERGY, LP Major Produced Water Release 4/16/24 Produced Water 1432 128 1304 BBL Equipment Failure Eddy (15) No No
nAPP2410737986 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 4/16/24 Produced Water 80 65 15 BBL Blow Out Eddy (15) No No
nAPP2410749827 COG OPERATING LLC Major Oil Release 4/16/24 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2410655775 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/15/24 Produced Water 33 33 0 BBL Equipment Failure Eddy (15) No No
nAPP2410734401 COG OPERATING LLC Major Fire 4/15/24 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAPP2410633112 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/14/24 Produced Water 91 91 0 BBL Equipment Failure Eddy (15) No No
nAPP2410540758 MATADOR PRODUCTION COMPANY Minor Oil Release 4/13/24 Crude Oil 10 0 10 BBL Normal Operations Lea (25) No No
nAPP2410349074 Harvest Four Corners, LLC Major Natural Gas Release 4/12/24 Glycol 3 0 3 BBL Equipment Failure Rio Arriba (39) No No
nAPP2410358636 HILCORP ENERGY COMPANY Major Produced Water Release 4/12/24 Produced Water 83 75 8 BBL Equipment Failure San Juan (45) No No
nAPP2410253099 3R Operating, LLC Minor Oil Release 4/11/24 Crude Oil 15 10 5 BBL Equipment Failure Lea (25) No No
nAPP2410829165 HILCORP ENERGY COMPANY Minor Oil Release 4/11/24 Crude Oil 17 15 2 BBL Equipment Failure San Juan (45) No No
nAPP2410837698 Northwind Midstream Partners LLC Minor Oil Release 4/11/24 Crude Oil 7 0 7 BBL Human Error Lea (25) No No
nAPP2415757870 Murchison Oil and Gas, LLC Major Other 4/10/24 Crude Oil 0 0 0 BBL Normal Operations Eddy (15) No No
nAPP2410234931 CAZA OPERATING, LLC Minor Oil Release 4/10/24 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nAPP2410231723 EOG RESOURCES INC Major Other 4/10/24 Unknown 0 0 0 BBL Human Error Eddy (15) No No
nAPP2410158196 MorningStar Operating LLC Major Oil Release 4/10/24 Crude Oil 40 35 5 BBL Equipment Failure Lea (25) No No
nAPP2410158196 MorningStar Operating LLC Major Oil Release 4/10/24 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAPP2410047011 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 4/9/24 Produced Water 150 130 20 BBL Equipment Failure Eddy (15) No No
nAPP2411738138 XTO ENERGY, INC Minor Produced Water Release 4/9/24 Produced Water 18 4 14 BBL Corrosion Lea (25) No No
nAPP2410855489 MEWBOURNE OIL CO Major Release Other 4/9/24 Drilling Mud/Fluid 95 75 20 BBL Human Error Eddy (15) No No
nAPP2411631990 XTO ENERGY, INC Minor Produced Water Release 4/9/24 Produced Water 18 0 18 BBL Equipment Failure Eddy (15) No No
nAPP2411739118 XTO ENERGY, INC Minor Produced Water Release 4/9/24 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAPP2410039249 BTA OIL PRODUCERS, LLC Minor Oil Release 4/8/24 Crude Oil 14 14 0 BBL Equipment Failure Lea (25) No No
nAPP2410037098 OXY USA INC Major Produced Water Release 4/8/24 Produced Water 2220 1850 370 BBL Equipment Failure Lea (25) No No
nAPP2410350023 3R Operating, LLC Minor Other 4/8/24 Crude Oil 3 3 0 BBL Other Eddy (15) No No
nAPP2410350023 3R Operating, LLC Minor Other 4/8/24 Condensate 12 12 0 BBL Other Eddy (15) No No
nAPP2410350023 3R Operating, LLC Minor Other 4/8/24 Produced Water 9 9 0 BBL Other Eddy (15) No No
nAPP2409932604 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 4/7/24 Crude Oil 30 20 10 BBL Equipment Failure Lea (25) No No
nAPP2409940657 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 4/7/24 Crude Oil 69 63 6 BBL Equipment Failure Eddy (15) No No
nAPP2409940115 COG OPERATING LLC Major Release Other 4/6/24 Crude Oil 2 2 0 BBL Other Eddy (15) No No
nAPP2409940115 COG OPERATING LLC Major Release Other 4/6/24 Produced Water 29 29 0 BBL Other Eddy (15) No No
nAPP2412835625 HILCORP ENERGY COMPANY Major Produced Water Release 4/6/24 Produced Water 35 35 0 BBL Human Error Rio Arriba (39) No No
nAPP2409770106 PLAINS MARKETING L.P. Minor Oil Release 4/6/24 Crude Oil 6 1 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2410045507 XTO ENERGY, INC Minor Produced Water Release 4/6/24 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2409859045 LONGFELLOW ENERGY, LP Major Produced Water Release 4/6/24 Produced Water 4018 3988 30 BBL Equipment Failure Eddy (15) No No
nAPP2410024170 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/5/24 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2409671242 Silverback Operating II, LLC Major Produced Water Release 4/5/24 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2409945367 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/5/24 Produced Water 6 6 0 BBL Equipment Failure Lea (25) No No
nAPP2409554213 COG OPERATING LLC Major Produced Water Release 4/4/24 Produced Water 111 75 36 BBL Other Lea (25) No No
nAPP2409950483 Blackbuck New Mexico LLC Major Produced Water Release 4/4/24 Produced Water 100 0 100 BBL Human Error Eddy (15) No No
nAPP2409552203 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Oil Release 4/3/24 Crude Oil 6 5 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2410136920 OXY USA INC Minor Produced Water Release 4/3/24 Produced Water 10 3 7 BBL Equipment Failure Lea (25) No No
nAPP2409552342 OXY USA INC Minor Produced Water Release 4/3/24 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAPP2409464457 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/3/24 Produced Water 40 40 0 BBL Equipment Failure Lea (25) No No
nAPP2410037551 Spur Energy Partners LLC Minor Oil Release 4/3/24 Crude Oil 24 22 2 BBL Corrosion Eddy (15) No No
nAPP2410138519 OXY USA INC Minor Produced Water Release 4/3/24 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nAPP2410048454 Spur Energy Partners LLC Minor Oil Release 4/2/24 Crude Oil 13 12 1 BBL Corrosion Eddy (15) No No
nAPP2409465640 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/2/24 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nAPP2410737428 XTO ENERGY, INC Minor Release Other 4/2/24 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2409465640 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/2/24 Produced Water 9 6 3 BBL Equipment Failure Lea (25) No No
nAPP2410737428 XTO ENERGY, INC Minor Release Other 4/2/24 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2409532196 HILCORP ENERGY COMPANY Minor Produced Water Release 4/2/24 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nAPP2410636699 Spur Energy Partners LLC Minor Release Other 4/2/24 Crude Oil 5 3 2 BBL Corrosion Eddy (15) No No
nAPP2410636699 Spur Energy Partners LLC Minor Release Other 4/2/24 Produced Water 5 3 2 BBL Corrosion Eddy (15) No No
nAPP2410735798 XTO ENERGY, INC Minor Produced Water Release 4/2/24 Produced Water 14 5 9 BBL Equipment Failure Lea (25) No No
nAPP2409948979 COG PRODUCTION, LLC Minor Produced Water Release 4/1/24 Produced Water 13 10 3 BBL Corrosion Lea (25) No No
nAPP2409342189 ENDURING RESOURCES, LLC Major Oil Release 3/31/24 Crude Oil 240 210 30 BBL Corrosion Sandoval (43) No No
nAPP2409228474 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 3/31/24 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2409236022 Blackbuck New Mexico LLC Major Produced Water Release 3/31/24 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2409337860 Maverick Permian LLC Minor Oil Release 3/31/24 Crude Oil 6 4 2 BBL Corrosion Lea (25) No No
nAPP2409236022 Blackbuck New Mexico LLC Major Produced Water Release 3/31/24 Produced Water 90 50 40 BBL Equipment Failure Eddy (15) No No
nAPP2409337860 Maverick Permian LLC Minor Oil Release 3/31/24 Produced Water 9 6 3 BBL Corrosion Lea (25) No No
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nAPP2409146069 TAP ROCK OPERATING, LLC Minor Produced Water Release 3/30/24 Produced Water 17 0 17 BBL Equipment Failure Lea (25) No No
nAPP2409949509 XTO ENERGY, INC Minor Release Other 3/30/24 Crude Oil 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2409949509 XTO ENERGY, INC Minor Release Other 3/30/24 Produced Water 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2410043663 APACHE CORPORATION Minor Produced Water Release 3/30/24 Produced Water 10 10 0 BBL Corrosion Lea (25) No No
nAPP2426161980 CAMBRIAN MANAGEMENT LTD Minor Oil Release 3/29/24 Crude Oil 3 2 1 BBL Normal Operations Lea (25) No No
nAPP2426161980 CAMBRIAN MANAGEMENT LTD Minor Oil Release 3/29/24 Produced Water 3 2 1 BBL Normal Operations Lea (25) No No
nAPP2426256273 GRAND BANKS ENERGY CO Minor Oil Release 3/29/24 Crude Oil 7 0 7 BBL Normal Operations Lea (25) No No
nAPP2426158921 CAMBRIAN MANAGEMENT LTD Major Oil Release 3/28/24 Produced Water 5 3 2 BBL Normal Operations Lea (25) No No
nAPP2426158921 CAMBRIAN MANAGEMENT LTD Major Oil Release 3/28/24 Crude Oil 20 16 4 BBL Normal Operations Lea (25) No No
nAPP2426157644 CAMBRIAN MANAGEMENT LTD Major Release Other 3/28/24 Crude Oil 36 30 6 BBL Corrosion Lea (25) No No
nAPP2409952956 XTO ENERGY, INC Major Fire 3/28/24 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2426159828 CAMBRIAN MANAGEMENT LTD Minor Oil Release 3/28/24 Crude Oil 7 5 2 BBL Corrosion Lea (25) No No
nAPP2408932632 DCP OPERATING COMPANY, LP Major Produced Water Release 3/27/24 Produced Water 68 30 38 BBL Normal Operations Eddy (15) No No
nAPP2409948527 XTO ENERGY, INC Minor Oil Release 3/26/24 Crude Oil 15 15 0 BBL Human Error Eddy (15) No No
nAPP2408637670 Enterprise Field Services, LLC Minor Natural Gas Release 3/26/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2408624331 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/25/24 Produced Water 64 64 0 BBL Equipment Failure Eddy (15) No No
nAPP2409947565 XTO ENERGY, INC Minor Produced Water Release 3/25/24 Produced Water 9 0 9 BBL Other Eddy (15) No No
nAPP2408551309 SELECT ENERGY SERVICES, LLC Major Produced Water Release 3/24/24 Produced Water 29 20 9 BBL Equipment Failure Lea (25) No No
nAPP2408657051 DCP OPERATING COMPANY, LP Minor Natural Gas Release 3/22/24 Condensate 20 20 0 BBL Equipment Failure Lea (25) No No
nAPP2409454303 MEWBOURNE OIL CO Major Produced Water Release 3/22/24 Produced Water 113 85 28 BBL Equipment Failure Eddy (15) Yes No
nAPP2408531365 Spur Energy Partners LLC Major Produced Water Release 3/22/24 Produced Water 26 2 24 BBL Corrosion Eddy (15) No No
nAPP2410135571 FRONTIER FIELD SERVICES, LLC Release Other 3/22/24 Condensate 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2409247597 XTO ENERGY, INC Minor Produced Water Release 3/21/24 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nAPP2408179114 ARMSTRONG ENERGY CORP Major Oil Release 3/21/24 Crude Oil 275 123 152 BBL Equipment Failure Lea (25) No No
nAPP2409551506 XTO ENERGY, INC Minor Release Other 3/21/24 Crude Oil 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2409551506 XTO ENERGY, INC Minor Release Other 3/21/24 Produced Water 19 0 19 BBL Corrosion Eddy (15) No No
nAPP2408244633 MARATHON OIL PERMIAN LLC Minor Produced Water Release 3/21/24 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2408543583 Spur Energy Partners LLC Minor Produced Water Release 3/20/24 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nAPP2415648236 EOG RESOURCES INC Major Produced Water Release 3/20/24 Produced Water 90 30 60 BBL Equipment Failure Eddy (15) No No
nAPP2415666595 EOG RESOURCES INC Major Produced Water Release 3/19/24 Produced Water 150 130 20 BBL Equipment Failure Lea (25) No No
nAPP2408626644 Maverick Permian LLC Major Produced Water Release 3/19/24 Produced Water 140 140 0 BBL Power Failure Lea (25) No No
nAPP2409248851 XTO ENERGY, INC Major Produced Water Release 3/19/24 Produced Water 30 0 30 BBL Normal Operations Eddy (15) No No
nAPP2407964074 San Mateo Stebbins Water Management, LLC Major Produced Water Release 3/19/24 Produced Water 2252 200 2052 BBL Equipment Failure Eddy (15) No No
nAPP2408038089 SCOUT ENERGY MANAGEMENT LLC Major Produced Water Release 3/19/24 Crude Oil 26 5 21 BBL Corrosion Lea (25) No No
nAPP2408038089 SCOUT ENERGY MANAGEMENT LLC Major Produced Water Release 3/19/24 Produced Water 495 20 475 BBL Corrosion Lea (25) No No
nAPP2407953672 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/19/24 Produced Water 45 45 0 BBL Equipment Failure Eddy (15) No No
nAPP2408227792 FORTY ACRES ENERGY, LLC Minor Oil Release 3/18/24 Crude Oil 22 22 0 BBL Corrosion Lea (25) No No
nAPP2409931184 COG OPERATING LLC Major Oil Release 3/17/24 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2407827868 WPX Energy Permian, LLC Major Oil Release 3/17/24 Crude Oil 96 95 1 BBL Power Failure Eddy (15) No No
nAPP2408651560 MEWBOURNE OIL CO Major Produced Water Release 3/15/24 Produced Water 113 60 53 BBL Lightning Lea (25) No No
nAPP2408539690 WESTERN REFINING PIPELINE LLC Minor Oil Release 3/15/24 Crude Oil 16 1 15 BBL Normal Operations Lea (25) No No
nAPP2407540038 Enterprise Field Services, LLC Minor Natural Gas Release 3/15/24 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2407561521 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/15/24 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2407561521 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/15/24 Produced Water 48 48 0 BBL Equipment Failure Eddy (15) No No
nAPP2407637319 COG OPERATING LLC Major Fire 3/15/24 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nAPP2407542571 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/15/24 Produced Water 110 0 110 BBL Equipment Failure Eddy (15) No No
nAPP2408932392 XTO ENERGY, INC Minor Oil Release 3/15/24 Crude Oil 6 3 3 BBL Normal Operations Eddy (15) No No
nAPP2407828285 Spur Energy Partners LLC Major Release Other 3/15/24 Produced Water 30 29 1 BBL Corrosion Eddy (15) No No
nAPP2407828285 Spur Energy Partners LLC Major Release Other 3/15/24 Crude Oil 7 6 1 BBL Corrosion Eddy (15) No No
nAPP2408638426 OXY USA INC Blow Out 3/13/24 Produced Water 0 0 0 BBL Blow Out Eddy (15) No No
nAPP2408638426 OXY USA INC Blow Out 3/13/24 Crude Oil 0 0 0 BBL Blow Out Eddy (15) No No
nAPP2408649530 XTO ENERGY, INC Minor Release Other 3/13/24 Produced Water 5 5 0 BBL Normal Operations Eddy (15) No No
nAPP2408649824 XTO ENERGY, INC Minor Produced Water Release 3/13/24 Produced Water 11 10 1 BBL Normal Operations Eddy (15) No No
nAPP2408649530 XTO ENERGY, INC Minor Release Other 3/13/24 Crude Oil 2 2 0 BBL Normal Operations Eddy (15) No No
nAPP2408630430 COG OPERATING LLC Minor Oil Release 3/12/24 Crude Oil 23 20 3 BBL Corrosion Lea (25) No No
nAPP2408643618 OXY USA INC Release Other 3/12/24 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2408553359 XTO ENERGY, INC Minor Produced Water Release 3/11/24 Produced Water 15 13 2 BBL Normal Operations Eddy (15) No No
nAPP2408136720 DCP OPERATING COMPANY, LP Major Fire 3/10/24 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2407128665 Contango Resources, LLC Major Produced Water Release 3/10/24 Produced Water 40 40 0 BBL Blow Out Lea (25) No No
nAPP2407128665 Contango Resources, LLC Major Produced Water Release 3/10/24 Crude Oil 5 5 0 BBL Blow Out Lea (25) No No
nAPP2407138431 CHEVRON U S A INC Minor Produced Water Release 3/10/24 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2407138431 CHEVRON U S A INC Minor Produced Water Release 3/10/24 Produced Water 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2406964143 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 3/9/24 Crude Oil 37 20 17 BBL Equipment Failure Lea (25) No No
nAPP2408034878 XTO ENERGY, INC Minor Produced Water Release 3/8/24 Produced Water 12 11 1 BBL Equipment Failure Eddy (15) No No
nAPP2406874805 Harvest Four Corners, LLC Major Produced Water Release 3/8/24 Produced Water 5 0 5 BBL Other San Juan (45) Yes No
nAPP2406751590 ETC Texas Pipeline, Ltd. Major Oil Release 3/7/24 Crude Oil 46 20 26 BBL Corrosion Lea (25) No No
nAPP2406751590 ETC Texas Pipeline, Ltd. Major Oil Release 3/7/24 Crude Oil 46 20 26 BBL Corrosion Lea (25) No No
nAPP2407137317 CHEVRON U S A INC Minor Produced Water Release 3/7/24 Produced Water 13 10 3 BBL Liquids Unloading Eddy (15) No No
nAPP2407137317 CHEVRON U S A INC Minor Produced Water Release 3/7/24 Crude Oil 2 2 0 BBL Liquids Unloading Eddy (15) No No
nAPP2406837717 MATADOR PRODUCTION COMPANY Major Produced Water Release 3/7/24 Produced Water 130 130 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2407444539 APACHE CORPORATION Major Produced Water Release 3/7/24 Produced Water 100 0 100 BBL Corrosion Lea (25) No No
nAPP2406649307 Harvest Four Corners, LLC Minor Release Other 3/6/24 Condensate 7 0 7 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2406733462 OXY USA INC Major Produced Water Release 3/6/24 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nAPP2406675705 OXY USA INC Major Release Other 3/6/24 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2406675705 OXY USA INC Major Release Other 3/6/24 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nAPP2406734751 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 3/6/24 Crude Oil 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2408036299 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/6/24 Produced Water 41 4 37 BBL Equipment Failure Lea (25) No No
nAPP2407545309 OXY USA INC Minor Produced Water Release 3/5/24 Produced Water 20 10 10 BBL Human Error Lea (25) No No
nAPP2407356057 MEWBOURNE OIL CO Major Produced Water Release 3/5/24 Produced Water 130 85 45 BBL Equipment Failure Eddy (15) No No
nAPP2407256657 Permian Resources Operating, LLC Major Produced Water Release 3/5/24 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2407256657 Permian Resources Operating, LLC Major Produced Water Release 3/5/24 Produced Water 70 60 10 BBL Equipment Failure Lea (25) No No
nAPP2406623089 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 3/5/24 Crude Oil 8 8 0 BBL Equipment Failure Lea (25) No No
nAPP2406642629 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/5/24 Produced Water 17 13 4 BBL Equipment Failure Lea (25) No No
nAPP2406626875 MATADOR PRODUCTION COMPANY Major Oil Release 3/5/24 Crude Oil 84 40 44 BBL Equipment Failure Eddy (15) No No
nAPP2406517742 BTA OIL PRODUCERS, LLC Major Produced Water Release 3/4/24 Produced Water 260 260 0 BBL Other Lea (25) No No
nAPP2406447416 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/4/24 Produced Water 175 0 175 BBL Equipment Failure Lea (25) No No
nAPP2406456265 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 3/4/24 Produced Water 320 310 10 BBL Equipment Failure Lea (25) No No
nAPP2406454812 LOGOS OPERATING, LLC Major Produced Water Release 3/4/24 Produced Water 240 220 20 BBL Equipment Failure San Juan (45) No No
nAPP2407533604 XTO ENERGY, INC Major Produced Water Release 3/3/24 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nAPP2406528831 WPX Energy Permian, LLC Minor Produced Water Release 3/3/24 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nAPP2407331882 Spur Energy Partners LLC Major Release Other 3/3/24 Crude Oil 2 1 1 BBL Fire Eddy (15) No No
nAPP2407331882 Spur Energy Partners LLC Major Release Other 3/3/24 Produced Water 7 6 1 BBL Fire Eddy (15) No No
nAPP2406421795 BTA OIL PRODUCERS, LLC Major Produced Water Release 3/3/24 Produced Water 30 20 10 BBL High Line Pressure Lea (25) No No
nAPP2406527330 WPX Energy Permian, LLC Minor Produced Water Release 3/3/24 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nAPP2406241127 MATADOR PRODUCTION COMPANY Minor Oil Release 3/2/24 Crude Oil 22 20 2 BBL Other Eddy (15) No No
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nAPP2407252087 EOR OPERATING COMPANY Minor Produced Water Release 3/2/24 Produced Water 6 3 3 BBL High Line Pressure Roosevelt (41) No No
nAPP2406265359 MATADOR PRODUCTION COMPANY Minor Produced Water Release 3/2/24 Produced Water 21 0 21 BBL Normal Operations Lea (25) No No
nAPP2407252087 EOR OPERATING COMPANY Minor Produced Water Release 3/2/24 Crude Oil 3 2 1 BBL High Line Pressure Roosevelt (41) No No
nAPP2406532229 OXY USA INC Minor Produced Water Release 3/2/24 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2406276831 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 3/2/24 Crude Oil 14 10 4 BBL Equipment Failure Lea (25) No No
nAPP2406532229 OXY USA INC Minor Produced Water Release 3/2/24 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2406276831 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 3/2/24 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nAPP2407532550 XTO ENERGY, INC Major Produced Water Release 3/2/24 Produced Water 118 70 48 BBL Corrosion Eddy (15) No No
nAPP2406628203 LOGOS OPERATING, LLC Minor Produced Water Release 3/1/24 Produced Water 6 6 0 BBL Equipment Failure San Juan (45) No No
nAPP2406175802 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/1/24 Produced Water 34 34 0 BBL Equipment Failure Lea (25) No No
nAPP2406257576 ETC Texas Pipeline, Ltd. Major Natural Gas Release 3/1/24 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2406225921 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/1/24 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nAPP2406119660 HILCORP ENERGY COMPANY Minor Release Other 2/29/24 Produced Water 7 0 7 BBL Corrosion San Juan (45) No No
nAPP2406119660 HILCORP ENERGY COMPANY Minor Release Other 2/29/24 Condensate 8 0 8 BBL Corrosion San Juan (45) No No
nAPP2406051763 MATADOR PRODUCTION COMPANY Minor Produced Water Release 2/29/24 Produced Water 12 2 10 BBL Other Eddy (15) No No
nAPP2406128105 CIMAREX ENERGY CO. Minor Produced Water Release 2/29/24 Produced Water 13 7 6 BBL Equipment Failure Eddy (15) No No
nAPP2406128105 CIMAREX ENERGY CO. Minor Produced Water Release 2/29/24 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAPP2407444295 APACHE CORPORATION Minor Oil Release 2/29/24 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2407444295 APACHE CORPORATION Minor Oil Release 2/29/24 Crude Oil 6 6 0 BBL Equipment Failure Lea (25) No No
nAPP2405979324 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 2/28/24 Produced Water 582 205 377 BBL Human Error Lea (25) No No
nAPP2406542880 DCP OPERATING COMPANY, LP Major Produced Water Release 2/28/24 Produced Water 30 25 5 BBL Human Error Eddy (15) No No
nAPP2406046944 COG OPERATING LLC Major Fire 2/28/24 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2407350900 XTO ENERGY, INC Major Produced Water Release 2/28/24 Produced Water 30 30 0 BBL Normal Operations Eddy (15) No No
nAPP2406036995 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/28/24 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2405840050 DKL Energy - Cottonwood, LLC Other 2/27/24 Other (Specify) 0 0 0 BBL Other Eddy (15) No No
nAPP2407438506 XTO ENERGY, INC Minor Produced Water Release 2/27/24 Produced Water 24 1 23 BBL Normal Operations Eddy (15) No No
nAPP2406026361 WPX Energy Permian, LLC Major Produced Water Release 2/26/24 Produced Water 50 50 0 BBL Corrosion Eddy (15) No No
nAPP2407254241 Permian Resources Operating, LLC Major Oil Release 2/26/24 Crude Oil 32 20 12 BBL Equipment Failure Lea (25) No No
nAPP2406465047 DJR OPERATING, LLC Major Produced Water Release 2/26/24 Produced Water 43 43 0 BBL Equipment Failure San Juan (45) No No
nAPP2405840706 CROSS TIMBERS ENERGY, LLC Major Oil Release 2/26/24 Produced Water 30 25 5 BBL Equipment Failure Lea (25) No No
nAPP2405840706 CROSS TIMBERS ENERGY, LLC Major Oil Release 2/26/24 Crude Oil 30 25 5 BBL Equipment Failure Lea (25) No No
nAPP2405737852 Enterprise Field Services, LLC Minor Oil Release 2/26/24 Crude Oil 10 0 10 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2405820567 BTA OIL PRODUCERS, LLC Major Produced Water Release 2/26/24 Produced Water 60 60 0 BBL Corrosion Eddy (15) No No
nAPP2405734182 RIDGEWAY ARIZONA OIL CORP. Minor Produced Water Release 2/25/24 Produced Water 20 0 20 BBL Other Chaves (05) No No
nAPP2405746227 OWL SWD OPERATING, LLC Major Produced Water Release 2/25/24 Produced Water 35 0 35 BBL Equipment Failure Lea (25) No No
nAPP2406135810 OXY USA INC Minor Oil Release 2/25/24 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nAPP2405741200 DCP OPERATING COMPANY, LP Major Fire 2/25/24 Other (Specify) 0 0 0 Lea (25) No No
nAPP2407338357 XTO ENERGY, INC Minor Other 2/25/24 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2407338357 XTO ENERGY, INC Minor Other 2/25/24 Produced Water 7 4 3 BBL Corrosion Eddy (15) No No
nAPP2405570668 MARATHON OIL PERMIAN LLC Major Produced Water Release 2/24/24 Produced Water 170 0 170 BBL Equipment Failure Eddy (15) No No
nAPP2405622437 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 2/24/24 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2407257682 XTO ENERGY, INC Major Produced Water Release 2/24/24 Produced Water 63 63 0 BBL Corrosion Eddy (15) No No
nAPP2407257682 XTO ENERGY, INC Major Produced Water Release 2/24/24 Crude Oil 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2405851767 DCP OPERATING COMPANY, LP Minor Blow Out 2/23/24 Produced Water 23 0 23 BBL Blow Out Lea (25) No No
nAPP2406731234 MEWBOURNE OIL CO Major Produced Water Release 2/23/24 Produced Water 34 10 24 BBL Equipment Failure Eddy (15) No No
nAPP2406461829 XTO ENERGY, INC Minor Other 2/22/24 Crude Oil 5 4 1 BBL Other Eddy (15) No No
nAPP2405936804 FAE II Operating LLC Major Oil Release 2/22/24 Crude Oil 320 316 4 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2406461829 XTO ENERGY, INC Minor Other 2/22/24 Produced Water 1 0 1 BBL Other Eddy (15) No No
nAPP2405445786 Maverick Permian LLC Minor Produced Water Release 2/22/24 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No
nAPP2405856306 FORTY ACRES ENERGY, LLC Minor Produced Water Release 2/22/24 Produced Water 22 17 5 BBL Equipment Failure Lea (25) No No
nAPP2405447618 OXY USA INC Major Release Other 2/22/24 Crude Oil 49 40 9 BBL Equipment Failure Eddy (15) No No
nAPP2405447618 OXY USA INC Major Release Other 2/22/24 Produced Water 61 40 21 BBL Equipment Failure Eddy (15) No No
nAPP2405353367 Spur Energy Partners LLC Major Release Other 2/21/24 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2405353367 Spur Energy Partners LLC Major Release Other 2/21/24 Produced Water 43 43 0 BBL Equipment Failure Eddy (15) No No
nAPP2405256649 COG OPERATING LLC Major Oil Release 2/21/24 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2406120215 HILCORP ENERGY COMPANY Minor Produced Water Release 2/21/24 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nAPP2405260692 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 2/21/24 Produced Water 822 10 812 BBL Equipment Failure Lea (25) No No
nAPP2405266585 ETC Texas Pipeline, Ltd. Natural Gas Release 2/20/24 Produced Water 1 1 0 BBL Corrosion Lea (25) No No
nAPP2405157748 ETC Texas Pipeline, Ltd. Major Release Other 2/20/24 Condensate 100 100 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2406163532 XTO ENERGY, INC Minor Produced Water Release 2/20/24 Produced Water 11 10 1 BBL Other Eddy (15) No No
nAPP2405328548 Spur Energy Partners LLC Minor Oil Release 2/19/24 Crude Oil 15 15 0 BBL Human Error Eddy (15) No No
nAPP2405038607 MATADOR PRODUCTION COMPANY Minor Oil Release 2/19/24 Crude Oil 9 8 1 BBL Equipment Failure Eddy (15) No No
nAPP2406735085 COG OPERATING LLC Minor Produced Water Release 2/19/24 Produced Water 12 10 2 BBL Corrosion Eddy (15) No No
nAPP2404951211 COG OPERATING LLC Major Oil Release 2/18/24 Crude Oil 1 0 1 BBL Other Lea (25) No No
nAPP2406161820 XTO ENERGY, INC Major Produced Water Release 2/16/24 Produced Water 57 10 47 BBL Corrosion Eddy (15) No No
nAPP2405854952 MEWBOURNE OIL CO Major Fire 2/16/24 Produced Water 20 0 20 BBL Fire Eddy (15) No No
nAPP2405854952 MEWBOURNE OIL CO Major Fire 2/16/24 Condensate 1 0 1 BBL Fire Eddy (15) No No
nAPP2406159589 XTO ENERGY, INC Minor Produced Water Release 2/16/24 Produced Water 10 10 0 BBL Other Eddy (15) No No
nAPP2404672954 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/15/24 Produced Water 22 20 2 BBL Equipment Failure Lea (25) No No
nAPP2404715996 HILCORP ENERGY COMPANY Major Release Other 2/15/24 Produced Water 15 0 15 BBL Equipment Failure San Juan (45) No No
nAPP2404715996 HILCORP ENERGY COMPANY Major Release Other 2/15/24 Condensate 22 0 22 BBL Equipment Failure San Juan (45) No No
nAPP2404637666 Enterprise Field Services, LLC Minor Oil Release 2/15/24 Condensate 5 0 5 BBL Equipment Failure San Juan (45) No No
nAPP2404721450 BTA OIL PRODUCERS, LLC Minor Oil Release 2/15/24 Crude Oil 20 17 3 BBL Other Eddy (15) No No
nAPP2412321969 Earthstone Operating, LLC Major Fire 2/15/24 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2404624980 Targa Northern Delaware, LLC. Minor Release Other 2/14/24 Chemical (Specify) 16 0 16 BBL Equipment Failure Lea (25) No No
nAPP2404655074 CONOCOPHILLIPS COMPANY Major Produced Water Release 2/14/24 Produced Water 816 480 336 BBL Other Lea (25) No No
nAPP2405961992 XTO ENERGY, INC Major Produced Water Release 2/14/24 Produced Water 59 0 59 BBL Other Eddy (15) No No
nAPP2405971517 XTO ENERGY, INC Major Produced Water Release 2/14/24 Produced Water 35 0 35 BBL Other Eddy (15) No No
nAPP2404555068 ENDURING RESOURCES, LLC Major Oil Release 2/13/24 Crude Oil 175 171 4 BBL Human Error San Juan (45) No No
nAPP2404728286 OXY USA INC Minor Produced Water Release 2/12/24 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
nAPP2404353463 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/12/24 Produced Water 22 20 2 BBL Equipment Failure Lea (25) No No
nAPP2404355956 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/12/24 Produced Water 33 30 3 BBL Equipment Failure Lea (25) No No
nAPP2404354589 CHEVRON U S A INC Major Produced Water Release 2/12/24 Produced Water 52 35 17 BBL Equipment Failure Eddy (15) No No
nAPP2404743759 Whiptail Midstream LLC Minor Oil Release 2/12/24 Crude Oil 10 0 10 BBL Corrosion Sandoval (43) No No
nAPP2404348731 San Mateo RB Pipeline, LLC Major Produced Water Release 2/11/24 Produced Water 464 282 182 BBL Equipment Failure Eddy (15) No No
nAPP2404351081 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/11/24 Produced Water 27 25 2 BBL Equipment Failure Lea (25) No No
nAPP2405454990 XTO ENERGY, INC Major Produced Water Release 2/10/24 Produced Water 30 5 25 BBL Corrosion Eddy (15) No No
nAPP2404035912 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 2/9/24 Produced Water 10 4 6 BBL Other Lea (25) No No
nAPP2404265437 COG OPERATING LLC Major Produced Water Release 2/9/24 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2404051181 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/8/24 Produced Water 22 12 10 BBL Equipment Failure Lea (25) No No
nAPP2403967865 CONOCOPHILLIPS COMPANY Major Oil Release 2/8/24 Crude Oil 86 70 16 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2405336143 XTO ENERGY, INC Minor Release Other 2/8/24 Produced Water 5 3 2 BBL Corrosion Eddy (15) No No
nAPP2405336143 XTO ENERGY, INC Minor Release Other 2/8/24 Crude Oil 3 1 2 BBL Corrosion Eddy (15) No No
nAPP2403957544 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/8/24 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nAPP2404334116 HILCORP ENERGY COMPANY Major Produced Water Release 2/7/24 Produced Water 36 0 36 BBL Equipment Failure Rio Arriba (39) No No
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nAPP2404347124 TARGA MIDSTREAM SERVICES LLC Major Fire 2/7/24 Other (Specify) 0 0 0 Lea (25) No No
nAPP2405152557 XTO ENERGY, INC Major Produced Water Release 2/6/24 Produced Water 28 0 28 BBL Equipment Failure Eddy (15) No No
nAPP2403855479 Contango Resources, LLC Minor Oil Release 2/6/24 Crude Oil 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2403753706 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/6/24 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2403753706 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/6/24 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2403733035 Enterprise Field Services, LLC Minor Natural Gas Release 2/6/24 Produced Water 3 0 3 BBL Other Eddy (15) No No
nAPP2403748550 HF Sinclair Navajo Refining LLC Major Fire 2/5/24 Other (Specify) 0 0 0 Eddy (15) No Yes
nAPP2405057797 XTO ENERGY, INC Minor Produced Water Release 2/5/24 Produced Water 21 18 3 BBL Equipment Failure Eddy (15) No No
nAPP2404426444 COG OPERATING LLC Minor Oil Release 2/5/24 Crude Oil 20 15 5 BBL Equipment Failure Lea (25) No No
nAPP2403731760 MATADOR PRODUCTION COMPANY Minor Produced Water Release 2/5/24 Produced Water 18 4 14 BBL Equipment Failure Lea (25) No No
nAPP2415048014 RAM ENERGY LLC Major Complaint 2/5/24 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2403642782 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/4/24 Produced Water 20 20 0 BBL Equipment Failure Lea (25) No No
nAPP2403637444 CONOCOPHILLIPS COMPANY Major Fire 2/4/24 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2403644942 NGL WATER SOLUTIONS PERMIAN, LLC Minor Produced Water Release 2/4/24 Produced Water 17 12 5 BBL Human Error Eddy (15) No No
nAPP2403629407 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 2/4/24 Crude Oil 22 10 12 BBL Equipment Failure Lea (25) No No
nAPP2403444329 Franklin Mountain Energy 3, LLC Major Produced Water Release 2/3/24 Crude Oil 36 36 0 BBL Equipment Failure Lea (25) No No
nAPP2403444329 Franklin Mountain Energy 3, LLC Major Produced Water Release 2/3/24 Produced Water 76 76 0 BBL Equipment Failure Lea (25) No No
nAPP2404750069 XTO ENERGY, INC Major Produced Water Release 2/2/24 Produced Water 52 41 11 BBL Equipment Failure Eddy (15) No No
nAPP2403435112 HILCORP ENERGY COMPANY Minor Produced Water Release 2/2/24 Produced Water 7 0 7 BBL Equipment Failure San Juan (45) No No
nAPP2413046728 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 2/2/24 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2404633635 OXY USA INC Produced Water Release 2/2/24 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2413046728 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 2/2/24 Produced Water 110 110 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2403723976 HILCORP ENERGY COMPANY Minor Produced Water Release 2/2/24 Condensate 8 0 8 BBL Other San Juan (45) No No
nAPP2403723976 HILCORP ENERGY COMPANY Minor Produced Water Release 2/2/24 Produced Water 8 0 8 BBL Other San Juan (45) No No
nAPP2404750539 XTO ENERGY, INC Minor Oil Release 2/2/24 Crude Oil 18 17 1 BBL Equipment Failure Lea (25) No No
nAPP2404661763 XTO ENERGY, INC Major Fire 2/1/24 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2403355380 Spur Energy Partners LLC Major Produced Water Release 2/1/24 Produced Water 54 54 0 BBL Equipment Failure Eddy (15) No No
nAPP2403356285 ENDURING RESOURCES, LLC Minor Oil Release 2/1/24 Crude Oil 9 9 0 BBL Corrosion Rio Arriba (39) No No
nAPP2404472013 FORTY ACRES ENERGY, LLC Major Produced Water Release 2/1/24 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2404472013 FORTY ACRES ENERGY, LLC Major Produced Water Release 2/1/24 Crude Oil 15 0 15 BBL Corrosion Lea (25) No No
nAPP2410837062 BXP Operating, LLC Major Produced Water Release 1/31/24 Produced Water 360 360 0 BBL Human Error Lea (25) No No
nAPP2403238666 OXY USA INC Minor Produced Water Release 1/31/24 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2403357992 ENDURING RESOURCES, LLC Major Release Other 1/31/24 Produced Water 227 227 0 BBL Corrosion Sandoval (43) No No
nAPP2403357992 ENDURING RESOURCES, LLC Major Release Other 1/31/24 Crude Oil 10 10 0 BBL Corrosion Sandoval (43) No No
nAPP2403157821 HILCORP ENERGY COMPANY Major Oil Release 1/31/24 Crude Oil 28 0 28 BBL Equipment Failure Rio Arriba (39) No No
nAPP2403227304 Contango Resources, LLC Major Produced Water Release 1/31/24 Crude Oil 2 2 0 BBL Human Error Eddy (15) No No
nAPP2403227304 Contango Resources, LLC Major Produced Water Release 1/31/24 Produced Water 200 200 0 BBL Human Error Eddy (15) No No
nAPP2403133055 BTA OIL PRODUCERS, LLC Major Fire 1/31/24 Produced Water 0 0 0 BBL Fire Lea (25) No No
nAPP2403051892 COG OPERATING LLC Major Release Other 1/30/24 Crude Oil 8 8 0 BBL Other Eddy (15) No No
nAPP2404456492 XTO ENERGY, INC Major Fire 1/30/24 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAPP2403051892 COG OPERATING LLC Major Release Other 1/30/24 Produced Water 32 32 0 BBL Other Eddy (15) No No
nAPP2404634562 OXY USA INC Produced Water Release 1/30/24 Produced Water 0 0 0 BBL Human Error Eddy (15) No No
nAPP2403152749 MARATHON OIL PERMIAN LLC Major Produced Water Release 1/30/24 Produced Water 81 80 1 BBL Equipment Failure Eddy (15) No No
nAPP2402939047 Enterprise Field Services, LLC Major Fire 1/29/24 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2404359783 XTO ENERGY, INC Major Produced Water Release 1/29/24 Produced Water 33 30 3 BBL Equipment Failure Eddy (15) No No
nAPP2403040271 MARATHON OIL PERMIAN LLC Major Produced Water Release 1/29/24 Produced Water 635 485 150 BBL Other Lea (25) No No
nAPP2403034973 HILCORP ENERGY COMPANY Major Release Other 1/29/24 Condensate 42 0 42 BBL Corrosion Rio Arriba (39) No No
nAPP2402926765 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/28/24 Produced Water 168 168 0 BBL Equipment Failure Lea (25) No No
nAPP2410137232 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/28/24 Produced Water 168 168 0 BBL Equipment Failure Lea (25) No No
nAPP2403055120 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 1/27/24 Produced Water 117 102 15 BBL Equipment Failure Lea (25) No No
nAPP2402659188 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/26/24 Produced Water 21 20 1 BBL Equipment Failure Lea (25) No No
nAPP2402645140 COG OPERATING LLC Major Oil Release 1/26/24 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2403059066 OXY USA INC Minor Produced Water Release 1/25/24 Produced Water 19 0 19 BBL Corrosion Union (59) No No
nAPP2403039770 LH Operating, LLC Major Fire 1/25/24 Crude Oil 5 0 5 BBL Fire Eddy (15) No No
nAPP2403039770 LH Operating, LLC Major Fire 1/25/24 Produced Water 39 0 39 BBL Fire Eddy (15) No No
nAPP2402549174 OSBORN HEIRS CO Major Oil Release 1/25/24 Crude Oil 116 0 116 BBL Corrosion Lea (25) No No
nAPP2402549174 OSBORN HEIRS CO Major Oil Release 1/25/24 Produced Water 208 2 206 BBL Corrosion Lea (25) No No
nAPP2402543775 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/24/24 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2402540660 Whiptail Midstream LLC Major Oil Release 1/24/24 Crude Oil 61 61 0 BBL Equipment Failure Sandoval (43) No No
nAPP2402456040 OXY USA INC Major Release Other 1/23/24 Crude Oil 10 0 10 BBL Human Error Lea (25) No No
nAPP2402456040 OXY USA INC Major Release Other 1/23/24 Produced Water 40 0 40 BBL Human Error Lea (25) No No
nAPP2402461657 OXY USA INC Major Produced Water Release 1/22/24 Produced Water 4000 800 3200 BBL Equipment Failure Lea (25) No No
nAPP2402250064 TAP ROCK OPERATING, LLC Major Fire 1/22/24 Crude Oil 9 0 9 BBL Fire Lea (25) No No
nAPP2403657069 XTO ENERGY, INC Major Produced Water Release 1/22/24 Produced Water 40 35 5 BBL Corrosion Eddy (15) No No
nAPP2402351357 Spur Energy Partners LLC Major Release Other 1/22/24 Crude Oil 80 80 0 BBL High Line Pressure Eddy (15) No No
nAPP2402351357 Spur Energy Partners LLC Major Release Other 1/22/24 Produced Water 100 100 0 BBL High Line Pressure Eddy (15) No No
nAPP2402229898 Targa Northern Delaware, LLC. Major Fire 1/21/24 Other (Specify) 0 0 0 Lea (25) No No
nAPP2403353247 XTO ENERGY, INC Minor Produced Water Release 1/21/24 Produced Water 11 7 4 BBL Corrosion Eddy (15) No No
nAPP2402256900 ETC Texas Pipeline, Ltd. Major Other 1/21/24 Natural Gas Liquids 180 0 180 BBL Other Lea (25) No No
nAPP2402251893 SPECIAL ENERGY CORP Major Oil Release 1/21/24 Crude Oil 200 150 50 BBL Corrosion Eddy (15) No No
nAPP2402241037 OXY USA INC Minor Oil Release 1/21/24 Crude Oil 10 6 4 BBL Other Eddy (15) No No
nAPP2402219489 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/21/24 Produced Water 150 150 0 BBL Equipment Failure Lea (25) No No
nAPP2402054344 COG OPERATING LLC Major Oil Release 1/20/24 Crude Oil 34 30 4 BBL Other Eddy (15) No No
nAPP2402156989 CIMAREX ENERGY CO. Major Fire 1/20/24 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2402057643 HF Sinclair Navajo Refining LLC Major Fire 1/20/24 Other (Specify) 0 0 0 Eddy (15) No Yes
nAPP2402167703 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 1/20/24 Crude Oil 5 3 2 BBL Freeze Lea (25) No No
nAPP2402167703 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 1/20/24 Produced Water 60 57 3 BBL Freeze Lea (25) No No
nAPP2402032332 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 1/19/24 Produced Water 438 380 58 BBL Equipment Failure Lea (25) No No
nAPP2403257469 Permian Resources Operating, LLC Major Produced Water Release 1/19/24 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2401963204 Enterprise Field Services, LLC Major Oil Release 1/19/24 Crude Oil 35 20 15 BBL Corrosion Lea (25) No No
nAPP2403257469 Permian Resources Operating, LLC Major Produced Water Release 1/19/24 Produced Water 370 210 160 BBL Equipment Failure Eddy (15) No No
nAPP2402322534 DCP OPERATING COMPANY, LP Minor Produced Water Release 1/18/24 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No
nAPP2401932449 HILCORP ENERGY COMPANY Major Produced Water Release 1/18/24 Produced Water 17 0 17 BBL Equipment Failure Rio Arriba (39) No No
nAPP2401932449 HILCORP ENERGY COMPANY Major Produced Water Release 1/18/24 Condensate 16 0 16 BBL Equipment Failure Rio Arriba (39) No No
nAPP2402940801 COG OPERATING LLC Minor Oil Release 1/18/24 Crude Oil 12 0 12 BBL Equipment Failure Lea (25) No No
nAPP2401953748 WPX Energy Permian, LLC Major Oil Release 1/18/24 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2401953748 WPX Energy Permian, LLC Major Oil Release 1/18/24 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2401857794 MATADOR PRODUCTION COMPANY Minor Oil Release 1/18/24 Crude Oil 16 12 4 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2401856462 MATADOR PRODUCTION COMPANY Minor Produced Water Release 1/18/24 Produced Water 17 15 2 BBL Equipment Failure Lea (25) No No
nAPP2401854801 MATADOR PRODUCTION COMPANY Major Oil Release 1/17/24 Crude Oil 40 20 20 BBL Equipment Failure Lea (25) No No
nAPP2401854801 MATADOR PRODUCTION COMPANY Major Oil Release 1/17/24 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2402939826 COG OPERATING LLC Minor Release Other 1/17/24 Crude Oil 1 1 0 BBL Freeze Lea (25) No No
nAPP2402939826 COG OPERATING LLC Minor Release Other 1/17/24 Produced Water 8 7 1 BBL Freeze Lea (25) No No
nAPP2402449008 XTO ENERGY, INC Minor Oil Release 1/17/24 Crude Oil 10 6 4 BBL Freeze Eddy (15) No No
nAPP2402238689 HILCORP ENERGY COMPANY Major Release Other 1/17/24 Crude Oil 21 0 21 BBL Equipment Failure San Juan (45) No No
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nAPP2401752221 Targa Northern Delaware, LLC. Major Release Other 1/17/24 Other (Specify) 43 0 43 BBL Equipment Failure Lea (25) No No
nAPP2402238689 HILCORP ENERGY COMPANY Major Release Other 1/17/24 Produced Water 12 0 12 BBL Equipment Failure San Juan (45) No No
nAPP2401967365 Maverick Permian LLC Minor Oil Release 1/17/24 Crude Oil 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2401938016 Spur Energy Partners LLC Minor Produced Water Release 1/16/24 Produced Water 21 20 1 BBL Corrosion Lea (25) No No
nAPP2401660821 HILCORP ENERGY COMPANY Major Oil Release 1/16/24 Produced Water 8 0 8 BBL Corrosion San Juan (45) No No
nAPP2401734282 DJR OPERATING, LLC Minor Produced Water Release 1/16/24 Produced Water 9 9 0 BBL Freeze San Juan (45) No No
nAPP2401660821 HILCORP ENERGY COMPANY Major Oil Release 1/16/24 Condensate 47 0 47 BBL Corrosion San Juan (45) No No
nAPP2401734282 DJR OPERATING, LLC Minor Produced Water Release 1/16/24 Crude Oil 1 1 0 BBL Freeze San Juan (45) No No
nAPP2401670338 MATADOR PRODUCTION COMPANY Major Oil Release 1/16/24 Crude Oil 128 128 0 BBL Freeze Lea (25) No No
nAPP2401756651 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 1/16/24 Produced Water 60 50 10 BBL Freeze Lea (25) No No
nAPP2403253624 Permian Resources Operating, LLC Major Produced Water Release 1/16/24 Produced Water 109 45 64 BBL Equipment Failure Lea (25) No No
nAPP2403253624 Permian Resources Operating, LLC Major Produced Water Release 1/16/24 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2401651819 Harvest Four Corners, LLC Major Produced Water Release 1/16/24 Produced Water 75 75 0 BBL Freeze Rio Arriba (39) No No
nAPP2401730098 FOUNDATION ENERGY MANAGEMENT, LLC Minor Produced Water Release 1/16/24 Crude Oil 1 0 1 BBL Freeze Lea (25) No No
nAPP2401730414 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 1/16/24 Crude Oil 1 0 1 BBL Freeze Lea (25) No No
nAPP2401730098 FOUNDATION ENERGY MANAGEMENT, LLC Minor Produced Water Release 1/16/24 Produced Water 14 3 11 BBL Freeze Lea (25) No No
nAPP2401758024 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/16/24 Produced Water 10 9 1 BBL Freeze Lea (25) No No
nAPP2401730414 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 1/16/24 Produced Water 28 1 27 BBL Freeze Lea (25) No No
nAPP2401758024 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/16/24 Crude Oil 4 3 1 BBL Freeze Lea (25) No No
nAPP2401671977 MATADOR PRODUCTION COMPANY Major Oil Release 1/16/24 Crude Oil 117 117 0 BBL Freeze Lea (25) No No
nAPP2402418125 HILCORP ENERGY COMPANY Minor Oil Release 1/15/24 Condensate 10 0 10 BBL Corrosion San Juan (45) No No
nAPP2401724871 HILCORP ENERGY COMPANY Major Produced Water Release 1/15/24 Produced Water 160 160 0 BBL Freeze San Juan (45) No No
nAPP2401652485 Maverick Permian LLC Major Oil Release 1/15/24 Crude Oil 35 24 11 BBL Separation Flowback Lea (25) No No
nAPP2401634411 COG OPERATING LLC Major Other 1/15/24 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2401553812 DUGAN PRODUCTION CORP Minor Produced Water Release 1/15/24 Produced Water 22 0 22 BBL Freeze San Juan (45) No No
nAPP2401651809 LONGFELLOW ENERGY, LP Major Oil Release 1/15/24 Crude Oil 50 45 5 BBL Freeze Eddy (15) No No
nAPP2401664896 Harvest Four Corners, LLC Major Other 1/15/24 Produced Water 1 0 1 BBL Freeze San Juan (45) No No
nAPP2401635107 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 1/15/24 Produced Water 92 92 0 BBL Freeze Lea (25) No No
nAPP2402633992 XTO ENERGY, INC Major Oil Release 1/15/24 Crude Oil 35 25 10 BBL Freeze Eddy (15) No No
nAPP2402643356 XTO ENERGY, INC Major Oil Release 1/15/24 Crude Oil 0 0 0 BBL Freeze Eddy (15) No No
nAPP2402936868 COG OPERATING LLC Minor Release Other 1/15/24 Crude Oil 12 5 7 BBL Freeze Lea (25) No No
nAPP2402936868 COG OPERATING LLC Minor Release Other 1/15/24 Produced Water 3 1 2 BBL Freeze Lea (25) No No
nAPP2401640502 RED WILLOW PRODUCTION COMPANY Major Produced Water Release 1/15/24 Produced Water 150 150 0 BBL Freeze Rio Arriba (39) No No
nAPP2402630186 XTO ENERGY, INC Minor Oil Release 1/15/24 Crude Oil 16 0 16 BBL Freeze Eddy (15) No No
nAPP2402931812 COG OPERATING LLC Minor Release Other 1/14/24 Produced Water 5 3 2 BBL Freeze Lea (25) No No
nAPP2402931812 COG OPERATING LLC Minor Release Other 1/14/24 Crude Oil 18 10 8 BBL Freeze Lea (25) No No
nAPP2401533040 CAZA OPERATING, LLC Major Produced Water Release 1/14/24 Crude Oil 540 0 540 BBL Freeze Lea (25) No No
nAPP2401533040 CAZA OPERATING, LLC Major Produced Water Release 1/14/24 Produced Water 540 0 540 BBL Freeze Lea (25) No No
nAPP2402531902 XTO ENERGY, INC Minor Produced Water Release 1/14/24 Produced Water 11 11 0 BBL Equipment Failure Eddy (15) No No
nAPP2402531559 XTO ENERGY, INC Major Oil Release 1/14/24 Crude Oil 135 101 34 BBL Freeze Eddy (15) No No
nAPP2401531615 CAZA OPERATING, LLC Minor Produced Water Release 1/14/24 Produced Water 9 0 9 BBL Freeze Lea (25) No No
nAPP2402475049 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 1/13/24 Produced Water 6 2 4 BBL Human Error Eddy (15) No No
nAPP2401523877 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/12/24 Produced Water 55 52 3 BBL Equipment Failure Eddy (15) No No
nAPP2425546136 Targa Northern Delaware, LLC. Major Natural Gas Release 1/12/24 Other (Specify) 0 0 0 Lea (25) No No
nAPP2402930822 COG OPERATING LLC Minor Produced Water Release 1/11/24 Produced Water 8 5 3 BBL Equipment Failure Lea (25) No No
nAPP2401127879 WPX Energy Permian, LLC Minor Produced Water Release 1/11/24 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2401645721 XTO ENERGY, INC Major Other 1/11/24 Other (Specify) 33 0 33 BBL Vandalism Eddy (15) No No
nAPP2405352829 EOG RESOURCES INC Major Produced Water Release 1/10/24 Produced Water 563 0 563 BBL Equipment Failure Lea (25) No No
nAPP2401146074 TARGA MIDSTREAM SERVICES LLC Minor Natural Gas Release 1/10/24 Condensate 15 7 8 BBL Corrosion Lea (25) No No
nAPP2401946483 MEWBOURNE OIL CO Major Fire 1/10/24 Produced Water 272 0 272 BBL Fire Lea (25) No No
nAPP2401044016 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/10/24 Produced Water 145 120 25 BBL Equipment Failure Eddy (15) No No
nAPP2404471333 FORTY ACRES ENERGY, LLC Minor Oil Release 1/10/24 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nAPP2401035055 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/9/24 Crude Oil 18 18 0 BBL Equipment Failure Eddy (15) No No
nAPP2401128986 Maverick Permian LLC Minor Oil Release 1/9/24 Produced Water 2 0 2 BBL Corrosion Lea (25) No No
nAPP2402226359 MEWBOURNE OIL CO Major Produced Water Release 1/9/24 Produced Water 189 110 79 BBL Equipment Failure Eddy (15) No No
nAPP2401128986 Maverick Permian LLC Minor Oil Release 1/9/24 Crude Oil 13 0 13 BBL Corrosion Lea (25) No No
nAPP2401641673 XTO ENERGY, INC Minor Oil Release 1/8/24 Produced Water 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2401043023 XTO ENERGY, INC Major Produced Water Release 1/8/24 Produced Water 26 25 1 BBL Equipment Failure Eddy (15) No No
nAPP2401641673 XTO ENERGY, INC Minor Oil Release 1/8/24 Crude Oil 4 1 3 BBL Corrosion Eddy (15) No No
nAPP2400939448 CHEVRON U S A INC Minor Oil Release 1/7/24 Produced Water 14 5 9 BBL Equipment Failure Eddy (15) No No
nAPP2400939448 CHEVRON U S A INC Minor Oil Release 1/7/24 Crude Oil 4 1 3 BBL Equipment Failure Eddy (15) No No
nAPP2401640490 XTO ENERGY, INC Minor Other 1/7/24 Other (Specify) 24 0 24 BBL Vandalism Eddy (15) No No
nAPP2400854443 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/7/24 Produced Water 88 80 8 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2401652735 MEWBOURNE OIL CO Major Produced Water Release 1/7/24 Produced Water 144 130 14 BBL Equipment Failure Eddy (15) No No
nAPP2401050043 XTO ENERGY, INC Minor Produced Water Release 1/6/24 Produced Water 18 18 0 BBL Corrosion Eddy (15) No No
nAPP2401636864 XTO ENERGY, INC Major Release Other 1/6/24 Other (Specify) 543 540 3 BBL Human Error Eddy (15) No No
nAPP2401247161 OXY USA INC Major Produced Water Release 1/5/24 Produced Water 45 15 30 BBL Equipment Failure Lea (25) No No
nAPP2401247250 XTO ENERGY, INC Major Fire 1/3/24 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2400430858 DCP OPERATING COMPANY, LP Minor Blow Out 1/3/24 Produced Water 10 0 10 BBL Blow Out Eddy (15) No No
nAPP2400362480 SELECT ENERGY SERVICES, LLC Major Produced Water Release 1/3/24 Produced Water 66 0 66 BBL Human Error Eddy (15) No No
nAPP2400255408 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 1/2/24 Produced Water 466 20 446 BBL Human Error Lea (25) No No
nAPP2401048010 XTO ENERGY, INC Major Produced Water Release 1/2/24 Produced Water 80 80 0 BBL Corrosion Eddy (15) No No
nAPP2401776510 V-F PETROLEUM INC Minor Oil Release 1/2/24 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2400253283 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/2/24 Produced Water 8 3 5 BBL Equipment Failure Eddy (15) No No
nAPP2400436500 ETC Texas Pipeline, Ltd. Major Other 1/2/24 Natural Gas Liquids 391 260 131 BBL Other Lea (25) No No
nAPP2400235949 COG OPERATING LLC Major Oil Release 1/1/24 Crude Oil 36 30 6 BBL Other Lea (25) No No
nAPP2400330251 OXY USA INC Major Oil Release 12/31/23 Crude Oil 50 20 30 BBL Equipment Failure Eddy (15) No No
nAPP2400330251 OXY USA INC Major Oil Release 12/31/23 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nAPP2400147139 SELECT ENERGY SERVICES, LLC Major Produced Water Release 12/31/23 Produced Water 907 25 882 BBL Equipment Failure Lea (25) No No
nAPP2400331378 COG OPERATING LLC Major Oil Release 12/31/23 Crude Oil 36 30 6 BBL Other Lea (25) No No
nAPP2336370553 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 12/29/23 Produced Water 15 15 0 BBL Corrosion Lea (25) No No
nAPP2336429577 HILCORP ENERGY COMPANY Minor Oil Release 12/29/23 Condensate 6 0 6 BBL Equipment Failure San Juan (45) No No
nAPP2400434204 WPX Energy Permian, LLC Minor Produced Water Release 12/29/23 Produced Water 15 14 1 BBL Human Error Eddy (15) No No
nAPP2336338288 OXY USA INC Major Produced Water Release 12/28/23 Produced Water 65 55 10 BBL Other Lea (25) No No
nAPP2336323068 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/28/23 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2400432622 WPX Energy Permian, LLC Minor Produced Water Release 12/28/23 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nAPP2409342259 OXY USA INC Produced Water Release 12/28/23 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2400930382 XTO ENERGY, INC Minor Produced Water Release 12/27/23 Produced Water 9 5 4 BBL Corrosion Eddy (15) No No
nAPP2400243867 COG OPERATING LLC Major Oil Release 12/27/23 Crude Oil 1 0 1 BBL Other Lea (25) No No
nAPP2400929341 MEWBOURNE OIL CO Major Produced Water Release 12/27/23 Produced Water 750 720 30 BBL Equipment Failure Lea (25) No No
nAPP2400933895 XTO ENERGY, INC Minor Produced Water Release 12/27/23 Produced Water 18 7 11 BBL Corrosion Eddy (15) No No
nAPP2336273011 TAP ROCK OPERATING, LLC Major Produced Water Release 12/27/23 Produced Water 82 30 52 BBL Equipment Failure Lea (25) No No
nAPP2336154693 Spur Energy Partners LLC Major Produced Water Release 12/27/23 Produced Water 48 46 2 BBL Corrosion Eddy (15) No No
nAPP2336227880 DJR OPERATING, LLC Major Oil Release 12/27/23 Crude Oil 298 192 106 BBL Equipment Failure San Juan (45) No No
nAPP2400951374 FAE II Operating LLC Major Produced Water Release 12/27/23 Produced Water 320 315 5 BBL Power Failure Lea (25) No No
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nAPP2336321872 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/27/23 Produced Water 80 80 0 BBL Equipment Failure Lea (25) No No
nAPP2336154100 COG OPERATING LLC Major Fire 12/27/23 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2336158873 CHEVRON U S A INC Minor Produced Water Release 12/26/23 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2336140713 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 12/26/23 Crude Oil 2 0 2 BBL Fire Eddy (15) No No
nAPP2336151910 OXY USA INC Major Blow Out 12/26/23 Produced Water 41 10 31 BBL Blow Out Eddy (15) No No
nAPP2336146606 CHEVRON U S A INC Major Oil Release 12/26/23 Crude Oil 8 4 4 BBL Equipment Failure Eddy (15) No No
nAPP2336151910 OXY USA INC Major Blow Out 12/26/23 Crude Oil 12 3 9 BBL Blow Out Eddy (15) No No
nAPP2336146606 CHEVRON U S A INC Major Oil Release 12/26/23 Produced Water 31 3 28 BBL Equipment Failure Eddy (15) No No
nAPP2400824944 APACHE CORPORATION Minor Produced Water Release 12/26/23 Crude Oil 3 3 0 BBL Equipment Failure Lea (25) No No
nAPP2400824944 APACHE CORPORATION Minor Produced Water Release 12/26/23 Produced Water 13 12 1 BBL Equipment Failure Lea (25) No No
nAPP2336062739 COG OPERATING LLC Major Fire 12/25/23 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2335982392 Whiptail Midstream LLC Major Oil Release 12/25/23 Crude Oil 80 78 2 BBL Equipment Failure San Juan (45) No No
nAPP2336063904 COG OPERATING LLC Major Release Other 12/24/23 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2336158617 CHEVRON U S A INC Minor Produced Water Release 12/24/23 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2336063904 COG OPERATING LLC Major Release Other 12/24/23 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2402529595 COG OPERATING LLC Minor Produced Water Release 12/24/23 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nAPP2400849152 XTO ENERGY, INC Minor Produced Water Release 12/23/23 Crude Oil 7 6 1 BBL Corrosion Eddy (15) No No
nAPP2400849152 XTO ENERGY, INC Minor Produced Water Release 12/23/23 Produced Water 16 14 2 BBL Corrosion Eddy (15) No No
nAPP2336333754 FAE II Operating LLC Major Produced Water Release 12/22/23 Produced Water 35 15 20 BBL Corrosion Lea (25) No No
nAPP2335641154 TARGA MIDSTREAM SERVICES LLC Major Natural Gas Release 12/21/23 Condensate 380 15 365 BBL Corrosion Lea (25) No No
nAPP2335632633 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 12/21/23 Crude Oil 31 30 1 BBL Equipment Failure Lea (25) No No
nAPP2335628341 MARATHON OIL PERMIAN LLC Minor Produced Water Release 12/21/23 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2400930878 COG OPERATING LLC Produced Water Release 12/21/23 Produced Water 2 1 1 BBL Equipment Failure Lea (25) No No
nAPP2400450611 XTO ENERGY, INC Major Release Other 12/20/23 Other (Specify) 87 80 7 BBL Equipment Failure Eddy (15) No No
nAPP2335450194 3R Operating, LLC Minor Produced Water Release 12/20/23 Produced Water 14 0 14 BBL Equipment Failure Eddy (15) No No
nAPP2335450194 3R Operating, LLC Minor Produced Water Release 12/20/23 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nAPP2335425467 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/19/23 Crude Oil 7 6 1 BBL Equipment Failure Lea (25) No No
nAPP2335431615 XTO ENERGY, INC Minor Produced Water Release 12/18/23 Produced Water 7 6 1 BBL Corrosion Lea (25) No No
nAPP2400929512 CONOCOPHILLIPS COMPANY Major Natural Gas Release 12/18/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2335221159 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/17/23 Produced Water 14 13 1 BBL Equipment Failure Eddy (15) No No
nAPP2335329533 WPX Energy Permian, LLC Minor Produced Water Release 12/16/23 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2335444051 WPX Energy Permian, LLC Minor Produced Water Release 12/16/23 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2335435491 XTO ENERGY, INC Minor Produced Water Release 12/16/23 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2335435491 XTO ENERGY, INC Minor Produced Water Release 12/16/23 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2335018887 HILCORP ENERGY COMPANY Major Produced Water Release 12/15/23 Produced Water 60 52 8 BBL Corrosion San Juan (45) No No
nAPP2335248817 Contango Resources, LLC Major Produced Water Release 12/15/23 Crude Oil 12 12 0 BBL Equipment Failure Lea (25) No No
nAPP2335248817 Contango Resources, LLC Major Produced Water Release 12/15/23 Produced Water 815 815 0 BBL Equipment Failure Lea (25) No No
nAPP2334934553 CHEVRON U S A INC Minor Produced Water Release 12/14/23 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2334854098 DUGAN PRODUCTION CORP Major Produced Water Release 12/14/23 Produced Water 26 0 26 BBL Equipment Failure San Juan (45) No No
nAPP2334748371 Spur Energy Partners LLC Major Produced Water Release 12/13/23 Produced Water 33 32 1 BBL Corrosion Eddy (15) No No
nAPP2334825158 COG OPERATING LLC Major Fire 12/13/23 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nAPP2400529349 SAHARA OPERATING CO Major Produced Water Release 12/13/23 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2412980058 EOG RESOURCES INC Major Produced Water Release 12/13/23 Produced Water 350 145 205 BBL High Line Pressure Lea (25) No No
nAPP2336240076 COG OPERATING LLC Minor Oil Release 12/12/23 Crude Oil 14 10 4 BBL Equipment Failure Lea (25) No No
nAPP2334722258 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/12/23 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2334721488 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/12/23 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nAPP2335429970 TARGA MIDSTREAM SERVICES LLC Minor Natural Gas Release 12/12/23 Condensate 4 0 4 BBL Corrosion Lea (25) No No
nAPP2334734959 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 12/12/23 Produced Water 6500 6350 150 BBL Equipment Failure Lea (25) No No
nAPP2335243694 XTO ENERGY, INC Major Produced Water Release 12/12/23 Produced Water 180 180 0 BBL Liquids Unloading Lea (25) No No
nAPP2335243694 XTO ENERGY, INC Major Produced Water Release 12/12/23 Crude Oil 0 0 0 BBL Liquids Unloading Lea (25) No No
nAPP2334650001 Maverick Permian LLC Minor Oil Release 12/11/23 Crude Oil 18 9 9 BBL Equipment Failure Lea (25) No No
nAPP2334572940 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/11/23 Produced Water 76 75 1 BBL Equipment Failure Lea (25) No No
nAPP2334650001 Maverick Permian LLC Minor Oil Release 12/11/23 Produced Water 6 6 0 BBL Equipment Failure Lea (25) No No
nAPP2335329764 XTO ENERGY, INC Major Produced Water Release 12/11/23 Produced Water 392 0 392 BBL Equipment Failure Eddy (15) No No
nAPP2334858089 DCP OPERATING COMPANY, LP Minor Blow Out 12/11/23 Produced Water 14 0 14 BBL Blow Out Lea (25) No No
nAPP2334638669 Earthstone Operating, LLC Major Oil Release 12/11/23 Crude Oil 35 25 10 BBL Human Error Lea (25) No No
nAPP2334638669 Earthstone Operating, LLC Major Oil Release 12/11/23 Produced Water 10 5 5 BBL Human Error Lea (25) No No
nAPP2334646536 APACHE CORPORATION Major Produced Water Release 12/11/23 Produced Water 432 410 22 BBL Equipment Failure Lea (25) No No
nAPP2334846848 XTO ENERGY, INC Minor Oil Release 12/10/23 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2334554944 CONOCOPHILLIPS COMPANY Major Release Other 12/10/23 Drilling Mud/Fluid 25 18 7 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2420545876 EOG RESOURCES INC Major Produced Water Release 12/9/23 Produced Water 308 10 298 BBL Equipment Failure Lea (25) No No
nAPP2334533286 Spur Energy Partners LLC Minor Oil Release 12/9/23 Crude Oil 10 9 1 BBL Other Eddy (15) No No
nAPP2334530152 Spur Energy Partners LLC Major Release Other 12/8/23 Crude Oil 13 12 1 BBL Corrosion Eddy (15) No No
nAPP2334530152 Spur Energy Partners LLC Major Release Other 12/8/23 Produced Water 13 12 1 BBL Corrosion Eddy (15) No No
nAPP2334532088 COG OPERATING LLC Major Oil Release 12/8/23 Crude Oil 25 25 0 BBL Other Eddy (15) No No
nAPP2335250734 XTO ENERGY, INC Minor Produced Water Release 12/8/23 Produced Water 15 12 3 BBL Other Eddy (15) No No
nAPP2334550060 CONOCOPHILLIPS COMPANY Major Release Other 12/8/23 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2334550060 CONOCOPHILLIPS COMPANY Major Release Other 12/8/23 Produced Water 168 140 28 BBL Other Lea (25) No No
nAPP2334550060 CONOCOPHILLIPS COMPANY Major Release Other 12/8/23 Condensate 0 0 0 BBL Other Lea (25) No No
nAPP2334634962 DCP OPERATING COMPANY, LP Minor Blow Out 12/7/23 Produced Water 10 0 10 BBL Blow Out Eddy (15) No No
nAPP2334849928 XTO ENERGY, INC Minor Produced Water Release 12/7/23 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2334153994 BTA OIL PRODUCERS, LLC Major Release Other 12/7/23 Crude Oil 95 92 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2334153994 BTA OIL PRODUCERS, LLC Major Release Other 12/7/23 Produced Water 12 5 7 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2334152485 XTO ENERGY, INC Major Other 12/6/23 Crude Oil 6 5 1 BBL Other Eddy (15) No No
nAPP2334152485 XTO ENERGY, INC Major Other 12/6/23 Produced Water 25 21 4 BBL Other Eddy (15) No No
nAPP2334069465 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 12/5/23 Produced Water 67 0 67 BBL Normal Operations Lea (25) No No
nAPP2333940968 OXY USA INC Major Produced Water Release 12/5/23 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nAPP2333952697 Spur Energy Partners LLC Major Produced Water Release 12/5/23 Produced Water 30 28 2 BBL Corrosion Eddy (15) No No
nAPP2334138591 HARVARD PETROLEUM COMPANY, LLC Oil Release 12/5/23 Crude Oil 4 4 0 BBL Equipment Failure Eddy (15) No No
nAPP2334731328 XTO ENERGY, INC Minor Produced Water Release 12/4/23 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2334731328 XTO ENERGY, INC Minor Produced Water Release 12/4/23 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2334143989 CHEVRON U S A INC Major Produced Water Release 12/3/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2334143989 CHEVRON U S A INC Major Produced Water Release 12/3/23 Produced Water 29 0 29 BBL Equipment Failure Lea (25) No No
nAPP2334251764 MEWBOURNE OIL CO Major Produced Water Release 12/3/23 Produced Water 458 350 108 BBL Equipment Failure Eddy (15) No No
nAPP2334251764 MEWBOURNE OIL CO Major Produced Water Release 12/3/23 Crude Oil 120 68 52 BBL Equipment Failure Eddy (15) No No
nAPP2333673165 CIMAREX ENERGY CO. Minor Produced Water Release 12/2/23 Produced Water 24 24 0 BBL Equipment Failure Lea (25) No No
nAPP2333849051 SIMCOE LLC Minor Produced Water Release 12/2/23 Produced Water 10 0 10 BBL Equipment Failure San Juan (45) No No
nAPP2333949663 Spur Energy Partners LLC Minor Release Other 12/2/23 Crude Oil 6 6 0 BBL Equipment Failure Lea (25) No No
nAPP2333949663 Spur Energy Partners LLC Minor Release Other 12/2/23 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAPP2334844888 HILCORP ENERGY COMPANY Major Produced Water Release 11/30/23 Produced Water 48 48 0 BBL Corrosion San Juan (45) No No
nAPP2333431605 Enterprise Field Services, LLC Minor Natural Gas Release 11/30/23 Condensate 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2334564703 Permian Resources Operating, LLC Major Produced Water Release 11/29/23 Crude Oil 11 9 2 BBL Equipment Failure Lea (25) No No
nAPP2334564703 Permian Resources Operating, LLC Major Produced Water Release 11/29/23 Produced Water 26 19 7 BBL Equipment Failure Lea (25) No No
nAPP2334252183 XTO ENERGY, INC Minor Oil Release 11/29/23 Crude Oil 20 20 0 BBL Human Error Eddy (15) No No
nAPP2334254324 XTO ENERGY, INC Minor Release Other 11/29/23 Glycol 6 6 0 BBL Equipment Failure Eddy (15) No No
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nAPP2334726230 MEWBOURNE OIL CO Minor Produced Water Release 11/28/23 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAPP2334726230 MEWBOURNE OIL CO Minor Produced Water Release 11/28/23 Produced Water 21 4 17 BBL Equipment Failure Eddy (15) No No
nAPP2333350254 COG OPERATING LLC Produced Water Release 11/28/23 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nAPP2333337407 LH Operating, LLC Major Produced Water Release 11/27/23 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2333829905 DKL Energy - Cottonwood, LLC Major Produced Water Release 11/27/23 Produced Water 30 2 28 BBL Human Error Lea (25) No No
nAPP2333337407 LH Operating, LLC Major Produced Water Release 11/27/23 Produced Water 2476 1320 1156 BBL Equipment Failure Eddy (15) No No
nAPP2400842400 CAZA OPERATING, LLC Minor Produced Water Release 11/27/23 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nAPP2333351276 DUGAN PRODUCTION CORP Minor Produced Water Release 11/27/23 Produced Water 8 2 6 BBL Equipment Failure San Juan (45) No No
nAPP2333156643 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/27/23 Crude Oil 11 10 1 BBL Equipment Failure Lea (25) No No
nAPP2333159777 HILCORP ENERGY COMPANY Major Oil Release 11/27/23 Crude Oil 84 0 84 BBL Equipment Failure Rio Arriba (39) No No
nAPP2333159777 HILCORP ENERGY COMPANY Major Oil Release 11/27/23 Produced Water 9 0 9 BBL Equipment Failure Rio Arriba (39) No No
nAPP2333038378 MATADOR PRODUCTION COMPANY Major Release Other 11/26/23 Drilling Mud/Fluid 467 450 17 BBL Other Eddy (15) No No
nAPP2334249809 XTO ENERGY, INC Major Produced Water Release 11/26/23 Produced Water 1610 1300 310 BBL Corrosion Eddy (15) No No
nAPP2333333570 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/26/23 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2334345415 Pinon Midstream LLC Major Emergency 11/26/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2333127536 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/25/23 Produced Water 191 190 1 BBL Exploratory Well Eddy (15) No No
nAPP2333127555 Spur Energy Partners LLC Major Release Other 11/25/23 Crude Oil 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2333127555 Spur Energy Partners LLC Major Release Other 11/25/23 Produced Water 45 40 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2333234964 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 11/25/23 Produced Water 30 20 10 BBL Equipment Failure Lea (25) No No
nAPP2333256523 Maverick Permian LLC Minor Produced Water Release 11/25/23 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nAPP2332849245 MATADOR PRODUCTION COMPANY Major Produced Water Release 11/24/23 Produced Water 67 35 32 BBL Equipment Failure Eddy (15) No No
nAPP2332872331 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/24/23 Produced Water 219 70 149 BBL Vandalism Eddy (15) No No
nAPP2332871879 CIMAREX ENERGY CO. Minor Produced Water Release 11/24/23 Produced Water 16 4 12 BBL Equipment Failure Eddy (15) No No
nAPP2333233247 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 11/24/23 Produced Water 250 220 30 BBL Blow Out Lea (25) No No
nAPP2332850054 MATADOR PRODUCTION COMPANY Minor Produced Water Release 11/24/23 Produced Water 20 13 7 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2333127239 BTA OIL PRODUCERS, LLC Major Oil Release 11/22/23 Crude Oil 60 60 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2333321552 DCP OPERATING COMPANY, LP Minor Produced Water Release 11/22/23 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nAPP2333127239 BTA OIL PRODUCERS, LLC Major Oil Release 11/22/23 Produced Water 760 760 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2333538592 MEWBOURNE OIL CO Major Produced Water Release 11/22/23 Crude Oil 4 1 3 BBL Equipment Failure Lea (25) No No
nAPP2333538592 MEWBOURNE OIL CO Major Produced Water Release 11/22/23 Produced Water 28 7 21 BBL Equipment Failure Lea (25) No No
nAPP2332626767 Blackbuck New Mexico LLC Major Produced Water Release 11/22/23 Produced Water 1000 0 1000 BBL Equipment Failure Eddy (15) No No
nAPP2334060921 XTO ENERGY, INC Minor Produced Water Release 11/22/23 Produced Water 8 4 4 BBL Equipment Failure Eddy (15) No No
nAPP2332626767 Blackbuck New Mexico LLC Major Produced Water Release 11/22/23 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2332626767 Blackbuck New Mexico LLC Major Produced Water Release 11/22/23 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2332840084 ETC Texas Pipeline, Ltd. Major Release Other 11/22/23 Natural Gas Liquids 44 25 19 BBL High Line Pressure Lea (25) No No
nAPP2332560159 San Mateo Stebbins Water Management, LLC Major Produced Water Release 11/21/23 Produced Water 2880 2880 0 BBL Other Eddy (15) No No
nAPP2333850967 WPX Energy Permian, LLC Minor Produced Water Release 11/21/23 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2333139449 WPX Energy Permian, LLC Minor Produced Water Release 11/21/23 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2332538575 Franklin Mountain Energy 3, LLC Minor Produced Water Release 11/21/23 Produced Water 14 12 2 BBL Other Lea (25) No No
nAPP2332557077 MATADOR PRODUCTION COMPANY Major Produced Water Release 11/21/23 Crude Oil 110 14 96 BBL Other Lea (25) No No
nAPP2332557077 MATADOR PRODUCTION COMPANY Major Produced Water Release 11/21/23 Produced Water 990 126 864 BBL Other Lea (25) No No
nAPP2332441886 Enterprise Field Services, LLC Minor Natural Gas Release 11/20/23 Condensate 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2332543477 J R OIL, LTD. CO. Major Produced Water Release 11/20/23 Produced Water 100 2 98 BBL Corrosion Lea (25) No No
nAPP2332464197 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/20/23 Produced Water 12 10 2 BBL Equipment Failure Lea (25) No No
nAPP2332359193 Enterprise Field Services, LLC Major Fire 11/19/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2333753362 Pinon Midstream LLC Minor Oil Release 11/18/23 Crude Oil 18 18 0 BBL Human Error Lea (25) No No
nAPP2333245367 COG OPERATING LLC Major Produced Water Release 11/18/23 Produced Water 44 42 2 BBL Corrosion Lea (25) No No
nAPP2333335903 LH Operating, LLC Major Fire 11/18/23 Crude Oil 4 4 0 BBL Fire Eddy (15) No No
nAPP2333335903 LH Operating, LLC Major Fire 11/18/23 Produced Water 41 40 1 BBL Fire Eddy (15) No No
nAPP2333240255 XTO ENERGY, INC Minor Produced Water Release 11/17/23 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2333240255 XTO ENERGY, INC Minor Produced Water Release 11/17/23 Lube Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2333243662 COG PRODUCTION, LLC Release Other 11/17/23 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2334057478 APACHE CORPORATION Minor Produced Water Release 11/17/23 Produced Water 10 5 5 BBL Other Lea (25) No No
nAPP2333243662 COG PRODUCTION, LLC Release Other 11/17/23 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nAPP2332146686 Maverick Permian LLC Minor Produced Water Release 11/15/23 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nAPP2332025304 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 11/15/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2332025304 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 11/15/23 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2332639557 XTO ENERGY, INC Major Produced Water Release 11/14/23 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nAPP2331946750 HF Sinclair Navajo Refining LLC Major Release Other 11/14/23 Other (Specify) 500 0 500 BBL Equipment Failure Lea (25) No Yes
nAPP2333157003 Permian Resources Operating, LLC Minor Oil Release 11/14/23 Crude Oil 22 19 3 BBL Equipment Failure Eddy (15) No No
nAPP2331745754 Enterprise Field Services, LLC Minor Natural Gas Release 11/13/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2332638099 XTO ENERGY, INC Major Produced Water Release 11/13/23 Produced Water 67 67 0 BBL Corrosion Eddy (15) No No
nAPP2332135027 XTO ENERGY, INC Minor Oil Release 11/13/23 Crude Oil 11 8 3 BBL Equipment Failure Eddy (15) No No
nAPP2333835289 COG OPERATING LLC Minor Release Other 11/11/23 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nAPP2333835289 COG OPERATING LLC Minor Release Other 11/11/23 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nAPP2331737978 OXY USA INC Major Produced Water Release 11/11/23 Crude Oil 10 1 9 BBL Human Error Eddy (15) No No
nAPP2333028833 MEWBOURNE OIL CO Minor Produced Water Release 11/11/23 Produced Water 22 5 17 BBL Equipment Failure Eddy (15) No No
nAPP2331737978 OXY USA INC Major Produced Water Release 11/11/23 Produced Water 24 1 23 BBL Human Error Eddy (15) No No
nAPP2331731081 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/10/23 Produced Water 8 7 1 BBL Equipment Failure Lea (25) No No
nAPP2331931887 WPX Energy Permian, LLC Major Produced Water Release 11/10/23 Produced Water 80 80 0 BBL Equipment Failure Eddy (15) No No
nAPP2332635838 XTO ENERGY, INC Minor Oil Release 11/10/23 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2331464718 MARATHON OIL PERMIAN LLC Minor Produced Water Release 11/10/23 Produced Water 21 21 0 BBL Corrosion Eddy (15) No No
nAPP2332134094 XTO ENERGY, INC Minor Oil Release 11/9/23 Crude Oil 20 20 0 BBL Exploratory Well Lea (25) No No
nAPP2331346586 MARATHON OIL PERMIAN LLC Minor Produced Water Release 11/9/23 Produced Water 16 16 0 BBL Equipment Failure Eddy (15) No No
nAPP2331753750 RHOMBUS OPERATING CO LTD Major Produced Water Release 11/9/23 Produced Water 200 120 80 BBL Other Lea (25) No No
nAPP2332456051 XTO ENERGY, INC Major Produced Water Release 11/8/23 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nAPP2331841013 JAY MANAGEMENT COMPANY, LLC Minor Oil Release 11/8/23 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2333151428 CONOCOPHILLIPS COMPANY Minor Release Other 11/8/23 Other (Specify) 9 5 4 BBL Equipment Failure Eddy (15) No No
nAPP2331331325 Spur Energy Partners LLC Minor Oil Release 11/8/23 Crude Oil 12 11 1 BBL Human Error Eddy (15) No No
nAPP2331841013 JAY MANAGEMENT COMPANY, LLC Minor Oil Release 11/8/23 Produced Water 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2331720576 HILCORP ENERGY COMPANY Minor Produced Water Release 11/8/23 Produced Water 20 19 1 BBL Equipment Failure San Juan (45) No No
nAPP2331355540 AMEREDEV OPERATING, LLC Major Oil Release 11/8/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2331355540 AMEREDEV OPERATING, LLC Major Oil Release 11/8/23 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2331323834 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/8/23 Crude Oil 23 14 9 BBL Human Error Lea (25) No No
nAPP2331253847 FASKEN OIL & RANCH LTD Major Produced Water Release 11/7/23 Produced Water 900 850 50 BBL Equipment Failure Lea (25) No No
nAPP2331253089 CIMAREX ENERGY CO. Minor Oil Release 11/7/23 Crude Oil 11 3 8 BBL Equipment Failure Eddy (15) No No
nAPP2331222132 DCP OPERATING COMPANY, LP Minor Produced Water Release 11/7/23 Produced Water 8 1 7 BBL Corrosion Lea (25) No No
nAPP2331157991 MATADOR PRODUCTION COMPANY Minor Produced Water Release 11/7/23 Produced Water 10 3 7 BBL Normal Operations Eddy (15) No No
nAPP2331134890 San Mateo Stebbins Water Management, LLC Major Produced Water Release 11/7/23 Produced Water 34 34 0 BBL Other Eddy (15) No No
nAPP2331047418 Enterprise Field Services, LLC Minor Natural Gas Release 11/6/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2331056887 Maverick Permian LLC Major Produced Water Release 11/6/23 Crude Oil 4 1 3 BBL Corrosion Lea (25) No No
nAPP2331056887 Maverick Permian LLC Major Produced Water Release 11/6/23 Produced Water 35 18 17 BBL Corrosion Lea (25) No No
nAPP2331023017 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 11/5/23 Produced Water 468 468 0 BBL Equipment Failure Lea (25) No No
nAPP2331143394 OXY USA INC Minor Produced Water Release 11/4/23 Produced Water 23 22 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2331245162 CROSS TIMBERS ENERGY, LLC Minor Oil Release 11/4/23 Crude Oil 13 13 0 BBL Corrosion Lea (25) No No
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nAPP2331037699 Spur Energy Partners LLC Minor Oil Release 11/4/23 Crude Oil 12 11 1 BBL Other Eddy (15) No No
nAPP2331245162 CROSS TIMBERS ENERGY, LLC Minor Oil Release 11/4/23 Produced Water 7 7 0 BBL Corrosion Lea (25) No No
nAPP2331050245 Spur Energy Partners LLC Minor Produced Water Release 11/4/23 Produced Water 18 16 2 BBL Corrosion Eddy (15) No No
nAPP2331132684 DCP OPERATING COMPANY, LP Major Fire 11/3/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2331047481 BTA OIL PRODUCERS, LLC Minor Oil Release 11/3/23 Crude Oil 15 15 0 BBL Equipment Failure Lea (25) No No
nAPP2331839299 MEWBOURNE OIL CO Major Produced Water Release 11/3/23 Produced Water 51 40 11 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2330838716 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 11/3/23 Crude Oil 50 49 1 BBL Equipment Failure Eddy (15) No No
nAPP2330724607 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 11/2/23 Produced Water 42 0 42 BBL Human Error Chaves (05) No No
nAPP2330733832 Spur Energy Partners LLC Minor Produced Water Release 11/2/23 Produced Water 23 17 6 BBL Corrosion Eddy (15) No No
nAPP2330654822 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/2/23 Produced Water 81 80 1 BBL Equipment Failure Eddy (15) No No
nAPP2330725341 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/2/23 Produced Water 14 12 2 BBL Equipment Failure Lea (25) No No
nAPP2331719355 HILCORP ENERGY COMPANY Major Produced Water Release 11/2/23 Produced Water 40 39 1 BBL Equipment Failure San Juan (45) No No
nAPP2330548120 MorningStar Operating LLC Minor Produced Water Release 11/1/23 Crude Oil 3 3 0 BBL Human Error Lea (25) No No
nAPP2331052760 Maverick Permian LLC Major Produced Water Release 11/1/23 Produced Water 1000 800 200 BBL Equipment Failure Lea (25) No No
nAPP2330623246 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/1/23 Produced Water 8 3 5 BBL Equipment Failure Eddy (15) No No
nAPP2331050146 Maverick Permian LLC Major Produced Water Release 11/1/23 Produced Water 450 320 130 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2330548120 MorningStar Operating LLC Minor Produced Water Release 11/1/23 Produced Water 16 16 0 BBL Human Error Lea (25) No No
nAPP2330747660 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/1/23 Produced Water 72 70 2 BBL Equipment Failure Lea (25) No No
nAPP2330624700 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/1/23 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nAPP2331951753 XTO ENERGY, INC Minor Oil Release 11/1/23 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2331855166 SAHARA OPERATING CO Major Produced Water Release 10/31/23 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2330435418 DKL Energy - Cottonwood, LLC Major Fire 10/31/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2330624175 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/31/23 Produced Water 112 111 1 BBL Equipment Failure Lea (25) No No
nAPP2330435930 Enterprise Field Services, LLC Major Natural Gas Release 10/31/23 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2330461091 MATADOR PRODUCTION COMPANY Major Fire 10/31/23 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2330461091 MATADOR PRODUCTION COMPANY Major Fire 10/31/23 Produced Water 0 0 0 BBL Fire Lea (25) No No
nAPP2330528533 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/31/23 Produced Water 51 40 11 BBL Equipment Failure Lea (25) No No
nAPP2415850336 SAHARA OPERATING CO Minor Produced Water Release 10/31/23 Produced Water 20 0 20 BBL Other Lea (25) No No
nAPP2331717075 HILCORP ENERGY COMPANY Minor Oil Release 10/30/23 Condensate 16 0 16 BBL Equipment Failure San Juan (45) No No
nAPP2333528114 N M & O OPERATING CO Major Release Other 10/30/23 Crude Oil 82 0 82 BBL Other Rio Arriba (39) No No
nAPP2333528114 N M & O OPERATING CO Major Release Other 10/30/23 Produced Water 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nAPP2333528114 N M & O OPERATING CO Major Release Other 10/30/23 Condensate 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nAPP2333528114 N M & O OPERATING CO Major Release Other 10/30/23 Crude Oil 82 0 82 BBL Other Rio Arriba (39) No No
nAPP2330544013 MARATHON OIL PERMIAN LLC Minor Oil Release 10/29/23 Produced Water 11 11 0 BBL Equipment Failure Eddy (15) No No
nAPP2330354066 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/28/23 Produced Water 50 50 0 BBL Equipment Failure Lea (25) No No
nAPP2330333240 CROSS TIMBERS ENERGY, LLC Minor Oil Release 10/27/23 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2330333240 CROSS TIMBERS ENERGY, LLC Minor Oil Release 10/27/23 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2332450264 MATADOR PRODUCTION COMPANY Other 10/27/23 Other (Specify) 0 0 0 BBL Other Lea (25) No No
nAPP2330627962 HILCORP ENERGY COMPANY Major Produced Water Release 10/27/23 Produced Water 70 0 70 BBL Corrosion San Juan (45) No No
nAPP2331135655 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/27/23 Produced Water 231 30 201 BBL Human Error Lea (25) No No
nAPP2331041267 XTO ENERGY, INC Minor Produced Water Release 10/26/23 Produced Water 9 7 2 BBL Corrosion Eddy (15) No No
nAPP2329840472 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/25/23 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2329840472 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/25/23 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2329746361 Enterprise Field Services, LLC Minor Natural Gas Release 10/24/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2331054136 COG PRODUCTION, LLC Release Other 10/24/23 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2331054136 COG PRODUCTION, LLC Release Other 10/24/23 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2330352576 CHEVRON U S A INC Major Produced Water Release 10/24/23 Produced Water 30 0 30 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2333132247 COG OPERATING LLC Minor Produced Water Release 10/24/23 Produced Water 7 0 7 BBL Other Lea (25) No No
nAPP2329739162 KAISER-FRANCIS OIL CO Major Fire 10/23/23 Produced Water 1 1 0 BBL Fire Eddy (15) No No
nAPP2329756151 EPIC ENERGY, L.L.C. Major Fire 10/23/23 Other (Specify) 0 0 0 Rio Arriba (39) No No
nAPP2329757736 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/23/23 Produced Water 35 35 0 BBL Corrosion Lea (25) No No
nAPP2331049960 XTO ENERGY, INC Major Fire 10/23/23 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2329731764 Spur Energy Partners LLC Minor Produced Water Release 10/23/23 Produced Water 20 18 2 BBL Corrosion Eddy (15) No No
nAPP2329935465 Maverick Permian LLC Major Produced Water Release 10/23/23 Produced Water 190 145 45 BBL Equipment Failure Lea (25) No No
nAPP2329823348 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/23/23 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2330748084 XTO ENERGY, INC Major Oil Release 10/22/23 Crude Oil 125 125 0 BBL Liquids Unloading Eddy (15) No No
nAPP2330047546 DCP OPERATING COMPANY, LP Minor Produced Water Release 10/22/23 Produced Water 8 7 1 BBL Human Error Lea (25) No No
nAPP2422050186 PRODUCTION WASTE SOLUTIONS LLC Major Fire 10/22/23 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2422050186 PRODUCTION WASTE SOLUTIONS LLC Major Fire 10/22/23 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2329651775 MATADOR PRODUCTION COMPANY Major Produced Water Release 10/22/23 Produced Water 148 148 0 BBL Equipment Failure Eddy (15) No No
nAPP2422050186 PRODUCTION WASTE SOLUTIONS LLC Major Fire 10/22/23 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nAPP2329764387 MARATHON OIL PERMIAN LLC Minor Produced Water Release 10/21/23 Produced Water 24 0 24 BBL Corrosion Eddy (15) No No
nAPP2330651127 XTO ENERGY, INC Minor Oil Release 10/21/23 Crude Oil 7 6 1 BBL Equipment Failure Lea (25) No No
nAPP2330638542 HILCORP ENERGY COMPANY Minor Release Other 10/20/23 Crude Oil 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2330638542 HILCORP ENERGY COMPANY Minor Release Other 10/20/23 Produced Water 3 0 3 BBL Corrosion Rio Arriba (39) No No
nAPP2329622562 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/20/23 Produced Water 7 1 6 BBL Equipment Failure Lea (25) No No
nAPP2329632113 PLAINS MARKETING L.P. Minor Oil Release 10/19/23 Crude Oil 8 0 8 BBL Corrosion Lea (25) No No
nAPP2329636934 COG OPERATING LLC Major Fire 10/18/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2329636934 COG OPERATING LLC Major Fire 10/18/23 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2329249487 TARGA MIDSTREAM SERVICES LLC Natural Gas Release 10/17/23 Condensate 1 0 1 BBL Corrosion Lea (25) No No
nAPP2329041721 MorningStar Operating LLC Major Oil Release 10/17/23 Crude Oil 215 200 15 BBL Equipment Failure Lea (25) No No
nAPP2329035104 Enterprise Field Services, LLC Minor Natural Gas Release 10/17/23 Condensate 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2329631879 COG OPERATING LLC Release Other 10/16/23 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2329127081 Permian Resources Operating, LLC Major Oil Release 10/16/23 Crude Oil 21 18 3 BBL Equipment Failure Lea (25) No No
nAPP2329631879 COG OPERATING LLC Release Other 10/16/23 Produced Water 4 0 4 BBL Corrosion Lea (25) No No
nAPP2329341186 SIMCOE LLC Minor Produced Water Release 10/16/23 Produced Water 12 0 12 BBL Corrosion San Juan (45) No No
nAPP2329127081 Permian Resources Operating, LLC Major Oil Release 10/16/23 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2329051186 BTA OIL PRODUCERS, LLC Major Produced Water Release 10/16/23 Produced Water 300 300 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2328944050 Spur Energy Partners LLC Major Release Other 10/16/23 Crude Oil 55 54 1 BBL Corrosion Eddy (15) No No
nAPP2328944050 Spur Energy Partners LLC Major Release Other 10/16/23 Produced Water 100 99 1 BBL Corrosion Eddy (15) No No
nAPP2328832490 Targa Northern Delaware, LLC. Major Fire 10/15/23 Condensate 0 0 0 BBL Fire Lea (25) No No
nAPP2329024748 Permian Resources Operating, LLC Major Oil Release 10/15/23 Crude Oil 80 65 15 BBL Equipment Failure Lea (25) No No
nAPP2330049344 XTO ENERGY, INC Minor Produced Water Release 10/15/23 Produced Water 12 10 2 BBL Corrosion Eddy (15) No No
nAPP2328635425 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/13/23 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2329332460 SIMCOE LLC Minor Oil Release 10/13/23 Condensate 14 0 14 BBL Corrosion San Juan (45) No No
nAPP2330047859 XTO ENERGY, INC Minor Produced Water Release 10/13/23 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2329249507 MorningStar Operating LLC Minor Produced Water Release 10/13/23 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nAPP2329249507 MorningStar Operating LLC Minor Produced Water Release 10/13/23 Produced Water 15 15 0 BBL Equipment Failure Lea (25) No No
nAPP2328639888 Spur Energy Partners LLC Major Produced Water Release 10/13/23 Produced Water 53 50 3 BBL High Line Pressure Eddy (15) No No
nAPP2329251609 OXY USA INC Major Produced Water Release 10/12/23 Produced Water 1300 1300 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2329851014 XTO ENERGY, INC Minor Produced Water Release 10/12/23 Produced Water 16 15 1 BBL Equipment Failure Lea (25) No No
nAPP2329950159 XTO ENERGY, INC Minor Produced Water Release 10/12/23 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2329334259 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 10/11/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2329041834 GRAND BANKS ENERGY CO Minor Oil Release 10/11/23 Crude Oil 10 0 10 BBL Lightning Lea (25) No No
nAPP2329041834 GRAND BANKS ENERGY CO Minor Oil Release 10/11/23 Produced Water 5 0 5 BBL Lightning Lea (25) No No
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nAPP2328520901 BTA OIL PRODUCERS, LLC Major Produced Water Release 10/11/23 Produced Water 480 480 0 BBL Corrosion Eddy (15) No No
nAPP2328531507 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 10/10/23 Produced Water 128 105 23 BBL Equipment Failure Eddy (15) No No
nAPP2328943035 AMEREDEV OPERATING, LLC Minor Produced Water Release 10/10/23 Produced Water 17 0 17 BBL Equipment Failure Lea (25) No No
nAPP2328444194 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/10/23 Produced Water 310 310 0 BBL Equipment Failure Lea (25) No No
nAPP2328424619 BTA OIL PRODUCERS, LLC Major Produced Water Release 10/10/23 Produced Water 45 45 0 BBL Other Lea (25) No No
nAPP2328556508 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/10/23 Crude Oil 8 3 5 BBL Equipment Failure Lea (25) No No
nAPP2328352085 OXY USA INC Minor Produced Water Release 10/10/23 Produced Water 24 0 24 BBL Equipment Failure Union (59) No No
nAPP2331734334 OXY USA INC Minor Oil Release 10/10/23 Crude Oil 10 0 10 BBL Corrosion Eddy (15) No No
nAPP2328543797 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Produced Water Release 10/10/23 Produced Water 50 25 25 BBL Normal Operations Eddy (15) No No
nAPP2427846610 EPIC ENERGY, L.L.C. Major Produced Water Release 10/10/23 Produced Water 0 0 0 BBL Normal Operations Rio Arriba (39) No No
nAPP2427846610 EPIC ENERGY, L.L.C. Major Produced Water Release 10/10/23 Crude Oil 0 0 0 BBL Normal Operations Rio Arriba (39) No No
nAPP2328443918 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/10/23 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nAPP2328644007 XTO ENERGY, INC Minor Produced Water Release 10/9/23 Crude Oil 4 1 3 BBL Corrosion Eddy (15) No No
nAPP2328644007 XTO ENERGY, INC Minor Produced Water Release 10/9/23 Produced Water 18 2 16 BBL Corrosion Eddy (15) No No
nAPP2328431599 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 10/9/23 Crude Oil 100 100 0 BBL Equipment Failure Lea (25) No No
nAPP2328350431 OXY USA INC Minor Produced Water Release 10/9/23 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2328269861 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 10/8/23 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2328269861 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 10/8/23 Produced Water 11 8 3 BBL Equipment Failure Eddy (15) No No
nAPP2328619341 Maverick Permian LLC Minor Produced Water Release 10/8/23 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2328619341 Maverick Permian LLC Minor Produced Water Release 10/8/23 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nAPP2328328023 BTA OIL PRODUCERS, LLC Minor Oil Release 10/8/23 Crude Oil 20 20 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2328229062 CIMAREX ENERGY CO. Major Produced Water Release 10/8/23 Produced Water 27 27 0 BBL Equipment Failure Lea (25) No No
nAPP2328062321 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/7/23 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nAPP2328241339 MARATHON OIL PERMIAN LLC Minor Oil Release 10/7/23 Crude Oil 9 9 0 BBL Equipment Failure Lea (25) No No
nAPP2328062321 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/7/23 Produced Water 21 0 21 BBL Equipment Failure Lea (25) No No
nAPP2327931302 Enterprise Field Services, LLC Minor Oil Release 10/6/23 Condensate 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2328044406 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/6/23 Crude Oil 8 6 2 BBL Equipment Failure Lea (25) No No
nAPP2328044406 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/6/23 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2328544895 OXY USA INC Minor Blow Out 10/6/23 Crude Oil 3 0 3 BBL Blow Out Eddy (15) No No
nAPP2328544895 OXY USA INC Minor Blow Out 10/6/23 Produced Water 4 0 4 BBL Blow Out Eddy (15) No No
nAPP2328249207 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 10/6/23 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nAPP2329060653 OXY USA INC Major Produced Water Release 10/5/23 Produced Water 75 40 35 BBL Equipment Failure Lea (25) No No
nAPP2327932405 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/5/23 Produced Water 95 90 5 BBL Equipment Failure Lea (25) No No
nAPP2327933516 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/5/23 Produced Water 2286 1200 1086 BBL Equipment Failure Lea (25) No No
nAPP2328624522 Maverick Permian LLC Major Produced Water Release 10/5/23 Crude Oil 50 27 23 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2328624522 Maverick Permian LLC Major Produced Water Release 10/5/23 Produced Water 1050 548 502 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2331753209 HILCORP ENERGY COMPANY Minor Release Other 10/5/23 Produced Water 15 15 0 BBL Other San Juan (45) No No
nAPP2327859661 OXY USA INC Minor Oil Release 10/4/23 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2327859661 OXY USA INC Minor Oil Release 10/4/23 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nAPP2327858634 OXY USA INC Minor Produced Water Release 10/4/23 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
nAPP2327748187 SELECT ENERGY SERVICES, LLC Major Produced Water Release 10/4/23 Produced Water 118 122 -4 BBL Equipment Failure Eddy (15) No No
nAPP2327753740 CIMAREX ENERGY CO. Major Produced Water Release 10/3/23 Produced Water 65 0 65 BBL Vehicular Accident Eddy (15) Yes No
nAPP2327653628 HF Sinclair Navajo Refining LLC Minor Release Other 10/3/23 Other (Specify) 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2327725137 EOG RESOURCES INC Major 10/3/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2328646222 XTO ENERGY, INC Major Produced Water Release 10/3/23 Produced Water 200 200 0 BBL Corrosion Eddy (15) No No
nAPP2328256144 CHEVRON U S A INC Minor Oil Release 10/3/23 Crude Oil 0 0 0 BBL Power Failure Lea (25) No No
nAPP2328256144 CHEVRON U S A INC Minor Oil Release 10/3/23 Produced Water 6 6 0 BBL Power Failure Lea (25) No No
nAPP2328949244 XTO ENERGY, INC Major Fire 10/2/23 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2330529870 COG OPERATING LLC Major Fire 10/2/23 Other (Specify) 0 0 0 BBL Lightning Lea (25) No No
nAPP2327550031 MARATHON OIL PERMIAN LLC Major Oil Release 10/2/23 Crude Oil 137 130 7 BBL Equipment Failure Lea (25) No No
nAPP2327627266 DCP OPERATING COMPANY, LP Major Fire 10/2/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2327749668 FAE II Operating LLC Major Produced Water Release 10/2/23 Produced Water 130 100 30 BBL Corrosion Lea (25) No No
nAPP2327553474 FAE II Operating LLC Major Oil Release 10/2/23 Crude Oil 10 9 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2327624998 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/2/23 Crude Oil 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2327553474 FAE II Operating LLC Major Oil Release 10/2/23 Produced Water 80 75 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2327650736 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 10/2/23 Produced Water 93 0 93 BBL Equipment Failure Chaves (05) No No
nAPP2327744458 Silverback Operating II, LLC Major Produced Water Release 10/2/23 Produced Water 1200 1000 200 BBL Lightning Eddy (15) No No
nAPP2327653102 HF Sinclair Navajo Refining LLC Minor Release Other 10/1/23 Other (Specify) 5 5 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2328936576 COG OPERATING LLC Release Other 10/1/23 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2328936576 COG OPERATING LLC Release Other 10/1/23 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2328339883 OXY USA INC Minor Release Other 10/1/23 Crude Oil 2 1 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2328339883 OXY USA INC Minor Release Other 10/1/23 Produced Water 18 16 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2328254347 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 9/30/23 Produced Water 12 5 7 BBL Corrosion Lea (25) No No
nAPP2405454076 FORTY ACRES ENERGY, LLC Minor Oil Release 9/28/23 Crude Oil 5 0 5 BBL Normal Operations Lea (25) No No
nAPP2328641933 XTO ENERGY, INC Minor Produced Water Release 9/28/23 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2328339761 COG OPERATING LLC Major Produced Water Release 9/28/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2327526699 BTA OIL PRODUCERS, LLC Major Produced Water Release 9/28/23 Produced Water 40 40 0 BBL Corrosion Lea (25) No No
nAPP2328339761 COG OPERATING LLC Major Produced Water Release 9/28/23 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nAPP2327248298 WPX Energy Permian, LLC Minor Oil Release 9/28/23 Crude Oil 4 3 1 BBL Corrosion Eddy (15) No No
nAPP2327835089 COG OPERATING LLC Produced Water Release 9/28/23 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nAPP2327248298 WPX Energy Permian, LLC Minor Oil Release 9/28/23 Produced Water 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2327225644 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 9/28/23 Crude Oil 85 74 11 BBL Equipment Failure Lea (25) No No
nAPP2327226475 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/28/23 Crude Oil 15 15 0 BBL Equipment Failure Lea (25) No No
nAPP2327226475 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/28/23 Produced Water 27 25 2 BBL Equipment Failure Lea (25) No No
nAPP2328340352 COG OPERATING LLC Major Produced Water Release 9/28/23 Produced Water 23 20 3 BBL Equipment Failure Lea (25) No No
nAPP2326946647 Enterprise Field Services, LLC Minor Natural Gas Release 9/26/23 Condensate 10 0 10 BBL Corrosion Rio Arriba (39) No No
nAPP2327027386 Enterprise Field Services, LLC Minor Natural Gas Release 9/26/23 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2327052874 CAZA OPERATING, LLC Minor Oil Release 9/26/23 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2326965347 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/25/23 Produced Water 505 505 0 BBL Equipment Failure Eddy (15) No No
nAPP2328334367 APACHE CORPORATION Minor Oil Release 9/25/23 Crude Oil 15 10 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2328345879 Earthstone Operating, LLC Minor Produced Water Release 9/25/23 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2328345879 Earthstone Operating, LLC Minor Produced Water Release 9/25/23 Produced Water 9 2 7 BBL Equipment Failure Lea (25) No No
nAPP2407931464 MACK ENERGY CORP Minor Produced Water Release 9/25/23 Produced Water 15 0 15 BBL Human Error Chaves (05) No No
nAPP2407957565 MACK ENERGY CORP Minor Produced Water Release 9/25/23 Produced Water 15 0 15 BBL Human Error Chaves (05) No No
nAPP2326832122 CIMAREX ENERGY CO. Minor Produced Water Release 9/24/23 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2326837037 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/24/23 Crude Oil 22 0 22 BBL Equipment Failure Lea (25) No No
nAPP2326832122 CIMAREX ENERGY CO. Minor Produced Water Release 9/24/23 Produced Water 14 13 1 BBL Equipment Failure Eddy (15) No No
nAPP2326847671 WPX Energy Permian, LLC Major Produced Water Release 9/23/23 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2326847671 WPX Energy Permian, LLC Major Produced Water Release 9/23/23 Produced Water 195 190 5 BBL Equipment Failure Eddy (15) No No
nAPP2327649891 COG OPERATING LLC Minor Produced Water Release 9/23/23 Produced Water 18 18 0 BBL Corrosion Eddy (15) No No
nAPP2421960512 MACK ENERGY CORP Major Produced Water Release 9/23/23 Produced Water 25 0 25 BBL Human Error Chaves (05) No No
nAPP2400837065 MACK ENERGY CORP Minor Produced Water Release 9/23/23 Produced Water 8 0 8 BBL Human Error Chaves (05) No No
nAPP2334028785 MACK ENERGY CORP Major Produced Water Release 9/23/23 Produced Water 30 0 30 BBL Human Error Chaves (05) No No
nAPP2407838506 MACK ENERGY CORP Major Produced Water Release 9/23/23 Produced Water 459 0 459 BBL Human Error Chaves (05) No No
nAPP2400442429 MACK ENERGY CORP Major Produced Water Release 9/23/23 Produced Water 159 0 159 BBL Human Error Chaves (05) No No
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nAPP2400530656 MACK ENERGY CORP Minor Produced Water Release 9/23/23 Produced Water 20 0 20 BBL Human Error Chaves (05) No No
nAPP2333434076 MACK ENERGY CORP Major Produced Water Release 9/23/23 Produced Water 72 0 72 BBL Human Error Chaves (05) No No
nAPP2421961487 MACK ENERGY CORP Minor Produced Water Release 9/23/23 Produced Water 14 0 14 BBL Human Error Chaves (05) No No
nAPP2333431733 MACK ENERGY CORP Produced Water Release 9/23/23 Produced Water 2 0 2 BBL Human Error Chaves (05) No No
nAPP2326848623 MARATHON OIL PERMIAN LLC Minor Produced Water Release 9/22/23 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2329938319 MACK ENERGY CORP Produced Water Release 9/22/23 Produced Water 4 0 4 BBL Human Error Chaves (05) No No
nAPP2330039589 MACK ENERGY CORP Major Produced Water Release 9/22/23 Produced Water 28 0 28 BBL Human Error Chaves (05) No No
nAPP2329948573 MACK ENERGY CORP Major Produced Water Release 9/22/23 Produced Water 28 0 28 BBL Human Error Chaves (05) No No
nAPP2326550561 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Produced Water Release 9/22/23 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nAPP2329953814 MACK ENERGY CORP Minor Produced Water Release 9/22/23 Produced Water 11 0 11 BBL Human Error Chaves (05) No No
nAPP2329852272 MACK ENERGY CORP Major Produced Water Release 9/22/23 Produced Water 137 0 137 BBL Human Error Chaves (05) No No
nAPP2329950220 MACK ENERGY CORP Major Produced Water Release 9/22/23 Produced Water 38 0 38 BBL Human Error Chaves (05) No No
nAPP2330042370 MACK ENERGY CORP Major Produced Water Release 9/22/23 Produced Water 58 0 58 BBL Human Error Chaves (05) No No
nAPP2330340352 MACK ENERGY CORP Major Produced Water Release 9/22/23 Produced Water 38 0 38 BBL Human Error Chaves (05) No No
nAPP2329853274 MACK ENERGY CORP Minor Produced Water Release 9/22/23 Produced Water 6 0 6 BBL Human Error Chaves (05) No No
nAPP2327027493 DCP OPERATING COMPANY, LP Minor Produced Water Release 9/21/23 Produced Water 14 0 14 BBL Corrosion Eddy (15) No No
nAPP2327050986 Civitas Permian Operating, LLC Major Produced Water Release 9/21/23 Produced Water 87 75 12 BBL Equipment Failure Lea (25) No No
nAPP2329737108 MACK ENERGY CORP Major Produced Water Release 9/21/23 Produced Water 33 0 33 BBL Human Error Chaves (05) No No
nAPP2329756915 MACK ENERGY CORP Minor Produced Water Release 9/21/23 Produced Water 6 0 6 BBL Human Error Chaves (05) No No
nAPP2329832291 MACK ENERGY CORP Minor Produced Water Release 9/21/23 Produced Water 10 0 10 BBL Human Error Chaves (05) No No
nAPP2329735127 MACK ENERGY CORP Major Produced Water Release 9/21/23 Produced Water 39 0 39 BBL Human Error Chaves (05) No No
nAPP2329733486 MACK ENERGY CORP Major Produced Water Release 9/20/23 Produced Water 52 0 52 BBL Equipment Failure Chaves (05) No No
nAPP2329138800 MACK ENERGY CORP Minor Produced Water Release 9/20/23 Produced Water 24 0 24 BBL Human Error Chaves (05) No No
nAPP2327759229 MACK ENERGY CORP Minor Produced Water Release 9/20/23 Produced Water 16 0 16 BBL Equipment Failure Chaves (05) No No
nAPP2326452170 KAISER-FRANCIS OIL CO Major Produced Water Release 9/20/23 Produced Water 32 0 32 BBL Equipment Failure Lea (25) No No
nAPP2327834535 MACK ENERGY CORP Major Produced Water Release 9/20/23 Produced Water 31 0 31 BBL Equipment Failure Chaves (05) No No
nAPP2327028967 TARGA MIDSTREAM SERVICES LLC Minor Natural Gas Release 9/20/23 Condensate 5 0 5 BBL Corrosion Lea (25) No No
nAPP2327756575 MACK ENERGY CORP Major Produced Water Release 9/20/23 Produced Water 85 0 85 BBL Equipment Failure Chaves (05) No No
nAPP2327751376 XTO ENERGY, INC Major Produced Water Release 9/20/23 Produced Water 183 45 138 BBL Corrosion Eddy (15) No No
nAPP2329156011 MACK ENERGY CORP Minor Produced Water Release 9/20/23 Produced Water 6 0 6 BBL Human Error Chaves (05) No No
nAPP2327146621 XTO ENERGY, INC Minor Produced Water Release 9/19/23 Produced Water 6 3 3 BBL Corrosion Eddy (15) No No
nAPP2327037534 Civitas Permian Operating, LLC Major Produced Water Release 9/19/23 Produced Water 207 200 7 BBL Equipment Failure Lea (25) No No
nAPP2326847902 COG OPERATING LLC Major Natural Gas Release 9/19/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2326224545 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/19/23 Produced Water 772 770 2 BBL Equipment Failure Eddy (15) No No
nAPP2326849143 ENDURING RESOURCES, LLC Major Produced Water Release 9/18/23 Produced Water 400 400 0 BBL Corrosion San Juan (45) No No
nAPP2326255232 Spur Energy Partners LLC Minor Oil Release 9/18/23 Crude Oil 7 0 7 BBL Human Error Eddy (15) No No
nAPP2326153849 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 9/18/23 Produced Water 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2327648916 COG OPERATING LLC Minor Produced Water Release 9/17/23 Produced Water 16 15 1 BBL Equipment Failure Eddy (15) No No
nAPP2326129420 Spur Energy Partners LLC Minor Release Other 9/17/23 Crude Oil 5 4 1 BBL Other Eddy (15) No No
nAPP2326129420 Spur Energy Partners LLC Minor Release Other 9/17/23 Produced Water 6 6 0 BBL Other Eddy (15) No No
nAPP2326344306 KAISER-FRANCIS OIL CO Minor Produced Water Release 9/16/23 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nAPP2326344306 KAISER-FRANCIS OIL CO Minor Produced Water Release 9/16/23 Produced Water 17 14 3 BBL Equipment Failure Lea (25) No No
nAPP2326254488 Silverback Operating II, LLC Major Produced Water Release 9/16/23 Produced Water 0 230 -230 BBL Normal Operations Eddy (15) No No
nAPP2326256394 Silverback Operating II, LLC Major Produced Water Release 9/16/23 Produced Water 0 60 -60 BBL Human Error Eddy (15) No No
nAPP2325965529 MATADOR PRODUCTION COMPANY Major Produced Water Release 9/16/23 Produced Water 639 360 279 BBL Equipment Failure Lea (25) No No
nAPP2326145212 BTA OIL PRODUCERS, LLC Major Release Other 9/16/23 Other (Specify) 0 45 -45 BBL Equipment Failure Lea (25) No No
nAPP2326124379 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/15/23 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nAPP2325857402 DCP OPERATING COMPANY, LP Major Fire 9/15/23 Other (Specify) 0 0 0 LBS Fire Lea (25) No No
nAPP2326134968 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 9/15/23 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nAPP2326134968 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 9/15/23 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2325851229 SELECT ENERGY SERVICES, LLC Major Produced Water Release 9/14/23 Produced Water 204 160 44 BBL Blow Out Eddy (15) No No
nAPP2326234826 OXY USA INC Major Produced Water Release 9/14/23 Produced Water 35 10 25 BBL Human Error Eddy (15) No No
nAPP2325726558 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/14/23 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nAPP2326353635 MACK ENERGY CORP Major Produced Water Release 9/14/23 Produced Water 207 0 207 BBL Equipment Failure Chaves (05) No No
nAPP2326833391 WPX Energy Permian, LLC Major Produced Water Release 9/14/23 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2326833391 WPX Energy Permian, LLC Major Produced Water Release 9/14/23 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAPP2325760799 CIMAREX ENERGY CO. Minor Oil Release 9/14/23 Crude Oil 9 9 0 BBL Equipment Failure Lea (25) No No
nAPP2326146090 COG OPERATING LLC Major Fire 9/13/23 Other (Specify) 0 0 0 BBL Lightning Lea (25) No No
nAPP2325638370 NGL WATER SOLUTIONS PERMIAN, LLC Major Fire 9/13/23 Produced Water 2000 1000 1000 BBL Lightning Eddy (15) No No
nAPP2325554538 Maverick Permian LLC Major Oil Release 9/12/23 Crude Oil 143 35 108 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2325556213 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/12/23 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2325556213 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/12/23 Produced Water 124 0 124 BBL Equipment Failure Eddy (15) No No
nAPP2326145141 DKL Energy - Cottonwood, LLC Minor Oil Release 9/12/23 Crude Oil 5 5 0 BBL Other Lea (25) No No
nAPP2327755366 MACK ENERGY CORP Major Produced Water Release 9/12/23 Produced Water 341 0 341 BBL Equipment Failure Chaves (05) No No
nAPP2326841759 XTO ENERGY, INC Major Fire 9/11/23 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2326960582 MEWBOURNE OIL CO Major Release Other 9/11/23 Drilling Mud/Fluid 120 68 52 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2325835983 EOG RESOURCES INC Major Produced Water Release 9/11/23 Produced Water 127 1 126 BBL Equipment Failure Lea (25) No No
nAPP2325425842 BTA OIL PRODUCERS, LLC Major Release Other 9/10/23 Crude Oil 100 100 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2325425842 BTA OIL PRODUCERS, LLC Major Release Other 9/10/23 Produced Water 40 40 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2327650601 COG OPERATING LLC Minor Oil Release 9/9/23 Crude Oil 6 1 5 BBL Corrosion Eddy (15) No No
nAPP2325449295 WPX Energy Permian, LLC Minor Produced Water Release 9/9/23 Produced Water 23 7 16 BBL Equipment Failure Eddy (15) No No
nAPP2325637510 Silverback Operating II, LLC Major Release Other 9/9/23 Crude Oil 80 80 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2325637510 Silverback Operating II, LLC Major Release Other 9/9/23 Produced Water 360 360 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2325748815 DCP OPERATING COMPANY, LP Minor Blow Out 9/9/23 Produced Water 9 0 9 BBL Blow Out Lea (25) No No
nAPP2325258066 Enterprise Field Services, LLC Major Fire 9/9/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2325464608 MACK ENERGY CORP Major Produced Water Release 9/8/23 Produced Water 97 0 97 BBL Other Chaves (05) No No
nAPP2325147041 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/8/23 Produced Water 234 230 4 BBL Equipment Failure Lea (25) No No
nAPP2325449632 WPX Energy Permian, LLC Minor Produced Water Release 9/8/23 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2327753701 MACK ENERGY CORP Major Produced Water Release 9/8/23 Produced Water 156 0 156 BBL Equipment Failure Chaves (05) No No
nAPP2325072650 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/7/23 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAPP2326151503 XTO ENERGY, INC Minor Produced Water Release 9/7/23 Produced Water 13 0 13 BBL Corrosion Eddy (15) No No
nAPP2325072650 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/7/23 Produced Water 51 29 22 BBL Equipment Failure Lea (25) No No
nAPP2325073485 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 9/7/23 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2325135212 LOGOS OPERATING, LLC Minor Produced Water Release 9/7/23 Produced Water 8 4 4 BBL Other Rio Arriba (39) No No
nAPP2326441262 OWL SWD OPERATING, LLC Major Produced Water Release 9/7/23 Produced Water 100 60 40 BBL High Line Pressure Eddy (15) No No
nAPP2325539044 Spur Energy Partners LLC Minor Oil Release 9/7/23 Crude Oil 15 13 2 BBL Human Error Lea (25) No No
nAPP2324949642 MARATHON OIL PERMIAN LLC Minor Produced Water Release 9/6/23 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2325041967 LOGOS OPERATING, LLC Major Oil Release 9/6/23 Crude Oil 33 1 32 BBL Equipment Failure Rio Arriba (39) No No
nAPP2325041967 LOGOS OPERATING, LLC Major Oil Release 9/6/23 Produced Water 42 0 42 BBL Equipment Failure Rio Arriba (39) No No
nAPP2326829702 COG OPERATING LLC Produced Water Release 9/6/23 Produced Water 2 0 2 BBL Corrosion Lea (25) No No
nAPP2325041552 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 9/6/23 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2325020061 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 9/6/23 Produced Water 675 675 0 BBL Repair and Maintenance Lea (25) No No
nAPP2325637059 Silverback Operating II, LLC Minor Produced Water Release 9/5/23 Produced Water 24 24 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2326150172 XTO ENERGY, INC Major Produced Water Release 9/5/23 Produced Water 50 50 0 BBL Corrosion Eddy (15) No No
nAPP2324854246 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/5/23 Produced Water 35 35 0 BBL Corrosion Eddy (15) No No
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nAPP2326357438 SIMCOE LLC Minor Produced Water Release 9/5/23 Produced Water 22 0 22 BBL Other San Juan (45) No No
nCS2326950878 Energy Acumen LLC Major Blow Out 9/4/23 Produced Water 5 0 5 BBL Blow Out Eddy (15) No No
nAPP2324744996 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 9/3/23 Produced Water 350 150 200 BBL Equipment Failure Eddy (15) No No
nAPP2326247449 COG PRODUCTION, LLC Produced Water Release 9/2/23 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2324830573 Spur Energy Partners LLC Major Other 9/2/23 Other (Specify) 20 19 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2324830573 Spur Energy Partners LLC Major Other 9/2/23 Produced Water 25 24 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2324454223 KAISER-FRANCIS OIL CO Major Produced Water Release 9/1/23 Produced Water 337 100 237 BBL Equipment Failure Lea (25) No No
nAPP2324835257 Spur Energy Partners LLC Minor Produced Water Release 9/1/23 Produced Water 20 15 5 BBL High Line Pressure Eddy (15) No No
nAPP2325469169 EOG RESOURCES INC Major Produced Water Release 9/1/23 Produced Water 1000 10 990 BBL Equipment Failure Lea (25) No No
nAPP2324856755 WaterBridge Stateline LLC Major Release Other 8/30/23 Produced Water 300 150 150 BBL Equipment Failure Eddy (15) No No
nAPP2324253643 Targa Northern Delaware, LLC. Major Fire 8/30/23 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2325659451 MEWBOURNE OIL CO Major Produced Water Release 8/29/23 Produced Water 37 10 27 BBL Human Error Eddy (15) No No
nAPP2324151130 Enterprise Field Services, LLC Minor Natural Gas Release 8/29/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2324237500 Enterprise Field Services, LLC Minor Natural Gas Release 8/29/23 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2324234412 DCP OPERATING COMPANY, LP Minor Produced Water Release 8/29/23 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAPP2324225435 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/29/23 Produced Water 183 183 0 BBL Equipment Failure Lea (25) No No
nAPP2324225435 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/29/23 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2324127250 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/28/23 Produced Water 34 32 2 BBL Power Failure Eddy (15) No No
nAPP2324131406 BTA OIL PRODUCERS, LLC Minor Oil Release 8/28/23 Crude Oil 22 21 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2324344852 RICHARDSON OPERATING CO Major Other 8/28/23 Crude Oil 0 0 0 BBL Other San Juan (45) Yes No
nAPP2324344852 RICHARDSON OPERATING CO Major Other 8/28/23 Produced Water 0 0 0 BBL Other San Juan (45) Yes No
nAPP2324038155 Spur Energy Partners LLC Major Produced Water Release 8/28/23 Produced Water 42 40 2 BBL Corrosion Eddy (15) No No
nAPP2324355629 Earthstone Operating, LLC Minor Oil Release 8/28/23 Crude Oil 13 3 10 BBL Equipment Failure Lea (25) No No
nAPP2324355629 Earthstone Operating, LLC Minor Oil Release 8/28/23 Produced Water 8 2 6 BBL Equipment Failure Lea (25) No No
nAPP2324043455 PLAINS MARKETING L.P. Minor Oil Release 8/27/23 Crude Oil 11 0 11 BBL Equipment Failure Lea (25) No No
nAPP2324024755 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 8/26/23 Condensate 9 1 8 BBL Equipment Failure Eddy (15) No No
nAPP2324044414 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 8/26/23 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nAPP2325141309 MEWBOURNE OIL CO Major Produced Water Release 8/26/23 Produced Water 57 30 27 BBL Equipment Failure Lea (25) No No
nAPP2325255948 CHEVRON U S A INC Minor Other 8/25/23 Diesel 9 2 7 BBL Vandalism Eddy (15) No No
nAPP2325743880 COG OPERATING LLC Minor Produced Water Release 8/25/23 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2324951631 XTO ENERGY, INC Major Produced Water Release 8/25/23 Produced Water 34 30 4 BBL Equipment Failure Lea (25) No No
nAPP2325138536 Earthstone Operating, LLC Minor Produced Water Release 8/25/23 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2325138536 Earthstone Operating, LLC Minor Produced Water Release 8/25/23 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nAPP2326152006 OXY USA INC Major Produced Water Release 8/24/23 Produced Water 375 360 15 BBL Equipment Failure Eddy (15) No No
nAPP2324144714 Targa Northern Delaware, LLC. Natural Gas Release 8/24/23 Condensate 1 0 1 BBL High Line Pressure Lea (25) No No
nAPP2328341435 OXY USA INC Minor Produced Water Release 8/23/23 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2328341435 OXY USA INC Minor Produced Water Release 8/23/23 Produced Water 11 4 7 BBL Equipment Failure Eddy (15) No No
nAPP2324239214 DCP OPERATING COMPANY, LP Minor Blow Out 8/23/23 Produced Water 8 0 8 BBL Blow Out Eddy (15) No No
nAPP2323641677 DCP OPERATING COMPANY, LP Minor Blow Out 8/23/23 Produced Water 17 0 17 BBL Blow Out Lea (25) No No
nAPP2323622755 ETC Texas Pipeline, Ltd. Major Fire 8/22/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2323343342 DUGAN PRODUCTION CORP Major Produced Water Release 8/21/23 Produced Water 100 0 100 BBL Corrosion San Juan (45) No No
nAPP2325555870 DUGAN PRODUCTION CORP Minor Oil Release 8/21/23 Crude Oil 19 0 19 BBL Other Sandoval (43) No No
nAPP2323357024 DUGAN PRODUCTION CORP Minor Produced Water Release 8/21/23 Produced Water 8 0 8 BBL Corrosion San Juan (45) No No
nAPP2323425169 MATADOR PRODUCTION COMPANY Minor Produced Water Release 8/21/23 Produced Water 13 7 6 BBL Equipment Failure Eddy (15) No No
nAPP2326930743 COG PRODUCTION, LLC Major Release Other 8/21/23 Other (Specify) 43 0 43 BBL Equipment Failure Lea (25) No No
nAPP2323439876 DUGAN PRODUCTION CORP Major Produced Water Release 8/21/23 Produced Water 72 0 72 BBL Corrosion San Juan (45) No No
nAPP2323430246 Franklin Mountain Energy 3, LLC Major Oil Release 8/21/23 Crude Oil 25 10 15 BBL Equipment Failure Lea (25) No No
nAPP2323350212 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 8/20/23 Crude Oil 66 66 0 BBL Equipment Failure Lea (25) No No
nAPP2323265433 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/20/23 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nAPP2326441585 EOG RESOURCES INC Minor Produced Water Release 8/19/23 Produced Water 20 5 15 BBL Equipment Failure Lea (25) No No
nAPP2323446753 OXY USA INC Minor Produced Water Release 8/19/23 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAPP2323338801 DUGAN PRODUCTION CORP Major Produced Water Release 8/19/23 Produced Water 200 40 160 BBL Corrosion San Juan (45) No No
nAPP2323237413 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 8/19/23 Produced Water 80 20 60 BBL Equipment Failure Eddy (15) No No
nAPP2323328856 FRONTIER FIELD SERVICES, LLC Minor Release Other 8/18/23 Condensate 10 0 10 BBL Other Eddy (15) No No
nAPP2323049703 Targa Northern Delaware, LLC. Major Fire 8/18/23 Condensate 0 0 0 BBL Fire Lea (25) No No
nAPP2323051316 ENDURING RESOURCES, LLC Major Produced Water Release 8/17/23 Produced Water 10 0 10 BBL Equipment Failure Rio Arriba (39) No No
nAPP2323051316 ENDURING RESOURCES, LLC Major Produced Water Release 8/17/23 Condensate 50 0 50 BBL Equipment Failure Rio Arriba (39) No No
nAPP2323530370 Enterprise Field Services, LLC Major Natural Gas Release 8/17/23 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2323353540 3R Operating, LLC Minor Oil Release 8/17/23 Crude Oil 4 4 0 BBL Human Error Lea (25) No No
nAPP2323353540 3R Operating, LLC Minor Oil Release 8/17/23 Produced Water 2 0 2 BBL Human Error Lea (25) No No
nAPP2323063169 MATADOR PRODUCTION COMPANY Minor Produced Water Release 8/17/23 Produced Water 22 10 12 BBL Corrosion Eddy (15) No No
nAPP2412231923 Spur Energy Partners LLC Major Fire 8/17/23 Crude Oil 0 0 0 BBL Lightning Eddy (15) No No
nAPP2412231923 Spur Energy Partners LLC Major Fire 8/17/23 Produced Water 0 0 0 BBL Lightning Eddy (15) No No
nAPP2324349262 HF Sinclair Navajo Refining LLC Minor Release Other 8/16/23 Other (Specify) 10 0 10 BBL Equipment Failure Eddy (15) No Yes
nAPP2324233216 COG OPERATING LLC Major Oil Release 8/16/23 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2322956610 MATADOR PRODUCTION COMPANY Minor Produced Water Release 8/16/23 Produced Water 10 4 6 BBL Equipment Failure Lea (25) No No
nAPP2324234725 XTO ENERGY, INC Major Fire 8/16/23 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2323030159 WPX Energy Permian, LLC Minor Produced Water Release 8/16/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2322926937 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 8/16/23 Crude Oil 10 1 9 BBL Equipment Failure Lea (25) No No
nAPP2323030159 WPX Energy Permian, LLC Minor Produced Water Release 8/16/23 Produced Water 16 10 6 BBL Equipment Failure Eddy (15) No No
nAPP2324032362 MEWBOURNE OIL CO Major Produced Water Release 8/16/23 Produced Water 0 660 -660 BBL Equipment Failure Lea (25) No No
nAPP2322931994 Enterprise Field Services, LLC Minor Natural Gas Release 8/16/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2324233432 XTO ENERGY, INC Minor Produced Water Release 8/16/23 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2324233432 XTO ENERGY, INC Minor Produced Water Release 8/16/23 Produced Water 7 2 5 BBL Corrosion Eddy (15) No No
nAPP2324051517 XTO ENERGY, INC Minor Oil Release 8/15/23 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2324230589 COG OPERATING LLC Major Fire 8/15/23 Unknown 0 0 0 BBL Lightning Eddy (15) No No
nAPP2322846505 Spur Energy Partners LLC Minor Produced Water Release 8/15/23 Produced Water 11 10 1 BBL High Line Pressure Eddy (15) No No
nAPP2322828575 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 8/15/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2322828575 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 8/15/23 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2322658221 WPX Energy Permian, LLC Major Produced Water Release 8/14/23 Produced Water 149 110 39 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2324132069 COG OPERATING LLC Major Fire 8/13/23 Unknown 0 0 0 BBL Lightning Eddy (15) No No
nAPP2324041792 XTO ENERGY, INC Minor Release Other 8/13/23 Other (Specify) 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2322844129 CHEVRON U S A INC Minor Produced Water Release 8/13/23 Produced Water 11 0 11 BBL Equipment Failure Lea (25) No No
nAPP2322634457 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/13/23 Produced Water 15 20 -5 BBL Lightning Eddy (15) No No
nAPP2322723783 MARATHON OIL PERMIAN LLC Minor Release Other 8/13/23 Other (Specify) 10 10 0 BBL Human Error Eddy (15) No No
nAPP2322647988 Spur Energy Partners LLC Minor Produced Water Release 8/12/23 Produced Water 24 5 19 BBL Corrosion Eddy (15) No No
nAPP2322622446 BTA OIL PRODUCERS, LLC Major Produced Water Release 8/12/23 Produced Water 60 60 0 BBL Corrosion Lea (25) No No
nAPP2323653065 XTO ENERGY, INC Minor Produced Water Release 8/11/23 Produced Water 18 10 8 BBL Equipment Failure Eddy (15) No No
nAPP2325552971 Whiptail Midstream LLC Oil Release 8/11/23 Crude Oil 3 0 3 BBL Corrosion San Juan (45) No No
nAPP2322742848 XTO ENERGY, INC Minor Produced Water Release 8/10/23 Produced Water 6 1 5 BBL Corrosion Eddy (15) No No
nAPP2322333827 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 8/10/23 Produced Water 80 80 0 BBL Corrosion Lea (25) No No
nAPP2322332538 FRONTIER FIELD SERVICES, LLC Minor Other 8/10/23 Natural Gas Liquids 10 0 10 BBL Other Eddy (15) No No
nAPP2323449490 XTO ENERGY, INC Major Produced Water Release 8/9/23 Produced Water 45 45 0 BBL Equipment Failure Eddy (15) No No
nAPP2322224845 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/8/23 Produced Water 8 8 0 BBL Equipment Failure Lea (25) No No
nAPP2322328121 LH Operating, LLC Minor Produced Water Release 8/8/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
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nAPP2322328121 LH Operating, LLC Minor Produced Water Release 8/8/23 Produced Water 16 0 16 BBL Equipment Failure Eddy (15) No No
nAPP2322050850 DUGAN PRODUCTION CORP Major Produced Water Release 8/8/23 Produced Water 100 70 30 BBL Equipment Failure San Juan (45) No No
nAPP2322072885 MATADOR PRODUCTION COMPANY Major Produced Water Release 8/8/23 Produced Water 340 340 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2323353212 OXY USA INC Major Oil Release 8/8/23 Crude Oil 25 0 25 BBL Equipment Failure Lea (25) No No
nAPP2322146971 DCP OPERATING COMPANY, LP Minor Blow Out 8/7/23 Produced Water 18 4 14 BBL Blow Out Lea (25) No No
nAPP2322350630 LOGOS OPERATING, LLC Major Produced Water Release 8/7/23 Produced Water 62 60 2 BBL Equipment Failure San Juan (45) No No
nAPP2323429712 OXY USA INC Major Release Other 8/7/23 Crude Oil 33 32 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2323429712 OXY USA INC Major Release Other 8/7/23 Produced Water 88 79 9 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2322937964 SPECIAL ENERGY CORP Major Fire 8/7/23 Produced Water 258 230 28 BBL Lightning Eddy (15) No No
nAPP2322029113 FRONTIER FIELD SERVICES, LLC Minor Other 8/7/23 Condensate 15 0 15 BBL Other Eddy (15) No No
nAPP2325559441 LM Touchdown LLC Major Oil Release 8/7/23 Crude Oil 29 29 0 BBL Other Eddy (15) No No
nAPP2322022867 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 8/7/23 Produced Water 2 1 1 BBL Equipment Failure Lea (25) No No
nAPP2322752841 XTO ENERGY, INC Major Produced Water Release 8/6/23 Produced Water 86 85 1 BBL Human Error Eddy (15) No No
nAPP2321838929 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 8/6/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2321929306 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 8/5/23 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2321951634 ENDEAVOR ENERGY RESOURCES, LP Major Oil Release 8/4/23 Crude Oil 5 1 4 BBL Other Chaves (05) No No
nAPP2321651067 Maverick Permian LLC Minor Produced Water Release 8/4/23 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2321951634 ENDEAVOR ENERGY RESOURCES, LP Major Oil Release 8/4/23 Produced Water 30 25 5 BBL Other Chaves (05) No No
nAPP2322234733 TAP ROCK OPERATING, LLC Minor Produced Water Release 8/4/23 Produced Water 23 0 23 BBL Corrosion Lea (25) No No
nAPP2321651067 Maverick Permian LLC Minor Produced Water Release 8/4/23 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nAPP2321651804 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 8/4/23 Produced Water 91 43 48 BBL Other Lea (25) No No
nAPP2321947531 DCP OPERATING COMPANY, LP Major Natural Gas Release 8/4/23 Condensate 248 240 8 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2321580132 HILCORP ENERGY COMPANY Natural Gas Release 8/3/23 Produced Water 1 0 1 BBL Corrosion Rio Arriba (39) No No
nAPP2321460560 Maverick Permian LLC Minor Produced Water Release 8/2/23 Produced Water 22 0 22 BBL Corrosion Lea (25) No No
nAPP2322229631 COG OPERATING LLC Minor Release Other 8/2/23 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nAPP2322229631 COG OPERATING LLC Minor Release Other 8/2/23 Produced Water 12 10 2 BBL Equipment Failure Lea (25) No No
nAPP2322648859 XTO ENERGY, INC Minor Produced Water Release 8/2/23 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2321459457 Maverick Permian LLC Minor Other 8/2/23 Condensate 12 0 12 BBL Equipment Failure Lea (25) No No
nAPP2321458559 Maverick Permian LLC Minor Produced Water Release 8/2/23 Produced Water 22 0 22 BBL Equipment Failure Lea (25) No No
nAPP2323540131 RAYBAW Operating, LLC Minor Release Other 8/2/23 Crude Oil 5 0 5 BBL Other Lea (25) No No
nAPP2321440405 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 8/1/23 Produced Water 480 0 480 BBL Human Error Lea (25) No No
nAPP2321553613 GRAND BANKS ENERGY CO Major Fire 8/1/23 Crude Oil 46 0 46 BBL Fire Lea (25) No No
nAPP2326846143 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 8/1/23 Produced Water 25 23 2 BBL Equipment Failure Eddy (15) No No
nAPP2321553613 GRAND BANKS ENERGY CO Major Fire 8/1/23 Produced Water 979 500 479 BBL Fire Lea (25) No No
nAPP2321445606 HARVARD PETROLEUM COMPANY, LLC Major Fire 8/1/23 Produced Water 22 22 0 BBL Fire Eddy (15) No No
nAPP2321360002 MATADOR PRODUCTION COMPANY Major Produced Water Release 8/1/23 Produced Water 32 0 32 BBL Equipment Failure Eddy (15) No No
nAPP2321431668 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 8/1/23 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2322237396 MEWBOURNE OIL CO Major Fire 8/1/23 Produced Water 0 0 0 BBL Lightning Eddy (15) No No
nAPP2321432080 Spur Energy Partners LLC Minor Produced Water Release 8/1/23 Produced Water 15 0 15 BBL High Line Pressure Eddy (15) No No
nAPP2321441318 Spur Energy Partners LLC Major Fire 8/1/23 Produced Water 4 0 4 BBL Lightning Eddy (15) No No
nAPP2322751480 XTO ENERGY, INC Major Produced Water Release 8/1/23 Produced Water 60 60 0 BBL Equipment Failure Lea (25) No No
nAPP2322554757 MR NM Operating LLC Major Produced Water Release 7/31/23 Produced Water 150 25 125 BBL Human Error Eddy (15) No No
nAPP2321320663 CIMAREX ENERGY CO. Minor Produced Water Release 7/31/23 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nAPP2322645119 XTO ENERGY, INC Minor Produced Water Release 7/31/23 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2322645119 XTO ENERGY, INC Minor Produced Water Release 7/31/23 Produced Water 15 14 1 BBL Corrosion Eddy (15) No No
nAPP2321344482 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/31/23 Produced Water 790 790 0 BBL Equipment Failure Eddy (15) No No
nAPP2321226989 MARATHON OIL PERMIAN LLC Minor Produced Water Release 7/31/23 Produced Water 24 24 0 BBL Equipment Failure Eddy (15) No No
nAPP2321319143 CIMAREX ENERGY CO. Major Produced Water Release 7/31/23 Produced Water 75 75 0 BBL Human Error Lea (25) No No
nAPP2322646789 XTO ENERGY, INC Minor Produced Water Release 7/31/23 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2322646789 XTO ENERGY, INC Minor Produced Water Release 7/31/23 Produced Water 5 1 4 BBL Corrosion Eddy (15) No No
nAPP2321222850 BTA OIL PRODUCERS, LLC Major Produced Water Release 7/30/23 Produced Water 40 40 0 BBL Corrosion Lea (25) No No
nAPP2321953140 EOG RESOURCES INC Major Produced Water Release 7/30/23 Produced Water 100 0 100 BBL Vehicular Accident Eddy (15) No No
nAPP2322348507 XTO ENERGY, INC Major Oil Release 7/30/23 Crude Oil 30 30 0 BBL Equipment Failure Eddy (15) No No
nAPP2321162164 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/30/23 Produced Water 30 20 10 BBL Equipment Failure Lea (25) No No
nAPP2321226634 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/30/23 Produced Water 40 40 0 BBL Corrosion Eddy (15) No No
nAPP2321152013 Spur Energy Partners LLC Major Produced Water Release 7/29/23 Produced Water 3000 2975 25 BBL Equipment Failure Lea (25) No No
nAPP2321948496 Permian Resources Operating, LLC Major Produced Water Release 7/29/23 Crude Oil 70 57 13 BBL Separation Flowback Lea (25) No No
nAPP2321948496 Permian Resources Operating, LLC Major Produced Water Release 7/29/23 Produced Water 80 63 17 BBL Separation Flowback Lea (25) No No
nAPP2321435751 TARGA MIDSTREAM SERVICES LLC Minor Natural Gas Release 7/29/23 Condensate 10 0 10 BBL Corrosion Lea (25) No No
nAPP2321242410 DCP OPERATING COMPANY, LP Minor Produced Water Release 7/29/23 Produced Water 18 5 13 BBL Blow Out Lea (25) No No
nAPP2321066405 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/29/23 Produced Water 21 20 1 BBL Equipment Failure Lea (25) No No
nAPP2322346891 XTO ENERGY, INC Major Fire 7/29/23 Other (Specify) 0 0 0 GAL Fire Lea (25) No No
nAPP2320959879 Maverick Permian LLC Major Release Other 7/28/23 Crude Oil 40 15 25 BBL Equipment Failure Lea (25) No No
nAPP2320969364 Enterprise Field Services, LLC Minor Natural Gas Release 7/28/23 Condensate 5 0 5 BBL Human Error Eddy (15) No No
nAPP2320959879 Maverick Permian LLC Major Release Other 7/28/23 Produced Water 15 5 10 BBL Equipment Failure Lea (25) No No
nAPP2322350092 XTO ENERGY, INC Major Fire 7/28/23 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2322232076 COG OPERATING LLC Minor Produced Water Release 7/28/23 Produced Water 13 13 0 BBL Corrosion Eddy (15) No No
nAPP2322361445 EOG RESOURCES INC Major Produced Water Release 7/28/23 Produced Water 25 0 25 BBL Corrosion Lea (25) No No
nAPP2322240710 HF Sinclair Navajo Refining LLC Major Release Other 7/28/23 Other (Specify) 30 30 0 BBL Equipment Failure Eddy (15) No No
nAPP2322335101 EOG RESOURCES INC Major Produced Water Release 7/27/23 Produced Water 300 220 80 BBL Equipment Failure Eddy (15) No No
nAPP2320940667 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/27/23 Produced Water 210 40 170 BBL Equipment Failure Lea (25) No No
nAPP2321447226 FRONTIER FIELD SERVICES, LLC Minor Release Other 7/26/23 Condensate 15 0 15 BBL Other Chaves (05) No No
nAPP2320752842 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/26/23 Produced Water 12 12 0 BBL Equipment Failure Eddy (15) No No
nAPP2320734440 Enterprise Field Services, LLC Minor Natural Gas Release 7/26/23 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2320923553 CIMAREX ENERGY CO. Minor Produced Water Release 7/26/23 Produced Water 11 11 0 BBL Equipment Failure Lea (25) No No
nAPP2322141858 XTO ENERGY, INC Minor Produced Water Release 7/26/23 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nAPP2320724218 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 7/25/23 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2320724218 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 7/25/23 Produced Water 7 1 6 BBL Equipment Failure Eddy (15) No No
nAPP2320959193 FAE II Operating LLC Major Produced Water Release 7/25/23 Produced Water 150 80 70 BBL Equipment Failure Lea (25) No No
nAPP2320661320 MATADOR PRODUCTION COMPANY Major Produced Water Release 7/25/23 Produced Water 75 70 5 BBL Human Error Eddy (15) No No
nAPP2320620970 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/24/23 Produced Water 45 45 0 BBL Corrosion Eddy (15) No No
nAPP2320628649 Enterprise Field Services, LLC Major Fire 7/24/23 Other (Specify) 0 0 0 Rio Arriba (39) No No
nAPP2320551953 BTA OIL PRODUCERS, LLC Major Oil Release 7/23/23 Crude Oil 30 30 0 BBL Equipment Failure Eddy (15) No No
nAPP2321332789 OWL SWD OPERATING, LLC Major Produced Water Release 7/23/23 Produced Water 0 0 0 BBL High Line Pressure Eddy (15) No No
nAPP2320640601 3R Operating, LLC Major Produced Water Release 7/23/23 Produced Water 220 70 150 BBL Human Error Eddy (15) No No
nAPP2320576371 CIMAREX ENERGY CO. OF COLORADO Other 7/22/23 Drilling Mud/Fluid 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2320533965 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/21/23 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2320533965 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/21/23 Produced Water 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2320560659 Maverick Permian LLC Major Other 7/21/23 Crude Oil 25 19 6 BBL Equipment Failure Lea (25) No No
nAPP2320560659 Maverick Permian LLC Major Other 7/21/23 Produced Water 7 5 2 BBL Equipment Failure Lea (25) No No
nAPP2320559406 Maverick Permian LLC Other 7/21/23 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2320559406 Maverick Permian LLC Other 7/21/23 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nAPP2320532534 Blackbuck New Mexico LLC Major Produced Water Release 7/21/23 Produced Water 100 20 80 BBL High Line Pressure Eddy (15) No No
nAPP2320157819 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/20/23 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nAPP2320228954 Enterprise Field Services, LLC Minor Oil Release 7/20/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
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nAPP2320173651 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/20/23 Produced Water 17 0 17 BBL Equipment Failure Eddy (15) No No
nAPP2320152321 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 7/20/23 Produced Water 7 0 7 BBL Other Eddy (15) No No
nAPP2320227959 Enterprise Field Services, LLC Minor Natural Gas Release 7/20/23 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2320174300 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/20/23 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nAPP2320174300 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/20/23 Produced Water 4 1 3 BBL Equipment Failure Lea (25) No No
nAPP2321341641 GRAMA RIDGE DISPOSAL, LLC Minor Produced Water Release 7/20/23 Produced Water 20 16 4 BBL Equipment Failure Lea (25) No No
nAPP2325057792 MULLOY OPERATING, INC. Minor Oil Release 7/20/23 Crude Oil 5 0 5 BBL Equipment Failure Chaves (05) No No
nAPP2320749536 OXY USA INC Major Fire 7/19/23 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nAPP2320749536 OXY USA INC Major Fire 7/19/23 Produced Water 1 0 1 BBL Fire Eddy (15) No No
nAPP2320236514 FRONTIER FIELD SERVICES, LLC Minor Oil Release 7/19/23 Crude Oil 10 0 10 BBL Other Eddy (15) No No
nAPP2320046214 Enterprise Field Services, LLC Minor Natural Gas Release 7/19/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2320133653 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 7/19/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2321343603 APACHE CORPORATION Major Produced Water Release 7/19/23 Produced Water 39 30 9 BBL Corrosion Lea (25) No No
nAPP2320830711 SEELY OIL CO Major Oil Release 7/18/23 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2320830711 SEELY OIL CO Major Oil Release 7/18/23 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2319952763 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 7/18/23 Condensate 7 0 7 BBL High Line Pressure Eddy (15) No No
nAPP2320054062 SANDLOTT ENERGY (JACKIE BREWER DBA) Produced Water Release 7/18/23 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2320054062 SANDLOTT ENERGY (JACKIE BREWER DBA) Produced Water Release 7/18/23 Produced Water 1 1 0 BBL Other Eddy (15) No No
nAPP2320054062 SANDLOTT ENERGY (JACKIE BREWER DBA) Produced Water Release 7/18/23 Condensate 0 0 0 BBL Other Eddy (15) No No
nAPP2320054062 SANDLOTT ENERGY (JACKIE BREWER DBA) Produced Water Release 7/18/23 Produced Water 1 1 0 BBL Other Eddy (15) No No
nAPP2320048988 EOG RESOURCES INC Major Produced Water Release 7/18/23 Produced Water 100 50 50 BBL Equipment Failure Lea (25) No No
nAPP2320854077 WPX Energy Permian, LLC Minor Produced Water Release 7/17/23 Produced Water 16 16 0 BBL Equipment Failure Eddy (15) No No
nAPP2319922603 Enterprise Field Services, LLC Major Fire 7/17/23 Glycol 50 0 50 GAL Fire Eddy (15) No No
nAPP2319835371 EOG RESOURCES INC Major Produced Water Release 7/17/23 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2320839776 Permian Resources Operating, LLC Major Oil Release 7/17/23 Crude Oil 78 70 8 BBL Equipment Failure Lea (25) No No
nAPP2319920953 MARATHON OIL PERMIAN LLC Minor Produced Water Release 7/17/23 Produced Water 9 9 0 BBL Corrosion Eddy (15) No No
nAPP2319853388 Contango Resources, LLC Major Oil Release 7/16/23 Crude Oil 10 8 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2320851728 COG OPERATING LLC Minor Produced Water Release 7/16/23 Produced Water 14 0 14 BBL Corrosion Eddy (15) No No
nAPP2319853388 Contango Resources, LLC Major Oil Release 7/16/23 Produced Water 240 220 20 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2320536236 DKL Energy - Cottonwood, LLC Major Produced Water Release 7/16/23 Produced Water 60 4 56 BBL Equipment Failure Lea (25) No No
nAPP2320850638 COG PRODUCTION, LLC Major Oil Release 7/15/23 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2320849651 COG OPERATING LLC Minor Produced Water Release 7/15/23 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nAPP2320649763 WESTERN REFINING PIPELINE LLC Minor Oil Release 7/14/23 Crude Oil 8 0 8 BBL Normal Operations Lea (25) No No
nAPP2319663541 MATADOR PRODUCTION COMPANY Major Produced Water Release 7/14/23 Produced Water 46 8 38 BBL High Line Pressure Eddy (15) No No
nAPP2325759516 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/14/23 Produced Water 19 19 0 BBL Equipment Failure Eddy (15) No No
nAPP2320840457 XTO ENERGY, INC Minor Release Other 7/13/23 Other (Specify) 7 6 1 BBL Other Eddy (15) No No
nAPP2319455890 STEPHENS & JOHNSON OP CO Major Produced Water Release 7/13/23 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2319455890 STEPHENS & JOHNSON OP CO Major Produced Water Release 7/13/23 Produced Water 29 23 6 BBL Equipment Failure Eddy (15) No No
nAPP2320554259 CONOCOPHILLIPS COMPANY Major Release Other 7/13/23 Other (Specify) 495 240 255 BBL Equipment Failure Lea (25) No No
nAPP2319780461 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/13/23 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2319780461 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/13/23 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2319477477 MATADOR PRODUCTION COMPANY Major Produced Water Release 7/13/23 Produced Water 54 0 54 BBL Corrosion Eddy (15) No No
nAPP2320634792 XTO ENERGY, INC Minor Produced Water Release 7/12/23 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nAPP2320632087 Enterprise Field Services, LLC Minor Natural Gas Release 7/12/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2319529764 Enterprise Field Services, LLC Major Natural Gas Release 7/12/23 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2319449479 SELECT WATER SOLUTIONS, LLC Major Produced Water Release 7/12/23 Produced Water 837 0 837 BBL Equipment Failure Eddy (15) No No
nAPP2319533826 Enterprise Field Services, LLC Major Natural Gas Release 7/12/23 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2319455228 MATADOR PRODUCTION COMPANY Major Produced Water Release 7/12/23 Produced Water 110 0 110 BBL Other Eddy (15) No No
nAPP2319335941 Enterprise Field Services, LLC Major Release Other 7/11/23 Other (Specify) 90 0 90 BBL Normal Operations Eddy (15) No No
nAPP2319359955 DCP OPERATING COMPANY, LP Minor Blow Out 7/11/23 Produced Water 9 0 9 BBL Blow Out Eddy (15) No No
nAPP2319275316 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/11/23 Crude Oil 30 15 15 BBL Equipment Failure Lea (25) No No
nAPP2319275316 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/11/23 Produced Water 121 85 36 BBL Equipment Failure Lea (25) No No
nAPP2320253083 HF Sinclair Navajo Refining LLC Major Release Other 7/11/23 Other (Specify) 72 72 0 BBL Equipment Failure Eddy (15) No No
nAPP2319244521 Spur Energy Partners LLC Minor Produced Water Release 7/11/23 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2319273619 Targa Northern Delaware, LLC. Minor Natural Gas Release 7/11/23 Condensate 10 0 10 BBL Corrosion Eddy (15) No No
nAPP2319227547 Enterprise Field Services, LLC Minor Natural Gas Release 7/11/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2319260257 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/11/23 Produced Water 83 82 1 BBL Equipment Failure Lea (25) No No
nAPP2319848031 COG OPERATING LLC Minor Release Other 7/10/23 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nAPP2319848031 COG OPERATING LLC Minor Release Other 7/10/23 Produced Water 4 3 1 BBL Equipment Failure Lea (25) No No
nAPP2319246735 CHEVRON U S A INC Major Produced Water Release 7/10/23 Crude Oil 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2319246735 CHEVRON U S A INC Major Produced Water Release 7/10/23 Produced Water 326 310 16 BBL Equipment Failure Eddy (15) No No
nAPP2319832978 TAP ROCK OPERATING, LLC Major Produced Water Release 7/10/23 Produced Water 55 0 55 BBL Corrosion Lea (25) No No
nAPP2319562381 FORTY ACRES ENERGY, LLC Major Produced Water Release 7/10/23 Produced Water 110 45 65 BBL Other Lea (25) No No

nAPP2319337648 DCP OPERATING COMPANY, LP Minor Produced Water Release 7/10/23 Produced Water 6 0 6 BBL
Midstream Scheduled 
Maintenance Eddy (15) No No

nAPP2319233055 Enterprise Field Services, LLC Minor Natural Gas Release 7/10/23 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2319259018 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/10/23 Produced Water 22 20 2 BBL Equipment Failure Lea (25) No No
nAPP2319061278 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 7/9/23 Crude Oil 1 0 1 BBL Fire Eddy (15) No No

nAPP2319154352
STAKEHOLDER MIDSTREAM CRUDE OIL 
PIPELINE, LLC Major Oil Release 7/9/23 Crude Oil 30 25 5 BBL Other Lea (25) No No

nAPP2319063808 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/9/23 Produced Water 40 40 0 BBL Equipment Failure Lea (25) No No
nAPP2319355921 CHEVRON U S A INC Minor Produced Water Release 7/9/23 Produced Water 17 0 17 BBL Equipment Failure Lea (25) No No
nAPP2318936793 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/8/23 Produced Water 40 40 0 BBL Corrosion Eddy (15) No No
nAPP2319837257 EOR OPERATING COMPANY Produced Water Release 7/7/23 Produced Water 4 0 4 BBL Corrosion Roosevelt (41) No No
nAPP2319140184 WaterBridge Stateline LLC Produced Water Release 7/7/23 Produced Water 4 3 1 BBL Blow Out Eddy (15) No No
nAPP2319437518 3R Operating, LLC Major Produced Water Release 7/7/23 Produced Water 75 50 25 BBL Equipment Failure Eddy (15) No No
nAPP2319437518 3R Operating, LLC Major Produced Water Release 7/7/23 Condensate 220 70 150 BBL Human Error Eddy (15) No No
nAPP2319235328 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 7/6/23 Condensate 9 0 9 BBL Other Eddy (15) No No
nAPP2320042853 EOG RESOURCES INC Minor Produced Water Release 7/6/23 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2320149908 XTO ENERGY, INC Major Produced Water Release 7/6/23 Produced Water 32 32 0 BBL Corrosion Eddy (15) No No
nAPP2318733876 Spur Energy Partners LLC Major Release Other 7/5/23 Crude Oil 23 20 3 BBL Corrosion Eddy (15) No No
nAPP2318733876 Spur Energy Partners LLC Major Release Other 7/5/23 Produced Water 23 20 3 BBL Corrosion Eddy (15) No No
nAPP2319954265 XTO ENERGY, INC Minor Produced Water Release 7/5/23 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAPP2318663772 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/5/23 Crude Oil 20 15 5 BBL Equipment Failure Lea (25) No No
nAPP2318663772 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/5/23 Produced Water 59 50 9 BBL Equipment Failure Lea (25) No No
nAPP2319251025 HILCORP ENERGY COMPANY Major Produced Water Release 7/5/23 Produced Water 60 0 60 BBL Corrosion Rio Arriba (39) No No
nAPP2319153053 COG OPERATING LLC Minor Produced Water Release 7/5/23 Produced Water 11 0 11 BBL Corrosion Lea (25) No No
nAPP2319223832 MATADOR PRODUCTION COMPANY Minor Oil Release 7/5/23 Crude Oil 12 12 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2318644889 Enterprise Field Services, LLC Minor Natural Gas Release 7/5/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2319837015 Targa Northern Delaware, LLC. Major Fire 7/4/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2318835968 Spur Energy Partners LLC Minor Release Other 7/4/23 Crude Oil 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2318835968 Spur Energy Partners LLC Minor Release Other 7/4/23 Produced Water 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2320839459 OXY USA INC Minor Produced Water Release 7/4/23 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2318554934 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 7/4/23 Crude Oil 2 0 2 BBL Fire Eddy (15) No No
nAPP2318630086 MATADOR PRODUCTION COMPANY Minor Produced Water Release 7/4/23 Produced Water 10 0 10 BBL Other Eddy (15) No No
nAPP2318737964 DUGAN PRODUCTION CORP Major Produced Water Release 7/3/23 Produced Water 60 25 35 BBL Equipment Failure San Juan (45) No No
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nAPP2319852543 XTO ENERGY, INC Major Produced Water Release 7/3/23 Produced Water 140 140 0 BBL Corrosion Eddy (15) No No
nAPP2319833354 MEWBOURNE OIL CO Major Produced Water Release 7/3/23 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2319833354 MEWBOURNE OIL CO Major Produced Water Release 7/3/23 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2318729948 EOG RESOURCES INC Minor Produced Water Release 7/3/23 Produced Water 13 10 3 BBL Equipment Failure Lea (25) No No
nAPP2320034513 HF Sinclair Navajo Refining LLC Major Release Other 7/3/23 Diesel 0 0 0 BBL Other Eddy (15) Yes No
nAPP2318374902 MATADOR PRODUCTION COMPANY Minor Produced Water Release 7/2/23 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2318426095 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 7/2/23 Crude Oil 40 40 0 BBL Equipment Failure Eddy (15) No No
nAPP2318327445 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/1/23 Produced Water 18 18 0 BBL Equipment Failure Lea (25) No No
nAPP2319143291 COG PRODUCTION, LLC Produced Water Release 7/1/23 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2319143291 COG PRODUCTION, LLC Produced Water Release 7/1/23 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nAPP2319250183 APACHE CORPORATION Major Produced Water Release 6/30/23 Produced Water 35 35 0 BBL Equipment Failure Lea (25) No No
nAPP2320528331 COG OPERATING LLC Minor Produced Water Release 6/29/23 Produced Water 19 17 2 BBL Corrosion Eddy (15) No No
nAPP2318123847 MATADOR PRODUCTION COMPANY Major Oil Release 6/29/23 Crude Oil 82 0 82 BBL Other Lea (25) No No
nAPP2317939002 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/28/23 Produced Water 14 5 9 BBL Equipment Failure Eddy (15) No No
nAPP2318130041 Spur Energy Partners LLC Minor Produced Water Release 6/28/23 Produced Water 18 16 2 BBL Corrosion Eddy (15) No No
nAPP2318638414 FRONTIER FIELD SERVICES, LLC Minor Other 6/28/23 Condensate 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2318030017 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 6/28/23 Produced Water 21 0 21 BBL Other Eddy (15) No No
nAPP2318831816 XTO ENERGY, INC Major Produced Water Release 6/28/23 Produced Water 37 30 7 BBL Corrosion Eddy (15) No No
nAPP2317847012 Enterprise Field Services, LLC Major Natural Gas Release 6/27/23 Condensate 2 0 2 BBL Corrosion San Juan (45) Yes No
nAPP2317851907 Spur Energy Partners LLC Major Produced Water Release 6/27/23 Produced Water 134 133 1 BBL Corrosion Eddy (15) No No
nAPP2317950053 Franklin Mountain Energy LLC Minor Produced Water Release 6/27/23 Produced Water 22 22 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2317925175 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/27/23 Produced Water 6 2 4 BBL Corrosion Lea (25) No No
nAPP2321557100 OXY USA INC Major Produced Water Release 6/27/23 Crude Oil 75 70 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2321557100 OXY USA INC Major Produced Water Release 6/27/23 Produced Water 125 110 15 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2317871070 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/27/23 Produced Water 40 40 0 BBL Corrosion Lea (25) No No
nAPP2317952227 Maverick Permian LLC Major Release Other 6/27/23 Crude Oil 5 4 1 BBL Corrosion Lea (25) No No
nAPP2317952227 Maverick Permian LLC Major Release Other 6/27/23 Produced Water 40 31 9 BBL Corrosion Lea (25) No No
nAPP2317958480 Maverick Permian LLC Major Produced Water Release 6/27/23 Produced Water 50 45 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2317850710 OXY USA INC Minor Produced Water Release 6/26/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2317850710 OXY USA INC Minor Produced Water Release 6/26/23 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2317746199 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/26/23 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAPP2318749749 EOG RESOURCES INC Major Produced Water Release 6/26/23 Crude Oil 10 3 7 BBL Equipment Failure Lea (25) No No
nAPP2318749749 EOG RESOURCES INC Major Produced Water Release 6/26/23 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2323352221 OXY USA INC Major Release Other 6/26/23 Crude Oil 25 20 5 BBL Corrosion Eddy (15) No No
nAPP2317839684 HILCORP ENERGY COMPANY Major Produced Water Release 6/26/23 Produced Water 35 0 35 BBL Corrosion Rio Arriba (39) No No
nAPP2317840368 WPX Energy Permian, LLC Major Produced Water Release 6/26/23 Crude Oil 50 40 10 BBL Human Error Eddy (15) No No
nAPP2317840368 WPX Energy Permian, LLC Major Produced Water Release 6/26/23 Produced Water 522 480 42 BBL Human Error Eddy (15) No No
nAPP2317643976 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/25/23 Produced Water 25 25 0 BBL Corrosion Lea (25) No No
nAPP2317952646 TEAM OPERATING, L.L.C. Major Produced Water Release 6/25/23 Crude Oil 3 1 2 BBL Equipment Failure Lea (25) No No
nAPP2317941970 TEAM OPERATING, L.L.C. Major Produced Water Release 6/25/23 Produced Water 120 100 20 BBL Equipment Failure Lea (25) No No
nAPP2318741823 COG OPERATING LLC Major Oil Release 6/25/23 Crude Oil 138 116 22 BBL Equipment Failure Lea (25) No No
nAPP2317952646 TEAM OPERATING, L.L.C. Major Produced Water Release 6/25/23 Produced Water 47 34 13 BBL Equipment Failure Lea (25) No No
nAPP2318734399 COG PRODUCTION, LLC Minor Produced Water Release 6/23/23 Produced Water 12 10 2 BBL Corrosion Lea (25) No No
nAPP2319140286 CONOCOPHILLIPS COMPANY Minor Other 6/23/23 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nAPP2318139530 XTO ENERGY, INC Major Oil Release 6/23/23 Crude Oil 48 48 0 BBL Equipment Failure Eddy (15) No No
nAPP2317735881 UPLAND PRODUCTION COMPANY Minor Oil Release 6/23/23 Crude Oil 22 17 5 BBL Equipment Failure Lea (25) No No
nAPP2319459655 HF Sinclair Navajo Refining LLC Major Release Other 6/23/23 Other (Specify) 0 0 0 BBL Other Eddy (15) No No
nAPP2317423800 WPX Energy Permian, LLC Minor Produced Water Release 6/22/23 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2319134670 COG OPERATING LLC Minor Produced Water Release 6/22/23 Produced Water 8 3 5 BBL Corrosion Eddy (15) No No
nAPP2317446018 CIMAREX ENERGY CO. Minor Produced Water Release 6/22/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2317446018 CIMAREX ENERGY CO. Minor Produced Water Release 6/22/23 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2319138455 COG OPERATING LLC Major Produced Water Release 6/22/23 Produced Water 34 0 34 BBL Equipment Failure Eddy (15) No No
nAPP2318865605 Enchantment Water, LLC Minor Produced Water Release 6/22/23 Produced Water 7 0 7 BBL Other Eddy (15) No No

nAPP2319523778 Permian Resources Operating, LLC Major Produced Water Release 6/21/23 Crude Oil 13 4 9 BBL
Midstream Emergency 
Maintenance Lea (25) No No

nAPP2319523778 Permian Resources Operating, LLC Major Produced Water Release 6/21/23 Produced Water 244 51 193 BBL
Midstream Emergency 
Maintenance Lea (25) No No

nAPP2317316485 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 6/21/23 Produced Water 440 420 20 BBL Equipment Failure Lea (25) No No
nAPP2318438389 MEWBOURNE OIL CO Major Produced Water Release 6/21/23 Produced Water 113 63 50 BBL Equipment Failure Eddy (15) No No
nAPP2318846991 Maverick Permian LLC Major Oil Release 6/21/23 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2323338300 HILCORP ENERGY COMPANY Major Other 6/21/23 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAPP2319132381 COG PRODUCTION, LLC Major Produced Water Release 6/21/23 Produced Water 159 70 89 BBL Corrosion Lea (25) No No
nAPP2317325635 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/21/23 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2317832586 XTO ENERGY, INC Minor Produced Water Release 6/20/23 Produced Water 17 10 7 BBL Corrosion Eddy (15) No No
nAPP2317251245 FAE II Operating LLC Major Produced Water Release 6/20/23 Produced Water 320 320 0 BBL Corrosion Lea (25) No No
nAPP2317850727 XTO ENERGY, INC Minor Produced Water Release 6/20/23 Produced Water 12 6 6 BBL Corrosion Eddy (15) No No
nAPP2317133379 Spur Energy Partners LLC Minor Produced Water Release 6/20/23 Produced Water 22 20 2 BBL Corrosion Eddy (15) No No
nAPP2317229661 Spur Energy Partners LLC Minor Release Other 6/20/23 Crude Oil 4 3 1 BBL Corrosion Eddy (15) No No
nAPP2317229661 Spur Energy Partners LLC Minor Release Other 6/20/23 Produced Water 4 3 1 BBL Corrosion Eddy (15) No No
nAPP2317136107 Spur Energy Partners LLC Major Release Other 6/20/23 Crude Oil 30 28 2 BBL High Line Pressure Eddy (15) No No
nAPP2317136107 Spur Energy Partners LLC Major Release Other 6/20/23 Produced Water 30 28 2 BBL High Line Pressure Eddy (15) No No
nAPP2412850861 BC & D OPERATING INC. Major Oil Release 6/20/23 Crude Oil 0 0 0 BBL Other McKinley (31) No No
nAPP2317146882 Spur Energy Partners LLC Minor Produced Water Release 6/20/23 Produced Water 7 4 3 BBL Corrosion Eddy (15) No No
nAPP2412850861 BC & D OPERATING INC. Major Oil Release 6/20/23 Produced Water 0 0 0 BBL Other McKinley (31) No No
nAPP2412850861 BC & D OPERATING INC. Major Oil Release 6/20/23 Condensate 0 0 0 BBL Other McKinley (31) No No
nAPP2317059223 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/19/23 Produced Water 1000 0 1000 BBL Equipment Failure Lea (25) No No
nAPP2317136603 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/19/23 Produced Water 9 1 8 BBL Equipment Failure Eddy (15) No No
nAPP2317049912 WPX Energy Permian, LLC Major Produced Water Release 6/19/23 Produced Water 26 26 0 BBL Equipment Failure Eddy (15) No No
nAPP2317023604 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/18/23 Produced Water 121 0 121 BBL Equipment Failure Lea (25) No No
nAPP2317048587 Spur Energy Partners LLC Major Release Other 6/18/23 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No
nAPP2317048587 Spur Energy Partners LLC Major Release Other 6/18/23 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nAPP2317038502 Spur Energy Partners LLC Major Produced Water Release 6/17/23 Produced Water 56 45 11 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2316775818 CIMAREX ENERGY CO. Minor Produced Water Release 6/16/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2316775818 CIMAREX ENERGY CO. Minor Produced Water Release 6/16/23 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2316766795 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/16/23 Produced Water 123 0 123 BBL Equipment Failure Lea (25) No No
nAPP2316732214 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/15/23 Produced Water 872 870 2 BBL Equipment Failure Lea (25) No No
nAPP2317143514 COG OPERATING LLC Oil Release 6/15/23 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2317143514 COG OPERATING LLC Oil Release 6/15/23 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2317145382 COG OPERATING LLC Minor Oil Release 6/15/23 Crude Oil 11 11 0 BBL Corrosion Lea (25) No No
nAPP2316618457 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/15/23 Produced Water 162 0 162 BBL Equipment Failure Lea (25) No No
nAPP2317052998 XTO ENERGY, INC Minor Oil Release 6/14/23 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nAPP2316652967 FORTY ACRES ENERGY, LLC Major Produced Water Release 6/14/23 Produced Water 25 25 0 BBL Corrosion Lea (25) No No
nAPP2316553894 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/14/23 Produced Water 9 8 1 BBL Equipment Failure Lea (25) No No
nAPP2317055972 XTO ENERGY, INC Minor Oil Release 6/14/23 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2316528547 Enterprise Field Services, LLC Major Fire 6/14/23 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2316651719 FORTY ACRES ENERGY, LLC Major Produced Water Release 6/14/23 Produced Water 1200 1200 0 BBL Equipment Failure Lea (25) No No
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nAPP2319139283 COG OPERATING LLC Produced Water Release 6/13/23 Produced Water 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2316451217 Spur Energy Partners LLC Minor Produced Water Release 6/13/23 Produced Water 12 10 2 BBL Equipment Failure Eddy (15) No No
nAPP2317142248 COG OPERATING LLC Produced Water Release 6/13/23 Produced Water 2 0 2 BBL Corrosion Lea (25) No No
nAPP2320137142 COG PRODUCTION, LLC Minor Oil Release 6/12/23 Crude Oil 7 7 0 BBL Corrosion Lea (25) No No
nAPP2316355602 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 6/12/23 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2317142256 XTO ENERGY, INC Minor Produced Water Release 6/12/23 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2317326766 MEWBOURNE OIL CO Major Produced Water Release 6/12/23 Produced Water 49 0 49 BBL Equipment Failure Lea (25) No No
nAPP2316425574 Enterprise Field Services, LLC Minor Natural Gas Release 6/12/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2316340275 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/11/23 Produced Water 7 5 2 BBL Equipment Failure Lea (25) No No
nAPP2317131365 COG OPERATING LLC Major Oil Release 6/11/23 Crude Oil 154 153 1 BBL Equipment Failure Lea (25) No No
nAPP2317132356 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/11/23 Produced Water 19 15 4 BBL Equipment Failure Lea (25) No No
nAPP2317843434 OXY USA INC Major Produced Water Release 6/11/23 Produced Water 4 2 2 BBL Equipment Failure Eddy (15) No No
nAPP2317843434 OXY USA INC Major Produced Water Release 6/11/23 Crude Oil 28 26 2 BBL Equipment Failure Eddy (15) No No
nAPP2317133599 COG OPERATING LLC Oil Release 6/11/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2316553511 EOG RESOURCES INC Major Produced Water Release 6/11/23 Produced Water 200 0 200 BBL Equipment Failure Lea (25) No No
nAPP2316555696 EOG RESOURCES INC Major Produced Water Release 6/11/23 Produced Water 70 38 32 BBL Human Error Lea (25) No No
nAPP2316342880 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/11/23 Produced Water 64 30 34 BBL Equipment Failure Eddy (15) Yes No
nAPP2316443375 Spur Energy Partners LLC Minor Produced Water Release 6/10/23 Produced Water 14 10 4 BBL Corrosion Eddy (15) No No
nAPP2416262088 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/10/23 Crude Oil 0 0 0 BBL Normal Operations Eddy (15) No No
nAPP2416262088 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/10/23 Produced Water 16 10 6 BBL Other Eddy (15) No No
nAPP2416262088 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/10/23 Condensate 0 0 0 BBL Normal Operations Eddy (15) No No
nAPP2316056793 Maverick Permian LLC Major Release Other 6/8/23 Crude Oil 81 72 9 BBL Equipment Failure Lea (25) No No
nAPP2316445941 WPX Energy Permian, LLC Major Produced Water Release 6/8/23 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nAPP2316056793 Maverick Permian LLC Major Release Other 6/8/23 Produced Water 9 8 1 BBL Equipment Failure Lea (25) No No
nAPP2316445941 WPX Energy Permian, LLC Major Produced Water Release 6/8/23 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nAPP2316649435 COG OPERATING LLC Produced Water Release 6/8/23 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2316039814 FASKEN OIL & RANCH LTD Major Produced Water Release 6/8/23 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nAPP2316039814 FASKEN OIL & RANCH LTD Major Produced Water Release 6/8/23 Produced Water 94 80 14 BBL Corrosion Lea (25) No No
nAPP2316442083 WPX Energy Permian, LLC Major Produced Water Release 6/7/23 Produced Water 158 150 8 BBL Human Error Eddy (15) No No
nAPP2315862127 CIMAREX ENERGY CO. Major Produced Water Release 6/7/23 Produced Water 132 70 62 BBL Other Lea (25) No No
nAPP2315863475 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/7/23 Produced Water 16 16 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2315827454 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/6/23 Produced Water 140 140 0 BBL Corrosion Lea (25) No No
nAPP2315843731 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/6/23 Produced Water 2 1 1 BBL Corrosion Eddy (15) No No
nAPP2315843731 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/6/23 Crude Oil 4 4 0 BBL Corrosion Eddy (15) No No
nAPP2321447499 Permian Resources Operating, LLC Major Produced Water Release 6/6/23 Crude Oil 16 11 5 BBL Separation Flowback Lea (25) No No
nAPP2321447499 Permian Resources Operating, LLC Major Produced Water Release 6/6/23 Produced Water 81 70 11 BBL Separation Flowback Lea (25) No No
nAPP2315947275 EOG RESOURCES INC Major Produced Water Release 6/5/23 Produced Water 1000 150 850 BBL Normal Operations Lea (25) No No
nAPP2317129194 MEWBOURNE OIL CO Major Produced Water Release 6/5/23 Produced Water 52 20 32 BBL Equipment Failure Eddy (15) No No
nAPP2315653565 Harvest Four Corners, LLC Major 6/5/23 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nAPP2329050957 HILCORP ENERGY COMPANY Release Other 6/5/23 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAPP2315837844 FRONTIER FIELD SERVICES, LLC Minor Oil Release 6/5/23 Condensate 11 0 11 BBL Other Eddy (15) No No
nAPP2315623222 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/4/23 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nAPP2315626272 WPX Energy Permian, LLC Major Produced Water Release 6/4/23 Produced Water 29 29 0 BBL Equipment Failure Eddy (15) No No
nAPP2316653907 COG OPERATING LLC Minor Produced Water Release 6/4/23 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2315645279 Spur Energy Partners LLC Minor Produced Water Release 6/3/23 Produced Water 9 1 8 BBL Corrosion Eddy (15) No No
nAPP2315523168 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 6/3/23 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2316627313 MEWBOURNE OIL CO Minor Oil Release 6/3/23 Crude Oil 5 2 3 BBL Lightning Lea (25) No No
nAPP2316439349 Spur Energy Partners LLC Minor Produced Water Release 6/3/23 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAPP2317029661 COG OPERATING LLC Produced Water Release 6/2/23 Produced Water 4 0 4 BBL Corrosion Eddy (15) No No
nAPP2315932501 Enterprise Field Services, LLC Minor Release Other 6/2/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2316446382 XTO ENERGY, INC Major Produced Water Release 6/2/23 Produced Water 29 10 19 BBL Human Error Eddy (15) No No
nAPP2315459005 TEAM OPERATING, L.L.C. Major Produced Water Release 6/2/23 Produced Water 850 0 850 BBL Equipment Failure Lea (25) No No
nAPP2315745302 CART HILL ENERGY, LLC Other 6/2/23 Condensate 4 0 4 BBL Human Error Lea (25) No No
nAPP2315734307 COG OPERATING LLC Major Fire 6/1/23 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2317029121 COG OPERATING LLC Release Other 6/1/23 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2317029121 COG OPERATING LLC Release Other 6/1/23 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2315638497 COG OPERATING LLC Major Oil Release 6/1/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2315344281 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 6/1/23 Produced Water 120 40 80 BBL Human Error Eddy (15) No No
nAPP2316570980 MEWBOURNE OIL CO Major Release Other 6/1/23 Crude Oil 8 8 0 BBL Equipment Failure Lea (25) No No
nAPP2316570980 MEWBOURNE OIL CO Major Release Other 6/1/23 Produced Water 79 112 -33 BBL Equipment Failure Lea (25) No No
nAPP2315731307 CONOCOPHILLIPS COMPANY Major Oil Release 6/1/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2315236756 SELECT ENERGY SERVICES, LLC Major Produced Water Release 6/1/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2315330894 CIMAREX ENERGY CO. Minor Produced Water Release 6/1/23 Crude Oil 1 1 0 BBL Other Lea (25) No No
nAPP2315330894 CIMAREX ENERGY CO. Minor Produced Water Release 6/1/23 Produced Water 13 13 0 BBL Other Lea (25) No No
nAPP2315653837 Maverick Permian LLC Major Release Other 6/1/23 Crude Oil 450 450 0 BBL Equipment Failure Lea (25) No No
nAPP2315653837 Maverick Permian LLC Major Release Other 6/1/23 Produced Water 90 90 0 BBL Equipment Failure Lea (25) No No
nAPP2319434216 FRONTIER FIELD SERVICES, LLC Major Produced Water Release 6/1/23 Produced Water 60 30 30 BBL Other Eddy (15) No No
nAPP2315237212 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 5/31/23 Produced Water 55 55 0 BBL Equipment Failure Eddy (15) No No
nAPP2316640406 Maverick Permian LLC Minor Produced Water Release 5/31/23 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2316640406 Maverick Permian LLC Minor Produced Water Release 5/31/23 Produced Water 11 5 6 BBL Equipment Failure Lea (25) No No
nAPP2315258609 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 5/31/23 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No Yes
nAPP2316042324 MEWBOURNE OIL CO Major Produced Water Release 5/31/23 Produced Water 44 15 29 BBL Equipment Failure Eddy (15) No No
nAPP2316638385 Maverick Permian LLC Other 5/30/23 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2316638385 Maverick Permian LLC Other 5/30/23 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nAPP2315150992 Spur Energy Partners LLC Major Produced Water Release 5/30/23 Produced Water 35 25 10 BBL High Line Pressure Eddy (15) No No
nAPP2315143206 BURNETT OIL CO INC Major Produced Water Release 5/30/23 Produced Water 90 0 90 BBL Corrosion Eddy (15) No No
nAPP2315139771 Spur Energy Partners LLC Major Produced Water Release 5/30/23 Produced Water 75 35 40 BBL Corrosion Eddy (15) No No
nAPP2315050079 MARATHON OIL PERMIAN LLC Minor Produced Water Release 5/30/23 Produced Water 12 0 12 BBL Corrosion Eddy (15) No No
nAPP2315059153 EOG RESOURCES INC Major Other 5/30/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2315635182 COG OPERATING LLC Major Produced Water Release 5/29/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2315041512 Spur Energy Partners LLC Major Produced Water Release 5/29/23 Produced Water 47 0 47 BBL High Line Pressure Eddy (15) No No
nAPP2315350925 FRONTIER FIELD SERVICES, LLC Minor Other 5/29/23 Condensate 11 0 11 BBL Other Eddy (15) No No
nAPP2316327282 COG OPERATING LLC Major Produced Water Release 5/29/23 Produced Water 180 180 0 BBL Equipment Failure Eddy (15) No No
nAPP2316047464 XTO ENERGY, INC Major Produced Water Release 5/29/23 Produced Water 58 0 58 BBL Equipment Failure Eddy (15) No No
nAPP2315046961 KAISER-FRANCIS OIL CO Major 5/29/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2315042050 Spur Energy Partners LLC Major Produced Water Release 5/29/23 Produced Water 194 118 76 BBL Other Lea (25) No No
nAPP2315844404 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 5/28/23 Produced Water 12 10 2 BBL Corrosion Lea (25) No No
nAPP2315045211 TAP ROCK OPERATING, LLC Major Produced Water Release 5/28/23 Produced Water 199 0 199 BBL Corrosion Lea (25) No No
nAPP2314932128 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 5/28/23 Produced Water 200 120 80 BBL Equipment Failure Lea (25) No No
nAPP2315034480 Blackbuck New Mexico LLC Major Produced Water Release 5/28/23 Produced Water 100 0 100 BBL High Line Pressure Eddy (15) No No
nAPP2315233794 Enterprise Field Services, LLC Minor Natural Gas Release 5/28/23 Condensate 5 0 5 BBL Other Eddy (15) No No
nAPP2317028374 COG OPERATING LLC Produced Water Release 5/27/23 Produced Water 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2316046257 XTO ENERGY, INC Minor Produced Water Release 5/27/23 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nAPP2316046257 XTO ENERGY, INC Minor Produced Water Release 5/27/23 Produced Water 15 3 12 BBL Corrosion Lea (25) No No
nAPP2316045229 XTO ENERGY, INC Minor Produced Water Release 5/27/23 Produced Water 9 2 7 BBL Equipment Failure Eddy (15) No No
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nAPP2315048206 Civitas Permian Operating, LLC Minor Produced Water Release 5/27/23 Produced Water 12 0 12 BBL Corrosion Lea (25) No No
nAPP2316654395 FORTY ACRES ENERGY, LLC Minor Produced Water Release 5/26/23 Produced Water 15 15 0 BBL Other Lea (25) No No
nAPP2315760661 MEWBOURNE OIL CO Minor Produced Water Release 5/26/23 Produced Water 22 10 12 BBL Corrosion Lea (25) No No
nAPP2314650185 Maverick Permian LLC Minor Produced Water Release 5/26/23 Produced Water 12 0 12 BBL Equipment Failure Lea (25) No No
nAPP2315057768 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/26/23 Produced Water 43 40 3 BBL Equipment Failure Lea (25) No No
nAPP2315656545 Maverick Permian LLC Major Release Other 5/25/23 Produced Water 190 50 140 BBL Equipment Failure Lea (25) No No
nAPP2314552586 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/25/23 Produced Water 25 25 0 BBL Other Eddy (15) No No
nAPP2314547818 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 5/25/23 Crude Oil 4 0 4 BBL Human Error Lea (25) No No
nAPP2314544750 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/25/23 Produced Water 110 110 0 BBL Equipment Failure Lea (25) No No
nAPP2314649548 Maverick Permian LLC Oil Release 5/24/23 Crude Oil 3 3 0 BBL Other Lea (25) No No
nAPP2314462488 MATADOR PRODUCTION COMPANY Major Oil Release 5/24/23 Crude Oil 140 140 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2315638319 Earthstone Operating, LLC Minor Produced Water Release 5/24/23 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nAPP2314452425 DCP OPERATING COMPANY, LP Minor Natural Gas Release 5/24/23 Condensate 11 0 11 BBL Blow Out Lea (25) No No
nAPP2315258317 MEWBOURNE OIL CO Major Oil Release 5/23/23 Crude Oil 50 50 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2314448299 Maverick Permian LLC Minor Release Other 5/22/23 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAPP2314448299 Maverick Permian LLC Minor Release Other 5/22/23 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2314456374 MARALEX RESOURCES INC Minor Oil Release 5/21/23 Crude Oil 10 1 9 BBL Equipment Failure San Juan (45) No No
nAPP2315334597 XTO ENERGY, INC Major Produced Water Release 5/21/23 Crude Oil 9 8 1 BBL Corrosion Eddy (15) No No
nAPP2315334597 XTO ENERGY, INC Major Produced Water Release 5/21/23 Produced Water 62 7 55 BBL Corrosion Eddy (15) No No
nAPP2315849467 MEWBOURNE OIL CO Major Produced Water Release 5/20/23 Produced Water 0 240 -240 BBL Equipment Failure Eddy (15) No No
nAPP2314227400 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/20/23 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2315142829 WPX Energy Permian, LLC Major Produced Water Release 5/19/23 Produced Water 30 20 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2313976458 CIMAREX ENERGY CO. Major Produced Water Release 5/19/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2314234153 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 5/19/23 Produced Water 875 825 50 BBL Equipment Failure Lea (25) No No
nAPP2314432477 Spur Energy Partners LLC Minor Release Other 5/18/23 Crude Oil 6 5 1 BBL Corrosion Eddy (15) No No
nAPP2314432477 Spur Energy Partners LLC Minor Release Other 5/18/23 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nAPP2315058592 MEWBOURNE OIL CO Major Produced Water Release 5/18/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2315046261 OXY USA INC Major Produced Water Release 5/17/23 Crude Oil 20 10 10 BBL Lightning Eddy (15) No No
nAPP2315148242 XTO ENERGY, INC Major Produced Water Release 5/17/23 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nAPP2315046261 OXY USA INC Major Produced Water Release 5/17/23 Produced Water 80 40 40 BBL Lightning Eddy (15) No No
nAPP2313769629 MATADOR PRODUCTION COMPANY Major Oil Release 5/17/23 Crude Oil 30 0 30 BBL Equipment Failure Lea (25) No No
nAPP2313826393 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/17/23 Produced Water 8 6 2 BBL Equipment Failure Lea (25) No No
nAPP2313769629 MATADOR PRODUCTION COMPANY Major Oil Release 5/17/23 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2314434816 Whiptail Midstream LLC Minor Produced Water Release 5/17/23 Produced Water 21 20 1 BBL Corrosion San Juan (45) No No
nAPP2315067140 Enchantment Water, LLC Major Oil Release 5/16/23 Crude Oil 60 60 0 BBL Human Error Eddy (15) No No
nAPP2314969734 WPX Energy Permian, LLC Major Produced Water Release 5/15/23 Produced Water 82 82 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2315133557 XTO ENERGY, INC Major Produced Water Release 5/15/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2314255077 COG OPERATING LLC Major Produced Water Release 5/15/23 Produced Water 29 20 9 BBL Equipment Failure Lea (25) No No
nAPP2314538444 COG OPERATING LLC Release Other 5/13/23 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2314538444 COG OPERATING LLC Release Other 5/13/23 Produced Water 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2313654813 EOG RESOURCES INC Major Produced Water Release 5/13/23 Produced Water 16 0 16 BBL Equipment Failure Lea (25) No No
nAPP2314239454 COG OPERATING LLC Minor Oil Release 5/12/23 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nAPP2313239469 TARGA MIDSTREAM SERVICES LLC Major Fire 5/12/23 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2314544467 XTO ENERGY, INC Major Fire 5/12/23 Condensate 0 0 0 BBL Other Eddy (15) No No
nAPP2313239469 TARGA MIDSTREAM SERVICES LLC Major Fire 5/12/23 Produced Water 0 0 0 BBL Fire Lea (25) No No
nAPP2313247620 MATADOR PRODUCTION COMPANY Major Produced Water Release 5/12/23 Produced Water 46 0 46 BBL Repair and Maintenance Eddy (15) No No
nAPP2314453161 MEWBOURNE OIL CO Minor Oil Release 5/11/23 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2313222791 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/11/23 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2314253030 COG OPERATING LLC Major Oil Release 5/11/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2313240173 TAP ROCK OPERATING, LLC Major Other 5/11/23 Condensate 27 0 27 BBL Equipment Failure Lea (25) No No
nAPP2313058428 BTA OIL PRODUCERS, LLC Major Other 5/10/23 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2313557273 DUGAN PRODUCTION CORP Minor Produced Water Release 5/10/23 Produced Water 21 0 21 BBL Other San Juan (45) No No
nAPP2313055690 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/10/23 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nAPP2314348004 XTO ENERGY, INC Minor Produced Water Release 5/10/23 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nAPP2313060635 MATADOR PRODUCTION COMPANY Major Oil Release 5/10/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2314251680 EOG RESOURCES INC Major Release Other 5/9/23 Drilling Mud/Fluid 150 75 75 BBL Equipment Failure Lea (25) No No
nAPP2314537018 COG OPERATING LLC Minor Produced Water Release 5/9/23 Produced Water 8 6 2 BBL Corrosion Eddy (15) No No
nAPP2314436782 EOG RESOURCES INC Major Produced Water Release 5/9/23 Produced Water 50 30 20 BBL Equipment Failure Eddy (15) No No
nAPP2313025409 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/9/23 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2315047465 SIMCOE LLC Minor Produced Water Release 5/8/23 Produced Water 6 0 6 BBL Other San Juan (45) No No
nAPP2312930063 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 5/8/23 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2314353244 HILCORP ENERGY COMPANY Minor Produced Water Release 5/8/23 Produced Water 10 5 5 BBL Equipment Failure San Juan (45) No No
nAPP2313135384 Spur Energy Partners LLC Minor Release Other 5/7/23 Crude Oil 3 2 1 BBL Other Eddy (15) No No
nAPP2313135384 Spur Energy Partners LLC Minor Release Other 5/7/23 Produced Water 3 3 0 BBL Other Eddy (15) No No
nAPP2312824558 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 5/7/23 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2313141665 COG OPERATING LLC Minor Release Other 5/7/23 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2313141665 COG OPERATING LLC Minor Release Other 5/7/23 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nAPP2317353546 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Release Other 5/7/23 Other (Specify) 185 160 25 BBL Equipment Failure Eddy (15) No No
nAPP2313648339 CHEVRON U S A INC Minor Produced Water Release 5/6/23 Produced Water 11 0 11 BBL Human Error Eddy (15) No No
nAPP2312868675 CIMAREX ENERGY CO. Minor Produced Water Release 5/6/23 Produced Water 7 0 7 BBL Human Error Eddy (15) No No
nAPP2313140440 COG OPERATING LLC Minor Release Other 5/6/23 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nAPP2313140440 COG OPERATING LLC Minor Release Other 5/6/23 Produced Water 4 1 3 BBL Corrosion Lea (25) No No
nAPP2313656375 BTA OIL PRODUCERS, LLC Major Oil Release 5/5/23 Crude Oil 35 25 10 BBL Equipment Failure Eddy (15) No No
nAPP2313637124 EOG RESOURCES INC Minor Produced Water Release 5/5/23 Produced Water 15 5 10 BBL Vehicular Accident Eddy (15) No No
nAPP2312548979 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 5/4/23 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2312950489 Spur Energy Partners LLC Major Produced Water Release 5/4/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2313723174 CHEVRON U S A INC Major Produced Water Release 5/4/23 Crude Oil 3 0 3 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2313723174 CHEVRON U S A INC Major Produced Water Release 5/4/23 Produced Water 1219 0 1219 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2315035246 Blackbuck New Mexico LLC Major Produced Water Release 5/3/23 Produced Water 157 0 157 BBL Equipment Failure Eddy (15) No No
nAPP2316652713 COG OPERATING LLC Major Fire 5/3/23 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2314257831 Maverick Permian LLC Minor Other 5/3/23 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nAPP2314257831 Maverick Permian LLC Minor Other 5/3/23 Produced Water 13 0 13 BBL Corrosion Lea (25) No No
nAPP2312845934 WPX Energy Permian, LLC Major Produced Water Release 5/3/23 Produced Water 4200 0 4200 BBL Equipment Failure Eddy (15) No No
nAPP2314451527 EOG RESOURCES INC Minor Oil Release 5/3/23 Crude Oil 21 20 1 BBL Equipment Failure Lea (25) No No
nAPP2313138369 COG OPERATING LLC Release Other 5/3/23 Crude Oil 1 0 1 BBL Other Lea (25) No No
nAPP2312353978 OXY USA INC Major Produced Water Release 5/3/23 Crude Oil 60 57 3 BBL Normal Operations Eddy (15) No No
nAPP2312340712 EOG RESOURCES INC Major Release Other 5/3/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2312353978 OXY USA INC Major Produced Water Release 5/3/23 Produced Water 190 183 7 BBL Normal Operations Eddy (15) No No
nAPP2313138369 COG OPERATING LLC Release Other 5/3/23 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2312421275 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/3/23 Produced Water 21 21 0 BBL Equipment Failure Lea (25) No No
nAPP2313632890 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 5/2/23 Produced Water 20 10 10 BBL Human Error Lea (25) No No
nAPP2312327064 DEVON ENERGY PRODUCTION COMPANY, LP Release Other 5/2/23 Chemical (Specify) 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2313136415 COG OPERATING LLC Major Fire 5/2/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2314533364 COG OPERATING LLC Minor Oil Release 5/2/23 Crude Oil 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2314531100 COG OPERATING LLC Minor Produced Water Release 5/2/23 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
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nAPP2328936503 WaterBridge Stateline LLC Major Produced Water Release 5/1/23 Produced Water 32 0 32 BBL Equipment Failure Eddy (15) No No
nAPP2312333253 DCP OPERATING COMPANY, LP Minor Produced Water Release 5/1/23 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nAPP2312244897 MATADOR PRODUCTION COMPANY Major Produced Water Release 5/1/23 Produced Water 320 320 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2314255181 EOG RESOURCES INC Major Oil Release 5/1/23 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2312126971 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/30/23 Produced Water 16 15 1 BBL Equipment Failure Lea (25) No No
nAPP2312834075 Silverback Operating II, LLC Major Oil Release 4/30/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2312137141 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 4/29/23 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nAPP2312129418 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/29/23 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2312137141 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 4/29/23 Produced Water 9 8 1 BBL Corrosion Lea (25) No No
nAPP2312128151 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/29/23 Produced Water 7 3 4 BBL Equipment Failure Lea (25) No No
nAPP2312266930 CAZA OPERATING, LLC Minor Oil Release 4/29/23 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2312266930 CAZA OPERATING, LLC Minor Oil Release 4/29/23 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2311851512 New Horizon Resources LLC Minor Oil Release 4/28/23 Crude Oil 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2312129778 Extex Operating Company Minor Oil Release 4/28/23 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2312438149 LOGOS OPERATING, LLC Major Natural Gas Release 4/28/23 Other (Specify) 0 0 0 Sandoval (43) No No
nAPP2311832849 Spur Energy Partners LLC Major Release Other 4/27/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2311842691 HILCORP ENERGY COMPANY Major Other 4/27/23 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nAPP2313130641 COG OPERATING LLC Minor Release Other 4/27/23 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2313055442 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/27/23 Produced Water 650 130 520 BBL Equipment Failure Lea (25) No No
nAPP2314251662 COG OPERATING LLC Oil Release 4/27/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2313555368 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/27/23 Produced Water 1330 1326 4 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2313130641 COG OPERATING LLC Minor Release Other 4/27/23 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2314536168 New Horizon Resources LLC Minor Oil Release 4/27/23 Crude Oil 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2311648928 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 4/26/23 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nAPP2311745706 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 4/26/23 Condensate 10 5 5 BBL Equipment Failure Lea (25) No No
nAPP2312327651 TAP ROCK OPERATING, LLC Minor Produced Water Release 4/26/23 Produced Water 16 0 16 BBL Corrosion Lea (25) No No
nAPP2313133324 EOG RESOURCES INC Major Produced Water Release 4/26/23 Produced Water 80 30 50 BBL Equipment Failure Lea (25) No No
nAPP2321657306 FAE II Operating LLC Major Produced Water Release 4/25/23 Produced Water 85 85 0 BBL Other Lea (25) No No
nAPP2320232652 CAZA OPERATING, LLC Major Produced Water Release 4/25/23 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2311551955 DCP OPERATING COMPANY, LP Major Natural Gas Release 4/24/23 Condensate 14 0 14 BBL Corrosion Eddy (15) No No
nAPP2311452362 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 4/24/23 Produced Water 190 170 20 BBL Equipment Failure Lea (25) No No
nAPP2311422596 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/23/23 Produced Water 25 25 0 BBL Equipment Failure Eddy (15) No No
nAPP2311424960 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 4/23/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2312933596 MATADOR PRODUCTION COMPANY Major Produced Water Release 4/23/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2312934730 COG OPERATING LLC Major Oil Release 4/22/23 Crude Oil 30 25 5 BBL Equipment Failure Eddy (15) No No
nAPP2311343030 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 4/22/23 Produced Water 300 80 220 BBL Equipment Failure Eddy (15) No No
nAPP2313128320 COG OPERATING LLC Major Oil Release 4/22/23 Crude Oil 90 80 10 BBL Equipment Failure Eddy (15) No No
nAPP2311239328 MARATHON OIL PERMIAN LLC Major Fire 4/22/23 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2311348527 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/21/23 Produced Water 11 7 4 BBL Equipment Failure Lea (25) No No
nAPP2313635015 FAE II Operating LLC Minor Oil Release 4/20/23 Crude Oil 5 2 3 BBL Equipment Failure Lea (25) No No
nAPP2312357379 MEWBOURNE OIL CO Major Produced Water Release 4/20/23 Produced Water 74 0 74 BBL Equipment Failure Lea (25) No No
nAPP2311541774 COG OPERATING LLC Major Release Other 4/20/23 Crude Oil 14 13 1 BBL Equipment Failure Lea (25) No No
nAPP2311751602 Maverick Permian LLC Minor Produced Water Release 4/20/23 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2311541774 COG OPERATING LLC Major Release Other 4/20/23 Produced Water 42 41 1 BBL Equipment Failure Lea (25) No No
nAPP2311751602 Maverick Permian LLC Minor Produced Water Release 4/20/23 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2313632338 FAE II Operating LLC Minor Produced Water Release 4/20/23 Produced Water 5 1 4 BBL Equipment Failure Lea (25) No No
nAPP2313543757 FAE II Operating LLC Minor Release Other 4/20/23 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2311048689 Enterprise Field Services, LLC Minor Natural Gas Release 4/20/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2313543757 FAE II Operating LLC Minor Release Other 4/20/23 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2311541081 COG OPERATING LLC Major Produced Water Release 4/20/23 Produced Water 52 0 52 BBL Corrosion Lea (25) No No
nAPP2311056287 DCP OPERATING COMPANY, LP Minor Natural Gas Release 4/20/23 Condensate 9 5 4 BBL Human Error Eddy (15) No No
nAPP2311754224 XTO ENERGY, INC Major Other 4/20/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2313634226 FAE II Operating LLC Oil Release 4/20/23 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2313546854 FAE II Operating LLC Release Other 4/20/23 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2313546854 FAE II Operating LLC Release Other 4/20/23 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2310953928 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/19/23 Produced Water 51 51 0 BBL Equipment Failure Eddy (15) No No
nAPP2311043712 Spur Energy Partners LLC Major Release Other 4/19/23 Crude Oil 29 28 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2311043712 Spur Energy Partners LLC Major Release Other 4/19/23 Produced Water 29 29 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2311052984 Spur Energy Partners LLC Major Release Other 4/19/23 Crude Oil 44 43 1 BBL Human Error Lea (25) No No
nAPP2311052984 Spur Energy Partners LLC Major Release Other 4/19/23 Produced Water 44 44 0 BBL Human Error Lea (25) No No
nAPP2311032273 Spur Energy Partners LLC Minor Release Other 4/19/23 Crude Oil 7 6 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2312251224 HILCORP ENERGY COMPANY Major Oil Release 4/19/23 Condensate 38 0 38 BBL Equipment Failure San Juan (45) No No
nAPP2311032273 Spur Energy Partners LLC Minor Release Other 4/19/23 Produced Water 7 7 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2314235805 COG OPERATING LLC Produced Water Release 4/19/23 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2310935343 HILCORP ENERGY COMPANY Major Release Other 4/18/23 Unknown 29 0 29 BBL Other San Juan (45) No No
nAPP2310877079 ETC Texas Pipeline, Ltd. Major Fire 4/18/23 Other (Specify) 7 0 7 BBL Other Lea (25) No No
nAPP2311029282 Spur Energy Partners LLC Major Release Other 4/18/23 Crude Oil 80 79 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2311029282 Spur Energy Partners LLC Major Release Other 4/18/23 Produced Water 80 80 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2310834343 Spur Energy Partners LLC Major Oil Release 4/18/23 Crude Oil 26 20 6 BBL Human Error Eddy (15) No No
nAPP2312345903 HILCORP ENERGY COMPANY Major Release Other 4/18/23 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) Yes No
nAPP2312345903 HILCORP ENERGY COMPANY Major Release Other 4/18/23 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) Yes No
nAPP2313129153 COG OPERATING LLC Major Release Other 4/18/23 Crude Oil 50 0 50 BBL Corrosion Eddy (15) No No
nAPP2313129153 COG OPERATING LLC Major Release Other 4/18/23 Produced Water 130 0 130 BBL Corrosion Eddy (15) No No
nAPP2310778836 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/17/23 Produced Water 28 28 0 BBL Equipment Failure Eddy (15) No No
nAPP2312236467 COG OPERATING LLC Major Produced Water Release 4/17/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2312128083 MEWBOURNE OIL CO Major Other 4/17/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2311446508 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 4/17/23 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2311841663 WPX Energy Permian, LLC Minor Produced Water Release 4/17/23 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2310931339 Harvest Four Corners, LLC Minor Release Other 4/17/23 Condensate 1 0 1 BBL Other San Juan (45) No No
nAPP2311157492 MEWBOURNE OIL CO Major Produced Water Release 4/15/23 Produced Water 0 690 -690 BBL Equipment Failure Eddy (15) No No
nAPP2310735633 Spur Energy Partners LLC Major Release Other 4/15/23 Crude Oil 17 16 1 BBL Human Error Eddy (15) No No
nAPP2310735633 Spur Energy Partners LLC Major Release Other 4/15/23 Produced Water 16 15 1 BBL Human Error Eddy (15) No No
nAPP2310779984 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/15/23 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2311029101 MEWBOURNE OIL CO Major Produced Water Release 4/13/23 Crude Oil 21 13 8 BBL Equipment Failure Lea (25) No No
nAPP2311029101 MEWBOURNE OIL CO Major Produced Water Release 4/13/23 Produced Water 44 27 17 BBL Equipment Failure Lea (25) No No
nAPP2311640670 CHEVRON U S A INC Major Produced Water Release 4/13/23 Produced Water 137 120 17 BBL Equipment Failure Lea (25) No No
nAPP2310731906 CROSS TIMBERS ENERGY, LLC Minor Oil Release 4/13/23 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2310326139 Enterprise Field Services, LLC Minor Natural Gas Release 4/13/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2310731906 CROSS TIMBERS ENERGY, LLC Minor Oil Release 4/13/23 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2311028982 COG OPERATING LLC Major Fire 4/13/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2310426369 DCP OPERATING COMPANY, LP Minor Natural Gas Release 4/12/23 Condensate 13 0 13 BBL Corrosion Lea (25) No No
nAPP2310253642 ENDURING RESOURCES, LLC Major Fire 4/11/23 Crude Oil 1 1 0 BBL Fire San Juan (45) No No
nAPP2310329856 Spur Energy Partners LLC Major Produced Water Release 4/11/23 Produced Water 27 25 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2310135941 Wapiti Operating, LLC Major Produced Water Release 4/11/23 Other (Specify) 2 2 0 BBL High Line Pressure Colfax (07) No No
nAPP2311556474 Harvest Four Corners, LLC Major Other 4/11/23 Other (Specify) 0 700 0 GAL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
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nAPP2310135941 Wapiti Operating, LLC Major Produced Water Release 4/11/23 Produced Water 700 670 30 BBL High Line Pressure Colfax (07) No No
nAPP2310130251 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 4/10/23 Produced Water 51 10 41 BBL Equipment Failure Lea (25) No No
nAPP2310145343 DCP OPERATING COMPANY, LP Minor Natural Gas Release 4/10/23 Condensate 7 0 7 BBL Equipment Failure Lea (25) No No
nAPP2310140455 Maverick Permian LLC Major Oil Release 4/10/23 Crude Oil 60 60 0 BBL Equipment Failure Lea (25) No No
nAPP2310061125 Silverback Operating II, LLC Major Produced Water Release 4/10/23 Produced Water 120 120 0 BBL Lightning Eddy (15) No No
nAPP2311056555 Landmark Energy Partners, LLC Minor Oil Release 4/9/23 Crude Oil 8 0 8 BBL Corrosion Lea (25) No No
nAPP2310037542 Spur Energy Partners LLC Major Release Other 4/9/23 Crude Oil 32 30 2 BBL Corrosion Eddy (15) No No
nAPP2310037542 Spur Energy Partners LLC Major Release Other 4/9/23 Produced Water 32 30 2 BBL Corrosion Eddy (15) No No
nAPP2311039037 Permian Resources Operating, LLC Major Oil Release 4/7/23 Crude Oil 84 80 4 BBL Equipment Failure Lea (25) No No
nAPP2309739369 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/7/23 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2310140563 TEAM OPERATING, L.L.C. Minor Produced Water Release 4/7/23 Produced Water 14 2 12 BBL Equipment Failure Lea (25) No No
nAPP2310842169 EOG RESOURCES INC Major Produced Water Release 4/5/23 Produced Water 5 0 5 BBL Other Lea (25) No No
nAPP2310842169 EOG RESOURCES INC Major Produced Water Release 4/5/23 Crude Oil 5 0 5 BBL Other Lea (25) No No
nAPP2310050120 XTO ENERGY, INC Minor Produced Water Release 4/4/23 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2310736718 HILCORP ENERGY COMPANY Major Produced Water Release 4/4/23 Produced Water 54 1 53 BBL Human Error San Juan (45) No No
nAPP2310335212 WPX Energy Permian, LLC Minor Oil Release 4/4/23 Crude Oil 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2310050120 XTO ENERGY, INC Minor Produced Water Release 4/4/23 Produced Water 13 1 12 BBL Corrosion Eddy (15) No No
nAPP2310336531 WPX Energy Permian, LLC Major Produced Water Release 4/4/23 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nAPP2310336531 WPX Energy Permian, LLC Major Produced Water Release 4/4/23 Produced Water 25 23 2 BBL Equipment Failure Eddy (15) No No
nAPP2310024728 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 4/4/23 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2309726350 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 4/4/23 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2309535706 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 4/4/23 Crude Oil 48 47 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2309535706 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 4/4/23 Produced Water 480 470 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2310831128 HILCORP ENERGY COMPANY Minor Produced Water Release 4/3/23 Produced Water 9 0 9 BBL Vandalism San Juan (45) No No
nAPP2310456005 MEWBOURNE OIL CO Major Oil Release 4/3/23 Crude Oil 32 0 32 BBL Human Error Eddy (15) No No
nAPP2310536499 EOG RESOURCES INC Major Produced Water Release 4/3/23 Produced Water 252 115 137 BBL Vehicular Accident Eddy (15) No No
nAPP2310828665 APACHE CORPORATION Major Produced Water Release 4/3/23 Produced Water 42 40 2 BBL Corrosion Lea (25) No No
nAPP2309422704 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/3/23 Produced Water 25 0 25 BBL Corrosion Lea (25) No No
nAPP2310735838 HILCORP ENERGY COMPANY Minor Other 4/2/23 Condensate 24 3 21 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2310400709 Harvest Four Corners, LLC Minor Other 4/1/23 Glycol 350 310 40 GAL Equipment Failure San Juan (45) No No
nAPP2310044397 XTO ENERGY, INC Major Fire 4/1/23 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2310143956 COG OPERATING LLC Oil Release 4/1/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2310331771 COG OPERATING LLC Major Release Other 4/1/23 Crude Oil 20 19 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2310331771 COG OPERATING LLC Major Release Other 4/1/23 Produced Water 49 47 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2310445778 XTO ENERGY, INC Minor Produced Water Release 3/31/23 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nAPP2310337528 COG OPERATING LLC Major Fire 3/31/23 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2310426386 MEWBOURNE OIL CO Major Produced Water Release 3/31/23 Produced Water 104 0 104 BBL Equipment Failure Lea (25) No No
nAPP2309654900 SELECT ENERGY SERVICES, LLC Major Release Other 3/31/23 Other (Specify) 30 0 30 BBL Normal Operations Lea (25) No No
nAPP2310336759 COG OPERATING LLC Minor Produced Water Release 3/30/23 Produced Water 8 1 7 BBL Corrosion Lea (25) No No
nAPP2309131946 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/30/23 Produced Water 8 3 5 BBL Equipment Failure Lea (25) No No
nAPP2308951540 Spur Energy Partners LLC Minor Release Other 3/30/23 Crude Oil 8 7 1 BBL Other Eddy (15) No No
nAPP2308951540 Spur Energy Partners LLC Minor Release Other 3/30/23 Produced Water 7 6 1 BBL Other Eddy (15) No No
nAPP2309434596 COG OPERATING LLC Oil Release 3/30/23 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2308926215 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 3/29/23 Produced Water 30 5 25 BBL Human Error Eddy (15) No No
nAPP2310045769 XTO ENERGY, INC Major Produced Water Release 3/29/23 Other (Specify) 80 80 0 BBL Equipment Failure Eddy (15) No No
nAPP2310247349 HILCORP ENERGY COMPANY Minor Produced Water Release 3/29/23 Crude Oil 7 0 7 BBL Equipment Failure San Juan (45) No No
nAPP2310247349 HILCORP ENERGY COMPANY Minor Produced Water Release 3/29/23 Produced Water 2 2 0 BBL Equipment Failure San Juan (45) No No
nAPP2309133942 DEVON ENERGY PRODUCTION COMPANY, LP Minor Complaint 3/28/23 Unknown 10 0 10 BBL Normal Operations Lea (25) No No
nAPP2308872530 CIMAREX ENERGY CO. Minor Produced Water Release 3/28/23 Produced Water 15 0 15 BBL Other Lea (25) No No
nAPP2309134922 DEVON ENERGY PRODUCTION COMPANY, LP Minor Complaint 3/28/23 Unknown 10 0 10 BBL Normal Operations Lea (25) No No
nAPP2308835013 Spur Energy Partners LLC Major Produced Water Release 3/28/23 Produced Water 50 45 5 BBL Corrosion Eddy (15) No No
nAPP2309648281 MEWBOURNE OIL CO Major Produced Water Release 3/28/23 Other (Specify) 675 600 75 BBL Equipment Failure Eddy (15) No No
nAPP2308855433 DUGAN PRODUCTION CORP Major Produced Water Release 3/28/23 Produced Water 305 0 305 BBL Equipment Failure San Juan (45) No No
nAPP2308946629 COG OPERATING LLC Major Release Other 3/28/23 Crude Oil 14 0 14 BBL Corrosion Lea (25) No No
nAPP2308946629 COG OPERATING LLC Major Release Other 3/28/23 Produced Water 33 0 33 BBL Corrosion Lea (25) No No
nAPP2308664488 DCP OPERATING COMPANY, LP Minor Other 3/27/23 Condensate 12 0 12 BBL Other Eddy (15) No No
nAPP2309431095 COG OPERATING LLC Minor Release Other 3/26/23 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2309431095 COG OPERATING LLC Minor Release Other 3/26/23 Produced Water 7 0 7 BBL Corrosion Lea (25) No No
nAPP2308623958 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/26/23 Produced Water 8 2 6 BBL Equipment Failure Lea (25) No No
nAPP2309458730 HF Sinclair Navajo Refining LLC Major Release Other 3/25/23 Other (Specify) 100 0 100 BBL Freeze Lea (25) No No
nAPP2308529277 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 3/25/23 Produced Water 40 10 30 BBL Equipment Failure Lea (25) No No
nAPP2308646763 WPX Energy Permian, LLC Minor Produced Water Release 3/25/23 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2308648014 TEAM OPERATING, L.L.C. Major Produced Water Release 3/24/23 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2308334216 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/24/23 Produced Water 62 60 2 BBL Equipment Failure Eddy (15) No No
nAPP2308648014 TEAM OPERATING, L.L.C. Major Produced Water Release 3/24/23 Produced Water 203 0 203 BBL Equipment Failure Lea (25) No No
nAPP2310047413 EOG RESOURCES INC Major Produced Water Release 3/24/23 Produced Water 150 0 150 BBL Equipment Failure Lea (25) No No
nAPP2308225219 Enterprise Field Services, LLC Major Natural Gas Release 3/23/23 Condensate 7 0 7 BBL Other Eddy (15) No No
nAPP2308628236 WPX Energy Permian, LLC Minor Produced Water Release 3/23/23 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nAPP2308634551 DCP OPERATING COMPANY, LP Minor Natural Gas Release 3/23/23 Condensate 20 0 20 BBL Human Error Eddy (15) No No
nAPP2308346645 TARGA MIDSTREAM SERVICES LLC Minor Natural Gas Release 3/23/23 Condensate 8 0 8 BBL Corrosion Lea (25) No No
nAPP2308331487 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 3/21/23 Produced Water 12 0 12 BBL Equipment Failure Lea (25) No No
nAPP2308125349 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/21/23 Produced Water 17 15 2 BBL Equipment Failure Eddy (15) No No
nAPP2307927327 Enterprise Field Services, LLC Major Natural Gas Release 3/20/23 Condensate 10 0 10 BBL Corrosion San Juan (45) Yes No
nAPP2308045929 PLAINS MARKETING L.P. Oil Release 3/20/23 Crude Oil 4 0 4 BBL Corrosion Eddy (15) No No
nAPP2415825479 Murchison Oil and Gas, LLC Major Oil Release 3/20/23 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2307923797 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/19/23 Produced Water 80 80 0 BBL Equipment Failure Lea (25) No No
nAPP2307949749 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 3/18/23 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2307966624 NOVO OIL & GAS NORTHERN DELAWARE, LLC Minor Release Other 3/18/23 Crude Oil 2 1 1 BBL Normal Operations Eddy (15) No No
nAPP2307966624 NOVO OIL & GAS NORTHERN DELAWARE, LLC Minor Release Other 3/18/23 Produced Water 3 2 1 BBL Normal Operations Eddy (15) No No
nAPP2307924732 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/18/23 Produced Water 271 270 1 BBL Equipment Failure Eddy (15) No No
nAPP2307925651 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/18/23 Produced Water 38 38 0 BBL Equipment Failure Lea (25) No No
nAPP2308139864 APACHE CORPORATION Major Oil Release 3/17/23 Crude Oil 6 2 4 BBL Fire Lea (25) No No
nAPP2307639252 EOG RESOURCES INC Major Produced Water Release 3/17/23 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2307930900 WPX Energy Permian, LLC Major Produced Water Release 3/16/23 Crude Oil 4 2 2 BBL Human Error Eddy (15) No No
nAPP2307930900 WPX Energy Permian, LLC Major Produced Water Release 3/16/23 Produced Water 30 25 5 BBL Human Error Eddy (15) No No
nAPP2307454854 ARMSTRONG ENERGY CORP Minor Oil Release 3/15/23 Crude Oil 10 2 8 BBL Equipment Failure Roosevelt (41) No No
nAPP2308136642 XTO ENERGY, INC Minor Produced Water Release 3/15/23 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2308628700 COG OPERATING LLC Produced Water Release 3/15/23 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2307447383 CHEVRON U S A INC Minor Oil Release 3/14/23 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nAPP2307447383 CHEVRON U S A INC Minor Oil Release 3/14/23 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2307342352 ARMSTRONG ENERGY CORP Major Oil Release 3/14/23 Crude Oil 200 10 190 BBL Equipment Failure Lea (25) No No
nAPP2307273821 CIMAREX ENERGY CO. Major Oil Release 3/13/23 Crude Oil 28 28 0 BBL Human Error Lea (25) No No
nAPP2307437229 TAP ROCK OPERATING, LLC Minor Oil Release 3/13/23 Crude Oil 8 0 8 BBL Other Lea (25) No No
nAPP2307271623 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 3/12/23 Produced Water 261 260 1 BBL Other Lea (25) No No
nAPP2307228945 Spur Energy Partners LLC Minor Release Other 3/12/23 Crude Oil 11 10 1 BBL Corrosion Eddy (15) No No
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nAPP2307548956 APACHE CORPORATION Major Produced Water Release 3/12/23 Produced Water 106 20 86 BBL Corrosion Lea (25) No No
nAPP2307228945 Spur Energy Partners LLC Minor Release Other 3/12/23 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2307532299 OXY USA INC Major Produced Water Release 3/12/23 Produced Water 25 0 25 BBL Exploratory Well Eddy (15) No No
nAPP2307549642 OXY USA INC Major Oil Release 3/12/23 Crude Oil 45 43 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2308049811 COG OPERATING LLC Minor Produced Water Release 3/11/23 Produced Water 13 10 3 BBL Corrosion Lea (25) No No
nAPP2308137936 CHEVRON U S A INC Major Fire 3/11/23 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2308233918 COG OPERATING LLC Minor Produced Water Release 3/10/23 Produced Water 17 15 2 BBL Corrosion Eddy (15) No No
nAPP2307224977 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/10/23 Produced Water 6 6 0 BBL Human Error Eddy (15) No No
nAPP2307231629 Spur Energy Partners LLC Minor Release Other 3/10/23 Crude Oil 7 6 1 BBL Corrosion Eddy (15) No No
nAPP2307231629 Spur Energy Partners LLC Minor Release Other 3/10/23 Produced Water 6 6 0 BBL Corrosion Eddy (15) No No
nAPP2306960210 DCP OPERATING COMPANY, LP Minor Natural Gas Release 3/10/23 Condensate 8 0 8 BBL Corrosion Lea (25) No No
nAPP2307935303 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/9/23 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2411639976 ENERGEX, LLC Major Oil Release 3/9/23 Crude Oil 26 0 26 BBL Other Chaves (05) No No
nAPP2308056133 OXY USA INC Minor Produced Water Release 3/8/23 Produced Water 17 0 17 BBL Equipment Failure Harding (21) No No
nAPP2308046609 COG OPERATING LLC Major Produced Water Release 3/8/23 Produced Water 42 40 2 BBL Corrosion Lea (25) No No
nAPP2307355788 APACHE CORPORATION Major Produced Water Release 3/8/23 Produced Water 251 60 191 BBL Corrosion Lea (25) No No
nAPP2306753080 DCP OPERATING COMPANY, LP Minor Natural Gas Release 3/8/23 Condensate 15 0 15 BBL Corrosion Lea (25) No No
nAPP2308234964 COG OPERATING LLC Minor Oil Release 3/8/23 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2308124076 HILCORP ENERGY COMPANY Major Release Other 3/8/23 Produced Water 10 0 10 BBL Equipment Failure San Juan (45) No No
nAPP2308124076 HILCORP ENERGY COMPANY Major Release Other 3/8/23 Condensate 35 0 35 BBL Equipment Failure San Juan (45) No No
nAPP2306837567 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 3/7/23 Condensate 15 0 15 BBL Corrosion Chaves (05) No No
nAPP2306830269 WPX Energy Permian, LLC Minor Produced Water Release 3/7/23 Produced Water 21 21 0 BBL Equipment Failure Eddy (15) No No
nAPP2306752819 OXY USA INC Major Oil Release 3/7/23 Crude Oil 123 120 3 BBL Human Error Eddy (15) No No
nAPP2307633795 J & J Investments, LLC Major Produced Water Release 3/6/23 Produced Water 100 0 100 BBL Other Lea (25) No No
nAPP2308026482 MEWBOURNE OIL CO Major Produced Water Release 3/6/23 Produced Water 226 50 176 BBL Equipment Failure Eddy (15) No No
nAPP2306640670 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/6/23 Produced Water 7 5 2 BBL Equipment Failure Lea (25) No No
nAPP2306545596 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 3/5/23 Condensate 15 1 14 BBL Corrosion Lea (25) No No
nAPP2306657585 OXY USA INC Major Produced Water Release 3/5/23 Produced Water 75 0 75 BBL Equipment Failure Eddy (15) No No
nAPP2310750452 TEAM OPERATING, L.L.C. Major Produced Water Release 3/5/23 Produced Water 27 0 27 BBL Equipment Failure Lea (25) No No
nAPP2308028560 COG OPERATING LLC Major Oil Release 3/4/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2307232497 Enterprise Field Services, LLC Major Oil Release 3/4/23 Crude Oil 40 0 40 BBL Human Error Lea (25) No No
nAPP2306844555 XTO ENERGY, INC Major Fire 3/3/23 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2307442828 CENTURION PIPELINE L.P. Major Oil Release 3/3/23 Crude Oil 371 335 36 BBL Corrosion Eddy (15) No No
nAPP2307943408 XTO ENERGY, INC Minor Produced Water Release 3/3/23 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2306155392 Harvest Four Corners, LLC Major Natural Gas Release 3/2/23 Other (Specify) 0 0 0 San Juan (45) Yes No

nAPP2306158863
BLACK RIVER WATER MANAGEMENT 
COMPANY, LLC Minor Produced Water Release 3/2/23 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No

nAPP2307544597 COG OPERATING LLC Minor Release Other 3/2/23 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2307544597 COG OPERATING LLC Minor Release Other 3/2/23 Produced Water 19 17 2 BBL Corrosion Lea (25) No No
nAPP2306238104 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 3/2/23 Condensate 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2322275801 BOBBY MCKAY DBA 5 A OIL COMPANY Oil Release 3/2/23 Crude Oil 3 0 3 BBL Equipment Failure Roosevelt (41) No No
nAPP2322275801 BOBBY MCKAY DBA 5 A OIL COMPANY Oil Release 3/2/23 Produced Water 0 0 0 BBL Equipment Failure Roosevelt (41) No No
nAPP2322275801 BOBBY MCKAY DBA 5 A OIL COMPANY Oil Release 3/2/23 Condensate 0 0 0 BBL Equipment Failure Roosevelt (41) No No
nAPP2306051909 MATADOR PRODUCTION COMPANY Major Produced Water Release 3/1/23 Produced Water 95 30 65 BBL Equipment Failure Lea (25) No No
nAPP2408837611 MAR OIL & GAS CORP. Major Produced Water Release 3/1/23 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2306635043 MATADOR PRODUCTION COMPANY Minor Produced Water Release 3/1/23 Produced Water 21 0 21 BBL Equipment Failure Lea (25) No No
nAPP2306024427 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 2/28/23 Condensate 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2305944258 Enterprise Field Services, LLC Minor Natural Gas Release 2/28/23 Condensate 10 0 10 BBL Corrosion San Juan (45) No No
nAPP2306058624 DUGAN PRODUCTION CORP Major Produced Water Release 2/28/23 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAPP2305960928 BTA OIL PRODUCERS, LLC Major Produced Water Release 2/27/23 Produced Water 732 731 1 BBL Equipment Failure Lea (25) No No
nAPP2305945615 Whiptail Midstream LLC Major Produced Water Release 2/27/23 Produced Water 100 100 0 BBL Other Rio Arriba (39) No No
nAPP2307522509 ACD OILFIELD SERVICES, LLC Major Release Other 2/27/23 Produced Water 51 0 51 BBL Vehicular Accident Lea (25) No No
nAPP2305855170 Extex Operating Company Major Oil Release 2/27/23 Crude Oil 63 60 3 BBL Equipment Failure Lea (25) No No
nAPP2305855170 Extex Operating Company Major Oil Release 2/27/23 Produced Water 60 55 5 BBL Equipment Failure Lea (25) No No
nAPP2306049630 DCP OPERATING COMPANY, LP Minor Natural Gas Release 2/27/23 Condensate 16 0 16 BBL Corrosion Lea (25) No No
nAPP2305949229 FRONTIER FIELD SERVICES, LLC Major Release Other 2/27/23 Condensate 36 0 36 BBL Corrosion Eddy (15) No No
nAPP2307357709 HILCORP ENERGY COMPANY Major Release Other 2/27/23 Produced Water 3 0 3 BBL Corrosion San Juan (45) No No
nAPP2307357709 HILCORP ENERGY COMPANY Major Release Other 2/27/23 Condensate 8 0 8 BBL Corrosion San Juan (45) No No
nAPP2306653673 XTO ENERGY, INC Major Fire 2/27/23 Crude Oil 0 0 0 BBL Liquids Unloading Eddy (15) No No
nAPP2305834071 Spur Energy Partners LLC Minor Release Other 2/27/23 Crude Oil 10 9 1 BBL Corrosion Eddy (15) No No
nAPP2305834071 Spur Energy Partners LLC Minor Release Other 2/27/23 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nAPP2306935471 LONGFELLOW ENERGY, LP Minor Oil Release 2/26/23 Crude Oil 20 16 4 BBL Power Failure Eddy (15) No No
nAPP2306160789 AMEREDEV OPERATING, LLC Minor Oil Release 2/26/23 Crude Oil 9 3 6 BBL Power Failure Lea (25) No No
nAPP2305851873 CIMAREX ENERGY CO. Major Produced Water Release 2/26/23 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2305851873 CIMAREX ENERGY CO. Major Produced Water Release 2/26/23 Produced Water 16 0 16 BBL Equipment Failure Lea (25) No No
nAPP2306952144 OXY USA INC Major Produced Water Release 2/25/23 Produced Water 120 110 10 BBL Equipment Failure Eddy (15) No No
nAPP2306235620 MEWBOURNE OIL CO Major Fire 2/25/23 Crude Oil 179 5 174 BBL Fire Lea (25) No No
nAPP2306235620 MEWBOURNE OIL CO Major Fire 2/25/23 Produced Water 179 5 174 BBL Fire Lea (25) No No
nAPP2306851971 Permian Resources Operating, LLC Major Produced Water Release 2/25/23 Crude Oil 74 51 23 BBL Equipment Failure Lea (25) No No
nAPP2306851971 Permian Resources Operating, LLC Major Produced Water Release 2/25/23 Produced Water 118 80 38 BBL Equipment Failure Lea (25) No No
nAPP2305843365 OXY USA INC Major Produced Water Release 2/24/23 Produced Water 200 110 90 BBL Other Lea (25) No No
nAPP2306936047 XTO ENERGY, INC Major Produced Water Release 2/24/23 Produced Water 25 25 0 BBL Other Lea (25) No No
nAPP2306745564 XTO ENERGY, INC Major Produced Water Release 2/24/23 Produced Water 255 255 0 BBL Equipment Failure Eddy (15) No No
nAPP2310150208 Maverick Permian LLC Minor Other 2/24/23 Crude Oil 4 1 3 BBL Corrosion Lea (25) No No
nAPP2310150208 Maverick Permian LLC Minor Other 2/24/23 Produced Water 10 1 9 BBL Corrosion Lea (25) No No
nAPP2306046595 APACHE CORPORATION Major Produced Water Release 2/23/23 Produced Water 60 30 30 BBL Corrosion Lea (25) No No
nAPP2305842371 OXY USA INC Major Produced Water Release 2/23/23 Produced Water 26 10 16 BBL Equipment Failure Harding (21) No No
nAPP2307558601 Maverick Permian LLC Minor Produced Water Release 2/23/23 Produced Water 7 0 7 BBL Corrosion Lea (25) No No
nAPP2305455294 TEAM OPERATING, L.L.C. Major Produced Water Release 2/23/23 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2305931418 Enterprise Field Services, LLC Major Oil Release 2/22/23 Condensate 20 0 20 BBL Corrosion Rio Arriba (39) Yes No
nAPP2305947643 Earthstone Operating, LLC Minor Produced Water Release 2/22/23 Produced Water 16 5 11 BBL Equipment Failure Lea (25) No No
nAPP2305367608 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/22/23 Produced Water 15 15 0 BBL Corrosion Lea (25) No No
nAPP2305346278 EOG RESOURCES INC Major Release Other 2/21/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2305331692 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/21/23 Produced Water 167 167 0 BBL Equipment Failure Eddy (15) No No

nAPP2305245917 EOG RESOURCES INC Major Produced Water Release 2/21/23 Produced Water 0 0 0 BBL
Pipeline Quality 
Specifications Eddy (15) No No

nAPP2305337359 Spur Energy Partners LLC Minor Release Other 2/21/23 Crude Oil 4 3 1 BBL Corrosion Eddy (15) No No
nAPP2306544797 XTO ENERGY, INC Minor Produced Water Release 2/21/23 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nAPP2305337359 Spur Energy Partners LLC Minor Release Other 2/21/23 Produced Water 4 3 1 BBL Corrosion Eddy (15) No No
nAPP2307356662 Silverback Operating II, LLC Major Release Other 2/21/23 Other (Specify) 2312 0 2312 BBL Human Error Eddy (15) No No
nAPP2305851255 OXY USA INC Minor Produced Water Release 2/21/23 Produced Water 15 0 15 BBL Equipment Failure Harding (21) No No
nAPP2306543550 COG OPERATING LLC Minor Release Other 2/21/23 Crude Oil 7 4 3 BBL Equipment Failure Lea (25) No No
nAPP2306543550 COG OPERATING LLC Minor Release Other 2/21/23 Produced Water 7 4 3 BBL Equipment Failure Lea (25) No No
nAPP2306757137 Maverick Permian LLC Minor Oil Release 2/21/23 Crude Oil 6 2 4 BBL Corrosion Lea (25) No No
nAPP2305350943 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 2/21/23 Produced Water 1950 1890 60 BBL Equipment Failure Eddy (15) No No
nAPP2305351774 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/21/23 Produced Water 140 140 0 BBL Equipment Failure Eddy (15) No No
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nAPP2306042664 APACHE CORPORATION Minor Produced Water Release 2/20/23 Crude Oil 4 0 4 BBL Corrosion Eddy (15) No No
nAPP2306042664 APACHE CORPORATION Minor Produced Water Release 2/20/23 Produced Water 14 0 14 BBL Corrosion Eddy (15) No No
nAPP2305256984 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 2/20/23 Produced Water 100 50 50 BBL Human Error Eddy (15) No No
nAPP2305933356 WPX Energy Permian, LLC Major Oil Release 2/20/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2305552333 SCO PERMIAN, LLC Minor Oil Release 2/20/23 Crude Oil 10 9 1 BBL Human Error Lea (25) No No
nAPP2305325528 CIMAREX ENERGY CO. Minor Produced Water Release 2/20/23 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2305044453 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 2/19/23 Condensate 60 0 60 BBL Corrosion Chaves (05) No No
nAPP2305130549 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 2/19/23 Crude Oil 16 12 4 BBL Other Lea (25) No No

nAPP2305060824
MarkWest Energy West Texas Gas Company, 
L.L.C Major Release Other 2/19/23 Glycol 0 0 0 GAL Other Lea (25) No No

nAPP2305129533 FRONTIER FIELD SERVICES, LLC Major Produced Water Release 2/19/23 Produced Water 53 0 53 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2305139262 CROSS TIMBERS ENERGY, LLC Major Oil Release 2/18/23 Crude Oil 145 140 5 BBL Freeze Lea (25) No No
nAPP2305150872 CROSS TIMBERS ENERGY, LLC Minor Oil Release 2/17/23 Crude Oil 6 5 1 BBL Freeze Lea (25) No No
nAPP2306152871 XTO ENERGY, INC Major Oil Release 2/17/23 Crude Oil 71 69 2 BBL Normal Operations Eddy (15) No No
nAPP2305143488 WPX Energy Permian, LLC Major Produced Water Release 2/17/23 Produced Water 420 420 0 BBL Human Error Eddy (15) No No
nAPP2304851705 TARGA MIDSTREAM SERVICES LLC Major Release Other 2/17/23 Condensate 62 60 2 BBL Equipment Failure Lea (25) No No
nAPP2304837015 Spur Energy Partners LLC Major Release Other 2/17/23 Crude Oil 30 28 2 BBL High Line Pressure Eddy (15) No No
nAPP2304837015 Spur Energy Partners LLC Major Release Other 2/17/23 Produced Water 20 18 2 BBL High Line Pressure Eddy (15) No No
nAPP2310154072 Maverick Permian LLC Minor Other 2/17/23 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nAPP2310154072 Maverick Permian LLC Minor Other 2/17/23 Produced Water 4 3 1 BBL Corrosion Lea (25) No No
nAPP2405837459 3R Operating, LLC Major Produced Water Release 2/16/23 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2305331202 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 2/16/23 Produced Water 6 5 1 BBL Freeze Lea (25) No No
nAPP2305138533 TLT SWD, LLC Major Produced Water Release 2/16/23 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2305142296 TLT SWD, LLC Major Produced Water Release 2/16/23 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2305143079 TLT SWD, LLC Major Produced Water Release 2/16/23 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2305139315 TLT SWD, LLC Major Produced Water Release 2/16/23 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2313243978 HILCORP ENERGY COMPANY Major Release Other 2/16/23 Other (Specify) 29 29 0 BBL Other San Juan (45) No No
nAPP2305143618 TLT SWD, LLC Major Produced Water Release 2/16/23 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2305144115 TLT SWD, LLC Major Produced Water Release 2/16/23 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2406444170 3R Operating, LLC Major Oil Release 2/16/23 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2406444170 3R Operating, LLC Major Oil Release 2/16/23 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2304657101 Silverback Operating II, LLC Major Other 2/15/23 Other (Specify) 12 0 12 BBL Human Error Eddy (15) No No
nAPP2304638400 DKL Energy - Cottonwood, LLC Major Oil Release 2/15/23 Crude Oil 26 23 3 BBL Other Lea (25) No No
nAPP2306054654 XTO ENERGY, INC Minor Release Other 2/15/23 Other (Specify) 20 5 15 BBL Equipment Failure Lea (25) No No
nAPP2304957943 FAE II Operating LLC Major Oil Release 2/15/23 Crude Oil 20 18 2 BBL Equipment Failure Lea (25) No No
nAPP2304957943 FAE II Operating LLC Major Oil Release 2/15/23 Produced Water 40 36 4 BBL Equipment Failure Lea (25) No No
nAPP2305348650 EOG RESOURCES INC Major Produced Water Release 2/14/23 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2305129100 WPX Energy Permian, LLC Major Produced Water Release 2/14/23 Produced Water 34 34 0 BBL Equipment Failure Eddy (15) No No
nAPP2304533224 Enterprise Field Services, LLC Minor Natural Gas Release 2/14/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2305131821 WPX Energy Permian, LLC Major Oil Release 2/14/23 Crude Oil 27 24 3 BBL Equipment Failure Eddy (15) No No
nAPP2305933526 Earthstone Operating, LLC Minor Oil Release 2/14/23 Crude Oil 7 5 2 BBL Equipment Failure Lea (25) No No
nAPP2305933526 Earthstone Operating, LLC Minor Oil Release 2/14/23 Produced Water 7 5 2 BBL Equipment Failure Lea (25) No No
nAPP2304829432 ETC Texas Pipeline, Ltd. Major Release Other 2/14/23 Other (Specify) 39 40 -1 BBL Corrosion Lea (25) No No
nAPP2304726995 TEAM OPERATING, L.L.C. Minor Produced Water Release 2/14/23 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nAPP2304726995 TEAM OPERATING, L.L.C. Minor Produced Water Release 2/14/23 Produced Water 19 5 14 BBL Equipment Failure Lea (25) No No
nAPP2305833429 XTO ENERGY, INC Minor Oil Release 2/13/23 Crude Oil 8 5 3 BBL Normal Operations Eddy (15) No No
nAPP2305838205 Contango Resources, LLC Major Other 2/13/23 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2305455050 Maverick Permian LLC Minor Other 2/13/23 Crude Oil 3 1 2 BBL Corrosion Lea (25) No No
nAPP2305455050 Maverick Permian LLC Minor Other 2/13/23 Produced Water 13 2 11 BBL Corrosion Lea (25) No No
nAPP2305942242 MEWBOURNE OIL CO Major Fire 2/13/23 Produced Water 379 300 79 BBL Fire Eddy (15) No No
nAPP2304525840 MATADOR PRODUCTION COMPANY Minor Produced Water Release 2/13/23 Produced Water 11 2 9 BBL Other Lea (25) No No
nAPP2304652927 OXY USA INC Major Oil Release 2/11/23 Crude Oil 160 150 10 BBL Equipment Failure Eddy (15) No No
nAPP2304647925 TEAM OPERATING, L.L.C. Minor Oil Release 2/11/23 Crude Oil 20 15 5 BBL Equipment Failure Lea (25) No No
nAPP2304431462 DCP OPERATING COMPANY, LP Minor Natural Gas Release 2/11/23 Condensate 10 1 9 BBL Equipment Failure Eddy (15) No No
nAPP2304339443 NOVO OIL & GAS NORTHERN DELAWARE, LLC Minor Produced Water Release 2/11/23 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nAPP2320149561 HILCORP ENERGY COMPANY Minor Release Other 2/10/23 Condensate 5 5 0 BBL Other San Juan (45) No No
nAPP2305139488 COG OPERATING LLC Major Fire 2/10/23 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2305452388 XTO ENERGY, INC Major Fire 2/10/23 Produced Water 0 50 -50 BBL Fire Eddy (15) No No
nAPP2304155265 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 2/10/23 Crude Oil 8 4 4 BBL Equipment Failure Eddy (15) No No
nAPP2304132273 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 2/9/23 Condensate 5 0 5 BBL Corrosion Lea (25) No No
nAPP2427380239 BXP Operating, LLC Minor Produced Water Release 2/9/23 Produced Water 18 0 18 BBL Corrosion Lea (25) No No
nAPP2304036127 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 2/8/23 Condensate 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2304742070 Maverick Permian LLC Major Produced Water Release 2/8/23 Produced Water 230 210 20 BBL Equipment Failure Lea (25) No No
nAPP2320155626 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/8/23 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nAPP2305359369 MEWBOURNE OIL CO Major Produced Water Release 2/8/23 Produced Water 525 425 100 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2427382332 BXP Operating, LLC Minor Produced Water Release 2/8/23 Produced Water 18 0 18 BBL Corrosion Lea (25) No No
nAPP2305453661 Maverick Permian LLC Minor Produced Water Release 2/7/23 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2305453661 Maverick Permian LLC Minor Produced Water Release 2/7/23 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nAPP2304651019 TEAM OPERATING, L.L.C. Minor Produced Water Release 2/7/23 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2305153347 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 2/7/23 Produced Water 225 0 225 BBL Equipment Failure Lea (25) No No
nAPP2303937491 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 2/7/23 Produced Water 17 0 17 BBL Corrosion Lea (25) No No
nAPP2304175781 CAZA OPERATING, LLC Major Produced Water Release 2/6/23 Produced Water 200 200 0 BBL Equipment Failure Eddy (15) No No
nAPP2304441722 Contango Resources, LLC Major Blow Out 2/6/23 Other (Specify) 0 0 0 Lea (25) No No
nAPP2304441722 Contango Resources, LLC Major Blow Out 2/6/23 Produced Water 15 0 15 BBL Blow Out Lea (25) No No
nAPP2304441722 Contango Resources, LLC Major Blow Out 2/6/23 Crude Oil 18 0 18 BBL Blow Out Lea (25) No No
nAPP2303755349 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/6/23 Produced Water 23 20 3 BBL Equipment Failure Lea (25) No No
nAPP2303839212 CIMAREX ENERGY CO. Major Produced Water Release 2/6/23 Produced Water 26 18 8 BBL Equipment Failure Eddy (15) No No
nAPP2303756344 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 2/5/23 Crude Oil 14 12 2 BBL Equipment Failure Eddy (15) No No
nAPP2303737335 BTA OIL PRODUCERS, LLC Major Produced Water Release 2/5/23 Produced Water 56 1 55 BBL Fire Lea (25) No No
nAPP2303627366 MATADOR PRODUCTION COMPANY Minor Produced Water Release 2/4/23 Produced Water 22 20 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2303731028 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 2/4/23 Condensate 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2304744550 Maverick Permian LLC Minor Other 2/4/23 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2304744550 Maverick Permian LLC Minor Other 2/4/23 Produced Water 17 16 1 BBL Equipment Failure Lea (25) No No
nAPP2303929522 CHEVRON U S A INC Major Produced Water Release 2/4/23 Produced Water 122 2 120 BBL Equipment Failure Eddy (15) No No
nAPP2303832120 CIMAREX ENERGY CO. Major Fire 2/3/23 Condensate 1 0 1 BBL Fire Lea (25) No No
nAPP2304554912 COG OPERATING LLC Minor Produced Water Release 2/3/23 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAPP2303730420 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 2/3/23 Crude Oil 31 14 17 BBL Equipment Failure Lea (25) No No
nAPP2304648171 XTO ENERGY, INC Major Fire 2/3/23 Crude Oil 0 0 0 BBL Normal Operations Eddy (15) No No
nAPP2303722645 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/3/23 Produced Water 9 9 0 BBL Corrosion Eddy (15) No No
nAPP2306133645 COG OPERATING LLC Major Fire 2/3/23 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2303837689 Enterprise Field Services, LLC Major Fire 2/3/23 Natural Gas Liquids 1 0 1 BBL High Line Pressure San Juan (45) No No
nAPP2305140243 COG OPERATING LLC Major Fire 2/2/23 Condensate 0 0 0 BBL Freeze Lea (25) No No
nAPP2304537144 OXY USA INC Major Produced Water Release 2/2/23 Produced Water 27 0 27 BBL Equipment Failure Lea (25) No No
nAPP2304055016 MEWBOURNE OIL CO Major Oil Release 2/2/23 Crude Oil 90 0 90 BBL Equipment Failure Lea (25) No No
nAPP2303347848 DEVON ENERGY PRODUCTION COMPANY, LP Minor Other 2/2/23 Produced Water 14 5 9 BBL Equipment Failure Lea (25) No No
nAPP2304554173 COG OPERATING LLC Major Produced Water Release 2/2/23 Produced Water 38 35 3 BBL Equipment Failure Eddy (15) No No
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nAPP2303432794 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 2/1/23 Produced Water 150 0 150 BBL Vehicular Accident Eddy (15) No No
nAPP2303345440 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 2/1/23 Condensate 6 0 6 BBL Corrosion Eddy (15) No No
nAPP2303463674 DCP OPERATING COMPANY, LP Major Natural Gas Release 2/1/23 Condensate 35 0 35 BBL Corrosion Eddy (15) No No
nAPP2304448906 XTO ENERGY, INC Minor Oil Release 2/1/23 Crude Oil 24 20 4 BBL Exploratory Well Eddy (15) No No
nAPP2304144689 ETC Texas Pipeline, Ltd. Major Release Other 2/1/23 Crude Oil 4 0 4 BBL Corrosion Eddy (15) No No
nAPP2304144689 ETC Texas Pipeline, Ltd. Major Release Other 2/1/23 Produced Water 31 0 31 BBL Corrosion Eddy (15) No No
nAPP2303232636 OXY USA INC Minor Produced Water Release 1/31/23 Produced Water 13 0 13 BBL Equipment Failure Harding (21) No No
nAPP2303129562 MARATHON OIL PERMIAN LLC Minor Produced Water Release 1/31/23 Produced Water 11 11 0 BBL Human Error Lea (25) No No
nAPP2303239586 WPX Energy Permian, LLC Minor Produced Water Release 1/30/23 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAPP2303239586 WPX Energy Permian, LLC Minor Produced Water Release 1/30/23 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nAPP2303736433 BTA OIL PRODUCERS, LLC Minor Produced Water Release 1/30/23 Produced Water 23 18 5 BBL Equipment Failure Lea (25) No No
nAPP2304529797 CHEVRON U S A INC Minor Release Other 1/30/23 Chemical (Specify) 5 5 0 BBL Blow Out Lea (25) No No
nAPP2303130162 Spur Energy Partners LLC Major Produced Water Release 1/29/23 Produced Water 50 48 2 BBL High Line Pressure Eddy (15) No No
nAPP2303054522 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 1/29/23 Produced Water 44 25 19 BBL Equipment Failure Eddy (15) No No
nAPP2302957665 Silverback Operating II, LLC Major Produced Water Release 1/29/23 Produced Water 25 25 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2303040186 TAP ROCK OPERATING, LLC Major Produced Water Release 1/29/23 Produced Water 32 0 32 BBL Corrosion Lea (25) No No
nAPP2304133508 MEWBOURNE OIL CO Major Produced Water Release 1/28/23 Crude Oil 45 35 10 BBL Equipment Failure Lea (25) No No
nAPP2304147175 XTO ENERGY, INC Major Produced Water Release 1/28/23 Produced Water 385 90 295 BBL Human Error Eddy (15) No No
nAPP2304133508 MEWBOURNE OIL CO Major Produced Water Release 1/28/23 Produced Water 45 35 10 BBL Equipment Failure Lea (25) No No
nAPP2304148392 XTO ENERGY, INC Major Produced Water Release 1/28/23 Produced Water 144 60 84 BBL Human Error Eddy (15) No No
nAPP2302952170 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 1/28/23 Crude Oil 4 2 2 BBL Equipment Failure Lea (25) No No
nAPP2302952170 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 1/28/23 Produced Water 13 13 0 BBL Equipment Failure Lea (25) No No
nAPP2303854000 XTO ENERGY, INC Minor Produced Water Release 1/28/23 Produced Water 9 0 9 BBL Equipment Failure Eddy (15) No No
nAPP2304550164 COG OPERATING LLC Minor Produced Water Release 1/28/23 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2303022343 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/27/23 Produced Water 7 7 0 BBL Equipment Failure Lea (25) No No
nAPP2304056216 Earthstone Operating, LLC Minor Oil Release 1/27/23 Crude Oil 14 10 4 BBL Separation Flowback Eddy (15) No No
nAPP2304532508 EOG RESOURCES INC Major Produced Water Release 1/27/23 Produced Water 150 146 4 BBL Equipment Failure Lea (25) No No
nAPP2304136368 XTO ENERGY, INC Major Produced Water Release 1/27/23 Produced Water 160 160 0 BBL Equipment Failure Eddy (15) No No
nAPP2303348121 XTO ENERGY, INC Minor Produced Water Release 1/27/23 Produced Water 10 3 7 BBL Equipment Failure Eddy (15) No No
nAPP2302734734 CAZA OPERATING, LLC Major Produced Water Release 1/27/23 Produced Water 350 350 0 BBL Equipment Failure Eddy (15) No No
nAPP2303742113 COG OPERATING LLC Minor Produced Water Release 1/27/23 Produced Water 23 3 20 BBL Corrosion Lea (25) No No
nAPP2302743693 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/26/23 Crude Oil 13 11 2 BBL Equipment Failure Eddy (15) No No
nAPP2302743693 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/26/23 Produced Water 32 30 2 BBL Equipment Failure Eddy (15) No No
nAPP2302727428 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 1/26/23 Condensate 12 0 12 BBL Corrosion Eddy (15) No No
nAPP2302728147 Spur Energy Partners LLC Major Produced Water Release 1/26/23 Produced Water 207 165 42 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2303037207 COG OPERATING LLC Major Fire 1/26/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2303039766 COG OPERATING LLC Major Produced Water Release 1/26/23 Produced Water 42 38 4 BBL Equipment Failure Lea (25) No No
nAPP2303971933 NAVAJO REFINING COMPANY, L.L.C. Major Release Other 1/26/23 Other (Specify) 35 0 35 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2306044595 EOG RESOURCES INC Minor Produced Water Release 1/25/23 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAPP2306044595 EOG RESOURCES INC Minor Produced Water Release 1/25/23 Produced Water 4 3 1 BBL Equipment Failure Lea (25) No No
nAPP2302639601 Whiptail Midstream LLC Major Oil Release 1/25/23 Crude Oil 10 8 2 BBL Other San Juan (45) Yes No
nAPP2302640564 OXY USA INC Minor Produced Water Release 1/25/23 Produced Water 14 0 14 BBL Equipment Failure Harding (21) No No
nAPP2304051094 XTO ENERGY, INC Major Produced Water Release 1/25/23 Produced Water 115 115 0 BBL Corrosion Eddy (15) No No
nAPP2302559989 DCP OPERATING COMPANY, LP Major Fire 1/25/23 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2302456413 SAN JUAN RESOURCES, INC. Major Oil Release 1/24/23 Crude Oil 97 0 97 BBL Other Rio Arriba (39) No No
nAPP2302456413 SAN JUAN RESOURCES, INC. Major Oil Release 1/24/23 Produced Water 116 116 0 BBL Other Rio Arriba (39) No No
nAPP2302448038 Enterprise Field Services, LLC Minor Release Other 1/24/23 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPM2303746352 CANYON E & P COMPANY Major Oil Release 1/24/23 Crude Oil 0 0 0 BBL Corrosion Chaves (05) No No
nAPP2303730067 COG OPERATING LLC Produced Water Release 1/23/23 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2302534751 WPX Energy Permian, LLC Major Produced Water Release 1/23/23 Produced Water 26 25 1 BBL Equipment Failure Eddy (15) No No
nAPP2302747128 TEAM OPERATING, L.L.C. Minor Produced Water Release 1/23/23 Produced Water 7 2 5 BBL Equipment Failure Lea (25) No No
nAPP2302535216 OXY USA INC Major Release Other 1/23/23 Crude Oil 51 48 3 BBL Equipment Failure Lea (25) No No
nAPP2302535216 OXY USA INC Major Release Other 1/23/23 Produced Water 34 32 2 BBL Equipment Failure Lea (25) No No
nAPP2302469132 CIMAREX ENERGY CO. Major Produced Water Release 1/23/23 Produced Water 97 80 17 BBL Equipment Failure Lea (25) No No
nAPP2307052908 EOG RESOURCES INC Minor Produced Water Release 1/22/23 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nAPP2302365358 TAP ROCK OPERATING, LLC Major Release Other 1/22/23 Condensate 67 30 37 BBL Equipment Failure Lea (25) No No
nAPP2402333573 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 1/22/23 Produced Water 95 70 25 BBL Repair and Maintenance Eddy (15) No No
nAPP2303434415 XTO ENERGY, INC Major Produced Water Release 1/22/23 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
nAPP2303652118 CHEVRON U S A INC Major Oil Release 1/21/23 Crude Oil 24 20 4 BBL Equipment Failure Lea (25) No No
nAPP2302642924 EOG RESOURCES INC Minor Oil Release 1/21/23 Crude Oil 16 15 1 BBL Equipment Failure Lea (25) No No
nAPP2303652118 CHEVRON U S A INC Major Oil Release 1/21/23 Produced Water 52 45 7 BBL Equipment Failure Lea (25) No No
nAPP2303741458 COG OPERATING LLC Major Fire 1/20/23 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2302324687 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/20/23 Crude Oil 9 8 1 BBL Equipment Failure Eddy (15) No No
nAPP2303444414 XTO ENERGY, INC Minor Oil Release 1/20/23 Crude Oil 15 15 0 BBL Equipment Failure Lea (25) No No
nAPP2302541480 Silverback Operating II, LLC Minor Produced Water Release 1/19/23 Produced Water 15 15 0 BBL Human Error Eddy (15) No No
nAPP2301860476 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 1/18/23 Produced Water 240 240 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2301930383 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/18/23 Produced Water 17 15 2 BBL Equipment Failure Eddy (15) No No
nAPP2303048815 CONOCOPHILLIPS COMPANY Minor Produced Water Release 1/18/23 Produced Water 23 23 0 BBL Corrosion Lea (25) No No
nAPP2303048107 COG OPERATING LLC Minor Oil Release 1/18/23 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2301946401 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 1/18/23 Produced Water 64 0 64 BBL Equipment Failure Lea (25) No No
nAPP2301926781 MATADOR PRODUCTION COMPANY Minor Produced Water Release 1/18/23 Produced Water 14 3 11 BBL Equipment Failure Lea (25) No No
nAPP2301854079 EOG RESOURCES INC Major Produced Water Release 1/18/23 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2401951801 Maverick Permian LLC Major Oil Release 1/18/23 Crude Oil 50 28 22 BBL Corrosion Lea (25) No No
nAPP2401951801 Maverick Permian LLC Major Oil Release 1/18/23 Produced Water 20 11 9 BBL Corrosion Lea (25) No No
nAPP2301754624 Enterprise Field Services, LLC Major Oil Release 1/17/23 Crude Oil 31 0 31 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2301947855 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 1/17/23 Produced Water 305 0 305 BBL Human Error Lea (25) No No
nAPP2302744797 MEWBOURNE OIL CO Major Oil Release 1/16/23 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2302744797 MEWBOURNE OIL CO Major Oil Release 1/16/23 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2303047441 COG OPERATING LLC Produced Water Release 1/16/23 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2301660630 Franklin Mountain Energy LLC Minor Oil Release 1/16/23 Crude Oil 10 7 3 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2302337150 PRODUCTION WASTE SOLUTIONS LLC Major Oil Release 1/16/23 Crude Oil 13 10 3 BBL Equipment Failure Eddy (15) No No
nAPP2302337150 PRODUCTION WASTE SOLUTIONS LLC Major Oil Release 1/16/23 Produced Water 22 11 11 BBL Equipment Failure Eddy (15) No No
nAPP2302756140 XTO ENERGY, INC Minor Produced Water Release 1/15/23 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2401533380 CAZA OPERATING, LLC Minor Oil Release 1/15/23 Crude Oil 10 0 10 BBL Freeze Lea (25) No No
nAPP2305244923 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/15/23 Produced Water 25 16 9 BBL Equipment Failure Eddy (15) No No
nAPP2301740764 WPX Energy Permian, LLC Minor Produced Water Release 1/15/23 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2302545515 XTO ENERGY, INC Minor Produced Water Release 1/14/23 Produced Water 8 5 3 BBL Equipment Failure Eddy (15) No No
nAPP2303046725 COG OPERATING LLC Major Release Other 1/14/23 Brine Water 27 20 7 BBL Equipment Failure Lea (25) No No
nAPP2301424910 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/13/23 Produced Water 12 0 12 BBL Equipment Failure Lea (25) No No
nAPP2302538491 Silverback Operating II, LLC Minor Produced Water Release 1/13/23 Produced Water 20 20 0 BBL Human Error Eddy (15) No No
nAPP2301731619 Spur Energy Partners LLC Minor Produced Water Release 1/13/23 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nAPP2302847724 CHEVRON U S A INC Major Produced Water Release 1/13/23 Produced Water 271 60 211 BBL Equipment Failure Eddy (15) No No
nAPP2301536710 Spur Energy Partners LLC Major Produced Water Release 1/13/23 Produced Water 160 40 120 BBL Corrosion Eddy (15) No No
nAPP2302439496 COG OPERATING LLC Minor Oil Release 1/13/23 Crude Oil 20 10 10 BBL Corrosion Lea (25) No No
nAPP2302742810 CHEVRON U S A INC Minor Oil Release 1/12/23 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
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nAPP2301740961 Spur Energy Partners LLC Minor Produced Water Release 1/12/23 Produced Water 14 12 2 BBL Other Eddy (15) No No
nAPP2302355577 XTO ENERGY, INC Major Produced Water Release 1/12/23 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2301367245 3R Operating, LLC Major Oil Release 1/12/23 Crude Oil 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2302355577 XTO ENERGY, INC Major Produced Water Release 1/12/23 Produced Water 27 20 7 BBL Corrosion Eddy (15) No No
nAPP2301367245 3R Operating, LLC Major Oil Release 1/12/23 Produced Water 25 0 25 BBL Equipment Failure Lea (25) No No
nAPP2302432694 COG OPERATING LLC Minor Oil Release 1/12/23 Crude Oil 24 15 9 BBL Corrosion Eddy (15) No No
nAPP2301628129 WPX Energy Permian, LLC Major Produced Water Release 1/12/23 Produced Water 37 37 0 BBL Equipment Failure Eddy (15) No No
nAPP2301252275 OXY USA INC Minor Produced Water Release 1/11/23 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2301252275 OXY USA INC Minor Produced Water Release 1/11/23 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2301335904 FRONTIER FIELD SERVICES, LLC Minor Produced Water Release 1/11/23 Produced Water 11 0 11 BBL Equipment Failure Lea (25) No No
nAPP2303273838 Maverick Permian LLC Minor Other 1/10/23 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2303273838 Maverick Permian LLC Minor Other 1/10/23 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nAPP2303271574 Maverick Permian LLC Minor Other 1/10/23 Crude Oil 4 0 4 BBL Corrosion Lea (25) No No
nAPP2301231426 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 1/10/23 Condensate 4 0 4 BBL Corrosion Chaves (05) No No
nAPP2303271574 Maverick Permian LLC Minor Other 1/10/23 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nAPP2301125598 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/10/23 Produced Water 14 1 13 BBL Equipment Failure Lea (25) No No
nAPP2301143019 EOR OPERATING COMPANY Minor Produced Water Release 1/10/23 Crude Oil 4 1 3 BBL Repair and Maintenance Roosevelt (41) No No
nAPP2301143019 EOR OPERATING COMPANY Minor Produced Water Release 1/10/23 Produced Water 3 1 2 BBL Repair and Maintenance Roosevelt (41) No No
nAPP2301736973 CONOCOPHILLIPS COMPANY Minor Release Other 1/9/23 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2300955113 MATADOR PRODUCTION COMPANY Major Produced Water Release 1/9/23 Produced Water 80 70 10 BBL Corrosion Lea (25) No No
nAPP2301736973 CONOCOPHILLIPS COMPANY Minor Release Other 1/9/23 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nAPP2300953706 SIMCOE LLC Major Produced Water Release 1/9/23 Produced Water 200 131 69 BBL Freeze Rio Arriba (39) No No
nAPP2301243193 TEAM OPERATING, L.L.C. Major Release Other 1/9/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2301134965 Spur Energy Partners LLC Major Produced Water Release 1/9/23 Produced Water 52 50 2 BBL Equipment Failure Eddy (15) No No
nAPP2301243193 TEAM OPERATING, L.L.C. Major Release Other 1/9/23 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2301138983 OXY USA INC Minor Oil Release 1/9/23 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2301243193 TEAM OPERATING, L.L.C. Major Release Other 1/9/23 Other (Specify) 37 2 35 BBL Equipment Failure Lea (25) No No
nAPP2303272686 Maverick Permian LLC Minor Release Other 1/9/23 Produced Water 2 0 2 BBL Corrosion Lea (25) No No
nAPP2301130080 Spur Energy Partners LLC Major Produced Water Release 1/9/23 Produced Water 62 62 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2303272686 Maverick Permian LLC Minor Release Other 1/9/23 Crude Oil 7 2 5 BBL Corrosion Lea (25) No No
nAPP2302353614 Earthstone Operating, LLC Minor Produced Water Release 1/9/23 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAPP2300971099 CIMAREX ENERGY CO. Major Other 1/9/23 Drilling Mud/Fluid 65 63 2 BBL Human Error Lea (25) No No
nAPP2300948844 Spur Energy Partners LLC Minor Release Other 1/8/23 Produced Water 2 1 1 BBL Blow Out Eddy (15) No No
nAPP2300869795 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/8/23 Produced Water 500 500 0 BBL Equipment Failure Lea (25) No No
nAPP2300948844 Spur Energy Partners LLC Minor Release Other 1/8/23 Crude Oil 5 3 2 BBL Blow Out Eddy (15) No No
nAPP2301735698 COG OPERATING LLC Major Fire 1/8/23 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2301137932 OXY USA INC Major Produced Water Release 1/8/23 Produced Water 150 20 130 BBL Equipment Failure Lea (25) No No
nAPP2300928340 LM Touchdown LLC Oil Release 1/8/23 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2300944751 NOVO OIL & GAS NORTHERN DELAWARE, LLC Minor Oil Release 1/7/23 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2300874707 CIMAREX ENERGY CO. Major Fire 1/7/23 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2301030161 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 1/7/23 Condensate 9 3 6 BBL Corrosion Eddy (15) No No
nAPP2301881992 Maverick Permian LLC Minor Other 1/7/23 Crude Oil 6 0 6 BBL Corrosion Lea (25) No No
nAPP2301934442 COG OPERATING LLC Minor Release Other 1/7/23 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2301881992 Maverick Permian LLC Minor Other 1/7/23 Produced Water 14 0 14 BBL Corrosion Lea (25) No No
nAPP2301934442 COG OPERATING LLC Minor Release Other 1/7/23 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nAPP2401146720 FORTY ACRES ENERGY, LLC Minor Produced Water Release 1/7/23 Produced Water 10 2 8 BBL Other Lea (25) No No
nAPP2300761990 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/7/23 Produced Water 41 30 11 BBL Equipment Failure Eddy (15) No No
nAPP2300653555 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/6/23 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nAPP2300653555 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/6/23 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2302353335 APACHE CORPORATION Major Produced Water Release 1/6/23 Crude Oil 3 2 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2300654469 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/6/23 Crude Oil 14 6 8 BBL Corrosion Eddy (15) No No
nAPP2302353335 APACHE CORPORATION Major Produced Water Release 1/6/23 Produced Water 67 66 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2301630287 AMEREDEV OPERATING, LLC Minor Produced Water Release 1/6/23 Produced Water 12 0 12 BBL Human Error Lea (25) No No
nAPP2302036818 Maverick Permian LLC Major Other 1/5/23 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nAPP2302036818 Maverick Permian LLC Major Other 1/5/23 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nAPP2300631557 CIMAREX ENERGY CO. Major Produced Water Release 1/5/23 Crude Oil 15 8 7 BBL Equipment Failure Lea (25) No No
nAPP2300636521 Spur Energy Partners LLC Minor Oil Release 1/5/23 Crude Oil 15 14 1 BBL Other Eddy (15) No No
nAPP2300631557 CIMAREX ENERGY CO. Major Produced Water Release 1/5/23 Produced Water 35 35 0 BBL Equipment Failure Lea (25) No No
nAPP2300636521 Spur Energy Partners LLC Minor Oil Release 1/5/23 Produced Water 3 2 1 BBL Other Eddy (15) No No
nAPP2301837404 CHEVRON U S A INC Major Fire 1/5/23 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2301933240 COG OPERATING LLC Minor Produced Water Release 1/5/23 Produced Water 8 7 1 BBL Corrosion Eddy (15) No No
nAPP2300937786 HILCORP ENERGY COMPANY Minor Produced Water Release 1/4/23 Produced Water 15 0 15 BBL Corrosion San Juan (45) No No
nAPP2300530365 EOG RESOURCES INC Major Other 1/4/23 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2300446864 MARATHON OIL PERMIAN LLC Minor Produced Water Release 1/4/23 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2301249641 COG OPERATING LLC Minor Produced Water Release 1/3/23 Produced Water 21 20 1 BBL Corrosion Eddy (15) No No
nAPP2300352954 MARATHON OIL PERMIAN LLC Major Produced Water Release 1/3/23 Produced Water 379 379 0 BBL Equipment Failure Eddy (15) No No
nAPP2300454499 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 1/3/23 Produced Water 250 250 0 BBL Equipment Failure Eddy (15) No No
nAPP2300423557 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/3/23 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2300332370 Spur Energy Partners LLC Minor Other 1/2/23 Crude Oil 8 3 5 BBL Human Error Eddy (15) No No
nAPP2301046373 WPX Energy Permian, LLC Major Produced Water Release 1/2/23 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nAPP2302034681 Maverick Permian LLC Minor Other 1/2/23 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2302034681 Maverick Permian LLC Minor Other 1/2/23 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAPP2302035947 Maverick Permian LLC Minor Other 1/2/23 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2302035947 Maverick Permian LLC Minor Other 1/2/23 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nAPP2300334023 Spur Energy Partners LLC Major Produced Water Release 1/2/23 Produced Water 26 26 0 BBL Corrosion Eddy (15) No No
nAPP2300160892 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/1/23 Crude Oil 7 1 6 BBL Equipment Failure Eddy (15) No No
nAPP2300161700 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/1/23 Crude Oil 9 0 9 BBL Equipment Failure Eddy (15) No No
nAPP2300439852 HOLLY ENERGY PARTNERS - OPERATING, LP Minor Oil Release 12/30/22 Crude Oil 16 0 16 BBL Corrosion Lea (25) No No
nAPP2300170453 CIMAREX ENERGY CO. Major Oil Release 12/30/22 Crude Oil 150 150 0 BBL Equipment Failure Eddy (15) No No
nAPP2300170453 CIMAREX ENERGY CO. Major Oil Release 12/30/22 Produced Water 71 71 0 BBL Equipment Failure Eddy (15) No No
nAPP2300344477 WPX Energy Permian, LLC Minor Produced Water Release 12/30/22 Produced Water 6 6 0 BBL Corrosion Eddy (15) No No
nAPP2301334575 COG OPERATING LLC Minor Other 12/30/22 Unknown 15 14 1 BBL Equipment Failure Eddy (15) No No
nAPP2300442977 OXY USA INC Major Produced Water Release 12/29/22 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2300348916 Silverback Operating II, LLC Major Produced Water Release 12/29/22 Produced Water 0 120 -120 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2300442977 OXY USA INC Major Produced Water Release 12/29/22 Produced Water 120 110 10 BBL Equipment Failure Lea (25) No No
nAPP2301044820 TARGA MIDSTREAM SERVICES LLC Minor Other 12/29/22 Condensate 10 4 6 BBL Corrosion Lea (25) No No
nAPP2236454640 CIMAREX ENERGY CO. Major Produced Water Release 12/29/22 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2236454640 CIMAREX ENERGY CO. Major Produced Water Release 12/29/22 Produced Water 33 33 0 BBL Equipment Failure Eddy (15) No No
nAPP2301152626 XTO ENERGY, INC Major Oil Release 12/28/22 Crude Oil 46 35 11 BBL Corrosion Eddy (15) No No
nAPP2300347524 BTA OIL PRODUCERS, LLC Major Produced Water Release 12/28/22 Crude Oil 10 9 1 BBL Equipment Failure Lea (25) No No
nAPP2300347524 BTA OIL PRODUCERS, LLC Major Produced Water Release 12/28/22 Produced Water 24 21 3 BBL Equipment Failure Lea (25) No No
nAPP2300933098 XTO ENERGY, INC Major Fire 12/28/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2301245030 COG OPERATING LLC Minor Produced Water Release 12/28/22 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2301649023 DKL Energy - Cottonwood, LLC Major Produced Water Release 12/28/22 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nAPP2301160380 HF Sinclair Navajo Refining LLC Major Release Other 12/28/22 Diesel 1 1 0 BBL Equipment Failure Eddy (15) Yes Yes
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nAPP2303956064 EOG RESOURCES INC Major Produced Water Release 12/28/22 Produced Water 80 65 15 BBL Vehicular Accident Eddy (15) No No
nAPP2301160771 HILCORP ENERGY COMPANY Major Oil Release 12/27/22 Condensate 92 0 92 BBL Corrosion Rio Arriba (39) No No
nAPP2301170136 MEWBOURNE OIL CO Minor Oil Release 12/27/22 Crude Oil 5 0 5 BBL Freeze Eddy (15) No No
nAPP2301170136 MEWBOURNE OIL CO Minor Oil Release 12/27/22 Produced Water 18 0 18 BBL Freeze Eddy (15) No No
nAPP2300641362 XTO ENERGY, INC Major Fire 12/27/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2300639887 XTO ENERGY, INC Minor Produced Water Release 12/27/22 Produced Water 18 15 3 BBL Corrosion Eddy (15) No No
nAPP2300554472 Wapiti Operating, LLC Minor Produced Water Release 12/27/22 Produced Water 11 0 11 BBL Freeze Colfax (07) No No
nAPP2300634192 WPX Energy Permian, LLC Major Natural Gas Release 12/27/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2236229593 Spur Energy Partners LLC Major Produced Water Release 12/27/22 Produced Water 44 44 0 BBL Corrosion Eddy (15) No No
nAPP2300944487 CHEVRON U S A INC Minor Oil Release 12/27/22 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nAPP2300553070 Wapiti Operating, LLC Minor Produced Water Release 12/27/22 Produced Water 19 0 19 BBL Freeze Colfax (07) No No
nAPP2307047906 EOG RESOURCES INC Minor Oil Release 12/27/22 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2236257126 Civitas Permian Operating, LLC Major Release Other 12/26/22 Condensate 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2300343271 CONOCOPHILLIPS COMPANY Major Release Other 12/26/22 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2300343271 CONOCOPHILLIPS COMPANY Major Release Other 12/26/22 Produced Water 372 0 372 BBL Corrosion Lea (25) No No
nAPP2236074851 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 12/26/22 Crude Oil 11 4 7 BBL Equipment Failure Eddy (15) No No
nAPP2300448092 XTO ENERGY, INC Major Fire 12/26/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2300551151 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 12/26/22 Crude Oil 1 0 1 BBL Freeze Lea (25) No No
nAPP2300551151 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 12/26/22 Produced Water 4 0 4 BBL Freeze Lea (25) No No
nAPP2300341479 CONOCOPHILLIPS COMPANY Minor Oil Release 12/25/22 Crude Oil 8 8 0 BBL Corrosion Lea (25) No No
nAPP2300550705 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 12/25/22 Crude Oil 2 0 2 BBL Freeze Lea (25) No No
nAPP2300550705 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 12/25/22 Produced Water 10 0 10 BBL Freeze Lea (25) No No
nAPP2300652445 Earthstone Operating, LLC Major Oil Release 12/25/22 Crude Oil 100 70 30 BBL Equipment Failure Lea (25) No No
nAPP2300442748 XTO ENERGY, INC Minor Produced Water Release 12/25/22 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nAPP2300652445 Earthstone Operating, LLC Major Oil Release 12/25/22 Produced Water 30 10 20 BBL Equipment Failure Lea (25) No No
nAPP2300453446 CENTENNIAL RESOURCE PRODUCTION, LLC Major Oil Release 12/25/22 Crude Oil 27 22 5 BBL Freeze Lea (25) No No
nAPP2300450334 CHEVRON U S A INC Minor Oil Release 12/25/22 Crude Oil 11 0 11 BBL Equipment Failure Eddy (15) No No
nAPP2300450334 CHEVRON U S A INC Minor Oil Release 12/25/22 Produced Water 11 0 11 BBL Equipment Failure Eddy (15) No No
nAPP2236334835 CENTENNIAL RESOURCE PRODUCTION, LLC Major Oil Release 12/25/22 Crude Oil 27 22 5 BBL Freeze Lea (25) No No
nAPP2300550368 CROSS TIMBERS ENERGY, LLC Minor Oil Release 12/25/22 Crude Oil 5 4 1 BBL Freeze Lea (25) No No
nAPP2300550368 CROSS TIMBERS ENERGY, LLC Minor Oil Release 12/25/22 Produced Water 5 4 1 BBL Freeze Lea (25) No No
nAPP2235917969 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/24/22 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2236339688 OXY USA INC Minor Produced Water Release 12/24/22 Produced Water 10 0 10 BBL Freeze Lea (25) No No
nAPP2300549844 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 12/24/22 Crude Oil 1 0 1 BBL Freeze Lea (25) No No
nAPP2300549844 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 12/24/22 Produced Water 4 0 4 BBL Freeze Lea (25) No No
nAPP2236340573 OXY USA INC Minor Produced Water Release 12/24/22 Crude Oil 5 0 5 BBL Freeze Lea (25) No No
nAPP2300551652 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 12/24/22 Crude Oil 4 3 1 BBL Freeze Lea (25) No No
nAPP2236340573 OXY USA INC Minor Produced Water Release 12/24/22 Produced Water 10 0 10 BBL Freeze Lea (25) No No
nAPP2300551652 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 12/24/22 Produced Water 10 7 3 BBL Freeze Lea (25) No No
nAPP2300343666 MARATHON OIL PERMIAN LLC Minor Release Other 12/23/22 Condensate 8 8 0 BBL Other Lea (25) No No
nAPP2301228975 COG OPERATING LLC Major Produced Water Release 12/23/22 Produced Water 540 540 0 BBL Freeze Lea (25) No No
nAPP2300658682 Earthstone Operating, LLC Minor Oil Release 12/23/22 Crude Oil 20 0 20 BBL Freeze Eddy (15) No No
nAPP2300441385 XTO ENERGY, INC Major Fire 12/23/22 Condensate 0 0 0 BBL Freeze Eddy (15) No No
nAPP2236034089 Civitas Permian Operating, LLC Major Release Other 12/23/22 Condensate 124 0 124 BBL Equipment Failure Lea (25) No No
nAPP2235754003 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 12/23/22 Crude Oil 50 50 0 BBL Freeze Lea (25) No No
nAPP2300550897 ENDURING RESOURCES, LLC Major Release Other 12/23/22 Crude Oil 20 20 0 BBL Equipment Failure San Juan (45) No No
nAPP2300550897 ENDURING RESOURCES, LLC Major Release Other 12/23/22 Produced Water 175 175 0 BBL Equipment Failure San Juan (45) No No
nAPP2235658335 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/22/22 Produced Water 36 36 0 BBL Equipment Failure Eddy (15) No No
nAPP2236235169 Spur Energy Partners LLC Minor Release Other 12/22/22 Crude Oil 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2235723421 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/22/22 Produced Water 31 28 3 BBL Equipment Failure Lea (25) No No
nAPP2236235169 Spur Energy Partners LLC Minor Release Other 12/22/22 Produced Water 8 7 1 BBL Equipment Failure Eddy (15) No No
nAPP2300343390 XTO ENERGY, INC Minor Oil Release 12/22/22 Crude Oil 20 0 20 BBL Freeze Eddy (15) No No
nAPP2235779084 BTA OIL PRODUCERS, LLC Major Produced Water Release 12/22/22 Produced Water 75 65 10 BBL Corrosion Eddy (15) No No
nAPP2235742302 Whiptail Midstream LLC Major Produced Water Release 12/22/22 Produced Water 35 34 1 BBL Other San Juan (45) No No
nAPP2300554747 HILCORP ENERGY COMPANY Major Oil Release 12/21/22 Produced Water 9 0 9 BBL Corrosion Rio Arriba (39) No No
nAPP2300554747 HILCORP ENERGY COMPANY Major Oil Release 12/21/22 Condensate 91 0 91 BBL Corrosion Rio Arriba (39) No No
nAPP2235736440 NOVO OIL & GAS NORTHERN DELAWARE, LLC Minor Release Other 12/21/22 Crude Oil 4 4 0 BBL Equipment Failure Eddy (15) No No
nAPP2236160739 OXY USA INC Minor Produced Water Release 12/21/22 Crude Oil 6 6 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2235630779 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/21/22 Produced Water 220 220 0 BBL Equipment Failure Eddy (15) No No
nAPP2235736440 NOVO OIL & GAS NORTHERN DELAWARE, LLC Minor Release Other 12/21/22 Produced Water 16 16 0 BBL Equipment Failure Eddy (15) No No
nAPP2236160739 OXY USA INC Minor Produced Water Release 12/21/22 Produced Water 6 4 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2235636397 Spur Energy Partners LLC Major Release Other 12/21/22 Crude Oil 72 71 1 BBL Corrosion Eddy (15) No No
nAPP2235636397 Spur Energy Partners LLC Major Release Other 12/21/22 Produced Water 71 71 0 BBL Corrosion Eddy (15) No No
nAPP2235558643 BTA OIL PRODUCERS, LLC Major Produced Water Release 12/20/22 Produced Water 114 55 59 BBL Fire Lea (25) No No
nAPP2300333064 APACHE CORPORATION Major Oil Release 12/20/22 Crude Oil 25 25 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2300333064 APACHE CORPORATION Major Oil Release 12/20/22 Produced Water 25 25 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2235646436 XTO ENERGY, INC Minor Produced Water Release 12/20/22 Produced Water 9 0 9 BBL Human Error Eddy (15) No No
nAPP2235631785 OXY USA INC Minor Produced Water Release 12/19/22 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No
nAPP2235436061 APACHE CORPORATION Minor Produced Water Release 12/19/22 Crude Oil 5 4 1 BBL Freeze Lea (25) No No
nAPP2235436061 APACHE CORPORATION Minor Produced Water Release 12/19/22 Produced Water 14 10 4 BBL Freeze Lea (25) No No
nAPP2236129464 COG OPERATING LLC Minor Release Other 12/18/22 Other (Specify) 21 17 4 BBL Equipment Failure Eddy (15) No No
nAPP2236449532 Earthstone Operating, LLC Minor Release Other 12/17/22 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nAPP2236449532 Earthstone Operating, LLC Minor Release Other 12/17/22 Produced Water 17 16 1 BBL Equipment Failure Lea (25) No No
nAPP2235163169 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/17/22 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2235163169 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/17/22 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2236358312 Permian Resources Operating, LLC Minor Produced Water Release 12/17/22 Produced Water 10 7 3 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2235638568 XTO ENERGY, INC Minor Oil Release 12/17/22 Crude Oil 21 0 21 BBL Equipment Failure Eddy (15) No No
nAPP2236429003 MEWBOURNE OIL CO Major Fire 12/17/22 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2236251070 Avant Operating, LLC Minor Produced Water Release 12/16/22 Produced Water 20 0 20 BBL Normal Operations Lea (25) No No
nAPP2235437856 COG OPERATING LLC Minor Produced Water Release 12/16/22 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2235437148 COG OPERATING LLC Minor Release Other 12/16/22 Other (Specify) 14 0 14 BBL Equipment Failure Eddy (15) No No
nAPP2236337962 COG OPERATING LLC Minor Produced Water Release 12/16/22 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2235342254 Spur Energy Partners LLC Minor Other 12/16/22 Crude Oil 6 5 1 BBL Corrosion Eddy (15) No No
nAPP2235342254 Spur Energy Partners LLC Minor Other 12/16/22 Produced Water 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2235329560 Enterprise Field Services, LLC Minor Natural Gas Release 12/16/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2235047407 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/16/22 Produced Water 18 7 11 BBL Equipment Failure Lea (25) No No
nAPP2235054891 Flat Creek Resources, LLC Major Produced Water Release 12/15/22 Produced Water 344 240 104 BBL Equipment Failure Eddy (15) No No
nAPP2235358408 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 12/15/22 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2234939378 EOG RESOURCES INC Major Produced Water Release 12/15/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2235358408 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 12/15/22 Crude Oil 13 13 0 BBL Equipment Failure Eddy (15) No No
nAPP2235028505 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 12/15/22 Produced Water 13 0 13 BBL Other Lea (25) No No
nAPP2235028505 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 12/15/22 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAPP2235642838 XTO ENERGY, INC Major Fire 12/15/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2235337608 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 12/15/22 Produced Water 10 0 10 BBL Vandalism Lea (25) No No
nAPP2236031213 MEWBOURNE OIL CO Major Produced Water Release 12/15/22 Produced Water 287 130 157 BBL Equipment Failure Eddy (15) No No
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nAPP2234938641 EOG RESOURCES INC Major Produced Water Release 12/15/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2236140625 COG OPERATING LLC Minor Produced Water Release 12/14/22 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2236030437 MEWBOURNE OIL CO Major Produced Water Release 12/13/22 Produced Water 48 40 8 BBL Equipment Failure Lea (25) No No
nAPP2235068529 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Other 12/13/22 Crude Oil 352 295 57 BBL Other Eddy (15) No No
nAPP2235068529 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Other 12/13/22 Produced Water 1078 1020 58 BBL Other Eddy (15) No No
nAPP2235377174 Maverick Permian LLC Minor Produced Water Release 12/13/22 Produced Water 22 5 17 BBL Corrosion Lea (25) No No
nAPP2234746945 Harvest Four Corners, LLC Major Oil Release 12/12/22 Condensate 0 0 0 BBL Fire Rio Arriba (39) No No
nAPP2234734667 Spur Energy Partners LLC Major Produced Water Release 12/12/22 Produced Water 45 3 42 BBL High Line Pressure Lea (25) No No
nAPP2234945264 3 Bear Energy-Cottonwood, LLC Produced Water Release 12/12/22 Produced Water 3 2 1 BBL Equipment Failure Lea (25) No No
nAPP2235350956 EOG RESOURCES INC Major Produced Water Release 12/11/22 Produced Water 85 75 10 BBL Human Error Lea (25) No No
nAPP2234944718 DKL Energy - Cottonwood, LLC Produced Water Release 12/11/22 Produced Water 3 2 1 BBL Corrosion Eddy (15) No No
nAPP2234640296 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/11/22 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2234658668 Permian Resources Operating, LLC Major Produced Water Release 12/11/22 Produced Water 48 30 18 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2234549727 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 12/11/22 Crude Oil 98 90 8 BBL Equipment Failure Eddy (15) No No
nAPP2234532856 CIMAREX ENERGY CO. Major Oil Release 12/10/22 Crude Oil 601 349 252 BBL Equipment Failure Lea (25) No No
nAPP2234532856 CIMAREX ENERGY CO. Major Oil Release 12/10/22 Produced Water 32 19 13 BBL Equipment Failure Lea (25) No No
nAPP2234725189 FORTY ACRES ENERGY, LLC Major Oil Release 12/9/22 Crude Oil 32 30 2 BBL Equipment Failure Lea (25) No No
nAPP2234733155 FASKEN OIL & RANCH LTD Minor Oil Release 12/9/22 Crude Oil 13 12 1 BBL Equipment Failure Lea (25) No No
nAPP2234634359 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 12/9/22 Produced Water 25 20 5 BBL Equipment Failure Lea (25) No No
nAPP2234658509 TEAM OPERATING, L.L.C. Major Produced Water Release 12/9/22 Produced Water 364 350 14 BBL Equipment Failure Lea (25) No No
nAPP2301141577 OXY USA INC Major Produced Water Release 12/7/22 Produced Water 125 120 5 BBL Equipment Failure Eddy (15) No No
nAPP2234728789 PREMIER OIL & GAS INC Major Produced Water Release 12/7/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2234728789 PREMIER OIL & GAS INC Major Produced Water Release 12/7/22 Produced Water 60 0 60 BBL Equipment Failure Eddy (15) No No
nAPP2234143414 KAISER-FRANCIS OIL CO Major Fire 12/7/22 Crude Oil 10 0 10 BBL Fire Lea (25) No No
nAPP2234143414 KAISER-FRANCIS OIL CO Major Fire 12/7/22 Produced Water 20 0 20 BBL Fire Lea (25) No No
nAPP2234052806 MARATHON OIL PERMIAN LLC Major Produced Water Release 12/6/22 Produced Water 124 124 0 BBL Corrosion Eddy (15) No No
nAPP2234045568 MARATHON OIL PERMIAN LLC Minor Produced Water Release 12/6/22 Produced Water 11 11 0 BBL Corrosion Eddy (15) No No
nAPP2235376218 Maverick Permian LLC Major Produced Water Release 12/6/22 Produced Water 93 60 33 BBL Corrosion Lea (25) No No
nAPP2236141484 COG OPERATING LLC Major Produced Water Release 12/6/22 Produced Water 29 29 0 BBL Equipment Failure Lea (25) No No
nAPP2234143030 MATADOR PRODUCTION COMPANY Minor Produced Water Release 12/6/22 Produced Water 10 6 4 BBL Normal Operations Eddy (15) No No
nAPP2234144689 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 12/6/22 Produced Water 80 70 10 BBL Human Error Eddy (15) No No
nAPP2234029508 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 12/5/22 Produced Water 80 20 60 BBL Equipment Failure Lea (25) No No
nAPP2235452716 MEWBOURNE OIL CO Major Release Other 12/5/22 Crude Oil 27 0 27 BBL Equipment Failure Eddy (15) No No
nAPP2234043341 OXY USA INC Major Produced Water Release 12/5/22 Produced Water 200 200 0 BBL Equipment Failure Eddy (15) No No
nAPP2235452716 MEWBOURNE OIL CO Major Release Other 12/5/22 Produced Water 27 0 27 BBL Equipment Failure Eddy (15) No No
nAPP2234037824 EOG RESOURCES INC Major Release Other 12/5/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2234736505 COG OPERATING LLC Produced Water Release 12/5/22 Produced Water 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2234037824 EOG RESOURCES INC Major Release Other 12/5/22 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2234737098 COG OPERATING LLC Oil Release 12/5/22 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2233957598 EOG RESOURCES INC Major Release Other 12/5/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2233957598 EOG RESOURCES INC Major Release Other 12/5/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2233949873 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/5/22 Produced Water 29 0 29 BBL Equipment Failure Lea (25) No No
nAPP2233842937 Targa Northern Delaware, LLC. Major Other 12/4/22 Condensate 730 710 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2233940190 BC & D OPERATING INC. Major Produced Water Release 12/4/22 Produced Water 30 0 30 BBL Vehicular Accident Lea (25) No No
nAPP2235375291 Maverick Permian LLC Major Other 12/3/22 Crude Oil 118 110 8 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2235375291 Maverick Permian LLC Major Other 12/3/22 Produced Water 236 90 146 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2235044514 XTO ENERGY, INC Minor Produced Water Release 12/3/22 Produced Water 24 24 0 BBL Corrosion Eddy (15) No No
nAPP2234636400 COG OPERATING LLC Produced Water Release 12/2/22 Produced Water 2 0 2 BBL Corrosion Lea (25) No No
nAPP2234956510 MEWBOURNE OIL CO Major Produced Water Release 12/2/22 Produced Water 240 250 -10 BBL Equipment Failure Lea (25) No No
nAPP2234836277 APACHE CORPORATION Major Produced Water Release 12/2/22 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2234836277 APACHE CORPORATION Major Produced Water Release 12/2/22 Produced Water 74 0 74 BBL Corrosion Lea (25) No No
nAPP2235373931 Maverick Permian LLC Minor Other 12/2/22 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2235373931 Maverick Permian LLC Minor Other 12/2/22 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nAPP2235037964 EOG RESOURCES INC Major Oil Release 12/2/22 Condensate 84 0 84 BBL Human Error Lea (25) No No
nAPP2233950650 OXY USA INC Major Produced Water Release 12/1/22 Crude Oil 22 18 4 BBL Equipment Failure Eddy (15) No No
nAPP2233950650 OXY USA INC Major Produced Water Release 12/1/22 Produced Water 470 410 60 BBL Equipment Failure Eddy (15) No No
nAPP2233936203 DUGAN PRODUCTION CORP Minor Produced Water Release 12/1/22 Produced Water 15 0 15 BBL Freeze San Juan (45) No No
nAPP2235372941 Maverick Permian LLC Minor Oil Release 11/30/22 Crude Oil 7 0 7 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2233951574 XTO ENERGY, INC Major Oil Release 11/30/22 Crude Oil 300 294 6 BBL Equipment Failure Eddy (15) No No
nAPP2235036890 SIMCOE LLC Minor Produced Water Release 11/30/22 Produced Water 13 0 13 BBL Other San Juan (45) No No
nAPP2233445626 Enterprise Field Services, LLC Minor Release Other 11/30/22 Chemical (Specify) 8 4 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2233946889 COG OPERATING LLC Major Oil Release 11/30/22 Crude Oil 2 0 2 BBL High Line Pressure Lea (25) No No
nAPP2234832761 XTO ENERGY, INC Minor Produced Water Release 11/30/22 Produced Water 7 4 3 BBL Equipment Failure Eddy (15) No No
nAPP2233531466 EPIC ENERGY, L.L.C. Major Oil Release 11/30/22 Crude Oil 50 40 10 BBL Freeze San Juan (45) No No
nAPP2235371799 Maverick Permian LLC Other 11/30/22 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2233531466 EPIC ENERGY, L.L.C. Major Oil Release 11/30/22 Produced Water 3 2 1 BBL Freeze San Juan (45) No No
nAPP2235371799 Maverick Permian LLC Other 11/30/22 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nAPP2234158858 Maverick Permian LLC Minor Other 11/30/22 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2234158858 Maverick Permian LLC Minor Other 11/30/22 Produced Water 18 0 18 BBL Corrosion Lea (25) No No
nAPP2234031246 WPX Energy Permian, LLC Minor Produced Water Release 11/30/22 Produced Water 16 16 0 BBL Human Error Eddy (15) No No
nAPP2233440335 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 11/29/22 Condensate 22 0 22 BBL Corrosion Lea (25) No No
nAPP2233426987 Harvest Four Corners, LLC Major Release Other 11/29/22 Condensate 45 0 45 BBL Corrosion Rio Arriba (39) No No
nAPP2233245515 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/28/22 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nAPP2233245515 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/28/22 Produced Water 273 170 103 BBL Equipment Failure Lea (25) No No
nAPP2234073696 OXY USA INC Major Oil Release 11/28/22 Crude Oil 60 55 5 BBL Equipment Failure Eddy (15) No No
nAPP2234630749 COG OPERATING LLC Oil Release 11/27/22 Crude Oil 4 0 4 BBL Corrosion Eddy (15) No No
nAPP2233136946 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/27/22 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2233441918 Civitas Permian Operating, LLC Major Other 11/26/22 Condensate 243 0 243 BBL Power Failure Lea (25) No No
nAPP2233229843 NNOGC EXPLORATION AND PRODUCTION, LLC Major Produced Water Release 11/26/22 Produced Water 116 116 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2233243493 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/26/22 Crude Oil 70 70 0 BBL Equipment Failure Lea (25) No No
nAPP2233243493 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/26/22 Produced Water 180 180 0 BBL Equipment Failure Lea (25) No No
nAPP2233326239 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 11/26/22 Condensate 11 0 11 BBL Corrosion Lea (25) No No
nAPP2232955889 MARATHON OIL PERMIAN LLC Major Oil Release 11/25/22 Crude Oil 182 182 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2232980823 BTA OIL PRODUCERS, LLC Major Produced Water Release 11/24/22 Produced Water 300 15 285 BBL Equipment Failure Lea (25) No No
nAPP2234635594 COG OPERATING LLC Major Oil Release 11/23/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2233652589 Earthstone Operating, LLC Minor Release Other 11/23/22 Crude Oil 8 7 1 BBL Vandalism Lea (25) No No
nAPP2233652589 Earthstone Operating, LLC Minor Release Other 11/23/22 Produced Water 15 13 2 BBL Vandalism Lea (25) No No
nAPP2233950022 XTO ENERGY, INC Minor Produced Water Release 11/22/22 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2234659605 FAIR OIL LTD Major Oil Release 11/22/22 Crude Oil 35 0 35 BBL Equipment Failure Eddy (15) No No
nAPP2233950022 XTO ENERGY, INC Minor Produced Water Release 11/22/22 Produced Water 17 2 15 BBL Equipment Failure Eddy (15) No No
nAPP2234659605 FAIR OIL LTD Major Oil Release 11/22/22 Produced Water 80 60 20 BBL Equipment Failure Eddy (15) No No
nAPP2234034728 CHEVRON U S A INC Minor Produced Water Release 11/22/22 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2232679528 Spur Energy Partners LLC Major Oil Release 11/22/22 Crude Oil 27 25 2 BBL Corrosion Eddy (15) No No
nAPP2234164180 MEWBOURNE OIL CO Major Release Other 11/22/22 Crude Oil 38 30 8 BBL Equipment Failure Eddy (15) No No
nAPP2316539496 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 11/22/22 Produced Water 40 0 40 BBL Equipment Failure Lea (25) No No
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nAPP2234164180 MEWBOURNE OIL CO Major Release Other 11/22/22 Produced Water 38 30 8 BBL Equipment Failure Eddy (15) No No
nAPP2232827658 CIMAREX ENERGY CO. Major Produced Water Release 11/22/22 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2234053441 Permian Resources Operating, LLC Minor Produced Water Release 11/21/22 Produced Water 10 3 7 BBL Equipment Failure Lea (25) No No
nAPP2232650778 OXY USA INC Major Oil Release 11/21/22 Crude Oil 6 0 6 BBL Blow Out Lea (25) No No
nAPP2232650778 OXY USA INC Major Oil Release 11/21/22 Produced Water 1 0 1 BBL Blow Out Lea (25) No No
nAPP2232633250 Civitas Permian Operating, LLC Major Produced Water Release 11/21/22 Produced Water 612 0 612 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2233951077 CONOCOPHILLIPS COMPANY Minor Produced Water Release 11/21/22 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2232557359 LH Operating, LLC Major Produced Water Release 11/20/22 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nAPP2233645942 XTO ENERGY, INC Major Produced Water Release 11/20/22 Produced Water 110 110 0 BBL Corrosion Eddy (15) No No
nAPP2232557359 LH Operating, LLC Major Produced Water Release 11/20/22 Produced Water 35 22 13 BBL Equipment Failure Eddy (15) No No
nAPP2233947938 Maverick Permian LLC Minor Oil Release 11/20/22 Crude Oil 15 10 5 BBL Equipment Failure Lea (25) No No
nAPP2233351770 XTO ENERGY, INC Minor Produced Water Release 11/20/22 Produced Water 10 8 2 BBL Corrosion Eddy (15) No No
nAPP2233946698 Maverick Permian LLC Minor Other 11/20/22 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nAPP2233262667 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 11/20/22 Condensate 10 0 10 BBL Other Lea (25) No No
nAPP2233946698 Maverick Permian LLC Minor Other 11/20/22 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAPP2306128457 COG OPERATING LLC Minor Produced Water Release 11/19/22 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2233226355 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 11/19/22 Condensate 20 7 13 BBL Equipment Failure Eddy (15) No No
nAPP2233351431 WPX Energy Permian, LLC Minor Produced Water Release 11/18/22 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2233239048 COG OPERATING LLC Major Release Other 11/18/22 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2233239048 COG OPERATING LLC Major Release Other 11/18/22 Produced Water 41 0 41 BBL Corrosion Lea (25) No No
nAPP2233339274 WPX Energy Permian, LLC Major Produced Water Release 11/17/22 Crude Oil 100 0 100 BBL Equipment Failure Eddy (15) No No
nAPP2233339274 WPX Energy Permian, LLC Major Produced Water Release 11/17/22 Produced Water 4425 0 4425 BBL Equipment Failure Eddy (15) No No
nAPP2232225056 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/17/22 Produced Water 11 0 11 BBL Equipment Failure Eddy (15) No No
nAPP2233349315 XTO ENERGY, INC Major Fire 11/16/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2232045496 Enterprise Field Services, LLC Minor Natural Gas Release 11/16/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2232043824 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/16/22 Crude Oil 7 5 2 BBL Equipment Failure Lea (25) No No
nAPP2232057099 Spur Energy Partners LLC Major Produced Water Release 11/16/22 Produced Water 1200 1150 50 BBL Equipment Failure Eddy (15) No No
nAPP2232125330 MATADOR PRODUCTION COMPANY Minor Oil Release 11/16/22 Crude Oil 19 15 4 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2233359733 MEWBOURNE OIL CO Major Produced Water Release 11/15/22 Produced Water 177 0 177 BBL Equipment Failure Eddy (15) No No
nAPP2233451639 NAVAJO REFINING COMPANY, L.L.C. Minor Release Other 11/15/22 Other (Specify) 6 0 6 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2233339417 XTO ENERGY, INC Major Fire 11/15/22 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nAPP2232025163 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/15/22 Produced Water 89 89 0 BBL Equipment Failure Eddy (15) No No
nAPP2231924026 RAYBAW Operating, LLC Major Release Other 11/14/22 Crude Oil 91 78 13 BBL Other Eddy (15) No No
nAPP2231924026 RAYBAW Operating, LLC Major Release Other 11/14/22 Produced Water 213 192 21 BBL Other Eddy (15) No No
nAPP2232043831 WPX Energy Permian, LLC Major Produced Water Release 11/14/22 Produced Water 32 31 1 BBL Equipment Failure Eddy (15) No No
nAPP2231923999 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/14/22 Crude Oil 9 8 1 BBL Equipment Failure Lea (25) No No
nAPP2231923999 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/14/22 Produced Water 9 7 2 BBL Equipment Failure Lea (25) No No
nAPP2231844500 Spur Energy Partners LLC Major Produced Water Release 11/14/22 Produced Water 63 40 23 BBL Corrosion Eddy (15) No No
nAPP2427363629 BXP Operating, LLC Major Produced Water Release 11/14/22 Produced Water 107 0 107 BBL Corrosion Lea (25) No No
nAPP2308945772 OXY USA INC Minor Release Other 11/13/22 Other (Specify) 15 10 5 BBL Human Error Lea (25) No No
nAPP2231834930 COLGATE OPERATING, LLC Major Produced Water Release 11/12/22 Produced Water 200 60 140 BBL Equipment Failure Eddy (15) No No
nAPP2231648351 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/12/22 Produced Water 55 55 0 BBL Equipment Failure Lea (25) No No
nAPP2231658827 TAP ROCK OPERATING, LLC Major Release Other 11/12/22 Condensate 32 0 32 BBL Freeze Lea (25) No No
nAPP2231932450 Spur Energy Partners LLC Minor Produced Water Release 11/11/22 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No

nAPP2232635485 EOG RESOURCES INC Minor Other 11/11/22 Other (Specify) 6 0 6 BBL
Pipeline Quality 
Specifications Eddy (15) No No

nAPP2231558297 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/11/22 Produced Water 33 30 3 BBL Equipment Failure Lea (25) No No
nAPP2231557230 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/11/22 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2233236609 COG OPERATING LLC Oil Release 11/11/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2231952023 OXY USA INC Major Fire 11/11/22 Crude Oil 1613 0 1613 BBL Fire Eddy (15) No No
nAPP2231952023 OXY USA INC Major Fire 11/11/22 Produced Water 114 100 14 BBL Fire Eddy (15) No No
nAPP2307235324 CAZA OPERATING, LLC Minor Produced Water Release 11/10/22 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAPP2232537823 XTO ENERGY, INC Minor Produced Water Release 11/10/22 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2232537823 XTO ENERGY, INC Minor Produced Water Release 11/10/22 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nAPP2427366734 BXP Operating, LLC Minor Produced Water Release 11/10/22 Produced Water 14 0 14 BBL Corrosion Lea (25) No No
nAPP2231476257 BTA OIL PRODUCERS, LLC Major Oil Release 11/10/22 Crude Oil 218 100 118 BBL Corrosion Lea (25) No No
nAPP2231850149 WPX Energy Permian, LLC Minor Produced Water Release 11/10/22 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2427350106 BXP Operating, LLC Major Produced Water Release 11/10/22 Produced Water 191 0 191 BBL Corrosion Lea (25) No No
nAPP2232251876 XTO ENERGY, INC Minor Produced Water Release 11/9/22 Produced Water 20 2 18 BBL Corrosion Eddy (15) No No
nAPP2232250506 XTO ENERGY, INC Major Produced Water Release 11/9/22 Produced Water 39 30 9 BBL Equipment Failure Eddy (15) No No
nAPP2231359751 MATADOR PRODUCTION COMPANY Major Produced Water Release 11/9/22 Produced Water 46 46 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2231370856 MATADOR PRODUCTION COMPANY Major Produced Water Release 11/9/22 Produced Water 137 40 97 BBL Other Eddy (15) No No
nAPP2232132392 Earthstone Operating, LLC Minor Produced Water Release 11/9/22 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2231350425 Permian Resources Operating, LLC Major Produced Water Release 11/9/22 Produced Water 100 0 100 BBL Equipment Failure Lea (25) No No
nAPP2231954757 Maverick Permian LLC Minor Produced Water Release 11/9/22 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2231954757 Maverick Permian LLC Minor Produced Water Release 11/9/22 Produced Water 7 0 7 BBL Corrosion Lea (25) No No
nAPP2231250350 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 11/8/22 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2231843027 MEWBOURNE OIL CO Minor Produced Water Release 11/8/22 Produced Water 10 2 8 BBL Corrosion Eddy (15) No No
nAPP2231458632 OXY USA INC Major Produced Water Release 11/7/22 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAPP2231158832 Targa Northern Delaware, LLC. Major Release Other 11/7/22 Other (Specify) 50 49 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2231848433 COG OPERATING LLC Minor Produced Water Release 11/7/22 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2231458632 OXY USA INC Major Produced Water Release 11/7/22 Produced Water 150 90 60 BBL Equipment Failure Eddy (15) No No
nAPP2232629340 CONOCOPHILLIPS COMPANY Minor Produced Water Release 11/7/22 Produced Water 7 0 7 BBL Corrosion Lea (25) No No
nAPP2231149319 EOG RESOURCES INC Major Other 11/7/22 Drilling Mud/Fluid 0 0 0 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nAPP2427437224 BXP Operating, LLC Major Produced Water Release 11/7/22 Produced Water 71 0 71 BBL Corrosion Lea (25) No No
nAPP2231242659 WPX Energy Permian, LLC Major Oil Release 11/6/22 Crude Oil 9 6 3 BBL Equipment Failure Eddy (15) No No
nAPP2231242659 WPX Energy Permian, LLC Major Oil Release 11/6/22 Produced Water 22 6 16 BBL Equipment Failure Eddy (15) No No
nAPP2231438880 OXY USA INC Major Produced Water Release 11/6/22 Produced Water 350 188 162 BBL Equipment Failure Lea (25) No No
nAPP2231130402 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 11/6/22 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2230965621 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/5/22 Produced Water 74 73 1 BBL Equipment Failure Lea (25) No No
nAPP2231946665 Maverick Permian LLC Other 11/5/22 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2232543938 EOG RESOURCES INC Major Oil Release 11/5/22 Crude Oil 45 40 5 BBL Equipment Failure Lea (25) No No
nAPP2231946665 Maverick Permian LLC Other 11/5/22 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nAPP2232138798 Earthstone Operating, LLC Minor Oil Release 11/5/22 Crude Oil 22 0 22 BBL Other Lea (25) No No
nAPP2230964903 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/4/22 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2230964903 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/4/22 Produced Water 25 25 0 BBL Equipment Failure Eddy (15) No No
nAPP2230983706 BTA OIL PRODUCERS, LLC Major Produced Water Release 11/4/22 Produced Water 988 972 16 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2231544488 Maverick Permian LLC Oil Release 11/3/22 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2231459478 OXY USA INC Major Oil Release 11/3/22 Crude Oil 60 40 20 BBL Equipment Failure Lea (25) No No
nAPP2230656230 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/2/22 Produced Water 303 292 11 BBL Equipment Failure Lea (25) No No
nAPP2230731453 Spur Energy Partners LLC Major Oil Release 11/2/22 Crude Oil 166 145 21 BBL Corrosion Eddy (15) No No
nAPP2232130962 COG OPERATING LLC Major Produced Water Release 11/2/22 Produced Water 36 0 36 BBL Blow Out Eddy (15) No No
nAPP2230630561 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/1/22 Produced Water 52 52 0 BBL Repair and Maintenance Lea (25) No No
nAPP2231139799 COG OPERATING LLC Other 11/1/22 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAPP2231139799 COG OPERATING LLC Other 11/1/22 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2231338400 ETC Texas Pipeline, Ltd. Major Natural Gas Release 11/1/22 Other (Specify) 0 0 0 Lea (25) No No
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nAPP2231537638 COG OPERATING LLC Minor Produced Water Release 11/1/22 Produced Water 13 0 13 BBL Corrosion Eddy (15) No No
nAPP2230454572 MATADOR PRODUCTION COMPANY Major Produced Water Release 10/31/22 Produced Water 92 80 12 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2230460513 Silverback Operating II, LLC Major Produced Water Release 10/31/22 Produced Water 0 150 0 BBL Normal Operations Eddy (15) No No
nAPP2231335331 ETC Texas Pipeline, Ltd. Major Natural Gas Release 10/31/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2231542675 Harvest Four Corners, LLC Minor Release Other 10/30/22 Other (Specify) 20 0 20 BBL Equipment Failure San Juan (45) No No
nAPP2230640215 Silverback Operating II, LLC Major Produced Water Release 10/30/22 Produced Water 5 5 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2231335938 Spur Energy Partners LLC Minor Release Other 10/30/22 Crude Oil 11 11 0 BBL Equipment Failure Eddy (15) No No
nAPP2231335938 Spur Energy Partners LLC Minor Release Other 10/30/22 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2231551182 XTO ENERGY, INC Major Produced Water Release 10/30/22 Produced Water 32 30 2 BBL Corrosion Eddy (15) No No
nAPP2230425901 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/30/22 Crude Oil 6 4 2 BBL Equipment Failure Eddy (15) No No
nAPP2231848987 COG OPERATING LLC Major Produced Water Release 10/30/22 Produced Water 32 32 0 BBL Corrosion Eddy (15) No No
nAPP2230440633 TEAM OPERATING, L.L.C. Major Produced Water Release 10/30/22 Produced Water 707 240 467 BBL Equipment Failure Lea (25) No No
nAPP2231554934 CONOCOPHILLIPS COMPANY Major Produced Water Release 10/29/22 Produced Water 249 20 229 BBL Human Error Lea (25) No No
nAPP2231142903 COG OPERATING LLC Minor Release Other 10/29/22 Crude Oil 10 8 2 BBL Corrosion Lea (25) No No
nAPP2231142903 COG OPERATING LLC Minor Release Other 10/29/22 Produced Water 10 8 2 BBL Corrosion Lea (25) No No
nAPP2231148750 COG OPERATING LLC Produced Water Release 10/29/22 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2230437260 BTA OIL PRODUCERS, LLC Major Produced Water Release 10/28/22 Produced Water 105 100 5 BBL Equipment Failure Eddy (15) No No
nAPP2230831509 XTO ENERGY, INC Minor Oil Release 10/28/22 Crude Oil 7 7 0 BBL Human Error Eddy (15) No No
nAPP2230057252 FORTY ACRES ENERGY, LLC Major Oil Release 10/27/22 Crude Oil 100 70 30 BBL Equipment Failure Lea (25) No No
nAPP2231535960 COG OPERATING LLC Minor Produced Water Release 10/27/22 Produced Water 22 22 0 BBL Corrosion Eddy (15) No No
nAPP2231448981 Maverick Permian LLC Minor Produced Water Release 10/27/22 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2230627956 Enterprise Field Services, LLC Minor Natural Gas Release 10/27/22 Condensate 2 0 2 BBL Other Eddy (15) No No
nAPP2230148030 RIDGEWAY ARIZONA OIL CORP. Major Oil Release 10/27/22 Crude Oil 4 2 2 BBL Other Roosevelt (41) No No
nAPP2231448981 Maverick Permian LLC Minor Produced Water Release 10/27/22 Produced Water 9 1 8 BBL Corrosion Lea (25) No No
nAPP2230148030 RIDGEWAY ARIZONA OIL CORP. Major Oil Release 10/27/22 Produced Water 25 15 10 BBL Other Roosevelt (41) No No
nAPP2229934603 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/26/22 Produced Water 41 41 0 BBL Equipment Failure Lea (25) No No
nAPP2231361836 OXY USA INC Minor Produced Water Release 10/26/22 Produced Water 6 1 5 BBL Equipment Failure Harding (21) No No
nAPP2231428942 HF Sinclair Navajo Refining LLC Major Release Other 10/26/22 Diesel 0 180 -180 BBL Overflow - Tank, Pit, Etc. Eddy (15) No Yes
nAPP2231362043 MEWBOURNE OIL CO Major Produced Water Release 10/26/22 Produced Water 780 775 5 BBL Equipment Failure Eddy (15) No No
nAPP2231926701 COG OPERATING LLC Major Oil Release 10/26/22 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2230832832 XTO ENERGY, INC Minor Oil Release 10/26/22 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2230832832 XTO ENERGY, INC Minor Oil Release 10/26/22 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2230546063 Franklin Mountain Energy LLC Minor Release Other 10/26/22 Other (Specify) 16 10 6 BBL Human Error Lea (25) No No
nAPP2231359896 HF Sinclair Navajo Refining LLC Major Release Other 10/25/22 Diesel 60 60 0 BBL Equipment Failure Eddy (15) No Yes
nAPP2229929598 TAP ROCK OPERATING, LLC Major Produced Water Release 10/25/22 Produced Water 1045 1045 0 BBL Equipment Failure Eddy (15) No No
nAPP2230826747 XTO ENERGY, INC Minor Oil Release 10/25/22 Crude Oil 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2230752440 Maverick Permian LLC Minor Oil Release 10/25/22 Crude Oil 7 5 2 BBL Equipment Failure Lea (25) No No
nAPP2229945497 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 10/25/22 Crude Oil 50 0 50 BBL Human Error Lea (25) No No
nAPP2229945497 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 10/25/22 Condensate 0 0 0 BBL Human Error Lea (25) No No
nAPP2229945497 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 10/25/22 Produced Water 0 0 0 BBL Human Error Lea (25) No No
nAPP2229871535 SCM Operations, LLC Major Fire 10/25/22 Lube Oil 275 275 0 GAL Fire Eddy (15) No No
nAPP2232236458 MANZANO LLC Major Release Other 10/24/22 Crude Oil 18 0 18 BBL Corrosion Lea (25) No No
nAPP2232236458 MANZANO LLC Major Release Other 10/24/22 Produced Water 14 0 14 BBL Corrosion Lea (25) No No
nAPP2229832774 EPIC ENERGY, L.L.C. Major Fire 10/24/22 Other (Specify) 0 0 0 San Juan (45) No No
nAPP2229930971 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 10/24/22 Condensate 12 0 12 BBL Corrosion Lea (25) No No
nAPP2229845741 Spur Energy Partners LLC Major Oil Release 10/24/22 Crude Oil 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2229845741 Spur Energy Partners LLC Major Oil Release 10/24/22 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2308354642 MANZANO LLC Major Release Other 10/24/22 Crude Oil 18 0 18 BBL Corrosion Lea (25) No No
nAPP2308354642 MANZANO LLC Major Release Other 10/24/22 Produced Water 14 0 14 BBL Corrosion Lea (25) No No
nAPP2229759498 Sierra Madre Oil & Gas, LLC Major Oil Release 10/23/22 Crude Oil 236 75 161 BBL Vandalism Lea (25) No No
nAPP2230729294 COG OPERATING LLC Minor Produced Water Release 10/22/22 Produced Water 15 10 5 BBL Other Lea (25) No No
nAPP2230755507 XTO ENERGY, INC Major Produced Water Release 10/22/22 Produced Water 75 75 0 BBL Corrosion Eddy (15) No No
nAPP2229837104 Spur Energy Partners LLC Major Oil Release 10/22/22 Crude Oil 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2229837104 Spur Energy Partners LLC Major Oil Release 10/22/22 Condensate 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2229837104 Spur Energy Partners LLC Major Oil Release 10/22/22 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2229739197 Spur Energy Partners LLC Minor Oil Release 10/22/22 Crude Oil 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2229739197 Spur Energy Partners LLC Minor Oil Release 10/22/22 Produced Water 15 14 1 BBL Corrosion Eddy (15) No No
nAPP2229734031 BTA OIL PRODUCERS, LLC Minor Produced Water Release 10/21/22 Produced Water 21 12 9 BBL Equipment Failure Lea (25) No No
nAPP2231665655 KEY ENERGY SERVICES, LLC Other 10/21/22 Brine Water 1 1 0 BBL Equipment Failure Lea (25) No No
nAPP2230526211 CHEVRON U S A INC Major Produced Water Release 10/20/22 Produced Water 1091 1000 91 BBL Equipment Failure Lea (25) No No
nAPP2229363998 MATADOR PRODUCTION COMPANY Minor Produced Water Release 10/20/22 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2230551957 XTO ENERGY, INC Minor Produced Water Release 10/20/22 Produced Water 14 2 12 BBL Corrosion Eddy (15) No No
nAPP2229333053 MATADOR PRODUCTION COMPANY Major Other 10/20/22 Produced Water 0 0 0 BBL Vandalism Eddy (15) No No
nAPP2230032326 WPX Energy Permian, LLC Minor Oil Release 10/19/22 Crude Oil 13 10 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2230548752 XTO ENERGY, INC Minor Produced Water Release 10/19/22 Produced Water 7 7 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2231934031 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 10/18/22 Produced Water 150 50 100 BBL Human Error Lea (25) No No
nAPP2229947721 Maverick Permian LLC Other 10/18/22 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2229947721 Maverick Permian LLC Other 10/18/22 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2230542080 COG OPERATING LLC Major Other 10/18/22 Produced Water 2250 0 2250 BBL Other Eddy (15) No No
nAPP2229253656 PLAINS MARKETING L.P. Minor Oil Release 10/18/22 Crude Oil 21 21 0 BBL Corrosion Lea (25) No No
nAPP2230739779 DKL Energy - Cottonwood, LLC Minor Produced Water Release 10/18/22 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nAPP2230542080 COG OPERATING LLC Major Other 10/18/22 Crude Oil 500 0 500 BBL Other Eddy (15) No No
nAPP2230442646 COG OPERATING LLC Produced Water Release 10/18/22 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nAPP2229147743 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/18/22 Produced Water 240 240 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2229757547 EOG RESOURCES INC Minor Oil Release 10/17/22 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2229125179 Enterprise Field Services, LLC Minor Natural Gas Release 10/17/22 Condensate 2 0 2 BBL Other Eddy (15) No No
nAPP2230034708 WPX Energy Permian, LLC Minor Produced Water Release 10/17/22 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nAPP2230536562 COG OPERATING LLC Major Oil Release 10/17/22 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2229054130 Artesia PTU LLC Minor Release Other 10/17/22 Other (Specify) 10 10 0 BBL Equipment Failure Eddy (15) No Yes
nAPP2229127298 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/17/22 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2229127298 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/17/22 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nAPP2229747498 EOG RESOURCES INC Minor Oil Release 10/16/22 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2229057488 ARMSTRONG ENERGY CORP Minor Produced Water Release 10/16/22 Produced Water 18 8 10 BBL Equipment Failure Lea (25) No No
nAPP2229333460 CHEVRON U S A INC Major Produced Water Release 10/16/22 Produced Water 30 27 3 BBL Equipment Failure Lea (25) No No
nAPP2228848285 MATADOR PRODUCTION COMPANY Minor Oil Release 10/15/22 Crude Oil 10 6 4 BBL Equipment Failure Lea (25) No No
nAPP2230026026 COG OPERATING LLC Major Produced Water Release 10/15/22 Produced Water 12 24 -12 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2229038558 WPX Energy Permian, LLC Major Produced Water Release 10/15/22 Crude Oil 18 0 18 BBL Fire Eddy (15) No No
nAPP2229038558 WPX Energy Permian, LLC Major Produced Water Release 10/15/22 Produced Water 439 0 439 BBL Fire Eddy (15) No No
nAPP2228953679 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 10/15/22 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2228953679 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 10/15/22 Produced Water 14 10 4 BBL Equipment Failure Eddy (15) No No
nAPP2229338426 Spur Energy Partners LLC Minor Produced Water Release 10/14/22 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAPP2229469315 Maverick Permian LLC Major Other 10/14/22 Crude Oil 39 21 18 BBL Corrosion Lea (25) No No
nAPP2230128101 DCP OPERATING COMPANY, LP Minor Natural Gas Release 10/14/22 Condensate 22 0 22 BBL Corrosion Eddy (15) No No
nAPP2229251344 ETC Texas Pipeline Ltd., Limited Partnership Major Natural Gas Release 10/14/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2229469315 Maverick Permian LLC Major Other 10/14/22 Produced Water 254 239 15 BBL Corrosion Lea (25) No No
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nAPP2228752318 MorningStar Operating LLC Major Produced Water Release 10/14/22 Produced Water 110 100 10 BBL Equipment Failure Lea (25) No No
nAPP2231259277 Spur Energy Partners LLC Minor Produced Water Release 10/14/22 Produced Water 15 10 5 BBL Corrosion Eddy (15) No No
nAPP2228734147 FORTY ACRES ENERGY, LLC Minor Produced Water Release 10/13/22 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nAPP2228654422 EOG RESOURCES INC Major Produced Water Release 10/13/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2229052016 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 10/13/22 Produced Water 35 35 0 BBL Corrosion Lea (25) No No
nAPP2228734147 FORTY ACRES ENERGY, LLC Minor Produced Water Release 10/13/22 Produced Water 17 10 7 BBL Equipment Failure Lea (25) No No
nAPP2228659547 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/13/22 Produced Water 4 2 2 BBL Equipment Failure Eddy (15) No No
nAPP2228659547 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/13/22 Crude Oil 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2236142226 COG OPERATING LLC Oil Release 10/13/22 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2229832296 APACHE CORPORATION Major Produced Water Release 10/12/22 Produced Water 0 0 0 BBL Corrosion Lea (25) No No

nAPP2229034224 SIMCOE LLC Minor Produced Water Release 10/11/22 Produced Water 7 0 7 BBL
Pipeline Quality 
Specifications Rio Arriba (39) No No

nAPP2229848274 APACHE CORPORATION Minor Produced Water Release 10/11/22 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nAPP2229848274 APACHE CORPORATION Minor Produced Water Release 10/11/22 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No
nAPP2228457571 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/11/22 Produced Water 53 50 3 BBL Equipment Failure Eddy (15) No No
nAPP2228430992 Enterprise Field Services, LLC Major Natural Gas Release 10/10/22 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2229444382 ETC Texas Pipeline, Ltd. Major Natural Gas Release 10/10/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2230754633 Maverick Permian LLC Minor Other 10/10/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2229860485 MEWBOURNE OIL CO Major Produced Water Release 10/10/22 Produced Water 185 0 185 BBL Equipment Failure Eddy (15) No No
nAPP2228348113 Enterprise Field Services, LLC Minor Natural Gas Release 10/10/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2230754633 Maverick Permian LLC Minor Other 10/10/22 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2228347524 Permian Resources Operating, LLC Major Oil Release 10/10/22 Crude Oil 80 75 5 BBL Equipment Failure Lea (25) No No
nAPP2228450506 Enterprise Field Services, LLC Minor Natural Gas Release 10/10/22 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2228549538 EOG RESOURCES INC Major Fire 10/9/22 Crude Oil 0 0 0 BBL Lightning Lea (25) No No
nAPP2228549538 EOG RESOURCES INC Major Fire 10/9/22 Produced Water 0 0 0 BBL Lightning Lea (25) No No
nAPP2233947666 SELECT ENERGY SERVICES, LLC Major Produced Water Release 10/9/22 Produced Water 330 402 -72 BBL Vandalism Eddy (15) No No
nAPP2301956199 OXY USA INC Minor Oil Release 10/9/22 Drilling Mud/Fluid 8 7 1 BBL Human Error Eddy (15) No No
nAPP2228550179 EOG RESOURCES INC Major Fire 10/9/22 Crude Oil 0 0 0 BBL Lightning Lea (25) No No
nAPP2228550179 EOG RESOURCES INC Major Fire 10/9/22 Produced Water 0 0 0 BBL Lightning Lea (25) No No
nAPP2228046778 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/7/22 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2228347919 BTA OIL PRODUCERS, LLC Minor Oil Release 10/7/22 Crude Oil 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2228347919 BTA OIL PRODUCERS, LLC Minor Oil Release 10/7/22 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nAPP2228028246 SEELY OIL CO Minor Produced Water Release 10/6/22 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2228036861 CIMAREX ENERGY CO. Major Oil Release 10/6/22 Crude Oil 188 60 128 BBL Human Error Lea (25) No No
nAPP2228027933 Earthstone Operating, LLC Major Produced Water Release 10/6/22 Produced Water 113 10 103 BBL Corrosion Lea (25) No No
nAPP2228055393 FAE II Operating LLC Minor Produced Water Release 10/6/22 Crude Oil 2 0 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2228055393 FAE II Operating LLC Minor Produced Water Release 10/6/22 Produced Water 15 0 15 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2228036562 ENDURING RESOURCES, LLC Minor Produced Water Release 10/6/22 Produced Water 20 0 20 BBL Equipment Failure Sandoval (43) No No
nAPP2229033410 COG OPERATING LLC Minor Produced Water Release 10/5/22 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nAPP2227852472 Enterprise Field Services, LLC Minor Natural Gas Release 10/5/22 Condensate 2 0 2 BBL Other Eddy (15) No No
nAPP2228544134 FASKEN OIL & RANCH LTD Major Produced Water Release 10/4/22 Produced Water 80 0 80 BBL Corrosion Eddy (15) No No
nAPP2229145683 XTO ENERGY, INC Minor Produced Water Release 10/4/22 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2229145683 XTO ENERGY, INC Minor Produced Water Release 10/4/22 Produced Water 4 4 0 BBL Equipment Failure Eddy (15) No No
nAPP2228038497 Civitas Permian Operating, LLC Major Release Other 10/4/22 Drilling Mud/Fluid 32 0 32 BBL Human Error Eddy (15) No No
nAPP2227954604 OXY USA INC Major Produced Water Release 10/4/22 Produced Water 165 160 5 BBL Corrosion Eddy (15) No No
nAPP2227742172 Enterprise Field Services, LLC Major Natural Gas Release 10/3/22 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2229441341 ETC Texas Pipeline, Ltd. Major Natural Gas Release 10/3/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2227825687 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/3/22 Produced Water 51 50 1 BBL Equipment Failure Eddy (15) No No
nAPP2228349573 AMEREDEV OPERATING, LLC Major Produced Water Release 10/2/22 Produced Water 56 0 56 BBL Equipment Failure Lea (25) No No
nAPP2228753314 XTO ENERGY, INC Major Produced Water Release 10/1/22 Produced Water 67 0 67 BBL Corrosion Eddy (15) No No
nAPP2227857321 Earthstone Operating, LLC Minor Produced Water Release 10/1/22 Produced Water 15 0 15 BBL Other Eddy (15) No No
nAPP2233661040 OXY USA INC Major Produced Water Release 10/1/22 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2233661040 OXY USA INC Major Produced Water Release 10/1/22 Produced Water 64 47 17 BBL Equipment Failure Lea (25) No No
nAPP2227628237 Enterprise Field Services, LLC Minor Natural Gas Release 9/30/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No

nAPP2235556172 MR NM Operating LLC Minor Produced Water Release 9/29/22 Produced Water 18 0 18 BBL
Downhole Well 
Maintenance Eddy (15) No No

nAPP2228369308 CHEVRON U S A INC Minor Release Other 9/29/22 Chemical (Specify) 23 23 0 BBL Other Lea (25) No No
nAPP2227253344 CIMAREX ENERGY CO. Minor Produced Water Release 9/28/22 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2227256196 TEAM OPERATING, L.L.C. Major Oil Release 9/28/22 Crude Oil 48 30 18 BBL Equipment Failure Lea (25) No No
nAPP2227144903 Silverback Operating II, LLC Major Produced Water Release 9/28/22 Produced Water 2155 2155 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2227253344 CIMAREX ENERGY CO. Minor Produced Water Release 9/28/22 Produced Water 17 17 0 BBL Equipment Failure Lea (25) No No
nAPP2227236596 SIMCOE LLC Major Release Other 9/28/22 Crude Oil 40 23 17 BBL Equipment Failure San Juan (45) No No
nAPP2228367490 CHEVRON U S A INC Major Oil Release 9/27/22 Produced Water 48 15 33 BBL Equipment Failure Eddy (15) No No
nAPP2228367490 CHEVRON U S A INC Major Oil Release 9/27/22 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2228439685 COG OPERATING LLC Major Produced Water Release 9/27/22 Produced Water 427 400 27 BBL Corrosion Eddy (15) No No
nAPP2227139978 MorningStar Operating LLC Major Produced Water Release 9/27/22 Produced Water 45 0 45 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nAPP2227338450 ETC Texas Pipeline Ltd., Limited Partnership Major Natural Gas Release 9/26/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2227029679 Spur Energy Partners LLC Major Release Other 9/26/22 Crude Oil 10 8 2 BBL Corrosion Eddy (15) No No
nAPP2226955170 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/26/22 Produced Water 321 321 0 BBL Corrosion Lea (25) No No
nAPP2227029679 Spur Energy Partners LLC Major Release Other 9/26/22 Produced Water 25 22 3 BBL Corrosion Eddy (15) No No
nAPP2226953758 Enterprise Field Services, LLC Minor Release Other 9/26/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2228051555 XTO ENERGY, INC Minor Oil Release 9/25/22 Crude Oil 21 21 0 BBL Corrosion Eddy (15) No No
nAPP2227339158 ETC Texas Pipeline Ltd., Limited Partnership Natural Gas Release 9/25/22 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2226926129 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/25/22 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2227130121 WPX Energy Permian, LLC Minor Oil Release 9/25/22 Crude Oil 6 6 0 BBL Human Error Eddy (15) No No
nAPP2226731199 MARATHON OIL PERMIAN LLC Major Oil Release 9/24/22 Crude Oil 33 10 23 BBL Other Lea (25) No No
nAPP2227031465 Spur Energy Partners LLC Minor Release Other 9/24/22 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2227031465 Spur Energy Partners LLC Minor Release Other 9/24/22 Produced Water 4 3 1 BBL Corrosion Eddy (15) No No
nAPP2226669494 MARATHON OIL PERMIAN LLC Minor Produced Water Release 9/23/22 Produced Water 18 18 0 BBL Equipment Failure Lea (25) No No
nAPP2228376108 Maverick Permian LLC Other 9/23/22 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2227129446 WPX Energy Permian, LLC Major Produced Water Release 9/23/22 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nAPP2228376108 Maverick Permian LLC Other 9/23/22 Produced Water 2 0 2 BBL Corrosion Lea (25) No No
nAPP2226924595 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/23/22 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2226738084 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 9/23/22 Produced Water 1500 1490 10 BBL Equipment Failure Lea (25) No No
nAPP2227232374 COG OPERATING LLC Minor Produced Water Release 9/22/22 Produced Water 12 0 12 BBL Corrosion Lea (25) No No
nAPP2226445914 Enterprise Field Services, LLC Minor Natural Gas Release 9/21/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2226449010 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/21/22 Produced Water 1230 600 630 BBL Equipment Failure Lea (25) No No
nAPP2226554892 DCP OPERATING COMPANY, LP Major Natural Gas Release 9/21/22 Condensate 33 3 30 BBL Corrosion Eddy (15) No No
nAPP2227855363 MEWBOURNE OIL CO Major Produced Water Release 9/21/22 Produced Water 125 125 0 BBL Equipment Failure Eddy (15) No No
nAPP2226544614 AMEREDEV OPERATING, LLC Major Produced Water Release 9/20/22 Produced Water 465 160 305 BBL Equipment Failure Lea (25) No No
nAPP2226427597 BURNETT OIL CO INC Major Produced Water Release 9/20/22 Produced Water 90 90 0 BBL High Line Pressure Eddy (15) No No
nAPP2226431261 EOG RESOURCES INC Major Oil Release 9/20/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2226431261 EOG RESOURCES INC Major Oil Release 9/20/22 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2226329911 Spur Energy Partners LLC Minor Blow Out 9/19/22 Produced Water 8 8 0 BBL Blow Out Eddy (15) No No
nAPP2227750429 EOG RESOURCES INC Minor Oil Release 9/19/22 Crude Oil 10 1 9 BBL Equipment Failure Lea (25) No No
nAPP2226353908 Silverback Operating II, LLC Major Fire 9/19/22 Produced Water 34 0 34 BBL Lightning Eddy (15) No No
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nAPP2226353908 Silverback Operating II, LLC Major Fire 9/19/22 Crude Oil 70 0 70 BBL Lightning Eddy (15) No No
nAPP2227880032 CHEVRON U S A INC Minor Produced Water Release 9/19/22 Produced Water 7 4 3 BBL Equipment Failure Lea (25) No No
nAPP2226933411 EOG RESOURCES INC Major Produced Water Release 9/19/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2227880032 CHEVRON U S A INC Minor Produced Water Release 9/19/22 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAPP2227877195 CHEVRON U S A INC Major Produced Water Release 9/18/22 Produced Water 195 50 145 BBL Equipment Failure Lea (25) No No
nAPP2227351943 XTO ENERGY, INC Major Produced Water Release 9/18/22 Produced Water 37 5 32 BBL Corrosion Eddy (15) No No
nAPP2226128925 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 9/17/22 Produced Water 150 30 120 BBL Equipment Failure Eddy (15) No No
nAPP2226085276 Enterprise Field Services, LLC Major Natural Gas Release 9/17/22 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2226328962 Spur Energy Partners LLC Minor Produced Water Release 9/16/22 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2226243053 DJR OPERATING, LLC Major Produced Water Release 9/16/22 Produced Water 13 13 0 BBL Human Error San Juan (45) No No
nAPP2226328962 Spur Energy Partners LLC Minor Produced Water Release 9/16/22 Produced Water 6 6 0 BBL Corrosion Eddy (15) No No
nAPP2226243053 DJR OPERATING, LLC Major Produced Water Release 9/16/22 Crude Oil 0 0 0 BBL Human Error San Juan (45) No No
nAPP2226344597 AMEREDEV OPERATING, LLC Major Produced Water Release 9/16/22 Produced Water 174 80 94 BBL Equipment Failure Lea (25) No No
nAPP2226327719 Spur Energy Partners LLC Major Produced Water Release 9/15/22 Produced Water 55 40 15 BBL Blow Out Eddy (15) No No
nAPP2227244441 XTO ENERGY, INC Major Produced Water Release 9/15/22 Produced Water 366 360 6 BBL Equipment Failure Eddy (15) No No
nAPP2225931874 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/15/22 Produced Water 224 224 0 BBL Corrosion Eddy (15) No No
nAPP2227365249 CHEVRON U S A INC Major Release Other 9/15/22 Other (Specify) 156 130 26 BBL Equipment Failure Eddy (15) No No
nAPP2227367047 CHEVRON U S A INC Major Release Other 9/15/22 Other (Specify) 25 0 25 BBL Other Eddy (15) No No
nAPP2226346738 XTO ENERGY, INC Minor Produced Water Release 9/14/22 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nAPP2225860406 CIMAREX ENERGY CO. Minor Oil Release 9/14/22 Crude Oil 7 7 0 BBL Equipment Failure Lea (25) No No
nAPP2228024433 OWL SWD OPERATING, LLC Major Produced Water Release 9/14/22 Produced Water 100 20 80 BBL Equipment Failure Lea (25) No No
nAPP2226533583 CHEVRON U S A INC Minor Produced Water Release 9/14/22 Produced Water 11 0 11 BBL Corrosion Eddy (15) No No
nAPP2228544924 3 Bear Energy-Cottonwood, LLC Minor Release Other 9/14/22 Crude Oil 20 5 15 BBL Equipment Failure Lea (25) No No
nAPP2225859009 CIMAREX ENERGY CO. Minor Produced Water Release 9/14/22 Produced Water 12 10 2 BBL Equipment Failure Lea (25) No No
nAPP2225758075 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 9/13/22 Crude Oil 18 18 0 BBL Normal Operations Eddy (15) No No
nAPP2225823991 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 9/13/22 Produced Water 3 1 2 BBL Equipment Failure Eddy (15) No No
nAPP2225849782 OXY USA INC Minor Produced Water Release 9/13/22 Crude Oil 3 1 2 BBL Equipment Failure Lea (25) No No
nAPP2225849782 OXY USA INC Minor Produced Water Release 9/13/22 Produced Water 4 1 3 BBL Equipment Failure Lea (25) No No
nAPP2225654450 FAE II Operating LLC Major Produced Water Release 9/13/22 Produced Water 200 50 150 BBL Equipment Failure Lea (25) No No
nAPP2225673950 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/13/22 Produced Water 96 96 0 BBL Equipment Failure Eddy (15) No No
nAPP2225654053 FAE II Operating LLC Major Produced Water Release 9/13/22 Produced Water 110 100 10 BBL Equipment Failure Lea (25) No No
nAPP2225731786 MARALEX DISPOSAL, LLC Produced Water Release 9/13/22 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nAPP2225822313 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/13/22 Crude Oil 16 15 1 BBL Equipment Failure Lea (25) No No
nAPP2225757560 AMERICO ENERGY RESOURCES LLC Minor Oil Release 9/13/22 Crude Oil 18 18 0 BBL Normal Operations Eddy (15) No No
nAPP2226542565 OXY USA INC Minor Oil Release 9/13/22 Crude Oil 3 1 2 BBL Equipment Failure Lea (25) No No
nAPP2226542565 OXY USA INC Minor Oil Release 9/13/22 Produced Water 4 1 3 BBL Equipment Failure Lea (25) No No
nAPP2225734681 Whiptail Midstream LLC Major Release Other 9/12/22 Other (Specify) 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nAPP2226241849 TAP ROCK OPERATING, LLC Major Produced Water Release 9/12/22 Produced Water 3249 240 3009 BBL Human Error Lea (25) No No
nAPP2226350546 APACHE CORPORATION Major Produced Water Release 9/12/22 Produced Water 54 0 54 BBL Other Lea (25) No No
nAPP2225629246 Spur Energy Partners LLC Minor Produced Water Release 9/12/22 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nAPP2227023993 SIMCOE LLC Minor Produced Water Release 9/12/22 Produced Water 8 0 8 BBL Equipment Failure San Juan (45) No No
nAPP2225551350 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 9/12/22 Produced Water 80 30 50 BBL Equipment Failure Lea (25) No No
nAPP2225473915 OWL SWD OPERATING, LLC Major Produced Water Release 9/11/22 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2225529718 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/11/22 Produced Water 440 440 0 BBL Equipment Failure Lea (25) No No
nAPP2226646920 XTO ENERGY, INC Major Fire 9/11/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2225535716 Silverback Operating II, LLC Minor Produced Water Release 9/11/22 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2226341236 XTO ENERGY, INC Minor Release Other 9/11/22 Other (Specify) 7 6 1 BBL Equipment Failure Eddy (15) No No
nAPP2226339427 XTO ENERGY, INC Minor Produced Water Release 9/10/22 Produced Water 11 0 11 BBL Corrosion Eddy (15) No No
nAPP2225627853 TEAM OPERATING, L.L.C. Minor Produced Water Release 9/10/22 Produced Water 7 7 0 BBL Equipment Failure Lea (25) No No
nAPP2226628060 XTO ENERGY, INC Major Produced Water Release 9/10/22 Produced Water 47 45 2 BBL Corrosion Eddy (15) No No
nAPP2225376858 BTA OIL PRODUCERS, LLC Major Produced Water Release 9/9/22 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nAPP2225849972 OXY USA INC Major Produced Water Release 9/9/22 Produced Water 805 200 605 BBL Blow Out Lea (25) No No
nAPP2225849972 OXY USA INC Major Produced Water Release 9/9/22 Crude Oil 305 200 105 BBL Blow Out Lea (25) No No
nAPP2225631487 J & J Investments, LLC Major Fire 9/9/22 Produced Water 96 0 96 BBL Fire Eddy (15) No No
nAPP2225258382 FORTY ACRES ENERGY, LLC Minor Oil Release 9/9/22 Crude Oil 5 2 3 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2225631487 J & J Investments, LLC Major Fire 9/9/22 Crude Oil 10 0 10 BBL Fire Eddy (15) No No
nAPP2226254935 CHEVRON U S A INC Major Produced Water Release 9/8/22 Produced Water 75 45 30 BBL Power Failure Eddy (15) No No
nAPP2226247996 CHEVRON U S A INC Major Produced Water Release 9/8/22 Produced Water 56 56 0 BBL Corrosion Eddy (15) No No
nAPP2225829654 Spur Energy Partners LLC Minor Produced Water Release 9/8/22 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2225829654 Spur Energy Partners LLC Minor Produced Water Release 9/8/22 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2225225752 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/8/22 Produced Water 91 91 0 BBL Human Error Eddy (15) No No
nAPP2227232943 H L BROWN OPERATING, LLC Minor Oil Release 9/7/22 Crude Oil 5 0 5 BBL Normal Operations Roosevelt (41) No No
nAPP2227229728 H L BROWN OPERATING, LLC Minor Oil Release 9/7/22 Crude Oil 5 0 5 BBL Normal Operations Roosevelt (41) No No
nAPP2226337852 XTO ENERGY, INC Minor Release Other 9/7/22 Other (Specify) 23 22 1 BBL Human Error Eddy (15) No No
nAPP2226358026 XTO ENERGY, INC Major Produced Water Release 9/7/22 Produced Water 113 113 0 BBL Corrosion Eddy (15) No No
nAPP2225142019 Spur Energy Partners LLC Minor Blow Out 9/7/22 Produced Water 6 0 6 BBL Blow Out Eddy (15) No No
nAPP2225848830 MATADOR PRODUCTION COMPANY Minor Produced Water Release 9/7/22 Produced Water 19 10 9 BBL Separation Flowback Lea (25) No No
nAPP2226358026 XTO ENERGY, INC Major Produced Water Release 9/7/22 Other (Specify) 25 25 0 BBL Corrosion Eddy (15) No No
nAPP2225142019 Spur Energy Partners LLC Minor Blow Out 9/7/22 Crude Oil 1 0 1 BBL Blow Out Eddy (15) No No
nAPP2227233275 H L BROWN OPERATING, LLC Minor Oil Release 9/7/22 Crude Oil 5 0 5 BBL Normal Operations Roosevelt (41) No No
nAPP2225141826 CAZA OPERATING, LLC Minor Produced Water Release 9/7/22 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2227230643 H L BROWN OPERATING, LLC Minor Oil Release 9/7/22 Crude Oil 5 0 5 BBL Normal Operations Roosevelt (41) No No
nAPP2227234168 H L BROWN OPERATING, LLC Minor Oil Release 9/7/22 Crude Oil 5 0 5 BBL Normal Operations Roosevelt (41) No No
nAPP2225141826 CAZA OPERATING, LLC Minor Produced Water Release 9/7/22 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2227228730 H L BROWN OPERATING, LLC Minor Oil Release 9/7/22 Crude Oil 10 0 10 BBL Normal Operations Roosevelt (41) No No
nAPP2227230997 H L BROWN OPERATING, LLC Minor Oil Release 9/7/22 Crude Oil 5 0 5 BBL Normal Operations Roosevelt (41) No No
nAPP2227253809 H L BROWN OPERATING, LLC Minor Oil Release 9/7/22 Crude Oil 5 0 5 BBL Normal Operations Roosevelt (41) No No
nAPP2227232562 H L BROWN OPERATING, LLC Minor Oil Release 9/7/22 Crude Oil 5 0 5 BBL Normal Operations Roosevelt (41) No No
nAPP2227233744 H L BROWN OPERATING, LLC Minor Oil Release 9/7/22 Crude Oil 5 0 5 BBL Normal Operations Roosevelt (41) No No
nAPP2225025834 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/6/22 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2225232054 Transwestern Pipeline Company, LLC Minor Produced Water Release 9/5/22 Condensate 4 0 4 BBL Other Lea (25) No No
nAPP2225936815 SELECT ENERGY SERVICES, LLC Major Produced Water Release 9/5/22 Produced Water 81 40 41 BBL Blow Out Eddy (15) No No
nAPP2224933522 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 9/5/22 Crude Oil 56 55 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2225232054 Transwestern Pipeline Company, LLC Minor Produced Water Release 9/5/22 Produced Water 9 0 9 BBL Other Lea (25) No No
nAPP2225530722 COG OPERATING LLC Oil Release 9/5/22 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2231454863 CAZA OPERATING, LLC Major Fire 9/5/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2225531487 COG OPERATING LLC Minor Produced Water Release 9/4/22 Produced Water 7 0 7 BBL Corrosion Lea (25) No No
nAPP2225136402 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/4/22 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2224926102 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/4/22 Produced Water 11 0 11 BBL Equipment Failure Lea (25) No No
nAPP2225935775 SELECT ENERGY SERVICES, LLC Major Produced Water Release 9/2/22 Produced Water 847 125 722 BBL Human Error Lea (25) No No
nAPP2225936945 MEWBOURNE OIL CO Major Release Other 9/2/22 Crude Oil 45 20 25 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2224945226 EOG RESOURCES INC Major Oil Release 9/2/22 Crude Oil 160 140 20 BBL Equipment Failure Lea (25) No No
nAPP2225936945 MEWBOURNE OIL CO Major Release Other 9/2/22 Produced Water 120 90 30 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2225024897 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/2/22 Produced Water 208 140 68 BBL Human Error Eddy (15) No No
nAPP2224457572 PITTS ENERGY CO Major Oil Release 9/1/22 Crude Oil 0 0 0 BBL Other Roosevelt (41) No No
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nAPP2225832817 XTO ENERGY, INC Major Fire 9/1/22 Other (Specify) 0 0 0 BBL Fire Eddy (15) No No
nAPP2225231205 Maverick Permian LLC Major Other 9/1/22 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2224931263 Spur Energy Partners LLC Minor Produced Water Release 9/1/22 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2224439131 EOG RESOURCES INC Major Oil Release 9/1/22 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2225231205 Maverick Permian LLC Major Other 9/1/22 Produced Water 35 0 35 BBL Corrosion Lea (25) No No
nAPP2224439131 EOG RESOURCES INC Major Oil Release 9/1/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2224928619 Spur Energy Partners LLC Minor Produced Water Release 9/1/22 Produced Water 20 19 1 BBL Corrosion Eddy (15) No No
nAPP2225752449 HILCORP ENERGY COMPANY Major Produced Water Release 9/1/22 Produced Water 200 200 0 BBL Corrosion San Juan (45) No No
nAPP2224527974 Enterprise Field Services, LLC Major Fire 9/1/22 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2225757547 XTO ENERGY, INC Major Oil Release 8/31/22 Crude Oil 4 4 0 BBL Other Eddy (15) No No
nAPP2225757547 XTO ENERGY, INC Major Oil Release 8/31/22 Other (Specify) 80 80 0 BBL Other Eddy (15) No No
nAPP2224356841 OXY USA INC Major Produced Water Release 8/30/22 Produced Water 50 0 50 BBL Blow Out Eddy (15) No No
nAPP2224124129 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/29/22 Produced Water 240 240 0 BBL Corrosion Eddy (15) No No
nAPP2225553712 XTO ENERGY, INC Major Oil Release 8/29/22 Crude Oil 50 50 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2225553712 XTO ENERGY, INC Major Oil Release 8/29/22 Other (Specify) 250 250 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2225255046 MEWBOURNE OIL CO Major Produced Water Release 8/29/22 Produced Water 251 0 251 BBL Equipment Failure Lea (25) No No
nAPP2224125510 Enterprise Field Services, LLC Major Natural Gas Release 8/28/22 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2225428183 CHEVRON U S A INC Major Produced Water Release 8/27/22 Produced Water 101 15 86 BBL Equipment Failure Lea (25) No No
nAPP2224538235 AMEREDEV OPERATING, LLC Minor Produced Water Release 8/27/22 Produced Water 12 0 12 BBL Human Error Lea (25) No No
nAPP2224129422 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 8/26/22 Condensate 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2224534981 AMEREDEV OPERATING, LLC Minor Produced Water Release 8/26/22 Produced Water 23 10 13 BBL Equipment Failure Lea (25) No No
nAPP2224945459 HILCORP ENERGY COMPANY Major Release Other 8/26/22 Condensate 21 0 21 BBL Corrosion San Juan (45) No No
nAPP2225128826 COG OPERATING LLC Minor Release Other 8/26/22 Brine Water 23 20 3 BBL Equipment Failure Lea (25) No No
nAPP2224945459 HILCORP ENERGY COMPANY Major Release Other 8/26/22 Produced Water 48 0 48 BBL Corrosion San Juan (45) No No
nAPP2223845468 FAIR OIL LTD Major Oil Release 8/26/22 Produced Water 28 0 28 BBL Equipment Failure Eddy (15) No No
nAPP2223845468 FAIR OIL LTD Major Oil Release 8/26/22 Crude Oil 24 0 24 BBL Equipment Failure Eddy (15) No No
nAPP2224139385 EOG RESOURCES INC Major Oil Release 8/25/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2224139385 EOG RESOURCES INC Major Oil Release 8/25/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2224436644 HILCORP ENERGY COMPANY Minor Release Other 8/25/22 Condensate 13 0 13 BBL Corrosion San Juan (45) No No
nAPP2224436644 HILCORP ENERGY COMPANY Minor Release Other 8/25/22 Produced Water 3 0 3 BBL Corrosion San Juan (45) No No
nAPP2223773926 Harvest Four Corners, LLC Major Natural Gas Release 8/25/22 Other (Specify) 0 0 0 San Juan (45) No No
nAPP2224440316 WESTERN REFINING PIPELINE LLC Minor Oil Release 8/25/22 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2223829555 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 8/25/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2225058687 OXY USA INC Major Produced Water Release 8/25/22 Produced Water 215 205 10 BBL Equipment Failure Eddy (15) No No
nAPP2223771768 Harvest Four Corners, LLC Major Natural Gas Release 8/25/22 Other (Specify) 0 0 0 San Juan (45) No No
nAPP2321636998 FORTY ACRES ENERGY, LLC Major Produced Water Release 8/25/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2223663597 Harvest Four Corners, LLC Major Natural Gas Release 8/24/22 Other (Specify) 0 0 0 San Juan (45) Yes No
nAPP2223724372 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 8/24/22 Condensate 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2223652721 OXY USA INC Minor Oil Release 8/23/22 Crude Oil 10 0 10 BBL Human Error Lea (25) No No
nAPP2223621082 CIMAREX ENERGY CO. Minor Produced Water Release 8/23/22 Produced Water 22 22 0 BBL Equipment Failure Lea (25) No No

nAPP2223659355 Extex Operating Company Minor Produced Water Release 8/23/22 Produced Water 10 0 10 BBL
Downhole Well 
Maintenance Lea (25) No No

nAPP2223534793 Enterprise Field Services, LLC Minor Natural Gas Release 8/23/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2227746276 Earthstone Operating, LLC Minor Produced Water Release 8/23/22 Produced Water 23 0 23 BBL Equipment Failure Eddy (15) No No
nAPP2223452565 EOG RESOURCES INC Major Oil Release 8/22/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2223551130 Silverback Operating II, LLC Major Oil Release 8/22/22 Crude Oil 88 3 85 BBL Corrosion Eddy (15) No No
nAPP2223452565 EOG RESOURCES INC Major Oil Release 8/22/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2303360598 Contango Resources, LLC Major Release Other 8/22/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2223655772 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 8/22/22 Crude Oil 2 0 2 BBL Fire Eddy (15) No No
nAPP2303360598 Contango Resources, LLC Major Release Other 8/22/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2303360598 Contango Resources, LLC Major Release Other 8/22/22 Condensate 0 0 0 BBL Other Eddy (15) No No
nAPP2223636403 WPX Energy Permian, LLC Minor Produced Water Release 8/21/22 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2223636403 WPX Energy Permian, LLC Minor Produced Water Release 8/21/22 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2224233813 EOG RESOURCES INC Minor Produced Water Release 8/21/22 Produced Water 15 10 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2224527297 XTO ENERGY, INC Major Release Other 8/20/22 Other (Specify) 30 22 8 BBL Other Eddy (15) No No
nAPP2224245831 Transwestern Pipeline Company, LLC Major Natural Gas Release 8/20/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2223530289 DKL Energy - Cottonwood, LLC Minor Oil Release 8/20/22 Crude Oil 16 16 0 BBL Human Error Lea (25) No No
nAPP2223257659 KAISER-FRANCIS OIL CO Major Oil Release 8/19/22 Crude Oil 40 40 0 BBL Equipment Failure Lea (25) No No
nAPP2224337462 HF Sinclair Navajo Refining LLC Major Release Other 8/19/22 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2224360294 HPOC, LLC Minor Produced Water Release 8/19/22 Crude Oil 3 1 2 BBL Overflow - Tank, Pit, Etc. McKinley (31) No No
nAPP2224360294 HPOC, LLC Minor Produced Water Release 8/19/22 Produced Water 20 0 20 BBL Overflow - Tank, Pit, Etc. McKinley (31) No No
nAPP2223549434 VINTAGE DRILLING LLC Major Produced Water Release 8/19/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2223164253 Harvest Four Corners, LLC Major Natural Gas Release 8/19/22 Other (Specify) 0 0 0 San Juan (45) No No
nAPP2223549434 VINTAGE DRILLING LLC Major Produced Water Release 8/19/22 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2223452247 Targa Northern Delaware, LLC. Minor Natural Gas Release 8/18/22 Condensate 6 1 5 BBL High Line Pressure Eddy (15) No No
nAPP2224144740 HILCORP ENERGY COMPANY Major Oil Release 8/18/22 Crude Oil 20 2 18 BBL Overflow - Tank, Pit, Etc. San Juan (45) Yes No
nAPP2223055117 CROSS TIMBERS ENERGY, LLC Major Oil Release 8/18/22 Crude Oil 27 0 27 BBL Corrosion Rio Arriba (39) No No
nAPP2223032387 EOG RESOURCES INC Major Oil Release 8/18/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2223055117 CROSS TIMBERS ENERGY, LLC Major Oil Release 8/18/22 Produced Water 15 0 15 BBL Corrosion Rio Arriba (39) No No
nAPP2223032387 EOG RESOURCES INC Major Oil Release 8/18/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2223126700 Enterprise Field Services, LLC Minor Natural Gas Release 8/18/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2223063600 DKL Energy - Cottonwood, LLC Major Produced Water Release 8/18/22 Produced Water 60 0 60 BBL Equipment Failure Lea (25) No No
nAPP2223138504 EOG RESOURCES INC Major Produced Water Release 8/18/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2222975069 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 8/17/22 Produced Water 15 15 0 BBL Equipment Failure Lea (25) No No
nAPP2224130893 COG OPERATING LLC Minor Release Other 8/17/22 Other (Specify) 14 0 14 BBL Equipment Failure Lea (25) No No
nAPP2222956552 EOG RESOURCES INC Major Oil Release 8/17/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2224236187 XTO ENERGY, INC Major Produced Water Release 8/17/22 Crude Oil 7 6 1 BBL Equipment Failure Eddy (15) No No
nAPP2222956138 EOG RESOURCES INC Major Oil Release 8/17/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2222956552 EOG RESOURCES INC Major Oil Release 8/17/22 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2224236187 XTO ENERGY, INC Major Produced Water Release 8/17/22 Produced Water 52 42 10 BBL Equipment Failure Eddy (15) No No
nAPP2222956138 EOG RESOURCES INC Major Oil Release 8/17/22 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2222836453 ARMSTRONG ENERGY CORP Major Oil Release 8/16/22 Crude Oil 48 25 23 BBL Equipment Failure Chaves (05) No No
nAPP2224153289 XTO ENERGY, INC Major Produced Water Release 8/16/22 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAPP2222849508 Harvest Four Corners, LLC Major Other 8/16/22 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) Yes No
nAPP2222853195 Spur Energy Partners LLC Major Produced Water Release 8/16/22 Produced Water 56 0 56 BBL Corrosion Eddy (15) No No
nAPP2224256412 BTA OIL PRODUCERS, LLC Minor Oil Release 8/16/22 Crude Oil 10 8 2 BBL Equipment Failure Lea (25) No No
nAPP2223550380 ADVANCE ENERGY PARTNERS HAT MESA, LLC Minor Produced Water Release 8/16/22 Produced Water 17 0 17 BBL Other Lea (25) No No
nAPP2222844442 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/16/22 Produced Water 31 30 1 BBL Corrosion Eddy (15) No No
nAPP2222925201 CIMAREX ENERGY CO. Major Produced Water Release 8/16/22 Crude Oil 17 7 10 BBL Equipment Failure Lea (25) No No
nAPP2222925201 CIMAREX ENERGY CO. Major Produced Water Release 8/16/22 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2223049852 APACHE CORPORATION Major Oil Release 8/15/22 Crude Oil 83 45 38 BBL Corrosion Lea (25) No No
nAPP2222751966 Spur Energy Partners LLC Minor Produced Water Release 8/15/22 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2222751098 Spur Energy Partners LLC Minor Produced Water Release 8/15/22 Produced Water 21 20 1 BBL Corrosion Eddy (15) No No
nAPP2222751966 Spur Energy Partners LLC Minor Produced Water Release 8/15/22 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2222755859 WPX Energy Permian, LLC Major Produced Water Release 8/15/22 Produced Water 480 480 0 BBL Equipment Failure Eddy (15) No No
nAPP2223832773 XTO ENERGY, INC Major Fire 8/15/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
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nAPP2223043122 DCP OPERATING COMPANY, LP Minor Natural Gas Release 8/15/22 Condensate 14 0 14 BBL Corrosion Lea (25) No No
nAPP2222750606 WPX Energy Permian, LLC Minor Produced Water Release 8/15/22 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2225058146 OXY USA INC Major Produced Water Release 8/15/22 Produced Water 30 10 20 BBL Equipment Failure Eddy (15) No No
nAPP2223853178 XTO ENERGY, INC Major Produced Water Release 8/14/22 Produced Water 51 51 0 BBL Corrosion Eddy (15) No No
nAPP2222729913 Spur Energy Partners LLC Minor Oil Release 8/14/22 Crude Oil 11 9 2 BBL Corrosion Eddy (15) No No
nAPP2223139151 TEAM OPERATING, L.L.C. Minor Produced Water Release 8/14/22 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2222753156 BTA OIL PRODUCERS, LLC Major Produced Water Release 8/14/22 Produced Water 43 35 8 BBL Corrosion Lea (25) No No
nAPP2222756518 NOVO OIL & GAS NORTHERN DELAWARE, LLC Minor Produced Water Release 8/13/22 Produced Water 24 20 4 BBL Normal Operations Eddy (15) No No
nAPP2223831434 XTO ENERGY, INC Minor Oil Release 8/13/22 Lube Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2223437408 AMEREDEV OPERATING, LLC Minor Produced Water Release 8/13/22 Produced Water 12 0 12 BBL Human Error Lea (25) No No
nAPP2223749353 COG OPERATING LLC Minor Oil Release 8/13/22 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2223440579 Ameredev New Mexico, LLC Major Produced Water Release 8/13/22 Produced Water 44 23 21 BBL Human Error Lea (25) No No
nAPP2222961063 CHEVRON U S A INC Major Produced Water Release 8/12/22 Produced Water 1715 480 1235 BBL Equipment Failure Lea (25) No No
nAPP2223455396 J R OIL, LTD. CO. Major Oil Release 8/12/22 Crude Oil 0 30 -30 BBL Corrosion Lea (25) No No
nAPP2222824753 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 8/12/22 Condensate 4 0 4 BBL Corrosion Eddy (15) No No
nAPP2222728274 Spur Energy Partners LLC Major Produced Water Release 8/12/22 Produced Water 71 50 21 BBL Corrosion Eddy (15) No No
nAPP2222735338 Enterprise Field Services, LLC Minor Natural Gas Release 8/12/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2223455396 J R OIL, LTD. CO. Major Oil Release 8/12/22 Condensate 0 0 0 BBL Corrosion Lea (25) No No
nAPP2222724957 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/12/22 Produced Water 6 4 2 BBL Equipment Failure Lea (25) No No
nAPP2222463832 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/12/22 Produced Water 75 65 10 BBL Equipment Failure Eddy (15) No No
nAPP2222482504 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/12/22 Produced Water 51 50 1 BBL Equipment Failure Lea (25) No No
nAPP2222451485 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/12/22 Produced Water 42 40 2 BBL Equipment Failure Lea (25) No No
nAPP2222748228 FRONTIER FIELD SERVICES, LLC Natural Gas Release 8/12/22 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2222749455 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 8/12/22 Condensate 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2222440612 EOG RESOURCES INC Major Oil Release 8/11/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2222351759 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Release Other 8/11/22 Brine Water 7 2 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2223744815 EOG RESOURCES INC Minor Oil Release 8/11/22 Crude Oil 8 2 6 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2222440612 EOG RESOURCES INC Major Oil Release 8/11/22 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2321641080 FORTY ACRES ENERGY, LLC Major Produced Water Release 8/11/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2223751933 XTO ENERGY, INC Major Produced Water Release 8/11/22 Crude Oil 100 95 5 BBL Human Error Eddy (15) No No
nAPP2223751933 XTO ENERGY, INC Major Produced Water Release 8/11/22 Produced Water 205 195 10 BBL Human Error Eddy (15) No No
nAPP2222156995 FORTY ACRES ENERGY, LLC Minor Oil Release 8/10/22 Crude Oil 7 5 2 BBL Equipment Failure Lea (25) No No
nAPP2222242315 Silverback Operating II, LLC Major Release Other 8/10/22 Other (Specify) 0 18035 0 BBL Other Eddy (15) No No
nAPP2222254057 FORTY ACRES ENERGY, LLC Minor Oil Release 8/10/22 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2222254057 FORTY ACRES ENERGY, LLC Minor Oil Release 8/10/22 Produced Water 6 4 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2222236588 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 8/9/22 Produced Water 2778 200 2578 BBL Other Lea (25) No No
nAPP2222151153 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/9/22 Produced Water 61 61 0 BBL Equipment Failure Eddy (15) No No
nAPP2222152181 North Fork Operating, LP Major Produced Water Release 8/9/22 Produced Water 178 40 138 BBL Equipment Failure Eddy (15) No No
nAPP2224442035 PENROC OIL CORP Major Other 8/9/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2224442035 PENROC OIL CORP Major Other 8/9/22 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2222224473 CIMAREX ENERGY CO. Major Produced Water Release 8/9/22 Produced Water 185 185 0 BBL Equipment Failure Lea (25) No No
nAPP2223750058 COG OPERATING LLC Major Oil Release 8/8/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2222152069 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/8/22 Produced Water 27 0 27 BBL Equipment Failure Lea (25) No No
nAPP2223049065 APACHE CORPORATION Major Fire 8/8/22 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2222822822 FRONTIER FIELD SERVICES, LLC Major Fire 8/8/22 Condensate 3 0 3 BBL Fire Eddy (15) No No
nAPP2223049065 APACHE CORPORATION Major Fire 8/8/22 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nAPP2223528506 DKL Energy - Cottonwood, LLC Major Oil Release 8/8/22 Crude Oil 0 25 0 BBL Human Error Lea (25) No No
nAPP2222130109 WPX Energy Permian, LLC Minor Produced Water Release 8/8/22 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2223450771 XTO ENERGY, INC Major Fire 8/8/22 Condensate 0 0 0 BBL Liquids Unloading Eddy (15) No No
nAPP2222056421 Permian Resources Operating, LLC Major Produced Water Release 8/7/22 Produced Water 41 31 10 BBL Other Lea (25) No No
nAPP2222229110 Spur Energy Partners LLC Minor Produced Water Release 8/7/22 Crude Oil 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2222229110 Spur Energy Partners LLC Minor Produced Water Release 8/7/22 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2226281123 MEWBOURNE OIL CO Major Produced Water Release 8/7/22 Produced Water 80 0 80 BBL Equipment Failure Eddy (15) No No
nAPP2223528168 COG OPERATING LLC Oil Release 8/7/22 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2222016504 Enterprise Field Services, LLC Major Fire 8/7/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2223836786 Spur Energy Partners LLC Minor Produced Water Release 8/7/22 Produced Water 20 19 1 BBL Corrosion Eddy (15) No No
nAPP2222034006 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/6/22 Produced Water 27 24 3 BBL Human Error Lea (25) No No
nAPP2221974411 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 8/6/22 Produced Water 23718 0 23718 BBL Equipment Failure Lea (25) No No
nAPP2223044639 COG OPERATING LLC Minor Produced Water Release 8/5/22 Produced Water 14 13 1 BBL Corrosion Eddy (15) No No
nAPP2222032322 Enterprise Field Services, LLC Major Natural Gas Release 8/4/22 Other (Specify) 0 0 0 Rio Arriba (39) Yes No
nAPP2221627302 Spur Energy Partners LLC Minor Produced Water Release 8/4/22 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2221727230 Enterprise Field Services, LLC Minor Natural Gas Release 8/4/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2221684787 MATADOR PRODUCTION COMPANY Major Oil Release 8/4/22 Crude Oil 175 165 10 BBL Blow Out Eddy (15) No No
nAPP2222026306 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/4/22 Produced Water 7 0 7 BBL Human Error Lea (25) No No
nAPP2221659499 LH Operating, LLC Minor Produced Water Release 8/3/22 Crude Oil 1 0 1 BBL Normal Operations Eddy (15) No No
nAPP2221629565 EOG RESOURCES INC Major Produced Water Release 8/3/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2221659499 LH Operating, LLC Minor Produced Water Release 8/3/22 Produced Water 5 0 5 BBL Normal Operations Eddy (15) No No
nAPP2221627025 Spur Energy Partners LLC Major Produced Water Release 8/3/22 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAPP2221541006 MARATHON OIL PERMIAN LLC Minor Produced Water Release 8/3/22 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2221556302 OWL SWD OPERATING, LLC Major Produced Water Release 8/3/22 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2221554238 OWL SWD OPERATING, LLC Major Produced Water Release 8/3/22 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2221639776 Silverback Operating II, LLC Major Produced Water Release 8/3/22 Produced Water 0 110 0 BBL Human Error Eddy (15) No No
nAPP2222982853 MEWBOURNE OIL CO Major Produced Water Release 8/2/22 Produced Water 177 0 177 BBL Equipment Failure Eddy (15) No No
nAPP2221532955 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 8/2/22 Produced Water 120 25 95 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2222982481 MEWBOURNE OIL CO Major Release Other 8/2/22 Crude Oil 16 0 16 BBL Equipment Failure Lea (25) No No
nAPP2222037147 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 8/2/22 Condensate 10 0 10 BBL Corrosion Lea (25) No No
nAPP2222982481 MEWBOURNE OIL CO Major Release Other 8/2/22 Produced Water 48 0 48 BBL Equipment Failure Lea (25) No No
nAPP2221573389 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 8/2/22 Crude Oil 75 0 75 BBL Equipment Failure Lea (25) No No
nAPP2222741514 XTO ENERGY, INC Major Release Other 8/2/22 Other (Specify) 45 0 45 BBL Equipment Failure Eddy (15) No No
nAPP2321654246 FORTY ACRES ENERGY, LLC Major Oil Release 8/2/22 Crude Oil 27 0 27 BBL Equipment Failure Lea (25) No No
nAPP2321448004 FORTY ACRES ENERGY, LLC Minor Oil Release 8/2/22 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2222251300 EOG RESOURCES INC Minor Produced Water Release 8/2/22 Produced Water 5 2 3 BBL Equipment Failure Lea (25) No No
nAPP2222951347 CHEVRON U S A INC Major Other 8/2/22 Acid 69 59 10 BBL Other Eddy (15) No No
nAPP2221355633 Harvest Four Corners, LLC Major Release Other 8/1/22 Other (Specify) 88 88 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2221347735 Harvest Four Corners, LLC Major Release Other 8/1/22 Other (Specify) 72 0 72 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2222328858 XTO ENERGY, INC Major Produced Water Release 8/1/22 Produced Water 71 71 0 BBL Equipment Failure Eddy (15) No No
nAPP2221429648 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/1/22 Produced Water 6 1 5 BBL Equipment Failure Eddy (15) No No
nAPP2221442731 Permian Resources Operating, LLC Major Produced Water Release 8/1/22 Produced Water 40 33 7 BBL Equipment Failure Lea (25) No No
nAPP2221348013 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 8/1/22 Crude Oil 70 20 50 BBL Equipment Failure Eddy (15) No No
nAPP2222449592 COG OPERATING LLC Release Other 7/31/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2222449592 COG OPERATING LLC Release Other 7/31/22 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2222742172 COG OPERATING LLC Minor Produced Water Release 7/31/22 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nAPP2221329700 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/31/22 Produced Water 27 5 22 BBL Equipment Failure Eddy (15) No No
nAPP2221327186 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/31/22 Produced Water 8 2 6 BBL Equipment Failure Eddy (15) No No
nAPP2221353055 TEAM OPERATING, L.L.C. Major Produced Water Release 7/31/22 Produced Water 50 0 50 BBL Corrosion Lea (25) No No
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nAPP2222347897 COG OPERATING LLC Major Oil Release 7/30/22 Crude Oil 7 5 2 BBL Corrosion Lea (25) No No
nAPP2221328160 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/30/22 Produced Water 6 6 0 BBL Equipment Failure Lea (25) No No
nAPP2235445306 COG OPERATING LLC Major Oil Release 7/30/22 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2221356449 DKL Field Services, LLC Major Fire 7/29/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2221331654 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/29/22 Produced Water 17 15 2 BBL Equipment Failure Lea (25) No No
nAPP2221323678 Enterprise Field Services, LLC Natural Gas Release 7/29/22 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2222341136 COG OPERATING LLC Minor Release Other 7/29/22 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nAPP2222341136 COG OPERATING LLC Minor Release Other 7/29/22 Produced Water 12 9 3 BBL Equipment Failure Lea (25) No No
nAPP2315954357 HILCORP ENERGY COMPANY Minor Release Other 7/29/22 Other (Specify) 23 0 23 BBL Other San Juan (45) No No
nAPP2223850551 Empire New Mexico LLC Major Oil Release 7/28/22 Crude Oil 110 0 110 BBL Equipment Failure Lea (25) No No
nAPP2222252231 RIDGEWAY ARIZONA OIL CORP. Major Natural Gas Release 7/28/22 Other (Specify) 0 0 0 Union (59) No No
nAPP2221026056 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/28/22 Produced Water 11 1 10 BBL Equipment Failure Lea (25) No No
nAPP2222251439 RIDGEWAY ARIZONA OIL CORP. Major Natural Gas Release 7/28/22 Other (Specify) 0 0 0 Chaves (05) No No
nAPP2221039834 DCP OPERATING COMPANY, LP Minor Natural Gas Release 7/28/22 Condensate 23 0 23 BBL Corrosion Eddy (15) No No
nAPP2222448202 MEWBOURNE OIL CO Minor Produced Water Release 7/28/22 Produced Water 18 0 18 BBL Human Error Eddy (15) No No
nAPP2222044186 XTO ENERGY, INC Minor Oil Release 7/27/22 Crude Oil 8 8 0 BBL Corrosion Eddy (15) No No
nAPP2220925832 Spur Energy Partners LLC Minor Blow Out 7/27/22 Crude Oil 1 0 1 BBL Blow Out Eddy (15) No No
nAPP2222242522 XTO ENERGY, INC Major Fire 7/27/22 Other (Specify) 0 0 0 BBL Power Failure Eddy (15) No No
nAPP2220942751 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/27/22 Produced Water 90 90 0 BBL Equipment Failure Lea (25) No No
nAPP2220925832 Spur Energy Partners LLC Minor Blow Out 7/27/22 Produced Water 5 0 5 BBL Blow Out Eddy (15) No No
nAPP2222156433 FORTY ACRES ENERGY, LLC Minor Produced Water Release 7/27/22 Produced Water 22 15 7 BBL Other Lea (25) No No
nAPP2220851186 Spur Energy Partners LLC Minor Produced Water Release 7/27/22 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2220851186 Spur Energy Partners LLC Minor Produced Water Release 7/27/22 Crude Oil 3 0 3 BBL Corrosion Eddy (15) No No
nAPP2220943960 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/27/22 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2221061094 PLAINS MARKETING L.P. Minor Oil Release 7/27/22 Crude Oil 8 0 8 BBL Corrosion Eddy (15) No No
nAPP2220866101 WESTERN REFINING PIPELINE LLC Major Oil Release 7/27/22 Crude Oil 100 20 80 BBL Normal Operations Lea (25) No No
nAPP2310847119 RIDGEWAY ARIZONA OIL CORP. Other 7/27/22 Crude Oil 0 0 0 BBL Other Roosevelt (41) No No
nAPP2222238377 MEWBOURNE OIL CO Major Produced Water Release 7/26/22 Produced Water 80 10 70 BBL Human Error Lea (25) No No
nAPP2220727296 Spur Energy Partners LLC Minor Oil Release 7/25/22 Crude Oil 7 5 2 BBL Corrosion Eddy (15) No No
nAPP2220731238 Enterprise Field Services, LLC Major Natural Gas Release 7/25/22 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2220850033 WPX Energy Permian, LLC Major Produced Water Release 7/25/22 Produced Water 27 1 26 BBL Equipment Failure Eddy (15) No No
nAPP2220652462 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 7/25/22 Drilling Mud/Fluid 49 47 2 BBL Equipment Failure Lea (25) No No
nAPP2221672740 Maverick Permian LLC Minor Release Other 7/25/22 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2221672740 Maverick Permian LLC Minor Release Other 7/25/22 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2222041885 XTO ENERGY, INC Minor Oil Release 7/25/22 Crude Oil 6 6 0 BBL Normal Operations Eddy (15) No No
nAPP2412243417 OWL SWD OPERATING, LLC Major Fire 7/25/22 Crude Oil 153 0 153 BBL Fire Eddy (15) No No
nAPP2220641740 3R Operating, LLC Major Oil Release 7/24/22 Crude Oil 60 0 60 BBL Corrosion Eddy (15) No No
nAPP2220641740 3R Operating, LLC Major Oil Release 7/24/22 Crude Oil 60 0 60 BBL Corrosion Eddy (15) No No
nAPP2220628172 Enterprise Field Services, LLC Natural Gas Release 7/24/22 Produced Water 1 0 1 BBL Other Eddy (15) No No
nAPP2220641740 3R Operating, LLC Major Oil Release 7/24/22 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2220641740 3R Operating, LLC Major Oil Release 7/24/22 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2220629483 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/23/22 Produced Water 231 220 11 BBL Lightning Eddy (15) No No
nAPP2220566580 Spur Energy Partners LLC Major Fire 7/23/22 Diesel 0 0 0 GAL Fire Eddy (15) No No
nAPP2220450363 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/23/22 Produced Water 29 29 0 BBL Corrosion Eddy (15) No No
nAPP2220632306 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/23/22 Produced Water 1000 998 2 BBL Equipment Failure Eddy (15) No No
nAPP2222148803 FORTY ACRES ENERGY, LLC Major Produced Water Release 7/22/22 Produced Water 100 99 1 BBL Equipment Failure Lea (25) No No
nAPP2221531873 HILCORP ENERGY COMPANY Minor Produced Water Release 7/22/22 Produced Water 7 0 7 BBL Vandalism San Juan (45) No No
nAPP2222146766 FAE II Operating LLC Major Produced Water Release 7/22/22 Produced Water 100 98 2 BBL Equipment Failure Lea (25) No No
nAPP2221629896 COG OPERATING LLC Major Release Other 7/22/22 Produced Water 70 67 3 BBL Equipment Failure Lea (25) No No
nAPP2220849585 OXY USA INC Minor Produced Water Release 7/22/22 Produced Water 10 6 4 BBL Equipment Failure Eddy (15) No No
nAPP2220641450 NGL WATER SOLUTIONS PERMIAN, LLC Major Fire 7/22/22 Produced Water 3000 3000 0 BBL Fire Eddy (15) No No
nAPP2220829302 MATADOR PRODUCTION COMPANY Major Fire 7/22/22 Crude Oil 0 0 0 BBL Lightning Lea (25) No No
nAPP2220829302 MATADOR PRODUCTION COMPANY Major Fire 7/22/22 Produced Water 0 0 0 BBL Lightning Lea (25) No No
nAPP2220456089 Permian Resources Operating, LLC Major Fire 7/22/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2220355675 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/21/22 Produced Water 100 90 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2221053760 MorningStar Operating LLC Minor Oil Release 7/21/22 Crude Oil 5 0 5 BBL Human Error Lea (25) No No
nAPP2220359187 KEVIN O BUTLER & ASSOC INC Major Produced Water Release 7/21/22 Produced Water 100 0 100 BBL Equipment Failure Chaves (05) No No
nAPP2221053760 MorningStar Operating LLC Minor Oil Release 7/21/22 Produced Water 1 0 1 BBL Human Error Lea (25) No No
nAPP2221447309 XTO ENERGY, INC Major Fire 7/21/22 Other (Specify) 0 0 0 BBL Fire Eddy (15) No No
nAPP2220947571 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/21/22 Crude Oil 15 4 11 BBL Other Lea (25) No No
nAPP2222341899 COG OPERATING LLC Produced Water Release 7/21/22 Produced Water 4 0 4 BBL Corrosion Lea (25) No No
nAPP2222431222 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/21/22 Crude Oil 15 4 11 BBL Equipment Failure Lea (25) No No
nAPP2220135929 Spur Energy Partners LLC Major Produced Water Release 7/20/22 Produced Water 45 44 1 BBL Human Error Lea (25) No No
nAPP2220239047 Franklin Mountain Energy LLC Minor Produced Water Release 7/20/22 Produced Water 20 0 20 BBL Human Error Lea (25) No No
nAPP2220223048 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 7/20/22 Crude Oil 54 53 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2220223048 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 7/20/22 Produced Water 357 351 6 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2220160296 OXY USA INC Major Produced Water Release 7/19/22 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2221454459 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/19/22 Produced Water 36 20 16 BBL Corrosion Eddy (15) No No
nAPP2220160296 OXY USA INC Major Produced Water Release 7/19/22 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nAPP2221360832 BTA OIL PRODUCERS, LLC Minor Produced Water Release 7/19/22 Produced Water 14 14 0 BBL Equipment Failure Lea (25) No No
nAPP2228545175 EOG RESOURCES INC Major Produced Water Release 7/19/22 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nAPP2220252604 COG OPERATING LLC Minor Oil Release 7/18/22 Crude Oil 9 2 7 BBL Corrosion Lea (25) No No
nAPP2220227137 PLAINS MARKETING L.P. Minor Oil Release 7/18/22 Crude Oil 13 0 13 BBL Corrosion Lea (25) No No
nAPP2219927062 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/18/22 Produced Water 42 0 42 BBL Equipment Failure Eddy (15) No No
nAPP2220653679 HF Sinclair Navajo Refining LLC Major Release Other 7/17/22 Other (Specify) 70 70 0 BBL Equipment Failure Eddy (15) No Yes
nAPP2220231375 Kratos Operating, LLC Major Oil Release 7/17/22 Crude Oil 35 25 10 BBL Equipment Failure Lea (25) No No
nAPP2220143976 Spur Energy Partners LLC Minor Produced Water Release 7/17/22 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAPP2220231375 Kratos Operating, LLC Major Oil Release 7/17/22 Produced Water 35 25 10 BBL Equipment Failure Lea (25) No No
nAPP2220044047 Civitas Permian Operating, LLC Major Produced Water Release 7/17/22 Produced Water 665 0 665 BBL Other Lea (25) No No
nAPP2219950730 MATADOR PRODUCTION COMPANY Minor Produced Water Release 7/17/22 Produced Water 15 15 0 BBL Other Lea (25) No No
nAPP2220161298 OXY USA INC Major Produced Water Release 7/17/22 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nAPP2221332553 COG OPERATING LLC Major Oil Release 7/17/22 Crude Oil 195 100 95 BBL Equipment Failure Eddy (15) No No
nAPP2220760390 DKL Field Services, LLC Major Fire 7/16/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2220224382 XTO ENERGY, INC Minor Produced Water Release 7/16/22 Produced Water 21 21 0 BBL Corrosion Eddy (15) No No
nAPP2220251954 XTO ENERGY, INC Minor Produced Water Release 7/16/22 Produced Water 10 10 0 BBL Human Error Eddy (15) No No
nAPP2221331648 COG OPERATING LLC Oil Release 7/16/22 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2220054936 MARATHON OIL PERMIAN LLC Minor Produced Water Release 7/15/22 Produced Water 12 12 0 BBL Corrosion Eddy (15) No No
nAPP2220159690 OXY USA INC Major Produced Water Release 7/15/22 Produced Water 100 85 15 BBL Equipment Failure Eddy (15) No No
nAPP2220753651 EOG RESOURCES INC Minor Oil Release 7/15/22 Crude Oil 20 5 15 BBL Equipment Failure Lea (25) No No
nAPP2219550049 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/14/22 Produced Water 91 90 1 BBL Human Error Lea (25) No No
nAPP2221330757 COG OPERATING LLC Major Release Other 7/13/22 Produced Water 276 276 0 BBL Equipment Failure Eddy (15) No No
nAPP2221330757 COG OPERATING LLC Major Release Other 7/13/22 Crude Oil 26 26 0 BBL Equipment Failure Eddy (15) No No
nAPP2222438377 COG OPERATING LLC Minor Oil Release 7/12/22 Crude Oil 10 9 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2220147039 XTO ENERGY, INC Major Produced Water Release 7/12/22 Produced Water 80 80 0 BBL Corrosion Eddy (15) No No
nAPP2219630766 MARSHALL & WINSTON INC Major Oil Release 7/12/22 Produced Water 90 0 90 BBL Equipment Failure Eddy (15) No No
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nAPP2219630766 MARSHALL & WINSTON INC Major Oil Release 7/12/22 Crude Oil 16 0 16 BBL Equipment Failure Eddy (15) No No
nAPP2219534654 Enterprise Field Services, LLC Minor Natural Gas Release 7/12/22 Crude Oil 10 0 10 BBL Corrosion Rio Arriba (39) No No
nAPP2220244157 COG OPERATING LLC Major Release Other 7/12/22 Crude Oil 15 10 5 BBL Equipment Failure Lea (25) No No
nAPP2220244157 COG OPERATING LLC Major Release Other 7/12/22 Produced Water 46 5 41 BBL Equipment Failure Lea (25) No No
nAPP2228547127 EOG RESOURCES INC Major Produced Water Release 7/12/22 Produced Water 5 0 5 BBL Other Lea (25) No No
nAPP2219450906 Harvest Four Corners, LLC Natural Gas Release 7/12/22 Produced Water 1 0 1 BBL Corrosion Rio Arriba (39) No No
nAPP2220044012 CONOCOPHILLIPS COMPANY Major Other 7/11/22 Diesel 1 0 1 BBL Vandalism Eddy (15) No No
nAPP2219259709 CIMAREX ENERGY CO. Minor Oil Release 7/11/22 Crude Oil 7 6 1 BBL Equipment Failure Lea (25) No No
nAPP2219259709 CIMAREX ENERGY CO. Minor Oil Release 7/11/22 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2219649599 XTO ENERGY, INC Minor Produced Water Release 7/11/22 Crude Oil 5 2 3 BBL Corrosion Eddy (15) No No
nAPP2219649599 XTO ENERGY, INC Minor Produced Water Release 7/11/22 Produced Water 14 8 6 BBL Corrosion Eddy (15) No No
nAPP2219362184 CIMAREX ENERGY CO. Minor Produced Water Release 7/11/22 Crude Oil 1 1 0 BBL Other Lea (25) No No
nAPP2219362184 CIMAREX ENERGY CO. Minor Produced Water Release 7/11/22 Produced Water 8 8 0 BBL Other Lea (25) No No
nAPP2219350300 SCM Operations, LLC Major Fire 7/11/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2219648561 XTO ENERGY, INC Minor Produced Water Release 7/10/22 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2219648561 XTO ENERGY, INC Minor Produced Water Release 7/10/22 Produced Water 5 3 2 BBL Corrosion Eddy (15) No No
nAPP2219263776 MATADOR PRODUCTION COMPANY Major Fire 7/9/22 Produced Water 50 50 0 BBL Fire Eddy (15) No No
nAPP2219133248 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/9/22 Produced Water 25 25 0 BBL Equipment Failure Eddy (15) No No
nAPP2220251441 COG OPERATING LLC Produced Water Release 7/9/22 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nAPP2220644089 COG OPERATING LLC Minor Produced Water Release 7/9/22 Produced Water 16 0 16 BBL Corrosion Eddy (15) No No
nAPP2219226827 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/9/22 Produced Water 7 2 5 BBL Equipment Failure Eddy (15) No No
nAPP2219245302 DCP OPERATING COMPANY, LP Minor Natural Gas Release 7/8/22 Condensate 15 0 15 BBL Corrosion Chaves (05) No No
nAPP2219542744 WPX Energy Permian, LLC Major Produced Water Release 7/8/22 Produced Water 101 1 100 BBL Equipment Failure Eddy (15) No No
nAPP2219631614 SCM Operations, LLC Minor Release Other 7/8/22 Lube Oil 7 7 0 BBL Other Lea (25) No No
nAPP2218940551 ARMSTRONG ENERGY CORP Major Produced Water Release 7/8/22 Produced Water 40 0 40 BBL Lightning Lea (25) No No
nAPP2219646774 XTO ENERGY, INC Minor Produced Water Release 7/8/22 Produced Water 16 14 2 BBL Equipment Failure Eddy (15) No No
nAPP2219646774 XTO ENERGY, INC Minor Produced Water Release 7/8/22 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2219045002 Permian Resources Operating, LLC Major Oil Release 7/8/22 Crude Oil 30 30 0 BBL Equipment Failure Lea (25) No No
nAPP2219045002 Permian Resources Operating, LLC Major Oil Release 7/8/22 Produced Water 30 20 10 BBL Equipment Failure Lea (25) No No
nAPP2221537537 COG OPERATING LLC Minor Produced Water Release 7/8/22 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2220029489 COG OPERATING LLC Minor Produced Water Release 7/7/22 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nAPP2218938856 WPX Energy Permian, LLC Major Produced Water Release 7/7/22 Produced Water 150 150 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2219253256 MorningStar Operating LLC Major Produced Water Release 7/7/22 Crude Oil 4 4 0 BBL Corrosion Lea (25) No No
nAPP2219253256 MorningStar Operating LLC Major Produced Water Release 7/7/22 Produced Water 200 180 20 BBL Corrosion Lea (25) No No
nAPP2220137198 MEWBOURNE OIL CO Major Produced Water Release 7/7/22 Produced Water 194 165 29 BBL Equipment Failure Eddy (15) No No
nAPP2219531141 APACHE CORPORATION Major Produced Water Release 7/7/22 Produced Water 69 50 19 BBL Corrosion Lea (25) No No
nAPP2219254494 MARATHON OIL PERMIAN LLC Minor Produced Water Release 7/7/22 Produced Water 11 11 0 BBL Corrosion Lea (25) No No
nAPP2218855796 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/7/22 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2218855796 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/7/22 Produced Water 70 0 70 BBL Equipment Failure Lea (25) No No
nAPP2220225509 CHEVRON U S A INC Minor Oil Release 7/6/22 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2218767546 SCM Operations, LLC Major Fire 7/6/22 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2218939473 OXY USA INC Major Oil Release 7/6/22 Crude Oil 187 96 91 BBL Equipment Failure Eddy (15) No No
nAPP2220225509 CHEVRON U S A INC Minor Oil Release 7/6/22 Produced Water 4 0 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2220232207 COG OPERATING LLC Oil Release 7/6/22 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2218844672 DCP OPERATING COMPANY, LP Minor Natural Gas Release 7/6/22 Condensate 12 0 12 BBL Corrosion Eddy (15) No No
nAPP2218756324 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/6/22 Produced Water 45 45 0 BBL Equipment Failure Lea (25) No No
nAPP2220230521 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/5/22 Crude Oil 4 4 0 BBL Other Lea (25) No No
nAPP2219644709 XTO ENERGY, INC Major Produced Water Release 7/5/22 Produced Water 28 28 0 BBL Corrosion Eddy (15) No No
nAPP2220230521 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/5/22 Produced Water 6 6 0 BBL Other Lea (25) No No
nAPP2219644709 XTO ENERGY, INC Major Produced Water Release 7/5/22 Crude Oil 6 6 0 BBL Corrosion Eddy (15) No No
nAPP2218940420 OXY USA INC Minor Produced Water Release 7/5/22 Produced Water 15 1 14 BBL Equipment Failure Eddy (15) No No
nAPP2218656677 MATADOR PRODUCTION COMPANY Major Produced Water Release 7/5/22 Produced Water 30 30 0 BBL Other Lea (25) No No
nAPP2218633840 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/5/22 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2218633840 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/5/22 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2218628423 Spur Energy Partners LLC Major Produced Water Release 7/4/22 Produced Water 100 100 0 BBL Corrosion Eddy (15) No No
nAPP2218625686 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/4/22 Produced Water 553 550 3 BBL Equipment Failure Eddy (15) No No
nAPP2219337009 OXY USA INC Minor Release Other 7/4/22 Crude Oil 3 0 3 BBL Corrosion Eddy (15) No No
nAPP2219337009 OXY USA INC Minor Release Other 7/4/22 Produced Water 12 0 12 BBL Corrosion Eddy (15) No No
nAPP2227246284 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/4/22 Crude Oil 11 6 5 BBL Equipment Failure Eddy (15) No No
nAPP2218848721 COG OPERATING LLC Major Produced Water Release 7/4/22 Produced Water 27 0 27 BBL Lightning Lea (25) No No
nAPP2218631423 Spur Energy Partners LLC Major Produced Water Release 7/3/22 Produced Water 49 25 24 BBL Corrosion Eddy (15) No No
nAPP2218665812 TAP ROCK OPERATING, LLC Major Oil Release 7/2/22 Crude Oil 55 0 55 BBL Equipment Failure Lea (25) No No
nAPP2218524223 CAZA OPERATING, LLC Minor Oil Release 7/2/22 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2218649153 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 7/2/22 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2314526721 Tascosa Energy Partners, L.L.C Major Release Other 7/2/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2314526721 Tascosa Energy Partners, L.L.C Major Release Other 7/2/22 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2218850477 COG OPERATING LLC Minor Release Other 7/2/22 Crude Oil 9 0 9 BBL Corrosion Lea (25) No No
nAPP2220231664 COG OPERATING LLC Minor Oil Release 7/2/22 Crude Oil 11 5 6 BBL Human Error Eddy (15) No No
nAPP2314526721 Tascosa Energy Partners, L.L.C Major Release Other 7/2/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2218850477 COG OPERATING LLC Minor Release Other 7/2/22 Produced Water 14 0 14 BBL Corrosion Lea (25) No No
nAPP2218249051 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/1/22 Produced Water 25 25 0 BBL Equipment Failure Eddy (15) No No
nAPP2218626863 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/1/22 Produced Water 21 21 0 BBL Equipment Failure Lea (25) No No
nAPP2218749539 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 7/1/22 Condensate 24 0 24 BBL Corrosion Eddy (15) No No
nAPP2218630621 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/30/22 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2219452897 MEWBOURNE OIL CO Major Produced Water Release 6/30/22 Produced Water 136 80 56 BBL Equipment Failure Lea (25) No No
nAPP2218654480 EOG RESOURCES INC Major Produced Water Release 6/30/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2218232509 DCP OPERATING COMPANY, LP Minor Natural Gas Release 6/30/22 Condensate 20 0 20 BBL Corrosion Eddy (15) No No
nAPP2219360589 MEWBOURNE OIL CO Major Produced Water Release 6/29/22 Produced Water 979 190 789 BBL Equipment Failure Eddy (15) No No
nAPP2218930647 XTO ENERGY, INC Major Oil Release 6/28/22 Crude Oil 89 89 0 BBL Equipment Failure Eddy (15) No No
nAPP2218642544 XTO ENERGY, INC Major Produced Water Release 6/27/22 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2218642544 XTO ENERGY, INC Major Produced Water Release 6/27/22 Produced Water 28 28 0 BBL Equipment Failure Eddy (15) No No
nAPP2218655703 HF Sinclair Navajo Refining LLC Major Release Other 6/27/22 Other (Specify) 0 0 0 BBL Other Eddy (15) No Yes
nAPP2219254668 Western Refining Southwest LLC Minor Release Other 6/27/22 Other (Specify) 20 20 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2217930382 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/27/22 Crude Oil 13 4 9 BBL Normal Operations Lea (25) No No
nAPP2218026857 Spur Energy Partners LLC Minor Produced Water Release 6/27/22 Produced Water 20 17 3 BBL Corrosion Lea (25) No No
nAPP2217930240 Harvest Four Corners, LLC Major Other 6/27/22 Produced Water 12 0 12 BBL Other San Juan (45) Yes No
nAPP2218849935 COG OPERATING LLC Minor Produced Water Release 6/27/22 Produced Water 7 4 3 BBL Equipment Failure Eddy (15) No No
nAPP2217938749 CAZA OPERATING, LLC Minor Oil Release 6/27/22 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nAPP2217839045 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 6/26/22 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2217770034 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 6/26/22 Produced Water 235 200 35 BBL Equipment Failure Lea (25) No No
nAPP2218943007 XTO ENERGY, INC Major Release Other 6/25/22 Other (Specify) 46 46 0 BBL Equipment Failure Eddy (15) No No
nAPP2218150766 APACHE CORPORATION Major Produced Water Release 6/25/22 Crude Oil 10 10 0 BBL Corrosion Lea (25) No No
nAPP2217833526 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/25/22 Produced Water 12 12 0 BBL Equipment Failure Eddy (15) No No
nAPP2218150766 APACHE CORPORATION Major Produced Water Release 6/25/22 Produced Water 26 25 1 BBL Corrosion Lea (25) No No
nAPP2218240126 XTO ENERGY, INC Major Fire 6/24/22 Lube Oil 0 0 0 BBL Fire Eddy (15) No No
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nAPP2218238639 XTO ENERGY, INC Major Produced Water Release 6/23/22 Produced Water 70 70 0 BBL Corrosion Lea (25) No No
nAPP2218929337 MEWBOURNE OIL CO Major Produced Water Release 6/23/22 Produced Water 186 0 186 BBL Equipment Failure Eddy (15) No No
nAPP2217520534 CAZA OPERATING, LLC Major Oil Release 6/23/22 Crude Oil 35 35 0 BBL Equipment Failure Lea (25) No No
nAPP2218236445 XTO ENERGY, INC Major Release Other 6/22/22 Other (Specify) 105 100 5 BBL Equipment Failure Eddy (15) No No
nAPP2217440482 Targa Northern Delaware, LLC. Major Fire 6/22/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2217429521 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 6/22/22 Condensate 27 22 5 BBL Corrosion Eddy (15) No No
nAPP2217931599 XTO ENERGY, INC Minor Produced Water Release 6/22/22 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2217429592 APACHE CORPORATION Minor Produced Water Release 6/22/22 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2217931599 XTO ENERGY, INC Minor Produced Water Release 6/22/22 Produced Water 7 0 7 BBL Corrosion Eddy (15) No No
nAPP2217429592 APACHE CORPORATION Minor Produced Water Release 6/22/22 Produced Water 10 10 0 BBL Corrosion Lea (25) No No
nAPP2218849433 COG OPERATING LLC Oil Release 6/21/22 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2217329066 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/21/22 Produced Water 54 0 54 BBL Equipment Failure Lea (25) No No
nAPP2217327250 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/21/22 Crude Oil 108 0 108 BBL Equipment Failure Eddy (15) No No
nAPP2217327250 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/21/22 Produced Water 190 0 190 BBL Equipment Failure Eddy (15) No No
nAPP2218128367 COG OPERATING LLC Minor Produced Water Release 6/20/22 Produced Water 8 8 0 BBL Equipment Failure Lea (25) No No
nAPP2217225569 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/20/22 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2217321612 CAZA OPERATING, LLC Minor Produced Water Release 6/20/22 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2217126388 Spur Energy Partners LLC Minor Blow Out 6/19/22 Produced Water 18 0 18 BBL Blow Out Eddy (15) No No
nAPP2218031159 HILCORP ENERGY COMPANY Major Produced Water Release 6/19/22 Produced Water 150 150 0 BBL Corrosion San Juan (45) No No
nAPP2217238502 CHEVRON U S A INC Minor Produced Water Release 6/18/22 Produced Water 11 0 11 BBL Corrosion Eddy (15) No No
nAPP2216931454 Extex Operating Company Major Other 6/17/22 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2216838692 Spur Energy Partners LLC Minor Oil Release 6/17/22 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nAPP2216931454 Extex Operating Company Major Other 6/17/22
Gelled Brine (Frac 
Fluid) 0 0 0 BBL Other Lea (25) No No

nAPP2216838692 Spur Energy Partners LLC Minor Oil Release 6/17/22 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2216854617 MATADOR PRODUCTION COMPANY Major Release Other 6/17/22 Diesel 45 40 5 BBL Equipment Failure Eddy (15) No No
nAPP2218030491 HILCORP ENERGY COMPANY Major Oil Release 6/17/22 Crude Oil 28 0 28 BBL Equipment Failure San Juan (45) No No
nAPP2218030491 HILCORP ENERGY COMPANY Major Oil Release 6/17/22 Produced Water 5 0 5 BBL Equipment Failure San Juan (45) No No
nAPP2218936989 COG OPERATING LLC Produced Water Release 6/17/22 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2216837219 Spur Energy Partners LLC Minor Produced Water Release 6/16/22 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAPP2216740058 TEAM OPERATING, L.L.C. Minor Produced Water Release 6/16/22 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2216845872 DCP OPERATING COMPANY, LP Major Natural Gas Release 6/16/22 Condensate 44 0 44 BBL Normal Operations Lea (25) No No
nAPP2218129279 COG OPERATING LLC Produced Water Release 6/15/22 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2216725109 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/15/22 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2216732906 WPX Energy Permian, LLC Minor Oil Release 6/15/22 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2216725109 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/15/22 Produced Water 72 70 2 BBL Equipment Failure Eddy (15) No No
nAPP2216732906 WPX Energy Permian, LLC Minor Oil Release 6/15/22 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2217964415 MEWBOURNE OIL CO Major Produced Water Release 6/14/22 Produced Water 779 360 419 BBL Equipment Failure Eddy (15) No No
nAPP2216632989 MATADOR PRODUCTION COMPANY Major Produced Water Release 6/14/22 Produced Water 45 42 3 BBL Equipment Failure Eddy (15) No No
nAPP2217252876 Enterprise Field Services, LLC Major Natural Gas Release 6/14/22 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2216651297 LH Operating, LLC Produced Water Release 6/14/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2216556542 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/14/22 Produced Water 27 27 0 BBL Corrosion Eddy (15) No No
nAPP2216651297 LH Operating, LLC Produced Water Release 6/14/22 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2216652508 MARATHON OIL PERMIAN LLC Minor Produced Water Release 6/14/22 Produced Water 14 14 0 BBL Corrosion Eddy (15) No No
nAPP2216659830 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 6/14/22 Produced Water 85 10 75 BBL Corrosion Roosevelt (41) No No
nAPP2216440244 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/13/22 Produced Water 26 26 0 BBL Equipment Failure Eddy (15) No No
nAPP2216527460 Spur Energy Partners LLC Major Produced Water Release 6/13/22 Produced Water 200 100 100 BBL Blow Out Eddy (15) No No
nAPP2216454871 RAY WESTALL OPERATING, INC. Major Produced Water Release 6/13/22 Produced Water 75 50 25 BBL Other Eddy (15) No No
nAPP2217836904 COG OPERATING LLC Major Other 6/12/22 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2216744540 Avant Operating, LLC Major Produced Water Release 6/12/22 Produced Water 303 300 3 BBL Equipment Failure Lea (25) No No
nAPP2216423721 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 6/12/22 Condensate 22 0 22 BBL Corrosion Eddy (15) No No
nAPP2216652453 AMEREDEV OPERATING, LLC Minor Oil Release 6/12/22 Crude Oil 22 0 22 BBL Human Error Lea (25) No No
nAPP2217546910 XTO ENERGY, INC Minor Release Other 6/12/22 Other (Specify) 11 10 1 BBL Equipment Failure Eddy (15) No No
nAPP2216444793 K P KAUFFMAN COMPANY INC Oil Release 6/12/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2216235265 DCP OPERATING COMPANY, LP Major Natural Gas Release 6/10/22 Condensate 37 25 12 BBL Corrosion Lea (25) No No
nAPP2217138691 Enterprise Field Services, LLC Major Natural Gas Release 6/10/22 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2217430297 COG OPERATING LLC Major Release Other 6/10/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2217430297 COG OPERATING LLC Major Release Other 6/10/22 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2216550789 CHEVRON U S A INC Minor Produced Water Release 6/10/22 Produced Water 6 1 5 BBL Corrosion Eddy (15) No No
nAPP2217544243 XTO ENERGY, INC Major Produced Water Release 6/10/22 Crude Oil 8 8 0 BBL Corrosion Eddy (15) No No
nAPP2216427127 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/10/22 Produced Water 18 18 0 BBL Equipment Failure Eddy (15) No No
nAPP2217544243 XTO ENERGY, INC Major Produced Water Release 6/10/22 Produced Water 66 66 0 BBL Corrosion Eddy (15) No No
nAPP2216138632 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/9/22 Produced Water 28 5 23 BBL Equipment Failure Lea (25) No No
nAPP2216142252 EOG RESOURCES INC Major Oil Release 6/9/22 Crude Oil 0 0 0 BBL Other Sandoval (43) No No
nAPP2216142798 EOG RESOURCES INC Major Oil Release 6/9/22 Crude Oil 0 0 0 BBL Other Sandoval (43) No No
nAPP2216142252 EOG RESOURCES INC Major Oil Release 6/9/22 Produced Water 0 0 0 BBL Other Sandoval (43) No No
nAPP2216522711 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/9/22 Produced Water 6 5 1 BBL Human Error Eddy (15) No No
nAPP2216142798 EOG RESOURCES INC Major Oil Release 6/9/22 Produced Water 0 0 0 BBL Other Sandoval (43) No No
nAPP2216550022 CHEVRON U S A INC Major Oil Release 6/9/22 Crude Oil 12 10 2 BBL Corrosion Eddy (15) No No
nAPP2216550022 CHEVRON U S A INC Major Oil Release 6/9/22 Produced Water 24 0 24 BBL Corrosion Eddy (15) No No
nAPP2217349908 EOG RESOURCES INC Major Produced Water Release 6/8/22 Produced Water 50 20 30 BBL Corrosion Lea (25) No No
nAPP2216151197 LH Operating, LLC Minor Produced Water Release 6/8/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2216151197 LH Operating, LLC Minor Produced Water Release 6/8/22 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nAPP2216455852 LH Operating, LLC Minor Produced Water Release 6/8/22 Crude Oil 1 0 1 BBL Normal Operations Eddy (15) No No
nAPP2216455852 LH Operating, LLC Minor Produced Water Release 6/8/22 Produced Water 6 0 6 BBL Normal Operations Eddy (15) No No
nAPP2215933441 Spur Energy Partners LLC Major Produced Water Release 6/7/22 Produced Water 79 86 -7 BBL Corrosion Eddy (15) No No
nAPP2215947203 DCP OPERATING COMPANY, LP Minor Blow Out 6/7/22 Condensate 23 0 23 BBL Blow Out Lea (25) No No
nAPP2215933441 Spur Energy Partners LLC Major Produced Water Release 6/7/22 Crude Oil 10 9 1 BBL Corrosion Eddy (15) No No
nAPP2215933340 MARATHON OIL PERMIAN LLC Minor Produced Water Release 6/7/22 Produced Water 12 12 0 BBL Corrosion Lea (25) No No
nAPP2216530933 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 6/7/22 Crude Oil 1 0 1 BBL Fire Lea (25) No No
nAPP2218944584 Dupree Energy LLC Other 6/6/22 Crude Oil 2 2 0 BBL Other Eddy (15) No No
nAPP2215863582 CIMAREX ENERGY CO. Minor Release Other 6/6/22 Drilling Mud/Fluid 20 12 8 BBL Equipment Failure Lea (25) No No
nAPP2218944584 Dupree Energy LLC Other 6/6/22 Produced Water 1 1 0 BBL Other Eddy (15) No No
nAPP2221675703 Maverick Permian LLC Major Release Other 6/6/22 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nAPP2221675703 Maverick Permian LLC Major Release Other 6/6/22 Produced Water 35 19 16 BBL Equipment Failure Lea (25) No No
nAPP2216436957 COG OPERATING LLC Minor Produced Water Release 6/6/22 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2216548978 CHEVRON U S A INC Major Release Other 6/6/22 Produced Water 494 0 494 BBL Equipment Failure Lea (25) No No
nAPP2215750109 Spur Energy Partners LLC Minor Produced Water Release 6/6/22 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2215736863 Spur Energy Partners LLC Minor Oil Release 6/5/22 Crude Oil 8 2 6 BBL Human Error Eddy (15) No No
nAPP2216839215 XTO ENERGY, INC Minor Release Other 6/5/22 Brine Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2215575572 CIMAREX ENERGY CO. Minor Produced Water Release 6/4/22 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2216547933 CHEVRON U S A INC Major Produced Water Release 6/4/22 Produced Water 80 80 0 BBL Corrosion Lea (25) No No
nAPP2216438339 COG OPERATING LLC Major Fire 6/4/22 Chemical (Specify) 20 0 20 GAL Equipment Failure Lea (25) No No
nAPP2215947887 XTO ENERGY, INC Minor Release Other 6/4/22 Other (Specify) 15 10 5 BBL Human Error Eddy (15) No No
nAPP2216138431 XTO ENERGY, INC Minor Produced Water Release 6/4/22 Produced Water 7 5 2 BBL Corrosion Eddy (15) No No
nAPP2215725364 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/4/22 Crude Oil 6 3 3 BBL Equipment Failure Eddy (15) No No
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nAPP2215951311 HOLLY ENERGY PARTNERS - OPERATING, LP Minor Oil Release 6/3/22 Crude Oil 9 8 1 BBL Equipment Failure Eddy (15) No No
nAPP2216547154 CHEVRON U S A INC Minor Oil Release 6/3/22 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAPP2216547154 CHEVRON U S A INC Minor Oil Release 6/3/22 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2217848858 OXY USA INC Major Produced Water Release 6/3/22 Produced Water 100 75 25 BBL Equipment Failure Lea (25) No No
nAPP2216633752 DCP OPERATING COMPANY, LP Minor Natural Gas Release 6/3/22 Condensate 16 0 16 BBL Corrosion Eddy (15) No No
nAPP2215430133 Spur Energy Partners LLC Major Produced Water Release 6/2/22 Produced Water 90 90 0 BBL Corrosion Eddy (15) No No
nAPP2216749561 XTO ENERGY, INC Minor Release Other 6/2/22 Other (Specify) 15 0 15 BBL Human Error Eddy (15) No No
nAPP2215430133 Spur Energy Partners LLC Major Produced Water Release 6/2/22 Crude Oil 10 10 0 BBL Other Eddy (15) No No
nAPP2216545859 CHEVRON U S A INC Minor Produced Water Release 6/2/22 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nAPP2215432080 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/2/22 Produced Water 42 42 0 BBL Equipment Failure Lea (25) No No
nAPP2215935656 HILCORP ENERGY COMPANY Minor Produced Water Release 6/2/22 Produced Water 17 5 12 BBL Corrosion San Juan (45) No No
nAPP2215951900 XTO ENERGY, INC Major Fire 6/2/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2216151153 XTO ENERGY, INC Major Fire 6/1/22 Other (Specify) 3 3 0 BBL Equipment Failure Eddy (15) No No
nAPP2216544707 CHEVRON U S A INC Major Produced Water Release 6/1/22 Produced Water 333 0 333 BBL Human Error Lea (25) No No
nAPP2215335874 EOG RESOURCES INC Major Oil Release 6/1/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2215335874 EOG RESOURCES INC Major Oil Release 6/1/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2215848746 XTO ENERGY, INC Major Oil Release 6/1/22 Crude Oil 38 37 1 BBL Corrosion Eddy (15) No No
nAPP2215229801 Enterprise Field Services, LLC Natural Gas Release 5/31/22 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2216152113 XTO ENERGY, INC Major Fire 5/30/22 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nAPP2215230911 Spur Energy Partners LLC Minor Oil Release 5/29/22 Crude Oil 6 2 4 BBL Equipment Failure Eddy (15) No No
nAPP2215233815 EOG RESOURCES INC Major Oil Release 5/27/22 Crude Oil 0 0 0 BBL Other Sandoval (43) No No
nAPP2215233815 EOG RESOURCES INC Major Oil Release 5/27/22 Produced Water 0 0 0 BBL Other Sandoval (43) No No
nAPP2214845877 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 5/27/22 Produced Water 40 30 10 BBL Equipment Failure Lea (25) No No
nAPP2215443701 HILCORP ENERGY COMPANY Major Natural Gas Release 5/27/22 Other (Specify) 0 0 0 San Juan (45) No No
nAPP2216037138 CONOCOPHILLIPS COMPANY Minor Oil Release 5/27/22 Crude Oil 6 0 6 BBL Corrosion Lea (25) No No
nAPP2216134591 CONOCOPHILLIPS COMPANY Major Produced Water Release 5/27/22 Produced Water 38 25 13 BBL Equipment Failure Lea (25) No No
nAPP2216836777 Maverick Permian LLC Minor Produced Water Release 5/26/22 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2214652359 ASPEN OPERATING COMPANY LLC Major Produced Water Release 5/26/22 Produced Water 130 130 0 BBL Other Lea (25) No No
nAPP2215732821 WPX Energy Permian, LLC Minor Produced Water Release 5/26/22 Crude Oil 12 0 12 BBL Human Error Eddy (15) No No
nAPP2216838221 Maverick Permian LLC Minor Release Other 5/26/22 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2214738823 RAYBAW Operating, LLC Major Oil Release 5/26/22 Crude Oil 100 30 70 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2215732821 WPX Energy Permian, LLC Minor Produced Water Release 5/26/22 Produced Water 12 0 12 BBL Human Error Eddy (15) No No
nAPP2214650299 EOG RESOURCES INC Major Oil Release 5/26/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2216838221 Maverick Permian LLC Minor Release Other 5/26/22 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2214738823 RAYBAW Operating, LLC Major Oil Release 5/26/22 Produced Water 0 30 -30 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2214650299 EOG RESOURCES INC Major Oil Release 5/26/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2214759497 ARMSTRONG ENERGY CORP Major Produced Water Release 5/26/22 Produced Water 77 0 77 BBL Normal Operations Roosevelt (41) No No
nAPP2215449179 XTO ENERGY, INC Minor Produced Water Release 5/26/22 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2215449179 XTO ENERGY, INC Minor Produced Water Release 5/26/22 Produced Water 11 0 11 BBL Corrosion Eddy (15) No No
nAPP2214628682 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/25/22 Produced Water 27 27 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2214733218 OXY USA INC Minor Oil Release 5/25/22 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2215950306 MEWBOURNE OIL CO Major Produced Water Release 5/25/22 Produced Water 98 0 98 BBL Equipment Failure Eddy (15) No No
nAPP2214733218 OXY USA INC Minor Oil Release 5/25/22 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2214665474 CIMAREX ENERGY CO. Major Produced Water Release 5/25/22 Produced Water 37 8 29 BBL Equipment Failure Lea (25) No No
nAPP2222430401 OXY USA INC Minor Other 5/25/22 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2215251908 LUCID ENERGY DELAWARE, LLC Minor Natural Gas Release 5/25/22 Natural Gas Liquids 6 0 6 BBL Other Eddy (15) No No
nAPP2222430401 OXY USA INC Minor Other 5/25/22 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2216033564 COG OPERATING LLC Major Release Other 5/25/22 Other (Specify) 60 0 60 BBL Equipment Failure Lea (25) No No
nAPP2216035049 COG OPERATING LLC Major Release Other 5/25/22 Other (Specify) 117 0 117 BBL Equipment Failure Lea (25) No No
nAPP2214536837 EOG RESOURCES INC Major Oil Release 5/25/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2214536837 EOG RESOURCES INC Major Oil Release 5/25/22 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2214445599 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/24/22 Produced Water 7 7 0 BBL Equipment Failure Lea (25) No No
nAPP2214572431 OWL SWD OPERATING, LLC Major Produced Water Release 5/24/22 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2214546643 LH Operating, LLC Major Oil Release 5/24/22 Crude Oil 26 24 2 BBL Vandalism Eddy (15) No No
nAPP2214425411 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/24/22 Produced Water 25 25 0 BBL Corrosion Lea (25) No No
nAPP2214546643 LH Operating, LLC Major Oil Release 5/24/22 Produced Water 3 2 1 BBL Vandalism Eddy (15) No No
nAPP2214547419 Contango Resources, LLC Major Oil Release 5/23/22 Crude Oil 171 160 11 BBL Other Eddy (15) No No
nAPP2215827276 CONOCOPHILLIPS COMPANY Major Release Other 5/23/22 Crude Oil 18 18 0 BBL Corrosion Lea (25) No No
nAPP2215827276 CONOCOPHILLIPS COMPANY Major Release Other 5/23/22 Produced Water 26 25 1 BBL Corrosion Lea (25) No No
nAPP2215750930 EOG RESOURCES INC Minor Oil Release 5/23/22 Crude Oil 15 10 5 BBL Human Error Lea (25) No No
nAPP2214553570 Enterprise Field Services, LLC Major Natural Gas Release 5/22/22 Condensate 5 0 5 BBL Human Error San Juan (45) No No
nAPP2214322703 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/22/22 Produced Water 45 0 45 BBL Equipment Failure Lea (25) No No
nAPP2214330261 FRONTIER FIELD SERVICES, LLC Natural Gas Release 5/22/22 Condensate 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2214277394 Enterprise Field Services, LLC Natural Gas Release 5/22/22 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2214632298 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Produced Water Release 5/21/22 Produced Water 30 20 10 BBL Equipment Failure Lea (25) No No
nAPP2214356019 Permian Resources Operating, LLC Major Fire 5/20/22 Crude Oil 1 0 1 BBL Other Lea (25) No No
nAPP2214154635 Permian Resources Operating, LLC Major Oil Release 5/20/22 Crude Oil 57 53 4 BBL Equipment Failure Lea (25) No No
nAPP2214449767 Spur Energy Partners LLC Minor Produced Water Release 5/19/22 Produced Water 11 1 10 BBL Equipment Failure Lea (25) No No
nAPP2215147527 XTO ENERGY, INC Minor Release Other 5/19/22 Other (Specify) 7 4 3 BBL Human Error Eddy (15) No No
nAPP2213936364 EOG RESOURCES INC Major Oil Release 5/18/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2213936364 EOG RESOURCES INC Major Oil Release 5/18/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2215228772 COG OPERATING LLC Major Produced Water Release 5/18/22 Produced Water 129 129 0 BBL Equipment Failure Lea (25) No No
nAPP2213973514 CIMAREX ENERGY CO. Minor Produced Water Release 5/18/22 Crude Oil 5 1 4 BBL Equipment Failure Eddy (15) No No
nAPP2213974111 CIMAREX ENERGY CO. Major Fire 5/18/22 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2213935679 EOG RESOURCES INC Major Oil Release 5/18/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2213973514 CIMAREX ENERGY CO. Minor Produced Water Release 5/18/22 Produced Water 15 1 14 BBL Equipment Failure Eddy (15) No No
nAPP2213935679 EOG RESOURCES INC Major Oil Release 5/18/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2215352060 MEWBOURNE OIL CO Major Produced Water Release 5/18/22 Produced Water 185 120 65 BBL Equipment Failure Eddy (15) No No
nAPP2213748461 DUGAN PRODUCTION CORP Minor Other 5/17/22 Crude Oil 10 0 10 BBL Corrosion San Juan (45) No No
nAPP2214451613 High River Resources Operating, LLC Major Release Other 5/17/22 Produced Water 0 0 0 BBL Equipment Failure Rio Arriba (39) Yes No
nAPP2213839032 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 5/17/22 Condensate 17 0 17 BBL Corrosion Lea (25) No No
nAPP2214451613 High River Resources Operating, LLC Major Release Other 5/17/22 Condensate 0 0 0 BBL Equipment Failure Rio Arriba (39) Yes No
nAPP2213834095 EOG RESOURCES INC Major Oil Release 5/17/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2213836141 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 5/17/22 Produced Water 75 30 45 BBL Blow Out Eddy (15) No No
nAPP2213834095 EOG RESOURCES INC Major Oil Release 5/17/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2213858200 Harvest Four Corners, LLC Major Natural Gas Release 5/17/22 Produced Water 0 0 0 BBL Equipment Failure Rio Arriba (39) Yes No
nAPP2213858200 Harvest Four Corners, LLC Major Natural Gas Release 5/17/22 Condensate 0 0 0 BBL Equipment Failure Rio Arriba (39) Yes No
nAPP2213835736 OXY USA INC Minor Produced Water Release 5/16/22 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAPP2213935065 DCP OPERATING COMPANY, LP Major Natural Gas Release 5/16/22 Condensate 25 0 25 BBL Blow Out Eddy (15) No No
nAPP2213664988 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 5/16/22 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2213664988 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 5/16/22 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2214735696 XTO ENERGY, INC Minor Release Other 5/15/22 Other (Specify) 8 7 1 BBL Equipment Failure Eddy (15) No No
nAPP2214734717 XTO ENERGY, INC Major Oil Release 5/15/22 Crude Oil 50 50 0 BBL Human Error Eddy (15) No No
nAPP2213648985 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/15/22 Produced Water 6 0 6 BBL Fire Lea (25) No No
nAPP2213830227 WPX Energy Permian, LLC Minor Produced Water Release 5/15/22 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
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nAPP2214547737 XTO ENERGY, INC Minor Release Other 5/14/22 Other (Specify) 7 3 4 BBL Equipment Failure Eddy (15) No No
nAPP2213734490 KAISER-FRANCIS OIL CO Minor Oil Release 5/13/22 Crude Oil 15 15 0 BBL Equipment Failure Lea (25) No No
nAPP2214544127 XTO ENERGY, INC Major Oil Release 5/13/22 Crude Oil 26 26 0 BBL Equipment Failure Eddy (15) No No
nAPP2222355993 DUGAN PRODUCTION CORP Major Produced Water Release 5/13/22 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAPP2213625034 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/13/22 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nAPP2213625034 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/13/22 Produced Water 100 100 0 BBL Equipment Failure Lea (25) No No
nAPP2213648339 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/13/22 Produced Water 123 122 1 BBL Equipment Failure Lea (25) No No
nAPP2223445319 DUGAN PRODUCTION CORP Major Produced Water Release 5/13/22 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nAPP2213647597 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/13/22 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2213737452 OWL SWD OPERATING, LLC Major Produced Water Release 5/12/22 Produced Water 300 240 60 BBL Equipment Failure Lea (25) No No
nAPP2213333484 CIMAREX ENERGY CO. Major Fire 5/12/22 Crude Oil 25 0 25 GAL Human Error Lea (25) No No
nAPP2213330681 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 5/12/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2213248307 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 5/12/22 Condensate 8 0 8 BBL Corrosion Eddy (15) No No
nAPP2214657587 DAVIS GAS PROCESSING CO Other 5/11/22 Condensate 4 4 0 BBL Corrosion Lea (25) No No
nAPP2214342255 XTO ENERGY, INC Minor Release Other 5/11/22 Other (Specify) 10 4 6 BBL Other Eddy (15) No No
nAPP2213629900 APACHE CORPORATION Minor Produced Water Release 5/11/22 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nAPP2213148781 Enterprise Field Services, LLC Minor Release Other 5/11/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2213741252 OWL SWD OPERATING, LLC Major Produced Water Release 5/10/22 Produced Water 580 280 300 BBL Corrosion Lea (25) No No
nAPP2213351816 ADVANCE ENERGY PARTNERS HAT MESA, LLC Other 5/10/22 Other (Specify) 216000 0 216000 LBS Human Error Lea (25) No No
nAPP2213140472 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/10/22 Crude Oil 15 2 13 BBL Equipment Failure Eddy (15) No No
nAPP2213140472 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/10/22 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2214557040 MEWBOURNE OIL CO Major Produced Water Release 5/10/22 Produced Water 71 20 51 BBL Equipment Failure Eddy (15) No No
nAPP2214431010 COG OPERATING LLC Major Oil Release 5/10/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2213168675 CIMAREX ENERGY CO. Minor Oil Release 5/10/22 Crude Oil 12 12 0 BBL Human Error Lea (25) No No
nAPP2213171033 CIMAREX ENERGY CO. Major Produced Water Release 5/10/22 Crude Oil 25 23 2 BBL Equipment Failure Eddy (15) No No
nAPP2213130408 AMEREDEV OPERATING, LLC Minor Produced Water Release 5/10/22 Produced Water 21 0 21 BBL Equipment Failure Lea (25) No No
nAPP2213353279 ADVANCE ENERGY PARTNERS HAT MESA, LLC Release Other 5/10/22 Other (Specify) 216000 0 216000 LBS Human Error Lea (25) No No
nAPP2213171033 CIMAREX ENERGY CO. Major Produced Water Release 5/10/22 Produced Water 50 47 3 BBL Equipment Failure Eddy (15) No No
nAPP2213324254 CAZA OPERATING, LLC Minor Produced Water Release 5/10/22 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2213335346 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 5/10/22 Condensate 9 0 9 BBL Corrosion Lea (25) No No
nAPP2214535072 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 5/9/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2215132849 OXY USA INC Major Release Other 5/9/22 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2215132849 OXY USA INC Major Release Other 5/9/22 Produced Water 45 35 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2213738552 OWL SWD OPERATING, LLC Major Produced Water Release 5/9/22 Produced Water 859 0 859 BBL Blow Out Lea (25) No No
nAPP2213134490 CIMAREX ENERGY CO. Minor Produced Water Release 5/9/22 Produced Water 17 5 12 BBL Human Error Lea (25) No No
nAPP2213020388 MARATHON OIL PERMIAN LLC Minor Produced Water Release 5/9/22 Produced Water 23 23 0 BBL Corrosion Lea (25) No No
nAPP2213229527 LH Operating, LLC Minor Produced Water Release 5/9/22 Crude Oil 1 0 1 BBL Repair and Maintenance Eddy (15) No No
nAPP2213229527 LH Operating, LLC Minor Produced Water Release 5/9/22 Produced Water 19 0 19 BBL Repair and Maintenance Eddy (15) No No
nAPP2213024415 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/8/22 Produced Water 10 1 9 BBL Equipment Failure Eddy (15) No No
nAPP2217928680 EOG RESOURCES INC Minor Produced Water Release 5/8/22 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2212769524 KAISER-FRANCIS OIL CO Major Produced Water Release 5/7/22 Produced Water 70 21 49 BBL Human Error Lea (25) No No
nAPP2212936670 Spur Energy Partners LLC Major Produced Water Release 5/7/22 Produced Water 542 460 82 BBL Blow Out Lea (25) No No
nAPP2212926148 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/7/22 Produced Water 9 8 1 BBL Equipment Failure Lea (25) No No
nAPP2212931075 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/7/22 Produced Water 8 8 0 BBL Equipment Failure Lea (25) No No
nAPP2212768697 KAISER-FRANCIS OIL CO Major Produced Water Release 5/7/22 Produced Water 1060 980 80 BBL Human Error Lea (25) No No
nAPP2212771896 Spur Energy Partners LLC Major Produced Water Release 5/7/22 Produced Water 40 40 0 BBL Corrosion Lea (25) No No
nAPP2212742533 Permian Resources Operating, LLC Major Produced Water Release 5/6/22 Crude Oil 5 3 2 BBL Equipment Failure Lea (25) No No
nAPP2212742533 Permian Resources Operating, LLC Major Produced Water Release 5/6/22 Produced Water 450 380 70 BBL Equipment Failure Lea (25) No No
nAPP2213643210 CONOCOPHILLIPS COMPANY Major Oil Release 5/6/22 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2212641852 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/6/22 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nAPP2213957876 MEWBOURNE OIL CO Major Produced Water Release 5/6/22 Produced Water 546 160 386 BBL Equipment Failure Lea (25) No No
nAPP2212637790 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/6/22 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nAPP2212777868 BTA OIL PRODUCERS, LLC Major Produced Water Release 5/6/22 Produced Water 80 70 10 BBL Equipment Failure Lea (25) No No
nAPP2212661694 CIMAREX ENERGY CO. Major Produced Water Release 5/6/22 Produced Water 45 10 35 BBL Other Lea (25) No No
nAPP2217150365 ADVANCE ENERGY PARTNERS HAT MESA, LLC Release Other 5/5/22 Other (Specify) 48000 0 48000 LBS Human Error Lea (25) No No
nAPP2213941404 XTO ENERGY, INC Major Oil Release 5/5/22 Crude Oil 140 140 0 BBL Other Eddy (15) No No
nAPP2213745923 COG OPERATING LLC Major Release Other 5/5/22 Other (Specify) 83 60 23 BBL Other Eddy (15) No No
nAPP2213957732 Maverick Permian LLC Minor Release Other 5/5/22 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2213957732 Maverick Permian LLC Minor Release Other 5/5/22 Produced Water 17 0 17 BBL Corrosion Lea (25) No No
nAPP2213642290 Maverick Permian LLC Major Produced Water Release 5/4/22 Produced Water 30 1 29 BBL Corrosion Lea (25) No No
nAPP2213134092 EOG RESOURCES INC Minor Produced Water Release 5/3/22 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nAPP2213054038 EOG RESOURCES INC Major Produced Water Release 5/3/22 Produced Water 272 260 12 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2212419463 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 5/3/22 Produced Water 11 2 9 BBL Human Error Eddy (15) No No
nAPP2212458439 EOG RESOURCES INC Major Produced Water Release 5/3/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2213659921 MEWBOURNE OIL CO Major Produced Water Release 5/2/22 Produced Water 219 80 139 BBL Equipment Failure Eddy (15) No No
nAPP2213659126 MEWBOURNE OIL CO Major Produced Water Release 5/2/22 Produced Water 434 0 434 BBL Equipment Failure Eddy (15) No No
nAPP2213645395 XTO ENERGY, INC Minor Produced Water Release 5/2/22 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2212226375 Spur Energy Partners LLC Minor Oil Release 5/2/22 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2212329098 CHEVRON U S A INC Minor Oil Release 5/1/22 Crude Oil 9 0 9 BBL Blow Out Eddy (15) No No
nAPP2212329098 CHEVRON U S A INC Minor Oil Release 5/1/22 Produced Water 1 0 1 BBL Blow Out Eddy (15) No No
nAPP2213031396 COG OPERATING LLC Major Produced Water Release 5/1/22 Produced Water 280 280 0 BBL Equipment Failure Eddy (15) No No
nAPP2212223025 CAZA OPERATING, LLC Major Produced Water Release 5/1/22 Produced Water 110 110 0 BBL Equipment Failure Lea (25) No No
nAPP2212223374 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/1/22 Produced Water 78 78 0 BBL Equipment Failure Eddy (15) No No
nAPP2215134499 OXY USA INC Major Release Other 5/1/22 Crude Oil 35 30 5 BBL Corrosion Eddy (15) No No
nAPP2215134499 OXY USA INC Major Release Other 5/1/22 Produced Water 340 320 20 BBL Corrosion Eddy (15) No No
nAPP2212227380 WPX Energy Permian, LLC Minor Produced Water Release 5/1/22 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2213029810 COG OPERATING LLC Major Oil Release 4/30/22 Crude Oil 67 60 7 BBL Equipment Failure Lea (25) No No
nAPP2212228018 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/30/22 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2212251851 Ameredev New Mexico, LLC Minor Produced Water Release 4/29/22 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2212238312 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 4/29/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2211951806 Titus Oil & Gas Production, LLC Major Produced Water Release 4/28/22 Produced Water 75 50 25 BBL Equipment Failure Lea (25) No No
nAPP2213346771 SAHARA OPERATING CO Minor Oil Release 4/28/22 Crude Oil 12 12 0 BBL Equipment Failure Lea (25) No No
nAPP2211849527 TARGA MIDSTREAM SERVICES LLC Major Other 4/28/22 Condensate 60 55 5 BBL Other Lea (25) No No
nAPP2211937838 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 4/28/22 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2212531906 CONOCOPHILLIPS COMPANY Major Produced Water Release 4/28/22 Produced Water 125 0 125 BBL Equipment Failure Lea (25) No No
nAPP2213029034 COG OPERATING LLC Oil Release 4/28/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2213151424 XTO ENERGY, INC Major Produced Water Release 4/27/22 Produced Water 296 0 296 BBL Equipment Failure Eddy (15) No No
nAPP2213148421 XTO ENERGY, INC Major Oil Release 4/27/22 Crude Oil 1 0 1 BBL Repair and Maintenance Eddy (15) No No
nAPP2211830910 KAISER-FRANCIS OIL CO Major Oil Release 4/27/22 Crude Oil 74 74 0 BBL Equipment Failure Lea (25) No No
nAPP2212649502 HILCORP ENERGY COMPANY Minor Release Other 4/26/22 Produced Water 7 0 7 BBL Corrosion San Juan (45) No No
nAPP2211728385 CIMAREX ENERGY CO. Minor Produced Water Release 4/26/22 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2212649502 HILCORP ENERGY COMPANY Minor Release Other 4/26/22 Condensate 14 5 9 BBL Corrosion San Juan (45) No No
nAPP2211737422 DUGAN PRODUCTION CORP Minor Produced Water Release 4/26/22 Produced Water 11 0 11 BBL Equipment Failure San Juan (45) No No
nAPP2212962315 MEWBOURNE OIL CO Minor Produced Water Release 4/25/22 Produced Water 17 0 17 BBL Equipment Failure Eddy (15) No No
nAPP2211539844 Enterprise Field Services, LLC Minor Natural Gas Release 4/25/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
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nAPP2211550639 Civitas Permian Operating, LLC Major Produced Water Release 4/24/22 Produced Water 117 110 7 BBL Equipment Failure Lea (25) No No
nAPP2211531680 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/23/22 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nAPP2212446966 ETC Texas Pipeline, Ltd. Major Release Other 4/23/22 Natural Gas Liquids 51 0 51 BBL Other Lea (25) No No
nAPP2212627880 APACHE CORPORATION Major Fire 4/23/22 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2212627880 APACHE CORPORATION Major Fire 4/23/22 Produced Water 2 0 2 BBL Fire Lea (25) No No
nAPP2211549633 KAISER-FRANCIS OIL CO Minor Oil Release 4/22/22 Crude Oil 15 15 0 BBL Human Error Lea (25) No No
nAPP2211547100 Spur Energy Partners LLC Minor Oil Release 4/22/22 Crude Oil 4 3 1 BBL Corrosion Eddy (15) No No
nAPP2211547100 Spur Energy Partners LLC Minor Oil Release 4/22/22 Produced Water 4 3 1 BBL Corrosion Eddy (15) No No
nAPP2213027095 COG OPERATING LLC Major Produced Water Release 4/22/22 Produced Water 40 0 40 BBL Fire Eddy (15) No No
nAPP2212681299 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 4/21/22 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nAPP2212348289 MEWBOURNE OIL CO Major Produced Water Release 4/21/22 Produced Water 64 0 64 BBL Equipment Failure Eddy (15) No No
nAPP2211937856 AMERICO ENERGY RESOURCES LLC Major Produced Water Release 4/21/22 Produced Water 100 0 100 BBL Other Eddy (15) No No
nAPP2211236521 CIMAREX ENERGY CO. Minor Oil Release 4/21/22 Crude Oil 18 18 0 BBL Equipment Failure Eddy (15) No No
nAPP2427440694 BXP Operating, LLC Major Produced Water Release 4/21/22 Produced Water 119 0 119 BBL Corrosion Lea (25) No No
nAPP2212552070 HILCORP ENERGY COMPANY Minor Produced Water Release 4/21/22 Produced Water 5 0 5 BBL Other San Juan (45) No No
nAPP2212534201 EOG RESOURCES INC Major Oil Release 4/20/22 Crude Oil 35 22 13 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2212529806 COG OPERATING LLC Major Release Other 4/20/22 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2212344322 XTO ENERGY, INC Minor Produced Water Release 4/20/22 Crude Oil 6 1 5 BBL Corrosion Eddy (15) No No
nAPP2212529806 COG OPERATING LLC Major Release Other 4/20/22 Produced Water 370 365 5 BBL Equipment Failure Eddy (15) No No
nAPP2211065721 BTA OIL PRODUCERS, LLC Major Oil Release 4/20/22 Crude Oil 67 60 7 BBL Blow Out Lea (25) No No
nAPP2212534201 EOG RESOURCES INC Major Oil Release 4/20/22 Produced Water 4 3 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2212344322 XTO ENERGY, INC Minor Produced Water Release 4/20/22 Produced Water 9 1 8 BBL Corrosion Eddy (15) No No
nAPP2212350967 XTO ENERGY, INC Major Oil Release 4/20/22 Crude Oil 48 48 0 BBL Equipment Failure Eddy (15) No No
nAPP2212446112 EOG RESOURCES INC Major Produced Water Release 4/19/22 Produced Water 26 6 20 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2211831361 APACHE CORPORATION Major Oil Release 4/19/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2212530446 COG OPERATING LLC Minor Oil Release 4/19/22 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2211249169 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/18/22 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2211260998 HILCORP ENERGY COMPANY Minor Produced Water Release 4/18/22 Produced Water 19 0 19 BBL Corrosion San Juan (45) No No
nAPP2210932844 Enterprise Field Services, LLC Minor Produced Water Release 4/18/22 Produced Water 6 0 6 BBL Other Eddy (15) No No
nAPP2210924425 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/18/22 Produced Water 13 0 13 BBL Equipment Failure Eddy (15) No No
nAPP2210941542 Avant Operating, LLC Major Produced Water Release 4/18/22 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nAPP2210958044 KEY ENERGY SERVICES, LLC Major Other 4/18/22 Brine Water 100 85 15 BBL Bradenhead Test Lea (25) No No
nAPP2210967015 BTA OIL PRODUCERS, LLC Minor Produced Water Release 4/18/22 Produced Water 20 10 10 BBL Equipment Failure Lea (25) No No
nAPP2210922563 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/18/22 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAPP2210941542 Avant Operating, LLC Major Produced Water Release 4/18/22 Produced Water 57 48 9 BBL Equipment Failure Lea (25) No No
nAPP2211060378 OXY USA INC Major Produced Water Release 4/18/22 Produced Water 35 30 5 BBL Equipment Failure Eddy (15) No No
nAPP2231664335 KEY ENERGY SERVICES, LLC Major Other 4/18/22 Brine Water 30 28 2 BBL Equipment Failure Lea (25) No No
nAPP2211133489 Spur Energy Partners LLC Minor Oil Release 4/17/22 Crude Oil 10 0 10 BBL Human Error Eddy (15) No No
nAPP2211133489 Spur Energy Partners LLC Minor Oil Release 4/17/22 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nAPP2211947872 XTO ENERGY, INC Major Produced Water Release 4/16/22 Produced Water 70 70 0 BBL Corrosion Eddy (15) No No
nAPP2210823181 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 4/15/22 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAPP2211651017 XTO ENERGY, INC Minor Release Other 4/15/22 Other (Specify) 10 2 8 BBL Other Eddy (15) No No
nAPP2211046720 Enterprise Field Services, LLC Minor Natural Gas Release 4/14/22 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2211856195 EOG RESOURCES INC Major Produced Water Release 4/14/22 Produced Water 1100 930 170 BBL Equipment Failure Lea (25) No No
nAPP2211732512 CHEVRON U S A INC Minor Produced Water Release 4/13/22 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAPP2211851010 EOG RESOURCES INC Major Produced Water Release 4/13/22 Produced Water 125 115 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2211654411 XTO ENERGY, INC Major Release Other 4/13/22 Other (Specify) 55 40 15 BBL Equipment Failure Eddy (15) No No
nAPP2210346161 EOG RESOURCES INC Major Oil Release 4/13/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2210346161 EOG RESOURCES INC Major Oil Release 4/13/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2214534062 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 4/13/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2211730678 CHEVRON U S A INC Major Produced Water Release 4/12/22 Produced Water 566 0 566 BBL Equipment Failure Eddy (15) No No
nAPP2210353939 DUGAN PRODUCTION CORP Major Produced Water Release 4/12/22 Produced Water 130 0 130 BBL Corrosion San Juan (45) No No
nAPP2210251385 CENTENNIAL RESOURCE PRODUCTION, LLC Major Produced Water Release 4/12/22 Crude Oil 1 1 0 BBL Other Lea (25) No No
nAPP2210251385 CENTENNIAL RESOURCE PRODUCTION, LLC Major Produced Water Release 4/12/22 Produced Water 118 107 11 BBL Other Lea (25) No No
nAPP2210224954 MARATHON OIL PERMIAN LLC Minor Produced Water Release 4/12/22 Produced Water 12 12 0 BBL Equipment Failure Eddy (15) No No
nAPP2210326434 WPX Energy Permian, LLC Minor Produced Water Release 4/12/22 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2211531225 COG OPERATING LLC Major Produced Water Release 4/11/22 Produced Water 204 198 6 BBL Corrosion Lea (25) No No
nAPP2211534054 MEWBOURNE OIL CO Major Produced Water Release 4/11/22 Produced Water 53 20 33 BBL Equipment Failure Eddy (15) No No
nAPP2210340949 MATADOR PRODUCTION COMPANY Minor Produced Water Release 4/11/22 Produced Water 14 0 14 BBL Other Lea (25) No No
nAPP2212953979 Silverback Operating II, LLC Minor Produced Water Release 4/11/22 Produced Water 20 20 0 BBL Human Error Eddy (15) No No
nAPP2210450731 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 4/11/22 Produced Water 14 0 14 BBL High Line Pressure Eddy (15) No No
nAPP2211638804 COG OPERATING LLC Major Oil Release 4/11/22 Crude Oil 155 130 25 BBL Corrosion Eddy (15) No No
nAPP2210243991 EOG RESOURCES INC Major Produced Water Release 4/11/22 Crude Oil 27 25 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2210243991 EOG RESOURCES INC Major Produced Water Release 4/11/22 Produced Water 243 225 18 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2210128681 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/10/22 Produced Water 31 31 0 BBL Corrosion Eddy (15) No No
nAPP2210134300 TEAM OPERATING, L.L.C. Minor Oil Release 4/10/22 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nAPP2210134300 TEAM OPERATING, L.L.C. Minor Oil Release 4/10/22 Produced Water 20 12 8 BBL Equipment Failure Lea (25) No No
nAPP2210148928 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 4/10/22 Produced Water 77 60 17 BBL Corrosion Eddy (15) No No
nAPP2211527047 CHEVRON U S A INC Minor Release Other 4/9/22 Other (Specify) 10 0 10 BBL Other Lea (25) No No
nAPP2210935265 APACHE CORPORATION Major Produced Water Release 4/9/22 Crude Oil 20 20 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2210935265 APACHE CORPORATION Major Produced Water Release 4/9/22 Produced Water 80 70 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2215340726 Spur Energy Partners LLC Major Produced Water Release 4/9/22 Produced Water 104 70 34 BBL Equipment Failure Eddy (15) No No
nAPP2211150068 XTO ENERGY, INC Major Release Other 4/9/22 Other (Specify) 78 30 48 BBL Equipment Failure Eddy (15) No No
nAPP2211638306 COG OPERATING LLC Minor Release Other 4/9/22 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2211638306 COG OPERATING LLC Minor Release Other 4/9/22 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nAPP2211143447 CONOCOPHILLIPS COMPANY Oil Release 4/8/22 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2211151438 XTO ENERGY, INC Minor Release Other 4/8/22 Other (Specify) 15 12 3 BBL Equipment Failure Eddy (15) No No
nAPP2209837669 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/8/22 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2211045082 COG OPERATING LLC Minor Produced Water Release 4/7/22 Produced Water 13 13 0 BBL Corrosion Lea (25) No No
nAPP2209658720 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/6/22 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2210950771 Maverick Permian LLC Minor Release Other 4/6/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2211035638 COG OPERATING LLC Major Produced Water Release 4/6/22 Produced Water 110 110 0 BBL Corrosion Lea (25) No No
nAPP2210343535 OXY USA INC Major Produced Water Release 4/6/22 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nAPP2209658720 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/6/22 Produced Water 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2210950771 Maverick Permian LLC Minor Release Other 4/6/22 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nAPP2210953241 CONOCOPHILLIPS COMPANY Release Other 4/6/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2209736302 High River Resources Operating, LLC Major Oil Release 4/6/22 Crude Oil 200 0 200 BBL Equipment Failure Rio Arriba (39) No No
nAPP2210146054 OXY USA INC Minor Oil Release 4/6/22 Crude Oil 20 10 10 BBL Human Error Eddy (15) No No
nAPP2210953241 CONOCOPHILLIPS COMPANY Release Other 4/6/22 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2209639601 EOG RESOURCES INC Major Oil Release 4/5/22 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2209639601 EOG RESOURCES INC Major Oil Release 4/5/22 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2210937085 XTO ENERGY, INC Minor Produced Water Release 4/5/22 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2210942764 XTO ENERGY, INC Major Release Other 4/5/22 Other (Specify) 41 35 6 BBL Power Failure Eddy (15) No No
nAPP2209453022 Permian Resources Operating, LLC Oil Release 4/4/22 Other (Specify) 1 0 1 BBL High Line Pressure Lea (25) No No
nAPP2211630786 COG OPERATING LLC Minor Produced Water Release 4/4/22 Produced Water 6 4 2 BBL Corrosion Eddy (15) No No
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nAPP2209754122 EOG RESOURCES INC Major Produced Water Release 4/3/22 Produced Water 33 0 33 BBL Vehicular Accident Lea (25) No No
nAPP2210333658 FASKEN OIL & RANCH LTD Major Produced Water Release 4/3/22 Produced Water 803 760 43 BBL Equipment Failure Lea (25) No No
nAPP2209436536 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 4/3/22 Produced Water 294 214 80 BBL Equipment Failure Lea (25) No No
nAPP2210440709 MEWBOURNE OIL CO Major Produced Water Release 4/3/22 Produced Water 1829 600 1229 BBL Equipment Failure Eddy (15) No No
nAPP2211047151 COG OPERATING LLC Major Oil Release 4/2/22 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2209827356 AMEREDEV OPERATING, LLC Major Produced Water Release 4/2/22 Produced Water 511 220 291 BBL Equipment Failure Lea (25) Yes No
nAPP2210152427 SCM Operations, LLC Major Fire 4/2/22 Other (Specify) 0 0 0 GAL Fire Eddy (15) No No
nAPP2209526360 Enterprise Field Services, LLC Natural Gas Release 4/1/22 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2210553504 XTO ENERGY, INC Minor Release Other 4/1/22 Other (Specify) 24 0 24 BBL Corrosion Eddy (15) No No
nAPP2209227305 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 4/1/22 Produced Water 28 28 0 BBL Equipment Failure Eddy (15) No No
nAPP2209139282 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/1/22 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nAPP2209150614 TAP ROCK OPERATING, LLC Major Produced Water Release 4/1/22 Produced Water 29 2 27 BBL Human Error Lea (25) No No
nAPP2209133003 EOG RESOURCES INC Major Oil Release 3/31/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2209133003 EOG RESOURCES INC Major Oil Release 3/31/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2209140162 EOG RESOURCES INC Major Oil Release 3/31/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2209141509 HILCORP ENERGY COMPANY Major Produced Water Release 3/31/22 Produced Water 126 110 16 BBL Corrosion Rio Arriba (39) No No
nAPP2209140162 EOG RESOURCES INC Major Oil Release 3/31/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2209078912 BTA OIL PRODUCERS, LLC Major Oil Release 3/31/22 Crude Oil 155 130 25 BBL Human Error Lea (25) No No
nAPP2209132598 EOG RESOURCES INC Major Oil Release 3/31/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2209132598 EOG RESOURCES INC Major Oil Release 3/31/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2209051047 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 3/31/22 Crude Oil 12 12 0 BBL Other Eddy (15) No No
nAPP2209659942 NAVAJO REFINING COMPANY, L.L.C. Minor Release Other 3/31/22 Other (Specify) 8 6 2 BBL Equipment Failure Eddy (15) No No
nAPP2211951146 AMERICO ENERGY RESOURCES LLC Oil Release 3/29/22 Crude Oil 4 0 4 BBL Other Eddy (15) No No
nAPP2209746512 CHEVRON U S A INC Major Produced Water Release 3/29/22 Produced Water 65 0 65 BBL Corrosion Lea (25) No No
nAPP2209066395 OXY USA INC Major Produced Water Release 3/29/22 Crude Oil 72 52 20 BBL Equipment Failure Eddy (15) No No
nAPP2210143304 XTO ENERGY, INC Minor Produced Water Release 3/29/22 Produced Water 19 0 19 BBL Equipment Failure Eddy (15) No No
nAPP2209066395 OXY USA INC Major Produced Water Release 3/29/22 Produced Water 372 342 30 BBL Equipment Failure Eddy (15) No No
nAPP2209041864 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Produced Water Release 3/28/22 Produced Water 500 300 200 BBL Blow Out Eddy (15) No No
nAPP2208741123 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/28/22 Produced Water 874 0 874 BBL Human Error Lea (25) No No
nAPP2208738461 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/28/22 Produced Water 34 34 0 BBL Equipment Failure Eddy (15) No No
nAPP2211046142 COG OPERATING LLC Minor Produced Water Release 3/28/22 Produced Water 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2210135897 TEAM OPERATING, L.L.C. Minor Produced Water Release 3/28/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2210135897 TEAM OPERATING, L.L.C. Minor Produced Water Release 3/28/22 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2208726415 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 3/27/22 Crude Oil 7 7 0 BBL Equipment Failure Lea (25) No No
nAPP2208851274 SELECT ENERGY SERVICES, LLC Minor Produced Water Release 3/26/22 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nAPP2209038474 SELECT ENERGY SERVICES, LLC Produced Water Release 3/26/22 Produced Water 3 0 3 BBL Human Error Lea (25) No No
nAPP2209732674 EOG RESOURCES INC Minor Produced Water Release 3/26/22 Produced Water 15 0 15 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2209040079 ETC Texas Pipeline, Ltd. Minor Release Other 3/25/22 Natural Gas Liquids 17 0 17 BBL Corrosion Lea (25) No No
nAPP2208453065 North Fork Operating, LP Major Produced Water Release 3/25/22 Produced Water 219 0 219 BBL Equipment Failure Eddy (15) No No
nAPP2208733407 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/25/22 Produced Water 8 7 1 BBL Equipment Failure Lea (25) No No
nAPP2209836962 COG OPERATING LLC Major Oil Release 3/25/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2209736479 XTO ENERGY, INC Major Release Other 3/25/22 Other (Specify) 45 40 5 BBL Equipment Failure Eddy (15) No No
nAPP2209755705 MEWBOURNE OIL CO Minor Produced Water Release 3/24/22 Produced Water 18 0 18 BBL Equipment Failure Eddy (15) No No
nAPP2208459113 Prima Exploration, Inc. Major Oil Release 3/24/22 Crude Oil 18 18 0 BBL Equipment Failure Lea (25) No No
nAPP2209756555 MEWBOURNE OIL CO Major Produced Water Release 3/24/22 Produced Water 310 0 310 BBL Human Error Eddy (15) No No
nAPP2209731445 XTO ENERGY, INC Minor Other 3/24/22 Other (Specify) 15 4 11 BBL Other Eddy (15) No No
nAPP2208459113 Prima Exploration, Inc. Major Oil Release 3/24/22 Produced Water 44 42 2 BBL Equipment Failure Lea (25) No No
nAPP2208336723 Enterprise Field Services, LLC Minor Natural Gas Release 3/24/22 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2208441897 MARATHON OIL PERMIAN LLC Minor Produced Water Release 3/24/22 Produced Water 13 13 0 BBL Corrosion Lea (25) No No
nAPP2208340802 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/24/22 Produced Water 8 5 3 BBL Equipment Failure Lea (25) No No
nAPP2209067808 OXY USA INC Minor Oil Release 3/23/22 Crude Oil 10 2 8 BBL Equipment Failure Lea (25) No No
nAPP2208340165 EOG RESOURCES INC Major Produced Water Release 3/23/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2209759646 MEWBOURNE OIL CO Minor Release Other 3/23/22 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nAPP2209549874 COG OPERATING LLC Major Oil Release 3/23/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2209759646 MEWBOURNE OIL CO Minor Release Other 3/23/22 Produced Water 16 0 16 BBL Equipment Failure Eddy (15) No No
nAPP2208337232 EOG RESOURCES INC Major Produced Water Release 3/23/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2208339578 EOG RESOURCES INC Major Produced Water Release 3/23/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2209649365 COG OPERATING LLC Major Natural Gas Release 3/23/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2209048568 EOG RESOURCES INC Major Produced Water Release 3/23/22 Produced Water 28 5 23 BBL Equipment Failure Lea (25) No No
nAPP2208434860 CIMAREX ENERGY CO. Minor Produced Water Release 3/23/22 Produced Water 5 5 0 BBL Human Error Lea (25) No No
nAPP2208451567 NAVAJO REFINING COMPANY, L.L.C. Minor Other 3/22/22 Other (Specify) 15 10 5 BBL Equipment Failure Eddy (15) No No
nAPP2209531688 CONOCOPHILLIPS COMPANY Release Other 3/22/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2209548837 COG OPERATING LLC Major Release Other 3/22/22 Crude Oil 40 39 1 BBL Equipment Failure Eddy (15) No No
nAPP2209531688 CONOCOPHILLIPS COMPANY Release Other 3/22/22 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2209548837 COG OPERATING LLC Major Release Other 3/22/22 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2208136392 OXY USA INC Minor Produced Water Release 3/22/22 Produced Water 10 6 4 BBL Equipment Failure Eddy (15) No No
nAPP2208157216 Ring Energy, Inc Produced Water Release 3/22/22 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2208846424 WPX Energy Permian, LLC Minor Oil Release 3/21/22 Crude Oil 8 3 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2208841146 WPX Energy Permian, LLC Major Produced Water Release 3/21/22 Produced Water 300 300 0 BBL Equipment Failure Eddy (15) No No
nAPP2208051921 CENTENNIAL RESOURCE PRODUCTION, LLC Major Oil Release 3/21/22 Produced Water 160 160 0 BBL Equipment Failure Lea (25) No No
nAPP2208125818 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 3/21/22 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2208051921 CENTENNIAL RESOURCE PRODUCTION, LLC Major Oil Release 3/21/22 Crude Oil 15 10 5 BBL Equipment Failure Lea (25) No No
nAPP2209446613 XTO ENERGY, INC Minor Produced Water Release 3/21/22 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2208844411 WPX Energy Permian, LLC Major Produced Water Release 3/21/22 Produced Water 375 360 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2209039217 XTO ENERGY, INC Major Produced Water Release 3/19/22 Produced Water 285 260 25 BBL Corrosion Eddy (15) No No
nAPP2208052877 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/19/22 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2209137379 XTO ENERGY, INC Major Oil Release 3/19/22 Crude Oil 146 144 2 BBL Equipment Failure Eddy (15) No No
nAPP2209137379 XTO ENERGY, INC Major Oil Release 3/19/22 Produced Water 97 96 1 BBL Equipment Failure Eddy (15) No No
nAPP2209060000 AMEREDEV OPERATING, LLC Major Other 3/18/22 Condensate 0 0 0 BBL Other Lea (25) No No
nAPP2209137585 COG OPERATING LLC Minor Oil Release 3/18/22 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2208155134 DCP OPERATING COMPANY, LP Major Natural Gas Release 3/18/22 Other (Specify) 0 0 0 Lea (25) No No
nAPP2208337396 HILCORP ENERGY COMPANY Release Other 3/18/22 Unknown 1 0 1 BBL Other San Juan (45) No No
nAPP2209041753 XTO ENERGY, INC Minor Release Other 3/17/22 Other (Specify) 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2207748537 EOG RESOURCES INC Major Oil Release 3/17/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2207748537 EOG RESOURCES INC Major Oil Release 3/17/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2209076202 BTA OIL PRODUCERS, LLC Minor Oil Release 3/17/22 Crude Oil 10 3 7 BBL Equipment Failure Lea (25) No No
nAPP2207649081 North Fork Operating, LP Major Produced Water Release 3/16/22 Produced Water 25 25 0 BBL Equipment Failure Eddy (15) No No
nAPP2209136398 COG OPERATING LLC Oil Release 3/15/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2208750257 MEWBOURNE OIL CO Minor Produced Water Release 3/15/22 Produced Water 20 0 20 BBL Human Error Eddy (15) No No
nAPP2207536482 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/15/22 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nAPP2207544436 DUGAN PRODUCTION CORP Major Produced Water Release 3/15/22 Produced Water 200 175 25 BBL Equipment Failure San Juan (45) No No
nAPP2208944359 LH Operating, LLC Oil Release 3/15/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2208944359 LH Operating, LLC Oil Release 3/15/22 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2208350357 MEWBOURNE OIL CO Major Oil Release 3/15/22 Crude Oil 35 0 35 BBL Human Error Eddy (15) No No
nAPP2207629179 CIMAREX ENERGY CO. Major Fire 3/15/22 Other (Specify) 0 0 0 BBL Fire Lea (25) No No
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nAPP2207524538 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/15/22 Produced Water 39 0 39 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2208253120 MEWBOURNE OIL CO Minor Release Other 3/14/22 Condensate 16 0 16 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2208247093 CHEVRON U S A INC Minor Produced Water Release 3/14/22 Crude Oil 1 1 0 BBL Other Eddy (15) No No
nAPP2208247093 CHEVRON U S A INC Minor Produced Water Release 3/14/22 Produced Water 6 5 1 BBL Other Eddy (15) No No
nAPP2208351954 XTO ENERGY, INC Major Oil Release 3/14/22 Produced Water 16 16 0 BBL Equipment Failure Eddy (15) No No
nAPP2208351954 XTO ENERGY, INC Major Oil Release 3/14/22 Crude Oil 64 64 0 BBL Equipment Failure Eddy (15) No No
nAPP2209135688 COG OPERATING LLC Minor Release Other 3/14/22 Crude Oil 6 4 2 BBL Equipment Failure Eddy (15) No No
nAPP2209135688 COG OPERATING LLC Minor Release Other 3/14/22 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nAPP2207346984 Enterprise Field Services, LLC Minor Natural Gas Release 3/14/22 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2207346885 Spur Energy Partners LLC Major Produced Water Release 3/13/22 Produced Water 91 5 86 BBL Equipment Failure Eddy (15) No No
nAPP2208043246 Silverback Operating II, LLC Minor Release Other 3/13/22 Other (Specify) 13 10 3 BBL Equipment Failure Eddy (15) No No
nAPP2207369076 Spur Energy Partners LLC Major Oil Release 3/13/22 Crude Oil 62 61 1 BBL Corrosion Eddy (15) No No
nAPP2207368796 Spur Energy Partners LLC Major Oil Release 3/13/22 Crude Oil 62 61 1 BBL Corrosion Eddy (15) No No
nAPP2210830092 COG OPERATING LLC Oil Release 3/13/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2207347201 PLAINS MARKETING L.P. Minor Oil Release 3/12/22 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nAPP2208435708 COG OPERATING LLC Major Oil Release 3/12/22 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2208945302 LH Operating, LLC Oil Release 3/12/22 Crude Oil 1 0 1 BBL High Line Pressure Eddy (15) No No
nAPP2207325055 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/12/22 Produced Water 19 19 0 BBL Human Error Lea (25) No No
nAPP2208945302 LH Operating, LLC Oil Release 3/12/22 Produced Water 1 0 1 BBL High Line Pressure Eddy (15) No No
nAPP2207118254 CIMAREX ENERGY CO. OF COLORADO Major Fire 3/11/22 Motor Oil 10 10 0 GAL Fire Lea (25) No No
nAPP2207030984 MARATHON OIL PERMIAN LLC Minor Produced Water Release 3/10/22 Produced Water 23 23 0 BBL Corrosion Lea (25) No No
nAPP2207260043 OXY USA INC Major Produced Water Release 3/10/22 Crude Oil 3 2 1 BBL Human Error Lea (25) No No
nAPP2207260043 OXY USA INC Major Produced Water Release 3/10/22 Produced Water 150 94 56 BBL Human Error Lea (25) No No
nAPP2206954187 ETC Texas Pipeline, Ltd. Minor Oil Release 3/10/22 Crude Oil 23 3 20 BBL Equipment Failure Lea (25) No No
nAPP2307435923 ETC Texas Pipeline Ltd., Limited Partnership Major Release Other 3/10/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2208349430 XTO ENERGY, INC Minor Produced Water Release 3/9/22 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2206969867 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 3/9/22 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2307233858 ETC Texas Pipeline Ltd., Limited Partnership Major Release Other 3/9/22 Produced Water 61 0 61 BBL Other Lea (25) No No
nAPP2209031636 COG OPERATING LLC Major Oil Release 3/9/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2207560537 EOG RESOURCES INC Major Oil Release 3/9/22 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2207560537 EOG RESOURCES INC Major Oil Release 3/9/22 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2208248869 CONOCOPHILLIPS COMPANY Minor Oil Release 3/9/22 Crude Oil 5 1 4 BBL Corrosion Lea (25) No No
nAPP2208054520 MEWBOURNE OIL CO Major Produced Water Release 3/8/22 Produced Water 65 35 30 BBL Equipment Failure Lea (25) No No
nAPP2207561363 EOG RESOURCES INC Major Produced Water Release 3/8/22 Produced Water 0 7 -7 BBL Other Eddy (15) No No
nAPP2207739235 COG OPERATING LLC Minor Release Other 3/7/22 Crude Oil 3 0 3 BBL Corrosion Eddy (15) No No
nAPP2207739235 COG OPERATING LLC Minor Release Other 3/7/22 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nAPP2206624122 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/7/22 Produced Water 240 240 0 BBL Corrosion Eddy (15) No No
nAPP2206753386 BTA OIL PRODUCERS, LLC Minor Oil Release 3/7/22 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2206753386 BTA OIL PRODUCERS, LLC Minor Oil Release 3/7/22 Produced Water 7 6 1 BBL Equipment Failure Lea (25) No No
nAPP2206666393 TAP ROCK OPERATING, LLC Major Produced Water Release 3/7/22 Produced Water 184 0 184 BBL Human Error Lea (25) No No
nAPP2207743395 XTO ENERGY, INC Minor Produced Water Release 3/5/22 Produced Water 18 0 18 BBL Human Error Eddy (15) No No
nAPP2209134486 LH Operating, LLC Major Produced Water Release 3/5/22 Produced Water 600 450 150 BBL Equipment Failure Eddy (15) No No
nAPP2206735499 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 3/5/22 Glycol 6 1 5 BBL Equipment Failure Eddy (15) No No
nAPP2207746719 XTO ENERGY, INC Minor Oil Release 3/4/22 Crude Oil 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2206348945 Avant Operating, LLC Major Oil Release 3/4/22 Crude Oil 258 124 134 BBL Corrosion Lea (25) No No
nAPP2207444703 COG OPERATING LLC Minor Produced Water Release 3/4/22 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2206346222 LONGFELLOW ENERGY, LP Major Produced Water Release 3/4/22 Produced Water 700 120 580 BBL Equipment Failure Eddy (15) No No
nAPP2206374276 CIMAREX ENERGY CO. Major Oil Release 3/4/22 Crude Oil 50 50 0 BBL Equipment Failure Eddy (15) No No
nAPP2206374276 CIMAREX ENERGY CO. Major Oil Release 3/4/22 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nAPP2207642850 COG OPERATING LLC Minor Oil Release 3/3/22 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2206640765 MATADOR PRODUCTION COMPANY Major Fire 3/3/22 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2206268683 MATADOR PRODUCTION COMPANY Major Fire 3/3/22 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2206234310 TAP ROCK OPERATING, LLC Major Produced Water Release 3/3/22 Produced Water 87 87 0 BBL Equipment Failure Lea (25) No No
nAPP2206268683 MATADOR PRODUCTION COMPANY Major Fire 3/3/22 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nAPP2207638776 ROVER OPERATING, LLC Minor Oil Release 3/3/22 Crude Oil 20 3 17 BBL Blow Out Eddy (15) No No
nAPP2206272830 CIMAREX ENERGY CO. Minor Other 3/3/22 Produced Water 9 4 5 BBL Equipment Failure Eddy (15) No No
nAPP2427443503 BXP Operating, LLC Major Produced Water Release 3/3/22 Produced Water 64 0 64 BBL Corrosion Lea (25) No No
nAPP2207343782 ETC Texas Pipeline, Ltd. Minor Natural Gas Release 3/2/22 Natural Gas Liquids 22 0 22 BBL Corrosion Lea (25) No No
nAPP2206234416 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 3/2/22 Crude Oil 16 5 11 BBL Equipment Failure Eddy (15) No No
nAPP2207259562 OXY USA INC Minor Produced Water Release 3/2/22 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nAPP2206337228 Enterprise Field Services, LLC Minor Release Other 3/2/22 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2206131713 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/2/22 Produced Water 35 0 35 BBL Equipment Failure Eddy (15) No No
nAPP2208957138 WESPAC ENERGY, LLC Major Produced Water Release 3/1/22 Crude Oil 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2206125036 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 3/1/22 Condensate 98 0 98 BBL Equipment Failure Lea (25) No No
nAPP2208959497 WESPAC ENERGY, LLC Major Produced Water Release 3/1/22 Crude Oil 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2208959497 WESPAC ENERGY, LLC Major Produced Water Release 3/1/22 Produced Water 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2208957138 WESPAC ENERGY, LLC Major Produced Water Release 3/1/22 Produced Water 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2206153404 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Oil Release 3/1/22 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nAPP2208959497 WESPAC ENERGY, LLC Major Produced Water Release 3/1/22 Condensate 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2206153404 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Oil Release 3/1/22 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nAPP2208957138 WESPAC ENERGY, LLC Major Produced Water Release 3/1/22 Produced Water 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2208959497 WESPAC ENERGY, LLC Major Produced Water Release 3/1/22 Produced Water 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2206131795 Permian Resources Operating, LLC Major Oil Release 3/1/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2208957138 WESPAC ENERGY, LLC Major Produced Water Release 3/1/22 Condensate 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2206746908 WESPAC ENERGY, LLC Major Other 3/1/22 Crude Oil 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2233344921 LYNX OPERATING CO., INC. Minor Produced Water Release 2/28/22 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2233344921 LYNX OPERATING CO., INC. Minor Produced Water Release 2/28/22 Produced Water 13 0 13 BBL Equipment Failure Lea (25) No No
nAPP2206028617 Franklin Mountain Energy LLC Minor Release Other 2/28/22 Diesel 24 19 5 BBL Human Error Lea (25) No No
nAPP2207331663 CONOCOPHILLIPS COMPANY Minor Release Other 2/27/22 Produced Water 4 2 2 BBL Equipment Failure Lea (25) No No
nAPP2207331663 CONOCOPHILLIPS COMPANY Minor Release Other 2/27/22 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2206048902 EOG RESOURCES INC Major Produced Water Release 2/27/22 Produced Water 153 40 113 BBL Equipment Failure Lea (25) No No
nAPP2206149096 EOG RESOURCES INC Minor Produced Water Release 2/27/22 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nAPP2206950640 COG OPERATING LLC Major Oil Release 2/26/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2205837214 BTA OIL PRODUCERS, LLC Major Produced Water Release 2/26/22 Produced Water 165 70 95 BBL Equipment Failure Lea (25) No No
nAPP2205753600 TAP ROCK OPERATING, LLC Minor Produced Water Release 2/26/22 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2205655153 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/25/22 Produced Water 13 9 4 BBL Equipment Failure Lea (25) No No
nAPP2205757047 KAISER-FRANCIS OIL CO Major Produced Water Release 2/25/22 Crude Oil 13 8 5 BBL Equipment Failure Lea (25) No No
nAPP2205757047 KAISER-FRANCIS OIL CO Major Produced Water Release 2/25/22 Produced Water 78 28 50 BBL Equipment Failure Lea (25) No No
nRM2207432785 WESPAC ENERGY, LLC Major Other 2/25/22 Other (Specify) 0 0 0 BBL Other Chaves (05) No No
nAPP2207049431 CONOCOPHILLIPS COMPANY Minor Release Other 2/24/22 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2206853301 XTO ENERGY, INC Major Oil Release 2/24/22 Crude Oil 99 99 0 BBL Equipment Failure Eddy (15) No No
nAPP2205645858 PLAINS MARKETING L.P. Minor Oil Release 2/24/22 Crude Oil 8 0 8 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2207049431 CONOCOPHILLIPS COMPANY Minor Release Other 2/24/22 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nAPP2207742550 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 2/24/22 Condensate 9 0 9 BBL Other Eddy (15) No No
nAPP2205617791 CIMAREX ENERGY CO. Major Produced Water Release 2/23/22 Produced Water 38 0 38 BBL Equipment Failure Lea (25) No No
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nAPP2205538099 MACK ENERGY CORP Major Produced Water Release 2/23/22 Produced Water 45 5 40 BBL Equipment Failure Chaves (05) No No
nAPP2205652777 CHEVRON U S A INC Major Other 2/23/22 Condensate 30 30 0 BBL Human Error Eddy (15) No No
nAPP2208453912 WESPAC ENERGY, LLC Major Oil Release 2/23/22 Crude Oil 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2206336120 XTO ENERGY, INC Major Produced Water Release 2/22/22 Produced Water 270 270 0 BBL Equipment Failure Eddy (15) No No
nAPP2206827379 APACHE CORPORATION Minor Produced Water Release 2/22/22 Produced Water 10 5 5 BBL Corrosion Lea (25) No No
nAPP2205351635 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/22/22 Produced Water 89 89 0 BBL Equipment Failure Lea (25) No No
nAPP2206251094 El Paso Natural Gas Company, L.L.C Major Produced Water Release 2/22/22 Produced Water 162 160 2 BBL Human Error Lea (25) No No
nAPP2206947126 COG OPERATING LLC Major Oil Release 2/21/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2205638843 XTO ENERGY, INC Minor Oil Release 2/20/22 Crude Oil 21 20 1 BBL Equipment Failure Eddy (15) No No
nAPP2205532048 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 2/19/22 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2305136153 DJR OPERATING, LLC Major Oil Release 2/19/22 Crude Oil 43 0 43 BBL Human Error San Juan (45) No No
nAPP2205926232 FE-NM, LLC Minor Produced Water Release 2/17/22 Produced Water 21 0 21 BBL Freeze Eddy (15) No No
nAPP2205975241 Harvest Four Corners, LLC Major Produced Water Release 2/17/22 Produced Water 50 50 0 BBL Freeze Rio Arriba (39) No No
nAPP2206232853 COG OPERATING LLC Minor Produced Water Release 2/17/22 Produced Water 12 12 0 BBL Equipment Failure Eddy (15) No No
nAPP2205537428 Mustang Resources LLC Minor Other 2/17/22 Lube Oil 5 5 0 BBL Other San Juan (45) No No
nAPP2205943754 AMEREDEV OPERATING, LLC Major Produced Water Release 2/16/22 Produced Water 1200 0 1200 BBL Equipment Failure Lea (25) No No
nAPP2205442406 EOG RESOURCES INC Major Oil Release 2/15/22 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2205446342 EOG RESOURCES INC Major Oil Release 2/15/22 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2205354026 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Oil Release 2/15/22 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2205939051 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/15/22 Produced Water 11 11 0 BBL Equipment Failure Eddy (15) No No
nAPP2206056316 HILCORP ENERGY COMPANY Major Other 2/14/22 Condensate 42 0 42 BBL Vandalism San Juan (45) No No
nAPP2205954078 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 2/14/22 Produced Water 3 0 3 BBL Other Eddy (15) No No
nAPP2204566669 MATADOR PRODUCTION COMPANY Major Other 2/14/22 Crude Oil 120 115 5 BBL Other Eddy (15) No No
nAPP2204725407 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 2/14/22 Lube Oil 480 325 155 GAL Equipment Failure Eddy (15) No No
nAPP2204733624 PLAINS MARKETING L.P. Minor Oil Release 2/14/22 Crude Oil 12 11 1 BBL Other Eddy (15) No No
nAPP2204639890 ENDURING RESOURCES, LLC Minor Release Other 2/14/22 Condensate 7 0 7 BBL Equipment Failure Rio Arriba (39) No No
nAPP2204560256 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/14/22 Produced Water 67 60 7 BBL Equipment Failure Lea (25) No No
nAPP2204524145 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/13/22 Produced Water 18 18 0 BBL Equipment Failure Eddy (15) No No
nAPP2205930007 COG OPERATING LLC Major Oil Release 2/13/22 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2204529130 MARATHON OIL PERMIAN LLC Major Fire 2/13/22 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2205439646 XTO ENERGY, INC Minor Produced Water Release 2/12/22 Produced Water 14 0 14 BBL Equipment Failure Eddy (15) No No
nAPP2205439646 XTO ENERGY, INC Minor Produced Water Release 2/12/22 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2205641685 XTO ENERGY, INC Major Oil Release 2/11/22 Crude Oil 27 22 5 BBL Equipment Failure Eddy (15) No No
nAPP2205649749 XTO ENERGY, INC Major Fire 2/11/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2205928781 COG OPERATING LLC Major Oil Release 2/10/22 Crude Oil 94 94 0 BBL Equipment Failure Eddy (15) No No
nAPP2204536959 DCP OPERATING COMPANY, LP Minor Natural Gas Release 2/10/22 Condensate 20 0 20 BBL Corrosion Lea (25) No No
nAPP2205254615 XTO ENERGY, INC Major Fire 2/9/22 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2205227171 HILCORP ENERGY COMPANY Major Produced Water Release 2/9/22 Produced Water 377 90 287 BBL Freeze Rio Arriba (39) No No
nAPP2204058257 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/9/22 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nAPP2205252935 XTO ENERGY, INC Minor Produced Water Release 2/9/22 Produced Water 10 10 0 BBL Human Error Eddy (15) No No
nAPP2204135436 Enterprise Field Services, LLC Major Oil Release 2/9/22 Condensate 5 0 5 BBL Freeze Rio Arriba (39) Yes No
nAPP2204152352 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 2/9/22 Produced Water 49 49 0 BBL Equipment Failure Lea (25) No No
nAPP2205439117 CONOCOPHILLIPS COMPANY Oil Release 2/9/22 Crude Oil 2 0 2 BBL Human Error Lea (25) No No
nAPP2205633098 CHEVRON U S A INC Minor Produced Water Release 2/9/22 Produced Water 5 1 4 BBL Equipment Failure Lea (25) No No
nAPP2204152352 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 2/9/22 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nAPP2205440227 CONOCOPHILLIPS COMPANY Release Other 2/9/22 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2204174051 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 2/9/22 Produced Water 100 100 0 BBL Equipment Failure Eddy (15) No No
nAPP2204151142 BTA OIL PRODUCERS, LLC Major Oil Release 2/9/22 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2205440227 CONOCOPHILLIPS COMPANY Release Other 2/9/22 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2320646612 BTA OIL PRODUCERS, LLC Major Fire 2/9/22 Other (Specify) 0 0 0 BBL Other Lea (25) No No
nAPP2205343597 XTO ENERGY, INC Minor Produced Water Release 2/8/22 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAPP2205343597 XTO ENERGY, INC Minor Produced Water Release 2/8/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2204058110 MACK ENERGY CORP Major Oil Release 2/8/22 Crude Oil 85 75 10 BBL Corrosion Eddy (15) No No
nAPP2205935207 COG OPERATING LLC Minor Produced Water Release 2/8/22 Produced Water 16 0 16 BBL Equipment Failure Eddy (15) No No
nAPP2204058713 BTA OIL PRODUCERS, LLC Major Oil Release 2/8/22 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2203953141 CROSS TIMBERS ENERGY, LLC Major Oil Release 2/8/22 Crude Oil 80 66 14 BBL Freeze Lea (25) No No
nAPP2204136156 Contango Resources, LLC Major Produced Water Release 2/8/22 Crude Oil 2 1 1 BBL Other Lea (25) No No
nAPP2204056995 BTA OIL PRODUCERS, LLC Major Oil Release 2/8/22 Crude Oil 26 0 26 BBL Equipment Failure Eddy (15) No No
nAPP2204136156 Contango Resources, LLC Major Produced Water Release 2/8/22 Produced Water 35 29 6 BBL Other Lea (25) No No
nAPP2204057502 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 2/7/22 Crude Oil 162 0 162 BBL Equipment Failure Eddy (15) No No
nAPP2204537247 WPX Energy Permian, LLC Minor Produced Water Release 2/7/22 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2205336186 Maverick Permian LLC Major Release Other 2/7/22 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2203941818 FRONTIER FIELD SERVICES, LLC Minor Produced Water Release 2/7/22 Crude Oil 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2205336186 Maverick Permian LLC Major Release Other 2/7/22 Produced Water 352 120 232 BBL Corrosion Lea (25) No No
nAPP2203941818 FRONTIER FIELD SERVICES, LLC Minor Produced Water Release 2/7/22 Produced Water 18 0 18 BBL Corrosion Eddy (15) No No
nAPP2205249980 KAISER-FRANCIS OIL CO Minor Produced Water Release 2/7/22 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2205249980 KAISER-FRANCIS OIL CO Minor Produced Water Release 2/7/22 Produced Water 10 5 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2205233399 COG OPERATING LLC Major Produced Water Release 2/7/22 Produced Water 50 50 0 BBL Corrosion Lea (25) No No
nAPP2205336907 COG OPERATING LLC Major Oil Release 2/7/22 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2203840132 MARATHON OIL PERMIAN LLC Major Fire 2/6/22 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2205234848 COG OPERATING LLC Major Oil Release 2/6/22 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2203943715 GEORGE A CHASE JR DBA G AND C SERVICE Minor Oil Release 2/6/22 Condensate 0 0 0 BBL Freeze Lea (25) No No
nAPP2203943715 GEORGE A CHASE JR DBA G AND C SERVICE Minor Oil Release 2/6/22 Crude Oil 12 10 2 BBL Freeze Lea (25) No No
nAPP2204848293 APACHE CORPORATION Major Oil Release 2/6/22 Crude Oil 100 85 15 BBL Corrosion Lea (25) No No
nAPP2204848293 APACHE CORPORATION Major Oil Release 2/6/22 Produced Water 20 17 3 BBL Corrosion Lea (25) No No
nAPP2204533451 HF Sinclair Navajo Refining LLC Major Release Other 2/6/22 Other (Specify) 400 390 10 BBL Freeze Eddy (15) No Yes
nAPP2203942460 CHEVRON U S A INC Major Oil Release 2/5/22 Crude Oil 87 82 5 BBL Corrosion Lea (25) No No
nAPP2203669803 MATADOR PRODUCTION COMPANY Minor Oil Release 2/5/22 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2203942460 CHEVRON U S A INC Major Oil Release 2/5/22 Produced Water 130 123 7 BBL Corrosion Lea (25) No No
nAPP2204058162 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 2/5/22 Produced Water 25 0 25 BBL Freeze Lea (25) No No
nAPP2203851688 BTA OIL PRODUCERS, LLC Major Fire 2/5/22 Crude Oil 2 2 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2203957996 TEAM OPERATING, L.L.C. Major Produced Water Release 2/5/22 Produced Water 50 50 0 BBL Corrosion Lea (25) No No
nAPP2203738955 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/5/22 Produced Water 422 340 82 BBL Equipment Failure Lea (25) No No
nAPP2207443537 COG OPERATING LLC Major Release Other 2/5/22 Drilling Mud/Fluid 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2204938905 COG OPERATING LLC Major Oil Release 2/4/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2205341397 OXY USA INC Major Oil Release 2/4/22 Crude Oil 100 97 3 BBL Equipment Failure Eddy (15) No No
nAPP2203769738 CIMAREX ENERGY CO. Major Fire 2/4/22 Other (Specify) 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2204953590 LH Operating, LLC Minor Produced Water Release 2/4/22 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2205354378 OXY USA INC Minor Produced Water Release 2/4/22 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2204943884 XTO ENERGY, INC Major Release Other 2/4/22 Condensate 580 580 0 BBL Freeze Eddy (15) No No
nAPP2204953590 LH Operating, LLC Minor Produced Water Release 2/4/22 Produced Water 21 21 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2204053699 CROSS TIMBERS ENERGY, LLC Major Oil Release 2/4/22 Produced Water 13 2 11 BBL Freeze Lea (25) No No
nAPP2204053699 CROSS TIMBERS ENERGY, LLC Major Oil Release 2/4/22 Crude Oil 14 2 12 BBL Freeze Lea (25) No No
nAPP2204530872 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 2/4/22 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2204841206 COG OPERATING LLC Minor Release Other 2/4/22 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
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nAPP2204530872 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 2/4/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2204841206 COG OPERATING LLC Minor Release Other 2/4/22 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2204945328 XTO ENERGY, INC Minor Produced Water Release 2/4/22 Produced Water 12 0 12 BBL Corrosion Eddy (15) No No
nAPP2203562421 DJR OPERATING, LLC Major Produced Water Release 2/4/22 Produced Water 65 60 5 BBL Equipment Failure San Juan (45) No No
nAPP2204137742 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/4/22 Produced Water 14 4 10 BBL Equipment Failure Eddy (15) No No
nAPP2204526979 Enterprise Field Services, LLC Minor Release Other 2/3/22 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2203551328 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 2/3/22 Produced Water 50 45 5 BBL Human Error Lea (25) No No
nAPP2203540352 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 2/2/22 Produced Water 100 75 25 BBL Equipment Failure Eddy (15) No No
nAPP2204828827 COG OPERATING LLC Major Oil Release 2/2/22 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAPP2204835360 XTO ENERGY, INC Minor Produced Water Release 2/2/22 Produced Water 10 4 6 BBL Corrosion Eddy (15) No No
nAPP2203328692 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/1/22 Produced Water 14 5 9 BBL Equipment Failure Lea (25) No No
nAPP2203550000 DJR OPERATING, LLC Major Natural Gas Release 2/1/22 Other (Specify) 0 0 0 San Juan (45) No No
nAPP2203247689 MATADOR PRODUCTION COMPANY Major Produced Water Release 2/1/22 Produced Water 450 450 0 BBL Equipment Failure Eddy (15) No No
nAPP2226554118 ARMSTRONG ENERGY CORP Major Produced Water Release 2/1/22 Produced Water 0 0 0 BBL Other Roosevelt (41) No No
nAPP2206638414 Empire New Mexico LLC Major Oil Release 2/1/22 Produced Water 589 480 109 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2206638414 Empire New Mexico LLC Major Oil Release 2/1/22 Crude Oil 361 300 61 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2203539020 OXY USA INC Minor Produced Water Release 1/31/22 Produced Water 9 0 9 BBL Equipment Failure Union (59) No No
nAPP2203171755 LOGOS OPERATING, LLC Major Fire 1/31/22 Unknown 0 0 0 BBL Fire Rio Arriba (39) No No
nAPP2204142065 SIMCOE LLC Minor Produced Water Release 1/31/22 Produced Water 20 0 20 BBL Freeze San Juan (45) No No
nAPP2203539945 OXY USA INC Minor Produced Water Release 1/31/22 Produced Water 9 0 9 BBL Equipment Failure Harding (21) No No
nAPP2203141931 OXY USA INC Major Produced Water Release 1/30/22 Produced Water 75 70 5 BBL Equipment Failure Lea (25) No No
nAPP2205339098 OXY USA INC Major Produced Water Release 1/30/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2205339098 OXY USA INC Major Produced Water Release 1/30/22 Produced Water 75 70 5 BBL Equipment Failure Lea (25) No No
nAPP2204742524 COG OPERATING LLC Major Oil Release 1/30/22 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2203240100 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/29/22 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2203933589 Enterprise Field Services, LLC Minor Release Other 1/29/22 Condensate 6 6 0 BBL Equipment Failure San Juan (45) No No
nAPP2204740361 COG OPERATING LLC Major Fire 1/29/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2204125212 XTO ENERGY, INC Major Fire 1/29/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2204545095 COG OPERATING LLC Produced Water Release 1/28/22 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2203131958 Enterprise Field Services, LLC Minor Produced Water Release 1/28/22 Produced Water 5 0 5 BBL Other Eddy (15) No No
nAPP2203253510 EOG RESOURCES INC Major Release Other 1/27/22 Brine Water 50 0 50 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2202845563 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/27/22 Produced Water 275 200 75 BBL Equipment Failure Eddy (15) No No
nAPP2202758401 EOG RESOURCES INC Major Oil Release 1/26/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2202759509 EOG RESOURCES INC Major Oil Release 1/26/22 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2202758401 EOG RESOURCES INC Major Oil Release 1/26/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2202759509 EOG RESOURCES INC Major Oil Release 1/26/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2204546363 COG OPERATING LLC Major Fire 1/26/22 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2202747264 Enterprise Field Services, LLC Minor Produced Water Release 1/26/22 Produced Water 5 0 5 BBL Freeze San Juan (45) No No
nAPP2204737123 COG OPERATING LLC Minor Release Other 1/25/22 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2202733281 EOG RESOURCES INC Major Produced Water Release 1/25/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2202733896 EOG RESOURCES INC Major Produced Water Release 1/25/22 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2204737123 COG OPERATING LLC Minor Release Other 1/25/22 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2202655097 CIMAREX ENERGY CO. OF COLORADO Minor Release Other 1/25/22 Other (Specify) 23 0 23 BBL Vandalism Lea (25) No No
nAPP2203964271 MEWBOURNE OIL CO Major Produced Water Release 1/24/22 Produced Water 452 260 192 BBL Equipment Failure Lea (25) No No
nAPP2202747647 OXY USA INC Major Oil Release 1/24/22 Crude Oil 90 60 30 BBL Equipment Failure Eddy (15) No No
nAPP2202947197 AMEREDEV OPERATING, LLC Major Produced Water Release 1/24/22 Produced Water 352 0 352 BBL Equipment Failure Lea (25) No No
nAPP2202747647 OXY USA INC Major Oil Release 1/24/22 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
nAPP2202638605 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 1/24/22 Produced Water 100 0 100 BBL Normal Operations Eddy (15) No No
nAPP2202543765 TEAM OPERATING, L.L.C. Minor Produced Water Release 1/24/22 Crude Oil 1 0 1 BBL Freeze Lea (25) No No
nAPP2203854400 BURNETT OIL CO INC Minor Produced Water Release 1/24/22 Produced Water 18 0 18 BBL Blow Out Eddy (15) No No
nAPP2202752696 OXY USA INC Minor Produced Water Release 1/24/22 Produced Water 9 1 8 BBL Equipment Failure Harding (21) No No
nAPP2202543765 TEAM OPERATING, L.L.C. Minor Produced Water Release 1/24/22 Produced Water 14 0 14 BBL Freeze Lea (25) No No
nAPP2211536378 OXY USA INC Major Oil Release 1/24/22 Crude Oil 300 260 40 BBL Equipment Failure Eddy (15) No No
nAPP2202552560 CHEVRON U S A INC Minor Produced Water Release 1/23/22 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAPP2202659785 MATADOR PRODUCTION COMPANY Major Produced Water Release 1/23/22 Produced Water 78 10 68 BBL Other Eddy (15) No No
nAPP2203252026 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/23/22 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2202551635 CHEVRON U S A INC Major Produced Water Release 1/23/22 Produced Water 150 70 80 BBL Equipment Failure Eddy (15) No No
nAPP2203830124 COG OPERATING LLC Major Fire 1/22/22 Crude Oil 2 0 2 BBL Fire Lea (25) No No
nAPP2202656832 NAVAJO REFINING COMPANY, L.L.C. Minor Oil Release 1/21/22 Other (Specify) 15 13 2 BBL High Line Pressure Eddy (15) No No
nAPP2202345845 TAP ROCK OPERATING, LLC Major Produced Water Release 1/21/22 Produced Water 737 700 37 BBL Equipment Failure Lea (25) No No
nAPP2203453168 XTO ENERGY, INC Major Fire 1/21/22 Crude Oil 0 0 0 BBL Freeze Eddy (15) No No
nAPP2202158025 MATADOR PRODUCTION COMPANY Major Produced Water Release 1/21/22 Produced Water 30 25 5 BBL Corrosion Lea (25) No No
nAPP2203434215 COG OPERATING LLC Major Oil Release 1/20/22 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2202749506 OXY USA INC Major Produced Water Release 1/20/22 Produced Water 27 25 2 BBL Human Error Eddy (15) No No
nAPP2202443225 DJR OPERATING, LLC Major Oil Release 1/19/22 Crude Oil 39 34 5 BBL Equipment Failure Sandoval (43) No No
nAPP2202549943 CHEVRON U S A INC Minor Produced Water Release 1/19/22 Produced Water 7 0 7 BBL Corrosion Lea (25) No No
nAPP2202557399 OXY USA INC Major Oil Release 1/19/22 Crude Oil 53 30 23 BBL Equipment Failure Eddy (15) No No
nAPP2204047138 OXY USA INC Minor Produced Water Release 1/19/22 Produced Water 20 0 20 BBL Human Error Lea (25) No No
nAPP2202055934 Whiptail Gallup Gathering, LLC Major Produced Water Release 1/19/22 Produced Water 222 185 37 BBL Equipment Failure San Juan (45) No No
nAPP2202839974 EOG RESOURCES INC Major Produced Water Release 1/18/22 Produced Water 100 0 100 BBL Equipment Failure Lea (25) No No
nAPP2202132776 CIMAREX ENERGY CO. OF COLORADO Major Fire 1/18/22 Unknown 0 0 0 BBL Fire Eddy (15) No No
nAPP2201957333 BTA OIL PRODUCERS, LLC Minor Oil Release 1/18/22 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2201862045 MARATHON OIL PERMIAN LLC Major Produced Water Release 1/18/22 Produced Water 25 25 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2201956795 BTA OIL PRODUCERS, LLC Minor Produced Water Release 1/18/22 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAPP2203337365 COG OPERATING LLC Major Fire 1/17/22 Condensate 0 0 0 BBL Fire Lea (25) No No
nAPP2202760686 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/17/22 Produced Water 10 10 0 BBL Freeze Lea (25) No No
nAPP2202753960 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/17/22 Crude Oil 1 1 0 BBL Freeze Lea (25) No No
nAPP2202753960 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/17/22 Produced Water 19 19 0 BBL Freeze Lea (25) No No
nAPP2201838002 MATADOR PRODUCTION COMPANY Minor Produced Water Release 1/17/22 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nAPP2201746802 DUGAN PRODUCTION CORP Major Produced Water Release 1/17/22 Produced Water 200 100 100 BBL Equipment Failure San Juan (45) Yes No
nAPP2202757204 MorningStar Operating LLC Minor Produced Water Release 1/17/22 Produced Water 10 10 0 BBL Freeze Lea (25) No No
nAPP2202759368 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/17/22 Crude Oil 1 1 0 BBL Freeze Lea (25) No No
nAPP2202759368 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/17/22 Produced Water 19 19 0 BBL Freeze Lea (25) No No
nAPP2202534347 XTO ENERGY, INC Major Produced Water Release 1/15/22 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nAPP2202135124 Scorpion Oil & Gas, LLC Major Produced Water Release 1/15/22 Produced Water 76 50 26 BBL Equipment Failure Lea (25) No No
nAPP2201725592 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/15/22 Crude Oil 7 1 6 BBL Equipment Failure Eddy (15) No No
nAPP2201947871 XTO ENERGY, INC Minor Produced Water Release 1/15/22 Produced Water 11 0 11 BBL Corrosion Lea (25) No No
nAPP2202848888 Spur Energy Partners LLC Minor Produced Water Release 1/15/22 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2202849030 BTA OIL PRODUCERS, LLC Minor Produced Water Release 1/14/22 Produced Water 15 0 15 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2202754237 COG OPERATING LLC Major Oil Release 1/14/22 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2201531463 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/14/22 Produced Water 421 0 421 BBL Equipment Failure Lea (25) No No
nAPP2202755160 COG OPERATING LLC Minor Produced Water Release 1/14/22 Produced Water 21 0 21 BBL Corrosion Eddy (15) No No
nAPP2202752480 COG OPERATING LLC Minor Produced Water Release 1/14/22 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nAPP2201726174 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/14/22 Crude Oil 10 7 3 BBL Equipment Failure Lea (25) No No
nAPP2201542933 CIMAREX ENERGY CO. OF COLORADO Major Release Other 1/14/22 Unknown 100 0 100 BBL Vandalism Lea (25) No No
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nAPP2201742024 WPX Energy Permian, LLC Minor Produced Water Release 1/13/22 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2202554721 OXY USA INC Major Oil Release 1/13/22 Crude Oil 360 360 0 BBL Equipment Failure Eddy (15) No No
nAPP2202535253 EOG RESOURCES INC Major Oil Release 1/12/22 Crude Oil 27 5 22 BBL Freeze Chaves (05) No No
nAPP2201335979 Enterprise Field Services, LLC Natural Gas Release 1/12/22 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2201434268 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/11/22 Produced Water 17 17 0 BBL Equipment Failure Eddy (15) No No
nAPP2201155587 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/11/22 Produced Water 37 30 7 BBL Equipment Failure Lea (25) No No
nAPP2202535435 COG OPERATING LLC Minor Release Other 1/10/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2202535435 COG OPERATING LLC Minor Release Other 1/10/22 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2202556015 OXY USA INC Major Oil Release 1/9/22 Crude Oil 27 23 4 BBL Equipment Failure Lea (25) No No
nAPP2217442660 Spur Energy Partners LLC Major Produced Water Release 1/9/22 Produced Water 28 27 1 BBL Human Error Eddy (15) No No
nAPP2217442660 Spur Energy Partners LLC Major Produced Water Release 1/9/22 Condensate 28 27 1 BBL Human Error Eddy (15) No No
nAPP2201142115 COG OPERATING LLC Major Fire 1/8/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2200942890 Whiptail Gallup Gathering, LLC Major Produced Water Release 1/8/22 Produced Water 36 0 36 BBL Normal Operations San Juan (45) No No
nAPP2201934969 Earthstone Operating, LLC Major Produced Water Release 1/8/22 Crude Oil 40 25 15 BBL Equipment Failure Lea (25) No No
nAPP2201934969 Earthstone Operating, LLC Major Produced Water Release 1/8/22 Produced Water 30 15 15 BBL Equipment Failure Lea (25) No No
nAPP2201934969 Earthstone Operating, LLC Major Produced Water Release 1/8/22 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2202454738 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 1/7/22 Produced Water 40 38 2 BBL Corrosion Lea (25) No No
nAPP2202447336 COG OPERATING LLC Major Oil Release 1/7/22 Crude Oil 62 0 62 BBL Equipment Failure Lea (25) No No
nAPP2200758512 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 1/7/22 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2218824341 CAZA OPERATING, LLC Major Oil Release 1/7/22 Crude Oil 40 40 0 BBL Equipment Failure Lea (25) No No
nAPP2218824341 CAZA OPERATING, LLC Major Oil Release 1/7/22 Produced Water 40 40 0 BBL Equipment Failure Lea (25) No No
nAPP2201143320 COG OPERATING LLC Minor Release Other 1/6/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2201143320 COG OPERATING LLC Minor Release Other 1/6/22 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2200737787 CIMAREX ENERGY CO. Major Produced Water Release 1/6/22 Produced Water 47 47 0 BBL Corrosion Eddy (15) No No
nAPP2201459944 LUCID ENERGY DELAWARE, LLC Natural Gas Release 1/6/22 Natural Gas Liquids 10 8 2 GAL Corrosion Lea (25) No No
nAPP2201349532 MEWBOURNE OIL CO Minor Produced Water Release 1/6/22 Produced Water 23 21 2 BBL Equipment Failure Eddy (15) No No
nAPP2200760556 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 1/6/22 Produced Water 23 8 15 BBL Equipment Failure Lea (25) No No
nAPP2201859426 MEWBOURNE OIL CO Major Oil Release 1/6/22 Crude Oil 8 0 8 BBL Freeze Eddy (15) No No
nAPP2217445520 Spur Energy Partners LLC Minor Produced Water Release 1/6/22 Produced Water 17 0 17 BBL Equipment Failure Eddy (15) No No
nAPP2202041846 COG OPERATING LLC Minor Produced Water Release 1/6/22 Produced Water 23 8 15 BBL Equipment Failure Lea (25) No No
nAPP2201944299 XTO ENERGY, INC Minor Release Other 1/5/22 Other (Specify) 17 15 2 BBL Corrosion Eddy (15) No No
nAPP2201433330 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/5/22 Produced Water 18 18 0 BBL Freeze Eddy (15) No No
nAPP2200646019 KAISER-FRANCIS OIL CO Major Produced Water Release 1/5/22 Produced Water 29 15 14 BBL Equipment Failure Lea (25) No No
nAPP2201258253 HF Sinclair Navajo Refining LLC Major Release Other 1/4/22 Other (Specify) 200 130 70 BBL Overflow - Tank, Pit, Etc. Eddy (15) No Yes
nAPP2200728755 WPX Energy Permian, LLC Major Oil Release 1/4/22 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nAPP2201435462 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/4/22 Produced Water 7 5 2 BBL Freeze Eddy (15) No No
nAPP2201136360 COG OPERATING LLC Minor Release Other 1/4/22 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2200728755 WPX Energy Permian, LLC Major Oil Release 1/4/22 Produced Water 24 0 24 BBL Equipment Failure Eddy (15) No No
nAPP2201747464 XTO ENERGY, INC Major Fire 1/4/22 Motor Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2200630825 MARSHALL & WINSTON INC Minor Oil Release 1/4/22 Crude Oil 15 0 15 BBL Freeze Lea (25) No No
nAPP2201136360 COG OPERATING LLC Minor Release Other 1/4/22 Produced Water 12 3 9 BBL Corrosion Lea (25) No No
nAPP2200730406 WPX Energy Permian, LLC Minor Oil Release 1/4/22 Crude Oil 3 0 3 BBL Freeze Eddy (15) No No
nAPP2200452193 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/4/22 Crude Oil 63 0 63 BBL Freeze Eddy (15) No No
nAPP2200543737 MACK ENERGY CORP Minor Oil Release 1/4/22 Crude Oil 8 0 8 BBL Freeze Eddy (15) No No
nAPP2200730406 WPX Energy Permian, LLC Minor Oil Release 1/4/22 Produced Water 3 0 3 BBL Freeze Eddy (15) No No
nAPP2200553732 OXY USA INC Major Produced Water Release 1/4/22 Produced Water 29 0 29 BBL Other Union (59) No No
nAPP2200629053 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 1/4/22 Crude Oil 50 50 0 BBL Equipment Failure Eddy (15) No No
nAPP2201436236 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/4/22 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nAPP2207746767 FRONTIER FIELD SERVICES, LLC Major Natural Gas Release 1/3/22 Condensate 0 0 0 BBL Corrosion Lea (25) No No
nAPP2200484096 OWL SWD OPERATING, LLC Major Produced Water Release 1/3/22 Produced Water 320 280 40 BBL Freeze Lea (25) No No
nAPP2200428221 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/3/22 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nAPP2200428221 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/3/22 Produced Water 80 0 80 BBL Equipment Failure Eddy (15) No No
nAPP2201142906 COG OPERATING LLC Major Produced Water Release 1/3/22 Produced Water 51 0 51 BBL Equipment Failure Lea (25) No No
nAPP2200729617 WPX Energy Permian, LLC Major Produced Water Release 1/3/22 Produced Water 30 30 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2201432068 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/3/22 Crude Oil 3 3 0 BBL Equipment Failure Lea (25) No No
nAPP2201432068 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/3/22 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2200455573 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/3/22 Produced Water 950 900 50 BBL Freeze Eddy (15) No No
nAPP2202454641 3R Operating, LLC Major Oil Release 1/3/22 Produced Water 5 0 5 BBL Freeze Eddy (15) No No
nAPP2202454641 3R Operating, LLC Major Oil Release 1/3/22 Condensate 69 12 57 BBL Freeze Eddy (15) No No
nAPP2201745910 XTO ENERGY, INC Minor Produced Water Release 1/3/22 Crude Oil 7 0 7 BBL Corrosion Eddy (15) No No
nAPP2201745910 XTO ENERGY, INC Minor Produced Water Release 1/3/22 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nAPP2202451213 Murchison Oil and Gas, LLC Major Oil Release 1/3/22 Produced Water 43 0 43 BBL Freeze Eddy (15) No No
nAPP2202451213 Murchison Oil and Gas, LLC Major Oil Release 1/3/22 Condensate 53 0 53 BBL Freeze Eddy (15) No No
nAPP2201143682 COG OPERATING LLC Minor Release Other 1/2/22 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2201143682 COG OPERATING LLC Minor Release Other 1/2/22 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nAPP2201840215 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 1/2/22 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nAPP2200425612 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/2/22 Crude Oil 51 50 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2201840215 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 1/2/22 Produced Water 3 2 1 BBL Equipment Failure Lea (25) No No
nAPP2200343814 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 1/2/22 Produced Water 87 36 51 BBL Equipment Failure Lea (25) No No
nAPP2200321420 CIMAREX ENERGY CO. Major Produced Water Release 1/2/22 Produced Water 65 64 1 BBL Equipment Failure Lea (25) No No
nAPP2201441915 XTO ENERGY, INC Minor Produced Water Release 1/2/22 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2200270715 Spur Energy Partners LLC Major Oil Release 1/2/22 Crude Oil 225 210 15 BBL Equipment Failure Eddy (15) No No
nAPP2201441915 XTO ENERGY, INC Minor Produced Water Release 1/2/22 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nAPP2201043390 Opal Operating Company LLC Minor Oil Release 1/2/22 Crude Oil 4 1 3 BBL Freeze Lea (25) No No
nAPP2201043390 Opal Operating Company LLC Minor Oil Release 1/2/22 Produced Water 10 1 9 BBL Freeze Lea (25) No No
nAPP2200318703 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 1/2/22 Crude Oil 128 127 1 BBL Equipment Failure Chaves (05) No No
nAPP2201444794 XTO ENERGY, INC Major Oil Release 1/2/22 Crude Oil 88 88 0 BBL Corrosion Eddy (15) No No
nAPP2201444794 XTO ENERGY, INC Major Oil Release 1/2/22 Produced Water 32 32 0 BBL Corrosion Eddy (15) No No
nAPP2202446534 COG OPERATING LLC Major Oil Release 1/1/22 Crude Oil 61 0 61 BBL Equipment Failure Eddy (15) No No
nAPP2200166298 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 1/1/22 Produced Water 300 299 1 BBL Blow Out Lea (25) No No
nAPP2201364627 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/31/21 Crude Oil 3 2 1 BBL Other Eddy (15) No No
nAPP2201364627 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/31/21 Produced Water 4 1 3 BBL Other Eddy (15) No No
nAPP2200154337 Spur Energy Partners LLC Major Produced Water Release 12/31/21 Produced Water 39 35 4 BBL Equipment Failure Eddy (15) No No
nAPP2136454686 MorningStar Operating LLC Produced Water Release 12/30/21 Produced Water 2 0 2 BBL Equipment Failure San Juan (45) No No
nAPP2201362323 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/30/21 Produced Water 17 2 15 BBL Other Lea (25) No No
nAPP2136542269 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/30/21 Produced Water 48 45 3 BBL Equipment Failure Lea (25) No No
nAPP2200550799 OXY USA INC Major Produced Water Release 12/29/21 Produced Water 200 0 200 BBL Equipment Failure Lea (25) No No
nAPP2201254527 XTO ENERGY, INC Major Release Other 12/29/21 Other (Specify) 2626 55 2571 BBL Equipment Failure Eddy (15) No No
nAPP2201252570 XTO ENERGY, INC Major Release Other 12/29/21 Other (Specify) 30 30 0 BBL Corrosion Eddy (15) No No
nAPP2136430670 MATADOR PRODUCTION COMPANY Minor Produced Water Release 12/29/21 Produced Water 10 1 9 BBL Equipment Failure Lea (25) No No
nAPP2200551171 OXY USA INC Major Produced Water Release 12/29/21 Produced Water 50 0 50 BBL Equipment Failure Lea (25) No No
nAPP2201354511 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/29/21 Produced Water 7 1 6 BBL Other Lea (25) No No
nAPP2200648092 Permian Resources Operating, LLC Major Fire 12/28/21 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2201348579 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/28/21 Crude Oil 7 5 2 BBL Other Lea (25) No No
nAPP2136340518 EPIC ENERGY, L.L.C. Major Produced Water Release 12/28/21 Produced Water 40 10 30 BBL Equipment Failure San Juan (45) No No
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nAPP2136338719 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 12/28/21 Produced Water 82 0 82 BBL Corrosion Lea (25) No No
nAPP2201046595 CHEVRON U S A INC Minor Produced Water Release 12/28/21 Produced Water 14 7 7 BBL Equipment Failure Lea (25) No No
nAPP2201131030 COG OPERATING LLC Major Fire 12/27/21 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2136249082 PLAINS MARKETING L.P. Minor Oil Release 12/27/21 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nAPP2201145173 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/27/21 Produced Water 12 10 2 BBL Other Lea (25) No No
nAPP2136349132 OXY USA INC Major Produced Water Release 12/26/21 Produced Water 200 0 200 BBL Equipment Failure Lea (25) No No
nAPP2200461719 J R OIL, LTD. CO. Major Produced Water Release 12/26/21 Crude Oil 5 3 2 BBL Equipment Failure Lea (25) No No
nAPP2200461719 J R OIL, LTD. CO. Major Produced Water Release 12/26/21 Produced Water 250 237 13 BBL Equipment Failure Lea (25) No No
nAPP2200659729 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/26/21 Produced Water 6 5 1 BBL Other Eddy (15) No No
nAPP2136350118 OXY USA INC Major Produced Water Release 12/26/21 Crude Oil 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2136350118 OXY USA INC Major Produced Water Release 12/26/21 Produced Water 40 0 40 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2200746777 XTO ENERGY, INC Minor Oil Release 12/24/21 Crude Oil 4 3 1 BBL Corrosion Eddy (15) No No
nAPP2200746777 XTO ENERGY, INC Minor Oil Release 12/24/21 Produced Water 4 3 1 BBL Corrosion Eddy (15) No No
nAPP2200753107 MEWBOURNE OIL CO Major Produced Water Release 12/24/21 Produced Water 1135 875 260 BBL Equipment Failure Eddy (15) No No
nAPP2201128189 COG OPERATING LLC Major Fire 12/23/21 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2200444836 Earthstone Operating, LLC Major Produced Water Release 12/22/21 Produced Water 200 100 100 BBL Other Eddy (15) No No
nAPP2135745913 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/22/21 Produced Water 68 68 0 BBL Equipment Failure Eddy (15) No No
nAPP2135656116 GRAND BANKS ENERGY CO Major Oil Release 12/21/21 Crude Oil 138 0 138 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2135656116 GRAND BANKS ENERGY CO Major Oil Release 12/21/21 Produced Water 208 0 208 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2200643457 COG OPERATING LLC Major Produced Water Release 12/21/21 Crude Oil 7 0 7 BBL Corrosion Lea (25) No No
nAPP2200643457 COG OPERATING LLC Major Produced Water Release 12/21/21 Produced Water 66 0 66 BBL Corrosion Lea (25) No No
nAPP2200644754 COG OPERATING LLC Major Fire 12/21/21 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2200560379 HILCORP ENERGY COMPANY Major Produced Water Release 12/21/21 Produced Water 2 0 2 BBL Equipment Failure San Juan (45) Yes No
nAPP2200641724 COG OPERATING LLC Major Release Other 12/20/21 Produced Water 104 100 4 BBL Corrosion Lea (25) No No
nAPP2136356951 NAVAJO REFINING COMPANY, L.L.C. Minor Release Other 12/20/21 Crude Oil 15 10 5 BBL Other Eddy (15) No No
nAPP2135653210 HOLLY ENERGY PARTNERS - OPERATING, LP Major Oil Release 12/20/21 Crude Oil 65 60 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2200639375 COG OPERATING LLC Minor Release Other 12/20/21 Crude Oil 3 2 1 BBL Corrosion Eddy (15) No No
nAPP2135543093 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 12/20/21 Produced Water 21 10 11 BBL Equipment Failure Lea (25) No No
nAPP2200639375 COG OPERATING LLC Minor Release Other 12/20/21 Produced Water 21 0 21 BBL Corrosion Eddy (15) No No
nAPP2200356328 XTO ENERGY, INC Minor Produced Water Release 12/20/21 Produced Water 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2200359627 XTO ENERGY, INC Minor Release Other 12/19/21 Other (Specify) 5 4 1 BBL Other Eddy (15) No No
nAPP2200258650 MEWBOURNE OIL CO Major Produced Water Release 12/19/21 Produced Water 79 0 79 BBL Equipment Failure Eddy (15) No No
nAPP2136132623 NOVO OIL & GAS NORTHERN DELAWARE, LLC Minor Release Other 12/18/21 Drilling Mud/Fluid 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2202148700 COG OPERATING LLC Major Produced Water Release 12/18/21 Produced Water 200 195 5 BBL Human Error Eddy (15) No No
nAPP2135263418 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/17/21 Crude Oil 21 21 0 BBL Equipment Failure Lea (25) No No
nAPP2135263418 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/17/21 Produced Water 21 21 0 BBL Equipment Failure Lea (25) No No
nAPP2135134919 Civitas Permian Operating, LLC Minor Produced Water Release 12/17/21 Produced Water 13 0 13 BBL Human Error Eddy (15) No No
nAPP2135426735 CIMAREX ENERGY CO. Minor Produced Water Release 12/17/21 Produced Water 16 15 1 BBL Equipment Failure Lea (25) No No
nAPP2136452653 XTO ENERGY, INC Minor Release Other 12/17/21 Other (Specify) 5 5 0 BBL Other Eddy (15) No No
nAPP2135438366 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 12/17/21 Produced Water 15 15 0 BBL Human Error Eddy (15) No No
nAPP2136455950 XTO ENERGY, INC Minor Release Other 12/16/21 Other (Specify) 8 4 4 BBL Human Error Eddy (15) No No
nAPP2200551359 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/16/21 Produced Water 8 8 0 BBL Other Eddy (15) No No
nAPP2135135752 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 12/16/21 Produced Water 202 200 2 BBL Other Eddy (15) No No
nAPP2135057740 EOG RESOURCES INC Major Oil Release 12/14/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2135057740 EOG RESOURCES INC Major Oil Release 12/14/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2136442801 COG OPERATING LLC Major Oil Release 12/14/21 Crude Oil 88 45 43 BBL Corrosion Eddy (15) No No
nAPP2134858003 DUGAN PRODUCTION CORP Minor Produced Water Release 12/14/21 Produced Water 20 0 20 BBL Equipment Failure San Juan (45) No No
nAPP2136138685 LUCID ENERGY DELAWARE, LLC Minor Oil Release 12/13/21 Lube Oil 5 2 3 BBL Human Error Lea (25) No No
nAPP2134834158 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/12/21 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2134945825 XTO ENERGY, INC Major Fire 12/12/21 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2136351824 COG OPERATING LLC Minor Release Other 12/11/21 Crude Oil 4 1 3 BBL Equipment Failure Lea (25) No No
nAPP2136351824 COG OPERATING LLC Minor Release Other 12/11/21 Produced Water 18 7 11 BBL Equipment Failure Lea (25) No No
nAPP2134850486 WPX Energy Permian, LLC Minor Produced Water Release 12/11/21 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAPP2134435120 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 12/9/21 Produced Water 22 0 22 BBL High Line Pressure San Juan (45) No No
nAPP2134439976 MorningStar Operating LLC Minor Produced Water Release 12/9/21 Produced Water 22 0 22 BBL Equipment Failure San Juan (45) No No
nAPP2134830510 DJR OPERATING, LLC Major Other 12/8/21 Unknown 0 0 0 BBL Other San Juan (45) No No
nAPP2134831697 DJR OPERATING, LLC Major Other 12/8/21 Unknown 0 0 0 BBL Other Luna (29) No No
nAPP2134755985 XTO ENERGY, INC Major Release Other 12/8/21 Produced Water 30 27 3 BBL Equipment Failure Eddy (15) No No
nAPP2135430342 FASKEN OIL & RANCH LTD Minor Produced Water Release 12/8/21 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2134755985 XTO ENERGY, INC Major Release Other 12/8/21 Other (Specify) 30 27 3 BBL Other Eddy (15) No No
nAPP2135052895 SELECT ENERGY SERVICES, LLC Major Produced Water Release 12/8/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2135430342 FASKEN OIL & RANCH LTD Minor Produced Water Release 12/8/21 Produced Water 9 3 6 BBL Corrosion Lea (25) No No
nAPP2135557224 EOG RESOURCES INC Minor Produced Water Release 12/7/21 Produced Water 18 16 2 BBL Equipment Failure Lea (25) No No
nAPP2134444397 WPX Energy Permian, LLC Minor Produced Water Release 12/7/21 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nAPP2202640097 MEWBOURNE OIL CO Major Produced Water Release 12/7/21 Produced Water 1300 210 1090 BBL Equipment Failure Eddy (15) No No
nAPP2134345504 XTO ENERGY, INC Major Fire 12/7/21 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No

nAPP2134156373 Enterprise Field Services, LLC Major Release Other 12/7/21
Gelled Brine (Frac 
Fluid) 25 1 24 BBL Other Eddy (15) No No

nAPP2135156642 MEWBOURNE OIL CO Major Produced Water Release 12/7/21 Produced Water 93 0 93 BBL Equipment Failure Eddy (15) No No
nAPP2134156373 Enterprise Field Services, LLC Major Release Other 12/7/21 Produced Water 1300 210 1090 BBL Human Error Eddy (15) No No
nAPP2135442784 COG OPERATING LLC Major Fire 12/6/21 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2135032531 XTO ENERGY, INC Minor Produced Water Release 12/6/21 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2134844762 Talon LPE Major Produced Water Release 12/6/21 Produced Water 0 0 0 BBL Corrosion Eddy (15) Yes No
nAPP2134728952 OWL SWD OPERATING, LLC Minor Produced Water Release 12/6/21 Produced Water 10 0 10 BBL High Line Pressure Lea (25) No No
nAPP2134844762 Talon LPE Major Produced Water Release 12/6/21 Crude Oil 0 0 0 BBL Corrosion Eddy (15) Yes No
nAPP2134754672 XTO ENERGY, INC Major Produced Water Release 12/6/21 Produced Water 559 552 7 BBL Equipment Failure Eddy (15) No No
nAPP2134740531 COG OPERATING LLC Minor Release Other 12/4/21 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2201126212 COG OPERATING LLC Minor Release Other 12/4/21 Crude Oil 3 0 3 BBL Corrosion Eddy (15) No No
nAPP2134740531 COG OPERATING LLC Minor Release Other 12/4/21 Produced Water 4 0 4 BBL Corrosion Lea (25) No No
nAPP2201126212 COG OPERATING LLC Minor Release Other 12/4/21 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No
nAPP2134127547 Spur Energy Partners LLC Minor Produced Water Release 12/4/21 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nAPP2134051416 OXY USA INC Major Oil Release 12/4/21 Crude Oil 25 23 2 BBL Human Error Lea (25) No No
nAPP2134857286 DJR OPERATING, LLC Minor Oil Release 12/3/21 Crude Oil 7 0 7 BBL Human Error San Juan (45) No No
nAPP2133854148 TAP ROCK OPERATING, LLC Minor Other 12/3/21 Produced Water 22 17 5 BBL Human Error Lea (25) No No
nAPP2135033453 WPX Energy Permian, LLC Major Produced Water Release 12/3/21 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nAPP2134437552 XTO ENERGY, INC Major Produced Water Release 12/3/21 Produced Water 35 35 0 BBL Corrosion Eddy (15) No No
nAPP2134155628 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/3/21 Produced Water 236 236 0 BBL Equipment Failure Lea (25) No No
nAPP2135425883 CAZA OPERATING, LLC Major Other 12/3/21 Crude Oil 150 150 0 BBL Other Lea (25) No No
nAPP2135425883 CAZA OPERATING, LLC Major Other 12/3/21 Produced Water 350 350 0 BBL Other Lea (25) No No
nAPP2135033062 COG OPERATING LLC Minor Release Other 12/3/21 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2135033062 COG OPERATING LLC Minor Release Other 12/3/21 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nAPP2135430959 COG OPERATING LLC Major Fire 12/3/21 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2136244641 DUGAN PRODUCTION CORP Minor Produced Water Release 12/3/21 Produced Water 5 0 5 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nAPP2136150657 LUCID ENERGY DELAWARE, LLC Minor Oil Release 12/2/21 Natural Gas Liquids 5 3 2 BBL Corrosion Eddy (15) No No
nAPP2134240645 Permian Resources Operating, LLC Major Produced Water Release 12/2/21 Crude Oil 20 20 0 BBL Corrosion Eddy (15) No No
nAPP2134240645 Permian Resources Operating, LLC Major Produced Water Release 12/2/21 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
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nAPP2134242630 OXY USA INC Minor Produced Water Release 12/1/21 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
nAPP2134137036 WPX Energy Permian, LLC Minor Produced Water Release 12/1/21 Produced Water 20 20 0 BBL Power Failure Eddy (15) No No
nAPP2133653220 Enterprise Field Services, LLC Minor Natural Gas Release 11/30/21 Condensate 10 0 10 BBL Corrosion Rio Arriba (39) No No
nAPP2134739368 COG OPERATING LLC Minor Release Other 11/30/21 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2134029025 Enterprise Field Services, LLC Minor Release Other 11/30/21 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nAPP2134739368 COG OPERATING LLC Minor Release Other 11/30/21 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2133533688 OXY USA INC Major Produced Water Release 11/29/21 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2134428244 MEWBOURNE OIL CO Major Produced Water Release 11/29/21 Produced Water 0 100 0 BBL Human Error Eddy (15) No No
nAPP2133533688 OXY USA INC Major Produced Water Release 11/29/21 Produced Water 27 0 27 BBL Equipment Failure Eddy (15) No No
nAPP2134442133 WPX Energy Permian, LLC Major Produced Water Release 11/29/21 Produced Water 56 0 56 BBL Human Error Eddy (15) No No
nAPP2133730153 SUNDOWN ENERGY LP Major Oil Release 11/28/21 Crude Oil 200 185 15 BBL Equipment Failure Lea (25) No No
nAPP2134057483 WPX Energy Permian, LLC Minor Produced Water Release 11/26/21 Produced Water 24 0 24 BBL Equipment Failure Eddy (15) No No
nAPP2133655230 EOG RESOURCES INC Major Produced Water Release 11/26/21 Produced Water 75 40 35 BBL Human Error Lea (25) No No
nAPP2133323491 Enterprise Field Services, LLC Natural Gas Release 11/26/21 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2134852620 DJR OPERATING, LLC Oil Release 11/25/21 Crude Oil 1 0 1 BBL Equipment Failure Sandoval (43) No No
nAPP2133355460 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/25/21 Produced Water 88 80 8 BBL Other Lea (25) No No
nAPP2133052225 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 11/25/21 Produced Water 85 85 0 BBL Vandalism Eddy (15) No No
nAPP2134251177 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/24/21 Crude Oil 22 22 0 BBL Other Lea (25) No No
nAPP2133354428 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/24/21 Produced Water 61 60 1 BBL Other Eddy (15) No No
nAPP2132902756 SCOUT ENERGY MANAGEMENT LLC Major Oil Release 11/24/21 Crude Oil 185 180 5 BBL Equipment Failure Lea (25) No No
nAPP2132738630 MATADOR PRODUCTION COMPANY Major Produced Water Release 11/23/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2133439841 CHEVRON U S A INC Major Oil Release 11/23/21 Crude Oil 5 5 0 BBL Corrosion Lea (25) No No
nAPP2133439841 CHEVRON U S A INC Major Oil Release 11/23/21 Produced Water 103 85 18 BBL Corrosion Lea (25) No No
nAPP2132760865 Enterprise Field Services, LLC Major Natural Gas Release 11/23/21 Condensate 31 0 31 BBL Corrosion Rio Arriba (39) No No
nAPP2133638083 EOG RESOURCES INC Major Produced Water Release 11/22/21 Produced Water 50 5 45 BBL Corrosion Eddy (15) No No
nAPP2132732633 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/22/21 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAPP2133649315 MEWBOURNE OIL CO Major Produced Water Release 11/22/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2132634860 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 11/22/21 Produced Water 800 250 550 BBL Fire Lea (25) No No
nAPP2134161203 AMEREDEV OPERATING, LLC Major Fire 11/22/21 Crude Oil 1108 0 1108 BBL Fire Lea (25) No No
nAPP2134161203 AMEREDEV OPERATING, LLC Major Fire 11/22/21 Produced Water 265 0 265 BBL Fire Lea (25) No No
nAPP2134161203 AMEREDEV OPERATING, LLC Major Fire 11/22/21 Condensate 0 0 0 BBL Fire Lea (25) No No
nAPP2134161203 AMEREDEV OPERATING, LLC Major Fire 11/22/21 B.S. & W. 0 0 0 BBL Fire Lea (25) No No
nAPP2132572870 CIMAREX ENERGY CO. Minor Produced Water Release 11/21/21 Produced Water 6 3 3 BBL Equipment Failure Lea (25) No No
nAPP2133735817 EOG RESOURCES INC Major Produced Water Release 11/20/21 Produced Water 92 0 92 BBL Other Eddy (15) No No
nAPP2132562482 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Produced Water Release 11/20/21 Produced Water 500 150 350 BBL Blow Out Eddy (15) No No
nAPP2132430838 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/20/21 Produced Water 25 25 0 BBL Corrosion Lea (25) No No
nAPP2133541017 COG OPERATING LLC Major Produced Water Release 11/18/21 Produced Water 45 40 5 BBL Other Eddy (15) No No
nAPP2132628487 Enterprise Field Services, LLC Natural Gas Release 11/18/21 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2134254895 EOG RESOURCES INC Major Produced Water Release 11/18/21 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nAPP2133477894 Spur Energy Partners LLC Major Produced Water Release 11/18/21 Produced Water 34 0 34 BBL Equipment Failure Eddy (15) No No
nAPP2132758836 OXY USA INC Minor Oil Release 11/18/21 Crude Oil 6 4 2 BBL Equipment Failure Eddy (15) No No
nAPP2132339581 CENTENNIAL RESOURCE PRODUCTION, LLC Major Oil Release 11/18/21 Crude Oil 2 0 2 BBL Separation Flowback Lea (25) No No
nAPP2132758836 OXY USA INC Minor Oil Release 11/18/21 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nAPP2133448368 APACHE CORPORATION Minor Produced Water Release 11/18/21 Crude Oil 2 2 0 BBL Other Lea (25) No No
nAPP2133448368 APACHE CORPORATION Minor Produced Water Release 11/18/21 Produced Water 10 9 1 BBL Other Lea (25) No No
nAPP2132655533 HF Sinclair Navajo Refining LLC Major Release Other 11/17/21 Other (Specify) 53 48 5 BBL Equipment Failure Eddy (15) No Yes
nAPP2133445985 XTO ENERGY, INC Minor Produced Water Release 11/17/21 Produced Water 11 5 6 BBL Corrosion Eddy (15) No No
nAPP2207335360 EOG RESOURCES INC Major Complaint 11/17/21 Produced Water 0 0 0 BBL Repair and Maintenance Eddy (15) No No
nAPP2133649705 Silverback Operating II, LLC Major Other 11/17/21 Other (Specify) 30 30 0 BBL Other Eddy (15) No No
nAPP2132245281 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 11/17/21 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2132245281 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 11/17/21 Produced Water 225 200 25 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2133326844 HILCORP ENERGY COMPANY Major Produced Water Release 11/16/21 Produced Water 184 53 131 BBL Equipment Failure San Juan (45) No No
nAPP2133436240 XTO ENERGY, INC Major Fire 11/16/21 Motor Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2133426492 CHEVRON U S A INC Major Produced Water Release 11/16/21 Produced Water 40 39 1 BBL Equipment Failure Eddy (15) No No
nAPP2132126541 CIMAREX ENERGY CO. Major Oil Release 11/16/21 Crude Oil 101 60 41 BBL Human Error Lea (25) No No
nAPP2132057088 MARATHON OIL PERMIAN LLC Minor Produced Water Release 11/16/21 Produced Water 9 9 0 BBL Corrosion Eddy (15) No No
nAPP2133451536 COG OPERATING LLC Minor Produced Water Release 11/16/21 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAPP2133435614 EOR OPERATING COMPANY Minor Produced Water Release 11/16/21 Crude Oil 4 2 2 BBL Corrosion Roosevelt (41) No No
nAPP2133435614 EOR OPERATING COMPANY Minor Produced Water Release 11/16/21 Produced Water 19 7 12 BBL Corrosion Roosevelt (41) No No
nAPP2132227694 Enterprise Field Services, LLC Minor Natural Gas Release 11/16/21 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2132259675 MEWBOURNE OIL CO Major Produced Water Release 11/15/21 Produced Water 0 240 -240 BBL Equipment Failure Eddy (15) No No
nAPP2132248577 XTO ENERGY, INC Minor Produced Water Release 11/14/21 Produced Water 21 20 1 BBL Corrosion Eddy (15) No No
nAPP2132035437 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 11/14/21 Produced Water 60 30 30 BBL Blow Out Lea (25) No No
nAPP2132757712 COG OPERATING LLC Major Produced Water Release 11/13/21 Produced Water 52 0 52 BBL Equipment Failure Lea (25) No No
nAPP2131951276 NGL WATER SOLUTIONS PERMIAN, LLC Minor Produced Water Release 11/13/21 Produced Water 20 10 10 BBL Blow Out Eddy (15) No No
nAPP2133540189 COG OPERATING LLC Major Fire 11/13/21 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2131947608 Franklin Mountain Energy LLC Major Fire 11/13/21 Crude Oil 60 60 0 BBL Equipment Failure Lea (25) No No
nAPP2132241976 XTO ENERGY, INC Minor Release Other 11/13/21 Other (Specify) 5 5 0 BBL Other Eddy (15) No No
nAPP2135744772 COG OPERATING LLC Minor Produced Water Release 11/13/21 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nAPP2133331588 OXY USA INC Minor Produced Water Release 11/13/21 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No
nAPP2132339622 XTO ENERGY, INC Minor Produced Water Release 11/13/21 Produced Water 12 12 0 BBL Equipment Failure Eddy (15) No No
nAPP2132258941 MEWBOURNE OIL CO Major Produced Water Release 11/12/21 Produced Water 1225 775 450 BBL Equipment Failure Lea (25) No No
nAPP2208047071 GEORGE A CHASE JR DBA G AND C SERVICE Major Oil Release 11/12/21 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2132244500 XTO ENERGY, INC Major Fire 11/12/21 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2131670294 Enterprise Field Services, LLC Other 11/12/21 Produced Water 4 0 4 BBL Other Eddy (15) No No
nAPP2133331019 OXY USA INC Major Produced Water Release 11/11/21 Produced Water 25 0 25 BBL Corrosion Eddy (15) No No
nAPP2131443131 DUGAN PRODUCTION CORP Major Oil Release 11/10/21 Crude Oil 20 19 1 BBL Corrosion San Juan (45) No No
nAPP2131443131 DUGAN PRODUCTION CORP Major Oil Release 11/10/21 Produced Water 20 15 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2131555241 MATADOR PRODUCTION COMPANY Minor Oil Release 11/10/21 Crude Oil 20 20 0 BBL Other Eddy (15) No No
nAPP2132756247 COG OPERATING LLC Major Oil Release 11/10/21 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2131437130 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/10/21 Produced Water 25 25 0 BBL Corrosion Lea (25) No No
nAPP2131540910 CAZA OPERATING, LLC Major Fire 11/10/21 Crude Oil 150 150 0 BBL Fire Lea (25) No No
nAPP2131540910 CAZA OPERATING, LLC Major Fire 11/10/21 Produced Water 150 150 0 BBL Fire Lea (25) No No
nAPP2131330323 MARATHON OIL PERMIAN LLC Major Oil Release 11/8/21 Crude Oil 1 1 0 BBL Fire Lea (25) No No
nAPP2131355991 EOG RESOURCES INC Major Oil Release 11/8/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2132240471 XTO ENERGY, INC Minor Produced Water Release 11/7/21 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAPP2132755069 COG OPERATING LLC Major Produced Water Release 11/7/21 Produced Water 200 0 200 BBL Equipment Failure Lea (25) No No
nAPP2132143945 COG OPERATING LLC Major Fire 11/5/21 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nAPP2131553617 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/5/21 Produced Water 10 10 0 BBL Other Lea (25) No No
nAPP2130941255 BTA OIL PRODUCERS, LLC Major Oil Release 11/4/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2130931509 MARATHON OIL PERMIAN LLC Minor Oil Release 11/4/21 Crude Oil 12 12 0 BBL Human Error Eddy (15) No No
nAPP2130938365 BTA OIL PRODUCERS, LLC Minor Oil Release 11/4/21 Crude Oil 5 3 2 BBL Equipment Failure Lea (25) No No
nAPP2130930832 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/4/21 Produced Water 105 105 0 BBL Equipment Failure Eddy (15) No No
nAPP2131928286 MEWBOURNE OIL CO Major Produced Water Release 11/3/21 Produced Water 150 60 90 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2132239130 OXY USA INC Minor Produced Water Release 11/3/21 Produced Water 9 0 9 BBL Equipment Failure Eddy (15) No No
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nAPP2132239558 OXY USA INC Minor Oil Release 11/2/21 Crude Oil 7 4 3 BBL Equipment Failure Eddy (15) No No
nAPP2132239558 OXY USA INC Minor Oil Release 11/2/21 Produced Water 13 11 2 BBL Equipment Failure Eddy (15) No No
nAPP2130741101 Spur Energy Partners LLC Major Produced Water Release 11/2/21 Produced Water 32 15 17 BBL Equipment Failure Eddy (15) No No
nAPP2131945480 HILCORP ENERGY COMPANY Release Other 11/2/21 Unknown 1 0 1 BBL Other Rio Arriba (39) No No
nAPP2131935400 Maverick Permian LLC Major Release Other 11/1/21 Crude Oil 17 0 17 BBL Equipment Failure Lea (25) No No
nAPP2131944889 ETC Texas Pipeline, Ltd. Major Natural Gas Release 11/1/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2131935400 Maverick Permian LLC Major Release Other 11/1/21 Produced Water 69 0 69 BBL Equipment Failure Lea (25) No No
nAPP2405244585 OXY USA INC Major Oil Release 11/1/21 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2130647997 Enterprise Field Services, LLC Major Natural Gas Release 11/1/21 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) Yes No
nAPP2405244585 OXY USA INC Major Oil Release 11/1/21 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2130837821 XTO ENERGY, INC Major Produced Water Release 11/1/21 Produced Water 724 720 4 BBL Equipment Failure Eddy (15) No No
nAPP2405244372 OXY USA INC Major Oil Release 11/1/21 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2405245671 OXY USA INC Major Oil Release 11/1/21 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2405244372 OXY USA INC Major Oil Release 11/1/21 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2405245671 OXY USA INC Major Oil Release 11/1/21 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2405245028 OXY USA INC Major Oil Release 11/1/21 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2405245028 OXY USA INC Major Oil Release 11/1/21 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2405245162 OXY USA INC Major Oil Release 11/1/21 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2405245333 OXY USA INC Major Oil Release 11/1/21 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2405245162 OXY USA INC Major Oil Release 11/1/21 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2405246233 OXY USA INC Major Oil Release 11/1/21 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2405245333 OXY USA INC Major Oil Release 11/1/21 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2405246233 OXY USA INC Major Oil Release 11/1/21 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2405243873 OXY USA INC Major Oil Release 11/1/21 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2405243873 OXY USA INC Major Oil Release 11/1/21 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2324337500 SAHARA OPERATING CO Major Other 11/1/21 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2405244149 OXY USA INC Major Oil Release 11/1/21 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2405244149 OXY USA INC Major Oil Release 11/1/21 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2405244889 OXY USA INC Major Oil Release 11/1/21 Crude Oil 0 0 0 BBL Other Chaves (05) No No
nAPP2405244889 OXY USA INC Major Oil Release 11/1/21 Produced Water 0 0 0 BBL Other Chaves (05) No No
nAPP2130547657 Spur Energy Partners LLC Minor Produced Water Release 10/31/21 Produced Water 12 12 0 BBL Corrosion Eddy (15) No No
nAPP2131933625 COG OPERATING LLC Minor Release Other 10/31/21 Crude Oil 8 0 8 BBL Corrosion Lea (25) No No
nAPP2131933625 COG OPERATING LLC Minor Release Other 10/31/21 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nAPP2132141822 COG OPERATING LLC Major Oil Release 10/30/21 Crude Oil 461 346 115 BBL Corrosion Eddy (15) No No
nAPP2130548119 Spur Energy Partners LLC Minor Produced Water Release 10/30/21 Produced Water 9 8 1 BBL Equipment Failure Eddy (15) No No
nAPP2131347236 EOG RESOURCES INC Major Release Other 10/30/21 Other (Specify) 0 190 -190 BBL Other Eddy (15) No No
nAPP2131450559 Earthstone Operating, LLC Major Produced Water Release 10/29/21 Crude Oil 125 80 45 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2131450559 Earthstone Operating, LLC Major Produced Water Release 10/29/21 Produced Water 195 40 155 BBL Overflow - Tank, Pit, Etc. Lea (25) No No

nCS2131439117
NEW MEXICO ENERGY MINERALS & NATURAL 
RESOURCE Major Release Other 10/29/21 Unknown 0 0 0 BBL Equipment Failure Eddy (15) No No

nAPP2130249417 HF Sinclair Navajo Refining LLC Major Other 10/28/21 Other (Specify) 31 28 3 BBL Other Eddy (15) No Yes
nAPP2207654154 EASTLAND OIL CO Major Oil Release 10/28/21 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2218145440 DCP OPERATING COMPANY, LP Minor Natural Gas Release 10/28/21 Condensate 15 0 15 BBL Corrosion Lea (25) No No
nAPP2131550016 EOG RESOURCES INC Major Produced Water Release 10/27/21 Produced Water 25 0 25 BBL Equipment Failure Lea (25) No No
nAPP2130548866 Spur Energy Partners LLC Major Produced Water Release 10/27/21 Produced Water 50 45 5 BBL Other Lea (25) No No
nAPP2130138079 Enterprise Field Services, LLC Natural Gas Release 10/27/21 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2131359766 MEWBOURNE OIL CO Minor Oil Release 10/26/21 Condensate 20 0 20 BBL Equipment Failure Eddy (15) No No
nAPP2131927902 COG OPERATING LLC Major Oil Release 10/26/21 Crude Oil 25 0 25 BBL Human Error Lea (25) No No
nAPP2130548510 Spur Energy Partners LLC Minor Oil Release 10/26/21 Crude Oil 11 11 0 BBL Corrosion Lea (25) No No
nAPP2132773092 COG OPERATING LLC Major Fire 10/26/21 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2130843704 CONOCOPHILLIPS COMPANY Major Release Other 10/25/21 Crude Oil 32 30 2 BBL Human Error Lea (25) No No
nAPP2129935504 PLAINS MARKETING L.P. Major Oil Release 10/25/21 Crude Oil 43 0 43 BBL Corrosion Lea (25) No No
nAPP2130843704 CONOCOPHILLIPS COMPANY Major Release Other 10/25/21 Produced Water 211 200 11 BBL Human Error Lea (25) No No
nAPP2131254853 EOG RESOURCES INC Major Produced Water Release 10/25/21 Produced Water 100 50 50 BBL Equipment Failure Lea (25) No No
nAPP2131358531 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/25/21 Crude Oil 8 0 8 BBL Other Lea (25) No No
nAPP2129832628 EOG RESOURCES INC Major Produced Water Release 10/25/21 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2129853690 LM Touchdown LLC Major Oil Release 10/25/21 Crude Oil 4500 4000 500 BBL Equipment Failure Eddy (15) No No
nAPP2130054846 XTO ENERGY, INC Minor Release Other 10/24/21 Other (Specify) 10 7 3 BBL Other Eddy (15) No No
nAPP2129824469 CENTENNIAL RESOURCE PRODUCTION, LLC Major Produced Water Release 10/24/21 Produced Water 35 5 30 BBL Other Lea (25) No No
nAPP2129826922 BTA OIL PRODUCERS, LLC Major Produced Water Release 10/24/21 Produced Water 40 40 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2130053365 XTO ENERGY, INC Major Fire 10/24/21 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2129845429 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/24/21 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nAPP2129771036 CIMAREX ENERGY CO. Minor Produced Water Release 10/24/21 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2129542385 DUGAN PRODUCTION CORP Major Produced Water Release 10/22/21 Produced Water 2250 175 2075 BBL Equipment Failure San Juan (45) No No
nAPP2129567623 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/22/21 Produced Water 100 100 0 BBL Corrosion Lea (25) No No
nAPP2129459399 MARATHON OIL PERMIAN LLC Minor Produced Water Release 10/21/21 Produced Water 24 24 0 BBL Corrosion Lea (25) No No
nAPP2130844221 Maverick Permian LLC Minor Produced Water Release 10/21/21 Produced Water 20 5 15 BBL Human Error Lea (25) No No
nAPP2130844927 COG OPERATING LLC Minor Release Other 10/21/21 Crude Oil 15 0 15 BBL Corrosion Lea (25) No No
nAPP2130844927 COG OPERATING LLC Minor Release Other 10/21/21 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nAPP2130853724 COG OPERATING LLC Major Fire 10/21/21 Crude Oil 0 0 0 BBL Human Error Lea (25) No No
nAPP2130833627 MEWBOURNE OIL CO Minor Produced Water Release 10/21/21 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAPP2129351684 Roughhouse Operating, LLC Major Oil Release 10/20/21 Crude Oil 91 16 75 BBL Equipment Failure Lea (25) No No
nAPP2129432622 CIMAREX ENERGY CO. Minor Produced Water Release 10/20/21 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nAPP2129253819 Enterprise Field Services, LLC Minor Release Other 10/19/21 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2129255688 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/19/21 Produced Water 25 0 25 BBL Corrosion Eddy (15) No No
nAPP2130843614 COG OPERATING LLC Major Produced Water Release 10/18/21 Produced Water 31 20 11 BBL Corrosion Eddy (15) No No
nAPP2130051391 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/18/21 Produced Water 12 12 0 BBL Other Lea (25) No No
nAPP2132162317 OXY USA INC Minor Produced Water Release 10/17/21 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2129339302 CENTENNIAL RESOURCE PRODUCTION, LLC Major Oil Release 10/17/21 Crude Oil 34 28 6 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2129846784 ASCENT ENERGY, LLC. Major Produced Water Release 10/16/21 Produced Water 1500 360 1140 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2129040886 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/16/21 Produced Water 245 245 0 BBL Equipment Failure Eddy (15) No No
nAPP2129353745 EOG RESOURCES INC Major Produced Water Release 10/15/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2129151549 TAP ROCK OPERATING, LLC Minor Produced Water Release 10/15/21 Produced Water 7 3 4 BBL Other Lea (25) No No
nAPP2129540554 XTO ENERGY, INC Minor Release Other 10/15/21 Other (Specify) 6 6 0 BBL Power Failure Eddy (15) No No
nAPP2130229949 COG OPERATING LLC Minor Oil Release 10/15/21 Crude Oil 7 2 5 BBL Equipment Failure Lea (25) No No
nAPP2129853619 XTO ENERGY, INC Minor Release Other 10/14/21 Other (Specify) 7 7 0 BBL Other Eddy (15) No No
nAPP2129837754 Spur Energy Partners LLC Major Produced Water Release 10/14/21 Produced Water 65 63 2 BBL Equipment Failure Eddy (15) No No
nAPP2128843899 HF Sinclair Navajo Refining LLC Major Release Other 10/14/21 Other (Specify) 25 25 0 BBL Other Eddy (15) No Yes
nAPP2128846984 KAISER-FRANCIS OIL CO Major Fire 10/13/21 Lube Oil 50 40 10 GAL Fire Eddy (15) No No
nAPP2129527589 MEWBOURNE OIL CO Major Produced Water Release 10/13/21 Produced Water 175 10 165 BBL Equipment Failure Eddy (15) No No
nAPP2129851001 Maverick Permian LLC Minor Release Other 10/12/21 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2129846676 COG OPERATING LLC Minor Release Other 10/12/21 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2129851001 Maverick Permian LLC Minor Release Other 10/12/21 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2129846676 COG OPERATING LLC Minor Release Other 10/12/21 Produced Water 16 0 16 BBL Equipment Failure Eddy (15) No No
nAPP2129936218 Maverick Permian LLC Major Release Other 10/12/21 Crude Oil 7 0 7 BBL Corrosion Lea (25) No No
nAPP2129840452 XTO ENERGY, INC Major Produced Water Release 10/12/21 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No

WG Ex. 93

3346



nAPP2129936218 Maverick Permian LLC Major Release Other 10/12/21 Produced Water 128 0 128 BBL Corrosion Lea (25) No No
nAPP2128532809 SCOUT ENERGY MANAGEMENT LLC Major Produced Water Release 10/11/21 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2128544986 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/11/21 Produced Water 45 45 0 BBL Corrosion Eddy (15) No No
nAPP2128532809 SCOUT ENERGY MANAGEMENT LLC Major Produced Water Release 10/11/21 Produced Water 50 45 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2128551283 PLAINS MARKETING L.P. Minor Oil Release 10/11/21 Crude Oil 22 10 12 BBL Equipment Failure Eddy (15) No No
nAPP2131262448 J R OIL, LTD. CO. Major Oil Release 10/11/21 Crude Oil 25 0 25 BBL Human Error Lea (25) No No
nAPP2131262448 J R OIL, LTD. CO. Major Oil Release 10/11/21 Produced Water 30 0 30 BBL Human Error Lea (25) No No
nAPP2128538179 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/11/21 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2128401176 NAVAJO REFINING COMPANY, L.L.C. Minor Other 10/10/21 Other (Specify) 21 20 1 BBL Equipment Failure Eddy (15) No No
nAPP2129845041 COG OPERATING LLC Minor Produced Water Release 10/8/21 Produced Water 20 0 20 BBL Corrosion Lea (25) No No
nAPP2200536812 MATADOR PRODUCTION COMPANY Minor Oil Release 10/8/21 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nCS2129551635 HILCORP ENERGY COMPANY Major Other 10/8/21 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAPP2129146666 Lucid Artesia Company Major Natural Gas Release 10/7/21 Natural Gas Liquids 0 0 0 BBL Corrosion Eddy (15) Yes No
nAPP2129830369 COG OPERATING LLC Minor Produced Water Release 10/7/21 Produced Water 7 0 7 BBL Corrosion Lea (25) No No
nAPP2128133962 DCP OPERATING COMPANY, LP Minor Natural Gas Release 10/7/21 Condensate 20 0 20 BBL Corrosion Eddy (15) No No
nAPP2128135738 MARATHON OIL PERMIAN LLC Minor Produced Water Release 10/7/21 Produced Water 13 0 13 BBL Corrosion Eddy (15) No No
nAPP2132163826 OXY USA INC Minor Produced Water Release 10/7/21 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAPP2128130644 Enterprise Field Services, LLC Minor Oil Release 10/6/21 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2129343823 COG OPERATING LLC Major Fire 10/6/21 Crude Oil 0 0 0 BBL Human Error Eddy (15) No No
nAPP2129428378 HILCORP ENERGY COMPANY Major Produced Water Release 10/6/21 Produced Water 37 37 0 BBL Equipment Failure San Juan (45) No No
nAPP2129343823 COG OPERATING LLC Major Fire 10/6/21 Produced Water 15 0 15 BBL Human Error Eddy (15) No No
nAPP2128435279 HILCORP ENERGY COMPANY Minor Produced Water Release 10/5/21 Produced Water 15 15 0 BBL Corrosion San Juan (45) No No
nAPP2127930986 Civitas Permian Operating, LLC Major Produced Water Release 10/4/21 Produced Water 36 0 36 BBL Corrosion Lea (25) No No
nAPP2128059178 EOG RESOURCES INC Major Produced Water Release 10/4/21 Produced Water 62 0 62 BBL Equipment Failure Eddy (15) No No
nAPP2128552872 COG OPERATING LLC Minor Produced Water Release 10/4/21 Produced Water 11 0 11 BBL Corrosion Lea (25) No No
nAPP2129940931 OXY USA INC Major Produced Water Release 10/3/21 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nAPP2128451743 XTO ENERGY, INC Minor Produced Water Release 10/3/21 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nAPP2128451743 XTO ENERGY, INC Minor Produced Water Release 10/3/21 Produced Water 14 13 1 BBL Equipment Failure Eddy (15) No No
nAPP2130049855 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/3/21 Crude Oil 8 4 4 BBL Other Lea (25) No No
nAPP2128746862 COG OPERATING LLC Major Produced Water Release 10/2/21 Produced Water 114 114 0 BBL Corrosion Eddy (15) No No
nAPP2129847651 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/2/21 Crude Oil 35 35 0 BBL Other Lea (25) No No
nAPP2129847651 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/2/21 Produced Water 71 71 0 BBL Other Lea (25) No No
nAPP2127437122 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/1/21 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAPP2128751635 J R OIL, LTD. CO. Major Other 9/30/21 Crude Oil 10 10 0 BBL High Line Pressure Lea (25) No No
nAPP2128751635 J R OIL, LTD. CO. Major Other 9/30/21 Produced Water 240 240 0 BBL High Line Pressure Lea (25) No No
nAPP2127459566 CIMAREX ENERGY CO. Minor Produced Water Release 9/30/21 Produced Water 10 10 0 BBL Human Error Lea (25) No No
nAPP2200549704 ENDEAVOR ENERGY RESOURCES, LP Major Produced Water Release 9/30/21 Produced Water 70 50 20 BBL Corrosion Eddy (15) No No
nAPP2127935396 EOG RESOURCES INC Major Oil Release 9/29/21 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2128447688 XTO ENERGY, INC Major Fire 9/29/21 Motor Oil 0 0 0 GAL Fire Eddy (15) No No
nAPP2127935396 EOG RESOURCES INC Major Oil Release 9/29/21 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2127937408 EOG RESOURCES INC Major Oil Release 9/29/21 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2127937408 EOG RESOURCES INC Major Oil Release 9/29/21 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2127345557 Avant Operating, LLC Major Produced Water Release 9/29/21 Produced Water 58 55 3 BBL Equipment Failure Lea (25) No No
nAPP2127943847 XTO ENERGY, INC Minor Release Other 9/28/21 Other (Specify) 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2127146416 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/28/21 Produced Water 150 125 25 BBL Corrosion Eddy (15) No No
nAPP2128557106 EOG RESOURCES INC Major Oil Release 9/28/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2127263561 LUCID ENERGY DELAWARE, LLC Major Fire 9/28/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2127753495 DCP OPERATING COMPANY, LP Major Natural Gas Release 9/28/21 Condensate 75 65 10 BBL Human Error Eddy (15) No No
nAPP2128557106 EOG RESOURCES INC Major Oil Release 9/28/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2127262628 LUCID ENERGY DELAWARE, LLC Major Natural Gas Release 9/28/21 Natural Gas Liquids 0 0 0 BBL Vehicular Accident Eddy (15) No No
nAPP2129171458 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/28/21 Produced Water 150 120 30 BBL Other Eddy (15) No No
nAPP2127936884 XTO ENERGY, INC Minor Release Other 9/27/21 Other (Specify) 14 4 10 BBL Equipment Failure Eddy (15) No No
nAPP2128047535 MEWBOURNE OIL CO Minor Produced Water Release 9/27/21 Produced Water 18 10 8 BBL Equipment Failure Eddy (15) No No
nAPP2128043375 MEWBOURNE OIL CO Minor Produced Water Release 9/27/21 Produced Water 17 0 17 BBL Equipment Failure Eddy (15) No No
nAPP2127347137 WPX Energy Permian, LLC Minor Oil Release 9/27/21 Crude Oil 7 5 2 BBL Human Error Eddy (15) No No
nAPP2127347137 WPX Energy Permian, LLC Minor Oil Release 9/27/21 Produced Water 7 5 2 BBL Human Error Eddy (15) No No
nAPP2127147753 APACHE CORPORATION Major Produced Water Release 9/25/21 Produced Water 163 120 43 BBL Corrosion Lea (25) No No
nAPP2127146876 APACHE CORPORATION Major Produced Water Release 9/25/21 Produced Water 277 135 142 BBL Other Lea (25) No No
nAPP2128035834 COG OPERATING LLC Minor Produced Water Release 9/24/21 Produced Water 8 3 5 BBL Equipment Failure Lea (25) No No
nAPP2127158509 EOG RESOURCES INC Major Produced Water Release 9/23/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2127232527 EOG RESOURCES INC Major Produced Water Release 9/23/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2127245561 DJR OPERATING, LLC Minor Oil Release 9/23/21 Crude Oil 5 0 5 BBL Other Rio Arriba (39) No No
nAPP2127430680 EOG RESOURCES INC Major Produced Water Release 9/23/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2126633610 BTA OIL PRODUCERS, LLC Minor Oil Release 9/22/21 Crude Oil 22 20 2 BBL Equipment Failure Lea (25) No No
nAPP2126643846 MATADOR PRODUCTION COMPANY Minor Produced Water Release 9/22/21 Produced Water 16 0 16 BBL Corrosion Eddy (15) No No
nAPP2127156622 EOG RESOURCES INC Major Produced Water Release 9/22/21 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2127156073 EOG RESOURCES INC Major Produced Water Release 9/22/21 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2127243983 EPIC ENERGY, L.L.C. Major Other 9/21/21 Crude Oil 0 0 0 BBL Other Rio Arriba (39) No No
nAPP2127159445 Silverback Operating II, LLC Major Produced Water Release 9/21/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2127158905 EOG RESOURCES INC Major Produced Water Release 9/21/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2127157023 EOG RESOURCES INC Major Produced Water Release 9/21/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2127053309 EOG RESOURCES INC Major Produced Water Release 9/21/21 Produced Water 312 100 212 BBL Equipment Failure Lea (25) No No
nAPP2126438023 DUGAN PRODUCTION CORP Major Oil Release 9/21/21 Crude Oil 250 100 150 BBL Corrosion San Juan (45) No No
nAPP2127835608 XTO ENERGY, INC Minor Produced Water Release 9/21/21 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2127857190 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/21/21 Crude Oil 5 4 1 BBL Other Eddy (15) No No
nAPP2127857190 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/21/21 Produced Water 5 4 1 BBL Other Eddy (15) No No
nAPP2126749790 EPIC ENERGY, L.L.C. Release Other 9/20/21 Other (Specify) 0 0 0 BBL Normal Operations San Juan (45) No No
nAPP2126756387 OXY USA INC Major Produced Water Release 9/20/21 Produced Water 67 62 5 BBL Equipment Failure Lea (25) No No
nAPP2127433772 MEWBOURNE OIL CO Major Produced Water Release 9/20/21 Produced Water 2525 200 2325 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2127251809 SAHARA OPERATING CO Produced Water Release 9/20/21 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2128034104 COG OPERATING LLC Major Produced Water Release 9/19/21 Produced Water 40 40 0 BBL Corrosion Eddy (15) No No
nAPP2126755564 OXY USA INC Major Produced Water Release 9/19/21 Crude Oil 5 0 5 BBL Human Error Eddy (15) No No
nAPP2126755564 OXY USA INC Major Produced Water Release 9/19/21 Produced Water 29 0 29 BBL Human Error Eddy (15) No No
nAPP2126350975 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 9/19/21 Crude Oil 10 5 5 BBL Corrosion Lea (25) No No
nAPP2126350975 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 9/19/21 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nAPP2126532858 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 9/18/21 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2127753984 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/18/21 Produced Water 179 179 0 BBL Other Eddy (15) No No
nAPP2126650216 DJR OPERATING, LLC Major Other 9/17/21 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nAPP2127755919 Spur Energy Partners LLC Major Oil Release 9/17/21 Crude Oil 44 42 2 BBL Equipment Failure Eddy (15) No No
nAPP2127753131 Spur Energy Partners LLC Major Produced Water Release 9/16/21 Produced Water 120 119 1 BBL Repair and Maintenance Eddy (15) No No
nAPP2126753999 OXY USA INC Major Produced Water Release 9/15/21 Crude Oil 20 15 5 BBL Equipment Failure Lea (25) No No
nAPP2126753999 OXY USA INC Major Produced Water Release 9/15/21 Produced Water 95 90 5 BBL Equipment Failure Lea (25) No No
nAPP2125861315 TEAM OPERATING, L.L.C. Major Produced Water Release 9/15/21 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2127258434 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 9/15/21 Crude Oil 15 15 0 BBL Normal Operations Eddy (15) No No
nAPP2125948567 Enterprise Field Services, LLC Major Fire 9/14/21 Condensate 0 0 0 BBL Other San Juan (45) No No
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nAPP2125935727 TARGA MIDSTREAM SERVICES LLC Minor Oil Release 9/14/21 Crude Oil 7 0 7 BBL Corrosion Lea (25) No No
nAPP2126347976 HILCORP ENERGY COMPANY Minor Produced Water Release 9/14/21 Crude Oil 0 0 0 BBL Other Rio Arriba (39) No No
nAPP2125935727 TARGA MIDSTREAM SERVICES LLC Minor Oil Release 9/14/21 Condensate 7 7 0 BBL Corrosion Lea (25) No No
nAPP2132140928 MATADOR PRODUCTION COMPANY Minor Produced Water Release 9/14/21 Produced Water 5 0 5 BBL Other Lea (25) No No
nAPP2126347976 HILCORP ENERGY COMPANY Minor Produced Water Release 9/14/21 Produced Water 20 18 2 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nAPP2126336687 MEWBOURNE OIL CO Major Produced Water Release 9/14/21 Produced Water 200 190 10 BBL Equipment Failure Eddy (15) No No
nAPP2126347976 HILCORP ENERGY COMPANY Minor Produced Water Release 9/14/21 Condensate 0 0 0 BBL Other Rio Arriba (39) No No
nAPP2126347976 HILCORP ENERGY COMPANY Minor Produced Water Release 9/14/21 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAPP2125728285 BTA OIL PRODUCERS, LLC Major Oil Release 9/13/21 Crude Oil 80 70 10 BBL Equipment Failure Lea (25) No No
nAPP2130052167 DUGAN PRODUCTION CORP Major Other 9/13/21 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nAPP2126754519 OXY USA INC Minor Produced Water Release 9/12/21 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAPP2125634577 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Produced Water Release 9/12/21 Produced Water 21 0 21 BBL Equipment Failure Lea (25) No No
nAPP2125651649 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/11/21 Produced Water 56 56 0 BBL Other Eddy (15) No No
nAPP2127147322 COG OPERATING LLC Minor Release Other 9/10/21 Crude Oil 3 3 0 BBL Corrosion Eddy (15) No No
nAPP2126739634 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/10/21 Produced Water 10 10 0 BBL Other Lea (25) No No
nAPP2127234076 COG OPERATING LLC Minor Produced Water Release 9/10/21 Produced Water 14 0 14 BBL Corrosion Lea (25) No No
nAPP2125655405 EOG RESOURCES INC Major Produced Water Release 9/10/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2127147322 COG OPERATING LLC Minor Release Other 9/10/21 Produced Water 19 18 1 BBL Corrosion Eddy (15) No No
nAPP2125652492 Whiptail Midstream LLC Major Produced Water Release 9/10/21 Produced Water 210 210 0 BBL Corrosion Rio Arriba (39) No No
nAPP2125655405 EOG RESOURCES INC Major Produced Water Release 9/10/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2127342251 COG OPERATING LLC Major Oil Release 9/9/21 Crude Oil 30 25 5 BBL Corrosion Lea (25) No No
nAPP2126542912 3BEAR FIELD SERVICES, LLC Minor Oil Release 9/9/21 Crude Oil 6 0 6 BBL Other Lea (25) No No
nAPP2126345192 WPX Energy Permian, LLC Major Produced Water Release 9/9/21 Produced Water 32 24 8 BBL Equipment Failure Eddy (15) No No
nAPP2126062202 Silverback Operating II, LLC Major Produced Water Release 9/9/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2125340763 HF Sinclair Navajo Refining LLC Major Oil Release 9/9/21 Crude Oil 40 35 5 BBL Equipment Failure Eddy (15) No Yes
nAPP2126639352 XTO ENERGY, INC Major Produced Water Release 9/9/21 Produced Water 62 40 22 BBL Corrosion Eddy (15) No No
nAPP2127444223 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 9/9/21 Produced Water 250 50 200 BBL High Line Pressure Lea (25) No No
nAPP2126049753 EOG RESOURCES INC Major Produced Water Release 9/8/21 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2126346304 BURNETT OIL CO INC Produced Water Release 9/8/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2125156256 TEAM OPERATING, L.L.C. Major Produced Water Release 9/8/21 Produced Water 60 50 10 BBL Other Lea (25) No No
nAPP2125149254 DEVON ENERGY PRODUCTION COMPANY, LP Minor Other 9/7/21 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nAPP2127034861 COG OPERATING LLC Minor Produced Water Release 9/7/21 Produced Water 20 7 13 BBL Corrosion Eddy (15) No No
nAPP2125960064 MEWBOURNE OIL CO Major Produced Water Release 9/7/21 Produced Water 80 60 20 BBL Equipment Failure Eddy (15) No No
nAPP2125149254 DEVON ENERGY PRODUCTION COMPANY, LP Minor Other 9/7/21 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nAPP2126456727 EOG RESOURCES INC Major Produced Water Release 9/7/21 Produced Water 40 10 30 BBL Equipment Failure Lea (25) No No
nAPP2125845353 ETC Texas Pipeline, Ltd. Major Natural Gas Release 9/7/21 Natural Gas Liquids 31 0 31 BBL Corrosion Lea (25) No No
nAPP2125264556 OXY USA INC Major Produced Water Release 9/7/21 Produced Water 850 847 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2126356732 XTO ENERGY, INC Major Produced Water Release 9/6/21 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nAPP2126045826 XTO ENERGY, INC Major Produced Water Release 9/5/21 Crude Oil 6 4 2 BBL Corrosion Eddy (15) No No
nAPP2126045826 XTO ENERGY, INC Major Produced Water Release 9/5/21 Produced Water 68 51 17 BBL Corrosion Eddy (15) No No
nAPP2125731884 APACHE CORPORATION Minor Produced Water Release 9/5/21 Crude Oil 2 2 0 BBL Corrosion Lea (25) No No
nAPP2125731884 APACHE CORPORATION Minor Produced Water Release 9/5/21 Produced Water 5 2 3 BBL Corrosion Lea (25) No No
nAPP2126447227 COG OPERATING LLC Major Fire 9/4/21 Produced Water 80 0 80 BBL Lightning Eddy (15) No No
nAPP2126026738 J R OIL, LTD. CO. Major Other 9/4/21 Crude Oil 2 0 2 BBL Lightning Lea (25) No No
nAPP2126026738 J R OIL, LTD. CO. Major Other 9/4/21 Produced Water 120 0 120 BBL Lightning Lea (25) No No
nAPP2125042984 MATADOR PRODUCTION COMPANY Minor Produced Water Release 9/4/21 Produced Water 16 1 15 BBL Equipment Failure Eddy (15) No No
nAPP2126444907 COG OPERATING LLC Major Fire 9/3/21 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2125738506 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 9/3/21 Produced Water 12 4 8 BBL Equipment Failure Lea (25) No No
nAPP2124639107 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/3/21 Produced Water 689 0 689 BBL Equipment Failure Lea (25) No No
nAPP2125956676 EOG RESOURCES INC Major Produced Water Release 9/3/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2125946236 XTO ENERGY, INC Minor Release Other 9/3/21 Other (Specify) 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2125849386 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/2/21 Produced Water 15 15 0 BBL Other Eddy (15) No No
nAPP2125353154 XTO ENERGY, INC Minor Oil Release 9/2/21 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAPP2124569685 Enterprise Field Services, LLC Major Fire 9/2/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2125353154 XTO ENERGY, INC Minor Oil Release 9/2/21 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2125739917 Enterprise Field Services, LLC Minor Oil Release 9/1/21 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2124533703 Enterprise Field Services, LLC Major Oil Release 9/1/21 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nAPP2125350293 XTO ENERGY, INC Major Fire 9/1/21 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2125037885 Enterprise Field Services, LLC Minor Oil Release 9/1/21 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2124634903 CROSS TIMBERS ENERGY, LLC Minor Oil Release 9/1/21 Crude Oil 20 10 10 BBL Equipment Failure Lea (25) No No
nAPP2128531481 COG OPERATING LLC Minor Produced Water Release 9/1/21 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nAPP2127734737 HOLLYFRONTIER REFINING & MARKETING LLC Major Oil Release 9/1/21 Crude Oil 28 152 -124 BBL Vehicular Accident Lea (25) No No
nAPP2124834029 TAP ROCK OPERATING, LLC Major Produced Water Release 9/1/21 Produced Water 566 350 216 BBL Blow Out Lea (25) No No
nAPP2125035140 Enterprise Field Services, LLC Minor Oil Release 9/1/21 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2124428964 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/1/21 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nAPP2124558682 MEWBOURNE OIL CO Major Produced Water Release 8/30/21 Produced Water 175 0 175 BBL Equipment Failure Eddy (15) No No
nAPP2129931373 COG OPERATING LLC Minor Produced Water Release 8/30/21 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nAPP2124627967 MEWBOURNE OIL CO Major Produced Water Release 8/30/21 Produced Water 3325 3300 25 BBL Equipment Failure Lea (25) No No
nAPP2124531124 WPX Energy Permian, LLC Major Produced Water Release 8/30/21 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2124561009 MEWBOURNE OIL CO Major Produced Water Release 8/30/21 Produced Water 75 0 75 BBL Equipment Failure Lea (25) No No
nAPP2124349541 WPX Energy Permian, LLC Major Produced Water Release 8/30/21 Crude Oil 4 4 0 BBL Equipment Failure Eddy (15) No No
nAPP2124531124 WPX Energy Permian, LLC Major Produced Water Release 8/30/21 Produced Water 60 0 60 BBL Corrosion Eddy (15) No No
nAPP2124349541 WPX Energy Permian, LLC Major Produced Water Release 8/30/21 Produced Water 250 250 0 BBL Equipment Failure Eddy (15) No No
nAPP2124632147 MEWBOURNE OIL CO Major Produced Water Release 8/30/21 Produced Water 0 1420 -1420 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2124538146 EOG RESOURCES INC Major Produced Water Release 8/29/21 Produced Water 1177 0 1177 BBL Equipment Failure Lea (25) No No
nAPP2125640335 EOG RESOURCES INC Minor Produced Water Release 8/29/21 Produced Water 20 6 14 BBL Equipment Failure Eddy (15) No No
nAPP2129931777 Spur Energy Partners LLC Major Produced Water Release 8/29/21 Produced Water 410 400 10 BBL Equipment Failure Eddy (15) No No
nAPP2124237477 WPX Energy Permian, LLC Minor Produced Water Release 8/28/21 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2124237477 WPX Energy Permian, LLC Minor Produced Water Release 8/28/21 Produced Water 5 5 0 BBL Corrosion Eddy (15) No No
nAPP2129344498 COG OPERATING LLC Oil Release 8/27/21 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2125049675 COG OPERATING LLC Minor Produced Water Release 8/26/21 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nAPP2123947918 ETC Texas Pipeline, Ltd. Major Oil Release 8/26/21 Crude Oil 38 18 20 BBL Other Lea (25) No No
nAPP2125031738 MEWBOURNE OIL CO Major Produced Water Release 8/26/21 Crude Oil 200 0 200 BBL Fire Eddy (15) No No
nAPP2125630520 COG OPERATING LLC Major Produced Water Release 8/26/21 Produced Water 40 0 40 BBL Corrosion Eddy (15) No No
nAPP2125162939 EOG RESOURCES INC Produced Water Release 8/26/21 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2124457634 MATADOR PRODUCTION COMPANY Produced Water Release 8/26/21 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2125031738 MEWBOURNE OIL CO Major Produced Water Release 8/26/21 Produced Water 400 30 370 BBL Fire Eddy (15) No No
nAPP2125058409 APACHE CORPORATION Major Produced Water Release 8/26/21 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2124433001 FRONTIER FIELD SERVICES, LLC Minor Produced Water Release 8/26/21 Produced Water 24 0 24 BBL Other Eddy (15) No No
nAPP2125058409 APACHE CORPORATION Major Produced Water Release 8/26/21 Produced Water 23 0 23 BBL Corrosion Lea (25) No No
nAPP2125154572 EOG RESOURCES INC Major Oil Release 8/26/21 Crude Oil 38 0 38 BBL Equipment Failure Eddy (15) No No
nAPP2123941052 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 8/26/21 Produced Water 391 50 341 BBL Blow Out Lea (25) No No
nAPP2134747863 COG OPERATING LLC Minor Oil Release 8/26/21 Crude Oil 11 8 3 BBL Corrosion Eddy (15) No No
nAPP2130550702 Spur Energy Partners LLC Major Produced Water Release 8/26/21 Produced Water 40 35 5 BBL Corrosion Eddy (15) No No
nAPP2125262626 OXY USA INC Minor Oil Release 8/25/21 Crude Oil 10 6 4 BBL Human Error Lea (25) No No
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nAPP2129930991 Spur Energy Partners LLC Major Produced Water Release 8/25/21 Produced Water 100 90 10 BBL Equipment Failure Eddy (15) No No
nAPP2125143187 XTO ENERGY, INC Minor Produced Water Release 8/25/21 Produced Water 15 5 10 BBL Equipment Failure Eddy (15) No No
nAPP2127254916 SAHARA OPERATING CO Major Oil Release 8/24/21 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2125263485 Silverback Operating II, LLC Major Produced Water Release 8/24/21 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2124432801 EOG RESOURCES INC Major Produced Water Release 8/24/21 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2125263485 Silverback Operating II, LLC Major Produced Water Release 8/24/21 Produced Water 65 0 65 BBL Equipment Failure Eddy (15) No No
nAPP2125046010 ETC Texas Pipeline, Ltd. Major Release Other 8/24/21 Natural Gas Liquids 42 0 42 BBL Corrosion Lea (25) No No
nAPP2123850791 LUCID ENERGY DELAWARE, LLC Minor Natural Gas Release 8/24/21 Natural Gas Liquids 5 4 1 BBL High Line Pressure Lea (25) No No
nAPP2124435578 Silverback Operating II, LLC Major Produced Water Release 8/24/21 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2123824305 Enterprise Field Services, LLC Natural Gas Release 8/24/21 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2123851435 ENDURING RESOURCES, LLC Minor Produced Water Release 8/23/21 Produced Water 14 0 14 BBL Equipment Failure Sandoval (43) No No
nAPP2124239175 Harvest Four Corners, LLC Major Release Other 8/23/21 Other (Specify) 1301 0 1301 GAL Other San Juan (45) No No
nAPP2123554329 BTA OIL PRODUCERS, LLC Major Produced Water Release 8/23/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2123555001 BTA OIL PRODUCERS, LLC Major Oil Release 8/23/21 Crude Oil 70 0 70 BBL Equipment Failure Lea (25) No No
nAPP2124346388 COG OPERATING LLC Minor Release Other 8/22/21 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2124346388 COG OPERATING LLC Minor Release Other 8/22/21 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nAPP2124347654 COG OPERATING LLC Minor Release Other 8/21/21 Crude Oil 4 0 4 BBL Human Error Lea (25) No No
nAPP2124347654 COG OPERATING LLC Minor Release Other 8/21/21 Produced Water 6 0 6 BBL Human Error Lea (25) No No
nAPP2123361366 WPX Energy Permian, LLC Major Oil Release 8/21/21 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAPP2123361366 WPX Energy Permian, LLC Major Oil Release 8/21/21 Produced Water 25 23 2 BBL Equipment Failure Eddy (15) No No
nAPP2125030589 COG OPERATING LLC Major Fire 8/21/21 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2124247509 Redwood Operating LLC Produced Water Release 8/20/21 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2125141291 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/20/21 Produced Water 6 5 1 BBL Other Lea (25) No No
nAPP2125246807 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/20/21 Produced Water 10 10 0 BBL Other Lea (25) No No
nAPP2124629937 AMEREDEV OPERATING, LLC Major Produced Water Release 8/19/21 Produced Water 100 60 40 BBL Blow Out Lea (25) No No
nAPP2124337960 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 8/19/21 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nAPP2123156473 BTA OIL PRODUCERS, LLC Major Produced Water Release 8/19/21 Produced Water 11 7 4 BBL Equipment Failure Lea (25) No No
nAPP2124337960 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 8/19/21 Produced Water 2 0 2 BBL Other Eddy (15) No No
nAPP2123650648 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 8/19/21 Produced Water 5 0 5 BBL Repair and Maintenance Lea (25) No No
nAPP2125628290 COG OPERATING LLC Minor Oil Release 8/19/21 Crude Oil 5 4 1 BBL Corrosion Eddy (15) No No
nAPP2123153867 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/19/21 Produced Water 25 25 0 BBL Equipment Failure Eddy (15) No No
nAPP2123158626 EOG RESOURCES INC Major Oil Release 8/18/21 Crude Oil 0 0 0 BBL Equipment Failure Chaves (05) No No
nAPP2123158626 EOG RESOURCES INC Major Oil Release 8/18/21 Produced Water 0 0 0 BBL Equipment Failure Chaves (05) No No
nAPP2123124717 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/18/21 Produced Water 33 33 0 BBL Equipment Failure Eddy (15) No No
nAPP2124350596 COG OPERATING LLC Major Fire 8/18/21 Crude Oil 1 0 1 BBL Fire Lea (25) No No
nAPP2124350596 COG OPERATING LLC Major Fire 8/18/21 Produced Water 1 0 1 BBL Fire Lea (25) No No
nAPP2123047003 BTA OIL PRODUCERS, LLC Major Oil Release 8/17/21 Crude Oil 8 6 2 BBL Equipment Failure Lea (25) No No
nAPP2124341745 COG OPERATING LLC Major Fire 8/17/21 Unknown 0 0 0 BBL Fire Eddy (15) No No
nAPP2123047003 BTA OIL PRODUCERS, LLC Major Oil Release 8/17/21 Produced Water 17 14 3 BBL Equipment Failure Lea (25) No No
nAPP2124238725 COG OPERATING LLC Minor Produced Water Release 8/16/21 Produced Water 16 16 0 BBL Corrosion Lea (25) No No
nAPP2123047534 EOG RESOURCES INC Major Produced Water Release 8/16/21 Produced Water 0 20 -20 BBL Corrosion Eddy (15) No No
nAPP2123630210 Enterprise Field Services, LLC Minor Oil Release 8/16/21 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2122854136 WPX Energy Permian, LLC Minor Oil Release 8/16/21 Crude Oil 4 4 0 BBL Equipment Failure Eddy (15) No No
nAPP2122854136 WPX Energy Permian, LLC Minor Oil Release 8/16/21 Produced Water 4 4 0 BBL Equipment Failure Eddy (15) No No
nAPP2124345032 WHITING OIL AND GAS CORPORATION Major Produced Water Release 8/16/21 Produced Water 40 25 15 BBL Corrosion Lea (25) No No
nAPP2123232747 Permian Resources Operating, LLC Produced Water Release 8/14/21 Crude Oil 100 60 40 BBL Corrosion Eddy (15) No No
nAPP2123232747 Permian Resources Operating, LLC Produced Water Release 8/14/21 Produced Water 75 25 50 BBL Corrosion Eddy (15) No No
nAPP2124236054 MEWBOURNE OIL CO Major Fire 8/14/21 Produced Water 168 175 -7 BBL Lightning Eddy (15) No No
nAPP2123733579 XTO ENERGY, INC Minor Produced Water Release 8/13/21 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2123654922 EOG RESOURCES INC Minor Produced Water Release 8/13/21 Produced Water 16 5 11 BBL Equipment Failure Lea (25) No No
nAPP2122535332 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/13/21 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAPP2123840629 ETC Texas Pipeline, Ltd. Minor Release Other 8/12/21 Natural Gas Liquids 6 0 6 BBL Other Lea (25) No No
nAPP2202752082 COG OPERATING LLC Major Oil Release 8/12/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2125634309 COG OPERATING LLC Minor Release Other 8/12/21 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2125634309 COG OPERATING LLC Minor Release Other 8/12/21 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nAPP2123537909 APACHE CORPORATION Major Produced Water Release 8/11/21 Produced Water 290 290 0 BBL Corrosion Lea (25) No No
nAPP2122452744 EOG RESOURCES INC Major Oil Release 8/11/21 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2124242761 COG OPERATING LLC Minor Oil Release 8/11/21 Crude Oil 6 3 3 BBL Corrosion Lea (25) No No
nAPP2122371336 CONOCOPHILLIPS COMPANY Major Release Other 8/11/21 Crude Oil 2 2 0 BBL Power Failure Lea (25) No No
nAPP2122452744 EOG RESOURCES INC Major Oil Release 8/11/21 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAPP2122371336 CONOCOPHILLIPS COMPANY Major Release Other 8/11/21 Produced Water 269 261 8 BBL Power Failure Lea (25) No No
nAPP2129840173 COG OPERATING LLC Minor Release Other 8/11/21 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nAPP2129840173 COG OPERATING LLC Minor Release Other 8/11/21 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2123134861 CHEVRON U S A INC Major Oil Release 8/11/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2122449769 CIMAREX ENERGY CO. Major Produced Water Release 8/10/21 Produced Water 78 65 13 BBL Human Error Lea (25) No No
nAPP2122429670 WPX Energy Permian, LLC Oil Release 8/10/21 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nAPP2122429670 WPX Energy Permian, LLC Oil Release 8/10/21 Produced Water 3 3 0 BBL Equipment Failure Eddy (15) No No
nAPP2123634554 XTO ENERGY, INC Minor Produced Water Release 8/10/21 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2123634554 XTO ENERGY, INC Minor Produced Water Release 8/10/21 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No
nAPP2123840609 COG OPERATING LLC Major Fire 8/10/21 Unknown 0 0 0 BBL Fire Eddy (15) No No
nAPP2123935327 FASKEN OIL & RANCH LTD Major Fire 8/9/21 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2123935327 FASKEN OIL & RANCH LTD Major Fire 8/9/21 Produced Water 1 0 1 BBL Fire Lea (25) No No
nAPP2123935327 FASKEN OIL & RANCH LTD Major Fire 8/9/21 Condensate 0 0 0 BBL Fire Lea (25) No No
nAPP2122260724 TEAM OPERATING, L.L.C. Major Oil Release 8/9/21 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2122368078 CONOCOPHILLIPS COMPANY Major Other 8/9/21 Crude Oil 11 11 0 BBL Equipment Failure Lea (25) No No
nAPP2122348940 ENDURING RESOURCES, LLC Release Other 8/9/21 Crude Oil 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAPP2122368078 CONOCOPHILLIPS COMPANY Major Other 8/9/21 Produced Water 24 24 0 BBL Equipment Failure Lea (25) No No
nAPP2123839552 COG OPERATING LLC Minor Produced Water Release 8/8/21 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2123250737 Spur Energy Partners LLC Minor Produced Water Release 8/8/21 Produced Water 23 20 3 BBL Corrosion Eddy (15) No No
nAPP2122431964 COG OPERATING LLC Major Fire 8/8/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2123638914 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/7/21 Produced Water 12 0 12 BBL Other Lea (25) No No
nAPP2123650338 COG OPERATING LLC Minor Produced Water Release 8/7/21 Produced Water 6 6 0 BBL Corrosion Eddy (15) No No
nAPP2123231376 XTO ENERGY, INC Minor Oil Release 8/7/21 Condensate 7 5 2 BBL Equipment Failure Eddy (15) No No
nAPP2123141845 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/6/21 Crude Oil 2 2 0 BBL Other Lea (25) No No
nAPP2123141845 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/6/21 Produced Water 6 3 3 BBL Other Lea (25) No No
nAPP2123028668 Spur Energy Partners LLC Minor Produced Water Release 8/5/21 Crude Oil 15 5 10 BBL Corrosion Eddy (15) No No
nAPP2121858121 Civitas Permian Operating, LLC Major Produced Water Release 8/5/21 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No
nAPP2121858121 Civitas Permian Operating, LLC Major Produced Water Release 8/5/21 Produced Water 5213 5020 193 BBL Equipment Failure Eddy (15) No No
nAPP2127258746 EOG RESOURCES INC Major Produced Water Release 8/5/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2122123399 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/5/21 Produced Water 75 0 75 BBL Equipment Failure Lea (25) No No
nAPP2121753231 HILCORP ENERGY COMPANY Minor Produced Water Release 8/4/21 Produced Water 10 0 10 BBL Corrosion Rio Arriba (39) No No
nAPP2121620119 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 8/3/21 Crude Oil 41 28 13 BBL Corrosion Eddy (15) No No
nAPP2122360674 MEWBOURNE OIL CO Major Release Other 8/3/21 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2122257026 CONOCOPHILLIPS COMPANY Minor Release Other 8/3/21 Crude Oil 9 9 0 BBL Human Error Lea (25) No No
nAPP2122360674 MEWBOURNE OIL CO Major Release Other 8/3/21 Produced Water 75 247 -172 BBL Equipment Failure Lea (25) No No
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nAPP2122257026 CONOCOPHILLIPS COMPANY Minor Release Other 8/3/21 Produced Water 9 9 0 BBL Human Error Lea (25) No No
nAPP2122137759 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/3/21 Produced Water 1300 1300 0 BBL Other Eddy (15) No No
nAPP2121527146 DELAWARE BASIN MIDSTREAM, LLC Other 8/2/21 Condensate 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2121534442 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 8/2/21 Crude Oil 174 174 0 BBL Other Eddy (15) No No
nAPP2121429384 CIMAREX ENERGY CO. Major Produced Water Release 8/1/21 Produced Water 110 110 0 BBL Equipment Failure Lea (25) No No
nAPP2121431578 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/1/21 Produced Water 25 0 25 BBL Corrosion Eddy (15) No No
nAPP2121456443 APACHE CORPORATION Major Produced Water Release 8/1/21 Crude Oil 20 5 15 BBL Equipment Failure Eddy (15) No No
nAPP2121456443 APACHE CORPORATION Major Produced Water Release 8/1/21 Produced Water 145 0 145 BBL Equipment Failure Eddy (15) No No
nAPP2122432860 XTO ENERGY, INC Minor Produced Water Release 7/31/21 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nAPP2121443886 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Produced Water Release 7/30/21 Produced Water 12 0 12 BBL Human Error Lea (25) No No
nAPP2122432744 COG OPERATING LLC Major Release Other 7/30/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2122432744 COG OPERATING LLC Major Release Other 7/30/21 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2122448965 ETC Texas Pipeline, Ltd. Minor Release Other 7/30/21 Natural Gas Liquids 13 3 10 BBL Corrosion Lea (25) No No
nAPP2121054964 Enterprise Field Services, LLC Major Natural Gas Release 7/29/21 Other (Specify) 0 0 0 San Juan (45) Yes No
nAPP2122430566 COG OPERATING LLC Major Produced Water Release 7/29/21 Produced Water 44 43 1 BBL Corrosion Eddy (15) No No
nAPP2121445477 Harvest Four Corners, LLC Minor Release Other 7/28/21 Other (Specify) 340 0 340 GAL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2121443113 Harvest Four Corners, LLC Minor Other 7/28/21 Other (Specify) 16 0 16 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2121847095 Franklin Mountain Energy LLC Major Oil Release 7/28/21 Crude Oil 29 29 0 BBL Human Error Lea (25) No No
nAPP2121530174 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/27/21 Crude Oil 9 0 9 BBL Other Eddy (15) No No
nAPP2121158260 LUCID ENERGY DELAWARE, LLC Natural Gas Release 7/27/21 Natural Gas Liquids 5 5 0 GAL High Line Pressure Eddy (15) No No
nAPP2120918798 CIMAREX ENERGY CO. Minor Produced Water Release 7/27/21 Produced Water 17 15 2 BBL Corrosion Eddy (15) No No
nAPP2122331745 EOG RESOURCES INC Major Oil Release 7/27/21 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2122331745 EOG RESOURCES INC Major Oil Release 7/27/21 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2121444389 OWL SWD OPERATING, LLC Major Produced Water Release 7/26/21 Produced Water 2800 0 2800 BBL Other Lea (25) No No
nAPP2120958120 EOG RESOURCES INC Major Produced Water Release 7/26/21 Produced Water 0 120 -120 BBL Equipment Failure Eddy (15) No No
nAPP2120869635 CONOCOPHILLIPS COMPANY Major Release Other 7/26/21 Brine Water 150 150 0 BBL Other Lea (25) No No
nAPP2121445163 XTO ENERGY, INC Major Fire 7/26/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2120957757 LUCID ENERGY DELAWARE, LLC Major Natural Gas Release 7/26/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2120856974 ARMSTRONG ENERGY CORP Major Other 7/26/21 Produced Water 79 0 79 BBL Lightning Roosevelt (41) No No
nAPP2121474442 APACHE CORPORATION Minor Produced Water Release 7/26/21 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nAPP2121474442 APACHE CORPORATION Minor Produced Water Release 7/26/21 Produced Water 5 2 3 BBL Equipment Failure Lea (25) No No
nAPP2120935687 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Release Other 7/26/21 Produced Water 6 0 6 BBL Human Error Lea (25) No No
nAPP2122429613 COG OPERATING LLC Minor Release Other 7/25/21 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2122429613 COG OPERATING LLC Minor Release Other 7/25/21 Produced Water 19 19 0 BBL Corrosion Eddy (15) No No
nAPP2120648257 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/24/21 Produced Water 881 0 881 BBL Corrosion Lea (25) No No
nAPP2122238000 COG OPERATING LLC Major Other 7/24/21 Drilling Mud/Fluid 39 39 0 BBL Human Error Eddy (15) No No
nAPP2122427101 COG OPERATING LLC Minor Produced Water Release 7/24/21 Produced Water 20 20 0 BBL Corrosion Lea (25) No No
nAPP2121639500 CHEVRON U S A INC Major Produced Water Release 7/24/21 Produced Water 179 40 139 BBL Blow Out Lea (25) No No
nAPP2124163825 OXY USA INC Minor Produced Water Release 7/24/21 Produced Water 17 17 0 BBL Equipment Failure Eddy (15) No No
nAPP2121552254 Opal Operating Company LLC Major Fire 7/23/21 Produced Water 0 0 0 BBL Fire Lea (25) No No
nAPP2123626228 COG OPERATING LLC Minor Release Other 7/23/21 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAPP2123242125 Maverick Permian LLC Minor Other 7/23/21 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2123626228 COG OPERATING LLC Minor Release Other 7/23/21 Produced Water 7 0 7 BBL Corrosion Eddy (15) No No
nAPP2123242125 Maverick Permian LLC Minor Other 7/23/21 Produced Water 7 4 3 BBL Equipment Failure Lea (25) No No
nAPP2122152433 Spur Energy Partners LLC Major Fire 7/23/21 Produced Water 495 495 0 BBL Lightning Lea (25) No No
nAPP2123027043 Spur Energy Partners LLC Major Produced Water Release 7/23/21 Produced Water 93 93 0 BBL Equipment Failure Eddy (15) No No
nAPP2122239037 COG OPERATING LLC Major Fire 7/22/21 Other (Specify) 0 0 0 BBL Fire Eddy (15) No No
nAPP2127838505 LOGOS OPERATING, LLC Produced Water Release 7/22/21 Produced Water 4 4 0 BBL Repair and Maintenance Rio Arriba (39) No No
nAPP2120338177 HILCORP ENERGY COMPANY Minor Release Other 7/21/21 Condensate 8 8 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2120230800 MARATHON OIL PERMIAN LLC Minor Produced Water Release 7/21/21 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAPP2121819612 CONOCOPHILLIPS COMPANY Minor Oil Release 7/20/21 Crude Oil 9 8 1 BBL Corrosion Lea (25) No No
nAPP2120836640 MEWBOURNE OIL CO Major Produced Water Release 7/19/21 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2120154058 FRONTIER FIELD SERVICES, LLC Major Blow Out 7/19/21 Crude Oil 0 0 0 BBL Blow Out Eddy (15) No No
nAPP2120154058 FRONTIER FIELD SERVICES, LLC Major Blow Out 7/19/21 Produced Water 0 0 0 BBL Blow Out Eddy (15) No No
nAPP2120154058 FRONTIER FIELD SERVICES, LLC Major Blow Out 7/19/21 Condensate 0 0 0 BBL Blow Out Eddy (15) No No
nAPP2120154058 FRONTIER FIELD SERVICES, LLC Major Blow Out 7/19/21 Produced Water 0 0 0 BBL Blow Out Eddy (15) No No
nAPP2121164390 XTO ENERGY, INC Major Produced Water Release 7/18/21 Produced Water 3790 3790 0 BBL Lightning Eddy (15) No No
nAPP2120237986 EOG RESOURCES INC Minor Oil Release 7/17/21 Crude Oil 14 11 3 BBL Equipment Failure Lea (25) No No
nAPP2120242149 EOG RESOURCES INC Minor Produced Water Release 7/17/21 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2120956595 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/17/21 Produced Water 11 0 11 BBL Other Eddy (15) No No
nAPP2121048517 COG OPERATING LLC Major Release Other 7/16/21 Crude Oil 25 2 23 BBL Equipment Failure Eddy (15) No No
nAPP2121533263 COG OPERATING LLC Major Oil Release 7/16/21 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2121048517 COG OPERATING LLC Major Release Other 7/16/21 Produced Water 50 8 42 BBL Equipment Failure Eddy (15) No No
nAPP2121134139 HILCORP ENERGY COMPANY Minor Produced Water Release 7/16/21 Produced Water 21 20 1 BBL Human Error San Juan (45) No No
nAPP2120846562 XTO ENERGY, INC Major Produced Water Release 7/15/21 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAPP2119735894 EOR OPERATING COMPANY Minor Produced Water Release 7/15/21 Crude Oil 2 0 2 BBL Other Roosevelt (41) No No
nAPP2121030753 ETC Texas Pipeline, Ltd. Minor Release Other 7/15/21 Natural Gas Liquids 20 0 20 BBL Corrosion Lea (25) No No
nAPP2119735894 EOR OPERATING COMPANY Minor Produced Water Release 7/15/21 Produced Water 15 0 15 BBL Other Roosevelt (41) No No
nAPP2119662143 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/15/21 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nAPP2119623369 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/14/21 Produced Water 80 80 0 BBL Corrosion Eddy (15) No No
nAPP2120830900 MEWBOURNE OIL CO Major Produced Water Release 7/13/21 Produced Water 470 0 470 BBL Equipment Failure Eddy (15) No No
nAPP2126572377 OXY USA INC Major Natural Gas Release 7/13/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2125629124 COG OPERATING LLC Minor Produced Water Release 7/13/21 Produced Water 6 5 1 BBL Corrosion Lea (25) No No
nAPP2120347062 COG OPERATING LLC Major Oil Release 7/12/21 Crude Oil 150 146 4 BBL Equipment Failure Eddy (15) No No
nAPP2119654358 OXY USA INC Minor Produced Water Release 7/12/21 Produced Water 19 0 19 BBL Equipment Failure Union (59) No No
nAPP2120765301 FRONTIER FIELD SERVICES, LLC Natural Gas Release 7/12/21 Natural Gas Liquids 0 0 0 GAL Corrosion Eddy (15) No No
nAPP2120041782 MEWBOURNE OIL CO Major Produced Water Release 7/12/21 Produced Water 140 70 70 BBL Equipment Failure Lea (25) No No
nAPP2119636692 Enterprise Field Services, LLC Natural Gas Release 7/11/21 Condensate 1 0 1 BBL Other Eddy (15) No No
nAPP2119226446 CIMAREX ENERGY CO. Major Produced Water Release 7/10/21 Produced Water 60 58 2 BBL Equipment Failure Lea (25) No No
nAPP2120345496 COG OPERATING LLC Major Fire 7/10/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2119561140 Spur Energy Partners LLC Major Produced Water Release 7/10/21 Produced Water 32 32 0 BBL Equipment Failure Eddy (15) No No
nAPP2121527498 DELAWARE BASIN MIDSTREAM, LLC Other 7/10/21 Condensate 4 0 4 BBL Equipment Failure Eddy (15) No No
nAPP2119343016 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/10/21 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2119627474 Enterprise Field Services, LLC Natural Gas Release 7/9/21 Condensate 2 0 2 BBL Equipment Failure Rio Arriba (39) No No
nAPP2121448951 Safety & Environmental Solutions, Inc. Major Oil Release 7/9/21 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2121448951 Safety & Environmental Solutions, Inc. Major Oil Release 7/9/21 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2121448951 Safety & Environmental Solutions, Inc. Major Oil Release 7/9/21 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2118957811 HF Sinclair Navajo Refining LLC Other 7/8/21 Other (Specify) 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2119047914 KAISER-FRANCIS OIL CO Major Fire 7/8/21 Crude Oil 0 4 -4 BBL Fire Lea (25) No No
nAPP2119047914 KAISER-FRANCIS OIL CO Major Fire 7/8/21 Produced Water 0 8 -8 BBL Fire Lea (25) No No
nAPP2120038621 MEWBOURNE OIL CO Major Produced Water Release 7/8/21 Produced Water 3516 3360 156 BBL Equipment Failure Eddy (15) No No
nAPP2120037259 MEWBOURNE OIL CO Major Produced Water Release 7/8/21 Produced Water 3516 3360 156 BBL Equipment Failure Eddy (15) No No
nAPP2120042296 MEWBOURNE OIL CO Minor Oil Release 7/7/21 Crude Oil 15 0 15 BBL Human Error Eddy (15) No No
nAPP2118956975 DUGAN PRODUCTION CORP Major Produced Water Release 7/7/21 Produced Water 300 35 265 BBL Corrosion San Juan (45) No No
nAPP2118933045 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/7/21 Produced Water 62 40 22 BBL Equipment Failure Eddy (15) No No
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nAPP2120034052 XTO ENERGY, INC Minor Produced Water Release 7/7/21 Produced Water 12 10 2 BBL Corrosion Eddy (15) No No
nAPP2120334576 COG OPERATING LLC Minor Oil Release 7/6/21 Crude Oil 8 7 1 BBL Equipment Failure Lea (25) No No
nAPP2118765970 OXY USA INC Major Produced Water Release 7/6/21 Produced Water 100 0 100 BBL Corrosion Lea (25) No No
nAPP2119560689 Spur Energy Partners LLC Minor Produced Water Release 7/6/21 Produced Water 22 20 2 BBL Equipment Failure Eddy (15) No No
nAPP2119742289 SIMCOE LLC Minor Produced Water Release 7/6/21 Produced Water 16 0 16 BBL Equipment Failure San Juan (45) No No
nAPP2119633013 Spur Energy Partners LLC Major Produced Water Release 7/5/21 Produced Water 38 38 0 BBL Corrosion Eddy (15) No No
nAPP2118726438 ARMSTRONG ENERGY CORP Major Other 7/5/21 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2120344991 COG OPERATING LLC Major Fire 7/5/21 Crude Oil 10 9 1 BBL Lightning Eddy (15) No No
nAPP2118726438 ARMSTRONG ENERGY CORP Major Other 7/5/21 Produced Water 170 40 130 BBL Fire Lea (25) No No
nAPP2118726438 ARMSTRONG ENERGY CORP Major Other 7/5/21 Condensate 0 0 0 BBL Fire Lea (25) No No
nAPP2118652287 CIMAREX ENERGY CO. Major Produced Water Release 7/4/21 Produced Water 90 90 0 BBL Equipment Failure Lea (25) No No
nAPP2118732162 Earthstone Operating, LLC Major Release Other 7/3/21 Acid 87 50 37 BBL Equipment Failure Lea (25) No No
nAPP2118934484 XTO ENERGY, INC Major Fire 7/3/21 Crude Oil 3 3 0 BBL Lightning Eddy (15) No No
nAPP2118760927 STRATA PRODUCTION CO Release Other 7/3/21 Crude Oil 1 0 1 BBL Other Lea (25) No No
nAPP2118760927 STRATA PRODUCTION CO Release Other 7/3/21 Produced Water 1 0 1 BBL Other Lea (25) No No
nAPP2118934484 XTO ENERGY, INC Major Fire 7/3/21 Produced Water 574 552 22 BBL Lightning Eddy (15) No No
nAPP2119541625 MEWBOURNE OIL CO Minor Produced Water Release 7/1/21 Produced Water 17 0 17 BBL Equipment Failure Eddy (15) No No
nAPP2118277509 BTA OIL PRODUCERS, LLC Major Produced Water Release 7/1/21 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nAPP2127934644 COG OPERATING LLC Major Release Other 6/30/21 Crude Oil 10 10 0 BBL Blow Out Lea (25) No No
nAPP2119556223 EOG RESOURCES INC Major Produced Water Release 6/30/21 Produced Water 525 105 420 BBL Equipment Failure Lea (25) No No
nAPP2127934644 COG OPERATING LLC Major Release Other 6/30/21 Produced Water 30 30 0 BBL Blow Out Lea (25) No No
nAPP2118727790 MEWBOURNE OIL CO Major Produced Water Release 6/30/21 Crude Oil 40 7 33 BBL Equipment Failure Lea (25) No No
nAPP2118727790 MEWBOURNE OIL CO Major Produced Water Release 6/30/21 Produced Water 135 23 112 BBL Equipment Failure Lea (25) No No
nAPP2118237380 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 6/30/21 Produced Water 1360 1360 0 BBL Equipment Failure Lea (25) No No
nAPP2118234253 DUGAN PRODUCTION CORP Minor Oil Release 6/29/21 Crude Oil 20 15 5 BBL Corrosion San Juan (45) No No
nAPP2119332043 OWL SWD OPERATING, LLC Minor Produced Water Release 6/29/21 Produced Water 5 5 0 BBL Other Lea (25) No No
nAPP2120130933 COG OPERATING LLC Major Produced Water Release 6/28/21 Produced Water 39 0 39 BBL Equipment Failure Eddy (15) No No
nAPP2120855353 OXY USA INC Major Blow Out 6/28/21 Produced Water 25 0 25 BBL Blow Out Eddy (15) No No
nAPP2118235102 SELECT ENERGY SERVICES, LLC Major Produced Water Release 6/28/21 Produced Water 39 0 39 BBL Other Eddy (15) No No
nAPP2118253474 CHEVRON U S A INC Major Release Other 6/28/21 Condensate 38 30 8 BBL Equipment Failure Lea (25) No No
nAPP2120131881 COG OPERATING LLC Major Fire 6/27/21 Produced Water 35 10 25 BBL Lightning Eddy (15) No No
nAPP2117751546 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/26/21 Produced Water 26 0 26 BBL Equipment Failure Eddy (15) No No
nAPP2117840055 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 6/26/21 Produced Water 110 110 0 BBL Corrosion Eddy (15) No No
nAPP2117649736 ASCENT ENERGY, LLC. Minor Produced Water Release 6/25/21 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAPP2118733135 COG OPERATING LLC Minor Produced Water Release 6/23/21 Produced Water 13 12 1 BBL Corrosion Lea (25) No No
nAPP2118959759 HILCORP ENERGY COMPANY Minor Produced Water Release 6/23/21 Produced Water 12 0 12 BBL Equipment Failure San Juan (45) No No
nAPP2117631510 WPX Energy Permian, LLC Major Produced Water Release 6/23/21 Produced Water 80 60 20 BBL Human Error Eddy (15) No No
nAPP2117927564 CAZA OPERATING, LLC Major Produced Water Release 6/23/21 Produced Water 400 400 0 BBL High Line Pressure Lea (25) No No
nAPP2118732077 COG OPERATING LLC Produced Water Release 6/22/21 Produced Water 8 5 3 BBL Corrosion Lea (25) No No
nAPP2117536430 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 6/22/21 Produced Water 15 0 15 BBL Vandalism Eddy (15) No No
nAPP2118841297 Spur Energy Partners LLC Major Produced Water Release 6/22/21 Produced Water 940 940 0 BBL Equipment Failure Eddy (15) No No
nAPP2117360890 STRATA PRODUCTION CO Release Other 6/21/21 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2117360890 STRATA PRODUCTION CO Release Other 6/21/21 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2118337590 SIMCOE LLC Minor Produced Water Release 6/21/21 Produced Water 19 0 19 BBL Corrosion Rio Arriba (39) No No
nAPP2119557530 Spur Energy Partners LLC Major Oil Release 6/21/21 Crude Oil 33 30 3 BBL Equipment Failure Eddy (15) No No
nAPP2118226017 XTO ENERGY, INC Minor Produced Water Release 6/21/21 Produced Water 7 6 1 BBL Equipment Failure Eddy (15) No No
nAPP2117330665 EOG RESOURCES INC Major Oil Release 6/21/21 Crude Oil 0 0 0 BBL Corrosion Roosevelt (41) No No
nAPP2117334227 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/21/21 Produced Water 109 109 0 BBL Equipment Failure Eddy (15) No No
nAPP2119559000 Spur Energy Partners LLC Major Produced Water Release 6/20/21 Produced Water 28 27 1 BBL Other Eddy (15) No No
nAPP2118356504 Transwestern Pipeline Company, LLC Major Natural Gas Release 6/20/21 Other (Specify) 0 0 0 Cibola (06) No No
nAPP2118039585 XTO ENERGY, INC Minor Produced Water Release 6/19/21 Produced Water 14 6 8 BBL Equipment Failure Lea (25) No No
nAPP2117217765 CIMAREX ENERGY CO. Major Produced Water Release 6/19/21 Produced Water 261 260 1 BBL Corrosion Eddy (15) No No
nAPP2117355493 PLAINS MARKETING L.P. Major Oil Release 6/19/21 Crude Oil 68 0 68 BBL Equipment Failure Eddy (15) No No
nAPP2116851562 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/17/21 Produced Water 260 260 0 BBL Corrosion Eddy (15) No No
nAPP2116933662 EOG RESOURCES INC Major Oil Release 6/17/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2116940090 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/17/21 Produced Water 91 73 18 BBL Equipment Failure Eddy (15) No No
nAPP2118847775 Spur Energy Partners LLC Major Produced Water Release 6/17/21 Produced Water 98 0 98 BBL Equipment Failure Eddy (15) No No
nAPP2117330276 Civitas Permian Operating, LLC Major Produced Water Release 6/17/21 Produced Water 190 190 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2119558081 Spur Energy Partners LLC Major Produced Water Release 6/17/21 Produced Water 60 50 10 BBL Equipment Failure Eddy (15) No No
nAPP2118853816 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/16/21 Produced Water 20 20 0 BBL Other Eddy (15) No No
nAPP2116756033 MARATHON OIL PERMIAN LLC Minor Produced Water Release 6/16/21 Produced Water 14 14 0 BBL Corrosion Eddy (15) No No
nAPP2117457235 MEWBOURNE OIL CO Major Produced Water Release 6/16/21 Produced Water 75 0 75 BBL High Line Pressure Eddy (15) No No
nAPP2117455077 MEWBOURNE OIL CO Major Produced Water Release 6/16/21 Produced Water 900 840 60 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2117456525 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/15/21 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nAPP2116846090 DUGAN PRODUCTION CORP Minor Release Other 6/15/21 Crude Oil 21 0 21 BBL Other San Juan (45) No No
nAPP2117355043 APACHE CORPORATION Major Produced Water Release 6/15/21 Produced Water 345 0 345 BBL Corrosion Eddy (15) No No
nAPP2116941928 EOG RESOURCES INC Major Oil Release 6/15/21 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2116770257 Maverick Permian LLC Major Other 6/15/21 Brine Water 35 34 1 BBL Other Lea (25) No No
nAPP2116730492 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 6/14/21 Produced Water 118 116 2 BBL Equipment Failure Lea (25) No No
nAPP2120148457 OXY USA INC Major Oil Release 6/14/21 Crude Oil 25 0 25 BBL Other Eddy (15) No No
nAPP2118148550 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/14/21 Produced Water 46 46 0 BBL Other Eddy (15) No No
nAPP2118152809 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/14/21 Produced Water 14 10 4 BBL Other Lea (25) No No
nAPP2116660324 SELECT ENERGY SERVICES, LLC Major Produced Water Release 6/14/21 Produced Water 571 0 571 BBL Blow Out Chaves (05) No No
nAPP2116844400 DUGAN PRODUCTION CORP Minor Produced Water Release 6/13/21 Produced Water 15 0 15 BBL Corrosion San Juan (45) No No
nAPP2116548791 WPX Energy Permian, LLC Major Produced Water Release 6/13/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2118156288 EOG RESOURCES INC Major Produced Water Release 6/13/21 Produced Water 150 50 100 BBL Corrosion Lea (25) No No
nAPP2120155246 M & G DRLG CO INC Other 6/13/21 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAPP2116441032 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 6/12/21 Crude Oil 5 5 0 BBL Other Eddy (15) No No
nAPP2116441032 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 6/12/21 Produced Water 23 8 15 BBL Other Eddy (15) No No
nAPP2116745753 ETC Texas Pipeline, Ltd. Minor Release Other 6/12/21 Natural Gas Liquids 6 3 3 BBL Other Lea (25) No No
nAPP2116429491 KAISER-FRANCIS OIL CO Major Produced Water Release 6/12/21 Produced Water 100 15 85 BBL Equipment Failure Lea (25) No No
nAPP2117946158 COG OPERATING LLC Minor Produced Water Release 6/10/21 Produced Water 5 3 2 BBL Corrosion Lea (25) No No
nAPP2117239041 Enterprise Field Services, LLC Major Natural Gas Release 6/10/21 Other (Specify) 0 0 0 Eddy (15) No No

nAPP2116533180 OXY USA INC Major Produced Water Release 6/10/21 Produced Water 44 44 0 BBL
Pipeline Quality 
Specifications Eddy (15) No No

nAPP2125144350 Empire New Mexico LLC Minor Oil Release 6/10/21 Crude Oil 7 7 0 BBL Corrosion Lea (25) No No
nAPP2116636311 Silverback Operating II, LLC Major Other 6/10/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2117560835 OXY USA INC Major Produced Water Release 6/10/21 Produced Water 38 34 4 BBL Equipment Failure Eddy (15) No No
nAPP2116636311 Silverback Operating II, LLC Major Other 6/10/21 Produced Water 0 4 -4 BBL Equipment Failure Eddy (15) No No
nAPP2117561837 XTO ENERGY, INC Minor Oil Release 6/10/21 Crude Oil 7 7 0 BBL Equipment Failure Lea (25) No No
nAPP2118844603 Spur Energy Partners LLC Minor Produced Water Release 6/10/21 Produced Water 10 1 9 BBL Corrosion Eddy (15) No No
nAPP2116941247 Silverback Operating II, LLC Major Produced Water Release 6/9/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2116130627 Permian Resources Operating, LLC Minor Produced Water Release 6/9/21 Produced Water 6 3 3 BBL Equipment Failure Lea (25) No No
nAPP2116655568 OXY USA INC Major Produced Water Release 6/9/21 Produced Water 150 135 15 BBL Corrosion Lea (25) No No
nAPP2128040988 COG OPERATING LLC Major Oil Release 6/9/21 Crude Oil 27 27 0 BBL Equipment Failure Lea (25) No No
nAPP2117244241 XTO ENERGY, INC Minor Produced Water Release 6/8/21 Produced Water 5 5 0 BBL Corrosion Eddy (15) No No
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nAPP2118258685 EOG RESOURCES INC Major Produced Water Release 6/8/21 Produced Water 350 25 325 BBL Equipment Failure Lea (25) No No
nAPP2116234581 CONOCOPHILLIPS COMPANY Major Release Other 6/8/21 Brine Water 4 0 4 GAL Other Lea (25) No No
nAPP2119654955 OXY USA INC Minor Produced Water Release 6/8/21 Produced Water 6 0 6 BBL Equipment Failure Union (59) No No
nAPP2116049360 CENTENNIAL RESOURCE PRODUCTION, LLC Major Fire 6/8/21 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAPP2116853715 XTO ENERGY, INC Minor Produced Water Release 6/7/21 Crude Oil 2 2 0 BBL Corrosion Eddy (15) No No
nAPP2116853715 XTO ENERGY, INC Minor Produced Water Release 6/7/21 Produced Water 3 3 0 BBL Corrosion Eddy (15) No No
nAPP2115848436 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 6/7/21 Produced Water 543 543 0 BBL Corrosion Lea (25) No No
nAPP2123839504 EOG RESOURCES INC Minor Produced Water Release 6/7/21 Produced Water 7 3 4 BBL Equipment Failure Lea (25) No No
nAPP2115853630 DUGAN PRODUCTION CORP Major Produced Water Release 6/7/21 Produced Water 46 0 46 BBL Other San Juan (45) No No
nAPP2117352353 COG OPERATING LLC Minor Release Other 6/6/21 Crude Oil 4 4 0 BBL Other Lea (25) No No
nAPP2117352353 COG OPERATING LLC Minor Release Other 6/6/21 Produced Water 4 4 0 BBL Other Lea (25) No No
nAPP2116655071 OXY USA INC Minor Produced Water Release 6/5/21 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAPP2118846106 Spur Energy Partners LLC Major Produced Water Release 6/5/21 Produced Water 216 215 1 BBL Equipment Failure Eddy (15) No No
nAPP2115675131 Spur Energy Partners LLC Major Oil Release 6/5/21 Crude Oil 42 35 7 BBL Equipment Failure Eddy (15) No No
nAPP2115537843 MARATHON OIL PERMIAN LLC Produced Water Release 6/4/21 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nAPP2116739947 XTO ENERGY, INC Minor Release Other 6/4/21 Other (Specify) 7 6 1 BBL Equipment Failure Eddy (15) No No
nAPP2115632145 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/4/21 Produced Water 1080 1080 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2115533694 WPX Energy Permian, LLC Major Produced Water Release 6/3/21 Produced Water 200 150 50 BBL Equipment Failure Eddy (15) No No
nAPP2115532091 MARATHON OIL PERMIAN LLC Minor Produced Water Release 6/3/21 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAPP2117237696 Enterprise Field Services, LLC Natural Gas Release 6/3/21 Condensate 2 0 2 BBL Other Eddy (15) No No
nAPP2118133220 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/3/21 Crude Oil 16 13 3 BBL Other Eddy (15) No No
nAPP2115531696 BTA OIL PRODUCERS, LLC Minor Produced Water Release 6/2/21 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2115527946 COG OPERATING LLC Minor Other 6/2/21 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nAPP2116745318 XTO ENERGY, INC Minor Oil Release 6/2/21 Crude Oil 11 11 0 BBL Equipment Failure Eddy (15) No No
nAPP2115527946 COG OPERATING LLC Minor Other 6/2/21 Produced Water 4 0 4 BBL Corrosion Lea (25) No No
nAPP2115940919 Contango Resources, Inc. Major Oil Release 6/2/21 Crude Oil 130 125 5 BBL Equipment Failure Lea (25) No No
nAPP2116546260 XTO ENERGY, INC Major Produced Water Release 6/1/21 Crude Oil 16 15 1 BBL Corrosion Eddy (15) No No
nAPP2116253030 LOGOS OPERATING, LLC Minor Produced Water Release 6/1/21 Produced Water 12 12 0 BBL Equipment Failure Rio Arriba (39) No No
nAPP2116546260 XTO ENERGY, INC Major Produced Water Release 6/1/21 Produced Water 44 42 2 BBL Corrosion Eddy (15) No No
nAPP2115544725 Spur Energy Partners LLC Major Produced Water Release 6/1/21 Produced Water 151 0 151 BBL Equipment Failure Eddy (15) No No
nAPP2116633532 EOG RESOURCES INC Minor Produced Water Release 5/30/21 Produced Water 20 10 10 BBL Corrosion Lea (25) No No
nAPP2116529154 COG OPERATING LLC Major Fire 5/29/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2116527874 COG OPERATING LLC Major Fire 5/29/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No

nAPP2115441445
LEASE HOLDERS ACQUISITIONS, 
INCORPORATED Major Oil Release 5/28/21 Crude Oil 0 0 0 BBL Other Lea (25) No No

nAPP2116653102 OXY USA INC Major Produced Water Release 5/28/21 Produced Water 80 80 0 BBL Equipment Failure Eddy (15) No No
nAPP2115824205 CONOCOPHILLIPS COMPANY Major Other 5/28/21 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2115824205 CONOCOPHILLIPS COMPANY Major Other 5/28/21 Produced Water 25 15 10 BBL Other Lea (25) No No
nAPP2114859102 STRATA PRODUCTION CO Other 5/28/21 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAPP2115338163 Harvest Four Corners, LLC Major Natural Gas Release 5/28/21 Other (Specify) 0 0 0 Rio Arriba (39) No No
nAPP2114859102 STRATA PRODUCTION CO Other 5/28/21 Produced Water 2 0 2 BBL Other Eddy (15) No No
nAPP2115336154 EOG RESOURCES INC Major Oil Release 5/27/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2116139707 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/27/21 Crude Oil 2 2 0 BBL Other Lea (25) No No
nAPP2116139707 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/27/21 Produced Water 8 7 1 BBL Other Lea (25) No No
nAPP2116525600 COG OPERATING LLC Major Oil Release 5/27/21 Crude Oil 27 26 1 BBL Other Lea (25) No No
nAPP2118861503 Pima Environmental Services, LLC Minor Produced Water Release 5/27/21 Produced Water 21 21 0 BBL Other 0 No No

nAPP2117254270 Oryx Delaware Oil Transport LLC Major Oil Release 5/27/21 Crude Oil 5 0 5 BBL
Midstream Scheduled 
Maintenance Eddy (15) No No

nAPP2117534750 MARK L SHIDLER INC Major Produced Water Release 5/27/21 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2116654064 OXY USA INC Major Oil Release 5/26/21 Crude Oil 300 280 20 BBL Corrosion Lea (25) No No
nAPP2115335796 EOG RESOURCES INC Major Oil Release 5/26/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2114748831 CIMAREX ENERGY CO. Major Produced Water Release 5/26/21 Crude Oil 126 126 0 BBL Corrosion Lea (25) No No
nAPP2116030736 XTO ENERGY, INC Major Produced Water Release 5/26/21 Produced Water 29 0 29 BBL Equipment Failure Eddy (15) No No
nAPP2114748831 CIMAREX ENERGY CO. Major Produced Water Release 5/26/21 Produced Water 314 314 0 BBL Corrosion Lea (25) No No
nAPP2116967684 OXY USA INC Major Oil Release 5/26/21 Crude Oil 300 280 20 BBL Corrosion Lea (25) No No
nAPP2114558209 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 5/25/21 Produced Water 75 75 0 BBL Corrosion Lea (25) No No
nAPP2115225467 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/25/21 Produced Water 220 220 0 BBL Equipment Failure Eddy (15) No No
nAPP2115335335 EOG RESOURCES INC Major Oil Release 5/25/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2115333378 EOG RESOURCES INC Major Oil Release 5/25/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2114767185 STRATA PRODUCTION CO Release Other 5/25/21 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2114767185 STRATA PRODUCTION CO Release Other 5/25/21 Produced Water 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2115525504 COG OPERATING LLC Minor Produced Water Release 5/25/21 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nAPP2114632553 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/25/21 Produced Water 1450 1450 0 BBL Equipment Failure Lea (25) No No
nAPP2115930633 XTO ENERGY, INC Minor Release Other 5/25/21 Other (Specify) 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2114636364 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/25/21 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2114651818 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 5/25/21 Produced Water 720 720 0 BBL Equipment Failure Eddy (15) No No
nAPP2114534777 Enterprise Field Services, LLC Minor Natural Gas Release 5/24/21 Natural Gas Liquids 0 0 0 BBL Other Eddy (15) No No
nAPP2114755987 ENDURING RESOURCES, LLC Major Other 5/24/21 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nAPP2114536249 ENDURING RESOURCES, LLC Major Release Other 5/24/21 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nAPP2114755987 ENDURING RESOURCES, LLC Major Other 5/24/21 Produced Water 328 0 328 BBL Equipment Failure San Juan (45) No No
nAPP2114536249 ENDURING RESOURCES, LLC Major Release Other 5/24/21 Produced Water 328 0 328 BBL Equipment Failure San Juan (45) No No
nAPP2114637240 CIMAREX ENERGY CO. Major Produced Water Release 5/24/21 Crude Oil 1 1 0 BBL Other Eddy (15) No No
nAPP2114637240 CIMAREX ENERGY CO. Major Produced Water Release 5/24/21 Produced Water 30 30 0 BBL Other Eddy (15) No No
nAPP2114437936 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/23/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2115330772 Prima Exploration, Inc. Minor Oil Release 5/23/21 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2114437936 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/23/21 Produced Water 170 170 0 BBL Equipment Failure Eddy (15) No No
nAPP2115330772 Prima Exploration, Inc. Minor Oil Release 5/23/21 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2115330772 Prima Exploration, Inc. Minor Oil Release 5/23/21 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2116630183 SELECT ENERGY SERVICES, LLC Major Produced Water Release 5/22/21 Produced Water 550 0 550 BBL Human Error Eddy (15) No No
nAPP2115932981 COG OPERATING LLC Minor Release Other 5/22/21 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2115932981 COG OPERATING LLC Minor Release Other 5/22/21 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2115326053 Enterprise Field Services, LLC Minor Natural Gas Release 5/21/21 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2114445036 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Oil Release 5/21/21 Crude Oil 7 5 2 BBL Human Error Lea (25) No No
nAPP2114252267 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/21/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2114128731 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/20/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2114129297 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/20/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2115532100 COG OPERATING LLC Minor Release Other 5/20/21 Crude Oil 14 12 2 BBL Corrosion Lea (25) No No
nAPP2115327353 XTO ENERGY, INC Minor Oil Release 5/20/21 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2114127159 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/20/21 Produced Water 256 195 61 BBL Equipment Failure Lea (25) No No
nAPP2115532100 COG OPERATING LLC Minor Release Other 5/20/21 Produced Water 4 2 2 BBL Corrosion Lea (25) No No
nAPP2114639707 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/20/21 Produced Water 11 11 0 BBL Equipment Failure Eddy (15) No No
nAPP2113945611 Spur Energy Partners LLC Minor Oil Release 5/19/21 Crude Oil 17 17 0 BBL Corrosion Eddy (15) No No
nAPP2113973789 BTA OIL PRODUCERS, LLC Major Produced Water Release 5/19/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2218244166 DCP OPERATING COMPANY, LP Minor Natural Gas Release 5/19/21 Condensate 12 0 12 BBL Corrosion Lea (25) No No
nAPP2114045461 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/19/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2114055133 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 5/19/21 Produced Water 48 48 0 BBL Corrosion Lea (25) No No
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nAPP2114140005 OXY USA INC Major Produced Water Release 5/18/21 Produced Water 40 30 10 BBL Equipment Failure Lea (25) No No
nAPP2115330967 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/18/21 Crude Oil 8 7 1 BBL Other Lea (25) No No
nAPP2113949125 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/18/21 Produced Water 80 80 0 BBL Corrosion Eddy (15) No No
nAPP2113958726 Permian Resources Operating, LLC Major Oil Release 5/18/21 Crude Oil 110 80 30 BBL Equipment Failure Lea (25) No No
nAPP2113950981 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/18/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2113950981 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/18/21 Produced Water 10 10 0 BBL Corrosion Lea (25) No No
nAPP2113850378 CONOCOPHILLIPS COMPANY Major Fire 5/17/21 Crude Oil 30 5 25 BBL Equipment Failure Lea (25) No No
nAPP2115338013 COG OPERATING LLC Major Release Other 5/17/21 Crude Oil 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2113826916 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/17/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2115338013 COG OPERATING LLC Major Release Other 5/17/21 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAPP2113850378 CONOCOPHILLIPS COMPANY Major Fire 5/17/21 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2113941916 XTO ENERGY, INC Major Oil Release 5/17/21 Crude Oil 4 0 4 BBL Other Eddy (15) No No
nAPP2114845563 XTO ENERGY, INC Major Produced Water Release 5/17/21 Produced Water 31 31 0 BBL Corrosion Eddy (15) No No
nAPP2200431730 DCP OPERATING COMPANY, LP Minor Natural Gas Release 5/16/21 Condensate 10 0 10 BBL Corrosion Lea (25) No No
nAPP2113934267 Spur Energy Partners LLC Major Produced Water Release 5/16/21 Produced Water 60 59 1 BBL Corrosion Eddy (15) No No
nAPP2113754970 KAISER-FRANCIS OIL CO Major Fire 5/16/21 Crude Oil 60 0 60 BBL Fire Lea (25) No No
nAPP2113754970 KAISER-FRANCIS OIL CO Major Fire 5/16/21 Produced Water 100 0 100 BBL Fire Lea (25) No No
nAPP2113932518 Spur Energy Partners LLC Minor Oil Release 5/15/21 Crude Oil 8 7 1 BBL Equipment Failure Eddy (15) No No
nAPP2114647684 EOG RESOURCES INC Major Produced Water Release 5/15/21 Produced Water 126 35 91 BBL Lightning Lea (25) No No
nAPP2113931748 Spur Energy Partners LLC Major Produced Water Release 5/15/21 Produced Water 47 27 20 BBL Other Lea (25) No No
nAPP2114634145 ETC Texas Pipeline, Ltd. Major Fire 5/15/21 Natural Gas Liquids 4 0 4 BBL Fire Eddy (15) No No
nAPP2113773681 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/15/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2114135390 OWL SWD OPERATING, LLC Major Produced Water Release 5/14/21 Produced Water 480 400 80 BBL Blow Out Eddy (15) No No
nAPP2114741269 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/14/21 Produced Water 9 9 0 BBL Other Lea (25) No No
nAPP2113932942 Spur Energy Partners LLC Major Other 5/14/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2114835719 COG OPERATING LLC Major Fire 5/14/21 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2113437743 Enterprise Field Services, LLC Major Other 5/14/21 Condensate 80 80 0 BBL Equipment Failure Rio Arriba (39) No No
nAPP2113930112 Spur Energy Partners LLC Minor Produced Water Release 5/13/21 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAPP2114756542 APACHE CORPORATION Major Produced Water Release 5/13/21 Produced Water 55 0 55 BBL Corrosion Eddy (15) No No
nAPP2114538791 Enterprise Field Services, LLC Major Natural Gas Release 5/13/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2113930112 Spur Energy Partners LLC Minor Produced Water Release 5/13/21 Produced Water 9 8 1 BBL Corrosion Eddy (15) No No
nAPP2113373373 CIMAREX ENERGY CO. Minor Produced Water Release 5/13/21 Produced Water 14 14 0 BBL Corrosion Eddy (15) No No
nAPP2113772773 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/13/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2114542940 XTO ENERGY, INC Minor Produced Water Release 5/11/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2114636311 EOG RESOURCES INC Major Produced Water Release 5/11/21 Produced Water 82 8 74 BBL Lightning Eddy (15) No No
nAPP2114542940 XTO ENERGY, INC Minor Produced Water Release 5/11/21 Produced Water 23 15 8 BBL Equipment Failure Eddy (15) No No
nAPP2114545604 ETC Texas Pipeline, Ltd. Major Natural Gas Release 5/11/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2113341851 OXY USA INC Major Produced Water Release 5/10/21 Produced Water 87 82 5 BBL Equipment Failure Lea (25) No No
nAPP2113730351 EOG RESOURCES INC Minor Release Other 5/10/21 Brine Water 23 0 23 BBL Equipment Failure Eddy (15) No No
nAPP2113129816 EOG RESOURCES INC Major Produced Water Release 5/10/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2113945264 XTO ENERGY, INC Major Fire 5/9/21 Produced Water 11 0 11 BBL Fire Eddy (15) No No
nAPP2113050638 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/9/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2113833620 XTO ENERGY, INC Major Produced Water Release 5/9/21 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nAPP2113050638 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/9/21 Produced Water 70 70 0 BBL Equipment Failure Eddy (15) No No
nAPP2113124547 Spur Energy Partners LLC Produced Water Release 5/7/21 Produced Water 1200 1000 200 BBL Equipment Failure Eddy (15) No No
nAPP2113027250 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/7/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2113056455 OXY USA INC Minor Produced Water Release 5/7/21 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nAPP2113026320 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/7/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2113830327 XTO ENERGY, INC Minor Produced Water Release 5/7/21 Crude Oil 1 0 1 BBL Human Error Eddy (15) No No
nAPP2113830327 XTO ENERGY, INC Minor Produced Water Release 5/7/21 Produced Water 5 3 2 BBL Human Error Eddy (15) No No
nAPP2113758637 EOG RESOURCES INC Major Produced Water Release 5/6/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2112637926 WPX Energy Permian, LLC Major Produced Water Release 5/6/21 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2112637926 WPX Energy Permian, LLC Major Produced Water Release 5/6/21 Produced Water 180 180 0 BBL Equipment Failure Eddy (15) No No
nAPP2113132295 BTA OIL PRODUCERS, LLC Minor Oil Release 5/5/21 Crude Oil 2 0 2 BBL Human Error Lea (25) No No
nAPP2113132295 BTA OIL PRODUCERS, LLC Minor Oil Release 5/5/21 Produced Water 8 0 8 BBL Human Error Lea (25) No No
nAPP2113030252 COG OPERATING LLC Minor Release Other 5/4/21 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nCS2125149220 LOGOS OPERATING, LLC Major Produced Water Release 5/4/21 Produced Water 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nAPP2113030252 COG OPERATING LLC Minor Release Other 5/4/21 Produced Water 5 5 0 BBL Corrosion Lea (25) No No
nAPP2113744367 CHEVRON U S A INC Major Produced Water Release 5/4/21 Produced Water 44 0 44 BBL Other Lea (25) No No
nAPP2112356681 LOGOS OPERATING, LLC Minor Oil Release 5/3/21 Crude Oil 5 0 5 BBL Equipment Failure Rio Arriba (39) No No
nAPP2113044711 DCP OPERATING COMPANY, LP Minor Produced Water Release 5/3/21 Produced Water 17 0 17 BBL Corrosion Lea (25) No No
nAPP2112553874 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/3/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2113059831 OXY USA INC Major Produced Water Release 5/3/21 Produced Water 90 90 0 BBL Human Error Eddy (15) No No
nAPP2112443837 WPX Energy Permian, LLC Minor Produced Water Release 5/3/21 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2112436870 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/3/21 Produced Water 110 110 0 BBL Corrosion Lea (25) No No
nAPP2113750980 XTO ENERGY, INC Minor Produced Water Release 5/3/21 Produced Water 7 6 1 BBL Corrosion Eddy (15) No No
nAPP2112443837 WPX Energy Permian, LLC Minor Produced Water Release 5/3/21 Produced Water 6 6 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2113936128 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/2/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2112553589 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 5/1/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2112355045 CIMAREX ENERGY CO. Major Produced Water Release 5/1/21 Produced Water 28 10 18 BBL Equipment Failure Lea (25) No No
nAPP2113148964 Spur Energy Partners LLC Minor Produced Water Release 4/30/21 Produced Water 17 5 12 BBL Corrosion Lea (25) No No
nAPP2131930937 COG OPERATING LLC Minor Release Other 4/30/21 Crude Oil 10 0 10 BBL Corrosion Lea (25) No No
nAPP2131930937 COG OPERATING LLC Minor Release Other 4/30/21 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nAPP2113333790 ETC Texas Pipeline, Ltd. Minor Natural Gas Release 4/30/21 Natural Gas Liquids 6 2 4 BBL Corrosion Lea (25) No No
nAPP2112553241 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/29/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2112029675 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/29/21 Produced Water 192 191 1 BBL Equipment Failure Eddy (15) No No
nAPP2112046184 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/29/21 Crude Oil 6 5 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2112046184 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/29/21 Produced Water 55 54 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2112733807 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/28/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2114556912 Spur Energy Partners LLC Major Produced Water Release 4/27/21 Produced Water 105 100 5 BBL Corrosion Eddy (15) No No
nAPP2112053741 EOG RESOURCES INC Major Oil Release 4/27/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2113128972 MARK L SHIDLER INC Major Oil Release 4/27/21 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2112326263 Enterprise Field Services, LLC Minor Natural Gas Release 4/27/21 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2112327080 Enterprise Field Services, LLC Minor Natural Gas Release 4/27/21 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2113128972 MARK L SHIDLER INC Major Oil Release 4/27/21 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2112552850 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/27/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2111747629 CIMAREX ENERGY CO. Minor Produced Water Release 4/26/21 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nAPP2111631859 CIMAREX ENERGY CO. Major Produced Water Release 4/25/21 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nAPP2111648575 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/25/21 Produced Water 290 290 0 BBL Corrosion Lea (25) No No
nAPP2111859050 Spur Energy Partners LLC Major Release Other 4/25/21 Crude Oil 2 2 0 BBL Normal Operations Eddy (15) No No
nAPP2111859050 Spur Energy Partners LLC Major Release Other 4/25/21 Produced Water 41 38 3 BBL Normal Operations Eddy (15) No No
nAPP2113158013 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/24/21 Produced Water 285 215 70 BBL Other Lea (25) No No
nAPP2111531178 CIMAREX ENERGY CO. Minor Produced Water Release 4/24/21 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2111658280 Spur Energy Partners LLC Major Produced Water Release 4/24/21 Crude Oil 1 1 0 BBL Other Lea (25) No No
nAPP2112639992 APACHE CORPORATION Major Fire 4/24/21 Crude Oil 1 0 1 BBL Fire Lea (25) No No
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nAPP2111658280 Spur Energy Partners LLC Major Produced Water Release 4/24/21 Produced Water 42 42 0 BBL Other Lea (25) No No
nAPP2111646040 BTA OIL PRODUCERS, LLC Minor Oil Release 4/24/21 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nAPP2112639992 APACHE CORPORATION Major Fire 4/24/21 Produced Water 2 0 2 BBL Fire Lea (25) No No
nAPP2111755446 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/23/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2112552554 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/23/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2111652890 Spur Energy Partners LLC Minor Produced Water Release 4/22/21 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nAPP2113741693 CHEVRON U S A INC Major Other 4/21/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2109256031 CIMAREX ENERGY CO. Major Produced Water Release 4/21/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2113741693 CHEVRON U S A INC Major Other 4/21/21 Other (Specify) 0 0 0 LBS Other Lea (25) No No
nAPP2112525706 HILCORP ENERGY COMPANY Minor Produced Water Release 4/21/21 Produced Water 24 23 1 BBL Human Error San Juan (45) No No
nAPP2112546247 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/21/21 Other (Specify) 0 0 0 Lea (25) No No

nAPP2111251356
San Mateo Stateline Water Management 
Company, Major Produced Water Release 4/21/21 Produced Water 98 90 8 BBL Equipment Failure Lea (25) No No

nAPP2111855003 XTO ENERGY, INC Major Fire 4/20/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2113043641 OXY USA INC Minor Oil Release 4/20/21 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2111336915 JFJ LANDFARM LLC Major Complaint 4/20/21 B.S. & W. 0 0 0 BBL Other San Juan (45) No No
nAPP2111755092 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/20/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2113043641 OXY USA INC Minor Oil Release 4/20/21 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAPP2112340262 WPX Energy Permian, LLC Minor Produced Water Release 4/20/21 Crude Oil 1 0 1 BBL Normal Operations Eddy (15) No No
nAPP2112340262 WPX Energy Permian, LLC Minor Produced Water Release 4/20/21 Produced Water 7 4 3 BBL Normal Operations Eddy (15) No No
nAPP2112624430 HF Sinclair Navajo Refining LLC Major Release Other 4/20/21 Diesel 0 1200 -1200 BBL Corrosion Eddy (15) No Yes
nAPP2111044488 EOG RESOURCES INC Major Oil Release 4/19/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2112053226 EOG RESOURCES INC Major Oil Release 4/19/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2112033828 XTO ENERGY, INC Minor Release Other 4/19/21 Other (Specify) 12 12 0 BBL Equipment Failure Eddy (15) No No
nAPP2112353281 EOG RESOURCES INC Major Other 4/19/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2111754780 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/19/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2111331003 COG OPERATING LLC Major Other 4/19/21 Crude Oil 15 13 2 BBL Corrosion Lea (25) No No
nAPP2112353281 EOG RESOURCES INC Major Other 4/19/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2111331003 COG OPERATING LLC Major Other 4/19/21 Produced Water 45 43 2 BBL Corrosion Lea (25) No No
nAPP2112349869 HILCORP ENERGY COMPANY Major Produced Water Release 4/18/21 Produced Water 85 85 0 BBL Human Error San Juan (45) No No
nAPP2111343684 APACHE CORPORATION Major Produced Water Release 4/18/21 Crude Oil 10 0 10 BBL Corrosion Lea (25) No No
nAPP2111341246 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/18/21 Produced Water 44 40 4 BBL Equipment Failure Lea (25) No No
nAPP2110951225 STRATA PRODUCTION CO Major Produced Water Release 4/18/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2111343684 APACHE CORPORATION Major Produced Water Release 4/18/21 Produced Water 42 0 42 BBL Corrosion Lea (25) No No
nAPP2110951225 STRATA PRODUCTION CO Major Produced Water Release 4/18/21 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nAPP2110951225 STRATA PRODUCTION CO Major Produced Water Release 4/18/21 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2111950687 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/17/21 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2111754474 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/17/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2111853419 XTO ENERGY, INC Minor Produced Water Release 4/17/21 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nAPP2111950687 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/17/21 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2111046250 EOG RESOURCES INC Major Produced Water Release 4/16/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2111342465 APACHE CORPORATION Major Oil Release 4/16/21 Crude Oil 40 35 5 BBL Blow Out Lea (25) No No
nAPP2110648325 Franklin Mountain Energy LLC Minor Produced Water Release 4/16/21 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nAPP2111342465 APACHE CORPORATION Major Oil Release 4/16/21 Produced Water 5 2 3 BBL Blow Out Lea (25) No No
nAPP2111230058 EOG RESOURCES INC Major Oil Release 4/16/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2111852118 XTO ENERGY, INC Minor Produced Water Release 4/15/21 Produced Water 12 10 2 BBL Equipment Failure Eddy (15) No No
nAPP2111754139 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/15/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2110632433 Enterprise Field Services, LLC Minor Natural Gas Release 4/15/21 Condensate 5 0 5 BBL Equipment Failure Rio Arriba (39) No No
nAPP2111740970 Enterprise Field Services, LLC Minor Natural Gas Release 4/14/21 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2110529316 CIMAREX ENERGY CO. Major Oil Release 4/14/21 Crude Oil 150 150 0 BBL Human Error Lea (25) No No
nAPP2110953917 OWL SWD OPERATING, LLC Minor Produced Water Release 4/14/21 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAPP2111850266 XTO ENERGY, INC Minor Produced Water Release 4/14/21 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2111334890 COG OPERATING LLC Minor Produced Water Release 4/14/21 Produced Water 20 5 15 BBL Corrosion Eddy (15) No No
nAPP2112055203 EOG RESOURCES INC Major Oil Release 4/13/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2111329254 COG OPERATING LLC Major Produced Water Release 4/13/21 Produced Water 30 0 30 BBL Fire Lea (25) No No
nAPP2111252587 MorningStar Operating LLC Minor Produced Water Release 4/13/21 Produced Water 10 0 10 BBL Equipment Failure Rio Arriba (39) No No
nAPP2111733548 ETC Texas Pipeline, Ltd. Major Natural Gas Release 4/13/21 Natural Gas Liquids 31 5 26 BBL Corrosion Lea (25) No No
nAPP2110325623 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/12/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2110638434 EOG RESOURCES INC Major Oil Release 4/12/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2111644292 XTO ENERGY, INC Minor Produced Water Release 4/12/21 Produced Water 17 0 17 BBL Equipment Failure Eddy (15) No No
nAPP2110325623 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/12/21 Produced Water 57 50 7 BBL Other Lea (25) No No
nAPP2110638995 EOG RESOURCES INC Major Oil Release 4/12/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2111739546 Enterprise Field Services, LLC Minor Natural Gas Release 4/12/21 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2110232460 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/11/21 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nAPP2110650720 Pima Environmental Services, LLC Major Produced Water Release 4/11/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2110232460 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/11/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2110639937 Spur Energy Partners LLC Minor Oil Release 4/11/21 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2110232030 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/11/21 Produced Water 25 25 0 BBL Human Error Eddy (15) No No
nAPP2110639937 Spur Energy Partners LLC Minor Oil Release 4/11/21 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2110650720 Pima Environmental Services, LLC Major Produced Water Release 4/11/21 Produced Water 9 0 9 BBL Equipment Failure Eddy (15) No No
nAPP2110232030 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/11/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2111148844 MATADOR PRODUCTION COMPANY Minor Produced Water Release 4/10/21 Produced Water 6 6 0 BBL Corrosion Eddy (15) No No
nAPP2110248840 PLAINS MARKETING L.P. Minor Oil Release 4/10/21 Crude Oil 20 14 6 BBL Equipment Failure Eddy (15) No No
nAPP2111755677 EOG RESOURCES INC Major Produced Water Release 4/9/21 Produced Water 100 85 15 BBL Equipment Failure Lea (25) No No
nAPP2110942033 WPX Energy Permian, LLC Minor Produced Water Release 4/9/21 Produced Water 6 2 4 BBL Equipment Failure Eddy (15) No No
nAPP2110950963 CHEVRON U S A INC Major Produced Water Release 4/9/21 Produced Water 1 0 1 BBL Fire Lea (25) No No
nAPP2111332917 COG OPERATING LLC Minor Other 4/9/21 Crude Oil 15 14 1 BBL Equipment Failure Lea (25) No No
nAPP2111332917 COG OPERATING LLC Minor Other 4/9/21 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2110553681 CHISHOLM ENERGY OPERATING, LLC Minor Produced Water Release 4/8/21 Produced Water 21 0 21 BBL Normal Operations Eddy (15) No No
nAPP2111233052 EOG RESOURCES INC Major Oil Release 4/8/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2109929389 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/8/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2109938981 Harvest Four Corners, LLC Major Natural Gas Release 4/8/21 Other (Specify) 0 0 0 Rio Arriba (39) No No
nAPP2109929807 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/8/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2111040373 EOG RESOURCES INC Major Oil Release 4/7/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2109856543 DCP OPERATING COMPANY, LP Major Other 4/7/21 Condensate 89 25 64 BBL Vehicular Accident Lea (25) No No
nAPP2111734773 EOG RESOURCES INC Minor Oil Release 4/6/21 Crude Oil 6 4 2 BBL Equipment Failure Lea (25) No No
nAPP2111334133 COG OPERATING LLC Minor Release Other 4/6/21 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2109735004 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/6/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2109735541 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/6/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2111334133 COG OPERATING LLC Minor Release Other 4/6/21 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2109634565 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/5/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2110945707 XTO ENERGY, INC Major Release Other 4/5/21 Other (Specify) 30 30 0 BBL Equipment Failure Eddy (15) No No
nAPP2109636839 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 4/5/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2110534368 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/5/21 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2110641182 COG OPERATING LLC Major Produced Water Release 4/5/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2110534368 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/5/21 Produced Water 8 2 6 BBL Equipment Failure Lea (25) No No
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nAPP2110947284 XTO ENERGY, INC Minor Produced Water Release 4/5/21 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nAPP2110641182 COG OPERATING LLC Major Produced Water Release 4/5/21 Produced Water 13 0 13 BBL Human Error Eddy (15) No No
nAPP2112043668 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/5/21 Produced Water 15 5 10 BBL Other Eddy (15) No No
nAPP2110643330 COG OPERATING LLC Major Produced Water Release 4/4/21 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nAPP2111849120 EOG RESOURCES INC Major Produced Water Release 4/4/21 Produced Water 320 310 10 BBL Equipment Failure Lea (25) No No
nAPP2110463633 XTO ENERGY, INC Major Fire 4/4/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2110643330 COG OPERATING LLC Major Produced Water Release 4/4/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2110931060 COG OPERATING LLC Major Oil Release 4/3/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2110642327 COG OPERATING LLC Major Release Other 4/3/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2110931060 COG OPERATING LLC Major Oil Release 4/3/21 Crude Oil 20 18 2 BBL Corrosion Lea (25) No No
nAPP2110642327 COG OPERATING LLC Major Release Other 4/3/21 Crude Oil 0 0 0 BBL Human Error Lea (25) No No
nAPP2110642327 COG OPERATING LLC Major Release Other 4/3/21 Produced Water 0 0 0 BBL Human Error Lea (25) No No
nAPP2110656396 HILCORP ENERGY COMPANY Major Produced Water Release 4/2/21 Condensate 20 0 20 BBL Corrosion San Juan (45) No No
nAPP2109517682 CIMAREX ENERGY CO. Produced Water Release 4/2/21 Produced Water 18 13 5 BBL Equipment Failure Eddy (15) No No
nAPP2110656396 HILCORP ENERGY COMPANY Major Produced Water Release 4/2/21 Crude Oil 0 0 0 BBL Human Error San Juan (45) No No
nAPP2109639512 WPX Energy Permian, LLC Major Produced Water Release 4/2/21 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2110656396 HILCORP ENERGY COMPANY Major Produced Water Release 4/2/21 Produced Water 8 8 0 BBL Human Error San Juan (45) No No
nAPP2109639512 WPX Energy Permian, LLC Major Produced Water Release 4/2/21 Produced Water 110 110 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2111132670 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/1/21 Produced Water 8 0 8 BBL Other Eddy (15) No No
nAPP2109843401 Permian Resources Operating, LLC Major Oil Release 4/1/21 Crude Oil 40 40 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2110566130 DJR OPERATING, LLC Major Release Other 4/1/21 Condensate 34 34 0 BBL Freeze Rio Arriba (39) No No
nAPP2112743674 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/1/21 Produced Water 214 200 14 BBL Equipment Failure Eddy (15) No No
nAPP2203347230 CHEVRON U S A INC Minor Other 4/1/21 Other (Specify) 5 0 5 BBL Other Lea (25) No No
nAPP2110461994 XTO ENERGY, INC Minor Oil Release 4/1/21 Crude Oil 11 6 5 BBL Human Error Eddy (15) No No
nAPP2109236046 CART HILL ENERGY, LLC Major Produced Water Release 4/1/21 Produced Water 60 15 45 BBL Corrosion Lea (25) No No
nAPP2110654878 HILCORP ENERGY COMPANY Minor Oil Release 4/1/21 Condensate 20 0 20 BBL Equipment Failure San Juan (45) No No
nAPP2110461994 XTO ENERGY, INC Minor Oil Release 4/1/21 Produced Water 1 0 1 BBL Human Error Eddy (15) No No
nAPP2109640281 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/31/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2109532718 WPX Energy Permian, LLC Major Oil Release 3/31/21 Crude Oil 55 54 1 BBL Human Error Eddy (15) No No
nAPP2112744758 BTA OIL PRODUCERS, LLC Major Produced Water Release 3/31/21 Produced Water 90 74 16 BBL Equipment Failure Lea (25) No No
nAPP2110460622 XTO ENERGY, INC Minor Release Other 3/31/21 Other (Specify) 24 19 5 BBL Equipment Failure Eddy (15) No No
nAPP2109640281 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/31/21 Produced Water 11 0 11 BBL Corrosion Eddy (15) No No
nAPP2112039086 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/30/21 Crude Oil 19 19 0 BBL Other Lea (25) No No
nAPP2110358845 XTO ENERGY, INC Major Oil Release 3/30/21 Crude Oil 80 65 15 BBL Equipment Failure Eddy (15) No No
nAPP2112039086 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/30/21 Produced Water 100 21 79 BBL Other Lea (25) No No
nAPP2110462828 OWL SWD OPERATING, LLC Minor Produced Water Release 3/29/21 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2109036288 Permian Resources Operating, LLC Major Produced Water Release 3/29/21 Produced Water 50 20 30 BBL Equipment Failure Eddy (15) No No
nAPP2108946838 EOR OPERATING COMPANY Major Produced Water Release 3/29/21 Crude Oil 5 1 4 BBL Other Roosevelt (41) No No
nAPP2109842296 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Produced Water Release 3/29/21 Produced Water 10 7 3 BBL Equipment Failure Lea (25) No No
nAPP2108946838 EOR OPERATING COMPANY Major Produced Water Release 3/29/21 Produced Water 45 20 25 BBL Other Roosevelt (41) No No
nAPP2109029956 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/29/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2108844866 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/27/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2109642047 BAM Permian Operating, LLC Minor Oil Release 3/27/21 Crude Oil 21 20 1 BBL Equipment Failure Chaves (05) No No
nAPP2109651124 CHEVRON U S A INC Minor Produced Water Release 3/25/21 Produced Water 6 6 0 BBL Corrosion Lea (25) No No
nAPP2108523564 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/25/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2112649963 APACHE CORPORATION Major Oil Release 3/25/21 Crude Oil 0 0 0 BBL Other Lea (25) No No

nAPP2109549534 RILEY PERMIAN OPERATING COMPANY, LLC Minor Blow Out 3/25/21
Gelled Brine (Frac 
Fluid) 15 10 5 BBL Blow Out Eddy (15) No No

nAPP2112649963 APACHE CORPORATION Major Oil Release 3/25/21 Produced Water 0 0 0 BBL Other Lea (25) No No
nAPP2108435569 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/24/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2117632006 CONOCOPHILLIPS COMPANY Minor Other 3/24/21 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nAPP2108435767 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/24/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2108361251 WPX Energy Permian, LLC Minor Produced Water Release 3/24/21 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2109535887 RAW OIL & GAS, INC. Minor Oil Release 3/24/21 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nAPP2111347695 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/24/21 Produced Water 58 35 23 BBL Other Lea (25) No No
nAPP2109735302 XTO ENERGY, INC Minor Produced Water Release 3/24/21 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2109157267 OXY USA INC Major Oil Release 3/24/21 Crude Oil 51 50 1 BBL Equipment Failure Eddy (15) No No
nAPP2117632006 CONOCOPHILLIPS COMPANY Minor Other 3/24/21 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2108537918 Earthstone Operating, LLC Major Produced Water Release 3/24/21 Produced Water 100 90 10 BBL Equipment Failure Lea (25) No No
nAPP2108360703 WPX Energy Permian, LLC Minor Oil Release 3/24/21 Crude Oil 2 1 1 BBL Human Error Eddy (15) No No
nAPP2108361251 WPX Energy Permian, LLC Minor Produced Water Release 3/24/21 Produced Water 4 2 2 BBL Equipment Failure Eddy (15) No No
nAPP2108360703 WPX Energy Permian, LLC Minor Oil Release 3/24/21 Produced Water 6 4 2 BBL Human Error Eddy (15) No No
nAPP2108435370 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/23/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2109135314 COG OPERATING LLC Major Produced Water Release 3/23/21 Produced Water 16 15 1 BBL Corrosion Eddy (15) No No
nAPP2109535682 Enterprise Field Services, LLC Minor Natural Gas Release 3/23/21 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2109135314 COG OPERATING LLC Major Produced Water Release 3/23/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2108232108 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/22/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2108248771 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 3/22/21 Produced Water 125 50 75 BBL Other Eddy (15) No No
nAPP2108339251 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/22/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2111048003 EOG RESOURCES INC Major Oil Release 3/21/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2108337775 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/21/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2109158557 OXY USA INC Minor Produced Water Release 3/21/21 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nAPP2108338828 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/21/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2108357665 WPX Energy Permian, LLC Major Produced Water Release 3/20/21 Produced Water 1680 1680 0 BBL Equipment Failure Eddy (15) No No
nAPP2108338262 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/20/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2108544357 XTO ENERGY, INC Major Fire 3/19/21 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2207867565 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/19/21 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nAPP2108543210 XTO ENERGY, INC Minor Oil Release 3/19/21 Crude Oil 14 5 9 BBL Human Error Eddy (15) No No
nAPP2109157967 OXY USA INC Minor Produced Water Release 3/19/21 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nAPP2111128863 LUCID ENERGY DELAWARE, LLC Major Natural Gas Release 3/19/21 Other (Specify) 5 5 0 BBL Blow Out Lea (25) No No
nAPP2108338026 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/18/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2108546355 XTO ENERGY, INC Major Fire 3/18/21 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2109156710 XTO ENERGY, INC Minor Release Other 3/17/21 Acid 15 12 3 BBL Equipment Failure Eddy (15) No No
nAPP2109159441 OXY USA INC Minor Oil Release 3/17/21 Crude Oil 12 10 2 BBL Equipment Failure Eddy (15) No No
nAPP2108428119 COG OPERATING LLC Minor Produced Water Release 3/17/21 Produced Water 10 8 2 BBL Corrosion Lea (25) No No
nAPP2108949980 HILCORP ENERGY COMPANY Minor Oil Release 3/17/21 Crude Oil 15 0 15 BBL Corrosion San Juan (45) No No
nAPP2108354432 DINERO OPERATING CO Major Oil Release 3/16/21 Crude Oil 159 0 159 BBL Corrosion Eddy (15) No No
nAPP2108354432 DINERO OPERATING CO Major Oil Release 3/16/21 Produced Water 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2107740815 Prima Exploration, Inc. Major Oil Release 3/16/21 Crude Oil 60 50 10 BBL Equipment Failure Lea (25) No No
nAPP2107743055 WPX Energy Permian, LLC Major Produced Water Release 3/16/21 Produced Water 12 0 12 BBL Human Error Eddy (15) Yes No
nAPP2107540700 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/15/21 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAPP2107449356 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/15/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2107450435 BTA OIL PRODUCERS, LLC Minor Oil Release 3/15/21 Crude Oil 6 0 6 BBL Normal Operations Eddy (15) No No
nAPP2107643896 CIMAREX ENERGY CO. Minor Oil Release 3/15/21 Crude Oil 20 20 0 BBL Human Error Eddy (15) No No
nAPP2107450435 BTA OIL PRODUCERS, LLC Minor Oil Release 3/15/21 Produced Water 10 0 10 BBL Normal Operations Eddy (15) No No
nAPP2108432291 COG OPERATING LLC Major Produced Water Release 3/15/21 Other (Specify) 0 0 0 Lea (25) No No
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nAPP2107450435 BTA OIL PRODUCERS, LLC Minor Oil Release 3/15/21 Condensate 6 0 6 BBL Normal Operations Eddy (15) No No
nAPP2109046512 Enterprise Field Services, LLC Minor Other 3/15/21 Condensate 5 0 5 BBL Equipment Failure San Juan (45) No No
nAPP2107449356 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/15/21 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nAPP2108858520 XTO ENERGY, INC Minor Oil Release 3/15/21 Crude Oil 22 22 0 BBL Equipment Failure Eddy (15) No No
nAPP2121626624 STRATA PRODUCTION CO Major Produced Water Release 3/15/21 Produced Water 0 0 0 BBL Human Error Lea (25) No No
nAPP2108432291 COG OPERATING LLC Major Produced Water Release 3/15/21 Produced Water 20 18 2 BBL Corrosion Lea (25) No No
nAPP2107457594 KAISER-FRANCIS OIL CO Major Release Other 3/15/21 Acid 100 95 5 BBL Equipment Failure Lea (25) No No
nAPP2108428978 COG OPERATING LLC Major Release Other 3/15/21 Crude Oil 45 45 0 BBL Corrosion Lea (25) No No
nAPP2108428978 COG OPERATING LLC Major Release Other 3/15/21 Produced Water 85 85 0 BBL Corrosion Lea (25) No No
nAPP2108540573 XTO ENERGY, INC Major Release Other 3/13/21 Other (Specify) 35 32 3 BBL Equipment Failure Eddy (15) No No
nAPP2107347735 MARATHON OIL PERMIAN LLC Minor Produced Water Release 3/13/21 Produced Water 20 20 0 BBL Equipment Failure Lea (25) No No
nAPP2107344761 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/13/21 Produced Water 140 140 0 BBL Equipment Failure Lea (25) No No
nAPP2108334273 HILCORP ENERGY COMPANY Minor Produced Water Release 3/12/21 Produced Water 21 0 21 BBL Corrosion San Juan (45) No No
nAPP2111338900 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/12/21 Produced Water 15 14 1 BBL Other Lea (25) No No
nAPP2107445051 MATADOR PRODUCTION COMPANY Major Produced Water Release 3/11/21 Produced Water 68 0 68 BBL Equipment Failure Lea (25) No No
nAPP2113858469 HF Sinclair Navajo Refining LLC Major Other 3/11/21 Other (Specify) 0 0 0 Eddy (15) No Yes
nAPP2107043534 KAISER-FRANCIS OIL CO Minor Produced Water Release 3/9/21 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nAPP2108246073 XTO ENERGY, INC Minor Produced Water Release 3/9/21 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2107730944 APACHE CORPORATION Major Produced Water Release 3/9/21 Produced Water 38 45 -7 BBL Equipment Failure Eddy (15) No No
nAPP2111053055 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/8/21 Produced Water 435 420 15 BBL Other Eddy (15) No No
nAPP2110326244 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/8/21 Produced Water 435 420 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2107747725 XTO ENERGY, INC Minor Produced Water Release 3/8/21 Produced Water 19 14 5 BBL Equipment Failure Lea (25) No No
nAPP2106961705 Spur Energy Partners LLC Minor Produced Water Release 3/8/21 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nAPP2107529251 Civitas Permian Operating, LLC Minor Produced Water Release 3/8/21 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAPP2107529251 Civitas Permian Operating, LLC Minor Produced Water Release 3/8/21 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nAPP2107531606 Tascosa Energy Partners, L.L.C Major Oil Release 3/7/21 Crude Oil 75 0 75 BBL Equipment Failure Eddy (15) No No
nAPP2107554265 WPX Energy Permian, LLC Minor Produced Water Release 3/7/21 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2107554265 WPX Energy Permian, LLC Minor Produced Water Release 3/7/21 Produced Water 8 5 3 BBL Equipment Failure Eddy (15) No No
nAPP2107748612 XTO ENERGY, INC Minor Release Other 3/6/21 Other (Specify) 8 6 2 BBL Equipment Failure Eddy (15) No No
nAPP2107757650 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/6/21 Produced Water 18 18 0 BBL Other Eddy (15) No No
nAPP2109857614 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/6/21 Produced Water 18 18 0 BBL Other Eddy (15) No No
nAPP2106748013 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/5/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2107443361 SOUTHWEST ROYALTIES INC Minor Produced Water Release 3/4/21 Produced Water 22 0 22 BBL Corrosion Lea (25) No No
nAPP2107046560 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/4/21 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2107728692 Enterprise Field Services, LLC Minor Other 3/4/21 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2106452441 CIMAREX ENERGY CO. Minor Produced Water Release 3/4/21 Produced Water 20 20 0 BBL Corrosion Lea (25) No No
nAPP2107046560 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/4/21 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2106441019 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 3/4/21 Crude Oil 10 0 10 BBL Freeze Lea (25) No No
nAPP2106441019 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 3/4/21 Produced Water 30 0 30 BBL Freeze Lea (25) No No
nAPP2106327801 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 3/3/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2107435382 CHEVRON U S A INC Minor Release Other 3/3/21 Other (Specify) 18 0 18 BBL Human Error Eddy (15) No No
nAPP2106331446 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 3/3/21 Produced Water 25 25 0 BBL Corrosion Lea (25) No No
nAPP2106927983 BTA OIL PRODUCERS, LLC Major Produced Water Release 3/3/21 Produced Water 277 240 37 BBL Equipment Failure Lea (25) No No
nAPP2106424970 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 3/3/21 Crude Oil 10 0 10 BBL Freeze Lea (25) No No
nAPP2107849827 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Produced Water Release 3/3/21 Produced Water 200 175 25 BBL Equipment Failure Eddy (15) No No
nAPP2106331446 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 3/3/21 Produced Water 25 25 0 BBL Corrosion Lea (25) No No
nAPP2106424970 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 3/3/21 Produced Water 25 0 25 BBL Freeze Lea (25) No No
nAPP2109836159 ETC Texas Pipeline, Ltd. Major Oil Release 3/2/21 Crude Oil 37 0 37 BBL Corrosion Lea (25) No No
nAPP2107446638 XTO ENERGY, INC Minor Release Other 3/1/21 Glycol 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2106847112 BTA OIL PRODUCERS, LLC Major Produced Water Release 2/28/21 Produced Water 1090 1080 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2106356132 TARGA MIDSTREAM SERVICES LLC Minor Natural Gas Release 2/27/21 Condensate 3 3 0 BBL Other Lea (25) No No
nAPP2106051446 WPX Energy Permian, LLC Minor Produced Water Release 2/27/21 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nAPP2112752878 HF Sinclair Navajo Refining LLC Major Release Other 2/25/21 Other (Specify) 0 0 0 Eddy (15) No Yes
nAPP2112753249 HF Sinclair Navajo Refining LLC Major Other 2/24/21 Other (Specify) 0 0 0 Eddy (15) No Yes
nAPP2106153207 OXY USA INC Minor Produced Water Release 2/24/21 Produced Water 12 12 0 BBL Human Error Lea (25) No No
nAPP2106359677 XTO ENERGY, INC Major Fire 2/24/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2105655800 OXY USA INC Major Produced Water Release 2/24/21 Produced Water 340 280 60 BBL Equipment Failure Eddy (15) No No
nAPP2105530312 MATADOR PRODUCTION COMPANY Minor Produced Water Release 2/23/21 Produced Water 22 0 22 BBL Freeze Eddy (15) No No
nAPP2106648279 EOG RESOURCES INC Minor Produced Water Release 2/23/21 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nAPP2105529838 MATADOR PRODUCTION COMPANY Minor Produced Water Release 2/23/21 Produced Water 20 8 12 BBL Corrosion Eddy (15) No No
nAPP2105753887 ENDURING RESOURCES, LLC Major Produced Water Release 2/23/21 Produced Water 49 0 49 BBL Equipment Failure San Juan (45) Yes No
nAPP2106648279 EOG RESOURCES INC Minor Produced Water Release 2/23/21 Produced Water 5 1 4 BBL Equipment Failure Eddy (15) No No
nAPP2106443275 COG OPERATING LLC Major Produced Water Release 2/22/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2105648807 OXY USA INC Major Produced Water Release 2/22/21 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2105648807 OXY USA INC Major Produced Water Release 2/22/21 Produced Water 60 45 15 BBL Equipment Failure Lea (25) No No
nAPP2106357887 XTO ENERGY, INC Major Produced Water Release 2/22/21 Produced Water 95 95 0 BBL Corrosion Eddy (15) No No
nAPP2106355755 XTO ENERGY, INC Major Fire 2/22/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2107044763 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 2/22/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2106443275 COG OPERATING LLC Major Produced Water Release 2/22/21 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nAPP2105646145 Spur Energy Partners LLC Major Produced Water Release 2/21/21 Crude Oil 0 0 0 BBL Freeze Eddy (15) No No
nAPP2105350868 Spur Energy Partners LLC Major Produced Water Release 2/21/21 Crude Oil 32 25 7 BBL Other Eddy (15) No No
nAPP2105646145 Spur Energy Partners LLC Major Produced Water Release 2/21/21 Produced Water 33 0 33 BBL Freeze Eddy (15) No No
nAPP2105646145 Spur Energy Partners LLC Major Produced Water Release 2/21/21 Condensate 0 0 0 BBL Freeze Eddy (15) No No
nAPP2105646718 MorningStar Operating LLC Minor Produced Water Release 2/21/21 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAPP2106151044 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 2/21/21 Produced Water 6 5 1 BBL Other Eddy (15) No No
nAPP2105646145 Spur Energy Partners LLC Major Produced Water Release 2/21/21 Produced Water 33 0 33 BBL Freeze Eddy (15) No No
nAPP2105350868 Spur Energy Partners LLC Major Produced Water Release 2/21/21 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2105646718 MorningStar Operating LLC Minor Produced Water Release 2/21/21 Produced Water 7 6 1 BBL Equipment Failure Lea (25) No No
nAPP2105352187 MARATHON OIL PERMIAN LLC Minor Oil Release 2/21/21 Crude Oil 22 22 0 BBL Freeze Lea (25) No No
nAPP2105350868 Spur Energy Partners LLC Major Produced Water Release 2/21/21 Condensate 0 0 0 BBL Other Eddy (15) No No
nAPP2105635743 CHEVRON U S A INC Minor Produced Water Release 2/21/21 Crude Oil 2 2 0 BBL Freeze Lea (25) No No
nAPP2105635743 CHEVRON U S A INC Minor Produced Water Release 2/21/21 Produced Water 13 13 0 BBL Freeze Lea (25) No No
nAPP2106246595 RAW OIL & GAS, INC. Major Oil Release 2/20/21 Crude Oil 167 1 166 BBL Freeze Lea (25) No No
nAPP2105135414 Maverick Permian LLC Major Oil Release 2/19/21 Crude Oil 3 0 3 BBL Freeze Lea (25) No No
nAPP2105332930 Spur Energy Partners LLC Major Produced Water Release 2/19/21 Produced Water 43 37 6 BBL Freeze Lea (25) No No
nAPP2106443694 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 2/19/21 Crude Oil 720 720 0 BBL Equipment Failure Lea (25) No No
nAPP2105135414 Maverick Permian LLC Major Oil Release 2/19/21 Produced Water 27 0 27 BBL Freeze Lea (25) No No
nAPP2105050187 Harvest Four Corners, LLC Major Natural Gas Release 2/19/21 Produced Water 30 30 0 BBL Freeze San Juan (45) No No
nAPP2105639817 OXY USA INC Minor Produced Water Release 2/19/21 Crude Oil 3 1 2 BBL Corrosion Union (59) No No
nAPP2105050187 Harvest Four Corners, LLC Major Natural Gas Release 2/19/21 Condensate 55 55 0 BBL Freeze San Juan (45) No No
nAPP2105554245 WPX Energy Permian, LLC Major Oil Release 2/19/21 Crude Oil 20 18 2 BBL Freeze Eddy (15) No No
nAPP2105639817 OXY USA INC Minor Produced Water Release 2/19/21 Produced Water 7 2 5 BBL Corrosion Union (59) No No
nAPP2105554245 WPX Energy Permian, LLC Major Oil Release 2/19/21 Produced Water 115 110 5 BBL Freeze Eddy (15) No No
nAPP2106743129 CENTENNIAL RESOURCE PRODUCTION, LLC Major Oil Release 2/19/21 Crude Oil 105 75 30 BBL Freeze Lea (25) No No
nAPP2112749752 HF Sinclair Navajo Refining LLC Major Other 2/18/21 Other (Specify) 0 0 0 Eddy (15) No Yes
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nAPP2105553172 XTO ENERGY, INC Minor Produced Water Release 2/18/21 Produced Water 23 23 0 BBL Equipment Failure Eddy (15) No No
nAPP2112751264 HF Sinclair Navajo Refining LLC Major Other 2/18/21 Other (Specify) 0 0 0 Eddy (15) No Yes
nAPP2105732466 ETC Texas Pipeline, Ltd. Major Natural Gas Release 2/18/21 Natural Gas Liquids 202 135 67 BBL Corrosion Lea (25) No No
nAPP2105646400 OXY USA INC Major Produced Water Release 2/18/21 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2105646400 OXY USA INC Major Produced Water Release 2/18/21 Produced Water 140 120 20 BBL Equipment Failure Eddy (15) No No
nAPP2104927763 Spur Energy Partners LLC Minor Produced Water Release 2/17/21 Crude Oil 1 0 1 BBL Freeze Eddy (15) No No
nAPP2106659781 CHEVRON U S A INC Major Release Other 2/17/21 Condensate 48 0 48 BBL Freeze Eddy (15) No No
nAPP2105330972 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/17/21 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAPP2104927763 Spur Energy Partners LLC Minor Produced Water Release 2/17/21 Produced Water 6 1 5 BBL Freeze Eddy (15) No No
nAPP2106659781 CHEVRON U S A INC Major Release Other 2/17/21 Crude Oil 16 0 16 BBL Freeze Eddy (15) No No
nAPP2106147760 WPX Energy Permian, LLC Minor Oil Release 2/16/21 Crude Oil 12 8 4 BBL Other Lea (25) No No
nAPP2105355033 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/16/21 Crude Oil 30 30 0 BBL Other Eddy (15) No No
nAPP2106057623 DCP OPERATING COMPANY, LP Major Natural Gas Release 2/16/21 Condensate 5 0 5 BBL Other Lea (25) No No
nAPP2104859748 Spur Energy Partners LLC Minor Produced Water Release 2/16/21 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAPP2104849757 Spur Energy Partners LLC Minor Oil Release 2/16/21 Crude Oil 14 5 9 BBL Freeze Eddy (15) No No
nAPP2105355033 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/16/21 Produced Water 30 10 20 BBL Other Eddy (15) No No
nAPP2104859748 Spur Energy Partners LLC Minor Produced Water Release 2/16/21 Produced Water 16 4 12 BBL Other Eddy (15) No No
nAPP2105550809 COG OPERATING LLC Major Release Other 2/15/21 Crude Oil 90 90 0 BBL Freeze Lea (25) No No
nAPP2104946107 Spur Energy Partners LLC Minor Produced Water Release 2/15/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2105539984 XTO ENERGY, INC Minor Produced Water Release 2/15/21 Produced Water 13 11 2 BBL Blow Out Eddy (15) No No
nAPP2106343455 HANSON OPERATING CO INC Minor Oil Release 2/15/21 Crude Oil 20 10 10 BBL Freeze Chaves (05) No No
nAPP2105550809 COG OPERATING LLC Major Release Other 2/15/21 Produced Water 550 550 0 BBL Freeze Lea (25) No No
nAPP2104839453 Spur Energy Partners LLC Major Produced Water Release 2/15/21 Crude Oil 1 1 0 BBL Freeze Eddy (15) No No
nAPP2104725446 CAZA OPERATING, LLC Minor Oil Release 2/15/21 Crude Oil 7 7 0 BBL Freeze Lea (25) No No
nAPP2104725446 CAZA OPERATING, LLC Minor Oil Release 2/15/21 Produced Water 7 7 0 BBL Freeze Lea (25) No No
nAPP2104946107 Spur Energy Partners LLC Minor Produced Water Release 2/15/21 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nAPP2104839453 Spur Energy Partners LLC Major Produced Water Release 2/15/21 Produced Water 39 4 35 BBL Freeze Eddy (15) No No
nAPP2105547882 COG OPERATING LLC Major Release Other 2/14/21 Crude Oil 10 9 1 BBL Freeze Lea (25) No No
nAPP2105537640 XTO ENERGY, INC Major Produced Water Release 2/14/21 Produced Water 4300 4300 0 BBL Equipment Failure Eddy (15) No No
nAPP2105547882 COG OPERATING LLC Major Release Other 2/14/21 Produced Water 40 39 1 BBL Freeze Lea (25) No No
nAPP2106732690 BTA OIL PRODUCERS, LLC Minor Oil Release 2/13/21 Crude Oil 8 0 8 BBL Equipment Failure Lea (25) No No
nAPP2104550719 CIMAREX ENERGY CO. Major Produced Water Release 2/13/21 Produced Water 340 340 0 BBL Equipment Failure Eddy (15) No No
nAPP2106732690 BTA OIL PRODUCERS, LLC Minor Oil Release 2/13/21 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2105535211 XTO ENERGY, INC Minor Produced Water Release 2/13/21 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2105343466 XTO ENERGY, INC Major Produced Water Release 2/12/21 Produced Water 36 35 1 BBL Equipment Failure Eddy (15) No No
nAPP2105422276 Enterprise Field Services, LLC Minor Release Other 2/11/21 Produced Water 5 0 5 BBL Other San Juan (45) No No
nAPP2106930621 BTA OIL PRODUCERS, LLC Major Produced Water Release 2/11/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2105360892 ADVANCE ENERGY PARTNERS HAT MESA, LLC Minor Produced Water Release 2/11/21 Produced Water 18 0 18 BBL Human Error Lea (25) No No
nAPP2108857845 BTA OIL PRODUCERS, LLC Major Release Other 2/10/21 Produced Water 90 0 90 BBL Other Lea (25) No No
nAPP2105340662 XTO ENERGY, INC Minor Produced Water Release 2/9/21 Produced Water 16 16 0 BBL Equipment Failure Eddy (15) No No
nAPP2105058281 LOGOS OPERATING, LLC Minor Other 2/9/21 Condensate 18 0 18 BBL Normal Operations Rio Arriba (39) No No
nAPP2104360123 CIMAREX ENERGY CO. Minor Oil Release 2/9/21 Crude Oil 22 22 0 BBL Equipment Failure Eddy (15) No No
nAPP2104851838 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/8/21 Produced Water 40 40 0 BBL Equipment Failure Lea (25) No No
nAPP2104051288 MARATHON OIL PERMIAN LLC Major Produced Water Release 2/8/21 Produced Water 50 50 0 BBL Corrosion Eddy (15) No No
nAPP2104347351 XTO ENERGY, INC Minor Oil Release 2/8/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2105548725 COG OPERATING LLC Minor Produced Water Release 2/8/21 Produced Water 10 10 0 BBL Corrosion Lea (25) No No
nAPP2105550009 COG OPERATING LLC Major Oil Release 2/8/21 Crude Oil 48 45 3 BBL Vandalism Lea (25) No No
nAPP2104347351 XTO ENERGY, INC Minor Oil Release 2/8/21 Produced Water 9 8 1 BBL Equipment Failure Eddy (15) No No
nAPP2104059237 MEWBOURNE OIL CO Major Oil Release 2/7/21 Crude Oil 100 10 90 BBL Human Error Lea (25) No No
nAPP2105442084 COG OPERATING LLC Major Produced Water Release 2/7/21 Produced Water 60 58 2 BBL Corrosion Eddy (15) No No
nAPP2104043158 Spur Energy Partners LLC Minor Oil Release 2/7/21 Crude Oil 6 2 4 BBL Other Eddy (15) No No
nAPP2104949432 APACHE CORPORATION Minor Produced Water Release 2/6/21 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nAPP2104949432 APACHE CORPORATION Minor Produced Water Release 2/6/21 Produced Water 12 4 8 BBL Corrosion Lea (25) No No
nAPP2105647257 OXY USA INC Major Produced Water Release 2/5/21 Produced Water 40 30 10 BBL Equipment Failure Eddy (15) No No
nAPP2104348535 XTO ENERGY, INC Minor Release Other 2/5/21 Other (Specify) 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2103564128 CONOCOPHILLIPS COMPANY Major Produced Water Release 2/4/21 Crude Oil 4 2 2 BBL Equipment Failure Lea (25) No No
nAPP2103564128 CONOCOPHILLIPS COMPANY Major Produced Water Release 2/4/21 Produced Water 26 18 8 BBL Equipment Failure Lea (25) No No
nAPP2103550799 OXY USA INC Major Produced Water Release 2/3/21 Crude Oil 1 1 0 BBL Blow Out Lea (25) No No
nAPP2103550799 OXY USA INC Major Produced Water Release 2/3/21 Produced Water 79 74 5 BBL Blow Out Lea (25) No No
nAPP2103557511 Spur Energy Partners LLC Minor Produced Water Release 2/2/21 Produced Water 18 18 0 BBL Corrosion Eddy (15) No No
nAPP2103949024 BURNETT OIL CO INC Minor Produced Water Release 2/2/21 Produced Water 15 2 13 BBL Corrosion Eddy (15) No No
nAPP2103923727 Enterprise Field Services, LLC Major Release Other 2/1/21 Condensate 0 0 0 BBL Other San Juan (45) No No
nAPP2105431539 COG OPERATING LLC Major Release Other 2/1/21 Crude Oil 60 0 60 BBL Equipment Failure Eddy (15) No No
nAPP2103452303 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/1/21 Produced Water 20 20 0 BBL Corrosion Lea (25) No No
nAPP2105431539 COG OPERATING LLC Major Release Other 2/1/21 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nAPP2104229910 Enterprise Field Services, LLC Release Other 2/1/21 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nAPP2103256004 LOGOS OPERATING, LLC Other 2/1/21 Crude Oil 2 0 2 BBL Freeze Sandoval (43) No No
nAPP2103930331 COG OPERATING LLC Minor Release Other 1/31/21 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nAPP2103447746 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/31/21 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2103261042 MEWBOURNE OIL CO Major Fire 1/31/21 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2104831006 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/31/21 Crude Oil 22 20 2 BBL Equipment Failure Eddy (15) No No
nAPP2103930331 COG OPERATING LLC Minor Release Other 1/31/21 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2103447746 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/31/21 Produced Water 2397 2390 7 BBL Equipment Failure Lea (25) No No
nAPP2103261042 MEWBOURNE OIL CO Major Fire 1/31/21 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nAPP2103458246 LONGFELLOW ENERGY, LP Minor Produced Water Release 1/30/21 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAPP2103256332 EOG RESOURCES INC Minor Oil Release 1/29/21 Crude Oil 15 8 7 BBL Human Error Eddy (15) No No
nAPP2103534879 EPIC ENERGY, L.L.C. Minor Oil Release 1/29/21 Crude Oil 7 4 3 BBL Equipment Failure San Juan (45) No No
nAPP2103237910 MARATHON OIL PERMIAN LLC Minor Oil Release 1/29/21 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nAPP2103224474 MATADOR PRODUCTION COMPANY Minor Produced Water Release 1/29/21 Produced Water 17 0 17 BBL Equipment Failure Eddy (15) No No
nAPP2103256332 EOG RESOURCES INC Minor Oil Release 1/29/21 Produced Water 5 2 3 BBL Human Error Eddy (15) No No
nAPP2102870829 LOGOS OPERATING, LLC Major Oil Release 1/28/21 Crude Oil 0 0 0 BBL Freeze Rio Arriba (39) Yes No
nAPP2103549356 OXY USA INC Major Produced Water Release 1/28/21 Crude Oil 10 7 3 BBL Human Error Eddy (15) No No
nAPP2103549356 OXY USA INC Major Produced Water Release 1/28/21 Produced Water 20 18 2 BBL Human Error Eddy (15) No No
nAPP2102851174 APACHE CORPORATION Major Oil Release 1/27/21 Crude Oil 17 5 12 BBL Other Lea (25) No No
nAPP2105353729 EOG RESOURCES INC Major Produced Water Release 1/27/21 Produced Water 560 555 5 BBL Equipment Failure Eddy (15) No No
nAPP2102851174 APACHE CORPORATION Major Oil Release 1/27/21 Produced Water 15 5 10 BBL Other Lea (25) No No
nAPP2103945261 RHOMBUS OPERATING CO LTD Minor Produced Water Release 1/26/21 Produced Water 20 5 15 BBL Corrosion Lea (25) No No
nAPP2104034508 XTO ENERGY, INC Minor Release Other 1/26/21 Other (Specify) 5 5 0 BBL Equipment Failure Eddy (15) No No
nAPP2104135238 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/26/21 Produced Water 43 43 0 BBL Other Lea (25) No No
nAPP2104155952 HILCORP ENERGY COMPANY Minor Produced Water Release 1/26/21 Produced Water 20 0 20 BBL Corrosion San Juan (45) No No
nAPP2102856493 HOLLY ENERGY PARTNERS - OPERATING, LP Major Oil Release 1/26/21 Crude Oil 821 390 431 BBL Corrosion Lea (25) No No
nAPP2102732858 DJR OPERATING, LLC Minor Oil Release 1/26/21 Crude Oil 7 6 1 BBL Equipment Failure Sandoval (43) No No
nAPP2103632350 XTO ENERGY, INC Major Fire 1/25/21 Condensate 1 0 1 BBL Fire Eddy (15) No No
nAPP2102817135 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 1/25/21 Produced Water 97 95 2 BBL Human Error Eddy (15) No No
nAPP2106141780 PHX Energy, LLC Major Oil Release 1/25/21 Crude Oil 120 0 120 BBL Corrosion Lea (25) No No
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nAPP2104052594 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/25/21 Crude Oil 2 2 0 BBL Other Lea (25) No No
nAPP2104052594 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/25/21 Produced Water 20 13 7 BBL Other Lea (25) No No
nAPP2103538364 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/24/21 Produced Water 16 10 6 BBL Other Lea (25) No No
nAPP2204534331 SCM Operations, LLC Major Natural Gas Release 1/24/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2104140937 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/23/21 Produced Water 240 240 0 BBL Corrosion Lea (25) No No
nAPP2102551487 Spur Energy Partners LLC Major Produced Water Release 1/23/21 Produced Water 40 35 5 BBL Normal Operations Eddy (15) No No
nAPP2102934064 XTO ENERGY, INC Major Produced Water Release 1/23/21 Produced Water 77 72 5 BBL Equipment Failure Eddy (15) No No
nAPP2103630448 XTO ENERGY, INC Major Produced Water Release 1/23/21 Produced Water 220 220 0 BBL Corrosion Eddy (15) No No
nAPP2102628107 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Oil Release 1/22/21 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2103627149 XTO ENERGY, INC Major Release Other 1/22/21 Other (Specify) 70 70 0 BBL Equipment Failure Eddy (15) No No
nAPP2102628107 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Oil Release 1/22/21 Produced Water 3 0 3 BBL Equipment Failure Lea (25) No No
nAPP2102648780 Spur Energy Partners LLC Major Produced Water Release 1/22/21 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nAPP2102253370 Spur Energy Partners LLC Minor Produced Water Release 1/22/21 Produced Water 21 10 11 BBL Equipment Failure Eddy (15) No No
nAPP2102648780 Spur Energy Partners LLC Major Produced Water Release 1/22/21 Produced Water 227 220 7 BBL Equipment Failure Eddy (15) No No
nAPP2103630209 COG OPERATING LLC Minor Produced Water Release 1/22/21 Produced Water 19 0 19 BBL Corrosion Lea (25) No No
nAPP2102629238 PLAINS MARKETING L.P. Minor Oil Release 1/21/21 Crude Oil 8 7 1 BBL Equipment Failure Lea (25) No No
nAPP2102234735 MARATHON OIL PERMIAN LLC Minor Oil Release 1/21/21 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2103458288 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/21/21 Other (Specify) 0 0 0 Eddy (15) No No
nAPP2102841286 APACHE CORPORATION Minor Produced Water Release 1/20/21 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2103556268 OXY USA INC Major Produced Water Release 1/20/21 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2103556268 OXY USA INC Major Produced Water Release 1/20/21 Produced Water 59 40 19 BBL Equipment Failure Eddy (15) No No
nAPP2102841286 APACHE CORPORATION Minor Produced Water Release 1/20/21 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAPP2102626563 XTO ENERGY, INC Minor Produced Water Release 1/19/21 Produced Water 18 15 3 BBL Equipment Failure Eddy (15) No No
nAPP2103332595 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/19/21 Produced Water 24 24 0 BBL Other Lea (25) No No
nAPP2102053788 Maverick Permian LLC Minor Produced Water Release 1/19/21 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2102146660 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 1/19/21 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nAPP2102053788 Maverick Permian LLC Minor Produced Water Release 1/19/21 Produced Water 14 0 14 BBL Equipment Failure Lea (25) No No
nAPP2102246632 XTO ENERGY, INC Minor Produced Water Release 1/18/21 Produced Water 15 8 7 BBL Corrosion Eddy (15) No No
nAPP2101936895 ENDURING RESOURCES, LLC Minor Release Other 1/18/21 Crude Oil 9 9 0 BBL Equipment Failure Rio Arriba (39) No No
nOY1704650251 Opal Operating Company LLC Minor Oil Release 1/18/21 Crude Oil 5 3 2 BBL Equipment Failure Chaves (05) No No
nAPP2102250126 XTO ENERGY, INC Minor Oil Release 1/18/21 Crude Oil 20 20 0 BBL Corrosion Eddy (15) No No
nAPP2101936895 ENDURING RESOURCES, LLC Minor Release Other 1/18/21 Produced Water 3 3 0 BBL Equipment Failure Rio Arriba (39) No No
nAPP2102951723 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/18/21 Produced Water 11 11 0 BBL Other Eddy (15) No No
nAPP2102239584 XTO ENERGY, INC Minor Release Other 1/18/21 Other (Specify) 21 20 1 BBL Other Eddy (15) No No
nAPP2102540540 Harvest Four Corners, LLC Major Natural Gas Release 1/18/21 Produced Water 20 20 0 GAL Equipment Failure Rio Arriba (39) Yes No
nOY1704650251 Opal Operating Company LLC Minor Oil Release 1/18/21 Produced Water 10 7 3 BBL Equipment Failure Chaves (05) No No
nAPP2102540540 Harvest Four Corners, LLC Major Natural Gas Release 1/18/21 Condensate 10 10 0 GAL Equipment Failure Rio Arriba (39) Yes No
nAPP2101829061 MARATHON OIL PERMIAN LLC Minor Oil Release 1/17/21 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2102039553 MEWBOURNE OIL CO Major Produced Water Release 1/17/21 Produced Water 200 100 100 BBL Equipment Failure Eddy (15) No No
nAPP2101857967 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 1/17/21 Produced Water 150 40 110 BBL Corrosion Lea (25) No No
nAPP2103541864 Spur Energy Partners LLC Minor Release Other 1/17/21 Crude Oil 2 2 0 BBL Corrosion Lea (25) No No
nAPP2103541864 Spur Energy Partners LLC Minor Release Other 1/17/21 Produced Water 3 2 1 BBL Corrosion Lea (25) No No
nAPP2101841481 Spur Energy Partners LLC Produced Water Release 1/16/21 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2101841481 Spur Energy Partners LLC Produced Water Release 1/16/21 Produced Water 4 4 0 BBL Normal Operations Eddy (15) No No
nAPP2102651517 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/15/21 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nAPP2102237559 XTO ENERGY, INC Major Fire 1/15/21 Condensate 0 0 0 BBL Other Eddy (15) No No
nAPP2102726578 COG OPERATING LLC Major Produced Water Release 1/15/21 Produced Water 80 77 3 BBL Corrosion Lea (25) No No
nAPP2102244223 HILCORP ENERGY COMPANY Major Release Other 1/15/21 Condensate 16 8 8 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2102244223 HILCORP ENERGY COMPANY Major Release Other 1/15/21 Produced Water 10 10 0 BBL Corrosion San Juan (45) No No
nAPP2102727891 COG OPERATING LLC Major Release Other 1/14/21 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nAPP2102543043 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/14/21 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nAPP2102727891 COG OPERATING LLC Major Release Other 1/14/21 Produced Water 293 70 223 BBL Corrosion Lea (25) No No
nAPP2102543043 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/14/21 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAPP2102831345 XTO ENERGY, INC Major Release Other 1/14/21 Other (Specify) 30 30 0 BBL Equipment Failure Lea (25) No No
nAPP2102235706 XTO ENERGY, INC Major Oil Release 1/13/21 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nAPP2102235706 XTO ENERGY, INC Major Oil Release 1/13/21 Produced Water 30 26 4 BBL Equipment Failure Eddy (15) No No
nAPP2102534956 MATADOR PRODUCTION COMPANY Major Produced Water Release 1/12/21 Produced Water 293 250 43 BBL Corrosion Eddy (15) No No
nAPP2103557979 OXY USA INC Major Produced Water Release 1/12/21 Produced Water 50 40 10 BBL Equipment Failure Eddy (15) No No
nAPP2101937359 COG OPERATING LLC Minor Oil Release 1/12/21 Crude Oil 15 14 1 BBL Equipment Failure Eddy (15) No No
nAPP2102229242 XTO ENERGY, INC Major Fire 1/11/21 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2101935216 COG OPERATING LLC Minor Release Other 1/11/21 Crude Oil 3 3 0 BBL Equipment Failure Lea (25) No No
nAPP2101935216 COG OPERATING LLC Minor Release Other 1/11/21 Produced Water 7 7 0 BBL Equipment Failure Lea (25) No No
nAPP2102637490 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/10/21 Produced Water 9 5 4 BBL Other Lea (25) No No
nAPP2109058640 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 1/9/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2109059735 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 1/9/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2109056450 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 1/9/21 Other (Specify) 0 0 0 Lea (25) No No
nAPP2109059735 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 1/9/21 Produced Water 0 0 0 BBL Human Error Lea (25) No No
nAPP2109058640 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 1/9/21 Produced Water 0 0 0 BBL Human Error Lea (25) No No
nAPP2109056450 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 1/9/21 Produced Water 0 0 0 BBL Human Error Lea (25) No No
nAPP2102140342 COG OPERATING LLC Major Oil Release 1/8/21 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2101335437 XTO ENERGY, INC Major Fire 1/8/21 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2100832430 CENTENNIAL RESOURCE PRODUCTION, LLC Major Other 1/8/21 Diesel 20 0 20 BBL Fire Lea (25) No No
nAPP2101050782 HILCORP ENERGY COMPANY Minor Oil Release 1/8/21 Condensate 12 2 10 BBL Human Error San Juan (45) No No
nAPP2102141155 COG OPERATING LLC Minor Oil Release 1/8/21 Crude Oil 10 8 2 BBL Corrosion Eddy (15) No No
nAPP2100846063 MARATHON OIL PERMIAN LLC Major Produced Water Release 1/8/21 Produced Water 70 70 0 BBL Equipment Failure Eddy (15) No No
nAPP2101331137 XTO ENERGY, INC Major Fire 1/7/21 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2100835352 MARATHON OIL PERMIAN LLC Minor Produced Water Release 1/7/21 Produced Water 12 12 0 BBL Corrosion Eddy (15) No No
nAPP2101539528 OWL SWD OPERATING, LLC Major Produced Water Release 1/7/21 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) Yes No
nAPP2101836808 FRONTIER FIELD SERVICES, LLC Major Oil Release 1/7/21 Crude Oil 65 45 20 BBL Corrosion Lea (25) No No
nAPP2101333095 XTO ENERGY, INC Minor Produced Water Release 1/7/21 Produced Water 19 13 6 BBL Equipment Failure Eddy (15) No No
nAPP2101551720 DJR OPERATING, LLC Minor Oil Release 1/7/21 Crude Oil 9 9 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2101836808 FRONTIER FIELD SERVICES, LLC Major Oil Release 1/7/21 Produced Water 20 10 10 BBL Corrosion Lea (25) No No
nAPP2102530060 COG OPERATING LLC Minor Release Other 1/6/21 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAPP2101549413 DJR OPERATING, LLC Minor Oil Release 1/6/21 Crude Oil 21 14 7 BBL Equipment Failure Sandoval (43) No No
nAPP2102530060 COG OPERATING LLC Minor Release Other 1/6/21 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nAPP2101926047 XTO ENERGY, INC Major Produced Water Release 1/6/21 Produced Water 60 60 0 BBL Equipment Failure Eddy (15) No No
nAPP2100817721 CIMAREX ENERGY CO. Minor Produced Water Release 1/6/21 Produced Water 8 8 0 BBL Human Error Eddy (15) No No
nAPP2101437181 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 1/5/21 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2100548611 MARATHON OIL PERMIAN LLC Minor Produced Water Release 1/5/21 Produced Water 18 18 0 BBL Equipment Failure Eddy (15) No No
nAPP2101041762 Spur Energy Partners LLC Major Produced Water Release 1/4/21 Produced Water 60 40 20 BBL Equipment Failure Eddy (15) No No
nAPP2101938171 COG OPERATING LLC Major Oil Release 1/4/21 Crude Oil 200 165 35 BBL Corrosion Lea (25) No No
nAPP2100625669 CAZA OPERATING, LLC Major Fire 1/4/21 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2100625669 CAZA OPERATING, LLC Major Fire 1/4/21 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nAPP2100625669 CAZA OPERATING, LLC Major Fire 1/4/21 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2101242104 HILCORP ENERGY COMPANY Major Release Other 1/4/21 Crude Oil 29 0 29 BBL Corrosion San Juan (45) No No
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nAPP2100455356 CENTENNIAL RESOURCE PRODUCTION, LLC Major Oil Release 1/3/21 Crude Oil 75 60 15 BBL Equipment Failure Lea (25) No No
nAPP2100847227 XTO ENERGY, INC Major Produced Water Release 1/2/21 Produced Water 35 33 2 BBL Equipment Failure Eddy (15) No No
nAPP2100838523 XTO ENERGY, INC Minor Produced Water Release 1/2/21 Produced Water 20 12 8 BBL Equipment Failure Eddy (15) No No
nAPP2100441738 RAY WESTALL OPERATING, INC. Minor Oil Release 12/31/20 Condensate 5 0 5 BBL Equipment Failure Eddy (15) No No
nAPP2101535199 COG OPERATING LLC Major Oil Release 12/31/20 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAPP2100636827 Tamaroa Operating, LLC Major Oil Release 12/31/20 Crude Oil 40 30 10 BBL Equipment Failure Chaves (05) No No
nAPP2101256274 COG OPERATING LLC Minor Release Other 12/31/20 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2102942727 OXY USA INC Major Oil Release 12/31/20 Crude Oil 30 25 5 BBL Human Error Eddy (15) No No
nAPP2101553249 Tamaroa Operating, LLC Major Oil Release 12/31/20 Crude Oil 40 30 10 BBL Equipment Failure Chaves (05) No No
nAPP2100636827 Tamaroa Operating, LLC Major Oil Release 12/31/20 Produced Water 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2100636827 Tamaroa Operating, LLC Major Oil Release 12/31/20 Condensate 0 0 0 BBL Normal Operations Chaves (05) No No
nAPP2100849943 ETC Texas Pipeline, Ltd. Major Oil Release 12/31/20 Crude Oil 30 0 30 BBL Corrosion Lea (25) No No
nAPP2101256274 COG OPERATING LLC Minor Release Other 12/31/20 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAPP2101553249 Tamaroa Operating, LLC Major Oil Release 12/31/20 Produced Water 0 0 0 BBL Equipment Failure Chaves (05) No No
nAPP2101553249 Tamaroa Operating, LLC Major Oil Release 12/31/20 Condensate 0 0 0 BBL Equipment Failure Chaves (05) No No
nAPP2036536104 MARATHON OIL PERMIAN LLC Major Produced Water Release 12/30/20 Produced Water 100 100 0 BBL Equipment Failure Eddy (15) No No
nAPP2101257748 SIMCOE LLC Major Produced Water Release 12/29/20 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nAPP2036443181 MARATHON OIL PERMIAN LLC Major Oil Release 12/29/20 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2100442670 APACHE CORPORATION Minor Produced Water Release 12/29/20 Crude Oil 1 0 1 BBL Human Error Lea (25) No No
nAPP2101257748 SIMCOE LLC Major Produced Water Release 12/29/20 Produced Water 54 40 14 BBL Freeze San Juan (45) No No
nAPP2100834529 XTO ENERGY, INC Minor Produced Water Release 12/29/20 Produced Water 10 6 4 BBL Equipment Failure Eddy (15) No No
nAPP2101257748 SIMCOE LLC Major Produced Water Release 12/29/20 Condensate 0 0 0 BBL Freeze San Juan (45) No No
nAPP2100442670 APACHE CORPORATION Minor Produced Water Release 12/29/20 Produced Water 12 0 12 BBL Human Error Lea (25) No No
nAPP2101257748 SIMCOE LLC Major Produced Water Release 12/29/20 Produced Water 54 40 14 BBL Freeze San Juan (45) No No
nAPP2101551338 EOG RESOURCES INC Major Oil Release 12/28/20 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAPP2100832034 XTO ENERGY, INC Minor Produced Water Release 12/28/20 Produced Water 5 1 4 BBL Human Error Eddy (15) No No
nAPP2036353918 MARATHON OIL PERMIAN LLC Minor Produced Water Release 12/28/20 Produced Water 9 8 1 BBL Equipment Failure Eddy (15) No No
nAPP2101236034 COG OPERATING LLC Minor Produced Water Release 12/28/20 Produced Water 6 5 1 BBL Corrosion Lea (25) No No
nAPP2100543121 Spur Energy Partners LLC Minor Produced Water Release 12/28/20 Produced Water 16 15 1 BBL Other Eddy (15) No No
nAPP2101238142 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/27/20 Produced Water 91 91 0 BBL Corrosion Lea (25) No No
nAPP2100441900 APACHE CORPORATION Minor Produced Water Release 12/27/20 Produced Water 18 15 3 BBL Equipment Failure Lea (25) No No

nAPP2036429245
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Produced Water Release 12/26/20 Produced Water 43 43 0 BBL Human Error San Juan (45) No No

nAPP2100733648 EOG RESOURCES INC Major Release Other 12/25/20 Crude Oil 167 167 0 BBL Corrosion Lea (25) No No
nAPP2036347592 CHEVRON U S A INC Major Produced Water Release 12/25/20 Produced Water 63 40 23 BBL Equipment Failure Lea (25) No No
nAPP2100733648 EOG RESOURCES INC Major Release Other 12/25/20 Produced Water 100 100 0 BBL Corrosion Lea (25) No No
nAPM2410953350 CHEVRON U S A INC Major Produced Water Release 12/25/20 Produced Water 63 40 23 BBL Corrosion Lea (25) No No
nAPP2036338293 Spur Energy Partners LLC Major Produced Water Release 12/24/20 Produced Water 35 30 5 BBL Normal Operations Eddy (15) No No
nAPP2100735068 COG OPERATING LLC Major Release Other 12/24/20 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nAPP2100423987 Enterprise Field Services, LLC Major Natural Gas Release 12/24/20 Condensate 0 0 0 BBL Other San Juan (45) No No
nAPP2036561497 MATADOR PRODUCTION COMPANY Major Produced Water Release 12/24/20 Produced Water 100 80 20 BBL Equipment Failure Lea (25) No No
nAPP2100735068 COG OPERATING LLC Major Release Other 12/24/20 Produced Water 372 355 17 BBL Equipment Failure Lea (25) No No
nAPP2103557478 OXY USA INC Minor Produced Water Release 12/23/20 Produced Water 10 0 10 BBL Corrosion Union (59) No No
nAPP2105050332 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/23/20 Produced Water 367 5 362 BBL Human Error Lea (25) No No
nAPP2110253617 Spur Energy Partners LLC Major Release Other 12/23/20 Brine Water 100500 100000 500 BBL Other Eddy (15) No No
nAPP2100744121 LOGOS OPERATING, LLC Minor Other 12/23/20 Condensate 5 0 5 BBL Equipment Failure Rio Arriba (39) No No
nAPP2100630427 ETC Texas Pipeline, Ltd. Major Natural Gas Release 12/23/20 Natural Gas Liquids 49 45 4 BBL Corrosion Lea (25) No No
nRM2014358600 RAYBAW Operating, LLC Major Oil Release 12/22/20 Crude Oil 31 23 8 BBL Equipment Failure Eddy (15) No No
nAPP2101345491 EOG RESOURCES INC Major Produced Water Release 12/22/20 Produced Water 315 300 15 BBL Equipment Failure Lea (25) No No
nAPP2100547196 XTO ENERGY, INC Minor Produced Water Release 12/22/20 Produced Water 14 14 0 BBL Equipment Failure Eddy (15) No No
nAPP2100546416 XTO ENERGY, INC Major Fire 12/22/20 Glycol 0 0 0 BBL Equipment Failure Eddy (15) No No
nAPP2036337003 PLAINS MARKETING L.P. Minor Oil Release 12/22/20 Crude Oil 20 2 18 BBL Equipment Failure Eddy (15) No No
nAPP2035932766 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Oil Release 12/22/20 Crude Oil 16 5 11 BBL Equipment Failure Lea (25) No No
nAPP2035750544 Harvest Four Corners, LLC Major Natural Gas Release 12/21/20 Crude Oil 424 0 424 BBL Equipment Failure San Juan (45) No No
nAPP2036459251 Extex Operating Company Minor Oil Release 12/21/20 Crude Oil 19 0 19 BBL Other Lea (25) No No
nAPP2100449115 Maverick Permian LLC Minor Produced Water Release 12/21/20 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2100428768 XTO ENERGY, INC Major Fire 12/21/20 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAPP2100438243 DJR OPERATING, LLC Major Oil Release 12/21/20 Crude Oil 30 30 0 BBL Equipment Failure San Juan (45) No No
nAPP2100449115 Maverick Permian LLC Minor Produced Water Release 12/21/20 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nAPP2036555459 XTO ENERGY, INC Major Oil Release 12/20/20 Crude Oil 28 28 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2035543036 MARATHON OIL PERMIAN LLC Major Oil Release 12/20/20 Other (Specify) 250 250 0 BBL Equipment Failure Eddy (15) No No
nAPP2036555459 XTO ENERGY, INC Major Oil Release 12/20/20 Produced Water 32 32 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2100652976 OXY USA INC Major Produced Water Release 12/19/20 Produced Water 120 119 1 BBL Equipment Failure Lea (25) No No
nAPP2036554434 XTO ENERGY, INC Major Produced Water Release 12/19/20 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nAPP2101458051 EOG RESOURCES INC Minor Produced Water Release 12/19/20 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAPP2107740702 OXY USA INC Major Produced Water Release 12/19/20 Produced Water 120 119 1 BBL Equipment Failure Lea (25) No No
nAPP2036552621 XTO ENERGY, INC Minor Oil Release 12/19/20 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAPP2036552621 XTO ENERGY, INC Minor Oil Release 12/19/20 Produced Water 6 4 2 BBL Corrosion Eddy (15) No No
nAPP2100420454 Enterprise Field Services, LLC Natural Gas Release 12/18/20 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nAPP2036148166 COG OPERATING LLC Minor Release Other 12/18/20 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAPP2035756355 TAP ROCK OPERATING, LLC Minor Oil Release 12/18/20 Crude Oil 21 21 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2035648546 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 12/18/20 Crude Oil 140 140 0 BBL Human Error Lea (25) No No
nAPP2036148166 COG OPERATING LLC Minor Release Other 12/18/20 Produced Water 5 4 1 BBL Corrosion Lea (25) No No
nAPP2035734383 Pima Environmental Services, LLC Minor Oil Release 12/18/20 Crude Oil 9 9 0 BBL Equipment Failure Eddy (15) No No
nAPP2036546170 Enterprise Field Services, LLC Minor Natural Gas Release 12/17/20 Condensate 10 0 10 BBL Other Lea (25) No No
nAPP2036551506 XTO ENERGY, INC Major Produced Water Release 12/17/20 Produced Water 125 120 5 BBL Equipment Failure Eddy (15) No No
nAPP2100645694 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/16/20 Crude Oil 5 5 0 BBL Other Lea (25) No No
nAPP2100645694 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/16/20 Produced Water 90 85 5 BBL Other Lea (25) No No
nAPP2036549855 XTO ENERGY, INC Major Oil Release 12/16/20 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAPP2036549855 XTO ENERGY, INC Major Oil Release 12/16/20 Produced Water 59 49 10 BBL Equipment Failure Eddy (15) No No
nAPP2036546984 Enterprise Field Services, LLC Major Natural Gas Release 12/15/20 Condensate 1 0 1 BBL Human Error Eddy (15) No No
nAPP2035233416 GRAND BANKS ENERGY CO Major Oil Release 12/15/20 Crude Oil 100 97 3 BBL Equipment Failure Lea (25) No No
nAPP2102858169 OXY USA INC Major Produced Water Release 12/14/20 Crude Oil 10 6 4 BBL Equipment Failure Eddy (15) No No
nAPP2109053577 Extex Operating Company Minor Produced Water Release 12/14/20 Produced Water 12 8 4 BBL Corrosion Lea (25) No No
nAPP2102858169 OXY USA INC Major Produced Water Release 12/14/20 Produced Water 80 50 30 BBL Equipment Failure Eddy (15) No No
nAPP2106853422 OXY USA INC Minor Oil Release 12/13/20 Crude Oil 5 1 4 BBL Equipment Failure Eddy (15) No No
nAPP2106853422 OXY USA INC Minor Oil Release 12/13/20 Produced Water 10 4 6 BBL Equipment Failure Eddy (15) No No
nAPP2100653714 OXY USA INC Minor Oil Release 12/13/20 Crude Oil 5 1 4 BBL Equipment Failure Eddy (15) No No
nAPP2100653714 OXY USA INC Minor Oil Release 12/13/20 Produced Water 10 4 6 BBL Equipment Failure Eddy (15) No No
nAPP2034925913 MARATHON OIL PERMIAN LLC Major Produced Water Release 12/12/20 Produced Water 96 96 0 BBL Equipment Failure Lea (25) No No
nAPP2124535531 EOG RESOURCES INC Major Oil Release 12/12/20 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2124535531 EOG RESOURCES INC Major Oil Release 12/12/20 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAPP2109649049 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/11/20 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2109649049 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/11/20 Produced Water 176 7 169 BBL Equipment Failure Lea (25) No No
nAPP2109649049 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/11/20 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nAPP2109649049 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/11/20 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
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nAPP2034638606 MARATHON OIL PERMIAN LLC Major Produced Water Release 12/9/20 Produced Water 50 50 0 BBL Corrosion Lea (25) No No
nAPP2107741194 OXY USA INC Major Oil Release 12/9/20 Crude Oil 1200 1195 5 BBL Equipment Failure Lea (25) No No
nAPP2103643602 Harvest Four Corners, LLC Major Natural Gas Release 12/9/20 Condensate 92 92 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2103643602 Harvest Four Corners, LLC Major Natural Gas Release 12/9/20 Produced Water 30 30 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAPP2102858723 OXY USA INC Minor Produced Water Release 12/8/20 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nAPP2100743548 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 12/8/20 Crude Oil 1 1 0 BBL Other Eddy (15) No No
nAPP2100743548 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 12/8/20 Produced Water 8 7 1 BBL Other Eddy (15) No No
nAPP2036146879 COG OPERATING LLC Major Release Other 12/7/20 Crude Oil 35 30 5 BBL Equipment Failure Lea (25) No No
nAPP2035221813 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 12/7/20 Crude Oil 634 624 10 BBL Equipment Failure Eddy (15) No No
nAPP2036146879 COG OPERATING LLC Major Release Other 12/7/20 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nAPP2035151755 CROSS TIMBERS ENERGY, LLC Minor Oil Release 12/7/20 Crude Oil 12 0 12 BBL Equipment Failure Lea (25) No No
nAPP2035256502 APACHE CORPORATION Minor Produced Water Release 12/7/20 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAPP2035221813 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 12/7/20 Produced Water 325 246 79 BBL Equipment Failure Eddy (15) No No
nAPP2035332473 CHEVRON U S A INC Minor Oil Release 12/7/20 Crude Oil 4 4 0 BBL Other Lea (25) No No
nAPP2035647738 Avant Operating, LLC Major Natural Gas Release 12/7/20 Crude Oil 5 0 5 BBL Fire Lea (25) No No
nAPP2035256502 APACHE CORPORATION Minor Produced Water Release 12/7/20 Produced Water 9 4 5 BBL Corrosion Eddy (15) No No
nAPP2035332473 CHEVRON U S A INC Minor Oil Release 12/7/20 Produced Water 6 6 0 BBL Other Lea (25) No No
nRM2035146846 Spur Energy Partners LLC Major Produced Water Release 12/7/20 Produced Water 100 97 3 BBL Corrosion Eddy (15) No No
nAPP2035646158 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/6/20 Crude Oil 13 5 8 BBL Other Eddy (15) No No
nAPP2035256230 XTO ENERGY, INC Major Fire 12/4/20 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2035649889 COG OPERATING LLC Minor Release Other 12/4/20 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nAPP2036563650 MATADOR PRODUCTION COMPANY Minor Produced Water Release 12/4/20 Produced Water 23 0 23 BBL Equipment Failure Lea (25) No No
nAPP2035649889 COG OPERATING LLC Minor Release Other 12/4/20 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nAPP2035137305 HILCORP ENERGY COMPANY Major Produced Water Release 12/4/20 Produced Water 44 7 37 BBL Freeze San Juan (45) No No
nAPP2035137305 HILCORP ENERGY COMPANY Major Produced Water Release 12/4/20 Condensate 67 8 59 BBL Freeze San Juan (45) No No
nAPP2035326198 APACHE CORPORATION Minor Produced Water Release 12/3/20 Crude Oil 3 0 3 BBL Other Lea (25) No No
nAPP2035326198 APACHE CORPORATION Minor Produced Water Release 12/3/20 Produced Water 12 0 12 BBL Other Lea (25) No No
nAPP2035254726 XTO ENERGY, INC Major Fire 12/3/20 Condensate 0 0 0 BBL Fire Eddy (15) No No
nAPP2034962750 CHEVRON U S A INC Major Produced Water Release 12/2/20 Produced Water 123 97 26 BBL Corrosion Lea (25) No No
nAPP2035757045 LOGOS OPERATING, LLC Other 12/2/20 Other (Specify) 1 0 1 BBL Equipment Failure Rio Arriba (39) No No
nRM2035039644 EOG RESOURCES INC Minor Release Other 12/1/20 Condensate 19 0 19 BBL Corrosion Eddy (15) No No
nRM2035042548 EOG RESOURCES INC Minor Release Other 12/1/20 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nAPP2035167923 OXY USA INC Major Oil Release 12/1/20 Crude Oil 18 15 3 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nRM2035042548 EOG RESOURCES INC Minor Release Other 12/1/20 Condensate 2 0 2 BBL Corrosion Eddy (15) No No
nRM2035349510 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 12/1/20 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nAPP2035167923 OXY USA INC Major Oil Release 12/1/20 Produced Water 50 45 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nRM2034952669 EPIC ENERGY, L.L.C. Minor Oil Release 11/30/20 Crude Oil 11 0 11 BBL Equipment Failure Rio Arriba (39) No No
nAPP2036441453 Spur Energy Partners LLC Major Produced Water Release 11/30/20 Crude Oil 18 15 3 BBL Equipment Failure Eddy (15) No No
nRM2034561113 CIMAREX ENERGY CO. Major Produced Water Release 11/30/20 Produced Water 155 100 55 BBL Corrosion Eddy (15) No No
nAPP2036441453 Spur Energy Partners LLC Major Produced Water Release 11/30/20 Produced Water 32 26 6 BBL Equipment Failure Eddy (15) No No
nAPP2035244659 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/29/20 Crude Oil 18 18 0 BBL Human Error Lea (25) No No
nRM2035052334 APACHE CORPORATION Minor Release Other 11/29/20 Crude Oil 8 5 3 BBL Equipment Failure Lea (25) No No
nRM2034629187 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/29/20 Produced Water 25 25 0 BBL Equipment Failure Lea (25) No No
nRM2035052334 APACHE CORPORATION Minor Release Other 11/29/20 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nAPP2035043476 COG OPERATING LLC Minor Produced Water Release 11/28/20 Produced Water 7 6 1 BBL Corrosion Lea (25) No No
nAPP2034638293 XTO ENERGY, INC Major Produced Water Release 11/28/20 Crude Oil 17 11 6 BBL Equipment Failure Eddy (15) No No
nRM2034960665 BTA OIL PRODUCERS, LLC Minor Produced Water Release 11/28/20 Produced Water 12 0 12 BBL Equipment Failure Lea (25) No No
nAPP2034638293 XTO ENERGY, INC Major Produced Water Release 11/28/20 Produced Water 221 139 82 BBL Equipment Failure Eddy (15) No No
nRM2034960665 BTA OIL PRODUCERS, LLC Minor Produced Water Release 11/28/20 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nAPP2035138293 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/27/20 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nRM2034559088 MARATHON OIL PERMIAN LLC Minor Produced Water Release 11/26/20 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nRM2035158646 XTO ENERGY, INC Major Produced Water Release 11/26/20 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
nRM2034259537 Spur Energy Partners LLC Minor Produced Water Release 11/25/20 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nAPP2106151803 OXY USA INC Minor Oil Release 11/25/20 Crude Oil 15 12 3 BBL Other Eddy (15) No No
nRM2035342531 Enterprise Field Services, LLC Major Release Other 11/25/20 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nRM2035044372 BTA OIL PRODUCERS, LLC Minor Release Other 11/25/20 Crude Oil 11 10 1 BBL Corrosion Lea (25) No No
nAPP2035047416 COG OPERATING LLC Minor Produced Water Release 11/25/20 Produced Water 20 15 5 BBL Corrosion Lea (25) No No
nRM2034254162 Spur Energy Partners LLC Minor Produced Water Release 11/25/20 Produced Water 17 15 2 BBL Corrosion Eddy (15) No No
nRM2035044372 BTA OIL PRODUCERS, LLC Minor Release Other 11/25/20 Produced Water 11 10 1 BBL Corrosion Lea (25) No No
nRM2034932546 WPX Energy Permian, LLC Minor Produced Water Release 11/25/20 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nRM2034258716 WPX Energy Permian, LLC Minor Oil Release 11/24/20 Crude Oil 7 6 1 BBL Equipment Failure Eddy (15) No No
nRM2035141458 EL PASO NATURAL GAS CO Major Release Other 11/23/20 Other (Specify) 10000 2000 8000 GAL Normal Operations Dona Ana (13) No No
nRM2033924296 WPX Energy Permian, LLC Minor Release Other 11/23/20 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nRM2033924296 WPX Energy Permian, LLC Minor Release Other 11/23/20 Produced Water 18 18 0 BBL Equipment Failure Eddy (15) No No
nRM2034247342 Spur Energy Partners LLC Minor Produced Water Release 11/23/20 Produced Water 8 5 3 BBL Other Eddy (15) No No
nRM2034257903 3BEAR FIELD SERVICES, LLC Major Produced Water Release 11/20/20 Produced Water 4000 4000 0 BBL Equipment Failure Eddy (15) No No
nRM2034645955 XTO ENERGY, INC Major Produced Water Release 11/19/20 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
nRM2034929754 XTO ENERGY, INC Major Produced Water Release 11/19/20 Produced Water 99 99 0 BBL Corrosion Eddy (15) No No
nRM2035060074 COG OPERATING LLC Minor Produced Water Release 11/19/20 Produced Water 23 18 5 BBL Equipment Failure Eddy (15) No No
nRM2034957931 LOGOS OPERATING, LLC Major Release Other 11/18/20 Crude Oil 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nRM2034957931 LOGOS OPERATING, LLC Major Release Other 11/18/20 Produced Water 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nRM2033742638 CHEVRON U S A INC Major Produced Water Release 11/17/20 Produced Water 205 170 35 BBL Equipment Failure Lea (25) No No
nRM2035144227 Silverback Operating II, LLC Minor Produced Water Release 11/16/20 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No
nRM2032957547 LH Operating, LLC Minor Produced Water Release 11/16/20 Produced Water 7 0 7 BBL Vehicular Accident Eddy (15) No No
nRM2033535013 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/16/20 Produced Water 480 480 0 BBL Equipment Failure Eddy (15) No No
nRM2034630572 XTO ENERGY, INC Minor Produced Water Release 11/15/20 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nRM2034558291 COG OPERATING LLC Major Produced Water Release 11/15/20 Produced Water 74 70 4 BBL Human Error Eddy (15) No No
nRM2033543713 CENTENNIAL RESOURCE PRODUCTION, LLC Major Produced Water Release 11/15/20 Produced Water 100 5 95 BBL Corrosion Lea (25) No No
nAPP2201529787 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/14/20 Produced Water 168 0 168 BBL Other Eddy (15) No No
nRM2033557420 CIMAREX ENERGY CO. Major Produced Water Release 11/14/20 Produced Water 75 74 1 BBL Human Error Eddy (15) No No
nRM2033632817 OXY USA INC Minor Release Other 11/14/20 Crude Oil 6 2 4 BBL Equipment Failure Lea (25) No No
nRM2033632817 OXY USA INC Minor Release Other 11/14/20 Produced Water 4 1 3 BBL Equipment Failure Lea (25) No No
nRM2033530478 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/13/20 Natural Gas Liquids 45 45 0 BBL Equipment Failure Eddy (15) No No
nRM2033631417 XTO ENERGY, INC Oil Release 11/13/20 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM2032954682 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/13/20 Produced Water 214 50 164 BBL Equipment Failure Eddy (15) No No
nRM2034955878 CHEVRON U S A INC Major Natural Gas Release 11/13/20 Produced Water 123 97 26 BBL Equipment Failure Lea (25) No No
nRM2033747232 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/13/20 Produced Water 15 5 10 BBL Corrosion Lea (25) No No
nRM2033657348 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/12/20 Produced Water 20 1 19 BBL Corrosion Lea (25) No No
nRM2034557149 COG OPERATING LLC Major Produced Water Release 11/12/20 Produced Water 133 0 133 BBL Human Error Lea (25) No No
nRM2033639744 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 11/12/20 Crude Oil 21 21 0 BBL Equipment Failure Lea (25) No No
nRM2033639744 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 11/12/20 Produced Water 162 162 0 BBL Equipment Failure Lea (25) No No
nRM2032954014 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/11/20 Produced Water 105 105 0 BBL Equipment Failure Eddy (15) No No
nRM2033843685 COG OPERATING LLC Minor Produced Water Release 11/11/20 Produced Water 11 11 0 BBL Human Error Eddy (15) No No
nRM2032953121 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 11/11/20 Condensate 5 0 5 BBL Other San Juan (45) No No
nRM2032857772 Grizzly Operating, LLC Minor Produced Water Release 11/9/20 Produced Water 12 12 0 BBL Vehicular Accident Lea (25) No No
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nRM2032948402 WPX Energy Permian, LLC Minor Release Other 11/8/20 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nRM2032948402 WPX Energy Permian, LLC Minor Release Other 11/8/20 Produced Water 3 2 1 BBL Equipment Failure Eddy (15) No No
nAPP2103559332 OXY USA INC Minor Oil Release 11/7/20 Crude Oil 20 19 1 BBL Equipment Failure Eddy (15) No No
nRM2033752202 DAVIS GAS PROCESSING CO Minor Release Other 11/7/20 Produced Water 9 8 1 BBL Human Error Lea (25) No No
nAPP2100654537 OXY USA INC Minor Oil Release 11/7/20 Crude Oil 20 19 1 BBL Equipment Failure Eddy (15) No No
nRM2032940170 OXY USA INC Minor Release Other 11/7/20 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nRM2033752202 DAVIS GAS PROCESSING CO Minor Release Other 11/7/20 Condensate 9 8 1 BBL Human Error Lea (25) No No
nRM2032940170 OXY USA INC Minor Release Other 11/7/20 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nRM2032831768 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/6/20 Produced Water 53 51 2 BBL Corrosion Eddy (15) No No
nRM2033654298 SIMCOE LLC Minor Produced Water Release 11/6/20 Produced Water 18 0 18 BBL Corrosion San Juan (45) No No
nRM2032958391 Enterprise Field Services, LLC Major Release Other 11/6/20 Condensate 0 0 0 BBL Equipment Failure Sandoval (43) No No
nAPP2036555739 CAMERON OIL & GAS INC Major Release Other 11/6/20 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2036555739 CAMERON OIL & GAS INC Major Release Other 11/6/20 Produced Water 0 0 0 BBL Other Lea (25) No No
nRM2033528219 Spur Energy Partners LLC Major Release Other 11/5/20 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nRM2033528219 Spur Energy Partners LLC Major Release Other 11/5/20 Produced Water 38 28 10 BBL Equipment Failure Eddy (15) No No
nRM2032861231 CHEVRON U S A INC Minor Produced Water Release 11/4/20 Produced Water 6 3 3 BBL Corrosion Lea (25) No No
nRM2032949553 COG OPERATING LLC Major Produced Water Release 11/4/20 Produced Water 30 0 30 BBL Corrosion Eddy (15) No No
nRM2032543233 CIMAREX ENERGY CO. Minor Produced Water Release 11/4/20 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No

nRM2033538690
SUNOCO PARTNERS MARKETING & TERMINALS 
L.P Minor Oil Release 11/3/20 Crude Oil 16 6 10 BBL Equipment Failure Eddy (15) No No

nRM2033660390 OXY USA INC Major Oil Release 11/3/20 Crude Oil 83 80 3 BBL Equipment Failure Eddy (15) No No
nAPP2113042718 OXY USA INC Minor Produced Water Release 11/2/20 Produced Water 19 8 11 BBL Corrosion Union (59) No No
nRM2033536188 Permian Resources Operating, LLC Major Oil Release 11/2/20 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nCS2035753482 EPIC ENERGY, L.L.C. Major Other 11/2/20 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nRM2032137935 RAYBAW Operating, LLC Major Produced Water Release 11/2/20 Produced Water 80 80 0 BBL Equipment Failure Eddy (15) No No
nRM2032955840 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/2/20 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nRM2035059346 MACK ENERGY CORP Major Release Other 11/1/20 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nRM2035059346 MACK ENERGY CORP Major Release Other 11/1/20 Produced Water 35 2 33 BBL Equipment Failure Eddy (15) No No
nRM2032136743 MARATHON OIL PERMIAN LLC Minor Produced Water Release 10/31/20 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nAPP2100651883 OXY USA INC Minor Produced Water Release 10/30/20 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAPP2109549390 OXY USA INC Minor Produced Water Release 10/30/20 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAPP2104630028 CHEVRON U S A INC Minor Produced Water Release 10/29/20 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nRM2031143688 OXY USA INC Minor Produced Water Release 10/29/20 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nAPP2104650946 CHEVRON U S A INC Minor Produced Water Release 10/29/20 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAPP2104630028 CHEVRON U S A INC Minor Produced Water Release 10/29/20 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nRM2033659759 OXY USA INC Minor Release Other 10/29/20 Crude Oil 10 9 1 BBL Corrosion Eddy (15) No No
nRM2007835710 EOG RESOURCES INC Minor Release Other 10/29/20 Other (Specify) 20 0 20 BBL Equipment Failure Lea (25) No No
nRM2031037118 OXY USA INC Major Oil Release 10/29/20 Crude Oil 29 1 28 BBL Equipment Failure Eddy (15) No No
nRM2033659759 OXY USA INC Minor Release Other 10/29/20 Produced Water 2 1 1 BBL Corrosion Eddy (15) No No
nRM2030857815 DCP OPERATING COMPANY, LP Major Release Other 10/28/20 Condensate 0 0 0 BBL Corrosion Lea (25) No No
nRM2032941533 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/28/20 Produced Water 22 22 0 BBL Equipment Failure Eddy (15) No No
nRM2032829991 APACHE CORPORATION Minor Release Other 10/28/20 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nRM2032829991 APACHE CORPORATION Minor Release Other 10/28/20 Produced Water 14 1 13 BBL Equipment Failure Lea (25) No No
nRM2031144413 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 10/27/20 Produced Water 350 300 50 BBL Equipment Failure Lea (25) No No
nRM2032945645 COG OPERATING LLC Major Produced Water Release 10/27/20 Produced Water 28 24 4 BBL Corrosion Eddy (15) No No
nRM2030944647 CIMAREX ENERGY CO. Minor Produced Water Release 10/26/20 Produced Water 8 7 1 BBL Human Error Eddy (15) No No
nRM2032857078 COG OPERATING LLC Major Release Other 10/25/20 Crude Oil 20 18 2 BBL Equipment Failure Lea (25) No No
nRM2032854992 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 10/25/20 Crude Oil 7 0 7 BBL Equipment Failure San Juan (45) No No
nRM2032857078 COG OPERATING LLC Major Release Other 10/25/20 Produced Water 25 23 2 BBL Equipment Failure Lea (25) No No
nRM2030937304 CIMAREX ENERGY CO. Major Produced Water Release 10/25/20 Produced Water 195 195 0 BBL Corrosion Eddy (15) No No
nRM2033658364 OXY USA INC Major Produced Water Release 10/25/20 Produced Water 40 15 25 BBL Equipment Failure Eddy (15) No No
nRM2032854992 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 10/25/20 Lube Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nAPP2231126594 WPX Energy Permian, LLC Major Produced Water Release 10/25/20 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) Yes No
nRM2032547162 COG OPERATING LLC Minor Produced Water Release 10/23/20 Produced Water 10 10 0 BBL Corrosion Lea (25) No No
nRM2034954593 EOG RESOURCES INC Major Release Other 10/23/20 Crude Oil 10 0 10 BBL Other Eddy (15) No No
nRM2034954593 EOG RESOURCES INC Major Release Other 10/23/20 Produced Water 90 0 90 BBL Other Eddy (15) No No
nRM2032540707 CHISHOLM ENERGY OPERATING, LLC Major Produced Water Release 10/22/20 Produced Water 100 75 25 BBL Equipment Failure Eddy (15) No No
nRM2032141310 EOG RESOURCES INC Minor Release Other 10/22/20 Crude Oil 5 2 3 BBL Corrosion Lea (25) No No
nRM2032858637 SIMCOE LLC Minor Produced Water Release 10/22/20 Produced Water 14 0 14 BBL Human Error San Juan (45) No No
nRM2032538822 HILCORP ENERGY COMPANY Major Release Other 10/22/20 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nRM2032141310 EOG RESOURCES INC Minor Release Other 10/22/20 Produced Water 5 1 4 BBL Corrosion Lea (25) No No
nRM2032541640 COG OPERATING LLC Minor Release Other 10/21/20 Crude Oil 3 2 1 BBL Corrosion Lea (25) No No
nRM2032541640 COG OPERATING LLC Minor Release Other 10/21/20 Produced Water 15 12 3 BBL Corrosion Lea (25) No No
nAPP2105452489 APACHE CORPORATION Minor Produced Water Release 10/20/20 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nRM2032853982 APACHE CORPORATION Minor Release Other 10/20/20 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAPP2105452489 APACHE CORPORATION Minor Produced Water Release 10/20/20 Produced Water 19 0 19 BBL Equipment Failure Lea (25) No No
nRM2032853982 APACHE CORPORATION Minor Release Other 10/20/20 Produced Water 19 0 19 BBL Corrosion Lea (25) No No
nRM2030932103 EOG RESOURCES INC Major Oil Release 10/20/20 Crude Oil 172 0 172 BBL Corrosion Lea (25) No No
nRM2030230289 MEWBOURNE OIL CO Major Produced Water Release 10/19/20 Produced Water 150 20 130 BBL Equipment Failure Eddy (15) No No
nRM2030456172 LUCID ENERGY DELAWARE, LLC Major Release Other 10/19/20 Condensate 5 0 5 BBL Equipment Failure Lea (25) No No
nRM2029455049 WPX Energy Permian, LLC Major Release Other 10/18/20 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nRM2031147310 XTO ENERGY, INC Minor Produced Water Release 10/18/20 Produced Water 9 8 1 BBL Corrosion Eddy (15) No No
nRM2033659038 OXY USA INC Minor Produced Water Release 10/18/20 Produced Water 10 2 8 BBL Other Eddy (15) No No
nRM2029455049 WPX Energy Permian, LLC Major Release Other 10/18/20 Produced Water 79 79 0 BBL Corrosion Eddy (15) No No
nRM2030929244 COG OPERATING LLC Major Oil Release 10/17/20 Crude Oil 1 0 1 BBL Fire Lea (25) No No
nRM2030933548 COG OPERATING LLC Major Produced Water Release 10/17/20 Produced Water 30 7 23 BBL Corrosion Lea (25) No No
nRM2029437008 CIMAREX ENERGY CO. Minor Produced Water Release 10/16/20 Produced Water 8 8 0 BBL Equipment Failure Lea (25) No No
nRM2034453708 CAMERON OIL & GAS INC Major Release Other 10/16/20 Crude Oil 0 0 0 BBL Other Lea (25) No No
nRM2031141854 OXY USA INC Minor Oil Release 10/16/20 Crude Oil 8 0 8 BBL Equipment Failure Lea (25) No No
nRM2034533903 CAMERON OIL & GAS INC Major Release Other 10/16/20 Crude Oil 0 0 0 BBL Other Lea (25) No No
nRM2030860417 Silverback Operating II, LLC Minor Produced Water Release 10/16/20 Produced Water 7 3 4 BBL Equipment Failure Eddy (15) No No
nRM2034533903 CAMERON OIL & GAS INC Major Release Other 10/16/20 Produced Water 0 0 0 BBL Other Lea (25) No No
nRM2034453708 CAMERON OIL & GAS INC Major Release Other 10/16/20 Produced Water 0 0 0 BBL Other Lea (25) No No
nRM2034455815 CAMERON OIL & GAS INC Major Release Other 10/16/20 Crude Oil 0 0 0 BBL Other Lea (25) No No
nRM2034455815 CAMERON OIL & GAS INC Major Release Other 10/16/20 Produced Water 0 0 0 BBL Other Lea (25) No No
nRM2030232861 COG OPERATING LLC Major Release Other 10/15/20 Crude Oil 10 9 1 BBL Corrosion Eddy (15) No No
nRM2032828643 DCP OPERATING COMPANY, LP Major Release Other 10/15/20 Condensate 15 5 10 BBL Corrosion Lea (25) No No
nRM2030232861 COG OPERATING LLC Major Release Other 10/15/20 Produced Water 85 83 2 BBL Corrosion Eddy (15) No No
nAPP2035738261 ENDURING RESOURCES, LLC Major Produced Water Release 10/15/20 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nRM2029432483 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/14/20 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
nRM2030956450 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/14/20 Crude Oil 7 7 0 BBL Other Lea (25) No No
nRM2029646692 EOG RESOURCES INC Major Produced Water Release 10/14/20 Produced Water 110 0 110 BBL Equipment Failure Eddy (15) No No
nRM2030032952 COG OPERATING LLC Minor Oil Release 10/14/20 Crude Oil 15 13 2 BBL Human Error Lea (25) No No
nRM2029344863 BXP Operating, LLC Major Produced Water Release 10/14/20 Produced Water 30 30 0 BBL Corrosion Lea (25) No No
nRM2030160759 COG OPERATING LLC Minor Produced Water Release 10/14/20 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nRM2030731626 ETC Texas Pipeline, Ltd. Minor Release Other 10/13/20 Crude Oil 4 0 4 BBL Corrosion Lea (25) No No
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nRM2030159878 COG OPERATING LLC Major Produced Water Release 10/13/20 Produced Water 75 74 1 BBL Corrosion Eddy (15) No No
nRM2030731626 ETC Texas Pipeline, Ltd. Minor Release Other 10/13/20 Produced Water 4 0 4 BBL Corrosion Lea (25) No No
nRM2030836976 XTO ENERGY, INC Major Release Other 10/13/20 Other (Specify) 64 0 64 BBL Equipment Failure Eddy (15) No No
nRM2028830995 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/12/20 Produced Water 36 30 6 BBL Equipment Failure Eddy (15) No No
nRM2029531904 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 10/10/20 Condensate 0 0 0 BBL Other San Juan (45) No No
nRM2030442941 XTO ENERGY, INC Minor Release Other 10/9/20 Crude Oil 3 3 0 BBL Equipment Failure Lea (25) No No
nRM2028762234 Grizzly Operating, LLC Minor Oil Release 10/9/20 Crude Oil 22 16 6 BBL Other Eddy (15) No No
nRM2030442941 XTO ENERGY, INC Minor Release Other 10/9/20 Produced Water 3 2 1 BBL Equipment Failure Lea (25) No No
nRM2028947382 Earthstone Operating, LLC Major Release Other 10/9/20 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nRM2028947382 Earthstone Operating, LLC Major Release Other 10/9/20 Produced Water 40 38 2 BBL Equipment Failure Lea (25) No No
nRM2028765004 MARATHON OIL PERMIAN LLC Minor Produced Water Release 10/8/20 Produced Water 21 0 21 BBL Corrosion Lea (25) No No
nRM2030234533 XTO ENERGY, INC Oil Release 10/8/20 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nRM2030954654 OXY USA INC Minor Produced Water Release 10/8/20 Produced Water 20 0 20 BBL Corrosion Lea (25) No No
nRM2029653030 RAYBAW Operating, LLC Major Produced Water Release 10/8/20 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nRM2029631183 COG OPERATING LLC Major Produced Water Release 10/7/20 Produced Water 30 16 14 BBL Corrosion Lea (25) No No
nRM2029641459 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/7/20 Produced Water 180 180 0 BBL Corrosion Eddy (15) No No
nRM2030035945 XTO ENERGY, INC Major Produced Water Release 10/7/20 Produced Water 700 700 0 BBL Equipment Failure Eddy (15) No No
nRM2030042354 XTO ENERGY, INC Major Produced Water Release 10/7/20 Produced Water 30 25 5 BBL Equipment Failure Eddy (15) No No
nAPP2123949031 Lucid Artesia Company Major Natural Gas Release 10/7/20 Natural Gas Liquids 0 0 0 BBL Corrosion Eddy (15) No No
nRM2030058093 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/7/20 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nRM2029649621 XTO ENERGY, INC Minor Release Other 10/6/20 Crude Oil 3 2 1 BBL Corrosion Eddy (15) No No
nRM2029656359 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/6/20 Produced Water 514 514 0 BBL Corrosion Lea (25) No No
nRM2030056773 EOG RESOURCES INC Minor Release Other 10/6/20 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nRM2029649621 XTO ENERGY, INC Minor Release Other 10/6/20 Produced Water 6 3 3 BBL Corrosion Eddy (15) No No
nRM2030056773 EOG RESOURCES INC Minor Release Other 10/6/20 Produced Water 4 1 3 BBL Corrosion Lea (25) No No
nRM2028946301 Earthstone Operating, LLC Major Produced Water Release 10/5/20 Produced Water 35 30 5 BBL Equipment Failure Lea (25) No No
nRM2029059910 COG OPERATING LLC Minor Produced Water Release 10/5/20 Produced Water 20 19 1 BBL Corrosion Eddy (15) No No
nRM2029341496 EOG RESOURCES INC Minor Produced Water Release 10/5/20 Produced Water 5 1 4 BBL Corrosion Lea (25) No No
nRM2029540644 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 10/5/20 Crude Oil 6 1 5 BBL Equipment Failure Eddy (15) No No
nRM2028946301 Earthstone Operating, LLC Major Produced Water Release 10/5/20 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nRM2030951151 Silverback Operating II, LLC Major Produced Water Release 10/4/20 Produced Water 85 85 0 BBL Corrosion Eddy (15) No No
nRM2028334152 OWL SWD OPERATING, LLC Major Produced Water Release 10/4/20 Produced Water 4800 60 4740 BBL Vehicular Accident Lea (25) No No
nAPP2112765886 OXY USA INC Minor Produced Water Release 10/3/20 Produced Water 20 0 20 BBL Equipment Failure Harding (21) No No
nRM2029045243 COG OPERATING LLC Minor Produced Water Release 10/3/20 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No
nRM2028154760 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 10/2/20 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nRM2028154760 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 10/2/20 Produced Water 15 3 12 BBL Equipment Failure Eddy (15) No No
nRM2028132851 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 10/1/20 Crude Oil 71 71 0 BBL Equipment Failure Lea (25) No No
nCS2032243681 HILCORP ENERGY COMPANY Major Produced Water Release 10/1/20 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nRM2028948451 XTO ENERGY, INC Minor Produced Water Release 9/30/20 Produced Water 17 0 17 BBL Vehicular Accident Eddy (15) No No
nRM2027948375 MARATHON OIL PERMIAN LLC Minor Produced Water Release 9/30/20 Produced Water 18 0 18 BBL Corrosion Eddy (15) No No
nRM2028760472 APACHE CORPORATION Minor Release Other 9/30/20 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nRM2028760472 APACHE CORPORATION Minor Release Other 9/30/20 Produced Water 3 0 3 BBL Equipment Failure Lea (25) No No
nRM2027443562 Murchison Oil and Gas, LLC Major Oil Release 9/29/20 Condensate 100 0 100 BBL Corrosion Eddy (15) No No
nRM2028361748 COG OPERATING LLC Major Oil Release 9/29/20 Crude Oil 213 210 3 BBL Human Error Eddy (15) No No
nRM2027443562 Murchison Oil and Gas, LLC Major Oil Release 9/29/20 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nRM2028763451 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 9/28/20 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nRM2028764155 XTO ENERGY, INC Major Produced Water Release 9/28/20 Produced Water 67 67 0 BBL Equipment Failure Eddy (15) No No
nRM2029543600 EOG RESOURCES INC Minor Release Other 9/28/20 Crude Oil 2 1 1 BBL Corrosion Lea (25) No No
nRM2028763451 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 9/28/20 Produced Water 12 7 5 BBL Corrosion Lea (25) No No
nRM2027940748 ENDURING RESOURCES, LLC Minor Produced Water Release 9/28/20 Produced Water 9 0 9 BBL Corrosion San Juan (45) No No
nRM2029543600 EOG RESOURCES INC Minor Release Other 9/28/20 Produced Water 3 2 1 BBL Corrosion Lea (25) No No
nRM2027247695 CIMAREX ENERGY CO. Minor Release Other 9/27/20 Crude Oil 2 2 0 BBL Corrosion Lea (25) No No
nRM2028130276 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/27/20 Produced Water 61 61 0 BBL Corrosion Lea (25) No No
nRM2027247695 CIMAREX ENERGY CO. Minor Release Other 9/27/20 Produced Water 6 6 0 BBL Corrosion Lea (25) No No
nAPP2100740038 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/26/20 Crude Oil 5 5 0 BBL Other Eddy (15) No No
nRM2032830684 LUCID ENERGY DELAWARE, LLC Minor Release Other 9/26/20 Condensate 5 0 5 BBL Equipment Failure Lea (25) No No
nRM2028361120 COG OPERATING LLC Minor Release Other 9/26/20 Crude Oil 10 9 1 BBL Corrosion Eddy (15) No No
nRM2028336147 XTO ENERGY, INC Major Produced Water Release 9/26/20 Produced Water 260 260 0 BBL Equipment Failure Eddy (15) No No
nAPP2100739991 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/26/20 Crude Oil 5 5 0 BBL Other Eddy (15) No No
nRM2028361120 COG OPERATING LLC Minor Release Other 9/26/20 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nAPP2100740038 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/26/20 Produced Water 7 0 7 BBL Other Eddy (15) No No
nAPP2100739991 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/26/20 Produced Water 7 0 7 BBL Other Eddy (15) No No
nRM2027648241 WPX Energy Permian, LLC Major Produced Water Release 9/25/20 Produced Water 160 155 5 BBL Corrosion Eddy (15) No No
nRM2028029792 Maverick Permian LLC Major Oil Release 9/25/20 Crude Oil 28 10 18 BBL Equipment Failure Lea (25) No No
nRM2028059512 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/24/20 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nRM2028241966 XTO ENERGY, INC Major Produced Water Release 9/23/20 Produced Water 121 120 1 BBL Equipment Failure Eddy (15) No No
nRM2034536402 OXY USA INC Minor Produced Water Release 9/23/20 Produced Water 8 0 8 BBL Human Error Lea (25) No No
nRM2028239353 XTO ENERGY, INC Minor Produced Water Release 9/23/20 Produced Water 10 9 1 BBL Human Error Eddy (15) No No
nRM2027531899 HARVARD PETROLEUM COMPANY, LLC Major Oil Release 9/22/20 Crude Oil 40 38 2 BBL Corrosion Eddy (15) No No
nRM2028955593 OXY USA INC Minor Oil Release 9/22/20 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nRM2028042882 XTO ENERGY, INC Major Fire 9/22/20 Other (Specify) 0 0 0 BBL Fire Eddy (15) No No
nRM2026856616 WPX Energy Permian, LLC Minor Release Other 9/21/20 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nRM2026954807 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 9/21/20 Produced Water 120 120 0 BBL Corrosion Lea (25) No No
nRM2027439414 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/21/20 Produced Water 8 3 5 BBL Corrosion Lea (25) No No
nRM2026856616 WPX Energy Permian, LLC Minor Release Other 9/21/20 Produced Water 13 6 7 BBL Equipment Failure Eddy (15) No No
nRM2027645649 COG OPERATING LLC Minor Produced Water Release 9/21/20 Produced Water 15 10 5 BBL Other Eddy (15) No No
nRM2026946157 APACHE CORPORATION Minor Produced Water Release 9/20/20 Produced Water 8 0 8 BBL Human Error Lea (25) No No
nRM2027646489 COG OPERATING LLC Minor Produced Water Release 9/19/20 Produced Water 17 17 0 BBL Corrosion Lea (25) No No
nRM2027962353 CONOCOPHILLIPS COMPANY Minor Release Other 9/19/20 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nRM2026945362 BTA OIL PRODUCERS, LLC Major Release Other 9/19/20 Crude Oil 40 6 34 BBL Equipment Failure Lea (25) No No
nRM2027962353 CONOCOPHILLIPS COMPANY Minor Release Other 9/19/20 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nRM2026945362 BTA OIL PRODUCERS, LLC Major Release Other 9/19/20 Produced Water 94 14 80 BBL Equipment Failure Lea (25) No No
nRM2026942891 APACHE CORPORATION Major Produced Water Release 9/17/20 Produced Water 45 40 5 BBL Corrosion Lea (25) No No
nRM2027647311 COG OPERATING LLC Major Produced Water Release 9/17/20 Produced Water 87 70 17 BBL Corrosion Lea (25) No No
nRM2027437922 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/17/20 Crude Oil 15 15 0 BBL Corrosion Eddy (15) No No
nRM2026855480 ADVANCE ENERGY PARTNERS HAT MESA, LLC Minor Release Other 9/17/20 Other (Specify) 5 0 5 BBL Other Lea (25) No No
nRM2026944105 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/17/20 Produced Water 131 0 131 BBL Corrosion Eddy (15) No No
nRM2026943478 MARATHON OIL PERMIAN LLC Major Oil Release 9/16/20 Crude Oil 0 0 0 BBL Human Error Eddy (15) No No
nRM2028960708 OXY USA INC Minor Oil Release 9/16/20 Crude Oil 7 5 2 BBL Other Eddy (15) No No
nRM2026951300 XTO ENERGY, INC Minor Oil Release 9/15/20 Crude Oil 16 15 1 BBL Corrosion Eddy (15) No No
nRM2026957367 XTO ENERGY, INC Minor Oil Release 9/15/20 Crude Oil 6 0 6 BBL Corrosion Eddy (15) No No
nRM2027643824 COG OPERATING LLC Major Oil Release 9/15/20 Crude Oil 150 80 70 BBL Corrosion Lea (25) No No
nRM2026952175 XTO ENERGY, INC Major Release Other 9/15/20 Other (Specify) 0 0 0 BBL Fire Eddy (15) No No
nRM2026949931 Earthstone Operating, LLC Minor Produced Water Release 9/14/20 Produced Water 13 2 11 BBL Blow Out Eddy (15) No No
nRM2026942243 APACHE CORPORATION Minor Release Other 9/14/20 Crude Oil 2 0 2 BBL Vandalism Lea (25) No No
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nRM2026942243 APACHE CORPORATION Minor Release Other 9/14/20 Produced Water 6 0 6 BBL Vandalism Lea (25) No No
nRM2126347439 EOG RESOURCES INC Minor Oil Release 9/13/20 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
nRM2026849288 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 9/13/20 Produced Water 16 16 0 BBL Equipment Failure Eddy (15) No No
nRM2028960047 OXY USA INC Minor Oil Release 9/12/20 Crude Oil 7 5 2 BBL Other Eddy (15) No No
nRM2026529539 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/12/20 Produced Water 237 70 167 BBL Human Error Eddy (15) No No
nRM2027951383 CHEVRON U S A INC Minor Release Other 9/11/20 Crude Oil 6 0 6 BBL Corrosion Eddy (15) No No
nRM2026250365 Maverick Permian LLC Minor Release Other 9/11/20 Crude Oil 6 2 4 BBL Corrosion Lea (25) No No
nRM2027951383 CHEVRON U S A INC Minor Release Other 9/11/20 Produced Water 12 0 12 BBL Corrosion Eddy (15) No No
nRM2026250365 Maverick Permian LLC Minor Release Other 9/11/20 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nRM2027234034 EOG RESOURCES INC Major Release Other 9/10/20 Crude Oil 8 0 8 BBL Corrosion Eddy (15) No No
nRM2026852563 XTO ENERGY, INC Major Release Other 9/10/20 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nRM2026258957 CONOCOPHILLIPS COMPANY Major Produced Water Release 9/10/20 Produced Water 197 120 77 BBL Equipment Failure Lea (25) No No
nRM2026852563 XTO ENERGY, INC Major Release Other 9/10/20 Produced Water 58 49 9 BBL Equipment Failure Lea (25) No No
nRM2026532878 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 9/10/20 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nRM2027234034 EOG RESOURCES INC Major Release Other 9/10/20 Produced Water 77 0 77 BBL Corrosion Eddy (15) No No
nRM2026532878 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 9/10/20 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nRM2026851853 DJR OPERATING, LLC Major Produced Water Release 9/9/20 Produced Water 0 0 0 BBL Human Error San Juan (45) No No
nRM2025450470 WPX Energy Permian, LLC Major Produced Water Release 9/8/20 Produced Water 148 148 0 BBL Equipment Failure Eddy (15) No No
nRM2025560181 Spur Energy Partners LLC Major Produced Water Release 9/8/20 Produced Water 30 27 3 BBL Corrosion Eddy (15) No No
nRM2026546692 XTO ENERGY, INC Minor Oil Release 9/8/20 Crude Oil 8 7 1 BBL Equipment Failure Eddy (15) No No
nRM2025526797 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/8/20 Produced Water 120 120 0 BBL Equipment Failure Lea (25) No No
nRM2026031628 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 9/8/20 Crude Oil 0 0 0 BBL Other Lea (25) No No
nRM2026956565 COG OPERATING LLC Minor Release Other 9/8/20 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nRM2026031628 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 9/8/20 Produced Water 0 0 0 BBL Other Lea (25) No No
nRM2026956565 COG OPERATING LLC Minor Release Other 9/8/20 Produced Water 7 5 2 BBL Equipment Failure Lea (25) No No
nRM2026850554 MATADOR PRODUCTION COMPANY Major Produced Water Release 9/7/20 Produced Water 451 0 451 BBL Other Lea (25) No No
nRM2025440337 RIDGEWAY ARIZONA OIL CORP. Major Produced Water Release 9/6/20 Produced Water 55 25 30 BBL Corrosion Roosevelt (41) No No
nRM2025431515 RIDGEWAY ARIZONA OIL CORP. Major Produced Water Release 9/6/20 Produced Water 55 25 30 BBL Corrosion Roosevelt (41) No No
nRM2025355988 RIDGEWAY ARIZONA OIL CORP. Minor Oil Release 9/6/20 Crude Oil 10 6 4 BBL Corrosion Roosevelt (41) No No
nRM2025438936 CIMAREX ENERGY CO. Minor Produced Water Release 9/6/20 Produced Water 6 6 0 BBL Equipment Failure Lea (25) No No
nRM2026056833 Spur Energy Partners LLC Major Produced Water Release 9/5/20 Produced Water 50 50 0 BBL Corrosion Eddy (15) No No
nRM2026938804 BTA OIL PRODUCERS, LLC Minor Produced Water Release 9/5/20 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nRM2026543414 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/5/20 Produced Water 39 39 0 BBL Corrosion Lea (25) No No
nRM2025464451 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/4/20 Produced Water 120 120 0 BBL Corrosion Lea (25) No No
nRM2026531591 XTO ENERGY, INC Minor Release Other 9/3/20 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nRM2026231125 GULF EXPLORATION, L.L.C. Minor Produced Water Release 9/3/20 Produced Water 20 5 15 BBL Equipment Failure Lea (25) No No
nRM2026531591 XTO ENERGY, INC Minor Release Other 9/3/20 Produced Water 6 2 4 BBL Corrosion Eddy (15) No No
nRM2025463747 MARATHON OIL PERMIAN LLC Minor Produced Water Release 9/3/20 Produced Water 14 14 0 BBL Equipment Failure Eddy (15) No No

nRM2026260964 XTO ENERGY, INC Minor Release Other 9/2/20
Gelled Brine (Frac 
Fluid) 8 8 0 BBL Equipment Failure Eddy (15) No No

nRM2026545948 COG OPERATING LLC Minor Produced Water Release 9/1/20 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nRM2027550461 OLEUM Energy LLC Major Release Other 9/1/20 Crude Oil 4 0 4 BBL Other Eddy (15) No No
nRM2025344424 CIMAREX ENERGY CO. Minor Produced Water Release 9/1/20 Produced Water 10 1 9 BBL Corrosion Eddy (15) No No
nRM2028959394 OXY USA INC Minor Produced Water Release 9/1/20 Produced Water 20 2 18 BBL Corrosion Lea (25) No No
nRM2024759404 Spur Energy Partners LLC Major Produced Water Release 9/1/20 Produced Water 40 40 0 BBL Corrosion Eddy (15) No No
nRM2027550461 OLEUM Energy LLC Major Release Other 9/1/20 Produced Water 21 0 21 BBL Other Eddy (15) No No
nRM2026545354 COG OPERATING LLC Minor Produced Water Release 9/1/20 Produced Water 22 20 2 BBL Corrosion Eddy (15) No No
nRM2024553731 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 8/31/20 Crude Oil 0 0 0 BBL Other Lea (25) No No
nRM2025347740 CIMAREX ENERGY CO. Major Release Other 8/31/20 Crude Oil 8 8 0 BBL Corrosion Lea (25) No No
nRM2024556000 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 8/31/20 Crude Oil 0 0 0 BBL Other Lea (25) No No
nRM2025347740 CIMAREX ENERGY CO. Major Release Other 8/31/20 Produced Water 17 17 0 BBL Corrosion Lea (25) No No
nRM2024553731 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 8/31/20 Produced Water 0 0 0 BBL Other Lea (25) No No
nRM2024556000 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 8/31/20 Produced Water 0 0 0 BBL Other Lea (25) No No
nRM2027235655 EOG RESOURCES INC Minor Release Other 8/30/20 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nRM2025261215 WPX Energy Permian, LLC Major Produced Water Release 8/30/20 Produced Water 25 25 0 BBL Human Error Eddy (15) No No
nRM2025262192 WPX Energy Permian, LLC Major Produced Water Release 8/30/20 Produced Water 500 500 0 BBL Equipment Failure Eddy (15) No No
nRM2027235655 EOG RESOURCES INC Minor Release Other 8/30/20 Produced Water 19 14 5 BBL Equipment Failure Lea (25) No No
nRM2025346674 CIMAREX ENERGY CO. Minor Produced Water Release 8/29/20 Produced Water 12 0 12 BBL Corrosion Lea (25) No No
nRM2025348983 CIMAREX ENERGY CO. Minor Oil Release 8/29/20 Crude Oil 5 0 5 BBL Human Error Lea (25) No No
nRM2026232828 COG OPERATING LLC Minor Produced Water Release 8/28/20 Produced Water 8 8 0 BBL Corrosion Lea (25) No No

nRM2026238329 XTO ENERGY, INC Minor Release Other 8/28/20
Gelled Brine (Frac 
Fluid) 8 8 0 BBL Equipment Failure Eddy (15) No No

nRM2026236628 XTO ENERGY, INC Minor Release Other 8/28/20
Gelled Brine (Frac 
Fluid) 5 5 0 BBL Human Error Eddy (15) No No

nRM2024742676 BTA OIL PRODUCERS, LLC Major Oil Release 8/28/20 Crude Oil 67 0 67 BBL Corrosion Eddy (15) No No
nAPP2105549244 EPIC ENERGY, L.L.C. Minor Release Other 8/28/20 Produced Water 5 5 0 BBL Normal Operations San Juan (45) No No
nRM2025334934 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/27/20 Produced Water 75 74 1 BBL Corrosion Lea (25) No No
nRM2025455396 COG OPERATING LLC Minor Release Other 8/26/20 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nRM2025455396 COG OPERATING LLC Minor Release Other 8/26/20 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nRM2024436143 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 8/25/20 Produced Water 643 615 28 BBL Corrosion Eddy (15) No No
nRM2024530079 APACHE CORPORATION Minor Release Other 8/25/20 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nRM2024530079 APACHE CORPORATION Minor Release Other 8/25/20 Produced Water 12 10 2 BBL Equipment Failure Lea (25) No No
nRM2024463389 APACHE CORPORATION Minor Produced Water Release 8/24/20 Produced Water 12 0 12 BBL Corrosion Lea (25) No No
nRM2023855625 Spur Energy Partners LLC Major Oil Release 8/24/20 Crude Oil 70 68 2 BBL Corrosion Eddy (15) No No
nRM2024528755 APACHE CORPORATION Major Produced Water Release 8/24/20 Produced Water 28 15 13 BBL Corrosion Lea (25) No No
nRM2024823071 OXY USA INC Minor Release Other 8/24/20 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nRM2025437436 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 8/24/20 Crude Oil 28 0 28 BBL Equipment Failure Lea (25) No No
nRM2024540841 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Oil Release 8/24/20 Crude Oil 10 0 10 BBL Other Lea (25) No No
nRM2024823071 OXY USA INC Minor Release Other 8/24/20 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nRM2026629853 HILCORP ENERGY COMPANY Major Release Other 8/24/20 Produced Water 24 0 24 BBL Corrosion Rio Arriba (39) No No
nRM2026629853 HILCORP ENERGY COMPANY Major Release Other 8/24/20 Condensate 12 0 12 BBL Corrosion Rio Arriba (39) No No
nRM2025343118 COG OPERATING LLC Minor Release Other 8/23/20 Crude Oil 2 2 0 BBL Corrosion Lea (25) No No
nRM2025343118 COG OPERATING LLC Minor Release Other 8/23/20 Produced Water 7 6 1 BBL Corrosion Lea (25) No No
nRM2025332771 XTO ENERGY, INC Major Release Other 8/22/20 Crude Oil 5 1 4 BBL Corrosion Eddy (15) No No
nRM2023854055 CIMAREX ENERGY CO. Major Release Other 8/22/20 Crude Oil 50 50 0 BBL Equipment Failure Lea (25) No No
nRM2023737035 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/22/20 Produced Water 260 260 0 BBL Equipment Failure Lea (25) No No
nRM2025332771 XTO ENERGY, INC Major Release Other 8/22/20 Produced Water 32 3 29 BBL Corrosion Eddy (15) No No
nRM2023854055 CIMAREX ENERGY CO. Major Release Other 8/22/20 Produced Water 425 425 0 BBL Equipment Failure Lea (25) No No
nRM2023854921 Spur Energy Partners LLC Minor Produced Water Release 8/22/20 Produced Water 6 3 3 BBL Corrosion Eddy (15) No No
nRM2024462399 APACHE CORPORATION Major Oil Release 8/22/20 Crude Oil 248 135 113 BBL Corrosion Eddy (15) No No
nAPP2315345709 HALLIBURTON ENERGY SERVICES, INC. Major Release Other 8/21/20 Unknown 0 0 0 GAL Equipment Failure Eddy (15) No No
nRM2028958680 OXY USA INC Major Produced Water Release 8/21/20 Produced Water 100 99 1 BBL Corrosion Eddy (15) No No
nAPP2315345752 HALLIBURTON ENERGY SERVICES, INC. Major Release Other 8/21/20 Unknown 0 0 0 GAL Equipment Failure Eddy (15) No No
nRM2025263987 XTO ENERGY, INC Minor Release Other 8/21/20 Other (Specify) 20 15 5 BBL Equipment Failure Eddy (15) No No
nAPP2227734406 HALLIBURTON ENERGY SERVICES, INC. Major Release Other 8/21/20 Unknown 0 0 0 GAL Equipment Failure Eddy (15) No No
nRM2024464298 ENTERPRISE FIELD SERVICES L.L.C. Minor Release Other 8/21/20 Condensate 15 15 0 BBL Other San Juan (45) No No
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nAPP2227928224 HALLIBURTON ENERGY SERVICES, INC. Major Release Other 8/21/20 Unknown 0 0 0 GAL Equipment Failure Eddy (15) No No
nAPP2227928778 HALLIBURTON ENERGY SERVICES, INC. Major Release Other 8/21/20 Unknown 0 0 0 GAL Equipment Failure Eddy (15) No No
nAPP2315345615 HALLIBURTON ENERGY SERVICES, INC. Major Release Other 8/21/20 Unknown 0 0 0 GAL Equipment Failure Eddy (15) No No
nRM2025239946 Maverick Permian LLC Major Produced Water Release 8/20/20 Produced Water 30 0 30 BBL Corrosion Lea (25) No No
nRM2025443324 ROBERT H FORREST JR OIL LLC Minor Release Other 8/20/20 Crude Oil 3 3 0 BBL Equipment Failure Eddy (15) No No
nRM2025237907 XTO ENERGY, INC Minor Release Other 8/20/20 Produced Water 16 16 0 BBL Equipment Failure Eddy (15) No No
nRM2025443324 ROBERT H FORREST JR OIL LLC Minor Release Other 8/20/20 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAPP2105740019 EPIC ENERGY, L.L.C. Minor Produced Water Release 8/20/20 Produced Water 5 5 0 BBL Equipment Failure San Juan (45) No No
nRM2025258098 COG OPERATING LLC Minor Oil Release 8/19/20 Crude Oil 20 19 1 BBL Corrosion Eddy (15) No No
nRM2024854885 XTO ENERGY, INC Major Produced Water Release 8/19/20 Produced Water 623 1 622 BBL Corrosion Eddy (15) No No
nRM2024539915 Permian Resources Operating, LLC Major Produced Water Release 8/19/20 Produced Water 300 300 0 BBL Equipment Failure Lea (25) No No
nRM2023241399 MARATHON OIL PERMIAN LLC Minor Produced Water Release 8/18/20 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nRM2024758361 XTO ENERGY, INC Major Oil Release 8/18/20 Crude Oil 3 0 3 BBL Fire Lea (25) No No
nRM2024756871 XTO ENERGY, INC Minor Produced Water Release 8/18/20 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nRM2024828793 CHEVRON U S A INC Release Other 8/18/20 Brine Water 28 25 3 BBL Equipment Failure Eddy (15) No No
nRM2024827513 OXY USA INC Major Produced Water Release 8/18/20 Produced Water 150 90 60 BBL Equipment Failure Eddy (15) No No
nRM2024760291 Avant Operating, LLC Major Oil Release 8/17/20 Crude Oil 42 30 12 BBL Other Lea (25) No No
nRM2023331895 Whiptail Midstream LLC Major Release Other 8/17/20 Crude Oil 80 40 40 BBL Corrosion San Juan (45) No No
nRM2030132715 HILCORP ENERGY COMPANY Major Release Other 8/17/20 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nRM2024753227 COG OPERATING LLC Major Oil Release 8/17/20 Crude Oil 38 34 4 BBL Equipment Failure Lea (25) No No
nRM2023331895 Whiptail Midstream LLC Major Release Other 8/17/20 Produced Water 100 40 60 BBL Corrosion San Juan (45) No No
nRM2024822114 CHEVRON U S A INC Release Other 8/16/20 Brine Water 21 18 3 BBL Other Eddy (15) No No
nRM2024537991 CENTENNIAL RESOURCE PRODUCTION, LLC Major Produced Water Release 8/16/20 Produced Water 50 15 35 BBL Corrosion Lea (25) No No
nRM2024533344 COG OPERATING LLC Major Release Other 8/15/20 Crude Oil 50 50 0 BBL Lightning Eddy (15) No No
nRM2024533344 COG OPERATING LLC Major Release Other 8/15/20 Produced Water 110 110 0 BBL Lightning Eddy (15) No No
nRM2022755502 HILCORP ENERGY COMPANY Major Release Other 8/14/20 Condensate 0 0 0 BBL Other San Juan (45) No No
nRM2022758107 HILCORP ENERGY COMPANY Major Release Other 8/14/20 Condensate 0 0 0 BBL Other San Juan (45) No No
nRM2024826423 OXY USA INC Major Oil Release 8/13/20 Crude Oil 160 152 8 BBL Equipment Failure Eddy (15) No No
nRM2025461364 CAZA OPERATING, LLC Minor Produced Water Release 8/13/20 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nRM2027337168 Harvest Four Corners, LLC Major Natural Gas Release 8/13/20 Condensate 1 0 1 BBL Corrosion San Juan (45) Yes No
nRM2024461471 XTO ENERGY, INC Major Produced Water Release 8/12/20 Produced Water 49 5 44 BBL Corrosion Eddy (15) No No
nRM2022745673 BTA OIL PRODUCERS, LLC Major Produced Water Release 8/12/20 Produced Water 40 0 40 BBL Equipment Failure Lea (25) No No
nRM2026547329 EOG RESOURCES INC Major Produced Water Release 8/12/20 Produced Water 40 35 5 BBL Corrosion Lea (25) No No
nRM2023238865 APACHE CORPORATION Minor Produced Water Release 8/11/20 Produced Water 18 0 18 BBL Equipment Failure Eddy (15) No No
nRM2023455850 XTO ENERGY, INC Minor Release Other 8/11/20 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nRM2023851251 WPX Energy Permian, LLC Major Produced Water Release 8/11/20 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nRM2023455850 XTO ENERGY, INC Minor Release Other 8/11/20 Produced Water 12 5 7 BBL Equipment Failure Lea (25) No No
nRM2023360724 Prima Exploration, Inc. Major Release Other 8/11/20 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nRM2023360724 Prima Exploration, Inc. Major Release Other 8/11/20 Produced Water 15 5 10 BBL Equipment Failure Lea (25) No No
nRM2023059703 EOG RESOURCES INC Major Oil Release 8/10/20 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nRM2022457016 Spur Energy Partners LLC Minor Produced Water Release 8/10/20 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nRM2022558133 Grizzly Operating, LLC Minor Produced Water Release 8/10/20 Produced Water 23 0 23 BBL Equipment Failure Lea (25) No No
nRM2023462122 OXY USA INC Major Release Other 8/10/20 Crude Oil 15 7 8 BBL Other Lea (25) No No
nRM2023948022 COG OPERATING LLC Major Produced Water Release 8/10/20 Produced Water 35 30 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM2023462122 OXY USA INC Major Release Other 8/10/20 Produced Water 35 13 22 BBL Other Lea (25) No No
nRM2028956396 OXY USA INC Major Release Other 8/10/20 Crude Oil 15 7 8 BBL Equipment Failure Lea (25) No No
nRM2028956396 OXY USA INC Major Release Other 8/10/20 Produced Water 35 13 22 BBL Equipment Failure Lea (25) No No
nRM2023853293 COG OPERATING LLC Minor Produced Water Release 8/9/20 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nRM2025328272 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 8/8/20 Crude Oil 34 34 0 BBL Equipment Failure Lea (25) No No
nRM2023455067 COG OPERATING LLC Minor Produced Water Release 8/8/20 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nRM2023345085 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Oil Release 8/8/20 Crude Oil 6 0 6 BBL Other Lea (25) No No
nRM2022644767 CIMAREX ENERGY CO. Minor Produced Water Release 8/8/20 Produced Water 16 8 8 BBL Corrosion Eddy (15) No No
nRM2022641716 CIMAREX ENERGY CO. Minor Produced Water Release 8/8/20 Produced Water 14 14 0 BBL Corrosion Eddy (15) No No
nRM2023460138 Earthstone Operating, LLC Minor Oil Release 8/7/20 Crude Oil 15 15 0 BBL Corrosion Lea (25) No No
nRM2022646119 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/6/20 Produced Water 71 71 0 BBL Equipment Failure Lea (25) No No
nRM2023050058 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 8/6/20 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nRM2023057625 SOUTHWEST ROYALTIES INC Minor Produced Water Release 8/6/20 Produced Water 18 15 3 BBL Corrosion Lea (25) No No
nRM2022646950 MARATHON OIL PERMIAN LLC Minor Produced Water Release 8/6/20 Produced Water 14 0 14 BBL Equipment Failure Lea (25) No No
nRM2023050058 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 8/6/20 Produced Water 292 291 1 BBL Equipment Failure Lea (25) No No
nRM2023138718 XTO ENERGY, INC Minor Release Other 8/5/20 Crude Oil 1 1 0 BBL Other Eddy (15) No No
nRM2023247721 COG OPERATING LLC Minor Release Other 8/5/20 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nRM2023245536 COG OPERATING LLC Major Oil Release 8/5/20 Crude Oil 1 0 1 BBL Other Lea (25) No No
nRM2023247124 COG OPERATING LLC Minor Produced Water Release 8/5/20 Produced Water 16 15 1 BBL Corrosion Eddy (15) No No
nRM2023138718 XTO ENERGY, INC Minor Release Other 8/5/20 Produced Water 5 4 1 BBL Other Eddy (15) No No
nRM2023247721 COG OPERATING LLC Minor Release Other 8/5/20 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nRM2023460796 Permian Resources Operating, LLC Minor Produced Water Release 8/5/20 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nRM2025449421 AMEREDEV OPERATING, LLC Major Produced Water Release 8/4/20 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nRM2022150038 PLAINS PIPELINE, LP Minor Oil Release 8/4/20 Crude Oil 11 0 11 BBL Equipment Failure Lea (25) No No
nRM2022638776 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 8/4/20 Produced Water 14 12 2 BBL Other Lea (25) No No
nRM2021853352 Spur Energy Partners LLC Major Release Other 8/4/20 Produced Water 389 244 145 BBL Equipment Failure Eddy (15) No No
nRM2023249231 LOGOS OPERATING, LLC Release Other 8/4/20 Crude Oil 2 0 2 BBL Equipment Failure Rio Arriba (39) No No
nRM2021853352 Spur Energy Partners LLC Major Release Other 8/4/20 Crude Oil 20 16 4 BBL Equipment Failure Eddy (15) No No
nRM2023249231 LOGOS OPERATING, LLC Release Other 8/4/20 Produced Water 2 0 2 BBL Equipment Failure Rio Arriba (39) No No
nRM2027448549 SIMCOE LLC Major Oil Release 8/4/20 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nRM2021932931 OWL SWD OPERATING, LLC Major Produced Water Release 8/3/20 Produced Water 280 260 20 BBL Equipment Failure Lea (25) No No
nRM2022758966 XTO ENERGY, INC Major Release Other 8/3/20 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nRM2022645367 CIMAREX ENERGY CO. Minor Produced Water Release 8/3/20 Produced Water 24 0 24 BBL Corrosion Eddy (15) No No
nRM2030432128 Extex Operating Company Release Other 8/3/20 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nRM2022758966 XTO ENERGY, INC Major Release Other 8/3/20 Produced Water 39 10 29 BBL Equipment Failure Eddy (15) No No
nRM2030432128 Extex Operating Company Release Other 8/3/20 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nRM2023131751 COG OPERATING LLC Minor Release Other 8/2/20 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nRM2023131751 COG OPERATING LLC Minor Release Other 8/2/20 Produced Water 1 1 0 BBL Equipment Failure Lea (25) No No
nAPP2035042855 Enterprise Field Services, LLC Major Oil Release 8/2/20 Condensate 250 0 250 BBL Fire Eddy (15) No No
nAPP2101065907 Spur Energy Partners LLC Major Produced Water Release 8/1/20 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nRM2022559973 COG OPERATING LLC Minor Produced Water Release 8/1/20 Produced Water 8 7 1 BBL Corrosion Lea (25) No No
nRM2022848592 CHEVRON U S A INC Minor Produced Water Release 8/1/20 Sulphuric Acid 12 12 0 BBL Equipment Failure Lea (25) No No
nRM2023056666 CHEVRON U S A INC Minor Produced Water Release 8/1/20 Produced Water 18 18 0 BBL Corrosion Lea (25) No No
nRM2025256283 COG OPERATING LLC Minor Produced Water Release 8/1/20 Produced Water 20 18 2 BBL Corrosion Eddy (15) No No
nRM2022544683 COG OPERATING LLC Minor Release Other 8/1/20 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nAPP2113151109 EOG RESOURCES INC Major Other 8/1/20 Other (Specify) 0 0 0 Eddy (15) No No
nRM2022544683 COG OPERATING LLC Minor Release Other 8/1/20 Produced Water 3 2 1 BBL Equipment Failure Eddy (15) No No
nAPP2113151109 EOG RESOURCES INC Major Other 8/1/20 Other (Specify) 160 0 160 LBS Human Error Eddy (15) No No
nRM2022648125 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 7/31/20 Produced Water 1500 900 600 BBL Lightning Eddy (15) No No
nRM2022151323 COG OPERATING LLC Major Release Other 7/31/20 Crude Oil 5 4 1 BBL Lightning Eddy (15) No No
nRM2022151323 COG OPERATING LLC Major Release Other 7/31/20 Produced Water 20 19 1 BBL Lightning Eddy (15) No No
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nRM2022649226 XTO ENERGY, INC Major Produced Water Release 7/30/20 Produced Water 40 40 0 BBL Corrosion Eddy (15) No No
nRM2022148950 Enterprise Field Services, LLC Minor Release Other 7/30/20 Other (Specify) 2 0 2 BBL Corrosion Eddy (15) No No
nRM2030337321 ENDEAVOR ENERGY RESOURCES, LP Major Release Other 7/29/20 Crude Oil 56 10 46 BBL Equipment Failure Lea (25) No No
nRM2021737058 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/29/20 Produced Water 30 30 0 BBL Corrosion Lea (25) No No
nRM2030337321 ENDEAVOR ENERGY RESOURCES, LP Major Release Other 7/29/20 Produced Water 168 10 158 BBL Equipment Failure Lea (25) No No
nRM2024761631 ENDURING RESOURCES, LLC Major Produced Water Release 7/29/20 Produced Water 0 0 0 BBL Other San Juan (45) No No
nRM2023058280 MorningStar Operating LLC Major Produced Water Release 7/29/20 Produced Water 75 30 45 BBL Equipment Failure Lea (25) No No
nRM2025557321 ENDURING RESOURCES, LLC Major Produced Water Release 7/29/20 Produced Water 0 0 0 BBL Other San Juan (45) No No
nRM2022346184 APACHE CORPORATION Minor Produced Water Release 7/28/20 Produced Water 9 0 9 BBL Human Error Lea (25) No No
nRM2021348350 PLAINS PIPELINE, LP Minor Oil Release 7/28/20 Crude Oil 15 10 5 BBL Equipment Failure Eddy (15) No No
nRM2021650802 CIMAREX ENERGY CO. Minor Produced Water Release 7/27/20 Produced Water 20 20 0 BBL Human Error Lea (25) No No
nRM2026257113 OXY USA INC Major Produced Water Release 7/27/20 Produced Water 100 60 40 BBL Human Error Eddy (15) No No
nRM2022459251 OXY USA INC Major Release Other 7/25/20 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nRM2026959173 EOG RESOURCES INC Minor Oil Release 7/25/20 Crude Oil 6 0 6 BBL Vehicular Accident Lea (25) No No
nRM2022459251 OXY USA INC Major Release Other 7/25/20 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nAPP2107038671 Enterprise Field Services, LLC Minor Natural Gas Release 7/24/20 Condensate 20 0 20 BBL Equipment Failure San Juan (45) No No
nRM2022151947 XTO ENERGY, INC Minor Release Other 7/24/20 Crude Oil 4 4 0 BBL Blow Out Lea (25) No No
nRM2022151947 XTO ENERGY, INC Minor Release Other 7/24/20 Produced Water 2 1 1 BBL Blow Out Lea (25) No No
nRM2021851662 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 7/24/20 Condensate 0 0 0 BBL Other San Juan (45) No No
nRM2021847858 XTO ENERGY, INC Major Release Other 7/23/20 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nRM2021219593 CIMAREX ENERGY CO. Major Produced Water Release 7/23/20 Produced Water 40 40 0 BBL Corrosion Eddy (15) No No
nRM2022150712 COG OPERATING LLC Major Produced Water Release 7/23/20 Produced Water 30 29 1 BBL Corrosion Lea (25) No No
nRM2021847858 XTO ENERGY, INC Major Release Other 7/23/20 Produced Water 43 0 43 BBL Corrosion Eddy (15) No No
nRM2021223307 APACHE CORPORATION Minor Release Other 7/23/20 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nRM2021223307 APACHE CORPORATION Minor Release Other 7/23/20 Produced Water 14 0 14 BBL Equipment Failure Lea (25) No No
nRM2021328541 Maverick Permian LLC Minor Release Other 7/22/20 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nRM2022555694 TARGA MIDSTREAM SERVICES LLC Major Release Other 7/22/20 Produced Water 44 0 44 BBL Corrosion Lea (25) No No
nRM2021328541 Maverick Permian LLC Minor Release Other 7/22/20 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nRM2021222458 APACHE CORPORATION Minor Release Other 7/22/20 Crude Oil 10 0 10 BBL Corrosion Eddy (15) No No
nRM2021235744 ENTERPRISE FIELD SERVICES L.L.C. Minor Produced Water Release 7/22/20 Produced Water 24 0 24 BBL Equipment Failure San Juan (45) No No
nRM2021222458 APACHE CORPORATION Minor Release Other 7/22/20 Produced Water 3 2 1 BBL Corrosion Eddy (15) No No
nRM2022555694 TARGA MIDSTREAM SERVICES LLC Major Release Other 7/22/20 Condensate 5 0 5 BBL Corrosion Lea (25) No No
nRM2020934174 WPX Energy Permian, LLC Minor Produced Water Release 7/21/20 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nRM2021936507 ARMSTRONG ENERGY CORP Minor Oil Release 7/21/20 Crude Oil 20 15 5 BBL Equipment Failure Roosevelt (41) No No
nRM2022556970 Spur Energy Partners LLC Minor Produced Water Release 7/21/20 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nRM2021833146 XTO ENERGY, INC Major Produced Water Release 7/21/20 Produced Water 132 110 22 BBL Equipment Failure Eddy (15) No No
nRM2020535132 Spur Energy Partners LLC Major Release Other 7/20/20 Crude Oil 58 58 0 BBL Equipment Failure Eddy (15) No No
nRM2021933979 COG OPERATING LLC Major Produced Water Release 7/20/20 Produced Water 40 39 1 BBL Corrosion Eddy (15) No No
nRM2020631097 PLAINS PIPELINE, LP Major Oil Release 7/20/20 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nRM2020938550 CHEVRON U S A INC Minor Produced Water Release 7/20/20 Produced Water 16 0 16 BBL Corrosion Lea (25) No No
nRM2021359962 XTO ENERGY, INC Minor Produced Water Release 7/20/20 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nRM2020535132 Spur Energy Partners LLC Major Release Other 7/20/20 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nRM2020943565 EPIC ENERGY, L.L.C. Minor Release Other 7/19/20 Produced Water 22 4 18 BBL Corrosion Rio Arriba (39) No No
nRM2020943565 EPIC ENERGY, L.L.C. Minor Release Other 7/19/20 Lube Oil 5 0 5 GAL Corrosion Rio Arriba (39) No No
nRM2021139031 COG OPERATING LLC Minor Produced Water Release 7/18/20 Produced Water 7 0 7 BBL Corrosion Lea (25) No No
nRM2020438914 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/18/20 Produced Water 63 63 0 BBL Corrosion Lea (25) No No
nRM2023139695 MATADOR PRODUCTION COMPANY Minor Produced Water Release 7/18/20 Produced Water 7 6 1 BBL Corrosion Lea (25) No No
nRM2021846438 XTO ENERGY, INC Major Produced Water Release 7/18/20 Crude Oil 7 0 7 BBL Corrosion Eddy (15) No No
nRM2021846438 XTO ENERGY, INC Major Produced Water Release 7/18/20 Produced Water 37 0 37 BBL Corrosion Eddy (15) No No
nCE2025939679 DCP MIDSTREAM, LP Major Other 7/17/20 Condensate 0 0 0 BBL Other Lea (25) No No
nRM2022458517 OXY USA INC Major Produced Water Release 7/17/20 Produced Water 145 0 145 BBL Equipment Failure Harding (21) No No
nRM2021354649 HILCORP ENERGY COMPANY Major Produced Water Release 7/16/20 Produced Water 54 21 33 BBL Corrosion San Juan (45) No No
nRM2028852747 HILCORP ENERGY COMPANY Major Release Other 7/16/20 Condensate 36 0 36 BBL Vandalism San Juan (45) No No
nRM2021220681 HILCORP ENERGY COMPANY Minor Produced Water Release 7/16/20 Produced Water 12 0 12 BBL Corrosion San Juan (45) No No
nRM2020922085 COG OPERATING LLC Minor Release Other 7/15/20 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nRM2020945060 HILCORP ENERGY COMPANY Major Release Other 7/15/20 Condensate 115 0 115 BBL Vandalism San Juan (45) No No
nRM2023462739 OXY USA INC Minor Release Other 7/15/20 Crude Oil 4 0 4 BBL Other Eddy (15) No No
nRM2020922085 COG OPERATING LLC Minor Release Other 7/15/20 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nRM2023462739 OXY USA INC Minor Release Other 7/15/20 Produced Water 6 0 6 BBL Other Eddy (15) No No
nRM2022460278 OXY USA INC Minor Release Other 7/14/20 Crude Oil 3 1 2 BBL Corrosion Lea (25) No No
nRM2020929828 OXY USA INC Minor Release Other 7/14/20 Crude Oil 5 2 3 BBL Corrosion Lea (25) No No
nRM2023461379 OXY USA INC Minor Produced Water Release 7/14/20 Produced Water 7 0 7 BBL Corrosion Eddy (15) No No
nRM2020929828 OXY USA INC Minor Release Other 7/14/20 Produced Water 5 2 3 BBL Corrosion Lea (25) No No
nRM2022460278 OXY USA INC Minor Release Other 7/14/20 Produced Water 7 6 1 BBL Corrosion Lea (25) No No
nRM2020657799 WPX Energy Permian, LLC Minor Produced Water Release 7/13/20 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No
nAPP2126455144 BTA OIL PRODUCERS, LLC Major Produced Water Release 7/13/20 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nRM2020531357 BXP Operating, LLC Major Produced Water Release 7/13/20 Produced Water 70 0 70 BBL Equipment Failure Lea (25) No No
nRM2020920990 COG OPERATING LLC Major Produced Water Release 7/13/20 Produced Water 40 38 2 BBL Equipment Failure Lea (25) No No
nRM2020936197 MorningStar Operating LLC Major Produced Water Release 7/13/20 Produced Water 92 70 22 BBL Equipment Failure Lea (25) No No
nAPP2126455144 BTA OIL PRODUCERS, LLC Major Produced Water Release 7/13/20 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nRM2020229771 ENTERPRISE FIELD SERVICES L.L.C. Minor Produced Water Release 7/12/20 Produced Water 7 0 7 BBL Equipment Failure Rio Arriba (39) No No
nRM2020922956 COG OPERATING LLC Minor Oil Release 7/11/20 Crude Oil 8 7 1 BBL Equipment Failure Lea (25) No No
nRM2020456890 COG OPERATING LLC Minor Produced Water Release 7/11/20 Produced Water 15 13 2 BBL Corrosion Lea (25) No No
nRM2020233512 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/11/20 Produced Water 280 280 0 BBL Equipment Failure Eddy (15) No No
nRM2019959765 WPX Energy Permian, LLC Major Release Other 7/11/20 Crude Oil 2 2 0 BBL Corrosion Eddy (15) No No
nRM2019959765 WPX Energy Permian, LLC Major Release Other 7/11/20 Produced Water 33 33 0 BBL Corrosion Eddy (15) No No
nRM2019958440 Lucid Artesia Company Minor Release Other 7/10/20 Condensate 5 0 5 BBL Corrosion Eddy (15) No No
nRM2020924128 XTO ENERGY, INC Major Produced Water Release 7/10/20 Produced Water 40 40 0 BBL Corrosion Eddy (15) No No
nRM2019948612 BXP Operating, LLC Minor Release Other 7/10/20 Crude Oil 3 3 0 BBL Corrosion Lea (25) No No
nRM2019942640 Water Energy Services, LLC Major Produced Water Release 7/10/20 Produced Water 670 670 0 BBL Equipment Failure Lea (25) No No
nRM2020633456 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 7/10/20 Condensate 0 0 0 BBL Other Rio Arriba (39) No No
nRM2019948612 BXP Operating, LLC Minor Release Other 7/10/20 Produced Water 3 3 0 BBL Corrosion Lea (25) No No
nRM2020935007 CHEVRON U S A INC Major Release Other 7/10/20 Crude Oil 9 8 1 BBL Other Eddy (15) No No
nRM2020935007 CHEVRON U S A INC Major Release Other 7/10/20 Produced Water 30 22 8 BBL Other Eddy (15) No No
nAPP2109954143 V-F PETROLEUM INC Major Produced Water Release 7/9/20 Produced Water 130 0 130 BBL Vandalism Lea (25) No No
nAPP2114055591 OXY USA INC Major Produced Water Release 7/8/20 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nRM2020635561 RAY WESTALL OPERATING, INC. Major Produced Water Release 7/8/20 Produced Water 50 12 38 BBL Corrosion Eddy (15) No No
nRM2020928148 OXY USA INC Major Release Other 7/8/20 Crude Oil 4 2 2 BBL Equipment Failure Lea (25) No No
nRM2024823786 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/8/20 Crude Oil 6 0 6 BBL Corrosion Eddy (15) No No
nRM2020234834 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/8/20 Produced Water 80 80 0 BBL Equipment Failure Eddy (15) No No
nRM2024823786 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/8/20 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nRM2020928148 OXY USA INC Major Release Other 7/8/20 Produced Water 30 10 20 BBL Equipment Failure Lea (25) No No
nAPP2114055591 OXY USA INC Major Produced Water Release 7/8/20 Produced Water 80 0 80 BBL Equipment Failure Lea (25) No No
nRM2019634169 WPX Energy Permian, LLC Major Produced Water Release 7/7/20 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
nRM2020356139 Spur Energy Partners LLC Minor Produced Water Release 7/7/20 Produced Water 8 3 5 BBL Corrosion Eddy (15) No No
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nRM2019950272 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 7/6/20 Produced Water 23 23 0 BBL Human Error Eddy (15) No No
nRM2019860183 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/6/20 Produced Water 363 301 62 BBL Other Lea (25) No No
nRM2019560813 WPX Energy Permian, LLC Major Oil Release 7/6/20 Crude Oil 30 30 0 BBL Corrosion Eddy (15) No No
nRM2019631840 MARATHON OIL PERMIAN LLC Major Produced Water Release 7/6/20 Produced Water 105 105 0 BBL Equipment Failure Lea (25) No No
nRM2020355146 XTO ENERGY, INC Minor Oil Release 7/5/20 Condensate 16 16 0 BBL Equipment Failure Eddy (15) No No
nRM2019951589 COG OPERATING LLC Major Fire 7/5/20 Other (Specify) 0 0 0 BBL Lightning Eddy (15) No No
nRM2019548894 WPX Energy Permian, LLC Major Produced Water Release 7/5/20 Produced Water 35 5 30 BBL Equipment Failure Eddy (15) No No
nRM2022559242 HF Sinclair Navajo Refining LLC Major Release Other 7/5/20 Other (Specify) 0 100 0 BBL Corrosion Eddy (15) No Yes
nRM2019546745 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/4/20 Produced Water 19 15 4 BBL Equipment Failure Eddy (15) No No
nRM2019950921 CIMAREX ENERGY CO. Minor Oil Release 7/4/20 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nRM2019952683 COG OPERATING LLC Major Produced Water Release 7/4/20 Produced Water 117 40 77 BBL Corrosion Lea (25) No No
nRM2020232730 XTO ENERGY, INC Minor Release Other 7/3/20 Crude Oil 3 1 2 BBL Corrosion Eddy (15) No No
nRM2020236260 COG OPERATING LLC Minor Produced Water Release 7/3/20 Produced Water 12 11 1 BBL Corrosion Lea (25) No No
nRM2020636542 SENDERO CARLSBAD MIDSTREAM LLC Major Produced Water Release 7/3/20 Produced Water 33 5 28 BBL Human Error Eddy (15) No No
nRM2020232730 XTO ENERGY, INC Minor Release Other 7/3/20 Produced Water 16 4 12 BBL Corrosion Eddy (15) No No
nRM2019635761 PLAINS PIPELINE, LP Major Oil Release 7/3/20 Crude Oil 90 80 10 BBL Equipment Failure Eddy (15) No No
nRM2020931353 OXY USA INC Minor Release Other 7/2/20 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nRM2019932835 EOG RESOURCES INC Minor Release Other 7/2/20 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nRM2020931353 OXY USA INC Minor Release Other 7/2/20 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nRM2028954312 EOG RESOURCES INC Minor Produced Water Release 7/2/20 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nRM2019932835 EOG RESOURCES INC Minor Release Other 7/2/20 Produced Water 13 0 13 BBL Other Eddy (15) No No
nRM2019931908 MATADOR PRODUCTION COMPANY Major Release Other 7/1/20 Crude Oil 0 0 0 BBL Other Lea (25) No No
nRM2019524383 CHEVRON MIDCONTINENT, L.P. Minor Produced Water Release 7/1/20 Produced Water 13 8 5 BBL Corrosion Lea (25) No No
nRM2019931908 MATADOR PRODUCTION COMPANY Major Release Other 7/1/20 Produced Water 0 0 0 BBL Other Lea (25) No No
nRM2019640815 HPPC, INC. Major Release Other 6/30/20 Crude Oil 5 2 3 BBL Equipment Failure Lea (25) No No
nRM2019859240 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 6/30/20 Crude Oil 10 0 10 BBL Corrosion Lea (25) No No
nRM2020352997 BTA OIL PRODUCERS, LLC Oil Release 6/30/20 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nRM2019533126 Spur Energy Partners LLC Minor Produced Water Release 6/30/20 Produced Water 23 0 23 BBL Equipment Failure Eddy (15) No No
nRM2019640815 HPPC, INC. Major Release Other 6/30/20 Produced Water 73 60 13 BBL Equipment Failure Lea (25) No No
nRM2019859240 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 6/30/20 Produced Water 40 0 40 BBL Corrosion Lea (25) No No
nRM2019758820 APACHE CORPORATION Major Oil Release 6/30/20 Crude Oil 156 130 26 BBL Corrosion Lea (25) No No
nAPP2333071200 EOG RESOURCES INC Major Produced Water Release 6/30/20 Produced Water 1000 20 980 BBL Equipment Failure Lea (25) No No
nRM2019550825 WPX Energy Permian, LLC Minor Produced Water Release 6/29/20 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nRM2019933917 CONOCOPHILLIPS COMPANY Minor Release Other 6/29/20 Crude Oil 4 0 4 BBL Corrosion Lea (25) No No
nRM2024747616 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/29/20 Produced Water 68 0 68 BBL Corrosion Lea (25) No No
nRM2019550034 WPX Energy Permian, LLC Minor Produced Water Release 6/29/20 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nRM2019933917 CONOCOPHILLIPS COMPANY Minor Release Other 6/29/20 Produced Water 16 1 15 BBL Corrosion Lea (25) No No
nRM2018244476 MEWBOURNE OIL CO Major Produced Water Release 6/29/20 Produced Water 100 70 30 BBL Equipment Failure Eddy (15) No No
nRM2019955119 COG OPERATING LLC Minor Produced Water Release 6/29/20 Produced Water 11 0 11 BBL Corrosion Lea (25) No No
nRM2019629912 KAISER-FRANCIS OIL CO Major Oil Release 6/28/20 Crude Oil 448 274 174 BBL Equipment Failure Lea (25) No No
nRM2018253989 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/28/20 Produced Water 650 650 0 BBL Other Lea (25) No No
nRM2018232278 RIDGEWAY ARIZONA OIL CORP. Major Release Other 6/28/20 Crude Oil 20 10 10 BBL Other Roosevelt (41) No No
nRM2018232278 RIDGEWAY ARIZONA OIL CORP. Major Release Other 6/28/20 Produced Water 300 110 190 BBL Other Roosevelt (41) No No
nRM2019526726 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 6/26/20 Crude Oil 37 37 0 BBL Human Error Eddy (15) No No
nRM2018256434 Spur Energy Partners LLC Minor Produced Water Release 6/26/20 Produced Water 7 4 3 BBL Equipment Failure Lea (25) No No
nRM2019860925 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 6/26/20 Produced Water 23 12 11 BBL Human Error Eddy (15) No No
nRM2019757991 APACHE CORPORATION Major Release Other 6/25/20 Crude Oil 145 125 20 BBL Other Lea (25) No No
nCS2026629266 HILCORP ENERGY COMPANY Major Oil Release 6/25/20 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nRM2019555862 ENDURING RESOURCES, LLC Minor Produced Water Release 6/25/20 Produced Water 7 7 0 BBL Corrosion San Juan (45) No No
nRM2019643192 APACHE CORPORATION Major Produced Water Release 6/25/20 Produced Water 0 2040 0 BBL Equipment Failure Lea (25) No No
nRM2019757991 APACHE CORPORATION Major Release Other 6/25/20 Produced Water 99 90 9 BBL Other Lea (25) No No
nRM2017850577 MEWBOURNE OIL CO Minor Release Other 6/24/20 Crude Oil 5 0 5 BBL Lightning Eddy (15) No No
nRM2017852330 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 6/24/20 Produced Water 556 120 436 BBL Equipment Failure Eddy (15) No No
nRM2017850577 MEWBOURNE OIL CO Minor Release Other 6/24/20 Produced Water 5 0 5 BBL Lightning Eddy (15) No No
nRM2019636591 RILEY PERMIAN OPERATING COMPANY, LLC Minor Release Other 6/24/20 Crude Oil 3 1 2 BBL Other Eddy (15) No No
nRM2019636591 RILEY PERMIAN OPERATING COMPANY, LLC Minor Release Other 6/24/20 Produced Water 20 17 3 BBL Other Eddy (15) No No
nRM2019525477 XTO ENERGY, INC Major Produced Water Release 6/24/20 Produced Water 130 0 130 BBL Other Eddy (15) No No
nAPP2209030874 CLEARWATER SWD, LLC Major Produced Water Release 6/23/20 Produced Water 285 100 185 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nRM2019638426 MATADOR PRODUCTION COMPANY Major Produced Water Release 6/23/20 Produced Water 100 90 10 BBL Human Error Lea (25) No No
nRM2035146148 EOG RESOURCES INC Minor Release Other 6/23/20 Other (Specify) 6 1 5 BBL Equipment Failure Lea (25) No No
nRM2019755640 APACHE CORPORATION Minor Release Other 6/23/20 Crude Oil 15 4 11 BBL Equipment Failure Lea (25) No No
nRM2019755640 APACHE CORPORATION Minor Release Other 6/23/20 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nRM2017750863 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 6/23/20 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nRM2017555009 MEWBOURNE OIL CO Major Produced Water Release 6/21/20 Produced Water 200 30 170 BBL Corrosion Eddy (15) No No
nRM2017854640 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 6/20/20 Produced Water 112 30 82 BBL Equipment Failure Eddy (15) No No
nRM2018258355 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 6/20/20 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nRM2018258355 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 6/20/20 Produced Water 9 4 5 BBL Equipment Failure Lea (25) No No
nRM2019534227 EOG RESOURCES INC Major Oil Release 6/19/20 Crude Oil 150 150 0 BBL Equipment Failure Lea (25) No No
nRM2017752399 Spur Energy Partners LLC Minor Produced Water Release 6/18/20 Produced Water 23 22 1 BBL Other Eddy (15) No No
nRM2019630782 APACHE CORPORATION Minor Release Other 6/18/20 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nRM2017527514 MEWBOURNE OIL CO Major Produced Water Release 6/18/20 Produced Water 50 30 20 BBL Corrosion Lea (25) No No
nRM2019630782 APACHE CORPORATION Minor Release Other 6/18/20 Produced Water 14 0 14 BBL Equipment Failure Lea (25) No No
nRM2017853957 CIMAREX ENERGY CO. OF COLORADO Minor Release Other 6/18/20 Crude Oil 5 5 0 BBL Human Error Lea (25) No No
nRM2017853957 CIMAREX ENERGY CO. OF COLORADO Minor Release Other 6/18/20 Produced Water 13 10 3 BBL Human Error Lea (25) No No
nRM2018233009 SIMCOE LLC Major Release Other 6/17/20 Condensate 135 0 135 BBL Equipment Failure San Juan (45) No No
nRM2018233009 SIMCOE LLC Major Release Other 6/17/20 Produced Water 7 0 7 BBL Equipment Failure San Juan (45) No No
nRM2017557881 ENDURING RESOURCES, LLC Minor Oil Release 6/16/20 Crude Oil 6 6 0 BBL Vandalism San Juan (45) No No
nRM2019529311 CENTENNIAL RESOURCE PRODUCTION, LLC Major Release Other 6/16/20 Crude Oil 40 40 0 BBL Equipment Failure Lea (25) No No
nRM2017856312 CONOCOPHILLIPS COMPANY Major Produced Water Release 6/16/20 Crude Oil 14 5 9 BBL Equipment Failure Lea (25) No No
nRM2017643736 WPX Energy Permian, LLC Minor Produced Water Release 6/16/20 Produced Water 22 22 0 BBL Corrosion Eddy (15) No No
nRM2017856312 CONOCOPHILLIPS COMPANY Major Produced Water Release 6/16/20 Produced Water 57 0 57 BBL Equipment Failure Lea (25) No No
nRM2019529311 CENTENNIAL RESOURCE PRODUCTION, LLC Major Release Other 6/16/20 Produced Water 400 395 5 BBL Equipment Failure Lea (25) No No
nRM2019558816 Western Refining Southwest LLC Major Release Other 6/15/20 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nRM2017052769 WPX Energy Permian, LLC Minor Produced Water Release 6/15/20 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM2017461850 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 6/15/20 Produced Water 24 20 4 BBL Equipment Failure Eddy (15) No No
nRM2017054610 CIMAREX ENERGY CO. Major Produced Water Release 6/15/20 Produced Water 75 75 0 BBL Equipment Failure Eddy (15) No No
nRM2019558816 Western Refining Southwest LLC Major Release Other 6/15/20 Chemical (Specify) 0 0 0 BBL Other San Juan (45) No No
nRM2017635527 WPX Energy Permian, LLC Minor Release Other 6/15/20 Crude Oil 4 2 2 BBL Corrosion Eddy (15) No No
nRM2017635527 WPX Energy Permian, LLC Minor Release Other 6/15/20 Produced Water 12 4 8 BBL Corrosion Eddy (15) No No
nRM2017855476 JUDAH OIL LLC Release Other 6/15/20 Produced Water 3 1 2 BBL Equipment Failure Eddy (15) No No
nRM2017855476 JUDAH OIL LLC Release Other 6/15/20 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nRM2018242652 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/14/20 Produced Water 35 35 0 BBL Equipment Failure Lea (25) No No
nRM2017851403 COG OPERATING LLC Major Produced Water Release 6/13/20 Produced Water 138 0 138 BBL Equipment Failure Eddy (15) No No
nRM2017041629 Spur Energy Partners LLC Minor Produced Water Release 6/13/20 Produced Water 10 0 10 BBL Other Lea (25) No No
nRM2025241810 OXY USA INC Major Produced Water Release 6/13/20 Produced Water 30 20 10 BBL Corrosion Eddy (15) No No
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nRM2024746183 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/13/20 Produced Water 47 47 0 BBL Equipment Failure Eddy (15) No No
nRM2022461212 OXY USA INC Minor Release Other 6/13/20 Crude Oil 5 1 4 BBL Equipment Failure Lea (25) No No
nRM2022461212 OXY USA INC Minor Release Other 6/13/20 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nRM2017849298 COG OPERATING LLC Major Produced Water Release 6/12/20 Produced Water 70 64 6 BBL Corrosion Lea (25) No No
nRM2017440778 Spur Energy Partners LLC Major Produced Water Release 6/12/20 Produced Water 300 180 120 BBL Other Lea (25) No No
nRM2017849943 COG OPERATING LLC Minor Produced Water Release 6/12/20 Produced Water 10 8 2 BBL Corrosion Lea (25) No No
nRM2018237619 OXY USA INC Major Release Other 6/11/20 Crude Oil 2 1 1 BBL Corrosion Lea (25) No No
nRM2018237619 OXY USA INC Major Release Other 6/11/20 Produced Water 24 20 4 BBL Corrosion Lea (25) No No
nRM2017725462 COG OPERATING LLC Major Release Other 6/10/20 Crude Oil 25 23 2 BBL Other Eddy (15) No No
nRM2018236487 OXY USA INC Minor Oil Release 6/10/20 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nRM2017725462 COG OPERATING LLC Major Release Other 6/10/20 Produced Water 3 2 1 BBL Other Eddy (15) No No
nRM2018235623 OXY USA INC Minor Release Other 6/10/20 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nRM2018235623 OXY USA INC Minor Release Other 6/10/20 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nAPP2209041780 OXY USA INC Minor Produced Water Release 6/9/20 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM2016454695 CIMAREX ENERGY CO. Minor Produced Water Release 6/8/20 Produced Water 6 6 0 BBL Corrosion Eddy (15) No No
nRM2017549520 APACHE CORPORATION Minor Produced Water Release 6/8/20 Produced Water 17 0 17 BBL Corrosion Lea (25) No No
nRM2016453805 ADVANCE ENERGY PARTNERS HAT MESA, LLC Minor Produced Water Release 6/7/20 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nRM2030426190 ENDEAVOR ENERGY RESOURCES, LP Minor Release Other 6/7/20 Crude Oil 0 0 0 BBL Corrosion Chaves (05) No No
nRM2017058536 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/7/20 Produced Water 22 22 0 BBL Equipment Failure Lea (25) No No
nRM2030426190 ENDEAVOR ENERGY RESOURCES, LP Minor Release Other 6/7/20 Produced Water 18 8 10 BBL Corrosion Chaves (05) No No
nRM2017437201 XTO ENERGY, INC Minor Oil Release 6/6/20 Crude Oil 8 2 6 BBL Equipment Failure Eddy (15) No No
nRM2016456845 WPX Energy Permian, LLC Major Produced Water Release 6/6/20 Produced Water 120 119 1 BBL Corrosion Eddy (15) No No
nRM2017458969 COG OPERATING LLC Minor Produced Water Release 6/6/20 Produced Water 14 11 3 BBL Corrosion Lea (25) No No
nRM2017839486 COG OPERATING LLC Major Release Other 6/5/20 Crude Oil 30 25 5 BBL Equipment Failure Lea (25) No No
nRM2017839486 COG OPERATING LLC Major Release Other 6/5/20 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nRM2017547777 APACHE CORPORATION Major Produced Water Release 6/4/20 Produced Water 119 110 9 BBL Corrosion Lea (25) No No
nRM2016457766 SIMCOE LLC Minor Produced Water Release 6/3/20 Produced Water 21 0 21 BBL Equipment Failure San Juan (45) No No
nRM2017055850 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/2/20 Crude Oil 10 8 2 BBL Equipment Failure Lea (25) No No
nRM2016062209 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/2/20 Produced Water 600 600 0 BBL Corrosion Lea (25) No No
nRM2015754726 CIMAREX ENERGY CO. Minor Release Other 6/1/20 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nRM2017057120 LOGOS OPERATING, LLC Release Other 6/1/20 Crude Oil 2 0 2 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nRM2017035633 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 6/1/20 Produced Water 20 10 10 BBL Human Error Lea (25) No No
nRM2017057120 LOGOS OPERATING, LLC Release Other 6/1/20 Produced Water 2 0 2 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nRM2016135686 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/1/20 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nRM2015754726 CIMAREX ENERGY CO. Minor Release Other 6/1/20 Produced Water 9 9 0 BBL Equipment Failure Lea (25) No No
nRM2016460654 XTO ENERGY, INC Major Produced Water Release 6/1/20 Produced Water 673 15 658 BBL Equipment Failure Eddy (15) No No
nRM2016027552 LIME ROCK RESOURCES II-A, L.P. Major Produced Water Release 5/31/20 Produced Water 1450 1430 20 BBL Equipment Failure Eddy (15) No No
nRM2016048371 Maverick Permian LLC Major Release Other 5/31/20 Crude Oil 3 1 2 BBL Equipment Failure Lea (25) No No
nRM2016059706 Spur Energy Partners LLC Minor Release Other 5/31/20 Produced Water 7 6 1 BBL Equipment Failure Eddy (15) No No
nRM2016048371 Maverick Permian LLC Major Release Other 5/31/20 Produced Water 26 7 19 BBL Equipment Failure Lea (25) No No
nRM2016059706 Spur Energy Partners LLC Minor Release Other 5/31/20 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nRM2016949793 COG OPERATING LLC Minor Produced Water Release 5/30/20 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nRM2017141758 CHEVRON U S A INC Minor Produced Water Release 5/30/20 Produced Water 23 0 23 BBL Human Error Eddy (15) No No
nRM2015753993 MEWBOURNE OIL CO Major Release Other 5/30/20 Produced Water 100 15 85 BBL Equipment Failure Lea (25) No No
nRM2015753993 MEWBOURNE OIL CO Major Release Other 5/30/20 Crude Oil 30 5 25 BBL Equipment Failure Lea (25) No No
nRM2015742721 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 5/29/20 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nRM2017061148 COG OPERATING LLC Minor Oil Release 5/29/20 Crude Oil 10 0 10 BBL Corrosion Lea (25) No No
nRM2015449989 MEWBOURNE OIL CO Minor Produced Water Release 5/28/20 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nRM2015736485 APACHE CORPORATION Major Produced Water Release 5/28/20 Produced Water 173 110 63 BBL Equipment Failure Eddy (15) No No
nRM2016730091 COG OPERATING LLC Minor Produced Water Release 5/27/20 Produced Water 7 0 7 BBL Corrosion Eddy (15) No No
nRM2014839790 Blackbuck New Mexico LLC Minor Produced Water Release 5/26/20 Produced Water 15 10 5 BBL Corrosion Eddy (15) No No
nRM2015737274 APACHE CORPORATION Minor Release Other 5/26/20 Crude Oil 4 2 2 BBL Equipment Failure Lea (25) No No
nRM2014958679 CIMAREX ENERGY CO. Major Produced Water Release 5/26/20 Produced Water 180 15 165 BBL Corrosion Eddy (15) No No
nRM2015737274 APACHE CORPORATION Minor Release Other 5/26/20 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nRM2014961908 Grizzly Operating, LLC Major Produced Water Release 5/25/20 Produced Water 49 40 9 BBL Equipment Failure Lea (25) No No
nRM2015753153 Spur Energy Partners LLC Major Produced Water Release 5/24/20 Produced Water 40 40 0 BBL Corrosion Eddy (15) No No
nRM2015743815 CIMAREX ENERGY CO. Major Produced Water Release 5/24/20 Produced Water 85 1 84 BBL Equipment Failure Eddy (15) No No
nRM2015542482 OXY USA INC Minor Release Other 5/24/20 Crude Oil 12 9 3 BBL Corrosion Lea (25) No No
nRM2016146439 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/24/20 Produced Water 68 0 68 BBL Corrosion Lea (25) No No
nRM2015542482 OXY USA INC Minor Release Other 5/24/20 Produced Water 10 7 3 BBL Corrosion Lea (25) No No
nRM2015337417 PLAINS PIPELINE, LP Minor Oil Release 5/23/20 Crude Oil 10 9 1 BBL Equipment Failure Lea (25) No No
nRM2015326612 PLAINS PIPELINE, LP Minor Oil Release 5/23/20 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nRM2015735208 DJR OPERATING, LLC Major Oil Release 5/23/20 Crude Oil 78 77 1 BBL Human Error Sandoval (43) No No
nRM2016046152 Maverick Permian LLC Minor Produced Water Release 5/22/20 Produced Water 7 1 6 BBL Equipment Failure Lea (25) No No
nRM2016049766 XTO ENERGY, INC Major Oil Release 5/22/20 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM2017059937 GIBSON ENERGY MARKETING, LLC Major Oil Release 5/22/20 Crude Oil 65 55 10 BBL Corrosion Eddy (15) No No
nRM2018239303 OXY USA INC Major Produced Water Release 5/22/20 Produced Water 50 50 0 BBL Corrosion Eddy (15) No No
nRM2014856222 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/21/20 Produced Water 140 140 0 BBL Corrosion Eddy (15) No No
nRM2016045357 BTA OIL PRODUCERS, LLC Minor Produced Water Release 5/21/20 Produced Water 16 0 16 BBL Equipment Failure Lea (25) No No
nRM2017030695 OWL SWD OPERATING, LLC Major Produced Water Release 5/21/20 Produced Water 200 0 200 BBL Equipment Failure Lea (25) No No
nRM2014568830 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/20/20 Crude Oil 22 20 2 BBL Equipment Failure Eddy (15) No No
nRM2016448841 SIMCOE LLC Major Release Other 5/20/20 Produced Water 31 30 1 BBL Human Error San Juan (45) No No
nRM2016448841 SIMCOE LLC Major Release Other 5/20/20 Other (Specify) 40 0 40 BBL Human Error San Juan (45) No No
nRM2015755611 COG OPERATING LLC Minor Release Other 5/20/20 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nRM2015755611 COG OPERATING LLC Minor Release Other 5/20/20 Produced Water 8 8 0 BBL Equipment Failure Lea (25) No No
nRM2014259078 MARATHON OIL PERMIAN LLC Minor Produced Water Release 5/19/20 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nRM2015733359 DJR OPERATING, LLC Minor Release Other 5/19/20 Crude Oil 4 0 4 BBL Corrosion Rio Arriba (39) No No
nRM2015733359 DJR OPERATING, LLC Minor Release Other 5/19/20 Produced Water 8 0 8 BBL Corrosion Rio Arriba (39) No No
nRM2015756964 BTA OIL PRODUCERS, LLC Major Release Other 5/18/20 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nRM2014255492 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 5/18/20 Produced Water 45 40 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM2015756964 BTA OIL PRODUCERS, LLC Major Release Other 5/18/20 Produced Water 276 0 276 BBL Corrosion Lea (25) No No
nRM2015757595 COG OPERATING LLC Minor Produced Water Release 5/17/20 Produced Water 16 10 6 BBL Corrosion Eddy (15) No No
nRM2015454866 XTO ENERGY, INC Major Produced Water Release 5/17/20 Produced Water 35 35 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM2014052691 WPX Energy Permian, LLC Major Produced Water Release 5/17/20 Produced Water 160 160 0 BBL Equipment Failure Eddy (15) No No
nRM2015546715 OXY USA INC Major Produced Water Release 5/16/20 Produced Water 50 0 50 BBL Corrosion Eddy (15) No No
nRM2014053299 CIMAREX ENERGY CO. Major Produced Water Release 5/15/20 Produced Water 50 50 0 BBL Equipment Failure Lea (25) No No
nRM2015059528 XTO ENERGY, INC Minor Produced Water Release 5/15/20 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nRM2014056076 BTA OIL PRODUCERS, LLC Major Produced Water Release 5/15/20 Produced Water 260 260 0 BBL Equipment Failure Lea (25) No No
nRM2015553076 OXY USA INC Minor Produced Water Release 5/15/20 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nRM2014147987 WPX Energy Permian, LLC Major Produced Water Release 5/14/20 Produced Water 30 10 20 BBL Equipment Failure Eddy (15) No No
nRM2014854518 Whiptail Midstream LLC Major Oil Release 5/14/20 Crude Oil 260 250 10 BBL Equipment Failure Rio Arriba (39) No No
nRM2014058428 PLAINS PIPELINE, LP Minor Oil Release 5/14/20 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nRM2013953582 Spur Energy Partners LLC Major Produced Water Release 5/13/20 Produced Water 42 40 2 BBL Equipment Failure Eddy (15) No No
nRM2015533063 APACHE CORPORATION Minor Produced Water Release 5/13/20 Produced Water 16 15 1 BBL Equipment Failure Lea (25) No No
nRM2014054256 MACK ENERGY CORP Major Oil Release 5/13/20 Crude Oil 35 15 20 BBL Equipment Failure Eddy (15) No No
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nRM2015439540 MEWBOURNE OIL CO Major Produced Water Release 5/13/20 Produced Water 140 90 50 BBL Corrosion Eddy (15) No No
nRM2015053388 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/12/20 Produced Water 222 220 2 BBL Equipment Failure Eddy (15) No No
nRM2014755309 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 5/12/20 Produced Water 30 15 15 BBL Equipment Failure Lea (25) No No
nAPP2106449127 Spur Energy Partners LLC Minor Produced Water Release 5/12/20 Produced Water 10 0 10 BBL Other Eddy (15) No No
nRM2013961658 CIMAREX ENERGY CO. Major Oil Release 5/12/20 Crude Oil 30 30 0 BBL Equipment Failure Lea (25) No No
nRM2013640481 BTA OIL PRODUCERS, LLC Major Release Other 5/12/20 Crude Oil 45 45 0 BBL Equipment Failure Lea (25) No No
nRM2013659360 Spur Energy Partners LLC Minor Produced Water Release 5/12/20 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nRM2014030538 MARATHON OIL PERMIAN LLC Minor Produced Water Release 5/12/20 Produced Water 12 0 12 BBL Equipment Failure Lea (25) No No
nRM2014056966 CENTENNIAL RESOURCE PRODUCTION, LLC Major Oil Release 5/12/20 Produced Water 0 0 0 BBL Fire Lea (25) No No
nRM2013640481 BTA OIL PRODUCERS, LLC Major Release Other 5/12/20 Produced Water 130 130 0 BBL Equipment Failure Lea (25) No No
nRM2014570121 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/11/20 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nRM2013943521 Spur Energy Partners LLC Minor Produced Water Release 5/11/20 Produced Water 12 11 1 BBL Equipment Failure Eddy (15) No No
nRM2014569455 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 5/10/20 Crude Oil 11 3 8 BBL Equipment Failure Eddy (15) No No
nRM2013931703 Spur Energy Partners LLC Release Other 5/10/20 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nRM2014564602 Maverick Permian LLC Major Release Other 5/10/20 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nRM2014558079 XTO ENERGY, INC Minor Release Other 5/10/20 Crude Oil 9 4 5 BBL Corrosion Eddy (15) No No
nRM2014569455 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 5/10/20 Produced Water 21 2 19 BBL Equipment Failure Eddy (15) No No
nRM2013931703 Spur Energy Partners LLC Release Other 5/10/20 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nRM2014564602 Maverick Permian LLC Major Release Other 5/10/20 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nRM2014558079 XTO ENERGY, INC Minor Release Other 5/10/20 Produced Water 1 0 1 BBL Corrosion Eddy (15) No No
nRM2014565278 Maverick Permian LLC Major Produced Water Release 5/9/20 Produced Water 54 0 54 BBL Corrosion Lea (25) No No
nRM2014567967 COG OPERATING LLC Minor Produced Water Release 5/8/20 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nRM2013949677 Spur Energy Partners LLC Major Release Other 5/8/20 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nRM2013442282 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 5/8/20 Condensate 0 0 0 BBL Other San Juan (45) No No
nRM2013945547 Spur Energy Partners LLC Major Produced Water Release 5/8/20 Produced Water 300 280 20 BBL Human Error Eddy (15) No No
nRM2013949677 Spur Energy Partners LLC Major Release Other 5/8/20 Produced Water 23 12 11 BBL Equipment Failure Eddy (15) No No
nRM2013442282 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 5/8/20 Other (Specify) 10 0 10 BBL Other San Juan (45) No No
nRM2013964055 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 5/7/20 Crude Oil 2 2 0 BBL Other Lea (25) No No
nRM2013250898 BTA OIL PRODUCERS, LLC Major Produced Water Release 5/7/20 Produced Water 650 650 0 BBL Equipment Failure Eddy (15) No No
nRM2014262411 XTO ENERGY, INC Major Produced Water Release 5/7/20 Produced Water 543 360 183 BBL Equipment Failure Eddy (15) No No
nRM2013964055 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 5/7/20 Produced Water 4 3 1 BBL Other Lea (25) No No
nRM2014566661 COG OPERATING LLC Major Release Other 5/6/20 Crude Oil 2 2 0 BBL Corrosion Lea (25) No No
nRM2015458367 OXY USA INC Major Oil Release 5/6/20 Crude Oil 95 93 2 BBL Other Eddy (15) No No
nRM2014566661 COG OPERATING LLC Major Release Other 5/6/20 Produced Water 163 162 1 BBL Corrosion Lea (25) No No
nRM2015533864 OXY USA INC Major Produced Water Release 5/5/20 Produced Water 145 140 5 BBL Equipment Failure Eddy (15) No No
nRM2015551293 OXY USA INC Major Produced Water Release 5/5/20 Produced Water 100 100 0 BBL Corrosion Lea (25) No No
nRM2013950819 Spur Energy Partners LLC Minor Produced Water Release 5/5/20 Produced Water 23 18 5 BBL Corrosion Eddy (15) No No
nRM2015531569 OXY USA INC Major Produced Water Release 5/4/20 Produced Water 120 100 20 BBL Equipment Failure Eddy (15) No No
nRM2014332937 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/4/20 Produced Water 84 83 1 BBL Other Eddy (15) No No
nRM2013250166 APACHE CORPORATION Minor Release Other 5/4/20 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nRM2014048215 XTO ENERGY, INC Minor Produced Water Release 5/4/20 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nRM2013250166 APACHE CORPORATION Minor Release Other 5/4/20 Produced Water 10 3 7 BBL Equipment Failure Lea (25) No No
nRM2015544573 OXY USA INC Major Oil Release 5/3/20 Crude Oil 48 45 3 BBL Equipment Failure Eddy (15) No No
nRM2012930770 MATADOR PRODUCTION COMPANY Major Produced Water Release 5/3/20 Produced Water 58 50 8 BBL Equipment Failure Eddy (15) No No
nRM2013660346 XTO ENERGY, INC Minor Release Other 5/2/20 Crude Oil 2 1 1 BBL Vehicular Accident Eddy (15) No No
nRM2013962666 COG OPERATING LLC Major Produced Water Release 5/2/20 Produced Water 100 0 100 BBL Other Lea (25) No No
nRM2013660346 XTO ENERGY, INC Minor Release Other 5/2/20 Produced Water 8 6 2 BBL Vehicular Accident Eddy (15) No No
nRM2013960463 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/1/20 Produced Water 7 5 2 BBL Corrosion Eddy (15) No No
nRM2013952120 Spur Energy Partners LLC Produced Water Release 5/1/20 Produced Water 10 0 10 GAL Corrosion Eddy (15) No No
nRM2024859961 ROBERT H FORREST JR OIL LLC Release Other 5/1/20 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nRM2012560155 PLAINS PIPELINE, LP Minor Oil Release 5/1/20 Crude Oil 7 0 7 BBL Human Error Lea (25) No No
nRM2024859961 ROBERT H FORREST JR OIL LLC Release Other 5/1/20 Produced Water 2 2 0 BBL Corrosion Eddy (15) No No
nRM2013358062 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/30/20 Produced Water 8 7 1 BBL Corrosion Lea (25) No No
nRM2030243926 ENDEAVOR ENERGY RESOURCES, LP Major Release Other 4/29/20 Crude Oil 7 0 7 BBL Equipment Failure Chaves (05) No No
nRM2013658524 TARGA MIDSTREAM SERVICES LLC Minor Release Other 4/29/20 Other (Specify) 15 15 0 BBL Corrosion Lea (25) No No
nRM2013929857 COG OPERATING LLC Major Oil Release 4/29/20 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nRM2013955347 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/29/20 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nRM2030243926 ENDEAVOR ENERGY RESOURCES, LP Major Release Other 4/29/20 Produced Water 232 0 232 BBL Equipment Failure Chaves (05) No No
nRM2014059324 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/29/20 Produced Water 206 138 68 BBL Vehicular Accident Lea (25) No No
nRM2012169218 MATADOR PRODUCTION COMPANY Major Produced Water Release 4/28/20 Produced Water 117 50 67 BBL Corrosion Lea (25) No No
nRM2012240751 MARATHON OIL PERMIAN LLC Minor Produced Water Release 4/28/20 Produced Water 13 10 3 BBL Equipment Failure Eddy (15) No No
nRM2015541340 J R OIL, LTD. CO. Major Release Other 4/27/20 Crude Oil 30 25 5 BBL Equipment Failure Lea (25) No No
nRM2012750397 Grizzly Operating, LLC Minor Oil Release 4/27/20 Crude Oil 15 15 0 BBL Corrosion Lea (25) No No
nRM2015541340 J R OIL, LTD. CO. Major Release Other 4/27/20 Produced Water 50 20 30 BBL Equipment Failure Lea (25) No No
nRM2012164856 CENTENNIAL RESOURCE PRODUCTION, LLC Release Other 4/26/20 Other (Specify) 2 0 2 GAL Equipment Failure Lea (25) No No
nRM2012239937 MARATHON OIL PERMIAN LLC Minor Produced Water Release 4/26/20 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nRM2012238948 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/25/20 Produced Water 46 40 6 BBL Equipment Failure Lea (25) No No
nRM2012953444 XTO ENERGY, INC Major Oil Release 4/25/20 Crude Oil 52 52 0 BBL Other Eddy (15) No No
nRM2012747223 COG OPERATING LLC Minor Produced Water Release 4/24/20 Produced Water 6 5 1 BBL Corrosion Lea (25) No No
nRM2012535502 CENTENNIAL RESOURCE PRODUCTION, LLC Major Release Other 4/24/20 Crude Oil 6 5 1 BBL Equipment Failure Lea (25) No No
nRM2012853960 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 4/24/20 Produced Water 178 0 178 BBL Corrosion Lea (25) No No
nRM2012535502 CENTENNIAL RESOURCE PRODUCTION, LLC Major Release Other 4/24/20 Produced Water 54 50 4 BBL Equipment Failure Lea (25) No No
nRM2012242719 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/24/20 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nRM2011555732 Transwestern Pipeline Company, LLC Major Natural Gas Release 4/23/20 Natural Gas Liquids 1261 0 1261 BBL Normal Operations Eddy (15) No No
nRM2012241818 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 4/22/20 Crude Oil 26 10 16 BBL Equipment Failure Eddy (15) No No
nRM2012229921 XTO ENERGY, INC Minor Release Other 4/22/20 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nRM2012229921 XTO ENERGY, INC Minor Release Other 4/22/20 Produced Water 16 14 2 BBL Equipment Failure Eddy (15) No No
nRM2011334979 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 4/20/20 Produced Water 342 55 287 BBL Equipment Failure Eddy (15) No No
nRM2012827824 COG OPERATING LLC Minor Produced Water Release 4/20/20 Produced Water 20 18 2 BBL Corrosion Lea (25) No No
nRM2015534932 OXY USA INC Minor Oil Release 4/19/20 Crude Oil 6 0 6 BBL Corrosion Eddy (15) No No
nRM2012235693 COG OPERATING LLC Minor Release Other 4/18/20 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nRM2011948951 COG OPERATING LLC Minor Release Other 4/18/20 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nRM2012235693 COG OPERATING LLC Minor Release Other 4/18/20 Produced Water 4 0 4 BBL Corrosion Lea (25) No No
nRM2011948951 COG OPERATING LLC Minor Release Other 4/18/20 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nRM2011329998 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/17/20 Crude Oil 7 6 1 BBL Equipment Failure Eddy (15) No No
nRM2012229165 XTO ENERGY, INC Minor Produced Water Release 4/17/20 Produced Water 5 4 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM2011449161 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/17/20 Crude Oil 21 4 17 BBL Equipment Failure Lea (25) No No
nRM2015552273 OXY USA INC Major Release Other 4/16/20 Crude Oil 375 375 0 BBL Equipment Failure Eddy (15) No No
nRM2012234129 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 4/16/20 Produced Water 14 0 14 BBL Human Error Eddy (15) No No
nRM2015535581 OXY USA INC Major Release Other 4/16/20 Crude Oil 5 3 2 BBL Corrosion Eddy (15) No No
nRM2015552273 OXY USA INC Major Release Other 4/16/20 Produced Water 375 375 0 BBL Equipment Failure Eddy (15) No No
nRM2015535581 OXY USA INC Major Release Other 4/16/20 Produced Water 27 0 27 BBL Corrosion Eddy (15) No No
nRM2012051816 WPX Energy Permian, LLC Major Release Other 4/15/20 Produced Water 30 15 15 BBL Equipment Failure Eddy (15) No No
nRM2011138650 WPX Energy Permian, LLC Minor Produced Water Release 4/14/20 Produced Water 10 2 8 BBL Equipment Failure Eddy (15) No No
nRM2016043944 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Release Other 4/14/20 Other (Specify) 12 0 12 BBL Human Error Lea (25) No No
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nRM2010753767 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Oil Release 4/14/20 Crude Oil 97 96 1 BBL Other Lea (25) No No
nRM2012232928 COG OPERATING LLC Minor Produced Water Release 4/14/20 Produced Water 19 10 9 BBL Corrosion Lea (25) No No
nRM2011458318 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 4/14/20 Crude Oil 472 430 42 BBL Equipment Failure Lea (25) No No
nRM2012166326 SIMCOE LLC Minor Produced Water Release 4/14/20 Produced Water 22 0 22 BBL Corrosion San Juan (45) No No
nRM2011557540 DUGAN PRODUCTION CORP Minor Produced Water Release 4/14/20 Produced Water 19 0 19 BBL Corrosion San Juan (45) No No
nAPP2105437946 EOG RESOURCES INC Major Oil Release 4/13/20 Other (Specify) 0 0 0 BBL Other Eddy (15) No No
nRM2010634337 Spur Energy Partners LLC Minor Release Other 4/13/20 Crude Oil 2 2 0 BBL Other Eddy (15) No No
nRM2010634337 Spur Energy Partners LLC Minor Release Other 4/13/20 Produced Water 17 14 3 BBL Other Eddy (15) No No
nRM2012548982 OXY USA INC Major Produced Water Release 4/12/20 Produced Water 1500 1500 0 BBL Equipment Failure Eddy (15) No No
nRM2010752258 MARATHON OIL PERMIAN LLC Major Oil Release 4/12/20 Crude Oil 332 162 170 BBL Equipment Failure Lea (25) No No
nRM2015758423 HILCORP ENERGY COMPANY Minor Release Other 4/10/20 Produced Water 6 0 6 BBL Corrosion San Juan (45) No No
nRM2010836658 HILCORP ENERGY COMPANY Minor Release Other 4/10/20 Produced Water 6 0 6 BBL Corrosion San Juan (45) No No
nRM2011559899 XTO ENERGY, INC Minor Produced Water Release 4/10/20 Produced Water 6 4 2 BBL Human Error Eddy (15) No No
nRM2011435695 MEWBOURNE OIL CO Minor Produced Water Release 4/10/20 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nRM2020237398 EPIC ENERGY, L.L.C. Major Release Other 4/10/20 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nRM2010836658 HILCORP ENERGY COMPANY Minor Release Other 4/10/20 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nRM2011862082 COG OPERATING LLC Minor Oil Release 4/10/20 Crude Oil 22 19 3 BBL Equipment Failure Eddy (15) No No
nRM2011537308 XTO ENERGY, INC Major Release Other 4/10/20 Condensate 0 0 0 BBL Other Eddy (15) No No
nRM2015758423 HILCORP ENERGY COMPANY Minor Release Other 4/10/20 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nRM2019531190 LIVELY EXPLORATION CO Major Release Other 4/9/20 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nRM2011535196 XTO ENERGY, INC Minor Produced Water Release 4/9/20 Produced Water 10 10 0 BBL Other Eddy (15) No No
nRM2019531190 LIVELY EXPLORATION CO Major Release Other 4/9/20 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nRM2010158449 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 4/8/20 Produced Water 28 28 0 BBL Corrosion Lea (25) No No
nRM2010837524 APACHE CORPORATION Minor Oil Release 4/8/20 Crude Oil 20 10 10 BBL Equipment Failure Lea (25) No No
nRM2010157543 MARATHON OIL PERMIAN LLC Major Oil Release 4/7/20 Crude Oil 63 25 38 BBL Equipment Failure Lea (25) No No
nRM2010834974 APACHE CORPORATION Major Produced Water Release 4/7/20 Produced Water 119 70 49 BBL Equipment Failure Lea (25) No No
nRM2011445697 XTO ENERGY, INC Minor Produced Water Release 4/7/20 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nRM2010735527 Enterprise Field Services, LLC Major Release Other 4/7/20 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nRM2010659709 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/6/20 Produced Water 110 109 1 BBL Equipment Failure Lea (25) No No
nRM2011345278 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 4/6/20 Condensate 0 0 0 BBL Other Sandoval (43) No No
nRM2010648431 OWL SWD OPERATING, LLC Major Produced Water Release 4/6/20 Produced Water 1280 230 1050 BBL Corrosion Lea (25) No No
nRM2030434227 North Fork Operating, LP Release Other 4/5/20 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nRM2030434227 North Fork Operating, LP Release Other 4/5/20 Produced Water 4 0 4 BBL Corrosion Eddy (15) No No
nRM2010460118 KAISER-FRANCIS OIL CO Minor Oil Release 4/4/20 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nRM2011141809 XTO ENERGY, INC Major Release Other 4/4/20 Other (Specify) 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM2011140918 COG OPERATING LLC Minor Produced Water Release 4/4/20 Produced Water 10 9 1 BBL Corrosion Lea (25) No No
nRM2010632321 Spur Energy Partners LLC Major Produced Water Release 4/3/20 Produced Water 70 60 10 BBL Equipment Failure Eddy (15) No No
nRM2009842331 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 4/3/20 Produced Water 69 40 29 BBL Human Error Lea (25) No No
nRM2010649724 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/3/20 Produced Water 89 30 59 BBL Corrosion Eddy (15) No No
nRM2009840225 CART HILL ENERGY, LLC Minor Produced Water Release 4/2/20 Produced Water 10 6 4 BBL Corrosion Lea (25) No No
nRM2010853797 XTO ENERGY, INC Major Release Other 4/2/20 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nRM2010853797 XTO ENERGY, INC Major Release Other 4/2/20 Produced Water 26 23 3 BBL Equipment Failure Eddy (15) No No
nRM2010731078 COG OPERATING LLC Minor Produced Water Release 3/31/20 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nRM2009747391 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 3/31/20 Produced Water 55 55 0 BBL Equipment Failure Eddy (15) No No
nRM2010541885 XTO ENERGY, INC Major Release Other 3/30/20 Other (Specify) 255 200 55 BBL Equipment Failure Eddy (15) No No
nRM2012537816 OXY USA INC Major Oil Release 3/30/20 Crude Oil 80 76 4 BBL Equipment Failure Eddy (15) No No
nRM2012539093 OXY USA INC Major Produced Water Release 3/30/20 Produced Water 31 30 1 BBL Human Error Lea (25) No No
nRM2009830410 BXP Operating, LLC Minor Produced Water Release 3/30/20 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nRM2012859198 MATADOR PRODUCTION COMPANY Minor Release Other 3/30/20 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nRM2010059368 Franklin Mountain Energy 3, LLC Major Produced Water Release 3/30/20 Produced Water 32 10 22 BBL Human Error Lea (25) No No
nRM2012859198 MATADOR PRODUCTION COMPANY Minor Release Other 3/30/20 Produced Water 18 12 6 BBL Equipment Failure Lea (25) No No
nRM2010833956 COG OPERATING LLC Major Oil Release 3/30/20 Crude Oil 37 0 37 BBL Human Error Eddy (15) No No
nRM2009066157 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/28/20 Produced Water 26 0 26 BBL Other Lea (25) No No
nRM2010150294 XTO ENERGY, INC Major Release Other 3/28/20 Crude Oil 7 4 3 GAL Corrosion Lea (25) No No
nRM2009254898 PLAINS PIPELINE, LP Minor Oil Release 3/28/20 Crude Oil 15 12 3 BBL Equipment Failure Eddy (15) No No
nRM2009056532 MARATHON OIL PERMIAN LLC Minor Produced Water Release 3/28/20 Produced Water 13 0 13 BBL Corrosion Eddy (15) No No
nRM2009059361 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/28/20 Produced Water 31 0 31 BBL Equipment Failure Eddy (15) No No
nRM2010150294 XTO ENERGY, INC Major Release Other 3/28/20 Produced Water 32 18 14 BBL Corrosion Lea (25) No No
nRM2010143902 XTO ENERGY, INC Major Produced Water Release 3/28/20 Produced Water 40 40 0 BBL Other Eddy (15) No No
nRM2009054594 Spur Energy Partners LLC Major Produced Water Release 3/27/20 Produced Water 93 90 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM2009734927 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 3/27/20 Produced Water 20 20 0 BBL Human Error Lea (25) No No
nRM2026544514 DJR OPERATING, LLC Produced Water Release 3/27/20 Produced Water 1 0 1 BBL Corrosion San Juan (45) No No
nRM2009253961 CIMAREX ENERGY CO. Major Produced Water Release 3/26/20 Produced Water 41 5 36 BBL Corrosion Eddy (15) No No
nRM2009745985 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 3/26/20 Produced Water 32 30 2 BBL Corrosion Eddy (15) No No
nRM2009256692 CIMAREX ENERGY CO. Major Produced Water Release 3/26/20 Produced Water 360 360 0 BBL Equipment Failure Lea (25) No No
nRM2008733329 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/26/20 Produced Water 72 67 5 BBL Equipment Failure Eddy (15) No No
nRM2019957626 MATADOR PRODUCTION COMPANY Major Produced Water Release 3/25/20 Produced Water 1124 280 844 BBL Equipment Failure Eddy (15) No No
nRM2009032079 MATADOR PRODUCTION COMPANY Minor Produced Water Release 3/25/20 Produced Water 20 12 8 BBL Equipment Failure Eddy (15) No No
nRM2010050612 XTO ENERGY, INC Major Produced Water Release 3/25/20 Other (Specify) 166 136 30 BBL Equipment Failure Eddy (15) No No
nRM2009250299 HOLLY ENERGY PARTNERS Major Oil Release 3/25/20 Crude Oil 212 130 82 BBL Equipment Failure Lea (25) No No
nRM2012547984 J R OIL, LTD. CO. Major Release Other 3/24/20 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nRM2009962193 COG OPERATING LLC Minor Oil Release 3/24/20 Crude Oil 10 9 1 BBL Human Error Lea (25) No No
nRM2012547984 J R OIL, LTD. CO. Major Release Other 3/24/20 Produced Water 60 15 45 BBL Equipment Failure Lea (25) No No
nRM2009841041 XTO ENERGY, INC Major Produced Water Release 3/23/20 Produced Water 198 160 38 BBL Equipment Failure Eddy (15) No No
nRM2009252076 Enterprise Field Services, LLC Major Release Other 3/23/20 Condensate 0 0 0 BBL Human Error San Juan (45) Yes No
nRM2008658076 APACHE CORPORATION Major Release Other 3/22/20 Crude Oil 30 27 3 BBL Corrosion Lea (25) No No
nRM2009255828 CIMAREX ENERGY CO. Major Produced Water Release 3/22/20 Produced Water 175 170 5 BBL Other Eddy (15) No No
nRM2008658076 APACHE CORPORATION Major Release Other 3/22/20 Produced Water 120 113 7 BBL Corrosion Lea (25) No No
nRM2009455956 ETC Texas Pipeline, Ltd. Major Release Other 3/21/20 Condensate 28 3 25 BBL Equipment Failure Lea (25) No Yes
nRM2012543729 OXY USA INC Major Produced Water Release 3/20/20 Produced Water 69 68 1 BBL Corrosion Eddy (15) No No
nRM2009458386 XTO ENERGY, INC Release Other 3/20/20 Crude Oil 3 3 0 BBL Human Error Eddy (15) No No
nRM2009048752 EOG RESOURCES INC Minor Oil Release 3/20/20 Crude Oil 23 20 3 BBL Other Lea (25) No No
nRM2014959813 Fluid Delivery Solutions, LLC Major Produced Water Release 3/20/20 Produced Water 133 3 130 BBL Equipment Failure Lea (25) No No
nRM2008553248 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 3/19/20 Crude Oil 53 40 13 BBL Other Lea (25) No No
nRM2008550802 HILCORP ENERGY COMPANY Minor Release Other 3/18/20 Condensate 12 8 4 BBL Equipment Failure San Juan (45) No No
nRM2008551917 Spur Energy Partners LLC Minor Produced Water Release 3/18/20 Produced Water 8 3 5 BBL Corrosion Eddy (15) No No
nRM2010843574 CHEVRON U S A INC Minor Release Other 3/16/20 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nRM2008348428 Maverick Permian LLC Major Release Other 3/16/20 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nRM2007947298 RIDGEWAY ARIZONA OIL CORP. Major Release Other 3/16/20 Crude Oil 10 5 5 BBL Corrosion Roosevelt (41) No No
nRM2008052559 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 3/16/20 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nRM2010843574 CHEVRON U S A INC Minor Release Other 3/16/20 Produced Water 4 4 0 BBL Equipment Failure Lea (25) No No
nRM2008348428 Maverick Permian LLC Major Release Other 3/16/20 Produced Water 135 129 6 BBL Equipment Failure Lea (25) No No
nRM2007947298 RIDGEWAY ARIZONA OIL CORP. Major Release Other 3/16/20 Produced Water 80 60 20 BBL Corrosion Roosevelt (41) No No
nRM2008052559 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 3/16/20 Produced Water 22 9 13 BBL Corrosion Eddy (15) No No
nRM2007952227 CONOCOPHILLIPS CO. Minor Release Other 3/16/20 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
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nRM2007952227 CONOCOPHILLIPS CO. Minor Release Other 3/16/20 Produced Water 7 0 7 BBL Corrosion Eddy (15) No No
nRM2008663010 MACK ENERGY CORP Major Oil Release 3/15/20 Crude Oil 90 60 30 BBL Equipment Failure Eddy (15) No No
nRM2008631179 Franklin Mountain Energy LLC Major Produced Water Release 3/13/20 Produced Water 150 150 0 BBL Corrosion Lea (25) No No
nRM2008045508 RAYBAW Operating, LLC Major Produced Water Release 3/13/20 Produced Water 58 39 19 BBL Corrosion Lea (25) No No
nRM2008635903 XTO ENERGY, INC Minor Release Other 3/12/20 Crude Oil 5 5 0 BBL Corrosion Eddy (15) No No
nRM2008459060 NNOGC EXPLORATION AND PRODUCTION, LLC Minor Produced Water Release 3/12/20 Produced Water 7 7 0 BBL Other San Juan (45) No No
nRM2008555443 WPX Energy Permian, LLC Major Produced Water Release 3/12/20 Produced Water 175 30 145 BBL Human Error Eddy (15) No No
nRM2008635903 XTO ENERGY, INC Minor Release Other 3/12/20 Produced Water 7 7 0 BBL Corrosion Eddy (15) No No
nRM2008648000 COG OPERATING LLC Minor Oil Release 3/12/20 Crude Oil 12 0 12 BBL Other Eddy (15) No No
nRM2008543296 Spur Energy Partners LLC Minor Produced Water Release 3/11/20 Produced Water 12 10 2 BBL Equipment Failure Eddy (15) No No
nRM2008641847 COG OPERATING LLC Major Produced Water Release 3/11/20 Produced Water 210 205 5 BBL Equipment Failure Eddy (15) No No
nRM2008756964 SELECT ENERGY SERVICES, LLC Major Produced Water Release 3/11/20 Produced Water 2160 0 2160 BBL Human Error Lea (25) No No
nRM2007248990 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 3/11/20 Condensate 0 0 0 BBL Other Rio Arriba (39) No No
nRM2007645132 Prima Exploration, Inc. Major Oil Release 3/11/20 Crude Oil 225 203 22 BBL Equipment Failure Lea (25) No No
nRM2008557549 ETC Texas Pipeline, Ltd. Minor Release Other 3/11/20 Other (Specify) 13 13 0 BBL Corrosion Lea (25) No No
nRM2007659740 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 3/10/20 Condensate 0 0 0 BBL Equipment Failure San Juan (45) Yes No
nRM2007857235 Blackbuck New Mexico LLC Major Produced Water Release 3/10/20 Produced Water 323 323 0 BBL Equipment Failure Eddy (15) No No
nRM2007659740 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 3/10/20 Other (Specify) 0 0 0 BBL Equipment Failure San Juan (45) Yes No
nRM2009441119 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 3/10/20 Condensate 0 0 0 BBL Other San Juan (45) No No
nRM2008651744 COG OPERATING LLC Major Release Other 3/9/20 Crude Oil 20 19 1 BBL Corrosion Lea (25) No No
nRM2012536459 OXY USA INC Minor Produced Water Release 3/9/20 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No

nRM2009457208
STAKEHOLDER MIDSTREAM CRUDE OIL 
PIPELINE, LLC Minor Oil Release 3/9/20 Crude Oil 20 5 15 BBL Human Error Lea (25) No No

nRM2008651744 COG OPERATING LLC Major Release Other 3/9/20 Produced Water 30 29 1 BBL Corrosion Lea (25) No No
nRM2008534250 Harvest Four Corners, LLC Major Release Other 3/9/20 Lube Oil 1 0 1 BBL Human Error San Juan (45) No No
nRM2007957117 SIMCOE LLC Major Produced Water Release 3/8/20 Produced Water 120 0 120 BBL Equipment Failure San Juan (45) No No
nRM2008460163 XTO ENERGY, INC Minor Release Other 3/5/20 Produced Water 10 10 0 BBL Human Error Eddy (15) No No
nRM2008461126 XTO ENERGY, INC Minor Release Other 3/5/20 Produced Water 10 10 0 BBL Human Error Eddy (15) No No
nRM2012856003 3BEAR FIELD SERVICES, LLC Major Oil Release 3/5/20 Crude Oil 34 32 2 BBL Equipment Failure Lea (25) No No
nRM2030333188 ENDEAVOR ENERGY RESOURCES, LP Minor Release Other 3/4/20 Crude Oil 3 0 3 BBL Equipment Failure Chaves (05) No No
nRM2006560641 HILCORP ENERGY COMPANY Major Release Other 3/4/20 Produced Water 10 0 10 BBL Freeze Rio Arriba (39) No No
nRM2008341796 SIMCOE LLC Minor Produced Water Release 3/4/20 Produced Water 11 5 6 BBL Corrosion San Juan (45) No No
nRM2007959815 SIMCOE LLC Minor Produced Water Release 3/4/20 Produced Water 11 5 6 BBL Corrosion San Juan (45) No No
nRM2030333188 ENDEAVOR ENERGY RESOURCES, LP Minor Release Other 3/4/20 Produced Water 3 0 3 BBL Equipment Failure Chaves (05) No No
nRM2006560641 HILCORP ENERGY COMPANY Major Release Other 3/4/20 Condensate 68 0 68 BBL Freeze Rio Arriba (39) No No
nRM2006942419 Grizzly Operating, LLC Major Oil Release 3/3/20 Crude Oil 38 36 2 BBL Equipment Failure Eddy (15) No No
nRM2008344774 SIMCOE LLC Minor Produced Water Release 3/3/20 Produced Water 7 4 3 BBL Corrosion San Juan (45) No No
nRM2007850252 CIMAREX ENERGY CO. OF COLORADO Major Release Other 3/3/20 Condensate 55 55 0 BBL Equipment Failure Eddy (15) No No
nRM2009061396 CHEVRON U S A INC Minor Produced Water Release 3/3/20 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nRM2007937583 ETC Texas Pipeline, Ltd. Minor Release Other 3/2/20 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nRM2007843906 CIMAREX ENERGY CO. Major Produced Water Release 3/2/20 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nRM2006559088 DJR OPERATING, LLC Major Release Other 3/2/20 Crude Oil 0 0 0 BBL Other Rio Arriba (39) No No
nRM2007937583 ETC Texas Pipeline, Ltd. Minor Release Other 3/2/20 Other (Specify) 0 0 0 BBL Corrosion Lea (25) No No
nRM2006559088 DJR OPERATING, LLC Major Release Other 3/2/20 Produced Water 35 0 35 BBL Other Rio Arriba (39) No No
nRM2009062305 CHEVRON U S A INC Minor Produced Water Release 3/1/20 Produced Water 9 8 1 BBL Corrosion Eddy (15) No No
nRM2009064906 CHEVRON U S A INC Major Release Other 3/1/20 Crude Oil 11 2 9 BBL Equipment Failure Lea (25) No No
nRM2007859922 XTO ENERGY, INC Minor Release Other 3/1/20 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nRM2006557173 MATADOR PRODUCTION COMPANY Major Oil Release 3/1/20 Crude Oil 37 35 2 BBL Human Error Lea (25) No No
nRM2006661276 Wapiti Operating, LLC Major Produced Water Release 3/1/20 Produced Water 192 80 112 BBL Freeze Colfax (07) No No
nRM2009064906 CHEVRON U S A INC Major Release Other 3/1/20 Produced Water 24 4 20 BBL Equipment Failure Lea (25) No No
nRM2007849006 CIMAREX ENERGY CO. Major Produced Water Release 3/1/20 Produced Water 181 181 0 BBL Corrosion Eddy (15) No No
nRM2011949780 CHEVRON U S A INC Major Produced Water Release 3/1/20 Produced Water 73 60 13 BBL Equipment Failure Lea (25) No No
nRM2007859922 XTO ENERGY, INC Minor Release Other 3/1/20 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nRM2007254419 XTO ENERGY, INC Minor Produced Water Release 2/29/20 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nRM2007860939 XTO ENERGY, INC Minor Oil Release 2/29/20 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nRM2006556242 Franklin Mountain Energy LLC Major Oil Release 2/29/20 Crude Oil 3 0 3 BBL Other Lea (25) No No
nRM2006235833 MULLOY OPERATING, INC. Major Oil Release 2/28/20 Crude Oil 75 0 75 BBL Equipment Failure Lea (25) No No
nRM2006956859 WPX Energy Permian, LLC Minor Produced Water Release 2/28/20 Produced Water 13 0 13 BBL Human Error Eddy (15) No No
nRM2008456960 OXY USA INC Minor Produced Water Release 2/28/20 Produced Water 20 18 2 BBL Corrosion Eddy (15) No No
nRM2006948383 COG OPERATING LLC Minor Oil Release 2/28/20 Crude Oil 9 8 1 BBL Human Error Eddy (15) No No
nRM2006541507 DJR OPERATING, LLC Major Oil Release 2/28/20 Crude Oil 0 0 0 BBL Other Rio Arriba (39) No No
nRM2006557992 DJR OPERATING, LLC Oil Release 2/28/20 Crude Oil 0 0 0 BBL Corrosion Rio Arriba (39) No No
nRM2006956155 SUNDOWN ENERGY LP Minor Produced Water Release 2/27/20 Produced Water 20 0 20 BBL Freeze Lea (25) No No
nRM2007037866 Maverick Permian LLC Minor Produced Water Release 2/27/20 Produced Water 17 0 17 BBL Other Lea (25) No No
nRM2006951654 Enterprise Field Services, LLC Minor Release Other 2/27/20 Natural Gas Liquids 3 0 3 BBL Corrosion Eddy (15) No No
nRM2007252730 XTO ENERGY, INC Major Oil Release 2/26/20 Crude Oil 29 29 0 BBL Equipment Failure Eddy (15) No No
nRM2006340822 MARATHON OIL PERMIAN LLC Major Oil Release 2/26/20 Crude Oil 92 85 7 BBL Equipment Failure Lea (25) No No
nRM2009941553 OXY USA INC Major Oil Release 2/26/20 Crude Oil 80 43 37 BBL Other Eddy (15) No No
nRM2006341765 MARATHON OIL PERMIAN LLC Major Produced Water Release 2/26/20 Produced Water 60 60 0 BBL Corrosion Eddy (15) No No
nRM2005958318 RAYBAW Operating, LLC Major Oil Release 2/26/20 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No
nRM2005959104 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 2/26/20 Crude Oil 5 5 0 BBL Corrosion Lea (25) No No
nRM2005959104 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 2/26/20 Produced Water 40 30 10 BBL Corrosion Lea (25) No No
nRM2005941614 APACHE CORPORATION Major Produced Water Release 2/24/20 Produced Water 110 80 30 BBL Equipment Failure Lea (25) No No
nRM2006936118 XTO ENERGY, INC Major Oil Release 2/24/20 Crude Oil 81 80 1 BBL Equipment Failure Lea (25) No No
nRM2007031081 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 2/24/20 Produced Water 30 0 30 BBL Other Eddy (15) No No
nRM2007640658 EOG RESOURCES INC Major Release Other 2/24/20 Other (Specify) 1100 280 820 BBL Corrosion Lea (25) No No
nRM2005653696 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 2/24/20 Crude Oil 10 8 2 BBL Equipment Failure Lea (25) No No
nRM2005653696 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 2/24/20 Produced Water 21 8 13 BBL Equipment Failure Lea (25) No No
nRM2005560297 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 2/22/20 Produced Water 52 22 30 BBL Human Error Eddy (15) No No
nRM2006337694 COG OPERATING LLC Minor Oil Release 2/21/20 Crude Oil 13 12 1 BBL Human Error Eddy (15) No No
nRM2006934872 XTO ENERGY, INC Oil Release 2/21/20 Crude Oil 1 0 1 BBL Other Lea (25) No No
nRM2006231703 ENDURING RESOURCES, LLC Minor Oil Release 2/20/20 Crude Oil 20 20 0 BBL Equipment Failure Sandoval (43) No No
nRM2006941316 BP AMERICA PRODUCTION COMPANY Release Other 2/20/20 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nRM2006457917 XTO ENERGY, INC Minor Produced Water Release 2/20/20 Produced Water 16 15 1 BBL Corrosion Eddy (15) No No
nRM2005651912 RAYBAW Operating, LLC Major Oil Release 2/19/20 Crude Oil 56 55 1 BBL Equipment Failure Lea (25) No No
nRM2005656589 HARVARD PETROLEUM COMPANY, LLC Major Release Other 2/19/20 Crude Oil 5 0 5 BBL Other Eddy (15) No No
nRM2008458177 OXY USA INC Minor Produced Water Release 2/19/20 Produced Water 18 15 3 BBL Equipment Failure Lea (25) No No
nRM2006453458 CHEVRON U S A INC Major Produced Water Release 2/19/20 Produced Water 138 138 0 BBL Corrosion Lea (25) No No
nRM2005656589 HARVARD PETROLEUM COMPANY, LLC Major Release Other 2/19/20 Produced Water 40 0 40 BBL Other Eddy (15) No No
nRM2005554490 APACHE CORPORATION Minor Oil Release 2/18/20 Crude Oil 10 2 8 BBL Human Error Lea (25) No No
nRM2005549668 CIMAREX ENERGY CO. Minor Release Other 2/18/20 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM2009935289 OXY USA INC Major Release Other 2/18/20 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nRM2006432204 XTO ENERGY, INC Minor Produced Water Release 2/18/20 Produced Water 5 5 0 BBL Human Error Eddy (15) No No
nRM2009935289 OXY USA INC Major Release Other 2/18/20 Produced Water 140 120 20 BBL Equipment Failure Lea (25) No No
nRM2005838212 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/18/20 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nRM2005549668 CIMAREX ENERGY CO. Minor Release Other 2/18/20 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
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nRM2006939989 SIMCOE LLC Release Other 2/17/20 Condensate 4 0 4 BBL Corrosion San Juan (45) No No
nRM2005736272 COG OPERATING LLC Minor Release Other 2/17/20 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nRM2005736272 COG OPERATING LLC Minor Release Other 2/17/20 Produced Water 8 7 1 BBL Equipment Failure Lea (25) No No
nRM2006336502 COG OPERATING LLC Minor Produced Water Release 2/16/20 Produced Water 10 8 2 BBL Corrosion Eddy (15) No No
nRM2006430999 Stanolind Permian LLC Major Produced Water Release 2/16/20 Produced Water 30 30 0 BBL Corrosion Lea (25) No No
nAPP2106257147 Spur Energy Partners LLC Minor Produced Water Release 2/16/20 Produced Water 17 15 2 BBL Other Lea (25) No No
nRM2004957805 Spur Energy Partners LLC Minor Oil Release 2/16/20 Crude Oil 17 15 2 BBL Equipment Failure Lea (25) No No
nRM2005558733 APACHE CORPORATION Major Produced Water Release 2/15/20 Produced Water 735 650 85 BBL Equipment Failure Lea (25) No No
nRM2004932296 MARATHON OIL PERMIAN LLC Minor Oil Release 2/13/20 Crude Oil 16 10 6 BBL Other Eddy (15) No No
nRM2004952392 Spur Energy Partners LLC Minor Oil Release 2/13/20 Crude Oil 20 15 5 BBL Corrosion Eddy (15) No No
nRM2008455073 OXY USA INC Minor Release Other 2/12/20 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nRM2008455073 OXY USA INC Minor Release Other 2/12/20 Produced Water 7 0 7 BBL Other Eddy (15) No No
nRM2005641003 ENTERPRISE FIELD SERVICES L.L.C. Minor Natural Gas Release 2/12/20 Condensate 10 10 0 BBL Other San Juan (45) No No
nRM2004549559 BTA OIL PRODUCERS, LLC Major Release Other 2/12/20 Crude Oil 47 45 2 BBL Freeze Lea (25) No No
nRM2004549559 BTA OIL PRODUCERS, LLC Major Release Other 2/12/20 Produced Water 21 20 1 BBL Freeze Lea (25) No No
nRM2005839143 XTO ENERGY, INC Major Release Other 2/11/20 Other (Specify) 139 70 69 BBL Equipment Failure Eddy (15) No No
nRM2005230899 Wapiti Operating, LLC Major Produced Water Release 2/11/20 Produced Water 356 0 356 BBL Freeze Colfax (07) No No
nRM2004350563 CHEVRON U S A INC Minor Release Other 2/10/20 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nRM2004841653 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/10/20 Produced Water 22 0 22 BBL Corrosion Lea (25) No No
nRM2004350563 CHEVRON U S A INC Minor Release Other 2/10/20 Produced Water 3 3 0 BBL Equipment Failure Eddy (15) No No
nRM2004459546 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 2/10/20 Crude Oil 48 35 13 BBL Equipment Failure Lea (25) No No
nRM2005154141 COG OPERATING LLC Major Produced Water Release 2/9/20 Produced Water 89 87 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nRM2004557969 RILEY PERMIAN OPERATING COMPANY, LLC Minor Release Other 2/9/20 Crude Oil 8 5 3 BBL Human Error Eddy (15) No No
nRM2004557969 RILEY PERMIAN OPERATING COMPANY, LLC Minor Release Other 2/9/20 Produced Water 11 2 9 BBL Human Error Eddy (15) No No
nRM2005548076 XTO ENERGY, INC Major Release Other 2/8/20 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM2004436043 MEWBOURNE OIL CO Minor Produced Water Release 2/8/20 Produced Water 20 0 20 BBL Other Eddy (15) No No
nRM2004550944 Grizzly Operating, LLC Minor Release Other 2/8/20 Crude Oil 2 1 1 BBL Other Eddy (15) No No
nRM2004550944 Grizzly Operating, LLC Minor Release Other 2/8/20 Produced Water 15 8 7 BBL Other Eddy (15) No No
nRM2005731060 Enterprise Field Services, LLC Major Release Other 2/7/20 Condensate 0 0 0 BBL Other Rio Arriba (39) No No
nRM2005650487 CIMAREX ENERGY CO. Major Produced Water Release 2/7/20 Produced Water 40 40 0 BBL Freeze Lea (25) No No
nRM2004537466 APACHE CORPORATION Minor Release Other 2/7/20 Crude Oil 2 2 0 BBL Freeze Lea (25) No No
nRM2004352168 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 2/7/20 Produced Water 82 70 12 BBL Equipment Failure Eddy (15) No No
nRM2005259001 HILCORP ENERGY COMPANY Major Produced Water Release 2/7/20 Produced Water 210 209 1 BBL Equipment Failure San Juan (45) No No
nRM2004537466 APACHE CORPORATION Minor Release Other 2/7/20 Produced Water 6 0 6 BBL Freeze Lea (25) No No
nRM2005546770 XTO ENERGY, INC Major Release Other 2/7/20 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM2004833416 Spur Energy Partners LLC Minor Produced Water Release 2/6/20 Produced Water 7 4 3 BBL Equipment Failure Eddy (15) No No
nRM2004156228 DJR OPERATING, LLC Major Produced Water Release 2/6/20 Produced Water 70 0 70 BBL Equipment Failure Sandoval (43) No No
nRM2005160694 XTO ENERGY, INC Major Release Other 2/5/20 Drilling Mud/Fluid 128 128 0 BBL Human Error Eddy (15) No No
nRM2011453506 XTO ENERGY, INC Major Release Other 2/5/20 Other (Specify) 75 2 73 BBL Equipment Failure Eddy (15) No No
nRM2005157600 COG OPERATING LLC Major Oil Release 2/5/20 Crude Oil 1 0 1 BBL Other Lea (25) No No
nRM2004438802 OXY USA INC Major Produced Water Release 2/4/20 Produced Water 160 0 160 BBL Equipment Failure Eddy (15) No No
nRM2004149681 HARVARD PETROLEUM COMPANY, LLC Minor Release Other 2/3/20 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nRM2004956954 XTO ENERGY, INC Major Release Other 2/3/20 Crude Oil 232 232 0 BBL Human Error Eddy (15) No No
nRM2003849084 Spur Energy Partners LLC Minor Oil Release 2/3/20 Crude Oil 7 4 3 BBL Corrosion Eddy (15) No No
nRM2004956954 XTO ENERGY, INC Major Release Other 2/3/20 Produced Water 471 470 1 BBL Human Error Eddy (15) No No
nRM2004149681 HARVARD PETROLEUM COMPANY, LLC Minor Release Other 2/3/20 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nRM2012860521 Enterprise Field Services, LLC Major Release Other 2/3/20 Condensate 0 0 0 BBL Other San Juan (45) No No
nRM2003750457 CIMAREX ENERGY CO. Major Produced Water Release 2/2/20 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nRM2004938133 XTO ENERGY, INC Major Release Other 2/2/20 Other (Specify) 1398 1330 68 BBL Other Eddy (15) No No
nRM2005030364 OXY USA INC Major Produced Water Release 2/2/20 Produced Water 450 423 27 BBL Other Eddy (15) No No
nRM2004840589 MARATHON OIL PERMIAN LLC Major Produced Water Release 2/2/20 Produced Water 60 60 0 BBL Corrosion Eddy (15) No No
nRM2004837732 XTO ENERGY, INC Minor Produced Water Release 2/1/20 Produced Water 15 15 0 BBL Human Error Eddy (15) No No
nRM2003849891 Contango Resources, Inc. Minor Oil Release 1/31/20 Crude Oil 12 10 2 BBL Corrosion Lea (25) No No
nRM2003745665 ADVANCE ENERGY PARTNERS HAT MESA, LLC Minor Produced Water Release 1/31/20 Produced Water 22 0 22 BBL Equipment Failure Lea (25) No No
nRM2004834379 Silverback Operating II, LLC Minor Produced Water Release 1/31/20 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM2004836746 XTO ENERGY, INC Major Produced Water Release 1/30/20 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM2004437525 OXY USA INC Minor Release Other 1/29/20 Crude Oil 4 0 4 BBL Other Eddy (15) No No
nRM2007643671 EOG RESOURCES INC Major Release Other 1/29/20 Other (Specify) 30 10 20 BBL Equipment Failure Lea (25) No No
nRM2004536277 XTO ENERGY, INC Major Release Other 1/29/20 Condensate 1 0 1 BBL Other Eddy (15) No No
nRM2004431707 Enterprise Field Services, LLC Major Release Other 1/29/20 Condensate 100 0 100 BBL Corrosion Lea (25) No No
nRM2004437525 OXY USA INC Minor Release Other 1/29/20 Produced Water 4 0 4 BBL Other Eddy (15) No No
nRM2004458711 CONOCOPHILLIPS COMPANY Minor Release Other 1/29/20 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nRM2004460443 XTO ENERGY, INC Minor Produced Water Release 1/29/20 Produced Water 12 10 2 BBL Human Error Eddy (15) No No
nRM2004458711 CONOCOPHILLIPS COMPANY Minor Release Other 1/29/20 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nRM2004539713 MATADOR PRODUCTION COMPANY Minor Oil Release 1/28/20 Crude Oil 10 9 1 BBL Human Error Lea (25) No No
nRM2004445859 XTO ENERGY, INC Minor Produced Water Release 1/28/20 Produced Water 11 10 1 BBL Liquids Unloading Eddy (15) No No
nRM2004446696 XTO ENERGY, INC Major Produced Water Release 1/28/20 Produced Water 140 140 0 BBL Equipment Failure Eddy (15) No No
nRM2019551541 EOG RESOURCES INC Major Release Other 1/28/20 Other (Specify) 1000 200 800 BBL Equipment Failure Lea (25) No No
nRM2004839548 MARATHON OIL PERMIAN LLC Minor Produced Water Release 1/27/20 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nRM2004838884 RAYBAW Operating, LLC Major Produced Water Release 1/27/20 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nRM2004157714 XTO ENERGY, INC Major Oil Release 1/25/20 Crude Oil 42 40 2 BBL Equipment Failure Lea (25) No No
nRM2003860041 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/24/20 Produced Water 48 40 8 BBL Corrosion Lea (25) No No
nRM2008758101 MATADOR PRODUCTION COMPANY Minor Produced Water Release 1/24/20 Produced Water 17 12 5 BBL Equipment Failure Eddy (15) No No
nRM2004351427 CHEVRON U S A INC Major Release Other 1/24/20 Crude Oil 1 0 1 BBL Other Lea (25) No No
nRM2004151391 COG OPERATING LLC Minor Oil Release 1/24/20 Crude Oil 16 14 2 BBL Human Error Eddy (15) No No
nRM2004351427 CHEVRON U S A INC Major Release Other 1/24/20 Produced Water 4 3 1 BBL Other Lea (25) No No
nRM2003757362 MATADOR PRODUCTION COMPANY Major Produced Water Release 1/24/20 Produced Water 41 0 41 BBL Human Error Lea (25) No No
nCE2003556136 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/23/20 Produced Water 780 780 0 BBL Equipment Failure Lea (25) No No
nVV2003154113 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 1/23/20 Produced Water 13 13 0 BBL Equipment Failure Lea (25) No No
nRM2004353184 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/23/20 Produced Water 18 15 3 BBL Corrosion Lea (25) No No
nCE2003555083 Spur Energy Partners LLC Minor Produced Water Release 1/23/20 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nVV2003154113 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 1/23/20 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nCE2003555083 Spur Energy Partners LLC Minor Produced Water Release 1/23/20 Crude Oil 4 4 0 BBL Equipment Failure Eddy (15) No No
nCE2003755647 ENTERPRISE FIELD SERVICES L.L.C. Major Fire 1/23/20 Condensate 0 0 0 BBL Fire San Juan (45) No No
nRM2003759623 KAISER-FRANCIS OIL CO Minor Produced Water Release 1/22/20 Produced Water 24 0 24 BBL Human Error Eddy (15) No No
nRM2003848171 COG OPERATING LLC Major Release Other 1/22/20 Crude Oil 70 69 1 BBL Other Lea (25) No No
nCE2003652970 MATADOR PRODUCTION COMPANY Major Produced Water Release 1/22/20 Produced Water 31 5 26 BBL Equipment Failure Eddy (15) No No
nCE2003752717 HOLLY ENERGY PARTNERS - OPERATING, LP Major Oil Release 1/22/20 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nRM2003760594 COG OPERATING LLC Minor Oil Release 1/22/20 Crude Oil 22 18 4 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nRM2003846111 COG OPERATING LLC Minor Oil Release 1/22/20 Crude Oil 10 9 1 BBL Other Eddy (15) No No
nCE2003552253 Earthstone Operating, LLC Major Produced Water Release 1/22/20 Produced Water 50 30 20 BBL Equipment Failure Eddy (15) No No
nRM2003848171 COG OPERATING LLC Major Release Other 1/22/20 Produced Water 10 9 1 BBL Other Lea (25) No No
nRM2003744725 CONOCOPHILLIPS COMPANY Minor Release Other 1/21/20 Crude Oil 2 1 1 BBL Corrosion Lea (25) No No
nVV2003029246 WPX Energy Permian, LLC Produced Water Release 1/21/20 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nVV2003433576 WPX Energy Permian, LLC Major Produced Water Release 1/21/20 Produced Water 140 115 25 BBL Equipment Failure Eddy (15) No No

WG Ex. 93

3371



nRM2003744725 CONOCOPHILLIPS COMPANY Minor Release Other 1/21/20 Produced Water 8 1 7 BBL Corrosion Lea (25) No No
nCE2003754052 STEPHENS & JOHNSON OP CO Minor Produced Water Release 1/20/20 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nVV2003151969 CIMAREX ENERGY CO. Major Produced Water Release 1/19/20 Produced Water 30 29 1 BBL Equipment Failure Eddy (15) No No
nVV2003151969 CIMAREX ENERGY CO. Major Produced Water Release 1/19/20 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nRM2005137772 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 1/18/20 Produced Water 148 0 148 BBL Equipment Failure Eddy (15) No No
nCE2003749394 MARATHON OIL PERMIAN LLC Major Produced Water Release 1/17/20 Produced Water 60 60 0 BBL Equipment Failure Lea (25) No No
nCE2003747970 MARATHON OIL PERMIAN LLC Major Release Other 1/17/20 Other (Specify) 55 55 0 BBL Equipment Failure Lea (25) No No
nCE2003651156 HILCORP ENERGY COMPANY Minor Produced Water Release 1/17/20 Produced Water 8 6 2 BBL Freeze San Juan (45) No No
nRM2003837115 LOGOS OPERATING, LLC Minor Oil Release 1/16/20 Crude Oil 5 5 0 BBL Other Sandoval (43) No No
nRM2004158967 HILCORP ENERGY COMPANY Minor Release Other 1/16/20 Produced Water 4 0 4 BBL Corrosion Rio Arriba (39) No No
nCE2003739901 MARATHON OIL PERMIAN LLC Minor Produced Water Release 1/16/20 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nCE2003757811 HILCORP ENERGY COMPANY Major Release Other 1/16/20 Produced Water 12 2 10 BBL Freeze Rio Arriba (39) No No
nRM2004158967 HILCORP ENERGY COMPANY Minor Release Other 1/16/20 Condensate 2 0 2 BBL Corrosion Rio Arriba (39) No No
nCE2003757811 HILCORP ENERGY COMPANY Major Release Other 1/16/20 Condensate 72 8 64 BBL Freeze Rio Arriba (39) No No
nCE2003650476 HILCORP ENERGY COMPANY Major Oil Release 1/15/20 Condensate 42 0 42 BBL Corrosion San Juan (45) No No
nCE2003738053 MARATHON OIL PERMIAN LLC Minor Produced Water Release 1/15/20 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nCE2003553560 Spur Energy Partners LLC Minor Produced Water Release 1/15/20 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nCE2003739249 MARATHON OIL PERMIAN LLC Major Produced Water Release 1/15/20 Produced Water 29 0 29 BBL Equipment Failure Lea (25) No No
nCE2003553560 Spur Energy Partners LLC Minor Produced Water Release 1/15/20 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nVV2002829022 WPX Energy Permian, LLC Minor Produced Water Release 1/14/20 Produced Water 8 3 5 BBL Equipment Failure Eddy (15) No No
nVV2003149447 CAZA OPERATING, LLC Major Produced Water Release 1/14/20 Produced Water 500 500 0 BBL Equipment Failure Eddy (15) No No
nRM2004430562 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 1/14/20 Condensate 0 0 0 BBL Other San Juan (45) No No
nCE2003737116 Natural Gas Pipeline Company of America LLC Major Other 1/14/20 Other (Specify) 18000 16800 1200 GAL Human Error Eddy (15) No No
nRM2008360715 OXY USA INC Major Produced Water Release 1/13/20 Produced Water 56 30 26 BBL Corrosion Harding (21) No No
nRM2004358654 AMEREDEV OPERATING, LLC Major Produced Water Release 1/12/20 Produced Water 146 140 6 BBL Human Error Lea (25) No No
nVV2003435771 XTO ENERGY, INC Major Produced Water Release 1/12/20 Produced Water 777 130 647 BBL Equipment Failure Eddy (15) No No
nVV2002831233 WPX Energy Permian, LLC Major Produced Water Release 1/12/20 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
nVV2002831233 WPX Energy Permian, LLC Major Produced Water Release 1/12/20 Crude Oil 13 10 3 BBL Equipment Failure Eddy (15) No No
nCE2003550956 OXY USA INC Minor Produced Water Release 1/11/20 Produced Water 10 9 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVV2003536983 PLAINS PIPELINE, LP Minor Oil Release 1/11/20 Crude Oil 8 5 3 BBL Equipment Failure Eddy (15) No No
nCE2003550956 OXY USA INC Minor Produced Water Release 1/11/20 Crude Oil 2 2 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCE2003757295 CIMAREX ENERGY CO. Minor Produced Water Release 1/10/20 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nVV2003550444 OXY USA INC Minor Produced Water Release 1/10/20 Produced Water 18 0 18 BBL Equipment Failure Lea (25) No No
nRM2008547914 Spur Energy Partners LLC Minor Produced Water Release 1/10/20 Produced Water 22 18 4 BBL Corrosion Eddy (15) No No
nVV2003730081 COG OPERATING LLC Major Produced Water Release 1/10/20 Produced Water 85 80 5 BBL Equipment Failure Eddy (15) No No
nCE2003542701 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/10/20 Produced Water 56 2 54 BBL Blow Out Lea (25) No No
nCE2003542701 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/10/20 Crude Oil 10 2 8 BBL Blow Out Lea (25) No No
nVV2003155809 XTO ENERGY, INC Major Produced Water Release 1/9/20 Produced Water 45 45 0 BBL Corrosion Eddy (15) No No
nCE2003538771 ENTERPRISE FIELD SERVICES L.L.C. Major Natural Gas Release 1/8/20 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nRM2004941164 LIME ROCK RESOURCES II-A, L.P. Major Oil Release 1/8/20 Crude Oil 260 150 110 BBL Human Error Eddy (15) No No
nRM2003552129 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 1/8/20 Produced Water 10 0 10 BBL Other San Juan (45) No No
nCE2003540506 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Produced Water Release 1/8/20 Produced Water 52 0 52 BBL Equipment Failure Lea (25) No No
nVV2003557031 CONOCOPHILLIPS COMPANY Minor Produced Water Release 1/8/20 Produced Water 8 8 0 BBL Equipment Failure Lea (25) No No
nCE2003540506 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Produced Water Release 1/8/20 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nVV2002439696 WPX Energy Permian, LLC Major Oil Release 1/6/20 Produced Water 25 15 10 BBL Equipment Failure Eddy (15) No No
nRM2008755249 Blue Quail Energy Services, LLC Major Produced Water Release 1/6/20 Produced Water 300 35 265 BBL Equipment Failure Eddy (15) No No
nRM2014240786 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 1/6/20 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM2004958378 Spur Energy Partners LLC Major Oil Release 1/6/20 Crude Oil 543 130 413 BBL Equipment Failure Eddy (15) No No
nVV2002439696 WPX Energy Permian, LLC Major Oil Release 1/6/20 Crude Oil 28 15 13 BBL Equipment Failure Eddy (15) No No
nCS2003751715 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 1/6/20 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nRM2014240786 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 1/6/20 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nRM2014359631 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 1/6/20 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nRH2003737979 Enterprise Field Services, LLC Minor Natural Gas Release 1/6/20 Natural Gas Liquids 1 0 1 BBL Corrosion Eddy (15) No No
nRM2014359631 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 1/6/20 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nVV2003542379 XTO ENERGY, INC Minor Oil Release 1/5/20 Crude Oil 16 14 2 BBL Equipment Failure Eddy (15) No No
nVV2003542379 XTO ENERGY, INC Minor Oil Release 1/5/20 Produced Water 1 1 0 BBL Equipment Failure Eddy (15) No No
nCS2003153919 WPX Energy Permian, LLC Minor Produced Water Release 1/3/20 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nVV2003150585 J R OIL, LTD. CO. Major Oil Release 1/2/20 Crude Oil 135 25 110 BBL Equipment Failure Lea (25) No No
nRH2003532478 Maverick Permian LLC Major Produced Water Release 1/2/20 Produced Water 54 0 54 BBL Corrosion Lea (25) No No
nVV2003150585 J R OIL, LTD. CO. Major Oil Release 1/2/20 Produced Water 3 0 3 BBL Equipment Failure Lea (25) No No
nRH2003532478 Maverick Permian LLC Major Produced Water Release 1/2/20 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nVV2002832621 XTO ENERGY, INC Major Produced Water Release 1/1/20 Produced Water 31 30 1 BBL Equipment Failure Eddy (15) No No
nRM2014559127 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 12/30/19 Crude Oil 27 25 2 BBL Equipment Failure Lea (25) No No
nRM2006237844 FRONTIER FIELD SERVICES, LLC Minor Release Other 12/30/19 Crude Oil 3 2 1 BBL Human Error Lea (25) No No
nRM2003534693 CONOCOPHILLIPS COMPANY Major Release Other 12/30/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nRM2006237844 FRONTIER FIELD SERVICES, LLC Minor Release Other 12/30/19 Produced Water 10 9 1 BBL Human Error Lea (25) No No
nRM2003534693 CONOCOPHILLIPS COMPANY Major Release Other 12/30/19 Produced Water 28 1 27 BBL Equipment Failure Lea (25) No No
nRM2006237844 FRONTIER FIELD SERVICES, LLC Minor Release Other 12/30/19 Condensate 10 9 1 BBL Human Error Lea (25) No No
nRM2003546219 OXY USA INC Minor Produced Water Release 12/30/19 Produced Water 16 0 16 BBL Freeze Harding (21) No No
nVV2002451789 XTO ENERGY, INC Major Produced Water Release 12/28/19 Produced Water 554 544 10 BBL Equipment Failure Eddy (15) No No
nRM2003458859 WPX Energy Permian, LLC Minor Oil Release 12/28/19 Crude Oil 8 5 3 BBL Equipment Failure Eddy (15) No No
nCS2003155814 Harvest Petroleum Partners, LLC Major Oil Release 12/28/19 Crude Oil 88 0 88 BBL Human Error Lea (25) No No
nVV2003747417 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 12/28/19 Produced Water 37 37 0 BBL Equipment Failure Lea (25) No No
nVV2003455784 OXY USA INC Minor Produced Water Release 12/27/19 Produced Water 7 0 7 BBL Human Error Eddy (15) No No
nVV2003729185 COG OPERATING LLC Major Produced Water Release 12/27/19 Produced Water 119 0 119 BBL Human Error Eddy (15) No No
nRM2004951274 Spur Energy Partners LLC Major Release Other 12/27/19 Crude Oil 8 6 2 BBL Vandalism Eddy (15) No No
nRM2004951274 Spur Energy Partners LLC Major Release Other 12/27/19 Produced Water 72 50 22 BBL Vandalism Eddy (15) No No
nVV2003748397 COG OPERATING LLC Major Produced Water Release 12/27/19 Produced Water 75 74 1 BBL Equipment Failure Lea (25) No No
nVV2003748397 COG OPERATING LLC Major Produced Water Release 12/27/19 Crude Oil 10 9 1 BBL Equipment Failure Lea (25) No No
nVV2003728036 COG OPERATING LLC Minor Produced Water Release 12/26/19 Produced Water 20 0 20 BBL Human Error Eddy (15) No No
nRM2003460102 WPX Energy Permian, LLC Minor Produced Water Release 12/26/19 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No
nVV2002732637 OXY USA INC Major Oil Release 12/25/19 Crude Oil 49 0 49 BBL Equipment Failure Eddy (15) No No
nRM2008650013 COG OPERATING LLC Minor Release Other 12/25/19 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nRM2008650013 COG OPERATING LLC Minor Release Other 12/25/19 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nRH2003736394 3BEAR FIELD SERVICES, LLC Minor Oil Release 12/24/19 Crude Oil 12 10 2 BBL Equipment Failure Lea (25) No No
nRM2014357698 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/24/19 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nCS2003539060 Empire New Mexico LLC Major Oil Release 12/23/19 Crude Oil 4 1 3 BBL Corrosion Lea (25) No No
nRH2003539571 Empire New Mexico LLC Major Produced Water Release 12/23/19 Produced Water 165 20 145 BBL Equipment Failure Lea (25) No No
nRM2014559902 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 12/23/19 Crude Oil 150 100 50 BBL Equipment Failure Lea (25) No No
nRH2003539571 Empire New Mexico LLC Major Produced Water Release 12/23/19 Crude Oil 4 1 3 BBL Equipment Failure Lea (25) No No
nCS2003539060 Empire New Mexico LLC Major Oil Release 12/23/19 Produced Water 165 20 145 BBL Corrosion Lea (25) No No
nCS2003143122 ENDURING RESOURCES, LLC Minor Oil Release 12/22/19 Crude Oil 7 0 7 BBL Equipment Failure San Juan (45) No No
nCS2003552462 COG OPERATING LLC Minor Oil Release 12/22/19 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nCS2002354093 XTO ENERGY, INC Minor Oil Release 12/22/19 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nCS2003552462 COG OPERATING LLC Minor Oil Release 12/22/19 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
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nRH2002849703 Spur Energy Partners LLC Minor Oil Release 12/21/19 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nRM2003457957 FRONTIER FIELD SERVICES, LLC Minor Release Other 12/20/19 Condensate 10 0 10 BBL Freeze Chaves (05) No No
nVV2003456745 OXY USA INC Minor Produced Water Release 12/20/19 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nVV2003456745 OXY USA INC Minor Produced Water Release 12/20/19 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nRM2003533617 WPX Energy Permian, LLC Major Produced Water Release 12/19/19 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nAPP2333137302 EOG RESOURCES INC Major Produced Water Release 12/18/19 Produced Water 475 400 75 BBL Equipment Failure Lea (25) No No
nRM2003454868 MARATHON OIL PERMIAN LLC Minor Oil Release 12/18/19 Crude Oil 14 14 0 BBL Equipment Failure Eddy (15) No No
nAPP2104237072 OXY USA INC Minor Produced Water Release 12/18/19 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nCS2003542654 EOG RESOURCES INC Major Oil Release 12/18/19 Crude Oil 88 33 55 BBL Freeze Eddy (15) No No
nAPP2104237072 OXY USA INC Minor Produced Water Release 12/18/19 Produced Water 9 0 9 BBL Corrosion Lea (25) No No
nCS2003549670 AMEREDEV OPERATING, LLC Minor Produced Water Release 12/18/19 Produced Water 22 0 22 BBL Human Error Lea (25) No No
nCS2004435470 HILCORP ENERGY COMPANY Major Produced Water Release 12/17/19 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nCS2003551447 COG OPERATING LLC Minor Oil Release 12/15/19 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nCS2003551447 COG OPERATING LLC Minor Oil Release 12/15/19 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nRH2003457418 Avant Operating, LLC Major Oil Release 12/15/19 Crude Oil 89 70 19 BBL Equipment Failure Lea (25) No No
nRH2003457418 Avant Operating, LLC Major Oil Release 12/15/19 Produced Water 30 10 20 BBL Equipment Failure Lea (25) No No
nRH2003443103 Spur Energy Partners LLC Minor Oil Release 12/14/19 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nRH2003454759 Grizzly Operating, LLC Major Produced Water Release 12/14/19 Crude Oil 3 0 3 BBL Fire Eddy (15) No No
nRH2003454759 Grizzly Operating, LLC Major Produced Water Release 12/14/19 Produced Water 18 0 18 BBL Fire Eddy (15) No No
nCS2003151765 Spur Energy Partners LLC Minor Produced Water Release 12/14/19 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No
nRH2002933063 Spur Energy Partners LLC Major Oil Release 12/13/19 Crude Oil 90 87 3 BBL Equipment Failure Lea (25) No No
nRM2002759285 MERRION OIL & GAS CORP Minor Produced Water Release 12/13/19 Produced Water 20 0 20 BBL Equipment Failure Rio Arriba (39) No No
nRH2002732419 XTO ENERGY, INC Major Produced Water Release 12/13/19 Crude Oil 8 5 3 BBL Equipment Failure Eddy (15) No No
nRM2003539361 DUGAN PRODUCTION CORP Major Oil Release 12/13/19 Crude Oil 33 0 33 BBL Corrosion Rio Arriba (39) No No
nRH2002933063 Spur Energy Partners LLC Major Oil Release 12/13/19 Produced Water 20 3 17 BBL Equipment Failure Lea (25) No No
nRH2002732419 XTO ENERGY, INC Major Produced Water Release 12/13/19 Produced Water 25 1 24 BBL Equipment Failure Eddy (15) No No
nRM2002936332 MARATHON OIL PERMIAN LLC Major Oil Release 12/13/19 Crude Oil 27 25 2 BBL Corrosion Eddy (15) No No
nRM2014560913 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/13/19 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nRM2002758392 MATADOR PRODUCTION COMPANY Major Produced Water Release 12/12/19 Produced Water 50 0 50 BBL Equipment Failure Lea (25) No No
nRM2002935153 MARATHON OIL PERMIAN LLC Major Oil Release 12/12/19 Crude Oil 0 0 0 BBL Other Lea (25) No No
nRH2002854238 Spur Energy Partners LLC Minor Produced Water Release 12/12/19 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nRH2002854238 Spur Energy Partners LLC Minor Produced Water Release 12/12/19 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nRM2014355591 RAYBAW Operating, LLC Major Produced Water Release 12/11/19 Produced Water 102 100 2 BBL Equipment Failure Lea (25) No No
nRM2002950544 Enterprise Field Services, LLC Minor Release Other 12/11/19 Other (Specify) 10 0 10 BBL Other Eddy (15) No No
nRM2014356678 RAYBAW Operating, LLC Minor Produced Water Release 12/11/19 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nRM2002732527 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/10/19 Produced Water 43 10 33 BBL Equipment Failure Lea (25) No No
nRM2003537752 COG OPERATING LLC Minor Release Other 12/10/19 Crude Oil 10 2 8 BBL Corrosion Lea (25) No No
nRM2014353985 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/10/19 Produced Water 60 40 20 BBL Equipment Failure Eddy (15) No No
nRM2003537752 COG OPERATING LLC Minor Release Other 12/10/19 Produced Water 10 2 8 BBL Corrosion Lea (25) No No
nRH2002829957 XTO ENERGY, INC Major Oil Release 12/10/19 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nRM2014354986 RAYBAW Operating, LLC Minor Oil Release 12/10/19 Crude Oil 9 9 0 BBL Equipment Failure Lea (25) No No
nRM2003049447 XTO ENERGY, INC Minor Produced Water Release 12/9/19 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nRM2003030771 COG OPERATING LLC Minor Release Other 12/9/19 Crude Oil 8 7 1 BBL Other Eddy (15) No No
nRM2003030771 COG OPERATING LLC Minor Release Other 12/9/19 Produced Water 2 1 1 BBL Other Eddy (15) No No
nRM2014352847 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 12/9/19 Crude Oil 213 170 43 BBL Equipment Failure Lea (25) No No
nRM2014556971 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/8/19 Produced Water 10 1 9 BBL Equipment Failure Eddy (15) No No
nRM2003445187 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 12/7/19 Produced Water 356 30 326 BBL Equipment Failure Eddy (15) No No
nRM2014360340 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/7/19 Produced Water 365 306 59 BBL Corrosion Lea (25) No No
nRM2002447363 Salt Creek Midstream, LLC Major Produced Water Release 12/6/19 Produced Water 2500 0 2500 BBL Human Error Eddy (15) No No
nRM2003058419 Natural Gas Pipeline Company of America LLC Minor Release Other 12/6/19 Other (Specify) 15 0 15 BBL Blow Out Lea (25) No No
nRM2002940977 COG OPERATING LLC Major Oil Release 12/6/19 Crude Oil 52 50 2 BBL Equipment Failure Eddy (15) No No
nRH2003551820 Silverback Operating II, LLC Minor Other 12/6/19 Drilling Mud/Fluid 8 7 1 BBL Vehicular Accident Eddy (15) No No
nRM2002459486 CONOCOPHILLIPS COMPANY Minor Release Other 12/6/19 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nRH2003548427 Opal Operating Company LLC Minor Produced Water Release 12/6/19 Produced Water 5 3 2 BBL Equipment Failure Lea (25) No No
nRM2002459486 CONOCOPHILLIPS COMPANY Minor Release Other 12/6/19 Produced Water 13 11 2 BBL Equipment Failure Lea (25) No No
nRM2002731369 CONOCOPHILLIPS COMPANY Major Release Other 12/5/19 Crude Oil 12 1 11 BBL Equipment Failure Lea (25) No No
nRM2002460448 CONOCOPHILLIPS COMPANY Minor Oil Release 12/5/19 Crude Oil 9 2 7 BBL Human Error Lea (25) No No
nRM2002731369 CONOCOPHILLIPS COMPANY Major Release Other 12/5/19 Produced Water 34 1 33 BBL Equipment Failure Lea (25) No No
nRM2002458606 RAYBAW Operating, LLC Major Produced Water Release 12/5/19 Produced Water 42 30 12 BBL Equipment Failure Eddy (15) No No
nRM2002948523 XTO ENERGY, INC Major Oil Release 12/4/19 Produced Water 42 42 0 BBL Other Eddy (15) No No
nRM2002938385 COG OPERATING LLC Minor Release Other 12/4/19 Crude Oil 10 9 1 BBL Other Eddy (15) No No
nRM2003036134 CROSS TIMBERS ENERGY, LLC Minor Oil Release 12/4/19 Crude Oil 10 8 2 BBL Corrosion Lea (25) No No
nRM2002760210 MEWBOURNE OIL CO Major Produced Water Release 12/4/19 Produced Water 50 10 40 BBL Equipment Failure Eddy (15) No No
nRM2002948523 XTO ENERGY, INC Major Oil Release 12/4/19 Condensate 5 5 0 BBL Other Eddy (15) No No
nRM2003032458 HOLLY ENERGY PARTNERS Minor Oil Release 12/4/19 Crude Oil 15 3 12 BBL Corrosion Eddy (15) No No
nRM2002938385 COG OPERATING LLC Minor Release Other 12/4/19 Produced Water 10 9 1 BBL Other Eddy (15) No No
nRM2002841887 COG OPERATING LLC Minor Oil Release 12/4/19 Crude Oil 23 23 0 BBL Equipment Failure Lea (25) No No
nRM2002942397 MACK ENERGY CORP Minor Oil Release 12/3/19 Crude Oil 9 8 1 BBL Other Eddy (15) No No
nRM2003033015 BAM Permian Operating, LLC Minor Produced Water Release 12/3/19 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nRM2014561795 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/3/19 Produced Water 13 0 13 BBL Equipment Failure Eddy (15) No No
nRM2002949710 3 Bear Energy-Cottonwood, LLC Major Produced Water Release 12/2/19 Produced Water 1670 1670 0 BBL Other Eddy (15) No No
nRM2002943377 LUCID ENERGY DELAWARE, LLC Minor Produced Water Release 12/2/19 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nRM2014562444 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 12/1/19 Crude Oil 420 420 0 BBL Corrosion Eddy (15) No No
nRM2002932685 COG OPERATING LLC Minor Oil Release 12/1/19 Crude Oil 22 21 1 BBL Human Error Eddy (15) No No
nRM2002748780 COG OPERATING LLC Major Produced Water Release 11/29/19 Produced Water 70 70 0 BBL Equipment Failure Lea (25) No No
nRM2002959765 COG OPERATING LLC Major Produced Water Release 11/29/19 Produced Water 42 40 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM2018133740 FASKEN OIL & RANCH LTD Minor Produced Water Release 11/29/19 Produced Water 15 10 5 BBL Corrosion Lea (25) No No
nRM2003439614 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/29/19 Produced Water 4139 4136 3 BBL Equipment Failure Eddy (15) No No
nCS2003132855 FASKEN OIL & RANCH LTD Major Produced Water Release 11/29/19 Produced Water 0 840 0 BBL Corrosion Lea (25) No No
nRM2002736245 COG OPERATING LLC Minor Produced Water Release 11/28/19 Produced Water 15 4 11 BBL Human Error Eddy (15) No No
nRM2003435592 RAYBAW Operating, LLC Major Produced Water Release 11/27/19 Produced Water 400 400 0 BBL Equipment Failure Eddy (15) No No
nRM2002457662 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/27/19 Produced Water 80 80 0 BBL Corrosion Lea (25) No No
nRM2002747253 XTO ENERGY, INC Major Produced Water Release 11/27/19 Produced Water 580 500 80 BBL Equipment Failure Eddy (15) No No
nCS2003553676 CHEVRON U S A INC Minor Produced Water Release 11/26/19 Produced Water 7 0 7 BBL Human Error Lea (25) No No
nRM2002733872 COG OPERATING LLC Minor Produced Water Release 11/26/19 Produced Water 21 18 3 BBL Corrosion Lea (25) No No
nRH2003450480 Spur Energy Partners LLC Minor Produced Water Release 11/26/19 Produced Water 10 3 7 BBL Corrosion Eddy (15) No No
nRM2002735293 COG OPERATING LLC Major Produced Water Release 11/26/19 Produced Water 310 40 270 BBL Corrosion Lea (25) No No
nRM2002750398 OXY USA INC Minor Release Other 11/26/19 Crude Oil 1 1 0 BBL Human Error Eddy (15) No No
nRM2002750398 OXY USA INC Minor Release Other 11/26/19 Produced Water 10 7 3 BBL Human Error Eddy (15) No No
nCS2007753085 HILCORP ENERGY COMPANY Major Other 11/25/19 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nRM2003448627 XTO ENERGY, INC Oil Release 11/25/19 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nCS2003140148 ENDEAVOR ENERGY RESOURCES, LP Major Oil Release 11/25/19 Crude Oil 50 0 50 BBL Equipment Failure Chaves (05) No No
nRM2003447245 XTO ENERGY, INC Oil Release 11/25/19 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nCE2002452675 CONOCOPHILLIPS COMPANY Major Produced Water Release 11/25/19 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nCE2002946094 Grizzly Operating, LLC Major Produced Water Release 11/25/19 Produced Water 172 130 42 BBL Equipment Failure Lea (25) No No
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nCS2003140148 ENDEAVOR ENERGY RESOURCES, LP Major Oil Release 11/25/19 Produced Water 10 0 10 BBL Equipment Failure Chaves (05) No No
nCE2002946094 Grizzly Operating, LLC Major Produced Water Release 11/25/19 Crude Oil 100 100 0 BBL Equipment Failure Lea (25) No No
nCE2002452675 CONOCOPHILLIPS COMPANY Major Produced Water Release 11/25/19 Produced Water 46 46 0 BBL Equipment Failure Lea (25) No No
nCE2002741028 MEWBOURNE OIL CO Minor Oil Release 11/24/19 Crude Oil 6 5 1 BBL Equipment Failure Lea (25) No No
nRM2003159278 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/24/19 Produced Water 33 25 8 BBL Equipment Failure Lea (25) No No
nRM2002843138 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 11/24/19 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nRM2002843138 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 11/24/19 Produced Water 10 2 8 BBL Equipment Failure Eddy (15) No No
nCE2002850204 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/23/19 Produced Water 10 1 9 BBL Equipment Failure Eddy (15) No No
nRM2002751267 OXY USA INC Minor Release Other 11/23/19 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nRM2002751267 OXY USA INC Minor Release Other 11/23/19 Produced Water 18 16 2 BBL Equipment Failure Eddy (15) No No
nCS2010541371 EPIC ENERGY, L.L.C. Other 11/22/19 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS2002730188 NAVAJO REFINING COMPANY, L.L.C. Release Other 11/22/19 Diesel 0 0 0 BBL Other Lea (25) No No
nRM2006234452 EPIC ENERGY, L.L.C. Produced Water Release 11/22/19 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nRM2003442781 XTO ENERGY, INC Major Produced Water Release 11/22/19 Produced Water 70 70 0 BBL Equipment Failure Eddy (15) No No
nCS2012255368 EPIC ENERGY, L.L.C. Major Oil Release 11/22/19 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCE2002755660 Avant Operating, LLC Major Oil Release 11/22/19 Crude Oil 36 20 16 BBL Equipment Failure Lea (25) No No
nCS1935739033 EPIC ENERGY, L.L.C. Major Release Other 11/21/19 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nRM2003149358 COG OPERATING LLC Major Oil Release 11/21/19 Crude Oil 55 50 5 BBL Other Eddy (15) No No
nCE2002739109 RAYBAW Operating, LLC Major Oil Release 11/21/19 Crude Oil 33 30 3 BBL Equipment Failure Eddy (15) No No

nRM2006950449
BLACK RIVER TRUCKING & HOT SHOT SERVICES 
LLC Major Release Other 11/21/19 Crude Oil 25 0 25 BBL Human Error Eddy (15) No No

nRM2006950449
BLACK RIVER TRUCKING & HOT SHOT SERVICES 
LLC Major Release Other 11/21/19 Produced Water 24 0 24 BBL Human Error Eddy (15) No No

nCE2002937020 XTO ENERGY, INC Minor Oil Release 11/20/19 Crude Oil 5 3 2 BBL Equipment Failure Lea (25) No No
nCE2002455549 APACHE CORPORATION Major Produced Water Release 11/20/19 Produced Water 201 190 11 BBL Corrosion Eddy (15) No No
nCS2004449525 SIMCOE LLC Other 11/20/19 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS2003139174 CHEVRON U S A INC Minor Oil Release 11/20/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nCS2003139174 CHEVRON U S A INC Minor Oil Release 11/20/19 Produced Water 21 19 2 BBL Equipment Failure Lea (25) No No
nCE2002857417 XTO ENERGY, INC Major Produced Water Release 11/19/19 Produced Water 172 5 167 BBL Equipment Failure Eddy (15) No No
nCS1935342644 HILCORP ENERGY COMPANY Minor Oil Release 11/19/19 Condensate 6 0 6 BBL Corrosion San Juan (45) No No
nCE2002937949 COG OPERATING LLC Minor Produced Water Release 11/19/19 Produced Water 23 20 3 BBL Corrosion Eddy (15) No No
nRM2002944242 SEELY OIL CO Minor Release Other 11/19/19 Crude Oil 15 12 3 BBL Equipment Failure Lea (25) No No
nRM2002944242 SEELY OIL CO Minor Release Other 11/19/19 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nRM2003455806 HILCORP ENERGY COMPANY Minor Release Other 11/19/19 Condensate 6 0 6 BBL Corrosion San Juan (45) No No
nCE2002756541 XTO ENERGY, INC Major Produced Water Release 11/18/19 Produced Water 141 140 1 BBL Equipment Failure Eddy (15) No No
nCE2002450037 XTO ENERGY, INC Major Other 11/18/19 Other (Specify) 28 0 28 BBL Human Error Eddy (15) No No
nCE2002438464 XTO ENERGY, INC Minor Produced Water Release 11/18/19 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nCE2002450037 XTO ENERGY, INC Major Other 11/18/19 Crude Oil 1 0 1 BBL Human Error Eddy (15) No No
nRM2002160255 KEY ENERGY SERVICES, LLC Major Produced Water Release 11/17/19 Produced Water 120 30 90 BBL Vehicular Accident Eddy (15) No No
nCE2002733364 COG OPERATING LLC Minor Produced Water Release 11/16/19 Produced Water 12 12 0 BBL Equipment Failure Lea (25) No No
nCE2002749344 XTO ENERGY, INC Minor Produced Water Release 11/16/19 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM2003156306 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/16/19 Crude Oil 20 14 6 BBL Equipment Failure Eddy (15) No No
nCE2002752615 XTO ENERGY, INC Minor Release Other 11/16/19 Other (Specify) 6 6 0 BBL Equipment Failure Eddy (15) No No
nCE2002748719 XTO ENERGY, INC Major Produced Water Release 11/16/19 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nRH2003535484 CENTENNIAL RESOURCE PRODUCTION, LLC Major Produced Water Release 11/16/19 Produced Water 1040 1000 40 BBL Equipment Failure Lea (25) No No
nRH2003535484 CENTENNIAL RESOURCE PRODUCTION, LLC Major Produced Water Release 11/16/19 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nAPP2135151141 Franklin Mountain Energy 3, LLC Minor Produced Water Release 11/15/19 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nCE2002428762 North Fork Operating, LP Major Produced Water Release 11/15/19 Produced Water 26 25 1 BBL Equipment Failure Eddy (15) No No
nAPP2135151141 Franklin Mountain Energy 3, LLC Minor Produced Water Release 11/15/19 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nCE2002734453 COG OPERATING LLC Minor Produced Water Release 11/15/19 Produced Water 16 15 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCE2002428762 North Fork Operating, LP Major Produced Water Release 11/15/19 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nCE2002734453 COG OPERATING LLC Minor Produced Water Release 11/15/19 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM2002145380 WPX Energy Permian, LLC Major Produced Water Release 11/15/19 Produced Water 60 60 0 BBL Corrosion Eddy (15) No No
nVV2002851160 CAZA OPERATING, LLC Minor Produced Water Release 11/14/19 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nRM2003054617 ETC Texas Pipeline, Ltd. Minor Release Other 11/14/19 Produced Water 17 0 17 BBL Corrosion Lea (25) No No
nRM2002752967 OXY USA INC Major Produced Water Release 11/13/19 Produced Water 920 918 2 BBL Equipment Failure Eddy (15) No No
nCE2002754520 XTO ENERGY, INC Oil Release 11/13/19 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nCE2002742193 XTO ENERGY, INC Minor Produced Water Release 11/13/19 Crude Oil 2 2 0 BBL Corrosion Eddy (15) No No
nCE2002750164 XTO ENERGY, INC Minor Release Other 11/13/19 Other (Specify) 10 5 5 BBL Human Error Eddy (15) No No
nRM2002952961 HOLLY ENERGY PARTNERS - OPERATING, LP Major Oil Release 11/13/19 Crude Oil 340 275 65 BBL Human Error Eddy (15) No No
nCE2002742193 XTO ENERGY, INC Minor Produced Water Release 11/13/19 Produced Water 10 8 2 BBL Corrosion Eddy (15) No No
nCS1935340298 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 11/13/19 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nRM2001060253 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/12/19 Produced Water 200 120 80 BBL Equipment Failure Lea (25) No No
nCS1935342095 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 11/12/19 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nRM2004831561 APACHE CORPORATION Major Oil Release 11/12/19 Crude Oil 30 4 26 BBL Corrosion Lea (25) No No
nRM2003446060 JUDAH OIL LLC Major Produced Water Release 11/12/19 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nVV2003540716 MATADOR PRODUCTION COMPANY Major Oil Release 11/12/19 Crude Oil 45 35 10 BBL Equipment Failure Eddy (15) No No
nRM2002151575 MACK ENERGY CORP Major Produced Water Release 11/12/19 Produced Water 150 0 150 BBL Corrosion Chaves (05) No No
nCE2002458592 XTO ENERGY, INC Minor Release Other 11/12/19 Other (Specify) 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM2001639275 COG OPERATING LLC Major Produced Water Release 11/11/19 Produced Water 60 59 1 BBL Equipment Failure Eddy (15) No No
nRM2001345972 CONOCOPHILLIPS COMPANY Major Produced Water Release 11/11/19 Produced Water 100 0 100 BBL Other Lea (25) No No
nCS1935242554 SIMCOE LLC Minor Produced Water Release 11/11/19 Produced Water 16 0 16 BBL Corrosion San Juan (45) No No
nCS2002754182 EOG RESOURCES INC Minor Produced Water Release 11/11/19 Produced Water 15 12 3 BBL Equipment Failure Eddy (15) No No
nRM2003155394 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 11/10/19 Crude Oil 150 150 0 BBL Equipment Failure Lea (25) No No
nCS1936437481 EPIC ENERGY, L.L.C. Minor Produced Water Release 11/10/19 Produced Water 7 0 7 BBL Equipment Failure Rio Arriba (39) No No
nRM2003155394 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 11/10/19 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nCS1935249968 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 11/9/19 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nRM2001038937 WPX Energy Permian, LLC Major Produced Water Release 11/9/19 Produced Water 120 90 30 BBL Equipment Failure Eddy (15) No No
nRM2000357132 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Release Other 11/8/19 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nRM2002149351 COG OPERATING LLC Minor Oil Release 11/8/19 Crude Oil 11 10 1 BBL Corrosion Eddy (15) No No
nRM2000357132 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Release Other 11/8/19 Produced Water 590 0 590 BBL Equipment Failure Lea (25) No No
nCS2002756416 HF Sinclair Navajo Refining LLC Major Other 11/8/19 Other (Specify) 0 0 0 BBL Corrosion Lea (25) No Yes
nRM2017833698 MEWBOURNE OIL CO Major Release Other 11/7/19 Crude Oil 120 100 20 BBL Lightning Lea (25) No No
nRM2017833698 MEWBOURNE OIL CO Major Release Other 11/7/19 Produced Water 60 0 60 BBL Lightning Lea (25) No No
nRM2002157860 MARATHON OIL PERMIAN LLC Minor Produced Water Release 11/6/19 Produced Water 20 20 0 BBL Corrosion Eddy (15) No No
nRM2001633860 COG OPERATING LLC Major Produced Water Release 11/5/19 Produced Water 55 52 3 BBL Equipment Failure Eddy (15) No No
nRM2002143101 COG OPERATING LLC Minor Produced Water Release 11/5/19 Produced Water 23 0 23 BBL Human Error Eddy (15) No No
nRM2008661323 Extex Operating Company Major Produced Water Release 11/5/19 Produced Water 85 55 30 BBL Equipment Failure Lea (25) No No
nRM2003154559 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/5/19 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2117549767 OXY USA INC Major Produced Water Release 11/5/19 Produced Water 100 70 30 BBL Initial Flowback Eddy (15) No No
nRM2002147574 XTO ENERGY, INC Minor Release Other 11/4/19 Crude Oil 6 3 3 BBL Corrosion Lea (25) No No
nRM2000635221 Contango Resources, Inc. Minor Release Other 11/4/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nRM2002150698 XTO ENERGY, INC Major Release Other 11/4/19 Crude Oil 8 6 2 BBL Corrosion Eddy (15) No No
nRM2003452782 3R Operating, LLC Major Produced Water Release 11/4/19 Produced Water 650 650 0 BBL Human Error Eddy (15) No No
nCS1932438454 HILCORP ENERGY COMPANY Minor Oil Release 11/4/19 Natural Gas Liquids 12 0 12 BBL Corrosion San Juan (45) No No
nRM2000635221 Contango Resources, Inc. Minor Release Other 11/4/19 Produced Water 22 0 22 BBL Equipment Failure Lea (25) No No
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nRM2002150698 XTO ENERGY, INC Major Release Other 11/4/19 Produced Water 67 50 17 BBL Corrosion Eddy (15) No No
nRM2002147574 XTO ENERGY, INC Minor Release Other 11/4/19 Produced Water 4 2 2 BBL Corrosion Lea (25) No No
nRM2001058690 Empire New Mexico LLC Major Produced Water Release 11/3/19 Produced Water 2300 1440 860 BBL Corrosion Lea (25) No No
nRM2001534588 COG OPERATING LLC Minor Release Other 11/3/19 Crude Oil 1 0 1 BBL Human Error Eddy (15) No No
nRM2001534588 COG OPERATING LLC Minor Release Other 11/3/19 Produced Water 8 0 8 BBL Human Error Eddy (15) No No
nRM2003152959 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/2/19 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nRM2001337531 COG OPERATING LLC Minor Produced Water Release 11/2/19 Produced Water 22 17 5 BBL Other Eddy (15) No No
nRM2000659184 ENLINK MIDSTREAM OPERATING, LP Major Oil Release 11/2/19 Crude Oil 1501 100 1401 BBL Human Error Eddy (15) No No
nRM2003153740 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 11/2/19 Crude Oil 62 60 2 BBL Equipment Failure Eddy (15) No No
nRM2001055679 XTO ENERGY, INC Minor Produced Water Release 11/1/19 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM2001040198 XTO ENERGY, INC Major Produced Water Release 11/1/19 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nRM2000248431 Opal Operating Company LLC Major Produced Water Release 10/31/19 Produced Water 103 25 78 BBL Equipment Failure Lea (25) No No
nRM2001034798 COG OPERATING LLC Minor Produced Water Release 10/31/19 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nRM2101347620 EXXONMOBIL CORPORATION Major Release Other 10/31/19 Other (Specify) 0 0 0 BBL Other Lea (25) No No
nRM2003147859 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/31/19 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nCS2002455215 HILCORP ENERGY COMPANY Major Produced Water Release 10/31/19 Produced Water 40 5 35 BBL Human Error San Juan (45) No No
nRM1936553967 APACHE CORPORATION Minor Release Other 10/31/19 Produced Water 10 0 10 BBL Other Lea (25) No No
nCS1932548346 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 10/31/19 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) Yes No
nRM2000356004 WPX Energy Permian, LLC Minor Release Other 10/31/19 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nRM1936553967 APACHE CORPORATION Minor Release Other 10/31/19 Crude Oil 0 0 0 BBL Other Lea (25) No No
nRM2003151742 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/31/19 Produced Water 168 168 0 BBL Equipment Failure Eddy (15) No No
nRM2000654625 MorningStar Operating LLC Major Produced Water Release 10/31/19 Produced Water 222 193 29 BBL Equipment Failure Lea (25) No No
nRM2000356004 WPX Energy Permian, LLC Minor Release Other 10/31/19 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nRM2000354631 ADVANCE ENERGY PARTNERS HAT MESA, LLC Minor Oil Release 10/30/19 Crude Oil 16 0 16 BBL Equipment Failure Lea (25) No No
nRM1935836141 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/30/19 Produced Water 80 80 0 BBL Equipment Failure Eddy (15) No No
nRM1936555409 APACHE CORPORATION Major Produced Water Release 10/30/19 Produced Water 151 150 1 BBL Human Error Lea (25) No No
nCE2002457077 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/30/19 Produced Water 87 40 47 BBL Equipment Failure Lea (25) No No
nCE2002839139 APACHE CORPORATION Minor Produced Water Release 10/30/19 Produced Water 10 3 7 BBL Equipment Failure Lea (25) No No
nRM2000240058 EOG RESOURCES INC Major Produced Water Release 10/30/19 Produced Water 70 45 25 BBL Corrosion Eddy (15) No No
nCE2002839139 APACHE CORPORATION Minor Produced Water Release 10/30/19 Crude Oil 4 2 2 BBL Equipment Failure Lea (25) No No
nRM1935358727 CONOCOPHILLIPS COMPANY Major Release Other 10/29/19 Crude Oil 2 0 2 BBL Other Lea (25) No No
nRM1935448024 CONOCOPHILLIPS COMPANY Major Oil Release 10/29/19 Crude Oil 6 2 4 BBL Equipment Failure Lea (25) No No
nRM1935734669 APACHE CORPORATION Major Release Other 10/29/19 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nRM1935448024 CONOCOPHILLIPS COMPANY Major Oil Release 10/29/19 Produced Water 50 10 40 BBL Equipment Failure Lea (25) No No
nRM1935733118 CONOCOPHILLIPS COMPANY Minor Release Other 10/29/19 Produced Water 22 10 12 BBL Other Lea (25) No No
nRM2007652972 EOG RESOURCES INC Major Release Other 10/29/19 Other (Specify) 75 0 75 BBL Equipment Failure Lea (25) No No
nRM1935358727 CONOCOPHILLIPS COMPANY Major Release Other 10/29/19 Produced Water 29 5 24 BBL Other Lea (25) No No
nRM1935734669 APACHE CORPORATION Major Release Other 10/29/19 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nRM1935733118 CONOCOPHILLIPS COMPANY Minor Release Other 10/29/19 Crude Oil 1 0 1 BBL Other Lea (25) No No
nRM2013359652 MEWBOURNE OIL CO Major Produced Water Release 10/29/19 Produced Water 125 100 25 BBL Equipment Failure Eddy (15) No No
nRM2000849639 COG OPERATING LLC Minor Produced Water Release 10/28/19 Produced Water 20 19 1 BBL Corrosion Lea (25) No No
nRM2000851241 COG OPERATING LLC Minor Release Other 10/28/19 Crude Oil 6 5 1 BBL Corrosion Eddy (15) No No
nRM1935759505 MARATHON OIL PERMIAN LLC Major Oil Release 10/28/19 Crude Oil 33 30 3 BBL Human Error Lea (25) No No
nRM2000851241 COG OPERATING LLC Minor Release Other 10/28/19 Produced Water 12 11 1 BBL Corrosion Eddy (15) No No
nRM1935232619 MARATHON OIL PERMIAN LLC Major Oil Release 10/28/19 Crude Oil 74 60 14 BBL Equipment Failure Eddy (15) No No
nRM2000853067 COG OPERATING LLC Minor Oil Release 10/28/19 Crude Oil 15 14 1 BBL Equipment Failure Eddy (15) No No
nRM2000360009 MATADOR PRODUCTION COMPANY Major Release Other 10/27/19 Other (Specify) 315 0 315 BBL Fire Lea (25) No No
nRM2003146585 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 10/27/19 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nRM1935447155 CONOCOPHILLIPS COMPANY Minor Oil Release 10/26/19 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nRM1935238930 WPX Energy Permian, LLC Major Produced Water Release 10/26/19 Produced Water 35 25 10 BBL Equipment Failure Eddy (15) No No
nRM2000235975 XTO ENERGY, INC Minor Produced Water Release 10/25/19 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nVV2003739963 CHEVRON U S A INC Minor Produced Water Release 10/25/19 Produced Water 19 19 0 BBL Equipment Failure Lea (25) No No
nRM2000253304 OXY USA INC Major Release Other 10/25/19 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nCS1933652674 ENDURING RESOURCES, LLC Other 10/25/19 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCS1932353377 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 10/25/19 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) Yes No
nCS1929852454 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 10/25/19 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) Yes No
nRM2000253304 OXY USA INC Major Release Other 10/25/19 Produced Water 1145 950 195 BBL Equipment Failure Eddy (15) No No
nRM2000237294 XTO ENERGY, INC Minor Produced Water Release 10/25/19 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nRM2000246798 OXY USA INC Minor Produced Water Release 10/24/19 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nRM1936535354 XTO ENERGY, INC Minor Produced Water Release 10/24/19 Produced Water 10 10 0 BBL Human Error Eddy (15) No No
nAPP2111150780 Spur Energy Partners LLC Major Produced Water Release 10/24/19 Produced Water 40 15 25 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM2000839524 COG OPERATING LLC Minor Release Other 10/24/19 Crude Oil 5 4 1 BBL Corrosion Lea (25) No No
nRM1935441690 Earthstone Operating, LLC Major Release Other 10/24/19 Crude Oil 55 35 20 BBL Equipment Failure Eddy (15) No No
nCS1932437061 EPIC ENERGY, L.L.C. Major Oil Release 10/24/19 Crude Oil 87 83 4 BBL Equipment Failure Rio Arriba (39) No No
nRM1935441690 Earthstone Operating, LLC Major Release Other 10/24/19 Produced Water 300 220 80 BBL Equipment Failure Eddy (15) No No
nRM2000839524 COG OPERATING LLC Minor Release Other 10/24/19 Produced Water 15 14 1 BBL Corrosion Lea (25) No No
nVV2003555031 CHEVRON U S A INC Minor Produced Water Release 10/23/19 Produced Water 19 0 19 BBL Corrosion Lea (25) No No
nRM1936458232 XTO ENERGY, INC Minor Produced Water Release 10/23/19 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nRM2002132226 COG PRODUCTION, LLC Minor Oil Release 10/23/19 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nRM2005551440 RILEY PERMIAN OPERATING COMPANY, LLC Minor Release Other 10/23/19 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nRM2005551440 RILEY PERMIAN OPERATING COMPANY, LLC Minor Release Other 10/23/19 Produced Water 22 19 3 BBL Equipment Failure Eddy (15) No No
nRM1935837820 XTO ENERGY, INC Minor Release Other 10/22/19 Other (Specify) 20 20 0 BBL Equipment Failure Lea (25) No No
nRM1935343091 BTA OIL PRODUCERS, LLC Major Produced Water Release 10/22/19 Produced Water 200 170 30 BBL Other Eddy (15) No No
nRM1936556814 CHEVRON U S A INC Minor Release Other 10/22/19 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nRM2000836739 COG OPERATING LLC Minor Produced Water Release 10/22/19 Produced Water 6 2 4 BBL Equipment Failure Eddy (15) No No
nRM2000245428 OXY USA INC Minor Oil Release 10/22/19 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nRM1936556814 CHEVRON U S A INC Minor Release Other 10/22/19 Produced Water 18 10 8 BBL Equipment Failure Eddy (15) No No
nRM2000832896 COG PRODUCTION, LLC Minor Oil Release 10/22/19 Crude Oil 10 5 5 BBL Corrosion Lea (25) No No
nRM1935840155 XTO ENERGY, INC Minor Produced Water Release 10/22/19 Produced Water 9 8 1 BBL Human Error Eddy (15) No No
nRM1935430604 XTO ENERGY, INC Minor Release Other 10/21/19 Crude Oil 3 0 3 BBL Other Lea (25) No No
nRM1935738385 MARATHON OIL PERMIAN LLC Minor Oil Release 10/21/19 Crude Oil 23 23 0 BBL Human Error Eddy (15) No No
nRM1935430604 XTO ENERGY, INC Minor Release Other 10/21/19 Produced Water 7 1 6 BBL Other Lea (25) No No
nRM1935344790 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/20/19 Produced Water 142 140 2 BBL Equipment Failure Lea (25) No No
nRM1935349656 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/20/19 Produced Water 7 0 7 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nRH2003528584 CENTENNIAL RESOURCE PRODUCTION, LLC Major Produced Water Release 10/20/19 Produced Water 900 755 145 BBL Equipment Failure Lea (25) No No
nRM1935242300 RAYBAW Operating, LLC Oil Release 10/19/19 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nRM2008542121 WPX Energy Permian, LLC Major Release Other 10/19/19 Crude Oil 210 0 210 BBL Equipment Failure Eddy (15) No No
nRM2000756162 COG OPERATING LLC Minor Produced Water Release 10/19/19 Produced Water 22 21 1 BBL Equipment Failure Eddy (15) No No
nAPP2104231346 OXY USA INC Minor Produced Water Release 10/19/19 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nRM2000759768 COG OPERATING LLC Minor Release Other 10/19/19 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nRM2008542121 WPX Energy Permian, LLC Major Release Other 10/19/19 Produced Water 80 0 80 BBL Equipment Failure Eddy (15) No No
nRM2000759768 COG OPERATING LLC Minor Release Other 10/19/19 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAPP2104231346 OXY USA INC Minor Produced Water Release 10/19/19 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nRM1934740110 APACHE CORPORATION Major Other 10/18/19 Crude Oil 3 1 2 BBL Equipment Failure Lea (25) No No
nRM2000358734 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 10/18/19 Crude Oil 14 10 4 BBL Equipment Failure Lea (25) No No
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nRM1935433078 XTO ENERGY, INC Minor Release Other 10/18/19 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nCS2023227884 DUGAN PRODUCTION CORP Minor Produced Water Release 10/18/19 Produced Water 23 0 23 BBL Equipment Failure San Juan (45) No No
nRM1934740110 APACHE CORPORATION Major Other 10/18/19 Produced Water 40 13 27 BBL Equipment Failure Lea (25) No No
nRM2000358734 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Release Other 10/18/19 Produced Water 123 90 33 BBL Equipment Failure Lea (25) No No
nRM1935231032 COG OPERATING LLC Minor Produced Water Release 10/18/19 Produced Water 7 5 2 BBL Corrosion Lea (25) No No
nRM1935433078 XTO ENERGY, INC Minor Release Other 10/18/19 Produced Water 8 2 6 BBL Corrosion Eddy (15) No No
nRM1936537422 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 10/17/19 Produced Water 20 20 0 BBL Human Error Lea (25) No No
nRM1935157445 COG OPERATING LLC Minor Produced Water Release 10/17/19 Produced Water 20 18 2 BBL Human Error Eddy (15) No No
nRM1932253587 WPX Energy Permian, LLC Minor Oil Release 10/17/19 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM1935252319 WPX Energy Permian, LLC Minor Oil Release 10/17/19 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM1935243374 WPX Energy Permian, LLC Minor Release Other 10/17/19 Crude Oil 13 0 13 BBL Equipment Failure Eddy (15) No No
nRM1929634447 MATADOR PRODUCTION COMPANY Minor Produced Water Release 10/17/19 Produced Water 7 6 1 BBL Other Lea (25) No No
nRM1935243374 WPX Energy Permian, LLC Minor Release Other 10/17/19 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nVV2002841074 XTO ENERGY, INC Minor Produced Water Release 10/17/19 Produced Water 23 10 13 BBL Equipment Failure Eddy (15) No No
nRM1935354566 XTO ENERGY, INC Major Produced Water Release 10/16/19 Produced Water 70 50 20 BBL Human Error Eddy (15) No No
nRM1935736827 WAGNER OIL CO. Major Release Other 10/16/19 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM1931856084 CONOCOPHILLIPS COMPANY Minor Produced Water Release 10/16/19 Produced Water 18 0 18 BBL Other Eddy (15) No No
nVV2003738492 CHEVRON U S A INC Minor Produced Water Release 10/16/19 Produced Water 5 1 4 BBL Equipment Failure Eddy (15) No No
nCS1935034632 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 10/16/19 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) Yes No
nRM1935736827 WAGNER OIL CO. Major Release Other 10/16/19 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM1935137204 COG PRODUCTION, LLC Major Produced Water Release 10/15/19 Produced Water 200 150 50 BBL Human Error Eddy (15) No No
nRM1935235986 XTO ENERGY, INC Major Oil Release 10/15/19 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM2005142715 HILCORP ENERGY COMPANY Major Produced Water Release 10/15/19 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nCS1934552153 ENDURING RESOURCES, LLC Minor Produced Water Release 10/15/19 Produced Water 8 0 8 BBL Corrosion Rio Arriba (39) No No
nRM1935240293 MARATHON OIL PERMIAN LLC Minor Release Other 10/15/19 Brine Water 12 10 2 BBL Equipment Failure Lea (25) No No
nRM1935156339 Enterprise Field Services, LLC Major Produced Water Release 10/15/19 Other (Specify) 500 0 500 BBL Human Error Eddy (15) No No
nRM1929152027 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 10/15/19 Crude Oil 10 10 0 BBL Other Lea (25) No No
nRM1929152027 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 10/15/19 Produced Water 50 40 10 BBL Other Lea (25) No No
nRM1935138654 Enterprise Field Services, LLC Major Release Other 10/14/19 Other (Specify) 43 0 43 BBL Other Eddy (15) No No
nCS1928833906 SIMCOE LLC Major Oil Release 10/14/19 Condensate 48 0 48 BBL Corrosion San Juan (45) No No
nRM1935041942 XTO ENERGY, INC Minor Oil Release 10/14/19 Crude Oil 24 20 4 BBL Equipment Failure Eddy (15) No No
nRM2000244253 OXY USA INC Minor Produced Water Release 10/13/19 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nRM2000250426 OXY USA INC Major Oil Release 10/13/19 Crude Oil 253 250 3 BBL Other Eddy (15) No No
nRM2026239512 OXY USA INC Major Oil Release 10/13/19 Crude Oil 253 250 3 BBL Equipment Failure Eddy (15) No No
nRM1935150492 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 10/13/19 Produced Water 6 6 0 BBL Human Error Lea (25) No No
nRM1932652661 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 10/12/19 Crude Oil 147 10 137 BBL Corrosion Eddy (15) No No
nRM1932357560 APACHE CORPORATION Major Produced Water Release 10/11/19 Produced Water 129 30 99 BBL Human Error Eddy (15) No No
nCS2005837120 BP AMERICA PRODUCTION COMPANY Oil Release 10/11/19 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1934553275 SIMCOE LLC Minor Produced Water Release 10/11/19 Produced Water 20 0 20 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nRM1932255004 EOG RESOURCES INC Minor Release Other 10/11/19 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nRM1932255004 EOG RESOURCES INC Minor Release Other 10/11/19 Produced Water 19 0 19 BBL Equipment Failure Eddy (15) No No
nRM2004432535 APACHE CORPORATION Major Produced Water Release 10/11/19 Produced Water 208 200 8 BBL Human Error Eddy (15) No No
nCS1934449094 DUGAN PRODUCTION CORP Minor Produced Water Release 10/10/19 Produced Water 20 0 20 BBL Equipment Failure San Juan (45) No No
nRM1931859826 WPX Energy Permian, LLC Minor Other 10/10/19 Crude Oil 15 5 10 BBL Equipment Failure Eddy (15) No No
nRM1930958355 CONOCOPHILLIPS COMPANY Major Release Other 10/10/19 Crude Oil 11 6 5 BBL Blow Out Lea (25) No No
nRM2006451912 SELECT ENERGY SERVICES, LLC Major Produced Water Release 10/10/19 Produced Water 50 30 20 BBL Other Eddy (15) No No
nRM1930958355 CONOCOPHILLIPS COMPANY Major Release Other 10/10/19 Produced Water 362 174 188 BBL Blow Out Lea (25) No No
nRM1931859826 WPX Energy Permian, LLC Minor Other 10/10/19 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nRM2006451315 SELECT ENERGY SERVICES, LLC Minor Produced Water Release 10/10/19 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No

nCS1932435664
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Produced Water Release 10/9/19 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No

nRM1933057616 CHEVRON U S A INC Minor Produced Water Release 10/9/19 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nCS1932436155 DJR OPERATING, LLC Major Other 10/9/19 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No

nCS1932355872
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Produced Water Release 10/9/19 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No

nCS1934534730 ENTERPRISE FIELD SERVICES L.L.C. Minor Other 10/9/19 Glycol 10 0 10 BBL Equipment Failure San Juan (45) No No
nRM1932257155 COG OPERATING LLC Major Produced Water Release 10/9/19 Produced Water 42 40 2 BBL Corrosion Eddy (15) No No
nRM1932350962 XTO ENERGY, INC Major Release Other 10/8/19 Produced Water 1401 1313 88 BBL Human Error Eddy (15) No No
nCS1935239780 ENTERPRISE FIELD SERVICES L.L.C. Minor Oil Release 10/8/19 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nRM2008359201 EOG RESOURCES INC Major Release Other 10/8/19 Other (Specify) 700 240 460 BBL Equipment Failure Lea (25) No No
nRM1932350962 XTO ENERGY, INC Major Release Other 10/8/19 Crude Oil 7 7 0 BBL Human Error Eddy (15) No No
nRM1928436172 RIDGEWAY ARIZONA OIL CORP. Major Release Other 10/8/19 Crude Oil 140 30 110 BBL Corrosion Roosevelt (41) No No
nRM1928436172 RIDGEWAY ARIZONA OIL CORP. Major Release Other 10/8/19 Produced Water 140 20 120 BBL Corrosion Roosevelt (41) No No
nCS1929555165 HILCORP ENERGY COMPANY Major Produced Water Release 10/7/19 Produced Water 33 0 33 BBL Corrosion San Juan (45) Yes No
nRM1931755792 POGO OIL & GAS OPERATING, INC Minor Oil Release 10/7/19 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nRM1931858285 XTO ENERGY, INC Major Produced Water Release 10/7/19 Produced Water 53 52 1 BBL Corrosion Eddy (15) No No
nRM1929034626 COG OPERATING LLC Minor Release Other 10/6/19 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nRM1935055582 OXY USA INC Major Oil Release 10/6/19 Crude Oil 50 10 40 BBL Equipment Failure Eddy (15) No No
nRM1933039312 HARVARD PETROLEUM COMPANY, LLC Major Oil Release 10/6/19 Crude Oil 60 60 0 BBL Equipment Failure Eddy (15) No No
nRM1929034626 COG OPERATING LLC Minor Release Other 10/6/19 Produced Water 12 12 0 BBL Equipment Failure Lea (25) No No
nRM1931853815 Spur Energy Partners LLC Major Release Other 10/6/19 Crude Oil 20 19 1 BBL Equipment Failure Eddy (15) No No
nRM1931853815 Spur Energy Partners LLC Major Release Other 10/6/19 Produced Water 50 48 2 BBL Equipment Failure Eddy (15) No No
nCE2002743791 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/5/19 Produced Water 130 10 120 BBL Equipment Failure Eddy (15) No No
nRM1929031912 COG OPERATING LLC Major Release Other 10/5/19 Crude Oil 10 8 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nRM1929031912 COG OPERATING LLC Major Release Other 10/5/19 Produced Water 30 25 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nRM1930943618 CONOCOPHILLIPS COMPANY Minor Release Other 10/4/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nRM1929040936 COG OPERATING LLC Minor Release Other 10/4/19 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nRM1930943618 CONOCOPHILLIPS COMPANY Minor Release Other 10/4/19 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nRM1929049253 CONOCOPHILLIPS COMPANY Major Release Other 10/4/19 Crude Oil 5 2 3 BBL Equipment Failure Lea (25) No No
nRM1929040936 COG OPERATING LLC Minor Release Other 10/4/19 Produced Water 12 11 1 BBL Equipment Failure Lea (25) No No
nRM1929049253 CONOCOPHILLIPS COMPANY Major Release Other 10/4/19 Produced Water 33 9 24 BBL Equipment Failure Lea (25) No No
nRM1932238401 XTO ENERGY, INC Minor Release Other 10/4/19 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM1932238401 XTO ENERGY, INC Minor Release Other 10/4/19 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nRM1935250077 WPX Energy Permian, LLC Minor Produced Water Release 10/3/19 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1929429521 WPX Energy Permian, LLC Minor Produced Water Release 10/3/19 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1930131452 WPX Energy Permian, LLC Minor Produced Water Release 10/3/19 Produced Water 10 10 0 BBL Other Eddy (15) No No
nAB1929429521 WPX Energy Permian, LLC Minor Produced Water Release 10/3/19 Produced Water 10 6 4 BBL Equipment Failure Eddy (15) No No
nRM1927743918 PLAINS PIPELINE, LP Major Oil Release 10/2/19 Crude Oil 80 70 10 BBL Human Error Lea (25) No No
nRM1930950727 CONOCOPHILLIPS COMPANY Major Release Other 10/2/19 Crude Oil 12 1 11 BBL Equipment Failure Lea (25) No No
nAB1929430314 WPX Energy Permian, LLC Major Produced Water Release 10/2/19 Crude Oil 10 5 5 BBL Other Eddy (15) No No
nRM1927736783 3R Operating, LLC Major Produced Water Release 10/2/19 Produced Water 100 4 96 BBL Lightning Lea (25) No No
nRM1930950727 CONOCOPHILLIPS COMPANY Major Release Other 10/2/19 Produced Water 111 7 104 BBL Equipment Failure Lea (25) No No
nRM2006937434 EOG RESOURCES INC Major Release Other 10/2/19 Other (Specify) 100 0 100 BBL Equipment Failure Lea (25) No No
nRM1931851486 Enterprise Field Services, LLC Minor Natural Gas Release 10/2/19 Condensate 1 0 1 BBL Other Eddy (15) No No
nAB1929430314 WPX Energy Permian, LLC Major Produced Water Release 10/2/19 Produced Water 40 30 10 BBL Other Eddy (15) No No
nRM1932335844 COG OPERATING LLC Major Release Other 10/2/19 Crude Oil 2 0 2 BBL Lightning Eddy (15) No No
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nRM1932335844 COG OPERATING LLC Major Release Other 10/2/19 Produced Water 48 45 3 BBL Lightning Eddy (15) No No
nRM2003158355 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/1/19 Produced Water 67 20 47 BBL Other Lea (25) No No
nRM1931848817 XTO ENERGY, INC Minor Release Other 10/1/19 Other (Specify) 5 4 1 BBL Equipment Failure Eddy (15) No No
nRM1935739461 JUDAH OIL LLC Major Release Other 10/1/19 Crude Oil 8 1 7 BBL Corrosion Eddy (15) No No
nRM1935739461 JUDAH OIL LLC Major Release Other 10/1/19 Produced Water 48 8 40 BBL Corrosion Eddy (15) No No
nRM1928434706 Empire New Mexico LLC Major Release Other 9/30/19 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1929552375 ENDURING RESOURCES, LLC Minor Other 9/30/19 Other (Specify) 20 15 5 BBL Human Error San Juan (45) No No
nRM1928434706 Empire New Mexico LLC Major Release Other 9/30/19 Produced Water 43 39 4 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1928853045 Diamond In The Rough LLC Major Oil Release 9/30/19 Crude Oil 218 208 10 BBL Corrosion Eddy (15) No No
nRM2003157418 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 9/29/19 Crude Oil 291 291 0 BBL Lightning Lea (25) No No
nCE2002743035 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/29/19 Crude Oil 6 6 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1930130116 WPX Energy Permian, LLC Major Produced Water Release 9/29/19 Produced Water 150 150 0 BBL Other Eddy (15) No No
nRM1935056894 OXY USA INC Major Produced Water Release 9/29/19 Produced Water 75 70 5 BBL Lightning Eddy (15) No No
nRM2003157418 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 9/29/19 Produced Water 3110 3110 0 BBL Lightning Lea (25) No No
nAPP2312445915 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 9/29/19 Crude Oil 201 70 131 BBL Lightning Eddy (15) No No
nAPP2312445915 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 9/29/19 Produced Water 1138 770 368 BBL Lightning Eddy (15) No No
nAB1929437980 WPX Energy Permian, LLC Major Produced Water Release 9/28/19 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM1929147277 DCP MIDSTREAM Minor Other 9/28/19 Other (Specify) 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1929437980 WPX Energy Permian, LLC Major Produced Water Release 9/28/19 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nRM1928149276 Empire New Mexico LLC Major Oil Release 9/28/19 Crude Oil 2 0 2 BBL Lightning Lea (25) No No
nRM1928149276 Empire New Mexico LLC Major Oil Release 9/28/19 Produced Water 95 0 95 BBL Lightning Lea (25) No No
nRM1932656659 COG OPERATING LLC Minor Release Other 9/27/19 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nRM1928431106 COG OPERATING LLC Major Produced Water Release 9/27/19 Produced Water 104 102 2 BBL Corrosion Lea (25) No No
nRM1927750734 APACHE CORPORATION Release Other 9/27/19 Crude Oil 0 0 0 BBL Other Lea (25) No No
nRM1932656659 COG OPERATING LLC Minor Release Other 9/27/19 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nRM1931842050 COG OPERATING LLC Minor Oil Release 9/27/19 Crude Oil 12 11 1 BBL Equipment Failure Eddy (15) No No
nRM1927739144 APACHE CORPORATION Major Release Other 9/27/19 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nRM1935059907 OXY USA INC Major Produced Water Release 9/27/19 Produced Water 90 80 10 BBL Other Lea (25) No No
nRM1927739144 APACHE CORPORATION Major Release Other 9/27/19 Produced Water 76 30 46 BBL Corrosion Lea (25) No No
nRM1927750734 APACHE CORPORATION Release Other 9/27/19 Produced Water 0 0 0 BBL Other Lea (25) No No
nCE2002448579 OXY USA INC Major Produced Water Release 9/27/19 Produced Water 31 4 27 BBL Human Error Eddy (15) No No
nAB1929162506 XTO ENERGY, INC Minor Produced Water Release 9/26/19 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1929060813 XTO ENERGY, INC Minor Produced Water Release 9/25/19 Other (Specify) 8 3 5 BBL Equipment Failure Eddy (15) No No
nCS1929541151 HILCORP ENERGY COMPANY Minor Produced Water Release 9/25/19 Produced Water 23 13 10 BBL Corrosion San Juan (45) No No
nRM1931654826 XTO ENERGY, INC Minor Produced Water Release 9/25/19 Produced Water 5 5 0 BBL Other Eddy (15) No No
nCS2001742271 BP AMERICA PRODUCTION COMPANY Major Other 9/24/19 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nRM1930848978 Maverick Permian LLC Major Other 9/24/19 Crude Oil 561 265 296 BBL Other Lea (25) No No
nAB1929160071 3 Bear Energy-Cottonwood, LLC Major Produced Water Release 9/24/19 Produced Water 115 110 5 BBL Lightning Eddy (15) No No
nRM1930848978 Maverick Permian LLC Major Other 9/24/19 Other (Specify) 64 62 2 BBL Other Lea (25) No No
nRM1928237767 ENTERPRISE CRUDE OIL LLC Minor Oil Release 9/23/19 Crude Oil 23 3 20 BBL Corrosion Lea (25) No No
nRM1929060324 SELECT ENERGY SERVICES, LLC Major Produced Water Release 9/23/19 Produced Water 198 0 198 BBL Human Error Lea (25) No No
nRM2004946873 LIME ROCK RESOURCES II-A, L.P. Minor Oil Release 9/23/19 Crude Oil 10 4 6 BBL Corrosion Eddy (15) No No
nRM1927748764 COG OPERATING LLC Minor Produced Water Release 9/21/19 Produced Water 20 19 1 BBL Corrosion Lea (25) No No
nAB1929042698 COG OPERATING LLC Minor Produced Water Release 9/21/19 Produced Water 20 10 10 BBL Corrosion Eddy (15) No No
nRM1933642770 WPX Energy Permian, LLC Minor Release Other 9/19/19 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nRM1933642770 WPX Energy Permian, LLC Minor Release Other 9/19/19 Produced Water 10 7 3 BBL Equipment Failure Eddy (15) No No
nAB1928159228 WPX Energy Permian, LLC Minor Produced Water Release 9/18/19 Crude Oil 6 4 2 BBL Other Eddy (15) No No
nRM1927632000 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 9/18/19 Produced Water 3696 3690 6 BBL Lightning Lea (25) No No
nRM1927360423 POGO OIL & GAS OPERATING, INC Major Produced Water Release 9/18/19 Produced Water 50 50 0 BBL Corrosion Lea (25) No No
nAB1928159228 WPX Energy Permian, LLC Minor Produced Water Release 9/18/19 Produced Water 7 6 1 BBL Other Eddy (15) No No
nCS1934431572 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 9/18/19 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAPP2110635348 EOG RESOURCES INC Major Produced Water Release 9/17/19 Produced Water 0 0 0 BBL Other Eddy (15) No No
nRM1929540709 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/17/19 Produced Water 8 0 8 BBL Other Lea (25) No No
nCS1929536500 ENDURING RESOURCES, LLC Major Produced Water Release 9/17/19 Produced Water 25 0 25 BBL Corrosion Rio Arriba (39) No No
nAB1928851161 Spur Energy Partners LLC Minor Produced Water Release 9/17/19 Produced Water 22 18 4 BBL Other Eddy (15) No No
nAB1928157540 WPX Energy Permian, LLC Major Produced Water Release 9/17/19 Produced Water 260 260 0 BBL Equipment Failure Eddy (15) No No
nVV2008637816 NGL WATER SOLUTIONS PERMIAN, LLC Minor Produced Water Release 9/17/19 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM1927535848 COG OPERATING LLC Major Oil Release 9/16/19 Crude Oil 5 0 5 BBL Lightning Lea (25) No No
nAB1928156715 MARATHON OIL PERMIAN LLC Produced Water Release 9/16/19 Produced Water 0 0 0 BBL Other Eddy (15) No No
nRM1927535848 COG OPERATING LLC Major Oil Release 9/16/19 Produced Water 125 0 125 BBL Lightning Lea (25) No No
nAB1928848517 XTO ENERGY, INC Oil Release 9/16/19 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM1931658715 XTO ENERGY, INC Minor Oil Release 9/15/19 Crude Oil 6 6 0 BBL Corrosion Eddy (15) No No
nAB1928842829 XTO ENERGY, INC Major Release Other 9/15/19 Produced Water 50 50 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1928155859 WPX Energy Permian, LLC Major Produced Water Release 9/15/19 Produced Water 25 25 0 BBL Equipment Failure Eddy (15) No No
nAB1928842829 XTO ENERGY, INC Major Release Other 9/15/19 Other (Specify) 20 0 20 GAL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1928155096 WPX Energy Permian, LLC Minor Oil Release 9/14/19 Crude Oil 15 15 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1928443363 COG OPERATING LLC Minor Produced Water Release 9/14/19 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nCS1929455199 ENDURING RESOURCES, LLC Minor Produced Water Release 9/14/19 Produced Water 23 0 23 BBL Human Error San Juan (45) No No
nAB1928155096 WPX Energy Permian, LLC Minor Oil Release 9/14/19 Produced Water 5 5 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1928833879 XTO ENERGY, INC Minor Oil Release 9/14/19 Crude Oil 15 15 0 BBL Other Eddy (15) No No
nRM1927460517 Spur Energy Partners LLC Minor Produced Water Release 9/13/19 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nRM1927531903 3BEAR FIELD SERVICES, LLC Minor Oil Release 9/13/19 Crude Oil 22 21 1 BBL Other Lea (25) No No
nCS1927552019 LOGOS OPERATING, LLC Major Produced Water Release 9/13/19 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1928832272 COG PRODUCTION, LLC Minor Produced Water Release 9/13/19 Produced Water 18 17 1 BBL Other Eddy (15) No No
nCE2002442568 OXY USA INC Major Produced Water Release 9/12/19 Produced Water 350 240 110 BBL Human Error Eddy (15) No No
nAB1927729912 WPX Energy Permian, LLC Minor Produced Water Release 9/12/19 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nAB1929041495 XTO ENERGY, INC Minor Produced Water Release 9/12/19 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nCS1927553042 ENDURING RESOURCES, LLC Minor Oil Release 9/12/19 Other (Specify) 14 0 14 BBL Human Error San Juan (45) No No
nAB1928444103 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 9/12/19 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1929041495 XTO ENERGY, INC Minor Produced Water Release 9/12/19 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nAB1928442677 COG OPERATING LLC Major Produced Water Release 9/12/19 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1928442677 COG OPERATING LLC Major Produced Water Release 9/12/19 Produced Water 34 33 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1928446318 XTO ENERGY, INC Minor Produced Water Release 9/11/19 Produced Water 5 5 0 BBL Human Error Eddy (15) No No
nAB1928444850 XTO ENERGY, INC Minor Produced Water Release 9/11/19 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nRM1927438604 Empire New Mexico LLC Minor Release Other 9/10/19 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nRM1927451654 COG OPERATING LLC Minor Produced Water Release 9/10/19 Produced Water 15 14 1 BBL Equipment Failure Lea (25) No No
nAB1928441049 COG OPERATING LLC Minor Produced Water Release 9/10/19 Produced Water 18 17 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM1932958098 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/10/19 Produced Water 75 75 0 BBL Other Eddy (15) No No
nRM1927438604 Empire New Mexico LLC Minor Release Other 9/10/19 Produced Water 16 13 3 BBL Corrosion Lea (25) No No
nAB1928439961 XTO ENERGY, INC Major Produced Water Release 9/10/19 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nCS1932334740 EPIC ENERGY, L.L.C. Major Other 9/10/19 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1928439961 XTO ENERGY, INC Major Produced Water Release 9/10/19 Produced Water 89 69 20 BBL Equipment Failure Eddy (15) No No
nRM1927035828 BTA OIL PRODUCERS, LLC Major Produced Water Release 9/9/19 Produced Water 90 90 0 BBL Other Lea (25) No No
nRM1930554576 VANGUARD OPERATING, LLC Major Oil Release 9/9/19 Crude Oil 30 30 0 BBL Other Lea (25) No No
nAB1927729096 WPX Energy Permian, LLC Major Produced Water Release 9/9/19 Produced Water 60 50 10 BBL Equipment Failure Eddy (15) No No
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nAB1928154373 WPX Energy Permian, LLC Minor Produced Water Release 9/8/19 Produced Water 10 4 6 BBL Equipment Failure Eddy (15) No No
nRM1929549356 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/8/19 Produced Water 6 0 6 BBL Human Error Lea (25) No No
nRM1931137670 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/8/19 Produced Water 14 14 0 BBL Equipment Failure Lea (25) No No
nAB1927635987 LIME ROCK RESOURCES II-A, L.P. Major Produced Water Release 9/8/19 Produced Water 90 0 90 BBL Corrosion Eddy (15) No No
nRM1927331412 COG OPERATING LLC Major Produced Water Release 9/8/19 Produced Water 750 150 600 BBL Other Lea (25) No No
nRM1927034019 Earthstone Operating, LLC Minor Oil Release 9/8/19 Crude Oil 10 0 10 BBL Blow Out Lea (25) No No
nCS1928253438 HILCORP ENERGY COMPANY Minor Produced Water Release 9/8/19 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1928438660 OXY USA INC Minor Produced Water Release 9/7/19 Produced Water 16 8 8 BBL Equipment Failure Eddy (15) No No
nAB1928437573 MARATHON OIL PERMIAN LLC Minor Produced Water Release 9/7/19 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nAB1927639983 XTO ENERGY, INC Minor Produced Water Release 9/7/19 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAB1927639983 XTO ENERGY, INC Minor Produced Water Release 9/7/19 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nCS1932439585 OXY USA INC Minor Produced Water Release 9/6/19 Produced Water 19 0 19 BBL Corrosion Union (59) No No
nCS1929540748 LOGOS OPERATING, LLC Minor Produced Water Release 9/6/19 Produced Water 5 1 4 BBL Equipment Failure Rio Arriba (39) No No
nCS1929540332 LOGOS OPERATING, LLC Major Produced Water Release 9/6/19 Produced Water 0 1 0 BBL Corrosion Rio Arriba (39) No No
nCS1929538744 LOGOS OPERATING, LLC Major Produced Water Release 9/6/19 Produced Water 0 2 0 BBL Corrosion Rio Arriba (39) No No
nAB1928436477 MARATHON OIL PERMIAN LLC Minor Produced Water Release 9/5/19 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nRM1927358476 MARATHON OIL PERMIAN LLC Minor Oil Release 9/5/19 Crude Oil 12 10 2 BBL Other Lea (25) No No
nAB1927160599 WPX Energy Permian, LLC Minor Produced Water Release 9/4/19 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nCS1929455844 DJR OPERATING, LLC Major Oil Release 9/4/19 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nRM1931135747 RAYBAW Operating, LLC Major Release Other 9/4/19 Crude Oil 8 4 4 BBL Equipment Failure Lea (25) No No
nRM1931135747 RAYBAW Operating, LLC Major Release Other 9/4/19 Produced Water 88 44 44 BBL Equipment Failure Lea (25) No No
nRM1931140600 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/3/19 Produced Water 20 20 0 BBL Equipment Failure Lea (25) No No
nCS1926052330 Mustang Resources LLC Major Produced Water Release 9/3/19 Produced Water 160 0 160 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nRM1933049719 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 9/3/19 Produced Water 40 40 0 BBL Other Eddy (15) No No
nRM1926654070 RIDGEWAY ARIZONA OIL CORP. Major Produced Water Release 9/3/19 Produced Water 50 22 28 BBL Corrosion Roosevelt (41) No No
nRM1933049719 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 9/3/19 Condensate 30 30 0 BBL Other Eddy (15) No No
nAB1930148648 Spur Energy Partners LLC Minor Produced Water Release 9/3/19 Produced Water 8 7 1 BBL Corrosion Eddy (15) No No
nRM1935054043 OXY USA INC Major Produced Water Release 9/3/19 Produced Water 28 28 0 BBL Equipment Failure Eddy (15) No No
nCS1927552565 LOGOS OPERATING, LLC Major Produced Water Release 9/3/19 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nRM1927343544 COG OPERATING LLC Minor Other 9/2/19 Crude Oil 12 11 1 BBL Other Lea (25) No No
nRM1927343544 COG OPERATING LLC Minor Other 9/2/19 Produced Water 3 2 1 BBL Other Lea (25) No No
nRM1926756372 ARMSTRONG ENERGY CORP Major Produced Water Release 9/1/19 Produced Water 815 660 155 BBL Lightning Roosevelt (41) No No
nRM1927059983 BTA OIL PRODUCERS, LLC Minor Release Other 9/1/19 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nRM2003436831 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 9/1/19 Crude Oil 3 3 0 BBL Equipment Failure Lea (25) No No
nRM1927059983 BTA OIL PRODUCERS, LLC Minor Release Other 9/1/19 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nRM2003436831 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 9/1/19 Produced Water 12 12 0 BBL Equipment Failure Lea (25) No No
nAPP2121549676 ARMSTRONG ENERGY CORP Major Fire 9/1/19 Produced Water 815 660 155 BBL Lightning Roosevelt (41) No No
nAB1927633805 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/31/19 Produced Water 150 130 20 BBL Other Eddy (15) No No
nAB1927727945 XTO ENERGY, INC Major Produced Water Release 8/31/19 Produced Water 45 35 10 BBL Human Error Eddy (15) No No
nRM1927058375 BTA OIL PRODUCERS, LLC Minor Oil Release 8/31/19 Crude Oil 16 16 0 BBL Equipment Failure Lea (25) No No
nAB1927636964 COG OPERATING LLC Minor Produced Water Release 8/31/19 Produced Water 15 14 1 BBL Other Eddy (15) No No
nRM1930454167 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/30/19 Produced Water 30 4 26 BBL Corrosion Lea (25) No No
nRM1933052987 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/30/19 Produced Water 407 407 0 BBL Lightning Lea (25) No No
nRM1927331340 CHEVRON U S A INC Major Produced Water Release 8/30/19 Produced Water 106 80 26 BBL Corrosion Lea (25) No No
nRM1927341646 COG OPERATING LLC Major Other 8/30/19 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nRM1930839312 COG OPERATING LLC Major Other 8/30/19 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nVV2003554062 CHEVRON U S A INC Major Produced Water Release 8/30/19 Produced Water 106 80 26 BBL Corrosion Lea (25) No No
nCS1933641104 EPIC ENERGY, L.L.C. Other 8/30/19 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nRM1930839312 COG OPERATING LLC Major Other 8/30/19 Produced Water 40 35 5 BBL Equipment Failure Lea (25) No No
nRM1927341646 COG OPERATING LLC Major Other 8/30/19 Produced Water 40 35 5 BBL Equipment Failure Lea (25) No No
nRM1927056483 BTA OIL PRODUCERS, LLC Minor Produced Water Release 8/29/19 Produced Water 15 15 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nRM1927340130 COG PRODUCTION, LLC Minor Produced Water Release 8/29/19 Produced Water 10 10 0 BBL Corrosion Lea (25) No No
nRM1933056018 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/29/19 Produced Water 30 30 0 BBL Other Eddy (15) No No
nRM2005141013 OXY USA INC Minor Release Other 8/29/19 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nRM1927338634 COG OPERATING LLC Major Produced Water Release 8/29/19 Produced Water 60 40 20 BBL Corrosion Lea (25) No No
nAB1927634651 XTO ENERGY, INC Major Release Other 8/29/19 Other (Specify) 45 45 0 BBL Other Eddy (15) No No
nRM2005141013 OXY USA INC Minor Release Other 8/29/19 Produced Water 5 0 5 BBL Other Eddy (15) No No
nRM1927441864 3BEAR FIELD SERVICES, LLC Minor Produced Water Release 8/28/19 Produced Water 16 16 0 BBL Other Lea (25) No No
nRM2003454039 MATADOR PRODUCTION COMPANY Minor Produced Water Release 8/28/19 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nCE2003549412 OXY USA INC Minor Oil Release 8/28/19 Crude Oil 10 9 1 BBL Human Error Lea (25) No No
nCS1933737748 ENTERPRISE FIELD SERVICES L.L.C. Major Produced Water Release 8/28/19 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nRM1926960363 Empire New Mexico LLC Minor Release Other 8/27/19 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nRM1926958728 CHEVRON U S A INC Major Produced Water Release 8/27/19 Produced Water 136 0 136 BBL Other Lea (25) No No
nCS1925355225 ENDURING RESOURCES, LLC Minor Produced Water Release 8/27/19 Produced Water 15 0 15 BBL Corrosion Rio Arriba (39) No No
nRM1927041882 OXY USA INC Major Other 8/27/19 Produced Water 135 130 5 BBL Other Lea (25) No No
nRM1926960363 Empire New Mexico LLC Minor Release Other 8/27/19 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nCE2002837982 Franklin Mountain Energy 3, LLC Minor Produced Water Release 8/27/19 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nAB1927543242 BURNETT OIL CO INC Major Produced Water Release 8/27/19 Produced Water 210 195 15 BBL Other Eddy (15) No No
nRM1926751506 Maverick Permian LLC Minor Produced Water Release 8/26/19 Produced Water 12 0 12 BBL Corrosion Lea (25) No No
nRM1926049522 RIDGEWAY ARIZONA OIL CORP. Minor Produced Water Release 8/26/19 Produced Water 15 6 9 BBL Corrosion Roosevelt (41) No No
nRM1926647540 TARGA RESOURCES INC Major Natural Gas Release 8/26/19 Natural Gas Liquids 1 0 1 BBL Other Lea (25) No No
nAB1926257229 SPECIAL ENERGY CORP Major Oil Release 8/25/19 Crude Oil 177 99 78 BBL Corrosion Eddy (15) No No
nAB1927545548 Spur Energy Partners LLC Major Produced Water Release 8/24/19 Produced Water 200 198 2 BBL Equipment Failure Eddy (15) No No
nAB1927155176 WPX Energy Permian, LLC Major Produced Water Release 8/23/19 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nRM1928360966 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/23/19 Produced Water 113 100 13 BBL Equipment Failure Lea (25) No No
nAB1927637713 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 8/23/19 Crude Oil 8 4 4 BBL Equipment Failure Eddy (15) No No
nRM1926054913 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/23/19 Produced Water 113 113 0 BBL Other Lea (25) No No
nRM1927335058 OXY USA INC Minor Oil Release 8/22/19 Crude Oil 4 0 4 BBL Corrosion Lea (25) No No
nRM1927335058 OXY USA INC Minor Oil Release 8/22/19 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nAB1927058916 MARATHON OIL PERMIAN LLC Minor Produced Water Release 8/22/19 Produced Water 10 10 0 BBL Other Eddy (15) No No
nRM1927053782 OXY USA INC Minor Oil Release 8/21/19 Crude Oil 4 0 4 BBL Other Lea (25) No No
nAB1927162165 Natural Gas Pipeline Company of America LLC Major Other 8/21/19 Condensate 25 0 25 BBL Equipment Failure Eddy (15) No No
nCS1925348083 Enterprise Field Services, LLC Major Release Other 8/21/19 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) Yes No
nAB1927332462 XTO ENERGY, INC Major Produced Water Release 8/21/19 Produced Water 355 0 355 BBL Equipment Failure Eddy (15) No No
nCS1927539202 ENDURING RESOURCES, LLC Minor Oil Release 8/21/19 Crude Oil 20 0 20 BBL Vandalism San Juan (45) No No
nAB1927162165 Natural Gas Pipeline Company of America LLC Major Other 8/21/19 Crude Oil 70 0 70 BBL Equipment Failure Eddy (15) No No
nRM1927053782 OXY USA INC Minor Oil Release 8/21/19 Produced Water 2 0 2 BBL Other Lea (25) No No
nRM2000935403 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/20/19 Produced Water 7 4 3 BBL Corrosion Eddy (15) No No
nAB1927156651 XTO ENERGY, INC Minor Produced Water Release 8/20/19 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nRM1932537495 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/19/19 Produced Water 115 115 0 BBL Lightning Eddy (15) No No
nAB1926639738 COG OPERATING LLC Minor Produced Water Release 8/18/19 Produced Water 20 0 20 BBL Other Eddy (15) No No
nRM1926231914 COG PRODUCTION, LLC Minor Release Other 8/18/19 Produced Water 20 19 1 BBL Corrosion Lea (25) No No
nRM1926133467 COG OPERATING LLC Minor Produced Water Release 8/18/19 Produced Water 10 0 10 BBL Other Lea (25) No No
nRM1926057000 COG OPERATING LLC Minor Oil Release 8/18/19 Crude Oil 10 5 5 BBL Other Lea (25) No No
nRM1926257418 OXY USA INC Minor Produced Water Release 8/17/19 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
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nRM1926352539 APACHE CORPORATION Major Oil Release 8/16/19 Crude Oil 0 2 0 BBL Corrosion Lea (25) No No
nRM2000933033 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/16/19 Produced Water 46 46 0 BBL Equipment Failure Eddy (15) No No
nRM1926352539 APACHE CORPORATION Major Oil Release 8/16/19 Produced Water 0 2 0 BBL Corrosion Lea (25) No No
nAB1927331299 WPX Energy Permian, LLC Major Produced Water Release 8/16/19 Produced Water 480 480 0 BBL Corrosion Eddy (15) No No
nCS1923947897 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 8/15/19 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nRM1934553443 CENTENNIAL RESOURCE PRODUCTION, LLC Major Produced Water Release 8/15/19 Produced Water 80 0 80 BBL Other Lea (25) No No
nRM1926041019 XTO ENERGY, INC Minor Other 8/15/19 Crude Oil 9 7 2 BBL Other Lea (25) No No
nVV2003451829 SELECT AGUA LIBRE MIDSTREAM, LLC Major Produced Water Release 8/15/19 Produced Water 0 0 0 BBL Other Lea (25) No No
nRM1925659370 CONOCOPHILLIPS COMPANY Major Other 8/15/19 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nRM1926041019 XTO ENERGY, INC Minor Other 8/15/19 Produced Water 0 0 0 BBL Other Lea (25) No No
nRM1925659370 CONOCOPHILLIPS COMPANY Major Other 8/15/19 Produced Water 46 0 46 BBL Corrosion Lea (25) No No
nRM2000942346 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/14/19 Produced Water 14 14 0 BBL Equipment Failure Eddy (15) No No
nRM2008531986 EOG RESOURCES INC Major Release Other 8/14/19 Produced Water 80 40 40 BBL Equipment Failure Lea (25) No No
nRM1933644528 COG OPERATING LLC Major Produced Water Release 8/14/19 Produced Water 1291 0 1291 BBL Other Eddy (15) No No
nAB1926339226 COG OPERATING LLC Major Produced Water Release 8/13/19 Produced Water 74 20 54 BBL Human Error Eddy (15) No No
nAB1929428497 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/13/19 Produced Water 10 10 0 BBL Other Eddy (15) No No
nAB1926640794 COG OPERATING LLC Minor Produced Water Release 8/13/19 Produced Water 16 16 0 BBL Other Eddy (15) No No
nCS1923948481 DJR OPERATING, LLC Minor Produced Water Release 8/13/19 Produced Water 6 0 6 BBL Human Error Rio Arriba (39) No No
nAB1926640794 COG OPERATING LLC Minor Produced Water Release 8/13/19 Crude Oil 5 4 1 BBL Other Eddy (15) No No
nAB1926638462 XTO ENERGY, INC Minor Produced Water Release 8/13/19 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAB1926742112 COG OPERATING LLC Minor Produced Water Release 8/13/19 Produced Water 15 10 5 BBL Human Error Eddy (15) No No
nAB1924044206 CONOCOPHILLIPS COMPANY Major Produced Water Release 8/13/19 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAB1926638462 XTO ENERGY, INC Minor Produced Water Release 8/13/19 Produced Water 7 4 3 BBL Corrosion Eddy (15) No No
nAB1924044206 CONOCOPHILLIPS COMPANY Major Produced Water Release 8/13/19 Produced Water 26 26 0 BBL Other Eddy (15) No No
nAB1923530526 RAY WESTALL OPERATING, INC. Major Produced Water Release 8/12/19 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAB1923530526 RAY WESTALL OPERATING, INC. Major Produced Water Release 8/12/19 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAB1925936463 TRINITY ENVIRONMENTAL SWD I, L.L.C. Major Produced Water Release 8/11/19 Produced Water 200 0 200 BBL Lightning Eddy (15) No No
nAB1927150046 SPECIAL ENERGY CORP Minor Produced Water Release 8/11/19 Produced Water 20 0 20 BBL Lightning Eddy (15) No No
nAB1925934668 XTO ENERGY, INC Minor Produced Water Release 8/10/19 Produced Water 24 24 0 BBL Equipment Failure Eddy (15) No No
nRM1931831123 APACHE CORPORATION Minor Release Other 8/10/19 Crude Oil 5 3 2 BBL Corrosion Eddy (15) No No
nAB1924846150 COG OPERATING LLC Minor Produced Water Release 8/10/19 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nRM1931831123 APACHE CORPORATION Minor Release Other 8/10/19 Produced Water 17 11 6 BBL Corrosion Eddy (15) No No
nRM2005749421 ENDURING RESOURCES, LLC Major Produced Water Release 8/9/19 Produced Water 300 40 260 BBL Equipment Failure Sandoval (43) No No
nAB1925943066 COG OPERATING LLC Major Produced Water Release 8/9/19 Produced Water 336 0 336 BBL Equipment Failure Eddy (15) No No
nRM2001531075 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/8/19 Produced Water 1240 960 280 BBL Equipment Failure Lea (25) No No
nAB1924840999 COG PRODUCTION, LLC Major Produced Water Release 8/8/19 Produced Water 250 10 240 BBL Equipment Failure Eddy (15) No No
nCE2002435751 Spur Energy Partners LLC Major Produced Water Release 8/8/19 Produced Water 750 725 25 BBL Corrosion Eddy (15) No No
nRM1926831738 SOLARIS WATER MIDSTREAM, LLC Minor Release Other 8/8/19 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAB1924837885 COG OPERATING LLC Minor Produced Water Release 8/8/19 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nRM1926831738 SOLARIS WATER MIDSTREAM, LLC Minor Release Other 8/8/19 Produced Water 17 7 10 BBL Other Lea (25) No No
nAB1924837885 COG OPERATING LLC Minor Produced Water Release 8/8/19 Produced Water 7 6 1 BBL Corrosion Eddy (15) No No
nAB1925435038 XTO ENERGY, INC Major Produced Water Release 8/7/19 Produced Water 224 200 24 BBL Corrosion Eddy (15) No No
nRM1929839706 LUCID ENERGY DELAWARE, LLC Minor Produced Water Release 8/7/19 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nRM1926658760 OXY USA INC Major Release Other 8/6/19 Crude Oil 2 1 1 BBL Other Lea (25) No No
nCE2002836856 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/6/19 Produced Water 17 17 0 BBL Equipment Failure Lea (25) No No
nRM1926658760 OXY USA INC Major Release Other 8/6/19 Produced Water 700 330 370 BBL Other Lea (25) No No
nRM1925934871 COG OPERATING LLC Minor Release Other 8/5/19 Crude Oil 3 2 1 BBL Other Lea (25) No No
nRM1933138367 El Paso Natural Gas Company, L.L.C Minor Oil Release 8/5/19 Crude Oil 3 3 0 BBL Other Lea (25) No No
nVV2003741819 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/5/19 Produced Water 216 15 201 BBL Equipment Failure Lea (25) No No
nRM1933138367 El Paso Natural Gas Company, L.L.C Minor Oil Release 8/5/19 Produced Water 7 6 1 BBL Other Lea (25) No No
nRM1925934871 COG OPERATING LLC Minor Release Other 8/5/19 Produced Water 15 14 1 BBL Other Lea (25) No No
nVV2003741819 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/5/19 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nRM2000939800 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/4/19 Produced Water 252 252 0 BBL Equipment Failure Eddy (15) No No
nAB1923555175 XTO ENERGY, INC Major Produced Water Release 8/4/19 Produced Water 70 70 0 BBL Corrosion Eddy (15) No No
nRM1927430793 BTA OIL PRODUCERS, LLC Minor Produced Water Release 8/4/19 Produced Water 11 0 11 BBL Other Lea (25) No No
nAB1923556267 COG PRODUCTION, LLC Major Produced Water Release 8/2/19 Produced Water 47 35 12 BBL Other Eddy (15) No No
nRM1926660633 OXY USA INC Major Release Other 8/2/19 Produced Water 30 0 30 BBL Other Lea (25) No No
nRM1929842058 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 8/2/19 Produced Water 1103 1102 1 BBL Other Lea (25) No No
nRM1925542327 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Produced Water Release 7/31/19 Produced Water 80 48 32 BBL Other Lea (25) No No
nAB1927150997 OXY USA INC Minor Oil Release 7/31/19 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nAPP2132155516 OXY USA INC Minor Oil Release 7/31/19 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAB1927150997 OXY USA INC Minor Oil Release 7/31/19 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1923552658 MARATHON OIL PERMIAN LLC Minor Produced Water Release 7/31/19 Produced Water 18 15 3 BBL Corrosion Eddy (15) No No
nAPP2132155516 OXY USA INC Minor Oil Release 7/31/19 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nAB1923455770 XTO ENERGY, INC Major Oil Release 7/30/19 Crude Oil 31 30 1 BBL Equipment Failure Eddy (15) No No
nAB1922541102 Spur Energy Partners LLC Major Produced Water Release 7/30/19 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM1926253494 OWL SWD OPERATING, LLC Major Produced Water Release 7/30/19 Produced Water 31 0 31 BBL Human Error Lea (25) No No
nAB1922541102 Spur Energy Partners LLC Major Produced Water Release 7/30/19 Produced Water 99 97 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1923458333 XTO ENERGY, INC Major Oil Release 7/29/19 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nRM1925536016 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 7/29/19 Crude Oil 4 3 1 BBL Other Lea (25) No No
nCE2002758973 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/29/19 Produced Water 92 72 20 BBL Equipment Failure Eddy (15) No No
nCS1926151422 COG OPERATING LLC Major Produced Water Release 7/29/19 Produced Water 25 0 25 BBL Human Error Lea (25) No No
nCE2002758973 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/29/19 Crude Oil 81 63 18 BBL Equipment Failure Eddy (15) No No
nRM1925536016 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 7/29/19 Produced Water 119 117 2 BBL Other Lea (25) No No
nAB1923358230 Silverback Operating II, LLC Minor Produced Water Release 7/28/19 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nDHR1922533133 Empire New Mexico LLC Minor Release Other 7/28/19 Produced Water 8 3 5 BBL Equipment Failure Lea (25) No No
nAB1923358230 Silverback Operating II, LLC Minor Produced Water Release 7/28/19 Produced Water 4 3 1 BBL Corrosion Eddy (15) No No
nDHR1922533133 Empire New Mexico LLC Minor Release Other 7/28/19 Crude Oil 5 2 3 BBL Equipment Failure Lea (25) No No
nAB1922139305 3R Operating, LLC Major Produced Water Release 7/27/19 Produced Water 75 0 75 BBL Other Eddy (15) No No
nAB1923435984 XTO ENERGY, INC Minor Release Other 7/27/19 Other (Specify) 5 1 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM1933637862 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/27/19 Produced Water 11 11 0 BBL Corrosion Eddy (15) No No
nAB1923453967 XTO ENERGY, INC Major Produced Water Release 7/27/19 Produced Water 510 510 0 BBL Corrosion Eddy (15) No No
nAB1922139305 3R Operating, LLC Major Produced Water Release 7/27/19 Condensate 220 70 150 BBL Human Error Eddy (15) No No
nAB1927164551 OXY USA INC Major Produced Water Release 7/26/19 Produced Water 40 38 2 BBL Equipment Failure Eddy (15) No No
nAB1923355170 XTO ENERGY, INC Major Produced Water Release 7/26/19 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM1925327699 PLAINS PIPELINE, LP Major Release Other 7/26/19 Crude Oil 32 15 17 BBL Other Lea (25) No No
nAB1923355170 XTO ENERGY, INC Major Produced Water Release 7/26/19 Produced Water 42 42 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM1936551112 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 7/25/19 Crude Oil 1 1 0 BBL Other Lea (25) No No
nRM1936551112 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 7/25/19 Produced Water 40 40 0 BBL Other Lea (25) No No
nRM2003441849 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/24/19 Produced Water 127 125 2 BBL Equipment Failure Eddy (15) No No
nAB1922455897 WPX Energy Permian, LLC Minor Produced Water Release 7/24/19 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nCS1922051374 HILCORP ENERGY COMPANY Minor Produced Water Release 7/24/19 Produced Water 8 0 8 BBL Corrosion San Juan (45) No No
nAB1923252742 WPX Energy Permian, LLC Minor Produced Water Release 7/23/19 Produced Water 13 13 0 BBL Equipment Failure Eddy (15) No No
nAB1922539866 COG OPERATING LLC Major Produced Water Release 7/22/19 Produced Water 33 31 2 BBL Lightning Eddy (15) No No
nAB1922141352 COG OPERATING LLC Minor Produced Water Release 7/22/19 Produced Water 10 0 10 BBL Lightning Eddy (15) No No
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nAB1923250266 XTO ENERGY, INC Minor Produced Water Release 7/21/19 Produced Water 7 6 1 BBL Human Error Eddy (15) No No
nAB1923244202 XTO ENERGY, INC Major Oil Release 7/20/19 Crude Oil 54 3 51 BBL Equipment Failure Eddy (15) No No
nAB1922741034 COG OPERATING LLC Minor Oil Release 7/20/19 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nAB1625327814 XTO ENERGY, INC Oil Release 7/20/19 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nCE2002851831 Ridge Runner Resources Operating, LLC Minor Oil Release 7/20/19 Crude Oil 15 0 15 BBL Normal Operations Eddy (15) No No
nRM2003858408 Spur Energy Partners LLC Minor Produced Water Release 7/20/19 Produced Water 10 5 5 BBL Other Eddy (15) No No
nAB1923158858 XTO ENERGY, INC Major Produced Water Release 7/20/19 Crude Oil 24 22 2 BBL Human Error Eddy (15) No No
nAB1923158858 XTO ENERGY, INC Major Produced Water Release 7/20/19 Produced Water 1188 1058 130 BBL Human Error Eddy (15) No No
nRM1924058785 OXY USA INC Major Produced Water Release 7/19/19 Produced Water 600 590 10 BBL Human Error Lea (25) No No
nAB1923158033 XTO ENERGY, INC Major Produced Water Release 7/19/19 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
nRM2016955206 DCP OPERATING COMPANY, LP Major Release Other 7/19/19 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1922537310 COG PRODUCTION, LLC Minor Oil Release 7/19/19 Crude Oil 5 4 1 BBL Other Eddy (15) No No
nAB1922428005 RAYBAW Operating, LLC Minor Produced Water Release 7/19/19 Produced Water 7 1 6 BBL Equipment Failure Eddy (15) No No
nCS1921756251 LOGOS OPERATING, LLC Minor Produced Water Release 7/19/19 Produced Water 15 13 2 BBL Human Error Rio Arriba (39) No No
nRM2016953070 DCP OPERATING COMPANY, LP Major Release Other 7/19/19 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1922537310 COG PRODUCTION, LLC Minor Oil Release 7/19/19 Produced Water 1 0 1 BBL Other Eddy (15) No No
nRM2016954249 DCP OPERATING COMPANY, LP Major Release Other 7/19/19 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nRM1925457772 ETC Texas Pipeline, Ltd. Major Oil Release 7/18/19 Crude Oil 32 0 32 BBL Corrosion Lea (25) No No
nAB1923157056 XTO ENERGY, INC Minor Release Other 7/18/19 Other (Specify) 5 4 1 BBL Other Eddy (15) No No
nRM1929831879 OXY USA INC Major Release Other 7/18/19 Crude Oil 0 0 0 BBL Human Error Lea (25) No No
nRM1929831879 OXY USA INC Major Release Other 7/18/19 Produced Water 450 407 43 BBL Human Error Lea (25) No No
nDHR1923135777 MorningStar Operating LLC Major Release Other 7/17/19 Crude Oil 5 5 0 BBL Lightning Lea (25) No No
nRM1925529962 COG OPERATING LLC Major Release Other 7/17/19 Crude Oil 2 1 1 BBL Corrosion Lea (25) No No
nAB1924836726 ARMSTRONG ENERGY CORP Minor Produced Water Release 7/17/19 Produced Water 20 0 20 BBL Lightning Eddy (15) No No
nAB1922143961 Lucid Artesia Company Minor Release Other 7/17/19 Condensate 15 0 15 BBL Corrosion Eddy (15) No No
nDHR1923135777 MorningStar Operating LLC Major Release Other 7/17/19 Produced Water 64 29 35 BBL Lightning Lea (25) No No
nRM1925529962 COG OPERATING LLC Major Release Other 7/17/19 Produced Water 28 25 3 BBL Corrosion Lea (25) No No
nAB1922453260 XTO ENERGY, INC Minor Produced Water Release 7/17/19 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAB1922152263 Enterprise Field Services, LLC Major Natural Gas Release 7/17/19 Other (Specify) 10 0 10 BBL Corrosion Eddy (15) No No
nDHR1922131644 MARATHON OIL PERMIAN LLC Minor Produced Water Release 7/16/19 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nAB1921736522 3R Operating, LLC Major Produced Water Release 7/16/19 Produced Water 100 0 100 BBL Other Eddy (15) No No
nRM1923951846 SELECT ENERGY SERVICES, LLC Minor Release Other 7/16/19 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nRM1923951846 SELECT ENERGY SERVICES, LLC Minor Release Other 7/16/19 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nCS1920539720 LOGOS OPERATING, LLC Major Produced Water Release 7/15/19 Produced Water 327 35 292 BBL Equipment Failure Rio Arriba (39) No No
nCS1920352860 DJR OPERATING, LLC Produced Water Release 7/15/19 Produced Water 0 0 0 BBL Other Sandoval (43) No No
nAB1922059305 LUCID ENERGY DELAWARE, LLC Major Natural Gas Release 7/15/19 Produced Water 20 0 20 BBL Other Eddy (15) No No
nRM1926639762 Avant Operating, LLC Major Oil Release 7/14/19 Crude Oil 170 168 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1923943013 Enterprise Field Services, LLC Major Release Other 7/14/19 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nDHR1922134717 APACHE CORPORATION Minor Release Other 7/14/19 Brine Water 12 0 12 BBL Equipment Failure Lea (25) No No
nDHR1922141227 APACHE CORPORATION Major Release Other 7/14/19 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nAB1921234575 XTO ENERGY, INC Oil Release 7/14/19 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nDHR1922141227 APACHE CORPORATION Major Release Other 7/14/19 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nRM1924158933 OXY USA INC Major Release Other 7/13/19 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nDHR1921342505 MARATHON OIL PERMIAN LLC Minor Produced Water Release 7/13/19 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAB1921934485 XTO ENERGY, INC Minor Produced Water Release 7/13/19 Produced Water 13 0 13 BBL Corrosion Eddy (15) No No
nRM1924158933 OXY USA INC Major Release Other 7/13/19 Produced Water 40 0 40 BBL Other Lea (25) No No
nRM1925434195 OWL SWD OPERATING, LLC Major Produced Water Release 7/12/19 Produced Water 41 0 41 BBL Fire Lea (25) No No
nAB1922035506 COG OPERATING LLC Major Produced Water Release 7/12/19 Produced Water 240 0 240 BBL Other Eddy (15) No No
nDHR1922041664 COG OPERATING LLC Major Produced Water Release 7/11/19 Produced Water 66 60 6 BBL Equipment Failure Lea (25) No No
nCS1919752577 EPIC ENERGY, L.L.C. Minor Oil Release 7/11/19 Crude Oil 5 0 5 BBL Corrosion Rio Arriba (39) No No
nRM1933738026 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 7/11/19 Crude Oil 80 80 0 BBL Equipment Failure Lea (25) No No
nAB1921931865 XTO ENERGY, INC Minor Produced Water Release 7/11/19 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nRM1933738026 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 7/11/19 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nDHR1922629730 J R OIL, LTD. CO. Minor Release Other 7/10/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1921754897 XTO ENERGY, INC Minor Produced Water Release 7/10/19 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nDHR1921448574 COG PRODUCTION, LLC Major Produced Water Release 7/10/19 Produced Water 30 0 30 BBL Human Error Eddy (15) No No
nDHR1922129784 COG OPERATING LLC Major Produced Water Release 7/10/19 Produced Water 36 0 36 BBL Human Error Lea (25) No No
nDHR1922629730 J R OIL, LTD. CO. Minor Release Other 7/10/19 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nCS1921340463 SIMCOE LLC Minor Produced Water Release 7/10/19 Produced Water 6 0 6 BBL Human Error Rio Arriba (39) No No
nAB1922033443 COG OPERATING LLC Major Produced Water Release 7/10/19 Produced Water 320 300 20 BBL Equipment Failure Eddy (15) No No
nAB1921754897 XTO ENERGY, INC Minor Produced Water Release 7/10/19 Produced Water 21 0 21 BBL Other Eddy (15) No No
nAB1921756537 XTO ENERGY, INC Minor Produced Water Release 7/10/19 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nAB1921756537 XTO ENERGY, INC Minor Produced Water Release 7/10/19 Produced Water 4 0 4 BBL Other Eddy (15) No No
nAB1921958014 COG OPERATING LLC Major Produced Water Release 7/10/19 Crude Oil 20 19 1 BBL Equipment Failure Eddy (15) No No
nAB1921958014 COG OPERATING LLC Major Produced Water Release 7/10/19 Produced Water 22 21 1 BBL Equipment Failure Eddy (15) No No
nAB1923156332 OXY USA INC Major Produced Water Release 7/10/19 Produced Water 95 80 15 BBL Corrosion Eddy (15) No No
nRM1924248710 OXY USA INC Major Release Other 7/9/19 Crude Oil 1 0 1 BBL Other Lea (25) No No
nAPP2135152045 Franklin Mountain Energy 3, LLC Major Produced Water Release 7/9/19 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nAB1921751473 XTO ENERGY, INC Minor Release Other 7/9/19 Other (Specify) 16 0 16 BBL Other Eddy (15) No No
nAPP2135152045 Franklin Mountain Energy 3, LLC Major Produced Water Release 7/9/19 Produced Water 63 0 63 BBL Equipment Failure Lea (25) No No
nRM1924248710 OXY USA INC Major Release Other 7/9/19 Produced Water 100 0 100 BBL Other Lea (25) No No
nAPP2135152879 Franklin Mountain Energy 3, LLC Major Produced Water Release 7/9/19 Produced Water 77 0 77 BBL Equipment Failure Lea (25) No No
nAPP2135153330 Franklin Mountain Energy 3, LLC Major Produced Water Release 7/9/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAPP2135153330 Franklin Mountain Energy 3, LLC Major Produced Water Release 7/9/19 Produced Water 33 0 33 BBL Equipment Failure Lea (25) No No
nAB1920043436 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/8/19 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1924833062 OXY USA INC Minor Produced Water Release 7/8/19 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nAB1921935906 COG PRODUCTION, LLC Minor Produced Water Release 7/8/19 Produced Water 8 7 1 BBL Equipment Failure Eddy (15) No No
nAB1924833062 OXY USA INC Minor Produced Water Release 7/8/19 Produced Water 12 0 12 BBL Other Eddy (15) No No
nAB1920043436 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/8/19 Produced Water 300 0 300 BBL Equipment Failure Eddy (15) No No

nDHR1921754782 MARATHON OIL PERMIAN LLC Major Release Other 7/7/19
Gelled Brine (Frac 
Fluid) 75 0 75 BBL Equipment Failure Lea (25) No No

nAB1921742793 XTO ENERGY, INC Major Produced Water Release 7/7/19 Produced Water 68 55 13 BBL Corrosion Eddy (15) No No
nDHR1921439865 Spur Energy Partners LLC Major Oil Release 7/7/19 Crude Oil 40 39 1 BBL Corrosion Lea (25) No No
nAB1921456214 COG OPERATING LLC Minor Produced Water Release 7/6/19 Crude Oil 1 0 1 BBL Lightning Eddy (15) No No
nAB1923155619 OXY USA INC Minor Produced Water Release 7/6/19 Produced Water 24 23 1 BBL Equipment Failure Eddy (15) No No
nDHR1921042795 COG PRODUCTION, LLC Minor Produced Water Release 7/6/19 Produced Water 24 0 24 BBL Equipment Failure Lea (25) No No
nAB1921456214 COG OPERATING LLC Minor Produced Water Release 7/6/19 Produced Water 16 13 3 BBL Lightning Eddy (15) No No
nAB1922057574 COG OPERATING LLC Minor Produced Water Release 7/6/19 Produced Water 20 18 2 BBL Other Eddy (15) No No
nDHR1921257196 COG PRODUCTION, LLC Oil Release 7/6/19 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1922535253 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/6/19 Produced Water 551 420 131 BBL Equipment Failure Eddy (15) No No
nDHR1921140098 COG PRODUCTION, LLC Minor Produced Water Release 7/6/19 Produced Water 22 20 2 BBL Corrosion Lea (25) No No
nRM1928438565 EOG RESOURCES INC Major Produced Water Release 7/5/19 Produced Water 400 0 400 BBL Human Error Lea (25) No No
nAB1922036104 COG OPERATING LLC Minor Produced Water Release 7/5/19 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nRM2008363692 Grizzly Operating, LLC Minor Oil Release 7/5/19 Crude Oil 19 19 0 BBL Corrosion Eddy (15) No No
nDHR1919358834 COG PRODUCTION, LLC Minor Oil Release 7/5/19 Crude Oil 9 8 1 BBL Equipment Failure Lea (25) No No
nAB1921735097 COG PRODUCTION, LLC Minor Produced Water Release 7/4/19 Crude Oil 8 7 1 BBL Equipment Failure Eddy (15) No No
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nAB1921740575 XTO ENERGY, INC Major Oil Release 7/4/19 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAB1921735097 COG PRODUCTION, LLC Minor Produced Water Release 7/4/19 Produced Water 8 7 1 BBL Equipment Failure Eddy (15) No No
nCS1919242369 Whiptail Midstream LLC Major Oil Release 7/3/19 Crude Oil 50 0 50 BBL Other Rio Arriba (39) No No
nDHR1919360581 COG PRODUCTION, LLC Minor Oil Release 7/3/19 Crude Oil 20 19 1 BBL Equipment Failure Lea (25) No No
nCS2002452136 Wapiti Operating, LLC Minor Produced Water Release 7/3/19 Produced Water 7 0 7 BBL Corrosion Colfax (07) No No
nAB1924857066 MEWBOURNE OIL CO Major Produced Water Release 7/3/19 Produced Water 700 500 200 BBL Other Eddy (15) No No
nDHR1921034782 PLAINS PIPELINE, LP Minor Oil Release 7/3/19 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nRM1927332784 Avant Operating, LLC Major Produced Water Release 7/2/19 Produced Water 196 0 196 BBL Equipment Failure Lea (25) No No
nAB1919942542 RAY WESTALL OPERATING, INC. Major Produced Water Release 7/2/19 Produced Water 4070 0 4070 BBL Lightning Eddy (15) No No
nRM1930258857 BREITBURN OPERATING LP Major Produced Water Release 7/2/19 Produced Water 75 75 0 BBL Equipment Failure Lea (25) No No
nDHR1921234950 CONOCOPHILLIPS COMPANY Major Produced Water Release 7/2/19 Produced Water 644 110 534 BBL Equipment Failure Lea (25) No No
nDHR1918948878 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/1/19 Produced Water 50 10 40 BBL Equipment Failure Lea (25) No No
nDHR1918948878 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/1/19 Produced Water 21 11 10 GAL Equipment Failure Lea (25) No No
nAPP2227033082 OCCIDENTAL PERMIAN LTD Major Natural Gas Release 6/30/19 Other (Specify) 0 0 0 Lea (25) No No
nDHR1919352242 COG OPERATING LLC Major Oil Release 6/29/19 Crude Oil 38 37 1 BBL Equipment Failure Lea (25) No No
nRM1935051494 OXY USA INC Minor Produced Water Release 6/29/19 Produced Water 20 12 8 BBL Human Error Eddy (15) No No
nDHR1922039043 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 6/29/19 Produced Water 200 40 160 BBL Equipment Failure Lea (25) No No
nAB1921728529 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/29/19 Produced Water 60 60 0 BBL Equipment Failure Eddy (15) No No
nDHR1918953059 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 6/28/19 Produced Water 768 100 668 BBL Equipment Failure Lea (25) No No
nCS1920536036 ENTERPRISE FIELD SERVICES L.L.C. Minor Oil Release 6/28/19 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nRM1927432818 Landmark Energy Partners, LLC Minor Produced Water Release 6/28/19 Produced Water 15 0 15 BBL Other Lea (25) No No
nDHR1917956574 MATADOR PRODUCTION COMPANY Major Produced Water Release 6/27/19 Produced Water 200 35 165 BBL Equipment Failure Lea (25) No No
nAB1922156572 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/27/19 Produced Water 11 0 11 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1921727653 XTO ENERGY, INC Major Produced Water Release 6/27/19 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1919838442 MACK ENERGY CORP Minor Produced Water Release 6/27/19 Produced Water 14 0 14 BBL Other Eddy (15) No No
nAB1921727653 XTO ENERGY, INC Major Produced Water Release 6/27/19 Produced Water 71 0 71 BBL Equipment Failure Eddy (15) No No
nAB1922430070 OXY USA INC Minor Produced Water Release 6/27/19 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1922430070 OXY USA INC Minor Produced Water Release 6/27/19 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nDHR1921037218 RIDGEWAY ARIZONA OIL CORP. Minor Release Other 6/26/19 Crude Oil 8 8 0 BBL Corrosion Roosevelt (41) No No
nDHR1918656325 COG PRODUCTION, LLC Minor Produced Water Release 6/26/19 Produced Water 20 19 1 BBL Equipment Failure Lea (25) No No
nAB1922432657 OXY USA INC Major Produced Water Release 6/26/19 Produced Water 35 1 34 BBL Equipment Failure Eddy (15) No No
nDHR1917957292 APACHE CORPORATION Major Oil Release 6/26/19 Produced Water 148 70 78 BBL Equipment Failure Lea (25) No No
nDHR1921037218 RIDGEWAY ARIZONA OIL CORP. Minor Release Other 6/26/19 Produced Water 7 7 0 BBL Corrosion Roosevelt (41) No No
nAB1921729330 MACK ENERGY CORP Minor Produced Water Release 6/26/19 Crude Oil 2 2 0 BBL Other Eddy (15) No No
nDHR1917957292 APACHE CORPORATION Major Oil Release 6/26/19 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nAB1921729330 MACK ENERGY CORP Minor Produced Water Release 6/26/19 Produced Water 13 13 0 BBL Other Eddy (15) No No
nAB1920034975 XTO ENERGY, INC Minor Produced Water Release 6/25/19 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nDHR1922763393 J R OIL, LTD. CO. Major Release Other 6/25/19 Crude Oil 4 0 4 BBL Human Error Lea (25) No No
nDHR1918652622 MEWBOURNE OIL CO Major Produced Water Release 6/25/19 Produced Water 1800 1330 470 BBL Equipment Failure Lea (25) No No
nDHR1922763393 J R OIL, LTD. CO. Major Release Other 6/25/19 Produced Water 40 0 40 BBL Human Error Lea (25) No No
nCE2002433553 OXY USA INC Major Blow Out 6/25/19 Produced Water 204 0 204 BBL Blow Out Eddy (15) No No
nDHR1918658476 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 6/24/19 Produced Water 400 355 45 BBL Fire Lea (25) No No
nCS1917537260 EPIC ENERGY, L.L.C. Major Other 6/24/19 Other (Specify) 100 0 100 BBL Overflow - Tank, Pit, Etc. Sandoval (43) Yes No
nAB1919839431 OXY USA INC Major Produced Water Release 6/24/19 Produced Water 310 280 30 BBL Corrosion Eddy (15) No No
nAB1919836650 EOG RESOURCES INC Major Produced Water Release 6/23/19 Produced Water 85 78 7 BBL Equipment Failure Eddy (15) No No
nAB1920031105 XTO ENERGY, INC Minor Produced Water Release 6/23/19 Produced Water 5 5 0 BBL Corrosion Eddy (15) No No
nAB1921457241 WPX Energy Permian, LLC Major Produced Water Release 6/23/19 Produced Water 130 40 90 BBL Equipment Failure Eddy (15) No No
nCS1927548967 Harvest Four Corners, LLC Major Oil Release 6/21/19 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1919048994 WPX Energy Permian, LLC Major Produced Water Release 6/21/19 Crude Oil 6 2 4 BBL Equipment Failure Eddy (15) No No
nAB1919955454 XTO ENERGY, INC Minor Produced Water Release 6/21/19 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
nCS1919034097 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 6/21/19 Condensate 40 40 0 BBL Vandalism San Juan (45) No No
nAB1919048994 WPX Energy Permian, LLC Major Produced Water Release 6/21/19 Produced Water 24 8 16 BBL Equipment Failure Eddy (15) No No
nRM2010741614 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 6/20/19 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nDHR1918947061 XTO ENERGY, INC Minor Produced Water Release 6/20/19 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nAB1922527739 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/20/19 Produced Water 200 200 0 BBL Corrosion Eddy (15) No No
nRM2010741614 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 6/20/19 Produced Water 80 80 0 BBL Equipment Failure Eddy (15) No No
nAB1919157408 OXY USA INC Major Produced Water Release 6/20/19 Produced Water 200 198 2 BBL Equipment Failure Eddy (15) No No
nDHR1918362280 PLAINS PIPELINE, LP Oil Release 6/20/19 Unknown 0 0 0 BBL Other Lea (25) No No
nDHR1917859000 APACHE CORPORATION Minor Produced Water Release 6/19/19 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1919156072 OXY USA INC Major Produced Water Release 6/19/19 Produced Water 65 64 1 BBL Equipment Failure Eddy (15) No No
nCS1923939969 ENTERPRISE FIELD SERVICES L.L.C. Oil Release 6/19/19 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nRM1926861979 BREITBURN OPERATING LP Major Produced Water Release 6/19/19 Produced Water 70 0 70 BBL Other Lea (25) No No
nAB1919837430 CHEVRON U S A INC Major Release Other 6/19/19 Drilling Mud/Fluid 30 30 0 BBL Equipment Failure Eddy (15) No No
nJEG1922759656 CONOCOPHILLIPS COMPANY Minor Release Other 6/19/19 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nJEG1922759656 CONOCOPHILLIPS COMPANY Minor Release Other 6/19/19 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nDHR1918660089 XTO ENERGY, INC Major Fire 6/18/19 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nAB1920054958 RUBICON OIL & GAS, LLC Major Produced Water Release 6/18/19 Crude Oil 197 0 197 BBL Lightning Eddy (15) No No
nAB1919235168 OXY USA INC Major Produced Water Release 6/18/19 Produced Water 52 51 1 BBL Human Error Eddy (15) No No
nDHR1917960136 PLAINS PIPELINE, LP Oil Release 6/17/19 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAB1919042046 WPX Energy Permian, LLC Major Produced Water Release 6/17/19 Produced Water 63 60 3 BBL Equipment Failure Eddy (15) No No
nAB1919233794 COG OPERATING LLC Minor Produced Water Release 6/17/19 Produced Water 17 15 2 BBL Corrosion Eddy (15) No No
nDHR1922632030 OXY USA INC Major Produced Water Release 6/16/19 Produced Water 90 80 10 BBL Human Error Lea (25) No No
nDHR1917833403 3BEAR FIELD SERVICES, LLC Major Produced Water Release 6/16/19 Produced Water 100 0 100 BBL Human Error Lea (25) No No
nDHR1917930656 CHEVRON U S A INC Major Produced Water Release 6/15/19 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nDHR1918443284 OXY USA INC Major Release Other 6/15/19 Produced Water 92 90 2 BBL Equipment Failure Lea (25) No No
nAB1917737111 COG OPERATING LLC Minor Produced Water Release 6/15/19 Crude Oil 4 0 4 BBL Other Eddy (15) No No
nDHR1920435846 OXY USA INC Major Oil Release 6/15/19 Crude Oil 10 9 1 BBL Equipment Failure Lea (25) No No
nAB1917737111 COG OPERATING LLC Minor Produced Water Release 6/15/19 Produced Water 4 0 4 BBL Other Eddy (15) No No
nCS1917731471 DJR OPERATING, LLC Minor Produced Water Release 6/15/19 Produced Water 5 0 5 BBL Corrosion Rio Arriba (39) No No
nDHR1920435846 OXY USA INC Major Oil Release 6/15/19 Produced Water 82 81 1 BBL Equipment Failure Lea (25) No No
nCS1916928446 HILCORP ENERGY COMPANY Major Produced Water Release 6/14/19 Produced Water 37 0 37 BBL Corrosion San Juan (45) No No
nAB1918650901 XTO ENERGY, INC Major Release Other 6/13/19 Chemical (Specify) 41 40 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nDHR1917860607 APACHE CORPORATION Minor Oil Release 6/13/19 Produced Water 15 15 0 BBL Equipment Failure Lea (25) No No
nDHR1917860607 APACHE CORPORATION Minor Oil Release 6/13/19 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nDHR1917955649 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 6/12/19 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1919234395 Spur Energy Partners LLC Major Oil Release 6/12/19 Crude Oil 112 80 32 BBL Equipment Failure Eddy (15) No No
nDHR1917764187 MATADOR PRODUCTION COMPANY Major Oil Release 6/12/19 Crude Oil 150 120 30 BBL Equipment Failure Lea (25) No No
nDHR1917955649 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 6/12/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1918642355 COG OPERATING LLC Minor Produced Water Release 6/12/19 Produced Water 20 0 20 BBL Other Eddy (15) No No
nDHR1917948711 COG OPERATING LLC Minor Oil Release 6/11/19 Crude Oil 12 10 2 BBL Equipment Failure Lea (25) No No
nAB1918643207 XTO ENERGY, INC Major Produced Water Release 6/11/19 Produced Water 99 90 9 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1918643207 XTO ENERGY, INC Major Produced Water Release 6/11/19 Crude Oil 22 20 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nDHR1917954446 CHEVRON U S A INC Minor Other 6/10/19 Drilling Mud/Fluid 9 8 1 BBL Equipment Failure Lea (25) No No
nAB1916431017 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/10/19 Produced Water 240 240 0 BBL Other Eddy (15) No No
nAB1919037981 OXY USA INC Minor Produced Water Release 6/10/19 Produced Water 20 19 1 BBL Corrosion Eddy (15) No No
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nAB1917955124 WPX Energy Permian, LLC Major Produced Water Release 6/10/19 Produced Water 270 270 0 BBL Equipment Failure Eddy (15) No No
nDHR1918637049 OWL SWD OPERATING, LLC Minor Produced Water Release 6/9/19 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1918641109 WPX Energy Permian, LLC Major Produced Water Release 6/9/19 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nAB1918640375 WPX Energy Permian, LLC Minor Produced Water Release 6/9/19 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nDHR1917241997 OWL SWD OPERATING, LLC Minor Produced Water Release 6/9/19 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nDHR1917938878 COG OPERATING LLC Minor Produced Water Release 6/9/19 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1917856866 XTO ENERGY, INC Minor Produced Water Release 6/9/19 Produced Water 12 12 0 BBL Equipment Failure Eddy (15) No No
nDHR1917132016 COG OPERATING LLC Minor Produced Water Release 6/8/19 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nDHR1917230576 MARATHON OIL PERMIAN LLC Minor Oil Release 6/8/19 Crude Oil 7 3 4 BBL Equipment Failure Lea (25) No No
nAB1918944904 OXY USA INC Major Produced Water Release 6/8/19 Produced Water 300 299 1 BBL Equipment Failure Eddy (15) No No
nAB1917133761 OXY USA INC Major Produced Water Release 6/8/19 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1917835106 XTO ENERGY, INC Major Oil Release 6/8/19 Crude Oil 357 355 2 BBL Equipment Failure Eddy (15) No No
nAB1917133761 OXY USA INC Major Produced Water Release 6/8/19 Produced Water 40 38 2 BBL Equipment Failure Eddy (15) No No
nAB1916430115 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/8/19 Produced Water 116 90 26 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1917158019 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/8/19 Produced Water 26 25 1 BBL Other Eddy (15) No No
nAPP2112555381 EOG RESOURCES INC Minor Produced Water Release 6/8/19 Produced Water 8 5 3 BBL Equipment Failure Lea (25) No No
nCS1917731979 DJR OPERATING, LLC Produced Water Release 6/7/19 Produced Water 0 0 0 BBL Other Sandoval (43) No No
nAB1917653641 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/7/19 Produced Water 82 5 77 BBL Equipment Failure Lea (25) No No
nAB1917738478 WPX Energy Permian, LLC Major Release Other 6/7/19 Other (Specify) 120 0 120 BBL Other Eddy (15) No No
nAB1917837202 XTO ENERGY, INC Minor Release Other 6/7/19 Other (Specify) 6 6 0 BBL Equipment Failure Eddy (15) No No
nAB1916433920 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/6/19 Produced Water 103 60 43 BBL Human Error Eddy (15) No No
nDHR1917248566 MARATHON OIL PERMIAN LLC Major Oil Release 6/6/19 Crude Oil 27 25 2 BBL Equipment Failure Lea (25) No No
nDHR1917159396 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 6/6/19 Produced Water 500 10 490 BBL Equipment Failure Lea (25) No No
nDHR1917159396 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 6/6/19 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nDHR1917936822 APACHE CORPORATION Major Fire 6/5/19 Other (Specify) 0 0 0 BBL Fire Lea (25) No No

nCS1926728108
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Produced Water Release 6/5/19 Produced Water 2 0 2 BBL Equipment Failure San Juan (45) No No

nDHR1917851938 CHEVRON U S A INC Minor Release Other 6/5/19 Produced Water 6 6 0 BBL Equipment Failure Lea (25) No No
nDHR1917862601 EOG RESOURCES INC Minor Produced Water Release 6/5/19 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nDHR1917156677 CIMAREX ENERGY CO. Minor Produced Water Release 6/5/19 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nDHR1917862601 EOG RESOURCES INC Minor Produced Water Release 6/5/19 Produced Water 7 5 2 BBL Equipment Failure Lea (25) No No
nDHR1917851938 CHEVRON U S A INC Minor Release Other 6/5/19 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nDHR1917233146 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/4/19 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1917539741 Spur Energy Partners LLC Major Produced Water Release 6/4/19 Crude Oil 37 35 2 BBL Lightning Eddy (15) No No
nDHR1917233146 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/4/19 Produced Water 2 1 1 BBL Equipment Failure Lea (25) No No
nAB1917539741 Spur Energy Partners LLC Major Produced Water Release 6/4/19 Produced Water 100 90 10 BBL Lightning Eddy (15) No No
nDHR1918363633 OXY USA INC Minor Oil Release 6/4/19 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nDHR1918363633 OXY USA INC Minor Oil Release 6/4/19 Produced Water 4 3 1 BBL Equipment Failure Lea (25) No No
nDHR1917849099 Maverick Permian LLC Minor Oil Release 6/3/19 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1917541454 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/3/19 Produced Water 113 113 0 BBL Lightning Eddy (15) No No
nAB1917541454 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/3/19 Condensate 108 108 0 BBL Lightning Eddy (15) No No
nDHR1917057690 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Produced Water Release 6/3/19 Produced Water 500 0 500 BBL Human Error Lea (25) No No
nCS1915527449 HILCORP ENERGY COMPANY Oil Release 6/3/19 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1915538225 Whiptail Midstream LLC Major Oil Release 6/3/19 Crude Oil 47 1 46 BBL Other Sandoval (43) Yes No
nAB1916437520 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/3/19 Produced Water 113 113 0 BBL Lightning Eddy (15) No No
nAB1916437520 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/3/19 Condensate 108 108 0 BBL Lightning Eddy (15) No No
nAB1916435152 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/2/19 Produced Water 17 16 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1917140472 XTO ENERGY, INC Major Produced Water Release 6/2/19 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1917151415 Spur Energy Partners LLC Minor Oil Release 6/2/19 Crude Oil 8 7 1 BBL Other Eddy (15) No No
nAB1917140472 XTO ENERGY, INC Major Produced Water Release 6/2/19 Produced Water 26 25 1 BBL Equipment Failure Eddy (15) No No
nAB1916435152 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/2/19 Crude Oil 2 2 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1916829975 XTO ENERGY, INC Minor Produced Water Release 6/1/19 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nDHR1917155056 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/1/19 Produced Water 10 0 10 BBL Human Error Lea (25) No No
nRM2009845600 APACHE CORPORATION Minor Release Other 5/31/19 Crude Oil 6 2 4 BBL Corrosion Eddy (15) No No
nAB1919137314 OXY USA INC Major Produced Water Release 5/31/19 Produced Water 235 220 15 BBL Equipment Failure Eddy (15) No No
nAB1916436300 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/31/19 Crude Oil 3 3 0 BBL Equipment Failure Eddy (15) No No
nRM2009845600 APACHE CORPORATION Minor Release Other 5/31/19 Produced Water 11 3 8 BBL Corrosion Eddy (15) No No
nAB1916436300 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/31/19 Produced Water 22 17 5 BBL Equipment Failure Eddy (15) No No
nAB1916438263 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/31/19 Produced Water 280 280 0 BBL Equipment Failure Eddy (15) No No
nAB1916831357 XTO ENERGY, INC Minor Produced Water Release 5/30/19 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1916850253 HILCORP ENERGY COMPANY Minor Oil Release 5/30/19 Crude Oil 1 0 1 BBL Corrosion San Juan (45) No No
nCS1916850253 HILCORP ENERGY COMPANY Minor Oil Release 5/30/19 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nAB1916448581 XTO ENERGY, INC Major Produced Water Release 5/29/19 Produced Water 80 80 0 BBL Equipment Failure Eddy (15) No No
nCS1916853082 HILCORP ENERGY COMPANY Major Produced Water Release 5/29/19 Produced Water 80 65 15 BBL Corrosion San Juan (45) No No
nDHR1917160774 Empire New Mexico LLC Major Produced Water Release 5/28/19 Produced Water 34 5 29 BBL Equipment Failure Lea (25) No No
nAB1916855015 OXY USA INC Major Produced Water Release 5/28/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1916855015 OXY USA INC Major Produced Water Release 5/28/19 Produced Water 35 29 6 BBL Equipment Failure Lea (25) No No
nAB1919240550 Enterprise Field Services, LLC Minor Natural Gas Release 5/28/19 Other (Specify) 0 0 0 BBL Corrosion Eddy (15) No No
nAB1916838903 MARATHON OIL PERMIAN LLC Minor Produced Water Release 5/27/19 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAB1919939309 XTO ENERGY, INC Major Release Other 5/27/19 B.S. & W. 52 52 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1919939309 XTO ENERGY, INC Major Release Other 5/27/19 Chemical (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1922029014 Earthstone Operating, LLC Major Produced Water Release 5/26/19 Produced Water 199 150 49 BBL Other Eddy (15) No No
nAB1916835666 MATADOR PRODUCTION COMPANY Major Oil Release 5/25/19 Crude Oil 90 80 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1916850662 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 5/25/19 Condensate 1 0 1 BBL Corrosion San Juan (45) No No
nAB1917652490 BTA OIL PRODUCERS, LLC Minor Produced Water Release 5/25/19 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nAB1916254884 XTO ENERGY, INC Minor Produced Water Release 5/25/19 Crude Oil 4 4 0 BBL Other Eddy (15) No No
nAB1917652490 BTA OIL PRODUCERS, LLC Minor Produced Water Release 5/25/19 Produced Water 16 15 1 BBL Equipment Failure Lea (25) No No
nAB1916254884 XTO ENERGY, INC Minor Produced Water Release 5/25/19 Produced Water 16 16 0 BBL Other Eddy (15) No No
nAB1915755680 CHEVRON U S A INC Release Other 5/23/19 Condensate 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1917639944 XTO ENERGY, INC Minor Release Other 5/22/19 Chemical (Specify) 1 0 1 GAL Human Error Lea (25) No No
nAB1916254098 XTO ENERGY, INC Minor Release Other 5/22/19 Acid 10 5 5 BBL Equipment Failure Eddy (15) No No
nDHR1917150279 EOG RESOURCES INC Minor Oil Release 5/22/19 Produced Water 1 1 0 BBL Human Error Lea (25) No No
nAB1924042811 OXY USA INC Minor Produced Water Release 5/22/19 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAB1917639944 XTO ENERGY, INC Minor Release Other 5/22/19 Produced Water 20 0 20 BBL Human Error Lea (25) No No
nAB1924042811 OXY USA INC Minor Produced Water Release 5/22/19 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nDHR1917150279 EOG RESOURCES INC Minor Oil Release 5/22/19 Crude Oil 11 9 2 BBL Human Error Lea (25) No No
nAB1917556863 Empire New Mexico LLC Major Produced Water Release 5/22/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1917556863 Empire New Mexico LLC Major Produced Water Release 5/22/19 Produced Water 38 12 26 BBL Equipment Failure Lea (25) No No
nRM2004152170 COLGATE OPERATING, LLC Minor Produced Water Release 5/21/19 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nAB1914840406 MEWBOURNE OIL CO Major Produced Water Release 5/20/19 Produced Water 90 75 15 BBL Equipment Failure Eddy (15) No No
nDHR1916946808 Spur Energy Partners LLC Minor Produced Water Release 5/20/19 Produced Water 15 14 1 BBL Corrosion Lea (25) No No
nAB1915542160 COG OPERATING LLC Minor Produced Water Release 5/19/19 Produced Water 20 0 20 BBL Other Eddy (15) No No
nDHR1916841247 COG OPERATING LLC Minor Produced Water Release 5/19/19 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAB1915735032 COG OPERATING LLC Minor Produced Water Release 5/18/19 Produced Water 10 0 10 BBL Other Eddy (15) No No
nAB1915139341 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 5/18/19 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1916935288 XTO ENERGY, INC Minor Oil Release 5/18/19 Crude Oil 18 15 3 BBL Equipment Failure Lea (25) No No
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nAB1915441034 XTO ENERGY, INC Major Produced Water Release 5/18/19 Produced Water 45 45 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1914256886 LIME ROCK RESOURCES II-A, L.P. Major Produced Water Release 5/18/19 Produced Water 135 115 20 BBL Corrosion Eddy (15) No No
nAB1916238377 COG PRODUCTION, LLC Minor Produced Water Release 5/17/19 Produced Water 22 0 22 BBL Other Eddy (15) No No
nAB1915531667 COG OPERATING LLC Minor Produced Water Release 5/17/19 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No
nAB1915140568 MEWBOURNE OIL CO Minor Produced Water Release 5/16/19 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1915450728 XTO ENERGY, INC Major Produced Water Release 5/16/19 Produced Water 440 440 0 BBL Corrosion Eddy (15) No No
nCS1915551167 Enterprise Field Services, LLC Major Release Other 5/16/19 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1915140568 MEWBOURNE OIL CO Minor Produced Water Release 5/16/19 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nDHR1915659759 PLAINS PIPELINE, LP Minor Oil Release 5/16/19 Crude Oil 10 0 10 BBL Human Error Eddy (15) No No
nAB1914253627 WPX Energy Permian, LLC Minor Produced Water Release 5/15/19 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nAB1915130679 CHEVRON U S A INC Minor Produced Water Release 5/15/19 Produced Water 14 10 4 BBL Equipment Failure Eddy (15) No No
nAB1916828170 XTO ENERGY, INC Major Produced Water Release 5/15/19 Crude Oil 8 8 0 BBL Corrosion Eddy (15) No No
nDHR1917147896 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/15/19 Produced Water 219 0 219 BBL Human Error Lea (25) No No
nAB1916828170 XTO ENERGY, INC Major Produced Water Release 5/15/19 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAB1915041303 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/14/19 Produced Water 34 4 30 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1915042752 XTO ENERGY, INC Major Oil Release 5/14/19 Crude Oil 72 72 0 BBL Equipment Failure Eddy (15) No No
nAB1915746595 CIMAREX ENERGY CO. Major Produced Water Release 5/14/19 Produced Water 260 60 200 BBL Equipment Failure Lea (25) No No
nAB1915042001 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/13/19 Produced Water 640 640 0 BBL Lightning Eddy (15) No No
nAB1914957336 RAYBAW Operating, LLC Major Produced Water Release 5/13/19 Produced Water 107 105 2 BBL Equipment Failure Eddy (15) No No
nAB1914934715 COG OPERATING LLC Major Produced Water Release 5/13/19 Produced Water 46 0 46 BBL Equipment Failure Eddy (15) No No
nAB1916832522 COG OPERATING LLC Minor Oil Release 5/13/19 Crude Oil 15 13 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1914935384 WPX Energy Permian, LLC Minor Produced Water Release 5/12/19 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAB1914935384 WPX Energy Permian, LLC Minor Produced Water Release 5/12/19 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nCS1916851647 HILCORP ENERGY COMPANY Natural Gas Release 5/12/19 Condensate 10 0 10 GAL Equipment Failure San Juan (45) No No
nDHR1918260393 J R OIL, LTD. CO. Minor Release Other 5/11/19 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nDHR1914435909 OWL SWD OPERATING, LLC Major Produced Water Release 5/11/19 Produced Water 40 0 40 BBL Fire Lea (25) No No
nAB1916244311 OXY USA INC Major Produced Water Release 5/11/19 Crude Oil 50 40 10 BBL Lightning Eddy (15) No No
nDHR1918260393 J R OIL, LTD. CO. Minor Release Other 5/11/19 Produced Water 4 3 1 BBL Equipment Failure Lea (25) No No
nAB1916244311 OXY USA INC Major Produced Water Release 5/11/19 Produced Water 404 15 389 BBL Lightning Eddy (15) No No
nAB1915738719 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 5/10/19 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAB1914356527 DCP OPERATING COMPANY LP Minor Release Other 5/10/19 Condensate 15 0 15 BBL Other Eddy (15) No No
nDHR1915553717 EOG RESOURCES INC Major Produced Water Release 5/10/19 Produced Water 450 220 230 BBL Fire Lea (25) No No
nAB1914841996 XTO ENERGY, INC Major Produced Water Release 5/10/19 Crude Oil 4 2 2 BBL Human Error Eddy (15) No No
nAB1914841996 XTO ENERGY, INC Major Produced Water Release 5/10/19 Produced Water 33 22 11 BBL Human Error Eddy (15) No No
nAB1914252088 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/9/19 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nAB1914254865 MACK ENERGY CORP Minor Release Other 5/9/19 Brine Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1922428736 OXY USA INC Major Produced Water Release 5/9/19 Crude Oil 50 0 50 BBL Other Eddy (15) No No
nAB1914252088 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/9/19 Produced Water 4 2 2 BBL Equipment Failure Eddy (15) No No
nAB1922428736 OXY USA INC Major Produced Water Release 5/9/19 Produced Water 50 0 50 BBL Other Eddy (15) No No
nAB1914255662 XTO ENERGY, INC Major Release Other 5/8/19 Acid 27 0 27 BBL Corrosion Eddy (15) No No
nAB1914250102 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/8/19 Produced Water 22 6 16 BBL Other Eddy (15) No No
nDHR1915636223 BCP Resources, LLC Minor Release Other 5/8/19 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nDHR1915636223 BCP Resources, LLC Minor Release Other 5/8/19 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAB1915032392 OXY USA INC Minor Oil Release 5/7/19 Crude Oil 20 18 2 BBL Corrosion Lea (25) No No
nAB1915432422 COG OPERATING LLC Minor Produced Water Release 5/7/19 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAB1915142523 Earthstone Operating, LLC Minor Oil Release 5/7/19 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nDHR1915649039 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 5/7/19 Produced Water 51 50 1 BBL Equipment Failure Lea (25) No No
nDHR1915649039 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 5/7/19 Crude Oil 9 8 1 BBL Equipment Failure Lea (25) No No
nCS1917554582 MARALEX DISPOSAL, LLC Major Produced Water Release 5/6/19 Produced Water 400 0 400 BBL Equipment Failure San Juan (45) No No
nAB1915028224 MARATHON OIL PERMIAN LLC Oil Release 5/6/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1917555844 EOG RESOURCES INC Minor Oil Release 5/6/19 Crude Oil 13 0 13 BBL Equipment Failure Eddy (15) No No
nAB1915037612 MEWBOURNE OIL CO Major Produced Water Release 5/6/19 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nVV2002839011 CIMAREX ENERGY CO. Minor Produced Water Release 5/6/19 Produced Water 7 0 7 BBL Human Error Eddy (15) No No
nAB1914252909 EOG RESOURCES INC Major Oil Release 5/5/19 Crude Oil 21 7 14 BBL Corrosion Eddy (15) No No
nAB1914334905 XTO ENERGY, INC Minor Produced Water Release 5/5/19 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAB1914252909 EOG RESOURCES INC Major Oil Release 5/5/19 Produced Water 19 0 19 BBL Corrosion Eddy (15) No No
nCS1913740860 ENDURING RESOURCES, LLC Minor Oil Release 5/5/19 Crude Oil 20 0 20 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nAB1914334905 XTO ENERGY, INC Minor Produced Water Release 5/5/19 Produced Water 4 4 0 BBL Corrosion Eddy (15) No No
nAB1917256423 OXY USA INC Minor Produced Water Release 5/4/19 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nCS1916854049 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 5/3/19 Condensate 7 0 7 BBL Corrosion San Juan (45) Yes No
nAB1918654291 OXY USA INC Major Produced Water Release 5/2/19 Produced Water 70 69 1 BBL Equipment Failure Eddy (15) No No
nCS1913741281 HILCORP ENERGY COMPANY Major Other 5/2/19 Other (Specify) 5 0 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) Yes No
nCS1912332788 EPIC ENERGY, L.L.C. Minor Produced Water Release 5/2/19 Other (Specify) 5 0 5 BBL Equipment Failure Rio Arriba (39) No No
nAB1914240573 Spur Energy Partners LLC Minor Produced Water Release 5/1/19 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1914056348 XTO ENERGY, INC Minor Produced Water Release 5/1/19 Produced Water 9 7 2 BBL Other Eddy (15) No No
nAB1914240573 Spur Energy Partners LLC Minor Produced Water Release 5/1/19 Produced Water 18 15 3 BBL Equipment Failure Eddy (15) No No
nAB1915156850 MorningStar Operating LLC Major Produced Water Release 4/30/19 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAB1913444872 PERCUSSION PETROLEUM OPERATING, LLC Major Oil Release 4/30/19 Crude Oil 70 50 20 BBL Human Error Eddy (15) No No
nAB1915740015 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/30/19 Crude Oil 6 2 4 BBL Other Lea (25) No No
nDHR1913541694 FULFER OIL & CATTLE CO., LLC Major Produced Water Release 4/30/19 Produced Water 60 0 60 BBL Equipment Failure Lea (25) No No
nAB1914836701 XTO ENERGY, INC Major Produced Water Release 4/30/19 Produced Water 54 5 49 BBL Equipment Failure Eddy (15) No No
nCS1912055883 HILCORP ENERGY COMPANY Major Produced Water Release 4/30/19 Produced Water 25 20 5 BBL Equipment Failure San Juan (45) Yes No
nAB1914057197 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/30/19 Crude Oil 8 8 0 BBL Equipment Failure Eddy (15) No No
nDHR1912948727 OWL SWD OPERATING, LLC Major Produced Water Release 4/30/19 Produced Water 1200 60 1140 BBL Equipment Failure Lea (25) No No
nAB1915156850 MorningStar Operating LLC Major Produced Water Release 4/30/19 Produced Water 56 53 3 BBL Equipment Failure Lea (25) No No
nAB1915740015 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/30/19 Produced Water 10 0 10 BBL Other Lea (25) No No
nAB1915449842 EOG RESOURCES INC Minor Produced Water Release 4/30/19 Produced Water 5 4 1 BBL Other Lea (25) No No
nDHR1915541584 COG OPERATING LLC Minor Produced Water Release 4/29/19 Produced Water 10 10 0 BBL Human Error Lea (25) No No
nDHR1913441028 Avant Operating, LLC Major Release Other 4/29/19 Produced Water 107 15 92 BBL Equipment Failure Lea (25) No No
nDHR1913441028 Avant Operating, LLC Major Release Other 4/29/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nDHR1914958657 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/28/19 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nAB1914038438 Silverback Operating II, LLC Major Produced Water Release 4/27/19 Produced Water 55 45 10 BBL Equipment Failure Eddy (15) No No
nAB1914055435 XTO ENERGY, INC Major Produced Water Release 4/27/19 Produced Water 718 300 418 BBL Equipment Failure Eddy (15) No No
nAB1914043668 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/27/19 Produced Water 11 11 0 BBL Equipment Failure Eddy (15) No No
nAB1914042684 OXY USA INC Major Produced Water Release 4/26/19 Produced Water 65 60 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1912055512 HILCORP ENERGY COMPANY Major Produced Water Release 4/26/19 Produced Water 48 0 48 BBL Corrosion Rio Arriba (39) No No
nAB1915033752 COG OPERATING LLC Major Oil Release 4/26/19 Crude Oil 320 318 2 BBL Equipment Failure Lea (25) No No
nDHR1914836751 OXY USA INC Minor Oil Release 4/26/19 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nDHR1912859321 BTA OIL PRODUCERS, LLC Minor Oil Release 4/26/19 Crude Oil 6 6 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nDHR1914836751 OXY USA INC Minor Oil Release 4/26/19 Produced Water 12 0 12 BBL Equipment Failure Lea (25) No No
nAB1913658267 XTO ENERGY, INC Major Produced Water Release 4/26/19 Produced Water 35 0 35 BBL Equipment Failure Eddy (15) No No
nAB1913729531 XTO ENERGY, INC Major Oil Release 4/25/19 Crude Oil 70 0 70 BBL Human Error Eddy (15) No No
nAPP2333056395 EOG RESOURCES INC Major Produced Water Release 4/25/19 Produced Water 500 240 260 BBL Human Error Lea (25) No No
nAB1913737942 XTO ENERGY, INC Minor Produced Water Release 4/25/19 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nCS1913740101 ENTERPRISE FIELD SERVICES L.L.C. Oil Release 4/25/19 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
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nAB1913737942 XTO ENERGY, INC Minor Produced Water Release 4/25/19 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nAB1915035343 COG OPERATING LLC Major Produced Water Release 4/24/19 Produced Water 145 120 25 BBL Equipment Failure Lea (25) No No
nDHR1913445231 Extex Operating Company Major Produced Water Release 4/24/19 Crude Oil 4 0 4 BBL Lightning Lea (25) No No
nDHR1913445231 Extex Operating Company Major Produced Water Release 4/24/19 Produced Water 32 0 32 BBL Lightning Lea (25) No No
nDHR1914358479 COG PRODUCTION, LLC Minor Oil Release 4/23/19 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nDHR1913349625 COG PRODUCTION, LLC Major Produced Water Release 4/23/19 Produced Water 25 20 5 BBL Human Error Lea (25) No No
nDHR1914242978 EOG RESOURCES INC Major Oil Release 4/23/19 Crude Oil 40 25 15 BBL Other Eddy (15) No No
nAB1919853853 HARVARD PETROLEUM COMPANY, LLC Major Oil Release 4/23/19 Crude Oil 32 32 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1913037162 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 4/22/19 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nCS1913036817 ENDURING RESOURCES, LLC Minor Oil Release 4/22/19 Crude Oil 8 0 8 BBL Human Error San Juan (45) No No
nAB1913736899 XTO ENERGY, INC Minor Produced Water Release 4/22/19 Produced Water 8 0 8 BBL Other Eddy (15) No No
nDHR1912652904 COG PRODUCTION, LLC Major Oil Release 4/22/19 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nDHR1912732011 APACHE CORPORATION Major Oil Release 4/22/19 Produced Water 25 4 21 BBL Equipment Failure Lea (25) No No
nAB1913037162 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 4/22/19 Produced Water 9 6 3 BBL Equipment Failure Eddy (15) No No
nDHR1912732011 APACHE CORPORATION Major Oil Release 4/22/19 Crude Oil 10 8 2 BBL Equipment Failure Lea (25) No No
nAB1913358171 XTO ENERGY, INC Minor Produced Water Release 4/21/19 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1913738839 MATADOR PRODUCTION COMPANY Major Produced Water Release 4/20/19 Produced Water 225 0 225 BBL Blow Out Eddy (15) No No

nDHR1912935260 MARATHON OIL PERMIAN LLC Minor Release Other 4/20/19
Gelled Brine (Frac 
Fluid) 18 12 6 BBL Equipment Failure Lea (25) No No

nAPP2135150329 Franklin Mountain Energy 3, LLC Major Produced Water Release 4/19/19 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nAPP2135150329 Franklin Mountain Energy 3, LLC Major Produced Water Release 4/19/19 Produced Water 28 0 28 BBL Equipment Failure Lea (25) No No
nCS1912335405 Enterprise Field Services, LLC Minor Other 4/18/19 Other (Specify) 5 0 5 BBL Equipment Failure San Juan (45) No No
nAB1913355937 XTO ENERGY, INC Minor Produced Water Release 4/18/19 Produced Water 5 4 1 BBL Human Error Eddy (15) No No
nDHR1916832374 OXY USA INC Minor Oil Release 4/18/19 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nCS1911540069 HILCORP ENERGY COMPANY Major Produced Water Release 4/18/19 Produced Water 33 0 33 BBL Corrosion San Juan (45) No No
nDHR1916832374 OXY USA INC Minor Oil Release 4/18/19 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1913656894 ROVER OPERATING, LLC Minor Oil Release 4/18/19 Crude Oil 19 10 9 BBL Lightning Eddy (15) No No
nAB1913558566 COG OPERATING LLC Produced Water Release 4/17/19 Produced Water 0 13690 0 BBL Corrosion Eddy (15) No No
nCS1912639200 HILCORP ENERGY COMPANY Major Oil Release 4/17/19 Condensate 56 0 56 BBL Corrosion Rio Arriba (39) No No
nAB1913655872 COG OPERATING LLC Major Produced Water Release 4/17/19 Produced Water 150 149 1 BBL Equipment Failure Eddy (15) No No
nCS1910830387 HILCORP ENERGY COMPANY Major Oil Release 4/17/19 Crude Oil 30 30 0 BBL Corrosion Rio Arriba (39) No No
nAB1913654520 Spur Energy Partners LLC Minor Produced Water Release 4/16/19 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nCS1929537483 HILCORP ENERGY COMPANY Minor Produced Water Release 4/16/19 Produced Water 5 0 5 BBL Corrosion Rio Arriba (39) No No
nCS1911233278 HILCORP ENERGY COMPANY Major Oil Release 4/16/19 Produced Water 20 0 20 BBL Corrosion San Juan (45) No No
nDHR1912632480 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 4/16/19 Produced Water 100 70 30 BBL Equipment Failure Lea (25) No No
nCS1911233278 HILCORP ENERGY COMPANY Major Oil Release 4/16/19 Crude Oil 5 0 5 BBL Corrosion San Juan (45) No No
nAB1913056417 XTO ENERGY, INC Minor Produced Water Release 4/15/19 Produced Water 7 5 2 BBL Human Error Eddy (15) No No
nDHR1912953094 MATADOR PRODUCTION COMPANY Minor Oil Release 4/15/19 Crude Oil 15 13 2 BBL Equipment Failure Lea (25) No No
nAB1913041640 XTO ENERGY, INC Major Produced Water Release 4/15/19 Produced Water 61 60 1 BBL Equipment Failure Eddy (15) No No
nAB1925350725 COG OPERATING LLC Minor Produced Water Release 4/14/19 Produced Water 22 15 7 BBL Human Error Lea (25) No No
nAB1913345254 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/14/19 Produced Water 11 0 11 BBL Equipment Failure Lea (25) No No
nDHR1912756170 RIDGEWAY ARIZONA OIL CORP. Major Oil Release 4/13/19 Produced Water 10 0 10 BBL Equipment Failure Roosevelt (41) No No
nDHR1912738190 Empire New Mexico LLC Minor Oil Release 4/13/19 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAB1913356829 MARATHON OIL PERMIAN LLC Major Produced Water Release 4/13/19 Produced Water 45 45 0 BBL Human Error Eddy (15) No No
nDHR1912738190 Empire New Mexico LLC Minor Oil Release 4/13/19 Produced Water 7 5 2 BBL Corrosion Lea (25) No No
nDHR1912756170 RIDGEWAY ARIZONA OIL CORP. Major Oil Release 4/13/19 Crude Oil 5 0 5 BBL Equipment Failure Roosevelt (41) No No
nDHR1912031991 Wapiti Operating, LLC Major Produced Water Release 4/12/19 Produced Water 30 10 20 BBL Equipment Failure Colfax (07) No No
nAB1912653924 CIMAREX ENERGY CO. OF COLORADO Major Release Other 4/12/19 Condensate 38 0 38 BBL Corrosion Eddy (15) No No
nDHR1912231725 OWL SWD OPERATING, LLC Minor Oil Release 4/11/19 Crude Oil 20 0 20 BBL Equipment Failure Lea (25) No No
nAB1913036331 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/11/19 Produced Water 29 0 29 BBL Other Eddy (15) No No
nAB1913031174 OWL SWD OPERATING, LLC Minor Produced Water Release 4/11/19 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAB1912656083 LIME ROCK RESOURCES II-A, L.P. Major Produced Water Release 4/11/19 Crude Oil 10 6 4 BBL Other Lea (25) No No
nAB1912753854 XTO ENERGY, INC Major Produced Water Release 4/11/19 Produced Water 35 33 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1912656083 LIME ROCK RESOURCES II-A, L.P. Major Produced Water Release 4/11/19 Produced Water 340 304 36 BBL Other Lea (25) No No
nDHR1912751753 COG OPERATING LLC Minor Oil Release 4/10/19 Crude Oil 13 12 1 BBL Equipment Failure Lea (25) No No
nAB1912738712 XTO ENERGY, INC Minor Produced Water Release 4/9/19 Produced Water 6 2 4 BBL Human Error Eddy (15) No No
nAB1912737412 EOG RESOURCES INC Major Produced Water Release 4/8/19 Produced Water 42 40 2 BBL Equipment Failure Eddy (15) No No
nAB1912927808 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 4/8/19 Produced Water 150 149 1 BBL Corrosion Lea (25) No No
nAB1912958012 Extex Operating Company Major Oil Release 4/8/19 Crude Oil 157 0 157 BBL Corrosion Lea (25) No No
nDHR1910939620 Empire New Mexico LLC Major Release Other 4/7/19 Produced Water 94 79 15 BBL Corrosion Lea (25) No No
nDHR1910939620 Empire New Mexico LLC Major Release Other 4/7/19 Crude Oil 3 1 2 BBL Equipment Failure Lea (25) No No
nAB1912858744 FOUNDATION ENERGY MANAGEMENT, LLC Major Oil Release 4/6/19 Crude Oil 300 265 35 BBL Corrosion Lea (25) No No
nAB1912736236 XTO ENERGY, INC Major Produced Water Release 4/6/19 Produced Water 25 25 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nRM1926758725 OSBORN HEIRS CO Minor Release Other 4/5/19 Crude Oil 7 6 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1910929492 ENDURING RESOURCES, LLC Minor Produced Water Release 4/4/19 Crude Oil 12 0 12 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nAB1912759510 CONOCOPHILLIPS COMPANY Major Produced Water Release 4/4/19 Produced Water 45 43 2 BBL Equipment Failure Eddy (15) No No
nDHR1912143128 XTO ENERGY, INC Minor Oil Release 4/4/19 Crude Oil 8 8 0 BBL Equipment Failure Lea (25) No No
nCS1917554179 SIMCOE LLC Oil Release 4/3/19 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1919055677 OXY USA INC Minor Oil Release 4/2/19 Crude Oil 20 18 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1911230564 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/2/19 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1911539620 ENTERPRISE FIELD SERVICES L.L.C. Minor Other 4/2/19 Glycol 5 0 5 BBL Other San Juan (45) No No
nCS1913437796 SIMCOE LLC Minor Produced Water Release 4/2/19 Produced Water 7 0 7 BBL Other San Juan (45) No No
nAB1919056676 OXY USA INC Minor Oil Release 4/2/19 Crude Oil 15 14 1 BBL Human Error Eddy (15) No No
nCS1909331514 HILCORP ENERGY COMPANY Major Produced Water Release 4/2/19 Produced Water 85 0 85 BBL Corrosion San Juan (45) No No
nAB1912661013 XTO ENERGY, INC Minor Produced Water Release 4/2/19 Crude Oil 9 0 9 BBL Other Eddy (15) No No
nAB1912843973 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/2/19 Produced Water 40 40 0 BBL Other Lea (25) No No
nAB1912661013 XTO ENERGY, INC Minor Produced Water Release 4/2/19 Produced Water 10 0 10 BBL Other Eddy (15) No No
nAB1911230564 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/2/19 Produced Water 122 120 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1910935399 EOG RESOURCES INC Major Produced Water Release 4/1/19 Produced Water 615 0 615 BBL Human Error Eddy (15) No No
nAB1915530465 OXY USA INC Major Produced Water Release 4/1/19 Produced Water 40 39 1 BBL Equipment Failure Eddy (15) No No
nAB1911652112 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/1/19 Produced Water 390 390 0 BBL Equipment Failure Lea (25) No No
nRM2005744201 RAY WESTALL OPERATING, INC. Minor Produced Water Release 4/1/19 Produced Water 16 0 16 BBL Equipment Failure Eddy (15) No No
nAB1911241645 COG OPERATING LLC Major Produced Water Release 4/1/19 Produced Water 95 90 5 BBL Equipment Failure Eddy (15) No No
nDHR1912650143 OXY USA INC Major Oil Release 4/1/19 Produced Water 600 500 100 BBL Human Error Lea (25) No No
nRM2003541143 TEAM OPERATING, L.L.C. Major Produced Water Release 4/1/19 Produced Water 180 150 30 BBL Equipment Failure Lea (25) No No
nDHR1912650143 OXY USA INC Major Oil Release 4/1/19 Crude Oil 40 30 10 BBL Human Error Lea (25) No No
nAB1912056434 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/1/19 Crude Oil 15 10 5 BBL Equipment Failure Eddy (15) No No
nAB1912657858 XTO ENERGY, INC Minor Produced Water Release 4/1/19 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAB1912657858 XTO ENERGY, INC Minor Produced Water Release 4/1/19 Produced Water 12 4 8 BBL Corrosion Eddy (15) No No
nAB1910934590 LONGFELLOW ENERGY, LP Minor Oil Release 3/31/19 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1911228176 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 3/31/19 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1911228176 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 3/31/19 Produced Water 20 12 8 BBL Equipment Failure Eddy (15) No No
nAB1910757671 RAYBAW Operating, LLC Minor Oil Release 3/30/19 Crude Oil 11 0 11 BBL Equipment Failure Eddy (15) No No
nAB1912937200 COG OPERATING LLC Minor Produced Water Release 3/30/19 Crude Oil 5 4 1 BBL Other Lea (25) No No
nAB1909944395 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/30/19 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nAB1911244023 COG OPERATING LLC Minor Oil Release 3/30/19 Crude Oil 13 7 6 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
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nAB1912639192 XTO ENERGY, INC Minor Produced Water Release 3/30/19 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nDHR1912053791 COG OPERATING LLC Minor Release Other 3/30/19 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1912642030 XTO ENERGY, INC Major Produced Water Release 3/30/19 Produced Water 40 40 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1912937200 COG OPERATING LLC Minor Produced Water Release 3/30/19 Produced Water 10 10 0 BBL Other Lea (25) No No
nAB1912955644 COG OPERATING LLC Oil Release 3/30/19 Crude Oil 2 2 0 BBL Other Lea (25) No No
nDHR1912053791 COG OPERATING LLC Minor Release Other 3/30/19 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAB1912954924 COG OPERATING LLC Minor Oil Release 3/30/19 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1912955644 COG OPERATING LLC Oil Release 3/30/19 Produced Water 2 2 0 BBL Other Lea (25) No No
nAB1911242727 COG OPERATING LLC Minor Produced Water Release 3/27/19 Crude Oil 8 2 6 BBL Equipment Failure Eddy (15) No No
nAB1909942607 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 3/27/19 Produced Water 110 110 0 BBL Equipment Failure Eddy (15) No No
nAB1911242727 COG OPERATING LLC Minor Produced Water Release 3/27/19 Produced Water 9 3 6 BBL Equipment Failure Eddy (15) No No
nAB1911245351 COG OPERATING LLC Minor Produced Water Release 3/27/19 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1910937075 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 3/27/19 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nCS1912334835 ENTERPRISE FIELD SERVICES L.L.C. Oil Release 3/26/19 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1910938398 EOG RESOURCES INC Major Produced Water Release 3/26/19 Produced Water 152 61 91 BBL Other Eddy (15) No No
nCS1913733507 HILCORP ENERGY COMPANY Minor Other 3/26/19 Other (Specify) 5 0 5 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nAB1911534215 Permian Resources Operating, LLC Minor Oil Release 3/26/19 Crude Oil 13 0 13 BBL Equipment Failure Lea (25) No No
nAB1910938398 EOG RESOURCES INC Major Produced Water Release 3/26/19 Crude Oil 8 4 4 BBL Other Eddy (15) No No
nCS1910928416 ENTERPRISE FIELD SERVICES L.L.C. Major Other 3/25/19 Other (Specify) 80 0 80 BBL Equipment Failure San Juan (45) Yes No
nAB1909943420 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/25/19 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1912752873 DKL Field Services, LLC Minor Produced Water Release 3/25/19 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nAB1909943420 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/25/19 Produced Water 7 4 3 BBL Equipment Failure Eddy (15) No No
nAB1912758567 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/25/19 Produced Water 32 23 9 BBL Equipment Failure Eddy (15) No No
nAB1912852370 EOG RESOURCES INC Major Produced Water Release 3/25/19 Produced Water 120 90 30 BBL Other Lea (25) No No
nAB1917152290 OXY USA INC Major Oil Release 3/24/19 Crude Oil 100 98 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1912953307 OXY USA INC Minor Produced Water Release 3/24/19 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAB1917152290 OXY USA INC Major Oil Release 3/24/19 Produced Water 15 13 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1912953307 OXY USA INC Minor Produced Water Release 3/24/19 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nAB1909540096 Spur Energy Partners LLC Minor Produced Water Release 3/23/19 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1909557213 MARATHON OIL PERMIAN LLC Minor Produced Water Release 3/23/19 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nAB1909540096 Spur Energy Partners LLC Minor Produced Water Release 3/23/19 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nCS1909440233 ENDURING RESOURCES, LLC Minor Oil Release 3/22/19 Crude Oil 18 0 18 BBL Equipment Failure Sandoval (43) No No
nAB1912855636 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 3/22/19 Crude Oil 10 10 0 BBL Human Error Lea (25) No No
nAB1910936277 PERCUSSION PETROLEUM OPERATING, LLC Minor Produced Water Release 3/21/19 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1909136893 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 3/20/19 Crude Oil 10 2 8 BBL Equipment Failure Eddy (15) No No
nAB1909136893 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 3/20/19 Produced Water 990 118 872 BBL Equipment Failure Eddy (15) No No
nAB1912661773 LLJ VENTURES, LLC DBA MARKER OIL & GAS Oil Release 3/20/19 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1909559201 XTO ENERGY, INC Minor Release Other 3/19/19 Chemical (Specify) 21 20 1 BBL Equipment Failure Eddy (15) No No
nCS1909448080 ENDURING RESOURCES, LLC Minor Oil Release 3/18/19 Crude Oil 10 0 10 BBL Equipment Failure Rio Arriba (39) No No
nAB1910753863 Extex Operating Company Major Produced Water Release 3/18/19 Crude Oil 3 2 1 BBL Corrosion Lea (25) No No
nAB1909554024 XTO ENERGY, INC Major Produced Water Release 3/18/19 Produced Water 68 65 3 BBL Equipment Failure Eddy (15) No No
nAB1909249238 COG OPERATING LLC Minor Produced Water Release 3/18/19 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1910753863 Extex Operating Company Major Produced Water Release 3/18/19 Produced Water 27 18 9 BBL Corrosion Lea (25) No No
nCS1909439826 ENDURING RESOURCES, LLC Minor Oil Release 3/18/19 Condensate 6 0 6 BBL Corrosion San Juan (45) No No
nAB1909249238 COG OPERATING LLC Minor Produced Water Release 3/18/19 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nCS1909439218 ENDURING RESOURCES, LLC Minor Oil Release 3/17/19 Crude Oil 11 0 11 BBL Equipment Failure San Juan (45) No No
nAB1909133556 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/16/19 Produced Water 252 250 2 BBL Equipment Failure Eddy (15) No No
nAB1911229410 XTO ENERGY, INC Minor Produced Water Release 3/16/19 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nAB1909543185 XTO ENERGY, INC Minor Produced Water Release 3/16/19 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1909543185 XTO ENERGY, INC Minor Produced Water Release 3/16/19 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1911236406 OXY USA INC Minor Produced Water Release 3/15/19 Produced Water 6 0 6 BBL Other Eddy (15) No No
nCS1907754469 HILCORP ENERGY COMPANY Minor Produced Water Release 3/14/19 Produced Water 8 0 8 BBL Human Error San Juan (45) No No
nAB1909140764 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/14/19 Produced Water 601 600 1 BBL Other Eddy (15) No No
nAB1909545089 XTO ENERGY, INC Minor Produced Water Release 3/14/19 Produced Water 8 1 7 BBL Equipment Failure Eddy (15) No No
nDHR1911338772 CHEVRON U S A INC Minor Oil Release 3/14/19 Crude Oil 8 8 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1910738927 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/13/19 Produced Water 963 604 359 BBL Other Lea (25) No No
nAB1909135211 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/13/19 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nCS1909438305 SIMCOE LLC Minor Produced Water Release 3/13/19 Produced Water 12 0 12 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1909139455 XTO ENERGY, INC Major Oil Release 3/13/19 Crude Oil 180 160 20 BBL Equipment Failure Eddy (15) No No
nAB1912935342 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Produced Water Release 3/13/19 Produced Water 1048 0 1048 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1909135211 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/13/19 Crude Oil 4 4 0 BBL Equipment Failure Eddy (15) No No
nAB1908057694 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 3/13/19 Crude Oil 60 55 5 BBL Equipment Failure Eddy (15) No No
nAB1909539458 BURNETT OIL CO INC Major Produced Water Release 3/13/19 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nAB1908057694 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 3/13/19 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1909539458 BURNETT OIL CO INC Major Produced Water Release 3/13/19 Produced Water 685 503 182 BBL Equipment Failure Eddy (15) No No
nDHR1913360865 EOG RESOURCES INC Major Produced Water Release 3/12/19 Crude Oil 61 60 1 BBL Equipment Failure Lea (25) No No
nAB1913354837 MATADOR PRODUCTION COMPANY Produced Water Release 3/12/19 Produced Water 0 100 0 BBL Equipment Failure Eddy (15) No No
nCS1907233330 Harvest Four Corners, LLC Major Other 3/12/19 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nCS1907233330 Harvest Four Corners, LLC Major Other 3/12/19 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1913544961 EOG RESOURCES INC Minor Produced Water Release 3/11/19 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nVF1908430075 LOGOS OPERATING, LLC Major Produced Water Release 3/11/19 Produced Water 180 180 0 BBL Equipment Failure Rio Arriba (39) No No
nDHR1910836261 MARATHON OIL PERMIAN LLC Major Produced Water Release 3/11/19 Produced Water 686 400 286 BBL Equipment Failure Lea (25) No No
nAB1913544961 EOG RESOURCES INC Minor Produced Water Release 3/11/19 Produced Water 18 15 3 BBL Corrosion Eddy (15) No No
nVF1908731950 HILCORP ENERGY COMPANY Minor Release Other 3/10/19 Produced Water 22 20 2 BBL Human Error San Juan (45) No No
nAB1909351591 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 3/10/19 Crude Oil 120 120 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1909138734 COG PRODUCTION, LLC Minor Produced Water Release 3/10/19 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nAB1914835687 OXY USA INC Major Produced Water Release 3/10/19 Produced Water 250 248 2 BBL Equipment Failure Eddy (15) No No
nAB1909527986 XTO ENERGY, INC Minor Oil Release 3/10/19 Crude Oil 14 13 1 BBL Equipment Failure Eddy (15) No No
nAB1917549482 OXY USA INC Minor Produced Water Release 3/9/19 Produced Water 12 7 5 BBL Human Error Eddy (15) No No
nAB1909530725 XTO ENERGY, INC Minor Produced Water Release 3/9/19 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAB1909530725 XTO ENERGY, INC Minor Produced Water Release 3/9/19 Produced Water 4 1 3 BBL Corrosion Eddy (15) No No
nAB1909532167 XTO ENERGY, INC Minor Produced Water Release 3/9/19 Produced Water 5 1 4 BBL Corrosion Eddy (15) No No
nAB1910842310 COG OPERATING LLC Minor Produced Water Release 3/8/19 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nVF1908136109 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 3/8/19 Other (Specify) 0 0 0 BBL Corrosion San Juan (45) No No
nAB1909350393 COG OPERATING LLC Minor Oil Release 3/8/19 Crude Oil 6 5 1 BBL Equipment Failure Lea (25) No No
nCS1907753213 ENDURING RESOURCES, LLC Minor Oil Release 3/8/19 Crude Oil 6 0 6 BBL Equipment Failure Rio Arriba (39) No No
nVF1907335094 SIMCOE LLC Major Release Other 3/8/19 Condensate 28 0 28 BBL Corrosion San Juan (45) No No
nCS1916949750 SIMCOE LLC Produced Water Release 3/7/19 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAB1911541687 COG OPERATING LLC Major Produced Water Release 3/7/19 Produced Water 42 0 42 BBL Equipment Failure Lea (25) No No
nAB1907837006 BTA OIL PRODUCERS, LLC Major Fire 3/7/19 Other (Specify) 0 0 0 BBL Fire Lea (25) No No
nAB1908842114 MATADOR PRODUCTION COMPANY Major Produced Water Release 3/7/19 Produced Water 407 400 7 BBL Equipment Failure Eddy (15) No No
nAB1908835620 ETC Texas Pipeline, Ltd. Minor Release Other 3/6/19 Other (Specify) 9 0 9 BBL Corrosion Lea (25) No No
nDHR1913653465 EOG RESOURCES INC Major Produced Water Release 3/6/19 Produced Water 615 610 5 BBL Equipment Failure Lea (25) No No
nDHR1913653465 EOG RESOURCES INC Major Produced Water Release 3/6/19 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nAB1908833577 OXY USA INC Minor Produced Water Release 3/5/19 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
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nAB1909249979 COG OPERATING LLC Oil Release 3/5/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nDHR1910842311 OXY USA INC Major Oil Release 3/5/19 Crude Oil 70 0 70 BBL Equipment Failure Lea (25) No No
nAB1907931810 APACHE CORPORATION Major Produced Water Release 3/4/19 Crude Oil 30 27 3 BBL Freeze Eddy (15) No No
nAB1908046533 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/4/19 Produced Water 28 25 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1907844046 Earthstone Operating, LLC Minor Oil Release 3/4/19 Crude Oil 15 0 15 BBL Freeze Lea (25) No No
nAB1907931810 APACHE CORPORATION Major Produced Water Release 3/4/19 Produced Water 45 18 27 BBL Freeze Eddy (15) No No
nAB1908653898 GIBSON ENERGY MARKETING, LLC Major Oil Release 3/3/19 Crude Oil 200 190 10 BBL Equipment Failure Lea (25) No No
nAB1907841837 Earthstone Operating, LLC Major Produced Water Release 3/3/19 Produced Water 520 260 260 BBL Equipment Failure Lea (25) No No
nAB1909451657 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/3/19 Produced Water 90 90 0 BBL Corrosion Lea (25) No No
nAB1908038039 XTO ENERGY, INC Major Release Other 3/3/19 Condensate 97 0 97 BBL Corrosion Eddy (15) No No
nCS1913036332 ENTERPRISE FIELD SERVICES L.L.C. Oil Release 3/3/19 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1907942557 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 3/2/19 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nDHR1912962703 OXY USA INC Minor Produced Water Release 3/2/19 Produced Water 15 10 5 BBL Human Error Lea (25) No No
nAB1908554066 COG OPERATING LLC Major Oil Release 3/2/19 Crude Oil 65 64 1 BBL Equipment Failure Lea (25) No No
nAB1907953961 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/2/19 Produced Water 23 0 23 BBL Equipment Failure Eddy (15) No No
nAB1907936927 DELAWARE BASIN MIDSTREAM, LLC Major Release Other 3/2/19 Condensate 34 2 32 BBL Other Eddy (15) No No
nAB1908055942 XTO ENERGY, INC Minor Produced Water Release 3/2/19 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1907942557 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 3/2/19 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1907957890 XTO ENERGY, INC Minor Produced Water Release 3/2/19 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1907958805 XTO ENERGY, INC Major Produced Water Release 3/1/19 Produced Water 25 18 7 BBL Equipment Failure Eddy (15) No No
nAB1908551437 COG OPERATING LLC Minor Produced Water Release 3/1/19 Produced Water 6 5 1 BBL Other Lea (25) No No
nAB1908030562 XTO ENERGY, INC Major Produced Water Release 3/1/19 Produced Water 53 53 0 BBL Equipment Failure Eddy (15) No No
nVF1905937101 HILCORP ENERGY COMPANY Major Release Other 2/28/19 Condensate 35 0 35 BBL Corrosion San Juan (45) No No
nAB1907953086 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/28/19 Produced Water 24 0 24 BBL Equipment Failure Eddy (15) No No
nAB1907955404 XTO ENERGY, INC Major Produced Water Release 2/28/19 Crude Oil 915 199 716 BBL Equipment Failure Eddy (15) No No
nAB1907955404 XTO ENERGY, INC Major Produced Water Release 2/28/19 Produced Water 2746 596 2150 BBL Equipment Failure Eddy (15) No No
nAB1913546928 EOG RESOURCES INC Major Oil Release 2/27/19 Crude Oil 32 0 32 BBL Corrosion Eddy (15) No No
nAB1906729465 BURNETT OIL CO INC Major Produced Water Release 2/26/19 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAB1907954530 COG OPERATING LLC Minor Produced Water Release 2/26/19 Produced Water 22 21 1 BBL Other Eddy (15) No No
nAB1906729465 BURNETT OIL CO INC Major Produced Water Release 2/26/19 Produced Water 30 0 30 BBL Corrosion Eddy (15) No No
nAB1906544688 LLJ VENTURES, LLC DBA MARKER OIL & GAS Oil Release 2/26/19 Crude Oil 2 0 2 BBL Other Chaves (05) No No
nAB1906556520 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 2/25/19 Produced Water 37 30 7 BBL Corrosion Lea (25) No No
nCS1907752578 HILCORP ENERGY COMPANY Minor Produced Water Release 2/25/19 Produced Water 11 0 11 BBL Corrosion Rio Arriba (39) No No
nAB1908658110 Roughhouse Operating, LLC Major Produced Water Release 2/25/19 Produced Water 90 85 5 BBL Other Lea (25) No No
nAB1906751888 CIMAREX ENERGY CO. Major Produced Water Release 2/25/19 Produced Water 50 45 5 BBL Equipment Failure Eddy (15) No No
nCS1905633306 GOLDEN OIL HOLDING CORPORATION Major Oil Release 2/24/19 Other (Specify) 180 140 40 BBL Other Rio Arriba (39) No No
nCS1905925901 GOLDEN OIL HOLDING CORPORATION Major Oil Release 2/24/19 Crude Oil 200 140 60 BBL Vandalism Rio Arriba (39) No No
nVF1907733404 ENTERPRISE FIELD SERVICES L.L.C. Minor Release Other 2/24/19 Condensate 20 0 20 BBL Vandalism San Juan (45) No No
nAB1908655364 RAYBAW Operating, LLC Major Produced Water Release 2/23/19 Crude Oil 6 6 0 BBL Lightning Lea (25) No No
nAB1908839567 XTO ENERGY, INC Major Produced Water Release 2/23/19 Produced Water 310 310 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1908656592 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 2/23/19 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1908655364 RAYBAW Operating, LLC Major Produced Water Release 2/23/19 Produced Water 127 44 83 BBL Lightning Lea (25) No No
nAB1908656592 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 2/23/19 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAB1907040267 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/22/19 Produced Water 8 8 0 BBL Human Error Eddy (15) No No
nAB1913455115 COG PRODUCTION, LLC Minor Produced Water Release 2/22/19 Produced Water 7 0 7 BBL Other Eddy (15) No No
nAB1907830479 Avant Operating, LLC Major Produced Water Release 2/22/19 Crude Oil 45 40 5 BBL Blow Out Lea (25) No No
nAB1907830479 Avant Operating, LLC Major Produced Water Release 2/22/19 Produced Water 45 40 5 BBL Blow Out Lea (25) No No
nAB1914946859 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 2/21/19 Crude Oil 296 210 86 BBL Equipment Failure Eddy (15) No No
nAB1907254118 XTO ENERGY, INC Major Produced Water Release 2/21/19 Produced Water 40 40 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1907758382 XTO ENERGY, INC Minor Produced Water Release 2/21/19 Produced Water 10 3 7 BBL Other Eddy (15) No No
nCS1906550300 ENDURING RESOURCES, LLC Minor Oil Release 2/21/19 Crude Oil 17 15 2 BBL Equipment Failure San Juan (45) No No
nAB1907138392 XTO ENERGY, INC Minor Oil Release 2/21/19 Crude Oil 6 5 1 BBL Corrosion Eddy (15) No No
nCS1907433625 ENTERPRISE FIELD SERVICES L.L.C. Minor Oil Release 2/21/19 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
nAB1907140526 XTO ENERGY, INC Minor Produced Water Release 2/21/19 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1909160291 CHEVRON U S A INC Release Other 2/20/19 Other (Specify) 27 27 0 LBS Other Eddy (15) No No
nAB1907935395 XTO ENERGY, INC Minor Oil Release 2/20/19 Crude Oil 17 17 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1907834716 BTA OIL PRODUCERS, LLC Minor Produced Water Release 2/20/19 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nAB1907834716 BTA OIL PRODUCERS, LLC Minor Produced Water Release 2/20/19 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nAB1906754904 MATADOR PRODUCTION COMPANY Minor Oil Release 2/19/19 Crude Oil 24 6 18 BBL Equipment Failure Eddy (15) No No
nAB1907136158 XTO ENERGY, INC Minor Produced Water Release 2/19/19 Produced Water 5 5 0 BBL Other Eddy (15) No No

nAB1907136158 XTO ENERGY, INC Minor Produced Water Release 2/19/19
Gelled Brine (Frac 
Fluid) 5 5 0 BBL Other Eddy (15) No No

nAB1907829070 MATADOR PRODUCTION COMPANY Major Produced Water Release 2/18/19 Produced Water 57 50 7 BBL Equipment Failure Lea (25) No No
nVF1906649078 Harvest Four Corners, LLC Major Release Other 2/18/19 Other (Specify) 80 80 0 BBL Other Rio Arriba (39) No No
nAB1906632805 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/18/19 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nVF1905641336 SIMCOE LLC Release Other 2/18/19 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1905249442 ENDURING RESOURCES, LLC Major Oil Release 2/17/19 Produced Water 1000 0 1000 BBL Equipment Failure Sandoval (43) Yes No
nAB1907037609 XTO ENERGY, INC Minor Produced Water Release 2/17/19 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nCS1905249442 ENDURING RESOURCES, LLC Major Oil Release 2/17/19 Crude Oil 300 0 300 BBL Equipment Failure Sandoval (43) Yes No
nAB1907237265 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/17/19 Produced Water 10 5 5 BBL Other Eddy (15) No No
nAB1907151493 COG OPERATING LLC Major Produced Water Release 2/16/19 Produced Water 47 46 1 BBL Equipment Failure Lea (25) No No
nAB1905231031 EOG RESOURCES INC Minor Oil Release 2/16/19 Crude Oil 14 10 4 BBL Equipment Failure Eddy (15) No No
nVF1906434503 HOLCOMB OIL & GAS INC Minor Release Other 2/15/19 Produced Water 5 0 5 BBL Corrosion San Juan (45) No No
nAB1912734781 MARATHON OIL PERMIAN LLC Major Produced Water Release 2/15/19 Produced Water 140 140 0 BBL Corrosion Eddy (15) No No
nAB1907831312 MARATHON OIL PERMIAN LLC Major Produced Water Release 2/14/19 Produced Water 35 35 0 BBL Human Error Lea (25) No No
nVF1906550862 ENTERPRISE FIELD SERVICES L.L.C. Minor Oil Release 2/14/19 Natural Gas Liquids 15 0 15 BBL Equipment Failure Rio Arriba (39) No No
nAB1906042331 RIDGEWAY ARIZONA OIL CORP. Major Produced Water Release 2/13/19 Produced Water 50 30 20 BBL Equipment Failure Roosevelt (41) No No
nCS1912336224 SIMCOE LLC Other 2/13/19 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1906733787 XTO ENERGY, INC Major Produced Water Release 2/13/19 Produced Water 149 0 149 BBL Equipment Failure Eddy (15) No No
nAB1907760128 APACHE CORPORATION Oil Release 2/13/19 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nAB1905044037 MEWBOURNE OIL CO Minor Produced Water Release 2/12/19 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1906554479 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/12/19 Crude Oil 5 2 3 BBL Equipment Failure Lea (25) No No
nAB1906054852 XTO ENERGY, INC Minor Produced Water Release 2/11/19 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1906058323 XTO ENERGY, INC Major Produced Water Release 2/11/19 Produced Water 40 40 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1906557741 MARATHON OIL PERMIAN LLC Major Produced Water Release 2/11/19 Produced Water 0 0 0 BBL Other Lea (25) No No
nAB1906056927 COG OPERATING LLC Major Fire 2/10/19 Unknown 0 0 0 BBL Fire Lea (25) No No
nAB1906335986 XTO ENERGY, INC Minor Oil Release 2/10/19 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nDHR1913430561 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/10/19 Produced Water 19 10 9 BBL Equipment Failure Lea (25) No No
nAB1906639764 MARATHON OIL PERMIAN LLC Major Release Other 2/10/19 Condensate 25 25 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1905157822 Franklin Mountain Energy 3, LLC Major Oil Release 2/9/19 Crude Oil 45 45 0 BBL Equipment Failure Lea (25) No No
nAB1906551740 BTA OIL PRODUCERS, LLC Minor Oil Release 2/9/19 Crude Oil 18 18 0 BBL Equipment Failure Lea (25) No No
nDHR1911437545 SOUTHWEST ROYALTIES INC Major Produced Water Release 2/9/19 Crude Oil 1 1 0 BBL Freeze Lea (25) No No
nAB1906339301 XTO ENERGY, INC Minor Oil Release 2/9/19 Crude Oil 15 15 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nDHR1911437545 SOUTHWEST ROYALTIES INC Major Produced Water Release 2/9/19 Produced Water 28 24 4 BBL Freeze Lea (25) No No
nAB1904955555 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/8/19 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAB1907956816 OXY USA INC Minor Produced Water Release 2/8/19 Crude Oil 1 0 1 BBL Other Eddy (15) No No
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nAB1905046526 COG PRODUCTION, LLC Minor Produced Water Release 2/8/19 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nVF1906555554 ENTERPRISE FIELD SERVICES L.L.C. Minor Release Other 2/8/19 Natural Gas Liquids 7 0 7 BBL Equipment Failure Rio Arriba (39) No No
nAB1906552791 BTA OIL PRODUCERS, LLC Minor Oil Release 2/8/19 Crude Oil 18 18 0 BBL Equipment Failure Lea (25) No No
nDHR1912241075 BREITBURN OPERATING LP Minor Oil Release 2/8/19 Crude Oil 17 10 7 BBL Vandalism Lea (25) No No
nAB1905046526 COG PRODUCTION, LLC Minor Produced Water Release 2/8/19 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1904556243 COG OPERATING LLC Minor Oil Release 2/8/19 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1904955555 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/8/19 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nAB1907956816 OXY USA INC Minor Produced Water Release 2/8/19 Produced Water 14 0 14 BBL Other Eddy (15) No No
nAB1905046526 COG PRODUCTION, LLC Minor Produced Water Release 2/8/19 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1904453396 BREITBURN OPERATING LP Minor Oil Release 2/7/19 Crude Oil 17 10 7 BBL Vandalism Lea (25) No No
nAB1905943420 BTA OIL PRODUCERS, LLC Minor Oil Release 2/7/19 Crude Oil 10 6 4 BBL Equipment Failure Eddy (15) No No
nAB1905232937 BTA OIL PRODUCERS, LLC Minor Oil Release 2/7/19 Crude Oil 10 6 4 BBL Equipment Failure Eddy (15) No No
nAB1905229182 APACHE CORPORATION Major Oil Release 2/6/19 Crude Oil 130 120 10 BBL Equipment Failure Lea (25) No No
nAB1904952756 MARATHON OIL PERMIAN LLC Minor Produced Water Release 2/6/19 Produced Water 9 8 1 BBL Other Chaves (05) No No
nCH1903862333 MATADOR PRODUCTION COMPANY Major Produced Water Release 2/6/19 Produced Water 220 200 20 BBL Equipment Failure Lea (25) No No
nCS1905253504 DJR OPERATING, LLC Other 2/5/19 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nAB1905153070 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/5/19 Crude Oil 4 2 2 BBL Equipment Failure Lea (25) No No
nAB1904633339 OXY USA INC Minor Produced Water Release 2/5/19 Produced Water 18 15 3 BBL Equipment Failure Eddy (15) No No
nAB1905153070 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/5/19 Produced Water 18 16 2 BBL Equipment Failure Lea (25) No No
nAB1904538436 COG PRODUCTION, LLC Minor Produced Water Release 2/4/19 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nAB1906651499 OXY USA INC Major Produced Water Release 2/4/19 Produced Water 100 95 5 BBL Equipment Failure Eddy (15) No No
nAB1904538436 COG PRODUCTION, LLC Minor Produced Water Release 2/4/19 Produced Water 4 4 0 BBL Equipment Failure Lea (25) No No
nAB1904554978 COG OPERATING LLC Major Produced Water Release 2/4/19 Produced Water 37 20 17 BBL Equipment Failure Eddy (15) No No
nAB1911254304 HARVARD PETROLEUM COMPANY, LLC Produced Water Release 2/3/19 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAB1906650087 OXY USA INC Major Produced Water Release 2/3/19 Produced Water 30 25 5 BBL Equipment Failure Eddy (15) No No
nAB1904944479 XTO ENERGY, INC Major Oil Release 2/3/19 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nAB1904456976 COG OPERATING LLC Minor Produced Water Release 2/3/19 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1904456976 COG OPERATING LLC Minor Produced Water Release 2/3/19 Produced Water 9 8 1 BBL Equipment Failure Eddy (15) No No
nAB1907856636 OXY USA INC Minor Produced Water Release 2/2/19 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1912052621 3R Operating, LLC Major Produced Water Release 2/2/19 Crude Oil 13 5 8 BBL Equipment Failure Eddy (15) No No
nAB1907856636 OXY USA INC Minor Produced Water Release 2/2/19 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nAB1912052621 3R Operating, LLC Major Produced Water Release 2/2/19 Produced Water 54 17 37 BBL Equipment Failure Eddy (15) No No
nAB1906052173 CHEVRON U S A INC Minor Release Other 2/1/19 Brine Water 10 7 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1904456184 COG OPERATING LLC Minor Oil Release 2/1/19 Crude Oil 8 7 1 BBL Equipment Failure Eddy (15) No No
nAB1904454557 MATADOR PRODUCTION COMPANY Major Oil Release 2/1/19 Crude Oil 125 123 2 BBL Equipment Failure Lea (25) No No
nAB1904357971 SOUTHWEST ROYALTIES INC Major Produced Water Release 1/30/19 Produced Water 43 40 3 BBL Corrosion Lea (25) No No
nAB1905150506 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/30/19 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nCS1903148079 Harvest Four Corners, LLC Major Oil Release 1/30/19 Condensate 30 0 30 BBL Corrosion Rio Arriba (39) No No
nCS1903148079 Harvest Four Corners, LLC Major Oil Release 1/30/19 Produced Water 30 0 30 BBL Corrosion Rio Arriba (39) No No
nAB1904949664 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/29/19 Produced Water 17 17 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1904653072 XTO ENERGY, INC Minor Oil Release 1/29/19 Crude Oil 10 7 3 BBL Equipment Failure Eddy (15) No No
nCH1903863397 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/29/19 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nCH1903863397 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/29/19 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nAB1904428527 COG OPERATING LLC Minor Produced Water Release 1/28/19 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1904941837 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/28/19 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1904941837 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/28/19 Produced Water 23 18 5 BBL Equipment Failure Lea (25) No No
nCS1904353759 ENDURING RESOURCES, LLC Minor Produced Water Release 1/27/19 Produced Water 8 0 8 BBL Human Error Sandoval (43) No No
nAB1904637119 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/26/19 Produced Water 2000 0 2000 BBL Equipment Failure Eddy (15) No No
nAB1905047681 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/26/19 Produced Water 43 15 28 BBL Equipment Failure Lea (25) No No
nVF1902954401 THREE RIVERS TRUCKING, INC. Major Produced Water Release 1/26/19 Produced Water 10 0 10 BBL Vehicular Accident San Juan (45) No No
nCS1904254723 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/25/19 Produced Water 75 0 75 BBL Equipment Failure Lea (25) No No
nAB1907044557 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 1/25/19 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
nCH1903952174 COG OPERATING LLC Minor Oil Release 1/25/19 Crude Oil 20 19 1 BBL Equipment Failure Lea (25) No No
nAB1904238109 AMERICO ENERGY RESOURCES LLC Minor Oil Release 1/24/19 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nRH2007238489 OXY USA INC Major Produced Water Release 1/23/19 Produced Water 340 339 1 BBL Equipment Failure Eddy (15) No No
nAB1904255873 XTO ENERGY, INC Major Produced Water Release 1/23/19 Produced Water 62 0 62 BBL Equipment Failure Eddy (15) No No
nAB1911934008 Tascosa Energy Partners, L.L.C Minor Produced Water Release 1/23/19 Produced Water 15 0 15 BBL Human Error Lea (25) No No
nCH1903953335 COG OPERATING LLC Minor Oil Release 1/23/19 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1909454481 MorningStar Operating LLC Minor Produced Water Release 1/23/19 Produced Water 11 11 0 BBL Equipment Failure Lea (25) No No
nCH1903942116 MorningStar Operating LLC Minor Produced Water Release 1/23/19 Produced Water 11 11 0 BBL Equipment Failure Lea (25) No No
nAB1906727934 OXY USA INC Major Produced Water Release 1/23/19 Produced Water 150 135 15 BBL Fire Eddy (15) No No
nAB1904342789 COG OPERATING LLC Minor Oil Release 1/23/19 Crude Oil 12 10 2 BBL Corrosion Eddy (15) No No
nAB1904341765 Spur Energy Partners LLC Major Oil Release 1/23/19 Crude Oil 65 60 5 BBL Corrosion Eddy (15) No No
nAB1903659101 OXY USA INC Major Oil Release 1/22/19 Crude Oil 100 80 20 BBL Equipment Failure Eddy (15) No No
nAB1904243351 XTO ENERGY, INC Minor Produced Water Release 1/22/19 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAB1904243351 XTO ENERGY, INC Minor Produced Water Release 1/22/19 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nAB1906658390 OXY USA INC Major Produced Water Release 1/21/19 Produced Water 15 10 5 BBL Fire Eddy (15) No No
nCH1903864587 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/21/19 Crude Oil 2 0 2 BBL Vandalism Lea (25) No No
nAB1904239077 XTO ENERGY, INC Minor Produced Water Release 1/21/19 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nCH1903864587 CROSS TIMBERS ENERGY, LLC Minor Produced Water Release 1/21/19 Produced Water 20 0 20 BBL Vandalism Lea (25) No No
nAB1903642966 OXY USA INC Major Produced Water Release 1/20/19 Produced Water 100 99 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCH1903662255 OXY USA INC Minor Produced Water Release 1/20/19 Produced Water 20 16 4 BBL Equipment Failure Lea (25) No No
nAB1902457070 COG OPERATING LLC Major Produced Water Release 1/19/19 Produced Water 49 48 1 BBL Equipment Failure Eddy (15) No No
nCH1903652641 COG PRODUCTION, LLC Major Oil Release 1/19/19 Crude Oil 60 59 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1903559424 COG PRODUCTION, LLC Minor Produced Water Release 1/19/19 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1904234306 XTO ENERGY, INC Major Produced Water Release 1/19/19 Produced Water 60 50 10 BBL Human Error Eddy (15) No No
nCH1903652641 COG PRODUCTION, LLC Major Oil Release 1/19/19 Produced Water 90 89 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1904237033 XTO ENERGY, INC Major Produced Water Release 1/18/19 Produced Water 60 60 0 BBL Corrosion Eddy (15) No No
nAB1912245309 MAVERICK OPERATING, LLC Major Oil Release 1/17/19 Crude Oil 66 35 31 BBL Corrosion Eddy (15) No No
nAB1903257266 Spur Energy Partners LLC Minor Oil Release 1/17/19 Crude Oil 7 6 1 BBL Equipment Failure Eddy (15) No No
nAB1912860106 MARK L SHIDLER INC Major Oil Release 1/17/19 Crude Oil 30 17 13 BBL Equipment Failure Lea (25) No No
nAB1903256343 COG OPERATING LLC Minor Produced Water Release 1/17/19 Crude Oil 5 4 1 BBL Corrosion Eddy (15) No No
nAB1912635236 MAVERICK OPERATING, LLC Major Oil Release 1/17/19 Crude Oil 66 35 31 BBL Corrosion Eddy (15) No No
nAB1903737518 OXY USA INC Minor Produced Water Release 1/17/19 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nAB1903256343 COG OPERATING LLC Minor Produced Water Release 1/17/19 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nAB1913032899 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/16/19 Produced Water 11 8 3 BBL Other Lea (25) No No
nDHR1910738928 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/16/19 Crude Oil 290 290 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1902551172 XTO ENERGY, INC Minor Produced Water Release 1/16/19 Produced Water 5 4 1 BBL Human Error Eddy (15) No No
nVF1904252204 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/16/19 Crude Oil 290 290 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1902552365 XTO ENERGY, INC Major Produced Water Release 1/16/19 Produced Water 436 425 11 BBL Equipment Failure Eddy (15) No No
nCH1903656501 OWL SWD OPERATING, LLC Major Produced Water Release 1/15/19 Produced Water 30 15 15 BBL Equipment Failure Lea (25) No No
nAB1902539450 XTO ENERGY, INC Minor Produced Water Release 1/15/19 Produced Water 5 4 1 BBL Human Error Eddy (15) No No
nCS1901728239 MARALEX RESOURCES INC Major Oil Release 1/15/19 Crude Oil 60 0 60 BBL Other San Juan (45) No No
nCS1901627746 HILCORP ENERGY COMPANY Major Oil Release 1/15/19 Condensate 155 0 155 BBL Corrosion Rio Arriba (39) No No
nCS1901626708 CROSS TIMBERS ENERGY, LLC Major Oil Release 1/15/19 Condensate 185 0 185 BBL Other Rio Arriba (39) No No
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nCH1903646164 ETC Texas Pipeline, Ltd. Minor Natural Gas Release 1/15/19 Condensate 7 0 7 BBL Corrosion Lea (25) No No
nAB1906653179 OXY USA INC Major Produced Water Release 1/14/19 Produced Water 110 105 5 BBL Fire Eddy (15) No No
nCS1903152646 HILCORP ENERGY COMPANY Minor Produced Water Release 1/14/19 Produced Water 12 0 12 BBL Corrosion San Juan (45) No No
nAB1911436921 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 1/13/19 Produced Water 17 0 17 BBL Equipment Failure Lea (25) No No
nCH1903558400 CIMAREX ENERGY CO. Major Produced Water Release 1/13/19 Produced Water 70 69 1 BBL Equipment Failure Lea (25) No No
nCH1903939966 GOODNIGHT MIDSTREAM PERMIAN, LLC Minor Produced Water Release 1/13/19 Produced Water 17 0 17 BBL Equipment Failure Lea (25) No No
nCH1903556990 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 1/13/19 Produced Water 850 849 1 BBL Human Error Lea (25) No No
nCS1901155075 HILCORP ENERGY COMPANY Major Oil Release 1/11/19 Condensate 48 0 48 BBL Freeze Rio Arriba (39) No No
nCS1901155075 HILCORP ENERGY COMPANY Major Oil Release 1/11/19 Produced Water 12 0 12 BBL Freeze Rio Arriba (39) No No
nAB1902541117 CHEVRON U S A INC Minor Release Other 1/10/19 Other (Specify) 16 16 0 BBL Equipment Failure Eddy (15) No No
nCS1904355294 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 1/10/19 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nAB1904557511 OXY USA INC Major Produced Water Release 1/10/19 Crude Oil 10 6 4 BBL Human Error Eddy (15) No No
nAB1902953547 COG OPERATING LLC Minor Produced Water Release 1/10/19 Produced Water 13 12 1 BBL Equipment Failure Eddy (15) No No
nVF1904250458 ENTERPRISE FIELD SERVICES L.L.C. Minor Natural Gas Release 1/10/19 Condensate 5 0 5 BBL Equipment Failure San Juan (45) No No
nAB1903040759 COG OPERATING LLC Minor Produced Water Release 1/10/19 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nAB1904557511 OXY USA INC Major Produced Water Release 1/10/19 Produced Water 60 0 60 BBL Human Error Eddy (15) No No
nAB1902458364 XTO ENERGY, INC Minor Produced Water Release 1/9/19 Crude Oil 6 4 2 BBL Equipment Failure Eddy (15) No No
nAB1902458364 XTO ENERGY, INC Minor Produced Water Release 1/9/19 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nCS1903153382 ENTERPRISE FIELD SERVICES L.L.C. Oil Release 1/9/19 Natural Gas Liquids 2 0 2 BBL Corrosion Rio Arriba (39) No No
nAB1903245326 OXY USA INC Major Oil Release 1/8/19 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nDHR1913358110 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/8/19 Produced Water 424 400 24 BBL Equipment Failure Lea (25) No No
nCH1903548008 BTA OIL PRODUCERS, LLC Major Fire 1/8/19 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1902335282 FRONTIER FIELD SERVICES, LLC Minor Release Other 1/8/19 Condensate 7 0 7 BBL Corrosion Eddy (15) No No
nAB1911933224 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/7/19 Produced Water 23 20 3 BBL Human Error Eddy (15) No No
nDHR1913352202 RAYBAW Operating, LLC Major Produced Water Release 1/7/19 Produced Water 8 7 1 BBL Fire Lea (25) No No
nCH1903648978 XTO ENERGY, INC Major Produced Water Release 1/7/19 Produced Water 332 300 32 BBL Human Error Lea (25) No No
nAB1902442612 HOLLY TRANSPORTATION, LLC Major Oil Release 1/7/19 Crude Oil 275 0 275 BBL Human Error Eddy (15) No No
nAB1902352677 MATADOR PRODUCTION COMPANY Minor Produced Water Release 1/7/19 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1902538014 COG OPERATING LLC Major Produced Water Release 1/7/19 Produced Water 30 25 5 BBL Human Error Eddy (15) No No
nAB1902455642 XTO ENERGY, INC Major Produced Water Release 1/6/19 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nAB1901756010 COG OPERATING LLC Major Produced Water Release 1/5/19 Crude Oil 2 1 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1902338957 XTO ENERGY, INC Minor Oil Release 1/5/19 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nCH1903552558 PLAINS PIPELINE, LP Minor Oil Release 1/5/19 Crude Oil 5 3 2 BBL Equipment Failure Lea (25) No No
nAB1901756010 COG OPERATING LLC Major Produced Water Release 1/5/19 Produced Water 220 218 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1902341675 XTO ENERGY, INC Major Produced Water Release 1/4/19 Produced Water 30 29 1 BBL Equipment Failure Eddy (15) No No
nCH1903643010 XTO ENERGY, INC Minor Produced Water Release 1/4/19 Produced Water 6 5 1 BBL Human Error Lea (25) No No
nAB1902341675 XTO ENERGY, INC Major Produced Water Release 1/4/19 Chemical (Specify) 3 3 0 BBL Equipment Failure Eddy (15) No No
nAB1918455038 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/3/19 Crude Oil 3 2 1 BBL Other Lea (25) No No
nAB1902354564 XTO ENERGY, INC Major Oil Release 1/3/19 Crude Oil 30 0 30 BBL Equipment Failure Eddy (15) No No
nAB1918455038 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/3/19 Produced Water 65 4 61 BBL Other Lea (25) No No
nCH1903630061 COG OPERATING LLC Minor Oil Release 1/2/19 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1904257393 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/2/19 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nAB1901757193 XTO ENERGY, INC Major Oil Release 1/2/19 Crude Oil 55 55 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1911936996 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/2/19 Crude Oil 20 15 5 BBL Equipment Failure Eddy (15) No No
nAB1911936996 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/2/19 Produced Water 17 10 7 BBL Equipment Failure Eddy (15) No No
nCH1903651025 MEWBOURNE OIL CO Major Produced Water Release 1/1/19 Produced Water 61 0 61 BBL Other Lea (25) No No
nAB1901744628 COG OPERATING LLC Major Produced Water Release 1/1/19 Produced Water 65 64 1 BBL Equipment Failure Eddy (15) No No
nAB1901752217 XTO ENERGY, INC Major Other 1/1/19 Unknown 0 0 0 BBL Fire Eddy (15) No No
nCS1901528176 ENDURING RESOURCES, LLC Minor Oil Release 12/31/18 Crude Oil 18 0 18 BBL Equipment Failure Sandoval (43) No No
nVF1903133324 AGUA MOSS, LLC Minor Produced Water Release 12/31/18 Produced Water 20 0 20 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1901459750 OXY USA INC Major Oil Release 12/30/18 Crude Oil 75 0 75 BBL Equipment Failure Eddy (15) No No
nCH1903555607 MULLOY OPERATING, INC. Minor Oil Release 12/30/18 Crude Oil 9 8 1 BBL Human Error Lea (25) No No
nAB1901459750 OXY USA INC Major Oil Release 12/30/18 Produced Water 75 0 75 BBL Equipment Failure Eddy (15) No No
nCH1903546669 COG OPERATING LLC Minor Oil Release 12/29/18 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1901458964 OXY USA INC Minor Oil Release 12/29/18 Crude Oil 20 17 3 BBL Human Error Eddy (15) No No
nAB1901655746 COG OPERATING LLC Minor Oil Release 12/29/18 Crude Oil 8 7 1 BBL Equipment Failure Eddy (15) No No
nCH1903533348 MARATHON OIL PERMIAN LLC Major Produced Water Release 12/29/18 Produced Water 72 30 42 BBL Equipment Failure Lea (25) No No
nCH1903550822 BTA OIL PRODUCERS, LLC Minor Oil Release 12/28/18 Crude Oil 15 14 1 BBL Equipment Failure Lea (25) No No
nCH1903541789 EOG RESOURCES INC Major Produced Water Release 12/28/18 Produced Water 75 65 10 BBL Equipment Failure Lea (25) No No
nCH1903536308 Avant Operating, LLC Produced Water Release 12/28/18 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nDHR1912642547 XTO ENERGY, INC Minor Oil Release 12/28/18 Crude Oil 7 3 4 BBL Equipment Failure Lea (25) No No
nCH1903545128 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 12/27/18 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nCH1903545128 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 12/27/18 Produced Water 8 7 1 BBL Equipment Failure Lea (25) No No
nAB1903157889 OXY USA INC Minor Oil Release 12/26/18 Crude Oil 7 0 7 BBL Human Error Eddy (15) No No
nCS1900850599 ENDURING RESOURCES, LLC Minor Produced Water Release 12/26/18 Produced Water 16 0 16 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nAB1901654690 XTO ENERGY, INC Major Produced Water Release 12/25/18 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAB1901652206 XTO ENERGY, INC Major Oil Release 12/25/18 Crude Oil 50 49 1 BBL Equipment Failure Eddy (15) No No
nAB1901654690 XTO ENERGY, INC Major Produced Water Release 12/25/18 Produced Water 59 0 59 BBL Equipment Failure Eddy (15) No No
nAB1903733353 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 12/25/18 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAB1903733353 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 12/25/18 Produced Water 12 2 10 BBL Corrosion Eddy (15) No No
nAB1901731305 MEWBOURNE OIL CO Major Oil Release 12/24/18 Crude Oil 120 90 30 BBL Corrosion Eddy (15) No No
nCH1903539236 ETC Texas Pipeline, Ltd. Major Other 12/24/18 Condensate 95 95 0 BBL Corrosion Lea (25) No No
nCH1903543329 COG OPERATING LLC Minor Oil Release 12/23/18 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nCH1903543329 COG OPERATING LLC Minor Oil Release 12/23/18 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1900951790 XTO ENERGY, INC Minor Produced Water Release 12/22/18 Produced Water 24 0 24 BBL Corrosion Eddy (15) No No
nCH1903363086 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 12/22/18 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nDHR1913647054 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 12/22/18 Other (Specify) 500 0 500 GAL Fire Lea (25) No No
nAB1900954066 COG OPERATING LLC Minor Produced Water Release 12/22/18 Produced Water 19 0 19 BBL Equipment Failure Eddy (15) No No
nDHR1914456327 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 12/22/18 Chemical (Specify) 500 0 500 GAL Fire Lea (25) No No
nCH1903363086 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 12/22/18 Produced Water 595 594 1 BBL Equipment Failure Lea (25) No No
nCH1903537449 COG OPERATING LLC Major Produced Water Release 12/21/18 Produced Water 13 12 1 BBL Fire Lea (25) No No
nAB1900945074 COG OPERATING LLC Major Produced Water Release 12/21/18 Crude Oil 18 17 1 BBL Equipment Failure Eddy (15) No No
nCH1903537449 COG OPERATING LLC Major Produced Water Release 12/21/18 Crude Oil 1 1 0 BBL Fire Lea (25) No No
nAB1900945074 COG OPERATING LLC Major Produced Water Release 12/21/18 Produced Water 45 44 1 BBL Equipment Failure Eddy (15) No No
nAB1900950198 COG OPERATING LLC Minor Oil Release 12/21/18 Crude Oil 20 0 20 BBL Corrosion Eddy (15) No No
nCH1903640405 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 12/20/18 Crude Oil 11 5 6 BBL Human Error Lea (25) No No
nCH1903640405 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 12/20/18 Produced Water 50 30 20 BBL Human Error Lea (25) No No
nAB1901827794 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/19/18 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nAB1901827794 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/19/18 Produced Water 64 64 0 BBL Equipment Failure Eddy (15) No No
nCH1903638862 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/18/18 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nCH1903638862 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/18/18 Produced Water 4 3 1 BBL Equipment Failure Lea (25) No No
nVF1836050592 HILCORP ENERGY COMPANY Major Release Other 12/17/18 Condensate 97 0 97 BBL Corrosion San Juan (45) No No
nAB1836256582 COG OPERATING LLC Minor Oil Release 12/16/18 Crude Oil 15 14 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1903150945 OXY USA INC Minor Produced Water Release 12/15/18 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nCH1903361737 Contango Resources, Inc. Minor Produced Water Release 12/14/18 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
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nCH1903358776 JAY MANAGEMENT COMPANY, LLC Minor Release Other 12/14/18 Other (Specify) 20 11 9 BBL Human Error Lea (25) No No
nCH1903264560 BTA OIL PRODUCERS, LLC Major Produced Water Release 12/14/18 Produced Water 544 544 0 BBL Equipment Failure Lea (25) No No
nVF1900731813 Harvest Four Corners, LLC Minor Release Other 12/14/18 Condensate 22 22 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCH1903361737 Contango Resources, Inc. Minor Produced Water Release 12/14/18 Produced Water 19 19 0 BBL Equipment Failure Lea (25) No No
nAB1901441004 MATADOR PRODUCTION COMPANY Major Oil Release 12/14/18 Crude Oil 33 25 8 BBL Equipment Failure Eddy (15) No No
nAB1836137253 XTO ENERGY, INC Major Produced Water Release 12/14/18 Produced Water 305 0 305 BBL Vandalism Eddy (15) No No
nAB1836140880 XTO ENERGY, INC Major Oil Release 12/14/18 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nCH1903264560 BTA OIL PRODUCERS, LLC Major Produced Water Release 12/14/18 Crude Oil 6 6 0 BBL Equipment Failure Lea (25) No No
nVF1836035634 SIMCOE LLC Minor Release Other 12/13/18 Condensate 7 0 7 BBL Equipment Failure San Juan (45) No No
nAB1906537471 XTO ENERGY, INC Oil Release 12/13/18 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1907833391 COG OPERATING LLC Oil Release 12/12/18 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nVF1900853946 ENTERPRISE FIELD SERVICES L.L.C. Minor Release Other 12/12/18 Condensate 7 0 7 BBL Corrosion San Juan (45) No No
nAB1900758424 Extex Operating Company Major Produced Water Release 12/12/18 Crude Oil 6 4 2 BBL Corrosion Eddy (15) No No
nCH1903364312 Spur Energy Partners LLC Minor Oil Release 12/12/18 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nCH1903257528 Extex Operating Company Major Produced Water Release 12/12/18 Crude Oil 6 4 2 BBL Equipment Failure Eddy (15) No No
nAB1900758424 Extex Operating Company Major Produced Water Release 12/12/18 Produced Water 24 16 8 BBL Corrosion Eddy (15) No No
nCH1903364312 Spur Energy Partners LLC Minor Oil Release 12/12/18 Produced Water 4 4 0 BBL Equipment Failure Lea (25) No No
nCH1903257528 Extex Operating Company Major Produced Water Release 12/12/18 Produced Water 24 16 8 BBL Equipment Failure Eddy (15) No No
nCH1903857581 RIDGEWAY ARIZONA OIL CORP. Minor Produced Water Release 12/11/18 Produced Water 8 5 3 BBL Corrosion Roosevelt (41) No No
nAB1903143107 OXY USA INC Minor Produced Water Release 12/11/18 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nVF1900749627 DJR OPERATING, LLC Minor Release Other 12/11/18 Other (Specify) 7 0 7 BBL Other San Juan (45) No No
nAB1903142535 OXY USA INC Minor Produced Water Release 12/11/18 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nVF1836228041 ENTERPRISE FIELD SERVICES L.L.C. Other 12/11/18 Natural Gas Liquids 0 0 0 BBL Equipment Failure San Juan (45) No No
nCH1903360398 Contango Resources, Inc. Minor Produced Water Release 12/11/18 Crude Oil 1 0 1 BBL Freeze Lea (25) No No
nVF1836228602 ENTERPRISE FIELD SERVICES L.L.C. Release Other 12/11/18 Natural Gas Liquids 0 0 0 BBL Equipment Failure San Juan (45) No No
nRM2030743512 DKS Transport LLC Minor Oil Release 12/11/18 Crude Oil 12 6 6 BBL Human Error Eddy (15) No No
nCH1903360398 Contango Resources, Inc. Minor Produced Water Release 12/11/18 Produced Water 22 20 2 BBL Freeze Lea (25) No No
nAB1914933694 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/10/18 Crude Oil 3 3 0 BBL Equipment Failure Lea (25) No No
nAB1914933694 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/10/18 Produced Water 70 70 0 BBL Equipment Failure Lea (25) No No
nVF1901741056 HILCORP ENERGY COMPANY Minor Release Other 12/10/18 Condensate 20 0 20 BBL Equipment Failure San Juan (45) No No
nCH1903240708 Maverick Permian LLC Major Produced Water Release 12/10/18 Produced Water 45 25 20 BBL Equipment Failure Lea (25) No No
nCH1903357465 APACHE CORPORATION Major Produced Water Release 12/9/18 Produced Water 533 360 173 BBL Equipment Failure Lea (25) No No
nAB1836255128 XTO ENERGY, INC Major Oil Release 12/9/18 Crude Oil 40 39 1 BBL Equipment Failure Eddy (15) No No
nAB1918631481 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 12/9/18 Produced Water 229 220 9 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1836130754 COG OPERATING LLC Major Produced Water Release 12/8/18 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nCH1903355030 MATADOR PRODUCTION COMPANY Minor Produced Water Release 12/8/18 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAB1836130754 COG OPERATING LLC Major Produced Water Release 12/8/18 Produced Water 30 28 2 BBL Equipment Failure Eddy (15) No No
nCH1903349971 MARATHON OIL PERMIAN LLC Major Oil Release 12/8/18 Crude Oil 55 55 0 BBL Equipment Failure Lea (25) No No
nAB1911252641 XTO ENERGY, INC Major Produced Water Release 12/8/18 Crude Oil 55 55 0 BBL Equipment Failure Eddy (15) No No
nAB1911252641 XTO ENERGY, INC Major Produced Water Release 12/8/18 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nAB1835134267 CHEVRON U S A INC Major Release Other 12/7/18 Other (Specify) 49 49 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCH1903263128 BTA OIL PRODUCERS, LLC Minor Produced Water Release 12/7/18 Produced Water 6 1 5 BBL Equipment Failure Lea (25) No No
nAB1835232380 PERCUSSION PETROLEUM OPERATING, LLC Major Oil Release 12/7/18 Produced Water 325 250 75 BBL Equipment Failure Eddy (15) No No
nAB1836043541 COG OPERATING LLC Major Produced Water Release 12/7/18 Crude Oil 10 6 4 BBL Corrosion Eddy (15) No No
nAB1835232380 PERCUSSION PETROLEUM OPERATING, LLC Major Oil Release 12/7/18 Crude Oil 50 45 5 BBL Equipment Failure Eddy (15) No No
nAB1836043541 COG OPERATING LLC Major Produced Water Release 12/7/18 Produced Water 54 53 1 BBL Corrosion Eddy (15) No No
nAB1835458775 COG OPERATING LLC Minor Oil Release 12/6/18 Crude Oil 16 15 1 BBL Corrosion Eddy (15) No No
nCH1903352778 MULLOY OPERATING, INC. Minor Oil Release 12/6/18 Crude Oil 13 3 10 BBL Equipment Failure Lea (25) No No
nAB1835435334 COG PRODUCTION, LLC Major Produced Water Release 12/5/18 Produced Water 65 64 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCH1902835814 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 12/5/18 Produced Water 90 60 30 BBL Equipment Failure Lea (25) No No
nAB1835453016 COG OPERATING LLC Major Produced Water Release 12/5/18 Crude Oil 25 24 1 BBL Equipment Failure Eddy (15) No No
nAB1903140169 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/5/18 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1835453016 COG OPERATING LLC Major Produced Water Release 12/5/18 Produced Water 30 29 1 BBL Equipment Failure Eddy (15) No No
nCH1903249514 Avant Operating, LLC Minor Oil Release 12/5/18 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nAB1835836675 MARATHON OIL PERMIAN LLC Minor Oil Release 12/4/18 Crude Oil 6 0 6 BBL Equipment Failure Chaves (05) No No
nAB1909829288 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/4/18 Crude Oil 30 6 24 BBL Equipment Failure Eddy (15) No No
nAB1835433825 COG OPERATING LLC Minor Produced Water Release 12/4/18 Produced Water 20 0 20 BBL Other Eddy (15) No No
nAB1909829288 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/4/18 Produced Water 69 6 63 BBL Equipment Failure Eddy (15) No No
nAB1834651412 PERCUSSION PETROLEUM OPERATING, LLC Major Oil Release 12/3/18 Crude Oil 100 70 30 BBL Equipment Failure Eddy (15) No No
nAB1835128740 COG OPERATING LLC Major Oil Release 12/3/18 Crude Oil 35 30 5 BBL Equipment Failure Eddy (15) No No
nAB1918457124 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 12/3/18 Produced Water 42 42 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1900849847 HALLADOR PETROLEUM LLP Release Other 12/3/18 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1901644767 OXY USA INC Minor Oil Release 12/3/18 Crude Oil 22 20 2 BBL Equipment Failure Eddy (15) No No
nAB1901157134 OXY USA INC Minor Produced Water Release 12/2/18 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nCH1836251271 BTA OIL PRODUCERS, LLC Major Oil Release 12/2/18 Crude Oil 350 200 150 BBL Equipment Failure Lea (25) No No
nCH1836251271 BTA OIL PRODUCERS, LLC Major Oil Release 12/2/18 Produced Water 35 20 15 BBL Equipment Failure Lea (25) No No
nCH1836256201 CONOCOPHILLIPS COMPANY Minor Release Other 12/1/18 Crude Oil 5 2 3 BBL Equipment Failure Lea (25) No No
nAB1900435050 MACK ENERGY CORP Minor Produced Water Release 12/1/18 Crude Oil 2 2 0 BBL Other Eddy (15) No No
nAB1900435050 MACK ENERGY CORP Minor Produced Water Release 12/1/18 Produced Water 6 5 1 BBL Other Eddy (15) No No
nCH1836256201 CONOCOPHILLIPS COMPANY Minor Release Other 12/1/18 Produced Water 13 2 11 BBL Equipment Failure Lea (25) No No
nAB1909857043 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/30/18 Crude Oil 8 0 8 BBL Equipment Failure Lea (25) No No
nAB1836157608 IACX Production LLC Minor Produced Water Release 11/30/18 Crude Oil 2 1 1 BBL Equipment Failure Chaves (05) No No
nCH1903254965 ETC Texas Pipeline, Ltd. Major Produced Water Release 11/30/18 Produced Water 121 100 21 BBL Corrosion Lea (25) No No
nAB1900451270 MARATHON OIL PERMIAN LLC Major Other 11/30/18 Unknown 0 0 0 BBL Other Eddy (15) No No
nAB1836157608 IACX Production LLC Minor Produced Water Release 11/30/18 Produced Water 5 2 3 BBL Equipment Failure Chaves (05) No No
nVF1836031460 ENTERPRISE FIELD SERVICES L.L.C. Minor Release Other 11/29/18 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nCH1902838556 Spur Energy Partners LLC Major Produced Water Release 11/29/18 Produced Water 100 20 80 BBL Equipment Failure Lea (25) No No
nAB1901650213 OXY USA INC Major Oil Release 11/27/18 Crude Oil 240 239 1 BBL Equipment Failure Eddy (15) No No
nAB1903735236 OXY USA INC Major Oil Release 11/27/18 Crude Oil 240 239 1 BBL Equipment Failure Eddy (15) No No
nAB1901038306 XTO ENERGY, INC Major Produced Water Release 11/27/18 Crude Oil 2022 0 2022 BBL Other Eddy (15) No No
nAB1901057784 OXY USA INC Major Oil Release 11/27/18 Crude Oil 240 239 1 BBL Equipment Failure Eddy (15) No No
nAB1901038306 XTO ENERGY, INC Major Produced Water Release 11/27/18 Produced Water 6066 0 6066 BBL Other Eddy (15) No No
nAB1834851697 MATADOR PRODUCTION COMPANY Minor Produced Water Release 11/26/18 Produced Water 6 0 6 BBL Vandalism Eddy (15) No No
nAB1911942690 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/26/18 Produced Water 10 3 7 BBL Equipment Failure Eddy (15) No No
nCH1836234042 V-F PETROLEUM INC Major Produced Water Release 11/25/18 Produced Water 0 0 0 BBL Vandalism Lea (25) No No
nCH1835540209 BTA OIL PRODUCERS, LLC Major Oil Release 11/25/18 Crude Oil 25 0 25 BBL Human Error Lea (25) No No
nCH1835547953 BTA OIL PRODUCERS, LLC Major Produced Water Release 11/24/18 Sulphuric Acid 20 5 15 BBL Equipment Failure Lea (25) No No
nCH1903261125 JAY MANAGEMENT COMPANY, LLC Minor Produced Water Release 11/24/18 Produced Water 15 5 10 BBL Equipment Failure Lea (25) No No
nCH1836352690 COG OPERATING LLC Minor Oil Release 11/24/18 Crude Oil 6 5 1 BBL Equipment Failure Lea (25) No No
nCH1835547953 BTA OIL PRODUCERS, LLC Major Produced Water Release 11/24/18 Condensate 10 5 5 BBL Equipment Failure Lea (25) No No
nCH1903261125 JAY MANAGEMENT COMPANY, LLC Minor Produced Water Release 11/24/18 Crude Oil 3 1 2 BBL Equipment Failure Lea (25) No No
nCH1836352690 COG OPERATING LLC Minor Oil Release 11/24/18 Produced Water 4 3 1 BBL Equipment Failure Lea (25) No No
nCH1836353684 ETC Texas Pipeline, Ltd. Minor Natural Gas Release 11/24/18 Condensate 0 0 0 BBL Human Error Lea (25) No No
nAB1834731727 MARATHON OIL PERMIAN LLC Major Produced Water Release 11/23/18 Produced Water 80 80 0 BBL Equipment Failure Eddy (15) No No
nAB1834856505 CHEVRON U S A INC Minor Produced Water Release 11/23/18 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
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nAB1834856505 CHEVRON U S A INC Minor Produced Water Release 11/23/18 Produced Water 13 12 1 BBL Corrosion Eddy (15) No No
nAB1834730382 ETC Texas Pipeline, Ltd. Major Produced Water Release 11/22/18 Produced Water 25 0 25 BBL Corrosion Eddy (15) No No
nAB1901039878 OXY USA INC Minor Produced Water Release 11/21/18 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nCS1909351682 HILCORP ENERGY COMPANY Other 11/21/18 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCH1836051792 Maverick Permian LLC Major Produced Water Release 11/21/18 Produced Water 177 130 47 BBL Equipment Failure Lea (25) No No
nAB1835359072 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/21/18 Produced Water 114 0 114 BBL Equipment Failure Eddy (15) No No
nAB1901039878 OXY USA INC Minor Produced Water Release 11/21/18 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nAB1912032237 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/20/18 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nAB1905758309 PHX Energy, LLC Major Produced Water Release 11/19/18 Produced Water 150 100 50 BBL Corrosion Eddy (15) No No
nAB1834557744 XTO ENERGY, INC Minor Oil Release 11/19/18 Crude Oil 18 18 0 BBL Equipment Failure Eddy (15) No No
nRM2007953992 Spur Energy Partners LLC Major Produced Water Release 11/19/18 Produced Water 30 27 3 BBL Human Error Eddy (15) No No
nVF1833333426 HILCORP ENERGY COMPANY Major Release Other 11/19/18 Condensate 119 80 39 BBL Corrosion San Juan (45) No No
nCS1833832851 SIMCOE LLC Major Produced Water Release 11/19/18 Produced Water 55 25 30 BBL Equipment Failure San Juan (45) No No
nAB1918455869 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/19/18 Produced Water 9 7 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1901857035 OXY USA INC Major Oil Release 11/18/18 Crude Oil 227 217 10 BBL Corrosion Eddy (15) No No
nAB1834736043 XTO ENERGY, INC Major Produced Water Release 11/18/18 Produced Water 170 170 0 BBL Corrosion Eddy (15) No No
nAB1834753277 COG OPERATING LLC Major Oil Release 11/18/18 Crude Oil 315 312 3 BBL Equipment Failure Eddy (15) No No
nAB1832750616 MARATHON OIL PERMIAN LLC Major Oil Release 11/18/18 Crude Oil 25 0 25 BBL Equipment Failure Eddy (15) No No
nAB1834529793 MARATHON OIL PERMIAN LLC Major Oil Release 11/18/18 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nCH1836147495 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/18/18 Produced Water 32 32 0 BBL Equipment Failure Lea (25) No No
nCH1836163926 Franklin Mountain Energy 3, LLC Minor Produced Water Release 11/17/18 Produced Water 11 5 6 BBL Corrosion Lea (25) No No
nCS1833331001 HILCORP ENERGY COMPANY Major Produced Water Release 11/16/18 Crude Oil 8 8 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1833939663 ENTERPRISE PRODUCTS OPERATING LLC Minor Oil Release 11/16/18 Natural Gas Liquids 15 0 15 BBL Corrosion San Juan (45) No No
nCH1835354607 Maverick Permian LLC Minor Release Other 11/16/18 Crude Oil 4 2 2 BBL Human Error Lea (25) No No
nCS1833331001 HILCORP ENERGY COMPANY Major Produced Water Release 11/16/18 Produced Water 10 2 8 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCH1835354607 Maverick Permian LLC Minor Release Other 11/16/18 Produced Water 6 0 6 BBL Human Error Lea (25) No No
nCH1836146384 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/15/18 Produced Water 14 3 11 BBL Equipment Failure Lea (25) No No
nJXK1613932012 GREAT WESTERN DRILLING CO Produced Water Release 11/15/18 Produced Water 0 0 0 BBL Lea (25) No No
nJXK1613933289 GREAT WESTERN DRILLING CO Produced Water Release 11/15/18 Produced Water 0 0 0 BBL Lea (25) No No
nJXK1613930931 GREAT WESTERN DRILLING CO Produced Water Release 11/15/18 Produced Water 0 0 0 BBL Lea (25) No No
nAB1832754183 COG OPERATING LLC Major Produced Water Release 11/15/18 Produced Water 30 0 30 BBL Other Eddy (15) No No
nJXK1613932012 GREAT WESTERN DRILLING CO Produced Water Release 11/15/18 Crude Oil 0 0 0 BBL Lea (25) No No
nJXK1613933289 GREAT WESTERN DRILLING CO Produced Water Release 11/15/18 Crude Oil 0 0 0 BBL Lea (25) No No
nCS1833149167 ENTERPRISE PRODUCTS OPERATING LLC Minor Oil Release 11/15/18 Condensate 5 0 5 BBL Equipment Failure San Juan (45) No No
nJXK1613930931 GREAT WESTERN DRILLING CO Produced Water Release 11/15/18 Crude Oil 0 0 0 BBL Lea (25) No No
nAB1901458187 OXY USA INC Minor Oil Release 11/14/18 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nCH1835350412 COG OPERATING LLC Minor Release Other 11/14/18 Crude Oil 3 3 0 BBL Equipment Failure Lea (25) No No
nVF1833048464 MERRION OIL & GAS CORP Minor Produced Water Release 11/14/18 Produced Water 22 0 22 BBL Equipment Failure San Juan (45) No No
nAB1900453128 SELECT AGUA LIBRE MIDSTREAM, LLC Major Oil Release 11/14/18 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nCH1835350412 COG OPERATING LLC Minor Release Other 11/14/18 Produced Water 8 7 1 BBL Equipment Failure Lea (25) No No
nAB1900756452 LEGACY RESERVES OPERATING, LP Major Oil Release 11/14/18 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAB1900739710 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/13/18 Produced Water 210 210 0 BBL Equipment Failure Eddy (15) No No
nAB1912031438 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/13/18 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nCH1834763224 BTA OIL PRODUCERS, LLC Major Oil Release 11/13/18 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nAB1904938358 Extex Operating Company Major Produced Water Release 11/13/18 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1834549736 Earthstone Operating, LLC Major Produced Water Release 11/13/18 Produced Water 120 0 120 BBL Equipment Failure Eddy (15) No No
nCH1835138161 XTO ENERGY, INC Minor Release Other 11/13/18 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1834454137 EOG Y RESOURCES, INC. Major Produced Water Release 11/13/18 Produced Water 190 120 70 BBL Equipment Failure Eddy (15) No No
nCH1835138161 XTO ENERGY, INC Minor Release Other 11/13/18 Produced Water 7 4 3 BBL Equipment Failure Lea (25) No No
nAB1904938358 Extex Operating Company Major Produced Water Release 11/13/18 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nCH1903859708 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 11/13/18 Condensate 20 0 20 BBL Equipment Failure Lea (25) No No
nCH1902549189 OXY USA INC Major Produced Water Release 11/12/18 Produced Water 120 110 10 BBL Equipment Failure Lea (25) No No
nCH1835433141 APACHE CORPORATION Major Produced Water Release 11/12/18 Produced Water 200 10 190 BBL Equipment Failure Lea (25) No No
nCH1835254557 Avant Operating, LLC Major Produced Water Release 11/12/18 Produced Water 2200 380 1820 BBL Equipment Failure Lea (25) No No
nAB1832752379 COG OPERATING LLC Produced Water Release 11/12/18 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAB1832752379 COG OPERATING LLC Produced Water Release 11/12/18 Produced Water 2 0 2 BBL Corrosion Eddy (15) No No
nCH1835251206 J R OIL, LTD. CO. Major Produced Water Release 11/12/18 Produced Water 30 25 5 BBL Equipment Failure Lea (25) No No
nAB1833955064 RAYBAW Operating, LLC Major Oil Release 11/11/18 Crude Oil 80 72 8 BBL Equipment Failure Eddy (15) No No
nAB1832458041 XTO ENERGY, INC Major Oil Release 11/11/18 Crude Oil 89 40 49 BBL Corrosion Eddy (15) No No
nAB1834548251 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Produced Water Release 11/10/18 Produced Water 26 23 3 BBL Blow Out Eddy (15) No No
nAB1900959144 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/10/18 Crude Oil 20 10 10 BBL Equipment Failure Eddy (15) No No
nAB1834548251 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Produced Water Release 11/10/18 Crude Oil 3 2 1 BBL Blow Out Eddy (15) No No
nAB1834044196 CHEVRON U S A INC Minor Release Other 11/9/18 Diesel 7 0 7 BBL Human Error Eddy (15) No No

nAB1831937668
HADAWAY CONSULTING AND ENGINEERING, 
LLC Release Other 11/8/18 Brine Water 0 0 0 BBL Equipment Failure Chaves (05) No No

nCH1903659124 OXY USA INC Minor Produced Water Release 11/8/18 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nCH1835338787 COG OPERATING LLC Major Oil Release 11/8/18 Crude Oil 75 74 1 BBL Equipment Failure Lea (25) No No
nCH1835456427 RAYBAW Operating, LLC Major Produced Water Release 11/7/18 Produced Water 100 0 100 BBL Human Error Lea (25) No No
nAB1833042496 MARATHON OIL PERMIAN LLC Oil Release 11/7/18 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1833044068 EOG Y RESOURCES, INC. Minor Produced Water Release 11/7/18 Produced Water 7 2 5 BBL Equipment Failure Eddy (15) No No
nCH1834758704 Maverick Permian LLC Minor Release Other 11/7/18 Crude Oil 5 3 2 BBL Equipment Failure Lea (25) No No
nCH1835528827 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 11/7/18 Crude Oil 25 25 0 BBL Equipment Failure Lea (25) No No
nCH1834758704 Maverick Permian LLC Minor Release Other 11/7/18 Produced Water 5 2 3 BBL Equipment Failure Lea (25) No No
nAB1831736353 APACHE CORPORATION Minor Produced Water Release 11/7/18 Produced Water 18 8 10 BBL Equipment Failure Eddy (15) No No
nCH1835528827 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 11/7/18 Produced Water 220 220 0 BBL Equipment Failure Lea (25) No No
nCH1835357590 MATADOR PRODUCTION COMPANY Minor Produced Water Release 11/6/18 Produced Water 13 10 3 BBL Human Error Lea (25) No No
nCH1835260295 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 11/5/18 Produced Water 26 25 1 BBL Equipment Failure Lea (25) No No
nCH1834660473 FASKEN OIL & RANCH LTD Minor Produced Water Release 11/5/18 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1900938845 LONGFELLOW ENERGY, LP Major Produced Water Release 11/5/18 Produced Water 480 480 0 BBL Lightning Eddy (15) No No
nAB1832755462 MARATHON OIL PERMIAN LLC Major Oil Release 11/5/18 Crude Oil 149 140 9 BBL Equipment Failure Eddy (15) No No
nAB1901036530 EL PASO NATURAL GAS CO Minor Oil Release 11/5/18 Lube Oil 300 0 300 GAL Equipment Failure Luna (29) No No
nCH1835257708 COG OPERATING LLC Minor Oil Release 11/5/18 Crude Oil 8 5 3 BBL Equipment Failure Lea (25) No No
nVF1831248591 HILCORP ENERGY COMPANY Major Produced Water Release 11/5/18 Produced Water 180 177 3 BBL Equipment Failure San Juan (45) No No
nCH1835257708 COG OPERATING LLC Minor Oil Release 11/5/18 Produced Water 2 1 1 BBL Equipment Failure Lea (25) No No
nAB1900956626 DEVON ENERGY PRODUCTION COMPANY, L.P. Minor Produced Water Release 11/5/18 Produced Water 12 0 12 BBL Corrosion Eddy (15) No No
nAB1835145746 MATADOR PRODUCTION COMPANY Minor Produced Water Release 11/4/18 Produced Water 15 0 15 BBL Other Eddy (15) No No
nCH1834663774 FASKEN OIL & RANCH LTD Major Produced Water Release 11/4/18 Produced Water 50 30 20 BBL Equipment Failure Lea (25) No No
nCH1834529236 TAP ROCK OPERATING, LLC Major Release Other 11/4/18 Produced Water 70 60 10 BBL Fire Lea (25) No No
nAB1832456131 Spur Energy Partners LLC Major Produced Water Release 11/3/18 Produced Water 250 249 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1834536769 EOG RESOURCES INC Major Produced Water Release 11/3/18 Produced Water 248 0 248 BBL Equipment Failure Eddy (15) No No
nDHR1913638361 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/2/18 Produced Water 17 0 17 BBL Equipment Failure Lea (25) No No
nDHR1913635865 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/2/18 Crude Oil 15 12 3 BBL Equipment Failure Lea (25) No No
nCS1831938444 ENDURING RESOURCES, LLC Minor Produced Water Release 11/2/18 Produced Water 20 0 20 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nAB1900944059 PERCUSSION PETROLEUM OPERATING, LLC Major Oil Release 11/2/18 Crude Oil 250 0 250 BBL Equipment Failure Eddy (15) No No
nAB1834553041 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 11/1/18 Crude Oil 30 25 5 BBL Equipment Failure Eddy (15) No No
nAB1832747678 OXY USA INC Minor Produced Water Release 10/31/18 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
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nAB1836158635 WPX Energy Permian, LLC Major Produced Water Release 10/31/18 Crude Oil 5 5 0 BBL Equipment Failure 0 No No
nAB1836158635 WPX Energy Permian, LLC Major Produced Water Release 10/31/18 Produced Water 615 605 10 BBL Equipment Failure 0 No No
nAB1902951984 WPX Energy Permian, LLC Minor Oil Release 10/30/18 Crude Oil 8 5 3 BBL Equipment Failure Eddy (15) No No
nAB1832536550 OXY USA INC Major Oil Release 10/30/18 Crude Oil 200 0 200 BBL Equipment Failure Eddy (15) No No
nVF1831841169 HILCORP ENERGY COMPANY Minor Produced Water Release 10/30/18 Produced Water 9 2 7 BBL Human Error San Juan (45) No No
nAB1900732571 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 10/29/18 Crude Oil 65 60 5 BBL Equipment Failure Eddy (15) No No
nAB1831734509 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 10/29/18 Produced Water 60 30 30 BBL Equipment Failure Eddy (15) No No
nAB1900732571 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 10/29/18 Produced Water 190 180 10 BBL Equipment Failure Eddy (15) No No
nAB1831734509 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 10/29/18 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nOY1831236288 Contango Resources, LLC Major Oil Release 10/29/18 Crude Oil 82 80 2 BBL Equipment Failure Lea (25) No No
nCH1835359008 OXY USA INC Major Produced Water Release 10/28/18 Produced Water 150 125 25 BBL Equipment Failure Lea (25) No No
nCH1834657063 Enterprise Field Services, LLC Major Release Other 10/28/18 Other (Specify) 300 0 300 BBL Human Error Lea (25) No No
nAB1912055185 3R Operating, LLC Major Produced Water Release 10/27/18 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1832445534 COG OPERATING LLC Minor Produced Water Release 10/27/18 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nAB1912053531 3R Operating, LLC Major Produced Water Release 10/27/18 Crude Oil 17 2 15 BBL Equipment Failure Eddy (15) No No
nAB1832354684 XTO ENERGY, INC Minor Produced Water Release 10/27/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1912055185 3R Operating, LLC Major Produced Water Release 10/27/18 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nAB1832445534 COG OPERATING LLC Minor Produced Water Release 10/27/18 Produced Water 8 7 1 BBL Equipment Failure Eddy (15) No No
nAB1912053531 3R Operating, LLC Major Produced Water Release 10/27/18 Produced Water 141 0 141 BBL Equipment Failure Eddy (15) No No
nAB1832354684 XTO ENERGY, INC Minor Produced Water Release 10/27/18 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nCH1831954977 ETC Texas Pipeline, Ltd. Major Release Other 10/26/18 Produced Water 28 0 28 BBL Equipment Failure Lea (25) No No
nCH1832058269 CHEVRON U S A INC Major Produced Water Release 10/26/18 Produced Water 155 130 25 BBL Corrosion Lea (25) No No
nCH1831954977 ETC Texas Pipeline, Ltd. Major Release Other 10/26/18 Condensate 3 0 3 BBL Equipment Failure Lea (25) No No
nAB1832358581 XTO ENERGY, INC Major Produced Water Release 10/26/18 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nAB1914258619 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/26/18 Produced Water 45 0 45 BBL Human Error Eddy (15) No No
nAB1832358581 XTO ENERGY, INC Major Produced Water Release 10/26/18 Produced Water 41 37 4 BBL Equipment Failure Eddy (15) No No
nVF1831835563 Harvest Four Corners, LLC Minor Release Other 10/25/18 Other (Specify) 12 2 10 BBL Human Error Rio Arriba (39) No No
nDHR1914832559 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 10/25/18 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nDHR1914832559 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 10/25/18 Crude Oil 32 32 0 GAL Equipment Failure Lea (25) No No
nCH1830572329 CIMAREX ENERGY CO. Minor Produced Water Release 10/24/18 Produced Water 20 5 15 BBL Corrosion Lea (25) No No
nAB1832749722 OXY USA INC Major Produced Water Release 10/24/18 Produced Water 40 30 10 BBL Equipment Failure Eddy (15) No No
nVF1831937257 HILCORP ENERGY COMPANY Minor Produced Water Release 10/24/18 Produced Water 15 0 15 BBL Equipment Failure San Juan (45) No No
nOY1830935907 CONOCOPHILLIPS COMPANY Major Oil Release 10/24/18 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nOY1830935907 CONOCOPHILLIPS COMPANY Major Oil Release 10/24/18 Produced Water 117 16 101 BBL Equipment Failure Lea (25) No No
nAB1832748518 Permian Resources Operating, LLC Minor Produced Water Release 10/23/18 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1831239751 COG OPERATING LLC Major Oil Release 10/23/18 Crude Oil 40 36 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1831160155 BTA OIL PRODUCERS, LLC Major Oil Release 10/23/18 Crude Oil 15 8 7 BBL Human Error Lea (25) No No
nOY1830928183 APACHE CORPORATION Minor Oil Release 10/23/18 Crude Oil 15 10 5 BBL Equipment Failure Lea (25) No No
nAB1831237980 COG OPERATING LLC Major Produced Water Release 10/23/18 Produced Water 132 130 2 BBL Human Error Eddy (15) No No
nAB1831230353 COG OPERATING LLC Minor Release Other 10/23/18 Crude Oil 4 4 0 BBL Corrosion Eddy (15) No No
nOY1831160155 BTA OIL PRODUCERS, LLC Major Oil Release 10/23/18 Produced Water 60 50 10 BBL Equipment Failure Lea (25) No No
nOY1830928183 APACHE CORPORATION Minor Oil Release 10/23/18 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nAB1832748518 Permian Resources Operating, LLC Minor Produced Water Release 10/23/18 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1831230353 COG OPERATING LLC Minor Release Other 10/23/18 Produced Water 10 6 4 BBL Corrosion Eddy (15) No No
nOY1830938217 COG OPERATING LLC Minor Oil Release 10/22/18 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nOY1830938217 COG OPERATING LLC Minor Oil Release 10/22/18 Produced Water 3 2 1 BBL Equipment Failure Lea (25) No No
nAB1830954484 APACHE CORPORATION Major Oil Release 10/21/18 Crude Oil 121 120 1 BBL Equipment Failure Eddy (15) No No
nOY1831140454 Earthstone Operating, LLC Major Produced Water Release 10/21/18 Produced Water 30 10 20 BBL Human Error Lea (25) No No
nAB1830957030 COG OPERATING LLC Minor Produced Water Release 10/21/18 Produced Water 10 2 8 BBL Equipment Failure Eddy (15) No No
nAB1909832421 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 10/20/18 Produced Water 19 17 2 BBL Corrosion Eddy (15) No No
nDHR1913560513 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/20/18 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nAB1918442369 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/20/18 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nAB1831040549 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/20/18 Produced Water 0 40 0 BBL Vandalism Eddy (15) No No
nVF1831839225 ENTERPRISE FIELD SERVICES L.L.C. Minor Natural Gas Release 10/19/18 Condensate 7 0 7 BBL Equipment Failure San Juan (45) No No
nJYH2305951807 MARATHON OIL PERMIAN LLC Major Fire 10/18/18 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nOY1830941911 RAYBAW Operating, LLC Major Produced Water Release 10/18/18 Produced Water 232 0 232 BBL Equipment Failure Lea (25) No No
nOY1830932050 COG OPERATING LLC Minor Oil Release 10/18/18 Crude Oil 7 3 4 BBL Equipment Failure Lea (25) No No
nOY1830940011 MARATHON OIL PERMIAN LLC Major Fire 10/18/18 Crude Oil 1 0 1 GAL Fire Lea (25) No No
nMAP1830966107 XTO ENERGY, INC Major Produced Water Release 10/17/18 Produced Water 120 119 1 BBL Equipment Failure Eddy (15) No No
nOY1831238090 OXY USA INC Minor Oil Release 10/17/18 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nAB1903138297 OXY USA INC Major Oil Release 10/17/18 Crude Oil 60 50 10 BBL Equipment Failure Eddy (15) No No
nAB1831944630 OXY USA INC Minor Oil Release 10/17/18 Crude Oil 9 0 9 BBL Equipment Failure Eddy (15) No No
nOY1831238090 OXY USA INC Minor Oil Release 10/17/18 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1831958409 OXY USA INC Minor Oil Release 10/17/18 Crude Oil 9 0 9 BBL Equipment Failure Eddy (15) No No
nCH1830630434 ETC Texas Pipeline, Ltd. Major Blow Out 10/16/18 Other (Specify) 4759 0 4759 BBL Blow Out Lea (25) No No
nVF1830934126 HILCORP ENERGY COMPANY Minor Produced Water Release 10/16/18 Produced Water 15 15 0 BBL Equipment Failure San Juan (45) No No
nMAP1830767009 COG OPERATING LLC Minor Oil Release 10/16/18 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nMAP1830767009 COG OPERATING LLC Minor Oil Release 10/16/18 Produced Water 4 2 2 BBL Equipment Failure Eddy (15) No No
nMAP1830765843 XTO ENERGY, INC Major Produced Water Release 10/14/18 Produced Water 75 74 1 BBL Corrosion Eddy (15) No No
nMAP1829561319 Spur Energy Partners LLC Major Produced Water Release 10/13/18 Produced Water 200 56 144 BBL Equipment Failure Eddy (15) No No
nOY1829553198 Scorpion Oil & Gas, LLC Major Produced Water Release 10/12/18 Produced Water 35 32 3 BBL Equipment Failure Lea (25) No No
nOY1829049280 COG OPERATING LLC Major Oil Release 10/11/18 Crude Oil 15 14 1 BBL Equipment Failure Lea (25) No No
nVF1829627459 MERRION OIL & GAS CORP Major Oil Release 10/11/18 Crude Oil 85 0 85 BBL Equipment Failure San Juan (45) No No
nMAP1830762934 XTO ENERGY, INC Minor Oil Release 10/11/18 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nMAP1830762934 XTO ENERGY, INC Minor Oil Release 10/11/18 Produced Water 8 4 4 BBL Corrosion Eddy (15) No No
nOY1829049280 COG OPERATING LLC Major Oil Release 10/11/18 Produced Water 15 14 1 BBL Equipment Failure Lea (25) No No
nAB1911943617 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/10/18 Produced Water 15 12 3 BBL Equipment Failure Eddy (15) No No
nOY1828949839 CONOCOPHILLIPS COMPANY Minor Produced Water Release 10/10/18 Produced Water 13 0 13 BBL Other Lea (25) No No
nOY1829558271 EOG RESOURCES INC Major Produced Water Release 10/10/18 Produced Water 233 55 178 BBL Human Error Lea (25) No No
nAB1912030785 Permian Resources Operating, LLC Minor Oil Release 10/10/18 Crude Oil 23 20 3 BBL Corrosion Eddy (15) No No
nCH1830568497 FOUNDATION ENERGY MANAGEMENT, LLC Major Release Other 10/9/18 Other (Specify) 25 22 3 BBL Equipment Failure Lea (25) No No
nCS1828929406 ENCANA OIL & GAS (USA) INC. Major Other 10/9/18 Other (Specify) 60 4 56 BBL Vehicular Accident San Juan (45) No No
nMAP1828862538 COG PRODUCTION, LLC Major Produced Water Release 10/9/18 Produced Water 185 180 5 BBL Equipment Failure Eddy (15) No No
nOY1829044135 COG OPERATING LLC Major Produced Water Release 10/8/18 Produced Water 286 280 6 BBL Equipment Failure Lea (25) No No
nMAP1830759028 XTO ENERGY, INC Major Other 10/8/18 Drilling Mud/Fluid 414 214 200 BBL Human Error Eddy (15) No No
nCH1828542146 COG OPERATING LLC Major Release Other 10/8/18 Other (Specify) 40 38 2 BBL Equipment Failure Lea (25) No No
nAB1909938183 Roughhouse Operating, LLC Minor Produced Water Release 10/8/18 Crude Oil 5 3 2 BBL Other Eddy (15) No No
nAB1909938183 Roughhouse Operating, LLC Minor Produced Water Release 10/8/18 Produced Water 17 13 4 BBL Other Eddy (15) No No
nMAP1829837341 XTO ENERGY, INC Oil Release 10/5/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nMAP1828834586 COG OPERATING LLC Oil Release 10/5/18 Crude Oil 0 0 0 BBL Vandalism Eddy (15) No No
nMAP1829563750 OXY USA INC Major Oil Release 10/5/18 Crude Oil 0 0 0 BBL Human Error Eddy (15) No No
nMAP1828834586 COG OPERATING LLC Oil Release 10/5/18 Produced Water 0 0 0 BBL Vandalism Eddy (15) No No
nMAP1829837341 XTO ENERGY, INC Oil Release 10/5/18 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nMAP1829563750 OXY USA INC Major Oil Release 10/5/18 Produced Water 0 0 0 BBL Human Error Eddy (15) No No
nMAP1828469051 COG OPERATING LLC Major Produced Water Release 10/4/18 Produced Water 45 10 35 BBL Equipment Failure Lea (25) No No
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nMAP1829770394 XTO ENERGY, INC Minor Other 10/4/18 Other (Specify) 6 5 1 BBL Human Error Eddy (15) No No
nOY1829542961 BTA OIL PRODUCERS, LLC Major Oil Release 10/4/18 Crude Oil 5 0 5 BBL Fire Lea (25) No No
nMAP1829649787 XTO ENERGY, INC Major Oil Release 10/3/18 Crude Oil 25 25 0 BBL Human Error Eddy (15) No No
nMAP1831864367 XTO ENERGY, INC Minor Produced Water Release 10/3/18 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nOY1828934361 CONOCOPHILLIPS COMPANY Major Release Other 10/3/18 Drilling Mud/Fluid 60 0 60 BBL Human Error Lea (25) No No
nMAP1829649787 XTO ENERGY, INC Major Oil Release 10/3/18 Produced Water 35 35 0 BBL Human Error Eddy (15) No No
nMAP1829538517 XTO ENERGY, INC Major Oil Release 10/2/18 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nMAP1829538517 XTO ENERGY, INC Major Oil Release 10/2/18 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nCS1828940855 LOGOS RESOURCES, LLC Minor Produced Water Release 10/1/18 Produced Water 14 0 14 BBL Other Rio Arriba (39) No No
nOY1828944685 APACHE CORPORATION Major Produced Water Release 10/1/18 Produced Water 113 85 28 BBL Corrosion Lea (25) No No
nCH1828530607 CENTENNIAL RESOURCE PRODUCTION, LLC Major Produced Water Release 10/1/18 Produced Water 926 900 26 BBL Equipment Failure Lea (25) No No
nVF1828341427 Hilcorp San Juan L.P. Release Other 9/30/18 Motor Oil 3 0 3 GAL Equipment Failure San Juan (45) No No
nOY1828955692 DCP MIDSTREAM, LP Minor Release Other 9/30/18 Condensate 10 4 6 BBL Other Lea (25) No No
nVF1829149123 WILLIAMS FOUR CORNERS, LLC Natural Gas Release 9/30/18 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nCH1828533458 Contango Resources, Inc. Minor Produced Water Release 9/30/18 Produced Water 13 13 0 BBL Equipment Failure Lea (25) No No
nVF1831950965 HILCORP ENERGY COMPANY Release Other 9/30/18 Other (Specify) 3 0 3 GAL Human Error San Juan (45) No No
nCH1828540930 COG OPERATING LLC Minor Oil Release 9/29/18 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nOY1828940305 EOG RESOURCES INC Major Produced Water Release 9/29/18 Produced Water 258 75 183 BBL Equipment Failure Lea (25) No No
nMAP1828466301 COG OPERATING LLC Major Produced Water Release 9/28/18 Produced Water 52 20 32 BBL Equipment Failure Eddy (15) No No
nCS1828930229 DUGAN PRODUCTION CORP Major Produced Water Release 9/28/18 Produced Water 24 0 24 BBL Equipment Failure San Juan (45) Yes No
nMAP1828471400 COG OPERATING LLC Minor Oil Release 9/28/18 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nOY1827449098 PHILLIPS 66 COMPANY Major Oil Release 9/28/18 Crude Oil 220 0 220 BBL Other Lea (25) No No
nCS1828941804 DUGAN PRODUCTION CORP Minor Oil Release 9/27/18 Crude Oil 10 0 10 BBL Equipment Failure San Juan (45) No No
nAB1911250576 XTO ENERGY, INC Major Other 9/26/18 Other (Specify) 0 0 0 BBL Fire Eddy (15) No No
nCH1828539404 COG OPERATING LLC Major Other 9/26/18 Other (Specify) 4 1 3 BBL Equipment Failure Lea (25) No No
nVF1829629660 MERRION OIL & GAS CORP Major Produced Water Release 9/26/18 Produced Water 30 0 30 BBL Equipment Failure San Juan (45) No No
nMAP1828470405 XTO ENERGY, INC Minor Oil Release 9/26/18 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nMAP1828470405 XTO ENERGY, INC Minor Oil Release 9/26/18 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nMAP1828463427 WPX Energy Permian, LLC Minor Produced Water Release 9/25/18 Produced Water 8 5 3 BBL Corrosion Eddy (15) No No
nOY1827137381 SOUTHWEST ROYALTIES INC Major Produced Water Release 9/25/18 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nMAP1828465158 XTO ENERGY, INC Major Produced Water Release 9/25/18 Produced Water 281 276 5 BBL Equipment Failure Eddy (15) No No
nCH1828463241 PLAINS PIPELINE, LP Minor Oil Release 9/25/18 Crude Oil 20 15 5 BBL Human Error Lea (25) No No
nOY1827137381 SOUTHWEST ROYALTIES INC Major Produced Water Release 9/25/18 Produced Water 75 75 0 BBL Equipment Failure Lea (25) No No
nMAP1828465158 XTO ENERGY, INC Major Produced Water Release 9/25/18 Crude Oil 4 4 0 BBL Equipment Failure Eddy (15) No No
nMAP1831166285 XTO ENERGY, INC Major Produced Water Release 9/24/18 Produced Water 250 249 1 BBL Corrosion Eddy (15) No No
nMAP1829562807 OXY USA INC Major Produced Water Release 9/24/18 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nOY1827054957 COG OPERATING LLC Major Oil Release 9/24/18 Crude Oil 40 39 1 BBL Human Error Lea (25) No No
nAB1909834775 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/23/18 Produced Water 8 2 6 BBL Equipment Failure Eddy (15) No No
nCH1828535092 Empire New Mexico LLC Minor Other 9/22/18 Other (Specify) 18 10 8 BBL Corrosion Lea (25) No No
nVF1828338890 SIMCOE LLC Release Other 9/21/18 Condensate 3 0 3 BBL Equipment Failure San Juan (45) No No
nOY1827131341 PLAINS PIPELINE, LP Minor Oil Release 9/21/18 Crude Oil 6 0 6 BBL Corrosion Lea (25) No No
nOY1827052264 COG OPERATING LLC Major Oil Release 9/20/18 Crude Oil 45 44 1 BBL Human Error Lea (25) No No
nMAP1826967267 COG OPERATING LLC Minor Produced Water Release 9/20/18 Produced Water 14 12 2 BBL Equipment Failure Eddy (15) No No
nMAP1826967267 COG OPERATING LLC Minor Produced Water Release 9/20/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nOY1826757876 Avant Operating, LLC Major Oil Release 9/20/18 Crude Oil 80 0 80 BBL Equipment Failure Lea (25) No No
nOY1827050714 COG OPERATING LLC Major Oil Release 9/19/18 Crude Oil 35 33 2 BBL Equipment Failure Lea (25) No No
nCH1828465579 OXY USA INC Minor Produced Water Release 9/19/18 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nOY1827142978 APACHE CORPORATION Minor Oil Release 9/19/18 Crude Oil 5 3 2 BBL Equipment Failure Lea (25) No No
nOY1827057150 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/19/18 Produced Water 30 24 6 BBL Equipment Failure Lea (25) No No
nOY1827050714 COG OPERATING LLC Major Oil Release 9/19/18 Produced Water 30 28 2 BBL Equipment Failure Lea (25) No No
nMAP1828226742 MATADOR PRODUCTION COMPANY Major Produced Water Release 9/19/18 Produced Water 920 280 640 BBL Equipment Failure Eddy (15) No No
nCH1828467837 OXY USA INC Major Produced Water Release 9/19/18 Produced Water 822 170 652 BBL Lightning Lea (25) No No
nOY1827142978 APACHE CORPORATION Minor Oil Release 9/19/18 Produced Water 9 8 1 BBL Equipment Failure Lea (25) No No
nMAP1827453150 COG OPERATING LLC Minor Produced Water Release 9/19/18 Produced Water 15 10 5 BBL Human Error Eddy (15) No No
nMAP1827469186 XTO ENERGY, INC Major Produced Water Release 9/18/18 Produced Water 60 0 60 BBL Corrosion Eddy (15) No No
nMAP1829627500 OXY USA INC Major Produced Water Release 9/18/18 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nMAP1826960229 COG OPERATING LLC Minor Produced Water Release 9/18/18 Produced Water 15 13 2 BBL Equipment Failure Eddy (15) No No
nOY1826835919 BTA OIL PRODUCERS, LLC Minor Produced Water Release 9/18/18 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nVF1828255280 HUNTINGTON ENERGY, LLC Minor Release Other 9/17/18 Produced Water 6 0 6 BBL Equipment Failure Rio Arriba (39) No No
nMAP1826970471 WPX Energy Permian, LLC Minor Oil Release 9/17/18 Crude Oil 3 0 3 BBL Corrosion Eddy (15) No No
nAB1911934844 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/17/18 Produced Water 68 50 18 BBL Equipment Failure Eddy (15) No No
nOY1826848178 APACHE CORPORATION Produced Water Release 9/17/18 Produced Water 0 0 0 BBL Vandalism Lea (25) No No
nCS1827631854 WILLIAMS FOUR CORNERS Major Oil Release 9/17/18 Produced Water 0 0 0 BBL Corrosion San Juan (45) Yes No
nMAP1826970471 WPX Energy Permian, LLC Minor Oil Release 9/17/18 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nCS1828939730 HARVEST ENERGY COMPANY Minor Oil Release 9/17/18 Produced Water 5 0 5 BBL Corrosion Rio Arriba (39) No No
nCH1826433815 COG OPERATING LLC Major Oil Release 9/16/18 Crude Oil 54 5 49 BBL Human Error Lea (25) No No
nMAP1826165680 APACHE CORPORATION Major Oil Release 9/16/18 Crude Oil 26 15 11 BBL Equipment Failure Eddy (15) No No
nMAP1827464486 ROCKCLIFF OPERATING NEW MEXICO LLC Major Produced Water Release 9/16/18 Produced Water 0 0 0 BBL Human Error Eddy (15) No No
nMAP1826165680 APACHE CORPORATION Major Oil Release 9/16/18 Produced Water 52 35 17 BBL Equipment Failure Eddy (15) No No
nOY1827440597 COG OPERATING LLC Minor Produced Water Release 9/15/18 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nAB1831858193 CHEVRON U S A INC Major Produced Water Release 9/15/18 Produced Water 176 0 176 BBL Other Eddy (15) No No
nCS1828935731 ENTERPRISE FIELD SERVICES, LLC Minor Oil Release 9/14/18 Condensate 15 0 15 BBL Corrosion San Juan (45) No No
nCS1828935731 ENTERPRISE FIELD SERVICES, LLC Minor Oil Release 9/14/18 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nOY1826748976 MESQUITE SWD, INC Major Produced Water Release 9/13/18 Produced Water 200 0 200 BBL Other Lea (25) No No
nAB1911941733 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/13/18 Crude Oil 19 17 2 BBL Equipment Failure Eddy (15) No No
nCH1827850988 ONSHORE ROYALTIES, LLC Minor Oil Release 9/13/18 Crude Oil 23 15 8 BBL Equipment Failure Lea (25) No No
nOY1827453039 Empire New Mexico LLC Major Produced Water Release 9/13/18 Produced Water 865 660 205 BBL Equipment Failure Lea (25) No No
nMAP1826856458 HUDSON OIL COMPANY OF TEXAS Major Oil Release 9/12/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nMAP1828467764 EOG Y RESOURCES, INC. Minor Produced Water Release 9/12/18 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nCH1827457034 XTO ENERGY, INC Major Fire 9/12/18 Crude Oil 1 0 1 BBL Other Lea (25) No No
nMAP1826856458 HUDSON OIL COMPANY OF TEXAS Major Oil Release 9/12/18 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nMAP1827465907 LIME ROCK RESOURCES II-A, L.P. Major Produced Water Release 9/12/18 Crude Oil 10 6 4 BBL Equipment Failure Eddy (15) No No
nOY1829759181 KEVIN O BUTLER & ASSOC INC Oil Release 9/12/18 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nMAP1827465907 LIME ROCK RESOURCES II-A, L.P. Major Produced Water Release 9/12/18 Produced Water 190 154 36 BBL Equipment Failure Eddy (15) No No
nOY1829759181 KEVIN O BUTLER & ASSOC INC Oil Release 9/12/18 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1826826475 BTA OIL PRODUCERS, LLC Major Produced Water Release 9/11/18 Produced Water 60 30 30 BBL Corrosion Lea (25) No No
nMAP1826969177 Contango Resources, Inc. Major Oil Release 9/11/18 Crude Oil 28 0 28 BBL Other Eddy (15) No No
nCS1828855421 DJR OPERATING, LLC Major Oil Release 9/11/18 Crude Oil 10 6 4 BBL Corrosion San Juan (45) No No
nMAP1826855996 HUDSON OIL COMPANY OF TEXAS Oil Release 9/11/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nCS1828855421 DJR OPERATING, LLC Major Oil Release 9/11/18 Condensate 17 0 17 BBL Corrosion San Juan (45) No No
nMAP1826855996 HUDSON OIL COMPANY OF TEXAS Oil Release 9/11/18 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nMAP1826375984 APACHE CORPORATION Minor Produced Water Release 9/10/18 Produced Water 24 10 14 BBL Equipment Failure Eddy (15) No No
nMAP1826932726 XTO ENERGY, INC Major Oil Release 9/8/18 Crude Oil 194 180 14 BBL Equipment Failure Eddy (15) No No
nMAP1825639448 BREITBURN OPERATING LP Major Oil Release 9/8/18 Crude Oil 7 5 2 BBL Equipment Failure Eddy (15) No No
nVF1829050741 WESTERN REFINING PIPELINE, LLC Major Release Other 9/8/18 Crude Oil 925 821 104 BBL Equipment Failure McKinley (31) No No
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nMAP1826932726 XTO ENERGY, INC Major Oil Release 9/8/18 Produced Water 667 620 47 BBL Equipment Failure Eddy (15) No No
nMAP1825639448 BREITBURN OPERATING LP Major Oil Release 9/8/18 Produced Water 63 45 18 BBL Equipment Failure Eddy (15) No No
nMAP1825443431 COG OPERATING LLC Minor Oil Release 9/6/18 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nOY1825042840 COG PRODUCTION, LLC Major Produced Water Release 9/5/18 Produced Water 70 40 30 BBL Equipment Failure Lea (25) No No
nCS1828938721 ENTERPRISE FIELD SERVICES, LLC Major Oil Release 9/5/18 Condensate 3 0 3 BBL Equipment Failure San Juan (45) Yes No
nMAP1825433366 Silverback Operating II, LLC Major Produced Water Release 9/5/18 Produced Water 300 295 5 BBL Human Error Eddy (15) No No
nMAP1826378405 XTO ENERGY, INC Minor Produced Water Release 9/4/18 Produced Water 5 4 1 BBL Blow Out Eddy (15) No No
nOY1825057115 PHILLIPS 66 COMPANY Major Oil Release 9/4/18 Crude Oil 25 5 20 BBL Equipment Failure Lea (25) No No
nMAP1825431112 Spur Energy Partners LLC Minor Oil Release 9/4/18 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nVF1828256057 HUNTINGTON ENERGY, LLC Minor Release Other 9/4/18 Produced Water 5 0 5 BBL Equipment Failure Rio Arriba (39) No No
nMAP1826378405 XTO ENERGY, INC Minor Produced Water Release 9/4/18 Crude Oil 1 0 1 BBL Blow Out Eddy (15) No No
nAB1911927632 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/4/18 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nCS1826741395 ENDURING RESOURCES, LLC Produced Water Release 9/4/18 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1911927632 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/4/18 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nCH1826343790 Contango Resources, Inc. Major Fire 9/3/18 Produced Water 100 100 0 BBL Lightning Lea (25) No No
nCH1825442282 Franklin Mountain Energy 3, LLC Major Fire 9/3/18 Other (Specify) 35 30 5 BBL Lightning Lea (25) No No
nCH1826249228 OXY USA INC Major Produced Water Release 9/3/18 Produced Water 80 79 1 BBL Lightning Lea (25) No No
nOY1826745008 Earthstone Operating, LLC Major Fire 9/3/18 Produced Water 290 280 10 BBL Lightning Lea (25) No No
nCH1825355191 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/2/18 Produced Water 200 1 199 BBL Equipment Failure Lea (25) No No
nOY1826852450 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/2/18 Produced Water 450 450 0 BBL Lightning Lea (25) No No
nAB1918632678 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/2/18 Produced Water 450 450 0 BBL Lightning Lea (25) No No
nOY1826754554 Ameredev New Mexico, LLC Minor Oil Release 9/1/18 Crude Oil 20 0 20 BBL Human Error Lea (25) No No
nCH1826229752 MorningStar Operating LLC Major Produced Water Release 9/1/18 Produced Water 208 160 48 BBL Corrosion Lea (25) No No
nCH1827843022 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/31/18 Produced Water 144 144 0 BBL Equipment Failure Lea (25) No No
nCH1824355963 Spur Energy Partners LLC Minor Release Other 8/31/18 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nCH1827837754 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/31/18 Produced Water 450 450 0 BBL Human Error Lea (25) No No
nMAP1826042805 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 8/31/18 Produced Water 12 8 4 BBL Equipment Failure Eddy (15) No No
nCH1824355963 Spur Energy Partners LLC Minor Release Other 8/31/18 Crude Oil 2 0 0 BBL Equipment Failure Lea (25) No No
nCH1827829338 SOUTHWEST ROYALTIES INC Oil Release 8/31/18 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nMAP1825437296 COG OPERATING LLC Minor Produced Water Release 8/30/18 Produced Water 7 4 3 BBL Equipment Failure Eddy (15) No No
nMAP1826380135 OXY USA INC Major Oil Release 8/29/18 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nCH1824358314 COG OPERATING LLC Minor Release Other 8/29/18 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nMAP1826380135 OXY USA INC Major Oil Release 8/29/18 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nCH1824358314 COG OPERATING LLC Minor Release Other 8/29/18 Produced Water 10 9 1 BBL Equipment Failure Lea (25) No No
nOY1825038685 OXY USA INC Minor Oil Release 8/29/18 Crude Oil 6 4 2 BBL Human Error Lea (25) No No
nMAP1825553144 XTO ENERGY, INC Minor Other 8/28/18 Acid 20 19 1 BBL Equipment Failure Eddy (15) No No
nCH1824254451 CART HILL ENERGY, LLC Major Produced Water Release 8/28/18 Produced Water 140 120 20 BBL Equipment Failure Lea (25) No No
nOY1825051444 MARATHON OIL PERMIAN LLC Major Fire 8/28/18 Crude Oil 15 0 15 GAL Equipment Failure Lea (25) No No
nCH1830627946 J R OIL, LTD. CO. Major Fire 8/27/18 Other (Specify) 48 0 48 BBL Lightning Lea (25) No No
nMAP1825459428 XTO ENERGY, INC Major Produced Water Release 8/27/18 Crude Oil 33 22 11 BBL Lightning Eddy (15) No No
nMAP1825459428 XTO ENERGY, INC Major Produced Water Release 8/27/18 Produced Water 723 468 255 BBL Lightning Eddy (15) No No
nMAP1823955554 COG OPERATING LLC Major Oil Release 8/26/18 Crude Oil 40 38 2 BBL Equipment Failure Eddy (15) No No
nMAP1823955554 COG OPERATING LLC Major Oil Release 8/26/18 Produced Water 3 3 0 BBL Equipment Failure Eddy (15) No No
nVF1834753017 HILCORP ENERGY COMPANY Minor Produced Water Release 8/24/18 Produced Water 10 0 10 BBL Corrosion Rio Arriba (39) No No
nCS1828937011 HARVEST ENERGY COMPANY Major Oil Release 8/24/18 Produced Water 23 0 23 BBL Corrosion San Juan (45) Yes No
nCH1825351115 CHEVRON U S A INC Minor Produced Water Release 8/24/18 Produced Water 20 12 8 BBL Corrosion Lea (25) No No
nMAP1829546514 CONOCOPHILLIPS COMPANY Major Produced Water Release 8/24/18 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nVF1825340581 SIMCOE LLC Minor Produced Water Release 8/24/18 Condensate 8 0 8 BBL Equipment Failure San Juan (45) No No
nAB1909833450 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/24/18 Produced Water 5 5 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1825340581 SIMCOE LLC Minor Produced Water Release 8/24/18 Produced Water 2 0 2 BBL Equipment Failure San Juan (45) No No
nMAP1825434208 IACX Production LLC Minor Produced Water Release 8/23/18 Produced Water 15 0 15 BBL Vandalism Chaves (05) No No
nMAP1825442403 COG OPERATING LLC Major Produced Water Release 8/23/18 Produced Water 50 45 5 BBL Human Error Eddy (15) No No
nOY1825032205 APACHE CORPORATION Major Produced Water Release 8/23/18 Produced Water 180 2 178 BBL Equipment Failure Lea (25) No No
nCS1825433658 DJR OPERATING, LLC Other 8/23/18 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nOY1826928236 OXY USA INC Minor Oil Release 8/23/18 Crude Oil 13 10 3 BBL Other Lea (25) No No
nAB1905955402 COG OPERATING LLC Minor Oil Release 8/22/18 Crude Oil 5 0 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1823936420 HILCORP ENERGY COMPANY Major Produced Water Release 8/22/18 Produced Water 60 0 60 BBL Corrosion Rio Arriba (39) No No
nMAP1825437863 XTO ENERGY, INC Major Produced Water Release 8/21/18 Produced Water 54 49 5 BBL Equipment Failure Eddy (15) No No
nMAP1825436823 OXY USA INC Minor Oil Release 8/21/18 Crude Oil 7 4 3 BBL Equipment Failure Eddy (15) No No
nMAP1825437863 XTO ENERGY, INC Major Produced Water Release 8/21/18 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nVF1829836440 SIMCOE LLC Release Other 8/21/18 Produced Water 0 0 0 BBL Other San Juan (45) No No
nMAP1823450982 HOLLY ENERGY PARTNERS Minor Oil Release 8/21/18 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nCH1823548255 PLAINS MARKETING, L.P. Major Oil Release 8/21/18 Crude Oil 35 11 24 BBL Equipment Failure Lea (25) No No
nMAP1825441890 MACK ENERGY CORP Major Produced Water Release 8/20/18 Produced Water 500 40 460 BBL Equipment Failure Chaves (05) No No
nCH1823427905 COG OPERATING LLC Minor Produced Water Release 8/20/18 Produced Water 8 0 8 BBL Human Error Lea (25) No No
nCH1825045841 XTO ENERGY, INC Major Other 8/19/18 Other (Specify) 260 260 0 BBL Human Error Lea (25) No No
nCH1823364998 PLAINS MARKETING, L.P. Minor Oil Release 8/19/18 Crude Oil 9 6 3 BBL Equipment Failure Lea (25) No No
nMAP1823331695 COG OPERATING LLC Major Produced Water Release 8/18/18 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nMAP1823934988 OXY USA INC Minor Oil Release 8/18/18 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nMAP1825438878 XTO ENERGY, INC Major Oil Release 8/18/18 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nMAP1825439764 RAYBAW Operating, LLC Minor Produced Water Release 8/18/18 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nMAP1823333271 COG OPERATING LLC Minor Oil Release 8/18/18 Crude Oil 15 12 3 BBL Equipment Failure Eddy (15) No No
nCH1823355359 LEGACY RESERVES OPERATING, LP Major Oil Release 8/18/18 Crude Oil 72 60 12 BBL Human Error Lea (25) No No
nMAP1825438878 XTO ENERGY, INC Major Oil Release 8/18/18 Produced Water 55 55 0 BBL Equipment Failure Eddy (15) No No
nOY1823336566 CAMBRIAN MANAGEMENT LTD Major Produced Water Release 8/17/18 Produced Water 500 500 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nMAP1827468378 APACHE CORPORATION Minor Produced Water Release 8/17/18 Produced Water 7 1 6 BBL Equipment Failure Eddy (15) No No
nMAP1823236654 COG OPERATING LLC Major Produced Water Release 8/16/18 Produced Water 25 0 25 BBL Eddy (15) No No
nCH1825035503 MARATHON OIL PERMIAN LLC Minor Produced Water Release 8/16/18 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nMAP1823560032 LG&S OIL COMPANY, LLC Major Oil Release 8/16/18 Crude Oil 50 40 10 BBL Vandalism Eddy (15) No No
nMAP1825435574 OXY USA INC Major Oil Release 8/15/18 Crude Oil 15 15 0 BBL Human Error Eddy (15) No No
nAB1831034687 OXY USA INC Major Produced Water Release 8/15/18 Produced Water 120 0 120 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1823346680 PHILLIPS PIPELINE CO Major Oil Release 8/15/18 Crude Oil 88 25 63 BBL Equipment Failure Lea (25) No No
nCH1823348438 COG OPERATING LLC Major Release Other 8/15/18 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nMAP1825435574 OXY USA INC Major Oil Release 8/15/18 Produced Water 25 20 5 BBL Human Error Eddy (15) No No
nAPP2314344835 OXY USA INC Major Release Other 8/15/18 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nCH1823348438 COG OPERATING LLC Major Release Other 8/15/18 Produced Water 270 240 30 BBL Corrosion Lea (25) No No
nMAP1822955161 COG PRODUCTION, LLC Major Produced Water Release 8/15/18 Produced Water 120 119 1 BBL Equipment Failure Eddy (15) No No
nAB1831038467 OXY USA INC Major Produced Water Release 8/15/18 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nAPP2314344835 OXY USA INC Major Release Other 8/15/18 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nVF1825428620 ENTERPRISE FIELD SERVICES, LLC Minor Release Other 8/14/18 Condensate 5 0 5 BBL Other San Juan (45) No No
nAB1911658680 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/14/18 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1914855976 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/14/18 Produced Water 93 93 0 BBL Corrosion Lea (25) No No
nAB1911658680 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/14/18 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nCS1825431333 ENTERPRISE FIELD SERVICES L.L.C. Minor Oil Release 8/14/18 Condensate 14 14 0 BBL Equipment Failure Rio Arriba (39) No No
nOY1823241508 COG OPERATING LLC Major Produced Water Release 8/13/18 Produced Water 50 0 50 BBL Equipment Failure Lea (25) No No
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nOY1823242582 COG OPERATING LLC Minor Produced Water Release 8/13/18 Produced Water 8 7 1 BBL Equipment Failure Lea (25) No No
nAB1914858909 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/12/18 Produced Water 124 124 0 BBL Equipment Failure Lea (25) No No
nOY1823238365 COG OPERATING LLC Minor Produced Water Release 8/12/18 Produced Water 7 0 0 BBL Lea (25) No No
nAB1918633605 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/12/18 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nMAP1823936240 XTO ENERGY, INC Major Produced Water Release 8/12/18 Produced Water 200 200 0 BBL Equipment Failure Eddy (15) No No
nMAP1823042322 COG OPERATING LLC Minor Produced Water Release 8/12/18 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nOY1823238365 COG OPERATING LLC Minor Produced Water Release 8/12/18 Produced Water 7 6 1 BBL Equipment Failure Lea (25) No No
nAB1918633605 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/12/18 Produced Water 124 124 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1914858909 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/12/18 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nMAP1822870620 Spur Energy Partners LLC Minor Produced Water Release 8/11/18 Produced Water 22 1 21 BBL Equipment Failure Eddy (15) No No
nVF1824055063 LOGOS OPERATING, LLC Minor Oil Release 8/11/18 Crude Oil 15 0 15 BBL Equipment Failure San Juan (45) No No
nMAP1822870620 Spur Energy Partners LLC Minor Produced Water Release 8/11/18 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nOY1823239315 COG OPERATING LLC Minor Oil Release 8/10/18 Crude Oil 5 1 4 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCH1823931703 DEVON ENERGY PRODUCTION COMPANY, LP Major Other 8/10/18 Produced Water 1 0 1 BBL Fire Lea (25) No No
nMAP1822925828 COG OPERATING LLC Produced Water Release 8/10/18 Crude Oil 2 0 2 BBL Lightning Eddy (15) No No
nMAP1822950996 COG OPERATING LLC Major Oil Release 8/10/18 Crude Oil 34 5 29 BBL Human Error Eddy (15) No No
nVF1829738401 ENTERPRISE FIELD SERVICES, LLC Release Other 8/10/18 Natural Gas Liquids 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nOY1822228131 COG PRODUCTION, LLC Minor Produced Water Release 8/10/18 Produced Water 7 6 1 BBL Equipment Failure Lea (25) No No
nMAP1823448856 XTO PERMIAN OPERATING LLC. Major Produced Water Release 8/9/18 Produced Water 631 600 31 BBL Corrosion Eddy (15) No No
nCS1829551947 ENTERPRISE FIELD SERVICES, LLC Minor Oil Release 8/9/18 Condensate 10 0 10 BBL Corrosion San Juan (45) No No
nMAP1829860317 CIMAREX ENERGY CO. Major Produced Water Release 8/9/18 Produced Water 60 60 0 BBL Corrosion Eddy (15) No No
nCS1829551947 ENTERPRISE FIELD SERVICES, LLC Minor Oil Release 8/9/18 Produced Water 7 0 7 BBL Corrosion San Juan (45) No No
nMAP1822260952 OXY USA INC Major Produced Water Release 8/8/18 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nOY1823250139 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 8/8/18 Crude Oil 300 0 300 BBL Lightning Roosevelt (41) No No
nCS1833036572 ENDURING RESOURCES, LLC Oil Release 8/8/18 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCS1825436405 WILLIAMS FOUR CORNERS Major Produced Water Release 8/8/18 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nCS1833038312 ENDURING RESOURCES, LLC Other 8/8/18 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCS1833036318 ENDURING RESOURCES, LLC Other 8/8/18 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nOY1823250139 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 8/8/18 Produced Water 1200 510 690 BBL Lightning Roosevelt (41) No No
nMAP1822343714 Spur Energy Partners LLC Minor Produced Water Release 8/7/18 Produced Water 15 3 12 BBL Equipment Failure Eddy (15) No No
nCS1826738059 HILCORP ENERGY COMPANY Minor Produced Water Release 8/7/18 Produced Water 8 5 3 BBL Corrosion San Juan (45) No No
nMAP1822343714 Spur Energy Partners LLC Minor Produced Water Release 8/7/18 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nOY1823344288 OWL SWD OPERATING, LLC Major Produced Water Release 8/6/18 Produced Water 95 45 50 BBL Equipment Failure Lea (25) No No
nCH1825456054 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/6/18 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nOY1821950108 CAMBRIAN MANAGEMENT LTD Major Produced Water Release 8/6/18 Produced Water 200 199 1 BBL Equipment Failure Lea (25) No No
nOY1821952830 OXY USA INC Minor Oil Release 8/6/18 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nOY1821952830 OXY USA INC Minor Oil Release 8/6/18 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1822157537 Maverick Permian LLC Major Oil Release 8/5/18 Crude Oil 21 15 6 BBL Equipment Failure Lea (25) No No
nOY1821947752 COG OPERATING LLC Minor Produced Water Release 8/5/18 Produced Water 20 19 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1823237447 COG OPERATING LLC Major Produced Water Release 8/5/18 Produced Water 300 0 0 BBL Lea (25) No No
nOY1822157537 Maverick Permian LLC Major Oil Release 8/5/18 Produced Water 21 15 6 BBL Equipment Failure Lea (25) No No
nOY1823237447 COG OPERATING LLC Major Produced Water Release 8/5/18 Produced Water 300 300 0 BBL Human Error Lea (25) No No
nCH1821863599 COG OPERATING LLC Minor Release Other 8/4/18 Crude Oil 10 7 3 BBL Equipment Failure Lea (25) No No
nCH1821863599 COG OPERATING LLC Minor Release Other 8/4/18 Produced Water 7 3 4 BBL Equipment Failure Lea (25) No No
nOY1822153891 PHILLIPS 66 COMPANY Major Oil Release 8/4/18 Crude Oil 93 0 93 BBL Equipment Failure Lea (25) No No
nMAP1823050748 XTO ENERGY, INC Major Produced Water Release 8/3/18 Produced Water 95 79 16 BBL Fire Eddy (15) No No
nAB1822130944 MEWBOURNE OIL CO Major Produced Water Release 8/3/18 Crude Oil 270 10 260 BBL Fire Eddy (15) No No
nMAP1823048577 XTO PERMIAN OPERATING LLC. Major Oil Release 8/3/18 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nMAP1823047252 XTO ENERGY, INC Minor Produced Water Release 8/3/18 Produced Water 11 10 1 BBL Human Error Eddy (15) No No
nMAP1823050748 XTO ENERGY, INC Major Produced Water Release 8/3/18 Crude Oil 1 1 0 BBL Fire Eddy (15) No No
nAB1822130944 MEWBOURNE OIL CO Major Produced Water Release 8/3/18 Produced Water 1190 721 469 BBL Fire Eddy (15) No No
nMAP1823048577 XTO PERMIAN OPERATING LLC. Major Oil Release 8/3/18 Produced Water 31 29 2 BBL Corrosion Eddy (15) No No
nOY1821430086 Spur Energy Partners LLC Major Fire 8/2/18 Other (Specify) 0 0 0 BBL Fire Lea (25) No No
nDHR1913453298 RAYBAW Operating, LLC Major Release Other 8/2/18 Crude Oil 3 0 3 BBL Fire Lea (25) No No
nOY1821441320 COG OPERATING LLC Minor Produced Water Release 8/2/18 Produced Water 15 14 1 BBL Equipment Failure Lea (25) No No
nDHR1913453298 RAYBAW Operating, LLC Major Release Other 8/2/18 Produced Water 3 0 3 BBL Fire Lea (25) No No
nCH1823545305 RAYBAW Operating, LLC Major Produced Water Release 8/2/18 Produced Water 45 40 5 BBL Equipment Failure Lea (25) No No
nAB1822157193 OXY USA INC Minor Produced Water Release 8/2/18 Crude Oil 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1822157193 OXY USA INC Minor Produced Water Release 8/2/18 Produced Water 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1822152341 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 8/1/18 Crude Oil 5 1 4 BBL Equipment Failure Eddy (15) No No
nOY1823632945 MULLOY OPERATING, INC. Major Produced Water Release 7/31/18 Produced Water 50 49 1 BBL Lightning Lea (25) No No
nMAP1822868861 OXY USA INC Major Oil Release 7/31/18 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1821837673 COG PRODUCTION, LLC Major Produced Water Release 7/31/18 Produced Water 75 65 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMAP1822348621 Extex Operating Company Major Produced Water Release 7/31/18 Produced Water 200 170 30 BBL Lightning Eddy (15) No No
nMAP1829767907 EOG RESOURCES INC Major Other 7/31/18 Drilling Mud/Fluid 120 30 90 BBL Human Error Eddy (15) No No
nMAP1822868861 OXY USA INC Major Oil Release 7/31/18 Produced Water 80 10 70 BBL Equipment Failure Eddy (15) No No
nCS1822228702 SIMCOE LLC Minor Oil Release 7/31/18 Other (Specify) 15 0 0 BBL Other San Juan (45) No No
nAB1821838160 OXY USA INC Minor Produced Water Release 7/30/18 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nCH1823544435 RAYBAW Operating, LLC Minor Produced Water Release 7/30/18 Produced Water 13 3 10 BBL Equipment Failure Lea (25) No No
nOY1822249746 APACHE CORPORATION Major Fire 7/30/18 Crude Oil 1 0 1 BBL Fire Lea (25) No No
nOY1823248863 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/30/18 Produced Water 15 0 15 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nMAP1822865238 OXY USA INC Major Produced Water Release 7/30/18 Produced Water 3500 480 3020 BBL Fire Eddy (15) No No
nOY1821448734 COG OPERATING LLC Major Oil Release 7/30/18 Crude Oil 20 0 0 BBL Lea (25) No No
nOY1822249746 APACHE CORPORATION Major Fire 7/30/18 Produced Water 1 0 1 BBL Fire Lea (25) No No
nOY1821448734 COG OPERATING LLC Major Oil Release 7/30/18 Crude Oil 20 13 7 BBL Equipment Failure Lea (25) No No
nOY1821448734 COG OPERATING LLC Major Oil Release 7/30/18 Produced Water 20 12 8 BBL Equipment Failure Lea (25) No No
nCH1821237385 COG OPERATING LLC Minor Other 7/29/18 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nCH1821833189 Maverick Permian LLC Minor Release Other 7/29/18 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nCH1821237385 COG OPERATING LLC Minor Other 7/29/18 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nCH1821833189 Maverick Permian LLC Minor Release Other 7/29/18 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1821441824 COG OPERATING LLC Major Produced Water Release 7/28/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nVF1821833715 ENCANA OIL & GAS (USA) INC. Major Release Other 7/28/18 Crude Oil 5 0 5 BBL Lightning Rio Arriba (39) No No
nAB1821441824 COG OPERATING LLC Major Produced Water Release 7/28/18 Produced Water 72 60 12 BBL Equipment Failure Eddy (15) No No
nVF1821833715 ENCANA OIL & GAS (USA) INC. Major Release Other 7/28/18 Produced Water 80 30 50 BBL Lightning Rio Arriba (39) No No
nOY1823231809 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/27/18 Produced Water 62 62 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCH1821232087 COG OPERATING LLC Minor Oil Release 7/27/18 Crude Oil 6 0 6 BBL Human Error Lea (25) No No
nMAP1822263454 XTO ENERGY, INC Major Release Other 7/27/18 Produced Water 300 300 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1822243840 STEPHENS & JOHNSON OP CO Oil Release 7/27/18 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nMAP1822263454 XTO ENERGY, INC Major Release Other 7/27/18 Chemical (Specify) 2 2 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1822243840 STEPHENS & JOHNSON OP CO Oil Release 7/27/18 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nMAP1822252494 XTO ENERGY, INC Major Produced Water Release 7/26/18 Produced Water 200 200 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1823236138 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/26/18 Produced Water 10 9 1 BBL Lea (25) No No
nAB1821442233 COG OPERATING LLC Major Produced Water Release 7/26/18 Crude Oil 30 28 2 BBL Lightning Eddy (15) No No
nMAP1822339617 BOPCO, L.P. Major Produced Water Release 7/26/18 Produced Water 75 74 1 BBL Equipment Failure Eddy (15) No No
nCS1828336993 SIMCOE LLC Oil Release 7/26/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
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nCH1822641737 RAYBAW Operating, LLC Major Produced Water Release 7/26/18 Produced Water 264 0 0 BBL Lea (25) No No
nAB1821839619 OXY USA WTP LIMITED PARTNERSHIP Produced Water Release 7/26/18 Produced Water 2 0 2 BBL Lightning Eddy (15) No No
nMAP1822339617 BOPCO, L.P. Major Produced Water Release 7/26/18 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1821440875 COG OPERATING LLC Major Produced Water Release 7/26/18 Crude Oil 1 1 0 BBL Lightning Eddy (15) No No
nAB1821442233 COG OPERATING LLC Major Produced Water Release 7/26/18 Produced Water 250 220 30 BBL Lightning Eddy (15) No No
nCH1822641737 RAYBAW Operating, LLC Major Produced Water Release 7/26/18 Produced Water 264 90 174 BBL Lightning Lea (25) No No
nMAP1822252494 XTO ENERGY, INC Major Produced Water Release 7/26/18 Chemical (Specify) 2 2 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1821440875 COG OPERATING LLC Major Produced Water Release 7/26/18 Produced Water 65 60 5 BBL Lightning Eddy (15) No No
nMAP1822267131 BOPCO, L.P. Minor Oil Release 7/26/18 Crude Oil 7 4 3 BBL Human Error Eddy (15) No No
nAB1822240516 STEPHENS & JOHNSON OP CO Oil Release 7/26/18 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1822240516 STEPHENS & JOHNSON OP CO Oil Release 7/26/18 B.S. & W. 2 0 2 BBL Equipment Failure Eddy (15) No No
nMAP1822337753 XTO ENERGY, INC Major Produced Water Release 7/25/18 Produced Water 450 449 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1821838855 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 7/25/18 Produced Water 10 0 10 BBL Other Eddy (15) No No
nMAP1822337753 XTO ENERGY, INC Major Produced Water Release 7/25/18 Chemical (Specify) 3 3 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMAP1822341832 XTO ENERGY, INC Major Produced Water Release 7/25/18 Produced Water 51 47 4 BBL Equipment Failure Eddy (15) No No
nVF1820751135 LOGOS OPERATING, LLC Major Produced Water Release 7/25/18 Other (Specify) 120 0 120 BBL Human Error San Juan (45) Yes No
nMAP1822341832 XTO ENERGY, INC Major Produced Water Release 7/25/18 Crude Oil 3 3 0 BBL Equipment Failure Eddy (15) No No
nVF1820751135 LOGOS OPERATING, LLC Major Produced Water Release 7/25/18 Other (Specify) 120 0 120 BBL Human Error San Juan (45) Yes No
nAB1821442601 COG OPERATING LLC Major Produced Water Release 7/25/18 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1821442601 COG OPERATING LLC Major Produced Water Release 7/25/18 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nAB1821156895 OXY USA INC Major Produced Water Release 7/24/18 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nAB1821156895 OXY USA INC Major Produced Water Release 7/24/18 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nAB1821441378 COG OPERATING LLC Minor Oil Release 7/24/18 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No

nMAP1823045057
BLACK RIVER WATER MANAGEMENT 
COMPANY, LLC Major Produced Water Release 7/23/18 Produced Water 36 0 36 BBL Equipment Failure Eddy (15) No No

nMAP1822256231 Redwood Operating LLC Major Produced Water Release 7/23/18 Produced Water 35 0 35 BBL Equipment Failure Eddy (15) No No
nAB1822249538 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/23/18 Crude Oil 11 11 0 BBL Corrosion Eddy (15) No No
nAB1822249538 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/23/18 Produced Water 78 78 0 BBL Corrosion Eddy (15) No No
nAB1822056547 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 7/21/18 Produced Water 35 35 0 BBL Corrosion Eddy (15) No No
nAB1822127797 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/21/18 Produced Water 73 55 18 BBL Equipment Failure Eddy (15) No No
nMAP1822350673 MARATHON OIL PERMIAN LLC Minor Produced Water Release 7/21/18 Produced Water 10 10 0 BBL Human Error Eddy (15) No No
nAB1821836616 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 7/20/18 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nOY1820627443 JOHN H HENDRIX CORP Major Oil Release 7/20/18 Crude Oil 100 55 45 BBL Other Lea (25) No No
nAB1821155064 POGO PRODUCING CO Major Produced Water Release 7/20/18 Crude Oil 70 50 20 BBL Equipment Failure Eddy (15) No No
nOY1820627443 JOHN H HENDRIX CORP Major Oil Release 7/20/18 Produced Water 100 55 45 BBL Other Lea (25) No No
nAB1821836616 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 7/20/18 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nAB1821155064 POGO PRODUCING CO Major Produced Water Release 7/20/18 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nAB1833139619 LLJ VENTURES, LLC DBA MARKER OIL & GAS Oil Release 7/20/18 Crude Oil 4 3 1 BBL Equipment Failure Chaves (05) No No
nAB1822248773 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/19/18 Produced Water 19 15 4 BBL Equipment Failure Eddy (15) No No
nAB1821830790 WPX Energy Permian, LLC Major Produced Water Release 7/18/18 Chemical (Specify) 0 0 0 BBL Fire Eddy (15) No No
nAB1821141715 BURNETT OIL CO INC Minor Produced Water Release 7/18/18 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAB1821830790 WPX Energy Permian, LLC Major Produced Water Release 7/18/18 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nAB1821141715 BURNETT OIL CO INC Minor Produced Water Release 7/18/18 Produced Water 4 0 4 BBL Corrosion Eddy (15) No No
nAB1821830790 WPX Energy Permian, LLC Major Produced Water Release 7/18/18 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nOY1820128945 COG OPERATING LLC Major Oil Release 7/17/18 Crude Oil 33 32 1 BBL Corrosion Lea (25) No No
nAB1821343703 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/17/18 Produced Water 41 30 11 BBL Equipment Failure Eddy (15) No No
nVF1820036683 FOUR CORNERS EXPLORATION CO Release Other 7/16/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1821456053 PILOT TRAVEL CENTERS LLC Major Oil Release 7/16/18 Crude Oil 100 0 0 BBL Vehicular Accident Lea (25) No No
nAB1821234289 Silverback Operating II, LLC Major Produced Water Release 7/16/18 Produced Water 5400 4 5396 BBL Equipment Failure Eddy (15) No No
nAB1819932821 COG OPERATING LLC Minor Produced Water Release 7/16/18 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nVF1826739940 SIMCOE LLC Release Other 7/16/18 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nAB1819932821 COG OPERATING LLC Minor Produced Water Release 7/16/18 Produced Water 15 13 2 BBL Equipment Failure Eddy (15) No No
nOY1820639331 MARATHON OIL PERMIAN LLC Major Fire 7/15/18 Other (Specify) 0 0 0 BBL Fire Lea (25) No No
nAB1819932369 COG OPERATING LLC Major Produced Water Release 7/15/18 Produced Water 190 180 10 BBL Lightning Eddy (15) No No
nAB1820737351 Earthstone Operating, LLC Major Produced Water Release 7/15/18 Produced Water 50 0 50 BBL Lightning Eddy (15) No No
nAB1821142197 CHEVRON U S A INC Major Oil Release 7/14/18 Crude Oil 132 60 72 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1819836612 CONOCOPHILLIPS COMPANY Major Fire 7/14/18 Unknown 0 0 0 BBL Fire Lea (25) No No
nAB1821142197 CHEVRON U S A INC Major Oil Release 7/14/18 Other (Specify) 0 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1821238272 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 7/13/18 Produced Water 14 6 8 BBL Corrosion Eddy (15) No No
nAB1820736673 COG OPERATING LLC Major Produced Water Release 7/12/18 Produced Water 60 0 60 BBL Equipment Failure Eddy (15) No No
nOY1819840745 EOG RESOURCES INC Major Produced Water Release 7/12/18 Produced Water 60 0 60 BBL Lea (25) No No
nAB1821157574 XTO PERMIAN OPERATING LLC. Minor Oil Release 7/12/18 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nOY1821433850 MARATHON OIL PERMIAN LLC Minor Oil Release 7/12/18 Crude Oil 15 12 3 BBL Equipment Failure Lea (25) No No
nAB1821157574 XTO PERMIAN OPERATING LLC. Minor Oil Release 7/12/18 Produced Water 8 2 6 BBL Corrosion Eddy (15) No No
nCH1820539073 SOUTHWEST ROYALTIES INC Major Produced Water Release 7/11/18 Produced Water 41 0 41 BBL Lightning Lea (25) No No
nCS1820054975 DJR OPERATING, LLC Oil Release 7/11/18 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nOY1822242858 HOLLYFRONTIER REFINING & MARKETING LLC Major Oil Release 7/11/18 Crude Oil 6 0 6 BBL Corrosion Lea (25) No No
nMAP1827471408 LLJ VENTURES, LLC DBA MARKER OIL & GAS Oil Release 7/11/18 Crude Oil 0 0 0 BBL Equipment Failure Chaves (05) No No
nAB1821234959 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 7/11/18 Produced Water 60 15 45 BBL Equipment Failure Eddy (15) No No
nAB1821837248 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 7/10/18 Brine Water 250 0 250 BBL Human Error Eddy (15) No No
nOY1819834791 Earthstone Operating, LLC Major Oil Release 7/10/18 Crude Oil 100 50 50 BBL Lightning Lea (25) No No
nOY1819834791 Earthstone Operating, LLC Major Oil Release 7/10/18 Produced Water 100 50 50 BBL Lightning Lea (25) No No
nOY1819027249 Empire New Mexico LLC Major Produced Water Release 7/9/18 Produced Water 72 70 2 BBL Corrosion Lea (25) No No
nOY1822234517 NAVAJO REFINING COMPANY, L.L.C. Minor Oil Release 7/9/18 Crude Oil 7 3 4 BBL Equipment Failure Lea (25) No No
nAB1819057179 RAYBAW Operating, LLC Oil Release 7/9/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nCS1901152000 DJR OPERATING, LLC Other 7/9/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1821154360 COG OPERATING LLC Minor Produced Water Release 7/9/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nCH1820533323 VANGUARD OPERATING, LLC Minor Oil Release 7/9/18 Crude Oil 11 10 1 BBL Other Lea (25) No No
nAB1821154360 COG OPERATING LLC Minor Produced Water Release 7/9/18 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nCS1901152000 DJR OPERATING, LLC Other 7/9/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1822234517 NAVAJO REFINING COMPANY, L.L.C. Minor Oil Release 7/9/18 Produced Water 7 3 4 BBL Equipment Failure Lea (25) No No
nCH1819250370 Maverick Permian LLC Major Oil Release 7/8/18 Crude Oil 25 0 25 BBL Lea (25) No No
nCH1819250370 Maverick Permian LLC Major Oil Release 7/8/18 Crude Oil 25 0 25 BBL Lea (25) No No
nOY1821942916 OXY USA INC Major Fire 7/7/18 Other (Specify) 0 0 0 BBL Lightning Lea (25) No No
nAB1819154956 COG OPERATING LLC Minor Produced Water Release 7/7/18 Crude Oil 6 2 4 BBL Corrosion Eddy (15) No No
nAB1820743403 BOPCO, L.P. Major Produced Water Release 7/7/18 Produced Water 147 147 0 BBL Corrosion Eddy (15) No No
nAB1819154956 COG OPERATING LLC Minor Produced Water Release 7/7/18 Produced Water 6 2 4 BBL Corrosion Eddy (15) No No
nAB1821139914 XTO ENERGY, INC Major Produced Water Release 7/7/18 Crude Oil 101 82 19 BBL Equipment Failure Eddy (15) No No
nAB1821139914 XTO ENERGY, INC Major Produced Water Release 7/7/18 Produced Water 274 220 54 BBL Equipment Failure Eddy (15) No No
nCS1829554181 ENTERPRISE FIELD SERVICES, LLC Minor Oil Release 7/6/18 Condensate 7 0 7 BBL Corrosion San Juan (45) No No
nCS1821455684 EPIC ENERGY, L.L.C. Oil Release 7/6/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1820557978 WPX Energy Permian, LLC Minor Produced Water Release 7/5/18 Produced Water 10 2 8 BBL Equipment Failure Eddy (15) No No
nAB1819156522 ENERGY TRANSFER PARTNERS, LP Minor Other 7/5/18 Condensate 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1819153807 COG PRODUCTION, LLC Minor Produced Water Release 7/5/18 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nAB1819156522 ENERGY TRANSFER PARTNERS, LP Minor Other 7/5/18 B.S. & W. 2 0 2 BBL Equipment Failure Eddy (15) No No
nOY1819735702 MULLOY OPERATING, INC. Oil Release 7/3/18 Crude Oil 11 0 11 GAL Equipment Failure Lea (25) No No
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nOY1820036296 RICE OPERATING COMPANY Minor Produced Water Release 7/3/18 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nAB1820657601 EOG Y RESOURCES, INC. Minor Produced Water Release 7/3/18 Produced Water 22 22 0 BBL Equipment Failure Eddy (15) No No
nAB1821142740 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 7/3/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nVF1821930400 ENTERPRISE FIELD SERVICES L.L.C. Major Produced Water Release 7/3/18 Produced Water 80 80 0 BBL San Juan (45) No No
nAB1819455479 Silverback Operating II, LLC Minor Produced Water Release 7/3/18 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nCH1819839414 RAYBAW Operating, LLC Major Fire 7/2/18 Crude Oil 1 0 1 BBL Human Error Lea (25) No No
nCH1818333932 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 7/2/18 Chemical (Specify) 12 0 12 BBL Equipment Failure Lea (25) No No
nOY1818650462 COG OPERATING LLC Minor Produced Water Release 7/2/18 Produced Water 18 17 1 BBL Lightning Lea (25) No No
nCH1819853444 RAYBAW Operating, LLC Minor Produced Water Release 7/2/18 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAB1819933371 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/2/18 Crude Oil 40 40 0 BBL Lightning Eddy (15) No No
nAB1819933371 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/2/18 Produced Water 10 10 0 BBL Lightning Eddy (15) No No
nAB1819933371 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/2/18 Other (Specify) 145 145 0 BBL Lightning Eddy (15) No No
nAB1821141249 MATADOR PRODUCTION COMPANY Major Produced Water Release 7/1/18 Produced Water 326 0 326 BBL Equipment Failure Eddy (15) No No
nBGB1914851556 PERCUSSION PETROLEUM OPERATING, LLC Major Release Other 6/30/18 Produced Water 50 7 43 BBL Equipment Failure Eddy (15) No No
nAB1819157134 Spur Energy Partners LLC Major Produced Water Release 6/30/18 Crude Oil 7 5 2 BBL Corrosion Eddy (15) No No
nOY1818647322 MATADOR PRODUCTION COMPANY Minor Oil Release 6/30/18 Crude Oil 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1819157134 Spur Energy Partners LLC Major Produced Water Release 6/30/18 Produced Water 43 31 12 BBL Corrosion Eddy (15) No No
nOY1818647322 MATADOR PRODUCTION COMPANY Minor Oil Release 6/30/18 Produced Water 3 1 2 BBL Equipment Failure Lea (25) No No
nOY1818055458 XTO ENERGY, INC Minor Oil Release 6/29/18 Crude Oil 10 10 0 BBL Corrosion Lea (25) No No
nAB1819142351 MATADOR PRODUCTION COMPANY Produced Water Release 6/29/18 Produced Water 0 0 0 BBL Eddy (15) No No
nOY1819743006 MARATHON OIL PERMIAN LLC Minor Oil Release 6/28/18 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nVF1824031286 BP AMERICA PRODUCTION COMPANY Release Other 6/28/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1819743006 MARATHON OIL PERMIAN LLC Minor Oil Release 6/28/18 Produced Water 3 2 1 BBL Equipment Failure Lea (25) No No
nAB1819447611 BOPCO, L.P. Major Produced Water Release 6/28/18 Crude Oil 145 145 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1819935373 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 6/28/18 Produced Water 25 8 17 BBL Vandalism Eddy (15) No No
nAB1819447611 BOPCO, L.P. Major Produced Water Release 6/28/18 Produced Water 1685 1685 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1819842440 Williams Four Corners, LLC Release Other 6/28/18 Unknown 0 0 0 BBL Rio Arriba (39) No No
nOY1718453425 EOG RESOURCES INC Major Produced Water Release 6/27/18 Produced Water 240 0 240 BBL Other Lea (25) No No
nAB1819452446 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 6/27/18 Drilling Mud/Fluid 6 6 0 BBL Equipment Failure Eddy (15) No No
nVF1826734170 SIMCOE LLC Release Other 6/27/18 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nAB1819453408 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 6/27/18 Crude Oil 66 66 0 BBL Corrosion Eddy (15) No No
nAB1818441259 COG OPERATING LLC Major Produced Water Release 6/27/18 Produced Water 36 4 32 BBL Equipment Failure Eddy (15) No No
nAB1821237456 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 6/27/18 Crude Oil 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1821237456 NGL WATER SOLUTIONS PERMIAN, LLC Major Produced Water Release 6/27/18 Produced Water 222 0 222 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1819750865 OCCIDENTAL PERMIAN LTD Major Produced Water Release 6/26/18 Produced Water 100 0 100 BBL Equipment Failure Lea (25) No No
nCH1817843722 COG OPERATING LLC Major Produced Water Release 6/26/18 Crude Oil 10 9 1 BBL Corrosion Lea (25) No No
nAB1819450088 OLEUM Energy LLC Major Produced Water Release 6/26/18 Crude Oil 10 0 0 BBL Equipment Failure Eddy (15) No No
nCH1817843722 COG OPERATING LLC Major Produced Water Release 6/26/18 Produced Water 35 34 1 BBL Corrosion Lea (25) No No
nAB1819450088 OLEUM Energy LLC Major Produced Water Release 6/26/18 Other (Specify) 100 0 0 BBL Equipment Failure Eddy (15) No No
nAB1819450649 CHEVRON U S A INC Major Oil Release 6/26/18 Crude Oil 0 3 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1819450649 CHEVRON U S A INC Major Oil Release 6/26/18 Produced Water 0 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1817739157 Tacitus, LLC Minor Oil Release 6/25/18 Crude Oil 15 0 15 BBL Equipment Failure San Juan (45) No No
nAB1819157630 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 6/25/18 Crude Oil 9 2 7 BBL Equipment Failure Eddy (15) No No
nAB1817955890 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 6/25/18 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nAB1819454364 OXY USA INC Minor Produced Water Release 6/25/18 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nVF1819936548 ENDURING RESOURCES,LLC Release Other 6/25/18 Produced Water 0 0 0 BBL Sandoval (43) No No
nAB1819157630 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 6/25/18 Produced Water 13 3 10 BBL Equipment Failure Eddy (15) No No
nOY1818056471 PLAINS PIPELINE, LP Minor Oil Release 6/25/18 Crude Oil 7 4 3 BBL Equipment Failure Lea (25) No No
nAB1819454364 OXY USA INC Minor Produced Water Release 6/25/18 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nOY1818639026 MACK ENERGY CORP Major Oil Release 6/25/18 Crude Oil 40 10 30 BBL Equipment Failure Lea (25) No No
nAB1819449392 BOPCO, L.P. Major Oil Release 6/25/18 Crude Oil 135 135 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1817630244 ENTERPRISE FIELD SERVICES, LLC Minor Oil Release 6/25/18 Condensate 10 0 10 BBL Equipment Failure San Juan (45) No No
nOY1818639026 MACK ENERGY CORP Major Oil Release 6/25/18 Produced Water 40 10 30 BBL Equipment Failure Lea (25) No No
nCS1820455071 ENDURING RESOURCES, LLC Minor Produced Water Release 6/25/18 Crude Oil 12 0 12 BBL Equipment Failure San Juan (45) No No
nAB1819054040 STEPHENS & JOHNSON OP CO Major Produced Water Release 6/24/18 Produced Water 25 23 2 BBL Equipment Failure Eddy (15) No No
nOY1818442568 COG OPERATING LLC Minor Produced Water Release 6/23/18 Produced Water 23 20 3 BBL Human Error Lea (25) No No
nAB1820738071 XTO PERMIAN OPERATING LLC. Major Oil Release 6/22/18 Other (Specify) 37 36 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1818436853 EOG RESOURCES INC Major Produced Water Release 6/22/18 Produced Water 1486 510 976 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1819143391 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 6/22/18 Drilling Mud/Fluid 10 9 1 BBL Equipment Failure Eddy (15) No No
nCH1818338056 SOUTHWEST ROYALTIES INC Major Release Other 6/22/18 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nVF1818428423 ENTERPRISE FIELD SERVICES L.L.C. Minor Release Other 6/22/18 Condensate 20 0 20 BBL Equipment Failure San Juan (45) No No
nCH1818338056 SOUTHWEST ROYALTIES INC Major Release Other 6/22/18 Produced Water 135 0 135 BBL Equipment Failure Lea (25) No No
nAB1819142828 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/21/18 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nVF1826735802 BP AMERICA PRODUCTION COMPANY Release Other 6/21/18 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nAB1819142828 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/21/18 B.S. & W. 4 2 2 BBL Equipment Failure Eddy (15) No No
nOY1817143344 CIMAREX ENERGY CO. Major Produced Water Release 6/20/18 Produced Water 150 5 145 BBL Equipment Failure Lea (25) No No
nAB1817956367 BOPCO, L.P. Major Produced Water Release 6/20/18 Produced Water 1853 1850 3 BBL Equipment Failure Eddy (15) No No
nCH1821239639 CAMBRIAN MANAGEMENT LTD Major Produced Water Release 6/20/18 Produced Water 150 0 150 BBL Equipment Failure Lea (25) No No
nAB1819053650 CHEVRON MIDCONTINENT, L.P. Major Oil Release 6/19/18 Crude Oil 20 16 4 BBL Fire Eddy (15) No No
nAB1818039937 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 6/19/18 Crude Oil 8 0 8 BBL Corrosion Eddy (15) No No
nAB1817351077 OXY USA INC Major Produced Water Release 6/19/18 Produced Water 50 30 20 BBL Equipment Failure Eddy (15) No No
nVF1820429779 HILCORP ENERGY COMPANY Release Other 6/19/18 Produced Water 0 0 0 BBL San Juan (45) No No
nAB1818434831 LUCID ENERGY DELAWARE, LLC Major Other 6/19/18 Condensate 100 40 60 BBL Corrosion Eddy (15) No No
nAB1818039937 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 6/19/18 Produced Water 13 0 13 BBL Corrosion Eddy (15) No No
nCH1818461132 MARATHON OIL PERMIAN LLC Major Release Other 6/17/18 Other (Specify) 230 230 0 BBL Human Error Lea (25) No No
nOY1817237904 COG OPERATING LLC Minor Oil Release 6/17/18 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1817237904 COG OPERATING LLC Minor Oil Release 6/17/18 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nCH1817230233 COG PRODUCTION, LLC Minor Produced Water Release 6/15/18 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nOY1818054280 XTO ENERGY, INC Minor Oil Release 6/14/18 Crude Oil 11 10 1 BBL Human Error Lea (25) No No
nOY1818433709 EOG RESOURCES INC Major Produced Water Release 6/14/18 Produced Water 250 0 250 BBL Equipment Failure Lea (25) No No
nAB1818431669 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 6/14/18 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nOY1816554389 SOUTHWEST ROYALTIES INC Major Produced Water Release 6/14/18 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nCH1816641500 COG OPERATING LLC Minor Produced Water Release 6/14/18 Produced Water 6 3 3 BBL Equipment Failure Lea (25) No No
nOY1819252942 MEWBOURNE OIL CO Produced Water Release 6/14/18 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1927632580 BUCKEYE DISPOSAL, L.L.C. Major Produced Water Release 6/14/18 Crude Oil 300 200 100 BBL Equipment Failure Eddy (15) No No
nOY1816554389 SOUTHWEST ROYALTIES INC Major Produced Water Release 6/14/18 Produced Water 31 3 28 BBL Equipment Failure Lea (25) No No
nOY1818054280 XTO ENERGY, INC Minor Oil Release 6/14/18 Produced Water 1 1 0 BBL Human Error Lea (25) No No
nAB1927632580 BUCKEYE DISPOSAL, L.L.C. Major Produced Water Release 6/14/18 Produced Water 900 800 100 BBL Equipment Failure Eddy (15) No No
nAB1817142364 CAMBRIAN MANAGEMENT LTD Major Produced Water Release 6/13/18 Produced Water 57 25 32 BBL Equipment Failure Eddy (15) No No
nAPP2210256558 ARMSTRONG ENERGY CORP Major Other 6/13/18 Crude Oil 0 0 0 BBL Other Lea (25) No No
nOY1817149360 OXY USA INC Major Fire 6/13/18 Crude Oil 1 0 1 BBL Fire Lea (25) No No
nOY1816446096 ARMSTRONG ENERGY CORP Major Release Other 6/13/18 Other (Specify) 0 1007 0 BBL Other Lea (25) No No
nOY1816448589 GOODNIGHT MIDSTREAM PERMIAN, LLC Oil Release 6/13/18 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAPP2210256558 ARMSTRONG ENERGY CORP Major Other 6/13/18 Produced Water 0 0 0 BBL Other Lea (25) No No
nCS1816431555 DJR OPERATING, LLC Other 6/13/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
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nAB1817150139 COG PRODUCTION, LLC Major Produced Water Release 6/13/18 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nAB1819057637 RAYBAW Operating, LLC Oil Release 6/12/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1817139837 PLAINS MARKETING L.P. Minor Oil Release 6/12/18 Crude Oil 9 5 4 BBL Equipment Failure Eddy (15) No No
nAB1817955420 XTO ENERGY, INC Major Produced Water Release 6/12/18 Produced Water 29 14 15 BBL Equipment Failure Eddy (15) No No
nAB1819054736 RAYBAW Operating, LLC Oil Release 6/12/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1817332649 OXY USA INC Major Produced Water Release 6/12/18 Produced Water 96 0 96 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1816557522 JOHN H HENDRIX CORP Major Oil Release 6/12/18 Crude Oil 200 0 200 BBL Equipment Failure Lea (25) No No
nAB1817954837 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 6/11/18 Crude Oil 28 28 0 BBL Corrosion Eddy (15) No No
nAB1816439718 KAISER-FRANCIS OIL CO Major Produced Water Release 6/9/18 Produced Water 150 40 110 BBL Equipment Failure Eddy (15) No No
nAB1817133937 OXY USA INC Major Produced Water Release 6/8/18 Produced Water 275 15 260 BBL Equipment Failure Eddy (15) No No
nAB1816458094 Spur Energy Partners LLC Major Produced Water Release 6/8/18 Crude Oil 20 19 1 BBL Corrosion Eddy (15) No No
nAB1817134432 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 6/8/18 Produced Water 18 14 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1816458094 Spur Energy Partners LLC Major Produced Water Release 6/8/18 Produced Water 710 709 1 BBL Corrosion Eddy (15) No No
nCH1815929821 PERCUSSION PETROLEUM OPERATING, LLC Major Oil Release 6/8/18 Crude Oil 80 50 30 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1815958994 JOHN H HENDRIX CORP Minor Produced Water Release 6/7/18 Produced Water 10 0 10 BBL Lightning Lea (25) No No
nCH1815829199 MEWBOURNE OIL CO Major Produced Water Release 6/7/18 Produced Water 50 50 0 BBL Equipment Failure Lea (25) No No
nOY1816657191 MATADOR PRODUCTION COMPANY Major Produced Water Release 6/7/18 Produced Water 1119 937 182 BBL Equipment Failure Lea (25) No No
nCS1817629711 ENTERPRISE FIELD SERVICES, LLC Minor Oil Release 6/7/18 Condensate 10 0 10 BBL Corrosion San Juan (45) No No
nCH1815956558 CIMAREX ENERGY CO. OF COLORADO Minor Release Other 6/6/18 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nVF1816448793 Whiptail Midstream LLC Release Other 6/6/18 Crude Oil 0 0 0 BBL San Juan (45) No No
nCH1815956558 CIMAREX ENERGY CO. OF COLORADO Minor Release Other 6/6/18 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAB1816358563 COG OPERATING LLC Minor Oil Release 6/6/18 Crude Oil 11 10 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1816947247 OXY USA INC Major Produced Water Release 6/6/18 Produced Water 31 20 11 BBL Equipment Failure Lea (25) No No
nAB1817256263 POGO PRODUCING CO Major Produced Water Release 6/6/18 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nOY1815955832 MEWBOURNE OIL CO Major Produced Water Release 6/6/18 Produced Water 200 130 70 BBL Equipment Failure Lea (25) No No
nAB1817256263 POGO PRODUCING CO Major Produced Water Release 6/6/18 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nCH1816238890 COG PRODUCTION, LLC Major Produced Water Release 6/5/18 Produced Water 250 220 30 BBL Equipment Failure Lea (25) No No
nCH1817040776 HARVARD PETROLEUM COMPANY, LLC Major Oil Release 6/5/18 Crude Oil 257 61 196 BBL Equipment Failure Lea (25) No No
nCH1816553841 OXY USA INC Major Produced Water Release 6/5/18 Produced Water 30 6 24 BBL Equipment Failure Lea (25) No No
nOY1817239803 OWL SWD OPERATING, LLC Major Produced Water Release 6/5/18 Produced Water 715 120 595 BBL Equipment Failure Lea (25) No No
nAB1815850484 DCP OPERATING COMPANY, LP Major Fire 6/5/18 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nCH1815961139 BC OPERATING, INC. Minor Oil Release 6/4/18 Crude Oil 15 14 1 BBL Equipment Failure Lea (25) No No
nAB1816337739 EOG Y RESOURCES, INC. Major Produced Water Release 6/4/18 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1817335919 XTO PERMIAN OPERATING LLC. Major Produced Water Release 6/4/18 Crude Oil 91 90 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1816438422 BURNETT OIL CO INC Major Oil Release 6/4/18 Crude Oil 5 0 5 BBL Corrosion Eddy (15) No No
nAB1817335919 XTO PERMIAN OPERATING LLC. Major Produced Water Release 6/4/18 Produced Water 391 390 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1816337739 EOG Y RESOURCES, INC. Major Produced Water Release 6/4/18 Produced Water 148 130 18 BBL Equipment Failure Eddy (15) No No
nAB1816438422 BURNETT OIL CO INC Major Oil Release 6/4/18 Produced Water 95 0 95 BBL Corrosion Eddy (15) No No
nAB1817350327 BOPCO, L.P. Minor Oil Release 6/4/18 Crude Oil 15 15 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1817145696 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/3/18 Produced Water 17 0 17 BBL Equipment Failure Lea (25) No No
nAB1817236303 BOPCO, L.P. Major Fire 6/3/18 Unknown 0 0 0 BBL Lightning Eddy (15) No No
nOY1816949521 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/3/18 Produced Water 1002 960 42 BBL Lightning Lea (25) No No
nCS1816348523 ENCANA OIL & GAS (USA) INC. Major Oil Release 6/2/18 Crude Oil 60 59 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1816358019 COG OPERATING LLC Major Produced Water Release 6/2/18 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1815957772 MEWBOURNE OIL CO Major Produced Water Release 6/2/18 Produced Water 60 30 30 BBL Equipment Failure Eddy (15) No No
nAB1816358019 COG OPERATING LLC Major Produced Water Release 6/2/18 Produced Water 940 890 50 BBL Equipment Failure Eddy (15) No No
nAB1816355013 LONGFELLOW ENERGY, LP Minor Produced Water Release 6/2/18 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAB1816355013 LONGFELLOW ENERGY, LP Minor Produced Water Release 6/2/18 Produced Water 9 7 2 BBL Corrosion Eddy (15) No No
nCH1815539068 Maverick Permian LLC Minor Release Other 6/1/18 Brine Water 20 9 11 BBL Equipment Failure Lea (25) No No
nAPM2316346908 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/1/18 Produced Water 70 2 68 BBL Human Error Eddy (15) No No
nCH1815552862 ENERGEN RESOURCES CORPORATION Major Oil Release 6/1/18 Crude Oil 136 0 136 BBL Corrosion Lea (25) No No
nAB1817140869 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/1/18 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nVF1821829822 BP AMERICA PRODUCTION COMPANY Release Other 6/1/18 Unknown 0 0 0 BBL San Juan (45) No No
nCH1815552862 ENERGEN RESOURCES CORPORATION Major Oil Release 6/1/18 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nCH1815552862 ENERGEN RESOURCES CORPORATION Major Oil Release 6/1/18 Condensate 0 0 0 BBL Corrosion Lea (25) No No
nCH1815552862 ENERGEN RESOURCES CORPORATION Major Oil Release 6/1/18 Unknown 0 0 0 BBL Corrosion Lea (25) No No
nAB1817138256 WPX Energy Permian, LLC Minor Produced Water Release 5/31/18 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nCH1816634490 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 5/31/18 Produced Water 24 0 24 BBL Equipment Failure Lea (25) No No
nAB1817256738 XTO ENERGY, INC Major Produced Water Release 5/31/18 Crude Oil 703 702 1 BBL Equipment Failure Eddy (15) No No
nCH1816634490 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 5/31/18 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nCH1816631112 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/31/18 Produced Water 17 8 9 BBL Equipment Failure Lea (25) No No
nAB1817256738 XTO ENERGY, INC Major Produced Water Release 5/31/18 Produced Water 199 198 1 BBL Equipment Failure Eddy (15) No No
nAB1815841730 COG PRODUCTION, LLC Minor Produced Water Release 5/30/18 Produced Water 12 11 1 BBL Equipment Failure Eddy (15) No No
nAB1816355653 LIME ROCK RESOURCES II-A, L.P. Major Produced Water Release 5/30/18 Produced Water 35 2 33 BBL Equipment Failure Eddy (15) No No
nOY1815239274 Maverick Permian LLC Major Oil Release 5/30/18 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nOY1815239274 Maverick Permian LLC Major Oil Release 5/30/18 Produced Water 28 10 18 BBL Equipment Failure Lea (25) No No
nOY1816556237 MARATHON OIL PERMIAN LLC Minor Oil Release 5/30/18 Crude Oil 22 16 6 BBL Equipment Failure Lea (25) No No
nVF1821439810 SIMCOE LLC Release Other 5/29/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1815237113 Maverick Permian LLC Major Oil Release 5/29/18 Crude Oil 18 17 1 BBL Equipment Failure Lea (25) No No
nOY1815237113 Maverick Permian LLC Major Oil Release 5/29/18 Produced Water 40 3 37 BBL Equipment Failure Lea (25) No No
nAB1816336550 COG OPERATING LLC Minor Produced Water Release 5/28/18 Produced Water 13 10 3 BBL Equipment Failure Eddy (15) No No
nAB1816336922 COG PRODUCTION, LLC Major Produced Water Release 5/27/18 Produced Water 35 0 35 BBL Equipment Failure Eddy (15) No No
nAB1817350699 BOPCO, L.P. Major Produced Water Release 5/27/18 Produced Water 460 460 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1815840399 OXY USA INC Major Produced Water Release 5/27/18 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nAB1816432279 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/27/18 Crude Oil 12 0 12 BBL Equipment Failure Eddy (15) No No
nOY1815234060 COG OPERATING LLC Major Oil Release 5/26/18 Crude Oil 20 15 5 BBL Corrosion Lea (25) No No
nAB1815837940 MEWBOURNE OIL CO Major Produced Water Release 5/26/18 Produced Water 900 60 840 BBL Equipment Failure Eddy (15) No No
nAB1816337337 COG PRODUCTION, LLC Minor Produced Water Release 5/26/18 Produced Water 9 8 1 BBL Corrosion Eddy (15) No No
nAB1815838491 OXY USA INC Major Produced Water Release 5/26/18 Produced Water 60 32 28 BBL Equipment Failure Eddy (15) No No
nOY1815234060 COG OPERATING LLC Major Oil Release 5/26/18 Produced Water 200 105 95 BBL Corrosion Lea (25) No No
nVF1816655680 HILCORP ENERGY COMPANY Release Other 5/25/18 Condensate 0 0 0 BBL Rio Arriba (39) No No
nOY1814330385 MATADOR PRODUCTION COMPANY Major Oil Release 5/23/18 Crude Oil 25 20 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1814339938 DJR OPERATING, LLC Other 5/23/18 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nOY1814330385 MATADOR PRODUCTION COMPANY Major Oil Release 5/23/18 Produced Water 100 90 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1814341942 ENDURING RESOURCES, LLC Produced Water Release 5/23/18 Produced Water 0 0 0 BBL Other San Juan (45) No No
nCS1814341942 ENDURING RESOURCES, LLC Produced Water Release 5/23/18 Natural Gas Liquids 0 0 0 BBL Other San Juan (45) No No
nCH1815942247 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 5/22/18 Produced Water 100 40 60 BBL Lightning Lea (25) No No
nAB1815956090 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/22/18 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1814336863 DCP OPERATING COMPANY, LP Other 5/22/18 Other (Specify) 0 0 0 BBL Lightning Eddy (15) No No
nOY1815134158 MATADOR PRODUCTION COMPANY Minor Produced Water Release 5/22/18 Produced Water 15 1 14 BBL Equipment Failure Lea (25) No No
nAB1815955393 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/22/18 Produced Water 285 272 13 BBL Lightning Eddy (15) No No
nAB1815956090 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/22/18 Produced Water 24 0 24 BBL Equipment Failure Eddy (15) No No
nAB1815842325 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 5/22/18 Crude Oil 25 16 9 BBL Equipment Failure Eddy (15) No No
nAB1814352844 MARATHON OIL PERMIAN LLC Major Fire 5/22/18 Other (Specify) 0 0 0 BBL Fire Eddy (15) No No
nAB1815842325 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 5/22/18 Produced Water 20 14 6 BBL Equipment Failure Eddy (15) No No
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nOY1814158094 MARSHALL & WINSTON INC Major Produced Water Release 5/21/18 Produced Water 300 260 40 BBL Equipment Failure Lea (25) No No
nCS1816335022 WILLAMS FOUR CORNERS, LLC Natural Gas Release 5/21/18 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1814341650 Earthstone Operating, LLC Major Produced Water Release 5/21/18 Produced Water 195 195 0 BBL Lightning Eddy (15) No No
nAB1815954382 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/21/18 Produced Water 16 0 16 BBL Equipment Failure Eddy (15) No No
nOY1814132589 Contango Resources, Inc. Major Oil Release 5/21/18 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nOY1814132589 Contango Resources, Inc. Major Oil Release 5/21/18 Produced Water 120 120 0 BBL Equipment Failure Lea (25) No No
nAB1815755244 XTO ENERGY, INC Minor Produced Water Release 5/20/18 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nAB1814258390 COG PRODUCTION, LLC Major Produced Water Release 5/20/18 Produced Water 240 9 231 BBL Equipment Failure Eddy (15) No No
nAB1815755244 XTO ENERGY, INC Minor Produced Water Release 5/20/18 Produced Water 12 4 8 BBL Other Eddy (15) No No
nAB1815939152 PERCUSSION PETROLEUM OPERATING, LLC Major Oil Release 5/20/18 Crude Oil 30 0 30 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1815137332 CAZA OPERATING, LLC Major Produced Water Release 5/19/18 Produced Water 6 0 6 BBL Fire Lea (25) No No
nAB1815756705 XTO ENERGY, INC Minor Produced Water Release 5/19/18 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAB1815756705 XTO ENERGY, INC Minor Produced Water Release 5/19/18 Produced Water 7 4 3 BBL Other Eddy (15) No No
nAB1814332430 COG PRODUCTION, LLC Minor Oil Release 5/18/18 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nCH1815257339 OXY USA INC Major Produced Water Release 5/18/18 Produced Water 83 0 83 BBL Other Lea (25) No No
nOY1814159045 MARSHALL & WINSTON INC Major Fire 5/18/18 Produced Water 0 0 0 BBL Fire Lea (25) No No
nAB1815757186 BOPCO, L.P. Produced Water Release 5/18/18 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAB1425241401 RAYBAW Operating, LLC Minor Produced Water Release 5/18/18 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1815757186 BOPCO, L.P. Produced Water Release 5/18/18 Produced Water 0 0 0 BBL Other Eddy (15) No No
nOY1814228433 BTA OIL PRODUCERS, LLC Major Produced Water Release 5/17/18 Produced Water 80 50 30 BBL Equipment Failure Lea (25) No No
nAB1815841229 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/17/18 Produced Water 13 13 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1814233509 MARSHALL & WINSTON INC Major Produced Water Release 5/17/18 Produced Water 85 0 85 BBL Equipment Failure Lea (25) No No
nVF1817349925 WESTERN REFINING COMPANY, L.P. Release Other 5/17/18 Crude Oil 0 0 0 BBL San Juan (45) No No
nOY1814332779 VANGUARD OPERATING, LLC Major Produced Water Release 5/16/18 Produced Water 116 115 1 BBL Equipment Failure Lea (25) No No
nCS1814139837 XTO ENERGY, INC Minor Produced Water Release 5/16/18 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1814335949 APACHE CORPORATION Minor Produced Water Release 5/16/18 Crude Oil 6 4 2 BBL Equipment Failure Eddy (15) No No
nVF1814953858 ENTERPRISE FIELD SERVICES L.L.C. Release Other 5/16/18 Other (Specify) 0 0 0 BBL San Juan (45) No No
nAB1814335949 APACHE CORPORATION Minor Produced Water Release 5/16/18 Produced Water 4 2 2 BBL Equipment Failure Eddy (15) No No
nAB1814251661 NEARBURG PRODUCING CO Major Produced Water Release 5/16/18 Crude Oil 10 8 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1814251661 NEARBURG PRODUCING CO Major Produced Water Release 5/16/18 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1817952933 FRONTIER FIELD SERVICES, LLC Minor Release Other 5/15/18 Condensate 12 0 12 BBL Equipment Failure Eddy (15) No No
nVF1821454841 ENTERPRISE FIELD SERVICES L.L.C. Minor Release Other 5/15/18 Produced Water 5 0 5 BBL Rio Arriba (39) No No
nOY1814154301 COG OPERATING LLC Minor Oil Release 5/15/18 Crude Oil 3 1 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1816327517 DEVON ENERGY PRODUCTION COMPANY, LP Minor Natural Gas Release 5/15/18 Crude Oil 8 1 7 BBL Human Error Eddy (15) No No
nCH1816253396 M&M ENERGY, LLC Minor Oil Release 5/15/18 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nVF1821453521 ENTERPRISE FIELD SERVICES L.L.C. Minor Release Other 5/15/18 Produced Water 5 0 5 BBL San Juan (45) No No
nOY1814154301 COG OPERATING LLC Minor Oil Release 5/15/18 Produced Water 10 5 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1814150716 Maverick Permian LLC Minor Oil Release 5/14/18 Crude Oil 11 10 1 BBL Other Lea (25) No No
nAB1816335023 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/14/18 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nCS1814340171 HILCORP ENERGY COMPANY Major Produced Water Release 5/14/18 Produced Water 48 45 3 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1813656158 COG PRODUCTION, LLC Major Produced Water Release 5/14/18 Produced Water 122 10 112 BBL Equipment Failure Eddy (15) No No
nOY1814150716 Maverick Permian LLC Minor Oil Release 5/14/18 Produced Water 10 0 10 BBL Other Lea (25) No No
nVF1818641787 Williams Four Corners, LLC Release Other 5/14/18 Glycol 0 0 0 BBL Rio Arriba (39) No No
nAB1813733262 PLAINS MARKETING L.P. Minor Oil Release 5/14/18 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1815749653 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 5/14/18 Produced Water 17 0 17 BBL Equipment Failure Eddy (15) No No
nAB1816335023 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/14/18 Produced Water 28 10 18 BBL Equipment Failure Eddy (15) No No
nVF1814950127 Williams Four Corners, LLC Minor Natural Gas Release 5/14/18 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nAB1814131834 CHEVRON U S A INC Minor Produced Water Release 5/14/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nOY1814130699 BTA OIL PRODUCERS, LLC Major Oil Release 5/14/18 Produced Water 18 0 18 BBL Corrosion Lea (25) No No
nVF1820436722 Williams Four Corners, LLC Release Other 5/14/18 Glycol 0 0 0 BBL Rio Arriba (39) No No
nOY1814130699 BTA OIL PRODUCERS, LLC Major Oil Release 5/14/18 Crude Oil 9 0 9 BBL Corrosion Lea (25) No No
nAB1814131834 CHEVRON U S A INC Minor Produced Water Release 5/14/18 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nAB1815049566 MARATHON OIL PERMIAN LLC Minor Produced Water Release 5/13/18 Produced Water 17 0 17 BBL Equipment Failure Eddy (15) No No
nAB1815749066 BOPCO, L.P. Produced Water Release 5/13/18 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAB1815749066 BOPCO, L.P. Produced Water Release 5/13/18 Produced Water 2 0 2 BBL Other Eddy (15) No No
nOY1813150941 COG PRODUCTION, LLC Major Oil Release 5/11/18 Crude Oil 15 14 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1813150941 COG PRODUCTION, LLC Major Oil Release 5/11/18 Produced Water 60 59 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1814340629 ENDURING RESOURCES, LLC Major Produced Water Release 5/11/18 Produced Water 29 29 0 BBL Other San Juan (45) No No
nOY1814139756 J R OIL, LTD. CO. Minor Oil Release 5/11/18 Crude Oil 2 2 0 BBL Corrosion Lea (25) No No
nOY1814139756 J R OIL, LTD. CO. Minor Oil Release 5/11/18 Produced Water 10 6 4 BBL Corrosion Lea (25) No No
nCS1816331051 ENTERPRISE FIELD SERVICES L.L.C. Major Other 5/10/18 Other (Specify) 25 23 2 BBL Human Error San Juan (45) No No
nOY1814237868 Water Energy Services, LLC Major Produced Water Release 5/10/18 Produced Water 70 65 5 BBL Equipment Failure Lea (25) No No
nAB1815052591 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/10/18 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nCS1816331051 ENTERPRISE FIELD SERVICES L.L.C. Major Other 5/10/18 Condensate 5 2 3 BBL Human Error San Juan (45) No No
nAB1815052591 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/10/18 Produced Water 8 7 1 BBL Equipment Failure Eddy (15) No No
nOY1812935128 COG OPERATING LLC Major Produced Water Release 5/9/18 Produced Water 31 0 0 BBL Lea (25) No No
nOY1814134895 MEWBOURNE OIL CO Major Produced Water Release 5/9/18 Produced Water 100 15 85 BBL Equipment Failure Lea (25) No No
nOY1812935128 COG OPERATING LLC Major Produced Water Release 5/9/18 Produced Water 31 30 1 BBL Equipment Failure Lea (25) No No
nAB1815050182 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/9/18 Produced Water 9 0 9 BBL Equipment Failure Eddy (15) No No
nOY1814334286 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 5/8/18 Other (Specify) 39 0 39 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1812933982 Maverick Permian LLC Major Oil Release 5/8/18 Crude Oil 345 240 105 BBL Equipment Failure Lea (25) No No
nAB1814129241 Petroleum Exploration Company Ltd., Limited P Minor Produced Water Release 5/8/18 Produced Water 15 0 15 BBL Human Error Eddy (15) No No
nOY1812933982 Maverick Permian LLC Major Oil Release 5/8/18 Produced Water 345 240 105 BBL Equipment Failure Lea (25) No No
nAB1814352277 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/8/18 Produced Water 13 5 8 BBL Equipment Failure Eddy (15) No No
nOY1812939986 Spur Energy Partners LLC Major Oil Release 5/7/18 Crude Oil 10 8 2 BBL Corrosion Lea (25) No No
nOY1812939986 Spur Energy Partners LLC Major Oil Release 5/7/18 Produced Water 30 25 5 BBL Corrosion Lea (25) No No
nAB1814139729 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/7/18 Produced Water 98 28 70 BBL Equipment Failure Eddy (15) No No
nAB1813753842 OXY USA INC Minor Produced Water Release 5/6/18 Produced Water 10 1 9 BBL Equipment Failure Eddy (15) No No
nAB1813057406 COG PRODUCTION, LLC Minor Produced Water Release 5/6/18 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nAB1814253510 XTO ENERGY, INC Major Produced Water Release 5/6/18 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nAB1814140713 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/6/18 Produced Water 66 66 0 BBL Corrosion Eddy (15) No No
nAB1814330841 MARATHON OIL PERMIAN LLC Major Produced Water Release 5/6/18 Produced Water 29 20 9 BBL Equipment Failure Eddy (15) No No
nOY1814239451 MARATHON OIL PERMIAN LLC Oil Release 5/6/18 Crude Oil 9 0 9 GAL Equipment Failure Lea (25) No No
nAB1812845470 QUATRO OSOS E&P, LLC Major Oil Release 5/6/18 Crude Oil 30 5 25 BBL Corrosion Chaves (05) No No
nOY1812938015 COG OPERATING LLC Major Produced Water Release 5/6/18 Produced Water 150 25 125 BBL Corrosion Lea (25) No No
nOY1812829129 MARSHALL & WINSTON INC Major Produced Water Release 5/6/18 Produced Water 375 230 145 BBL Equipment Failure Lea (25) No No
nOY1814137425 RAZ OIL AND GAS L.L.C. Major Produced Water Release 5/5/18 Produced Water 250 60 190 BBL Equipment Failure Lea (25) No No
nOY1812440478 FASKEN OIL & RANCH LTD Major Oil Release 5/4/18 Crude Oil 60 50 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1813053140 EOG Y RESOURCES, INC. Release Other 5/4/18 Condensate 0 0 0 BBL Other Eddy (15) No No
nOY1812454041 FASKEN OIL & RANCH LTD Major Release Other 5/4/18 Brine Water 1300 30 1270 BBL Human Error Lea (25) No No
nAB1814128830 BOPCO, L.P. Minor Oil Release 5/4/18 Crude Oil 13 10 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1814339445 ENTERPRISE FIELD SERVICES L.L.C. Minor Oil Release 5/4/18 Natural Gas Liquids 15 0 15 BBL Corrosion Rio Arriba (39) No No
nOY1812928883 ETC FIELD SERVICES LLC Minor Release Other 5/3/18 Crude Oil 2 0 2 BBL Normal Operations Lea (25) No No
nAB1813441720 COG OPERATING LLC Minor Produced Water Release 5/3/18 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nOY1812928883 ETC FIELD SERVICES LLC Minor Release Other 5/3/18 Produced Water 16 0 16 BBL Normal Operations Lea (25) No No
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nOY1814231747 TEAM OPERATING, L.L.C. Major Produced Water Release 5/3/18 Other (Specify) 210 130 80 BBL Equipment Failure Lea (25) No No
nAB1813753221 OXY USA INC Minor Produced Water Release 5/3/18 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1813753221 OXY USA INC Minor Produced Water Release 5/3/18 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1813756670 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/2/18 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nOY1812228758 COG OPERATING LLC Minor Oil Release 5/2/18 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1814128371 XTO PERMIAN OPERATING LLC. Minor Oil Release 5/2/18 Crude Oil 20 3 17 BBL Equipment Failure Eddy (15) No No
nOY1812226987 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 5/2/18 Other (Specify) 130 0 130 BBL Human Error Lea (25) No No
nOY1814156697 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 5/2/18 Crude Oil 15 8 7 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1812228758 COG OPERATING LLC Minor Oil Release 5/2/18 Produced Water 3 0 3 BBL Equipment Failure Lea (25) No No
nOY1813149173 APACHE CORPORATION Major Oil Release 5/1/18 Crude Oil 50 40 10 BBL Equipment Failure Lea (25) No No
nAB1813754884 XTO ENERGY, INC Minor Produced Water Release 5/1/18 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nOY1811757152 PLAINS PIPELINE, LP Major Oil Release 5/1/18 Crude Oil 25 6 19 BBL Equipment Failure Lea (25) No No
nAB1813754884 XTO ENERGY, INC Minor Produced Water Release 5/1/18 Produced Water 11 7 4 BBL Equipment Failure Eddy (15) No No
nAB1812343928 CIMAREX ENERGY CO. Minor Produced Water Release 4/30/18 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1813754317 XTO ENERGY, INC Minor Produced Water Release 4/30/18 Produced Water 8 8 0 BBL Corrosion Eddy (15) No No
nVF1812833301 ENTERPRISE FIELD SERVICES L.L.C. Major Release Other 4/30/18 Other (Specify) 120 0 0 BBL San Juan (45) No No
nAB1813452794 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 4/29/18 Produced Water 10 2 8 BBL Equipment Failure Eddy (15) No No
nOY1813437455 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/29/18 Produced Water 10 0 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1813442138 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 4/29/18 Produced Water 13 10 3 BBL Corrosion Eddy (15) No No
nAB1813057990 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 4/29/18 Produced Water 12897 4633 8264 BBL Equipment Failure Eddy (15) No No
nCS1814342584 ENDURING RESOURCES, LLC Minor Oil Release 4/29/18 Crude Oil 11 7 4 BBL Equipment Failure Sandoval (43) No No
nOY1812149013 COG OPERATING LLC Major Oil Release 4/29/18 Crude Oil 65 50 15 BBL Human Error Lea (25) No No
nAB1812342754 MEWBOURNE OIL CO Major Produced Water Release 4/28/18 Produced Water 1000 700 300 BBL Equipment Failure Eddy (15) No No
nOY1811746325 BURNS XPRESS, LLC Major Produced Water Release 4/27/18 Produced Water 900 80 820 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1816332174 DUGAN PRODUCTION CORP Other 4/27/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1813054688 ROCKCLIFF OPERATING NEW MEXICO LLC Minor Produced Water Release 4/27/18 Produced Water 19 18 1 BBL Equipment Failure Eddy (15) No No
nCS1813432784 ENTERPRISE PRODUCTS OPERATING, LLC Other 4/27/18 Lube Oil 0 0 0 BBL Other San Juan (45) No No
nVF1815828768 Williams Four Corners, LLC Release Other 4/27/18 Unknown 0 0 0 BBL Rio Arriba (39) No No
nCS1816332174 DUGAN PRODUCTION CORP Other 4/27/18 0 0 0 BBL San Juan (45) No No
nCS1813432784 ENTERPRISE PRODUCTS OPERATING, LLC Other 4/27/18 0 0 0 BBL San Juan (45) No No
nAB1813056113 ROCKCLIFF OPERATING NEW MEXICO LLC Major Produced Water Release 4/26/18 Produced Water 720 385 335 BBL Equipment Failure Eddy (15) No No
nOY1813152090 BUCKEYE DISPOSAL, L.L.C. Major Produced Water Release 4/26/18 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nAB1813451687 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/26/18 Crude Oil 7 7 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1813056113 ROCKCLIFF OPERATING NEW MEXICO LLC Major Produced Water Release 4/26/18 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1813451687 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/26/18 Produced Water 22 22 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1813452382 XTO PERMIAN OPERATING LLC. Major Produced Water Release 4/25/18 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No

nOY1812332827
CHESTNUT EXPLORATION AND PRODUCTION, 
INC. Minor Produced Water Release 4/25/18 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No

nAB1813452382 XTO PERMIAN OPERATING LLC. Major Produced Water Release 4/25/18 Produced Water 290 269 21 BBL Corrosion Eddy (15) No No

nOY1812332827
CHESTNUT EXPLORATION AND PRODUCTION, 
INC. Minor Produced Water Release 4/25/18 Crude Oil 20 0 20 Equipment Failure Lea (25) No No

nOY1814235729 New Horizon Resources LLC Major Produced Water Release 4/24/18 Produced Water 30 10 20 BBL Equipment Failure Lea (25) No No
nAB1812234317 MARATHON OIL PERMIAN LLC Produced Water Release 4/24/18 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1811639878 COG OPERATING LLC Major Produced Water Release 4/24/18 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nOY1811336341 PLAINS MARKETING, L.P. Oil Release 4/23/18 Crude Oil 0 0 0 BBL Other Lea (25) No No
nOY1811448112 TEXLAND PETROLEUM-HOBBS, LLC Minor Oil Release 4/22/18 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1811450014 EOG RESOURCES INC Major Produced Water Release 4/22/18 Produced Water 90 70 20 BBL Equipment Failure Lea (25) No No
nAB1811533585 Spur Energy Partners LLC Minor Produced Water Release 4/22/18 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nOY1811448112 TEXLAND PETROLEUM-HOBBS, LLC Minor Oil Release 4/22/18 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAB1811533585 Spur Energy Partners LLC Minor Produced Water Release 4/22/18 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nOY1811735138 COG OPERATING LLC Major Produced Water Release 4/21/18 Produced Water 60 50 10 BBL Corrosion Lea (25) No No
nOY1811736727 COG OPERATING LLC Major Oil Release 4/21/18 Crude Oil 17 0 0 BBL Lea (25) No No
nOY1812737111 MARATHON OIL PERMIAN LLC Minor Oil Release 4/21/18 Crude Oil 7 3 4 BBL Other Lea (25) No No
nOY1811736727 COG OPERATING LLC Major Oil Release 4/21/18 Crude Oil 17 2 15 BBL Equipment Failure Lea (25) No No
nAB1811536893 COG OPERATING LLC Minor Oil Release 4/20/18 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nVF1815134159 Williams Four Corners, LLC Minor Release Other 4/20/18 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nOY1812734046 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/19/18 Crude Oil 8 7 1 BBL Corrosion Lea (25) No No
nOY1812734046 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/19/18 Produced Water 0 0 0 BBL Lea (25) No No
nAB1812846489 XTO ENERGY, INC Major Produced Water Release 4/18/18 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nOY1810828420 COG PRODUCTION, LLC Minor Produced Water Release 4/18/18 Produced Water 15 13 2 BBL Corrosion Lea (25) No No
nAB1812846489 XTO ENERGY, INC Major Produced Water Release 4/18/18 Produced Water 42 36 6 BBL Equipment Failure Eddy (15) No No
nOY1810839459 COG OPERATING LLC Minor Produced Water Release 4/18/18 Produced Water 7 0 0 BBL Lea (25) No No
nAB1811555350 BEACH EXPLORATION INC Minor Produced Water Release 4/18/18 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nOY1810839459 COG OPERATING LLC Minor Produced Water Release 4/18/18 Produced Water 7 6 1 BBL Equipment Failure Lea (25) No No
nOY1810741596 COG OPERATING LLC Major Produced Water Release 4/17/18 Produced Water 30 0 0 BBL Lea (25) No No
nAB1812231599 CIMAREX ENERGY CO. Minor Produced Water Release 4/17/18 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nOY1810731931 CHEVRON U S A INC Minor Produced Water Release 4/17/18 Produced Water 18 18 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1811350661 MEWBOURNE OIL CO Major Produced Water Release 4/17/18 Produced Water 575 0 575 BBL Equipment Failure Eddy (15) No No
nOY1810741596 COG OPERATING LLC Major Produced Water Release 4/17/18 Produced Water 30 29 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1812231599 CIMAREX ENERGY CO. Minor Produced Water Release 4/17/18 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1813451123 MATADOR PRODUCTION COMPANY Major Produced Water Release 4/17/18 Produced Water 239 120 119 BBL Equipment Failure Eddy (15) No No
nAB1810850717 3R Operating, LLC Major Produced Water Release 4/17/18 Produced Water 50 48 2 BBL Equipment Failure Eddy (15) No No
nAB1811530150 COG PRODUCTION, LLC Oil Release 4/17/18 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nCS1811530255 MERRION OIL & GAS CORP Other 4/17/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1812233389 MARATHON OIL PERMIAN LLC Minor Produced Water Release 4/17/18 Produced Water 5 4 1 BBL Other Eddy (15) No No
nCS1814342365 ENDURING RESOURCES, LLC Produced Water Release 4/17/18 Produced Water 1 0 1 BBL Equipment Failure San Juan (45) No No
nAB1810841643 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 4/16/18 Produced Water 40 40 0 BBL Corrosion Eddy (15) No No
nAB1810841643 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 4/16/18 Crude Oil 2 2 0 BBL Corrosion Eddy (15) No No
nAB1812237802 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/15/18 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1812237802 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/15/18 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nAB1812338789 WPX Energy Permian, LLC Minor Produced Water Release 4/13/18 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nOY1810354180 Prima Exploration, Inc. Major Oil Release 4/12/18 Crude Oil 25 8 17 BBL Human Error Lea (25) No No
nAB1814127566 Silverback Operating II, LLC Major Produced Water Release 4/12/18 Produced Water 110 110 0 BBL Equipment Failure Eddy (15) No No
nVF1811639863 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 4/12/18 Lube Oil 0 0 0 BBL San Juan (45) No No
nOY1811741390 XTO ENERGY, INC Major Release Other 4/12/18 Other (Specify) 42 40 2 BBL Other Lea (25) No No
nCS1810244457 LOGOS OPERATING, LLC Oil Release 4/12/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1811741390 XTO ENERGY, INC Major Release Other 4/12/18 Chemical (Specify) 6 0 0 GAL Other Lea (25) No No
nOY1811743481 XTO ENERGY, INC Minor Oil Release 4/12/18 Crude Oil 1 0 0 BBL Lea (25) No No
nOY1811743481 XTO ENERGY, INC Minor Oil Release 4/12/18 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nOY1811743481 XTO ENERGY, INC Minor Oil Release 4/12/18 Produced Water 9 7 2 BBL Corrosion Lea (25) No No
nAB1811556120 RAYBAW Operating, LLC Minor Oil Release 4/11/18 Crude Oil 5 0 5 BBL Other Eddy (15) No No
nAB1811537754 OXY USA INC Minor Produced Water Release 4/10/18 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1811537754 OXY USA INC Minor Produced Water Release 4/10/18 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nOY1811727725 SCOUT ENERGY MANAGEMENT LLC Major Produced Water Release 4/10/18 Produced Water 158 150 8 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1810829550 MARATHON OIL PERMIAN LLC Minor Oil Release 4/9/18 Crude Oil 11 0 11 BBL Corrosion Lea (25) No No
nCS1817352824 HALLADOR PETROLEUM LLP Oil Release 4/9/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
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nVF1811549550 Williams Four Corners, LLC Natural Gas Release 4/9/18 Unknown 0 0 0 BBL Rio Arriba (39) No No
nOY1809929352 PLAINS MARKETING L.P. Minor Oil Release 4/9/18 Crude Oil 7 4 3 BBL Equipment Failure Lea (25) No No
nAB1811530564 BOPCO, L.P. Minor Produced Water Release 4/9/18 Crude Oil 2 2 0 BBL Corrosion Eddy (15) No No
nAB1811530564 BOPCO, L.P. Minor Produced Water Release 4/9/18 Produced Water 4 4 0 BBL Corrosion Eddy (15) No No
nOY1810735319 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 4/8/18 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nVF1811432375 Williams Four Corners, LLC Natural Gas Release 4/8/18 Natural Gas Liquids 0 0 0 BBL Other San Juan (45) No No
nAB1811339356 WPX Energy Permian, LLC Major Produced Water Release 4/8/18 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
nOY1810151905 Ameredev New Mexico, LLC Minor Oil Release 4/7/18 Crude Oil 5 4 1 BBL Human Error Lea (25) No No
nOY1810151905 Ameredev New Mexico, LLC Minor Oil Release 4/7/18 Produced Water 17 14 3 BBL Human Error Lea (25) No No
nOY1809656258 OXY USA INC Major Oil Release 4/6/18 Crude Oil 41 14 27 BBL Equipment Failure Lea (25) No No
nOY1809656258 OXY USA INC Major Oil Release 4/6/18 Produced Water 41 14 27 BBL Equipment Failure Lea (25) No No
nOY1809926643 Franklin Mountain Energy 3, LLC Minor Oil Release 4/4/18 Crude Oil 20 17 3 BBL Equipment Failure Lea (25) No No
nAB1810850031 XTO PERMIAN OPERATING LLC. Major Produced Water Release 4/4/18 Other (Specify) 516 0 516 BBL Equipment Failure Eddy (15) No No
nAB1811557328 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 4/4/18 Produced Water 47 0 47 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1809550523 SIMCOE LLC Release Other 4/3/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1810742559 CHEVRON U S A INC Major Produced Water Release 4/2/18 Produced Water 29 25 4 BBL Equipment Failure Lea (25) No No
nOY1810737237 DCP OPERATING COMPANY, LP Minor Oil Release 4/2/18 Other (Specify) 23 12 11 BBL Normal Operations Lea (25) No No
nAB1810729251 MARATHON OIL PERMIAN LLC Minor Produced Water Release 4/1/18 Produced Water 15 8 7 BBL Equipment Failure Eddy (15) No No
nAB1810729925 XTO PERMIAN OPERATING LLC. Major Produced Water Release 4/1/18 Crude Oil 4 4 0 BBL Equipment Failure Eddy (15) No No
nOY1809352378 MESQUITE SWD, INC Minor Oil Release 4/1/18 Crude Oil 10 0 10 BBL Normal Operations Eddy (15) No No
nAB1810729925 XTO PERMIAN OPERATING LLC. Major Produced Water Release 4/1/18 Produced Water 110 104 6 BBL Equipment Failure Eddy (15) No No
nCS1812056496 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 3/31/18 Other (Specify) 0 0 0 BBL Other San Juan (45) Yes No
nOY1809347988 COG OPERATING LLC Major Produced Water Release 3/31/18 Produced Water 50 40 10 BBL Equipment Failure Lea (25) No No
nCS1812056496 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 3/31/18 0 0 0 BBL San Juan (45) Yes No
nOY1810156106 RAYBAW Operating, LLC Major Oil Release 3/30/18 Crude Oil 86 60 26 BBL Human Error Lea (25) No No
nAB1810728671 Silverback Operating II, LLC Minor Produced Water Release 3/29/18 Condensate 6 0 6 BBL Corrosion Eddy (15) No No
nAB1810728671 Silverback Operating II, LLC Minor Produced Water Release 3/29/18 Produced Water 2 0 2 BBL Corrosion Eddy (15) No No
nCS1909251923 HILCORP ENERGY COMPANY Minor Produced Water Release 3/28/18 Produced Water 17 0 17 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nOY1808751646 COG OPERATING LLC Minor Oil Release 3/28/18 Crude Oil 11 10 1 BBL Human Error Lea (25) No No
nOY1808734284 COG OPERATING LLC Major Oil Release 3/28/18 Crude Oil 30 27 3 BBL Corrosion Lea (25) No No
nOY1808747895 LUCID ENERGY DELAWARE, LLC Major Release Other 3/28/18 Other (Specify) 8000 0 8000 BBL Equipment Failure Lea (25) No No
nCS1814355430 SIMCOE LLC Release Other 3/28/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nVF1810233495 WILLAMS FOUR CORNERS, LLC Release Other 3/28/18 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nCH1823943024 ETC FIELD SERVICES LLC Major Release Other 3/27/18 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1808940940 COG PRODUCTION, LLC Minor Produced Water Release 3/27/18 Produced Water 8 3 5 BBL Equipment Failure Eddy (15) No No
nCH1823943024 ETC FIELD SERVICES LLC Major Release Other 3/27/18 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nCS1812055995 DJR OPERATING, LLC Other 3/26/18 Other (Specify) 0 0 0 BBL Other 0 No No
nAB1808939025 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 3/25/18 Produced Water 125 125 0 BBL Eddy (15) No No
nAB1812258307 OXY USA INC Minor Produced Water Release 3/24/18 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nOY1809932713 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/24/18 Produced Water 30 0 30 BBL Lea (25) No No
nOY1808227525 EOG Y RESOURCES, INC. Minor Oil Release 3/23/18 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1810145936 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 3/23/18 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nOY1809257328 APACHE CORPORATION Major Produced Water Release 3/23/18 Produced Water 50 40 10 BBL Equipment Failure Lea (25) No No
nOY1808234893 BAM Permian Operating, LLC Produced Water Release 3/23/18 Produced Water 0 0 0 BBL Lightning Lea (25) No No
nAB1810136347 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/23/18 Produced Water 68 68 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1808739586 EOG RESOURCES INC Major Produced Water Release 3/23/18 Produced Water 120 0 120 BBL Human Error Lea (25) No No
nOY1808227092 EOG Y RESOURCES, INC. Major Produced Water Release 3/23/18 Produced Water 200 200 0 BBL Equipment Failure Lea (25) No No
nAB1810145936 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 3/23/18 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nAB1810139599 EOG Y RESOURCES, INC. Minor Produced Water Release 3/22/18 Produced Water 14 12 2 BBL Equipment Failure Eddy (15) No No
nVF1810236154 ENTERPRISE PRODUCTS OPERATING LLC Release Other 3/22/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1809928098 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/22/18 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nOY1808053684 MARATHON OIL PERMIAN LLC Minor Oil Release 3/21/18 Crude Oil 18 18 0 BBL Equipment Failure Lea (25) No No
nOY1808052038 Franklin Mountain Energy 3, LLC Minor Produced Water Release 3/21/18 Produced Water 8 8 0 BBL Corrosion Lea (25) No No
nOY1809931276 Water Energy Services, LLC Major Oil Release 3/21/18 Crude Oil 60 60 0 BBL Corrosion Lea (25) No No
nAB1809355913 MACK ENERGY CORP Major Oil Release 3/21/18 Crude Oil 25 10 15 BBL Equipment Failure Eddy (15) No No
nAB1813052492 MARATHON OIL PERMIAN LLC Minor Produced Water Release 3/21/18 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nOY1808050655 COG OPERATING LLC Minor Oil Release 3/21/18 Crude Oil 11 10 1 BBL Human Error Lea (25) No No
nOY1808059772 COG OPERATING LLC Major Produced Water Release 3/21/18 Produced Water 60 59 1 BBL Equipment Failure Lea (25) No No
nOY1808740822 EOG RESOURCES INC Major Produced Water Release 3/21/18 Produced Water 75 35 40 BBL Equipment Failure Lea (25) No No
nOY1809349107 CAZA OPERATING, LLC Minor Oil Release 3/20/18 Crude Oil 20 19 1 BBL Equipment Failure Lea (25) No No
nVF1812347519 SIMCOE LLC Release Other 3/20/18 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nAB1809439206 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/19/18 Crude Oil 1 1 0 BBL Human Error Eddy (15) No No
nAB1810133480 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/19/18 Produced Water 47 0 47 BBL Equipment Failure Eddy (15) No No
nOY1809350940 RAYBAW Operating, LLC Minor Oil Release 3/19/18 Crude Oil 8 0 0 BBL Lea (25) No No
nAB1809439206 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/19/18 Produced Water 33 0 33 BBL Human Error Eddy (15) No No
nOY1809350940 RAYBAW Operating, LLC Minor Oil Release 3/19/18 Crude Oil 8 0 8 BBL Normal Operations Lea (25) No No
nAB1809357021 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/18/18 Produced Water 55 54 1 BBL Equipment Failure Eddy (15) No No
nAPP2134056706 Permian Resources Operating, LLC Major Produced Water Release 3/18/18 Produced Water 25 25 0 BBL Other Eddy (15) No No
nAB1808242819 WESTERN REFINING COMPANY, L.P. Major Release Other 3/17/18 Chemical (Specify) 168 150 18 BBL Fire Eddy (15) No No
nAB1807950988 COG OPERATING LLC Minor Produced Water Release 3/17/18 Crude Oil 12 10 2 BBL Equipment Failure Eddy (15) No No
nAB1809357602 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/17/18 Crude Oil 17 15 2 BBL Equipment Failure Eddy (15) No No
nAB1807950988 COG OPERATING LLC Minor Produced Water Release 3/17/18 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nAB1809357602 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/17/18 Produced Water 73 0 73 BBL Equipment Failure Eddy (15) No No
nAB1808237997 COG OPERATING LLC Minor Produced Water Release 3/16/18 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1808256599 Spur Energy Partners LLC Major Oil Release 3/16/18 Crude Oil 100 50 50 BBL Equipment Failure Eddy (15) No No
nOY1809255038 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 3/16/18 Crude Oil 6 5 1 BBL Normal Operations Lea (25) No No
nCS1813434986 BP AMERICA PRODUCTION COMPANY Other 3/15/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1807545896 APACHE CORPORATION Minor Produced Water Release 3/15/18 Produced Water 12 0 12 BBL Equipment Failure Lea (25) No No
nAB1809356513 XTO ENERGY, INC Minor Produced Water Release 3/15/18 Produced Water 7 6 1 BBL Corrosion Eddy (15) No No
nOY1809252064 MARATHON OIL PERMIAN LLC Minor Produced Water Release 3/14/18 Produced Water 10 6 4 BBL Equipment Failure Lea (25) No No
nOY1807357386 EOG Y RESOURCES, INC. Major Produced Water Release 3/14/18 Produced Water 35 34 1 BBL Equipment Failure Lea (25) No No
nVF1811356016 HILCORP SAN JUAN, L.P. Release Other 3/14/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1807353035 EOG Y RESOURCES, INC. Major Produced Water Release 3/14/18 Produced Water 130 129 1 BBL Corrosion Lea (25) No No
nCS1808942753 Enterprise Crude Pipeline LLC Major Natural Gas Release 3/14/18 Natural Gas Liquids 336 0 336 BBL Equipment Failure Rio Arriba (39) No No
nOY1809249211 MARATHON OIL PERMIAN LLC Minor Oil Release 3/14/18 Crude Oil 7 5 2 BBL Equipment Failure Lea (25) No No
nCS1808030855 DJR OPERATING, LLC Minor Oil Release 3/13/18 Other (Specify) 6 0 6 BBL Vandalism San Juan (45) No No
nAB1807456505 EOG Y RESOURCES, INC. Other 3/13/18 Unknown 0 0 0 BBL Other Eddy (15) No No
nAB1808528967 XTO ENERGY, INC Major Produced Water Release 3/13/18 Crude Oil 0 0 0 BBL Vandalism Eddy (15) No No
nAB1807452941 EOG Y RESOURCES, INC. Release Other 3/13/18 Unknown 0 0 0 BBL Other Eddy (15) No No
nAB1808528967 XTO ENERGY, INC Major Produced Water Release 3/13/18 Produced Water 49 0 49 BBL Vandalism Eddy (15) No No
nCS1808940558 XTO ENERGY, INC Other 3/12/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1813033980 SIMCOE LLC Oil Release 3/12/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nVF1807152438 SIMCOE LLC Release Other 3/12/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1807150797 FORTY ACRES ENERGY, LLC Major Produced Water Release 3/12/18 Produced Water 120 5 115 BBL Lea (25) No No
nAB1808253927 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/11/18 Produced Water 9 5 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
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nAB1808251008 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 3/11/18 Crude Oil 13 0 13 BBL Equipment Failure Eddy (15) No No
nAB1808829924 BOPCO, L.P. Major Produced Water Release 3/11/18 Produced Water 94 94 0 BBL Equipment Failure Eddy (15) No No
nOY1807152908 Contango Resources, Inc. Major Produced Water Release 3/10/18 Crude Oil 3 2 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1807152908 Contango Resources, Inc. Major Produced Water Release 3/10/18 Produced Water 60 40 20 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1808647791 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 3/9/18 Natural Gas Liquids 7 0 7 BBL Corrosion San Juan (45) No No
nCS1807451828 HILCORP ENERGY COMPANY Oil Release 3/9/18 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1807840428 PLAINS MARKETING L.P. Minor Oil Release 3/9/18 Crude Oil 5 4 1 BBL Human Error Eddy (15) No No
nAB1806827959 Extex Operating Company Minor Produced Water Release 3/8/18 Produced Water 7 0 7 BBL Other Eddy (15) No No
nCS1813030556 SIMCOE LLC Oil Release 3/8/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1808241369 BOPCO, L.P. Minor Produced Water Release 3/8/18 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nCS1813030556 SIMCOE LLC Oil Release 3/8/18 0 0 0 BBL San Juan (45) No No
nAB1807829722 COG OPERATING LLC Major Produced Water Release 3/8/18 Produced Water 80 18 62 BBL Equipment Failure Eddy (15) No No
nAB1808526921 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/7/18 Produced Water 28 0 28 BBL Equipment Failure Eddy (15) No No
nCS1806555033 BP AMERICA PRODUCTION COMPANY Other 3/6/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1806739186 COG OPERATING LLC Minor Produced Water Release 3/6/18 Produced Water 7 0 7 BBL Corrosion Eddy (15) No No
nVF1807954320 HILCORP ENERGY COMPANY Minor Release Other 3/6/18 Other (Specify) 5 0 5 BBL Corrosion San Juan (45) No No
nOY1806635695 Earthstone Operating, LLC Major Fire 3/6/18 Other (Specify) 0 0 0 BBL Fire Lea (25) No No
nAB1808242167 RAYBAW Operating, LLC Major Oil Release 3/6/18 Crude Oil 66 66 0 BBL Corrosion Eddy (15) No No
nOY1806831882 COG OPERATING LLC Minor Oil Release 3/6/18 Crude Oil 8 0 8 BBL Human Error Lea (25) No No
nVF1808952359 Williams Four Corners, LLC Release Other 3/6/18 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nOY1808046334 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/5/18 Chemical (Specify) 30 20 10 BBL Human Error Lea (25) No No
nOY1806431293 COG OPERATING LLC Minor Oil Release 3/5/18 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1909337981 COG OPERATING LLC Minor Produced Water Release 3/5/18 Produced Water 10 10 0 BBL Corrosion Lea (25) No No
nOY1806431293 COG OPERATING LLC Minor Oil Release 3/5/18 Produced Water 14 13 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1807950341 BOPCO, L.P. Major Produced Water Release 3/4/18 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAB1806740932 LUCID ENERGY DELAWARE, LLC Major Release Other 3/4/18 Chemical (Specify) 1000 0 1000 BBL Equipment Failure Eddy (15) No No
nAB1807950341 BOPCO, L.P. Major Produced Water Release 3/4/18 Produced Water 67 65 2 BBL Corrosion Eddy (15) No No
nAB1808251376 WPX Energy Permian, LLC Oil Release 3/3/18 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nOY1807543780 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 3/2/18 Other (Specify) 9 6 3 BBL Other Lea (25) No No
nOY1808043902 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/2/18 Produced Water 63 0 63 BBL Equipment Failure Lea (25) No No
nVF1815131868 WILLAMS FOUR CORNERS, LLC Release Other 3/2/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1806158874 M&M ENERGY, LLC Minor Produced Water Release 3/2/18 Produced Water 20 20 0 BBL Blow Out Lea (25) No No
nOY1808048202 EOG RESOURCES INC Major Oil Release 3/1/18 Crude Oil 20 0 20 BBL Human Error Lea (25) No No
nOY1808048202 EOG RESOURCES INC Major Oil Release 3/1/18 Produced Water 30 0 30 BBL Human Error Lea (25) No No
nVF1807230692 BENSON-MONTIN-GREER DRILLING CORP Release Other 2/28/18 Condensate 0 0 0 BBL Rio Arriba (39) No No
nAB1806433315 COG OPERATING LLC Minor Oil Release 2/28/18 Crude Oil 21 20 1 BBL Equipment Failure Eddy (15) No No
nOY1806156320 BC OPERATING, INC. Major Produced Water Release 2/28/18 Produced Water 240 240 0 BBL Equipment Failure Lea (25) No No
nOY1806429548 COG OPERATING LLC Minor Produced Water Release 2/28/18 Produced Water 15 0 15 BBL Human Error Lea (25) No No
nAB1806434208 COG OPERATING LLC Major Produced Water Release 2/27/18 Produced Water 334 330 4 BBL Equipment Failure Eddy (15) No No
nVF1812137578 SIMCOE LLC Release Other 2/27/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1807332612 OXY USA INC Minor Release Other 2/27/18 Diesel 7 0 7 BBL Equipment Failure Lea (25) No No
nAB1807555191 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 2/27/18 Crude Oil 16 0 16 BBL Equipment Failure Eddy (15) No No
nAB1807549449 PHX Energy, LLC Major Produced Water Release 2/27/18 Produced Water 185 148 37 BBL Equipment Failure Eddy (15) No No
nAB1806541396 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 2/27/18 Produced Water 560 550 10 BBL Equipment Failure Eddy (15) No No
nAB1806032261 EOG M RESOURCES, INC. Major Oil Release 2/27/18 Crude Oil 51 0 51 BBL Equipment Failure Eddy (15) No No
nOY1805743100 MARATHON OIL PERMIAN LLC Major Fire 2/26/18 Other (Specify) 0 0 0 BBL Fire Lea (25) No No
nOY1805731125 COG PRODUCTION, LLC Minor Oil Release 2/26/18 Crude Oil 15 12 3 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1806440992 LUCID ENERGY DELAWARE, LLC Minor Natural Gas Release 2/26/18 Natural Gas Liquids 10 0 10 BBL Corrosion Eddy (15) No No
nVF1811642088 SIMCOE LLC Release Other 2/26/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1805732116 COG PRODUCTION, LLC Minor Oil Release 2/26/18 Crude Oil 23 20 3 BBL Human Error Lea (25) No No
nAB1806438251 COG OPERATING LLC Major Produced Water Release 2/24/18 Produced Water 25 23 2 BBL Equipment Failure Eddy (15) No No
nAB1805849987 LONGFELLOW ENERGY, LP Minor Produced Water Release 2/23/18 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nAB1813642773 EOG Y RESOURCES, INC. Produced Water Release 2/23/18 Produced Water 0 0 0 BBL Other Eddy (15) No No
nCS1805254211 Williams Four Corners, LLC Other 2/21/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1805228848 Spur Energy Partners LLC Minor Oil Release 2/21/18 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nAB1807451078 BOPCO, L.P. Minor Produced Water Release 2/21/18 Produced Water 11 10 1 BBL Corrosion Eddy (15) No No
nOY1805228848 Spur Energy Partners LLC Minor Oil Release 2/21/18 Produced Water 4 3 1 BBL Equipment Failure Lea (25) No No
nAB1805141771 COG OPERATING LLC Minor Oil Release 2/19/18 Crude Oil 22 0 22 BBL Corrosion Eddy (15) No No
nOY1806632744 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/19/18 Produced Water 12 10 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1807828569 XTO PERMIAN OPERATING LLC. Major Produced Water Release 2/19/18 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nVF1812133333 SIMCOE LLC Release Other 2/19/18 Unknown 0 0 0 BBL San Juan (45) No No
nAB1807828569 XTO PERMIAN OPERATING LLC. Major Produced Water Release 2/19/18 Produced Water 31 0 31 BBL Corrosion Eddy (15) No No
nAB1805340347 COG OPERATING LLC Minor Oil Release 2/18/18 Crude Oil 6 0 6 BBL Human Error Eddy (15) No No
nAB1806435465 XTO PERMIAN OPERATING LLC. Major Produced Water Release 2/17/18 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nVF1806435193 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 2/17/18 Unknown 0 0 0 BBL San Juan (45) No No
nAB1806435465 XTO PERMIAN OPERATING LLC. Major Produced Water Release 2/17/18 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nAB1805142690 COG OPERATING LLC Minor Produced Water Release 2/17/18 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1805142690 COG OPERATING LLC Minor Produced Water Release 2/17/18 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nAB1806434910 XTO ENERGY, INC Major Oil Release 2/16/18 Crude Oil 18 12 6 BBL Equipment Failure Eddy (15) No No
nOY1804734766 COG OPERATING LLC Minor Oil Release 2/16/18 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nAB1806434910 XTO ENERGY, INC Major Oil Release 2/16/18 Produced Water 13 8 5 BBL Equipment Failure Eddy (15) No No
nOY1804734766 COG OPERATING LLC Minor Oil Release 2/16/18 Produced Water 21 20 1 BBL Equipment Failure Lea (25) No No
nCS1808848992 XTO ENERGY, INC Other 2/14/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1805028326 OXY USA INC Minor Produced Water Release 2/14/18 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nOY1804546888 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 2/14/18 Produced Water 14 14 0 BBL Human Error Lea (25) No No
nOY1804539030 MCELVAIN ENERGY, INC Minor Oil Release 2/14/18 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nCS1808848992 XTO ENERGY, INC Other 2/14/18 0 0 0 BBL San Juan (45) No No
nAB1805028326 OXY USA INC Minor Produced Water Release 2/14/18 Produced Water 7 3 4 BBL Equipment Failure Eddy (15) No No
nAB1806031311 MR NM Operating LLC Minor Oil Release 2/14/18 Crude Oil 8 7 1 BBL Equipment Failure Eddy (15) No No
nOY1805230371 APACHE CORPORATION Major Produced Water Release 2/13/18 Other (Specify) 30 0 30 BBL Corrosion Lea (25) No No
nAB1805851923 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 2/13/18 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1805129860 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 2/13/18 Natural Gas Liquids 4 0 4 BBL Other Eddy (15) No No
nOY1804347038 CART HILL ENERGY, LLC Major Produced Water Release 2/12/18 Produced Water 25 0 25 BBL Corrosion Lea (25) No No
nOY1804335493 PLAINS PIPELINE, LP Major Oil Release 2/12/18 Crude Oil 50 45 5 BBL Equipment Failure Lea (25) No No
nOY1804333422 PLAINS PIPELINE, LP Major Oil Release 2/12/18 Crude Oil 30 2 28 BBL Other Lea (25) No No
nOY1804329900 MARATHON OIL PERMIAN LLC Major Fire 2/12/18 Condensate 2 0 2 GAL Other Lea (25) No No
nAB1805736171 XTO ENERGY, INC Major Produced Water Release 2/11/18 Crude Oil 30 28 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1805736171 XTO ENERGY, INC Major Produced Water Release 2/11/18 Produced Water 47 46 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1804535878 COG OPERATING LLC Minor Produced Water Release 2/11/18 Produced Water 17 16 1 BBL Corrosion Eddy (15) No No
nAB1804535878 COG OPERATING LLC Minor Produced Water Release 2/11/18 Crude Oil 6 5 1 BBL Corrosion Eddy (15) No No
nVF1811427122 SIMCOE LLC Release Other 2/9/18 Unknown 0 0 0 BBL San Juan (45) No No
nOY1805827904 Empire New Mexico LLC Minor Oil Release 2/9/18 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1805356223 EOG RESOURCES INC Major Produced Water Release 2/9/18 Produced Water 75 10 65 BBL Equipment Failure Lea (25) No No
nCS1805448077 MARALEX DISPOSAL, LLC Minor Produced Water Release 2/9/18 Produced Water 22 21 1 BBL Equipment Failure San Juan (45) No No
nOY1805827904 Empire New Mexico LLC Minor Oil Release 2/9/18 Produced Water 12 9 3 BBL Equipment Failure Lea (25) No No
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nOY1806428200 DCP OPERATING COMPANY, LP Release Other 2/8/18 Condensate 1 0 1 BBL Equipment Failure Lea (25) No No
nCS1808531600 DJR OPERATING, LLC Other 2/8/18 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nOY1804740772 J R OIL, LTD. CO. Minor Oil Release 2/8/18 Crude Oil 10 8 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nVF1811428975 BP AMERICA PRODUCTION COMPANY Release Other 2/8/18 Unknown 0 0 0 BBL San Juan (45) No No
nCS1808531600 DJR OPERATING, LLC Other 2/8/18 0 0 0 BBL Rio Arriba (39) No No
nAB1804533312 COG OPERATING LLC Major Oil Release 2/7/18 Crude Oil 30 29 1 BBL Equipment Failure Eddy (15) No No
nOY1805357830 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 2/7/18 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAB1805347926 WPX Energy Permian, LLC Major Oil Release 2/7/18 Crude Oil 25 10 15 BBL Equipment Failure Eddy (15) No No
nVF1805452753 ENTERPRISE PRODUCTS OPERATING, LLC Minor Release Other 2/7/18 Natural Gas Liquids 7 0 7 BBL Corrosion San Juan (45) No No
nOY1803828562 MARATHON OIL PERMIAN LLC Major Fire 2/7/18 Natural Gas Liquids 1 0 0 BBL Other Lea (25) No No
nAB1804533312 COG OPERATING LLC Major Oil Release 2/7/18 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nOY1805357830 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 2/7/18 Produced Water 6 3 3 BBL Equipment Failure Lea (25) No No
nOY1803828562 MARATHON OIL PERMIAN LLC Major Fire 2/7/18 Condensate 1 0 0 GAL Other Lea (25) No No
nAB1803942588 Spur Energy Partners LLC Minor Oil Release 2/6/18 Crude Oil 10 7 3 BBL Equipment Failure Eddy (15) No No
nAB1803957364 COG OPERATING LLC Major Produced Water Release 2/5/18 Crude Oil 10 8 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1803957364 COG OPERATING LLC Major Produced Water Release 2/5/18 Produced Water 35 34 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1804748816 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/4/18 Produced Water 6 6 0 BBL Other Lea (25) No No
nAB1804027953 COG PRODUCTION, LLC Major Produced Water Release 2/4/18 Produced Water 170 160 10 BBL Corrosion Eddy (15) No No
nAB1805036031 BOPCO, L.P. Major Produced Water Release 2/3/18 Produced Water 115 25 90 BBL Equipment Failure Eddy (15) No No
nAB1803951001 COG OPERATING LLC Minor Produced Water Release 2/2/18 Produced Water 22 20 2 BBL Equipment Failure Eddy (15) No No
nAB1805034957 BOPCO, L.P. Major Produced Water Release 2/2/18 Crude Oil 8 5 3 BBL Corrosion Eddy (15) No No
nCS1807955057 HALLADOR PETROLEUM LLP Other 2/2/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1809438477 MARATHON OIL PERMIAN LLC Major Oil Release 2/2/18 Crude Oil 51 40 11 BBL Human Error Eddy (15) No No
nOY1803353939 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/2/18 Produced Water 9 8 1 BBL Human Error Lea (25) No No
nAB1805034957 BOPCO, L.P. Major Produced Water Release 2/2/18 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
nOY1803750274 OXY USA INC Major Oil Release 2/1/18 Crude Oil 45 0 45 BBL Equipment Failure Lea (25) No No
nOY1804337684 ASPEN OPERATING COMPANY LLC Oil Release 2/1/18 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1803638110 COG OPERATING LLC Major Produced Water Release 2/1/18 Crude Oil 10 8 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1803638110 COG OPERATING LLC Major Produced Water Release 2/1/18 Produced Water 35 33 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1803734582 OXY USA INC Major Oil Release 1/31/18 Crude Oil 325 300 25 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1804327005 RAM ENERGY LLC Minor Oil Release 1/31/18 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nCW1810944287 MATADOR PRODUCTION COMPANY Major Produced Water Release 1/31/18 Produced Water 193 0 0 BBL Eddy (15) No No
nOY1803127644 Spur Energy Partners LLC Minor Oil Release 1/31/18 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nOY1803830175 RAYBAW Operating, LLC Major Release Other 1/31/18 Condensate 150 0 150 BBL Equipment Failure Lea (25) No No
nVF1804355471 ENTERPRISE FIELD SERVICES, LLC Minor Release Other 1/31/18 Lube Oil 23 0 23 BBL Equipment Failure San Juan (45) No No
nAB1805132291 MATADOR PRODUCTION COMPANY Major Produced Water Release 1/31/18 Produced Water 193 45 148 BBL Equipment Failure Eddy (15) No No
nOY1803834027 CAMBRIAN MANAGEMENT LTD Minor Produced Water Release 1/31/18 Produced Water 20 10 10 BBL Equipment Failure Lea (25) No No
nOY1803830175 RAYBAW Operating, LLC Major Release Other 1/31/18 Produced Water 150 0 150 BBL Equipment Failure Lea (25) No No
nOY1804327005 RAM ENERGY LLC Minor Oil Release 1/31/18 Produced Water 12 0 12 BBL Equipment Failure Lea (25) No No
nOY1803127644 Spur Energy Partners LLC Minor Oil Release 1/31/18 Produced Water 4 3 1 BBL Equipment Failure Lea (25) No No
nOY1803356383 COG OPERATING LLC Minor Produced Water Release 1/30/18 Produced Water 10 8 2 BBL Corrosion Lea (25) No No
nOY1803748737 COG OPERATING LLC Minor Oil Release 1/30/18 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1804548640 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 1/30/18 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nOY1803748737 COG OPERATING LLC Minor Oil Release 1/30/18 Produced Water 3 2 1 BBL Equipment Failure Lea (25) No No
nAB1804548640 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 1/30/18 Produced Water 3 3 0 BBL Equipment Failure Eddy (15) No No
nVF1804353286 WPX ENERGY PRODUCTION, LLC Major Fire 1/29/18 Unknown 0 0 0 BBL San Juan (45) No No
nVF1805147732 WPX ENERGY PRODUCTION, LLC Major Fire 1/29/18 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1805055785 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/28/18 Crude Oil 6 1 5 BBL Equipment Failure Eddy (15) No No
nVF1803252715 ENTERPRISE FIELD SERVICES, LLC Major Release Other 1/28/18 Other (Specify) 23 0 23 BBL Fire San Juan (45) No No
nAB1806442185 OXY USA INC Major Produced Water Release 1/28/18 Produced Water 50 40 10 BBL Equipment Failure Eddy (15) No No
nAB1803635240 OXY USA INC Major Produced Water Release 1/28/18 Produced Water 50 40 10 BBL Fire Eddy (15) No No
nAB1803253706 COG OPERATING LLC Major Oil Release 1/28/18 Crude Oil 29 27 2 BBL Equipment Failure Eddy (15) No No
nOY1803031043 Maverick Permian LLC Minor Oil Release 1/27/18 Crude Oil 5 1 4 BBL Equipment Failure Lea (25) No No
nVF1805335187 Williams Four Corners, LLC Release Other 1/26/18 Produced Water 0 0 0 BBL San Juan (45) No No
nOY1804328649 CHEVRON U S A INC Minor Oil Release 1/26/18 Crude Oil 9 4 5 BBL Equipment Failure Lea (25) No No
nVF1805335187 Williams Four Corners, LLC Release Other 1/26/18 Condensate 0 0 0 BBL San Juan (45) No No
nOY1802640704 COG OPERATING LLC Major Produced Water Release 1/26/18 Produced Water 145 140 5 BBL Equipment Failure Lea (25) No No
nAB1804053671 OXY USA INC Major Produced Water Release 1/26/18 Produced Water 200 30 170 BBL Equipment Failure Eddy (15) No No
nOY1804328649 CHEVRON U S A INC Minor Oil Release 1/26/18 Produced Water 14 6 8 BBL Equipment Failure Lea (25) No No
nVF1803252078 ENTERPRISE PRODUCTS OPERATING, LLC Major Release Other 1/25/18 Other (Specify) 190 0 190 BBL Equipment Failure San Juan (45) No No
nOY1804331810 OWL SWD OPERATING, LLC Major Produced Water Release 1/25/18 Produced Water 4190 320 3870 BBL Equipment Failure Lea (25) No No
nAB1804757183 EOG Y RESOURCES, INC. Minor Produced Water Release 1/25/18 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1809434279 MARATHON OIL PERMIAN LLC Minor Release Other 1/25/18 Condensate 5 3 2 BBL Other Eddy (15) No No
nAB1804536396 CAZA OPERATING, LLC Major Produced Water Release 1/25/18 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) No No
nAB1804435837 EOG Y RESOURCES, INC. Minor Produced Water Release 1/25/18 Produced Water 5 5 0 BBL Corrosion Eddy (15) No No
nAB1804757183 EOG Y RESOURCES, INC. Minor Produced Water Release 1/25/18 Produced Water 1 0 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1804435837 EOG Y RESOURCES, INC. Minor Produced Water Release 1/25/18 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nOY1803738762 ADVANCE ENERGY PARTNERS HAT MESA, LLC Major Produced Water Release 1/24/18 Produced Water 35 0 35 BBL Equipment Failure Lea (25) No No
nVF1803250755 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 1/24/18 Condensate 0 0 0 BBL San Juan (45) No No
nVF1802526589 ROBERT L BAYLESS PRODUCER LLC Release Other 1/24/18 Motor Oil 0 0 0 BBL San Juan (45) No No
nCS1803829147 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 1/24/18 Condensate 0 0 0 BBL Other San Juan (45) No No
nAB1803838673 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 1/23/18 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nVF1802648729 SIMCOE LLC Release Other 1/23/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1803029522 Spur Energy Partners LLC Major Oil Release 1/23/18 Crude Oil 30 25 5 BBL Equipment Failure Lea (25) No No
nVF1804426090 XTO ENERGY, INC Minor Produced Water Release 1/23/18 Produced Water 15 6 9 BBL San Juan (45) No No
nAB1803838673 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 1/23/18 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nAB1803252742 Permian Resources Operating, LLC Minor Oil Release 1/23/18 Crude Oil 9 8 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1802649672 MATADOR PRODUCTION COMPANY Minor Oil Release 1/23/18 Crude Oil 10 7 3 BBL Human Error Lea (25) No No
nCS1803753824 DUGAN PRODUCTION CORP Minor Other 1/22/18 Other (Specify) 20 20 0 BBL Equipment Failure San Juan (45) No No
nOY1803358243 J R OIL, LTD. CO. Minor Oil Release 1/22/18 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nOY1802250981 COG OPERATING LLC Minor Oil Release 1/22/18 Crude Oil 9 8 1 BBL Human Error Lea (25) No No
nOY1803358243 J R OIL, LTD. CO. Minor Oil Release 1/22/18 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1803756772 ROCKCLIFF OPERATING NEW MEXICO LLC Major Produced Water Release 1/22/18 Produced Water 110 109 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1803742692 OXY USA INC Major Oil Release 1/21/18 Crude Oil 32 16 16 BBL Other Lea (25) No No
nAB1803639691 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/21/18 Produced Water 12 12 0 BBL Equipment Failure Eddy (15) No No
nAB1803749983 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/21/18 Produced Water 181 180 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1803741279 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/21/18 Produced Water 519 512 7 BBL Other Lea (25) No No
nOY1802648272 Spur Energy Partners LLC Major Produced Water Release 1/20/18 Produced Water 80 78 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nVF1802648183 SIMCOE LLC Release Other 1/20/18 Condensate 0 0 0 BBL San Juan (45) No No
nAB1802933590 COG OPERATING LLC Minor Produced Water Release 1/20/18 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nOY1802651575 APACHE CORPORATION Minor Produced Water Release 1/20/18 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nOY1802648272 Spur Energy Partners LLC Major Produced Water Release 1/20/18 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nVF1803151735 Williams Four Corners, LLC Release Other 1/19/18 Condensate 0 0 0 BBL San Juan (45) No No
nAB1802932650 Spur Energy Partners LLC Minor Oil Release 1/19/18 Crude Oil 6 5 1 BBL Corrosion Eddy (15) No No
nCS1803751908 HILCORP ENERGY COMPANY Minor Oil Release 1/19/18 Other (Specify) 9 0 0 BBL Corrosion Rio Arriba (39) No No
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nAB1802932650 Spur Energy Partners LLC Minor Oil Release 1/19/18 Produced Water 3 2 1 BBL Corrosion Eddy (15) No No
nAB1803736033 CHEVRON U S A INC Major Oil Release 1/19/18 Crude Oil 141 140 1 BBL Equipment Failure Eddy (15) No No
nCS1803748358 HILCORP ENERGY COMPANY Minor Oil Release 1/18/18 Produced Water 10 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1803638613 XTO PERMIAN OPERATING LLC. Oil Release 1/18/18 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nOY1807257806 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 1/18/18 Crude Oil 127 0 0 BBL Lea (25) No No
nCS1803748358 HILCORP ENERGY COMPANY Minor Oil Release 1/18/18 Condensate 10 0 0 BBL Corrosion Rio Arriba (39) No No
nOY1807257806 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 1/18/18 Crude Oil 127 11 116 BBL Freeze Lea (25) No No
nOY1807257806 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 1/18/18 Produced Water 127 11 116 BBL Freeze Lea (25) No No
nKJ1602726266 OXY USA INC Major Produced Water Release 1/18/18 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nKJ1602726266 OXY USA INC Major Produced Water Release 1/18/18 Produced Water 700 672 28 BBL Equipment Failure Lea (25) No No
nOY1801736002 COG PRODUCTION, LLC Minor Produced Water Release 1/17/18 Produced Water 7 5 2 BBL Corrosion Lea (25) No No
nCS1803753364 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 1/17/18 Produced Water 8 4 4 BBL Equipment Failure San Juan (45) No No
nAB1803634813 XTO ENERGY, INC Minor Produced Water Release 1/17/18 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nOY1803756053 CCC OIL & GAS LLC Oil Release 1/17/18 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1804534391 EOG Y RESOURCES, INC. Major Produced Water Release 1/17/18 Crude Oil 447 447 0 BBL Equipment Failure Eddy (15) No No
nOY1803756053 CCC OIL & GAS LLC Oil Release 1/17/18 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1803634813 XTO ENERGY, INC Minor Produced Water Release 1/17/18 Produced Water 10 2 8 BBL Equipment Failure Eddy (15) No No
nAB1804534391 EOG Y RESOURCES, INC. Major Produced Water Release 1/17/18 Produced Water 33 33 0 BBL Equipment Failure Eddy (15) No No
nOY1805241827 GRAND BANKS ENERGY CO Oil Release 1/16/18 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nRM2017435952 GRAND BANKS ENERGY CO Oil Release 1/16/18 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nCS1803732121 SIMCOE LLC Minor Produced Water Release 1/16/18 Produced Water 14 0 14 BBL Equipment Failure San Juan (45) No No
nCS1801735085 HILCORP ENERGY COMPANY Other 1/16/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1803254347 WPX Energy Permian, LLC Major Oil Release 1/16/18 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No
nAB1803054013 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/16/18 Crude Oil 6 6 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1803053553 RAYBAW Operating, LLC Minor Oil Release 1/16/18 Crude Oil 9 6 3 BBL Equipment Failure Eddy (15) No No
nOY1803033936 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/15/18 Crude Oil 6 5 1 BBL Equipment Failure Lea (25) No No
nAB1803054540 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/15/18 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nOY1801748389 Maverick Permian LLC Minor Oil Release 1/15/18 Crude Oil 5 0 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1802537084 ROCKCLIFF OPERATING NEW MEXICO LLC Major Produced Water Release 1/15/18 Produced Water 80 79 1 BBL Equipment Failure Eddy (15) No No
nOY1803033936 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/15/18 Produced Water 31 30 1 BBL Equipment Failure Lea (25) No No
nAB1803054540 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/15/18 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nOY1801748389 Maverick Permian LLC Minor Oil Release 1/15/18 Produced Water 5 0 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1801852910 EOG RESOURCES INC Minor Produced Water Release 1/13/18 Crude Oil 9 5 4 BBL Equipment Failure Eddy (15) No No
nAB1802926862 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 1/12/18 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nOY1801256925 STAKEHOLDER MIDSTREAM LLC Minor Oil Release 1/12/18 Crude Oil 15 12 3 BBL Human Error Lea (25) No No
nOY1801252654 CONOCOPHILLIPS COMPANY Major Fire 1/12/18 Other (Specify) 1 0 1 BBL Fire Lea (25) No No
nAB1802926862 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 1/12/18 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nOY1801737259 MARATHON OIL PERMIAN LLC Major Oil Release 1/11/18 Crude Oil 31 2 29 BBL Equipment Failure Lea (25) No No
nAB1802650840 BOPCO, L.P. Major Oil Release 1/10/18 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nOY1802642217 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 1/9/18 Drilling Mud/Fluid 5 3 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1801728169 OCCIDENTAL PERMIAN LTD Minor Oil Release 1/9/18 Crude Oil 15 12 3 BBL Equipment Failure Lea (25) No No
nOY1801732984 OCCIDENTAL PERMIAN LTD Major Oil Release 1/9/18 Crude Oil 10 5 5 BBL Human Error Lea (25) No No
nOY1801734759 OXY USA INC Major Oil Release 1/9/18 Crude Oil 2 0 2 BBL Blow Out Lea (25) No No
nOY1801657371 OCCIDENTAL PERMIAN LTD Minor Oil Release 1/9/18 Crude Oil 15 12 3 BBL Equipment Failure Lea (25) No No
nAB1802927873 XTO ENERGY, INC Minor Other 1/9/18 Other (Specify) 10 0 10 BBL Other Eddy (15) No No
nOY1801734759 OXY USA INC Major Oil Release 1/9/18 Produced Water 300 151 149 BBL Blow Out Lea (25) No No
nAB1806737490 FRONTIER FIELD SERVICES, LLC Minor Release Other 1/9/18 Condensate 20 0 20 BBL Corrosion Eddy (15) No No
nOY1801732984 OCCIDENTAL PERMIAN LTD Major Oil Release 1/9/18 Produced Water 150 145 5 BBL Human Error Lea (25) No No
nOY1800841704 CONOCOPHILLIPS COMPANY Major Oil Release 1/8/18 Crude Oil 61 55 6 BBL Equipment Failure Lea (25) No No
nOY1800857073 COG OPERATING LLC Major Oil Release 1/8/18 Crude Oil 20 5 15 BBL Equipment Failure Lea (25) No No
nOY1800851743 SOUTHWEST ROYALTIES INC Minor Produced Water Release 1/8/18 Produced Water 8 1 7 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1801849650 MARATHON OIL PERMIAN LLC Oil Release 1/8/18 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nCS1800849211 HILCORP ENERGY COMPANY Other 1/8/18 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1803253192 OXY USA INC Minor Produced Water Release 1/8/18 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAB1802928387 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/8/18 Crude Oil 39 39 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1800858320 COG OPERATING LLC Minor Produced Water Release 1/8/18 Produced Water 16 15 1 BBL Corrosion Lea (25) No No
nOY1800841704 CONOCOPHILLIPS COMPANY Major Oil Release 1/8/18 Produced Water 61 55 6 BBL Equipment Failure Lea (25) No No
nOY1800857073 COG OPERATING LLC Major Oil Release 1/8/18 Produced Water 40 10 30 BBL Equipment Failure Lea (25) No No
nAB1803253192 OXY USA INC Minor Produced Water Release 1/8/18 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1801851398 Spur Energy Partners LLC Major Oil Release 1/7/18 Crude Oil 65 58 7 BBL Equipment Failure Eddy (15) No No
nOY1802252498 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/7/18 Crude Oil 14 13 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1802255368 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/7/18 Diesel 10 8 2 BBL Equipment Failure Lea (25) No No
nAB1802929248 BOPCO, L.P. Major Oil Release 1/7/18 Crude Oil 45 45 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1801742400 COG OPERATING LLC Minor Produced Water Release 1/6/18 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nOY1802258801 SOUTHWEST ROYALTIES INC Minor Produced Water Release 1/6/18 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1802638956 CHEVRON U S A INC Major Produced Water Release 1/6/18 Produced Water 40 10 30 BBL Equipment Failure Eddy (15) No No
nAB1801742400 COG OPERATING LLC Minor Produced Water Release 1/6/18 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nOY1800840250 OXY USA INC Minor Oil Release 1/5/18 Crude Oil 3 0 0 BBL Equipment Failure Lea (25) No No
nAB1800952343 POGO PRODUCING CO Minor Oil Release 1/5/18 Crude Oil 6 0 6 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1800533693 Water Energy Services, LLC Major Produced Water Release 1/5/18 Produced Water 200 200 0 BBL Human Error Lea (25) No No
nAB1802538319 Silverback Operating II, LLC Minor Produced Water Release 1/5/18 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nOY1800840250 OXY USA INC Minor Oil Release 1/5/18 Produced Water 10 0 0 BBL Equipment Failure Lea (25) No No
nAB1802538319 Silverback Operating II, LLC Minor Produced Water Release 1/5/18 Produced Water 12 11 1 BBL Equipment Failure Eddy (15) No No
nOY1800827396 Contango Resources, Inc. Major Release Other 1/5/18 Other (Specify) 100 0 100 BBL Lea (25) No No
nCS1803042916 XTO ENERGY, INC Other 1/5/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1805438565 DJR OPERATING, LLC Minor Oil Release 1/4/18 Condensate 11 11 0 BBL Equipment Failure Rio Arriba (39) No No
nOY1800838187 J R OIL, LTD. CO. Major Oil Release 1/4/18 Crude Oil 47 0 0 BBL Equipment Failure Lea (25) No No
nAB1801651958 MARATHON OIL PERMIAN LLC Major Other 1/4/18 Other (Specify) 213 0 213 BBL Equipment Failure Eddy (15) No No
nAB1800955828 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/4/18 Crude Oil 250 224 26 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1800849426 Spur Energy Partners LLC Major Oil Release 1/4/18 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nAB1801651958 MARATHON OIL PERMIAN LLC Major Other 1/4/18 Other (Specify) 67 0 67 BBL Equipment Failure Eddy (15) No No
nAB1800955828 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/4/18 Produced Water 170 121 49 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1800838187 J R OIL, LTD. CO. Major Oil Release 1/4/18 Produced Water 17 0 0 BBL Equipment Failure Lea (25) No No
nOY1800849426 Spur Energy Partners LLC Major Oil Release 1/4/18 Produced Water 180 175 5 BBL Equipment Failure Lea (25) No No
nAB1801936658 EOG Y RESOURCES, INC. Minor Produced Water Release 1/4/18 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nAB1801942978 CHEVRON U S A INC Minor Oil Release 1/3/18 Crude Oil 12 10 2 BBL Equipment Failure Eddy (15) No No
nOY1801242067 APACHE CORPORATION Major Oil Release 1/3/18 Crude Oil 2 0 2 BBL Freeze Lea (25) No No
nOY1800527921 JOHN H HENDRIX CORP Major Produced Water Release 1/3/18 Produced Water 100 98 2 BBL Equipment Failure Lea (25) No No
nOY1800830737 STRATA PRODUCTION CO Minor Oil Release 1/3/18 Crude Oil 5 0 5 BBL Freeze Lea (25) No No
nAB1800356604 CAZA OPERATING, LLC Major Oil Release 1/3/18 Crude Oil 2 0 2 BBL Fire Eddy (15) No No
nOY1800853345 SOUTHWEST ROYALTIES INC Minor Produced Water Release 1/3/18 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nOY1800855479 COG OPERATING LLC Major Produced Water Release 1/3/18 Produced Water 115 47 68 BBL Equipment Failure Lea (25) No No
nMAP1827460454 Earthstone Operating, LLC Major Produced Water Release 1/3/18 Produced Water 130 80 50 BBL Equipment Failure Eddy (15) No No
nAB1800955279 Permian Resources Operating, LLC Major Produced Water Release 1/3/18 Produced Water 90 0 90 BBL Equipment Failure Eddy (15) No No
nOY1801242067 APACHE CORPORATION Major Oil Release 1/3/18 Produced Water 60 0 60 BBL Freeze Lea (25) No No
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nOY1801253775 FOUNDATION ENERGY MANAGEMENT, LLC Major Oil Release 1/3/18 Crude Oil 75 65 10 BBL Freeze Lea (25) No No
nAB1800947656 BURNETT OIL CO INC Major Produced Water Release 1/3/18 Crude Oil 25 22 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1801653359 Empire New Mexico LLC Major Produced Water Release 1/3/18 Produced Water 126 0 126 BBL Equipment Failure Lea (25) No No
nAB1800947656 BURNETT OIL CO INC Major Produced Water Release 1/3/18 Produced Water 175 163 12 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1800234672 COG OPERATING LLC Major Produced Water Release 1/2/18 Produced Water 38 37 1 BBL Equipment Failure Lea (25) No No
nOY1800836161 OCCIDENTAL PERMIAN LTD Major Produced Water Release 1/2/18 Produced Water 390 370 20 BBL Corrosion Lea (25) No No
nCS1802249990 SIMCOE LLC Other 1/2/18 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1801055905 APACHE CORPORATION Major Produced Water Release 1/2/18 Produced Water 120 0 120 BBL Lea (25) No No
nAB1801851852 XTO PERMIAN OPERATING LLC. Oil Release 1/2/18 Crude Oil 1 0 1 BBL Freeze Eddy (15) No No
nCS1802249990 SIMCOE LLC Other 1/2/18 Unknown 0 0 0 BBL Equipment Failure San Juan (45) No No
nAB1800954389 Permian Resources Operating, LLC Minor Produced Water Release 1/2/18 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1801850918 MARATHON OIL PERMIAN LLC Oil Release 1/2/18 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nOY1800329215 Maverick Permian LLC Major Oil Release 1/1/18 Crude Oil 16 15 1 BBL Equipment Failure Lea (25) No No

nOY1812336028
CHESTNUT EXPLORATION AND PRODUCTION, 
INC. Major Oil Release 1/1/18 Crude Oil 140 0 140 BBL Equipment Failure Lea (25) No No

nOY1800329215 Maverick Permian LLC Major Oil Release 1/1/18 Produced Water 21 20 1 BBL Equipment Failure Lea (25) No No
nOY1801243926 APACHE CORPORATION Minor Oil Release 1/1/18 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No

nOY1812336028
CHESTNUT EXPLORATION AND PRODUCTION, 
INC. Major Oil Release 1/1/18 Produced Water 140 0 140 BBL Equipment Failure Lea (25) No No

nOY1801243926 APACHE CORPORATION Minor Oil Release 1/1/18 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAB1801941807 WPX Energy Permian, LLC Major Produced Water Release 12/31/17 Produced Water 230 180 50 BBL Equipment Failure Eddy (15) No No
nAB1801849148 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/31/17 Produced Water 52 52 0 BBL Equipment Failure Eddy (15) No No
nOY1800336980 COG OPERATING LLC Minor Oil Release 12/29/17 Crude Oil 18 13 5 BBL Equipment Failure Lea (25) No No
nVF1805932639 SIMCOE LLC Release Other 12/29/17 Unknown 0 0 0 BBL San Juan (45) No No
nVF1805933768 SIMCOE LLC Other 12/29/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1736334624 DEVON ENERGY PRODUCTION COMPANY, LP Release Other 12/29/17 Crude Oil 0 0 0 BBL Lea (25) No No
nOY1801255310 MorningStar Operating LLC Minor Oil Release 12/28/17 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nAB1801755995 MATADOR PRODUCTION COMPANY Major Produced Water Release 12/28/17 Produced Water 460 435 25 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1801255310 MorningStar Operating LLC Minor Oil Release 12/28/17 Produced Water 11 10 1 BBL Equipment Failure Lea (25) No No
nAB1801755995 MATADOR PRODUCTION COMPANY Major Produced Water Release 12/28/17 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2116142694 CHEVRON U S A INC Minor Produced Water Release 12/28/17 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nAPP2116142694 CHEVRON U S A INC Minor Produced Water Release 12/28/17 Produced Water 11 10 1 BBL Equipment Failure Lea (25) No No
nAB1801757352 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/27/17 Produced Water 11 11 0 BBL Corrosion Eddy (15) No No
nOY1736149956 COG OPERATING LLC Minor Oil Release 12/27/17 Crude Oil 18 12 6 BBL Freeze Lea (25) No No
nOY1801035692 CHEVRON U S A INC Major Produced Water Release 12/27/17 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nOY1801035692 CHEVRON U S A INC Major Produced Water Release 12/27/17 Produced Water 35 34 1 BBL Corrosion Lea (25) No No
nOY1736038566 CONOCOPHILLIPS COMPANY Major Oil Release 12/26/17 Crude Oil 26 20 6 BBL Equipment Failure Lea (25) No No
nOY1800341697 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 12/26/17 Unknown 0 0 0 BBL Fire Lea (25) No No
nOY1801032219 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/26/17 B.S. & W. 9 8 1 BBL Human Error Lea (25) No No
nAB1800934638 OXY USA INC Minor Produced Water Release 12/26/17 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nVF1811641153 SIMCOE LLC Release Other 12/26/17 Unknown 0 0 0 BBL Other San Juan (45) No No
nOY1801032219 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/26/17 Crude Oil 9 8 1 BBL Human Error Lea (25) No No
nOY1736038566 CONOCOPHILLIPS COMPANY Major Oil Release 12/26/17 Produced Water 26 20 6 BBL Equipment Failure Lea (25) No No
nOY1800231197 OXY USA INC Major Produced Water Release 12/26/17 Produced Water 25 0 25 BBL Equipment Failure Lea (25) No No
nOY1800227485 OCCIDENTAL PERMIAN LTD Major Produced Water Release 12/25/17 Crude Oil 10 0 0 BBL Lea (25) No No
nAB1800552891 MEWBOURNE OIL CO Major Produced Water Release 12/25/17 Produced Water 7739 5400 2339 BBL Equipment Failure Eddy (15) No No
nAB1800556999 DCP OPERATING COMPANY, LP Natural Gas Release 12/25/17 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nOY1800227485 OCCIDENTAL PERMIAN LTD Major Produced Water Release 12/25/17 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nOY1800227485 OCCIDENTAL PERMIAN LTD Major Produced Water Release 12/25/17 Produced Water 100 0 100 BBL Equipment Failure Lea (25) No No
nOY1736035740 CAZA OPERATING, LLC Major Oil Release 12/24/17 Crude Oil 4 0 4 BBL Fire Lea (25) No No
nAB1800929918 MARATHON OIL PERMIAN LLC Major Oil Release 12/24/17 Crude Oil 89 4 85 BBL Equipment Failure Eddy (15) No No
nAB1800947208 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 12/24/17 Produced Water 7 3 4 BBL Equipment Failure Eddy (15) No No
nAB1800929918 MARATHON OIL PERMIAN LLC Major Oil Release 12/24/17 Produced Water 2 2 0 BBL Equipment Failure Eddy (15) No No
nOY1801157482 NAVAJO REFINING COMPANY, L.L.C. Major Oil Release 12/23/17 Crude Oil 97 35 62 BBL Human Error Lea (25) No No
nVF1736037352 BP AMERICA PRODUCTION COMPANY Release Other 12/22/17 Produced Water 0 0 0 BBL San Juan (45) No No
nAB1800936367 BOPCO, L.P. Major Produced Water Release 12/21/17 Produced Water 26 0 26 BBL Equipment Failure Eddy (15) No No
nAB1800555602 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/21/17 Produced Water 209 50 159 BBL Corrosion Eddy (15) No No
nAB1800557573 WPX Energy Permian, LLC Major Produced Water Release 12/21/17 Produced Water 75 65 10 BBL Equipment Failure Eddy (15) No No
nVF1735626321 HILCORP ENERGY COMPANY Release Other 12/20/17 Condensate 0 0 0 BBL San Juan (45) No No
nCS1735527211 HILCORP ENERGY COMPANY Major Oil Release 12/20/17 Condensate 65 0 65 BBL Corrosion San Juan (45) No No
nVF1735449817 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 12/20/17 Produced Water 38 5 33 BBL Rio Arriba (39) No No
nAB1736141298 COG OPERATING LLC Minor Produced Water Release 12/20/17 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nVF1800240565 HILCORP ENERGY COMPANY Release Other 12/20/17 Condensate 0 0 0 BBL San Juan (45) No No
nVF1800248261 HILCORP ENERGY COMPANY Minor Release Other 12/20/17 Condensate 15 9 6 BBL San Juan (45) No No
nVF1801029165 HILCORP ENERGY COMPANY Release Other 12/20/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1735456975 Contango Resources, Inc. Major Produced Water Release 12/20/17 Crude Oil 150 150 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1801657017 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 12/20/17 Other (Specify) 0 0 0 BBL Corrosion San Juan (45) No No
nAB1736141298 COG OPERATING LLC Minor Produced Water Release 12/20/17 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nOY1735456975 Contango Resources, Inc. Major Produced Water Release 12/20/17 Produced Water 150 150 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1803830440 DUGAN PRODUCTION CORP Other 12/19/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1736028838 ETC Texas Pipeline, Ltd. Major Natural Gas Release 12/19/17 Condensate 10 15 -5 BBL Corrosion Lea (25) No No
nAB1736133674 COG OPERATING LLC Minor Produced Water Release 12/19/17 Produced Water 12 12 0 BBL Equipment Failure Eddy (15) No No
nAB1800932994 QUATRO OSOS E&P, LLC Minor Oil Release 12/18/17 Crude Oil 9 0 9 BBL Vandalism Chaves (05) No No
nOY1801057914 PURVIS OPERATING CO Minor Oil Release 12/18/17 Crude Oil 5 2 3 BBL Equipment Failure Lea (25) No No
nVF1735237319 WPX ENERGY PRODUCTION, LLC Release Other 12/18/17 Unknown 0 0 0 BBL Rio Arriba (39) No No
nOY1735231495 MARATHON OIL PERMIAN LLC Major Fire 12/18/17 Other (Specify) 0 0 0 BBL Fire Lea (25) No No
nOY1735234214 XTO ENERGY, INC Major Oil Release 12/18/17 Crude Oil 35 35 0 BBL Equipment Failure Lea (25) No No
nVF1735234620 WPX ENERGY PRODUCTION, LLC Major Fire 12/18/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1736131701 COG PRODUCTION, LLC Minor Produced Water Release 12/18/17 Produced Water 20 18 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1736032564 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/17/17 Produced Water 12 12 0 BBL Human Error Lea (25) No No
nOY1800232956 OXY USA INC Minor Oil Release 12/17/17 Crude Oil 3 0 3 BBL Lea (25) No No
nAB1800541215 BOPCO, L.P. Major Produced Water Release 12/17/17 Produced Water 76 75 1 BBL Equipment Failure Eddy (15) No No
nOY1800232956 OXY USA INC Minor Oil Release 12/17/17 Produced Water 10 0 10 BBL Lea (25) No No
nOY1735252600 COG OPERATING LLC Minor Produced Water Release 12/16/17 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nAB1808655218 ENERGY TRANSFER PARTNERS, LP Minor Release Other 12/15/17 Condensate 14 0 14 BBL Freeze Eddy (15) No No
nCS1734952327 THOMPSON ENGR & PROD CORP Major Fire 12/15/17 Other (Specify) 0 0 0 BBL Fire San Juan (45) No No
nOY1735437002 APACHE CORPORATION Major Produced Water Release 12/14/17 Produced Water 240 220 20 BBL Equipment Failure Lea (25) No No
nAB1735229901 COG OPERATING LLC Minor Produced Water Release 12/14/17 Crude Oil 4 1 3 BBL Equipment Failure Eddy (15) No No
nVF1802642247 WPX ENERGY PRODUCTION, LLC Release Other 12/14/17 Produced Water 2 0 2 BBL San Juan (45) No No
nCS1812351756 DUGAN PRODUCTION CORP Release Other 12/14/17 Lube Oil 0 0 0 BBL Other San Juan (45) No No
nAB1736138526 BOPCO, L.P. Minor Produced Water Release 12/14/17 Produced Water 13 4 9 BBL Corrosion Eddy (15) No No
nAB1735229901 COG OPERATING LLC Minor Produced Water Release 12/14/17 Produced Water 3 1 2 BBL Equipment Failure Eddy (15) No No
nAB1800540643 MARATHON OIL PERMIAN LLC Major Natural Gas Release 12/14/17 Natural Gas Liquids 0 0 0 BBL Fire Eddy (15) No No
nOY1736030513 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 12/13/17 Produced Water 0 0 0 BBL Lea (25) No No
nAB1735258505 COG OPERATING LLC Oil Release 12/13/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nOY1735241593 Franklin Mountain Energy 3, LLC Major Oil Release 12/13/17 Crude Oil 154 60 94 BBL Human Error Lea (25) No No
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nAB1736136697 XTO ENERGY, INC Minor Oil Release 12/13/17 Crude Oil 24 24 0 BBL Equipment Failure Eddy (15) No No
nVF1805333405 SIMCOE LLC Release Other 12/12/17 Unknown 0 0 0 BBL San Juan (45) No No
nVF1805137023 SIMCOE LLC Release Other 12/12/17 Unknown 0 0 0 BBL San Juan (45) No No
nVF1734934906 PRIDE ENERGY COMPANY Major Release Other 12/12/17 Produced Water 40 0 0 BBL Sandoval (43) No No
nAB1735335003 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 12/12/17 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nCS1734851807 Williams Four Corners, LLC Oil Release 12/12/17 Condensate 0 0 0 BBL Other Rio Arriba (39) No No
nAB1913054056 XTO ENERGY, INC Major Oil Release 12/12/17 Crude Oil 35 35 0 BBL Human Error Eddy (15) No No
nCS1801657884 DJR OPERATING, LLC Other 12/12/17 Glycol 0 0 0 BBL Other 0 No No
nVF1734934906 PRIDE ENERGY COMPANY Major Release Other 12/12/17 Produced Water 40 25 15 BBL Sandoval (43) No No
nCS1807132797 Williams Four Corners, LLC Other 12/12/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1801656251 BP AMERICA PRODUCTION COMPANY Oil Release 12/11/17 Other (Specify) 0 0 0 BBL Corrosion San Juan (45) No No
nOY1735236012 COG OPERATING LLC Major Produced Water Release 12/11/17 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nCS1801654367 DJR OPERATING, LLC Oil Release 12/11/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1801652190 Williams Four Corners, LLC Oil Release 12/11/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1801742031 Silverback Operating II, LLC Other 12/11/17 Unknown 0 0 0 BBL Other Eddy (15) No No
nAB1736130254 EOG Y RESOURCES, INC. Major Produced Water Release 12/10/17 Produced Water 60 50 10 BBL Equipment Failure Eddy (15) No No
nAB1735335460 COG OPERATING LLC Minor Oil Release 12/9/17 Crude Oil 12 0 12 BBL Other Eddy (15) No No
nVF1735236218 WPX ENERGY PRODUCTION, LLC Release Other 12/9/17 Unknown 0 0 0 BBL San Juan (45) No No
nVF1734527615 WPX ENERGY PRODUCTION, LLC Produced Water Release 12/9/17 Produced Water 0 0 0 BBL Rio Arriba (39) No No
nVF1735236555 WPX ENERGY PRODUCTION, LLC Release Other 12/9/17 Unknown 0 0 0 BBL San Juan (45) No No
nVF1735236036 WPX ENERGY PRODUCTION, LLC Release Other 12/8/17 Produced Water 0 0 0 BBL Rio Arriba (39) No No
nAB1736055339 WPX Energy Permian, LLC Minor Produced Water Release 12/8/17 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nRM2210232566 CHEVRON U S A INC Major Other 12/8/17 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAB1736055339 WPX Energy Permian, LLC Minor Produced Water Release 12/8/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nVF1800247774 Williams Four Corners, LLC Release Other 12/8/17 Other (Specify) 0 0 0 BBL San Juan (45) No No
nOY1734134824 COG PRODUCTION, LLC Minor Produced Water Release 12/7/17 Produced Water 10 8 2 BBL Corrosion Lea (25) No No
nOY1734132118 MARATHON OIL PERMIAN LLC Major Fire 12/7/17 Crude Oil 0 0 0 BBL Lea (25) No No
nOY1734129187 CAZA OPERATING, LLC Oil Release 12/7/17 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nAB1908534289 OXY USA INC Minor Produced Water Release 12/7/17 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nOY1734133250 CIMAREX ENERGY CO. Minor Produced Water Release 12/7/17 Produced Water 11 8 3 BBL Corrosion Lea (25) No No
nOY1735248031 PURVIS OPERATING CO Oil Release 12/7/17 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1734129187 CAZA OPERATING, LLC Oil Release 12/7/17 Produced Water 2 2 0 BBL Equipment Failure Lea (25) No No
nOY1734133250 CIMAREX ENERGY CO. Minor Produced Water Release 12/7/17 Crude Oil 4 3 1 BBL Corrosion Lea (25) No No
nAB1800933700 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/6/17 Crude Oil 5 1 4 BBL Human Error Eddy (15) No No
nOY1735238080 COG OPERATING LLC Major Fire 12/6/17 Crude Oil 188 0 188 BBL Fire Lea (25) No No
nAB1800933700 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/6/17 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nAB1736044200 BOPCO, L.P. Minor Produced Water Release 12/6/17 Produced Water 18 17 1 BBL Equipment Failure Eddy (15) No No
nOY1734227772 COG OPERATING LLC Major Produced Water Release 12/6/17 Produced Water 267 0 267 BBL Equipment Failure Lea (25) No No
nAB1734834805 OXY USA INC Major Oil Release 12/6/17 Crude Oil 85 75 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1801657373 SIMCOE LLC Other 12/5/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nVF1734229687 HILCORP ENERGY COMPANY Major Fire 12/5/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1736039110 XTO ENERGY, INC Major Oil Release 12/4/17 Crude Oil 350 350 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1736056440 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/4/17 Produced Water 99 60 39 BBL Equipment Failure Eddy (15) No No
nAB1736039110 XTO ENERGY, INC Major Oil Release 12/4/17 Crude Oil 4 0 4 GAL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1800931617 EOG RESOURCES INC Produced Water Release 12/3/17 Produced Water 0 0 0 BBL Eddy (15) No No
nOY1735239411 BAM Permian Operating, LLC Major Produced Water Release 12/2/17 Produced Water 60 57 3 BBL Corrosion Chaves (05) No No
nAB1736140332 ROVER OPERATING, LLC Minor Produced Water Release 12/2/17 Produced Water 15 5 10 BBL Corrosion Eddy (15) No No
nAB1735229292 WPX Energy Permian, LLC Minor Produced Water Release 12/2/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1735229292 WPX Energy Permian, LLC Minor Produced Water Release 12/2/17 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nAB1734228360 COG PRODUCTION, LLC Minor Produced Water Release 12/1/17 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1735334560 EOG Y RESOURCES, INC. Minor Produced Water Release 12/1/17 Produced Water 13 1 12 BBL Equipment Failure Eddy (15) No No
nAB1736038289 BOPCO, L.P. Major Produced Water Release 12/1/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1734230847 COG OPERATING LLC Major Produced Water Release 12/1/17 Produced Water 102 100 2 BBL Equipment Failure Eddy (15) No No
nAB1734228360 COG PRODUCTION, LLC Minor Produced Water Release 12/1/17 Produced Water 4 3 1 BBL Equipment Failure Eddy (15) No No
nAB1736038289 BOPCO, L.P. Major Produced Water Release 12/1/17 Produced Water 25 24 1 BBL Equipment Failure Eddy (15) No No
nVF1800537607 Williams Four Corners, LLC Release Other 11/30/17 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nCS1800255653 SIMCOE LLC Oil Release 11/30/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1734038101 COG OPERATING LLC Major Produced Water Release 11/30/17 Produced Water 30 28 2 BBL Equipment Failure Eddy (15) No No
nOY1734058030 GRAND BANKS ENERGY CO Major Oil Release 11/29/17 Crude Oil 20 0 20 BBL Equipment Failure Lea (25) No No
nCS1733529093 HILCORP ENERGY COMPANY Oil Release 11/29/17 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nOY1734058030 GRAND BANKS ENERGY CO Major Oil Release 11/29/17 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nCS1803335205 SIMCOE LLC Other 11/29/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1733529093 HILCORP ENERGY COMPANY Oil Release 11/29/17 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nOY1733347591 HOLLY ENERGY PARTNERS - OPERATING, LP Major Oil Release 11/28/17 Crude Oil 45 35 10 BBL Human Error Lea (25) No No
nVF1734230051 HILCORP ENERGY COMPANY Release Other 11/28/17 Unknown 0 0 0 BBL San Juan (45) No No
nCS1735235018 HILCORP ENERGY COMPANY Major Other 11/28/17 Other (Specify) 0 0 0 BBL Other San Juan (45) Yes No
nOY1734146233 DCP OPERATING COMPANY, LP Minor Release Other 11/28/17 Other (Specify) 17 10 7 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nVF1735542081 SIMCOE LLC Release Other 11/28/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1733135499 LIME ROCK RESOURCES II-A, L.P. Major Release Other 11/27/17 Unknown 0 0 0 BBL Other Lea (25) No No
nVF1733227051 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 11/27/17 Condensate 0 0 0 BBL San Juan (45) No No
nOY1733156897 COG OPERATING LLC Major Produced Water Release 11/27/17 Produced Water 125 124 1 BBL Corrosion Lea (25) No No
nCS1803333248 SIMCOE LLC Other 11/27/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1733235874 COG OPERATING LLC Minor Oil Release 11/26/17 Crude Oil 3 0 0 BBL Lea (25) No No
nOY1733235874 COG OPERATING LLC Minor Oil Release 11/26/17 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nOY1733235874 COG OPERATING LLC Minor Oil Release 11/26/17 Produced Water 13 0 13 BBL Corrosion Lea (25) No No
nAB1733436487 COG OPERATING LLC Major Produced Water Release 11/25/17 Produced Water 40 38 2 BBL Equipment Failure Eddy (15) No No
nOY1734059505 OXY USA INC Minor Oil Release 11/25/17 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nOY1735250845 Opal Operating Company LLC Minor Oil Release 11/25/17 Crude Oil 5 0 0 BBL Lea (25) No No
nAB1733957999 MEWBOURNE OIL CO Major Produced Water Release 11/25/17 Produced Water 160 150 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1735250845 Opal Operating Company LLC Minor Oil Release 11/25/17 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1734059505 OXY USA INC Minor Oil Release 11/25/17 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nAB1734534005 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/24/17 Produced Water 48 42 6 BBL Equipment Failure Eddy (15) No No
nOY1733234682 COG OPERATING LLC Major Oil Release 11/24/17 Crude Oil 10 8 2 BBL Equipment Failure Lea (25) No No
nAB1733432507 COG OPERATING LLC Minor Oil Release 11/24/17 Crude Oil 9 8 1 BBL Equipment Failure Eddy (15) No No
nOY1733234682 COG OPERATING LLC Major Oil Release 11/24/17 Produced Water 20 10 10 BBL Equipment Failure Lea (25) No No
nOY1733332623 SOUTHWEST ROYALTIES INC Major Produced Water Release 11/23/17 Produced Water 200 200 0 BBL Corrosion Lea (25) No No
nAB1734231291 MATADOR PRODUCTION COMPANY Major Other 11/23/17 Other (Specify) 268 175 93 BBL Equipment Failure Eddy (15) No No
nAB1733855987 PERCUSSION PETROLEUM OPERATING, LLC Minor Produced Water Release 11/22/17 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1733957568 APACHE CORPORATION Minor Produced Water Release 11/22/17 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nVF1734238642 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 11/22/17 Produced Water 24 10 14 BBL Rio Arriba (39) No No
nAB1734036870 Silverback Operating II, LLC Minor Produced Water Release 11/22/17 Produced Water 10 7 3 BBL Equipment Failure Eddy (15) No No
nAB1733855987 PERCUSSION PETROLEUM OPERATING, LLC Minor Produced Water Release 11/22/17 0 0 0 BBL Eddy (15) No No
nAB1733957568 APACHE CORPORATION Minor Produced Water Release 11/22/17 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nOY1732438128 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 11/20/17 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nCS1801655901 Enterprise Crude Oil LLC Minor Oil Release 11/20/17 Other (Specify) 5 0 0 BBL Freeze San Juan (45) No No
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nOY1733352349 MARATHON OIL PERMIAN LLC Produced Water Release 11/20/17 Produced Water 0 0 0 BBL Other Lea (25) No No
nVF1735233522 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 11/20/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1732438128 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 11/20/17 Produced Water 147 146 1 BBL Equipment Failure Lea (25) No No
nAB1734230353 ROCKCLIFF OPERATING NEW MEXICO LLC Minor Oil Release 11/20/17 Crude Oil 8 6 2 BBL Corrosion Eddy (15) No No
nOY1732657426 STEWARD ENERGY II, LLC Major Oil Release 11/20/17 Crude Oil 80 80 0 BBL Equipment Failure Lea (25) No No
nOY1732657426 STEWARD ENERGY II, LLC Major Oil Release 11/20/17 Produced Water 80 80 0 BBL Equipment Failure Lea (25) No No
nVF1733856387 Williams Four Corners, LLC Release Other 11/19/17 Produced Water 0 0 0 BBL Other San Juan (45) No No
nOY1732453631 Spur Energy Partners LLC Major Oil Release 11/19/17 Crude Oil 30 29 1 BBL Corrosion Lea (25) No No
nAB1733333295 COG OPERATING LLC Minor Produced Water Release 11/18/17 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nOY1733228951 COG OPERATING LLC Major Produced Water Release 11/18/17 Produced Water 53 15 38 BBL Human Error Lea (25) No No
nAB1734038480 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 11/18/17 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1733333295 COG OPERATING LLC Minor Produced Water Release 11/18/17 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nAB1734036542 BOPCO, L.P. Minor Produced Water Release 11/18/17 Produced Water 16 0 16 BBL Corrosion Eddy (15) No No
nOY1732147683 LUCID ENERGY DELAWARE, LLC Minor Natural Gas Release 11/17/17 Natural Gas Liquids 5 0 5 BBL Corrosion Lea (25) No No
nAB1733430085 MACK ENERGY CORP Major Produced Water Release 11/17/17 Crude Oil 8 5 3 BBL Corrosion Eddy (15) No No
nOY1732133962 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/17/17 Produced Water 50 40 10 BBL Equipment Failure Lea (25) No No
nAB1805735651 LINN OPERATING, LLC. Minor Produced Water Release 11/17/17 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1733430085 MACK ENERGY CORP Major Produced Water Release 11/17/17 Produced Water 47 45 2 BBL Corrosion Eddy (15) No No
nOY1732456293 EOG RESOURCES INC Major Oil Release 11/16/17 Crude Oil 75 50 25 BBL Corrosion Lea (25) No No
nAB1733254794 OXY USA INC Major Produced Water Release 11/16/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1733430713 El Paso Natural Gas Company, L.L.C Major Other 11/16/17 Other (Specify) 40 0 40 BBL Overflow - Tank, Pit, Etc. Hidalgo (23) No No
nCS1801655315 ENTERPRISE PRODUCTS OPERATING, LLC Minor Other 11/16/17 Natural Gas Liquids 10 0 10 BBL Corrosion Rio Arriba (39) No No
nOY1732456293 EOG RESOURCES INC Major Oil Release 11/16/17 Produced Water 75 50 25 BBL Corrosion Lea (25) No No
nAB1733254794 OXY USA INC Major Produced Water Release 11/16/17 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nOY1732034091 COG PRODUCTION, LLC Minor Oil Release 11/16/17 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nOY1732034091 COG PRODUCTION, LLC Minor Oil Release 11/16/17 Produced Water 4 3 1 BBL Equipment Failure Lea (25) No No
nOY1731927386 HESS CORPORATION Other 11/15/17 Unknown 0 0 0 BBL Other Lea (25) No No
nOY1731938780 COG PRODUCTION, LLC Minor Produced Water Release 11/15/17 Produced Water 10 9 1 BBL Corrosion Lea (25) No No
nOY1731928768 HESS CORPORATION Other 11/15/17 Unknown 0 0 0 BBL Other Lea (25) No No
nVF1731949846 THOMPSON ENGR & PROD CORP Release Other 11/14/17 Crude Oil 0 0 0 BBL Rio Arriba (39) No No
nCS1801652609 DJR OPERATING, LLC Other 11/14/17 Other (Specify) 0 0 0 BBL Other 0 No No
nOY1731852751 COG OPERATING LLC Major Produced Water Release 11/14/17 Produced Water 25 24 1 BBL Equipment Failure Lea (25) No No
nOY1732441110 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/14/17 Crude Oil 1 0 0 BBL Lea (25) No No
nAB1801736987 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/14/17 Produced Water 590 590 0 BBL Equipment Failure Eddy (15) No No
nAB1734231833 Silverback Operating II, LLC Major Produced Water Release 11/14/17 Condensate 65 0 65 BBL Equipment Failure Eddy (15) No No
nOY1732441110 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/14/17 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nCS1801655622 ENTERPRISE PRODUCTS OPERATING, LLC Minor Other 11/14/17 Natural Gas Liquids 8 0 8 BBL Corrosion Rio Arriba (39) No No
nAB1734231833 Silverback Operating II, LLC Major Produced Water Release 11/14/17 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nOY1732441110 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/14/17 Produced Water 4 3 1 BBL Corrosion Lea (25) No No
nAB1733253521 COG OPERATING LLC Major Produced Water Release 11/13/17 Crude Oil 10 7 3 BBL Equipment Failure Eddy (15) No No
nAB1732042024 Spur Energy Partners LLC Major Oil Release 11/13/17 Crude Oil 150 140 10 BBL Corrosion Eddy (15) No No
nAB1733253521 COG OPERATING LLC Major Produced Water Release 11/13/17 Produced Water 1390 413 977 BBL Equipment Failure Eddy (15) No No
nAB1732449577 HARVARD PETROLEUM COMPANY, LLC Oil Release 11/12/17 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAB1732444101 OXY USA INC Minor Produced Water Release 11/10/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1732026849 COG OPERATING LLC Minor Produced Water Release 11/10/17 Crude Oil 3 1 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1732444101 OXY USA INC Minor Produced Water Release 11/10/17 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nOY1732439307 DEVON ENERGY PRODUCTION COMPANY, LP Major Other 11/10/17 Other (Specify) 0 0 0 BBL Fire Lea (25) No No
nAB1732026849 COG OPERATING LLC Minor Produced Water Release 11/10/17 Produced Water 19 18 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1732059674 Contango Resources, Inc. Major Oil Release 11/9/17 Crude Oil 40 35 5 BBL Blow Out Lea (25) No No
nOY1732059674 Contango Resources, Inc. Major Oil Release 11/9/17 Produced Water 40 35 5 BBL Blow Out Lea (25) No No
nVF1804454014 SIMCOE LLC Release Other 11/8/17 Unknown 0 0 0 BBL San Juan (45) No No
nVF1804449774 SIMCOE LLC Release Other 11/8/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1732027423 EOG Y RESOURCES, INC. Major Produced Water Release 11/8/17 Crude Oil 30 30 0 BBL Equipment Failure Eddy (15) No No
nAB1732037933 COG OPERATING LLC Major Produced Water Release 11/8/17 Produced Water 100 60 40 BBL Vehicular Accident Eddy (15) No No
nAB1732027423 EOG Y RESOURCES, INC. Major Produced Water Release 11/8/17 Produced Water 120 0 120 BBL Equipment Failure Eddy (15) No No
nCW1810943434 COG OPERATING LLC Major Produced Water Release 11/8/17 Produced Water 100 0 0 BBL Eddy (15) No No
nCW1810943434 COG OPERATING LLC Major Produced Water Release 11/8/17 Crude Oil 1 0 0 BBL Eddy (15) No No
nAB1801741002 OXY USA INC Major Produced Water Release 11/7/17 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nAB1733336819 El Paso Natural Gas Company, L.L.C Minor Natural Gas Release 11/7/17 Other (Specify) 1000 0 1000 GAL Equipment Failure Hidalgo (23) No No
nVF1731752853 SIMCOE LLC Oil Release 11/7/17 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nAB1733938231 AGUA SUCIA LLC Minor Other 11/6/17 Other (Specify) 20 15 5 BBL Equipment Failure Eddy (15) No No
nOY1731937275 CAZA OPERATING, LLC Major Oil Release 11/4/17 Crude Oil 20 0 0 BBL Lea (25) No No
nAB1801736296 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/4/17 Produced Water 25 25 0 BBL Equipment Failure Eddy (15) No No
nAB1731258240 COG OPERATING LLC Minor Produced Water Release 11/4/17 Produced Water 8 6 2 BBL Corrosion Eddy (15) No No
nOY1731937275 CAZA OPERATING, LLC Major Oil Release 11/4/17 Crude Oil 20 20 0 BBL Fire Lea (25) No No
nAB1733252075 POGO PRODUCING CO Major Produced Water Release 11/4/17 Crude Oil 10 9 1 BBL Corrosion Eddy (15) No No
nAB1733252075 POGO PRODUCING CO Major Produced Water Release 11/4/17 Produced Water 110 110 0 BBL Corrosion Eddy (15) No No
nOY1732146179 JOHN H HENDRIX CORP Major Oil Release 11/3/17 Crude Oil 100 80 20 BBL Equipment Failure Lea (25) No No
nAB1732041425 BOPCO, L.P. Minor Produced Water Release 11/2/17 Produced Water 11 1 10 BBL Corrosion Eddy (15) No No
nVF1802649693 SIMCOE LLC Release Other 11/2/17 Unknown 0 0 0 BBL San Juan (45) No No
nCS1730656004 HILCORP ENERGY COMPANY Oil Release 11/2/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1731257717 Spur Energy Partners LLC Minor Produced Water Release 11/2/17 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nAB1732450165 WPX Energy Permian, LLC Minor Produced Water Release 11/2/17 Produced Water 18 13 5 BBL Equipment Failure Eddy (15) No No
nAB1731257717 Spur Energy Partners LLC Minor Produced Water Release 11/2/17 Produced Water 5 3 2 BBL Corrosion Eddy (15) No No
nOY1730540026 MARK L SHIDLER INC Oil Release 11/1/17 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAB1732448434 OXY USA INC Major Produced Water Release 11/1/17 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nOY1730558248 WESTERN REFINING COMPANY, L.P. Minor Oil Release 11/1/17 Crude Oil 9 1 8 BBL Human Error Lea (25) No No
nAB1730642856 EOG Y RESOURCES, INC. Produced Water Release 11/1/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nOY1730540026 MARK L SHIDLER INC Oil Release 11/1/17 B.S. & W. 0 0 0 BBL Other Lea (25) No No
nAB1732448434 OXY USA INC Major Produced Water Release 11/1/17 Produced Water 40 30 10 BBL Equipment Failure Eddy (15) No No
nAB1731251644 OXY USA INC Minor Produced Water Release 11/1/17 Produced Water 22 20 2 BBL Equipment Failure Eddy (15) No No
nAB1730642856 EOG Y RESOURCES, INC. Produced Water Release 11/1/17 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nVF1730640894 HILCORP ENERGY COMPANY Release Other 10/31/17 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nOY1732449643 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 10/31/17 Produced Water 25 15 10 BBL Equipment Failure Lea (25) No No
nVF1736032516 BP AMERICA PRODUCTION COMPANY Produced Water Release 10/31/17 Produced Water 0 0 0 BBL San Juan (45) No No
nAB1731952204 COG PRODUCTION, LLC Minor Produced Water Release 10/31/17 Crude Oil 4 3 1 BBL Corrosion Eddy (15) No No
nAB1731952204 COG PRODUCTION, LLC Minor Produced Water Release 10/31/17 Produced Water 4 3 1 BBL Corrosion Eddy (15) No No
nOY1732430277 MARATHON OIL PERMIAN LLC Major Produced Water Release 10/30/17 Produced Water 80 0 80 BBL Human Error Lea (25) No No
nAB1800553465 OXY USA INC Major Produced Water Release 10/30/17 Produced Water 110 0 110 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1730729019 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 10/30/17 Produced Water 6 5 1 BBL San Juan (45) No No
nAB1800553465 OXY USA INC Major Produced Water Release 10/30/17 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1731243780 COG OPERATING LLC Minor Produced Water Release 10/30/17 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nOY1731955602 MARATHON OIL PERMIAN LLC Minor Oil Release 10/29/17 Crude Oil 23 12 11 BBL Equipment Failure Lea (25) No No
nAB1730536043 COG OPERATING LLC Minor Oil Release 10/29/17 Crude Oil 18 18 0 BBL Equipment Failure Eddy (15) No No
nOY1730532363 CIMAREX ENERGY CO. OF COLORADO Major Release Other 10/29/17 B.S. & W. 130 0 130 BBL Lea (25) No No
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nAB1731042349 BOPCO, L.P. Major Oil Release 10/28/17 Crude Oil 51 36 15 BBL Equipment Failure Eddy (15) No No
nOY1805352581 CAMBRIAN MANAGEMENT LTD Major Oil Release 10/28/17 Crude Oil 50 0 50 BBL Other Lea (25) No No
nAB1731042349 BOPCO, L.P. Major Oil Release 10/28/17 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nOY1805352581 CAMBRIAN MANAGEMENT LTD Major Oil Release 10/28/17 Produced Water 50 0 50 BBL Other Lea (25) No No
nOY1730029665 MARATHON OIL PERMIAN LLC Major Release Other 10/27/17 Other (Specify) 0 0 0 BBL Fire Lea (25) No No
nAB1730542511 COG OPERATING LLC Minor Produced Water Release 10/27/17 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nOY1730055065 Contango Resources, Inc. Major Produced Water Release 10/27/17 Produced Water 100 90 10 BBL Corrosion Lea (25) No No
nAB1730649817 COG OPERATING LLC Minor Produced Water Release 10/27/17 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1731254633 El Paso Natural Gas Company, L.L.C Major Other 10/26/17 Other (Specify) 50000 0 50000 BBL Equipment Failure Hidalgo (23) No No
nVF1730025606 WPX ENERGY PRODUCTION, LLC Minor Release Other 10/26/17 Produced Water 23 22 1 BBL Rio Arriba (39) No No
nAB1732026330 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/26/17 Produced Water 5 4 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1731257230 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/25/17 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1800930594 OXY USA INC Major Produced Water Release 10/25/17 Crude Oil 40 40 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1731252071 OXY USA INC Major Produced Water Release 10/25/17 Crude Oil 4 0 0 BBL Human Error Eddy (15) No No
nAB1800930594 OXY USA INC Major Produced Water Release 10/25/17 Produced Water 50 50 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1731257230 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/25/17 Produced Water 5 1 4 BBL Equipment Failure Eddy (15) No No
nAB1731252071 OXY USA INC Major Produced Water Release 10/25/17 Produced Water 65 0 0 BBL Human Error Eddy (15) No No
nAB1801735905 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/24/17 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nAB1811352263 COG OPERATING LLC Major Oil Release 10/24/17 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1811352263 COG OPERATING LLC Major Oil Release 10/24/17 Produced Water 95 95 0 BBL Equipment Failure Eddy (15) No No
nVF1730338961 SIMCOE LLC Release Other 10/24/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1732130408 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/23/17 Produced Water 355 250 105 BBL Equipment Failure Lea (25) No No
nOY1729656856 MARATHON OIL PERMIAN LLC Minor Oil Release 10/23/17 Crude Oil 11 11 0 BBL Equipment Failure Lea (25) No No
nAB1731041742 XTO ENERGY, INC Major Release Other 10/23/17 Condensate 56 50 6 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1730556564 OWL SWD OPERATING, LLC Major Produced Water Release 10/22/17 Produced Water 2800 580 2220 BBL Blow Out Lea (25) No No
nOY1731934969 Opal Operating Company LLC Minor Oil Release 10/22/17 Crude Oil 3 0 3 BBL Corrosion Chaves (05) No No
nOY1731932745 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/22/17 Produced Water 12 0 12 BBL Corrosion Lea (25) No No
nOY1731934969 Opal Operating Company LLC Minor Oil Release 10/22/17 Produced Water 2 0 2 BBL Chaves (05) No No
nAB1730542781 Enterprise Field Services, LLC Minor Oil Release 10/21/17 Crude Oil 14 5 9 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1729756399 COG OPERATING LLC Minor Produced Water Release 10/21/17 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1729756827 EOG RESOURCES INC Minor Produced Water Release 10/21/17 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAB1730640185 WPX Energy Permian, LLC Minor Oil Release 10/21/17 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1731152496 BOPCO, L.P. Major Produced Water Release 10/21/17 Crude Oil 60 60 0 BBL Equipment Failure Eddy (15) No No
nAB1729756827 EOG RESOURCES INC Minor Produced Water Release 10/21/17 Produced Water 3 3 0 BBL Equipment Failure Eddy (15) No No
nAB1731152496 BOPCO, L.P. Major Produced Water Release 10/21/17 Produced Water 5940 5940 0 BBL Equipment Failure Eddy (15) No No
nOY1730048212 COG OPERATING LLC Minor Oil Release 10/20/17 Crude Oil 12 0 0 BBL Lea (25) No No
nOY1730547039 TANDEM ENERGY CORPORATION Major Oil Release 10/20/17 Crude Oil 318 0 318 BBL Lightning Lea (25) No No
nOY1730048212 COG OPERATING LLC Minor Oil Release 10/20/17 Crude Oil 12 8 4 BBL Equipment Failure Lea (25) No No
nOY1730547039 TANDEM ENERGY CORPORATION Major Oil Release 10/20/17 Produced Water 56 0 56 BBL Lightning Lea (25) No No
nCS1735635350 SIMCOE LLC Other 10/19/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1730032818 CONOCOPHILLIPS COMPANY Minor Oil Release 10/19/17 Crude Oil 8 1 7 BBL Equipment Failure Lea (25) No No
nOY1730058924 CAMBRIAN MANAGEMENT LTD Major Produced Water Release 10/18/17 Crude Oil 50 0 50 BBL Other Lea (25) No No
nOY1732138560 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/18/17 Produced Water 396 240 156 BBL Human Error Lea (25) No No
nOY1730036268 ETC Texas Pipeline, Ltd. Minor Release Other 10/18/17 Condensate 18 0 18 BBL Equipment Failure Lea (25) No No
nOY1732141384 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/18/17 Produced Water 397 0 397 BBL Human Error Lea (25) No No
nOY1730058924 CAMBRIAN MANAGEMENT LTD Major Produced Water Release 10/18/17 Produced Water 50 0 50 BBL Other Lea (25) No No
nVF1706732355 XTO HOLDINGS, LLC Release Other 10/17/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1730536457 BOPCO, L.P. Major Produced Water Release 10/16/17 Produced Water 94 50 44 BBL Corrosion Eddy (15) No No
nCS1731129456 ELM RIDGE EXPLORATION COMPANY LLC Oil Release 10/16/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nOY1728955376 COG PRODUCTION, LLC Minor Produced Water Release 10/16/17 Produced Water 13 12 1 BBL Corrosion Lea (25) No No
nOY1730346906 BXP Operating, LLC Minor Produced Water Release 10/16/17 Produced Water 12 10 2 BBL Other Lea (25) No No
nAB1729856477 MARATHON OIL PERMIAN LLC Major Fire 10/16/17 Other (Specify) 0 0 0 BBL Fire Eddy (15) No No
nOY1728956226 COG PRODUCTION, LLC Minor Oil Release 10/16/17 Crude Oil 8 7 1 BBL Human Error Lea (25) No No
nAB1729158101 MACK ENERGY CORP Major Produced Water Release 10/15/17 Produced Water 200 0 200 BBL Equipment Failure Chaves (05) No No
nAB1729754125 COG OPERATING LLC Produced Water Release 10/15/17 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nVF1731238911 ELM RIDGE EXPLORATION COMPANY LLC Minor Oil Release 10/15/17 Crude Oil 12 5 7 BBL Rio Arriba (39) No No
nOY1728952379 WALSH & WATTS INC Oil Release 10/12/17 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nCS1735633477 SIMCOE LLC Other 10/11/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1728441681 XTO ENERGY, INC Minor Oil Release 10/11/17 Crude Oil 20 20 0 BBL Corrosion Lea (25) No No
nOY1728439782 FASKEN OIL & RANCH LTD Major Oil Release 10/11/17 Crude Oil 40 31 9 BBL Vandalism Lea (25) No No
nAB1728932701 COG OPERATING LLC Minor Produced Water Release 10/11/17 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nCS1735432076 SIMCOE LLC Other 10/11/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1728932701 COG OPERATING LLC Minor Produced Water Release 10/11/17 Produced Water 7 1 6 BBL Equipment Failure Eddy (15) No No
nOY1728437700 SOUTHWEST ROYALTIES INC Minor Oil Release 10/11/17 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nOY1728437700 SOUTHWEST ROYALTIES INC Minor Oil Release 10/11/17 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nOY1728953770 COG OPERATING LLC Minor Produced Water Release 10/10/17 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nAB1728633177 Contango Resources, Inc. Produced Water Release 10/10/17 Produced Water 0 0 0 BBL Other Eddy (15) No No
nOY1730057049 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/10/17 Produced Water 281 145 136 BBL Equipment Failure Eddy (15) No No
nAB1729847986 DEVON ENERGY PRODUCTION COMPANY, LP Other 10/10/17 Other (Specify) 0 0 0 BBL Other Eddy (15) No No
nCS1731132012 HILCORP ENERGY COMPANY Minor Oil Release 10/9/17 Crude Oil 5 0 5 BBL Equipment Failure Rio Arriba (39) No No
nAB1729753198 HARVARD PETROLEUM COMPANY, LLC Produced Water Release 10/9/17 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nOY1728950208 COG OPERATING LLC Major Produced Water Release 10/9/17 Produced Water 30 3 27 BBL Equipment Failure Lea (25) No No
nAB1729753198 HARVARD PETROLEUM COMPANY, LLC Produced Water Release 10/9/17 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1729752650 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 10/7/17 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nOY1730043331 RAYBAW Operating, LLC Major Produced Water Release 10/6/17 Produced Water 735 730 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1727953960 COG OPERATING LLC Minor Produced Water Release 10/6/17 Produced Water 20 18 2 BBL Corrosion Lea (25) No No
nAB1728636945 COG OPERATING LLC Major Produced Water Release 10/6/17 Produced Water 82 80 2 BBL Equipment Failure Eddy (15) No No
nOY1727947865 MARATHON OIL PERMIAN LLC Minor Oil Release 10/6/17 Crude Oil 7 5 2 BBL Corrosion Lea (25) No No
nOY1727957654 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/6/17 Produced Water 34 34 0 BBL Other Lea (25) No No
nOY1729155061 APACHE CORPORATION Major Oil Release 10/6/17 Crude Oil 1 0 1 BBL Fire Lea (25) No No
nOY1727957654 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/6/17 Crude Oil 1 1 0 BBL Other Lea (25) No No
nOY1729155061 APACHE CORPORATION Major Oil Release 10/6/17 Produced Water 2 1 1 BBL Fire Lea (25) No No
nAB1728637871 COG PRODUCTION, LLC Minor Produced Water Release 10/5/17 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nCS1729626631 Harvest Four Corners, LLC Other 10/5/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAPP2401144454 MOMENTUM OPERATING CO INC Oil Release 10/5/17 Produced Water 1 1 0 BBL Normal Operations Lea (25) No No
nOY1728435865 DCP OPERATING COMPANY LP Minor Produced Water Release 10/5/17 Condensate 10 7 3 BBL Human Error Lea (25) No No
nAB1801657157 RAYBAW Operating, LLC Major Oil Release 10/5/17 Crude Oil 210 210 0 BBL Equipment Failure Eddy (15) No No
nOY1728435865 DCP OPERATING COMPANY LP Minor Produced Water Release 10/5/17 Produced Water 10 7 3 BBL Human Error Lea (25) No No
nAPP2401144454 MOMENTUM OPERATING CO INC Oil Release 10/5/17 Crude Oil 1 1 0 BBL Normal Operations Lea (25) No No
nOY1727733936 CHEVRON U S A INC Minor Produced Water Release 10/4/17 Produced Water 13 13 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1735439803 SIMCOE LLC Other 10/4/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1727656272 COG OPERATING LLC Minor Oil Release 10/3/17 Crude Oil 10 9 1 BBL Human Error Lea (25) No No
nOY1727735399 Maverick Permian LLC Minor Oil Release 10/3/17 Crude Oil 6 4 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1731055411 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 10/2/17 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1728637411 RAYBAW Operating, LLC Major Produced Water Release 10/2/17 Produced Water 33 30 3 BBL Equipment Failure Eddy (15) No No
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nAB1728635377 WPX Energy Permian, LLC Minor Produced Water Release 10/2/17 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1731055411 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 10/2/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1732448948 Extex Operating Company Minor Produced Water Release 10/1/17 Produced Water 20 7 13 BBL Equipment Failure Eddy (15) No No
nAB1728549561 WPX Energy Permian, LLC Minor Produced Water Release 9/30/17 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nAB1728551205 WPX Energy Permian, LLC Produced Water Release 9/30/17 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1728549561 WPX Energy Permian, LLC Minor Produced Water Release 9/30/17 Produced Water 4 3 1 BBL Corrosion Eddy (15) No No
nAB1727834995 COG OPERATING LLC Minor Oil Release 9/29/17 Crude Oil 11 9 2 BBL Other Eddy (15) No No
nOY1729129537 J R OIL, LTD. CO. Major Oil Release 9/29/17 Crude Oil 22 0 0 BBL Lea (25) No No
nOY1727253282 COG OPERATING LLC Major Produced Water Release 9/29/17 Produced Water 70 60 10 BBL Equipment Failure Lea (25) No No
nOY1729129537 J R OIL, LTD. CO. Major Oil Release 9/29/17 Crude Oil 22 0 0 BBL Equipment Failure Lea (25) No No
nOY1729129537 J R OIL, LTD. CO. Major Oil Release 9/29/17 Produced Water 30 0 0 BBL Equipment Failure Lea (25) No No
nAB1727250616 COG PRODUCTION, LLC Minor Produced Water Release 9/28/17 Crude Oil 2 0 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1727250616 COG PRODUCTION, LLC Minor Produced Water Release 9/28/17 Produced Water 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1733148730 Williams Four Corners, LLC Release Other 9/28/17 Natural Gas Liquids 0 0 0 BBL San Juan (45) No Yes
nAB1728628311 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 9/27/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nVF1907133835 HILCORP ENERGY COMPANY Minor Produced Water Release 9/27/17 Produced Water 5 0 5 BBL Equipment Failure Rio Arriba (39) No No
nOY1727031593 EOG Y RESOURCES, INC. Major Release Other 9/27/17 Condensate 26 0 26 BBL Corrosion Lea (25) No No
nAB1727251108 Spur Energy Partners LLC Minor Oil Release 9/27/17 Crude Oil 13 10 3 BBL Corrosion Eddy (15) No No
nVF1728530935 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 9/27/17 Condensate 0 0 0 BBL Rio Arriba (39) No Yes
nAB1727252951 COG OPERATING LLC Minor Oil Release 9/27/17 Crude Oil 9 8 1 BBL Corrosion Eddy (15) No No
nAB1728558608 CHEVRON U S A INC Other 9/27/17 Diesel 2 0 2 BBL Equipment Failure Eddy (15) No No
nOY1726958109 COG OPERATING LLC Minor Oil Release 9/26/17 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nAB1727251523 Spur Energy Partners LLC Major Produced Water Release 9/26/17 Crude Oil 10 9 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1727251523 Spur Energy Partners LLC Major Produced Water Release 9/26/17 Produced Water 40 38 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1727054995 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 9/26/17 Natural Gas Liquids 0 0 0 BBL Rio Arriba (39) No No

nCS1805740117
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Other 9/26/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No

nVF1811648144 SIMCOE LLC Release Other 9/25/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1726826668 MATADOR PRODUCTION COMPANY Oil Release 9/25/17 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1728634157 Silverback Operating II, LLC Minor Produced Water Release 9/24/17 Produced Water 16 16 0 BBL Lightning Eddy (15) No No
nOY1727954743 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/24/17 Produced Water 200 200 0 BBL Other Lea (25) No No
nAB1728634157 Silverback Operating II, LLC Minor Produced Water Release 9/24/17 Crude Oil 4 4 0 BBL Lightning Eddy (15) No No
nOY1726956579 COG OPERATING LLC Minor Produced Water Release 9/23/17 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nOY1727731380 Pilot Water Solutions SWD LLC Produced Water Release 9/23/17 Produced Water 0 0 0 BBL Human Error Lea (25) No No
nAB1727856881 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/22/17 Produced Water 28 0 28 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1726948587 COG OPERATING LLC Minor Produced Water Release 9/22/17 Produced Water 8 7 1 BBL Corrosion Eddy (15) No No
nAB1729752251 XTO ENERGY, INC Minor Produced Water Release 9/21/17 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nAB1728553778 WPX Energy Permian, LLC Produced Water Release 9/21/17 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nOY1727952679 WPX Energy Permian, LLC Major Produced Water Release 9/21/17 Produced Water 120 110 10 BBL Corrosion Lea (25) No No
nAB1729751689 BOPCO, L.P. Major Produced Water Release 9/21/17 Produced Water 255 240 15 BBL Corrosion Eddy (15) No No
nAB1729752251 XTO ENERGY, INC Minor Produced Water Release 9/21/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nOY1727251573 OXY USA INC Minor Oil Release 9/21/17 Crude Oil 22 15 7 BBL Blow Out Lea (25) No No
nOY1727658004 COBALT OPERATING, LLC Minor Produced Water Release 9/21/17 Produced Water 10 7 3 BBL Equipment Failure Lea (25) No No
nAB1727856058 CHEVRON U S A INC Major Produced Water Release 9/21/17 Crude Oil 9 0 9 BBL Equipment Failure Eddy (15) No No
nOY1726455140 Contango Resources, Inc. Produced Water Release 9/21/17 Produced Water 0 0 0 BBL Other Lea (25) No No
nOY1727251573 OXY USA INC Minor Oil Release 9/21/17 Produced Water 1 0 1 BBL Blow Out Lea (25) No No
nOY1726456366 COG OPERATING LLC Minor Produced Water Release 9/21/17 Produced Water 9 8 1 BBL Corrosion Lea (25) No No
nAB1729751689 BOPCO, L.P. Major Produced Water Release 9/21/17 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAB1727856058 CHEVRON U S A INC Major Produced Water Release 9/21/17 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nOY1727247823 XTO ENERGY, INC Major Produced Water Release 9/20/17 Produced Water 136 30 106 BBL Equipment Failure Lea (25) No No
nOY1727250040 XTO ENERGY, INC Major Produced Water Release 9/20/17 Produced Water 34 0 34 BBL Equipment Failure Lea (25) No No
nAB1727827603 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 9/19/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nCS1729630119 ENTERPRISE PRODUCTS OPERATING, LLC Minor Other 9/19/17 Other (Specify) 15 0 15 BBL Corrosion Sandoval (43) No No
nAB1727842978 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/19/17 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nAB1728633686 Contango Resources, Inc. Produced Water Release 9/19/17 Produced Water 0 0 0 BBL Other Eddy (15) No No
nOY1726135147 COG OPERATING LLC Minor Produced Water Release 9/18/17 Produced Water 20 19 1 BBL Corrosion Lea (25) No No
nOY1726140783 COG OPERATING LLC Major Produced Water Release 9/18/17 Produced Water 1000 200 800 BBL Lightning Lea (25) No No
nOY1726137462 Spur Energy Partners LLC Minor Oil Release 9/18/17 Crude Oil 3 2 1 BBL Corrosion Lea (25) No No
nVF1733134875 SIMCOE LLC Release Other 9/18/17 Unknown 0 0 0 BBL Rio Arriba (39) No No
nOY1726137462 Spur Energy Partners LLC Minor Oil Release 9/18/17 Produced Water 4 3 1 BBL Corrosion Lea (25) No No
nOY1726140783 COG OPERATING LLC Major Produced Water Release 9/18/17 Crude Oil 20 5 15 BBL Lightning Lea (25) No No
nOY1726138990 COG OPERATING LLC Minor Produced Water Release 9/18/17 Produced Water 10 9 1 BBL Other Lea (25) No No
nAB1727131830 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/16/17 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nAB1726357492 Spur Energy Partners LLC Major Produced Water Release 9/16/17 Crude Oil 7 6 1 BBL Equipment Failure Eddy (15) No No
nAB1728629417 BRIDGER TRANSFER SERVICES LLC Minor Oil Release 9/16/17 Crude Oil 5 0 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1726357492 Spur Energy Partners LLC Major Produced Water Release 9/16/17 Produced Water 70 69 1 BBL Equipment Failure Eddy (15) No No
nAB1726356914 NOVO OIL & GAS NORTHERN DELAWARE, LLC Minor Produced Water Release 9/15/17 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nOY1727654713 JAY MANAGEMENT COMPANY, LLC Major Oil Release 9/15/17 Crude Oil 50 30 20 BBL Equipment Failure Lea (25) No No
nCS1729355513 HILCORP ENERGY COMPANY Major Oil Release 9/15/17 Condensate 58 0 58 BBL Vandalism San Juan (45) No No
nAB1729751209 W J SWEATT Other 9/15/17 Other (Specify) 0 0 0 0 Other Eddy (15) No No
nAB1726250114 MACK ENERGY CORP Minor Produced Water Release 9/14/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nOY1727243107 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 9/14/17 Crude Oil 30 30 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1726250114 MACK ENERGY CORP Minor Produced Water Release 9/14/17 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nOY1727244301 RAYBAW Operating, LLC Minor Oil Release 9/14/17 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nOY1727244301 RAYBAW Operating, LLC Minor Oil Release 9/14/17 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nCS1725638943 BIYA OPERATORS INC. Oil Release 9/13/17 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nAB1725735960 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/13/17 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nCS1725637484 BIYA OPERATORS INC. Oil Release 9/13/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1727241068 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/13/17 Produced Water 10 6 4 BBL Equipment Failure Lea (25) No No
nCS1725638584 BIYA OPERATORS INC. Oil Release 9/13/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1725827729 MARATHON OIL PERMIAN LLC Major Oil Release 9/13/17 Crude Oil 6 0 6 BBL Human Error Lea (25) No No
nOY1726532992 CHEVRON U S A INC Major Produced Water Release 9/13/17 Produced Water 1105 500 605 BBL Equipment Failure Lea (25) No No
nOY1725827729 MARATHON OIL PERMIAN LLC Major Oil Release 9/13/17 Produced Water 86 0 86 BBL Human Error Lea (25) No No
nAB1726355011 Spur Energy Partners LLC Produced Water Release 9/12/17 Crude Oil 0 0 0 BBL Human Error Eddy (15) No No
nOY1725759088 Water Energy Services, LLC Minor Oil Release 9/12/17 Crude Oil 5 5 0 BBL Corrosion Lea (25) No No
nAB1726355011 Spur Energy Partners LLC Produced Water Release 9/12/17 Produced Water 4 0 4 BBL Human Error Eddy (15) No No
nAB1726252637 COG OPERATING LLC Minor Produced Water Release 9/12/17 Produced Water 22 20 2 BBL Equipment Failure Eddy (15) No No
nAB1727254031 Silverback Operating II, LLC Major Produced Water Release 9/12/17 Crude Oil 27 1 26 BBL Corrosion Eddy (15) No No
nAB1727254031 Silverback Operating II, LLC Major Produced Water Release 9/12/17 Produced Water 110 0 110 BBL Corrosion Eddy (15) No No
nAB1727057447 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 9/12/17 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nCS1729341656 High River Resources Operating, LLC Oil Release 9/11/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1726352969 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/11/17 Produced Water 55 15 40 BBL Equipment Failure Eddy (15) No No
nVF1735437434 SIMCOE LLC Release Other 9/11/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1727056684 OXY USA INC Minor Produced Water Release 9/11/17 Produced Water 9 0 9 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1726353778 COG OPERATING LLC Minor Produced Water Release 9/10/17 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAPP2401144227 MOMENTUM OPERATING CO INC Oil Release 9/10/17 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
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nAB1727253476 BOPCO, L.P. Major Produced Water Release 9/10/17 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAPP2401144227 MOMENTUM OPERATING CO INC Oil Release 9/10/17 Produced Water 1 1 0 BBL Corrosion Lea (25) No No
nAB1727253476 BOPCO, L.P. Major Produced Water Release 9/10/17 Produced Water 29 23 6 BBL Equipment Failure Eddy (15) No No
nAB1806553657 EOG Y RESOURCES, INC. Produced Water Release 9/9/17 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nOY1726144138 PLAINS MARKETING L.P. Minor Oil Release 9/8/17 Crude Oil 12 10 2 BBL Equipment Failure Lea (25) No No
nAB1725456752 CIMAREX ENERGY CO. Major Produced Water Release 9/8/17 Produced Water 40 20 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1727056966 ROCKCLIFF OPERATING NEW MEXICO LLC Minor Produced Water Release 9/8/17 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nAB1726352240 MARATHON OIL PERMIAN LLC Minor Produced Water Release 9/8/17 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nOY1725755233 COG OPERATING LLC Minor Oil Release 9/7/17 Crude Oil 8 7 1 BBL Equipment Failure Lea (25) No No
nAB1725456286 Spur Energy Partners LLC Major Produced Water Release 9/7/17 Produced Water 507 505 2 BBL Equipment Failure Eddy (15) No No
nOY1727033052 EOG Y RESOURCES, INC. Minor Oil Release 9/7/17 Crude Oil 23 0 23 BBL Corrosion Lea (25) No No
nOY1725051906 3R Operating, LLC Minor Produced Water Release 9/7/17 Produced Water 20 20 0 BBL Corrosion Lea (25) No No
nOY1725829416 ROVER OPERATING, LLC Major Release Other 9/6/17 B.S. & W. 30 30 0 BBL Vandalism Lea (25) No No
nOY1724949101 DCP OPERATING COMPANY, LP Major Release Other 9/6/17 Lube Oil 225 0 0 BBL Lea (25) No No
nAB1732039551 RDL EXCAVATION AND CONSTRUCTION, LLC Major Produced Water Release 9/6/17 Produced Water 60 0 60 BBL Other Eddy (15) No No
nOY1724949101 DCP OPERATING COMPANY, LP Major Release Other 9/6/17 Lube Oil 225 200 25 GAL Other Lea (25) No No
nOY1725753975 CONOCOPHILLIPS COMPANY Minor Oil Release 9/6/17 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nAB1726336521 APACHE CORPORATION Major Release Other 9/5/17 Brine Water 37 25 12 BBL Equipment Failure Eddy (15) No No
nAB1725440089 COG OPERATING LLC Major Produced Water Release 9/5/17 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nAB1726355760 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/5/17 Produced Water 60 58 2 BBL Equipment Failure Eddy (15) No No
nOY1724829870 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/5/17 Produced Water 80 80 0 BBL Equipment Failure Lea (25) No No
nOY1726147176 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/5/17 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nCS1729340045 ELM RIDGE EXPLORATION COMPANY LLC Oil Release 9/5/17 Condensate 0 0 0 BBL Corrosion 0 No No
nVF1731231821 XTO ENERGY, INC Release Other 9/5/17 Produced Water 0 0 0 BBL San Juan (45) No No
nCS1729340045 ELM RIDGE EXPLORATION COMPANY LLC Oil Release 9/5/17 Produced Water 0 0 0 BBL Corrosion 0 No No
nVF1727638427 Williams Four Corners, LLC Release Other 9/4/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1726254421 AGUA SUCIA LLC Major Produced Water Release 9/4/17 Produced Water 400 375 25 BBL Equipment Failure Eddy (15) No No
nAB1725439628 COG OPERATING LLC Minor Oil Release 9/4/17 Crude Oil 8 8 0 BBL Equipment Failure Eddy (15) No No
nOY1726356779 XTO ENERGY, INC Minor Produced Water Release 9/3/17 Produced Water 12 11 1 BBL Equipment Failure Lea (25) No No
nOY1726356779 XTO ENERGY, INC Minor Produced Water Release 9/3/17 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAB1725436494 LINN OPERATING, LLC. Major Produced Water Release 9/2/17 Produced Water 80 0 80 BBL Equipment Failure Eddy (15) No No
nVF1727640072 Williams Four Corners, LLC Release Other 9/1/17 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nAB1726351804 OXY USA INC Minor Produced Water Release 9/1/17 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nOY1724438625 DCP OPERATING COMPANY LP Release Other 9/1/17 Unknown 0 0 0 BBL Other Lea (25) No No
nAB1726257962 CAZA OPERATING, LLC Major Oil Release 9/1/17 Crude Oil 152 0 152 BBL Fire Eddy (15) No No
nAB1724953955 COG OPERATING LLC Major Produced Water Release 9/1/17 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nAB1725731840 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/1/17 Crude Oil 12 12 0 BBL Equipment Failure Eddy (15) No No
nCS1725651681 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 8/31/17 Produced Water 5 0 5 BBL Vehicular Accident Sandoval (43) No No
nOY1724328004 COG OPERATING LLC Major Produced Water Release 8/31/17 Produced Water 186 185 1 BBL Equipment Failure Lea (25) No No
nOY1724332913 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/31/17 Produced Water 100 100 0 BBL Corrosion Lea (25) No No
nCS1724842576 SIMCOE LLC Other 8/31/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1724332913 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/31/17 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nOY1724249940 COG OPERATING LLC Minor Produced Water Release 8/30/17 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nOY1727236014 ROCKCLIFF OPERATING NEW MEXICO LLC Major Produced Water Release 8/30/17 Produced Water 60 0 0 BBL Equipment Failure Lea (25) No No
nOY1724249940 COG OPERATING LLC Minor Produced Water Release 8/30/17 Produced Water 10 9 1 BBL Equipment Failure Lea (25) No No
nOY1727236014 ROCKCLIFF OPERATING NEW MEXICO LLC Major Produced Water Release 8/30/17 Produced Water 60 0 0 BBL Equipment Failure Lea (25) No No
nAB1725029111 EOG Y RESOURCES, INC. Major Produced Water Release 8/29/17 Produced Water 135 130 5 BBL Equipment Failure Eddy (15) No No
nOY1726358316 OXY USA INC Minor Oil Release 8/29/17 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nVF1724828441 Williams Four Corners, LLC Minor Natural Gas Release 8/29/17 0 0 0 BB San Juan (45) No No
nAB1805034361 OXY USA INC Major Produced Water Release 8/29/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1725028171 Spur Energy Partners LLC Major Produced Water Release 8/29/17 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nOY1726358316 OXY USA INC Minor Oil Release 8/29/17 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nOY1728430267 CENTENNIAL RESOURCE PRODUCTION, LLC Major Release Other 8/29/17 Other (Specify) 1910 0 1910 BBL Other Lea (25) No No
nAB1805034361 OXY USA INC Major Produced Water Release 8/29/17 Produced Water 263 80 183 BBL Equipment Failure Eddy (15) No No
nAB1725028171 Spur Energy Partners LLC Major Produced Water Release 8/29/17 Produced Water 1170 1160 10 BBL Equipment Failure Eddy (15) No No
nAB1726250913 OXY USA INC Minor Oil Release 8/29/17 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1726255695 AGUA SUCIA LLC Minor Produced Water Release 8/28/17 Produced Water 20 11 9 BBL Corrosion Eddy (15) No No
nVF1726539900 ENTERPRISE PRODUCTS OPERATING, LLC Minor Release Other 8/28/17 Lube Oil 10 0 10 BBL San Juan (45) No No
nCS1803730428 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 8/27/17 Condensate 10 0 10 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1725731304 WPX Energy Permian, LLC Major Produced Water Release 8/27/17 Produced Water 25 25 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1724233985 COG OPERATING LLC Minor Oil Release 8/25/17 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1725435822 OLEUM Energy LLC Minor Produced Water Release 8/25/17 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nOY1725058256 Water Energy Services, LLC Minor Produced Water Release 8/25/17 Produced Water 20 20 0 BBL Corrosion Lea (25) No No
nAB1725435822 OLEUM Energy LLC Minor Produced Water Release 8/25/17 Produced Water 18 0 18 BBL Equipment Failure Eddy (15) No No
nOY1724126728 Maverick Permian LLC Major Oil Release 8/25/17 Crude Oil 16 5 11 BBL Equipment Failure Lea (25) No No
nOY1724126728 Maverick Permian LLC Major Oil Release 8/25/17 Produced Water 16 5 11 BBL Equipment Failure Lea (25) No No
nAB1724233484 COG PRODUCTION, LLC Minor Produced Water Release 8/24/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1725455368 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/24/17 Produced Water 218 130 88 BBL Corrosion Eddy (15) No No
nAB1724233484 COG PRODUCTION, LLC Minor Produced Water Release 8/24/17 Produced Water 9 0 9 BBL Equipment Failure Eddy (15) No No
nAB1724135283 Permian Water Solutions, LLC Major Produced Water Release 8/23/17 Produced Water 25 0 25 BBL Human Error Eddy (15) No No
nCS1723537128 SIMCOE LLC Minor Produced Water Release 8/23/17 Produced Water 16 0 16 BBL Equipment Failure San Juan (45) No No
nOY1724945103 PENROC OIL CORP Minor Oil Release 8/23/17 Crude Oil 10 5 5 BBL Corrosion Lea (25) No No
nOY1726535181 PENROC OIL CORP Minor Produced Water Release 8/23/17 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nOY1726535181 PENROC OIL CORP Minor Produced Water Release 8/23/17 Crude Oil 0 0 0 BBL Lea (25) No No
nAB1725454826 WPX Energy Permian, LLC Minor Produced Water Release 8/22/17 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1724035823 COG PRODUCTION, LLC Major Produced Water Release 8/22/17 Crude Oil 20 18 2 BBL Corrosion Eddy (15) No No
nOY1723755762 COG OPERATING LLC Major Oil Release 8/22/17 Crude Oil 20 18 2 BBL Other Lea (25) No No
nAB1724035823 COG PRODUCTION, LLC Major Produced Water Release 8/22/17 Produced Water 110 105 5 BBL Corrosion Eddy (15) No No
nAB1725454826 WPX Energy Permian, LLC Minor Produced Water Release 8/22/17 Produced Water 13 10 3 BBL Equipment Failure Eddy (15) No No
nOY1723755762 COG OPERATING LLC Major Oil Release 8/22/17 Produced Water 15 13 2 BBL Other Lea (25) No No
nCS1723627123 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/21/17 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nVF1726326264 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 8/21/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1724034504 Spur Energy Partners LLC Major Produced Water Release 8/21/17 Crude Oil 100 95 5 BBL Lightning Eddy (15) No No
nAB1724034504 Spur Energy Partners LLC Major Produced Water Release 8/21/17 Produced Water 600 590 10 BBL Lightning Eddy (15) No No
nAB1724033483 COG OPERATING LLC Major Produced Water Release 8/21/17 Crude Oil 70 40 30 BBL Lightning Eddy (15) No No
nAB1724033483 COG OPERATING LLC Major Produced Water Release 8/21/17 Produced Water 500 500 0 BBL Lightning Eddy (15) No No
nAB1729227196 LINN OPERATING, LLC. Minor Oil Release 8/20/17 Crude Oil 12 5 7 BBL Corrosion Lea (25) No No
nAB1524328793 EOG Y RESOURCES, INC. Major Oil Release 8/19/17 Crude Oil 42 40 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1724034099 Spur Energy Partners LLC Major Produced Water Release 8/18/17 Produced Water 33 30 3 BBL Equipment Failure Eddy (15) No No
nAB1726332553 BOPCO, L.P. Major Produced Water Release 8/18/17 Crude Oil 2 1 1 BBL Other Eddy (15) No No
nOY1723064014 EOG Y RESOURCES, INC. Minor Produced Water Release 8/18/17 Produced Water 20 8 12 BBL Vandalism Chaves (05) No No
nAB1726332553 BOPCO, L.P. Major Produced Water Release 8/18/17 Produced Water 36 19 17 BBL Other Eddy (15) No No
nVF1728540486 XTO ENERGY, INC Minor Release Other 8/18/17 Produced Water 24 1 23 BBL San Juan (45) No No
nOY1724030412 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/17/17 Produced Water 130 130 0 BBL Equipment Failure Lea (25) No No
nAB1723328585 COG OPERATING LLC Minor Produced Water Release 8/17/17 Produced Water 19 0 19 BBL Corrosion Eddy (15) No No

WG Ex. 93

3409



nOY1724827524 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 8/17/17 Drilling Mud/Fluid 5 4 1 BBL Human Error Lea (25) No No
nAB1724955558 MESQUITE SWD, INC Major Produced Water Release 8/17/17 Produced Water 60 0 60 BBL Equipment Failure Eddy (15) No No
nAB1733255518 OXY USA INC Minor Produced Water Release 8/17/17 Produced Water 11 0 11 BBL Equipment Failure Eddy (15) No No
nAB1724042769 OXY USA INC Minor Produced Water Release 8/17/17 Produced Water 12 5 7 BBL Equipment Failure Eddy (15) No No
nAB1733255518 OXY USA INC Minor Produced Water Release 8/17/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1724042193 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 8/17/17 Crude Oil 5 2 3 BBL Other Eddy (15) No No
nAB1726334149 BOPCO, L.P. Minor Produced Water Release 8/16/17 Produced Water 11 0 11 BBL Equipment Failure Eddy (15) No No
nVF1731732272 BP AMERICA PRODUCTION COMPANY Release Other 8/16/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1724028511 PLAINS MARKETING L.P. Major Release Other 8/16/17 Other (Specify) 5 0 0 BBL Lea (25) No No
nOY1724028511 PLAINS MARKETING L.P. Major Release Other 8/16/17 Other (Specify) 5 1 4 BBL Equipment Failure Lea (25) No No
nOY1724028511 PLAINS MARKETING L.P. Major Release Other 8/16/17 Other (Specify) 415 404 11 BBL Equipment Failure Lea (25) No No
nAB1723327658 COG PRODUCTION, LLC Minor Produced Water Release 8/15/17 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nAB1724140145 CENTURION PIPELINE L.P. Major Oil Release 8/15/17 Crude Oil 50 50 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1727027595 SOUTHWEST ROYALTIES INC Minor Produced Water Release 8/15/17 Produced Water 8 0 0 BBL Lea (25) No No
nCS1723538706 HILCORP ENERGY COMPANY Other 8/15/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1727027595 SOUTHWEST ROYALTIES INC Minor Produced Water Release 8/15/17 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nAB1723327658 COG PRODUCTION, LLC Minor Produced Water Release 8/15/17 Produced Water 12 10 2 BBL Corrosion Eddy (15) No No
nOY1723065162 Spur Energy Partners LLC Minor Oil Release 8/14/17 Crude Oil 15 10 5 BBL Normal Operations Lea (25) No No
nOY1723062483 BTA OIL PRODUCERS, LLC Major Oil Release 8/13/17 Crude Oil 70 7 63 BBL Equipment Failure Lea (25) No No
nOY1723062483 BTA OIL PRODUCERS, LLC Major Oil Release 8/13/17 Produced Water 35 0 35 BBL Equipment Failure Lea (25) No No
nAB1722833194 MACK ENERGY CORP Minor Produced Water Release 8/12/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1722833194 MACK ENERGY CORP Minor Produced Water Release 8/12/17 Produced Water 19 10 9 BBL Equipment Failure Eddy (15) No No
nOY1723061120 COG OPERATING LLC Release Other 8/11/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1724041654 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/11/17 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAB1724041654 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/11/17 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nOY1724031524 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 8/10/17 Crude Oil 33 33 0 BBL Corrosion Lea (25) No No
nOY1726845335 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 8/10/17 Crude Oil 32 32 0 BBL Corrosion Lea (25) No No
nVF1727637643 Williams Four Corners, LLC Release Other 8/10/17 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nAB1722833617 OXY USA INC Minor Produced Water Release 8/10/17 Produced Water 12 9 3 BBL Equipment Failure Eddy (15) No No
nOY1722354800 COG OPERATING LLC Oil Release 8/10/17 Crude Oil 1 0 1 BBL Other Lea (25) No No
nOY1722043297 OXY USA INC Minor Oil Release 8/8/17 Crude Oil 5 3 2 BBL Equipment Failure Lea (25) No No
nOY1722348017 OXY USA INC Major Produced Water Release 8/8/17 Produced Water 96 0 96 BBL Lightning Lea (25) No No
nAB1723536168 Silverback Operating II, LLC Major Produced Water Release 8/8/17 Produced Water 35 30 5 BBL Equipment Failure Eddy (15) No No
nOY1722038403 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 8/8/17 Crude Oil 15 15 0 BBL Normal Operations Lea (25) No No
nCS1722049031 HILCORP ENERGY COMPANY Major Oil Release 8/8/17 Condensate 7 0 0 BBL Corrosion San Juan (45) No No
nOY1722043297 OXY USA INC Minor Oil Release 8/8/17 Produced Water 15 12 3 BBL Equipment Failure Lea (25) No No
nCS1722049031 HILCORP ENERGY COMPANY Major Oil Release 8/8/17 Produced Water 30 0 0 BBL Corrosion San Juan (45) No No
nAB1723349152 HOLLY ENERGY PARTNERS - OPERATING, LP Minor Oil Release 8/8/17 Crude Oil 16 3 13 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1722836268 MEWBOURNE OIL CO Minor Oil Release 8/7/17 Crude Oil 10 5 5 BBL Lightning Eddy (15) No No
nAB1726253867 JUDAH OIL LLC Minor Produced Water Release 8/7/17 Produced Water 6 3 3 BBL Equipment Failure Eddy (15) No No
nAB1722848412 MEWBOURNE OIL CO Major Produced Water Release 8/7/17 Produced Water 270 270 0 BBL Lightning Eddy (15) No No
nAB1723329504 COG OPERATING LLC Major Produced Water Release 8/7/17 Produced Water 3075 3055 20 BBL Other Eddy (15) No No
nAB1726335399 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 8/6/17 Crude Oil 19 17 2 BBL Equipment Failure Eddy (15) No No
nAB1726335399 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 8/6/17 Produced Water 1 1 0 BBL Equipment Failure Eddy (15) No No
nOY1722353505 TARGA MIDSTREAM SERVICES LLC Minor Release Other 8/5/17 Natural Gas Liquids 7 0 7 BBL Corrosion Lea (25) No No
nOY1722351241 OXY USA INC Major Produced Water Release 8/5/17 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1722640005 OXY USA INC Minor Oil Release 8/5/17 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nAB1722928340 Diamond In The Rough LLC Major Produced Water Release 8/5/17 Produced Water 323 40 283 BBL Equipment Failure Eddy (15) No No
nOY1722351241 OXY USA INC Major Produced Water Release 8/5/17 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nAB1722640005 OXY USA INC Minor Oil Release 8/5/17 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nVF1730429294 SIMCOE LLC Release Other 8/4/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1723539529 ROBINSON OIL INC Minor Oil Release 8/4/17 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No

nOY1721640324
RILEY EXPLORATION OPERATING COMPANY, 
LLC Release Other 8/4/17 Other (Specify) 0 0 0 BBL Lea (25) No No

nOY1721655739 Opal Operating Company LLC Minor Oil Release 8/4/17 Crude Oil 7 2 5 BBL Equipment Failure Lea (25) No No

nOY1721639826
RILEY EXPLORATION OPERATING COMPANY, 
LLC Release Other 8/4/17 Other (Specify) 0 0 0 BBL Lea (25) No No

nOY1721655739 Opal Operating Company LLC Minor Oil Release 8/4/17 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1722132401 CONOCOPHILLIPS COMPANY Minor Produced Water Release 8/3/17 Produced Water 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1722040965 MATADOR PRODUCTION COMPANY Minor Produced Water Release 8/3/17 Produced Water 5 1 4 BBL Equipment Failure Lea (25) No No
nAB1725730519 RAYBAW Operating, LLC Minor Oil Release 8/2/17 Crude Oil 10 10 0 BBL Corrosion Eddy (15) No No
nVF1726327940 ENTERPRISE PRODUCTS OPERATING, LLC Minor Release Other 8/2/17 Condensate 7 0 7 BBL San Juan (45) No No
nAB1722953239 WPX Energy Permian, LLC Minor Produced Water Release 8/1/17 Produced Water 15 3 12 BBL Equipment Failure Eddy (15) No No
nVF1724340995 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 8/1/17 Produced Water 15 15 0 BBL San Juan (45) No No
nOY1721331314 PLAINS MARKETING L.P. Oil Release 8/1/17 Crude Oil 3 0 3 BBL Vehicular Accident Lea (25) No No
nAB1722630437 WPX Energy Permian, LLC Major Oil Release 8/1/17 Crude Oil 448 448 0 BBL Equipment Failure Eddy (15) No No
nAB1724230909 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/1/17 Produced Water 18000 0 18000 BBL Equipment Failure Eddy (15) No No
nVF1726329571 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 8/1/17 Natural Gas Liquids 0 0 0 BBL Rio Arriba (39) No No
nAB1722628161 OXY USA INC Minor Produced Water Release 7/31/17 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1722628161 OXY USA INC Minor Produced Water Release 7/31/17 Produced Water 21 0 21 BBL Equipment Failure Eddy (15) No No
nAB1721456546 COG OPERATING LLC Major Produced Water Release 7/31/17 Produced Water 60 55 5 BBL Lightning Eddy (15) No No
nOY1722340557 Avant Operating, LLC Minor Oil Release 7/31/17 Crude Oil 8 0 8 BBL Equipment Failure Lea (25) No No
nVF1724347186 Williams Four Corners, LLC Natural Gas Release 7/30/17 Unknown 0 0 0 BBL Rio Arriba (39) No No
nCS1721257101 SIMCOE LLC Minor Oil Release 7/30/17 Crude Oil 10 0 10 BBL Other San Juan (45) No No
nOY1721345137 Maverick Permian LLC Oil Release 7/29/17 Crude Oil 4 0 4 BBL Normal Operations Lea (25) No No
nAB1722948770 XTO ENERGY, INC Major Produced Water Release 7/29/17 Crude Oil 4 1 3 BBL Equipment Failure Eddy (15) No No
nAB1722934653 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/29/17 Produced Water 26 25 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1722948770 XTO ENERGY, INC Major Produced Water Release 7/29/17 Produced Water 22 3 19 BBL Equipment Failure Eddy (15) No No
nVF1722936962 HILCORP ENERGY COMPANY Major Release Other 7/28/17 Condensate 38 0 38 BBL Corrosion Rio Arriba (39) No No
nAB1721950923 OXY USA INC Major Produced Water Release 7/28/17 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nAB1726256810 AGUA SUCIA LLC Major Produced Water Release 7/28/17 Produced Water 100 90 10 BBL Equipment Failure Eddy (15) No No
nVF1722939399 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 7/28/17 Produced Water 70 50 20 BBL San Juan (45) No No
nAB1722640567 OXY USA INC Major Produced Water Release 7/28/17 Produced Water 35 0 35 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1721251872 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 7/28/17 Produced Water 70 55 15 BBL San Juan (45) No No
nVF1724339796 Williams Four Corners, LLC Release Other 7/28/17 Glycol 0 0 0 BBL San Juan (45) No No
nAB1721950923 OXY USA INC Major Produced Water Release 7/28/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1721454768 COG OPERATING LLC Minor Produced Water Release 7/28/17 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAB1721454768 COG OPERATING LLC Minor Produced Water Release 7/28/17 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nOY1721339685 BXP Operating, LLC Major Produced Water Release 7/27/17 Produced Water 30 0 0 BBL Lea (25) No No
nVF1811647691 SIMCOE LLC Release Other 7/27/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1722252378 COG OPERATING LLC Major Produced Water Release 7/27/17 Produced Water 10235 0 10235 BBL Equipment Failure Eddy (15) No No
nCS1725638225 BIYA OPERATORS INC. Oil Release 7/27/17 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nOY1720838727 Water Energy Services, LLC Major Produced Water Release 7/27/17 Produced Water 100 0 0 BBL Lea (25) No No
nOY1720837272 Civitas Permian Operating, LLC Release Other 7/27/17 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1721339685 BXP Operating, LLC Major Produced Water Release 7/27/17 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nOY1720838727 Water Energy Services, LLC Major Produced Water Release 7/27/17 Produced Water 100 100 0 BBL Equipment Failure Lea (25) No No
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nAB1722951832 MESQUITE SWD, INC Produced Water Release 7/27/17 Produced Water 0 0 0 BBL Other Eddy (15) No No
nOY1721341353 DKD Production, LLC Minor Produced Water Release 7/26/17 Produced Water 15 0 15 BBL Equipment Failure Chaves (05) No No
nAB1721951563 COG PRODUCTION, LLC Minor Produced Water Release 7/26/17 Produced Water 18 16 2 BBL Equipment Failure Eddy (15) No No
nAB1721930866 COG OPERATING LLC Major Produced Water Release 7/26/17 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nAB1721457000 EOG RESOURCES INC Minor Produced Water Release 7/25/17 Produced Water 10 5 5 BBL Corrosion Eddy (15) No No
nOY1721336457 COG OPERATING LLC Major Produced Water Release 7/25/17 Produced Water 70 60 10 BBL Equipment Failure Lea (25) No No
nAB1721451368 CAMBRIAN MANAGEMENT LTD Major Produced Water Release 7/25/17 Produced Water 50 10 40 BBL Equipment Failure Eddy (15) No No
nCS1720651396 CONOCOPHILLIPS COMPANY Major Fire 7/25/17 Other (Specify) 0 0 0 BBL Fire San Juan (45) No No
nOY1722030579 RAYBAW Operating, LLC Minor Oil Release 7/24/17 Crude Oil 10 0 0 BBL Lea (25) No No
nAB1721931286 MESQUITE SWD, INC Major Produced Water Release 7/24/17 Produced Water 30 0 30 BBL Corrosion Eddy (15) No No
nOY1720829830 APACHE CORPORATION Minor Oil Release 7/24/17 Crude Oil 15 2 13 BBL Equipment Failure Lea (25) No No
nAB1722026431 XTO PERMIAN OPERATING LLC. Major Produced Water Release 7/24/17 Produced Water 45 45 0 BBL Equipment Failure Eddy (15) No No
nOY1722030579 RAYBAW Operating, LLC Minor Oil Release 7/24/17 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1721952285 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/23/17 Produced Water 65 10 55 BBL Equipment Failure Eddy (15) No No

nOY1726850834
ONEOK PERMIAN NGL OPERATING COMPANY, 
L.L.C. Release Other 7/22/17 Other (Specify) 0 0 0 BBL Equipment Failure Lea (25) No No

nAB1720628182 MEWBOURNE OIL CO Minor Oil Release 7/22/17 Crude Oil 15 10 5 BBL Lightning Eddy (15) No No
nAB1730641092 BOPCO, L.P. Major Produced Water Release 7/21/17 Produced Water 1249 960 289 BBL Equipment Failure Eddy (15) No No
nAB1722627793 Permian Resources Operating, LLC Minor Oil Release 7/21/17 Crude Oil 12 10 2 BBL Equipment Failure Eddy (15) No No
nOY1720257038 MARATHON OIL PERMIAN LLC Minor Produced Water Release 7/21/17 Produced Water 23 23 0 BBL Equipment Failure Lea (25) No No
nOY1720251270 COG OPERATING LLC Major Produced Water Release 7/21/17 Produced Water 40 35 5 BBL Corrosion Lea (25) No No
nCS1720226042 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 7/20/17 Produced Water 54 50 4 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nOY1720760173 FORTY ACRES ENERGY, LLC Major Oil Release 7/20/17 Crude Oil 130 126 4 BBL Lightning Lea (25) No No
nOY1722334178 CAMERON OIL & GAS INC Minor Oil Release 7/20/17 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nOY1722028370 CANO PETRO OF NEW MEXICO, INC. Produced Water Release 7/20/17 Brine Water 0 1 0 BBL Equipment Failure Chaves (05) No No
nOY1722334178 CAMERON OIL & GAS INC Minor Oil Release 7/20/17 Produced Water 9 3 6 BBL Equipment Failure Lea (25) No No
nAB1721253362 MARATHON OIL PERMIAN LLC Major Other 7/18/17 Chemical (Specify) 30 30 0 BBL Equipment Failure Eddy (15) No No
nAB1727254664 Spur Energy Partners LLC Major Oil Release 7/18/17 Crude Oil 88 0 88 BBL Corrosion Eddy (15) No No
nAB1722628748 OXY USA INC Major Produced Water Release 7/18/17 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nVF1811648700 HILCORP ENERGY COMPANY Release Other 7/18/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1722641387 MARATHON OIL PERMIAN LLC Major Release Other 7/18/17 Other (Specify) 30 0 30 BBL Equipment Failure Eddy (15) No No
nAB1720537352 CIMAREX ENERGY CO. Major Produced Water Release 7/18/17 Produced Water 40 20 20 BBL Human Error Eddy (15) No No
nOY1721648204 MARATHON OIL PERMIAN LLC Natural Gas Release 7/17/17 Natural Gas Liquids 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1717452765 COG OPERATING LLC Minor Oil Release 7/17/17 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1722634368 BOPCO, L.P. Major Produced Water Release 7/17/17 Produced Water 120 120 0 BBL Corrosion Eddy (15) No No
nAB1720535005 PLAINS MARKETING L.P. Minor Oil Release 7/17/17 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nOY1717452765 COG OPERATING LLC Minor Oil Release 7/17/17 Produced Water 10 9 1 BBL Equipment Failure Lea (25) No No
nOY1721958769 MATADOR PRODUCTION COMPANY Produced Water Release 7/17/17 Brine Water 0 0 0 BBL Equipment Failure Lea (25) No No
nVF1729736723 SIMCOE LLC Release Other 7/17/17 Produced Water 0 0 0 BBL San Juan (45) No No
nAB1721634426 APACHE CORPORATION Minor Produced Water Release 7/16/17 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1721929878 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 7/16/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nOY1726136370 KEVIN O BUTLER & ASSOC INC Oil Release 7/16/17 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1721634426 APACHE CORPORATION Minor Produced Water Release 7/16/17 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nAB1721929878 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 7/16/17 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nAB1722257112 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 7/15/17 Produced Water 100 100 0 BBL Fire Eddy (15) No No
nOY1804732368 CAMBRIAN MANAGEMENT LTD Major Produced Water Release 7/15/17 Produced Water 150 130 20 BBL Equipment Failure Lea (25) No No
nOY1719547079 MEWBOURNE OIL CO Major Produced Water Release 7/14/17 Produced Water 193 15 178 BBL Corrosion Lea (25) No No
nVF1725729285 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 7/14/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1719549649 MARATHON OIL PERMIAN LLC Major Fire 7/14/17 Other (Specify) 0 0 0 BBL Fire Lea (25) No No
nOY1719547079 MEWBOURNE OIL CO Major Produced Water Release 7/14/17 Crude Oil 193 15 178 BBL Corrosion Lea (25) No No
nAB1721657722 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 7/14/17 Produced Water 0 0 0 BBL Eddy (15) No No
nOY1720827033 Franklin Mountain Energy 3, LLC Oil Release 7/13/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1722641022 OXY USA INC Minor Oil Release 7/13/17 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nAB1720539234 COG OPERATING LLC Major Produced Water Release 7/13/17 Produced Water 27 25 2 BBL Equipment Failure Eddy (15) No No
nOY1720946955 XTO ENERGY, INC Major Produced Water Release 7/13/17 Crude Oil 1 0 1 BBL Human Error Lea (25) No No
nOY1720946955 XTO ENERGY, INC Major Produced Water Release 7/13/17 Produced Water 46 45 1 BBL Human Error Lea (25) No No
nVF1724836056 XTO ENERGY, INC Release Other 7/12/17 Unknown 0 0 0 BBL Rio Arriba (39) No No
nCS1719331960 Williams Four Corners, LLC Produced Water Release 7/12/17 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nCS1719331960 Williams Four Corners, LLC Produced Water Release 7/12/17 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nVF1726538484 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 7/12/17 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nOY1720247725 COG OPERATING LLC Minor Produced Water Release 7/11/17 Produced Water 8 6 2 BBL Equipment Failure Lea (25) No No
nAB1720538801 OXY USA INC Major Produced Water Release 7/11/17 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) No No
nAB1720532956 EOG Y RESOURCES, INC. Minor Produced Water Release 7/11/17 Produced Water 18 15 3 BBL Equipment Failure Eddy (15) No No
nAB1720539749 COG OPERATING LLC Minor Oil Release 7/11/17 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nOY1719147175 JAY MANAGEMENT COMPANY, LLC Produced Water Release 7/10/17 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nOY1719143340 SCOUT ENERGY MANAGEMENT LLC Minor Produced Water Release 7/10/17 Produced Water 16 0 16 BBL Equipment Failure Lea (25) No No
nOY1719148031 COG OPERATING LLC Other 7/10/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAB1721228266 WPX Energy Permian, LLC Minor Oil Release 7/10/17 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1719441627 WPX ENERGY PRODUCTION, LLC Produced Water Release 7/10/17 Produced Water 0 0 0 BBL San Juan (45) No No
nOY1719146216 JAY MANAGEMENT COMPANY, LLC Minor Oil Release 7/10/17 Crude Oil 20 18 2 BBL Equipment Failure Lea (25) No No
nOY1719135190 COG OPERATING LLC Major Produced Water Release 7/10/17 Produced Water 130 129 1 BBL Equipment Failure Lea (25) No No
nAB1729154789 Spur Energy Partners LLC Produced Water Release 7/10/17 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nOY1719144520 MATADOR PRODUCTION COMPANY Minor Oil Release 7/10/17 Crude Oil 14 12 2 BBL Human Error Lea (25) No No
nAB1721651816 COG OPERATING LLC Minor Produced Water Release 7/10/17 Produced Water 15 0 15 BBL Other Eddy (15) No No
nOY1719142159 COG OPERATING LLC Other 7/10/17 Crude Oil 1 0 1 BBL Other Lea (25) No No
nOY1719153910 CONOCOPHILLIPS COMPANY Minor Release Other 7/10/17 Other (Specify) 20 19 1 BBL Human Error Lea (25) No No
nOY1719142159 COG OPERATING LLC Other 7/10/17 Produced Water 1 0 1 BBL Other Lea (25) No No
nOY1719554100 COG OPERATING LLC Minor Oil Release 7/9/17 Crude Oil 19 16 3 BBL Human Error Lea (25) No No
nOY1720842760 WPX Energy Permian, LLC Minor Oil Release 7/9/17 Crude Oil 12 0 0 BBL Lea (25) No No
nOY1720842760 WPX Energy Permian, LLC Minor Oil Release 7/9/17 Crude Oil 12 10 2 BBL Equipment Failure Lea (25) No No
nAB1720651031 OXY USA INC Major Produced Water Release 7/8/17 Crude Oil 4 0 4 BBL Corrosion Eddy (15) No No
nAB1719928941 OXY USA INC Major Produced Water Release 7/8/17 Crude Oil 4 0 4 BBL Corrosion Eddy (15) No No
nAB1720651031 OXY USA INC Major Produced Water Release 7/8/17 Produced Water 31 15 16 BBL Corrosion Eddy (15) No No
nAB1719928941 OXY USA INC Major Produced Water Release 7/8/17 Produced Water 31 15 16 BBL Corrosion Eddy (15) No No
nOY1718841409 COG OPERATING LLC Minor Produced Water Release 7/7/17 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAB1719127651 Spur Energy Partners LLC Minor Produced Water Release 7/6/17 Crude Oil 9 8 1 BBL Corrosion Eddy (15) No No
nAB1719853161 MATADOR PRODUCTION COMPANY Major Produced Water Release 7/6/17 Produced Water 52 15 37 BBL Equipment Failure Eddy (15) No No
nAB1719127651 Spur Energy Partners LLC Minor Produced Water Release 7/6/17 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nVF1719440860 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 7/6/17 Produced Water 5 4 1 BBL Rio Arriba (39) No No
nAB1719857760 OXY USA INC Major Produced Water Release 7/6/17 Produced Water 500 0 500 BBL Corrosion Eddy (15) No No
nVF1730029024 SIMCOE LLC Release Other 7/5/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1719126925 Spur Energy Partners LLC Minor Produced Water Release 7/5/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1719126925 Spur Energy Partners LLC Minor Produced Water Release 7/5/17 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nOY1720746925 MARATHON OIL CO Minor Oil Release 7/4/17 Crude Oil 10 10 0 BBL Other Lea (25) No No
nAB1719137895 COG OPERATING LLC Major Produced Water Release 7/4/17 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nOY1720746925 MARATHON OIL CO Minor Oil Release 7/4/17 Produced Water 10 10 0 BBL Other Lea (25) No No

WG Ex. 93

3411



nOY1720547847 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/4/17 Produced Water 255 252 3 BBL Lightning Lea (25) No No
nAB1719137895 COG OPERATING LLC Major Produced Water Release 7/4/17 Produced Water 30 5 25 BBL Corrosion Eddy (15) No No
nOY1720741763 Extex Operating Company Major Oil Release 7/4/17 Crude Oil 160 140 20 BBL Equipment Failure Lea (25) No No
nOY1720741763 Extex Operating Company Major Oil Release 7/4/17 Produced Water 160 140 20 BBL Equipment Failure Lea (25) No No
nRAB1727552961 ARP PRODUCTION COMPANY, LLC Produced Water Release 7/3/17 Produced Water 0 0 0 BBL Colfax (07) No No
nOY1718450752 COG OPERATING LLC Major Produced Water Release 7/3/17 Produced Water 400 399 1 BBL Equipment Failure Lea (25) No No
nOY1718456180 COG OPERATING LLC Oil Release 7/3/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1720652142 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 7/3/17 Crude Oil 15 0 15 BBL Fire Eddy (15) No No
nAB1720652142 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 7/3/17 Produced Water 32 0 32 BBL Fire Eddy (15) No No
nOY1720255014 RAYBAW Operating, LLC Minor Oil Release 7/2/17 Crude Oil 6 6 0 BBL Equipment Failure Lea (25) No No
nVF1724848623 XTO ENERGY, INC Minor Produced Water Release 7/2/17 Produced Water 21 0 21 BBL San Juan (45) No No
nOY1719139935 EOG RESOURCES INC Major Produced Water Release 7/2/17 Crude Oil 50 40 10 BBL Normal Operations Lea (25) No No
nOY1719139935 EOG RESOURCES INC Major Produced Water Release 7/2/17 Produced Water 50 40 10 BBL Normal Operations Lea (25) No No
nOY1719551654 CENTURION PIPELINE L.P. Major Oil Release 7/1/17 Crude Oil 25 2 23 BBL Corrosion Lea (25) No No
nCS1723536261 CCI SAN JUAN LLC Minor Other 7/1/17 Other (Specify) 7 6 1 BBL Other San Juan (45) No Yes
nAB1719134376 COG PRODUCTION, LLC Minor Produced Water Release 7/1/17 Produced Water 8 5 3 BBL Corrosion Eddy (15) No No
nAB1718739385 COG OPERATING LLC Major Produced Water Release 6/30/17 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nAB1730648046 COG OPERATING LLC Major Oil Release 6/30/17 Crude Oil 2 0 2 BBL Fire Eddy (15) No No
nAB1718739385 COG OPERATING LLC Major Produced Water Release 6/30/17 Produced Water 40 37 3 BBL Corrosion Eddy (15) No No
nOY1720745390 MARATHON OIL CO Major Oil Release 6/29/17 Crude Oil 20 19 1 BBL Other Lea (25) No No
nAB1719937736 WPX Energy Permian, LLC Major Produced Water Release 6/29/17 Produced Water 25 25 0 BBL Corrosion Eddy (15) No No
nOY1720745390 MARATHON OIL CO Major Oil Release 6/29/17 Produced Water 20 19 1 BBL Other Lea (25) No No
nAB1718654938 COG OPERATING LLC Major Produced Water Release 6/28/17 Produced Water 150 148 2 BBL Corrosion Eddy (15) No No
nAB1721457413 PHX Energy, LLC Major Produced Water Release 6/28/17 Produced Water 330 300 30 BBL Corrosion Eddy (15) No No
nOY1718454674 EOG RESOURCES INC Major Produced Water Release 6/28/17 Produced Water 130 0 130 BBL Other Lea (25) No No
nVF1728535005 ELM RIDGE EXPLORATION COMPANY LLC Release Other 6/28/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1719137473 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/28/17 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No
nAB1718733399 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 6/28/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1718733399 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 6/28/17 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nCS1725641856 Williams Four Corners, LLC Other 6/27/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1718639055 COG PRODUCTION, LLC Major Produced Water Release 6/27/17 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nAB1719936703 APACHE CORPORATION Minor Produced Water Release 6/27/17 Crude Oil 10 8 2 BBL Corrosion Eddy (15) No No
nCS1724152886 Williams Four Corners, LLC Oil Release 6/27/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1718652813 COG OPERATING LLC Major Produced Water Release 6/27/17 Produced Water 63 60 3 BBL Equipment Failure Eddy (15) No No
nAB1718735670 Blackbuck New Mexico LLC Major Produced Water Release 6/27/17 Produced Water 117 117 0 BBL Other Eddy (15) No No
nAB1718652813 COG OPERATING LLC Major Produced Water Release 6/27/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1719936703 APACHE CORPORATION Minor Produced Water Release 6/27/17 Produced Water 10 7 3 BBL Corrosion Eddy (15) No No

nVF1717840711
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Release Other 6/26/17 Condensate 0 0 0 BBL Rio Arriba (39) No No

nOY1717732965 COG OPERATING LLC Oil Release 6/26/17 Crude Oil 2 1 1 BBL Other Lea (25) No No
nAB1725729419 OXY USA INC Minor Produced Water Release 6/26/17 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nOY1717738191 ETC FIELD SERVICES LLC Minor Natural Gas Release 6/26/17 Natural Gas Liquids 13 12 1 BBL Corrosion Lea (25) No No
nAB1719940724 WPX Energy Permian, LLC Major Oil Release 6/26/17 Crude Oil 106 45 61 BBL Corrosion Eddy (15) No No
nAB1718640510 COG PRODUCTION, LLC Minor Produced Water Release 6/26/17 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nOY1717734718 COG OPERATING LLC Minor Oil Release 6/26/17 Crude Oil 9 8 1 BBL Human Error Lea (25) No No
nVF1718155324 HILCORP ENERGY COMPANY Release Other 6/26/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1718449237 COG OPERATING LLC Major Oil Release 6/26/17 Crude Oil 42 15 27 BBL Equipment Failure Lea (25) No No
nOY1717733854 COG OPERATING LLC Minor Oil Release 6/26/17 Crude Oil 10 8 2 BBL Human Error Lea (25) No No
nAB1725729419 OXY USA INC Minor Produced Water Release 6/26/17 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1719856812 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/25/17 Crude Oil 30 0 0 BBL Equipment Failure Eddy (15) No No
nAB1721931827 SOUTHWEST ROYALTIES INC Minor Produced Water Release 6/25/17 Produced Water 8 0 8 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1719856812 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/25/17 Produced Water 1200 0 0 BBL Equipment Failure Eddy (15) No No
nAB1718649427 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/25/17 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1718649427 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/25/17 Produced Water 14 7 7 BBL Equipment Failure Eddy (15) No No
nAB1718054313 Spur Energy Partners LLC Minor Produced Water Release 6/24/17 Produced Water 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1718054313 Spur Energy Partners LLC Minor Produced Water Release 6/24/17 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAB1717951624 OXY USA INC Minor Produced Water Release 6/23/17 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nOY1718451495 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/23/17 Produced Water 140 140 0 BBL Human Error Lea (25) No No
nAB1717951624 OXY USA INC Minor Produced Water Release 6/23/17 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1718138066 ENERGY TRANSFER PARTNERS, LP Minor Produced Water Release 6/22/17 Crude Oil 5 0 5 BBL Corrosion Eddy (15) No No
nOY1719148989 OXY USA INC Minor Produced Water Release 6/22/17 Produced Water 10 2 8 BBL Human Error Lea (25) No No
nAB1718138066 ENERGY TRANSFER PARTNERS, LP Minor Produced Water Release 6/22/17 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nAB1718027001 OXY USA INC Major Produced Water Release 6/21/17 Produced Water 300 280 20 BBL Equipment Failure Eddy (15) No No
nOY1718156469 BASIC ENERGY SERVICES, LP Major Oil Release 6/21/17 Crude Oil 500 500 0 BBL Lightning Lea (25) No No
nVF1717839189 BP AMERICA PRODUCTION COMPANY Release Other 6/21/17 Unknown 0 0 0 BBL San Juan (45) No No
nVF1718155633 ELM RIDGE EXPLORATION COMPANY LLC Release Other 6/21/17 Unknown 0 0 0 BBL 0 No No
nAB1718140592 BRIDGER LOGISTICS, LLC Minor Oil Release 6/21/17 Crude Oil 12 0 12 BBL Human Error Eddy (15) No No
nOY1718156469 BASIC ENERGY SERVICES, LP Major Oil Release 6/21/17 Produced Water 500 500 0 BBL Lightning Lea (25) No No
nVF1717251653 XTO ENERGY, INC Major Produced Water Release 6/20/17 Produced Water 25 0 25 BBL San Juan (45) No No
nOY1718132063 OXY USA INC Minor Oil Release 6/20/17 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nAB1718137369 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/20/17 Produced Water 20 4 16 BBL Equipment Failure Eddy (15) No No
nOY1717739878 DCP OPERATING COMPANY LP Minor Produced Water Release 6/20/17 Condensate 6 0 6 BBL Equipment Failure Lea (25) No No
nOY1718132063 OXY USA INC Minor Oil Release 6/20/17 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nVF1717252126 WPX ENERGY PRODUCTION, LLC Major Fire 6/20/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1717158167 DCP OPERATING COMPANY, LP Minor Natural Gas Release 6/20/17 Condensate 12 0 12 BBL Equipment Failure Eddy (15) No No
nOY1717739878 DCP OPERATING COMPANY LP Minor Produced Water Release 6/20/17 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nOY1718129503 SAMSON RESOURCES CO Major Produced Water Release 6/20/17 Produced Water 350 350 0 BBL Equipment Failure Lea (25) No No
nOY1719150884 OXY USA INC Major Oil Release 6/19/17 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nOY1719150884 OXY USA INC Major Oil Release 6/19/17 Produced Water 50 1 49 BBL Equipment Failure Lea (25) No No
nAB1718634277 COG PRODUCTION, LLC Minor Produced Water Release 6/19/17 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nAB1718029380 BOPCO, L.P. Minor Oil Release 6/18/17 Crude Oil 12 10 2 BBL Equipment Failure Eddy (15) No No
nAB1718133621 COG OPERATING LLC Minor Produced Water Release 6/17/17 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nOY1716731471 COG OPERATING LLC Major Oil Release 6/16/17 Crude Oil 163 161 2 BBL Human Error Lea (25) No No
nAB1717157175 COG OPERATING LLC Major Produced Water Release 6/16/17 Produced Water 45 44 1 BBL Corrosion Eddy (15) No No
nOY1718028593 PLAINS PIPELINE, LP Major Oil Release 6/16/17 Crude Oil 50 30 20 BBL Human Error Lea (25) No No

nCS1804456519
PROVIDENCE ENERGY SERVS INC.-KELTON OP 
CORP Oil Release 6/15/17 Other (Specify) 0 0 0 BBL Other McKinley (31) No No

nAB1717251561 OXY USA INC Major Produced Water Release 6/15/17 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nOY1716658907 COG OPERATING LLC Major Produced Water Release 6/15/17 Produced Water 25 24 1 BBL Equipment Failure Lea (25) No No
nOY1716634012 Franklin Mountain Energy 3, LLC Major Oil Release 6/15/17 Crude Oil 130 130 0 BBL Lightning Lea (25) No No
nCS1716650897 SIMCOE LLC Major Produced Water Release 6/15/17 Produced Water 114 114 0 BBL Human Error San Juan (45) No No
nOY1717743266 ROCKCLIFF OPERATING NEW MEXICO LLC Major Oil Release 6/15/17 Crude Oil 100 100 0 BBL Equipment Failure Roosevelt (41) No No
nBC1716641855 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 6/15/17 Crude Oil 2 2 0 BBL Human Error Lea (25) No No
nOY1716660093 COG OPERATING LLC Minor Oil Release 6/15/17 Crude Oil 12 8 4 BBL Other Lea (25) No No
nBC1716641855 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 6/15/17 Produced Water 128 50 78 BBL Human Error Lea (25) No No
nOY1717743266 ROCKCLIFF OPERATING NEW MEXICO LLC Major Oil Release 6/15/17 Produced Water 100 100 0 BBL Equipment Failure Roosevelt (41) No No

WG Ex. 93

3412



nAB1717131002 XTO ENERGY, INC Major Produced Water Release 6/14/17 Crude Oil 9 9 0 BBL Equipment Failure Eddy (15) No No
nAB1717131002 XTO ENERGY, INC Major Produced Water Release 6/14/17 Produced Water 456 451 5 BBL Equipment Failure Eddy (15) No No
nOY1726537402 OWL SWD OPERATING, LLC Major Produced Water Release 6/13/17 Produced Water 25 10 15 BBL Equipment Failure Lea (25) No No
nVF1717255221 Williams Four Corners, LLC Major Release Other 6/13/17 Lube Oil 40 0 0 BBL Rio Arriba (39) No No
nOY1717052439 CONOCOPHILLIPS COMPANY Major Oil Release 6/13/17 Crude Oil 60 0 60 BBL Equipment Failure Lea (25) No No
nOY1716340918 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/12/17 Produced Water 65 65 0 BBL Equipment Failure Lea (25) No No
nOY1716342941 COG OPERATING LLC Release Other 6/12/17 Crude Oil 1 0 1 BBL Other Lea (25) No No
nOY1716342941 COG OPERATING LLC Release Other 6/12/17 Produced Water 1 0 1 BBL Other Lea (25) No No
nOY1716632697 BXP Operating, LLC Major Produced Water Release 6/11/17 Produced Water 1700 1020 680 BBL Equipment Failure Lea (25) No No
nOY1716650629 COG OPERATING LLC Major Produced Water Release 6/11/17 Crude Oil 17 15 2 BBL Equipment Failure Lea (25) No No
nOY1716650629 COG OPERATING LLC Major Produced Water Release 6/11/17 Produced Water 19 15 4 BBL Equipment Failure Lea (25) No No
nOY1717830382 MARATHON OIL CO Major Produced Water Release 6/9/17 Produced Water 1200 0 0 BBL Lea (25) No No
nOY1716657762 COG OPERATING LLC Major Oil Release 6/9/17 Crude Oil 80 75 5 BBL Equipment Failure Lea (25) No No
nOY1716027653 FORTY ACRES ENERGY, LLC Release Other 6/9/17 Crude Oil 0 0 0 BBL Lea (25) No No
nAB1716438277 COG OPERATING LLC Minor Produced Water Release 6/9/17 Produced Water 6 2 4 BBL Corrosion Eddy (15) No No
nOY1716027653 FORTY ACRES ENERGY, LLC Release Other 6/9/17 Produced Water 0 0 0 BBL Lea (25) No No
nOY1716657762 COG OPERATING LLC Major Oil Release 6/9/17 Produced Water 105 100 5 BBL Equipment Failure Lea (25) No No
nOY1722358518 XTO ENERGY, INC Major Produced Water Release 6/9/17 Produced Water 1655 0 0 BBL Corrosion Lea (25) No No
nOY1717830382 MARATHON OIL CO Major Produced Water Release 6/9/17 Produced Water 1200 200 1000 BBL Equipment Failure Lea (25) No No
nAB1716429454 COG OPERATING LLC Major Oil Release 6/8/17 Crude Oil 36 35 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1718149913 CONOCOPHILLIPS COMPANY Major Release Other 6/8/17 Condensate 31 0 31 BBL Rio Arriba (39) No No
nAB1718029845 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 6/7/17 Crude Oil 450 60 390 BBL Fire Eddy (15) No No
nOY1716040816 Avant Operating, LLC Major Produced Water Release 6/7/17 Produced Water 450 420 30 BBL Equipment Failure Lea (25) No No
nAB1717131551 OXY USA INC Major Produced Water Release 6/7/17 Crude Oil 50 30 20 BBL Lightning Eddy (15) No No
nAB1718029845 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 6/7/17 Produced Water 360 60 300 BBL Fire Eddy (15) No No
nAB1717131551 OXY USA INC Major Produced Water Release 6/7/17 Produced Water 430 420 10 BBL Lightning Eddy (15) No No
nOY1717057887 MARATHON OIL CO Major Oil Release 6/6/17 Produced Water 200 200 0 BBL Lea (25) No No
nAB1716430337 COG PRODUCTION, LLC Major Produced Water Release 6/6/17 Produced Water 30 10 20 BBL Equipment Failure Eddy (15) No No
nAB1716430337 COG PRODUCTION, LLC Major Produced Water Release 6/6/17 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nOY1717736160 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/4/17 Produced Water 310 310 0 BBL Lightning Lea (25) No No
nCS1715649419 WPX ENERGY PRODUCTION, LLC Oil Release 6/3/17 Other (Specify) 0 0 0 BBL Corrosion San Juan (45) No No
nOY1716446999 XTO ENERGY, INC Major Produced Water Release 6/3/17 Produced Water 136 120 16 BBL Equipment Failure Lea (25) No No
nAB1717138268 ROCKCLIFF OPERATING NEW MEXICO LLC Produced Water Release 6/3/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1717138268 ROCKCLIFF OPERATING NEW MEXICO LLC Produced Water Release 6/3/17 Produced Water 1 1 0 BBL Equipment Failure Eddy (15) No No
nOY1715340129 COG OPERATING LLC Minor Produced Water Release 6/2/17 Produced Water 10 9 1 BBL Equipment Failure Lea (25) No No
nOY1715329154 COG OPERATING LLC Release Other 6/2/17 Crude Oil 1 0 1 BBL Other Lea (25) No No
nOY1715763763 JAY MANAGEMENT COMPANY, LLC Major Oil Release 6/2/17 Crude Oil 27 22 5 BBL Vandalism Lea (25) No No
nOY1715332052 COG OPERATING LLC Minor Produced Water Release 6/2/17 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nAB1716442141 LINN OPERATING, LLC. Minor Oil Release 6/2/17 Crude Oil 13 12 1 BBL Lightning Eddy (15) No No
nOY1715955207 CONOCOPHILLIPS COMPANY Major Oil Release 6/2/17 Crude Oil 130 55 75 BBL Equipment Failure Lea (25) No No
nOY1715340682 COG OPERATING LLC Oil Release 6/2/17 Crude Oil 3 0 3 BBL Lightning Lea (25) No No
nCS1723452433 High River Resources Operating, LLC Oil Release 6/1/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1717150080 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 6/1/17 Crude Oil 109 0 109 BBL Lightning Eddy (15) No No
nOY1716753543 J R OIL, LTD. CO. Produced Water Release 6/1/17 Produced Water 1 0 1 BBL Lightning Lea (25) No No
nVF1715828006 ELM RIDGE EXPLORATION COMPANY LLC Release Other 6/1/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1715125956 GRAND BANKS ENERGY CO Oil Release 5/31/17 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nOY1716637417 RAYBAW Operating, LLC Major Produced Water Release 5/31/17 Produced Water 140 0 140 BBL Lightning Lea (25) No No

nAB1715650778
ROGER SLAYTON DBA ESCUDILLA OIL 
COMPANY Minor Oil Release 5/31/17 Crude Oil 15 15 0 BBL Other Chaves (05) No No

nOY1715329950 COG OPERATING LLC Minor Produced Water Release 5/31/17 Produced Water 20 19 1 BBL Equipment Failure Lea (25) No No
nCS1723647436 XTO ENERGY, INC Minor Oil Release 5/30/17 Produced Water 10 7 3 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1725633499 XTO ENERGY, INC Minor Oil Release 5/30/17 Produced Water 7 3 4 BBL Equipment Failure San Juan (45) No No
nOY1715047175 COG OPERATING LLC Oil Release 5/30/17 Crude Oil 6 0 6 GAL Equipment Failure Lea (25) No No
nCS1725633499 XTO ENERGY, INC Minor Oil Release 5/30/17 Crude Oil 7 3 4 BBL Equipment Failure San Juan (45) No No
nCS1723647436 XTO ENERGY, INC Minor Oil Release 5/30/17 Crude Oil 10 7 3 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nOY1715032436 COG OPERATING LLC Release Other 5/30/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nOY1715033875 COG OPERATING LLC Release Other 5/30/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1716457777 CHI OPERATING INC Oil Release 5/28/17 Crude Oil 0 0 0 BBL Vandalism Eddy (15) No No
nAB1715756927 COG OPERATING LLC Minor Produced Water Release 5/28/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1715756927 COG OPERATING LLC Minor Produced Water Release 5/28/17 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nVF1715239278 WPX ENERGY PRODUCTION, LLC Minor Release Other 5/27/17 Crude Oil 10 6 4 BBL Corrosion San Juan (45) No No
nAB1715928206 BOPCO, L.P. Major Oil Release 5/27/17 Crude Oil 20 0 20 BBL Fire Eddy (15) No No
nAB1715742101 COG OPERATING LLC Major Produced Water Release 5/27/17 Produced Water 30 20 10 BBL Corrosion Eddy (15) No No
nAB1715928206 BOPCO, L.P. Major Oil Release 5/27/17 Produced Water 2 0 2 BBL Fire Eddy (15) No No
nVF1715239278 WPX ENERGY PRODUCTION, LLC Minor Release Other 5/27/17 Produced Water 8 6 2 BBL Corrosion San Juan (45) No No
nAB1715757481 COG PRODUCTION, LLC Minor Produced Water Release 5/27/17 Produced Water 12 10 2 BBL Corrosion Eddy (15) No No
nOY1716526342 CHEVRON U S A INC Major Produced Water Release 5/26/17 Produced Water 620 260 360 BBL Human Error Lea (25) No No
nAB1902343484 Murchison Oil and Gas, LLC Major Produced Water Release 5/26/17 Produced Water 1399 0 1399 BBL Equipment Failure Eddy (15) No No
nAB1715735749 Earthstone Operating, LLC Major Produced Water Release 5/26/17 Produced Water 200 150 50 BBL Equipment Failure Eddy (15) No No
nAB1715733412 BREITBURN OPERATING LP Major Oil Release 5/26/17 Crude Oil 150 90 60 BBL Corrosion Eddy (15) No No
nVF1715138138 WPX ENERGY PRODUCTION, LLC Produced Water Release 5/25/17 Produced Water 0 0 0 BBL San Juan (45) No No
nAB1716457160 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 5/25/17 Produced Water 17 10 7 BBL Corrosion Eddy (15) No No
nAB1715655876 COG OPERATING LLC Minor Oil Release 5/25/17 Crude Oil 23 22 1 BBL Equipment Failure Eddy (15) No No
nAB1716538799 El Paso Natural Gas Company, L.L.C Major Release Other 5/25/17 Other (Specify) 630 630 0 BBL Equipment Failure Dona Ana (13) No No
nAB1714554320 COG OPERATING LLC Major Oil Release 5/23/17 Crude Oil 35 30 5 BBL Equipment Failure Eddy (15) No No
nVF1714537549 WILLIAMS FOUR CORNERS, LLC Release Other 5/23/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1716629707 COFER & CO LLC Minor Produced Water Release 5/23/17 Produced Water 5 0 5 BBL Normal Operations Lea (25) No No
nAB1718134992 Silverback Operating II, LLC Minor Produced Water Release 5/22/17 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nOY1715039165 Earthstone Operating, LLC Major Produced Water Release 5/22/17 Produced Water 102 0 102 BBL Lightning Lea (25) No No
nOY1714230138 JAY MANAGEMENT COMPANY, LLC Major Produced Water Release 5/22/17 Produced Water 50 30 20 BBL Vandalism Lea (25) No No
nVF1717335633 Williams Four Corners, LLC Release Other 5/22/17 Unknown 0 0 0 BBL Rio Arriba (39) No No
nOY1714232459 COG OPERATING LLC Minor Produced Water Release 5/22/17 Produced Water 20 19 1 BBL Equipment Failure Lea (25) No No
nAB1718134992 Silverback Operating II, LLC Minor Produced Water Release 5/22/17 Produced Water 9 4 5 BBL Equipment Failure Eddy (15) No No
nAB1714639317 Targa Northern Delaware, LLC. Major Release Other 5/21/17 Condensate 100 0 100 BBL Equipment Failure Eddy (15) No No
nAB1714649151 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/20/17 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1718135920 Silverback Operating II, LLC Minor Produced Water Release 5/19/17 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1714231657 Spur Energy Partners LLC Major Produced Water Release 5/19/17 Crude Oil 5 4 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1714231657 Spur Energy Partners LLC Major Produced Water Release 5/19/17 Produced Water 275 274 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1713832314 JAY MANAGEMENT COMPANY, LLC Minor Produced Water Release 5/18/17 Produced Water 15 5 10 BBL Equipment Failure Lea (25) No No
nOY1713836844 JAY MANAGEMENT COMPANY, LLC Major Produced Water Release 5/18/17 Produced Water 50 0 0 BBL Equipment Failure Lea (25) No No
nOY1713827497 Spur Energy Partners LLC Minor Produced Water Release 5/18/17 Produced Water 20 19 1 BBL Equipment Failure Lea (25) No No
nOY1713835168 JAY MANAGEMENT COMPANY, LLC Minor Produced Water Release 5/18/17 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nAB1714551609 XTO ENERGY, INC Major Produced Water Release 5/18/17 Produced Water 620 590 30 BBL Equipment Failure Eddy (15) No No
nAB1714536076 LINN OPERATING, LLC. Major Produced Water Release 5/17/17 Produced Water 400 350 50 BBL Equipment Failure Eddy (15) No No

nAB1715651492
ROGER SLAYTON DBA ESCUDILLA OIL 
COMPANY Oil Release 5/17/17 Crude Oil 4 4 0 BBL Equipment Failure Chaves (05) No No
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nOY1716334892 DCP OPERATING COMPANY LP Minor Natural Gas Release 5/16/17 Natural Gas Liquids 7 0 7 BBL Equipment Failure Lea (25) No No
nOY1805141426 GRAND BANKS ENERGY CO Minor Produced Water Release 5/16/17 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nVF1716342197 Williams Four Corners, LLC Release Other 5/16/17 Natural Gas Liquids 0 0 0 BBL Rio Arriba (39) No No
nAB1713850012 OXY USA INC Major Produced Water Release 5/16/17 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No

nVF1714350484
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 5/16/17 Produced Water 415 402 13 BBL Equipment Failure San Juan (45) No No

nAB1714233085 Permian Resources Operating, LLC Minor Oil Release 5/16/17 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1713850012 OXY USA INC Major Produced Water Release 5/16/17 Produced Water 70 60 10 BBL Equipment Failure Eddy (15) No No
nOY1715054791 Extex Operating Company Major Produced Water Release 5/16/17 Produced Water 40 10 30 BBL Equipment Failure Lea (25) No No
nCS1713648251 HILCORP ENERGY COMPANY Produced Water Release 5/16/17 Produced Water 0 0 0 BBL San Juan (45) No No
nVF1715032245 BURLINGTON RESOURCES OIL & GAS CO Release Other 5/16/17 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1714231263 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 5/15/17 Crude Oil 0 0 0 BBL Human Error Eddy (15) No No
nAB1714233695 COG PRODUCTION, LLC Minor Produced Water Release 5/15/17 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nVF1715137805 WPX ENERGY PRODUCTION, LLC Release Other 5/15/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1713545743 DKD,LLC Major Produced Water Release 5/15/17 Produced Water 50 50 0 BBL Equipment Failure Lea (25) No No
nAB1714231263 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 5/15/17 Produced Water 7 6 1 BBL Human Error Eddy (15) No No
nOY1715030366 EOG Y RESOURCES, INC. Major Produced Water Release 5/14/17 Produced Water 200 0 0 BBL Chaves (05) No No
nCS1716331462 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 5/14/17 Produced Water 10 10 0 BBL Human Error San Juan (45) No No
nCS1716332757 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 5/14/17 Produced Water 25 25 0 BBL Human Error San Juan (45) No No
nOY1715030366 EOG Y RESOURCES, INC. Major Produced Water Release 5/14/17 Produced Water 200 200 0 BBL Other Chaves (05) No No
nAB1713735321 DCP OPERATING COMPANY, LP Minor Natural Gas Release 5/13/17 Natural Gas Liquids 5 0 0 BBL Other Eddy (15) No No
nOY1713829831 COG OPERATING LLC Minor Oil Release 5/13/17 Crude Oil 7 6 1 BBL Equipment Failure Lea (25) No No
nAB1713849324 OXY USA INC Minor Produced Water Release 5/12/17 Crude Oil 6 4 2 BBL Equipment Failure Eddy (15) No No
nAB1713849324 OXY USA INC Minor Produced Water Release 5/12/17 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAB1713734661 COG OPERATING LLC Minor Oil Release 5/11/17 Crude Oil 8 5 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1714540286 Redwood Operating LLC Major Oil Release 5/11/17 Crude Oil 120 72 48 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1714540286 Redwood Operating LLC Major Oil Release 5/11/17 Produced Water 68 28 40 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1720656041 ENTERPRISE PRODUCTS OPERATING, LLC Major Fire 5/10/17 Other (Specify) 0 0 0 BBL Lightning Rio Arriba (39) No No
nVF1724850584 SIMCOE LLC Release Other 5/10/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1713049930 COG OPERATING LLC Oil Release 5/10/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1713037518 COG OPERATING LLC Major Produced Water Release 5/10/17 Produced Water 1000 40 960 BBL Human Error Lea (25) No No
nOY1713035931 COG OPERATING LLC Release Other 5/10/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAB1716441175 PLAINS MARKETING L.P. Major Oil Release 5/10/17 Crude Oil 116 2 114 BBL Equipment Failure Eddy (15) No No
nOY1713041830 COG OPERATING LLC Minor Oil Release 5/9/17 Crude Oil 8 4 4 BBL Human Error Lea (25) No No
nAB1713157779 ROCKCLIFF OPERATING NEW MEXICO LLC Major Produced Water Release 5/9/17 Produced Water 30 25 5 BBL Equipment Failure Eddy (15) No No
nAB1715040414 El Paso Natural Gas Company, L.L.C Minor Release Other 5/8/17 Other (Specify) 600 600 0 GAL Equipment Failure Dona Ana (13) No No
nAB1713235838 LINN OPERATING, LLC. Major Oil Release 5/7/17 Crude Oil 85 70 15 BBL Corrosion Eddy (15) No No
nAB1713227047 Spur Energy Partners LLC Minor Produced Water Release 5/7/17 Produced Water 12 11 1 BBL Corrosion Eddy (15) No No
nOY1713048453 COG OPERATING LLC Major Produced Water Release 5/6/17 Produced Water 30 25 5 BBL Equipment Failure Lea (25) No No
nOY1713034300 CIMAREX ENERGY CO. Minor Oil Release 5/6/17 Crude Oil 10 5 5 BBL Corrosion Lea (25) No No
nOY1713034300 CIMAREX ENERGY CO. Minor Oil Release 5/6/17 Produced Water 10 2 8 BBL Corrosion Lea (25) No No
nOY1712539926 MARSHALL & WINSTON INC Minor Produced Water Release 5/5/17 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nOY1713548928 Water Energy Services, LLC Major Produced Water Release 5/5/17 Produced Water 50 45 5 BBL Equipment Failure Lea (25) No No
nAB1714648527 EOG Y RESOURCES, INC. Minor Produced Water Release 5/5/17 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nOY1713032483 NOBLE ENERGY INC Major Produced Water Release 5/5/17 Produced Water 25 0 0 BBL Lea (25) No No
nCS1723637053 ELM RIDGE EXPLORATION COMPANY LLC Oil Release 5/5/17 Crude Oil 0 0 0 BBL Equipment Failure 0 No No
nCS1719256960 Williams Four Corners, LLC Oil Release 5/5/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nOY1713032483 NOBLE ENERGY INC Major Produced Water Release 5/5/17 Produced Water 25 0 25 BBL Equipment Failure Lea (25) No No

nCS1715651932
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Oil Release 5/4/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No

nAB1714650799 EOG Y RESOURCES, INC. Minor Produced Water Release 5/3/17 Produced Water 15 5 10 BBL Equipment Failure Eddy (15) No No
nAB1712952339 WPX Energy Permian, LLC Minor Produced Water Release 5/2/17 Produced Water 11 6 5 BBL Equipment Failure Eddy (15) No No
nOY1713127225 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 5/2/17 Crude Oil 15 10 5 BBL Equipment Failure Lea (25) No No
nVF1717732490 Williams Four Corners, LLC Release Other 5/2/17 Produced Water 0 0 0 BBL Rio Arriba (39) No No
nAB1713733931 EOG Y RESOURCES, INC. Major Produced Water Release 5/1/17 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nOY1712530649 OXY USA INC Major Produced Water Release 5/1/17 Produced Water 110 100 10 BBL Equipment Failure Lea (25) No No
nAB1712940845 Spur Energy Partners LLC Minor Oil Release 5/1/17 Crude Oil 16 5 11 BBL Corrosion Eddy (15) No No
nAB1713733931 EOG Y RESOURCES, INC. Major Produced Water Release 5/1/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1715654915 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/1/17 Produced Water 32 32 0 BBL Equipment Failure Eddy (15) No No
nAB1713227626 3R Operating, LLC Minor Oil Release 4/29/17 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nOY1712347134 COG OPERATING LLC Major Produced Water Release 4/29/17 Produced Water 104 102 2 BBL Blow Out Lea (25) No No
nAB1712953618 OXY USA INC Minor Produced Water Release 4/27/17 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nOY1713250153 COG OPERATING LLC Minor Other 4/27/17 Chemical (Specify) 350 345 5 GAL Human Error Lea (25) No No
nAB1713230240 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 4/27/17 Other (Specify) 10 0 10 BBL Other Eddy (15) No No
nAB1712953618 OXY USA INC Minor Produced Water Release 4/27/17 Produced Water 20 12 8 BBL Equipment Failure Eddy (15) No No
nOY1712541751 J R OIL, LTD. CO. Minor Oil Release 4/26/17 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nOY1712541751 J R OIL, LTD. CO. Minor Oil Release 4/26/17 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nVF1714348687 SIMCOE LLC Release Other 4/25/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1724048362 OCCIDENTAL PERMIAN LTD Release Other 4/25/17 Crude Oil 1 0 1 BBL Other Lea (25) No No
nOY1711437340 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/24/17 Produced Water 50 50 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1713158268 APACHE CORPORATION Minor Produced Water Release 4/24/17 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1711829670 COG OPERATING LLC Major Produced Water Release 4/24/17 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nOY1711439346 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 4/24/17 Produced Water 33 31 2 BBL Corrosion Lea (25) No No
nVF1713151792 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 4/24/17 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nAB1713158268 APACHE CORPORATION Minor Produced Water Release 4/24/17 Produced Water 4 3 1 BBL Equipment Failure Eddy (15) No No
nAB1711829670 COG OPERATING LLC Major Produced Water Release 4/24/17 Produced Water 299 0 299 BBL Corrosion Eddy (15) No No
nOY1711437340 BTA OIL PRODUCERS, LLC Major Produced Water Release 4/24/17 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1711549133 COG OPERATING LLC Oil Release 4/24/17 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nAB1711829191 Permian Resources Operating, LLC Major Produced Water Release 4/23/17 Produced Water 40 35 5 BBL Equipment Failure Eddy (15) No No
nAB1712940035 COG OPERATING LLC Minor Produced Water Release 4/23/17 Crude Oil 5 4 1 BBL Corrosion Eddy (15) No No
nAB1712940035 COG OPERATING LLC Minor Produced Water Release 4/23/17 Produced Water 3 2 1 BBL Corrosion Eddy (15) No No
nAB1711542359 COG OPERATING LLC Major Produced Water Release 4/21/17 Produced Water 40 0 40 BBL Corrosion Eddy (15) No No
nVF1711138761 XTO ENERGY, INC Release Other 4/21/17 Unknown 0 0 0 BBL San Juan (45) No No
nCS1719247835 SIMCOE LLC Other 4/21/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nVF1711537866 BENSON-MONTIN-GREER DRILLING CORP Release Other 4/21/17 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1712951426 WPX Energy Permian, LLC Major Oil Release 4/20/17 Crude Oil 50 40 10 BBL Human Error Eddy (15) No No
nOY1711843020 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/20/17 Produced Water 150 100 50 BBL Equipment Failure Lea (25) No No
nVF1714532459 XTO ENERGY, INC Minor Produced Water Release 4/19/17 Produced Water 14 0 14 BBL San Juan (45) No No
nAB1711042670 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 4/18/17 Crude Oil 85 80 5 BBL Equipment Failure Eddy (15) No No
nAB1711048403 Permian Resources Operating, LLC Minor Oil Release 4/18/17 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1711042670 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 4/18/17 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nOY1710733991 EOG RESOURCES INC Major Oil Release 4/17/17 Crude Oil 82 81 1 BBL Human Error Lea (25) No No
nOY1710729384 Franklin Mountain Energy 3, LLC Major Oil Release 4/17/17 Crude Oil 100 100 0 BBL Equipment Failure Lea (25) No No
nOY1710748487 Maverick Permian LLC Minor Oil Release 4/17/17 Crude Oil 2 0 0 BBL Lea (25) No No
nAB1713154243 CHEVRON U S A INC Major Oil Release 4/17/17 Drilling Mud/Fluid 26 24 2 BBL Equipment Failure Eddy (15) No No
nAB1711830411 WPX Energy Permian, LLC Minor Produced Water Release 4/17/17 Produced Water 23 23 0 BBL Equipment Failure Eddy (15) No No
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nAB1711836365 JIM PIERCE Major Produced Water Release 4/17/17 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nOY1710748487 Maverick Permian LLC Minor Oil Release 4/17/17 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nOY1710729384 Franklin Mountain Energy 3, LLC Major Oil Release 4/17/17 Produced Water 100 100 0 BBL Equipment Failure Lea (25) No No
nAB1711547925 PHX Energy, LLC Minor Produced Water Release 4/17/17 Produced Water 10 8 2 BBL Corrosion Eddy (15) No No
nAB1711836365 JIM PIERCE Major Produced Water Release 4/17/17 Produced Water 27 20 7 BBL Corrosion Eddy (15) No No
nOY1710748487 Maverick Permian LLC Minor Oil Release 4/17/17 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nAB1712152502 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/16/17 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1712857034 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/15/17 Crude Oil 10 3 7 BBL Equipment Failure Eddy (15) No No
nAB1712857034 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/15/17 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nAB1711041252 OXY USA INC Major Produced Water Release 4/14/17 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nOY1710442350 COG OPERATING LLC Major Produced Water Release 4/14/17 Produced Water 122 121 1 BBL Equipment Failure Lea (25) No No
nOY1710443560 ROCKCLIFF OPERATING NEW MEXICO LLC Major Produced Water Release 4/14/17 Produced Water 100 100 0 BBL Other Roosevelt (41) No No
nOY1710433344 COG OPERATING LLC Release Other 4/14/17 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1711050211 Permian Resources Operating, LLC Major Oil Release 4/14/17 Crude Oil 30 30 0 BBL Equipment Failure Eddy (15) No No
nAB1711050211 Permian Resources Operating, LLC Major Oil Release 4/14/17 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1711830029 XTO ENERGY, INC Minor Produced Water Release 4/12/17 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1710857518 MEWBOURNE OIL CO Produced Water Release 4/12/17 Crude Oil 3 3 0 BBL Other Eddy (15) No No
nAB1711830029 XTO ENERGY, INC Minor Produced Water Release 4/12/17 Produced Water 13 1 12 BBL Equipment Failure Eddy (15) No No
nAB1710857518 MEWBOURNE OIL CO Produced Water Release 4/12/17 Produced Water 0 20 0 BBL Other Eddy (15) No No
nVF1714250443 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 4/11/17 Produced Water 7 6 1 BBL San Juan (45) No No
nAB1710736363 Spur Energy Partners LLC Minor Produced Water Release 4/11/17 Produced Water 15 12 3 BBL Corrosion Eddy (15) No No
nCS1720638873 BP AMERICA PRODUCTION COMPANY Produced Water Release 4/11/17 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAB1711542974 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 4/11/17 Produced Water 20 0 20 BBL Fire Eddy (15) No No
nOY1710435180 PLAINS PIPELINE, L.P. Major Release Other 4/11/17 Other (Specify) 117 104 13 BBL Human Error Lea (25) No No
nCS1720652064 Williams Four Corners, LLC Major Fire 4/11/17 Other (Specify) 0 0 0 BBL Human Error Rio Arriba (39) No No
nAB1711552007 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/11/17 Produced Water 450 450 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1710737733 COG OPERATING LLC Oil Release 4/11/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1710853071 Targa Northern Delaware, LLC. Natural Gas Release 4/11/17 Condensate 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1713235327 RILEY PERMIAN OPERATING COMPANY, LLC Produced Water Release 4/10/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nCS1712155828 XTO ENERGY, INC Other 4/10/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1710040532 NEARBURG PRODUCING CO Major Produced Water Release 4/10/17 Crude Oil 25 15 10 BBL Corrosion Lea (25) No No
nCS1712856461 Williams Four Corners, LLC Minor Oil Release 4/10/17 Condensate 5 5 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1711551324 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/10/17 Produced Water 16 5 11 BBL Equipment Failure Eddy (15) No No
nAB1713235327 RILEY PERMIAN OPERATING COMPANY, LLC Produced Water Release 4/10/17 Produced Water 0 40 0 BBL Equipment Failure Eddy (15) No No
nOY1710040532 NEARBURG PRODUCING CO Major Produced Water Release 4/10/17 Produced Water 40 15 25 BBL Corrosion Lea (25) No No
nCS1712856461 Williams Four Corners, LLC Minor Oil Release 4/10/17 Produced Water 5 5 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1710736826 OXY USA INC Major Oil Release 4/9/17 Crude Oil 100 96 4 BBL Equipment Failure Eddy (15) No No
nAB1710238086 DCP OPERATING COMPANY, LP Minor Natural Gas Release 4/9/17 Natural Gas Liquids 20 15 5 BBL Equipment Failure Eddy (15) No No
nAB1710736826 OXY USA INC Major Oil Release 4/9/17 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nOY1710428581 OCCIDENTAL PERMIAN LTD Major Produced Water Release 4/9/17 Produced Water 70 30 40 BBL Equipment Failure Lea (25) No No
nOY1710042657 MARATHON OIL PERMIAN LLC Major Oil Release 4/8/17 Crude Oil 170 20 150 BBL Equipment Failure Lea (25) No No
nAB1711053488 Permian Resources Operating, LLC Minor Oil Release 4/8/17 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1710234614 EOG RESOURCES INC Minor Produced Water Release 4/8/17 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nOY1709757773 COG OPERATING LLC Minor Release Other 4/7/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1709759344 FRONTIER FIELD SERVICES, LLC Minor Release Other 4/7/17 Condensate 15 0 15 BBL Corrosion 0 No No
nOY1709739977 MEWBOURNE OIL CO Minor Oil Release 4/7/17 Crude Oil 5 0 5 BBL Vandalism Lea (25) No No
nOY1709756862 Spur Energy Partners LLC Major Produced Water Release 4/7/17 Produced Water 100 0 0 BBL Lea (25) No No
nOY1709757773 COG OPERATING LLC Minor Release Other 4/7/17 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nOY1709756862 Spur Energy Partners LLC Major Produced Water Release 4/7/17 Produced Water 100 99 1 BBL Equipment Failure Lea (25) No No
nOY1709739977 MEWBOURNE OIL CO Minor Oil Release 4/7/17 Produced Water 5 0 5 BBL Vandalism Lea (25) No No
nVF1711852166 Williams Four Corners, LLC Release Other 4/6/17 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nVF1711849918 SIMCOE LLC Release Other 4/6/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1711838821 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/6/17 Crude Oil 20 0 20 BBL Corrosion Lea (25) No No
nAB1710851677 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/5/17 Produced Water 16 7 9 BBL Equipment Failure Eddy (15) No No
nOY1711156109 COG PRODUCTION, LLC Minor Produced Water Release 4/5/17 Produced Water 20 18 2 BBL Lea (25) No No
nOY1709559710 PALADIN ENERGY CORP Produced Water Release 4/5/17 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1711428756 Roughhouse Operating, LLC Minor Produced Water Release 4/5/17 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No
nOY1709559710 PALADIN ENERGY CORP Produced Water Release 4/5/17 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nOY1711528570 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 4/5/17 Produced Water 30 0 30 BBL Corrosion Lea (25) No No
nOY1711147510 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 4/4/17 Drilling Mud/Fluid 300 140 160 BBL Normal Operations Lea (25) No No
nAB1710735309 WPX Energy Permian, LLC Minor Produced Water Release 4/2/17 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nAB1710735309 WPX Energy Permian, LLC Minor Produced Water Release 4/2/17 Produced Water 3 2 1 BBL Corrosion Eddy (15) No No
nAB1710041956 OXY USA INC Minor Produced Water Release 3/31/17 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nOY1709737693 J R OIL, LTD. CO. Major Produced Water Release 3/31/17 Produced Water 132 15 117 BBL Equipment Failure Lea (25) No No
nOY1709030572 COG OPERATING LLC Release Other 3/31/17 Crude Oil 0 0 0 BBL Other Lea (25) No No
nOY1709028319 COG OPERATING LLC Release Other 3/31/17 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1709028319 COG OPERATING LLC Release Other 3/31/17 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1710431737 CHEVRON U S A INC Minor Produced Water Release 3/30/17 Produced Water 16 13 3 BBL Equipment Failure Lea (25) No No
nOY1710431737 CHEVRON U S A INC Minor Produced Water Release 3/30/17 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nCS1713152930 ENTERPRISE PRODUCTS OPERATING, LLC Major Produced Water Release 3/29/17 Produced Water 25 0 25 BBL Equipment Failure Rio Arriba (39) No No
nOY1709731177 COG OPERATING LLC Major Oil Release 3/29/17 Crude Oil 15 10 5 BBL Human Error Lea (25) No No
nOY1709731177 COG OPERATING LLC Major Oil Release 3/29/17 Produced Water 25 20 5 BBL Human Error Lea (25) No No
nVF1710935741 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 3/28/17 Condensate 27 0 27 BBL Corrosion Rio Arriba (39) No No
nVF1710935741 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 3/28/17 Produced Water 10 0 10 BBL Corrosion Rio Arriba (39) No No
nVF1711435283 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 3/28/17 Unknown 0 0 0 BBL San Juan (45) No No
nCS1713151655 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 3/27/17 Condensate 0 0 0 BBL Human Error Sandoval (43) No No
nCJC1726950727 Western Refining Southwest LLC Minor Release Other 3/26/17 Chemical (Specify) 5 0 5 BBL Corrosion McKinley (31) No Yes
nAB1709342160 MEWBOURNE OIL CO Major Oil Release 3/25/17 Crude Oil 31 0 31 BBL Vandalism Eddy (15) No No
nAB1709438962 COG OPERATING LLC Oil Release 3/25/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nVF1720637542 SIMCOE LLC Release Other 3/24/17 Unknown 0 0 0 BBL San Juan (45) No No
nCS1716330864 Williams Four Corners, LLC Oil Release 3/24/17 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1709340790 BURNETT OIL CO INC Minor Produced Water Release 3/23/17 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nOY1709040047 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/23/17 Produced Water 250 230 20 BBL Equipment Failure Lea (25) No No
nOY1709036161 HOLLY ENERGY PARTNERS, LP Minor Oil Release 3/23/17 Crude Oil 7 5 2 BBL Other Lea (25) No No
nAB1709340790 BURNETT OIL CO INC Minor Produced Water Release 3/23/17 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nOY1710038346 Avant Operating, LLC Major Produced Water Release 3/23/17 Produced Water 90 80 10 BBL Equipment Failure Lea (25) No No
nAB1708633822 Spur Energy Partners LLC Major Produced Water Release 3/23/17 Produced Water 72 70 2 BBL Equipment Failure Eddy (15) No No
nAB1709440714 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/23/17 Produced Water 31 23 8 BBL Equipment Failure Eddy (15) No No
nCS1720652600 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/22/17 Produced Water 8 5 3 BBL Corrosion Rio Arriba (39) No No
nOY1708130851 CENTENNIAL RESOURCE PRODUCTION, LLC Major Release Other 3/22/17 Drilling Mud/Fluid 75 0 75 BBL Other Lea (25) No No
nAB1708628146 COG PRODUCTION, LLC Major Produced Water Release 3/21/17 Produced Water 40 37 3 BBL Equipment Failure Eddy (15) No No
nOY1708059305 SMITH & MARRS INC Produced Water Release 3/21/17 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1708628222 Avant Operating, LLC Major Oil Release 3/21/17 Crude Oil 40 30 10 BBL Equipment Failure Lea (25) No No
nOY1708059305 SMITH & MARRS INC Produced Water Release 3/21/17 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1708248387 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/20/17 Produced Water 59 55 4 BBL Corrosion Lea (25) No No
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nOY1707931963 Avant Operating, LLC Minor Oil Release 3/20/17 Crude Oil 10 6 4 BBL Equipment Failure Lea (25) No No
nOY1709038420 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/20/17 Produced Water 8 0 8 BBL Human Error Lea (25) No No
nVF1708736692 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/19/17 Produced Water 19 18 1 BBL San Juan (45) No No
nOY1708155887 OCCIDENTAL PERMIAN LTD Major Oil Release 3/19/17 Crude Oil 40 35 5 BBL Equipment Failure Lea (25) No No

nVF1708736231
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 3/19/17 Produced Water 19 19 0 BBL Rio Arriba (39) No No

nOY1708128133 Spur Energy Partners LLC Major Oil Release 3/19/17 Crude Oil 100 38 62 BBL Other Lea (25) No No
nOY1708128133 Spur Energy Partners LLC Major Oil Release 3/19/17 Produced Water 5 4 1 BBL Other Lea (25) No No
nOY1708157566 COG OPERATING LLC Major Oil Release 3/18/17 Crude Oil 25 20 5 BBL Equipment Failure Lea (25) No No
nAB1709441204 WPX Energy Permian, LLC Minor Produced Water Release 3/18/17 Produced Water 21 21 0 BBL Human Error Eddy (15) No No
nAB1722631479 WPX Energy Permian, LLC Major Produced Water Release 3/18/17 Produced Water 1300 1300 0 BBL Equipment Failure Eddy (15) No No
nOY1708157566 COG OPERATING LLC Major Oil Release 3/18/17 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nCS1708632189 CHEVRON MIDCONTINENT, L.P. Minor Natural Gas Release 3/17/17 Other (Specify) 5 4 1 BBL Corrosion Rio Arriba (39) No No
nOY1710427115 EOG Y RESOURCES, INC. Minor Oil Release 3/16/17 Crude Oil 7 6 1 BBL Equipment Failure Lea (25) No No
nAB1710035441 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 3/16/17 Produced Water 150 130 20 BBL Equipment Failure Eddy (15) No No
nAB1718027627 PREMIER OIL & GAS INC Major Oil Release 3/16/17 Crude Oil 50 40 10 BBL Equipment Failure Eddy (15) No No
nOY1707428250 ETC FIELD SERVICES LLC Major Release Other 3/15/17 Natural Gas Liquids 150 50 100 BBL Corrosion Lea (25) No No
nAB1710036047 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 3/15/17 Produced Water 20 10 10 BBL Corrosion Eddy (15) No No
nVF1708735245 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/15/17 Produced Water 52 0 52 BBL Rio Arriba (39) No No
nAB1710730038 EOG Y RESOURCES, INC. Minor Produced Water Release 3/15/17 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nOY1707428250 ETC FIELD SERVICES LLC Major Release Other 3/15/17 Crude Oil 150 50 100 BBL Corrosion Lea (25) No No
nOY1708657790 OXY USA INC Minor Oil Release 3/15/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1708250488 SOUTHWEST ROYALTIES INC Major Produced Water Release 3/15/17 Produced Water 1200 1000 200 BBL Equipment Failure Lea (25) No No
nOY1708657790 OXY USA INC Minor Oil Release 3/15/17 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nOY1709752298 ABO EMPIRE, LLC Major Produced Water Release 3/14/17 Produced Water 41 0 41 BBL Other Lea (25) No No
nOY1709752298 ABO EMPIRE, LLC Major Produced Water Release 3/14/17 Crude Oil 4 0 4 BBL Other Lea (25) No No
nOY1707247923 TEXLAND PETROLEUM-HOBBS, LLC Oil Release 3/13/17 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1707658025 BREITBURN OPERATING LP Major Oil Release 3/13/17 Crude Oil 25 17 8 BBL Vandalism Lea (25) No No
nOY1708631119 SOUTHWEST ROYALTIES INC Major Oil Release 3/13/17 Crude Oil 3 3 0 BBL Equipment Failure Lea (25) No No
nOY1707233865 COG OPERATING LLC Release Other 3/13/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1707247923 TEXLAND PETROLEUM-HOBBS, LLC Oil Release 3/13/17 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nOY1707658025 BREITBURN OPERATING LP Major Oil Release 3/13/17 Produced Water 60 45 15 BBL Vandalism Lea (25) No No
nVF1707256194 Pineland Operating Company, LLC Minor Oil Release 3/13/17 Crude Oil 11 6 5 BBL San Juan (45) No No
nOY1708631119 SOUTHWEST ROYALTIES INC Major Oil Release 3/13/17 Produced Water 35 34 1 BBL Equipment Failure Lea (25) No No
nAB1707439417 COG OPERATING LLC Minor Produced Water Release 3/12/17 Produced Water 22 21 1 BBL Corrosion Eddy (15) No No
nAB1707636998 PLAINS MARKETING L.P. Minor Oil Release 3/11/17 Crude Oil 20 5 15 BBL Equipment Failure Eddy (15) No No
nAB1707439864 COG OPERATING LLC Minor Oil Release 3/11/17 Crude Oil 24 21 3 BBL Equipment Failure Eddy (15) No No
nVF1708726143 ENTERPRISE PRODUCTS OPERATING, LLC Other 3/11/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1706954187 ETC Texas Pipeline, Ltd. Minor Oil Release 3/10/17 Crude Oil 5 0 0 BBL Lea (25) No No
nCS1720640095 Williams Four Corners, LLC Oil Release 3/10/17 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nOY1706954734 ETC FIELD SERVICES LLC Minor Oil Release 3/10/17 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nCS1706937255 ENCANA OIL & GAS (USA) INC. Major Fire 3/10/17 Other (Specify) 0 0 0 BBL Fire San Juan (45) No No
nOY1706954187 ETC Texas Pipeline, Ltd. Minor Oil Release 3/10/17 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nCS1708347409 ENCANA OIL & GAS (USA) INC. Major Fire 3/10/17 Other (Specify) 0 0 0 BBL Fire San Juan (45) No No
nOY1706954734 ETC FIELD SERVICES LLC Minor Oil Release 3/10/17 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1708242274 COG OPERATING LLC Minor Oil Release 3/10/17 Crude Oil 12 5 7 BBL Equipment Failure Eddy (15) No No
nOY1706954187 ETC Texas Pipeline, Ltd. Minor Oil Release 3/10/17 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nCS1720640095 Williams Four Corners, LLC Oil Release 3/10/17 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1709533325 Silverback Operating II, LLC Minor Produced Water Release 3/9/17 Produced Water 15 14 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1707237630 Grizzly Operating, LLC Produced Water Release 3/8/17 Produced Water 0 0 0 BBL Other Lea (25) No No
nVF1707656452 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 3/8/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1708241432 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/8/17 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nCS1802428252 SYNERGY OIL & GAS INC Other 3/7/17 Other (Specify) 0 0 0 BBL Other Sandoval (43) No No
nVF1707630248 Williams Four Corners, LLC Produced Water Release 3/7/17 Unknown 0 0 0 BBL Rio Arriba (39) No No
nVF1708927987 Williams Four Corners, LLC Natural Gas Release 3/7/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1706934033 APACHE CORPORATION Major Produced Water Release 3/6/17 Produced Water 350 325 25 BBL Equipment Failure Lea (25) No No
nAB1709336310 MEWBOURNE OIL CO Oil Release 3/6/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nOY1707430714 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/5/17 Produced Water 9 7 2 BBL Equipment Failure Lea (25) No No
nOY1707430714 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/5/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1706927950 LEGACY RESERVES OPERATING, LP Major Produced Water Release 3/4/17 Produced Water 40 0 40 BBL Fire Lea (25) No No
nVF1710949748 Williams Four Corners, LLC Major Fire 3/3/17 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1706941748 COG OPERATING LLC Minor Produced Water Release 3/3/17 Produced Water 20 18 2 BBL Corrosion Eddy (15) No No
nAB1708931596 MATADOR PRODUCTION COMPANY Major Produced Water Release 3/3/17 Produced Water 100 80 20 BBL Equipment Failure Eddy (15) No No
nOY1706631442 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 3/2/17 Produced Water 25 15 10 BBL Equipment Failure Lea (25) No No
nOY1706257746 Spur Energy Partners LLC Minor Oil Release 3/1/17 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1707452602 JUDAH OIL LLC Major Oil Release 3/1/17 Crude Oil 30 0 30 BBL Equipment Failure Eddy (15) No No
nOY1706931789 APACHE CORPORATION Major Produced Water Release 3/1/17 Produced Water 170 150 20 BBL Equipment Failure Lea (25) No No
nOY1706257746 Spur Energy Partners LLC Minor Oil Release 3/1/17 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1708235590 OXY USA INC Major Produced Water Release 3/1/17 Produced Water 25 14 11 BBL Equipment Failure Eddy (15) No No
nOY1710031400 COG OPERATING LLC Minor Oil Release 2/28/17 Crude Oil 2 0 0 BBL Lea (25) No No
nAB1707232069 COG OPERATING LLC Major Produced Water Release 2/28/17 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nOY1710031400 COG OPERATING LLC Minor Oil Release 2/28/17 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nOY1705926467 ETC FIELD SERVICES LLC Minor Oil Release 2/28/17 Crude Oil 13 0 13 BBL Corrosion 0 No No
nOY1710031400 COG OPERATING LLC Minor Oil Release 2/28/17 Produced Water 9 6 3 BBL Equipment Failure Lea (25) No No
nOY1710033721 COG OPERATING LLC Minor Produced Water Release 2/28/17 Produced Water 16 10 6 BBL Equipment Failure Lea (25) No No
nAB1707232926 XTO PERMIAN OPERATING LLC. Major Produced Water Release 2/27/17 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nVF1706229109 SIMCOE LLC Minor Produced Water Release 2/27/17 Produced Water 20 0 20 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1707232926 XTO PERMIAN OPERATING LLC. Major Produced Water Release 2/27/17 Produced Water 30 2 28 BBL Corrosion Eddy (15) No No
nOY1706258917 COG OPERATING LLC Release Other 2/27/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1706035716 PRIDE ENERGY COMPANY Oil Release 2/27/17 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAB1706936784 MAVERICK OPERATING, LLC Major Produced Water Release 2/26/17 B.S. & W. 40 32 8 BBL Equipment Failure Eddy (15) No No
nVF1706152357 SIMCOE LLC Other 2/24/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1705553282 COG OPERATING LLC Minor Produced Water Release 2/24/17 Produced Water 5 0 5 BBL Equipment Failure 0 No No
nAB1707234362 BOPCO, L.P. Major Produced Water Release 2/24/17 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1707234362 BOPCO, L.P. Major Produced Water Release 2/24/17 Produced Water 50 18 32 BBL Equipment Failure Eddy (15) No No
nVF1706731924 XTO ENERGY, INC Major Produced Water Release 2/23/17 Produced Water 150 20 130 BBL San Juan (45) No No
nVF1707428979 CONOCOPHILLIPS COMPANY Other 2/23/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1706630747 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 2/23/17 Produced Water 125 25 100 BBL Corrosion Lea (25) No No
nVF1707942538 Burlington Resources Oil & Gas Company, LP Minor Produced Water Release 2/23/17 Produced Water 12 12 0 BBL Rio Arriba (39) No No
nOY1706627456 Kratos Operating, LLC Major Oil Release 2/23/17 Crude Oil 9 0 9 BBL Fire Lea (25) No No
nAB1705938685 COG OPERATING LLC Minor Produced Water Release 2/23/17 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nOY1706627456 Kratos Operating, LLC Major Oil Release 2/23/17 Produced Water 9 0 9 BBL Fire Lea (25) No No
nAB1705938685 COG OPERATING LLC Minor Produced Water Release 2/23/17 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nOY1707239776 Extex Operating Company Major Produced Water Release 2/23/17 Produced Water 100 90 10 BBL Equipment Failure Lea (25) No No
nOY1705537162 SPECIAL ENERGY CORP Major Produced Water Release 2/22/17 Produced Water 200 15 185 BBL Equipment Failure Lea (25) No No
nCS1721255504 SIMCOE LLC Other 2/22/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
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nAB1706944236 WPX Energy Permian, LLC Minor Produced Water Release 2/21/17 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nVF1705349202 THOMPSON ENGR & PROD CORP Major Release Other 2/21/17 Unknown 0 0 0 BBL San Juan (45) No No
nVF1705349202 THOMPSON ENGR & PROD CORP Major Release Other 2/21/17 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1705937661 XTO PERMIAN OPERATING LLC. Minor Oil Release 2/20/17 Crude Oil 8 4 4 BBL Corrosion Eddy (15) No No
nOY1705556439 SOUTHWEST ROYALTIES INC Minor Produced Water Release 2/20/17 Produced Water 9 9 0 BBL Normal Operations Lea (25) No No
nVF1706733883 XTO ENERGY, INC Minor Produced Water Release 2/20/17 Produced Water 8 0 8 BBL San Juan (45) No No
nAB1706938037 EOG Y RESOURCES, INC. Major Produced Water Release 2/19/17 Produced Water 35 35 0 BBL Equipment Failure Eddy (15) No No
nVF1707941341 CONOCOPHILLIPS COMPANY Produced Water Release 2/19/17 Produced Water 0 0 0 BBL 0 No No
nAB1706249163 CHEVRON U S A INC Major Produced Water Release 2/18/17 Crude Oil 13 12 1 BBL Equipment Failure Eddy (15) No No
nAB1705528281 XTO PERMIAN OPERATING LLC. Major Produced Water Release 2/18/17 Produced Water 28 0 28 BBL Equipment Failure Eddy (15) No No
nAB1706249163 CHEVRON U S A INC Major Produced Water Release 2/18/17 Produced Water 38 36 2 BBL Equipment Failure Eddy (15) No No
nAB1705527752 RAYBAW Operating, LLC Major Oil Release 2/18/17 Crude Oil 80 80 0 BBL Corrosion Eddy (15) No No
nVF1707334470 ENTERPRISE FIELD SERVICES LLC Release Other 2/17/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1704829079 COG OPERATING LLC Oil Release 2/17/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nCS1705136693 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 2/17/17 Produced Water 20 0 20 BBL Corrosion Rio Arriba (39) No No
nOY1704741302 CONOCOPHILLIPS COMPANY Minor Oil Release 2/16/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nVF1704838030 XTO ENERGY, INC Major Produced Water Release 2/16/17 Produced Water 200 195 5 BBL San Juan (45) No No
nAB1706235407 WPX Energy Permian, LLC Minor Produced Water Release 2/16/17 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nOY1704741302 CONOCOPHILLIPS COMPANY Minor Oil Release 2/16/17 Produced Water 9 4 5 BBL Equipment Failure Lea (25) No No
nOY1704741302 CONOCOPHILLIPS COMPANY Minor Oil Release 2/16/17 0 0 0 BBL Lea (25) No No
nRAB1704850616 OXY USA INC Minor Produced Water Release 2/15/17 Produced Water 7 0 7 BBL Union (59) No No
nOY1705232245 CART HILL ENERGY, LLC Minor Release Other 2/15/17 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nOY1704656913 COG OPERATING LLC Release Other 2/15/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nOY1704654982 COG OPERATING LLC Minor Oil Release 2/15/17 Crude Oil 10 9 1 BBL Other Lea (25) No No
nOY1704657862 COG OPERATING LLC Release Other 2/15/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAB1706039430 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/15/17 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nOY1704637529 DCP OPERATING COMPANY, LP Major Produced Water Release 2/15/17 Condensate 8 0 0 BBL Normal Operations Lea (25) No No
nOY1705232245 CART HILL ENERGY, LLC Minor Release Other 2/15/17 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nOY1704637529 DCP OPERATING COMPANY, LP Major Produced Water Release 2/15/17 Produced Water 22 0 0 BBL Normal Operations Lea (25) No No
nAB1706039430 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/15/17 Produced Water 128 128 0 BBL Equipment Failure Eddy (15) No No
nOY1705232245 CART HILL ENERGY, LLC Minor Release Other 2/15/17 Natural Gas Liquids 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1704751648 OLEUM Energy LLC Major Produced Water Release 2/14/17 Crude Oil 10 0 10 BBL Vandalism Eddy (15) No No
nOY1704528259 COG PRODUCTION, LLC Release Other 2/14/17 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1704530664 COG PRODUCTION, LLC Release Other 2/14/17 Crude Oil 4 0 4 BBL Other Lea (25) No No
nVF1707338055 SIMCOE LLC Release Other 2/14/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1704751648 OLEUM Energy LLC Major Produced Water Release 2/14/17 Produced Water 60 0 60 BBL Vandalism Eddy (15) No No
nOY1704529255 COG PRODUCTION, LLC Release Other 2/14/17 Crude Oil 1 0 1 BBL Other Lea (25) No No
nOY1704531597 COG PRODUCTION, LLC Release Other 2/14/17 Crude Oil 1 0 1 BBL Other Lea (25) No No
nAB1705246718 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/13/17 Produced Water 123 120 3 BBL Lightning Eddy (15) No No
nOY1705231783 CART HILL ENERGY, LLC Major Produced Water Release 2/12/17 Produced Water 25 0 25 BBL Equipment Failure Lea (25) No No
nAPP2114757670 STRATA PRODUCTION CO Major Other 2/11/17 Crude Oil 31 31 0 BBL Other Eddy (15) No No
nCS1704531637 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 2/11/17 Produced Water 5 0 5 BBL Corrosion San Juan (45) No No
nAPP2114763615 STRATA PRODUCTION CO Release Other 2/11/17 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nAPP2116667607 STRATA PRODUCTION CO Release Other 2/11/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAPP2116657653 STRATA PRODUCTION CO Release Other 2/11/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAPP2116666757 STRATA PRODUCTION CO Release Other 2/11/17 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nAPP2116660414 STRATA PRODUCTION CO Release Other 2/11/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAPP2116667607 STRATA PRODUCTION CO Release Other 2/11/17 Produced Water 2 0 2 BBL Other Lea (25) No No
nAPP2116657653 STRATA PRODUCTION CO Release Other 2/11/17 Produced Water 2 0 2 BBL Other Lea (25) No No
nAPP2116666757 STRATA PRODUCTION CO Release Other 2/11/17 Produced Water 2 0 2 BBL Other Eddy (15) No No
nAPP2114763615 STRATA PRODUCTION CO Release Other 2/11/17 Produced Water 2 0 2 BBL Other Eddy (15) No No
nAPP2116668297 STRATA PRODUCTION CO Release Other 2/11/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAPP2116661617 STRATA PRODUCTION CO Release Other 2/11/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nAPP2116660414 STRATA PRODUCTION CO Release Other 2/11/17 Produced Water 2 0 2 BBL Other Lea (25) No No
nAPP2116661617 STRATA PRODUCTION CO Release Other 2/11/17 Produced Water 2 0 2 BBL Other Lea (25) No No
nAPP2116668297 STRATA PRODUCTION CO Release Other 2/11/17 Produced Water 2 0 2 BBL Other Lea (25) No No
nAPP2116666048 STRATA PRODUCTION CO Release Other 2/11/17 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nAPP2116666048 STRATA PRODUCTION CO Release Other 2/11/17 Produced Water 2 0 2 BBL Other Eddy (15) No No
nVF1704127181 WPX ENERGY PRODUCTION, LLC Major Release Other 2/10/17 Crude Oil 78 0 0 BBL San Juan (45) No No
nAB1706053151 WPX Energy Permian, LLC Major Produced Water Release 2/10/17 Crude Oil 0 0 0 BBL Eddy (15) No No
nAB1705939804 EOG Y RESOURCES, INC. Major Produced Water Release 2/10/17 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nAB1706053151 WPX Energy Permian, LLC Major Produced Water Release 2/10/17 Produced Water 400 100 300 BBL Equipment Failure Eddy (15) No No
nVF1704127181 WPX ENERGY PRODUCTION, LLC Major Release Other 2/10/17 Produced Water 11 0 0 BBL San Juan (45) No No
nCS1710239315 XTO ENERGY, INC Other 2/10/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1705939804 EOG Y RESOURCES, INC. Major Produced Water Release 2/10/17 Produced Water 40 10 30 BBL Equipment Failure Eddy (15) No No
nOY1704158265 RAM ENERGY LLC Minor Produced Water Release 2/8/17 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAB1705132791 EOG RESOURCES INC Major Produced Water Release 2/8/17 Produced Water 165 145 20 BBL Corrosion Eddy (15) No No
nAB1704734619 APACHE CORPORATION Major Oil Release 2/8/17 Crude Oil 40 35 5 BBL Equipment Failure Eddy (15) No No
nOY1703732185 OCCIDENTAL PERMIAN LTD Major Produced Water Release 2/6/17 Crude Oil 1 1 0 BBL Other Lea (25) No No
nOY1703730753 OCCIDENTAL PERMIAN LTD Major Produced Water Release 2/6/17 Produced Water 40 30 10 BBL Equipment Failure Lea (25) No No
nAB1704742539 COG OPERATING LLC Minor Produced Water Release 2/6/17 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nOY1703753612 SOUTHWEST ROYALTIES INC Minor Produced Water Release 2/6/17 Produced Water 16 12 4 BBL Freeze Lea (25) No No
nOY1703732185 OCCIDENTAL PERMIAN LTD Major Produced Water Release 2/6/17 Produced Water 129 120 9 BBL Other Lea (25) No No
nAB1704742539 COG OPERATING LLC Minor Produced Water Release 2/6/17 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nOY1704050620 COG OPERATING LLC Minor Oil Release 2/4/17 Crude Oil 15 14 1 BBL Equipment Failure Lea (25) No No
nAB1704738312 BURNETT OIL CO INC Major Produced Water Release 2/4/17 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nOY1704050620 COG OPERATING LLC Minor Oil Release 2/4/17 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1704738312 BURNETT OIL CO INC Major Produced Water Release 2/4/17 Produced Water 80 0 80 BBL Equipment Failure Eddy (15) No No
nOY1704736400 APACHE CORPORATION Minor Oil Release 2/3/17 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nOY1704747768 FRONTIER FIELD SERVICES, LLC Minor Release Other 2/3/17 Condensate 10 0 0 BBL Lea (25) No No
nAB1704436889 MATADOR PRODUCTION COMPANY Major Produced Water Release 2/3/17 Produced Water 100 80 20 BBL Equipment Failure Eddy (15) No No
nOY1704747768 FRONTIER FIELD SERVICES, LLC Minor Release Other 2/3/17 Condensate 10 3 7 BBL Corrosion Lea (25) No No
nCS1703350518 BURLINGTON RESOURCES OIL & GAS CO Oil Release 2/2/17 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nVF1708631561 XTO ENERGY, INC Minor Release Other 2/1/17 Produced Water 10 0 10 BBL San Juan (45) No No
nOY1704058292 Spur Energy Partners LLC Minor Oil Release 2/1/17 Crude Oil 7 6 1 BBL Equipment Failure Lea (25) No No
nOY1704645272 BTA OIL PRODUCERS, LLC Release Other 2/1/17 Crude Oil 4 2 2 BBL Equipment Failure Lea (25) No No
nOY1704134446 OCCIDENTAL PERMIAN LTD Major Produced Water Release 2/1/17 Produced Water 30 3 27 BBL Equipment Failure Lea (25) No No
nOY1704058292 Spur Energy Partners LLC Minor Oil Release 2/1/17 Produced Water 3 1 2 BBL Equipment Failure Lea (25) No No
nOY1704038129 Water Energy Services, LLC Major Produced Water Release 2/1/17 Produced Water 60 45 15 BBL Equipment Failure Lea (25) No No
nVF1705454171 SIMCOE LLC Minor Release Other 2/1/17 Lube Oil 300 0 0 GAL San Juan (45) No No
nAB1703856615 EOG RESOURCES INC Major Produced Water Release 2/1/17 Crude Oil 15 10 5 BBL Equipment Failure Eddy (15) No No
nAB1703856615 EOG RESOURCES INC Major Produced Water Release 2/1/17 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nVF1703748825 CONOCOPHILLIPS COMPANY Release Other 1/31/17 Unknown 0 0 0 BBL San Juan (45) No No
nCS1715851705 CONOCOPHILLIPS COMPANY Other 1/31/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1719256342 Williams Four Corners, LLC Produced Water Release 1/31/17 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
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nOY1705229038 DCP OPERATING COMPANY, LP Minor Produced Water Release 1/30/17 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nOY1706028741 KEVIN O BUTLER & ASSOC INC Oil Release 1/30/17 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAB1703951412 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/30/17 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nOY1706027706 KEVIN O BUTLER & ASSOC INC Oil Release 1/30/17 Crude Oil 0 0 0 BBL Freeze Lea (25) No No
nOY1705229038 DCP OPERATING COMPANY, LP Minor Produced Water Release 1/30/17 Condensate 6 0 0 BBL Equipment Failure Lea (25) No No
nAB1703951412 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/30/17 Produced Water 38 14 24 BBL Equipment Failure Eddy (15) No No
nAB1704831420 WPX Energy Permian, LLC Major Oil Release 1/30/17 Crude Oil 32 0 32 BBL Corrosion Eddy (15) No No

nOY1706256193
NORTHERN PACIFIC OIL AND GAS 
INCORPORATED Oil Release 1/29/17 Crude Oil 3 0 3 BBL Blow Out Roosevelt (41) No No

nAB1703948537 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 1/28/17 Produced Water 70 2 68 BBL Equipment Failure Eddy (15) No No
nAB1703253156 COG PRODUCTION, LLC Major Produced Water Release 1/28/17 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nCS1703326324 CONOCOPHILLIPS COMPANY Other 1/27/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nTO1703852711 Nitro Oil & Gas, LLC Major Produced Water Release 1/27/17 Produced Water 37 37 0 BBL Human Error Lea (25) No No
nAB1704752388 LUCID ENERGY DELAWARE, LLC Minor Natural Gas Release 1/27/17 Natural Gas Liquids 5 0 5 BBL Corrosion Eddy (15) No No
nAB1703851902 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/26/17 Produced Water 21 10 11 BBL Human Error Eddy (15) No No
nVF1705229548 CONOCOPHILLIPS COMPANY Release Other 1/26/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1704056954 OXY USA INC Minor Oil Release 1/25/17 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nAB1703336139 OXY USA INC Major Oil Release 1/25/17 Crude Oil 60 60 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1704056954 OXY USA INC Minor Oil Release 1/25/17 Produced Water 8 6 2 BBL Equipment Failure Lea (25) No No
nOY1703831549 3R Operating, LLC Minor Oil Release 1/24/17 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nOY1703831549 3R Operating, LLC Minor Oil Release 1/24/17 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nAB1702748717 COG OPERATING LLC Major Produced Water Release 1/24/17 Produced Water 30 15 15 BBL Equipment Failure Eddy (15) No No
nOY1704055427 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 1/23/17 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nOY1704640119 DCP OPERATING COMPANY, LP Minor Release Other 1/23/17 Condensate 8 0 0 BBL Eddy (15) No No

nVF1702338545
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 1/23/17 Produced Water 15 0 15 BBL Rio Arriba (39) No No

nOY1704640119 DCP OPERATING COMPANY, LP Minor Release Other 1/23/17 Condensate 8 0 8 BBL Equipment Failure Eddy (15) No No
nAB1704456898 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 1/22/17 Produced Water 12 2 10 BBL Equipment Failure Eddy (15) No No
nCS1710228572 CONOCOPHILLIPS COMPANY Major Fire 1/20/17 Other (Specify) 0 0 0 BBL Equipment Failure San Juan (45) No No
nAB1703949379 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/20/17 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1703330360 OXY USA INC Major Produced Water Release 1/20/17 Produced Water 60 40 20 BBL Equipment Failure Eddy (15) No No
nVF1703235219 SIMCOE LLC Release Other 1/20/17 Unknown 0 0 0 BBL San Juan (45) No No
nOY1703727487 Extex Operating Company Major Oil Release 1/20/17 Crude Oil 287 260 27 BBL Equipment Failure Lea (25) No No
nOY1703727487 Extex Operating Company Major Oil Release 1/20/17 Produced Water 287 260 27 BBL Equipment Failure Lea (25) No No
nAB1703949838 BURNETT OIL CO INC Major Oil Release 1/19/17 Crude Oil 40 33 7 BBL Equipment Failure Eddy (15) No No
nOY1701834485 COG OPERATING LLC Minor Oil Release 1/19/17 Crude Oil 10 9 1 BBL Human Error Lea (25) No No
nRM2003450092 CONOCOPHILLIPS COMPANY Minor Release Other 1/18/17 Crude Oil 2 0 2 BBL Other Lea (25) No No
nOY1701847566 COG OPERATING LLC Major Oil Release 1/18/17 Crude Oil 70 68 2 BBL Equipment Failure Lea (25) No No
nVF1703233142 ENTERPRISE FIELD SERVICES L.L.C. Release Other 1/18/17 Other (Specify) 0 0 0 BBL San Juan (45) No No
nAB1703330992 OXY USA INC Minor Produced Water Release 1/18/17 Crude Oil 3 3 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1703138218 SIMCOE LLC Other 1/18/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1701847566 COG OPERATING LLC Major Oil Release 1/18/17 Produced Water 55 53 2 BBL Equipment Failure Lea (25) No No
nOY1703839769 HENRY PETROLEUM LP Major Oil Release 1/18/17 Crude Oil 39 0 0 BBL Lea (25) No No
nOY1701837929 CHEVRON MIDCONTINENT, L.P. Minor Produced Water Release 1/18/17 Produced Water 16 13 3 BBL Equipment Failure Lea (25) No No
nRM2003450092 CONOCOPHILLIPS COMPANY Minor Release Other 1/18/17 Produced Water 6 0 6 BBL Other Lea (25) No No
nAB1703330992 OXY USA INC Minor Produced Water Release 1/18/17 Produced Water 2 2 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1701848679 COG OPERATING LLC Major Oil Release 1/18/17 Crude Oil 70 55 15 BBL Equipment Failure Lea (25) No No
nOY1703839769 HENRY PETROLEUM LP Major Oil Release 1/18/17 Crude Oil 39 35 4 BBL Corrosion Lea (25) No No
nOY1703839769 HENRY PETROLEUM LP Major Oil Release 1/18/17 Natural Gas Liquids 39 35 4 BBL Corrosion Lea (25) No No
nAB1701956337 COG OPERATING LLC Minor Produced Water Release 1/17/17 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No

nVF1702340900
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Release Other 1/17/17 Unknown 0 0 0 BBL Rio Arriba (39) No No

nOY1704044285 Maverick Permian LLC Major Oil Release 1/17/17 Crude Oil 22 15 7 BBL Other Lea (25) No No
nAB1702442185 Solis Partners, L.L.C. Major Oil Release 1/17/17 Crude Oil 55 0 55 BBL Lightning Chaves (05) No No
nOY1701753606 FAE II Operating LLC Major Oil Release 1/17/17 Crude Oil 10 9 1 BBL Lightning Lea (25) No No
nAB1701956337 COG OPERATING LLC Minor Produced Water Release 1/17/17 Produced Water 6 1 5 BBL Equipment Failure Eddy (15) No No
nOY1704044285 Maverick Permian LLC Major Oil Release 1/17/17 Produced Water 22 15 7 BBL Other Lea (25) No No
nOY1701753606 FAE II Operating LLC Major Oil Release 1/17/17 Produced Water 80 76 4 BBL Lightning Lea (25) No No
nAB1702741728 OXY USA INC Minor Produced Water Release 1/16/17 Produced Water 18 8 10 BBL Corrosion Eddy (15) No No
nAB1702027150 Spur Energy Partners LLC Minor Produced Water Release 1/16/17 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nCS1701827868 CONOCOPHILLIPS COMPANY Other 1/16/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1703748127 TAP ROCK OPERATING, LLC Major Oil Release 1/16/17 Crude Oil 29 10 19 BBL Human Error Lea (25) No No

nVF1702438735
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Release Other 1/16/17 Unknown 0 0 0 BBL Rio Arriba (39) No No

nAB1702027150 Spur Energy Partners LLC Minor Produced Water Release 1/16/17 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nOY1701756691 COG OPERATING LLC Minor Produced Water Release 1/16/17 Produced Water 23 22 1 BBL Human Error Lea (25) No No
nOY1701857210 Water Energy Services, LLC Minor Produced Water Release 1/15/17 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1702443626 Acacia Operating Company, LLC Major Produced Water Release 1/15/17 Produced Water 100 100 0 BBL Lightning Eddy (15) No No
nOY1703843861 DEVON ENERGY PRODUCT. CO.,LP Major Oil Release 1/15/17 Crude Oil 36 36 0 BBL Equipment Failure Lea (25) No No
nOY1704032211 J R OIL, LTD. CO. Major Oil Release 1/15/17 Crude Oil 202 0 202 BBL Lightning Lea (25) No No
nOY1703843861 DEVON ENERGY PRODUCT. CO.,LP Major Oil Release 1/15/17 Produced Water 25 25 0 BBL Equipment Failure Lea (25) No No
nOY1704032211 J R OIL, LTD. CO. Major Oil Release 1/15/17 Produced Water 43 0 43 BBL Lightning Lea (25) No No
nAB1706058214 WPX Energy Permian, LLC Minor Produced Water Release 1/14/17 Produced Water 16 16 0 BBL Equipment Failure Eddy (15) No No
nOY1701357753 COG OPERATING LLC Minor Oil Release 1/13/17 Crude Oil 10 8 2 BBL Equipment Failure Lea (25) No No
nOY1706036769 PRIDE ENERGY COMPANY Major Oil Release 1/13/17 Crude Oil 95 95 0 BBL Other Lea (25) No No
nAB1701342809 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 1/12/17 Crude Oil 5 0 5 BBL Fire Eddy (15) No No
nOY1717055453 SUNDOWN ENERGY LP Major Oil Release 1/12/17 Crude Oil 15 0 0 BBL Lea (25) No No
nAB1703950705 WPX Energy Permian, LLC Major Produced Water Release 1/12/17 Produced Water 100 100 0 BBL Equipment Failure Eddy (15) No No
nOY1717055453 SUNDOWN ENERGY LP Major Oil Release 1/12/17 Crude Oil 15 5 10 BBL Human Error Lea (25) No No
nAB1702749185 WPX Energy Permian, LLC Minor Produced Water Release 1/11/17 Crude Oil 2 1 1 BBL Human Error Eddy (15) No No
nAB1701351977 Spur Energy Partners LLC Minor Produced Water Release 1/11/17 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1701942443 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 1/11/17 Produced Water 20 18 2 BBL Corrosion Eddy (15) No No
nAB1701351977 Spur Energy Partners LLC Minor Produced Water Release 1/11/17 Produced Water 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1702749185 WPX Energy Permian, LLC Minor Produced Water Release 1/11/17 Produced Water 10 6 4 BBL Human Error Eddy (15) No No
nOY1704029358 BTA OIL PRODUCERS, LLC Minor Oil Release 1/11/17 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1701355694 COG PRODUCTION, LLC Major Produced Water Release 1/11/17 Crude Oil 1 1 0 BBL Fire Eddy (15) No No
nAB1701355694 COG PRODUCTION, LLC Major Produced Water Release 1/11/17 Produced Water 9 7 2 BBL Fire Eddy (15) No No
nAB1701354472 BURNETT OIL CO INC Minor Oil Release 1/10/17 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nOY1701038068 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/10/17 Condensate 60 15 45 BBL Equipment Failure Lea (25) No No
nVF1702449270 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 1/10/17 Unknown 0 0 0 BBL San Juan (45) No No
nAB1702737974 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 1/10/17 Produced Water 20 15 5 BBL Human Error Eddy (15) No No

nVF1701129985
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Fire 1/10/17 Unknown 0 0 0 BBL San Juan (45) No No

nOY1701038068 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/10/17 Produced Water 60 15 45 BBL Equipment Failure Lea (25) No No
nAB1701954977 JUDAH OIL LLC Minor Oil Release 1/10/17 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1701954977 JUDAH OIL LLC Minor Oil Release 1/10/17 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
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nAB1701954977 JUDAH OIL LLC Minor Oil Release 1/10/17 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nOY1703754520 SOUTHWEST ROYALTIES INC Major Produced Water Release 1/9/17 Produced Water 137 130 7 BBL Human Error Lea (25) No No
nVF1702635103 Williams Four Corners, LLC Major Natural Gas Release 1/8/17 0 0 0 BL San Juan (45) No No
nAB1702743179 OXY USA INC Minor Produced Water Release 1/8/17 Produced Water 9 8 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1701738882 APACHE CORPORATION Minor Produced Water Release 1/7/17 Produced Water 9 7 2 BBL Freeze Lea (25) No No
nAB1701352947 RAYBAW Operating, LLC Major Produced Water Release 1/7/17 Crude Oil 28 28 0 BBL Corrosion Eddy (15) No No
nOY1701331626 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/7/17 Produced Water 45 45 0 BBL Human Error Eddy (15) No No
nAB1701950999 APACHE CORPORATION Minor Produced Water Release 1/7/17 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nAB1702442641 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 1/7/17 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nAB1701352947 RAYBAW Operating, LLC Major Produced Water Release 1/7/17 Produced Water 7 2 5 BBL Corrosion Eddy (15) No No
nAB1701250969 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/7/17 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nOY1703751016 SOUTHWEST ROYALTIES INC Major Produced Water Release 1/7/17 Produced Water 27 26 1 BBL Vandalism Lea (25) No No
nAB1701250969 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/7/17 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nOY1704027394 J R OIL, LTD. CO. Minor Oil Release 1/7/17 Crude Oil 11 4 7 BBL Equipment Failure Lea (25) No No
nAB1701950999 APACHE CORPORATION Minor Produced Water Release 1/7/17 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nAB1702454101 WPX Energy Permian, LLC Minor Produced Water Release 1/6/17 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1702454101 WPX Energy Permian, LLC Minor Produced Water Release 1/6/17 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nOY1700528077 CONCHO RESOURCES, INC. Major Oil Release 1/5/17 Crude Oil 16 15 1 BBL Equipment Failure Lea (25) No No
nOY1700543694 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 1/5/17 Produced Water 25 15 10 BBL Equipment Failure Lea (25) No No
nOY1700528077 CONCHO RESOURCES, INC. Major Oil Release 1/5/17 Produced Water 132 131 1 BBL Equipment Failure Lea (25) No No
nAB1701754616 Lucid Artesia Company Minor Natural Gas Release 1/4/17 Condensate 5 0 5 BBL Equipment Failure Eddy (15) No No
nOY1700628270 XTO ENERGY, INC Major Oil Release 1/4/17 Crude Oil 1 0 0 BBL Lea (25) No No
nOY1700455286 Scorpion Oil & Gas, LLC Major Oil Release 1/4/17 Crude Oil 40 20 20 BBL Equipment Failure Lea (25) No No
nOY1700628270 XTO ENERGY, INC Major Oil Release 1/4/17 Crude Oil 1 1 0 BBL Human Error Lea (25) No No
nCS1700531572 CONOCOPHILLIPS COMPANY Other 1/4/17 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nOY1700628270 XTO ENERGY, INC Major Oil Release 1/4/17 Produced Water 31 29 2 BBL Human Error Lea (25) No No
nAB1701353660 OXY USA INC Minor Oil Release 1/2/17 Crude Oil 14 14 0 BBL Equipment Failure Eddy (15) No No
nAB1702351915 ROVER OPERATING, LLC Minor Oil Release 1/2/17 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1701353660 OXY USA INC Minor Oil Release 1/2/17 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1702351915 ROVER OPERATING, LLC Minor Oil Release 1/2/17 Brine Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1700455308 COG PRODUCTION, LLC Minor Produced Water Release 1/1/17 Crude Oil 9 8 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1702341069 ROVER OPERATING, LLC Minor Produced Water Release 1/1/17 Brine Water 7 2 5 BBL Equipment Failure Eddy (15) No No
nAB1700455308 COG PRODUCTION, LLC Minor Produced Water Release 1/1/17 Produced Water 9 8 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPP2320031997 STEPHENS & JOHNSON OP CO Major Other 1/1/17 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2320031997 STEPHENS & JOHNSON OP CO Major Other 1/1/17 Produced Water 0 0 0 BBL Other Eddy (15) No No
nAB1705356234 AMERICO ENERGY RESOURCES LLC Oil Release 12/29/16 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nOY1700949500 COG OPERATING LLC Minor Oil Release 12/29/16 Crude Oil 15 11 4 BBL Corrosion Lea (25) No No
nOY1700949500 COG OPERATING LLC Minor Oil Release 12/29/16 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nAB1700442167 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 12/28/16 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nAB1700442167 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 12/28/16 Produced Water 19 13 6 BBL Equipment Failure Eddy (15) No No
nOY1700941174 Water Energy Services, LLC Major Produced Water Release 12/26/16 Produced Water 60 0 60 BBL Equipment Failure Lea (25) No No
nAB1700441546 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 12/26/16 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nAB1708850091 MATADOR PRODUCTION COMPANY Minor Oil Release 12/25/16 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nCW1708045132 MATADOR PRODUCTION COMPANY Minor Oil Release 12/25/16 Crude Oil 5 2 3 BBL Eddy (15) No No
nCS1635844828 CHEVRON MIDCONTINENT, L.P. Produced Water Release 12/23/16 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAB1700438955 Spur Energy Partners LLC Major Produced Water Release 12/22/16 Crude Oil 15 10 5 BBL Corrosion Eddy (15) No No
nAB1701052774 BOPCO, L.P. Minor Produced Water Release 12/22/16 Produced Water 21 5 16 BBL Corrosion Eddy (15) No No
nOY1701241641 OCCIDENTAL PERMIAN LTD Major Produced Water Release 12/22/16 Produced Water 900 840 60 BBL Equipment Failure Eddy (15) No No
nAB1700438955 Spur Energy Partners LLC Major Produced Water Release 12/22/16 Produced Water 25 20 5 BBL Corrosion Eddy (15) No No

nVF1705938555
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Release Other 12/21/16 Unknown 0 0 0 BBL San Juan (45) No No

nAB1700454394 WPX Energy Permian, LLC Minor Oil Release 12/21/16 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nOY1700630102 Empire New Mexico LLC Major Oil Release 12/21/16 Crude Oil 4 2 2 BBL Freeze Lea (25) No No
nVF1636440386 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 12/21/16 Unknown 0 0 0 BBL San Juan (45) No No
nOY1700943437 KEY ENERGY SERVICES, LLC Minor Release Other 12/21/16 Brine Water 10 0 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nOY1700630102 Empire New Mexico LLC Major Oil Release 12/21/16 Produced Water 92 58 34 BBL Freeze Lea (25) No No
nOY1701257662 CROSS TIMBERS ENERGY, LLC Major Oil Release 12/21/16 Crude Oil 10 8 2 BBL Equipment Failure Lea (25) No No
nOY1701257662 CROSS TIMBERS ENERGY, LLC Major Oil Release 12/21/16 Produced Water 40 25 15 BBL Equipment Failure Lea (25) No No
nCS1703130034 XTO ENERGY, INC Other 12/20/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1701252341 Grizzly Operating, LLC Produced Water Release 12/20/16 Produced Water 0 0 0 BBL Equipment Failure Chaves (05) No No
nAB1636455805 COG PRODUCTION, LLC Minor Oil Release 12/20/16 Crude Oil 16 6 10 BBL Equipment Failure Lea (25) No No
nOY1701143273 J R OIL, LTD. CO. Minor Produced Water Release 12/19/16 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nAB1701247972 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 12/19/16 Crude Oil 10 8 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1703953124 APACHE CORPORATION Major Oil Release 12/19/16 Crude Oil 8 6 2 BBL Freeze Lea (25) No No
nAB1636457789 BXP Operating, LLC Minor Produced Water Release 12/19/16 Crude Oil 9 8 1 BBL Equipment Failure Lea (25) No No
nOY1700536013 Scorpion Oil & Gas, LLC Major Oil Release 12/19/16 Crude Oil 40 20 20 BBL Equipment Failure Lea (25) No No
nOY1701352055 BXP Operating, LLC Minor Oil Release 12/19/16 Crude Oil 9 8 1 BBL Freeze Lea (25) No No
nAB1636439168 Maverick Permian LLC Minor Oil Release 12/19/16 Crude Oil 16 5 11 BBL Equipment Failure Lea (25) No No
nAB1636457789 BXP Operating, LLC Minor Produced Water Release 12/19/16 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nOY1700951265 OXY USA INC Major Oil Release 12/19/16 Crude Oil 45 35 10 BBL Equipment Failure Lea (25) No No
nOY1701352055 BXP Operating, LLC Minor Oil Release 12/19/16 Produced Water 1 0 1 BBL Freeze Lea (25) No No
nOY1703953124 APACHE CORPORATION Major Oil Release 12/19/16 Produced Water 22 14 8 BBL Freeze Lea (25) No No
nOY1701844321 CHEVRON MIDCONTINENT, L.P. Major Produced Water Release 12/19/16 Produced Water 45 38 7 BBL Freeze Lea (25) No No
nAB1636351931 Spur Energy Partners LLC Minor Produced Water Release 12/19/16 Produced Water 9 0 9 BBL Equipment Failure Eddy (15) No No
nOY1701125801 OCCIDENTAL PERMIAN LTD Major Produced Water Release 12/18/16 Produced Water 50 40 10 BBL Equipment Failure Lea (25) No No
nAB1636435554 TARGA MIDSTREAM SERVICES LLC Minor Oil Release 12/18/16 Natural Gas Liquids 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1700455878 MACK ENERGY CORP Major Produced Water Release 12/18/16 Crude Oil 25 0 25 BBL Fire Lea (25) No No
nAB1636344622 COG OPERATING LLC Minor Produced Water Release 12/18/16 Crude Oil 10 6 4 BBL Equipment Failure Eddy (15) No No
nOY1701239884 SOUTHWEST ROYALTIES INC Major Oil Release 12/18/16 Crude Oil 600 360 240 BBL Freeze Lea (25) No No
nAB1635834282 BURNETT OIL CO INC Minor Produced Water Release 12/18/16 Crude Oil 8 3 5 BBL Equipment Failure Eddy (15) No No
nAB1636536488 LEGACY RESERVES OPERATING LP Major Produced Water Release 12/18/16 Produced Water 730 660 70 BBL Equipment Failure Lea (25) No No
nAB1636346190 OXY USA INC Minor Produced Water Release 12/18/16 Crude Oil 2 2 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1635739534 BURNETT OIL CO INC Minor Produced Water Release 12/18/16 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nAB1635756020 COG OPERATING LLC Major Produced Water Release 12/18/16 Crude Oil 40 39 1 BBL Equipment Failure Eddy (15) No No
nAB1636358002 Redwood Operating LLC Major Oil Release 12/18/16 Crude Oil 30 15 15 BBL Equipment Failure Eddy (15) No No
nAB1636344622 COG OPERATING LLC Minor Produced Water Release 12/18/16 Produced Water 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1700455878 MACK ENERGY CORP Major Produced Water Release 12/18/16 Produced Water 75 0 75 BBL Fire Lea (25) No No
nAB1635834282 BURNETT OIL CO INC Minor Produced Water Release 12/18/16 Produced Water 13 7 6 BBL Equipment Failure Eddy (15) No No
nAB1635739534 BURNETT OIL CO INC Minor Produced Water Release 12/18/16 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nAB1700453702 Permian Resources Operating, LLC Major Produced Water Release 12/18/16 Produced Water 100 60 40 BBL Equipment Failure Eddy (15) No No
nAB1635756020 COG OPERATING LLC Major Produced Water Release 12/18/16 Produced Water 30 27 3 BBL Equipment Failure Eddy (15) No No
nAB1636346190 OXY USA INC Minor Produced Water Release 12/18/16 Produced Water 4 4 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1701043105 EOG Y RESOURCES, INC. Major Produced Water Release 12/18/16 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nAB1636345615 COG OPERATING LLC Major Oil Release 12/16/16 Crude Oil 80 78 2 BBL Corrosion Eddy (15) No No
nAB1700440047 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 12/16/16 Produced Water 20 10 10 BBL Corrosion Eddy (15) No No
nVF1705240597 SIMCOE LLC Release Other 12/16/16 Unknown 0 0 0 BBL San Juan (45) No No
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nVF1636441086 CONOCOPHILLIPS COMPANY Minor Produced Water Release 12/16/16 Produced Water 10 0 0 BBL Rio Arriba (39) No No
nAB1636456292 RAYBAW Operating, LLC Major Produced Water Release 12/16/16 Produced Water 50 40 10 BBL Equipment Failure Lea (25) No No
nAPP2328651429 OXY USA INC Major Produced Water Release 12/16/16 Produced Water 200 10 190 BBL Equipment Failure Eddy (15) No No

nVF1702029893
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 12/15/16 Produced Water 14 0 0 BBL San Juan (45) No No

nAB1636457055 TEAM OPERATING, L.L.C. Major Produced Water Release 12/15/16 Produced Water 130 90 40 BBL Equipment Failure Lea (25) No No

nVF1702339660
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Release Other 12/15/16 Unknown 0 0 0 BBL Rio Arriba (39) No No

nAB1635555232 Spur Energy Partners LLC Minor Oil Release 12/14/16 Crude Oil 10 9 1 BBL Equipment Failure Lea (25) No No
nCS1701040616 LOGOS OPERATING, LLC Minor Oil Release 12/13/16 Crude Oil 5 0 5 BBL Corrosion Rio Arriba (39) No No
nCS1703334024 ELM RIDGE EXPLORATION COMPANY LLC Other 12/13/16 Other (Specify) 0 0 0 BBL Other 0 No No
nAB1635642799 COG OPERATING LLC Minor Produced Water Release 12/13/16 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nOY1703847407 COG OPERATING LLC Minor Oil Release 12/13/16 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nAB1635642799 COG OPERATING LLC Minor Produced Water Release 12/13/16 Produced Water 4 2 2 BBL Equipment Failure Lea (25) No No
nOY1703847407 COG OPERATING LLC Minor Oil Release 12/13/16 Produced Water 4 2 2 BBL Equipment Failure Lea (25) No No
nCS1701039363 BURLINGTON RESOURCES OIL & GAS CO Other 12/13/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nTO1634751726 CONCHO EXPLORATION Major Blow Out 12/12/16 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nCS1701038368 BURLINGTON RESOURCES OIL & GAS CO Other 12/12/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1636537482 HOLLY TRANSPORATON, LLC Minor Oil Release 12/11/16 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1636431146 WPX Energy Permian, LLC Major Produced Water Release 12/11/16 Crude Oil 100 95 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1700440434 OXY USA INC Minor Oil Release 12/11/16 Crude Oil 13 3 10 BBL Equipment Failure Eddy (15) No No
nAB1634951483 COG OPERATING LLC Major Oil Release 12/11/16 Crude Oil 30 28 2 BBL Equipment Failure Eddy (15) No No
nAB1700457334 HOLLYFRONTIER TRANSPORTATION LLC Minor Oil Release 12/11/16 Crude Oil 10 0 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1636431146 WPX Energy Permian, LLC Major Produced Water Release 12/11/16 Produced Water 30 10 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1634937547 COG OPERATING LLC Major Oil Release 12/10/16 Crude Oil 143 141 2 BBL Corrosion Eddy (15) No No
nAB1701231371 Opal Operating Company LLC Major Produced Water Release 12/9/16 Produced Water 30 30 0 BBL Equipment Failure Chaves (05) No No
nAB1635657231 WPX Energy Permian, LLC Minor Produced Water Release 12/9/16 Produced Water 12 5 7 BBL Equipment Failure Eddy (15) No No
nVF1634454652 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 12/9/16 Produced Water 45 43 2 BBL Rio Arriba (39) No No
nTO1634242180 MARSHALL & WINSTON INC Major Produced Water Release 12/7/16 Produced Water 280 0 280 BBL Equipment Failure Lea (25) No No
nAB1635555991 COG PRODUCTION, LLC Major Produced Water Release 12/6/16 Produced Water 200 193 7 BBL Equipment Failure Lea (25) No No
nVF1634341163 CONOCOPHILLIPS COMPANY Release Other 12/6/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nVF1711447215 BP AMERICA PRODUCTION COMPANY Release Other 12/5/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1634429601 MACK ENERGY CORP Major Oil Release 12/5/16 Crude Oil 3 0 3 BBL Fire Eddy (15) No No
nAB1635551037 CHEVRON U S A INC Minor Produced Water Release 12/5/16 Brine Water 7 6 1 BBL Equipment Failure Eddy (15) No No
nAB1635435498 ETC Texas Pipeline, Ltd. Minor Natural Gas Release 12/5/16 Natural Gas Liquids 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1634938164 WPX Energy Permian, LLC Major Produced Water Release 12/4/16 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) No No
nAB1634938164 WPX Energy Permian, LLC Major Produced Water Release 12/4/16 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1700931264 BURNETT OIL CO INC Minor Oil Release 12/3/16 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1700931264 BURNETT OIL CO INC Minor Oil Release 12/3/16 Produced Water 12 11 1 BBL Equipment Failure Eddy (15) No No
nCS1633753872 BIYA OPERATORS INC. Other 12/2/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1634449033 Silverback Operating II, LLC Minor Oil Release 12/2/16 Crude Oil 12 11 1 BBL Equipment Failure Eddy (15) No No
nCS1633751858 BIYA OPERATORS INC. Other 12/2/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1633749661 BIYA OPERATORS INC. Oil Release 12/2/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1634449033 Silverback Operating II, LLC Minor Oil Release 12/2/16 Produced Water 8 7 1 BBL Equipment Failure Eddy (15) No No
nAB1635656725 XTO PERMIAN OPERATING LLC. Major Produced Water Release 12/1/16 Produced Water 3324 2990 334 BBL Equipment Failure Eddy (15) No No
nCS1701039773 Williams Four Corners, LLC Minor Natural Gas Release 12/1/16 Lube Oil 3 0 3 GAL Freeze San Juan (45) No No
nOY1703432582 PENROC OIL CORP Minor Oil Release 12/1/16 Produced Water 8 5 3 BBL Human Error Lea (25) No No
nOY1703432582 PENROC OIL CORP Minor Oil Release 12/1/16 Crude Oil 2 0 2 BBL Human Error Lea (25) No No
nAB1635557047 MANZANO LLC Major Produced Water Release 11/30/16 Produced Water 440 0 440 BBL Equipment Failure Lea (25) No No
nOY1701349940 CROSS TIMBERS ENERGY, LLC Major Oil Release 11/30/16 Crude Oil 70 30 40 BBL Corrosion Lea (25) No No
nOY1701349940 CROSS TIMBERS ENERGY, LLC Major Oil Release 11/30/16 Produced Water 10 5 5 BBL Corrosion Lea (25) No No
nOY1722047147 COG OPERATING LLC Minor Produced Water Release 11/29/16 Produced Water 12 6 6 BBL Equipment Failure Lea (25) No No
nCS1634251546 BP AMERICA PRODUCTION COMPANY Other 11/29/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1634136647 HOLLY ENERGY PARTNERS, LP Major Oil Release 11/29/16 Crude Oil 26 0 26 BBL Corrosion Eddy (15) No No
nAB1633737079 COG OPERATING LLC Major Produced Water Release 11/29/16 Produced Water 90 89 1 BBL Corrosion Eddy (15) No No
nAB1633655690 Spur Energy Partners LLC Major Produced Water Release 11/28/16 Produced Water 35 30 5 BBL Equipment Failure Eddy (15) No No
nAB1633656353 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/28/16 Produced Water 80 80 0 BBL Equipment Failure Eddy (15) No No

nVF1634435620
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Other 11/28/16 Condensate 29 0 29 BBL San Juan (45) No No

nVF1634435620
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Other 11/28/16 Produced Water 12 0 12 BBL San Juan (45) No No

nAB1706649042 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 11/28/16 Natural Gas Liquids 35 0 35 BBL Equipment Failure Eddy (15) No No
nAB1633656856 BOPCO, L.P. Major Oil Release 11/26/16 Crude Oil 32 30 2 BBL Equipment Failure Eddy (15) No No
nAB1635457735 MACK ENERGY CORP Major Produced Water Release 11/26/16 Crude Oil 40 0 40 BBL Equipment Failure Chaves (05) No No
nAB1635457735 MACK ENERGY CORP Major Produced Water Release 11/26/16 Produced Water 120 0 120 BBL Equipment Failure Chaves (05) No No
nAB1634038388 COG OPERATING LLC Minor Produced Water Release 11/25/16 Produced Water 8 7 1 BBL Corrosion Eddy (15) No No
nAB1633649257 COG OPERATING LLC Major Oil Release 11/24/16 Crude Oil 75 72 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1632851443 SIMCOE LLC Major Release Other 11/23/16 Condensate 21 0 0 BBL San Juan (45) No No
nAB1633655179 Spur Energy Partners LLC Minor Produced Water Release 11/23/16 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nVF1632851443 SIMCOE LLC Major Release Other 11/23/16 Produced Water 11 0 0 BBL San Juan (45) No No
nAB1633632758 MATADOR PRODUCTION COMPANY Major Produced Water Release 11/22/16 Produced Water 560 240 320 BBL Other Eddy (15) No No
nAB1633636464 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 11/21/16 Produced Water 120 118 2 BBL Corrosion Eddy (15) No No
nAB1633730261 OXY USA INC Major Produced Water Release 11/21/16 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1632654737 DCP MIDSTREAM, L.P. Minor Natural Gas Release 11/21/16 Condensate 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1633730261 OXY USA INC Major Produced Water Release 11/21/16 Produced Water 35 20 15 BBL Equipment Failure Eddy (15) No No
nAB1632849626 COG OPERATING LLC Minor Produced Water Release 11/20/16 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nAB1632841630 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/20/16 Produced Water 50 2 48 BBL Corrosion Eddy (15) No No
nAB1633633401 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/19/16 Produced Water 15 12 3 BBL Corrosion Eddy (15) No No
nAB1632838439 Spur Energy Partners LLC Major Oil Release 11/19/16 Crude Oil 65 64 1 BBL Equipment Failure Eddy (15) No No
nAB1634428709 OXY USA INC Major Produced Water Release 11/18/16 Produced Water 30 23 7 BBL Equipment Failure Eddy (15) No No
nKL1632848695 CAMBRIAN MANAGEMENT LTD Produced Water Release 11/18/16 Produced Water 0 0 0 BBL Human Error Lea (25) No No
nKL1632835278 COG OPERATING LLC Major Oil Release 11/18/16 Crude Oil 50 45 5 BBL Equipment Failure Lea (25) No No
nAB1634335321 EOG Y RESOURCES, INC. Major Produced Water Release 11/17/16 Crude Oil 15 14 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1633734299 OXY USA INC Major Produced Water Release 11/17/16 Produced Water 50 25 25 BBL Equipment Failure Eddy (15) No No
nAB1634335321 EOG Y RESOURCES, INC. Major Produced Water Release 11/17/16 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1632638243 BURNETT OIL CO INC Minor Produced Water Release 11/16/16 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nVF1632625720 CONOCOPHILLIPS COMPANY Minor Produced Water Release 11/16/16 Produced Water 15 12 3 BBL Rio Arriba (39) No No
nAB1632638243 BURNETT OIL CO INC Minor Produced Water Release 11/16/16 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nVF1632131303 CONOCO INC Major Release Other 11/15/16 Condensate 46 0 46 BBL Rio Arriba (39) No No
nVF1632131303 CONOCO INC Major Release Other 11/15/16 Produced Water 2 0 2 BBL Rio Arriba (39) No No
nKL1632836420 COG PRODUCTION, LLC Minor Oil Release 11/13/16 Crude Oil 10 9 1 BBL Equipment Failure Lea (25) No No
nKL1632837247 COG OPERATING LLC Minor Produced Water Release 11/13/16 Produced Water 8 7 1 BBL Equipment Failure Lea (25) No No
nAB1633639499 WPX Energy Permian, LLC Major Produced Water Release 11/13/16 Produced Water 120 120 0 BBL Equipment Failure Eddy (15) No No
nAB1633729723 BAM Permian Operating, LLC Major Produced Water Release 11/13/16 Crude Oil 36 36 0 BBL Equipment Failure Chaves (05) No No
nAB1633729723 BAM Permian Operating, LLC Major Produced Water Release 11/13/16 Produced Water 53 53 0 BBL Equipment Failure Chaves (05) No No
nKL1632035139 COG OPERATING LLC Major Oil Release 11/12/16 Chemical (Specify) 50 49 1 BBL Equipment Failure Lea (25) No No
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nKL1632826386 COG OPERATING LLC Major Produced Water Release 11/11/16 Produced Water 42 41 1 BBL Equipment Failure Lea (25) No No
nOY1821258273 CONOCOPHILLIPS COMPANY Minor Oil Release 11/11/16 Crude Oil 9 8 1 BBL Equipment Failure Lea (25) No No
nKL1632826386 COG OPERATING LLC Major Produced Water Release 11/11/16 Crude Oil 21 20 1 BBL Equipment Failure Lea (25) No No
nOY1821258273 CONOCOPHILLIPS COMPANY Minor Oil Release 11/11/16 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1633642335 EOG Y RESOURCES, INC. Major Produced Water Release 11/11/16 Crude Oil 22 21 1 BBL Equipment Failure Eddy (15) No No
nAB1633642335 EOG Y RESOURCES, INC. Major Produced Water Release 11/11/16 Produced Water 34 32 2 BBL Equipment Failure Eddy (15) No No
nVF1702337427 CONOCOPHILLIPS COMPANY Release Other 11/10/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1631930558 BOPCO, L.P. Major Produced Water Release 11/10/16 Produced Water 31 20 11 BBL Corrosion Eddy (15) No No
nKL1632144179 MATADOR PRODUCTION COMPANY Major Produced Water Release 11/9/16 Produced Water 175 170 5 BBL Equipment Failure Lea (25) No No
nKL1632037666 DCP OPERATING COMPANY, LP Minor Release Other 11/9/16 Condensate 8 0 8 BBL Equipment Failure Lea (25) No No
nVF1631952275 ENTERPRISE PRODUCTS OPERATING, LLC Minor Release Other 11/8/16 Lube Oil 15 0 0 BBL San Juan (45) No No
nVF1631954628 CHUZA OIL COMPANY Oil Release 11/8/16 Unknown 0 0 0 BBL San Juan (45) No No
nOY1703457016 JUDAH OIL LLC Major Oil Release 11/8/16 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1632651085 COG OPERATING LLC Minor Produced Water Release 11/8/16 Produced Water 23 23 0 BBL Equipment Failure Eddy (15) No No
nAB1632133942 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/8/16 Produced Water 8 8 0 BBL Equipment Failure Eddy (15) No No
nOY1703457016 JUDAH OIL LLC Major Oil Release 11/8/16 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nKL1632846296 ETC Texas Pipeline, Ltd. Minor Natural Gas Release 11/7/16 Condensate 7 0 7 BBL Corrosion Lea (25) No No
nAB1631947928 COG OPERATING LLC Major Produced Water Release 11/7/16 Produced Water 75 74 1 BBL Equipment Failure Eddy (15) No No
nAB1634135658 LINN OPERATING, LLC. Minor Oil Release 11/7/16 Crude Oil 8 3 5 BBL Equipment Failure Eddy (15) No No
nAB1631957692 EOG RESOURCES INC Major Produced Water Release 11/6/16 Produced Water 1200 1140 60 BBL Lightning Eddy (15) No No
nAB1631956422 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/6/16 Crude Oil 0 0 0 BBL Vandalism Eddy (15) No No
nKL1632742801 Scorpion Oil & Gas, LLC Major Produced Water Release 11/6/16 Produced Water 150 150 0 BBL Equipment Failure Lea (25) No No
nAB1631935527 COG OPERATING LLC Minor Oil Release 11/6/16 Crude Oil 20 15 5 BBL Equipment Failure Eddy (15) No No
nAB1631956422 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/6/16 Produced Water 10 5 5 BBL Vandalism Eddy (15) No No
nAB1631936319 COG OPERATING LLC Major Produced Water Release 11/6/16 Produced Water 625 624 1 BBL Equipment Failure Eddy (15) No No
nKL1631937235 COG OPERATING LLC Minor Oil Release 11/6/16 Crude Oil 22 21 1 BBL Corrosion Lea (25) No No
nAB1632137183 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 11/6/16 Natural Gas Liquids 4 3 1 BBL Normal Operations Eddy (15) No No
nKL1632135044 CIMAREX ENERGY CO. Major Produced Water Release 11/6/16 Produced Water 120 120 0 BBL Lightning Lea (25) No No
nAB1632647780 WPX Energy Permian, LLC Major Oil Release 11/5/16 Crude Oil 70 66 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1632648516 WPX Energy Permian, LLC Major Produced Water Release 11/4/16 Crude Oil 60 60 0 BBL Equipment Failure Eddy (15) No No
nKL1632847540 ETC Texas Pipeline, Ltd. Minor Natural Gas Release 11/4/16 Condensate 6 0 6 BBL Corrosion Lea (25) No No
nAB1632648516 WPX Energy Permian, LLC Major Produced Water Release 11/4/16 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nAB1631951165 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/3/16 Produced Water 2450 960 1490 BBL Lightning Eddy (15) No No
nAB1631435420 BOPCO, L.P. Major Produced Water Release 11/3/16 Crude Oil 130 130 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1631455601 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/3/16 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1631435420 BOPCO, L.P. Major Produced Water Release 11/3/16 Produced Water 2525 2080 445 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1631955174 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/3/16 Produced Water 140 0 140 BBL Lightning Eddy (15) No No
nAB1631328056 Silverback Operating II, LLC Major Produced Water Release 11/2/16 Produced Water 200 200 0 BBL Equipment Failure Eddy (15) No No
nAB1633449255 WPX Energy Permian, LLC Minor Produced Water Release 11/2/16 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nKL1632750446 OXY USA INC Major Produced Water Release 11/2/16 Produced Water 0 0 0 BBL Lightning Lea (25) No No
nKL1631253063 OWL SWD OPERATING, LLC Major Produced Water Release 11/2/16 Produced Water 418 0 0 BBL Equipment Failure Lea (25) No No
nKL1632750446 OXY USA INC Major Produced Water Release 11/2/16 Crude Oil 162 0 162 BBL Lightning Lea (25) No No
nAB1633449255 WPX Energy Permian, LLC Minor Produced Water Release 11/2/16 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nAB1631440104 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/1/16 Produced Water 175 175 0 BBL Equipment Failure Eddy (15) No No
nAB1630656558 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 10/31/16 Crude Oil 33 32 1 BBL Corrosion Eddy (15) No No
nVF1634440863 AGUA MOSS, LLC Release Other 10/31/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1630656558 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 10/31/16 Produced Water 11 9 2 BBL Corrosion Eddy (15) No No
nAB1631949226 WPX Energy Permian, LLC Minor Produced Water Release 10/30/16 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1631949226 WPX Energy Permian, LLC Minor Produced Water Release 10/30/16 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nKL1631349572 COG OPERATING LLC Minor Produced Water Release 10/29/16 Produced Water 18 5 13 BBL Equipment Failure Lea (25) No No
nOY1705547650 COG OPERATING LLC Minor Oil Release 10/29/16 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nKL1631349572 COG OPERATING LLC Minor Produced Water Release 10/29/16 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nOY1705547650 COG OPERATING LLC Minor Oil Release 10/29/16 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nAB1630846067 Lucid Artesia Company Minor Natural Gas Release 10/28/16 Condensate 6 3 3 BBL Equipment Failure Eddy (15) No No
nAB1630657394 COG OPERATING LLC Major Produced Water Release 10/28/16 Produced Water 30 25 5 BBL Equipment Failure Eddy (15) No No
nVF1631254194 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 10/28/16 Unknown 0 0 0 BBL San Juan (45) No No
nKL1631251331 OWL SWD OPERATING, LLC Major Produced Water Release 10/28/16 Produced Water 1659 1200 459 BBL Equipment Failure Lea (25) No No
nKL1632029646 MATADOR PRODUCTION COMPANY Minor Produced Water Release 10/27/16 Produced Water 7 3 4 BBL Equipment Failure Lea (25) No No
nKL1631339992 ETC Texas Pipeline, Ltd. Minor Oil Release 10/27/16 Crude Oil 8 8 0 BBL Corrosion 0 No No
nKL1632029646 MATADOR PRODUCTION COMPANY Minor Produced Water Release 10/27/16 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nAB1630929291 XTO ENERGY, INC Major Oil Release 10/27/16 Crude Oil 125 121 4 BBL Equipment Failure Eddy (15) No No
nCS1631339855 SIMCOE LLC Oil Release 10/26/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1630655768 OWL SWD OPERATING, LLC Major Produced Water Release 10/25/16 Produced Water 600 600 0 BBL Equipment Failure Eddy (15) No No
nKL1630550334 Empire New Mexico LLC Major Fire 10/25/16 0 0 0 BBL Lea (25) No No
nKL1630731712 RAYBAW Operating, LLC Major Produced Water Release 10/25/16 Produced Water 25 20 5 BBL Equipment Failure Lea (25) No No
nKL1630528364 HRC INC Major Produced Water Release 10/25/16 Produced Water 687 320 367 BBL Human Error Lea (25) No No
nAB1630555506 COG OPERATING LLC Major Produced Water Release 10/25/16 Produced Water 37 35 2 BBL Corrosion Eddy (15) No No
nKL1630645041 EOG Y RESOURCES, INC. Major Produced Water Release 10/23/16 Produced Water 40 38 2 BBL Equipment Failure Lea (25) No No
nKL1631935158 EOG Y RESOURCES, INC. Major Produced Water Release 10/23/16 Produced Water 40 38 2 BBL Equipment Failure Lea (25) No No
nKL1630853155 COG OPERATING LLC Major Oil Release 10/23/16 Crude Oil 70 15 55 BBL Human Error Lea (25) No No
nKL1630526579 HRC INC Major Produced Water Release 10/23/16 Produced Water 70 10 60 BBL Other Lea (25) No No
nKL1632146897 Scorpion Oil & Gas, LLC Major Produced Water Release 10/22/16 Produced Water 125 125 0 BBL Equipment Failure Lea (25) No No
nKL1629833610 Contango Resources, Inc. Minor Oil Release 10/21/16 Crude Oil 6 5 1 BBL Corrosion Lea (25) No No
nAB1630550781 OXY USA INC Major Produced Water Release 10/21/16 Crude Oil 10 2 8 BBL Equipment Failure Eddy (15) No No
nAB1630554955 Spur Energy Partners LLC Minor Produced Water Release 10/21/16 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nOY1705546710 COG OPERATING LLC Minor Oil Release 10/21/16 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1630554955 Spur Energy Partners LLC Minor Produced Water Release 10/21/16 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1630550781 OXY USA INC Major Produced Water Release 10/21/16 Produced Water 40 3 37 BBL Equipment Failure Eddy (15) No No
nOY1705551768 COG OPERATING LLC Major Oil Release 10/21/16 Crude Oil 197 182 15 BBL Equipment Failure Lea (25) No No
nOY1705546710 COG OPERATING LLC Minor Oil Release 10/21/16 Produced Water 3 0 3 BBL Equipment Failure Lea (25) No No
nOY1705551768 COG OPERATING LLC Major Oil Release 10/21/16 Produced Water 169 159 10 BBL Equipment Failure Lea (25) No No
nKL1631427772 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 10/20/16 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nCS1629437422 SIMCOE LLC Other 10/20/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nKL1631427772 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 10/20/16 0 0 0 BBL Lea (25) No No
nKL1630726490 COG OPERATING LLC Minor Oil Release 10/19/16 Crude Oil 15 10 5 BBL Equipment Failure Lea (25) No No
nKL1631347882 Extex Operating Company Major Oil Release 10/19/16 Crude Oil 190 0 190 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1701037312 Williams Four Corners, LLC Minor Oil Release 10/18/16 Natural Gas Liquids 20 20 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKL1629238893 SUNDOWN ENERGY LP Other 10/18/16 Other (Specify) 0 0 0 BBL Lea (25) No No
nAB1629556325 BOPCO, L.P. Minor Oil Release 10/18/16 Crude Oil 20 2 18 BBL Equipment Failure Eddy (15) No No
nKL1631248077 Prima Exploration, Inc. Major Produced Water Release 10/18/16 Produced Water 268 70 198 BBL Normal Operations Lea (25) No No
nAB1630540429 COG OPERATING LLC Major Oil Release 10/18/16 Crude Oil 355 350 5 BBL Equipment Failure Eddy (15) No No
nKL1631248077 Prima Exploration, Inc. Major Produced Water Release 10/18/16 Crude Oil 187 8 179 BBL Normal Operations Lea (25) No No
nKL1630645973 COG OPERATING LLC Major Oil Release 10/17/16 Crude Oil 38 0 38 BBL Equipment Failure Lea (25) No No
nAB1629842400 COG OPERATING LLC Produced Water Release 10/17/16 Crude Oil 2 1 1 BBL Eddy (15) No No
nVF1703236847 SIMCOE LLC Release Other 10/17/16 Unknown 0 0 0 BBL San Juan (45) No No
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nAB1629842400 COG OPERATING LLC Produced Water Release 10/17/16 Produced Water 0 0 0 BBL Eddy (15) No No
nKL1631234452 DEVON ENERGY PRODUCTION CO. Major Produced Water Release 10/16/16 Produced Water 450 450 0 BBL Equipment Failure Lea (25) No No
nKL1629443451 EOG RESOURCES INC Major Produced Water Release 10/16/16 Produced Water 2980 2660 320 BBL Equipment Failure Lea (25) No No
nKL1630641999 EOG Y RESOURCES, INC. Major Produced Water Release 10/16/16 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nKL1631234452 DEVON ENERGY PRODUCTION CO. Major Produced Water Release 10/16/16 Crude Oil 150 134 16 BBL Equipment Failure Lea (25) No No
nVF1702340326 CONOCOPHILLIPS COMPANY Release Other 10/15/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1630539441 COG OPERATING LLC Minor Produced Water Release 10/15/16 Produced Water 16 15 1 BBL Equipment Failure Eddy (15) No No
nKL1630650239 COG PRODUCTION, LLC Minor Produced Water Release 10/15/16 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1629541723 Redwood Operating LLC Minor Other 10/14/16 Condensate 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1629841939 COG OPERATING LLC Minor Oil Release 10/14/16 Crude Oil 14 12 2 BBL Equipment Failure Eddy (15) No No
nAB1627457037 DCP MIDSTREAM, L.P. Minor Produced Water Release 10/14/16 Condensate 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1630550256 Spur Energy Partners LLC Minor Oil Release 10/14/16 Crude Oil 18 16 2 BBL Corrosion Eddy (15) No No
nAB1628851398 DCP MIDSTREAM, L.P. Minor Other 10/14/16 Condensate 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1629934570 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 10/14/16 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1629848897 BURNETT OIL CO INC Minor Produced Water Release 10/13/16 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1629848897 BURNETT OIL CO INC Minor Produced Water Release 10/13/16 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nAB1628854271 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 10/12/16 Crude Oil 200 70 130 BBL Corrosion Eddy (15) No No
nAB1629855846 OXY USA INC Minor Produced Water Release 10/12/16 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1634936868 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 10/12/16 Produced Water 50 35 15 BBL Equipment Failure Eddy (15) No No
nAB1629855846 OXY USA INC Minor Produced Water Release 10/12/16 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nKL1629453480 BAM Permian Operating, LLC Major Oil Release 10/11/16 Crude Oil 15 7 8 BBL Equipment Failure Chaves (05) No No
nKL1630634840 ETC Texas Pipeline, Ltd. Minor Other 10/11/16 Condensate 10 0 10 BBL Corrosion Eddy (15) No No
nKL1629453480 BAM Permian Operating, LLC Major Oil Release 10/11/16 Produced Water 10 6 4 BBL Equipment Failure Chaves (05) No No
nAB1629838248 OXY USA INC Major Produced Water Release 10/11/16 Produced Water 65 50 15 BBL Equipment Failure Eddy (15) No No
nAB1630650258 COG OPERATING LLC Major Produced Water Release 10/11/16 Produced Water 280 278 2 BBL Equipment Failure Eddy (15) No No
nAB1629936433 APACHE CORPORATION Major Oil Release 10/10/16 Crude Oil 45 45 0 BBL Equipment Failure Eddy (15) No No
nKL1632730937 APACHE CORP Major Produced Water Release 10/10/16 Produced Water 30 20 10 BBL Equipment Failure Lea (25) No No
nCS1722937973 SIMCOE LLC Other 10/10/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1628728258 BOPCO, L.P. Major Produced Water Release 10/10/16 Crude Oil 13 10 3 BBL Equipment Failure Eddy (15) No No
nAB1629933529 HOLLY ENERGY PARTNERS, LP Minor Oil Release 10/10/16 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nAB1628728258 BOPCO, L.P. Major Produced Water Release 10/10/16 Produced Water 25 15 10 BBL Equipment Failure Eddy (15) No No
nKL1632730937 APACHE CORP Major Produced Water Release 10/10/16 Crude Oil 50 40 10 BBL Equipment Failure Lea (25) No No
nAB1629933529 HOLLY ENERGY PARTNERS, LP Minor Oil Release 10/10/16 Produced Water 4 4 0 BBL Corrosion Eddy (15) No No
nAB1630232710 EOG Y RESOURCES, INC. Major Produced Water Release 10/9/16 Produced Water 480 460 20 BBL Equipment Failure Eddy (15) No No
nAB1629841253 OXY USA INC Minor Produced Water Release 10/8/16 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1629438158 Enterprise Field Services, LLC Minor Release Other 10/8/16 Other (Specify) 17 10 7 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1629841253 OXY USA INC Minor Produced Water Release 10/8/16 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1628542275 BOPCO, L.P. Major Produced Water Release 10/7/16 Produced Water 273 230 43 BBL Corrosion Eddy (15) No No
nAB1628631014 Spur Energy Partners LLC Minor Produced Water Release 10/6/16 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nKL1629437630 Maverick Permian LLC Minor Oil Release 10/6/16 Crude Oil 7 6 1 BBL Equipment Failure Lea (25) No No
nAB1629852112 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 10/6/16 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1629852112 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 10/6/16 Produced Water 8 2 6 BBL Equipment Failure Eddy (15) No No
nVF1628134439 CONOCOPHILLIPS COMPANY Release Other 10/6/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1628631014 Spur Energy Partners LLC Minor Produced Water Release 10/6/16 Produced Water 7 2 5 BBL Corrosion Eddy (15) No No
nAB1628632716 COG OPERATING LLC Minor Oil Release 10/5/16 Crude Oil 22 21 1 BBL Other Eddy (15) No No
nAB1628633203 COG OPERATING LLC Minor Produced Water Release 10/5/16 Crude Oil 5 5 0 BBL Other Eddy (15) No No
nAB1628633203 COG OPERATING LLC Minor Produced Water Release 10/5/16 Produced Water 5 5 0 BBL Other Eddy (15) No No
nHMP1633626381 COG OPERATING LLC Minor Produced Water Release 10/4/16 Produced Water 7 6 1 BBL Equipment Failure Eddy (15) No No
nAB1629534007 Enterprise Field Services, LLC Minor Release Other 10/4/16 Other (Specify) 20 15 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1634056588 CONOCOPHILLIPS COMPANY Minor Produced Water Release 10/4/16 Produced Water 6 5 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1630028823 SIMCOE LLC Oil Release 10/4/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1629941525 APACHE CORPORATION Major Oil Release 10/4/16 Crude Oil 200 170 30 BBL Equipment Failure Eddy (15) No No
nAB1629856823 XTO PERMIAN OPERATING LLC. Major Produced Water Release 10/4/16 Produced Water 32 30 2 BBL Equipment Failure Eddy (15) No No
nAB1630233488 EOG Y RESOURCES, INC. Minor Produced Water Release 10/3/16 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nCS1634035847 CONOCOPHILLIPS COMPANY Other 10/3/16 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1629542376 OXY USA INC Minor Produced Water Release 10/3/16 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1627750035 EOG Y RESOURCES, INC. Major Produced Water Release 10/3/16 Crude Oil 153 60 93 BBL Lightning Chaves (05) No No
nAB1630228658 EOG Y RESOURCES, INC. Minor Produced Water Release 10/3/16 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1629852573 XTO PERMIAN OPERATING LLC. Major Produced Water Release 10/3/16 Crude Oil 9 3 6 BBL Equipment Failure Eddy (15) No No
nAB1630233488 EOG Y RESOURCES, INC. Minor Produced Water Release 10/3/16 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1627750035 EOG Y RESOURCES, INC. Major Produced Water Release 10/3/16 Produced Water 585 0 585 BBL Lightning Chaves (05) No No
nAB1629852573 XTO PERMIAN OPERATING LLC. Major Produced Water Release 10/3/16 Produced Water 24 12 12 BBL Equipment Failure Eddy (15) No No
nCS1702339470 SIMCOE LLC Other 10/2/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1627849311 COG OPERATING LLC Minor Produced Water Release 10/2/16 Produced Water 20 8 12 BBL Corrosion Eddy (15) No No
nVF1636231694 CONOCOPHILLIPS COMPANY Release Other 10/1/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1629540737 OCCIDENTAL PERMIAN LTD Minor Oil Release 10/1/16 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1628854810 Roughhouse Operating, LLC Other 9/30/16 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAB1628631827 COG OPERATING LLC Minor Produced Water Release 9/30/16 Produced Water 10 7 3 BBL Equipment Failure Eddy (15) No No
nVF1630034993 Williams Four Corners, LLC Major Release Other 9/30/16 Produced Water 29 28 1 BBL San Juan (45) No No
nAB1628854810 Roughhouse Operating, LLC Other 9/30/16 Other (Specify) 0 0 0 BBL Corrosion Eddy (15) No No
nAB1627852804 Spur Energy Partners LLC Minor Produced Water Release 9/30/16 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1627852804 Spur Energy Partners LLC Minor Produced Water Release 9/30/16 Produced Water 9 8 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKL1629450522 MATADOR PRODUCTION COMPANY Minor Oil Release 9/29/16 Crude Oil 10 7 3 BBL Equipment Failure Lea (25) No No
nAB1627756897 COG OPERATING LLC Minor Produced Water Release 9/29/16 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nKL1627945337 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/29/16 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nVF1632249181 Williams Four Corners, LLC Natural Gas Release 9/29/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1627849950 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/29/16 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nKL1627945337 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/29/16 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nAB1627849950 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/29/16 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nVF1632248865 Williams Four Corners, LLC Release Other 9/28/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nKL1628135037 COG OPERATING LLC Major Produced Water Release 9/28/16 Produced Water 145 140 5 BBL Equipment Failure Lea (25) No No
nAB1627751561 IACX Production LLC Major Produced Water Release 9/27/16 Crude Oil 20 0 20 BBL Lightning Chaves (05) No No
nVF1632238319 Williams Four Corners, LLC Natural Gas Release 9/27/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1627751561 IACX Production LLC Major Produced Water Release 9/27/16 Produced Water 20 0 20 BBL Lightning Chaves (05) No No
nVF1627334967 KIMBELL OIL CO OF TEXAS Release Other 9/26/16 Condensate 0 0 0 BBL Rio Arriba (39) No No
nAB1627154193 BOPCO, L.P. Major Oil Release 9/26/16 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nAB1627152955 COG OPERATING LLC Minor Produced Water Release 9/25/16 Produced Water 23 22 1 BBL Corrosion Eddy (15) No No
nKL1629444790 RAYBAW Operating, LLC Major Oil Release 9/25/16 Produced Water 160 160 0 BBL Equipment Failure Lea (25) No No
nKL1629444790 RAYBAW Operating, LLC Major Oil Release 9/25/16 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nKL1629252081 COG OPERATING LLC Major Oil Release 9/24/16 Crude Oil 25 24 1 BBL Equipment Failure Lea (25) No No
nAB1627737279 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/24/16 Produced Water 195 90 105 BBL Corrosion Eddy (15) No No
nKL1628137019 CHEVRON U S A INC Minor Produced Water Release 9/24/16 Produced Water 14 7 7 BBL Equipment Failure Lea (25) No No
nKL1629436032 Spur Energy Partners LLC Major Produced Water Release 9/24/16 Produced Water 25 20 5 BBL Equipment Failure Lea (25) No No
nAB1627852244 COG OPERATING LLC Minor Oil Release 9/23/16 Crude Oil 6 0 6 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKL1631244705 OCCIDENTAL PERMIAN LTD Major Produced Water Release 9/22/16 Produced Water 23 20 3 BBL Equipment Failure Lea (25) No No
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nKL1631244705 OCCIDENTAL PERMIAN LTD Major Produced Water Release 9/22/16 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nKL1627936926 COG OPERATING LLC Minor Oil Release 9/21/16 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1626755648 Silverback Operating II, LLC Major Produced Water Release 9/21/16 Produced Water 190 190 0 BBL Equipment Failure Eddy (15) No No
nCS1630030024 PRIDE ENERGY COMPANY Minor Oil Release 9/21/16 Crude Oil 5 0 5 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nKL1627235834 COG PRODUCTION, LLC Major Oil Release 9/21/16 Crude Oil 50 49 1 BBL Equipment Failure 0 No No
nCS1626549360 BURLINGTON RESOURCES OIL & GAS CO Other 9/21/16 Produced Water 0 0 0 BBL Other San Juan (45) No No
nCS1626554994 PRIDE ENERGY COMPANY Minor Oil Release 9/21/16 Crude Oil 5 0 0 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nCS1634053860 SIMCOE LLC Minor Produced Water Release 9/20/16 Produced Water 8 0 8 BBL Equipment Failure San Juan (45) No No
nAB1626655966 MATADOR PRODUCTION COMPANY Major Produced Water Release 9/20/16 Produced Water 25 10 15 BBL Equipment Failure Eddy (15) No No
nAB1626756642 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/20/16 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nAB1627037088 BURNETT OIL CO INC Major Oil Release 9/20/16 Crude Oil 43 41 2 BBL Equipment Failure Eddy (15) No No
nAB1627041521 BURNETT OIL CO INC Minor Produced Water Release 9/20/16 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1627037088 BURNETT OIL CO INC Major Oil Release 9/20/16 Produced Water 78 75 3 BBL Equipment Failure Eddy (15) No No
nAB1627041521 BURNETT OIL CO INC Minor Produced Water Release 9/20/16 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nKL1627234719 APACHE CORP Minor Produced Water Release 9/19/16 Produced Water 4 3 1 BBL Other Lea (25) No No
nCS1634053119 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 9/19/16 Produced Water 7 0 7 BBL Corrosion San Juan (45) No No
nKL1627234719 APACHE CORP Minor Produced Water Release 9/19/16 Crude Oil 4 2 2 BBL Other Lea (25) No No
nKL1627238045 COG OPERATING LLC Major Oil Release 9/19/16 Crude Oil 240 237 3 BBL Equipment Failure Lea (25) No No
nAB1627451198 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 9/19/16 Produced Water 22 15 7 BBL Corrosion Eddy (15) No No
nAB1626357136 FAIR OIL LTD Major Oil Release 9/18/16 Crude Oil 150 0 150 BBL Equipment Failure Eddy (15) No No
nAB1626354324 COG OPERATING LLC Minor Produced Water Release 9/17/16 Produced Water 7 6 1 BBL Equipment Failure Eddy (15) No No
nKL1627227078 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 9/17/16 Produced Water 251 0 0 BBL Lightning Lea (25) No No
nVF1634154826 SIMCOE LLC Release Other 9/17/16 Unknown 0 0 0 BBL San Juan (45) No No
nKL1627151743 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 9/17/16 Produced Water 210 210 0 BBL Lightning Lea (25) No No
nAB1626756917 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/17/16 Produced Water 21 10 11 BBL Equipment Failure Eddy (15) No No
nKL1627131848 Contango Resources, Inc. Major Fire 9/16/16 Produced Water 15 15 0 BBL Lightning Lea (25) No No
nAB1627150011 MEWBOURNE OIL CO Major Produced Water Release 9/16/16 Produced Water 10 10 0 BBL Fire Eddy (15) No No
nVF1720729104 SIMCOE LLC Release Other 9/16/16 Unknown 0 0 0 BBL San Juan (45) No No
nKL1626534300 DEVON ENERGY PRODUCT. CO.,LP Minor Produced Water Release 9/15/16 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nKL1627130051 Contango Resources, Inc. Major Fire 9/15/16 Produced Water 0 0 0 BBL Lightning Lea (25) No No
nAB1626656439 COG OPERATING LLC Minor Produced Water Release 9/14/16 Crude Oil 5 4 1 BBL Corrosion Eddy (15) No No
nKL1627146114 OXY USA INC Major Oil Release 9/14/16 Crude Oil 10 9 1 BBL Equipment Failure Lea (25) No No
nAB1625933734 EOG RESOURCES INC Major Produced Water Release 9/14/16 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nKL1627146114 OXY USA INC Major Oil Release 9/14/16 Produced Water 30 29 1 BBL Equipment Failure Lea (25) No No
nAB1626656439 COG OPERATING LLC Minor Produced Water Release 9/14/16 Produced Water 1 1 0 BBL Corrosion Eddy (15) No No
nAB1626342939 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/14/16 Produced Water 42 39 3 BBL Corrosion Eddy (15) No No
nKL1627239908 RAYBAW Operating, LLC Major Oil Release 9/13/16 Crude Oil 101 101 0 BBL Equipment Failure Lea (25) No No
nKL1627239908 RAYBAW Operating, LLC Major Oil Release 9/13/16 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAB1625934302 BOPCO, L.P. Major Oil Release 9/13/16 Crude Oil 79 42 37 BBL Equipment Failure Eddy (15) No No
nAB1625750166 JIM PIERCE Other 9/13/16 Condensate 3 3 0 BBL Equipment Failure Eddy (15) No No
nKL1627139171 OXY USA INC Major Produced Water Release 9/13/16 Produced Water 80 77 3 BBL Equipment Failure Lea (25) No No
nAB1625930251 ALAMO PERMIAN RESOURCES, LLC Major Produced Water Release 9/12/16 Crude Oil 15 5 10 BBL Equipment Failure Eddy (15) No No
nAB1625930251 ALAMO PERMIAN RESOURCES, LLC Major Produced Water Release 9/12/16 B.S. & W. 20 10 10 BBL Equipment Failure Eddy (15) No No
nCS1626053365 Williams Four Corners, LLC Major Fire 9/11/16 Other (Specify) 0 0 0 BBL Lightning Rio Arriba (39) No No
nAB1625955713 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/9/16 Crude Oil 8 5 3 BBL Equipment Failure Eddy (15) No No
nAB1625955713 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/9/16 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nJXK1625629266 Empire New Mexico LLC Minor Produced Water Release 9/8/16 Produced Water 18 0 18 BBL Equipment Failure Lea (25) No No
nJXK1625628815 COG OPERATING LLC Minor Oil Release 9/8/16 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nKL1625827670 CONOCOPHILLIPS COMPANY Major Oil Release 9/8/16 Produced Water 88 68 20 BBL Equipment Failure Lea (25) No No
nKL1625827670 CONOCOPHILLIPS COMPANY Major Oil Release 9/8/16 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nAB1626355901 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/8/16 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nJXK1625630190 SOGO III LLC Major Produced Water Release 9/7/16 Produced Water 630 460 170 BBL Lightning Lea (25) No No
nAB1626654019 OXY USA INC Minor Produced Water Release 9/7/16 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nJXK1625630190 SOGO III LLC Major Produced Water Release 9/7/16 Crude Oil 0 0 0 BBL Lightning Lea (25) No No
nAB1626654019 OXY USA INC Minor Produced Water Release 9/7/16 Produced Water 4 2 2 BBL Equipment Failure Eddy (15) No No
nJXK1625946612 RAYBAW Operating, LLC Major Produced Water Release 9/7/16 Produced Water 22 22 0 BBL Equipment Failure Lea (25) No No
nJXK1625946612 RAYBAW Operating, LLC Major Produced Water Release 9/7/16 Crude Oil 12 12 0 BBL Equipment Failure Lea (25) No No
nKL1625635514 COG OPERATING LLC Major Oil Release 9/6/16 Crude Oil 160 155 5 BBL Equipment Failure Lea (25) No No
nAB1627453796 BEACH EXPLORATION INC Produced Water Release 9/6/16 Condensate 3 3 0 BBL Other Eddy (15) No No
nAB1625749235 COG OPERATING LLC Major Produced Water Release 9/6/16 Crude Oil 5 4 1 BBL Corrosion Eddy (15) No No
nKL1625635514 COG OPERATING LLC Major Oil Release 9/6/16 Produced Water 14 16 -2 BBL Equipment Failure Lea (25) No No
nAB1625749235 COG OPERATING LLC Major Produced Water Release 9/6/16 Produced Water 50 48 2 BBL Corrosion Eddy (15) No No
nAB1625241913 COG OPERATING LLC Major Oil Release 9/5/16 Crude Oil 245 243 2 BBL Equipment Failure Eddy (15) No No
nAB1627853512 CHEVRON U S A INC Major Oil Release 9/5/16 Crude Oil 227 165 62 BBL Other Eddy (15) No No
nJXK1625226595 COG PRODUCTION, LLC Major Produced Water Release 9/5/16 Produced Water 34 33 1 BBL Human Error Lea (25) No No
nJXK1625144979 CONOCOPHILLIPS COMPANY Major Produced Water Release 9/5/16 Produced Water 240 235 5 BBL Equipment Failure Lea (25) No No
nJXK1625226595 COG PRODUCTION, LLC Major Produced Water Release 9/5/16 Crude Oil 23 22 1 BBL Human Error Lea (25) No No
nAB1627042576 XTO ENERGY, INC Major Produced Water Release 9/4/16 Crude Oil 16 15 1 BBL Equipment Failure Eddy (15) No No
nAB1625349236 COG OPERATING LLC Major Produced Water Release 9/4/16 Produced Water 150 148 2 BBL Equipment Failure Eddy (15) No No
nAB1626638297 OXY USA INC Major Produced Water Release 9/4/16 Crude Oil 30 27 3 BBL Human Error Eddy (15) No No
nAB1627042576 XTO ENERGY, INC Major Produced Water Release 9/4/16 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nAB1626638297 OXY USA INC Major Produced Water Release 9/4/16 Produced Water 30 28 2 BBL Human Error Eddy (15) No No
nKL1625632553 APACHE CORP Oil Release 9/3/16 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nKL1625631073 APACHE CORP Oil Release 9/3/16 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1626350406 RILEY PERMIAN OPERATING COMPANY, LLC Major Other 9/3/16 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1626336866 COG OPERATING LLC Minor Oil Release 9/2/16 Condensate 7 1 6 BBL Eddy (15) No No
nAB1626340038 COG PRODUCTION, LLC Major Oil Release 9/1/16 Crude Oil 30 27 3 BBL Equipment Failure Eddy (15) No No
nJXK1625145538 DEVON ENERGY PRODUCTION COMPANY, L.P. Major Oil Release 9/1/16 Crude Oil 66 66 0 BBL Equipment Failure Lea (25) No No
nKL1626334547 J R OIL, LTD. CO. Major Oil Release 9/1/16 Crude Oil 50 50 0 BBL Equipment Failure Lea (25) No No
nKL1626334547 J R OIL, LTD. CO. Major Oil Release 9/1/16 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nKL1632028510 OXY USA INC Major Oil Release 8/31/16 Crude Oil 150 140 10 BBL Equipment Failure Lea (25) No No
nJXK1625826606 OXY USA INC Minor Produced Water Release 8/31/16 Produced Water 10 0 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1625826606 OXY USA INC Minor Produced Water Release 8/31/16 Crude Oil 10 8 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nVF1624333042 NM&O Release Other 8/30/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1625929012 EOG Y RESOURCES, INC. Minor Produced Water Release 8/29/16 Produced Water 16 16 0 BBL Lightning Eddy (15) No No
nAB1626351435 COG OPERATING LLC Major Oil Release 8/29/16 Crude Oil 90 0 90 BBL Lightning Eddy (15) No No
nJXK1625144313 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/28/16 Produced Water 138 138 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1626650110 Silverback Operating II, LLC Minor Oil Release 8/28/16 Crude Oil 20 19 1 BBL Equipment Failure Eddy (15) No No
nKL1626442703 Opal Operating Company LLC Produced Water Release 8/28/16 Produced Water 1 0 1 BBL Lightning Roosevelt (41) No No
nAB1625739587 OXY USA INC Minor Produced Water Release 8/27/16 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1624447673 COG OPERATING LLC Minor Produced Water Release 8/27/16 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1625739587 OXY USA INC Minor Produced Water Release 8/27/16 Produced Water 9 0 9 BBL Equipment Failure Eddy (15) No No
nAB1624447673 COG OPERATING LLC Minor Produced Water Release 8/27/16 Produced Water 13 1 12 BBL Equipment Failure Eddy (15) No No
nAB1625130938 BOPCO, L.P. Major Produced Water Release 8/26/16 Produced Water 65 50 15 BBL Equipment Failure Eddy (15) No No
nAB1624355277 Spur Energy Partners LLC Major Produced Water Release 8/26/16 Produced Water 40 38 2 BBL Equipment Failure Eddy (15) No No
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nAB1624352162 COG PRODUCTION, LLC Major Produced Water Release 8/26/16 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nKL1625042800 OXY USA INC Major Oil Release 8/26/16 Crude Oil 100 70 30 BBL Equipment Failure Lea (25) No No
nAB1624352162 COG PRODUCTION, LLC Major Produced Water Release 8/26/16 Produced Water 30 26 4 BBL Equipment Failure Eddy (15) No No
nAB1625130275 XTO PERMIAN OPERATING LLC. Major Oil Release 8/26/16 Crude Oil 43 40 3 BBL Equipment Failure Eddy (15) No No
nAB1624442573 COG PRODUCTION, LLC Major Produced Water Release 8/26/16 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1627152334 CHEVRON U S A INC Minor Oil Release 8/26/16 B.S. & W. 12 12 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1624442573 COG PRODUCTION, LLC Major Produced Water Release 8/26/16 Produced Water 30 26 4 BBL Equipment Failure Eddy (15) No No
nAB1627152334 CHEVRON U S A INC Minor Oil Release 8/26/16 Crude Oil 3 3 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1624241470 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/25/16 Produced Water 104 100 4 BBL Lightning Eddy (15) No No
nJXK1624425919 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/25/16 Produced Water 55 15 40 BBL Equipment Failure Lea (25) No No
nJXK1624427112 MEWBOURNE OIL CO Major Produced Water Release 8/24/16 Produced Water 66 66 0 BBL Lightning Lea (25) No No
nKL1623928950 MATADOR OPERATING CO Major Produced Water Release 8/24/16 Produced Water 56 35 21 BBL Equipment Failure Lea (25) No No
nJXK1625146605 SOUTHWEST ROYALTIES INC Minor Produced Water Release 8/24/16 Produced Water 7 7 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1624427625 APACHE CORP Minor Produced Water Release 8/24/16 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nJXK1625146605 SOUTHWEST ROYALTIES INC Minor Produced Water Release 8/24/16 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1634154946 WPX ENERGY PRODUCTION, LLC Produced Water Release 8/24/16 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1624239751 COG OPERATING LLC Major Produced Water Release 8/24/16 Crude Oil 1 1 0 BBL Lightning Eddy (15) No No
nAB1624239751 COG OPERATING LLC Major Produced Water Release 8/24/16 Produced Water 175 172 3 BBL Lightning Eddy (15) No No
nAB1624550893 COG OPERATING LLC Minor Oil Release 8/23/16 Crude Oil 8 7 1 BBL Lightning Eddy (15) No No
nAB1625254125 North Fork Operating, LP Major Produced Water Release 8/23/16 Condensate 5 0 5 BBL Lightning Eddy (15) No No
nVF1623627003 CONOCOPHILLIPS COMPANY Release Other 8/23/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1625254125 North Fork Operating, LP Major Produced Water Release 8/23/16 Produced Water 76 0 76 BBL Lightning Eddy (15) No No
nAB1624551987 COG OPERATING LLC Major Produced Water Release 8/23/16 Produced Water 30 29 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1623732065 Empire New Mexico LLC Major Produced Water Release 8/23/16 Produced Water 117 60 57 BBL Equipment Failure Lea (25) No No
nCS1626052050 CONOCOPHILLIPS COMPANY Major Produced Water Release 8/23/16 Produced Water 170 80 90 BBL Corrosion Rio Arriba (39) No No
nJXK1624426331 ROBINSON OIL INC Major Produced Water Release 8/23/16 Produced Water 350 240 110 BBL Lightning Lea (25) No No
nJXK1624426331 ROBINSON OIL INC Major Produced Water Release 8/23/16 Crude Oil 50 20 30 BBL Lightning Lea (25) No No
nAB1625342050 OXY USA INC Minor Produced Water Release 8/22/16 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nJXK1624240297 ETC Texas Pipeline, Ltd. Minor Other 8/22/16 Other (Specify) 14 0 14 BBL Equipment Failure Lea (25) No No
nAB1625342050 OXY USA INC Minor Produced Water Release 8/22/16 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nAB1624449653 EOG Y RESOURCES, INC. Major Produced Water Release 8/21/16 Produced Water 400 400 0 BBL Lightning Eddy (15) No No
nAB1627731519 Extex Operating Company Major Produced Water Release 8/21/16 Produced Water 143 25 118 BBL Lightning Eddy (15) No No
nCS1626049200 WPX ENERGY PRODUCTION, LLC Minor Oil Release 8/21/16 Crude Oil 5 5 0 BBL Equipment Failure Sandoval (43) No No
nAB1624448261 KERSEY & COMPANY Minor Produced Water Release 8/20/16 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1624240510 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 8/20/16 Produced Water 24 22 2 BBL Corrosion Eddy (15) No No
nAB1624448261 KERSEY & COMPANY Minor Produced Water Release 8/20/16 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1623634146 OXY USA INC Minor Produced Water Release 8/19/16 Produced Water 7 7 0 BBL Equipment Failure Eddy (15) No No
nCS1634057425 ENDURING RESOURCES, LLC Other 8/19/16 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nAB1624240980 COG OPERATING LLC Major Produced Water Release 8/19/16 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1624240980 COG OPERATING LLC Major Produced Water Release 8/19/16 Produced Water 110 109 1 BBL Equipment Failure Eddy (15) No No
nAB1623929530 AGUA SUCIA LLC Minor Produced Water Release 8/18/16 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1624448865 KERSEY & COMPANY Minor Produced Water Release 8/18/16 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nKL1623251322 DCP OPERATING COMPANY, LP Produced Water Release 8/18/16 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1623931348 AGUA SUCIA LLC Minor Produced Water Release 8/18/16 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1623929530 AGUA SUCIA LLC Minor Produced Water Release 8/18/16 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1624448865 KERSEY & COMPANY Minor Produced Water Release 8/18/16 Produced Water 15 8 7 BBL Equipment Failure Eddy (15) No No
nVF1625154910 SIMCOE LLC Minor Produced Water Release 8/18/16 Produced Water 10 0 10 BBL San Juan (45) No No
nAB1623931348 AGUA SUCIA LLC Minor Produced Water Release 8/18/16 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1623933636 AGUA SUCIA LLC Minor Produced Water Release 8/18/16 Crude Oil 7 6 1 BBL Equipment Failure Eddy (15) No No
nAB1623933636 AGUA SUCIA LLC Minor Produced Water Release 8/18/16 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nVF1634436312 CONOCOPHILLIPS COMPANY Release Other 8/17/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1625156773 OXY USA INC Major Produced Water Release 8/17/16 Produced Water 1100 900 200 BBL Equipment Failure Eddy (15) No No
nCS1626049708 Williams Four Corners, LLC Produced Water Release 8/17/16 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nVF1625142047 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 8/17/16 Unknown 0 0 0 BBL San Juan (45) No No
nVF1623130608 CONOCOPHILLIPS COMPANY Major Produced Water Release 8/17/16 Produced Water 25 20 5 BBL San Juan (45) No No
nKL1625134663 BUCKEYE DISPOSAL, L.L.C. Minor Oil Release 8/16/16 Crude Oil 15 14 1 BBL Equipment Failure Lea (25) No No
nJXK1623226641 MESQUITE SWD, INC Minor Produced Water Release 8/16/16 Produced Water 8 5 3 BBL Equipment Failure 0 No No
nJXK1623031839 Maverick Permian LLC Minor Produced Water Release 8/15/16 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nKL1622838269 HESS CORPORATION Other 8/15/16 Crude Oil 0 0 0 BBL Human Error 0 No No
nJXK1623528218 Extex Operating Company Major Produced Water Release 8/15/16 Produced Water 60 0 0 BBL Equipment Failure Lea (25) No No
nJXK1623228218 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 8/15/16 Produced Water 95 94 1 BBL Human Error Lea (25) No No
nJXK1623528218 Extex Operating Company Major Produced Water Release 8/15/16 Crude Oil 16 0 0 BBL Equipment Failure Lea (25) No No
nAB1623155857 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 8/14/16 Natural Gas Liquids 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1624239074 WPX Energy Permian, LLC Minor Produced Water Release 8/14/16 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nAB1623157474 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 8/14/16 Natural Gas Liquids 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1623154893 COG OPERATING LLC Minor Produced Water Release 8/12/16 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nJXK1623754744 EL PASO NATURAL GAS CO Major Other 8/11/16 Other (Specify) 48 0 48 BBL Equipment Failure Lea (25) No No
nCS1622538722 SIMCOE LLC Produced Water Release 8/11/16 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nAB1625132482 OXY USA INC Major Produced Water Release 8/11/16 Produced Water 185 170 15 BBL Equipment Failure Eddy (15) No No
nAB1623951563 EOG Y RESOURCES, INC. Major Produced Water Release 8/10/16 Produced Water 30 5 25 BBL Equipment Failure Eddy (15) No No
nJXK1623555033 OXY USA INC Major Produced Water Release 8/10/16 Produced Water 160 120 40 BBL Corrosion Lea (25) No No
nJXK1624354668 GRAND BANKS ENERGY CO Major Produced Water Release 8/10/16 Produced Water 1990 1980 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1624354668 GRAND BANKS ENERGY CO Major Produced Water Release 8/10/16 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1622831057 OXY USA INC Major Produced Water Release 8/9/16 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1623753510 EL PASO NATURAL GAS CO Major Other 8/9/16 Other (Specify) 36 0 36 BBL Equipment Failure Lea (25) No No
nKL1622537497 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/9/16 Produced Water 149 148 1 BBL Lightning Lea (25) No No
nAB1622826979 COG OPERATING LLC Major Produced Water Release 8/9/16 Crude Oil 14 3 11 BBL Lightning Eddy (15) No No
nAB1622831057 OXY USA INC Major Produced Water Release 8/9/16 Produced Water 50 45 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1623030543 JOHN H HENDRIX CORP Produced Water Release 8/9/16 Produced Water 0 0 0 BBL Lightning Lea (25) No No
nAB1622826979 COG OPERATING LLC Major Produced Water Release 8/9/16 Produced Water 52 20 32 BBL Lightning Eddy (15) No No
nAB1623631164 EOG Y RESOURCES, INC. Produced Water Release 8/9/16 Produced Water 0 1 0 BBL Equipment Failure Eddy (15) No No
nVF1622225939 RELIABLE PRODUCTION LLC Minor Produced Water Release 8/8/16 Produced Water 5 0 0 BBL San Juan (45) No No
nJXK1622955163 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 8/8/16 Produced Water 87 85 2 BBL Equipment Failure Lea (25) No No
nAB1622832817 OXY USA INC Minor Oil Release 8/8/16 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nKL1623253256 PLAINS PETROLEUM OPER CO Major Oil Release 8/8/16 Crude Oil 250 200 50 BBL Equipment Failure Lea (25) No No
nAB1623627936 BXP Operating, LLC Major Produced Water Release 8/8/16 Crude Oil 5 3 2 BBL Corrosion Eddy (15) No No
nAB1623627936 BXP Operating, LLC Major Produced Water Release 8/8/16 Produced Water 20 17 3 BBL Corrosion Eddy (15) No No
nCS1631238745 XTO ENERGY, INC Other 8/7/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nKL1623927383 OCCIDENTAL PERMIAN LTD Major Produced Water Release 8/5/16 Produced Water 100 60 40 BBL Equipment Failure Lea (25) No No
nJXK1623546860 EL PASO NATURAL GAS CO Major Other 8/5/16 Other (Specify) 36 0 36 BBL Equipment Failure Lea (25) No No
nAB1623250530 OXY USA INC Minor Produced Water Release 8/5/16 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1622536836 BOPCO, L.P. Major Produced Water Release 8/5/16 Crude Oil 30 30 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1623250530 OXY USA INC Minor Produced Water Release 8/5/16 Produced Water 12 6 6 BBL Equipment Failure Eddy (15) No No
nAB1623249915 Silverback Operating II, LLC Minor Produced Water Release 8/5/16 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1622839080 EOG RESOURCES INC Minor Produced Water Release 8/5/16 Crude Oil 14 14 0 BBL Corrosion Eddy (15) No No
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nJXK1622956040 RICE OPERATING COMPANY Major Produced Water Release 8/5/16 Produced Water 300 200 100 BBL Equipment Failure Lea (25) No No
nAB1622839080 EOG RESOURCES INC Minor Produced Water Release 8/5/16 Produced Water 2 2 0 BBL Corrosion Eddy (15) No No
nAB1622536836 BOPCO, L.P. Major Produced Water Release 8/5/16 Produced Water 120 120 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1622828727 Spur Energy Partners LLC Minor Produced Water Release 8/4/16 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nJXK1622956731 OXY USA INC Major Produced Water Release 8/4/16 Produced Water 19 60 -41 BBL Corrosion Lea (25) No No
nJXK1623546377 EL PASO NATURAL GAS CO Major Other 8/4/16 Other (Specify) 36 0 36 BBL Equipment Failure Lea (25) No No
nKL1623633095 COFER & CO LLC Oil Release 8/4/16 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nJXK1621825385 Maverick Permian LLC Minor Produced Water Release 8/4/16 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1622828727 Spur Energy Partners LLC Minor Produced Water Release 8/4/16 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nKL1622549584 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/4/16 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAB1621834653 COG OPERATING LLC Minor Produced Water Release 8/3/16 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nKL1623637834 MULLOY OPERATING, INC. Major Produced Water Release 8/3/16 Produced Water 52 62 -10 BBL Lightning Lea (25) No No
nAB1622538922 OXY USA INC Major Produced Water Release 8/3/16 Produced Water 238 120 118 BBL Corrosion Eddy (15) No No
nJXK1623534870 ETC Texas Pipeline, Ltd. Minor Produced Water Release 8/3/16 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nJXK1623534870 ETC Texas Pipeline, Ltd. Minor Produced Water Release 8/3/16 0 0 0 BBL Lea (25) No No
nCS1623542776 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 8/2/16 Produced Water 6 0 6 BBL Equipment Failure San Juan (45) No No
nKL1623028989 EL PASO NATURAL GAS CO Major Other 8/2/16 Other (Specify) 95 0 0 BBL Equipment Failure Lea (25) No No
nVF1621627797 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 8/2/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nVF1623237479 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 8/2/16 Unknown 0 0 0 BBL Other Rio Arriba (39) No No
nAB1622228886 Acacia Operating Company, LLC Minor Oil Release 8/2/16 Crude Oil 10 0 10 BBL Other Eddy (15) No No
nVF1626434753 SIMCOE LLC Release Other 8/1/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nCS1724148311 Williams Four Corners, LLC Minor Other 8/1/16 Lube Oil 500 0 500 GAL Equipment Failure San Juan (45) No No
nJXK1621836104 OCCIDENTAL PERMIAN LTD Major Produced Water Release 8/1/16 Produced Water 40 30 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1621836104 OCCIDENTAL PERMIAN LTD Major Produced Water Release 8/1/16 Crude Oil 25 24 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1621828696 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/31/16 Produced Water 1200 1200 0 BBL Lightning Eddy (15) No No
nVF1703831979 SG INTERESTS I LTD Release Other 7/31/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1622248135 COG PRODUCTION, LLC Minor Produced Water Release 7/31/16 Produced Water 20 18 2 BBL Equipment Failure Lea (25) No No
nAB1622838616 CHEVRON U S A INC Major Release Other 7/30/16 Brine Water 84 83 1 BBL Equipment Failure Eddy (15) No No
nAB1622536318 OXY USA INC Minor Produced Water Release 7/30/16 Produced Water 7 0 7 BBL Corrosion Eddy (15) No No
nAB1621756389 XTO PERMIAN OPERATING LLC. Major Produced Water Release 7/29/16 Produced Water 46 5 41 BBL Equipment Failure Eddy (15) No No
nAB1621833883 COG OPERATING LLC Major Produced Water Release 7/29/16 Produced Water 45 43 2 BBL Equipment Failure Eddy (15) No No
nAB1621756389 XTO PERMIAN OPERATING LLC. Major Produced Water Release 7/29/16 Crude Oil 16 5 11 BBL Equipment Failure Eddy (15) No No
nVF1622552004 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 7/29/16 Unknown 0 0 0 BBL San Juan (45) No No
nVF1621528344 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 7/28/16 Produced Water 3 0 3 BBL Rio Arriba (39) No No
nAB1622531873 WPX Energy Permian, LLC Major Produced Water Release 7/28/16 Crude Oil 19 18 1 BBL Human Error Eddy (15) No No
nKL1623026362 EL PASO NATURAL GAS CO Major Other 7/28/16 Other (Specify) 36 0 0 BBL Equipment Failure Lea (25) No No
nAB1622531873 WPX Energy Permian, LLC Major Produced Water Release 7/28/16 Produced Water 26 23 3 BBL Human Error Eddy (15) No No
nJXK1621554732 Contango Resources, Inc. Minor Oil Release 7/27/16 Crude Oil 20 15 5 BBL Equipment Failure Lea (25) No No
nKL1622852905 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/27/16 Produced Water 60 50 10 BBL Human Error Lea (25) No No
nAB1621430855 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/26/16 Produced Water 5 1 4 BBL Equipment Failure Eddy (15) No No
nCS1620935695 Williams Four Corners, LLC Produced Water Release 7/26/16 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nJXK1621555223 MATADOR PRODUCTION COMPANY Minor Oil Release 7/26/16 Crude Oil 6 5 1 BBL Equipment Failure Lea (25) No No
nAB1621456729 BOPCO, L.P. Minor Oil Release 7/26/16 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nAB1622135529 HANLEY PETROLEUM INC Oil Release 7/26/16 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1622135529 HANLEY PETROLEUM INC Oil Release 7/26/16 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nKL1624447858 EL PASO NATURAL GAS CO Major Other 7/25/16 Other (Specify) 104 0 0 BBL Equipment Failure Lea (25) No No
nAB1622530649 MACK ENERGY CORP Minor Produced Water Release 7/25/16 Condensate 5 0 5 BBL Equipment Failure Eddy (15) No No
nCS1620926898 BURLINGTON RESOURCES OIL & GAS CO Other 7/25/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1621435551 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 7/25/16 Produced Water 20 10 10 BBL Equipment Failure 0 No No
nAB1622530649 MACK ENERGY CORP Minor Produced Water Release 7/25/16 0 0 0 BBL Eddy (15) No No
nAB1621441144 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 7/25/16 Crude Oil 40 30 10 BBL Equipment Failure Eddy (15) No No
nAB1621055488 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 7/24/16 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1621454089 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/24/16 Produced Water 800 0 800 BBL Other Eddy (15) No No
nAB1621056944 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/24/16 Crude Oil 175 175 0 BBL Equipment Failure Eddy (15) No No
nAB1621833103 COG OPERATING LLC Minor Produced Water Release 7/24/16 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1621055488 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 7/24/16 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1621056944 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/24/16 Produced Water 785 785 0 BBL Equipment Failure Eddy (15) No No
nAB1621456328 BOPCO, L.P. Minor Produced Water Release 7/23/16 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nVF1636228739 CONOCOPHILLIPS COMPANY Release Other 7/22/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nJXK1621433922 J R OIL, LTD. CO. Minor Produced Water Release 7/22/16 Produced Water 12 2 10 BBL Equipment Failure Lea (25) No No
nKL1622849135 EL PASO NATURAL GAS CO Major Other 7/22/16 Other (Specify) 357 330 27 BBL Equipment Failure Lea (25) No No
nCS1621656998 SIMCOE LLC Major Release Other 7/22/16 Produced Water 253 71 182 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nVF1634343040 CONOCOPHILLIPS COMPANY Release Other 7/21/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nVF1636230299 CONOCOPHILLIPS COMPANY Release Other 7/21/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1625327393 XTO ENERGY, INC Oil Release 7/20/16 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAB1621452433 COG OPERATING LLC Minor Produced Water Release 7/20/16 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nAB1625332286 XTO ENERGY, INC Oil Release 7/20/16 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAB1625335026 XTO ENERGY, INC Oil Release 7/20/16 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAB1625328377 XTO ENERGY, INC Oil Release 7/20/16 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAB1625332986 XTO ENERGY, INC Oil Release 7/20/16 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAB1625332986 XTO ENERGY, INC Oil Release 7/20/16 Produced Water 0 0 0 BBL Other Eddy (15) No No
nJXK1620136648 Maverick Permian LLC Major Oil Release 7/19/16 Crude Oil 45 40 5 BBL Equipment Failure Lea (25) No No
nJXK1620248051 EOG RESOURCES INC Major Produced Water Release 7/19/16 Produced Water 130 80 50 BBL Equipment Failure Lea (25) No No
nJXK1621650179 FAE II Operating LLC Major Produced Water Release 7/19/16 Produced Water 100 80 20 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1621026490 COG OPERATING LLC Minor Produced Water Release 7/19/16 Produced Water 18 15 3 BBL Equipment Failure Lea (25) No No
nAB1625257659 XTO ENERGY, INC Produced Water Release 7/19/16 Produced Water 0 0 0 BBL Other Eddy (15) No No
nJXK1621650179 FAE II Operating LLC Major Produced Water Release 7/19/16 Crude Oil 0 0 0 BBL Lea (25) No No
nAB1625257659 XTO ENERGY, INC Produced Water Release 7/19/16 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nVF1621528875 BURLINGTON RESOURCES OIL & GAS CO Release Other 7/18/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nJXK1622250867 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/18/16 Produced Water 128 120 8 BBL Human Error Lea (25) No No
nJXK1622250867 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/18/16 Crude Oil 2 2 0 BBL Human Error Lea (25) No No
nAB1621054550 BURNETT OIL CO INC Major Produced Water Release 7/18/16 Produced Water 40 10 30 BBL Equipment Failure Eddy (15) No No
nVF1703430579 CONOCOPHILLIPS COMPANY Release Other 7/17/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1620740008 Lucid Artesia Company Minor Natural Gas Release 7/17/16 Natural Gas Liquids 13 0 13 BBL Equipment Failure Eddy (15) No No
nAB1620452870 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/17/16 Produced Water 60 45 15 BBL Equipment Failure Eddy (15) No No
nAB1621050720 COG OPERATING LLC Minor Produced Water Release 7/16/16 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJXK1620845910 RAYBAW Operating, LLC Major Oil Release 7/16/16 Crude Oil 0 0 0 BBL Fire Lea (25) No No
nJXK1620026839 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 7/16/16 Crude Oil 15 15 0 BBL Equipment Failure Chaves (05) No No
nAB1620449814 BOPCO, L.P. Major Produced Water Release 7/16/16 Produced Water 418 20 398 BBL Corrosion Eddy (15) No No
nJXK1621028606 Lucid Artesia Company Minor Oil Release 7/16/16 Condensate 10 0 10 BBL Equipment Failure Lea (25) No No
nJXK1620026839 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 7/16/16 Produced Water 5 5 0 BBL Equipment Failure Chaves (05) No No
nAB1620451784 COG OPERATING LLC Minor Produced Water Release 7/16/16 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nVF1630849999 SIMCOE LLC Release Other 7/15/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1632135662 BTA OIL PRODUCERS, LLC Minor Other 7/15/16 Brine Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJXK1620126153 DEVON ENERGY PRODUCTION COMPANY, L.P. Major Produced Water Release 7/15/16 Produced Water 785 785 0 BBL Lightning Lea (25) No No
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nKL1626529955 DEVON ENERGY PRODUCT. CO.,LP Major Produced Water Release 7/15/16 Produced Water 27 0 27 BBL Equipment Failure Lea (25) No No
nKL1626529955 DEVON ENERGY PRODUCT. CO.,LP Major Produced Water Release 7/15/16 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1715035797 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/14/16 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No
nJXK1620235992 APACHE CORP Major Produced Water Release 7/14/16 Produced Water 20 16 4 BBL Equipment Failure Lea (25) No No
nAB1620727144 OXY USA INC Minor Produced Water Release 7/14/16 Crude Oil 15 8 7 BBL Equipment Failure Eddy (15) No No
nAB1620034005 RAYBAW Operating, LLC Minor Produced Water Release 7/14/16 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1620727144 OXY USA INC Minor Produced Water Release 7/14/16 Produced Water 2 2 0 BBL Equipment Failure Eddy (15) No No
nAB1620444442 BOPCO, L.P. Major Produced Water Release 7/14/16 Produced Water 1711 1560 151 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1620034005 RAYBAW Operating, LLC Minor Produced Water Release 7/14/16 Brine Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1619738827 LINN OPERATING, LLC. Oil Release 7/14/16 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nJXK1620235992 APACHE CORP Major Produced Water Release 7/14/16 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nCS1623540499 BP AMERICA PRODUCTION COMPANY Major Produced Water Release 7/13/16 Produced Water 84 0 84 BBL Corrosion 0 No No
nAB1621453181 WPX Energy Permian, LLC Major Produced Water Release 7/13/16 Produced Water 380 340 40 BBL Equipment Failure Eddy (15) No No
nVF1619626494 ENCANA OIL & GAS (USA) INC. Minor Oil Release 7/13/16 Crude Oil 5 0 5 BBL Rio Arriba (39) No No
nVF1634438435 SIMCOE LLC Major Produced Water Release 7/13/16 Produced Water 84 0 84 BBL San Juan (45) No No
nJXK1620428707 J R OIL, LTD. CO. Minor Produced Water Release 7/13/16 Produced Water 7 3 4 BBL Corrosion Lea (25) No No
nJXK1620428707 J R OIL, LTD. CO. Minor Produced Water Release 7/13/16 Crude Oil 3 1 2 BBL Corrosion Lea (25) No No
nVF1621827245 BURLINGTON RESOURCES OIL & GAS CO Minor Release Other 7/12/16 Crude Oil 5 0 5 BBL Rio Arriba (39) No No
nCS1627953913 SIMCOE LLC Other 7/11/16 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1619750175 COG OPERATING LLC Minor Produced Water Release 7/11/16 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1623027628 EOG Y RESOURCES, INC. Minor Oil Release 7/11/16 Crude Oil 8 8 0 BBL Equipment Failure Eddy (15) No No
nVF1621728758 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 7/11/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1619341679 EOG Y RESOURCES, INC. Produced Water Release 7/11/16 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1620449034 COG OPERATING LLC Major Produced Water Release 7/11/16 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1620449034 COG OPERATING LLC Major Produced Water Release 7/11/16 Crude Oil 20 15 5 BBL Equipment Failure Eddy (15) No No
nCS1628627659 WPX ENERGY PRODUCTION, LLC Major Fire 7/11/16 Produced Water 0 0 0 BBL Fire San Juan (45) No No
nCS1628627659 WPX ENERGY PRODUCTION, LLC Major Fire 7/11/16 Crude Oil 0 0 0 BBL Fire San Juan (45) No No
nCS1628627659 WPX ENERGY PRODUCTION, LLC Major Fire 7/11/16 Other (Specify) 0 0 0 BBL Fire San Juan (45) No No
nJXK1619355827 DEVON ENERGY PRODUCTION COMPANY, L.P. Minor Oil Release 7/10/16 Crude Oil 6 6 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1619336071 ENTERPRISE PRODUCTS OPERATING, L.P. Minor Oil Release 7/10/16 Crude Oil 20 10 10 BBL Human Error Lea (25) No No
nJXK1619344888 OXY USA INC Minor Produced Water Release 7/10/16 Produced Water 17 15 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1619344888 OXY USA INC Minor Produced Water Release 7/10/16 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nVF1621729117 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 7/9/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1625328642 XTO ENERGY, INC Oil Release 7/9/16 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nVF1621727535 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 7/8/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1621049514 WPX Energy Permian, LLC Minor Produced Water Release 7/8/16 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1621049514 WPX Energy Permian, LLC Minor Produced Water Release 7/8/16 Produced Water 12 5 7 BBL Equipment Failure Eddy (15) No No
nAB1620727724 BREITBURN OPERATING LP Major Fire 7/8/16 Produced Water 5 0 5 BBL Fire Eddy (15) No No
nJXK1619047751 DCP OPERATING COMPANY, LP Major Fire 7/7/16 Diesel 0 0 0 BBL Lea (25) No No
nAB1619757075 Spur Energy Partners LLC Major Produced Water Release 7/6/16 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nAB1619044689 BOPCO, L.P. Major Produced Water Release 7/6/16 Crude Oil 111 80 31 BBL Equipment Failure Eddy (15) No No
nVF1618842967 BURLINGTON RESOURCES OIL & GAS CO Release Other 7/6/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nCS1623037463 BURLINGTON RESOURCES OIL & GAS CO Oil Release 7/6/16 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1619044689 BOPCO, L.P. Major Produced Water Release 7/6/16 Produced Water 35 15 20 BBL Equipment Failure Eddy (15) No No
nJXK1619028625 ENTERPRISE PRODUCTS OPERATING, L.P. Major Oil Release 7/6/16 Crude Oil 97 20 77 BBL Human Error Lea (25) No No
nVF1702033589 CONOCOPHILLIPS COMPANY Release Other 7/5/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nVF1618848228 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 7/5/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1619442597 EOG Y RESOURCES, INC. Major Oil Release 7/4/16 Crude Oil 39 39 0 BBL Equipment Failure Eddy (15) No No
nAB1619027282 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/4/16 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nJXK1619033991 PLAINS MARKETING L.P. Minor Oil Release 7/3/16 Crude Oil 17 15 2 BBL Corrosion Lea (25) No No
nAB1619432451 COG OPERATING LLC Major Produced Water Release 7/3/16 Produced Water 25 0 25 BBL Corrosion Eddy (15) No No
nJXK1619335364 Opal Operating Company LLC Major Produced Water Release 7/3/16 Crude Oil 30 15 15 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1619335364 Opal Operating Company LLC Major Produced Water Release 7/3/16 Produced Water 15 5 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1620027656 EOG Y RESOURCES, INC. Minor Oil Release 7/1/16 Crude Oil 11 8 3 BBL Equipment Failure Eddy (15) No No
nAB1619028356 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/1/16 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1619027879 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/1/16 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nVF1618248307 BURLINGTON RESOURCES OIL & GAS CO Release Other 6/30/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nVF1701948247 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 6/30/16 Unknown 0 0 0 BBL San Juan (45) No No
nVF1618248744 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 6/30/16 Produced Water 5 5 0 BBL Equipment Failure Rio Arriba (39) No No
nJXK1621053945 APACHE CORP Major Produced Water Release 6/30/16 Produced Water 65 60 5 BBL Equipment Failure Lea (25) No No
nVF1618247899 BURLINGTON RESOURCES OIL & GAS CO Release Other 6/30/16 Produced Water 0 0 0 BBL San Juan (45) No No
nAB1619727136 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/29/16 Crude Oil 10 8 2 BBL Corrosion Eddy (15) No No
nAB1619032425 Spur Energy Partners LLC Minor Produced Water Release 6/29/16 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nJXK1619345474 OCCIDENTAL PERMIAN LTD Major Produced Water Release 6/29/16 Produced Water 45 40 5 BBL Corrosion Lea (25) No No
nAB1619727136 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/29/16 Produced Water 6 6 0 BBL Corrosion Eddy (15) No No
nCS1618149833 WPX ENERGY PRODUCTION, LLC Oil Release 6/28/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1619656595 WPX Energy Permian, LLC Major Produced Water Release 6/28/16 Produced Water 65 60 5 BBL Corrosion Eddy (15) No No
nJXK1618730416 EOG RESOURCES INC Major Produced Water Release 6/28/16 Produced Water 350 250 100 BBL Equipment Failure Lea (25) No No
nAB1618834005 Maverick Permian LLC Major Produced Water Release 6/28/16 Crude Oil 2 2 0 BBL Other Eddy (15) No No
nAB1618834005 Maverick Permian LLC Major Produced Water Release 6/28/16 Produced Water 140 140 0 BBL Other Eddy (15) No No
nAB1618834549 COG OPERATING LLC Major Oil Release 6/27/16 Crude Oil 92 87 5 BBL Equipment Failure Eddy (15) No No
nKL1627250228 BTA OIL PRODUCERS Minor Oil Release 6/27/16 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1618835036 COG OPERATING LLC Minor Oil Release 6/26/16 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nJXK1617930730 EOG RESOURCES INC Major Produced Water Release 6/26/16 Produced Water 130 100 30 BBL Equipment Failure Lea (25) No No
nAB1625239134 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 6/25/16 Natural Gas Liquids 25 21 4 BBL Equipment Failure Eddy (15) No No
nAB1619349425 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 6/25/16 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nVF1617953104 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 6/24/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1618731061 COG PRODUCTION, LLC Minor Oil Release 6/22/16 Crude Oil 13 11 2 BBL Human Error Lea (25) No No
nAB1618836105 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 6/22/16 Crude Oil 3 1 2 BBL Corrosion Eddy (15) No No
nAB1621830356 DCP OPERATING COMPANY, LP Other 6/22/16 Chemical (Specify) 0 0 0 BBL Other Chaves (05) No No
nAB1618836105 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 6/22/16 Produced Water 7 2 5 BBL Corrosion Eddy (15) No No
nVF1617954385 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 6/22/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1618838854 Permian Resources Operating, LLC Minor Produced Water Release 6/21/16 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No
nCS1618829024 CONOCOPHILLIPS COMPANY Minor Oil Release 6/21/16 Produced Water 3 0 3 BBL Corrosion Rio Arriba (39) No No
nCS1629337377 CONOCOPHILLIPS COMPANY Oil Release 6/21/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1619032050 OXY USA INC Major Produced Water Release 6/21/16 Produced Water 50 15 35 BBL Equipment Failure Lea (25) No No
nVF1634428261 CONOCOPHILLIPS COMPANY Release Other 6/21/16 Unknown 0 0 0 BBL San Juan (45) No No
nCS1618829024 CONOCOPHILLIPS COMPANY Minor Oil Release 6/21/16 Crude Oil 14 0 14 BBL Corrosion Rio Arriba (39) No No
nVF1625740715 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 6/20/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nJXK1618732025 FOUNDATION ENERGY MANAGEMENT, LLC Minor Produced Water Release 6/20/16 Produced Water 4 4 0 BBL Equipment Failure Lea (25) No No
nAB1617627149 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 6/20/16 Crude Oil 165 85 80 BBL Other Eddy (15) No No
nJXK1618732025 FOUNDATION ENERGY MANAGEMENT, LLC Minor Produced Water Release 6/20/16 Crude Oil 3 3 0 BBL Equipment Failure Lea (25) No No
nCS1618848322 DUGAN PRODUCTION CORP Major Produced Water Release 6/20/16 Produced Water 100 0 100 BBL Equipment Failure San Juan (45) No No
nJXK1617354810 Extex Operating Company Major Produced Water Release 6/19/16 Produced Water 150 0 150 BBL Equipment Failure Lea (25) No No
nHMP1619047263 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 6/19/16 Crude Oil 12 10 2 BBL Equipment Failure Eddy (15) No No
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nJXK1617246815 Acacia Operating Company, LLC Major Produced Water Release 6/19/16 Produced Water 700 680 20 BBL Overflow - Tank, Pit, Etc. Chaves (05) No No
nAB1617549348 MEWBOURNE OIL CO Minor Oil Release 6/18/16 Crude Oil 7 5 2 BBL Other Eddy (15) No No
nJXK1618731493 COG OPERATING LLC Minor Produced Water Release 6/18/16 Crude Oil 5 4 1 BBL Corrosion Lea (25) No No
nAB1617549348 MEWBOURNE OIL CO Minor Oil Release 6/18/16 Produced Water 7 5 2 BBL Other Eddy (15) No No
nJXK1618731493 COG OPERATING LLC Minor Produced Water Release 6/18/16 Produced Water 4 4 0 BBL Corrosion Lea (25) No No
nAB1617326472 COG OPERATING LLC Minor Produced Water Release 6/17/16 Produced Water 17 16 1 BBL Corrosion Eddy (15) No No
nAB1617548689 OXY USA INC Major Oil Release 6/17/16 Crude Oil 155 154 1 BBL Other Eddy (15) No No
nVF1617448436 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 6/17/16 Unknown 0 0 0 BBL San Juan (45) No No
nOY1806142302 DCP OPERATING COMPANY, LP Natural Gas Release 6/16/16 Condensate 0 0 0 BBL Normal Operations Lea (25) No No
nKJ1517340705 BC OPERATING, INC. Major Produced Water Release 6/16/16 Produced Water 500 480 20 BBL Equipment Failure Lea (25) No No
nOY1806142302 DCP OPERATING COMPANY, LP Natural Gas Release 6/16/16 Natural Gas Liquids 0 0 0 BBL Normal Operations Lea (25) No No
nVF1624635197 CF&M OIL FIELD SERVICE, INC. Minor Release Other 6/15/16 Other (Specify) 5 0 5 BBL 0 No No
nAB1617650027 COG OPERATING LLC Minor Produced Water Release 6/15/16 Crude Oil 3 1 2 BBL Other Eddy (15) No No
nAB1616927054 BOPCO, L.P. Major Produced Water Release 6/15/16 Crude Oil 16 10 6 BBL Equipment Failure Eddy (15) No No
nVF1616830109 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 6/15/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1617650027 COG OPERATING LLC Minor Produced Water Release 6/15/16 Produced Water 2 1 1 BBL Other Eddy (15) No No
nAB1616927054 BOPCO, L.P. Major Produced Water Release 6/15/16 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nJXK1617236605 ALPHA CRUDE CONNECTOR, LLC Minor Oil Release 6/15/16 Crude Oil 15 5 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1617331258 CONOCOPHILLIPS CO. Minor Produced Water Release 6/15/16 Produced Water 10 0 10 BBL Other Eddy (15) No No
nJXK1617631887 EOG RESOURCES INC Major Produced Water Release 6/14/16 Produced Water 3900 0 3900 BBL Equipment Failure Lea (25) No No
nAB1617548017 EOG Y RESOURCES, INC. Oil Release 6/14/16 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nVF1621527651 ENTERPRISE FIELD SERVICES, LLC Minor Release Other 6/14/16 Condensate 5 0 5 BBL Equipment Failure Rio Arriba (39) No No
nAB1618833006 LONGFELLOW ENERGY, LP Minor Oil Release 6/13/16 Crude Oil 7 3 4 BBL Equipment Failure Eddy (15) No No
nAB1617527493 COG OPERATING LLC Minor Oil Release 6/13/16 Crude Oil 20 18 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1616738647 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/13/16 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nVF1618251117 ENTERPRISE PRODUCTS OPERATING, L.P. Release Other 6/13/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1616930688 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/13/16 Produced Water 10 10 0 BBL Corrosion Eddy (15) No No
nJXK1617927873 OCCIDENTAL PERMIAN LTD Major Produced Water Release 6/13/16 Produced Water 30 15 15 BBL Equipment Failure Lea (25) No No
nAB1620155851 LONGFELLOW ENERGY, LP Minor Oil Release 6/13/16 Crude Oil 7 3 4 BBL Equipment Failure Eddy (15) No No
nJXK1617927873 OCCIDENTAL PERMIAN LTD Major Produced Water Release 6/13/16 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1616636453 MATADOR PRODUCTION COMPANY Minor Release Other 6/12/16 Condensate 13 13 0 BBL Equipment Failure Eddy (15) No No
nAB1616740309 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/12/16 Produced Water 500 480 20 BBL Equipment Failure Eddy (15) No No
nJXK1617931164 SOUTHWEST ROYALTIES INC Major Produced Water Release 6/11/16 Produced Water 40 2 38 BBL Equipment Failure Lea (25) No No
nJXK1617326344 COG OPERATING LLC Minor Oil Release 6/11/16 Crude Oil 12 10 2 BBL Equipment Failure Lea (25) No No
nAB1616628121 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 6/11/16 Crude Oil 15 14 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1616547061 CONOCOPHILLIPS COMPANY Major Produced Water Release 6/11/16 Produced Water 38 25 13 BBL Equipment Failure Lea (25) No No
nAB1617531149 EL PASO NATURAL GAS COMPANY Major Other 6/11/16 Other (Specify) 9047 104 8943 BBL Equipment Failure Dona Ana (13) No No
nOY1708636444 COG OPERATING LLC Major Produced Water Release 6/10/16 Produced Water 210 190 20 BBL Equipment Failure Lea (25) No No
nAB1616741171 BOPCO, L.P. Minor Produced Water Release 6/9/16 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1616633332 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/9/16 Produced Water 15 8 7 BBL Corrosion Eddy (15) No No
nJXK1617631317 BTA OIL PRODUCERS Major Oil Release 6/9/16 Crude Oil 235 0 235 BBL Lightning Lea (25) No No
nAB1616736197 COG OPERATING LLC Minor Oil Release 6/9/16 Crude Oil 8 7 1 BBL Equipment Failure Eddy (15) No No
nAB1616628496 WPX Energy Permian, LLC Minor Produced Water Release 6/9/16 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nCS1616944090 MARALEX RESOURCES INC Produced Water Release 6/9/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1616741171 BOPCO, L.P. Minor Produced Water Release 6/9/16 Produced Water 9 0 9 BBL Equipment Failure Eddy (15) No No
nAB1616635458 Petroleum Exploration Company Ltd., Limited P Minor Release Other 6/9/16 Condensate 15 0 15 BBL Equipment Failure Eddy (15) No No
nVF1616039616 WPX ENERGY PRODUCTION, LLC Minor Release Other 6/8/16 Crude Oil 12 4 8 BBL San Juan (45) No No
nVF1616732247 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 6/8/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1616154408 COG OPERATING LLC Major Produced Water Release 6/8/16 Produced Water 100 98 2 BBL Equipment Failure Lea (25) No No
nVF1617955140 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 6/8/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1616035049 Acacia Operating Company, LLC Minor Produced Water Release 6/7/16 Produced Water 15 5 10 BBL Other Chaves (05) No No
nAB1627447592 OXY USA INC Minor Produced Water Release 6/6/16 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1616056900 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 6/6/16 Crude Oil 25 15 10 BBL Equipment Failure Eddy (15) No No
nAB1627447592 OXY USA INC Minor Produced Water Release 6/6/16 Produced Water 13 5 8 BBL Equipment Failure Eddy (15) No No
nAB1616238361 COG OPERATING LLC Minor Oil Release 6/5/16 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1616737278 BOPCO, L.P. Major Produced Water Release 6/3/16 Crude Oil 45 30 15 BBL Equipment Failure Eddy (15) No No
nJXK1616539232 COG OPERATING LLC Minor Produced Water Release 6/3/16 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No
nAB1616633908 EOG Y RESOURCES, INC. Minor Produced Water Release 6/3/16 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nAB1616737278 BOPCO, L.P. Major Produced Water Release 6/3/16 Produced Water 18 10 8 BBL Equipment Failure Eddy (15) No No
nJXK1616539232 COG OPERATING LLC Minor Produced Water Release 6/3/16 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1617332805 APACHE CORPORATION Minor Produced Water Release 6/2/16 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No
nAB1616231629 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/2/16 Produced Water 7 6 1 BBL Equipment Failure Eddy (15) No No
nAB1616237940 COG OPERATING LLC Minor Produced Water Release 6/2/16 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nAB1616029669 BOPCO, L.P. Minor Produced Water Release 6/2/16 Crude Oil 4 1 3 BBL Corrosion Eddy (15) No No
nVF1615435824 SIMCOE LLC Major Produced Water Release 6/2/16 Produced Water 44 0 44 BBL Equipment Failure San Juan (45) No No
nAB1616029669 BOPCO, L.P. Minor Produced Water Release 6/2/16 Produced Water 12 2 10 BBL Corrosion Eddy (15) No No
nJXK1615534761 DEVON ENERGY PRODUCTION COMPANY, L.P. Minor Produced Water Release 6/1/16 Produced Water 13 13 0 BBL Equipment Failure Lea (25) No No
nAB1616634866 EOG Y RESOURCES, INC. Minor Produced Water Release 6/1/16 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nJXK1616129779 COG OPERATING LLC Major Produced Water Release 5/31/16 Produced Water 250 0 0 BBL Lightning Lea (25) No No
nJXK1615827006 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/31/16 Produced Water 725 725 0 BBL Lightning Lea (25) No No
nJXK1616129779 COG OPERATING LLC Major Produced Water Release 5/31/16 Crude Oil 20 0 0 BBL Lightning Lea (25) No No
nVF1615253786 Williams Four Corners, LLC Minor Release Other 5/31/16 Condensate 8 0 0 BBL San Juan (45) No No
nVF1615253786 Williams Four Corners, LLC Minor Release Other 5/31/16 Condensate 8 8 0 BBL San Juan (45) No No
nVF1615934984 SIMCOE LLC Release Other 5/31/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1616041012 BOPCO, L.P. Minor Produced Water Release 5/30/16 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nHMP1615537888 EOG RESOURCES INC Major Oil Release 5/30/16 Crude Oil 188 2 186 BBL Equipment Failure Eddy (15) No No
nAB1616041012 BOPCO, L.P. Minor Produced Water Release 5/30/16 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nJXK1615331372 CIMAREX ENERGY CO. Minor Produced Water Release 5/28/16 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nAPP2213950465 FASKEN OIL & RANCH LTD Major Produced Water Release 5/28/16 Produced Water 110 100 10 BBL Other Lea (25) No No
nJXK1615353185 FASKEN OIL & RANCH LTD Major Produced Water Release 5/28/16 Produced Water 110 100 10 BBL Equipment Failure Lea (25) No No
nAB1616053915 COG OPERATING LLC Minor Oil Release 5/28/16 Crude Oil 15 13 2 BBL Equipment Failure Eddy (15) No No
nHMP1615534611 ALAMO PERMIAN RESOURCES, LLC Major Oil Release 5/28/16 Crude Oil 87 15 72 BBL Vandalism Eddy (15) No No
nAB1616127076 XTO PERMIAN OPERATING LLC. Major Produced Water Release 5/27/16 Produced Water 775 760 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1616054652 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 5/27/16 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1616126496 BOPCO, L.P. Minor Oil Release 5/26/16 Crude Oil 9 0 9 BBL Other Eddy (15) No No
nAB1616035683 Saguaro Petroleum, LLC Minor Other 5/26/16 Other (Specify) 9 0 9 BBL Equipment Failure Eddy (15) No No
nAB1616039402 Spur Energy Partners LLC Major Produced Water Release 5/26/16 Crude Oil 30 25 5 BBL Equipment Failure Eddy (15) No No
nAB1616039402 Spur Energy Partners LLC Major Produced Water Release 5/26/16 Produced Water 40 35 5 BBL Equipment Failure Eddy (15) No No
nJXK1614627849 BTA OIL PRODUCERS Minor Produced Water Release 5/24/16 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nJXK1615449481 OXY USA INC Major Produced Water Release 5/24/16 Produced Water 275 255 20 BBL Corrosion Lea (25) No No
nJXK1615452993 COG OPERATING LLC Minor Oil Release 5/24/16 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nCS1623630403 Williams Four Corners, LLC Minor Produced Water Release 5/24/16 Produced Water 5 0 5 BBL Corrosion Rio Arriba (39) No No
nJXK1614632749 EOG RESOURCES INC Major Produced Water Release 5/23/16 Produced Water 65 20 45 BBL Equipment Failure Lea (25) No No
nJXK1614737515 MATADOR PRODUCTION COMPANY Major Produced Water Release 5/23/16 Produced Water 15 13 2 BBL Equipment Failure Lea (25) No No
nVF1616735651 Williams Four Corners, LLC Release Other 5/23/16 Unknown 0 0 0 BBL San Juan (45) No No
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nJXK1614737515 MATADOR PRODUCTION COMPANY Major Produced Water Release 5/23/16 Crude Oil 15 14 1 BBL Equipment Failure Lea (25) No No
nJXK1616126766 Ameredev New Mexico, LLC Minor Oil Release 5/22/16 Crude Oil 10 6 4 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1614550217 MATADOR PRODUCTION COMPANY Minor Produced Water Release 5/22/16 Produced Water 3 2 1 BBL Equipment Failure Lea (25) No No
nJXK1614428808 Maverick Permian LLC Minor Oil Release 5/22/16 Crude Oil 7 5 2 BBL Equipment Failure Lea (25) No No
nJXK1614550217 MATADOR PRODUCTION COMPANY Minor Produced Water Release 5/22/16 Crude Oil 2 2 0 BBL Equipment Failure Lea (25) No No
nAB1614733144 COG OPERATING LLC Minor Oil Release 5/21/16 Crude Oil 8 7 1 BBL Equipment Failure Eddy (15) No No
nHMP1615523982 XTO ENERGY, INC Major Fire 5/21/16 Crude Oil 0 0 0 BBL Eddy (15) No No
nHMP1615523982 XTO ENERGY, INC Major Fire 5/21/16 Produced Water 0 0 0 BBL Eddy (15) No No
nAB1621045462 EOG Y RESOURCES, INC. Major Produced Water Release 5/19/16 Produced Water 100 100 0 BBL Equipment Failure Eddy (15) No No
nCS1703135122 SIMCOE LLC Other 5/19/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1614734572 RAYBAW Operating, LLC Minor Produced Water Release 5/19/16 Produced Water 5 2 3 BBL Other Eddy (15) No No
nCS1703137147 SIMCOE LLC Other 5/19/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1613938856 CONOCOPHILLIPS COMPANY Other 5/18/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1613929245 GREAT WESTERN DRILLING CO Produced Water Release 5/18/16 Produced Water 0 0 0 BBL Lea (25) No No
nVF1626538178 XTO ENERGY, INC Release Other 5/18/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1614628853 ETC FIELD SERVICES LLC Minor Oil Release 5/18/16 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nJXK1613929245 GREAT WESTERN DRILLING CO Produced Water Release 5/18/16 Crude Oil 0 0 0 BBL Lea (25) No No
nJXK1614531308 OXY USA INC Major Produced Water Release 5/17/16 Produced Water 25 20 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nVF1621641559 BURLINGTON RESOURCES OIL & GAS CO Release Other 5/17/16 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1614432551 BOPCO, L.P. Minor Produced Water Release 5/17/16 Produced Water 14 5 9 BBL Equipment Failure Eddy (15) No No
nJXK1616127644 PYOTE WELL SERVICE, LLC Major Produced Water Release 5/17/16 Produced Water 1050 1050 0 BBL Lightning Lea (25) No No
nJXK1614531308 OXY USA INC Major Produced Water Release 5/17/16 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nVF1613853425 SIMCOE LLC Minor Release Other 5/16/16 Produced Water 5 3 2 BBL San Juan (45) No No
nOY1703851131 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 5/12/16 Produced Water 15 15 0 BBL Equipment Failure Lea (25) No No
nJXK1614546028 EOG Y RESOURCES, INC. Major Produced Water Release 5/12/16 Produced Water 115 112 3 BBL Equipment Failure Lea (25) No No
nJXK1613337088 Maverick Permian LLC Minor Produced Water Release 5/11/16 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nJXK1613337497 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/11/16 Produced Water 6 5 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1613445286 BP AMERICA PRODUCTION COMPANY Other 5/10/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1613255168 OXY USA INC Minor Produced Water Release 5/9/16 Produced Water 12 10 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1613230147 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 5/9/16 Produced Water 12 0 12 BBL San Juan (45) No No
nAB1613952026 COG OPERATING LLC Minor Produced Water Release 5/9/16 Produced Water 22 12 10 BBL Corrosion Eddy (15) No No
nAB1613953134 Spur Energy Partners LLC Minor Produced Water Release 5/9/16 Crude Oil 10 10 0 BBL Corrosion Eddy (15) No No
nJXK1613255168 OXY USA INC Minor Produced Water Release 5/9/16 Crude Oil 6 5 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1613953134 Spur Energy Partners LLC Minor Produced Water Release 5/9/16 Produced Water 6 4 2 BBL Corrosion Eddy (15) No No
nJXK1614028144 MATADOR PRODUCTION COMPANY Minor Produced Water Release 5/8/16 Produced Water 13 10 3 BBL Human Error Lea (25) No No
nJXK1613948420 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 5/8/16 Produced Water 650 647 3 BBL Equipment Failure Lea (25) No No
nAB1613135790 WPX Energy Permian, LLC Major Produced Water Release 5/8/16 Produced Water 200 70 130 BBL Equipment Failure Eddy (15) No No
nAB1614429643 BOPCO, L.P. Minor Produced Water Release 5/7/16 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nJXK1613250820 CHEVRON U S A INC Minor Produced Water Release 5/6/16 Produced Water 4 4 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1613950758 COG OPERATING LLC Minor Produced Water Release 5/6/16 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1613949519 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 5/6/16 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1613135426 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/6/16 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJXK1613250820 CHEVRON U S A INC Minor Produced Water Release 5/6/16 Crude Oil 3 3 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1613950758 COG OPERATING LLC Minor Produced Water Release 5/6/16 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1613743288 OXY USA INC Major Produced Water Release 5/5/16 Produced Water 200 180 20 BBL Equipment Failure Eddy (15) No No
nAB1613951663 COG OPERATING LLC Minor Produced Water Release 5/5/16 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1614431484 COG OPERATING LLC Major Produced Water Release 5/5/16 Produced Water 2 0 2 BBL Fire Eddy (15) No No
nAB1613951663 COG OPERATING LLC Minor Produced Water Release 5/5/16 Produced Water 19 18 1 BBL Equipment Failure Eddy (15) No No
nVF1613847910 ENTERPRISE PRODUCTS OPERATING, LLC Major Fire 5/5/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1613738486 OCCIDENTAL PERMIAN LTD Oil Release 5/5/16 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAB1613133871 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 5/4/16 Condensate 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1613035815 WPX Energy Permian, LLC Major Produced Water Release 5/4/16 Produced Water 30 28 2 BBL Equipment Failure Eddy (15) No No
nJXK1615340414 HOLLY ENERGY PARTNERS, LP Major Oil Release 5/4/16 Crude Oil 29 18 11 BBL Equipment Failure Lea (25) No No
nCS1703132376 SIMCOE LLC Oil Release 5/4/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1613239824 BOPCO, L.P. Minor Produced Water Release 5/4/16 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1613239824 BOPCO, L.P. Minor Produced Water Release 5/4/16 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nAB1613735990 COG OPERATING LLC Minor Oil Release 5/3/16 Crude Oil 5 0 5 BBL Other Eddy (15) No No
nAB1613742363 OXY USA INC Minor Produced Water Release 5/3/16 Crude Oil 15 14 1 BBL Equipment Failure Eddy (15) No No
nAB1613742363 OXY USA INC Minor Produced Water Release 5/3/16 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1613041771 XTO ENERGY, INC Major Produced Water Release 5/3/16 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nVF1618241350 ENTERPRISE PRODUCTS OPERATING, LLC Major Release Other 5/3/16 Other (Specify) 42 0 42 BBL San Juan (45) No No
nAB1613041771 XTO ENERGY, INC Major Produced Water Release 5/3/16 Produced Water 91 90 1 BBL Equipment Failure Eddy (15) No No
nAB1613157015 PYOTE WELL SERVICE, LLC Major Produced Water Release 5/2/16 Produced Water 500 500 0 BBL Equipment Failure Eddy (15) No No
nVF1612333821 BURLINGTON RESOURCES OIL & GAS CO Release Other 5/2/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1613156899 OXY USA INC Minor Produced Water Release 5/2/16 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nAB1635538475 CAZA OPERATING, LLC Major Produced Water Release 5/2/16 Produced Water 979 0 979 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nOY1709047454 TARGA MIDSTREAM SERVICES LLC Natural Gas Release 5/1/16 Natural Gas Liquids 0 0 0 BBL Corrosion Lea (25) No No
nAB1613042587 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/1/16 Produced Water 700 698 2 BBL Equipment Failure Eddy (15) No No
nOY1709044723 TARGA MIDSTREAM SERVICES LLC Major Natural Gas Release 5/1/16 Natural Gas Liquids 0 0 0 BBL Corrosion Lea (25) No No
nJXK1613027690 COG OPERATING LLC Minor Produced Water Release 4/29/16 Produced Water 15 12 3 BBL Equipment Failure Lea (25) No No
nJXK1612554118 OXY USA INC Minor Produced Water Release 4/29/16 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nJXK1612554118 OXY USA INC Minor Produced Water Release 4/29/16 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAB1612431874 EOG RESOURCES INC Major Produced Water Release 4/28/16 Produced Water 57 0 57 BBL Corrosion Eddy (15) No No
nJXK1613732455 EOG Y RESOURCES, INC. Produced Water Release 4/28/16 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nVF1612329068 WPX ENERGY PRODUCTION, LLC Release Other 4/28/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nJXK1612029745 EOG RESOURCES INC Major Produced Water Release 4/28/16 Produced Water 230 15 215 BBL Equipment Failure Lea (25) No No
nAB1612431874 EOG RESOURCES INC Major Produced Water Release 4/28/16 Crude Oil 3 0 3 BBL Corrosion Eddy (15) No No
nJXK1613732455 EOG Y RESOURCES, INC. Produced Water Release 4/28/16 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nVF1612329283 WPX ENERGY PRODUCTION, LLC Release Other 4/28/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nCS1612328817 CONOCOPHILLIPS COMPANY Major Oil Release 4/27/16 Produced Water 135 0 135 BBL Corrosion San Juan (45) No No
nCS1612328817 CONOCOPHILLIPS COMPANY Major Oil Release 4/27/16 Condensate 67 0 67 BBL Corrosion San Juan (45) No No
nAB1626736693 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/26/16 Produced Water 8 0 8 BBL Vandalism Eddy (15) No No
nJXK1613727210 KEY ENERGY SERVICES, LLC Minor Produced Water Release 4/26/16 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAB1613058084 COG OPERATING LLC Major Produced Water Release 4/26/16 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1613058084 COG OPERATING LLC Major Produced Water Release 4/26/16 Produced Water 35 33 2 BBL Equipment Failure Eddy (15) No No
nAB1619352674 CHEVRON U S A INC Major Produced Water Release 4/25/16 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nAB1619352674 CHEVRON U S A INC Major Produced Water Release 4/25/16 Produced Water 290 290 0 BBL Equipment Failure Eddy (15) No No
nJXK1611755817 EOG RESOURCES INC Major Produced Water Release 4/24/16 Produced Water 750 700 50 BBL Equipment Failure Lea (25) No No
nAB1611835288 MATADOR PRODUCTION COMPANY Minor Produced Water Release 4/24/16 Condensate 10 0 10 BBL Equipment Failure Eddy (15) No No
nCS1612331407 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 4/24/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1612654732 BURNETT OIL CO INC Produced Water Release 4/23/16 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJXK1611836857 CONOCOPHILLIPS CO. Minor Produced Water Release 4/23/16 Produced Water 16 15 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1612654732 BURNETT OIL CO INC Produced Water Release 4/23/16 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1613057348 Spur Energy Partners LLC Minor Produced Water Release 4/23/16 Produced Water 10 8 2 BBL Corrosion Eddy (15) No No
nAB1612652299 OXY USA INC Minor Produced Water Release 4/22/16 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
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nAB1619735083 OXY USA INC Minor Oil Release 4/22/16 Crude Oil 8 8 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1612652794 OXY USA INC Minor Produced Water Release 4/22/16 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nVF1618252440 ENTERPRISE PRODUCTS OPERATING, LLC Minor Release Other 4/22/16 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
nVF1614137666 Williams Four Corners, LLC Minor Release Other 4/22/16 Condensate 5 0 0 BBL San Juan (45) No No
nJXK1612534247 OXY USA INC Major Produced Water Release 4/22/16 Produced Water 60 50 10 BBL Equipment Failure Lea (25) No No
nAB1612652794 OXY USA INC Minor Produced Water Release 4/22/16 Produced Water 3 2 1 BBL Equipment Failure Eddy (15) No No
nCS1612530398 BURLINGTON RESOURCES OIL & GAS CO Oil Release 4/21/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1612037209 EOG Y RESOURCES, INC. Major Produced Water Release 4/21/16 Produced Water 175 150 25 BBL Equipment Failure Lea (25) No No
nAB1611652682 BURNETT OIL CO INC Major Produced Water Release 4/21/16 Crude Oil 18 10 8 BBL Equipment Failure Eddy (15) No No
nJXK1612037209 EOG Y RESOURCES, INC. Major Produced Water Release 4/21/16 Crude Oil 25 25 0 BBL Equipment Failure Lea (25) No No
nAB1611652682 BURNETT OIL CO INC Major Produced Water Release 4/21/16 Produced Water 40 30 10 BBL Equipment Failure Eddy (15) No No
nAB1627034758 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 4/21/16 Natural Gas Liquids 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1611933379 BOPCO, L.P. Minor Produced Water Release 4/21/16 Produced Water 24 10 14 BBL Equipment Failure Eddy (15) No No
nAB1611654086 BEACH EXPLORATION INC Major Produced Water Release 4/20/16 Produced Water 210 160 50 BBL Equipment Failure Eddy (15) No No
nAB1612653656 Spur Energy Partners LLC Minor Produced Water Release 4/20/16 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nAB1612653656 Spur Energy Partners LLC Minor Produced Water Release 4/20/16 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nCS1630955492 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 4/20/16 Natural Gas Liquids 10 0 10 BBL Corrosion Rio Arriba (39) No No
nCS1612352920 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 4/19/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1611925577 CONOCOPHILLIPS CO. Minor Oil Release 4/19/16 Crude Oil 14 9 5 BBL Equipment Failure Lea (25) No No
nVF1613942281 THOMPSON ENGR & PROD CORP Major Release Other 4/19/16 Crude Oil 130 0 130 BBL San Juan (45) No No
nJXK1613338108 PLAINS MARKETING L.P. Major Oil Release 4/19/16 Crude Oil 190 100 90 BBL Human Error Lea (25) No No
nJXK1611028795 LIME ROCK RESOURCES II-A, L.P. Oil Release 4/18/16 Produced Water 0 0 0 BBL Lea (25) No No
nJXK1611628108 BXP Operating, LLC Major Produced Water Release 4/18/16 Produced Water 180 180 0 BBL Equipment Failure Lea (25) No No
nJXK1611026294 LIME ROCK RESOURCES II-A, L.P. Oil Release 4/18/16 Crude Oil 0 0 0 BBL Lea (25) No No
nJXK1611028795 LIME ROCK RESOURCES II-A, L.P. Oil Release 4/18/16 Crude Oil 0 0 0 BBL Lea (25) No No
nJXK1611026294 LIME ROCK RESOURCES II-A, L.P. Oil Release 4/18/16 Produced Water 0 0 0 BBL Lea (25) No No
nJXK1611027253 LIME ROCK RESOURCES II-A, L.P. Oil Release 4/18/16 Produced Water 0 0 0 BBL Lea (25) No No
nJXK1611027253 LIME ROCK RESOURCES II-A, L.P. Oil Release 4/18/16 Crude Oil 0 0 0 BBL Lea (25) No No
nAB1611050323 CAZA OPERATING, LLC Major Oil Release 4/17/16 Crude Oil 30 0 30 BBL Equipment Failure Eddy (15) No No
nAB1612430979 COG OPERATING LLC Minor Oil Release 4/17/16 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1611226146 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/17/16 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAB1611226146 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/17/16 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1612340908 COG OPERATING LLC Minor Oil Release 4/16/16 Crude Oil 8 6 2 BBL Equipment Failure Eddy (15) No No
nAB1614039576 WPX Energy Permian, LLC Major Produced Water Release 4/15/16 Produced Water 55 0 55 BBL Equipment Failure Eddy (15) No No
nVF1613132460 Williams Four Corners, LLC Minor Release Other 4/15/16 Condensate 10 0 10 BBL San Juan (45) No No
nAB1611035243 WPX Energy Permian, LLC Major Produced Water Release 4/15/16 Produced Water 30 28 2 BBL Equipment Failure Eddy (15) No No
nAB1612340054 COG OPERATING LLC Minor Produced Water Release 4/14/16 Produced Water 8 5 3 BBL Equipment Failure Eddy (15) No No
nCS1610548494 SIMCOE LLC Major Produced Water Release 4/14/16 Produced Water 30 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJXK1611033145 CONOCOPHILLIPS CO. Major Produced Water Release 4/14/16 Produced Water 25 20 5 BBL Equipment Failure Lea (25) No No
nAB1611035718 EOG Y RESOURCES, INC. Major Produced Water Release 4/12/16 Produced Water 30 15 15 BBL Equipment Failure Eddy (15) No No
nJXK1611249401 Lucid Artesia Company Major Produced Water Release 4/12/16 Produced Water 30 20 10 BBL Lightning Lea (25) No No
nAB1612354415 COG OPERATING LLC Minor Produced Water Release 4/12/16 Crude Oil 10 2 8 BBL Equipment Failure Eddy (15) No No
nJXK1611926089 COG OPERATING LLC Major Oil Release 4/12/16 Crude Oil 120 100 20 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1612429261 COG OPERATING LLC Minor Produced Water Release 4/12/16 Produced Water 15 12 3 BBL Equipment Failure Eddy (15) No No
nAB1612354415 COG OPERATING LLC Minor Produced Water Release 4/12/16 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1610536837 OXY USA INC Other 4/10/16 Other (Specify) 0 0 0 BBL Lightning Eddy (15) No No
nJXK1611726253 COG OPERATING LLC Major Produced Water Release 4/9/16 Produced Water 40 38 2 BBL Lightning Lea (25) No No
nAB1610537909 MATADOR PRODUCTION COMPANY Minor Release Other 4/9/16 Condensate 20 19 1 BBL Equipment Failure Eddy (15) No No
nAB1610331296 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/7/16 Produced Water 66 66 0 BBL Equipment Failure Eddy (15) No No
nJXK1609831456 SIANA OPERATING LLC Produced Water Release 4/7/16 Produced Water 0 0 0 BBL Lea (25) No No
nJXK1609831783 SIANA OPERATING LLC Produced Water Release 4/7/16 Produced Water 0 0 0 BBL Lea (25) No No
nJXK1609831456 SIANA OPERATING LLC Produced Water Release 4/7/16 Crude Oil 0 0 0 BBL Lea (25) No No
nAB1611040253 EOG Y RESOURCES, INC. Major Oil Release 4/7/16 Crude Oil 100 94 6 BBL Equipment Failure Eddy (15) No No
nJXK1609832033 SIANA OPERATING LLC Produced Water Release 4/7/16 Produced Water 0 0 0 BBL Lea (25) No No
nJXK1609831783 SIANA OPERATING LLC Produced Water Release 4/7/16 Crude Oil 0 0 0 BBL Lea (25) No No
nJXK1609832033 SIANA OPERATING LLC Produced Water Release 4/7/16 Crude Oil 0 0 0 BBL Lea (25) No No
nJXK1610331780 J R OIL, LTD. CO. Minor Produced Water Release 4/7/16 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nJXK1610331780 J R OIL, LTD. CO. Minor Produced Water Release 4/7/16 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAB1609835241 WPX Energy Permian, LLC Major Oil Release 4/6/16 Crude Oil 195 146 49 BBL Equipment Failure Eddy (15) No No
nAB1611653621 APACHE CORPORATION Minor Produced Water Release 4/6/16 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nAB1611653204 Spur Energy Partners LLC Minor Produced Water Release 4/6/16 Produced Water 13 11 2 BBL Equipment Failure Eddy (15) No No
nAB1611653621 APACHE CORPORATION Minor Produced Water Release 4/6/16 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1609941598 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/5/16 Produced Water 48 44 4 BBL Equipment Failure Eddy (15) No No
nAB1609935347 MATADOR PRODUCTION COMPANY Minor Produced Water Release 4/5/16 Produced Water 12 9 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1609941598 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/5/16 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nJXK1609752883 Maverick Permian LLC Minor Produced Water Release 4/4/16 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nJXK1610550608 RICE OPERATING COMPANY Minor Produced Water Release 4/4/16 Produced Water 10 7 3 BBL Equipment Failure Lea (25) No No
nAB1611652207 Spur Energy Partners LLC Minor Produced Water Release 4/4/16 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJXK1610631827 Spur Energy Partners LLC Major Oil Release 4/4/16 Crude Oil 25 24 1 BBL Equipment Failure Lea (25) No No
nJXK1609752883 Maverick Permian LLC Minor Produced Water Release 4/4/16 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nJXK1609648622 TEAM OPERATING, L.L.C. Major Produced Water Release 4/3/16 Produced Water 100 80 20 BBL Equipment Failure Lea (25) No No
nJXK1611133725 BTA OIL PRODUCERS Major Oil Release 4/3/16 Crude Oil 34 30 4 BBL Equipment Failure Lea (25) No No
nAB1609926539 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/2/16 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nVF1630850920 SIMCOE LLC Minor Produced Water Release 4/2/16 Produced Water 9 7 2 BBL San Juan (45) No No
nCS1609733254 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 4/2/16 Produced Water 9 7 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJXK1609828269 XTO ENERGY, INC Major Produced Water Release 4/2/16 Produced Water 27 25 2 BBL Equipment Failure Lea (25) No No
nVF1631354154 SIMCOE LLC Release Other 4/1/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1609650742 FASKEN OIL & RANCH LTD Major Produced Water Release 4/1/16 Produced Water 32 32 0 BBL Equipment Failure Lea (25) No No
nVF1724338605 MERRION OIL & GAS CORP Release Other 3/31/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1610356566 BXP Operating, LLC Minor Produced Water Release 3/31/16 Produced Water 14 14 0 BBL Equipment Failure Eddy (15) No No
nJXK1609648244 Extex Operating Company Major Oil Release 3/31/16 Crude Oil 60 30 30 BBL Equipment Failure Lea (25) No No
nCS1629854256 Harvest Four Corners, LLC Major Other 3/30/16 Other (Specify) 0 0 0 BBL Other San Juan (45) Yes No
nJXK1610547062 COG OPERATING LLC Major Oil Release 3/30/16 Crude Oil 300 295 5 BBL Equipment Failure Lea (25) No No
nAB1610356886 CHEVRON U S A INC Minor Oil Release 3/30/16 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nCS1618255556 BP AMERICA PRODUCTION COMPANY Other 3/30/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1610356886 CHEVRON U S A INC Minor Oil Release 3/30/16 Produced Water 13 11 2 BBL Equipment Failure Eddy (15) No No
nAB1610356060 COG PRODUCTION, LLC Minor Oil Release 3/28/16 Crude Oil 20 15 5 BBL Corrosion Eddy (15) No No
nKL1626348510 EOG RESOURCES INC Major Produced Water Release 3/28/16 Produced Water 430 360 70 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1609645266 DUGAN PRODUCTION CORP Minor Oil Release 3/28/16 Crude Oil 7 0 7 BBL Equipment Failure Chaves (05) No No
nAB1609149408 MEWBOURNE OIL CO Major Produced Water Release 3/27/16 Produced Water 80 80 0 BBL Equipment Failure Eddy (15) No No
nCS1609732516 HILCORP ENERGY COMPANY Major Produced Water Release 3/27/16 Produced Water 48 31 17 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJXK1608840214 RAYBAW Operating, LLC Minor Produced Water Release 3/26/16 Produced Water 10 0 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1609647186 TEAM OPERATING, L.L.C. Major Produced Water Release 3/26/16 Produced Water 25 5 20 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1609150946 Roughhouse Operating, LLC Minor Produced Water Release 3/26/16 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nCS1611654834 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 3/25/16 Natural Gas Liquids 0 0 0 BBL Rio Arriba (39) No No
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nJXK1609929026 COG OPERATING LLC Minor Produced Water Release 3/24/16 Produced Water 18 18 0 BBL Equipment Failure Lea (25) No No
nVF1624439411 CONOCOPHILLIPS COMPANY Release Other 3/24/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nVF1613849299 ENTERPRISE FIELD SERVICES L.L.C. Major Fire 3/24/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nJXK1620253226 SIANA OPERATING LLC Produced Water Release 3/24/16 Produced Water 0 0 0 BBL Lea (25) No No
nJXK1620253226 SIANA OPERATING LLC Produced Water Release 3/24/16 Crude Oil 0 0 0 BBL Lea (25) No No
nVF1621642505 CONOCOPHILLIPS COMPANY Release Other 3/23/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1610545915 AMERICO ENERGY RESOURCES LLC Major Produced Water Release 3/22/16 Produced Water 30 30 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nVF1608236449 SIMCOE LLC Release Other 3/22/16 Unknown 0 0 0 BBL San Juan (45) No No
nVF1608235753 Williams Four Corners, LLC Release Other 3/22/16 Unknown 0 0 0 BBL San Juan (45) No No
nVF1608232977 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 3/22/16 Condensate 81 0 81 BBL Rio Arriba (39) No No
nVF1608234490 Williams Four Corners, LLC Major Release Other 3/22/16 Condensate 8 0 0 BBL San Juan (45) No No
nJXK1612649578 TEAM OPERATING, L.L.C. Major Produced Water Release 3/22/16 Produced Water 35 30 5 BBL Equipment Failure Lea (25) No No
nVF1608232977 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 3/22/16 Produced Water 9 0 9 BBL Rio Arriba (39) No No
nVF1608235105 BURLINGTON RESOURCES OIL & GAS CO Minor Release Other 3/22/16 Crude Oil 8 0 0 BBL San Juan (45) No No
nAB1608941608 BOPCO, L.P. Minor Produced Water Release 3/22/16 Produced Water 16 10 6 BBL Corrosion Eddy (15) No No
nJXK1612649578 TEAM OPERATING, L.L.C. Major Produced Water Release 3/22/16 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nVF1624442475 CONOCOPHILLIPS COMPANY Release Other 3/21/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1609639712 COG OPERATING LLC Major Produced Water Release 3/20/16 Produced Water 85 75 10 BBL Corrosion Eddy (15) No No

nJXK1608427547
NORTHERN PACIFIC OIL AND GAS 
INCORPORATED Major Produced Water Release 3/18/16 Produced Water 50 0 50 BBL Vandalism Chaves (05) No No

nJXK1608426520 CROSS BORDER RESOURCES, INC. Major Produced Water Release 3/18/16 Produced Water 80 0 80 BBL Vandalism Chaves (05) No No
nJXK1608426520 CROSS BORDER RESOURCES, INC. Major Produced Water Release 3/18/16 Crude Oil 80 0 80 BBL Vandalism Chaves (05) No No

nJXK1608427547
NORTHERN PACIFIC OIL AND GAS 
INCORPORATED Major Produced Water Release 3/18/16 Crude Oil 2 0 2 BBL Vandalism Chaves (05) No No

nJXK1608141111 Maverick Permian LLC Minor Produced Water Release 3/18/16 Produced Water 15 1 14 BBL Equipment Failure Lea (25) No No

nJXK1608427167
NORTHERN PACIFIC OIL AND GAS 
INCORPORATED Major Oil Release 3/18/16 Crude Oil 35 0 35 BBL Vandalism Chaves (05) No No

nAB1609640449 BOPCO, L.P. Major Oil Release 3/17/16 Crude Oil 46 40 6 BBL Equipment Failure Eddy (15) No No
nVF1621150501 SIMCOE LLC Major Oil Release 3/17/16 Condensate 79 20 59 BBL San Juan (45) No No
nCS1609729035 WILLAMS FOUR CORNERS, LLC Minor Natural Gas Release 3/14/16 Produced Water 1 0 1 BBL Human Error Rio Arriba (39) No No
nJXK1608450635 Maverick Permian LLC Minor Produced Water Release 3/13/16 Produced Water 17 8 9 BBL Equipment Failure Lea (25) No No
nJXK1608450635 Maverick Permian LLC Minor Produced Water Release 3/13/16 Crude Oil 7 7 0 BBL Equipment Failure Lea (25) No No
nAPP2415825281 Murchison Oil and Gas, LLC Major Other 3/12/16 Crude Oil 0 0 0 BBL Normal Operations Eddy (15) No No
nJXK1608134606 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/12/16 Produced Water 7 6 1 BBL Equipment Failure Lea (25) No No
nKJ1607136068 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 3/11/16 Crude Oil 5 4 1 BBL Equipment Failure Roosevelt (41) No No
nKJ1607137299 Opal Operating Company LLC Minor Produced Water Release 3/11/16 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nKJ1607137299 Opal Operating Company LLC Minor Produced Water Release 3/11/16 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nJXK1608327229 COG OPERATING LLC Minor Produced Water Release 3/9/16 Produced Water 16 15 1 BBL Equipment Failure Lea (25) No No
nJXK1608327229 COG OPERATING LLC Minor Produced Water Release 3/9/16 Crude Oil 3 1 2 BBL Equipment Failure Lea (25) No No
nVF1606849299 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 3/8/16 Condensate 10 10 0 BBL San Juan (45) No No
nAB1607039688 LINN OPERATING, LLC. Major Produced Water Release 3/8/16 Produced Water 250 225 25 BBL Equipment Failure Eddy (15) No No
nVF1606856119 BURLINGTON RESOURCES OIL & GAS CO Minor Release Other 3/8/16 Produced Water 6 0 0 BBL San Juan (45) No No
nJXK1609533146 OCCIDENTAL PERMIAN LTD Major Produced Water Release 3/8/16 Produced Water 670 669 1 BBL Human Error Lea (25) No No
nVF1606849299 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 3/8/16 Produced Water 70 10 60 BBL San Juan (45) No No
nJXK1609533146 OCCIDENTAL PERMIAN LTD Major Produced Water Release 3/8/16 Crude Oil 1 1 0 BBL Human Error Lea (25) No No
nKJ1606828423 SIANA OPERATING LLC Major Produced Water Release 3/8/16 Produced Water 1400 1100 300 BBL Equipment Failure Lea (25) No No
nVF1606847635 SIMCOE LLC Major Produced Water Release 3/7/16 Produced Water 61 60 1 BBL Equipment Failure San Juan (45) No No
nAB1606931625 REGENCY FIELD SERVICES LLC Minor Natural Gas Release 3/7/16 Natural Gas Liquids 8 0 8 BBL Equipment Failure Lea (25) No No
nAB1606852186 BURNETT OIL CO INC Major Oil Release 3/6/16 Crude Oil 60 40 20 BBL Equipment Failure Eddy (15) No No
nJXK1608135560 COG PRODUCTION, LLC Major Oil Release 3/6/16 Crude Oil 40 35 5 BBL Equipment Failure Lea (25) No No
nAB1608940306 OXY USA INC Major Oil Release 3/6/16 Crude Oil 250 240 10 BBL Equipment Failure Eddy (15) No No
nJXK1608135560 COG PRODUCTION, LLC Major Oil Release 3/6/16 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nAB1607446389 COG OPERATING LLC Minor Produced Water Release 3/5/16 Produced Water 20 5 15 BBL Equipment Failure Eddy (15) No No
nAB1607854829 Silverback Operating II, LLC Minor Produced Water Release 3/4/16 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nCS1608336451 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 3/4/16 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1607854829 Silverback Operating II, LLC Minor Produced Water Release 3/4/16 Produced Water 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1608941057 OXY USA INC Minor Oil Release 3/3/16 Crude Oil 7 7 0 BBL Equipment Failure Eddy (15) No No
nAB1616055207 JIM PIERCE Oil Release 3/3/16 Crude Oil 3 0 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1608941057 OXY USA INC Minor Oil Release 3/3/16 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nJXK1611631525 Extex Operating Company Minor Oil Release 3/2/16 Crude Oil 15 10 5 BBL Equipment Failure Lea (25) No No
nJXK1606352748 KEY ENERGY SERVICES, LLC Major Other 3/2/16 Brine Water 80 0 80 BBL Human Error Lea (25) No No
nCS1606253828 XTO ENERGY, INC Major Oil Release 3/2/16 Condensate 100 0 100 BBL Corrosion San Juan (45) No No
nCS1606253828 XTO ENERGY, INC Major Oil Release 3/2/16 Produced Water 20 0 20 BBL Corrosion San Juan (45) No No
nCS1608528209 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 3/1/16 Crude Oil 5 0 0 BBL Corrosion San Juan (45) No No
nAB1606354205 CIMAREX ENERGY CO. Minor Produced Water Release 3/1/16 Produced Water 20 16 4 BBL Equipment Failure Eddy (15) No No
nCS1608528209 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 3/1/16 Produced Water 35 0 0 BBL Corrosion San Juan (45) No No
nJXK1607437905 COG OPERATING LLC Minor Produced Water Release 3/1/16 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No
nJXK1606433868 EOG RESOURCES INC Major Produced Water Release 2/29/16 Produced Water 120 60 60 BBL Equipment Failure Lea (25) No No
nJXK1606955579 EOG Y RESOURCES, INC. Major Produced Water Release 2/28/16 Produced Water 25 18 7 BBL Vandalism Lea (25) No No
nJXK1606227470 CIMAREX ENERGY CO. Major Produced Water Release 2/28/16 Produced Water 40 40 0 BBL Corrosion Lea (25) No No
nAB1607042880 OXY USA INC Minor Produced Water Release 2/28/16 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1607042880 OXY USA INC Minor Produced Water Release 2/28/16 Produced Water 10 7 3 BBL Equipment Failure Eddy (15) No No
nAB1607447305 Spur Energy Partners LLC Minor Produced Water Release 2/28/16 Produced Water 20 19 1 BBL Corrosion Eddy (15) No No
nAB1606938247 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 2/27/16 Natural Gas Liquids 9 0 9 BBL Equipment Failure Eddy (15) No No
nAB1606239294 BOPCO, L.P. Major Produced Water Release 2/27/16 Crude Oil 54 50 4 BBL Equipment Failure Eddy (15) No No
nAB1606239294 BOPCO, L.P. Major Produced Water Release 2/27/16 Produced Water 65 50 15 BBL Equipment Failure Eddy (15) No No
nAB1606426877 BURNETT OIL CO INC Major Produced Water Release 2/26/16 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1606426877 BURNETT OIL CO INC Major Produced Water Release 2/26/16 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nAB1606356768 BURNETT OIL CO INC Minor Produced Water Release 2/26/16 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1606356768 BURNETT OIL CO INC Minor Produced Water Release 2/26/16 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nJXK1606850915 Maverick Permian LLC Major Produced Water Release 2/26/16 Produced Water 141 95 46 BBL Equipment Failure Lea (25) No No
nAB1606055123 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/25/16 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nAB1606057005 APACHE CORPORATION Major Produced Water Release 2/24/16 Crude Oil 10 2 8 BBL Equipment Failure Eddy (15) No No
nAB1607041077 COG OPERATING LLC Minor Produced Water Release 2/24/16 Crude Oil 2 2 0 BBL Corrosion Eddy (15) No No
nCS1605638706 HILCORP ENERGY COMPANY Major Oil Release 2/24/16 Condensate 100 0 100 BBL Corrosion Rio Arriba (39) No No
nKJ1605537569 EOG RESOURCES INC Major Produced Water Release 2/24/16 Produced Water 300 180 120 BBL Human Error Lea (25) No No
nAB1606057005 APACHE CORPORATION Major Produced Water Release 2/24/16 Produced Water 40 3 37 BBL Equipment Failure Eddy (15) No No
nAB1607041077 COG OPERATING LLC Minor Produced Water Release 2/24/16 Produced Water 3 1 2 BBL Corrosion Eddy (15) No No
nVF1605434357 ENCANA OIL & GAS (USA) INC. Major Release Other 2/23/16 Crude Oil 36 0 0 BBL Rio Arriba (39) No No
nJXK1606032003 STEWARD ENERGY II, LLC Minor Produced Water Release 2/23/16 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nJXK1606032003 STEWARD ENERGY II, LLC Minor Produced Water Release 2/23/16 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nKJ1605338209 BXP Operating, LLC Minor Release Other 2/22/16 Drilling Mud/Fluid 15 0 15 BBL Normal Operations Lea (25) No No
nVF1605435211 BURLINGTON RESOURCES OIL & GAS CO Minor Release Other 2/22/16 Produced Water 13 12 1 BBL Freeze San Juan (45) No No
nAB1605729044 XTO PERMIAN OPERATING LLC. Major Oil Release 2/22/16 Crude Oil 42 25 17 BBL Equipment Failure Eddy (15) No No
nAB1607446890 COG OPERATING LLC Minor Oil Release 2/22/16 Crude Oil 5 0 5 BBL Other Eddy (15) No No
nAB1605654667 WPX Energy Permian, LLC Minor Produced Water Release 2/20/16 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
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nCS1610550582 SIMCOE LLC Major Produced Water Release 2/20/16 Produced Water 200 10 190 BBL Freeze San Juan (45) No No
nAB1605654667 WPX Energy Permian, LLC Minor Produced Water Release 2/20/16 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nKJ1605037313 CROSS TIMBERS ENERGY, LLC Minor Oil Release 2/19/16 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nVF1605336774 BURLINGTON RESOURCES OIL & GAS CO Release Other 2/19/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1606026742 OXY USA INC Major Produced Water Release 2/19/16 Produced Water 100 0 100 BBL Equipment Failure Lea (25) No No
nAB1605654091 BOPCO, L.P. Minor Produced Water Release 2/19/16 Crude Oil 11 0 11 BBL Equipment Failure Eddy (15) No No
nKJ1605037313 CROSS TIMBERS ENERGY, LLC Minor Oil Release 2/19/16 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nJXK1606926695 DCP OPERATING COMPANY, LP Minor Release Other 2/19/16 Condensate 6 0 6 BBL Equipment Failure Lea (25) No No
nVF1605041801 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 2/19/16 Condensate 52 0 0 BBL San Juan (45) No No
nAB1605638032 COLGATE OPERATING, LLC Minor Produced Water Release 2/19/16 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKJ1605040769 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 2/19/16 Crude Oil 800 259 541 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1605654091 BOPCO, L.P. Minor Produced Water Release 2/19/16 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nVF1605041801 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 2/19/16 Produced Water 16 0 0 BBL San Juan (45) No No
nKJ1605040769 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 2/19/16 Produced Water 246 100 146 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1605638032 COLGATE OPERATING, LLC Minor Produced Water Release 2/19/16 Produced Water 15 2 13 BBL Equipment Failure Eddy (15) No No
nVF1605041801 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 2/19/16 Condensate 55 0 0 BBL San Juan (45) No No
nAB1606355513 COG PRODUCTION, LLC Major Produced Water Release 2/18/16 Crude Oil 8 4 4 BBL Vandalism Eddy (15) No No
nVF1604925992 SIMCOE LLC Major Release Other 2/18/16 Condensate 38 0 0 BBL San Juan (45) No No
nAB1606355513 COG PRODUCTION, LLC Major Produced Water Release 2/18/16 Produced Water 20 19 1 BBL Vandalism Eddy (15) No No
nVF1604950350 CONOCOPHILLIPS CO. Release Other 2/18/16 Unknown 0 0 0 BBL San Juan (45) No No
nVF1604925992 SIMCOE LLC Major Release Other 2/18/16 Condensate 30 37 -7 BBL San Juan (45) No No
nVF1604925992 SIMCOE LLC Major Release Other 2/18/16 Produced Water 8 7 1 BBL San Juan (45) No No
nCS1629241395 BURLINGTON RESOURCES OIL & GAS CO Other 2/17/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1606239324 MATADOR PRODUCTION COMPANY Minor Oil Release 2/17/16 Crude Oil 20 15 5 BBL Equipment Failure Lea (25) No No
nVF1636232176 CONOCOPHILLIPS COMPANY Release Other 2/17/16 Unknown 0 0 0 BBL San Juan (45) No No
nJXK1610932972 ECHO PRODUCTION INC Produced Water Release 2/17/16 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nJXK1610932972 ECHO PRODUCTION INC Produced Water Release 2/17/16 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1606240035 COG OPERATING LLC Major Produced Water Release 2/16/16 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nVF1604749779 SIMCOE LLC Release Other 2/16/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1606240035 COG OPERATING LLC Major Produced Water Release 2/16/16 Produced Water 15 13 2 BBL Equipment Failure Eddy (15) No No
nVF1605326467 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 2/16/16 Condensate 51 0 51 BBL Corrosion San Juan (45) No No
nCS1610542560 HILCORP ENERGY COMPANY Produced Water Release 2/16/16 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nCS1605653625 ENCANA OIL & GAS (USA) INC. Produced Water Release 2/16/16 Other (Specify) 0 0 0 BBL Freeze Rio Arriba (39) No No
nAB1606428170 OXY USA INC Major Produced Water Release 2/16/16 Produced Water 40 38 2 BBL Equipment Failure Eddy (15) No No
nAB1605635112 Lucid Artesia Company Other 2/16/16 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nVF1605326467 BURLINGTON RESOURCES OIL & GAS CO Major Release Other 2/16/16 Produced Water 15 0 15 BBL Corrosion San Juan (45) No No
nJXK1611630540 TEAM OPERATING, L.L.C. Major Produced Water Release 2/15/16 Crude Oil 260 250 10 BBL Equipment Failure Lea (25) No No
nJXK1604933416 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/15/16 Produced Water 45 40 5 BBL Human Error Lea (25) No No
nTO1604852253 SIANA OPERATING LLC Produced Water Release 2/15/16 Produced Water 0 0 0 BBL Lea (25) No No
nVF1626436628 XTO ENERGY, INC. Release Other 2/15/16 Unknown 0 0 0 BBL San Juan (45) No No

nAB1606436308
DUKE ENERGY FIELD SERVICES SOUTHWEST, 
INC. Release Other 2/15/16 Condensate 1 0 1 BBL Equipment Failure Eddy (15) No No

nAB1605636909 EOG Y RESOURCES, INC. Major Oil Release 2/14/16 Crude Oil 65 65 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1604938284 PHX Energy, LLC Major Produced Water Release 2/14/16 Produced Water 1100 1040 60 BBL Equipment Failure Eddy (15) No No
nJXK1604944268 OXY USA INC Major Produced Water Release 2/14/16 Produced Water 37 30 7 BBL Equipment Failure Lea (25) No No
nJXK1604825469 Maverick Permian LLC Minor Produced Water Release 2/13/16 Produced Water 5 0 5 BBL Human Error Lea (25) No No
nAB1606954822 Lucid Artesia Company Major Produced Water Release 2/12/16 Produced Water 135 130 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1606240430 Spur Energy Partners LLC Minor Produced Water Release 2/12/16 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1605735051 EOG Y RESOURCES, INC. Major Produced Water Release 2/12/16 Produced Water 110 110 0 BBL Equipment Failure Eddy (15) No No
nJXK1604649303 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 2/12/16 Produced Water 5 1 4 BBL Other Lea (25) No No
nAB1606240430 Spur Energy Partners LLC Minor Produced Water Release 2/12/16 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nCS1604628469 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 2/11/16 Produced Water 200 195 5 BBL Equipment Failure Rio Arriba (39) No No
nAB1604937472 ALPHA CRUDE CONNECTOR, LLC Major Oil Release 2/11/16 Crude Oil 100 40 60 BBL Equipment Failure Eddy (15) No No
nVF1604254774 Williams Four Corners, LLC Natural Gas Release 2/11/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nAB1604739873 RAYBAW Operating, LLC Major Oil Release 2/11/16 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1606056506 COG OPERATING LLC Major Produced Water Release 2/11/16 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1604739873 RAYBAW Operating, LLC Major Oil Release 2/11/16 Produced Water 48 45 3 BBL Equipment Failure Eddy (15) No No
nAB1606056506 COG OPERATING LLC Major Produced Water Release 2/11/16 Produced Water 40 27 13 BBL Equipment Failure Eddy (15) No No

nVF1604128680
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Release Other 2/10/16 Unknown 0 0 0 BBL San Juan (45) No No

nKJ1604043585 APACHE CORPORATION Minor Oil Release 2/9/16 Crude Oil 15 10 5 BBL Equipment Failure Lea (25) No No
nKJ1604040500 APACHE CORPORATION Major Produced Water Release 2/9/16 Produced Water 130 110 20 BBL Equipment Failure Lea (25) No No
nKJ1604042451 APACHE CORPORATION Major Oil Release 2/9/16 Crude Oil 40 35 5 BBL Equipment Failure Lea (25) No No
nJXK1606034056 MATADOR PRODUCTION COMPANY Minor Oil Release 2/9/16 Crude Oil 20 5 15 BBL Equipment Failure Lea (25) No No
nKJ1604034482 BAM Permian Operating, LLC Minor Oil Release 2/9/16 Crude Oil 5 0 5 BBL Other Chaves (05) No No
nKJ1604042162 APACHE CORPORATION Minor Produced Water Release 2/9/16 Produced Water 10 0 10 BBL Other Lea (25) No No
nKJ1604046284 APACHE CORPORATION Minor Oil Release 2/9/16 Crude Oil 5 2 3 BBL Equipment Failure Lea (25) No No
nKJ1604043031 APACHE CORPORATION Minor Produced Water Release 2/9/16 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nKJ1604042451 APACHE CORPORATION Major Oil Release 2/9/16 Produced Water 40 35 5 BBL Equipment Failure Lea (25) No No
nKJ1604044567 APACHE CORPORATION Produced Water Release 2/9/16 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nKJ1604043906 APACHE CORPORATION Major Produced Water Release 2/9/16 Brine Water 30 0 30 BBL Other Lea (25) No No
nVF1608855555 ENTERPRISE FIELD SERVICES L.L.C. Minor Natural Gas Release 2/9/16 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
nKJ1604042753 APACHE CORPORATION Major Oil Release 2/9/16 Crude Oil 25 18 7 BBL Equipment Failure Lea (25) No No
nKJ1604046284 APACHE CORPORATION Minor Oil Release 2/9/16 Produced Water 5 2 3 BBL Equipment Failure Lea (25) No No
nKJ1604045967 APACHE CORPORATION Minor Oil Release 2/9/16 Crude Oil 3 2 1 BBL Corrosion Lea (25) No No
nKJ1604042753 APACHE CORPORATION Major Oil Release 2/9/16 Produced Water 25 18 7 BBL Equipment Failure Lea (25) No No
nKJ1604045967 APACHE CORPORATION Minor Oil Release 2/9/16 Produced Water 2 1 1 BBL Corrosion Lea (25) No No
nVF1606928645 CONOCOPHILLIPS COMPANY Minor Release Other 2/9/16 Produced Water 8 6 2 BBL San Juan (45) No No
nKJ1604046284 APACHE CORPORATION Minor Oil Release 2/9/16 0 0 0 BBL Lea (25) No No
nKJ1603942080 NMR ENERGY LLC Produced Water Release 2/8/16 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nKJ1603934443 LINN OPERATING, LLC. Minor Produced Water Release 2/8/16 Produced Water 20 5 15 BBL Human Error Lea (25) No No
nKJ1603945641 LEGACY RESERVES OPERATING, LP Major Oil Release 2/8/16 Crude Oil 100 70 30 BBL Equipment Failure Lea (25) No No
nVF1603929025 BURLINGTON RESOURCES OIL & GAS CO Release Other 2/8/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nKJ1603938218 Maverick Permian LLC Minor Oil Release 2/8/16 Crude Oil 16 9 7 BBL Freeze Lea (25) No No
nKJ1603935987 APACHE CORPORATION Produced Water Release 2/8/16 Produced Water 0 0 0 BBL Lea (25) No No
nKJ1603934764 LINN OPERATING, LLC. Oil Release 2/8/16 Crude Oil 0 0 0 BBL Lea (25) No No
nKJ1603935415 LINN OPERATING, LLC. Major Produced Water Release 2/8/16 Produced Water 80 60 20 BBL Human Error Lea (25) No No
nKJ1603939539 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 2/8/16 Produced Water 35 0 35 BBL Equipment Failure Lea (25) No No
nCS1604633530 SIMCOE LLC Oil Release 2/8/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nKJ1603948284 Empire New Mexico LLC Major Oil Release 2/8/16 Crude Oil 22 1 21 BBL Equipment Failure Lea (25) No No
nKJ1603938218 Maverick Permian LLC Minor Oil Release 2/8/16 Produced Water 2 1 1 BBL Freeze Lea (25) No No
nKJ1603948284 Empire New Mexico LLC Major Oil Release 2/8/16 Produced Water 22 1 21 BBL Equipment Failure Lea (25) No No
nVF1603939780 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 2/8/16 Produced Water 22 0 22 BBL San Juan (45) No No
nJXK1604126938 MATADOR PRODUCTION COMPANY Major Produced Water Release 2/6/16 Produced Water 35 8 27 BBL Fire Lea (25) No No
nJXK1603952431 SPECIAL ENERGY CORP Minor Produced Water Release 2/5/16 Produced Water 20 12 8 BBL Human Error Lea (25) No No
nAB1604027744 CIMAREX ENERGY CO. Major Produced Water Release 2/5/16 Produced Water 40 35 5 BBL Equipment Failure Eddy (15) No No
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nAB1805133508 WPX Energy Permian, LLC Minor Produced Water Release 2/5/16 Produced Water 10 7 3 BBL Vandalism Eddy (15) No No
nKJ1603654241 COG OPERATING LLC Major Produced Water Release 2/5/16 Produced Water 25 0 25 BBL Equipment Failure Lea (25) No No
nAB1605635917 AGAVE ENERGY CO Minor Natural Gas Release 2/5/16 Natural Gas Liquids 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1604026777 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 2/5/16 Produced Water 150 140 10 BBL Equipment Failure Eddy (15) No No
nVF1603633033 FOUR STAR OIL & GAS CO Oil Release 2/5/16 Unknown 0 0 0 BBL San Juan (45) No No
nCS1723653622 Williams Four Corners, LLC Natural Gas Release 2/5/16 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nKJ1603631736 CROSS TIMBERS ENERGY, LLC Minor Oil Release 2/5/16 Crude Oil 10 8 2 BBL Equipment Failure Lea (25) No No
nKJ1603631736 CROSS TIMBERS ENERGY, LLC Minor Oil Release 2/5/16 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No
nKJ1603525960 OXY USA INC Major Produced Water Release 2/4/16 Produced Water 100 80 20 BBL Equipment Failure Lea (25) No No
nKJ1603527440 OXY USA INC Major Oil Release 2/4/16 Crude Oil 100 95 5 BBL Equipment Failure Lea (25) No No
nCS1603556147 SIMCOE LLC Major Oil Release 2/4/16 Condensate 45 10 35 BBL Corrosion San Juan (45) No No
nAB1604933977 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 2/4/16 Crude Oil 50 25 25 BBL Corrosion Eddy (15) No No
nJXK1604153386 Contango Resources, Inc. Major Produced Water Release 2/4/16 Produced Water 1200 1150 50 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nKJ1603535776 QUANTUM RESOURCES MANAGEMENT, LLC Major Oil Release 2/4/16 Crude Oil 60 30 30 BBL Equipment Failure Lea (25) No No
nCS1603556147 SIMCOE LLC Major Oil Release 2/4/16 Produced Water 40 10 30 BBL Corrosion San Juan (45) No No
nKJ1603456335 PLAINS MARKETING L.P. Oil Release 2/3/16 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nJXK1622246085 COG PRODUCTION, LLC Minor Oil Release 2/3/16 Crude Oil 20 19 1 BBL Human Error Lea (25) No No
nKJ1603455732 PLAINS MARKETING L.P. Minor Oil Release 2/3/16 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1609239708 BURNETT OIL CO INC Major Produced Water Release 2/3/16 Produced Water 437 400 37 BBL Equipment Failure Eddy (15) No No
nKJ1603450349 TARGA MIDSTREAM SERVICES LLC Major Produced Water Release 2/3/16 Produced Water 30 30 0 BBL Human Error Lea (25) No No
nVF1604753732 SIMCOE LLC Major Release Other 2/3/16 Natural Gas Liquids 79 20 59 BBL Corrosion San Juan (45) No No
nKJ1603459254 OXY USA INC Major Produced Water Release 2/3/16 Produced Water 50 0 50 BBL Equipment Failure Lea (25) No No
nVF1604753732 SIMCOE LLC Major Release Other 2/3/16 Produced Water 22 0 22 BBL Corrosion San Juan (45) No No
nAB1609239708 BURNETT OIL CO INC Major Produced Water Release 2/3/16 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nKJ1603330905 SOUTHERN UNION EXPLORATION CO Major Oil Release 2/2/16 Crude Oil 55 40 15 BBL Equipment Failure Lea (25) No No
nKJ1603329645 OXY USA INC Minor Produced Water Release 2/2/16 Produced Water 20 0 20 BBL Corrosion Lea (25) No No
nVF1603331450 XTO ENERGY, INC Minor Oil Release 2/2/16 Crude Oil 11 10 1 BBL San Juan (45) No No
nJXK1604233227 Ad Astra Resources LLC Major Produced Water Release 2/2/16 Produced Water 35 30 5 BBL Equipment Failure Lea (25) No No
nAB1603649137 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 2/2/16 Crude Oil 15 12 3 BBL Equipment Failure Eddy (15) No No
nAB1608139873 BOPCO, L.P. Minor Oil Release 2/1/16 Crude Oil 17 5 12 BBL Equipment Failure Eddy (15) No No
nJXK1604156258 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 2/1/16 Produced Water 10 0 10 BBL Other Lea (25) No No
nJXK1604637004 Water Energy Services, LLC Major Produced Water Release 2/1/16 Produced Water 100 100 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1607837012 BOPCO, L.P. Major Oil Release 2/1/16 Crude Oil 30 7 23 BBL Equipment Failure Eddy (15) No No
nCS1603253349 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 2/1/16 Produced Water 45 0 0 BBL Human Error Rio Arriba (39) No No
nJXK1604156258 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 2/1/16 Crude Oil 1 0 1 BBL Other Lea (25) No No
nCS1603253349 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 2/1/16 Crude Oil 3 0 0 BBL Human Error Rio Arriba (39) No No
nAB1603628068 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/31/16 Produced Water 8 7 1 BBL Equipment Failure Eddy (15) No No
nKJ1603327792 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/29/16 Produced Water 5 3 2 BBL Equipment Failure Lea (25) No No
nAB1604626856 COG OPERATING LLC Major Oil Release 1/29/16 Crude Oil 200 185 15 BBL Equipment Failure Eddy (15) No No
nAB1604626468 COG OPERATING LLC Major Oil Release 1/28/16 Crude Oil 50 45 5 BBL Equipment Failure Eddy (15) No No
nJXK1604126187 APACHE CORP Major Produced Water Release 1/28/16 Produced Water 115 90 25 BBL Equipment Failure Lea (25) No No
nJXK1608142079 COG OPERATING LLC Minor Oil Release 1/27/16 Crude Oil 20 5 15 BBL Freeze Lea (25) No No
nKJ1602626321 Extex Operating Company Produced Water Release 1/26/16 Produced Water 0 0 0 BBL Equipment Failure Roosevelt (41) No No
nVF1603356354 SIMCOE LLC Oil Release 1/26/16 Unknown 0 0 0 BBL San Juan (45) No No
nVF1602830702 SIMCOE LLC Minor Produced Water Release 1/25/16 Produced Water 7 0 7 BBL San Juan (45) No No
nAB1602733517 CIMAREX ENERGY CO. Minor Produced Water Release 1/25/16 Produced Water 20 5 15 BBL Equipment Failure Eddy (15) No No
nAB1602937059 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/25/16 Produced Water 60 50 10 BBL Human Error Eddy (15) No No
nAB1602730866 LINN OPERATING, LLC. Minor Produced Water Release 1/25/16 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1602730866 LINN OPERATING, LLC. Minor Produced Water Release 1/25/16 Produced Water 4 4 0 BBL Equipment Failure Eddy (15) No No
nJXK1602952866 CART HILL ENERGY, LLC Minor Oil Release 1/25/16 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nVF1604129228 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 1/24/16 Unknown 0 0 0 BBL Rio Arriba (39) No No
nJXK1603925859 Empire New Mexico LLC Major Produced Water Release 1/24/16 Produced Water 65 61 4 BBL Human Error Lea (25) No No
nAB1602736761 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/24/16 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1603651917 OXY USA INC Minor Produced Water Release 1/24/16 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAB1604030046 COG OPERATING LLC Major Produced Water Release 1/23/16 Crude Oil 50 50 0 BBL Equipment Failure Eddy (15) No No
nJXK1604645791 COG OPERATING LLC Minor Produced Water Release 1/23/16 Produced Water 17 17 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1603950602 EOG Y RESOURCES, INC. Minor Produced Water Release 1/23/16 Produced Water 5 4 1 BBL Vandalism Lea (25) No No
nAB1604030046 COG OPERATING LLC Major Produced Water Release 1/23/16 Produced Water 150 150 0 BBL Equipment Failure Eddy (15) No No
nJXK1603950602 EOG Y RESOURCES, INC. Minor Produced Water Release 1/23/16 Crude Oil 5 4 1 BBL Vandalism Lea (25) No No
nVF1602248453 CONOCOPHILLIPS CO. Major Produced Water Release 1/22/16 Produced Water 50 40 10 BBL San Juan (45) No No
nKJ1602628821 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/22/16 Produced Water 30 20 10 BBL Human Error Lea (25) No No
nVF1602239524 HILCORP ENERGY COMPANY Major Produced Water Release 1/22/16 Produced Water 75 74 1 BBL San Juan (45) No No
nVF1602250315 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 1/22/16 Produced Water 280 200 80 BBL Rio Arriba (39) No No
nVF1602239524 HILCORP ENERGY COMPANY Major Produced Water Release 1/22/16 0 0 0 BBL San Juan (45) No No
nAB1602634997 BOPCO, L.P. Minor Produced Water Release 1/21/16 Crude Oil 8 5 3 BBL Equipment Failure Eddy (15) No No
nVF1602130459 CONOCOPHILLIPS COMPANY Major Release Other 1/21/16 Produced Water 84 80 4 BBL San Juan (45) No No
nAB1602633193 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/21/16 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nAB1602634997 BOPCO, L.P. Minor Produced Water Release 1/21/16 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1602955379 BOPCO, L.P. Major Oil Release 1/21/16 Crude Oil 149 80 69 BBL Equipment Failure Eddy (15) No No
nAB1602526481 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/20/16 Produced Water 15 0 15 BBL Human Error Eddy (15) No No
nAB1603654698 OXY USA INC Minor Produced Water Release 1/20/16 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nAB1603654698 OXY USA INC Minor Produced Water Release 1/20/16 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nVF1602039767 WPX ENERGY PRODUCTION, LLC Major Fire 1/19/16 Unknown 0 0 0 BBL San Juan (45) No No
nVF1602039091 HILCORP ENERGY COMPANY Major Oil Release 1/19/16 Produced Water 6 0 0 BBL San Juan (45) No No
nAB1602127288 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/19/16 Crude Oil 65 60 5 BBL Corrosion Eddy (15) No No
nVF1602039091 HILCORP ENERGY COMPANY Major Oil Release 1/19/16 Crude Oil 27 0 0 BBL San Juan (45) No No
nKJ1602948451 ENTERPRISE FIELD SERVICES L.L.C. Major Oil Release 1/19/16 Natural Gas Liquids 60 0 60 BBL Equipment Failure Lea (25) No No
nJXK1603554978 COG PRODUCTION, LLC Minor Produced Water Release 1/18/16 Produced Water 15 3 12 BBL Equipment Failure Lea (25) No No
nAB1602952102 BOPCO, L.P. Minor Produced Water Release 1/18/16 Produced Water 22 5 17 BBL Equipment Failure Eddy (15) No No
nKJ1601942853 ENERGY TRANSFER PARTNERS, LP Minor Oil Release 1/17/16 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nKJ1601942853 ENERGY TRANSFER PARTNERS, LP Minor Oil Release 1/17/16 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1604256697 EOG RESOURCES INC Minor Produced Water Release 1/16/16 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1604036671 COG OPERATING LLC Major Produced Water Release 1/16/16 Crude Oil 2 2 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1602155505 BOPCO, L.P. Minor Produced Water Release 1/16/16 Crude Oil 8 5 3 BBL Equipment Failure Eddy (15) No No
nAB1604036671 COG OPERATING LLC Major Produced Water Release 1/16/16 Produced Water 325 325 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1602155505 BOPCO, L.P. Minor Produced Water Release 1/16/16 Produced Water 12 8 4 BBL Equipment Failure Eddy (15) No No
nAB1602154960 XTO PERMIAN OPERATING LLC. Major Produced Water Release 1/15/16 Crude Oil 38 20 18 BBL Corrosion Eddy (15) No No
nVF1636449671 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 1/15/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1502335947 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 1/15/16 Produced Water 88 15 73 BBL Fire Eddy (15) No No
nVF1602041148 BP AMERICA PRODUCTION COMPANY Major Release Other 1/15/16 Condensate 16 0 16 BBL Corrosion San Juan (45) No No
nVF1602040557 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 1/15/16 Produced Water 11 1 10 BBL Rio Arriba (39) No No
nVF1602041148 BP AMERICA PRODUCTION COMPANY Major Release Other 1/15/16 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nAB1602154960 XTO PERMIAN OPERATING LLC. Major Produced Water Release 1/15/16 Produced Water 38 20 18 BBL Corrosion Eddy (15) No No
nKJ1601432456 Kratos Operating, LLC Major Produced Water Release 1/14/16 Produced Water 540 520 20 BBL Equipment Failure Lea (25) No No
nAB1602956542 ANADARKO E&P ONSHORE LLC Minor Natural Gas Release 1/14/16 Condensate 15 0 15 BBL Equipment Failure Eddy (15) No No
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nKJ1601430708 CIMAREX ENERGY CO. OF COLORADO Produced Water Release 1/14/16 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nKJ1601443446 OXY USA INC Major Produced Water Release 1/14/16 Produced Water 1000 840 160 BBL Equipment Failure Lea (25) No No
nCS1601541581 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 1/14/16 Produced Water 11 10 1 BBL Equipment Failure Rio Arriba (39) No No
nKJ1602727260 OXY USA INC Minor Produced Water Release 1/14/16 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nCS1601542022 BP AMERICA PRODUCTION COMPANY Major Oil Release 1/14/16 Produced Water 10 0 0 BBL San Juan (45) No No
nKJ1602727260 OXY USA INC Minor Produced Water Release 1/14/16 Produced Water 8 4 4 BBL Equipment Failure Lea (25) No No
nCS1601542022 BP AMERICA PRODUCTION COMPANY Major Oil Release 1/14/16 Condensate 16 0 0 BBL San Juan (45) No No
nAB1602732604 BOPCO, L.P. Minor Oil Release 1/13/16 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nKJ1602943337 APACHE CORPORATION Minor Oil Release 1/13/16 Produced Water 2 0 2 BBL Freeze Lea (25) No No
nKJ1602943337 APACHE CORPORATION Minor Oil Release 1/13/16 Crude Oil 4 0 4 BBL Freeze Lea (25) No No
nAB1602156653 BURNETT OIL CO INC Minor Oil Release 1/13/16 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nJXK1603556079 EOG RESOURCES INC Minor Produced Water Release 1/13/16 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nKL1629827273 ETC Texas Pipeline, Ltd. Oil Release 1/13/16 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nKL1629827273 ETC Texas Pipeline, Ltd. Oil Release 1/13/16 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1601931572 BOPCO, L.P. Major Produced Water Release 1/12/16 Crude Oil 118 90 28 BBL Equipment Failure Eddy (15) No No
nAB1604335172 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/12/16 Crude Oil 180 175 5 BBL Equipment Failure Eddy (15) No No
nAB1601927715 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 1/12/16 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nKJ1601251971 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 1/12/16 Crude Oil 15 5 10 BBL Equipment Failure Chaves (05) No No
nAB1601931572 BOPCO, L.P. Major Produced Water Release 1/12/16 Produced Water 33 5 28 BBL Equipment Failure Eddy (15) No No
nAB1601927715 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 1/12/16 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1601927284 BURNETT OIL CO INC Major Produced Water Release 1/11/16 Produced Water 27 25 2 BBL Equipment Failure Eddy (15) No No
nAB1601157221 MEWBOURNE OIL CO Minor Produced Water Release 1/11/16 Crude Oil 6 1 5 BBL Corrosion Eddy (15) No No
nKJ1601426766 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 1/11/16 Produced Water 50 42 8 BBL Equipment Failure Lea (25) No No
nLEL1601156048 ARP PRODUCTION COMPANY, LLC Major Produced Water Release 1/11/16 Produced Water 100 0 0 BBL Colfax (07) No No
nKJ1601426766 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 1/11/16 Crude Oil 37 33 4 BBL Equipment Failure Lea (25) No No
nAB1601540259 BOPCO, L.P. Minor Oil Release 1/11/16 Crude Oil 14 10 4 BBL Equipment Failure Eddy (15) No No
nAB1601157221 MEWBOURNE OIL CO Minor Produced Water Release 1/11/16 Produced Water 10 2 8 BBL Corrosion Eddy (15) No No
nAB1604035918 COG OPERATING LLC Major Produced Water Release 1/10/16 Produced Water 100 95 5 BBL Equipment Failure Eddy (15) No No
nVF1603955604 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 1/10/16 Unknown 0 0 0 BBL San Juan (45) No No
nAB1602734980 OXY USA INC Major Produced Water Release 1/9/16 Produced Water 30 10 20 BBL Equipment Failure Eddy (15) No No
nAB1601930235 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/8/16 Produced Water 132 132 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1601536561 BOPCO, L.P. Minor Produced Water Release 1/8/16 Produced Water 15 6 9 BBL Equipment Failure Eddy (15) No No
nAB1601925922 Silverback Operating II, LLC Minor Oil Release 1/8/16 Crude Oil 20 15 5 BBL Equipment Failure Eddy (15) No No
nKJ1600746112 STEPHENS & JOHNSON OP CO Produced Water Release 1/7/16 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nKJ1600743333 STEPHENS & JOHNSON OP CO Produced Water Release 1/7/16 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No

nVF1600837175
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 1/7/16 Crude Oil 23 22 1 BBL San Juan (45) No No

nKJ1600745441 STEPHENS & JOHNSON OP CO Produced Water Release 1/7/16 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nKJ1600734216 XTO ENERGY, INC Major Oil Release 1/7/16 Crude Oil 61 35 26 BBL Corrosion Lea (25) No No
nAB1701055320 EOG RESOURCES INC Minor Produced Water Release 1/6/16 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nKJ1600653087 COG OPERATING LLC Major Oil Release 1/6/16 Crude Oil 35 0 35 BBL Lea (25) No No
nAB1701055320 EOG RESOURCES INC Minor Produced Water Release 1/6/16 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nKJ1600530262 BOPCO, L.P. Minor Oil Release 1/5/16 Crude Oil 6 5 1 BBL Equipment Failure Lea (25) No No
nAB1601541742 OXY USA INC Major Oil Release 1/5/16 Crude Oil 15 11 4 BBL Equipment Failure Eddy (15) No No
nJXK1600655552 CONOCOPHILLIPS COMPANY Minor Oil Release 1/5/16 Crude Oil 9 9 0 BBL Other Lea (25) No No
nAB1601541742 OXY USA INC Major Oil Release 1/5/16 Produced Water 25 25 0 BBL Equipment Failure Eddy (15) No No
nTO1500629575 JOHN H HENDRIX CORP Major Oil Release 1/5/16 Crude Oil 40 37 3 BBL Freeze Lea (25) No No
nTO1500629575 JOHN H HENDRIX CORP Major Oil Release 1/5/16 Produced Water 1 0 1 BBL Freeze Lea (25) No No
nAB1603629420 Spur Energy Partners LLC Minor Oil Release 1/5/16 Crude Oil 20 18 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1604042514 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 1/4/16 Produced Water 50 50 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1601529499 OXY USA INC Major Produced Water Release 1/4/16 Produced Water 59 45 14 BBL Freeze Lea (25) No No
nKJ1600727134 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/4/16 Crude Oil 10 0 10 BBL Freeze Lea (25) No No
nAB1601137117 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/4/16 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJXK1606850185 ROBINSON OIL INC Minor Produced Water Release 1/4/16 Produced Water 19 17 2 BBL Equipment Failure Lea (25) No No
nJXK1601529499 OXY USA INC Major Produced Water Release 1/4/16 Crude Oil 1 0 1 BBL Freeze Lea (25) No No
nKJ1600726055 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/3/16 Produced Water 27 0 27 BBL Equipment Failure Lea (25) No No
nKJ1600726055 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/3/16 Crude Oil 17 6 11 BBL Equipment Failure Lea (25) No No
nAB1600826804 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 1/2/16 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nKJ1601429563 OCCIDENTAL PERMIAN LTD Minor Oil Release 1/1/16 Crude Oil 8 6 2 BBL Human Error Lea (25) No No
nCS1600428977 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 1/1/16 Produced Water 50 40 10 BBL Corrosion San Juan (45) No No
nAB1601928710 EOG Y RESOURCES, INC. Major Produced Water Release 1/1/16 Crude Oil 80 78 2 BBL Equipment Failure Eddy (15) No No
nAB1601928710 EOG Y RESOURCES, INC. Major Produced Water Release 1/1/16 Produced Water 60 58 2 BBL Equipment Failure Eddy (15) No No
nVF1536540194 WPX ENERGY PRODUCTION, LLC Major Fire 12/31/15 Crude Oil 1 0 1 BBL San Juan (45) No No
nAB1601155099 OXY USA INC Major Produced Water Release 12/31/15 Produced Water 70 0 70 BBL Human Error Eddy (15) No No
nAB1613733064 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 12/31/15 Produced Water 100 100 0 BBL Equipment Failure Eddy (15) No No
nAB1601532070 COG OPERATING LLC Major Oil Release 12/30/15 Crude Oil 50 0 50 BBL Equipment Failure Eddy (15) No No
nKJ1600528926 CAZA OPERATING, LLC Minor Oil Release 12/30/15 Crude Oil 5 0 5 BBL Freeze Lea (25) No No
nKJ1600527628 SUNDANCE SERVICES, INC. Release Other 12/30/15 Drilling Mud/Fluid 0 0 0 BBL Other Lea (25) No No
nJXK1600648555 LINN OPERATING, LLC. Major Produced Water Release 12/30/15 Produced Water 20 20 0 BBL Equipment Failure Lea (25) No No
nCS1536539728 XTO ENERGY, INC Major Oil Release 12/30/15 Crude Oil 160 60 100 BBL Equipment Failure San Juan (45) No No
nJXK1600847408 OXY USA INC Minor Produced Water Release 12/30/15 Produced Water 8 0 8 BBL Human Error Lea (25) No No
nCS1536454543 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 12/30/15 Produced Water 97 50 47 BBL Equipment Failure San Juan (45) No No
nJXK1600648555 LINN OPERATING, LLC. Major Produced Water Release 12/30/15 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nKJ1600730224 BXP Operating, LLC Major Oil Release 12/30/15 Crude Oil 30 25 5 BBL Freeze Lea (25) No No
nJXK1600847408 OXY USA INC Minor Produced Water Release 12/30/15 Crude Oil 2 0 2 BBL Human Error Lea (25) No No
nCS1536539728 XTO ENERGY, INC Major Oil Release 12/30/15 Produced Water 20 10 10 BBL Equipment Failure San Juan (45) No No
nAB1536448194 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 12/29/15 Crude Oil 270 80 190 BBL Fire Eddy (15) No No
nVF1600835828 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 12/29/15 Produced Water 40 40 0 BBL Rio Arriba (39) No No
nHMP1503735305 MEWBOURNE OIL CO Major Produced Water Release 12/29/15 Produced Water 150 125 25 BBL Human Error Eddy (15) No No
nAB1600754607 Redwood Operating LLC Major Other 12/28/15 Crude Oil 30 9 21 BBL Equipment Failure Eddy (15) No No
nAB1601230258 COG OPERATING LLC Major Produced Water Release 12/28/15 Crude Oil 66 66 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1600754607 Redwood Operating LLC Major Other 12/28/15 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nAB1602527566 APACHE CORPORATION Major Produced Water Release 12/28/15 Crude Oil 50 0 50 BBL Equipment Failure Eddy (15) No No
nAB1601230258 COG OPERATING LLC Major Produced Water Release 12/28/15 Produced Water 250 250 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1602527566 APACHE CORPORATION Major Produced Water Release 12/28/15 Produced Water 70 0 70 BBL Equipment Failure Eddy (15) No No
nJXK1536550370 SUNDOWN ENERGY LP Major Produced Water Release 12/26/15 Produced Water 150 0 150 BBL Lightning Lea (25) No No
nKJ1600727914 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/24/15 Produced Water 10 7 3 BBL Equipment Failure Lea (25) No No
nAB1601139679 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 12/23/15 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nKJ1535733981 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/23/15 Produced Water 30 1 29 BBL Equipment Failure Lea (25) No No
nJXK1600846920 OXY USA INC Major Produced Water Release 12/23/15 Produced Water 60 48 12 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1600760400 APACHE CORPORATION Major Produced Water Release 12/22/15 Crude Oil 750 0 750 BBL Fire Eddy (15) No No
nAB1600756275 EOG Y RESOURCES, INC. Major Produced Water Release 12/22/15 Produced Water 1500 1430 70 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1535834306 CONOCOPHILLIPS COMPANY Major Release Other 12/22/15 Condensate 82 7 75 BBL Rio Arriba (39) No No
nAB1535837018 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 12/22/15 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1600760400 APACHE CORPORATION Major Produced Water Release 12/22/15 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nAB1535735405 APACHE CORPORATION Major Release Other 12/22/15 Condensate 3 0 3 BBL Fire Eddy (15) No No
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nAB1601135921 EOG Y RESOURCES, INC. Minor Other 12/21/15 Condensate 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1601227198 Spur Energy Partners LLC Minor Produced Water Release 12/21/15 Produced Water 19 0 0 BBL Equipment Failure Eddy (15) No No
nAB1600557588 OXY USA INC Major Oil Release 12/20/15 Crude Oil 215 117 98 BBL Equipment Failure Eddy (15) No No
nKJ1600631853 HERMAN L. LOEB LLC Major Oil Release 12/20/15 Crude Oil 54 54 0 BBL Freeze Lea (25) No No
nJXK1536547358 RAYBAW Operating, LLC Major Produced Water Release 12/18/15 Produced Water 30 30 0 BBL Corrosion Lea (25) No No
nAB1535126930 BURNETT OIL CO INC Minor Produced Water Release 12/18/15 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1600435187 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/18/15 Produced Water 56 56 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1535126930 BURNETT OIL CO INC Minor Produced Water Release 12/18/15 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1535753747 BOPCO, L.P. Major Produced Water Release 12/17/15 Condensate 3 0 3 BBL Fire Eddy (15) No No
nVF1536540681 M & M PRODUCTION & OPERATION Minor Release Other 12/17/15 Crude Oil 10 0 0 BBL San Juan (45) No No
nAB1535130616 BURNETT OIL CO INC Minor Produced Water Release 12/16/15 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nKJ1601348735 FRONTIER FIELD SERVICES, LLC Minor Other 12/16/15 Condensate 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1535130616 BURNETT OIL CO INC Minor Produced Water Release 12/16/15 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1610626594 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 12/15/15 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nJXK1534931388 CHEVRON MIDCONTINENT, L.P. Other 12/15/15 Unknown 0 0 0 BBL Other Lea (25) No No
nKJ1534929178 CIMAREX ENERGY CO. Minor Oil Release 12/15/15 Crude Oil 22 22 0 BBL Equipment Failure Lea (25) No No
nJXK1534930223 CHEVRON MIDCONTINENT, L.P. Other 12/15/15 Unknown 0 0 0 BBL Other Lea (25) No No
nAB1535131870 TANDEM ENERGY CORPORATION Minor Oil Release 12/15/15 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nJXK1534849827 MANZANO LLC Minor Produced Water Release 12/14/15 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nAB1535754357 BOPCO, L.P. Major Produced Water Release 12/14/15 Produced Water 81 40 41 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKJ1534838882 HOLLY ENERGY PARTNERS, LP Oil Release 12/14/15 Crude Oil 0 0 0 BBL Other Lea (25) No No
nAB1535832134 BOPCO, L.P. Minor Oil Release 12/14/15 Crude Oil 13 10 3 BBL Equipment Failure Eddy (15) No No
nJXK1535032176 CIMAREX ENERGY CO. Minor Produced Water Release 12/14/15 Produced Water 20 12 8 BBL Equipment Failure Lea (25) No No
nJXK1534849827 MANZANO LLC Minor Produced Water Release 12/14/15 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nCS1534851898 SIMCOE LLC Major Produced Water Release 12/14/15 Produced Water 30 10 20 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJXK1603927080 EOG Y RESOURCES, INC. Minor Produced Water Release 12/14/15 Produced Water 8 5 3 BBL Equipment Failure Lea (25) No No
nJXK1534849827 MANZANO LLC Minor Produced Water Release 12/14/15 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1534957748 BURNETT OIL CO INC Minor Produced Water Release 12/12/15 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1534957748 BURNETT OIL CO INC Minor Produced Water Release 12/12/15 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nVF1535740316 XTO ENERGY, INC Major Produced Water Release 12/11/15 Produced Water 60 0 0 BBL San Juan (45) No No
nAB1535756628 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 12/11/15 Produced Water 50 12 38 BBL Equipment Failure Eddy (15) No No
nKJ1534531167 APACHE CORPORATION Major Produced Water Release 12/11/15 Produced Water 65 60 5 BBL Corrosion Lea (25) No No
nVF1535740316 XTO ENERGY, INC Major Produced Water Release 12/11/15 Produced Water 60 0 0 BBL San Juan (45) No No
nJXK1534548184 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/11/15 Produced Water 10 2 8 BBL Equipment Failure Lea (25) No No
nAB1535131213 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/11/15 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nKJ1600656867 TARGA MIDSTREAM SERVICES LLC Major Natural Gas Release 12/11/15 Natural Gas Liquids 40 0 40 BBL Vehicular Accident Lea (25) No No
nJXK1534544732 MEWBOURNE OIL CO Minor Produced Water Release 12/11/15 Produced Water 12 11 1 BBL Equipment Failure Lea (25) No No
nKJ1534531959 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/11/15 Produced Water 35 0 35 BBL Equipment Failure Lea (25) No No
nAB1535131213 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/11/15 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nJXK1534544732 MEWBOURNE OIL CO Minor Produced Water Release 12/11/15 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAB1534557219 BURNETT OIL CO INC Major Produced Water Release 12/10/15 Produced Water 40 35 5 BBL Equipment Failure Eddy (15) No No
nAB1535240852 CHEVRON U S A INC Minor Produced Water Release 12/10/15 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1534957206 BOPCO, L.P. Major Produced Water Release 12/10/15 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No
nJXK1534428787 CHEVRON U S A INC Minor Produced Water Release 12/10/15 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nCS1534436515 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 12/10/15 Produced Water 5 0 0 BBL Equipment Failure Rio Arriba (39) No No
nAB1535240852 CHEVRON U S A INC Minor Produced Water Release 12/10/15 Produced Water 15 14 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1534957206 BOPCO, L.P. Major Produced Water Release 12/10/15 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nGVG1600639522 SIMCOE LLC Produced Water Release 12/9/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1616246996 Opal Operating Company LLC Minor Produced Water Release 12/9/15 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1601156120 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 12/9/15 Crude Oil 25 25 0 BBL Equipment Failure Eddy (15) No No
nCS1508252180 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/9/15 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
nAB1601156120 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 12/9/15 Produced Water 125 125 0 BBL Equipment Failure Eddy (15) No No
nJXK1534354072 OXY USA INC Major Produced Water Release 12/9/15 Produced Water 200 190 10 BBL Equipment Failure Lea (25) No No
nAB1600554655 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 12/9/15 Crude Oil 20 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1600554655 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 12/9/15 Produced Water 160 160 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1534555029 NADEL AND GUSSMAN PERMIAN, LLC Major Produced Water Release 12/8/15 Crude Oil 8 5 3 BBL Vandalism Eddy (15) No No
nAB1534555029 NADEL AND GUSSMAN PERMIAN, LLC Major Produced Water Release 12/8/15 Produced Water 180 125 55 BBL Vandalism Eddy (15) No No
nAB1534853014 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/8/15 Natural Gas Liquids 1 0 0 BBL Equipment Failure Eddy (15) No No
nVF1534254479 WPX ENERGY PRODUCTION, LLC Oil Release 12/7/15 Unknown 0 0 0 BBL Rio Arriba (39) No No
nJXK1534254232 APACHE CORPORATION Minor Produced Water Release 12/7/15 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nVF1535653963 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 12/7/15 Produced Water 250 0 0 BBL Rio Arriba (39) No No
nAB1534455140 BOPCO, L.P. Minor Produced Water Release 12/7/15 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nJXK1600738164 COG OPERATING LLC Major Oil Release 12/5/15 Crude Oil 60 59 1 BBL Human Error Lea (25) No No
nAB1534526462 BOPCO, L.P. Major Produced Water Release 12/5/15 Crude Oil 8 5 3 BBL Equipment Failure Eddy (15) No No
nVF1535651850 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 12/5/15 Condensate 80 0 0 BBL Rio Arriba (39) No No
nAB1534526462 BOPCO, L.P. Major Produced Water Release 12/5/15 Produced Water 35 25 10 BBL Equipment Failure Eddy (15) No No
nAB1601134671 EOG Y RESOURCES, INC. Major Produced Water Release 12/5/15 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nVF1535651850 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 12/5/15 Produced Water 8 0 0 BBL Rio Arriba (39) No No
nAB1534854006 Acacia Operating Company, LLC Minor Produced Water Release 12/5/15 Produced Water 18 0 18 BBL Equipment Failure Eddy (15) No No
nAB1601134671 EOG Y RESOURCES, INC. Major Produced Water Release 12/5/15 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1536455073 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 12/4/15 Produced Water 11 0 11 BBL Equipment Failure Eddy (15) No No
nAB1534452923 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 12/3/15 Produced Water 1160 30 1130 BBL Equipment Failure Eddy (15) No No
nAB1609935974 Permian Resources Operating, LLC Major Produced Water Release 12/2/15 Produced Water 150 0 150 BBL Equipment Failure Eddy (15) No No
nAB1534151784 BOPCO, L.P. Minor Oil Release 12/2/15 Crude Oil 19 17 2 BBL Equipment Failure Eddy (15) No No
nAB1534854818 Acacia Operating Company, LLC Minor Produced Water Release 12/2/15 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nJXK1624238519 TARGA MIDSTREAM SERVICES LLC Minor Other 12/1/15 Other (Specify) 10 0 10 BBL Corrosion Lea (25) No No
nJXK1535545760 XTO ENERGY, INC Major Oil Release 12/1/15 Crude Oil 301 159 142 BBL Blow Out Lea (25) No No
nJXK1624239277 TARGA MIDSTREAM SERVICES LLC Minor Other 12/1/15 Other (Specify) 10 0 10 BBL Corrosion Lea (25) No No
nAB1533729411 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/30/15 Produced Water 40 38 2 BBL Equipment Failure Eddy (15) No No
nCS1624337437 BURLINGTON RESOURCES OIL & GAS CO Other 11/30/15 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1534451906 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 11/30/15 Crude Oil 110 100 10 BBL Equipment Failure Eddy (15) No No
nJXK1533437832 CHEVRON U S A INC Major Produced Water Release 11/30/15 Produced Water 46 46 0 BBL Human Error Lea (25) No No
nKJ1533429480 Kratos Operating, LLC Minor Produced Water Release 11/30/15 Produced Water 22 0 22 BBL Equipment Failure Lea (25) No No
nJXK1533437832 CHEVRON U S A INC Major Produced Water Release 11/30/15 Crude Oil 4 4 0 BBL Human Error Lea (25) No No
nAB1534358008 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 11/30/15 Natural Gas Liquids 9 0 9 BBL Equipment Failure Eddy (15) No No
nAB1534350655 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/29/15 Produced Water 25 24 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1534840797 PHX Energy, LLC Major Produced Water Release 11/27/15 Produced Water 190 170 20 BBL Equipment Failure Eddy (15) No No
nAB1533831844 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/27/15 Produced Water 1196 1191 5 BBL Equipment Failure Eddy (15) No No
nAB1533831844 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/27/15 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nAB1533726746 ALAMO PERMIAN RESOURCES, LLC Minor Oil Release 11/26/15 Crude Oil 15 5 10 BBL Equipment Failure Eddy (15) No No
nAB1604236407 JUDAH OIL LLC Minor Produced Water Release 11/25/15 Crude Oil 3 0 3 BBL Human Error Eddy (15) No No
nAB1604236407 JUDAH OIL LLC Minor Produced Water Release 11/25/15 Produced Water 20 15 5 BBL Human Error Eddy (15) No No
nAB1534956719 COG OPERATING LLC Major Oil Release 11/24/15 Crude Oil 30 25 5 BBL Equipment Failure Eddy (15) No No
nAB1533752388 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/24/15 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nKJ1533439781 Avant Operating, LLC Produced Water Release 11/24/15 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
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nKJ1533436131 Empire New Mexico LLC Major Produced Water Release 11/24/15 Produced Water 81 71 10 BBL Equipment Failure Lea (25) No No
nKJ1533436131 Empire New Mexico LLC Major Produced Water Release 11/24/15 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nKJ1532737675 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/23/15 Crude Oil 8 2 6 BBL Equipment Failure Lea (25) No No
nJXK1532944122 Maverick Permian LLC Minor Oil Release 11/23/15 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nKJ1532737675 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/23/15 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nJXK1532944122 Maverick Permian LLC Minor Oil Release 11/23/15 Produced Water 2 1 1 BBL Equipment Failure Lea (25) No No
nAB1534450839 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/22/15 Produced Water 20 11 9 BBL Equipment Failure Eddy (15) No No
nJXK1533733067 PHX Energy, LLC Minor Produced Water Release 11/22/15 Produced Water 21 10 11 BBL Equipment Failure Lea (25) No No
nAB1533737057 BOPCO, L.P. Major Oil Release 11/22/15 Crude Oil 68 66 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1601533272 Spur Energy Partners LLC Major Produced Water Release 11/22/15 Produced Water 90 88 2 BBL Equipment Failure Eddy (15) No No
nAB1533734250 BOPCO, L.P. Minor Produced Water Release 11/21/15 Produced Water 14 8 6 BBL Equipment Failure Eddy (15) No No
nAB1535242436 APACHE CORPORATION Major Produced Water Release 11/21/15 Crude Oil 25 25 0 BBL Equipment Failure Eddy (15) No No
nAB1534439159 KEY ENERGY SERVICES, LLC Minor Produced Water Release 11/21/15 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1535242436 APACHE CORPORATION Major Produced Water Release 11/21/15 Produced Water 1895 1890 5 BBL Equipment Failure Eddy (15) No No
nAB1533734250 BOPCO, L.P. Minor Produced Water Release 11/21/15 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nAB1533634149 TRANSWESTERN PIPELINE COMPANY Minor Natural Gas Release 11/20/15 Natural Gas Liquids 6 0 6 BBL Equipment Failure Chaves (05) No No
nAB1533753032 EOG Y RESOURCES, INC. Major Oil Release 11/20/15 Crude Oil 40 35 5 BBL Equipment Failure Eddy (15) No No
nAB1533430359 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/20/15 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nKJ1532349151 GRAND BANKS ENERGY CO Major Oil Release 11/19/15 Crude Oil 75 0 75 BBL Equipment Failure Lea (25) No No
nAB1532751453 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/18/15 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nCS1536448566 BURLINGTON RESOURCES OIL & GAS CO Other 11/18/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1536449369 CONOCOPHILLIPS COMPANY Other 11/18/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1532742191 RAYBAW Operating, LLC Minor Produced Water Release 11/18/15 Produced Water 7 7 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1532440540 Spur Energy Partners LLC Minor Produced Water Release 11/17/15 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
nKJ1532152826 NADEL AND GUSSMAN PERMIAN, LLC Oil Release 11/17/15 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1532733082 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/16/15 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nKJ1532349846 MEWBOURNE OIL CO Major Oil Release 11/16/15 Crude Oil 25 20 5 BBL Equipment Failure Lea (25) No No
nJXK1532330117 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/16/15 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1533638558 COG OPERATING LLC Major Produced Water Release 11/16/15 Produced Water 125 124 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1532733082 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 11/16/15 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1533638558 COG OPERATING LLC Major Produced Water Release 11/16/15 Crude Oil 22 22 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1608152771 JUNIPER TANKS, LLC Produced Water Release 11/15/15 Produced Water 0 0 0 BBL Human Error Eddy (15) No No
nAB1534338732 DEVON ENERGY PRODUCTION COMPANY, LP Major Other 11/14/15 Other (Specify) 50 48 2 BBL Equipment Failure Eddy (15) No No
nKL1622234021 Extex Operating Company Produced Water Release 11/13/15 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1534836824 ANADARKO E&P ONSHORE LLC Minor Natural Gas Release 11/13/15 Condensate 9 0 9 BBL Equipment Failure Eddy (15) No No
nJXK1531650506 PENROC OIL CORP Produced Water Release 11/12/15 Produced Water 0 0 0 BBL Lea (25) No No
nAB1621048815 EOG Y RESOURCES, INC. Minor Produced Water Release 11/12/15 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1621048815 EOG Y RESOURCES, INC. Minor Produced Water Release 11/12/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1532049700 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 11/11/15 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1534548986 OXY USA INC Major Produced Water Release 11/11/15 Produced Water 40 0 40 BBL Fire Eddy (15) No No
nAB1532451502 3R Operating, LLC Major Oil Release 11/11/15 Crude Oil 66 45 21 BBL Equipment Failure Eddy (15) No No
nAB1531740296 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 11/11/15 Crude Oil 67 44 23 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1534548986 OXY USA INC Major Produced Water Release 11/11/15 Crude Oil 5 0 5 BBL Fire Eddy (15) No No
nJXK1532038901 COG OPERATING LLC Major Oil Release 11/11/15 Crude Oil 40 25 15 BBL Other Lea (25) No No
nAB1532356189 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 11/11/15 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1532356189 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 11/11/15 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nKJ1531634840 MEWBOURNE OIL CO Major Oil Release 11/10/15 Crude Oil 25 20 5 BBL Equipment Failure Lea (25) No No
nKJ1532351773 Scorpion Oil & Gas, LLC Minor Produced Water Release 11/10/15 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nJXK1531430666 COG PRODUCTION, LLC Major Oil Release 11/10/15 Crude Oil 47 46 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1532034732 SOUTHWEST ROYALTIES INC Major Produced Water Release 11/9/15 Crude Oil 30 25 5 BBL Equipment Failure Eddy (15) No No
nCS1611956774 BURLINGTON RESOURCES OIL & GAS CO Oil Release 11/9/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1532257576 EOG Y RESOURCES, INC. Minor Produced Water Release 11/9/15 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1532855046 KEY ENERGY SERVICES, LLC Minor Produced Water Release 11/9/15 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nAB1532034732 SOUTHWEST ROYALTIES INC Major Produced Water Release 11/9/15 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nCS1531357297 SIMCOE LLC Major Oil Release 11/9/15 Condensate 63 0 63 BBL Corrosion San Juan (45) No No
nJXK1600736292 COG OPERATING LLC Major Oil Release 11/9/15 Crude Oil 25 24 1 BBL Human Error Lea (25) No No
nCS1531357297 SIMCOE LLC Major Oil Release 11/9/15 Produced Water 8 0 8 BBL San Juan (45) No No
nAB1532029638 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 11/7/15 Natural Gas Liquids 5 0 0 BBL Equipment Failure Eddy (15) No No
nJXK1531753790 COG PRODUCTION, LLC Minor Oil Release 11/6/15 Crude Oil 11 5 6 BBL Equipment Failure Lea (25) No No
nAB1531628794 BOPCO, L.P. Minor Oil Release 11/5/15 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nKJ1531348567 Empire New Mexico LLC Minor Produced Water Release 11/5/15 Produced Water 8 1 7 BBL Corrosion Lea (25) No No
nAB1531628794 BOPCO, L.P. Minor Oil Release 11/5/15 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1532256123 COG OPERATING LLC Major Produced Water Release 11/4/15 Produced Water 120 40 80 BBL Human Error Eddy (15) No No
nJXK1530834348 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 11/4/15 Crude Oil 17 14 3 BBL Equipment Failure Lea (25) No No
nAB1532031688 COG OPERATING LLC Major Produced Water Release 11/4/15 Produced Water 60 58 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1530828913 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 11/4/15 Produced Water 1380 1380 0 BBL Lightning Lea (25) No No
nAB1532335112 Silverback Operating II, LLC Minor Produced Water Release 11/4/15 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
nJXK1530828913 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 11/4/15 Crude Oil 120 120 0 BBL Lightning Lea (25) No No
nAB1532335112 Silverback Operating II, LLC Minor Produced Water Release 11/4/15 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nCS1534130251 WPX ENERGY PRODUCTION, LLC Minor Oil Release 11/4/15 Crude Oil 23 0 23 BBL Human Error Rio Arriba (39) No No
nCS1536449662 CONOCOPHILLIPS COMPANY Other 11/3/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1534129391 Williams Four Corners, LLC Oil Release 11/3/15 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nVF1535751494 WILLIAMS FOUR CORNERS Minor Release Other 11/3/15 Condensate 315 0 0 GAL San Juan (45) No No
nAB1531455437 MEWBOURNE OIL CO Major Oil Release 11/3/15 Crude Oil 165 48 117 BBL Corrosion Eddy (15) No No
nKJ1531636939 J R OIL, LTD. CO. Major Produced Water Release 11/2/15 Produced Water 100 95 5 BBL Corrosion Lea (25) No No
nVF1535749478 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 11/2/15 Produced Water 10 0 0 BBL Rio Arriba (39) No No
nJXK1531729159 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 11/2/15 Produced Water 20 5 15 BBL Human Error Lea (25) No No
nVF1535750113 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 11/2/15 Produced Water 26 0 0 BBL Rio Arriba (39) No No
nKJ1531449814 PLAINS PETROLEUM OPER CO Minor Oil Release 10/31/15 Crude Oil 7 4 3 BBL Human Error Lea (25) No No
nAB1531427526 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 10/31/15 Brine Water 15 14 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1530637430 Maverick Permian LLC Major Produced Water Release 10/30/15 Produced Water 423 422 1 BBL Lightning Lea (25) No No
nAB1532454325 APACHE CORPORATION Minor Produced Water Release 10/30/15 Produced Water 14 10 4 BBL Equipment Failure Eddy (15) No No
nJXK1530637430 Maverick Permian LLC Major Produced Water Release 10/30/15 Crude Oil 54 53 1 BBL Lightning Lea (25) No No
nKJ1530247171 DAKOTA RESOURCES INC (I) Produced Water Release 10/29/15 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nKJ1530247171 DAKOTA RESOURCES INC (I) Produced Water Release 10/29/15 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1531453445 APACHE CORPORATION Produced Water Release 10/29/15 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1531453445 APACHE CORPORATION Produced Water Release 10/29/15 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1531457125 Acacia Operating Company, LLC Minor Produced Water Release 10/29/15 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1531457125 Acacia Operating Company, LLC Minor Produced Water Release 10/29/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nVF1535747613 SIMCOE LLC Minor Produced Water Release 10/28/15 Produced Water 10 0 0 BBL San Juan (45) No No
nKJ1532736778 J R OIL, LTD. CO. Major Produced Water Release 10/28/15 Produced Water 60 55 5 BBL Equipment Failure Lea (25) No No
nAB1530236164 MEMORIAL PRODUCTION OPERATING, LLC Minor Oil Release 10/28/15 Crude Oil 5 1 4 BBL Corrosion Eddy (15) No No
nAB1532026992 COG OPERATING LLC Major Produced Water Release 10/28/15 Produced Water 200 0 200 BBL Human Error Eddy (15) No No
nKJ1532736778 J R OIL, LTD. CO. Major Produced Water Release 10/28/15 Crude Oil 50 45 5 BBL Equipment Failure Lea (25) No No
nJXK1531429598 EOG Y RESOURCES, INC. Major Produced Water Release 10/28/15 Produced Water 150 150 0 BBL Fire Lea (25) No No
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nAB1530236164 MEMORIAL PRODUCTION OPERATING, LLC Minor Oil Release 10/28/15 Produced Water 15 3 12 BBL Corrosion Eddy (15) No No
nAB1532132872 EOG Y RESOURCES, INC. Major Oil Release 10/27/15 Crude Oil 430 430 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1530829829 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/27/15 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nKJ1530051855 CHEVRON U S A INC Major Produced Water Release 10/27/15 Produced Water 35 0 35 BBL Equipment Failure Lea (25) No No
nCS1536357487 BURLINGTON RESOURCES OIL & GAS CO Oil Release 10/27/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nKJ1530051855 CHEVRON U S A INC Major Produced Water Release 10/27/15 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1532036596 Silverback Operating II, LLC Minor Produced Water Release 10/27/15 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1532036596 Silverback Operating II, LLC Minor Produced Water Release 10/27/15 Produced Water 3 2 1 BBL Equipment Failure Eddy (15) No No
nJXK1600735633 COG OPERATING LLC Minor Produced Water Release 10/26/15 Produced Water 20 20 0 BBL Corrosion Lea (25) No No
nJXK1532855980 HOLLY ENERGY PARTNERS, LP Major Oil Release 10/26/15 Crude Oil 25 18 7 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1530955218 GLOBE ENERGY SERVICES LLC Produced Water Release 10/26/15 Produced Water 0 0 0 BBL Other Lea (25) No No
nAB1530834217 XTO PERMIAN OPERATING LLC. Minor Oil Release 10/26/15 Crude Oil 6 1 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1536448880 BURLINGTON RESOURCES OIL & GAS CO Oil Release 10/26/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1605631683 AGUA MOSS, LLC Other 10/26/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1530835676 BOPCO, L.P. Major Produced Water Release 10/25/15 Produced Water 927 390 537 BBL Equipment Failure Eddy (15) No No
nAB1530048797 MEMORIAL PRODUCTION OPERATING, LLC Minor Produced Water Release 10/25/15 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nJXK1600735217 COG OPERATING LLC Major Produced Water Release 10/23/15 Produced Water 313 313 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nVF1535827539 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 10/23/15 Produced Water 6 0 0 BBL Rio Arriba (39) No No
nJXK1600735217 COG OPERATING LLC Major Produced Water Release 10/23/15 Crude Oil 8 8 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nKJ1531641073 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 10/23/15 Crude Oil 30 28 2 BBL Equipment Failure Lea (25) No No
nKJ1531641073 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 10/23/15 Produced Water 30 28 2 BBL Equipment Failure Lea (25) No No
nKJ1530137297 PHX Energy, LLC Major Produced Water Release 10/22/15 Produced Water 45 20 25 BBL Lightning Lea (25) No No
nAB1529941728 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/22/15 Produced Water 4 2 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1529941728 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/22/15 Crude Oil 6 3 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1531639135 COG OPERATING LLC Major Produced Water Release 10/21/15 Crude Oil 44 40 4 BBL Lightning Eddy (15) No No
nJXK1530033136 REGENCY FIELD SERVICES LLC Minor Oil Release 10/21/15 Crude Oil 6 0 6 BBL Other Lea (25) No No
nAB1531639135 COG OPERATING LLC Major Produced Water Release 10/21/15 Produced Water 1310 200 1110 BBL Lightning Eddy (15) No No
nAB1531633297 COG OPERATING LLC Major Produced Water Release 10/21/15 Crude Oil 22 20 2 BBL Lightning Eddy (15) No No
nAB1531633297 COG OPERATING LLC Major Produced Water Release 10/21/15 Produced Water 1360 220 1140 BBL Lightning Eddy (15) No No
nAB1531754606 Silverback Operating II, LLC Minor Oil Release 10/20/15 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKJ1529337362 MEWBOURNE OIL CO Produced Water Release 10/20/15 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nKJ1529337362 MEWBOURNE OIL CO Produced Water Release 10/20/15 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nCS1533455576 ELM RIDGE EXPLORATION COMPANY LLC Other 10/19/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1529428370 BXP Operating, LLC Minor Produced Water Release 10/19/15 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nCS1533531914 SIMCOE LLC Other 10/19/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1529542546 COG OPERATING LLC Minor Oil Release 10/19/15 Crude Oil 9 5 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1529538052 NADEL AND GUSSMAN PERMIAN, LLC Major Produced Water Release 10/19/15 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nAB1529538052 NADEL AND GUSSMAN PERMIAN, LLC Major Produced Water Release 10/19/15 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1530148267 MACK ENERGY CORP Minor Produced Water Release 10/18/15 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1530148267 MACK ENERGY CORP Minor Produced Water Release 10/18/15 Produced Water 4 3 1 BBL Equipment Failure Eddy (15) No No
nJXK1529350342 BXP Operating, LLC Minor Produced Water Release 10/17/15 Produced Water 7 1 6 BBL Equipment Failure Lea (25) No No
nKJ1528938943 OWL SWD OPERATING, LLC Major Produced Water Release 10/16/15 Produced Water 50 45 5 BBL Equipment Failure Lea (25) No No
nKJ1531448902 RICE OPERATING COMPANY Major Oil Release 10/16/15 Crude Oil 35 25 10 BBL Human Error Lea (25) No No
nCS1530827044 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 10/16/15 Produced Water 231 230 1 BBL Equipment Failure Rio Arriba (39) No No
nKJ1531448902 RICE OPERATING COMPANY Major Oil Release 10/16/15 Produced Water 35 25 10 BBL Human Error Lea (25) No No
nCS1532852949 SIMCOE LLC Produced Water Release 10/16/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1528944722 Maverick Permian LLC Minor Oil Release 10/15/15 Crude Oil 10 4 6 BBL Equipment Failure Lea (25) No No
nAB1531456099 Spur Energy Partners LLC Major Produced Water Release 10/15/15 Produced Water 500 500 0 BBL Equipment Failure Eddy (15) No No
nJXK1528944722 Maverick Permian LLC Minor Oil Release 10/15/15 Produced Water 8 4 4 BBL Equipment Failure Lea (25) No No
nKJ1528936186 EOG RESOURCES INC Major Produced Water Release 10/14/15 Produced Water 100 40 60 BBL Human Error Lea (25) No No
nCS1528754138 WPX ENERGY PRODUCTION, LLC Major Fire 10/14/15 Diesel 15 0 0 GAL Fire San Juan (45) No No
nJXK1531631413 OXY USA INC Major Produced Water Release 10/14/15 Produced Water 200 180 20 BBL Equipment Failure Lea (25) No No
nAB1529336845 BURNETT OIL CO INC Major Produced Water Release 10/14/15 Produced Water 550 540 10 BBL Equipment Failure Eddy (15) No No
nJXK1529427257 LINN OPERATING, LLC. Major Oil Release 10/14/15 Produced Water 50 0 50 BBL Lea (25) No No
nJXK1529427257 LINN OPERATING, LLC. Major Oil Release 10/14/15 Crude Oil 10 0 10 BBL Lea (25) No No
nKJ1528655869 SPECIAL ENERGY CORP Major Produced Water Release 10/13/15 Produced Water 50 47 3 BBL Equipment Failure Lea (25) No No
nJXK1608139275 DCP OPERATING COMPANY, LP Minor Oil Release 10/13/15 Condensate 15 0 15 BBL Equipment Failure Lea (25) No No
nJXK1528728650 BXP Operating, LLC Major Produced Water Release 10/13/15 Produced Water 100 0 100 BBL Equipment Failure Lea (25) No No
nAPP2125731425 DCP OPERATING COMPANY, LP Minor Natural Gas Release 10/13/15 Condensate 10 0 10 BBL Corrosion Lea (25) No No
nVF1536250331 XTO ENERGY, INC Minor Produced Water Release 10/13/15 Produced Water 20 0 20 BBL San Juan (45) No No
nJXK1531633406 OXY USA INC Minor Produced Water Release 10/12/15 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAB1529337640 BURNETT OIL CO INC Minor Oil Release 10/12/15 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nAB1531626415 COG OPERATING LLC Major Oil Release 10/12/15 Crude Oil 40 35 5 BBL Corrosion Eddy (15) No No
nAB1529339864 BURNETT OIL CO INC Oil Release 10/12/15 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nJXK1531633406 OXY USA INC Minor Produced Water Release 10/12/15 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1528832613 Acacia Operating Company, LLC Major Produced Water Release 10/12/15 Produced Water 50 0 50 BBL Corrosion Eddy (15) No No
nAB1529528784 COG OPERATING LLC Major Produced Water Release 10/11/15 Produced Water 200 200 0 BBL Equipment Failure Eddy (15) No No
nAB1602154064 EOG Y RESOURCES, INC. Minor Produced Water Release 10/11/15 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1531631260 OXY USA INC Major Produced Water Release 10/11/15 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nAB1602154064 EOG Y RESOURCES, INC. Minor Produced Water Release 10/11/15 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nJXK1604836153 BTA OIL PRODUCERS, LLC Minor Produced Water Release 10/9/15 Produced Water 15 8 7 BBL Equipment Failure Lea (25) No No
nKJ1528639231 BXP Operating, LLC Minor Produced Water Release 10/9/15 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nAB1528631221 CENTURION PIPELINE L.P. Major Oil Release 10/9/15 Crude Oil 65 64 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1528728064 BXP Operating, LLC Major Produced Water Release 10/8/15 Produced Water 51 8 43 BBL Equipment Failure Lea (25) No No
nJXK1528628444 MACK ENERGY CORP Minor Produced Water Release 10/8/15 Produced Water 18 18 0 BBL Lightning Lea (25) No No
nAB1528634487 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 10/8/15 Crude Oil 200 185 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKJ1528636155 CHISOS, LTD Major Produced Water Release 10/8/15 Produced Water 50 46 4 BBL Equipment Failure Lea (25) No No
nJXK1531428928 FAE II Operating LLC Major Produced Water Release 10/8/15 Produced Water 50 50 0 BBL Lightning Lea (25) No No
nJXK1600736723 COG OPERATING LLC Major Produced Water Release 10/8/15 Produced Water 700 700 0 BBL Lightning Lea (25) No No
nJXK1600736723 COG OPERATING LLC Major Produced Water Release 10/8/15 Crude Oil 30 30 0 BBL Lightning Lea (25) No No
nJXK1530928829 COG OPERATING LLC Major Produced Water Release 10/7/15 Produced Water 125 125 0 BBL Lightning Lea (25) No No
nKJ1528052281 Contango Resources, Inc. Major Produced Water Release 10/7/15 Produced Water 45 20 25 BBL Equipment Failure Lea (25) No No
nJXK1530928829 COG OPERATING LLC Major Produced Water Release 10/7/15 Crude Oil 1 1 0 BBL Lightning Lea (25) No No
nJXK1528632099 BXP Operating, LLC Major Produced Water Release 10/7/15 Produced Water 168 0 168 BBL Equipment Failure Lea (25) No No
nAB1532052911 COG OPERATING LLC Minor Produced Water Release 10/7/15 Crude Oil 8 5 3 BBL Lightning Eddy (15) No No
nAB1529347766 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/7/15 Produced Water 500 500 0 BBL Equipment Failure Eddy (15) No No
nAB1529550692 Silverback Operating II, LLC Minor Oil Release 10/7/15 Crude Oil 7 6 1 BBL Equipment Failure Eddy (15) No No
nAB1532052911 COG OPERATING LLC Minor Produced Water Release 10/7/15 Produced Water 2 1 1 BBL Lightning Eddy (15) No No
nCS1535240215 WESTERN REFINING PIPELINE LLC Minor Other 10/7/15 Other (Specify) 6 0 6 BBL Equipment Failure 0 No No
nAB1528240224 WPX Energy Permian, LLC Major Produced Water Release 10/6/15 Produced Water 70 55 15 BBL Equipment Failure Eddy (15) No No
nAB1528051927 XTO PERMIAN OPERATING LLC. Major Produced Water Release 10/6/15 Produced Water 838 670 168 BBL Equipment Failure Eddy (15) No No
nJXK1527849102 BAM Permian Operating, LLC Minor Oil Release 10/5/15 Crude Oil 4 2 2 BBL Equipment Failure Chaves (05) No No
nJXK1531632637 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 10/5/15 Produced Water 9 0 9 BBL Equipment Failure Lea (25) No No
nJXK1527849102 BAM Permian Operating, LLC Minor Oil Release 10/5/15 Produced Water 1 1 0 BBL Equipment Failure Chaves (05) No No
nJXK1531632637 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 10/5/15 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
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nCS1535230259 WESTERN REFINING PIPELINE LLC Major Other 10/4/15 Other (Specify) 357 0 357 BBL Equipment Failure 0 No No
nCS1535230059 WESTERN REFINING PIPELINE LLC Other 10/4/15 Other (Specify) 0 0 0 BBL Other 0 No No
nCS1535230059 WESTERN REFINING PIPELINE LLC Other 10/4/15 0 0 0 BBL 0 No No
nAB1529340702 Earthstone Operating, LLC Minor Produced Water Release 10/3/15 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nJXK1530830092 COG OPERATING LLC Major Produced Water Release 10/3/15 Produced Water 62 62 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1530936457 DKD,LLC Major Produced Water Release 10/3/15 Produced Water 1140 1140 0 BBL Lightning Lea (25) No No
nJXK1530830092 COG OPERATING LLC Major Produced Water Release 10/3/15 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1529340702 Earthstone Operating, LLC Minor Produced Water Release 10/3/15 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nCS1535229044 WESTERN REFINING PIPELINE LLC Major Other 10/3/15 Other (Specify) 513 0 513 BBL Equipment Failure 0 No No
nAB1530056126 COG PRODUCTION, LLC Major Oil Release 10/2/15 Crude Oil 85 59 26 BBL Corrosion Eddy (15) No No
nCS1535229678 WESTERN REFINING PIPELINE LLC Major Other 10/2/15 Other (Specify) 357 0 357 BBL Equipment Failure 0 No No
nAB1528047930 APACHE CORPORATION Minor Produced Water Release 10/2/15 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1528134977 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 10/2/15 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1528134977 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 10/2/15 Produced Water 5 1 4 BBL Equipment Failure Eddy (15) No No
nAB1527856976 BOPCO, L.P. Minor Produced Water Release 10/1/15 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nCS1535230589 WESTERN REFINING PIPELINE LLC Major Other 10/1/15 Other (Specify) 595 0 595 BBL Equipment Failure 0 No No
nAB1528841728 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/1/15 Produced Water 400 400 0 BBL Equipment Failure Eddy (15) No No
nAB1527856976 BOPCO, L.P. Minor Produced Water Release 10/1/15 Produced Water 8 7 1 BBL Equipment Failure Eddy (15) No No
nKJ1531346514 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/30/15 Produced Water 10 8 2 BBL Corrosion Lea (25) No No
nAB1528133563 BURNETT OIL CO INC Major Produced Water Release 9/30/15 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAB1530137746 COG OPERATING LLC Major Produced Water Release 9/30/15 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nVF1536349241 DEVON ENERGY OPERATING COMPANY LP Minor Produced Water Release 9/30/15 Produced Water 10 0 0 BBL Rio Arriba (39) No No
nAB1530137746 COG OPERATING LLC Major Produced Water Release 9/30/15 Crude Oil 20 15 5 BBL Equipment Failure Eddy (15) No No
nJXK1527829848 DCP OPERATING COMPANY, LP Minor Oil Release 9/30/15 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nCS1534126354 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 9/30/15 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1528133563 BURNETT OIL CO INC Major Produced Water Release 9/30/15 Produced Water 30 0 30 BBL Corrosion Eddy (15) No No
nAB1527326452 MARATHON OIL PERMIAN LLC Major Produced Water Release 9/29/15 Produced Water 40 35 5 BBL Corrosion Eddy (15) No No
nAB1528640433 BAM Permian Operating, LLC Major Produced Water Release 9/28/15 Produced Water 30 5 25 BBL Equipment Failure Eddy (15) No No
nCS1531329518 Williams Four Corners, LLC Major Other 9/28/15 Other (Specify) 1050 800 250 GAL Equipment Failure San Juan (45) No No
nAB1527329788 MATADOR PRODUCTION COMPANY Major Produced Water Release 9/27/15 Crude Oil 80 70 10 BBL Corrosion Eddy (15) No No
nAB1527329788 MATADOR PRODUCTION COMPANY Major Produced Water Release 9/27/15 Produced Water 30 30 0 BBL Corrosion Eddy (15) No No
nJXK1531355786 COG OPERATING LLC Major Oil Release 9/26/15 Crude Oil 36 35 1 BBL Human Error Lea (25) No No
nAB1527452541 REGENCY FIELD SERVICES LLC Major Natural Gas Release 9/26/15 Condensate 20 0 0 BBL Equipment Failure Eddy (15) No No
nAB1529955581 COG PRODUCTION, LLC Major Produced Water Release 9/26/15 Produced Water 40 10 30 BBL Equipment Failure Eddy (15) No No
nAB1527452541 REGENCY FIELD SERVICES LLC Major Natural Gas Release 9/26/15 Condensate 20 0 0 BBL Equipment Failure Eddy (15) No No
nAB1527234118 MEWBOURNE OIL CO Minor Produced Water Release 9/25/15 Crude Oil 8 7 1 BBL Equipment Failure Eddy (15) No No
nAB1527926509 MEMORIAL PRODUCTION OPERATING, LLC Major Produced Water Release 9/25/15 Produced Water 25 0 25 BBL Corrosion Eddy (15) No No
nAB1527234118 MEWBOURNE OIL CO Minor Produced Water Release 9/25/15 Produced Water 12 8 4 BBL Equipment Failure Eddy (15) No No
nJXK1526849729 CIMAREX ENERGY CO. Major Produced Water Release 9/24/15 Produced Water 65 45 20 BBL Equipment Failure Lea (25) No No
nAB1528130514 J R OIL, LTD. CO. Major Produced Water Release 9/24/15 Produced Water 30 0 30 BBL Lightning Eddy (15) No No
nCS1626753218 WPX ENERGY PRODUCTION, LLC Minor Other 9/24/15 Drilling Mud/Fluid 10 0 10 BBL Other Rio Arriba (39) No No
nJXK1531355123 COG PRODUCTION, LLC Major Oil Release 9/23/15 Crude Oil 80 79 1 BBL Human Error Lea (25) No No
nAB1529255081 EOG Y RESOURCES, INC. Minor Produced Water Release 9/23/15 Produced Water 15 14 1 BBL Lightning Eddy (15) No No
nVF1601335253 Enterprise Field Services, LLC Minor Release Other 9/21/15 Other (Specify) 3 0 0 BBL Rio Arriba (39) No No
nAB1526726050 BOPCO, L.P. Major Produced Water Release 9/21/15 Produced Water 234 190 44 BBL Equipment Failure Eddy (15) No No
nCS1531330513 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 9/21/15 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJXK1526427508 COG OPERATING LLC Major Produced Water Release 9/21/15 Produced Water 520 516 4 BBL Equipment Failure Lea (25) No No
nTO1706131573 APACHE CORPORATION Minor Oil Release 9/19/15 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nJXK1531452136 Spur Energy Partners LLC Major Produced Water Release 9/18/15 Produced Water 60 60 0 BBL Equipment Failure Lea (25) No No
nAB1526657039 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 9/18/15 Produced Water 15 5 10 BBL Equipment Failure Eddy (15) No No
nKJ1526131134 EOG Y RESOURCES, INC. Minor Produced Water Release 9/18/15 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nKJ1526131134 EOG Y RESOURCES, INC. Minor Produced Water Release 9/18/15 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1526753593 XTO PERMIAN OPERATING LLC. Major Produced Water Release 9/18/15 Produced Water 290 240 50 BBL Equipment Failure Eddy (15) No No
nKJ1526054099 COG OPERATING LLC Major Oil Release 9/17/15 Crude Oil 30 20 10 BBL Equipment Failure Lea (25) No No
nAB1526627950 WPX Energy Permian, LLC Major Other 9/17/15 Drilling Mud/Fluid 760 600 160 BBL Equipment Failure Eddy (15) No No
nAB1526743306 EOG Y RESOURCES, INC. Minor Produced Water Release 9/17/15 Crude Oil 8 3 5 BBL Equipment Failure Eddy (15) No No
nCS1535239119 WPX ENERGY PRODUCTION, LLC Minor Other 9/17/15 Drilling Mud/Fluid 16 0 16 BBL Other Rio Arriba (39) No No
nCS1531337618 WPX ENERGY PRODUCTION, LLC Oil Release 9/17/15 Crude Oil 0 0 0 BBL Other Rio Arriba (39) No No
nKJ1526053120 COG OPERATING LLC Major Produced Water Release 9/17/15 Produced Water 445 440 5 BBL Equipment Failure Lea (25) No No
nAB1526743306 EOG Y RESOURCES, INC. Minor Produced Water Release 9/17/15 Produced Water 12 7 5 BBL Equipment Failure Eddy (15) No No
nAB1526631778 Acacia Operating Company, LLC Minor Produced Water Release 9/17/15 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nKJ1526054099 COG OPERATING LLC Major Oil Release 9/17/15 Produced Water 20 1 19 BBL Equipment Failure Lea (25) No No
nCS1535241015 ENCANA OIL & GAS (USA) INC. Oil Release 9/16/15 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nJXK1525928160 COG OPERATING LLC Major Oil Release 9/16/15 Produced Water 30 25 5 BBL Equipment Failure Lea (25) No No
nJXK1526428548 MATADOR PRODUCTION COMPANY Major Oil Release 9/16/15 Crude Oil 35 25 10 BBL Equipment Failure Lea (25) No No
nJXK1525928160 COG OPERATING LLC Major Oil Release 9/16/15 Crude Oil 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1530149816 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 9/15/15 Produced Water 78 75 3 BBL Corrosion Eddy (15) No No
nAB1530626926 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 9/15/15 Produced Water 21 20 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1526436708 BOPCO, L.P. Major Produced Water Release 9/15/15 Produced Water 49 48 1 BBL Equipment Failure Eddy (15) No No
nAB1526142024 Acacia Operating Company, LLC Minor Produced Water Release 9/14/15 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1526537306 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/14/15 Crude Oil 400 397 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1526850236 Water Energy Services, LLC Minor Produced Water Release 9/14/15 Produced Water 9 6 3 BBL Equipment Failure Lea (25) No No
nAB1526632852 LINN OPERATING, LLC. Minor Produced Water Release 9/14/15 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nJXK1527250376 OCCIDENTAL PERMIAN LTD Minor Oil Release 9/14/15 Produced Water 15 12 3 BBL Equipment Failure Lea (25) No No
nAB1526633315 LINN OPERATING, LLC. Major Produced Water Release 9/14/15 Produced Water 52 50 2 BBL Equipment Failure Eddy (15) No No
nJXK1527250376 OCCIDENTAL PERMIAN LTD Minor Oil Release 9/14/15 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAB1526537306 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/14/15 Produced Water 70 68 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1526127389 Acacia Operating Company, LLC Minor Produced Water Release 9/13/15 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1529948530 COG OPERATING LLC Major Produced Water Release 9/13/15 Produced Water 30 3 27 BBL Equipment Failure Eddy (15) No No
nAB1526655993 OXY USA INC Major Oil Release 9/13/15 Crude Oil 25 22 3 BBL Equipment Failure Eddy (15) No No

nAB1526433985 BOPCO, L.P. Major Release Other 9/11/15
Gelled Brine (Frac 
Fluid) 40 35 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nCS1528730338 SIMCOE LLC Minor Produced Water Release 9/11/15 Produced Water 5 4 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1526433985 BOPCO, L.P. Major Release Other 9/11/15 Chemical (Specify) 12 12 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1526632314 LINN OPERATING, LLC. Minor Produced Water Release 9/10/15 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nCS1531334905 ELM RIDGE EXPLORATION COMPANY LLC Natural Gas Release 9/10/15 Natural Gas Liquids 0 0 0 BBL Corrosion 0 No No
nJXK1526426536 EOG Y RESOURCES, INC. Major Oil Release 9/9/15 Produced Water 17 7 10 BBL Equipment Failure Lea (25) No No
nJXK1525445337 EOG RESOURCES INC Major Produced Water Release 9/9/15 Produced Water 120 0 120 BBL Equipment Failure Lea (25) No No
nJXK1526426536 EOG Y RESOURCES, INC. Major Oil Release 9/9/15 Crude Oil 8 3 5 BBL Equipment Failure Lea (25) No No
nAB1526542586 EOG Y RESOURCES, INC. Major Produced Water Release 9/9/15 Produced Water 60 58 2 BBL Equipment Failure Eddy (15) No No
nAB1526642235 EOG Y RESOURCES, INC. Minor Produced Water Release 9/8/15 Crude Oil 3 3 0 BBL Equipment Failure Eddy (15) No No
nAB1526651732 OXY USA INC Minor Produced Water Release 9/8/15 Produced Water 18 15 3 BBL Corrosion Eddy (15) No No
nJXK1526633868 Scorpion Oil & Gas, LLC Minor Oil Release 9/8/15 Crude Oil 10 10 0 BBL Corrosion Lea (25) No No
nAB1526642235 EOG Y RESOURCES, INC. Minor Produced Water Release 9/8/15 Produced Water 3 3 0 BBL Equipment Failure Eddy (15) No No
nJXK1525247959 MEWBOURNE OIL CO Major Oil Release 9/6/15 Crude Oil 20 19 1 BBL Equipment Failure Lea (25) No No
nJXK1526557088 FAE II Operating LLC Minor Oil Release 9/6/15 Produced Water 7 4 3 BBL Equipment Failure Lea (25) No No
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nJXK1525247959 MEWBOURNE OIL CO Major Oil Release 9/6/15 Produced Water 20 19 1 BBL Equipment Failure Lea (25) No No
nJXK1526557088 FAE II Operating LLC Minor Oil Release 9/6/15 Crude Oil 5 1 4 BBL Equipment Failure Lea (25) No No
nCS1528741646 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 9/5/15 Produced Water 5 1 4 BBL Equipment Failure Rio Arriba (39) No No
nCS1531332890 WPX ENERGY PRODUCTION, LLC Minor Other 9/5/15 Drilling Mud/Fluid 6 6 0 BBL Equipment Failure Rio Arriba (39) No No
nJXK1525251410 BXP Operating, LLC Major Produced Water Release 9/4/15 Produced Water 500 485 15 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1526556571 J R OIL, LTD. CO. Minor Oil Release 9/4/15 Produced Water 15 4 11 BBL Equipment Failure Lea (25) No No
nJXK1525251410 BXP Operating, LLC Major Produced Water Release 9/4/15 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1526726825 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 9/4/15 Natural Gas Liquids 5 0 0 BBL Equipment Failure Eddy (15) No No
nJXK1526556571 J R OIL, LTD. CO. Minor Oil Release 9/4/15 Crude Oil 6 1 5 BBL Equipment Failure Lea (25) No No
nCS1528741396 SIMCOE LLC Major Release Other 9/4/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1525234198 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/4/15 Produced Water 8 8 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1524749389 BOPCO, L.P. Major Produced Water Release 9/3/15 Produced Water 1530 1360 170 BBL Equipment Failure Eddy (15) No No
nAB1526056410 BOPCO, L.P. Minor Produced Water Release 9/3/15 Produced Water 7 2 5 BBL Equipment Failure Eddy (15) No No
nAB1525734392 LINN OPERATING, LLC. Major Produced Water Release 9/3/15 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nAB1526655307 OXY USA INC Major Produced Water Release 9/3/15 Produced Water 80 70 10 BBL Equipment Failure Eddy (15) No No
nAB1526628668 COG PRODUCTION, LLC Major Produced Water Release 9/3/15 Produced Water 125 120 5 BBL Equipment Failure Eddy (15) No No
nJXK1524532304 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 9/2/15 Produced Water 18 17 1 BBL Equipment Failure Lea (25) No No
nAB1526631197 COG OPERATING LLC Major Produced Water Release 9/2/15 Produced Water 25 23 2 BBL Equipment Failure Eddy (15) No No
nCS1528729601 CONOCOPHILLIPS COMPANY Minor Oil Release 9/2/15 Condensate 22 17 5 BBL Vandalism San Juan (45) No No
nCS1528730054 SIMCOE LLC Produced Water Release 9/2/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1524531722 COG OPERATING LLC Major Produced Water Release 9/2/15 Produced Water 150 148 2 BBL Equipment Failure Lea (25) No No
nAB1525748822 EOG Y RESOURCES, INC. Minor Produced Water Release 9/1/15 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1602154539 COG OPERATING LLC Minor Produced Water Release 9/1/15 Produced Water 11 11 0 BBL Equipment Failure Eddy (15) No No
nAB1525748822 EOG Y RESOURCES, INC. Minor Produced Water Release 9/1/15 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1524531624 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 9/1/15 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1611033115 Acacia Operating Company, LLC Major Produced Water Release 9/1/15 Condensate 500 0 0 BBL Overflow - Tank, Pit, Etc. Chaves (05) No No
nCS1528742272 SIMCOE LLC Major Oil Release 9/1/15 Condensate 45 0 45 BBL Corrosion San Juan (45) No No
nKJ1524351515 OWL SWD OPERATING, LLC Major Produced Water Release 8/31/15 Produced Water 100 90 10 BBL Equipment Failure Lea (25) No No
nAB1526548218 COG OPERATING LLC Minor Produced Water Release 8/31/15 Produced Water 12 10 2 BBL Corrosion Eddy (15) No No
nAB1524652333 WPX Energy Permian, LLC Minor Produced Water Release 8/31/15 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nCS1536356199 BURLINGTON RESOURCES OIL & GAS CO Oil Release 8/31/15 Crude Oil 0 0 0 BBL Other Rio Arriba (39) No No
nAB1524652333 WPX Energy Permian, LLC Minor Produced Water Release 8/31/15 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nJXK1534836019 RESOLUTE NATURAL RESOURCES CO., LLC Major Produced Water Release 8/31/15 Produced Water 30 30 0 BBL Equipment Failure Lea (25) No No
nJXK1534836019 RESOLUTE NATURAL RESOURCES CO., LLC Major Produced Water Release 8/31/15 Crude Oil 30 30 0 BBL Equipment Failure Lea (25) No No
nAB1526541627 COG OPERATING LLC Major Produced Water Release 8/30/15 Crude Oil 30 10 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1526538998 OXY USA INC Major Oil Release 8/30/15 Crude Oil 28 27 1 BBL Corrosion Eddy (15) No No
nAB1526541627 COG OPERATING LLC Major Produced Water Release 8/30/15 Produced Water 20 10 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1535138472 WILLAMS FOUR CORNERS, LLC Minor Other 8/30/15 Other (Specify) 490 0 490 GAL Normal Operations San Juan (45) No No
nJXK1525445963 OCCIDENTAL PERMIAN LTD Major Produced Water Release 8/29/15 Produced Water 150 145 5 BBL Equipment Failure Lea (25) No No
nKJ1528038998 Acacia Operating Company, LLC Minor Oil Release 8/28/15 Crude Oil 10 2 8 BBL Equipment Failure Chaves (05) No No
nJXK1524557021 PLAINS MARKETING L.P. Major Oil Release 8/28/15 Crude Oil 40 35 5 BBL Equipment Failure Lea (25) No No
nAB1526540870 COG OPERATING LLC Major Produced Water Release 8/28/15 Produced Water 50 0 50 BBL Human Error Eddy (15) No No
nKJ1525227809 EOG RESOURCES INC Major Produced Water Release 8/28/15 Produced Water 1570 1560 10 BBL Lightning Lea (25) No No
nKJ1528038998 Acacia Operating Company, LLC Minor Oil Release 8/28/15 Produced Water 10 2 8 BBL Equipment Failure Chaves (05) No No
nJXK1524035348 CAMERON OIL & GAS INC Major Oil Release 8/28/15 Crude Oil 135 80 55 BBL Lightning Lea (25) No No
nJXK1524053994 JOHN H HENDRIX CORP Major Oil Release 8/28/15 Crude Oil 115 95 20 BBL Equipment Failure Lea (25) No No
nJXK1524055566 EOG RESOURCES INC Major Produced Water Release 8/28/15 Produced Water 40 15 25 BBL Equipment Failure Lea (25) No No
nAB1526729204 DE LA SIERRA TRUCKING, INC. Other 8/28/15 Produced Water 0 0 0 BBL Other Eddy (15) No No
nCS1527333955 SIMCOE LLC Minor Produced Water Release 8/27/15 Produced Water 20 0 20 BBL Other San Juan (45) No No
nAB1526650929 EOG Y RESOURCES, INC. Minor Produced Water Release 8/27/15 Produced Water 16 16 0 BBL Other Eddy (15) No No
nJXK1523955612 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 8/27/15 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1526630430 Williams Four Corners, LLC Other 8/27/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1523953591 Avant Operating, LLC Major Oil Release 8/27/15 Crude Oil 110 0 110 BBL Lightning Lea (25) No No
nKJ1524345298 HARVARD PETROLEUM COMPANY, LLC Major Oil Release 8/26/15 Crude Oil 90 10 80 BBL Equipment Failure Lea (25) No No
nAB1526650216 EOG Y RESOURCES, INC. Minor Produced Water Release 8/25/15 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJXK1525948927 COG OPERATING LLC Major Oil Release 8/25/15 Produced Water 85 35 50 BBL Equipment Failure Lea (25) No No
nAB1525735703 BOPCO, L.P. Major Produced Water Release 8/25/15 Produced Water 100 100 0 BBL Equipment Failure Eddy (15) No No
nJXK1525948927 COG OPERATING LLC Major Oil Release 8/25/15 Crude Oil 5 2 3 BBL Equipment Failure Lea (25) No No
nJXK1525928641 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 8/24/15 Produced Water 89 80 9 BBL Equipment Failure Lea (25) No No
nAB1526751237 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/24/15 Produced Water 75 75 0 BBL Equipment Failure Eddy (15) No No
nAB1526429388 OXY USA INC Produced Water Release 8/24/15 Produced Water 0 0 0 BBL Corrosion Eddy (15) No No
nAB1526142679 COG OPERATING LLC Minor Produced Water Release 8/24/15 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nAB1526432988 OXY USA INC Minor Produced Water Release 8/24/15 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nAB1606352559 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 8/24/15 Produced Water 9 0 9 BBL Lightning Eddy (15) No No
nAB1526432988 OXY USA INC Minor Produced Water Release 8/24/15 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nCS1527333726 XTO ENERGY, INC Minor Produced Water Release 8/23/15 Produced Water 12 0 12 BBL Corrosion San Juan (45) No No
nJXK1523948079 DUGAN PRODUCTION CORP Major Oil Release 8/23/15 Crude Oil 480 275 205 BBL Corrosion Chaves (05) No No
nJXK1523950930 PENROC OIL CORP Minor Oil Release 8/23/15 Crude Oil 7 7 0 BBL Human Error Lea (25) No No
nJXK1524337760 FULFER OIL & CATTLE LLC Major Produced Water Release 8/22/15 Produced Water 150 5 145 BBL Lightning Lea (25) No No
nJXK1524027116 CONOCO INC Minor Produced Water Release 8/22/15 Produced Water 6 1 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1523931622 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/21/15 Crude Oil 20 10 10 BBL Equipment Failure Eddy (15) No No
nAB1535534069 ENTERPRISE PRODUCTS OPERATING, LLC Other 8/21/15 Condensate 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1526427767 Silverback Operating II, LLC Oil Release 8/21/15 Crude Oil 3 3 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1525749961 BC OPERATING, INC. Major Oil Release 8/21/15 Crude Oil 172 171 1 BBL Lightning Lea (25) No No
nAB1523931622 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/21/15 Produced Water 65 50 15 BBL Equipment Failure Eddy (15) No No
nJXK1525749961 BC OPERATING, INC. Major Oil Release 8/21/15 Produced Water 39 30 9 BBL Lightning Lea (25) No No
nAB1526136452 Spur Energy Partners LLC Major Produced Water Release 8/21/15 Crude Oil 1 1 0 BBL Lightning Eddy (15) No No
nAB1526136452 Spur Energy Partners LLC Major Produced Water Release 8/21/15 Produced Water 170 170 0 BBL Lightning Eddy (15) No No
nKJ1523250276 KEVIN O BUTLER & ASSOC INC Minor Oil Release 8/20/15 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1530131232 Spur Energy Partners LLC Major Produced Water Release 8/20/15 Crude Oil 20 10 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1524727150 Spur Energy Partners LLC Major Produced Water Release 8/20/15 Crude Oil 20 10 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1530131232 Spur Energy Partners LLC Major Produced Water Release 8/20/15 Produced Water 580 560 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1524727150 Spur Energy Partners LLC Major Produced Water Release 8/20/15 Produced Water 580 560 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1523147692 CONOCOPHILLIPS COMPANY Oil Release 8/19/15 Crude Oil 0 0 0 BBL Vandalism Rio Arriba (39) No No
nJXK1525234798 EOG Y RESOURCES, INC. Major Oil Release 8/19/15 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nCS1523148502 CONOCOPHILLIPS COMPANY Oil Release 8/19/15 Condensate 0 0 0 BBL Vandalism Rio Arriba (39) No No
nJXK1525234798 EOG Y RESOURCES, INC. Major Oil Release 8/19/15 Produced Water 80 80 0 BBL Equipment Failure Lea (25) No No
nJXK1526649867 COG OPERATING LLC Major Oil Release 8/18/15 Produced Water 190 180 10 BBL Lightning Lea (25) No No
nCS1524540640 CONOCOPHILLIPS COMPANY Major Oil Release 8/18/15 Condensate 103 0 103 BBL Vandalism Rio Arriba (39) No No
nJXK1523028211 CHEVRON U S A INC Major Oil Release 8/18/15 Produced Water 60 30 30 BBL Corrosion Lea (25) No No
nJXK1526649867 COG OPERATING LLC Major Oil Release 8/18/15 Crude Oil 5 4 1 BBL Lightning Lea (25) No No
nCS1524540525 CONOCOPHILLIPS COMPANY Major 8/18/15 Condensate 115 11 104 BBL Vandalism Rio Arriba (39) No No
nKJ1523125777 KEVIN O BUTLER & ASSOC INC Minor Produced Water Release 8/18/15 Produced Water 15 0 15 BBL Equipment Failure Chaves (05) No No
nJXK1523028211 CHEVRON U S A INC Major Oil Release 8/18/15 Crude Oil 4 0 4 BBL Corrosion Lea (25) No No
nCS1524540525 CONOCOPHILLIPS COMPANY Major 8/18/15 Produced Water 8 0 8 BBL Vandalism Rio Arriba (39) No No
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nAB1524437916 ENTERPRISE PRODUCTS OPERATING, LLC Minor Release Other 8/17/15 Drilling Mud/Fluid 8 0 8 BBL Equipment Failure Eddy (15) No No
nCS1535239962 ENCANA OIL & GAS (USA) INC. Oil Release 8/17/15 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nCS1524540401 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 8/17/15 Condensate 15 0 15 BBL Vandalism Rio Arriba (39) No No
nCS1524540401 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 8/17/15 Produced Water 7 0 7 BBL Vandalism Rio Arriba (39) No No
nAB1525131343 CHEVRON U S A INC Minor Produced Water Release 8/16/15 Produced Water 17 16 1 BBL Corrosion Eddy (15) No No
nJXK1524339508 EOG RESOURCES INC Minor Oil Release 8/16/15 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nJXK1523052658 RAYBAW Operating, LLC Minor Oil Release 8/15/15 Crude Oil 5 2 3 BBL Equipment Failure Lea (25) No No
nAB1524332349 EOG Y RESOURCES, INC. Minor Produced Water Release 8/15/15 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nAB1523135389 K&M RESOURCES LLC Produced Water Release 8/15/15 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nJXK1525936588 FAE II Operating LLC Major Oil Release 8/15/15 Produced Water 27 0 27 BBL Corrosion Lea (25) No No
nAB1524332349 EOG Y RESOURCES, INC. Minor Produced Water Release 8/15/15 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nJXK1525936588 FAE II Operating LLC Major Oil Release 8/15/15 Crude Oil 7 0 7 BBL Corrosion Lea (25) No No
nJXK1525936588 FAE II Operating LLC Major Oil Release 8/15/15 0 0 0 BBL Lea (25) No No
nAB1523130328 BOPCO, L.P. Major Produced Water Release 8/14/15 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1523231936 LINN OPERATING, LLC. Oil Release 8/14/15 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nCS1524541786 CONOCOPHILLIPS COMPANY Major Produced Water Release 8/14/15 Produced Water 167 0 167 BBL Equipment Failure San Juan (45) No No
nAB1523130328 BOPCO, L.P. Major Produced Water Release 8/14/15 Produced Water 52 0 52 BBL Equipment Failure Eddy (15) No No
nLEL1522657268 OXY USA INC Major Produced Water Release 8/14/15 Produced Water 25 0 25 BBL Corrosion Harding (21) No No
nAB1523233540 BOPCO, L.P. Major Produced Water Release 8/13/15 Produced Water 35 30 5 BBL Equipment Failure Eddy (15) No No
nCS1524538849 Williams Four Corners, LLC Minor Produced Water Release 8/13/15 Produced Water 5 0 5 BBL Corrosion San Juan (45) No No
nAB1522937617 BTA OIL PRODUCERS, LLC Major Produced Water Release 8/13/15 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nAB1523155412 BOPCO, L.P. Minor Produced Water Release 8/13/15 Produced Water 8 1 7 BBL Equipment Failure Eddy (15) No No
nAB1522937617 BTA OIL PRODUCERS, LLC Major Produced Water Release 8/13/15 Brine Water 32 25 7 BBL Equipment Failure Eddy (15) No No
nAB1523231042 XTO PERMIAN OPERATING LLC. Minor Oil Release 8/13/15 Crude Oil 12 10 2 BBL Corrosion Eddy (15) No No
nAB1523029751 BOPCO, L.P. Minor Oil Release 8/13/15 Crude Oil 11 10 1 BBL Equipment Failure Eddy (15) No No
nJXK1523046568 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 8/13/15 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nKJ1522656396 Franklin Mountain Energy 3, LLC Major Oil Release 8/12/15 Crude Oil 22 20 2 BBL Equipment Failure Lea (25) No No
nKJ1522656396 Franklin Mountain Energy 3, LLC Major Oil Release 8/12/15 Produced Water 22 20 2 BBL Equipment Failure Lea (25) No No
nAB1524533692 COG OPERATING LLC Major Produced Water Release 8/11/15 Crude Oil 20 3 17 BBL Equipment Failure Eddy (15) No No
nAB1524533692 COG OPERATING LLC Major Produced Water Release 8/11/15 Produced Water 8 3 5 BBL Equipment Failure Eddy (15) No No
nAB1523643297 EOG Y RESOURCES, INC. Minor Oil Release 8/11/15 Crude Oil 18 17 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1524540741 CONOCOPHILLIPS COMPANY Minor Oil Release 8/11/15 Condensate 13 0 13 BBL Vandalism Rio Arriba (39) No No
nCS1524540741 CONOCOPHILLIPS COMPANY Minor Oil Release 8/11/15 Produced Water 7 0 7 BBL Vandalism Rio Arriba (39) No No
nAB1522341642 WPX Energy Permian, LLC Major Produced Water Release 8/10/15 Produced Water 200 185 15 BBL Equipment Failure Eddy (15) No No
nAB1522935565 OXY USA INC Major Oil Release 8/10/15 Crude Oil 133 110 23 BBL Equipment Failure Eddy (15) No No
nAB1522439496 BOPCO, L.P. Minor Produced Water Release 8/10/15 Produced Water 11 0 11 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1524039752 BOPCO, L.P. Minor Produced Water Release 8/10/15 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nAB1522527938 BOPCO, L.P. Minor Produced Water Release 8/10/15 Crude Oil 3 1 2 BBL Corrosion Eddy (15) No No
nKJ1531340624 Pilot Water Solutions SWD LLC Major Produced Water Release 8/10/15 Produced Water 65 60 5 BBL Lightning Lea (25) No No
nKJ1534338852 CHEVRON U S A INC Major Produced Water Release 8/10/15 Produced Water 64 34 30 BBL Corrosion Lea (25) No No
nJXK1526153781 COG OPERATING LLC Major Produced Water Release 8/10/15 Produced Water 100 96 4 BBL Equipment Failure Lea (25) No No
nJXK1523037497 MorningStar Operating LLC Minor Produced Water Release 8/10/15 Produced Water 13 0 13 BBL Equipment Failure Lea (25) No No
nAB1524039752 BOPCO, L.P. Minor Produced Water Release 8/10/15 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1523150769 FRONTIER FIELD SERVICES, LLC Minor Other 8/10/15 Condensate 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1522527938 BOPCO, L.P. Minor Produced Water Release 8/10/15 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nKJ1534338852 CHEVRON U S A INC Major Produced Water Release 8/10/15 Crude Oil 5 2 3 BBL Corrosion Lea (25) No No
nKJ1522351787 MATADOR PRODUCTION COMPANY Major Oil Release 8/8/15 Crude Oil 18 15 3 BBL Equipment Failure Lea (25) No No
nJXK1524552463 COG OPERATING LLC Minor Oil Release 8/8/15 Crude Oil 20 1 19 BBL Equipment Failure Lea (25) No No
nAB1523133089 BOPCO, L.P. Major Produced Water Release 8/8/15 Produced Water 145 85 60 BBL Equipment Failure Eddy (15) No No
nKJ1522351787 MATADOR PRODUCTION COMPANY Major Oil Release 8/8/15 Produced Water 18 4 14 BBL Equipment Failure Lea (25) No No
nAB1524338360 COG OPERATING LLC Major Produced Water Release 8/7/15 Produced Water 125 120 5 BBL Equipment Failure Eddy (15) No No
nCS1524540865 CONOCOPHILLIPS COMPANY Major Oil Release 8/7/15 Condensate 85 34 51 BBL Vandalism Rio Arriba (39) No No
nAB1525130189 Acacia Operating Company, LLC Major Produced Water Release 8/6/15 Produced Water 175 0 175 BBL Equipment Failure Eddy (15) No No
nCS1524541028 CONOCOPHILLIPS COMPANY Major Oil Release 8/6/15 Condensate 38 0 38 BBL Vandalism Rio Arriba (39) No No
nCS1524541170 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 8/6/15 Produced Water 17 8 9 BBL Human Error Rio Arriba (39) No No
nAB1522442205 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/6/15 Produced Water 35 25 10 BBL Equipment Failure Eddy (15) No No
nCS1524541028 CONOCOPHILLIPS COMPANY Major Oil Release 8/6/15 Produced Water 23 0 23 BBL Vandalism Rio Arriba (39) No No
nJXK1521729623 EOG Y RESOURCES, INC. Minor Produced Water Release 8/5/15 Produced Water 20 0 20 BBL Lea (25) No No
nCS1524540246 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 8/5/15 Condensate 43 43 0 BBL Vandalism San Juan (45) No No
nKJ1521954222 PLAINS MARKETING L.P. Major Oil Release 8/5/15 Crude Oil 101 66 35 BBL Corrosion Lea (25) No No
nJXK1526153319 COG OPERATING LLC Minor Oil Release 8/4/15 Crude Oil 3 2 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1522226346 BOPCO, L.P. Major Oil Release 8/4/15 Crude Oil 198 150 48 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1526153319 COG OPERATING LLC Minor Oil Release 8/4/15 Produced Water 15 14 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1521626690 Maverick Permian LLC Major Oil Release 8/3/15 Produced Water 31 39 -8 BBL Equipment Failure Lea (25) No No
nJXK1521626690 Maverick Permian LLC Major Oil Release 8/3/15 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nAB1521756095 MEMORIAL PRODUCTION OPERATING, LLC Major Oil Release 8/2/15 Crude Oil 7 7 0 BBL Equipment Failure Eddy (15) No No
nJXK1526151802 COG OPERATING LLC Major Oil Release 8/2/15 Crude Oil 42 41 1 BBL Equipment Failure Lea (25) No No
nJXK1521847267 OCCIDENTAL PERMIAN LTD Major Oil Release 8/2/15 Produced Water 120 80 40 BBL Other Lea (25) No No
nAB1524429236 Spur Energy Partners LLC Minor Produced Water Release 8/2/15 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nJXK1522926657 OXY USA INC Minor Produced Water Release 8/2/15 Produced Water 15 5 10 BBL Equipment Failure Lea (25) No No
nAB1521756095 MEMORIAL PRODUCTION OPERATING, LLC Major Oil Release 8/2/15 Produced Water 23 23 0 BBL Equipment Failure Eddy (15) No No
nJXK1521847267 OCCIDENTAL PERMIAN LTD Major Oil Release 8/2/15 Crude Oil 15 10 5 BBL Other Lea (25) No No
nAB1524429236 Spur Energy Partners LLC Minor Produced Water Release 8/2/15 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nJXK1526151802 COG OPERATING LLC Major Oil Release 8/2/15 Produced Water 25 24 1 BBL Equipment Failure Lea (25) No No
nJXK1524327112 COG OPERATING LLC Major Produced Water Release 8/1/15 Produced Water 50 48 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1523128352 WPX ENERGY PRODUCTION, LLC Minor Oil Release 8/1/15 Crude Oil 7 7 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCS1523127958 WPX ENERGY PRODUCTION, LLC Minor Oil Release 8/1/15 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nCS1523127958 WPX ENERGY PRODUCTION, LLC Minor Oil Release 8/1/15 Produced Water 5 5 0 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nCS1522432237 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 7/31/15 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJXK1524743275 KEY ENERGY SERVICES, LLC Major Oil Release 7/31/15 Crude Oil 50 50 0 BBL Lea (25) No No
nCS1523128248 WPX ENERGY PRODUCTION, LLC Minor Oil Release 7/31/15 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCS1523031141 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 7/31/15 Natural Gas Liquids 7 0 7 BBL Corrosion Rio Arriba (39) No No
nCS1523031446 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 7/31/15 Natural Gas Liquids 10 0 10 BBL Corrosion Rio Arriba (39) No No
nJXK1522333787 EOG Y RESOURCES, INC. Oil Release 7/30/15 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nJXK1521133280 MEWBOURNE OIL CO Major Produced Water Release 7/30/15 Produced Water 1900 1760 140 BBL Lightning Lea (25) No No
nAB1521727876 LONGFELLOW ENERGY, LP Major Produced Water Release 7/30/15 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nAB1521741553 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 7/30/15 Natural Gas Liquids 5 0 5 BBL Equipment Failure Eddy (15) No No
nKJ1522339621 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/30/15 Crude Oil 5 0 5 BBL Human Error Lea (25) No No
nAB1521727876 LONGFELLOW ENERGY, LP Major Produced Water Release 7/30/15 Produced Water 66 66 0 BBL Equipment Failure Eddy (15) No No
nAB1521548538 BOPCO, L.P. Other 7/30/15 Other (Specify) 0 0 0 BBL Equipment Failure Eddy (15) No No
nKJ1522339621 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/30/15 Produced Water 395 190 205 BBL Human Error Lea (25) No No
nAB1524435232 COG OPERATING LLC Major Oil Release 7/30/15 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1524435232 COG OPERATING LLC Major Oil Release 7/30/15 Produced Water 150 146 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1521147061 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 7/29/15 Produced Water 15 12 3 BBL Blow Out Lea (25) No No
nAB1521255814 ALAMO PERMIAN RESOURCES, LLC Major Oil Release 7/29/15 Crude Oil 56 45 11 BBL Lightning Eddy (15) No No
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nAB1524437242 COG OPERATING LLC Major Produced Water Release 7/29/15 Produced Water 75 70 5 BBL Lightning Eddy (15) No No
nAB1521257588 BOPCO, L.P. Major Produced Water Release 7/29/15 Condensate 5 2 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1521257588 BOPCO, L.P. Major Produced Water Release 7/29/15 Produced Water 50 13 37 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1521643794 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/28/15 Produced Water 2338 600 1738 BBL Corrosion Lea (25) No No
nAB1521734382 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/28/15 Produced Water 90 90 0 BBL Lightning Eddy (15) No No
nAB1522226828 ENTERPRISE PRODUCTS OPERATING, LLC Major Other 7/28/15 Produced Water 300 0 0 BBL Equipment Failure Eddy (15) No No
nCS1523031703 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 7/28/15 Natural Gas Liquids 10 0 10 BBL Equipment Failure Rio Arriba (39) No No
nJXK1521643794 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/28/15 0 0 0 BBL Lea (25) No No
nAB1522340496 RILEY PERMIAN OPERATING COMPANY, LLC Minor Produced Water Release 7/28/15 Produced Water 24 21 3 BBL Equipment Failure Eddy (15) No No
nAB1522226828 ENTERPRISE PRODUCTS OPERATING, LLC Major Other 7/28/15 Produced Water 300 0 300 BBL Equipment Failure Eddy (15) No No
nJXK1524331109 COG PRODUCTION, LLC Minor Produced Water Release 7/28/15 Produced Water 15 14 1 BBL Equipment Failure Lea (25) No No
nAB1522939771 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 7/28/15 Crude Oil 50 0 50 BBL Equipment Failure Eddy (15) No No
nAB1522939771 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 7/28/15 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nAB1526132368 EOG Y RESOURCES, INC. Minor Produced Water Release 7/27/15 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJXK1522927214 OXY USA INC Major Oil Release 7/27/15 Produced Water 100 100 0 BBL Equipment Failure Lea (25) No No
nJXK1522927214 OXY USA INC Major Oil Release 7/27/15 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nAB1521256674 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 7/27/15 Produced Water 60 59 1 BBL Human Error Eddy (15) No No
nAB1521535958 BOPCO, L.P. Major Produced Water Release 7/27/15 Produced Water 39 1 38 BBL Equipment Failure Eddy (15) No No
nJXK1528227608 EOG Y RESOURCES, INC. Major Produced Water Release 7/26/15 Produced Water 300 270 30 BBL Equipment Failure Lea (25) No No
nAB1530140875 CIMAREX ENERGY CO. Major Produced Water Release 7/26/15 Produced Water 59 55 4 BBL Equipment Failure Eddy (15) No No
nAB1520953746 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 7/25/15 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1520953746 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 7/25/15 Produced Water 11 1 10 BBL Equipment Failure Eddy (15) No No
nAB1520927462 MEMORIAL PRODUCTION OPERATING, LLC Major Oil Release 7/24/15 Crude Oil 270 260 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1521554890 ENERVEST OPERATING L.L.C. Minor Oil Release 7/24/15 Condensate 20 0 20 BBL Corrosion Rio Arriba (39) No No
nAB1520955287 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/24/15 Produced Water 1442 1442 0 BBL Equipment Failure Eddy (15) No No
nJXK1523026786 COG OPERATING LLC Minor Oil Release 7/24/15 Crude Oil 18 0 18 BBL Human Error Lea (25) No No

nCS1528742881
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 7/24/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No

nJXK1520452131 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 7/23/15 Crude Oil 345 290 55 BBL Corrosion Lea (25) No No
nAB1521549139 EOG Y RESOURCES, INC. Major Oil Release 7/23/15 Crude Oil 60 50 10 BBL Equipment Failure Eddy (15) No No
nOY1808232773 EOG Y RESOURCES, INC. Minor Produced Water Release 7/23/15 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nCS1522435760 ENERGEN RESOURCES CORPORATION Major Fire 7/23/15 Lube Oil 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nCS1520529033 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 7/23/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1522941536 OXY USA INC Major Produced Water Release 7/23/15 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJXK1601935719 OXY USA INC Other 7/23/15 Unknown 0 0 0 BBL Other Lea (25) No No
nAB1522941536 OXY USA INC Major Produced Water Release 7/23/15 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nAB1521040274 LINN OPERATING, LLC. Minor Produced Water Release 7/22/15 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJXK1520328322 EOG RESOURCES INC Major Produced Water Release 7/22/15 Produced Water 150 23 127 BBL Vandalism Lea (25) No No
nAB1522951031 COG OPERATING LLC Minor Produced Water Release 7/22/15 Produced Water 17 13 4 BBL Corrosion Eddy (15) No No
nCS1521551196 DOMINION PRODUCTION COMPANY, LLC Oil Release 7/22/15 Other (Specify) 0 0 0 BBL Other McKinley (31) No No
nKJ1523032398 OXY USA INC Minor Produced Water Release 7/22/15 Crude Oil 3 2 1 BBL Corrosion Lea (25) No No
nAB1521536722 APACHE CORPORATION Major Other 7/22/15 Acid 300 200 100 BBL Equipment Failure Eddy (15) No No
nKJ1523032398 OXY USA INC Minor Produced Water Release 7/22/15 Produced Water 10 8 2 BBL Corrosion Lea (25) No No
nAB1521756768 EOG Y RESOURCES, INC. Major Produced Water Release 7/21/15 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nCS1521552884 High River Resources Operating, LLC Oil Release 7/21/15 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nJXK1523125630 COG OPERATING LLC Major Oil Release 7/21/15 Crude Oil 25 24 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1521756768 EOG Y RESOURCES, INC. Major Produced Water Release 7/21/15 Produced Water 25 25 0 BBL Equipment Failure Eddy (15) No No
nKJ1523033395 OXY USA INC Major Oil Release 7/21/15 Crude Oil 135 130 5 BBL Equipment Failure Lea (25) No No
nKJ1523033395 OXY USA INC Major Oil Release 7/21/15 Produced Water 20 13 7 BBL Equipment Failure Lea (25) No No
nJXK1520828061 MEWBOURNE OIL CO Major Produced Water Release 7/20/15 Produced Water 297 275 22 BBL Lightning Lea (25) No No
nAB1521254720 BOPCO, L.P. Major Oil Release 7/20/15 Crude Oil 30 0 30 BBL Corrosion Eddy (15) No No
nJXK1525954951 EOG Y RESOURCES, INC. Major Produced Water Release 7/20/15 Produced Water 160 150 10 BBL Equipment Failure Lea (25) No No
nAB1520553647 BOPCO, L.P. Major Produced Water Release 7/20/15 Crude Oil 9 5 4 BBL Equipment Failure Eddy (15) No No
nAB1521254720 BOPCO, L.P. Major Oil Release 7/20/15 Condensate 11 0 11 BBL Corrosion Eddy (15) No No
nAB1520553647 BOPCO, L.P. Major Produced Water Release 7/20/15 Produced Water 19 15 4 BBL Equipment Failure Eddy (15) No No
nAB1523932511 COG OPERATING LLC Produced Water Release 7/20/15 Produced Water 0 0 0 BBL Eddy (15) No No
nAB1524750307 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 7/19/15 Crude Oil 40 35 5 BBL Equipment Failure Eddy (15) No No
nAB1520442349 MACK ENERGY CORP Produced Water Release 7/19/15 Produced Water 4 0 4 BBL Lightning Eddy (15) No No
nKJ1528657041 CIMAREX ENERGY CO. OF COLORADO Major Other 7/19/15 Condensate 60 59 1 BBL Corrosion Lea (25) No No
nAB1522950454 Permian Resources Operating, LLC Minor Oil Release 7/19/15 Crude Oil 8 6 2 BBL Equipment Failure Eddy (15) No No
nJXK1520354698 EOG RESOURCES INC Major Produced Water Release 7/19/15 Produced Water 250 50 200 BBL Blow Out Lea (25) No No
nCS1531342931 XTO ENERGY, INC Natural Gas Release 7/18/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1520256930 BOPCO, L.P. Major Produced Water Release 7/18/15 Produced Water 77 50 27 BBL Equipment Failure Eddy (15) No No
nAB1520255168 RAYBAW Operating, LLC Minor Produced Water Release 7/17/15 Produced Water 6 0 6 BBL Vandalism Eddy (15) No No
nAB1529331964 BOPCO, L.P. Produced Water Release 7/17/15 Produced Water 0 0 0 BBL Other Eddy (15) No No
nJXK1520227540 OXY USA INC Major Oil Release 7/17/15 Crude Oil 31 4 27 BBL Human Error Lea (25) No No
nAB1520255917 MEWBOURNE OIL CO Minor Produced Water Release 7/17/15 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1520255917 MEWBOURNE OIL CO Minor Produced Water Release 7/17/15 Produced Water 12 12 0 BBL Equipment Failure Eddy (15) No No
nAB1520432614 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/16/15 Crude Oil 6 5 1 BBL Corrosion Eddy (15) No No
nAB1520435108 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/16/15 Produced Water 150 70 80 BBL Equipment Failure Eddy (15) No No
nCS1524737817 Williams Four Corners, LLC Natural Gas Release 7/16/15 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nCS1523032924 NM&O Oil Release 7/16/15 Crude Oil 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nCS1523032924 NM&O Oil Release 7/16/15 Condensate 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nCS1531343072 XTO ENERGY, INC Other 7/16/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1520938509 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 7/16/15 Crude Oil 12 11 1 BBL Equipment Failure Eddy (15) No No
nJXK1522953242 COG OPERATING LLC Major Produced Water Release 7/16/15 Produced Water 45 40 5 BBL Equipment Failure Lea (25) No No
nCS1523031981 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 7/16/15 Natural Gas Liquids 15 0 15 BBL Corrosion San Juan (45) No No
nAB1521538288 COG OPERATING LLC Major Oil Release 7/15/15 Crude Oil 80 80 0 BBL Corrosion Eddy (15) No No
nJXK1520254468 EOG RESOURCES INC Major Produced Water Release 7/15/15 Produced Water 1800 1765 35 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1519638250 OXY USA INC Major Produced Water Release 7/15/15 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nAB1535129942 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 7/15/15 Crude Oil 100 100 0 BBL Fire Eddy (15) No No
nAB1520434156 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/15/15 Produced Water 85 0 85 BBL Equipment Failure Eddy (15) No No
nJXK1519752626 Maverick Permian LLC Minor Oil Release 7/15/15 Crude Oil 8 4 4 BBL Equipment Failure Lea (25) No No
nAB1520253667 BOPCO, L.P. Major Produced Water Release 7/15/15 Produced Water 80 30 50 BBL Equipment Failure Eddy (15) No No
nJXK1519747622 Maverick Permian LLC Minor Oil Release 7/15/15 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAB1535129942 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 7/15/15 Produced Water 50 50 0 BBL Fire Eddy (15) No No
nJXK1519752626 Maverick Permian LLC Minor Oil Release 7/15/15 Produced Water 2 1 1 BBL Equipment Failure Lea (25) No No
nJXK1519747622 Maverick Permian LLC Minor Oil Release 7/15/15 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nJXK1519547670 COG OPERATING LLC Minor Produced Water Release 7/14/15 Produced Water 22 20 2 BBL Equipment Failure Lea (25) No No
nAB1520244218 LINN OPERATING, LLC. Major Produced Water Release 7/13/15 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No

nCS1519452678
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Oil Release 7/13/15 Crude Oil 30 8 22 BBL Equipment Failure Sandoval (43) No No

nAB1520128523 BOPCO, L.P. Minor Produced Water Release 7/13/15 Produced Water 13 4 9 BBL Equipment Failure Eddy (15) No No
nAB1520127947 BOPCO, L.P. Minor Produced Water Release 7/13/15 Produced Water 13 1 12 BBL Corrosion Eddy (15) No No
nCS1520543397 SIMCOE LLC Major Produced Water Release 7/13/15 Produced Water 150 0 150 BBL San Juan (45) No No
nCS1521555302 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 7/13/15 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
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nAB1521253720 COG OPERATING LLC Minor Produced Water Release 7/13/15 Produced Water 15 14 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nCS1519452678
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Oil Release 7/13/15 Produced Water 15 8 7 BBL Equipment Failure Sandoval (43) No No

nAB1521253720 COG OPERATING LLC Minor Produced Water Release 7/13/15 Crude Oil 5 4 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1520828694 Silverback Operating II, LLC Minor Oil Release 7/12/15 Crude Oil 9 7 2 BBL Human Error Eddy (15) No No
nAB1519827440 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/12/15 Crude Oil 15 15 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1520932221 EOG Y RESOURCES, INC. Major Produced Water Release 7/11/15 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nAB1519733009 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 7/11/15 Crude Oil 5 2 3 BBL Fire Eddy (15) No No
nAB1521757398 LINN OPERATING, LLC. Major Oil Release 7/11/15 Crude Oil 434 0 434 BBL Fire Eddy (15) No No
nJXK1519748730 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/11/15 0 0 0 BBL Lea (25) No No
nAB1519733009 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 7/11/15 Produced Water 400 254 146 BBL Fire Eddy (15) No No
nAB1520952625 EOG Y RESOURCES, INC. Minor Produced Water Release 7/11/15 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nJXK1519748730 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/11/15 Produced Water 150 0 150 BBL Equipment Failure Lea (25) No No
nAB1521048843 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/11/15 Produced Water 400 395 5 BBL Lightning Eddy (15) No No
nAB1521052096 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 7/11/15 Produced Water 617 616 1 BBL Equipment Failure Eddy (15) No No
nTO1519150372 XTO ENERGY, INC Minor Natural Gas Release 7/10/15 0 0 0 Lea (25) No No
nAB1521040816 OXY USA INC Major Oil Release 7/10/15 Crude Oil 50 45 5 BBL Corrosion Eddy (15) No No
nCS1520542780 WPX ENERGY PRODUCTION, LLC Major Other 7/10/15 Other (Specify) 150 50 100 BBL Equipment Failure Rio Arriba (39) No No
nJXK1520146410 CHEVRON U S A INC Minor Natural Gas Release 7/10/15 0 0 0 Lea (25) No No
nAB1519857428 BOPCO, L.P. Major Produced Water Release 7/10/15 Crude Oil 4 0 4 BBL Corrosion Eddy (15) No No
nAB1519857428 BOPCO, L.P. Major Produced Water Release 7/10/15 Produced Water 24 0 24 BBL Corrosion Eddy (15) No No
nCS1520542383 RODDY PRODUCTION CO INC Major Fire 7/9/15 Crude Oil 0 0 0 BBL Lightning Sandoval (43) No No
nJXK1520329895 SOUTHWEST ROYALTIES INC Minor Produced Water Release 7/9/15 Produced Water 6 4 2 BBL Equipment Failure Lea (25) No No
nAB1520238826 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 7/9/15 Crude Oil 12 4 8 BBL Human Error Eddy (15) No No
nKJ1519049010 RAYBAW Operating, LLC Major Produced Water Release 7/9/15 Produced Water 50 40 10 BBL Equipment Failure Lea (25) No No
nAB1520238826 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 7/9/15 Produced Water 8 6 2 BBL Human Error Eddy (15) No No
nAB1520954622 COG OPERATING LLC Minor Produced Water Release 7/8/15 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1520958553 COG PRODUCTION, LLC Major Produced Water Release 7/8/15 Produced Water 100 95 5 BBL Equipment Failure Eddy (15) No No
nAB1519632574 BOPCO, L.P. Minor Produced Water Release 7/8/15 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1520954622 COG OPERATING LLC Minor Produced Water Release 7/8/15 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nAB1520454469 EOG Y RESOURCES, INC. Minor Produced Water Release 7/8/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1520454469 EOG Y RESOURCES, INC. Minor Produced Water Release 7/8/15 Produced Water 4 3 1 BBL Equipment Failure Eddy (15) No No
nAB1521042859 OXY USA INC Major Produced Water Release 7/7/15 Crude Oil 30 28 2 BBL Human Error Eddy (15) No No
nJXK1520127211 BRIDGER LOGISTICS, LLC Minor Oil Release 7/7/15 Crude Oil 18 0 18 BBL Human Error Lea (25) No No
nTO1519037598 BXP Operating, LLC Minor Produced Water Release 7/7/15 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1521042859 OXY USA INC Major Produced Water Release 7/7/15 Produced Water 30 27 3 BBL Human Error Eddy (15) No No
nAB1520834022 COG OPERATING LLC Major Oil Release 7/6/15 Crude Oil 36 34 2 BBL Equipment Failure Eddy (15) No No
nTO1518757703 Maverick Permian LLC Minor Oil Release 7/6/15 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nTO1518757703 Maverick Permian LLC Minor Oil Release 7/6/15 Produced Water 22 5 17 BBL Equipment Failure Lea (25) No No
nCS1521552026 CCI SAN JUAN LLC Oil Release 7/6/15 Other (Specify) 0 0 0 BBL Corrosion San Juan (45) No Yes
nAB1520836176 COG OPERATING LLC Minor Produced Water Release 7/5/15 Produced Water 15 5 10 BBL Equipment Failure Eddy (15) No No
nAB1519853006 BOPCO, L.P. Minor Produced Water Release 7/5/15 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1519853006 BOPCO, L.P. Minor Produced Water Release 7/5/15 Produced Water 6 2 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nAB1519651612
ROGER SLAYTON DBA ESCUDILLA OIL 
COMPANY Oil Release 7/4/15 Crude Oil 1 1 0 BBL Equipment Failure Chaves (05) No No

nAB1519648727 XTO PERMIAN OPERATING LLC. Minor Oil Release 7/4/15 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No

nAB1519652275
ROGER SLAYTON DBA ESCUDILLA OIL 
COMPANY Oil Release 7/4/15 Crude Oil 1 1 0 BBL Equipment Failure Chaves (05) No No

nAB1519854325 BOPCO, L.P. Minor Produced Water Release 7/4/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1519648727 XTO PERMIAN OPERATING LLC. Minor Oil Release 7/4/15 Produced Water 23 0 23 BBL Corrosion Eddy (15) No No
nAB1519854325 BOPCO, L.P. Minor Produced Water Release 7/4/15 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nHMP1519124904 LINN OPERATING, LLC. Minor Oil Release 7/3/15 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nHMP1519124904 LINN OPERATING, LLC. Minor Oil Release 7/3/15 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nCS1531336960 CONOCOPHILLIPS COMPANY Other 7/2/15 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1520842661 COG OPERATING LLC Major Produced Water Release 7/2/15 Crude Oil 30 20 10 BBL Lightning Lea (25) No No
nAB1519640448 BOPCO, L.P. Minor Produced Water Release 7/2/15 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nAB1519449044 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 7/2/15 Natural Gas Liquids 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1520842661 COG OPERATING LLC Major Produced Water Release 7/2/15 Produced Water 420 400 20 BBL Lightning Lea (25) No No
nAB1519640448 BOPCO, L.P. Minor Produced Water Release 7/2/15 Produced Water 11 0 11 BBL Equipment Failure Eddy (15) No No
nAB1520236531 EOG Y RESOURCES, INC. Minor Produced Water Release 7/1/15 Produced Water 15 6 9 BBL Equipment Failure Eddy (15) No No
nCS1521538451 DUGAN PRODUCTION CORP Produced Water Release 7/1/15 Produced Water 0 0 0 BBL Other 0 No No
nAB1525129391 W J SWEATT Minor Produced Water Release 7/1/15 Condensate 20 10 10 BBL Lightning Eddy (15) No No
nKJ1518233413 OWL SWD OPERATING, LLC Major Oil Release 7/1/15 Crude Oil 75 60 15 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1519556419 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 6/30/15 Produced Water 9 2 7 BBL Equipment Failure Eddy (15) No No
nJXK1520238865 COG OPERATING LLC Major Oil Release 6/30/15 Produced Water 35 30 5 BBL Corrosion Lea (25) No No
nCS1521538651 WESTERN REFINING PIPELINE LLC Major Oil Release 6/30/15 Crude Oil 1000 0 0 BBL Human Error 0 No No
nKJ1518138274 EOG RESOURCES INC Minor Produced Water Release 6/30/15 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAB1520240307 Spur Energy Partners LLC Major Produced Water Release 6/30/15 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nKJ1518155255 BTA OIL PRODUCERS, LLC Major Oil Release 6/30/15 Crude Oil 45 40 5 BBL Equipment Failure Lea (25) No No
nAB1520549326 COG OPERATING LLC Minor Produced Water Release 6/30/15 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nCS1518951740 SIMCOE LLC Minor Produced Water Release 6/30/15 Produced Water 15 0 15 BBL Corrosion San Juan (45) No No
nJXK1520238865 COG OPERATING LLC Major Oil Release 6/30/15 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nAB1520240307 Spur Energy Partners LLC Major Produced Water Release 6/30/15 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nKJ1518050170 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/29/15 Produced Water 20 20 0 BBL Equipment Failure Lea (25) No No
nJXK1519647154 OWL SWD OPERATING, LLC Minor Oil Release 6/28/15 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No
nAB1518142937 Redwood Operating LLC Major Produced Water Release 6/28/15 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nJXK1519647154 OWL SWD OPERATING, LLC Minor Oil Release 6/28/15 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1518142937 Redwood Operating LLC Major Produced Water Release 6/28/15 Produced Water 805 780 25 BBL Equipment Failure Eddy (15) No No
nKJ1518948690 XTO PERMIAN OPERATING LLC. Minor Oil Release 6/26/15 Crude Oil 5 3 2 BBL Equipment Failure Lea (25) No No
nAB1520254514 COG OPERATING LLC Major Produced Water Release 6/26/15 Produced Water 50 50 0 BBL Eddy (15) No No
nJXK1520929866 TANDEM ENERGY CORPORATION Major Oil Release 6/25/15 Crude Oil 40 0 40 BBL Equipment Failure Lea (25) No No
nKJ1517632386 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 6/25/15 Produced Water 15 14 1 BBL Equipment Failure Lea (25) No No
nJXK1520930187 TANDEM ENERGY CORPORATION Major Oil Release 6/25/15 Crude Oil 40 0 40 BBL Equipment Failure Lea (25) No No
nAB1523153309 Extex Operating Company Major Other 6/25/15 Diesel 600 0 600 BBL Vandalism Eddy (15) No No
nAB1518149184 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 6/25/15 Crude Oil 5 1 4 BBL Fire Eddy (15) No No
nKJ1517633237 COG OPERATING LLC Minor Oil Release 6/25/15 Crude Oil 15 15 0 BBL Equipment Failure Lea (25) No No
nAB1518054044 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 6/25/15 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nKJ1518055891 BXP Operating, LLC Major Oil Release 6/25/15 Crude Oil 50 40 10 BBL Equipment Failure Lea (25) No No
nAB1518149184 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 6/25/15 Produced Water 350 300 50 BBL Fire Eddy (15) No No
nAB1519828986 OXY USA INC Minor Produced Water Release 6/24/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1519629103 COG OPERATING LLC Major Produced Water Release 6/24/15 Crude Oil 100 99 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1519848541 OXY USA INC Major Produced Water Release 6/24/15 Produced Water 50 0 50 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1519631494 COG OPERATING LLC Minor Produced Water Release 6/24/15 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nAB1519828986 OXY USA INC Minor Produced Water Release 6/24/15 Produced Water 14 0 14 BBL Equipment Failure Eddy (15) No No
nAB1611932980 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 6/24/15 Crude Oil 300 295 5 BBL Equipment Failure Eddy (15) No No
nKJ1517541266 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/24/15 Produced Water 25 17 8 BBL Human Error Lea (25) No No
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nAB1519629103 COG OPERATING LLC Major Produced Water Release 6/24/15 Produced Water 510 500 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1520128433 COG OPERATING LLC Minor Produced Water Release 6/24/15 Produced Water 22 20 2 BBL Equipment Failure Lea (25) No No
nCS1532150764 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 6/23/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nKJ1517428532 COG PRODUCTION, LLC Minor Produced Water Release 6/23/15 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nAB1518051848 BOPCO, L.P. Major Produced Water Release 6/23/15 Produced Water 35 30 5 BBL Equipment Failure Eddy (15) No No
nKJ1517428532 COG PRODUCTION, LLC Minor Produced Water Release 6/23/15 Produced Water 10 9 1 BBL Equipment Failure Lea (25) No No
nTO1519050456 GREAT LAKES PET. TRANS. LLC Major Oil Release 6/23/15 Crude Oil 42 30 12 BBL Human Error Lea (25) No No
nKJ1517447251 EOG RESOURCES INC Minor Produced Water Release 6/23/15 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nCS1533528324 BURLINGTON RESOURCES OIL & GAS CO Release Other 6/23/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nKJ1517434094 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 6/23/15 Condensate 9 9 0 BBL Equipment Failure Eddy (15) No No
nAB1518136975 WPX Energy Permian, LLC Major Produced Water Release 6/23/15 Produced Water 70 60 10 BBL Equipment Failure Eddy (15) No No
nAB1518142271 XTO PERMIAN OPERATING LLC. Major Produced Water Release 6/22/15 Produced Water 110 40 70 BBL Equipment Failure Eddy (15) No No
nCS1522434321 CONOCOPHILLIPS COMPANY Oil Release 6/22/15 Condensate 0 0 0 BBL Other San Juan (45) No No
nKJ1517453233 MorningStar Operating LLC Major Produced Water Release 6/22/15 Produced Water 154 30 124 BBL Equipment Failure Lea (25) No No
nAB1520158982 BAM Permian Operating, LLC Minor Oil Release 6/22/15 Crude Oil 12 10 2 BBL Equipment Failure Eddy (15) No No
nAB1518056243 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/21/15 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1518055632 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/21/15 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1518141553 CIMAREX ENERGY CO. Minor Produced Water Release 6/21/15 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1519554769 COG OPERATING LLC Minor Produced Water Release 6/20/15 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nJXK1519633884 MATADOR PRODUCTION COMPANY Minor Oil Release 6/20/15 Produced Water 15 13 2 BBL Equipment Failure Lea (25) No No
nAB1519554769 COG OPERATING LLC Minor Produced Water Release 6/20/15 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nJXK1519633884 MATADOR PRODUCTION COMPANY Minor Oil Release 6/20/15 Crude Oil 3 1 2 BBL Equipment Failure Lea (25) No No
nJXK1519633884 MATADOR PRODUCTION COMPANY Minor Oil Release 6/20/15 Condensate 0 0 0 BBL Equipment Failure Lea (25) No No
nHMP1518934319 Civitas Permian Operating, LLC Major Produced Water Release 6/19/15 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nKJ1518236508 EOG Y RESOURCES, INC. Major Produced Water Release 6/19/15 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nHMP1518934319 Civitas Permian Operating, LLC Major Produced Water Release 6/19/15 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nAB1519433156 EOG Y RESOURCES, INC. Minor Produced Water Release 6/19/15 Produced Water 10 9 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKJ1518236508 EOG Y RESOURCES, INC. Major Produced Water Release 6/19/15 Produced Water 148 130 18 BBL Equipment Failure Lea (25) No No
nAB1517357601 MEWBOURNE OIL CO Major Other 6/18/15 Acid 958 800 158 BBL Equipment Failure Eddy (15) No No
nAB1518050116 EOG Y RESOURCES, INC. Major Produced Water Release 6/18/15 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nAB1517441768 CIMAREX ENERGY CO. Minor Produced Water Release 6/18/15 Produced Water 15 5 10 BBL Equipment Failure Eddy (15) No No
nCS1522428668 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 6/18/15 Produced Water 40 10 30 BBL Equipment Failure Rio Arriba (39) No No
nHMP1518950756 APACHE CORPORATION Minor Oil Release 6/17/15 Crude Oil 15 0 15 BBL Human Error Eddy (15) No No
nKJ1517548438 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/17/15 Produced Water 75 2 73 BBL Human Error Lea (25) No No
nHMP1518725850 COG OPERATING LLC Major Produced Water Release 6/17/15 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nHMP1518725850 COG OPERATING LLC Major Produced Water Release 6/17/15 Produced Water 130 128 2 BBL Equipment Failure Eddy (15) No No
nKJ1517349041 WESTERN REFINING COMPANY, L.P. Minor Oil Release 6/16/15 Crude Oil 17 0 17 BBL Human Error Lea (25) No No
nAB1520940005 DINERO OPERATING CO Minor Oil Release 6/16/15 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1517443063 RAYBAW Operating, LLC Minor Produced Water Release 6/16/15 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1519429994 COG OPERATING LLC Minor Oil Release 6/16/15 Crude Oil 15 14 1 BBL Equipment Failure Eddy (15) No No
nAB1517455620 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/16/15 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nCS1518950799 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 6/16/15 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
nAB1517455620 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/16/15 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nAB1517443063 RAYBAW Operating, LLC Minor Produced Water Release 6/16/15 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nKJ1516743465 Maverick Permian LLC Major Produced Water Release 6/15/15 Produced Water 30 7 23 BBL Equipment Failure Lea (25) No No
nAB1517337233 LINN OPERATING, LLC. Minor Produced Water Release 6/15/15 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
nAB1516756346 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 6/15/15 Produced Water 105 5 100 BBL Equipment Failure Eddy (15) No No
nAB1517658124 XTO PERMIAN OPERATING LLC. Minor Oil Release 6/15/15 Crude Oil 6 1 5 BBL Equipment Failure Eddy (15) No No
nAB1517339929 LINN OPERATING, LLC. Minor Produced Water Release 6/15/15 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nAB1517027966 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/15/15 Crude Oil 30 30 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1517339929 LINN OPERATING, LLC. Minor Produced Water Release 6/15/15 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nKJ1516639322 OWL SWD OPERATING, LLC Minor Produced Water Release 6/15/15 Produced Water 20 18 2 BBL Equipment Failure Lea (25) No No
nAB1517027966 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/15/15 Produced Water 50 50 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1531337976 BURLINGTON RESOURCES OIL & GAS CO Oil Release 6/15/15 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nKJ1517037576 WESTERN REFINING COMPANY, L.P. Minor Oil Release 6/14/15 Crude Oil 13 0 13 BBL Human Error Lea (25) No No
nAB1518157994 Spur Energy Partners LLC Major Produced Water Release 6/13/15 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1517742106 BURNETT OIL CO INC Major Produced Water Release 6/13/15 Crude Oil 80 5 75 BBL Fire Eddy (15) No No
nAB1522256800 MEWBOURNE OIL CO Major Produced Water Release 6/13/15 Produced Water 1170 1170 0 BBL Lightning Eddy (15) No No
nKJ1517351773 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 6/13/15 Produced Water 21 15 6 BBL Corrosion Lea (25) No No
nAB1518157994 Spur Energy Partners LLC Major Produced Water Release 6/13/15 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nKJ1517335905 BASIN ALLIANCE LLC Major Fire 6/13/15 Produced Water 0 0 0 BBL Lightning Lea (25) No No
nKJ1516742526 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 6/13/15 Crude Oil 4 4 0 BBL Corrosion Lea (25) No No
nAB1520554210 XTO ENERGY, INC Major Produced Water Release 6/13/15 Produced Water 160 0 160 BBL Equipment Failure Eddy (15) No No
nKJ1516742526 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 6/13/15 Produced Water 29 26 3 BBL Corrosion Lea (25) No No
nAB1517742106 BURNETT OIL CO INC Major Produced Water Release 6/13/15 Produced Water 210 25 185 BBL Fire Eddy (15) No No
nKJ1517335905 BASIN ALLIANCE LLC Major Fire 6/13/15 Crude Oil 0 0 0 BBL Lightning Lea (25) No No
nKJ1517335905 BASIN ALLIANCE LLC Major Fire 6/13/15 Unknown 0 0 0 BBL Lightning Lea (25) No No
nKJ1516650966 Maverick Permian LLC Major Oil Release 6/12/15 Crude Oil 30 20 10 BBL Equipment Failure Lea (25) No No
nAB1518152971 COG OPERATING LLC Major Produced Water Release 6/12/15 Crude Oil 15 12 3 BBL Equipment Failure Eddy (15) No No
nAB1518152971 COG OPERATING LLC Major Produced Water Release 6/12/15 Produced Water 30 25 5 BBL Equipment Failure Eddy (15) No No
nCS1518952081 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 6/12/15 Natural Gas Liquids 7 0 7 BBL Corrosion Rio Arriba (39) No No
nAB1516757810 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/11/15 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nCS1518954239 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 6/11/15 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nKJ1517628654 CROWNQUEST OPERATING, LLC Oil Release 6/11/15 Crude Oil 0 0 0 BBL Normal Operations Lea (25) No No
nKJ1517628654 CROWNQUEST OPERATING, LLC Oil Release 6/11/15 Crude Oil 0 0 0 BBL Human Error Lea (25) No No

nKJ1516252913 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 6/10/15
Gelled Brine (Frac 
Fluid) 8 2 6 BBL Human Error Lea (25) No No

nCS1535153159 Williams Four Corners, LLC Major Other 6/9/15 Other (Specify) 70 0 70 BBL Normal Operations San Juan (45) No No
nCS1518952955 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 6/9/15 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nKJ1516034806 ARMSTRONG ENERGY CORP Major Produced Water Release 6/9/15 Produced Water 80 0 80 BBL Equipment Failure Lea (25) No No
nKJ1516034806 ARMSTRONG ENERGY CORP Major Produced Water Release 6/9/15 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nTO1519055552 OWL SWD OPERATING, LLC Major Oil Release 6/9/15 Produced Water 559 550 9 BBL Equipment Failure Lea (25) No No
nTO1519055552 OWL SWD OPERATING, LLC Major Oil Release 6/9/15 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nCS1515956344 DOMINION PRODUCTION COMPANY, LLC Oil Release 6/8/15 Crude Oil 0 0 0 BBL Other McKinley (31) No No
nAB1519833437 Silverback Operating II, LLC Minor Oil Release 6/8/15 Crude Oil 8 0 8 BBL Corrosion Eddy (15) No No
nAB1519755043 OXY USA INC Minor Produced Water Release 6/8/15 Crude Oil 5 0 5 BBL Vehicular Accident Eddy (15) No No
nAB1516652299 BOPCO, L.P. Major Other 6/8/15 Brine Water 818 740 78 BBL Equipment Failure Eddy (15) No No
nAB1516226673 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 6/8/15 Natural Gas Liquids 9 0 9 BBL Equipment Failure Eddy (15) No No
nAB1519755043 OXY USA INC Minor Produced Water Release 6/8/15 Produced Water 15 0 15 BBL Vehicular Accident Eddy (15) No No
nAB1517555063 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 6/7/15 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nAB1519757326 OXY USA INC Minor Produced Water Release 6/6/15 Produced Water 18 0 18 BBL Equipment Failure Eddy (15) No No
nAB1516026655 LLJ VENTURES, LLC DBA MARKER OIL & GAS Minor Produced Water Release 6/6/15 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nKJ1518126122 CIMAREX ENERGY CO. Major Produced Water Release 6/6/15 Produced Water 300 90 210 BBL Other Lea (25) No No
nKJ1515642156 COG PRODUCTION, LLC Major Oil Release 6/5/15 Crude Oil 30 29 1 BBL Human Error Lea (25) No No
nKJ1515645289 COG PRODUCTION, LLC Major Produced Water Release 6/5/15 Produced Water 170 169 1 BBL Equipment Failure Lea (25) No No
nCS1518952648 HILCORP ENERGY COMPANY Major Oil Release 6/5/15 Natural Gas Liquids 0 0 0 BBL Equipment Failure San Juan (45) No No
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nAB1516728054 BOPCO, L.P. Minor Produced Water Release 6/4/15 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nCS1515555628 MARALEX DISPOSAL, LLC Produced Water Release 6/4/15 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAB1516732273 BOPCO, L.P. Minor Oil Release 6/4/15 Crude Oil 6 1 5 BBL Equipment Failure Eddy (15) No No
nCS1518127937 D J SIMMONS INC Other 6/3/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1515927960 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 6/3/15 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1516651332 EOG Y RESOURCES, INC. Major Produced Water Release 6/3/15 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1517355354 EOG Y RESOURCES, INC. Minor Produced Water Release 6/3/15 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nAB1516651332 EOG Y RESOURCES, INC. Major Produced Water Release 6/3/15 Produced Water 140 125 15 BBL Equipment Failure Eddy (15) No No
nAB1515927960 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 6/3/15 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1515656252 MEWBOURNE OIL CO Major Produced Water Release 6/2/15 Crude Oil 90 80 10 BBL Lightning Eddy (15) No No
nAB1518039035 CENTURION PIPELINE L.P. Minor Oil Release 6/2/15 Crude Oil 10 2 8 BBL Equipment Failure Eddy (15) No No
nCS1522431099 CONOCOPHILLIPS COMPANY Oil Release 6/2/15 Crude Oil 0 0 0 BBL Other Rio Arriba (39) No No
nKJ1515356262 Franklin Mountain Energy 3, LLC Minor Produced Water Release 6/2/15 Produced Water 5 5 0 BBL Lightning Lea (25) No No
nAB1515656252 MEWBOURNE OIL CO Major Produced Water Release 6/2/15 Produced Water 100 100 0 BBL Lightning Eddy (15) No No
nAB1515649061 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 6/1/15 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nKJ1515255177 FRONTIER FIELD SERVICES, LLC Minor Oil Release 6/1/15 Crude Oil 20 5 15 BBL Equipment Failure Lea (25) No No
nAB1517027403 EOG Y RESOURCES, INC. Minor Oil Release 6/1/15 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1518054548 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/1/15 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1515657345 LINN OPERATING, LLC. Produced Water Release 5/31/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJK1515255965 DUGAN PRODUCTION CORP Produced Water Release 5/31/15 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKJ1516634143 PLAINS MARKETING L.P. Major Oil Release 5/31/15 Crude Oil 35 25 10 BBL Equipment Failure Lea (25) No No
nCS1517350477 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 5/31/15 Produced Water 9 9 0 BBL Human Error San Juan (45) No No
nAB1515657345 LINN OPERATING, LLC. Produced Water Release 5/31/15 Produced Water 3 0 0 BBL Equipment Failure Eddy (15) No No
nKJ1517026496 OWL SWD OPERATING, LLC Major Produced Water Release 5/30/15 Crude Oil 100 85 15 BBL Lightning Lea (25) No No
nAB1517753678 COG OPERATING LLC Major Produced Water Release 5/30/15 Crude Oil 537 450 87 BBL Lightning Eddy (15) No No
nAB1517750812 COG OPERATING LLC Major Produced Water Release 5/30/15 Produced Water 50 45 5 BBL Lightning Eddy (15) No No
nAB1517753678 COG OPERATING LLC Major Produced Water Release 5/30/15 Produced Water 150 150 0 BBL Lightning Eddy (15) No No
nKJ1517026496 OWL SWD OPERATING, LLC Major Produced Water Release 5/30/15 Produced Water 1368 1300 68 BBL Lightning Lea (25) No No
nAB1516952580 Silverback Operating II, LLC Minor Produced Water Release 5/30/15 Produced Water 15 15 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1516753933 COG OPERATING LLC Major Produced Water Release 5/29/15 Crude Oil 70 60 10 BBL Equipment Failure Eddy (15) No No
nKJ1517028912 Extex Operating Company Major Oil Release 5/29/15 Crude Oil 72 0 72 BBL Lightning Roosevelt (41) No No
nKJ1516031732 DWIGHT A TIPTON Major Produced Water Release 5/29/15 Produced Water 90 65 25 BBL Lightning Lea (25) No No
nKJ1516850129 EOG Y RESOURCES, INC. Minor Oil Release 5/29/15 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nAB1516653298 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/29/15 Produced Water 99 99 0 BBL Lightning Eddy (15) No No
nAB1516753933 COG OPERATING LLC Major Produced Water Release 5/29/15 Produced Water 30 20 10 BBL Equipment Failure Eddy (15) No No
nKJ1516850129 EOG Y RESOURCES, INC. Minor Oil Release 5/29/15 Produced Water 4 3 1 BBL Equipment Failure Lea (25) No No
nAB1519836566 OXY USA INC Major Produced Water Release 5/28/15 Crude Oil 8 7 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1517429879 OXY USA INC Major Produced Water Release 5/28/15 Crude Oil 40 30 10 BBL Equipment Failure Eddy (15) No No
nKJ1518127096 MERIT ENERGY COMPANY, LLC Major Oil Release 5/28/15 Crude Oil 130 50 80 BBL Lightning Lea (25) No No
nAB1515334420 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 5/28/15 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJXK1519550074 BOPCO, L.P. Minor Oil Release 5/28/15 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nCS1520543180 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 5/28/15 Produced Water 6 0 6 BBL Equipment Failure Rio Arriba (39) No No
nAB1517429879 OXY USA INC Major Produced Water Release 5/28/15 Produced Water 100 70 30 BBL Equipment Failure Eddy (15) No No
nAB1519836566 OXY USA INC Major Produced Water Release 5/28/15 Produced Water 380 360 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1517350068 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 5/28/15 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
nKJ1514928914 SUNDOWN ENERGY LP Oil Release 5/28/15 Crude Oil 0 0 0 BBL Other Lea (25) No No
nCS1517350068 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 5/28/15 0 0 0 BBL San Juan (45) No No
nAB1516030165 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 5/26/15 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1515234386 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 5/25/15 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nCS1514856330 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 5/25/15 Condensate 53 47 6 BBL Equipment Failure San Juan (45) No No

nAB1519652699
ROGER SLAYTON DBA ESCUDILLA OIL 
COMPANY Oil Release 5/25/15 Crude Oil 1 1 0 BBL Equipment Failure Chaves (05) No No

nAB1515234386 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 5/25/15 Produced Water 12 3 9 BBL Corrosion Eddy (15) No No

nAB1519658495
ROGER SLAYTON DBA ESCUDILLA OIL 
COMPANY Oil Release 5/24/15 Crude Oil 1 1 0 BBL Equipment Failure Chaves (05) No No

nKJ1517626295 JAY MANAGEMENT COMPANY, LLC Minor Oil Release 5/24/15 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nKJ1517626295 JAY MANAGEMENT COMPANY, LLC Minor Oil Release 5/24/15 Unknown 4 4 0 BBL Equipment Failure Lea (25) No No
nKJ1515231550 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/24/15 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nKJ1515231550 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/24/15 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nKJ1516030684 CIMAREX ENERGY CO. Major Oil Release 5/23/15 Crude Oil 90 90 0 BBL Equipment Failure Lea (25) No No
nMLB1523726911 EOG Y RESOURCES, INC. Major Produced Water Release 5/23/15 Produced Water 167 127 40 BBL Equipment Failure Eddy (15) No No
nAB1515654190 CIMAREX ENERGY CO. Major Oil Release 5/23/15 Crude Oil 30 29 1 BBL Equipment Failure Eddy (15) No No
nMLB1523726911 EOG Y RESOURCES, INC. Major Produced Water Release 5/23/15 Crude Oil 170 142 28 BBL Equipment Failure Eddy (15) No No
nKJ1514238259 COG OPERATING LLC Minor Produced Water Release 5/22/15 Produced Water 15 14 1 BBL Equipment Failure Lea (25) No No
nAB1515235015 BOPCO, L.P. Major Produced Water Release 5/22/15 Crude Oil 69 50 19 BBL Equipment Failure Eddy (15) No No
nAB1515235015 BOPCO, L.P. Major Produced Water Release 5/22/15 Produced Water 35 20 15 BBL Equipment Failure Eddy (15) No No
nCS1520541804 BURLINGTON RESOURCES OIL & GAS CO Major Other 5/22/15 Condensate 28 0 28 BBL Vandalism San Juan (45) No No
nCS1531337454 CONOCOPHILLIPS COMPANY Oil Release 5/21/15 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1514635341 BOPCO, L.P. Minor Produced Water Release 5/20/15 Crude Oil 12 9 3 BBL Equipment Failure Eddy (15) No No
nKJ1514047962 Opal Operating Company LLC Major Produced Water Release 5/20/15 Produced Water 63 63 0 BBL Lightning Chaves (05) No No
nAB1519757987 OXY USA INC Major Produced Water Release 5/20/15 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nJXK1519650093 OXY USA INC Major Produced Water Release 5/20/15 Produced Water 25 20 5 BBL Corrosion Lea (25) No No
nAB1514635341 BOPCO, L.P. Minor Produced Water Release 5/20/15 Produced Water 6 3 3 BBL Equipment Failure Eddy (15) No No
nKJ1514737541 RUBICON OIL & GAS, LLC Major Produced Water Release 5/20/15 Produced Water 70 60 10 BBL Lightning Lea (25) No No
nAB1519757987 OXY USA INC Major Produced Water Release 5/20/15 Produced Water 70 0 70 BBL Equipment Failure Eddy (15) No No
nAB1515926763 EOG Y RESOURCES, INC. Major Oil Release 5/20/15 Crude Oil 33 27 6 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKJ1514128176 MEWBOURNE OIL CO Minor Oil Release 5/19/15 Crude Oil 10 0 10 BBL Vandalism Lea (25) No No
nAB1514250277 MEWBOURNE OIL CO Minor Produced Water Release 5/19/15 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1514252440 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 5/19/15 Produced Water 35 0 35 BBL Equipment Failure Eddy (15) No No
nKJ1514143696 Maverick Permian LLC Major Produced Water Release 5/19/15 Produced Water 59 55 4 BBL Equipment Failure Lea (25) No No
nAB1514250277 MEWBOURNE OIL CO Minor Produced Water Release 5/19/15 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nKJ1514133492 MEWBOURNE OIL CO Minor Oil Release 5/19/15 Crude Oil 20 0 20 BBL Vandalism Lea (25) No No
nKJ1514143696 Maverick Permian LLC Major Produced Water Release 5/19/15 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nKJ1514730107 SCOUT ENERGY MANAGEMENT LLC Minor Produced Water Release 5/18/15 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1514042375 Acacia Operating Company, LLC Minor Oil Release 5/18/15 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1514636338 BOPCO, L.P. Major Produced Water Release 5/18/15 Crude Oil 7 5 2 BBL Corrosion Eddy (15) No No
nAB1514042375 Acacia Operating Company, LLC Minor Oil Release 5/18/15 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1514636338 BOPCO, L.P. Major Produced Water Release 5/18/15 Produced Water 38 5 33 BBL Corrosion Eddy (15) No No
nAB1515229894 LINN OPERATING, LLC. Oil Release 5/16/15 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nKJ1514727866 MorningStar Operating LLC Minor Produced Water Release 5/16/15 Produced Water 11 0 11 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1515229894 LINN OPERATING, LLC. Oil Release 5/16/15 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nKJ1514042254 RICE OPERATING COMPANY Major Produced Water Release 5/16/15 Produced Water 960 960 0 BBL Lightning Lea (25) No No
nCS1516029888 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 5/16/15 Drilling Mud/Fluid 280 260 20 BBL Equipment Failure Rio Arriba (39) No No
nAB1515955677 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 5/14/15 Crude Oil 103 97 6 BBL Equipment Failure Eddy (15) No No
nKJ1514142477 J & J Investments, LLC Major Oil Release 5/14/15 Crude Oil 50 45 5 BBL Other Lea (25) No No
nKJ1513833261 NADEL AND GUSSMAN PERMIAN, LLC Minor Oil Release 5/13/15 Crude Oil 9 8 1 BBL Equipment Failure Lea (25) No No
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nKJ1513833261 NADEL AND GUSSMAN PERMIAN, LLC Minor Oil Release 5/13/15 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAB1514654493 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 5/13/15 Produced Water 65 8 57 BBL Equipment Failure Eddy (15) No No
nCS1514151763 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/12/15 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1514253266 LINN OPERATING, LLC. Produced Water Release 5/11/15 Crude Oil 1 1 0 BBL Vandalism Eddy (15) No No
nCS1516030163 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 5/11/15 Produced Water 9 0 9 BBL Corrosion San Juan (45) No No
nAB1514253266 LINN OPERATING, LLC. Produced Water Release 5/11/15 Produced Water 1 1 0 BBL Vandalism Eddy (15) No No
nAB1514648735 COG OPERATING LLC Major Oil Release 5/11/15 Crude Oil 42 20 22 BBL Equipment Failure Eddy (15) No No
nKJ1514934862 OCCIDENTAL PERMIAN LTD Major Produced Water Release 5/10/15 Produced Water 145 45 100 BBL Corrosion Lea (25) No No
nAB1515951992 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/10/15 Crude Oil 14 9 5 BBL Equipment Failure Eddy (15) No No
nAB1515951992 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/10/15 Produced Water 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1514651908 COG OPERATING LLC Minor Oil Release 5/9/15 Crude Oil 10 9 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1513450970 XTO PERMIAN OPERATING LLC. Major Oil Release 5/9/15 Crude Oil 37 9 28 BBL Equipment Failure Eddy (15) No No
nCS1518954485 T-N-T ENVIRONMENTAL INC. Major Fire 5/8/15 Crude Oil 0 0 0 BBL Human Error Rio Arriba (39) No No
nCS1518142947 DOMINION PRODUCTION COMPANY, LLC Oil Release 5/8/15 Crude Oil 0 0 0 BBL Other McKinley (31) No No
nAB1514733807 COG OPERATING LLC Major Produced Water Release 5/7/15 Produced Water 190 175 15 BBL Human Error Eddy (15) No No
nAB1514727487 COG OPERATING LLC Major Produced Water Release 5/7/15 Produced Water 190 175 15 BBL Human Error Eddy (15) No No
nCS1525849193 SIMCOE LLC Oil Release 5/7/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nKJ1513251046 FASKEN OIL & RANCH LTD Minor Oil Release 5/6/15 Crude Oil 20 17 3 BBL Equipment Failure Lea (25) No No
nAB1513157754 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/6/15 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nKJ1513440441 MACK ENERGY CORP Major Produced Water Release 5/6/15 Produced Water 69 69 0 BBL Lightning Lea (25) No No
nAB1513157754 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/6/15 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nCS1512549954 SIMCOE LLC Release Other 5/5/15 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nKJ1512636803 EOR OPERATING COMPANY Major Oil Release 5/5/15 Crude Oil 37 37 0 BBL Lightning Roosevelt (41) No No
nAB1513555180 Spur Energy Partners LLC Major Produced Water Release 5/5/15 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1513555180 Spur Energy Partners LLC Major Produced Water Release 5/5/15 Produced Water 50 48 2 BBL Equipment Failure Eddy (15) No No
nAB1513152308 Civitas Permian Operating, LLC Major Produced Water Release 5/4/15 Produced Water 80 80 0 BBL Fire Eddy (15) No No
nAB1513152308 Civitas Permian Operating, LLC Major Produced Water Release 5/4/15 Crude Oil 10 10 0 BBL Fire Eddy (15) No No
nAB1513452903 BOPCO, L.P. Minor Oil Release 5/4/15 Crude Oil 12 4 8 BBL Equipment Failure Eddy (15) No No
nKJ1512639867 APACHE CORPORATION Minor Oil Release 5/3/15 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nKJ1512630688 Maverick Permian LLC Minor Oil Release 5/3/15 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nKJ1513333641 MorningStar Operating LLC Minor Oil Release 5/3/15 Produced Water 6 0 0 BBL Equipment Failure Lea (25) No No
nKJ1512639867 APACHE CORPORATION Minor Oil Release 5/3/15 Produced Water 2 1 1 BBL Equipment Failure Lea (25) No No
nKJ1512627727 Maverick Permian LLC Minor Oil Release 5/3/15 Crude Oil 12 12 0 BBL Equipment Failure Lea (25) No No
nKJ1513333641 MorningStar Operating LLC Minor Oil Release 5/3/15 Crude Oil 4 0 0 BBL Equipment Failure Lea (25) No No
nAB1513441350 XTO PERMIAN OPERATING LLC. Minor Oil Release 5/3/15 Crude Oil 24 20 4 BBL Equipment Failure Eddy (15) No No
nCS1512552805 WESTERN REFINING COMPANY, L.P. Minor Release Other 5/1/15 Other (Specify) 15 0 15 BBL Human Error Sandoval (43) No No
nKJ1515451683 CHEVRON U S A INC Oil Release 5/1/15 Crude Oil 0 0 0 BBL Normal Operations Lea (25) No No
nKJ1515353221 CHEVRON U S A INC Oil Release 5/1/15 Crude Oil 0 0 0 BBL Normal Operations Lea (25) No No
nKJ1515451683 CHEVRON U S A INC Oil Release 5/1/15 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nKJ1515353221 CHEVRON U S A INC Oil Release 5/1/15 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nKJ1512130095 Maverick Permian LLC Minor Produced Water Release 4/30/15 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nKJ1512130095 Maverick Permian LLC Minor Produced Water Release 4/30/15 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1512439250 Acacia Operating Company, LLC Minor Oil Release 4/29/15 Crude Oil 7 2 5 BBL Equipment Failure Eddy (15) No No
nAB1512558249 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 4/29/15 Produced Water 13 3 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1524538189 BP AMERICA PRODUCTION COMPANY Produced Water Release 4/29/15 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1521930490 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 4/29/15 Natural Gas Liquids 9 0 9 BBL Normal Operations Eddy (15) No No
nAB1515228638 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/29/15 Produced Water 8 5 3 BBL Equipment Failure Eddy (15) No No
nCS1535237248 BURLINGTON RESOURCES OIL & GAS CO Oil Release 4/28/15 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1512455138 WPX Energy Permian, LLC Major Produced Water Release 4/28/15 Crude Oil 8 5 3 BBL Equipment Failure Eddy (15) No No
nAB1512455138 WPX Energy Permian, LLC Major Produced Water Release 4/28/15 Produced Water 20 20 0 BBL Equipment Failure Eddy (15) No No
nKJ1513939539 COG OPERATING LLC Major Produced Water Release 4/27/15 Produced Water 200 198 2 BBL Equipment Failure Lea (25) No No
nAB1513153734 EOG Y RESOURCES, INC. Major Produced Water Release 4/27/15 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1513153734 EOG Y RESOURCES, INC. Major Produced Water Release 4/27/15 Produced Water 2000 1620 380 BBL Equipment Failure Eddy (15) No No
nAB1512540539 BOPCO, L.P. Major Produced Water Release 4/26/15 Produced Water 269 200 69 BBL Vandalism Eddy (15) No No
nAB1512741077 EOG Y RESOURCES, INC. Minor Produced Water Release 4/25/15 Crude Oil 3 3 0 BBL Equipment Failure Eddy (15) No No
nAB1512741077 EOG Y RESOURCES, INC. Minor Produced Water Release 4/25/15 Produced Water 15 13 2 BBL Equipment Failure Eddy (15) No No
nCS1513238534 BENSON-MONTIN-GREER DRILLING CORP Major Oil Release 4/24/15 Condensate 80 0 80 BBL Corrosion Rio Arriba (39) No No
nTO1511448139 EOG Y RESOURCES, INC. Minor Oil Release 4/24/15 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nKJ1512041707 PYOTE WELL SERVICE, LLC Major Produced Water Release 4/24/15 Produced Water 100 100 0 BBL Human Error Lea (25) No No
nTO1511448139 EOG Y RESOURCES, INC. Minor Oil Release 4/24/15 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nCS1513237509 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 4/24/15 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
nAB1512437681 BOPCO, L.P. Minor Oil Release 4/23/15 Crude Oil 20 11 9 BBL Equipment Failure Eddy (15) No No
nCS1517756885 HILCORP ENERGY COMPANY Oil Release 4/23/15 Condensate 0 0 0 BBL Other San Juan (45) No No
nCS1513237838 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 4/23/15 Natural Gas Liquids 15 0 15 BBL Corrosion San Juan (45) No No
nCS1512650361 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 4/23/15 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
nAB1512434491 OXY USA INC Major Produced Water Release 4/22/15 Crude Oil 12 0 12 BBL Equipment Failure Eddy (15) No No
nKJ1513848299 COG PRODUCTION, LLC Major Produced Water Release 4/22/15 Produced Water 20 19 1 BBL Corrosion Lea (25) No No
nAB1512434491 OXY USA INC Major Produced Water Release 4/22/15 Produced Water 13 0 13 BBL Equipment Failure Eddy (15) No No
nKJ1513848299 COG PRODUCTION, LLC Major Produced Water Release 4/22/15 Crude Oil 5 4 1 BBL Corrosion Lea (25) No No
nTO1511353679 MEWBOURNE OIL CO Minor Oil Release 4/21/15 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1513155433 EOG Y RESOURCES, INC. Major Produced Water Release 4/21/15 Produced Water 30 15 15 BBL Equipment Failure Eddy (15) No No
nAB1514942480 OXY USA INC Minor Produced Water Release 4/20/15 Produced Water 20 0 20 BBL Vandalism Eddy (15) No No
nAB1512157315 BOPCO, L.P. Minor Produced Water Release 4/20/15 Crude Oil 13 3 10 BBL Equipment Failure Eddy (15) No No
nCS1521548695 DOMINION PRODUCTION COMPANY, LLC Major Oil Release 4/20/15 Produced Water 25 0 25 BBL Overflow - Tank, Pit, Etc. McKinley (31) No No
nAB1512157315 BOPCO, L.P. Minor Produced Water Release 4/20/15 Produced Water 9 2 7 BBL Equipment Failure Eddy (15) No No
nAB1513453879 COG OPERATING LLC Minor Produced Water Release 4/20/15 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nCS1521548695 DOMINION PRODUCTION COMPANY, LLC Major Oil Release 4/20/15 Crude Oil 25 0 25 BBL Overflow - Tank, Pit, Etc. McKinley (31) No No
nAB1513453879 COG OPERATING LLC Minor Produced Water Release 4/20/15 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1513456141 COG PRODUCTION, LLC Major Produced Water Release 4/19/15 Crude Oil 10 9 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1512554868 BOPCO, L.P. Major Produced Water Release 4/19/15 Crude Oil 8 2 6 BBL Corrosion Eddy (15) No No
nAB1511936338 SOUTHWEST ROYALTIES INC Produced Water Release 4/19/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1512554868 BOPCO, L.P. Major Produced Water Release 4/19/15 Produced Water 46 8 38 BBL Corrosion Eddy (15) No No
nAB1513456141 COG PRODUCTION, LLC Major Produced Water Release 4/19/15 Produced Water 100 98 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1511936338 SOUTHWEST ROYALTIES INC Produced Water Release 4/19/15 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nTO1511034459 JOHN H HENDRIX CORP Major Produced Water Release 4/18/15 Produced Water 150 20 130 BBL Equipment Failure Lea (25) No No
nKJ1511947406 FRONTIER FIELD SERVICES, LLC Oil Release 4/17/15 Crude Oil 0 0 0 BBL Lea (25) No No
nCS1602631162 HILCORP ENERGY COMPANY Major Other 4/17/15 Other (Specify) 0 0 0 BBL Other San Juan (45) Yes No
nTO1511055057 PHILLIPS PETROLEUM CO Minor Oil Release 4/17/15 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nTO1511055057 PHILLIPS PETROLEUM CO Minor Oil Release 4/17/15 Produced Water 5 2 3 BBL Equipment Failure Lea (25) No No
nAB1516138730 EOG Y RESOURCES, INC. Produced Water Release 4/16/15 Crude Oil 0 0 0 BBL Human Error Eddy (15) No No
nAB1516138730 EOG Y RESOURCES, INC. Produced Water Release 4/16/15 Produced Water 0 0 0 BBL Human Error Eddy (15) No No
nAB1511437834 DEVON ENERGY PRODUCTION COMPANY, LP Natural Gas Release 4/16/15 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1513137846 COG OPERATING LLC Major Produced Water Release 4/16/15 Produced Water 100 70 30 BBL Equipment Failure Eddy (15) No No
nAB1511437834 DEVON ENERGY PRODUCTION COMPANY, LP Natural Gas Release 4/16/15 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nKJ1512134515 OXY USA INC Minor Produced Water Release 4/15/15 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
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nTO1510556739 EOG RESOURCES INC Produced Water Release 4/15/15 Produced Water 0 30 0 BBL Equipment Failure Lea (25) No No
nAB1511729624 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 4/15/15 Crude Oil 64 30 34 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1512628954 WESTERN REFINING PIPELINE, LLC Major Oil Release 4/15/15 Crude Oil 50 50 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nAB1519653557
ROGER SLAYTON DBA ESCUDILLA OIL 
COMPANY Oil Release 4/15/15 Crude Oil 2 2 0 BBL Equipment Failure Chaves (05) No No

nAB1512155495 OXY USA INC Minor Produced Water Release 4/15/15 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No

nAB1519658193
ROGER SLAYTON DBA ESCUDILLA OIL 
COMPANY Oil Release 4/15/15 Crude Oil 1 1 0 BBL Equipment Failure Chaves (05) No No

nAB1512155495 OXY USA INC Minor Produced Water Release 4/15/15 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nCS1512029802 SIMCOE LLC Oil Release 4/14/15 Condensate 0 0 0 BBL Other San Juan (45) No No
nAB1511033543 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 4/14/15 Crude Oil 45 45 0 BBL Equipment Failure Eddy (15) No No
nAB1511038592 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/14/15 Crude Oil 25 25 0 BBL Equipment Failure Eddy (15) No No
nCS1522352087 BURLINGTON RESOURCES OIL & GAS CO Other 4/14/15 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1511038592 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/14/15 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nAB1511430388 LARRY MARKER DBA MARKER OIL Produced Water Release 4/13/15 Crude Oil 1 1 0 BBL Other Eddy (15) No No
nCS1517349609 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 4/13/15 Condensate 8 0 8 BBL Corrosion Rio Arriba (39) No No
nTO1510334242 Maverick Permian LLC Major Produced Water Release 4/13/15 Produced Water 70 40 30 BBL Lightning Lea (25) No No
nCS1517452574 SIMCOE LLC Minor Other 4/13/15 Produced Water 8 0 8 BBL Vehicular Accident San Juan (45) No No
nAB1511430388 LARRY MARKER DBA MARKER OIL Produced Water Release 4/13/15 Produced Water 1 1 0 BBL Other Eddy (15) No No
nTO1510344256 OWL SWD OPERATING, LLC Major Oil Release 4/13/15 Crude Oil 20 18 2 BBL Equipment Failure Lea (25) No No
nTO1510344256 OWL SWD OPERATING, LLC Major Oil Release 4/13/15 180 179 1 BBL Equipment Failure Lea (25) No No
nAB1511957258 APACHE CORPORATION Minor Produced Water Release 4/12/15 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nKJ1528146835 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/12/15 Produced Water 135 130 5 BBL Equipment Failure Lea (25) No No
nAB1511957258 APACHE CORPORATION Minor Produced Water Release 4/12/15 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nTO1510542386 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/11/15 Produced Water 51 47 4 BBL Human Error Lea (25) No No
nJXK1535028737 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 4/11/15 Produced Water 100 60 40 BBL Equipment Failure Lea (25) No No
nTO1510048955 HOLLY TRANSPORATON, LLC Major Oil Release 4/10/15 Crude Oil 85 80 5 BBL Human Error Lea (25) No No
nTO1510339826 Empire New Mexico LLC Minor Oil Release 4/10/15 Crude Oil 14 5 9 BBL Equipment Failure Lea (25) No No
nAB1510651955 BOPCO, L.P. Major Produced Water Release 4/10/15 Crude Oil 30 10 20 BBL Equipment Failure Eddy (15) No No
nTO1510047799 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 4/10/15 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nTO1510035819 HORSESHOE OPERATING INC. Major Oil Release 4/10/15 Crude Oil 50 47 3 BBL Equipment Failure Lea (25) No No
nTO1510028800 OWL SWD OPERATING, LLC Major Oil Release 4/10/15 Crude Oil 50 45 5 BBL Equipment Failure Lea (25) No No
nAB1510651955 BOPCO, L.P. Major Produced Water Release 4/10/15 Produced Water 71 20 51 BBL Equipment Failure Eddy (15) No No
nTO1509933643 DCP OPERATING COMPANY, LP Minor Natural Gas Release 4/9/15 Condensate 12 0 12 BBL Equipment Failure Lea (25) No No
nAB1511738138 Silverback Operating II, LLC Major Produced Water Release 4/9/15 Produced Water 230 210 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1511748740 RILEY PERMIAN OPERATING COMPANY, LLC Minor Produced Water Release 4/8/15 Produced Water 18 2 16 BBL Equipment Failure Eddy (15) No No
nKJ1516831333 North Fork Operating, LP Major Oil Release 4/8/15 Crude Oil 200 1 199 BBL Equipment Failure Lea (25) No No
nAB1510331239 BOPCO, L.P. Minor Produced Water Release 4/8/15 Produced Water 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1510331239 BOPCO, L.P. Minor Produced Water Release 4/8/15 Crude Oil 4 1 3 BBL Equipment Failure Eddy (15) No No
nCS1517442299 Williams Four Corners, LLC Minor Oil Release 4/7/15 Condensate 14 14 0 BBL Corrosion San Juan (45) No No
nHMP1528724853 LINN OPERATING, LLC. Oil Release 4/7/15 Crude Oil 1 0 1 BBL Eddy (15) No No
nHMP1528724853 LINN OPERATING, LLC. Oil Release 4/7/15 Produced Water 2 0 2 BBL Eddy (15) No No
nTO1511057106 FAE II Operating LLC Major Oil Release 4/7/15 Crude Oil 167 160 7 BBL Equipment Failure Lea (25) No No
nCS1518756338 Williams Four Corners, LLC Minor Natural Gas Release 4/7/15 Natural Gas Liquids 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nAB1511048472 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 4/7/15 Produced Water 15 1 14 BBL Vandalism Eddy (15) No No
nTO1511057106 FAE II Operating LLC Major Oil Release 4/7/15 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1510028480 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/6/15 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nTO1509642813 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 4/6/15 Crude Oil 255 25 230 BBL Corrosion Lea (25) No No
nTO1510449969 APACHE CORPORATION Major Produced Water Release 4/3/15 Produced Water 225 190 35 BBL Equipment Failure Lea (25) No No
nAB1512854061 COG OPERATING LLC Major Produced Water Release 4/3/15 Produced Water 90 70 20 BBL Corrosion Eddy (15) No No
nTO1509335039 CIMAREX ENERGY CO. Major Produced Water Release 4/3/15 Produced Water 60 0 60 BBL Human Error Lea (25) No No
nAB1515238883 Acacia Operating Company, LLC Major Produced Water Release 4/2/15 Produced Water 80 10 70 BBL Equipment Failure Eddy (15) No No
nAB1512436764 BOPCO, L.P. Major Produced Water Release 4/2/15 Produced Water 34 5 29 BBL Equipment Failure Eddy (15) No No
nAB1509842223 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 4/2/15 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nKL1631933484 EOG RESOURCES INC Produced Water Release 4/1/15 Produced Water 0 0 0 BBL Vandalism Lea (25) No No
nKL1631933484 EOG RESOURCES INC Produced Water Release 4/1/15 Condensate 0 0 0 BBL Vandalism Lea (25) No No
nAB1509254187 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 3/30/15 Crude Oil 0 0 0 BBL Vandalism Eddy (15) No No
nAB1512035046 LINN OPERATING, LLC. Minor Produced Water Release 3/30/15 Produced Water 17 5 12 BBL Equipment Failure Eddy (15) No No
nAB1512856211 COG OPERATING LLC Major Oil Release 3/30/15 Crude Oil 5 0 5 BBL Fire Eddy (15) No No
nAB1512156316 OXY USA INC Minor Produced Water Release 3/30/15 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1509249056 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 3/30/15 Other (Specify) 30 20 10 BBL Eddy (15) No No
nAB1509254187 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 3/30/15 Produced Water 1 0 1 BBL Vandalism Eddy (15) No No
nAB1509336521 BOPCO, L.P. Minor Produced Water Release 3/30/15 Produced Water 21 2 19 BBL Equipment Failure Eddy (15) No No
nAB1512056213 OXY USA INC Major Produced Water Release 3/30/15 Produced Water 90 85 5 BBL Corrosion Eddy (15) No No
nAB1513456865 COG OPERATING LLC Major Oil Release 3/29/15 Crude Oil 25 23 2 BBL Equipment Failure Eddy (15) No No
nAB1509851503 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 3/29/15 Natural Gas Liquids 29 0 29 BBL Equipment Failure Eddy (15) No No
nAB1601151990 EOG Y RESOURCES, INC. Major Oil Release 3/28/15 Crude Oil 347 347 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKJ1512133049 J R OIL, LTD. CO. Minor Produced Water Release 3/28/15 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nKJ1512133049 J R OIL, LTD. CO. Minor Produced Water Release 3/28/15 Crude Oil 8 0 8 BBL Corrosion Lea (25) No No
nTO1508953224 ASPEN OPERATING COMPANY LLC Major Produced Water Release 3/27/15 Produced Water 700 655 45 BBL Equipment Failure Lea (25) No No
nKJ1514942919 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 3/27/15 Unknown 100 0 100 BBL Lea (25) No No
nCS1509731333 SIMCOE LLC Oil Release 3/26/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1512029966 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 3/26/15 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) Yes No
nKJ1516249669 Finaly Resources LLC Major Oil Release 3/26/15 Crude Oil 78 5 73 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nTO1511157987 OXY USA INC Major Oil Release 3/25/15 Crude Oil 30 8 22 BBL Equipment Failure Lea (25) No No
nTO1508931669 Franklin Mountain Energy 3, LLC Minor Oil Release 3/25/15 Crude Oil 18 15 3 BBL Human Error Lea (25) No No
nTO1508438056 COG OPERATING LLC Minor Oil Release 3/25/15 Crude Oil 20 20 0 BBL Normal Operations Lea (25) No No
nCS1509731577 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 3/24/15 Condensate 15 0 15 BBL Corrosion Rio Arriba (39) No No
nTO1508344498 Maverick Permian LLC Major Produced Water Release 3/24/15 Crude Oil 25 18 7 BBL Equipment Failure Lea (25) No No
nCS1523340857 JFJ LANDFARM LLC Oil Release 3/24/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1517442914 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 3/24/15 Produced Water 17 15 2 BBL Human Error Rio Arriba (39) No No
nAB1509038016 APACHE CORPORATION Major Produced Water Release 3/24/15 Produced Water 35 30 5 BBL Equipment Failure Eddy (15) No No
nTO1508344498 Maverick Permian LLC Major Produced Water Release 3/24/15 Produced Water 78 67 11 BBL Equipment Failure Lea (25) No No
nTO1508333883 J R OIL, LTD. CO. Minor Produced Water Release 3/24/15 Produced Water 15 5 10 BBL Equipment Failure Lea (25) No No
nAB1509857794 COG OPERATING LLC Major Produced Water Release 3/24/15 Produced Water 50 40 10 BBL Equipment Failure Eddy (15) No No
nTO1508339028 OXY USA INC Major Produced Water Release 3/24/15 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1508551060 WPX Energy Permian, LLC Major Produced Water Release 3/24/15 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nTO1508339028 OXY USA INC Major Produced Water Release 3/24/15 Produced Water 109 99 10 BBL Equipment Failure Lea (25) No No
nAB1508551060 WPX Energy Permian, LLC Major Produced Water Release 3/24/15 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nTO1508257826 OWL SWD OPERATING, LLC Major Oil Release 3/23/15 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nTO1508257826 OWL SWD OPERATING, LLC Major Oil Release 3/23/15 Produced Water 25 20 5 BBL Equipment Failure Lea (25) No No
nAB1510631004 BOPCO, L.P. Minor Produced Water Release 3/23/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1508354702 ANADARKO E&P ONSHORE LLC Minor Oil Release 3/23/15 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1510631004 BOPCO, L.P. Minor Produced Water Release 3/23/15 Produced Water 7 4 3 BBL Equipment Failure Eddy (15) No No
nCS1512030409 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 3/23/15 Natural Gas Liquids 10 0 10 BBL Corrosion Rio Arriba (39) No No
nTO1509142499 J R OIL, LTD. CO. Minor Oil Release 3/22/15 Crude Oil 9 0 9 BBL Vandalism Lea (25) No No
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nJXK1520955061 OCCIDENTAL PERMIAN LTD Major Produced Water Release 3/22/15 Produced Water 300 0 300 BBL Corrosion Lea (25) No No
nCS1512030215 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 3/22/15 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nCS1522427984 BURLINGTON RESOURCES OIL & GAS CO Other 3/20/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJXK1529930426 EOG RESOURCES INC Major Oil Release 3/20/15 Crude Oil 33 33 0 BBL Equipment Failure Lea (25) No No
nAB1509329645 EOG Y RESOURCES, INC. Minor Produced Water Release 3/19/15 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nTO1507836825 OWL SWD OPERATING, LLC Major Produced Water Release 3/19/15 Produced Water 300 300 0 BBL Equipment Failure Lea (25) No No
nAB1509855020 COG OPERATING LLC Minor Produced Water Release 3/19/15 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nAB1510636750 BOPCO, L.P. Major Oil Release 3/19/15 Crude Oil 76 50 26 BBL Equipment Failure Eddy (15) No No
nCS1509732098 Williams Four Corners, LLC Minor Oil Release 3/19/15 Condensate 5 0 5 BBL Equipment Failure Rio Arriba (39) No No
nAB1508251701 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/19/15 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1508251701 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/19/15 Produced Water 52 43 9 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1507836361 OWL SWD OPERATING, LLC Minor Produced Water Release 3/19/15 Produced Water 10 10 0 BBL Equipment Failure Lea (25) No No
nAB1509329645 EOG Y RESOURCES, INC. Minor Produced Water Release 3/19/15 Produced Water 15 13 2 BBL Equipment Failure Eddy (15) No No
nAB1507942715 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 3/18/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1508234541 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/18/15 Produced Water 6 1 5 BBL Equipment Failure Eddy (15) No No
nTO1507746867 MATADOR PRODUCTION COMPANY Major Produced Water Release 3/18/15 Crude Oil 21 21 0 BBL Equipment Failure Lea (25) No No
nAB1811529351 EOG Y RESOURCES, INC. Produced Water Release 3/18/15 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1508436016 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 3/18/15 Natural Gas Liquids 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1509055438 Lucid Artesia Company Minor Other 3/18/15 Chemical (Specify) 5 0 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1507746867 MATADOR PRODUCTION COMPANY Major Produced Water Release 3/18/15 Produced Water 220 220 0 BBL Equipment Failure Lea (25) No No
nTO1507751303 THREE RIVERS OPERATING COMPANY LLC Major Produced Water Release 3/18/15 Crude Oil 11 11 0 BBL Human Error Lea (25) No No
nTO1507751303 THREE RIVERS OPERATING COMPANY LLC Major Produced Water Release 3/18/15 Produced Water 250 250 0 BBL Human Error Lea (25) No No
nTO1507838087 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/17/15 Produced Water 12 4 8 BBL Equipment Failure Lea (25) No No
nTO1507637256 OWL SWD OPERATING, LLC Minor Produced Water Release 3/17/15 Produced Water 20 20 0 BBL Equipment Failure Lea (25) No No
nTO1507653923 EOG Y RESOURCES, INC. Minor Produced Water Release 3/17/15 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nTO1507653923 EOG Y RESOURCES, INC. Minor Produced Water Release 3/17/15 Produced Water 3 0 3 BBL Equipment Failure Lea (25) No No
nTO1509747584 BXP Operating, LLC Major Oil Release 3/16/15 Crude Oil 55 7 48 BBL Equipment Failure Lea (25) No No
nAB1509134562 Extex Operating Company Major Produced Water Release 3/16/15 Crude Oil 30 30 0 BBL Equipment Failure Eddy (15) No No
nCS1512151323 SIMCOE LLC Minor Produced Water Release 3/16/15 Produced Water 9 6 3 BBL Equipment Failure San Juan (45) No No
nTO1509336586 Spur Energy Partners LLC Major Produced Water Release 3/16/15 Produced Water 275 250 25 BBL Equipment Failure Lea (25) No No
nAB1509134562 Extex Operating Company Major Produced Water Release 3/16/15 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nAB1507941546 XTO PERMIAN OPERATING LLC. Major Produced Water Release 3/16/15 Crude Oil 13 3 10 BBL Equipment Failure Eddy (15) No No
nAB1507941546 XTO PERMIAN OPERATING LLC. Major Produced Water Release 3/16/15 Produced Water 13 2 11 BBL Equipment Failure Eddy (15) No No
nTO1509748369 BXP Operating, LLC Minor Oil Release 3/15/15 Crude Oil 4 0 4 BBL Equipment Failure Lea (25) No No
nTO1509748369 BXP Operating, LLC Minor Oil Release 3/15/15 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1512527460 Permian Resources Operating, LLC Minor Oil Release 3/15/15 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1509049752 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/14/15 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nAB1509049752 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/14/15 Produced Water 10 9 1 BBL Equipment Failure Eddy (15) No No
nAB1507654823 DCP OPERATING COMPANY, LP Minor Natural Gas Release 3/13/15 Condensate 8 0 8 BBL Equipment Failure Eddy (15) No No
nTO1507246125 OXY USA INC Major Produced Water Release 3/13/15 Produced Water 40 38 2 BBL Equipment Failure Lea (25) No No
nTO1507238089 FAE II Operating LLC Natural Gas Release 3/13/15 Condensate 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1509054050 EOG Y RESOURCES, INC. Minor Oil Release 3/12/15 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nAB1507948548 DEVON ENERGY PRODUCTION COMPANY, LP Other 3/12/15 Other (Specify) 0 0 0 BBL Eddy (15) No No
nCS1512150815 Williams Four Corners, LLC Major Fire 3/12/15 Other (Specify) 1 0 1 GAL Human Error San Juan (45) No No
nAB1507931084 EOG Y RESOURCES, INC. Major Oil Release 3/12/15 Crude Oil 110 110 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1509731112 DUGAN PRODUCTION CORP Minor Oil Release 3/12/15 Crude Oil 10 0 10 BBL Human Error San Juan (45) No No
nAB1507827746 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/11/15 Produced Water 45 45 0 BBL Corrosion Eddy (15) No No
nAB1507554274 BOPCO, L.P. Minor Oil Release 3/11/15 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1507552530 CLAYTON WILLIAMS ENERGY INC Major Produced Water Release 3/11/15 Crude Oil 15 10 5 BBL Equipment Failure Eddy (15) No No
nAB1518227106 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 3/11/15 Natural Gas Liquids 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1507552530 CLAYTON WILLIAMS ENERGY INC Major Produced Water Release 3/11/15 Produced Water 155 150 5 BBL Equipment Failure Eddy (15) No No
nAB1507735960 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 3/11/15 Natural Gas Liquids 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1508555462 COG PRODUCTION, LLC Major Produced Water Release 3/10/15 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nTO1508342153 EOG RESOURCES INC Major Produced Water Release 3/10/15 Crude Oil 20 0 20 BBL Fire Lea (25) No No
nTO1508345662 Maverick Permian LLC Minor Produced Water Release 3/10/15 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nAB1508555462 COG PRODUCTION, LLC Major Produced Water Release 3/10/15 Produced Water 160 158 2 BBL Equipment Failure Eddy (15) No No
nTO1508345662 Maverick Permian LLC Minor Produced Water Release 3/10/15 Produced Water 14 5 9 BBL Equipment Failure Lea (25) No No
nTO1508255461 APACHE CORPORATION Minor Produced Water Release 3/9/15 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1507730700 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 3/9/15 Crude Oil 40 30 10 BBL Equipment Failure Eddy (15) No No
nTO1508255461 APACHE CORPORATION Minor Produced Water Release 3/9/15 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1506934810 MEWBOURNE OIL CO Minor Produced Water Release 3/9/15 Produced Water 8 4 4 BBL Equipment Failure Eddy (15) No No
nAB1506934810 MEWBOURNE OIL CO Minor Produced Water Release 3/9/15 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1508552342 COG OPERATING LLC Major Produced Water Release 3/8/15 Produced Water 30 5 25 BBL Equipment Failure Eddy (15) No No
nAB1507734844 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 3/7/15 Produced Water 45 40 5 BBL Corrosion Eddy (15) No No
nCS1512754741 MERRION OIL & GAS CORP Release Other 3/6/15 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nTO1510335664 CHEVRON U S A INC Minor Produced Water Release 3/6/15 Produced Water 12 0 12 BBL Lea (25) No No
nAB1508554476 COG OPERATING LLC Minor Produced Water Release 3/5/15 Crude Oil 3 0 3 BBL Other Eddy (15) No No
nTO1506431874 EOG Y RESOURCES, INC. Major Oil Release 3/5/15 Crude Oil 10 9 1 BBL Freeze Lea (25) No No
nTO1506435580 OCCIDENTAL PERMIAN LTD Major Produced Water Release 3/5/15 Produced Water 40 0 40 BBL Equipment Failure Lea (25) No No
nTO1506431874 EOG Y RESOURCES, INC. Major Oil Release 3/5/15 Produced Water 50 41 9 BBL Freeze Lea (25) No No
nAB1508554476 COG OPERATING LLC Minor Produced Water Release 3/5/15 Produced Water 10 0 10 BBL Other Eddy (15) No No
nAB1508252431 OXY USA INC Major Produced Water Release 3/4/15 Crude Oil 30 20 10 BBL Equipment Failure Eddy (15) No No
nAB1506932197 BOPCO, L.P. Major Produced Water Release 3/4/15 Produced Water 213 191 22 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1506928926 BOPCO, L.P. Minor Produced Water Release 3/4/15 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nTO1508646811 BURGUNDY OIL & GAS OF N M INC Oil Release 3/4/15 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1509037020 APACHE CORPORATION Major Produced Water Release 3/4/15 Produced Water 300 260 40 BBL Equipment Failure Eddy (15) No No
nAB1506932197 BOPCO, L.P. Major Produced Water Release 3/4/15 Crude Oil 54 51 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1506928926 BOPCO, L.P. Minor Produced Water Release 3/4/15 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nTO1508646811 BURGUNDY OIL & GAS OF N M INC Oil Release 3/4/15 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nAB1508252431 OXY USA INC Major Produced Water Release 3/4/15 Produced Water 170 0 170 BBL Equipment Failure Eddy (15) No No
nTO1508238969 OXY USA INC Major Produced Water Release 3/4/15 Produced Water 180 0 180 BBL Equipment Failure Lea (25) No No
nAB1506936841 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 3/3/15 Produced Water 35 31 4 BBL Equipment Failure Eddy (15) No No
nAB1506942905 Lucid Artesia Company Minor Natural Gas Release 3/3/15 Natural Gas Liquids 5 5 0 BBL Equipment Failure Eddy (15) No No
nTO1506254261 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/3/15 Crude Oil 20 20 0 BBL Equipment Failure Lea (25) No No
nTO1506430213 Maverick Permian LLC Major Oil Release 3/3/15 Produced Water 2240 1837 403 BBL Equipment Failure Lea (25) No No
nAB1508333382 Acacia Operating Company, LLC Produced Water Release 3/3/15 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nTO1507736514 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/3/15 Produced Water 15 3 12 BBL Human Error Lea (25) No No
nTO1506430213 Maverick Permian LLC Major Oil Release 3/3/15 Crude Oil 34 28 6 BBL Equipment Failure Lea (25) No No
nAB1506538521 Spur Energy Partners LLC Major Produced Water Release 3/3/15 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nTO1506431098 Maverick Permian LLC Minor Oil Release 3/3/15 Crude Oil 8 7 1 BBL Equipment Failure Lea (25) No No
nTO1506254261 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/3/15 Produced Water 220 220 0 BBL Equipment Failure Lea (25) No No
nCS1509730925 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 3/3/15 Natural Gas Liquids 50 0 0 BBL Equipment Failure San Juan (45) No No
nTO1506153848 SOUTHERN UNION EXPLORATION CO Minor Oil Release 3/2/15 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nTO1506127863 OCCIDENTAL PERMIAN LTD Major Fire 3/2/15 Crude Oil 2 0 2 BBL Fire Lea (25) No No
nAB1506440513 EOG RESOURCES INC Major Produced Water Release 3/2/15 Produced Water 25 15 10 BBL Equipment Failure Eddy (15) No No
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nTO1506130194 COG PRODUCTION, LLC Major Produced Water Release 3/2/15 Crude Oil 212 210 2 BBL Equipment Failure Lea (25) No No
nTO1508529636 ERNMAR INVESTMENTS, INC. Minor Oil Release 3/2/15 Crude Oil 20 16 4 BBL Equipment Failure Lea (25) No No
nAB1507128737 XTO ENERGY, INC Major Produced Water Release 3/2/15 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1508334759 Spur Energy Partners LLC Major Produced Water Release 3/2/15 Produced Water 155 150 5 BBL Equipment Failure Eddy (15) No No
nTO1506150812 BXP Operating, LLC Minor Oil Release 3/2/15 Crude Oil 15 13 2 BBL Equipment Failure Lea (25) No No
nTO1506130194 COG PRODUCTION, LLC Major Produced Water Release 3/2/15 Produced Water 225 220 5 BBL Equipment Failure Lea (25) No No
nAB1507128737 XTO ENERGY, INC Major Produced Water Release 3/2/15 Produced Water 25 5 20 BBL Equipment Failure Eddy (15) No No
nTO1506255588 Maverick Permian LLC Minor Produced Water Release 3/2/15 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nTO1506255588 Maverick Permian LLC Minor Produced Water Release 3/2/15 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nKJ1514839370 Empire New Mexico LLC Major Produced Water Release 3/1/15 Produced Water 97 73 24 BBL Corrosion Lea (25) No No
nAB1509034470 APACHE CORPORATION Major Oil Release 3/1/15 Crude Oil 30 21 9 BBL Equipment Failure Eddy (15) No No
nAB1506837856 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 3/1/15 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKJ1514839370 Empire New Mexico LLC Major Produced Water Release 3/1/15 Crude Oil 3 2 1 BBL Corrosion Lea (25) No No
nAB1506837856 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 3/1/15 Produced Water 14 0 14 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1506929643 BOPCO, L.P. Minor Produced Water Release 2/28/15 Produced Water 13 8 5 BBL Equipment Failure Eddy (15) No No
nAB1507940497 COG PRODUCTION, LLC Major Produced Water Release 2/27/15 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nTO1505832595 EOG Y RESOURCES, INC. Minor Oil Release 2/27/15 Crude Oil 20 0 20 BBL Equipment Failure Lea (25) No No
nAB1507940497 COG PRODUCTION, LLC Major Produced Water Release 2/27/15 Produced Water 250 248 2 BBL Equipment Failure Eddy (15) No No
nAB1506838749 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 2/27/15 Crude Oil 7 2 5 BBL Equipment Failure Eddy (15) No No
nTO1505836213 CML EXPLORATION, LLC Minor Oil Release 2/27/15 Crude Oil 8 4 4 BBL Other Lea (25) No No
nTO1505734888 FRONTIER FIELD SERVICES, LLC Natural Gas Release 2/26/15 Condensate 0 25 0 BBL Equipment Failure Lea (25) No No
nAB1506842111 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 2/26/15 Produced Water 30 15 15 BBL Equipment Failure Eddy (15) No No
nTO1506543862 GREAT WESTERN DRILLING CO Produced Water Release 2/26/15 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1703857503 OWL SWD OPERATING, LLC Major Produced Water Release 2/26/15 Crude Oil 96 0 96 BBL Lightning Eddy (15) No No
nAB1703857503 OWL SWD OPERATING, LLC Major Produced Water Release 2/26/15 Produced Water 1353 1350 3 BBL Lightning Eddy (15) No No
nTO1506540337 OXY USA INC Major Produced Water Release 2/25/15 Produced Water 25 23 2 BBL Equipment Failure Lea (25) No No
nTO1505640182 Maverick Permian LLC Minor Oil Release 2/24/15 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nAB1530234949 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/24/15 Produced Water 100 30 70 BBL Equipment Failure Eddy (15) No No
nAB1505731193 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 2/24/15 Crude Oil 63 45 18 BBL Equipment Failure Eddy (15) No No
nAB1505733333 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 2/24/15 Crude Oil 40 40 0 BBL Equipment Failure Eddy (15) No No
nTO1505640182 Maverick Permian LLC Minor Oil Release 2/24/15 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nAB1507934317 COG OPERATING LLC Minor Oil Release 2/23/15 Crude Oil 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1516753239 HARVARD PETROLEUM COMPANY, LLC Major Oil Release 2/23/15 Produced Water 80 75 5 BBL Equipment Failure Eddy (15) No No
nAB1506354133 XTO PERMIAN OPERATING LLC. Major Produced Water Release 2/23/15 Crude Oil 20 0 20 BBL Corrosion Eddy (15) No No
nAB1506354133 XTO PERMIAN OPERATING LLC. Major Produced Water Release 2/23/15 Produced Water 7 0 7 BBL Corrosion Eddy (15) No No
nAB1506443259 OXY USA INC Major Produced Water Release 2/22/15 Produced Water 44 0 44 BBL Equipment Failure Eddy (15) No No
nTO1508239951 PLAINS MARKETING L.P. Minor Oil Release 2/21/15 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nCS1528729859 CONOCOPHILLIPS COMPANY Other 2/20/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nTO1505130661 EOG RESOURCES INC Major Produced Water Release 2/20/15 Produced Water 50 0 0 BBL Vandalism Lea (25) No No
nKJ1513827926 J & J SERVICE INC Major Oil Release 2/20/15 Crude Oil 196 40 156 BBL Vandalism Lea (25) No No
nCS1527330498 CONOCOPHILLIPS COMPANY Other 2/20/15 Other (Specify) 0 0 0 BBL Other 0 No No
nAB1506430295 BOPCO, L.P. Major Produced Water Release 2/20/15 Produced Water 40 10 30 BBL Equipment Failure Eddy (15) No No
nKJ1512654537 Permian Resources Operating, LLC Oil Release 2/20/15 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nKJ1512654537 Permian Resources Operating, LLC Oil Release 2/20/15 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nAB1506430295 BOPCO, L.P. Major Produced Water Release 2/20/15 Crude Oil 12 5 7 BBL Equipment Failure Eddy (15) No No
nAB1506536208 EOG Y RESOURCES, INC. Major Release Other 2/19/15 Drilling Mud/Fluid 200 0 200 BBL Equipment Failure Eddy (15) No No
nTO1505043618 Avant Operating, LLC Minor Oil Release 2/19/15 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nCS1507252576 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 2/19/15 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1515240134 MACK ENERGY CORP Minor Produced Water Release 2/18/15 Produced Water 5 4 1 BBL Human Error Eddy (15) No No
nAB1621048244 EOG Y RESOURCES, INC. Minor Produced Water Release 2/18/15 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nTO1504936591 MEWBOURNE OIL CO Minor Oil Release 2/18/15 Crude Oil 7 3 4 BBL Equipment Failure Lea (25) No No
nCS1524735560 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 2/18/15 Condensate 10 0 10 BBL Corrosion San Juan (45) No No
nCS1507250108 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 2/18/15 Condensate 23 0 23 BBL Corrosion Rio Arriba (39) No No
nCS1507253264 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 2/18/15 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1621048244 EOG Y RESOURCES, INC. Minor Produced Water Release 2/18/15 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nCS1507252901 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 2/18/15 Natural Gas Liquids 5 0 5 BBL Corrosion Rio Arriba (39) No Yes
nCS1507250108 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 2/18/15 Produced Water 5 0 5 BBL Corrosion Rio Arriba (39) No No
nTO1504944113 OXY USA INC Minor Release Other 2/18/15 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nTO1504944113 OXY USA INC Minor Release Other 2/18/15 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nAB1506442486 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 2/17/15 Crude Oil 10 6 4 BBL Equipment Failure Eddy (15) No No
nTO1506253131 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/17/15 Produced Water 20 0 20 BBL Vehicular Accident Lea (25) No No
nAB1505630079 EOG Y RESOURCES, INC. Major Oil Release 2/17/15 Crude Oil 30 29 1 BBL Equipment Failure Eddy (15) No No
nTO1508254498 APACHE CORPORATION Major Produced Water Release 2/16/15 Crude Oil 26 25 1 BBL Equipment Failure Lea (25) No No
nAB1505133366 EOG Y RESOURCES, INC. Minor Produced Water Release 2/16/15 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nTO1508254498 APACHE CORPORATION Major Produced Water Release 2/16/15 Produced Water 54 50 4 BBL Equipment Failure Lea (25) No No
nAB1505133366 EOG Y RESOURCES, INC. Minor Produced Water Release 2/16/15 Produced Water 20 12 8 BBL Equipment Failure Eddy (15) No No
nAB1506228797 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 2/15/15 Other (Specify) 10 0 10 BBL Equipment Failure Eddy (15) No No
nTO1504427248 SCOUT ENERGY MANAGEMENT LLC Minor Produced Water Release 2/13/15 Produced Water 9 5 4 BBL Equipment Failure Lea (25) No No
nAB1506955408 Lucid Artesia Company Minor Natural Gas Release 2/13/15 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1505026725 LINN OPERATING, LLC. Major Produced Water Release 2/12/15 Produced Water 70 60 10 BBL Human Error Eddy (15) No No
nAB1504840608 CIMAREX ENERGY CO. Minor Produced Water Release 2/12/15 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nAB1504841263 BOPCO, L.P. Minor Produced Water Release 2/12/15 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nCS1507249843 CONOCOPHILLIPS COMPANY Minor Oil Release 2/12/15 Produced Water 19 0 19 BBL Corrosion San Juan (45) No No
nAB1504355361 COG OPERATING LLC Minor Produced Water Release 2/12/15 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1504835072 WPX Energy Permian, LLC Major Oil Release 2/12/15 Crude Oil 30 30 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1504841263 BOPCO, L.P. Minor Produced Water Release 2/12/15 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nCS1507249843 CONOCOPHILLIPS COMPANY Minor Oil Release 2/12/15 Condensate 3 0 3 BBL Corrosion San Juan (45) No No
nAB1504355361 COG OPERATING LLC Minor Produced Water Release 2/12/15 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nTO1504333287 OXY USA INC Major Produced Water Release 2/12/15 Produced Water 42 0 42 BBL Human Error Lea (25) No No
nAB1504834000 WPX Energy Permian, LLC Major Produced Water Release 2/12/15 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nAB1504840608 CIMAREX ENERGY CO. Minor Produced Water Release 2/12/15 Produced Water 10 1 9 BBL Equipment Failure Eddy (15) No No
nAB1504757628 WPX Energy Permian, LLC Minor Produced Water Release 2/11/15 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nTO1504249642 EOG Y RESOURCES, INC. Major Oil Release 2/11/15 Crude Oil 366 360 6 BBL Human Error Lea (25) No No
nTO1504443216 CROWNQUEST OPERATING, LLC Major Produced Water Release 2/11/15 Produced Water 25 20 5 BBL Equipment Failure Lea (25) No No
nAB1504757628 WPX Energy Permian, LLC Minor Produced Water Release 2/11/15 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nAB1505531580 EOG Y RESOURCES, INC. Major Produced Water Release 2/11/15 Produced Water 85 85 0 BBL Equipment Failure Eddy (15) No No
nCS1522434933 CONOCOPHILLIPS COMPANY Oil Release 2/11/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1504950684 HOLLY ENERGY PARTNERS, LP Minor Oil Release 2/11/15 Crude Oil 10 4 6 BBL Equipment Failure Eddy (15) No No
nTO1504136893 CHEVRON U S A INC Major Produced Water Release 2/10/15 Produced Water 121 0 121 BBL Equipment Failure Lea (25) No No
nAB1504155429 EOG Y RESOURCES, INC. Produced Water Release 2/10/15 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nTO1504255907 DCP OPERATING COMPANY, LP Major Natural Gas Release 2/10/15 Condensate 230 230 0 BBL Human Error Lea (25) No No
nAB1504155429 EOG Y RESOURCES, INC. Produced Water Release 2/10/15 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1504328090 HARVEY E YATES CO Minor Oil Release 2/9/15 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nAB1504752023 BOPCO, L.P. Major Produced Water Release 2/9/15 Crude Oil 40 3 37 BBL Equipment Failure Eddy (15) No No
nAB1505630869 OWL SWD OPERATING, LLC Minor Produced Water Release 2/9/15 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
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nAB1504752023 BOPCO, L.P. Major Produced Water Release 2/9/15 Produced Water 37 2 35 BBL Equipment Failure Eddy (15) No No
nCS1723633666 CONOCOPHILLIPS COMPANY Other 2/8/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1505734713 Spur Energy Partners LLC Major Oil Release 2/7/15 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No
nAB1505131025 APACHE CORPORATION Minor Produced Water Release 2/7/15 Produced Water 10 7 3 BBL Equipment Failure Eddy (15) No No
nAB1505131025 APACHE CORPORATION Minor Produced Water Release 2/7/15 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1506156322 Spur Energy Partners LLC Major Produced Water Release 2/7/15 Produced Water 2246 2210 36 BBL Equipment Failure Eddy (15) No No
nAB1505033265 COG OPERATING LLC Minor Produced Water Release 2/6/15 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1505033265 COG OPERATING LLC Minor Produced Water Release 2/6/15 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nAB1507556864 BXP Operating, LLC Major Produced Water Release 2/5/15 Crude Oil 16 14 2 BBL Equipment Failure Eddy (15) No No
nAB1504038900 COG OPERATING LLC Major Oil Release 2/5/15 Crude Oil 170 170 0 BBL Equipment Failure Eddy (15) No No
nJK1513254193 SIMCOE LLC Oil Release 2/5/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1505030280 Silverback Operating II, LLC Major Produced Water Release 2/5/15 Produced Water 5400 5160 240 BBL Equipment Failure Eddy (15) No No
nAB1507556864 BXP Operating, LLC Major Produced Water Release 2/5/15 Produced Water 256 232 24 BBL Equipment Failure Eddy (15) No No
nAB1505127312 APACHE CORPORATION Minor Produced Water Release 2/5/15 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nCS1507252223 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 2/5/15 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) Yes Yes
nTO1503642450 OXY USA INC Major Produced Water Release 2/5/15 Produced Water 2300 1000 1300 BBL Equipment Failure Lea (25) No No
nAB1505034171 EOG Y RESOURCES, INC. Minor Produced Water Release 2/4/15 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nAB1505530090 Permian Resources Operating, LLC Minor Other 2/4/15 Condensate 18 17 1 BBL Equipment Failure Eddy (15) No No
nAB1505034171 EOG Y RESOURCES, INC. Minor Produced Water Release 2/4/15 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nAB1504130316 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/4/15 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nCS1522442640 SIMCOE LLC Oil Release 2/3/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1505853407 LINN OPERATING, LLC. Produced Water Release 2/3/15 Produced Water 4 3 1 BBL Equipment Failure Eddy (15) No No
nAB1504136865 BOPCO, L.P. Major Produced Water Release 2/3/15 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1504136865 BOPCO, L.P. Major Produced Water Release 2/3/15 Produced Water 26 20 6 BBL Equipment Failure Eddy (15) No No
nAB1504139930 BOPCO, L.P. Major Produced Water Release 2/2/15 Produced Water 26 0 26 BBL Equipment Failure Eddy (15) No No
nTO1504331017 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 2/2/15 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nTO1504331017 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 2/2/15 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nAB1503440420 WPX Energy Permian, LLC Minor Produced Water Release 2/1/15 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nAB1504353807 EOG Y RESOURCES, INC. Major Produced Water Release 2/1/15 Produced Water 65 65 0 BBL Equipment Failure Eddy (15) No No
nAB1504332592 EOG Y RESOURCES, INC. Major Oil Release 2/1/15 Crude Oil 47 47 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1503438578 BOPCO, L.P. Major Produced Water Release 2/1/15 Crude Oil 320 315 5 BBL Equipment Failure Eddy (15) No No
nAB1503440420 WPX Energy Permian, LLC Minor Produced Water Release 2/1/15 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1503438578 BOPCO, L.P. Major Produced Water Release 2/1/15 Produced Water 82 78 4 BBL Equipment Failure Eddy (15) No No
nAB1503439598 BOPCO, L.P. Major Produced Water Release 1/31/15 Produced Water 120 112 8 BBL Equipment Failure Eddy (15) No No
nAB1505628052 Spur Energy Partners LLC Major Produced Water Release 1/30/15 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nTO1504241164 EOG A RESOURCES, INC. Minor Produced Water Release 1/30/15 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nTO1505736310 FRONTIER FIELD SERVICES, LLC Natural Gas Release 1/30/15 Condensate 0 2 0 BBL Equipment Failure Lea (25) No No
nAB1505628052 Spur Energy Partners LLC Major Produced Water Release 1/30/15 Produced Water 25 24 1 BBL Equipment Failure Eddy (15) No No
nTO1502931220 FRONTIER FIELD SERVICES, LLC Oil Release 1/29/15 Condensate 0 25 0 BBL Equipment Failure Chaves (05) No No
nCS1507241822 DOMINION PRODUCTION COMPANY, LLC Major Oil Release 1/29/15 Crude Oil 25 0 25 BBL Equipment Failure McKinley (31) No No
nAB1504838529 COG OPERATING LLC Major Produced Water Release 1/29/15 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No
nTO1502928610 SOUTHWEST ROYALTIES INC Minor Oil Release 1/29/15 Crude Oil 6 1 5 BBL Equipment Failure Lea (25) No No
nAB1504756925 COG OPERATING LLC Major Oil Release 1/29/15 Crude Oil 30 25 5 BBL Equipment Failure Eddy (15) No No
nAB1504838529 COG OPERATING LLC Major Produced Water Release 1/29/15 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nAB1503431252 BXP Operating, LLC Major Produced Water Release 1/29/15 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nAB1505532992 COG PRODUCTION, LLC Minor Produced Water Release 1/29/15 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nAB1503431252 BXP Operating, LLC Major Produced Water Release 1/29/15 Produced Water 25 16 9 BBL Equipment Failure Eddy (15) No No
nCS1510348506 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 1/28/15 Condensate 45 45 0 BBL Corrosion Rio Arriba (39) No No
nAB1503643409 PLAINS MARKETING L.P. Minor Oil Release 1/28/15 Crude Oil 11 7 4 BBL Equipment Failure Eddy (15) No No
nTO1504426150 COG OPERATING LLC Major Produced Water Release 1/28/15 Crude Oil 35 0 35 BBL Fire Lea (25) No No
nTO1502934434 BXP Operating, LLC Major Produced Water Release 1/28/15 Produced Water 80 80 0 BBL Corrosion Lea (25) No No
nCS1507249176 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 1/28/15 Condensate 22 22 0 BBL Corrosion Rio Arriba (39) No No
nTO1504426150 COG OPERATING LLC Major Produced Water Release 1/28/15 Produced Water 20 8 12 BBL Fire Lea (25) No No
nCS1507249176 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 1/28/15 Produced Water 22 22 0 BBL Corrosion Rio Arriba (39) No No
nTO1502937249 BXP Operating, LLC Minor Produced Water Release 1/28/15 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nAB1506439255 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/27/15 Crude Oil 30 30 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1503058380 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 1/27/15 Crude Oil 4 1 3 BBL Other Eddy (15) No No
nCS1507249715 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 1/27/15 Condensate 186 0 186 BBL Corrosion Rio Arriba (39) No No
nCS1510341635 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 1/27/15 Produced Water 5 5 0 BBL Corrosion San Juan (45) No No
nCS1510351984 XTO ENERGY, INC Major Produced Water Release 1/26/15 Produced Water 29 0 29 BBL Corrosion San Juan (45) No No
nCS1507249522 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 1/26/15 Natural Gas Liquids 5 0 5 BBL Corrosion Rio Arriba (39) No No
nTO1502933261 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 1/26/15 Produced Water 30 27 3 BBL Human Error Lea (25) No No
nTO1503529184 FRONTIER FIELD SERVICES, LLC Minor Natural Gas Release 1/26/15 Condensate 10 2 8 BBL Equipment Failure Lea (25) No No
nAB1504348421 COG OPERATING LLC Major Produced Water Release 1/24/15 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nTO1503728357 APACHE CORPORATION Minor Produced Water Release 1/24/15 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nTO1503448770 Water Energy Services, LLC Minor Produced Water Release 1/24/15 Produced Water 20 20 0 BBL Equipment Failure Lea (25) No No
nTO1503728357 APACHE CORPORATION Minor Produced Water Release 1/24/15 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nAB1504348421 COG OPERATING LLC Major Produced Water Release 1/24/15 Produced Water 50 49 1 BBL Equipment Failure Eddy (15) No No
nAB1502726789 BOPCO, L.P. Minor Produced Water Release 1/24/15 Crude Oil 18 3 15 BBL Equipment Failure Eddy (15) No No
nAB1502726789 BOPCO, L.P. Minor Produced Water Release 1/24/15 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1502727312 BOPCO, L.P. Major Produced Water Release 1/23/15 Crude Oil 27 20 7 BBL Equipment Failure Eddy (15) No No
nTO1504431334 JAY MANAGEMENT COMPANY, LLC Minor Produced Water Release 1/23/15 Produced Water 8 5 3 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nTO1503036705 ENTERPRISE PRODUCTS OPERATING, LLC Major Release Other 1/23/15 Condensate 35 0 35 BBL Equipment Failure Lea (25) No No
nAB1502727312 BOPCO, L.P. Major Produced Water Release 1/23/15 Produced Water 8 4 4 BBL Equipment Failure Eddy (15) No No
nAB1504054780 WPX Energy Permian, LLC Minor Produced Water Release 1/22/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1506157520 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/22/15 Crude Oil 8 8 0 BBL Equipment Failure Eddy (15) No No
nAB1504054780 WPX Energy Permian, LLC Minor Produced Water Release 1/22/15 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nCS1507242760 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 1/22/15 Condensate 194 0 194 BBL Corrosion Rio Arriba (39) No No
nCS1507242760 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 1/22/15 Produced Water 21 0 21 BBL Corrosion Rio Arriba (39) No No
nAB1504156159 EOG Y RESOURCES, INC. Major Produced Water Release 1/21/15 Produced Water 250 0 250 BBL Equipment Failure Eddy (15) No No
nAB1532334246 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 1/21/15 Produced Water 75 50 25 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1510053148 FASKEN OIL & RANCH LTD Major Produced Water Release 1/21/15 Produced Water 70 65 5 BBL Equipment Failure Lea (25) No No
nTO1502938832 RUBEN PEREZ DBA RGS TRUCKING Major Produced Water Release 1/20/15 Produced Water 1400 0 1400 BBL Other Lea (25) No No
nTO1503643982 TANDEM ENERGY CORPORATION Produced Water Release 1/19/15 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nCS1507248615 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 1/19/15 Natural Gas Liquids 24 0 24 BBL Freeze Rio Arriba (39) No No
nTO1503655515 OCCIDENTAL PERMIAN LTD Major Produced Water Release 1/19/15 Produced Water 200 25 175 BBL Corrosion Lea (25) No No
nCS1507248889 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 1/19/15 0 0 0 BBL Rio Arriba (39) No No
nAB1502840360 BURNETT OIL CO INC Major Fire 1/19/15 Crude Oil 175 0 175 BBL Fire Eddy (15) No No
nAB1502840360 BURNETT OIL CO INC Major Fire 1/19/15 Produced Water 175 0 175 BBL Fire Eddy (15) No No
nTO1503042807 EOG RESOURCES INC Major Produced Water Release 1/18/15 Produced Water 40 40 0 BBL Equipment Failure Lea (25) No No
nTO1503426996 SOLARIS WATER MIDSTREAM, LLC Major Produced Water Release 1/17/15 Produced Water 125 0 125 BBL Lea (25) No No
nCS1507248091 CONOCOPHILLIPS COMPANY Major Oil Release 1/17/15 Condensate 190 0 190 BBL Corrosion Rio Arriba (39) No No
nAB1504127715 EOG Y RESOURCES, INC. Major Produced Water Release 1/16/15 Produced Water 2500 2300 200 BBL Equipment Failure Eddy (15) No No
nAB1502026861 MACK ENERGY CORP Major Produced Water Release 1/16/15 Crude Oil 100 85 15 BBL Equipment Failure Eddy (15) No No
nAB1502026861 MACK ENERGY CORP Major Produced Water Release 1/16/15 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
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nTO1501536749 COG OPERATING LLC Minor Oil Release 1/15/15 Crude Oil 20 18 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1502354916 BOPCO, L.P. Minor Oil Release 1/15/15 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nCS1507241529 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 1/15/15 Condensate 57 5 52 BBL Corrosion San Juan (45) No No
nAB1502034968 DEVON ENERGY PRODUCTION COMPANY, LP Release Other 1/15/15 Condensate 1 1 0 BBL Equipment Failure Eddy (15) No No
nTO1501556382 APACHE CORPORATION Minor Oil Release 1/15/15 Crude Oil 18 15 3 BBL Equipment Failure Lea (25) No No
nCS1507241529 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 1/15/15 Produced Water 13 1 12 BBL Corrosion San Juan (45) No No
nTO1502248625 APACHE CORPORATION Major Produced Water Release 1/14/15 Produced Water 37 35 2 BBL Other Lea (25) No No
nTO1502927174 PYOTE WELL SERVICE, LLC Minor Produced Water Release 1/14/15 Produced Water 20 20 0 BBL Human Error Lea (25) No No
nTO1501356776 EOG Y RESOURCES, INC. Major Produced Water Release 1/13/15 Produced Water 30 30 0 BBL Freeze Lea (25) No No
nTO1501329253 Spur Energy Partners LLC Major Oil Release 1/13/15 Crude Oil 139 139 0 BBL Equipment Failure Lea (25) No No
nAB1502633538 BOPCO, L.P. Minor Produced Water Release 1/12/15 Produced Water 7 4 3 BBL Equipment Failure Eddy (15) No No
nAB1501441507 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/12/15 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nAB1503428101 REGENCY FIELD SERVICES LLC Minor Produced Water Release 1/11/15 Produced Water 12 10 2 BBL Equipment Failure Eddy (15) No No
nAB1503649290 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 1/10/15 Produced Water 9 0 9 BBL Equipment Failure Eddy (15) No No
nAB1501549726 OXY USA INC Minor Produced Water Release 1/10/15 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1503038538 Spur Energy Partners LLC Minor Produced Water Release 1/10/15 Drilling Mud/Fluid 2 2 0 BBL Equipment Failure Eddy (15) No No
nAB1501549726 OXY USA INC Minor Produced Water Release 1/10/15 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nCS1510348095 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 1/10/15 Crude Oil 14 14 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1503038538 Spur Energy Partners LLC Minor Produced Water Release 1/10/15 Produced Water 3 3 0 BBL Equipment Failure Eddy (15) No No
nAB1503426578 REGENCY FIELD SERVICES LLC Other 1/10/15 Condensate 0 0 0 BBL Human Error Eddy (15) No No
nTO1500939888 MorningStar Operating LLC Major Oil Release 1/9/15 Crude Oil 600 600 0 BBL Freeze Lea (25) No No
nTO1500927885 COG PRODUCTION, LLC Major Oil Release 1/9/15 Crude Oil 365 360 5 BBL Equipment Failure Lea (25) No No
nTO1501240426 Maverick Permian LLC Minor Oil Release 1/9/15 Crude Oil 7 3 4 BBL Freeze Lea (25) No No
nAB1501435160 EOG Y RESOURCES, INC. Major Produced Water Release 1/9/15 Crude Oil 200 60 140 BBL Equipment Failure Eddy (15) No No
nTO1500934484 Maverick Permian LLC Minor Produced Water Release 1/9/15 Produced Water 11 0 11 BBL Equipment Failure Lea (25) No No
nAB1501435160 EOG Y RESOURCES, INC. Major Produced Water Release 1/9/15 Produced Water 200 170 30 BBL Equipment Failure Eddy (15) No No
nTO1500855155 TEXLAND PETROLEUM-HOBBS, LLC Minor Produced Water Release 1/8/15 Produced Water 15 15 0 BBL Freeze 0 No No
nTO1501548835 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 1/8/15 Produced Water 140 120 20 BBL Freeze Lea (25) No No
nTO1500834175 HARVEY E YATES CO Major Produced Water Release 1/8/15 Produced Water 57 35 22 BBL Equipment Failure Lea (25) No No
nTO1501548835 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 1/8/15 Produced Water 330 270 60 BBL Equipment Failure Lea (25) No No
nTO1500829839 REGENCY FIELD SERVICES LLC Produced Water Release 1/8/15 Produced Water 0 0 0 BBL 0 No No
nTO1500855933 TEXLAND PETROLEUM-HOBBS, LLC Major Produced Water Release 1/8/15 Produced Water 30 30 0 BBL Freeze 0 No No
nTO1500835173 CIMAREX ENERGY CO. Major Oil Release 1/8/15 Crude Oil 50 50 0 BBL Equipment Failure Lea (25) No No
nAB1501539722 EOG Y RESOURCES, INC. Major Oil Release 1/7/15 Crude Oil 35 34 1 BBL Equipment Failure Eddy (15) No No
nTO1500729893 J & J Investments, LLC Major Oil Release 1/7/15 Crude Oil 250 52 198 BBL Equipment Failure Lea (25) No No
nAB1503433547 OXY USA INC Major Produced Water Release 1/7/15 Produced Water 100 90 10 BBL Equipment Failure Eddy (15) No No
nTO1500732418 CHEVRON U S A INC Minor Oil Release 1/7/15 Lube Oil 12 0 12 BBL Vehicular Accident 0 No No
nTO1500730943 CIMAREX ENERGY CO. Major Oil Release 1/7/15 Crude Oil 75 70 5 BBL Human Error Lea (25) No No
nTO1500941037 Spur Energy Partners LLC Minor Produced Water Release 1/7/15 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1501655607 WPX Energy Permian, LLC Major Produced Water Release 1/7/15 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1501655607 WPX Energy Permian, LLC Major Produced Water Release 1/7/15 Produced Water 40 35 5 BBL Equipment Failure Eddy (15) No No
nTO1500937000 FASKEN OIL & RANCH LTD Major Release Other 1/6/15 Condensate 186 6 180 BBL Freeze Lea (25) No No
nTO1500638938 CIMAREX ENERGY CO. Minor Produced Water Release 1/6/15 Crude Oil 5 5 0 BBL Freeze Lea (25) No No
nAB1503352699 Spur Energy Partners LLC Major Produced Water Release 1/6/15 Produced Water 250 245 5 BBL Equipment Failure Eddy (15) No No
nKJ1600630012 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/6/15 Produced Water 56 56 0 BBL Human Error Eddy (15) No No
nAB1500755995 LINN OPERATING, LLC. Major Produced Water Release 1/6/15 Produced Water 159 130 29 BBL Equipment Failure Eddy (15) No No
nAB1503551225 Lucid Artesia Company Major Other 1/6/15 Condensate 180 0 180 BBL Equipment Failure Chaves (05) No No
nAB1502637829 MR NM Operating LLC Minor Produced Water Release 1/6/15 Crude Oil 9 8 1 BBL Equipment Failure Eddy (15) No No
nTO1500638938 CIMAREX ENERGY CO. Minor Produced Water Release 1/6/15 Produced Water 10 10 0 BBL Freeze Lea (25) No No
nAB1502637829 MR NM Operating LLC Minor Produced Water Release 1/6/15 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nTO1500728058 ZIA WATER, LLLP Produced Water Release 1/6/15 Produced Water 0 110 0 BBL Vandalism Lea (25) No No
nTO1500556648 BXP Operating, LLC Major Produced Water Release 1/5/15 Produced Water 75 70 5 BBL Equipment Failure Lea (25) No No
nCS1507241048 HPOC, LLC Minor Produced Water Release 1/5/15 Produced Water 21 0 21 BBL Equipment Failure Sandoval (43) No No
nAB1500942741 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 1/5/15 Produced Water 60 0 60 BBL Equipment Failure Eddy (15) No No
nAB1502037424 Permian Resources Operating, LLC Minor Oil Release 1/5/15 Crude Oil 15 10 5 BBL Freeze Eddy (15) No No
nTO1500935732 Maverick Permian LLC Minor Produced Water Release 1/4/15 Produced Water 20 15 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No

nAB1503626650
DUKE ENERGY FIELD SERVICES SOUTHWEST, 
INC. Minor Other 1/4/15 Condensate 20 15 5 BBL Equipment Failure Eddy (15) No No

nTO1501432357 BAM Permian Operating, LLC Minor Oil Release 1/4/15 Crude Oil 6 0 6 BBL Freeze Chaves (05) No No
nAB1503341472 COG OPERATING LLC Minor Oil Release 1/4/15 Crude Oil 20 15 5 BBL Equipment Failure Eddy (15) No No
nTO1501550854 ROSWELL OPERATING, LLC Major Fire 1/4/15 Produced Water 390 350 40 BBL Fire Lea (25) No No
nCS1510339643 DUGAN PRODUCTION CORP Major Produced Water Release 1/3/15 Produced Water 160 0 160 BBL Freeze San Juan (45) No No
nCS1623236862 ROBERT L BAYLESS PRODUCER LLC Other 1/3/15 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nTO1500757228 APACHE CORPORATION Minor Oil Release 1/3/15 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nAB1501328737 BOPCO, L.P. Major Oil Release 1/3/15 Crude Oil 40 20 20 BBL Equipment Failure Eddy (15) No No
nCS1503741750 ENCANA OIL & GAS (USA) INC. Minor Oil Release 1/2/15 Crude Oil 6 0 6 BBL Freeze San Juan (45) No No
nAB1502141294 COG OPERATING LLC Major Produced Water Release 1/1/15 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nTO1501233524 BXP Operating, LLC Minor Produced Water Release 1/1/15 Produced Water 6 4 2 BBL Freeze Lea (25) No No
nAB1500934959 Silverback Operating II, LLC Major Oil Release 1/1/15 Crude Oil 30 30 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1502140468 Spur Energy Partners LLC Minor Oil Release 1/1/15 Crude Oil 20 19 1 BBL Equipment Failure Eddy (15) No No
nAB1502141294 COG OPERATING LLC Major Produced Water Release 1/1/15 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nVF1907328394 SIMCOE LLC Other 1/1/15 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAB1506435605 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 1/1/15 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1500828256 EOG Y RESOURCES, INC. Major Produced Water Release 12/31/14 Produced Water 200 175 25 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1500542439 TEXLAND PETROLEUM-HOBBS, LLC Major Produced Water Release 12/31/14 Produced Water 130 130 0 BBL Freeze Lea (25) No No
nAB1500738416 APACHE CORPORATION Major Produced Water Release 12/31/14 Crude Oil 670 660 10 BBL Equipment Failure Eddy (15) No No
nAB1501438658 COG OPERATING LLC Minor Produced Water Release 12/31/14 Crude Oil 3 3 0 BBL Equipment Failure Eddy (15) No No
nTO1500738356 Maverick Permian LLC Minor Oil Release 12/31/14 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nTO1500542439 TEXLAND PETROLEUM-HOBBS, LLC Major Produced Water Release 12/31/14 Crude Oil 20 20 0 BBL Freeze Lea (25) No No
nAB1500738416 APACHE CORPORATION Major Produced Water Release 12/31/14 Produced Water 60 40 20 BBL Equipment Failure Eddy (15) No No
nAB1501438658 COG OPERATING LLC Minor Produced Water Release 12/31/14 Produced Water 2 2 0 BBL Equipment Failure Eddy (15) No No
nTO1500738356 Maverick Permian LLC Minor Oil Release 12/31/14 Produced Water 13 0 13 BBL Equipment Failure Lea (25) No No
nTO1500534087 GRAND BANKS ENERGY CO Major Oil Release 12/30/14 Other (Specify) 90 0 90 BBL Equipment Failure Lea (25) No No
nCS1503739598 ELM RIDGE EXPLORATION COMPANY LLC Minor Oil Release 12/30/14 Crude Oil 10 0 10 BBL Corrosion San Juan (45) No No
nCS1512033866 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 12/30/14 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
nCS1503739598 ELM RIDGE EXPLORATION COMPANY LLC Minor Oil Release 12/30/14 Produced Water 10 0 0 BBL Corrosion San Juan (45) No No
nCS1510349261 ELM RIDGE EXPLORATION COMPANY LLC Minor Oil Release 12/30/14 Crude Oil 10 0 10 BBL Corrosion San Juan (45) No No
nCS1507241314 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 12/30/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nCS1510349261 ELM RIDGE EXPLORATION COMPANY LLC Minor Oil Release 12/30/14 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nAB1501440160 EOG Y RESOURCES, INC. Minor Produced Water Release 12/29/14 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1506434756 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/29/14 Produced Water 6 3 3 BBL Equipment Failure Eddy (15) No No
nAB1501440160 EOG Y RESOURCES, INC. Minor Produced Water Release 12/29/14 Produced Water 3 2 1 BBL Equipment Failure Eddy (15) No No
nCS1507240705 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 12/29/14 Condensate 44 12 32 BBL Corrosion Rio Arriba (39) No No
nCS1507240705 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 12/29/14 Produced Water 33 0 33 BBL Corrosion Rio Arriba (39) No No
nTO1500735303 Maverick Permian LLC Minor Oil Release 12/29/14 Crude Oil 7 2 5 BBL Lea (25) No No
nCS1508235627 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 12/27/14 Produced Water 80 50 30 BBL Human Error Rio Arriba (39) No No
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nTO1500655577 CAZA OPERATING, LLC Major Produced Water Release 12/25/14 Produced Water 45 40 5 BBL Equipment Failure Lea (25) No No
nAB1501255875 BOPCO, L.P. Major Produced Water Release 12/25/14 Produced Water 97 3 94 BBL Human Error Eddy (15) No No
nAB1435729198 COG OPERATING LLC Minor Oil Release 12/22/14 Crude Oil 15 14 1 BBL Equipment Failure Eddy (15) No No
nCS1503751813 CONOCOPHILLIPS COMPANY Minor Natural Gas Release 12/22/14 Crude Oil 5 0 5 GAL Vandalism Rio Arriba (39) No No
nAB1501442511 Spur Energy Partners LLC Major Produced Water Release 12/21/14 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1436354278 BOPCO, L.P. Major Produced Water Release 12/21/14 Produced Water 220 200 20 BBL Equipment Failure Eddy (15) No No
nAB1501442511 Spur Energy Partners LLC Major Produced Water Release 12/21/14 Produced Water 110 108 2 BBL Equipment Failure Eddy (15) No No
nAB1436357039 HARVARD PETROLEUM COMPANY, LLC Major Other 12/21/14 Other (Specify) 0 0 0 BBL Fire Eddy (15) No No
nAB1436354278 BOPCO, L.P. Major Produced Water Release 12/21/14 Crude Oil 279 279 0 BBL Equipment Failure Eddy (15) No No
nAB1500736485 DEVON ENERGY PRODUCTION COMPANY, LP Major Fire 12/20/14 Unknown 0 0 0 BBL Fire Eddy (15) No No
nTO1435327826 PLAINS PETROLEUM OPER CO Minor Oil Release 12/19/14 Crude Oil 5 3 2 BBL Corrosion Lea (25) No No
nAPP2134932726 Enterprise Field Services, LLC Major Release Other 12/19/14 Condensate 0 0 0 BBL Other Eddy (15) No No
nTO1435326446 EOG Y RESOURCES, INC. Major Oil Release 12/19/14 Crude Oil 130 130 0 BBL Human Error Lea (25) No No
nAB1501227217 ENTERPRISE PRODUCTS OPERATING, LLC Minor Release Other 12/19/14 Condensate 8 0 8 BBL Equipment Failure Lea (25) No No
nTO1500535870 NADEL AND GUSSMAN HEYCO, LLC Major Produced Water Release 12/19/14 Produced Water 100 0 100 BBL Vandalism Lea (25) No No
nTO1435249721 SOUTHWEST ROYALTIES INC Minor Produced Water Release 12/18/14 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nAB1501242084 OXY USA INC Major Oil Release 12/18/14 Crude Oil 150 60 90 BBL Equipment Failure Eddy (15) No No
nAB1501254630 Spur Energy Partners LLC Minor Produced Water Release 12/18/14 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nCS1503741454 ENCANA OIL & GAS (USA) INC. Minor Oil Release 12/18/14 Crude Oil 20 20 0 BBL Equipment Failure San Juan (45) No No
nAB1435727714 COG OPERATING LLC Major Fire 12/18/14 Other (Specify) 0 0 0 BBL Fire Eddy (15) No No
nAB1435733652 BURNETT OIL CO INC Major Produced Water Release 12/17/14 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nTO1435150405 XOG OPERATING LLC Minor Produced Water Release 12/17/14 Produced Water 11 10 1 BBL Equipment Failure Lea (25) No No
nTO1435153856 LEGACY RESERVES OPERATING, LP Major Produced Water Release 12/17/14 Produced Water 1800 1700 100 BBL Equipment Failure Lea (25) No No
nTO1435143438 Spur Energy Partners LLC Major Oil Release 12/17/14 Crude Oil 15 15 0 BBL Fire Lea (25) No No
nAB1435733652 BURNETT OIL CO INC Major Produced Water Release 12/17/14 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nTO1435156547 MARK L SHIDLER INC Major Produced Water Release 12/17/14 Produced Water 130 130 0 BBL Equipment Failure Lea (25) No No
nTO1435156547 MARK L SHIDLER INC Major Produced Water Release 12/17/14 Condensate 0 0 0 BBL Lea (25) No No
nAB1435036614 BOPCO, L.P. Major Produced Water Release 12/16/14 Crude Oil 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1435029870 EOG RESOURCES INC Major Produced Water Release 12/16/14 Produced Water 50 40 10 BBL Equipment Failure Lea (25) No No
nCS1503639908 XTO ENERGY, INC Major Produced Water Release 12/16/14 Produced Water 75 50 25 BBL Equipment Failure San Juan (45) No No
nTO1435040833 SOUTHWEST ROYALTIES INC Minor Produced Water Release 12/16/14 Produced Water 16 15 1 BBL Equipment Failure Lea (25) No No
nAB1435036614 BOPCO, L.P. Major Produced Water Release 12/16/14 Produced Water 115 80 35 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1434944429 SOUTHERN UNION EXPLORATION CO Minor Produced Water Release 12/15/14 Produced Water 10 0 10 BBL Equipment Failure 0 No No
nTO1434951716 READ & STEVENS INC Minor Produced Water Release 12/15/14 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nCS1503738901 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 12/15/14 Natural Gas Liquids 5 0 0 BBL Corrosion Rio Arriba (39) No No
nCS1533529070 BURLINGTON RESOURCES OIL & GAS CO Oil Release 12/15/14 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1501541211 OXY USA INC Minor Produced Water Release 12/15/14 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nTO1434937343 PLAINS PETROLEUM OPER CO Minor Oil Release 12/15/14 Crude Oil 15 12 3 BBL Equipment Failure 0 No No
nCS1533529070 BURLINGTON RESOURCES OIL & GAS CO Oil Release 12/15/14 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1501541211 OXY USA INC Minor Produced Water Release 12/15/14 Produced Water 16 0 16 BBL Equipment Failure Eddy (15) No No
nTO1434945623 RESOLUTE NATURAL RESOURCES CO., LLC Major Produced Water Release 12/15/14 Produced Water 280 240 40 BBL Equipment Failure Lea (25) No No
nAB1435732889 BOPCO, L.P. Minor Oil Release 12/15/14 Crude Oil 8 4 4 BBL Equipment Failure Eddy (15) No No
nAB1435357246 APACHE CORPORATION Major Oil Release 12/14/14 Crude Oil 200 180 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1502058269 Blackbuck New Mexico LLC Major Produced Water Release 12/14/14 Produced Water 70 50 20 BBL Equipment Failure Eddy (15) No No
nCS1411848696 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 12/13/14 Natural Gas Liquids 0 0 0 BBL Equipment Failure San Juan (45) No No
nTO1434643354 ECLIPSE OIL & GAS, INC. Produced Water Release 12/12/14 Produced Water 2 0 2 BBL Human Error Lea (25) No No
nAB1435049621 OXY USA INC Minor Oil Release 12/12/14 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1435036006 BOPCO, L.P. Major Produced Water Release 12/12/14 Produced Water 90 10 80 BBL Human Error Eddy (15) No No
nTO1501231968 COG OPERATING LLC Major Produced Water Release 12/12/14 Produced Water 150 70 80 BBL Human Error Lea (25) No No
nCS1511738822 Williams Four Corners, LLC Minor Produced Water Release 12/11/14 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nAB1435728275 Spur Energy Partners LLC Major Produced Water Release 12/11/14 Produced Water 3500 1500 2000 BBL Equipment Failure Eddy (15) No No
nCS1501255135 SIMCOE LLC Oil Release 12/11/14 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1501332454 Williams Four Corners, LLC Minor Natural Gas Release 12/11/14 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nAB1500649924 Silverback Operating II, LLC Minor Produced Water Release 12/11/14 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nTO1434544342 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/11/14 Produced Water 65 65 0 BBL Equipment Failure Lea (25) No No
nCS1501255135 SIMCOE LLC Oil Release 12/11/14 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nTO1434438865 COG OPERATING LLC Major Produced Water Release 12/10/14 Produced Water 686 684 2 BBL Equipment Failure Lea (25) No No
nTO1434433356 MATADOR PRODUCTION COMPANY Minor Produced Water Release 12/10/14 Produced Water 10 9 1 BBL Equipment Failure Lea (25) No No
nTO1434429856 CENTENNIAL RESOURCE PRODUCTION, LLC Minor Oil Release 12/10/14 Crude Oil 10 5 5 BBL Freeze Lea (25) No No
nTO1434428621 COG OPERATING LLC Minor Produced Water Release 12/10/14 Produced Water 18 9 9 BBL Corrosion Lea (25) No No
nCS1501339487 CCI SAN JUAN LLC Minor Natural Gas Release 12/10/14 Natural Gas Liquids 12 0 12 BBL Corrosion San Juan (45) No Yes
nTO1434354362 COG PRODUCTION, LLC Minor Produced Water Release 12/9/14 Produced Water 24 22 2 BBL Equipment Failure Lea (25) No No
nTO1434352664 REGENCY FIELD SERVICES LLC Produced Water Release 12/9/14 Produced Water 0 0 0 BBL Lea (25) No No
nCS1501242807 ARP PRODUCTION COMPANY, LLC Minor Produced Water Release 12/9/14 Produced Water 10 0 10 BBL Freeze Colfax (07) No No
nCS1503738704 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 12/9/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nTO1434242046 SOUTHERN UNION EXPLORATION CO Natural Gas Release 12/8/14 Natural Gas Liquids 0 0 0 BBL 0 No No
nTO1434252950 MATADOR PRODUCTION COMPANY Major Oil Release 12/8/14 Crude Oil 100 70 30 BBL Freeze Lea (25) No No
nAB1435050931 BOPCO, L.P. Minor Produced Water Release 12/8/14 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nTO1434234516 APACHE CORPORATION Minor Produced Water Release 12/8/14 Produced Water 15 5 10 BBL Equipment Failure Lea (25) No No
nAB1435050931 BOPCO, L.P. Minor Produced Water Release 12/8/14 Produced Water 6 3 3 BBL Equipment Failure Eddy (15) No No
nAB1435354373 Spur Energy Partners LLC Major Produced Water Release 12/7/14 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1435354373 Spur Energy Partners LLC Major Produced Water Release 12/7/14 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nTO1434929045 SOUTHERN UNION EXPLORATION CO Minor Produced Water Release 12/5/14 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nTO1434929438 SOUTHERN UNION EXPLORATION CO Minor Produced Water Release 12/5/14 Produced Water 18 0 18 BBL Equipment Failure Lea (25) No No
nTO1506153395 SOUTHERN UNION EXPLORATION CO Minor Oil Release 12/5/14 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nTO1434432040 DCP OPERATING COMPANY, LP Minor Natural Gas Release 12/5/14 Condensate 20 0 20 BBL Equipment Failure Lea (25) No No
nCS1501231748 ENTERPRISE PRODUCTS OPERATING, LLC Major Produced Water Release 12/5/14 Produced Water 110 110 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1435042878 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 12/4/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1434450914 Earthstone Operating, LLC Minor Produced Water Release 12/4/14 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nAB1500639675 LINN OPERATING, LLC. Major Produced Water Release 12/4/14 Produced Water 159 130 29 BBL Equipment Failure Eddy (15) No No
nAB1435042878 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 12/4/14 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nAB1435037409 BOPCO, L.P. Major Produced Water Release 12/3/14 Produced Water 226 85 141 BBL Equipment Failure Eddy (15) No No
nAB1433855615 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 12/3/14 Crude Oil 7 2 5 BBL Equipment Failure Eddy (15) No No
nAB1433955125 Spur Energy Partners LLC Major Produced Water Release 12/2/14 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) No No
nTO1434346107 Maverick Permian LLC Major Produced Water Release 12/1/14 Produced Water 82 50 32 BBL Equipment Failure Lea (25) No No
nAB1434239189 COG OPERATING LLC Major Produced Water Release 11/30/14 Crude Oil 35 33 2 BBL Equipment Failure Eddy (15) No No
nAB1434239189 COG OPERATING LLC Major Produced Water Release 11/30/14 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nTO1434631735 Copper Ridge Resources, LLC Major Produced Water Release 11/29/14 Produced Water 30 25 5 BBL Equipment Failure Lea (25) No No
nTO1502248962 APACHE CORPORATION Major Produced Water Release 11/28/14 Produced Water 490 480 10 BBL Equipment Failure Lea (25) No No
nAB1434939612 EOG Y RESOURCES, INC. Major Produced Water Release 11/28/14 Produced Water 150 150 0 BBL Equipment Failure Eddy (15) No No
nAB1433955644 COG OPERATING LLC Major Produced Water Release 11/26/14 Produced Water 55 50 5 BBL Equipment Failure Eddy (15) No No
nTO1500554461 COG OPERATING LLC Major Produced Water Release 11/26/14 Produced Water 40 35 5 BBL Equipment Failure Lea (25) No No
nTO1434436724 COG OPERATING LLC Major Produced Water Release 11/26/14 Produced Water 400 380 20 BBL Fire Lea (25) No No
nTO1434436724 COG OPERATING LLC Major Produced Water Release 11/26/14 Crude Oil 20 0 20 BBL Fire Lea (25) No No
nCS1504231427 WESTERN REFINING COMPANY, L.P. Major Oil Release 11/25/14 Crude Oil 62 58 4 BBL Equipment Failure 0 No No
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nTO1432841496 EOG Y RESOURCES, INC. Minor Produced Water Release 11/24/14 Produced Water 6 5 1 BBL Freeze Lea (25) No No
nAB1433051541 BOPCO, L.P. Major Produced Water Release 11/24/14 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1435732150 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 11/24/14 Crude Oil 30 25 5 BBL Equipment Failure Eddy (15) No No
nAB1433649950 COG OPERATING LLC Minor Produced Water Release 11/24/14 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nTO1432841496 EOG Y RESOURCES, INC. Minor Produced Water Release 11/24/14 2 2 0 BBL Lea (25) No No
nAB1433051541 BOPCO, L.P. Major Produced Water Release 11/24/14 Produced Water 37 12 25 BBL Equipment Failure Eddy (15) No No
nCS1433629834 SIMCOE LLC Oil Release 11/24/14 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nAB1433035436 BURNETT OIL CO INC Major Produced Water Release 11/23/14 Produced Water 35 6 29 BBL Equipment Failure Eddy (15) No No
nAB1506437854 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 11/23/14 Crude Oil 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1432936692 WPX Energy Permian, LLC Major Produced Water Release 11/22/14 Produced Water 1225 1170 55 BBL Other Eddy (15) No No
nAB1433727704 EOG Y RESOURCES, INC. Minor Oil Release 11/22/14 Crude Oil 7 2 5 BBL Equipment Failure Eddy (15) No No
nAB1433941085 COG OPERATING LLC Major Produced Water Release 11/22/14 Crude Oil 80 78 2 BBL Equipment Failure Eddy (15) No No
nAB1433941085 COG OPERATING LLC Major Produced Water Release 11/22/14 Produced Water 120 118 2 BBL Equipment Failure Eddy (15) No No
nAB1433649200 Silverback Operating II, LLC Minor Produced Water Release 11/21/14 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1433049483 BOPCO, L.P. Minor Produced Water Release 11/21/14 Crude Oil 3 0 3 BBL Corrosion Eddy (15) No No
nTO1432537403 CIMAREX ENERGY CO. Major Produced Water Release 11/21/14 Produced Water 135 135 0 BBL Equipment Failure Lea (25) No No
nAB1433049483 BOPCO, L.P. Minor Produced Water Release 11/21/14 Produced Water 7 0 7 BBL Corrosion Eddy (15) No No
nTO1432553976 RAYBAW Operating, LLC Minor Other 11/21/14 Drilling Mud/Fluid 7 6 1 BBL Equipment Failure Lea (25) No No
nAB1434354515 COG OPERATING LLC Minor Produced Water Release 11/20/14 Crude Oil 9 8 1 BBL Equipment Failure Eddy (15) No No
nAB1434354515 COG OPERATING LLC Minor Produced Water Release 11/20/14 Produced Water 14 10 4 BBL Equipment Failure Eddy (15) No No
nTO1434629323 OXY USA INC Minor Produced Water Release 11/19/14 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nTO1432233868 OXY USA INC Major Produced Water Release 11/18/14 Produced Water 37 15 22 BBL Equipment Failure Lea (25) No No
nAB1432551444 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/18/14 Produced Water 20 0 20 BBL Fire Eddy (15) No No
nAB1433050646 BOPCO, L.P. Major Oil Release 11/18/14 Crude Oil 105 85 20 BBL Equipment Failure Eddy (15) No No
nAB1432552641 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/18/14 Produced Water 600 0 600 BBL Human Error Eddy (15) No No
nTO1432253685 MEWBOURNE OIL CO Minor Produced Water Release 11/18/14 Produced Water 20 10 10 BBL Equipment Failure Lea (25) No No
nAB1432551444 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/18/14 Crude Oil 10 0 10 BBL Fire Eddy (15) No No
nAB1432550182 Spur Energy Partners LLC Minor Oil Release 11/18/14 Crude Oil 4 0 4 BBL Corrosion Eddy (15) No No
nTO1432233868 OXY USA INC Major Produced Water Release 11/18/14 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nAB1432550182 Spur Energy Partners LLC Minor Oil Release 11/18/14 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAB1510640722 FAIR OIL LTD Major Oil Release 11/17/14 Crude Oil 42 40 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1432826765 DEVON ENERGY PRODUCTION COMPANY, LP Minor Other 11/17/14 Drilling Mud/Fluid 12 12 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1434455362 Permian Resources Operating, LLC Minor Produced Water Release 11/17/14 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1433654072 APACHE CORPORATION Major Produced Water Release 11/17/14 Produced Water 750 650 100 BBL Equipment Failure Eddy (15) No No
nAB1435032750 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/17/14 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1434455362 Permian Resources Operating, LLC Minor Produced Water Release 11/17/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1435032750 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/17/14 Produced Water 80 0 80 BBL Equipment Failure Eddy (15) No No
nAB1432439096 BOPCO, L.P. Major Oil Release 11/16/14 Crude Oil 26 7 19 BBL Equipment Failure Eddy (15) No No
nAB1433751685 EOG Y RESOURCES, INC. Major Oil Release 11/16/14 Crude Oil 115 110 5 BBL Equipment Failure Eddy (15) No No
nCS1500854295 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 11/16/14 Produced Water 30 0 0 BBL Human Error Rio Arriba (39) No No
nCS1500854295 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 11/16/14 Chemical (Specify) 30 0 0 BBL Human Error Rio Arriba (39) No No
nTO1431854073 Stanolind Permian LLC Minor Oil Release 11/14/14 Crude Oil 20 0 20 BBL Corrosion Lea (25) No No
nTO1431831520 CONOCOPHILLIPS COMPANY Minor Release Other 11/14/14 Drilling Mud/Fluid 15 14 1 BBL Human Error Lea (25) No No
nCS1503656045 RODDY PRODUCTION CO INC Major Oil Release 11/14/14 Crude Oil 158 158 0 BBL Human Error Sandoval (43) No No
nAB1432442278 BOPCO, L.P. Major Produced Water Release 11/14/14 Produced Water 69 60 9 BBL Equipment Failure Eddy (15) No No
nTO1431853076 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/14/14 Produced Water 40 15 25 BBL Human Error Lea (25) No No
nTO1431853536 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 11/14/14 Produced Water 46 42 4 BBL Corrosion Chaves (05) No No
nMLB1433052969 Lucid Artesia Company Natural Gas Release 11/14/14 Natural Gas Liquids 0 0 0 BBL Eddy (15) No No
nAB1432357675 BOPCO, L.P. Major Produced Water Release 11/14/14 Crude Oil 8 2 6 BBL Equipment Failure Eddy (15) No No
nAB1432357675 BOPCO, L.P. Major Produced Water Release 11/14/14 Produced Water 38 23 15 BBL Equipment Failure Eddy (15) No No
nAB1433652494 COG OPERATING LLC Major Produced Water Release 11/13/14 Produced Water 62 60 2 BBL Corrosion Eddy (15) No No
nCS1501253527 XTO ENERGY, INC Oil Release 11/13/14 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1433539845 APACHE CORPORATION Minor Produced Water Release 11/13/14 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nCS1501253527 XTO ENERGY, INC Oil Release 11/13/14 Natural Gas Liquids 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nTO1431754207 APACHE CORPORATION Minor Produced Water Release 11/13/14 Produced Water 10 5 5 BBL Corrosion Lea (25) No No
nAB1433539845 APACHE CORPORATION Minor Produced Water Release 11/13/14 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1431855525 BOPCO, L.P. Major Oil Release 11/13/14 Crude Oil 297 278 19 BBL Fire Eddy (15) No No
nTO1433042361 J R OIL, LTD. CO. Major Produced Water Release 11/13/14 Produced Water 300 0 300 BBL Equipment Failure Lea (25) No No
nTO1431647649 EOG RESOURCES INC Major Produced Water Release 11/12/14 Produced Water 720 670 50 BBL Equipment Failure Lea (25) No No
nCS1510341073 Williams Four Corners, LLC Oil Release 11/12/14 Produced Water 0 0 0 BBL Other San Juan (45) No No
nAB1435357865 APACHE CORPORATION Major Produced Water Release 11/12/14 Produced Water 30 0 30 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1510341073 Williams Four Corners, LLC Oil Release 11/12/14 Condensate 0 0 0 BBL Other San Juan (45) No No
nTO1431630731 LINN OPERATING, LLC. Major Produced Water Release 11/11/14 Produced Water 35 20 15 BBL Corrosion Lea (25) No No
nAB1431650115 WPX Energy Permian, LLC Major Produced Water Release 11/10/14 Produced Water 25 25 0 BBL Other Eddy (15) No No
nTO1431443052 CAMBRIAN MANAGEMENT LTD Major Produced Water Release 11/10/14 Produced Water 300 0 0 BBL Equipment Failure Lea (25) No No
nAB1432451664 KEY ENERGY SERVICES, LLC Major Produced Water Release 11/10/14 Produced Water 296 250 46 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1431455585 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 11/10/14 Crude Oil 150 100 50 BBL Equipment Failure 0 No No
nTO1431449048 J R OIL, LTD. CO. Minor Oil Release 11/10/14 Crude Oil 15 1 14 BBL Corrosion Lea (25) No No
nAB1431737250 V-F PETROLEUM INC Minor Oil Release 11/10/14 Crude Oil 15 0 15 BBL Corrosion Eddy (15) No No
nTO1434553064 Franklin Mountain Energy 3, LLC Minor Oil Release 11/9/14 Crude Oil 19 5 14 BBL Human Error Lea (25) No No
nTO1431629657 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 11/9/14 Drilling Mud/Fluid 14 13 1 BBL Blow Out Lea (25) No No
nAB1508236840 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 11/9/14 Natural Gas Liquids 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1432353445 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 11/9/14 Crude Oil 45 40 5 BBL Equipment Failure Eddy (15) No No
nAB1431649266 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 11/9/14 Produced Water 32 15 17 BBL Equipment Failure Eddy (15) No No
nTO1431439557 MorningStar Operating LLC Minor Produced Water Release 11/8/14 Produced Water 13 11 2 BBL Equipment Failure Lea (25) No No
nAB1508235820 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 11/8/14 Natural Gas Liquids 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1431643048 MEWBOURNE OIL CO Major Oil Release 11/8/14 Crude Oil 77 28 49 BBL Other Eddy (15) No No
nAB1532130874 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 11/8/14 Natural Gas Liquids 1 0 0 BBL Equipment Failure Eddy (15) No No
nTO1431146814 EOG Y RESOURCES, INC. Major Oil Release 11/7/14 Crude Oil 30 25 5 BBL Equipment Failure Lea (25) No No
nAB1432355958 BOPCO, L.P. Major Produced Water Release 11/7/14 Crude Oil 46 26 20 BBL Equipment Failure Eddy (15) No No
nAB1434456341 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 11/7/14 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nAB1432355958 BOPCO, L.P. Major Produced Water Release 11/7/14 Produced Water 18 10 8 BBL Equipment Failure Eddy (15) No No
nAB1434456341 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 11/7/14 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1432250434 OXY USA INC Minor Oil Release 11/6/14 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nTO1431046660 CONOCOPHILLIPS COMPANY Minor Oil Release 11/6/14 Crude Oil 6 3 3 BBL Corrosion 0 No No
nCS1508235105 XTO ENERGY, INC Other 11/5/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1433650924 COG PRODUCTION, LLC Major Produced Water Release 11/5/14 Crude Oil 85 80 5 BBL Equipment Failure Eddy (15) No No
nAB1433650924 COG PRODUCTION, LLC Major Produced Water Release 11/5/14 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nTO1430850577 DEVON ENERGY PRODUCTION COMPANY, LP Minor Other 11/4/14 Drilling Mud/Fluid 5 0 5 BBL Human Error Lea (25) No No
nAB1430835790 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 11/4/14 Natural Gas Liquids 2 0 2 BBL Corrosion Eddy (15) No No
nTO1430835587 BXP Operating, LLC Produced Water Release 11/4/14 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nCS1501334438 SIMCOE LLC Minor Produced Water Release 11/4/14 Produced Water 12 10 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1432326800 OXY USA INC Minor Produced Water Release 11/4/14 Crude Oil 5 0 5 BBL Blow Out Eddy (15) No No
nAB1432326800 OXY USA INC Minor Produced Water Release 11/4/14 Produced Water 5 0 5 BBL Blow Out Eddy (15) No No
nAB1520937991 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/3/14 Produced Water 160 25 135 BBL Corrosion Eddy (15) No No

WG Ex. 93

3451



nAB1432352004 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/3/14 Produced Water 30 25 5 BBL Corrosion Eddy (15) No No
nTO1434248801 DLJ EQUIPMENT LEASING LTD. CO. Major Produced Water Release 11/3/14 Produced Water 2000 1680 320 BBL Lightning Lea (25) No No
nAB1431856658 BOPCO, L.P. Minor Produced Water Release 11/3/14 Crude Oil 4 1 3 BBL Equipment Failure Eddy (15) No No
nTO1430736266 REGENCY FIELD SERVICES LLC Produced Water Release 11/3/14 Produced Water 0 0 0 BBL 0 No No
nAB1431639646 CONOCOPHILLIPS COMPANY Major Other 11/3/14 Other (Specify) 20 19 1 BBL Equipment Failure Eddy (15) No No
nAB1431051803 APACHE CORPORATION Minor Produced Water Release 11/3/14 Produced Water 10 0 10 BBL Other Eddy (15) No No
nAB1431856658 BOPCO, L.P. Minor Produced Water Release 11/3/14 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nAB1432249850 OXY USA INC Major Produced Water Release 11/3/14 Produced Water 30 0 30 BBL Corrosion Eddy (15) No No
nAB1431639646 CONOCOPHILLIPS COMPANY Major Other 11/3/14 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nAB1432249850 OXY USA INC Major Produced Water Release 11/3/14 Crude Oil 10 0 10 BBL Corrosion Eddy (15) No No
nTO1430749936 SOUTHERN UNION GAS COMPANY Minor Oil Release 11/3/14 Crude Oil 10 0 10 BBL Equipment Failure 0 No No
nAB1431639646 CONOCOPHILLIPS COMPANY Major Other 11/3/14 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nTO1430753798 CROSS TIMBERS ENERGY, LLC Minor Other 11/3/14 Crude Oil 12 10 2 BBL Human Error Lea (25) No No
nTO1431128762 MorningStar Operating LLC Major Produced Water Release 11/2/14 Produced Water 158 70 88 BBL Lea (25) No No
nAB1430854045 MEWBOURNE OIL CO Major Oil Release 11/1/14 Crude Oil 110 100 10 BBL Vandalism Eddy (15) No No
nAB1430856630 MEWBOURNE OIL CO Major Oil Release 11/1/14 Crude Oil 70 60 10 BBL Vandalism Eddy (15) No No
nTO1430726307 MorningStar Operating LLC Major Produced Water Release 10/31/14 Produced Water 84 70 14 BBL Lea (25) No No
nTO1430434559 Maverick Permian LLC Minor Produced Water Release 10/31/14 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nTO1430728488 CENTENNIAL RESOURCE PRODUCTION, LLC Major Oil Release 10/31/14 Crude Oil 40 40 0 BBL Human Error Lea (25) No No
nTO1430727085 MorningStar Operating LLC Minor Produced Water Release 10/31/14 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nTO1430450720 Maverick Permian LLC Major Produced Water Release 10/31/14 Produced Water 51 30 21 BBL Lea (25) No No
nJK1425429811 WESTERN REFINING COMPANY, L.P. Minor Release Other 10/30/14 Other (Specify) 10 0 10 BBL Equipment Failure Sandoval (43) No No
nTO1430248950 APACHE CORPORATION Minor Produced Water Release 10/29/14 Produced Water 5 1 4 BBL Equipment Failure Lea (25) No No
nAB1432342160 COG OPERATING LLC Major Oil Release 10/29/14 Crude Oil 25 23 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1432352627 OWL SWD OPERATING, LLC Major Produced Water Release 10/29/14 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nAB1430728086 RAYBAW Operating, LLC Minor Oil Release 10/29/14 Crude Oil 7 5 2 BBL Corrosion Eddy (15) No No
nCS1500530451 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 10/29/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nCS1508252724 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 10/29/14 Natural Gas Liquids 5 0 5 BBL Corrosion San Juan (45) No No
nTO1431643418 COG OPERATING LLC Major Produced Water Release 10/28/14 Produced Water 370 342 28 BBL Equipment Failure Lea (25) No No
nCS1500549752 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 10/28/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nCS1503648346 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 10/28/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nCS1500854882 XTO ENERGY, INC Major Fire 10/27/14 Condensate 88 0 88 BBL Vandalism San Juan (45) No No
nJK1431655652 XTO ENERGY, INC Major Fire 10/27/14 Condensate 88 0 88 BBL Vandalism San Juan (45) No No
nTO1430053203 CONOCOPHILLIPS COMPANY Minor Produced Water Release 10/27/14 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nCS1500832261 XTO ENERGY, INC Produced Water Release 10/24/14 Produced Water 0 0 0 BBL Other San Juan (45) No No
nCS1510342996 CONOCOPHILLIPS COMPANY Other 10/24/14 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nAB1430737555 EOG Y RESOURCES, INC. Minor Produced Water Release 10/24/14 Crude Oil 7 6 1 BBL Equipment Failure Eddy (15) No No
nTO1429748421 CIMAREX ENERGY CO. Minor Oil Release 10/24/14 Crude Oil 16 13 3 BBL Equipment Failure Lea (25) No No
nAB1430737555 EOG Y RESOURCES, INC. Minor Produced Water Release 10/24/14 Produced Water 8 7 1 BBL Equipment Failure Eddy (15) No No
nAB1432234636 OXY USA INC Minor Produced Water Release 10/23/14 Produced Water 22 0 22 BBL Equipment Failure Eddy (15) No No
nTO1429631664 OXY USA INC Produced Water Release 10/23/14 Produced Water 0 0 0 BBL Lea (25) No No
nAB1430942578 HUNT CIMARRON LIMITED PARTNERSHIP Major Produced Water Release 10/22/14 Produced Water 80 0 80 BBL Equipment Failure Chaves (05) No No
nAB1429655452 BURNETT OIL CO INC Major Produced Water Release 10/22/14 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nTO1430454461 TANDEM ENERGY CORPORATION Produced Water Release 10/22/14 Produced Water 0 0 0 BBL Lea (25) No No
nAB1429655452 BURNETT OIL CO INC Major Produced Water Release 10/22/14 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nTO1429725844 SHACKELFORD OIL CO Major Oil Release 10/21/14 Crude Oil 35 30 5 BBL Equipment Failure Lea (25) No No
nCS1500829235 XTO ENERGY, INC Produced Water Release 10/21/14 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nTO1429333147 OXY USA INC Minor Produced Water Release 10/20/14 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nTO1429439811 DCP OPERATING COMPANY, LP Minor Other 10/20/14 Condensate 5 0 5 BBL Equipment Failure Lea (25) No No
nTO1429544827 BXP Operating, LLC Major Produced Water Release 10/20/14 Produced Water 120 70 50 BBL Equipment Failure Lea (25) No No
nTO1429357089 APACHE CORPORATION Major Produced Water Release 10/20/14 Produced Water 125 120 5 BBL Equipment Failure Lea (25) No No
nTO1432239370 OXY USA INC Major Produced Water Release 10/20/14 Produced Water 80 70 10 BBL Corrosion Lea (25) No No
nAB1430326579 TRINITY ENVIRONMENTAL SWD, L.L.C. Minor Produced Water Release 10/19/14 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nAB1430326579 TRINITY ENVIRONMENTAL SWD, L.L.C. Minor Produced Water Release 10/19/14 Produced Water 18 16 2 BBL Equipment Failure Eddy (15) No No
nAB1433953640 CHEVRON U S A INC Minor Produced Water Release 10/18/14 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nAB1433953640 CHEVRON U S A INC Minor Produced Water Release 10/18/14 Produced Water 9 8 1 BBL Equipment Failure Eddy (15) No No
nTO1511453543 Headington Royalty, Inc. Oil Release 10/17/14 Crude Oil 0 0 0 BBL Chaves (05) No No
nTO1429055929 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 10/17/14 Produced Water 100 55 45 BBL Equipment Failure Lea (25) No No
nCS1432335728 RODDY PRODUCTION CO INC Major Oil Release 10/17/14 Crude Oil 158 158 0 BBL Human Error Sandoval (43) No No
nAB1430956690 XTO ENERGY, INC Minor Produced Water Release 10/17/14 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1431448197 COG OPERATING LLC Major Produced Water Release 10/16/14 Produced Water 215 214 1 BBL Equipment Failure Eddy (15) No No
nAB1431053789 COG OPERATING LLC Major Produced Water Release 10/16/14 Produced Water 225 220 5 BBL Equipment Failure Eddy (15) No No
nAB1430936021 COG OPERATING LLC Major Produced Water Release 10/15/14 Produced Water 350 348 2 BBL Corrosion Eddy (15) No No
nTO1428829925 EOG Y RESOURCES, INC. Minor Produced Water Release 10/15/14 Produced Water 11 9 2 BBL Equipment Failure Lea (25) No No
nAB1429333358 BOPCO, L.P. Major Produced Water Release 10/15/14 Crude Oil 6 2 4 BBL Equipment Failure Eddy (15) No No
nAB1429333358 BOPCO, L.P. Major Produced Water Release 10/15/14 Produced Water 73 56 17 BBL Equipment Failure Eddy (15) No No
nTO1428740497 EOG Y RESOURCES, INC. Major Produced Water Release 10/14/14 Produced Water 60 0 60 BBL Equipment Failure Lea (25) No No
nTO1428735124 Scorpion Oil & Gas, LLC Major Produced Water Release 10/14/14 Produced Water 29 0 29 BBL Equipment Failure Lea (25) No No
nTO1428749837 Roughhouse Operating, LLC Minor Oil Release 10/14/14 Crude Oil 10 2 8 BBL Equipment Failure Lea (25) No No
nTO1428752202 C&J WELL SERVICES, INC. Release Other 10/14/14 Other (Specify) 0 0 0 BBL Lea (25) No No
nTO1431756001 OXY USA INC Major Oil Release 10/13/14 Crude Oil 200 100 100 BBL Human Error Lea (25) No No
nCS1432335948 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 10/13/14 Crude Oil 25 25 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nTO1430032224 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/13/14 Produced Water 5 0 5 BBL Human Error Lea (25) No No
nAB1428950747 MEWBOURNE OIL CO Major Produced Water Release 10/13/14 Produced Water 430 420 10 BBL Equipment Failure Eddy (15) No No
nAB1428930204 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 10/13/14 Produced Water 45 15 30 BBL Human Error Eddy (15) No No

nAB1429334642 OXY USA INC Major Produced Water Release 10/12/14
Gelled Brine (Frac 
Fluid) 75 10 65 BBL Other Eddy (15) No No

nAB1428827191 MEMORIAL PRODUCTION OPERATING, LLC Major Produced Water Release 10/12/14 Produced Water 220 0 220 BBL Other Eddy (15) No No
nAB1507953989 EOG Y RESOURCES, INC. Major Produced Water Release 10/10/14 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nAB1430052012 Spur Energy Partners LLC Major Produced Water Release 10/10/14 Produced Water 45 40 5 BBL Equipment Failure Eddy (15) No No
nTO1428950452 KAISER-FRANCIS OIL CO Major Produced Water Release 10/10/14 Produced Water 30 20 10 BBL Equipment Failure Lea (25) No No
nTO1428341974 Nitro Oil & Gas, LLC Minor Oil Release 10/10/14 Crude Oil 10 0 10 BBL Vandalism Lea (25) No No
nAB1430948520 EOG Y RESOURCES, INC. Major Produced Water Release 10/10/14 Crude Oil 20 15 5 BBL Equipment Failure Eddy (15) No No
nAB1430049948 COG OPERATING LLC Major Produced Water Release 10/10/14 Produced Water 900 800 100 BBL Equipment Failure Eddy (15) No No
nAB1428742057 Spur Energy Partners LLC Major Produced Water Release 10/10/14 Crude Oil 30 29 1 BBL Equipment Failure Eddy (15) No No
nCS1431632492 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 10/10/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nTO1428727889 OXY USA INC Minor Produced Water Release 10/10/14 Produced Water 10 6 4 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1436341744 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 10/10/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nTO1428339529 BXP Operating, LLC Produced Water Release 10/10/14 Produced Water 1 0 1 BBL Equipment Failure Lea (25) No No
nCS1500531249 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 10/10/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1430948520 EOG Y RESOURCES, INC. Major Produced Water Release 10/10/14 Produced Water 500 375 125 BBL Equipment Failure Eddy (15) No No
nCS1431632295 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 10/10/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1428742057 Spur Energy Partners LLC Major Produced Water Release 10/10/14 Produced Water 60 59 1 BBL Equipment Failure Eddy (15) No No
nAB1428733041 WPX Energy Permian, LLC Minor Produced Water Release 10/9/14 Produced Water 15 14 1 BBL Other Eddy (15) No No
nTO1428946944 COG OPERATING LLC Major Produced Water Release 10/7/14 Produced Water 300 280 20 BBL Human Error Lea (25) No No
nCS1507242551 DOMINION PRODUCTION COMPANY, LLC Minor Oil Release 10/7/14 Crude Oil 5 0 5 BBL Equipment Failure McKinley (31) No No
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nTO1428052621 TEXLAND PETROLEUM-HOBBS, LLC Produced Water Release 10/7/14 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1428740298 OXY USA INC Major Produced Water Release 10/6/14 Produced Water 67 0 67 BBL Equipment Failure Eddy (15) No No
nAB1428334971 Acacia Operating Company, LLC Major Produced Water Release 10/6/14 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) No No
nTO1428335556 North Fork Operating, LP Minor Produced Water Release 10/6/14 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nTO1427939918 EOG Y RESOURCES, INC. Major Produced Water Release 10/5/14 Produced Water 60 55 5 BBL Equipment Failure Lea (25) No No
nAB1428154809 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/4/14 Produced Water 35 20 15 BBL Human Error Eddy (15) No No
nAB1428734057 WPX Energy Permian, LLC Minor Produced Water Release 10/3/14 Crude Oil 5 4 1 BBL Other Eddy (15) No No
nAB1428734057 WPX Energy Permian, LLC Minor Produced Water Release 10/3/14 Produced Water 11 11 0 BBL Eddy (15) No No
nMLB1428155982 DCP OPERATING COMPANY, LP Minor Natural Gas Release 10/3/14 Condensate 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1428339023 Extex Operating Company Minor Natural Gas Release 10/2/14 Natural Gas Liquids 15 2 13 BBL Equipment Failure Eddy (15) No No
nTO1427529744 EOG RESOURCES INC Major Produced Water Release 10/2/14 Produced Water 50 36 14 BBL Vandalism Lea (25) No No

nAB1519726856
ROGER SLAYTON DBA ESCUDILLA OIL 
COMPANY Oil Release 10/2/14 Crude Oil 2 2 0 BBL Equipment Failure Chaves (05) No No

nAB1428156408 MEWBOURNE OIL CO Major Produced Water Release 10/2/14 Crude Oil 137 135 2 BBL Equipment Failure Eddy (15) No No
nCS1500932681 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 10/2/14 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nAB1428156408 MEWBOURNE OIL CO Major Produced Water Release 10/2/14 Produced Water 173 170 3 BBL Equipment Failure Eddy (15) No No
nAB1428137122 BOPCO, L.P. Major Produced Water Release 10/1/14 Crude Oil 10 5 5 BBL Corrosion Eddy (15) No No
nAB1428140200 LINN OPERATING, LLC. Major Produced Water Release 10/1/14 Produced Water 80 0 80 BBL Corrosion Eddy (15) No No
nAB1428137122 BOPCO, L.P. Major Produced Water Release 10/1/14 Produced Water 109 75 34 BBL Corrosion Eddy (15) No No
nAB1428136417 BOPCO, L.P. Major Produced Water Release 9/30/14 Produced Water 220 198 22 BBL Other Eddy (15) No No
nTO1427526420 JOHN H HENDRIX CORP Minor Produced Water Release 9/30/14 Produced Water 10 2 8 BBL Equipment Failure 0 No No
nTO1428728904 OXY USA INC Minor Oil Release 9/30/14 Crude Oil 15 0 15 BBL Equipment Failure Lea (25) No No
nTO1427256224 PERCUSSION PETROLEUM OPERATING, LLC Major Produced Water Release 9/29/14 Produced Water 400 390 10 BBL Corrosion Lea (25) No No
nTO1428831519 APACHE CORPORATION Major Release Other 9/29/14 Drilling Mud/Fluid 30 0 30 BBL Human Error Lea (25) No No
nAB1427530587 Spur Energy Partners LLC Minor Oil Release 9/29/14 Crude Oil 11 0 11 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1432850987 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 9/29/14 Natural Gas Liquids 5 0 5 BBL Corrosion Eddy (15) No No
nAB1428148585 MEWBOURNE OIL CO Major Produced Water Release 9/28/14 Crude Oil 253 253 0 BBL Other Eddy (15) No No
nAB1428134622 BOPCO, L.P. Major Produced Water Release 9/28/14 Crude Oil 5 2 3 BBL Other Eddy (15) No No
nAB1428148585 MEWBOURNE OIL CO Major Produced Water Release 9/28/14 Produced Water 1473 267 1206 BBL Other Eddy (15) No No
nAB1428134622 BOPCO, L.P. Major Produced Water Release 9/28/14 Produced Water 33 1 32 BBL Other Eddy (15) No No
nAB1432450261 EOG Y RESOURCES, INC. Major Produced Water Release 9/27/14 Produced Water 80 80 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1430952844 OWL SWD OPERATING, LLC Major Produced Water Release 9/27/14 Crude Oil 2 2 0 BBL Fire Eddy (15) No No
nAB1429526532 Spur Energy Partners LLC Major Produced Water Release 9/27/14 Crude Oil 10 0 10 BBL Fire Eddy (15) No No
nAB1430952844 OWL SWD OPERATING, LLC Major Produced Water Release 9/27/14 Produced Water 0 0 0 BBL Eddy (15) No No
nAB1428748755 Spur Energy Partners LLC Major Oil Release 9/27/14 Crude Oil 65 63 2 BBL Equipment Failure Eddy (15) No No
nAB1429526532 Spur Energy Partners LLC Major Produced Water Release 9/27/14 Produced Water 20 15 5 BBL Fire Eddy (15) No No
nAB1435334641 XTO ENERGY, INC Major Produced Water Release 9/27/14 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1435334641 XTO ENERGY, INC Major Produced Water Release 9/27/14 Produced Water 60 0 60 BBL Equipment Failure Eddy (15) No No
nAB1428741156 COG OPERATING LLC Major Oil Release 9/26/14 Crude Oil 311 100 211 BBL Corrosion Eddy (15) No No
nTO1426941788 MATADOR PRODUCTION COMPANY Major Produced Water Release 9/26/14 Produced Water 127 22 105 BBL Human Error Lea (25) No No
nAB1428749671 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/26/14 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nTO1426943423 Spur Energy Partners LLC Major Produced Water Release 9/26/14 Produced Water 1500 1300 200 BBL Equipment Failure Lea (25) No No
nTO1426943423 Spur Energy Partners LLC Major Produced Water Release 9/26/14 Produced Water 100 95 5 BBL Equipment Failure Lea (25) No No
nTO1426828151 Opal Operating Company LLC Major Produced Water Release 9/25/14 Produced Water 59 59 0 BBL Lightning Lea (25) No No
nAB1428141332 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/25/14 Crude Oil 11 11 0 BBL Corrosion Eddy (15) No No
nTO1426829295 EOG Y RESOURCES, INC. Minor Oil Release 9/25/14 Crude Oil 15 15 0 BBL Equipment Failure Lea (25) No No
nTO1428353661 CAZA OPERATING, LLC Major Produced Water Release 9/25/14 Produced Water 100 0 100 BBL Equipment Failure Lea (25) No No
nCS1432549116 SIMCOE LLC Oil Release 9/25/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nTO1426827611 BAM Permian Operating, LLC Minor Oil Release 9/25/14 Crude Oil 15 15 0 BBL Equipment Failure Chaves (05) No No
nTO1426828689 EOG Y RESOURCES, INC. Major Produced Water Release 9/25/14 Produced Water 52 16 36 BBL Equipment Failure Lea (25) No No
nTO1426829775 Opal Operating Company LLC Minor Oil Release 9/25/14 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nTO1426736270 EOG Y RESOURCES, INC. Major Produced Water Release 9/24/14 Produced Water 40 0 40 BBL Equipment Failure Lea (25) No No
nAB1428139099 BOPCO, L.P. Minor Oil Release 9/24/14 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nTO1426756875 EOG Y RESOURCES, INC. Major Produced Water Release 9/24/14 Produced Water 33 33 0 BBL Lightning Lea (25) No No
nAB1428256423 Acacia Operating Company, LLC Major Produced Water Release 9/24/14 Produced Water 200 0 200 BBL Other Eddy (15) No No
nAB1429339093 NADEL AND GUSSMAN PERMIAN, LLC Minor Oil Release 9/24/14 Crude Oil 10 7 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1426755048 BAM Permian Operating, LLC Minor Produced Water Release 9/24/14 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nTO1426757435 BAM Permian Operating, LLC Minor Produced Water Release 9/24/14 Produced Water 6 0 6 BBL Equipment Failure Chaves (05) No No
nAB1428249323 Silverback Operating II, LLC Minor Produced Water Release 9/24/14 Produced Water 8 3 5 BBL Other Eddy (15) No No
nTO1426756258 EOG Y RESOURCES, INC. Minor Produced Water Release 9/24/14 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nCS1431742228 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 9/24/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) Yes Yes
nAB1428133861 BOPCO, L.P. Minor Produced Water Release 9/24/14 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1428133861 BOPCO, L.P. Minor Produced Water Release 9/24/14 Produced Water 8 4 4 BBL Equipment Failure Eddy (15) No No
nAB1427652866 Spur Energy Partners LLC Minor Produced Water Release 9/23/14 Crude Oil 7 3 4 BBL Other Eddy (15) No No
nAB1431637657 EOG Y RESOURCES, INC. Minor Produced Water Release 9/23/14 Produced Water 20 10 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1431138073 Permian Resources Operating, LLC Major Natural Gas Release 9/23/14 Produced Water 66 0 66 BBL Equipment Failure Eddy (15) No No
nAB1427548232 PPC OPERATING COMPANY LLC Major Produced Water Release 9/23/14 Crude Oil 256 0 256 BBL Other Eddy (15) No No
nAB1427652866 Spur Energy Partners LLC Minor Produced Water Release 9/23/14 Produced Water 7 3 4 BBL Other Eddy (15) No No
nAB1427548232 PPC OPERATING COMPANY LLC Major Produced Water Release 9/23/14 Produced Water 193 0 193 BBL Other Eddy (15) No No
nTO1426633035 PLAINS MARKETING L.P. Major Produced Water Release 9/23/14 Produced Water 2869 2869 0 BBL Equipment Failure Lea (25) No No
nTO1427352689 BXP Operating, LLC Major Produced Water Release 9/23/14 Produced Water 33 33 0 BBL Equipment Failure Lea (25) No No
nTO1426548770 EOG RESOURCES INC Minor Produced Water Release 9/22/14 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nTO1426541802 OXY USA INC Major Oil Release 9/22/14 Crude Oil 40 35 5 BBL Equipment Failure 0 No No
nTO1426545252 FAE II Operating LLC Minor Produced Water Release 9/22/14 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nAB1429431624 COG OPERATING LLC Major Produced Water Release 9/22/14 Produced Water 60 0 60 BBL Other Eddy (15) No No
nTO1426534112 OXY USA INC Major Produced Water Release 9/22/14 Produced Water 150 50 100 BBL Equipment Failure 0 No No
nTO1426543524 OXY USA INC Minor Produced Water Release 9/22/14 Produced Water 20 3 17 BBL Equipment Failure Lea (25) No No
nTO1426539360 EOG Y RESOURCES, INC. Major Produced Water Release 9/22/14 Produced Water 300 150 150 BBL Equipment Failure Lea (25) No No
nAB1429431624 COG OPERATING LLC Major Produced Water Release 9/22/14 Crude Oil 353 0 353 BBL Other Eddy (15) No No
nTO1426537125 J R OIL, LTD. CO. Major Produced Water Release 9/22/14 Produced Water 100 50 50 BBL Equipment Failure Lea (25) No No
nAB1428257242 MEMORIAL PRODUCTION OPERATING, LLC Major Oil Release 9/22/14 Crude Oil 30 30 0 BBL Equipment Failure Eddy (15) No No
nAB1427550488 Spur Energy Partners LLC Minor Oil Release 9/21/14 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nAB1428137738 BOPCO, L.P. Major Produced Water Release 9/20/14 Crude Oil 12 5 7 BBL Other Eddy (15) No No
nAB1428137738 BOPCO, L.P. Major Produced Water Release 9/20/14 Produced Water 65 40 25 BBL Other Eddy (15) No No
nAB1426629023 APACHE CORPORATION Major Produced Water Release 9/19/14 Crude Oil 40 35 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1506436616 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/19/14 Produced Water 250 117 133 BBL Fire Eddy (15) No No
nAB1429432526 COG OPERATING LLC Major Produced Water Release 9/19/14 Crude Oil 280 0 280 BBL Other Eddy (15) No No
nAB1426550986 BUCKEYE DISPOSAL, L.L.C. Major Produced Water Release 9/19/14 Produced Water 700 700 0 BBL Lightning Eddy (15) No No
nAB1426629023 APACHE CORPORATION Major Produced Water Release 9/19/14 Produced Water 150 140 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1430851048 COG PRODUCTION, LLC Major Produced Water Release 9/19/14 Produced Water 120 115 5 BBL Fire Eddy (15) No No
nAB1429432526 COG OPERATING LLC Major Produced Water Release 9/19/14 Produced Water 100 0 100 BBL Other Eddy (15) No No
nAB1507736778 COG OPERATING LLC Produced Water Release 9/19/14 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1428737173 OXY USA INC Major Oil Release 9/18/14 Crude Oil 120 100 20 BBL Equipment Failure Eddy (15) No No
nTO1426026254 APACHE CORPORATION Minor Produced Water Release 9/17/14 Produced Water 6 1 5 BBL Equipment Failure Lea (25) No No
nTO1426056146 Maverick Permian LLC Minor Produced Water Release 9/17/14 Produced Water 12 5 7 BBL Corrosion Lea (25) No No
nTO1425938845 OXY USA INC Major Produced Water Release 9/16/14 Produced Water 70 60 10 BBL Equipment Failure 0 No No
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nTO1425937021 Kratos Operating, LLC Major Produced Water Release 9/16/14 Produced Water 1000 900 100 BBL Freeze Lea (25) No No
nTO1425926117 MATADOR PRODUCTION COMPANY Major Oil Release 9/16/14 Crude Oil 70 68 2 BBL Human Error Lea (25) No No
nTO1425951303 Extex Operating Company Oil Release 9/16/14 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1428734858 OXY USA INC Minor Produced Water Release 9/16/14 Crude Oil 6 0 6 BBL Other Eddy (15) No No
nTO1425936548 BXP Operating, LLC Produced Water Release 9/16/14 Produced Water 2 0 2 BBL Equipment Failure Lea (25) No No
nAB1428734858 OXY USA INC Minor Produced Water Release 9/16/14 Produced Water 6 0 6 BBL Other Eddy (15) No No
nTO1425853993 CONOCOPHILLIPS COMPANY Major Produced Water Release 9/15/14 Produced Water 41 40 1 BBL Human Error 0 No No
nCS1432839609 BP AMERICA PRODUCTION COMPANY Minor Oil Release 9/15/14 Crude Oil 10 0 10 BBL Equipment Failure San Juan (45) No No
nAB1427548938 Spur Energy Partners LLC Minor Produced Water Release 9/15/14 Crude Oil 5 3 2 BBL Corrosion Eddy (15) No No
nAB1426628081 BOPCO, L.P. Minor Produced Water Release 9/15/14 Produced Water 15 5 10 BBL Human Error Eddy (15) No No
nCS1426652410 BP AMERICA PRODUCTION COMPANY Major Oil Release 9/15/14 Crude Oil 10 0 10 BBL Corrosion San Juan (45) No No
nCS1432839609 BP AMERICA PRODUCTION COMPANY Minor Oil Release 9/15/14 Produced Water 10 0 10 BBL Equipment Failure San Juan (45) No No
nAB1427548938 Spur Energy Partners LLC Minor Produced Water Release 9/15/14 Produced Water 10 8 2 BBL Corrosion Eddy (15) No No
nCS1426652410 BP AMERICA PRODUCTION COMPANY Major Oil Release 9/15/14 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nAB1425926900 COG PRODUCTION, LLC Major Produced Water Release 9/14/14 Produced Water 250 247 3 BBL Equipment Failure Eddy (15) No No
nAB1425926900 COG PRODUCTION, LLC Major Produced Water Release 9/14/14 Crude Oil 3 3 0 BBL Equipment Failure Eddy (15) No No
nAB1425954810 BOPCO, L.P. Minor Produced Water Release 9/14/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1425954810 BOPCO, L.P. Minor Produced Water Release 9/14/14 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nAB1426551694 EOG Y RESOURCES, INC. Major Produced Water Release 9/13/14 Crude Oil 30 20 10 BBL Blow Out Eddy (15) No No
nCS1431652763 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 9/13/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1426551694 EOG Y RESOURCES, INC. Major Produced Water Release 9/13/14 Produced Water 40 40 0 BBL Blow Out Eddy (15) No No
nCS1431732145 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 9/13/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1427528113 EOG Y RESOURCES, INC. Major Produced Water Release 9/12/14 Produced Water 120 0 120 BBL Lightning Eddy (15) No No
nCS1426949869 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 9/12/14 Produced Water 17 0 17 BBL Equipment Failure Rio Arriba (39) No No
nAB1426252850 OXY USA INC Major Produced Water Release 9/11/14 Crude Oil 400 110 290 BBL Equipment Failure Eddy (15) No No
nTO1426027526 OXY USA INC Minor Produced Water Release 9/11/14 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nTO1425857071 Maverick Permian LLC Minor Produced Water Release 9/11/14 Produced Water 20 10 10 BBL Human Error Lea (25) No No
nAB1426252850 OXY USA INC Major Produced Water Release 9/11/14 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1426853142 Spur Energy Partners LLC Major Produced Water Release 9/10/14 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nAB1432937763 DEVON ENERGY PRODUCTION COMPANY, LP Major Other 9/10/14 Acid 130 30 100 BBL Equipment Failure Eddy (15) No No
nAB1426853142 Spur Energy Partners LLC Major Produced Water Release 9/10/14 Produced Water 50 45 5 BBL Equipment Failure Eddy (15) No No
nAB1425953776 BOPCO, L.P. Major Produced Water Release 9/9/14 Produced Water 135 0 135 BBL Other Eddy (15) No No
nAB1425532950 CLAYTON WILLIAMS ENERGY INC Major Produced Water Release 9/9/14 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nAB1425532950 CLAYTON WILLIAMS ENERGY INC Major Produced Water Release 9/9/14 Produced Water 53 44 9 BBL Equipment Failure Eddy (15) No No
nCS1432550333 XTO ENERGY, INC Produced Water Release 9/9/14 Produced Water 0 0 0 BBL Other San Juan (45) No No
nTO1428147597 CHEVRON U S A INC Minor Produced Water Release 9/8/14 Produced Water 17 0 0 BBL Equipment Failure Lea (25) No No
nTO1426037274 EOG Y RESOURCES, INC. Major Produced Water Release 9/8/14 Produced Water 500 450 50 BBL Equipment Failure Lea (25) No No
nAB1425450652 RAYBAW Operating, LLC Produced Water Release 9/6/14 Produced Water 0 192 0 BBL Lightning Eddy (15) No No
nAB1425952396 BOPCO, L.P. Major Produced Water Release 9/6/14 Produced Water 384 10 374 BBL Other Eddy (15) No No
nCS1426131865 ARP PRODUCTION COMPANY, LLC Minor Produced Water Release 9/5/14 Produced Water 8 0 8 BBL Human Error Colfax (07) No No
nTO1425527008 Acacia Operating Company, LLC Major Produced Water Release 9/5/14 Produced Water 75 0 75 BBL Equipment Failure Chaves (05) No No
nCS1430837302 ARP PRODUCTION COMPANY, LLC Minor Produced Water Release 9/5/14 Produced Water 9 0 9 BBL Equipment Failure Colfax (07) No No
nCS1432147527 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/5/14 Produced Water 5 0 5 BBL Equipment Failure San Juan (45) No No
nCS1426136928 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/5/14 Produced Water 5 0 5 BBL Equipment Failure San Juan (45) No No
nAB1426852183 COG OPERATING LLC Major Produced Water Release 9/5/14 Produced Water 160 150 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1426251591 EOG Y RESOURCES, INC. Major Produced Water Release 9/4/14 Brine Water 65 50 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1424728784 PLAINS MARKETING L.P. Major Oil Release 9/4/14 Crude Oil 150 110 40 BBL Human Error Lea (25) No No
nTO1424743640 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/4/14 Crude Oil 20 17 3 BBL Equipment Failure Lea (25) No No
nTO1424653803 APACHE CORPORATION Minor Produced Water Release 9/3/14 Produced Water 10 1 9 BBL Equipment Failure Lea (25) No No
nTO1424649295 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 9/3/14 Produced Water 80 0 80 BBL Equipment Failure Lea (25) No No
nTO1424626337 BURGUNDY OIL & GAS OF N M INC Produced Water Release 9/3/14 Produced Water 3 3 0 BBL Equipment Failure Lea (25) No No
nCS1426948950 WPX ENERGY PRODUCTION, LLC Oil Release 9/3/14 Crude Oil 2 0 2 BBL Human Error Sandoval (43) No No
nAB1426626945 BOPCO, L.P. Minor Oil Release 9/3/14 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nTO1424747857 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/3/14 Produced Water 17 15 2 BBL Equipment Failure Lea (25) No No
nCS1432547761 WPX ENERGY PRODUCTION, LLC Minor Oil Release 9/3/14 Crude Oil 15 0 15 BBL Human Error Sandoval (43) No No
nTO1424654156 APACHE CORPORATION Major Produced Water Release 9/3/14 Produced Water 25 20 5 BBL Equipment Failure Lea (25) No No
nTO1424654752 APACHE CORPORATION Major Produced Water Release 9/3/14 Produced Water 150 75 75 BBL Equipment Failure Lea (25) No No
nTO1424653403 APACHE CORPORATION Minor Produced Water Release 9/3/14 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nTO1424654460 APACHE CORPORATION Minor Produced Water Release 9/3/14 Produced Water 12 10 2 BBL Equipment Failure Lea (25) No No
nTO1428828724 APACHE CORPORATION Major Produced Water Release 9/2/14 Produced Water 25 0 0 BBL Human Error Lea (25) No No
nTO1424550997 Extex Operating Company Oil Release 9/2/14 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nTO1424554451 APACHE CORPORATION Major Produced Water Release 9/2/14 Produced Water 441 21 420 BBL Corrosion Lea (25) No No
nTO1424526180 TAP ROCK OPERATING, LLC Major Oil Release 9/2/14 Crude Oil 50 15 35 BBL Human Error Lea (25) No No
nAB1425529738 OXY USA INC Major Produced Water Release 9/2/14 Produced Water 70 70 0 BBL Corrosion Eddy (15) No No
nCS1432848864 Williams Four Corners, LLC Minor Produced Water Release 9/1/14 Produced Water 5 0 5 BBL Human Error Rio Arriba (39) No No
nAB1424538884 BOPCO, L.P. Minor Produced Water Release 8/31/14 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No
nTO1425244502 EOG RESOURCES INC Minor Produced Water Release 8/31/14 Produced Water 10 6 4 BBL Equipment Failure Lea (25) No No
nAB1424538884 BOPCO, L.P. Minor Produced Water Release 8/31/14 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nCS1432151418 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 8/30/14 Produced Water 30 10 20 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nOY1825457626 JAY MANAGEMENT COMPANY, LLC Major Produced Water Release 8/29/14 Produced Water 3 0 3 BBL Equipment Failure Lea (25) No No
nAB1425828616 COG PRODUCTION, LLC Minor Produced Water Release 8/28/14 Produced Water 15 15 0 BBL Corrosion Eddy (15) No No
nCS1426651825 High River Resources Operating, LLC Oil Release 8/28/14 Crude Oil 0 0 0 BBL Corrosion Rio Arriba (39) No No

nTO1424726719
CONOCOPHILLIPS & ATOFINA 
PETROCHEMICALS,INC Minor Produced Water Release 8/28/14 Produced Water 16 15 1 BBL Equipment Failure Lea (25) No No

nTO1426028855 J R OIL, LTD. CO. Minor Produced Water Release 8/28/14 Produced Water 13 0 13 BBL Equipment Failure Lea (25) No No
nTO1424041693 COG OPERATING LLC Major Produced Water Release 8/28/14 Produced Water 40 32 8 BBL Lea (25) No No
nTO1424030058 OXY USA INC Major Produced Water Release 8/28/14 Produced Water 200 150 50 BBL Equipment Failure 0 No No
nCS1426135850 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 8/28/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nCS1426651825 High River Resources Operating, LLC Oil Release 8/28/14 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nCS1510342550 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 8/28/14 Produced Water 70 30 40 BBL Equipment Failure Rio Arriba (39) No No
nCS1426136249 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 8/28/14 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nCS1436342223 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 8/28/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nCS1500550245 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 8/28/14 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nCS1500541899 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 8/28/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nTO1424647196 SOUTHWEST ROYALTIES INC Minor Produced Water Release 8/27/14 Produced Water 24 19 5 BBL Equipment Failure Lea (25) No No
nAB1431450505 EOG Y RESOURCES, INC. Major Produced Water Release 8/27/14 Produced Water 40 25 15 BBL Equipment Failure Eddy (15) No No
nTO1423838365 ONSHORE ROYALTIES, LLC Major Produced Water Release 8/26/14 Produced Water 130 0 130 BBL Equipment Failure Lea (25) No No
nAB1424733253 DEVON ENERGY PRODUCTION COMPANY, LP Minor Release Other 8/26/14 Drilling Mud/Fluid 8 6 2 BBL Human Error Eddy (15) No No
nTO1423843706 J R OIL, LTD. CO. Minor Produced Water Release 8/26/14 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nTO1424157009 Ameredev New Mexico, LLC Minor Oil Release 8/26/14 Crude Oil 20 19 1 BBL Human Error Lea (25) No No
nTO1423829108 V-F PETROLEUM INC Major Produced Water Release 8/26/14 Produced Water 35 30 5 BBL Equipment Failure Lea (25) No No
nAB1424135597 LINN OPERATING, LLC. Minor Produced Water Release 8/26/14 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nTO1423851890 OXY USA INC Major Produced Water Release 8/26/14 Produced Water 150 80 70 BBL Equipment Failure Lea (25) No No
nTO1424150643 WPX Energy Permian, LLC Major Oil Release 8/26/14 Crude Oil 170 5 165 BBL Corrosion Lea (25) No No
nAB1424134595 LINN OPERATING, LLC. Major Produced Water Release 8/26/14 Produced Water 103 0 103 BBL Human Error Eddy (15) No No
nAB1425128333 DEVON ENERGY PRODUCTION COMPANY, LP Major Other 8/25/14 Acid 70 0 70 BBL Equipment Failure Eddy (15) No No
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nAB1424649543 COG OPERATING LLC Major Produced Water Release 8/25/14 Produced Water 33 25 8 BBL Other Eddy (15) No No
nAB1425342247 EOG Y RESOURCES, INC. Major Produced Water Release 8/25/14 Produced Water 400 200 200 BBL Equipment Failure Eddy (15) No No
nTO1423853270 BXP Operating, LLC Major Produced Water Release 8/25/14 Produced Water 30 25 5 BBL Equipment Failure Lea (25) No No
nAB1425833935 Extex Operating Company Minor Produced Water Release 8/25/14 Crude Oil 8 2 6 BBL Lightning Eddy (15) No No
nAB1424649543 COG OPERATING LLC Major Produced Water Release 8/25/14 Crude Oil 5 4 1 BBL Other Eddy (15) No No
nAB1425833935 Extex Operating Company Minor Produced Water Release 8/25/14 Produced Water 12 3 9 BBL Lightning Eddy (15) No No
nCS1426139827 XTO ENERGY, INC Minor Oil Release 8/25/14 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nCS1432151563 XTO ENERGY, INC Minor Oil Release 8/25/14 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nCS1426139723 XTO ENERGY, INC Minor Oil Release 8/25/14 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nCS1432151563 XTO ENERGY, INC Minor Oil Release 8/25/14 Produced Water 13 0 13 BBL Corrosion San Juan (45) No No
nCS1426139827 XTO ENERGY, INC Minor Oil Release 8/25/14 Produced Water 13 0 13 BBL Corrosion San Juan (45) No No
nCS1426139723 XTO ENERGY, INC Minor Oil Release 8/25/14 Produced Water 13 0 13 BBL Corrosion San Juan (45) No No
nTO1426252903 FAE II Operating LLC Major Produced Water Release 8/24/14 Produced Water 25 0 25 BBL Equipment Failure Lea (25) No No
nAB1424127656 MEWBOURNE OIL CO Major Produced Water Release 8/24/14 Produced Water 650 580 70 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1426153667 J & J Investments, LLC Oil Release 8/23/14 Crude Oil 2 0 2 BBL Human Error Eddy (15) No No
nTO1423729763 MARATHON OIL PERMIAN LLC Major Produced Water Release 8/22/14 Produced Water 40 0 40 BBL Human Error Lea (25) No No
nAB1424726788 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 8/22/14 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) No No
nAB1424653393 LONGFELLOW ENERGY, LP Minor Produced Water Release 8/22/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nCS1432147748 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 8/22/14 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1424653393 LONGFELLOW ENERGY, LP Minor Produced Water Release 8/22/14 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nCS1508232107 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 8/22/14 Natural Gas Liquids 30 0 30 BBL Corrosion Rio Arriba (39) No No
nTO1500651974 OCCIDENTAL PERMIAN LTD Major Produced Water Release 8/21/14 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nTO1500651974 OCCIDENTAL PERMIAN LTD Major Produced Water Release 8/21/14 Produced Water 697 0 697 BBL Corrosion Lea (25) No No
nTO1423255378 MorningStar Operating LLC Minor Produced Water Release 8/20/14 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nTO1423254419 Minor Produced Water Release 8/20/14 Produced Water 9 9 0 BBL Corrosion 0 No No
nTO1423248678 Spur Energy Partners LLC Minor Produced Water Release 8/20/14 Produced Water 9 8 1 BBL Human Error Eddy (15) No No
nTO1423026423 COG OPERATING LLC Major Oil Release 8/20/14 Crude Oil 30 28 2 BBL Equipment Failure Lea (25) No No
nAB1424633443 BOPCO, L.P. Major Produced Water Release 8/20/14 Produced Water 400 0 400 BBL Equipment Failure Eddy (15) No No
nAB1424128975 EOG Y RESOURCES, INC. Produced Water Release 8/19/14 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nMLB1432957741 EOG Y RESOURCES, INC. Major Produced Water Release 8/19/14 Produced Water 50 40 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1424627897 COG OPERATING LLC Major Produced Water Release 8/18/14 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nAB1423341637 LINN OPERATING, LLC. Minor Produced Water Release 8/18/14 Produced Water 9 4 5 BBL Equipment Failure Eddy (15) No No
nTO1423148453 FRONTIER FIELD SERVICES, LLC Minor Oil Release 8/18/14 Crude Oil 5 5 0 BBL Equipment Failure Lea (25) No No
nCS1509853507 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 8/18/14 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) Yes Yes
nAB1424641822 BOPCO, L.P. Minor Produced Water Release 8/18/14 Produced Water 7 0 7 BBL Other Eddy (15) No No
nCS1432147925 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 8/18/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1424627897 COG OPERATING LLC Major Produced Water Release 8/18/14 Produced Water 950 900 50 BBL Corrosion Eddy (15) No No
nCS1512031303 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 8/18/14 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) Yes Yes
nAB1424641822 BOPCO, L.P. Minor Produced Water Release 8/18/14 Crude Oil 3 0 3 BBL Other Eddy (15) No No
nAB1426251119 CIMAREX ENERGY CO. Major Produced Water Release 8/17/14 Crude Oil 250 0 250 BBL Lightning Eddy (15) No No
nAB1423731369 APACHE CORPORATION Minor Produced Water Release 8/17/14 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nTO1424050065 OXY USA INC Major Oil Release 8/17/14 Crude Oil 80 70 10 BBL Human Error Lea (25) No No
nAB1426251119 CIMAREX ENERGY CO. Major Produced Water Release 8/17/14 Produced Water 1100 0 1100 BBL Lightning Eddy (15) No No
nAB1423954629 CLAYTON WILLIAMS ENERGY INC Major Produced Water Release 8/17/14 Produced Water 50 40 10 BBL Equipment Failure Eddy (15) No No
nAB1426849862 EOG Y RESOURCES, INC. Minor Oil Release 8/17/14 Crude Oil 5 0 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1423731369 APACHE CORPORATION Minor Produced Water Release 8/17/14 Produced Water 6 0 6 BBL Other Eddy (15) No No
nCS1436357386 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 8/17/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nCS1432148225 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 8/17/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nTO1500652354 OCCIDENTAL PERMIAN LTD Major Produced Water Release 8/17/14 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nTO1500652354 OCCIDENTAL PERMIAN LTD Major Produced Water Release 8/17/14 Produced Water 500 50 450 BBL Corrosion Lea (25) No No
nAB1423227481 MEWBOURNE OIL CO Major Produced Water Release 8/16/14 Crude Oil 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1425244082 EOG RESOURCES INC Major Produced Water Release 8/16/14 Produced Water 200 150 50 BBL Equipment Failure Lea (25) No No
nAB1423227481 MEWBOURNE OIL CO Major Produced Water Release 8/16/14 Produced Water 60 40 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1423354263 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/15/14 Produced Water 30 10 20 BBL Eddy (15) No No
nTO1422756133 MorningStar Operating LLC Minor Produced Water Release 8/15/14 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nTO1424527320 Spur Energy Partners LLC Major Produced Water Release 8/15/14 Produced Water 45 40 5 BBL Equipment Failure Lea (25) No No
nTO1424546749 MorningStar Operating LLC Minor Produced Water Release 8/15/14 Produced Water 9 8 1 BBL Equipment Failure Lea (25) No No
nTO1422630067 Spur Energy Partners LLC Major Oil Release 8/14/14 Crude Oil 75 70 5 BBL Equipment Failure Lea (25) No No
nAB1424536124 BOPCO, L.P. Minor Oil Release 8/14/14 Crude Oil 20 10 10 BBL Equipment Failure Eddy (15) No No
nCS1430837177 ARP PRODUCTION COMPANY, LLC Minor Produced Water Release 8/14/14 Produced Water 8 0 8 BBL Equipment Failure Colfax (07) No No
nTO1422628009 COG OPERATING LLC Minor Produced Water Release 8/14/14 Produced Water 17 17 0 BBL Equipment Failure Lea (25) No No
nTO1422647809 Enterprise Crude Pipeline LLC Minor Oil Release 8/14/14 Crude Oil 8 4 4 BBL Corrosion Lea (25) No No
nTO1422629053 COG OPERATING LLC Minor Produced Water Release 8/14/14 Produced Water 14 9 5 BBL Equipment Failure Lea (25) No No
nTO1423756733 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 8/14/14 Produced Water 1580 30 1550 BBL Equipment Failure Lea (25) No No
nTO1422631952 Spur Energy Partners LLC Minor Produced Water Release 8/14/14 Produced Water 6 3 3 BBL Corrosion Lea (25) No No
nTO1422632639 COG OPERATING LLC Major Produced Water Release 8/14/14 Produced Water 70 16 54 BBL Fire Lea (25) No No
nCS1423840505 ARP PRODUCTION COMPANY, LLC Minor Produced Water Release 8/14/14 Produced Water 8 0 8 BBL Equipment Failure Colfax (07) No No
nCS1521539662 CCI SAN JUAN LLC Major Oil Release 8/14/14 Crude Oil 250 0 0 BBL Corrosion San Juan (45) No Yes
nTO1422631220 COG PRODUCTION, LLC Major Produced Water Release 8/14/14 Produced Water 100 0 100 BBL Equipment Failure Lea (25) No No
nAB1425242216 COG OPERATING LLC Major Produced Water Release 8/14/14 Produced Water 80 30 50 BBL Equipment Failure Eddy (15) No No
nAB1422635536 RILEY PERMIAN OPERATING COMPANY, LLC Major Other 8/13/14 Acid 40 5 35 BBL Equipment Failure Eddy (15) No No
nAB1422637219 BOPCO, L.P. Major Produced Water Release 8/12/14 Crude Oil 3 1 2 BBL Human Error Eddy (15) No No
nCS1430836937 ARP PRODUCTION COMPANY, LLC Minor Produced Water Release 8/12/14 Produced Water 7 0 7 BBL Equipment Failure Colfax (07) No No
nAB1423031875 COG OPERATING LLC Major Oil Release 8/12/14 Crude Oil 25 24 1 BBL Equipment Failure Eddy (15) No No
nTO1422453234 Maverick Permian LLC Minor Produced Water Release 8/12/14 Produced Water 24 10 14 BBL Equipment Failure Lea (25) No No
nAB1422637219 BOPCO, L.P. Major Produced Water Release 8/12/14 Produced Water 38 17 21 BBL Human Error Eddy (15) No No
nCS1423840322 ARP PRODUCTION COMPANY, LLC Minor Produced Water Release 8/12/14 Produced Water 7 0 7 BBL Equipment Failure Colfax (07) No No
nAB1423031875 COG OPERATING LLC Major Oil Release 8/12/14 Produced Water 150 150 0 BBL Equipment Failure Eddy (15) No No
nTO1422338954 SOUTHERN UNION EXPLORATION CO Major Other 8/11/14 Other (Specify) 40 0 40 BBL Equipment Failure Lea (25) No No
nAB1425435299 CIMAREX ENERGY CO. OF COLORADO Minor Other 8/11/14 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nTO1422352458 Maverick Permian LLC Major Produced Water Release 8/11/14 Produced Water 68 50 18 BBL Equipment Failure Lea (25) No No
nCS1423254873 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 8/11/14 Produced Water 16 0 16 BBL Equipment Failure San Juan (45) No No
nAB1426848949 EOG Y RESOURCES, INC. Minor Produced Water Release 8/11/14 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1425435299 CIMAREX ENERGY CO. OF COLORADO Minor Other 8/11/14 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nCS1423254576 SIMCOE LLC Major Release Other 8/11/14 Other (Specify) 0 0 0 BBL Other San Juan (45) Yes No
nCS1431731792 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 8/11/14 Produced Water 13 0 13 BBL Corrosion San Juan (45) No No
nTO1422350777 Maverick Permian LLC Minor Produced Water Release 8/11/14 Produced Water 16 14 2 BBL Equipment Failure Lea (25) No No
nAB1423756686 COG OPERATING LLC Major Oil Release 8/9/14 Crude Oil 102 35 67 BBL Human Error Eddy (15) No No
nAB1426052450 EOG Y RESOURCES, INC. Minor Produced Water Release 8/9/14 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1426052450 EOG Y RESOURCES, INC. Minor Produced Water Release 8/9/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nCS1432151260 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 8/8/14 Produced Water 100 60 40 BBL Equipment Failure Rio Arriba (39) No No
nTO1422751031 RAYBAW Operating, LLC Minor Produced Water Release 8/8/14 Produced Water 7 0 7 BBL Human Error Eddy (15) No No
nTO1422042757 OXY USA INC Major Produced Water Release 8/8/14 Produced Water 132 130 2 BBL Equipment Failure Lea (25) No No
nCS1431650366 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 8/8/14 Produced Water 30 28 2 BBL Equipment Failure Rio Arriba (39) No No
nTO1422027291 COG OPERATING LLC Minor Oil Release 8/8/14 Crude Oil 20 15 5 BBL Equipment Failure Lea (25) No No
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nAB1422639350 BOPCO, L.P. Major Produced Water Release 8/8/14 Produced Water 600 500 100 BBL Equipment Failure Eddy (15) No No
nTO1422039130 J R OIL, LTD. CO. Major Produced Water Release 8/8/14 Crude Oil 86 50 36 BBL Corrosion Lea (25) No No
nTO1421950851 EOG Y RESOURCES, INC. Major Produced Water Release 8/7/14 Produced Water 35 30 5 BBL Equipment Failure Lea (25) No No
nTO1421957670 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 8/7/14 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nAB1422337133 MEWBOURNE OIL CO Major Produced Water Release 8/7/14 Produced Water 15 10 5 BBL Human Error Eddy (15) No No
nTO1421955934 OXY USA INC Major Oil Release 8/7/14 Crude Oil 50 30 20 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1422337133 MEWBOURNE OIL CO Major Produced Water Release 8/7/14 Crude Oil 10 5 5 BBL Human Error Eddy (15) No No
nAB1421855587 BOPCO, L.P. Minor Produced Water Release 8/6/14 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nAB1422627735 EOG Y RESOURCES, INC. Minor Produced Water Release 8/6/14 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nTO1421831023 BURGUNDY OIL & GAS OF N M INC Produced Water Release 8/6/14 Produced Water 0 0 0 BBL Lea (25) No No
nTO1423833833 Empire New Mexico LLC Minor Oil Release 8/6/14 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nTO1421947378 Maverick Permian LLC Minor Produced Water Release 8/6/14 Produced Water 23 10 13 BBL Equipment Failure Lea (25) No No
nAB1422627735 EOG Y RESOURCES, INC. Minor Produced Water Release 8/6/14 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nCS1423255776 SIMCOE LLC Oil Release 8/5/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1500828688 SIMCOE LLC Other 8/5/14 Condensate 0 0 0 BBL Other San Juan (45) No No
nCS1431649929 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 8/5/14 Natural Gas Liquids 0 0 0 BBL Other Rio Arriba (39) No No
nCS1500828688 SIMCOE LLC Other 8/5/14 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nAB1424651768 MEWBOURNE OIL CO Natural Gas Release 8/5/14 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nCS1425152473 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/5/14 Natural Gas Liquids 0 0 0 BBL Other Rio Arriba (39) No No
nTO1421626676 CIMAREX ENERGY CO. OF COLORADO Major Release Other 8/4/14 Condensate 49 0 49 BBL Vandalism Lea (25) No No
nTO1421627977 CIMAREX ENERGY CO. Major Oil Release 8/4/14 Crude Oil 270 255 15 BBL Equipment Failure Lea (25) No No
nTO1421650114 FAE II Operating LLC Minor Produced Water Release 8/4/14 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nTO1421853830 Kratos Operating, LLC Minor Produced Water Release 8/4/14 Produced Water 16 0 16 BBL Equipment Failure Lea (25) No No
nAB1423028456 COG OPERATING LLC Major Oil Release 8/4/14 Crude Oil 25 23 2 BBL Equipment Failure Eddy (15) No No
nCS1436341187 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 8/4/14 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1423248613 COG OPERATING LLC Major Produced Water Release 8/4/14 Crude Oil 8 0 8 BBL Human Error Eddy (15) No No
nCS1426138806 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 8/4/14 Produced Water 38 38 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nAB1423248613 COG OPERATING LLC Major Produced Water Release 8/4/14 Produced Water 33 0 33 BBL Human Error Eddy (15) No No
nAB1421955949 Acacia Operating Company, LLC Major Produced Water Release 8/4/14 Produced Water 150 50 100 BBL Equipment Failure Eddy (15) No No
nCS1425152285 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/4/14 Natural Gas Liquids 0 0 0 BBL Other Rio Arriba (39) No No
nAB1422441858 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 8/3/14 Crude Oil 30 25 5 BBL Corrosion Eddy (15) No No
nAB1423249455 COG PRODUCTION, LLC Major Produced Water Release 8/3/14 Produced Water 70 25 45 BBL Equipment Failure Eddy (15) No No
nAB1429437298 Acacia Operating Company, LLC Major Produced Water Release 8/3/14 Produced Water 200 100 100 BBL Other Eddy (15) No No
nAB1506432906 Acacia Operating Company, LLC Minor Produced Water Release 8/3/14 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nAB1422441858 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 8/3/14 Produced Water 60 55 5 BBL Corrosion Eddy (15) No No
nAB1421934621 J & J Investments, LLC Major Produced Water Release 8/3/14 Produced Water 40 0 40 BBL Eddy (15) No No
nAB1421934621 J & J Investments, LLC Major Produced Water Release 8/3/14 0 0 0 BBL Eddy (15) No No
nTO1421343560 Crockett Operating, LLC Major Produced Water Release 8/1/14 Produced Water 70 55 15 BBL Equipment Failure Lea (25) No No
nCS1431631097 ELM RIDGE EXPLORATION COMPANY LLC Major Produced Water Release 8/1/14 Other (Specify) 500 120 380 BBL Other Sandoval (43) No No
nTO1421353906 OXY USA WTP LIMITED PARTNERSHIP Produced Water Release 8/1/14 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nCS1431631097 ELM RIDGE EXPLORATION COMPANY LLC Major Produced Water Release 8/1/14 Crude Oil 5 0 5 BBL Other Sandoval (43) No No
nTO1421339361 CIMAREX ENERGY CO. Major Oil Release 8/1/14 Crude Oil 80 80 0 BBL Equipment Failure Lea (25) No No
nTO1421336966 COG OPERATING LLC Major Produced Water Release 8/1/14 Produced Water 100 100 0 BBL Lightning Lea (25) No No
nCS1503640545 XTO ENERGY, INC Produced Water Release 7/31/14 Produced Water 0 0 0 BBL Other San Juan (45) No No
nCS1509841838 ELM RIDGE EXPLORATION COMPANY LLC Natural Gas Release 7/31/14 Condensate 0 0 0 BBL Corrosion 0 No No
nAB1423757884 LINN OPERATING, LLC. Major Produced Water Release 7/31/14 Produced Water 120 100 20 BBL Equipment Failure Eddy (15) No No
nTO1422336509 EOG Y RESOURCES, INC. Major Produced Water Release 7/31/14 Produced Water 40 30 10 BBL Equipment Failure Lea (25) No No
nCS1503640545 XTO ENERGY, INC Produced Water Release 7/31/14 Natural Gas Liquids 0 0 0 BBL Other San Juan (45) No No
nCS1509841659 ELM RIDGE EXPLORATION COMPANY LLC Natural Gas Release 7/31/14 Condensate 0 0 0 BBL Corrosion 0 No No
nTO1421233728 COG OPERATING LLC Major Produced Water Release 7/31/14 Produced Water 67 62 5 BBL Equipment Failure Lea (25) No No
nAB1423226757 LINN OPERATING, LLC. Major Produced Water Release 7/31/14 Produced Water 120 100 20 BBL Equipment Failure Eddy (15) No No
nCS1422425348 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 7/31/14 Other (Specify) 400 120 280 BBL Equipment Failure Sandoval (43) No No

nAB1422341439 WPX Energy Permian, LLC Major Produced Water Release 7/30/14
Gelled Brine (Frac 
Fluid) 700 698 2 BBL Equipment Failure Eddy (15) No No

nAB1434440417 Lucid Artesia Company Produced Water Release 7/30/14 Other (Specify) 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1422452843 Silverback Operating II, LLC Major Produced Water Release 7/30/14 Produced Water 8 5 3 BBL Fire Eddy (15) No No
nTO1421140434 Maverick Permian LLC Minor Produced Water Release 7/30/14 Produced Water 18 8 10 BBL Equipment Failure Lea (25) No No
nTO1422049326 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 7/30/14 Produced Water 50 5 45 BBL Equipment Failure Lea (25) No No
nAB1434440417 Lucid Artesia Company Produced Water Release 7/30/14 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nCS1509842967 ELM RIDGE EXPLORATION COMPANY LLC Other 7/29/14 Other (Specify) 0 0 0 BBL Equipment Failure 0 No No
nMLB1421728940 Diamond In The Rough LLC Major Produced Water Release 7/29/14 Produced Water 43 0 43 BBL Corrosion Eddy (15) No No
nCS1509842833 ELM RIDGE EXPLORATION COMPANY LLC Other 7/29/14 Other (Specify) 0 0 0 BBL Equipment Failure 0 No No
nHMP1421024363 EOG Y RESOURCES, INC. Minor Produced Water Release 7/29/14 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nCS1509847490 ELM RIDGE EXPLORATION COMPANY LLC Other 7/29/14 Other (Specify) 0 0 0 BBL Equipment Failure 0 No No
nHMP1422730577 APACHE CORPORATION Minor Produced Water Release 7/29/14 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nCS1509847604 ELM RIDGE EXPLORATION COMPANY LLC Other 7/29/14 Other (Specify) 0 0 0 BBL Equipment Failure 0 No No
nAB1421328179 TRINITY RIVER ENERGY, LLC Major Fire 7/29/14 Crude Oil 6 0 6 BBL Fire Eddy (15) No No
nHMP1421024363 EOG Y RESOURCES, INC. Minor Produced Water Release 7/29/14 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nHMP1422730577 APACHE CORPORATION Minor Produced Water Release 7/29/14 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nTO1421030203 LEGACY RESERVES OPERATING, LP Minor Produced Water Release 7/29/14 Produced Water 7 1 6 BBL Equipment Failure Lea (25) No No
nAB1421328179 TRINITY RIVER ENERGY, LLC Major Fire 7/29/14 Produced Water 6 0 6 BBL Fire Eddy (15) No No
nAB1422430329 EOG Y RESOURCES, INC. Major Produced Water Release 7/29/14 Produced Water 285 260 25 BBL Lightning Chaves (05) No No
nAB1422450046 EOG Y RESOURCES, INC. Major Oil Release 7/29/14 Crude Oil 40 40 0 BBL Equipment Failure Eddy (15) No No
nTO1425937487 Kratos Operating, LLC Minor Produced Water Release 7/28/14 Produced Water 11 0 11 BBL Equipment Failure Lea (25) No No
nAB1421832563 BOPCO, L.P. Major Produced Water Release 7/28/14 Crude Oil 140 100 40 BBL Equipment Failure Eddy (15) No No
nCS1500529948 BURLINGTON RESOURCES OIL & GAS CO Oil Release 7/28/14 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1421832563 BOPCO, L.P. Major Produced Water Release 7/28/14 Produced Water 280 220 60 BBL Equipment Failure Eddy (15) No No
nTO1420949510 LINN OPERATING, LLC. Major Produced Water Release 7/27/14 Produced Water 105 100 5 BBL Equipment Failure Lea (25) No No
nAB1421854563 BOPCO, L.P. Minor Produced Water Release 7/27/14 Crude Oil 0 0 0 BBL Human Error Eddy (15) No No
nAB1422333946 Silverback Operating II, LLC Minor Produced Water Release 7/27/14 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nAB1421854563 BOPCO, L.P. Minor Produced Water Release 7/27/14 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nJK1425156766 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 7/26/14 Natural Gas Liquids 10 0 10 BBL Corrosion San Juan (45) No No
nAB1420653324 Acacia Operating Company, LLC Minor Produced Water Release 7/25/14 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nCS1425136828 SIMCOE LLC Release Other 7/25/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1512129597 SIMCOE LLC Oil Release 7/25/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1420653324 Acacia Operating Company, LLC Minor Produced Water Release 7/25/14 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nTO1420642845 MULLOY OPERATING, INC. Major Produced Water Release 7/25/14 Produced Water 50 10 40 BBL Lightning Lea (25) No No
nCS1436330413 XTO ENERGY, INC Produced Water Release 7/24/14 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nTO1421142051 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 7/24/14 Produced Water 30 5 25 BBL Equipment Failure Lea (25) No No
nAB1422350097 LINN OPERATING, LLC. Major Produced Water Release 7/24/14 Produced Water 40 35 5 BBL Equipment Failure Eddy (15) No No
nMLB1430728876 DCP OPERATING COMPANY, LP Minor Oil Release 7/24/14 Produced Water 14 12 2 BBL Human Error Eddy (15) No No
nAB1422335222 EOG Y RESOURCES, INC. Major Produced Water Release 7/24/14 Produced Water 25 15 10 BBL Equipment Failure Eddy (15) No No
nTO1420541317 MULLOY OPERATING, INC. Major Produced Water Release 7/24/14 Produced Water 50 10 40 BBL Lightning Lea (25) No No
nMLB1430728876 DCP OPERATING COMPANY, LP Minor Oil Release 7/24/14 Crude Oil 3 2 1 BBL Human Error Eddy (15) No No
nCS1724331201 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 7/24/14 Produced Water 6 0 6 BBL Equipment Failure San Juan (45) No No
nAB1420930472 MEWBOURNE OIL CO Major Produced Water Release 7/23/14 Produced Water 340 330 10 BBL Equipment Failure Eddy (15) No No
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nAB1421351497 COG OPERATING LLC Major Oil Release 7/23/14 Crude Oil 83 80 3 BBL Equipment Failure Eddy (15) No No
nCS1501342219 BURLINGTON RESOURCES OIL & GAS CO Oil Release 7/23/14 Condensate 1 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1421929514 BOPCO, L.P. Major Produced Water Release 7/23/14 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nCS1501342219 BURLINGTON RESOURCES OIL & GAS CO Oil Release 7/23/14 Produced Water 1 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1700654657 EOG Y RESOURCES, INC. Minor Produced Water Release 7/23/14 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nHMP1422650317 LINN OPERATING, LLC. Minor Produced Water Release 7/23/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nTO1420451793 CONOCOPHILLIPS COMPANY Major Produced Water Release 7/23/14 Produced Water 50 35 15 BBL Equipment Failure Lea (25) No No
nAB1421929514 BOPCO, L.P. Major Produced Water Release 7/23/14 Produced Water 34 5 29 BBL Equipment Failure Eddy (15) No No
nAB1700654657 EOG Y RESOURCES, INC. Minor Produced Water Release 7/23/14 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No
nAB1420930472 MEWBOURNE OIL CO Major Produced Water Release 7/23/14 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nTO1420454261 CONOCOPHILLIPS COMPANY Major Produced Water Release 7/23/14 Brine Water 70 60 10 BBL Equipment Failure Lea (25) No No
nAB1524653994 CONOCOPHILLIPS COMPANY Minor Produced Water Release 7/22/14 Crude Oil 11 6 5 BBL Equipment Failure Eddy (15) No No
nCS1431740818 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 7/22/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nAB1524653994 CONOCOPHILLIPS COMPANY Minor Produced Water Release 7/22/14 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nAB1422437538 OXY USA INC Minor Produced Water Release 7/21/14 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nAB1422327702 Silverback Operating II, LLC Minor Produced Water Release 7/21/14 Produced Water 15 13 2 BBL Equipment Failure Eddy (15) No No
nTO1420654186 LEGACY RESERVES OPERATING, LP Major Produced Water Release 7/20/14 Produced Water 120 0 120 BBL Lightning Chaves (05) No No
nAB1420555912 Spur Energy Partners LLC Major Produced Water Release 7/20/14 Produced Water 150 149 1 BBL Lightning Eddy (15) No No
nAB1422326758 Silverback Operating II, LLC Minor Produced Water Release 7/20/14 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nAB1420537731 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 7/20/14 Crude Oil 10 0 10 BBL Corrosion Eddy (15) No No
nAB1420954722 LINN OPERATING, LLC. Minor Produced Water Release 7/19/14 Produced Water 22 15 7 BBL Equipment Failure Eddy (15) No No
nTO1421952242 CONOCOPHILLIPS COMPANY Minor Produced Water Release 7/19/14 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nTO1419945562 OWL SWD OPERATING, LLC Major Produced Water Release 7/18/14 Produced Water 35 32 3 BBL Human Error Lea (25) No No
nAB1421930575 BOPCO, L.P. Minor Produced Water Release 7/18/14 Crude Oil 2 0 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1421931641 BOPCO, L.P. Minor Produced Water Release 7/18/14 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
nHMP1420427160 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/18/14 Produced Water 15 5 10 BBL Human Error Eddy (15) No No
nCS1425131272 WPX ENERGY PRODUCTION, LLC Minor Oil Release 7/18/14 Other (Specify) 7 7 0 BBL Human Error Sandoval (43) No No
nAB1421930575 BOPCO, L.P. Minor Produced Water Release 7/18/14 Produced Water 7 0 7 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1419947500 APACHE CORPORATION Produced Water Release 7/18/14 Produced Water 0 80 0 BBL Equipment Failure Lea (25) No No
nAB1421931641 BOPCO, L.P. Minor Produced Water Release 7/18/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nTO1420440018 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/18/14 Produced Water 70 40 30 BBL Equipment Failure Lea (25) No No
nTO1419955162 J R OIL, LTD. CO. Minor Oil Release 7/18/14 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nCS1432553568 BURLINGTON RESOURCES OIL & GAS CO Oil Release 7/18/14 Condensate 0 0 0 BBL Other San Juan (45) No No
nAB1422438444 OXY USA INC Major Produced Water Release 7/17/14 Crude Oil 15 0 15 BBL Corrosion Eddy (15) No No
nTO1419839714 PLAINS MARKETING L.P. Major Oil Release 7/17/14 Crude Oil 500 350 150 BBL Equipment Failure Lea (25) No No
nTO1419836835 CONOCOPHILLIPS COMPANY Major Produced Water Release 7/17/14 Produced Water 32 31 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAB1421233681 COG OPERATING LLC Major Oil Release 7/17/14 Crude Oil 66 10 56 BBL Equipment Failure Eddy (15) No No
nAB1422438444 OXY USA INC Major Produced Water Release 7/17/14 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No
nTO1421354232 OXY USA INC Minor Produced Water Release 7/17/14 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAB1426854825 LINN OPERATING, LLC. Major Produced Water Release 7/16/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1514928615 LINN OPERATING, LLC. Produced Water Release 7/16/14 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nAB1422436346 OXY USA INC Minor Produced Water Release 7/16/14 Crude Oil 10 4 6 BBL Corrosion Eddy (15) No No
nAB1426854825 LINN OPERATING, LLC. Major Produced Water Release 7/16/14 Produced Water 50 30 20 BBL Equipment Failure Eddy (15) No No
nAB1422436346 OXY USA INC Minor Produced Water Release 7/16/14 Produced Water 4 0 4 BBL Corrosion Eddy (15) No No
nTO1419639129 Maverick Permian LLC Minor Release Other 7/15/14 Other (Specify) 12 5 7 BBL Corrosion Lea (25) No No
nTO1419828899 MESQUITE SWD, INC Minor Produced Water Release 7/15/14 Produced Water 10 8 2 BBL Other Lea (25) No No
nTO1419629338 Maverick Permian LLC Major Other 7/15/14 Other (Specify) 92 50 42 BBL Human Error Lea (25) No No
nTO1419728469 Scorpion Oil & Gas, LLC Major Produced Water Release 7/15/14 Produced Water 90 50 40 BBL Equipment Failure Lea (25) No No
nCS1425132762 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 7/15/14 Produced Water 8 4 4 BBL Equipment Failure Rio Arriba (39) No No
nTO1419538933 CHEVRON U S A INC Minor Oil Release 7/14/14 Crude Oil 12 8 4 BBL Equipment Failure Lea (25) No No
nTO1419736653 OXY USA INC Major Produced Water Release 7/14/14 Produced Water 480 0 480 BBL Equipment Failure Lea (25) No No
nCS1431734857 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 7/14/14 Lube Oil 7 5 2 BBL Equipment Failure San Juan (45) No No
nCS1424852021 BURLINGTON RESOURCES OIL & GAS CO Minor Release Other 7/14/14 Lube Oil 8 5 3 BBL Equipment Failure San Juan (45) No No
nTO1419533007 LINN OPERATING, LLC. Produced Water Release 7/14/14 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nAB1421241224 COG OPERATING LLC Major Fire 7/14/14 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nTO1419640644 Patriot Production LLC Produced Water Release 7/14/14 Produced Water 0 10 0 BBL Other Lea (25) No No
nAB1421242205 Spur Energy Partners LLC Major Produced Water Release 7/13/14 Produced Water 70 70 0 BBL Equipment Failure Eddy (15) No No
nTO1422648223 Enterprise Crude Pipeline LLC Major Oil Release 7/13/14 Crude Oil 150 89 61 BBL Corrosion Lea (25) No No
nAB1421242205 Spur Energy Partners LLC Major Produced Water Release 7/13/14 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nAB1420952742 BOPCO, L.P. Major Produced Water Release 7/12/14 Produced Water 215 15 200 BBL Equipment Failure Eddy (15) No No
nTO1515655708 Patriot Production LLC Major Produced Water Release 7/12/14 Produced Water 30 10 20 BBL Human Error Lea (25) No No

nAB1435252734
DUKE ENERGY FIELD SERVICES SOUTHWEST, 
INC. Natural Gas Release 7/12/14 Condensate 3 0 3 BBL Equipment Failure Eddy (15) No No

nTO1423831009 Maverick Permian LLC Minor Release Other 7/12/14 Other (Specify) 7 2 5 BBL Human Error Lea (25) No No
nTO1515655708 Patriot Production LLC Major Produced Water Release 7/12/14 Crude Oil 0 1 0 BBL Human Error Lea (25) No No
nAB1428751624 BXP Operating, LLC Major Produced Water Release 7/11/14 Produced Water 25 10 15 BBL Corrosion Eddy (15) No No
nHMP1419945153 EOG RESOURCES INC Minor Produced Water Release 7/11/14 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nTO1419531901 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/11/14 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nTO1419632202 LINN OPERATING, LLC. Major Produced Water Release 7/11/14 Produced Water 150 145 5 BBL Equipment Failure Lea (25) No No
nAB1421039130 BOPCO, L.P. Minor Oil Release 7/10/14 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nTO1419737634 EOG Y RESOURCES, INC. Major Produced Water Release 7/10/14 Produced Water 40 30 10 BBL Equipment Failure Lea (25) No No
nHMP1420226008 OXY USA INC Minor Produced Water Release 7/10/14 Crude Oil 4 0 4 BBL Corrosion Eddy (15) No No
nCS1432334411 BURLINGTON RESOURCES OIL & GAS CO Other 7/10/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nHMP1420226008 OXY USA INC Minor Produced Water Release 7/10/14 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nTO1419737634 EOG Y RESOURCES, INC. Major Produced Water Release 7/10/14 Produced Water 35 30 5 BBL Equipment Failure Lea (25) No No
nMLB1430750891 LIME ROCK RESOURCES II-A, L.P. Major Produced Water Release 7/10/14 Produced Water 150 7 143 BBL Equipment Failure Eddy (15) No No
nJK1431654981 Ovintiv USA Inc. Minor Oil Release 7/9/14 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nTO1419041914 EOG Y RESOURCES, INC. Major Produced Water Release 7/9/14 Produced Water 130 130 0 BBL Equipment Failure Lea (25) No No
nTO1419850419 PLAINS MARKETING L.P. Minor Oil Release 7/9/14 Crude Oil 5 1 4 BBL Corrosion Lea (25) No No
nAB1420529940 Spur Energy Partners LLC Major Oil Release 7/9/14 Condensate 30 28 2 BBL Equipment Failure Eddy (15) No No
nHMP1420229161 Roughhouse Operating, LLC Minor Oil Release 7/9/14 Crude Oil 6 1 5 BBL Equipment Failure Eddy (15) No No
nAB1420529940 Spur Energy Partners LLC Major Oil Release 7/9/14 Produced Water 15 12 3 BBL Equipment Failure Eddy (15) No No
nHMP1420229161 Roughhouse Operating, LLC Minor Oil Release 7/9/14 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nCS1424853797 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 7/9/14 Produced Water 27 25 2 BBL Human Error Rio Arriba (39) No No
nAB1420957230 Grizzly Operating, LLC Major Produced Water Release 7/8/14 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nHMP1419937403 BOPCO, L.P. Major Oil Release 7/8/14 Crude Oil 28 5 23 BBL Human Error Eddy (15) No No
nHMP1420230933 MEWBOURNE OIL CO Minor Oil Release 7/8/14 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nAB1422641434 WPX Energy Permian, LLC Major Produced Water Release 7/8/14 Produced Water 260 0 260 BBL Human Error Eddy (15) No No
nAB1422641434 WPX Energy Permian, LLC Major Produced Water Release 7/8/14 0 0 0 BBL Eddy (15) No No
nTO1418849318 BOPCO, L.P. Minor Oil Release 7/7/14 Crude Oil 10 5 5 BBL Equipment Failure Lea (25) No No
nHMP1420227087 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 7/7/14 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nTO1434250908 Maverick Permian LLC Major Produced Water Release 7/7/14 Produced Water 92 50 42 BBL Equipment Failure Lea (25) No No
nHMP1420227087 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 7/7/14 Produced Water 170 0 170 BBL Equipment Failure Eddy (15) No No
nHMP1419949741 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/6/14 Produced Water 50 0 50 BBL Corrosion Eddy (15) No No
nHMP1420234601 BURNETT OIL CO INC Major Produced Water Release 7/5/14 Crude Oil 36 0 36 BBL Equipment Failure Eddy (15) No No
nCS1424854260 DUGAN PRODUCTION CORP Minor Produced Water Release 7/5/14 Produced Water 15 11 4 BBL Human Error San Juan (45) No No
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nHMP1420234601 BURNETT OIL CO INC Major Produced Water Release 7/5/14 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) No No
nAB1627456271 M&M OIL, LLC Major Oil Release 7/4/14 Crude Oil 180 30 150 BBL Corrosion Eddy (15) No No
nHMP1419932334 BOPCO, L.P. Major Produced Water Release 7/4/14 Crude Oil 6 4 2 BBL Equipment Failure Eddy (15) No No
nHMP1420224891 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/4/14 Crude Oil 7 6 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1419932334 BOPCO, L.P. Major Produced Water Release 7/4/14 Produced Water 57 6 51 BBL Equipment Failure Eddy (15) No No
nHMP1420224891 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/4/14 Produced Water 110 109 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1430038837 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 7/3/14 Produced Water 30 20 10 BBL Corrosion Eddy (15) No No
nHMP1419935641 BOPCO, L.P. Minor Oil Release 7/3/14 Crude Oil 6 1 5 BBL Other Eddy (15) No No
nTO1419736214 OXY USA INC Major Produced Water Release 7/3/14 Produced Water 50 40 10 BBL Equipment Failure Lea (25) No No
nHMP1419926107 BOPCO, L.P. Minor Produced Water Release 7/3/14 Crude Oil 1 0 1 BBL Other Eddy (15) No No
nHMP1419926107 BOPCO, L.P. Minor Produced Water Release 7/3/14 Produced Water 13 1 12 BBL Other Eddy (15) No No
nTO1418832057 SOUTHWEST ROYALTIES INC Major Produced Water Release 7/3/14 Produced Water 47 40 7 BBL Equipment Failure Lea (25) No No
nTO1419057472 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/2/14 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nCS1425132379 XTO ENERGY, INC Major Produced Water Release 7/2/14 Produced Water 50 40 10 BBL Equipment Failure San Juan (45) No No
nCS1425157222 XTO ENERGY, INC Major Produced Water Release 7/2/14 Produced Water 50 40 10 BBL Equipment Failure San Juan (45) No No
nCS1420655420 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 7/2/14 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nCS1424856283 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 7/2/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nHMP1420232194 COG OPERATING LLC Produced Water Release 7/1/14 Condensate 0 0 0 BBL Equipment Failure Eddy (15) No No
nCS1425139806 BP AMERICA PRODUCTION COMPANY Oil Release 7/1/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nHMP1420232194 COG OPERATING LLC Produced Water Release 7/1/14 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nCS1510352685 BP AMERICA PRODUCTION COMPANY Oil Release 7/1/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nTO1418156001 EOG Y RESOURCES, INC. Produced Water Release 6/30/14 Produced Water 4 0 4 BBL Equipment Failure Lea (25) No No
nTO1419649933 Acacia Operating Company, LLC Major Produced Water Release 6/30/14 Produced Water 45 40 5 BBL Equipment Failure Chaves (05) No No
nCS1434330582 XTO ENERGY, INC Produced Water Release 6/30/14 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nHMP1420430499 BURNETT OIL CO INC Minor Produced Water Release 6/30/14 Produced Water 13 10 3 BBL Equipment Failure Eddy (15) No No
nHMP1420430499 BURNETT OIL CO INC Minor Produced Water Release 6/30/14 Crude Oil 7 5 2 BBL Equipment Failure Eddy (15) No No
nTO1418250897 MULLOY OPERATING, INC. Major Produced Water Release 6/30/14 Produced Water 50 10 40 BBL Lightning Lea (25) No No
nTO1417840742 OWL SWD OPERATING, LLC Major Produced Water Release 6/27/14 Produced Water 35 32 3 BBL Human Error Lea (25) No No
nTO1417833544 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/27/14 Produced Water 260 260 0 BBL Lightning Lea (25) No No
nAB1420648311 EOG Y RESOURCES, INC. Minor Produced Water Release 6/27/14 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nAB1420527240 APACHE CORPORATION Minor Produced Water Release 6/27/14 Produced Water 5 4 1 BBL Other Eddy (15) No No
nTO1417841637 EOG Y RESOURCES, INC. Major Oil Release 6/27/14 Crude Oil 50 50 0 BBL Human Error Lea (25) No No
nAB1420527240 APACHE CORPORATION Minor Produced Water Release 6/27/14 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nCS1418830372 DUGAN PRODUCTION CORP Produced Water Release 6/27/14 Produced Water 4 0 4 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nTO1417832391 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/27/14 Produced Water 75 0 0 BBL Equipment Failure Lea (25) No No
nAB1420648311 EOG Y RESOURCES, INC. Minor Produced Water Release 6/27/14 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nAB1420552744 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/27/14 Crude Oil 50 40 10 BBL Equipment Failure Eddy (15) No No
nAB1420552744 MARATHON OIL PERMIAN LLC Major Produced Water Release 6/27/14 Produced Water 100 90 10 BBL Equipment Failure Eddy (15) No No
nTO1418827777 DCP MIDSTREAM Natural Gas Release 6/26/14 Other (Specify) 2 2 0 BBL Equipment Failure Lea (25) No No
nCS1425130111 Williams Four Corners, LLC Release Other 6/26/14 Other (Specify) 50 0 50 GAL Other San Juan (45) No No
nTO1421642257 Maverick Permian LLC Major Produced Water Release 6/26/14 Produced Water 25 10 15 BBL Lightning Lea (25) No No
nTO1418157309 Maverick Permian LLC Major Produced Water Release 6/26/14 Produced Water 25 10 15 BBL Equipment Failure Lea (25) No No
nCS1430839284 Williams Four Corners, LLC Natural Gas Release 6/26/14 Other (Specify) 50 0 50 GAL Other San Juan (45) No No
nHMP1420233750 COG OPERATING LLC Major Produced Water Release 6/25/14 Crude Oil 10 8 2 BBL Corrosion Eddy (15) No No
nTO1417648330 SOUTHERN UNION EXPLORATION CO Minor Oil Release 6/25/14 Crude Oil 8 0 8 BBL Equipment Failure Lea (25) No No
nHMP1420233750 COG OPERATING LLC Major Produced Water Release 6/25/14 Produced Water 40 15 25 BBL Corrosion Eddy (15) No No
nAB1503036865 BOPCO, L.P. Other 6/24/14 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1603629976 LINN OPERATING, LLC. Produced Water Release 6/24/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1603629976 LINN OPERATING, LLC. Produced Water Release 6/24/14 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nAB1603630990 LINN OPERATING, LLC. Produced Water Release 6/24/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1603630990 LINN OPERATING, LLC. Produced Water Release 6/24/14 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nHMP1422733550 Acacia Operating Company, LLC Minor Release Other 6/24/14 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nHMP1422733550 Acacia Operating Company, LLC Minor Release Other 6/24/14 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nCS1426139125 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 6/23/14 Produced Water 16 0 16 BBL Corrosion San Juan (45) No No
nCS1424851687 XTO ENERGY, INC Major Oil Release 6/23/14 Condensate 42 0 42 BBL Corrosion San Juan (45) No No
nTO1419554275 OXY USA INC Major Produced Water Release 6/23/14 Produced Water 35 28 7 BBL Equipment Failure Lea (25) No No
nCS1418830113 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 6/23/14 Produced Water 16 0 16 BBL Corrosion San Juan (45) No No
nTO1419554662 J R OIL, LTD. CO. Minor Produced Water Release 6/23/14 Produced Water 15 5 10 BBL Equipment Failure Lea (25) No No
nTO1418350244 APACHE CORPORATION Major Produced Water Release 6/23/14 Produced Water 45 5 40 BBL Equipment Failure Lea (25) No No
nTO1419553950 OXY USA INC Minor Oil Release 6/23/14 Crude Oil 10 0 10 BBL Corrosion Lea (25) No No
nCS1424851687 XTO ENERGY, INC Major Oil Release 6/23/14 Produced Water 38 0 38 BBL Corrosion San Juan (45) No No
nTO1418349165 APACHE CORPORATION Major Produced Water Release 6/23/14 Produced Water 90 20 70 BBL Equipment Failure Lea (25) No No
nCS1418832453 ELM RIDGE EXPLORATION COMPANY LLC Natural Gas Release 6/23/14 Natural Gas Liquids 0 0 0 BBL Corrosion 0 No No
nCS1436332943 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 6/23/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nHMP1419931221 BOPCO, L.P. Minor Produced Water Release 6/22/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nHMP1418430504 COG OPERATING LLC Major Produced Water Release 6/22/14 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nHMP1419931221 BOPCO, L.P. Minor Produced Water Release 6/22/14 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nHMP1418430504 COG OPERATING LLC Major Produced Water Release 6/22/14 Produced Water 24 24 0 BBL Equipment Failure Eddy (15) No No
nTO1418953144 COG OPERATING LLC Major Produced Water Release 6/20/14 Produced Water 60 55 5 BBL Lightning Lea (25) No No
nAB1421240032 CAPSTONE NATURAL RESOURCES, LLC Other 6/20/14 Lube Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nCS1424549491 XTO ENERGY, INC Produced Water Release 6/20/14 Produced Water 0 0 0 BBL Other San Juan (45) No No
nTO1417636911 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/19/14 Produced Water 30 30 0 BBL Human Error Lea (25) No No
nCS1418829881 XTO ENERGY, INC Major Produced Water Release 6/19/14 Produced Water 70 45 25 BBL Equipment Failure San Juan (45) No No
nTO1417530164 J R OIL, LTD. CO. Major Produced Water Release 6/19/14 Produced Water 80 10 70 BBL Other Lea (25) No No
nTO1417835298 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 6/18/14 Crude Oil 20 18 2 BBL Equipment Failure Lea (25) No No
nJK1516249720 BP AMERICA PRODUCTION COMPANY Oil Release 6/18/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nTO1423848911 BXP Operating, LLC Produced Water Release 6/18/14 Produced Water 1 0 1 BBL Corrosion Lea (25) No No
nTO1417835965 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/17/14 Produced Water 12 2 10 BBL Human Error Lea (25) No No
nTO1418156731 Maverick Permian LLC Minor Oil Release 6/17/14 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nCS1432554162 BURLINGTON RESOURCES OIL & GAS CO Other 6/17/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nAB1421036589 BOPCO, L.P. Minor Produced Water Release 6/17/14 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nAB1624526757 LINN OPERATING, LLC. Produced Water Release 6/17/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1421036589 BOPCO, L.P. Minor Produced Water Release 6/17/14 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nAB1624526757 LINN OPERATING, LLC. Produced Water Release 6/17/14 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nHMP1418338115 EOG Y RESOURCES, INC. Minor Produced Water Release 6/16/14 Produced Water 16 11 5 BBL Equipment Failure Eddy (15) No No
nHMP1418339156 EOG Y RESOURCES, INC. Minor Produced Water Release 6/16/14 Produced Water 10 7 3 BBL Equipment Failure Eddy (15) No No
nTO1417752105 Maverick Permian LLC Major Release Other 6/16/14 Crude Oil 92 50 42 BBL Corrosion Lea (25) No No
nHMP1418340931 K&M RESOURCES LLC Produced Water Release 6/16/14 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nTO1418431356 Maverick Permian LLC Minor Oil Release 6/16/14 Crude Oil 6 5 1 BBL Other Lea (25) No No
nHMP1419929757 BOPCO, L.P. Minor Produced Water Release 6/16/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nHMP1418340931 K&M RESOURCES LLC Produced Water Release 6/16/14 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nHMP1419929757 BOPCO, L.P. Minor Produced Water Release 6/16/14 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nMLB1419127797 CHEVRON U S A INC Major Produced Water Release 6/14/14 Produced Water 58 53 5 BBL Equipment Failure Eddy (15) No No
nHMP1417841745 EOG Y RESOURCES, INC. Minor Oil Release 6/13/14 Crude Oil 19 19 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1420950822 Grizzly Operating, LLC Minor Produced Water Release 6/13/14 Produced Water 7 5 2 BBL Equipment Failure Eddy (15) No No
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nAB1420950822 Grizzly Operating, LLC Minor Produced Water Release 6/13/14 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nHMP1417534282 CLAYTON WILLIAMS ENERGY INC Minor Oil Release 6/11/14 Crude Oil 5 1 4 BBL Equipment Failure Eddy (15) No No
nTO1418434009 Kratos Operating, LLC Minor Produced Water Release 6/11/14 Produced Water 20 20 0 BBL Equipment Failure Lea (25) No No
nHMP1417837073 MEWBOURNE OIL CO Minor Oil Release 6/11/14 Crude Oil 20 20 0 BBL Corrosion Eddy (15) No No
nHMP1417534282 CLAYTON WILLIAMS ENERGY INC Minor Oil Release 6/11/14 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nTO1418837870 FAE II Operating LLC Oil Release 6/10/14 Other (Specify) 0 0 0 BBL Normal Operations Lea (25) No No
nCS1418831393 Williams Four Corners, LLC Major Oil Release 6/10/14 Produced Water 30 0 30 BBL Equipment Failure San Juan (45) No No
nCS1418829056 XTO ENERGY, INC Major Produced Water Release 6/10/14 Produced Water 40 25 15 BBL Equipment Failure San Juan (45) No No
nJK1425151033 Williams Four Corners, LLC Major Produced Water Release 6/10/14 Produced Water 30 0 30 BBL Corrosion San Juan (45) Yes No
nHMP1417536558 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/10/14 Produced Water 30 30 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1418831998 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 6/10/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nCS1432332839 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 6/10/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nTO1416034604 CHEVRON U S A INC Minor Release Other 6/9/14 Other (Specify) 7 7 0 BBL Equipment Failure Lea (25) No No
nHMP1417639384 OXY USA INC Major Produced Water Release 6/9/14 Crude Oil 100 0 100 BBL Lightning Eddy (15) No No
nHMP1417637439 OWL SWD OPERATING, LLC Minor Produced Water Release 6/9/14 Produced Water 21 21 0 BBL Lightning Eddy (15) No No
nHMP1416429096 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 6/9/14 Produced Water 134 133 1 BBL Equipment Failure Eddy (15) No No
nHMP1417639384 OXY USA INC Major Produced Water Release 6/9/14 Produced Water 1400 0 1400 BBL Lightning Eddy (15) No No
nAB1421238393 EOG Y RESOURCES, INC. Minor Produced Water Release 6/8/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nTO1417529635 FAE II Operating LLC Minor Oil Release 6/8/14 Crude Oil 20 0 20 BBL Corrosion Lea (25) No No
nAB1421238393 EOG Y RESOURCES, INC. Minor Produced Water Release 6/8/14 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nAB1421238393 EOG Y RESOURCES, INC. Minor Produced Water Release 6/8/14 Gasoline 10 0 10 BBL Equipment Failure Eddy (15) No No
nJK1425129381 Williams Four Corners, LLC Major Natural Gas Release 6/7/14 Chemical (Specify) 1550 1500 50 GAL Normal Operations San Juan (45) No No
nHMP1417630538 COG OPERATING LLC Major Produced Water Release 6/7/14 Produced Water 100 95 5 BBL Corrosion Eddy (15) No No
nCS1416156641 SIMCOE LLC Oil Release 6/6/14 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nTO1417752893 Acacia Operating Company, LLC Produced Water Release 6/6/14 Produced Water 0 0 0 BBL Equipment Failure Chaves (05) No No
nAB1700652208 EOG Y RESOURCES, INC. Minor Produced Water Release 6/5/14 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nAB1700652208 EOG Y RESOURCES, INC. Minor Produced Water Release 6/5/14 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nTO1417748295 KINNEY INCORPORATED Produced Water Release 6/4/14 Produced Water 4 0 4 BBL Other Lea (25) No No
nHMP1416340619 LINN OPERATING, LLC. Major Produced Water Release 6/4/14 Produced Water 70 60 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1416331258 BOPCO, L.P. Minor Produced Water Release 6/4/14 Produced Water 15 10 5 BBL Human Error Eddy (15) No No
nAB1422453864 CONOCOPHILLIPS COMPANY Major Produced Water Release 6/4/14 Produced Water 35 0 35 BBL Equipment Failure Eddy (15) No No
nHMP1417541514 APACHE CORPORATION Minor Oil Release 6/4/14 Crude Oil 15 1 14 BBL Equipment Failure Eddy (15) No No
nHMP1416430522 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/4/14 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nTO1418358258 EOG RESOURCES INC Major Produced Water Release 6/4/14 Produced Water 60 0 0 BBL Lea (25) No No
nTO1415652289 BXP Operating, LLC Major Produced Water Release 6/4/14 Produced Water 163 0 163 BBL Equipment Failure Lea (25) No No
nTO1418358353 EOG RESOURCES INC Major Produced Water Release 6/4/14 Produced Water 60 50 10 BBL Equipment Failure Lea (25) No No
nHMP1417549415 LINN OPERATING, LLC. Major Oil Release 6/3/14 Crude Oil 110 90 20 BBL Corrosion Eddy (15) No No
nHMP1417639885 OXY USA INC Major Produced Water Release 6/3/14 Produced Water 240 230 10 BBL Equipment Failure Eddy (15) No No
nCS1508256107 Williams Four Corners, LLC Major Release Other 6/3/14 Other (Specify) 200 80 120 BBL Equipment Failure Rio Arriba (39) No No
nCS1426135329 Williams Four Corners, LLC Major Produced Water Release 6/3/14 Produced Water 200 80 120 BBL Equipment Failure Rio Arriba (39) No No
nTO1415556756 BXP Operating, LLC Minor Produced Water Release 6/3/14 Produced Water 5 1 4 BBL Other Lea (25) No No
nHMP1416329456 BOPCO, L.P. Major Oil Release 6/3/14 Crude Oil 40 20 20 BBL Human Error Eddy (15) No No
nCS1426951612 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 6/3/14 Produced Water 10 0 10 BBL Equipment Failure Rio Arriba (39) No No
nHMP1417549415 LINN OPERATING, LLC. Major Oil Release 6/3/14 Produced Water 110 60 50 BBL Corrosion Eddy (15) No No
nCS1418834631 XTO ENERGY, INC Major Produced Water Release 6/3/14 Produced Water 70 5 65 BBL Equipment Failure San Juan (45) No No
nHMP1416329456 BOPCO, L.P. Major Oil Release 6/3/14 Produced Water 50 6 44 BBL Human Error Eddy (15) No No
nSAD1417735270 PLAINS MARKETING L.P. Oil Release 6/2/14 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nHMP1419941498 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 6/2/14 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1416348099 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/2/14 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nHMP1417633704 EOG Y RESOURCES, INC. Minor Produced Water Release 6/2/14 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nTO1418354709 ENTERPRISE PRODUCTS OPERATING, LLC Major Produced Water Release 6/2/14 Produced Water 80 35 45 BBL Equipment Failure 0 No No
nHMP1416342050 Spur Energy Partners LLC Major Produced Water Release 6/2/14 Crude Oil 25 10 15 BBL Corrosion Eddy (15) No No
nHMP1416348099 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 6/2/14 Produced Water 9 7 2 BBL Equipment Failure Eddy (15) No No
nHMP1416342050 Spur Energy Partners LLC Major Produced Water Release 6/2/14 Produced Water 90 80 10 BBL Corrosion Eddy (15) No No
nTO1417528697 FAE II Operating LLC Minor Produced Water Release 6/2/14 Produced Water 20 0 20 BBL Corrosion Lea (25) No No
nHMP1415734365 LINN OPERATING, LLC. Minor Produced Water Release 6/1/14 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nHMP1417634904 EOG Y RESOURCES, INC. Minor Produced Water Release 6/1/14 Produced Water 7 6 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1417634904 EOG Y RESOURCES, INC. Minor Produced Water Release 6/1/14 Crude Oil 3 2 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1416434560 Acacia Operating Company, LLC Major Release Other 5/31/14 Unknown 125 87 38 BBL Equipment Failure Eddy (15) No No
nHMP1416332467 COG OPERATING LLC Major Produced Water Release 5/31/14 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nCS1416149716 BP AMERICA PRODUCTION COMPANY Oil Release 5/30/14 Condensate 0 0 0 BBL Other San Juan (45) No No
nTO1415447716 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/30/14 Produced Water 65 65 0 BBL Equipment Failure Lea (25) No No
nCS1510355134 BP AMERICA PRODUCTION COMPANY Oil Release 5/30/14 Condensate 0 0 0 BBL Other San Juan (45) No No
nCS1430841973 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/30/14 Natural Gas Liquids 3 0 3 BBL Human Error San Juan (45) No No
nCS1433852671 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/30/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJK1416941370 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/30/14 Produced Water 3 0 3 BBL Vehicular Accident San Juan (45) No No
nJK1416941370 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/30/14 Condensate 0 0 0 BBL Vehicular Accident San Juan (45) No No
nCS1416337003 High River Resources Operating, LLC Oil Release 5/29/14 Crude Oil 0 0 0 BBL Corrosion Rio Arriba (39) No No
nMLB1415447019 PHX Energy, LLC Major Produced Water Release 5/29/14 Produced Water 25 13 12 BBL Equipment Failure Eddy (15) No No
nTO1415352475 Empire New Mexico LLC Major Produced Water Release 5/29/14 Produced Water 60 60 0 BBL Equipment Failure Lea (25) No No
nHMP1415738305 APACHE CORPORATION Minor Produced Water Release 5/29/14 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nMLB1415447019 PHX Energy, LLC Major Produced Water Release 5/29/14 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nHMP1415736813 APACHE CORPORATION Minor Produced Water Release 5/28/14 Produced Water 19 14 5 BBL Equipment Failure Eddy (15) No No
nHMP1414842575 Acacia Operating Company, LLC Minor Produced Water Release 5/28/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nHMP1415736813 APACHE CORPORATION Minor Produced Water Release 5/28/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nHMP1415024377 CIMAREX ENERGY CO. Major Other 5/28/14 Drilling Mud/Fluid 80 80 0 BBL Equipment Failure Eddy (15) No No
nCS1501341095 SIMCOE LLC Oil Release 5/27/14 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nHMP1416336438 Spur Energy Partners LLC Major Produced Water Release 5/27/14 Produced Water 400 100 300 BBL Human Error Eddy (15) No No
nHMP1417642575 OXY USA INC Major Produced Water Release 5/27/14 Produced Water 650 550 100 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1415745556 BURNETT OIL CO INC Major Produced Water Release 5/24/14 Produced Water 1400 1100 300 BBL Lightning Eddy (15) No No
nTO1418937492 CROWNQUEST OPERATING, LLC Major Other 5/24/14 Other (Specify) 230 230 0 BBL Lightning Lea (25) No No
nTO1414750957 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/24/14 Produced Water 36 20 16 BBL Lightning Lea (25) No No
nHMP1415023493 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 5/24/14 Crude Oil 65 64 1 BBL Equipment Failure Eddy (15) No No
nHMP1415745556 BURNETT OIL CO INC Major Produced Water Release 5/24/14 Crude Oil 60 26 34 BBL Lightning Eddy (15) No No
nHMP1416339071 SOUTHWEST ROYALTIES INC Minor Oil Release 5/24/14 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nHMP1415023493 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 5/24/14 Produced Water 64 64 0 BBL Equipment Failure Eddy (15) No No
nHMP1416339071 SOUTHWEST ROYALTIES INC Minor Oil Release 5/24/14 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
nHMP1415740123 PYOTE WELL SERVICE, LLC Produced Water Release 5/23/14 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1416343060 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 5/23/14 Produced Water 20 0 20 BBL Human Error San Juan (45) No No
nCS1431633245 SG INTERESTS I LTD Oil Release 5/23/14 Crude Oil 1 0 1 BBL Other San Juan (45) No No
nTO1414724396 Empire New Mexico LLC Other 5/23/14 Other (Specify) 0 0 0 BBL Other Lea (25) No No
nCS1425136052 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 5/23/14 Other (Specify) 20 0 0 BBL Human Error San Juan (45) No No
nCS1431633795 SG INTERESTS I LTD Oil Release 5/23/14 Crude Oil 1 0 1 BBL Other San Juan (45) No No
nHMP1414923401 MEWBOURNE OIL CO Minor Produced Water Release 5/22/14 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nTO1414927893 RAYBAW Operating, LLC Minor Produced Water Release 5/22/14 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No

WG Ex. 93

3459



nTO1414739530 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/22/14 Produced Water 205 205 0 BBL Equipment Failure Lea (25) No No
nTO1414928380 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/22/14 Produced Water 205 205 0 BBL Equipment Failure Lea (25) No No
nHMP1414925203 MEWBOURNE OIL CO Major Oil Release 5/21/14 Crude Oil 20 15 5 BBL Equipment Failure Eddy (15) No No
nHMP1423330445 HARVARD PETROLEUM COMPANY, LLC Major Release Other 5/21/14 Produced Water 30 25 5 BBL Human Error Eddy (15) No No
nHMP1414925203 MEWBOURNE OIL CO Major Oil Release 5/21/14 Produced Water 23 15 8 BBL Equipment Failure Eddy (15) No No
nTO1418954357 APACHE CORPORATION Minor Produced Water Release 5/20/14 Produced Water 22 11 11 BBL Equipment Failure Lea (25) No No
nTO1417552387 J R OIL, LTD. CO. Major Produced Water Release 5/20/14 Produced Water 30 0 30 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nTO1414727748 LINN OPERATING, LLC. Minor Produced Water Release 5/20/14 Produced Water 10 2 8 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nTO1415737328 COG OPERATING LLC Major Produced Water Release 5/19/14 Produced Water 60 55 5 BBL Equipment Failure Lea (25) No No
nTO1418855194 MEWBOURNE OIL CO Other 5/19/14 Other (Specify) 0 500 0 BBL Equipment Failure Lea (25) No No
nMLB1416835695 3R Operating, LLC Major Produced Water Release 5/19/14 Produced Water 155 0 155 BBL Equipment Failure Eddy (15) No No
nCS1414235682 ELM RIDGE EXPLORATION COMPANY LLC Minor Oil Release 5/18/14 Produced Water 9 0 0 BBL Corrosion San Juan (45) No No
nTO1414036875 BOPCO, L.P. Major Oil Release 5/18/14 Crude Oil 25 15 10 BBL Equipment Failure Lea (25) No No
nCS1414235682 ELM RIDGE EXPLORATION COMPANY LLC Minor Oil Release 5/18/14 Crude Oil 1 0 0 BBL Corrosion San Juan (45) No No
nTO1415653374 COG OPERATING LLC Major Produced Water Release 5/17/14 Produced Water 33 33 0 BBL Equipment Failure Lea (25) No No
nHMP1426638913 Silverback Operating II, LLC Major Produced Water Release 5/16/14 Produced Water 30 0 30 BBL Human Error Eddy (15) No No
nCS1425156063 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 5/16/14 Crude Oil 25 0 25 BBL Human Error Rio Arriba (39) No No
nHMP1414847917 BOPCO, L.P. Minor Produced Water Release 5/16/14 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nHMP1413644295 QUANTUM RESOURCES MANAGEMENT, LLC Produced Water Release 5/16/14 Crude Oil 0 0 0 BBL Eddy (15) No No
nHMP1414939095 EOG Y RESOURCES, INC. Major Oil Release 5/16/14 Crude Oil 25 20 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1415353393 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 5/16/14 Condensate 10 0 10 BBL Human Error Rio Arriba (39) No No
nTO1414252709 Energy Acumen LLC Minor Oil Release 5/16/14 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nHMP1413644295 QUANTUM RESOURCES MANAGEMENT, LLC Produced Water Release 5/16/14 Produced Water 0 0 0 BBL Eddy (15) No No
nCS1415353393 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 5/16/14 Crude Oil 10 0 10 BBL Human Error Rio Arriba (39) No No
nHMP1414847917 BOPCO, L.P. Minor Produced Water Release 5/16/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nCS1415353393 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 5/16/14 Produced Water 5 0 5 BBL Human Error Rio Arriba (39) No No
nTO1414738096 BTA OIL PRODUCERS, LLC Minor Oil Release 5/15/14 Crude Oil 8 4 4 BBL Other Lea (25) No No
nAB1432841786 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/15/14 Natural Gas Liquids 2 0 2 BBL Corrosion Eddy (15) No No
nTO1414330264 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/15/14 Produced Water 50 50 0 BBL Lea (25) No No
nCS1431637900 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/15/14 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1432853576 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/15/14 Natural Gas Liquids 2 0 2 BBL Corrosion Eddy (15) No No
nTO1418857162 Maverick Permian LLC Minor Produced Water Release 5/14/14 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nCS1417535762 XTO ENERGY, INC Major Produced Water Release 5/14/14 Produced Water 59 0 59 BBL Equipment Failure San Juan (45) No No
nTO1418852147 Maverick Permian LLC Minor Other 5/14/14 Other (Specify) 21 3 18 BBL Equipment Failure Lea (25) No No
nAB1423751598 EOG Y RESOURCES, INC. Major Produced Water Release 5/13/14 Produced Water 1750 1700 50 BBL Equipment Failure Eddy (15) No No
nTO1415652865 COG OPERATING LLC Major Produced Water Release 5/13/14 Produced Water 37 35 2 BBL Human Error Lea (25) No No
nAB1700654007 EOG Y RESOURCES, INC. Minor Produced Water Release 5/13/14 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nCS1520539684 BURLINGTON RESOURCES OIL & GAS CO Other 5/13/14 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nHMP1414850392 MEWBOURNE OIL CO Minor Oil Release 5/13/14 Crude Oil 9 8 1 BBL Equipment Failure Eddy (15) No No
nHMP1414945835 OWL SWD OPERATING, LLC Minor Produced Water Release 5/13/14 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nHMP1413434751 ALAMO PERMIAN RESOURCES, LLC Minor Produced Water Release 5/13/14 Produced Water 15 8 7 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1700654007 EOG Y RESOURCES, INC. Minor Produced Water Release 5/13/14 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nHMP1414935465 EOG Y RESOURCES, INC. Major Produced Water Release 5/12/14 Produced Water 260 248 12 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1414727065 RAYBAW Operating, LLC Minor Produced Water Release 5/12/14 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nJK1431028360 CONOCOPHILLIPS COMPANY Oil Release 5/12/14 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nTO1416156038 MorningStar Operating LLC Major Produced Water Release 5/12/14 Produced Water 40 0 40 BBL Equipment Failure Lea (25) No No
nCS1414757334 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/12/14 Natural Gas Liquids 3 0 3 BBL Equipment Failure Rio Arriba (39) No No
nCS1432329863 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/12/14 Natural Gas Liquids 3 0 3 BBL Equipment Failure Rio Arriba (39) No No
nTO1414050282 FAE II Operating LLC Major Produced Water Release 5/12/14 Produced Water 110 95 15 BBL Lea (25) No No
nHMP1415732350 CHEVRON U S A INC Major Produced Water Release 5/11/14 Produced Water 300 260 40 BBL Equipment Failure Eddy (15) No No
nTO1426544121 FAE II Operating LLC Minor Produced Water Release 5/11/14 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nHMP1415729251 EOG Y RESOURCES, INC. Minor Produced Water Release 5/10/14 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nMLB1415458561 LIME ROCK RESOURCES II-A, L.P. Major Produced Water Release 5/10/14 Produced Water 425 390 35 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1416432355 EOG Y RESOURCES, INC. Minor Produced Water Release 5/9/14 Produced Water 5 4 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1414052020 CHEVRON U S A INC Major Produced Water Release 5/8/14 Produced Water 242 220 22 BBL Equipment Failure Lea (25) No No
nHMP1414947988 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/8/14 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nCS1527156822 SIMCOE LLC Other 5/7/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nHMP1415747700 Spur Energy Partners LLC Minor Produced Water Release 5/7/14 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nSAD1413251253 CELERO ENERGY II, LP Other 5/7/14 Other (Specify) 0 0 0 0 Other Lea (25) No No
nHMP1413432969 EOG RESOURCES INC Major Oil Release 5/7/14 Crude Oil 45 20 25 BBL Equipment Failure Eddy (15) No No
nCS1416348209 Williams Four Corners, LLC Major Release Other 5/7/14 Other (Specify) 777 80 697 BBL Equipment Failure San Juan (45) No No
nCS1416348889 Williams Four Corners, LLC Major Other 5/6/14 Other (Specify) 738 738 0 BBL Equipment Failure San Juan (45) No No
nCS1416348661 Williams Four Corners, LLC Major Other 5/5/14 Other (Specify) 700 640 60 BBL Equipment Failure San Juan (45) No No
nTO1414725188 J R OIL, LTD. CO. Major Oil Release 5/5/14 Crude Oil 86 50 36 BBL Corrosion Lea (25) No No
nHMP1413429654 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/5/14 Produced Water 255 250 5 BBL Corrosion Eddy (15) No No
nAB1613253591 LINN OPERATING, LLC. Major Produced Water Release 5/5/14 Crude Oil 20 10 10 BBL Equipment Failure Eddy (15) No No
nHMP1413438664 RAY WESTALL OPERATING, INC. Minor Produced Water Release 5/5/14 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nTO1418941914 CIMAREX ENERGY CO. Minor Oil Release 5/5/14 Crude Oil 10 7 3 BBL Human Error Lea (25) No No
nHMP1414933630 EOG Y RESOURCES, INC. Major Produced Water Release 5/5/14 Produced Water 150 110 40 BBL Equipment Failure Eddy (15) No No
nCS1416349269 Williams Four Corners, LLC Major Other 5/5/14 Other (Specify) 466 0 466 BBL Equipment Failure San Juan (45) No No
nAB1613253591 LINN OPERATING, LLC. Major Produced Water Release 5/5/14 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nHMP1413239479 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 5/4/14 Crude Oil 20 19 1 BBL Equipment Failure Eddy (15) No No
nHMP1414931417 COG OPERATING LLC Major Produced Water Release 5/4/14 Produced Water 60 1 59 BBL Equipment Failure Eddy (15) No No
nHMP1413239479 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 5/4/14 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nHMP1413238288 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 5/4/14 Crude Oil 15 10 5 BBL Equipment Failure Eddy (15) No No
nHMP1413238288 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 5/4/14 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nTO1414053060 FAE II Operating LLC Major Oil Release 5/4/14 Crude Oil 40 1 39 BBL Equipment Failure Lea (25) No No
nHMP1413233154 LINN OPERATING, LLC. Major Oil Release 5/3/14 Crude Oil 40 25 15 BBL Equipment Failure Eddy (15) No No
nHMP1412246584 JOHN CRAVEY DBA JRC PETROLEUM Produced Water Release 5/2/14 Produced Water 0 0 0 BBL Other Eddy (15) No No
nTO1418830370 SOUTHWEST ROYALTIES INC Major Produced Water Release 5/2/14 Produced Water 47 40 7 BBL Equipment Failure Lea (25) No No
nTO1418955309 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 5/2/14 Crude Oil 30 10 20 BBL Human Error Lea (25) No No
nHMP1416433238 EOG Y RESOURCES, INC. Minor Produced Water Release 5/1/14 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nTO1425428176 EOG RESOURCES INC Minor Produced Water Release 5/1/14 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No

nJK1424842845
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 5/1/14 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nCS1414728567 Williams Four Corners, LLC Minor Other 4/30/14 Chemical (Specify) 800 800 0 GAL Equipment Failure San Juan (45) No No
nCS1413554601 SIMCOE LLC Oil Release 4/30/14 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nHMP1413247637 BOPCO, L.P. Minor Oil Release 4/30/14 Crude Oil 7 0 7 BBL Human Error Eddy (15) No No
nHMP1413247637 BOPCO, L.P. Minor Oil Release 4/30/14 Produced Water 3 0 3 BBL Human Error Eddy (15) No No
nHMP1413435475 CHEVRON U S A INC Major Produced Water Release 4/29/14 Produced Water 500 480 20 BBL Equipment Failure Eddy (15) No No
nHMP1412133862 OXY USA INC Major Produced Water Release 4/28/14 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nSAD1413436037 CHEVRON U S A INC Minor Other 4/28/14 Other (Specify) 7 7 0 BBL Normal Operations Lea (25) No No
nHMP1413235805 Silverback Operating II, LLC Major Produced Water Release 4/28/14 Produced Water 35 15 20 BBL Equipment Failure Eddy (15) No No
nHMP1412133862 OXY USA INC Major Produced Water Release 4/28/14 Produced Water 195 45 150 BBL Equipment Failure Eddy (15) No No
nHMP1413240586 BOPCO, L.P. Minor Produced Water Release 4/27/14 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nCS1412953121 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 4/26/14 Crude Oil 10 0 10 BBL Equipment Failure Rio Arriba (39) No No
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nJK1424848611 HILCORP ENERGY COMPANY Oil Release 4/26/14 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nCS1413430847 RODDY PRODUCTION CO INC Oil Release 4/26/14 Unknown 0 0 0 BBL Other San Juan (45) No No
nCS1430837558 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 4/26/14 Crude Oil 10 0 10 BBL Equipment Failure Rio Arriba (39) No No
nTO1425227035 EOG RESOURCES INC Minor Produced Water Release 4/26/14 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nMLB1413536397 PYOTE WELL SERVICE, LLC Major Produced Water Release 4/25/14 Produced Water 1000 0 1000 BBL Human Error Eddy (15) No No
nHMP1413246670 BOPCO, L.P. Minor Produced Water Release 4/25/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nMLB1417848148 HOLLY ENERGY PARTNERS, LP Major Oil Release 4/24/14 Crude Oil 35 15 20 BBL Human Error Eddy (15) No No
nCS1412152422 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 4/24/14 Produced Water 5 0 5 BBL Equipment Failure San Juan (45) No No
nTO1418956668 Franklin Mountain Energy 3, LLC Minor Oil Release 4/24/14 Crude Oil 13 5 8 BBL Human Error Lea (25) No No
nHMP1413237203 EOG Y RESOURCES, INC. Major Produced Water Release 4/23/14 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nHMP1413234669 EOG Y RESOURCES, INC. Minor Oil Release 4/23/14 Crude Oil 4 3 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1413237203 EOG Y RESOURCES, INC. Major Produced Water Release 4/23/14 Produced Water 22 18 4 BBL Equipment Failure Eddy (15) No No
nHMP1413234669 EOG Y RESOURCES, INC. Minor Oil Release 4/23/14 Produced Water 3 2 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1411840425 OXY USA INC Minor Oil Release 4/22/14 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nMLB1417059518 OWL SWD OPERATING, LLC Major Produced Water Release 4/22/14 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nGRL1413438172 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 4/22/14 Crude Oil 30 10 20 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nTO1426546598 OXY USA INC Major Oil Release 4/22/14 Crude Oil 30 0 30 BBL Equipment Failure Lea (25) No No
nHMP1411840425 OXY USA INC Minor Oil Release 4/22/14 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nHMP1411828179 BOPCO, L.P. Major Produced Water Release 4/21/14 Produced Water 200 15 185 BBL Equipment Failure Eddy (15) No No
nHMP1411829494 BOPCO, L.P. Major Produced Water Release 4/20/14 Produced Water 400 0 400 BBL Equipment Failure Eddy (15) No No
nSAD1411345431 Maverick Permian LLC Minor Produced Water Release 4/20/14 Produced Water 11 10 1 BBL Equipment Failure Lea (25) No No
nSAD1411345431 Maverick Permian LLC Minor Produced Water Release 4/20/14 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nSAD1412248881 CART HILL ENERGY, LLC Major Produced Water Release 4/19/14 Produced Water 50 2 48 BBL Corrosion Lea (25) No No
nCS1424853204 CONOCOPHILLIPS COMPANY Release Other 4/16/14 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nHMP1411844251 OXY USA INC Major Oil Release 4/14/14 Crude Oil 40 35 5 BBL Corrosion Eddy (15) No No
nHMP1412141687 LINN OPERATING, LLC. Minor Produced Water Release 4/14/14 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nHMP1411836637 BOPCO, L.P. Major Produced Water Release 4/14/14 Produced Water 1200 1000 200 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1411844251 OXY USA INC Major Oil Release 4/14/14 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nHMP1412136548 LINN OPERATING, LLC. Minor Produced Water Release 4/13/14 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nAB1421937182 Silverback Operating II, LLC Minor Produced Water Release 4/13/14 Produced Water 12 5 7 BBL Equipment Failure Eddy (15) No No
nAB1421937182 Silverback Operating II, LLC Minor Produced Water Release 4/13/14 Crude Oil 3 3 0 BBL Equipment Failure Eddy (15) No No
nTO1422333460 OXY USA INC Major Oil Release 4/11/14 Crude Oil 30 24 6 BBL Human Error Lea (25) No No
nCS1411151357 SIMCOE LLC Oil Release 4/11/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJK1423342356 XTO ENERGY, INC Produced Water Release 4/11/14 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nHMP1410423587 ALAMO PERMIAN RESOURCES, LLC Minor Produced Water Release 4/10/14 Produced Water 15 15 0 BBL Equipment Failure Eddy (15) No No
nSAD1411541300 EOG Y RESOURCES, INC. Major Oil Release 4/10/14 Crude Oil 80 75 5 BBL Human Error Lea (25) No No
nJXK1535150868 J R OIL, LTD. CO. Minor Produced Water Release 4/10/14 Produced Water 18 0 18 BBL Equipment Failure Lea (25) No No
nJXK1535150868 J R OIL, LTD. CO. Minor Produced Water Release 4/10/14 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nHMP1410530854 MEWBOURNE OIL CO Minor Oil Release 4/9/14 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nSAD1411542622 CART HILL ENERGY, LLC Major Produced Water Release 4/8/14 Produced Water 310 260 50 BBL Other Lea (25) No No
nHMP1411832156 BOPCO, L.P. Minor Oil Release 4/8/14 Crude Oil 10 0 10 BBL Human Error Eddy (15) No No
nCS1415353157 SIMCOE LLC Oil Release 4/8/14 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nHMP1412149243 APACHE CORPORATION Major Produced Water Release 4/8/14 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nHMP1412132501 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 4/8/14 Crude Oil 60 30 30 BBL Equipment Failure Eddy (15) No No
nJK1425148342 DUGAN PRODUCTION CORP Oil Release 4/8/14 Lube Oil 0 0 0 BBL Other Rio Arriba (39) No No
nCS1415353157 SIMCOE LLC Oil Release 4/8/14 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1424838229
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 4/8/14 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nHMP1412239433 EOG Y RESOURCES, INC. Minor Produced Water Release 4/8/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nHMP1412226568 Spur Energy Partners LLC Minor Produced Water Release 4/7/14 Produced Water 24 22 2 BBL Corrosion Eddy (15) No No
nSAD1411345933 V-F PETROLEUM INC Major Produced Water Release 4/6/14 Produced Water 35 30 5 BBL Equipment Failure Lea (25) No No
nHMP1412224328 COG OPERATING LLC Major Oil Release 4/6/14 Crude Oil 50 50 0 BBL Equipment Failure Eddy (15) No No
nTO1418357347 Spur Energy Partners LLC Minor Release Other 4/6/14 Other (Specify) 15 13 2 BBL Equipment Failure Lea (25) No No
nHMP1412135045 RILEY PERMIAN OPERATING COMPANY, LLC Minor Oil Release 4/5/14 Crude Oil 18 7 11 BBL Equipment Failure Eddy (15) No No
nHMP1412135045 RILEY PERMIAN OPERATING COMPANY, LLC Minor Oil Release 4/5/14 Produced Water 3 1 2 BBL Equipment Failure Eddy (15) No No
nHMP1412232021 EOG Y RESOURCES, INC. Major Produced Water Release 4/4/14 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nHMP1410424987 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 4/4/14 Crude Oil 5 3 2 BBL Corrosion Eddy (15) No No
nHMP1412232021 EOG Y RESOURCES, INC. Major Produced Water Release 4/4/14 Produced Water 147 147 0 BBL Equipment Failure Eddy (15) No No
nHMP1410424987 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 4/4/14 Produced Water 25 15 10 BBL Corrosion Eddy (15) No No
nHMP1412230449 Spur Energy Partners LLC Major Produced Water Release 4/4/14 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nCS1411554051 SIMCOE LLC Major Produced Water Release 4/3/14 Produced Water 33 30 3 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1426952954 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 4/2/14 Produced Water 10 0 10 BBL Rio Arriba (39) No No
nHMP1409742947 APACHE CORPORATION Oil Release 4/2/14 Crude Oil 1 0 1 BBL Blow Out Eddy (15) No No
nAB1530734930 PLAINS MARKETING L.P. Minor Oil Release 4/2/14 Crude Oil 14 0 14 BBL Equipment Failure Eddy (15) No No
nHMP1410431814 EOG Y RESOURCES, INC. Produced Water Release 4/2/14 Crude Oil 0 30 0 BBL Human Error Eddy (15) No No
nHMP1410431814 EOG Y RESOURCES, INC. Produced Water Release 4/2/14 Produced Water 0 880 0 BBL Human Error Eddy (15) No No
nCS1411150279 BP AMERICA PRODUCTION COMPANY Oil Release 4/1/14 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nHMP1412225422 COG OPERATING LLC Major Oil Release 4/1/14 Crude Oil 125 40 85 BBL Vandalism Eddy (15) No No
nCS1411150279 BP AMERICA PRODUCTION COMPANY Oil Release 4/1/14 Condensate 0 0 0 BBL Other San Juan (45) No No
nTO1422532945 Maverick Permian LLC Minor Produced Water Release 4/1/14 Produced Water 23 20 3 BBL Equipment Failure Lea (25) No No
nCS1418832248 ELM RIDGE EXPLORATION COMPANY LLC Oil Release 3/31/14 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nCS1426952690 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 3/31/14 Produced Water 100 95 5 BBL Human Error Rio Arriba (39) No No
nCS1510342272 SIMCOE LLC Oil Release 3/31/14 Condensate 0 0 0 BBL Other San Juan (45) No No
nTO1419031274 XTO ENERGY, INC Major Produced Water Release 3/31/14 Produced Water 31 30 1 BBL Human Error Lea (25) No No
nCS1417533025 WESTERN REFINING COMPANY, L.P. Minor Release Other 3/30/14 Chemical (Specify) 10 0 10 BBL Equipment Failure Sandoval (43) No No
nCS1424842869 WESTERN REFINING COMPANY, L.P. Minor Release Other 3/30/14 Other (Specify) 10 0 10 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nCS1426954827 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 3/30/14 Produced Water 300 0 300 BBL Equipment Failure San Juan (45) No No
nHMP1410429665 EOG Y RESOURCES, INC. Produced Water Release 3/29/14 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nHMP1410429665 EOG Y RESOURCES, INC. Produced Water Release 3/29/14 Produced Water 0 15 0 BBL Equipment Failure Eddy (15) No No
nCS1423255209 XTO ENERGY, INC Oil Release 3/28/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1432149377 XTO ENERGY, INC Produced Water Release 3/28/14 Produced Water 0 0 0 BBL Other San Juan (45) No No
nTO1418841834 EOG RESOURCES INC Major Produced Water Release 3/28/14 Produced Water 430 360 70 BBL Equipment Failure Lea (25) No No
nJK1425149002 XTO ENERGY, INC Produced Water Release 3/27/14 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1426953366 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 3/27/14 Produced Water 35 20 15 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nTO1419030269 MATADOR PRODUCTION COMPANY Major Release Other 3/27/14 Drilling Mud/Fluid 200 200 0 BBL Equipment Failure Lea (25) No No
nHMP1410127289 BOPCO, L.P. Minor Produced Water Release 3/27/14 Produced Water 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nTO1419028541 Spur Energy Partners LLC Minor Produced Water Release 3/27/14 Produced Water 23 23 0 BBL Equipment Failure Lea (25) No No
nCS1501353625 SIMCOE LLC Oil Release 3/27/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1501353729 SIMCOE LLC Oil Release 3/27/14 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nTO1419029688 COG OPERATING LLC Minor Produced Water Release 3/27/14 Produced Water 15 15 0 BBL Equipment Failure Lea (25) No No
nHMP1410140947 MEWBOURNE OIL CO Major Oil Release 3/27/14 Crude Oil 75 65 10 BBL Equipment Failure Eddy (15) No No
nHMP1410542326 COG OPERATING LLC Minor Produced Water Release 3/27/14 Produced Water 10 8 2 BBL Corrosion Eddy (15) No No
nHMP1410140947 MEWBOURNE OIL CO Major Oil Release 3/27/14 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nHMP1410129629 BOPCO, L.P. Major Produced Water Release 3/27/14 Produced Water 25 10 15 BBL Equipment Failure Eddy (15) No No
nCS1432149676 XTO ENERGY, INC Produced Water Release 3/27/14 Produced Water 0 0 0 BBL Other San Juan (45) No No
nCS1411136640 ENERGEN RESOURCES CORPORATION Major Produced Water Release 3/26/14 Produced Water 30 25 5 BBL Equipment Failure San Juan (45) No No

WG Ex. 93

3461



nCS1424540927 BURLINGTON RESOURCES OIL & GAS CO Other 3/26/14 Crude Oil 0 0 0 BBL Rio Arriba (39) No No

nJK1424847073
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 3/26/14 Produced Water 19 17 2 BBL Corrosion Rio Arriba (39) No No

nCS1411126896 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 3/26/14 Produced Water 19 17 2 BBL Equipment Failure Rio Arriba (39) No No
nHMP1409029298 LINN OPERATING, LLC. Major Produced Water Release 3/26/14 Produced Water 88 60 28 BBL Equipment Failure Eddy (15) No No
nCS1424855412 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 3/26/14 Other (Specify) 0 0 0 BBL Equipment Failure San Juan (45) No No

nJK1424847073
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 3/26/14 Crude Oil 1 0 1 BBL Corrosion Rio Arriba (39) No No

nCS1411126896 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 3/26/14 Crude Oil 1 0 1 BBL Equipment Failure Rio Arriba (39) No No
nCS1424850174 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 3/25/14 Natural Gas Liquids 0 0 0 BBL Human Error San Juan (45) No No
nCS1413531395 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 3/25/14 Natural Gas Liquids 0 0 0 BBL Human Error San Juan (45) No No
nSAD1411339909 RICE OPERATING COMPANY Major Produced Water Release 3/24/14 Produced Water 26 25 1 BBL Equipment Failure Lea (25) No No
nTO1418853404 SOUTHWEST ROYALTIES INC Major Produced Water Release 3/24/14 Produced Water 26 25 1 BBL Equipment Failure Lea (25) No No
nHMP1409230091 BURNETT OIL CO INC Major Produced Water Release 3/24/14 Produced Water 5 0 5 BBL Fire Eddy (15) No No
nHMP1409230091 BURNETT OIL CO INC Major Produced Water Release 3/24/14 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nAB1512454101 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 3/23/14 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nTO1422448322 BXP Operating, LLC Minor Produced Water Release 3/22/14 Produced Water 22 0 22 BBL Equipment Failure Lea (25) No No
nTO1419048147 RICE OPERATING COMPANY Major Produced Water Release 3/22/14 Produced Water 26 25 1 BBL Equipment Failure Lea (25) No No
nTO1500538754 ENTERPRISE PRODUCTS OPERATING, LLC Major Produced Water Release 3/22/14 Produced Water 7142 0 7142 BBL Human Error Lea (25) No No
nCS1411140794 DUGAN PRODUCTION CORP Major Oil Release 3/21/14 Crude Oil 30 30 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nHMP1409023168 BURNETT OIL CO INC Major Oil Release 3/20/14 Crude Oil 230 210 20 BBL Equipment Failure Eddy (15) No No
nCS1410757383 SIMCOE LLC Oil Release 3/20/14 Other (Specify) 0 0 0 BBL Corrosion San Juan (45) No No
nCS1426952044 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 3/20/14 Produced Water 6 5 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nHMP1409045328 COG OPERATING LLC Minor Produced Water Release 3/20/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nAB1528756480 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 3/20/14 Natural Gas Liquids 0 0 0 BBL Corrosion Eddy (15) No No
nTO1418952499 BREITBURN OPERATING LP Major Produced Water Release 3/19/14 Produced Water 140 120 20 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1432335558 CONOCOPHILLIPS COMPANY Major Fire 3/19/14 Condensate 63 0 0 BBL Fire Rio Arriba (39) No No
nCS1411127802 CONOCOPHILLIPS COMPANY Major Fire 3/19/14 Condensate 63 7 56 BBL Other Rio Arriba (39) No No
nAB1528743402 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 3/19/14 Natural Gas Liquids 1 0 0 BBL Equipment Failure Eddy (15) No No
nAB1528755438 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 3/19/14 Natural Gas Liquids 0 0 0 BBL Corrosion Eddy (15) No No
nHMP1416349902 OCCIDENTAL PERMIAN LTD Major Produced Water Release 3/18/14 Produced Water 45 20 25 BBL Human Error Eddy (15) No No
nHMP1411843120 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 3/18/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nHMP1412241998 WPX Energy Permian, LLC Major Produced Water Release 3/18/14 Produced Water 190 0 190 BBL Equipment Failure Eddy (15) No No
nCS1424840431 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 3/18/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nHMP1408631594 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/18/14 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nHMP1412241998 WPX Energy Permian, LLC Major Produced Water Release 3/18/14 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nHMP1408631594 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/18/14 Produced Water 14 9 5 BBL Equipment Failure Eddy (15) No No
nKJ1519036460 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 3/18/14 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nKJ1519036460 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 3/18/14 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nHMP1409047345 EOG Y RESOURCES, INC. Major Produced Water Release 3/17/14 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nTO1426547353 J R OIL, LTD. CO. Major Produced Water Release 3/17/14 Produced Water 40 0 40 BBL Equipment Failure Lea (25) No No
nHMP1408548600 OXY USA INC Major Produced Water Release 3/17/14 Produced Water 400 398 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1408548600 OXY USA INC Major Produced Water Release 3/17/14 Crude Oil 4 2 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nGRL1411842333 CART HILL ENERGY, LLC Minor Produced Water Release 3/14/14 Produced Water 17 1 16 BBL Corrosion Lea (25) No No
nHMP1410539495 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 3/14/14 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nHMP1409037187 Spur Energy Partners LLC Major Produced Water Release 3/14/14 Produced Water 3050 1820 1230 BBL Equipment Failure Eddy (15) No No
nTO1426545976 OXY USA INC Minor Oil Release 3/14/14 Crude Oil 20 15 5 BBL Human Error Lea (25) No No
nHMP1407731743 BOPCO, L.P. Minor Produced Water Release 3/14/14 Produced Water 10 5 5 BBL Corrosion Eddy (15) No No
nCS1432335055 CONOCOPHILLIPS COMPANY Other 3/13/14 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nCS1509842522 ELM RIDGE EXPLORATION COMPANY LLC Oil Release 3/13/14 Natural Gas Liquids 0 0 0 BBL Corrosion 0 No No
nSAD1412252264 COG OPERATING LLC Minor Other 3/13/14 Produced Water 8 3 5 BBL Equipment Failure Lea (25) No No
nCS1509842340 ELM RIDGE EXPLORATION COMPANY LLC Oil Release 3/13/14 Natural Gas Liquids 0 0 0 BBL Corrosion 0 No No
nSAD1412252264 COG OPERATING LLC Minor Other 3/13/14 Crude Oil 7 4 3 BBL Equipment Failure Lea (25) No No
nCS1432148756 XTO ENERGY, INC Produced Water Release 3/12/14 Produced Water 0 0 0 BBL Other San Juan (45) No No
nCS1432148756 XTO ENERGY, INC Produced Water Release 3/12/14 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nHMP1409041462 COG OPERATING LLC Major Produced Water Release 3/12/14 Produced Water 30 0 30 BBL Human Error Eddy (15) No No
nHMP1408623289 OXY USA INC Major Produced Water Release 3/11/14 Produced Water 60 57 3 BBL Equipment Failure Eddy (15) No No
nCS1410755727 SIMCOE LLC Release Other 3/10/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nTO1430349896 Maverick Permian LLC Minor Produced Water Release 3/10/14 Produced Water 18 5 13 BBL Corrosion Lea (25) No No
nHMP1407241549 LINN OPERATING, LLC. Major Produced Water Release 3/9/14 Produced Water 40 30 10 BBL Equipment Failure Eddy (15) No No
nHMP1410427341 BAM Permian Operating, LLC Major Oil Release 3/9/14 Crude Oil 30 0 30 BBL Corrosion Eddy (15) No No
nHMP1407241549 LINN OPERATING, LLC. Major Produced Water Release 3/9/14 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nMLB1418931959 HOLLY ENERGY PARTNERS, LP Major Oil Release 3/9/14 Crude Oil 28 15 13 BBL Equipment Failure Eddy (15) No No
nHMP1410427341 BAM Permian Operating, LLC Major Oil Release 3/9/14 Produced Water 2 0 2 BBL Corrosion Eddy (15) No No
nHMP1408449795 COG OPERATING LLC Major Produced Water Release 3/8/14 Produced Water 115 113 2 BBL Human Error Eddy (15) No No
nHMP1407326842 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 3/8/14 Crude Oil 16 8 8 BBL Equipment Failure Eddy (15) No No
nHMP1408441789 COG OPERATING LLC Major Produced Water Release 3/7/14 Produced Water 150 150 0 BBL Human Error Eddy (15) No No
nHMP1408738739 COG OPERATING LLC Minor Oil Release 3/7/14 Crude Oil 15 15 0 BBL Equipment Failure Eddy (15) No No
nHMP1408523814 COG OPERATING LLC Major Produced Water Release 3/7/14 Crude Oil 12 10 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1408523814 COG OPERATING LLC Major Produced Water Release 3/7/14 Produced Water 30 30 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nHMP1408639979 EOG Y RESOURCES, INC. Minor Produced Water Release 3/6/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nHMP1507744583 LINN OPERATING, LLC. Minor Produced Water Release 3/6/14 Produced Water 4 1 3 BBL Equipment Failure Eddy (15) No No
nHMP1408639979 EOG Y RESOURCES, INC. Minor Produced Water Release 3/6/14 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nHMP1507744583 LINN OPERATING, LLC. Minor Produced Water Release 3/6/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nHMP1407733945 BOPCO, L.P. Minor Produced Water Release 3/6/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nAB1523929225 DCP OPERATING COMPANY, LP Minor Natural Gas Release 3/6/14 Natural Gas Liquids 0 0 0 BBL Equipment Failure Lea (25) No No
nHMP1407733945 BOPCO, L.P. Minor Produced Water Release 3/6/14 Produced Water 10 1 9 BBL Equipment Failure Eddy (15) No No
nHMP1408436341 Spur Energy Partners LLC Major Oil Release 3/6/14 Crude Oil 55 50 5 BBL Equipment Failure Eddy (15) No No
nHMP1407325518 WPX Energy Permian, LLC Minor Oil Release 3/5/14 Crude Oil 5 0 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAB1525329617 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 3/5/14 Natural Gas Liquids 50 0 0 BBL Equipment Failure Eddy (15) No No
nHMP1407325518 WPX Energy Permian, LLC Minor Oil Release 3/5/14 Produced Water 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1519754205 DOMINION PRODUCTION COMPANY, LLC Other 3/5/14 Other (Specify) 0 0 0 BBL Other McKinley (31) No No
nCS1519754205 DOMINION PRODUCTION COMPANY, LLC Other 3/5/14 0 0 0 BBL McKinley (31) No No
nCS1412731422 HUNTINGTON ENERGY, LLC Major Fire 3/4/14 Crude Oil 28 0 0 BBL Fire Rio Arriba (39) No No
nTO1418128670 SOUTHWEST ROYALTIES INC Major Produced Water Release 3/4/14 Produced Water 30 28 2 BBL Human Error Lea (25) No No
nTO1418127097 SOUTHWEST ROYALTIES INC Major Produced Water Release 3/4/14 Produced Water 30 28 2 BBL Human Error Lea (25) No No
nCS1414848517 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 3/4/14 Natural Gas Liquids 5 0 5 BBL Human Error Rio Arriba (39) No No
nCS1413529955 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 3/4/14 Natural Gas Liquids 0 0 0 BBL Human Error Rio Arriba (39) No No
nHMP1413231517 OXY USA INC Minor Oil Release 3/3/14 Crude Oil 10 7 3 BBL Equipment Failure Eddy (15) No No
nGRL1416137202 CONOCO INC Major Oil Release 3/3/14 Crude Oil 73 23 50 BBL Corrosion Lea (25) No No
nHMP1413231517 OXY USA INC Minor Oil Release 3/3/14 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nHMP1407330329 OXY USA INC Major Produced Water Release 3/3/14 Produced Water 210 200 10 BBL Human Error Eddy (15) No No
nGRL1416137202 CONOCO INC Major Oil Release 3/3/14 Produced Water 22 0 22 BBL Corrosion Lea (25) No No
nHMP1408538763 COG OPERATING LLC Major Produced Water Release 3/1/14 Produced Water 130 125 5 BBL Equipment Failure Eddy (15) No No
nCS1423942822 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 2/28/14 Produced Water 17 17 0 BBL Equipment Failure Rio Arriba (39) No No
nTO1419043007 EOG RESOURCES INC Minor Produced Water Release 2/28/14 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
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nHMP1410125196 BOPCO, L.P. Minor Oil Release 2/28/14 Crude Oil 5 1 4 BBL Equipment Failure Eddy (15) No No
nHMP1410122419 BOPCO, L.P. Minor Oil Release 2/28/14 Crude Oil 10 1 9 BBL Human Error Eddy (15) No No
nHMP1410125196 BOPCO, L.P. Minor Oil Release 2/28/14 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nHMP1410122419 BOPCO, L.P. Minor Oil Release 2/28/14 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nCS1412954171 High River Resources Operating, LLC Major Oil Release 2/27/14 Condensate 100 0 100 BBL Freeze Rio Arriba (39) No No
nKJ1603954129 APACHE CORPORATION Produced Water Release 2/27/14 Produced Water 0 130 0 BBL Human Error Lea (25) No No
nCS1410653347 High River Resources Operating, LLC Major Oil Release 2/27/14 Condensate 100 20 80 BBL Equipment Failure Rio Arriba (39) No No
nJXK1610235685 BXP Operating, LLC Major Produced Water Release 2/27/14 Produced Water 85 85 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1411448010 BURLINGTON RESOURCES OIL & GAS CO Natural Gas Release 2/27/14 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No

nJK1424842057
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Natural Gas Release 2/27/14 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No

nCS1430954580 BURLINGTON RESOURCES OIL & GAS CO Other 2/27/14 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No

nJK1407025206
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 2/26/14 Produced Water 5 3 2 BBL Corrosion San Juan (45) No No

nHMP1406629354 EOG RESOURCES INC Minor Oil Release 2/26/14 Crude Oil 15 9 6 BBL Human Error Eddy (15) No No
nHMP1408736178 EOG RESOURCES INC Minor Oil Release 2/26/14 Crude Oil 15 9 6 BBL Human Error Eddy (15) No No
nHMP1407632629 APACHE CORPORATION Major Oil Release 2/26/14 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No

nKJ1512049586
NORTHERN PACIFIC OIL AND GAS 
INCORPORATED Major Oil Release 2/26/14 Crude Oil 35 5 30 BBL Equipment Failure Chaves (05) No No

nCS1414930212 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 2/26/14 Produced Water 5 3 2 BBL Corrosion San Juan (45) No No
nHMP1412750858 BXP Operating, LLC Major Produced Water Release 2/25/14 Crude Oil 0 0 0 BBL Fire Eddy (15) No No
nHMP1412750858 BXP Operating, LLC Major Produced Water Release 2/25/14 Produced Water 0 0 0 BBL Fire Eddy (15) No No
nKJ1603435582 OXY USA INC Minor Produced Water Release 2/25/14 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nKJ1603435582 OXY USA INC Minor Produced Water Release 2/25/14 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nAB1521253192 Blackbuck New Mexico LLC Major Produced Water Release 2/24/14 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nTO1420439275 OXY USA INC Minor Oil Release 2/24/14 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nKJ1603438023 J R OIL, LTD. CO. Minor Produced Water Release 2/24/14 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nHMP1408433913 Spur Energy Partners LLC Major Produced Water Release 2/22/14 Produced Water 80 75 5 BBL Human Error Eddy (15) No No
nCS1423942377 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 2/21/14 Crude Oil 80 20 60 BBL Rio Arriba (39) No No
nCS1423942377 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 2/21/14 Produced Water 10 0 10 BBL Rio Arriba (39) No No
nCS1416151119 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 2/20/14 Condensate 3 0 0 BBL Human Error Rio Arriba (39) No No
nJK1425132861 CONOCOPHILLIPS COMPANY Minor Oil Release 2/20/14 Condensate 14 0 14 BBL Corrosion Rio Arriba (39) No No
nCS1411229109 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 2/20/14 Condensate 0 0 0 BBL Human Error Rio Arriba (39) No No
nCS1416151739 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 2/19/14 Condensate 2 0 2 BBL Corrosion San Juan (45) No No
nCS1411453775 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 2/19/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nCS1411453495 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 2/19/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nMLB1624438994 EOG Y RESOURCES, INC. Minor Oil Release 2/19/14 Crude Oil 15 10 5 BBL Equipment Failure Eddy (15) No No
nCS1414849222 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 2/19/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nMLB1624442516 EOG Y RESOURCES, INC. Major Oil Release 2/19/14 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No
nCS1432150186 CHUZA OIL COMPANY Major Oil Release 2/18/14 Crude Oil 105 3 102 BBL Equipment Failure San Juan (45) No No
nKJ1603526248 OXY USA INC Minor Produced Water Release 2/18/14 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nHMP1411825249 STEPHENS & JOHNSON OP CO Produced Water Release 2/18/14 Produced Water 0 0 0 BBL Eddy (15) No No
nHMP1407226243 LINN OPERATING, LLC. Minor Produced Water Release 2/18/14 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
nCS1411834772 CHUZA OIL COMPANY Oil Release 2/18/14 Crude Oil 0 0 0 BBL Corrosion San Juan (45) No No
nHMP1408642078 EOG Y RESOURCES, INC. Major Release Other 2/15/14 Other (Specify) 250 230 20 BBL Equipment Failure Eddy (15) No No
nCS1410652223 High River Resources Operating, LLC Major Oil Release 2/14/14 Condensate 100 10 90 BBL Equipment Failure Rio Arriba (39) No No
nHMP1407133956 BOPCO, L.P. Major Produced Water Release 2/14/14 Produced Water 130 0 130 BBL Vandalism Eddy (15) No No
nCS1411842417 CONOCOPHILLIPS COMPANY Major Produced Water Release 2/14/14 Produced Water 40 40 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCS1416152988 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 2/13/14 Natural Gas Liquids 0 0 0 BBL San Juan (45) No No
nHMP1407641879 Spur Energy Partners LLC Major Produced Water Release 2/13/14 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nHMP1406634399 Silverback Operating II, LLC Minor Produced Water Release 2/13/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nHMP1406924194 COG OPERATING LLC Major Oil Release 2/13/14 Crude Oil 40 0 40 BBL Fire Eddy (15) No No
nCS1416152988 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 2/13/14 Glycol 5 0 0 BBL San Juan (45) No No
nHMP1406924194 COG OPERATING LLC Major Oil Release 2/13/14 Produced Water 30 0 30 BBL Fire Eddy (15) No No
nHMP1406634399 Silverback Operating II, LLC Minor Produced Water Release 2/13/14 Produced Water 7 3 4 BBL Equipment Failure Eddy (15) No No
nCS1411833436 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 2/12/14 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) Yes No
nHMP1406951035 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/11/14 Produced Water 10 4 6 BBL Equipment Failure Eddy (15) No No
nCS1411836125 ENTERPRISE PRODUCTS OPERATING, LLC Major Release Other 2/11/14 Other (Specify) 100 0 0 BBL Equipment Failure Rio Arriba (39) Yes No
nJK1424839459 ENTERPRISE PRODUCTS OPERATING, LLC Major Release Other 2/11/14 Other (Specify) 100 0 100 BBL Corrosion San Juan (45) Yes No
nHMP1406625703 NADEL AND GUSSMAN HEYCO, LLC Major Oil Release 2/11/14 Crude Oil 130 0 130 BBL Freeze Eddy (15) No No
nHMP1423330959 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 2/11/14 Produced Water 200 160 40 BBL Human Error Eddy (15) No No
nCS1411836125 ENTERPRISE PRODUCTS OPERATING, LLC Major Release Other 2/11/14 Other (Specify) 100 0 0 BBL Equipment Failure Rio Arriba (39) Yes No
nHMP1406625703 NADEL AND GUSSMAN HEYCO, LLC Major Oil Release 2/11/14 Produced Water 36 0 36 BBL Freeze Eddy (15) No No
nHMP1407130197 BOPCO, L.P. Major Produced Water Release 2/10/14 Produced Water 153 138 15 BBL Equipment Failure Eddy (15) No No
nCS1411841877 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 2/10/14 Crude Oil 64 27 37 BBL Equipment Failure San Juan (45) No No
nJK1424737989 XTO ENERGY, INC Major Produced Water Release 2/10/14 Produced Water 1250 60 1190 BBL Corrosion San Juan (45) Yes No
nCS1411838781 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 2/10/14 Condensate 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nCS1416150725 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 2/10/14 Condensate 3 0 3 BBL Corrosion San Juan (45) No No
nCS1414952883 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 2/10/14 Crude Oil 64 27 37 BBL Corrosion San Juan (45) No No
nJK1406241835 XTO ENERGY, INC Produced Water Release 2/10/14 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1411854984 ENERGEN RESOURCES CORPORATION Major Produced Water Release 2/10/14 Produced Water 80 80 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1411841635 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 2/8/14 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nCS1411141725 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 2/8/14 Condensate 0 0 0 BBL Corrosion Sandoval (43) No No
nTO1502237885 APACHE CORPORATION Major Produced Water Release 2/8/14 Produced Water 500 450 50 BBL Freeze Lea (25) No No
nCS1418828224 BURLINGTON RESOURCES OIL & GAS CO Oil Release 2/6/14 Condensate 0 0 0 BBL Other San Juan (45) No No

nJXK1604137715 HIGH SIERRA CRUDE OIL AND MARKETING, LLC Major Oil Release 2/6/14 Crude Oil 135 61 74 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nHMP1408430529 OLEUM Energy LLC Major Produced Water Release 2/6/14 Produced Water 30 25 5 BBL Human Error Eddy (15) No No
nCS1411843264 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 2/6/14 Produced Water 9 9 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1510438546 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 2/6/14 Natural Gas Liquids 5 0 5 BBL Equipment Failure Eddy (15) No No

nJK1424838788
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 2/5/14 Crude Oil 0 0 0 BBL Corrosion San Juan (45) No No

nHMP1407233282 WPX Energy Permian, LLC Major Produced Water Release 2/5/14 Produced Water 25 23 2 BBL Equipment Failure Eddy (15) No No
nHMP1406637338 EOG Y RESOURCES, INC. Major Produced Water Release 2/4/14 Produced Water 99 75 24 BBL Equipment Failure Eddy (15) No No
nKJ1603438778 J R OIL, LTD. CO. Major Produced Water Release 2/4/14 Crude Oil 25 0 25 BBL Equipment Failure Lea (25) No No
nHMP1406637338 EOG Y RESOURCES, INC. Major Produced Water Release 2/4/14 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nKJ1603438778 J R OIL, LTD. CO. Major Produced Water Release 2/4/14 Produced Water 35 0 35 BBL Equipment Failure Lea (25) No No
nHMP1406939926 COG OPERATING LLC Major Oil Release 2/3/14 Crude Oil 155 150 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1411851126 SIMCOE LLC Other 2/2/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nHMP1406640288 Saguaro Petroleum, LLC Major Produced Water Release 2/1/14 Produced Water 60 35 25 BBL Equipment Failure Eddy (15) No No
nHMP1406936771 Spur Energy Partners LLC Major Produced Water Release 2/1/14 Produced Water 43 43 0 BBL Corrosion Eddy (15) No No
nHMP1406640288 Saguaro Petroleum, LLC Major Produced Water Release 2/1/14 Crude Oil 20 5 15 BBL Equipment Failure Eddy (15) No No
nCS1412528089 XTO ENERGY, INC Major Produced Water Release 1/31/14 Produced Water 500 480 20 BBL Corrosion San Juan (45) No No

nMLB1403537703 KAISER-FRANCIS OIL CO Major Release Other 1/30/14
Gelled Brine (Frac 
Fluid) 230 0 230 BBL Human Error Eddy (15) No No

nCS1411856041 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/30/14 Produced Water 30 20 10 BBL Equipment Failure San Juan (45) No No
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nCS1425139269 SIMCOE LLC Major Oil Release 1/30/14 Condensate 50 0 50 BBL Freeze San Juan (45) No No
nCS1412526512 SIMCOE LLC Major Oil Release 1/30/14 Condensate 50 0 0 BBL Freeze San Juan (45) No No
nCS1412953471 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/30/14 Produced Water 30 20 10 BBL Corrosion San Juan (45) No No
nCS1412526512 SIMCOE LLC Major Oil Release 1/30/14 Produced Water 40 0 0 BBL Freeze San Juan (45) No No
nCS1425139269 SIMCOE LLC Major Oil Release 1/30/14 Produced Water 40 0 40 BBL Freeze San Juan (45) No No
nHMP1407127759 CONOCOPHILLIPS COMPANY Major Oil Release 1/29/14 Crude Oil 62 60 2 BBL Equipment Failure Eddy (15) No No
nTO1417750844 Flat Top Operating, LLC Oil Release 1/29/14 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nSAD1416136981 Flat Top Operating, LLC Oil Release 1/29/14 Crude Oil 4 0 4 BBL Freeze Lea (25) No No
nJK1424739881 CONOCOPHILLIPS COMPANY Oil Release 1/29/14 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJXK1601452637 CHEVRON U S A INC Major Oil Release 1/28/14 Crude Oil 46 42 4 BBL Equipment Failure Lea (25) No No
nMLB1405827737 OXY USA INC Major Produced Water Release 1/28/14 Produced Water 20 19 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1405827737 OXY USA INC Major Produced Water Release 1/28/14 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1403656094 LINN OPERATING, LLC. Minor Produced Water Release 1/27/14 Produced Water 18 15 3 BBL Human Error Eddy (15) No No
nCS1414850180 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 1/27/14 Natural Gas Liquids 5 0 5 BBL Equipment Failure San Juan (45) No No
nHMP1407332688 LINN OPERATING, LLC. Major Oil Release 1/26/14 Crude Oil 10 0 10 BBL Fire Eddy (15) No No
nHMP1406931715 BOPCO, L.P. Minor Produced Water Release 1/25/14 Produced Water 20 0 20 BBL Vandalism Eddy (15) No No
nMLB1407035850 LINN OPERATING, LLC. Major Produced Water Release 1/24/14 Produced Water 45 10 35 BBL Corrosion Eddy (15) No No
nCS1524739234 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 1/24/14 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nHMP1406929753 BOPCO, L.P. Minor Oil Release 1/24/14 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nTO1422038706 J R OIL, LTD. CO. Minor Produced Water Release 1/24/14 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nHMP1406929753 BOPCO, L.P. Minor Oil Release 1/24/14 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nHMP1406527038 BOPCO, L.P. Major Produced Water Release 1/23/14 Produced Water 45 2 43 BBL Eddy (15) No No
nCS1418835501 CONOCOPHILLIPS COMPANY Minor Oil Release 1/23/14 Crude Oil 10 0 10 BBL Corrosion Rio Arriba (39) No No
nCS1412528489 CONOCOPHILLIPS COMPANY Minor Oil Release 1/23/14 Condensate 10 0 0 BBL Corrosion Rio Arriba (39) No No
nJXK1535047339 EOG Y RESOURCES, INC. Major Produced Water Release 1/23/14 Produced Water 130 0 130 BBL Lea (25) No No
nMLB1405255956 Silverback Operating II, LLC Major Release Other 1/23/14 Other (Specify) 25 0 25 BBL Human Error Eddy (15) No No
nCS1414933231 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 1/23/14 Natural Gas Liquids 20 0 20 BBL Corrosion San Juan (45) No No
nCS1411855417 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 1/23/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nHMP1406531419 COG OPERATING LLC Minor Produced Water Release 1/22/14 Produced Water 12 10 2 BBL Equipment Failure Eddy (15) No No
nCS1416351257 BURLINGTON RESOURCES OIL & GAS CO Oil Release 1/22/14 Crude Oil 0 0 0 BBL Rio Arriba (39) No No
nCS1411856475 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 1/22/14 Produced Water 35 0 35 GAL Corrosion San Juan (45) No No
nTO1418956052 PLAINS MARKETING L.P. Major Oil Release 1/22/14 Crude Oil 240 190 50 BBL Equipment Failure Lea (25) No No
nCS1430842934 CONOCOPHILLIPS COMPANY Other 1/22/14 Other (Specify) 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nCS1416351257 BURLINGTON RESOURCES OIL & GAS CO Oil Release 1/22/14 Condensate 2 0 2 BBL Rio Arriba (39) No No
nTO1419041259 PLAINS MARKETING L.P. Major Oil Release 1/22/14 Crude Oil 240 190 50 BBL Equipment Failure Lea (25) No No
nCS1508231006 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 1/22/14 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nHMP1406539248 COG OPERATING LLC Minor Produced Water Release 1/21/14 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nKJ1603530031 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 1/21/14 Produced Water 22 20 2 BBL Corrosion Lea (25) No No
nJK1416942396 CONOCOPHILLIPS COMPANY Minor Produced Water Release 1/21/14 Produced Water 6 0 6 BBL Other Rio Arriba (39) No No
nCS1412951744 CONOCOPHILLIPS COMPANY Minor Produced Water Release 1/21/14 Produced Water 6 0 6 BBL Equipment Failure Rio Arriba (39) No No
nCS1412257265 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 1/20/14 Condensate 0 0 0 BBL Freeze Rio Arriba (39) No No
nCS1413430052 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 1/20/14 Produced Water 13 5 8 BBL Equipment Failure Rio Arriba (39) No No
nCS1412257265 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 1/20/14 Produced Water 0 0 0 BBL Freeze Rio Arriba (39) No No
nCS1413430598 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 1/20/14 Produced Water 13 5 8 BBL Equipment Failure Rio Arriba (39) No No
nCS1414949793 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 1/20/14 Condensate 5 0 5 BBL Freeze Rio Arriba (39) No No
nCS1414949793 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 1/20/14 Produced Water 2 0 2 BBL Freeze Rio Arriba (39) No No
nHMP1409239389 Spur Energy Partners LLC Major Produced Water Release 1/18/14 Produced Water 790 790 0 BBL Equipment Failure Eddy (15) No No
nMLB1406342981 BURNETT OIL CO INC Minor Oil Release 1/18/14 Crude Oil 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1404935190 EASTLAND OIL CO Major Produced Water Release 1/18/14 Produced Water 80 75 5 BBL Freeze Eddy (15) No No
nMLB1404935190 EASTLAND OIL CO Major Produced Water Release 1/18/14 Crude Oil 20 15 5 BBL Freeze Eddy (15) No No
nHMP1409237474 Spur Energy Partners LLC Minor Produced Water Release 1/17/14 Produced Water 10 10 0 BBL Human Error Eddy (15) No No
nHMP1407146471 COG OPERATING LLC Minor Produced Water Release 1/17/14 Produced Water 18 17 1 BBL Equipment Failure Eddy (15) No No
nHMP1409237474 Spur Energy Partners LLC Minor Produced Water Release 1/17/14 Crude Oil 1 1 0 BBL Human Error Eddy (15) No No
nHMP1409130181 EOG Y RESOURCES, INC. Major Release Other 1/16/14 Brine Water 75 55 20 BBL Blow Out Eddy (15) No No
nCS1412528765 DUGAN PRODUCTION CORP Major Produced Water Release 1/16/14 Produced Water 0 0 0 BBL Freeze 0 Yes No
nHMP1409245865 COG OPERATING LLC Major Produced Water Release 1/16/14 Produced Water 70 65 5 BBL Human Error Eddy (15) No No
nJMW1403055003 COG OPERATING LLC Minor Oil Release 1/15/14 Crude Oil 7 2 5 BBL Equipment Failure Eddy (15) No No
nHMP1407144649 EOG Y RESOURCES, INC. Major Produced Water Release 1/14/14 Produced Water 30 20 10 BBL Human Error Eddy (15) No No
nCS1413434716 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 1/14/14 Natural Gas Liquids 5 0 5 BBL Equipment Failure San Juan (45) No No
nJK1416956720 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 1/14/14 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nCS1501348363 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 1/13/14 Produced Water 20 20 0 BBL Equipment Failure Rio Arriba (39) No No
nSAD1402255331 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/13/14 Produced Water 10 2 8 BBL Lea (25) No No
nJXK1534948142 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/13/14 Produced Water 12 10 2 BBL Corrosion Lea (25) No No
nCS1412730662 CONOCOPHILLIPS COMPANY Produced Water Release 1/13/14 Produced Water 0 0 0 BBL San Juan (45) No No
nHMP1412240947 BOPCO, L.P. Minor Release Other 1/13/14 Diesel 1000 400 600 GAL Human Error Eddy (15) No No
nCS1412730662 CONOCOPHILLIPS COMPANY Produced Water Release 1/13/14 Crude Oil 0 0 0 BBL San Juan (45) No No
nTO1418850785 ENERGEN RESOURCES CORPORATION Major Oil Release 1/12/14 Crude Oil 631 611 20 BBL Equipment Failure Roosevelt (41) No No
nJK1424825715 SIMCOE LLC Major Oil Release 1/12/14 Condensate 21 0 21 BBL Freeze San Juan (45) No No
nJK1424825715 SIMCOE LLC Major Oil Release 1/12/14 Produced Water 5 0 5 BBL Freeze San Juan (45) No No
nSAD1402256091 PURVIS OPERATING CO Oil Release 1/11/14 Crude Oil 4 2 2 BBL Corrosion Lea (25) No No
nCS1425137836 SIMCOE LLC Major Oil Release 1/11/14 Condensate 21 0 21 BBL Freeze San Juan (45) No No
nCS1425137836 SIMCOE LLC Major Oil Release 1/11/14 Produced Water 5 0 5 BBL Freeze San Juan (45) No No
nHMP1411838237 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 1/10/14 Produced Water 12 3 9 BBL Equipment Failure Eddy (15) No No
nJMW1402853427 BOPCO, L.P. Major Produced Water Release 1/10/14 Produced Water 250 30 220 BBL Equipment Failure Eddy (15) No No
nJMW1402938083 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 1/10/14 Crude Oil 1 0 1 BBL Human Error Eddy (15) No No
nCS1426950871 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 1/10/14 Produced Water 15 0 15 BBL Human Error Rio Arriba (39) No No
nJMW1402938083 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 1/10/14 Produced Water 10 1 9 BBL Human Error Eddy (15) No No
nJMW1402340623 Spur Energy Partners LLC Minor Produced Water Release 1/9/14 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nKJ1603944479 SELECT AGUA LIBRE MIDSTREAM, LLC Major Produced Water Release 1/9/14 Produced Water 130 110 20 BBL Equipment Failure Lea (25) No No
nJMW1402941819 COG OPERATING LLC Minor Oil Release 1/9/14 Crude Oil 15 5 10 BBL Equipment Failure Eddy (15) No No
nJMW1402135403 LINN OPERATING, LLC. Minor Produced Water Release 1/9/14 Produced Water 10 0 10 BBL Other Eddy (15) No No
nJMW1402941819 COG OPERATING LLC Minor Oil Release 1/9/14 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJMW1402348985 ALAMO PERMIAN RESOURCES, LLC Minor Oil Release 1/8/14 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nJMW1402942895 COG OPERATING LLC Minor Produced Water Release 1/8/14 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nJMW1402942895 COG OPERATING LLC Minor Produced Water Release 1/8/14 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nJXK1535150428 J R OIL, LTD. CO. Minor Produced Water Release 1/8/14 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nJK1424750531 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 1/8/14 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nCS1411455301 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 1/8/14 Natural Gas Liquids 0 0 0 BBL Equipment Failure San Juan (45) No No
nHMP1406549483 EOG Y RESOURCES, INC. Major Oil Release 1/7/14 Crude Oil 25 22 3 BBL Equipment Failure Eddy (15) No No
nJMW1403053252 OXY USA INC Minor Produced Water Release 1/7/14 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nJMW1402435163 LINN OPERATING, LLC. Minor Produced Water Release 1/7/14 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nJMW1402928174 BOPCO, L.P. Major Produced Water Release 1/7/14 Produced Water 132 0 132 BBL Human Error Eddy (15) No No
nJMW1402435163 LINN OPERATING, LLC. Minor Produced Water Release 1/7/14 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nJMW1403053252 OXY USA INC Minor Produced Water Release 1/7/14 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1402336326 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 1/7/14 Produced Water 106 0 106 BBL Equipment Failure Eddy (15) No No
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nCS1424728933 Pineland Operating Company, LLC Oil Release 1/7/14 Crude Oil 1 0 1 BBL Corrosion San Juan (45) No No
nGRL1403735975 APACHE CORPORATION Minor Produced Water Release 1/7/14 Crude Oil 3 3 0 BBL Freeze Lea (25) No No
nCS1424728933 Pineland Operating Company, LLC Oil Release 1/7/14 Produced Water 1 0 1 BBL Corrosion San Juan (45) No No
nJMW1402336326 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 1/7/14 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nJMW1402928174 BOPCO, L.P. Major Produced Water Release 1/7/14 Crude Oil 3 0 3 BBL Human Error Eddy (15) No No
nGRL1403735975 APACHE CORPORATION Minor Produced Water Release 1/7/14 Produced Water 5 4 1 BBL Freeze Lea (25) No No
nTO1426741065 Maverick Permian LLC Minor Oil Release 1/6/14 Crude Oil 8 1 7 BBL Freeze Lea (25) No No
nJMW1403048842 OXY USA INC Major Produced Water Release 1/6/14 Produced Water 122 120 2 BBL Equipment Failure Eddy (15) No No
nJMW1402429852 LINN OPERATING, LLC. Minor Oil Release 1/6/14 Crude Oil 20 10 10 BBL Human Error Eddy (15) No No
nKJ1605034869 OXY USA INC Minor Produced Water Release 1/5/14 Crude Oil 3 3 0 BBL Equipment Failure Lea (25) No No
nJMW1402855518 BOPCO, L.P. Major Oil Release 1/5/14 Crude Oil 29 20 9 BBL Equipment Failure Eddy (15) No No
nKJ1605034869 OXY USA INC Minor Produced Water Release 1/5/14 Produced Water 12 10 2 BBL Equipment Failure Lea (25) No No
nJMW1402855518 BOPCO, L.P. Major Oil Release 1/5/14 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nJMW1402854370 BOPCO, L.P. Minor Produced Water Release 1/5/14 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nJMW1402854370 BOPCO, L.P. Minor Produced Water Release 1/5/14 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nJMW1402351821 EOG Y RESOURCES, INC. Major Oil Release 1/4/14 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nJMW1402351821 EOG Y RESOURCES, INC. Major Oil Release 1/4/14 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nHMP1409135761 EOG Y RESOURCES, INC. Minor Oil Release 1/3/14 Crude Oil 10 8 2 BBL Human Error Eddy (15) No No
nJMW1402956756 Spur Energy Partners LLC Major Produced Water Release 1/2/14 Produced Water 50 40 10 BBL Human Error Eddy (15) No No
nCS1411450148 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 1/2/14 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nJMW1402142800 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 1/1/14 Produced Water 800 720 80 BBL Equipment Failure Eddy (15) No No
nJMW1401633911 Spur Energy Partners LLC Minor Oil Release 12/31/13 Crude Oil 12 11 1 BBL Equipment Failure Eddy (15) No No
nHMP1409234972 OWL SWD OPERATING, LLC Major Produced Water Release 12/31/13 Produced Water 90 90 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nGRL1409350654 JOHN H HENDRIX CORP Major Oil Release 12/31/13 Crude Oil 130 80 50 BBL Corrosion Lea (25) No No
nJMW1401633911 Spur Energy Partners LLC Minor Oil Release 12/31/13 Produced Water 3 2 1 BBL Equipment Failure Eddy (15) No No
nGRL1401527030 RICE OPERATING COMPANY Major Produced Water Release 12/31/13 Produced Water 60 20 40 BBL Freeze Lea (25) No No
nJMW1401630480 SOLARIS WATER MIDSTREAM, LLC Minor Produced Water Release 12/30/13 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nJK1424756324 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/30/13 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No

nJK1416931138
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 12/30/13 Produced Water 6 0 6 BBL Freeze San Juan (45) No No

nCS1424852465 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 12/30/13 Condensate 7 2 5 BBL Freeze San Juan (45) No No
nCS1426847986 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/30/13 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nCS1424852465 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 12/30/13 Produced Water 6 0 6 BBL Freeze San Juan (45) No No

nJK1416931138
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 12/30/13 Crude Oil 7 2 5 BBL Freeze San Juan (45) No No

nJMW1402931073 Permian Resources Operating, LLC Major Produced Water Release 12/29/13 Produced Water 70 2 68 BBL Equipment Failure Eddy (15) No No
nJMW1402151156 Silverback Operating II, LLC Major Produced Water Release 12/28/13 Produced Water 33 0 33 BBL Human Error Eddy (15) No No
nJMW1402151156 Silverback Operating II, LLC Major Produced Water Release 12/28/13 Crude Oil 7 0 7 BBL Human Error Eddy (15) No No

nJK1424826772
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 12/27/13 Produced Water 25 23 2 BBL Equipment Failure San Juan (45) No No

nJXK1535046286 EOG Y RESOURCES, INC. Major Produced Water Release 12/27/13 Produced Water 220 200 20 BBL Other Lea (25) No No
nJMW1401637206 Spur Energy Partners LLC Minor Oil Release 12/27/13 Crude Oil 8 7 1 BBL Equipment Failure Eddy (15) No No
nJK1425426813 SIMCOE LLC Major Oil Release 12/27/13 Condensate 70 0 70 BBL Freeze San Juan (45) No No

nJK1425156343
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 12/27/13 Produced Water 25 23 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nCS1424837712 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 12/27/13 Produced Water 13 10 3 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1411540964 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 12/27/13 Produced Water 12 10 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1424730720 SIMCOE LLC Major Oil Release 12/27/13 Condensate 70 0 70 BBL Freeze San Juan (45) No No
nJK1425426813 SIMCOE LLC Major Oil Release 12/27/13 Produced Water 4 0 4 BBL Freeze San Juan (45) No No
nJMW1401637206 Spur Energy Partners LLC Minor Oil Release 12/27/13 Produced Water 1 1 0 BBL Equipment Failure Eddy (15) No No
nCS1424730720 SIMCOE LLC Major Oil Release 12/27/13 Produced Water 5 0 5 BBL Freeze San Juan (45) No No
nJMW1400848180 LINN OPERATING, LLC. Major Produced Water Release 12/27/13 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nJMW1402356052 EOG Y RESOURCES, INC. Major Oil Release 12/26/13 Crude Oil 50 35 15 BBL Equipment Failure Eddy (15) No No
nJK1416931595 LOGOS OPERATING, LLC Produced Water Release 12/26/13 Produced Water 4 4 0 BBL Other Sandoval (43) No No
nTO1419256262 Maverick Permian LLC Major Other 12/26/13 Other (Specify) 31 30 1 BBL Equipment Failure Lea (25) No No
nJK1509654675 LOGOS OPERATING, LLC Produced Water Release 12/26/13 Other (Specify) 4 4 0 BBL Equipment Failure Sandoval (43) No No
nJMW1401753430 Spur Energy Partners LLC Major Produced Water Release 12/25/13 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nJMW1402934481 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 12/25/13 Produced Water 64 59 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1400340759 BOPCO, L.P. Major Produced Water Release 12/25/13 Produced Water 180 100 80 BBL Equipment Failure Eddy (15) No No
nJMW1402934481 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 12/25/13 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1400327833 ALAMO PERMIAN RESOURCES, LLC Major Produced Water Release 12/24/13 Produced Water 30 25 5 BBL Equipment Failure Eddy (15) No No
nJMW1402129082 COG OPERATING LLC Major Produced Water Release 12/24/13 Produced Water 30 28 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1402129082 COG OPERATING LLC Major Produced Water Release 12/24/13 Crude Oil 10 8 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1400335161 BOPCO, L.P. Major Produced Water Release 12/22/13 Produced Water 100 0 100 BBL Human Error Eddy (15) No No
nJMW1402138673 OXY USA INC Major Oil Release 12/21/13 Crude Oil 90 80 10 BBL Equipment Failure Eddy (15) No No
nCS1411135662 WESTERN REFINING COMPANY, L.P. Minor Oil Release 12/21/13 Crude Oil 15 13 2 BBL Equipment Failure Sandoval (43) No No
nJK1424738670 CONOCOPHILLIPS COMPANY Minor Oil Release 12/20/13 Crude Oil 20 0 20 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1402149370 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 12/20/13 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nJK1410142647 CONOCOPHILLIPS COMPANY Minor Oil Release 12/20/13 Condensate 20 0 20 BBL Corrosion San Juan (45) No No
nJMW1400742612 APACHE CORPORATION Minor Produced Water Release 12/19/13 Produced Water 6 1 5 BBL Equipment Failure Eddy (15) No No
nKJ1603528944 OXY USA INC Major Produced Water Release 12/19/13 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nTO1422031463 Maverick Permian LLC Major Produced Water Release 12/19/13 Produced Water 573 440 133 BBL Equipment Failure Lea (25) No No
nKJ1603528944 OXY USA INC Major Produced Water Release 12/19/13 Produced Water 526 170 356 BBL Corrosion Lea (25) No No
nJMW1400742612 APACHE CORPORATION Minor Produced Water Release 12/19/13 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nCS1412626611 DUGAN PRODUCTION CORP Produced Water Release 12/18/13 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nCS1411556685 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 12/17/13 Produced Water 33 0 33 BBL Equipment Failure San Juan (45) No No
nJMW1335356548 Spur Energy Partners LLC Major Oil Release 12/17/13 Crude Oil 45 45 0 BBL Equipment Failure Eddy (15) No No
nJMW1400740827 APACHE CORPORATION Major Produced Water Release 12/17/13 Brine Water 27 0 27 BBL Normal Operations Eddy (15) No No
nJMW1335356548 Spur Energy Partners LLC Major Oil Release 12/17/13 Produced Water 45 45 0 BBL Equipment Failure Eddy (15) No No

nJK1410139416
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 12/17/13 Produced Water 33 0 33 BBL Corrosion San Juan (45) No No

nCS1411850131 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/17/13 Natural Gas Liquids 0 0 0 BBL Freeze Rio Arriba (39) No No
nCS1426835272 CONOCOPHILLIPS COMPANY Release Other 12/17/13 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1433853136 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 12/17/13 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nJK1416930295 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/17/13 Condensate 0 0 0 BBL Freeze Rio Arriba (39) No No
nJMW1400740827 APACHE CORPORATION Major Produced Water Release 12/17/13 Crude Oil 3 0 3 BBL Normal Operations Eddy (15) No No
nJK1416929917 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 12/17/13 Other (Specify) 0 0 0 BBL Freeze San Juan (45) No No
nCS1411853607 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 12/17/13 Crude Oil 0 0 0 BBL Freeze San Juan (45) No No
nHMP1409224400 BURNETT OIL CO INC Major Produced Water Release 12/17/13 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nCS1411853607 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 12/17/13 Other (Specify) 0 0 0 BBL Freeze San Juan (45) No No
nJK1416929917 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 12/17/13 Condensate 0 0 0 BBL Freeze San Juan (45) No No
nHMP1409224400 BURNETT OIL CO INC Major Produced Water Release 12/17/13 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nJK1416929917 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 12/17/13 0 0 0 BBL San Juan (45) No No
nJMW1400241816 BOPCO, L.P. Major Produced Water Release 12/16/13 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nCS1414932061 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/16/13 Natural Gas Liquids 5 0 5 BBL Freeze Rio Arriba (39) No No
nCS1510354816 XTO ENERGY, INC Other 12/16/13 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
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nJMW1400241816 BOPCO, L.P. Major Produced Water Release 12/16/13 Produced Water 38 29 9 BBL Equipment Failure Eddy (15) No No
nJK1416933715 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 12/16/13 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJK1416933715 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 12/16/13 Crude Oil 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJMW1400255460 APACHE CORPORATION Major Produced Water Release 12/15/13 Produced Water 20 17 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1400255460 APACHE CORPORATION Major Produced Water Release 12/15/13 Crude Oil 5 3 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nJK1410139035
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 12/14/13 Crude Oil 378 195 183 BBL Freeze San Juan (45) No No

nCS1417456050 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 12/14/13 Crude Oil 379 195 184 BBL Freeze San Juan (45) No No

nJK1410139035
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 12/14/13 Produced Water 14 0 14 BBL Freeze San Juan (45) No No

nCS1417456050 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 12/14/13 Produced Water 15 0 15 BBL Freeze San Juan (45) No No
nCS1411448874 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 12/14/13 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nJMW1400348209 Permian Resources Operating, LLC Major Oil Release 12/13/13 Crude Oil 440 270 170 BBL Equipment Failure Eddy (15) No No
nJMW1400251866 EOG Y RESOURCES, INC. Minor Produced Water Release 12/13/13 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nCS1412626230 BURLINGTON RESOURCES OIL & GAS CO Oil Release 12/13/13 Crude Oil 0 0 0 BBL San Juan (45) No No
nCS1411452037 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/13/13 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nCS1433850624 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 12/13/13 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nJMW1400251866 EOG Y RESOURCES, INC. Minor Produced Water Release 12/13/13 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nJK1416934603 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/13/13 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nJK1416934063 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/13/13 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nTO1428343576 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/13/13 Produced Water 25 0 25 BBL Human Error Lea (25) No No
nJMW1335338341 GERONIMO SWD LLC Major Produced Water Release 12/12/13 Produced Water 150 100 50 BBL Equipment Failure Eddy (15) No No
nJMW1335341610 RILEY PERMIAN OPERATING COMPANY, LLC Minor Oil Release 12/12/13 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nJK1410148554 SIMCOE LLC Major Produced Water Release 12/12/13 Produced Water 140 140 0 BBL Freeze San Juan (45) No No
nTO1428340432 Maverick Permian LLC Minor Produced Water Release 12/12/13 Produced Water 21 0 21 BBL Equipment Failure Lea (25) No No
nJK1416934372 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/12/13 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nJK1424751603 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 12/12/13 Condensate 350 350 0 BBL Human Error San Juan (45) No No
nTO1423935780 BXP Operating, LLC Minor Produced Water Release 12/11/13 Produced Water 5 3 2 BBL Equipment Failure Lea (25) No No

nJK1410139603
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 12/11/13 Crude Oil 94 0 94 BBL Corrosion San Juan (45) No No

nCS1413527971 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 12/11/13 Crude Oil 94 0 94 BBL Corrosion San Juan (45) No No
nGRL1404153249 EXXON MOBIL CORPORATION Major Oil Release 12/11/13 Crude Oil 360 0 360 BBL Normal Operations Lea (25) No No
nGRL1404153601 EXXON MOBIL CORPORATION Major Oil Release 12/11/13 Crude Oil 360 0 360 BBL Normal Operations Lea (25) No No
nTO1422334385 J R OIL, LTD. CO. Major Produced Water Release 12/10/13 Produced Water 80 0 80 BBL Equipment Failure Lea (25) No No
nCS1424729700 ENTERPRISE PRODUCTS OPERATING, LLC Major Fire 12/10/13 Glycol 5 0 5 BBL Fire San Juan (45) No No
nJMW1335433872 FRONTIER FIELD SERVICES, LLC Major Produced Water Release 12/10/13 Produced Water 73 70 3 BBL Human Error Eddy (15) No No

nJK1416934944
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 12/10/13 Lube Oil 6 6 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1335350738 EOG Y RESOURCES, INC. Minor Oil Release 12/9/13 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nJK1424748692 CHUZA OIL COMPANY Oil Release 12/9/13 Crude Oil 4 2 2 BBL Freeze San Juan (45) No No
nCS1421136422 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 12/9/13 Natural Gas Liquids 40 0 40 BBL Corrosion San Juan (45) No No
nJXK1535156357 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 12/9/13 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nJXK1535156357 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 12/9/13 Crude Oil 6 0 6 BBL Equipment Failure Lea (25) No No
nJK1424748692 CHUZA OIL COMPANY Oil Release 12/9/13 Produced Water 0 0 0 BBL Freeze San Juan (45) No No
nCS1424540272 CHUZA OIL COMPANY Minor Oil Release 12/9/13 Crude Oil 5 0 5 BBL Freeze San Juan (45) No No
nCS1412253118 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/9/13 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nJMW1400247338 COG OPERATING LLC Major Produced Water Release 12/8/13 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nJMW1334452660 OXY USA INC Major Release Other 12/8/13 Produced Water 200 160 40 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1416929497 Ovintiv USA Inc. Minor Oil Release 12/8/13 Crude Oil 20 15 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nAB1431430652 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 12/8/13 Crude Oil 280 80 200 BBL Equipment Failure Eddy (15) No No
nAB1431435268 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 12/8/13 Crude Oil 280 80 200 BBL Equipment Failure Eddy (15) No No
nJMW1400247338 COG OPERATING LLC Major Produced Water Release 12/8/13 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nTO1423043689 CONOCOPHILLIPS COMPANY Minor Produced Water Release 12/7/13 Produced Water 24 0 24 BBL Corrosion Lea (25) No No
nJMW1400249936 OXY USA INC Minor Oil Release 12/7/13 Crude Oil 15 0 15 BBL Human Error Eddy (15) No No
nJMW1334339872 BOPCO, L.P. Major Oil Release 12/6/13 Crude Oil 270 220 50 BBL Human Error Eddy (15) No No

nJK1410147977
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 12/5/13 Produced Water 5 4 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJMW1335256451 Spur Energy Partners LLC Minor Produced Water Release 12/5/13 Produced Water 10 9 1 BBL Corrosion Eddy (15) No No
nCS1415329057 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 12/5/13 Produced Water 5 4 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1334450049 BURNETT OIL CO INC Major Oil Release 12/5/13 Crude Oil 40 35 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1415329057 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 12/5/13 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1335337210 COG OPERATING LLC Major Oil Release 12/5/13 Crude Oil 15 10 5 BBL Equipment Failure Eddy (15) No No
nJMW1335337210 COG OPERATING LLC Major Oil Release 12/5/13 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nJMW1334342099 BOPCO, L.P. Major Produced Water Release 12/4/13 Produced Water 68 65 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1334342099 BOPCO, L.P. Major Produced Water Release 12/4/13 Crude Oil 10 7 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1409454633 BP AMERICA PRODUCTION COMPANY Major Fire 12/3/13 Lube Oil 0 0 0 BBL Fire San Juan (45) No No
nJMW1334731295 EOG Y RESOURCES, INC. Major Produced Water Release 12/3/13 Produced Water 100 50 50 BBL Equipment Failure Eddy (15) No No
nJMW1400232920 CHEVRON U S A INC Minor Produced Water Release 12/3/13 Produced Water 12 10 2 BBL Equipment Failure Eddy (15) No No
nJMW1334731295 EOG Y RESOURCES, INC. Major Produced Water Release 12/3/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nGRL1404152428 EXXON MOBIL CORPORATION Major Oil Release 12/3/13 Crude Oil 360 0 360 BBL Normal Operations Lea (25) No No
nJMW1335253463 COG OPERATING LLC Minor Oil Release 12/2/13 Crude Oil 9 0 9 BBL Equipment Failure Eddy (15) No No
nJMW1334440905 CHEVRON U S A INC Major Produced Water Release 12/2/13 Produced Water 80 60 20 BBL Equipment Failure Eddy (15) No No
nJK1410533966 WESTERN REFINING COMPANY, L.P. Minor Release Other 12/2/13 Other (Specify) 20 0 20 BBL Equipment Failure Sandoval (43) No No
nJMW1334442350 CHEVRON U S A INC Major Produced Water Release 12/1/13 Produced Water 181 170 11 BBL Equipment Failure Eddy (15) No No
nTO1424538247 MorningStar Operating LLC Minor Produced Water Release 11/30/13 Produced Water 19 18 1 BBL Equipment Failure Lea (25) No No
nJMW1335334951 COG OPERATING LLC Major Oil Release 11/30/13 Crude Oil 30 20 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1334728810 Spur Energy Partners LLC Minor Produced Water Release 11/30/13 Produced Water 12 10 2 BBL Equipment Failure Eddy (15) No No
nJMW1335332670 Spur Energy Partners LLC Major Produced Water Release 11/30/13 Produced Water 34 20 14 BBL Equipment Failure Eddy (15) No No
nJMW1334655913 COG OPERATING LLC Minor Produced Water Release 11/29/13 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nJMW1334655913 COG OPERATING LLC Minor Produced Water Release 11/29/13 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nSAD1416836408 APACHE CORPORATION Major Other 11/27/13 Brine Water 50 0 50 BBL Human Error Lea (25) No No
nJMW1334640687 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 11/27/13 Condensate 40 0 40 BBL Corrosion Eddy (15) No No
nJK1410138797 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 11/27/13 Produced Water 18 0 18 BBL Corrosion San Juan (45) No No
nJMW1334732534 CIMAREX ENERGY CO. Minor Produced Water Release 11/26/13 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nJK1531025558 WESTERN REFINING PIPELINE LLC Major Release Other 11/26/13 Other (Specify) 410 0 410 BBL Human Error Sandoval (43) No No
nJK1410137996 DUGAN PRODUCTION CORP Major Oil Release 11/26/13 Crude Oil 300 122 178 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1334648160 COG OPERATING LLC Major Produced Water Release 11/26/13 Produced Water 85 35 50 BBL Corrosion Eddy (15) No No
nTO1422557350 Maverick Permian LLC Minor Produced Water Release 11/26/13 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nJK1409456320 DUGAN PRODUCTION CORP Major Oil Release 11/26/13 Crude Oil 300 122 178 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1333053660 BOPCO, L.P. Minor Produced Water Release 11/25/13 Crude Oil 6 3 3 BBL Equipment Failure Eddy (15) No No
nJMW1333053660 BOPCO, L.P. Minor Produced Water Release 11/25/13 Produced Water 15 2 13 BBL Equipment Failure Eddy (15) No No
nJMW1334331071 COG PRODUCTION, LLC Minor Produced Water Release 11/24/13 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nJMW1334331071 COG PRODUCTION, LLC Minor Produced Water Release 11/24/13 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nGRL1403735137 OCCIDENTAL PERMIAN LTD Major Produced Water Release 11/23/13 Produced Water 80 5 75 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJMW1333051310 BOPCO, L.P. Major Produced Water Release 11/22/13 Produced Water 4257 4207 50 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1333051310 BOPCO, L.P. Major Produced Water Release 11/22/13 Crude Oil 10 7 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
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nJK1410535135 XTO ENERGY, INC Oil Release 11/21/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nJK1402352588 DOMINION PRODUCTION COMPANY, LLC Major Produced Water Release 11/20/13 Produced Water 30 30 0 BBL Equipment Failure McKinley (31) No No
nGRL1403734829 FAE II Operating LLC Minor Oil Release 11/20/13 Crude Oil 10 0 10 BBL Corrosion Lea (25) No No
nJK1402352195 DOMINION PRODUCTION COMPANY, LLC Minor Produced Water Release 11/20/13 Produced Water 5 0 5 BBL Equipment Failure McKinley (31) No No
nJMW1334329814 OXY USA INC Minor Produced Water Release 11/20/13 Produced Water 15 0 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1334328333 COG OPERATING LLC Major Produced Water Release 11/19/13 Produced Water 100 0 100 BBL Corrosion Eddy (15) No No
nJMW1333652776 Spur Energy Partners LLC Major Produced Water Release 11/19/13 Produced Water 54 15 39 BBL Human Error Eddy (15) No No
nJMW1333732040 APACHE CORPORATION Major Oil Release 11/19/13 Crude Oil 25 22 3 BBL Equipment Failure Eddy (15) No No
nJMW1333732040 APACHE CORPORATION Major Oil Release 11/19/13 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nJMW1333031416 BOPCO, L.P. Major Produced Water Release 11/18/13 Produced Water 65 15 50 BBL Equipment Failure Eddy (15) No No
nSAD1416839341 APACHE CORPORATION Minor Produced Water Release 11/18/13 Produced Water 4 2 2 BBL Equipment Failure Lea (25) No No
nSAD1416839341 APACHE CORPORATION Minor Produced Water Release 11/18/13 Crude Oil 4 2 2 BBL Equipment Failure Lea (25) No No
nJMW1334052817 OXY USA INC Major Produced Water Release 11/17/13 Produced Water 45 40 5 BBL Equipment Failure Eddy (15) No No
nJMW1333029835 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 11/16/13 Crude Oil 60 50 10 BBL Equipment Failure Eddy (15) No No
nAB1530752119 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 11/15/13 Natural Gas Liquids 5 0 5 BBL Equipment Failure Eddy (15) No No
nJMW1332356226 APACHE CORPORATION Major Produced Water Release 11/14/13 Produced Water 60 55 5 BBL Equipment Failure Eddy (15) No No
nJMW1333037772 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 11/14/13 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nJMW1332952476 NEARBURG PRODUCING CO Major Oil Release 11/13/13 Crude Oil 40 6 34 BBL Equipment Failure Eddy (15) No No
nTO1424541014 CHEVRON MIDCONTINENT, L.P. Minor Produced Water Release 11/13/13 Produced Water 11 0 11 BBL Blow Out Lea (25) No No
nCS1431638463 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 11/13/13 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJMW1332952476 NEARBURG PRODUCING CO Major Oil Release 11/13/13 Produced Water 40 6 34 BBL Equipment Failure Eddy (15) No No
nCS1510348739 BURLINGTON RESOURCES OIL & GAS CO Oil Release 11/12/13 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nCS1424733420 CONOCOPHILLIPS COMPANY Major Produced Water Release 11/12/13 Produced Water 26 25 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1333055256 CONOCOPHILLIPS COMPANY Major Produced Water Release 11/12/13 Produced Water 26 25 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1331842147 ALAMO PERMIAN RESOURCES, LLC Minor Oil Release 11/12/13 Crude Oil 15 11 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1431653643 SIMCOE LLC Oil Release 11/12/13 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nJMW1334048783 OXY USA INC Major Produced Water Release 11/11/13 Produced Water 45 30 15 BBL Equipment Failure Eddy (15) No No
nJMW1333735580 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 11/11/13 Condensate 4 0 4 BBL Corrosion Eddy (15) No No
nJMW1332340616 MESQUITE SWD, INC Major Produced Water Release 11/10/13 Produced Water 50 40 10 BBL Equipment Failure Eddy (15) No No
nJMW1332342975 Spur Energy Partners LLC Minor Produced Water Release 11/9/13 Produced Water 8 2 6 BBL Equipment Failure Eddy (15) No No
nTO1424537473 MorningStar Operating LLC Minor Produced Water Release 11/9/13 Produced Water 14 0 14 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nTO1424537473 MorningStar Operating LLC Minor Produced Water Release 11/9/13 Crude Oil 3 0 3 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJMW1333029059 BXP Operating, LLC Major Produced Water Release 11/8/13 Produced Water 81 55 26 BBL Corrosion Eddy (15) No No
nJMW1331839481 BXP Operating, LLC Minor Produced Water Release 11/7/13 Produced Water 8 8 0 BBL Human Error Eddy (15) No No
nJK1421756319 XTO ENERGY, INC Produced Water Release 11/6/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1407029586 LINN OPERATING, LLC. Minor Produced Water Release 11/6/13 Produced Water 6 3 3 BBL Equipment Failure Eddy (15) No No
nJMW1333033975 EOG Y RESOURCES, INC. Major Produced Water Release 11/6/13 Produced Water 80 0 80 BBL Other Eddy (15) No No
nJMW1331940873 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/6/13 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nJMW1333033975 EOG Y RESOURCES, INC. Major Produced Water Release 11/6/13 Crude Oil 20 0 20 BBL Other Eddy (15) No No
nJMW1331828390 Spur Energy Partners LLC Minor Produced Water Release 11/4/13 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nJK1333053739 Ovintiv USA Inc. Release Other 11/4/13 Diesel 15 15 0 GAL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nCS1424750350 CONOCOPHILLIPS COMPANY Oil Release 11/4/13 Condensate 0 0 0 BBL San Juan (45) No No
nJK1424754534 HILCORP ENERGY COMPANY Minor Produced Water Release 11/4/13 Produced Water 14 11 3 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1333639525 EOG Y RESOURCES, INC. Major Produced Water Release 11/4/13 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nAB1518246003 OXY USA INC Major Other 11/4/13 B.S. & W. 108 80 28 BBL Equipment Failure Eddy (15) No No
nJMW1331933586 REMUDA ENERGY TRANSPORTATION, LLC Major Oil Release 11/4/13 Crude Oil 158 14 144 BBL Vehicular Accident Eddy (15) No No
nJMW1331828390 Spur Energy Partners LLC Minor Produced Water Release 11/4/13 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nJMW1331831899 Silverback Operating II, LLC Produced Water Release 11/2/13 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nTO1420556723 PRIMEXX OPERATING CORPORATION Major Produced Water Release 11/2/13 Produced Water 1200 1094 106 BBL Equipment Failure Lea (25) No No
nJMW1331740377 Spur Energy Partners LLC Major Produced Water Release 11/1/13 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nJMW1331740377 Spur Energy Partners LLC Major Produced Water Release 11/1/13 Produced Water 30 29 1 BBL Equipment Failure Eddy (15) No No
nJMW1332641132 EOG Y RESOURCES, INC. Major Produced Water Release 10/31/13 Produced Water 65 10 55 BBL Equipment Failure Eddy (15) No No
nJMW1335329102 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 10/31/13 Produced Water 2247 1987 260 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nJK1410142071
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 10/31/13 Crude Oil 13 0 13 BBL Equipment Failure San Juan (45) No No

nJK1423953641
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 10/31/13 Crude Oil 13 0 13 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1332641132 EOG Y RESOURCES, INC. Major Produced Water Release 10/31/13 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nJMW1331951983 EOG Y RESOURCES, INC. Minor Oil Release 10/30/13 Crude Oil 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1330549623 BOPCO, L.P. Major Produced Water Release 10/29/13 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nJMW1331739314 COG PRODUCTION, LLC Major Oil Release 10/29/13 Crude Oil 125 110 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1331827039 BAM Permian Operating, LLC Minor Produced Water Release 10/29/13 Produced Water 4 3 1 BBL Equipment Failure Eddy (15) No No
nJK1416928984 XTO ENERGY, INC Produced Water Release 10/29/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1331827039 BAM Permian Operating, LLC Minor Produced Water Release 10/29/13 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nJXK1535155338 OXY USA INC Minor Produced Water Release 10/28/13 Produced Water 18 18 0 BBL Equipment Failure Lea (25) No No

nJK1333054347
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 10/28/13 Produced Water 11 10 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1330829263 BOPCO, L.P. Minor Produced Water Release 10/28/13 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nJXK1535155338 OXY USA INC Minor Produced Water Release 10/28/13 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No

nJK1424826036
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 10/28/13 Produced Water 11 10 1 BBL Human Error San Juan (45) No No

nJMW1331729774 Spur Energy Partners LLC Major Produced Water Release 10/27/13 Produced Water 510 459 51 BBL Equipment Failure Eddy (15) No No
nJMW1330950433 EOG Y RESOURCES, INC. Major Produced Water Release 10/27/13 Produced Water 3200 480 2720 BBL Equipment Failure Eddy (15) No No
nJMW1331729774 Spur Energy Partners LLC Major Produced Water Release 10/27/13 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nJMW1330950433 EOG Y RESOURCES, INC. Major Produced Water Release 10/27/13 Crude Oil 50 30 20 BBL Equipment Failure Eddy (15) No No
nJMW1331649742 Spur Energy Partners LLC Minor Produced Water Release 10/26/13 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nJMW1334333986 Spur Energy Partners LLC Minor Produced Water Release 10/26/13 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nJK1424742797 WESTERN REFINING COMPANY, L.P. Minor Release Other 10/26/13 Other (Specify) 5 0 5 BBL Other Sandoval (43) No No
nJMW1334333986 Spur Energy Partners LLC Minor Produced Water Release 10/26/13 Produced Water 10 6 4 BBL Equipment Failure Eddy (15) No No
nJMW1331649742 Spur Energy Partners LLC Minor Produced Water Release 10/26/13 Produced Water 10 6 4 BBL Equipment Failure Eddy (15) No No
nJMW1330440701 Spur Energy Partners LLC Minor Oil Release 10/25/13 Crude Oil 20 15 5 BBL Equipment Failure Eddy (15) No No
nKJ1603531131 Empire New Mexico LLC Minor Oil Release 10/25/13 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nGRL1416055632 APACHE CORPORATION Minor Produced Water Release 10/25/13 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nJK1510055970 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 10/24/13 Crude Oil 380 380 0 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nJMW1330447653 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 10/24/13 Crude Oil 110 100 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1333852316 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 10/24/13 Crude Oil 380 380 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1423953933
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 10/22/13 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No

nCS1416350344 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 10/22/13 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nJK1423952566 SIMCOE LLC Oil Release 10/22/13 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1331048065 CHEVRON U S A INC Minor Produced Water Release 10/22/13 Produced Water 9 0 9 BBL Human Error Eddy (15) No No
nJMW1332352410 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 10/22/13 Produced Water 12 10 2 BBL Equipment Failure Eddy (15) No No
nJK1410142875 CONOCOPHILLIPS COMPANY Major Produced Water Release 10/21/13 Produced Water 64 60 4 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1331130981 CONOCOPHILLIPS COMPANY Major Produced Water Release 10/21/13 Produced Water 64 60 4 BBL Equipment Failure Rio Arriba (39) No No
nJMW1330251135 Spur Energy Partners LLC Minor Oil Release 10/21/13 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nJMW1330251135 Spur Energy Partners LLC Minor Oil Release 10/21/13 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
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nJMW1330530079 EOG Y RESOURCES, INC. Minor Produced Water Release 10/20/13 Produced Water 22 20 2 BBL Equipment Failure Eddy (15) No No
nSAD1416835750 APACHE CORPORATION Minor Oil Release 10/19/13 Crude Oil 15 10 5 BBL Equipment Failure Lea (25) No No
nJMW1329539444 HOLLY ENERGY PARTNERS, LP Minor Oil Release 10/18/13 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nCS1425133417 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 10/18/13 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nJMW1330538809 Spur Energy Partners LLC Minor Produced Water Release 10/17/13 Produced Water 10 8 2 BBL Corrosion Eddy (15) No No
nCS1423941540 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 10/17/13 Natural Gas Liquids 10 0 10 BBL Corrosion Rio Arriba (39) No No
nJMW1330538809 Spur Energy Partners LLC Minor Produced Water Release 10/17/13 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No

nJK1331132684
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 10/17/13 Produced Water 9 0 9 BBL Corrosion Rio Arriba (39) No No

nJMW1329151283 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 10/16/13 Crude Oil 50 41 9 BBL Corrosion Eddy (15) No No
nJXK1535043449 BC OPERATING, INC. Major Produced Water Release 10/15/13 Crude Oil 215 0 215 BBL Lightning Lea (25) No No
nJXK1535043449 BC OPERATING, INC. Major Produced Water Release 10/15/13 Produced Water 120 0 120 BBL Lightning Lea (25) No No
nJMW1329034197 LINN OPERATING, LLC. Minor Produced Water Release 10/14/13 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJK1424754079 CONOCOPHILLIPS COMPANY Oil Release 10/14/13 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1329535062 CENTURION PIPELINE L.P. Major Oil Release 10/14/13 Crude Oil 60 40 20 BBL Equipment Failure Eddy (15) No No
nTO1421946491 Maverick Permian LLC Minor Produced Water Release 10/11/13 Produced Water 15 13 2 BBL Equipment Failure Lea (25) No No
nSAD1417753775 APACHE CORPORATION Minor Oil Release 10/11/13 Crude Oil 13 5 8 BBL Equipment Failure Lea (25) No No
nTO1421946190 Maverick Permian LLC Minor Produced Water Release 10/11/13 Produced Water 14 10 4 BBL Equipment Failure Lea (25) No No
nGRL1416057420 APACHE CORPORATION Oil Release 10/11/13 Crude Oil 1 0 0 BBL Lea (25) No No
nJMW1330453408 Silverback Operating II, LLC Minor Oil Release 10/10/13 Crude Oil 4 4 0 BBL Equipment Failure Eddy (15) No No
nJMW1330453408 Silverback Operating II, LLC Minor Oil Release 10/10/13 Produced Water 1 1 0 BBL Equipment Failure Eddy (15) No No
nJMW1332348624 BAM Permian Operating, LLC Major Produced Water Release 10/9/13 Crude Oil 15 10 5 BBL Equipment Failure Eddy (15) No No
nHMP1413427828 LINN OPERATING, LLC. Minor Produced Water Release 10/9/13 Produced Water 4 0 4 BBL Eddy (15) No No
nJMW1330834781 OLEUM Energy LLC Major Oil Release 10/9/13 Crude Oil 80 0 0 BBL Equipment Failure Eddy (15) No No
nJXK1535554603 COG OPERATING LLC Minor Oil Release 10/9/13 Crude Oil 15 13 2 BBL Equipment Failure Lea (25) No No
nHMP1413427828 LINN OPERATING, LLC. Minor Produced Water Release 10/9/13 Crude Oil 1 0 1 BBL Eddy (15) No No
nJK1431650615 SIMCOE LLC Major Oil Release 10/9/13 Crude Oil 259 242 17 BBL Human Error San Juan (45) No No
nJMW1330834781 OLEUM Energy LLC Major Oil Release 10/9/13 Crude Oil 80 0 80 BBL Equipment Failure Eddy (15) No No
nJK1331133640 SIMCOE LLC Major Oil Release 10/9/13 Crude Oil 259 242 17 BBL Human Error San Juan (45) No No
nJMW1332348624 BAM Permian Operating, LLC Major Produced Water Release 10/9/13 Produced Water 22 10 12 BBL Equipment Failure Eddy (15) No No
nJK1329049819 SIMCOE LLC Oil Release 10/8/13 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKJ1603534622 APACHE CORPORATION Minor Oil Release 10/8/13 Crude Oil 13 7 6 BBL Equipment Failure Lea (25) No No
nGRL1402731023 CRAIN HOT OIL SERVICE, LLC Minor Oil Release 10/8/13 Crude Oil 20 5 15 BBL Overflow - Tank, Pit, Etc. Chaves (05) No No
nCS1413437400 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 10/8/13 Natural Gas Liquids 16 0 16 BBL Corrosion San Juan (45) No No
nJMW1328339979 Spur Energy Partners LLC Major Produced Water Release 10/7/13 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nCS1414152336 SIMCOE LLC Major Oil Release 10/7/13 Condensate 45 20 25 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1329050035 SIMCOE LLC Major Oil Release 10/7/13 Condensate 45 20 25 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1329050035 SIMCOE LLC Major Oil Release 10/7/13 Lube Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nSAD1417754308 APACHE CORPORATION Major Produced Water Release 10/6/13 Produced Water 25 20 5 BBL Corrosion Lea (25) No No
nCS1628046397 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 10/4/13 Produced Water 30 30 0 BBL Equipment Failure Rio Arriba (39) No No
nCS1508241540 SIMCOE LLC Other 10/4/13 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJMW1331041969 LINN OPERATING, LLC. Major Produced Water Release 10/4/13 Produced Water 130 10 120 BBL Equipment Failure Eddy (15) No No
nJMW1328128519 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 10/3/13 Crude Oil 8 1 7 BBL Equipment Failure Eddy (15) No No
nJMW1328128519 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 10/3/13 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nJK1329539679 SIMCOE LLC Major Oil Release 10/2/13 Condensate 85 53 32 BBL Human Error San Juan (45) No No
nJMW1328150819 AMERICO ENERGY RESOURCES LLC Minor Produced Water Release 10/2/13 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nJK1425152668 SIMCOE LLC Major Oil Release 10/2/13 Condensate 85 53 32 BBL Equipment Failure San Juan (45) No No
nJK1329539679 SIMCOE LLC Major Oil Release 10/2/13 Produced Water 0 0 0 BBL Human Error San Juan (45) No No
nSAD1327651507 Contango Resources, LLC Minor Oil Release 10/1/13 Crude Oil 10 10 0 BBL Corrosion Lea (25) No No
nJMW1329035080 OXY USA INC Minor Oil Release 10/1/13 Crude Oil 10 0 10 BBL Other Eddy (15) No No
nTO1424026230 Contango Resources, LLC Minor Oil Release 10/1/13 Crude Oil 10 10 0 BBL Equipment Failure Lea (25) No No
nJMW1329035080 OXY USA INC Minor Oil Release 10/1/13 Produced Water 5 0 5 BBL Other Eddy (15) No No
nJK1424754312 CONOCOPHILLIPS COMPANY Oil Release 10/1/13 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1329042602 WPX ENERGY PRODUCTION, LLC Minor Oil Release 9/30/13 Condensate 10 0 10 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1416956144
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 9/30/13 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1328034788 COG OPERATING LLC Major Produced Water Release 9/30/13 Produced Water 50 35 15 BBL Equipment Failure Eddy (15) No No

nJK1329039762
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 9/30/13 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1334652230 COG OPERATING LLC Major Produced Water Release 9/30/13 Produced Water 50 35 15 BBL Equipment Failure Eddy (15) No No

nJK1416956144
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 9/30/13 Crude Oil 20 18 2 GAL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1329041044 PARKO OIL Major Oil Release 9/30/13 Crude Oil 0 0 0 BBL Other Sandoval (43) Yes No
nAB1428257945 LINN OPERATING, LLC. Produced Water Release 9/30/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJK1329041044 PARKO OIL Major Oil Release 9/30/13 Other (Specify) 200 75 125 BBL Other Sandoval (43) Yes No

nJK1329039762
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 9/30/13 Crude Oil 20 18 2 GAL Overflow - Tank, Pit, Etc. San Juan (45) No No

nAB1428257945 LINN OPERATING, LLC. Produced Water Release 9/30/13 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nJMW1328038365 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 9/29/13 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nJMW1327756448 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/29/13 Produced Water 7 2 5 BBL Equipment Failure Eddy (15) No No
nJMW1328229748 EOG Y RESOURCES, INC. Major Produced Water Release 9/28/13 Produced Water 260 259 1 BBL Equipment Failure Eddy (15) No No
nKJ1607050831 PPC OPERATING COMPANY LLC Major Oil Release 9/27/13 Crude Oil 250 0 250 BBL Equipment Failure Lea (25) No No
nSAD1327749512 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 9/27/13 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nKJ1607050831 PPC OPERATING COMPANY LLC Major Oil Release 9/27/13 Produced Water 250 0 250 BBL Equipment Failure Lea (25) No No
nJMW1327630022 AMERICO ENERGY RESOURCES LLC Produced Water Release 9/26/13 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nJMW1329031870 EOG Y RESOURCES, INC. Minor Oil Release 9/26/13 Crude Oil 7 6 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nSAD1327748443 COG OPERATING LLC Major Produced Water Release 9/26/13 Crude Oil 5 3 2 BBL Corrosion Lea (25) No No
nJMW1327630022 AMERICO ENERGY RESOURCES LLC Produced Water Release 9/26/13 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nJMW1328235186 OXY USA INC Major Produced Water Release 9/26/13 Produced Water 90 0 90 BBL Equipment Failure Eddy (15) No No
nCS1518150466 BP AMERICA PRODUCTION COMPANY Oil Release 9/26/13 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nSAD1327748443 COG OPERATING LLC Major Produced Water Release 9/26/13 Produced Water 250 190 60 BBL Corrosion Lea (25) No No
nCS1518150466 BP AMERICA PRODUCTION COMPANY Oil Release 9/26/13 Produced Water 0 0 0 BBL Other San Juan (45) No No
nSAD1327748443 COG OPERATING LLC Major Produced Water Release 9/26/13 0 0 0 BBL Lea (25) No No
nKJ1604045170 APACHE CORPORATION Major Oil Release 9/24/13 Crude Oil 250 225 25 BBL Equipment Failure Lea (25) No No
nSAD1327746916 OXY USA INC Major Other 9/24/13 Produced Water 35 0 35 BBL Equipment Failure Lea (25) No No
nKJ1604045170 APACHE CORPORATION Major Oil Release 9/24/13 Produced Water 250 225 25 BBL Equipment Failure Lea (25) No No
nSAD1327747566 COG OPERATING LLC Major Oil Release 9/24/13 Crude Oil 10 7 3 BBL Equipment Failure Lea (25) No No
nJMW1327537083 BXP Operating, LLC Minor Oil Release 9/24/13 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nSAD1327747566 COG OPERATING LLC Major Oil Release 9/24/13 Produced Water 30 25 5 BBL Equipment Failure Lea (25) No No
nJK1423954360 SIMCOE LLC Minor Produced Water Release 9/23/13 Produced Water 9 9 0 BBL Other San Juan (45) No No
nJMW1327753065 EOG Y RESOURCES, INC. Minor Produced Water Release 9/23/13 Produced Water 8 5 3 BBL Equipment Failure Eddy (15) No No
nJMW1328031435 EOG Y RESOURCES, INC. Major Produced Water Release 9/22/13 Produced Water 155 128 27 BBL Human Error Eddy (15) No No
nSAD1327742772 BAM Permian Operating, LLC Minor Oil Release 9/22/13 Crude Oil 5 2 3 BBL Equipment Failure Chaves (05) No No
nJMW1328031435 EOG Y RESOURCES, INC. Major Produced Water Release 9/22/13 Crude Oil 25 22 3 BBL Human Error Eddy (15) No No
nJMW1327554238 COG OPERATING LLC Major Produced Water Release 9/22/13 Produced Water 70 0 70 BBL Equipment Failure Eddy (15) No No
nJK1329655530 Pineland Operating Company, LLC Oil Release 9/21/13 Crude Oil 1 0 1 BBL Corrosion San Juan (45) No No

WG Ex. 93

3468



nCS1424728750 Pineland Operating Company, LLC Oil Release 9/21/13 Crude Oil 1 0 1 BBL Corrosion San Juan (45) No No
nJK1329655530 Pineland Operating Company, LLC Oil Release 9/21/13 Produced Water 1 0 1 BBL Corrosion San Juan (45) No No
nCS1424728750 Pineland Operating Company, LLC Oil Release 9/21/13 Produced Water 1 0 1 BBL Corrosion San Juan (45) No No
nJMW1327540609 LINN OPERATING, LLC. Minor Produced Water Release 9/19/13 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nCS1424754491 BURLINGTON RESOURCES OIL & GAS CO Oil Release 9/19/13 Condensate 0 0 0 BBL Rio Arriba (39) No No
nJMW1327540609 LINN OPERATING, LLC. Minor Produced Water Release 9/19/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1332428471 BOPCO, L.P. Minor Produced Water Release 9/19/13 Produced Water 15 5 10 BBL Equipment Failure Eddy (15) No No
nJMW1327548720 BXP Operating, LLC Minor Produced Water Release 9/18/13 Produced Water 12 0 12 BBL Human Error Eddy (15) No No
nJMW1326731985 NADEL AND GUSSMAN HEYCO, LLC Major Oil Release 9/18/13 Crude Oil 297 144 153 BBL Equipment Failure Eddy (15) No No
nTO1424055143 CONOCOPHILLIPS COMPANY Major Produced Water Release 9/17/13 Produced Water 27 1 26 BBL Equipment Failure Lea (25) No No
nJMW1327531915 EOG Y RESOURCES, INC. Minor Produced Water Release 9/17/13 Produced Water 12 10 2 BBL Equipment Failure Eddy (15) No No
nJMW1327531915 EOG Y RESOURCES, INC. Minor Produced Water Release 9/17/13 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nCS1426835854 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/16/13 Produced Water 10 2 8 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCS1426836051 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/16/13 Produced Water 10 2 8 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1401431049 SIMCOE LLC Major Produced Water Release 9/16/13 Produced Water 56 0 56 BBL Other San Juan (45) No No
nJK1329652447 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/16/13 Produced Water 10 2 8 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1326348784 COG OPERATING LLC Major Produced Water Release 9/14/13 Produced Water 80 70 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nAPM2326134114 BXP Operating, LLC Major Oil Release 9/14/13 Crude Oil 40 30 10 BBL Other Lea (25) No No
nJXK1604139044 TORO MINING & MINERALS, INC. Major Oil Release 9/12/13 Crude Oil 48 35 13 BBL Equipment Failure Lea (25) No No
nCS1424732145 BURLINGTON RESOURCES OIL & GAS CO Oil Release 9/12/13 Condensate 0 0 0 BBL Rio Arriba (39) No No
nJMW1326339551 HOLLY ENERGY PARTNERS, LP Minor Oil Release 9/12/13 Crude Oil 8 3 5 BBL Human Error Eddy (15) No No
nJMW1326633972 MEWBOURNE OIL CO Major Produced Water Release 9/12/13 Produced Water 95 0 95 BBL Equipment Failure Eddy (15) Yes No
nJMW1327640141 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 9/12/13 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nJMW1327640141 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 9/12/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1328948353 OXY USA INC Minor Produced Water Release 9/12/13 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nJMW1326350530 LINN OPERATING, LLC. Major Produced Water Release 9/11/13 Produced Water 79 45 34 BBL Equipment Failure Eddy (15) No No
nJK1329652721 SIMCOE LLC Oil Release 9/11/13 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nSAD1326256192 CIMAREX ENERGY CO. OF COLORADO Oil Release 9/11/13 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nJMW1326254699 SOUTHWEST ROYALTIES INC Minor Produced Water Release 9/10/13 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nGRL1326133841 EOG Y RESOURCES, INC. Major Oil Release 9/10/13 Crude Oil 180 178 2 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1424748155 CONOCOPHILLIPS COMPANY Other 9/10/13 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nSAD1416132675 APACHE CORPORATION Major Produced Water Release 9/10/13 Produced Water 70 70 0 BBL Other Lea (25) No No
nJK1331056464 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 9/10/13 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJMW1326254699 SOUTHWEST ROYALTIES INC Minor Produced Water Release 9/10/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJK1331056464 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 9/10/13 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No

nJK1329654427
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 9/9/13 Produced Water 2 0 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1326347736 LINN OPERATING, LLC. Minor Produced Water Release 9/9/13 Produced Water 6 0 6 BBL Human Error Eddy (15) No No
nJXK1606054350 APACHE CORPORATION Produced Water Release 9/9/13 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nJK1331132877 CONOCOPHILLIPS COMPANY Major Produced Water Release 9/9/13 Produced Water 45 40 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1325656033 BOPCO, L.P. Major Produced Water Release 9/9/13 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nCS1410650913 SIMCOE LLC Oil Release 9/9/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nCS1410650169 SIMCOE LLC Oil Release 9/9/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nJK1402351299 DOMINION PRODUCTION COMPANY, LLC Major Produced Water Release 9/9/13 Produced Water 50 40 10 BBL Equipment Failure McKinley (31) No No
nJK1329654643 CONOCOPHILLIPS COMPANY Major Produced Water Release 9/9/13 Produced Water 45 40 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1326347736 LINN OPERATING, LLC. Minor Produced Water Release 9/9/13 Crude Oil 1 0 1 BBL Human Error Eddy (15) No No
nJMW1325656033 BOPCO, L.P. Major Produced Water Release 9/9/13 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nJMW1328952516 OXY USA INC Major Produced Water Release 9/9/13 Produced Water 73 20 53 BBL Corrosion Eddy (15) No No
nSAD1326250540 Benton Crude Oil LLC Minor Produced Water Release 9/9/13 Produced Water 15 13 2 BBL Other Lea (25) No No
nJK1402351299 DOMINION PRODUCTION COMPANY, LLC Major Produced Water Release 9/9/13 Crude Oil 2 0 2 BBL Equipment Failure McKinley (31) No No
nBP1329148089 Ovintiv USA Inc. Major Produced Water Release 9/8/13 Produced Water 25 20 5 BBL Equipment Failure Sandoval (43) No No
nJMW1326252893 BXP Operating, LLC Minor Produced Water Release 9/8/13 Produced Water 4 4 0 BBL Equipment Failure Eddy (15) No No
nBP1329148089 Ovintiv USA Inc. Major Produced Water Release 9/8/13 Other (Specify) 0 0 0 BBL Sandoval (43) No No
nSAD1327648542 VPR OPERATING, LLC Major Oil Release 9/8/13 Crude Oil 184 12 172 BBL Corrosion Lea (25) No No
nJMW1326252893 BXP Operating, LLC Minor Produced Water Release 9/8/13 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nJMW1326238433 Spur Energy Partners LLC Major Oil Release 9/7/13 Crude Oil 30 20 10 BBL Equipment Failure Eddy (15) No No
nJK1325436597 WPX ENERGY PRODUCTION, LLC Oil Release 9/6/13 Crude Oil 10 0 10 GAL Other Rio Arriba (39) No No
nJMW1326331941 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 9/6/13 Condensate 108 0 0 BBL Corrosion Eddy (15) No No
nJK1329654156 WPX ENERGY PRODUCTION, LLC Minor Oil Release 9/6/13 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nJMW1326331941 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 9/6/13 Condensate 108 0 108 BBL Corrosion Eddy (15) No No
nAB1507042062 ENTERPRISE PRODUCTS OPERATING, LLC Major Release Other 9/6/13 Other (Specify) 125 0 125 BBL Equipment Failure Eddy (15) No No
nCS1410654311 BURLINGTON RESOURCES OIL & GAS CO Oil Release 9/6/13 Crude Oil 0 0 0 BBL Other Rio Arriba (39) No No
nCS1412731025 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 9/5/13 Produced Water 60 59 1 BBL Corrosion San Juan (45) No No

nJK1329654855
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 9/5/13 Produced Water 60 59 1 BBL Corrosion San Juan (45) No No

nCS1412731025 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 9/5/13 Crude Oil 2 1 1 BBL Corrosion San Juan (45) No No
nJMW1326036361 COG OPERATING LLC Major Produced Water Release 9/5/13 Produced Water 80 75 5 BBL Equipment Failure Eddy (15) No No

nJK1329654855
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 9/5/13 Crude Oil 2 1 1 BBL Corrosion San Juan (45) No No

nJMW1326048925 COG OPERATING LLC Major Produced Water Release 9/5/13 Produced Water 70 65 5 BBL Equipment Failure Eddy (15) No No
nJMW1326040559 COG OPERATING LLC Major Produced Water Release 9/5/13 Produced Water 25 20 5 BBL Corrosion Eddy (15) No No
nCS1411142604 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 9/4/13 Condensate 10 0 10 BBL Corrosion San Juan (45) No No
nJK1325437610 DUGAN PRODUCTION CORP Oil Release 9/4/13 Crude Oil 0 6 0 BBL Equipment Failure San Juan (45) No No
nJMW1325654006 LINN OPERATING, LLC. Minor Produced Water Release 9/4/13 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nJK1329541249 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 9/4/13 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nJMW1325654006 LINN OPERATING, LLC. Minor Produced Water Release 9/4/13 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nJMW1326251610 COG PRODUCTION, LLC Minor Produced Water Release 9/3/13 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nJMW1324738438 DCP OPERATING COMPANY, LP Minor Natural Gas Release 9/2/13 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nJMW1326354450 EOG RESOURCES INC Minor Produced Water Release 9/1/13 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nJMW1326354450 EOG RESOURCES INC Minor Produced Water Release 9/1/13 Produced Water 10 4 6 BBL Equipment Failure Eddy (15) No No
nJMW1324938778 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 8/30/13 Crude Oil 25 2 23 BBL Blow Out Eddy (15) No No
nJMW1324938778 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 8/30/13 Produced Water 25 2 23 BBL Blow Out Eddy (15) No No
nJMW1325447866 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 8/29/13 Acid 167 82 85 BBL Equipment Failure Eddy (15) No No
nJMW1326329033 PYOTE WELL SERVICE, LLC Major Produced Water Release 8/28/13 Produced Water 60 30 30 BBL Equipment Failure Eddy (15) No No
nJK1325440340 Ovintiv USA Inc. Minor Oil Release 8/28/13 Crude Oil 15 15 0 BBL Equipment Failure San Juan (45) No No
nJMW1324937466 LINN OPERATING, LLC. Major Oil Release 8/27/13 Crude Oil 85 70 15 BBL Equipment Failure Eddy (15) No No
nJMW1324937466 LINN OPERATING, LLC. Major Oil Release 8/27/13 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJMW1324847819 COG OPERATING LLC Minor Produced Water Release 8/26/13 Produced Water 20 10 10 BBL Corrosion Eddy (15) No No

nJK1423952975
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 8/26/13 Produced Water 3 2 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1325439826
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 8/26/13 Produced Water 3 2 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1423952975
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 8/26/13 Crude Oil 2 2 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1325439826
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 8/26/13 Crude Oil 2 2 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
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nJMW1323949781 LINN OPERATING, LLC. Minor Produced Water Release 8/25/13 Produced Water 12 2 10 BBL Equipment Failure Eddy (15) No No
nTO1424536438 MorningStar Operating LLC Major Produced Water Release 8/24/13 Produced Water 87 78 9 BBL Equipment Failure Lea (25) No No
nJMW1326653626 BOPCO, L.P. Major Produced Water Release 8/24/13 Produced Water 50 0 50 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1424732749 BURLINGTON RESOURCES OIL & GAS CO Oil Release 8/22/13 Condensate 0 0 0 BBL Other Rio Arriba (39) No No
nJMW1325536299 XTO PERMIAN OPERATING LLC. Major Produced Water Release 8/21/13 Produced Water 80 60 20 BBL Corrosion Eddy (15) No No
nJMW1324630653 BAM Permian Operating, LLC Minor Produced Water Release 8/21/13 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nJMW1324630653 BAM Permian Operating, LLC Minor Produced Water Release 8/21/13 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nJMW1324856149 FRONTIER FIELD SERVICES, LLC Major Release Other 8/20/13 Other (Specify) 25 0 25 BBL Equipment Failure Eddy (15) No No
nJMW1325449742 BOPCO, L.P. Minor Produced Water Release 8/20/13 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nJXK1621536016 COFER & CO LLC Major Produced Water Release 8/20/13 Produced Water 250 250 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJMW1325449742 BOPCO, L.P. Minor Produced Water Release 8/20/13 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nJK1325438757 CONOCOPHILLIPS COMPANY Major Oil Release 8/19/13 Crude Oil 40 0 40 BBL Corrosion San Juan (45) No No
nJK1402353951 CONOCOPHILLIPS COMPANY Major Oil Release 8/19/13 Crude Oil 40 0 40 BBL Corrosion San Juan (45) No No
nJMW1323850297 MEWBOURNE OIL CO Minor Oil Release 8/19/13 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nJMW1325533286 OXY USA INC Minor Produced Water Release 8/19/13 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nJMW1323840505 LINN OPERATING, LLC. Oil Release 8/18/13 Crude Oil 5 0 5 GAL Equipment Failure Eddy (15) No No
nJMW1323831822 LINN OPERATING, LLC. Produced Water Release 8/18/13 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nJMW1323541848 EOG Y RESOURCES, INC. Minor Produced Water Release 8/17/13 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJMW1323553187 Spur Energy Partners LLC Minor Oil Release 8/17/13 Crude Oil 9 9 0 BBL Equipment Failure Eddy (15) No No
nJMW1323541848 EOG Y RESOURCES, INC. Minor Produced Water Release 8/17/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1323553187 Spur Energy Partners LLC Minor Oil Release 8/17/13 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1323837931 LINN OPERATING, LLC. Produced Water Release 8/16/13 Produced Water 5 0 5 GAL Equipment Failure Eddy (15) No No
nJMW1323833294 LINN OPERATING, LLC. Produced Water Release 8/16/13 Produced Water 20 0 20 GAL Equipment Failure Eddy (15) No No
nJMW1323837931 LINN OPERATING, LLC. Produced Water Release 8/16/13 Crude Oil 5 0 5 GAL Equipment Failure Eddy (15) No No
nSAD1326255401 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 8/16/13 Crude Oil 28 12 16 BBL Human Error Lea (25) No No
nJMW1323833294 LINN OPERATING, LLC. Produced Water Release 8/16/13 Crude Oil 5 0 5 GAL Equipment Failure Eddy (15) No No
nJMW1323841579 LINN OPERATING, LLC. Oil Release 8/15/13 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nJMW1323841579 LINN OPERATING, LLC. Oil Release 8/15/13 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nJMW1322841395 LINN OPERATING, LLC. Major Produced Water Release 8/14/13 Produced Water 40 35 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1426956592 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 8/14/13 Produced Water 40 35 5 BBL Equipment Failure Rio Arriba (39) No No
nJMW1323548346 COG OPERATING LLC Minor Oil Release 8/14/13 Crude Oil 24 20 4 BBL Equipment Failure Eddy (15) No No
nJMW1322834078 Spur Energy Partners LLC Major Produced Water Release 8/14/13 Produced Water 75 50 25 BBL Equipment Failure Eddy (15) No No
nOY1724941773 OWL SWD OPERATING, LLC Major Produced Water Release 8/14/13 Produced Water 600 0 600 BBL Equipment Failure Lea (25) No No
nJK1325451371 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/14/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nTO1418943997 LINN OPERATING, LLC. Minor Produced Water Release 8/14/13 Produced Water 11 5 6 BBL Corrosion Lea (25) No No
nJK1325451371 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/14/13 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nJXK1601145473 Spur Energy Partners LLC Major Oil Release 8/14/13 Crude Oil 352 45 307 BBL Equipment Failure Lea (25) No No
nJK1325456115 SIMCOE LLC Release Other 8/13/13 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1323450909 EOG Y RESOURCES, INC. Major Produced Water Release 8/13/13 Produced Water 150 130 20 BBL Equipment Failure Eddy (15) No No
nJK1325450693 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/13/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nJK1401536138 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/13/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nCS1508241775 SIMCOE LLC Other 8/13/13 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJK1325450693 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/13/13 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nJK1401536138 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/13/13 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nCS1501336993 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/13/13 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nJK1531026250 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/12/13 Crude Oil 4 0 4 BBL Other Rio Arriba (39) No No
nJMW1324632667 Spur Energy Partners LLC Major Release Other 8/12/13 Other (Specify) 2340 2210 130 BBL Equipment Failure Eddy (15) No No
nKJ1603436640 OXY USA INC Minor Produced Water Release 8/12/13 Crude Oil 5 0 5 BBL Equipment Failure Lea (25) No No
nKJ1603439368 J R OIL, LTD. CO. Minor Produced Water Release 8/12/13 Crude Oil 7 0 7 BBL Equipment Failure Lea (25) No No
nCS1628650832 SIMCOE LLC Other 8/12/13 Condensate 0 0 0 BBL Other San Juan (45) No No
nJMW1323951606 OXY USA INC Minor Produced Water Release 8/12/13 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nKJ1603436640 OXY USA INC Minor Produced Water Release 8/12/13 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nJMW1323454934 EOG Y RESOURCES, INC. Major Oil Release 8/12/13 Crude Oil 100 15 85 BBL Equipment Failure Eddy (15) No No
nJMW1323951606 OXY USA INC Minor Produced Water Release 8/12/13 Produced Water 11 0 11 BBL Equipment Failure Eddy (15) No No
nKJ1603439368 J R OIL, LTD. CO. Minor Produced Water Release 8/12/13 Produced Water 13 0 13 BBL Equipment Failure Lea (25) No No
nJMW1323454934 EOG Y RESOURCES, INC. Major Oil Release 8/12/13 Produced Water 40 10 30 BBL Equipment Failure Eddy (15) No No
nJMW1322842248 SLAYTON RESOURCES INC Minor Produced Water Release 8/9/13 Produced Water 10 0 10 BBL Overflow - Tank, Pit, Etc. Chaves (05) No No
nJMW1322839757 COG OPERATING LLC Minor Oil Release 8/9/13 Crude Oil 20 18 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1322640868 Targa Northern Delaware, LLC. Major Produced Water Release 8/9/13 Condensate 200 45 155 BBL Equipment Failure Eddy (15) No No
nJMW1322838466 COG OPERATING LLC Major Produced Water Release 8/9/13 Produced Water 35 32 3 BBL Equipment Failure Eddy (15) No No
nJK1325452365 Harvest Four Corners, LLC Major Release Other 8/9/13 Chemical (Specify) 40 30 10 BBL Equipment Failure San Juan (45) No No
nJMW1325435386 EOG Y RESOURCES, INC. Minor Oil Release 8/8/13 Crude Oil 7 6 1 BBL Equipment Failure Eddy (15) No No
nJMW1325438812 EOG Y RESOURCES, INC. Minor Produced Water Release 8/8/13 Produced Water 20 15 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1323156416 XTO ENERGY, INC Produced Water Release 8/8/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1322437067 SOUTHWEST ROYALTIES INC Minor Produced Water Release 8/8/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1322437067 SOUTHWEST ROYALTIES INC Minor Produced Water Release 8/8/13 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nCS1424735411 BURLINGTON RESOURCES OIL & GAS CO Oil Release 8/7/13 Condensate 0 0 0 BBL Other Rio Arriba (39) No No

nJK1333057002
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 8/7/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1322455789 DAKOTA RESOURCES INC (I) Major Produced Water Release 8/6/13 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nJMW1323448295 EOG Y RESOURCES, INC. Minor Oil Release 8/6/13 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nMLB1333835063 CAMBRIAN MANAGEMENT LTD Other 8/6/13 Drilling Mud/Fluid 0 0 0 BBL Other Eddy (15) No No
nJMW1322432760 LINN OPERATING, LLC. Minor Produced Water Release 8/5/13 Produced Water 14 12 2 BBL Equipment Failure Eddy (15) No No
nJK1322841490 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 8/5/13 Produced Water 5 4 1 BBL Equipment Failure Rio Arriba (39) No No
nJMW1322432760 LINN OPERATING, LLC. Minor Produced Water Release 8/5/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1322836003 Spur Energy Partners LLC Minor Produced Water Release 8/5/13 Produced Water 6 4 2 BBL Equipment Failure Eddy (15) No No
nJMW1322836003 Spur Energy Partners LLC Minor Produced Water Release 8/5/13 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nJMW1323539109 Lucid Artesia Company Major Natural Gas Release 8/2/13 Produced Water 1100 1040 60 BBL Equipment Failure Eddy (15) No No
nKJ1603433941 OCCIDENTAL PERMIAN LTD Major Produced Water Release 8/2/13 Produced Water 1400 120 1280 BBL Corrosion Lea (25) No No
nJMW1322830932 Spur Energy Partners LLC Minor Produced Water Release 8/1/13 Produced Water 10 8 2 BBL Human Error Eddy (15) No No
nJK1431651157 BP AMERICA PRODUCTION COMPANY Oil Release 8/1/13 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1323449477 BOPCO, L.P. Major Produced Water Release 8/1/13 Produced Water 42 38 4 BBL Human Error Eddy (15) No No
nJK1322841083 BP AMERICA PRODUCTION COMPANY Oil Release 8/1/13 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1322828129 COG OPERATING LLC Major Produced Water Release 7/31/13 Produced Water 100 90 10 BBL Lightning Eddy (15) No No
nJMW1321853027 MATADOR PRODUCTION COMPANY Major Oil Release 7/31/13 Crude Oil 252 71 181 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1501348973 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 7/31/13 Produced Water 25 20 5 BBL Equipment Failure Rio Arriba (39) No No
nJK1325440095 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 7/31/13 Produced Water 25 20 5 BBL Equipment Failure Rio Arriba (39) No No
nCS1424731279 CONOCOPHILLIPS COMPANY Oil Release 7/30/13 Produced Water 0 0 0 BBL Rio Arriba (39) No No
nJXK1620948770 Earthstone Operating, LLC Major Oil Release 7/30/13 Crude Oil 172 0 172 BBL Equipment Failure Lea (25) No No
nJMW1321250772 LINN OPERATING, LLC. Major Produced Water Release 7/30/13 Produced Water 30 25 5 BBL Equipment Failure Eddy (15) No No
nCS1424731279 CONOCOPHILLIPS COMPANY Oil Release 7/30/13 Condensate 0 0 0 BBL Rio Arriba (39) No No
nJMW1321130865 CHEVRON U S A INC Major Produced Water Release 7/29/13 Produced Water 59 51 8 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1322840633 SIMCOE LLC Oil Release 7/29/13 Condensate 0 0 0 BBL Other San Juan (45) No No
nJMW1326352687 BOAZ ENERGY, LLC Minor Oil Release 7/27/13 Crude Oil 10 6 4 BBL Equipment Failure Eddy (15) No No
nJMW1321848019 Spur Energy Partners LLC Major Produced Water Release 7/27/13 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nJK1401341105 XTO ENERGY, INC Major Produced Water Release 7/27/13 Produced Water 50 45 5 BBL Corrosion San Juan (45) No No
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nTO1424535400 CHEVRON U S A INC Major Produced Water Release 7/27/13 Produced Water 52 45 7 BBL Vandalism Lea (25) No No
nJMW1321937948 EOG Y RESOURCES, INC. Minor Oil Release 7/26/13 Crude Oil 7 2 5 BBL Equipment Failure Eddy (15) No No
nJK1325453287 XTO ENERGY, INC Release Other 7/26/13 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1323156205 XTO ENERGY, INC Produced Water Release 7/25/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1321055692 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 7/25/13 Produced Water 10 9 1 BBL Human Error Eddy (15) No No
nJMW1321055692 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 7/25/13 Crude Oil 5 4 1 BBL Human Error Eddy (15) No No
nJK1325454533 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 7/24/13 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nAB1908044051 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/24/13 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nJK1325454533 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 7/24/13 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJMW1321251559 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 7/24/13 Produced Water 100 100 0 BBL Human Error Eddy (15) No No
nAB1908044051 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 7/24/13 Produced Water 10 7 3 BBL Equipment Failure Eddy (15) No No
nJMW1321849579 COG OPERATING LLC Minor Produced Water Release 7/23/13 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nJMW1320730512 LINN OPERATING, LLC. Major Produced Water Release 7/22/13 Produced Water 120 110 10 BBL Human Error Eddy (15) No No
nKJ1607047086 CAMERON OIL & GAS INC Major Oil Release 7/22/13 Crude Oil 120 70 50 BBL Equipment Failure Lea (25) No No
nJMW1320729010 Spur Energy Partners LLC Major Produced Water Release 7/22/13 Produced Water 500 480 20 BBL Corrosion Eddy (15) No No
nSAD1326254300 JUDAH OIL LLC Major Produced Water Release 7/21/13 Produced Water 18 0 18 BBL Corrosion Lea (25) No No
nJXK1535154146 J R OIL, LTD. CO. Major Produced Water Release 7/21/13 Produced Water 57 50 7 BBL Equipment Failure Lea (25) No No
nSAD1326254300 JUDAH OIL LLC Major Produced Water Release 7/21/13 Crude Oil 11 0 11 BBL Corrosion Lea (25) No No
nJK1333832572 Ovintiv USA Inc. Release Other 7/21/13 Other (Specify) 1 0 1 BBL Equipment Failure San Juan (45) No No
nJXK1535154146 J R OIL, LTD. CO. Major Produced Water Release 7/21/13 Crude Oil 3 2 1 BBL Equipment Failure Lea (25) No No
nJMW1322534364 CLAYTON WILLIAMS ENERGY INC Major Produced Water Release 7/19/13 Produced Water 80 75 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1320433355 Spur Energy Partners LLC Minor Produced Water Release 7/19/13 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nJMW1320433355 Spur Energy Partners LLC Minor Produced Water Release 7/19/13 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No

nJK1331134248
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 7/18/13 Produced Water 17 0 17 BBL Corrosion San Juan (45) No No

nJK1331625520
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 7/18/13 Produced Water 17 0 17 BBL Corrosion San Juan (45) No No

nJK1321240590
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 7/18/13 Produced Water 17 0 17 BBL Corrosion San Juan (45) No No

nJK1323841575 CONOCOPHILLIPS COMPANY Oil Release 7/17/13 Lube Oil 0 0 0 BBL Other San Juan (45) No No
nJK1322838724 XTO ENERGY, INC Major Produced Water Release 7/17/13 Produced Water 2000 0 2000 BBL Freeze San Juan (45) No No
nJMW1320654769 LIME ROCK RESOURCES II-A, L.P. Minor Produced Water Release 7/17/13 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nJMW1320031699 SOUTHWEST ROYALTIES INC Major Produced Water Release 7/16/13 Produced Water 48 30 18 BBL Equipment Failure Eddy (15) No No
nJMW1320031699 SOUTHWEST ROYALTIES INC Major Produced Water Release 7/16/13 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nJMW1319951069 LINN OPERATING, LLC. Major Oil Release 7/15/13 Crude Oil 87 60 27 BBL Equipment Failure Eddy (15) No No
nJXK1535150048 J R OIL, LTD. CO. Major Produced Water Release 7/15/13 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nJMW1321937220 OXY USA INC Minor Produced Water Release 7/15/13 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nSAD1402252978 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 7/14/13 Produced Water 35 0 35 BBL Corrosion Lea (25) No No
nJMW1319932108 LINN OPERATING, LLC. Major Oil Release 7/13/13 Crude Oil 60 50 10 BBL Equipment Failure Eddy (15) No No
nJMW1326033731 OXY USA INC Major Produced Water Release 7/12/13 Produced Water 60 0 60 BBL Human Error Eddy (15) No No
nJMW1321934810 OXY USA INC Major Produced Water Release 7/12/13 Produced Water 2500 20 2480 BBL Equipment Failure Eddy (15) No No
nJMW1321054344 EOG Y RESOURCES, INC. Major Produced Water Release 7/12/13 Produced Water 250 250 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1409453195 BP AMERICA PRODUCTION COMPANY Oil Release 7/12/13 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1321049818 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 7/11/13 Produced Water 60 0 60 BBL Equipment Failure Eddy (15) No No
nJK1431652321 SIMCOE LLC Oil Release 7/11/13 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nJK1321241832 ENERGEN RESOURCES CORPORATION Minor Produced Water Release 7/11/13 Produced Water 8 0 8 BBL Corrosion Rio Arriba (39) No No
nJK1326739977 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 7/11/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nJK1326739977 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 7/11/13 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nJK1325455314 FOUR STAR OIL & GAS CO Produced Water Release 7/10/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1319737837 North Fork Operating, LP Major Oil Release 7/9/13 Crude Oil 154 0 154 BBL Corrosion Eddy (15) No No
nJMW1319737837 North Fork Operating, LP Major Oil Release 7/9/13 Produced Water 16 0 16 BBL Corrosion Eddy (15) No No
nJMW1319739260 COG OPERATING LLC Major Produced Water Release 7/8/13 Produced Water 332 330 2 BBL Human Error Eddy (15) No No
nJK1319253365 CONOCOPHILLIPS COMPANY Major Produced Water Release 7/8/13 Produced Water 40 38 2 BBL Equipment Failure Rio Arriba (39) No No
nJK1329540082 CONOCOPHILLIPS COMPANY Major Produced Water Release 7/8/13 Produced Water 40 38 2 BBL Equipment Failure Rio Arriba (39) No No
nJMW1319653044 COG OPERATING LLC Major Oil Release 7/6/13 Crude Oil 80 79 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1320428744 GP II ENERGY INC Minor Produced Water Release 7/6/13 Produced Water 8 5 3 BBL Equipment Failure Eddy (15) No No
nJMW1320428744 GP II ENERGY INC Minor Produced Water Release 7/6/13 Crude Oil 7 5 2 BBL Equipment Failure Eddy (15) No No
nJMW1321048564 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 7/4/13 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nJMW1321048564 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 7/4/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1319752748 BOPCO, L.P. Minor Produced Water Release 7/3/13 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nJMW1319734649 MEWBOURNE OIL CO Major Produced Water Release 7/3/13 Produced Water 45 0 45 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1319752748 BOPCO, L.P. Minor Produced Water Release 7/3/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1319734649 MEWBOURNE OIL CO Major Produced Water Release 7/3/13 Crude Oil 5 0 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1319953552 LINN OPERATING, LLC. Minor Produced Water Release 7/2/13 Produced Water 15 0 15 BBL Human Error Eddy (15) No No
nSAD1416134935 APACHE CORPORATION Minor Oil Release 7/2/13 Crude Oil 20 10 10 BBL Human Error Lea (25) No No
nCS1430840639 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 7/2/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nJK1321238828 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 7/2/13 Condensate 5 4 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1319253707
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Natural Gas Release 7/2/13 Condensate 2 0 2 GAL Equipment Failure San Juan (45) No No

nJMW1319733310 Silverback Operating II, LLC Minor Produced Water Release 7/2/13 Produced Water 12 0 12 BBL Human Error Eddy (15) No No
nJMW1319733310 Silverback Operating II, LLC Minor Produced Water Release 7/2/13 Crude Oil 3 0 3 BBL Human Error Eddy (15) No No
nJMW1320652453 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 7/1/13 Produced Water 5 2 3 BBL Corrosion Eddy (15) No No
nJMW1319335555 LINN OPERATING, LLC. Major Oil Release 7/1/13 Crude Oil 45 10 35 BBL Equipment Failure Eddy (15) No No
nJMW1319237133 APACHE CORPORATION Minor Produced Water Release 7/1/13 Crude Oil 4 1 3 BBL Equipment Failure Eddy (15) No No
nJMW1319237133 APACHE CORPORATION Minor Produced Water Release 7/1/13 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nJK1319254042 SG INTERESTS I LTD Minor Oil Release 6/30/13 Crude Oil 5 0 5 BBL Equipment Failure San Juan (45) No No
nJMW1319235492 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 6/30/13 Produced Water 120 0 120 BBL Other Eddy (15) No No
nJMW1319238930 EOG Y RESOURCES, INC. Minor Produced Water Release 6/28/13 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nGRL1318237822 BASIC ENERGY SERVICES, LP Major Produced Water Release 6/28/13 Produced Water 219 210 9 BBL Corrosion Lea (25) No No
nJMW1319238930 EOG Y RESOURCES, INC. Minor Produced Water Release 6/28/13 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJMW1319730283 COG OPERATING LLC Minor Produced Water Release 6/27/13 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nJMW1319730283 COG OPERATING LLC Minor Produced Water Release 6/27/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nTO1424540359 CHEVRON MIDCONTINENT, L.P. Minor Produced Water Release 6/26/13 Produced Water 21 0 21 BBL Corrosion Lea (25) No No
nJMW1319840879 BOPCO, L.P. Minor Produced Water Release 6/26/13 Produced Water 18 0 18 BBL Corrosion Eddy (15) No No
nJMW1319840879 BOPCO, L.P. Minor Produced Water Release 6/26/13 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No

nJK1329035963
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 6/25/13 Produced Water 36 0 36 BBL Corrosion Rio Arriba (39) No No

nJMW1319241147 SOUTHERN UNION GAS SERVICES LTD Minor Oil Release 6/25/13 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No

nJK1329035963
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 6/25/13 Condensate 15 0 15 BBL Corrosion Rio Arriba (39) No No

nJMW1319241147 SOUTHERN UNION GAS SERVICES LTD Minor Oil Release 6/25/13 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No

nJK1321334065
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 6/25/13 Produced Water 36 0 36 BBL Corrosion Rio Arriba (39) No No

nJK1321334065
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 6/25/13 Condensate 15 0 15 BBL Corrosion Rio Arriba (39) No No

nJMW1319233299 J & J Investments, LLC Major Produced Water Release 6/24/13 Produced Water 120 65 55 BBL Corrosion Eddy (15) No No
nJMW1318354748 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 6/24/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
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nJMW1318431721 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 6/24/13 Crude Oil 54 24 30 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1319650906 EOG Y RESOURCES, INC. Major Produced Water Release 6/24/13 Produced Water 250 0 250 BBL Equipment Failure Eddy (15) No No
nJMW1319340874 COG OPERATING LLC Major Produced Water Release 6/24/13 Produced Water 140 130 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1318354748 DEVON ENERGY PRODUCTION COMPANY, LP Oil Release 6/24/13 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1318449639 OWL SWD OPERATING, LLC Major Produced Water Release 6/21/13 Produced Water 335 346 -11 BBL Lightning Eddy (15) No No
nJMW1319349423 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 6/21/13 Crude Oil 46 10 36 BBL Human Error Eddy (15) No No
nJK1325452856 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/20/13 Produced Water 13 12 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1318440622 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 6/20/13 Crude Oil 120 100 20 BBL Lightning Eddy (15) No No
nJK1321335668 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/20/13 Produced Water 13 12 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1319637807 Permian Resources Operating, LLC Major Produced Water Release 6/20/13 Produced Water 48 130 -82 BBL Lightning Eddy (15) No No
nJMW1318440622 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 6/20/13 Produced Water 20 20 0 BBL Lightning Eddy (15) No No
nJK1431653944 CONOCOPHILLIPS COMPANY Produced Water Release 6/19/13 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nJMW1317739925 Silverback Operating II, LLC Minor Produced Water Release 6/18/13 Produced Water 20 10 10 BBL Equipment Failure Eddy (15) No No
nJK1321240922 XTO ENERGY, INC Produced Water Release 6/18/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1319736064 LINN OPERATING, LLC. Minor Produced Water Release 6/17/13 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nJK1324055529 XTO ENERGY, INC Produced Water Release 6/17/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1318352908 OXY USA INC Major Produced Water Release 6/17/13 Produced Water 250 50 200 BBL Equipment Failure Eddy (15) No No
nOY1734539130 EOG Y RESOURCES, INC. Major Produced Water Release 6/17/13 Produced Water 20 0 0 BBL Lea (25) No No
nJMW1319736064 LINN OPERATING, LLC. Minor Produced Water Release 6/17/13 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nOY1734539130 EOG Y RESOURCES, INC. Major Produced Water Release 6/17/13 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No

nJK1329728119
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 6/17/13 Produced Water 1 0 1 BBL Human Error Rio Arriba (39) No No

nJMW1318352908 OXY USA INC Major Produced Water Release 6/17/13 Crude Oil 30 0 30 BBL Equipment Failure Eddy (15) No No
nJK1329052550 XTO ENERGY, INC Major Produced Water Release 6/16/13 Produced Water 200 0 200 BBL Corrosion San Juan (45) No No
nJMW1317737425 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 6/16/13 Crude Oil 235 20 215 BBL Equipment Failure Eddy (15) No No
nJMW1318452944 COG OPERATING LLC Minor Produced Water Release 6/16/13 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nJK1321347329 XTO ENERGY, INC Major Produced Water Release 6/16/13 Produced Water 200 0 200 BBL Corrosion San Juan (45) No No
nGRL1416054033 APACHE CORPORATION Major Oil Release 6/15/13 Crude Oil 85 70 15 BBL Overflow - Tank, Pit, Etc. Lea (25) No No

nJK1323156685
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 6/14/13 Lube Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1321336280 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/13/13 Produced Water 5 5 0 BBL Corrosion San Juan (45) No No
nJK1416935561 CONOCOPHILLIPS COMPANY Oil Release 6/13/13 Produced Water 1 0 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1318353692 OXY USA INC Major Oil Release 6/13/13 Crude Oil 40 0 40 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1318351553 EOG Y RESOURCES, INC. Major Produced Water Release 6/12/13 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nJK1423954821 SIMCOE LLC Oil Release 6/12/13 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1317034502 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 6/12/13 Produced Water 35 30 5 BBL Equipment Failure Eddy (15) No No
nOY1724932244 OWL SWD OPERATING, LLC Major Produced Water Release 6/12/13 Produced Water 200 0 0 BBL Lea (25) No No

nJK1325442269
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 6/12/13 Condensate 53 0 53 BBL Vandalism San Juan (45) No No

nJK1319049513
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 6/12/13 Condensate 53 0 53 BBL Vandalism San Juan (45) No No

nOY1724932244 OWL SWD OPERATING, LLC Major Produced Water Release 6/12/13 Produced Water 200 0 200 BBL Equipment Failure Lea (25) No No
nJMW1323953381 APACHE CORPORATION Minor Oil Release 6/11/13 Crude Oil 22 20 2 BBL Equipment Failure Eddy (15) No No

nJK1323127218
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 6/10/13 Produced Water 11 0 11 BBL Corrosion San Juan (45) No No

nJK1319051750
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 6/10/13 Produced Water 11 0 11 BBL Corrosion San Juan (45) No No

nJK1323127218
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 6/10/13 Crude Oil 35 0 35 BBL Corrosion San Juan (45) No No

nJK1319051750
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 6/10/13 Crude Oil 35 0 35 BBL Corrosion San Juan (45) No No

nJMW1318429370 MEWBOURNE OIL CO Minor Produced Water Release 6/10/13 Produced Water 22 20 2 BBL Equipment Failure Eddy (15) No No
nJMW1318334952 COG OPERATING LLC Major Produced Water Release 6/9/13 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) No No
nJMW1316837652 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 6/9/13 Produced Water 130 0 130 BBL Human Error Eddy (15) No No
nJMW1318336125 Spur Energy Partners LLC Major Produced Water Release 6/8/13 Produced Water 100 95 5 BBL Equipment Failure Eddy (15) No No
nJMW1317031601 EOG Y RESOURCES, INC. Major Produced Water Release 6/8/13 Produced Water 1850 1650 200 BBL Equipment Failure Eddy (15) No No
nJMW1318346994 Spur Energy Partners LLC Major Produced Water Release 6/8/13 Produced Water 1200 0 1200 BBL Lightning Eddy (15) No No
nJMW1318349474 Spur Energy Partners LLC Major Produced Water Release 6/8/13 Produced Water 400 390 10 BBL Equipment Failure Eddy (15) No No
nJMW1318346994 Spur Energy Partners LLC Major Produced Water Release 6/8/13 Crude Oil 300 0 300 BBL Lightning Eddy (15) No No
nJMW1318332900 EOG Y RESOURCES, INC. Major Produced Water Release 6/7/13 Produced Water 250 0 250 BBL Equipment Failure Eddy (15) No No
nJMW1319847781 BOPCO, L.P. Minor Produced Water Release 6/7/13 Produced Water 15 2 13 BBL Equipment Failure Eddy (15) No No
nJMW1318332900 EOG Y RESOURCES, INC. Major Produced Water Release 6/7/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1319847781 BOPCO, L.P. Minor Produced Water Release 6/7/13 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nJK1319049715 SIMCOE LLC Oil Release 6/6/13 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1319956378 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/5/13 Produced Water 25 18 7 BBL Equipment Failure Eddy (15) No No
nJMW1319956378 BTA OIL PRODUCERS, LLC Major Produced Water Release 6/5/13 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nJK1321356078 SIMCOE LLC Oil Release 6/4/13 Motor Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1318439398 Spur Energy Partners LLC Major Oil Release 6/4/13 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nJMW1316852390 EOG Y RESOURCES, INC. Major Produced Water Release 6/4/13 Produced Water 260 245 15 BBL Equipment Failure Eddy (15) No No
nJMW1318439398 Spur Energy Partners LLC Major Oil Release 6/4/13 Produced Water 1 0 1 BBL Fire Eddy (15) No No
nJMW1316839427 LINN OPERATING, LLC. Minor Produced Water Release 6/3/13 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJMW1316839427 LINN OPERATING, LLC. Minor Produced Water Release 6/3/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1316554192 Spur Energy Partners LLC Minor Produced Water Release 6/1/13 Produced Water 12 11 1 BBL Corrosion Eddy (15) No No
nJK1316228048 SIMCOE LLC Major Produced Water Release 6/1/13 Produced Water 50 0 50 BBL Equipment Failure San Juan (45) No No
nJMW1315847592 Spur Energy Partners LLC Minor Produced Water Release 6/1/13 Produced Water 10 7 3 BBL Equipment Failure Eddy (15) No No
nJMW1316554192 Spur Energy Partners LLC Minor Produced Water Release 6/1/13 Crude Oil 3 3 0 BBL Corrosion Eddy (15) No No
nAB1700653091 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/31/13 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nJMW1320431669 BXP Operating, LLC Minor Produced Water Release 5/31/13 Produced Water 7 0 7 BBL Human Error Eddy (15) No No
nAB1700653091 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/31/13 Produced Water 4 3 1 BBL Equipment Failure Eddy (15) No No
nJK1323157135 CONOCOPHILLIPS COMPANY Oil Release 5/30/13 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1315528465 CAPSTONE NATURAL RESOURCES, LLC Minor Produced Water Release 5/29/13 Produced Water 6 3 3 BBL Equipment Failure Eddy (15) No No
nJMW1316549942 Spur Energy Partners LLC Minor Oil Release 5/29/13 Crude Oil 20 19 1 BBL Human Error Eddy (15) No No
nJMW1315528465 CAPSTONE NATURAL RESOURCES, LLC Minor Produced Water Release 5/29/13 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nJK1319048051 XTO ENERGY, INC Oil Release 5/28/13 Other (Specify) 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1321930607 XTO ENERGY, INC Major Oil Release 5/28/13 Crude Oil 140 121 19 BBL Vandalism San Juan (45) No No
nJK1317927822 XTO ENERGY, INC Major Produced Water Release 5/28/13 Produced Water 140 121 19 BBL Vandalism San Juan (45) No No
nJMW1317738331 EOG Y RESOURCES, INC. Major Produced Water Release 5/28/13 Produced Water 155 150 5 BBL Equipment Failure Eddy (15) No No
nMLB1318440851 Diamond In The Rough LLC Major Produced Water Release 5/27/13 Produced Water 1180 0 0 BBL Equipment Failure Eddy (15) No No
nJMW1315832620 Acacia Operating Company, LLC Major Produced Water Release 5/27/13 Produced Water 50 35 15 BBL Corrosion Eddy (15) No No
nMLB1318440851 Diamond In The Rough LLC Major Produced Water Release 5/27/13 Crude Oil 506 0 0 BBL Equipment Failure Eddy (15) No No
nJXK1535049239 ARMSTRONG ENERGY CORP Major Produced Water Release 5/26/13 Produced Water 25 20 5 BBL Equipment Failure Roosevelt (41) No No
nJMW1315051978 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 5/24/13 Crude Oil 6 0 6 BBL Human Error Eddy (15) No No
nJMW1315051978 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 5/24/13 Produced Water 4 0 4 BBL Human Error Eddy (15) No No

nJK1316342289
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 5/23/13 Produced Water 6 1 5 BBL Corrosion San Juan (45) No No

nJK1323127523
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 5/23/13 Produced Water 6 1 5 BBL Corrosion San Juan (45) No No
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nCS1413441243 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/23/13 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No
nJMW1318435070 GERONIMO SWD LLC Major Produced Water Release 5/22/13 Produced Water 250 245 5 BBL Equipment Failure Eddy (15) No No

nJK1326748902
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 5/21/13 Produced Water 8 0 8 BBL Corrosion San Juan (45) No No

nJK1431839704 SIMCOE LLC Oil Release 5/21/13 Condensate 0 0 0 BBL Other San Juan (45) No No
nJK1401341629 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 5/21/13 Produced Water 8 0 8 BBL Corrosion San Juan (45) No No
nJMW1330439030 LINN OPERATING, LLC. Major Produced Water Release 5/20/13 Produced Water 716 0 716 BBL Equipment Failure Eddy (15) No No
nJMW1319929753 BOPCO, L.P. Minor Produced Water Release 5/19/13 Produced Water 6 1 5 BBL Corrosion Eddy (15) No No
nJMW1319929753 BOPCO, L.P. Minor Produced Water Release 5/19/13 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nJK1326753555 SIMCOE LLC Minor Produced Water Release 5/18/13 Produced Water 7 0 7 BBL Equipment Failure San Juan (45) No No
nJMW1315050599 LINN OPERATING, LLC. Major Produced Water Release 5/17/13 Produced Water 63 40 23 BBL Equipment Failure Eddy (15) No No
nJMW1319931142 BOPCO, L.P. Minor Produced Water Release 5/17/13 Produced Water 15 8 7 BBL Equipment Failure Eddy (15) No No
nGRL1315042556 Scorpion Oil & Gas, LLC Major Produced Water Release 5/17/13 Produced Water 70 70 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nTO1424038926 Maverick Permian LLC Major Produced Water Release 5/17/13 Produced Water 477 400 77 BBL Equipment Failure Lea (25) No No
nJMW1319741357 LINN OPERATING, LLC. Major Produced Water Release 5/16/13 Produced Water 40 10 30 BBL Corrosion Eddy (15) No No
nJMW1324151567 LINN OPERATING, LLC. Major Produced Water Release 5/16/13 Produced Water 40 10 30 BBL Corrosion Eddy (15) No No
nJMW1315048005 Silverback Operating II, LLC Minor Produced Water Release 5/15/13 Produced Water 15 8 7 BBL Corrosion Eddy (15) No No
nJMW1314049143 LINN OPERATING, LLC. Major Produced Water Release 5/15/13 Produced Water 320 195 125 BBL Equipment Failure Eddy (15) No No
nJK1326752096 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/15/13 Produced Water 17 16 1 BBL Equipment Failure Rio Arriba (39) No No
nJK1322837799 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/15/13 Produced Water 17 16 1 BBL Equipment Failure Rio Arriba (39) No No
nCS1412154852 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/15/13 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJK1524536073 SIMCOE LLC Oil Release 5/14/13 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1501349249 WPX ENERGY PRODUCTION, LLC Major Other 5/14/13 Drilling Mud/Fluid 100 80 20 BBL Equipment Failure Rio Arriba (39) No No
nJMW1318437317 OXY USA INC Minor Produced Water Release 5/13/13 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJK1326749076 DUGAN PRODUCTION CORP Major Produced Water Release 5/13/13 Produced Water 0 370 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) Yes No
nJMW1314937818 COG OPERATING LLC Major Oil Release 5/12/13 Crude Oil 67 65 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1315429438 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/11/13 Produced Water 70 60 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1315429438 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/11/13 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nSAD1416848234 APACHE CORPORATION Major Produced Water Release 5/10/13 Produced Water 120 110 10 BBL Lightning Lea (25) No No
nTO1424539904 CHEVRON MIDCONTINENT, L.P. Major Produced Water Release 5/10/13 Produced Water 36 35 1 BBL Equipment Failure Lea (25) No No
nJMW1314941264 Spur Energy Partners LLC Minor Oil Release 5/9/13 Crude Oil 14 13 1 BBL Equipment Failure Eddy (15) No No
nSAD1416138414 APACHE CORPORATION Major Oil Release 5/9/13 Crude Oil 220 180 40 BBL Equipment Failure Lea (25) No No
nJMW1317039231 CHEVRON U S A INC Major Produced Water Release 5/9/13 Produced Water 160 110 50 BBL Lightning Eddy (15) No No
nJMW1314941264 Spur Energy Partners LLC Minor Oil Release 5/9/13 Produced Water 1 1 0 BBL Equipment Failure Eddy (15) No No
nCS1423254125 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 5/8/13 Condensate 520 505 15 BBL Human Error Rio Arriba (39) No Yes
nJK1326752340 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 5/8/13 Condensate 520 505 15 BBL Human Error Rio Arriba (39) No Yes
nJMW1314132027 BOPCO, L.P. Minor Produced Water Release 5/7/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1314132027 BOPCO, L.P. Minor Produced Water Release 5/7/13 Produced Water 17 1 16 BBL Equipment Failure Eddy (15) No No
nJMW1314129892 BOPCO, L.P. Minor Oil Release 5/7/13 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJMW1321836233 DEVON ENERGY PRODUCTION COMPANY, LP Produced Water Release 5/6/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1314040088 COG OPERATING LLC Major Produced Water Release 5/6/13 Produced Water 100 99 1 BBL Human Error Eddy (15) No No
nJK1323942954 Pineland Operating Company, LLC Minor Oil Release 5/6/13 Condensate 5 0 5 BBL Corrosion San Juan (45) No No
nJK1329747612 Pineland Operating Company, LLC Minor Oil Release 5/6/13 Crude Oil 5 0 5 BBL Corrosion San Juan (45) No No
nJK1329747612 Pineland Operating Company, LLC Minor Oil Release 5/6/13 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nJXK1600436243 COG OPERATING LLC Minor Oil Release 5/5/13 Crude Oil 15 13 2 BBL Equipment Failure Lea (25) No No
nJXK1600436243 COG OPERATING LLC Minor Oil Release 5/5/13 Produced Water 3 2 1 BBL Equipment Failure Lea (25) No No
nJK1329655969 SIMCOE LLC Oil Release 5/3/13 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nJK1319038604 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 5/3/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nJMW1314047263 Spur Energy Partners LLC Major Oil Release 5/3/13 Crude Oil 40 30 10 BBL Human Error Eddy (15) No No
nJK1324032776 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 5/3/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nJK1323842550 XTO ENERGY, INC Produced Water Release 5/3/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1331252205 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 5/2/13 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nGRL1313056354 Roughhouse Operating, LLC Major Produced Water Release 5/2/13 Produced Water 52 3 49 BBL Corrosion Lea (25) No No
nJK1331252205 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 5/2/13 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nJMW1314852969 COG OPERATING LLC Major Produced Water Release 5/1/13 Produced Water 28 25 3 BBL Equipment Failure Eddy (15) No No
nJMW1314855706 EOG Y RESOURCES, INC. Major Produced Water Release 5/1/13 Crude Oil 15 13 2 BBL Equipment Failure Eddy (15) No No
nJMW1312748135 CHEVRON U S A INC Major Produced Water Release 5/1/13 Produced Water 133 90 43 BBL Equipment Failure Eddy (15) No No
nJMW1314855706 EOG Y RESOURCES, INC. Major Produced Water Release 5/1/13 Produced Water 100 70 30 BBL Equipment Failure Eddy (15) No No
nGRL1313754595 MARATHON OIL PERMIAN LLC Minor Oil Release 4/30/13 Crude Oil 15 15 0 BBL Normal Operations Chaves (05) No No
nGRL1312939518 OXY USA INC Major Produced Water Release 4/30/13 Produced Water 250 70 180 BBL Corrosion Lea (25) No No
nGRL1312942081 OXY USA INC Major Produced Water Release 4/29/13 Produced Water 200 180 20 BBL Corrosion Lea (25) No No
nJK1331251250 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 4/29/13 Condensate 5 0 5 BBL Vandalism Rio Arriba (39) No No
nGRL1312639654 FASKEN OIL & RANCH LTD Minor Produced Water Release 4/29/13 Produced Water 20 0 20 BBL Corrosion Lea (25) No No
nGRL1312940374 CELERO ENERGY II, LP Major Oil Release 4/29/13 Crude Oil 600 550 50 BBL Equipment Failure Lea (25) No No
nJMW1312739545 LINN OPERATING, LLC. Minor Produced Water Release 4/29/13 Produced Water 6 2 4 BBL Equipment Failure Eddy (15) No No

nJK1331250911
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 4/29/13 Produced Water 19 19 0 BBL Human Error San Juan (45) No No

nJK1319048547
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 4/29/13 Produced Water 19 19 0 BBL Human Error San Juan (45) No No

nJK1331250911
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 4/29/13 Lube Oil 3 2 1 BBL Human Error San Juan (45) No No

nJMW1312739545 LINN OPERATING, LLC. Minor Produced Water Release 4/29/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No

nJK1319048547
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 4/29/13 Motor Oil 3 2 1 BBL Human Error San Juan (45) No No

nJK1326753116 ENERGEN RESOURCES CORPORATION Produced Water Release 4/28/13 Produced Water 3 0 3 BBL Other Rio Arriba (39) No No
nJMW1312735817 EOG Y RESOURCES, INC. Major Produced Water Release 4/27/13 Produced Water 250 0 250 BBL Equipment Failure Eddy (15) No No
nJMW1312735817 EOG Y RESOURCES, INC. Major Produced Water Release 4/27/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1312742172 EOG Y RESOURCES, INC. Major Produced Water Release 4/26/13 Produced Water 360 320 40 BBL Equipment Failure Eddy (15) No No
nJK1316228440 ENERGEN RESOURCES CORPORATION Produced Water Release 4/26/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No
nJMW1314127699 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 4/26/13 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nJMW1314127699 XTO PERMIAN OPERATING LLC. Minor Produced Water Release 4/26/13 Crude Oil 5 5 0 BBL Corrosion Eddy (15) No No
nJK1329743151 XTO ENERGY, INC Oil Release 4/25/13 Other (Specify) 0 0 0 BBL Normal Operations San Juan (45) No No
nJMW1314055065 BOPCO, L.P. Major Produced Water Release 4/25/13 Produced Water 375 10 365 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nGRL1312640364 SOUTHWEST ROYALTIES INC Minor Oil Release 4/24/13 Crude Oil 24 0 24 BBL Corrosion Lea (25) No No
nJMW1312340607 COG OPERATING LLC Major Produced Water Release 4/24/13 Produced Water 36 35 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1316342881 CONOCOPHILLIPS COMPANY Produced Water Release 4/24/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1312340607 COG OPERATING LLC Major Produced Water Release 4/24/13 0 0 0 BBL Eddy (15) No No
nJMW1314034086 APACHE CORPORATION Major Produced Water Release 4/22/13 Crude Oil 30 10 20 BBL Equipment Failure Eddy (15) No No
nJMW1314034086 APACHE CORPORATION Major Produced Water Release 4/22/13 Produced Water 270 180 90 BBL Equipment Failure Eddy (15) No No
nJMW1315836886 OXY USA INC Major Produced Water Release 4/22/13 Produced Water 300 0 300 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1311447152 EOG Y RESOURCES, INC. Minor Produced Water Release 4/21/13 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJMW1311447152 EOG Y RESOURCES, INC. Minor Produced Water Release 4/21/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No

nJK1316342586
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 4/20/13 Produced Water 35 30 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1331253734
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 4/20/13 Produced Water 35 30 5 BBL Equipment Failure San Juan (45) No No
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nJMW1311331406 EOG Y RESOURCES, INC. Major Produced Water Release 4/18/13 Produced Water 850 650 200 BBL Equipment Failure Eddy (15) No No
nJMW1311331406 EOG Y RESOURCES, INC. Major Produced Water Release 4/18/13 Crude Oil 33 20 13 BBL Equipment Failure Eddy (15) No No
nJMW1311335700 BURNETT OIL CO INC Major Produced Water Release 4/18/13 Produced Water 800 400 400 BBL Equipment Failure Eddy (15) No No
nJK1400834541 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 4/16/13 Produced Water 35 26 9 BBL Freeze Rio Arriba (39) No No
nAPP2415754364 Murchison Oil and Gas, LLC Major Other 4/16/13 Crude Oil 0 0 0 BBL Normal Operations Eddy (15) No No
nJK1314140865 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/15/13 Produced Water 7 5 2 BBL Equipment Failure Rio Arriba (39) No No
nJMW1312749580 COG OPERATING LLC Major Produced Water Release 4/15/13 Produced Water 100 40 60 BBL Corrosion Eddy (15) No No
nJMW1312338061 COG OPERATING LLC Minor Produced Water Release 4/15/13 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nJK1400832447 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/15/13 Produced Water 7 5 2 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1312338061 COG OPERATING LLC Minor Produced Water Release 4/15/13 Produced Water 15 12 3 BBL Equipment Failure Eddy (15) No No
nCS1523032530 N M & O OPERATING CO Major Oil Release 4/15/13 Crude Oil 80 40 40 BBL Corrosion Rio Arriba (39) No No
nJMW1312335660 Spur Energy Partners LLC Major Produced Water Release 4/14/13 Produced Water 30 28 2 BBL Equipment Failure Eddy (15) No No
nJMW1312751961 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/14/13 Produced Water 15 12 3 BBL Equipment Failure Eddy (15) No No
nJK1329728610 ENTERPRISE PRODUCTS OPERATING, LLC Major Fire 4/14/13 Glycol 5 0 5 BBL Fire San Juan (45) No No
nJMW1312751961 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/14/13 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nJMW1310752365 BOPCO, L.P. Major Produced Water Release 4/12/13 Produced Water 25 0 25 BBL Human Error Eddy (15) No No
nTO1418256848 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 4/11/13 Produced Water 40 0 40 BBL Equipment Failure Lea (25) No No
nJMW1312328817 OXY USA INC Major Oil Release 4/11/13 Crude Oil 140 130 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nGRL1311940799 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 4/11/13 Produced Water 40 0 40 BBL Corrosion Lea (25) No No
nTO1418257163 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 4/11/13 Produced Water 40 0 40 BBL Equipment Failure Lea (25) No No

nJK1331253958
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Natural Gas Release 4/10/13 Produced Water 15 0 15 GAL Equipment Failure Rio Arriba (39) No No

nJK1331253958
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Natural Gas Release 4/10/13 Lube Oil 15 0 15 GAL Equipment Failure Rio Arriba (39) No No

nMLB1310829726 TRINITY RIVER ENERGY, LLC Major Produced Water Release 4/9/13 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No

nJK1313631693
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 4/8/13 Produced Water 23 20 3 BBL Other Rio Arriba (39) No No

nJK1326750421
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 4/8/13 Produced Water 23 20 3 BBL Equipment Failure Rio Arriba (39) No No

nJK1314149035
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 4/8/13 Produced Water 23 20 3 BBL Equipment Failure Rio Arriba (39) No No

nJMW1310834973 Silverback Operating II, LLC Major Produced Water Release 4/5/13 Produced Water 900 700 200 BBL Corrosion Eddy (15) No No
nJMW1310834973 Silverback Operating II, LLC Major Produced Water Release 4/5/13 Crude Oil 20 20 0 BBL Corrosion Eddy (15) No No
nJMW1310754297 BOPCO, L.P. Major Produced Water Release 4/4/13 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nJMW1310629812 COG OPERATING LLC Minor Oil Release 4/3/13 Crude Oil 15 14 1 BBL Equipment Failure Eddy (15) No No
nJMW1311355182 EOG Y RESOURCES, INC. Minor Produced Water Release 4/1/13 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nTO1424026931 SAHARA OPERATING CO Major Produced Water Release 4/1/13 Produced Water 35 30 5 BBL Corrosion Lea (25) No No
nJMW1315529807 APACHE CORPORATION Minor Produced Water Release 3/31/13 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nJMW1310242708 LINN OPERATING, LLC. Major Oil Release 3/30/13 Crude Oil 40 10 30 BBL Corrosion Eddy (15) No No
nCS1522442320 SIMCOE LLC Oil Release 3/28/13 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJK1316229395 ENERGEN RESOURCES CORPORATION Produced Water Release 3/28/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1314147710 XTO ENERGY, INC Major Oil Release 3/27/13 Condensate 33 0 33 BBL Corrosion San Juan (45) No No
nJK1314147710 XTO ENERGY, INC Major Oil Release 3/27/13 Produced Water 11 0 11 BBL Corrosion San Juan (45) No No

nJK1321334526
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 3/26/13 Condensate 13 0 13 BBL Corrosion Rio Arriba (39) No No

nJK1331252440
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 3/26/13 Condensate 13 0 13 BBL Corrosion Rio Arriba (39) No No

nJK1331055855 Williams Four Corners, LLC Major Produced Water Release 3/26/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1309950663 EOG Y RESOURCES, INC. Minor Produced Water Release 3/25/13 Produced Water 10 10 0 BBL Equipment Failure Eddy (15) No No
nJK1326732072 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 3/25/13 Condensate 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nJMW1314838096 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 3/25/13 Produced Water 300 120 180 BBL Equipment Failure Eddy (15) No No
nJK1331252721 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 3/25/13 Condensate 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nJMW1310251448 CHEVRON U S A INC Major Produced Water Release 3/25/13 Produced Water 77 0 77 BBL Equipment Failure Eddy (15) No No
nJMW1310129322 OXY USA INC Minor Produced Water Release 3/25/13 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJMW1310131572 MR NM Operating LLC Major Produced Water Release 3/24/13 Produced Water 120 117 3 BBL Equipment Failure Eddy (15) No No
nJMW1310239402 OXY USA INC Major Produced Water Release 3/24/13 Produced Water 650 590 60 BBL Equipment Failure Eddy (15) No No
nJMW1310234975 Spur Energy Partners LLC Major Produced Water Release 3/24/13 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nJMW1310234975 Spur Energy Partners LLC Major Produced Water Release 3/24/13 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nJMW1310156415 Spur Energy Partners LLC Minor Produced Water Release 3/23/13 Produced Water 9 8 1 BBL Human Error Eddy (15) No No
nJMW1310637345 EOG Y RESOURCES, INC. Major Produced Water Release 3/22/13 Produced Water 110 100 10 BBL Equipment Failure Eddy (15) No No
nTO1424538938 MorningStar Operating LLC Minor Produced Water Release 3/22/13 Produced Water 6 5 1 BBL Normal Operations Lea (25) No No
nJK1309438441 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/21/13 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nJMW1310155445 COG OPERATING LLC Minor Oil Release 3/21/13 Crude Oil 8 8 0 BBL Human Error Eddy (15) No No
nJK1321333350 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/21/13 Produced Water 10 0 10 BBL Other San Juan (45) No No
nJMW1310155445 COG OPERATING LLC Minor Oil Release 3/21/13 Produced Water 5 4 1 BBL Human Error Eddy (15) No No
nJK1309438441 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/21/13 Crude Oil 3 0 3 BBL Corrosion San Juan (45) No No
nJK1321333350 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/21/13 Crude Oil 3 0 3 BBL Other San Juan (45) No No
nCS1501348678 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 3/20/13 Produced Water 5 3 2 BBL Equipment Failure Rio Arriba (39) No No
nJK1311549315 SG INTERESTS I LTD Minor Oil Release 3/20/13 Crude Oil 5 0 5 BBL Corrosion San Juan (45) No No
nJMW1310139275 Spur Energy Partners LLC Minor Oil Release 3/19/13 Crude Oil 15 14 1 BBL Human Error Eddy (15) No No

nGRL1312039965 North Lea Energy Co., LLC Major Release Other 3/19/13
Gelled Brine (Frac 
Fluid) 49 40 9 BBL Overflow - Tank, Pit, Etc. Lea (25) No No

nCS1501349541 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 3/19/13 Produced Water 9 0 9 BBL Freeze Rio Arriba (39) No No
nGRL1312039965 North Lea Energy Co., LLC Major Release Other 3/19/13 Crude Oil 6 5 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJK1431650293 CONOCOPHILLIPS COMPANY Produced Water Release 3/18/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1331255409 XTO ENERGY, INC Produced Water Release 3/18/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1312855239 Permian Resources Operating, LLC Major Oil Release 3/17/13 Crude Oil 30 6 24 BBL Equipment Failure Eddy (15) No No
nJMW1320537050 AGAVE ENERGY CO Produced Water Release 3/17/13 Produced Water 0 30 0 BBL Equipment Failure Eddy (15) No No
nJMW1312855239 Permian Resources Operating, LLC Major Oil Release 3/17/13 Produced Water 10 4 6 BBL Equipment Failure Eddy (15) No No
nJMW1310755257 BOPCO, L.P. Minor Produced Water Release 3/16/13 Produced Water 10 3 7 BBL Corrosion Eddy (15) No No
nJMW1310755257 BOPCO, L.P. Minor Produced Water Release 3/16/13 Crude Oil 10 2 8 BBL Corrosion Eddy (15) No No
nJK1322838281 CONOCOPHILLIPS COMPANY Produced Water Release 3/15/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1311548006 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/15/13 Produced Water 1 0 1 BBL Corrosion San Juan (45) Yes No
nJK1319252877 CONOCOPHILLIPS COMPANY Major Oil Release 3/15/13 Produced Water 54 19 35 BBL Corrosion San Juan (45) No No
nJK1326741691 HILCORP ENERGY COMPANY Major Produced Water Release 3/15/13 Produced Water 0 135 0 BBL Corrosion San Juan (45) Yes No
nJK1319252877 CONOCOPHILLIPS COMPANY Major Oil Release 3/15/13 Condensate 0 15 0 BBL Corrosion San Juan (45) No No
nJMW1309439698 EOG Y RESOURCES, INC. Minor Produced Water Release 3/15/13 Produced Water 20 5 15 BBL Equipment Failure Eddy (15) No No
nJK1326741691 HILCORP ENERGY COMPANY Major Produced Water Release 3/15/13 Condensate 0 0 0 BBL Corrosion San Juan (45) Yes No

nJK1331251612
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 3/14/13 Produced Water 13 0 13 BBL Corrosion Rio Arriba (39) No No

nGRL1312948714 PURVIS OPERATING CO Minor Oil Release 3/14/13 Crude Oil 3 3 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nGRL1403734469 OXY USA INC Major Produced Water Release 3/14/13 Produced Water 70 50 20 BBL Corrosion Lea (25) No No
nGRL1312948714 PURVIS OPERATING CO Minor Oil Release 3/14/13 Produced Water 7 7 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No

nJK1311548928
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 3/14/13 Produced Water 13 0 13 BBL Corrosion Rio Arriba (39) No No

nJK1309926964 XTO ENERGY, INC Major Oil Release 3/13/13 Condensate 74 0 74 BBL Corrosion San Juan (45) No No
nJMW1308551933 AMERICO ENERGY RESOURCES LLC Major Oil Release 3/13/13 Crude Oil 225 215 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
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nJMW1309539213 COG OPERATING LLC Major Produced Water Release 3/12/13 Produced Water 40 20 20 BBL Equipment Failure Eddy (15) No No
nJMW1309552562 COG OPERATING LLC Minor Oil Release 3/12/13 Crude Oil 15 3 12 BBL Equipment Failure Eddy (15) No No
nJMW1309541502 COG OPERATING LLC Minor Oil Release 3/11/13 Crude Oil 6 3 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1308635962 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/11/13 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nOY1812452058 FASKEN OIL & RANCH LTD Major Oil Release 3/11/13 Crude Oil 120 119 1 BBL Human Error Lea (25) No No
nCS1433934641 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 3/11/13 Natural Gas Liquids 0 0 0 BBL Other Rio Arriba (39) No No
nJMW1314038799 MESQUITE SWD, INC Major Produced Water Release 3/11/13 Produced Water 30 15 15 BBL Equipment Failure Eddy (15) No No
nJMW1308635962 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/11/13 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nJMW1314848582 APACHE CORPORATION Major Oil Release 3/11/13 Crude Oil 95 90 5 BBL Equipment Failure Eddy (15) No No
nJK1326157216 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 3/11/13 Condensate 2 0 2 BBL Other Rio Arriba (39) No No
nOY1812452058 FASKEN OIL & RANCH LTD Major Oil Release 3/11/13 Produced Water 120 119 1 BBL Human Error Lea (25) No No
nJMW1309548780 COG OPERATING LLC Minor Produced Water Release 3/10/13 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nJMW1308633738 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 3/9/13 Brine Water 350 320 30 BBL Equipment Failure Eddy (15) No No

nJK1329653911
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 3/9/13 Produced Water 14 2 12 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1410147109
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 3/9/13 Produced Water 14 2 12 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1326742910
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 3/8/13 Produced Water 10 0 10 BBL Corrosion Rio Arriba (39) No No

nJK1308537008
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 3/8/13 Produced Water 10 0 10 BBL Corrosion Rio Arriba (39) No No

nJK1326742910
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 3/8/13 Condensate 12 0 12 BBL Corrosion Rio Arriba (39) No No

nJK1308537008
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 3/8/13 Condensate 12 0 12 BBL Corrosion Rio Arriba (39) No No

nJMW1315033805 MEWBOURNE OIL CO Oil Release 3/7/13 Crude Oil 1 0 1 BBL Normal Operations Eddy (15) No No
nJK1309836231 CONOCOPHILLIPS COMPANY Produced Water Release 3/7/13 Produced Water 34 0 34 GAL Freeze Rio Arriba (39) No No
nJK1309836231 CONOCOPHILLIPS COMPANY Produced Water Release 3/7/13 Condensate 8 0 8 GAL Freeze Rio Arriba (39) No No
nJMW1309542382 COG OPERATING LLC Minor Produced Water Release 3/6/13 Produced Water 20 18 2 BBL Corrosion Eddy (15) No No

nJK1323126326
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 3/6/13 Produced Water 75 0 75 BBL Corrosion San Juan (45) No No

nJK1311551873
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 3/6/13 Produced Water 75 0 75 BBL Corrosion Rio Arriba (39) No No

nJK1321341913 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/6/13 Produced Water 37 0 37 BBL Corrosion Rio Arriba (39) No No
nJK1308536513 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/6/13 Produced Water 37 0 37 BBL Corrosion Rio Arriba (39) No No
nJK1321341913 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/6/13 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nJK1308536513 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/6/13 Condensate 5 0 5 BBL Corrosion Rio Arriba (39) No No
nJK1310129422 XTO ENERGY, INC Oil Release 3/5/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1307252124 OXY USA INC Minor Oil Release 3/5/13 Crude Oil 15 0 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nJK1321355271
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 3/4/13 Produced Water 230 150 80 BBL Corrosion San Juan (45) No No

nJMW1307033093 BTA OIL PRODUCERS, LLC Major Produced Water Release 3/4/13 Produced Water 30 25 5 BBL Equipment Failure Eddy (15) No No

nJK1314154066
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 3/4/13 Produced Water 230 150 80 BBL Corrosion San Juan (45) No No

nJK1314141350 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/4/13 Produced Water 113 112 1 BBL Freeze Rio Arriba (39) No No
nJK1315752269 CONOCOPHILLIPS COMPANY Major Produced Water Release 3/4/13 Produced Water 113 112 1 BBL Freeze Rio Arriba (39) No No
nGRL1313726492 BREITBURN OPERATING LP Major Produced Water Release 3/3/13 Produced Water 1800 0 1800 BBL Human Error Lea (25) No No
nJMW1315735533 CIMAREX ENERGY CO. OF COLORADO Major Release Other 3/3/13 Condensate 35 34 1 BBL Equipment Failure Eddy (15) No No
nGRL1312640830 MCDONNOLD OPERATING INC Major Produced Water Release 3/3/13 Produced Water 40 35 5 BBL Corrosion Lea (25) No No
nJMW1308640545 COG OPERATING LLC Minor Oil Release 3/2/13 Crude Oil 20 10 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1306435875 ENDURANCE RESOURCES LLC Major Produced Water Release 3/1/13 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nAB1514738018 PLAINS PIPELINE, L.P. Oil Release 3/1/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1307255340 Spur Energy Partners LLC Minor Oil Release 3/1/13 Crude Oil 18 0 18 BBL Human Error Eddy (15) No No
nJMW1307042041 AMERICO ENERGY RESOURCES LLC Oil Release 3/1/13 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
nJK1325438462 CONOCOPHILLIPS COMPANY Release Other 3/1/13 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJXK1535149166 OCCIDENTAL PERMIAN LTD Major Produced Water Release 3/1/13 Produced Water 90 70 20 BBL Equipment Failure Lea (25) No No
nJK1315753389 SIMCOE LLC Major Produced Water Release 2/28/13 Produced Water 32 17 15 BBL Freeze San Juan (45) No No
nJMW1320648824 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 2/27/13 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1306452402 EOG Y RESOURCES, INC. Minor Oil Release 2/27/13 Crude Oil 17 15 2 BBL Equipment Failure Eddy (15) No No
nJK1331250718 XTO ENERGY, INC Produced Water Release 2/27/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1311547415 XTO ENERGY, INC Produced Water Release 2/27/13 Produced Water 0 3 0 BBL Corrosion San Juan (45) No No
nJXK1620046307 HESS CORPORATION Oil Release 2/26/13 Crude Oil 0 0 0 BBL Lea (25) No No
nJMW1307040625 COG OPERATING LLC Minor Produced Water Release 2/26/13 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nJMW1307034882 COG OPERATING LLC Major Produced Water Release 2/26/13 Produced Water 180 170 10 BBL Corrosion Eddy (15) No No
nJMW1307034882 COG OPERATING LLC Major Produced Water Release 2/26/13 Crude Oil 20 20 0 BBL Corrosion Eddy (15) No No
nJMW1307035810 COG OPERATING LLC Major Produced Water Release 2/26/13 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nJMW1307035810 COG OPERATING LLC Major Produced Water Release 2/26/13 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nJK1423952198 XTO ENERGY, INC Produced Water Release 2/25/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1306453884 Spur Energy Partners LLC Minor Oil Release 2/24/13 Crude Oil 5 0 5 BBL Human Error Eddy (15) No No
nJMW1306548182 CHEVRON U S A INC Minor Produced Water Release 2/24/13 Produced Water 6 0 6 BBL Human Error Eddy (15) No No
nJMW1306453884 Spur Energy Partners LLC Minor Oil Release 2/24/13 Produced Water 4 0 4 BBL Human Error Eddy (15) No No
nJMW1306550350 Spur Energy Partners LLC Major Oil Release 2/24/13 Crude Oil 100 99 1 BBL Equipment Failure Eddy (15) No No
nJMW1306548182 CHEVRON U S A INC Minor Produced Water Release 2/24/13 Crude Oil 1 0 1 BBL Human Error Eddy (15) No No
nJMW1306541179 Spur Energy Partners LLC Minor Produced Water Release 2/22/13 Produced Water 15 11 4 BBL Equipment Failure Eddy (15) No No
nJMW1306551742 Spur Energy Partners LLC Major Produced Water Release 2/21/13 Produced Water 40 30 10 BBL Human Error Eddy (15) No No
nJMW1305731546 COG OPERATING LLC Minor Produced Water Release 2/21/13 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nJMW1305851618 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 2/20/13 Produced Water 3500 250 3250 BBL Equipment Failure Eddy (15) Yes No

nJK1331253492
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 2/20/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1401339064 XTO ENERGY, INC Produced Water Release 2/20/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1313630501 XTO ENERGY, INC Produced Water Release 2/19/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJXK1600447927 COG OPERATING LLC Major Oil Release 2/19/13 Crude Oil 50 20 30 BBL Human Error Lea (25) No No
nCS1518152354 SIMCOE LLC Oil Release 2/19/13 Other (Specify) 0 0 0 BBL Other San Juan (45) No No

nJK1321334843
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 2/18/13 Produced Water 55 0 55 BBL Corrosion Rio Arriba (39) No No

nGRL1305935949 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 2/18/13 Produced Water 20 0 20 BBL Corrosion Lea (25) No No
nJXK1606752589 SOUTHERN UNION GAS SERVICES LTD Major Oil Release 2/18/13 Crude Oil 25 0 25 BBL Equipment Failure Lea (25) No No
nGRL1305754224 ETC Texas Pipeline, Ltd. Major Oil Release 2/18/13 Crude Oil 3 0 3 BBL Corrosion Lea (25) No No
nGRL1305754224 ETC Texas Pipeline, Ltd. Major Oil Release 2/18/13 Produced Water 22 0 22 BBL Corrosion Lea (25) No No
nJMW1305955423 CAPSTONE NATURAL RESOURCES, LLC Major Produced Water Release 2/17/13 Produced Water 60 40 20 BBL Equipment Failure Eddy (15) No No

nGRL1318655178 CRAIN HOT OIL SERVICE, LLC Minor Release Other 2/15/13
Gelled Brine (Frac 
Fluid) 7 0 7 BBL Overflow - Tank, Pit, Etc. Chaves (05) No No

nJMW1305647967 COG PRODUCTION, LLC Major Produced Water Release 2/13/13 Produced Water 100 5 95 BBL Human Error Eddy (15) No No
nJXK1521752406 EOG Y RESOURCES, INC. Major Oil Release 2/13/13 Produced Water 120 120 0 BBL Equipment Failure Lea (25) No No
nJXK1521752406 EOG Y RESOURCES, INC. Major Oil Release 2/13/13 Crude Oil 4 4 0 BBL Equipment Failure Lea (25) No No
nKJ1603943158 LEGACY RESERVES OPERATING, LP Major Produced Water Release 2/12/13 Produced Water 100 60 40 BBL Equipment Failure Lea (25) No No
nJXK1521752838 EOG Y RESOURCES, INC. Major Oil Release 2/12/13 Crude Oil 25 24 1 BBL Equipment Failure Lea (25) No No
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nJMW1309537661 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 2/12/13 Produced Water 120 70 50 BBL Equipment Failure Eddy (15) Yes No
nJXK1521752838 EOG Y RESOURCES, INC. Major Oil Release 2/12/13 Produced Water 5 4 1 BBL Equipment Failure Lea (25) No No
nMLB1308741532 CETANE ENERGY Oil Release 2/12/13 Crude Oil 0 0 0 BBL Human Error Eddy (15) No No
nJK1314142296 CONOCOPHILLIPS COMPANY Minor Produced Water Release 2/11/13 Produced Water 12 0 12 BBL Corrosion San Juan (45) No No
nJK1305841239 CONOCOPHILLIPS COMPANY Minor Natural Gas Release 2/11/13 Produced Water 12 0 12 BBL Corrosion San Juan (45) No No

nJK1315756975
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Natural Gas Release 2/10/13 Produced Water 100 0 100 GAL Equipment Failure San Juan (45) No No

nJK1315756975
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Natural Gas Release 2/10/13 Other (Specify) 18 18 0 GAL Equipment Failure San Juan (45) No No

nJMW1308553143 OXY USA INC Minor Produced Water Release 2/8/13 Produced Water 15 7 8 BBL Equipment Failure Eddy (15) No No
nJMW1305636263 COG OPERATING LLC Major Produced Water Release 2/8/13 Produced Water 200 180 20 BBL Equipment Failure Eddy (15) No No
nKJ1603431485 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 2/8/13 Produced Water 20 0 20 BBL Corrosion Lea (25) No No
nJMW1308553143 OXY USA INC Minor Produced Water Release 2/8/13 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No

nJK1325451089
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Release Other 2/7/13 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nCS1524742721 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 2/7/13 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJMW1305355697 COG OPERATING LLC Major Produced Water Release 2/6/13 Produced Water 700 650 50 BBL Equipment Failure Eddy (15) No No
nJMW1305630303 COG OPERATING LLC Minor Produced Water Release 2/6/13 Produced Water 20 19 1 BBL Human Error Eddy (15) No No
nJK1308549874 XTO ENERGY, INC Produced Water Release 2/5/13 Produced Water 0 15 0 BBL Corrosion San Juan (45) No No
nJMW1304533693 JUDAH OIL LLC Major Oil Release 2/5/13 Crude Oil 180 170 10 BBL Human Error Eddy (15) No No
nJK1313631467 XTO ENERGY, INC Produced Water Release 2/5/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1305352806 COG OPERATING LLC Minor Produced Water Release 2/3/13 Produced Water 18 15 3 BBL Equipment Failure Eddy (15) No No
nJMW1304237519 COG OPERATING LLC Major Produced Water Release 1/31/13 Produced Water 180 176 4 BBL Equipment Failure Eddy (15) No No
nJMW1324954645 LINN OPERATING, LLC. Minor Produced Water Release 1/31/13 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJMW1304237519 COG OPERATING LLC Major Produced Water Release 1/31/13 Crude Oil 30 29 1 BBL Equipment Failure Eddy (15) No No
nJMW1324954645 LINN OPERATING, LLC. Minor Produced Water Release 1/31/13 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJMW1304234477 COG OPERATING LLC Major Produced Water Release 1/30/13 Produced Water 200 196 4 BBL Equipment Failure Eddy (15) No No
nJMW1304234477 COG OPERATING LLC Major Produced Water Release 1/30/13 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nJMW1311340135 Minor Oil Release 1/29/13 Crude Oil 20 2 18 BBL Equipment Failure Eddy (15) No No
nJMW1305641244 Permian Resources Operating, LLC Minor Oil Release 1/29/13 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nMLB1312141023 HOLLY ENERGY PARTNERS, LP Minor Oil Release 1/29/13 Crude Oil 20 2 18 BBL Equipment Failure Eddy (15) No No
nJXK1618954823 BXP Operating, LLC Produced Water Release 1/29/13 Produced Water 0 0 0 BBL Lea (25) No No
nJXK1618954823 BXP Operating, LLC Produced Water Release 1/29/13 Crude Oil 0 0 0 BBL Lea (25) No No
nJMW1303834128 MARATHON OIL PERMIAN LLC Minor Produced Water Release 1/28/13 Produced Water 13 9 4 BBL Human Error Eddy (15) No No

nJK1321335949
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 1/26/13 Lube Oil 35 30 5 GAL Vandalism San Juan (45) Yes No

nJMW1303940453 Permian Resources Operating, LLC Minor Oil Release 1/26/13 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nJMW1303829836 Contango Resources, Inc. Major Oil Release 1/26/13 Crude Oil 39 21 18 BBL Equipment Failure Eddy (15) No No
nJMW1303948269 COG OPERATING LLC Major Produced Water Release 1/26/13 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nJK1401351927 CONOCOPHILLIPS COMPANY Minor Produced Water Release 1/25/13 Produced Water 18 5 13 BBL Corrosion San Juan (45) No No
nJK1305850519 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 1/25/13 Condensate 0 0 0 BBL Corrosion San Juan (45) Yes No
nJK1304233843 CONOCOPHILLIPS COMPANY Minor Produced Water Release 1/25/13 Produced Water 18 5 13 BBL Corrosion San Juan (45) No No
nGRL1315035826 BTA OIL PRODUCERS, LLC Major Produced Water Release 1/25/13 Produced Water 25 0 25 BBL Corrosion Lea (25) No No

nJK1314142433
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 1/24/13 Condensate 119 0 119 BBL Corrosion San Juan (45) No No

nJK1302947602
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 1/24/13 Condensate 119 0 119 BBL Corrosion San Juan (45) No No

nJMW1305850658 LINN OPERATING, LLC. Minor Produced Water Release 1/24/13 Produced Water 9 5 4 BBL Human Error Eddy (15) No No

nJK1302947602
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 1/24/13 Produced Water 17 0 17 BBL Corrosion San Juan (45) No No

nJK1314142433
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 1/24/13 Produced Water 17 0 17 BBL Corrosion San Juan (45) No No

nJMW1305850658 LINN OPERATING, LLC. Minor Produced Water Release 1/24/13 Crude Oil 1 0 1 BBL Human Error Eddy (15) No No
nJMW1303938125 COG OPERATING LLC Minor Produced Water Release 1/23/13 Produced Water 15 10 5 BBL Corrosion Eddy (15) No No
nJMW1303938125 COG OPERATING LLC Minor Produced Water Release 1/23/13 Crude Oil 5 5 0 BBL Corrosion Eddy (15) No No
nJMW1303932155 OXY USA INC Major Produced Water Release 1/23/13 Produced Water 200 180 20 BBL Equipment Failure Eddy (15) No No
nJMW1303932155 OXY USA INC Major Produced Water Release 1/23/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No

nJK1302947299
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 1/22/13 Condensate 38 0 38 BBL Corrosion San Juan (45) No No

nJK1314141690
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 1/22/13 Condensate 38 0 38 BBL Corrosion San Juan (45) No No

nJK1305853226 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 1/22/13 Condensate 20 0 20 GAL Freeze San Juan (45) No No
nJK1308540999 ENTERPRISE PRODUCTS OPERATING, LLC Major Produced Water Release 1/22/13 Other (Specify) 40 0 40 BBL Corrosion San Juan (45) No No
nHMP1409228272 BURNETT OIL CO INC Minor Produced Water Release 1/22/13 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
nHMP1409228272 BURNETT OIL CO INC Minor Produced Water Release 1/22/13 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No

nJK1302947926
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 1/21/13 Produced Water 5 0 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1309854309 APACHE CORPORATION Minor Produced Water Release 1/21/13 Produced Water 10 8 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nJK1309442661
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 1/21/13 Produced Water 5 0 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1302354738 Spur Energy Partners LLC Minor Oil Release 1/20/13 Crude Oil 10 8 2 BBL Equipment Failure Eddy (15) No No
nJMW1302354738 Spur Energy Partners LLC Minor Oil Release 1/20/13 Produced Water 10 7 3 BBL Equipment Failure Eddy (15) No No
nJMW1303841712 COG OPERATING LLC Major Produced Water Release 1/19/13 Produced Water 450 445 5 BBL Equipment Failure Eddy (15) No No
nJMW1303838979 Spur Energy Partners LLC Minor Oil Release 1/18/13 Crude Oil 15 14 1 BBL Human Error Eddy (15) No No
nJMW1307241610 MEWBOURNE OIL CO Major Oil Release 1/17/13 Crude Oil 94 0 94 BBL Equipment Failure Eddy (15) No No
nJXK1620849420 Murchison Oil and Gas, LLC Produced Water Release 1/17/13 Produced Water 0 0 0 BBL Lea (25) No No
nGRL1306529666 ASPEN OPERATING COMPANY LLC Major Oil Release 1/17/13 Crude Oil 200 0 200 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJK1326750687 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/17/13 Produced Water 82 80 2 BBL Freeze San Juan (45) No No
nJXK1620849420 Murchison Oil and Gas, LLC Produced Water Release 1/17/13 Crude Oil 0 0 0 BBL Lea (25) No No
nGRL1306529666 ASPEN OPERATING COMPANY LLC Major Oil Release 1/17/13 Produced Water 100 0 100 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJMW1307241610 MEWBOURNE OIL CO Major Oil Release 1/17/13 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nJK1306642891 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/17/13 Produced Water 82 80 2 BBL Freeze San Juan (45) No No
nJMW1302430767 MEWBOURNE OIL CO Oil Release 1/16/13 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nJK1305853714 DUGAN PRODUCTION CORP Major Produced Water Release 1/16/13 Produced Water 100 60 40 BBL Overflow - Tank, Pit, Etc. San Juan (45) Yes No
nJK1306639760 DUGAN PRODUCTION CORP Minor Oil Release 1/16/13 Crude Oil 15 7 8 BBL Corrosion San Juan (45) No No
nJK1424850772 NOBLE ENERGY INC Minor Oil Release 1/16/13 Crude Oil 20 0 20 BBL Freeze San Juan (45) No No

nJK1306647062
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 1/16/13 Produced Water 22 0 22 BBL Other San Juan (45) No No

nJK1303027463 Ovintiv USA Inc. Minor Oil Release 1/16/13 Crude Oil 22 22 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1306646838
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 1/16/13 Produced Water 295 290 5 BBL Freeze San Juan (45) No No

nJK1309443031
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 1/16/13 Produced Water 22 0 22 BBL Human Error San Juan (45) No No

nJK1308551562 SIMCOE LLC Major Fire 1/16/13 Condensate 2 0 2 GAL Fire San Juan (45) No No
nJK1303027463 Ovintiv USA Inc. Minor Oil Release 1/16/13 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1303836273 COG OPERATING LLC Major Produced Water Release 1/16/13 Produced Water 75 0 75 BBL Human Error Eddy (15) No No

nJK1311542743
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 1/16/13 Produced Water 295 290 5 BBL Freeze San Juan (45) No No
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nJK1326751095 DUGAN PRODUCTION CORP Major Produced Water Release 1/16/13 Produced Water 100 60 40 BBL Freeze San Juan (45) No No
nJMW1305346221 Saguaro Petroleum, LLC Produced Water Release 1/15/13 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nJK1323841956 XTO ENERGY, INC Major Release Other 1/15/13 Other (Specify) 50 0 50 BBL Freeze San Juan (45) No No
nJK1302940002 DUGAN PRODUCTION CORP Minor Oil Release 1/15/13 Crude Oil 16 16 0 BBL Corrosion San Juan (45) No No
nJK1313630890 ENDURING RESOURCES, LLC Oil Release 1/15/13 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1302346831 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 1/15/13 Produced Water 20 0 20 BBL Freeze Eddy (15) No No
nJMW1302348852 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 1/15/13 Produced Water 100 70 30 BBL Equipment Failure Eddy (15) No No
nJK1311547640 DUGAN PRODUCTION CORP Oil Release 1/15/13 Crude Oil 0 16 0 BBL Corrosion San Juan (45) No No

nJK1306646632
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 1/14/13 Produced Water 35 30 5 BBL Corrosion San Juan (45) No No

nGVG1322135855 ENERGEN RESOURCES CORPORATION Major Oil Release 1/14/13 Condensate 96 0 96 BBL Freeze San Juan (45) No Yes
nJMW1303854425 OXY USA INC Major Oil Release 1/14/13 Crude Oil 60 0 60 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nGVG1321756538 ENERGEN RESOURCES CORPORATION Major 1/14/13 Condensate 96 0 0 BBL San Juan (45) No Yes
nJK1331254933 DUGAN PRODUCTION CORP Minor Produced Water Release 1/14/13 Produced Water 15 0 15 BBL Corrosion San Juan (45) No No
nJK1305853515 ENERGEN RESOURCES CORPORATION Major Oil Release 1/14/13 Condensate 96 0 96 BBL Freeze San Juan (45) No Yes
nJMW1302341241 TANDEM ENERGY CORPORATION Major Oil Release 1/14/13 Crude Oil 50 30 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nJK1321355869
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 1/14/13 Produced Water 35 30 5 BBL Corrosion San Juan (45) No No

nJMW1303854425 OXY USA INC Major Oil Release 1/14/13 Produced Water 20 0 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1302939051 DUGAN PRODUCTION CORP Major Oil Release 1/14/13 Produced Water 15 0 15 BBL Corrosion San Juan (45) Yes No
nJMW1302341241 TANDEM ENERGY CORPORATION Major Oil Release 1/14/13 Produced Water 10 5 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nSAD1417751726 APACHE CORPORATION Minor Produced Water Release 1/13/13 Produced Water 18 15 3 BBL Equipment Failure Lea (25) No No
nCS1412735514 SIMCOE LLC Minor Produced Water Release 1/13/13 Produced Water 18 0 0 BBL Equipment Failure San Juan (45) No No
nJMW1302255636 OLEUM Energy LLC Minor Produced Water Release 1/13/13 Produced Water 10 10 0 BBL Freeze Eddy (15) No No
nJMW1302251869 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/13/13 Crude Oil 35 32 3 BBL Human Error Eddy (15) No No
nJK1401430750 SIMCOE LLC Minor Produced Water Release 1/13/13 Produced Water 18 0 18 BBL Freeze San Juan (45) No No
nCS1412735514 SIMCOE LLC Minor Produced Water Release 1/13/13 Condensate 1 1 0 BBL Equipment Failure San Juan (45) No No
nJK1401430750 SIMCOE LLC Minor Produced Water Release 1/13/13 Condensate 5 5 0 GAL Freeze San Juan (45) No No
nJMW1303853348 MEWBOURNE OIL CO Major Oil Release 1/11/13 Crude Oil 10 0 0 BBL Eddy (15) No No
nJMW1303853348 MEWBOURNE OIL CO Major Oil Release 1/11/13 Crude Oil 10 0 0 BBL Equipment Failure Eddy (15) No No
nJMW1303853348 MEWBOURNE OIL CO Major Oil Release 1/11/13 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nGRL1302252241 PRIMEXX OPERATING CORPORATION Major Produced Water Release 1/10/13 Produced Water 1200 1094 106 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nCS1510349816 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 1/10/13 Condensate 5 0 5 BBL Freeze Sandoval (43) No No
nJK1306640080 DUGAN PRODUCTION CORP Minor Produced Water Release 1/9/13 Produced Water 10 0 10 BBL Freeze San Juan (45) No No
nJK1305851793 DUGAN PRODUCTION CORP Minor Produced Water Release 1/9/13 Produced Water 10 0 10 BBL Freeze San Juan (45) No No
nJK1304238652 CONOCOPHILLIPS COMPANY Minor Produced Water Release 1/9/13 Produced Water 18 0 18 BBL Freeze San Juan (45) No No

nJK1322839470
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 1/9/13 Produced Water 5 4 1 BBL Corrosion San Juan (45) No No

nJK1309447956 CONOCOPHILLIPS COMPANY Minor Produced Water Release 1/9/13 Produced Water 18 0 18 BBL Freeze San Juan (45) No No
nJMW1302248821 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 1/9/13 Produced Water 102 20 82 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1306647575 NOBLE ENERGY INC Minor Produced Water Release 1/8/13 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1301753978 LINN OPERATING, LLC. Major Produced Water Release 1/8/13 Produced Water 35 0 35 BBL Equipment Failure Eddy (15) No No
nJMW1302351885 Spur Energy Partners LLC Major Produced Water Release 1/8/13 Produced Water 40 35 5 BBL Human Error Eddy (15) No No
nJMW1301753978 LINN OPERATING, LLC. Major Produced Water Release 1/8/13 Other (Specify) 5 0 5 BBL Equipment Failure Eddy (15) No No
nJXK1620047362 HESS CORPORATION Oil Release 1/7/13 Crude Oil 0 0 0 BBL Lea (25) No No

nJK1304237114
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 1/7/13 Condensate 22 0 22 BBL Vandalism San Juan (45) No No

nJK1309435309
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 1/7/13 Condensate 22 0 22 BBL Vandalism San Juan (45) No No

nJMW1302429089 CHEVRON U S A INC Minor Produced Water Release 1/7/13 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nJMW1302429089 CHEVRON U S A INC Minor Produced Water Release 1/7/13 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJK1314147195 TRIPLE S TRUCKING CO., INC. Minor Produced Water Release 1/6/13 Produced Water 4 0 4 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nKJ1603453376 TEAM OPERATING, L.L.C. Minor Produced Water Release 1/6/13 Produced Water 20 10 10 BBL Equipment Failure Lea (25) No No
nJK1314147195 TRIPLE S TRUCKING CO., INC. Minor Produced Water Release 1/6/13 Crude Oil 2 1 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1301749383 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/5/13 Crude Oil 10 4 6 BBL Corrosion Eddy (15) No No
nJK1304234630 XTO ENERGY, INC Minor Produced Water Release 1/4/13 Produced Water 6 0 6 BBL Corrosion San Juan (45) No No
nJK1302939499 DUGAN PRODUCTION CORP Minor Oil Release 1/4/13 Crude Oil 20 20 0 BBL Equipment Failure San Juan (45) No No
nKJ1603432159 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 1/4/13 Produced Water 18 0 18 BBL Corrosion Lea (25) No No
nJK1306642620 XTO ENERGY, INC Minor Produced Water Release 1/4/13 Produced Water 6 0 6 BBL Corrosion San Juan (45) No No

nJK1308549630
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 1/4/13 Produced Water 168 50 118 BBL Corrosion Rio Arriba (39) No No

nJMW1302240439 Spur Energy Partners LLC Minor Produced Water Release 1/3/13 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nJMW1302240439 Spur Energy Partners LLC Minor Produced Water Release 1/3/13 Produced Water 6 5 1 BBL Equipment Failure Eddy (15) No No
nJK1303126113 ENERVEST OPERATING L.L.C. Major Oil Release 1/2/13 Crude Oil 265 150 115 BBL Freeze Rio Arriba (39) No No

nJK1310753323
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 1/2/13 Crude Oil 80 0 80 BBL Corrosion San Juan (45) No No

nJK1305851155 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 1/2/13 Condensate 1 0 1 BBL Freeze San Juan (45) No No
nJK1319255434 ENERVEST OPERATING L.L.C. Major Oil Release 1/2/13 Crude Oil 265 150 115 BBL Freeze Rio Arriba (39) No No
nJMW1302350423 COG OPERATING LLC Major Oil Release 1/2/13 Crude Oil 163 160 3 BBL Human Error Eddy (15) No No

nJK1303028373
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 1/2/13 Condensate 8 0 8 BBL Other Rio Arriba (39) No No

nJMW1301854979 COG OPERATING LLC Major Produced Water Release 12/31/12 Produced Water 320 280 40 BBL Equipment Failure Eddy (15) No No
nJMW1302241995 COG PRODUCTION, LLC Major Oil Release 12/31/12 Crude Oil 45 44 1 BBL Equipment Failure Eddy (15) No No
nJMW1302241995 COG PRODUCTION, LLC Major Oil Release 12/31/12 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nJMW1301851859 Spur Energy Partners LLC Major Produced Water Release 12/30/12 Crude Oil 90 70 20 BBL Equipment Failure Eddy (15) No No
nJMW1301851859 Spur Energy Partners LLC Major Produced Water Release 12/30/12 Produced Water 100 80 20 BBL Equipment Failure Eddy (15) No No
nJMW1302332891 RANGE OPERATING NEW MEXICO LLC Major Produced Water Release 12/29/12 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nJMW1302230992 CONOCOPHILLIPS COMPANY Minor Oil Release 12/29/12 Crude Oil 18 16 2 BBL Freeze Eddy (15) No No
nJMW1302230992 CONOCOPHILLIPS COMPANY Minor Oil Release 12/29/12 Produced Water 5 4 1 BBL Freeze Eddy (15) No No
nSAD1417750328 APACHE CORPORATION Major Produced Water Release 12/27/12 Produced Water 40 30 10 BBL Corrosion Lea (25) No No
nJMW1301552456 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 12/27/12 Produced Water 175 0 175 BBL Equipment Failure Eddy (15) No No
nJMW1301731657 LINN OPERATING, LLC. Minor Oil Release 12/27/12 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nJMW1301731657 LINN OPERATING, LLC. Minor Oil Release 12/27/12 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No

nJK1308549345
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 12/26/12 Condensate 175 85 90 BBL Corrosion Rio Arriba (39) No No

nJK1308549345
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 12/26/12 Produced Water 15 4 11 BBL Corrosion Rio Arriba (39) No No

nJMW1301740270 Spur Energy Partners LLC Major Oil Release 12/25/12 Crude Oil 43 40 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1304237868 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 12/24/12 Natural Gas Liquids 25 0 25 GAL Freeze San Juan (45) No No
nJK1333854228 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 12/24/12 Condensate 25 0 25 BBL Freeze San Juan (45) No No
nJMW1301656219 CAZA OPERATING, LLC Major Produced Water Release 12/23/12 Produced Water 62 55 7 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1301735558 LINN OPERATING, LLC. Minor Oil Release 12/23/12 Crude Oil 6 4 2 BBL Equipment Failure Eddy (15) No No
nJMW1301735558 LINN OPERATING, LLC. Minor Oil Release 12/23/12 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nJMW1301656219 CAZA OPERATING, LLC Major Produced Water Release 12/23/12 Crude Oil 8 5 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1301734412 Spur Energy Partners LLC Minor Oil Release 12/23/12 Crude Oil 22 18 4 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1301648983 COG OPERATING LLC Major Oil Release 12/22/12 Crude Oil 150 148 2 BBL Equipment Failure Eddy (15) No No
nJMW1301738512 LINN OPERATING, LLC. Minor Oil Release 12/21/12 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
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nJMW1301738512 LINN OPERATING, LLC. Minor Oil Release 12/21/12 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nJMW1300435637 JALAPENO CORPORATION Major Produced Water Release 12/20/12 Produced Water 150 150 0 BBL Other Chaves (05) No No
nJK1325437905 CONOCOPHILLIPS COMPANY Release Other 12/20/12 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1300435637 JALAPENO CORPORATION Major Produced Water Release 12/20/12 Crude Oil 150 150 0 BBL Other Chaves (05) No No
nJMW1300436879 JALAPENO CORPORATION Major Produced Water Release 12/20/12 Produced Water 150 150 0 BBL Other Chaves (05) No No
nJMW1300436879 JALAPENO CORPORATION Major Produced Water Release 12/20/12 Crude Oil 150 150 0 BBL Other Chaves (05) No No
nJMW1301454433 LINN OPERATING, LLC. Oil Release 12/19/12 Crude Oil 3 0 3 BBL Human Error Eddy (15) No No
nJMW1301454433 LINN OPERATING, LLC. Oil Release 12/19/12 Produced Water 0 0 0 BBL Human Error Eddy (15) No No
nJK1302230928 SIMCOE LLC Oil Release 12/18/12 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1303155739
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 12/18/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1301750998 EOG Y RESOURCES, INC. Major Oil Release 12/18/12 Crude Oil 30 20 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1301549685 Spur Energy Partners LLC Minor Produced Water Release 12/18/12 Produced Water 15 12 3 BBL Human Error Eddy (15) No No
nJK1302331905 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 12/18/12 Condensate 0 0 0 BBL Corrosion San Juan (45) No Yes
nJK1305852804 CONOCOPHILLIPS COMPANY Oil Release 12/17/12 Motor Oil 25 0 25 GAL Other San Juan (45) No No
nJMW1301453324 LINN OPERATING, LLC. Major Produced Water Release 12/17/12 Produced Water 64 0 64 BBL Human Error Eddy (15) No No
nJMW1301541975 Spur Energy Partners LLC Minor Produced Water Release 12/14/12 Produced Water 15 12 3 BBL Human Error Eddy (15) No No
nJK1326153306 High River Resources Operating, LLC Major Oil Release 12/13/12 Crude Oil 160 40 120 BBL Freeze Rio Arriba (39) No No
nJMW1301556273 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 12/13/12 Produced Water 500 50 450 BBL Equipment Failure Eddy (15) No No
nJK1302231290 High River Resources Operating, LLC Major Oil Release 12/13/12 Crude Oil 160 40 120 BBL Freeze Rio Arriba (39) No No
nJK1304238849 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/13/12 Produced Water 75 55 20 BBL Freeze Rio Arriba (39) No No
nJK1302231290 High River Resources Operating, LLC Major Oil Release 12/13/12 Produced Water 0 0 0 BBL Freeze Rio Arriba (39) No No
nJK1314153305 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/13/12 Produced Water 75 55 20 BBL Freeze Rio Arriba (39) No No
nJK1314146774 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/12/12 Produced Water 253 240 13 BBL Freeze Rio Arriba (39) No No
nJK1306642269 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 12/12/12 Other (Specify) 0 0 0 BBL Vandalism San Juan (45) No No
nJK1304239084 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/12/12 Produced Water 253 240 13 BBL Freeze Rio Arriba (39) Yes No
nJMW1301529923 Spur Energy Partners LLC Minor Produced Water Release 12/12/12 Produced Water 15 12 3 BBL Human Error Eddy (15) No No
nKJ1605630608 SOUTHERN UNION GAS SERVICES LTD Major Oil Release 12/12/12 Crude Oil 18 0 18 BBL Human Error Lea (25) No No
nKJ1605630608 SOUTHERN UNION GAS SERVICES LTD Major Oil Release 12/12/12 Produced Water 18 0 18 BBL Human Error Lea (25) No No
nJK1331254484 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 12/12/12 Condensate 6 0 6 BBL Vandalism San Juan (45) No No
nJK1308548391 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/12/12 Condensate 1 0 1 BBL Freeze San Juan (45) No No
nJK1301156965 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 12/12/12 Condensate 6 0 6 BBL Vandalism San Juan (45) No No
nJK1308548391 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/12/12 Produced Water 1 0 1 BBL Freeze San Juan (45) No No
nJK1326741165 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/12/12 Condensate 2 0 2 BBL Equipment Failure San Juan (45) No No
nJMW1235551480 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/11/12 Produced Water 90 80 10 BBL Human Error Eddy (15) No No
nJMW1235551480 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 12/11/12 Crude Oil 27 27 0 BBL Human Error Eddy (15) No No
nJK1323839307 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/11/12 Condensate 2 0 2 BBL Freeze San Juan (45) No No
nJK1301156131 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/11/12 Natural Gas Liquids 2 0 2 BBL Corrosion San Juan (45) No No
nGRL1318653988 CRAIN HOT OIL SERVICE, LLC Minor Produced Water Release 12/11/12 Produced Water 24 0 24 BBL Overflow - Tank, Pit, Etc. Chaves (05) No No
nJK1301156691 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/11/12 Natural Gas Liquids 2 0 2 BBL Corrosion San Juan (45) No No
nJK1323838831 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 12/11/12 Condensate 2 0 2 BBL Freeze San Juan (45) No No
nMLB1235552413 RAYBAW Operating, LLC Major Oil Release 12/10/12 Crude Oil 52 50 2 BBL Freeze Eddy (15) No No
nJK1302332619 CONOCOPHILLIPS COMPANY Minor Oil Release 12/10/12 Crude Oil 13 0 13 BBL Corrosion Rio Arriba (39) No No
nJK1302330562 CONOCOPHILLIPS COMPANY Minor Oil Release 12/10/12 Crude Oil 13 0 13 BBL Corrosion Rio Arriba (39) No No
nMLB1235552413 RAYBAW Operating, LLC Major Oil Release 12/10/12 Produced Water 52 50 2 BBL Freeze Eddy (15) No No
nGRL1234643076 MERIT ENERGY COMPANY, LLC Major Produced Water Release 12/10/12 Produced Water 45 0 45 BBL Corrosion Lea (25) No No
nJMW1309850960 APACHE CORPORATION Major Produced Water Release 12/9/12 Produced Water 150 135 15 BBL Equipment Failure Eddy (15) No No
nJK1329732432 MorningStar Operating LLC Produced Water Release 12/7/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1314153656
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 12/7/12 Motor Oil 0 0 0 BBL Normal Operations San Juan (45) No No

nJMW1235234054 Silverback Operating II, LLC Major Produced Water Release 12/7/12 Produced Water 20 5 15 BBL Equipment Failure Eddy (15) No No
nJMW1234855700 LINN OPERATING, LLC. Major Produced Water Release 12/7/12 Produced Water 24 20 4 BBL Equipment Failure Eddy (15) No No
nJMW1235536374 OXY USA INC Minor Produced Water Release 12/7/12 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJMW1235234054 Silverback Operating II, LLC Major Produced Water Release 12/7/12 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nGRL1234647379 Benton Crude Oil LLC Minor Produced Water Release 12/7/12 Produced Water 15 10 5 BBL Corrosion Lea (25) No No
nJMW1234855700 LINN OPERATING, LLC. Major Produced Water Release 12/7/12 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No

nJK1305841476
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 12/6/12 Produced Water 30 20 10 BBL Corrosion Rio Arriba (39) No No

nJK1235540941
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 12/6/12 Produced Water 30 20 10 BBL Corrosion Rio Arriba (39) No No

nJK1310755955 CONOCOPHILLIPS COMPANY Oil Release 12/6/12 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1302238706 COLGATE OPERATING, LLC Major Produced Water Release 12/6/12 Produced Water 35 30 5 BBL Equipment Failure Eddy (15) No No
nJMW1300838151 Silverback Operating II, LLC Major Produced Water Release 12/6/12 Produced Water 120 5 115 BBL Equipment Failure Eddy (15) No No
nJMW1300851642 EOG RESOURCES INC Minor Oil Release 12/5/12 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nJMW1300849841 EOG Y RESOURCES, INC. Minor Produced Water Release 12/5/12 Produced Water 5 3 2 BBL Equipment Failure Eddy (15) No No
nJMW1234853152 OWL SWD OPERATING, LLC Major Produced Water Release 12/5/12 Produced Water 341 340 1 BBL Equipment Failure Eddy (15) No No
nTO1423243723 CHEVRON U S A INC Minor Produced Water Release 12/5/12 Produced Water 9 9 0 BBL Equipment Failure Lea (25) No No
nMLB1234647882 DCP OPERATING COMPANY, LP Minor Release Other 12/5/12 Condensate 15 0 15 BBL Corrosion Eddy (15) No No
nJMW1234530690 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 12/4/12 Produced Water 120 35 85 BBL Equipment Failure Eddy (15) No No
nGRL1234652017 Spur Energy Partners LLC Major Other 12/4/12 Crude Oil 100 95 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1600435173 Spur Energy Partners LLC Major Produced Water Release 12/4/12 Produced Water 350 340 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nGRL1234647972 Spur Energy Partners LLC Minor Oil Release 12/4/12 Crude Oil 20 18 2 BBL Corrosion Lea (25) No No
nJXK1600435173 Spur Energy Partners LLC Major Produced Water Release 12/4/12 Crude Oil 100 95 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nGRL1234652017 Spur Energy Partners LLC Major Other 12/4/12 Produced Water 350 340 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJMW1235229835 LINN OPERATING, LLC. Minor Produced Water Release 12/3/12 Produced Water 14 8 6 BBL Equipment Failure Eddy (15) No No
nJMW1324155325 LINN OPERATING, LLC. Produced Water Release 12/3/12 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nJMW1235238684 CHEVRON U S A INC Major Produced Water Release 12/3/12 Produced Water 90 70 20 BBL Equipment Failure Eddy (15) No No

nJK1321355625
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 12/3/12 Produced Water 39 0 39 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1235229835 LINN OPERATING, LLC. Minor Produced Water Release 12/3/12 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nJMW1235241050 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 12/3/12 Produced Water 30 25 5 BBL Equipment Failure Eddy (15) No No

nJK1235541162
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 12/3/12 Produced Water 39 0 39 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1301853525 BXP Operating, LLC Minor Produced Water Release 12/2/12 Produced Water 6 2 4 BBL Equipment Failure Eddy (15) No No
nJMW1301853525 BXP Operating, LLC Minor Produced Water Release 12/2/12 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nJMW1302234481 CHEVRON U S A INC Major Produced Water Release 12/1/12 Produced Water 47 30 17 BBL Equipment Failure Eddy (15) No No
nJK1235448462 XTO ENERGY, INC Produced Water Release 11/30/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1234534095 EOG Y RESOURCES, INC. Minor Produced Water Release 11/30/12 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nJK1306651500 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 11/30/12 Natural Gas Liquids 2 0 2 BBL Corrosion San Juan (45) No No
nGRL1312127798 BLUE RUBY OPERATING, LLC Minor Oil Release 11/30/12 Crude Oil 2 0 0 BBL Lea (25) No No
nGRL1324726402 SOUTHERN UNION EXPLORATION CO Minor Oil Release 11/30/12 Crude Oil 20 0 20 BBL Human Error Lea (25) No No
nGRL1312127798 BLUE RUBY OPERATING, LLC Minor Oil Release 11/30/12 Crude Oil 2 1 1 BBL Corrosion Lea (25) No No
nGRL1312127798 BLUE RUBY OPERATING, LLC Minor Oil Release 11/30/12 Produced Water 1 1 0 BBL Corrosion Lea (25) No No
nJK1325440980 CONOCOPHILLIPS COMPANY Release Other 11/28/12 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nJMW1234851101 COG OPERATING LLC Major Produced Water Release 11/28/12 Produced Water 25 15 10 BBL Equipment Failure Eddy (15) No No
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nJK1321356764
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 11/28/12 Produced Water 13 0 13 BBL Equipment Failure Rio Arriba (39) No No

nJK1319826150
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 11/28/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJMW1234851101 COG OPERATING LLC Major Produced Water Release 11/28/12 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No

nJK1304241459
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 11/28/12 Produced Water 13 0 13 BBL Equipment Failure Rio Arriba (39) No No

nGRL1233952627 OWL SWD OPERATING, LLC Major Produced Water Release 11/28/12 Crude Oil 90 81 9 BBL Fire Lea (25) No No

nJK1303156490
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 11/28/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nGRL1233952627 OWL SWD OPERATING, LLC Major Produced Water Release 11/28/12 Produced Water 500 449 51 BBL Fire Lea (25) No No
nJMW1235328868 BOPCO, L.P. Major Produced Water Release 11/27/12 Produced Water 80 70 10 BBL Equipment Failure Eddy (15) No No
nJK1312235594 ENERGEN RESOURCES CORPORATION Produced Water Release 11/26/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1235332604 BOPCO, L.P. Produced Water Release 11/26/12 Produced Water 0 0 0 BBL Human Error Eddy (15) No No
nJK1312235979 ENERGEN RESOURCES CORPORATION Produced Water Release 11/26/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1234253807 Spur Energy Partners LLC Major Produced Water Release 11/25/12 Produced Water 25 20 5 BBL Human Error Eddy (15) No No
nJMW1300355354 APACHE CORPORATION Major Oil Release 11/24/12 Crude Oil 35 30 5 BBL Equipment Failure Eddy (15) No No
nGRL1233947490 Benton Crude Oil LLC Minor Produced Water Release 11/23/12 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nJMW1234241521 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 11/23/12 Produced Water 120 55 65 BBL Human Error Eddy (15) No No

nJK1319825969
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 11/21/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1305846873
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 11/21/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nKJ1603529547 J R OIL, LTD. CO. Minor Produced Water Release 11/21/12 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nJXK1601128949 COG OPERATING LLC Major Produced Water Release 11/20/12 Produced Water 700 620 80 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJMW1233239870 EOG Y RESOURCES, INC. Major Produced Water Release 11/20/12 Produced Water 85 80 5 BBL Equipment Failure Eddy (15) No No
nMLB1234825879 EOG Y RESOURCES, INC. Major Oil Release 11/20/12 Crude Oil 40 40 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKJ1607049050 CART HILL ENERGY, LLC Minor Oil Release 11/20/12 Crude Oil 10 6 4 BBL Equipment Failure Lea (25) No No
nJXK1601129610 COG OPERATING LLC Major Produced Water Release 11/20/12 Produced Water 520 440 80 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nKJ1607049050 CART HILL ENERGY, LLC Minor Oil Release 11/20/12 Produced Water 10 6 4 BBL Equipment Failure Lea (25) No No
nSAD1326256586 MOREXCO INC Minor Oil Release 11/19/12 Crude Oil 14 14 0 BBL Human Error Lea (25) No No
nJMW1234250637 Spur Energy Partners LLC Minor Produced Water Release 11/17/12 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nJMW1234247553 COG OPERATING LLC Minor Produced Water Release 11/17/12 Produced Water 12 10 2 BBL Human Error Eddy (15) No No
nGRL1233232139 CHEVRON U S A INC Major Produced Water Release 11/16/12 Produced Water 15 5 10 BBL Corrosion Lea (25) No No
nGRL1233942777 COG OPERATING LLC Minor Produced Water Release 11/15/12 Produced Water 20 18 2 BBL Corrosion Lea (25) No No

nJK1306653503
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 11/14/12 Produced Water 5 5 0 BBL Human Error San Juan (45) No No

nJMW1231955577 LINN OPERATING, LLC. Minor Produced Water Release 11/14/12 Produced Water 15 8 7 BBL Equipment Failure Eddy (15) No No
nJMW1231955577 LINN OPERATING, LLC. Minor Produced Water Release 11/14/12 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No

nJK1305841815
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 11/13/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1233333603 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 11/12/12 Produced Water 10 0 10 BBL Fire Eddy (15) No No
nJMW1231953973 LINN OPERATING, LLC. Minor Produced Water Release 11/12/12 Produced Water 16 3 13 BBL Equipment Failure Eddy (15) No No
nJMW1233333603 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 11/12/12 Crude Oil 4 0 4 BBL Fire Eddy (15) No No
nJMW1231953973 LINN OPERATING, LLC. Minor Produced Water Release 11/12/12 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nJMW1232050706 Silverback Operating II, LLC Major Produced Water Release 11/11/12 Produced Water 103 100 3 BBL Human Error Eddy (15) No No
nGRL1231851112 Maverick Permian LLC Major Produced Water Release 11/10/12 Produced Water 70 55 15 BBL Corrosion Lea (25) No No
nMLB1300932604 MACK ENERGY CORP Minor Oil Release 11/9/12 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJK1233251058 SAN JUAN RESOURCES, INC. Minor Oil Release 11/9/12 Produced Water 5 5 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1302943057 XTO ENERGY, INC Produced Water Release 11/9/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1233251058 SAN JUAN RESOURCES, INC. Minor Oil Release 11/9/12 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1231941077 LINN OPERATING, LLC. Minor Produced Water Release 11/9/12 Produced Water 18 11 7 BBL Equipment Failure Eddy (15) No No
nJMW1231941077 LINN OPERATING, LLC. Minor Produced Water Release 11/9/12 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nJMW1232155041 COG PRODUCTION, LLC Major Oil Release 11/8/12 Crude Oil 80 75 5 BBL Human Error Eddy (15) No No
nJMW1232055488 Spur Energy Partners LLC Major Produced Water Release 11/7/12 Produced Water 200 190 10 BBL Equipment Failure Eddy (15) No No
nJMW1232052348 MACK ENERGY CORP Major Produced Water Release 11/6/12 Produced Water 285 285 0 BBL Human Error Eddy (15) No No
nGRL1231839015 MEWBOURNE OIL CO Minor Oil Release 11/6/12 Crude Oil 20 18 2 BBL Equipment Failure Lea (25) No No
nJK1304234094 CONOCOPHILLIPS COMPANY Major Produced Water Release 11/6/12 Produced Water 67 66 1 BBL Corrosion San Juan (45) No No
nJK1233252851 CONOCOPHILLIPS COMPANY Major Produced Water Release 11/6/12 Produced Water 67 66 1 BBL Equipment Failure San Juan (45) No No

nJK1322839209
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 11/5/12 Produced Water 6 2 4 BBL Equipment Failure Rio Arriba (39) No No

nJK1233254051
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 11/5/12 Produced Water 6 2 4 BBL Equipment Failure Rio Arriba (39) No No

nCS1522439198 SIMCOE LLC Oil Release 11/5/12 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nGRL1231452632 Maverick Permian LLC Minor Produced Water Release 11/4/12 Produced Water 5 1 4 BBL Equipment Failure Lea (25) No No
nGRL1231241803 FOREST OIL CORPORATION Major Produced Water Release 11/3/12 Produced Water 150 100 50 BBL Equipment Failure Lea (25) No No
nJXK1619637333 DEVON ENERGY PRODUCTION COMPANY, L.P. Major Produced Water Release 11/3/12 Produced Water 290 290 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJMW1231949449 Spur Energy Partners LLC Minor Produced Water Release 11/2/12 Produced Water 13 12 1 BBL Corrosion Eddy (15) No No
nJMW1320641831 SOUTHERN UNION GAS SERVICES LTD Minor Produced Water Release 11/2/12 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nJMW1320641831 SOUTHERN UNION GAS SERVICES LTD Minor Produced Water Release 11/2/12 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nJMW1303054398 Spur Energy Partners LLC Minor Produced Water Release 11/1/12 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nGRL1231037337 MorningStar Operating LLC Major Produced Water Release 11/1/12 Produced Water 45 30 15 BBL Corrosion Lea (25) No No
nJK1315038560 Oil Release 10/31/12 Other (Specify) 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1314148299 MorningStar Operating LLC Produced Water Release 10/31/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1314147993 ENERGEN RESOURCES CORPORATION Produced Water Release 10/31/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1315755246 XTO ENERGY, INC Minor Produced Water Release 10/31/12 Produced Water 5 0 5 BBL Corrosion Rio Arriba (39) No No
nJK1315755246 XTO ENERGY, INC Minor Produced Water Release 10/31/12 Crude Oil 3 1 2 BBL Corrosion Rio Arriba (39) No No
nJMW1232053733 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 10/29/12 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nJK1304235362 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 10/29/12 Condensate 1 0 1 BBL Corrosion San Juan (45) No No
nJK1400840623 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 10/29/12 Condensate 1 0 1 BBL Equipment Failure San Juan (45) No No
nJMW1231254060 Spur Energy Partners LLC Major Produced Water Release 10/28/12 Produced Water 50 49 1 BBL Equipment Failure Eddy (15) No No
nGRL1232156873 CHESAPEAKE OPERATING, INC. Major Produced Water Release 10/28/12 Produced Water 40 0 40 BBL Corrosion Lea (25) No No
nJMW1231249801 Spur Energy Partners LLC Minor Release Other 10/28/12 Brine Water 15 10 5 BBL Human Error Eddy (15) No No
nCS1433938925 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 10/28/12 Natural Gas Liquids 0 0 0 BBL Equipment Failure San Juan (45) No No
nJK1326732714 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 10/28/12 Condensate 4 0 4 BBL Equipment Failure San Juan (45) No No
nGRL1231239819 COG OPERATING LLC Major Produced Water Release 10/26/12 Produced Water 80 75 5 BBL Equipment Failure Lea (25) No No
nJMW1231348430 EASTLAND OIL CO Major Produced Water Release 10/26/12 Produced Water 30 0 30 BBL Human Error Eddy (15) No No
nJMW1231252031 Spur Energy Partners LLC Minor Produced Water Release 10/25/12 Produced Water 10 8 2 BBL Human Error Eddy (15) No No
nGRL1230034049 Maverick Permian LLC Minor Produced Water Release 10/23/12 Produced Water 17 0 17 BBL Corrosion Lea (25) No No
nJK1233249557 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 10/23/12 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No No

nJK1331133354
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 10/22/12 Crude Oil 0 0 0 BBL Other Rio Arriba (39) No No

nCS1606838794 BURLINGTON RESOURCES OIL & GAS CO Other 10/22/12 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nJMW1231141071 COG OPERATING LLC Major Produced Water Release 10/21/12 Produced Water 75 0 75 BBL Corrosion Eddy (15) No No
nJMW1231137859 Permian Resources Operating, LLC Minor Produced Water Release 10/19/12 Produced Water 15 15 0 BBL Human Error Eddy (15) No No
nJMW1231134517 Acacia Operating Company, LLC Major Produced Water Release 10/19/12 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nJXK1602649785 Avant Operating, LLC Major Oil Release 10/17/12 Crude Oil 160 100 60 BBL Equipment Failure Lea (25) No No
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nTO1423255747 MorningStar Operating LLC Major Produced Water Release 10/16/12 Produced Water 122 60 62 BBL Corrosion Lea (25) No No
nGRL1306351314 XTO ENERGY, INC Minor Oil Release 10/16/12 Crude Oil 15 10 5 BBL Corrosion Lea (25) No No
nJK1319250720 XTO ENERGY, INC Oil Release 10/16/12 Crude Oil 0 0 0 BBL Corrosion San Juan (45) No No
nJMW1229741733 LINN OPERATING, LLC. Major Produced Water Release 10/15/12 Produced Water 196 15 181 BBL Corrosion Eddy (15) No No
nGRL1231440193 ETC Texas Pipeline, Ltd. Release Other 10/15/12 Other (Specify) 2 0 2 BBL Corrosion Lea (25) No No
nJMW1229741733 LINN OPERATING, LLC. Major Produced Water Release 10/15/12 Crude Oil 60 25 35 BBL Corrosion Eddy (15) No No
nJK1306649599 ENERGEN RESOURCES CORPORATION Produced Water Release 10/15/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nGRL1231442039 CHEVRON U S A INC Major Oil Release 10/13/12 Crude Oil 3 2 1 BBL Corrosion Lea (25) No No
nJMW1231131067 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 10/13/12 Produced Water 520 520 0 BBL Equipment Failure Eddy (15) No No
nGRL1231442039 CHEVRON U S A INC Major Oil Release 10/13/12 Produced Water 27 16 11 BBL Corrosion Lea (25) No No
nGRL1315751494 CONOCOPHILLIPS COMPANY Minor Oil Release 10/11/12 Crude Oil 8 3 5 BBL Corrosion Lea (25) No No
nJMW1229729836 Blackbuck New Mexico LLC Major Produced Water Release 10/11/12 Produced Water 25 24 1 BBL Equipment Failure Eddy (15) No No
nMLB1229156469 EOG Y RESOURCES, INC. Major Produced Water Release 10/10/12 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJMW1231150890 COG OPERATING LLC Minor Oil Release 10/10/12 Crude Oil 15 12 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1400839711 XTO ENERGY, INC Major Produced Water Release 10/10/12 Produced Water 20 5 15 BBL Corrosion San Juan (45) No No
nJMW1232528040 AMERICO ENERGY RESOURCES LLC Minor Oil Release 10/10/12 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nGRL1230034462 COG OPERATING LLC Minor Produced Water Release 10/10/12 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nJMW1300431832 APACHE CORPORATION Minor Produced Water Release 10/10/12 Produced Water 10 7 3 BBL Human Error Eddy (15) No No
nJXK1600437573 COG OPERATING LLC Minor Produced Water Release 10/10/12 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nJMW1229354304 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 10/10/12 Crude Oil 8 0 8 BBL Eddy (15) No No
nMLB1229156469 EOG Y RESOURCES, INC. Major Produced Water Release 10/10/12 Crude Oil 12 1 11 BBL Equipment Failure Eddy (15) No No
nJK1400839711 XTO ENERGY, INC Major Produced Water Release 10/10/12 Crude Oil 16 0 16 BBL Corrosion San Juan (45) No No
nJMW1231139384 COG OPERATING LLC Minor Produced Water Release 10/9/12 Produced Water 7 5 2 BBL Corrosion Eddy (15) No No
nJMW1303751618 Spur Energy Partners LLC Major Produced Water Release 10/9/12 Produced Water 100 90 10 BBL Human Error Eddy (15) No No
nJMW1229830645 OXY USA INC Major Oil Release 10/8/12 Crude Oil 140 80 60 BBL Human Error Eddy (15) No No
nJMW1229349116 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/6/12 Produced Water 15 15 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nGRL1232155930 MARATHON OIL PERMIAN LLC Minor Produced Water Release 10/6/12 Produced Water 20 15 5 BBL Human Error Lea (25) No No
nJMW1228653676 LINN OPERATING, LLC. Major Produced Water Release 10/5/12 Produced Water 400 385 15 BBL Equipment Failure Eddy (15) No No
nJK1318349182 CONOCOPHILLIPS COMPANY Major Produced Water Release 10/5/12 Produced Water 67 35 32 BBL Equipment Failure San Juan (45) Yes No
nJMW1228653676 LINN OPERATING, LLC. Major Produced Water Release 10/5/12 Crude Oil 15 10 5 BBL Equipment Failure Eddy (15) No No

nJK1315754964
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 10/4/12 Produced Water 11 2 9 BBL Corrosion San Juan (45) No No

nJK1306649305 LOGOS OPERATING, LLC Produced Water Release 10/3/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1235450034 XTO ENERGY, INC Produced Water Release 10/3/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1400836436 DUGAN PRODUCTION CORP Major Produced Water Release 10/3/12 Produced Water 5 0 5 BBL Equipment Failure San Juan (45) Yes No
nGRL1229347018 RUTHCO OIL, LLC Major Produced Water Release 10/3/12 Crude Oil 10 0 10 BBL Normal Operations Lea (25) No No
nJK1400836436 DUGAN PRODUCTION CORP Major Produced Water Release 10/3/12 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) Yes No
nGRL1229347018 RUTHCO OIL, LLC Major Produced Water Release 10/3/12 Produced Water 90 0 90 BBL Normal Operations Lea (25) No No
nCS1532356002 CONOCOPHILLIPS COMPANY Produced Water Release 10/2/12 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJMW1231147960 OXY USA INC Major Produced Water Release 10/1/12 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No

nJK1304240310
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 9/28/12 Produced Water 5 0 5 BBL Corrosion San Juan (45) No No

nJMW1228655527 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 9/28/12 Produced Water 100 100 0 BBL Equipment Failure Eddy (15) No No
nJMW1229054865 LH Operating, LLC Minor Produced Water Release 9/27/12 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nSAD1416734222 APACHE CORPORATION Major Produced Water Release 9/27/12 Produced Water 400 15 385 BBL Equipment Failure Lea (25) No No
nJMW1229054865 LH Operating, LLC Minor Produced Water Release 9/27/12 Crude Oil 2 0 2 BBL Human Error Eddy (15) No No
nJXK1600446160 Spur Energy Partners LLC Minor Produced Water Release 9/27/12 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nGRL1403842324 GRAND BANKS ENERGY CO Major Produced Water Release 9/27/12 Produced Water 700 0 700 BBL Corrosion Lea (25) No No
nJK1305847391 CONOCOPHILLIPS COMPANY Produced Water Release 9/26/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1229739867 EOG Y RESOURCES, INC. Major Oil Release 9/26/12 Crude Oil 44 10 34 BBL Equipment Failure Eddy (15) No No
nJK1303142685 ENTERPRISE PRODUCTS OPERATING, LLC Produced Water Release 9/26/12 Produced Water 2 0 2 BBL Normal Operations San Juan (45) No No
nSAD1416837551 APACHE CORPORATION Major Produced Water Release 9/26/12 Produced Water 65 60 5 BBL Human Error Lea (25) No No
nJK1229736458 ENTERPRISE PRODUCTS OPERATING, LLC Produced Water Release 9/26/12 Produced Water 2 0 2 BBL Other San Juan (45) No No
nSAD1416837551 APACHE CORPORATION Major Produced Water Release 9/26/12 Crude Oil 5 5 0 BBL Human Error Lea (25) No No
nJK1303142685 ENTERPRISE PRODUCTS OPERATING, LLC Produced Water Release 9/26/12 Condensate 0 0 0 BBL Normal Operations San Juan (45) No No
nJMW1310253120 OWL SWD OPERATING, LLC Major Produced Water Release 9/25/12 Produced Water 390 390 0 BBL Equipment Failure Eddy (15) No No
nJMW1309842142 APACHE CORPORATION Major Oil Release 9/25/12 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nJMW1309842142 APACHE CORPORATION Major Oil Release 9/25/12 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nJMW1228642037 Permian Resources Operating, LLC Major Produced Water Release 9/24/12 Produced Water 25 7 18 BBL Human Error Eddy (15) No No
nGRL1227125428 EOG Y RESOURCES, INC. Major Produced Water Release 9/23/12 Produced Water 30 0 30 BBL Chaves (05) No No
nJMW1304339887 Spur Energy Partners LLC Minor Natural Gas Release 9/23/12 0 0 0 BBL Eddy (15) No No
nJMW1228931739 EOG Y RESOURCES, INC. Major Produced Water Release 9/22/12 Produced Water 450 400 50 BBL Equipment Failure Eddy (15) No No
nJMW1229047587 Spur Energy Partners LLC Major Produced Water Release 9/22/12 Produced Water 700 650 50 BBL Equipment Failure Eddy (15) No No
nGRL1227127458 PLAINS MARKETING L.P. Minor Oil Release 9/21/12 Crude Oil 6 2 4 BBL Lea (25) No No
nJMW1228938969 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 9/21/12 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJK1400839377 XTO ENERGY, INC Minor Oil Release 9/21/12 Condensate 5 1 4 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1229053290 COG OPERATING LLC Major Produced Water Release 9/21/12 Produced Water 70 68 2 BBL Equipment Failure Eddy (15) No No
nJK1400839377 XTO ENERGY, INC Minor Oil Release 9/21/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1229041186 North Fork Operating, LP Major Produced Water Release 9/20/12 Produced Water 2 2 0 BBL Fire Eddy (15) No No
nJMW1228952965 COG OPERATING LLC Minor Produced Water Release 9/20/12 Produced Water 7 4 3 BBL Corrosion Eddy (15) No No
nJMW1320637280 SOUTHERN UNION GAS SERVICES LTD Oil Release 9/20/12 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nJMW1228952965 COG OPERATING LLC Minor Produced Water Release 9/20/12 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nJK1306632658 CONOCOPHILLIPS COMPANY Oil Release 9/20/12 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nJK1400835887 ENTERPRISE PRODUCTS OPERATING, LLC Major Release Other 9/20/12 Other (Specify) 40 0 40 BBL Corrosion San Juan (45) No No
nJMW1231129593 XTO PERMIAN OPERATING LLC. Major Produced Water Release 9/19/12 Produced Water 650 0 650 BBL Equipment Failure Eddy (15) No No
nJK1309449086 ENCANA OIL & GAS (USA) INC. Major Produced Water Release 9/19/12 Produced Water 25 0 25 BBL Equipment Failure San Juan (45) No No
nJK1306648899 ENERGEN RESOURCES CORPORATION Produced Water Release 9/19/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1229736540 EOG Y RESOURCES, INC. Minor Oil Release 9/18/12 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nJK1229735530 NOBLE ENERGY INC Minor Produced Water Release 9/17/12 Produced Water 15 15 0 BBL Corrosion San Juan (45) No No
nJMW1228452026 LINN OPERATING, LLC. Minor Produced Water Release 9/17/12 Produced Water 6 0 6 BBL Corrosion Eddy (15) No No
nJMW1228553129 LINN OPERATING, LLC. Minor Oil Release 9/17/12 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nJMW1228452026 LINN OPERATING, LLC. Minor Produced Water Release 9/17/12 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nJMW1228553129 LINN OPERATING, LLC. Minor Oil Release 9/17/12 Crude Oil 5 3 2 BBL Equipment Failure Eddy (15) No No
nJMW1228948228 COG OPERATING LLC Major Produced Water Release 9/16/12 Produced Water 75 71 4 BBL Fire Eddy (15) No No
nJMW1228948228 COG OPERATING LLC Major Produced Water Release 9/16/12 Crude Oil 10 10 0 BBL Fire Eddy (15) No No
nJMW1229051242 COG PRODUCTION, LLC Minor Produced Water Release 9/14/12 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nJK1229739562 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 9/12/12 Condensate 40 0 40 BBL Corrosion San Juan (45) No No
nJK1314152203 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 9/12/12 Condensate 40 0 40 BBL Corrosion San Juan (45) No No
nJMW1300356374 APACHE CORPORATION Major Produced Water Release 9/11/12 Produced Water 55 50 5 BBL Equipment Failure Eddy (15) No No
nJMW1228449908 LINN OPERATING, LLC. Minor Produced Water Release 9/11/12 Produced Water 15 0 15 BBL Human Error Eddy (15) No No
nJK1311548314 CONOCOPHILLIPS COMPANY Produced Water Release 9/10/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1226551383 COG OPERATING LLC Major Oil Release 9/10/12 Crude Oil 149 149 0 BBL Human Error Eddy (15) No No
nJK1303055280 CONOCOPHILLIPS COMPANY Produced Water Release 9/10/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1228431520 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 9/9/12 Produced Water 126 125 1 BBL Equipment Failure Eddy (15) No No
nJMW1228937789 OXY USA INC Major Produced Water Release 9/8/12 Produced Water 370 340 30 BBL Equipment Failure Eddy (15) No No
nJMW1228937789 OXY USA INC Major Produced Water Release 9/8/12 Crude Oil 2 2 0 BBL Equipment Failure Eddy (15) No No
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nJK1315752583
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 9/6/12 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1229732624 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 9/6/12 Condensate 4 0 4 BBL Corrosion San Juan (45) No No
nJXK1601131872 COG OPERATING LLC Minor Oil Release 9/6/12 Crude Oil 12 10 2 BBL Equipment Failure Lea (25) No No
nJK1400835644 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 9/6/12 Condensate 1 0 1 BBL Corrosion San Juan (45) No No
nJK1400837470 ENERGEN RESOURCES CORPORATION Produced Water Release 9/5/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1228440835 Contango Resources, Inc. Major Produced Water Release 9/4/12 Produced Water 92 70 22 BBL Equipment Failure Eddy (15) No No
nJMW1300342111 APACHE CORPORATION Minor Produced Water Release 9/3/12 Produced Water 15 2 13 BBL Equipment Failure Eddy (15) No No
nJMW1225753966 BOPCO, L.P. Minor Produced Water Release 9/2/12 Crude Oil 5 2 3 BBL Corrosion Eddy (15) No No
nJMW1228428008 BOPCO, L.P. Major Produced Water Release 9/2/12 Produced Water 200 5 195 BBL Human Error Eddy (15) No No
nJMW1225739545 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 9/2/12 Produced Water 75 40 35 BBL Equipment Failure Eddy (15) No No
nJMW1225753966 BOPCO, L.P. Minor Produced Water Release 9/2/12 Produced Water 3 1 2 BBL Corrosion Eddy (15) No No
nMLB1226552292 Spur Energy Partners LLC Minor Oil Release 9/1/12 Produced Water 13 12 1 BBL Equipment Failure Eddy (15) No No
nJMW1231347033 EASTLAND OIL CO Minor Oil Release 9/1/12 Crude Oil 15 0 15 BBL Human Error Eddy (15) No No
nJMW1228433415 COG OPERATING LLC Minor Produced Water Release 9/1/12 Produced Water 21 20 1 BBL Corrosion Eddy (15) No No
nJMW1228433415 COG OPERATING LLC Minor Produced Water Release 9/1/12 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nJMW1225653954 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/31/12 Produced Water 61 60 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1225750374 LINN OPERATING, LLC. Minor Oil Release 8/31/12 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nJMW1225750374 LINN OPERATING, LLC. Minor Oil Release 8/31/12 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nMLB1226438559 CHEVRON U S A INC Major Produced Water Release 8/30/12 Produced Water 300 170 130 BBL Equipment Failure Eddy (15) No No
nTO1423256491 MorningStar Operating LLC Major Produced Water Release 8/29/12 Produced Water 124 60 64 BBL Corrosion Lea (25) No No

nJK1233542244
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 8/29/12 Produced Water 170 157 13 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1225642162 LINN OPERATING, LLC. Oil Release 8/28/12 Crude Oil 7 0 7 GAL Equipment Failure Eddy (15) No No
nJMW1225642162 LINN OPERATING, LLC. Oil Release 8/28/12 Produced Water 3 0 3 GAL Equipment Failure Eddy (15) No No
nCS1512041889 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 8/27/12 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJMW1228436276 KERSEY & COMPANY Major Oil Release 8/27/12 Crude Oil 80 0 80 BBL Human Error Eddy (15) No No
nGRL1305848107 EOG Y RESOURCES, INC. Major Release Other 8/26/12 Brine Water 20 0 0 BBL Lea (25) No No
nGRL1305848107 EOG Y RESOURCES, INC. Major Release Other 8/26/12 Brine Water 20 19 1 BBL Other Lea (25) No No
nKJ1607052432 BXP Operating, LLC Major Produced Water Release 8/25/12 Produced Water 30 2 28 BBL Lightning Lea (25) No No
nKJ1607052432 BXP Operating, LLC Major Produced Water Release 8/25/12 Crude Oil 5 2 3 BBL Lightning Lea (25) No No
nJMW1225552363 Silverback Operating II, LLC Major Produced Water Release 8/24/12 Produced Water 180 160 20 BBL Equipment Failure Eddy (15) No No
nJK1229733658 ENERGEN RESOURCES CORPORATION Produced Water Release 8/24/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1225751991 LINN OPERATING, LLC. Minor Produced Water Release 8/24/12 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nJK1229733416 ENERGEN RESOURCES CORPORATION Produced Water Release 8/24/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1225751991 LINN OPERATING, LLC. Minor Produced Water Release 8/24/12 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJK1232456130 ENERGEN RESOURCES CORPORATION Produced Water Release 8/24/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1225554250 EOG Y RESOURCES, INC. Major Produced Water Release 8/23/12 Produced Water 18 2 16 BBL Equipment Failure Eddy (15) No No
nJMW1225650461 LINN OPERATING, LLC. Produced Water Release 8/23/12 Produced Water 1 0 1 BBL Corrosion Eddy (15) No No
nJK1229738492 XTO ENERGY, INC Major Produced Water Release 8/23/12 Produced Water 120 60 60 BBL Corrosion San Juan (45) No No
nJMW1225640874 LINN OPERATING, LLC. Major Produced Water Release 8/23/12 Produced Water 60 45 15 BBL Corrosion Eddy (15) No No
nJMW1225554250 EOG Y RESOURCES, INC. Major Produced Water Release 8/23/12 Crude Oil 8 2 6 BBL Equipment Failure Eddy (15) No No
nJMW1225650461 LINN OPERATING, LLC. Produced Water Release 8/23/12 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nJMW1225550869 Silverback Operating II, LLC Minor Produced Water Release 8/23/12 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nJMW1225550869 Silverback Operating II, LLC Minor Produced Water Release 8/23/12 Crude Oil 7 0 7 BBL Equipment Failure Eddy (15) No No
nJMW1225440827 J & J Investments, LLC Major Produced Water Release 8/22/12 Produced Water 488 0 488 BBL Equipment Failure Eddy (15) No No
nJMW1225455843 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 8/22/12 Crude Oil 20 10 10 BBL Human Error Eddy (15) No No
nJMW1225651459 Roughhouse Operating, LLC Major Produced Water Release 8/21/12 Produced Water 95 0 95 BBL Equipment Failure Eddy (15) No No
nJK1225055848 DUGAN PRODUCTION CORP Minor Oil Release 8/21/12 Crude Oil 5 5 0 BBL Blow Out San Juan (45) No No
nCS1522441528 SIMCOE LLC Oil Release 8/21/12 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nVF1906434193 SIMCOE LLC Release Other 8/20/12 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nJMW1225449137 LH Operating, LLC Minor Produced Water Release 8/20/12 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nSAD1326256905 EOG RESOURCES INC Minor Produced Water Release 8/20/12 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nMLB1226546393 COG OPERATING LLC Major Produced Water Release 8/20/12 Produced Water 90 89 1 BBL Equipment Failure Eddy (15) No No
nJMW1224938010 JUDAH OIL LLC Major Produced Water Release 8/19/12 Produced Water 11910 0 11910 BBL Lightning Eddy (15) No No
nMLB1224858324 Spur Energy Partners LLC Major Produced Water Release 8/19/12 Produced Water 40 39 1 BBL Equipment Failure Eddy (15) No No
nJMW1224938010 JUDAH OIL LLC Major Produced Water Release 8/19/12 Crude Oil 942 0 942 BBL Lightning Eddy (15) No No
nMLB1224858324 Spur Energy Partners LLC Major Produced Water Release 8/19/12 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No
nJMW1225450335 Spur Energy Partners LLC Major Produced Water Release 8/18/12 Produced Water 130 129 1 BBL Equipment Failure Eddy (15) No No
nJMW1228429248 XTO PERMIAN OPERATING LLC. Major Oil Release 8/18/12 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nMLB1226536191 PLAINS MARKETING L.P. Major Oil Release 8/18/12 Crude Oil 500 460 40 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1228429248 XTO PERMIAN OPERATING LLC. Major Oil Release 8/18/12 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nMLB1226549180 Spur Energy Partners LLC Major Produced Water Release 8/18/12 Produced Water 150 149 1 BBL Corrosion Eddy (15) No No
nMLB1226549180 Spur Energy Partners LLC Major Produced Water Release 8/18/12 Crude Oil 30 30 0 BBL Corrosion Eddy (15) No No
nGRL1311952883 SIANA OPERATING LLC Major Produced Water Release 8/17/12 Produced Water 1400 1100 300 BBL Corrosion Lea (25) No No
nJK1315756500 CONOCOPHILLIPS COMPANY Minor Produced Water Release 8/16/12 Produced Water 15 0 15 BBL Corrosion Rio Arriba (39) No No
nJMW1224848668 MEWBOURNE OIL CO Minor Produced Water Release 8/16/12 Produced Water 16 15 1 BBL Equipment Failure Eddy (15) No No
nJK1315756500 CONOCOPHILLIPS COMPANY Minor Produced Water Release 8/16/12 Crude Oil 5 0 5 BBL Corrosion Rio Arriba (39) No No
nJMW1224841937 EOG Y RESOURCES, INC. Major Oil Release 8/15/12 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nBP1235440110 AGUA MOSS, LLC Produced Water Release 8/15/12 Other (Specify) 0 0 0 BBL San Juan (45) No No
nJK1233252076 CONOCOPHILLIPS COMPANY Major Produced Water Release 8/15/12 Produced Water 164 117 47 BBL Equipment Failure San Juan (45) No No
nJMW1224852275 Spur Energy Partners LLC Major Produced Water Release 8/15/12 Produced Water 134 130 4 BBL Human Error Eddy (15) No No
nBP1235440110 AGUA MOSS, LLC Produced Water Release 8/15/12 Produced Water 0 0 0 BBL San Juan (45) No No
nJMW1224841937 EOG Y RESOURCES, INC. Major Oil Release 8/15/12 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No

nJK1314153050
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 8/15/12 Produced Water 12 1 11 BBL Corrosion Rio Arriba (39) No No

nJXK1600433196 COG OPERATING LLC Minor Produced Water Release 8/14/12 Produced Water 20 19 1 BBL Other Lea (25) No No
nJMW1228934070 OXY USA INC Major Produced Water Release 8/14/12 Produced Water 80 0 80 BBL Human Error Eddy (15) No No
nJK1306648475 HILCORP ENERGY COMPANY Produced Water Release 8/14/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1225639143 Permian Resources Operating, LLC Major Produced Water Release 8/14/12 Produced Water 95 90 5 BBL Corrosion Eddy (15) No No
nJMW1225639143 Permian Resources Operating, LLC Major Produced Water Release 8/14/12 Crude Oil 15 10 5 BBL Corrosion Eddy (15) No No
nJMW1225452591 Silverback Operating II, LLC Major Produced Water Release 8/13/12 Produced Water 280 279 1 BBL Equipment Failure Eddy (15) No No
nJMW1225452591 Silverback Operating II, LLC Major Produced Water Release 8/13/12 Crude Oil 10 10 0 BBL Equipment Failure Eddy (15) No No

nJK1225053997
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 8/12/12 Lube Oil 100 8 92 GAL Vandalism San Juan (45) No No

nJMW1225740956 LINN OPERATING, LLC. Produced Water Release 8/12/12 Produced Water 1 0 1 BBL Corrosion Eddy (15) No No
nJMW1223639425 BXP Operating, LLC Minor Produced Water Release 8/12/12 Produced Water 20 15 5 BBL Corrosion Eddy (15) No No
nJMW1225740956 LINN OPERATING, LLC. Produced Water Release 8/12/12 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nJMW1224942822 MEWBOURNE OIL CO Major Produced Water Release 8/11/12 Produced Water 120 80 40 BBL Equipment Failure Eddy (15) No No
nJMW1225542006 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 8/10/12 Produced Water 500 475 25 BBL Equipment Failure Eddy (15) No No
nJMW1225542006 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 8/10/12 Crude Oil 200 175 25 BBL Equipment Failure Eddy (15) No No
nJMW1309937035 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/10/12 Condensate 55 30 25 BBL Equipment Failure Eddy (15) No No
nJMW1309937035 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 8/10/12 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nJMW1224150735 BOPCO, L.P. Major Produced Water Release 8/8/12 Produced Water 100 80 20 BBL Corrosion Eddy (15) No No
nJXK1620947520 CROSS TIMBERS ENERGY, LLC Produced Water Release 8/8/12 Produced Water 0 0 0 BBL Lea (25) No No
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nJK1326742513
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 8/8/12 Produced Water 8 0 8 BBL Corrosion Rio Arriba (39) No No

nJXK1620947520 CROSS TIMBERS ENERGY, LLC Produced Water Release 8/8/12 Crude Oil 0 0 0 BBL Lea (25) No No
nJMW1222254957 LH Operating, LLC Major Produced Water Release 8/7/12 Produced Water 65 50 15 BBL Equipment Failure Eddy (15) No No
nJMW1224853958 Spur Energy Partners LLC Major Produced Water Release 8/7/12 Produced Water 145 130 15 BBL Equipment Failure Eddy (15) No No
nJMW1223633670 COG PRODUCTION, LLC Major Produced Water Release 8/7/12 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nCS1524739419 CONOCOPHILLIPS COMPANY Produced Water Release 8/6/12 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No

nJK1400833265
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 8/6/12 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nMLB1226548013 CIMAREX ENERGY CO. OF COLORADO Minor Release Other 8/6/12 Acid 10 0 10 BBL Human Error Eddy (15) No No
nJK1229736233 ENERGEN RESOURCES CORPORATION Produced Water Release 8/6/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1229736800 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/6/12 Crude Oil 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJK1229736800 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/6/12 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJK1308546889 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/6/12 Crude Oil 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJK1308546889 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 8/6/12 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJXK1535138305 COG OPERATING LLC Minor Produced Water Release 8/5/12 Produced Water 19 15 4 BBL Equipment Failure Lea (25) No No
nJXK1535138305 COG OPERATING LLC Minor Produced Water Release 8/5/12 Crude Oil 1 1 0 BBL Equipment Failure Lea (25) No No
nJMW1310133762 Blackbuck New Mexico LLC Major Produced Water Release 8/3/12 Produced Water 35 30 5 BBL Equipment Failure Eddy (15) No No
nJK1229732381 ENERGEN RESOURCES CORPORATION Produced Water Release 8/2/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1222239520 BXP Operating, LLC Major Produced Water Release 8/1/12 Produced Water 50 25 25 BBL Equipment Failure Eddy (15) No No
nJK1225050581 XTO ENERGY, INC Release Other 7/31/12 Unknown 0 0 0 BBL Normal Operations San Juan (45) No No

nJK1319249739
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 7/31/12 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No

nJK1319250078 XTO ENERGY, INC Oil Release 7/31/12 Crude Oil 0 0 0 BBL Normal Operations San Juan (45) No No
nJMW1222252929 Silverback Operating II, LLC Major Produced Water Release 7/30/12 Produced Water 200 180 20 BBL Equipment Failure Eddy (15) No No
nJMW1224153124 BOPCO, L.P. Minor Oil Release 7/30/12 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nJMW1222233804 LH Operating, LLC Major Produced Water Release 7/29/12 Produced Water 180 40 140 BBL Equipment Failure Eddy (15) No No
nJMW1224147936 APACHE CORPORATION Minor Produced Water Release 7/29/12 Produced Water 12 11 1 BBL Equipment Failure Eddy (15) No No
nJMW1224149562 APACHE CORPORATION Major Produced Water Release 7/28/12 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nJMW1222231509 LINN OPERATING, LLC. Major Oil Release 7/28/12 Crude Oil 3 0 3 BBL Fire Eddy (15) No No
nJMW1228554583 EOG Y RESOURCES, INC. Minor Oil Release 7/28/12 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nJMW1228554583 EOG Y RESOURCES, INC. Minor Oil Release 7/28/12 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nJMW1222235649 LINN OPERATING, LLC. Produced Water Release 7/27/12 Produced Water 4 1 3 BBL Human Error Eddy (15) No No
nJK1306650299 HILCORP ENERGY COMPANY Major Produced Water Release 7/27/12 Produced Water 25 25 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1306650299 HILCORP ENERGY COMPANY Major Produced Water Release 7/27/12 Lube Oil 6 5 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJXK1600431310 COG OPERATING LLC Major Produced Water Release 7/26/12 Produced Water 130 100 30 BBL Equipment Failure Lea (25) No No
nKJ1603945932 APACHE CORPORATION Minor Produced Water Release 7/26/12 Produced Water 20 17 3 BBL Corrosion Lea (25) No No
nJK1229731864 DUGAN PRODUCTION CORP Major Produced Water Release 7/26/12 Produced Water 5 0 5 BBL Corrosion San Juan (45) Yes No
nJMW1223641037 BOPCO, L.P. Minor Produced Water Release 7/26/12 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nJK1222029774 DUGAN PRODUCTION CORP Major Produced Water Release 7/26/12 Produced Water 35 35 0 BBL Corrosion San Juan (45) No No
nJK1314148570 CONOCOPHILLIPS COMPANY Produced Water Release 7/26/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nGRL1234256339 COG OPERATING LLC Major Produced Water Release 7/26/12 Produced Water 117 90 27 BBL Corrosion Lea (25) No No
nJK1222030133 DUGAN PRODUCTION CORP Major Produced Water Release 7/26/12 Produced Water 35 35 0 BBL Corrosion San Juan (45) No No
nGRL1234256339 COG OPERATING LLC Major Produced Water Release 7/26/12 Crude Oil 13 10 3 BBL Corrosion Lea (25) No No
nJMW1220954469 ROVER OPERATING, LLC Minor Oil Release 7/24/12 Crude Oil 13 9 4 BBL Equipment Failure Eddy (15) No No
nJK1233254810 CONOCOPHILLIPS COMPANY Produced Water Release 7/24/12 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nAB1610237475 Spur Energy Partners LLC Major Produced Water Release 7/22/12 Produced Water 85 5 80 BBL Equipment Failure Eddy (15) No No
nJMW1222241854 SM ENERGY COMPANY Major Oil Release 7/21/12 Crude Oil 100 72 28 BBL Equipment Failure Eddy (15) No No
nJMW1221556317 COG OPERATING LLC Major Produced Water Release 7/21/12 Produced Water 160 100 60 BBL Equipment Failure Eddy (15) No No
nJMW1221451087 LINN OPERATING, LLC. Major Produced Water Release 7/19/12 Produced Water 110 100 10 BBL Vehicular Accident Eddy (15) No No
nJMW1320640063 DCP OPERATING COMPANY, LP Minor Produced Water Release 7/19/12 Condensate 12 10 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nJK1400841301
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 7/18/12 Produced Water 5 0 5 BBL Equipment Failure Rio Arriba (39) No No

nJMW1309933732 APACHE CORPORATION Major Produced Water Release 7/18/12 Produced Water 60 45 15 BBL Equipment Failure Eddy (15) No No
nJMW1222229678 COG OPERATING LLC Major Produced Water Release 7/18/12 Produced Water 500 480 20 BBL Equipment Failure Eddy (15) No No
nJK1222347996 XTO ENERGY, INC Minor Produced Water Release 7/18/12 Produced Water 20 0 20 BBL Equipment Failure San Juan (45) No No
nJMW1309933732 APACHE CORPORATION Major Produced Water Release 7/18/12 Crude Oil 20 15 5 BBL Equipment Failure Eddy (15) No No
nMLB1224035731 Spur Energy Partners LLC Major Oil Release 7/18/12 Crude Oil 1 0 1 BBL Fire Eddy (15) No No
nJK1326749584 ENTERPRISE FIELD SERVICES, LLC Oil Release 7/17/12 Condensate 4 0 4 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1221441921 EOG Y RESOURCES, INC. Major Produced Water Release 7/17/12 Produced Water 500 445 55 BBL Vehicular Accident Eddy (15) No No
nMLB1224040442 EOG Y RESOURCES, INC. Major Produced Water Release 7/17/12 Produced Water 40 30 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKJ1605632834 Extex Operating Company Major Produced Water Release 7/17/12 Produced Water 90 0 90 BBL Corrosion Lea (25) No No

nJK1305848221
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 7/17/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1221353337 CONOCOPHILLIPS COMPANY Major Oil Release 7/17/12 Lube Oil 0 0 0 BBL Other San Juan (45) Yes No
nMLB1224040442 EOG Y RESOURCES, INC. Major Produced Water Release 7/17/12 Crude Oil 1 1 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1221549479 LINN OPERATING, LLC. Minor Produced Water Release 7/17/12 Produced Water 4 1 3 BBL Human Error Eddy (15) No No
nJMW1221549479 LINN OPERATING, LLC. Minor Produced Water Release 7/17/12 Crude Oil 2 1 1 BBL Human Error Eddy (15) No No
nMLB1224032768 EOG Y RESOURCES, INC. Major Produced Water Release 7/16/12 Produced Water 30 20 10 BBL Equipment Failure Eddy (15) No No

nJK1302330775
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 7/16/12 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No

nMLB1224029790 EOG Y RESOURCES, INC. Major Produced Water Release 7/16/12 Produced Water 35 20 15 BBL Equipment Failure Eddy (15) No No
nJMW1221254150 BOPCO, L.P. Major Produced Water Release 7/15/12 Produced Water 15 3 12 BBL Equipment Failure Eddy (15) No No
nJMW1221254150 BOPCO, L.P. Major Produced Water Release 7/15/12 Crude Oil 10 2 8 BBL Equipment Failure Eddy (15) No No
nJMW1221433751 BOPCO, L.P. Minor Oil Release 7/14/12 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJMW1221433751 BOPCO, L.P. Minor Oil Release 7/14/12 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJMW1219555249 EOG Y RESOURCES, INC. Major Produced Water Release 7/13/12 Produced Water 145 130 15 BBL Equipment Failure Eddy (15) No No
nJMW1221453896 LH Operating, LLC Minor Produced Water Release 7/13/12 Produced Water 8 4 4 BBL Corrosion Eddy (15) No No
nJK1220730566 High River Resources Operating, LLC Minor Oil Release 7/12/12 Crude Oil 5 3 2 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nSAD1416440974 APACHE CORPORATION Major Produced Water Release 7/12/12 Produced Water 40 30 10 BBL Equipment Failure Lea (25) No No
nJMW1320734698 CHEVRON U S A INC Minor Produced Water Release 7/12/12 Produced Water 20 15 5 BBL Equipment Failure Eddy (15) No No
nJMW1221437921 APACHE CORPORATION Major Produced Water Release 7/11/12 Produced Water 45 42 3 BBL Equipment Failure Eddy (15) No No
nJMW1221430661 BOPCO, L.P. Major Produced Water Release 7/11/12 Produced Water 600 498 102 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1221551189 COG OPERATING LLC Major Produced Water Release 7/11/12 Produced Water 100 80 20 BBL Corrosion Eddy (15) No No
nJMW1221437921 APACHE CORPORATION Major Produced Water Release 7/11/12 Crude Oil 15 13 2 BBL Equipment Failure Eddy (15) No No
nJMW1221430661 BOPCO, L.P. Major Produced Water Release 7/11/12 Crude Oil 10 2 8 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1424853555 XTO ENERGY, INC Produced Water Release 7/10/12 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nJMW1221452878 LINN OPERATING, LLC. Minor Produced Water Release 7/9/12 Produced Water 9 6 3 BBL Corrosion Eddy (15) No No
nJMW1221554747 COG OPERATING LLC Major Produced Water Release 7/9/12 Produced Water 150 148 2 BBL Equipment Failure Eddy (15) No No
nJMW1219552251 COG OPERATING LLC Minor Produced Water Release 7/9/12 Produced Water 9 1 8 BBL Corrosion Eddy (15) No No
nJMW1221452878 LINN OPERATING, LLC. Minor Produced Water Release 7/9/12 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No
nJMW1219552251 COG OPERATING LLC Minor Produced Water Release 7/9/12 Crude Oil 1 1 0 BBL Corrosion Eddy (15) No No

nJK1233542776
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 7/7/12 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJMW1221429082 LINN OPERATING, LLC. Minor Produced Water Release 7/7/12 Produced Water 21 0 21 BBL Corrosion Eddy (15) No No
nJMW1219531844 LINN OPERATING, LLC. Major Produced Water Release 7/6/12 Produced Water 249 220 29 BBL Equipment Failure Eddy (15) No No
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nMLB1219254870 LH Operating, LLC Major Produced Water Release 7/6/12 Produced Water 586 540 46 BBL Equipment Failure Eddy (15) No No
nJMW1219531844 LINN OPERATING, LLC. Major Produced Water Release 7/6/12 Crude Oil 60 45 15 BBL Equipment Failure Eddy (15) No No
nJK1225056221 ENERGEN RESOURCES CORPORATION Produced Water Release 7/5/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1219534727 Spur Energy Partners LLC Major Oil Release 7/5/12 Crude Oil 5 0 5 BBL Fire Eddy (15) No No
nJK1225056404 ENERGEN RESOURCES CORPORATION Produced Water Release 7/5/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1219534727 Spur Energy Partners LLC Major Oil Release 7/5/12 Produced Water 5 0 5 BBL Fire Eddy (15) No No
nJK1220729755 HILCORP ENERGY COMPANY Major Produced Water Release 7/4/12 Produced Water 40 0 40 BBL Corrosion San Juan (45) No No
nGRL1218832259 Prima Exploration, Inc. Major Produced Water Release 7/3/12 Produced Water 160 158 2 BBL Lightning Lea (25) No No
nJXK1620049259 MorningStar Operating LLC Minor Produced Water Release 7/3/12 Produced Water 5 5 0 BBL Equipment Failure Lea (25) No No
nJMW1219530371 SPECIAL ENERGY CORP Major Oil Release 7/3/12 Crude Oil 55 52 3 BBL Corrosion Eddy (15) No No
nJK1218853093 DUGAN PRODUCTION CORP Minor Produced Water Release 7/3/12 Produced Water 9 0 9 BBL Other San Juan (45) No No
nJMW1220955726 LINN OPERATING, LLC. Oil Release 7/3/12 Crude Oil 7 0 7 GAL Equipment Failure Eddy (15) No No
nJMW1220955726 LINN OPERATING, LLC. Oil Release 7/3/12 Produced Water 3 0 3 GAL Equipment Failure Eddy (15) No No

nJK1229735356
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Release Other 7/2/12 Drilling Mud/Fluid 5 5 0 BBL Equipment Failure Rio Arriba (39) No No

nAPP2118435612 GOODNIGHT MIDSTREAM PERMIAN, LLC Major Produced Water Release 7/2/12 Produced Water 250 120 130 BBL Overflow - Tank, Pit, Etc. Lea (25) No No

nJK1229734139
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Release Other 7/2/12 Drilling Mud/Fluid 5 5 0 BBL Equipment Failure Rio Arriba (39) No No

nJK1220730996 ENTERPRISE PRODUCTS OPERATING, LLC Major Release Other 7/1/12 Other (Specify) 30 15 15 BBL Other San Juan (45) No No
nJMW1219437558 BXP Operating, LLC Major Produced Water Release 6/29/12 Produced Water 175 70 105 BBL Equipment Failure Eddy (15) No No
nJMW1219453469 Spur Energy Partners LLC Major Produced Water Release 6/29/12 Produced Water 60 57 3 BBL Human Error Eddy (15) No No
nJMW1219453469 Spur Energy Partners LLC Major Produced Water Release 6/29/12 Crude Oil 20 18 2 BBL Human Error Eddy (15) No No
nGRL1218733690 Benton Crude Oil LLC Produced Water Release 6/28/12 Produced Water 4 0 4 BBL Corrosion Lea (25) No No
nJMW1219451259 Silverback Operating II, LLC Minor Produced Water Release 6/27/12 Produced Water 24 20 4 BBL Vehicular Accident Eddy (15) No No
nJXK1606056611 APACHE CORPORATION Minor Produced Water Release 6/27/12 Produced Water 20 15 5 BBL Equipment Failure Lea (25) No No
nGRL1218451651 ETC Texas Pipeline, Ltd. Minor Oil Release 6/27/12 Crude Oil 10 0 10 BBL Corrosion Lea (25) No No
nGRL1218451651 ETC Texas Pipeline, Ltd. Minor Oil Release 6/27/12 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nJMW1219434376 COG OPERATING LLC Major Produced Water Release 6/26/12 Produced Water 85 80 5 BBL Equipment Failure Eddy (15) No No
nJMW1219441657 COG OPERATING LLC Major Oil Release 6/26/12 Crude Oil 75 70 5 BBL Equipment Failure Eddy (15) No No
nGRL1218452215 ETC Texas Pipeline, Ltd. Minor Oil Release 6/25/12 Crude Oil 4 0 4 BBL Corrosion Lea (25) No No
nJMW1219431677 COG OPERATING LLC Major Oil Release 6/25/12 Crude Oil 700 650 50 BBL Equipment Failure Eddy (15) No No
nJMW1221250140 Acacia Operating Company, LLC Minor Produced Water Release 6/25/12 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nJMW1219431677 COG OPERATING LLC Major Oil Release 6/25/12 Produced Water 100 50 50 BBL Equipment Failure Eddy (15) No No
nGRL1218452215 ETC Texas Pipeline, Ltd. Minor Oil Release 6/25/12 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nJK1516255751 SIMCOE LLC Oil Release 6/25/12 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJMW1219343081 BOPCO, L.P. Major Produced Water Release 6/24/12 Produced Water 450 100 350 BBL Equipment Failure Eddy (15) No No
nJMW1219447848 EOG Y RESOURCES, INC. Major Produced Water Release 6/24/12 Produced Water 900 900 0 BBL Equipment Failure Eddy (15) No No
nJXK1620036436 TEAM OPERATING, L.L.C. Major Produced Water Release 6/24/12 Produced Water 100 0 0 BBL Lea (25) No No
nJMW1219538987 COG OPERATING LLC Minor Produced Water Release 6/24/12 Produced Water 15 14 1 BBL Corrosion Eddy (15) No No
nJMW1219343081 BOPCO, L.P. Major Produced Water Release 6/24/12 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJXK1620036436 TEAM OPERATING, L.L.C. Major Produced Water Release 6/24/12 Crude Oil 35 0 0 BBL Lea (25) No No
nJMW1219528557 BOPCO, L.P. Major Produced Water Release 6/23/12 Produced Water 60 10 50 BBL Vehicular Accident Eddy (15) No No
nJK1400840295 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/23/12 Produced Water 5 5 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1303027709 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/23/12 Produced Water 5 5 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJMW1219549113 Spur Energy Partners LLC Major Oil Release 6/22/12 Crude Oil 50 49 1 BBL Equipment Failure Eddy (15) No No
nJMW1219356088 COG OPERATING LLC Major Produced Water Release 6/22/12 Produced Water 275 260 15 BBL Equipment Failure Eddy (15) No No
nJMW1219549113 Spur Energy Partners LLC Major Oil Release 6/22/12 Produced Water 50 49 1 BBL Equipment Failure Eddy (15) No No
nJMW1218036666 APACHE CORPORATION Minor Oil Release 6/22/12 Crude Oil 12 8 4 BBL Corrosion Eddy (15) No No
nJMW1218036666 APACHE CORPORATION Minor Oil Release 6/22/12 Produced Water 8 7 1 BBL Corrosion Eddy (15) No No
nJMW1218041549 SELECT AGUA LIBRE MIDSTREAM, LLC Major Produced Water Release 6/21/12 Produced Water 3515 0 3515 BBL Fire Eddy (15) No No
nJMW1219348842 BOPCO, L.P. Minor Oil Release 6/21/12 Crude Oil 15 5 10 BBL Equipment Failure Eddy (15) No No
nJMW1219439454 POGO OIL & GAS OPERATING, INC Minor Produced Water Release 6/21/12 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nJMW1218050566 EOG Y RESOURCES, INC. Major Produced Water Release 6/21/12 Produced Water 40 0 40 BBL Equipment Failure Chaves (05) No No
nJMW1219354336 Spur Energy Partners LLC Minor Oil Release 6/21/12 Crude Oil 5 3 2 BBL Corrosion Eddy (15) No No
nJMW1219439454 POGO OIL & GAS OPERATING, INC Minor Produced Water Release 6/21/12 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nJMW1219354336 Spur Energy Partners LLC Minor Oil Release 6/21/12 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nJMW1219436244 POGO OIL & GAS OPERATING, INC Oil Release 6/20/12 Crude Oil 3 0 3 BBL Corrosion Eddy (15) No No
nJK1218853794 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 6/20/12 Produced Water 19 10 9 BBL Equipment Failure San Juan (45) No No
nJXK1604134770 SOUTHWEST ROYALTIES INC Major Produced Water Release 6/19/12 Produced Water 210 120 90 BBL Equipment Failure Lea (25) No No
nBBB1219857347 ENTERPRISE PRODUCTS OPERATING LP Minor Natural Gas Release 6/19/12 Condensate 5 0 5 BBL Corrosion San Juan (45) No Yes
nJK1218854095 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 6/19/12 Condensate 5 0 5 BBL Corrosion San Juan (45) Yes No
nJMW1218053031 APOLLO ENERGY, L.P. Minor Produced Water Release 6/18/12 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nJMW1218053031 APOLLO ENERGY, L.P. Minor Produced Water Release 6/18/12 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nJMW1218029159 Spur Energy Partners LLC Major Produced Water Release 6/17/12 Produced Water 40 30 10 BBL Fire Eddy (15) No No
nJMW1218029159 Spur Energy Partners LLC Major Produced Water Release 6/17/12 Crude Oil 10 5 5 BBL Fire Eddy (15) No No
nJMW1217336844 LINN OPERATING, LLC. Minor Produced Water Release 6/15/12 Produced Water 14 0 14 BBL Equipment Failure Eddy (15) No No
nJMW1217336844 LINN OPERATING, LLC. Minor Produced Water Release 6/15/12 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nJMW1218032938 COG OPERATING LLC Major Produced Water Release 6/15/12 Produced Water 30 15 15 BBL Corrosion Eddy (15) No No
nJMW1217347760 ALAMO PERMIAN RESOURCES, LLC Minor Produced Water Release 6/14/12 Produced Water 11 0 11 BBL Equipment Failure Eddy (15) No No
nJMW1224940265 OXY USA INC Major Produced Water Release 6/14/12 Produced Water 733 100 633 BBL Equipment Failure Eddy (15) No No
nJMW1217347760 ALAMO PERMIAN RESOURCES, LLC Minor Produced Water Release 6/14/12 Crude Oil 3 2 1 BBL Equipment Failure Eddy (15) No No
nJMW1217353333 LH Operating, LLC Major Produced Water Release 6/12/12 Produced Water 50 25 25 BBL Human Error Eddy (15) No No
nJK1221357005 ENERGEN RESOURCES CORPORATION Produced Water Release 6/12/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nGRL1218454296 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 6/11/12 Crude Oil 20 5 15 BBL Corrosion Lea (25) No No
nJMW1217332007 MATADOR PRODUCTION COMPANY Major Oil Release 6/11/12 Crude Oil 300 210 90 BBL Corrosion Eddy (15) No No
nCJC1217839769 NAVAJO REFINING COMPANY, L.L.C. Major Fire 6/11/12 Lube Oil 0 0 0 BBL Eddy (15) No No
nCJC1217839769 NAVAJO REFINING COMPANY, L.L.C. Major Fire 6/11/12 Lube Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nJMW1218035376 APACHE CORPORATION Major Oil Release 6/10/12 Crude Oil 175 125 50 BBL Equipment Failure Eddy (15) No No
nJMW1218035376 APACHE CORPORATION Major Oil Release 6/10/12 Produced Water 125 100 25 BBL Equipment Failure Eddy (15) No No
nTO1423256144 MorningStar Operating LLC Minor Produced Water Release 6/10/12 Produced Water 18 3 15 BBL Equipment Failure Lea (25) No No
nJMW1218037975 APACHE CORPORATION Minor Oil Release 6/9/12 Crude Oil 15 3 12 BBL Other Eddy (15) No No
nJMW1217351696 Spur Energy Partners LLC Major Produced Water Release 6/9/12 Produced Water 20 0 20 BBL Fire Eddy (15) No No
nJMW1218037975 APACHE CORPORATION Minor Oil Release 6/9/12 Produced Water 7 2 5 BBL Other Eddy (15) No No
nJMW1217351696 Spur Energy Partners LLC Major Produced Water Release 6/9/12 Crude Oil 10 0 10 BBL Fire Eddy (15) No No
nJK1304242654 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/8/12 Produced Water 17 0 17 BBL Corrosion San Juan (45) No No
nJK1400837675 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/8/12 Produced Water 17 0 17 BBL Corrosion San Juan (45) No No
nMLB1216748367 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 6/8/12 Crude Oil 35 35 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1217356345 LINN OPERATING, LLC. Minor Oil Release 6/7/12 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No
nCJC1217837789 NAVAJO REFINING COMPANY, L.L.C. Major Oil Release 6/7/12 Other (Specify) 3000 2956 44 BBL Equipment Failure 0 No No
nJMW1217341655 PHX Energy, LLC Major Produced Water Release 6/7/12 Produced Water 49 12 37 BBL Equipment Failure Eddy (15) No No
nJMW1217356345 LINN OPERATING, LLC. Minor Oil Release 6/7/12 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No

nJK1223336188
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 6/7/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJMW1302352976 OXY USA WTP LIMITED PARTNERSHIP Produced Water Release 6/6/12 Produced Water 0 0 0 BBL Other Eddy (15) No No
nJMW1217338587 COG OPERATING LLC Minor Produced Water Release 6/6/12 Produced Water 15 12 3 BBL Corrosion Eddy (15) No No
nMLB1216746727 ROVER OPERATING, LLC Major Produced Water Release 6/6/12 Produced Water 150 0 150 BBL Equipment Failure Eddy (15) No No
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nJK1401726927
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 6/6/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1312236446 ENERGEN RESOURCES CORPORATION Produced Water Release 6/5/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1221356851 MorningStar Operating LLC Produced Water Release 6/5/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1217334502 3R Operating, LLC Major Oil Release 6/5/12 Crude Oil 140 10 130 BBL Corrosion Eddy (15) No No
nMLB1216750452 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 6/5/12 Produced Water 95 90 5 BBL Equipment Failure Eddy (15) No No

nJK1424854911
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 6/5/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJMW1217354614 LINN OPERATING, LLC. Produced Water Release 6/4/12 Produced Water 30 0 30 GAL Corrosion Eddy (15) No No
nCJC1218048270 NAVAJO REFINING COMPANY, L.L.C. Major Release Other 6/3/12 Diesel 20 0 0 BBL Eddy (15) No Yes
nCJC1218048270 NAVAJO REFINING COMPANY, L.L.C. Major Release Other 6/3/12 Diesel 20 0 20 BBL Equipment Failure Eddy (15) No Yes
nMLB1216457027 Spur Energy Partners LLC Minor Oil Release 6/1/12 Crude Oil 20 19 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1703952493 SIMCOE LLC Oil Release 5/31/12 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1703952493 SIMCOE LLC Oil Release 5/31/12 0 0 0 BBL San Juan (45) No No
nJMW1219345739 BOPCO, L.P. Major Produced Water Release 5/30/12 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nJMW1310042235 OXY USA INC Major Produced Water Release 5/30/12 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJMW1310042235 OXY USA INC Major Produced Water Release 5/30/12 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJMW1219346973 BOPCO, L.P. Major Produced Water Release 5/29/12 Produced Water 30 0 30 BBL Corrosion Eddy (15) No No
nJK1225053163 CONOCOPHILLIPS COMPANY Produced Water Release 5/29/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1216749260 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 5/29/12 Produced Water 90 75 15 BBL Corrosion Eddy (15) No No
nJMW1219346973 BOPCO, L.P. Major Produced Water Release 5/29/12 Crude Oil 15 0 15 BBL Corrosion Eddy (15) No No
nMLB1215938834 EOG Y RESOURCES, INC. Major Oil Release 5/29/12 Crude Oil 53 0 53 BBL Equipment Failure Eddy (15) No No
nJK1216741051 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 5/29/12 Produced Water 5 0 0 BBL Corrosion San Juan (45) No No
nJMW1219334159 BOPCO, L.P. Major Produced Water Release 5/28/12 Produced Water 20 6 14 BBL Equipment Failure Eddy (15) No No
nJMW1219331428 BOPCO, L.P. Minor Oil Release 5/28/12 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nMLB1216747427 PHX Energy, LLC Major Produced Water Release 5/28/12 Produced Water 82 0 82 BBL Corrosion Eddy (15) No No
nJXK1618951854 DEVON ENERGY PRODUCTION COMPANY, L.P. Major Produced Water Release 5/28/12 Produced Water 50 10 40 BBL Corrosion Lea (25) No No
nJMW1219334159 BOPCO, L.P. Major Produced Water Release 5/28/12 Crude Oil 6 4 2 BBL Equipment Failure Eddy (15) No No
nJMW1219331428 BOPCO, L.P. Minor Oil Release 5/28/12 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJXK1618951854 DEVON ENERGY PRODUCTION COMPANY, L.P. Major Produced Water Release 5/28/12 Crude Oil 5 5 0 BBL Corrosion Lea (25) No No
nGRL1215131548 Maverick Permian LLC Major Produced Water Release 5/27/12 Produced Water 370 340 30 BBL Corrosion Lea (25) No No
nMLB1216446153 LINN OPERATING, LLC. Oil Release 5/27/12 Crude Oil 30 0 30 GAL Equipment Failure Eddy (15) No No
nMLB1217938056 BOPCO, L.P. Major Produced Water Release 5/26/12 Produced Water 4000 1800 2200 BBL Lightning Eddy (15) No No
nMLB1217938056 BOPCO, L.P. Major Produced Water Release 5/26/12 Crude Oil 20 20 0 BBL Lightning Eddy (15) No No
nJMW1218048947 BOPCO, L.P. Major Oil Release 5/25/12 Crude Oil 15 0 15 BBL Corrosion Eddy (15) No No
nJMW1219352653 BOPCO, L.P. Major Produced Water Release 5/25/12 Produced Water 80 20 60 BBL Equipment Failure Eddy (15) No No
nJMW1218048947 BOPCO, L.P. Major Oil Release 5/25/12 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nMLB1216754459 BOPCO, L.P. Minor Oil Release 5/24/12 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nCJC1215327037 HF Sinclair Navajo Refining LLC Major Other 5/24/12 Other (Specify) 350 0 350 BBL Equipment Failure Eddy (15) No Yes
nJMW1231248032 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 5/23/12 Produced Water 70 70 0 BBL Equipment Failure Eddy (15) No No
nMLB1216755873 BOPCO, L.P. Minor Produced Water Release 5/23/12 Produced Water 7 0 7 BBL Corrosion Eddy (15) No No
nJK1303028012 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/23/12 Produced Water 9 8 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1215941646 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/23/12 Crude Oil 6 6 0 BBL Equipment Failure Eddy (15) No No
nJK1303028012 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/23/12 Lube Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJMW1219350779 BOPCO, L.P. Major Produced Water Release 5/23/12 Produced Water 50 10 40 BBL Human Error Eddy (15) No No
nMLB1215956999 Spur Energy Partners LLC Major Oil Release 5/23/12 Crude Oil 30 27 3 BBL Equipment Failure Eddy (15) No No
nMLB1216755873 BOPCO, L.P. Minor Produced Water Release 5/23/12 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nMLB1215941646 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 5/23/12 Produced Water 6 6 0 BBL Equipment Failure Eddy (15) No No
nJMW1309930190 APACHE CORPORATION Minor Produced Water Release 5/23/12 Produced Water 15 5 10 BBL Equipment Failure Eddy (15) No No
nMLB1216757185 BOPCO, L.P. Major Produced Water Release 5/22/12 Produced Water 175 50 125 BBL Corrosion Eddy (15) No No
nGRL1215036944 TARGA MIDSTREAM SERVICES LLC Minor Natural Gas Release 5/22/12 Natural Gas Liquids 5 0 5 BBL Corrosion Lea (25) No No
nMLB1217232193 BOPCO, L.P. Minor Produced Water Release 5/21/12 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nMLB1215932390 ALAMO PERMIAN RESOURCES, LLC Major Oil Release 5/21/12 Crude Oil 50 30 20 BBL Equipment Failure Eddy (15) No No
nJK1232455329 XTO ENERGY, INC Minor Produced Water Release 5/21/12 Produced Water 21 20 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1215932390 ALAMO PERMIAN RESOURCES, LLC Major Oil Release 5/21/12 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nMLB1217228658 BOPCO, L.P. Minor Produced Water Release 5/21/12 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nJK1225053755 CONOCOPHILLIPS COMPANY Produced Water Release 5/21/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1216740707 XTO ENERGY, INC Minor Produced Water Release 5/21/12 Produced Water 21 20 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1215846960 APACHE CORPORATION Major Produced Water Release 5/21/12 Produced Water 100 20 80 BBL Equipment Failure Eddy (15) No No
nMLB1217232193 BOPCO, L.P. Minor Produced Water Release 5/21/12 Crude Oil 2 0 2 BBL Corrosion Eddy (15) No No
nJK1217248142 SIMCOE LLC Oil Release 5/21/12 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nMLB1215853411 LINN OPERATING, LLC. Major Oil Release 5/19/12 Crude Oil 30 22 8 BBL Equipment Failure Eddy (15) No No
nMLB1215853411 LINN OPERATING, LLC. Major Oil Release 5/19/12 Produced Water 25 18 7 BBL Equipment Failure Eddy (15) No No
nJK1400840990 CONOCOPHILLIPS COMPANY Major Oil Release 5/18/12 Crude Oil 25 0 25 BBL Corrosion San Juan (45) No No
nMLB1216449449 Spur Energy Partners LLC Minor Oil Release 5/18/12 Crude Oil 10 9 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1217242281 BOPCO, L.P. Minor Produced Water Release 5/18/12 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nJK1215637839 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 5/18/12 Condensate 0 0 0 BBL Equipment Failure Rio Arriba (39) No No
nJK1400840990 CONOCOPHILLIPS COMPANY Major Oil Release 5/18/12 Produced Water 5 0 5 BBL Corrosion San Juan (45) No No
nJMW1217242281 BOPCO, L.P. Minor Produced Water Release 5/18/12 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nJXK1535251114 Spur Energy Partners LLC Minor Oil Release 5/17/12 Crude Oil 10 9 1 BBL Equipment Failure Lea (25) No No
nMLB1215928550 SOUTHERN UNION GAS SERVICES, LTD Major Oil Release 5/17/12 Crude Oil 40 0 40 BBL Corrosion Eddy (15) No No
nMLB1216745741 GP II ENERGY INC Minor Produced Water Release 5/17/12 Produced Water 15 0 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1216455608 COG OPERATING LLC Major Produced Water Release 5/16/12 Produced Water 100 75 25 BBL Equipment Failure Eddy (15) No No
nJK1216740175 XTO ENERGY, INC Minor Produced Water Release 5/16/12 Produced Water 10 9 1 BBL Corrosion San Juan (45) No No

nJK1424853798
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 5/16/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1215638174 SIMCOE LLC Oil Release 5/16/12 Motor Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1222837336
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 5/16/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1216740175 XTO ENERGY, INC Minor Produced Water Release 5/16/12 Motor Oil 0 0 0 BBL Corrosion San Juan (45) No No
nJK1215639670 XTO ENERGY, INC Minor Produced Water Release 5/16/12 Produced Water 10 9 1 BBL Corrosion San Juan (45) No No
nCS1503647916 SIMCOE LLC Oil Release 5/16/12 Condensate 0 0 0 BBL Other San Juan (45) No No
nMLB1216453044 Spur Energy Partners LLC Minor Oil Release 5/16/12 Crude Oil 13 10 3 BBL Equipment Failure Eddy (15) No No
nCS1503647916 SIMCOE LLC Oil Release 5/16/12 Produced Water 0 0 0 BBL Other San Juan (45) No No
nJK1215637545 SIMCOE LLC Minor Oil Release 5/15/12 Condensate 13 0 13 BBL Equipment Failure San Juan (45) No No
nJK1215638617 DUGAN PRODUCTION CORP Oil Release 5/15/12 Crude Oil 0 0 0 BBL Other Rio Arriba (39) No No
nCJC1215757434 LOS LOBOS RENEWABLE POWER LLC Release Other 5/15/12 Diesel 1 0 1 BBL Human Error 0 No No
nCJC1215758394 LOS LOBOS RENEWABLE POWER LLC Minor Release Other 5/15/12 Diesel 5 0 5 BBL Human Error Hidalgo (23) No No
nGRL1215029869 OWL SWD OPERATING, LLC Major Produced Water Release 5/13/12 Crude Oil 150 111 39 BBL Lightning Lea (25) No No
nTO1423036919 CHEVRON U S A INC Minor Oil Release 5/13/12 Crude Oil 9 8 1 BBL Equipment Failure Lea (25) No No
nGRL1215029869 OWL SWD OPERATING, LLC Major Produced Water Release 5/13/12 Produced Water 1345 999 346 BBL Lightning Lea (25) No No

nJK1225055429
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 5/11/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nMLB1215858916 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 5/11/12 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nMLB1215845535 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 5/11/12 Crude Oil 30 26 4 BBL Equipment Failure Eddy (15) No No
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nJK1233253562
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 5/10/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1214629160 SIMCOE LLC Minor Produced Water Release 5/10/12 Produced Water 8 0 8 BBL Equipment Failure San Juan (45) No No

nJK1424854353
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 5/10/12 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nMLB1215347504 3R Operating, LLC Major Oil Release 5/10/12 Crude Oil 78 0 78 BBL Lightning Eddy (15) No No
nKJ1603649731 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 5/10/12 Produced Water 38 0 38 BBL Lea (25) No No
nMLB1215347504 3R Operating, LLC Major Oil Release 5/10/12 Produced Water 22 0 22 BBL Lightning Eddy (15) No No
nKJ1603649731 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 5/10/12 Crude Oil 38 0 38 BBL Lea (25) No No
nCS1735233258 PETRO MEX LLC Oil Release 5/8/12 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nDSM1217139233 EOG Y RESOURCES, INC. Minor Oil Release 5/8/12 Crude Oil 15 0 15 BBL Overflow - Tank, Pit, Etc. Chaves (05) No No
nJK1229739126 Williams Four Corners, LLC Produced Water Release 5/8/12 Lube Oil 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1229739126 Williams Four Corners, LLC Produced Water Release 5/8/12 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nKJ1605035543 CROSS TIMBERS ENERGY, LLC Major Oil Release 5/7/12 Crude Oil 88 65 23 BBL Equipment Failure Lea (25) No No

nJK1233254346
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 5/7/12 Condensate 12 0 12 BBL Vandalism San Juan (45) No No

nKJ1605035543 CROSS TIMBERS ENERGY, LLC Major Oil Release 5/7/12 Produced Water 88 65 23 BBL Equipment Failure Lea (25) No No
nMLB1215645880 LINN OPERATING, LLC. Oil Release 5/7/12 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nMLB1213841592 EOG Y RESOURCES, INC. Oil Release 5/7/12 Condensate 0 0 0 BBL Corrosion Eddy (15) No No
nMLB1215645880 LINN OPERATING, LLC. Oil Release 5/7/12 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nJK1215636534 ENERGEN RESOURCES CORPORATION Oil Release 5/4/12 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCS1503641185 SIMCOE LLC Oil Release 5/3/12 Condensate 0 0 0 BBL Other San Juan (45) No No
nJK1215638420 SIMCOE LLC Oil Release 5/3/12 Motor Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1306648087 CONOCOPHILLIPS COMPANY Produced Water Release 5/3/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1235541677 HILCORP ENERGY COMPANY Minor Produced Water Release 5/3/12 Produced Water 20 19 1 BBL Corrosion San Juan (45) No No
nCS1503641185 SIMCOE LLC Oil Release 5/3/12 Produced Water 0 0 0 BBL Other San Juan (45) No No
nJK1235541677 HILCORP ENERGY COMPANY Minor Produced Water Release 5/3/12 Condensate 2 2 0 BBL Corrosion San Juan (45) No No
nJK1500854605 SIMCOE LLC Oil Release 5/3/12 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJXK1621536579 HPPC, INC. Minor Produced Water Release 5/2/12 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No
nCS1512730205 BP AMERICA PRODUCTION COMPANY Release Other 5/2/12 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1215840445 Spur Energy Partners LLC Major Produced Water Release 5/1/12 Produced Water 80 79 1 BBL Equipment Failure Eddy (15) No No
nJK1214556532 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 5/1/12 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nJK1216739986 XTO ENERGY, INC Produced Water Release 4/30/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1215638132 LINN OPERATING, LLC. Oil Release 4/30/12 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nGRL1212450919 BASIC ENERGY SERVICES, LP Minor Oil Release 4/30/12 Crude Oil 23 20 3 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nMLB1215334891 BOPCO, L.P. Major Oil Release 4/30/12 Crude Oil 15 5 10 BBL Equipment Failure Eddy (15) No No
nMLB1215334891 BOPCO, L.P. Major Oil Release 4/30/12 Produced Water 15 5 10 BBL Equipment Failure Eddy (15) No No
nCJC1214542300 NAVAJO REFINING COMPANY, L.L.C. Major Fire 4/29/12 Other (Specify) 0 0 0 BBL Fire Eddy (15) No Yes
nCJC1214452973 NAVAJO REFINING COMPANY, L.L.C. Major Fire 4/29/12 Other (Specify) 1 1 0 BBL Fire Eddy (15) No No
nMLB1215338324 Spur Energy Partners LLC Major Produced Water Release 4/28/12 Produced Water 60 52 8 BBL Equipment Failure Eddy (15) No No
nMLB1215753175 CHESAPEAKE OPERATING, INC. Major Produced Water Release 4/27/12 Produced Water 45 39 6 BBL Equipment Failure Eddy (15) No No
nMLB1215054656 ALAMO PERMIAN RESOURCES, LLC Major Produced Water Release 4/27/12 Produced Water 100 0 100 BBL Equipment Failure Eddy (15) No No
nMLB1215753175 CHESAPEAKE OPERATING, INC. Major Produced Water Release 4/27/12 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nMLB1215057156 ROVER OPERATING, LLC Minor Produced Water Release 4/27/12 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nMLB1215740218 AGAVE ENERGY CO Minor Produced Water Release 4/26/12 Produced Water 21 20 1 BBL Human Error Eddy (15) No No
nJMW1217254125 OXY USA INC Major Produced Water Release 4/25/12 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nJK1217247573 ENERGEN RESOURCES CORPORATION Produced Water Release 4/25/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1215052644 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/25/12 Produced Water 100 100 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1215332003 Spur Energy Partners LLC Major Oil Release 4/25/12 Crude Oil 39 35 4 BBL Equipment Failure Eddy (15) No No
nJK1309927584 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 4/25/12 Condensate 85 81 4 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1215627448 BXP Operating, LLC Minor Oil Release 4/25/12 Crude Oil 5 3 2 BBL Human Error Eddy (15) No No
nJK1401033330 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 4/25/12 Condensate 85 81 4 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1215341006 COG PRODUCTION, LLC Major Produced Water Release 4/25/12 Produced Water 3 0 3 BBL Fire Eddy (15) No No
nJK1212853114 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 4/25/12 Condensate 85 81 4 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1215627448 BXP Operating, LLC Minor Oil Release 4/25/12 Produced Water 4 2 2 BBL Human Error Eddy (15) No No
nTO1434537071 MANZANO LLC Major Produced Water Release 4/25/12 Produced Water 25 25 0 BBL Other Lea (25) No No
nJK1211548821 ENTERPRISE PRODUCTS OPERATING, LLC Minor Release Other 4/24/12 Other (Specify) 12 0 12 BBL Equipment Failure San Juan (45) No No
nMLB1214553770 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/22/12 Produced Water 79 79 0 BBL Equipment Failure Eddy (15) No No
nTO1423253772 MorningStar Operating LLC Minor Produced Water Release 4/22/12 Produced Water 11 0 11 BBL Human Error Lea (25) No No
nMLB1214553770 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 4/22/12 Crude Oil 1 1 0 BBL Equipment Failure Eddy (15) No No
nJK1400835445 CONOCOPHILLIPS COMPANY Minor Oil Release 4/20/12 Condensate 23 0 23 BBL Corrosion San Juan (45) No No
nMLB1215336744 BOPCO, L.P. Major Produced Water Release 4/20/12 Produced Water 30 10 20 BBL Equipment Failure Eddy (15) No No
nJK1211548546 NACOGDOCHES OIL AND GAS, INC Minor Produced Water Release 4/20/12 Produced Water 5 0 5 BBL Corrosion McKinley (31) No No
nJK1211548546 NACOGDOCHES OIL AND GAS, INC Minor Produced Water Release 4/20/12 Crude Oil 1 0 1 BBL Corrosion McKinley (31) No No
nJK1213233011 ENERGEN RESOURCES CORPORATION Major Oil Release 4/20/12 Crude Oil 35 25 10 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1213233301 XTO ENERGY, INC Minor Produced Water Release 4/20/12 Produced Water 15 0 15 BBL Equipment Failure San Juan (45) No No
nGRL1313752945 Maverick Permian LLC Major Oil Release 4/19/12 Crude Oil 40 30 10 BBL Normal Operations Lea (25) No No
nGRL1313752945 Maverick Permian LLC Major Oil Release 4/19/12 Produced Water 28 20 8 BBL Normal Operations Lea (25) No No
nGRL1216655362 BOPCO, L.P. Minor Oil Release 4/18/12 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nJK1212231434 SIMCOE LLC Oil Release 4/18/12 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1215255011 COG OPERATING LLC Major Oil Release 4/18/12 Crude Oil 130 129 1 BBL Equipment Failure Eddy (15) No No
nMLB1215031855 LINN OPERATING, LLC. Produced Water Release 4/17/12 Produced Water 25 0 25 GAL Human Error Eddy (15) No No
nMLB1214532030 Spur Energy Partners LLC Major Produced Water Release 4/17/12 Produced Water 90 88 2 BBL Equipment Failure Eddy (15) No No
nJK1225051058 CONOCOPHILLIPS COMPANY Produced Water Release 4/17/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1212852299 Silverback Operating II, LLC Minor Oil Release 4/17/12 Crude Oil 7 3 4 BBL Equipment Failure Eddy (15) No No
nMLB1214437340 LINN OPERATING, LLC. Minor Oil Release 4/16/12 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nMLB1214437340 LINN OPERATING, LLC. Minor Oil Release 4/16/12 Produced Water 2 1 1 BBL Equipment Failure Eddy (15) No No
nMLB1215051611 APACHE CORPORATION Major Release Other 4/15/12 Drilling Mud/Fluid 30 0 30 BBL Human Error Eddy (15) No No
nMLB1214431811 COG OPERATING LLC Major Produced Water Release 4/14/12 Produced Water 60 55 5 BBL Corrosion Eddy (15) No No
nMLB1214431811 COG OPERATING LLC Major Produced Water Release 4/14/12 Crude Oil 20 18 2 BBL Corrosion Eddy (15) No No
nMLB1211657104 Silverback Operating II, LLC Minor Produced Water Release 4/13/12 Produced Water 19 19 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1215637371 MorningStar Operating LLC Produced Water Release 4/13/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1213129035 Acacia Operating Company, LLC Major Produced Water Release 4/13/12 Produced Water 30 0 30 BBL Corrosion Eddy (15) No No
nJK1211036090 SIMCOE LLC Oil Release 4/12/12 Condensate 0 0 0 BBL San Juan (45) No No
nJK1211036789 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 4/11/12 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nMLB1212858264 Spur Energy Partners LLC Major Produced Water Release 4/11/12 Produced Water 8 7 1 BBL Fire Eddy (15) No No
nMLB1212858264 Spur Energy Partners LLC Major Produced Water Release 4/11/12 Crude Oil 4 3 1 BBL Fire Eddy (15) No No
nKJ1603954339 APACHE CORPORATION Minor Oil Release 4/10/12 Crude Oil 10 8 2 BBL Lightning Lea (25) No No
nMLB1211627407 Murchison Oil and Gas, LLC Minor Release Other 4/9/12 Drilling Mud/Fluid 14 0 14 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1211533555 BOPCO, L.P. Minor Produced Water Release 4/9/12 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nMLB1211533555 BOPCO, L.P. Minor Produced Water Release 4/9/12 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nMLB1214555251 EOG Y RESOURCES, INC. Major Produced Water Release 4/8/12 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nBBB1219848468 ENTERPRISE FIELD SERVICES L.L.C. Major Other 4/6/12 Condensate 0 0 0 BBL Rio Arriba (39) Yes Yes
nJK1211037422 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 4/6/12 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJK1211037846 Enterprise Field Services, LLC Major Oil Release 4/5/12 Condensate 10 0 10 BBL Corrosion Rio Arriba (39) No Yes
nMLB1213048130 EOG Y RESOURCES, INC. Major Oil Release 4/5/12 Crude Oil 2 1 1 BBL Human Error Eddy (15) No No
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nJK1215636999 MorningStar Operating LLC Oil Release 4/5/12 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1213048130 EOG Y RESOURCES, INC. Major Oil Release 4/5/12 Produced Water 2 1 1 BBL Human Error Eddy (15) No No

nJK1225054928
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 4/4/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJXK1620948052 NMR ENERGY LLC Produced Water Release 4/4/12 Produced Water 0 0 0 BBL Lea (25) No No
nMLB1211140403 ALAMO PERMIAN RESOURCES, LLC Major Oil Release 4/4/12 Crude Oil 97 0 97 BBL Corrosion Eddy (15) No No
nJXK1620948052 NMR ENERGY LLC Produced Water Release 4/4/12 Crude Oil 0 0 0 BBL Lea (25) No No
nMLB1212856542 LINN OPERATING, LLC. Major Produced Water Release 4/4/12 Produced Water 30 0 30 BBL Corrosion Eddy (15) No No
nMLB1212855396 Spur Energy Partners LLC Minor Produced Water Release 4/4/12 Produced Water 5 4 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1212855396 Spur Energy Partners LLC Minor Produced Water Release 4/4/12 Crude Oil 4 4 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCJC1214452328 NAVAJO REFINING COMPANY, L.L.C. Major Fire 4/3/12 Other (Specify) 1 1 0 BBL Fire Eddy (15) No No
nBBB1219851015 SIMCOE LLC Release Other 4/3/12 Condensate 0 0 0 BBL Other Rio Arriba (39) No Yes
nGRL1218438359 CROSS TIMBERS ENERGY, LLC Major Oil Release 4/3/12 Crude Oil 124 35 89 BBL Corrosion Lea (25) No No
nMLB1212853714 EOG Y RESOURCES, INC. Major Oil Release 4/3/12 Crude Oil 201 110 91 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCJC1214541526 NAVAJO REFINING COMPANY, L.L.C. Major Fire 4/3/12 Other (Specify) 0 0 0 BBL Fire Eddy (15) No Yes
nMLB1211535730 BOPCO, L.P. Major Produced Water Release 4/3/12 Produced Water 285 280 5 BBL Equipment Failure Eddy (15) No No
nJK1211036634 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 4/2/12 Produced Water 10 8 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1503741156 SIMCOE LLC Oil Release 4/2/12 Condensate 0 0 0 BBL Other San Juan (45) No No

nJK1225054297
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 4/2/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nCS1503741156 SIMCOE LLC Oil Release 4/2/12 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nMLB1211629479 EOG Y RESOURCES, INC. Major Produced Water Release 4/1/12 Produced Water 70 65 5 BBL Human Error Eddy (15) No No
nJK1309347744 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 3/31/12 Natural Gas Liquids 0 0 0 BBL Corrosion Rio Arriba (39) Yes No
nKJ1603954720 APACHE CORPORATION Major Oil Release 3/31/12 Crude Oil 40 35 5 BBL Equipment Failure Lea (25) No No
nJK1211048312 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 3/31/12 Crude Oil 0 0 0 BBL Corrosion Rio Arriba (39) No Yes
nJK1211048312 ENTERPRISE PRODUCTS OPERATING, LLC Oil Release 3/31/12 Condensate 0 6 0 BBL Corrosion Rio Arriba (39) No Yes
nJK1211547512 XTO ENERGY, INC Produced Water Release 3/30/12 Produced Water 2 0 2 BBL Corrosion San Juan (45) No No
nMLB1210241047 ALAMO PERMIAN RESOURCES, LLC Major Produced Water Release 3/30/12 Produced Water 50 30 20 BBL Equipment Failure Eddy (15) No No
nMLB1211658784 LINN OPERATING, LLC. Major Produced Water Release 3/28/12 Produced Water 145 0 145 BBL Corrosion Eddy (15) No No
nMLB1210949851 COG OPERATING LLC Major Produced Water Release 3/28/12 Produced Water 50 25 25 BBL Equipment Failure Eddy (15) No No
nJK1225052053 CONOCOPHILLIPS COMPANY Produced Water Release 3/28/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1211658784 LINN OPERATING, LLC. Major Produced Water Release 3/28/12 Crude Oil 5 2 3 BBL Corrosion Eddy (15) No No
nJK1211549981 SIMCOE LLC Oil Release 3/27/12 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1211038487 XTO ENERGY, INC Minor Produced Water Release 3/27/12 Produced Water 20 0 20 BBL Equipment Failure San Juan (45) No No
nMLB1211546451 CHESAPEAKE OPERATING, INC. Major Oil Release 3/27/12 Crude Oil 35 5 30 BBL Fire Eddy (15) No No
nMLB1210252213 LINN OPERATING, LLC. Major Produced Water Release 3/27/12 Produced Water 30 20 10 BBL Human Error Eddy (15) No No
nMLB1211158154 BOPCO, L.P. Minor Produced Water Release 3/27/12 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nMLB1211538712 BOPCO, L.P. Minor Oil Release 3/27/12 Crude Oil 15 5 10 BBL Human Error Eddy (15) No No
nMLB1211158154 BOPCO, L.P. Minor Produced Water Release 3/27/12 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nCJC1214540466 NAVAJO REFINING COMPANY, L.L.C. Minor Release Other 3/26/12 Other (Specify) 20 0 20 BBL Human Error Eddy (15) No Yes
nJK1401431792 CONOCOPHILLIPS COMPANY Produced Water Release 3/26/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1212251956 SIMCOE LLC Oil Release 3/26/12 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nJK1215638989 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 3/25/12 Condensate 5 0 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nTO1423253315 CHEVRON U S A INC Minor Produced Water Release 3/25/12 Produced Water 8 0 8 BBL Corrosion Lea (25) No No
nMLB1210941467 Spur Energy Partners LLC Minor Produced Water Release 3/25/12 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nJK1215638989 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 3/25/12 Produced Water 5 0 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCJC1214451218 NAVAJO REFINING COMPANY, L.L.C. Minor Release Other 3/24/12 Other (Specify) 20 0 20 BBL Human Error Eddy (15) No No
nMLB1211632350 Spur Energy Partners LLC Major Produced Water Release 3/24/12 Produced Water 65 64 1 BBL Equipment Failure Eddy (15) No No
nMLB1209754628 EOG Y RESOURCES, INC. Major Oil Release 3/24/12 Crude Oil 122 120 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1211632350 Spur Energy Partners LLC Major Produced Water Release 3/24/12 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nCJC1214540934 NAVAJO REFINING COMPANY, L.L.C. Minor Release Other 3/24/12 Other (Specify) 20 0 20 BBL Human Error Eddy (15) No Yes
nKJ1607051231 BXP Operating, LLC Major Produced Water Release 3/24/12 Produced Water 175 150 25 BBL Human Error Lea (25) No No
nMLB1210938738 COG OPERATING LLC Minor Produced Water Release 3/23/12 Produced Water 17 15 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1211138800 APACHE CORPORATION Minor Release Other 3/23/12 Brine Water 20 0 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1210938738 COG OPERATING LLC Minor Produced Water Release 3/23/12 Crude Oil 3 3 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1621536413 BC OPERATING, INC. Minor Produced Water Release 3/22/12 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nMLB1210940060 Spur Energy Partners LLC Minor Produced Water Release 3/22/12 Crude Oil 7 6 1 BBL Corrosion Eddy (15) No No
nMLB1210940060 Spur Energy Partners LLC Minor Produced Water Release 3/22/12 Produced Water 15 14 1 BBL Corrosion Eddy (15) No No
nMLB1215037627 APACHE CORPORATION Minor Produced Water Release 3/21/12 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nMLB1209756587 Spur Energy Partners LLC Minor Produced Water Release 3/21/12 Produced Water 14 13 1 BBL Corrosion Eddy (15) No No
nMLB1209756587 Spur Energy Partners LLC Minor Produced Water Release 3/21/12 Crude Oil 8 6 2 BBL Corrosion Eddy (15) No No
nJMW1229731685 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 3/20/12 Produced Water 200 0 200 BBL Equipment Failure Eddy (15) No No
nMLB1208746796 EOG Y RESOURCES, INC. Major Produced Water Release 3/20/12 Produced Water 35 30 5 BBL Equipment Failure Eddy (15) No No
nMLB1208746796 EOG Y RESOURCES, INC. Major Produced Water Release 3/20/12 Crude Oil 11 11 0 BBL Equipment Failure Eddy (15) No No
nMLB1208738740 Silverback Operating II, LLC Minor Produced Water Release 3/19/12 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nMLB1208736097 REMUDA ENERGY TRANSPORTATION, LLC Minor Oil Release 3/18/12 Crude Oil 21 0 21 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1210253813 Spur Energy Partners LLC Major Produced Water Release 3/17/12 Produced Water 80 79 1 BBL Equipment Failure Eddy (15) No No
nMLB1208755888 EOG Y RESOURCES, INC. Minor Produced Water Release 3/16/12 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nMLB1209750617 Spur Energy Partners LLC Major Produced Water Release 3/16/12 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nMLB1210247392 COG OPERATING LLC Major Produced Water Release 3/15/12 Produced Water 80 30 50 BBL Equipment Failure Eddy (15) No No
nMLB1209753414 Spur Energy Partners LLC Major Produced Water Release 3/15/12 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nMLB1208654631 ALAMO PERMIAN RESOURCES, LLC Major Oil Release 3/15/12 Crude Oil 124 52 72 BBL Corrosion Eddy (15) No No
nJK1225055251 CONOCOPHILLIPS COMPANY Produced Water Release 3/15/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1208658510 ALAMO PERMIAN RESOURCES, LLC Major Produced Water Release 3/15/12 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nMLB1210247392 COG OPERATING LLC Major Produced Water Release 3/15/12 Crude Oil 50 10 40 BBL Equipment Failure Eddy (15) No No
nMLB1209749312 Spur Energy Partners LLC Major Produced Water Release 3/13/12 Produced Water 160 160 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1208730557 LINN OPERATING, LLC. Major Produced Water Release 3/13/12 Produced Water 80 70 10 BBL Human Error Eddy (15) No No
nOY1826948482 MorningStar Operating LLC Minor Produced Water Release 3/13/12 Produced Water 10 9 1 BBL Corrosion Lea (25) No No
nJK1513253743 BP AMERICA PRODUCTION COMPANY Release Other 3/13/12 Other (Specify) 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nSAD1416455714 TEAM OPERATING, L.L.C. Major Oil Release 3/13/12 Crude Oil 72 33 39 BBL Corrosion Lea (25) No No
nMLB1208730557 LINN OPERATING, LLC. Major Produced Water Release 3/13/12 Crude Oil 1 0 1 BBL Human Error Eddy (15) No No
nMLB1209641725 Spur Energy Partners LLC Minor Produced Water Release 3/12/12 Produced Water 8 7 1 BBL Corrosion Eddy (15) No No
nMLB1208751469 Spur Energy Partners LLC Minor Produced Water Release 3/12/12 Produced Water 6 5 1 BBL Corrosion Eddy (15) No No
nMLB1215050616 APACHE CORPORATION Minor Oil Release 3/12/12 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nMLB1208748492 Spur Energy Partners LLC Major Produced Water Release 3/12/12 Produced Water 390 388 2 BBL Human Error Eddy (15) No No
nMLB1208751469 Spur Energy Partners LLC Minor Produced Water Release 3/12/12 Crude Oil 4 3 1 BBL Corrosion Eddy (15) No No
nJMW1309431762 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 3/12/12 Produced Water 60 25 35 BBL Equipment Failure Eddy (15) No No

nAHV1221955139
NEW MEXICO SALT WATER DISPOSAL 
COMPANY Major Produced Water Release 3/11/12 Produced Water 100 100 0 BBL Lea (25) No No

nMLB1208651788 EOG Y RESOURCES, INC. Major Produced Water Release 3/8/12 Produced Water 500 500 0 BBL Equipment Failure Eddy (15) No No
nMLB1208055446 LINN OPERATING, LLC. Major Oil Release 3/7/12 Crude Oil 165 160 5 BBL Corrosion Eddy (15) No No
nMLB1206930443 RAYBAW Operating, LLC Major Blow Out 3/7/12 Produced Water 1430 1430 0 BBL Blow Out Eddy (15) No No
nMLB1208055446 LINN OPERATING, LLC. Major Oil Release 3/7/12 Produced Water 25 22 3 BBL Corrosion Eddy (15) No No

nJK1214628716
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 3/6/12 Produced Water 25 21 4 BBL Corrosion Rio Arriba (39) No No

nMLB1208732359 Spur Energy Partners LLC Minor Produced Water Release 3/6/12 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
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nMLB1208649804 Extex Operating Company Minor Produced Water Release 3/5/12 Produced Water 15 13 2 BBL Equipment Failure Eddy (15) No No
nMLB1208647838 Spur Energy Partners LLC Minor Produced Water Release 3/5/12 Produced Water 8 6 2 BBL Corrosion Eddy (15) No No
nMLB1208647838 Spur Energy Partners LLC Minor Produced Water Release 3/5/12 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nGRL1206654832 DCP OPERATING COMPANY, LP Major Release Other 3/4/12 Crude Oil 6 1 5 BBL Corrosion Lea (25) No No
nGRL1206654832 DCP OPERATING COMPANY, LP Major Release Other 3/4/12 Condensate 55 40 15 BBL Corrosion Lea (25) No No
nMLB1212851135 LINN OPERATING, LLC. Minor Produced Water Release 2/29/12 Produced Water 6 0 6 BBL Other Eddy (15) No No
nJK1208128286 SIMCOE LLC Oil Release 2/29/12 Motor Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1208141997 XTO ENERGY, INC Minor Produced Water Release 2/28/12 Produced Water 5 0 5 BBL Corrosion Rio Arriba (39) No No
nMLB1208349702 APACHE CORPORATION Minor Oil Release 2/26/12 Crude Oil 8 5 3 BBL Equipment Failure Eddy (15) No No
nMLB1208339775 COG OPERATING LLC Major Produced Water Release 2/26/12 Produced Water 110 108 2 BBL Human Error Eddy (15) No No
nMLB1208349702 APACHE CORPORATION Minor Oil Release 2/26/12 Produced Water 8 5 3 BBL Equipment Failure Eddy (15) No No
nMLB1208351539 APACHE CORPORATION Minor Release Other 2/25/12 Drilling Mud/Fluid 10 0 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1208056604 COG OPERATING LLC Minor Produced Water Release 2/24/12 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nJK1208127690 NACOGDOCHES OIL AND GAS, INC Major Produced Water Release 2/23/12 Produced Water 100 90 10 BBL Equipment Failure McKinley (31) No No
nCJC1214448287 NAVAJO REFINING COMPANY, L.L.C. Major Fire 2/23/12 Crude Oil 0 0 0 BBL Fire Eddy (15) No Yes
nJK1208153998 CONOCOPHILLIPS COMPANY Minor Produced Water Release 2/23/12 Produced Water 5 0 5 BBL Human Error San Juan (45) No No
nJK1208127883 NACOGDOCHES OIL AND GAS, INC Major Produced Water Release 2/23/12 Produced Water 160 0 160 BBL Equipment Failure McKinley (31) No No
nJK1208127495 NACOGDOCHES OIL AND GAS, INC Major Produced Water Release 2/23/12 Produced Water 100 90 10 BBL Equipment Failure McKinley (31) No No

nJK1225052930
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 2/23/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nMLB1206052766 CHI OPERATING INC Minor Oil Release 2/22/12 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nJK1208128089 NACOGDOCHES OIL AND GAS, INC Minor Produced Water Release 2/22/12 Produced Water 15 0 15 BBL Equipment Failure McKinley (31) No No
nMLB1208048539 COG OPERATING LLC Minor Produced Water Release 2/21/12 Produced Water 17 15 2 BBL Equipment Failure Eddy (15) No No
nRM2025448240 AGUA MOSS, LLC Major Release Other 2/20/12 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nMLB1205449275 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 2/20/12 Produced Water 188 180 8 BBL Equipment Failure Eddy (15) No No
nJK1205850162 DUGAN PRODUCTION CORP Minor Natural Gas Release 2/20/12 Produced Water 2 0 2 BBL Human Error San Juan (45) No No
nMLB1219327946 EOG Y RESOURCES, INC. Minor Oil Release 2/19/12 Crude Oil 7 3 4 BBL Equipment Failure Eddy (15) No No
nJXK1621154334 CIMAREX ENERGY CO. Minor Produced Water Release 2/19/12 Produced Water 10 1 9 BBL Equipment Failure Lea (25) No No
nKJ1603630738 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 2/19/12 Crude Oil 10 1 9 BBL Equipment Failure Lea (25) No No
nJK1205850443 DUGAN PRODUCTION CORP Major Produced Water Release 2/18/12 Produced Water 0 0 0 BBL Normal Operations San Juan (45) Yes No
nMLB1205447578 EOG Y RESOURCES, INC. Major Produced Water Release 2/17/12 Produced Water 590 520 70 BBL Equipment Failure Eddy (15) No No
nSAD1417751080 APACHE CORPORATION Major Oil Release 2/15/12 Crude Oil 45 40 5 BBL Corrosion Lea (25) No No
nSAD1416849019 APACHE CORPORATION Major Oil Release 2/15/12 Crude Oil 150 75 75 BBL Corrosion Lea (25) No No
nMLB1205436624 DCP OPERATING COMPANY, LP Minor Oil Release 2/15/12 Crude Oil 20 0 20 BBL Normal Operations Eddy (15) No No
nCJC1215757833 LOS LOBOS RENEWABLE POWER LLC Release Other 2/15/12 Diesel 1 0 1 BBL Human Error Hidalgo (23) No No
nMLB1204633695 EOG Y RESOURCES, INC. Minor Produced Water Release 2/15/12 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nMLB1205441784 EOG Y RESOURCES, INC. Minor Produced Water Release 2/14/12 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJK1211048710 DUGAN PRODUCTION CORP Oil Release 2/14/12 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1233552156 CONOCOPHILLIPS COMPANY Produced Water Release 2/14/12 Produced Water 2 0 2 BBL Corrosion San Juan (45) No No
nJK1211048710 DUGAN PRODUCTION CORP Oil Release 2/14/12 Crude Oil 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1233552156 CONOCOPHILLIPS COMPANY Produced Water Release 2/14/12 Condensate 1 0 1 BBL Corrosion San Juan (45) No No
nGRL1211155826 TARGA MIDSTREAM SERVICES LLC Major Release Other 2/13/12 Natural Gas Liquids 25 0 25 BBL Corrosion Lea (25) No No

nJK1214628531
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 2/12/12 Produced Water 19 19 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1301155688 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 2/10/12 Produced Water 9 0 9 BBL Freeze San Juan (45) No No
nTO1424533890 CHEVRON U S A INC Major Produced Water Release 2/10/12 Produced Water 42 34 8 BBL Equipment Failure Lea (25) No No
nMLB1208053839 COG OPERATING LLC Major Produced Water Release 2/10/12 Produced Water 20 0 20 BBL Fire Eddy (15) No No
nJK1301155688 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 2/10/12 Condensate 0 0 0 BBL Freeze San Juan (45) No No
nJK1206532040 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 2/10/12 Produced Water 9 0 9 BBL Freeze San Juan (45) No No
nJK1301155688 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 2/10/12 Lube Oil 0 0 0 BBL Freeze San Juan (45) No No
nJK1206532040 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 2/10/12 Condensate 0 0 0 BBL Freeze San Juan (45) No No
nJK1206532040 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 2/10/12 Lube Oil 0 0 0 BBL Freeze San Juan (45) No No
nMLB1205232067 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 2/9/12 Crude Oil 20 20 0 BBL Equipment Failure Eddy (15) No No
nMLB1205450496 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 2/9/12 Crude Oil 218 103 115 BBL Normal Operations Eddy (15) No No
nTO1419128354 CHEVRON U S A INC Major Oil Release 2/9/12 Crude Oil 42 30 12 BBL Equipment Failure Lea (25) No No
nJK1206531422 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 2/9/12 Condensate 10 0 10 BBL Corrosion San Juan (45) No No
nJK1211038666 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 2/9/12 Condensate 10 0 10 BBL Corrosion San Juan (45) No No
nMLB1205242397 BOPCO, L.P. Major Produced Water Release 2/8/12 Produced Water 200 160 40 BBL Equipment Failure Eddy (15) No No
nMLB1206132854 LINN OPERATING, LLC. Major Produced Water Release 2/8/12 Produced Water 80 75 5 BBL Human Error Eddy (15) No No

nJK1225052407
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 2/8/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nMLB1206131638 LINN OPERATING, LLC. Minor Produced Water Release 2/7/12 Produced Water 5 2 3 BBL Equipment Failure Eddy (15) No No
nJK1205852722 ENERGEN RESOURCES CORPORATION Minor Oil Release 2/7/12 Crude Oil 15 10 5 BBL Corrosion Rio Arriba (39) No No
nMLB1206131638 LINN OPERATING, LLC. Minor Produced Water Release 2/7/12 Condensate 1 0 1 BBL Equipment Failure Eddy (15) No No
nMLB1205958333 Tascosa Energy Partners, L.L.C Minor Oil Release 2/6/12 Crude Oil 17 0 17 BBL Corrosion Eddy (15) No No
nMLB1204646257 SMITH & MARRS INC Minor Produced Water Release 2/6/12 Produced Water 5 5 0 BBL Human Error Eddy (15) No No
nMLB1205238462 MR NM Operating LLC Minor Release Other 2/5/12 Brine Water 10 0 10 BBL Human Error Eddy (15) No No
nJXK1604132379 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 2/4/12 Produced Water 30 15 15 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nMLB1204749715 RAYBAW Operating, LLC Major Oil Release 2/2/12 Crude Oil 35 35 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1204738638 EOG Y RESOURCES, INC. Minor Produced Water Release 2/2/12 Produced Water 8 7 1 BBL Normal Operations Eddy (15) No No
nMLB1204749715 RAYBAW Operating, LLC Major Oil Release 2/2/12 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1205233552 Spur Energy Partners LLC Major Produced Water Release 2/2/12 Produced Water 75 1 74 BBL Corrosion Eddy (15) No No
nMLB1204731721 Spur Energy Partners LLC Minor Produced Water Release 1/30/12 Produced Water 20 0 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nVF1821837253 BURLINGTON RESOURCES TRADING INC. Release Other 1/30/12 Unknown 0 0 0 BBL San Juan (45) No No
nMLB1209650453 OXY USA INC Major Oil Release 1/30/12 Crude Oil 45 0 45 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nGRL1203242623 Nitro Oil & Gas, LLC Minor Oil Release 1/30/12 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nMLB1204741107 EOG Y RESOURCES, INC. Major Produced Water Release 1/30/12 Produced Water 110 100 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nGRL1203242623 Nitro Oil & Gas, LLC Minor Oil Release 1/30/12 Produced Water 13 9 4 BBL Equipment Failure Lea (25) No No
nMLB1204541954 Silverback Operating II, LLC Minor Produced Water Release 1/30/12 Produced Water 7 6 1 BBL Equipment Failure Eddy (15) No No
nMLB1206641849 QUANTUM RESOURCES MANAGEMENT, LLC Major Produced Water Release 1/29/12 Produced Water 40 0 40 BBL Equipment Failure Eddy (15) No No
nMLB1204742414 EOG Y RESOURCES, INC. Major Oil Release 1/28/12 Crude Oil 50 35 15 BBL Overflow - Tank, Pit, Etc. Chaves (05) No No
nMLB1213136420 LINN OPERATING, LLC. Minor Produced Water Release 1/27/12 Produced Water 11 7 4 BBL Corrosion Eddy (15) No No
nJK1203128671 Maverick Permian LLC Major Produced Water Release 1/26/12 Produced Water 572 2400 -1828 BBL Equipment Failure Lea (25) No No
nJK1205830617 XTO ENERGY, INC Produced Water Release 1/26/12 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nMLB1204437755 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/25/12 Crude Oil 16 15 1 BBL Equipment Failure Eddy (15) No No
nJK1205828492 SIMCOE LLC Oil Release 1/25/12 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1205854501 SIMCOE LLC Oil Release 1/25/12 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJXK1621534557 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 1/25/12 Produced Water 150 100 50 BBL Equipment Failure Lea (25) No No
nMLB1204437755 DEVON ENERGY PRODUCTION COMPANY, LP Minor Oil Release 1/25/12 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nJXK1621534557 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 1/25/12 Crude Oil 0 0 0 BBL Lea (25) No No
nMLB1209648301 OXY USA INC Major Produced Water Release 1/24/12 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nMLB1204429708 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Fire 1/24/12 0 0 0 BBL Fire Eddy (15) No No
nAPM2424842274 LINN OPERATING, LLC. Major Produced Water Release 1/24/12 Produced Water 100 70 30 BBL Corrosion Eddy (15) No No
nJMW1304537252 LINN OPERATING, LLC. Produced Water Release 1/24/12 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nMLB1204438942 Spur Energy Partners LLC Minor Oil Release 1/24/12 Crude Oil 9 0 9 BBL Human Error Eddy (15) No No
nJMW1304553260 LINN OPERATING, LLC. Produced Water Release 1/24/12 Produced Water 3 0 3 BBL Equipment Failure Eddy (15) No No
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nMLB1204638693 LINN OPERATING, LLC. Major Produced Water Release 1/21/12 Produced Water 72 10 62 BBL Equipment Failure Eddy (15) No No
nJXK1604133336 RAM ENERGY LLC Minor Produced Water Release 1/21/12 Produced Water 10 2 8 BBL Equipment Failure Lea (25) No No
nJXK1621134758 JAY MANAGEMENT COMPANY, LLC Minor Produced Water Release 1/21/12 Produced Water 20 20 0 BBL Vandalism Lea (25) No No
nSAD1417752725 APACHE CORPORATION Minor Produced Water Release 1/21/12 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nMLB1204547383 EOG Y RESOURCES, INC. Minor Produced Water Release 1/20/12 Produced Water 4 0 4 BBL Equipment Failure Eddy (15) No No
nJK1205830234 Williams Four Corners, LLC Produced Water Release 1/20/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1204547383 EOG Y RESOURCES, INC. Minor Produced Water Release 1/20/12 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJK1212228108 Williams Four Corners, LLC Release Other 1/20/12 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nMLB1204534263 BOPCO, L.P. Major Oil Release 1/19/12 Crude Oil 700 605 95 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1204534263 BOPCO, L.P. Major Oil Release 1/19/12 Produced Water 10 5 5 BBL Other Eddy (15) No No
nMLB1204637182 COG OPERATING LLC Minor Oil Release 1/19/12 Crude Oil 10 8 2 BBL Corrosion Eddy (15) No No
nMLB1204637182 COG OPERATING LLC Minor Oil Release 1/19/12 Produced Water 5 3 2 BBL Corrosion Eddy (15) No No
nMLB1206050652 Spur Energy Partners LLC Major Oil Release 1/17/12 Crude Oil 60 40 20 BBL Equipment Failure Eddy (15) No No
nMLB1204539125 Spur Energy Partners LLC Minor Produced Water Release 1/17/12 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nJK1220736658 CONOCOPHILLIPS COMPANY Major Release Other 1/16/12 Other (Specify) 30 0 30 BBL Equipment Failure San Juan (45) No No
nMLB1204427397 RAYBAW Operating, LLC Major Produced Water Release 1/16/12 Produced Water 75 50 25 BBL Equipment Failure Eddy (15) No No
nSAD1417752243 APACHE CORPORATION Major Other 1/15/12 Brine Water 30 15 15 BBL Vandalism Lea (25) No No
nMLB1204536486 Spur Energy Partners LLC Major Produced Water Release 1/15/12 Produced Water 40 35 5 BBL Equipment Failure Eddy (15) No No
nMLB1204536486 Spur Energy Partners LLC Major Produced Water Release 1/15/12 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nMLB1203929447 EOG Y RESOURCES, INC. Major Produced Water Release 1/14/12 Produced Water 600 460 140 BBL Equipment Failure Eddy (15) No No
nJK1205828695 WESTERN REFINING COMPANY, L.P. Major Oil Release 1/14/12 Crude Oil 300 280 20 BBL San Juan (45) No No
nMLB1204529710 COG OPERATING LLC Minor Produced Water Release 1/13/12 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nJK1208154398 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/13/12 Produced Water 82 50 32 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1204529710 COG OPERATING LLC Minor Produced Water Release 1/13/12 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJK1211050017 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 1/13/12 Condensate 0 0 0 BBL Corrosion San Juan (45) Yes No
nJK1211050017 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 1/13/12 Produced Water 0 0 0 BBL Corrosion San Juan (45) Yes No
nGRL1229952725 COG OPERATING LLC Minor Produced Water Release 1/12/12 Produced Water 20 10 10 BBL Equipment Failure Lea (25) No No
nGRL1201740392 OCCIDENTAL PERMIAN LTD Major Produced Water Release 1/11/12 Produced Water 50 0 50 BBL Corrosion Lea (25) No No
nMLB1203927842 BEPCO, LP Major Produced Water Release 1/11/12 Produced Water 65 60 5 BBL Corrosion Eddy (15) No No
nMLB1203927842 BEPCO, LP Major Produced Water Release 1/11/12 Crude Oil 5 2 3 BBL Corrosion Eddy (15) No No
nMLB1204747359 EOG Y RESOURCES, INC. Major Oil Release 1/10/12 Crude Oil 45 40 5 BBL Equipment Failure Eddy (15) No No
nJK1201951404 SIMCOE LLC Oil Release 1/10/12 Condensate 0 0 0 BBL Other San Juan (45) No No
nMLB1213135036 LINN OPERATING, LLC. Oil Release 1/10/12 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nMLB1204153894 EOG Y RESOURCES, INC. Minor Oil Release 1/10/12 Crude Oil 11 11 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1204139894 EOG Y RESOURCES, INC. Major Oil Release 1/9/12 Crude Oil 40 40 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1205829526 SIMCOE LLC Minor Produced Water Release 1/9/12 Produced Water 15 0 15 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1204643007 QEP ENERGY COMPANY Minor Oil Release 1/9/12 Crude Oil 20 0 20 BBL Freeze San Juan (45) No No

nJK1208154651
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 1/6/12 Produced Water 22 50 -28 BBL Corrosion San Juan (45) No No

nHMP1412146336 LINN OPERATING, LLC. Major Produced Water Release 1/6/12 Crude Oil 7 2 5 BBL Equipment Failure Eddy (15) No No
nHMP1412146336 LINN OPERATING, LLC. Major Produced Water Release 1/6/12 Produced Water 40 23 17 BBL Equipment Failure Eddy (15) No No
nMLB1204158549 Spur Energy Partners LLC Minor Produced Water Release 1/5/12 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nJK1217841498 XTO ENERGY, INC Produced Water Release 1/5/12 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1204158549 Spur Energy Partners LLC Minor Produced Water Release 1/5/12 Crude Oil 5 4 1 BBL Equipment Failure Eddy (15) No No
nMLB1206130327 LINN OPERATING, LLC. Minor Oil Release 1/5/12 Crude Oil 20 10 10 BBL Equipment Failure Eddy (15) No No
nMLB1206130327 LINN OPERATING, LLC. Minor Oil Release 1/5/12 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nJXK1620849670 CONOCOPHILLIPS COMPANY Minor Oil Release 1/4/12 Crude Oil 10 3 7 BBL Equipment Failure Lea (25) No No
nMLB1205237387 AMERICO ENERGY RESOURCES LLC Major Produced Water Release 1/4/12 Produced Water 45 5 40 BBL Equipment Failure Eddy (15) No No
nMLB1203337597 BEPCO, LP Minor Oil Release 1/3/12 Crude Oil 20 5 15 BBL Corrosion Eddy (15) No No
nMLB1204149632 Spur Energy Partners LLC Major Produced Water Release 1/3/12 Produced Water 105 100 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1621129027 SCOUT ENERGY MANAGEMENT LLC Minor Produced Water Release 1/3/12 Produced Water 11 0 11 BBL Equipment Failure Lea (25) No No
nJXK1621129027 SCOUT ENERGY MANAGEMENT LLC Minor Produced Water Release 1/3/12 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nJK1309157411 CONOCOPHILLIPS COMPANY Produced Water Release 1/2/12 Unknown 0 0 0 BBL Other Rio Arriba (39) No No
nMLB1209747032 OXY USA INC Major Oil Release 1/1/12 Crude Oil 151 73 78 BBL Equipment Failure Eddy (15) No No
nMLB1203331448 Spur Energy Partners LLC Major Produced Water Release 12/31/11 Produced Water 80 79 1 BBL Corrosion Eddy (15) No No
nMLB1204640896 GREAT WESTERN DRILLING CO Major Oil Release 12/30/11 Condensate 180 0 180 BBL Freeze Eddy (15) No No
nMLB1203329834 Spur Energy Partners LLC Minor Produced Water Release 12/30/11 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nGRL1202433158 LeaCo Operating, LLC Minor Oil Release 12/28/11 Crude Oil 13 0 13 BBL Other Lea (25) No No
nJXK1620045728 CROSS TIMBERS ENERGY, LLC Minor Oil Release 12/27/11 Crude Oil 8 0 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1620045728 CROSS TIMBERS ENERGY, LLC Minor Oil Release 12/27/11 Crude Oil 8 0 8 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nTO1419154449 G and C Operating, LLC Major Produced Water Release 12/26/11 Produced Water 56 35 21 BBL Equipment Failure Lea (25) No No
nJXK1535249884 Spur Energy Partners LLC Major Produced Water Release 12/26/11 Produced Water 25 12 13 BBL Equipment Failure Lea (25) No No
nJK1200948963 XTO ENERGY, INC Minor Produced Water Release 12/26/11 Produced Water 10 9 1 BBL Corrosion San Juan (45) No No
nMLB1203332867 RAYBAW Operating, LLC Minor Produced Water Release 12/26/11 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1535249884 Spur Energy Partners LLC Major Produced Water Release 12/26/11 Crude Oil 10 8 2 BBL Equipment Failure Lea (25) No No
nJK1201952419 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 12/26/11 Condensate 0 0 0 BBL Blow Out San Juan (45) Yes No
nJK1201952419 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 12/26/11 Produced Water 0 0 0 BBL Blow Out San Juan (45) Yes No
nMLB1203328453 Spur Energy Partners LLC Major Produced Water Release 12/24/11 Produced Water 40 39 1 BBL Equipment Failure Eddy (15) No No
nMLB1203326646 SOUTHWEST ROYALTIES INC Major Oil Release 12/19/11 Crude Oil 135 85 50 BBL Corrosion Eddy (15) No No
nGRL1136247515 Spur Energy Partners LLC Major Oil Release 12/16/11 Crude Oil 10 8 2 BBL Other Lea (25) No No
nMLB1135532203 LINN OPERATING, LLC. Major Oil Release 12/16/11 Crude Oil 68 65 3 BBL Equipment Failure Eddy (15) No No
nGRL1136247515 Spur Energy Partners LLC Major Oil Release 12/16/11 Produced Water 25 12 13 BBL Other Lea (25) No No
nMLB1203247890 COG OPERATING LLC Major Produced Water Release 12/16/11 Produced Water 600 500 100 BBL Equipment Failure Eddy (15) No No
nMLB1203249519 LINN OPERATING, LLC. Minor Produced Water Release 12/15/11 Produced Water 16 12 4 BBL Corrosion Eddy (15) No No
nMLB1203249519 LINN OPERATING, LLC. Minor Produced Water Release 12/15/11 Crude Oil 3 1 2 BBL Corrosion Eddy (15) No No
nJK1201046235 XTO ENERGY, INC Minor Produced Water Release 12/14/11 Produced Water 9 0 9 BBL Corrosion San Juan (45) No No
nMLB1204137747 BOPCO, L.P. Major Produced Water Release 12/13/11 Produced Water 25 0 25 BBL Corrosion Eddy (15) No No
nJK1201048492 XTO ENERGY, INC Major Produced Water Release 12/13/11 Produced Water 110 100 10 BBL Human Error San Juan (45) No No
nJK1201042132 XTO ENERGY, INC Minor Produced Water Release 12/13/11 Produced Water 5 4 1 BBL Equipment Failure San Juan (45) No No
nMLB1135451995 LINN OPERATING, LLC. Major Produced Water Release 12/13/11 Produced Water 40 35 5 BBL Corrosion Eddy (15) No No
nMLB1204137747 BOPCO, L.P. Major Produced Water Release 12/13/11 Crude Oil 10 0 10 BBL Corrosion Eddy (15) No No
nGRL1136133154 BXP Operating, LLC Major Produced Water Release 12/13/11 Produced Water 45 30 15 BBL Corrosion Lea (25) No No
nMLB1135357544 BOPCO, L.P. Minor Oil Release 12/13/11 Crude Oil 10 5 5 BBL Corrosion Eddy (15) No No
nMLB1135448710 BOPCO, L.P. Major Produced Water Release 12/13/11 Produced Water 45 0 45 BBL Corrosion Eddy (15) No No
nMLB1135446814 BOPCO, L.P. Major Produced Water Release 12/13/11 Produced Water 25 0 25 BBL Corrosion Eddy (15) No No
nMLB1135448710 BOPCO, L.P. Major Produced Water Release 12/13/11 Crude Oil 5 0 5 BBL Corrosion Eddy (15) No No
nMLB1135446814 BOPCO, L.P. Major Produced Water Release 12/13/11 Crude Oil 5 0 5 BBL Corrosion Eddy (15) No No
nMLB1210352937 HF Sinclair Navajo Refining LLC Major Oil Release 12/13/11 Crude Oil 120 110 10 BBL Human Error Eddy (15) No No
nJK1401026031 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 12/12/11 Condensate 350 350 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1201931042 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/9/11 Produced Water 7 0 7 BBL Freeze Eddy (15) No No
nMLB1135450699 COG OPERATING LLC Major Produced Water Release 12/9/11 Produced Water 175 174 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1201931042 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 12/9/11 Crude Oil 3 3 0 BBL Freeze Eddy (15) No No
nJK1401334851 CONOCOPHILLIPS COMPANY Major Oil Release 12/8/11 Condensate 48 1 47 BBL Corrosion San Juan (45) No No
nJK1205827464 ENTERPRISE PRODUCTS OPERATING, LLC Major Oil Release 12/8/11 Condensate 105 95 10 BBL Freeze San Juan (45) No No
nJMW1303056064 CHEVRON U S A INC Major Produced Water Release 12/8/11 Produced Water 439 0 439 BBL Corrosion Eddy (15) No No
nMLB1135535450 EOG Y RESOURCES, INC. Major Produced Water Release 12/7/11 Produced Water 30 15 15 BBL Freeze Eddy (15) No No
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nJK1400842702 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 12/7/11 Condensate 5 0 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1211540365 LINN OPERATING, LLC. Oil Release 12/6/11 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nMLB1235456418 OXY USA INC Major Oil Release 12/6/11 Crude Oil 65 0 65 BBL Human Error Eddy (15) No No
nGRL1134226238 CHEVRON MIDCONTINENT, L.P. Minor Oil Release 12/6/11 Crude Oil 1 1 0 BBL Freeze Lea (25) No No
nCJC1215755591 LOS LOBOS RENEWABLE POWER LLC Release Other 12/6/11 Diesel 2 0 2 BBL Human Error Hidalgo (23) No No
nGRL1134226238 CHEVRON MIDCONTINENT, L.P. Minor Oil Release 12/6/11 Produced Water 5 5 0 BBL Freeze Lea (25) No No
nSAD1416448053 APACHE CORPORATION Minor Produced Water Release 12/6/11 Produced Water 20 7 13 BBL Freeze Lea (25) No No
nMLB1135553303 EOG Y RESOURCES, INC. Minor Produced Water Release 12/6/11 Produced Water 10 0 10 BBL Freeze Eddy (15) No No
nSAD1416052284 APACHE CORPORATION Minor Produced Water Release 12/6/11 Produced Water 10 0 10 BBL Freeze Lea (25) No No
nJMW1303130777 AMERICO ENERGY RESOURCES LLC Produced Water Release 12/6/11 Produced Water 0 0 0 BBL Human Error Eddy (15) No No
nSAD1416830919 APACHE CORPORATION Minor Produced Water Release 12/6/11 Produced Water 10 0 10 BBL Freeze Lea (25) No No
nTO1423255009 CHEVRON MIDCONTINENT, L.P. Minor Produced Water Release 12/6/11 Produced Water 6 5 1 BBL Freeze Lea (25) No No
nMLB1215034852 APACHE CORPORATION Minor Oil Release 12/6/11 Crude Oil 10 9 1 BBL Equipment Failure Eddy (15) No No
nGRL1209351075 Opal Operating Company LLC Minor Produced Water Release 12/6/11 Produced Water 15 11 4 BBL Corrosion Lea (25) No No
nSAD1416834752 APACHE CORPORATION Minor Oil Release 12/6/11 Crude Oil 12 10 2 BBL Other Lea (25) No No
nCS1503740403 SIMCOE LLC Oil Release 12/6/11 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nCS1503740403 SIMCOE LLC Oil Release 12/6/11 Condensate 0 0 0 BBL Other San Juan (45) No No
nMLB1135453652 LINN OPERATING, LLC. Major Produced Water Release 12/5/11 Produced Water 150 145 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1135453652 LINN OPERATING, LLC. Major Produced Water Release 12/5/11 Crude Oil 5 3 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1135350565 Spur Energy Partners LLC Major Oil Release 12/3/11 Crude Oil 120 115 5 BBL Corrosion Eddy (15) No No
nJK1200433017 XTO ENERGY, INC Produced Water Release 12/1/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1135353926 Spur Energy Partners LLC Minor Produced Water Release 12/1/11 Produced Water 15 5 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1201233309 DUGAN PRODUCTION CORP Major Produced Water Release 12/1/11 Produced Water 0 0 0 BBL Corrosion San Juan (45) Yes No
nAB1510641866 LINN OPERATING, LLC. Minor Produced Water Release 12/1/11 Crude Oil 2 0 2 BBL Other Eddy (15) No No
nAB1510641866 LINN OPERATING, LLC. Minor Produced Water Release 12/1/11 Produced Water 3 0 3 BBL Other Eddy (15) No No
nGRL1134152467 RAM ENERGY LLC Minor Oil Release 11/29/11 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nGRL1134152467 RAM ENERGY LLC Minor Oil Release 11/29/11 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nMLB1134136889 LINN OPERATING, LLC. Minor Produced Water Release 11/28/11 Produced Water 7 1 6 BBL Equipment Failure Eddy (15) No No
nMLB1134134340 CHESAPEAKE OPERATING, INC. Major Produced Water Release 11/28/11 Produced Water 75 40 35 BBL Equipment Failure Eddy (15) No No
nMLB1134136889 LINN OPERATING, LLC. Minor Produced Water Release 11/28/11 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nMLB1213133647 LINN OPERATING, LLC. Major Produced Water Release 11/25/11 Produced Water 125 60 65 BBL Corrosion Eddy (15) No No
nTO1419153301 MATADOR PRODUCTION COMPANY Oil Release 11/24/11 Crude Oil 3 0 3 BBL Equipment Failure Lea (25) No No
nMLB1134055996 LINN OPERATING, LLC. Oil Release 11/23/11 Crude Oil 10 0 10 GAL Equipment Failure Eddy (15) No No
nMLB1134139502 OWL SWD OPERATING, LLC Minor Produced Water Release 11/23/11 Produced Water 5 5 0 BBL Equipment Failure Eddy (15) No No
nMLB1134057565 Spur Energy Partners LLC Minor Produced Water Release 11/21/11 Produced Water 8 6 2 BBL Equipment Failure Eddy (15) No No
nMLB1134057565 Spur Energy Partners LLC Minor Produced Water Release 11/21/11 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nJK1201951791 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 11/19/11 Produced Water 240 220 20 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1133942446 LINN OPERATING, LLC. Minor Oil Release 11/18/11 Crude Oil 18 15 3 BBL Equipment Failure Eddy (15) No No
nMLB1133942446 LINN OPERATING, LLC. Minor Oil Release 11/18/11 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nKJ1603648565 LeaCo Operating, LLC Major Oil Release 11/18/11 Crude Oil 54 44 10 BBL Equipment Failure Lea (25) No No
nGRL1132633024 LeaCo Operating, LLC Major Oil Release 11/18/11 Crude Oil 198 89 109 BBL Corrosion Lea (25) No No
nKJ1603648565 LeaCo Operating, LLC Major Oil Release 11/18/11 Produced Water 54 44 10 BBL Equipment Failure Lea (25) No No
nMLB1215033035 APACHE CORPORATION Major Produced Water Release 11/17/11 Produced Water 30 0 30 BBL Normal Operations Eddy (15) No No
nGRL1136351694 ETC Texas Pipeline, Ltd. Major Oil Release 11/16/11 Crude Oil 4 0 4 BBL Corrosion Lea (25) No No
nGRL1136351694 ETC Texas Pipeline, Ltd. Major Oil Release 11/16/11 Produced Water 31 0 31 BBL Corrosion Lea (25) No No
nMLB1133634980 LINN OPERATING, LLC. Minor Produced Water Release 11/15/11 Produced Water 2 0 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1201239198 NACOGDOCHES OIL AND GAS, INC Major Produced Water Release 11/15/11 Produced Water 30 30 0 BBL Equipment Failure McKinley (31) No No
nMLB1133634980 LINN OPERATING, LLC. Minor Produced Water Release 11/15/11 Crude Oil 8 0 8 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1212231835 NACOGDOCHES OIL AND GAS, INC Major Produced Water Release 11/15/11 Produced Water 30 20 10 BBL Equipment Failure McKinley (31) No No
nJK1212231835 NACOGDOCHES OIL AND GAS, INC Major Produced Water Release 11/15/11 Crude Oil 1 1 0 BBL Equipment Failure McKinley (31) No No
nJK1201240524 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/13/11 Produced Water 17 40 -23 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1133655005 COG OPERATING LLC Minor Produced Water Release 11/13/11 Produced Water 12 10 2 BBL Equipment Failure Eddy (15) No No
nJK1202030273 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/13/11 Produced Water 40 40 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1133655005 COG OPERATING LLC Minor Produced Water Release 11/13/11 Crude Oil 3 1 2 BBL Equipment Failure Eddy (15) No No
nJK1202030273 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 11/13/11 Crude Oil 11 0 0 BBL Rio Arriba (39) No No
nMLB1133639798 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 11/11/11 Crude Oil 40 30 10 BBL Equipment Failure Eddy (15) No No
nMLB1133641464 Spur Energy Partners LLC Minor Produced Water Release 11/11/11 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nMLB1133641464 Spur Energy Partners LLC Minor Produced Water Release 11/11/11 Produced Water 6 3 3 BBL Equipment Failure Eddy (15) No No
nJK1201239660 XTO ENERGY, INC Major Produced Water Release 11/10/11 Produced Water 40 34 6 BBL Equipment Failure San Juan (45) No No
nTO1423251161 MorningStar Operating LLC Minor Produced Water Release 11/10/11 Produced Water 12 12 0 BBL Corrosion Lea (25) No No
nTO1416127491 APACHE CORPORATION Major Oil Release 11/10/11 Crude Oil 25 20 5 BBL Equipment Failure Lea (25) No No
nGRL1132125951 MorningStar Operating LLC Minor Produced Water Release 11/10/11 Produced Water 12 12 0 BBL Corrosion Lea (25) No No
nGRL1131355245 OCCIDENTAL PERMIAN LTD Major Produced Water Release 11/7/11 Produced Water 100 0 100 BBL Corrosion Lea (25) No No
nJK1201047274 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 11/7/11 Produced Water 10 10 0 BBL Other San Juan (45) No No
nJK1208142812 XTO ENERGY, INC Produced Water Release 11/7/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nTO1423031518 MorningStar Operating LLC Major Produced Water Release 11/5/11 Produced Water 29 20 9 BBL Human Error Lea (25) No No
nGRL1132155015 MorningStar Operating LLC Major Oil Release 11/5/11 Crude Oil 22 16 6 BBL Equipment Failure Lea (25) No No
nGRL1132155015 MorningStar Operating LLC Major Oil Release 11/5/11 Produced Water 8 4 4 BBL Equipment Failure Lea (25) No No
nJK1200948180 XTO ENERGY, INC Major Oil Release 11/4/11 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) Yes No
nJK1200434366 XTO ENERGY, INC Major Other 11/4/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) Yes No
nMLB1133637925 COG OPERATING LLC Major Produced Water Release 11/4/11 Produced Water 1000 910 90 BBL Equipment Failure Eddy (15) No No
nJK1201235625 XTO ENERGY, INC Produced Water Release 11/4/11 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nGRL1131929673 RAM ENERGY LLC Minor Oil Release 11/4/11 Crude Oil 1 1 0 BBL Corrosion Lea (25) No No
nGRL1131929673 RAM ENERGY LLC Minor Oil Release 11/4/11 Produced Water 9 1 8 BBL Corrosion Lea (25) No No
nKJ1603938813 APACHE CORPORATION Major Produced Water Release 11/3/11 Produced Water 400 350 50 BBL Other Lea (25) No No
nSAD1416451069 APACHE CORPORATION Major Produced Water Release 11/3/11 Brine Water 400 350 50 BBL Equipment Failure Lea (25) No No
nMLB1133940457 LINN OPERATING, LLC. Minor Produced Water Release 11/3/11 Produced Water 14 9 5 BBL Corrosion Eddy (15) No No
nMLB1133940457 LINN OPERATING, LLC. Minor Produced Water Release 11/3/11 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nMLB1131448507 BXP Operating, LLC Major Produced Water Release 11/2/11 Produced Water 130 0 130 BBL Vandalism Eddy (15) No No
nMLB1131230023 EOG Y RESOURCES, INC. Major Produced Water Release 11/2/11 Produced Water 295 295 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1133541595 LINN OPERATING, LLC. Produced Water Release 11/2/11 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nMLB1133555360 LINN OPERATING, LLC. Oil Release 11/2/11 Crude Oil 1 0 1 BBL Human Error Eddy (15) No No
nMLB1235457560 OXY USA INC Major Produced Water Release 11/2/11 Produced Water 100 80 20 BBL Equipment Failure Eddy (15) No No
nMLB1235457560 OXY USA INC Major Produced Water Release 11/2/11 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nJK1201238485 XTO ENERGY, INC Oil Release 11/1/11 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nMLB1131440213 COG OPERATING LLC Major Produced Water Release 11/1/11 Produced Water 200 199 1 BBL Corrosion Eddy (15) No No
nMLB1204739947 APACHE CORPORATION Minor Other 10/29/11 Drilling Mud/Fluid 10 5 5 BBL Human Error Eddy (15) No No
nMLB1131135151 LINN OPERATING, LLC. Major Produced Water Release 10/28/11 Produced Water 110 98 12 BBL Equipment Failure Eddy (15) No No
nMLB1131129093 LINN OPERATING, LLC. Produced Water Release 10/28/11 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nMLB1130855162 LINN OPERATING, LLC. Minor Oil Release 10/27/11 Crude Oil 6 5 1 BBL Equipment Failure Eddy (15) No No
nMLB1131126791 LINN OPERATING, LLC. Minor Oil Release 10/27/11 Crude Oil 4 1 3 BBL Equipment Failure Eddy (15) No No
nMLB1131133116 LINN OPERATING, LLC. Minor Produced Water Release 10/27/11 Produced Water 10 3 7 BBL Human Error Eddy (15) No No
nMLB1131126791 LINN OPERATING, LLC. Minor Oil Release 10/27/11 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nMLB1131133116 LINN OPERATING, LLC. Minor Produced Water Release 10/27/11 Crude Oil 5 2 3 BBL Human Error Eddy (15) No No
nJXK1603348491 ETC Texas Pipeline, Ltd. Minor Produced Water Release 10/26/11 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
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nMLB1131127965 LINN OPERATING, LLC. Produced Water Release 10/26/11 Produced Water 1 0 1 BBL Equipment Failure Eddy (15) No No
nMLB1131127965 LINN OPERATING, LLC. Produced Water Release 10/26/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nMLB1131131198 LINN OPERATING, LLC. Major Produced Water Release 10/25/11 Produced Water 60 30 30 BBL Corrosion Eddy (15) No No
nGRL1131428247 Maverick Permian LLC Minor Oil Release 10/25/11 Crude Oil 8 0 8 BBL Equipment Failure Lea (25) No No
nGRL1131428247 Maverick Permian LLC Minor Oil Release 10/25/11 Produced Water 6 0 6 BBL Equipment Failure Lea (25) No No
nMLB1133631261 JUDAH OIL LLC Major Produced Water Release 10/24/11 Produced Water 1200 530 670 BBL Equipment Failure Eddy (15) No No
nBBB1219837368 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 10/24/11 Natural Gas Liquids 0 0 0 BBL San Juan (45) No Yes
nJK1201140974 SIMCOE LLC Minor Oil Release 10/24/11 Condensate 20 0 20 BBL Corrosion San Juan (45) No No
nBBB1219837368 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 10/24/11 Condensate 0 0 0 BBL San Juan (45) No Yes
nJK1201237146 Enterprise Field Services, LLC Major Natural Gas Release 10/24/11 Condensate 0 0 0 BBL Corrosion San Juan (45) No No
nBBB1219837368 ENTERPRISE PRODUCTS OPERATING, LLC Release Other 10/24/11 Produced Water 0 0 0 BBL San Juan (45) No Yes
nBBB1219830954 ENTERPRISE PRODUCTS OPERATING, LLC Natural Gas Release 10/24/11 Natural Gas Liquids 0 0 0 BBL Corrosion San Juan (45) No Yes
nJK1201237146 Enterprise Field Services, LLC Major Natural Gas Release 10/24/11 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
nGRL1209056121 OWL SWD OPERATING, LLC Major Produced Water Release 10/21/11 Produced Water 275 260 15 BBL Corrosion Lea (25) No No
nGRL1131831802 DCP OPERATING COMPANY, LP Major Oil Release 10/20/11 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nJK1129955961 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 10/20/11 Produced Water 12 12 0 BBL Corrosion San Juan (45) No No
nMLB1129454400 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 10/19/11 Crude Oil 5 5 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1129941392 SOUTHERN UNION GAS SERVICES, LTD Minor Oil Release 10/19/11 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nJK1201142605 XTO ENERGY, INC Produced Water Release 10/19/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1129454400 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 10/19/11 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1131137545 Spur Energy Partners LLC Minor Oil Release 10/19/11 Crude Oil 20 19 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nJK1129952872
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 10/18/11 Produced Water 14 3 11 BBL Corrosion San Juan (45) No No

nSAD1416831709 APACHE CORPORATION Minor Oil Release 10/18/11 Crude Oil 8 5 3 BBL Equipment Failure Lea (25) No No

nJK1129952872
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 10/18/11 Condensate 2 0 2 BBL Corrosion San Juan (45) No No

nGRL1202440967 LeaCo Operating, LLC Minor Oil Release 10/18/11 Crude Oil 8 2 6 BBL Corrosion Lea (25) No No
nGRL1202440967 LeaCo Operating, LLC Minor Oil Release 10/18/11 Produced Water 2 1 1 BBL Corrosion Lea (25) No No
nMLB1129950667 MEWBOURNE OIL CO Minor Oil Release 10/16/11 Crude Oil 15 0 15 BBL Human Error Eddy (15) No No
nMLB1129949056 Silverback Operating II, LLC Major Produced Water Release 10/16/11 Produced Water 450 400 50 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1129949056 Silverback Operating II, LLC Major Produced Water Release 10/16/11 Crude Oil 15 10 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1129437031 LINN OPERATING, LLC. Major Produced Water Release 10/14/11 Produced Water 30 0 30 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1534947666 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 10/13/11 Produced Water 35 29 6 BBL Equipment Failure Lea (25) No No
nJXK1535245608 Spur Energy Partners LLC Minor Produced Water Release 10/12/11 Produced Water 10 9 1 BBL Human Error Lea (25) No No
nJK1129956375 ELM RIDGE EXPLORATION COMPANY LLC Major Produced Water Release 10/12/11 Produced Water 55 55 0 BBL Equipment Failure Sandoval (43) No No
nJK1201233596 XTO ENERGY, INC Oil Release 10/12/11 Condensate 0 0 0 BBL Human Error San Juan (45) No No
nJXK1535245608 Spur Energy Partners LLC Minor Produced Water Release 10/12/11 Crude Oil 4 3 1 BBL Human Error Lea (25) No No
nJK1129956375 ELM RIDGE EXPLORATION COMPANY LLC Major Produced Water Release 10/12/11 Condensate 0 0 0 BBL Equipment Failure Sandoval (43) No No
nMLB1129349585 DCP OPERATING COMPANY, LP Major Oil Release 10/11/11 Condensate 8 0 8 BBL Equipment Failure Eddy (15) Yes No
nMLB1129356355 LINN OPERATING, LLC. Minor Produced Water Release 10/10/11 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nMLB1129354803 LINN OPERATING, LLC. Major Produced Water Release 10/6/11 Produced Water 77 0 77 BBL Equipment Failure Eddy (15) No No
nJK1204656583 MorningStar Operating LLC Produced Water Release 10/6/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1129948229 EOG Y RESOURCES, INC. Minor Produced Water Release 10/6/11 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No

nJXK1621139853
NEW MEXICO SALT WATER DISPOSAL 
COMPANY Major Produced Water Release 10/6/11 Produced Water 600 0 600 BBL Equipment Failure Lea (25) No No

nMLB1129948229 EOG Y RESOURCES, INC. Minor Produced Water Release 10/6/11 Crude Oil 4 0 4 BBL Equipment Failure Eddy (15) No No
nMLB1129155036 Silverback Operating II, LLC Minor Oil Release 10/6/11 Crude Oil 15 5 10 BBL Equipment Failure Eddy (15) No No
nMLB1215035862 APACHE CORPORATION Major Oil Release 10/4/11 Crude Oil 200 150 50 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1620956728 JAY MANAGEMENT COMPANY, LLC Major Oil Release 10/4/11 Crude Oil 159 143 16 BBL Equipment Failure Lea (25) No No
nGRL1131356325 Contango Resources, Inc. Major Release Other 10/3/11 Drilling Mud/Fluid 45 30 15 BBL Corrosion Lea (25) No No
nJK1129856090 WESTERN REFINING COMPANY, L.P. Major Other 10/2/11 Other (Specify) 80 0 0 BBL Equipment Failure San Juan (45) No Yes
nMLB1129939712 LINN OPERATING, LLC. Minor Produced Water Release 10/1/11 Produced Water 5 0 5 BBL Human Error Eddy (15) No No
nMLB1129357570 LINN OPERATING, LLC. Produced Water Release 10/1/11 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nMLB1129240104 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 10/1/11 Crude Oil 32 24 8 BBL Equipment Failure Eddy (15) No No
nJK1521538542 SIMCOE LLC Oil Release 9/29/11 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1129338833 Spur Energy Partners LLC Major Produced Water Release 9/29/11 Produced Water 38 36 2 BBL Equipment Failure Eddy (15) No No
nJK1129138688 SIMCOE LLC Oil Release 9/29/11 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1129145257 Silverback Operating II, LLC Minor Produced Water Release 9/29/11 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nMLB1129338833 Spur Energy Partners LLC Major Produced Water Release 9/29/11 Crude Oil 2 1 1 BBL Equipment Failure Eddy (15) No No
nMLB1129440331 LINN OPERATING, LLC. Major Produced Water Release 9/28/11 Produced Water 50 25 25 BBL Equipment Failure Eddy (15) No No
nMLB1129439301 LINN OPERATING, LLC. Produced Water Release 9/28/11 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No
nMLB1129434965 LINN OPERATING, LLC. Major Produced Water Release 9/28/11 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No

nJK1128725300
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 9/28/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nGRL1209053313 EOG Y RESOURCES, INC. Major Produced Water Release 9/27/11 Produced Water 17 0 17 BBL Equipment Failure Lea (25) No No
nMLB1129341285 COG OPERATING LLC Minor Produced Water Release 9/27/11 Produced Water 10 8 2 BBL Equipment Failure Eddy (15) No No
nGRL1209053313 EOG Y RESOURCES, INC. Major Produced Water Release 9/27/11 Crude Oil 28 0 28 BBL Equipment Failure Lea (25) No No
nMLB1130852870 CHESAPEAKE OPERATING, INC. Minor Release Other 9/26/11 Drilling Mud/Fluid 20 15 5 BBL Human Error Eddy (15) No No
nMLB1129337355 Spur Energy Partners LLC Major Oil Release 9/26/11 Crude Oil 60 50 10 BBL Human Error Eddy (15) No No
nGRL1210048391 CENTURION PIPELINE L.P. Minor Oil Release 9/25/11 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nMLB1128647110 LINN OPERATING, LLC. Major Produced Water Release 9/25/11 Produced Water 45 40 5 BBL Corrosion Eddy (15) No No
nJMW1217349902 Permian Resources Operating, LLC Major Oil Release 9/24/11 Crude Oil 30 0 30 BBL Equipment Failure Eddy (15) No No
nJMW1303153512 Spur Energy Partners LLC Major Produced Water Release 9/24/11 Produced Water 950 750 200 BBL Equipment Failure Eddy (15) No No
nMLB1128653078 LINN OPERATING, LLC. Oil Release 9/23/11 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nMLB1128648672 LINN OPERATING, LLC. Minor Produced Water Release 9/23/11 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nCS1512041661 CONOCOPHILLIPS COMPANY Other 9/23/11 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nMLB1128657788 COG OPERATING LLC Minor Produced Water Release 9/21/11 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nJK1129139798 ELM RIDGE EXPLORATION COMPANY LLC Produced Water Release 9/20/11 Crude Oil 0 0 0 BBL Equipment Failure 0 No No
nJK1129955573 CONOCOPHILLIPS COMPANY Other 9/20/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1128636288 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 9/20/11 Condensate 28 6 22 BBL Lightning Eddy (15) No No
nJK1129255541 High River Resources Operating, LLC Minor Oil Release 9/20/11 Crude Oil 15 0 15 BBL Equipment Failure Rio Arriba (39) No No

nJK1129955294
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 9/19/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nMLB1128638295 TANDEM ENERGY CORPORATION Major Oil Release 9/19/11 Crude Oil 40 0 40 BBL Corrosion Eddy (15) No No
nMLB1126434762 EOG Y RESOURCES, INC. Major Produced Water Release 9/18/11 Produced Water 189 120 69 BBL Lightning Eddy (15) No No
nMLB1128654724 TEAM OPERATING, L.L.C. Minor Oil Release 9/17/11 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nMLB1128054989 LINN OPERATING, LLC. Minor Produced Water Release 9/16/11 Produced Water 5 0 5 BBL Normal Operations Eddy (15) No No
nJMW1303653409 Spur Energy Partners LLC Minor Produced Water Release 9/16/11 Produced Water 15 14 1 BBL Equipment Failure Eddy (15) No No
nMLB1128550642 EOG Y RESOURCES, INC. Minor Produced Water Release 9/14/11 Produced Water 15 10 5 BBL Corrosion Eddy (15) No No
nJK1129140965 SIMCOE LLC Oil Release 9/13/11 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nSAD1416456132 APACHE CORPORATION Major Produced Water Release 9/12/11 Produced Water 387 0 387 BBL Equipment Failure Lea (25) No No

nJK1129137070
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 9/12/11 Produced Water 10 10 0 BBL Human Error Rio Arriba (39) No No

nJK1129855524 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 9/10/11 Crude Oil 7 0 7 BBL Corrosion San Juan (45) Yes No
nJK1129855524 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 9/10/11 Produced Water 7 0 7 BBL Corrosion San Juan (45) Yes No
nMLB1125646592 EOG Y RESOURCES, INC. Minor Produced Water Release 9/10/11 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
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nMLB1125646592 EOG Y RESOURCES, INC. Minor Produced Water Release 9/10/11 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nJK1129233406 SIMCOE LLC Major Release Other 9/9/11 Condensate 58 0 58 BBL Equipment Failure San Juan (45) No No
nMLB1129330213 LINN OPERATING, LLC. Major Oil Release 9/9/11 Crude Oil 25 23 2 BBL Human Error Eddy (15) No No
nMLB1135330781 LINN OPERATING, LLC. Minor Produced Water Release 9/9/11 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nMLB1129330213 LINN OPERATING, LLC. Major Oil Release 9/9/11 Produced Water 3 2 1 BBL Human Error Eddy (15) No No
nMLB1135338620 LINN OPERATING, LLC. Major Oil Release 9/9/11 Crude Oil 25 23 2 BBL Other Eddy (15) No No
nMLB1135338620 LINN OPERATING, LLC. Major Oil Release 9/9/11 Produced Water 3 1 2 BBL Other Eddy (15) No No
nJK1129236769 XTO ENERGY, INC Produced Water Release 9/8/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1129236617 XTO ENERGY, INC Produced Water Release 9/7/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nGRL1126429414 COG OPERATING LLC Minor Produced Water Release 9/7/11 Produced Water 20 18 2 BBL Equipment Failure Lea (25) No No
nJXK1535553864 COG OPERATING LLC Minor Produced Water Release 9/7/11 Produced Water 20 18 2 BBL Equipment Failure Lea (25) No No

nJK1128656862
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 9/7/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nSAD1416454346 APACHE CORPORATION Minor Produced Water Release 9/6/11 Produced Water 10 1 9 BBL Equipment Failure Lea (25) No No
nMLB1125631198 J & J Investments, LLC Major Produced Water Release 9/6/11 Produced Water 130 0 130 BBL Vandalism Eddy (15) No No
nJK1129854057 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/6/11 Produced Water 17 15 2 BBL Human Error San Juan (45) No No
nJK1129255849 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/6/11 Produced Water 17 15 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKJ1603451563 TARGA MIDSTREAM SERVICES LLC Natural Gas Release 9/6/11 Natural Gas Liquids 0 0 0 BBL Equipment Failure Lea (25) No No
nGRL1125855156 BXP Operating, LLC Major Oil Release 9/5/11 Crude Oil 10 9 1 BBL Corrosion Lea (25) No No
nGRL1125855156 BXP Operating, LLC Major Oil Release 9/5/11 Produced Water 95 90 5 BBL Corrosion Lea (25) No No
nMLB1125557019 RAYBAW Operating, LLC Major Oil Release 9/4/11 Crude Oil 70 31 39 BBL Corrosion Eddy (15) No No
nJK1201139517 XTO ENERGY, INC Produced Water Release 9/1/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1129142695 XTO ENERGY, INC Major Produced Water Release 8/31/11 Produced Water 300 240 60 BBL Corrosion San Juan (45) No No
nMLB1126431709 EOG Y RESOURCES, INC. Major Produced Water Release 8/31/11 Produced Water 1100 1040 60 BBL Equipment Failure Eddy (15) No No
nJXK1620849990 RAM ENERGY LLC Major Produced Water Release 8/31/11 Produced Water 200 160 40 BBL Corrosion Lea (25) No No
nMLB1126431709 EOG Y RESOURCES, INC. Major Produced Water Release 8/31/11 Crude Oil 3 3 0 BBL Equipment Failure Eddy (15) No No
nMLB1125555543 Silverback Operating II, LLC Major Oil Release 8/31/11 Crude Oil 167 0 167 BBL Equipment Failure Eddy (15) No No
nGRL1208254320 PLAINS MARKETING L.P. Minor Oil Release 8/30/11 Crude Oil 10 0 10 BBL Corrosion Lea (25) No No
nMLB1125548842 ALAMO PERMIAN RESOURCES, LLC Major Produced Water Release 8/30/11 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nMLB1126433494 Extex Operating Company Minor Produced Water Release 8/30/11 Produced Water 15 13 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1600756473 Spur Energy Partners LLC Minor Produced Water Release 8/30/11 Produced Water 10 8 2 BBL Equipment Failure Lea (25) No No

nJK1129234849
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 8/29/11 Produced Water 49 0 49 BBL Corrosion San Juan (45) No No

nJK1129252912 XTO ENERGY, INC Minor Produced Water Release 8/29/11 Produced Water 9 8 1 BBL Corrosion San Juan (45) No No
nJXK1604136243 CHESAPEAKE OPERATING, INC. Major Produced Water Release 8/26/11 Produced Water 60 50 10 BBL Equipment Failure Lea (25) No No
nMLB1125240199 Silverback Operating II, LLC Minor Oil Release 8/26/11 Crude Oil 15 8 7 BBL Equipment Failure Eddy (15) No No
nSAD1416432198 APACHE CORPORATION Minor Produced Water Release 8/26/11 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nMLB1126427973 BOPCO, L.P. Minor Produced Water Release 8/26/11 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nMLB1126427973 BOPCO, L.P. Minor Produced Water Release 8/26/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJK1129252406 XTO ENERGY, INC Minor Produced Water Release 8/25/11 Produced Water 22 20 2 BBL Equipment Failure San Juan (45) No No
nMLB1125628040 COG OPERATING LLC Major Produced Water Release 8/25/11 Produced Water 890 887 3 BBL Vandalism Eddy (15) No No

nJK1129855228
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 8/24/11 Produced Water 40 39 1 BBL Human Error Rio Arriba (39) No No

nAB1510656362 APACHE CORPORATION Minor Produced Water Release 8/24/11 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No

nJK1129235420
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 8/24/11 Produced Water 40 39 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nMLB1125754115 BOPCO, L.P. Major Produced Water Release 8/23/11 Produced Water 25 6 19 BBL Equipment Failure Eddy (15) No No
nMLB1135340848 LINN OPERATING, LLC. Minor Produced Water Release 8/23/11 Produced Water 5 1 4 BBL Equipment Failure Eddy (15) No No
nMLB1128633884 GERONIMO SWD LLC Major Produced Water Release 8/23/11 Produced Water 140 136 4 BBL Corrosion Eddy (15) No No
nMLB1135340848 LINN OPERATING, LLC. Minor Produced Water Release 8/23/11 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nMLB1125754115 BOPCO, L.P. Major Produced Water Release 8/23/11 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nMLB1125551313 EOG Y RESOURCES, INC. Major Oil Release 8/22/11 Crude Oil 47 47 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJMW1330255005 LINN OPERATING, LLC. Major Produced Water Release 8/22/11 Produced Water 100 15 85 BBL Equipment Failure Eddy (15) No No
nMLB1125648273 BOPCO, L.P. Major Oil Release 8/22/11 Crude Oil 30 25 5 BBL Equipment Failure Eddy (15) No No
nMLB1123850893 BOPCO, L.P. Major Oil Release 8/20/11 Crude Oil 40 30 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nJK1129954935
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 8/19/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1123748845 XTO ENERGY, INC Produced Water Release 8/19/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nSAD1416852101 APACHE CORPORATION Minor Oil Release 8/19/11 Crude Oil 15 12 3 BBL Equipment Failure Lea (25) No No
nTO1419156096 MATADOR PRODUCTION COMPANY Oil Release 8/19/11 Crude Oil 4 3 1 BBL Equipment Failure Lea (25) No No
nMLB1125255813 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 8/19/11 Produced Water 13 0 13 BBL Corrosion Eddy (15) No No
nJK1129249823 XTO ENERGY, INC Major Produced Water Release 8/18/11 Produced Water 45 40 5 BBL Corrosion San Juan (45) No No
nMLB1125535532 LINN OPERATING, LLC. Major Produced Water Release 8/18/11 Produced Water 127 19 108 BBL Corrosion Eddy (15) No No
nMLB1125533264 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 8/18/11 Produced Water 16 10 6 BBL Equipment Failure Eddy (15) No No
nMLB1125535532 LINN OPERATING, LLC. Major Produced Water Release 8/18/11 Crude Oil 3 1 2 BBL Corrosion Eddy (15) No No
nMLB1125539112 LINN OPERATING, LLC. Major Produced Water Release 8/18/11 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nMLB1125539112 LINN OPERATING, LLC. Major Produced Water Release 8/18/11 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nMLB1125547490 LINN OPERATING, LLC. Minor Produced Water Release 8/17/11 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nMLB1128632533 JUDAH OIL LLC Major Oil Release 8/17/11 Crude Oil 50 45 5 BBL Equipment Failure Eddy (15) No No
nMLB1125547490 LINN OPERATING, LLC. Minor Produced Water Release 8/17/11 Crude Oil 2 0 2 BBL Equipment Failure Eddy (15) No No
nMLB1125755674 BOPCO, L.P. Minor Produced Water Release 8/17/11 Produced Water 15 8 7 BBL Equipment Failure Eddy (15) No No
nTO1423252842 MorningStar Operating LLC Major Produced Water Release 8/17/11 Produced Water 96 80 16 BBL Corrosion Lea (25) No No
nMLB1125755674 BOPCO, L.P. Minor Produced Water Release 8/17/11 Crude Oil 5 2 3 BBL Equipment Failure Eddy (15) No No
nMLB1123849462 BOPCO, L.P. Major Produced Water Release 8/16/11 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nMLB1125229542 ALAMO PERMIAN RESOURCES, LLC Minor Produced Water Release 8/16/11 Produced Water 15 0 15 BBL Human Error Eddy (15) No No
nCS1605437988 BURLINGTON RESOURCES OIL & GAS CO Oil Release 8/16/11 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nMLB1125229542 ALAMO PERMIAN RESOURCES, LLC Minor Produced Water Release 8/16/11 Crude Oil 5 0 5 BBL Human Error Eddy (15) No No
nMLB1123849462 BOPCO, L.P. Major Produced Water Release 8/16/11 Crude Oil 10 0 10 BBL Corrosion Eddy (15) No No
nJXK1534946451 DEVON ENERGY PRODUCTION COMPANY, LP Major Other 8/16/11 Drilling Mud/Fluid 40 40 0 BBL Human Error Lea (25) No No
nMLB1123851975 BOPCO, L.P. Minor Produced Water Release 8/15/11 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nMLB1123851975 BOPCO, L.P. Minor Produced Water Release 8/15/11 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nTO1423250128 MorningStar Operating LLC Major Produced Water Release 8/15/11 Produced Water 208 65 143 BBL Corrosion Lea (25) No No
nMLB1125234270 ALAMO PERMIAN RESOURCES, LLC Minor Produced Water Release 8/14/11 Produced Water 15 0 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1125234270 ALAMO PERMIAN RESOURCES, LLC Minor Produced Water Release 8/14/11 Crude Oil 3 0 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1125230955 Spur Energy Partners LLC Major Produced Water Release 8/12/11 Produced Water 300 299 1 BBL Equipment Failure Eddy (15) No No
nGRL1125856403 QUANTUM RESOURCES MANAGEMENT, LLC Minor Produced Water Release 8/12/11 Produced Water 20 0 20 BBL Corrosion Lea (25) No No
nMLB1123846521 COG OPERATING LLC Major Produced Water Release 8/11/11 Produced Water 100 80 20 BBL Equipment Failure Eddy (15) No No
nMLB1125549978 AMERICO ENERGY RESOURCES LLC Major Produced Water Release 8/11/11 Produced Water 380 330 50 BBL Equipment Failure Eddy (15) No No
nTO1423251928 CHEVRON U S A INC Minor Produced Water Release 8/11/11 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nMLB1123836874 LONGFELLOW ENERGY, LP Major Produced Water Release 8/11/11 Produced Water 130 125 5 BBL Lightning Eddy (15) No No
nCS1703237034 BURLINGTON RESOURCES OIL & GAS CO Other 8/10/11 Other (Specify) 0 0 0 BBL Other Rio Arriba (39) No No
nMLB1123835522 SM ENERGY COMPANY Major Produced Water Release 8/9/11 Produced Water 125 0 125 BBL Other Eddy (15) No No
nJMW1303135005 SM ENERGY COMPANY Major Produced Water Release 8/9/11 Produced Water 125 0 125 BBL Human Error Eddy (15) No No
nMLB1125155040 TEAM OPERATING, L.L.C. Major Produced Water Release 8/9/11 Produced Water 100 50 50 BBL Corrosion Chaves (05) No No
nMLB1130027993 NOVO OIL & GAS NORTHERN DELAWARE, LLC Major Produced Water Release 8/9/11 Produced Water 125 0 125 BBL Human Error Eddy (15) No No
nAB1614049119 COG OPERATING LLC Major Oil Release 8/8/11 Crude Oil 200 18 182 BBL Corrosion Eddy (15) No No
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nMLB1125151291 EOG Y RESOURCES, INC. Major Produced Water Release 8/7/11 Produced Water 42 0 42 BBL Equipment Failure Eddy (15) No No
nMLB1125151291 EOG Y RESOURCES, INC. Major Produced Water Release 8/7/11 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nMLB1125257154 OXY USA INC Major Produced Water Release 8/6/11 Produced Water 130 0 130 BBL Vandalism Eddy (15) No No
nMLB1125156113 Spur Energy Partners LLC Minor Oil Release 8/6/11 Crude Oil 23 22 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1201248544 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 8/5/11 Produced Water 1 0 1 BBL Human Error San Juan (45) No No
nMLB1122937050 APACHE CORPORATION Major Produced Water Release 8/4/11 Produced Water 45 30 15 BBL Equipment Failure Eddy (15) No No
nMLB1123758018 EOG Y RESOURCES, INC. Major Produced Water Release 8/4/11 Produced Water 180 180 0 BBL Equipment Failure Eddy (15) No No
nJMW1229750010 Amalgamated Sludge NM, LLC Major Produced Water Release 8/4/11 Produced Water 177 174 3 BBL Fire Eddy (15) No No
nKJ1603452629 Maverick Permian LLC Minor Oil Release 8/3/11 Crude Oil 15 15 0 BBL Equipment Failure Lea (25) No No
nMLB1135334597 LINN OPERATING, LLC. Major Produced Water Release 8/3/11 Produced Water 48 45 3 BBL Corrosion Eddy (15) No No
nMLB1122942048 EOG Y RESOURCES, INC. Major Produced Water Release 8/3/11 Produced Water 350 0 350 BBL Equipment Failure Eddy (15) No No
nKJ1603452629 Maverick Permian LLC Minor Oil Release 8/3/11 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nMLB1122942048 EOG Y RESOURCES, INC. Major Produced Water Release 8/3/11 Crude Oil 12 0 12 BBL Equipment Failure Eddy (15) No No
nMLB1123838518 PLAINS MARKETING L.P. Minor Oil Release 8/2/11 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nGRL1134151880 TARGA MIDSTREAM SERVICES LLC Minor Natural Gas Release 8/1/11 Other (Specify) 15 0 15 BBL Corrosion Lea (25) No No
nHMP1407231538 LINN OPERATING, LLC. Oil Release 8/1/11 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nGRL1404157250 APACHE CORPORATION Major Produced Water Release 8/1/11 Produced Water 25 0 25 BBL Normal Operations Lea (25) No No
nMLB1123747076 EOG Y RESOURCES, INC. Major Produced Water Release 8/1/11 Produced Water 90 80 10 BBL Equipment Failure Eddy (15) No No
nGRL1404157250 APACHE CORPORATION Major Produced Water Release 8/1/11 Crude Oil 25 0 25 BBL Normal Operations Lea (25) No No
nHMP1407231538 LINN OPERATING, LLC. Oil Release 8/1/11 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nJK1127128416 ENDURING RESOURCES, LLC Produced Water Release 8/1/11 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1129250942 CONOCOPHILLIPS COMPANY Minor Other 8/1/11 Glycol 14 13 1 BBL San Juan (45) No No
nMLB1125249455 OXY USA INC Major Oil Release 7/30/11 Crude Oil 60 20 40 BBL Corrosion Eddy (15) No No
nJXK1601145870 COG OPERATING LLC Major Produced Water Release 7/30/11 Produced Water 500 100 400 BBL Lightning Lea (25) No No
nMLB1122932473 EOG Y RESOURCES, INC. Major Produced Water Release 7/30/11 Produced Water 40 28 12 BBL Equipment Failure Eddy (15) No No
nMLB1122939663 LONGFELLOW ENERGY, LP Produced Water Release 7/29/11 Produced Water 1 0 1 BBL Lightning Eddy (15) No No
nTO1423249612 CHEVRON U S A INC Major Produced Water Release 7/29/11 Produced Water 88 65 23 BBL Equipment Failure Lea (25) No No
nJXK1621150666 RAM ENERGY LLC Minor Produced Water Release 7/28/11 Produced Water 8 0 8 BBL Equipment Failure Lea (25) No No
nMLB1122854480 RILEY PERMIAN OPERATING COMPANY, LLC Minor Oil Release 7/28/11 Crude Oil 15 0 15 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJXK1620946554 CROSS TIMBERS ENERGY, LLC Produced Water Release 7/28/11 Produced Water 0 8 0 BBL Lea (25) No No
nJXK1620946554 CROSS TIMBERS ENERGY, LLC Produced Water Release 7/28/11 Crude Oil 0 2 0 BBL Lea (25) No No
nMLB1122858011 Spur Energy Partners LLC Major Produced Water Release 7/27/11 Produced Water 50 45 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1122937897 COG OPERATING LLC Minor Produced Water Release 7/27/11 Produced Water 23 20 3 BBL Equipment Failure Eddy (15) No No

nJK1129429381
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 7/26/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1123747450 ELM RIDGE EXPLORATION COMPANY LLC Minor Blow Out 7/25/11 Natural Gas Liquids 5 1 4 BBL Corrosion Rio Arriba (39) No No
nJK1123154818 XTO ENERGY, INC Major Produced Water Release 7/25/11 Condensate 46 0 46 BBL Corrosion San Juan (45) No No
nMLB1122852054 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 7/25/11 Produced Water 70 45 25 BBL Equipment Failure Eddy (15) No No
nJK1123154818 XTO ENERGY, INC Major Produced Water Release 7/25/11 Produced Water 14 0 14 BBL Corrosion San Juan (45) No No
nJK1122340172 ENERGEN RESOURCES CORPORATION Minor Produced Water Release 7/25/11 Produced Water 10 8 2 BBL Equipment Failure San Juan (45) No No
nJK1123747450 ELM RIDGE EXPLORATION COMPANY LLC Minor Blow Out 7/25/11 Produced Water 0 0 0 BBL Corrosion Rio Arriba (39) No No
nKJ1605630126 CROSS TIMBERS ENERGY, LLC Oil Release 7/24/11 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nMLB1122839220 OWL SWD OPERATING, LLC Major Produced Water Release 7/24/11 Produced Water 380 367 13 BBL Equipment Failure Eddy (15) No No
nKJ1605630126 CROSS TIMBERS ENERGY, LLC Oil Release 7/24/11 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nJK1123154575 XTO ENERGY, INC Major Produced Water Release 7/24/11 Produced Water 50 0 50 BBL Human Error San Juan (45) No No
nJK1123427797 XTO ENERGY, INC Major Produced Water Release 7/22/11 Produced Water 40 20 20 BBL Corrosion Rio Arriba (39) No No
nCS1533530738 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 7/22/11 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nMLB1122742820 EOG Y RESOURCES, INC. Major Produced Water Release 7/21/11 Produced Water 75 75 0 BBL Human Error Eddy (15) No No

nJK1128655877
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 7/21/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nMLB1121540352 Contango Resources, Inc. Major Produced Water Release 7/21/11 Produced Water 40 10 30 BBL Equipment Failure Eddy (15) No No
nMLB1122728809 BAM Permian Operating, LLC Minor Produced Water Release 7/19/11 Produced Water 8 2 6 BBL Equipment Failure Eddy (15) No No
nJK1122339944 XTO ENERGY, INC Minor Produced Water Release 7/19/11 Produced Water 9 9 0 BBL Equipment Failure San Juan (45) No No
nGRL1209340191 BAM Permian Operating, LLC Major Natural Gas Release 7/18/11 Crude Oil 45 30 15 BBL Corrosion Lea (25) No No
nKJ1602529701 OXY USA INC Minor Produced Water Release 7/18/11 Produced Water 11 10 1 BBL Equipment Failure Lea (25) No No
nGRL1209340191 BAM Permian Operating, LLC Major Natural Gas Release 7/18/11 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nJK1129955735 ENERGEN RESOURCES CORPORATION Produced Water Release 7/18/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1122730397 EOG Y RESOURCES, INC. Major Produced Water Release 7/17/11 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nSAD1416853994 APACHE CORPORATION Minor Produced Water Release 7/15/11 Produced Water 10 5 5 BBL Equipment Failure Lea (25) No No
nMLB1122433065 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 7/13/11 Produced Water 100 100 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1122847758 Spur Energy Partners LLC Minor Produced Water Release 7/13/11 Produced Water 23 21 2 BBL Equipment Failure Eddy (15) No No
nJK1123748605 SIMCOE LLC Produced Water Release 7/12/11 Produced Water 1 0 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1129854942
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 7/12/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1122340381 SIMCOE LLC Release Other 7/12/11 Produced Water 1 0 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1206724857 FOUR STAR OIL & GAS CO Produced Water Release 7/12/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1122445702 OLEUM Energy LLC Minor Produced Water Release 7/12/11 Produced Water 22 0 22 BBL Equipment Failure Eddy (15) No No
nGRL1206635299 OWL SWD OPERATING, LLC Major Produced Water Release 7/12/11 Produced Water 150 100 50 BBL Corrosion Lea (25) No No
nMLB1122228231 COG OPERATING LLC Major Release Other 7/11/11 Condensate 217 0 217 BBL Corrosion Eddy (15) No No
nMLB1122436063 Silverback Operating II, LLC Minor Produced Water Release 7/11/11 Produced Water 5 4 1 BBL Corrosion Eddy (15) No No
nMLB1122439938 Murchison Oil and Gas, LLC Major Oil Release 7/11/11 Crude Oil 132 90 42 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1122741907 Silverback Operating II, LLC Minor Produced Water Release 7/11/11 Produced Water 10 0 10 BBL Human Error Eddy (15) No No

nJK1129356205
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 7/8/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1129355870
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 7/8/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nMLB1122740837 EOG Y RESOURCES, INC. Major Produced Water Release 7/8/11 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nMLB1122740837 EOG Y RESOURCES, INC. Major Produced Water Release 7/8/11 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nMLB1122449475 Spur Energy Partners LLC Minor Produced Water Release 7/7/11 Produced Water 23 21 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1122450611 COG OPERATING LLC Major Produced Water Release 7/7/11 Produced Water 360 350 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1122450611 COG OPERATING LLC Major Produced Water Release 7/7/11 Crude Oil 120 110 10 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1122447125 EXXON MOBIL CORPORATION Minor Produced Water Release 7/6/11 Produced Water 12 3 9 BBL Corrosion Eddy (15) No No
nMLB1122447125 EXXON MOBIL CORPORATION Minor Produced Water Release 7/6/11 Crude Oil 2 1 1 BBL Corrosion Eddy (15) No No
nGRL1211156666 EOG Y RESOURCES, INC. Minor Produced Water Release 7/5/11 Produced Water 10 3 7 BBL Equipment Failure Lea (25) No No
nMLB1121329960 BURNETT OIL CO INC Major Produced Water Release 7/5/11 Produced Water 200 30 170 BBL Corrosion Eddy (15) No No
nMLB1122336083 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 7/5/11 Produced Water 85 80 5 BBL Equipment Failure Eddy (15) No No
nMLB1122437327 COG OPERATING LLC Major Produced Water Release 7/2/11 Produced Water 80 77 3 BBL Equipment Failure Eddy (15) No No
nMLB1122247479 OXY USA INC Major Produced Water Release 7/1/11 Produced Water 63 50 13 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nGRL1208253680 PLAINS MARKETING L.P. Minor Oil Release 7/1/11 Crude Oil 23 6 17 BBL Equipment Failure Lea (25) No No
nMLB1122956012 APACHE CORPORATION Minor Produced Water Release 6/30/11 Produced Water 7 0 7 BBL Equipment Failure Eddy (15) No No
nMLB1122232511 Spur Energy Partners LLC Minor Produced Water Release 6/30/11 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nMLB1125247767 OXY USA INC Minor Oil Release 6/30/11 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nMLB1122338019 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 6/30/11 Crude Oil 100 0 100 BBL Equipment Failure Eddy (15) No No
nMLB1125247767 OXY USA INC Minor Oil Release 6/30/11 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nMLB1122338019 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 6/30/11 Produced Water 800 140 660 BBL Equipment Failure Eddy (15) No No
nJK1122341485 DUGAN PRODUCTION CORP Major Produced Water Release 6/29/11 Produced Water 240 240 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
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nJK1122341136 SIMCOE LLC Produced Water Release 6/29/11 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nJK1122341136 SIMCOE LLC Produced Water Release 6/29/11 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nMLB1121427160 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/29/11 Produced Water 6 0 6 BBL Equipment Failure Eddy (15) No No
nMLB1121427160 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/29/11 Crude Oil 1 0 1 BBL Eddy (15) No No
nMLB1118832873 CHESAPEAKE OPERATING, INC. Major Oil Release 6/28/11 Crude Oil 200 70 130 BBL Corrosion Eddy (15) No No
nMLB1124339195 DCP OPERATING COMPANY, LP Minor Oil Release 6/28/11 Crude Oil 15 0 15 BBL Human Error Eddy (15) No No
nMLB1118835601 APACHE CORPORATION Major Produced Water Release 6/28/11 Produced Water 180 160 20 BBL Equipment Failure Eddy (15) No No
nSAD1416853494 APACHE CORPORATION Minor Produced Water Release 6/28/11 Produced Water 7 0 7 BBL Equipment Failure Lea (25) No No
nJXK1604730330 SOUTHERN UNION GAS SERVICES LTD Major Produced Water Release 6/27/11 Produced Water 30 4 26 BBL Corrosion Lea (25) No No
nMLB1121352991 COG OPERATING LLC Major Produced Water Release 6/27/11 Produced Water 40 35 5 BBL Equipment Failure Eddy (15) No No
nJMW1330230589 LINN OPERATING, LLC. Produced Water Release 6/27/11 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nMLB1122256946 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 6/27/11 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nMLB1122357921 ALAMO PERMIAN RESOURCES, LLC Major Oil Release 6/27/11 Crude Oil 53 3 50 BBL Equipment Failure Eddy (15) No No
nMLB1122256946 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 6/27/11 Crude Oil 6 0 6 BBL Eddy (15) No No
nJMW1330230589 LINN OPERATING, LLC. Produced Water Release 6/27/11 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nJXK1604731079 SOUTHERN UNION GAS SERVICES LTD Oil Release 6/24/11 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No
nJMW1305330428 LINN OPERATING, LLC. Produced Water Release 6/24/11 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nJK1129939623 ENERVEST OPERATING L.L.C. Produced Water Release 6/24/11 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) No No
nMLB1121358700 OWL SWD OPERATING, LLC Major Produced Water Release 6/24/11 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nMLB1121355059 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 6/24/11 Crude Oil 15 10 5 BBL Equipment Failure Eddy (15) No No
nMLB1122849738 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 6/24/11 Produced Water 300 200 100 BBL Equipment Failure Eddy (15) No No
nJXK1604729880 SOUTHERN UNION GAS SERVICES LTD Major Produced Water Release 6/23/11 Produced Water 51 46 5 BBL Equipment Failure Lea (25) No No
nMLB1118837272 EOG Y RESOURCES, INC. Major Produced Water Release 6/23/11 Produced Water 130 130 0 BBL Equipment Failure Eddy (15) No No
nSAD1416441595 APACHE CORPORATION Produced Water Release 6/22/11 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No

nJK1122347686
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Produced Water Release 6/22/11 Produced Water 35 25 10 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No

nJK1122347686
ADVANCED WIRELESS COMMUNICATIONS, 
L.L.C. Major Produced Water Release 6/22/11 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Sandoval (43) No No

nJK1129255118 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/21/11 Produced Water 7 0 7 BBL Corrosion San Juan (45) No No
nJK1122340944 XTO ENERGY, INC Produced Water Release 6/21/11 Produced Water 3 2 1 BBL Equipment Failure San Juan (45) No No
nGRL1124239441 Maverick Permian LLC Major Oil Release 6/21/11 Crude Oil 10 0 10 BBL Corrosion Lea (25) No No
nGRL1124239441 Maverick Permian LLC Major Oil Release 6/21/11 Produced Water 21 0 21 BBL Corrosion Lea (25) No No
nMLB1132039932 MARSHALL & WINSTON INC Release Other 6/19/11 Other (Specify) 4 0 4 BBL Equipment Failure Eddy (15) No No
nJXK1604135632 CHESAPEAKE OPERATING, INC. Major Produced Water Release 6/18/11 Produced Water 100 0 100 BBL Equipment Failure Lea (25) No No
nMLB1121351343 COG OPERATING LLC Minor Produced Water Release 6/16/11 Produced Water 20 19 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1125149183 GEORGE A CHASE JR DBA G AND C SERVICE Produced Water Release 6/15/11 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nJK1122352151 DUGAN PRODUCTION CORP Major Produced Water Release 6/14/11 Produced Water 48 45 3 BBL Other San Juan (45) No No

nJK1129138175
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 6/13/11 Produced Water 91 85 6 BBL Human Error San Juan (45) No No

nJK1122342967
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 6/13/11 Sulphuric Acid 91 85 6 BBL Human Error San Juan (45) No No

nKJ1603533242 CROSS TIMBERS ENERGY, LLC Produced Water Release 6/13/11 Produced Water 0 0 0 BBL Corrosion Lea (25) No No
nMLB1125153802 TOM R CONE Major Oil Release 6/13/11 Crude Oil 57 0 57 BBL Corrosion Eddy (15) No No
nKJ1603533242 CROSS TIMBERS ENERGY, LLC Produced Water Release 6/13/11 Crude Oil 0 0 0 BBL Corrosion Lea (25) No No
nGRL1232131699 ETC Texas Pipeline, Ltd. Other 6/13/11 Other (Specify) 1 0 1 BBL Corrosion Lea (25) No No
nJXK1620944774 CANO PETRO OF NEW MEXICO, INC. Major Produced Water Release 6/11/11 Produced Water 300 0 300 BBL Overflow - Tank, Pit, Etc. Chaves (05) No No
nJXK1620850326 JAY MANAGEMENT COMPANY, LLC Major Oil Release 6/11/11 Crude Oil 450 265 185 BBL Equipment Failure Lea (25) No No
nAPP2415757665 Murchison Oil and Gas, LLC Major Other 6/10/11 Crude Oil 0 0 0 BBL Normal Operations Eddy (15) No No
nAPP2415757342 Murchison Oil and Gas, LLC Major Other 6/10/11 Crude Oil 0 0 0 BBL Normal Operations Eddy (15) No No
nMLB1122340260 Contango Resources, Inc. Major Release Other 6/10/11 Acid 95 50 45 BBL Equipment Failure Eddy (15) No No
nMLB1122141620 BASIC ENERGY SERVICES, LP Produced Water Release 6/9/11 0 885 0 BBL Equipment Failure Eddy (15) No No
nMLB1122236644 EOG Y RESOURCES, INC. Major Produced Water Release 6/9/11 Produced Water 100 90 10 BBL Equipment Failure Eddy (15) No No
nMLB1122137670 DEVON ENERGY PRODUCTION COMPANY, LP Major Release Other 6/9/11 Other (Specify) 300 220 80 BBL Human Error Chaves (05) No No
nJK1311551550 XTO ENERGY, INC Produced Water Release 6/8/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1122148873 EOG Y RESOURCES, INC. Minor Produced Water Release 6/8/11 Produced Water 5 4 1 BBL Equipment Failure Eddy (15) No No
nJK1208142537 XTO ENERGY, INC Produced Water Release 6/8/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1122351329 XTO ENERGY, INC Major Produced Water Release 6/8/11 Condensate 45 0 45 BBL Corrosion San Juan (45) No No
nJK1122351329 XTO ENERGY, INC Major Produced Water Release 6/8/11 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No

nJK1129256506
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 6/7/11 Produced Water 32 30 2 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nMLB1122352326 BOPCO, L.P. Minor Produced Water Release 6/7/11 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No

nJK1129256041
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 6/7/11 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1122342739
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 6/7/11 Produced Water 32 30 2 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nMLB1122348831 COG OPERATING LLC Minor Produced Water Release 6/7/11 Produced Water 15 13 2 BBL Corrosion Eddy (15) No No
nMLB1122352326 BOPCO, L.P. Minor Produced Water Release 6/7/11 Crude Oil 1 0 1 BBL Corrosion Eddy (15) No No
nMLB1122147865 EOG Y RESOURCES, INC. Major Produced Water Release 6/7/11 Produced Water 75 70 5 BBL Equipment Failure Eddy (15) No No
nJXK1621529304 OWL SWD OPERATING, LLC Minor Oil Release 6/5/11 Crude Oil 10 9 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No

nJK1122352824
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 6/5/11 Produced Water 5 0 5 BBL Corrosion Rio Arriba (39) No No

nMLB1122146796 EOG Y RESOURCES, INC. Major Produced Water Release 6/4/11 Produced Water 650 630 20 BBL Equipment Failure Eddy (15) No No
nMLB1122240834 BOPCO, L.P. Major Produced Water Release 6/4/11 Produced Water 95 0 95 BBL Lightning Eddy (15) No No
nMLB1122240834 BOPCO, L.P. Major Produced Water Release 6/4/11 Condensate 1 0 1 BBL Lightning Eddy (15) No No
nMLB1122253079 Silverback Operating II, LLC Major Produced Water Release 6/3/11 Produced Water 70 60 10 BBL Equipment Failure Eddy (15) No No
nMLB1116737296 DCP OPERATING COMPANY, LP Minor Oil Release 6/3/11 Crude Oil 16 11 5 BBL Corrosion Eddy (15) No No
nJK1122340707 SIMCOE LLC Minor Produced Water Release 6/2/11 Produced Water 22 0 22 BBL Equipment Failure San Juan (45) No No
nJK1122353281 CONOCOPHILLIPS COMPANY Major Produced Water Release 6/2/11 Produced Water 26 25 1 BBL Corrosion Rio Arriba (39) No No
nMLB1122138961 EOG Y RESOURCES, INC. Major Produced Water Release 6/2/11 Produced Water 80 0 80 BBL Equipment Failure Eddy (15) No No
nJK1205831469 XTO ENERGY, INC Produced Water Release 6/2/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1122342381 Saguaro Petroleum, LLC Major Produced Water Release 6/2/11 Produced Water 110 110 0 BBL Lightning Eddy (15) No No

nJK1122353011
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 6/1/11 Produced Water 5 5 0 BBL Equipment Failure Rio Arriba (39) No No

nJK1215640070 XTO ENERGY, INC Produced Water Release 6/1/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nCS1510355450 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 6/1/11 Produced Water 0 0 0 BBL Other San Juan (45) No No

nJK1122353011
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 6/1/11 Condensate 0 0 0 BBL Equipment Failure Rio Arriba (39) No No

nGRL1132042213 KEY ENERGY SERVICES, LLC Major Produced Water Release 5/30/11 Produced Water 100 40 60 BBL Human Error Lea (25) No No
nMLB1116755122 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 5/30/11 Crude Oil 240 220 20 BBL Corrosion Eddy (15) No No
nGRL1116056155 Contango Resources, LLC Major Oil Release 5/28/11 Crude Oil 65 60 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJK1122352521 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 5/28/11 Produced Water 265 200 65 BBL Human Error Rio Arriba (39) No No
nMLB1115441096 Spur Energy Partners LLC Minor Oil Release 5/27/11 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nJXK1621156674 Opal Operating Company LLC Major Oil Release 5/26/11 Crude Oil 60 60 0 BBL Equipment Failure Lea (25) No No
nJK1129254494 DJR OPERATING, LLC Major Oil Release 5/26/11 Crude Oil 6 4 2 BBL Blow Out San Juan (45) Yes No
nJK1129254494 DJR OPERATING, LLC Major Oil Release 5/26/11 Produced Water 0 0 0 BBL Blow Out San Juan (45) Yes No
nJK1127125557 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 5/26/11 Crude Oil 5 4 1 BBL Equipment Failure San Juan (45) Yes No
nJK1127125557 ELM RIDGE EXPLORATION COMPANY LLC Major Oil Release 5/26/11 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) Yes No
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nJK1122351718
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 5/25/11 Produced Water 120 120 0 BBL Corrosion Rio Arriba (39) No No

nJK1122351718
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 5/25/11 Crude Oil 10 10 0 BBL Corrosion Rio Arriba (39) No No

nMLB1115233698 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 5/24/11 Produced Water 190 130 60 BBL Corrosion Eddy (15) No No
nGRL1404156713 APACHE CORPORATION Major Produced Water Release 5/24/11 Produced Water 330 0 330 BBL Normal Operations Lea (25) No No
nGRL1404156713 APACHE CORPORATION Major Produced Water Release 5/24/11 Crude Oil 30 0 30 BBL Normal Operations Lea (25) No No
nJK1122353551 NOBLE ENERGY INC Produced Water Release 5/23/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1307950640 XTO ENERGY, INC Produced Water Release 5/23/11 Produced Water 0 0 0 BBL San Juan (45) No No
nJK1307950640 XTO ENERGY, INC Produced Water Release 5/23/11 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJXK1621155132 DRIFTWOOD OIL, LLC Major Produced Water Release 5/19/11 Produced Water 50 0 50 BBL Equipment Failure Lea (25) No No
nMLB1121650284 DCP OPERATING COMPANY, LP Major Oil Release 5/19/11 Crude Oil 25 0 25 BBL Equipment Failure Eddy (15) No No
nGRL1313055462 BOPCO, L.P. Major Release Other 5/17/11 Condensate 115 0 115 BBL Corrosion Lea (25) No No

nJK1129854329
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 5/16/11 Produced Water 335 290 45 BBL Equipment Failure San Juan (45) Yes No

nJK1129856623
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 5/16/11 Produced Water 16 15 1 BBL Human Error San Juan (45) No No

nMLB1114655855 BXP Operating, LLC Major Oil Release 5/16/11 Crude Oil 205 200 5 BBL Corrosion Eddy (15) No No
nMLB1114658611 BOPCO, L.P. Major Oil Release 5/15/11 Crude Oil 80 50 30 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1114658611 BOPCO, L.P. Major Oil Release 5/15/11 Produced Water 30 0 30 BBL Eddy (15) No No
nJK1200942539 CONOCOPHILLIPS COMPANY Natural Gas Release 5/13/11 Produced Water 2 1 1 BBL Equipment Failure San Juan (45) No No
nJK1307953291 XTO ENERGY, INC Produced Water Release 5/13/11 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nMLB1116757436 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 5/11/11 Produced Water 100 0 100 BBL Human Error Eddy (15) No No
nJXK1621129408 JAY MANAGEMENT COMPANY, LLC Major Oil Release 5/11/11 Crude Oil 194 25 169 BBL Lightning Lea (25) No No
nMLB1113254815 BOPCO, L.P. Major Produced Water Release 5/11/11 Produced Water 455 430 25 BBL Equipment Failure Eddy (15) No No
nMLB1122254373 Spur Energy Partners LLC Major Release Other 5/11/11 Chemical (Specify) 200 0 200 BBL Equipment Failure Eddy (15) No No
nMLB1113254815 BOPCO, L.P. Major Produced Water Release 5/11/11 Crude Oil 6 5 1 BBL Eddy (15) No No

nJK1129428853
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 5/10/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nMLB1129352724 ALAMO PERMIAN RESOURCES, LLC Minor Produced Water Release 5/9/11 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nMLB1114036003 EOG Y RESOURCES, INC. Minor Oil Release 5/8/11 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nMLB1114036003 EOG Y RESOURCES, INC. Minor Oil Release 5/8/11 Produced Water 5 0 5 BBL Eddy (15) No No
nSAD1416442035 APACHE CORPORATION Major Oil Release 5/8/11 Crude Oil 25 20 5 BBL Equipment Failure Lea (25) No No
nMLB1113257470 Spur Energy Partners LLC Major Produced Water Release 5/6/11 Produced Water 100 98 2 BBL Corrosion Eddy (15) No No
nJK1122355963 HILCORP ENERGY COMPANY Major Fire 5/5/11 Condensate 0 0 0 BBL Fire San Juan (45) No No
nMLB1114038361 EOG Y RESOURCES, INC. Major Oil Release 5/5/11 Crude Oil 134 134 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1113050834 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 5/4/11 Crude Oil 23 20 3 BBL Human Error Eddy (15) No No
nMLB1115156695 L&J OIL, LLC. Minor Produced Water Release 5/4/11 Produced Water 16 0 16 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1113050834 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 5/4/11 Produced Water 3 2 1 BBL Eddy (15) No No
nMLB1115448747 CRW-SWD INC Major Produced Water Release 5/4/11 Produced Water 50 0 50 BBL Equipment Failure 0 No No
nMLB1114046571 EOG Y RESOURCES, INC. Major Produced Water Release 5/3/11 Produced Water 150 130 20 BBL Equipment Failure Eddy (15) No No
nMLB1112540973 BOPCO, L.P. Major Produced Water Release 5/2/11 Produced Water 40 10 30 BBL Equipment Failure Eddy (15) No No
nMLB1113255844 BOPCO, L.P. Major Oil Release 5/2/11 Crude Oil 139 45 94 BBL Human Error Eddy (15) No No
nMLB1112540973 BOPCO, L.P. Major Produced Water Release 5/2/11 Crude Oil 20 0 20 BBL Eddy (15) No No
nMLB1113255844 BOPCO, L.P. Major Oil Release 5/2/11 Produced Water 16 0 16 BBL Eddy (15) No No
nGRL1126631648 TEAM OPERATING, L.L.C. Major Produced Water Release 5/1/11 Produced Water 30 25 5 BBL Other Chaves (05) No No
nKJ1603434794 OXY USA INC Major Produced Water Release 5/1/11 Produced Water 225 0 225 BBL Equipment Failure Lea (25) No No
nMLB1112932046 OLEUM Energy LLC Minor Produced Water Release 4/29/11 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nMLB1122948592 APACHE CORPORATION Major Produced Water Release 4/29/11 Produced Water 150 100 50 BBL Equipment Failure Eddy (15) No No
nMLB1114652317 YATES ENERGY CORP Oil Release 4/28/11 Condensate 1 0 1 BBL Corrosion Eddy (15) No No
nJXK1601130571 Spur Energy Partners LLC Minor Produced Water Release 4/28/11 Produced Water 20 0 20 BBL Human Error Lea (25) No No
nJK1129355223 CONOCOPHILLIPS COMPANY Minor Oil Release 4/28/11 Condensate 7 0 7 BBL Equipment Failure Rio Arriba (39) No No
nJK1122354413 XTO ENERGY, INC Major Produced Water Release 4/26/11 Produced Water 36 0 36 BBL Corrosion San Juan (45) No No

nJK1129429530
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 4/26/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1122354413 XTO ENERGY, INC Major Produced Water Release 4/26/11 Crude Oil 0 0 0 BBL Corrosion San Juan (45) No No
nMLB1112351669 TEAM OPERATING, L.L.C. Minor Oil Release 4/25/11 Crude Oil 10 9 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1111741926 EOG Y RESOURCES, INC. Minor Produced Water Release 4/22/11 Produced Water 22 20 2 BBL Equipment Failure Eddy (15) No No

nJXK1621139406
NEW MEXICO SALT WATER DISPOSAL 
COMPANY Produced Water Release 4/21/11 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No

nJK1122754663 Williams Four Corners, LLC Major Other 4/21/11 Other (Specify) 660 160 500 BBL Equipment Failure San Juan (45) No No

nJXK1621139406
NEW MEXICO SALT WATER DISPOSAL 
COMPANY Produced Water Release 4/21/11 Crude Oil 0 0 0 BBL Equipment Failure Lea (25) No No

nMLB1111850987 OLEUM Energy LLC Minor Produced Water Release 4/20/11 Produced Water 15 0 15 BBL Corrosion Eddy (15) No No
nJK1122428638 XTO ENERGY, INC Minor Produced Water Release 4/20/11 Produced Water 15 15 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1112350511 TEAM OPERATING, L.L.C. Major Oil Release 4/19/11 Crude Oil 60 58 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1112542397 BOPCO, L.P. Major Produced Water Release 4/19/11 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nKMW1111750924 COG OPERATING LLC Major Produced Water Release 4/18/11 Produced Water 200 198 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1111648481 Extex Operating Company Minor Produced Water Release 4/16/11 Produced Water 23 21 2 BBL Equipment Failure Eddy (15) No No
nMLB1111852407 QUANTUM RESOURCES MANAGEMENT, LLC Minor Produced Water Release 4/15/11 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nKMW1111035693 EOG Y RESOURCES, INC. Major Produced Water Release 4/15/11 Produced Water 260 240 20 BBL Equipment Failure Eddy (15) No No
nKMW1111035693 EOG Y RESOURCES, INC. Major Produced Water Release 4/15/11 Crude Oil 117 80 37 BBL Equipment Failure Eddy (15) No No
nGRL1313432658 CROSS TIMBERS ENERGY, LLC Major Release Other 4/14/11 Crude Oil 20 15 5 BBL Corrosion Lea (25) No No
nGRL1313432658 CROSS TIMBERS ENERGY, LLC Major Release Other 4/14/11 Produced Water 134 132 2 BBL Corrosion Lea (25) No No

nJXK1619640428
NORTHERN PACIFIC OIL AND GAS 
INCORPORATED Produced Water Release 4/13/11 Produced Water 0 0 0 BBL Chaves (05) No No

nJXK1619640428
NORTHERN PACIFIC OIL AND GAS 
INCORPORATED Produced Water Release 4/13/11 Crude Oil 0 0 0 BBL Chaves (05) No No

nKMW1111741279 LINN OPERATING, LLC. Major Produced Water Release 4/12/11 Produced Water 700 0 700 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1111131124 EOG Y RESOURCES, INC. Minor Produced Water Release 4/12/11 Drilling Mud/Fluid 20 18 2 BBL Equipment Failure Eddy (15) No No
nJK1122354713 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 4/12/11 Produced Water 100 80 20 BBL Human Error Rio Arriba (39) No No
nGRL1229955824 COG OPERATING LLC Minor Produced Water Release 4/11/11 Produced Water 12 10 2 BBL Corrosion Lea (25) No No
nKMW1111034072 Silverback Operating II, LLC Major Produced Water Release 4/11/11 Produced Water 50 30 20 BBL Equipment Failure Eddy (15) No No

nJXK1619728978
NEW MEXICO SALT WATER DISPOSAL 
COMPANY Major Produced Water Release 4/10/11 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No

nMLB1122954397 APACHE CORPORATION Major Produced Water Release 4/9/11 Produced Water 250 150 100 BBL Human Error Eddy (15) No No
nJK1201141841 XTO ENERGY, INC Produced Water Release 4/6/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKMW1111032371 COG OPERATING LLC Major Produced Water Release 4/6/11 Produced Water 60 0 60 BBL Equipment Failure Eddy (15) No No
nKMW1111034919 COG OPERATING LLC Minor Produced Water Release 4/6/11 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No

nJXK1621148996
NEW MEXICO SALT WATER DISPOSAL 
COMPANY Minor Produced Water Release 4/6/11 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No

nKMW1111656409 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 4/6/11 Produced Water 50 2 48 BBL Equipment Failure Eddy (15) No No

nKJ1606831742
NEW MEXICO SALT WATER DISPOSAL 
COMPANY Minor Produced Water Release 4/6/11 Produced Water 15 0 15 BBL Equipment Failure Lea (25) No No

nMLB1112327166 OXY USA INC Major Produced Water Release 4/6/11 Produced Water 400 395 5 BBL Equipment Failure Eddy (15) No No
nJK1122428357 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/4/11 Produced Water 7 6 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1201154670 SIMCOE LLC Major Produced Water Release 4/3/11 Produced Water 59 50 9 BBL Corrosion Rio Arriba (39) No No
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nJXK1621146876
NEW MEXICO SALT WATER DISPOSAL 
COMPANY Major Produced Water Release 4/3/11 Produced Water 30 10 20 BBL Equipment Failure Lea (25) No No

nKMW1109628560 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 3/31/11 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nMLB1110431190 LINN OPERATING, LLC. Major Produced Water Release 3/30/11 Produced Water 100 90 10 BBL Equipment Failure Eddy (15) No No
nGRL1207330656 EOG Y RESOURCES, INC. Major Produced Water Release 3/29/11 Produced Water 25 20 5 BBL Corrosion Lea (25) No No
nJK1200949239 SIMCOE LLC Produced Water Release 3/29/11 Produced Water 0 0 0 BBL San Juan (45) No No
nJK1122430111 SIMCOE LLC Minor Produced Water Release 3/29/11 Produced Water 24 0 24 BBL Equipment Failure San Juan (45) No No
nJK1200952028 SIMCOE LLC Minor Produced Water Release 3/29/11 Produced Water 24 0 24 BBL Equipment Failure San Juan (45) No No
nKMW1109738665 APACHE CORPORATION Major Produced Water Release 3/29/11 Produced Water 525 500 25 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nGRL1116854671 EOG Y RESOURCES, INC. Major Produced Water Release 3/29/11 Produced Water 25 20 5 BBL Corrosion Lea (25) No No
nJK1122430111 SIMCOE LLC Minor Produced Water Release 3/29/11 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nJK1201026048 SIMCOE LLC Minor Produced Water Release 3/29/11 Produced Water 24 0 24 BBL Equipment Failure San Juan (45) No No
nKMW1110338012 LINN OPERATING, LLC. Minor Produced Water Release 3/28/11 Produced Water 10 6 4 BBL Equipment Failure Eddy (15) No No
nKMW1110339259 LINN OPERATING, LLC. Major Produced Water Release 3/27/11 Produced Water 25 15 10 BBL Equipment Failure Eddy (15) No No
nKMW1110148125 COG OPERATING LLC Major Produced Water Release 3/27/11 Produced Water 70 0 70 BBL Equipment Failure Eddy (15) No No
nTO1425140168 MorningStar Operating LLC Minor Produced Water Release 3/25/11 Produced Water 10 0 10 BBL Equipment Failure Lea (25) No No
nKMW1110132884 OXY USA WTP LIMITED PARTNERSHIP Major Fire 3/25/11 Condensate 0 0 0 BBL Fire Eddy (15) No No
nKMW1111130005 Silverback Operating II, LLC Minor Produced Water Release 3/25/11 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No
nJXK1535249247 Spur Energy Partners LLC Minor Produced Water Release 3/25/11 Produced Water 10 9 1 BBL Equipment Failure Lea (25) No No
nKMW1110131655 Silverback Operating II, LLC Minor Oil Release 3/24/11 Crude Oil 8 0 8 BBL Corrosion Eddy (15) No No

nJK1122356928
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 3/24/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nKMW1108928830 NADEL AND GUSSMAN PERMIAN, LLC Minor Oil Release 3/23/11 Crude Oil 15 9 6 BBL Human Error Eddy (15) No No

nMLB1113027936 WPX Energy Permian, LLC Major Oil Release 3/22/11
Gelled Brine (Frac 
Fluid) 150 20 130 BBL Equipment Failure Eddy (15) No No

nKMW1109629398 BOPCO, L.P. Major Produced Water Release 3/21/11 Produced Water 230 200 30 BBL Equipment Failure Eddy (15) No No
nJK1201136974 ELM RIDGE EXPLORATION COMPANY LLC Minor Produced Water Release 3/21/11 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKMW1108731535 Spur Energy Partners LLC Minor Oil Release 3/20/11 Crude Oil 15 14 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nSAD1416833920 APACHE CORPORATION Minor Produced Water Release 3/18/11 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nGRL1107727767 DC ENERGY LLC Major Produced Water Release 3/17/11 Produced Water 130 65 65 BBL Equipment Failure Lea (25) No No
nJK1122147116 CONOCOPHILLIPS COMPANY Minor Blow Out 3/17/11 Drilling Mud/Fluid 8 8 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1122754290 ENTERPRISE PRODUCTS OPERATING, LLC Major Fire 3/17/11 Condensate 0 0 0 BBL Fire San Juan (45) No No
nKMW1108329001 BURNETT OIL CO INC Minor Produced Water Release 3/16/11 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nJK1122429494 MorningStar Operating LLC Minor Oil Release 3/15/11 Condensate 20 18 2 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1512640621
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 3/15/11 Produced Water 13 0 13 BBL Corrosion San Juan (45) No No

nJK1122131149 XTO ENERGY, INC. Oil Release 3/14/11 Crude Oil 1 0 1 BBL Other San Juan (45) No No
nJK1122339774 ENERGEN RESOURCES CORPORATION Produced Water Release 3/14/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1122756130 DUGAN PRODUCTION CORP Produced Water Release 3/14/11 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nMLB1112934885 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 3/13/11 Crude Oil 385 20 365 BBL Corrosion Eddy (15) No No
nKMW1107536284 RILEY PERMIAN OPERATING COMPANY, LLC Major Oil Release 3/11/11 Crude Oil 47 10 37 BBL Equipment Failure Eddy (15) No No
nJK1122146497 CONOCOPHILLIPS COMPANY Produced Water Release 3/10/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nKMW1111033388 SPECIAL ENERGY CORP Major Oil Release 3/9/11 Crude Oil 260 135 125 BBL Corrosion Eddy (15) No No
nJK1122147922 ENERGEN RESOURCES CORPORATION Major Oil Release 3/7/11 Condensate 40 0 40 BBL Corrosion Rio Arriba (39) No No
nJK1129139097 XTO ENERGY, INC Produced Water Release 3/7/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1122355215 XTO ENERGY, INC Major Produced Water Release 3/6/11 Produced Water 23 0 23 BBL Equipment Failure San Juan (45) Yes No
nJK1122339546 XTO ENERGY, INC Minor Produced Water Release 3/5/11 Produced Water 21 20 1 BBL Equipment Failure San Juan (45) No No
nKMW1107440401 Spur Energy Partners LLC Major Produced Water Release 3/5/11 Produced Water 180 160 20 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1107452338 Spur Energy Partners LLC Minor Oil Release 3/4/11 Crude Oil 20 17 3 BBL Corrosion Eddy (15) No No
nJK1122357163 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/4/11 Produced Water 5 5 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1122147313 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/4/11 Produced Water 5 5 0 BBL Human Error San Juan (45) No No
nJK1122139832 XTO ENERGY, INC Major Produced Water Release 3/1/11 Produced Water 105 100 5 BBL Equipment Failure San Juan (45) No No
nKMW1109548918 LINN OPERATING, LLC. Produced Water Release 3/1/11 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1107538700 Spur Energy Partners LLC Minor Produced Water Release 3/1/11 Produced Water 10 8 2 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1106830638 Spur Energy Partners LLC Major Produced Water Release 3/1/11 Produced Water 70 68 2 BBL Equipment Failure Eddy (15) No No
nKMW1109548918 LINN OPERATING, LLC. Produced Water Release 3/1/11 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1107634608 EOG Y RESOURCES, INC. Major Oil Release 3/1/11 Crude Oil 103 21 82 BBL Corrosion Eddy (15) No No
nKMW1107634608 EOG Y RESOURCES, INC. Major Oil Release 3/1/11 Produced Water 3 0 3 BBL Corrosion Eddy (15) No No
nKMW1106636511 M&M OIL, LLC Major Oil Release 2/28/11 Crude Oil 30 27 3 BBL Corrosion Eddy (15) No No
nKMW1106741082 TEAM OPERATING, L.L.C. Major Oil Release 2/26/11 Crude Oil 40 35 5 BBL Corrosion Eddy (15) No No
nJK1200948624 SIMCOE LLC Minor Oil Release 2/25/11 Condensate 24 0 24 BBL Normal Operations San Juan (45) No No
nJK1122142206 XTO ENERGY, INC Minor Produced Water Release 2/25/11 Produced Water 22 20 2 BBL Equipment Failure San Juan (45) No No

nJK1129234406
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 2/24/11 Condensate 56 0 56 BBL Equipment Failure San Juan (45) No No

nJK1122754987 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 2/24/11 Condensate 3 3 0 BBL Equipment Failure San Juan (45) No No
nJK1122754987 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 2/24/11 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nJK1122754987 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 2/24/11 0 0 0 BBL San Juan (45) No No
nGRL1107731351 ETC Texas Pipeline, Ltd. Minor Release Other 2/23/11 Natural Gas Liquids 7 0 7 BBL Corrosion Lea (25) No No
nJK1122755497 DEVON ENERGY OPERATING COMPANY LP Produced Water Release 2/23/11 Produced Water 2 0 2 BBL Equipment Failure San Juan (45) No No

nJK1129429169
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 2/22/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1122148384 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 2/22/11 Produced Water 8 0 8 BBL Freeze Rio Arriba (39) No No

nJK1122141448
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 2/21/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nKMW1106740251 TEAM OPERATING, L.L.C. Major Oil Release 2/21/11 Crude Oil 65 63 2 BBL Equipment Failure Eddy (15) No No
nMLB1108929104 Silverback Operating II, LLC Minor Oil Release 2/20/11 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nKMW1107540712 EOG Y RESOURCES, INC. Minor Oil Release 2/20/11 Other (Specify) 20 0 20 BBL Equipment Failure Eddy (15) No No
nKMW1106041532 COG OPERATING LLC Major Produced Water Release 2/20/11 Produced Water 200 100 100 BBL Equipment Failure Eddy (15) No No
nKMW1106136997 EOG Y RESOURCES, INC. Minor Produced Water Release 2/19/11 Produced Water 15 14 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1106139339 RILEY PERMIAN OPERATING COMPANY, LLC Major Release Other 2/18/11 Acid 214 30 184 BBL Equipment Failure Eddy (15) No No
nKMW1105551643 CHESAPEAKE OPERATING, INC. Major Oil Release 2/18/11 Condensate 176 0 176 BBL Corrosion Eddy (15) No No
nJXK1621534154 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 2/18/11 Produced Water 35 20 15 BBL Equipment Failure Lea (25) No No
nJXK1621534154 CROSS TIMBERS ENERGY, LLC Major Produced Water Release 2/18/11 Crude Oil 0 0 0 BBL Lea (25) No No
nKMW1108838071 LINN OPERATING, LLC. Major Produced Water Release 2/17/11 Produced Water 50 15 35 BBL Equipment Failure Eddy (15) No No
nJK1122146793 XTO ENERGY, INC Major Produced Water Release 2/17/11 Produced Water 125 120 5 BBL Freeze San Juan (45) No No
nKMW1110228909 OWL SWD OPERATING, LLC Major Produced Water Release 2/17/11 Produced Water 60 10 50 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1105550129 CHEVRON U S A INC Major Produced Water Release 2/17/11 Produced Water 70 60 10 BBL Corrosion Eddy (15) No No
nKMW1108838071 LINN OPERATING, LLC. Major Produced Water Release 2/17/11 Crude Oil 25 15 10 BBL Equipment Failure Eddy (15) No No
nMLB1115336524 BASIC ENERGY SERVICES, LP Major Produced Water Release 2/17/11 Produced Water 130 65 65 BBL Vehicular Accident 0 No No
nKMW1106148970 OXY USA INC Major Produced Water Release 2/17/11 Produced Water 122 120 2 BBL Equipment Failure Eddy (15) No No
nJK1122146660 CONOCOPHILLIPS COMPANY Produced Water Release 2/16/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKMW1106629393 BOPCO, L.P. Major Oil Release 2/16/11 Crude Oil 310 290 20 BBL Equipment Failure Eddy (15) No No
nJK1122141596 SIMCOE LLC Minor Produced Water Release 2/15/11 Condensate 20 0 20 BBL Corrosion San Juan (45) No No

nJK1129356552
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 2/15/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1122141596 SIMCOE LLC Minor Produced Water Release 2/15/11 Produced Water 0 0 0 BBL Corrosion San Juan (45) No No
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nJK1122142524
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 2/14/11 Unknown 0 0 0 BBL Equipment Failure San Juan (45) No No

nKMW1106146398 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 2/11/11 Produced Water 67 30 37 BBL Freeze Eddy (15) No No
nGRL1105629119 Contango Resources, LLC Minor Oil Release 2/10/11 Crude Oil 22 20 2 BBL Freeze Lea (25) No No

nJK1129429681
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 2/10/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nKMW1110158655 EOG Y RESOURCES, INC. Major Produced Water Release 2/10/11 Produced Water 75 0 75 BBL Freeze Eddy (15) No No
nKMW1110157946 EOG Y RESOURCES, INC. Major Produced Water Release 2/10/11 Produced Water 75 70 5 BBL Freeze Eddy (15) No No
nKMW1106132675 COG OPERATING LLC Minor Produced Water Release 2/10/11 Produced Water 17 15 2 BBL Freeze Eddy (15) No No
nKMW1105542842 Spur Energy Partners LLC Minor Produced Water Release 2/9/11 Produced Water 8 6 2 BBL Freeze Eddy (15) No No
nKMW1105941469 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 2/9/11 Produced Water 140 140 0 BBL Freeze Eddy (15) No No
nGRL1107637076 Maverick Permian LLC Minor Oil Release 2/9/11 Crude Oil 18 9 9 BBL Freeze Lea (25) No No

nJK1122140764
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 2/9/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nGRL1107637076 Maverick Permian LLC Minor Oil Release 2/9/11 Produced Water 2 1 1 BBL Freeze Lea (25) No No
nKJ1604044255 APACHE CORPORATION Minor Oil Release 2/9/11 Crude Oil 6 5 1 BBL Equipment Failure Lea (25) No No
nKMW1104632384 Acacia Operating Company, LLC Major Oil Release 2/8/11 Crude Oil 25 2 23 BBL Freeze Eddy (15) No No
nJXK1535630801 Spur Energy Partners LLC Major Produced Water Release 2/8/11 Produced Water 300 298 2 BBL Freeze Lea (25) No No

nJK1529342587
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 2/7/11 Produced Water 40 39 1 BBL Freeze San Juan (45) No No

nKMW1110232707 EOG Y RESOURCES, INC. Major Produced Water Release 2/7/11 Produced Water 25 20 5 BBL Freeze Eddy (15) No No
nKMW1110156737 EOG Y RESOURCES, INC. Major Produced Water Release 2/7/11 Produced Water 50 45 5 BBL Freeze Eddy (15) No No
nKMW1106140515 OXY USA INC Major Produced Water Release 2/7/11 Produced Water 60 8 52 BBL Freeze Eddy (15) No No
nKMW1106035351 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 2/7/11 Produced Water 52 35 17 BBL Freeze Eddy (15) No No
nKMW1105539976 Spur Energy Partners LLC Minor Oil Release 2/7/11 Crude Oil 10 0 10 BBL Freeze Eddy (15) No No

nJK1122150916
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 2/7/11 Produced Water 5 4 1 BBL Freeze San Juan (45) Yes No

nKMW1106147231 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 2/6/11 Produced Water 44 0 44 BBL Freeze Eddy (15) No No
nKMW1106025650 Spur Energy Partners LLC Minor Produced Water Release 2/6/11 Produced Water 20 18 2 BBL Corrosion Eddy (15) No No
nJK1122153281 XTO ENERGY, INC Minor Produced Water Release 2/6/11 Produced Water 15 0 15 BBL Equipment Failure San Juan (45) No No
nKMW1106142126 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 2/5/11 Produced Water 37 0 37 BBL Freeze Eddy (15) No No
nKMW1111140740 BAM Permian Operating, LLC Major Produced Water Release 2/5/11 Produced Water 100 100 0 BBL Freeze Eddy (15) No No
nKMW1110155950 EOG Y RESOURCES, INC. Minor Produced Water Release 2/5/11 Produced Water 8 0 8 BBL Freeze Eddy (15) No No

nJK1129853009
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 2/5/11 Produced Water 40 38 2 BBL Freeze San Juan (45) No No

nJK1129853009
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 2/5/11 Crude Oil 50 47 3 BBL Freeze San Juan (45) No No

nKMW1106148214 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 2/4/11 Produced Water 100 80 20 BBL Freeze Eddy (15) No No
nKMW1106029918 OXY USA INC Major Produced Water Release 2/4/11 Produced Water 71 0 71 BBL Freeze Eddy (15) No No
nKMW1106735785 JUDAH OIL LLC Minor Oil Release 2/4/11 Crude Oil 4 0 4 BBL Human Error Eddy (15) No No
nJK1122140345 XTO ENERGY, INC Minor Produced Water Release 2/4/11 Produced Water 8 4 4 BBL Freeze San Juan (45) No No
nKMW1106735785 JUDAH OIL LLC Minor Oil Release 2/4/11 Produced Water 15 0 15 BBL Human Error Eddy (15) No No
nMLB1223549251 EOG Y RESOURCES, INC. Major Produced Water Release 2/4/11 Produced Water 30 29 1 BBL Equipment Failure Eddy (15) No No
nJXK1535131562 XTO ENERGY, INC Major Produced Water Release 2/3/11 Produced Water 60 57 3 BBL Equipment Failure Lea (25) No No
nKMW1111749256 EOG Y RESOURCES, INC. Major Oil Release 2/3/11 Crude Oil 30 15 15 BBL Freeze Eddy (15) No No
nJXK1535131562 XTO ENERGY, INC Major Produced Water Release 2/3/11 Crude Oil 5 4 1 BBL Equipment Failure Lea (25) No No
nKMW1111749256 EOG Y RESOURCES, INC. Major Oil Release 2/3/11 Produced Water 20 0 20 BBL Freeze Eddy (15) No No

nJK1129428491
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 2/2/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nKMW1105935618 HARVARD PETROLEUM COMPANY, LLC Minor Produced Water Release 2/2/11 Produced Water 15 0 15 BBL Freeze Eddy (15) No No
nKMW1104637980 PARALLEL PETROLEUM LLC Minor Produced Water Release 2/2/11 Produced Water 20 20 0 BBL Freeze Chaves (05) No No
nKMW1111141403 EOG Y RESOURCES, INC. Minor Oil Release 2/2/11 Crude Oil 8 0 8 BBL Freeze Eddy (15) No No
nKMW1105937886 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/2/11 Produced Water 13 8 5 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1105937886 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 2/2/11 Crude Oil 10 7 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1109554591 LINN OPERATING, LLC. Produced Water Release 2/1/11 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109552874 LINN OPERATING, LLC. Produced Water Release 2/1/11 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109627455 LINN OPERATING, LLC. Produced Water Release 2/1/11 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109555366 LINN OPERATING, LLC. Produced Water Release 2/1/11 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1104635091 Spur Energy Partners LLC Minor Oil Release 2/1/11 Crude Oil 20 18 2 BBL Equipment Failure Eddy (15) No No
nKMW1109558264 LINN OPERATING, LLC. Produced Water Release 2/1/11 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109553848 LINN OPERATING, LLC. Produced Water Release 2/1/11 Produced Water 0 0 0 BBL Freeze Eddy (15) No No
nKMW1109555366 LINN OPERATING, LLC. Produced Water Release 2/1/11 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109554591 LINN OPERATING, LLC. Produced Water Release 2/1/11 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109552874 LINN OPERATING, LLC. Produced Water Release 2/1/11 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109627455 LINN OPERATING, LLC. Produced Water Release 2/1/11 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109625845 LINN OPERATING, LLC. Produced Water Release 2/1/11 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109553848 LINN OPERATING, LLC. Produced Water Release 2/1/11 Crude Oil 0 0 0 BBL Freeze Eddy (15) No No
nKMW1109558264 LINN OPERATING, LLC. Produced Water Release 2/1/11 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109625845 LINN OPERATING, LLC. Produced Water Release 2/1/11 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1109625845 LINN OPERATING, LLC. Produced Water Release 2/1/11 0 0 0 BBL Eddy (15) No No
nJXK1620054899 PRIDE ENERGY COMPANY Minor Produced Water Release 1/31/11 Produced Water 23 23 0 BBL Equipment Failure Lea (25) No No
nKMW1104140605 COG OPERATING LLC Minor Oil Release 1/31/11 Crude Oil 24 23 1 BBL Corrosion Eddy (15) No No
nKMW1104139783 CHESAPEAKE OPERATING, INC. Oil Release 1/29/11 Crude Oil 35 25 10 25 Equipment Failure Eddy (15) No No
nKMW1104633635 OLEUM Energy LLC Major Produced Water Release 1/27/11 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nJK1122148788 XTO ENERGY, INC Major Produced Water Release 1/26/11 Condensate 44 0 44 BBL Equipment Failure San Juan (45) Yes No
nJK1122336327 XTO ENERGY, INC Major Produced Water Release 1/26/11 Condensate 44 0 44 BBL Equipment Failure San Juan (45) Yes No
nJK1122148788 XTO ENERGY, INC Major Produced Water Release 1/26/11 Produced Water 0 0 0 BBL San Juan (45) Yes No
nJK1122336327 XTO ENERGY, INC Major Produced Water Release 1/26/11 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) Yes No
nKMW1103249928 CHEVRON U S A INC Major Produced Water Release 1/25/11 Produced Water 250 210 40 BBL Corrosion Eddy (15) No No
nJK1122751552 NOBLE ENERGY INC Major Produced Water Release 1/25/11 Produced Water 60 60 0 BBL Equipment Failure San Juan (45) No No
nGRL1324640794 SOUTHERN UNION EXPLORATION CO Minor Oil Release 1/25/11 Crude Oil 7 4 3 BBL Corrosion Lea (25) No No
nJK1122339314 BLACK HILLS GAS RESOURCES, INC. Minor Produced Water Release 1/24/11 Produced Water 10 0 10 BBL Freeze Rio Arriba (39) No No
nJK1122152283 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/24/11 Produced Water 41 41 0 BBL Freeze San Juan (45) No No
nKMW1103241386 COG OPERATING LLC Major Oil Release 1/24/11 Crude Oil 110 108 2 BBL Human Error Eddy (15) No No
nKMW1109530108 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 1/23/11 Crude Oil 152 23 129 BBL Equipment Failure Eddy (15) No No
nKMW1103247021 COG OPERATING LLC Major Produced Water Release 1/22/11 Produced Water 180 130 50 BBL Human Error Eddy (15) No No
nJK1122336709 MorningStar Operating LLC Major Produced Water Release 1/21/11 Produced Water 40 0 40 BBL Freeze San Juan (45) No No
nKMW1104138072 QUANTUM RESOURCES MANAGEMENT, LLC Minor Produced Water Release 1/21/11 Produced Water 20 0 20 BBL Equipment Failure Eddy (15) No No
nJK1122337513 SIMCOE LLC Minor Produced Water Release 1/21/11 Produced Water 8 8 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1122335638 MorningStar Operating LLC Major Produced Water Release 1/21/11 Produced Water 40 0 40 BBL Freeze San Juan (45) No No
nJK1122337245 SIMCOE LLC Minor Produced Water Release 1/21/11 Produced Water 8 8 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1122751815 Williams Four Corners, LLC Minor Produced Water Release 1/20/11 Produced Water 426 425 1 GAL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nKMW1111036455 EOG Y RESOURCES, INC. Major Produced Water Release 1/20/11 Produced Water 780 725 55 BBL Equipment Failure Eddy (15) No No
nJK1122751815 Williams Four Corners, LLC Minor Produced Water Release 1/20/11 Condensate 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1122152566 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/19/11 Produced Water 25 18 7 BBL Freeze San Juan (45) No No
nMLB1125554041 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 1/18/11 Produced Water 83 68 15 BBL Equipment Failure Eddy (15) No No
nKMW1102555534 EOG Y RESOURCES, INC. Minor Produced Water Release 1/18/11 Produced Water 14 0 14 BBL Corrosion Eddy (15) No No
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nMLB1125554041 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 1/18/11 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No

nJK1122153143
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 1/17/11 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nKMW1103248436 Spur Energy Partners LLC Minor Oil Release 1/14/11 Crude Oil 15 0 15 BBL Human Error Eddy (15) No No
nKMW1102551026 Spur Energy Partners LLC Minor Produced Water Release 1/13/11 Produced Water 20 19 1 BBL Freeze Eddy (15) No No
nJK1122750432 DUGAN PRODUCTION CORP Produced Water Release 1/13/11 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1122354081 DUGAN PRODUCTION CORP Produced Water Release 1/13/11 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1122137995 DUGAN PRODUCTION CORP Produced Water Release 1/13/11 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1122354239 DUGAN PRODUCTION CORP Produced Water Release 1/13/11 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nKMW1102626712 MATADOR PRODUCTION COMPANY Major Release Other 1/13/11 Drilling Mud/Fluid 25 0 25 BBL Blow Out Eddy (15) No No
nJK1122132012 DUGAN PRODUCTION CORP Produced Water Release 1/13/11 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No

nJK1122150707
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 1/13/11 Produced Water 40 35 5 BBL Equipment Failure Rio Arriba (39) No No

nJK1129355572
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 1/13/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nSAD1416851378 APACHE CORPORATION Major Produced Water Release 1/12/11 Produced Water 30 20 10 BBL Human Error Lea (25) No No
nKMW1102549914 Spur Energy Partners LLC Major Produced Water Release 1/12/11 Produced Water 45 35 10 BBL Equipment Failure Eddy (15) No No
nJK1122337644 NOBLE ENERGY INC Major Oil Release 1/11/11 Crude Oil 160 160 0 BBL Freeze San Juan (45) No No
nKMW1110234177 EOG Y RESOURCES, INC. Major Produced Water Release 1/11/11 Produced Water 35 33 2 BBL Equipment Failure Eddy (15) No No

nJK1122356749
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Release Other 1/11/11 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1133951958 MARALEX RESOURCES INC Minor Oil Release 1/10/11 Condensate 10 9 1 BBL Freeze San Juan (45) No No
nJK1133949619 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/9/11 Produced Water 123 0 123 BBL Equipment Failure San Juan (45) No No
nJK1122141910 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/9/11 Produced Water 123 0 123 BBL Equipment Failure San Juan (45) No No
nKMW1104136620 COLGATE OPERATING, LLC Major Produced Water Release 1/8/11 Produced Water 301 65 236 BBL Equipment Failure Eddy (15) No No
nJK1133951470 CONOCOPHILLIPS COMPANY Minor Release Other 1/7/11 Drilling Mud/Fluid 5 5 0 BBL Human Error Rio Arriba (39) No No
nKMW1102547860 EOG Y RESOURCES, INC. Minor Produced Water Release 1/7/11 Produced Water 20 18 2 BBL Equipment Failure Eddy (15) No No
nJXK1530333917 MorningStar Operating LLC Major Produced Water Release 1/6/11 Produced Water 75 0 75 BBL Equipment Failure Lea (25) No No
nKMW1102635414 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1102632886 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1102632540 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1102634424 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1102633534 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1102539479 Silverback Operating II, LLC Major Produced Water Release 1/5/11 Produced Water 800 300 500 BBL Equipment Failure Eddy (15) No No
nKMW1102631411 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1102634036 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1102632104 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1102634788 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1101934205 DEVON ENERGY PRODUCTION COMPANY, LP Major Other 1/5/11 Drilling Mud/Fluid 2300 65 2235 BBL Blow Out Chaves (05) No No
nKMW1102635132 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1102630437 LINN OPERATING, LLC. Oil Release 1/5/11 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nJK1134032922 XTO ENERGY, INC Major Produced Water Release 1/4/11 Produced Water 200 0 200 BBL Freeze San Juan (45) No No
nJK1201230303 Williams Four Corners, LLC Major Produced Water Release 1/4/11 Produced Water 35 35 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1133950710 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/4/11 Produced Water 240 240 0 BBL Freeze San Juan (45) No No
nKMW1102537654 MR NM Operating LLC Major Oil Release 1/4/11 Crude Oil 30 25 5 BBL Human Error Eddy (15) No No
nJK1122152791 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/4/11 Produced Water 240 240 0 BBL Freeze San Juan (45) No No
nJK1133950290 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/4/11 Produced Water 93 93 0 BBL Equipment Failure San Juan (45) No No
nKMW1102548961 Oso Perdido Services LLC Minor Oil Release 1/3/11 Crude Oil 5 0 5 BBL Freeze Eddy (15) No No
nKMW1101930578 Silverback Operating II, LLC Major Produced Water Release 1/3/11 Produced Water 80 0 80 BBL Freeze Eddy (15) No No
nJK1134033410 XTO ENERGY, INC Major Produced Water Release 1/3/11 Produced Water 60 40 20 BBL Freeze San Juan (45) No No
nJK1133951041 CONOCOPHILLIPS COMPANY Minor Release Other 1/3/11 Drilling Mud/Fluid 10 10 0 BBL Human Error Rio Arriba (39) No No
nKMW1105441349 M&M OIL, LLC Major Oil Release 1/3/11 Crude Oil 45 42 3 BBL Equipment Failure Eddy (15) No No
nKMW1105441349 M&M OIL, LLC Major Oil Release 1/3/11 Produced Water 15 10 5 BBL Equipment Failure Eddy (15) No No
nKMW1101931286 COG OPERATING LLC Major Produced Water Release 1/2/11 Produced Water 150 149 1 BBL Equipment Failure Eddy (15) No No
nKMW1102548490 EOG Y RESOURCES, INC. Minor Produced Water Release 1/2/11 Produced Water 3 0 3 BBL Freeze Eddy (15) No No
nKMW1102548490 EOG Y RESOURCES, INC. Minor Produced Water Release 1/2/11 Crude Oil 2 0 2 BBL Freeze Eddy (15) No No
nKMW1101937662 COG OPERATING LLC Major Produced Water Release 12/31/10 Produced Water 150 80 70 BBL Freeze Eddy (15) No No
nKMW1111749957 APACHE CORPORATION Minor Oil Release 12/28/10 Crude Oil 10 7 3 BBL Equipment Failure Eddy (15) No No
nJK1122354994 ENERGEN RESOURCES CORPORATION Major Oil Release 12/27/10 Condensate 19 0 19 BBL Equipment Failure Rio Arriba (39) Yes No
nKMW1102635770 LINN OPERATING, LLC. Oil Release 12/27/10 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nKMW1101938479 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 12/26/10 Crude Oil 15 5 10 BBL Human Error Eddy (15) No No
nJK1122153574 DUGAN PRODUCTION CORP Major Produced Water Release 12/26/10 Produced Water 200 200 0 BBL Corrosion San Juan (45) No No

nJK1201130967
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 12/26/10 Produced Water 18 0 18 BBL Corrosion San Juan (45) Yes No

nKMW1101941341 COG OPERATING LLC Minor Oil Release 12/22/10 Crude Oil 9 8 1 BBL Equipment Failure Eddy (15) No No
nJK1429431814 NOBLE ENERGY INC Minor Produced Water Release 12/21/10 Produced Water 20 20 0 BBL Corrosion San Juan (45) No No
nMLB1100537959 EOG Y RESOURCES, INC. Major Produced Water Release 12/21/10 Produced Water 200 0 200 BBL Human Error Eddy (15) No No
nJK1133434887 CONOCOPHILLIPS COMPANY Oil Release 12/21/10 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1100537959 EOG Y RESOURCES, INC. Major Produced Water Release 12/21/10 Crude Oil 40 0 40 BBL Human Error Eddy (15) No No
nCS1524742574 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 12/20/10 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nMLB1102540101 XTO ENERGY, INC Minor Oil Release 12/20/10 Crude Oil 10 0 10 BBL Human Error Eddy (15) No No
nCS1524742574 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 12/20/10 0 0 0 BBL San Juan (45) No No

nJK1133642242
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 12/18/10 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJXK1620130282 BAM Permian Operating, LLC Minor Oil Release 12/16/10 Crude Oil 15 15 0 BBL Equipment Failure Chaves (05) No No
nJK1122356474 CONOCOPHILLIPS COMPANY Release Other 12/16/10 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1134242182
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 12/16/10 Produced Water 5 0 5 BBL Corrosion San Juan (45) No No

nJK1129253187 CONOCOPHILLIPS COMPANY Other 12/16/10 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKMW1101950199 COG OPERATING LLC Minor Oil Release 12/15/10 Crude Oil 23 20 3 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1101939461 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 12/15/10 Produced Water 79 40 39 BBL Equipment Failure Eddy (15) No No
nLWJ1035455016 MorningStar Operating LLC Major Other 12/15/10 Brine Water 100 0 100 BBL Human Error Lea (25) No No

nJK1201149521
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 12/13/10 Condensate 18 0 18 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJXK1620133939 EOG Y RESOURCES, INC. Minor Oil Release 12/12/10 Crude Oil 15 15 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nKMW1101936672 LINN OPERATING, LLC. Minor Oil Release 12/10/10 Crude Oil 12 9 3 BBL Freeze Eddy (15) No No
nJK1201150145 XTO ENERGY, INC Minor Produced Water Release 12/8/10 Produced Water 5 1 4 BBL Equipment Failure San Juan (45) No No
nJK1133640978 ELM RIDGE EXPLORATION COMPANY LLC Major Produced Water Release 12/8/10 Produced Water 5 5 0 BBL Corrosion Rio Arriba (39) Yes No
nLWJ1035530750 FOUNDATION ENERGY MANAGEMENT, LLC Major Produced Water Release 12/8/10 Produced Water 100 55 45 BBL Corrosion Lea (25) No No
nJK1133640978 ELM RIDGE EXPLORATION COMPANY LLC Major Produced Water Release 12/8/10 Condensate 0 0 0 BBL Corrosion Rio Arriba (39) Yes No
nMLB1114048031 QUANTUM RESOURCES MANAGEMENT, LLC Major Produced Water Release 12/7/10 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nMLB1035430698 MELROSE OPERATING COMPANY Major Produced Water Release 12/6/10 Produced Water 30 20 10 BBL Equipment Failure Eddy (15) No No

nJK1201131510
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 12/6/10 Produced Water 10 0 10 BBL Equipment Failure Rio Arriba (39) No No

nLWJ1034740711 ETC Texas Pipeline, Ltd. Minor Oil Release 12/6/10 B.S. & W. 9 5 4 BBL Corrosion Lea (25) No No
nMLB1035134439 COG OPERATING LLC Major Produced Water Release 12/4/10 Produced Water 117 116 1 BBL Human Error Eddy (15) No No
nGRL1115737588 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 12/3/10 Produced Water 12 2 10 BBL Corrosion Lea (25) No No
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nGRL1115735811 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 12/3/10 Crude Oil 2 1 1 BBL Corrosion Lea (25) No No
nGRL1115737588 CIMAREX ENERGY CO. OF COLORADO Minor Produced Water Release 12/3/10 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nJK1122137355 CONOCOPHILLIPS COMPANY Major Produced Water Release 12/3/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nGRL1115735811 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 12/3/10 Other (Specify) 11 1 10 BBL Corrosion Lea (25) No No

nJK1122152984
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 12/2/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1201152785 CONOCOPHILLIPS COMPANY Major Oil Release 12/1/10 Condensate 1 0 1 BBL Human Error San Juan (45) Yes No
nMLB1111631331 MARSHALL & WINSTON INC Produced Water Release 12/1/10 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nJK1122336941 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 12/1/10 Produced Water 128 47 81 BBL Freeze Rio Arriba (39) No No
nGRL1107725223 TARGA MIDSTREAM SERVICES LLC Major Natural Gas Release 12/1/10 Natural Gas Liquids 25 0 25 BBL Corrosion Lea (25) No No
nGRL1034928884 Spur Energy Partners LLC Major Oil Release 12/1/10 Crude Oil 50 49 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJK1123157121 ENERGEN RESOURCES CORPORATION Produced Water Release 12/1/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1122336941 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 12/1/10 Condensate 0 0 0 BBL Freeze Rio Arriba (39) No No
nMLB1034347624 EOG RESOURCES INC Major Produced Water Release 11/30/10 Produced Water 80 0 80 BBL Human Error Eddy (15) No No
nJK1201137320 CONOCOPHILLIPS COMPANY Major Produced Water Release 11/29/10 Produced Water 58 55 3 BBL Freeze Rio Arriba (39) No No
nMLB1034126733 Silverback Operating II, LLC Minor Oil Release 11/29/10 Crude Oil 14 2 12 BBL Corrosion Eddy (15) No No
nMLB1034126733 Silverback Operating II, LLC Minor Oil Release 11/29/10 Produced Water 8 0 8 BBL Corrosion Eddy (15) No No
nKMW1101946238 Acacia Operating Company, LLC Major Oil Release 11/28/10 Crude Oil 179 139 40 BBL Corrosion Eddy (15) No No
nMLB1034847080 Acacia Operating Company, LLC Major Oil Release 11/28/10 Crude Oil 179 139 40 BBL Corrosion Eddy (15) No No
nMLB1034139240 COG OPERATING LLC Major Produced Water Release 11/26/10 Produced Water 70 50 20 BBL Equipment Failure Eddy (15) No No
nJK1133652546 NOBLE ENERGY INC Minor Produced Water Release 11/26/10 Produced Water 10 10 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1034337841 MELROSE OPERATING COMPANY Major Produced Water Release 11/26/10 Produced Water 25 15 10 BBL Equipment Failure Eddy (15) No No
nJK1133651859 XTO ENERGY, INC Minor Oil Release 11/25/10 Condensate 8 4 4 BBL Equipment Failure San Juan (45) No No
nJK1132629623 CONOCOPHILLIPS COMPANY Release Other 11/24/10 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1133650894 ENERGEN RESOURCES CORPORATION Major Oil Release 11/24/10 Condensate 95 35 60 BBL Equipment Failure Rio Arriba (39) No No
nJK1201130594 XTO ENERGY, INC Oil Release 11/23/10 Condensate 4 0 4 BBL Freeze San Juan (45) No No
nMLB1034031929 COG OPERATING LLC Minor Oil Release 11/22/10 Crude Oil 17 15 2 BBL Other Eddy (15) No No
nJK1206637462 MorningStar Operating LLC Minor Oil Release 11/22/10 Crude Oil 15 15 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1034838137 OXY USA INC Minor Produced Water Release 11/20/10 Produced Water 24 15 9 BBL Corrosion Eddy (15) No No
nLWJ1032639357 Maverick Permian LLC Minor Produced Water Release 11/18/10 Produced Water 12 8 4 BBL Corrosion Lea (25) No No
nLWJ1032156590 PLAINS MARKETING L.P. Minor Oil Release 11/17/10 Crude Oil 10 1 9 BBL Human Error Lea (25) No No
nJXK1610227079 CHEVRON U S A INC Major Produced Water Release 11/17/10 Produced Water 10 0 10 BBL Other Lea (25) No No
nJK1133929219 MorningStar Operating LLC Produced Water Release 11/16/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1032735832 EOG Y RESOURCES, INC. Minor Produced Water Release 11/16/10 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nMLB1032735832 EOG Y RESOURCES, INC. Minor Produced Water Release 11/16/10 Produced Water 12 0 12 BBL Equipment Failure Eddy (15) No No
nJK1201227280 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 11/16/10 Condensate 5 5 0 BBL Corrosion Rio Arriba (39) No No
nBP1035428343 ENERGEN RESOURCES CORPORATION Produced Water Release 11/16/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nBP1035428343 ENERGEN RESOURCES CORPORATION Produced Water Release 11/16/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nKJ1603535039 BREITBURN OPERATING LP Other 11/15/10 0 0 0 BBL Other Lea (25) No No
nMLB1032738383 EOG Y RESOURCES, INC. Major Produced Water Release 11/13/10 Produced Water 50 50 0 BBL Equipment Failure Eddy (15) No No
nMLB1034155127 Spur Energy Partners LLC Minor Oil Release 11/13/10 Crude Oil 24 23 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nJK1134040398
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 11/12/10 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nMLB1034046865 COG OPERATING LLC Major Produced Water Release 11/11/10 Crude Oil 30 0 30 BBL Fire Eddy (15) No No
nMLB1032728595 Silverback Operating II, LLC Major Produced Water Release 11/11/10 Produced Water 80 25 55 BBL Corrosion Eddy (15) No No
nMLB1034046865 COG OPERATING LLC Major Produced Water Release 11/11/10 Produced Water 120 50 70 BBL Fire Eddy (15) No No
nJK1206651186 DUGAN PRODUCTION CORP Minor Oil Release 11/10/10 Crude Oil 10 0 10 BBL Human Error Rio Arriba (39) No No
nMLB1032050254 COG OPERATING LLC Major Oil Release 11/10/10 Crude Oil 328 161 167 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nCS1510352309 BP AMERICA PRODUCTION COMPANY Produced Water Release 11/9/10 Produced Water 0 0 0 BBL Other San Juan (45) No No

nJK1206036802
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 11/8/10 Produced Water 53 0 53 BBL Corrosion San Juan (45) No No

nJK1206052869 BP AMERICA PRODUCTION COMPANY Major Produced Water Release 11/8/10 Produced Water 1000 0 1000 BBL Other San Juan (45) No No
nKMW1109556052 LINN OPERATING, LLC. Produced Water Release 11/8/10 Produced Water 0 0 0 BBL Human Error Eddy (15) No No
nGRL1116055538 TARGA MIDSTREAM SERVICES LLC Minor Release Other 11/8/10 Natural Gas Liquids 15 0 15 BBL Corrosion Lea (25) No No
nKMW1109556052 LINN OPERATING, LLC. Produced Water Release 11/8/10 Crude Oil 0 0 0 BBL Human Error Eddy (15) No No
nJK1133928229 ENERGEN RESOURCES CORPORATION Produced Water Release 11/5/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1032046152 COG OPERATING LLC Minor Oil Release 11/4/10 Crude Oil 15 6 9 BBL Equipment Failure Eddy (15) No No
nJK1122753237 Williams Four Corners, LLC Natural Gas Release 11/4/10 Natural Gas Liquids 0 0 0 BBL Equipment Failure San Juan (45) No No
nMLB1032036643 Spur Energy Partners LLC Major Produced Water Release 11/3/10 Produced Water 30 25 5 BBL Human Error Eddy (15) No No
nJK1132542068 ENERGEN RESOURCES CORPORATION Produced Water Release 11/2/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nLWJ1030656199 Spur Energy Partners LLC Major Produced Water Release 11/1/10 B.S. & W. 30 20 10 BBL Equipment Failure Lea (25) No No
nJK1129847833 WPX ENERGY PRODUCTION, LLC Produced Water Release 11/1/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nTO1422730654 MorningStar Operating LLC Major Produced Water Release 10/30/10 Produced Water 277 200 77 BBL Corrosion Lea (25) No No
nLWJ1031248783 MorningStar Operating LLC Major Produced Water Release 10/30/10 Produced Water 277 200 77 BBL Corrosion Lea (25) No No
nMLB1031351382 COG OPERATING LLC Minor Produced Water Release 10/29/10 Produced Water 20 0 20 BBL Corrosion Eddy (15) No No
nKMW1109737985 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 10/29/10 Produced Water 1600 0 1600 BBL Corrosion Eddy (15) No No
nLWJ1031630801 PLAINS MARKETING L.P. Major Oil Release 10/27/10 Crude Oil 25 24 1 BBL Equipment Failure Lea (25) No No
nGRL1200638411 APACHE CORPORATION Major Release Other 10/27/10 Drilling Mud/Fluid 30 0 30 BBL Corrosion Lea (25) No No
nLWJ1031927029 PLAINS MARKETING L.P. Major Oil Release 10/27/10 Crude Oil 25 24 1 BBL Equipment Failure Lea (25) No No

nJK1206636876
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 10/26/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nMLB1033435200 CHESAPEAKE OPERATING, INC. Major Oil Release 10/26/10 Crude Oil 40 20 20 BBL Equipment Failure Eddy (15) No No
nMLB1031240514 COG OPERATING LLC Minor Produced Water Release 10/26/10 Produced Water 20 20 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No

nJK1122143137
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Release Other 10/26/10 Unknown 0 0 0 BBL Equipment Failure San Juan (45) No No

nJK1206649708 DUGAN PRODUCTION CORP Oil Release 10/25/10 Crude Oil 3 1 2 BBL Other San Juan (45) No No
nKMW1101947788 LINN OPERATING, LLC. Major Produced Water Release 10/23/10 Produced Water 80 60 20 BBL Equipment Failure Eddy (15) No No
nMLB1031349224 Spur Energy Partners LLC Major Produced Water Release 10/23/10 Produced Water 40 35 5 BBL Equipment Failure Eddy (15) No No
nJK1206649886 SIMCOE LLC Minor Produced Water Release 10/22/10 Produced Water 20 0 20 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nGRL1032257126 EOG Y RESOURCES, INC. Major Produced Water Release 10/21/10 Produced Water 36 10 26 BBL Lightning Lea (25) No No
nJK1133455174 DUGAN PRODUCTION CORP Produced Water Release 10/20/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1133455374 DUGAN PRODUCTION CORP Produced Water Release 10/20/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nLWJ1030556022 Spur Energy Partners LLC Minor Oil Release 10/20/10 Crude Oil 15 15 0 BBL Corrosion Lea (25) No No
nJK1133454941 DUGAN PRODUCTION CORP Produced Water Release 10/20/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1206650340 CONOCOPHILLIPS COMPANY Minor Release Other 10/20/10 Drilling Mud/Fluid 5 5 0 BBL Human Error San Juan (45) No No
nJK1206651737 CONOCOPHILLIPS COMPANY Minor Produced Water Release 10/20/10 Produced Water 18 0 18 BBL Corrosion San Juan (45) No No
nJK1133446678 DUGAN PRODUCTION CORP Produced Water Release 10/20/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No

nJK1134034601
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 10/20/10 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1206651591
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 10/18/10 Produced Water 24 18 6 BBL Equipment Failure Rio Arriba (39) No No

nMLB1031340286 COG OPERATING LLC Minor Oil Release 10/17/10 Crude Oil 10 10 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1030952075 OXY USA INC Major Oil Release 10/17/10 Crude Oil 54 25 29 BBL Corrosion Eddy (15) No No
nJK1206651424 CONOCOPHILLIPS COMPANY Minor Produced Water Release 10/17/10 Produced Water 5 0 5 BBL Equipment Failure San Juan (45) No No
nTO1419040759 Roughhouse Operating, LLC Minor Produced Water Release 10/17/10 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nJK1206649525 NOBLE ENERGY INC Minor Produced Water Release 10/15/10 Produced Water 15 15 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
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nJK1206642040 XTO ENERGY, INC Major Produced Water Release 10/14/10 Produced Water 25 20 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1133925658 MorningStar Operating LLC Produced Water Release 10/13/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1030037762 JUDAH OIL LLC Major Produced Water Release 10/13/10 Produced Water 200 200 0 BBL Equipment Failure Eddy (15) No No
nMLB1031339070 Spur Energy Partners LLC Minor Produced Water Release 10/13/10 Produced Water 20 19 1 BBL Equipment Failure Eddy (15) No No
nMLB1030934407 CIMAREX ENERGY CO. OF COLORADO Minor Oil Release 10/12/10 Crude Oil 17 0 17 BBL Equipment Failure Eddy (15) No No
nJK1203134887 WPX ENERGY PRODUCTION, LLC Release Other 10/12/10 Drilling Mud/Fluid 3 3 0 cy Human Error Rio Arriba (39) No No
nJK1206641349 Williams Four Corners, LLC Minor Oil Release 10/12/10 Condensate 20 0 20 BBL Other San Juan (45) No No

nJK1206651904
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 10/12/10 Produced Water 60 60 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1206636603 ENERGEN RESOURCES CORPORATION Produced Water Release 10/12/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1206651904
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 10/12/10 Lube Oil 30 30 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJMW1224849818 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 10/11/10 Produced Water 33 30 3 BBL Equipment Failure Eddy (15) No No
nJK1206640130 XTO ENERGY, INC Major Produced Water Release 10/11/10 Produced Water 80 30 50 BBL Corrosion San Juan (45) Yes No

nJK1206637142
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 10/11/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1206647046 DUGAN PRODUCTION CORP Major Produced Water Release 10/11/10 Produced Water 0 1 0 BBL Corrosion San Juan (45) Yes No

nJK1133436487
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Other 10/10/10 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nGRL1132237703 Spur Energy Partners LLC Minor Oil Release 10/10/10 Crude Oil 9 7 2 BBL Equipment Failure Lea (25) No No
nGRL1132237703 Spur Energy Partners LLC Minor Oil Release 10/10/10 Produced Water 6 5 1 BBL Equipment Failure Lea (25) No No
nJXK1535234239 Spur Energy Partners LLC Major Produced Water Release 10/9/10 Produced Water 120 70 50 BBL Equipment Failure Lea (25) No No
nGRL1103430316 Stanolind Permian LLC Major Oil Release 10/9/10 Crude Oil 132 42 90 BBL Other Lea (25) No No
nAPP2108849308 PLAINS MARKETING L.P. Major Oil Release 10/8/10 Crude Oil 120 115 5 BBL Human Error Lea (25) No Yes
nLWJ1028851962 PLAINS MARKETING L.P. Major Oil Release 10/8/10 Crude Oil 120 115 5 BBL Human Error Lea (25) No No

nJK1206642624
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 10/7/10 Produced Water 26 1 25 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1206637006
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 10/7/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1206637266
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 10/6/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nMLB1031249564 BOPCO, L.P. Minor Oil Release 10/6/10 Crude Oil 10 0 10 BBL Corrosion Eddy (15) No No
nJK1133456088 DUGAN PRODUCTION CORP Produced Water Release 10/6/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No

nJK1206642389
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 10/6/10 Produced Water 59 58 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1206641681 NOBLE ENERGY INC Minor Produced Water Release 10/4/10 Produced Water 5 5 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1133435721
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 10/4/10 Produced Water 27 1 26 BBL Human Error San Juan (45) No No

nJK1122136853 ENERGEN RESOURCES CORPORATION Produced Water Release 10/4/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1031250766 Spur Energy Partners LLC Minor Oil Release 10/3/10 Crude Oil 20 16 4 BBL Corrosion Eddy (15) No No

nJXK1621138900
NEW MEXICO SALT WATER DISPOSAL 
COMPANY Major Produced Water Release 10/3/10 Produced Water 500 0 0 BBL Overflow - Tank, Pit, Etc. Lea (25) No No

nJK1206639200 SIMCOE LLC Major Produced Water Release 10/1/10 Produced Water 174 0 174 BBL Corrosion San Juan (45) No No
nJK1203130992 XTO ENERGY, INC Oil Release 10/1/10 Crude Oil 0 0 0 BBL Normal Operations San Juan (45) No No
nCS2103335776 HILCORP ENERGY COMPANY Major Other 10/1/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nJK1133446896 DUGAN PRODUCTION CORP Produced Water Release 9/30/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nLWJ1028752990 APACHE CORPORATION Major Oil Release 9/29/10 Crude Oil 70 65 5 BBL Corrosion Lea (25) No No
nJK1206638846 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 9/28/10 Condensate 15 15 0 BBL Corrosion San Juan (45) No No
nJK1206641878 CONOCOPHILLIPS COMPANY Minor Produced Water Release 9/28/10 Produced Water 24 0 24 BBL Corrosion San Juan (45) No No
nGRL1120247147 SUMMIT RESOURCES MANAGEMENT LLC Oil Release 9/28/10 Crude Oil 2 0 2 BBL Corrosion Roosevelt (41) No No
nLWJ1028751329 APACHE CORPORATION Major Produced Water Release 9/28/10 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nGRL1120247147 SUMMIT RESOURCES MANAGEMENT LLC Oil Release 9/28/10 Produced Water 2 0 2 BBL Corrosion Roosevelt (41) No No
nGRL1120248026 SUMMIT RESOURCES MANAGEMENT LLC Oil Release 9/28/10 Crude Oil 2 0 2 BBL Corrosion Roosevelt (41) No No
nGRL1120248026 SUMMIT RESOURCES MANAGEMENT LLC Oil Release 9/28/10 Produced Water 2 0 2 BBL Corrosion Roosevelt (41) No No

nJK1133648234
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 9/27/10 Crude Oil 5 2 3 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nMLB1027335047 ENDURANCE RESOURCES LLC Major Fire 9/27/10 Produced Water 50 0 50 BBL Lightning Eddy (15) No No

nJK1206650598
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 9/27/10 Crude Oil 5 2 3 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1206638622 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 9/27/10 Condensate 20 20 0 BBL Corrosion Rio Arriba (39) No No

nJK1206054111
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 9/27/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nMLB1028149328 EOG Y RESOURCES, INC. Major Produced Water Release 9/26/10 Produced Water 30 30 0 BBL Equipment Failure Eddy (15) No No
nAB1535235369 Spur Energy Partners LLC Major Produced Water Release 9/23/10 Crude Oil 1 0 1 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1027141361 EOG Y RESOURCES, INC. Major Oil Release 9/23/10 Crude Oil 155 0 155 BBL Other Chaves (05) No No
nBP1027134635 MARALEX RESOURCES INC Major Produced Water Release 9/23/10 Produced Water 30 0 30 BBL Human Error San Juan (45) No No
nAB1535235369 Spur Energy Partners LLC Major Produced Water Release 9/23/10 Produced Water 164 140 24 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nBP1027134635 MARALEX RESOURCES INC Major Produced Water Release 9/23/10 Other (Specify) 0 0 0 BBL San Juan (45) No No

nJK1134039273
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 9/22/10 Produced Water 8 5 3 BBL Corrosion Rio Arriba (39) No No

nJK1206636463 ENERGEN RESOURCES CORPORATION Produced Water Release 9/22/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1206636316 ENERGEN RESOURCES CORPORATION Produced Water Release 9/22/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nJK1206640932
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 9/22/10 Produced Water 8 0 8 BBL Corrosion Rio Arriba (39) No No

nJK1134039273
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 9/22/10 Condensate 6 2 4 BBL Corrosion Rio Arriba (39) No No

nJK1206640932
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 9/22/10 Condensate 6 0 6 BBL Corrosion Rio Arriba (39) No No

nJK1206053948 CHEVRON MIDCONTINENT, L.P. Produced Water Release 9/21/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1133640514 DUGAN PRODUCTION CORP Produced Water Release 9/21/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nBP1027131226 ENERGEN RESOURCES CORPORATION Minor Oil Release 9/21/10 Condensate 8 0 8 BBL Equipment Failure Rio Arriba (39) No No
nBP1027131226 ENERGEN RESOURCES CORPORATION Minor Oil Release 9/21/10 Produced Water 7 0 7 BBL Equipment Failure Rio Arriba (39) No No
nBP1027131226 ENERGEN RESOURCES CORPORATION Minor Oil Release 9/21/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nLWJ1028753839 APACHE CORPORATION Major Produced Water Release 9/20/10 Produced Water 250 240 10 BBL Other Lea (25) No No

nJK1206055151
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 9/20/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nGRL1031338564 SUN OIL CO Other 9/20/10 Unknown 1 1 0 BBL Other Lea (25) No No
nMLB1028151150 CHESAPEAKE OPERATING, INC. Major Oil Release 9/20/10 Crude Oil 35 0 35 BBL Corrosion Eddy (15) No No
nMLB1028151150 CHESAPEAKE OPERATING, INC. Major Oil Release 9/20/10 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nJK1206641117 XTO ENERGY, INC Oil Release 9/18/10 Crude Oil 0 0 0 BBL Other San Juan (45) No No

nJK1206639642
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 9/18/10 Produced Water 2 1 1 BBL Equipment Failure San Juan (45) No No

nMLB1027339144 EOG Y RESOURCES, INC. Minor Oil Release 9/18/10 Crude Oil 8 0 8 BBL Equipment Failure Eddy (15) No No

nJK1206639642
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 9/18/10 Crude Oil 6 3 3 BBL Equipment Failure San Juan (45) No No

nKMW1101947259 LINN OPERATING, LLC. Minor Oil Release 9/17/10 Crude Oil 8 7 1 BBL Blow Out Eddy (15) No No
nGRL1026741116 HARVARD PETROLEUM COMPANY, LLC Minor Oil Release 9/17/10 Crude Oil 15 5 10 BBL Corrosion Chaves (05) No No
nGRL1026537759 ETC Texas Pipeline, Ltd. Major Oil Release 9/17/10 Crude Oil 13 11 2 BBL Corrosion Lea (25) No No
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nMLB1030938472 Spur Energy Partners LLC Major Produced Water Release 9/17/10 Produced Water 100 50 50 BBL Equipment Failure Eddy (15) No No
nGRL1026537759 ETC Texas Pipeline, Ltd. Major Oil Release 9/17/10 Produced Water 113 95 18 BBL Corrosion Lea (25) No No
nJK1206640733 CONOCOPHILLIPS COMPANY Major Produced Water Release 9/16/10 Produced Water 25 20 5 BBL Corrosion Rio Arriba (39) No No
nJK1133647610 CONOCOPHILLIPS COMPANY Major Produced Water Release 9/16/10 Produced Water 25 20 5 BBL Corrosion Rio Arriba (39) No No
nLWJ1028752350 APACHE CORPORATION Minor Produced Water Release 9/16/10 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nJK1134034057 WPX ENERGY PRODUCTION, LLC Oil Release 9/16/10 Condensate 1 0 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1027040333 MEWBOURNE OIL CO Major Produced Water Release 9/16/10 Produced Water 180 130 50 BBL Lightning Eddy (15) No No
nGRL1026735254 ADVANCE ENERGY PARTNERS HAT MESA, LLC Minor Produced Water Release 9/16/10 Produced Water 6 0 6 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nGRL1026332369 BRIDWELL OIL CO Major Produced Water Release 9/16/10 Produced Water 120 10 110 BBL Lightning Lea (25) No No
nJK1202635400 WPX ENERGY PRODUCTION, LLC Produced Water Release 9/16/10 Produced Water 1 0 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1206636727 ENERGEN RESOURCES CORPORATION Produced Water Release 9/15/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1206053571 CHEVRON MIDCONTINENT, L.P. Produced Water Release 9/14/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1206635993 MorningStar Operating LLC Produced Water Release 9/13/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1206636182 MorningStar Operating LLC Produced Water Release 9/13/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nGRL1209055373 EOG RESOURCES INC Major Produced Water Release 9/11/10 Produced Water 50 15 35 BBL Equipment Failure Lea (25) No No
nGRL1209055373 EOG RESOURCES INC Major Produced Water Release 9/11/10 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nMLB1030947646 EOG Y RESOURCES, INC. Minor Produced Water Release 9/10/10 Crude Oil 1 0 1 BBL Equipment Failure Eddy (15) No No
nBP1026438558 SIMCOE LLC Minor Natural Gas Release 9/10/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nMLB1030947646 EOG Y RESOURCES, INC. Minor Produced Water Release 9/10/10 Produced Water 4 0 4 BBL Eddy (15) No No
nLWJ1028649103 APACHE CORPORATION Minor Oil Release 9/9/10 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nMLB1027138848 EOG Y RESOURCES, INC. Major Produced Water Release 9/8/10 Produced Water 25 4 21 BBL Vandalism Eddy (15) No No
nLWJ1028750024 APACHE CORPORATION Major Oil Release 9/8/10 B.S. & W. 30 20 10 BBL Other Lea (25) No No
nGRL1026538999 SALTY DOG INC Major Release Other 9/8/10 Brine Water 83 83 0 BBL Equipment Failure Lea (25) No No
nMLB1030648225 EOG Y RESOURCES, INC. Major Oil Release 9/8/10 Crude Oil 20 0 20 BBL Equipment Failure Eddy (15) No No
nGRL1026538999 SALTY DOG INC Major Release Other 9/8/10 Other (Specify) 82 82 0 BBL Equipment Failure Lea (25) No No
nMLB1030648225 EOG Y RESOURCES, INC. Major Oil Release 9/8/10 Produced Water 10 0 10 BBL Eddy (15) No No
nBP1027134221 BURLINGTON RESOURCES OIL & GAS CO Minor Natural Gas Release 9/8/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nMLB1031337060 EOG Y RESOURCES, INC. Minor Oil Release 9/7/10 Crude Oil 18 10 8 BBL Equipment Failure Eddy (15) No No
nJK1201148690 DUGAN PRODUCTION CORP Produced Water Release 9/7/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1206529563 DUGAN PRODUCTION CORP Produced Water Release 9/7/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nBP1026439652 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 9/7/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nJK1133453197 DUGAN PRODUCTION CORP Produced Water Release 9/7/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nBP1026432862 SIMCOE LLC Minor Natural Gas Release 9/5/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nMLB1030754436 COG OPERATING LLC Minor Produced Water Release 9/4/10 Produced Water 10 8 2 BBL Corrosion Eddy (15) No No
nMLB1030835699 Spur Energy Partners LLC Major Produced Water Release 9/3/10 B.S. & W. 60 50 10 BBL Other Eddy (15) No No
nGRL1115749356 TEAM OPERATING, L.L.C. Major Produced Water Release 9/3/10 Produced Water 202 144 58 BBL Corrosion Lea (25) No No
nGRL1115749356 TEAM OPERATING, L.L.C. Major Produced Water Release 9/3/10 Crude Oil 23 16 7 BBL Corrosion Lea (25) No No
nBP1026439348 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 9/2/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nMLB1027934773 Spur Energy Partners LLC Minor Oil Release 9/2/10 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No

nLWJ1035453632
NORTHERN PACIFIC OIL AND GAS 
INCORPORATED Major Oil Release 9/2/10 B.S. & W. 30 0 30 BBL Other Chaves (05) No No

nBP1026439348 ENTERPRISE PRODUCTS OPERATING, LLC Major Natural Gas Release 9/2/10 Condensate 25 0 25 BBL Human Error San Juan (45) No No
nGRL1115752169 CIMAREX ENERGY CO. OF COLORADO Major Oil Release 9/1/10 Crude Oil 122 0 122 BBL Corrosion Lea (25) No No
nGRL1035035948 Spur Energy Partners LLC Major Produced Water Release 9/1/10 Produced Water 460 448 12 BBL Other Lea (25) No No
nMLB1030752888 Spur Energy Partners LLC Major Produced Water Release 9/1/10 Produced Water 55 50 5 BBL Corrosion Eddy (15) No No
nJXK1535537258 Spur Energy Partners LLC Major Produced Water Release 9/1/10 Produced Water 460 448 12 BBL Equipment Failure Lea (25) No No
nMLB1031445980 Spur Energy Partners LLC Major Produced Water Release 8/31/10 Produced Water 40 40 0 BBL Equipment Failure Eddy (15) No No
nMLB1031439617 COG OPERATING LLC Major Produced Water Release 8/31/10 Produced Water 100 98 2 BBL Corrosion Eddy (15) No No
nJXK1606052455 APACHE CORPORATION Major Produced Water Release 8/30/10 Produced Water 80 74 6 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nMLB1031448887 G and C Operating, LLC Major Produced Water Release 8/30/10 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nKMW1106054103 CIMAREX ENERGY CO. OF COLORADO Produced Water Release 8/30/10 Produced Water 0 0 0 BBL Eddy (15) No No
nBP1026432531 Williams Four Corners, LLC Minor Natural Gas Release 8/30/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nJMW1303140115 XTO ENERGY, INC Major Oil Release 8/30/10 Crude Oil 53 46 7 BBL Human Error Eddy (15) No No
nMLB1032257423 GERONIMO SWD LLC Major Produced Water Release 8/30/10 Produced Water 200 200 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nKMW1110241496 XTO ENERGY, INC Major Oil Release 8/30/10 Crude Oil 53 46 7 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nMLB1031450923 COG OPERATING LLC Minor Produced Water Release 8/29/10 Produced Water 10 0 10 BBL Corrosion Eddy (15) No No
nGRL1035125915 RIDGEWAY ARIZONA OIL CORP. Minor Oil Release 8/29/10 Crude Oil 20 17 3 BBL Overflow - Tank, Pit, Etc. Roosevelt (41) No No
nLWJ1036438085 ETC Texas Pipeline, Ltd. Minor Oil Release 8/29/10 Crude Oil 6 6 0 BBL Equipment Failure Lea (25) No No
nMLB1025631696 Spur Energy Partners LLC Minor Produced Water Release 8/28/10 Produced Water 11 10 1 BBL Equipment Failure Eddy (15) No No
nGRL1035041047 DCP OPERATING COMPANY, LP Minor Release Other 8/27/10 Natural Gas Liquids 24 0 24 BBL Corrosion Lea (25) No No
nJXK1618952634 BXP Operating, LLC Major Produced Water Release 8/26/10 Produced Water 600 520 80 BBL Equipment Failure Lea (25) No No
nBP1026536319 ENERGEN RESOURCES CORPORATION Produced Water Release 8/26/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nBP1026536319 ENERGEN RESOURCES CORPORATION Produced Water Release 8/26/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nBP1025042002 XTO ENERGY, INC Major Produced Water Release 8/25/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nBP1025042002 XTO ENERGY, INC Major Produced Water Release 8/25/10 Produced Water 25 0 25 BBL Corrosion San Juan (45) No No
nBP1026432333 SIMCOE LLC Minor Natural Gas Release 8/23/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nBP1025126231 DUGAN PRODUCTION CORP Produced Water Release 8/18/10 Produced Water 1 0 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nBP1025042654 XTO ENERGY, INC Minor Produced Water Release 8/18/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nBP1025126231 DUGAN PRODUCTION CORP Produced Water Release 8/18/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nBP1025042654 XTO ENERGY, INC Minor Produced Water Release 8/18/10 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nJK1206649196 WPX ENERGY PRODUCTION, LLC Release Other 8/17/10 Drilling Mud/Fluid 0 0 0 BBL Other Rio Arriba (39) No No
nBP1025140125 SIMCOE LLC Minor Oil Release 8/17/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nBP1025042507 ENERGEN RESOURCES CORPORATION Produced Water Release 8/17/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nBP1026536104 ENERGEN RESOURCES CORPORATION Produced Water Release 8/17/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nBP1025042287 ENERGEN RESOURCES CORPORATION Produced Water Release 8/17/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nBP1025140125 SIMCOE LLC Minor Oil Release 8/17/10 Condensate 17 0 17 BBL Equipment Failure San Juan (45) No No
nMLB1031452817 Extex Operating Company Major Produced Water Release 8/17/10 Produced Water 80 0 80 BBL Equipment Failure Eddy (15) No No
nBP1026536104 ENERGEN RESOURCES CORPORATION Produced Water Release 8/17/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nBP1025042287 ENERGEN RESOURCES CORPORATION Produced Water Release 8/17/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nBP1025042507 ENERGEN RESOURCES CORPORATION Produced Water Release 8/17/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nJK1132542425 ENERGEN RESOURCES CORPORATION Produced Water Release 8/17/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1027336691 EOG Y RESOURCES, INC. Major Produced Water Release 8/17/10 Produced Water 925 910 15 BBL Equipment Failure Eddy (15) No No

nJK1122138255
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 8/16/10 Condensate 2 1 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nMLB1030850419 EOG Y RESOURCES, INC. Minor Oil Release 8/16/10 Crude Oil 15 11 4 BBL Equipment Failure Eddy (15) No No
nMLB1023125538 Permian Resources Operating, LLC Major Oil Release 8/16/10 Condensate 170 12 158 BBL Corrosion Eddy (15) No No
nKMW1035437441 Spur Energy Partners LLC Minor Produced Water Release 8/16/10 Produced Water 24 15 9 BBL Equipment Failure Eddy (15) No No
nMLB1030850419 EOG Y RESOURCES, INC. Minor Oil Release 8/16/10 Produced Water 5 5 0 BBL Eddy (15) No No
nBP1026430655 HART OIL & GAS INC Minor Produced Water Release 8/15/10 Produced Water 15 0 15 BBL Equipment Failure 0 No No
nLWJ1028826646 JUDAH OIL LLC Minor Other 8/15/10 Crude Oil 24 0 24 BBL Other Lea (25) No No
nBP1026430655 HART OIL & GAS INC Minor Produced Water Release 8/15/10 Other (Specify) 0 0 0 BBL 0 No No
nBP1025138139 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 8/11/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No

nJK1133648567
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 8/11/10 Produced Water 18 18 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nBP1025138139 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 8/11/10 Produced Water 18 18 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
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nJK1133648567
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 8/11/10 Crude Oil 17 17 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nBP1025138139 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 8/11/10 Crude Oil 18 18 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nGRL1031456492 TARGA MIDSTREAM SERVICES LLC Release Other 8/9/10 Natural Gas Liquids 3 0 3 BBL Corrosion Lea (25) No No
nKMW1035448054 IACX Production LLC Major Produced Water Release 8/8/10 Produced Water 25 20 5 BBL Equipment Failure Chaves (05) No No
nKMW1035448054 IACX Production LLC Major Produced Water Release 8/8/10 Crude Oil 10 5 5 BBL Equipment Failure Chaves (05) No No
nBP1025042822 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 8/7/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nBP1025141318 SIMCOE LLC Minor Natural Gas Release 8/7/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nBP1026447406 ENTERPRISE PRODUCTS OPERATING, LLC Minor Natural Gas Release 8/7/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nJK1133452304 DUGAN PRODUCTION CORP Oil Release 8/6/10 Crude Oil 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1201147994 DUGAN PRODUCTION CORP Produced Water Release 8/6/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1122138710 DUGAN PRODUCTION CORP Produced Water Release 8/5/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nBP1025148705 SIMCOE LLC Minor Produced Water Release 8/5/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nJK1201148415 DUGAN PRODUCTION CORP Produced Water Release 8/5/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nBP1026429281 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 8/5/10 Produced Water 10 0 10 BBL Corrosion San Juan (45) No No
nJXK1535547751 Maverick Permian LLC Major Produced Water Release 8/5/10 Produced Water 160 110 50 BBL Equipment Failure Lea (25) No No
nBP1025148705 SIMCOE LLC Minor Produced Water Release 8/5/10 Produced Water 7 0 7 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nBP1026429281 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 8/5/10 Condensate 7 0 7 BBL Corrosion San Juan (45) No No
nBP1026429281 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 8/5/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nGRL1103236874 CIMAREX ENERGY CO. Major Oil Release 8/4/10 Crude Oil 35 0 35 BBL Corrosion Lea (25) No No
nJK1206529820 DUGAN PRODUCTION CORP Oil Release 8/4/10 Crude Oil 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1122139249 DUGAN PRODUCTION CORP Produced Water Release 8/4/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nJK1201148280 DUGAN PRODUCTION CORP Produced Water Release 8/4/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nGRL1212440129 Spur Energy Partners LLC Major Produced Water Release 8/4/10 Produced Water 400 75 325 BBL Corrosion Lea (25) No No
nGRL1116041179 FAE II Operating LLC Minor Oil Release 8/3/10 Crude Oil 7 0 7 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJK1206531200 DUGAN PRODUCTION CORP Oil Release 8/3/10 Crude Oil 0 0 0 BBL Normal Operations San Juan (45) No No
nKMW1035626626 Spur Energy Partners LLC Major Produced Water Release 8/2/10 Produced Water 50 1 49 BBL Equipment Failure Eddy (15) No No
nGRL1033351404 SOUTHWEST ROYALTIES INC Major Fire 8/2/10 Other (Specify) 1 1 0 BBL Fire Lea (25) No No
nKMW1035533259 COG OPERATING LLC Major Produced Water Release 8/2/10 Produced Water 60 30 30 BBL Equipment Failure Eddy (15) No No
nBP1026430389 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 8/2/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nKMW1035533259 COG OPERATING LLC Major Produced Water Release 8/2/10 Crude Oil 4 2 2 BBL Equipment Failure Eddy (15) No No
nBP1026430389 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 8/2/10 Produced Water 0 160 0 BBL Other Rio Arriba (39) No No
nMLB1029539506 Contango Resources, Inc. Major Produced Water Release 8/2/10 Produced Water 85 0 85 BBL Equipment Failure Eddy (15) No No
nKMW1035540015 Spur Energy Partners LLC Major Produced Water Release 8/1/10 Produced Water 35 20 15 BBL Equipment Failure Eddy (15) No No
nKMW1035535474 Spur Energy Partners LLC Major Produced Water Release 8/1/10 Produced Water 175 175 0 BBL Equipment Failure Eddy (15) No No
nBP1025148504 SIMCOE LLC Minor Natural Gas Release 8/1/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nMLB1030755977 SPECIAL ENERGY CORP Major Produced Water Release 8/1/10 Produced Water 225 220 5 BBL Equipment Failure Eddy (15) No No
nBP1025147732 SIMCOE LLC Major Natural Gas Release 7/30/10 Produced Water 7 5 2 BBL Equipment Failure San Juan (45) No No
nBP1025149578 SIMCOE LLC Major Produced Water Release 7/30/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nJK1201149375 DUGAN PRODUCTION CORP Produced Water Release 7/30/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nBP1025147732 SIMCOE LLC Major Natural Gas Release 7/30/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nBP1025149578 SIMCOE LLC Major Produced Water Release 7/30/10 Produced Water 7 5 2 BBL Equipment Failure San Juan (45) No No
nJK1201149158 DUGAN PRODUCTION CORP Produced Water Release 7/30/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nBP1025954141 ENERVEST OPERATING L.L.C. Minor Oil Release 7/29/10 Diesel 1000 100 900 GAL Equipment Failure Rio Arriba (39) No No
nBP1025954141 ENERVEST OPERATING L.L.C. Minor Oil Release 7/29/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nJK1206650093 ENERVEST OPERATING L.L.C. Minor Release Other 7/29/10 Diesel 1000 100 900 GAL Equipment Failure Rio Arriba (39) No No
nMLB1027341078 EOG Y RESOURCES, INC. Minor Oil Release 7/28/10 Crude Oil 3 0 3 BBL Equipment Failure Eddy (15) No No
nKMW1035542428 FE-NM, LLC Major Oil Release 7/28/10 Condensate 120 0 120 BBL Lightning Eddy (15) No No
nMLB1027341078 EOG Y RESOURCES, INC. Minor Oil Release 7/28/10 Produced Water 2 0 2 BBL Equipment Failure Eddy (15) No No

nJK1133648970
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 7/27/10 Condensate 3 0 3 BBL Corrosion San Juan (45) No No

nMLB1027952232 COG OPERATING LLC Major Oil Release 7/27/10 Crude Oil 70 60 10 BBL Other Eddy (15) No No

nJK1133648970
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 7/27/10 Produced Water 3 0 3 BBL Corrosion San Juan (45) No No

nBP1025954381 Williams Four Corners, LLC Minor Natural Gas Release 7/26/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nJK1206639907 WPX ENERGY PRODUCTION, LLC Produced Water Release 7/26/10 Produced Water 1 1 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1206528367 XTO ENERGY, INC Oil Release 7/26/10 Crude Oil 0 0 0 BBL Corrosion Rio Arriba (39) No No
nJXK1606054660 APACHE CORPORATION Minor Produced Water Release 7/25/10 Produced Water 18 12 6 BBL Human Error Lea (25) No No
nGRL1033349437 Maverick Permian LLC Minor Release Other 7/23/10 Crude Oil 1 0 1 BBL Equipment Failure Lea (25) No No
nGRL1033350412 BURGUNDY OIL & GAS OF N M INC Major Release Other 7/23/10 Crude Oil 8 2 6 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nBP1025139233 CONOCOPHILLIPS COMPANY Minor Produced Water Release 7/23/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nGRL1031641062 EOG Y RESOURCES, INC. Minor Oil Release 7/23/10 Crude Oil 19 2 17 BBL Human Error Chaves (05) No No
nGRL1033349437 Maverick Permian LLC Minor Release Other 7/23/10 Produced Water 13 13 0 BBL Equipment Failure Lea (25) No No
nGRL1033350412 BURGUNDY OIL & GAS OF N M INC Major Release Other 7/23/10 Produced Water 80 20 60 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nBP1025139233 CONOCOPHILLIPS COMPANY Minor Produced Water Release 7/23/10 Produced Water 20 20 0 BBL Equipment Failure Rio Arriba (39) No No
nMLB1021653123 BURNETT OIL CO INC Major Fire 7/23/10 Crude Oil 0 0 0 BBL Blow Out Eddy (15) No No
nBP1025953856 ENERGEN RESOURCES CORPORATION Produced Water Release 7/22/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nBP1025139044 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 7/22/10 Produced Water 7 0 7 BBL Corrosion Rio Arriba (39) No No

nJK1133649889
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 7/22/10 Produced Water 6 0 6 BBL Corrosion Rio Arriba (39) No No

nBP1025139961 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 7/22/10 Produced Water 7 0 7 BBL Corrosion Rio Arriba (39) No No
nBP1025953856 ENERGEN RESOURCES CORPORATION Produced Water Release 7/22/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nBP1025139044 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 7/22/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No

nJK1133649889
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 7/22/10 Condensate 1 0 1 BBL Corrosion Rio Arriba (39) No No

nBP1025139961 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 7/22/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nJK1123156181 WPX ENERGY PRODUCTION, LLC Produced Water Release 7/21/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nMLB1028134092 DORAL ENERGY CORP. Produced Water Release 7/21/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nJK1202630981 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 7/21/10 Produced Water 13 1 12 BBL San Juan (45) No No
nJK1203039687 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 7/21/10 Produced Water 13 1 12 BBL Equipment Failure San Juan (45) No No
nJMW1302353868 OXY USA WTP LIMITED PARTNERSHIP Produced Water Release 7/21/10 Produced Water 0 0 0 BBL Other Eddy (15) No No
nMLB1030139782 Spur Energy Partners LLC Minor Produced Water Release 7/20/10 Produced Water 15 13 2 BBL Corrosion Eddy (15) No No
nMLB1101830357 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 7/20/10 Produced Water 9 0 9 BBL Corrosion Eddy (15) No No
nBP1026431667 CONOCOPHILLIPS COMPANY Minor Produced Water Release 7/20/10 Produced Water 15 14 1 BBL Corrosion Rio Arriba (39) No No
nGRL1031636294 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/20/10 Produced Water 300 280 20 BBL Corrosion Lea (25) No No
nBP1026431667 CONOCOPHILLIPS COMPANY Minor Produced Water Release 7/20/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nBP1025149413 CONOCOPHILLIPS COMPANY Minor Produced Water Release 7/20/10 Produced Water 15 14 1 BBL Corrosion Rio Arriba (39) No No
nJXK1604731618 BURGUNDY OIL & GAS OF N M INC Produced Water Release 7/20/10 Produced Water 0 0 0 BBL Equipment Failure Lea (25) No No
nBP1025149413 CONOCOPHILLIPS COMPANY Minor Produced Water Release 7/20/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nMLB1023151336 Spur Energy Partners LLC Major Produced Water Release 7/20/10 Produced Water 60 4 56 BBL Equipment Failure Eddy (15) No No
nBP1026430134 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 7/19/10 Produced Water 71 38 33 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nBP1025149085 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 7/19/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
nBP1026430134 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 7/19/10 Crude Oil 4 2 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJK1206055695
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 7/19/10 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nBP1026430134 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 7/19/10 Other (Specify) 0 0 0 BBL San Juan (45) No No
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nBP1025149085 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 7/19/10 Produced Water 71 38 33 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nGRL1033352223 APACHE CORPORATION Minor Oil Release 7/19/10 Crude Oil 15 10 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nBP1025149085 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 7/19/10 Crude Oil 4 2 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJXK1535638800 Extex Operating Company Major Produced Water Release 7/18/10 Produced Water 122 110 12 BBL Equipment Failure Lea (25) No No
nGRL1229951208 COG OPERATING LLC Minor Produced Water Release 7/17/10 Produced Water 20 10 10 BBL Equipment Failure Lea (25) No No
nBP1026431336 CONOCOPHILLIPS COMPANY Major Produced Water Release 7/16/10 Produced Water 94 90 4 BBL Equipment Failure Rio Arriba (39) No No
nBP1025148893 CONOCOPHILLIPS COMPANY Major Produced Water Release 7/16/10 Produced Water 94 90 4 BBL Equipment Failure Rio Arriba (39) No No
nBP1026431336 CONOCOPHILLIPS COMPANY Major Produced Water Release 7/16/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nBP1025148893 CONOCOPHILLIPS COMPANY Major Produced Water Release 7/16/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nKMW1035631836 EOG Y RESOURCES, INC. Major Produced Water Release 7/15/10 Produced Water 50 0 50 BBL Corrosion Eddy (15) No No
nMLB1204133036 Major Produced Water Release 7/15/10 Produced Water 50 0 50 BBL Human Error Eddy (15) No No
nBP1027134859 MorningStar Operating LLC Produced Water Release 7/15/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nBP1027134859 MorningStar Operating LLC Produced Water Release 7/15/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nBP1025126843 ENERGEN RESOURCES CORPORATION Produced Water Release 7/14/10 Other (Specify) 0 0 0 BBL Rio Arriba (39) No No
nLWJ1019732835 ETC Texas Pipeline, Ltd. Minor Oil Release 7/14/10 Crude Oil 8 5 3 BBL Other Lea (25) No No
nBP1025126843 ENERGEN RESOURCES CORPORATION Produced Water Release 7/14/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nGRL1031631004 TARGA MIDSTREAM SERVICES LLC Minor Release Other 7/14/10 Natural Gas Liquids 10 3 7 BBL Corrosion Lea (25) No No
nKMW1035630971 ENERVEST OPERATING L.L.C. Major Produced Water Release 7/14/10 Produced Water 60 0 60 BBL Equipment Failure Eddy (15) No No
nBP1025954777 HALLADOR PETROLEUM LLP Produced Water Release 7/13/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nBP1026428962 HALLADOR PETROLEUM LLP Produced Water Release 7/13/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nGRL1031639493 CONOCOPHILLIPS COMPANY Minor Oil Release 7/13/10 Crude Oil 16 12 4 BBL Equipment Failure Lea (25) No No
nBP1025955039 HALLADOR PETROLEUM LLP Produced Water Release 7/13/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nGRL1022148309 BXP Operating, LLC Major Release Other 7/13/10 Drilling Mud/Fluid 70 30 40 BBL Human Error Lea (25) No No
nGRL1031637736 OCCIDENTAL PERMIAN LTD Major Produced Water Release 7/12/10 Produced Water 40 5 35 BBL Corrosion Lea (25) No No
nJXK1535553288 Spur Energy Partners LLC Major Produced Water Release 7/12/10 Produced Water 35 30 5 BBL Equipment Failure Lea (25) No No
nJXK1601148529 Spur Energy Partners LLC Major Produced Water Release 7/11/10 Produced Water 600 520 80 BBL Equipment Failure Lea (25) No No
nGRL1033354603 APACHE CORPORATION Minor Release Other 7/10/10 Other (Specify) 20 18 2 BBL Other Lea (25) No No
nGRL1031634517 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 7/10/10 Crude Oil 15 5 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nGRL1035155336 COBALT OPERATING, LLC Other 7/9/10 Other (Specify) 2565000 2000000 565000 LBS Other Lea (25) No No
nGRL1032629503 LINN OPERATING, LLC. Minor Release Other 7/9/10 Drilling Mud/Fluid 15 0 15 BBL Normal Operations Lea (25) No No
nBP1026448466 SIMCOE LLC Minor Oil Release 7/9/10 Crude Oil 18 9 9 BBL Equipment Failure San Juan (45) No No
nLWJ1019741781 Spur Energy Partners LLC Major Produced Water Release 7/9/10 Produced Water 60 57 3 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nJXK1610238678 BXP Operating, LLC Other 7/9/10 Unknown 0 0 0 BBL Other Lea (25) No No
nJK1133640729 DUGAN PRODUCTION CORP Produced Water Release 7/9/10 Produced Water 0 0 0 BBL Normal Operations San Juan (45) No No
nGRL1022257052 CART HILL ENERGY, LLC Produced Water Release 7/9/10 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nGRL1404936195 LINN OPERATING, LLC. Major Produced Water Release 7/9/10 Produced Water 25 0 25 BBL Other Lea (25) No No
nGRL1022257052 CART HILL ENERGY, LLC Produced Water Release 7/9/10 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nGRL1404936195 LINN OPERATING, LLC. Major Produced Water Release 7/9/10 Crude Oil 5 0 5 BBL Other Lea (25) No No
nGRL1022142200 DCP OPERATING COMPANY, LP Minor Oil Release 7/8/10 Crude Oil 23 18 5 BBL Corrosion Lea (25) No No
nLWJ1019648397 CANO PETRO OF NEW MEXICO, INC. Other 7/7/10 Other (Specify) 1 1 0 BBL Other Chaves (05) No No
nLWJ1019429623 ETC Texas Pipeline, Ltd. Minor Oil Release 7/7/10 Crude Oil 10 2 8 BBL Human Error Lea (25) No No
nKMW1035543921 TANDEM ENERGY CORPORATION Major Oil Release 7/7/10 Crude Oil 69 49 20 BBL Equipment Failure Eddy (15) No No
nKMW1035628897 BOPCO, L.P. Major Produced Water Release 7/7/10 Produced Water 90 80 10 BBL Equipment Failure Eddy (15) No No
nKMW1106134361 Spur Energy Partners LLC Major Produced Water Release 7/7/10 Produced Water 460 210 250 BBL Other Eddy (15) No No
nGRL1027456969 CELERO ENERGY II, LP Major Oil Release 7/6/10 Crude Oil 415 390 25 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nKMW1035625301 BOPCO, L.P. Minor Oil Release 7/5/10 Crude Oil 5 0 5 BBL Equipment Failure Eddy (15) No No
nKMW1035627612 BOPCO, L.P. Minor Oil Release 7/5/10 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nKMW1035625301 BOPCO, L.P. Minor Oil Release 7/5/10 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nLWJ1019530957 FASKEN OIL & RANCH LTD Major Produced Water Release 7/5/10 B.S. & W. 28 22 6 BBL Corrosion Lea (25) No No
nKMW1035627612 BOPCO, L.P. Minor Oil Release 7/5/10 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nGRL1031436824 DEVON ENERGY PRODUCTION COMPANY, LP Major Oil Release 7/4/10 Crude Oil 80 77 3 BBL Corrosion Lea (25) No No
nMLB1030158102 Spur Energy Partners LLC Minor Produced Water Release 7/4/10 Produced Water 20 23 -3 BBL Equipment Failure Eddy (15) No No
nMLB1115432886 ARAPAHOE OILFIELD SERVICES, LLC Major Produced Water Release 7/3/10 Produced Water 120 0 120 BBL Human Error Eddy (15) No No
nMLB1028134966 DORAL ENERGY CORP. Produced Water Release 7/2/10 Produced Water 0 8 0 BBL Equipment Failure Eddy (15) No No
nKMW1035634128 BXP Operating, LLC Major Oil Release 7/2/10 Crude Oil 40 20 20 BBL Equipment Failure Eddy (15) No No
nGRL1031437678 CHEVRON U S A INC Minor Oil Release 7/2/10 Crude Oil 20 5 15 BBL Human Error Lea (25) No No
nKMW1110153254 EOG Y RESOURCES, INC. Major Produced Water Release 7/2/10 Produced Water 70 50 20 BBL Equipment Failure Eddy (15) No No
nKMW1035633291 Spur Energy Partners LLC Minor Oil Release 7/2/10 Crude Oil 20 25 -5 BBL Equipment Failure Eddy (15) No No
nMLB1028134674 DORAL ENERGY CORP. Produced Water Release 7/1/10 Produced Water 0 0 0 BBL Equipment Failure Eddy (15) No No
nLWJ1019432769 ETC Texas Pipeline, Ltd. Minor Oil Release 7/1/10 B.S. & W. 6 0 6 BBL Corrosion Lea (25) No No
nBP1025127363 ENERGEN RESOURCES CORPORATION Produced Water Release 6/30/10 Produced Water 0 0 0 BBL Other Sandoval (43) No No
nMLB1033638700 Silverback Operating II, LLC Major Oil Release 6/30/10 Crude Oil 56 0 56 BBL Corrosion Eddy (15) No No
nBP1026438355 KOCH EXPLORATION COMPANY, LLC Produced Water Release 6/30/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nBP1026447665 KOCH EXPLORATION COMPANY, LLC Produced Water Release 6/30/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nBP1025149763 NOBLE ENERGY INC Major Produced Water Release 6/29/10 Produced Water 40 40 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nGRL1033432578 APACHE CORPORATION Minor Produced Water Release 6/29/10 Produced Water 18 0 18 BBL Corrosion Lea (25) No No
nKMW1035645320 Spur Energy Partners LLC Major Produced Water Release 6/28/10 Produced Water 300 298 2 BBL Equipment Failure Eddy (15) No No
nGRL1027261323 Maverick Permian LLC Minor Produced Water Release 6/28/10 Produced Water 9 4 5 BBL Corrosion Lea (25) No No
nBP1026532232 WPX ENERGY PRODUCTION, LLC Produced Water Release 6/28/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nGRL1021156848 CART HILL ENERGY, LLC Oil Release 6/28/10 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nBP1026531322 WPX ENERGY PRODUCTION, LLC Produced Water Release 6/28/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nMLB1020852567 Murchison Oil and Gas, LLC Minor Release Other 6/28/10 Diesel 385 0 385 GAL Human Error Eddy (15) No No
nBP1026439853 CONOCOPHILLIPS COMPANY Minor Produced Water Release 6/28/10 Produced Water 12 10 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nGRL1021156848 CART HILL ENERGY, LLC Oil Release 6/28/10 Produced Water 3 1 2 BBL Corrosion Lea (25) No No
nGRL1027455920 SOUTHWEST ROYALTIES INC Minor Produced Water Release 6/27/10 Produced Water 15 10 5 BBL Corrosion Lea (25) No No
nMLB1023942085 MELROSE OPERATING COMPANY Major Produced Water Release 6/26/10 Produced Water 155 155 0 BBL Overflow - Tank, Pit, Etc. Eddy (15) No No
nBP1026531891 WPX ENERGY PRODUCTION, LLC Produced Water Release 6/25/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nGRL1021156218 CART HILL ENERGY, LLC Oil Release 6/25/10 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nGRL1021156218 CART HILL ENERGY, LLC Oil Release 6/25/10 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nKMW1035725961 COG OPERATING LLC Major Oil Release 6/24/10 Crude Oil 50 0 50 BBL Equipment Failure Eddy (15) No No
nKMW1110154023 EOG Y RESOURCES, INC. Minor Produced Water Release 6/24/10 Produced Water 20 0 20 BBL Human Error Eddy (15) No No
nJXK1535130509 ENERVEST OPERATING L.L.C. Minor Produced Water Release 6/23/10 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nGRL1018856703 BXP Operating, LLC Minor Oil Release 6/23/10 Crude Oil 1 0 1 BBL Human Error Lea (25) No No
nGRL1018856703 BXP Operating, LLC Minor Oil Release 6/23/10 Produced Water 5 0 5 BBL Human Error Lea (25) No No
nJK1215225503 WPX ENERGY PRODUCTION, LLC Oil Release 6/22/10 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKMW1110142039 EOG Y RESOURCES, INC. Major Produced Water Release 6/22/10 Produced Water 100 80 20 BBL Corrosion Eddy (15) No No
nBP1025126445 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 6/21/10 Produced Water 36 25 11 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nBP1025140321 SIMCOE LLC Major Oil Release 6/21/10 Condensate 64 0 64 BBL Equipment Failure San Juan (45) No No
nGRL1018852944 COG OPERATING LLC Major Produced Water Release 6/21/10 Produced Water 45 35 10 BBL Human Error Lea (25) No No
nBP1026533061 SIMCOE LLC Major Oil Release 6/21/10 Condensate 50 0 50 BBL Corrosion San Juan (45) No No
nBP1026531097 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 6/21/10 Produced Water 36 35 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKMW1035641356 COG OPERATING LLC Major Produced Water Release 6/21/10 Produced Water 200 195 5 BBL Equipment Failure Eddy (15) No No
nLWJ1017951562 TARGA MIDSTREAM SERVICES LLC Minor Other 6/20/10 Lube Oil 10 5 5 BBL Other Lea (25) No No
nLWJ1019732255 ETC Texas Pipeline, Ltd. Minor Oil Release 6/19/10 Crude Oil 7 0 7 BBL Corrosion Lea (25) No No
nGRL1018855882 POGO OIL & GAS OPERATING, INC Major Produced Water Release 6/19/10 Produced Water 785 730 55 BBL Equipment Failure Lea (25) No No
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nKMW1035726814 Spur Energy Partners LLC Minor Oil Release 6/19/10 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nJXK1535532182 Spur Energy Partners LLC Major Produced Water Release 6/18/10 Produced Water 1260 980 280 BBL Equipment Failure Lea (25) No No
nJK1201152040 WPX ENERGY PRODUCTION, LLC Produced Water Release 6/18/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJXK1606056143 APACHE CORPORATION Major Produced Water Release 6/18/10 Produced Water 50 30 20 BBL Corrosion Lea (25) No No
nLWJ1017649753 Spur Energy Partners LLC Minor Produced Water Release 6/18/10 Produced Water 15 10 5 BBL Equipment Failure Lea (25) No No
nJXK1620134734 OWL SWD OPERATING, LLC Major Produced Water Release 6/18/10 Produced Water 30 0 30 BBL Equipment Failure Lea (25) No No
nKMW1035648988 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 6/18/10 Produced Water 60 0 60 BBL Corrosion Eddy (15) No No
nLWJ1017254245 RICE OPERATING COMPANY Major Produced Water Release 6/17/10 Produced Water 70 45 25 BBL Equipment Failure Lea (25) No No
nLWJ1017254061 RICE OPERATING COMPANY Major Produced Water Release 6/17/10 Produced Water 70 45 25 BBL Corrosion Lea (25) No No
nKMW1035650831 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/17/10 Produced Water 10 0 10 BBL Equipment Failure Eddy (15) No No
nGRL1027258183 SIANA OPERATING LLC Major Produced Water Release 6/16/10 Produced Water 100 60 40 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nAPP2132751407 DJR OPERATING, LLC Major Produced Water Release 6/15/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nKMW1035646177 BOPCO, L.P. Major Oil Release 6/14/10 Crude Oil 90 80 10 BBL Corrosion Eddy (15) No No
nKMW1035650013 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 6/13/10 Produced Water 30 10 20 BBL Equipment Failure Eddy (15) No No
nGRL1027259693 MorningStar Operating LLC Major Produced Water Release 6/13/10 Produced Water 264 180 84 BBL Corrosion Lea (25) No No
nLWJ1017649117 Spur Energy Partners LLC Major Produced Water Release 6/12/10 Produced Water 70 65 5 BBL Equipment Failure Lea (25) No No
nGRL1031434848 SIANA OPERATING LLC Major Produced Water Release 6/11/10 Produced Water 30 25 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nLWJ1016951614 ENERGEN RESOURCES CORPORATION Minor Produced Water Release 6/11/10 Produced Water 10 9 1 BBL Other Lea (25) No No
nLWJ1017252763 Spur Energy Partners LLC Major Produced Water Release 6/11/10 Produced Water 90 15 75 BBL Equipment Failure Lea (25) No No
nLWJ1016256531 STEPHENS & JOHNSON OP CO Minor Produced Water Release 6/11/10 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nBP1025147529 XTO ENERGY, INC Produced Water Release 6/11/10 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nMLB1016137418 APOLLO ENERGY, L.P. Produced Water Release 6/10/10 Produced Water 0 0 0 BBL Other Eddy (15) No No
nLWJ1016954547 CHEVRON MIDCONTINENT, L.P. Minor Produced Water Release 6/10/10 Produced Water 7 5 2 BBL Equipment Failure Lea (25) No No
nBP1026532673 XTO ENERGY, INC Minor Oil Release 6/10/10 Condensate 18 0 18 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nKMW1035729870 Spur Energy Partners LLC Major Produced Water Release 6/10/10 Produced Water 80 20 60 BBL Equipment Failure Eddy (15) No No
nLWJ1016132531 Contango Resources, LLC Minor Produced Water Release 6/9/10 Produced Water 5 2 3 BBL Human Error Lea (25) No No
nGRL1018142777 CART HILL ENERGY, LLC Minor Produced Water Release 6/8/10 Produced Water 20 0 20 BBL Corrosion Lea (25) No No
nBP1026531655 XTO ENERGY, INC Produced Water Release 6/8/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nJK1206037466 XTO ENERGY, INC Oil Release 6/8/10 Other (Specify) 0 0 0 BBL Normal Operations San Juan (45) No No
nGRL1027256596 SIANA OPERATING LLC Major Produced Water Release 6/8/10 Produced Water 200 130 70 BBL Corrosion Lea (25) No No
nJMW1231341442 CHEVRON MIDCONTINENT, L.P. Major Produced Water Release 6/7/10 Produced Water 4 0 4 BBL Corrosion Eddy (15) No No
nLWJ1015941346 RICE OPERATING COMPANY Major Produced Water Release 6/7/10 Produced Water 700 600 100 BBL Equipment Failure Lea (25) No No
nJXK1604733259 APACHE CORP Major Produced Water Release 6/7/10 Produced Water 25 15 10 BBL Human Error Lea (25) No No
nBP1026534170 XTO ENERGY, INC Produced Water Release 6/7/10 Produced Water 3 0 3 BBL Corrosion San Juan (45) No No
nLWJ1015933599 RICE OPERATING COMPANY Major Produced Water Release 6/6/10 Produced Water 70 60 10 BBL Equipment Failure Lea (25) No No
nKMW1035732429 Silverback Operating II, LLC Major Produced Water Release 6/6/10 Produced Water 30 0 30 BBL Equipment Failure Eddy (15) No No
nLWJ1015932854 RICE OPERATING COMPANY Major Produced Water Release 6/4/10 Produced Water 60 50 10 BBL Equipment Failure Lea (25) No No
nBP1026533833 XTO ENERGY, INC Oil Release 6/4/10 Condensate 0 0 0 BBL Equipment Failure San Juan (45) No No
nBP1026540730 XTO ENERGY, INC Oil Release 6/4/10 Crude Oil 3 0 3 BBL Equipment Failure San Juan (45) No No
nLWJ1015928303 TARGA MIDSTREAM SERVICES LLC Minor Oil Release 6/4/10 Crude Oil 5 4 1 BBL Corrosion Lea (25) No No
nBP1026530273 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 6/3/10 Produced Water 75 70 5 BBL Human Error Rio Arriba (39) No No
nSAD1417755224 APACHE CORPORATION Major Produced Water Release 6/2/10 Produced Water 30 20 10 BBL Human Error Lea (25) No No
nKMW1035731740 EOG Y RESOURCES, INC. Major Oil Release 6/2/10 Crude Oil 50 39 11 BBL Equipment Failure Eddy (15) No No
nLWJ1031634211 PLAINS MARKETING L.P. Minor Oil Release 6/1/10 Crude Oil 11 0 11 BBL Equipment Failure Lea (25) No No
nGRL1031435971 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 6/1/10 Produced Water 15 0 15 BBL Corrosion Lea (25) No No
nBP1026540475 XTO ENERGY, INC Produced Water Release 6/1/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nLWJ1016934914 Extex Operating Company Major Produced Water Release 5/31/10 Produced Water 189 175 14 BBL Lightning Lea (25) No No
nJXK1535236298 Spur Energy Partners LLC Major Produced Water Release 5/29/10 Produced Water 80 60 20 BBL Equipment Failure Lea (25) No No
nMLB1016045970 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 5/27/10 Produced Water 15 0 15 BBL Equipment Failure Eddy (15) No No
nGRL1026542051 TARGA MIDSTREAM SERVICES LLC Major Release Other 5/27/10 Brine Water 20 5 15 BBL Human Error Lea (25) No No
nGRL1026542051 TARGA MIDSTREAM SERVICES LLC Major Release Other 5/27/10 Other (Specify) 170 40 130 BBL Human Error Lea (25) No No
nGRL1020035774 Acacia Operating Company, LLC Major Oil Release 5/25/10 Crude Oil 180 0 180 BBL Corrosion Lea (25) No No
nBP1026535154 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 5/25/10 Produced Water 10 4 6 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nBP1026535376 NOBLE ENERGY INC Major Produced Water Release 5/25/10 Produced Water 40 40 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nBP1027141615 HUNTINGTON ENERGY, LLC Major Oil Release 5/24/10 Condensate 26 0 26 BBL Equipment Failure San Juan (45) No No
nGRL1020038313 BC OPERATING, INC. Produced Water Release 5/24/10 Produced Water 4 3 1 BBL Human Error Lea (25) No No
nBP1026534414 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/24/10 Produced Water 10 9 1 BBL Corrosion San Juan (45) No No

nJK1206054357
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 5/24/10 Crude Oil 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nJXK1535545321 Spur Energy Partners LLC Minor Produced Water Release 5/23/10 Produced Water 9 8 1 BBL Equipment Failure Lea (25) No No

nGRL1021441704
NEW MEXICO SALT WATER DISPOSAL 
COMPANY Major Produced Water Release 5/23/10 Produced Water 130 120 10 BBL Overflow - Tank, Pit, Etc. Lea (25) No No

nLWJ1015956699 Contango Resources, LLC Major Produced Water Release 5/22/10 Produced Water 50 40 10 BBL Equipment Failure Lea (25) No No
nGRL1021442772 OCCIDENTAL PERMIAN LTD Major Produced Water Release 5/21/10 Produced Water 250 210 40 BBL Equipment Failure Lea (25) No No
nBP1027141134 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 5/21/10 Crude Oil 10 9 1 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nBP1027140528 BURLINGTON RESOURCES OIL & GAS CO Major Oil Release 5/21/10 Condensate 45 0 45 BBL Vandalism San Juan (45) No No

nJK1133647924
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 5/21/10 Condensate 45 0 45 BBL Vandalism San Juan (45) No No

nBP1027140731 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/20/10 Produced Water 10 0 10 BBL Corrosion Rio Arriba (39) No No
nMLB1016047459 PHX Energy, LLC Major Produced Water Release 5/19/10 Produced Water 50 0 0 BBL Equipment Failure Eddy (15) No No
nCS1532929763 BP AMERICA PRODUCTION COMPANY Other 5/19/10 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nCS1524750103 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 5/19/10 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nJK1132541318 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/19/10 Produced Water 10 10 0 BBL Corrosion Rio Arriba (39) No No
nLWJ1014442480 Spur Energy Partners LLC Major Produced Water Release 5/19/10 Produced Water 70 50 20 BBL Corrosion Lea (25) No No
nMLB1014041598 BAM Permian Operating, LLC Major Release Other 5/19/10 Condensate 112 0 112 BBL Corrosion Eddy (15) No No
nKMW1035742614 BAM Permian Operating, LLC Major Oil Release 5/19/10 Crude Oil 128 0 128 BBL Equipment Failure Eddy (15) No No
nKMW1035742614 BAM Permian Operating, LLC Major Oil Release 5/19/10 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nBP1026635683 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/19/10 Produced Water 10 9 1 BBL Corrosion Rio Arriba (39) No No
nKMW1035736062 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/18/10 Produced Water 9 9 0 BBL Equipment Failure Eddy (15) No No
nKMW1035736062 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/18/10 Crude Oil 4 3 1 BBL Equipment Failure Eddy (15) No No
nKMW1108239438 CIMAREX ENERGY CO. OF COLORADO Major Produced Water Release 5/18/10 Produced Water 550 520 30 BBL Equipment Failure Eddy (15) No No
nGRL1013260977 REMNANT OIL OPERATING, LLC Major Oil Release 5/18/10 Crude Oil 4 2 2 BBL Corrosion Lea (25) No No
nGRL1013260977 REMNANT OIL OPERATING, LLC Major Oil Release 5/18/10 Produced Water 31 13 18 BBL Corrosion Lea (25) No No
nLWJ1014441972 Spur Energy Partners LLC Major Produced Water Release 5/17/10 Produced Water 25 20 5 BBL Equipment Failure Lea (25) No No
nBP1027051711 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 5/17/10 Produced Water 25 24 1 BBL Corrosion San Juan (45) No No
nLWJ1014456827 FAE II Operating LLC Minor Produced Water Release 5/17/10 B.S. & W. 5 0 5 BBL Other Lea (25) No No
nKMW1035743228 BAM Permian Operating, LLC Major Produced Water Release 5/16/10 Produced Water 100 0 100 BBL Corrosion Eddy (15) No No
nGRL1013942583 OCCIDENTAL PERMIAN LTD Major Produced Water Release 5/15/10 Produced Water 350 310 40 BBL Corrosion Lea (25) No No
nOY1735442692 EOG Y RESOURCES, INC. Minor Produced Water Release 5/15/10 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nBP1027141308 ENERGEN RESOURCES CORPORATION Produced Water Release 5/13/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nKMW1035733871 BOPCO, L.P. Major Produced Water Release 5/13/10 Produced Water 320 300 20 BBL Equipment Failure Eddy (15) No No
nKMW1035734744 BOPCO, L.P. Major Produced Water Release 5/13/10 Produced Water 280 260 20 BBL Equipment Failure Eddy (15) No No
nKMW1035733871 BOPCO, L.P. Major Produced Water Release 5/13/10 Crude Oil 8 8 0 BBL Equipment Failure Eddy (15) No No
nKMW1035734744 BOPCO, L.P. Major Produced Water Release 5/13/10 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nKMW1035743946 COG OPERATING LLC Major Produced Water Release 5/12/10 Produced Water 300 200 100 BBL Equipment Failure Eddy (15) No No
nBP1025138360 XTO ENERGY, INC Produced Water Release 5/12/10 Produced Water 2 0 2 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
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nBP1026627665 XTO ENERGY, INC Major Produced Water Release 5/12/10 Produced Water 25 24 1 BBL Corrosion San Juan (45) No No
nBP1027139254 ENERGEN RESOURCES CORPORATION Produced Water Release 5/12/10 Produced Water 4 0 4 BBL Equipment Failure Rio Arriba (39) No No
nLWJ1013052063 WARREN AMERICAN OIL CO Minor Produced Water Release 5/10/10 Crude Oil 2 1 1 BBL Corrosion Lea (25) No No
nAPM2334049114 Enterprise Field Services, LLC Minor Oil Release 5/10/10 Crude Oil 10 1 9 BBL Corrosion Lea (25) No No
nLWJ1013052063 WARREN AMERICAN OIL CO Minor Produced Water Release 5/10/10 Produced Water 8 5 3 BBL Corrosion Lea (25) No No
nLWJ1014030073 TANDEM ENERGY CORPORATION Major Oil Release 5/10/10 Crude Oil 85 0 85 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nKMW1035747007 BOPCO, L.P. Minor Oil Release 5/8/10 Crude Oil 10 0 10 BBL Equipment Failure Eddy (15) No No
nKMW1035747007 BOPCO, L.P. Minor Oil Release 5/8/10 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No
nJXK1535637207 Spur Energy Partners LLC Major Produced Water Release 5/7/10 Produced Water 55 50 5 BBL Equipment Failure Lea (25) No No
nGRL1013948809 Spur Energy Partners LLC Major Oil Release 5/7/10 Crude Oil 6 5 1 BBL Equipment Failure Lea (25) No No
nGRL1013948809 Spur Energy Partners LLC Major Oil Release 5/7/10 Produced Water 49 45 4 BBL Equipment Failure Lea (25) No No
nKMW1035538024 Spur Energy Partners LLC Major Produced Water Release 5/6/10 Produced Water 450 450 0 BBL Equipment Failure Eddy (15) No No
nKMW1107641950 Spur Energy Partners LLC Major Produced Water Release 5/6/10 Produced Water 100 10 90 BBL Equipment Failure Eddy (15) No No
nLWJ1012757011 CONOCOPHILLIPS COMPANY Major Other 5/5/10 B.S. & W. 87 66 21 BBL Other Lea (25) No No
nKMW1035746429 BOPCO, L.P. Major Produced Water Release 5/5/10 Produced Water 25 15 10 BBL Equipment Failure Eddy (15) No No
nKMW1035746429 BOPCO, L.P. Major Produced Water Release 5/5/10 Crude Oil 5 5 0 BBL Equipment Failure Eddy (15) No No
nBP1026550437 CONOCOPHILLIPS COMPANY Major Produced Water Release 5/4/10 Produced Water 46 35 11 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1001137919 XOG OPERATING LLC Oil Release 5/4/10 Drilling Mud/Fluid 0 0 0 BBL Eddy (15) No No
nBP1026552932 XTO ENERGY, INC Major Produced Water Release 5/4/10 Produced Water 37 0 37 BBL Corrosion San Juan (45) No No
nLWJ1013834596 Spur Energy Partners LLC Major Produced Water Release 5/4/10 Produced Water 60 47 13 BBL Equipment Failure Lea (25) No No
nKMW1035745612 G and C Operating, LLC Major Produced Water Release 5/3/10 Produced Water 25 0 25 BBL Equipment Failure Eddy (15) No No
nBP1026550614 XTO ENERGY, INC Minor Oil Release 5/3/10 Condensate 9 1 8 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nBP1026533278 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 5/3/10 Produced Water 50 49 1 BBL Corrosion San Juan (45) No No
nBP1026635520 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 5/3/10 Produced Water 50 49 1 BBL Corrosion San Juan (45) No No
nGRL1013332423 CONOCOPHILLIPS COMPANY Minor Produced Water Release 5/2/10 Produced Water 21 10 11 BBL Corrosion Lea (25) No No
nLWJ1013032892 CHEVRON U S A INC Major Produced Water Release 5/1/10 Produced Water 88 50 38 BBL Equipment Failure Lea (25) No No
nGRL1013051775 TEAM OPERATING, L.L.C. Major Produced Water Release 5/1/10 Produced Water 80 60 20 BBL Corrosion Lea (25) No No
nKMW1110138117 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 4/30/10 Crude Oil 15 0 15 BBL Equipment Failure Eddy (15) No No
nKMW1110138117 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 4/30/10 Produced Water 5 0 5 BBL Equipment Failure Eddy (15) No No

nKMW1107650803
SANDRIDGE EXPLORATION AND PRODUCTION, 
LLC Major Produced Water Release 4/28/10 Produced Water 50 35 15 BBL Equipment Failure Eddy (15) No No

nBP1027051915 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 4/27/10 Produced Water 14 10 4 BBL Corrosion San Juan (45) No No
nBP1027232453 SIMCOE LLC Minor Produced Water Release 4/27/10 Produced Water 11 5 6 BBL Human Error San Juan (45) No No
nSEB1012548834 RILEY PERMIAN OPERATING COMPANY, LLC Major Produced Water Release 4/26/10 Produced Water 80 1 79 BBL Equipment Failure Eddy (15) No No
nMLB1022134929 EOG Y RESOURCES, INC. Oil Release 4/26/10 Crude Oil 0 0 0 BBL Corrosion Eddy (15) No No
nSAD1417755936 APACHE CORPORATION Minor Produced Water Release 4/26/10 Produced Water 12 9 3 BBL Equipment Failure Lea (25) No No
nGRL1013257172 SCOUT ENERGY MANAGEMENT LLC Minor Produced Water Release 4/25/10 Produced Water 20 0 20 BBL Equipment Failure Lea (25) No No
nGRL1013838489 Opal Operating Company LLC Minor Oil Release 4/25/10 Crude Oil 2 0 2 BBL Equipment Failure Lea (25) No No
nGRL1013259660 J R OIL, LTD. CO. Minor Oil Release 4/25/10 Crude Oil 8 6 2 BBL Equipment Failure Lea (25) No No
nGRL1013838489 Opal Operating Company LLC Minor Oil Release 4/25/10 Produced Water 5 0 5 BBL Equipment Failure Lea (25) No No
nGRL1013259660 J R OIL, LTD. CO. Minor Oil Release 4/25/10 Produced Water 14 14 0 BBL Equipment Failure Lea (25) No No
nKMW1035747830 EOG Y RESOURCES, INC. Major Produced Water Release 4/23/10 Produced Water 60 0 60 BBL Equipment Failure Eddy (15) No No
nAPP2110356466 RICE OPERATING COMPANY Major Produced Water Release 4/22/10 Other (Specify) 0 0 0 Lea (25) No No
nMLB1011352696 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/22/10 Produced Water 12 0 12 BBL Corrosion Eddy (15) No No
nMLB1017346079 EOG Y RESOURCES, INC. Major Oil Release 4/22/10 Crude Oil 93 42 51 BBL Corrosion Eddy (15) No No
nSEB1011259221 RAYBAW Operating, LLC Major Produced Water Release 4/21/10 Produced Water 85 15 70 BBL Lightning Eddy (15) No No
nGRL1011727164 HERMAN L. LOEB LLC Oil Release 4/21/10 Crude Oil 0 0 0 BBL Other Lea (25) No No
nBP1026533484 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/21/10 Produced Water 13 0 13 BBL Corrosion Rio Arriba (39) No No
nBP1026635344 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/21/10 Produced Water 12 0 12 BBL Corrosion Rio Arriba (39) No No
nBP1026635344 CONOCOPHILLIPS COMPANY Minor Produced Water Release 4/21/10 Condensate 1 0 1 BBL Corrosion Rio Arriba (39) No No
nGRL1013130127 CART HILL ENERGY, LLC Minor Produced Water Release 4/21/10 Produced Water 6 0 6 BBL Corrosion Lea (25) No No
nLWJ1012053090 Spur Energy Partners LLC Major Produced Water Release 4/20/10 Produced Water 181 180 1 BBL Equipment Failure Lea (25) No No
nGRL1011656306 ETC Texas Pipeline, Ltd. Minor 4/20/10 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No

nJK1206055019
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Oil Release 4/20/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No

nGRL1011656306 ETC Texas Pipeline, Ltd. Minor 4/20/10 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nGRL1106654277 Extex Operating Company Major Produced Water Release 4/19/10 Produced Water 25 0 25 BBL Other Lea (25) No No
nGRL1013135677 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 4/19/10 Produced Water 10 0 10 BBL Freeze Lea (25) No No
nGRL1106654277 Extex Operating Company Major Produced Water Release 4/19/10 Crude Oil 5 0 5 BBL Other Lea (25) No No
nBP1026550754 ENERGEN RESOURCES CORPORATION Minor Produced Water Release 4/19/10 Produced Water 7 7 0 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nGRL1018341744 Extex Operating Company Minor Oil Release 4/19/10 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nGRL1018341744 Extex Operating Company Minor Oil Release 4/19/10 Produced Water 14 0 14 BBL Corrosion Lea (25) No No
nGRL1023738266 Kratos Operating, LLC Minor Release Other 4/16/10 Drilling Mud/Fluid 10 0 10 BBL Other Lea (25) No No
nGRL1023736764 Kratos Operating, LLC Minor Release Other 4/16/10 Drilling Mud/Fluid 10 0 10 BBL Other Lea (25) No No
nBP1026635170 BURLINGTON RESOURCES OIL & GAS CO Minor Produced Water Release 4/16/10 Produced Water 6 0 6 BBL Corrosion Rio Arriba (39) No No
nGRL1013351539 Maverick Permian LLC Major Oil Release 4/16/10 Crude Oil 40 28 12 BBL Corrosion Lea (25) No No
nGRL1013351539 Maverick Permian LLC Major Oil Release 4/16/10 Produced Water 6 2 4 BBL Corrosion Lea (25) No No
nMLB1029554194 COG OPERATING LLC Major Produced Water Release 4/15/10 Produced Water 190 130 60 BBL Equipment Failure Eddy (15) No No
nLWJ1010449406 DCP OPERATING COMPANY, LP Major Oil Release 4/14/10 Natural Gas Liquids 25 0 25 BBL Other Lea (25) No No
nBP1026539852 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 4/13/10 Produced Water 45 40 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nJK1133649474 CONOCOPHILLIPS COMPANY Major Produced Water Release 4/13/10 Produced Water 56 50 6 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nBP1027237856 ENTERPRISE PRODUCTS OPERATING, LLC Minor Oil Release 4/13/10 Condensate 10 8 2 BBL Corrosion Rio Arriba (39) No No
nBP1027052092 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 4/13/10 Produced Water 45 40 5 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nBP1027139456 CONOCOPHILLIPS COMPANY Major Produced Water Release 4/13/10 Produced Water 56 50 6 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nKMW1101250493 OWL SWD OPERATING, LLC Major Produced Water Release 4/12/10 Produced Water 90 80 10 BBL Equipment Failure Eddy (15) No No

nKMW1101249539
SANDRIDGE EXPLORATION AND PRODUCTION, 
LLC Major Produced Water Release 4/12/10 Produced Water 335 320 15 BBL Equipment Failure Eddy (15) No No

nBP1027140247 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 4/9/10 Produced Water 20 19 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nCS1531332164 BURLINGTON RESOURCES OIL & GAS CO Oil Release 4/9/10 Other (Specify) 0 0 0 BBL Other San Juan (45) No No
nBP1027140000 WPX ENERGY PRODUCTION, LLC Minor Produced Water Release 4/8/10 Produced Water 6 5 1 BBL Human Error Rio Arriba (39) No No
nBP1026549893 XTO ENERGY, INC Minor Oil Release 4/8/10 Condensate 15 10 5 BBL Freeze San Juan (45) No No
nGRL1012056577 Spur Energy Partners LLC Minor Produced Water Release 4/7/10 Produced Water 8 5 3 BBL Corrosion Lea (25) No No
nLWJ1015526311 FAE II Operating LLC Other 4/7/10 Other (Specify) 1 0 1 BBL Other Lea (25) No No
nKMW1101239955 Spur Energy Partners LLC Major Produced Water Release 4/7/10 Produced Water 645 630 15 BBL Equipment Failure Eddy (15) No No
nBP1026550170 ENERGEN RESOURCES CORPORATION Major Oil Release 4/6/10 Condensate 62 13 49 BBL Freeze Rio Arriba (39) No No

nJK1206054885
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Produced Water Release 4/6/10 Produced Water 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No

nBP1026628544 ENTERPRISE PRODUCTS OPERATING, LLC Minor Produced Water Release 4/5/10 Glycol 23 0 23 BBL Equipment Failure San Juan (45) No No
nLWJ1011835665 APACHE CORPORATION Major Oil Release 4/5/10 B.S. & W. 60 55 5 BBL Equipment Failure Lea (25) No No
nMLB1025648019 OXY USA INC Major Oil Release 4/4/10 Crude Oil 40 30 10 BBL Corrosion Eddy (15) No No
nMLB1025648019 OXY USA INC Major Oil Release 4/4/10 Produced Water 5 0 5 BBL Corrosion Eddy (15) No No
nLWJ1014531934 TARGA MIDSTREAM SERVICES LLC Minor Other 4/3/10 Lube Oil 5 0 5 BBL Other Lea (25) No No
nGRL1013837522 EOG Y RESOURCES, INC. Minor Oil Release 4/2/10 Crude Oil 18 18 0 BBL Corrosion Lea (25) No No
nLWJ1012754630 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 3/31/10 Produced Water 100 0 100 BBL Equipment Failure Lea (25) No No
nRMD1010235050 WPX ENERGY PRODUCTION, LLC Major Produced Water Release 3/31/10 Produced Water 65 65 0 BBL Human Error Rio Arriba (39) No No
nLWJ1012657164 HARVARD PETROLEUM COMPANY, LLC Major Produced Water Release 3/31/10 Produced Water 100 0 100 BBL Human Error Lea (25) No No
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nBP1026550920 XTO ENERGY, INC Produced Water Release 3/31/10 Produced Water 0 0 0 BBL Equipment Failure San Juan (45) No No
nBP1027141490 ENERGEN RESOURCES CORPORATION Produced Water Release 3/31/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nBP1025141158 SIMCOE LLC Major Oil Release 3/30/10 Condensate 28 0 28 BBL Equipment Failure San Juan (45) No No

nJK1133646983
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Oil Release 3/30/10 Crude Oil 25 0 25 BBL Equipment Failure Rio Arriba (39) No No

nLWJ1009639651 CHEVRON U S A INC Major Fire 3/30/10 Produced Water 40 15 25 BBL Fire Lea (25) No No
nRMD1010234433 BP AMERICA PRODUCTION COMPANY Minor Produced Water Release 3/29/10 Produced Water 10 0 10 BBL Equipment Failure San Juan (45) No No

nJK1134040118
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 3/29/10 Produced Water 34 0 34 BBL Corrosion Rio Arriba (39) No No

nGRL1012741965 J R OIL, LTD. CO. Major Oil Release 3/29/10 Crude Oil 31 21 10 BBL Corrosion Lea (25) No No
nBP1026549126 CONOCOPHILLIPS COMPANY Major Other 3/28/10 Drilling Mud/Fluid 40 0 40 BBL Equipment Failure San Juan (45) No No
nBP1026537839 CONOCOPHILLIPS COMPANY Major Oil Release 3/28/10 Condensate 42 0 42 BBL Corrosion Rio Arriba (39) No No
nLWJ1011835118 APACHE CORPORATION Major Other 3/28/10 B.S. & W. 25 20 5 BBL Other Lea (25) No No
nBP1026537839 CONOCOPHILLIPS COMPANY Major Oil Release 3/28/10 Produced Water 3 0 3 BBL Corrosion Rio Arriba (39) No No
nMLB1029356140 Extex Operating Company Major Produced Water Release 3/27/10 Produced Water 150 140 10 BBL Equipment Failure Eddy (15) No No
nGRL1009942513 CART HILL ENERGY, LLC Major Produced Water Release 3/27/10 Produced Water 130 115 15 BBL Corrosion Lea (25) No No
nGRL1009942513 CART HILL ENERGY, LLC Major Produced Water Release 3/27/10 Crude Oil 10 5 5 BBL Corrosion Lea (25) No No
nLWJ1010339858 Spur Energy Partners LLC Major Produced Water Release 3/26/10 Produced Water 251 250 1 BBL Equipment Failure Lea (25) No No
nLWJ1009941344 FULFER OIL & CATTLE LLC Minor Oil Release 3/26/10 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nLWJ1010449859 DCP OPERATING COMPANY, LP Minor Oil Release 3/23/10 Crude Oil 10 0 10 BBL Corrosion Lea (25) No No
nLWJ1028748615 DCP OPERATING COMPANY, LP Minor Oil Release 3/23/10 Crude Oil 10 0 10 BBL Equipment Failure Lea (25) No No
nLWJ1010460306 TARGA MIDSTREAM SERVICES LLC Minor Oil Release 3/23/10 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nGRL1018342490 Extex Operating Company Minor Oil Release 3/23/10 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nGRL1027252693 LYNX OPERATING CO., INC. Minor Produced Water Release 3/23/10 Produced Water 24 0 24 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nGRL1018342490 Extex Operating Company Minor Oil Release 3/23/10 Produced Water 5 0 5 BBL Corrosion Lea (25) No No
nRMD1010948402 BLACK HILLS GAS RESOURCES, INC. Major Produced Water Release 3/22/10 Produced Water 100 95 5 BBL Equipment Failure Rio Arriba (39) No No
nBP1025141028 SIMCOE LLC Major Oil Release 3/22/10 Condensate 64 0 64 BBL Equipment Failure San Juan (45) No No
nRMD1010238344 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/22/10 Produced Water 15 15 0 BBL Equipment Failure Rio Arriba (39) No No
nRMD1010238344 CONOCOPHILLIPS COMPANY Minor Produced Water Release 3/22/10 Condensate 2 2 0 BBL Equipment Failure Rio Arriba (39) No No
nKMW1101252818 BOPCO, L.P. Major Oil Release 3/21/10 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No
nKMW1101255576 CHESAPEAKE OPERATING, INC. Major Produced Water Release 3/21/10 Produced Water 30 10 20 BBL Equipment Failure Eddy (15) No No
nRMD1010235437 XTO ENERGY, INC Major Produced Water Release 3/21/10 Produced Water 80 80 0 BBL Equipment Failure San Juan (45) No No
nKMW1101252818 BOPCO, L.P. Major Oil Release 3/21/10 Produced Water 25 20 5 BBL Equipment Failure Eddy (15) No No
nLWJ1010338690 Spur Energy Partners LLC Major Other 3/20/10 Produced Water 30 5 25 BBL Equipment Failure Lea (25) No No
nGRL1011656924 Empire New Mexico LLC Major Oil Release 3/20/10 Crude Oil 78 75 3 BBL Corrosion Lea (25) No No
nJK1211050321 SIMCOE LLC Minor Produced Water Release 3/20/10 Produced Water 17 17 0 BBL Corrosion San Juan (45) No No
nGRL1011656924 Empire New Mexico LLC Major Oil Release 3/20/10 Produced Water 9 3 6 BBL Corrosion Lea (25) No No
nLWJ1009035055 WARREN AMERICAN OIL CO Minor Oil Release 3/19/10 Crude Oil 10 7 3 BBL Vandalism Lea (25) No No
nGRL1012056000 BXP Operating, LLC Minor Oil Release 3/18/10 Crude Oil 2 1 1 BBL Corrosion Lea (25) No No
nGRL1012057698 MCDONNOLD OPERATING INC Major Produced Water Release 3/18/10 Produced Water 60 50 10 BBL Corrosion Lea (25) No No
nGRL1012336561 MCDONNOLD OPERATING INC Major Produced Water Release 3/18/10 Produced Water 60 40 20 BBL Corrosion Lea (25) No No
nGRL1012056000 BXP Operating, LLC Minor Oil Release 3/18/10 Produced Water 18 14 4 BBL Corrosion Lea (25) No No
nLWJ1011834641 APACHE CORPORATION Major Produced Water Release 3/17/10 Produced Water 50 0 50 BBL Equipment Failure Lea (25) No No
nRMD1010238705 XTO ENERGY, INC Minor Produced Water Release 3/16/10 Produced Water 21 20 1 BBL Equipment Failure San Juan (45) No No
nKMW1101257328 STEPHENS & JOHNSON OP CO Oil Release 3/16/10 Crude Oil 0 0 0 BBL Equipment Failure Eddy (15) No No
nLWJ1011834174 APACHE CORPORATION Major Oil Release 3/15/10 B.S. & W. 30 25 5 BBL Human Error Lea (25) No No
nGRL1011653431 Maverick Permian LLC Minor Oil Release 3/14/10 Crude Oil 3 3 0 BBL Corrosion Lea (25) No No
nGRL1013255165 Maverick Permian LLC Minor Oil Release 3/14/10 Crude Oil 3 3 0 BBL Corrosion Lea (25) No No
nGRL1011653431 Maverick Permian LLC Minor Oil Release 3/14/10 Other (Specify) 7 7 0 BBL Corrosion Lea (25) No No
nGRL1013255165 Maverick Permian LLC Minor Oil Release 3/14/10 Produced Water 7 7 0 BBL Corrosion Lea (25) No No
nLWJ1015834563 Spur Energy Partners LLC Major Produced Water Release 3/13/10 Produced Water 45 40 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nLWJ1011833368 APACHE CORPORATION Major Oil Release 3/13/10 B.S. & W. 130 75 55 BBL Equipment Failure Lea (25) No No
nKMW1107652510 Spur Energy Partners LLC Major Oil Release 3/13/10 Crude Oil 160 145 15 BBL Equipment Failure Eddy (15) No No
nMLB1100555124 OXY USA INC Major Oil Release 3/12/10 Crude Oil 65 8 57 BBL Corrosion Eddy (15) No No
nMLB1100555124 OXY USA INC Major Oil Release 3/12/10 Produced Water 90 52 38 BBL Corrosion Eddy (15) No No
nSEB1009835014 BOPCO, L.P. Minor Oil Release 3/10/10 Crude Oil 5 0 0 BBL Equipment Failure Eddy (15) No No
nSEB1009835014 BOPCO, L.P. Minor Oil Release 3/10/10 Produced Water 15 0 0 BBL Equipment Failure Eddy (15) No No
nSEB1009830326 BOPCO, L.P. Major Produced Water Release 3/9/10 Produced Water 310 300 10 BBL Equipment Failure Eddy (15) No No
nKMW1101253579 BOPCO, L.P. Minor Produced Water Release 3/9/10 Produced Water 10 5 5 BBL Equipment Failure Eddy (15) No No
nRMD1010949468 CONOCOPHILLIPS COMPANY Major Oil Release 3/9/10 Condensate 22 0 22 BBL Equipment Failure Rio Arriba (39) No No
nJK1206638221 CONOCOPHILLIPS COMPANY Major Oil Release 3/9/10 Crude Oil 22 0 22 BBL Corrosion Rio Arriba (39) No No
nSEB1009830326 BOPCO, L.P. Major Produced Water Release 3/9/10 Crude Oil 10 0 0 BBL Equipment Failure Eddy (15) No No
nKMW1101253579 BOPCO, L.P. Minor Produced Water Release 3/9/10 Crude Oil 10 3 7 BBL Equipment Failure Eddy (15) No No
nCS1503740084 BP AMERICA PRODUCTION COMPANY Oil Release 3/9/10 Crude Oil 0 0 0 BBL Other San Juan (45) No No
nJK1206638221 CONOCOPHILLIPS COMPANY Major Oil Release 3/9/10 Produced Water 7 0 7 BBL Corrosion Rio Arriba (39) No No
nRMD1010949468 CONOCOPHILLIPS COMPANY Major Oil Release 3/9/10 Produced Water 7 0 7 BBL Equipment Failure Rio Arriba (39) No No
nCS1503740084 BP AMERICA PRODUCTION COMPANY Oil Release 3/9/10 Condensate 0 0 0 BBL Other San Juan (45) No No
nCS1503740084 BP AMERICA PRODUCTION COMPANY Oil Release 3/9/10 Produced Water 0 0 0 BBL Other San Juan (45) No No
nRMD1010951686 ELM RIDGE EXPLORATION COMPANY LLC Major Fire 3/8/10 Other (Specify) 0 0 0 BBL Lightning Rio Arriba (39) No No
nSEB1009829661 BOPCO, L.P. Major Oil Release 3/8/10 Crude Oil 45 40 5 BBL Human Error Eddy (15) No No
nGRL1013131535 SOUTHWEST ROYALTIES INC Minor Produced Water Release 3/7/10 Produced Water 22 20 2 BBL Corrosion Lea (25) No No
nGRL1013131535 SOUTHWEST ROYALTIES INC Minor Produced Water Release 3/7/10 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nGRL1011654694 OCCIDENTAL PERMIAN LTD Minor Produced Water Release 3/5/10 Produced Water 10 0 10 BBL Corrosion Lea (25) No No
nJK1122337987 CONOCOPHILLIPS COMPANY Oil Release 3/3/10 Unknown 0 0 0 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nGRL1006727265 CHEVRON U S A INC Major Produced Water Release 3/2/10 Produced Water 48 4 44 BBL Equipment Failure Lea (25) No No
nBP1027232905 XTO ENERGY, INC Major Oil Release 3/2/10 Condensate 68 40 28 BBL Equipment Failure San Juan (45) No No
nGRL1006727265 CHEVRON U S A INC Major Produced Water Release 3/2/10 Crude Oil 2 1 1 BBL Equipment Failure Lea (25) No No
nLWJ1028848163 PLAINS MARKETING L.P. Oil Release 3/1/10 Other (Specify) 0 0 0 BBL Other Lea (25) No No
nGRL1035035494 Spur Energy Partners LLC Minor Produced Water Release 2/26/10 Produced Water 21 20 1 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nGRL1006252016 CART HILL ENERGY, LLC Major Oil Release 2/26/10 Crude Oil 5 0 5 BBL Corrosion Lea (25) No No
nGRL1006252016 CART HILL ENERGY, LLC Major Oil Release 2/26/10 Produced Water 45 0 45 BBL Corrosion Lea (25) No No
nMLB1035136241 Spur Energy Partners LLC Major Produced Water Release 2/25/10 Produced Water 1822 1820 2 BBL Equipment Failure Eddy (15) No No
nBP1026539335 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 2/25/10 Produced Water 4 20 -16 BBL Overflow - Tank, Pit, Etc. San Juan (45) No No
nGRL1011652936 Spur Energy Partners LLC Minor Oil Release 2/25/10 Crude Oil 24 23 1 BBL Equipment Failure Lea (25) No No
nGRL1006237466 COBALT OPERATING, LLC Other 2/25/10 Other (Specify) 0 0 0 BBL Normal Operations Lea (25) No No
nRMD1010950890 BURLINGTON RESOURCES OIL & GAS CO Produced Water Release 2/25/10 Produced Water 4 4 0 BBL Other San Juan (45) No No
nBP1026538151 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 2/24/10 Condensate 15 0 15 BBL Corrosion San Juan (45) No No
nGRL1007040354 Opal Operating Company LLC Minor Oil Release 2/24/10 Crude Oil 2 1 1 BBL Freeze Lea (25) No No

nRMD1010954818
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 2/24/10 Condensate 15 0 15 BBL Corrosion San Juan (45) No No

nGRL1007040354 Opal Operating Company LLC Minor Oil Release 2/24/10 Produced Water 10 8 2 BBL Freeze Lea (25) No No
nAPP2119557775 Opal Operating Company LLC Minor Produced Water Release 2/24/10 Crude Oil 2 1 1 BBL Freeze Lea (25) No No
nAPP2119557775 Opal Operating Company LLC Minor Produced Water Release 2/24/10 Produced Water 10 8 2 BBL Freeze Lea (25) No No
nRMD1010953872 XTO ENERGY, INC Minor Oil Release 2/23/10 Condensate 14 10 4 BBL Equipment Failure Rio Arriba (39) No No
nRMD1010953872 XTO ENERGY, INC Minor Oil Release 2/23/10 Produced Water 7 0 7 BBL Equipment Failure Rio Arriba (39) No No
nRMD1010955756 SIMCOE LLC Oil Release 2/22/10 Condensate 0 0 0 BBL Other San Juan (45) No No
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nBP1025140597 SIMCOE LLC Oil Release 2/22/10 Crude Oil 0 0 0 BBL Equipment Failure San Juan (45) No No
nLWJ1005728998 COBALT OPERATING, LLC Other 2/22/10 Other (Specify) 0 0 0 BBL Other Lea (25) No No
nRMD1010956904 CONOCOPHILLIPS COMPANY Minor Oil Release 2/17/10 Condensate 8 0 8 BBL Equipment Failure Rio Arriba (39) No No
nBP1026538294 CONOCOPHILLIPS COMPANY Minor Oil Release 2/17/10 Condensate 8 0 8 BBL Corrosion Rio Arriba (39) No No
nGRL1013254754 OXY USA INC Major Produced Water Release 2/17/10 Produced Water 100 0 100 BBL Corrosion Lea (25) No No
nRMD1010253274 XTO ENERGY, INC Major Oil Release 2/16/10 Condensate 88 0 88 BBL Corrosion San Juan (45) No No
nRMD1010253274 XTO ENERGY, INC Major Oil Release 2/16/10 Produced Water 6 0 6 BBL Corrosion San Juan (45) No No
nBP1026540291 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 2/15/10 Crude Oil 5 0 5 BBL Equipment Failure Rio Arriba (39) No No

nRMD1010956374
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 2/15/10 Crude Oil 5 0 5 BBL Equipment Failure Rio Arriba (39) No No

nKMW1107638685 Spur Energy Partners LLC Major Produced Water Release 2/15/10 Produced Water 25 15 10 BBL Equipment Failure Eddy (15) No No
nKMW1101258082 SPECIAL ENERGY CORP Major Produced Water Release 2/15/10 Produced Water 30 20 10 BBL Equipment Failure Eddy (15) No No
nGRL1010531939 SIANA OPERATING LLC Major Release Other 2/14/10 Crude Oil 20 0 20 BBL Corrosion Lea (25) No No
nGRL1010531939 SIANA OPERATING LLC Major Release Other 2/14/10 Produced Water 180 140 40 BBL Corrosion Lea (25) No No
nLWJ1009949624 TARGA MIDSTREAM SERVICES LLC Minor Oil Release 2/12/10 Crude Oil 6 0 6 BBL Corrosion Lea (25) No No
nGRL1006057666 Spur Energy Partners LLC Major Produced Water Release 2/12/10 Produced Water 205 200 5 BBL Human Error Lea (25) No No
nLWJ1005036838 Spur Energy Partners LLC Major Other 2/12/10 Produced Water 205 200 5 BBL Human Error Lea (25) No No
nKMW1101256251 Silverback Operating II, LLC Major Oil Release 2/11/10 Condensate 54 0 54 BBL Freeze Eddy (15) No No
nKMW1101256251 Silverback Operating II, LLC Major Oil Release 2/11/10 Produced Water 9 0 9 BBL Freeze Eddy (15) No No
nMLB1005336396 LINN OPERATING, LLC. Major Oil Release 2/9/10 Crude Oil 25 20 5 BBL Equipment Failure Eddy (15) No No
nGRL1004056899 ARMSTRONG ENERGY CORP Release Other 2/8/10 Produced Water 0 0 0 BBL Lea (25) No No
nRMD1011036310 CONOCOPHILLIPS COMPANY Minor Produced Water Release 2/8/10 Produced Water 15 12 3 BBL Human Error Rio Arriba (39) No No
nJXK1620138458 EOG Y RESOURCES, INC. Minor Oil Release 2/8/10 Crude Oil 20 15 5 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nRMD1011036310 CONOCOPHILLIPS COMPANY Minor Produced Water Release 2/8/10 Lube Oil 5 4 1 BBL Human Error Rio Arriba (39) No No
nJK1134040777 CONOCOPHILLIPS COMPANY Minor Produced Water Release 2/8/10 Produced Water 15 12 3 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nJK1134040777 CONOCOPHILLIPS COMPANY Minor Produced Water Release 2/8/10 Lube Oil 5 4 1 BBL Overflow - Tank, Pit, Etc. Rio Arriba (39) No No
nMLB1009655670 B&D Operating LLC Major Oil Release 2/6/10 Crude Oil 26 0 26 BBL Corrosion Eddy (15) No No
nKMW1110134604 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 2/6/10 Produced Water 80 0 80 BBL Corrosion Eddy (15) No No

nGRL1010539051 HARVARD PETROLEUM COMPANY, LLC Major Release Other 2/5/10
Gelled Brine (Frac 
Fluid) 80 5 75 BBL Equipment Failure Chaves (05) No No

nGRL1007747102 POCO Resources LLC Oil Release 2/5/10 Crude Oil 1 0 1 BBL Corrosion Lea (25) No No
nGRL1006256838 CHESAPEAKE OPERATING, INC. Major Produced Water Release 2/5/10 Produced Water 600 545 55 BBL Overflow - Tank, Pit, Etc. Lea (25) No No
nMLB1004831009 Spur Energy Partners LLC Major Produced Water Release 2/5/10 Produced Water 100 80 20 BBL Equipment Failure Eddy (15) No No
nGRL1007747102 POCO Resources LLC Oil Release 2/5/10 Produced Water 3 0 3 BBL Corrosion Lea (25) No No
nJXK1620130557 BAM Permian Operating, LLC Major Produced Water Release 2/4/10 Produced Water 40 40 0 BBL Freeze Chaves (05) No No
nJXK1620130557 BAM Permian Operating, LLC Major Produced Water Release 2/4/10 Crude Oil 0 0 0 BBL Chaves (05) No No
nRMD1011036809 XTO ENERGY, INC Minor Produced Water Release 2/3/10 Produced Water 21 20 1 BBL Equipment Failure San Juan (45) No No
nKMW1101259064 COG OPERATING LLC Minor Produced Water Release 2/2/10 Produced Water 20 90 -70 BBL Corrosion Eddy (15) No No
nLWJ1003251419 CONOCOPHILLIPS COMPANY Major 2/1/10 Crude Oil 142 3 139 BBL Corrosion Lea (25) No No
nMLB1030833036 EOG Y RESOURCES, INC. Major Release Other 2/1/10 Condensate 126 0 126 BBL Corrosion Eddy (15) No No
nGRL1003233195 XTO ENERGY, INC Oil Release 2/1/10 Crude Oil 0 0 0 BBL Normal Operations Lea (25) No No
nGRL1003233195 XTO ENERGY, INC Oil Release 2/1/10 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nMLB1004233399 Extex Operating Company Major Produced Water Release 1/29/10 Produced Water 55 50 5 BBL Equipment Failure Eddy (15) No No
nGRL1012338608 CHEVRON U S A INC Minor Oil Release 1/29/10 Crude Oil 7 6 1 BBL Equipment Failure Lea (25) No No
nGRL1003635562 CONOCOPHILLIPS COMPANY Minor Oil Release 1/29/10 Crude Oil 14 10 4 BBL Corrosion Lea (25) No No
nLWJ1014734223 CHEVRON U S A INC Minor Oil Release 1/29/10 B.S. & W. 7 5 2 BBL Freeze Lea (25) No No
nRMD1011038196 DUGAN PRODUCTION CORP Major Oil Release 1/27/10 Condensate 140 24 116 BBL Corrosion San Juan (45) No No
nRMD1010253710 XTO ENERGY, INC Major Oil Release 1/27/10 Condensate 54 0 54 BBL Equipment Failure Rio Arriba (39) No No
nGRL1012337068 ETC Texas Pipeline, Ltd. Release Other 1/27/10 Glycol 3 0 3 BBL Other Lea (25) No No
nRMD1010254247 XTO ENERGY, INC Major Oil Release 1/25/10 Condensate 150 10 140 BBL Human Error Rio Arriba (39) No No
nBP1026539643 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 1/25/10 Produced Water 240 240 0 BBL Freeze San Juan (45) No No

nRMD1011036993
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 1/25/10 Produced Water 240 240 0 BBL Freeze San Juan (45) No No

nBP1026552413 XTO ENERGY, INC Major Oil Release 1/24/10 Condensate 160 0 160 BBL Human Error Rio Arriba (39) No No
nJXK1600454312 COG OPERATING LLC Minor Produced Water Release 1/23/10 Produced Water 24 0 24 BBL Equipment Failure Lea (25) No No
nGRL1007048574 LEGACY RESERVES OPERATING, LP Major Oil Release 1/22/10 Crude Oil 3 1 2 BBL Freeze Lea (25) No No
nKMW1108031601 EOG Y RESOURCES, INC. Minor Produced Water Release 1/22/10 Produced Water 18 10 8 BBL Equipment Failure Eddy (15) No No
nGRL1007048574 LEGACY RESERVES OPERATING, LP Major Oil Release 1/22/10 Produced Water 27 24 3 BBL Freeze Lea (25) No No
nGRL1007053727 CART HILL ENERGY, LLC Produced Water Release 1/22/10 Produced Water 4 0 4 BBL Freeze Lea (25) No No
nGRL1003158975 APACHE CORPORATION Minor Produced Water Release 1/22/10 Produced Water 10 5 5 BBL Corrosion Lea (25) No No

nRMD1011040391
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 1/20/10 Other (Specify) 5 5 0 BBL Freeze San Juan (45) No No

nGRL1003234956 Empire New Mexico LLC Oil Release 1/19/10 Crude Oil 0 0 0 BBL Normal Operations Lea (25) No No
nGRL1013253291 SCOUT ENERGY MANAGEMENT LLC Major Produced Water Release 1/19/10 Produced Water 38 10 28 BBL Corrosion Lea (25) No No
nGRL1003233859 Empire New Mexico LLC Oil Release 1/19/10 Crude Oil 0 0 0 BBL Normal Operations Lea (25) No No
nGRL1003234956 Empire New Mexico LLC Oil Release 1/19/10 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nGRL1003233859 Empire New Mexico LLC Oil Release 1/19/10 Produced Water 0 0 0 BBL Normal Operations Lea (25) No No
nLWJ1030950140 OXY USA WTP LIMITED PARTNERSHIP Minor Oil Release 1/19/10 B.S. & W. 10 0 10 BBL Normal Operations Lea (25) No No
nLWJ1003249653 Contango Resources, Inc. Minor Other 1/18/10 Brine Water 20 0 20 BBL Human Error Lea (25) No No
nLWJ1009650935 JAY MANAGEMENT COMPANY, LLC Major Produced Water Release 1/18/10 Produced Water 350 280 70 BBL Human Error Lea (25) No No
nLWJ1017531529 JAY MANAGEMENT COMPANY, LLC Major Produced Water Release 1/18/10 Produced Water 350 280 70 BBL Human Error Lea (25) No No
nMLB1004242112 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/16/10 Produced Water 33 0 33 BBL Freeze Eddy (15) No No
nMLB1004242112 DEVON ENERGY PRODUCTION COMPANY, LP Major Produced Water Release 1/16/10 Crude Oil 2 0 2 BBL Eddy (15) No No
nKMW1111143297 DEVON ENERGY PRODUCTION COMPANY, LP Minor Produced Water Release 1/14/10 Produced Water 8 0 8 BBL Equipment Failure Eddy (15) No No
nLWJ1008530833 FULFER OIL & CATTLE LLC Oil Release 1/14/10 Crude Oil 0 0 0 BBL Other Lea (25) No No
nGRL1003156977 OCCIDENTAL PERMIAN LTD Major Oil Release 1/13/10 Crude Oil 50 42 8 BBL Normal Operations Lea (25) No No
nAPP2217233972 El Paso Natural Gas Company, L.L.C Major Other 1/13/10 Other (Specify) 0 0 0 BBL Normal Operations Hidalgo (23) No No
nGRL1003156977 OCCIDENTAL PERMIAN LTD Major Oil Release 1/13/10 Produced Water 650 600 50 BBL Normal Operations Lea (25) No No
nGRL1003631883 CONOCOPHILLIPS COMPANY Major Oil Release 1/11/10 Crude Oil 5 5 0 BBL Human Error Lea (25) No No
nSEB1002032581 CHEVRON U S A INC Minor Produced Water Release 1/11/10 Produced Water 12 10 2 BBL Freeze Eddy (15) No No
nRMD1010240968 ENERGEN RESOURCES CORPORATION Produced Water Release 1/11/10 Produced Water 0 0 0 BBL Other Rio Arriba (39) No No
nGRL1003640324 PRIDE ENERGY COMPANY Produced Water Release 1/11/10 Produced Water 456 456 0 Corrosion Lea (25) No No
nGRL1003631883 CONOCOPHILLIPS COMPANY Major Oil Release 1/11/10 Produced Water 70 65 5 BBL Human Error Lea (25) No No
nMLB1004338184 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 1/10/10 Produced Water 30 15 15 BBL Equipment Failure Eddy (15) No No
nJXK1610447747 CONOCOPHILLIPS PIPELINE COMPANY Major Oil Release 1/10/10 Crude Oil 330 200 130 BBL Freeze Lea (25) No No
nKMW1101324750 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 1/9/10 Produced Water 30 5 25 BBL Equipment Failure Eddy (15) No No
nMLB1025941828 Spur Energy Partners LLC Minor Produced Water Release 1/9/10 Produced Water 15 12 3 BBL Equipment Failure Eddy (15) No No
nJXK1620955943 MorningStar Operating LLC Minor Produced Water Release 1/9/10 Produced Water 13 12 1 BBL Freeze Lea (25) No No
nKMW1101324750 OXY USA WTP LIMITED PARTNERSHIP Major Produced Water Release 1/9/10 Crude Oil 10 5 5 BBL Equipment Failure Eddy (15) No No
nJXK1620955943 MorningStar Operating LLC Minor Produced Water Release 1/9/10 Crude Oil 6 5 1 BBL Freeze Lea (25) No No
nKMW1101327569 OXY USA WTP LIMITED PARTNERSHIP Major Oil Release 1/8/10 Crude Oil 30 15 15 BBL Corrosion Eddy (15) No No

nRMD1011040704
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 1/8/10 Other (Specify) 6 5 1 BBL Freeze Rio Arriba (39) No No

nJK1134041144
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 1/8/10 Produced Water 1 0 1 BBL Freeze Rio Arriba (39) No No

nKMW1101325849 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 1/8/10 Produced Water 14 0 14 BBL Equipment Failure Eddy (15) No No
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nJK1134041144
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Produced Water Release 1/8/10 Other (Specify) 6 6 0 BBL Freeze Rio Arriba (39) No No

nRMD1011040704
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Minor Oil Release 1/8/10 Produced Water 1 1 0 BBL Freeze Rio Arriba (39) No No

nKMW1101325849 OXY USA WTP LIMITED PARTNERSHIP Minor Produced Water Release 1/8/10 Crude Oil 6 0 6 BBL Equipment Failure Eddy (15) No No
nGRL1001160523 TEAM OPERATING, L.L.C. Produced Water Release 1/7/10 Produced Water 0 0 0 BBL Other Lea (25) No No
nGRL1001160523 TEAM OPERATING, L.L.C. Produced Water Release 1/7/10 Crude Oil 0 0 0 BBL Other Lea (25) No No
nJK1134041738 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/6/10 Produced Water 99 99 0 BBL Freeze San Juan (45) No No
nGRL1001159648 TEAM OPERATING, L.L.C. Major Oil Release 1/6/10 Crude Oil 68 60 8 BBL Equipment Failure Lea (25) No No
nGRL1003552704 CART HILL ENERGY, LLC Oil Release 1/6/10 Crude Oil 2 0 2 BBL Corrosion Lea (25) No No
nGRL1001159648 TEAM OPERATING, L.L.C. Major Oil Release 1/6/10 Produced Water 612 540 72 BBL Equipment Failure Lea (25) No No
nRMD1011040102 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/6/10 Produced Water 100 99 1 BBL Freeze San Juan (45) No No
nJK1134041738 CONOCOPHILLIPS COMPANY Major Produced Water Release 1/6/10 Motor Oil 1 0 1 BBL Freeze San Juan (45) No No

nRMD1011039863
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 1/5/10 Produced Water 57 0 57 BBL Freeze San Juan (45) No No

nCS1510353271 SIMCOE LLC Oil Release 1/4/10 Condensate 0 0 0 BBL Other San Juan (45) No No
nMLB1106931205 Spur Energy Partners LLC Major Produced Water Release 1/4/10 Produced Water 50 0 50 BBL Equipment Failure Eddy (15) No No
nBP1026538449 BURLINGTON RESOURCES OIL & GAS CO Minor Oil Release 1/4/10 Motor Oil 5 5 0 BBL Freeze San Juan (45) No No
nGRL1000852783 FASKEN OIL & RANCH LTD Major Produced Water Release 1/3/10 Produced Water 680 640 40 BBL Equipment Failure Lea (25) No No
nGRL1000852783 FASKEN OIL & RANCH LTD Major Produced Water Release 1/3/10 0 0 0 BBL Lea (25) No No

nRMD1011041027
BURLINGTON RESOURCES OIL & GAS 
COMPANY LP Major Produced Water Release 1/2/10 Produced Water 30 10 20 BBL Equipment Failure San Juan (45) No No

nGRL1013134687 J R OIL, LTD. CO. Minor Oil Release 1/2/10 Crude Oil 10 9 1 BBL Freeze Lea (25) No No
nBP1026538936 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 1/2/10 Produced Water 30 10 20 BBL Equipment Failure San Juan (45) No No
nBP1026539130 BURLINGTON RESOURCES OIL & GAS CO Major Produced Water Release 1/2/10 Produced Water 57 0 57 BBL Freeze San Juan (45) No No
nKMW1101328629 YATES ENERGY CORP Minor Produced Water Release 1/2/10 Produced Water 10 0 10 BBL Human Error Eddy (15) No No
nGRL1013134687 J R OIL, LTD. CO. Minor Oil Release 1/2/10 Produced Water 10 6 4 BBL Freeze Lea (25) No No
nAPP2220136579 OXY USA INC Major Release Other 1/1/10 Crude Oil 0 0 0 BBL Other Eddy (15) No No
nAPP2220136579 OXY USA INC Major Release Other 1/1/10 Produced Water 0 0 0 BBL Other Eddy (15) No No
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